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11.1.4   Oral squamous cell carcinoma has increased antioxidant enzyme levels 

Oral squamous cell carcinoma is one of the most common cancers in the world. 
Reactive oxygen species are postulated to be involved in neoplastic transformation. The 
antioxidant defense system limits cell injury induced by reactive oxygen species. 
Oxidative stress occurs when there is an imbalance between the production of reactive 
oxygen species and a cell's oxidant capacity or when there is a decrease in this capacity. 
This stress may cause mutagenesis, cytotoxicity and changes in gene expression that 
initiate or promote carcinogenesis. The present study was conducted to investigate 
whether tumor tissue and blood of patients with oral squamous cell carcinoma have 
altered antioxidants levels. Levels of antioxidants such as reduced glutathione (GSH) and 
ascorbic acid (AA) and the activities of antioxidant enzymes superoxide dismutase 
(SOD), glutathione peroxidase (GPx), glutatione reductase (GR), were estimated in the 
tumor tissue and blood of 18 oral squamous cell carcinoma patients and in 20 healthy 
subjects as control. RESULTS: Significantly increased levels of GSH, GPx, GR and 
AA and significantly decreased activity of SOD were observed in tumor tissue (p < 
0.001) and in tumor-free tissue of oral cancer patients as compared with healthy subjects. 
In contrast, decrease in antioxidants (GSH, GPx, GR and AA p < 0.001, SOD p < 0.05 
respectively) was observed in the blood of oral cancer patients, as compared with healthy 
subjects. CONCLUSION: The low levels of antioxidants in the blood of oral cancer 
patients may be due to their increased utilization to scavenge lipid peroxides as well as 
their sequestration by tumor cells. The enhanced antioxidant capacities in tumor tissues 
can make them less susceptible to oxidative stress, conferring a selective growth 
advantage on tumor cells. These finding suggest that normalization of the levels of these 
antioxidants might be used to reduce oral tumor malignancy (Glutathione, ascorbic acid 
and antioxidant enzymes in the tumor tissue and blood of patients with oral squamous 
cell carcinoma. Fiaschi AI, Cozzolino A, Ruggiero G, Giorgi G. Eur Rev Med Pharmacol 
Sci. 2005 Nov-Dec;9(6):361-7). I believe that this shows that the increased tumor 
levels of antioxidants leads to decreased EMOD levels which “allows” tumor 
manifestation and growth.  High EMOD levels would lead to apoptosis and cancer 
death. Also, the low levels of SOD indicate that less hydrogen peroxide is being 
generated, which would also lead to EMOD deficiencies and decreased levels of 
apoptosis. 

It has also been found that antioxidants increase the risk of oral pre-malignant 
lesions.  

11.2.0   Excuses for the Failed antioxidant Studies 

11.2.1   The antioxidant myth:  a medical fairy tale Lisa Melton, "The Antioxidant 
Myth," The New Scientist, Vol. 191, No. 2563, pp. 40-43 
(August 5, 2006).  

If popping pills to stave off the ravages of ageing sounds too good to be true, that's 
because it is, says Lisa Melton 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Fiaschi+AI%22%5BAuthor%5D
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Giorgi+G%22%5BAuthor%5D


CRANBERRY capsules. Green tea extract. Effervescent vitamin C. Pomegranate 
concentrate. Beta carotene. Selenium. Grape seed extract. High-dose vitamin E. Pine bark 
extract. Bee spit.  

You name it, if it's an antioxidant, we'll swallow it by the bucket-load. According to some 
estimates around half the adults in the US take antioxidant pills daily in the belief they 
promote good health and stave off disease. We have become antioxidant devotees. But 
are they doing us any good? Evidence gathered over the past few years shows that at best, 
antioxidant supplements do little or nothing to benefit our health. At worst, they may 
even have the opposite effect, promoting the very problems they are supposed to stamp 
out.  

It's little surprise that antioxidants have acquired a reputation as miracle health 
supplements. As long ago as the 1950s, scientists discovered that many diseases - 
including heart disease, strokes, cancer, diabetes, cataracts, arthritis and 
neurodegenerative disorders were allegedly attributed to free radicals of oxygen. 

The apparent inability for antioxidants to prevent CVD (RMH Note: I believe that this 
also relates to diabetes and other EMOD insufficiency diseases.) may be attributable 
to several reasons. One reason is that although antioxidant supplementation can be 
effective with a proved methodology for oxidative stress, we are still unable to deduce a 
priori those subjects who will be responders or nonresponders. Another reason for 
antioxidant ineffectiveness could relate to the optimum dose and type of antioxidants 
being used; efficacious threshold doses have been suggested at 800 IU/d of RRR-AT and 
500 mg/d of AA.  However, a key issue is antioxidant formulation; 5 of 7 antioxidant 
supplementation trials that reported inefficacy on primary end points used all-racemic-AT 
(all-rac-AT), but 4 trials described above with successful results used RRR-AT.   

The third reason why antioxidants are not yet successful in CVD prevention could be the 
complexity of redox reactions in vivo and the potential for a paradoxical increase in 
oxidant generation by antioxidants themselves. For instance, vitamin C 
supplementation exerted prooxidant as well as antioxidant effects in healthy 
volunteers; however, high doses of this antioxidant increased DNA damage (Podmore 
ID, Griffiths HR, Herbert KE, Mistry N, Mistry P, Lunec J. Vitamin C exhibits pro-
oxidant properties. Nature. 1998; 392: 559). It was hypothesized that transition metal 
ions, released from metalloproteins after initial oxidative stress, act as catalysts in the 
presence of antioxidants to exacerbate the free radical-induced damage (Halliwell B. The 
antioxidant paradox. Lancet. 2000; 355: 1179–1180).  

11.2.2   Summary of Prospective Antioxidant Clinical Trials  

Study (Type)  
 

Dose and 
Duration  

 
N  

Primary 
Endpoint 

Other 
Endpoints 

Adverse 
Effect  

 

Compliance and 
Biomarkers of 

Oxidative Stress 

ATBC (primary 50 IU/day M: 29 (cancer) + - Plasma AT and 



and secondary 
prevention) 

all-rac-AT 
for 5 to 8 

years 

133; 
F: 0 

(cancer) BC levels 
increased* 

CHAOS 
(secondary 
prevention) 

400 and 
800 IU/day 
RRR-AT 
for 510 

days 

M: 
1690; 
F: 
312 

+   Plasma AT 
levels 

increased* 

GISSI 
(secondary 
prevention) 

330 IU/day 
all-rac-AT 

for 3.5 
years 

M: 
9659; 
F: 
1665 

 +   ... 

HOPE (primary 
and secondary 
prevention) 

400 IU/day 
RRR-AT 
for 4 to 6 

years 

M: 
6996; 
F: 
2545 

   ... 

SPACE 
(secondary 
prevention) 

800 IU/day 
RRR-AT 
for 519 

days 

M: 
135; 
F: 61 

+   Lipid-adjusted 
AT levels 
increased* 

PPP (primary 
prevention) 

330 IU/day 
all-rac-AT 

for 3.6 
years 

M: 
1912; 
F: 
2583 

 +¶  ... 

Transplant-
Associated 
Arteriosclerosis 
(secondary 
prevention) 

800 IU/day 
RRR-AT, 

1000 
mg/day AA 
for 1 year 

M: 
35; F: 
5 

+   Plasma AT and 
AA levels 
increased* 

HPS (primary 
and secondary 
prevention) 

600 mg/day 
all-rac-AT, 

250 mg 
AA, and 20 
mg BC for 

5 years 

M: 15 
454; 
F: 
5082 

   Plasma AT, 
AA, and BC 

levels 
increased* 

HATS 
(secondary 
prevention) 

800 IU/day 
RRR-AT, 

1000 
mg/day 
AA, 25 

mg/d BC, 
and 100 

µg/d 

M: 
139; 
F: 21 

 +||  Plasma AT, 
AA, and BC 

(380%) levels 
increased*; LDL 

lag phase 
prolonged 



selenium 
for 3 years 

VEAPS (primary 
prevention) 

400 IU/day 
all-rac- AT 
for 3 years 

M: 
160; 
F: 
172 

   Plasma AT 
levels increased 
significantly in 
placebo and AT 

groups*; 
decreased Ox-
LDL and LDL 
oxidizability 

ASAP (primary 
prevention) 

272 IU/day 
RRR-AT 
and 500 

mg/day AA 
for 6 years 

M: 
212; 
F:228

+   Plasma AT and 
AA levels 

increased*; F2I 
decreased with 

AT in men 

M indicates male; F, female; +, positive finding; , no effect; -, negative finding; 
HOPE, Heart Outcomes Prevention Evaluation study; and HPS, Heart Protection Study. 
See text for other trial names. Antioxidant levels were not reported. 
*Significant increase compared with placebo. 
Decrease in the incidence of angina and nonfatal CAD in patients with previous 

myocardial infarction and a reduction in cerebral infarction. 
Increase in subarachnoid hemorrhage mortality. 
Reduction in cardiovascular death. 
¶Peripheral arterial disease. 
||Significant reduction in mean change in minimal luminal diameter. 

(Jialal I, Devaraj S. Antioxidants and atherosclerosis: don’t throw out the baby with the 
bath water. Circulation. 2003; 107: 926–928).  

 

It is clear that the antioxidant cocktails have no benefit in the prevention 
of CVD (The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study Group. The 
effect of vitamin E and beta- carotene on the incidence of lung cancer and other cancers 
in male smokers. N Engl J Med. 1994; 330: 1029–1035) (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: 7–22) (Brown BG, Zhou XQ, Chait A, et al. Simvastatin and niacin, 
antioxidant vitamins, or the combination for the prevention of coronary disease. N Engl J 
Med. 2001; 345: 1583–1592).  



Additionally, the antioxidant beta carotene has been shown to increase lung cancer 
and CVD mortality and, in the ATBC study, appeared to attenuate the benefit of 
alpha tocopherol (Rapola JM, Virtamo J, Ripatti S, et al. Randomized trial of alpha-
tocopherol and beta-carotene supplements on incidence of major coronary events in men 
with previous myocardial infarction. Lancet. 1994; 349: 1715–1720).  

The finding of the ATBC study of a significant increase in hemorrhagic strokes in 
male smokers with all-rac-AT is alarming (Kaul N, Devaraj S, Grundy S, et al. Failure 
to demonstrate a major anti-inflammatory effect with alpha tocopherol supplementation 
(400IU/day). Am J Cardiol. 2001; 87: 1320–1323).  
 

Previous findings showing a potential interaction between statins and antioxidants have 
been put to rest by the large Heart Protection Study and the recent ASAP study, which 
showed no effect on high-density lipoprotein cholesterol. 

Prescribing antioxidants such as AT and AA as an adjunctive therapy in primary 
prevention must await the results of ongoing clinical trials with these agents ((Jialal I, 
Devaraj S. Antioxidants and atherosclerosis: don’t throw out the baby with the bath 
water. Circulation. 2003; 107: 926–928).  

11.2.3  Antioxidants might not promote healthy hearts 

Antioxidants, such as beta-carotene and Vitamin E, have been touted for their ability to 
protect against heart disease. This protective effect is attributed to their ability to prevent 
the oxidation of bad cholesterol by free radicals—a process thought to contribute to the 
build-up of disease-causing fatty deposits on artery walls. But a new study, published 
online on April 10, 2006, in The Journal of Experimental Medicine, suggests that the 
heart-healthy effect of one antioxidant has little to do with cholesterol oxidation. 
 
A group of researchers at the University of New South Wales in Australia, led by Roland 
Stocker, studied a cholesterol-lowering drug called Probucol (Lorelco) in laboratory 
rodents with vascular disease. Probucol reduces the risk of heart disease in humans, 
but is no longer prescribed in the US and Australia because of adverse side effects: a 
tendency to lower good cholesterol along with the bad and the potential to induce an 
irregular heartbeat. Probucol is still available in Canada and Europe. 
 
In their new study, Stocker and his colleagues show that the protective 
effect of probucol has nothing to do with its ability to scavenge oxygen 
free radicals, as the free radical-busting part of the drug alone was ineffective in 
protecting animals against heart disease. Instead, a different part of the probucol molecule 
was doing the beneficial work. 
 
In fact, contrary to widely accepted opinion, the group found no relationship 
between the levels of oxidized cholesterol in blood vessels and the 



severity of heart disease. This might help explain the disappointing results of 
clinical trials with other free radical-scavenging antioxidants, such as Vitamin E, which 
have shown no protective effect against heart disease in humans. 
 
The protective effect of these compounds depended on the induction of a cellular enzyme 
called heme oxygenase-1 (HO-1). HO-1 is known to protect against atherosclerosis in 
animal models, although the mechanism is not completely clear. Not surprisingly, HO-1 
was not induced by Vitamin E. 
 
Drugs closely related to probucol that contain the protective part of the drug were just as 
protective as the original drug. If these probucol relatives—one of which is now being 
tested in humans—are free of side effects, they may provide a more effective alternative 
to current therapies.  
 
Some of the following material was abstracted, excerpted or modified from: 
Consequences of the diabetic status on the oxidant/antioxidant balance. D. Bonnefont-
Rousselot, J.P. Bastard, M.C. Jaudon, J. Delattre. Diabetes & Metabolism 2000;26:163 -
176.     

11.2.4   Antioxidant Status in Diabetics 

Some studies conducted in type 1 or type 2 diabetic patients showed a significant 
decrease of the plasma total antioxidant status (Tsai EC, Hirsch IB, Brunzell JD, Chait 
A. Reduced plasma peroxyl radical trapping capacity and increased susceptibility of LDL 
to oxidation in poorly controlled IDDM. Diabetes, 1994, 43, 1010-1014) (Cerellio A, 
Bortolotti N, Pirisi M, et al. Total plasma antioxidant capacity predicts thrombosis-prone 
status in NIDDM patients. Diabetes Care, 1997, 20, 1589-1593) (Maxwell SRJ, 
Thomason H, Sandler D, et al. Antioxidant status in patients with uncomplicated insulin-
dependent and non-insulin-dependent diabetes mellitus. Eur J Clin Invest, 1997, 27, 484-
490) (Opara EC, Abdel-Rahman E, Soliman S, et al. Depletion of total antioxidant 
capacity in type 2 diabetes. Metabolism, 1999, 48, 1414-1417).  

This status is lowered during an oral glucose tolerance test in normal and non-insulin-
dependent diabetic subjects, so that even an acute episode of hyperglycemia can 
induce an oxidative stress (Cerellio A, Bortolotti N, Crescentini A, et al. Antioxidant 
defences are reduced during the oral glucose tolerance test in normal and non-insulin-
dependent diabetic subjects. Eur J Clin Invest, 1998, 28, 329-333).  

It is noteworthy that one study reported no decrease of plasma antioxidant activity in 
subjects at increased risk for type 1 diabetes (risk assessed by the presence of type 1 
diabetes-associated autoantibodies) (Leinonen JS, Alho H, Harmoinen A, Lehtimaki T, 
Knip M. Unaltered antioxidant activity of plasma in subjects at increased risk for IDDM. 
Free Radic Res, 1998, 29, 159-164). Moreover, the latter study suggested that the 
clinical onset of diabetes was not preceded by signs of increased 
systemic oxidative stress evaluated by plasma antioxidant capacity. 



Investigators previously showed that the stimulation of heme-oxygenase 1 expression by 
high glucose and hydrogen peroxide (H2O2) in cultured rat islets is prevented by 
antioxidants and suggested that this effect of high glucose results from an oxidative 
stress. However, the role of oxidative stress in high glucose-induced beta-cell dysfunction 
is unclear. They therefore compared the preventative effects of N-acetyl-L-cysteine 
(NAC), a free radical scavenger, and manganese(III)tetrakis (4-benzoic 
acid)porphyrin (MnTBAP), a superoxide dismutase/catalase mimetic agent, on the 
alteration of stimulus-secretion coupling induced in rat islets by overnight exposure to 
hydrogen peroxide (H2O2-treated islets) or one-week culture in 30 vs 10 mmol/l glucose 
(High-glucose vs Control islets). The features of beta-cell dysfunction differed between 
the two groups: reduced glucose-induced insulin secretion without changes in glucose 
sensitivity in H2O2-treated islets; increased sensitivity to glucose with parallel reductions 
in insulin content and maximal rate of glucose-induced insulin secretion in High-glucose 
islets. The latter alterations were accompanied by a decrease in preproinsulin without 
changes in PDX1 mRNA levels. The functional alterations induced by H2O2 were 
significantly prevented by addition of NAC or MnTBAP in the culture medium. In 
contrast, neither NAC nor MnTBAP affected the functional alterations induced by 
high glucose. These results suggest that beta-cell dysfunction induced by 1 
week culture in high glucose does not result from an increase in 
oxidative stress (The antioxidants N-acetyl-L-cysteine and 
manganese(III)tetrakis (4-benzoic acid) do not prevent {beta}-cell 
dysfunction in rat islets cultured in high glucose for one week. Khaldi MZ, 
Elouil H, Guiot Y, Henquin JC, Jonas JC. Am J Physiol Endocrinol Metab. 2006 Feb 7; 
[Epub ahead of print]). 

11.2.5   Vitamin supplements may decrease risk of diabetes 

In some studies, use of vitamin supplements has been inversely associated 
with the risk of several chronic diseases, but little is known about whether 
vitamin use affects the risk of diabetes mellitus. Using data from the National Health and 
Nutrition Examination Survey I Epidemiologic Follow-up Study, the author examined 
whether vitamin use was related to diabetes incidence in a cohort of United States adults 
aged 25–74 years. In the analytic sample of 9,573 participants, 1,010 participants 

developed diabetes mellitus during about 20 years of follow-up. A smaller percentage of 
participants with incident diabetes (21.4%) reported using vitamins during the previous 
month at baseline compared with participants who remained free of this disease (33.5%). 
After multiple adjustment, the hazard ratios for participants using vitamin 
supplements were 0.76 for all participants, 0.70 for men, and 0.84 for women. Sex did 
not modify the association between vitamin use and diabetes incidence. Whether specific 
vitamins or other factors closely correlated with vitamin use account for this observation 
is unclear. (Vitamin Supplement Use and Diabetes Mellitus Incidence among Adults in 
the United States. Earl S. Ford. American Journal of Epidemiology Vol. 153, No. 9 : 892-
897). The NHEFS is one of only a few studies to suggest that vitamin use or vitamin 
status may have a beneficial effect on the incidence of diabetes mellitus. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Khaldi+MZ%22%5BAuthor%5D
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Henquin+JC%22%5BAuthor%5D
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11.2.6  Vitamin E worsens metabolic parameters in type 2 diabetics 

The influence of either short-term fasting or vitamin E administration on insulin action 
was studied in two groups of obese Type 2 diabetic patients. Twelve patients underwent 7 
days of fasting (group A), whereas 600 mg of vitamin E was administered daily during 3 
months in 9 diabetic patients (group B). Insulin action was examined by using 
hyperinsulinemic isoglycemic clamps (insulin infusion rate, 1.0 mU/kg/min) and insulin 

receptors on erythrocytes before and after respective regimens. An increase of glucose 
disposal rate and an increase of metabolic clearance rate of glucose were observed in 
group A after fasting. On the contrary, decreases of glucose disposal rate, metabolic 
clearance rate of glucose, and insulin receptor number were found after vitamin E 
administration as compared with pretreated values. A worsening of diabetes control 
as observed by an increase of HbA1C was present in the latter group. In summary, they 
found an improvement of insulin action after short-term fasting in contrast with the 
worsening of metabolic parameters after vitamin E administration in obese Type 2 
diabetic patients (The effect of fasting and vitamin E on insulin action in obese type 2 
diabetes mellitus. J. Skrha, G. Sindelka and J. Hilgertova. Annals of the New York 
Academy of Sciences, Vol 827, Issue 1 556-560, 1997). 

11.3.0   Vitamin C Levels in Diabetes 

Vitamin C has also been studied in diabetes. It plays a major role in regenerating vitamin 
E from the α -tocopheroxyl radical. According to some authors, vitamin C plasma 
concentrations are unchanged in type 1 and type 2 diabetic patients (Tsai 
EC, Hirsch IB, Brunzell JD, Chait A. Reduced plasma peroxyl radical trapping capacity 
and increased susceptibility of LDL to oxidation in poorly controlled IDDM. Diabetes, 
1994, 43, 1010-1014) (Cerellio A, Bortolotti N, Pirisi M, et al. Total plasma antioxidant 
capacity predicts thrombosis-prone status in NIDDM patients. Diabetes Care, 1997, 20, 
1589-1593) (Hughes K, Choo M, Kuperan P, Ong CN, AW TC. Cardiovascular risk 
factors in non-diabetic controls: a population-based survey among Asians in Singapore. 
Atherosclerosis, 1998, 136, 25-31).  

In contrast, Asayama et al. reported elevated vitamin C levels in type 1 diabetic 
subjects (Asayama K, Uchida N, Nakane T, et al. Antioxidants in serum of children with 
insulin-dependent diabetes mellitus. Free Radic Biol Med, 1993, 15, 597-602).  

However, others described markedly lowered values in diabetes (Armstrong AM, 
Chestnutt JE, Gorley MJ, Young IS. The effect of dietary treatment on lipid peroxidation 
and antioxidant status in newly diagnosed non-insulin dependent diabetes. Free Radic 
Biol Med, 1996, 21, 719-726) (Rema M, Mohan V, Bhaskar A, Shanmugasundaram KR. 
Does oxidant stress play a role in diabetic retinopathy? Indian J Ophtalmol, 1995, 43, 17-
21) (Will JC, Byers T. Does diabetes mellitus increase the requirement for vitamin C? 
Nutr Rev, 1996, 54, 193-202).  

Actually, an important study shows that, after adjustment for several important covariates 
(such as dietary intake of vitamin C, physical activity, number of cigarettes smoked 



during the 5 days preceding examination), serum vitamin C concentrations do 
not differ significantly in patients with newly diagnosed diabetes from 
those in subjects without diabetes (Will JC, Ford ES, Bowman BA. Serum 
vitamin C concentrations and diabetes: findings from the third National Health and 
Nutrition Examination Survey (NHANES), 1988-1994. Am J Clin Nutr, 1999, 70, 49-52). 
I believe that if diabetes is an EMOD-caused disease, then diabetic vitamin C levels 
should reflect changes in this antioxidant, but it does not. 

A deficiency of vitamin C causes scurvy resulting from a decreased activity of these 
enzymes. Ascorbate maintains the active center metal ions of the hydroxylases and 
oxygenases in a reduced state for optimal enzyme activity. The reduction of iron by 
vitamin C has also been implicated in the increased dietary absorption of non-heme iron 
(Bendich, A., Cohen, M. (1990) Ascorbic acid safety: analysis of factors affecting iron 
absorption. Toxicol. Lett. 51,189-201).  

Paradoxically, the reduction of transition metal ions by ascorbate could also have 
deleterious effects via the production of hydroxyl radicals or lipid alkoxyl radicals 
(LO•) by reaction of the reduced metal ions with hydrogen peroxide or lipid 
hydroperoxides (LOOH). Although this Fenton chemistry occurs readily in vitro, its 
relevance in vivo has been a matter of some controversy, the main point of contention 
being the availability of catalytic metal ions in vivo. The levels of `free' metal ions are 

thought to be very low due to their sequestration by various metal binding proteins 
such as ferritin, transferrin, and ceruloplasmin (Halliwell, B., Gutteridge, J. M. C. 
(1986) Oxygen free radicals and iron in relation to biology and medicine: some problems 
and concepts. Arch. Biochem. Biophys. 246,501-514). 

Oxidative DNA damage in humans has been estimated to occur at a rate of ~104 to 105 
hits per cell per day (Woodall, A. A., and Ames, B. N. (1997) Diet and oxidative damage 
to DNA: the importance of ascorbate as an antioxidant. In Vitamin C in Health and 
Disease (Packer, L., and Fuchs, J., eds) pp. 193–203, Marcel Dekker, Inc., New York). 
Repair of these oxidative lesions by specific DNA glycosylases and other repair 
mechanisms is not 100% efficient, therefore lesions accumulate with age and may result 
in mutations and cancer. 

11.3.1  Animal supplementation studies 

Two recent vitamin C supplementation studies have been conducted in animals to 
determine the effects on oxidative DNA damage (Cadenas, S., Barja, G., Poulsen, H. E., 
Loft, S. (1997) Oxidative DNA damage estimated by oxo8dG in the liver of guinea-pigs 
supplemented with graded dietary doses of ascorbic acid and -tocopherol. 
Carcinogenesis 18,2373-2377) (Reddy, V. N., Giblin, F. J., Lin, J. R., Chakrapani, B. 
(1998) The effect of aqueous humor ascorbate on ultraviolet-B-induced DNA damage in 
lens epithelium. Invest. Opthalmol. Vis. Sci. 39,344-350).  

Vitamin C manipulation in guinea pigs, equivalent to marginal deficiency, optimum 
intake, and megadose intake, had no effect on the hepatic steady-state levels of 8-



oxodG, as determined by HPLC-ECD, despite up to a 60-fold variation in vitamin C 
levels in the liver. 

11.3.2  Human supplementation studies 

1998 saw the publication of a highly controversial and well-publicized paper in Nature 
entitled "Vitamin C exhibits pro-oxidant properties" (Podmore, I. D., Griffiths, H. R., 
Herbert, K. E., Mistry, N., Mistry, P., Lunec, J. (1998) Vitamin C exhibits pro-oxidant 
properties. Nature (London) 392,559).  

In this study, Podmore and colleagues supplemented 30 healthy volunteers with 500 mg 
of vitamin C daily for 6 wk following 3 wk each of baseline and placebo periods. The 
plasma concentration of vitamin C was elevated by 60% after vitamin C supplementation. 
The levels of oxidized DNA bases [8-oxogua and 8-oxoadenine (8-oxoade)], were 
measured in peripheral blood lymphocytes using GC-MS. The baseline levels of 8-
oxogua and 8-oxoade were reported to be 30 and 8 lesions per 105 unoxidized bases, 
respectively. After vitamin C supplementation, 8-oxogua levels were significantly 
reduced relative to baseline and placebo, whereas the levels of 8-oxoade were 
significantly elevated. The reduced 8-oxogua and the elevated 8-oxoade levels returned to 
baseline levels after a vitamin C washout period of 7 wk. This work has been sited as 
the evidence of the prooxidant activity of ascorbate. 

In summary, most of the studies showed a vitamin C-dependent reduction in 
oxidative DNA damage, whereas some studies found either no change or an increase 
in the levels of selected DNA lesions.  

Here we go again with inconsistent results in redox systems. 

Of three human studies (Gokce, N., Frei, B., Holbrook, M., Olesiak, M., and Vita, J. A. 
(1998) Chronic ascorbic acid treatment improves endothelial function in patients with 
coronary artery disease. Circulation 98, I-175 (abstr.) (Mannick, E. E., Bravo, L. E., 
Zarama, G., Realpe, J. L., Zhang, X. J., Ruiz, B., Fontham, E. T., Mera, R., Miller, M. J., 
Correa, P. (1996) Inducible nitric oxide synthase, nitrotyrosine, and apoptosis in 
Helicobacter pylori gastritis: effect of antibiotics and antioxidants. Cancer Res 56,3238-
3243), one showed a reduction in protein oxidation after vitamin C supplementation. 

Whereas, the other two showed no effect (Lee, B. M., Lee, S. K., Kim, H. S. (1998) 
Inhibition of oxidative DNA damage, 8-OHdG, and carbonyl contents in smokers treated 
with antioxidants (vitamin E, vitamin C, ß-carotene and red ginseng). Cancer Lett 
132,219-227) (Gokce, N., Frei, B., Holbrook, M., Olesiak, M., and Vita, J. A. (1998) 
Chronic ascorbic acid treatment improves endothelial function in patients with coronary 
artery disease. Circulation 98, I-175 (abstr.)) . 

Another recent study using rats challenged with paraquat showed an antioxidant role for 
vitamin C when given before paraquat treatment, but a pro-oxidant role when given after 
the challenge, as determined by expiratory ethane (Kang, S. A., Jang, Y. J., Park, H. 



(1998) In vivo dual effect of vitamin C on paraquat-induced lung damage: dependence on 
released metals from the damaged tissue. Free Rad. Res. 28,93-107).  

The pro-oxidant effect was attributed to the release of metal ions from damaged cells. 
This study, therefore, suggests that vitamin C may have different effects depending on 
when it is added to the system under study, as has been observed previously with 
copper-dependent lipid peroxidation in LDL. 

In vitro studies of oxidative DNA damage indicate that vitamin C acts as an antioxidant 

unless added or endogenous metal ions are present. This result is expected based on the 
known pro-oxidant role of vitamin C in the presence of metal ions in vitro. 

Vitamin C played a pro-oxidant role in vitro only in biological fluids to which iron-
EDTA was added. An important point of distinction between vitamin C acting as a pro-
oxidant or an antioxidant is the time when the vitamin is added to the system. For 
example, vitamin C acts as an antioxidant if added before initiation of LDL oxidation by 
copper, but acts as a pro-oxidant if added to LDL that is already (mildly) oxidized (Otero, 
P., Viana, M., Herrera, E., Bonet, B. (1997) Antioxidant and prooxidant effects of 
ascorbic acid, dehydroascorbic acid and flavonoids on LDL submitted to different 
degrees of oxidation. Free Rad. Res. 27,619-626).  

However, in a physiological situation, vitamin C would be expected to be present at all 

times. Another factor that may affect the pro-oxidant vs. antioxidant properties of 
vitamin C is its concentration, since in vitro data suggest that at low levels vitamin C 
can act as a pro-oxidant, but as an antioxidant at high levels (Buettner, G. R., Jurkiewicz, 
B. A. (1996) Catalytic metals, ascorbate and free radicals: combinations to avoid. Radiat. 
Res. 145,532-541). However, in vivo evidence for this contention is lacking. 

 

Does vitamin C act as a pro-oxidant under physiological conditions? Most of the time, 
the answer appears to be `no'. Of the 44 in vivo studies discussed  by Carr and Frei, 38 
showed a reduction in markers of oxidative DNA, lipid, and protein damage, 14 showed 
no change and only 6 showed an increase in oxidative damage after supplementation 

with vitamin C. Several of the studies showed a combination of effects depending on the 
study systems or experimental design. Even in the presence of iron, vitamin C 
predominantly reduced in vivo oxidative damage, despite its well known pro-oxidant 
properties in vitro in buffer systems containing iron. In more complex and 
physiologically relevant in vitro systems, such as isolated or cultured cells and biological 

fluids, an antioxidant role, or no effect of vitamin C, predominated over a pro-oxidant 
role.  

Studies that report a pro-oxidant role for vitamin C need to be evaluated carefully as to 
their choice of biomarkers, methodology, study system, and experimental design to rule 
out any oxidation artifacts. (Does vitamin C act as a pro-oxidant under physiological 
conditions? Anitra Carr and Balz Frei. The FASEB Journal. 1999;13:1007-1024 ). I 
believe that this paper illustrates the attempt of investigators to avoid at all costs the 



implication of data indicating that ascorbate can have prooxidant activity.  It is as if 
to say that ascorbate can possess any prooxidant activity, will ruin ascorbates’ 
reputation.  Actually, I am glad that it has prooxidant activity and this helps explain 
some of the confusing data. 

Although there is no compelling evidence that vitamin C has antitumor activity in 
humans, clinical trials are testing the hypothesis that ascorbic acid (AA) will enhance the 
efficacy of arsenic trioxide (As2O3) in myeloma. In vitro, AA cytotoxicity depends 
on its interaction with free transition metal ions in culture media leading 
to the generation of H2O2 and other reactive oxygen species (ROSs). 
Therefore, to circumvent the extracellular in vitro pro-oxidant effects of AA, we loaded 
HL60, U266, and RPMI-8226 cells with vitamin C by incubation with dehydroascorbic 

acid (DHA). Loading cells in this manner resulted in prominent, dose-dependent 
protection of As2O3-treated cells as measured by viability, colony formation, and 
apoptosis assays. Glutathione depletion enhanced cell sensitivity to the cytotoxic 
effects of As2O3 and vitamin C loading provided protection. AA was found to generate 
cytotoxic concentrations of H2O2 in culture medium without cells and copper/iron 
chelators inhibited this reaction. However, AA did not generate H2O2 in simple buffer 
or human plasma. Direct incubation with AA resulted in increased 
intracellular ROSs, whereas DHA incubation decreased it. These results 
clarify an apparent paradox and indicate that vitamin C loading in HL60, U266, and 
RPMI-8226 cells ameliorates As2O3 cytotoxicity (Vitamin C protects HL60 and U266 
cells from arsenic toxicity. Nicos Karasavvas, Juan M. Cárcamo, George Stratis, and 
David W. Golde. Blood, 15 May 2005, Vol. 105, No. 10, pp. 4004-4012). I believe that 
this indicates that AA should not be given to chemotherapy patients due to its 
blocking EMOD cytotoxicity. It could be given if its prooxidant activity could be 
capitalized upon.  This may explain the tumoricidal activity of megadoses of AA 
given intravenously. 
 



Some of the following material was abstracted, excerpted or modified from:  Ascorbic 
Acid Does Not Increase the Oxidative Stress Induced by Dietary Iron in C3H Mice 
Kumpati Premkumar and Christopher L. Bowlus. The American Society for Nutritional 
Sciences J. Nutr. 134:435-438, February 2004. 

Iron is a potent prooxidant that can induce lipid peroxidation. Ascorbic acid, a potent 
antioxidant, has prooxidant effects in the presence of iron in vitro. They investigated 
whether ascorbic acid and iron co-supplementation in ascorbic acid–sufficient mice 
increases hepatic oxidative stress. C3H/He mice were fed diets supplemented with iron to 
100 mg/kg diet or 300 mg/kg diet with or without ascorbic acid (15 g/kg diet) for 3 wk. 
Liver iron concentration, malondialdehyde (MDA), glutathione (GSH), glutathione S-
transferase (GST), glutathione peroxidase (GPx), superoxide dismutase (SOD), and 
catalase (CAT) were measured. High dietary iron increased liver iron concentrations 
slightly (P < 0.05), whereas it dramatically increased hepatic MDA.  

Ascorbic acid increased MDA but only in mice fed the low-iron diet. The high-iron 
diet reduced GPx (P < 0.0001), CAT (P < 0.0005), SOD (P < 0.05), and GST (P < 0.005) 
activities regardless of ascorbic acid supplementation. In contrast, ascorbic acid reduced 
GPx (P < 0.0001) and CAT (P < 0.05) activities only in mice fed the low-iron diet. In 
conclusion, ascorbic acid supplementation can have prooxidant effects in the liver. 
However, ascorbic acid does not further increase the oxidative stress induced by increased 
dietary iron (Ascorbic Acid Does Not Increase the Oxidative Stress Induced by Dietary 
Iron in C3H Mice Kumpati Premkumar and Christopher L. Bowlus. The American 
Society for Nutritional Sciences J. Nutr. 134:435-438, February 2004). 

Iron is an essential nutrient for a number of cellular activities including oxygen transport, 
electron transfer, and gene regulation. However, excess cellular iron can be toxic by 
production of reactive oxygen species such as O2

- and HO· that damage proteins, lipids, 
and DNA. The liver, which is the primary site for iron storage, is at particular risk for 
iron-induced oxidative stress and tissue damage.  

Ascorbic acid is a potent water-soluble antioxidant that scavenges reactive oxygen 
species and reactive nitrogen species (Frei, B., England, L., Ames, B. N., Thorburn, D., 
Curry, G., Spooner, R., Spence, E., Oien, K., Halls, D., Fox, R., McCruden, E. A., 
MacSween, R. N. & Mills, P. R. (1989) Ascorbate is an outstanding antioxidant in human 
blood plasma. Proc. Natl. Acad. Sci. U.S.A. 86:6377-6381).  

In these processes, ascorbic acid is reduced to dehydroascorbic acid through an ascorbyl 
radical intermediary. Ascorbic acid deficiency is characterized by increased oxidative 
stress and tissue injury.  

However, in vitro ascorbic acid can act as a prooxidant and also maintain iron and 
other transition metals in a reduced state, leading to the production of hydroxyl radicals 
and lipid alkoxyl radicals (Buettner, G. R. & Jurkiewicz, B. A. (1996) Catalytic metals, 
ascorbate and free radicals: combinations to avoid. Radiat. Res. 145:532-541) (Halliwell, 
B., Frei, B., England, L. & Ames, B. N. (1996) Vitamin C: antioxidant or pro-oxidant in 
vivo? Free Radic. Res. 25:439-454).  
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In addition, ascorbic acid enhances the bioavailability of nonheme iron, potentially 
leading to greater body iron stores. Whether ascorbic acid supplementation has a 
prooxidant effect in vivo continues to be debated (Podmore, I. D., Griffiths, H. R., 
Herbert, K. E., Mistry, N., Mistry, P. & Lunec, J. (1998) Vitamin C exhibits pro-oxidant 
properties. Nature (Lond.) 392:559) (Carr, A. & Frei, B. (1999) Does vitamin C act as a 
pro-oxidant under physiological conditions? FASEB J. 13:1007-1024).  

They hypothesize that in a sufficient state, whether ascorbic acid has a net prooxidant 
or antioxidant effect depends on the concentration of ascorbic acid as well as the 
iron concentration and redox state of the cell.  

11.3.3  Prooxidant properties of iron 

The prooxidant properties of iron have been well established by both in vitro and in vivo 
studies (Britton, R. S., O’Neill, R. & Bacon, B. R. (1990) Hepatic mitochondrial 
malondialdehyde metabolism in rats with chronic iron overload. Hepatology 11:93-97). 

Iron increased lipid peroxidation and inhibited several antioxidant enzymes. In particular, 
iron reduced GPx activity by 50%. Similar degrees of inhibition of hepatic GPx activity 
were reported previously in iron overload induced by intraperitoneal iron injection. GPx 
functions to reduce lipid hydroperoxides into lipid alcohols. Thus, iron-induced lipid 
peroxidation may be exacerbated by the reduction in GPx activity. Four GPx genes have 
been identified but only Gpx1 is expressed in the mouse liver. Selenium and iron 
deficiencies are known to downregulate Gpx1 mRNA in rodent liver, but the effect of 
iron loading on Gpx1 mRNA is unknown. 

Their study also demonstrated that ascorbic acid can have prooxidant effects under 
certain conditions. Surprisingly, however, the prooxidant effect occurred only in mice 
fed the low-iron diet. In mice fed the high-iron diet, there was a small antioxidant effect 
with an increase in GPx activity. These findings do not support the recommendation of 
several investigators to avoid ascorbic acid supplementation in individuals at risk of iron 

overload.  

These recommendations are based on two theoretical concerns. First, test meal studies 
show that ascorbic acid promotes iron absorption. However, few direct data exist on 
the long-term effects of ascorbic acid on dietary iron absorption. In fact, the data 
available do not indicate a significant increase in body iron stores with long-term ascorbic 
acid supplementation, suggesting the existence of a tightly regulated mechanism 
restricting iron absorption. Second, ascorbic acid may have prooxidant properties in 
the presence of iron. Several mechanisms of ascorbic acid–induced oxidant stress were 
suggested. As an electron donor, ascorbic acid can maintain iron in a reduced state 
that may then react with H2O2 to form OH·. Alternatively, ascorbic acid may be 
oxidized to an ascorbyl radical. However, whether cellular iron is available in a reactive 
form to interact with ascorbic acid is not known.  



Podmore and colleagues first suggested that ascorbic acid supplementation could 
have prooxidant effects. In their study in humans, 500 mg/d of ascorbic acid decreased 
levels of 8-oxo-guanine but increased levels of 8-oxo-adenine from baseline. However, 
studies of co-supplementation of iron and ascorbic acid did not show any interaction or 
prooxidant effects of ascorbic acid on DNA base damage.  

Rehman et al. compared co-supplementation of iron with either 60 or 260 mg/d of 
ascorbic acid on DNA base damage in humans. They found that at 6 wk, both 
combinations had increased total base damage, but this effect was lost at 12 wk. In a 
placebo-controlled, crossover study comparing placebo, 260 mg/d ascorbic acid, and 260 
mg/d ascorbic acid plus 14 mg/d iron, the same authors found no effect of any treatment 
on DNA base damage after 6 wk (Rehman, A., Collis, C. S., Yang, M., Kelly, M., 
Diplock, A. T., Halliwell, B. & Rice-Evans, C. (1998) The effects of iron and vitamin C 
co-supplementation on oxidative damage to DNA in healthy volunteers. Biochem. 
Biophys. Res. Commun. 246:293-298).  

Limitations in human studies to the use of peripheral blood have prompted others to 
perform studies in animals. Collis et al. found that in guinea pigs, orally administered iron 
resulted in greater MDA during autooxidation of liver microsomes and that ascorbic acid 
co-supplementation was protective against this effect (Collis, C. S., Yang, M., Diplock, 
A. T., Hallinan, T. & Rice-Evans, C. A. (1997) Effects of co-supplementation of iron 
with ascorbic acid on antioxidant–pro-oxidant balance in the guinea pig. Free Radic. Res. 
27:113-121).  

Chen et al. also compared lipid peroxidation in the liver of guinea pigs fed high or low 
doses of ascorbic acid with or without iron loading by i.p. injection of iron dextran. The 
guinea pigs administered the high ascorbic acid dose had reduced liver F2-
isoprostanes, regardless of iron treatment. It should be noted, however, that in that 
study, the lower ascorbic acid dose was designed to produce ascorbic acid deficiency. 
Therefore, the effects of ascorbic acid deficiency may have confounded the lipid 
peroxidation induced by iron loading and any interaction between iron and ascorbic acid 
(Chen, K., Suh, J., Carr, A. C., Morrow, J. D., Zeind, J. & Frei, B. (2000) Vitamin C 
suppresses oxidative lipid damage in vivo, even in the presence of iron overload. Am. J. 
Physiol. 279:E1406-E1412).  

Premkumar’s results are consistent with the findings of Podmore and colleagues and 
support the hypothesis that excessive dietary ascorbic acid can promote oxidative 
stress. The mechanism of this increase in oxidative stress is not clear but does not appear 
to depend on liver iron concentration. Although there was a trend toward a greater liver 
iron concentration in mice supplemented with ascorbic acid, this does not explain the 
prooxidant effects of ascorbic acid. Thus, the prooxidant effects of ascorbic acid 
cannot be attributed to an enhancement of dietary iron absorption.  

The lack of a prooxidant effect of ascorbic acid supplementation on lipid peroxidation in 
mice fed the high-iron diet illustrates the complexity of the interaction between iron and 



ascorbic acid. It also suggests that ascorbic acid does not augment iron-induced 

oxidative stress.  

In conclusion, their results suggest that ascorbic acid can have prooxidant properties, 
reflected particularly by increased lipid peroxidation and decreased GPx activity, 
but ascorbic acid does not increase the oxidative stress induced by iron.  

11.3.4  Vitamin C (antioxidant or prooxidant?) 

As a reducing agent, ascorbate serves as an antioxidant. However, its reducing function 
can in some settings initiate an oxidation cascade, i.e., seem to be a "pro-oxidant." 
This dichotomy also seems to hold when ascorbate is present during photosensitization. 
Ascorbate can react with singlet oxygen, producing hydrogen peroxide. 
Thus, if ascorbate is present during photosensitization the formation of highly diffusible 
hydrogen peroxide could enhance the toxicity of the photodynamic action. On the other 
hand, ascorbate could decrease toxicity by converting highly reactive singlet oxygen 
to less reactive hydrogen peroxide, which can be removed via peroxide-removing 
systems such as glutathione and catalase. To test the influence of ascorbate on 
photodynamic treatment they incubated leukemia cells (HL-60 and U937) with ascorbate 
and a photosensitizer (Verteporfin; VP) and examined ascorbic acid monoanion uptake, 
levels of glutathione, changes in membrane permeability, cell growth, and toxicity. 
Accumulation of VP was similar in each cell line. Under our experimental conditions, 
HL-60 cells were found to accumulate less ascorbate and have lower levels of 
intracellular GSH compared to U937 cells. Without added ascorbate, HL-60 cells were 
more sensitive to VP and light treatment than U937 cells. When cells were exposed to 
VP and light, ascorbate acted as an antioxidant in U937 cells, whereas it was a pro-
oxidant for HL-60 cells. One possible mechanism to explain these observations is that 
HL-60 cells express myeloperoxidase activity, whereas in U937 cells it is below the 
detection limit. Inhibition of myeloperoxidase activity with 4-aminobenzoic acid 
hydrazide (4-ABAH) had minimal influence on the phototoxicity of VP in HL-60 cells in 
the absence of ascorbate. However, 4-ABAH decreased the toxicity of ascorbate on HL-
60 cells during VP photosensitization, but had no affect on ascorbate toxicity in U937 
cells. These data demonstrate that ascorbate increases hydrogen peroxide 
production by VP and light. This hydrogen peroxide activates myeloperoxidase, 
producing toxic oxidants. These observations suggest that in some settings, ascorbate 
may enhance the toxicity of photodynamic action (Ascorbate enhances the toxicity of the 
photodynamic action of Verteporfin in HL-60 cells. Kramarenko GG, Wilke WW, Dayal 
D, Buettner GR, Schafer FQ. Free Radic Biol Med. 2006 May 1;40(9):1615-27). I 
believe that this is a most interesting observation in that ascorbate can generate 
H2O2 when it reacts with singlet oxygen.  This means that under these conditions, it 
is acting as a prooxidant and not as an antioxidant.  H2O2 has access to all cellular 
compartments. 

Also, please remember that ascorbate serves as a cofactor for proline hydroxylation 
and for myeloperoxidase, both of which are prooxidant reactions. 
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Another important biological function of vitamin C is its interaction with redox active 
transition metal ions, such as iron and copper. Vitamin C acts as a cosubstrate for 
hydroxylase and oxygenase enzymes involved in the biosynthesis of procollagen, 
carnitine, and neurotransmitters (Levine, M. (1986) New concepts in the biology and 
biochemistry of ascorbic acid. New Engl. J. Med. 314,892-902). These enzymes produce 
EMODs and ascorbate acts as a cosubstrate for them and thus, serves as a 
prooxidant. 

The observation that antioxidant vitamins fail to confer protective benefits in large, 
well-designed randomized clinical trials has led many to question the role of 
oxidative stress in the pathogenesis of disease. However, there is little evidence 
that proposed antioxidants actually scavenge reactive intermediates in 
vivo. Ascorbate reacts rapidly with oxidants produced by activated neutrophils in vitro, 
and neutrophils markedly increase their oxidant production when mice are infected 
intraperitoneally with the gram-negative bacterium Klebsiella pneumoniae. To explore 
the antioxidant properties of ascorbate in vivo, we therefore used K. pneumoniae 
infection as a model of oxidative stress. When mice deficient in l-gulono-gamma-lactone 
oxidase (Gulo(-/-)), the rate-limiting enzyme in ascorbate synthesis, were depleted of 
ascorbate and infected with K. pneumoniae, they were three times as likely as 
ascorbate-replete Gulo(-/-)mice to die from infection. Mass spectrometric analysis of 
peritoneal lavage fluid revealed a marked increase in the levels of oxidized amino acids 
and of F(2)-isoprostanes (sensitive and specific markers of lipid oxidation) in infected 
animals. Surprisingly, there were no significant differences in the levels of the oxidation 
products in the ascorbate-deficient and -replete Gulo(-/-)mice. Our observations suggest 
that ascorbate plays a previously unappreciated role in host defense mechanisms 
against invading pathogens but that the vitamin does not protect amino acids 
and lipids from oxidative damage during acute inflammation. (Vitamin C 
fails to protect amino acids and lipids from oxidation during acute inflammation. Gaut JP, 
Belaaouaj A, Byun J, Roberts LJ 2nd, Maeda N, Frei B, Heinecke JW. Free Radic Biol 
Med. 2006 May 1;40(9):1494-501). I believe that this indicates the biphasic nature of 
ascorbate and that it can act as a prooxidant protective agent in infections and not 
as an antioxidant.  The prooxidant activity of ascorbate explains its occasionally 
reported beneficial effects in some cases when used to treat infections, cancer, 
diabetes, arthritis, and cataracts. 

The objective of this study was to investigate the influence of the two antioxidants, 
ascorbic acid and (+)catechin, on the oxidation of 2'-deoxyguanosine (dG), using an iron-
mediated Fenton reaction. The oxidation products 8-oxo-7,8-dihydro-2'-deoxyguanosine 
(8-oxodG) and 8,5'-cyclo-2'-deoxyguanosine, together with the secondary oxidation 
products guanidinohydantoin and dehydro-guanidinohydantoin, were identified and 
quantified through the use of an LC-MS/MS system. The results obtained showed that 
catechin inhibited the oxidation better than ascorbic acid did, indicating that the 
chelating ability of catechin rather than the radical scavenging mechanism alone is 
vital for the observed antioxidative efficiency. The correlation between the different 
oxidation products was found to be quite low, primarily because of the instability of 8-
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oxodG, making it prone to further oxidation. This led to apparent anti- and pro-
oxidative results being obtained, emphasizing the potential problems in evaluating 
oxidative stress, by use of a single marker (Evaluation of multiple oxidation products 
for monitoring effects of antioxidants in Fenton oxidation of 2'-deoxyguanosine. Grey 
CE, Adlercreutz P. J Agric Food Chem. 2006 Mar 22;54(6):2350-8). I believe that this 
study confirms the confusion in the data and emphasizes the cautions needed to 
evaluate antioxidant vs prooxidant activity. 

 

11.3.5  Ascorbic acid tumoricidal effects via H2O2 

Some of the following material was abstracted, excerpted or modified from:  
Intravenous Ascorbate as a Tumor Cytotoxic Chemotherapeutic Agent. N. H. 
RIORDAN, H. D. RIORDAN, X. MENG, Y. LI and J. A. JACKSON. Medical 
Hypotheses (1995), Volume 44, Number 3, March 1995, pp. 207-213. 

Ascorbic acid and its salts (AA) are preferentially toxic to tumor cells in vitro and in 
vivo. Given in high enough doses to maintain plasma concentrations above levels that 
have been shown to be toxic to tumor cells in vitro, AA has the potential to selectively 
kill tumor cells in a manner similar to other tumor cytotoxic chemotherapeutic agents. 
Because of the similarities between normal and malignant cells — both being born of the 
same host — a chemotherapeutic dose which is cytotoxic to cancer cells can also be toxic 
to normal cells. Because infectious complications are one of the major causes of death in 
cancer patients, more host-non-toxic compounds — particularly compounds without 
immune suppressive qualities — need to be investigated for their chemotherapeutic 
value.  

There is a 10 — 100-fold greater content of catalase in normal cells than 
in tumor cells. This potentially creates a large gap between the toxic dose for normal 
cells and for tumor cells of agents which induce hydrogen peroxide generation. Ascorbic 
acid and its salts (AA) are preferentially toxic to tumor cells in vitro and in vivo. This 
preferential cytotoxicity has been demonstrated to be related to 
intracellular hydrogen peroxide generation (Benade L, Howard T, Burk D. 
Synergistic killing of Ehrlich ascites carcinoma cells by ascorbate and 3-amino-1, 2, 4-
triazole. Oncology 1969; 23: 33-43) (Noto V, Taper H S et al. Effects of sodium 
ascorbate (vitamin C) and 2-methyl-l, 4-naphthoquinone (vitamin K3) treatment on 
human tumor cell growth in vitro. Cancer 1989; 63: 901 — 906) (Cohen M H, Krasnow S 
H. Cure of advanced Lewis lung carcinoma (LL): a new treatment strategy. Proceedings 
of AACR 1987; 28: 416).  

AA thus belongs in a class of substances which, given at the correct dosage, can 
preferentially induce cytotoxicity of tumor cells with negligible toxic effects to the host. 

In 1969, researchers at the NCI reported AA was highly toxic to Ehrlich ascites cells in 
vitro. The goal of the study was to exploit the 10-100-fold lower catalase activity in 
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tumor cells compared to normal cells. The proposed cytotoxic mechanism was 
generation of toxic hydrogen peroxide. The toxicity was greatly enhanced by 
concomitant administration of 3-amino-1,2,4-triazole (ATA), a catalase inhibitor. 
Catalase and glucose added to the culture medium and a low oxygen tension reduced the 
toxic effects of AA and ATA. The addition of vitamin K3 (menadione sodium bisulfite) 
to the medium overcame the protective effects of low oxygen tension and glucose. In 
1977, Bram et al reported preferential AA toxicity for several malignant melanoma cell 
lines, including four human-derived lines. They found that catalytic concentrations of 
Cu2+ greatly increased the preferential toxicity for melanoma cells. Another French 
group also found that AA and Cu2+ were toxic to mouse melanoma cells in vitro. Noto et 
al reported that AA plus vitamin K3 had growth inhibiting action against three human 
tumor cell lines at non-toxic levels. Helgestad et al recently reported that new malignant 
T-cell line, isolated from a boy with malignant lymphoma, was very sensitive to AA in 
culture at concentrations achievable in human plasma. In 1980, Park reported that several 
leukemic cell cultures were sensitive to AA at concentrations attainable in vivo, 
while normal hemopoietic cells were not suppressed. Metabolites of AA have also 
shown antitumor activity in vitro. 

AA is toxic to several types of human tumor cells at concentrations which are non-
toxic to normal cells. The AA begins to reduce cell proliferation in the tumor cell 
line at the lowest concentration, 1.76 mg/dl, and is completely cytotoxic to the cells 
at 7.04 mg/dl, while significant inhibition of the normal cells is demonstrated only at a 
dose of 28.18 mg/dl and 100% cell death is realized only at a dose of 56.36 mg/41 (8-fold 
higher dose than the tumor cells). In addition, the normal cells grew at an enhanced rate 
at the low dosages (1.76 and 3.52 mg/dl). They also show preferential toxicity of AA for 
tumor cells. >95% toxicity to human endometrial adenocarcinoma and pancreatic tumor 
cells (ATCC AN3-CA and MIA PaCa-2) occurred at 20 and 30 mg/dl, respectively. No 
toxicity or inhibition was demonstrated in the normal, human skin fibroblasts 
(ATCC CCD 25SK) even at the highest concentration of 50 mg/dl. 

Tsao et al reported that AA in the drinking water of mice significantly inhibited the 
growth of human mammary tumor fragment xenografts implanted in immunocompetent 
mice. AA was also effective as a tumor inhibitor in this model when given in the diet 
along with cupric sulfate (Tsao C S, Dunham W B, Ping Y L. In vivo antineoplastic 
activity of ascorbic acid for human mammary tumor. In vivo 1988; 2: 147-150). As a 
dietary additive alone, AA was not effective. This finding supports the theory that the 
inhibitory action of AA is due to hydrogen peroxide (and hydroxyl radical) 
production because of Cu2+'s known ability to catalyze the production of these 
substances in the presence of AA (Halliwell B, Gutteridge J M C, eds. Free radicals in 
biology and medicine, 2nd edn. Oxford: Clarendon Press, 1989; 124). 

Cameron and Pauling have published extensive suggestive evidence for prolonged life in 
terminal cancer patients orally supplemented (with and without initial intravenous AA 
therapy) with 10 g/day of AA. Morishige and Murata also reported evidence for increased 
survival and prolongation of life in terminal cancer patients with oral AA 
supplementation. In contrast, Creagan et al reported that oral AA had no effect on the 



survival of patients with advanced cancer and Moertal et al reported that oral AA did not 
increase the survival of another group of advanced cancer patients who had no prior 
chemotherapy. Even those directly involved in cancer research with AA are skeptical of 
its therapeutic value due to the high levels required for cytotoxic effects — even if those 
effects are preferential. 

Several tissues have been identified as containing greater than plasma concentrations of 
AA (wt of AA/unit of wet tissue), thus indicating an active transport of AA. In 
descending order, tissue levels of AA in humans rank as follows: 
adrenals, leukocytes, pituitary, brain, eye-lens, pancreas, kidney, liver, 
spleen, heart-muscle, and plasma (Lewin S. Vitamin C: its molecular biology and 
medical potential. London: Academic Press, 1976: 76-79).  

11.3.6   Antioxidants increase plasma homocysteine levels 

Evidence shows that there is a rapid increase in the production of markers of oxidative 
damage immediately after acute ischemic stroke and that endogenous antioxidant 
defenses are rapidly depleted, thus perhaps permitting further tissue damage. Several 
studies point to an antioxidant effect of B-group vitamins and a pro-oxidant effect of 
elevated total plasma homocysteine (tHcy). To test whether supplementary antioxidants 
with or without B-group vitamins during this critical period enhance antioxidant capacity 
or mitigate oxidative damage, ninety-six acute ischemic stroke patients within 12 hours 
of symptom onset were randomly assigned to receive either daily oral 800 IU (727 mg) 
vitamin E and 500 mg vitamin C (n = 24), or B-group vitamins (5 mg folic acid, 5 mg 
vitamin B(2), 50 mg vitamin B(6), and 0.4 mg of vitamin B(12); n = 24), both vitamins 
together (n = 24), or no supplementation (n = 24) for 14 days. Treatment groups and 
controls were matched for stroke subtype and age. Blood was obtained before treatment, 
at day 7, and day 14 for measurements of plasma or blood vitamin status, plasma total 
antioxidant capacity (TAOC), malondialdehyde (MDA), tHcy and C-reactive protein 
(CRP). Supplementation with antioxidant vitamins and B-group vitamins separately or 
together significantly increased the plasma concentration of vitamin C, E, pyridoxal 
phosphate (B(6) status), red blood cell folate, and improved a measure of B(2) status (red 
cell glutathione reductase activation coefficient [EGRAC]), compared with the control 
group. Plasma TAOC increased significantly in the antioxidant treatment groups 
compared with the nonsignificant decline seen in the control group. tHcy concentrations 
decreased in subjects who received B-group vitamins and the control group 
compared with the rise seen in those who received antioxidants alone. There was a 
significant reduction in plasma MDA concentration in the 3 treatment groups, in contrast 
to the increase seen in the control group; however, the changes were most evident in 
antioxidant groups. CRP concentrations (a marker of tissue inflammation) were 
significantly lower in the 3 treatment groups compared with the control group. There 
were no additive or synergistic effects of antioxidants and B-group vitamins together on 
any outcome measure. CONCLUSIONS: Antioxidants supplementation with or without 
B-group vitamins enhances antioxidant capacity, mitigates oxidative damage, and may 
have an anti-inflammatory effect immediately postinfarct in stroke disease (Antioxidant 
supplementation with or without B-group vitamins after acute ischemic stroke: a 



randomized controlled trial. Ullegaddi R, Powers HJ, Gariballa SE. JPEN J Parenter 
Enteral Nutr. 2006 Mar-Apr;30(2):108-14). This study indicates that antioxidants 
alone increase homocysteine levels instead of decreasing them.  Homocysteine is 
considered to be a risk factor for CVD.  Thus, antioxidant vitamins increase CVD 
risk. 

A report published in the March 16, 2005 issue of the Journal of the American Medical 
Association finds no clear evidence that men and women who had vascular disease or 
diabetes and who took 400 i.u. of vitamin E daily for 7 years reduced their risk of 
cancer compared to others with these conditions who took a placebo (The HOPE and 
HOPE-TOO Trial Investigators. Effects of Long-term vitamin E supplementation on 
cardiovascular events and cancer: A randomized controlled trial. JAMA (2005) 293:1138-
1347).  

The study was not large enough to determine if vitamin E could prevent specific cancers. 
The report also showed that those taking vitamin E had a 13 percent increased risk of 
heart failure, a condition in which the heart's ability to pump blood is weakened. 
The report comes from a clinical trial called the Heart Outcomes Prevention Evaluation 
Study Extension (HOPE-TOO). These results emphasize the need to study vitamins and 
other natural products prior to making public health recommendations. 

The results of recent randomized trials to test the influence of antioxidants on coronary-
event rates and prognosis in patients with coronary-artery disease were disappointing 
(RMH Note:  The radicophobes hate the word “failed”.). In none of these studies did 
the use of vitamin E improve prognosis. In contrast, treatment of coronary-artery 
disease with angiotensin-converting-enzyme (ACE) inhibitors reduced coronary-event 
rates and improved prognosis. ACE inhibition prevents the formation of angiotensin 
II, which has been shown to be a potent stimulus of superoxide-producing enzymes 
in atherosclerosis. The findings suggest that inhibition of superoxide production at 
enzymatic levels, rather than symptomatic superoxide scavenging, may be the better 
choice of treatment (Why do antioxidants fail to provide clinical benefit? Ascan Warnholtz 
and Thomas Münzel. Journal List. Curr Control Trials Cardiovasc Med. v.1(1); 2000). 
 
The effects of antioxidants such as vitamin C, α- and β-carotene, or vitamin E on the 
prognosis in patients with coronary-artery disease are very disappointing. So far, there 
is just one study showing a reduction in coronary-event rates in patients with 
angiographically evident coronary-artery disease (the Cambridge Heart Antioxidant 
Study [CHAOS] trial) after treatment with vitamin E (400-800 IU/day), although the 
overall prognosis in these patients was not improved (Stephens NG, Parsons A, Schofield 
PM, Kelly F, Cheeseman K, Mitchinson MJ. Randomised controlled trial of vitamin E in 
patients with coronary disease: Cambridge Heart Antioxidant Study (CHAOS). Lancet . 
1996;347:781–786).  
 
Other randomized trials, such as the Alpha-Tocopherol, Beta Carotene Cancer Prevention 
Study, the Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto miocardico 
(GISSI-Prevenzione trial), and the Heart Outcomes Prevention Evaluation (HOPE) study, 
failed to demonstrate any improvement of the prognosis in patients with coronary artery 
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disease (GISSI-Prevenzione Investigators (Gruppo Italiano per lo Studio della 
Sopravvivenza nell'Infarto miocardico). Dietary supplementation with n-3 
polyunsaturated fatty acids and vitamin E after myocardial infarction: results of the 
GISSI-Prevenzione trial. Lancet. 1999;354:447–455) (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). 

11.3.7   Uric Acid (antioxidant or prooxidant?) 

The topical role of uric acid and its relation to cardiovascular disease, renal disease, and 
hypertension is rapidly evolving. Its important role both historically and currently in the 
clinical clustering phenomenon of the metabolic syndrome (MS), type 2 diabetes mellitus 
(T2DM), atheroscleropathy, and non-diabetic atherosclerosis is of great importance. 

Uric acid is a marker of risk and it remains controversial as to its importance as a risk 
factor (causative role). In this review we will attempt to justify its important role as one 
of the many risk factors in the development of accelerated atherosclerosis and discuss its 
importance of being one of the multiple injurious stimuli to the endothelium, the arterial 
vessel wall, and capillaries. The role of uric acid, oxidative – redox stress, reactive 
oxygen species, and decreased endothelial nitric oxide and endothelial dysfunction 
cannot be over emphasized.  

In the atherosclerotic prooxidative environmental milieu the original antioxidant 
properties of uric acid paradoxically become prooxidant, thus contributing to 
the oxidation of lipoproteins within atherosclerotic plaques, regardless of their origins in 
the MS, T2DM, accelerated atherosclerosis (atheroscleropathy), or non-diabetic 
vulnerable atherosclerotic plaques. In this milieu there exists an antioxidant – prooxidant 
urate redox shuttle. 

Conclusion:  Elevations of uric acid > 4 mg/dl should be considered a "red flag" in those 
patients at risk for cardiovascular disease and should alert the clinician to strive to utilize 
a global risk reduction program in a team effort to reduce the complications of the 
atherogenic process resulting in the morbid – mortal outcomes of cardiovascular disease 
(Uric acid: A new look at an old risk marker for cardiovascular disease, metabolic 
syndrome, and type 2 diabetes mellitus: The urate redox shuttle. Melvin R Hayden and 
Suresh C Tyagi. Nutr Metab (Lond). 2004; 1: 10). Again, I believe that many so called 
antioxidants can serve equally well as prooxidants. 
Uric acid (an antioxidant) increases EMODs 
 
Uric acid is considered a major antioxidant in human blood that may 
protect against aging and oxidative stress. Despite its proposed protective properties, 
elevated levels of uric acid are commonly associated with increased risk for 
cardiovascular disease and mortality. Furthermore, recent experimental studies 

suggest that uric acid may have a causal role in hypertension and 
metabolic syndrome. All these conditions are thought to be mediated by oxidative 



stress. In this study they demonstrate that differentiation of cultured mouse adipocytes is 
associated with increased production of reactive oxygen species (ROS) and uptake of uric 
acid. Soluble uric acid stimulated an increase in NADPH oxidase activity and ROS 
production in mature adipocytes but not in preadipocytes. The stimulation of NADPH 
oxidase-dependent ROS by uric acid resulted in activation of MAP kinases p38 and 

ERK1/2, a decrease in nitric oxide bioavailability, and an increase in protein nitrosylation 
and lipid oxidation. Their results suggest that hyperuricemia induces redox-dependent 

signaling and oxidative stress in adipocytes. Since oxidative stress in the adipose tissue 
has recently been recognized as a major cause of insulin resistance and cardiovascular 
disease, hyperuricemia-induced alterations in oxidative homeostasis in the adipose tissue 
might play an important role in these derangements (Adverse effects of the classic 
antioxidant uric acid in adipocytes: NADPH oxidase-mediated oxidative/nitrosative 
stress. Yuri Y. Sautin et al. Am J Physiol Cell Physiol 293: C584-C596, 2007).  Here, 
uric acid, the great antioxidant, is clearly linked to cardiovascular disease and 
perhaps to metabolic syndrome. 

For example, in humans, uric acid accounts for roughly half the antioxidant 
ability of plasma.  Uric acid can also mediate the production of active oxygen 
species and thus act as a prooxidant. This was first proposed to play a role in the etiology 
of the Lesch-Nyhan Syndrome (associated with choreoathetoid dyskinesia) and in 
hyperuricemic syndrome in dalmatian dogs. The latter responds to treatment with the 
antioxidant drug orgotein, a pharmaceutical form of superoxide dismutase. Interestingly, 
such animals are also typically "bronzed".  

High uric acid levels are also encountered in atherosclerosis, metabolic syndrome, and in 
stroke. The issue is whether hyperuricemia is a protective response to oxidative stress in 
such diseases or whether it is a primary cause. Thus, some researchers think urate-
induced oxidative stress is causative in stroke, while others suggest the exact opposite, 
that urate is neuroprotective by means of its antioxidant properties. Similarly, evidence 
relates metabolic syndrome to the pro-oxidant properties of urate secondary to fructose-
induced hyperuricemia.  

11.3.8   High uric acid levels may precede diabetic kidney disease 
 
For patients with type 1 diabetes, increased levels of uric acid in the blood may be an 
early sign of diabetic kidney disease - appearing before any significant change in urine 
albumin level, the standard screening test, reports a study in the May 2008 issue of the 
Clinical Journal of the American Society of Nephrology.  Please remember that uric 
acid is an antioxidant. 
 
The results raise the possibility that treatments to reduce uric acid might slow the 
decline of renal function in patients with diabetes. "Thus we have the hope of having a 
means to thwart the loss of kidney function while function is still in a relatively preserved 
stage," comments Dr. Elizabeth T. Rosolowsky of Joslin Diabetes Center, Boston.  
 
The researchers measured serum uric acid concentration in 675 patients with type 1 
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diabetes. On screening tests, 311 patients had small amounts of the protein albumin in the 
urine. This result - called microalbuminuria - is generally regarded as a harbinger of 
kidney function loss in diabetic kidney disease (nephropathy). The other 364 patients had 
normal urine albumin levels.  
 
None of the patients had higher levels of albumin (albuminuria) representing more 
advanced diabetic nephropathy. Nevertheless, one in five had some impairment of kidney 
function on a standard test, the glomerular filtration rate. "Our research showed that loss 
of kidney function takes place even in the absence of albuminuria in patients with type 1 
diabetes," says Dr. Rosolowsky.  
 
In contrast, the serum uric acid level was consistently related to kidney 
function - the higher the uric acid, the lower the kidney function. "The 
serum concentration of uric acid in these patients varied in a manner consistent with its 
having played a role in this early loss of kidney function," according to Dr. Rosolowsky.  
 
Urine albumin is commonly measured to identify patients with type 1 diabetes at risk of 
developing nephropathy. "Historically, it was believed that the start of kidney function 
loss happened only when the amount of leakage of albumin into the urine had reached a 
certain level," Dr. Rosolowsky explains. "However, recent studies by our group have 
suggested that kidney function loss may start much earlier in some patients with type 1 
diabetes." Other studies have suggested that increased serum uric acid 
levels are associated with loss of kidney function, and may even be a 
causative factor.  
 
If higher uric acid levels do contribute to loss of kidney function, then the findings may 
offer a new approach to treating diabetic kidney disease. "The serum uric acid 
concentration is modifiable by drugs or by decreasing the intake of dietary protein, 
the main source of uric acid," says Dr. Rosolowsky. "If follow-up studies, already 
underway, demonstrate that serum uric acid concentration predicts the course of early 
decline in kidney function, then clinical trials would be justified to test whether 
modifying serum uric acid concentration also modifies the course of renal function 
decline in type 1 diabetic patients with high normoalbuminuria or microalbuminuria." 
 
11.3.9    Adverse effects of the classic antioxidant uric acid in adipocytes 
 
Uric acid is considered a major antioxidant in human blood that may 
protect against aging and oxidative stress. Despite its proposed protective 
properties, elevated levels of uric acid are commonly associated with 
increased risk for cardiovascular disease and mortality.  
 
Furthermore, recent experimental studies suggest that uric acid may have a 
causal role in hypertension and metabolic syndrome. All these conditions are 
thought to be mediated by oxidative stress. In this study they demonstrate that 
differentiation of cultured mouse adipocytes is associated with increased production of 



reactive oxygen species (ROS) and uptake of uric acid. Soluble uric acid stimulated an 
increase in NADPH oxidase activity and ROS production in mature adipocytes but 
not in preadipocytes. The stimulation of NADPH oxidase-dependent ROS by uric acid 
resulted in activation of MAP kinases p38 and ERK1/2, a decrease in nitric oxide 
bioavailability, and an increase in protein nitrosylation and lipid oxidation. Collectively, 
their results suggested that hyperuricemia induces redox-dependent signaling and 
oxidative stress in adipocytes. Since oxidative stress in the adipose tissue has recently 
allegedly been recognized as a major cause of insulin resistance and cardiovascular 
disease, hyperuricemia-induced alterations in oxidative homeostasis in the adipose tissue 
might play an important role in these derangements  (Adverse effects of the classic 
antioxidant uric acid in adipocytes: NADPH oxidase-mediated oxidative/nitrosative 
stress.  Yuri Y. Sautin, Takahiko Nakagawa, Sergey Zharikov, and Richard J. Johnson.  
Am J Physiol Cell Physiol 293: C584-C596, 2007).  I believe that this dispels the 
notion that antioxidants, such as uric acid, are the end-all and cure-alls that they 
were proposed to be.  Also, here we see that an antioxidant, uric acid, can indue 
EMOD formation, not block or eliminate it. 
 
11.3.10  ACE inhibitors and atherosclerosis 
 
The effect of angiotensin-conveting enzyme (ACE) inhibitors on the progression of 
atnerosclerosis and endothelial function has been studied in several animal models and in 
endothelial function by ramipril in rabbits on a long-term atherogenic diet (J Cardiovasc 
Pharmacol. 1991;18:S110–115) and improves impaired endothelial dysfunction without 
altering plasma cholesterol levels.  
 

11.3.11  ACE inhibitors 

In contrast to the published findings in studies of antioxidants, ACE inhibitors seem to 
have a beneficial influence on the prognosis in patients with coronary-artery disease 
(Anonymous: Effects of an angiotensin-converting-enzyme inhibitor, ramipril, on 
cardiovascular events in high-risk patients. N Engl J Med. 2000;342:145–153). How do 
ACE inhibitors beneficially influence vascular function in atherosclerosis? ACE 
inhibition prevents formation of angiotensin II, one of the most potent 
vasoconstrictors. Angiotensin II, in turn, stimulates the release of endothelin-1 from 
endothelial cells and induces the expression of the pre-proendothelin gene in endothelial 
and smooth-muscle cells. Another important aspect is that endothelial kininase II is 
identical with ACE. Inhibition of kininase II, which is responsible for the breakdown of 
bradykinin, leads to high local concentrations of bradykinin.  

This substance, in turn, is a potent stimulus for the release of endothelium-derived 
hyperpolarizing factor, NO, and prostacyclin. A novel, recently identified, mechanism 
contributes to the detrimental effects of angiotensin II on vascular superoxide production. 
Angiotensin II has been shown to increase vascular superoxide production by activating 
an NADH-driven oxidase, one of the most significant superoxide-producing enzymes in 
endothelial and smooth-muscle cells. Recent studies with hypercholesterolemic animals 



and patients with coronary-artery disease indicate that activation of this enzyme 
contributes considerably to endothelial dysfunction and early plaque formation. 

The stimulatory effects of angiotensin II on the activity of the HADH-driven oxidase 
would suggest that in the presence of an activated renin-angiotensin system (local or 
circulating), vascular dysfunction due to increased vascular superoxide production is 
likely. 

Indeed, there is a large body of literature providing evidence that the renin-angiotensin 
system is causally linked to the development and progression of atherosclerosis. 
Incubation in vitro of cultured smooth-muscle cells with native low-density lipoproteins 
(LDLs) increases the expression of the angiotensin II receptor subtype AT1. Similar 
phenomena have been observed in animals fed cholesterol (Nickenig G, Jung O, Strehlow 
K, Zolk O, Linz W, Scholkens BA, Bohm M. Hypercholesterolemia is associated with 
enhanced angiotensin AT1- receptor expression. Am J Physiol. 1997;272:H2701–2707), 
in animals that are hyperlipidemic because of an LDL-receptor defect, and in patients 
with hypercholesterolemia. Macrophages in atherosclerotic plaques produce large 
amounts of angiotensin II. The activity of the ACE is increased in response to oxidative 
stress. Angiotensin II facilitates the recruitment of monocytes/macrophages into the 
vessel wall by stimulating the production of the monocyte chemoattractant protein (MCP-
1) and vascular-adhesion molecules. 

Further, indirect support for the involvement of the renin-angiotensin system in the 
development of atherosclerosis was provided by studies testing the anti-atherosclerotic 
properties of ACE inhibitors and of AT1-receptor antagonists. These studies have shown 
that both treatment regimens beneficially influence endothelial function, reduce oxidative 
stress within vascular tissue by inhibiting the vascular NADH oxidase, and, therefore, 
retard the formation of atherosclerotic plaques. 

The recently published results of the HOPE study seem to strengthen the idea that 
inhibition of the renin-angiotensin system, rather than treatment with the classical 
antioxidant α-tocopherol, beneficially affects the prognosis in patients with coronary-
artery disease. Treatment with ramipril significantly lowered the risk of cardiovascular 
mortality and nonfatal cardiovascular events in high-risk patients who had vascular 
disease or diabetes plus one known cardiovascular risk factor. Thus, it may be concluded 
that inhibition of the renin-angiotensin system and the subsequent inhibition of 
superoxide-producing enzymes provide a better antioxidative regimen than the 
administration of classic antioxidants, which merely scavenge already formed reactive 
oxygen species. 

Two news reports have slammed high-dose antioxidant vitamins. One 
report, claims high-dose vitamin C (greater than 300 milligrams per day) increases 
mortality rates among diabetic women, and another study claimed high-dose vitamin E 
(greater than 400 IU) raises mortality rates. [American J Clinical Nutrition 80: 1194-200, 
2004; Annals Internal Medicine, Volume 142, January 2005].   
 



11.4.0   Vitamin C 

“Antioxidant” vitamins as naturally present in food are balanced biochemistry, ie, part of 
a mixture of redox agents half in oxidized form and half in reduced form. Every 
supplement pill, including those containing vitamin C, is unbalanced biochemistry. 
Herbert  recently reported that in the presence of iron, not only does vitamin C appear to 
be worthless against cancer (Shaw S, Jayatilleke E, Herbert V. Evidence against 
antioxidant  prooxidant vitamin C supplements protecting against cancer. Clin Res 
1994;42:172 A (abstr), but it increased lipoxidation of relatively harmless low-density-
lipoprotein (LDL) cholesterol to coronary-artery-damaging oxidized LDL cholesterol  
(Herbert V, Shaw S. Jayatilleke E. Vitamin C supplements are harmful to lethal for the 
over 10% of Americans with high iron stores. FASEB J 1994;8:A678).  

Vitamin C is so potent a redox agent in the presence of iron that vitamin E researchers 
use a vitamin C— iron mixture to inactivate vitamin E in the test tube ( Herbert V. Diet 
and cancer prevention. NCAHF (National Council Against Health Fraud) Newsletter 
1992; 15(3): 1). 

In 1963, Herbert demonstrated in a patient with scurvy and folic acid deficiency that 
1 g of vitamin C mobilized into his blood enough iron from high body stores to 
saturate his iron-binding capacity (Herbert V. Megaloblastic anemia. N EngI J Med 
1963:268:201—3, 368—71). In iron overload due to transfusion therapy of patients with 
thalassemia or sickle cell disease, vitamin C can mobilize enough iron from body stores 
to overwhelm the iron-binding capacity of iron-binding proteins, with the resultant free 
iron producing death within minutes to hours from iron-induced cardiac failure (Herbert 
V. Does mega-C do more good than harm, or more harm than good? Nutr Today 
1993;28(I):28—32). 

A scientific curiosity arises in the vitamin C study because National Institutes of Health 
(NIH) researchers claim concentrations of vitamin C in blood serum reach their optimal 
level (70-85 micromole per liter of blood serum) at about 200 milligrams of daily vitamin 
C intake and any excess beyond that point is excreted in the urine. [Biofactors 15: 71-74, 
2001] How could high-dose vitamin C, beyond 300 milligrams per day, raise mortality 
rates when excesses are excreted away beyond 200 milligrams? While NIH websites 
continue to maintain consumption of vitamin C beyond 200 milligrams per day is of 
worthless value, a recent study indicates serum vitamin C concentrations can reach three 
times greater concentration (~210 micromole per liter) after oral consumption than 
previously thought possible. [Annals Internal Med 140: 510-17, 2004]. Scientists can’t 
have it both ways – saying high-dose vitamin C beyond 200 milligrams per day 
doesn’t raise blood concentrations beyond a certain point and then saying it raises 
the mortality rates when 300 milligrams is consumed orally.  

Oxidative stress is thought to play an important role in atherogenesis, suggesting that 
antioxidants could prevent coronary artery disease. However, the efficacy of vitamin C 

in reducing atherosclerosis is debatable in humans and has not been tested rigorously 
in animals. Chronic vitamin C deficiency does not influence the initiation or 
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progression of atherosclerotic plaques but severely compromises collagen deposition 
and induces a type of plaque morphology that is potentially vulnerable to rupture 
(Vulnerable Atherosclerotic Plaque Morphology in Apolipoprotein E–Deficient Mice 
Unable to Make Ascorbic Acid. Yukiko Nakata, MD PhD; Nobuyo Maeda, PhD. 
Circulation. 2002;105:1485). 

Impaired endothelial cell proliferation has been proposed to be an early, critical defect 
contributing to the development of atherosclerosis. Recent studies show that high 
plasma tumor necrosis factor (TNF)-  levels and low serum ascorbic acid (AA) levels 
correlate with atherosclerosis severity. Additionally, AA has been reported to have 
potential beneficial effects in preventing atherosclerosis. Based on these studies, they 
investigated the role of AA (  1mM) on TNF- -mediated vascular endothelial cell growth 
inhibition in vitro. In accordance with previous reports, they found that TNF-  alone 
inhibited endothelial cell proliferation. Further studies revealed that AA alone enhanced 

endothelial cell proliferation and that AA blocked endothelial cell growth inhibition 
induced by TNF- . By contrast, they observed no effect of AA on endothelial cell 
activation or nuclear entry of nuclear factor- B in response to TNF- . The protective 
effect of AA on endothelial cell proliferation was not simply the result of its 
antioxidant activity but did correlate with collagen IV expression by endothelial 
cells. AA pre-treatment of proliferating endothelial cells promoted retinoblastoma protein 
(Rb) phosphorylation and decreased p53 levels when compared to untreated cells. 
Furthermore, the addition of AA to TNF- -treated proliferating endothelial cells blocked 
both the inhibition of retinoblastoma protein phosphorylation and enhanced p53 
expression induced by TNF- . Consistent with these results, they found that AA protects 
endothelial cells against TNF- -induced apoptosis. These studies highlight the 
potential therapeutic role of AA in promoting endothelial cell proliferation during 
inflammatory conditions, such as atherosclerosis and cardiovascular disease (Ascorbic 
Acid Blocks the Growth Inhibitory Effect of Tumor Necrosis Factor-  on Endothelial 
Cells. Rubina W. Saeed, Tina Peng and Christine N. Metz. Experimental Biology and 
Medicine 228:855-865 (2003). 

The ascorbate-dependent addition of polar hydroxyl groups to the side chains of proline 
and lysine may aid the self-assembly and stability of the collagen fibril by forming 
interchain hydrogen bonds. The absence of sufficient ascorbic acid (vitamin C), a 
required cofactor for prolylhydroxylase, thus impairs the formation of stable 
collagen. The human phenotype of vitamin C deficiency, scurvy, classically involves 
fragility of blood vessels. In 1753, James Lind described the skin of scorbutics as 
"...covered with several reddish, bluish... spots... resembling an effusion of blood." Lind’s 
discovery that food rich in vitamin C provided a cure for scurvy spurred England’s 

subsequent naval supremacy and putatively changed the course of history. Of course, 
chemical characterization of vitamin C as the antiscorbutic factor did not occur until the 
1930s. (Interested readers may find Albert Szent-Györgi’s dispute with the editor of the 
Biochemical Journal regarding publication of the structure of vitamin C amusing. 
Cardiologists know Szent-Györgi better for his later discovery of the biochemical basis of 
muscle contraction).  



Study of vitamin C’s role in vivo has proven challenging. Unlike humans, usual 
experimental animals can synthesize vitamin C and thus cannot be made scorbutic. 
Maeda’s group has recently introduced a targeted mutation that makes mice dependent on 
dietary vitamin C, allowing manipulation of ascorbate levels. Nakata et al studied 
atheroma in hypercholesterolemic and scorbutic mice. They found no change in lesion 
size, but they observe decreased collagen content in the lesions. Such changes should 
impair the biomechanical strength of the plaque and make it more prone to rupture. This 

finding extends the burgeoning evidence that changes in collagen metabolism can 
influence crucial characteristics of the atherosclerotic plaque. Their recent in vivo studies 
also showed that alterations in collagen synthesis and catabolism induced by lipid 
lowering or statin treatment influence the collagenous structure of atheroma in rabbits.  

In addition to its antiscorbutic action, vitamin C has potent antioxidant properties. 
Physiological concentrations of ascorbic acid can inhibit in vitro oxidative 

modification of LDL, a critical event during atherogenesis. For this reason, many 
individuals take this and other antioxidant vitamins in hope that combating oxidative 
stress can forestall atherosclerosis and its complications. Vitamin C has other 
antiinflammatory effects as well, including decreased leukocyte adhesion to the 

endothelium and increased bioavailability of atheroprotective nitric oxide (NO). 
Administration of vitamin C for 10 days (2 g/d) reduces adhesion of monocytes obtained 
from cigarette smokers to cultured endothelial cells. Vitamin C’s potency generally 

exceeds that of vitamin E as an antiinflammatory and antiatherogenic agent. For example, 
intake of vitamin C, but not vitamin E, inhibits oxidized LDL-induced leukocyte adhesion 
to endothelium in hamsters. Physiological concentrations of ascorbic acid also increase 
synthesis and activity of NO in vitro. Vitamin C also inhibits activation of nuclear factor-
B (NF- B), a key regulator of inflammatory gene expression. Administration of vitamin 

C can improve endothelial dysfunction in hypercholesterolemic patients. Ascorbate’s 
effect on plaque collagen content adds another theoretical rationale for using vitamin C in 
patients at risk for atherosclerotic events. 

The recently reported Heart Protection Study (HPS) administered a cocktail of antioxidant 
vitamins (vitamin C 250 mg, vitamin E 600 mg, beta-carotene 20 mg/d) to a large group 

of individuals at high risk for atherosclerotic events for a period of 5 years. The vitamins 
had absolutely no effect on a variety of end points, including coronary events (see 
also The Heart Protection Study Investigators at http://www.hpsinfo.org). Brown and 
colleagues recently reported acceleration of coronary atherosclerosis in 
patients treated with a combination of statins and a cocktail of 
antioxidant vitamins (vitamin C 1000 mg, vitamin E 800 IU, beta-carotene 25 mg/d) 
in the HDL-Atherosclerosis Treatment Study (HATS).  

It is curious indeed that many remain suspicious of pharmacological lipid-lowering, a 
strategy now proven unequivocally to prevent myocardial infarction and stroke and to 
prolong life as well. Yet, many individuals readily consume costly vitamin 
supplements devoid of benefit in clinical trials. This situation may reflect in 
part a failure of the medical community to communicate effectively with the public 



regarding evidence-based medicine and the life-saving benefits of preventive strategies. 
The present results of Nakata et al (Nakata Y, Maeda N. Vulnerable atherosclerotic 
plaque morphology in apolipoprotein E–deficient mice unable to make ascorbic acid. 
Circulation. 2002; 105: 1485–1490) reinforce the importance of collagen metabolism in 
determining the structure of atherosclerotic plaques. However, current clinical and 
experimental evidence suggests that the best way to influence favorably the balance of 
collagen synthesis and degradation in atheroma at hand today remains lipid-lowering, not 
vitamin C (Vitamin C, Collagen, and Cracks in the Plaque. Peter Libby, MD; Masanori 
Aikawa. Circulation. 2002;105:1396).  

11.4.1  Ascorbate Increases Skin Cancer 

The light emitted by halogen quartz bulbs contains a broad spectrum of UV wavelengths, 
is strongly genotoxic and is a potent inducer of skin tumors in hairless mice. By using a 
UVC filter, this light mimics solar radiation and induces a variety of genomic and 
transcriptional alterations in mouse skin. UV-related carcinogenesis theoretically 
involves depletion of antioxidants and glutathione in skin cells. On this basis, they 
evaluated modulation of carcinogenicity of UVC-filtered halogen lamps in SKH-1 
hairless mice by the antioxidants N-acetyl-L-cysteine (NAC) and ascorbic acid (AA). 
Both agents were given in the drinking water, either individually or in combination. The 
earliest skin lesions were detected after 300 days' exposure to light and became confluent 
in a number of mice after 480 days. NAC administration prolonged the latency time by 90 
days. Moreover, NAC considerably and significantly decreased both incidence and 
multiplicity of light-induced skin tumors, prevented the occurrence of malignant lesions 
(squamocellular carcinomas) and reduced the tumor size. In contrast, AA increased the 
multiplicity of total skin tumors, carcinomas in situ and squamocellular carcinomas. 
Co-administration of NAC with AsA significantly attenuated the negative effect of AsA, 
presumably due to the ability of this thiol to maintain a reduced environment. Therefore, 
in agreement with our previous in vitro findings, oral NAC is able to attenuate the 
detrimental effects of AsA (Modulation of light-induced skin tumors by N-acetylcysteine 
and/or ascorbic acid in hairless mice. Francesco D'Agostini, Roumen M. Balansky, Anna 
Camoirano and Silvio De Flora. Carcinogenesis 2005 26(3):657-664). I believe that this 
demonstrates EMOD reduction by AA and allowance of neoplasia. 

11.4.2   Fruits and Vegetable Consumption Does Not Influence Ovarian Cancer risk 

Because fruits and vegetables are rich in bioactive compounds with potential cancer-
preventive actions, increased consumption should theoretically, based on the Free Radi-
Crap theory, reduce the risk of ovarian cancer. Evidence on the association between fruit 
and vegetable intake and ovarian cancer risk has not been consistent. They analyzed and 
pooled the primary data from 12 prospective studies in North America and Europe. 
Fruit and vegetable intake was measured at baseline in each study using a validated food-
frequency questionnaire. To summarize the association between fruit and vegetable intake 
and ovarian cancer, study-specific relative risks (RR) were estimated using the Cox 
proportional hazards model, and then combined using a random-effects model. Among 
560,441 women, 2,130 cases of invasive epithelial ovarian cancer occurred during a 
maximum follow-up of 7 to 22 years across studies. Total fruit intake was not 



associated with ovarian cancer risk—the pooled multivariate RR for the highest 
versus the lowest quartile of intake was 1.06 [95% confidence interval (95% CI), 0.92-
1.21; P value, test for trend = 0.73; P value, test for between-studies heterogeneity = 
0.74]. Similarly, results for total vegetable intake indicated no significant 
association (pooled multivariate RR, 0.90; 95% CI, 0.78-1.04, for the highest versus 
the lowest quartile; P value, test for trend = 0.06; P value, test for between-studies 
heterogeneity = 0.31). Intakes of botanically defined fruit and vegetable groups and 
individual fruits and vegetables were also not associated with ovarian cancer risk. 
Associations for total fruits and vegetables were similar for different histologic types.  

These results suggest that fruit and vegetable consumption in adulthood 
has no important association with the risk of ovarian cancer (Fruits and 
Vegetables and Ovarian Cancer Risk in a Pooled Analysis of 12 Cohort Studies. Anita 
Koushik et al. Cancer Epidemiology Biomarkers & Prevention Vol. 14, 2160-2167, 
September 2005).  I believe that this is another important example of failed 
antioxidant studies in the prevention of cancer.  This is strong support for my 
Unified Theory.  This study goes beyond the A, C and E vitamins and reflects on 
flavonoids also. 
 
11.4.3   Ethanol increases antioxidants in fruit drinks 

A fruity cocktail may not only be fun to drink but may count as health food, U.S. and 
Thai researchers said on 4/19/07.  Adding ethanol -- the type of alcohol found in rum, 
vodka, tequila and other spirits -- boosted the antioxidant nutrients in strawberries 
and blackberries, the researchers found. 

Any colored fruit might be made even more healthful with the addition of a splash of 
alcohol, they report in the Journal of the Science of Food and Agriculture.  Dr. Korakot 
Chanjirakul and colleagues at Kasetsart University in Thailand and scientists at the U.S. 
Department of Agriculture stumbled upon their finding unexpectedly. They were 
exploring ways to help keep strawberries fresh during storage. Treating the berries with 
alcohol increased in antioxidant capacity and free radical scavenging activity, they 
found. 

Any colored fruit or vegetable is rich in antioxidants, which are chemicals that can 
cancel out the cell-damaging effects of compounds called free radicals. 

Berries, for instance, contain compounds known as polyphenols and 
anthocyanins. People who eat more of these fruits and vegetables have a documented 
lower risk of cancer, heart disease and some neurological diseases. 

The study did not address whether adding a little cocktail umbrella enhanced the effects. 

11.4.4   Fruit juice tied to modest rise in diabetes risk 



Women wanting to ward off type 2 diabetes should load their plates with green leafy 
vegetables and whole fruits, but perhaps stay away from fruit juice, new research 
suggests.  Eating an additional three servings of whole fruit daily, or one more serving of 
spinach, kale or similar leafy green vegetable was tied to a lower risk of developing 
diabetes over an 18-year period among 71,346 women enrolled in the Nurses' Health 
Study. 

"It was a modest decrease," Dr. Lydia A. Bazzano of Tulane University School of Public 
Health and Tropical Medicine, New Orleans, told Reuters Health. "This is not going 
to...prevent it if you have many, many risk factors and you're overweight...it's a tool in 
the prevention strategy."  Bazzano and colleagues analyzed data on the diets of Nurses' 
Health Study participants -- 4,529 of whom developed type 2 diabetes while they were 
being followed. They divided women into five groups based on fruit and vegetable 
intake, and also grouped them based on fruit juice consumption. 

They found that an increase of three servings a day of whole fruit was associated with 
an 18 percent lower risk of type 2 diabetes, while a single additional serving of leafy 
green vegetables cut the risk by 9 percent. However, an additional daily serving 
of fruit juice increased the likelihood of developing diabetes by 18 
percent.  I believe that this could be due to the increased antioxidant vitamins in 
the fruit juice, which help cause an EMOD insufficiency and lead to development of 
diabetes.  

While the findings must be replicated, Bazzano said, there are plausible mechanisms 
by which fruit juice could increase risk. "It's a big sugar load and it comes in a liquid 
form which is absorbed rapidly," she noted. 

The findings, the study team concludes, suggest that "caution should be observed in 
replacing some beverages with fruit juices in an effort to provide healthier options. 
The same caution applies to the recommendation that 100 percent fruit juice be 
considered a serving of fruit as it is in the present national dietary guidelines." (Diabetes 
Care, July 2008). 

11.4.5  Vitamin C, General Review 

Some of the following material was taken from: Vitamin C as an Antioxidant: Evaluation 
of Its Role in Disease Prevention. Sebastian J. Padayatty et al. Journal of the American 
College of Nutrition, Vol. 22, No. 1, 18-35 (2003). 
 

Vitamin C in humans must be ingested for survival. Vitamin C is an electron donor, and 
this property accounts for all its known functions. As an electron donor, vitamin C is a 
potent water-soluble antioxidant in humans. Antioxidant effects of vitamin C have been 
demonstrated in many experiments in vitro. Human diseases such as atherosclerosis and 
cancer might occur in part from oxidant damage to tissues. Oxidation of lipids, proteins 
and DNA results in specific oxidation products that can be measured in the laboratory. 



While these biomarkers of oxidation have been measured in humans, such assays have 
not yet been validated or standardized, and the relationship of oxidant markers to human 
disease conditions is not clear. Epidemiological studies show that diets high in fruits and 
vegetables are associated with lower risk of cardiovascular disease, stroke and cancer, and 
with increased longevity. Whether these protective effects are directly attributable to 
vitamin C is not known. Intervention studies with vitamin C have shown no change in 
markers of oxidation or clinical benefit. Dose concentration studies of vitamin C in 
healthy people showed a sigmoidal relationship between oral dose and plasma and tissue 
vitamin C concentrations. Hence, optimal dosing is critical to intervention studies using 
vitamin C. (Vitamin C as an Antioxidant: Evaluation of Its Role in Disease Prevention. 
Sebastian J. Padayatty et al. Journal of the American College of Nutrition, Vol. 22, No. 1, 
18-35 (2003). 

11.4.6   Key teaching points:  

• Vitamin C is essential for life and is a powerful water-soluble antioxidant.  

• Antioxidant actions of vitamin C have been shown by in vitro experiments.  

• Oxidant damage of biological molecules results in oxidation products that can be 
measured. These assays have not been fully validated.  

• Diet rich in fruits and vegetables are associated with lower risk of cardiovascular 
disease and cancer. It is not known whether vitamin C contributes to these benefits.  

• When vitamin C is given by mouth, the relationship between oral dose and plasma 
concentration is sigmoidal. Plasma concentrations are tightly controlled and excess 
vitamin C is excreted.  

• Other than preventing scurvy, vitamin C has no proven benefits. In humans, vitamin C 
treatment has not resulted in changes in biomarkers of oxidation or in clinical outcome.  



Vitamin C (ascorbic acid) is a six-carbon lactone that is synthesized from glucose in the 
liver of most mammalian species, but not by humans, non-human primates and guinea 
pigs. These species do not have the enzyme gulonolactone oxidase, which is essential for 
synthesis of the ascorbic acid immediate precursor 2-keto-l-gulonolactone. The DNA 
encoding for gulonolactone oxidase has undergone substantial mutation, resulting in the 
absence of a functional enzyme. Thus, I must ask ,”Why do humans not synthesize 
this so called important antioxidant vitamin, since it is supposed to be crucial to our 
existence?” 

Consequently, when humans do not ingest vitamin C in their diets, a deficiency state 
occurs with a wide spectrum of clinical manifestations. Clinical expression of vitamin C 
deficiency, scurvy, is a lethal condition unless appropriately treated. Thus, humans must 
ingest vitamin C to survive. 

Vitamin C is an electron donor and therefore a reducing agent. All known physiological 
and biochemical actions of vitamin C are due to its action as an electron donor. Ascorbic 
acid donates two electrons from a double bond between the second and third carbons of 
the 6-carbon molecule. Vitamin C is called an antioxidant because, by donating its 
electrons, it prevents other compounds from being oxidized. However, by the very nature 
of this reaction, vitamin C itself is oxidized in the process.  

It is noteworthy that when vitamin C donates electrons, they are lost sequentially. The 
species formed after the loss of one electron is a free radical, semidehydroascorbic 
acid or ascorbyl radical. As compared to other free radicals (a species with an unpaired 
electron), ascorbyl radical is relatively stable with a half-life of 10-5 seconds and is 
fairly unreactive. This property explains why ascorbate may be a preferred antioxidant. 
In simple terms, a reactive and possibly harmful free radical can interact with ascorbate. 
The reactive free radical is reduced, and the ascorbyl radical formed in its place is less 
reactive. Reduction of a reactive free radical with formation of a less reactive 
compound is sometimes called free radical scavenging or quenching. Ascorbate is 
therefore a good free radical scavenger due to its chemical properties.  

Ascorbyl radical, with its unpaired electron, is not a long-lived compound. Upon loss 
of a second electron, the compound formed is dehydroascorbic acid. 
Dehydroascorbic acid stability depends on factors such as temperature and pH, but is 
often only minutes. Dehydroascorbic acid may exist in one of several different structural 
forms, but the dominant form in vivo has not been elucidated. Formation of both ascorbyl 
radical and dehydroascorbic acid is mediated by wide variety of oxidants in biological 
systems, including molecular oxygen, superoxide, hydroxyl radical, hypochlorous acid, 
reactive nitrogen species and the trace metals iron and copper.  

Once formed, ascorbyl radical and dehydroascorbic acid can be reduced back to 
ascorbic acid by at least three separate enzyme pathways as well as by reducing 
compounds in biological systems such as glutathione. In humans, there is only partial 
reduction back to ascorbic acid; therefore, all the ascorbic acid that is oxidized is not 
recovered. Some of the dehydroascorbic acid is metabolized by hydrolysis and is lost. If 



the reduction process were complete, humans would not get scurvy. It is not known what 
the precise efficiency of the reduction process is in vivo, nor what factors regulate the 
reduction reactions in vivo.  

If dehydroascorbic acid is not reduced back to ascorbic acid, it is hydrolyzed irreversibly 
to 2,3 diketogulonic acid. This compound is formed by irreversible rupture of the lactone 
ring structure that is a part of ascorbic acid, ascorbyl radical, and dehydroascorbic acid. 
2,3-diketogulonic acid is further metabolized into xylose, xylonate, lyxonate and oxalate. 
The formation of oxalate has clinical significance because hyperoxaluria 

(overexcretion of oxalate) can result in oxalate kidney stones in some people.  

11.4.7   Enzymology 

In humans, vitamin C acts as an electron donor for eight different enzymes [Levine 
M, Rumsey SC, Wang Y, Park JB, Daruwala R. Vitamin C. In Stipanuk MH 
(ed):"Biochemical and Physiological Aspects of Human Nutrition." Philadelphia: W B 
Saunders, pp541 –567,2000]. At least for some of the enzymes, ascorbate adds electrons 

sequentially, with formation of the ascorbyl radical intermediate. Of the eight enzymes, 
three participate in collagen hydroxylation. These reactions add hydroxyl groups to the 
amino acids proline or lysine in the collagen molecule, thereby greatly increasing stability 
of the collagen molecule triple helix structure. Two other vitamin C dependent enzymes 
are necessary for synthesis of carnitine. Carnitine is essential for the transport of fatty 
acids into mitochondria for ATP generation. The remaining three vitamin C dependent 
enzymes have the following functions: one participates in the biosynthesis of 
norepinephrine from dopamine, one adds amide groups to peptide hormones, greatly 
increasing their stability, and one modulates tyrosine metabolism.  

The enzymes with which ascorbic acid acts function as either monooxygenases or 
dioxygenases. These enzymes generate EMODs.  Briefly, the monooxygenases 
incorporate a single oxygen molecule into a dopamine substrate for norepinephrine 
synthesis or a glycine terminating peptide for amidation of peptide hormones. The 
dioxygenases incorporate two oxygen molecules in two different ways. As part of 
tyrosine metabolism the enzyme 4-hydroxyphenylpyruvate dioxygenase incorporates two 
oxygen molecules into one single product. The other dioxygenases, functioning in 
carnitine synthesis and hydroxylation of collagen, incorporate one molecule of oxygen 

into succinate and one into an enzyme-specific substrate.  

11.4.8  Vitamin C as an Antioxidant in Human Biology 

Vitamin C can be oxidized by many species that have potential to be involved in human 
diseases. The relevant species, which receive electrons and are reduced by vitamin C, can 
be divided into several classes: 1) Compounds with unpaired electrons (radicals) such as 
oxygen related radicals (superoxide, hydroxyl radical, peroxyl radicals), sulphur radicals 

and nitrogen-oxygen radicals. With the exception of the sulfur radicals, these compounds 
are sometimes termed reactive oxygen species and reactive nitrogen species. 2) 
Compounds that are reactive but are not radicals, including hypochlorous acid, 



nitrosamines and other nitrosating compounds, nitrous acid related compounds and 
ozone. 3) Compounds that are formed by reaction with either of the first two classes and 
then react with vitamin C. An example is formation of the alpha tocopheroxyl radical, 
which is generated when exogenous radical oxidants interact with alpha tocopherol in 
low-density lipoprotein (LDL). The tocopheroxyl radical can be reduced by ascorbate 
back to alpha tocopherol. 4) Transition metal-mediated reactions involving iron and 
copper. For example, reduction especially of iron by ascorbate can lead to formation of 
other radicals through Fenton chemistry. On the other hand, reduction of iron could be an 
endpoint reaction: an example is that reduced iron may be the preferred form for 
intestinal absorption. 
 
When alloxan was the oxidant stress agent, rats had increased oxidant stress when 
supplemented with vitamin C. Ascorbate was protective when it was administered before 

the oxidant stress agent paraquat, but the vitamin accelerated oxidant stress when it 
was administered after paraquat [Kang SA, Jang YJ, Park H: In vivo dual effects of 
vitamin C on paraquat-induced lung damage: dependence on released metals from the 
damaged tissue.Free Radic Res28 :93 –107,1998]. Such data suggest that ascorbate can 
act as an antioxidant or prooxidant, dependent on its concentrations and those of the 

administered oxidizing agent. 
 
The most common prooxidant conditions with low plasma vitamin C concentrations are 
smoking and diabetes mellitus (Stankova L, Riddle M, Larned J, Burry K, Menashe D, 
Hart J, Bigley R: Plasma ascorbate concentrations and blood cell dehydroascorbate 
transport in patients with diabetes mellitus.Metabolism33 :347 –353,1984) (Will JC, 
Byers T: Does diabetes mellitus increase the requirement for vitamin C?Nutr Rev54 :193 
–202,1996) (Sinclair AJ, Taylor PB, Lunec J, Girling AJ, Barnett AH: Low plasma 
ascorbate levels in patients with type 2 diabetes mellitus consuming adequate dietary 
vitamin C.Diabet Med11 :893 –898,1994). 
 
A diet rich in fruits and vegetables reduces mortality, protects against atherosclerosis, 
stroke and, to a lesser extent, against coronary artery disease, though vitamin C itself may 
not contribute to this protection. The use of vitamin C as supplement, often in 
combination with other antioxidant micronutrients showed either no benefit or 
marginal benefit (Ascherio A, Rimm EB, Hernan MA, Giovannucci E, Kawachi I, 
Stampfer MJ, Willett WC: Relation of consumption of vitamin E, vitamin C, and 
carotenoids to risk for stroke among men in the United States.Ann Intern Med130 :963 –
970,1999) (Kushi LH, Folsom AR, Prineas RJ, Mink PJ, Wu Y, Bostick RM: Dietary 
antioxidant vitamins and death from coronary heart disease in postmenopausal women.N 
Engl J Med334 :1156 –1162,1996) (Ascherio A, Rimm EB, Hernan MA, Giovannucci E, 
Kawachi I, Stampfer MJ, Willett WC: Relation of consumption of vitamin E, vitamin C, 
and carotenoids to risk for stroke among men in the United States.Ann Intern Med130 
:963 –970,1999) (Hodis HN, Mack WJ, LaBree L, Cashin-Hemphill L, Sevanian A, 
Johnson R, Azen SP: Serial coronary angiographic evidence that antioxidant vitamin 
intake reduces progression of coronary artery atherosclerosis.JAMA273 :1849 –
1854,1995). 
 



11.4.9   Cataracts not inhibited by vitamin C 
 
Cataract is thought to result, at least in part, from oxidative damage to lens proteins. 
Studies of cataracts have shown a small or no protective effect with a high fruit and 
vegetable diet or with vitamin C (Age-Related Eye Disease Study Research Group: A 
randomized, placebo-controlled, clinical trial of high-dose supplementation with vitamins 
C and E and beta carotene for age-related cataract and vision loss: AREDS report no. 
9.Arch Ophthalmol119 :1439 –1452,2001) (Gale CR, Hall NF, Phillips DI, Martyn CN: 
Plasma antioxidant vitamins and carotenoids and age-related cataract.Ophthalmology108 
:1992 –1998,2001). 
 
11.4.10   Breast cancer not protected by vitamin C 
 
Vitamin C rich food may (Zhang S, Hunter DJ, Forman MR, Rosner BA, Speizer FE, 
Colditz GA, Manson JE, Hankinson SE, Willett WC: Dietary carotenoids and vitamins A, 
C, and E and risk of breast cancer. J Natl Cancer Inst91 :547 –556,1999) or may not 
protect against breast cancer (Hunter DJ, Manson JE, Colditz GA, Stampfer MJ, 
Rosner B, Hennekens CH, Speizer FE, Willett WC: A prospective study of the intake of 
vitamins C, E, and A and the risk of breast cancer. N Engl J Med 329 :234 –240,1993). 
Vitamin C had no protective effect against basal cell cancer of the skin, non Hodgkins 
lymphoma or colorectal cancer. Vitamin C supplementation did not reduce colorectal 
adenomas or cancer incidence in the largest such trial so far. 
 
These studies cannot be interpreted to mean that a high intake of vitamin C, by its 
antioxidant or other actions, has a beneficial effect on morbidity and mortality, nor 
can they conclusively show that a high vitamin C intake is beneficial. The same 
applies to smokers and diabetics, who have low plasma vitamin C. Some of the many 
confounding factors noted above can be controlled for by appropriate statistical treatment 

of epidemiological study data. Such analysis suggests that vitamin C may have a 
protective role. However, it cannot conclusively prove the clinical benefits of vitamin C 
or its antioxidant actions in humans. 
 
The effect of vitamin C on DNA damage has been much discussed but there is no 
evidence yet of direct benefit from vitamin C. Vitamin C had no effect on placental or 
urinary 8OHdG, but reduced it in smokers. 
 
There are fears that vitamin C may have prooxidant or mutagenic effects. Studies 
showing these effects have not been reproduced or have used un-physiological doses of 
vitamin C or artificial conditions. It is not known whether physiological concentrations of 
vitamin C have prooxidant effects and what their relevance is to clinical practice. Clinical 
studies of antioxidant effects of vitamin C using biomarkers of oxidation have produced 
conflicting results. 
 
Despite epidemiological and some experimental studies, it has not been possible to 
show conclusively that higher than anti-scorbutic intake of vitamin C has 
antioxidant clinical benefit. This is despite the fact that vitamin C is a powerful 



antioxidant in vitro. It is of course possible that the lack of antioxidant effect of vitamin 
C in clinical studies is real. 
 
Vitamin C may be a weak antioxidant in vivo, or its antioxidant actions may have no 
physiological role, or its role may be small. The oxidative hypothesis is unproven, 
and oxidative damage may have a smaller role than anticipated in some diseases. 
 
The only proven function of vitamin C is the prevention of scurvy. Intake of as little 
as 10 mg/day of vitamin C will prevent scurvy. 
 
We know that low but non-scorbutic plasma vitamin C concentrations produce fatigue. 
Several lines of evidence suggest that vitamin C is a powerful antioxidant in biological 
systems in vitro. However, its antioxidant role in humans has not been supported by 
currently available clinical studies. 

Hyperglycemia is commonly manifested in cancer patients. Although high intakes of 
sugar and refined carbohydrates and elevated blood glucose are strongly associated with 
the risk of cancer, much less is known about their effects on survival after cancer 

diagnosis (Controlling Hyperglycemia as an Adjunct to Cancer Therapy. Cheryl A. 
Krone. Integrative Cancer Therapies, Vol. 4, No. 1, 25-31 (2005). 

Recently, Lee et al  reported increased cardiovascular disease mortality among 
supplemental vitamin C users with type 2 diabetes in a prospective cohort study. Because 
vitamin C may cause oxidative stress in the presence of redox active iron, they 
hypothesized that non–transferrin-bound iron (NTBI), a form of iron susceptible to 
redox activity, may be present in patients with type 2 diabetes. NTBI was commonly 
present in diabetes: 59% in newly diagnosed diabetes and 92% in advanced diabetes. 
Mean NTBI values varied significantly between the three groups, with the highest values 
being observed in patients with known diabetes and the lowest in the control subjects 
(0.62 ± 0.43 vs. 0.24 ± 0.29 vs. 0.04 ± 0.13 µmol/l Fe). Serum total iron or percent 
transferrin saturation were very similar among the three groups, yet NTBI was strongly 
associated with serum total iron (r = 0.74, P < 0.01) and percent transferrin saturation (r = 
0.70, P < 0.01) among the patients with known diabetes.  

CONCLUSIONS—These data demonstrate the common existence of NTBI in type 2 
diabetic patients with a strong gradient with severity. Prospective cohort studies are 
required to clarify the clinical relevance of increased NTBI levels (Common Presence of 
Non–Transferrin-Bound Iron Among Patients With Type 2 Diabetes. Duk-Hee Lee et al. 
Diabetes Care 29:1090-1095, 2006).  

11.4.11   Researchers failed to study real mega-doses 

Had the vitamin C researchers examined diabetics who took much higher doses of 
vitamin C, in the range of 1000-3000 mg or more per day, they might have found 
profound health benefits and a significant drop in mortality rates. In a study conducted 
among 6000 adults in the United Kingdom, between 1995-98, for every 20-micromole 
increase in vitamin C concentration per liter of blood serum, the risk of diabetes was 



reduced by a third. In this study, the mean vitamin C concentrations in blood serum never 
exceeded 80 micromole. [Diabetes Care 23: 726-32, 2000] The aforementioned report 
showing serum vitamin C concentrations can reach nearly three times greater 
concentration with oral doses means diabetics taking high-dose vitamin C may 
experience dramatic improvements in the control of their disease. In fact, that is exactly 
what doctors at the College of Medicine in Pusan, Korea, reported last year. They 
measured profound improvements in blood sugar levels among diabetics who took 3000 
milligrams of oral vitamin C per day. However, that report failed to gain worldwide 
attention by the news media. [Taehan Kanho Hakhoe Chi 33: 170-78, 2003]. 

Scientists back in the early 1990s raised the possibility that other factors in fruits and 
vegetables besides the major antioxidants were responsible for their beneficial health 
effects; or, alternatively, that antioxidant ingredients had to be present in certain 
combinations, or in the context of a whole food. Nonetheless, based on studies that 
showed positive physiologic changes when these antioxidants were taken, many scientists 
remained convinced that isolated antioxidant supplements should be helpful. So, they 
tested this theory in large double blind, placebo-controlled, enrolling tens of thousands of 
people who took antioxidant supplements for several years. 

To everyone’s surprise the majority of these studies did not support a beneficial effect for 
antioxidant supplementation. Not only did antioxidant supplements fail to 
prevent illness, under certain circumstance they appeared to increase it. 
This was true, not only when isolated antioxidants were used, but with combined 
antioxidant therapies as well. 

Intervention trials have failed to find antioxidants helpful for macular 
degeneration or Parkinson’s disease. Mixed antioxidants have also 
failed to be helpful for preventing cataracts, but the antioxidant lutein (which 
may or may not be acting as an antioxidant) has shown promise for this condition. I 
believe that this is the case because these diseases are not caused by oxidation. 

11.4.12   Vitamin C's alleged cancer-fighting properties 

Vitamin C can allegedly impede the growth of some types of tumors although not in the 
way some scientists had suspected, researchers reported on 9/10/07.  The new research, 
published in the journal Cancer Cell, supported the general notion that vitamin C and 
other so-called antioxidants can slow tumor growth, but pointed to a mechanism 
different from the one many experts had suspected.  The researchers generated 
encouraging results when giving vitamin C to mice that had been implanted with human 
cancer cells -- either the blood cancer lymphoma or prostate cancer. Another 
antioxidant, N-acetylcysteine, also limited tumor growth in the mice, the researchers 
said.  I believe that this is the first time that I have seen that NAC kills cancer.  All 
other studies show that NAC actually blocks EMOD induced apoptosis. 



Antioxidants are nutrients that prevent some of the alleged damage from unstable 
molecules known as free radicals, created when the body turns food into energy. Vitamin 
C, vitamin E and beta-carotene are among well-known antioxidants. 

Previous research had suggested that vitamin C may stifle tumor growth by preventing 
DNA damage from free radicals.  But researchers led by Dr. Chi Dang, a professor of 
medicine and oncology at Johns Hopkins University in Baltimore, found that 
antioxidants appear to be working in a different way -- undermining a tumor's ability to 
grow under certain conditions.  Figuring out how antioxidants impede tumors should help 
scientists figure out how they might be harnessed to fight cancer, Dang said. In addition 
to the cancer types involved in this study, others that might be vulnerable to vitamin C 
include colon cancer and cervical cancer, he said.  Dang said more research is needed and 
cautioned against taking high doses of vitamin C based on these findings. 

"Certainly we would very much discourage people with untreated cancer to go out and 
take buckets full of vitamin C," Dang said in a telephone interview. 

Linus Pauling argued in the 1970s that vitamin C, also called ascorbic acid, could ward 
off cancer, but the notion has proved contentious.  Pauling, who won the Nobel Prize in 
chemistry as well as the Nobel Peace Prize, died in 1994.  "Pauling actually had some 
good evidence that under certain situations vitamin C can prevent tumor formation. It's 
just the mechanism was really not that clear then," Dang said.  "Now that, I think, we 
provide relatively compelling evidence of how this works, maybe Pauling is partly right. 
We shouldn't dismiss him so quickly." Dang added. 

11.5.0   Vitamin E: Diabetes mellitus 

Alpha-tocopherol supplementation of individuals with diabetes has been proposed 
because diabetes appears to increase oxidative stress and because cardiovascular 
complications (heart attack and stroke) are among the leading causes of death in 
diabetics.  A recent study found a biochemical marker of oxidative stress to be elevated in 
diabetic individuals (Davi G, Ciabattoni G, Consoli A, et al. In vivo formation of 8-iso-
prostaglandin f2alpha and platelet activation in diabetes mellitus: effects of improved 
metabolic control and vitamin E supplementation. Circulation. 1999;99(2):224-229). 

Supplementation with 600 mg of synthetic alpha-tocopherol daily (equivalent to 300 mg 
of RRR-alpha-tocopherol) for 14 days resulted in a reduction in the oxidative stress 
marker.  Studies of the effect of alpha-tocopherol supplementation on blood glucose 
control have been contradictory.  One study reported improved control of blood 
glucose levels with supplementation of only 100 IU of synthetic alpha-tocopherol daily 
(equivalent to 45 mg RRR-alpha-tocopherol), while studies using 900 to 1,600 IU of 
synthetic alpha-tocopherol daily (equivalent to 405 to 720 mg RRR-alpha-tocopherol) 
found either minimal or no improvement, respectively (Jain SK, McVie R, Jaramillo JJ, 
Palmer M, Smith T. Effect of modest vitamin E supplementation on blood glycated 
hemoglobin and triglyceride levels and red cell indices in type I diabetic patients. J Am 
Coll Nutr. 1996;15(5):458-461) (Paolisso G, D'Amore A, Galzerano D, et al. Daily 



vitamin E supplements improve metabolic control but not insulin secretion in elderly type 
II diabetic patients. Diabetes Care. 1993;16(11):1433-1437) (Reaven PD, Herold DA, 
Barnett J, Edelman S. Effects of Vitamin E on susceptibility of low-density lipoprotein 
and low-density lipoprotein subfractions to oxidation and on protein glycation in 
NIDDM. Diabetes Care. 1995;18(6):807-816).  

Although there is reason to suspect that alpha-tocopherol supplementation may be 
beneficial for individuals with diabetes, evidence from well-controlled clinical trials 
is lacking (The Linus Pauling Institute, 2004). 

Effect of High Doses of Vitamin E on Early Changes of Diabetic Vascular Complications 
and Results of Short-Term and Long-Term Treatment (New York Annals of Science, 
2006) 

George L. King, MD, Joslin Diabetes Center, Boston 

A great deal of evidence shows that oxidative stress is increased in diabetes. In addition, 
there is also strong evidence in animal studies to support that oxidative stress in diabetes 
is responsible for many of the vascular pathologies. Furthermore, antioxidant treatment, 
including vitamin E, has on occasion been shown in animal studies to prevent, or partially 
reverse, early markers of diabetic, micro-, and cardiovascular pathology.  

However, all trials using antioxidants singularly or in combination have 
failed to achieve any significant positive effect in large trials using hard 
pathological cardiovascular endpoints in diabetic populations. They have 
reported that high doses of vitamin E can prevent, or reverse, many of the early changes 
of diabetic retinopathy and nephropathy in animal models of diabetes. They have also 
suggested that the high doses of vitamin E may have antioxidant effects, as well as 
possible lowering of protein kinase C activation in retinal and renal microvessels. Thus, 
two clinical trials were undertaken measuring early changes of diabetic retinopathy and 
peripheral vascular dysfunction.  

The first study was performed in type 1 diabetic patients who have had diabetes for less 
than 10 years. The studies were performed over 4 months of treatment with 1800 IU/day 
of vitamin E. Retinal blood flow and renal GFR were measured. In the second study, both 
type 1 and 2 patients were included, with median age of 44 years for type 1 and 59 years 
for type 2 diabetes. The disease duration was 25 years for type 1 and 9 years for type 2 
diabetes. Duration was for one year with 1800 IU of vitamin E being used. Both studies 
were placebo controlled and shielded trials.  

High doses of vitamin E normalized retinal blood flow and renal hyperfiltration after 4 
months of treatment. In the second trial, high-doses of vitamin E did not improve 
nitroglycerin-mediated vasodilation in the brachial artery or in capillary beds in the 
skin of the forearm.  

http://www.nyas.org/ebriefreps/main.asp?intSubSectionID=859


High-doses of vitamin E may have beneficial effects on the early changes in retinal and 
renal vascular beds in type 1 diabetes with a short duration of the disease. No vitamin E 
benefits were observed in endothelial dysfunction especially with large vessel disease 
after long duration of diabetes in either type 1 or type 2.  

Despite mounting evidence to support the hypothesis that oxidative stress may play 
a key role in the development of both type 2 diabetes and CVD, clinical trials with 
antioxidants, in particular vitamin E, have failed to demonstrate any beneficial 
effect (Marchioli R, Schweiger C, Levantesi G, Tavazzi L, Valagussa F. Lipids. 
2001;36:S53–63). 

Decreased antioxidant activity has previously been reported in some diabetic 
populations. The association between decreased TAS levels and the use of antidiabetic 
medications, although not diabetes itself, in the present study, may indicate a threshold 

effect to the extent that medication use reflects a subset of diabetics who have the largest 
cumulative exposure to hyperglycemia. However, 2 other surrogate indicators of 
diabetes severity (fasting glucose and diabetes duration) were not 
associated with TAS.  

The scientific method demands that we change our beliefs or theories to 
fit the factual data. I believe that this applies directly to the Free Radi-
Crap theory. 

11.5.1   A mouse is not a rat is not a human 

These data certainly demonstrate many possible explanations for the differential 
tumorigenic response of mice and rats to 2-butoxyethanol exposure, but the authors did 
not stop before asking the more intriguing question: What is the basis for these species 
differences with regard to responses to reactive oxygen species? The authors measured 
the amount of the antioxidant vitamin E and the rate of depletion following oxidant stress 

by 2-butoxyethanol in rats and mice. Their results were fascinating; while 2-
butoxyethanol depleted the vitamin E content in both species, the basal level of vitamin E 
is much higher in the rat than the mouse. Indeed, even after vitamin E depletion by 2-
butoxyethanol in the rat, the reduced levels were still higher than in the untreated mouse. 
Therefore, the progression of toxicity observed in the mouse and the resistance to toxicity 
in the rat appear to result from different antioxidant levels in the different species!  

 

So what does this mean for humans? Are we sensitive like mice or resistant like rats? The 
authors conclude humans should be highly resistant to accumulation of iron in the liver 
and are not at risk for hepatic toxicity by the reactive oxygen species mechanism 
following exposure to 2-butoxyethanol. Recent studies have demonstrated the resistance 
to 2-butoxyacetic acid hemolysis by human red blood cells, indicating the initial 

hemolysis after exposure to 2-butoxyethanol is unlikely to cause iron accumulation in the 



liver. Additionally, levels of vitamin E in human liver is high, approximately 100-fold 
higher than in the mouse (Rocci, E., Seium, Y., Camellini, L., Casalgrandi, G., Borghi, 
A., D'Alimonte, P., and Cioni, G. (1997). Hepatic tocopherol content in primary 
hepatocellular carcinoma and liver metastasis. Hepatology 26, 67–72). Therefore, the 
oxidative stress mechanism that results in the tumorigenic response in the mouse but not 
the rat is unlikely to occur in humans. A mouse is not a rat is not a human (A Mouse Is 
Not a Rat Is Not a Human: Species Differences Exist. Michael L. Cunningham. 
Toxicological Sciences 70, 157-158 (2002).  

 

Please remember that bariatric surgery can result in deficiencies of vitamin A, and some 
B vitamins.  The vitamin A deficiency can result in blindness.  There are over an 
estimated 100,000 cases of bariatric surgery annually. 

Madamanchi et al. sum it up as follows:  

“Despite the preponderance of evidence for the association of increased oxidative stress 
with various vascular diseases, using antioxidants to prevent CVD has produced 
mixed outcomes (Jialal I, Devaraj S. Antioxidants and atherosclerosis: don’t throw out 
the baby with the bath water. Circulation. 2003; 107: 926–928) (Patterson C, 
Madamanchi NR, Runge MS. The oxidative paradox: another piece in the puzzle. Circ 
Res. 2000; 87: 1074–1076).   

Of the 12 studies that used antioxidant vitamins at varying 

concentrations and follow-up times, 5 showed benefit with regard to 
their respective primary end points. In the Cambridge Heart Antioxidant Study 
(CHAOS), natural -tocopherol (RRR-AT) at a dose of either 400 or 800 IU/d caused a 
significant reduction in the combined primary end point of cardiovascular death and 

nonfatal myocardial infarction (Stephens NG, Parsons A, Schofield PM, Kelly F, 
Cheeseman K, Mitchinson MJ. Randomised controlled trial of vitamin E in patients with 
coronary disease: Cambridge Heart Antioxidant Study (CHAOS). Lancet. 1996; 347: 
781–786).  

In the Secondary Prevention with Antioxidants of Cardiovascular disease in End-stage 
renal disease (SPACE) study, administering 800 IU/d RRR-AT to hemodialysis patients 
with preexisting cardiovascular disease significantly reduced the composite primary end 
point, which included fatal and nonfatal myocardial infarction; ischemic stroke; 
peripheral vascular disease; and unstable angina (Boaz M, Smetana S, Weinstein T, 
Matas Z, Gafter U, Iaina A, Knecht A, Weissgarten Y, Brunner D, Fainaru M, Green MS. 
Secondary prevention with antioxidants of cardiovascular disease in endstage renal 
disease (SPACE): randomised placebo-controlled trial. Lancet. 2000; 356: 1213–1218).  

 

 



11.5.2   Vitamin E: possible harm 

Scientific advances are difficult to obtain, but ethical constraints should not be 
ignored. 

I found the following response of Dr. Vale of interest. (Letters: Comments and 
Responses. Effect of High-Dose Vitamin E on Insulin Resistance and Associated 
Parameters in Overweight Subjects. Response to Manning et al. Salvador Vale, MD. 
Diabetes Care 28:230, 2005). 

In the report of Manning et al., patient’s plasma peroxides were decreased by 29% at 6 
months with a transient reduction in insulin resistance (Manning PJ, Sutherland WH, 
Walker RJ, Williams SM, De Jong SA, Ryalls AR, Berry EA: Effect of high-dose 
vitamin E on insulin resistance and associated parameters in overweight subjects. 
Diabetes Care 27:2166–2171, 2004). Consequently, they postulate that vitamin E 
improves oxidative stress and hepatocellular function in overweight patients and suggest 
that "vitamin E could have a role to play in delaying the onset of diabetes in at-risk 
individuals."  

The rationale for vitamin E supplements protecting against diabetes is based on the 
assumption that it becomes depleted by reactive oxygen species and the expectation that 
vitamin E prevents the oxidative stress events linked to such oxidation. However, 
administered antioxidants could fail to intercept radical generation from discrete sources 
(cytoplasm, nucleus, and interstitial space). For example, myeloperoxidase is a major 
source of reactive oxygen species generation in inflammatory syndromes. However, 
myeloperoxidase-catalyzed lipid peroxidation is resistant to inhibition by vitamin E 
(Griendling KK, FitzGerald GA: Oxidative stress and cardiovascular injury. Part II: 
animal and human studies. Circulation 108:2034–2040, 2003).  

Moreover, -tocopherol may act as a prooxidant drug during lipid oxidation in vivo 
(Upston JM, Kritharides L, Stocker R: The role of vitamin E in atherosclerosis. Prog 
Lipid Res 42:405–422, 2003).  

But theoretical considerations vanish against ethical concerns. Overweight patients have 
endothelial dysfunction and are "at-risk individuals" not only for diabetes but also 
for atherosclerosis. In clinical trials with antioxidants, it has been suggested that high-
dose vitamin E has an acute toxic effect, and coronary heart disease can be expected 
with its administration (Ness A, Smith GD: Mortality in the CHAOS trial: Cambridge 
Heart Antioxidant Study (Letter). Lancet 353:1017–1018, 1999).  

Other studies have also reported a nonsignificant excess in coronary deaths among 
those with a history of myocardial infarction who were receiving vitamin E (The 
Alpha-Tocopherol, Beta Carotene Cancer Prevention Study Group: The effect of vitamin 
E and beta carotene on the incidence of lung cancer and other cancers in male smokers. N 
Engl J Med 330:1029–1035, 1994).  



11.5.3   Antioxidant Therapy and Diabetes 

Given the assumed involvement of oxidative stress in diabetes complications, 
supplementation with antioxidants could be of interest, by allowing a delay in the 
appearance or in the development of vascular complications.  A vitamin E 
supplementation in diabetic patients results in an improvement of the insulin effect and a 
better glycemic control, by reducing glucose, hemoglobin A1c and fructosamine values, 
by decreasing plasma lipid peroxidation and LDL oxidizability. However, one study 
reports that vitamin E could deteriorate insulin action and worsen the 
hypofibrinolysis in obese type 2 diabetic patients (Skrha J, Sindelka G, Kvasnicka J, 
Hilgertova J. Insulin action and fibrinolysis influenced by vitamin E in obese Type 2 
diabetes mellitus. Diabetes Res Clin Pract, 1999, 44, 27-33). 

Clinical investigation has been carried out to assess the effects of lipoic acid in the 
treatment of neuropathy in diabetic subjects. A multicenter double blind study in 328 
type 2 diabetic patients showed an improvement of some clinical features of 
neuropathy after a 3-week treatment with α -lipoic acid (Ziegler D, Hanefeld M, 
Ruhnau KJ, et al. and the Aladin Study group. Treatment of symptomatic diabetic 
peripheral neuropathy with the antioxidant alpha-lipoic acid. Diabetologia, 1995, 38, 
1425-1433).   

The design of molecules which can inhibit AGE formation and "scavenge" free radicals 
could be of great interest. Aminoguanidine (also called pimagedine) is a nucleophilic 
hydrazine which reacts with early protein glycation products, such as Amadori products. 
In vivo , a treatment with aminoguanidine in animals inhibits the development and the 
progression of the main diabetes complications such as retinopathy, nephropathy and 
neuropathy (Guillausseau PJ. Pharmacological prevention of diabetic microangiopathy: 
blocking the pathogenic mechanisms. Traitement préventif de la microangiopathie 
diabétique: bloquer les mécanismes pathogéniques. Diabetes Metab, 1994, 20, 219-228). 

A randomized, double-blind, placebo-controlled trial comparing two dose levels of 
aminoguanidine with placebo on the progression of the diabetic nephropathy has been 
conducted in 599 type 2 diabetic patients with renal disease from 84 centers in the United 
States and the Canada (Freedman BI, Wuerth JP, Cartwright K, et al. Design and baseline 
characteristics for the aminoguanidine Clinical Trial in Overt Type 2 Diabetic 
Nephropathy (ACTION II). Control Clin Trials, 1999, 20, 493-510).  

11.5.4   ACTION (Pimagedine) Studies 

A Clinical Trial in Overt Nephropathy (ACTION): two multi- center clinical trials on the 
pharmacological inhibition of the formation of advanced glycated endproducts (AGE) in 
diabetics with chronic renal disease using pimagedine. ACTION I was conducted in 
insulin dependent diabetes mellitus (IDDM) participants; ACTION II was conducted in 
non-insulin dependent diabetes mellitus (NIDDM) participants. In ACTION I and II, one-
third of the participants were randomized to placebo and two- thirds were randomized to 
either a low or high dose of pimagedine.  



During 31 months from February 1994 to September 1996, 56 clinical sites in the US and 
Canada randomized a total of 690 participants into ACTION I. Randomized participants 
were followed with quarterly visits until the scheduled administrative censoring period 
during the third quarter of 1998. With over 1,700 participant-years of follow-up 
accumulated in ACTION I, the combined pimagedine dose group showed a tendency of 
having a lower risk of doubling of serum creatinine. However, the observed difference 
between the placebo group and the combined pimagedine dose group with respect to the 
primary outcome did not reach statistical significance. 

During 17 months from July 1995 to December 1996, 84 clinical sites in the US and 
Canada enrolled a total of 599 participants into ACTION II. Participants were followed 
with quarterly visits, with administrative censoring scheduled during the third quarter of 
1999. On March of 1998, having accumulated 50% of the total information anticipated 
for ACTION II, the ACTION I and II External Safety Monitoring Committee (ESMC) 
recommended the early termination of the ACTION II trial due to safety concerns 
and apparent lack of efficacy. 

Apart from classical antioxidants (vitamin E, vitamin C, acid lipoic) used to decrease 
oxidative stress, oral antidiabetic agents themselves can exhibit an antioxidant activity 
independent of their action on glycemic control. However, I believe that the jury is still 
out as regards to a causative role of prooxidants in diabetes.  This data has 
inconsistencies everywhere. 

Elevated extra- and intra-cellular glucose concentrations reportedly result in an oxidative 
stress (Giugliano D, Ceriello A. Oxidative stress and diabetic vascular complications. 
Diabetes Care, 1996, 19, 257-267).  

A relationship between glucose concentration and oxidative stress has been shown in 
cultured cells. Thus, endothelial cells from bovine aorta incubated with 30 mM glucose 
lead to an increased production of oxygenated free radicals and an enhanced 
concentration of thiobarbituric acid-reactive substances (TBARS) in cells. Moreover, the 
increased free radical production is associated with a concomitant increase in intracellular 
AGE formation. Antioxidants such as α -tocopherol, desferroxamine or 
dimethylsulfoxide inhibit both production of free radicals and AGE formation (Giardino 
I, Edelstein D, Brownlee M. Bcl-2 expression antioxidants prevent hyperglycemia-
induced formation of intracellular advanced glycation end products in bovine endothelial 
cells. J Clin Invest, 1996, 97, 1422-1428). 

In addition, high glucose concentrations can lead to an enhancement of both activity 
and mRNA of antioxidant enzymes (Cu, Zn-superoxide dismutase, catalase, 
glutathione peroxidase) (Ceriello A, dello Russo P, Amstad P, Cerutti P. High glucose 
induces antioxidant enzymes in human endothelial cells in culture. Evidence linking 
hyperglycemia and oxidative stress. Diabetes, 1996, 45, 471-477). I believe that this 
also helps to contribute to an EMOD deficiency state in diabetes. 



Diabetic patients have an increased risk of cardiovascular disease (2- to 4-fold as high as 
non diabetic subjects). Given the oxidative theory of atherosclerosis, the question of an 
increased in vitro oxidizability of low density lipoproteins (LDLs) in diabetic patients has 
been addressed. Data related to this oxidizability show some discrepancies. 
Thus, an increased susceptibility of LDLs to in vitro oxidation has been reported, both in 
type 1 and type 2 diabetes (Beaudeux JL, Guillausseau PJ, Peynet J, et al. Enhanced 
susceptibility of low-density lipoprotein to in vitro oxidation in type 1 and type 2 diabetic 
patients. Clin Chim Acta, 1995, 239, 131-141) (Anderson JW, Gowri MS, Turner J, et al. 
Antioxidant supplementation effects on low-density lipoprotein oxidation for individuals 
with type 2 diabetes mellitus. J Am Coll Nutr, 1999, 18, 451-461) (Tan KC, Ai VH, 
Chow WS, Chau MT, Leong L, Lam KS. Influence of low density lipoprotein (LDL) 
subfraction profile and LDL oxidation on endothelium-dependent and independent 
vasodilation in patients with type 2 diabetes. J Clin Endocrinol Metab, 1999, 84, 3212-
3216).  

However, others have not confirmed this observation and 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). 

11.5.5   Chronic hemodialysis (HD) 

Chronic hemodialysis (HD) patients manifest anemia and atherosclerosis with associated 
oxidative stress. Yang explored whether intravenous infusion of vitamin C (VC) and/or 
use of vitamin E (VE)-coated dialysis membrane could palliate HD-evoked oxidative 
stress. Eighty patients undergoing chronic HD were enrolled and randomly assigned into 
four groups: HD with intravenous VC (n=20), HD with VE-coated dialyzer (n=20), HD 
with both (n=20), and HD with neither (n=20). Yang evaluated oxidative stress in blood 
and plasma, erythrocyte methemoglobin/ferricyanide reductase (red blood cells (RBC)-
MFR) activity, plasma methemoglobin, and pro-inflammatory cytokines in these patients. 
All patients showed marked increases (14-fold) in blood reactive oxygen 
species (ROS) after HD. The types of ROS were mostly hydrogen 
peroxide, and in lesser amounts, O2*- and HOCl. HD resulted in decreased 
plasma VC, total antioxidant status, and RBC-MFR activity and increased plasma 
and erythrocyte levels of phosphatidylcholine hydroperoxide (PCOOH) and 
methemoglobin. Intravenous VC significantly palliated HD-induced oxidative stress, 
plasma and RBC levels of PCOOH, and plasma methemoglobin levels and preserved 
RBC-MFR activity. The VE-coated dialyzer effectively prevented RBCs from oxidative 
stress, although it showed a partial effect on the reduction of total ROS activity in whole 
blood. In conclusion, intravenous VC plus a VE-coated dialyzer is effective in palliating 
HD-evoked oxidative stress, as indicated by hemolysis and lipid peroxidation, and by 



overexpression of proinflammation cytokines in HD patients. Using VE-coated dialyzer 
per se is, however, effective in reducing lipid peroxidation and oxidative damage to 
RBCs (Effects of vitamin C infusion and vitamin E-coated membrane on hemodialysis-
induced oxidative stress. Yang CC, Hsu SP, Wu MS, Hsu SM, Chien CT. Kidney Int. 
2006 Feb;69(4):706-14). I believe that the increased EMOD production seen in HD 
patients is due to the body’s response to the foreign substances contacted by blood 
elements in the dialysis machines and tubings.  This is a natural response to injury. 
In the above case vitamin C is acting as an antioxidant. 

An investigation of transplant-associated atherosclerosis with a small sample size (total 
N=40) revealed that progression of the coronary intimal index (plaque area/vessel area) 
was inhibited with the combined supplementation of RRR-AT (800 IU/d) and ascorbic 
acid (AA: 1000 mg/d) (Fang JC, Kinlay S, Beltrame J, Hikiti H, Wainstein M, Behrendt 
D, Suh J, Frei B, Mudge GH, Selwyn AP, Ganz P. Effect of vitamins C and E on 
progression of transplant-associated arteriosclerosis: a randomised trial. Lancet. 2002; 
359: 1108–1113).  

In the Antioxidant Supplementation in Atherosclerosis Prevention (ASAP) study 
(N=440), a combination of RRR-AT (272 IU/d) and slow-release AA (500 mg/d) 
significantly decreased carotid intima-media thickness in hypercholesterolemic males.  

During 16 years of follow-up with the women in the Nurses’ Health Study (N=85,118), 
vitamin C intake of >359 mg/d from diet plus supplements or supplement use alone was 
associated with a significant reduction in nonfatal and fatal myocardial infarction 
(Osganian SK, Stampfer MJ, Rimm E, Spiegelman D, Hu FB, Manson JE, Willett WC. 
Vitamin C and risk of coronary heart disease in women. J Am Coll Cardiol. 2003; 42: 
246–252).  

Contrary to these positive study outcomes, 7 other antioxidant supplementation studies 
did not show any effect on the primary end points of cardiovascular events (Jialal I, 
Devaraj S. Antioxidants and atherosclerosis: don’t throw out the baby with the bath 
water. Circulation. 2003; 107: 926–928).  

11.6.0   Pancreatic Antioxidant Enzymes 

11.6.1   EMODs not Responsible for Beta Cell Destruction 

Cytokine-induced beta cell destruction may be mediated by the generation of nitric oxide 
and/or reactive oxygen species. The relative importance of NO and ROS in cytokine-
induced beta cell pathophysiology remains unclear. This investigation evaluates and 
contrasts the cytoprotective potential of antioxidant gene transfer, versus NF-kappaB 
inhibition, using a degradation-resistant mutant of IkappaBalpha. NF-kappaB inhibition 
conferred significant protection against cytokine-induced damage whereas antioxidant 
overexpression failed to provide protection. Conferred cytoprotection was 
associated with a suppression of iNOS activation and nitrite accumulation. Their data 
implicates iNOS, as opposed to ROS, as the pivotal player in cytokine-

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Yang+CC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Hsu+SP%22%5BAuthor%5D
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induced beta cell damage. From a therapeutic standpoint, strategies aimed at 
targeting the activation of iNOS may harbor therapeutic potential in preserving beta cell 
survival in the face of proinflammatory cytokine exposure (beta cell cytoprotective 
strategies: establishing the relative roles for iNOS and ROS. McCabe C, Samali A, 
O'brien T. Biochem Biophys Res Commun. 2006 Apr 21;342(4):1240-8). This study 
shows that EMODs are NOT responsible for beta cell damage. 

Pancreatic cancer has a dismal prognosis due to the fact that patients present late when 
metastatic disease is already present. Previous studies have demonstrated that pancreatic 
cancer cells have decreased levels of MnSOD, which correlates well with increased 
rates of tumor cell proliferation. Recently, Lewis et al found that nude mice injected with 
MIA PaCa-2 human pancreatic cancer cells in the flank occasionally develop ascites and 
intra-abdominal metastatic deposits. Mice that developed ascites were sacrificed and the 
ascites cultured. Necropsy demonstrated metastatic tumors in the retroperitoneum, which 
were excised, digested, and cultured. Western blots, enzyme activity and enzyme activity 
gels were performed for manganese superoxide dismutase (MnSOD), copper/zinc 
(CuZnSOD), catalase, and glutathione peroxidase (GPx) in the ascites cell line, metastatic 
tumor cell line, MIA PaCa-2 primary pancreatic cancer cell line, and the Capan-1, a 
metastatic pancreatic cancer cell line. Cell growth, plating efficiency, growth in soft agar 
and growth in nude mice were determined in the ascites, metastatic tumor, and MIA 
PaCa-2 cell lines. MnSOD, CuZnSOD, and GPx protein and activity were 
increased in the ascites, metastatic tumor, and Capan-1 cell lines 
compared to MIA PaCa-2. The ascites and metastatic tumor cell lines had 
decreased cell growth, plating efficiency, and growth in soft agar, but the ascites cell line 
had increased cell growth in 4 and 1% O2 concentrations in vitro and more rapid growth 
in vivo. Metastatic disease is associated with changes in the content and activity of 
antioxidant enzymes with an associated change in growth characteristics depending on 
the O2 concentrations (Metastatic progression of pancreatic cancer: changes in 
antioxidant enzymes and cell growth. Lewis A, Du J, Liu J, Ritchie JM, Oberley LW, 
Cullen JJ. Clin Exp Metastasis. 2005;22(7):523-32). I believe that this indicates that 
the increased antioxidant enzymes decreases EMODs and “allows” for tumor and 
metastatic growth. 

11.6.2   MnSOD curtails pancreatic cancer cell growth 

Cells contain a large number of antioxidants to prevent or repair the damage caused by 
reactive oxygen species. One component of the antioxidant system, manganese 
superoxide dismutase (MnSOD), is localized in the mitochondria, and the levels of this 
protein have been previously shown to inversely correlate with pancreatic cancer cell 
growth. The aim of the present study was to determine whether MnSOD overexpression 
could suppress the in vitro and in vivo malignant phenotype of a human pancreatic cancer 
cell line. Tumor cell behavior was determined in the pancreatic cancer cell line MIA 
PaCa-2 by examining cell growth, plating efficiency, and anchorage-independent growth 
in soft agar. MnSOD was overexpressed in the pancreatic cancer cell line MIA PaCa-2 by 
infection with an adenovirus-MnSOD construct. Cells were also injected s.c. in nude mice 
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and tumor volume was calculated. Single and multiple direct injections of the adenoviral 
MnSOD construct (109 plaque-forming units) were delivered to the tumor. Increases in 
MnSOD immunoreactivity and activity were seen after transduction with the adenovirus-
MnSOD construct. Increasing MnSOD levels correlated with increased doubling 
time. Cell growth, plating efficiency, and growth in soft agar decreased with increasing 
amounts of the adenovirus MnSOD construct. Tumors grew slower and survival was 
increased in nude mice injected with the adenoviral MnSOD construct compared 

with the parental cell line, whereas multiple injections of the adenoviral MnSOD 
construct further inhibited tumor cell growth and extended survival. These results suggest 
that MnSOD may be a tumor suppressor gene in human pancreatic cancer. Delivery of the 
MnSOD gene may prove beneficial for suppression of pancreatic cancer growth 
(Suppression of the Malignant Phenotype in Human Pancreatic Cancer Cells by the 
Overexpression of Manganese Superoxide Dismutase. Christine Weydert, Benjamin 
Roling, Jingru Liu, Marilyn M. Hinkhouse, Justine M. Ritchie, Larry W. Oberley and 
Joseph J. Cullen Prostaglandins Leukot Essent Fatty Acids. 2006 Jan;74(1):39-60). I 
believe that this is directly related to the ability of SOD to produce hydrogen 
peroxide, which in sufficient amounts, will curtail tumor growth. 

11.6.3    Antioxidant Enzymes in diabetes 

11.6.4    SOD 

With regard to the enzymatic antioxidant defenses, discrepancies again appeared in the 
results of the studies (Tribe RM, Poston L. Oxidative stress and lipids in diabetes: a role 
in endothelium vasodilator dysfunction? Vasc Med, 1996, 1, 195-206). Discrepancies 
and inconsistencies are the rule when attempting to apply data to the Free Radi-
Crap theory. It is an unpredictable and invalidated theory. 

Human extracellular superoxide dismutase (EC-SOD) can undergo a glycation, which is 
associated with a decrease in its affinity for heparin but without affecting its enzymic 
activity. The primary glycation sites on EC-SOD have been identified as two lysine 
residues present in the heparin-binding domain in the carboxy-terminal end. In diabetes, 
the proportion of glycated EC-SOD is markedly higher than in healthy subjects, so that 
the proportion of EC-SOD present on the surface of the endothelium (bound to heparan 
sulphate proteoglycan) may be decreased, enhancing the susceptibility of cells to 
superoxide radicals produced in the extracellular space. I believe that this would 
effectively reduce the H2O2 level and decrease its insulin-mimetic activities.  

Besides, erythrocyte Cu, Zn-SOD activity has been found unchanged, elevated or 
decreased in type 1 diabetic patients, whereas it was unchanged or lowered in type 2 
diabetic subjects  (Tribe RM, Poston L. Oxidative stress and lipids in diabetes: a role in 
endothelium vasodilator dysfunction? Vasc Med, 1996, 1, 195-206).  

Increased glycated Cu, Zn-SOD has been reported in erythrocytes of patients with type 1 
diabetes and this enzyme is less active than the non-glycated fraction (Kawamura N, 
Ookawara T, Suzuki K, Konishi K, Mino M, Taniguchi N. Increased glycated Cu, Zn-



superoxide dismutase levels in erythrocytes of patients with insulin-dependent diabetes 
mellitus. J Clin Endocrinol Metab, 1992, 74, 1352-1354).  

Glycation of Cu, Zn-SOD mainly occurred in patients with a poor glycemic control. 
Glycation of human erythrocyte Cu, Zn-SOD leads to inactivation of the enzyme, due to 
the glycation of two lysine residues probably located in an active site liganding loop. 
Inactivation is accompanied by a loss of antigenicity. The glycation reaction further 
results in site-specific and random fragmentation of human Cu, Zn-SOD. Nevertheless, 
these observations contrast with those of Strange et al. who observed an unaltered 
erythrocyte activity of Cu, Zn-SOD in type 1 diabetes (Strange RC, Jones P, Bicknell J, 
Scarpello J. Expression of Cu, Zn-superoxide dismutase and glutathione peroxidase in 
erythrocytes from diabetic and non-diabetic subjects. Clin Chim Acta, 1992, 207, 261-
263). 

11.6.5    GSH-Px 

Plasma glutathione peroxidase (GSH-Px) activity has been reported to be elevated in both 
types of diabetes (Cser A, Sziklai-Laszlo I, Menzel H, Lombek I. Selenium status and 
lipoproteins in healthy and diabetic children. J Trace Elem Electrolytes Health Dis, 1993, 
7, 205-210) (Tribe RM, Poston L. Oxidative stress and lipids in diabetes: a role in 
endothelium vasodilator dysfunction? Vasc Med, 1996, 1, 195-206).  

Erythrocyte GSH-Px activity is unchanged, decreased in type 1 diabetes or enhanced 
in type 2 diabetes (Tribe RM, Poston L. Oxidative stress and lipids in diabetes: a role in 
endothelium vasodilator dysfunction? Vasc Med, 1996, 1, 195-206) (Rema M, Mohan V, 
Bhaskar A, Shanmugasundaram KR. Does oxidant stress play a role in diabetic 
retinopathy? Indian J Ophtalmol, 1995, 43, 17-21).  

11.7.0    Beta-Cell Dysfunction 

The pancreas secretes digestive enzymes through the pancreatic duct into the small 
intestine. Islets of Langerhans are one to three per cent of the pancreas. The 
pancreas, nestled between the stomach, small intestine and spleen in the abdomen, 
secretes digestive enzymes through the pancreatic duct into the small intestine. Most of 
the pancreatic tissue is devoted to the production of these digestive enzymes. The organ 
is called the pancreas, but medical researchers refer to the endocrine pancreas and the 
exocrine pancreas as if they were different. The organ affected in diabetes is the 
endocrine pancreas. The shape of this organ is unusual; it is an archipelago, with clusters 
of cells distributed through the pancreas. The islets are concentrated in the tail of the 
pancreas. The larger islets look like small grains of sand, and the smaller islets look like 
mist. 

No nutrient is as important as oxygen. Oxygen might be considered in the same 
category as "food". We have separated it for the simple reason that while diffusion of 
nutrients of various sizes is largely a function of the chemical structure of the coating, 
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diffusion of oxygen is mainly a function of coating thickness. Islets 
buried deep beneath a pack of neighboring, actively metabolizing 
cells will die of oxygen suffocation. 

Islet Sheets have been fabricated with perfectly uniform overall 
thickness and can be made at any thickness desired. The vast 
majority of competing methods produce coatings which either are 
too thick or have unpredictable thickness. Islets inevitably die 
within these coatings, from either starvation, suffocation, or 

immune attack 

11.7.1   Good oxygen kinetics 

The islet must receive many nutrients to survive and thrive. The limiting nutrient is 
usually oxygen. The figure to the left shows the effect on islets of being more and more 
distant from the oxygen source. In the figure, oxygen diffuses in from the bottom; the 
darkening of the green color indicates depletion of oxygen. The islet on the bottom is 
normal and healthy. As one looks further up, further from oxygen, the islets become 
distressed, apoptotic, and finally are dead. Studies have shown that oxygen-
starved islets have a poor insulin secretion response. Thus, the living islet in 
the middle is not an effective contributor to insulin responsiveness. 

The basic physics of oxygen diffusion through oxygen-consuming tissue places severe 
limits on the thickness of the bio-artificial pancreas. The Islet Sheet must be less than a 
third of a millimeter thick to preserve 75% of the normal function of the islets it contains. 

11.7.2   Oxygen diffusion through the Islet Sheet 

Death from low oxygen is the most common cause of bio-artificial pancreas failure. 
This topic has been analyzed in some detail by researchers at MIT (Colton, C. K. (1995) 
Cell Transplant 4, 415-436.). In their model the islets are in a 100 micron thick slab at the 
center, and the sheet has membranes on both sides with thickness of 25, 50, 100 and 150 
microns. They show the calculated oxygen tension as a function of distance from the 
from the core/membrane interface. The model assumes 40 mm Hg Oxygen in the 
surrounding tissue, and that the implanted tissue consumes oxygen at a rate typical 
for islets. 

Note that, because oxygen is being consumed in the core, it must diffuse to the core 
through the membrane, and at equilibrium a linear drop in partial pressure is established. 
It is startling to most people to learn that oxygen available to the islets is only 10mm 
Hg when the tissue level is 40mm Hg! 

The situation is even worse when we consider that islets in a low oxygen 
environment survive but have reduced output of insulin (Dionne et al., 



Diabetes 42,12-21). The half-maximal secretion rate is at 27 mm Hg. Recall that the most 
privileged islets in the first figure have only 10 mm Hg in their immediate environment! 

Some of the following material was adapted from:  isletmedical.com website 

 
11.7.3   Basics of physiology in diabetes 

• circulation  
• gut  
• liver  
• islets of Langerhans  
• muscle and fat cells  
• flow of fuels in feeding and fast  

Glucose is the main fuel in the human body. Every cell uses glucose for energy, and 
some organs such as the brain rely exclusively on glucose for their metabolism. 
Circulation of the blood provides the transport of this important fuel. In healthy people 
the absorption, creation, uptake and utilization of glucose are under tight control so that 
the level of glucose in the blood varies only a small amount from minute to minute and 
from hour to hour. This ensures that every cell in the body has the amount of food it 
requires. Normal blood glucose is 80 milligrams per deciliter (mg/dL) or 5 millimolar 
(mM). 

Glucose is a carbohydrate. There are three principal sources for the glucose in blood: 
alimentary glucose from the breakdown of dietary carbohydrates in the gut, glucose 
released from stores in the liver, and glucose made from protein in the liver. When you 
eat, glucose is taken up in the gut and transported to the liver. The liver acts as a reservoir 
for glucose for maintaining the constant concentration of glucose in the blood. Excess 
glucose is taken up by the liver and stored as glycogen or converted to fat. Between 
meals the liver maintains the blood glucose concentration by breaking down the stored 
glycogen. 

Insulin is the hormone that tells the liver when to take up glucose and when to release it 
into the blood. Regulating blood sugar is the primary effect of insulin, and it occurs 
quickly, on the order of minutes. Insulin also has growth promotion (or mitogenic) 
effects; these take hours to induce and last hours to days. Insulin is produced in the 
pancreas by specialized cells that maintain stores of this protein for quick release after a 
meal. 

Blood circulation also provides for the transport of insulin from the pancreas to the liver 
and on to the rest of the body. It is well known that blood is pumped twice by the 
heart, once to perfuse the lungs (for gas exchange) and once to perfuse the rest of 
the body. It is less well known that blood sometimes passes through two tissues in 
sequence before returning to the heart. 
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Called 'portal' circulation, the most important of these systems involves the liver. The 
vascular bed for "intestinal circulation" (which includes the pancreas) drains to the liver. 
The liver in perfused by two sources: blood fresh from the heart through the hepatic 
artery and as well as blood rich with newly absorbed nutrients through the portal vein. 

The gut absorbs food carbohydrate including glucose (and other nutrients). It is relatively 
quiescent when there is no food. All blood from the gut is collected in blood vessels in 
mesenteries and goes first to the liver via the portal vein before going on to the blood 
pool. The liver is privileged to receive nutrient enriched blood before the rest of the body. 

For diabetes metabolism, the important points are: 

• insulin passes first through the liver  
• food nutrients pass first through the liver  

The central actor in stabilizing blood sugar is the liver; it has been called the glucostat of 
the organism. After a normal carbohydrate-rich meal, it removes about 50% of the excess 
nutritional glucose to synthesize liver glycogen and to synthesize fat. Glycogen is a 
polymer of glucose that is readily mobilized from stores in the liver. It is very similar to 
muscle glycogen. During the short fast between meals or a longer fast for several days, as 
well as during exercise, the liver supplies over 90% of the glucose needed by the body 
cells via glycogenolysis (mobilization of glycogen) and gluconeogenesis (metabolic 
conversion of protein to glucose). 

The short-term regulation of carbohydrate metabolism is the reversible shift from 
glycogen synthesis and glycolysis to glycogenolysis and gluconeogenesis. Three major 
factors are involved in the regulation of this balance: substrate concentrations, hormone 
levels, and activity of hepatic nerves. The longer-term, day-to-day control of 
carbohydrate metabolism is determined by whether the food carbohydrate supply falls 
short of or exceeds metabolic needs. In healthy metabolism, excess fuel decreases 
appetite and increases metabolic rate. Put simply, excess fuel is burned. The major site of 
this activity is brown fat, a type of fat cell that uses "futile cycles" of metabolism to 
convert glucose into CO2 and heat. 

98% of the secreting cells in the pancreas make digestive enzymes that go to the 
intestines via the pancreatic duct. The remaining 2% of the cells, in the islet of 
Langerhans, make hormones that are secreted into the portal vein. (The endocrine system 
is the set of ductless glands that add hormones to blood; these include the adrenals and 
pituitary as well as the islets of Langerhans.) 

The islets of Langerhans, found in the pancreas, have a special role in glucose control. 
They function as a glucose sensor, releasing insulin when blood glucose passes above 80 
mg/dL and glucagon when glucose passes below 80 mg/dL. All insulin secreted by the 
islets passes through the liver where most is absorbed. Uniquely among peptide 
hormones, much of the absorbed insulin is returned to the blood after passing 
through liver cells. However, insulin has many effects on the liver as it passes through. 

http://www.isletmedical.com/pages/define_endocirne.htm


It suppresses production of new glucose by glycogenolysis and gluconeogenesis and 
enhances uptake of glucose and its conversion to glycogen and fat. Furthermore insulin 
enhances the oxidation of glucose, which produces CO2 and heat. 

All body cells take the glucose for their own energy as they need it. Muscle and fat cells 
are special because they take up much more than they immediately need, and either 
store it or burn it. Muscles all over the body participate. This 'extra' uptake of glucose is 
stimulated both by the glucose itself and insulin. The two signals work synergistically. In 
the healthy state the system is so responsive that under maximal stimulation over 4% 
of the glucose in blood can be removed per minute! This is why exercise can 
partially compensate for impaired insulin metabolism and is an important component 
of diabetes care. 

The flow of principal fuels occur during two extreme states: feeding and fast. All the 
pathways shown during feeding are stimulated by insulin. Glucose from the meal is taken 
up by the liver and converted to glycogen and fat. During fasting the muscles and liver 
convert glycogen to glucose. The muscles can also convert fat into fuel, but this is a 
slower process. In an extended fast the muscles lyse their protein into amino acids, and 
the amino acids are taken up by the liver and partially converted to glucose. Thus, in 
starvation, the body breaks down muscle to make glucose to feed the brain, which can 
only use glucose as fuel. 

Without insulin the 'feeding fuel flow' is turned off and the 'fasting fuel flow' is always 
on. Insulin would inhibit the release of fat by the fat cells, release of amino acids by 
muscles, and conversion of stored glycogen into glucose. Uptake of glucose by tissues, 
including muscle and fat, declines sharply to their insulin independent rate, and each cell 
takes only enough glucose to meet its minimal needs. Muscle cells need more energy 
than others (they do the work!), and so derive some of their energy from stored fat. In 
order to meet the energy needs for the rest of the body, most importantly to maintain a 
sufficient supply of energy to the brain to prevent death, the liver must continue to 
produces large amounts of glucose. It is forced to create glucose by breaking down 
muscle tissue. Muscle protein is converted to amino acids and transported to the liver for 
conversion to glucose. 

IDDM, in the absence of treatment with insulin injections, results in the 
consumption of muscle tissue to provide sugar. This process of emaciation is 
followed by death, usually within months of diagnosis. Before the discovery of insulin 
the only therapy that extended the life of diabetics was fasting. In diabetes, blood sugar 
levels can become very high, many times normal. Instead of 4 grams of glucose, the 
blood might contain over 30 grams; at this concentration the renal threshold is surpassed 
and excess sugar passes into the urine. The resulting copious flow of sweet urine gives 
the disease its name: "sweet siphon." Renaissance physicians called diabetes "the 
pissing disease." 

The discovery of insulin has made possible therapy that extends the life of people with 
IDDM. Before insulin, the life expectancy at diagnosis of IDDM was a few months. After 



insulin, the life expectancy at diagnosis of IDDM is about half that of nondiabetic 
persons, an improvement but not the ideal solution. 

11.7.4  Insulin secretion by islets of Langerhans 

The islets of Langerhans, which are found distributed throughout the pancreas of higher 
organisms including all mammals, collectively constitute a small but critical endocrine 
organ. By weight or volume the islets are approximately 1% of the pancreas. In a 
human, the pancreas is situated beneath the stomach and weighs a few hundred 
grams. It contains about a million islets, which altogether weigh only a few grams. Islets 
are well vascularized, and are also enervated by the autonomic nervous system. The 
bulk of the pancreas produces pancreatic juices that aid digestion of food. 

An individual islet is made up of several types of cells each specializing in the secretion 
of a particular hormone. Three-quarters of the cells are beta cells that secrete insulin. 
Alpha cells secrete glucagon, and delta cells secrete somatostatin. Beta cells tend to 
be found in the heart of the islet, other cells at the periphery. In addition to these three 
main cell types which constitute the bulk of the islet, there exist in minute quantities rarer 
cell types which also produce hormones. Hormones secreted by each type of islet cell 
may suppress or enhance secretion by other islet cells. 

The islet is more than a collection of cells. The islet cells are connected by gap junctions 
which permit the free flow of lower molecular weight substances from one cell to 
another. In effect, the cells of the whole islet share all their cytoplasm as one. This 
evidently aids in secretion. 

Beta cells are a miracle of specialization. These cells can store a great deal of insulin in 
insulin-zinc granules in the cytoplasm. The cytoplasm appears dark in electron 
micrographs. When blood sugar rises to a critical level, within seconds granules 
containing insulin-zinc crystals fuse with the cell membrane; and the insulin and zinc 
are released into capillaries that wind through the islets destined for the portal vein and 
the liver. 

The pattern of insulin secretion by islets is nonlinear. The first phase response is rapid, 
massive, and brief. The second phase response is slower and continues as long as food is 
being absorbed. The diagram shows this two-phase response. (This response is blunted in 
a fiber bio-artificial pancreas.) Mimicking this behavior is difficult to do by mechanical 
means. This is why we choose to let natural islet cells regulate insulin production in the 
Islet Sheet; other (e.g. Genetically engineered) cells just can match the insulin release 
profile of real islets. 

11.7.5   Mechanisms of Pancreatic ß-Cell Death 

Some of the following material was abstracted, excerpted or modified from: Mechanisms 
of Pancreatic ß-Cell Death in Type 1 and Type 2 Diabetes. Many Differences, Few 
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Similarities. Miriam Cnop, Nils Welsh, Jean-Christophe Jonas, Anne Jörns, Sigurd 
Lenzen, and Decio L. Eizirik. Diabetes 54:S97-S107, 2005 

Type 1 and type 2 diabetes are characterized by progressive ß-cell failure. Apoptosis 
is probably the main form of ß-cell death in both forms of the disease. It has been 
suggested that the mechanisms leading to nutrient- and cytokine-induced ß-cell death in 
type 2 and type 1 diabetes, respectively, share the activation of a final common pathway 
involving interleukin (IL)-1ß, nuclear factor (NF)- B, and Fas. We review herein the 
similarities and differences between the mechanisms of ß-cell death in type 1 and type 2 
diabetes. In the insulitis lesion in type 1 diabetes, invading immune cells produce 
cytokines, such as IL-1ß, tumor necrosis factor (TNF)- , and interferon (IFN)- . IL-1ß 

and/or TNF-  plus IFN-  induce ß-cell apoptosis via the activation of ß-cell gene 
networks under the control of the transcription factors NF- B and STAT-1. NF- B 
activation leads to production of nitric oxide (NO) and chemokines and depletion of 
endoplasmic reticulum (ER) calcium. The execution of ß-cell death occurs through 
activation of mitogen-activated protein kinases, via triggering of ER stress and by the 
release of mitochondrial death signals. Chronic exposure to elevated levels of glucose and 
free fatty acids (FFAs) causes ß-cell dysfunction and may induce ß-cell apoptosis in type 

2 diabetes. Exposure to high glucose has dual effects, triggering initially "glucose 
hypersensitization" and later apoptosis, via different mechanisms. High glucose, however, 
does not induce or activate IL-1ß, NF- B, or inducible nitric oxide synthase in rat or 
human ß-cells in vitro or in vivo in Psammomys obesus. FFAs may cause ß-cell apoptosis 

via ER stress, which is NF- B and NO independent. Thus, cytokines and nutrients trigger 
ß-cell death by fundamentally different mechanisms, namely an NF- B–dependent 
mechanism that culminates in caspase-3 activation for cytokines and an NF- B–
independent mechanism for nutrients. This argues against a unifying hypothesis for the 
mechanisms of ß-cell death in type 1 and type 2 diabetes and suggests that different 

approaches will be required to prevent ß-cell death in type 1 and type 2 diabetes 
(Mechanisms of Pancreatic ß-Cell Death in Type 1 and Type 2 Diabetes. Many 
Differences, Few Similaritie. Miriam Cnop, Nils Welsh, Jean-Christophe Jonas, Anne 
Jörns, Sigurd Lenzen, and Decio L. Eizirik. Diabetes 54:S97-S107, 2005). I have to keep 
in mind the fact that high glucose lowers oxygen levels. 
Mitochondria are key organelles for ß-cell function and survival (Maechler P, Wollheim 
CB: Mitochondrial function in normal and diabetic ß-cells. Nature 414:807–812, 2001).  
 
Paradoxically, mitochondria also play an important role in triggering apoptosis 
(Newmeyer DD, Ferguson-Miller S: Mitochondria: releasing power for life and 
unleashing the machineries of death. Cell 112:481–490, 2003). Members of the Bcl-2 
protein family regulate the mitochondrial response to pro-apoptotic signals, 
preventing release of mitochondrial proteins such as cytochrome c, which, when 
liberated to the cytosol, sequentially activate caspase-9 and -3 and execute cell death. 
 
Apoptosis, the main cause of ß-cell death at the onset of type 1 diabetes, is a highly 
regulated process, activated and/or modified by extracellular signals, intracellular ATP 

levels, phosphorylation cascades, and expression of pro- and anti-apoptotic genes (Eizirik 
DL, Mandrup-Poulsen T: A choice of death: the signal-transduction of immune-mediated 



ß-cell apoptosis. Diabetologia 44:2115–2133, 2001). Cytokines induce stress response 
genes that are either protective or deleterious for ß-cell survival. 
 
Insulin resistance, often associated with obesity, and insulin secretion defects are major 
risk factors for type 2 diabetes (Kahn SE: The relative contributions of insulin resistance 
and ß-cell dysfunction to the pathophysiology of type 2 diabetes. Diabetologia 46:3–19, 
2003).  
 
A progressive decrease of ß-cell function leads to glucose intolerance, which is followed 
by type 2 diabetes that inexorably aggravates with time. The alterations of GIIS in human 
type 2 diabetes may theoretically result from changes in ß-cell function, ß-cell mass, or 
both. A decrease in ß-cell mass is likely to play a role in the pathogenesis of human 
type 2 diabetes (Butler AE, Janson J, Bonner-Weir S, Ritzel R, Rizza RA, Butler PC: ß-
Cell deficit and increased ß-cell apoptosis in humans with type 2 diabetes. Diabetes 
52:102–110, 2003) as it does in rodent models of the disease.  
 
However, in contrast with type 1 diabetes, the 25–50% reduction in ß-cell mass measured 
postmortem in type 2 diabetic patients may not be important enough to account for the 
observed loss of GIIS. Because ß-cell mass cannot be measured in vivo, it remains 
unclear whether type 2 diabetic patients had a lower ß-cell mass early in life, failed 
to increase their ß-cell mass in the face of insulin resistance, or had a progressive ß-
cell loss. The question whether the reduction in human ß-cell mass results from increased 

ß-cell apoptosis, reduced cell neogenesis/replication, or both also remains unsettled. 
Based on results obtained in rodent models of the disease and in cultured rodent and 
human islet cells, it seems reasonable to assume that dyslipidemia and hyperglycemia 
negatively affect ß-cell mass by increasing ß-cell apoptosis in human type 2 diabetes. 
 
Pancreatic β-cells have a much lower scavenging capacity than most 
other tissues, and they are unable to adapt their level of antioxidant enzyme expression 
in response to chronic oxidative stress (Tiedge M, Lortz S, Drinkgern J, Lenzen S. 
Relation between antioxidant enzyme gene expression and antioxidative defense status of 
insulin-producing cells. Diabetes 1997;46:1733–42). I believe that this argues that the 
pancreatic cells need high levels of EMODs under normal conditions. 
 

Chronic exposure to hyperglycemia can lead to cellular dysfunction that may become 
irreversible over time, a process that is termed glucose toxicity. Our perspective about 
glucose toxicity as it pertains to the pancreatic ß-cell is that the characteristic 

decreases in insulin synthesis and secretion are caused by decreased insulin gene 
expression. The responsible metabolic lesion appears to involve a posttranscriptional 
defect in pancreas duodenum homeobox-1 (PDX-1) mRNA maturation. PDX-1 is a 
critically important transcription factor for the insulin promoter, is absent in glucotoxic 
islets, and, when transfected into glucotoxic ß-cells, improves insulin promoter activity. 
Because reactive oxygen species are produced via oxidative phosphorylation during 
anaerobic glycolysis, via the Schiff reaction during glycation, via glucose 

autoxidation, and via hexosamine metabolism under supraphysiological glucose 



concentrations, they hypothesize that chronic oxidative stress is an important mechanism 
for glucose toxicity. Support for this hypothesis is found in the observations that high 
glucose concentrations increase intra-islet peroxide levels, that islets contain very 
low levels of antioxidant enzyme activities, and that adenoviral overexpression of 
antioxidant enzymes in vitro in islets, as well as exogenous treatment with 
antioxidants in vivo in animals, protect the islet from the toxic effects of excessive 
glucose levels. Clinically, consideration of antioxidants as adjunct therapy in type 2 
diabetes is believed to be warranted because of the many reports of elevated markers of 
oxidative stress in patients with this disease, which is characterized by imperfect 

management of glycemia, consequent chronic hyperglycemia, and relentless deterioration 
of ß-cell function (Glucose Toxicity in ß-Cells: Type 2 Diabetes, Good Radicals Gone 
Bad, and the Glutathione Connection. R. Paul Robertson, Jamie Harmon, Phuong Oanh 
Tran, Yoshito Tanaka, and Hiroki Takahashi. Diabetes 52:581-587, 2003). 
 
During mitochondrial oxidative phosphorylation under pathophysiologic conditions, the 
electron transport chain may become uncoupled, leading to increased O2  production 
(Boveris A, Cadenas E, Stoppani AO. Role of ubiquinone in the mitochondrial generation 
of hydrogen peroxide. Biochem J. 1976; 156: 435–444).  (I need to clarify this.)  
 
11.7.6   Mortality in diabetics 

Morbidity and mortality in patients with diabetes is mainly driven by its vascular 
manifestations. The underlying pathophysiology of diabetes is allegedly centrally 
linked to increased generation of reactive oxygen species, namely superoxide and 
hydrogen peroxide. Superoxide, generated upon uncoupling of the mitochondrial 
respiratory chain, oxidizes endothelial-derived nitric oxide and thus impairs endothelial 
function. Superoxide-derived hydrogen peroxide is the principal substrate for leukocyte-
derived peroxidases, in particular myeloperoxidase, which associates with endothelial 
cells and has been shown to catalytically oxidize nitric oxide in vivo. Superoxide also 
promotes synthesis of advanced glycation endproducts, which also exert potent 
proatherogenic properties. Moreover, superoxide and hydrogen peroxide activate the 
redox-sensitive transcription factors NF-kappaB and thus mediates expression of 
proinflammatory proteins like adhesion molecules. (Current concepts of diabetic 



atherogenesis.] [Article in German] Baldus S, Meinertz T. Clin Res Cardiol. 2006 Jan;95 
Suppl 1:i1-i6). 

11.8.0   Redox Paradox: Insulin, EMODs and  
 
11.8.1   Insulin action is facilitated by EMODs  
 
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—that oxidants can facilitate or mimic insulin action and 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. 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. 
(RMH Note:  Studies also show that high glucose is not causing beta cell dysfunction by 
production of EMODs. (Antioxidants N-acetyl-L-cysteine and manganese(III)tetrakis (4-
benzoic acid) porphyrin do not prevent beta cell dysfunction in rat islets cultured in high 
glucose for 1 wk. M. Z. Khaldi, H. Elouil, Y. Guiot, J. C. Henquin, and J. C. Jonas.  Am J 
Physiol Endocrinol Metab 291: E137-E146, 2006).  
 
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. 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, they 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. (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). 

Cellular reactive oxygen species (ROS; superoxide and H2O2), especially when 
chronically raised to high levels and associated with hyperglycemia, have been widely 
recognized to have an important pathophysiological role in the vascular complications of 
diabetes as well as in the development of the disease itself (Brownlee M: Biochemistry 
and molecular cell biology of diabetic complications. Nature414 :813 –820,2001) (Evans 
JL, Goldfine ID, Maddux BA, Grodsky GM: Oxidative stress and stress-activated 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Baldus+S%22%5BAuthor%5D
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signaling pathways: a unifying hypothesis of type 2 diabetes. Endocr Rev23 :599 –
622,2002) (Ceriello A, Motz E: Is oxidative stress the pathogenic mechanism underlying 
insulin resistance, diabetes, and cardiovascular disease? The common soil hypothesis 
revisited. Arterioscler Thromb Vasc Biol24 :816 –823,2004).  

In contrast, transient bursts of small amounts of ROS are triggered in 
response to stimulation with a variety of growth factors, cytokines, and hormones, 
including insulin, making it seem "paradoxical" that localized effects of ROS 
can enhance the cellular responses to these ligands. The involvement of an oxidation 
step in the action of insulin has been suggested for decades, but only recently have 
potential molecular mechanisms been identified that enable researchers to test the 
hypotheses that insulin-induced ROS serve a second messenger function and play an 
important role in facilitating the insulin action cascade.  

Among the signaling enzymes potentially susceptible to inhibition by biochemical 

oxidation are those that contain reduced cysteine thiol side chains essential for their 
catalytic activity. These effects have been best demonstrated for the protein-tyrosine 
phosphatases (PTPs), but other important enzymatic signal regulators may be susceptible 
to oxidative inhibition. Furthermore, the recent cloning of a novel family of NADPH 
oxidase (Nox) enzymes has provided evidence that the homolog Nox4 may be a 
source of the rapid generation of ROS in insulin-stimulated cells. A full 
understanding of this signaling network may provide a novel means of facilitating insulin 
action in states of insulin resistance and, potentially, of differentially regulating some of 
the pleiotropic cellular actions of insulin. (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). 

Insulin is a critical regulator of pleiotropic metabolic and mitogenic cellular responses 
(Kido Y, Nakae J, Accili D: The insulin receptor and its cellular targets. J Clin 
Endocrinol Metab86 :972 –979,2001).  

The earliest defect in type 2 diabetes is insulin resistance in peripheral tissues, which is 
also a common pathophysiological feature of related conditions including obesity and 
the "metabolic" syndrome, which are associated with increased cardiovascular risk 
(Goldstein BJ: Insulin resistance as the core defect in type 2 diabetes mellitus. Am J 
Cardiol90 :3 –10,2002). 

The cellular mechanisms that regulate the steady-state balance of reversible protein-
tyrosine phosphorylation in the insulin signaling cascade involve the reciprocal effects of 
the insulin receptor kinase and the action of PTPs (Saltiel AR, Kahn CR: Insulin 
signalling and the regulation of glucose and lipid metabolism. Nature414 :799 –
806,2001) (Goldstein BJ: Protein-tyrosine phosphatases: emerging targets for therapeutic 
intervention in type 2 diabetes and related states of insulin resistance. J Clin Endocrinol 
Metab87 :2474 –2480,2002). 

11.8.2   EMODs (H2O2) as secondary messengers for PTP 



Superoxide and H2O2, collectively called "reactive oxygen species" (ROS), are now 
well recognized to play an integral role in several growth factor and cytokine signal 
transduction pathways (Sullivan SG, Chiu DT, Errasfa M, Wang JM, Qi JS, Stern A: 
Effects of H2O2 on protein tyrosine phosphatase activity in HER14 cells. Free Radic Biol 
Med16 :399 –403,1994) (Sundaresan M, Yu ZX, Ferrans VJ, Irani K, Finkel T: 
Requirement for generation of H2O2 for platelet-derived growth factor signal 
transduction. Science270 :296 –299,1995) (Rao GN: Hydrogen peroxide induces 
complex formation of shc-grb2-sos with receptor tyrosine kinase and activates ras and 
extracellular signal-regulated protein kinases group of mitogen-activated protein kinases. 
Oncogene13 :713 –719,1996) (Guyton KZ, Liu Y, Gorospe M, Xu Q, Holbrook NJ: 
Activation of mitogen-activated protein kinase by H2O2: role in cell survival following 
oxidant injury. J Biol Chem271 :4138 –4142,1996) (Suzuki YJ, Forman HJ, Sevanian A: 
Oxidants as stimulators of signal transduction. Free Radic Biol Med22 :269 –285,1997) 
(Herrlich P, Bohmer FD: Redox regulation of signal transduction in mammalian cells. 
Biochem Pharm59 :35 –41,2000) (Rhee SG, Chang TS, Bae YS, Lee SR, Kang SW: 
Cellular regulation by hydrogen peroxide. J Am Soc Nephrol14 :S211 –S215,2003).  

Superoxide [O2·–], hydroxyl [·OH] ions, and H2O2 generated by cellular redox 
reactions have a complex physiology (Grisham MB: Reactive Metabolites of Oxygen 
and Nitrogen in Biology and Medicine. Austin, TX, RG Landes,1992) and are ultimately 
converted to H2O + O2

 by cellular catalase, thioredoxin, glutathione peroxidase, and/or 

peroxiredoxins (Schroder E, Ponting CP: Evidence that peroxiredoxins are novel 
members of the thioredoxin fold superfamily. Protein Sci7 :2465 –2468,1998).  

Relatively low levels of H2O2, generated in response to growth factor stimulation, 
occur in a concerted fashion with specific signaling targets in the cell, suggesting that 
it serves as a second messenger (Sundaresan M, Yu ZX, Ferrans VJ, Irani K, Finkel T: 
Requirement for generation of H2O2 for platelet-derived growth factor signal 
transduction. Science270 :296 –299,1995) (Rhee SG, Chang TS, Bae YS, Lee SR, Kang 
SW: Cellular regulation by hydrogen peroxide. J Am Soc Nephrol14 :S211 –S215,2003) 
(Bae YS, Kang SW, Seo MS, Baines IC, Tekle E, Chock PB, Rhee SG: Epidermal 
growth factor (EGF)-induced generation of hydrogen peroxide: role in EGF receptor-
mediated tyrosine phosphorylation. J Biol Chem272 :217 –221,1997).  

H2O2 activates tyrosine phosphorylation cascades in cultured cells in a manner that 
mimics ligand-mediated signaling by PDGF and EGF (Sundaresan M, Yu ZX, Ferrans 
VJ, Irani K, Finkel T: Requirement for generation of H2O2 for platelet-derived growth 
factor signal transduction. Science270 :296 –299,1995) (Rao GN: Hydrogen peroxide 
induces complex formation of shc-grb2-sos with receptor tyrosine kinase and activates 
ras and extracellular signal-regulated protein kinases group of mitogen-activated protein 
kinases. Oncogene13 :713 –719,1996) (Bae GU, Seo DW, Kwon HK, Lee HY, Hong S, 
Lee ZW, Ha KS, Lee HW, Han JW: Hydrogen peroxide activates p70(S6k) signaling 
pathway. J Biol Chem274 :32596 –32602,1999).  

However, an actual second messenger function of cellular H2O2 generated transiently 
during stimulation of cells with growth factors has been convincingly demonstrated in 



pivotal experiments by Sundaresan et al. (Sundaresan M, Yu ZX, Ferrans VJ, Irani K, 
Finkel T: Requirement for generation of H2O2 for platelet-derived growth factor signal 
transduction. Science270 :296 –299,1995) and Bae et al. (Bae YS, Kang SW, Seo MS, 
Baines IC, Tekle E, Chock PB, Rhee SG: Epidermal growth factor (EGF)-induced 
generation of hydrogen peroxide: role in EGF receptor-mediated tyrosine 
phosphorylation. J Biol Chem272 :217 –221,1997), showing that autophosphorylation 
of PDGF and EGF receptors, respectively, and their distal signaling effects are 
dependent on intracellular H2O2 production.  

Numerous studies have also recently emerged supporting the hypothesis that cellular 
oxidant signaling is mediated by discrete localized redox circuitry, which is distinct 
from the notion of a generalized "oxidative stress" effect (Rhee SG, Chang TS, Bae 
YS, Lee SR, Kang SW: Cellular regulation by hydrogen peroxide. J Am Soc Nephrol14 
:S211 –S215,2003). For example, overexpression of the Nox homolog Nox1 increases 
cellular ROS and specifically activates an oxidant-sensitive reporter gene via activation of 
c-Jun NH2-terminal kinase (JNK) and extracellular signal–related kinase 1/2 without 
affecting the overall redox state of glutathione and thioredoxin, the major thiol 
antioxidant substances in the cell (Go YM, Gipp JJ, Mulcahy RT, Jones DP: H2O2-
dependent activation of GCLC-ARE4 reporter occurs by mitogen-activated protein 
kinase pathways without oxidation of cellular glutathione or thioredoxin-1. J Biol 
Chem279 :5837 –5845,2004). 

Compared with other typical protein sulfhydryl side chains, the catalytic PTP thiol can be 
readily oxidized by locally generated H2O2, even in the presence of high cytosolic 
concentrations (millimolar) of the cysteine-containing tripeptide glutathione (Rhee SG, 
Chang TS, Bae YS, Lee SR, Kang SW: Cellular regulation by hydrogen peroxide. J Am 
Soc Nephrol14 :S211 –S215,2003). 

11.8.3   Generation of H2O2 by insulin stimulation 

The potential involvement of oxidant species in insulin signaling was initially 
explored >30 years ago, with the observation by Czech and colleagues (Czech MP, 
Fain JN: Cu++-dependent thiol stimulation of glucose metabolism in white fat cells. J Biol 
Chem247 :6218 –6223,1972) (Czech MP, Lawrence JC Jr, Lynn WS: Evidence for 
electron transfer reactions involved in the Cu2+-dependent thiol activation of fat cell 
glucose utilization. J Biol Chem249 :1001 –1006,1974) and May (May JM: The insulin-
like effects of low molecular weight thiols: role of trace metal contamination of 
commercial thiols. Horm Metab Res12 :587 –590,1980) that certain metal cations 
interacting with albumin could transfer electrons to a cellular target and enhance 
glucose utilization by adipocytes.  

Livingston et al. (Livingston JN, Gurny PA, Lockwood DH: Insulin-like effects of 
polyamines in fat cells: mediation by H2O2 formation. J Biol Chem252 :560 –562,1977) 
also showed that polyamines and related insulin mimickers acted via the generation 
of H2O2, and H2O2

 itself stimulates lipid synthesis in adipocytes (May JM, de Haen C: 



The insulin-like effect of hydrogen peroxide on pathways of lipid synthesis in rat 
adipocytes. J Biol Chem254 :9017 –9021,1979).  

Stimulation of glucose uptake in adipose cells by insulin was also found to be 
accompanied by sulfhydryl oxidation, and sulfhydryl blocking agents enhance insulin 
receptor function (Li CH, Moule ML, Yip CC: Insulin receptors prepared with 
iodoacetamide show enhanced autophosphorylation and receptor kinase activity. J Biol 
Chem266 :7051 –7057,1991).  

Studies have also shown that oxidized vanadate derivatives can irreversibly inactivate 
PTPs and potently enhance insulin action (Heffetz D, Bushkin I, Dror R, Zick Y: The 
insulinomimetic agents H2O2 and vanadate stimulate protein tyrosine phosphorylation in 
intact cells. J Biol Chem265 :2896 –2902,1990) (Bevan AP, Drake PG, Yale JF, Shaver 
A, Posner BI: Peroxovanadium compounds: biological actions and mechanism of insulin-
mimesis. Mol Cell Biochem153 :49 –58,1995) (Huyer G, Liu S, Kelly J, Moffat J, Payette 
P, Kennedy B, Tsaprailis G, Gresser MJ, Ramachandran C: Mechanism of inhibition of 
protein-tyrosine phosphatases by vanadate and pervanadate. J Biol Chem272 :843 –
851,1997).  

In the late 1970s, insulin itself was shown to elicit the generation of H2O2 
in adipocytes (May JM, de Haen C: Insulin-stimulated intracellular hydrogen peroxide 
production in rat epididymal fat cells. J Biol Chem254 :2214 –2220,1979).  

An early characterization of the enzymology of this process revealed that insulin 
activated a plasma membrane enzyme system with the properties of an Nox, 
resulting in the downstream production of H2O2 (Mukherjee SP, Lynn WS: Reduced 
nicotinamide adenine dinucleotide phosphate oxidase in adipocyte plasma membrane and 
its activation by insulin: possible role in the hormone’s effects on adenylate cyclase and 
the hexose monophosphate shunt. Arch Biochem Biophys184 :69 –76,1977) (Mukherjee 
SP, Lane RH, Lynn WS: Endogenous hydrogen peroxide and peroxidative metabolism in 
adipocytes in response to insulin and sulfhydryl reagents. Biochem Pharmacol 27 :2589 –
2594,1978).  

Further biochemical studies of this activity accounted for insulin-stimulated ROS 
production in rat adipocyte plasma membranes (Krieger-Brauer HI, Kather H: 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 Invest89 :1006 –
1013,1992) (Krieger-Brauer HI, Kather H: The stimulus-sensitive H2O2-generating 
system present in human fat-cell plasma membranes is multireceptor-linked and under 
antagonistic control by hormones and cytokines. Biochem J307 :543 –548,1995) also 

present in 3T3-L1 adipocytes (Krieger-Brauer HI, Kather H: 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 J307 :549 
–556,1995).  



Nox catalyzes the reduction of oxygen to a superoxide radical: 2 O2 + NADPH 2 O2
·– + 

NADP+ + H+. Although a superoxide anion itself can react with thiols, it is rapidly 
converted spontaneously or by superoxide dismutase in the cell to generate H2O2 
(Rhee SG, Chang TS, Bae YS, Lee SR, Kang SW: Cellular regulation by hydrogen 
peroxide. J Am Soc Nephrol14 :S211 –S215,2003).  

Related findings from several research approaches noted above have now been 
synthesized into a novel regulatory mechanism for insulin action. This process involves 
a plasma membrane oxidase activity stimulated by insulin that generates cellular 

ROS which, in turn, facilitate the insulin signaling cascade via the oxidative 
inhibition of cellular PTP activity. 

Consistent with the previous work cited above, Goldstein et al  reported that 
differentiated 3T3-L1 adipocytes that were loaded with a redox indicator dye based on 
dichlorodihydrofluorescein generated cellular H2O2 within 1 min of stimulation by 0.1–10 

nmol/l insulin. The oxidant signal peaked at 5 min and began to dissipate by 10 min. 
Blocking the generation of cellular H2O2 with catalase or diphenyleneiodonium 
(DPI), an inhibitor of cellular Nox activity, reduced the insulin-stimulated 
autophosphorylation of the insulin receptor and the IRS proteins by up to 48%, 
suggesting that the oxidant signal inhibited cellular PTPs that serve as negative regulators 
of the insulin signaling cascade. 

They also showed that the enhancement of insulin signaling by the oxidant signal was 
associated with PTP inhibition, using a novel approach that includes sample handling and 
analysis under anaerobic conditions to preserve the endogenous activity of PTPs isolated 
from cultured cells and avoiding the cysteine oxidation that occurs on exposure to air. In 
HepG2 hepatoma cells, stimulation with 100 nmol/l insulin for 5 min resulted in up to a 
52% reduction in overall PTP activity in the cell homogenate, the cytosol, and the 
solubilized particulate fraction (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 Chem276 :21938 –21942,2001).  

Oxidative inactivation of PTP1B is thus associated with enhanced insulin signal 
transduction via the insulin-stimulated H2O2 signal. 

Interestingly, the effects of H2O2 on downstream insulin signaling they observed in 
the adipocyte model were similar to prior observations in other cell types, including 
fibroblasts, embryonic kidney cells, vascular smooth muscle cells, and astrocytes, 
where activation of Akt by H2O2 is also abrogated by inhibition of PI 3'-kinase 

(Shaw M, Cohen P, Alessi DR: The activation of protein kinase B by H2O2 or heat shock 
is mediated by phosphoinositide 3-kinase and not by mitogen-activated protein kinase-
activated protein kinase-2. Biochem J336 :241 –246,1998) (Ushio-Fukai M, Alexander 
RW, Akers M, Yin QQ, Fujio Y, Walsh K, Griendling KK: Reactive oxygen species 
mediate the activation of Akt/protein kinase B by angiotensin II in vascular smooth 
muscle cells. J Biol Chem274 :22699 –22704,1999) (Salsman S, Felts N, Pye QN, Floyd 
RA, Hensley K: Induction of Akt phosphorylation in rat primary astrocytes by H2O2 



occurs upstream of phosphatidylinositol 3-kinase: no evidence for oxidative inhibition of 
PTEN. Arch Biochem Biophys386 :275 –280,2001).  

These important findings suggest that cellular PI 3'-kinase is a critical upstream mediator 
of Akt activation by oxidative molecules in a variety of signaling pathways, including 

insulin action. 

In phagocytic cells, the prototypic Nox complex that generates copious O2
·– for bacterial 

killing has a multisubunit structure complex and is highly regulated. Nox2 itself does not 
appear to be a major mediator of insulin-induced ROS production. Nox2 knockout 
mice exhibit a severe deficiency of H2O2 production in phagocytes and aortic fibroblasts, 
but not in vascular smooth muscle cells (Chamseddine AH, Miller FJ Jr: gp91phox 
contributes to NADPH oxidase activity in aortic fibroblasts, but not smooth muscle cells. 
Am J Physiol285 :H2284 –H2289,2003). They recently found that lymphoblasts from 
Nox2-deficient human subjects (Coriell Institute) had reduced overall H2O2 generation, 
but they retained a 44% increase in ROS production after insulin treatment, suggesting 

that Nox2 is not involved in insulin-stimulated ROS generation (X.W., B.J.G., 
unpublished observations).  

11.8.4   Rac 

This protein is a key component of the Nox complex in a variety of cell types. Rac2 is 
expressed predominantly in phagocytic cells, and Rac1 is expressed in other cell types 
(Lassegue B, Clempus RE: Vascular NAD(P)H oxidases: specific features, expression, 
and regulation. Am J Physiol285 :R277 –R297,2003).  

Because superoxide generation in the renal cell system is likely to involve Nox4, these 
data also implicate Rac as a potential regulator of this Nox homolog. Overall, these 
studies are consistent with the hypothesis that the regulation of tyrosine 
phosphorylation in the insulin signal cascade is propagated by a wave of H2O2, 
possibly generated by a link between the insulin receptor and G i2, coupled to cellular 

Nox activity, which transiently inhibits PTP activities. 

11.8.5   Conclusion 

Reversible tyrosine phosphorylation plays an essential role in the regulation of 
transmission of the insulin signal at receptor and postreceptor sites in the insulin action 
pathway. PTPs, in particular PTP1B, and other thiol-sensitive signaling proteins are 
integral to the negative regulation of insulin signaling. A growing body of data over the 
past 3 decades has led to the appreciation that cellular stimulation with insulin 
generates ROS that can inhibit these negative regulators by oxidative biochemical 
alterations that, in turn, can facilitate the insulin signaling cascade. With the 
recognition that a small family of Nox homologs catalyzes the generation of ROS at the 
plasma membrane, they have recently provided evidence in the 3T3-L1 adipocyte system 
that Nox4, which is expressed in insulin-sensitive cell types, is a novel molecular target 
that may mediate this process. 



ROS production after ligand stimulation, including insulin, generates only a fraction of 
the ROS concentration observed in phagocytic cells and follows a brief time course, on 
the order of minutes.  

These features apparently account for the signaling role of insulin-induced ROS 
compared with the chronic exposure to ROS in patients with hyperglycemia that is 
associated with organ dysfunction and chronic complications of diabetes (Brownlee M: 
Biochemistry and molecular cell biology of diabetic complications. Nature414 :813 –
820,2001).  

The low levels of ROS in insulin signaling implies that there must be specific cellular 
protein targets that are particularly susceptible to oxidative modification.  

Importantly, using novel protein labeling techniques, Rhee and colleagues (Wu Y, Kwon 
KS, Rhee SG: Probing cellular protein targets of H2O2 with fluorescein-conjugated 
iodoacetamide and antibodies to fluorescein. FEBS Lett440 :111 –115,1998) (Kim JR, 
Yoon HW, Kwon KS, Lee SR, Rhee SG: Identification of proteins containing cysteine 
residues that are sensitive to oxidation by hydrogen peroxide at neutral pH. Anal 
Biochem283 :214 –221,2000) have shown that even in a cellular milieu containing 
millimolar concentrations of slowly reactive thiols like glutathione, only a limited set of 
proteins are rapidly oxidized by growth factor–stimulated ROS, including PTP1B and a 
few other proteins with reactive cysteines, including protein disulfide isomerases, 
thioredoxin reductase, and creatine kinase.  

Goldstein et al. have confirmed similar findings after cellular insulin stimulation of 
insulin target cell types (X.W., B.J.G., unpublished observations). The biochemical 
evidence, therefore, also supports the notion of a discrete network of "redox circuitry" 
(Dooley CT, Dore TM, Hanson GT, Jackson WC, Remington SJ, Tsien RY: Imaging 
dynamic redox changes in mammalian cells with green fluorescent protein indicators. J 
Biol Chem279 :22284 –22293,2004) with temporal and spatial influences that are likely 
to correspond to other regulatory aspects of the insulin action pathway (Saltiel AR, Pessin 
JE: Insulin signaling in microdomains of the plasma membrane. Traffic 4 :711 –
716,2003) (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). 

11.9.0   O2 metabolism of human PMNs of diabetics 
 
Zymosan stimulated oxygen metabolism was investigated in polymorphonuclear 
leucocytes (PMN) from 6 diabetic patients. Oxygen uptake and superoxide production 
were continuously measured in the presence of autologous or control serum and non-
opsonized zymosan, or in the absence of serum and preopsonized zymosan. The only 
significant impairment in the diabetic cells studied was a lower oxygen uptake in the 
presence of autologous serum. This defect was normalized by addition of control serum 
or by omitting the serum and stimulating with opsonized zymosan. In the absence of 
serum, the oxygen consumption was markedly diminished in only one subject, whereas 



two subjects showed a decrease of superoxide production in the presence of control 
serum. An inverse correlation between fasting glucose concentration and oxygen 
uptake could be demonstrated. However, exposure of normal PMN to hyperglycemic 
glucose concentration in vitro did not significantly alter their oxygen metabolism, 
suggesting that glucose alone could not be the only factor responsible for the impaired 
oxygen consumption in diabetic cells (Oxygen metabolism of phagocytosing human 
polymorphonuclear leucocytes in diabetes mellitus. Market, M. et al. Blut. 1984 
Dec;49(6):447-55). I believe that the lower oxygen uptake by PMNs may help explain 
the increased susceptibility of diabetics for infections. 
 
11.9.1   Rosiglitazone 

A drug used widely as an insulin sensitizer appears also to have a significant anti-
inflammatory effect in diabetics, a property that could make it useful in helping to 
prevent heart disease in these patients, a study by endocrinologists at the University at 
Buffalo has found.  

Results of the research, involving the drug rosiglitazone, were presented (June 15, 2002) 
at the annual meeting of the American Diabetes Association. Rosiglitazone is sold under 
the brand name Avandia. The study was funded by GlaxoSmithKline, manufacturer 
of Avandia.  

UB endocrinologists, led by Paresh Dandona, M.D., professor of medicine and head of 
the Division of Endocrinology in the UB School of Medicine and Biomedical Sciences, 
have been studying the anti-inflammatory properties of insulin and insulin sensitizers and 
their potential use in treatment and prevention of atherosclerosis, one of the leading 
causes of heart attacks.  

Atherosclerosis, or hardening of the arteries, allegedly begins as an inflammation of the 
blood-vessel wall. Persons with diabetes are at increased risk of developing 
atherosclerosis and heart disease. Dandona's lab has shown in research with a small 
group of obese non-diabetic volunteers that rosiglitazone decreased the levels of oxygen 
free radicals which can begin the inflammation cascade by injuring blood-vessel 
linings. (RMH Note:  My e-book, Cardiovascular Disease and Oxygen Free Radical 
Mythology discusses this in detail.) The drug also decreased the levels of several blood 
markers of inflammation.  

The current study involved 11 obese patients with Type 2 diabetes. In this disease, also 
referred to as adult-onset diabetes, the body produces adequate amounts of insulin, but 
cells don't respond to its action. Rosiglitazone is prescribed to break down this resistance 
to insulin.  

Researchers collected blood samples from the diabetic volunteers and started them on a 
six-week course of daily rosiglitazone. They repeated the blood sampling four times 
during the six weeks of treatment and again at 12 weeks, and analyzed the samples for 
concentration of three inflammatory markers and for the presence of oxygen free radicals.  



Results showed that the drug exerted a "profound" suppressive effect on free 
radicals and on other mediators of inflammation in the blood.  I believe that the 
effects must have been due to “the other inflammatory agents.” 

Theoretically, "The ability to reduce inflammation is crucial for preventing 
atherosclerosis and cardiovascular disease, " said Dandona. "Previous data demonstrated 
rosiglitazone's effectiveness in reducing key markers of cardiovascular disease in patients 
at risk for diabetes. This study in people with diabetes further underscores rosiglitazone's 
potential to have a cardio-protective effect."  Analysis of blood samples showed that at 
six weeks, free radical generation had dropped about 34 percent from baseline. 
Concentration of the inflammatory markers plasma monocyte chemoattractant protein-1 
(MCP-1) and C-reactive protein (CRP) fell by 25 percent and 30 percent, respectively, at 
six weeks. At 12 weeks inflammatory markers had returned to baseline.  

Rosiglitazone also improved vascular reactivity - the ability of vessels to expand and 
contract in response to changes in blood flow -- which is crucial for maintaining healthy 
blood pressure and blood flow to vital organs.  

11.9.2   Chronic Granulomatous Disease and Diabetes 

The primary biochemical defect in CGD that leads to impaired microbicidal activity is 
the failure of phagocytes to generate sufficient quantities of reactive oxygen species, 
which are responsible for the so-called respiratory or oxidative burst. These compounds 
are derived from initial production of the extremely unstable and weakly bactericidal 
superoxide anion (O2

-), which subsequently is converted to more potent oxidants such as 
hydroxyl radical (OH-), hydrogen peroxide (H2O2), peroxynitrite anion (ONOO-), and 
oxyhalides (HOX-, in which X is most commonly chlorine). The superoxide anion is 
generated by transferring electrons from the reduced nicotinamide dinucleotide phosphate 
(NADPH) to molecular O2 in response to physiologic stimuli such as phagocytosis. This 
reaction is mediated by the phagocyte NADPH oxidase (phox).  

Nitric oxide (NO) and other reactive nitrogen intermediates have a prominent 
microbicidal role in experimental animals but do not appear to have a critical role in 
human phagocytes.  

The bacteria and fungi that cause most infections in CGD patients are catalase-positive 
organisms. These microorganisms produce catalase that breaks down endogenously 
produced hydrogen peroxide, necessitating the generation of oxygen radicals by a 
normally functioning phagocyte oxidase system to ensure the death of the infecting 
microorganisms. Whereas both Pseudomonas aeruginosa and Burkholderia cepacia (also 
known as Pseudomonas cepacia) are catalase-positive organisms, the former is a rare 
pathogen in CGD because CGD neutrophils are able to kill P aeruginosa organisms by 
nonoxidative mechanisms. B cepacia is an important cause of infections in CGD, perhaps 
because of as yet unexplained abilities to resist killing via neutrophil-mediated 
nonoxidative pathways.  



Fungal infections occur in up to 20% of patients with CGD. The most common offenders 
are Aspergillus fumigatus, Torulopsis glabrata (ie, Candida glabrata), and Candida 
albicans. Pneumonia is the most common presentation of fungal infection. More recently, 
Aspergillus nidulans, which is a rare pathogen in other patient populations, has emerged 
as a problematic pathogen in CGD. It causes locally invasive or disseminated disease that 
is more lethal than that caused by A fumigatus.  

A significant number of patients entered into the registry died during the second and third 
decades of life, although a number of patients survived beyond the fourth decade. 
 
Malignancies such as leukemias, multiple myeloma, and neuroblastoma may have an 
associated hypogammaglobulinemias.  I believe that this is another EMOD deficiency 
association, which allows manifestation of cancer. 
 
Behind many clinical cases with recurrent, severe infections, abscesses, delayed wound 
healing and especially in antibiotic resistant sepsis some granulocyte function 
abnormalities can be detected. The abnormalities are of inherited and acquired origin. 
The inherited dysfunctions are discussed here in details, but the appearance of some 
failures in neutrophil functions should be taken into consideration when examining 
patients with other diseases (e.g. diabetes, infections, periodontal disease, zinc 
deficiency, malignancies, uremia etc.). 
 
It occurred to me on 4/7/06 that the biochemical process of oxidation may be 
deficient in different areas of the cell or in different organs (i.e., pancreas, lung, 
brain, peroxisome, mitochondria, ER, microsomes, etc.) and result in different 
disease manifestations.  Thus, I asked, “Is there an increased risk of diabetes in 
CGD patients? “ 
 
The mononuclear-phagocyte system includes promonocytes and their precursors in the 
bone marrow, monocytes in circulation and macrophages in tissues. After maturation in 
the bone marrow newly formed monocytes enter the circulation and migrate into different 
tissues; the half-life of monocytes in the blood stream is approximately three days. Once 
in the tissue monocytes undergo transformation into tissue macrophages with functional 
properties that are characteristic for the environment in which they reside. Macrophages 
play a central role in the immune regulation by presenting antigen to T-
lymphocytes; they participate in ingestion and killing of various invading 
microorganisms. In addition, macrophages synthesize a great number of substances 
involved in host defense and inflammation i.e. complement components, 
prostaglandins, IL-1, tumor necrosis factor-alpha and others. During infection, 
macrophages have the capacity to become "activated" by lymphokines and different 
bacterial products; "activated" macrophages have an increased tumoricidal and 
microbicidal activity against various microorganisms, synthesis and secretion of 
immune mediators is enhanced. Monocyte-macrophage dysfunctions have been 
described in various disorders: defective chemotaxis (corticosteroids, drug induced 
immunosuppression, AIDS, diabetes), defective phagocytosis (lupus erythematosus, 
deficiency of a membrane glycoprotein), microbicidal defect (chronic granulomatous 



disease), decreased cytotoxicity (Wiskott-Aldrich-Syndrome), deficiencies in the 
clearance of physiologic substrates in lysosomal diseases ([The monocyte-macrophage 
system in the human]. [Article in German] Speer CP, Gahr M. Monatsschr Kinderheilkd. 
1989 Jul;137(7):390-5). I believe that this supports the concept that oxidation defects 
can occur at many levels and sites.  It appears that diabetes is an example of one of 
these sites. 
 
I believe that it is also important to keep in mind that different EMOD species i.e., 
superoxide, hydrogen peroxide, hypochlorous acid and singlet oxygen, will have 
differing capacities to kill pathogens or neoplastic cells. 
 
Although inherited forms of phagocyte defects affect a small proportion of the general 
population, their clinical course can be altered dramatically by a physician's awareness of 
these diseases and modifications of the approach to and treatment of affected patients. 
The most common syndromes are chronic granulomatous disease of childhood 
(CGD), the Chediak-Higashi syndrome (CHS), the hyperimmunoglobulin-E-
recurrent infection (Job's) syndrome (HIE), and myeloperoxidase (MPO) deficiency. 
CGD patients have defects in the oxidative metabolism involved in killing catalase-
positive organisms. CHS patients have giant granules defective in fusing with 
phagosomes and subsequent killing of ingested organisms. HIE patients have abnormal 
chemotaxis and elevated IgE levels and are susceptible to skin infections with 
Staphylococcus aureus and recurrent sinopulmonary infections. MPO-deficient patients 
often go undetected since they rarely have recurrent infections unless they have a 
concomitant disease such as diabetes mellitus. Patients with a recently described 
syndrome, C3bi receptor deficiency, have recurrent bacterial infections and persistent 
leukocytosis, and their neutrophils have abnormal adherence and phagocytosis. The 
absence of specific granules is a more rare entity but these patients also have recurrent 
infections thought to be secondary to a chemotactic defect and a minor abnormality of 
microbial killing exhibited by their neutrophils (Phagocyte defects. White CJ, Gallin JI. 
Clin Immunol Immunopathol. 1986 Jul;40(1):50-61). 
 
11.9.3   Superoxide does not promote atherosclerosis 
 
A study which shows the dissociation between oxidation and atherosclerotic plaque 
formation is illustrative of the situation which exists with diabetes. Superoxide, the 
reduced form of molecular oxygen, has been implicated in the genesis of vascular 
disease. One potential mechanism involves oxidation of low density lipoprotein into an 
atherogenic particle. A second involves reaction with nitric oxide to generate 
peroxynitrite, a highly oxidizing intermediate. A third involves regulation of signal 
transduction in artery wall cells. One well-characterized pathway for superoxide 
production resides in macrophages, the cellular hallmark of the early atherosclerotic 
lesion. Macrophages contain a membrane-bound NADPH oxidase that reduces oxygen to 
superoxide. In the current studies, investigators used mice that are deficient in the gp91-
phox subunit of the NADPH oxidase-a model of chronic granulomatous disease (CGD)-
to explore the role of superoxide in atherosclerotic vascular disease. Wild-type and CGD 
mice on the C57BL/6 background received a high-fat diet for 20 weeks to induce 
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hypercholesterolemia. At the end of this period, the 2 strains of mice had comparable 
plasma lipid levels, and their atherosclerotic lesions were similar in size 
(although CDG mice did have a nonsignificant 13% increase in 
atherosclerosis.  I believe that this indicates, as I have argued, that 
EMODs are necessary for the oxidation of microaggregates, which leads 
to excretion.  Thus, CGD mice would predictably have increased rates 
of atherosclerosis.). They also crossed CGD mice with apolipoprotein E-deficient 
(apoE-/-) mice to generate spontaneously hypercholesterolemic animals that lacked 
functional NADPH oxidase. After 24 weeks, the CGD-apoE-/- animals had lower plasma 
cholesterol and triglyceride levels than did the apoE-/- animals, but there was no 
difference in the extent of atherosclerotic plaque. Their findings suggest that 
superoxide generated by the NADPH oxidase of phagocytes does not 
promote atherosclerosis in mice with either diet-induced or genetic 
forms of hypercholesterolemia (Impaired superoxide production due to a 
deficiency in phagocyte NADPH oxidase fails to inhibit atherosclerosis in mice. Kirk EA, 
Dinauer MC, Rosen H, Chait A, Heinecke JW, LeBoeuf RC. Arterioscler Thromb Vasc 
Biol. 2000 Jun;20(6):1529-35). 
 
Some of the following were comments by Schultz and Harrison on Kirk’s study: 

Schultz and Harrison state that Kirk et al, in Arteriosclerosis, Thrombosis, and Vascular 
Biology, have provided us with an extraordinarily important study addressing 
the relative importance of the NADPH oxidase and the role of macrophage-derived 
superoxide in the atherosclerotic process. These investigators examined the development 

of atherosclerotic lesions in 2 different experimental settings. In one, both control mice 
and mice lacking gp91phox were fed atherogenic diets. In these animals, the high-fat diet 
resulted in similar increases in plasma lipids, and the development of atherosclerotic 

lesions was identical between the control and the gp91phox-deficient mice. A genetic 
cross between the gp91phox knockouts and apoE knockouts produced offspring with a 
small but nonsignificant decrease in plasma lipid levels versus gp91phox–apoE(+/+) 
controls but again, showed no change in atherosclerotic lesion size (Quest for Fire. 
Seeking the Source of Pathogenic Oxygen Radicals in Atherosclerosis. David Schultz; 
David G. Harrison. Arteriosclerosis, Thrombosis, and Vascular Biology. 2000;20:1412).  

The article by Kirk et al represents a significant advance in our understanding of 
atherosclerosis. The study clearly shows that the macrophage NADPH oxidase is not 
critical in the development of atherosclerosis. However, it is impossible to conclude 
that oxidative processes can be excluded as having a role in atherosclerosis.  

Several different reactive oxygen intermediates can be shown in vitro to initiate lipid 

oxidation and peroxidation. These include superoxide, hydrogen peroxide, 
peroxynitrite, hypochlorous acid, and the hydroxyl radical. In the case of severe 
hypercholesterolemia, as produced in the cholesterol-fed mice or the apoE-deficient mice 
studied by Kirk et al, it is quite likely that many different ROS, derived from many 
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different sources, can react with the abundant lipoproteins that accumulate in the vessel 
wall.  

11.9.4  Lipoxygenase may initiate lipid peroxidation without forming superoxide 

Alternatively, lipoxygenase enzymes react with esterified fatty acids to 
directly form the lipid alkoxyl radical (LO·). This lipid radical can react 

with molecular oxygen to form a lipid alkylperoxyl radical (LOO·). In 
this manner, lipoxygenase may initiate lipid peroxidation without 
forming superoxide or any of superoxide’s reactive products. Of 
substantial importance, a 12-lipoxygenase–deficient mouse has been created and crossed 
with the apoE-deficient mouse. Mice lacking both the apoE gene and the lipoxygenase 
gene had a dramatic reduction in atherosclerotic lesions compared with mice lacking the 
apoE gene only (Tillman C, Witztum JL, Rader DJ, Tangirala R, Fazio S, Linton MF, 
Colin D. Disruption of the 12/15-lipoxygenase gene diminishes atherosclerosis in apo E-
deficient mice. J Clin Invest. 1999;103:1597–1604). Thus, it is possible that in the normal 
situation, superoxide (and other radicals) derived from the phagocytic NADPH oxidase 
contributes to lipid oxidation, but when this enzyme is absent, other sources are perfectly 

capable of filling the bill. 

Another lesson that has repeatedly been hammered home from studies of knockout mice 
is that substantial redundancy exists in biology, and deletion of 1 enzymatic pathway 
often leads to compensation by 1 or more alternative pathways.  

11.9.5   Lipoprotein Oxidation Critical for Excretion 

Lipoprotein oxidation is critically important in allowing macrophages 
and other cells to remove lipids from the interstitial space, as modified 
lipoproteins are more readily cleared by scavenger receptors (which 
recognize the modified forms) than by the native LDL receptor. Thus, 
lipoprotein oxidation is a normal adaptive process, and it would not be 
surprising to find that this occurs via several pathways. Again, I believe that oxidation 
of the microaggregates allows for the excretion of the modified cholesterol products 
and protects against CVD. 

On a lighter note, the burning of carbon-based fuel is an oxidation reaction. In 1982, an 
excellent movie was released, Quest for Fire, directed by Jean-Jacques Annaud. This film 
depicted a prehistoric odyssey of early man, searching far and wide for fire, which was 
clearly important for survival. Today, we are continuing to look for little fires, in the form 
of oxidation reactions occurring in the vessel wall, with the ultimate goal of stamping 
them out. This quest is made difficult by the elusive nature of their sources and by the 
likelihood that several sources exist. Hopefully, we will be as successful as the 
protohumans in Quest for Fire, who eventually found their fire, learned to control it, and 

evolved to our present state (Quest for Fire. Seeking the Source of Pathogenic Oxygen 
Radicals in Atherosclerosis. David Schultz; David G. Harrison. Arteriosclerosis, 



Thrombosis, and Vascular Biology. 2000;20:1412). I believe that these oxidative fires 
are essential for homeostasis, prooxidant protection and oxidative self healing. 
Oxidation is essential for aerobic life. 
 
Allogeneic hematopoietic stem cell transplantation for chronic granulomatous disease 
(CGD) is associated with a significant risk of transplant-related mortality. Adult age, 
overt infection, and residual inflammatory disease at transplant are major risk factors. 
Gungor et al. report the favorable outcome after bone marrow transplantation in three 
high-risk adult CGD patients (ages 18, 35, and 39) with severe disease-related 
complications (overt pneumonia, liver abscess, steroid-dependent granulomatous colitis, 
diabetes, restrictive lung disease, renal insufficiency, epilepsia). All infectious and 
inflammatory lesions resolved and restrictive lung disease improved. No signs of 
grade II-IV acute or chronic graft versus host disease were observed. With a follow-up 
of 12 to 27 months, all patients are alive and well with full donor chimerism, 
normalized superoxide production, and documented T- and B-cell function. 
CONCLUSION: This modified reduced intensity conditioning protocol is a promising 
treatment modality for high-risk adult CGD patients (Successful low toxicity 
hematopoietic stem cell transplantation for high-risk adult chronic granulomatous disease 
patients. Gungor T, et al. Transplantation. 2005 Jun 15;79(11):1596-606).  This study 
points out that CGD patients have related diseases which include infections, 
diabetes and granuloma (tumor) formation.  This ties my Unified Theory together 
and supports its basic premise.  This is a very important observation. Further, it 
shows that readjustment of EMODs to a normal range can correct many of their 
diseases. 
 
11.9.6   Diabetic and obese mice do not generate normal levels of superoxide 
 
Deficiencies in neutrophil NADPH oxidase proteins have been demonstrated in humans 
with chronic granulomatous disease. However, no spontaneous mutation in murine 
NADPH oxidase has been reported. In this study Huang reports that neutrophils from 
the diabetic mouse strains, C57BL/6J-m heterozygous lean (lepr(db/+)) and 
homozygous obese (lepr(db/db)) mice produced no superoxide on stimulation. 
An absence of intact p47(phox) but not other oxidase proteins was observed in both 
mouse strains through the use of immunoblotting. Molecular analysis by reverse 
transcriptase-polymerase chain reaction identified three abnormal p47phox mRNA 
transcripts. Sequencing of genomic DNA of p47(phox) revealed a point mutation at the -2 
position of exon 8, which is consistent with aberrant splicing of the p47(phox) transcript. 
These results indicate that the C57BL/6J-m db/db and db/+ mice are the first 
spontaneously derived murine model of NADPH oxidase deficiency involving a 
p47(phox) mutation (P47(phox)-deficient NADPH oxidase defect in neutrophils of 
diabetic mouse strains, C57BL/6J-m db/db and db/+. Huang CK, Zhan L, Hannigan MO, 
Ai Y, Leto TL. J Leukoc Biol. 2000 Feb;67(2):210-5). This study indicates that 
neutrophils of the diabetic and obese mice do not generate normal levels of 
superoxide and thus, they have an EMOD insufficiency syndrome.  This adds great 
support to my Unified Theory. This also links obesity to an EMOD deficiency. 
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12.0.0   Glucose Metabolism 

12.0.1   Oral Glucose Increases EMODs 

Oral intake of 300 calories of glucose (75 g), lipid, or protein increases reactive 
oxygen species (ROS) generation by polymorphonuclear cells (PMNL) and 
mononuclear cells (MNCs). They investigated the effects of 75 g glucose on 
proinflammatory transcription factor, nuclear factor-kappaB (NFkappaB), in 
mononuclear cells. To further investigate whether the effects of macronutrient-induced 
oxidative stress are due to consumption of calories or are nutrient specific, we 
investigated the effects of acute oral challenge of equicaloric amounts of alcohol (300 
calories) on ROS generation and NF-kappaB activation in MNCs and PMNL and 
compared them with those of glucose and water (control). Sixteen normal healthy adult 
volunteers were given either vodka (10 subjects), glucose solution (10 subjects), or 300 
mL water (7 subjects). Vodka and glucose drinks were equivalent to 300 calories. We 
measured ROS generation and intranuclear NF-kappaB activation by PMNL cells and 
MNCs at 1 hour, 2 hours, and 3 hours following ingestion. ROS generation by both 
MNC and PMNL increased significantly (P <.05 for MNC and P <.01 for PMNL) 
following intake of glucose solution, but did not change significantly following 
alcohol or water. NF-kappaB binding activity in MNC nuclear extracts also increased (P 
<.001) following ingestion of glucose solution, but did not change after the 
administration of alcohol or water. They conclude that (1) 75 g oral glucose increases 
NF-kappaB binding activity in MNCs. (2) While 75 g glucose (300 calories) induces an 
increase in ROS generation and intranuclear NF-kappaB, equicaloric amounts of 
alcohol did not produce these effects (Differential effects of glucose and alcohol on 
reactive oxygen species generation and intranuclear nuclear factor-kappaB in 
mononuclear cells. Dhindsa S, Tripathy D, Mohanty P, Ghanim H, Syed T, Aljada A, 
Dandona P. Metabolism. 2004 Mar;53(3):330-4). I believe that the ingestion of 
glucose may be safe way to increase the oxidative capacity of the body. 

12.0.2   Insulin Induced Hypoglycemia Increases EMODs 

As a consequence of enhanced production of oxygen free radicals, lipid peroxidation 
leads to the degradation of membrane lipids and disturbances of membrane permeability. 
Lipid peroxidation increases under stress conditions such as hypoxia, ischemia or 
acidosis as well as in metabolic diseases, e.g. diabetes mellitus. They have shown that 
subcomatous doses of insulin (6.0 IU/kg) significantly increase 
thiobarbituric acid reactive substances (TBARs), especially 
malondialdehyde (MDA) - the endproduct of lipid peroxidation, in the 
brain and heart of mice (Cerebrolysin inhibits lipid peroxidation induced by insulin 
hypoglycemia in the brain and heart of mice. Patockova J, Krsiak M, Marhol P, Tumova 
E. Physiol Res. 2003;52(4):455-60). I believe that, if insulin increases EMODs, then 
the lack of insulin, as in diabetes, would also result in decreased EMOD levels.  
These reduced EMOD levels would “allow” for the manifestation of cancer, 
atherosclerosis, obesity and cataracts (EMOD insufficiency syndrome). 
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Under various stress conditions, such as ischemia, acidosis and bacterial toxins, lipid 
peroxidation is increased. Moreover, certain metabolic diseases are associated with 
growing lipid peroxidation, e.g. diabetes mellitus. Although during hyperglycemia an 
enhancement of peroxidation was observed in various tissues, hypoglycemia has attracted 
much less attention. 
We have shown previously that subcomatous doses of insulin significantly increase 
MDA levels in the brain and heart of mice (Patockova, J, et al: The influence of 
insulin-induced hypoglycemia on the heart muscle in mice and the possible 
cardioprotection. Fundam Clin Pharmacol 10: 67, 1996). 
 
The present study shows that insulin-induced profound hypoglycemia can increase lipid 
peroxidation (as determined by TBARs) in the brain. Similar findings in the heart  
indicate that tissue damage during profound hypoglycemia is not limited only to the 
brain. These results suggest that lesions in diabetic patients treated with very high 
doses of insulin may be extensive. 
 
Glucose metabolism is very closely regulated. It has been reported that free radical 
production is increased in patients with insulin-dependent diabetes mellitus. This 
might be a consequence of insulin treatment rather than of a lack of insulin (Rybka J, et 
al: Oxidative stress and generation of diabetic complications(in Czech). In: Advances in 
Diabetology 1, Avicenum, Prague, 1990, pp 88-104).  
 
Subcomatous insulin doses might be the cause of brain damage following severe 
hypoglycemia. Furthermore, we have recently shown that this TBARs increase is 
dependent on the severity of hypoglycemia but not on the insulin dosage (Patockova, 
J, et al: Oxidative stress in the brain tissue of laboratory mice with acute post-insulin 
hypoglycemia. Physiol Res 52: 131-135, 2003). 
 
12.0.3   Glucotoxicity and EMODs 

Studies in patients with maturity-onset diabetes of the young have identified molecular 
defects in glucokinase genes and those for certain growth factors essential for 
differentiation and the development of islets. Some of these may be involved in certain 
patients with classic type 2 diabetes. Furthermore, studies in animals have implicated 
deleterious effects of free fatty acids (FFAs) that may provide a mechanism by which 
long-term obesity may lead to a decrease in beta-cell function (lipotoxicity) in addition to 
the effects of glucotoxicity. I believe that both the glucotoxicity and the lipotoxicity 
can be accounted for by their effects to reduce EMOD levels.  

I believe that the glucose suppresses EMOD generation and that FFAs trap EMODs, 
both of which can lead to the “allowance” of diabetes. 

In contrast to the ability of glucose to acutely stimulate insulin secretion, chronic 
exposure of cells to increased glucose concentrations results in cell dysfunction and 
ultimately cell death, a phenomenon termed cell glucose toxicity (glucotoxicity). 
During the progression of type 2 diabetes, glucose toxicity is likely an important factor 



that contributes to progressive cell failure and development of overt diabetes. The 
molecular mechanisms of how chronic exposure to elevated glucose impairs cell 
function and survival are incompletely understood. Emerging evidence suggests that 
oxidative stress contributes to cell glucose toxicity (Robertson, R. P., Harmon, J., Tran, 
P. O., Tanaka, Y., and Takahashi, H. (2003) Diabetes 52, 581–587).  

Cellular oxidative stress results from a persistent imbalance between antioxidant defenses 
and production of highly reactive molecular species, including reactive oxygen species 

(ROS) such as superoxide ( ) and hydrogen peroxide (H2O2). Since both ) and H2O2
 

are normal byproducts of cellular oxidative metabolism, increased glucose metabolism 
could lead to excessive production of ROS. Pancreatic cells express low levels of 
antioxidant enzymes and do not up-regulate these enzymes upon exposure to high 
concentrations of glucose (Lenzen, S., Drinkgern, J., and Tiedge, M. (1996) Free Radic. 
Bio. Med. 20, 463–466). Thus, increased ROS production in the face of low antioxidant 
defenses could result in ROS accumulation and oxidative stress in cells. 

The major biological process leading to generation of ROS is the electron transport 
chain associated with the mitochondrial membrane. Excessive glucose metabolism 
through oxidation in mitochondria may be a mechanism that leads to overproduction of 
ROS. Another possible source of increased ROS is the oxidative metabolism of glucose 
through the pentose phosphate cycle. Normally, this pathway does not contribute 
significantly to glucose utilization in cells. Furthermore, the flow of glucose through the 

pentose cycle does not vary with increases in glucose concentrations within the 
physiological range (Meglasson, M. D., and Matschinsky, F. M. (1986) Diabetes Metab. 
Rev. 2, 163–214). 

Recent studies from Robertson and coworkers (Tanaka, Y., Tran, P. O., Harmon, J., and 
Robertson, R. P. (2002) Proc. Natl. Acad. Sci. U. S. A. 99, 12363–12368) and other 
investigators in both rodents and humans have shown oxidative stress and oxidative 
damage in cells of type 2 diabetes, and increased intracellular ROS in islets exposed to 
high glucose; antioxidant treatment or enhancement of the ROS scavenger enzyme 
glutathione peroxidase protects cells against glucose toxicity. Studies from Brownlee 
have demonstrated that overproduction of ROS by the mitochondrial electron transport 

chain is a mediator of hyperglycemia-induced vascular damage (Brownlee, M. (2001) 
Nature 414, 813–820). 

Because cells naturally possess low antioxidant capacities, they are likely quite 
vulnerable to the increased generation of ROS. I believe that this indicates the need of 
EMODs by the pancreatic cells. 



Wu’s results show that the levels of cellular NAD(P)H and ATP paradoxically 
decrease in cells with increased glucose metabolism (Oxidative Stress Is a Mediator of 
Glucose Toxicity in Insulin-secreting Pancreatic Islet Cell Lines. Lan Wu et al. J. Biol. 
Chem., Vol. 279, Issue 13, 12126-12134, March 26, 2004).  

A causal relationship between chronic hyperglycemia and diabetic microvascular disease, 
long inferred from various animal and clinical studies, has now been definitely 
established by data from the Diabetes Control and Complications Trial (DCCT), a 
multicenter, randomized, prospective, controlled clinical study. A relationship between 
chronic hyperglycemia and diabetic macrovascular disease in patients with non-insulin-
dependent diabetes mellitus (NIDDM) is also supported by the Kumamoto study. 

12.0.4   Glucose Toxicity and EMODs 

Some of the following material was abstracted, excerpted or modified from:  Glucose 
Toxicity in ß-Cells: Type 2 Diabetes, Good Radicals Gone Bad, and the Glutathione 
Connection. R. Paul Robertson, Jamie Harmon, Phuong Oanh Tran, Yoshito Tanaka, and 
Hiroki Takahashi. Diabetes 52:581-587, 2003. 

Evidence that the islet is uniquely at risk for oxidative damage. 
The concept that the islet is unusually at risk for damage by pro-oxidant forces is not a 
new one. Oxidative phosphorylation during anaerobic glycolysis generates reactive 
oxygen species (ROS), a process that might become excessive in hyperglycemic states 
(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. Nature404 :787 
–790,1999).  

The following are metabolic pathways that excess glucose might be shunted into 
when it accumulates beyond the levels that glycolytic enzymes can handle and that 
can form ROS: glycosylation (Schiff reaction), glucose autoxidation, and the 
glucosamine pathway. ROS that might be formed include superoxide, hydrogen 
peroxide, nitric oxide, and hydroxyl radicals. Among these, the hydroxyl radical is the 
most toxic because it easily passes through membrane barriers to the cell’s nucleus and 
strongly reacts mutagenically with DNA. 

The concept of glucose autoxidation and the consequent excess generation of ROS in 
relation to diabetes were proposed as early as 1987 by Wolff and Dean, although its 
relevance to defective ß-cell function has not received a great deal of investigation. In 
1988, Hunt et al. demonstrated that -hydroxyaldehyde products of glucose (such as 
glyceraldehyde) can undergo enolization to produce an enediol radical anion in the 
presence of heavy metals. In the presence of oxygen, these anions generate superoxide 

anions that combine to form hydrogen peroxide in a reaction catalyzed by superoxide 
dismutase (SOD). In the presence of heavy metals, hydrogen peroxide forms the highly 
toxic hydroxyl radical. Hunt et al. also demonstrated that hydroxyl radical scavengers 
protect against glucose-induced fragmentation of protein (Hunt JV, Dean RT, Wolff SP: 



Hydroxyl radical production and autoxidative glycosylation: glucose autoxidation as the 
cause of protein damage in the experimental glycation model of diabetes mellitus and 
ageing. Biochem J256 :205 –212,1988).  

Earlier work by Grankvist et al. demonstrated that pancreatic islets contain 
relatively small amounts of the antioxidant enzymes CuZn-SOD, Mn-
SOD, catalase, and glutathione peroxidase (GPx) (Grankvist K, Marklund SL, 
Taljedal IB: CuZn-superoxide dismutase, Mn-superoxide dismutase, catalase and 
glutathione peroxidase in pancreatic islets and other tissues in the mouse. Biochem J199 
:393 –398,1981). 

 In 1982, Malaisse et al. demonstrated that ß-cells in albino rats were sensitive to peroxide 
and that the activity of GPx was low. At about the same time, Grankvist et al. 

demonstrated that treatment with SOD prevented alloxan-induced diabetes 
in mice (Grankvist K, Marklund S, Taljedal IB: Superoxide dismutase is a prophylactic 
against alloxan diabetes. Nature294 :158 –160,1981).  

These and many other observations have reinforced the notion that the intrinsically low 
levels of antioxidant activity of islets render them particularly at risk for ROS-induced 

damage.  

The pathophysiological implication of the islet’s intrinsically low level of antioxidant 
enzyme expression and activity is that the ß-cell is at greater risk of oxidative damage 

than other tissues with higher levels of antioxidant protection. I believe that the low 
levels of antioxidant enzymes indicates that there is a need for high 
EMOD levels in the normal pancreas, just as we see in the brain, heart 
and vasculature.  

To explore this concept in greater depth, Robertson et al recently examined whether 
glucose could increase oxidative stress in human islets. Compared with a low 
concentration of glucose, a higher concentration was shown to increase the level of 
intracellular peroxide levels within the islet. This was prevented by coincubation with 

mannoheptulose, indicating that glucose metabolism was essential for the event. These 
observations agree with those of Ihara et al., who reported elevated levels of oxidative 
stress markers (8-hydroxy-2'-deoxyguanosine and 4-hydroxy-2-nonenal-modified 

proteins) in ß-cells of Goto Kakazaki rats. Because GPx levels are known to be 
diminished in islets, we also examined whether interference with the existing level of 
GPx activity would facilitate the adverse effects of oxidative stress on the islet. Incubation 
of islets with buthionine sulfoximine, an inhibitor of -glutamylcysteine ligase (GCL) and 
thereby glutathione (GSH) synthesis, negated the ameliorative effect of N-acetylcysteine 

on ribose-induced decreases in insulin gene expression, emphasizing the importance of 
endogenous GSH and GPx activity in protecting the islet. In additional experiments, they 
observed that infection of isolated islets with adenovirus encoding GPx increased 

enzymatic activity sixfold. This protected the islet against the effects of ribose to 
increase intraislet peroxide levels and to decrease insulin gene expression, insulin 



content, and glucose-induced insulin secretion. These results led them to suggest that 
therapeutic steps designed to increase intrinsic antioxidant activity within the islet may 
protect it against the oxidative stress associated with glucose toxicity. 

12.0.5    Hyperglycemia 
 
Patients with early hyperglycaemia, whether diabetic or not, have an increased risk 
for allograft rejection. High sugar levels may exacerbate warm ischaemic damage, with 
the resulting tissue injury acting as trigger for rejection. It is known that 
hyperglycaemia, worsens renal ischaemic injury in experimental models (Podrazik 
RM, Natale JE, Zelenock GB, D'Alecy LG: Hyperglycaemia exacerbates and insulin fails 
to protect in acute renal ischaemia in the rat. J Surg Res 1989, 46(6):572-578), suggesting 
a direct role for glucose.  
 
The generation of lactate and reactive oxygen species are augmented by acute 
hyperglycaemia and re-perfusion injury may also be increased (Ceriello A: Acute 
hyperglycaemia and oxidative stress generation. Diabet Med 1997, 14(suppl3):S45-9).  
 
High sugars have a direct vasoconstrictor effect in non-diabetic renal vessels 
(Walczyk MH, Pulliam J, Bennett WM: Effects of hyperglycaemia and mannitol 
infusions on renal hemodynamics in normal subjects. Am J Med Sci 1990, 300(4):218-
224) and result in endothelial dysfunction through hyper-osmolarity, oxidant 
formation, and protein kinase C (PKC) activation (Akbari CM, Saouaf R, Barnhill 
DF, Newman PA, LoGerfo FW, Veves : Endothelium-dependent vasodilatation is 
impaired in both microcirculation and macrocirculation during acute hyperglycaemia. J 
Vasc Surg 1998, 28(4):687-694).  
 

Over the past two decades, investigators have increasingly recognised the importance of 
the endothelium as a central regulator of vascular and body homeostasis. The 
vascular endothelium is versatile and multifunctional. In addition to its role as a 
selective permeability barrier, it has many synthetic and metabolic properties, 
including modulation of vascular tone and blood flow, regulation of immune and 
inflammatory responses, and regulation of coagulation, fibrinolysis and thrombosis. 
Perturbations of endothelial structure and function result in pathological states. Following 
radiation exposure, changes of the vasculature and more specifically of the endothelial 
cells were a prominent histological finding dating back more than a century. Since then, 
there have been numerous studies detailing the morphological and functional changes 
seen in all types of vessels following irradiation of critical organ systems. This review 
addresses the question of how alterations in endothelial cell functions could play a critical 

role in mediating organ dysfunction following radiation exposure (A unifying system: 
does the vascular endothelium have a role to play in multi-organ failure following 
radiation exposure? M-H Gaugler. British Journal of Radiology (2005) Supplement_27, 
100-105). 
 



In addition, high sugars may also have a pro-coagulant effect (Min C, Kang E, Yu SH, 
Shinn SH, Kim YS: Advanced glycation end products induce apoptosis and pro-
coagulant activity in cultured human umbilical vein endothelial cells. 
Diabetes Res Clin Pract 1999, 46(3):197-202). 
 
The development of type 2 diabetes requires, in part, impaired beta cell function. 
Hyperglycemia itself causes further decreases in glucose-stimulated insulin 
secretion. A new study demonstrates that hyperglycemia-induced mitochondrial 
superoxide production activates uncoupling protein 2, which decreases the ATP/ADP 
ratio and thus reduces the insulin-secretory response. These data suggest that 
pharmacologic inhibition of mitochondrial superoxide overproduction in beta cells 
exposed to hyperglycemia could prevent a positive feed-forward loop of glucotoxicity 
that drives impaired glucose tolerance toward frank type 2 diabetes (A radical 
explanation for glucose-induced beta cell dysfunction. Brownlee M. J Clin Invest. 2003 
Dec;112(12):1788-90). I believe that this is a highly speculative paper. 
 

It has been estimated that up to 70% of patients with acute myocardial infarction have 
either diabetes or impaired glucose tolerance (Norhammar, A. et al.2002. Glucose 
metabolism in patients with acute myocardial infarction and no previous diagnosis of 
diabetes mellitus: a prospective study. Lancet. 360:2140-2144).  

As a consequence of its microvascular pathology, diabetes is the leading cause of 
blindness, end-stage renal disease, and a variety of debilitating neuropathies. Diabetics 
are the fastest-growing group of renal dialysis and transplant recipients, and in the US, 
their 5-year survival rate is only 21 percent, worse overall than that for all forms of cancer 
combined. Over 60% of diabetic patients suffer from neuropathy, which accounts for 
50% of all nontraumatic amputations in the US (National Diabetes Data Group. 1995. 
Diabetes in America. 2nd edition. Bethesda, Maryland, USA. NIH Publication no. 95-
1468. 1–730).  

Both genetic and environmental factors (mainly obesity) contribute to insulin resistance. 
Insulin resistance induces a compensatory increase in ß cell mass, which in many people 
results in normal glucose levels. In other people, intrinsic defects in this compensatory ß 

cell response prevent adequate compensation, and impaired glucose tolerance or type 2 
diabetes occurs. Impaired glucose tolerance leads to type 2 diabetes in a significant 
number of people, and type 2 diabetes, in turn, becomes progressively unresponsive to 
oral antidiabetic agents, until treatment with insulin is necessary.  I must ask, “How can 
there be compensatory increase in beta cells if EMODs are killing them?”   

The glucose-sensitive increase in the ATP/ADP ratio is caused by greater electron flux 
through the mitochondrial electron-transport system. Pyruvate derived from glycolysis is 
transported into the mitochondria, where it is oxidized by the tricarboxylic acid (TCA) 
cycle to produce NADH and reduced flavin adenine dinucleotide (FADH2). 
Mitochondrial NADH and FADH2 provide energy for ATP production via oxidative 
phosphorylation by the electron-transport chain. 

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


 
Hyperglycemia increases production of electron donors from the tricarboxylic acid 
(TCA) cycle (NADH and FADH2). This increases the membrane potential ( µH

+), 
because protons are pumped across the mitochondrial inner membrane in proportion to 
electron flux through the electron-transport chain. Inhibition of electron transport at 
Complex III by increased µH

+ increases the half-life of free radical intermediates of 
coenzyme Q, which reduce O2 to superoxide. 
 
Electron flow through the mitochondrial electron-transport chain is carried out by four 
inner membrane–associated enzyme complexes, plus cytochrome c and the mobile carrier 
coenzyme Q. NADH derived from the TCA cycle donates electrons to Complex I. 
Complex I ultimately transfers its electrons to coenzyme Q. Coenzyme Q is also reduced 
by electrons donated from several FADH2-containing dehydrogenases, such as the TCA 
cycle succinate:ubiquinone oxidoreductase (Complex II). Electrons from reduced 
coenzyme Q are then transferred to Complex III. Electron transport then proceeds through 
cytochrome c, Complex IV, and, finally, molecular oxygen.  
 

12.0.6    EMODs and Hyperglycemia 

Enhanced oxidative stress due to hyperglycemia has been implicated in diabetic 
complications and is considered a major cause of cell and tissue damage. 

12.0.7   Mitochondrial Oxidative Damage in Diabetes 

Much of the long-term pathology of diabetes occurs as a consequence of persistent 
hyperglycemia. Four consequences of hyperglycemia of particular pathological relevance 
are the formation, auto-oxidation, and interaction with cell receptors of advanced 
glycation end products (AGEs); activation of various isoforms of protein kinase C; 
induction of the polyol pathway; and increased hexosamine pathway flux. Many of these 
pathways have long been associated with elevated oxidative stress, for example, through 
auto-oxidation of AGEs or through the action of the polyol pathway depleting cytosolic 
NADPH and thereby decreasing the cellular glutathione/glutathione disulfide ratio. 
Recently, a hypothesis was proposed that suggests that all these processes are a 
consequence of overproduction of superoxide by the mitochondrial respiratory 
chain during hyperglycemia. This is thought to occur because hyperglycemia increases 
the flow of electrons to the respiratory chain by maintaining large mitochondrial 
NADH/NAD and FADH2/FAD ratios under conditions of high (∆p). Thus, mitochondria 
in many tissues would spend more time under state 4--like conditions of low 
respiration rate, high (∆p), and reduced electron carriers, all of which favor 
superoxide formation. However, it should be noted that the validity of this link between 
hyperglycemia and increased mitochondrial superoxide production has not yet been 
demonstrated. Indeed, in isolated hepatocytes, simply increasing the glucose 
concentration does not increase (∆p), mitochondrial respiration rate, or cytosolic 
NADH/NAD ratio; instead, most of the excess glucose is converted to glycogen. 
Consequently, the link between hyperglycemia and increased mitochondrial 



superoxide production may turn out to be due to some other interaction with 
mitochondria, not mediated directly by the redox state of electron carriers. 

12.0.8     Beta cell dysfunction from high glucose is not due to EMODs 

Khaldi et al previously showed that the stimulation of heme oxygenase-1 expression by 
high glucose and hydrogen peroxide (H2O2) in cultured rat islets is prevented by 
antioxidants and suggested that this effect of high glucose results from an oxidative 
stress. However, the role of oxidative stress in high-glucose-induced -cell 
dysfunction is unclear. They therefore compared the preventative effects of N-acetyl-L-
cysteine (NAC), a free radical scavenger, and manganese(III)tetrakis (4-benzoic 
acid)porphyrin (MnTBAP), a superoxide dismutase/catalase mimetic agent, on the 
alteration of stimulus-secretion coupling induced in rat islets by overnight exposure to 
hydrogen peroxide (H2O2-treated islets) or 1-wk culture in 30 vs. 10 mmol/l glucose 

(High-glucose vs. Control islets). The features of -cell dysfunction differed between the 
two groups: reduced glucose-induced insulin secretion without changes in glucose 
sensitivity in H2O2-treated islets; increased sensitivity to glucose with parallel reductions 

in insulin content and maximal rate of glucose-induced insulin secretion in High-glucose 
islets. The latter alterations were accompanied by a decrease in preproinsulin without 
changes in pancreatic and duodenal homeobox gene 1 mRNA levels. The functional 

alterations induced by H2O2 were significantly prevented by addition of NAC or 
MnTBAP in the culture medium. In contrast, neither NAC nor MnTBAP affected the 
functional alterations induced by high glucose. These results suggest that -cell 
dysfunction induced by 1-wk culture in high glucose does not result 
from an increase in oxidative stress (Antioxidants N-acetyl-L-cysteine and 
manganese(III)tetrakis (4-benzoic acid)porphyrin do not prevent beta cell dysfunction in 
rat islets cultured in high glucose for 1 wk. M. Z. Khaldi, H. Elouil, Y. Guiot, J. C. 
Henquin, and J. C. Jonas.  Am J Physiol Endocrinol Metab 291: E137-E146, 2006). 

1.2.0.9    Glucose Suppresses Superoxide Generation in Metabolically Responsive 
Pancreatic Beta Cells 

High rates of glucose metabolism and mitochondrial electron transport have been 
associated with increased mitochondrial production of reactive oxygen species (ROS). 
This mechanism was also proposed as a possible cause for dysfunction and death of 
pancreatic cells exposed to high glucose levels. Martens examined whether high rates of 
glucose metabolism increase ROS production in purified rat cells. Glucose up to 20 
mM did not stimulate H2O2 or superoxide production, whereas it dose-
dependently increased cellular NAD(P)H and FADH2 levels with an EC50 around 8 mM. 
On the contrary, glucose concentration-dependently suppressed H2O2 and 
superoxide formation, with a major effect between 0 and 5 mM, parallel to an 
increase in cellular NAD(P)H levels. This suppressive effect was more marked in cells 
with higher NAD(P)H responsiveness to glucose; it was not observed in glucagon-
containing cells, which lacked a glucose-induced increase in NAD(P)H. Suppression 
was also induced by the mitochondrial substrates leucine and succinate. Experiments with 



electron transport chain inhibitors indicate a role of respiratory complex I in ROS 
production at low mitochondrial activity and low NADH levels. Superoxide production at 
low glucose is potentially cytotoxic, because scavenging by the superoxide dismutase 
mimetic agent manganese(III)tetrakis(4-benzoic acid)porphyrin was found to reduce the 
rate of cell apoptosis. Analysis of islets cultured at 20 mM glucose confirmed that 

this condition does not induce ROS production in cells as a result of their increased 
rates of glucose metabolism. Their study indicates the need of cells for basal nutrients 
maintaining mitochondrial NADH production at levels that suppress ROS accumulation 

from an inadequate respiratory complex I activity and thus inhibit a potential apoptotic 
pathway (Glucose Suppresses Superoxide Generation in Metabolically Responsive 
Pancreatic Beta Cells. Geert A. Martens, Ying Cai, Simon Hinke, Geert Stangé, Mark 
Van de Casteele, and Daniel Pipeleers. J. Biol. Chem., Vol. 280, Issue 21, 20389-20396, 
May 27, 2005). I believe that this is a very important study and it clearly illustrates 
the fact that hyperglycemia does not result in increased EMOD production and beta 
cell death. 

1.2.0.10   High glucose impairs superoxide production from isolated blood 
neutrophils 

Superoxide O2
.- a key antimicrobial agent in phagocytes, is produced by the activity of 

NADPH oxidase. High glucose concentrations may, however, impair the production of 
O2

.- through inhibition of glucose-6-phosphate dehydrogenase (G6PD), which catalyzes 
the formation of NADPH. This study measured the acute effects of high glucose or the 
G6PD inhibitor dehydroepiandrosterone (DHEA) on the production of O2

.- from isolated 
human neutrophils. Neutrophils were isolated from peripheral blood and incubated for 1 
h in Krebs-Ringer buffer containing 5, 10, or 25 mM glucose, 5 mM glucose with 0, 5, or 
20 mM mannitol, or 5 mM glucose with 0, 1, 10, or 100 micro M DHEA. O2

.- production 
was induced by N-formyl-methionyl-leucyl-phenylalanine and measured by the 
cytochrome c reduction assay. Potential scavenging of O2

.- by glucose, mannitol, or 
DHEA was assessed in a cell free system using the pyrogallol assay.  

Incubation of neutrophils with glucose dose-dependently reduced O2
.- production, 

which was 50% decreased at 25 mM glucose. Also DHEA reduced the production of 
O2

.- dose-dependently, whereas production rates were unaffected by mannitol. Neither 
glucose, mannitol, nor DHEA scavenged O2

.- CONCLUSIONS: High extracellular 
glucose concentrations acutely reduce O2

.- production from activated neutrophils possibly 
through inhibition of G6PD. If this occurs in vivo, microbial killing by 
neutrophils may be impaired during acute hyperglycemia, as observed 
after major surgery, trauma, or severe infection (High glucose impairs 
superoxide production from isolated blood neutrophils. Perner, A. et al. Intensive Care 
Med. 2003 Apr;29(4):642-5). 

The evidence for increased mitochondrial ROS production during hyperglycemia comes 
from experiments on cultured endothelial cells, where raising the glucose concentration 
from 5 to 30 mmol/l increased cytosolic ROS production, as measured by the rate of 
oxidation of dichlorodihydrofluorescein to dichlorofluorescein (DCF). The reaction 



between hydrogen peroxide and dichlorodihydrofluorescein is catalyzed by intracellular 
peroxidases; thus, an increase in cellular DCF oxidation is consistent with elevated 
mitochondrial superoxide production forming hydrogen peroxide, which then diffuses to 
the cytoplasm. DCF oxidation was disrupted by overexpression of mitochondrial 
MnSOD, suggesting that the proximal ROS produced was superoxide within the 
mitochondrial matrix. However, it is unclear why overexpressing MnSOD abolished the 
DCF oxidation signal, because MnSOD should convert the superoxide to hydrogen 
peroxide, which should then efflux from the mitochondria and enhance the DCF signal. 
This finding suggests that the nature of the ROS being measured in these experiments 
remains uncertain. DCF oxidation was also blocked by inhibitors of mitochondrial 
pyruvate uptake and of succinate dehydrogenase, but not by rotenone, suggesting that 
reverse electron transport was not involved. ROS production was also blocked by 
overexpression of UCP1, indicating (∆p) dependence. The increase in mitochondrial 
ROS production associated with hyperglycemia also led to the activation of the redox-
sensitive cytosolic transcription factor NFκB, the formation of AGEs, and the activation 
of protein kinase C, all of which were prevented by blocking mitochondrial ROS 
production with MnSOD, respiratory inhibitors, or UCP1. 

The model that arose from these studies is that an increase in mitochondrial ROS in 
response to hyperglycemia is the proximal defect that leads to most of the other 
pathological consequences of hyperglycemia. There is no doubt this view will prove too 
simplistic and will have to be extended to accommodate other sites of ROS production. 
Nevertheless, this is a major new insight that suggests how preventing the 
production of superoxide by mitochondria, or increasing its rate of decomposition 
by antioxidants, may block many of the pathological consequences of 
hyperglycemia. In addition, [beta]-cell mitochondria are essential for GSIS but are 
susceptible to oxidative damage during hyperglycemia that suppresses GSIS, thus 
contributing to the progression of the disease through a vicious cycle in which 
hyperglycemia causes oxidative damage, which in turn disrupts the ability of [beta]-cells 
to respond to elevated blood glucose, leading to further hyperglycemia. 

In summary, increased mitochondrial ROS production during hyperglycemia may be a 
major factor in the pathology of diabetes. This suggests that therapeutic strategies to limit 
mitochondrial radical production during hyperglycemia and to counteract their damaging 
effects may be useful complements to conventional therapies designed to normalize 
blood glucose. Unfortunately, attempts to therapeutically utilize antioxidants have 
failed.  

1.2.0.11   Elevated Glucose Level Is A Strong Risk Factor For Colorectal Cancer 

Diabetes is a very common illness that affects more than 20 million people in the U.S. 
and it is estimated an additional 54 million Americans have pre-diabetes, a condition 
that occurs when a person's blood glucose levels are higher than normal but not high 
enough for a diagnosis of type 2 diabetes. Therefore, it is important to determine whether 
glucose and insulin levels are associated with a higher risk of colon polyps, the precursor 



lesions to colon cancer. According to the results of a study published in November 2007 
Gastroenterology, patients with high levels of insulin and glucose are at increased 
risk of developing recurrent colorectal adenomas, or tumors, with elevated glucose 
providing the strongest risk factor for recurrence of these lesions.  
 
"This is the first study to determine whether elevated glucose or insulin as measured 
when or shortly after a patient has had polyps removed during a baseline colonoscopy 
procedure increases their risk for subsequent recurrence of pre-cancerous growths in the 
colon," according to Andrew Flood, PhD, of the University of Minnesota and lead author 
of the study. "The results of our study have important clinical implications with respect to 
maintenance of glycemic control in patients with a history of colorectal polyps."  
 
In particular, study subjects who had even modestly impaired fasting glucose (an early 
sign of insulin resistance, itself a precursor of diabetes) had an especially large increased 
risk of recurrence of the types of polyps that are most likely to progress to invasive 
cancer. Therefore, the clinical management of glycemic control is important in 
reducing the risk of tumor recurrence and colorectal cancer. The glucose levels 
observed by researchers in the Polyp Prevention Trial, of which this study was a subset 
analysis, and the levels of exposure that led to the increased risk, were not unusually 
elevated. Researchers used a glucose concentration of 99 mg/dl as the cut point for the 
patients in the high group in the study; a fasting blood glucose level between 100 and 
125 mg/dl signals pre-diabetes. The levels used in the study are reflective of those in the 
general U.S. population, therefore it is important to note that even a modest elevation of 
fasting glucose can affect a patient's risk of colorectal cancer.  
 
Patients who presented with the highest levels of both insulin and glucose had an 
approximately 50 percent increased risk of colorectal tumor recurrence. The Polyp 
Prevention Trial found a recurrence for colorectal tumors of 39.6 percent over four 
years, meaning the recurrence rate in this subset of patients represents a large 
increase in absolute risk. Patients who had a high concentration of glucose 
experienced more than 2.4 times increased odds of advanced tumor recurrence. The 
subjects with the highest glucose concentration also tended to be slightly older and have 
higher body mass index (BMI) and waist to hip ratios. Additionally, they were more 
likely to be male, current smokers, a member of a minority group and less likely to have 
advanced beyond a high school education. For those without a family history of 
colorectal cancer, researchers observed an even greater risk with elevated concentrations 
of insulin and glucose compared to the overall study population.  
 
More than 1,905 patients from the Polyp Prevention Trial completed the study 
protocol, of which 375 matched pairs, or 750 patients, were included in this subset 
analysis. The patients were matched for gender and age within five years among trial 
participants who had recurrent adenomas and stored serum. The Polyp Prevention Trial 
was a clinical trial headed by the National Cancer Institute conducted with 2,079 men and 
women to determine the effect of a low-fat, high-fiber, high fruit/vegetable eating plan on 
the recurrence of precancerous polyps in the colon and rectum. Every participant had 



been diagnosed with a polyp within the previous six months, which was removed at 
colonoscopy.   

I believe that my theory on EMOD insufficiency predicts these results, in that 
elevated glucose supresses superoxide formation and thus allows for the 
development of cancer.   

12.1.0   Uncoupling Proteins (UCP) 

Electron transfer through Complexes I, III, and IV generates a proton (voltage) gradient. 
Much of the energy of this voltage gradient ( µH

+) is used to generate ATP, as the 
collapse of the proton gradient through ATP synthase (Complex V) drives the ATP 
synthetic machinery. This energy can also be dissipated as heat through the mediation of 
uncoupling proteins (UCPs). When the electrochemical potential difference generated by 
this proton gradient is high, electron transport in Complex III is partially inhibited, 
resulting in a backup of electrons to coenzyme Q and their donation to molecular oxygen, 
leading to increased generation of the free radical superoxide. Please remember that a 
proton gradient is also a pH gradient. 

Krauss et al. show that the key missing element in hyperglycemia-induced ß cell 

dysfunction is activation of UCP2. Krauss et al. demonstrate that under physiologic 
conditions, endogenous superoxide generated by hyperglycemia activates UCP2. This 
activation diverts energy away from ATP synthesis, thereby decreasing the ATP/ADP 

ratio. This results in impaired glucose-stimulated insulin secretion (Krauss, S. et al. 2003.  
Superoxide-mediated activation of uncoupling protein 2 causes pancreatic ß cell 
dysfunction. J. Clin. Invest. 112:1831-1842). 
 
Uncoupling proteins (UCP) are carriers expressed in the mitochondrial inner membrane 
that uncouple oxygen consumption by the respiratory chain from ATP synthesis. UCP2 is 
a member of the multigenic UCP family that is expressed in a wide range of tissues and 
organs. Possible functions of UCP2 include control of ATP synthesis, regulation of fatty 
acid metabolism and control of reactive oxygen species production. UCP2 expression in 
tissues involved in lipid and energy metabolism and mapping of the gene to a region 
linked to obesity and hyperinsulinemia prompted studies on the involvement of UCP2 in 
metabolic disorders, and especially in type 2 diabetes. In human adipose tissue and 
skeletal muscle, UCP2 expression is increased during fasting. The carrier was shown to 
be under the control of fatty acids and thyroid hormones in vivo. An upregulation has 
been observed in the liver during high-fat feeding and obesity. However, data in UCP2 
gene knockout mice do not support a role for UCP2 in steatohepatitis. The most 
compelling metabolic role of UCP2 comes from studies in pancreatic beta cells. 
Overexpression in isolated pancreatic islets results in decreased ATP content and 
blunted glucose-stimulated insulin secretion. UCP2-deficient mice show an 
increased ATP level and an enhanced insulin secretion. Lack of UCP2 dramatically 
improves insulin secretion and decreases hyperglycemia in leptin-deficient mice 
(The role of uncoupling protein 2 in the development of type 2 diabetes. Langin D. Drugs 
Today (Barc). 2003 Apr;39(4):287-95). 

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


 
Accumulation of fat in the tissues results from the balance between energy intake and 
expenditure. The thyroid hormones have long been known to be the main regulators 
of basal metabolism through its stimulation of oxygen consumption in cells. The 
discovery of brown adipose tissue (BAT) and its unique activity of heat production and 
dissipation through the action of uncoupling protein-1 (UCP1) during cold stress, showed 
the relevance of this tissue for energy expenditure in lower mammals. UCP1 is only 
expressed in BAT through the synergistic action of norepinephrine (NE) and thyroid 
hormones in animals exposed to cold and to a lesser degree after meals. The uncoupling 
protein-2 (UCP2) is found in many tissues and exerts dual effects: it protects cells 
function from damage caused by reactive oxygen species (ROS). On the other hand, 
the uncoupling induced by UCP2 in mitochondria of pancreatic beta cells decreases ATP 
synthesis and impairs insulin secretion in response to glucose. Hyperlipidemia also 
prevents insulin secretion through a similar pathway, leading to hyperglycemia. The 
uncoupling protein-3 is found mostly in skeletal muscle and BAT and its absence did not 
alter heat production or body temperature. This protein would export fatty acids outside 
the mitochondrial matrix for combustion in tissues where fat is the main fuel. In humans, 
the uncoupling proteins may not play a leading role in energy regulation ([Role of 
uncoupling proteins UCP1, UCP2 and UCP3 in energy balance, type 2 diabetes and 
obesity. Synergism with the thyroid] [Article in Spanish] Zaninovich AA. Medicina (B 
Aires). 2005;65(2):163-9). 
 
Accumulation of fat in the tissues results from the balance between energy intake 
and expenditure. The thyroid hormones have long been known to be the main 
regulators of basal metabolism through its stimulation of oxygen consumption 
in cells. The discovery of brown adipose tissue (BAT) and its unique activity of heat 
production and dissipation through the action of uncoupling protein-1 (UCP1) during 
cold stress, showed the relevance of this tissue for energy expenditure in lower mammals. 
UCP1 is only expressed in BAT through the synergistic action of norepinephrine (NE) 
and thyroid hormones in animals exposed to cold and to a lesser degree after meals.  
 
The uncoupling protein-2 (UCP2) is found in many tissues and exerts dual effects: it 
protects cells function from damage caused by reactive oxygen species (ROS). On 
the other hand, the uncoupling induced by UCP2 in mitochondria of 
pancreatic beta cells decreases ATP synthesis and impairs insulin 
secretion in response to glucose. Hyperlipidemia also prevents insulin secretion 
through a similar pathway, leading to hyperglycemia. The uncoupling protein-3 is found 
mostly in skeletal muscle and BAT and its absence did not alter heat production or body 
temperature. This protein would export fatty acids outside the mitochondrial matrix for 
combustion in tissues where fat is the main fuel. In humans, the uncoupling proteins 
may not play a leading role in energy regulation ([Role of uncoupling proteins UCP1, 
UCP2 and UCP3 in energy balance, type 2 diabetes and obesity. Synergism with the 
thyroid] [Article in Spanish]  
Zaninovich AA. Medicina (B Aires). 2005;65(2):163-9). 
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12.1.1   Hyperglycemia and EMODs 

Evidence implicates hyperglycemia-derived oxygen free radicals as mediators of 
diabetic complications. However, intervention studies with classic 
antioxidants, such as vitamin E, failed to demonstrate any beneficial 
effect. Recent studies demonstrate that a single hyperglycemia-induced process of 
overproduction of superoxide by the mitochondrial electron-transport chain seems 
to be the first and key event in the activation of all other pathways involved in the 
pathogenesis of diabetic complications. These include increased polyol pathway flux, 
increased advanced glycosylation end product formation, activation of protein 
kinase C, and increased hexosamine pathway flux.  

Superoxide overproduction is accompanied by increased nitric oxide generation, due to 
an endothelial NOS and inducible NOS uncoupled state, a phenomenon favoring the 
formation of the strong oxidant peroxynitrite, which in turn damages DNA. DNA damage 
is an obligatory stimulus for the activation of the nuclear enzyme poly(ADP-ribose) 
polymerase. Poly(ADP-ribose) polymerase activation in turn depletes the intracellular 
concentration of its substrate NAD(+), slowing the rate of glycolysis, electron transport, 
and ATP formation, and produces an ADP-ribosylation of the GAPDH. These processes 
result in acute endothelial dysfunction in diabetic blood vessels that, convincingly, also 
contributes to the development of diabetic complications.  

These new findings may explain why classic antioxidants, such as vitamin E, which work 
by scavenging already-formed toxic oxidation products, have failed to show beneficial 
effects on diabetic complications and may suggest new and attractive "causal" antioxidant 
therapy. New low-molecular mass compounds that act as SOD or catalase mimetics or L-
propionyl-carnitine and lipoic acid, which work as intracellular superoxide scavengers, 
improving mitochondrial function and reducing DNA damage, may be good candidates 
for such a strategy, and preliminary studies support this hypothesis. This "causal" therapy 
would also be associated with other promising tools such as LY 333531, PJ34, and FP15, 
which block the protein kinase beta isoform, poly(ADP-ribose) polymerase, and 
peroxynitrite, respectively. While waiting for these focused tools, we may have other 
options: thiazolinediones, statins, ACE inhibitors, and angiotensin 1 inhibitors can 
reduce intracellular oxidative stress generation, and it has been suggested that many 
of their beneficial effects, even in diabetic patients, are due to this property (New insights 
on oxidative stress and diabetic complications may lead to a "causal" antioxidant therapy. 
Ceriello A. Diabetes Care. 2003 May; 26(5):1589-96). The role of oxidative stress 
in diabetes is questioned by the results of intervention studies with 
antioxidants, which are elusive or unsuccessful (Marchioli R, Schweiger C, 
Levantesi G, Gavazzi L, Valagussa F: Antioxidant vitamins and prevention of 
cardiovascular disease: epidemiological and clinical trial data. Lipids 36:S53–S63, 2001). 

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


12.1.2   Hyperglycemia in pregnancy lowers embryo oxygen and increases birth 
defects 

The babies of women with diabetes are two to five times more likely to develop birth 
defects than offspring of women without the disease. A recent study in animals by 
scientists at Joslin Diabetes Center in Boston helps explain why. The research, appearing 
in the October issue of the American Journal of Physiology: Endocrinology and 
Metabolism, suggests that high blood glucose levels early in pregnancy deprive the 
embryo of oxygen, interfering with its development (Am J Physiol Endocrinol Metab 
289: E591-E599, 2005 (October). 

The study’s lead investigator was Mary R. Loeken, Ph.D., an investigator in Joslin’s 
Section on Developmental and Stem Cell Biology and Assistant Professor of Medicine at 
Harvard Medical School. 

Women with both type 1 and type 2 diabetes run a high risk of having babies with 
birth defects, especially of the heart and spinal cord. Because these organs form 
during the first few weeks of pregnancy, coinciding with the time that a woman may first 
learn she is pregnant, aggressive control of blood glucose levels just before and after 
conception is critical. Maintaining blood glucose control continues to be important 
throughout the pregnancy, but it is particularly important during the first eight weeks, 
when an embryo’s organs are forming. 

There have been several recent reports of increased birth defects in the pregnancies of 
obese women. “Many obese individuals have type 2 diabetes and do not know it, so it is a 
good idea to bring glucose levels to within the normal range before becoming pregnant, 
and to monitor women with pre-diabetes closely during pregnancy to make sure that they 
don’t develop diabetes,” Dr. Loeken says. 

In the new study, Dr. Loeken and her colleagues examined embryos of pregnant mice 
injected with glucose (the sugar that is elevated in the blood during diabetes) to mimic 
diabetic pregnancy. The researchers knew that oxygen is needed by cells to break down 
glucose and produce energy, and that normally, when oxygen is consumed, more oxygen 
is delivered to tissues by increasing blood flow to those tissues. However, at the stage of 
embryonic development in which birth defects in women with diabetes frequently are 
believed to occur, the embryo does not yet have a heart or blood supply, and so the 
scientists theorized it might not be possible to replace oxygen as rapidly as it is 
consumed. This has the potential to cause hypoxic stress, or damage to cells caused by 
low oxygen (hypoxia). 

Working in collaboration with Peter Smith, Ph.D., Director of the BioCurrents Research 
Center at the Marine Biological Laboratory at Woods Hole, Mass., Dr. Loeken found that 
the oxygen concentrations in embryos of mice injected with glucose 
were significantly lower than in control embryos. This demonstrated that 
breaking down higher amounts of glucose caused oxygen to be used up faster than it 
could be delivered. 

http://www.joslin.org/732_1214.asp


The researchers then injected pregnant mice with glucose, or exposed them to varying 
levels of oxygen to see if raising and lowering oxygen delivery to the embryos had the 
same effect as raising and lowering glucose. The scientists’ goal was to see whether 
oxygen deprivation is what mediates the effects of high glucose on the embryo in 
pregnant diabetic mice. Dr. Loeken’s lab had previously found that inducing high blood 
glucose levels in pregnant mice suppressed Pax3 expression in embryos. Pax3 is a 
gene required for healthy formation of the brain and spinal cord. 

In the new study, the researchers found that restricting oxygen delivery (by housing 
pregnant mice for one day in cages containing 12 percent oxygen—a concentration that 
did not cause any stress to the mothers, but which might significantly reduce the amount 
of oxygen delivered to the uterus—instead of 20 percent oxygen contained in room air at 
sea level) had the same effect as high glucose. In fact, embryos from pregnant 
mice with high blood glucose levels, or oxygen-restricted mice, had five-
fold decreases in Pax3 expression and eight-fold increases in a severe 
type of birth defect called neural tube defects. Conversely, increasing the 
oxygen delivery to pregnant diabetic mice (by housing them in cages containing 30 
percent oxygen) blocked the decrease in Pax3 expression and neural tube defects in 
their embryos. 

Neural tube defects occur when parts of the brain, spinal cord, or their protective 
coverings fail to develop properly. For example, spina bifida—the most common neural 
tube defect in humans—results from the incomplete closure of the spinal cord. Neural 
tube defects and heart abnormalities are the most common birth defects affecting 
babies born to women with diabetes. 

Previous research by Dr. Loeken and others has shown that in pregnant mice, high blood 
glucose levels boost an embryo’s production of free radicals—products of metabolism 
that cause oxidative stress, and that oxidative stress leads to birth defects. These new 
experiments showed that glucose also caused hypoxic stress in embryos. However, what 
Dr. Loeken and her colleagues did not know was whether glucose caused two different 
disturbances, hypoxic stress and oxidative stress, each having separate effects on Pax3 
expression, or whether the two disturbances were linked. To their surprise, when they 
investigated the production of free radicals, they found that embryos of oxygen-restricted 
mice showed the same three- to five-fold changes in markers of oxidative stress as did 
embryos of glucose-injected mice. Conversely, the markers of oxidative stress were 
suppressed in embryos of oxygen-supplemented diabetic mice. These results suggest that 
the lack of oxygen caused by increased glucose consumption triggers the production 
of free radicals, which then causes birth defects, Dr. Loeken explains. I believe that the 
decreased oxygen levels results in lowered levels of EMODs. 

The researchers also found that administration of high levels of antioxidants—which 
keep free radicals from wreaking cellular havoc—prevented the decrease in Pax3 
expression and birth defects in embryos of diabetic mice. This lends weight to the theory 
that lack of oxygen and the accompanying increase in free radical production that occurs 
in mice with high blood glucose levels are what ultimately increase risk of birth defects. 



“We’re trying to pinpoint all the steps that occur between oxygen deprivation and gene 
expression, and to identify the signals and molecules that regulate Pax3,” Dr. Loeken 
says. 

12.1.3   Hyperglycemia and endothelial dysfunction 

Consistently, in vivo studies have also demonstrated that hyperglycemia directly 

induces, both in diabetic and normal subjects, an endothelial dysfunction (Giugliano 
D, Marfella R, Coppola L, Verrazzo G, Acampora R, Giunta R, Nappo F, Lucarelli C, 
D’Onofrio F: Vascular effects of acute hyperglycemia in humans are reversed by L-
arginine: evidence for reduced availability of nitric oxide during hyperglycemia. 
Circulation 95:1783–1790, 1997) (Kawano H, Motoyama T, Hirashima O, Hirai N, 
Miyao Y, Sakamoto T, Kugiyama K, Ogawa H, Yasue H: Hyperglycemia rapidly 
suppresses flow-mediated endothelium-dependent vasodilation of brachial artery. J Am 
Coll Cardiol 34:146–154, 1999).  

The role of free radical generation in producing the hyperglycemia-dependent 

endothelial dysfunction is suggested by studies showing that both in vitro 
(Tesfamariam B, Cohen RA: Free radicals mediate endothelial cell dysfunction caused by 
elevated glucose. Am J Physiol 263:H321–H326, 1992) (Diederich D, Skopec J, 
Diederich A, Dai F: Endothelial dysfunction in mesenteric resistance arteries of diabetic 
rats: role of free radicals. Am J Physiol 266:H1153–H1161, 1994) and in vivo, the acute 

effects of hyperglycemia is counterbalanced by antioxidants (Marfella R, Verrazzo G, 
Acampora R, La Marca C, Giunta R, Lucarelli C, Paolisso G, Ceriello A, Giugliano D: 
Glutathione reverses systemic hemodynamic changes by acute hyperglycemia in healthy 
subjects. Am J Physiol 268:E1167–E1173, 1995) (Ting HH, Timimi FK, Boles KS, 
Creager SJ, Ganz P, Creager MA: Vitamin C improves endothelium-dependent 
vasodilation in patients with non-insulin-dependent diabetes mellitus. J Clin Invest 
97:22–28, 1996) (Ceriello A, Motz E, Giugliano D: Vitamin C and hypertension. Lancet 
355:1271–1272, 2000) (Beckman JA, Goldfine AB, Gordon MB, Creager MA: Ascorbate 
restores endothelium-dependent vasodilation impaired by acute hyperglycemia in 
humans. Circulation 103:1618–1623, 2001).  

12.1.4  Increased superoxide production in endothelial cells during hyperglycemia: 
the unifying hypothesis for the development of diabetic complications 

 
Brownlee (Brownlee M: Biochemistry and molecular cell biology of diabetic 
complications. Nature 414:813–820, 2001) recently pointed out the key role of 
superoxide production in endothelial cells at the mitochondrial level during 

hyperglycemia in the pathogenesis of diabetic complications. This new insight is 
consistent with the four pathways suggested to be involved in the development of 
diabetic complications (increased polyol pathway flux, increased advanced 
glycosylation end product formation, activation of protein kinase C, and increased 

hexosamine pathway flux) and with a unifying hypothesis regarding the effects of 
hyperglycemia on cellular dysfunction (Nishikawa T, Edelstein D, Du X-L, Yamagishi S, 



Matsumura T, Kaneda Y, Yorek M, Beebe D, Oates P, Hammes HP, Giardino I, 
Brownlee M: Normalizing mitochondrial superoxide production blocks three pathways of 
hyperglycaemic damage. Nature 404:787–790, 2000) (Du XL, Edelstein D, Rossetti L, 
Fantus IG, Goldberg H, Ziyadeh F, Wu J, Brownlee M: Hyperglycemia-induced 
mitochondrial superoxide overproduction activates the exosamine pathway and induces 
plasminogen activator inhibitor-1 expression by increasing Sp1 glycosylation. Proc Natl 
Acad Sci U S A 97:12222–12226, 2002).  

The authors used endothelial cells subjected to physiologically relevant glucose 
concentrations as a model system for analyzing the vascular response to hyperglycemia 
because the non-insulin-dependent glucose transporter GLUT1 facilitates diffusion of 
high levels of glucose into the endothelium. In the presence of increased glucose, 
endothelial generation of reactive oxygen species, particularly superoxide anion, was 
shown to be enhanced. Several pathways can be considered as likely candidates for 

oxygen free radical formation in cells. These include NAD(P)H oxidase, the 
mitochondrial respiratory chain, xanthine oxidase, the arachidonic cascade (lipoxygenase 
and cyclooxygenase), and microsomal enzymes (Cross A, Jones O: Enzymic mechanisms 
of superoxide production. Biochim Biophys Acta 1057:281–198, 1991).  

Brownlee et al. have determined that the source of free radicals in endothelial cells 
incubated in high glucose is the transport of glycolysis-derived pyruvate in mitochondria 
at the level of complex II (succinate:ubiquinone oxidoreductase), one of the four inner 
membrane–associated complexes central to oxidative phosphorylation. The data in the 
papers indicate that, at least in the cell culture, endothelium in an environment mimicking 
physiological hyperglycemia cannot control its appetite for glucose. Accelerated flux of 

glucose through glycolysis and feeding of pyruvate (thus formed) to the tricarboxylic 
acid cycle overloads mitochondria, causing excessive generation of free radicals. 
Although oxygen free radicals have been shown to have a physiological role in signal 

transduction, their sustained generation at the levels shown in endothelial cells exposed to 
high glucose can be expected to have substantial effects on cellular properties. Each of the 
pathways implicated in secondary complications of diabetes has been shown to arise by a 
single unifying mechanism. A central contribution of the works of Brownlee et al. is to 
demonstrate that suppression of intracellular free radicals, using low molecular inhibitors 
or by expression of the antioxidant enzyme manganese-superoxide dismutase, prevents 
each of these events (i.e., glucose-induced formation of oxidants is a proximal step in cell 
perturbation).  

The activation of protein kinase C, due to superoxide overproduction, induces a de 
novo synthesis of the enzyme NAD(P)H oxidase, which significantly contributes to 
produce more superoxide anions (Hink U, Li H, Mollnau H, Oelze M, Matheis E, 
Hartmann M, Skatchkov M, Thaiss F, Stahl RAK, Warnholtz A, Meinertz T, Griendling 
K, Harrison DG, Forstermann U, Munzel T: Mechanisms underlying endothelial 
dysfunction in diabetes mellitus. Circ Res 88:14–22, 2001).  

Consistently, in hyperglycemic conditions, an overproduction of both superoxide 
and NO has been reported, with a threefold increase in superoxide generation 



(Cosentino F, Hishikawa K, Katusic ZS, Lüscher TF: High glucose increases nitric oxide 
synthase expression and superoxide anion generation in human aortic endothelial cells. 
Circulation 96:25–28, 1997). 

Lipid disorders and increased oxidative stress may exacerbate some complications 
of diabetes mellitus. Previous studies have implicated the beneficial effects of some 
antioxidants, omega-3 polyunsaturated fatty acids (PUFAs), eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) in the protection of cells from the 
destructive effect of increased lipids and lipid peroxidation products. This study, 
therefore, was designed to investigate the effects of cod liver oil (CLO, Lysi Ltd. Island), 
which comprises mainly vitamin A, PUFAs, EPA and DHA. Effects were monitored on 
plasma lipids, lipid peroxidation products (MDA) and the activities of antioxidant 
enzymes, glutathione peroxidase (GSHPx) and catalase in heart, liver, kidney and lung of 
non-diabetic control and streptozotocin (STZ)-induced-diabetic rats. Two days after STZ-
injection (55 mg kg(-1) i.p.), non-diabetic control and diabetic rats were divided 
randomly into two groups as untreated or treated with CLO (0.5 ml kg(-1) rat per day) for 
12 weeks. Plasma glucose, triacylglycerol and cholesterol concentrations were 
significantly elevated in 12-week untreated-diabetic animals; CLO treatment almost 
completely prevented these abnormalities in triacylglycerol and cholesterol, but 
hyperglycaemia was partially controlled. CLO also provided better weight gain in 
diabetic animals. In untreated diabetic rats, MDA markedly increased in aorta, heart and 
liver but was not significantly changed in kidney and lung. This was accompanied by a 
significant increase in both GSHPx and catalase enzyme activities in aorta, heart, and 
liver of diabetic rats. In kidney and lung, diabetes resulted in reduced catalase while 
GSHPx was significantly activated. In aorta, heart, and liver, diabetes-induced changes in 
MDA were entirely prevented by CLO treatment. In the tissues of CLO-treated diabetic 
animals, GSHPx activity paralleled those of control animals. CLO treatment also caused 
significant improvements in catalase activities in every tissue of diabetic rats, but failed 
to affect MDA and antioxidant activity in control animals. The current study suggests that 
the treatment of diabetic rats with CLO provides better control of glucose and lipid 
metabolism, allows recovery of normal growth rate, prevents oxidative/peroxidative 
stress and ameliorates endogenous antioxidant enzyme activities in various tissues. 
Because CLO contains a plethora of beneficial compounds together, its use for the 
management of diabetes-induced complications may provide important advantages 
(Effects of cod liver oil on tissue antioxidant pathways in normal and streptozotocin-
diabetic rats. Hunkar T, Aktan F, Ceylan A, Karasu C; Antioxidants in Diabetes-Induced 
Complications (ADIC) Study Group. Cell Biochem Funct. 2002 Dec;20(4):297-302). 

 
12.1.5   Glucotoxicity:  Addendum 
 
Moderate or severe hyperglycemia cannot be the primum movens in the 
pathophysiology of type 2 diabetes, but it contributes to the reduction of GIIS. As such, it 
could contribute to the progression from glucose intolerance to overt type 2 diabetes. The 
mechanisms by which hyperglycemia negatively affects functional ß-cell mass are 
still debated. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Karasu+C%22%5BAuthor%5D
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Other genes, such as lactate dehydrogenase A, the mitochondrial uncoupling protein 
UCP-2, and the transcription factor CREM, are induced by hyperglycemia and 
downregulated by cytokines. 
 
It is generally assumed that oxidative stress activates NF- B activity in ß-cells as in other 
cell types. This does not seem to be the case, since acute or overnight exposure to low 
concentrations of hydrogen peroxide does not increase rat islet NF- B activity and 
iNOS expression (H, Cardozo AK, Eizirik DL, Henquin JC, Jonas JC: High glucose and 
hydrogen peroxide increase c-Myc and haeme-oxygenase 1 mRNA levels in rat 
pancreatic islets without activating NF- B. Diabetologia 48:496–505, 2005).  
 
Islet c-Myc and heme-oxygenase 1 expression are similarly induced by hydrogen 
peroxide and high glucose, and these effects are abrogated by the free radical scavenger 
N-acetyl-L-cysteine. This suggests that ß-cell glucotoxicity may, at least in part, result 
from an increase in ß-cell oxidative stress and subsequent JNK activation that is NF- B 
independent. The main source of reactive oxygen species in the ß-cell is 
probably the mitochondrial electron transport chain (Gurgul E, Lortz S, 
Tiedge M, Jörns A, Lenzen S: Mitochondrial catalase overexpression protects insulin-
producing cells against toxicity of reactive oxygen species and proinflammatory 
cytokines. Diabetes 53:2271–2280, 2004) (Fridlyand LE, Philipson LH: Does the 
glucose-dependent insulin secretion mechanism itself cause oxidative stress in pancreatic 
ß-cells? Diabetes 53:1942–1948, 2004). 
 
 It is therefore possible that chronic stimulation of insulin secretion in states of insulin 
resistance induces oxidative stress. Other possible explanations for changes in ß-cell 

function and viability before overt hyperglycemia include activation of the ER stress 
pathway and sustained elevation of cytosolic Ca2+ concentration (Grill V, Bjorklund A: 
Overstimulation and ß-cell function. Diabetes 50 (Suppl. 1):S122–S124, 2001). 
 
It is well established that chronic hyperglycemia leads to ß-cell degranulation and 
reduction in GIIS (Kaiser N, Leibowitz G, Nesher R: Glucotoxicity and ß-cell failure in 
type 2 diabetes mellitus. J Pediatr Endocrinol Metab 16:5–22, 2003), but the effect of 

hyperglycemia on the ß-cell sensitivity to glucose is controversial. 
 
They have recently observed that overnight exposure of rat islets to low concentrations of 
hydrogen peroxide induces glucose desensitization and ß-cell apoptosis that are both 
prevented by N-acetyl-L-cysteine. In contrast, a 1-week culture at 30 mmol/l glucose, 
compared with 10 mmol/l, induces a state of glucose hypersensitization and a modest 
increase in ß-cell apoptosis that are both unaffected by N-acetyl-L-cysteine (Khaldi MZ, 
Elouil H, Henquin JC, Jonas JC: Distinct effects of the antioxidant N-acetyl-L-cystein on 
ß-cell dysfunction induced by high glucose and hydrogen peroxide in cultured rat islets. 
Diabetologia 47 (Suppl. 1):A173, 2004). These results suggest that the various facets of 
ß-cell glucotoxicity may result from different pathophysiological mechanisms. 
 



Glucose Toxicity in Beta-Cells: Type 2 Diabetes, Good Radicals Gone Bad, and the 
Glutathione Connection. R. P. Robertson, J. Harmon, P. O. Tran, Y. Tanaka, H. 
Takahashi. Diabetes 52(3):581-587, 2003. 

Earlier work by Grankvist et al. demonstrated that pancreatic islets contain relatively 
small amounts of the antioxidant enzymes CuZn-SOD, Mn-SOD, catalase, and 
glutathione peroxidase (GPx). In 1982, Malaisse et al. demonstrated that ß-cells in albino 
rats were sensitive to peroxide and that the activity of GPx was low. At about the same 
time, Grankvist et al. demonstrated that treatment with SOD prevented alloxan-induced 
diabetes in mice. (RMH Note:  I believe that this could be due to the generation of 
peroxide by SOD). These and many other observations have reinforced the notion that 
the intrinsically low levels of antioxidant activity of islets render them particularly at risk 
for ROS-induced damage. 

The pathophysiological implication of the islet's intrinsically low level of antioxidant 
enzyme expression and activity is that the ß-cell is at greater risk of oxidative damage 
than other tissues with higher levels of antioxidant protection. To explore this 
concept in greater depth, we recently examined whether glucose could increase oxidative 
stress in human islets. Compared with a low concentration of glucose, a higher 
concentration was shown to increase the level of intracellular H2O2 levels within the 
islet. This was prevented by coincubation with mannoheptulose, indicating that glucose 
metabolism was essential for the event. 

12.1.6   MnSOD may be a tumor suppressor gene in human pancreatic cancer 

Manganese superoxide dismutase (MnSOD) levels have been found to be low in 
human pancreatic cancer [Pancreas 26, (2003), 23] and human pancreatic cancer cell 
lines [Cancer Res. 63, (2003), 1297] when compared to normal human pancreas. We 
hypothesized that stable overexpression of pancreatic cancer cells with MnSOD cDNA 
would alter the malignant phenotype. MIA PaCa-2 cells were stably transfected with a 
pcDNA3 plasmid containing sense human MnSOD cDNA or containing no MnSOD 
insert by using the lipofectAMINE method. G418-resistant colonies were isolated, grown 
and maintained. Overexpression of MnSOD was confirmed in two selected clones with a 
2-4-fold increase in MnSOD immunoreactive protein. Compared with the parental and 
neo control cells, the MnSOD-overexpressing clones had decreased growth rates, 
growth in soft agar and plating efficiency in vitro, while in vivo, the MnSOD-
overexpressing clones had slower growth in nude mice. These results suggest that 
MnSOD may be a tumor suppressor gene in human pancreatic cancer (Ough M, 
Lewis A, Zhang Y, Hinkhouse MM, Ritchie JM, Oberley LW, Cullen JJ. Inhibition of 
cell growth by overexpression of manganese superoxide dismutase (MnSOD) in human 
pancreatic carcinoma. Free Radic Res. 2004 Nov;38(11):1223-33). I believe that the 
H2O2 generated by SOD increases cancer apoptotic activity and hold it in abeyance. 
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12.1.7   Lipotoxicity 

Physical inactivity, energy-dense diets rich in saturated fat, and central obesity 
predispose individuals to type 2 diabetes. Prospective studies in subjects at risk for 
diabetes have shown that the development of abdominal obesity is correlated with loss 
of ß-cell function and hence glucose intolerance (M.C., J. Vidal, R.L. Hull, K.M. 
Utzschneider, D.B. Carr, E.J. Boyko, W. Fujimoto, S.E. Kahn, unpublished data). 
Autopsy data suggest that the progressive decline in insulin secretion in type 2 diabetes is 
accompanied by a decrease in ß-cell mass and that this is secondary to increased ß-cell 

apoptosis. Thus, it is conceivable that circulating adipose tissue–derived products, such as 
FFAs and adipokines, play a direct role in pancreatic ß-cell dysfunction and death. A high 
plasma concentration of FFAs is indeed a risk factor for the development of type 2 
diabetes, independently of its effects on insulin sensitivity.  

Type 2 diabetes mellitus is a major cause of morbidity and mortality worldwide, and the 
prevalence is set to increase dramatically over the coming decades. Novel investigational 
techniques based on magnetic resonance spectroscopy (MRS) have allowed real-time 
insight into the molecular defects in patients with type 2 diabetes, revealing that insulin 
resistance is a product of decreased insulin-stimulated skeletal muscle glycogen 
synthesis, which can mostly be attributed to decreased insulin-stimulated glucose 
transport (Glut 4) activity. This defect appears to be a result of intracellular lipid-
induced inhibition of insulin-stimulated insulin-receptor substrate (IRS)-1 tyrosine 
phosphorylation resulting in reduced IRS-1-associated phosphatidyl inositol 3 kinase 
activity.  
 
The hypothesis that insulin resistance is a result of accumulation of intracellular lipid 
metabolites (e.g., fatty acyl CoAs, diacylglycerol) in skeletal muscle and hepatocytes is 
supported by observations in patients and mouse models of lipodystrophy. Furthermore, 
the increase in hepatic insulin sensitivity observed in patients with type 2 diabetes 
following weight loss is also accompanied by a significant reduction in intrahepatic fat 
without any changes in circulating adipocytokines (interleukin-6, resistin, leptin). 
Finally, recent MRS studies in healthy, lean, elderly subjects and lean insulin-resistant 
offspring of parents with type 2 diabetes have demonstrated that reduced mitochondrial 
activity may also lead to increased intramyocellular lipid content and insulin 
resistance in skeletal muscle in these individuals. In summary, in vivo MRS has 
proved to be an important tool for elucidating the causal chain of events that causes 
insulin resistance. Understanding the cellular mechanism(s) of insulin resistance in turn 
offers the prospect of better targeted and more effective therapeutic interventions for 
treatment and prevention of type 2 diabetes (Etiology of insulin resistance. Petersen KF, 
Shulman GI. Am J Med. 2006 May;119(5 Suppl 1):S10-6). 
 
Analysis of the evidence for putative final common pathways of ß-cell death in type 
1 and type 2 diabetes. 
It has been recently suggested that ß-cells exposed in vitro to high glucose produce IL-1ß, 
thus activating NF- B and Fas signaling and consequently triggering apoptosis. Another 
report indicated that FFAs also activate NF- B in ß-cells. Because both IL-1ß and NF- B 
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are crucial mediators of ß-cell death in type 1 diabetes, the IL-1ß–NF- B pathway was 
suggested as a "common final pathway" for ß-cell death in both forms of diabetes, 
providing a rationale for revising and unifying the classification and treatment of 
diabetes. 
 

In conclusion, the suggestion that ß-cells are killed by a similar mechanism in type 1 and 
type 2 diabetes is probably an oversimplification, not supported by convincing data. This 

oversimplification may bring confusion to a difficult and complex field and promote 
testing of novel therapeutic approaches in humans without adequate experimental 
support.  

In agreement with the lack of IL-1ß expression or release by human islets exposed to high 
glucose in vitro, recent data do not support a role for IL-1ß in type 2 diabetes in vivo. 
Two studies, using respectively real-time RT-PCR and microarray analysis, demonstrate 
that IL-1ß and Fas expression in islets isolated from type 2 diabetic patients is not 
increased as compared with islets from nondiabetic controls. 

12.1.8    EMODs are increased by hypoglycemia 

Malondialdehyde (MDA), Cu,Zn-superoxide dismutase (Cu,Zn-SOD) and selenium-
dependent glutathione peroxidase (GSPHx) are currently considered to be basic markers 
of oxidative stress. MDA is one of the end-products of the peroxidation of membrane 
lipids, whereas enzymes Cu,Zn-SOD and GSHPx belong to the natural antioxidants. The 
role of oxygen free radicals in the pathogenesis of many diseases is controversial. The 
aim was to ascertain the influence of insulin-induced acute hypoglycemia on oxidative 
stress in the brain tissue. Hypoglycemia was induced in ICR mice by intraperitoneal 
administration of insulin at a dose 24 IU/kg. There was a correlation between the severity 
of hypoglycemia and the levels of MDA, Cu,Zn-SOD and GSHPx. The results showed 
that in severe hypoglycemia (serum glucose concentration below 1.0 mmol/l) the 
lipoperoxidation in brain tissue expressed as the level of MDA was higher in 
comparison with normoglycemic controls (glycemia around 3.7 mmol/l) as well as in 
comparison with the levels of MDA during moderate hypoglycemia (glycemia ranging 
between 1-2 mmol/l). This indicates the enhancement of lipoperoxidation in the brain 
tissue during severe hypoglycemia. However, both enzymes Cu,Zn-SOD or GSHPx did 
not show a similar tendency (Oxidative Stress in the Brain Tissue of Laboratory Mice 
with Acute Post Insulin Hypoglycemia. J. Patockova et al. Physiol. Res. 52: 131-135, 
2003). 
 
Some metabolic diseases are seemingly associated with an enhanced level of 
lipoperoxidation. One of the most important is diabetes mellitus. Numerous publications 
describing the enhancement of lipid peroxidations in diabetes are concerned with 
hyperglycemia. Only a few of them have recently described the oxidative stress in 
hypoglycemia (Bhardwaj SK, et al.: Effect of starvation and insulin-induced 
hypoglycemia on oxidative stress scavenger system. Mol Chem Neuropathol 34: 157-
168, 1998). 



 
 
The central nervous system (CNS) is extremely sensitive to free radical damage because 
of a relatively small total antioxidant capacity. Furthermore, the central nervous system is 
extremely sensitive to hypoglycemic damage, because of the properties of the 
hematoencephalic barrier and because of the lack of other substrates in the CNS. 
Increased fatty acid metabolism in hypoglycemia may lead to acidosis, which enhances 
free radical aggressivity. 
 

12.2.0    Insulin Biochemistry 

12.2.1   Insulin stimulates NADPH oxidase activity 

Oxidative stress plays a critical role in the pathogenesis of atherosclerosis in patients with 
metabolic syndrome. This study aimed to investigate whether a relationship exists 
between phagocytic NADPH oxidase activity and oxidative stress and atherosclerosis in 
metabolic syndrome patients. The study was performed in 56 metabolic syndrome 
patients (metabolic syndrome group), 99 patients with one or two cardiovascular risk 
factors (cardiovascular risk factor group), and 28 healthy subjects (control group). 
NADPH oxidase expression and activity was augmented (P < 0.05) in metabolic 
syndrome compared with cardiovascular risk factor and control groups. Insulin was 
enhanced (P < 0.05) in metabolic syndrome patients compared with cardiovascular risk 
factor and control groups and correlated with NADPH oxidase activity in the overall 
population. Insulin stimulated NADPH oxidase activity; this effect was abolished by a 
specific protein kinase C inhibitor. Oxidized LDL and nitrotyrosine levels and carotid 
intima-media thickness were increased (P < 0.05) in the metabolic syndrome group 
compared with cardiovascular risk factor and control groups and correlated with NADPH 
oxidase activity in the overall population. These findings suggest that phagocytic NADPH 
oxidase overactivity is involved in oxidative stress and atherosclerosis in metabolic 
syndrome patients. Fortuño et al. findings also suggest that hyperinsulinemia may 
contribute to oxidative stress in metabolic syndrome patients through activation of 
NADPH oxidase (Phagocytic NADPH Oxidase Overactivity Underlies Oxidative Stress 
in Metabolic Syndrome. Ana Fortuño et al. Diabetes 55:209-215, 2006 ). I believe that 
this is saying that insulin stimulation of EMOD production is an initiating event. 

12.2.2   Insulin and growth hormone can be prooxidant or antioxidant 

In order to know if insulin-like signalling is involved in the control of oxidative stress in 
mammalian tissues in relation to aging, ad libitum-fed and caloric restricted Wistar rats 
were treated during 2 weeks with GH and insulin. The most consistent effect of the 
hormonal treatments was an increase in plasma IGF-1 levels. Caloric restriction during 
6 weeks decreased ROS generation and oxidative DNA damage in heart 
mitochondria and this was reversed by insulin treatment. The decrease in 
oxidative damage to liver nuclear DNA induced by caloric restriction was also reversed 
by GH and insulin. In the liver, however, insulin and GH decreased mitochondrial 



ROS generation while they increased oxidative damage to mitochondrial DNA. GH 
and insulin decreased three different markers of oxidative modification of liver proteins, 
while they increased lipoxidation-dependent markers. This last result is related to the 
increase in phospholipid unsaturation induced in the liver by both hormones. The results 
suggest that the idea that insulin-like signalling controls oxidative stress in mammals 
cannot be generalized since both prooxidant and protective effects of GH and 
insulin are observed depending on the particular parameter and tissue selected 
(Effect of insulin and growth hormone on rat heart and liver oxidative stress in control 
and caloric restricted animals. Sanz A, Gredilla R, Pamplona R, Portero-Otin M, Vara E, 
Tresguerres JA, Barja G. Biogerontology. 2005;6(1):15-26). This really confuses the 
data for insulin, EMODs and growth hormone. 

Elevation of glucose concentration in diabetes may induce generation of oxygen free 
radicals such as superoxide (O2

.-) and hydroxyl (.OH). The aim of this study was to 
investigate the effect of the oxidative stress on the activities of blood superoxide 
dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px), glutathione 
reductase (GSSG-R) and aldose reductase, the levels of reduced glutathione (GSH), lipid 
peroxidation (thiobarbituric acid reactive substances; TBARS) and plasma levels of 
insulin-like growth factor-1 (IGF-1), follicle-stimulating hormone (FSH), luteinizing 
hormone (LH) and testosterone in type 2 (non-insulin-dependent diabetes) patients and in 
healthy controls. Blood SOD, CAT, GSH-Px and GSSGR were lower in type 2 
diabetic patients compared with the control group. Blood aldose reductase activity was 
elevated in patients with type 2 diabetes compared with the control group. GSH was 
decreased while TBARS concentration was increased in red blood cells (RBC) and 
leukocytes from the patients with type 2 diabetes mellitus in comparison to the control 
group. The mean values of plasma LH, FSH and testosterone were decreased, 
whereas the mean plasma IGF-1 concentration was increased in type 2 diabetes 
compared with controls. These findings support the hypothesis that hyperglycemia 
enhances the activity of the polyol pathway and impairs the antioxidant status, 
particularly glutathione redox cycle, resulting in poorer defense against oxidative stress. 
In addition, decreased circulating testosterone and gonadotropin levels may reflect the 
oxidative stress exerted by diabetes (Oxidative Stress and Male IGF-1, Gonadotropin and 
Related Hormones in Diabetic Patients. Mosaad A.M. Abou-Seif, Abd-Allah Youssef. 
ISSN: Volume: 39. Issue: 7. July 2001. Pp. 618-623). 

12.2.3   DHEA-treatment exerts a dual effect, prooxidant or antioxidant 

DHEA-treatment exerts a dual effect, prooxidant or antioxidant, depending on the 
dosage and, therefore, on the tissue concentration reached. In agreement with previous 
studies showing a prooxidant effect of DHEA, here Mastracola shows that 
pharmacological doses of DHEA produce increased H2O2 levels and a marked 
reduction of GSH content in rat liver. DHEA, also increases both catalase (by 30%) 
and cytochrome-C-reductase (by 30%) activities in the liver cytosol. The effectiveness of 
the state of increased oxidative stress is also documented by changes in fatty acid pattern 
of the microsomal membranes. Moreover, DHEA, at high doses, enhances beta-
oxidation, as demonstrated by an increase of acyl-CoA-oxidase activity and of 
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cytochrome P450 4A content, confirming that it acts as a PPARs inducer. Both PPARs 
induction and proxidant effects completely disappear when DHEA is administered at 
lower doses. Seven days treatment (4 or 10 mg) is unable to affect either levels of 
proxidant species and of antioxidant molecules, or cytochrome P450 4A content and 
beta-oxidation. Prolonged DHEA treatment (4 mg/day) for three weeks not only is unable 
to affect PPARs activation and beta-oxidation, but it also exerts a protective effect against 
ADP/Fe(2+) induced lipid peroxidation. This latter result confirms the antioxidant effects 
of DHEA at low doses, as already previously documented (Pro-oxidant effect of 
dehydroepiandrosterone in rats is mediated by PPAR activation. Mastracola, R. et al. Life 
Sci. 2003 Jun 6;73(3):289-99). 

12.2.4   Neither DHEA nor low lose testosterone inhibit aging 

Men who take dehydroepiandrosterone (DHEA) or low-dose testosterone are 
unlikely to experience beneficial anti-aging benefits from either substance, according 
to a study by scientists from the United States and Italy (Nair KS et al. N Engl J Med 
2006;355:1647-1659).  DHEA has been widely touted as an anti-aging supplement.  

In the study, 87 elderly men with low levels of sulfated from of DHEA and bioavailable 
testosterone were randomly assigned to receive DHEA (enough to increase their DHEA 
to levels considered to be in the high end of the normal range for young people), low-
dose testosterone, or placebo.  After 2 years, neither DHEA nor testosterone 
replacement had “physiologically relevant” beneficial effects on measures of body 
composition, physical performance, insulin sensitivity, or quality of life, the 
researchers found.  Similar results were found in elderly women given DHEA or placebo. 

The findings “argue strongly against the use of these agents” to counter the effects of 
aging, the researchers noted. 

12.2.5   GH and IGF augment bactericidal activity of human PMNs 

Effects of growth hormone (GH) and insulin-like growth factor (IGF)-I on bactericidal 
capacity of human polymorphonuclear neutrophils (PMNs) were investigated. Both GH 
and IGF-I augment human PMN bactericidal capacity, via increased phagocytosis and 
intracellular ROI production (Growth hormone and insulin-like growth factor I augment 
bactericidal capacity of human polymorphonuclear neutrophils. Inoue, T. et al. Shock. 
1998 Oct;10(4):278-84).  

12.2.6  GH inhibits apoptosis and up-regulates EMODs production by human PMNs 
 
Growth hormone (GH) regulates the immune and metabolic systems; however, the effects 
of GH on the functions and cell death of polymorphonuclear neutrophils (PMNs) are not 
well understood. Therefore, this study was designed to investigate the effects of GH on 
PMN apoptosis, reactive oxygen intermediates (ROI) production, CD16, and Fas 
expression. GH inhibited PMN apoptosis at 12 hours of culture. GH enhanced ROI 
production by PMNs and monocytes throughout the 12-hour culture but had no effects 



on CD16 expression on PMNs. Furthermore, GH decreased Fas expression on PMNs at 4 
hours of culture. However, there were no effects of GH on apoptosis of monocytes or 
lymphocytes for the duration of this experiment. CONCLUSIONS: GH pretreatment 
down-regulates Fas expression on PMNs, inhibits apoptosis, and up-regulates ROI 
production. GH pretreatment also increases monocyte ROI production. Although 
activated PMNs have potentially harmful aspects, our results suggest that GH may 
improve host defense, mainly through enhancement of the PMN functional life span 
(Growth hormone inhibits apoptosis and up-regulates reactive oxygen intermediates 
production by human polymorphonuclear neutrophils. Matsuda T, Saito H, Inoue T, 
Fukatsu K, Han I, Furukawa S, Ikeda S, Muto T. JPEN J Parenter Enteral Nutr. 1998 
Nov-Dec;22(6):368-74). 
 
Perioperative treatment with human growth hormone down-regulates apoptosis and 
increases superoxide production in PMN from patients undergoing infrarenal 
abdominal aortic aneurysm repair. In a prospective, double-blind, randomized, placebo-
controlled trial (Seven patients were treated with high-dose hGH (16 U/d) for nine days, 
seven patients with a placebo) perioperative hGH treatment results in an enhanced O2

.- 
production in PMN and in a prolongation of the functional life span of these cells. This 
may improve immune function and help to overcome the postoperative anergic state of 
the immune system especially in elderly individuals. Recombinant human growth 
hormone (hGH) therapy has a beneficial effect on catabolism and wound healing after 
major surgery.  (Growth Horm IGF Res. Decker, D. et al. 2005 Jun;15(3). 
 
Untreated growth hormone deficiency (GHD) is implicated in the increased 
cardiovascular risk associated with adult hypopituitarism. Oxidative stress, predisposing 
to lipid peroxidation, may be an important mediator of endothelial dysfunction, a pro-
atherogenic state associated with adult GHD. CONCLUSIONS: a prospective, double-
blind, randomized, placebo-controlled trial showed that adult GHD is associated with 
reduced lipid peroxidation and impaired neutrophil O2

.- generating capacity, both of 
which are reversible with GH replacement. Data suggests that: (i) that oxidative stress 
is not a major feature of the pro-atherogenic state in hypopituitary 
adults with GHD and (ii) a role for GH in modulating neutrophil function and 
leucocyte-lipoprotein interactions (Effects of GH on lipid peroxidation and neutrophil 
superoxide anion-generating capacity in hypopituitary adults with GH deficiency. Smith, 
J. C. et al. Clin Endocrinol (Oxf). 2002 Apr;56(4):449-55). 
 
12.2.7   Exercise mobilized neutrophils and increased EMODs 
 
In order to investigate the effect of exercise on the capacity of neutrophils to produce 
reactive oxygen species (ROS), eight male cross-country skiers underwent maximal 
exercise. Peripheral blood samples were taken pre-exercise, 0 h, 1 h, and 2 h after 
finishing maximal exercise. Leukocyte counts significantly increased (p < 0. 05), 
particularly lymphocytes (p < 0.05), just after the exercise period (0 h) and significantly 
increased again (p < 0.05), particularly neutrophils (p < 0.05), 2 h after the exercise 
compared with pre-exercise values. The capacity of isolated neutrophils to produce ROS 
was assessed by lucigenin (Lg)-dependent chemiluminescence (CL) and luminol (Lm)-
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dependent CL on stimulation with opsonized zymosan (OZ) and phorbol myristate 
acetate (PMA). Just after exercise, the LgCL response was not affected, while the 
response of LmCL mixed with sodium azide, which inhibits catalase and 
myeloperoxidase (MPO) activity, was significantly enhanced (p < 0.05). In addition, just 
after exercise, the level of serum growth hormone increased significantly (p < 0.05). The 
serum cortisol level also increased significantly just after and 1 h after exercise (p < 
0.05). These data indicated that maximal exercise not only mobilized neutrophils from 
marginated pools into the circulation, but also caused increased ROS generation 
(Effect of exhaustive exercise on human neutrophils in athletes. Yamada, M. et al.  
Luminescence. 2000 Jan-Feb;15(1):15-20). I believe that the increase in EMODs is at 
least in part responsible for the salutary effects of exercise. 
 
12.2.8   Endurance training increases oxidative power  
 
The influence of endurance training on oxidative phosphorylation and the susceptibility 
of mitochondrial oxidative function to reactive oxygen species (ROS) was investigated in 
skeletal muscle of four men and four women. Mitochondria were isolated from muscle 
biopsies taken before and after 6 weeks of endurance training. The results showed that 
maximal mitochondrial oxidative power is increased after endurance training but 
that the efficiency of energy transfer (P/O ratio) remained unchanged. Antioxidative 
defence was unchanged after training when expressed relative to muscle weight. 
Although this corresponds to a reduced antioxidant protection per individual 
mitochondrion, the sensitivity of aerobic energy transfer to ROS was unchanged. 
However, the augmented ROS-induced non-coupled respiration after training indicates an 
increased susceptibility of mitochondrial membrane proton conductance to oxidative 
stress (Mitochondrial function and antioxidative defence in human muscle: effects of 
endurance training and oxidative stress. TonJ Physiol. 2000 Oct 15;528 Pt 2:379-88konogi, 
M.  et al. ). 

12.2.9   Impaired Insulin Secretion 

The United Kingdom Prospective Diabetes Study (UKPDS) data indicate at diagnosis 
that patients with type 2 diabetes have about a 50% reduction in pancreatic beta-cell 
function and are insulin-resistant, and that over time there is about a 4% per year 
reduction of beta function irregardless of treatment, but no change in insulin 
resistance. Studies in normal volunteers indicate that there is about a 1% 
per year decrease in beta-cell function.  I believe that this substantiates my 
belief that aging is a condition of diminishing agents or deficiencies and not a 
disease of accumulating oxidative products.  It is possible, therefore, that patients with 
type 2 diabetes may have a genetically determined accelerated decrease in beta-cell 
function. One must bear in mind that type 2 diabetes is genetically heterogeneous and 
polygenic. Some patients may start off life with a reduced, functional beta-cell mass. On 
the other hand, starting off life with a decreased beta-cell mass may be secondary to 
factors relating to the pregnancy and not genetics. Furthermore, the accelerated 
deterioration in beta-cell function may be influenced by glucose toxicity and insulin 
resistance. Thus, I believe that as beta cells decrease, insulin levels decrease and 



EMODs consequently decrease and increase one’s vulberability to the comorbidities 
of diabetes. 

12.2.10    Insulin Resistance 
The insulin resistance syndrome refers to a constellation of findings, including glucose 
intolerance, obesity, dyslipidemia, and hypertension, that promote the development of 
type 2 diabetes, cardiovascular disease, cancer, and other disorders (FROM MICE TO 
MEN: Insights into the Insulin Resistance Syndromes. Sudha B. Biddinger and C. Ronald 
Kahn.  Annual Review of Physiology Vol. 68: 123-158). 

Obesity (especially an accumulation of intra-abdominal fat), high-fat diets, decreased 
physical fitness, and glucose toxicity have all been identified as major factors 
contributing to the insulin resistance present in people with type 2 diabetes. Most of these 
can be considered environmental or acquired. Studies demonstrating a complete 
reversal of insulin with weight loss in obese type 2 patients argue strongly for 
obesity being the main factor.  However, I believe that the accumulated fats in 
obesity, the FFAs of high fat diets and decreased physical exercise all argue that 
EMOD levels are influenced to be low and related to diabetes causation. 

Some of the following material was abstracted, excerpted or modified from: Advances in 
Diabetes for the Millennium: Understanding Insulin Resistance. John E. Gerich, MD; 
George Dailey, MD. Posted 08/26/2004. From Medscape General Medicine™  

The vast majority of people with type 2 diabetes are insulin-resistant. 
Hyperglycemia itself can cause insulin resistance and impair insulin secretion 
via the glucosamine pathway and other mechanisms, a phenomenon referred to as 
glucose toxicity. Please remember that when glucose goes up, EMOD production 
goes down. Furthermore, most patients with type 2 diabetes are obese, which may 
cause insulin resistance. It is impossible to determine from a study of people who already 
have type 2 diabetes what the genetic vs acquired components may be, unless of course 1 
element is missing. There are a considerable number of studies demonstrating a lack 
of insulin resistance in people with type 2 diabetes as compared with nondiabetic 
individuals carefully matched for factors, such as age, sex, obesity, and physical fitness. 
In contrast, there are no studies demonstrating normal insulin secretion under these 
conditions. 

Although these observations suggest that impaired beta-cell function may be the 
primary genetic factor, investigators have attempted to clarify the issue by studying 
individuals who still have normal glucose tolerance but are genetically predisposed to 
type 2 diabetes, ie, first-degree relatives, offspring of parents with type 2 diabetes, or 
monozygotic twins of someone with type 2 diabetes, to determine what is the first 
detectable and presumably genetic abnormality. 

Most, but not all, studies examining first-degree relatives, offspring of diabetic parents, 
and women who have developed gestational diabetes have found evidence for beta-cell 



dysfunction as the initial lesion. The strongest evidence comes from studies of normal 
glucose-tolerant people who are the monozygotic twin of someone with type 2 
diabetes. Such individuals have about an 80% probability of developing type 2 
diabetes and thus probably have true prediabetes. All such studies to date, of which 
there have been 4, have unequivocally demonstrated impaired insulin secretion. 
However, only 1 of these examined insulin secretion and insulin sensitivity. In that study, 
impaired insulin secretion was found without impaired insulin sensitivity (ie, without 
insulin resistance). 

These observations, and the ability to completely reverse insulin resistance in 
obese patients by weight loss, have led to the conclusion that the primary genetic 
predisposing factor is impaired insulin secretion and that the insulin resistance in such 
individuals is largely the acquired consequence of obesity. I believe that the presence of 
the FFA’s double bonds, which serve as traps for EMODs, is of considerable 
importance.  Nevertheless, one must bear in mind that there is a considerable genetic 
component in the development of obesity, especially regarding the distribution of body 
fat (the main culprit being central or intra-abdominal accumulation). In this context, 
therefore, one may consider that insulin resistance due to obesity, seen in patients with 
type 2 diabetes, is genetic. However, such a genetic predisposition would not be diabetes-
specific because there are many obese, insulin-resistant individuals who never 
develop diabetes. 

__________ 

Insulin-resistant patients with type 2 diabetes have been demonstrated to have decreased 
insulin-receptor numbers, decreased insulin-activated receptor tyrosine kinase activity, 
decreased IRS-1 activation, decreased glucose transport of glycogen synthase, decreased 
activation of pyruvate dehydrogenase, and (under glucose clamp conditions) decreased 
insulin stimulation of muscle glucose uptake as well as phosphorylation and glycogen 
synthesis.  

Recent studies indicate that the primary defect is in glucose transport.  Because the 
number of insulin-sensitive glucose transporters is normal, the main problem appears to 
be in mobilization of these transporters to the cell membrane. In comparably obese 
individuals without diabetes, insulin-receptor binding, tyrosine kinase activity of the 
insulin receptor, and glucose transport are not different from those found in people with 
diabetes. Weight loss reverses these abnormalities. Therefore, it appears 
that most of the insulin resistance found in people with type 2 diabetes 
can be ascribed to obesity and glucose toxicity. I believe that this supports 
my argument that “spontaneous regression” of diabetes can occur, similar to 
cancer, atherosclerosis, arthritis and cataracts.  It may well be that we constantly 
have the capacity to become diabetic and our body holds the adverse factors in 
abeyance.  When our system of abeyance becomes diminished (an EMOD deficiency 
or insufficiency) we then exhibit the overt manifestation of diabetes.  



Diabetes is the same scenario as that which is seen with atherosclerosis and cancer, 
in that the potential for these diseases are always present and they are “allowed” to 
manifest themselves in times of EMOD deficiencies. 

Since H2O2 is an insulin mimetic, I believe that it would be conceivable 
to treat diabetes with H2O2 and increase the effective entry of glucose 
into cells for adequate energy metabolism. 

12.2.11   Metabolic Consequences of Impaired Beta-Cell Function and Insulin 
Resistance 

The primary target tissues for insulin from the point of view of glucose homeostasis are 
liver, muscle, and adipose: In liver tissue, insulin acts to restrain glucose release in the 
postabsorptive (overnight-fasted) state and to promote glycogen repletion as well as 
suppress glycogenolysis and glucose release in the postprandial state. 

In muscle tissue, the main action of insulin is to increase glucose transport by 
mobilization of GLUT4 transporters to the cell membrane; largely secondary to this, 
insulin will promote glycogen formation and the glycolysis of glucose. The ability of 
insulin to alter the activity/concentration of enzymes, such as glycogen synthase and 
pyruvate dehydrogenase, is probably of secondary importance. In the postabsorptive 
(overnight-fasted) state, most muscle glucose uptake is insulin-independent, being 
primarily regulated by tissue needs as well as plasma glucose and FFA concentrations. In 
the postprandial state, however, insulin exerts a major effect to increase muscle glucose 
uptake and clearance. Initially, this enhanced glucose uptake compensates for 
postprandial reduced availability of free fatty acids as an oxidative fuel and later leads to 
net glycogen accumulation. 

In adipose tissue, insulin acts to restrain the release of FFAs by inhibiting hormone-
sensitive lipase activity and by promoting the re-esterification of FFAs. Postprandially, 
the suppression of FFA release from adipose tissue has important actions to enhance 
suppression of hepatic glucose release and promote muscle glucose uptake. In terms of 
glucose disposal, adipose tissue exerts negligible effects in the postabsorptive state (< 5% 
of total) and accounts for probably < 10% in the postprandial state. 

Considering these actions of insulin, one may predict the consequences of decreased 
insulin availability and decreased insulin effectiveness. In the postabsorptive state, there 
will be deinhibition of hepatic (and renal) glucose release, deinhibition of FFA release 
from adipose tissue, and less efficient (reduced clearance) muscle glucose uptake. As a 
consequence, plasma glucose and FFA levels increase until a new steady state is reached 
so that the absolute rates of muscle glucose uptake are normal (despite decreased muscle 
glucose clearance). Because of the more important effects of insulin on glucose 
homeostasis postprandially, however, one usually observes abnormalities after a meal or 
glucose ingestion earlier than those in the fasting state, as exemplified in people with 
impaired glucose tolerance. In this condition, absolute rates of glucose release and uptake 
are normal in the overnight-fasted state, but postprandially there is impaired suppression 



of endogenous glucose release and impaired splanchnic glucose uptake (hepatic glycogen 
repletion). As a consequence, plasma glucose concentrations increase excessively. This 
plus the late hyperinsulinemia that occurs because of a prolonged compensatory increase 
in insulin secretion results in overall glucose disposal and, in particular, muscle glucose 
uptake being maintained at a normal or increased rate. In people with type 2 diabetes, the 
same abnormalities are seen, but to a more exaggerated extent, and in extremely 
hyperglycemic individuals, glycosuria may actually result in an absolute decrease in 
tissue glucose uptake. So, actually, the beta cells are producing more insulin but it 
has an overall lesser effect. 

A possible scenario could be that hyperglycemia decreases oxygen levels and leads to 
a decreased production of the insulin mimetic, H2O2 and the manifestation of 
diabetes.  

12.2.12   Relative Importance of Impaired Insulin Secretion and Insulin Resistance 

The relative importance of impaired insulin secretion and insulin resistance varies 
considerably from patient to patient. In the nonobese patient, impairment of insulin 
secretion will predominate, whereas in the obese patient, insulin resistance and impaired 
insulin secretion will probably be of equal importance. Type 2 diabetes can occur 
in the absence of obesity and insulin resistance but cannot occur without 
impaired insulin secretion in obese individuals. However, in the latter a 
reduction of insulin resistance by weight reduction can restore fasting plasma glucose to 
normal or near-normal levels. Furthermore, the proven efficacy of insulin-sensitizing 
drugs (ie, thiazolidinediones) demonstrates the importance of insulin resistance. Finally, 
impaired insulin secretion and insulin resistance have been identified as important risk 
factors for the development of type 2 diabetes. 

12.2.13   Therapeutic Implications 

The UKPDS demonstrated that at diagnosis patients with type 2 diabetes have 
about a 50% reduction in beta-cell function. It would therefore seem logical to use 
agents that augment beta-cell function. However, the UKPDS also demonstrated that in 
obese individuals an agent that improves insulin sensitivity (metformin) was equally 
efficacious. Nevertheless, it was demonstrated that the beta-cell function deteriorated 
over time, so that after 3 years < 50% of patients still had good control (HBA1C < 7.0%) 
regardless of which agent had been used. These results indicate that ultimately 
monotherapy aimed at correcting either of the defects present in type 2 diabetes is 
doomed to failure. As a corollary, most patients will require 2 or more drugs to achieve 
optimal glycemic control, or perhaps should be started simultaneously on drugs that 
improve beta-cell function and decrease insulin resistance. Numerous clinical trials have 
shown that combinations of insulin secretagogues and insulin sensitizers have synergistic 
actions. Perhaps lessening the burden of insulin resistance on the beta cell may delay or 
slow deterioration in insulin secretion and improve long-term glycemic control. 

 



12.2.14   Insulin Increases Oxygen consumption and Radiation Effect in Tumors 

Oxygen is a key environmental factor in the development and growth of tumors, and their 
response to treatment. Oxygen levels affect tumor cell metabolism, proliferation, and 
migration. Hypoxia can also stimulate angiogenesis. The partial pO2 plays important 
roles in the response of tumors to cytotoxic treatments such as chemotherapy, 
radiotherapy, and photodynamic therapy. Insulin could be an important modulator of 
tumor oxygenation, because this hormone is known to change blood flow. Mild 

hyperglycemia, has also been demonstrated to reduce oxygen 

consumption (Crabtree effect). 

The effects of insulin on tumor oxygenation, perfusion, oxygen consumption, and 
radiation sensitivity were studied on two different mouse tumor models (TLT, a liver 
tumor, and FSAII, a fibrosarcoma). Anesthetized mice were infused with insulin i.v. at a 
rate of 16 milliUnits/kg/min for 25 min. Local tumor oxygenation measurements were 
carried out using two independent techniques: electron paramagnetic resonance oximetry 
and a fiber-optic device (OxyLite). Two complementary techniques were also used to 
assess the blood flow inside the tumor: a laser Doppler system (OxyFlo) and contrast-
enhanced magnetic resonance imaging. The oxygen consumption rate of tumor cells after 
in vivo insulin infusion was measured using high frequency electron paramagnetic 
resonance oximetry. To know if insulin was able to enhance radiation-induced tumor 
regrowth delay, tumor-bearing mice were treated with 16 Gy of 250 kV radiation dose 
after insulin infusion. They provide evidence that insulin increases the local 
pressure of oxygen of tumors (from 0-3 mm Hg to 8-11 mm Hg) as well 
as the tumor response to irradiation (increasing regrowth delay by a 
factor of 2.11). They found that the insulin-induced increase of tumor pressure of 
oxygen: (a) is not caused by an increase in the tumor blood flow, which is even decreased 
after insulin infusion; (b) is because of a decrease in the tumor cell oxygen 
consumption (in vivo insulin consumed oxygen three times slower than control 
cells); and (c) is inhibited by a nitric oxide (NO) synthase inhibitor, Nomega-nitro-L-
arginine methyl ester, when injected i.p. at 15 micromol/kg(-1), 1 h before insulin 
infusion. They demonstrate by immunoblotting that the NO pathway involves a 
phosphorylation of endothelial NO synthase and showed a concomitant increase in the 
cyclic GMP tumor level. These findings provide unique insights into biological processes 
in tumors, new possible management for treating cancer patients, and raise major 
questions about the role of insulin secretion (fasting status and diabetes) in the clinical 
response of tumors to radiation therapy (Insulin increases the sensitivity of tumors to 
irradiation: involvement of an increase in tumor oxygenation mediated by a nitric oxide-
dependent decrease of the tumor cells oxygen consumption. Jordan BF et al. Cancer Res. 
2002 Jun 15;62(12):3555-61). Insulin is acting just like oxygen or an EMOD such as 
peroxide in that it increases sensitivity to irradiation. Here, insulin is a peroxide 
mimetic. 

12.3.0   Insulin as a peroxide mimetic 



12.3.1   Insulin Activates H2O2 dependent pathways 

Both hypoxia and insulin induce common target genes, including vascular endothelial 
growth factors and several glycolytic enzymes. However, these two signals eventually 
trigger quite different metabolic pathways. Hypoxia induces glycolysis, resulting in 
anaerobic ATP production, while insulin increases glycolysis for energy storage. 
Hypoxia-induced gene expression is mediated by the hypoxia-inducible factor-1 (HIF-1) 
that consists of HIF-1alpha and the aromatic hydrocarbon nuclear translocator (Arnt). 
Hypoxia-induced gene expression is initiated by the stabilization of the HIF-1alpha 
subunit. Here we investigated whether insulin-induced gene expression also requires 
stabilization of HIF-1alpha. Their results indicate that hypoxia but not insulin stabilizes 
HIF-1alpha protein levels, whereas both insulin- and hypoxia-induced gene expression 
require the presence of the Arnt protein. Insulin treatment fails to inactivate proline 
hydroxylation of HIF-1alpha, which triggers recruitment of the von Hippel-Lindau 
protein and oxygen-dependent degradation of HIF-1alpha. Insulin-induced gene 
expression is inhibited by the presence of the phosphoinositide (PI) 3-kinase inhibitor 
LY294002 and the dominant negative mutant of the p85 subunit of PI 3-kinase, whereas 
hypoxia-induced gene expression is not. Pyrrolidine dithiocarbamate, a scavenger of 
H2O2, reduces insulin-induced gene expression but not hypoxia-induced gene 
expression. Although both hypoxia and insulin induce the expression of common target 
genes through a hypoxia-responsive element- and Arnt-dependent mechanism, insulin 
cannot stabilize the HIF-1alpha protein. They believe that insulin activates other putative 
partner proteins for Arnt in PI 3-kinase- and H2O2-dependent pathways (Insulin and 
hypoxia share common target genes but not the hypoxia-inducible factor-1alpha. Yim S, 
Choi SM, Choi Y, Lee N, Chung J, Park H. J Biol Chem. 2003 Oct 3;278(40):38260-8). I 
believe that this shows that insulin and H2O2 activate the same pathways. 

Insulin- but Not Hypoxia-induced Gene Expression Shows Sensitivity to H2O2—Several 
growth factors and cytokines, such as platelet-derived growth factor, insulin, and 
thrombin, induce receptor-mediated generation of the reactive oxygen species H2O2, 
which requires the activation of the PI 3-kinase. Besides the Akt kinase, affected 
molecules downstream of the PI 3-kinase include H2O2, which links the activation of 
mitogen-activated protein kinases to transcription factors. 

12.3.3   H2O2 as an Insulin Mimetic 

It was demonstrated a long time ago that polyamines are able to exert insulin-like 
effects in fat cells through the production of hydrogen peroxide (Livingston J, Gurny 
P, Lockwood D: Insulin-like effects of polyamines in fat cells. Mediation by H2O2 
formation. J Biol Chem 1977, 252:560-562). Hydrogen peroxide is now known to 
cause the reversible inhibition of protein tyrosine phosphatases (PTP) in cells, 
thereby strengthening insulin signaling. (RMH Note:  Thus, I certainly would not 
expect it to be contributory to type 2 DM and, in fact, it should help prevent it.). 
They have also shown that production of hydrogen peroxide chemically in cells 
acts as an insulin mimetic. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Yim+S%22%5BAuthor%5D
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Diabetes is characterized by hyperglycemia and metabolic abnormalities due to decreased 
insulin levels, causing metabolic and physiological changes in various organs including 
the brain (Genet S, Kale R K and Baquer N Z 2002 Alterations in antioxidant enzymes 
and oxidative damage in experimental diabetic rat tissues: effect of Vanadate and 
fenugreek (Trigonella foenum graecum); Mol. Cell Biochem. 236 7–12).  
 
Hyperglycemia is the most important factor in the onset and progress of diabetic 
complications mainly by allegedly producing oxidative stress (Giugliana D, Ceriollo A 
and Paolisso G 1996 Oxidative stress and diabetic vascular complications; Diabetes Care 
19 257–267). Obviously, this is speculation. 
 
Cu/Zn superoxide dismutase (SOD), catalase and glutathione peroxidase (GPx), are the 
biological antioxidant enzymes which directly scavenge free radicals and prevent their 
conversion to toxic products (Freeman B A and Crapo J D 1982 Biology of diseases free 
radicals and tissue injury; Lab. Invest. 47 412–426). Statements such as this represent 
the attitude towards EMODs 25 years ago. 
 
High oxidative stress may possibly lead to microvascular cerebral diseases, e.g. stroke, 
cerebral hemorrhage, and brain infarction (Kannel W B and McGee D L 1979 Diabetes 
and cardiovascular disease. The Framingham study; JAMA 241 2035–2038) (Paton R C 
and Passa P 1983 Platelets and diabetic vascular disease; Diabetes Metab. 9 306–312).  
 
The reason for high risk of microvascular cerebral diseases, despite the fact that brain 
consumes 20% of the oxygen in the body, is that it has a low content of antioxidants 
and high content of unsaturated fatty acids and catecholamines that are easily 
oxidized, making the brain more vulnerable to oxidative damage than any other 
organs in the body (Hong J H, Kim M J, Park M R, Kwag O G, Lee I S, Byun B H, Lee 
S C, Lee K B and Rhee S J 2004 Effect of vitamin E on oxidative stress and membrane 
fluidity in brain of streptozotocin-induced diabetic rats; Clin. Chim. Acta 340 107–115).  
 
According to some, diabetes may represent a state of increased oxidative stress, 
which is mainly based on the evidence of increased lipid peroxidation (LPO), or by 
indirect evidence of reduced antioxidant reserve, like SOD and catalase enzymes, in 
animal models (Palanivel R, Ravichandran P and Govindasamy S 1998 Biochemical 
studies on peroxidation in ammonium para-tungstate treated experimental diabetic rats; 
Med. Sci. Res. 26 759–762). 
 
Oxidative stress is supposedly the imbalance between production and removal of reactive 
oxygen species (ROS). Increased oxidative stress, which may contribute substantially to 
the pathogenesis of diabetic complications, is allegedly the consequences of either 
enhanced ROS production or attenuated ROS scavenging capacity. Several reports have 
shown the alterations in the antioxidant enzymes during diabetic condition (Genet S, Kale 
R K and Baquer N Z 2002 Alterations in antioxidant enzymes and oxidative damage in 
experimental diabetic rat tissues: effect of Vanadate and fenugreek (Trigonella foenum 
graecum); Mol. Cell Biochem. 236 7–12) (Preet A, Gupta B L, Yadava P K and Baquer N 



Z 2005 Efficacy of lower doses of vanadium in restoring altered glucose metabolism and 
antioxidant status in diabetic rat lenses; J. Biosci. 30 221–230).  
 
The antioxidative defense system like SOD and catalase showed lower activities in 
brain during diabetes and the results agree well with the earlier published data (El-
Missiry M A, Othman A I and Amer M A 2004 L-Arginine ameliorates oxidative stress 
in alloxan-induced experimental diabetes mellitus; J. Appl. Toxicol. 24 93–97).  
 
The decreased activities of SOD and Catalase may be a response to increased production 
of H2O2 and O2 – by the auto oxidation of excess glucose and non-enzymatic glycation of 
proteins (Argano M, Brignardello E, Tamagno O and Boccuzzi G 1997 
Dehydroeppiandrosterone administration prevents the oxidative damage induced by acute 
hyperglycemia in rats; J. Endocrinol. 155 233–240).  
 
Hodgson and Fridovich (Hodgson E K and Fridovich I 1975. The interaction of bovine 
erythrocyte superoxide dismutase with hydrogen peroxide Inactivation of the enzyme: 
Biochemistry 14 5294–5298) and Pigleot et al (Pigeolet E, Corbisier P and Houbion A 
1990 Glutathione peroxidase, superoxide dismutase and Catalase inactivation by 
peroxides and oxygen derived free radicals; Mech. Aging Dev. 51 283–297) have 
reported the partial inactivation of these enzyme activities by hydroxyl radicals and 
hydrogen peroxide. The decreased activity of SOD and catalase could also be due to 
their decreased protein expression levels in the diabetic condition as reported recently in 
liver (Sindhu R K, Koo J R, Roberts C K and Vaziri N D 2004 Dysregulation of hepatic 
superoxide dismutase, catalase and glutathione peroxidase in diabetes response to insulin 
and antioxidant therapies; Clin. Exp. Hypertens. 26 43–53). 
 
However, activity of GPx is enhanced in diabetic rat brains. This result is 
consistent with the studies of Ulusu et al (Ulusu N, Sahilli M, Avci A, Canbolat O, 
Ozansoy G, Ari N, Bali M, Stefek M, Stolc S, Gajdosik A and Karasu C 2003 Pentose 
phosphate pathway, glutathione-dependent enzymes and antioxidant defense during 
oxidative stress in diabetic rodent brain and peripheral organs effects of stobadine and 
vitamin E; Neurochem Res. 28. 815–823), the increased GPx activity represent a 
compensatory mechanism to degrade H2O2, which is produced in excess during the 
metabolism of catecholamines. Treatment of the diabetic animals with antidiabetic 
compounds like insulin, vanadate, Trigonella and combined therapy of Trigonella with 
lower dose of vanadate restored the altered activities of SOD, catalase and GPx 
(Amelioration of altered antioxidant status and membrane linked functions by vanadium 
and Trigonella in alloxan diabetic rat brains. M. R. Siddiqui, A. Taha, K Moorthy, M. E. 
Hussain, S F Basir and N. Z. Baquer.  J. Biosci. 30(4), September 2005, 483–490). 
 
The expression of the H2O2-inactivating enzymes catalase and glutathione 
peroxidase in rat pancreatic islets is twenty times lower than in the liver (Tiedge, M., 
Lortz, S., Drinkgern, J. and Lenizen, S. Diabetes 1997; 46: 1733-1742). 
 
Melatonin may help protect the brain by stimulating glutathione peroxidase (GSH-Px) in 
neural tissue. GSH-Px converts reduced glutathione to its oxidized form and in doing so 



converts hydrogen peroxide from H2O2 to water. In other words, GPx requires H2O2 as a 
substrate. 
 
Some believe that the major flaw in our antioxidant defense system as we grow older is 
the age-related accumulation of hydrogen peroxide. This increase in hydrogen peroxide 
occurs because superoxide dismutase, the initial free-radical-deactivating enzyme 
produced within the body is increased without a concomitant increase in the other key 
enzymes, catalase and glutathione peroxidase. These deficiencies could be due in large 
part to the decline in melatonin levels with advancing age. I believe that the 
accumulating H2O2 with aging is a natural response to the fact that other protective 
systems are declining and the body has to compensate by generating more disease-
preventing peroxide. 
 
In mouse pancreatic beta cells, H2O2 hyperpolarizes the cell membrane coupled with an 
increase of cell membrane conductance (Krippeit-Drews, P., Lang, F., Haussinger, D. and 
Drews, G.  Pflugers Arch Eur J Physiol  1994; 426: 552-554).   
 
Moreover, it has recently been shown that H2O2:  
 increases intracellular Ca2+  
 decreases the ATP/ADP ratio  
 and inhibits glucose-stimulated insulin secretion from isolated mouse islets 
(Krippeit-Drews, P., Kramer, C., Welker, S., Lang, F., Ammon, H.P. and Drews, G.  J 
Physiol (Lond)  1999; 514: 471-481). 
 
The cells were exposed to 200 µM H2O2 which is a level seen during activation of 
phagocytes in vitro.  The diabetogenic compound alloxan is known to generate H2O2 
and free radicals (Maechler, P., Jornot, L. and Wollheim, C.B.  Hydrogen peroxide 
alters mitochondrial activation and insulin secretion in pancreatic beta cells.  J Biol Chem  
1999; 274: 27905-27913).  So what? 
 
The role of metabolic factors derived from cardiac muscle in the development of reactive 
hyperemia after brief occlusions of the coronary circulation seems to be well established. 
 
12.3.3   H2O2 dilates isolated coronary arteries 

Mechanosensitive mechanisms that are sensitive to deformation, pressure, stretch, and 
wall shear stress elicit release of NO and H2O2, resulting in reactive dilation of isolated 
coronary arterioles (Nitric oxide and H2O2 contribute to reactive dilation of isolated 
coronary arterioles. Akos Koller and Zsolt Bagi. Am J Physiol Heart Circ Physiol 287: 
H2461-H2467, 2004). 
 
12.3.4   Paradoxical Activation of Endothelial Nitric Oxide Synthase by NADPH 
Oxidase 

Increased formation of reactive oxygen species (ROS) has allegedly been identified as a 
causative factor in endothelial dysfunction by reducing NO bioavailability and 

http://www.lef.org/prod_hp/php-melatonin.html


uncoupling endothelial nitric oxide synthase (eNOS). However, the specific contribution 

of ROS to endothelial function is not well understood.  

A major source of intracellular ROS is the NADPH oxidase (Nox) family of enzymes. 
The goal of the current study was to directly assess the contribution of NADPH oxidase 
derived superoxide to eNOS function by expressing Nox5, a single gene product that 
constitutively produces superoxide within cells. Paradoxically, we found that instead of 
inhibiting eNOS, coexpression of Nox5 increased NO release from both bovine and 
human endothelial cells. To establish the functional significance of this observation in 
intact blood vessels, the endothelium of mouse aorta was transduced with Nox5 or control 
adenoviruses. Nox5 potently inhibited Ach-induced relaxation and potentiated contractile 
responses to phenylephrine. In precontracted aortae, acute exposure to superoxide 
dismutase induced significant vascular relaxation in vessels exposed to Nox5 versus 
control and unmasked the ability of Nox5 to activate eNOS in blood vessel 
endothelium.   I believe that SOD generated peroxide, which activated eNOS, which 
produced NO, which resulted in vasodilation.  The peroxide could have directly 
have had a vasodilatory effect.  This is in conflict with the theory that EMODs cause 
vasoconstriction. 

These findings suggest that ROS inhibit eNOS function via consumption of NO rather 
than direct inhibition of enzymatic activity (Paradoxical Activation of Endothelial 
Nitric Oxide Synthase by NADPH Oxidase.  Qian Zhang et al. Arteriosclerosis, 
Thrombosis, and Vascular Biology. 2008;28:1627).  I believe that this clearly shows 
that EMODs have a vasodilatory effect. 
 
12.3.5   Antioxidant preconditioning 
 
(Justification for antioxidant preconditioning (or how to protect insulin-mediated actions 
under oxidative stress). A. Orzechowski. J. Biosci. Vol. 28. No. 1. Feb. 2003 pp. 39-49). 
 
 
Mitochondrial electron flux becomes uncoupled from ATP synthesis during 
hyperglycemia (Anderson C M 1999 Mitochondrial dysfunction in diabetes mellitus; 
Drug Dev. Res. 46 67–79).(RMH Note: This should lower EMOD production, yet 
many authors say that hyperglycemia increases EMODs). 
 
Intracellular hydrogen peroxide (H2O2) formation is a PO2-dependent, continuous process 
regulated by a nonrespiratory chain heme-containing oxidase – most likely ‘low-output’ 
NADPH oxidase. Reciprocally, insulin-induced expression of the glycolytic enzyme 
glucokinase was repressed by higher PO2 (Kietzmann T, Porwol T, Zierold K and 
Jungermann K and Acker H 1998 Involvement of a local Fenton reaction in the reciprocal 
modulation by O2 of the glucagon-dependent activation of the phosphoenolpyruvate 
carboxykinase gene and the insulin-dependent activation of the glucokinase gene in rat 
hepatocytes; Biochem J. 335 425–432). The role of H2O2 as intracellular messenger from 
the O2 sensor was substantiated in the studies where H2O2 mimicked higher pericellular 
PO2 by inhibiting insulin action, and was further corroborated by the reversal of this 
effect by catalase which scavenges H2O2 (Kietzmann T, Fandrey J and Acker H 2000 



Oxygen radicals as messengers in oxygen-dependent gene expression; News Physiol. Sci. 
15 202–208). 
 
12.3.6   Exercise sensitizes tissue to insulin (the athletic paradox) 
 
Based on experimental data and clinical reports, it has been suggested that metabolic 
changes occurring during the early phase of diabetes might precondition cardiac 
myocytes against oxidative stress. Overwhelming evidence from numerous studies shows 
that both an acute bout of exercise or physical training positively affects insulin 
action in muscle and probably other tissues (Borghouts L B and Keizer H A 2000 
Exercise and insulin sensitivity: a review; Int. J. Sports Med. 21 1–12). Thus, exercise 
is the most powerful agent that sensitizes tissues to insulin. Age, physical 
activity and oxidative type of muscle all were associated with increased oxygen 
demands.  
 
Surprisingly, growing evidence also points to the involvement of ROS/RNS as potent 
activators of glucose uptake, but this type of stimulation is mediated by noninsulin-
dependent facilitative-glucose transport in several cell types, including muscles. It 
remains to be ascertained how antioxidants, which were reported to increase insulin 
sensitivity (Rosen P, Nawroth P, King G, Moller W, Tritschler H-J and Packer L 2001 
The role of oxidative stress in the onset and progression of diabetes and its complications: 
a summary of a Congress Series sponsored by UNESCO-MCBN, the American Diabetes 
Association and the German Diabetes Society; Diabetes/Metab. Res. Rev. 17 189–212), 
act through a molecular mechanism similar to the one termed ‘athletic paradox’. The 
latter stands for elevated antioxidant defenses in skeletal and heart muscle after acute or 
long-term exercise, which is believed to be a consequence of ROS/RNS priming and 
modulation of antioxidant gene expression.  
 
The hallmark of apoptosis is a mitochondrial permeability transition (MPT), Ca2+-
mediated loss of mitochondrial membrane selectivity and integrity that allows ROS 
leakage throughout the pores into cytoplasm (Lemasters J, Nieminen A-L, Qian T, 
Trost L C, Elmore S P, Nishimura Y, Crowe R A, Cascio W E, Bradham C A, Brenner D 
A and Herman B 1998 The mitochondrial permeability transition in cell death: a common 
mechanism in necrosis, apoptosis and autophagy; Biochim. Biophys. Acta 1366 177–196).  
 
Developing intracellular oxidative stress (Simon H-U, Haj-Yehia A and Levi-Schaffer 
F 2000 Role of reactive oxygen species (ROS) in apoptosis induction; Apoptosis 5 415–
418) and the release of  cytochrome c (Cyt C), apoptosis activating factor (APAF-1), 
apoptosis inducing factor (AIF), and procaspase-3 allows the formation of the 
apoptosome (a complex of APAF-1-Cyt C-dATP) which initiates the final step of 
apoptosis –i.e. the activation of caspase-9 (one among several cysteine aspartases) which 
in turn proteolytically activates caspase-3. Similarly caspase-3 by proteolytic cleavage 
activates several substrates (enzymes) of the execution phase of PCD, which result in cell 
blebbing and oligonucleosomal DNA fragmentation. Ischemia-reperfusion injury is 
almost entirely caused by free radicals.  
 



Different approaches to limit generation of oxidative stress would be equally important. 
Hypoxia, which was indicated to promote insulin action, is able to promote oxidative 
stress at the same time by the activation of xanthine oxidase (XO), which oxidizes 
purines and reduces oxygen (O2) to form superoxide anion radical (O2

._ ). It was 
demonstrated that insulin actually suppresses generation of O2

._ in diabetic 
rat glomeruli (Chen H-C, Guh J-Y, Shin S-J, Tsai J-H and Lai Y-H 2001 Insulin and 
heparin suppress superoxide production in diabetic rat glomeruli stimulated with low-
density lipoprotein; Kidney Int. 59 S-124–S-127), which is in accordance with the 
previously-mentioned suggestion that insulin promotes survival of cells by elevating their 
antioxidant capacity. 
 
In experimentally induced diabetic rats, catalase activity in blood was elevated but not 
glutathione peroxidase (GPx) or superoxide dismutase (SOD) (Doi K, Sawada F, Toda G, 
Yamachika S, Seto S, Urata Y, Ihara Y, Sakata N, Taniguchi N, Kondo T and Yano K 
2001 Alteration of antioxidants during the progression of heart disease in streptozotocin-
induced diabetic rats; Free Rad. Res. 34 251–261). Cells may benefit from short-term 
preconditioning with moderate levels of ROS/RNS.  
 
12.3.7   Ischemic preconditioning blocked by antioxidants 
 
Despite the very sensible notion that ROS are produced primarily with the reintroduction 
of oxygen following ischemia, several investigators began to also observe ROS 
generation during ischemia. While seeming paradoxical at first, there is much literature 
to support this observation. 
 
With ischemia the respiratory cytochromes become redox-reduced allowing them to 
directly transfer (i.e. ‘‘leak’’) electrons to oxygen. Oxidants can also be protective—not 
simply injurious. Much insight into this came out of work in preconditioning. In the late 
1980s Murry et al. described ischemic preconditioning wherein a brief non-lethal 
episode of ischemia conferred both short and longer-term protection to tissues 
against an ensuing lethal ischemic insult (Murry CE, Richard VJ, Jennings RB, Reimer 
KA. Preconditioning with ischemia: is the protective effect meditated by free radical 
induced myocardial stunning? Circulation 1988;78 (Suppl. II):77). 
 
Another important lesson is contained (and was almost overlooked) within this seminal 
description of preconditioning, that antioxidants abolished the preconditioning 
protection. In other words, treatment with antioxidants interfered with 
preconditioning protection and made the injury worse. 
 
Vanden Hoek et al. demonstrated the loss of preconditioning protection 
with antioxidants clearly in cardiomyocytes (Vanden Hoek TL, Becker LB, 
Shao Z, Li C, Schumacker PT. Preconditioning in cardiomyocytes protects by attenuating 
oxidant stress at reperfusion. Circ Res 2000;86:534–40).  
 



Under these conditions, increased cell death is the result of adding an antioxidant—
that has been protective under other conditions. This observation has been confirmed in 
several other laboratories that have reported how preconditioning can be produced by 
ischemia induced oxidants or by direct infusion of the oxidant peroxynitrate and that anti-
oxidants (DMSO or MnTBAP) when added during the preconditioning phase interfere 
with the induction of preconditioning (Kevin LG, Camara AK, Riess ML, Novalija E, 
Stowe DF. Ischemic preconditioning alters real-time measure of O2 radicals in intact 
hearts with ischemia and reperfusion. Am J Physiol Heart Circ Physiol 2003 
(February);284(2):H566–74). (Altup S, Demiryurek AT, Ak D, Tungel M, Kanzik I. 
Contribution of peroxynitrite to the beneficial effects of preconditioning on ischaemia- 
induced arrhythmias in rat isolated hearts. Eur J Pharmacol 2001 (March 16);415(2–
3):239 –46).  
 
While the cellular data reveals mechanisms for true reperfusion injury under conditions 
of simulated ischemia and reperfusion, whether or not the same lethal reperfusion injury 
is present in whole animals remains uncertain.  
 
12.3.8   Redox regulatory importance 
 
ROS are likely to play an important regulatory role in the following:   
-energy production,  
-fertilization,  
-survival kinases activation,  
-ion channel regulation,  
-apoptosis signaling,  
-preconditioning,  
-necrosis,  
-oxygen sensing,  
-inflammatory system,  
-redox homeostasis,  
-and regulation of vascular tone  
(Droge W. Free radicals in the physiological control of cell function. Physiol Rev 2002 
(January);82(1):47– 95). Also, please remember that spermatozoa and ova produce 
EMODs. EMODs are ubiquitous in aerobic living/breathing cells. 
 
The emerging picture is that cells maintain a delicate balance between the protective 
oxidant signaling versus detrimental effects and this balance seems a critical aspect of 
aerobic life. Despite many studies and a wide array of antioxidant agents, there are as yet 
no clinical indications for the routine use of an antioxidant in the setting of ischemia and 
reperfusion. For certain, redox status is of utmost importance. 
 
If oxidants play such an important role in reperfusion injury and cardiovascular disease, 
why is the clinical data so weak at this time?  I believe that it is because the free 
radical theory is wrong. 
 
12.3.9   Preconditioning does not occur in EMOD deficient mice 



 
Reperfusion injury in the heart can occur either as a result of transient arterial occlusion 
(eg, due to vasospasm or thrombus formation with spontaneous lysis) or as an iatrogenic 
consequence of thrombolytic or angioplastic therapy. Arterial occlusion leads to 
ischemia, which involves deprivation of energy substrates (glucose and oxygen) and 
accumulation of toxic metabolites (H+ and K+), as well as secondary alterations in 
endothelial and inflammatory cell function. 
 
Transgenic mice that overexpress copper-zinc superoxide dismutase manifest 
dramatically reduced myocardial reperfusion injury and reperfusion-induced 
superoxide generation (as demonstrated by electron paramagnetic resonance spin 
trapping) in the hearts of nontransgenic mice is not observed in the hearts of transgenic 

mice (Wang P, Chen H, Qin H, Sankarapandi S, Becher MW, Wong PC, Zweier JL. 
Overexpression of human copper, zinc-superoxide dismutase (SOD1) prevents 
postischemic injury. Proc Natl Acad Sci U S A. 1998;95:4556–4560). I believe that this 
reduced injury is due to increased H2O2 levels from overexpressed SOD. 
 
Recent experiments have demonstrated that delayed (late phase or second window) 
preconditioning does not occur in Nos2 knockout mice, which lack 
expression of inducible nitric oxide synthase (Guo Y, Jones WK, Xuan Y-T, Tang X-L, 
Bao W, Wu W-J, Han H, Laubach VE, Ping P, Yang Z, Qiu Y, Bolli R. The late phase of 
ischemic preconditioning is abrogated by targeted disruption of the inducible NO 
synthase gene. Proc Natl Acad Sci U S A. 1999;96:11507–11512).  

12.4.0    Mechanisms of preconditioning and reperfusion  

Cells of all tissues undergo irreversible injury and death when deprived of oxygen and 
other nutrients, and many of the responses to ischemia are shared among all cell types. 
However, quantitative and kinetic features of ischemic injury and of cytoprotective 

responses to injury are distinctive for each specialized cell type and tissue, and certain 
responses may be unique. In the case of the mammalian heart, an extensive literature has 
defined a stepwise series of events that follow coronary occlusion and that determine 
whether cells live or die (Protective responses in the ischemic myocardium. R. Sanders 
Williams and Ivor J. Benjamin. J Clin Invest, October 2000, Volume 106, Number 7, 
813-818).  

Immediately upon cessation of blood flow, concentrations of high-energy phosphate 
compounds (ATP and creatine phosphate) in cardiomyocytes fall and pH rises as cells 
shift from oxidative metabolism to anaerobic glycolysis. Within seconds or minutes, these 
abnormalities become sufficiently severe to reduce the contractile force generated by 
actin-myosin crossbridge formation, and subsequently to impair the function of energy-
dependent ion pumps in cellular membranes. Intracellular concentrations of free calcium 
increase, but cytosolic levels of calcium are buffered, at least initially, by uptake of 
calcium into mitochondria. As mitochondrial respiration ceases, FFAs and modified lipid 

or phospholipid intermediates accumulate.  



These changes are reversible, without cell death, if blood flow is restored promptly. 
However, with increasing durations of ischemia, cardiomyocytes fail to maintain the 
integrity of cellular membranes and cell death becomes inevitable, even if blood flow is 
restored fully. The time course with which injury becomes irreversible is a function of 
many variables, including the species under study, the severity of ischemia (total versus 

partial), mechanical and metabolic demands on the heart, and the antecedent state of the 
myocardium. Clinical and experimental observations suggest that ischemic injury to the 
human myocardium may become irreversible within an hour, although there is clinical 

benefit to restoring blood flow even after longer periods of total coronary occlusion. 
Finally, ischemia and reperfusion can trigger apoptosis, as a consequence of damage 

to mitochondria and leakage of cytochrome c, or through activation of receptor-
mediated apoptotic signaling cascades. 

Restoration of coronary blood flow following a transient period of ischemia (reperfusion), 
though necessary for cell survival, introduces a separate series of stresses that can 
exacerbate cell injury. Reactive oxygen species (ROSs) generated during reperfusion 
damage proteins and membrane structures within cardiomyocytes and can activate signal 
transduction pathways that lead to apoptosis. 

The literature on preconditioning is vast, and its interpretation is complicated by the 
diversity of experimental models and designs, and by different outcome measures (e.g., 
protection against infarction versus protection against stunning). 

Oxygen radical scavengers have been shown to prevent the development of ischemic 
preconditioning, suggesting that reactive oxygen species (ROS) might be involved in 
this phenomenon. In the present study, we have investigated whether direct exposure to 
ROS produced by photoactivated Rose Bengal (RB) could mimic the protective effects of 
ischemic preconditioning. In vitro generation of ROS from photoactivated RB in a 
physiological buffer was first characterised by ESR spectroscopy in the presence of 
2,2,6,6-tetramethyl-1-piperidone (oxoTEMP) or 5,5-dimethyl-1-pyrroline-N-oxide 
(DMPO). In a second part of the study, isolated rat hearts were exposed for 2.5 min to 
photoactivated RB. After 5 min washout, hearts underwent 30 min no-flow normothermic 
ischemia followed by 30 min of reperfusion. The production of singlet oxygen 1O2 by 
photoactivated RB in the perfusion medium was evidenced by the ESR detection of the 
nitroxyl radical oxoTEMPO. Histidine completely inhibited oxoTEMPO formation. In 
addition, the use of DMPO has indicated that (i) superoxide anions (O2*-) are produced 
directly and (ii) hydroxyl radicals (HO*) are formed indirectly from the successive O2*- 
dismutation and the Fenton reaction. In the perfusion experiments, myocardial post-
ischemic recovery was dramatically impaired in hearts previously exposed to the ROS 
produced by RB photoactivation (1O2, O2*-, H2O2 and HO*) as well as when 1O2 was 
removed by histidine (50 mM) addition. However, functional recovery was 
significantly improved when hearts were exposed to photoactivated RB 
in presence of superoxide dismutase (10(5) IU/L) and catalase (10(6) 
IU/L). Further studies are now required to determine whether the cardioprotective 
effects of Rose Bengal in presence of O2*- and H2O2 scavengers are due to singlet 
oxygen or to other species produced by Rose Bengal degradation (Role of reactive 



oxygen species in cardiac preconditioning: study with photoactivated Rose Bengal in 
isolated rat hearts. Toufecktsian, MC. et al. Free Radic Res. 2000 Oct;33(4):393-405). 

12.4.1   Lack of Gpx1 does not increase atherosclerosis  

Oxidative stress is thought to contribute to the initiation and progression of 
atherosclerosis. As glutathione peroxidase-1 (Gpx1) is an antioxidant enzyme that 
detoxifies lipid hydroperoxides, we tested the impact of Gpx1 deficiency on 
atherosclerotic processes and antioxidant enzyme expression in mice fed a high-fat diet 

(HFD). After 12 weeks of HFD, atherosclerotic lesions at the aortic sinus were of similar 
size in control and Gpx1-deficient mice. However, after 20 weeks of HFD, lesion size 
increased further in control but not in Gpx1-deficient mice, even though plasma and aortic 
wall markers of oxidative damage did not differ between groups. In control mice, the 
expression of Gpx1 increased and that of Gpx3 decreased at the aortic sinus after 20 
weeks of HFD, with no change in the expression of Gpx2, Gpx4, catalase, peroxiredoxin-
6, glutaredoxin-1 and -2, or thioredoxin-1 and -2. By comparison, in Gpx1-deficient mice, 
the expression of antioxidant genes was unaltered except for a decrease in glutaredoxin-1 

and an increase in glutaredoxin-2. These changes were associated with increased 
expression of the proinflammatory marker monocyte chemoattractant protein-1 in control 
mice but not in Gpx1-deficient mice. In summary, a specific deficiency in Gpx1 was not 
accompanied by an increase in markers of oxidative damage or increased atherosclerosis 

in a murine model of HFD-induced atherogenesis  (Lack of the antioxidant glutathione 
peroxidase-1 does not increase atherosclerosis in C57BL/J6 mice fed a high-fat diet. J.B. 
de Haan et al. Journal of Lipid Research, Vol. 47, 1157-1167, June 2006).  Again, this 
illustrates that atherosclerosis is not caused by EMODs. 

12.4.2   Why antiaging antioxidant experiments have failed 

If reactive oxygen species are intimately involved with the redox regulation of cell 
functions, as seems likely from current evidence, it may be easier to understand why 
attempts to change antioxidant balance in aging experiments have failed. The cell will 
adapt to maintain its redox balance. Indeed, transgenic animals over-
expressing antioxidants show some abnormalities of function. There must 

therefore be a highly complex interrelationship between dietary, constitutive, and 
inducible antioxidants within the body, under genetic control. The challenge for the new 
century is to be able to understand these relationships, and how to manipulate them to our 
advantage to prevent and treat disease (Free Radicals and Antioxidants in the Year 2000: 
A Historical Look to the Future. J. M.C. Gutteridge and Barry Halliwell. Annals of the 
New York Academy of Sciences 899:136-147 (2000). 

12.4.3    Thyroid hormone controls SOD, CAT and GPx  

This study examined the effect of experimental hyper- and hypothyroidism on the 
superoxide dismutase, catalase and glutathione peroxidase activities of rat lymphoid 
organs (mesenteric lymph nodes, spleen and thymus) and muscles (soleus and 
gastrocnemius-white portion) for comparison. The capacity for the generation of reducing 



equivalents was also investigated: activities of glucose-6-phosphate dehydrogenase 
(pentose-phosphate pathway) and citrate synthase (Krebs cycle). Hyperthyroidism 
tended to enhance lipid peroxide content in all tissues. This effect may result from (1) 
a high capacity for the generation of reducing equivalents in cytosol and mitochondria 
and (2) a reduced activity of catalase in the lymphoid organs and of glutathione 
peroxidase in the muscles. The process of lipid peroxidation in these tissues caused by 
hyperthyroidism was probably slowed down by the augmentation of CuZn- and Mn-
superoxide dismutase (Mn-SOD) activities observed under this condition. 
Hypothyroidism tended to diminish lipid peroxidation and did not affect citrate 
synthase and glucose-6-phosphate dehydrogenase activities in the lymphoid organs and 
muscles. Low levels of thyroid hormones tended to diminish Mn-SOD and glutathione 
peroxidase activities. These findings show that the thyroid hormones might be able 
to regulate the activities of CuZn- and Mn-SOD, and catalase and glutathione 
peroxidase in the lymphoid organs and skeletal muscles (Control of superoxide 
dismutase, catalase and glutathione peroxidase activities in rat lymphoid organs by 
thyroid hormones. Pereira, B. et al. J Endocrinol. 1994 Jan;140(1):73-7). 

12.4.4 Neutrophils Do Not Cause Damage by EMODs 



Some of gthe following material was abstracted, excerpted or modified from:  (Neither 
Neutrophils nor Reactive Oxygen Species Contribute to Tissue Damage during 
Pneumocystis Pneumonia in Mice. Steve D. Swain et al. Infection and Immunity, October 
2004, p. 5722-5732, Vol. 72, No. 10). 

Neutrophils are implicated in the damage of lung tissue in many disease states, including 
infectious diseases and environmental insults. These effects may be due to oxidative or 
nonoxidative functions of the neutrophil or both. Swain examined the role of neutrophils 
in pulmonary damage during infection with the opportunistic fungal pathogen 
Pneumocystis sp. in four mouse models of neutrophil dysfunction. These were (i) a 
knockout of the gp91phox component of NADPH oxidase, in which reactive oxygen 
species (ROS) production is greatly reduced; (ii) a double knockout of gp91phox and 
inducible nitric oxide synthase, in which ROS and nitric oxide production is greatly 
decreased; (iii) a knockout of the chemokine receptor CXCR2, in which accumulation of 
intra-alveolar neutrophils is severely diminished; and (iv) antibody depletion of 
circulating neutrophils in wild-type mice with the monoclonal antibody RB6. 

Surprisingly, in each case, indicators of pulmonary damage (respiratory 

rates, arterial oxygen partial pressures, and intra-alveolar albumin 
concentrations) were the same in knockout mice and comparable wild-
type mice. Therefore, whereas neutrophils are a valid correlative marker of lung 
damage during Pneumocystis infection, neither neutrophils nor ROS appear to 
be the causative agent of tissue damage. Swain also shows that there is no 
difference in Pneumocystis burdens between wild-type and knockout mice, which 
supports the idea that neutrophils do not have a major role in the clearance of this 
organism (Neither Neutrophils nor Reactive Oxygen Species Contribute to Tissue 
Damage during Pneumocystis Pneumonia in Mice. Steve D. Swain et al. Infection and 
Immunity, October 2004, p. 5722-5732, Vol. 72, No. 10). 

Although neutrophils have crucial host defense functions in pulmonary infections, their 
presence in lung tissue can reportedly also have injurious effects. When bacterial 
pathogens such as Streptococcus pneumoniae, Pseudomonas aeruginosa, and 
Haemophilus influenzae proliferate in the lung, neutrophils are recruited to aid in the 
clearance of these organisms. This is also the case with fungal pathogens such as 
Candida albicans and Aspergillus fumigatus. However, there are many who believe that  
there is evidence that the damage that can occur to pulmonary tissue in these conditions is 
due in part to neutrophil-mediated mechanisms, including both the production of 
reactive oxygen species (ROS) such as superoxide and hydrogen peroxide and 
nonoxidative mechanisms such as those involving proteolytic enzymes and antimicrobial 

proteins (Sibille, Y., and F. X. Marchandise. 1993. Pulmonary immune cells in health and 
disease: polymorphonuclear neutrophils. Eur. Respir. J. 6:1529-1543).  

This is especially evident in some cases of acute respiratory distress syndrome, in 
which increased permeability of endothelial and/or epithelial barriers, cellular influx, and 
other inflammatory changes often lead to death (Hasleton, P. S., and T. E. Roberts. 1999. 
Adult respiratory distress syndrome—an update. Histopathology 34:285-294). 



Another disease state in which neutrophils are suspected to be involved in host tissue 
damage is Pneumocystis pneumonia. This illness is caused by infection with the 
opportunistic fungal pathogen Pneumocystis sp. Although this organism is 
endemic, it does not cause overt illness in immunocompetent hosts; 
indeed, most people have antibodies against Pneumocystis by the age of three. However, 
in immunocompromised individuals such as those with AIDS and transplant patients 
receiving immunosuppressant treatments, Pneumocystis infection can lead to a serious 
and sometimes fatal disease. This is also the case in experimental rodent models in which 
animals are rendered susceptible to the disease by depletion of CD4+ lymphocytes, 
sustained glucocorticoid treatment, or genetic deletion such as in the case of the severe 
combined immunodeficient (SCID) mouse or the CD40 lymphocyte receptor knockout 
mouse. In these immunosuppressed animals, the Pneumocystis organisms slowly 
propagate in the alveoli until they fill the airspace and respiratory failure occurs.  

Pathophysiological changes such as increased alveolar permeability, decreased lung 
compliance, increased respiratory rate, and decreased arterial oxygen partial pressure 
typically occur only during the later stages of the disease, when the alveoli are largely full 
of Pneumocystis. Unlike that in diseases caused by faster-growing bacterial pathogens, 
neutrophil influx into the alveoli occurs primarily during the later stages of Pneumocystis 
infection, concurrent with increases in numbers of lymphocytes and macrophages. 
Because this influx coincides with the appearance of lung pathology, it has been 
speculated that the neutrophils have a causative role in the lung damage that occurs 
in the later stages of Pneumocystis pneumonia. This speculation is supported by evidence 
from human Pneumocystis patients that the severity of the disease correlates with the 
relative numbers of neutrophils in lavage samples.  

It appears that all knockout mice had 3-6 times as many neutrophils infiltrating than did 
the wild-type mice.  In other words, because the neutrophils were ineffective in fungal 
killing, the body kept sending more neutrophils to the site of infection. In a study in 
which mice were challenged with Escherichia coli to produce sepsis, the NADPH 
oxidase knockout mice had increased migration of neutrophils into the lung but at 
the same time had reduced lung microvascular injury, suggesting that superoxide 
production was important in the development of the pulmonary injury. In contrast, in a 
model of complement-induced lung injury, the absence of a functional NADPH oxidase 
did not result in less pulmonary damage, as assessed by accumulation of extravascular 
albumin. 

One unusual and consistent difference seen in phox/iNOS-KO mice was the pattern of 
Pneumocystis growth in the lung, as observed histologically. Pneumocystis in the lungs of 
these animals was less disperse than that seen in the lungs of wild-type mice; however, 
the clumps of Pneumocystis were much more dense in the alveoli and were often seen 
pushing out into distal airways. 

As seen in the other models of impaired neutrophil function, indicators of pulmonary 
damage in Pneumocystis infection with and without neutrophil depletion were not 
significantly different. Surprisingly, in all cases, the levels of lung damage 



seen during Pneumocystis infection were the same in wild-type mice and 
neutrophil-impaired knockout mice. 

Neutrophil host defense mechanisms are categorized as oxidative and nonoxidative. 
Oxidative mechanisms rely upon the production of superoxide, primarily by the 
multisubunit enzyme NADPH oxidase (Witko-Sarsat, V., P. Rieu, B. Descamps-Latscha, 
P. Lesavre, and L. Halbwachs-Mecarelli. 2000. Neutrophils: molecules, functions and 
pathophysiological aspects. Lab. Investig. 80:617-653).  

The importance of this enzyme in host defense against certain pathogens is demonstrated 
by the serious infections common in individuals with chronic granulomatous disease, in 

which one of the NADPH oxidase components is missing. However, excessive ROS 
production in certain pulmonary states can also have deleterious consequences. Direct 
peroxidation of membrane lipids by ROS and formation of nitrotyrosine-protein adducts 

by peroxynitrite (which is itself formed by the reaction of superoxide with NO) can 
directly disrupt the function of molecules on host cells (MacNee, W. 2001. Oxidative 
stress and lung inflammation in airways disease. Eur. J. Pharmacol. 429:195-207). ROS 
are also implicated in the activation of transcriptional factors (NF- B and activator 
protein 1) leading to the transcription of genes that accentuate the inflammatory process.  

Results indicate that in Pneumocystis-infected mice, the absence of superoxide 
produced by NADPH oxidase does not ameliorate the damage that occurs during the 
disease process. There also appear to be compensatory adjustments in these pathways 
that account for similar levels of pulmonary damage when one pathway is deleted. 
Together, the results from the gp91phox-KO and phox/iNOS-KO mouse models strongly 

suggest that oxidative mechanisms of neutrophil function (and assumedly 
phagocytes other than neutrophils) do not play a major role in the pathogenesis seen 
in Pneumocystis infections in mice. While it is tempting to speculate that the 
Pneumocystis organisms are aided in their dispersion through the lung by the oxidative 
functions of the neutrophils, we have no supporting evidence for this possibility at this 
time. 

Neutrophils also possess many nonoxidative effector mechanisms, including 
proteolytic enzymes (elastase and cathepsin G) and cationic proteins with direct 
antimicrobial actions ( -defensins and cathelicidins) (Sibille, Y., and F. X. 
Marchandise. 1993. Pulmonary immune cells in health and disease: polymorphonuclear 
neutrophils. Eur. Respir. J. 6:1529-1543). A great deal of in vitro work has implicated 
these proteins in pulmonary pathology. Recently, there have also been several in vivo 
studies on resistance to infection and damage to pulmonary tissue with the use of models 
with knockouts of neutrophil proteins such as elastase, cathepsin G, and matrix 
metalloproteinase type 9. Results from these studies indicate a complex role for these 

proteins: defects in these proteins do not impair transendothelial migration of neutrophils, 
which is contrary to the accepted role for these proteins. In spite of this finding, an 
important role for neutrophil elastase in pathogen resistance is evident from studies that 
show that mice deficient in elastase have greater susceptibility to high doses of several 
gram-negative pathogens and Candida albicans.  



In addition, mice doubly deficient in elastase and cathepsin G are more susceptible to 
Aspergillus and Staphylococcus aureus. With regard to host tissue damage, deficiency of 
neutrophil elastase is protective against the induction of emphysema by cigarette smoke in 
mice and also against fibrosis induced by bleomycin in mice. Mice that are doubly 
deficient in elastase and cathepsin G are resistant to some of the damaging effects on 

pulmonary tissue during endotoxic shock (Tkalcevic, J., M. Novelli, M. Phylactides, J. P. 
Iredale, A. W. Segal, and J. Roes. 2000. Impaired immunity and enhanced resistance to 
endotoxin in the absence of neutrophil elastase and cathepsin G. Immunity 12:201-210). 

It should be stated, however, that these studies do not rule out indirect neutrophil 
involvement in Pneumocystis-related host tissue damage. Although neutrophils are 
normally thought of as effector cells, there is some evidence that they may also have an 
immunoregulatory role, through release of cytokines or other regulatory substances. If 
so, then neutrophils may be able to exert some effects on lung tissue responses, even 
without entering the alveoli.  

Experiments to completely deplete circulating neutrophils have been performed using 
other disease models. The results were consistent with other data reported here in that 
measurements of pulmonary damage were the same between wild-type and neutrophil-
depleted mice, which suggests that neutrophils have neither a local nor distant role in 
Pneumocystis infections.  

The bronchiolar lavage (BAL) cells from smoking chronic obstructive airways disease 
(COPD) patients with bronchial hyperresponsiveness (BHR), consisting mainly of 
alveolar macrophages, have a low ROS production capability. This was not further 
decreased by in vivo exposure to a potent inhaled glucocorticoid. The low ROS 
production capability might be one of the causative mechanisms of the increased 
susceptibility to respiratory tract infections and the increased frequency of bacterial 
colonisation of the airways in these COPD patients (Effect of an inhaled 
glucocorticoid on reactive oxygen species production by bronchoalveolar lavage cells 
from smoking COPD patients. Gert T. Verhoeven et al. Mediators of Inflammation, 9, 
109–113 (2000). 
 
Molecules called reactive oxygen species (ROS) are normally present in semen. 

12.4.5   H2O2 and EMODs signaling attenuated by antioxidants 

Phagocytes such as neutrophils and macrophages produce reactive oxygen species (ROS) 
during phagocytosis or stimulation with a wide variety of agents through activation of 
nicotinamide adenine dinucleotide phosphate reduced (NADPH) oxidase that is 
assembled at the plasma membrane from resident plasma membrane and cytosolic 
protein components. One of the subunits of the phagocyte NADPH oxidase is now 
recognized as a member of a family of NADPH oxidases, or NOX, present in cells other 
than phagocytes. Physiologic generation of ROS has been implicated in a variety of 
physiologic responses from transcriptional activation to cell proliferation and apoptosis. 
The increase in superoxide and hydrogen peroxide (H2O2) that results from stimulation of 

the NADPH oxidase is transient, in part due to the presence of the antioxidant enzymes, 



which return their concentrations to the prestimulation steady state level. Thus, the 
antioxidant enzymes may function in the "turn-off" phase of signal transduction by 
ROS. During its transient elevation, H2O2 may act as a modifier of key signaling 
enzymes through reversible oxidation of critical thiols. The rapid reaction of thiols with 
H2O2 when in their unprotonated state would provide a potential mechanism for the 

specificity that is necessary for physiologic cell signaling (Reactive Oxygen Species 
and Cell Signaling. Respiratory Burst in Macrophage Signaling. Henry Jay Forman and 
Martine Torres. American Journal of Respiratory and Critical Care Medicine Vol 166. 
pp. S4-S8, (2002).  

12.4.6   Higher insulin conc., insulin resistance predicts risk of pancreatic cancer 

Obesity, diabetes mellitus, and glucose intolerance have been associated with 
increased pancreatic cancer risk; however, prediagnostic serum insulin concentration 
has not been evaluated as a predictor of this malignancy.  

A case-cohort prospective study within the Alpha-Tocopherol, Beta-Carotene Cancer 
Prevention Study (1985-1988) cohort of 29,133 male Finnish smokers ages 50 to 69 
years. The study included 400 randomly sampled subcohort control participants and 169 
incident pancreatic cancer cases that occurred after the fifth year of follow-up. All 
participants were followed up through December 2001 (up to 16.7 years of follow-up).  

After adjusting for age, smoking, and body mass index, higher baseline fasting serum 
concentrations of glucose, insulin, and insulin resistance were positively associated with 

pancreatic cancer. The presence of biochemically defined diabetes mellitus (glucose, 
126 mg/dL [ 6.99 mmol/L]) and insulin concentration in the highest vs lowest 
quartile both showed a significant 2-fold increased risk. There were significant 
interactions for all the biomarker exposures by follow-up time, such that the positive 
associations were stronger among the cases that occurred more than 10 years after 

baseline.  

These results support the hypothesis that exposure to higher insulin concentrations and 
insulin resistance predicts the risk of exocrine pancreatic cancer (Insulin, Glucose, Insulin 
Resistance, and Pancreatic Cancer in Male Smokers. Stolzenberg-Solomon et al. JAMA 
2005;294:2872-2878).  

12.5.0    Breast cancer and EMODs 
 
All women are at risk for breast cancer. Until now, it is not known exactly what causes 
breast cancer, but there are certain risk factors are linked to the disease. About 30% of 
women diagnosed with breast cancer have one or several risk factors. The biggest risk 
factors is aging. Other risk factors include:  
1) personal or family history of breast cancer,  
2) history of noncancerous but proliferative breast disease,  
3) having early onset of menstrual periods or late menopause,  
4) recent use of oral contraceptives or post-menopausal estrogens,  



5) never having children or having first child after age 30,  
6) chest radiation therapy as a child or young adult,  
7) obesity, especially after menopause,  
8) alcoholic abuse. 
 
Living cells develop efficient defense and repair mechanisms to protect against oxidant 
species. The antioxidative defense system is composed of methods to  
1) transfer sensitive material to compartments better protected from the action of reactive 
species,  
2) chelate transition metals and make them unreactive, thus decrease the potential source 
of electrons,  
3) inhibit vulnerable processes such as DNA replication,  
4) repair damaged molecules,  
5) initiate apoptosis,  
6) activate antioxidant enzymes and  
7) use a variety of direct free radical scavengers 
 
Reactive oxygen species within cells can be generated from various sources which 
include:          
1) redox-cycling substances (for example, paraquat, diquat),  
2) drug oxidations, 
3) cigarette smoking   
4) ionizing radiation 
5) during enzymatic oxidation and autooxidation,  
6) mitochondrial electron transport chain,  
7) phagocytic cells  
8) autoxidation reaction of metals. 
 
Three major enzymes involved in antioxidative defense:   
1) superoxide dismutases (SODs),  
2) catalases (CATs) and  
3) glutathione peroxidase (GPx). 
 
Manganese superoxide dismutase (MnSOD) has been proposed to function as a 
tumor suppressor gene (Oberley LW, Buettner GR. (1979) Role of superoxide 
dismutase in cancer: A review. CancerRes 39:1141-1149), its abnormal expression can 
be found in almost 100% cancer cells and in 90% cancer cell line, there is a low level of 
MnSOD. I believe that this tumor repressor activity is due to the fact that SOD 
generates apoptogenic H2O2. 
 
The substrate for redox cycling and free radical generation may be 4-hydroxoestradiol, a 
potent and long-acting estrogen, which generates free radicals through metabolic redox 
cycling and the chemically reactive estrogen semiquinone /quinone intermediates.  
 
12.5.1   Dietary fats 
 
Most human diets contain a variety of saturated fatty acids of different chain lengths. The 



major saturated fatty acid in the diet is palmitic acid (C16:0); the major 
monounsaturated fatty acid in human diets is oleic acid (cis-C18:1 ω-9 ) and the 
principal polyunsaturated fatty acid is linoleic acid (cis,cis-C18-2 ω-6). Soybeans, 
corn oils are rich in linoleic acid. ω -3 fatty acid (eicosapentaenoic and 
docosahexaenoic acid) is found in deep cold-water fatty fish. Both ω -6 and ω -3 fatty 
acids are essential and must be provided in diet. 
 
Dietary fats, specifically ω -6, directly or indirectly affect a variety of steps in the 
multistage carcinogenesis process (Bartsch H, Nair J, Owen RW. (1999) Dietary 
polyunsaturated fatty acids and cancers of the breast and colorectum: emerging evidence 
for their role as risk modifiers. Carcinogenesis 20:2209-2218):  
1) peroxidation of conjugated double bonds in PUFAs, causing persistent oxidative stress 
and generation of reactive lipid peroxidation products, which can induce DNA damage;  
2) conversion of essential fatty acid to eicosanoids, short-lived hormonelike lipids 
derived primarily from dietary linoleic acid;  
3) interaction of fatty acids with signal transduction pathways leading to altered gene 
expression;  
4) effects on unbound estrogenic hormone concentrations;  
5) effects on membrane (lipid)-bound enzymes such as cytochrome P450 (CYP) that 
regulate xenobiotic and estrogen metabolism;  
6) structural and functional changes in cell membranes resulting in alterations in hormone 
and growth factor receptors.  
 
High intake of ω -6 PUFAs enhanced activities of protein kinases, such as protein kinase 
C in rodent mammary gland and an increased number of estrogen receptor binding sites. 
Taken together, there is lots of experimental evidence that ω -6 fatty acids enhance 
the risks for breast cancers. So it is important to moderately restrict the total fat 
consumption. 
 
12.5.2   Alcohol 
 
Chronic Ethanol Ingestion Increases Superoxide Production and NADPH Oxidase 
Expression in the Lung. J. A. Polikandriotis, H. L. Rupnow, S. C. Elms, R. E. Clempus, 
D. J. Campbell, R. L. Sutliff, L. A. S. Brown, D. M. Guidot, and C. M. Hart. Am. J. 
Respir. Cell Mol. Biol., March 1, 2006; 34(3): 314 - 319. 
 
Alcohol, or ethanol can be metabolized to acetate by a two-step reaction: first alcohol 
dehydrogenase (ADH) converts alcohol to acetaldehyde and then the molybdenum 
hydroxylase enzymes, xanthine oxidoreductase (XOR) and aldehyde oxidase (AOX), 
produce acetate from acetaldehyde. During the second step, ROS was generated. XOR 
can generate ROS through the metabolism of both acetaldehyde and NADH, which was 
formed stoichiometrically during the conversion of alcohol by ADH. All of the three 
partial reduction products of oxygen are formed in this process: H2O2 and O2 •- are 
generated directly from substrate reduced enzymes when diatomic oxygen acquires 
reducing equivalents from a reduced flavin site and •OH is produced secondarily via 
Fenton reaction of iron or copper. 
 



As a major endogenous antioxidant enzyme, SOD activity mediates the susceptibility of 
cells to polycyclic aromatic hydrocarbons (PAHs) and prevents PAHs-induced mammary 
carcinogenesis. I believe that this is due to its formation of H2O2. 
 

Moderate consumption of alcoholic beverages has been associated with a decreased 
risk of several age related diseases, including cardiovascular disease (Klatsky AL. 
Epidemiology of coronary heart disease influence of alcohol. Alcohol Clin Exp Res 
1994; 18: 88-96) (Kiechl S, Willeit J, Egger G, Oberhollenzer M, Aichner F. Alcohol 
consumption and carotid atherosclerosis: evidence of dose-dependent atherogenic and 
antiatherogenic effects. Results from the Bruneck Study. Stroke 1994; 25: 1593-1598), 
stroke (Sacco RL, Elkind M, Boden-Albala B, Lin IF, Kargman DE, Hauser WA, et al. 
The protective effect of moderate alcohol consumption on ischemic stroke. JAMA 1999; 
281: 53-60), and cataract (Clayton RM, Cuthbert J, Duffy J, Seth J, Phillips CI, 
Bartholomew RS, et al. Some risk factors associated with cataract in S E Scotland: a pilot 
study. Trans Ophthalmol Soc UK 1982; 102: 331-336) (Sasaki H, Kojima M, Shui YB, 
Chen HM, Nagai K, Kasuga T, et al. The Singapore-Japan Cooperative Eye Study 
[abstract]. In: US-Japan Cooperative Cataract Research Group Meeting, Kona, HI. 
Kanazawa: Department of Ophthalmology, Kanazawa Medical University, 1997:66). I 
believe that all of these beneficial effects are due to its prooxidant activity.  

However, others believe that this effect has been tentatively ascribed to the 
antioxidant activities of alcohol (Trevithick CC, Vinson JA, Caulfield J, Rahman F, 
Derksen T, Bocksch L, et al. Is ethanol an important antioxidant in alcoholic beverages 
associated with risk reduction of cataract and atherosclerosis? Redox Report 1999; 4: 89-
93), flavonoids, or polyphenols (Duthie GG, Pedersen MW, Gardner PT, Morrice PC, 
Jenkinson AM, McPhail DB, et al. The effect of whisky and wine consumption on total 
phenol content and antioxidant capacity of plasma from healthy volunteers. Eur J Clin 
Nutr 1998; 52: 733-736) in the beverages, since it has been established that the 
antioxidant vitamin E reduces the risk of cardiovascular disease (Rimm EB, Stampfer 
MJ, Ascherio A, Giovanucci E, Golditz GA, Willet WC. Vitamin E consumption and the 
risk of coronary disease in men. N Engl J Med 1993; 328: 1450-1455) (Stampfer MJ, 
Hennekens CH, Manson JE, Golditz GA, Rosner B, Willett WC. Vitamin E consumption 
and risk of coronary disease in women. N Engl J Med 1993; 328: 1444-1449) and 
cataract development (Robertson JMcD, Donner AP, Trevithick JR. Vitamin E intake 
and risk of cataracts in humans. Ann NY Acad Sci 1989; 570: 372-382).  

12.5.3   Big U.S. study links breast cancer to alcohol 

A large U.S. study has linked alcohol consumption to an increased risk of the most 
common type of breast cancer in postmenopausal women.  The analysis of data from 
more than 184,000 women is the biggest of three major studies to conclude that 
drinking raises the risk of breast cancer for older women, Jasmine Lew, a researcher 
at the National Cancer Institute and the study's lead investigator said on 4/3/08. 



The research found that women who had one to two small drinks a day were 32 
percent more likely to develop a hormone-sensitive tumor. Three or more drinks a 
day raised the risk by 51 per cent.  "Regardless of the type of alcohol, the risk was 
evident," said Lew, presenting the findings here at a meeting of the American Association 
for Cancer Research. 

About 70 percent of women who are diagnosed with breast cancer have tumors that 
are positive for both the estrogen and progesterone receptors.  Lew said results from 
the NCI study lend credence to the theory that alcohol's interference with the metabolism 
of estrogen raises the risk of cancer.  She said it was too early to make public health 
recommendations but said women should talk with their doctors to assess risk factors and 
consider lifestyle changes. 

Other studies have linked light consumption of alcoholic drinks, especially red wine, 
to heart protection. 

Breast cancer is the second most common cancer killer of women, after lung cancer. It 
will be diagnosed in 1.2 million people globally this year and will kill 500,000.  I believe 
that the high fat content of breast tissue increases its risk for neoplasia due to the 
fact that the fat double bonds trap EMODs, thus producing an EMOD insufficiency. 

12.5.4   Ionizing radiation 
 
Ionizing radiation causes direct and indirect damage in human tissues. For low LET 
radiation, such as x- or γ-ray, biological damage is due to indirect reaction of radiation 
and biological targets. Radiation causes the radiolysis of water to produce eaq -, •OH and 
H•. About 60%-70% of cellular DNA damage produced by ionizing radiation is estimated 
to be caused by •OH. All biological molecules are targets for •OH, and the rate constant 
of the reactions is at a very high level, exceeding 109 M-1s-1. The interaction of ionizing 
radiation with living cells induces a variety of reaction products and a complex chain 
reaction in which many macromolecules and their degradation products participate. 
 
12.5.5   Asbestos 
 
Asbestosis is a chronic form of interstitial lung disease characterized by inflammation 
and fibrosis that results from the inhalation of asbestos fibers. Although the pathogenesis 
of asbestosis is poorly understood, reactive oxygen species may mediate the 
progression of this disease. The antioxidant enzyme extracellular superoxide dismutase 
(EC-SOD) can protect the lung against a variety of insults; however, its role in asbestosis 
is unknown. To determine if EC-SOD plays a direct role in protecting the lung from 
asbestos-induced injury, intratracheal injections of crocidolite were given to wild-type 
and ec-sod-null mice. Bronchoalveolar lavage fluid (BALF) from asbestos-treated ec-
sod-null mice at 24 h, 14 days, or 28 days posttreatment showed increased inflammation 
and total BALF protein content compared to that of wild-type mice. In addition, lungs 
from ec-sod-null mice showed increased hydroxyproline content compared to those of 
wild-type mice, indicating a greater fibrotic response. Finally, lungs from ec-sod-



null mice showed greater oxidative damage, as assessed by nitrotyrosine 
content compared to those of their wild-type counterparts. These results indicate that 
depletion of EC-SOD from the lung increases oxidative stress and injury in response 
to asbestos (Increased sensitivity to asbestos-induced lung injury in mice lacking 
extracellular superoxide dismutase. Fattman CL, Tan RJ, Tobolewski JM, Oury TD. Free 
Radic Biol Med. 2006 Feb 15;40(4):601-7).  
 
12.5.6   Melatonin 
 
Melatonin can also influence the activities of all main antioxidant enzymes, including 
SOD, CAT, GPx, glutathione reductase and glucose-6-phosphate dehydrogenase. There 
is evidence showing that melatonin increases tissue mRNA levels of MnSOD and 
CuZnSOD. Melatonin is used in chemoprevention of radiation-induced cancer. 
 
Melatonin is believed to be of importance in the brain for four reasons:  

1. The brain has the highest amount of free radical activity in the 
body because it uses far more oxygen than any other part of the 
body in carrying out its diverse and demanding metabolic 
functions.  

2. The brain has an exceptionally high iron content, which increases 
the number and virulence of its free radical reactions.  

3. The brain is relatively deficient in antioxidant defense systems, in 
part because the blood-brain barrier restricts the entry into the 
brain of antioxidant compounds.  

Melatonin is an antioxidant that functions throughout our entire body...in every cell and 
in every part of every cell and in every bodily fluid. Melatonin is a non-toxic, natural 
hormone produced within the body that requires no binding sites or receptors to act. 
Melatonin is a small molecule that is highly diffusible and crosses every internal barrier 
within the body easily, including the blood-brain barrier. 
 
Among all these risk factors mentioned above, cumulatively exposure to E2 links them 
(except radiation) for breast cancer. It has been proposed that a high ω-6 PUFAs 
linoleic acid and arachidonic acid intake can inhibits the detoxification of estrogens by 2-
OHE and increases 16α-OHE, resulting in metabolites that will undergo redox cycling 
and produce hydroxyl radicals (Davis DL, Bradlow HL, Wolff M, Woodruff T, Hoel DG, 
Anton Culver H. (1993) Medical hypothesis: exnoestrogens as preventable causes of 
breast cancer. Environ Health Perspect 101:372-377).  
 
The carcinogenesis effect of alcohol consumption also relates to the level of estrogen in 
circulation, especially to postmenopausal woman. Ginsburg et al reported that for 
postmenopausal woman who receiving estrogens and consuming alcohol regularly, the 
blood estrogen level is raised to values characteristic of the periovulatory peak in the 
menstrual cycle, which may be above the threshold of breast cancer and result in the 
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increase of breast cancer risk (Ginsburg ES, Mello NK, Mendelson JH, Barbieri RL, 
Teoh SK, Rothman M, Gao X, Sholar JW. (1996) Effects of alcohol ingestion on 
estrogens in postmenopausal women. JAMA. 276:1747-51). 
 
In simmary, breast cancer, the most common cancer among women, is a complex and 
important disease. There are several risk factors that are associated with the initiation and 
promotion of breast cancer. Among all factors, estrogens play a predominant role 
in breast cancer development. Many of these factors are known to cause their 
effects by producing reactive oxygen species. 
 
Reactive oxygen species (ROS), including superoxide anion radical (O2 •-) allegedly play 
an important role in carcinogenesis. The human body has developed different antioxidant 
systems to defend against free radical attacks. Yeh investigated the changes of the 
antioxidant status in the blood of patients with breast cancer. The O2 •- generation and 
the levels of malondialdehyde (MDA) were measured as an index of lipid peroxidation 
along with the examination of the activities of superoxide dismutase (SOD), glutathione 
peroxidase (GPx), glutathione reductase (GRx), the levels of reduced glutathione (GSH), 
oxidized glutathione (GSSG), and vitamins A, C, and E. The results showed that the 
levels of O2 •- and MDA, and the activities of antioxidant enzymes in the blood 
of the patients with breast cancer were significantly higher than the controls. 
However, the levels of vitamin C, GSH, GSSG and ratio of GSH/GSSG in the blood of 
the patients with breast cancer were significantly decreased compared to control subjects. 
CONCLUSIONS: Oxidative stress may be involved in breast cancer. The increased 
activities of erythrocyte antioxidant enzymes may be a compensatory upregulation in 
response to the increased oxidative stress (Superoxide anion radical, lipid peroxides and 
antioxidant status in the blood of patients with breast cancer. Yeh CC et al. Clin Chim 
Acta. 2005 Nov;361(1-2):104-11). I can not conclude that oxidative stress or 
reductive stress is causative of breast cancer in this study. It is interesting that the 
high levels of antioxidant enzymes could contribute to a relative EMOD reduction 
and thus allow cancer manifestation and prevent apoptosis. 
 
12.5.7   Fruits and Vegetables do not reduce breast cancer incidence 

The intake of vegetables and fruits has been thought to protect against breast cancer. Most 
of the evidence comes from case-control studies, but a recent pooled analysis of the 

relatively few published cohort studies suggests no significantly reduced breast 
cancer risk is associated with vegetable and fruit consumption.  

Prospective study of 285,526 women between the ages of 25 and 70 years, participating 

in the European Prospective Investigation Into Cancer and Nutrition (EPIC) study, 
recruited from 8 of the 10 participating European countries. Participants completed a 
dietary questionnaire in 1992-1998 and were followed up for incidence of cancer until 

2002.  

During 1,486,402 person-years (median duration of follow-up, 5.4 years), 3659 invasive 
incident breast cancer cases were reported. No significant associations between 
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vegetable or fruit intake and breast cancer risk were observed. Relative risks for the 
highest vs the lowest quintile were 0.98 (95% confidence interval [CI], 0.84-1.14) for 
total vegetables, 1.09 (95% CI , 0.94-1.25) for total fruit, and 1.05 (95% CI , 0.92-1.20) 
for fruit and vegetable juices. For 6 specific vegetable subgroups no associations with 
breast cancer risk were observed either.  

Conclusion Although the period of follow-up is limited for now, the results suggest that 
total or specific vegetable and fruit intake is not associated with risk for breast 
cancer.  (Consumption of Vegetables and Fruits and Risk of Breast Cancer. Carla H. van 
Gils, PhD; Petra H. M. Peeters, MD, PhD; H. Bas Bueno-de-Mesquita, MD, MPH, PhD; 
Hendriek C. Boshuizen, PhD; Petra H. Lahmann, PhD; Françoise Clavel-Chapelon, PhD; 
Anne Thiébaut, PhD; Emmanuelle Kesse, PhD; Sabina Sieri, PhD; Domenico Palli, MD; 
Rosario Tumino, MD, MSc; Salvatore Panico, MD, MSc; Paolo Vineis, MD; Carlos A. 
Gonzalez, MD, MPH, PhD; Eva Ardanaz, PhD; Maria-José Sánchez, MD, PhD; Pilar 
Amiano, MS; Carmen Navarro, MD, PhD, MSc; José R. Quirós, MD; Timothy J. Key, 
DPhil; Naomi Allen, DPhil; Kay-Tee Khaw, MBBChir, FRCP; Sheila A. Bingham, PhD; 
Theodora Psaltopoulou, MD; Maria Koliva, PhN; Antonia Trichopoulou, MD; Gabriële 
Nagel, MPH; Jakob Linseisen, PhD; Heiner Boeing, PhD; Göran Berglund, MD, PhD; 
Elisabet Wirfält, MPH, PhD; Göran Hallmans, MD, PhD; Per Lenner, MD, PhD; Kim 
Overvad, MD, PhD; Anne Tjønneland, MD, PhD; Anja Olsen, PhD, MSc; Eiliv Lund, 
MD, PhD; Dagrun Engeset, MSc; Elin Alsaker, MSc; Teresa Norat, PhD; Rudolf Kaaks, 
PhD; Nadia Slimani, MSc, PhD; Elio Riboli, MD, MPH, ScM. JAMA. 2005;293:183-
193). Incidentally, this is the greatest number of authors that I have seen for one 
paper, i.e., 43 authors. 

I believe that this is a serious challenge to the free radical theory and that it 
invalidates on the basis of the ineffectiveness of antioxidants to alter or prevent 
cancer incidence. 

12.5.8   Fruits and vegetables may reduce cancer 

New research is strengthening evidence that following mom's admonition to eat your 
vegetables may be some of the best health advice around. A large study of 500,000 
American retirees has found that just one extra serving of fruit or vegetables a day 
may reduce the risk of developing head and neck cancer.  

Numerous studies have demonstrated that diet plays a role in cancer. Cancer experts 
now believe that up to two-thirds of all cancers come from lifestyle 
factors such as smoking, diet and lack of exercise. 

"It may not sound like news that vegetables protect from cancer, but there is actually 
some controversy in the literature. It is important that we do these large studies," said Dr. 
Alan Kristal, associate head of the cancer prevention program at Fred Hutchinson Cancer 
Research Center in Seattle. 



Researchers at the National Cancer Institute queried men and women aged 50 and older 
about their diets, then followed participants for five years to record all diagnoses of 
head and neck cancer, which is the sixth-leading cause of cancer-related death 
worldwide. Tobacco and alcohol use increase the risk of head and neck cancers, 
which affect the mouth, nose, sinuses and throat. 

The study found eating six servings of fruit and vegetables per day per 1,000 calories cut 
the risk of head and neck cancer by 29 percent compared to eating one and a half 
servings. The typical adult consumes around 2,000 calories a day. 

"Increasing consumption by just one serving of fruit or vegetables per 1,000 calories per 
day was associated with a 6 percent reduction in head and neck cancer risk, said Neal 
Freedman, cancer prevention fellow at the NCI. 

A second study of food consumption in more than 183,000 residents of California and 
Hawaii found that a diet high in flavonols might help reduce pancreatic cancer risk, 
especially in smokers. Flavonols are common in plant-based foods but are found in 
highest concentrations in onions, apples, berries, kale and broccoli. 

The study found that people who ate the largest amounts of flavonols had a 23 percent 
reduced risk of developing pancreatic cancer compared to those who ate the least. 

I believe that this paper and the one prior to it illustrates the conflicting data in the 
literature.  We should remember that flavonols are poorly absorbed from the 
gastric system. 

Again, we must that even flavonols are only a small fraction of the chemicals 
contained in fruits and vegetables and it may be incorrect to assign tumoricidal 
activity to just these agents. 

12.5.9   HbA1c concentrations do not increase risk of breast cancer 

Impaired glucose metabolism and hyperinsulinemia have been hypothesized to increase 
breast cancer risk. However, findings from observational studies relating blood 
concentrations of hyperinsulinemia markers to breast cancer risk have been inconsistent. 
Lin et al. prospectively evaluated whether hemoglobin A1c (HbA1c) concentrations 
predict breast cancer risk in a large female cohort. We included 27,110 female 
participants of the Women's Health Study who were, at baseline, free of cancer and had 
usable blood specimens as well as sufficient information on potential risk factors for 
breast cancer. During an average of 10 years of follow-up, 790 incident cases of invasive 
breast cancer were confirmed. Higher baseline HbA1c levels were not associated with 
an increased risk of breast cancer. Higher HbA1c levels were also not associated with 
an increased risk of breast cancer according to alternative clinical cutoff points for HbA1c 
or in the analyses stratified by body mass index or according to certain tumor 
characteristics. However, a weakly inverse association was noted among postmenopausal 
women, especially among those who had never used hormone therapy. There was also a 



weakly inverse association between HbA1c levels and estrogen receptor–negative breast 
tumors. These data suggest that higher HbA1c concentrations do not seem to increase 
risk of breast cancer among apparently healthy women. (A Prospective Study of 
Hemoglobin A1c Concentrations and Risk of Breast Cancer in Women. Jennifer Lin et al. 
Cancer Res 2006; 66(5): 2869-75). 
 
12.5.10   Breast implants pose no cancer risk 

A large study has found that women with breast implants show a lower-than-
average risk of breast cancer, adding to evidence that silicone implants do not 
contribute to the disease. In a study of more than 24,000 women who underwent breast 
augmentation in the 1970s and 1980s, Canadian researchers found that the women had a 
43 percent lower rate of breast cancer compared with the general population. They 
also showed a lower-than-average risk of developing cancer of any kind.  

The reasons for this are unclear, according to the study authors, led by Dr. Jacques 
Brisson of Laval University in Quebec. 

I believe that this indicates that the body has reacted to the presence of the foreign 
body and has increased EMOD levels accordingly and in doing so, it has also acted 
to protect the breast implant patients against other forms of cancer. 

The findings, published in the International Journal of Cancer, echo those of past studies 
showing that silicone-gel implants do not appear to be a cancer risk. A recent study of 
Danish women followed for up to 30 years found no evidence of a higher risk of any 
cancer among implant recipients. 

And like that study, the current one also found that women with implants had a lower 
risk of breast cancer than those who underwent other types of cosmetic surgery in 
years past. 

One possibility, they speculate, is that women whose family history puts them at risk of 
breast cancer are less likely to get cosmetic implants. Other studies have found that, 
compared with the general population, women who undergo breast augmentation tend to 
be thinner and have children at a younger age, both of which may lower the risk of breast 
cancer. 

The current findings are based on data for 24,558 women who underwent breast 
augmentation, mostly with silicone-gel implants, between 1974 and 1989. Their cancer 
incidence was compared with that of the general population, as well as a group of 15,893 
women who underwent other cosmetic procedures during the same time period. 

Women in both cosmetic-surgery groups had lower-than-average rates of both breast 
cancer and cancer in general, with implant recipients showing the lowest breast cancer 
rate. 



Still, Brisson's team notes, women with implants typically had the procedure around the 
age of 30, which means they will need to be followed for decades to see whether their 
breast cancer risk does eventually rise -- particularly after menopause. (SOURCE: 
International Journal of Cancer, June 1, 2006).  

12.6.0    Metabolic Syndrome (MS) 

12.6.1   How is metabolic syndrome defined? 

Considerable evidence supports the association between insulin resistance and vascular 
disease, and this has led to wide acceptance of the clustering of hyperlipidemia, glucose 
intolerance, hypertension, and obesity as a clinical entity, the metabolic syndrome. 
While insulin resistance, by promoting dyslipidemia and other metabolic abnormalities, is 
part of the proatherogenic milieu, it is possible that insulin resistance itself in the vascular 
wall does not promote atherosclerosis. 

An association between certain metabolic disorders and cardiovascular disease has been 
known since the 1940s. In the 1980s this association became more clearly defined and the 
term metabolic syndrome (also known as syndrome X or the dysmetabolic syndrome) 
was coined to designate a cluster of metabolic risk factors that come together in a single 
individual. In more current times, the term metabolic syndrome is found throughout 
medical literature and in the lay press as well. There are slight differences in the criteria 
of diagnosis - depending on which authority is quoted. Regardless, the concept of a 
clustering of risks leading to cardiovascular disease is well accepted. 

The main features of metabolic syndrome include insulin resistance, hypertension (high 
blood pressure), cholesterol abnormalities, and an increased risk for clotting. Patients are 
most often overweight or obese.  

Insulin resistance refers to the diminished ability of cells to respond to the action of 
insulin in promoting the transport of the sugar glucose, from blood into muscles and other 
tissues. Because of the central role that insulin resistance plays in the metabolic 
syndrome, a separate article is devoted to insulin resistance. Please see Insulin Resistance 
article for more information.  

The definition of metabolic syndrome depends on which group of experts is doing the 
defining. Based on the guidelines from the 2001 National Cholesterol Education Program 
Adult Treatment Panel (ATP III), any three of the following traits in the same individual 
meet the criteria for the metabolic syndrome:  

1. Abdominal obesity: a waist circumference over 102 cm (40 in) in men and over 
88 cm (35 inches) in women.  

2. Serum triglycerides 150 mg/dl or above.  
3. HDL cholesterol 40mg/dl or lower in men and 50mg/dl or lower in women.  
4. Blood pressure of 130/85 or more.  
5. Fasting blood glucose of 110 mg/dl or above. (Some groups say 100mg/dl)  
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The World Health Organization (WHO) has slightly different criteria for the metabolic 
syndrome:  

1. High insulin levels, an elevated fasting blood glucose or an elevated post meal 
glucose alone with at least 2 of the following criteria:  

• Abdominal obesity as defined by a waist to hip ratio of greater than 0.9, a 
body mass index of at least 30 kg/m2 or a waist measurement over 37 
inches.  

2. Cholesterol panel showing a triglyceride level of at least 150 mg/dl or an HDL 
cholesterol lower than 35 mg/dl.  

3. Blood pressure of 140/90 or above (or on treatment for high blood pressure).  

 

Metabolic syndrome is quite common. Approximately 20-30% of the population in 
industrialized countries have metabolic syndrome. By the year 2010, the metabolic 
syndrome is expected to affect 50-75 million people in the US alone. As is true with 
many medical conditions, genetics and the environment both play important roles in the 
development of the metabolic syndrome. 

Metabolic syndrome is present in about 5% of people with normal body weight, 22% of 
those who are overweight and 60% of those considered obese. Adults who continue to 
gain 5 or more pounds per year raise their risk of developing metabolic syndrome by up 
to 45%.  

While obesity itself is likely the greatest risk factor, others factors of concern include:  

• women who are post-menopausal,  
• smoking,  
• eating an excessively high carbohydrate diet,  
• lack of activity (even without weight change), and  
• consuming an alcohol-free diet.  

Other problems associated with metabolic syndrome include obstructive sleep apnea, 
polycystic ovary syndrome, increased risk of dementia with aging, and cognitive 
decline in the elderly.  

Because MS is associated with increased risk of CHD, it has also been called the 
"Deadly Quartet" or cardiovascular dysmetabolic syndrome. MS comprises a cluster 
of abnormalities that occur as a result of perturbations in multiple metabolic pathways, 
leading to hyperinsulinemia, insulin resistance (IR), hyperglycemia, atherogenic 
dyslipidemia, and hypertension. Recent findings also suggest that MS is a 
proinflammatory condition, as characterized by elevations of serum high-sensitivity C-
reactive protein.  There is now evidence that several atherothrombotic factors also are 
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increased in MS; these include increased levels of plasminogen activator inhibitor-1, 
serum fibrinogen, von Willebrand factor, factor VII, and thrombin, as well as increased 
platelet activation and aggregation. All of these abnormalities lead to increased risk of 
CVD, especially CHD. Several recent studies have demonstrated that the presence of MS 
is associated with significant increases in the risk of CV events and cardiac mortality.  

12.6.2   Metabolic Syndrome and EMODs 

Oxidative stress may play a critical role in the pathogenesis of atherosclerosis in patients 
with metabolic syndrome. This study aimed to investigate whether a relationship exists 
between phagocytic NADPH oxidase activity and oxidative stress and atherosclerosis in 
metabolic syndrome patients. The study was performed in 56 metabolic syndrome 
patients (metabolic syndrome group), 99 patients with one or two cardiovascular risk 
factors (cardiovascular risk factor group), and 28 healthy subjects (control group). 
NADPH oxidase expression and activity was augmented (P < 0.05) in metabolic 
syndrome compared with cardiovascular risk factor and control groups. Insulin was 
enhanced (P < 0.05) in metabolic syndrome patients compared with cardiovascular risk 
factor and control groups and correlated with NADPH oxidase activity in the overall 
population. Insulin stimulated NADPH oxidase activity; this effect was abolished by a 
specific protein kinase C inhibitor. Oxidized LDL and nitrotyrosine levels and carotid 
intima-media thickness were increased (P < 0.05) in the metabolic syndrome group 
compared with cardiovascular risk factor and control groups and correlated with NADPH 
oxidase activity in the overall population. These findings suggest that phagocytic NADPH 
oxidase overactivity is involved in oxidative stress and atherosclerosis in metabolic 
syndrome patients. Their findings also suggest that hyperinsulinemia may contribute to 

oxidative stress in metabolic syndrome patients through activation of NADPH oxidase 
(Phagocytic NADPH Oxidase Overactivity Underlies Oxidative Stress in Metabolic 
Syndrome. Ana Fortuño et al. Diabetes 55:209-215, 2006). 
 
 

Antioxidants are free radicals  
in sheep’s clothing. 

These free radical, disguised precursors sneak around 
pretending to be unlike the oxidant-wolf 

but they equally enjoy feasting on a bloody electron exchange. 
Peel back their sheep skin  

and there stands a naked radical. 
It is what sustains the nature  

and the essence of life. 
R. M. Howes, M.D., Ph.D. 

11/6/07 
 
 
 
 



 

12.7.0    Antioxidant Vitamins 

Human investigations also support the oxidative stress hypothesis of atherosclerosis. 
Oxidative stress is the unifying mechanism for many CVD risk factors, which 
additionally supports its central role in CVD. Despite the demonstrated role of 
antioxidants in cellular and animal studies, the ineffectiveness of antioxidants in 
reducing cardiovascular death and morbidity in clinical trials has led 
many investigators to question the importance of oxidative stress in 
human atherosclerosis (Oxidative Stress and Vascular Disease. Nageswara R. 
Madamanchi; Aleksandr Vendrov; Marschall S. Runge. Arteriosclerosis, Thrombosis, 
and Vascular Biology. 2005;25:29). 

12.7.1   NIH Panel Split on Vitamin Benefits 

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 on 5/17/06. 

Worried about bottles that promise 53 times the recommended daily consumption of 
certain nutrients, specialists convened by the National Institutes of Health called on 
5/17/06 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 assumed 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, 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.  

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 protect the bones of postmenopausal women. 

_Antioxidants and zinc may slow the worsening of the blinding disease called age-related 
macular degeneration. 

On the other hand, 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: 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. 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.  



But "for millions of Americans who struggle with diet and nutrition, a daily multivitamin 
provides a safe, affordable, and reliable means of filling nutrition gaps and promoting 
overall good health," added council president Steven Mister. 

12.7.2  American Diabetic Association Statement and Recommendations 

[Position Statement:  Evidence-Based Nutrition Principles and Recommendations for the 
Treatment and Prevention of Diabetes and Related Complications. American Diabetes 
Association. Diabetes Care 25:S50-S60, 2002]. 

• One must use caution in recommending antioxidant supplements to people with 
diabetes without appropriate controlled trials in these subjects. In 2002, the 
American Diabetes Association published a consensus statement on this issue, 
which states, “There is no clear evidence of benefit from vitamin or mineral 

supplementation in people with diabetes who do not have underlying 

deficiencies.  Routine supplementation of the diet with antioxidants is not 

advised because of uncertainties related to long-term efficacy and safety.”  

In general, megadoses of dietary antioxidants—vitamin C, vitamin E, selenium, beta 
carotene, and other carotenoids—have not demonstrated protection against cardiovascular 
disease, diabetes, or cancer. Although large observational studies have shown a 
correlation between dietary or supplemental consumption of antioxidants and 
cardiovascular benefit, large placebo-controlled trials have failed to show a benefit and, 
in some instances, have suggested adverse effects of antioxidant vitamins. 

The role of folate in preventing birth defects is widely accepted, but the role of folate 
supplementation to lower homocysteine and to reduce cardiovascular events is not clear. 
The role of vitamins B1, B6, and B12 in the treatment of diabetic neuropathy has not been 
established and cannot be recommended as a routine therapeutic option. The use of 
nicotinamide to preserve ß-cell mass in newly diagnosed subjects with type 1 diabetes is 
under investigation; however, a beneficial effect has not been clearly demonstrated.  

Deficiencies of certain minerals, such as potassium, magnesium, and possibly zinc and 
chromium, may aggravate carbohydrate intolerance. Whereas the need for potassium or 
magnesium replacement is relatively easy to detect based on low serum levels, the need 
for zinc or chromium supplementation is more difficult to detect.  

Beneficial effects on glycemia from chromium supplementation have been reported. 
However, the populations studied may have had marginal baseline chromium status, and 
in the largest study, chromium status was not evaluated either at baseline or following 

supplementation. Other well-designed studies have failed to show any significant benefit 
from chromium supplementation on glycemic control in people with diabetes. At the 
present, benefit from chromium supplementation in persons with diabetes has not been 
conclusively demonstrated.  



While Cr (VI)-containing compounds are well established carcinogens, the mechanisms 
of their action remain to be investigated. In this study we show that Cr (VI) causes 
increased tyrosine phosphorylation in human lung epithelial A549 cells in a time-
dependent manner. N-acetyl-cysteine (NAC), a general antioxidant, inhibited Cr (VI)-
induced tyrosine phosphorylation. Catalase, a scavenger of H2O2, sodium formate and 
aspirin, scavengers of hydroxyl radical (●OH), also inhibited the increased tyrosine 
phosphorylation induced by Cr (VI). SOD, an inhibitor of superoxide radical (O2●-), 
caused less inhibition. ESR study shows that incubation of Cr (VI) with the A549 cells 
generates ●OH radical. The generation of radical was decreased by addition of catalase 
and sodium formate, while SOD did not have any inhibitory effect. Oxygen consumption 
measurements show that addition of Cr (VI) to A549 cells resulted in enhanced molecular 
oxygen consumption. These results indicate that Cr (VI) can induce an increase in 
tyrosine phosphorylation. H2O2 and ●OH radicals generated during the process are 
responsible for the increased tyrosine phosphorylation induced by Cr (VI). (Cr (VI) 
increases tyrosine phosphorylation through reactive oxygen species-mediated reactions. 
Qian Y, Jiang BH, Flynn DC, Leonard SS, Wang S, Zhang Z, Ye J, Chen F, Wang L, Shi 
X. Mol Cell Biochem. 2001 Jun;222(1-2):199-204). I believe that this means that 
oxygen consumption must be considered in the activity of chromium. 

A daily intake of 1,000–1,500 mg of calcium, especially in older subjects with diabetes, is 
recommended. This recommendation appears to be safe and likely to reduce osteoporosis 
in older persons. The value of calcium supplementation in younger persons is uncertain.  

There is no clear evidence of benefit from vitamin or mineral supplementation in people 
with diabetes who do not have underlying deficiencies. Exceptions include folate for 
prevention of birth defects and calcium for prevention of bone disease.  

12.7.3    RECOMMENDATIONS 

• Exceptions include folate for prevention of birth defects and calcium for 
prevention of bone disease.  

• Routine supplementation of the diet with antioxidants is not advised because of 
uncertainties related to long-term efficacy and safety.  

[Position Statement:  Evidence-Based Nutrition Principles and Recommendations for the 
Treatment and Prevention of Diabetes and Related Complications. American Diabetes 
Association. Diabetes Care 25:S50-S60, 2002]. 

12.7.4    AMERICAN Heart Association Scientific Position  

Many people are interested in antioxidant vitamins (A, C and E). This is due to 
suggestions from large observational studies comparing healthy adults consuming large 
amounts of these vitamins with those who didn’t. However, these observations are 
subject to bias and don’t prove a cause-and-effect relationship. Scientific evidence does 
not suggest that consuming antioxidant vitamins can eliminate the need to reduce 
blood pressure, lower blood cholesterol or stop smoking cigarettes. Clinical trials are 
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under way to find out whether increased vitamin antioxidant intake may have an overall 
benefit. However, a recent large, placebo-controlled, randomized study failed to 
show any benefit from vitamin E on heart disease. These above statements were taken 
from the AHA web site on 4/10/06. (AHA Science Advisory: Antioxidant Consumption 
and Risk of Coronary Heart Disease: Emphasis on Vitamin C, Vitamin E, and Beta-
carotene, #71-0158 Circulation. 1999;99:591-595). 

Diabetes risk is allegedly reduced if you consume more antioxidants. A study of 4300 
subjects showed 30 to 40 percent lower risk in the group with the highest compared to 
those with the lowest intake of vitamin E or carotenoids (Montonen J, et al., Dietary 
antioxidant intake and risk of type 2 diabetes. Diabetes Care. 2004 Feb;27(2):362-6).  
However, this study is of questionable value.  

12.7.5    The Food and Nutrition Board of the National Academy of Sciences 
Position 

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. (Health Journal : The case against vitamins. Monday, 
March 20, 2006 By Tara Parker-Pope, The Wall Street Journal).   

 

Unfounded rhetoric extolling the wonders of antioxidants 
sucks all of the oxygen from the air. 

Shud’up, already! 
R. M. Howes, M.D., Ph.D. 

10/14/07 

 

 

12.7.6    Failed Antioxidant Studies 
 
In diabetes, oxidative stress allegedly plays a key role in the pathogenesis of vascular 
complications, and an early step of such damage is considered to be the development of 
an endothelial dysfunction. Hyperglycemia directly promotes an endothelial dysfunction 
inducing process of overproduction of superoxide and consequently peroxynitrite, that 
damages DNA and activates the nuclear enzyme poly(ADP-ribose) polymerase. This 
process, depleting NAD+, slowing glycolsis, ATP formation and electron transport, 
results in acute endothelial dysfunction in diabetic blood vessels and contributes to the 
development of diabetic complications. These new findings may explain why 
classical antioxidants, like vitamin E, that work scavenging already 
formed toxic oxidation products, have failed to show beneficial effects 



on diabetic complications, and suggest new and attractive "causal" antioxidant 
therapy. New, low molecular mass compounds that act as SOD or catalase mimetics or L-
propionyl-carnitine and lipoic acid, that work as intracellular superoxide scavengers, 
improving mitochondrial function and reducing DNA damage, may be good candidates 
for such strategy, and preliminary studies support this hypothesis. This "causal" therapy 
would also be associated with other promising tools such as LY 333531, PJ34 and FP15, 
which block protein kinase beta isoform, poly(ADP-ribose) polymerase and 
peroxynitrite, respectively. It is now evident that, statins, ACE inhibitors, AT-1 
blockers, calcium channel blockers and thiazolidinediones have a strong 
intracellular antioxidant activity, and it has been suggested that many of their 
beneficial ancillary effects are due to this property. (Molecular targets of diabetic 
vascular complications and potential new drugs. Da Ros R, Assaloni R, Ceriello A. Curr 
Drug Targets. 2005 Jun;6(4):503-9). I believe that they may aid in redox cycling. 
 
The results of large prospective randomized controlled intervention trials, mostly 
involving vitamin E in patients at increased risk of CVD, have been disappointing and 
have failed to demonstrate the anticipated benefits (Anti-oxidants-- a protective role 
in cardiovascular disease? Maxwell S, Greig L. Expert Opin Pharmacother. 2001 
Nov;2(11):1737-50). 
 
Established risk factors such as hypertension, smoking and diabetes mellitus are all 
associated with increased oxidative stresses due to excess free radical activity in the 
vascular wall. Large prospective randomized controlled intervention trials, mostly 
involving vitamin E (e.g. CHAOS, HOPE), have failed to demonstrate any beneficial 
effect upon vascular mortality in high risk individuals (Coronary artery disease--free 
radical damage, antioxidant protection and the role of homocysteine.  
Maxwell SR. Basic Res Cardiol. 2000;95 Suppl 1:I65-71). 
 
Lipid peroxidation may be important in the development of cardiovascular disease, 
a common cause of mortality and morbidity in non-insulin dependent diabetes 
mellitus (NIDDM). McGrath assessed the degree of lipid peroxidation by measuring 
plasma malondialdehyde, as thiobarbituric acid reacting substances (TBARS), in 23 non-
insulin diabetic patients. On completion of the baseline studies patients randomly 
received either fish oil or matching olive oil capsules in a double blind crossover 
fashion for 6 weeks followed by a 6 week washout period and a final 6 week treatment 
phase. Studies, identical to the initial baseline studies, were performed at the end of the of 
the active treatment periods at 6 and 18 weeks. Treatment with olive oil did not 
change levels of TBARS, vitamin E or indices of glycemic control compared 
with baseline. Total cholesterol and triglyceride (TG) content of plasma and 
lipoprotein fractions were not significantly altered.  
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12.7.7    B Vitamins and folic acid failed to slow mental decline, heart attack or 
stroke 

Vitamin therapy failed to slow the mental decline of older people who have high 
levels of an amino acid that has been associated with cognitive disorders, according to a 
new clinical trial. 

The results, published in June 2006 issue of The New England Journal of Medicine 
showed that 127 volunteers aged over 64 and with high levels of homocysteine who took 
vitamin therapy for two years had lower levels of the amino acid but performed no 
better in cognitive tests than 126 who received a placebo. 

"The results of our trial do not support the hypothesis that homocysteine lowering with 
folate, vitamins B-12, and B-6 improves cognitive performance in healthy older people," 
said a New Zealand team led by Jennifer McMahon of the University of Otago. 

Earlier studies have shown that people with declining mental abilities tend to have high 
levels of the chemical. But it has been unclear whether using folic acid and B vitamins to 
bring the levels down would prevent or delay the deterioration. The McMahon study was 
an attempt to find out. 

In an editorial in the New England Journal of Medicine, where the study appears, Robert 
Clarke of the University of Oxford said that the experiment didn't have enough 
volunteers, didn't last long enough, and the mental sharpness of the people who received 
the placebo tablets didn't deteriorate fast enough to prove that the vitamins failed to affect 
the risk of dementia. I believe that the supplement and vitamin converts will always 
have excuses to disavow all studies showing failure of these so called miracle drugs. 

He said forthcoming results from about 20,000 people from a dozen studies on volunteers 
with heart or kidney disease may offer better evidence in the coming years. 

This is the third study since March to question the benefits of reducing 
homocysteine levels. Two tests, also published in the New England Journal, showed 
that using B vitamins and folic acid to treat people with high 
homocysteine levels did not bring down their elevated risk of heart 
attack or stroke.  

12.7.8   Folic acid does not cut heart, stroke risk 

Taking a folic acid supplement does not cut the risk of heart disease or stroke in 
people with a history of cardiovascular ailments, according to a study published on 
12/12/06. 

Folic acid, also called folate, is a B vitamin. The body uses it to make new cells. Some 
doctors have recommended the vitamin to ward off cardiovascular disease, the leading 
cause of death in the United States. Researchers led by Dr. Lydia Bazzano of Tulane 



University School of Public Health and Tropical Medicine in New Orleans analyzed the 
results of 12 trials conducted since 2002 involving nearly 17,000 people. 

Comparing people who had taken folic acid supplements for at least six months with 
those who had not, the study found virtually identical percentages of 
cardiovascular disease, coronary heart disease, stroke and all causes of 
death. 

"We found that there was no benefit to using folic acid supplements in terms of 
cardiovascular disease risk or stroke risk," Bazzano said in an interview. 

"We also found that there was no harm in terms of all-cause mortality. Using the 
supplements didn't seem to make you die any faster, which was good news," Bazzano 
added. The findings appear in the Journal of the American Medical Association. 

Some previous research had suggested benefits of folic acid in reducing the risk of 
cardiovascular disease. Studies have shown folic acid supplements drive down blood 
levels of homocysteine, a sulfur-containing amino acid that has been associated with an 
increased risk of cardiovascular disease. 

Bazzano said folic acid remains extremely important for other reasons, namely for 
women planning to become pregnant or already pregnant to prevent major birth defects 
of the baby's brain and spine. Doctors recommend women take folic acid daily 
starting before they become pregnant to help prevent so-called neural tube defects 
such as spina bifida and anencephaly. 

"Take it if you're a woman trying to get pregnant, absolutely. But if you're an older 
person who's already had a heart attack or has any form of vascular disease, this is not 
what you should be doing," Bazzano said. "Really, what you should be doing are things 
like quitting smoking, increasing your exercise if you can, lowering your blood 
pressure, lowering your cholesterol. "We know that those things have a major benefit 
and significantly reduce your risk of having a heart attack or a stroke in the future," she 
added.  

12.7.9   Folic acid doesn't prevent polyps and increases cancer risk 

High doses of folic acid do not prevent precancerous colon polyps in people prone to 
them and may actually increase the risk of developing the growths, a new study finds. 

It's the latest evidence that taking too many vitamins may be harmful. Last month, a 
study linked heavy vitamin use to fatal prostate cancer, and other research has shown 
beta-carotene pills can heighten smokers' risk of lung cancer. 

The results surprised scientists. Previous studies showed diets low in folic acid led to a 
higher risk of colon cancer. Now researchers speculate that some folic acid helps — as 



long as the colon is free of microscopic cancer cells. But once cancer starts, folic acid 
may feed its growth. 

Some scientists who reviewed the new findings said folic acid 
fortification, now required in some U.S. foods, should not be increased 
and that other nations considering fortification should be cautious. 

The new findings, appearing in the 6/6/07 issue of the Journal of the American Medical 
Association, are based on data from 987 adults with a history of precancerous colon 
polyps. Those who took folic acid developed more growths, or adenomas, 
several years later than the people who took dummy pills. 

"You really should not take folic acid to prevent colorectal adenomas. It's ineffective for 
that purpose," said study co-author Bernard Cole of Dartmouth-Hitchcock Medical 
Center. 

Folic acid is an artificial version of folate, a B vitamin found in leafy vegetables, citrus 
fruit and beans. It prevents birth defects and is needed for the production of red 
blood cells. 

In the study, participants randomly were assigned to take either folic acid or a dummy 
pill. Researchers followed them for about six years. Participants got screening 
colonoscopies a few years into the study and 44.1 percent of the folic-acid takers had 
precancerous polyps. That compared to 42.4 percent of the dummy-pill group. 

The difference was not statistically significant, but the results of a second round of 
colonoscopies a few years later were more troubling. Among the folic-acid takers, 
11.6 percent had advanced adenomas while 6.9 percent of the dummy-pill group 
did. And folic acid more than doubled the risk of having three or more 
precancerous polyps. 

For those who got the real vitamin, the daily dose was 1 milligram, more than double the 
recommended daily allowance for folic acid. All participants consumed even more folic 
acid than the researchers had in mind because the Food and Drug Administration 
began requiring enriched grains to be fortified with folic acid in 1998, several years 
after the study began. 

The FDA adopted the fortification policy to prevent birth defects, and some health 
advocates want even higher levels of folic acid in foods. But fortification may have 
unintended effects on people at risk of cancer, said Dr. Joel Mason, an expert on folate 
and cancer prevention at Tufts University in Boston who was not involved in the new 
study. "Right now it would not be appropriate to blindly go forth and further 
increase the levels of folic acid without better understanding the potential risks," 
Mason said. "And whether we continue folic acid fortification should be an open debate 



over the next few years." Mason said he believes folic acid someday may earn a role in 
cancer prevention, perhaps at smaller doses than given in the study. 

Cancer patients should discuss taking vitamins with their doctors, and anyone over 50 
who takes vitamins should have a colorectal screening test, said Cornelia Ulrich of 
Seattle's Fred Hutchinson Cancer Research Center, who co-wrote an accompanying 
editorial. "Older individuals often have abnormalities in the colon and folic acid may 
promote their growth," Ulrich said. 

Researchers did not see any real difference in rates of colon cancer, just in the 
precancerous colon growths.  

Some of the participants also took aspirin as part of the study. The aspirin seemed to 
protect the colon against the harms of folic acid.  

The study was not designed to look at prostate cancer, but more men who took folic 
acid developed prostate cancer than did the other men (7.3 percent vs. 
2.8 percent). Grants from the National Institutes of Health funded the study. Some of 
the researchers reported financial ties to drug companies, such as consulting work and 
research support.  

12.7.10   Fish Oils Elevate Lipid Peroxidation Levels 
 
Treatment with fish oil resulted in elevation of TBARS (P < 0.001) and 
reduction of vitamin E compared with baseline and olive oil treatment. Plasma 
cholesterol was unchanged. A reduction in plasma TG compared with baseline occurred 
but failed to reach significance. Changes in apo B containing lipoproteins induced by fish 
oil failed to reach significance. No significant changes were observed in concentration 
or composition of high density lipoprotein (HDL). Fish oil treatment showed no 
change in glycemic control as assessed by glycosylated hemoglobin and LDL although a 
rise in fasting blood glucose just failed to reach significance (P = 0.06). Lipid 
peroxidation in NIDDM can be exacerbated by dietary fish oil. This 
potentially adverse reaction may limit the therapeutic use of fish oils in such patients 
(Effect of dietary fish oil supplementation on peroxidation of serum lipids in patients 
with non-insulin dependent diabetes mellitus. McGrath LT, Brennan GM, Donnelly JP, 
Johnston GD, Hayes JR, McVeigh GE. Atherosclerosis. 1996 Apr 5;121(2):275-83). I 
believe the fact that fish oils elevate lipid peroxidation levels may be a clue as to the 
mechanism of their salutary effects. It appears to be a fish oil prooxidant effect. 
 
Procyanidin B2 (epicatechin-(4beta-8)-epicatechin), which is present in grape seeds, 
apples, and cacao beans, has antioxidant properties. We investigated the mechanism of 
preventive action of procyanidin B2 against oxidative DNA damage in human cultured 
cells and isolated DNA. Procyanidin B2 inhibited the formation of 8-oxo-7,8-dihydro-2'-
deoxyguanosine (8-oxodG) in the human leukemia cell line HL-60 treated with an H2O2-
generating system. In contrast, a high concentration of procyanidin B2 increased the 
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formation of 8-oxodG in HL-60 cells. Experiments with calf thymus DNA also revealed 
that procyanidin B2 decreased 8-oxodG formation by Fe(II)/ H2O2, whereas procyanidin 
B2 induced DNA damage in the presence of Cu(II), and H2O2 extensively enhanced it. 
An electron spin resonance spin trapping study utilizing 3,3,5,5-tetramethyl-1-pyrroline-
N-oxide (M4PO) demonstrated that procyanidin B2 decreased the signal of M4PO-OH 
from H2O2 and Fe(II), whereas procyanidin B2 enhanced the signal from H2O2 and 
Cu(II). As an antioxidant mechanism, UV-visible spectroscopy showed that procyanidin 
B2 chelated Fe(II) at equivalent concentrations. As a pro-oxidant property, we examined 
DNA damage induced by procyanidin B2, using 32P-labeled DNA fragments obtained 
from genes relevant to human cancer. Our results raise the possibility that procyanidin B2 
exerts both antioxidant and pro-oxidant properties by interacting with H2O2 and metal 
ions (Procyanidin B2 has anti- and pro-oxidant effects on metal-mediated DNA damage. 
Sakano K, Mizutani M, Murata M, Oikawa S, Hiraku Y, Kawanishi S.). 

Researchers investigated the relationship between dietary intakes and in vivo oxidative 
stress (OS) status in diabetic patients. A total of 30 patients (24 type 1 diabetes mellitus 
(T1DM)/6 type 2 diabetes mellitus (T2DM) were asked to complete a 2 weekdays+1 
weekend day food consumption questionnaire during the week preceding their yearly 
diabetes control consultation, when samples were collected for the assay of oxidative 
stress (OS) (blood levels of antioxidants, peroxides, malondialdehyde (MDA) and 
minerals). Blood samples were also collected from 25 age- and sex-matched healthy 
controls. RESULTS: Diabetic patients had lower glutathione and higher MDA. 
Although the group average intakes were within the Belgian RDA, intakes of fat >35% 
energy, fibre <15 g/1000 kcal, fruit <2 portions and vitamin E <10 mg/day were seen in 
more than 20 patients. Blood antioxidants did not correlate with intakes of energy, 
fat, protein or fibres or of their respective antioxidant. Vitamins A and E 
correlated with serum lipids and cholesterol. Blood peroxide levels were only 
related to intakes of saturated fat and cholesterol. In diabetic subjects but not in controls 
MDA was related to glutathione and uric acid. CONCLUSIONS: In diabetic patients, 
blood levels of antioxidants are not related to their dietary intakes but to serum 
lipids. Levels of oxidative damage products are only related to intakes of saturated 
fats and cholesterol and to levels of endogenous antioxidants (Oxidative stress status 
in patients with diabetes mellitus: relationship to diet. Dierckx N, Horvath G, van Gils C, 
Vertommen J, van de Vliet J, De Leeuw I, Manuel-y-Keenoy B. Eur J Clin Nutr. 2003 
Aug;57(8):999-1008).  

LDL are prominent targets for postprandial oxidative modification. I believe that this is 
as it should be for LDL excretion. 

12.8.0    Observational Studies (Some of this material was modified from the website 
of Stephen Bratman) 

In observational studies, researchers simply observe a vast number of people.  For 
example, in the Nurse’s Health Study, almost 100,000 nurses have been extensively 
surveyed for many years, in an attempt to find connections between various lifestyle 
habits and illnesses.  Researchers have found, for example, that nurses who consume 
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more fruits and vegetables have less cancer.  Such a finding is often taken to indicate 
that fruits and vegetables prevent cancer, but this is an incorrect inference.   

All we know from such a study is that high intake of fruits and vegetables is associated 
with less cancer, not that it causes less cancer.  People who eat more fruits and 
vegetables may have other healthy habits as well.   

Researchers looking at observational studies noticed that menopausal women who take 
hormone replacement therapy (HRT) have as much as 50% less heart disease than 
women who do not use HRT.  This finding, along with a number of very logical 
arguments tending to show that estrogen should prevent heart disease, led doctors to 
recommend that all menopausal women take estrogen.  Even as late as 2001, many 
doctors used to say that taking estrogen was the single most important way an older 
woman could protect her heart. 

However, this proved to be a terrible mistake.  Observational studies do not show cause 
and effect, and it was possible that women who happened to use HRT were healthier in 
other ways and that it was those unknown other factors that led to lower heart disease 
rates, and not the HRT.  However, when a double-blind, placebo-controlled study was 
done to verify what everyone “knew” was true, it turned out that that HRT actually 
causes heart disease, rather than prevents it (Manson JE, Hsia J, Johnson KC, et al. 
Women's Health Initiative Investigators.  Estrogen plus progestin and the risk of 
coronary heart disease. N Engl J Med. 2003;349:523-34).  It also increases risk of breast 
cancer.  In other words, placing trust in observational studies led to the deaths of 
many, many women.   

In hindsight, it appears that women who happen to use HRT are healthier because they 
tend to be in a higher socioeconomic class, and have better access to healthcare and also 
take care of themselves.  Observational studies don’t prove anything, and they can lead 
to conclusions that are exactly backwards. 

This is a lesson that the news media seems unable to understand.  It constantly reports 
the results of observational studies as proof of cause and effect.  For example, it has 
been observed that people who consume a moderate amount of alcohol have less heart 
disease than those who consume either no alcohol or too much alcohol.  But, contrary to 
what you may have heard, this doesn’t mean that alcohol prevents heart disease!  It is 
very likely that people who are moderate in their alcohol consumption are different in a 
variety of ways from those who are either teetotalers or abusers, and it is those 
differences, and not the alcohol per se, that causes the benefit. 

12.8.1   Observational studies and epidemiologic associations 

Since diabetes and atherosclerosis are frequently related, I will include the 
following section. Observational studies and epidemiologic associations have been 
disastrously wrong repeatedly. 



Similarly, it has been observed that people who consume a diet high in antioxidants 
have less cancer and heart disease.  However, this does NOT mean that antioxidants 
prevent heart disease and cancer.  In fact, when the antioxidants vitamin E and beta-
carotene were studied in large double-blind studies as possible cancer- or heart-
disease-preventive treatments, vitamin E didn’t work (except, possibly, for prostate 
cancer) and beta-carotene actually made things worse (Clarke R, Armitage J. 
Antioxidant vitamins and risk of cardiovascular disease. Review of large-scale 
randomised trials. Cardiovasc Drugs Ther. 2002;16:411-5) (Moyad MA.  Selenium and 
vitamin E supplements for prostate cancer: evidence or embellishment? Urology. 
2002;59(Suppl 1):9-19) (Heinonen OP, Albanes D, Virtamo J, et al. Prostate cancer and 
supplementation with alpha-tocopherol and beta-carotene: incidence and mortality in a 
controlled trial. J Natl Cancer Inst. 1998;90:440–446) (Albanes D, Heinonen OP, 
Huttunen JK, et al. Effects of alpha-tocopherol and beta-carotene supplements on 
cancer incidence in the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study. Am 
J Clin Nutr. 1995;62(suppl):1427S–1430S) (Omenn GS, Goodman GE, Thornquist 
MD, et al. Effects of a combination of beta carotene and vitamin A on lung cancer and 
cardiovascular disease. N Engl J Med. 1996;334:1150–1155) (Hargreaves DF, Potten 
CS, Harding C, et al. Two-week dietary soy supplementation has an estrogenic effect on 
normal premenopausal breast. J Clin Endocrinol Metab. 1999;84:4017-4024) (Frieling 
UM, Schaumberg DA, Kupper TS, et al. A randomized, 12-year primary-prevention 
trial of beta carotene supplementation for nonmelanoma skin cancer in the physicians' 
health study. Arch Dermatol. 2000;136:179–184) (Malila N, Taylor PR, Virtanen MJ, et 
al. Effects of alpha-tocopherol and beta-carotene supplementation on gastric cancer 
incidence in male smokers (ATBC Study, Finland). Cancer Causes Control. 
2002;13:617-623) (Virtamo J, Edwards BK, Virtanen M, et al. Effects of supplemental 
alpha-tocopherol and beta-carotene on urinary tract cancer: incidence and mortality in a 
controlled trial (Finland). Cancer Causes Control. 2000;11:933-939) (Heart Protection 
Study Collaborative Group. MRC/BHF Heart Protection Study of antioxidant vitamin 
supplementation in 20,536 high-risk individuals: a randomized placebo-controlled trial. 
Lancet. 2002;360:23-33) (Albanes D, Heinonen OP, Huttunen JK, et al. Effects of 
alpha-tocopherol and beta-carotene supplements on cancer incidence in the Alpha-
Tocopherol Beta-Carotene Cancer Prevention Study. Am J Clin Nutr. 
1995;62(suppl):1427S–1430S) (Lee IM, Cook NR, Manson JE, et al. Beta-carotene 
supplementation and incidence of cancer and cardiovascular disease: the Women's 
Health Study. J Natl Cancer Inst. 1999;91:2102–2106).  

The fact is that we still lack direct double-blind evidence to indicate that 
antioxidants truly provide any of the benefits claimed for them. The only evidence 
that does exist is directly analogous to that which falsely "proved" that HRT prevents 
heart disease.  

Diabetes is an illness that damages many organs in the body, including the heart and 
blood vessels, nerves, kidneys, and eyes. Most of this damage is believed to be caused by 
the toxic effects of abnormally high blood sugar, although other factors may play a role 
as well.  



So-called "tight" control of blood sugar greatly reduces all complications of diabetes. 
Some of the natural treatments described here may help.  

12.8.2    Alpha-lipoic acid (antioxidant and prooxidant) 
 
Alpha-lipoic acid is a naturally occurring cofactor of mitochondrial dehydrogenase 
complexes and a potent antioxidant. It can interchange between a reduced form and an 
oxidized form, thereby displaying reducing (antioxidant) and prooxidant properties, 
respectively. It is suggested that alpha-lipoic acid through its prooxidant properties 
acutely stimulates the insulin-signaling cascade, thereby increasing glucose uptake 
in muscle and fat cells. On the other hand, alpha-lipoic acid appears to protect the 
insulin-signaling cascade from oxidative stress-induced insulin resistance through its 
reducing capacities. In addition, alpha-lipoic acid seems to inhibit hepatic 
gluconeogenesis by interfering with fatty acid oxidation, as well as to increase peripheral 
glucose utilization by activating pyruvate dehydrogenase resulting in increased glucose 
oxidation. These different properties render alpha-lipoic acid a potentially attractive 
therapeutic agent for the treatment of insulin resistance. Moreover, given the potential 
role of oxidative stress in the pathogenesis of secondary complications in diabetes, alpha-
lipoic acid might be beneficial in the prevention/treatment of these complications as was 
recently shown for diabetic neuropathy (Utilization of the insulin-signaling network in 
the metabolic actions of alpha-lipoic acid-reduction or oxidation? Konrad D. Antioxid 
Redox Signal. 2005 Jul-Aug;7(7-8):1032-9). 
 
Alpha-Lipoic acid (LA) is currently being investigated as a glucose-lowering agent for 
diabetes control; it is also considered a powerful dietary antioxidant. The objective of 
this study was to investigate the fate of glucose in isolated rat muscles incubated with LA 
and determine its effects on intramuscular redox status. Rat soleus muscles were 
incubated for up to 60 min with 2.4 mmol/L LA in the presence or absence of insulin. 
Intramuscular concentrations of LA were evaluated (uptake and reduction), and glycogen 
synthesis, glucose oxidation, intramuscular reactive oxygen species (ROS) production 
and mitochondrial membrane potential investigated. Insulin enhanced glycogen synthesis, 
whereas LA decreased rates by >50%. LA elevated ROS production and in combination 
with t-butylhydroperoxide, an oxidant, additively inhibited glycogen synthesis rates by 
80%. Insulin acted as an antioxidant and attenuated ROS production by 
30%. LA uncoupled the mitochondria and accelerated glucose oxidation 1.5-fold 
relative to the control. The glycogen synthesis pathway was found to be dependent on 
mitochondrial function because treatment with mitochondrial inhibitors eliminated the 
majority of glycogen synthesis. These data show that in this model, LA acts as a mild 
prooxidant, causing mitochondrial uncoupling and inhibition of glycogen synthesis. It 
appears that LA regulates glucose metabolism in the muscle differently than insulin 
(Alpha-lipoic acid inhibits glycogen synthesis in rat soleus muscle via its oxidative 
activity and the uncoupling of mitochondria. Dicter N, Madar Z, Tirosh O. J Nutr. 2002 
Oct;132(10):3001-6). I believe that this illustrates support for my argument that 
antioxidants have considerable prooxidant capabilities.  
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Some of the following material was excerpted, abstracted or modified from: (Alpha-
lipoic acid inhibits glycogen synthesis in rat soleus muscle via its oxidative activity and 
the uncoupling of mitochondria. Dicter N, Madar Z, Tirosh O. J Nutr. 2002 
Oct;132(10):3001-6). 
 
The mitochondrial cofactor, -lipoic acid (LA), in its free form has been the focus of 
intensive research in nutrition and diabetes in the last few years. LA has been suggested 
to function as powerful antioxidant (Packer, L., Roy, S. & Sen, C. K. (1997) -Lipoic 
acid: a metabolic antioxidant and potential redox modulator of transcription. Adv. 
Pharmacol. 38:79-101) with insulin-mimetic effects, e.g., potentiating glucose uptake in 
vitro (Yaworsky, K., Somwar, R., Ramlal, T., Tritschler, H. J. & Klip, A. (2000) 
Engagement of the insulin-sensitive pathway in the stimulation of glucose transport by -
lipoic acid in 3T3–L1 adipocytes. Diabetologia 43:294-303).  
 
LA has been shown to improve glucose metabolism in diabetic subjects (Jacob, S., Ruus, 
P., Hermann, R., Tritschler, H. J., Maerker, E., Renn, W., Augustin, H. J., Dietze, G. J. & 
Rett, K. (1999) Oral administration of rac- -lipoic acid modulates insulin sensitivity in 
patients with type-2 diabetes mellitus: a placebo-controlled pilot trial. Free Radic. Biol. 
Med. 27:309-314) and has long been used in Germany for the relief of symptoms of 
diabetic neuropathy. Although LA has been considered for use in treating diabetics, an 
unequivocal understanding of its mechanism of action has yet to be established, and the 
fate of glucose after transport in the presence of LA is poorly understood.  
 

In the insulin-signaling pathway, LA has been shown to activate, via phosphorylation, the 
insulin receptor and several others components of the cascade. Therefore, it has been 
proposed to act as a unique insulin-mimicking compound. However, in contrast to 
insulin, LA can penetrate into the cell by crossing biological membranes (Peinado, J., 
Sies, H. & Akerboom, T. P. (1989) Hepatic lipoate uptake. Arch. Biochem. Biophys. 
273:389-395).  

Therefore, accumulation of LA, a disulfide-containing compound, in cells may alter the 
redox status and dissociate the effect of LA from the insulin-signaling pathway, leading to 
a different effect on glucose utilization. Another question that arises is whether the 
antidiabetic effect of LA is because of its antioxidant activity. The fact that LA is 
the only antioxidant that has been shown to perform such an activity 
does not support this claim.  

It has been demonstrated that short-term incubation of (R)-LA, (S)-LA and racemic LA 
(low µmol/L) in 3T3 L1 adipocytes cells induced glucose uptake by facilitating oxidative 

stress, whereas long-term incubation elevated cellular glutathione levels (antioxidant 
effect) and suppressed glucose uptake. In addition, Mason and collaborators recently 
reported prooxidant properties of LA in chemical systems (Mottley, C. & Mason, R. 
P. (2001) Sulfur-centered radical formation from the antioxidant dihydrolipoic acid. J. 
Biol. Chem. 276:42677-42683).  



On the basis of its chemical structure, LA, an eight-carbon compound that contains a 
disulfide bond, can act as a mild oxidant inside cells. 
 
Redox-dependent mechanisms (especially by hydrogen peroxide) have been shown to 
regulate a wide variety of cellular functions and responses (Sen, C. K. & Packer, L. 
(1996) Antioxidant and redox regulation of gene transcription. FASEB J. 10:709-720) 
(Sen, C. K. (1998) Redox signaling and the emerging therapeutic potential of thiol 
antioxidants. Biochem. Pharmacol. 55:1747-1758). 
 
 It is generally accepted that intracellular redox status plays an important role in the 
modulation of insulin action. LA is an effective modulator of cellular redox status. 
Treating isolated soleus muscles with either TBH (a pure oxidant) or LA elevated 
glucose uptake. This effect can be considered as an insulin-mimicking property of 
oxidants that can interact with critical thiols of the insulin receptor and activate it. 
However, in contrast to insulin, LA can cross biological membranes and thereby 
alter the redox status of cells (Peinado, J., Sies, H. & Akerboom, T. P. (1989) Hepatic 
lipoate uptake. Arch. Biochem. Biophys. 273:389-395). 

LA acts as a powerful antioxidant only after long-term incubation in cell cultures 
(Rudich, A., Tirosh, A., Potashnik, R., Khamaisi, M. & Bashan, N. (1999) Lipoic acid 
protects against oxidative stress induced impairment in insulin stimulation of protein 
kinase B and glucose transport in 3T3–L1 adipocytes. Diabetologia 42:949-957). 

 However, after short-term incubation and rapid uptake by tissue or cells, it might 
function dose dependently as a prooxidant (Moini, H., Tirosh, O., Park, Y. C., Cho, K. J. 
& Packer, L. (2002) R- -lipoic acid action on cell redox status, the insulin receptor, and 
glucose uptake in 3T3–L1 adipocytes. Arch. Biochem. Biophys. 397:384-391). The long-
term in vivo balance between the two opposite effects is unclear. The beneficial role of 
LA supplementation in patients with NIDDM could be manifested by a mild 
prooxidant activity of the compound, leading to cellular adaptation against oxidative 
stress in addition to the attenuation of reductive stress (over accumulation of reducing 
equivalents) in diabetes (Roy, S., Sen, C. K., Tritschler, H. J. & Packer, L. (1997) 
Modulation of cellular reducing equivalent homeostasis by -lipoic acid. Mechanisms 
and implications for diabetes and ischemic injury. Biochem. Pharmacol. 53:393-399).  

Because of its chemical structure, LA can act as a mild oxidant molecule before 
conversion to its reduced form, dihydrolipoic acid. More specifically, LA has been 
shown to oxidize sulfhydryl groups of cellular components in the 
insulin-signaling pathway and thereby modulate their activity. Indeed, in the 
isolated muscle model, LA appears to play the part of a mild oxidant. 

Interestingly and in accordance with the observation of a redox control mechanism of 
glycogen synthesis, insulin decreased muscle endogenous ROS production and 
stimulated glycogen synthesis. Insulin also lowered the effect of LA on ROS production. 



One theory suggests that during uncoupling, the electron transport chain works more 
efficiently. The increase in efficiency leads to less leakage of electrons and therefore, 
much less ROS generation (Budd, S. L., Castilho, R. F. & Nicholls, D. G. (1997) 
Mitochondrial membrane potential and hydroethidine-monitored superoxide generation 
in cultured cerebellar granule cells. FEBS Lett. 415:21-24).  

Therefore, some of the LA-induced increase in ROS production is probably not due to an 
increase in endogenous ROS but to the oxidizing effect of LA itself. Indeed, only part of 
the augmented ROS generation by LA was attenuated by insulin treatment. The pure 
oxidant TBH (tertiary butylhydroperoxide) also had this effect. LA acted very much like 
TBH in all other aspects of glucose metabolism examined, suggesting a prooxidant 
effect. 

Increased prooxidant potency in vivo compared with in vitro might explain its direct 
glucose uptake–inducing effect in vivo, shown by Moini et al. to be an oxidant-dependent 

effect.  

In conclusion, this paper has highlighted the glycogen synthesis–inhibiting and 
prooxidant properties of the dietary antioxidant LA in a biological system of glucose 
metabolism in muscles (Alpha-lipoic acid inhibits glycogen synthesis in rat soleus muscle 
via its oxidative activity and the uncoupling of mitochondria. Dicter N, Madar Z, Tirosh 
O. J Nutr. 2002 Oct;132(10):3001-6).  

Reactive oxygen (ROS) and nitrogen oxide (RNOS) species are produced as by-products 
of oxidative metabolism. A major function for ROS and RNOS is 
immunological host defense. Recent evidence indicates that ROS and RNOS may 
also function as signaling molecules. However, high levels of ROS and RNOS have been 
considered to potentially damage cellular macromolecules and have been implicated in 
the pathogenesis and progression of various chronic diseases. alpha-Lipoic acid and 
dihydrolipoic acid exhibit direct free radical scavenging properties and as a redox couple, 
with a low redox potential of -0.32 V, is a strong reductant. Several studies provided 
evidence that alpha-lipoic acid supplementation decreases oxidative stress and restores 
reduced levels of other antioxidants in vivo. However, there is also evidence indicating 
that alpha-lipoic acid and dihydrolipoic acid may exert prooxidant properties in 
vitro. alpha-Lipoic acid and dihydrolipoic acid were shown to promote the mitochondrial 
permeability transition in permeabilized hepatocytes and isolated rat liver mitochondria. 
Dihydrolipoic acid also stimulated superoxide anion production in rat liver 
mitochondria and submitochondrial particles. alpha-Lipoic acid was recently shown 
to stimulate glucose uptake into 3T3-L1 adipocytes by increasing intracellular oxidant 
levels and/or facilitating insulin receptor autophosphorylation presumably by oxidation of 
critical thiol groups present in the insulin receptor beta-subunit (Antioxidant and 
prooxidant activities of alpha-lipoic acid and dihydrolipoic acid. Moini H, Packer L, Saris 
NE. Toxicol Appl Pharmacol. 2002 Jul 1;182(1):84-90).  
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12.8.3    Long term Lipoic Acid did not help diabetic neuropathy 

The DEKAN (Deutsche Kardiale Autonome Neuropathie) study followed 73 people with 
cardiac autonomic neuropathy for 4 months (Ziegler D, Gries FA. Alpha-lipoic acid in 
the treatment of diabetic peripheral and cardiac autonomic neuropathy. Diabetes. 
1997;46(suppl 2):S62–S66). Treatment with 800 mg of oral lipoic acid daily showed 
significant improvement compared to placebo, and no important side effects.  

Lipoic acid has been widely proposed as a treatment for diabetic peripheral neuropathy as 
well. However, a review of the evidence shows that while intravenous lipoic acid has 
shown promise for treating this condition, there is no real evidence to indicate that oral 
lipoic acid can help. For example, a double-blind, placebo-controlled study that enrolled 
503 people with diabetic peripheral neuropathy found that intravenous lipoic acid helped 
reduce symptoms over a 3-week period (Ziegler D, Hanefeld M, Ruhnau KJ, et al. 
Treatment of symptomatic diabetic polyneuropathy with the antioxidant alpha-lipoic acid. 
(ALADIN III Study). ALADIN III Study Group. Diabetes Care. 1999;22:1296–301). 
However, subsequent long-term supplementation with oral lipoic acid was not 
effective. Other double-blind, placebo-controlled trials also found benefit in the short 
term with intravenous lipoic acid, but they did not evaluate oral lipoic acid at all. The 
positive evidence for oral lipoic acid in diabetic peripheral neuropathy is limited to open 
studies or double-blind trials that were too small to be conclusive.  

12.8.4    Alpha-Lipoic Acid 
 
(Some of the following material was summarized from the Linus Pauling Institute site in 
an article by Jane Higdon) 
 
Alpna-lipoic acid (LA), also known as thioctic acid, is a naturally occurring compound 
that is synthesized in small amounts by plants and animals, including humans (1, 2). 
Endogenously synthesized LA is covalently bound to specific proteins, which function as 
cofactors for several important mitochondrial enzyme complexes.  
 
Consumption of LA from foods has not yet been found to result in detectable increases of 
free LA in human plasma or cells (3, 12). In contrast, high oral doses of free LA (50 mg 
or more) result in significant but transient increases in free LA in plasma and cells. 
Pharmacokinetic studies in humans have found that about 30-40% of an oral dose of 
racemic LA is absorbed. 
 
Plasma LA concentrations generally peak in one hour or less and decline rapidly. In cells, 
LA is quickly reduced to DHLA, and studies in vitro indicate that DHLA is rapidly 
exported from cells. R-LA is an essential cofactor for several mitochondrial enzyme 
complexes that catalyze critical reactions related to energy production and the catabolism 
(breakdown) of alpha-keto acids and amino acids. 
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12.8.5    Scavenging Reactive Oxygen and Nitrogen Species 
 
Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are highly reactive 
compounds with the potential to damage DNA, proteins and lipids (fats) in cell 
membranes. Both LA and DHLA can directly scavenge (neutralize) physiologically 
relevant ROS and RNS in the test tube. However, it is not clear whether LA acts directly 
to scavenge ROS and RNS in vivo. The highest tissue concentrations of free LA likely 
to be achieved through oral supplementation are at least 10 times lower than those 
of other intracellular antioxidants, such as vitamin C and glutathione. Moreover, free 
LA is rapidly eliminated from cells, so any increases in direct radical scavenging activity 
are unlikely to be sustained. 
 
When an antioxidant scavenges a free radical, it becomes oxidized itself and is not able to 
scavenge additional ROS or RNS until it has been reduced. DHLA is a potent reducing 
agent with the capacity to reduce the oxidized forms of several important antioxidants, 
including vitamin C and glutathione. DHLA may also reduce the oxidized form of alpha-
tocopherol (the alpha-tocopheroxyl radical) directly or indirectly, by reducing the 
oxidized form of vitamin C (dehydroascorbate), which is able to reduce the alpha-
tocopheroxyl radical. Coenzyme Q10 is an important component of the mitochondrial 
electron transport chain that also has antioxidant activity. DHLA can also reduce 
oxidized forms of coenzyme Q10, which may also reduce the alpha-tocopheroxyl radical. 
Although DHLA has been found to regenerate oxidized antioxidants in the test tube, it is 
not known whether DHLA effectively regenerates other antioxidants under physiological 
conditions.  
 
Redox-active metal ions, such as free iron and copper, can induce oxidative damage by 
catalyzing reactions that generate highly reactive free radicals. Compounds that chelate 
(bind) free metal ions in a way that prevents them from generating free radicals offer 
promise in the treatment of neurodegenerative and other chronic diseases, in which 
metal-induced oxidative damage may play a role. Both LA and DHLA have been found 
to inhibit copper- and iron-mediated oxidative damage in the test tube, and to inhibit 
excess iron and copper accumulation in animal models. 
 
LA has been found to increase glutathione synthesis in cultured cells and in the tissues of 
aged animals fed LA. 
 
12.8.6   Insulin Signaling 
 
The binding of insulin to the insulin receptor (IR) triggers the autophosporylation of 
several tyrosine residues on the IR. Activation of the IR in this manner stimulates a 
cascade of protein phosphorylations, resulting in the translocation of glucose transporters 
(GLUT4) to the cell membrane and increased cellular glucose uptake. LA has been found 
to increase GLUT4 translocation to cell membranes and to increase glucose uptake in 
cultured adipose (fat) and muscle cells. Although LA does not appear to bind to the IR 
like insulin, it can activate the insulin signaling cascade in cultured cells, possibly by 
acting as a mild oxidizing agent (Smith AR, Shenvi SV, Widlansky M, Suh JH, Hagen 
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TM. Lipoic acid as a potential therapy for chronic diseases associated with oxidative 
stress. Curr Med Chem. 2004;11(9):1135-1146) (Konrad D. Utilization of the insulin-
signaling network in the metabolic actions of alpha-lipoic acid-reduction or oxidation? 
Antioxid Redox Signal. 2005;7(7-8):1032-1039). 
 
Overall, the available research suggests that treatment with 600 mg/day of intravenous 
LA for 3 weeks significantly reduces the symptoms of diabetic peripheral neuropathy. 
Although the benefit of long-term oral LA supplementation is less clear, there is some 
evidence to suggest that oral LA may be beneficial in the treatment of diabetic peripheral 
neuropathy (600-1800 mg/day) and cardiovascular autonomic neuropathy (800 mg/day). 
 
A randomized controlled trial found that oral supplementation with 1200 mg/day of 
racemic LA for 10 weeks was of no benefit in treating HIV-associated cognitive 
impairment. 
 
12.8.7   LA side effects 
 
In general, LA supplementation has been found to have few serious side effects. 
Intravenous administration of racemic LA at doses of 600 mg/day for 3 weeks and oral 
racemic LA at doses as high as 1800 mg/day for 6 months and 1200 mg/day for 2 years 
did not result in serious adverse effects when used to treat diabetic peripheral neuropathy. 
Two minor anaphylactoid reactions and one severe anaphylactic reaction, including 
laryngospasm, were reported after intravenous LA administration. The most frequently 
reported side effects to oral LA supplementation are allergic reactions affecting the skin, 
including rashes, hives and itching. Gastrointestinal symptoms, including abdominal 
pain, nausea, vomiting and diarrhea have also been reported. Malodorous urine has also 
been noted by people taking 1200 mg/day of LA orally. 
 
12.8.8   Alpha-lipoic acid (alpha-LA) is diabetogenic and increases EMODs 
 
The antioxidant compound alpha-lipoic acid (alpha-LA) allegedly possesses 
antidiabetic and anti-obesity properties. In the hypothalamus, alpha-LA suppresses 
appetite and prevents obesity by inhibiting AMP-activated protein kinase (AMPK). 
Given the therapeutic potential of alpha-LA for the treatment of type 2 diabetes and 
obesity, and the importance of AMPK in beta cells, Targonsky examined the effect of 
alpha-LA on pancreatic beta cell function.  Isolated rat islets and MIN6 beta cells were 
treated acutely (15-90 min) or chronically (18-24 h) with alpha-LA or the known AMPK-
activating compounds 5'-amino-imidazole-4-carboxamide ribonucleoside (AICAR) and 
metformin. Acute or chronic treatment of islets and MIN6 cells with alpha-LA led to 
dose-dependent rises in phosphorylation of the AMPK alpha-subunit and acetyl CoA 
carboxylase. Chronic exposure to alpha-LA, AICAR or metformin caused a 
reduction in insulin secretion. alpha-LA inhibited the p70 s6 kinase translational control 
pathway, and inhibited MIN6 growth in a manner similar to rapamycin. Unlike AICAR 
and metformin, alpha-LA also acutely inhibited insulin secretion. 
Examination of the effect of alpha-LA on mitochondrial function showed that acute 
treatment with this compound elevated reactive oxygen species (ROS) 
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production and enhanced mitochondrial depolarisation induced by Ca(2+). 
CONCLUSIONS: This study is the first to demonstrate that alpha-LA directly affects 
beta cell function. The chronic effects of alpha-LA include AMPK activation and 
reductions in insulin secretion and content, and cell growth. Acutely, alpha-LA also 
inhibits insulin secretion, an effect probably involving the ROS-induced 
impairment of mitochondrial function (alpha-Lipoic acid regulates AMP-activated 
protein kinase and inhibits insulin secretion from beta cells.  
Targonsky ED, Dai F, Koshkin V, Karaman GT, Gyulkhandanyan AV, Zhang Y, Chan 
CB, Wheeler MB. Diabetologia. 2006 May 13; [Epub ahead of print]). Actually, this 
sounds like ALA is a diabetogenic substance in that it inhibits insulin secretion. 
Also, strangely enough, it increased EMOD production, even though it is touted as a 
potent antioxidant. 
 
12.9.0   Other Treatments 

A 4-month, double-blind, placebo-controlled trial found that vitamin E at a dose of 600 
mg daily might improve symptoms of cardiac autonomic neuropathy (Manzella D, 
Barbieri M, Ragno E, et al. Chronic administration of pharmacologic doses of vitamin E 
improves the cardiac autonomic nervous system in patients with type 2 diabetes. Am J 
Clin Nutr. 2001;73:1052–1057).  

Vitamin E as well as selenium has also shown promise for diabetic peripheral 
neuropathy. 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). Repeatedly, results form small studies should be 
viewed with caution and have frequently been misleading. 

However, a large long-term study failed to find vitamin E effective for preventing 
diabetic kidney damage (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.) 

It has been suggested that vitamin C may also help prevent cataracts in diabetes, based on 
its relationship to sorbitol. Sorbitol, a sugar-like substance that tends to accumulate in the 
cells of people with diabetes, may play a role in the development of diabetic cataracts. 
Vitamin C appears to help reduce sorbitol buildup (Will JC, Byers T. Does diabetes 
mellitus increase the requirement for vitamin C? Nutr Rev. 1996;54:193–202). However, 
the evidence that vitamin C provides significant benefits by this route is at present 
indirect and far from conclusive.  

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 
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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).  

Antioxidants are ineffective in reducing cardiovascular death despite 
evidence for oxidative stress (OS) in cardiovascular diseases (CVD) 
from animal and human investigations. (Oxidative Stress and Vascular Disease. 
Nageswara R. Madamanchi; Aleksandr Vendrov; Marschall S. Runge. Arteriosclerosis, 
Thrombosis, and Vascular Biology. 2005;25:29) 

Cardiovascular diseases (CVD)—coronary artery disease, hypertension, congestive heart 
failure, and stroke—are the leading cause of death and disability in the Western world. In 
the United States, the CVD death toll is nearly one million each year, and in 2002 the 
estimated cost of CVD treatment was $326.6 billion (Lefkowitz RJ, Willerson JT. 
Prospects for cardiovascular research. JAMA. 2001; 285: 581–587).  

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

Various environmental, physical and chemical stresses on cells may induce either an 
overproduction of ROS (Reactive Oxygen Species) or a deficiency of antioxidant 
enzymes. ROS are allegedly responsible for various cellular anomalies like protein 
damage, deactivation of enzymes, alteration of DNA and lipid peroxidation which in turn 
leads to pathological conditions like carcinogenesis, reperfusion injury, rheumatoid 
arthritis, diabetes etc. The regular intake of antioxidants seems to limit or prevent the 
dangerous effects caused by ROS. Thus, to maintain cellular health, it is important to 
have a specific and effective antioxidant that scavenges multiple types of free radicals so 
that it can be used in multiple diseases. Different in vitro and in vivo test systems are 
available in the literature to assess the free radical scavenging activity of various 
compounds. Based on the efficiency of free radical scavenging, the compounds are 
classified into strong, moderate and weak antioxidants. (Screening methods for 
antioxidants-a review. Kaur IP, Geetha T. Mini Rev Med Chem. 2006 Mar;6(3):305-12). 

 
 
ANTIOXIDANT FAILURES 
 
 



Leo Tolstoy said, “It is amazing how complete 
 the delusion that beauty is goodness.”   

I say, “It is amazing how complete the delusion 
that antioxidants are goodness.” 

Great minds run in the same  
biochemical pathways. 
R. M. Howes, M.D., Ph.D. 

10/14/07 
 
 
 
 
12.9.1   Classic antioxidants failed to demonstrate any benefit for diabetic patients 
 
Cardiovascular complications, characterized by endothelial dysfunction and accelerated 
atherosclerosis, are the leading cause of morbidity and mortality associated with diabetes. 
There is growing evidence that excess generation of highly reactive free radicals, largely 
due to hyperglycemia, causes oxidative stress, which further exacerbates the development 
and progression of diabetes and its complications. Overproduction and/or insufficient 
removal of these free radicals result in vascular dysfunction, damage to cellular proteins, 
membrane lipids and nucleic acids. Despite overwhelming evidence on the 
damaging consequences of oxidative stress and its role in experimental 
diabetes, large scale clinical trials with classic antioxidants failed to 
demonstrate any benefit for diabetic patients (Oxidative stress and the use of 
antioxidants in diabetes: Linking basic science to clinical practice. Jeanette Schultz 
Johansen et al  Cardiovasc Diabetol. 2005; 4: 5). 
 
I believe that as our understanding of the mechanisms of free radical generation and 
function evolves, it is becoming clear that we have been wrong concerning the 
causation of diseases by EMODs. 

12.9.2   Antioxidant transgenes failed to prevent islet toxicity 

A very interesting dissertation by Hainan Chen, entitled, “Studies of the effects of 
pancreatic beta cell antioxidant transgenes on experimental models of diabetes” was 
presented on his work at the Univ. of Louisville in August, 2003. Pancreatic beta cells are 
extremely vulnerable to the destruction of Reactive Oxygen Species (ROS). In both type 
1 and type 2 diabetes ROS are involved in the loss of ß-cells. He hypothesized that the 
deficiency in ROS detoxifying system of ß-cells resulted in ß-cell vulnerability and 
enhanced ROS protection would protect from diabetes. To test this hypothesis, 
transgenic mice with overexpression of ß-cell antioxidant protein metallothionein 
(MT), manganese superoxide dismutase (MnSOD) and catalase were produced on an 
FVB background. Initial studies demonstrated that these transgenes did not affect ß-
cell normal function and morphology. But those transgenes significantly protected 



pancreatic islets or mice from ROS induced ß-cell damage and diabetes. The transgenic 
islet cells had high efficacy in scavenging most forms of ROS, and generally survived 
and functioned better than control cells when exposed to various ROS insults. The 
transgenic mice were highly resistant to STZ induced diabetes.  

12.9.3   The antioxidant metallothionein caused severe diabetes 

However, inconsistent with studies on insulin secreting tumor cell lines in which 
antioxidants were shown to be protective, all these antioxidant transgenes failed 
to prevent cytokine toxicities in the cultured islets. He employed a speed 
congenic strategy to produce two lines of congenic NOD mice containing ß-cell specific 
expression of MT and catalase. NOD mice spontaneously develop type 1 diabetes, and 
cyclophosphamide (CYP) injection accelerates NOD diabetes onset. But very 
unexpectedly, either transgene MT or catalase dramatically hastened 
diabetes onset in NOD mice. In addition, no antioxidant transgene was 
found to be able to protect from type 2 diabetes in an Agouti obese diabetic 
model. But the MT transgene also unexpectedly caused severe diabetes on a 
normal C57BL/KsJ mouse which can be made to develop type 2 diabetes by producing 
obesity and insulin resistance. I believe that these data are unexpected because of the 
erroneous assumption that the Free Radi-Crap theory is correct.  Obviously, the 
studies of Chen have disproven this flawed theory.  This work bolsters my Unified 
Theory in that an EMOD deficiency state allows the manifestation of diseases, such 
as diabetes, cancer and atherosclerosis. All antioxidant transgenes failed to 
prevent islet toxicity and the antioxidant metallothionem caused severe 
diabetes. 

12.9.4   EMODs may be protective against diabetes development 

The data from this project of Chen’s indicate that the overexpression of antioxidant 
transgenes protects ß-cells from ROS damaging stimuli but sensitizes ß-cells to some 
other insults. Some of these data are at odds with the long term favored concept that 
antioxidant treatment is always beneficial for treatment of diabetes. These results 
imply that oxidative stress may not only be harmful, but it may also be 
necessary to activate self-protective mechanisms in the ß-cells. 

Mice of the nonobese diabetic strain develop a progressive insulitis resulting in beta-cell 
destruction and diabetes. Superoxide radicals are abundantly formed by leukocytes and 
other mechanisms in inflammatory reactions. Sandstrom et al here aimed to determine 
whether superoxide radicals contribute to the beta cell destruction in the mouse model. 
Transgenic nonobese diabetic mice secreting extracellular-superoxide dismutase under 
control of the insulin promoter were generated and the development of glucosuria 
monitored. The overexpression of extracellular-superoxide dismutase resulted in a 6-
fold increase in the total superoxide dismutase activity of the islets. The incidence 
of diabetes of the transgenic mice was, however, not modified. The results 



suggest that superoxide radicals secreted to the extracellular space do not contribute 
to the beta cell destruction in the nonobese diabetic mouse model (Overexpression of 
extracellular-SOD in islets of nonobese diabetic mice and development of diabetes. 
Sandstrom J, Jonsson LM, Edlund H, Holmberg D, Marklund SL. Free Radic Biol Med. 
2002 Jul 1;33(1):71-5). 

Superoxide dismutase (SOD) levels, thought to be the first cellular defence against free 
radicals, were studied in the nonobese diabetesprone (NOD-p) mouse, an animal model 
of type 1 diabetes in which about 100% of females and 20% of males become diabetic. 
Nonobese diabetes nonprone (NON-p) mice were used as controls. Animals were 
followed from 5th to 22nd week of life. Results show that SOD levels in female NOD-p 
mice are extremely low. In males, values are considerably higher than in females but 
still lower than values found in control mice. Moreover, SOD levels did not 
significantly change with age, degree of insulitis or level of diabetes (Superoxide 
dismutase in the nonobese diabetic (NOD) mouse: a dynamic time-course study. 
Papaccio G, Frascatore S, Pisanti FA, Latronico MV, Linn T. Life Sci. 
1995;56(25):2223-8). I believe that this indicates that SOD is necessary to produce 
H2O2 in sufficient quantities to prevent the allowance of the manifestation of 
diabetes. Thus, the more SOD, the more formation of H2O2 and the less 
development of diabetes. 

12.9.5   Antioxidant enzyme deficiency does not cause islet toxicity 

Insulin-dependent diabetes (IDD) in the nonobese diabetic (NOD) mouse is believed by 
some to result from the specific autoimmune destruction of pancreatic beta cells. The 
frequency of diabetes in the NOD mouse is sex-dependent, with approximately 90% 
of females and 40% of males developing clinical diabetes by 40 weeks of age. 
Recently, attention has focused on determining possible mechanisms for beta cell 
destruction. One potential mechanism is the toxic effect of free oxygen radicals produced 
as a result of the influx of inflammatory cells into the pancreas. A deficiency in available 
antioxidant enzymes could form a basis for diabetes susceptibility. To test the feasibility 
of this idea, Cornelius et al have compared the activities of superoxide dismutase, 
catalase, glutathione peroxidase, and glutathione reductase in isolated islets, pancreas, 
and other tissues of age- and sex-matched NOD, BALB/c, C57BL/10, and B10.GD mice. 
Enzyme profiles revealed that female NOD mice do not differ significantly in 
antioxidant enzyme activity from females of the other inbred strains. However, 
antioxidant enzyme activity in females was generally lower than in males regardless 
of mouse strain. While isolated islet cells exhibited somewhat lower levels of enzyme 
activity than other tissues, the islets of NOD mice proved to be no more deficient than 
those of BALB/c mice. Therefore, it is unlikely that any toxic effect of free 
oxygen radicals on the beta cells of NOD mice results directly or solely 
from an antioxidant enzyme deficiency. (Antioxidant enzyme activities in IDD-
prone and IDD-resistant mice: a comparative study. Cornelius JG, Luttge BG, Peck AB. 
Free Radic Biol Med. 1993 Apr;14(4):409-20).  
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The translation of this notion to in vivo studies from the in vitro results is very unclear.  
Attempts to use antioxidant therapy to treat animal or human diabetes have shown 
conflicting and questionable results (No Effect of SOD on spontaneous development of 
diabetes in db/db mice. Berglund et at 1988. Acta Endocrinol (Copenh) 117 99-102) 
(Overexpression of extracellular-SOD in islets of nonobese diabetic mice and 
development of diabetes. Sandstrom et al Free Radic Biol Med 33:71-75, 2002). 

To achieve this aim, several lines of transgenic mice with beta cell specific expression of 
antioxidants including MnSOD, catalase, MnSOD plus catalase, and MT were created on 
the FVB strain of mice.  These transgenes were specifically expressed in pancreatic 
beta cells at a high level but without detectable damage to normal beta cell function 
and structure. 

They have developed transgenic FVB mice with beta cell specific antioxidant protection 
that produces great resistance to ROS damage and STZ induced diabetes. 

Chen et al anticipated that these antioxidant protected beta cells should also be very 
resistant to cytokine toxicity, and that these antioxidant transgenic mice should be 
protected from Type 1 and Type 2 diabetes.  However, the results from the rest of 
the project were disappointing but interesting and very valuable.  I find it 
perplexing that failed studies are called “disappointing.”  I wish that authors would 
accurately call studies, which invalidate the Free Radi-Crap theory, as good data 
and indicate that the theory lacks predictability and that it is invalidated by the 
scientific method. 

Unlike insulin secreting cell lines exposed to cytokines, Chen’s primary mouse beta 
cells with antioxidant overexpression lost cellular function and died exactly the 
same as control cells as indicated by insulin secretory function and islet cell 
metabolic activity. 

12.9.6   No antioxidant transgene was shown protective against Type 2 diabetes 

The lack of benefit of antioxidant proteins was also true in Type 2 diabetes models.  
In these studies new lines of obese and diabetic mice heteroxygous for the Agouti gene 
were produced with beta cell antioxidant transgenes.  No antioxidant transgene 
was shown protective against Type 2 diabetes onset and development in 
these mice.  This is the first in vivo study using transgenic animal to test whether 
antioxidant proteins are beneficial for prevention of Type 2 diabetes.  Obviously the 
answer is no, at elast in the Agouti obese model. I believe that this is as clear as it gets 
in showing that antioxidant enzymes do not protect against the development of 
diabetes.  Thus, one must conclude that oxidation is not causative of diabetes 
development. 

 

 



12.9.7   Both MT and catalase transgenes accelerated NOD diabetes 

A most interesting and most unexpected finding in this study was obtained with Type 1 
diabetic NOD mice and largely normal C57BL/KsJ mice.  Two new lines of NOD mice 
congenic for beta cell MT and catalase were independently established.  Very 
surprisingly both MT and catalase transgenes accelerated NOD diabetes 
onset after injection of CYP.  In C57BL/KsJ mice that were originally normal and 
euglycemic, introduction of the beta cell MT transgene impaired beta cells and 
caused severe diabetes as early as 40 to 50 days of age.  These data demonstrate that 
the antioxidants themselves impair beta cell survival in CYP injected NOD mice and 
C57BL/KsJ mice.  This implies that ROS may also be necessary for beta cell 
survival under some kinds of diabetic stress, for example immune stress in NOD 
mice. 

This new hypothesis is a challenge to the current notion that ROS act only to destroy 
pancreatic beta cells, and antioxidant treatment must be beneficial in treating diabetes.  
This is the same scenario which I found in investigating cancer and cardiovascular 
disease.  However Chen’s hypothesis probably is supported by emerging evidence 
obtained in many cell types indiciating that ROS participate in cellular signal 
transduction, probably even in the beta cell. 

The involvement of ROS in insulin signaling has also been reported.  H O  was found to 
have insulin-like stimulating effect on various cell types, including adipocytes, 
leukocytes and hepatoma cells.  There are reports showing H O  increased insulin 
receptor kinase activity by increasing phosphorylation of the insulin receptor.  A direct 
measurement by DCF fluorescent probes revealed that H O  was formed in human 
polymorphonuclear leukocytes (PMNs) treated with insulin. 

2 2

2 2

2 2

Both cytokine and insulin receptors are highly expressed on pancreatic beta cell 
membranes.  Cytokines have important actions in beta cells.  More and more studies have 
shown that insulin signaling is important for beta cell function and survival. 

This reversible inhibition of protein tyrosine phosphatase (PTPs) could be abolished by 
catalase.  Therefore the inhibition of PTPs by ROS has been thought to be a 
physiologically important event during cell signaling by insulin. 

This new hypothesis emphasizes the fact that ROS have survival stimulating roles, 
which perhaps overshadow its alleged toxic actions in the beta cell.  Confirming my 
Unified theory may reveal new approaches to protect the beta cell and thus reduce 
diabetes. 

13.0.0  Multivitamins, Multi Questions:  An Expert Panel Isn't Convinced the 
Daily Pills Have Value.  
By Sally Squires, Washington Post Staff Writer 
Tuesday, May 23, 2006; HE01 



If you're among the majority of Americans who regularly take a multivitamin and mineral 
pill, last week's conclusion by a federal panel that there's no evidence to recommend for 
or against these dietary supplements may leave you feeling a bit perplexed. 

The 19 page report was written by a panel of 13 experts who were convened by the 
Office of Dietary Supplements and the Office of Medical Applications of Research at 
the National Institutes of Health to explore questions about patterns of multivitamin use 
and their effectiveness in a generally healthy population. 

If I eat healthfully, do I need a multivitamin? 

It's possible for most people to cover the nutritional bases with food alone, but you'll need 
to choose very wisely. For example, the 2005 Dietary Guidelines Advisory Committee 
found that adults and children typically fall short on vitamin E and the minerals 
calcium, magnesium and potassium. Adults also often don't get enough of vitamins A 
and C. 

What does it take food-wise to meet the recommended intake? 

To start, figure on two cups a day of fruit and about 2 1/2 cups of vegetables, which 
means at least a serving at every meal plus more for snacks. Variety is essential. Dark 
leafy vegetables -- especially spinach, kale, chard and mustard greens -- as well as orange 
vegetables and fruit such as sweet potatoes and cantaloupe are especially important to eat 
at least two to three times per week. They provide beta carotene, folic acid and many 
other nutrients. Then you need three servings of whole grains each day. That could be 
met by eating a cup of oatmeal for breakfast and having a whole wheat sandwich at 
lunch. Three glasses of nonfat milk (or another calcium- and vitamin-D-fortified 
substitute, such as orange juice, soy milk, cheese or yogurt) will meet 90 percent of the 
daily calcium for adults 50 and younger. Nuts and healthy oil, such as olive or canola oil, 
go a long way toward providing the recommended daily amount of vitamin E. 

Can I get eat all that food without going overboard on calories? 

Some scientists think it's tough to get all the nutrients you need from food alone. The 
guidelines committee did the calculations and found that with diligence it's possible to 
meet all the recommended intakes and still not overeat, but there are few calories left for 
splurges on desserts, soft drinks, alcoholic beverages or even a little margarine on your 
morning toast. How few? Just 181 calories for those who eat 1,800 calories daily -- or 
about the amount of calories found in one tall skim latte. At 2,000 calories daily, about 
200 discretionary calories remain. The good news: If you boost physical activity, you 
may be able to eat a little more -- emphasis on the "little." 

Did the multivitamins panel find that taking the pills can help prevent any chronic 
diseases? 

Yes, but just a few. 



· The panel underscored the importance of folic acid for all women of childbearing age. 
This B vitamin has been proven to help reduce the risk of birth defects that cause 
problems with the spinal cord and nervous system. Since 1998, foods have been 
fortified with folic acid, and rates of spina bifida and other neural tube birth defects have 
dropped. Women need 400 micrograms daily of folic acid -- about the amount found in 
one cup of lentils and one cup of cooked spinach--and also the amount provided by many 
multivitamins. 

· The panel also said that one federally funded study of 3,600 people has shown 
benefits of taking high levels of the antioxidants vitamins A, C and E and also the 
mineral zinc to prevent some age-related vision loss , such as macular degeneration in 
people who already have early signs of the condition. In the study, participants took 500 
milligrams of vitamin C, 400 IU of vitamin E, 15 milligrams of beta carotene and 80 
milligrams of zinc daily. The vitamins reduced the risk of developed advanced macular 
degeneration by 25 percent. There was no effect in preventing cataracts. 

· Calcium and vitamin D were also recommended for post-menopausal women. Both 
nutrients have been shown to help reduce the risk of bone fractures that often occur with 
osteoporosis. Current recommendations are for men and women 51 and older to consume 
1,200 milligrams daily of calcium -- about the amount found in a quart of skim milk -- 
and 400 IU of vitamin D. Those 70 and older need 600 IU of vitamin D daily. 

So if I eat fortified food and take a multivitamin, could I get too much of a good thing? 

"We're concerned that some people may be getting too much of certain nutrients," 
said the panel's chair, J. Michael McGinnis. That's because a growing number of foods 
and drinks are fortified with vitamins and minerals. In 2005, the majority of 
Americans consumed fortified foods or beverages, which include bread, 
crackers, cereals, milk, eggs, juices and even fortified water. Among the 
nutrients whose consumption could easily exceed upper limits are vitamin A, high 
doses of which have been linked to an increased risk of osteoporosis. That's why 
experts say if you take a multivitamin, pick one whose ingredients don't exceed 100 
percent of the daily value. 

I read that as people age, some vitamins are not as well absorbed. What about that? 

You're thinking of vitamin B12. After age 50, the stomach produces less acid; this 
reduces absorption of B12found naturally in food. But the crystalline form found in 
fortified food and in dietary supplements can be absorbed well at all ages. This is why the 
National Academy of Sciences recommends that people over 50 either eat fortified food 
or take supplements. Many multivitamins contain 100 percent of the recommended daily 
intake, but the latest federal panel did not address vitamin B12 in its report. 

My multivitamin has lots of ingredients for which there is no daily value given, such as 
boron, lutein, lycopene and zeaxanthin. Are these useful or safe? 



These ingredients are increasingly showing up in dietary supplements. They may have 
benefits (or hazards) that are suggested but not proven in the scientific literature. They 
may be there for marketing purposes, to set one multivitamin apart from the others on the 
shelf. In any case, the Institute of Medicine's Food and Nutrition Board has not set 
recommended dietary intakes for these substances. 

Can multivitamins interact with drugs? 

Adverse effects and drug or food interactions are enough of a concern that the panel 
recommended developing ways to understand and track them. These and other safety 
concern also prompted the panel to advise Congress to expand the Food and Drug 
Administration's "authority and resources to require manufacturers to disclose adverse 
events, ensure quality production and facilitate" consumers' reporting of adverse events. 
One suggestion: include information, including a toll-free telephone number to the FDA's 
Medwatch center, on dietary supplement labels. 

So what's the bottom line? 

Healthy eating. Food remains the best source of essential vitamins and minerals. Plus, 
scientists have found that something called food synergy--interaction that occurs 
between nutrients in food--that has yet to be duplicated by simply taking 
multivitamins. This may in part be due to the fact that food has lots of other nutrients 
that are still being identified and whose purpose is not yet known. 

"I've always told my patients that [multivitamin] pills are not a substitute for food and 
healthy lifestyles," said Boston ophthalmologist Johanna Seddon, a co-author of the study 
that showed vision health benefits of taking antioxidants. "That hasn't changed." · 

Supplements can lower homocysteine levels, but may not cut disease risk (Source: 
Nutrition Notes is provided by the American Institute for Cancer Research, Karen Collins 
R.D., 6/2/06) 

In the two new studies, 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. 

The use of three B vitamins folate, B-6 and B-12 as a 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. Eat foods that are good sources of these nutrients, but high-
dose supplements aren’t scientifically supported for now.  

Two new studies confirm previous findings that these three B vitamins can reduce 
homocysteine in the blood. In one of the 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 

http://www.aicr.org/


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. 

In addition, since people in these studies only took B vitamins for 3.5 to 5 years, longer 
use may have helped because damage to blood vessels usually develops over many years. 
However, experts do not want to recommend longer use at high dose 
levels, since there was a tendency for increased heart risks in one of the 
studies. 

13.0.1   Researchers surprised so few kids take vitamins 

Less than a third of U.S. children are taking vitamin and mineral dietary supplements, 
according to a study published on Monday by researchers who were surprised the number 
was so low.  All told, 32 percent of U.S. children used a dietary supplement in the 
past month, based on a nationally representative survey from 1999 to 2002 that 
included 10,136 children age 18 or younger, the researchers said. 

The most commonly used supplements were multivitamins and multiminerals, taken by 
18 percent of the children. Another 4 percent used single-vitamin supplements and 2 
percent used single-mineral supplements, and just under 1 percent used botanical 
supplements, the researchers said.  The remaining supplement users took a diverse array 
of other supplement types, the researchers said. 

"In the adult population, 50 percent of the U.S. population is taking any dietary 
supplement. Thirty percent of the adult population is taking a multivitamin, 
multimineral preparation," Mary Frances Picciano, a nutrition researcher at the 
National Institutes of Health who led the study.  "We anticipated that the usage would be 
higher among children than it would be among adults, and we found just the opposite," 
Picciano added. 

The study appears in the journal Archives of Pediatrics & Adolescent Medicine, 
September 2007. 

The children using supplements were more likely to be thinner, from a higher-income 
family without smokers, and spend less time with television and video games, the study 
found. Non-Hispanic white children were about twice as likely as black children to take 
these supplements.  Among age groups, the most likely to be taking a dietary supplement 
were those ages 4 to 8 (41 percent), followed by ages 1 to 3 (38 percent), ages 9 to 13 (29 
percent), ages 14 to 18 (26 percent) and infants younger than a year old (12 percent), the 
study found. 



Picciano said she was particularly surprised at how few infants and young children were 
taking supplements. She noted, for example, that the American Academy of Pediatrics 
recommends vitamin D supplements for infants who are breast-fed. 

The researchers said leading medical groups emphasize a proper diet as the best source 
of nutrition for children.  "A dietary supplement cannot make up for a faulty diet. The 
diet still has to contain all the food groups," Picciano said. 

"Yet, there are certain nutrients that cannot be reliably provided by the diet," Picciano 
added. "And vitamin D and calcium are classic examples.” 

13.0.2  Antioxidant vitamins in normal pigs impairs myocardial perfusion and 
coronary endothelial function 

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 form 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. 

Experimental studies have shown the beneficial effects of antioxidant 

supplementation on endothelial function in the presence of increased endogenous 
oxidative stress, whereas limited data are available under normal conditions. The 
present study tested the hypothesis that in normal pigs long-term antioxidants would have 
deleterious effects on the cardiovascular system. Normal domestic pigs (V, n=6) were 
studied 12 weeks after dietary supplementation with vitamin E (100 IU/kg per day) and 
vitamin C (1 g/day) and compared with normal controls (C, n=7). Myocardial perfusion 

response was lower in V than in C after adenosine (10.1±4.5 versus 53.4±5.2%; P<0.01) 
and dobutamine (V, 78.4±8.1; C, 193.0±39.0%; P<0.05). The permeability index 
increased in V after adenosine (48.8±5.1%) and dobutamine (59.9±13.6%) and did not 
change in C. Coronary vasodilation to bradykinin and substance P was lower in V than in 
C. Moreover, in V, coronary nitrotyrosine and superoxide content was significantly 
higher than in C. The groups had similar total monomer expression of endothelial nitric 
oxide synthase, whereas the dimerized form, reflecting coupled enzyme, was lower in V. 
These findings suggest that long-term experimental antioxidant vitamin (C & E) 
supplementation in normal pigs impairs myocardial perfusion and coronary 
endothelial function via an increased level of oxidative stress in the arterial wall, (RMH 
Note: increased EMODs as a causative factor is a purely speculative guess from the 
authors.) which may be partly related to the uncoupling of endothelial nitric oxide 
synthase and/or the direct prooxidant effect of vitamin radicals (Chronic Antioxidant 
Supplementation Impairs Coronary Endothelial Function and Myocardial Perfusion in 
Normal Pigs. Daniele Versari et al. Hypertension. 2006;47:475). 

This study by Versare et al. demonstrates that chronic administration of high-
dose antioxidant vitamins in normal pigs results in a significant 
impairment in myocardial perfusion and coronary endothelial function. 



Along with the functional alteration, an increased endogenous vascular wall oxidative 
stress was observed. (RMH Note: Of course, there was injury to the endotheliun and 
the body responded oxidatively to this injury, just as it always does to injury.) 
These data suggest that antioxidant vitamins may have a detrimental effect 
on the cardiovascular system in healthy subjects through the imbalance of 
the endogenous redox equilibrium.  Please read this again. It says that 
antioxidant vitamins likely have a detrimental effect on the 
cardiovascular system.  I have been saying this for years.  These authors 
have been so indoctrinated by the free radical theory that they have to invoke 
increased oxidative stress as the culprit.  WRONG. 
 
Past randomized clinical studies failed to demonstrate a protective effect 
of antioxidant vitamins on coronary and carotid atherosclerotic lesions. 
(Brown BG, Zhao XQ, Chait A, Fisher LD, Cheung MC, Morse JS, Dowdy AA, Marino 
EK, Bolson EL, Alaupovic P, Frohlich J, Albers JJ. Simvastatin and niacin, antioxidant 
vitamins, or the combination for the prevention of coronary disease. N Engl J Med. 
2001;345:1583–1592) (Waters DD, Alderman EL, Hsia J, Howard BV, Cobb FR, Rogers 
WJ, Ouyang P, Thompson P, Tardif JC, Higginson L, Bittner V, Steffes M, Gordon DJ, 
Proschan M, Younes N, Verter JI. Effects of hormone replacement therapy and 
antioxidant vitamin supplements on coronary atherosclerosis in postmenopausal women: 
a randomized controlled trial. JAMA. 2002;288:2432–2440) (Lonn E, Yusuf S, Dzavik V, 
Doris C, Yi Q, Smith S, Moore-Cox A, Bosch J, Riley W, Teo K. Effects of ramipril and 
vitamin E on atherosclerosis: the study to evaluate carotid ultrasound changes in patients 
treated with ramipril and vitamin E (SECURE). Circulation. 2001;103:919–925). 
 
Similarly, most of the major trials evaluating the effect of antioxidant 
vitamin supplementation on clinical events were inconclusive. (Dietary 
supplementation with n-3 polyunsaturated fatty acids and vitamin E after myocardial 
infarction: results of the GISSI-Prevenzione trial. Gruppo Italiano per lo Studio della 
Sopravvivenza nell’Infarto miocardico. Lancet. 1999;354:447– 455) (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). 

Yet, they fail to acknowledge the fact that the free radical theory is 
wrong and that apparently so called oxidative stress is not the problem. 

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). 

Basic research provides plausible mechanisms and observational studies suggest that 
apparently healthy persons, who self-select for high intakes of vitamin E through diet or 

supplements, have decreased risks of cardiovascular disease and cancer. Randomized 
trials do not generally support benefits of vitamin E, but there are few trials of long 
duration among initially healthy persons.  

In the Women’s Health Study conducted between 1992 and 2004, 39,876 apparently 

healthy US women aged at least 45 years were randomly assigned to receive vitamin 
E or placebo and aspirin or placebo, using a 2 x 2 factorial design, and were followed 
up for an average of 10.1 years. They received administration of 600 IU of natural-source 

vitamin E on alternate days. Primary outcomes were a composite end point of first major 
cardiovascular event (nonfatal myocardial infarction, nonfatal stroke, or cardiovascular 
death) and total invasive cancer.  

During follow-up, there were 482 major cardiovascular events in the vitamin E group and 
517 in the placebo group, a nonsignificant 7% risk reduction. There were no significant 
effects on the incidences of myocardial infarction, as well as ischemic or hemorrhagic 
stroke. For cardiovascular death, there was a significant 24% reduction. There was no 
significant effect on the incidences of total cancer or breast, lung, or colon cancers. 
Cancer deaths also did not differ significantly between groups. There was no significant 
effect of vitamin E on total mortality.  

Conclusions:  The data from this large trial indicated that 600 IU of natural-source 
vitamin E taken every other day provided no overall benefit for major 
cardiovascular events or cancer, did not affect total mortality, and decreased 
cardiovascular mortality in healthy women. These data do not support recommending 

vitamin E supplementation for cardiovascular disease or cancer prevention among 
healthy women (Vitamin E in the Primary Prevention of Cardiovascular Disease and 
Cancer. The Women’s Health Study: A Randomized Controlled Trial. I-Min Lee et al. 
JAMA. 2005;294:56-65). 

13.0.3   Americans may take too many vitamins 

Americans may be taking too many vitamin supplements in the hope of staying 
healthy and living longer, a panel of U.S. experts said on 5/17/06. 



Some people clearly need supplements, the panel said -- for instance, older women 
benefit from taking calcium and vitamin D to strengthen their bones, and younger 
women need to take folic acid to reduce birth defects in any children they may have. 

But no studies show strongly that people prosper from popping 
multivitamin and mineral supplements and some suggest that eating healthily 
and exercising provide more benefit, the panel said. 

"Half of American adults are taking multivitamins and minerals and the bottom 
line is that we don't know for sure that they're benefiting from them," said Dr. J. 
Michael McGinnis, a senior scholar with the Institute of Medicine, who chaired the 
panel. 

"In fact, we're concerned that some people may be getting too much of certain nutrients," 
added McGinnis, whose organization advises the federal government on health issues. 

The 13-member panel included experts in nutrition, biostatistics, biochemistry, 
toxicology, geriatric medicine, family medicine, pediatrics, cancer prevention, consumer 
protection and other fields. They said much more study was needed on what vitamins 
Americans lacked in their diets and whether taking supplements provided actual benefit. 

Many people may assume that because vitamins and minerals are vital for health that 
more is better. But some are toxic at high levels, including vitamin A and iron, and 
others are simply excreted in the urine. 

Beta-carotene was shown in a surprise study to raise the risk of lung cancer in smokers. 
The panel said anti-oxidant vitamins and zinc might help nonsmoking adults with early 
stage, age-related macular degeneration, which can cause blindness. I do not believe that 
this is true. But many foods are fortified with vitamins and minerals, so the value of 
supplements is often questioned. 

There are no good studies showing people who take multivitamin or mineral 
supplements can prevent chronic diseases such as cancer and heart disease. 

Many of the studies that suggest a protective effect also show that people who take 
vitamins tend to take care of their health in other ways, such as eating plenty of fruits and 
vegetables, exercising and not smoking, so it is difficult to determine whether the 
vitamins were responsible for health benefits.  

13.0.4   The Tip of the Iceberg 

Dr. Tim Johnson of ABC News presented a show entitled, “Daily dose” on May 1, 
2006, in which he pointed out a few of the problems caused by antioxidant vitamins. 
It was as follows: 



13.0.5   Daily Dose: Which Vitamins Help, Harm? 

They May Be Big Business, But Not All Supplements Will Make You Healthier 

Dr. TIM JOHNSON 

May 1, 2006  It's become a daily ritual -- taking pills to supplement the vitamins, 
minerals and enzymes in your diet. 

Americans spend nearly $9 billon every year on vitamin and mineral supplements in the 
belief that they can help prevent disease and improve health.  

No one questions the value of a daily multivitamin, and yet some experts say additional 
supplements are unnecessary, and in some cases may be dangerous. 

For example: 

Instead of improving heart health, vitamin E was shown in one study to increase 
rates of congestive heart failure. According to the Medical Letter, a nonprofit research 
group, one study found that long-term use of vitamin E supplements did nothing to 
prevent cancer or major cardiovascular events -- and may have even increased the 
risk of heart failure for patients with vascular disease or diabetes. And a cancer 
study found that patients taking vitamin E while undergoing radiation therapy had 
a higher rate of cancer recurrence than patients taking a placebo. 

Instead of reducing the risk of lung cancer, beta carotene was found to increase the 
rate of lung cancer in one study of smokers. Another study found that smokers and 
asbestos-exposed workers, when given doses of beta carotene and vitamin A, had an 
increased risk of lung cancer, death from cardiovascular disease and overall mortality. 
The rate of death was so high that the study was stopped early.  

And another study showed that too much vitamin A from supplements and food 
increased postmenopausal women's risk of hip fractures. Another study found that a 
high intake of vitamin A was associated with birth defects when taken during early 
pregnancy. 

Even calcium, which is encouraged in large amounts as women get older, can be 
dangerous. The Women's Health Initiative, though it found calcium and vitamin D can 
lower the risk of hip fractures in women over 60, also found that women taking calcium 
were at a higher risk for kidney stones. 

One woman we spoke with, Arlene Freedman, was taking calcium supplements while 
also eating a diet rich in calcium. Then a routine blood test revealed all these sources of 
calcium were too much. Her doctor told her that she no longer needed calcium 
supplements. "The good news is you don't need calcium supplements. The calcium 
supplements were raising your calcium and that's what we don't want," said Dr. Michael 



Freedman. "As calcium goes very high, it can interfere with your brain's ability to 
think and is actually one of the causes of dementia." 

13.0.6    Statements of Dr. V. Herbert on Antioxidants 

Dr. Herbert writes, “The nutrition buzzword for 1994 is “antioxidant.” Every supplement 
so labeled is seen as having only an upside and no downside. This is a myth. No 
supplement is a pure antioxidant (Herbert V. The antioxidant supplement myth. Am J 
Clin Nutr 1994;60:157-8).  

At the November 1—3, 1993 Food and Drug Administration (FDA) Conference on 
Antioxidant Vitamins in Cancer and Cardiovascular Disease, there was essentially 
unanimous agreement that vitamins C, E, and b-carotene are mischaracterized by 
describing them solely as “antioxidants” (fighters against harmful free radicals) (Food 
and Drug Administration. November 1—3. 1993. FDA Conference on Antioxidant 
Vitamins and Cancer and Cardiovascular Disease. Washington. DC: Office of Special 
Nutritionals. 1993 (transcript).).  

They in fact are redox agents, antioxidant in some circumstances (often so in the 
physiologic quantities found in food), and prooxidant (producing billions of harmful free 
radicals) in other circumstances (often so in the pharmacologic quantities found in 
supplements).  

Large doses of vitamin E enhance immune activity and thus may promote progression of 
immune and autoimmune diseases (eg, asthma, food allergy, diabetes, rheumatoid 
arthritis, multiple sclerosis, and lupus) (Herbert V. Vitamin E supplementation of elderly 
people. Am J Clin Nutr 1991:53:976). Large doses of vitamin C can promote kidney 
stones ( Herbert V. Subak-Sharpe G. Hammock DA. eds. The Mount Sinai School of 
Medicine Complete Book of Nutrition. New York: St Martin’s Press. 1990).  

Vitamin C is especially dangerous in the presence of high body iron stores, which make 
vitamin C violently prooxidant (Herbert V. Dangers of iron and vitamin C supplements. J 
Am Diet Assoc 1993;93:526—7) (Simopoulos AP, Herbert V, Jacobson B. Genetic 
nutrition: designing a diet based on your family medical history. New York: Macmillan, 
1993). For genetic reasons, more than 10% of American whites and perhaps as 
many as 30% of American blacks have high body iron.  

Supplements help some, harm some, and do nothing for most, so the bottom line is a 
wash. For truth in advertising, all supplements should be labeled: “Supplements can 
help some people, harm others, and have no effect on most." (Herbert V. Subak-
Sharpe G. Hammock DA. eds. The Mount Sinai School of Medicine Complete Book of 
Nutrition. New York: St Martin’s Press. 1990). 

To the contrary, I present the following data:  Vitamin E Makes a Difference  

http://www.victorherbert.com/AntioxidACN.htm
http://www.victorherbert.com/AntioxidACN.htm


The first study group included 2,285 men and 2,019 women. Researchers assessed their 
eating habits and observed who developed diabetes over a 23 year period (Montonen J et 
al. Dietary Antioxidant Intake and Risk of Type 2 Diabetes. Diabetes Care 27:362-366, 
February 2004).  

People who ate the highest levels of vitamin E (from foods) had a third (31 percent) 
less diabetes than those who ate the least (compared top 20 percent of vitamin E intake to 
lowest 20 percent). One simple dietary change may cut the risk of diabetes by a third! 
What foods are high in vitamin E? Here are some of the highest: wheat germ, sun flower 
seeds, hazelnuts, vegetable oils, and whole grains.  

Researchers also found another antioxidant (beta-cryptoxanthin), a carotenoid, that 
was also protective. Those eating the most of this antioxidant had a 42 percent 
decreased risk of developing diabetes. Foods high in this carotenoid are dark yellow 
foods including citrus, mango, peach, and tangerine. These are all healthy foods and may 
be helpful in preventing diabetes.  

This indicates that the combination intake of vitamin E and beta-cryptoxanthin could 
reduce the onset of diabetes by a whopping 73% and I submit that this is more 
nonscience/nonsense. 

13.1.0   Antioxidant Therapies 

Because oxidative damage is allegedly a part of the pathophysiology of diabetes, there is 
interest in determining whether antioxidants can decrease this damage. Too few large-
scale double-blind trials on the use of antioxidants in diabetes have been carried out 
for conclusions (Rosen P, Nawroth PP, King G, Moller W, Tritschler HJ, Packer L: The 
role of oxidative stress in the onset and progression of diabetes and its complications: a 
summary of a Congress Series sponsored by UNESCO-MCBN, the American Diabetes 
Association and the German Diabetes Society. Diabetes Metab Res Rev 17:189-212, 
2001). However, a few small-scale trials have suggested the efficacy of the natural 
antioxidants [alpha]-tocopherol (vitamin E), ascorbate (vitamin C), Coenzyme Q, 
and [alpha]-lipoic acid, although in other trials, the efficacy of ascorbate and 
[alpha]-tocopherol were ambiguous. Because these natural antioxidants can be given at 
high doses and have shown some efficacy in other degenerative diseases, there is a strong 
rationale for trialing them in diabetes, even though the uptake and distribution to tissues 
of hydrophobic natural antioxidants such as Coenzyme Q is often poor. In addition, many 
other artificial antioxidants are being developed, such as mimetics of SOD or peroxidase, 
that may be more potent than natural antioxidants and also have improved bioavailability, 
pharmacokinetics, and stability. Because these artificial antioxidants are novel drugs (vs. 
natural antioxidants), it will be more demanding to initiate clinical trials. Both the natural 
and artificial antioxidants distribute throughout the body, with only a small proportion 
reaching the mitochondria, where much of the oxidative damage associated with 
hyperglycemia may occur. 



Mitochondria-targeted antioxidants in vivo. Because mitochondrial oxidative damage 
is thought to be critical in the pathophysiology of diabetes, antioxidants that accumulate 
within mitochondria may offer more protection than untargeted antioxidants. As a first 
step toward testing this hypothesis, a strategy has been developed to deliver antioxidants 
to mitochondria by covalent attachment to the triphenylphosphonium cation through an 
alkyl chain. The delocalized positive charge of these lipophilic cations enables them to 
permeate lipid bilayers easily and to accumulate several hundred-fold within 
mitochondria, due to the large membrane potential ([DELTA][[psi].sub.m]; -150 to -170 
mV, negative inside;. The plasma membrane potential ([DELTA][[psi].sub.m]; -30 to -60 
mV, negative inside; Fig 4) also drives their accumulation from the extracellular fluid 
into cells, from where they are further concentrated within mitochondria. Because the 
natural antioxidants vitamin E and Coenzyme Q are thought to protect mitochondria from 
oxidative damage in vivo, mitochondria-targeted derivatives of these molecules were first 
developed. Experiments in vitro showed that the mitochondria-targeted derivative of 
[alpha]-tocopherol (MitoVit E) and the mitochondria-targeted ubiquinone were rapidly 
and selectively accumulated by isolated mitochondria and by mitochondria within 
isolated cells. Importantly, the accumulation of these antioxidants by mitochondria 
protected them from oxidative damage far more effectively than untargeted antioxidants, 
suggesting that the accumulation of antioxidants within mitochondria does increase their 
efficacy. Most interestingly, these compounds were several hundred-fold more effective 
at preventing cell death in fibroblasts from Friedreich Ataxia patients. Because cell death 
in this model is due to endogenous mitochondrial oxidative damage (Jauslin ML, Wirth 
T, Meier T, Schoumacher F: A cellular model for Friedreich Ataxia reveals small-
molecule glutathione peroxidase mimetics as novel treatment strategy. Hum Mol Genet 
11:3055-3063, 2002), it is suggested that the accumulation of antioxidants by 
mitochondria within cells blocks mitochondrial oxidative damage and that their uptake 
into mitochondria makes them far more effective than untargeted antioxidants. 

Mitochondria-targeted antioxidants in vivo. If these mitochondria-targeted molecules are 
to have therapeutic potential in diabetes, then they must be taken up selectively by 
mitochondria in vivo. Because alkyltriphenyl-phosphonium cations pass easily through 
lipid bilayers by noncarrier-mediated transport, they should be taken up by the 
mitochondria of all tissues, in contrast to hydrophilic compounds, which rely on the 
tissue-specific expression of carriers for uptake. Mice were fed mitochondria-targeted 
antioxidants for several weeks, leading to stable steady-state concentrations within all 
tissues assessed, including the brain, heart, liver, and kidneys. Uptake was reversible, as 
shown by the rapid clearance of the simple lipophilic cation methyltriphenylphosphonium 
from all organs when oral administration stopped. That these compounds can enter the 
bloodstream and distribute to tissues in their intact active form was shown by solvent 
extraction of the brain, heart, and liver of mice fed MitoVit E, followed by mass 
spectrometry. These data are consistent with the following pharmacokinetic model: 
following absorption from the gut into the bloodstream, orally administered 
mitochondria-targeted antioxidants are taken up into all tissues by nonmediated 
movement through the lipid bilayer of the plasma membrane, assisted by the plasma 
membrane potential. From the cytosol, most of the lipophilic cations are taken up into 



mitochondria, driven by the large membrane potential. After several days of feeding, the 
cation concentration within mitochondria comes to a steady-state distribution with 
circulating blood levels. At this point, the mitochondrial concentration will be several 
hundred—fold higher than that in the bloodstream. Because the mitochondrial pool of 
compound is in dynamic equilibrium, once feeding stops, the accumulated cations will re-
equilibrate back into the bloodstream and be relatively rapidly excreted. 

The levels of methyltriphenylphosphonium and MitoVit E that accumulated in mouse 
tissues in vivo after feeding were in the range of 5-20 nmol/g wet wt, or about 5-20 
[micro]mol/l in the tissue. Because these compounds accumulate within mitochondria, 
the intramitochondrial concentration will be about millimolar. These concentrations are 
likely to be in the therapeutically effective range, because mitochondria-targeted 
antioxidants prevented oxidative damage to isolated mitochondria at 1-2.5 [micro]mol/l. 
Because these compounds will be further accumulated into cells, similar protective 
effects were found by incubating cultured cells with 500 nmol/l to 1 [micro]mol/l 
mitochondria-targeted antioxidants. Therefore, oral delivery of well-tolerated doses of 
mitochondria-targeted antioxidants can deliver potentially therapeutic concentrations to 
mitochondria in vivo. Their efficacy at preventing oxidative damage to mitochondria in 
vivo is now being tested in mouse models of mitochondrial oxidative damage. 

13.1.1   Uncoupling to prevent oxidative damage  

In addition to inactivating ROS by antioxidants, another strategy is to decrease 
mitochondrial ROS production in diabetes by lowering the (∆p). This could be done 
using low doses of artificial uncouplers to slightly lower the (∆p)  and thus decrease 
mitochondrial ROS production. The uncoupler DNP has been used extensively in the 
past to treat obesity in humans, with surprisingly good results (Harper JA, Dickinson 
K, Brand MD: Mitochondrial uncoupling as a target for drug development for the 
treatment of obesity. Obes Rev 2:255-265, 2001). However, unregulated administration, 
abuse, and the very narrow therapeutic window between efficacy and toxicity led to its 
abandonment, although it is still used unofficially as a slimming agent. It should be 
possible to make a safe uncoupler for human use, although the challenge is to make one 
that is mild enough to decrease mitochondrial ROS production without significantly 
affecting mitochondrial ATP production, and to make these molecules tissue specific to 
reduce the possibility of compromising ATP production in nervous and cardiac tissue. A 
further complication is that decreasing the membrane potential of [beta]-cell 
mitochondria would make insulin secretion less responsive to plasma glucose levels, 
which might be counterproductive. Indeed, it has been reported that DNP treatment of 
animals causes hyperglycemia (Simkins S: Dinitrophenol and desiccated thyroid in the 
treatment of obesity. JAMA 108:2210 2217, 1937). 

An alternative way to decrease [DELTA][[mu].sub.m] may be activating the inducible 
proton leak catalyzed by endogenous proteins such as the UCPs. However, whereas some 
molecules such as superoxide and retinoids do appear to activate UCPs, the 



development of drugs designed to modulate this function will probably require better 
understanding of the physiological roles and molecular mechanisms of UCPs. 

13.1.2   Conclusions 

It seems probable that mitochondrial radical production and consequent oxidative damage 
contribute to the progression and pathophysiology of diabetes. Two approaches suggest 
themselves: selective uncoupling of mitochondria, and antioxidants. Whereas the 
development of uncoupling strategies is not imminent, the time is upon us to test 
antioxidant therapies in diabetes. As well as protecting peripheral tissues from 
hyperglycemia-induced oxidative damage, antioxidants may have the additional benefit 
of improving GSIS, both by preventing the damage to [beta]-cells and possibly by 
blocking the proposed ROS activation of UCP2 in [beta]-cells. Whereas suitable 
uncouplers should also protect peripheral tissues, there is the danger that they would have 
counterproductive effects on [beta]-cells, rendering insulin secretion less responsive to 
plasma glucose. 

13.1.3   Natural Antioxidants 

A first step in developing antioxidant therapies is to give large doses of natural 
antioxidants such as vitamin E, [alpha]-lipoic acid, or Coenzyme Q to see if this 
approach has potential. The advantage of natural antioxidants is their safety and that large 
oral doses are well tolerated. However, in other degenerative diseases, very large doses 
have been required to see beneficial effects, possibly because of their poor bioavailability 
and distribution within the body and the cell. If natural antioxidants show efficacy in 
large-scale patient trials, then it may be more effective to develop artificial antioxidants 
with improved potency, bioavailability, and pharmacokinetics. Among these, a case can 
be made for testing mitochondria-targeted antioxidants. To date, mitochondria-targeted 
versions of Coenzyme Q and vitamin E have been made and can be administered safely 
to mice. Experiments are now underway to see if these and other mitochondria-targeted 
antioxidants show efficacy against the pathologies associated with hyperglycemia in cell 
and rodent models of diabetes. 

13.1.4   Antioxidants and Retinal Damage 

It has been proposed that antioxidants may prevent cellular damage in the retina by 
reacting with free radicals that are produced in the process of light absorption. The 
objective of this review was to assess the effects of antioxidant vitamin or mineral 
supplementation, or both, on the progression of age-related macular degeneration 
(AMD). They searched the Cochrane Central Register of Controlled Trials (CENTRAL) 
in The Cochrane Library (2005, Issue 4); MEDLINE (1966 to January 2006); SIGLE 
(1980 to March 2005); EMBASE (1980 to January 2005); NRR (2005, Issue 4); AMED 
(1985 to January 2006); and PubMed (24 January 2006 covering last 60 days), reference 
lists of identified reports and the Science Citation Index. They contacted investigators 
and experts in the field for details of unpublished studies. They included randomized 
trials comparing antioxidant vitamin or mineral supplementation (alone or in 



combination) to a control intervention in people with AMD. MAIN RESULTS: Eight 
trials were included in this review.  

The majority of people were randomized in one trial (AREDS in the USA) that found a 
beneficial effect of antioxidant (beta-carotene, vitamin C and vitamin E) and zinc 
supplementation on progression to advanced AMD. People taking supplements were less 
likely to lose 15 or more letters of visual acuity. Hospitalisation for genito-urinary 
problems was more common in people taking zinc and yellowing of skin was more 
common in people taking antioxidants. The other trials were, in general, small and the 
results were inconsistent. CONCLUSIONS: The evidence as to the effectiveness of 
antioxidant vitamin and mineral supplementation in halting the progression of AMD 
comes mainly from one large trial in the USA. The generalisability of these findings to 
other populations with different nutritional status is not known. Further large, well-
conducted randomized controlled trials in other populations are required.  

Long-term harm from supplementation cannot be ruled out. Beta-
carotene has been found to increase the risk of lung cancer in smokers; 
vitamin E has been associated with an increased risk of heart failure in 
people with vascular disease or diabetes (Antioxidant vitamin and mineral 
supplements for slowing the progression of age-related macular degeneration. Evans J. 
Cochrane Database Syst Rev. 2006 Apr 19;2:CD000254). 

13.2.0   Deceptive Advertising 
In 2005, Johns Hopkins expert, Simeon Margolis, M.D., Ph.D, posted the following 
cautions on Wed, Aug 24, 2005: 

I urge you not to be taken in by unproven claims that a dietary supplement can 
treat diabetes -- or any other disorder, for that matter.  

13.2.1   Diabeticine 

The latest supplement brought to my attention is Diabeticine. Internet ads state that 
Diabeticine is effective -- 99 percent for type 2 and 64 percent for type 1 -- at reversing 
the root cause of diabetes. Could that possibly mean reversing the damage to pancreatic 
beta cells, the root cause of type 1 diabetes?  

These claims are supported by testimonials from presumably satisfied users. Testimonials 
don’t count! Instead, proper studies must show the supplement is effective and safe. 
Some ads do include the results of studies that are said to prove the product is effective. 
Why haven’t these studies been published in reputable medical journals that take great 
pains to evaluate the validity of a study and the accuracy of the findings? As far as safety 
is concerned, the ads state there are no side effects. However, side effects are reported by 
participants in all drug studies, even by people taking sugar pills.  

The ingredients of Diabeticine include two vitamins, five minerals, and 10 herbs. 
They have about as much likelihood of reversing the causes of diabetes as the 

http://health.yahoo.com/experts/diabetes/bio;_ylt=Au8Y0e5dEZUCEnWTWWfeDe0W08gF


components in a medicine described in a Hagar comic strip: tail of newt, eye of lizard, 
gnat’s tongue, spider’s toes, mosquito’s stinger, and ground-up skin of snake.  

Recent newspaper articles have pointed out that the U.S. Food and Drug Administration 
and pharmaceutical companies should curb excessive claims and inadequate descriptions 
of side effects in their direct-to-consumer advertisements. I agree with the need for this 
change, and I especially object to the recurring television ads for erectile dysfunction 
drugs that confuse my 10-year-old grandson. But at least these ads are for FDA-approved 
drugs with proven effectiveness. Unfortunately, in 1994 Congress passed the Dietary 
Supplement Health Education Act, which prevents the FDA from overseeing the 
composition, safety, and effectiveness of dietary supplements.  

The seller of Diabeticine recommends taking it before each meal, and 60 capsules cost 
$74.95. You can save $112 a month by not taking them. I agree wholeheartedly with 
Dr. Morgolis. 

13.3.0    Antioxidant Inconsistencies 

13.3.1  Mayo Clinic discussion 

Some of the following was taken from the Mayo Clinic website: 
http://www.mayoclinic.com/health/anti-aging/HQ00233  

Many ads sound too good to be true: All you have to do is take a pill, and you'll suddenly 
find yourself muscle-bound and full of youthful energy. What those ads don't tell you is 
you'll also empty out your wallet and possibly harm your body using an unproven 
therapy. 

Proponents believe that antioxidants can prevent chronic diseases, such as heart disease 
and diabetes but experimental data has failed to confirm this. 

Some antioxidants you may have heard of include: 

 Vitamin A  
 Vitamin B-6  
 Vitamin B-12  
 Vitamin C  
 Vitamin E  
 Beta carotene  
 Folic acid  
 Selenium  
 Vitamin A (Retinol)  
 Vitamin B6  
 Vitamin B12  
 Vitamin C (Ascorbic acid)  
 Vitamin E  

http://www.mayoclinic.com/health/anti-aging/HQ00233
http://www.mayoclinic.com/health/vitamin-a/NS_patient-vitamina
http://www.mayoclinic.com/health/vitamin-b6/NS_patient-b6
http://www.mayoclinic.com/health/vitamin-B12/NS_patient-vitaminb12
http://www.mayoclinic.com/health/vitamin-c/NS_patient-vitaminC
http://www.mayoclinic.com/health/vitamin-e/NS_patient-vitamin-e


 Beta-carotene  
 Folate (folic acid)  

The best way to give your body the antioxidants it needs is to eat a variety of fruits and 
vegetables. If you can't obtain all the nutrients you need from food, your doctor may 
recommend using supplements to make up for any deficiencies. Also, if you have certain 
medical conditions, such as macular degeneration, your doctor may recommend that you 
supplement your diet with antioxidants. 

There's no proof that antioxidants in pill form can improve your general health or 
extend your life. In fact, they can have the opposite effect. For instance, smokers who 
take beta carotene supplements might actually increase their risk of lung cancer.  

13.3.2   Hormones 

Hormones are chemicals your body makes to help keep your vital organs working 
properly. Some hormone levels decline naturally as you age, leading some people to 
believe this decline is responsible for the aging process. Their theory: Restore those 
hormone levels and reverse aging. But it might not be that simple. Some hormone 
supplements you might have heard of include: 

 DHEA. Your body converts DHEA into the sex hormones estrogen and 
testosterone. Proponents say it also slows aging, increases muscle and bone 
strength, burns fat, improves cognition, bolsters immunity and protects against 
chronic diseases.  

 Testosterone. Declining levels of this male sex hormone have been linked with 
common complaints of aging, such as decreased energy and sex drive, muscle 
weakness and osteoporosis. Women's bodies also make testosterone, though in 
much smaller quantities than men's do.  

 Melatonin. This hormone is produced in your brain. It helps regulate sleep and 
holds promise as a remedy for insomnia and jet lag. Proponents claim it can slow or 
reverse aging, fight cancer and enhance sexuality.  

 Human growth hormone (HGH). This hormone, responsible for growth spurts 
in children, tapers off after adolescence. Proponents say injections of prescription-
only HGH can burn fat, build muscle and renew energy.  

None of these hormone supplements has convincing medical evidence to back up the 
claims made by anti-aging enthusiasts and carry risks. For instance, even short-term 
use of DHEA or testosterone may cause liver damage. 

One type of hormone treatment that has been the subject of extensive research is 
menopausal hormone therapy. Many women take supplemental estrogen to relieve 
symptoms of menopause, such as hot flashes and vaginal dryness. But hormone therapy 

http://www.mayoclinic.com/health/beta-carotene/NS_patient-betacarotene
http://www.mayoclinic.com/health/folate/NS_patient-folate


also carries significant risks, including an increased risk of blood clots, heart 
disease, heart attack and breast cancer. 

13.3.3   Supplements do not work 

Many people are drawn to supplements because they're usually advertised as "natural" 
remedies. You might interpret the term "natural" to mean harmless, but that's not 
necessarily true. People looking to defy nature sometimes turn to supplements such as 
coral calcium, ginseng and echinacea as anti-aging therapies. There isn't any evidence 
to support the claims for these supplements. 

Ingredients in supplements can cause harmful interactions with your medications and 
serious side effects. Because the Food and Drug Administration doesn't oversee 
supplements, you can't be sure of product purity or the amount of active ingredient in any 
given supplement — even from one package to the next of the same product. 

 

The sculptors of organized medicine 
have chiseled out their ersatz image  

with mythic properties and biblical proportions. 
Yet, with all of their hammering  

on the stone of human perception, 
they have failed to carry a single patient’s life into…. 

perpetuity. 
So, heal thyself, physician. 

Heal thyself of a lethal case of 
mega-hubris. 

R. M. Howes, M.D., Ph.D. 
5/18/08 

13.3.4   Calorie-restricted diets 

 

Calorie restriction refers to the theory that restricting the number of calories you consume 
can lead to a longer life. Calorie-restricted diets have about 30 percent fewer calories, 
but they're rich in fruits and vegetables so that dieters still get the nutrients they need. The 
theory is based on studies in animals, including rats, mice, fish, flies and worms. These 
studies found that the life span of each species could be extended by reducing the number 
of calories consumed. 

But it isn't clear if the calorie restriction theory applies to humans. Clinical trials are 
investigating whether eating fewer calories can lead to a longer life for people. Some 



studies following underweight people — not those specifically on a calorie-restricted 
diet — show that they have a higher risk of certain diseases and death. 

Reducing the number of calories you eat may be a good way to lose weight, but 
restricting your diet to the point that you aren't getting enough nutrients is dangerous. 
Calorie restriction can lead to malnutrition and severe weight loss 

The National Cancer Institute states that, “Considerable laboratory evidence from 
chemical, cell culture, and animal studies indicates that antioxidants may slow or possibly 
prevent the development of cancer. However, information from recent clinical trials is 
less clear. In recent years, large-scale, randomized clinical trials reached inconsistent 
conclusions.” 

13.4.0    Cleveland Clinic cautions against supplements 

The Heart and Vascular Institute of the Cleveland Clinic states the following: 

Facing Cardiac Surgery? 
Ask Your Doctor about Vitamins and Supplements 

Natural products  
Herbal supplements 
Alternative dietary therapies 
Antioxidants 
Micronutrients 
Or plain old vitamin pills… 

No matter what you call them, if you take these products prior to a heart operation, they 
can cause real problems during or after your surgery. 

If you are like millions of other Americans, you may well be taking several supplements 
daily for your health.  Perhaps you take a simple, multivitamin pill and garlic to help 
protect your heart or ginkgo to boost your memory power.  Do you grab Echinacea to 
stimulate the immune system at the first sign of a cold or virus, Kava to help sleep, 
Vitamin E or fish oil to increase cardiac health?  If so, caution is required before you 
have a bypass operation, valve repair, or any other type of cardiac procedure.   

What’s the harm?  After all, these products are “natural,” aren’t they?  Well, “natural” 
doesn’t always mean safe, especially when surgery is on the horizon. 

According to a study in the July 11, 2001 issue of the Journal of the American Medical 
Association (JAMA), using herbal preparations can have serious negative impact 
during cardiac surgery and postoperatively.  The authors examined information in the 
medical literature about the safety of the eight most common herbal medications in light 
of their use in patients undergoing surgery.  The eight preparations examined studied 
were: 



• Echinacea  
• Ephedra  
• Garlic  
• Ginkgo  
• Ginseng  
• Kava  
• St. John’s wort  
• Valerian  

The researchers found complications including bleeding, cardiovascular instability, 
hypoglycemia (low blood sugar), changes in the effects of operative anesthesia, and 
changes in the metabolism of other drugs used for surgery.  Previous studies of these 
and other natural or alternative therapies such as ginger, coenzyme Q-10, and 
vitamin E, have found that side effects from natural agents can be as serious as a 
heart attack, stroke or excess internal bleeding. 

For example, many natural products modify the blood.  In so doing they may have 
dangerous side effects including:  

• Decreasing the blood’s ability to clot, or the amount of time clotting takes  
• Increasing internal bleeding  
• Reducing the number of cell components called platelets in the blood, or their 

ability to stick together (called platelet aggregation and adhesion)  
• Widening or narrowing blood vessels  
• Decreasing the viscosity (thickness) of blood  

If you’ve been taking these kinds of preparations for some time, and haven’t experienced 
side effects, you may be inclined to “pooh-pooh” warnings in articles such as this.  But 
don’t forget that during and after surgery you are given many other drugs you don’t 
normally take.  And these other drugs, such as pain medicine or anesthetics, may interact 
poorly with natural therapies.   

13.5.0   General Discussion of Pro/anti-oxidants 

Some of the following materials sere abstracted, excerpted or modified from:  
Supplement: Free Radicals: The Pros and Cons of Antioxidants. Executive Summary 
Report. Harold E. Seifried, Darrell E. Anderson, Barbara C. Sorkin and Rebecca B. 
Costello. The American Society for Nutritional Sciences J. Nutr. 134:3143S-3163S, 
November 2004. 

The field of antioxidant research is controversial and confusing to many clinicians 
because the results of some studies conflict with others, making simple conclusions as to 
efficacy and safety difficult. Supplements fall under regulatory guidelines similar to those 
for foods and supplements cannot be marketed for disease treatment or disease 
prevention. Health promotion is the primary mode of marketing for dietary supplements, 
although use transcends some of the regulatory barriers. 

http://jn.nutrition.org/misc/terms.shtml


Bruce Ames, Professor and Senior Scientist, Department of Biochemistry and Molecular 
Biology, University of California—Berkeley, discussed the effect of oxidants on aging 
and metabolism, strategies for preventing oxidants from being produced during aging, 
and his perspective on the manner in which the scientific community views oxidants and 
antioxidants (Ames, B. (2004) Supplements and tuning up metabolism. J. Nutr. 
134:3164S-3168S).  

Research over the past 40 y has led to a greater understanding of the aging process. 
Energy production occurs in the mitochondria, and these energy generators become less 
efficient as we age, producing greater numbers of mutagenic oxygen radicals. 
Experimental studies indicate that there is a decrease in the level of cardiolipin, a key 
lipid in the mitochondrial membrane, responsible for the membrane’s electrical potential, 
causing reduced utilization of oxygen and increased production of 
oxygen radicals. Studies in rats show that young rats have 24,000 oxidative lesions 
in DNA per cell, increasing to 67,000 oxidative lesions per cell in older rats. 

Research groups have conducted numerous human trials on (acetyl carnitine) ALC for 
Alzheimer’s disease and cognitive impairment and on (lipoic acid) LA for diabetes. Meta-
analyses of the overall study results show improvement among patients administered 
ALC or LA. Obesity is of great concern because of the negative effects of this condition 
on the economy and the medical system. Obese individuals tend to be deficient in 
dietary micronutrients, including zinc, iron, and calcium. Vitamin and mineral 
deficiencies adversely affect general biochemistry. For example, 25% of menstruating 

women in the United States consume <50% of the recommended daily allowance (RDA) 
of iron. Iron deficiency destroys mitochondria, increases oxidant levels, 
and accelerates the aging process. (RMH Note: Since iron is an excellent 
prooxidant, iron deficiencies and consequently EMOD deficiencies, the free radical 
theory would NOT expect iron deficiency to be destructive to the mitochondria). 
Conversely, men may consume too much iron because they eat a lot of meat. Deficiencies 
of zinc, vitamins B-6 and B-12, and folate also are marked in the United States and 
can lead to chromosome breakage just as severe as that caused by radiation 

exposure. 

Diet has been the focus of many large epidemiologic studies, and many (but not all) show 
that fruits and vegetables have a protective effect against cancer. In comparisons of the 
quartiles of the population that consume the fewest versus the most fruits and vegetables, 
24 of 25 studies show that the group that consumes the fewest servings of fruits and 
vegetables per day has double the risk of developing cancers of the lung, oral cavity, 
larynx, and esophagus. Even among cigarette smokers (smoking accounts for 90% of 
lung cancers), consuming fruits and vegetables cuts the risk by half. 

Frank L. Meyskens, M.D., Professor, Department of Medicine and Biological Chemistry, 
Cancer Center, University of California—Irvine, presented information on antioxidants 
behaving as prooxidants. The antioxidant/prooxidant issue was highlighted recently by 

the results of the Alpha-Tocopherol and Beta-Carotene (ATBC) Cancer Prevention study, 
which reported that ß-carotene caused an increase in lung cancer among heavy 



smokers. This was contrary to predictions from epidemiologic studies in the 1980s that 
reported an inverse dietary relation between many epithelial cancers and ß-carotene. 

Again, I am amazed that investigators assume that any harmful result must be due 
to oxidants and can not be due to antioxidants.  Thus, when they see bad results 
from the use of antioxidants, it must be due to the fact that the antioxidants are 
changing into prooxidants.  They fail to see the harmful potential of antioxidants 
whatsoever. Even more astounding, to me, is the fact that they can not see the 
incredible salutary effects of prooxidants. 

A further look at the data from the ß-Carotene and Retinol Efficacy Trial (CARET) 
showed similar unexpected results. Participants had a significant smoking history or were 
prior smokers and were randomly assigned in a 2 x 2 factorial design to treatment with ß-
carotene, retinol, a combination of both, or placebo. The cumulative incidence of lung 
cancer was greater among those treated with ß-carotene, compared with placebo. In 
addition, the incidence of cardiovascular disease was greater for those treated with ß-
carotene than for those treated with placebo. This study supported the earlier overall 

results of the ATBC study, and all the ß-carotene clinical studies being 
conducted at that time were stopped. 

Another recent trial investigated the separate effects of ß-carotene, vitamins C and E, and 
ß-carotene plus vitamins C and E on the recurrence of colorectal adenomas. Results 
indicate protection among nonsmokers and nondrinkers but an increase in similar 
carcinogenic and cardiovascular adverse effects in smokers and drinkers as seen in 
the earlier lung cancer trials. This is a very important observation, supporting a marked 
difference in response in active smokers to ß-carotene specifically. There is some 
evidence that the uptake of oxycarotenoids from the gut is negatively affected by too 

much ß-carotene in the system. Cytokines may also interact with ß-carotene to 
produce oxidative stress and cause an unexpected prooxidative effect. 

Melanin, contained in melanocytes in the skin, is a redox-active polymer that can 
serve as an antioxidant in most circumstances but as a prooxidant in others. It also 
can bind metals and functions as a stable semiquinone and as a free radical. 

13.5.1   Explosive tumor growth from vitamin C 

Redox cycling of melanin may be one mechanism for reducing the potential prooxidative 

effects of melanin. Other antioxidants also may help to decrease ROS levels in 
melanocytes and slow or stop progression to melanoma, although a study including 
large doses of vitamin C in melanoma patients showed explosive tumor 
growth. 

Mechanisms that determine when an antioxidant becomes a prooxidant are largely 
unknown, and these need to be established before recommending nutritional or 
nutritional/pharmacologic interventions. Doses are important and the underlying 
oxidative properties of the tissue being looked at are extremely critical. 



Nikki Holbrook, Ph.D., Professor, Department of Internal Medicine, Geriatrics Section, 
Yale University School of Medicine, Cambridge, MA, discussed signaling pathways 
activated by oxidative injury and their roles in determining cell fate.  

Historically, ROS have been viewed in a negative light; both their generation and 
targets were presumed to be indiscriminate and random, and their consequences 
entirely detrimental. We now know that ROS serve some very important physiologic 
functions as second messengers in a variety of different signal transduction pathways 
(most notably proliferative signaling pathways). They also provide host-defense 
mechanisms against microbial invaders. In these instances, the generation of ROS is 
both purposeful and necessary. 

We know that ROS can elicit a plethora of responses ranging from proliferation, to 
growth arrest (transient or permanent), to senescence, to cell death (through either an 
apoptotic or necrotic mechanism). Lower doses of oxidants are generally 
associated with mitogenesis, moderate doses with growth arrest, and 
higher doses with cell death. Other factors that determine oxidative effects include 
the nature of the ROS and the type of cell in which it is operating. On the positive side, 
certain ROS-activated pathways are important for normal cell growth and may be 
protective in cases of acute oxidative injury such as reperfusion injury. 

The same signaling pathway can be beneficial in one instance of oxidative stress and 
harmful in another. The extracellular signal-regulated kinase (ERK) activation 
pathway serves as an example to emphasize this point and to illustrate the complexity of 
the response to oxidative injury. ERK is activated in response to both oxidant exposure 
and growth factor treatment, with similar mechanisms serving to activate the pathway in 
each case. In acute oxidative injury, ERK activation generally blocks apoptosis and 
promotes survival. The short-term beneficial effects are the prevention of tissue loss and 
the enhancement of host survival, but in the long term, it could lead to tumorigenesis or 
affect therapeutic drug sensitivity. In other situations, however, ERK activation promotes 
apoptosis. For example, ERK activation increases the sensitivity of cells to cisplatin 
treatment and promotes apoptosis in response to the drug in many cell types. 

13.5.2   Mechanisms of Pro- and Antioxidation  

Homer Black, Ph.D., Professor, Department of Dermatology, Baylor College of 
Medicine, Houston, TX, presented information on the mechanisms of pro- and 
antioxidation (Black, H. S. (2004) Mechanisms of pro- and antioxidation. J. Nutr. 
134:3169S-3170S). Oxidation related to diet has been studied for >60 y. Dietary energy 
restriction reduces cancer at many sites but the mechanisms for such protection are not 
completely understood. Studies on (n-6) fatty acids (PUFAs) show that they increase 
free radical reactions, and these reactions can be exacerbated by UV light to 
increase the likelihood of carcinogenesis. It is assumed that a process of lipid oxidation 
occurs with polyunsaturated fats, in which a radical attacks a polyunsaturated fatty acid to 
produce free radicals. It has been assumed that supplementation with one or more free 



radical reaction inhibitors, such as antioxidants, would prevent lipid oxidation. This has 
not happened. 

ß-Carotene does not affect epidermal absorption through the stratum corneum, and 
although earlier studies reported that it has a photoprotective effect, this photoprotection 
was based on the carotenoid-specific capacity to quench singlet oxygen and other oxy-
radicals. Under certain dietary conditions, ß-carotene exacerbates UV carcinogenesis. 
Supplementing even a semidefined diet containing ß-carotene diminishes the tumor 
latency period and increases tumor multiplicity. ß-Carotene can act as a prooxidant at 
high oxygen concentrations and under oxidative stress conditions. Before 
recommending that individuals take antioxidants for chemoprevention, a better 
understanding of free radical–mediated damage must be considered.  

13.5.3   Iron, Free Radicals, and Oxidative Injury 

Joe McCord, Ph.D., Professor, Department of Medicine, Webb-Waring Institute, 
University of Colorado—Denver, discussed the role of iron, free radicals, and oxidative 
injury (McCord, J. M. (2004) Iron, free radicals, and oxidative injury. J. Nutr. 
134:3171S-3172S). If available, iron can greatly amplify the damage caused by free 
radical generation. Ferritin only binds ferric iron, but it binds it so strongly 
that the iron is redox inactive. 

Perhaps most important of all, this new understanding of iron metabolism may help to 

dispel finally the long-standing beliefs in the medical profession that "iron is difficult to 
absorb" and "more is better." Neither is true. This understanding may lead to new 
definitions of iron deficiency, iron adequacy, and iron overload. 

13.5.4   Oxidative Stress and Human Genetic Variation  

Ralf Morgenstern, Ph.D., Professor, Institute of Environmental Medicine, Karolinska 
Institutet, Stockholm, Sweden, presented information on oxidative stress and human 
genetic variation (Heber, D. (2004) Phytochemicals beyond antioxidation. J. Nutr. 
134:3175S-3176S). Single nucleotide polymorphisms (SNPs) are the most common 

single-base-exchange genetic variations in humans. There are 3 billion bases in the 
human haploid genome, and most of the variants are SNPs, but there also are insertions 
and deletions. It is estimated that humans currently have 1 genetic variant per 100–
300 base pairs, which means there are 10 million possible sites of such genetic 
variation in a typical human. 

David Heber, M.D., Ph.D., Director and Professor, Department of Medicine, Center for 
Human Nutrition, David Geffen School of Medicine, University of California–Los 
Angeles, discussed phytochemical effects beyond antioxidation (Heber, D. (2004) 
Phytochemicals beyond antioxidation. J. Nutr. 134:3175S-3176S). There may be as 
many as 25,000 phytochemicals in the human diet, with many having physiological 
antioxidative effects. Lycopene is a phytochemical antioxidant with no pro–vitamin A 
activity that is found in tomatoes, which have only been widespread in the human diet for 



500 y. Having the highest antioxidative activity among all carotenoids, 
lycopene exists in tomatoes and derived products as one of numerous phytochemicals, 
many with similar structures and properties. Epidemiological data suggest that lycopene 
may reduce the risk of prostate cancer. If supplemental lycopene is added to a cell culture 

of prostate or breast cancer cells and tested against tomato oil, the complex product is 
more effective than lycopene alone. This argues strongly for not simply studying single 
compounds when exploring the mechanisms behind epidemiological observations. 

In 2005,the Food and Drug Administration recently ruled that food companies can tell 
consumers that eating as little as one-half cup of tomatoes and tomato-based products 
weekly reduces the risk of prostate cancer. But the good news came with a catch: 
Companies also must tell shoppers that the FDA doesn't believe the science behind the 
pronouncement. 

13.5.5   EMODs can activate apoptopic pathways upstream 

ROS not only regulate the signaling for apoptosis, but are capable of activating apoptotic 
pathways upstream, and many of the drugs and treatments used to kill cancer cells 
(chemotherapy and radiation) work by generating ROS to activate apoptotic pathways 
and kill cells. These pathways involve activation of a caspase upstream, a 
mitochondrial depolarization that generates ROS, which can then activate the 
caspase, as well as activation of downstream signals that end in final common 

pathways for cell suicide. 

Choline deficiency involves an apoptotic pathway that uses ROS as an intermediary 
message and a nuclear factor -B (NF B) signal downstream. There is a lot of research 
ongoing involving ROS and apoptosis, including research showing that the activation of 
caspase-9, which has a cysteine-cysteine bond that is sensitive to redox state, causes 
apoptosis. In addition, p53 activation increases ROS production and induces 
apoptosis. ROS production also causes induction of cytochrome-C, which activates the 
caspase-3 signaling pathway. The key question is still how to make cancer cells undergo 
apoptosis without affecting normal cells.  

Studies using a mouse model with a mutated retinoblastoma (Rb) protein show that mice 
fed a diet low in vitamin E and other antioxidants have higher rates of apoptosis and 
decreased tumor volume. 

13.5.6   Resveratrol can have prooxidant activity and EMODs needed for apoptosis 

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, Ahmad provides 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. K.A. Ahmad, M-V. Clement and S. 
Pervaiz. Ann. N.Y. Acad. Sci. 1010: 365–373 (2003). This emphasizes the point that 
EMODs are essential for apoptosis and that this can be blocked by antioxidants.  It 
also shows that resveratrol can have prooxidant activity. 

13.5.7   GPx overexpression blocks osteoclast formation 

The effect of overexpression of Gpx in osteoclasts, by stable transfection of RAW 264.7 
(RAW) cells, which are capable of osteoclastic differentiation in response to RANKL, 
with a Gpx-expression construct. Osteoclast formation was abolished (Hydrogen 
Peroxide is Essential for Estrogen-Deficiency Bone Loss and Osteoclast Formation. 
Jenny M Lean et al. Endocrinology, doi:10.1210/en.2004-1021).  This indicates the 
importance of peroxide in bone formation.  Estrogen deficiency is also known to play 
a critical role in the development of osteoporosis, while calcium and vitamin D 
deficiencies and secondary hyperparathyroidism also contribute. 

13.5.8   Skin and bone 

Skin is the interface between the internal organs and the environment, and as such plays a 

crucial role in the body’s defense mechanism. The skin and its many appendages are 
responsible for functions as diverse as epidermal barrier and defense, immune 
surveillance, UV protection, thermoregulation, sweating, lubrication, pigmentation, the 
sensations of pain and touch, and, importantly, the protection of various stem cell niches 
in the skin. Bone serves a number of purposes: it provides protection for vital organs, a 
lever for locomotion, a reservoir for calcium, and the site of adult hematopoiesis. The 
tissue is composed of osteoblasts, osteoclasts, and their individual precursors plus a 
complex mixture of mesenchymal, myeloid, and lymphoid cells in the marrow space. 
Finally, the endothelial microenvironment provides nutrition and is a conduit for the 
influx and emigration of cells that impact bone biology in several important ways 
(Nothing but skin and bone. F. Patrick Ross and Angela M. Christiano. J. Clin. Invest. 
116:1140-1149 (2006).  Skin and bone are two very different tissues, one a flexible and 
contiguous outer covering, the other a morphologically diverse hard tissue distributed at 
over 200 sites in the body. 

 



13.5.9   Retinoblastoma 

Retinoblastoma occurs when a cell of the growing retina develops a mutation in the 
RB gene (a tumor suppresser gene). This mutation causes the cell to grow out of control 
and become cancer. Sometimes this mutation develops in a child whose family has never 
had eye cancer, but other times the mutation is present in several family members. If the 
mutation runs in the family, there is a 50% chance that an affected person's children will 
also have the mutation and a high risk of developing retinoblastoma.  
 
One or both eyes may be affected. A visible whiteness in the pupil may be present. 
Blindness can occur in the affected eye, and the eyes may appear crossed. The tumor can 
spread to the eye socket, and to the brain, by means of the optic nerve. This is a rare 
tumor, except in families that carry the RB gene mutation. 

With retinoblastoma, we have tissue which uses more oxygen that any other in the 
body on a per gram basis.  Yet, it has an extremely rare occurrence rate of cancer, 
which is contrary to the teachings of the Free Radi-crap theory. 

I believe that this is analogous to the fact that tumors are rare in the 
brain, heart, thyroid and the retina, even though they have the highest 
oxygen consumption levels, with high EMOD generation (and low 
antioxidant levels) in the body.  Ergo, tumorigenesis is not related to 
EMOD levels. 

13.5.10   Antioxidants blocked cancer cell apoptosis 

Studies have investigated the effects of antioxidant supplementation on cancer 
therapy. Studies on cisplatin indicate that it kills breast cancer cells by apoptosis 
and necrosis, and that the addition of vitamin E blocks much of the apoptotic 
process. High-dose vitamin E reduces the efficacy of cisplatin, although the normal 
cells involved would be protected by vitamin E. Lymphoma cells treated with 5 Gy 
of radiation die or stop dividing, but if N-acetylcysteine is added to the 
media, the lymphoma cells keep growing.  

Vitamin E succinate also protects cells against the effects of radiation in vitro. I 
believe that this answers the questionable use of antioxidants during 
chemotherapy and irradiation. There is no conclusive evidence to show which 
antioxidant doses or mixtures protect cells against DNA damage and lipid and protein 

oxidation but do not interfere with apoptosis signaling pathways. 
Oversupplementation may actually produce an environment that is 
beneficial to the tumor and allow it to survive. 

 

http://health.allrefer.com/health/tumor-info.html
http://health.allrefer.com/health/
http://health.allrefer.com/health/blindness-info.html


13.5.11   Coffee, tea may lower risk of kidney cancer 

Coffee and tea lovers may have a slightly reduced risk of developing kidney cancer, 
research hints.  The findings, based on an analysis of 13 previous studies, suggest that 
coffee and tea may be protective against kidney cancer, while milk, soda and juice 
seem to have no effect one way or the other. 

Across the studies, people who drank three or more cups of coffee a day were 16 
percent less likely to develop kidney cancer than those who averaged less than a cup 
per day. And those who sipped just one 8-ounce cup of tea each day had a 15 percent 
lower risk of the disease than non-drinkers. 

The findings appear in the International Journal of Cancer, November 15, 2007. 

While the study cannot show that coffee or tea directly lower kidney cancer risk, there are 
reasons why the beverages could be beneficial, according to the researchers, led by Dr. 
Jung Eun Lee of Harvard Medical School in Boston.  Coffee and tea may increase the 
body's sensitivity to the blood-sugar-regulating hormone insulin, and researchers suspect 
that insulin levels over time may affect kidney cancer risk. 

Coffee and tea also contain antioxidant compounds that may help protect cells in the 
kidney from cancer-promoting damage, the researchers point out. However, I believe 
that the production of hydrogen peroxide by both coffee and tea is the explanation 
for their reduction in risk of developing kidney cancer and other diseases. 

For their study, the investigators combined the results of 13 long-term studies that 
included a total of 530,469 women and 244,483 men. Each study collected 
information on participants' diets at the outset and then followed them for seven to 20 
years.   

Coffee and tea consumption were linked to a lower risk of kidney cancer even when the 
researchers accounted for a number of factors known to affect people's risk of the disease 
-- such as obesity, smoking and high blood pressure. 

"Our results suggest that coffee and tea consumption may be associated with a modestly 
lower risk of (kidney) cancer, whereas intakes of milk, juice and soda were not associated 
with risk," Lee's team writes.  I assume that “juice” means fruit juices and it is 
inconsistent that so-called antioxidants present in fruit juices would not have the 
same effect of antioxidants in coffee and tea, if antioxidants is really the reason for 
the reduced risk described above.  Even the authors say more studies are needed to 
understand why coffee and tea might be protective against the disease. 

13.5.12   Mayo Clinic questions benefits of tea 

Tea drinkers who opt for black, oolong, green or white teas may find that these beverages 
offer health benefits. The April 2008 issue of Mayo Clinic Health Letter covers what is -- 
and isn't -- known about the health effects of drinking tea. 



 
Black, oolong, green or white teas have a common origin. Each is produced from the 
leaves of the Camellia sinensis bush. The leaves are loaded with flavonoids and other 
polyphenols that work as antioxidants, possibly lowering the risk of some diseases. 
 
While numerous studies have found possible benefits, the actual benefits of drinking 
tea are not certain. Most research about tea's benefits is based on population 
(epidemiological) studies. Findings are limited because factors other than tea 
consumption could influence the results. Here's some of what's known about tea's 
potential benefits: 
 
Cardiovascular: It's still uncertain if drinking tea over long periods might positively 
affect cholesterol levels, blood pressure and atherosclerosis. There's some early 
evidence that regularly drinking green tea may reduce heart attack risk or atherosclerosis. 
There's conflicting evidence on black tea consumption and heart attack risk reduction. 
 
Cancer: It's still unknown whether regular black tea consumption influences cancer 
rates. Early lab tests with white tea indicate it may protect against colon cancer in 
particular. So far, well-designed studies haven't proven this. 
 
Bone and joint health: Early laboratory research indicates green tea could be beneficial in 
reducing inflammation related to arthritis and slowing cartilage breakdown. Some early 
data indicate that regular tea consumption might improve bone mineral density in older 
women. 
 
Memory: Studies are limited, but a recent one found that older adults in Japan who drank 
green tea daily showed less risk of memory difficulty, compared with those who didn't 
drink tea regularly. 
 
While there's still much to learn about tea's health benefits, the potential benefits seem 
to be in the cup, not in supplements or tea extract capsules. So far, there's no 
certainty that the compounds in supplements are the same ones in tea, and even less 
certainty that these supplements might provide the same potential health benefits as 
tea. 

13.5.13   Tea EGCG can produce H2O2 

There is a presumption that the active ingredient in tea is EGCG. EGCG can be 
oxidized to form dimers and produce H2O2. EGCG can induce apoptosis at 
concentrations of 10 µmol/L (micromolar), and this activity becomes more prominent at 
30 and 100 µmol/L. I believe that the production of peroxide explains the salutary 
effects of EGCG.  

This proapoptotic activity is at least partly mediated by H2O2, because catalase blocks 
apoptosis completely in some cells and partially in others. The addition of EGCG to 
cultured cells causes the overexpression of many genes, and some of 



these genes are not activated in the presence of catalase. I believe that this 
emphasizes the caution that should be exercised in the use of antioxidants.   

I believe that peroxide is known to stimulate over 200 important metabolic 
transduction enzymes and removal or blockage of H2O2 formation could 
dangerously or fatally inhibit any or all of these enzymes. 

In summary, there is only a moderate increase in antioxidant capacity after tea 
consumption because the bioavailability of tea polyphenols is low.  I believe that the 
prooxidative activities may be important in the anticancer activity of tea and EGCG 
in vivo. Green tea and green tea polyphenols inhibit tumorigenesis at different organ sites, 
including the skin, lung, oral cavity, esophagus, stomach, liver, pancreas, and prostate. 

Kedar N. Prasad, Ph.D., presented information showing that no data exist to clearly show 
that antioxidants protect cancer cells at doses that reduce the growth of the tumor 
cell but not the growth of the normal cell. When dietary antioxidants are used at low 
doses, they do not affect the growth of either cancer cells or normal cells. It is not 
recommended that low doses of antioxidants be given in any therapeutic situation. 
Determining the dose of a nutrient that is necessary to produce an inhibitory effect is very 
important before beginning a clinical trial. At certain doses, nutrients can enhance the 
growth of cancer cells instead of inhibiting it. 

The term antioxidant might have outlived its usefulness because of the chemical 
heterogeneity of these compounds. He suggested that a new term, such as reductants be 
considered. A panel member suggested that this might be a good idea, but that 
antioxidants have many other functions in addition to acting as reducing agents. 

13.5.14   EGCG significantly inhibits breast cancer growth in female mice 

Green tea is high in the antioxidant EGCG (epigallocatechin-3- gallate) which helps 
prevent the body's cells from becoming damaged and prematurely aged. Studies  in April 
2008 have suggested that the combination of green tea and EGCG may also be beneficial 
by providing protection against certain types of cancers, including breast cancer. A new 
study conducted by researchers at the University of Mississippi researchers now finds 
that consuming EGCG significantly inhibits breast tumor growth in female mice. 
These results bring us one step closer to better understanding the disease and potentially 
new and naturally occurring therapies.  
 
The study was conducted by Jian-Wei Gu, Emily Young, Jordan Covington, James Wes 
Johnson, and Wei Tan, all of the Department of Physiology & Biophysics, University of 
Mississippi Medical Center, Jackson, MS. Dr. Gu will present his team's findings, 
entitled, Oral Administration of EGCG, an Antioxidant Found in Green Tea, Inhibits 
Tumor Angiogenesis and Growth of Breast Cancer in Female Mice, at the 121st Annual 
Meeting of the American Physiological Society, part of the Experimental Biology 2008 
scientific conference.  
 



Epidemiological studies suggest that green tea and its major constituent, EGCG, can 
provide some protection against cancer. Because these studies were very limited, the anti-
cancer mechanism of green tea and EGCG was not clear. As a result, the researchers 
examined whether drinking EGCG (just the antioxidant infused in water) inhibited 
the following: expression of VEGF (vascular endothelial growth factor, which is 
found in a variety of breast cancer types); tumor angiogenesis (thought to help 
tumors expand by supplying them with nutrients); and the growth of breast cancer 
in female mice.  
 
Seven week old female mice were given EGCG (25 mg/50 ml) in drinking water for five 
weeks (approximately 50-100 mg/kg/day.) The control mice received regular drinking 
water. In the second week of the study mouse breast cancer cells were injected in the left 
fourth mammary glands of the mice. Tumor size was monitored by measuring the tumor 
cross section area (TCSA). Tumors were eventually isolated and measured for tumor 
weight, intratumoral microvessel (IM) density (using staining), and VEGF protein levels 
(using ELISA).  
 
At the end of the five week period the researchers found that oral consumption of 
EGCG caused significant decreases in TCSA (66%), tumor weight (68%), IM 
density 155±6 vs.111±20 IM#mm^2) and VEGF protein levels (59.0±3.7 vs. 45.7±1.4 
pg/mg) in the breast tumors vs. the control mice, respectively (N=8; P<0.01). 
Further, VEGF plasma levels were lower in EGCG mice than in control mice 
(40.8±3.5 vs. 26.5±3.8 pg/ml P< 0.01).  
 
Dr. Gu, the senior researcher for the study, hypothesized that the reason for the link 
between EGCG and the reductions in the cancer data was because EGCG directly targets 
both tumor blood vessels and tumor cells of breast cancer for suppressing the new blood 
vessels formation in breast tumor, the proliferation and migration of breast cancer cells.  I 
believe that the tumoricidal action of EGCG is primarily due to its prooxidant 
activity and apoptosis-inducing peroxide production. 
 
Gu concluded by saying, "In this study we have demonstrated that the frequent ingestion 
of EGCG significantly inhibits breast tumor growth, VEGF expression and tumor 
angiogenesis in mice.” 

13.5.15   Tea polyphenols generate H2O2 

To investigate the ability of the production of H2O2 by polyphenols, we incubated various 
phenolic compounds and natural polyphenols under a quasi-physiological pH and 
temperature (pH 7.4, 37 degrees C), and then measured the formation of H2O2 by the 
ferrous ion oxidation-xylenol orange assay. Pyrocatechol, hydroquinone, pyrogallol, 
1,2,4-benzenetriol, and polyphenols such as catechins yielded a significant amount of 
H2O2. We also examined the effects of a metal chelator, pH, and O(2) on the H2O2-
generating property, and the generation of H2O2 by the polyphenol-rich beverages, green 
tea, black tea, and coffee, was determined. The features of the H2O2 generating property 
of green tea, black tea, and coffee were in good agreement with that of phenolic 



compounds, suggesting that polyphenols are responsible for the generation of H2O2 in 
beverages (Production of hydrogen peroxide by polyphenols and polyphenol-rich 
beverages under quasi-physiological conditions. M Akagawa et al. Biosci Biotechnol 
Biochem. 2003 Dec;67(12):2632-40). I believe that the H2O2 content of the green tea is 
responsible for the decreased incidence of CVD in the recent Japanese study of 
45,530 health adults.  They found that 5 cups of green tea/day protected against 
CVD but not cancer.  Dr. Andrew Weill discusses this in the Sept. 25, 2006 issue of 
Time Magazine and attributes the good effects of tea to antioxidants.  He still has 
not developed an understanding of prooxidants and antioxidants. 

13.5.16   Accidental fungus leads to promising cancer drug (TNP-470, lodamin) 

A drug developed using nanotechnology and a fungus that contaminated a lab experiment 
may be broadly effective against a range of cancers, U.S. researchers reported on 
6/29/08.The drug, called lodamin, was improved in one of the last experiments overseen 
by Dr. Judah Folkman, a cancer researcher who died in January. Folkman pioneered the 
idea of angiogenesis therapy -- starving tumors by preventing them from growing 
blood supplies. 

Lodamin is an angiogenesis inhibitor that Folkman's team has been working to perfect for 
20 years. Writing in the journal Nature Biotechnology, his colleagues say they developed 
a formulation that works as a pill, without side-effects.  They have licensed it to 
SynDevRx, Inc, a privately held Cambridge, Massachusetts biotechnology company that 
has recruited several prominent cancer experts to its board.  Tests in mice showed it 
worked against a range of tumors, including breast cancer, neuroblastoma, ovarian 
cancer, prostate cancer, brain tumors known as glioblastomas and uterine tumors.  
This leads me to believe that it is a prooxidant and is capable of inducing EMODs 
and apoptosis. 

It helped stop so-called primary tumors and also prevented their spread, Ofra Benny of 
Children's Hospital Boston and Harvard Medical School and colleagues reported.  "Using 
the oral route of administration, it first reaches the liver, making it especially efficient in 
preventing the development of liver metastasis in mice," they wrote in their report. "Liver 
metastasis is very common in many tumor types and is often associated with a poor 
prognosis and survival rate," they added.  "When I looked at the livers of the mice, the 
treated group was almost clean," Benny said in a statement. "In the control group you 
couldn't recognize the livers -- they were a mass of tumors." 

The drug was known experimentally as TNP-470, and was originally isolated from a 
fungus called Aspergillus fumigatus fresenius.  Harvards's Donald Ingber discovered the 
fungus by accident while trying to grow endothelial cells -- the cells that line blood 
vessels. The mold affected the cells in a way known to prevent the growth of tiny blood 
vessels known as capillaries.  Ingber and Folkman developed TNP-470 with the help of 
Takeda Chemical Industries in Japan in 1990.  But the drug affected the brain, causing 
depression, dizziness and other side-effects. It also did not stay in the body long and 
required constant infusions. The lab dropped it. 



Efforts to improve it did not work well. Then Benny and colleagues tried 
nanotechnology, attaching two "pom-pom"-shaped polymers to TNP-470, protecting it 
from stomach acid.  In mice, the altered drug, now named lodamin, went straight to 
tumor cells and helped suppress melanoma and lung cancer, with no apparent side 
effects, Benny said.  All untreated mice had fluid in the abdominal cavity, and enlarged 
livers covered with tumors. Mice treated with lodamin had normal-looking livers and 
spleens.  Twenty days after being injected with cancer cells, four out of seven untreated 
mice had died, while all treated mice were still alive, Benny's team reported. 

"I had never expected such a strong effect on these aggressive tumor models," she said. 
The researchers believe lodamin may also be useful in other diseases marked by 
abnormal blood vessel growth, such as age-related macular degeneration. 

13.5.17   EMOD action of the fumagillin analog, TNP-470, in the B16F10 murine 
melanoma  

TNP-470, a semisynthetic derivative of fumagillin, is an acknowledged angiogenesis 
inhibitor, presently undergoing clinical trials. It exerts an anti-proliferative effect 
directed against endothelial cells. This effect is known to be based on cell cycle 
inhibition effected by the p53/p21 pathway. They observed short-term toxicity of TNP-
470 in the B16F10 murine melanoma cell line in vitro and investigated the mechanism of 
action. Cell death occurred as soon as 2 h after the addition of TNP-470, without typical 
apoptotic features. The toxic effect could be modulated and it depended on the type of 
culture medium or supplementation with anti-oxidants. Addition of N-acetylcysteine 
protected B16F10 cells from TNP-470-induced death and inhibited an increase in 
the generation of reactive oxygen species (ROS), which are detected by the 2',7'-
dichlorodihydrofluorescein diacetate probe. They conclude that TNP-470 can induce 
intracellular generation of ROS, which act toxically inside B16F10 cells. 
The possibility of its modulation gives a prospect for controlling the action of this 
potential drug and probably its derivatives (A novel mechanism of action of the 
fumagillin analog, TNP-470, in the B16F10 murine melanoma cell line.  Okroj, Marcin a; 
Kamysz, Wojciech d; Slominska, Ewa M. b; Mysliwski, Andrzej c; Bigda, Jacek a.  Anti-
Cancer Drugs. 16(8):817-823, September 2005).  As I had predicted, the action of 
TNP-470 is via EMOD production. 

13.5.18   EMOD induced cell death in B16F10 melanoma cells treated with TNP-470 

TNP-470 is an acknowledged anti-angiogenic factor, and was studied clinically as an 
anti-cancer drug.  Investigators previously reported on an additional property of this 
molecule: the intracellular generation of reactive oxygen species in B16F10 melanoma 
cells. They showed that a massive generation of ROS occurred in the first 
few hours after treatment with TNP-470 and that this event was critical 
to subsequent cell death. In this study, they analyzed the process of cell death and 
noticed an atypical pattern of death markers. Some of these, such as DNA fragmentation 
or condensation of chromatin, were characteristic for programmed cell death, while 
others (the lack of phosphatidylserine flip-flop but permeability to propidium iodide, the 



maintenance of adhesion to the substratum, no change in mitochondrial transmembrane 
potential, no effect of the panspecific caspase inhibitor) rather suggested a necrotic 
outcome. They concluded that TNP-470 induced at least some pathways of programmed 
cell death. However, increasing damage to critical cell functions appears to cause a rapid 
switch into the necrotic mode. Their data is similar to that in other reports describing 
the action of ROS-generating agents. They hypothesize that this rapid 
programmed cell death/necrosis switch is a common scenario following 
free radical stress (The atypical pattern of cell death in B16F10 melanoma cells 
treated with TNP-470. Okrój M, Stawikowska D, Słomińska EM, Myśliwski A, Bigda J.  
Cell Mol Biol Lett. 2006;11(3):384-95). 

13.5.19   Polyphenols block angiogenesis, CVD and cancer 

The next cancer drug might come straight from the grocery store, according to new 
research published in the November 2007 issue of The FASEB Journal. In the study, 
French scientists describe how high and low doses of polyphenols have different effects. 
Most notably, they found that very high doses of antioxidant polyphenols shut down 
and prevent cancerous tumors by cutting off the formation of new blood vessels 
needed for tumor growth. Polyphenols are commonly found in red wine, fruits, 
vegetables, and green tea.  (RMH Note:  They missed the point that the polyphenols 
acts as prooxidants with the production of peroxide and that this may also be its 
mechanism of action.) 
 
At relatively low doses, the French researchers found that the same polyphenols play a 
beneficial role for those with diseased hearts and circulatory systems by facilitating blood 
vessel growth. The amount of polyphenols necessary for this effect was found to be 
the equivalent of only one glass of red wine per day or simply sticking to a healthy 
diet of fruits and vegetables containing polyphenols. This diet is known as the 
"Mediterranean Diet." This study also adds to a growing body of research showing 
dose-dependent relationships for many types of commonly used compounds. For 
instance, research published in the October 2006 issue of The FASEB Journal shows that 
aspirin, through different mechanisms, also has a dose-dependent relationship for heart 
disease and cancer.  
 
"When it comes to finding treatments for complex diseases, the answers are sometimes 
right there waiting to be discovered in unexpected places like the produce aisles and wine 
racks of the nearest store," said Gerald Weissmann, M.D., Editor-in-Chief of The FASEB 
Journal. "But it takes modern science to isolate the pure compound, test it in the lab, and 
to go on from there to find new agents to fight disease."  I doubt that they have actually 
isolated “the compound” from the tens of thousands in fruits and vegetables. 
 
According to the authors, the amount of polyphenols necessary to obtain an anti-
cancer effect is the equivalent of drinking about a bottle of red wine each day. This 
amount of daily alcohol consumption obviously is unhealthy, but the research suggests 
that polyphenols extracted from plants or red wine could be converted into a pill that is 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Okr%C3%B3j%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stawikowska%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22S%C5%82omi%C5%84ska%20EM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22My%C5%9Bliwski%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bigda%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


highly likely to be safe. Such a pill also would be relatively easy and inexpensive to 
create and deliver. 

13.5.20   Polyphenols and flavonoids not encouraged by Halliwell 

Flavonoids and other polyphenolic compounds have powerful antioxidant effects in 
vitro in many test systems, but can act as pro-oxidants in some others. Whether pro-
oxidant, antioxidant, or any of the many other biological effects potentially exerted by 
flavonoids account for or contribute to the health benefits of diets rich in plant-derived 
foods and beverages is uncertain. Phenolic compounds may help to protect the 
gastrointestinal tract against damage by reactive species present in foods or generated 
within the stomach and intestines. The overall health benefit of flavonoids is uncertain, 
and consumption of large quantities of them in fortified foods or supplements 
should not yet be encouraged (Halliwell B (2007). "Dietary polyphenols: good, bad, or 
indifferent for your health?". Cardiovasc. Res. 73 (2): 341-7).   

13.5.21   Green tea halts leukemia at Mayo Clinic 

A new report in the medical journal Leukemia Research, a team of Mayo Clinic College 
of Medicine investigators, headed by hematologist Tait Shanafelt, M.D. detail four cases 
in which green tea caused dramatic improvement in patients with chronic lymphocytic 
leukemia (CLL)., a  progressive blood and bone marrow cancer, considered incurable.   

In 2005, test-tube studies at the Mayo Clinic showed that EGCG, a unique antioxidant in 
green tea, killed luekemic B-cells in a majority of patients. Consequently, some patients, 
on their own, began taking EGCG or drinking more green tea.  

Here are the results, as reported by the Mayo Clinic doctors:   

*A 58-year-old woman, diagnosed with CLL in June 2001 began taking green tea 
capsules in March, 2004. She took two capsules per day, each containing 315 
milligrams of antioxidant polyphenols, including EGCG.  Before taking the green tea 
capsules, signs of her leukemia steadily worsened as verified by CT scans. After a month 
of taking the concentrated EGCG-green-tea capsules, a CT scan showed regression of her 
cancer. The leukemia continued to regress over the next year, as clearly documented by 
CT scans, shrinking cancerous lymph nodes from 50% to "near normalization."  "She 
continues to do well taking daily oral green tea polyphenol capsules 44 months after 
diagnosis and has not required conventional therapy."  the Mayo doctors write.  

*A 55-year-old woman with non-Hodgkins lymphoma (with characteristics similar to 
CLL) began drinking a cup of green tea every day (made from 2 tea bags). Within 3 
months, CT scans showed regression, and within 10 months, revealed a 50% decrease in 
the largest lymph node areas.  

*A 50-year-old woman with CLL for about 6 1/2 years, experienced a decline in white 
blood cell counts after she began drinking green tea, providing about 300 mg 



polyphenols a day. "She continues to do well without conventional therapy," her doctors 
say.  

*A 60-year-old woman with  CLL of 5 years-duration, began drinking 8 cups of green 
tea a day in 2004 because of an alarming rise in her white blood cell count. Within a 
week of starting the green tea, her white blood cells plummeted, and declined further over 
the next 4 1/2 months.  She continues to drink green tea daily and is still without 
symptoms from her CLL, report the Mayo doctors.   

Researchers believe EGCG is the antioxidant agent in green tea responsible for the 
anticancer activity. Several studies have suggested that EGCG can also prevent various 
cancers, says Dr. Shanafelt, but this is the first strong evidence it may also help 
treat cancer. "It is exciting that research is now demonstrating this agent may provide 
new hope for CLL patients," he says.   

At the same time, Dr. Shanafelt cautions that the study is small and anecdotal, and that it 
is unknown how many patients may have been taking green tea without benefits, or what 
the optimal dose is or whether there could be side effects from long-time use of green 
tea. However, a recent study found no significant adverse effects from taking 800 mg 
purified decaffeinated EGCG for a month.  

Source: Shanafelt TD, et al, Leukemia  Research, 2005 Nov 30 (Epub ahead of print) 

13.5.22   Citrus Juice, Vitamin C Give Staying Power To Green Tea Antioxidants 

A 2007 study found that citrus juices enable more of green tea's unique antioxidants to 
remain after simulated digestion, making the pairing even healthier than previously 
thought.  
 
The study compared the effect of various beverage additives on catechins, naturally 
occurring antioxidants found in tea. Results suggest that complementing green tea with 
either citrus juices or vitamin C likely increases the amount of catechins available for the 
body to absorb.  
 
"Although these results are preliminary, I think it's encouraging that a big part of the 
puzzle comes down to simple chemistry," said Mario Ferruzzi, assistant professor of food 
science at Purdue University and the study's lead author.  
 
Catechins (pronounced KA'-teh-kins), display health-promoting qualities and may be 
responsible for some of green tea's reported health benefits, like reduced risk of 
cancer, heart attack and stroke. The problem, Ferruzzi said, is that catechins are 
relatively unstable in non-acidic environments, such as the intestines, 
and less than 20 percent of the total remains after digestion.  
 
"Off the bat you are eliminating a large majority of the catechins from plain green 
tea," Ferruzzi said. "We have to address this fact if we want to improve bodily 



absorption."  
 
Ferruzzi tested juices, creamers and other additives that are either commonly added to 
fresh-brewed tea or used to make ready-to-drink tea products by putting them through a 
model simulating gastric and small-intestinal digestion. Citrus juice increased recovered 
catechin levels by more than five times, the study found. Ascorbic acid, or vitamin C, 
used to increase shelf life in ready-to-drink products, increased recovered levels of 
the two most abundant catechins by sixfold and 13-fold, respectively.  
 
The study was published in November 2007 issue of Molecular Nutrition and Food 
Research and also found that soy, dairy and rice milk appeared to have moderate 
stabilizing effects. But Ferruzzi said the result is misleading; a chemical interaction 
between milk proteins and tea catechins apparently helps shelter the complex from 
degradation, a force likely overcome by enzymes within a healthy human digestive 
system.  
 
Lemons and tea go even better together than their popularity might suggest. Lemon juice 
caused 80 percent of tea's catechins to remain, the study found. Following lemon, in 
terms of stabilizing power, were orange, lime and grapefruit juices. Ferruzzi said both 
vitamin C and citrus juices must interact with catechins to prevent their degradation in the 
intestines, although data made it clear that citrus juices have stabilizing effects beyond 
what would be predicted solely based on their vitamin C content.  
 
Ready-to-drink green tea products should optimally contain 100-200 mg of catechins, but 
oftentimes do not have sufficient levels of tea extract since some people do not like green 
tea's flavor, Ferruzzi said.  
 
Although this study only examined green tea, Ferruzzi said he suspects that some of the 
results also could apply to black tea, which is produced by fermenting green tea. Many 
prefer black tea's flavor, although it contains lower total levels of catechins.  
 
Studies have shown catechins from the green tea plant, Camellia sinensis, are able to 
detoxify toxic chemicals, inhibit cancer cell activity and stimulate production of immune-
strengthening enzymes. The study was funded by the National Institutes of Health.  
 
To see if juices and vitamin C actually increase catechin absorption, researchers will have 
to find out if increased levels of intestinal catechins translate to higher levels of absorbed 
catechins in live animals and humans. They also will need to better document effects 
upon catechin metabolism in order to prove, for instance, that increased levels of 
absorbed catechins are not leveled off by metabolic factors, Ferruzzi said.   

13.5.23   “Antioxidant beverages” generate H2O2 

The ability of several beverages to generate hydrogen peroxide was demonstrated by 
direct measurement using the ferrous ion oxidation-xylenol orange (FOX) assay. Tea and 
coffee could generate H2O2 to achieve levels over 100 microM, but cocoa did not. 



Milk decreased net H2O2 production by beverages and showed some ability to remove 
H2O2 itself, apparently not because of catalase activity. Hence several of the beverages 
commonly drunk by humans show a complex mixture of anti- and pro-oxidant abilities 
(Generation of hydrogen peroxide by "antioxidant" beverages and the effect of milk 
addition. Is cocoa the best beverage? LH Long, et al. Free Radic Res. 1999 Jul;31(1):67-
71).  

The exposure of human tissues to hydrogen peroxide may be greater than is 
commonly supposed, which has implications in relation to the proposed role of this 
species in cell signaling (Biochem Biophys Res Commun. 1999 Sep 7;262(3):605-9). 

Infusion of parenteral solutions containing peroxides may be detrimental to premature 
infants. Intralipid frequently contains lipid peroxides and undergoes further 
peroxidation when exposed to light. Peroxidation is inhibited by ascorbate, and 
administration of peroxides could be minimized by mixing multivitamins with the 
Intralipid. In contrast, others have reported that multivitamins generate peroxides and 
have advised against mixing them with lipid (JPEN J Parenter Enteral Nutr. 2001 Jan-
Feb;25(1):14-7).  This illustrates the confusion in the literature. 

13.5.24   Coffee increases H2O2 in the urine 

Freshly-voided human urine contains significant concentrations of hydrogen peroxide 
(H2O2). This H2O2 appears to arise in whole or in part by superoxide-dependent 
autoxidation of urinary biomolecules. Since instant coffee also contains high levels of 
H2O2, we examined the effect of coffee drinking on urinary levels of H2O2. Studies on 
healthy human volunteers showed that coffee drinking is rapidly and reproducibly 
followed by increased levels of H2O2 detectable in the urine for up to 2 h after drinking 
the coffee. The levels of H2O2 detected in urine suggest that exposure of 
human tissues to H2O2 may be greater than is commonly supposed. It is 
possible that H2O2 in urine could act as an antibacterial agent, and that H2O2 is 
involved in the regulation of glomerular function (Coffee drinking increases levels of 
urinary hydrogen peroxide detected in healthy human volunteers. LH Long and B 
Halliwell. Free Radic Res. 2000 May;32(5):463-7). Coffee has been linked to an increase in 
longevity. 

13.6.0    H2O2  is poorly reactive and present throughout the human body 

Hydrogen peroxide (H2O2) is widely regarded as an alleged cytotoxic agent whose levels 
must be minimized by the action of antioxidant defence enzymes. In fact, H2O2 is poorly 
reactive in the absence of transition metal ions. Exposure of certain human 
tissues to H2O2 may be greater than is commonly supposed: substantial 
amounts of H2O2 can be present in beverages commonly drunk (especially instant 
coffee), in freshly voided human urine, and in exhaled air. Levels of H2O2 in the 
human body may be controlled not only by catabolism but also by excretion, and H2O2 
could play a role in the regulation of renal function and as an antibacterial agent in the 
urine. Urinary H2O2 levels are influenced by diet, but under certain conditions might be a 



valuable biomarker of 'oxidative stress' (Hydrogen peroxide in the human body. B 
Halliwell et al. FEBS Lett. 2000 Dec 1;486(1):10-3). 

13.6.1   Cell-culture media can generate H2O2 

Exposure of certain human tissues to H2O2 may be greater than is commonly supposed; 
levels of H2O2 in the human body may be controlled not only by catabolism but also by 
excretion, and H2O2 could play a role in the regulation of renal function and as an 
antibacterial agent in the urine. Cell culture is a widely used method for the investigation 
of "physiological" processes such as signal transduction and regulation of gene 
expression, but chemical reactions involving cell culture media are rarely considered. 
Addition of reducing agents to commonly used cell-culture media can lead to generation 
of substantial amounts of H2O2. Some or all of the reported effects of ascorbic acid and 
polyphenolic compounds (e.g., quercetin, catechin, epigallocatechin, epigallocatechin 
gallate) on cells in culture may be due to H2O2 generation by interaction of these 
compounds with cell culture media (Hydrogen peroxide. Ubiquitous in cell culture and in 
vivo? B Halliwell et al. IUBMB Life. 2000 Oct-Nov;50(4-5):251-7). 

13.6.2   H2O2 by epigallocatechin gallate (EGCG) and antioxidants 

Epigallocatechin gallate (EGCG) induced apoptosis-associated characteristics in human 
oral tumor cell lines more efficiently than ascorbates, gallic acid, vitamin K, flavonoids 
or steroidal saponins. Since catalase partially inhibited the cytotoxic activity of EGCG, 
the possible involvement of hydrogen peroxide (H2O2) in cell death induction was 
investigated, using TCPO chemiluminescence method. Production of H2O2 by EGCG, 
sodium ascorbate, gallic acid or catechin reached a maximum level within 30 minutes, 
and was increased up to a plateau level above pH 8. Under optimal conditions, 1 mM 
EGCG was converted to 1 mM H2O2. At neutral pH, EGCG produced the highest amount 
of H2O2, followed by gallic acid, sodium ascorbate and catechin. EGCG produced 
methionine sulfoxide from methionine in the culture medium, while the methionine 
oxidation by EGCG was significantly reduced in the presence of serum. ESR 
spectroscopy showed that EGCG, gallic acid and sodium ascorbate, but not catechin, 
produced radicals under alkaline condition and that all these compounds scavenged 
superoxide anion, produced by hypoxanthine-xanthine oxidase reaction. EGCG also 
effectively scavenged the ascorbate and gallate radicals, more efficiently than other 
compounds. These data suggest that the apoptosis induction by EGCG may be mediated 
by H2O2 produced in the culture medium (Production of hydrogen peroxide and 
methionine sulfoxide by epigallocatechin gallate and antioxidants.H Sakagami et al. 
Anticancer Res. 2001 Jul-Aug;21(4A):2633-41). 

13.6.2   EGCG is tumoricidal partly via H2O2 
  
The green tea polyphenol (-)-epigallocatechin-3-gallate (EGCG) possesses promising 
anticancer potential. Although in vivo studies unveiled the metabolic routes and 
pharmacokinetics of EGCG and showed no adverse effects, in vitro studies at high 
concentrations demonstrated oxidative stress. EGCG causes differential oxidative 



environments in tumor versus normal epithelial cells, but the roles that EGCG, 
hydrogen peroxide H2O2, and intracellular catalase play in the epithelial system are 
largely unknown. The current study employed enzyme activity assays, reactive oxygen 
species quantification, and immunoblotting to investigate whether EGCG-induced 
differential effects correlate with levels of key antioxidant enzymes and H2O2. It was 
found that normal human keratinocytes with high catalase activity are least susceptible to 
H2O2, whereas H2O2 caused significant cytotoxicity in oral carcinoma cell 
lines. However, the EGCG-induced differential effects could not be duplicated by H2O2 
alone. The addition of exogenous catalase failed to completely prevent the EGCG-
induced cytotoxicity and rescue the EGCG-induced growth arrest in the tumor cells. The 
antioxidant N-acetyl-L-cysteine rescued the tumor cells from H2O2-
induced damage only, but not from EGCG-induced mitochondrial damage. Finally, 
alterations in catalase or superoxide dismutase activities were not observed upon EGCG 
exposure. In conclusion, although endogenous catalase may play a role in response to 
H2O2-induced cytotoxicity, the EGCG-induced cytotoxic effects on tumor cells mainly 
result from sources other than H2O2 (Roles of catalase and hydrogen peroxide in green 
tea polyphenol-induced chemopreventive effects. T Yamamoto, J Lewis, J Wataha, D 
Dickinson, B Singh, WB Bollag, E Ueta, T Osaki, M Athar, G Schuster, S Hsu. J 
Pharmacol Exp Ther (2004) 308: 317-23). Again, I believe that this indicates that NAC 
is potentially dangerous in any patient with neoplasia because it will block the 
tumoricidal effect of H2O2.  

13.7.0   Green tea may help explain "Asian paradox" 

While smoking is a well-known cause of heart disease and lung cancer, the rates of these 
diseases have remained inexplicably low in Asian countries where smoking is common. 
But researchers say there is growing evidence that green tea is one piece of the puzzle. 

Writing in the Journal of the American College of Surgeons, Yale University researchers 
detail the body of evidence linking green tea to better heart health and a lower risk of 
cancer. No one is suggesting that smokers ignore the danger of the habit and simply drink 
green tea. But research indicates that the tea's high concentration of antioxidants 
called catechins may offer a range of health benefits, according to Dr. Bauer E. Sumpio 
and his colleagues at the Yale University School of Medicine in New Haven, 
Connecticut. Antioxidants allegedly help quench molecules known as oxygen free 
radicals that, in excess, can damage body cells and potentially lead to disease. Free 
radicals are natural byproducts of normal body processes, but they are also generated by 
external sources like tobacco smoke. 

In Japan, China and other Asian countries, it is a social custom to drink green tea, which 
is less processed -- and richer in catechins -- than the black tea commonly consumed in 
the West. And it's possible that this habit helps explain the so-called "Asian paradox," 
according to Sumpio and his colleagues. 

This paradox becomes clear when looking at global health statistics, the researchers 
note. For example, for every 100,000 U.S. men, 348 will die of coronary heart disease 
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each year. The figure for Japanese men is 186, despite the nation's higher rate of 
smoking. 

Coronary heart disease (CHD) develops when the arteries feeding the heart become 
hardened and narrowed due to the buildup of cholesterol-containing plaques on the artery 
walls. According to Sumpio's team, lab research suggests that that green tea catechins -- 
particularly one called EGCG -- may help thwart the CHD process through their effects 
on "bad" LDL cholesterol. 

The antioxidants may also help keep artery walls functioning smoothly, as well as inhibit 
blood cells from sticking together and forming clots. Similarly, lab studies suggest that 
EGCG and other green tea antioxidants may block tumor formation or growth in a 
number of ways. This may, according to the researchers, help explain why the lung 
cancer death rate in Korea is unexpectedly low. I believe that it is the prooxidant 
character of EGCG which is responsible for reducing cancer and atherosclerosis. 

The rate of lung cancer death among Korean men is less than 40 per 100,000, versus 67 
per 100,000 among U.S. men. The difference among women is more stark: 13 per 
100,000 in Korea, compared with 45 per 100,000 in the U.S. This is despite the fact that 
37 percent of Korean adults smoke, while only 27 percent of Americans do. 

The global disease patterns are not that simple, however; China has a higher CHD death 
rate than the U.S. and many other Western nations, and the rate of death from lung cancer 
is about the same among Japanese and American men. Green tea, according to Sumpio, is 
no substitute for kicking the smoking habit. 

"Smoking cessation is the best way to prevent cardiovascular disease and cancer," 
he said in a statement. 

SOURCE: Journal of the American College of Surgeons, May 2006. 

13.7.1   Green Tea Polyphenols: Antioxidative and Pro-Oxidative Effects Chung S. 
Yang, Rutgers, The State University of New Jersey 

Chung S. Yang, Ph.D., Professor II and Chair, Department of Chemical Biology, Ernest 
Mario School of Pharmacy, Rutgers, The State University of New Jersey–Piscataway, 
discussed the anti- and pro-oxidant effects of green tea polyphenols. Green tea and 
green tea polyphenols have been investigated and shown to inhibit tumorigenesis at 
different organ sites, including the skin, lung, oral cavity, esophagus, stomach, liver, 
pancreas, and prostate. Studies on skin and lung demonstrated that tea was an effective 
inhibitor when given to animals at the initiation, promotion and progression stages of 
carcinogenesis.  

There is a presumption that the active ingredient in tea is EGCG, but much is unknown 
about the specific mechanisms involved. Other tea constituents (such as caffeine) could 
also be important. EGCG is a strong antioxidant, and its antioxidative activity is 



stronger than vitamins C and E in vitro. The importance of such antioxidative activity 
in vivo after tea consumption, however, has not been fully established.  

Much of the published mechanistic information on the action of EGCG has been obtained 
from studies in cell culture. When EGCG is added to different cell lines, it can inhibit 
growth and/or induce apoptosis, but the results need to be interpreted with caution, 
because the concentrations of EGCG used are usually much higher than those that can be 
reached through systemic distribution. EGCG enters the cell through passive diffusion, is 
methylated and glucuronidated, and is pumped out of the cell by multidrug resistance 
associated proteins (MRPs). In addition, EGCG can be oxidized to form dimers 
and produces H2O2. EGCG can induce apoptosis at concentrations of 10 µM 
(micromolar), and this activity becomes more prominent at 30 and 100 µM. This 
proapoptotic activity is at least partly mediated by H2O2, because catalase blocks 
apoptosis completely in some cells and partially in others. The addition of EGCG to 
cultured cells causes the overexpression of many genes, and some of these genes are not 
activated in the presence of catalase. This follows my Unified theory in that EMODs 
are responsible for cancer cell death. 

It has been reported that EGCG inhibits the epidermal growth factor (EGF)-induced 
signal transduction pathways. Many of these experiments require a preincubation period. 
During this period of time, a large part of the added EGCG has been oxidized (to form 
dimers and other derivatives). Superoxide is believed to be involved in mediating the 
auto-oxidation, because EGCG is stabilized by the addition of superoxide dismutase 
(SOD). SOD also prevents the inhibition of EGF-induced signaling pathways by EGCG. 
It is possible that the superoxide generated during auto-oxidation of EGCG contributes to 
the inactivation of EGF receptor and thus inhibits the signaling pathway. In the presence 
of SOD, the cell growth inhibition effects are enhanced, suggesting that the growth 
inhibition is caused by EGCG, not mediated by H2O2.  

Many research groups have demonstrated the inhibition of MAP kinases by EGCG 
(possibly through competition for the binding site with protein substrates). The inhibition 
of other protein kinases such as IKK and cyclin-dependent kinases as well as proteinase 
activities such as the chymotryptic activity of 20s proteosomes and matrix 
melalloproteinases (MMP2 and MMP9) could also be important mechanisms. These 
activities do not appear related to the antioxidative activity of EGCG.  

In summary, there is only a moderate increase in antioxidant capacity after tea 
consumption because the bioavailability of tea polyphenols is low. Although 
antioxidative and pro-oxidative activities can be demonstrated in vitro, other mechanisms 
may be important for the anti-cancer activity of tea and EGCG in vivo.  

13.7.2   Cranberry juice fails to prevent lipid peroxidation or formation of 8-OHG 

Consumption of fruit and vegetables is associated with a decreased risk of heart disease 
and cancer. This has been ascribed in part to antioxidants in these foods inactivating 
reactive oxygen species involved in initiation or progression of these diseases. Non-



nutritive anthocyanins are present in significant amounts in the human diet. However, it 
is unclear whether they have health benefits in humans. 20 healthy female volunteers 
aged 18-40 y were recruited. Subjects consumed 750 ml/day of either cranberry juice or a 
placebo drink for 2 weeks. Fasted blood and urine samples were obtained over 4 weeks. 
The total phenol, anthocyanin and catechin content of the supplements and plasma were 
measured. Anthocyanin glycosides were identified by tandem mass spectrometry (MS-
MS). Vitamin C, homocysteine (tHcy) and reduced glutathione (GSH) were measured by 
HPLC. Total antioxidant ability was determined using electron spin resonance (ESR) 
spectrometry and by the FRAP assay. Plasma total cholesterol, high density lipoprotein 
(HDL), and low density lipoprotein (LDL) cholesterol and triglycerides (TG) were 
measured. Glutathione peroxidase (GSH-Px), catalase (CAT) and superoxide dismutase 
(SOD) activities were measured in erythrocytes. Urine was collected for analysis of 
malondialdehyde (MDA) by HPLC and 8-oxo-deoxyguanosine (8-oxo-dG) by 
ELISA.Endogenous and induced DNA damage were measured by single cell gel 
electrophoresis (SCGE) in lymphocytes. RESULTS: Vitamin C, total phenol, 
anthocyanin and catechin concentrations and FRAP and ESR values 
were significantly higher in the cranberry juice compared with the 
placebo. Cyanidin and peonidin glycosides comprised the major anthocyanin 
metabolites [peonidin galactoside (29.2%) > cyanidin arabinoside (26.1%) > cyanidin 
galactoside (21.7%) > peonidin arabinoside (17.5%) > peonidin glucoside (4.1%) > 
cyanidin glucoside (1.4 %)]. Plasma vitamin C increased significantly (P<0.01) in 
volunteers consuming cranberry juice. No anthocyanins (plasma) or catechins (plasma 
or urine) were detectable and plasma total phenols, tHcy,TC,TG,HDL and LDL were 
unchanged. The antioxidant potential of the plasma, GSH-Px, CAT and SOD 
activities, and MDA were similar for both groups. Supplementation with cranberry 
juice did not affect 8-oxo-deoxyguanosine in urine or endogenous or H2O2-induced DNA 
damage in lymphocytes.CONCLUSIONS: Cranberry juice consumption did not alter 
blood or cellular antioxidant status or several biomarkers of lipid status pertinent to 
heart disease. Similarly, cranberry juice had no effect on basal or induced oxidative 
DNA damage. These results show the importance of distinguishing 
between the in vitro and in vivo antioxidant activities of dietary 
anthocyanins in relation to human health (The effects of cranberry juice consumption on 
antioxidant status and biomarkers relating to heart disease and cancer in healthy human 
volunteers. Duthie SJ, Jenkinson AM, Crozier A, Mullen W, Pirie L, Kyle J, Yap LS, 
Christen P, Duthie GG. Eur J Nutr. 2006 Mar;45(2):113-22). I believe that this again 
shows that increased levels of vitamin C or of cranberry antioxidants does not 
prevent so called oxidative damage, such as formation of 8 OH guanine or of lipid 
peroxidation products. 

13.7.3    Mice engineered to produce half the normal amount of an 
antioxidant live as long as regular mice do. 
 
SAGE news and Views Monday, December 15, 2003 
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Reactive oxygen species, or free radicals, are generated during normal metabolism, 
and they saunter around cells coupling with and wrecking any proteins, lipids, or 
DNA they encounter. The body can repair the molecular injuries that these scoundrels 
inflict, yet over time so-called oxidative damage accumulates. I believe that language 
such as this vitriole has led to the demonization of EMODs.  EMODs are essential, 
beautiful and crucial elements in the normal functioning of all aerobic cells. 

 

The oxidative-damage theory of aging was born in the 1950s, when Denham Harman 
noticed that creatures exposed to ionizing radiation displayed signs akin to those of aging. 
"Ionizing radiation creates damage at least partly by creating free radicals, so [Harman] 
proposed that maybe oxidative damage causes aging," says molecular biologist John 
Tower of the University of Southern California in Los Angeles. (RMH Note:  Ionizing 
radiation produces primarily hydroxyl radicals and this is not the case in the 
normal human body.)  

During the past 50-plus years, the oxidative theory has amassed a body of evidence that is 
too large to ignore, says Simon Melov, a biochemist at the Buck Institute for Age 
Research in Novato, California. For starters, oxidative damage lurks in the shadows of 
aging-related diseases such as cancer and Alzheimer's disease. "It's been implicated in 
essentially every human disease of aging," Tower says. More directly, a slew of studies in 
animals has linked oxygen radicals with shorter life. These experiments, which launched 
the oxidative-damage theory to stardom, showed that disarming free radicals with 
antioxidants boosts animals' life spans by leaps and bounds. Work published by Melov's 
group in 2000 showed that worms that nosh on a specially designed antioxidant live 
about 40% longer than untreated animals do. And Tower and other researchers found that 
fruit flies engineered to overproduce an antioxidant enzyme that mops up free radicals 
keep buzzing up to 48% longer than their peers. 

Still, the studies don't prove that oxidative damage causes aging. "Are we expanding life 
span because we're reducing oxidative damage?" says Tower. "All our data are consistent 
with that being the mechanism, though we haven't ruled out other possibilities yet." 
Previous experiments might have affected life span through some mechanism other than 
oxidative damage. For example, it now appears that reactive oxidative species participate 
in the molecular signaling that allows cells to function and communicate, says Tower. So 
antioxidants that squelch free radicals might expand life span by interfering with one of 
these communication systems. By treating animals with antioxidants, says Tower, "we 
The simplest explanation is still oxidative damage, but it remains unproven, might 
have altered some signaling pathway that in turn regulates aging." he says. 

Additional evidence that oxidative damage underlies aging comes from studies of calorie 
restriction, a drastic diet that has extended life span in almost every animal in which it 
has been studied. Mice and rats fed 30% fewer calories live 30% longer than well-fed 
rodents do (see "Counting Up the Calories, Holding Back the Years?"). Although no one 
understands how this regimen works, some researchers hypothesize that it might blunt 
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oxidative damage, because the dieting animals also display added resistance to chemicals 
that generate oxygen radicals. "It's pretty vague, but oxidative damage is still one of the 
leading possibilities," says Tower. 

Even so, oxidative damage alone might not be enough to spur aging. In a study presented 
at the Cold Spring Harbor Molecular Genetics of Aging Meeting last year, physiologist 
Arlan Richardson and his colleagues at the University of Texas Health Science Center in 
San Antonio found that mice engineered to produce half the normal amount 
of an antioxidant live as long as regular mice do. The results surprised 
Richardson. "The increase in oxidative damage in these mice is roughly in 
the range of what you see with aging, so you would predict that these 
animals should show accelerated aging," he says. "But we didn't see any 
difference."  

Although the result contradicts the oxidative-stress theory, it's just one experiment, says 
Richardson. Free radicals can attack many molecules; perhaps the DNA damage the 
researchers measured in this experiment is not the kind involved in aging. "We haven't 
looked at protein and lipid oxidation, and maybe these types are more important," says 
Richardson 

In studies that showed that antioxidants extend life span, the protective molecules might 
have indirectly allowed the animals to live longer, by reining in diseases that would have 
cut their lives short, notes Richardson. His recent study supports this theory. Although 
Richardson's antioxidant-deficient mice didn't die sooner than their peers, they 
developed more cancers. "This study suggests that we need to be more critical of the 
[oxidative-damage theory], but my feeling is that it's still an open question," says 
Richardson.  

Melov says that the oxidative-damage theory is alive and well, but it's still evolving. "It's 
not that oxidative stress causes aging; it's a component of aging," he says. "We're 
moving away from the idea that there's a single cause of aging; there are probably 
multiple causes."  

A prominent theory of aging suggests that oxygen free radicals, produced in normal 
mitochondrial metabolism, are responsible for many of the degenerative signs of age. In 
earlier work, done in collaboration with Dr. Gordon J. Lithgow, also an Ellison Medical 
Foundation Senior Scholar, Dr. Melov and his team provided strong evidence for that 
view: Mice lacking the mitochondrial form of the antioxidant superoxide dismutase 
(SOD) were found to be damaged by oxygen free radicals generated in mitochondria in 
the course of normal metabolism. Daily injections of synthetic SOD mimetics increased 
the lifespan of these mice dramatically. In his Ellison-supported project, Dr. Melov and 
colleagues followed up on those findings, testing the effects of chronic treatment with 
synthetic antioxidants in mice. Preliminary, partial results did not show a survival 
benefit. 



If aging doesn't turn out to have a single cause, then the magic pill that stops the clock 
will likely remain a myth. And for the folks who are popping antioxidants today, Melov 
has more bad news. "Unfortunately, there are no antioxidants that will 
attenuate the aging process in humans, so all those claims are specious," 
says Melov. Until science can unravel and reverse the intricacies behind the aging 
process, skeptics and pill poppers alike must swallow the truth of aging's inevitability. 
(Christie Aschwanden is a freelance science writer). 

13.8.0   EMODs modulate the immune response 

Activated phagocytes produce 'reactive oxygen, halogen and nitrogen species' that help to 
kill some types of microorganism. How these species destroy microorganisms 
remains, however, an enigma: both direct oxidative damage and indirect damage 
(whereby reactive species promote the actions of other antibacterial agents) are involved, 
and no single mechanism is likely to account for the killing of all microorganisms. 
Phagocyte-derived reactive species are known to injure human tissues and to contribute 
to inflammation. Recently, however, we have learned that they (EMODs) 
can also be anti-inflammatory by modulating the immune response. 
These data have implications for the proposed use of antioxidants to treat inflammation 
(Phagocyte-derived reactive species: salvation or suicide? B Halliwell. Trends Biochem 
Sci. 2006 Sep;31(9):509-15. Epub 2006 Aug 4). 

13.8.1   Phagocyte survival shows low EMOD toxicity 

Phagocytes represent a powerful defense system against invading microorganisms that 
threaten the life or functional integrity of the host. The capacity to generate and release 
substantial amounts of reactive oxygen species is a unique property of activated 
polymorphonuclear and mononuclear phagocytes. The crucial role of these molecules in 
killing microorganisms and their consecutive contribution to tissue damage during injury 
and inflammation is widely known. Although much research has been done to explore the 
molecular events involved in the interaction of oxygen intermediates with microbes or 
host tissue, surprisingly little attention has been paid to the effect of reactive metabolites 
on the phagocyte itself. This fact is especially surprising, since it is apparent that the 
activated phagocyte is directly exposed to its own toxic metabolites. The potential 
damage occurring during excessive radical formation might notably alter the vital 
functions of these primarily immunocompetent cells. Moreover, the critical role of 
oxygen radicals in apoptosis of leukocytes has been recently revealed. Apoptosis is now 
supposed to represent a key mechanism in neutrophil deactivation and resolution of 
inflammation. Therefore, this review will focus on the delicate balance between released 
oxidants and antioxidative protection within the phagocytes themselves. General and 
phagocyte-specific antioxidative mechanisms, which have co-evolved with the radical 
generating machinery of phagocytes, are discussed, since the outcome of local 
inflammation can directly depend on this antioxidative capacity and might range from 
adequate elimination of the pathogen with minimal acute tissue damage to progression 
towards a systemic inflammatory response syndrome (Oxidative stress in phagocytes--
"the enemy within”. WD Splettoesser and P Schuff-Werner. Microsc Res Tech. 2002 Jun 



15;57(6):441-55). This paper raises an interesting point as to the toxicity of EMODs.  
If they are so toxic, “How does the macrophage survive the respiratoruy burst?”  I 
believe that it is because the EMODs are of low toxicity.   Perhaps it is like the snake 
or spider, which can be immune to its own venom.  

13.8.2   mtDNA damage may be lower than that in nDNA 

Since 1988 several research groups have reported greater levels of oxidative damage in 
mitochondrial DNA than in nuclear DNA, while others have suggested that the greater 
damage in mtDNA might be due to artifactual oxidation. The popular theory that mtDNA 
is more heavily damaged in vivo than nDNA does not stand on firm ground. Using an 
improved GC-MS method and pure mtDNA, our analyses revealed that the damage 
level in mtDNA is not higher, and may be somewhat lower, than that in 
nDNA (KS Lim et al. Ann N Y Acad Sci. 2005 May;1042:210-20).  I believe that this 
ends the fanciful speculation of Aubrey de Grey. 

13.9.0   Cheap, safe drug dichloroacetate (DCA), kills most cancers 

DaveScot:  31 January 2007 

It sounds almost too good to be true: a cheap and simple drug that kills almost all cancers 
by switching off their “immortality”. The drug, dichloroacetate (DCA), has already been 
used for years to treat rare metabolic disorders and so is known to be relatively safe. It 
also has no patent, meaning it could be manufactured for a fraction of the cost of newly 
developed drugs.  

Evangelos Michelakis of the University of Alberta in Edmonton, Canada, and his 
colleagues tested DCA on human cells cultured outside the body and found that it killed 
lung, breast and brain cancer cells, but not healthy cells. Tumors in rats deliberately 
infected with human cancer also shrank drastically when they were fed DCA-laced water 
for several weeks.  

DCA attacks a unique feature of cancer cells: the fact that they make their energy 
throughout the main body of the cell, rather than in distinct organelles called 
mitochondria. This process, called glycolysis, is inefficient and uses up vast amounts of 
sugar. Until now it had been assumed that cancer cells used glycolysis because their 
mitochondria were irreparably damaged. However, Michelakis’s experiments prove this 
is not the case, because DCA reawakened the mitochondria in cancer cells. The cells then 
withered and died (Cancer Cell, DOI: 10.1016/j.ccr.2006.10.020). 

• Dichloroacetate  
o Dichloroacetate is the most potent stimulus of pyruvate dehydrogenase, 

the rate-limiting enzyme for the aerobic oxidation of glucose, pyruvate, 
and lactate. Dichloroacetate may inhibit glycolysis and, thereby, lactate 
production. Dichloroacetate also exerts a positive inotropic effect that has 

http://www.uncommondescent.com/biology/cheap-safe-drug-kills-most-cancers/


been attributed to improvement in myocardial glucose use and high-
energy phosphate production.  

o The data from animal studies and one placebo-controlled double-blind 
clinical trial have shown that dichloroacetate was superior to placebo in 
improving the acid-base status of the patients; however, the magnitude of 
change was small and did not alter hemodynamics or survival. 

13.9.1   Dichloroacetate (DCA) produces superoxide anion 

Dichloroacetate (DCA) is one of the toxic by products that are formed during the chlorine 
disinfection process of drinking water. In this study, the developmental toxicity of DCA 
has been determined in zebrafish (Danio rerio) embryos. Embryos were exposed to 
different concentrations (4, 8, 16, and 32 mM) of the compound at the 4 h 
postfertilization (hpf) stage of development, and were observed for different 
developmental toxic effects at 8, 24, 32, 55, 80, and 144 hpf. Exposure of embryos to 8-
32 mM of DCA resulted in significant increases in the heart rate and blood flow of the 55 
and 80 hpf embryos that turned into significant decreases at the 144 hpf time point. At 
144 hpf, malformations of mouth structure, notochord bending, yolk sac edema and 
behavioral effects including perturbed swimming and feeding behaviors were also 
observed. DCA was also found to produce time- and concentration-
dependent increases in embryonic levels of superoxide anion (O2*-) and 
nitric oxide (NO), at various stages of development. The results of the study 
suggest that DCA-induced developmental toxic effects in zebrafish embryos are 
associated with production of reactive oxygen species in those embryos (Dichloroacetate-
induced developmental toxicity and production of reactive oxygen species in zebrafish 
embryos. E. Hassoun et al. J Biochem Mol Toxicol. 2005;19(1):52-8). 

13.9.2   Dichloroacetate (DCA) superoxide production blocked by antioxidant, 
ellagic acid  

The ability of ellagic acid (EA) to modulate dichloroacetic acid (DCA)-induced 
developmental toxicity and oxidative damage was examined in zebrafish embryos. 
Embryos were exposed to 20 mM EA administered concomitantly with 32 mM DCA at 4 
hours postfertilization (hpf) and 20 h later. Embryos were observed through 144 hpf for 
developmental malformations, and production of superoxide anion (SA) and nitric oxide 
(NO) was determined in embryonic homogenates. DCA was shown to produce 
developmental abnormalities and significant levels of SA and NO in zebrafish 
embryos. EA exposure alleviated the developmental malformations observed in treated 
embryos and decreased the levels of SA and NO in those same embryos. Less than 
10% of DCA + EA exposed embryos showed developmental malformations compared to 
100% of embryos treated with DCA alone. Animals in this group that developed 
malformations were shown to have fewer defects than those treated with DCA only. 
Taken together, the results confirm the involvement of oxidative stress in 
the developmental toxicity of DCA in zebrafish embryos, and suggest 
possible protection against those effects with the use of antioxidants 



(Modulation by ellagic acid of DCA-induced developmental toxicity in the zebrafish 
(Danio rerio). F.E. Williams et al. J Biochem Mol Toxicol. 2006;20(4):183-90). 

13.9.3   HOCl-mediated cell death 

Liver cirrhosis is often preceded by overt signs of hepatitis, including parenchymal cell 
inflammation and infiltration of polymorphonuclear (PMN) leukocytes. Activated PMNs 
release both reactive oxygen species and reactive halogen species, including 
hypochlorous acid (HOCl), which are known to be significantly cytotoxic due to their 
oxidizing potential. Because the role of mitochondria in the hepatotoxicity attributed to 
HOCl has not been elucidated, we investigated the effects of HOCl on mitochondrial 
function in the human hepatoma HepG2 cell line, human fetal liver cells, and isolated rat 
liver mitochondria. They show here that HOCl induced mitochondrial dysfunction, and 
apoptosis was dependent on the induction of the mitochondrial permeability transition 
(MPT), because HOCl induced mitochondrial swelling and collapse of the mitochondrial 
membrane potential with the concomitant release of cytochrome c. These biochemical 
events were inhibited by the classical MPT inhibitor cyclosporin A (CSA). Cell death 
induced by HOCl exhibited several classical hallmarks of apoptosis, including annexin V 
labeling, caspase activation, chromatin condensation, and cell body shrinkage. The 
induction of apoptosis by HOCl was further supported by the finding that CSA and 
caspase inhibitors prevented cell death. For the first time, these results show that 
HOCl activates the MPT, which leads to the induction of apoptosis and provides a 
novel insight into the mechanisms of HOCl-mediated cell death at sites of chronic 
inflammation (M Whiteman et al. Free Radic Biol Med. 2005 Jun 15;38(12):1571-84). 

13.9.4    HOCl and H2O2 effects on Endothelial Permeability 
 
HOCl at a much lower concentration caused a faster and greater increase in endothelial 
permeability in vitro than H2O2 , and an increased intracellular level of cAMP prevented 
the increased permeability induced by either oxidant (Ochoa L, Waypa G, Mahoney JR, 
Jr., Rodriguez L, Minnear FL. Contrasting effects of hypochlorous acid and hydrogen 
peroxide on endothelial permeability: prevention with cAMP drugs. Am J Respir Crit 
Care Med 1997;156:1247–1255). 
 
 

Antioxidants are claimed to be free radical scavengers 
but they are only “biochemical  buzzards.” 

They circle overhead sniffing out  
the decaying carcasses of free radical soldiers 

that have fallen in combat with pathogens. 
They kill the weaker oxidant-militants 

and dine on the carnage of their battles. 
Pathetic! 

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



 
 
 
 
 
14.0.0   FREE RADICALS: THE PROS AND CONS OF ANTIOXIDANTS  
 
Some of the following material was excerpted, abstracted or modified from: FREE 
RADICALS: THE PROS AND CONS OF ANTIOXIDANTS. Division of Cancer 
Prevention National Cancer Institute. Division of Cancer Treatment and Diagnosis, 
National Cancer Institute. National Cancer Institute. National Center for 
Complementary and Alternative Medicine National Institutes of Health. Office of 
Dietary Supplements National Institutes of Health.  

NIH Campus Bethesda, MD June 26-27, 2003. 

This version can be found at http://www.nutrition.org, References to the published, final version of this manuscript 
should include the following citation: J. Nutr. 134:3143S-3163S, 2004. 

Summary Report February 13, 2004 (Final)  
FREE RADICALS: THE PROS AND CONS OF ANTIOXIDANTS  

Mechanisms for determining when an antioxidant becomes a pro-oxidant are 
largely unknown and this will need to be established before recommending 
nutritional or nutritional/pharmacologic interventions. Doses are important and the 
underlying oxidant properties of the tissue being looked at are extremely critical. 

14.0.1  Signaling Pathways Activated by Oxidant Injury and Their Roles in 
Determining Cell Fate 
Nikki Holbrook, Yale University School of Medicine  

Nikki Holbrook, Ph.D., Professor, Department of Internal Medicine, Geriatrics Section, 
Yale University School of Medicine, New Haven, Connecticut, discussed signaling 
pathways activated by oxidant injury and their roles in determining cell fate. Historically, 
ROS have been viewed in a negative light; both their generation and targets were 
presumed to be indiscriminate and random, and their consequences entirely detrimental. 
We now know that ROS serve some very important physiologic functions as second 
messengers in a variety of different signal transduction pathways (most importantly 
proliferative signaling pathways). They also provide host-defense mechanisms against 
microbial invaders. In these instances, the generation of ROS is both purposeful and 
necessary. However, ROS also produce a number of undesirable effects that we believe 
contribute to disease and aging, including damage to DNA, proteins, and lipids, and the 
inappropriate activation of some signaling pathways. Much of the ROS are produced as 
byproducts of normal metabolism, but excessive ROS levels also occur as a consequence 
of environmental exposures. Certain toxins themselves behave as oxidants, while others 
result in ROS production as the cell attempts to detoxify or eliminate them. Hence, for 
cells living in an aerobic environment, ROS constitute a double-edged sword. 

http://www.nutrition.org/


Researchers need to know how antioxidants can be used to prevent the undesirable 
effects of ROS without compromising normal physiologic functions. I believe that even 
though environmental pollution, and presumably EMODS, are at its highest levels 
ever, we are living longer than ever. Thus, EMODs appear to be helping us. 

We know that ROS can elicit a plethora of responses ranging from proliferation, to 
growth arrest (transient or permanent), to senescence, to cell death (through either an 
apoptotic or necrotic mechanism). Lower doses of oxidants are generally associated with 
mitogenesis, moderate doses with growth arrest, and higher doses with cell death. I 
believe this illustrates the specificity of concentrations of EMODs and we must 
consider the varying reactivity of individual EMODs. It is a beautiful system of self 
regulation. Other factors that determine oxidant effects include the nature of the ROS 
and the type of cell in which it is operating. On the positive side, certain ROS-activated 
pathways are important for normal cell growth and may be protective in cases of acute 
oxidant injury such as reperfusion injury. However, in the long run, they may lead to the 
promotion of tumor growth. Moreover, necrosis and apoptosis may result in the loss of 
physiologic function, which we think is a negative consequence, but the removal of 
damaged cells is the same process the body uses for tumor suppression. 
 

Dr. Zeisel added that there are many layers of study after genetics, including epigenetics, 
proteomics, lipidomics, and metabolomics. Each area will have some answers to the 
issues of the pros and cons of antioxidants. There also will always be a need to 
understand the mechanisms involved in each of these layers regarding anti or pro-
oxidants.  

14.0.2   Phytochemical Effects Beyond Antioxidation  
David Heber, University of California–Los Angeles  

David Heber, M.D., Ph.D., Director and Professor, Department of Medicine, Center for 
Human Nutrition, David Geffen School of Medicine, University of California–Los 
Angeles, discussed phytochemical effects beyond antioxidation. There may be as many 
as 25,000 phytochemical in the human diet, with many having physiological antioxidant 
effects, but these effects are not directly related to their many other effects on cellular 
signaling pathways, gap junctions, and metabolic enzyme induction, which often do not 
follow their antioxidant potencies in rank order of comparison. Phytochemicals occur in 
families; they are usually present in plants as complex mixtures and not as single, 
purified compounds. Moreover members of the same family of compounds may act 
through different mechanisms. 

Phytochemicals will interact with cells in unique ways: synergistically with related 
compounds as they occur in nature, with unrelated compounds, and through the activation 
of metabolic enzymes. What the pharmaceutical literature calls drug-metabolizing 
enzymes actually are phytochemical-metabolizing enzymes (i.e., Phase I and Phase II 
enzymes). Humans evolved without drugs per se, but used the environment (e.g., plant 
and animal products, and minerals) to treat medical conditions.  



Lycopene is a phytochemical antioxidant with no provitamin A activity that is found in 
tomatoes, which have only been in the human diet for approximately 500 years. Having 
the highest antioxidant activity among all carotenoids, lycopene exists in tomatoes 
and derived products as one of numerous phytochemicals, many with similar structures 
and properties. Epidemiological data suggests that lycopene may reduce the risk of 
prostate cancer. When consumed, phytochemicals enter the cell where they interact with 
very low affinity, high-capacity receptor molecules that trigger various intracellular 
actions, and cell signaling pathways, as well as stimulating the metabolism of these 
compounds. They do not act on a single pathway, but in concert with many other 
pathways. If lycopene as a supplement is added to a cell culture of prostate or breast 
cancer cells and tested against tomato oil, the complex product is more effective than 
lycopene alone. This argues strongly for not simply studying single compounds when 
exploring the mechanisms behind epidemiological observations.  

When phytochemicals are consumed, some of them are absorbed intact, but many of 
them are metabolized in very subtle ways. For example, lycopene is metabolized to form 
the cis-metabolite, which is found in larger amounts in the bloodstream than in the 
tomato product consumed. In addition, the amount of lycopene that gets to a specific cell 
is often very different than what is found in the blood or the food itself. This is true for 
ascorbic acid as well. 

14.0.3   Antioxidants Suppress Apoptosis  
Steven Zeisel, University of North Carolina–Chapel Hill  

Steven Zeisel, M.D., Ph.D., Professor and Chairman, Department of Nutrition, Associate 
Dean, Research School of Public Health, University of North Carolina–Chapel Hill, 
discussed antioxidants and the mechanisms for suppressing apoptosis (cell suicide) and 
apoptotic signaling. There is a growing body of evidence that there are signaling systems 
that physiologically use ROS as intermediate signals. ROS not only regulate the 
signaling for apoptosis, but are capable of activating apoptotic pathways upstream 
and many of the drugs and treatments that we use to kill cancer cells (chemotherapy 
and radiation) work by generating ROS to activate apoptotic pathways and kill 
cells. These pathways involve activation of a caspase upstream, a mitochondrial 
depolarization that generates ROS, which can then activate the caspase, as well as 
activation of downstream signals that end in final common pathways for cell suicide.  

Choline deficiency involves an apoptotic pathway that uses ROS as an intermediary 
message and a nuclear factor kappa-B (NFκB) signal downstream. If there is little 
antioxidant content in liver cells that are also choline deficient, apoptosis is induced. If 
an antioxidant is added, such as N-acetylcysteine, apoptosis is inhibited by blocking 
the ROS signal. N-acetylcysteine also blocks transforming growth factor beta-1 
(TGF-beta-1) induced apoptosis, which also uses a ROS to produce an intermediary 
signal from the mitochondria during the signaling cascade for apoptosis. 

There is a lot of research ongoing involving ROS and apoptosis, including research that 
shows the activation of caspase-9, which has a cysteine-cysteine bond that is sensitive to 



redox state, causes apoptosis. In addition, p53 activation increases ROS production and 
induces apoptosis. ROS production also causes induction of cytochrome-C that activates 
the caspase-3 signaling pathway. The key question still remains how to make cancer cells 
undergo apoptosis without affecting normal cells.  

Studies using a mouse model with a mutated retinoblastoma (Rb) protein show that 
mice fed a diet low in vitamin E and other antioxidants had higher rates of apoptosis 
and reduced tumor volume. Other researchers have reported that antioxidants such as 
vitamin E and N–acetylcysteine delay and inhibit apoptosis in a number of models, 
including pancreatic cells and PC-12 cells. There is some data in the literature 
suggesting that when we want to kill cells with chemotherapy or radiation, the 
mechanism we are using is the generation of excess levels of ROS that then activate 
cell death. If we gave antioxidants during these treatments, we would reduce the 
amount of cell death produced.  

Studies have investigated the effects of antioxidant supplementation on cancer therapy. 
Studies on cisplatin indicate that it kills breast cancer cells by apoptosis and necrosis, and 
that the addition of vitamin E blocks much of the apoptotic process. High-dose 
vitamin E reduces the efficacy of cisplatin, although the normal cells involved would be 
protected by vitamin E. Lymphoma cells treated with 5 Gy of radiation die or stop 
dividing, but if N-acetylcysteine is added to the media, the lymphoma cells keep growing. 
Vitamin E succinate also protects cells against the effects of radiation in vitro.  

There has been no conclusive evidence to show which antioxidant doses or mixtures 
protect cells against DNA damage and lipid and protein oxidation but do not interfere 
with apoptosis signaling pathways. There may be a threshold beyond which DNA is 
protected against oxidants because the ROS oxidants produced are being quenched and 
there may be a higher dose needed to suppress signaling. Oversupplementation may 
actually produce an environment that is beneficial to the tumor and allow it to 
survive. I firmly believe that antioxidants can also produce deficiencies of EMODs 
and allow for the manifestation of cancer in otherwise normal patients.  Thus, 
antioxidants block prooxidant prevention of cancer. 

The extracellular signal-regulated kinase (ERK) activation pathway serves as an example 
to emphasize this point and to illustrate the complexity of the response to oxidant injury. 
ERK is activated in response to both oxidant exposure and growth factor treatment, with 
similar mechanisms serving to activate the pathway in each case. In acute oxidant injury, 
ERK activation generally blocks apoptosis and promotes survival. The short-term 
beneficial effects are the prevention of tissue loss and the enhancement of host survival. 
In the long term, however, this could lead to tumorigenesis or could affect therapeutic 
drug sensitivity. In other situations, however, ERK activation has been shown to promote 
apoptosis. For example, ERK activation increases the sensitivity of cells to cisplatin 
treatment and promotes apoptosis in response to the drug in many cell types. A reduction 
of ERK activation in response to oxidant injury has been shown to occur with aging and 
this contributes to the reduced tolerance of old cells to oxidative stress. It is known that 
reduced caloric intake can delay the onset of many characteristics of aging. Accordingly, 



cells from animals maintained on a calorie-restricted diet do not show the attenuated 
activation of the ERK pathway as a function of age and exhibit greater tolerance to acute 
oxidant injury. It remains to be determined what downstream targets of ERK might 
account for these effects. 

Beta-carotene has no effect on epidermal absorption through the stratum corneum, and 
although earlier studies reported that it had a photoprotective effect, its photoprotection 
was based upon the carotenoid-specific capacity to quench singlet oxygen and other oxy-
radicals. I believe that the deficiency level of singlet oxygen is the reason that beta 
carotene increases the rate of carcinogenesis. Under certain dietary conditions, beta-
carotene exacerbates UV carcinogenesis. When you supplement even a semi-defined 
diet containing beta-carotene, you produce a diminished tumor latency period but a lower 
tumor multiplicity. Beta-carotene can act as a pro-oxidant at high oxygen concentrations 
and under oxidative stress conditions. Many of the oxidizing species, especially peroxyl 
radicals, convert this carotenoid to the one- electron oxidized form, resulting in a beta-
carotene radical cation.  

Studies have shown that beta-carotene reacts not with the alpha-tocopherol radical but 
with the alpha-tocopherol radical cation to produce a carotenoid radical cation. This 
radical cation can be repaired with ascorbic acid, producing an ascorbate radical. To 
explore the role of ascorbate on beta-carotene radical repair, animals were fed a semi-
defined diet (i.e., casein, corn oil, and cornstarch or corn sugar) and supplemented with 
beta-carotene and either no extra ascorbate or a six-fold increase in ascorbate. The levels 
of ascorbate did not influence the exacerbative effect of the carotenoids. These findings 
weaken the argument that ascorbate can repair the beta-carotene radical, which leaves it 
in a pro-oxidative state. 

Before recommending that individuals take antioxidants for chemoprevention, a 
better understanding of free radical-mediated damage must be considered.  

A participant asked the panel what does a clinician do when a patient prior to 
radiotherapy says they are taking antioxidants. Dr. Coleman responded that because of 
the lack of data, it is prudent to recommend that the patient stop taking antioxidants. Dr. 
Milner added that this conundrum is the issue that has led to this meeting and that the 
NCI is looking at this issue.  

Many participants stated that there is a need to develop models and asked which models 
are most appropriate to test the hypothesis that antioxidant supplementation either 
accentuates or inhibits the efficacy of radiotherapy. Dr. Mitchell responded that an animal 
model might be useful to see if fractioned radiation therapy with supplement use has an 
impact on tumor growth and tumor cure. Most people in radiation research agree that 
rodent tumor models are not reflective of human tumor models regarding radiation 
response. 

 
 



14.0.4   Antioxidants as an Adjunct to Radiation Therapy and Chemotherapy 

Rationale for Using High-Dose Multiple Antioxidants as an Adjunct to Radiation 
Therapy and Chemotherapy  
Kedar Prasad, University of Colorado Health Sciences Center  

Kedar N. Prasad, Ph.D., Professor, Department of Radiology, University of Colorado 
Health Sciences Center, Denver, presented information on the use of high-dose multiple 
antioxidants as an adjunct to radiotherapy and chemotherapy. The use of antioxidants in 
cancer therapy is driven by two opposing hypotheses. One hypothesis states that the use 
of dietary multiple antioxidants and micronutrients improves the efficacy of treatment; 
the opposing hypothesis states that the use of antioxidants and micronutrients protects 
cancer cells against free radical damage. These opposing hypotheses have grown out of 
generalized experimental data.  

No data exist to clearly show that antioxidants protect cancer cells at doses that 
reduce the growth of the tumor cell but not the growth of the normal cell. At these 
doses, there is a selective effect of antioxidants on growth inhibition, apoptosis, or cell 
differentiation in cancer cells but not in normal cells. Given these facts, it seems that 
antioxidants might enhance the effects of radiation and chemotherapy on tumor cells but 
not on normal cells but supporting data are scant.  

There is a difference between dietary antioxidants and endogenous antioxidants. 
Studies indicate that endogenous antioxidants, such as glutathione-elevating 
agents and N-acetylcysteine or alpha-lipoic acid, always protect both 
normal cells and cancer cells. Thus, there should not be a recommendation to 
supplement endogenous antioxidants or compounds that will increase the levels of 
endogenous antioxidants. In addition, there is also data that show cancer cells 
transfected with the SOD enzyme become resistant to radiation and therefore 
should not be used as an adjunct in radiotherapy. When dietary antioxidants are used 
at low doses, they do not affect the growth of either cancer cells or normal cells. It is 
not recommended that low doses of antioxidants be given in any 
therapeutic situation.  

There have been some experimental studies that have provided information on the use of 
antioxidants and cancer therapy. In a rat melanoma cell line, cells treated with vitamin 
E succinate converted to a normal phenotype. Studies in human melanoma cell lines 
indicate that vitamin E succinate just inhibits growth or induces apoptosis.  

In a study of hormone-insensitive breast cancer cells pretreated with vitamin E succinate, 
the cells became hormone-sensitive after radiation treatment. Vitamin E succinate did not 
affect the mitotic accumulation of human fibroblasts in vitro, but slowed down the cell 
cycle.  



Human parotid acinar carcinoma cells exposed to vitamin C do not show growth 
inhibition, but conversely, human melanoma cells respond significantly to vitamin C. 
Acinar carcinoma cells are extremely sensitive to beta-carotene, but the vitamin had no 
effect on melanoma cell proliferation. These effects can be dose-dependent. Often, 
different cell lines require different doses to respond. Vitamin E succinate also affected 
one of these cell lines and not the other, as did retinoic acid. Determining the dose of a 
nutrient that is necessary to produce an inhibitory effect is very important before 
beginning a clinical trial. At certain doses, nutrients can enhance the growth of a 
cancer cell instead of inhibiting cancer cell growth.  

Although it is difficult to extrapolate from one experimental condition to another or from 
one dose to another, it is clear that dose is important. In a human neuroblastoma cell line, 
2 µg of vitamin E succinate does not affect growth, but 20 µg markedly inhibits growth. 
The gene expression profile is also entirely different between the two doses, which 
should be an area of interest to clinicians and cancer researchers.  

Experimental studies also have shown that combinations of antioxidants often are 
more effective than single antioxidants. A single antioxidant did not affect the growth 
of human melanoma cells, but when a combination of antioxidants were added to the 
media, it inhibited the growth of the cell line by 50 percent. If you raise the dose of 
vitamin C in this mixture from 50 to 100 µg, it enhances the growth inhibitory effect 
dramatically, even though vitamin C by itself did not affect growth.  

In another experiment, vitamin E succinate inhibited the growth of neuroblastoma cells 
more effectively than radiation, but the two together produced an even more powerful 
effect. In addition, a water-soluble preparation of vitamin E inhibited the growth of colon 
cancer cells transplanted to athymic mice better than 5-fluorouracil, but the two together 
produced almost no growth. Vitamin C enhances the effect of 5-fluorouracil on cancer 
cells but not on normal cells, and enhances the effect of adriamycin on HeLa cells 
but not on normal cells.  I believe that this is due the prooxidant potential of 
ascorbate. 

A participant commented that the use of the term "antioxidant" might 
have outlived its usefulness because of the chemical heterogeneity of 
these compounds. He suggested that a new term, such as “reductants” be considered. 
A panel member suggested that this might be a good idea, but that antioxidants have 
many more functions other than solely acting as reducing agents.  

It also has been shown that antioxidants inhibit the repair of radiation-induced 
damage. This is one reason why antioxidants can enhance the effects of radiation, if 
given before and/or after treatment, but may not interfere with the life of the normal cell. 
 
 
 
 
 



14.0.5   Chemotherapy and redox modulation 

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. JNCI Journal of the National Cancer Institute 2006 98(4):223-225. 

ROS are produced by the mitochondrial electron transport chain during the course of 
cellular respiration, by cytochrome P450–related components of microsomes (Goasduff 
T, Cederbaum AI. NADPH-dependent microsomal electron transfer increases 
degradation of CYP2E1 by the proteasome complex: role of reactive oxygen species. 
Arch Biochem Biophys 1999;370:258–70), 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 (Krause KH. Tissue distribution and putative physiological 
function of NOX family NADPH oxidases. Jpn J Infect Dis 2004;57:S28–S29).  

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.  

Allegedly, 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 (Slater 
AF, Nobel CS, Orrenius S. The role of intracellular oxidants in apoptosis. Biochim 
Biophys Acta 1995;1271:59–62) (Doroshow JH, Synold TW, Somlo G, Akman SA, 
Gajewski E. Oxidative DNA base modifications in peripheral blood mononuclear cells of 
patients treated with high-dose infusional doxorubicin. Blood 2001;97:2839–45) (Chu 
FF, Esworthy RS, Chu PG, Longmate JA, Huycke MM, Wilczynski S, et al. Bacteria-
induced intestinal cancer in mice with disrupted Gpx1 and Gpx2 genes. Cancer Res 
2004;64:962–8). 

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 
(Doroshow JH. Effect of anthracycline antibiotics on oxygen radical formation in rat 
heart. Cancer Res 1983;43:460–72).  

Over the past decade, reactive oxygen production that is unrelated to known drug 
metabolism pathways and that usually occurs 6–48 hours following drug exposure, 
after cells have committed to a specific death pathway, has been demonstrated in 
tumors treated with a series of structurally dissimilar anticancer agents, including 
camptothecin, vinblastine, cisplatin, paclitaxel, cytarabine, and histone 

deacetylase inhibitors (Simizu S, Takada M, Umezawa K, Imoto M. Requirement of 



caspase-3(-like) protease-mediated hydrogen peroxide production for apoptosis induced 
by various anticancer drugs. J Biol Chem 1998;273:26900–7) (Huang HL, Fang LW, Lu 
SP, Chou CK, Luh TY, Lai MZ. DNA-damaging reagents induce apoptosis through 
reactive oxygen species-dependent Fas aggregation. Oncogene 2003;22:8168–77) 
(Fawcett H, Mader JS, Robichaud M, Giacomantonio C, Hoskin DW. Contribution of 
reactive oxygen species and caspase-3 to apoptosis and attenuated ICAM-1 expression by 
paclitaxel-treated MDA-MB-435 breast carcinoma cells. Int J Oncol 2005;27:1717–26) 
(Ikeda K, Kajiwara K, Tanabe E, Tokumaru S, Kishida E, Masuzawa Y, et al. 
Involvement of hydrogen peroxide and hydroxyl radical in chemically induced apoptosis 
of HL-60 cells. Biochem Pharmacol 1999;57:1361–5) (Rahmani M, Reese E, Dai Y, 
Bauer C, Payne SG, Dent P, et al. Coadministration of histone deacetylase inhibitors and 
perifosine synergistically induces apoptosis in human leukemia cells through Akt and 
ERK1/2 inactivation and the generation of ceramide and reactive oxygen species. Cancer 
Res 2005;65:2422–32).  

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). Here is 
where I disagree with their concept that the absence of an agent, hydrogen peroxide, 



induces proliferation.  If it is not there, it can not induce anything.  However, its 
absence can “allow” for proliferation. 

Finally, very recent evidence suggests that ROS production is essential for the growth 
of p53-deficient tumors in vivo (Sablina AA, Budanov AV, Ilyinskaya GV, Agapova 
LS, Kravchenko JE, Chumakov PM. The antioxidant function of the p53 tumor 
suppressor. Nat Med 2005;11:1306–13).  I believe that this is counter to the 
voluminous data showing that EMODs induce apoptosis of cancer and in general, 
antioxidants block this death cascade. The language here is also confusing in that 
you are suppressing the suppressor, which results in induction or promotion. 

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).  

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 (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).  

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.  

Overall, this study contributes to our rapidly developing understanding of tumor cell 
redox balance and to the possibility that therapeutic approaches to the modulation of 
oxidant-mediated growth control may be possible in the near future, perhaps with 
mangafodipir or with other redox modulators in development. However, as this and other 
recent efforts demonstrate, a remarkable degree of variation in the redox status of 
current model systems exists. 



As with all redox work, there is considerable inconsistency of the data and it 
appears that we have a very poor understanding of the role of EMODs in biological 
systems or no understanding at all. 

14.0.6   Biomarkers of Oxidative Stress: Fact or Artifact? 
James Swenberg, University of North Carolina 

James Swenberg, D.V.M., Ph.D., Professor, Department of Environmental Science and 
Engineering, University of North Carolina–Chapel Hill, described research on 
biomarkers of oxidative stress. Oxidative damage is the most common form of DNA 
damage, with approximately 1 x 106 nucleotides damaged by oxidation at any one time. 
Damage can arise from both endogenous and exogenous sources, which can complement 
each other. Most studies in the literature have focused on adducts of 8OHdG, although 
there are newer studies focused on oxidized bases, oxidized abasic sites, and cyclic DNA 
adducts. Slot blot electrophoresis is used to analyze intact DNA and mass spectrometry is 
used to analyze nucleosides and bases. 

One of the most complex issues regarding antioxidants is the dose response to 
hydrogen peroxide. At low concentrations, iron associates with DNA around the N7 
position of guanine, which is readily available for Fenton chemistry and is responsible for 
a steep increase in oxidation early in the process. Iron also associates with the 
deoxyribose moiety of DNA, where it is tightly bound and it is not readily available for 
Fenton chemistry, which results in a descending slope of activity. This decrease in 
oxidation damage is seen because hydrogen peroxide is not only a pro-oxidant; it 
can also be an antioxidant under certain conditions.  

The efficiency of oxidant-induced DNA damage is highest at low concentrations, such as 
0.6 &muM. As the concentrations go up, there is a smaller effect on the DNA per unit of 
exposure, which is not the dose response that is normally seen in the laboratory. Using 
base excision repair enzymes, it is possible to look at oxidized purines, such as 8-
hydroxydeoxyguanosine (8OhdG), and pyrimidines as targets of oxidation. From 1983 to 
2003, the same complex dose response for hydrogen peroxide has been seen with four 
different endpoints being measured. This is the result of iron being present in different 
intracellular pools, with differential availability for Fenton chemistry, and hydrogen 
peroxide acting as both an anti and a pro-oxidant.  

In experiments using 8OHdG formation as an endpoint biomarker, it is important to avoid 
artifacts, which can change results of the experiment. The use of TEMPO, a free radical 
trapping agent, or desferal, an iron chelator, during the tissue workup helps reduce 
artifacts. It is also important to understand the amount of background 8OHdG found in 
the specific tissues and cells used in specific experiments. A large study conducted by the 
European Standards Committee on Oxidative DNA Damage (ESCODD) found that the 
average amount of 8OHdG present in the lymphocytes of a normal, healthy, 25- to 
30-year-old is approximately 0.6 to 6 per 106guanines, depending on the method used 
for isolation and analysis. 



14.0.7   Plasma Antioxidant Measurements 
Ronald Prior, Arkansas Children’s Nutrition Research Center 

Ronald L. Prior, Ph.D., Research Chemist and Nutritionist, Agricultural Research 
Service, U.S. Department of Agriculture, Arkansas Children’s Nutrition Research Center, 
Little Rock, Arkansas, discussed plasma antioxidant measurements. There are several 
antioxidant defense mechanisms, such as free radical scavenging enzyme systems and 
non-enzymatic systems that include antioxidant compounds, compounds that are active in 
the lipid domain, water-soluble compounds, flavonoid compounds, the carotenoids, uric 
acid, and plasma proteins. Antioxidant capacity assays essentially are inhibition methods.  

Measures of in vivo antioxidant status are important in understanding the role of 
oxidative events in the initiation and progression of numerous diseases including cancer, 
atherosclerosis, diabetes, etc. Measuring individual plasma or tissue levels of antioxidants 
such as vitamin C, vitamin E or the carotenoids can assess in vivo antioxidant status. 

The ideal assay should measure both lipophilic and hydrophilic antioxidants and measure 
both inhibition time and the degree of inhibition.  

The oxygen radical absorbance capacity assay (ORAC) can determine antioxidant 
activity against peroxyl radicals (ROO*) and measures most of the well-known 
antioxidants, including ascorbic acid, glutathione, bilirubin, alpha-tocopherol, beta-
carotene, uric acid, melatonin, and flavonoids. The ORAC assay measures a total of the 
antioxidants that are present in a sample, which can be from biological fluids, or tissue, or 
food. The advantages of ORAC is that it takes into account the time and degree of 
inhibition. ORAC can be adapted to analyze both hydrophilic and lipophilic antioxidants 
and can be automated for large studies where a large number of samples must be 
processed.  

A limitation of ORAC is that it often is restricted to measurement events within the 
blood, and these measurements may not reflect what is happening in the target tissue. 

The assay gives a snapshot in time of the potential antioxidant status.  

From the literature, we find that lower antioxidant capacity has been seen in preterm 
infants, patients with HIV (37 percent reduction), Alzheimer’s patients (24 percent 
reduction), septic patients, and patients with diabetes (50 percent reduction).  

14.0.8   DNA Oxidation Products, Antioxidant Status, and Cancer Prevention  
Henry Thompson, Colorado State University  

Henry Thompson, Ph.D., Professor and Director, Cancer Prevention Laboratory, 
Colorado State University–Fort Collins, discussed the challenges encountered when 
laboratory data on DNA oxidation products are used to design clinical intervention 
studies on antioxidant status and cancer risk. The direct evidence of an antioxidant 



effect on DNA oxidation is inconsistent at best, although most researchers think that 
antioxidants should affect DNA oxidation based on indirect evidence.  

14.0.9   Use of Biomarkers of Oxidative Stress in Research Studies  
Jeffrey Blumberg, Tufts University  

Jeffrey B. Blumberg, Ph.D., Professor, Friedman School of Nutrition Science and Policy 
and Jean Mayer USDA Human Nutrition Research Center on Aging, Tufts University, 
Boston, Massachusetts, discussed the use of biomarkers of oxidative stress in research 
studies. Biomarkers can be employed to reflect environmental pro-oxidant exposures and 
dietary antioxidant intake or serve as a surrogate measure of a disease process. To be 
truly useful, the biomarker must have some degree of predictive 
validity, but full substantiation of this relationship is still lacking. 

When establishing the Dietary Reference Intakes, the Institute of Medicine (IOM) 
defined dietary antioxidants by using biomarkers of oxidative stress. The IOM definition 
of dietary antioxidant includes the ability to significantly decrease the adverse effects of 
reactive species, such as reactive oxygen and nitrogen species, on normal physiologic 
function in humans. However, it is not clear whether a sufficient scientific agreement 
yet exists about the validity of these biomarkers to reflect the action and efficacy of 
dietary antioxidants. This issue is confused by an apparent difficulty, in many studies, 
of demonstrating an antioxidant effect without oxidative stress first being significantly 
elevated, e.g., as found in smokers or patients with marked inflammatory conditions.  

14.0.10   Manganese Superoxide Dismutase: Genetic Variation and Regulation Daret 
St. Clair, University of Kentucky  

Daret St. Clair, Ph.D., Professor, Department of Toxicology, University of Kentucky– 
Lexington, discussed manganese superoxide dismutase (MnSOD) and genetic variation 
and regulation. MnSOD is the primary antioxidant essential for the survival of aerobic 
life. Its relationship to cancer is well documented in cell cultures and animal models. 
MnSOD activity is altered in cancer cells compared to normal cells, which makes a 
difference in cell function since MnSOD reduces radiation-induced neoplastic 
transformation, protects against the cytotoxicity of chemotherapy, promotes cellular 
differentiation, suppresses cancer phenotypes and metastatic potential, and alters 
the expression of oncogenes.  

14.0.11   Consumer Perspectives About Antioxidants  
Cheryl Toner, International Food Information Council  

Cheryl Toner, M.S., R.D., Director of Health Communications, International Food 
Information Council (IFIC), Washington, DC, discussed consumer perspectives about 
antioxidants. IFIC conducted telephone surveys in 1998, 2000, and 2002, of 1,004 adults 
in the United States. Results of the survey indicated that Americans have a positive 
attitude about nutrition and health and want to know more about the health benefits of 
food, with an increasing need for information on "functional foods." Functional foods 



were defined as foods that may provide a health benefit beyond basic nutrition, and may 
include fortified foods as well as fruits and vegetables. In general, consumers are focused 
on the role of foods on cardiovascular disease and cancer and are becoming more aware 
of the associations between specific food health claims and disease. For example, in 
2002, 79 percent of consumers were aware of the association between calcium and 
osteoporosis; 54 percent for antioxidants and cancer; and 35 percent for soy protein 
and heart disease. Many consumers do not seem convinced that antioxidants are as 
great a health benefit as reported in the media. 

14.0.12   Antioxidant Supplement Use in Cancer Survivors and the General 
Population  
Cheryl Rock, University of California-San Diego  

Cheryl Rock, Ph.D., R.D., Professor, Department of Family and Preventive Medicine, 
University of California, San Diego, California, reported on antioxidant supplement use 
in cancer survivors and the general population. Approximately one-half of the general 
population takes dietary supplements and use is higher among individuals with 
health concerns, especially those diagnosed with cancer. It has been suggested by 
researchers that there may be both beneficial and adverse effects of supplement use 
among individuals diagnosed with cancer. Two recent studies, the Olestra Post-Marketing 
Surveillance Study (OPMSS) and the Women’s Healthy Eating and Living (WHEL) 
Study, collected data on supplement use. Results from OPMSS indicated that predictors 
of antioxidant use were age, education, sex, and region of the United States. OPMSS 
participants had reported taking multivitamins (41 percent), vitamin E (9.5 percent), 
vitamin C (17 percent), and beta-carotene (2 percent). Among users of supplements, the 
median dosage of vitamin C was 500 mg and vitamin E was 34 mg; Dr. Rock commented 
that each of these represents relatively modest intakes from supplements  

In the WHEL study, data on women diagnosed with stages I, II, or IIA invasive breast 
cancer within the past 48 months and after treatment were examined. Results indicated 
that at baseline (1995-2002) there was a wide range of antioxidant dietary supplement 
use. Ninety-one percent of women at baseline used dietary supplements. The 
percentage of use of specific antioxidant dietary supplements included 
multivitamins (59 percent), antioxidant mixtures (9.8 percent), selenium (10.1 
percent), vitamin A/carotenoids (10.6 percent), vitamin C (41.6 percent), and vitamin E 
(45.8 percent). Positive predictors of supplement use included older age (Vitamins E and 
C), high levels of physical activity (vitamins E and C, and multivitamins), and education 
and stage at diagnosis (multivitamins). Negative predictors of supplement use included 
race/ethnicity and body mass index (vitamins E and C, and multivitamins), and time since 
diagnosis (vitamins E and C). Motivation for supplement use included a belief that 
vitamin C and E increases general health, vitamin E decreases menopausal 
symptoms, and vitamin C improves immune functions.  

Conclusions drawn from these studies suggest that there is a higher prevalence of 
antioxidant dietary supplement use among cancer survivors than among the general 



population, and that supplements being used are an increasingly complex mixture of 
ingredients.  

I believe that this is a very dangerous practice, since it has repeatedly been shown 
that antioxidants block EMODs ability to kill cancer cells. 

14.0.13     Efficacy of Dietary Antioxidants To Prevent Oxidative Damage  
Balz Frei, Linus Pauling Institute-Oregon State University  

Balz Frei, Ph.D., Director and Endowed Chair, Linus Pauling Institute, and Professor, 
Department of Biochemistry and Biophysics, Oregon State University, Corvallis, Oregon, 
presented data on antioxidant protection and oxidative damage in human plasma. He 
reviewed the levels of defense against oxidative damage, which can be categorized into 
proteinaceous and small-molecule antioxidants. There are antioxidant proteins that are 
non-enzymatic defense systems (e.g., iron- and copper-binding proteins such as 
transferrin, ferritin, and albumin), which prevent metal ions from producing free radicals 
in solution. Antioxidant enzymes, including superoxide dismutase, catalase, and 
peroxidases, are primarily intracellular enzymes and are only found in small 
concentrations or absent in extracellular fluids. Among the small-molecule, water-
soluble antioxidants in plasma, urate is found in high concentrations, followed by 
vitamin C (ascorbate) and bilirubin, whereas glutathione is present only at low 
concentrations, usually less than 2 µM. Lipid-soluble, small-molecule antioxidants in 
plasma include alpha-tocopherol, which is present at a level about 10 molecules per 
low-density lipoprotein particle, and beta-carotene, lycopene, and other carotenoids 
and oxy-carotenoids that are found in considerably lesser amounts.  

To investigate the relative importance of the endogenous antioxidants in plasma, fresh 
human plasma was exposed at 37°C to 50 mM 2,2’-azobis(2-amidinopropane) 
hydrochloride (AAPH), which causes oxidative stress by producing aqueous peroxyl 
radicals at a rate of about 3 µM/min; measurements of consumption of endogenous 
antioxidants in relation to the formation of lipid hydroperoxides as a marker of oxidative 
damage were obtained. Vitamin C is the first line of defense and is used up in the first 60 
min of the experiment; no lipid peroxidation occurs during this time. After consumption 
of vitamin C, there is formation of different classes of lipid hydroperoxides and the 
consumption of bilirubin, urate, and alpha-tocopherol, in that order. These data suggest a 
defined sequence of antioxidant defense.  

Further studies of other types of oxidative stress, (e.g., activated neutrophils, the gas-
phase of cigarette smoke, superoxide radicals and hydrogen peroxide (H2O2) generated 
by the xanthine-xanthine oxidase system, and excess copper or iron), have shown that 
vitamin C always forms the first line of antioxidant defense and is the only antioxidant in 
plasma that can completely prevent lipid peroxidation. Interestingly, copper or iron ions 
and ascorbate act as pro-oxidants in vitro because ascorbate reduces the metal 
ions leading to production of hydroxyl radicals from H2O2. This does not, 
however, happen in biological systems like plasma, where ascorbate 



appears to act only as an antioxidant, even in the presence of excess 
copper or iron and H2O2.  

Biomarkers of oxidative stress in vivo, such as F2-isoprostanes, 8-oxo-2’-
deoxyguanosine, and protein carbonyls, have been identified. For example, F2-
isoprostanes have been validated as biomarkers of lipid oxidative damage. F2-
isoprostanes are oxidation products of arachidonic acid and are elevated in many 
human conditions, including Alzheimer’s disease, hepatic cirrhosis, and 
atherosclerosis, and in patients with coronary risk factors, such as cigarette 
smoking, diabetes, obesity, hypercholesterolemia, and hyperhomocysteinemia.  

A gap in knowledge exists because of the lack of prospective studies and 
clinical trials to clearly establish a link between oxidative stress – 
assessed by validated oxidative biomarkers – and increased disease risk.  

Studies in healthy subjects indicate that there is no relationship between vitamin C dose 
and lower F2-isoprostanes in urine. In addition, vitamin E supplementation does not 
appear to affect urinary levels of F2-isoprostanes in healthy subjects. In patients with 
elevated F2-isoprostane levels at baseline, however (e.g., smokers), vitamin C (2 grams 
for 5 days) gave a statistically significant reduction in F2-isoprostane levels. Very similar 
results have been seen in patients with liver cirrhosis supplemented with vitamin C (2.5 
grams for 10 days). Furthermore, patients with type 2 diabetes have elevated levels of 
F2-isoprostanes, which are significantly reduced by vitamin E supplementation (600 
mg/day for 2 weeks).  

The European Prospective Investigation of Cancer (EPIC) Trial, a multinational 
survey on diet, lifestyle and physical activity involving over half a million volunteers, 
found a strong inverse association between plasma vitamin C levels and total, 
cardiovascular, and cancer mortality. However, whether this is a beneficial effect of 
vitamin C itself or fruit and vegetable consumption in general – for which plasma vitamin 
C serves as a marker – remains unclear. The MRC/BHF Heart Protection Study, a 
large secondary prevention trial in patients with cardiovascular disease or diabetes, 
found that a daily cocktail of 250 mg vitamin C, 600 mg vitamin E, and 20 mg beta-
carotene did not reduce mortality from, or incidence of, any type of 
vascular disease, cancer, or other chronic disease.  
In addition, pooled analyses of prevention trials of vitamin E and beta-carotene 
have not shown significant benefits for these antioxidants with respect to cancer, 
cardiovascular disease, or all-cause mortality. In fact, due to the results of the 
ATBC and CARET trials, beta-carotene supplements have been shown to have a 
significantly adverse effect among active smokers. 
 
We do not know if certain risk factors increase disease through 
oxidative stress mechanisms or if oxidative stress is increased 
independently of disease risk or as a consequence of disease. Future clinical 
trials need to assess oxidative stress, i.e., validated oxidative biomarkers, before and after 



antioxidant supplementation; otherwise it is impossible to know whether antioxidants 
failed to prevent or treat disease because they didn’t lower oxidative stress or because 
oxidative stress doesn’t play a causal role in disease. 
 
Dr. Toner commented that there is a need for greater translation of research results for the 
public and media to try to dispel some of the myths about antioxidants and disease 
prevention. People get their information from a variety of sources and the media has 
a difficult time providing the proper context for health messages 

14.0.14   Cancer Chemotherapy and Antioxidants: An Overview  
Kenneth Conklin, David Geffen School of Medicine at University of California-Los 
Angeles  

Kenneth A. Conklin, M.D., Ph.D., Clinical Professor, Jonsson Comprehensive Cancer 
Center, David Geffen School of Medicine, University of California–Los Angeles, 
discussed the controversy surrounding the use of antioxidants during chemotherapy. 
Approximately 300-400 preclinical studies have been published on this topic and most 
show that antioxidants do not interfere with the mechanism-of-action of therapeutic 
agents. However, too few clinical studies have been done to draw any definitive 
conclusions.  

Antioxidants (e.g., vitamins C and E) act as reducing agents to neutralize free radicals. If 
a therapeutic agent works by releasing free radicals, it is possible that antioxidants may 
interfere with its action.  

Some antioxidants are also strong nucleophiles (e.g., GSH, N-acetyl cysteine (NAC), 
and alpha-lipoic acid), and they may interfere with the anticancer effects of 
platinum coordination complexes (e.g., cisplatin and carboplatin) and alkylating 
agents.  

Doxorubicin (Adriamycin), a very versatile antineoplastic agent, is an anthracycline that 
is reduced to a semiquinone that can generate superoxide radicals. Anthracyclines are 
important in the study of antioxidant effects because they form large amounts of free 
radicals and induce oxidative stress.  

The side effect of greatest concern, when doxorubicin is administered, is cardiac toxicity. 
In heart cells, doxorubicin forms a deoxyaglycone that can replace coenzyme Q10 
(CoQ10) in the electron transport chain and act as an electron acceptor. This results in 
disruption of the energetics of cardiac mitochondria, leading to reduced generation of 
ATP, and accounts for the commonly seen side effects of acute cardiac toxicity 
(arrhythmias and reduced ejection fraction). The effect of doxorubicin on cardiac 
mitochondria is uniquely different from its effect on mitochondria of other cells. 
This is most likely due to the unique structure of cardiac mitochondria that contain 
an NADH dehydrogenase on the outer surface of the inner membrane; this 
organization is not found in non-cardiac mitochondria. Animal studies have shown 
that doxorubicin generates ROS in cardiac mitochondria for at least a week after the 



drug is administered. This results in formation of mitochondrial DNA-adducts that can 
suppress gene expression and reduce synthesis of critical components of the 
mitochondrial electron transport systems. This may irreversibly damage cardiac 
mitochondria and be responsible for development of chronic cardiac toxicity (congestive 
heart failure that is not responsive to digitalis).  

14.0.15    Antioxidants and Radiation Therapy  
Carmia Borek, Tufts University School of Medicine  

Carmia Borek, Ph.D., Professor of Community Health, and Director, Nutrition and 
Infectious Diseases, Tufts University School of Medicine, Boston, Massachusetts, 
reviewed background material on antioxidants and radiation therapy. Approximately 
60% of cancer patients in the United States receive radiotherapy, mostly ionizing 
radiation (IR) or to a lesser extent particle beam radiation (PR). Radiotherapy is a local 
treatment confined to the area of affected cells and activates a variety of genes, including 
NfκB, resulting in the activation of cytokines and resulting in inflammation. An 
important goal of radiotherapy is to administer enough radiation to kill tumor cells 
without killing adjacent normal cells. DNA is the primary target of radiotherapy; 
damage to DNA occurs through a direct effect but mostly (two thirds of 
damage) through an indirect effect, by free radicals (superoxide, 
hydroxyl radical (the most toxic), and nitric oxide metabolites). Cells are 
most sensitive to radiation killing in the G1-M phase of the cell cycle; oxygen 
concentration and cyclins will modify radiation response. Irradiation of non-dividing or 
slow dividing cells results in apoptotic death.  

Antioxidants, including vitamins aid normal cells to withstand oxidative stress and may 
modify tumor cell response to radiation. Depending on the tissue and the presence and 
level of free radicals, specific vitamins may be of greater benefit. To illustrate, beta-
carotene is an effective antioxidant at low levels of pO2, and vitamin E is more effective 
at high levels of pO2. Radiation reduces tissue antioxidants; in animals, radiation 
exposure reduced vitamin E levels in cells. In other studies, bone marrow vitamin C and 
E levels were reduced, and in breast cancer studies, vitamin A, C, and E, and selenium 
levels fall during cancer radiotherapy. The question remains whether supplementing 
antioxidants during radiotherapy is beneficial to cancer patients or might have an adverse 
effect.  

S-allyl cysteine in garlic is a water-soluble compound that increases glutathione in cells 
and stimulates apoptosis in prostate cancer cells. 

14.0.16    Oxidative Genome Damage and the Pathogenesis of Prostate Cancer  
William Nelson, Johns Hopkins University School of Medicine  

William Nelson, M.D., Ph.D., Professor, Departments of Oncology, Urology, 
Pharmacology, Pathology, and Medicine, The Sidney Kimmel Comprehensive Cancer 
Center, Johns Hopkins University School of Medicine, Baltimore, Maryland, presented 
information on oxidative damage and prostate cancer. An environment of elevated ROS 



characterizes early pathogenesis of prostate cancer. The target cell for ROS is the prostate 
epithelial cell and it becomes crippled by a lack of protection from chronic oxidative 
damage, but the disease takes many years to develop. This makes prostate cancer a good 
candidate for prevention and early intervention.  

The use of selenium to prevent prostate cancer has been investigated in case-control 
studies and it is clear that there is an association between higher levels of selenium and 
reduced risk of prostate cancer. Further analysis of these studies shows that plasma levels 
of selenium tend to decrease with age, this parallels the time that prostate cancer rates 
increase. This suggests that supplementation with selenium for older persons may help 
prevent prostate cancer. 
 
It is clear that interindividual variability is a large issue, as is the definition of what is 
meant by antioxidant. The NIH needs suggestions on how to move forward on these 
issues. He also noted that Dr. von Eschenbach, the new director of NCI, has requested 
research on discovery, development, and delivery in all areas of cancer research. 
 

Key comments made by participants during this session included the following:  

• It is difficult to make the leap from experimental studies to human clinical trials 
because studies in cell lines show very different responses to antioxidant exposure 
with regard to gene expression as opposed to responses in animals or in situ 
tumors in humans.  

• It may be hard to recruit eligible patients to clinical trials of antioxidant use 
because many people are already taking antioxidants. For example, at least one-
half of the participants in the PCPT trial were already taking selenium and 
vitamin E, and many of them would not agree to stop taking them to participate in 
the SELECT trial.  

• If it is advisable to discontinue antioxidants before radiotherapy, is it not logical 
that we also tell patients to reduce their intake of fruits and vegetables that contain 
antioxidants? It was stated that This comment was only meant to highlight the 
lack of information regarding antioxidants and radiotherapy or chemotherapy. In 
response, Dr. Mayne commented that the bioavailability of beta-carotene in 
supplements is 10-20 times that of beta-carotene normally found in food, 
implying that one must also consider the dose.  

• There are antioxidant enzymes that are highly efficient at removing ROS, such as 
superoxide and hydrogen peroxide. These are catalytic reactions to antioxidants. It 
may be important to understand the effects of chemotherapy and radiotherapy on 
antioxidant enzymes (as well as phase I and phase II enzymes), which may play 
more of an important role in reducing oxidative stress than antioxidant 
compounds  

Recommendations 
Recommendations were developed from comments made by the panel members, speakers 
and from the audience during the comment period. 



• There is a critical need to use an evidence-based approach for summarizing data, 
drawing conclusions and making recommendations about antioxidant usage and 
efficacy. An advisory panel approach may need to be developed to assist with this 
process while research continues.  

• This evidence-based approach should focus on the need to answer the myriad 
questions surrounding pro- and anti-oxidant mechanisms of action associated with 
antioxidant use, and what effects dose and environment have on these 
mechanisms before recommending nutritional or nutritional/ pharmacologic 
interventions  

• A need exists for additional short and longer term clinical trials (both small 
interventions with specific agents as well as larger placebo-controlled double 
blind studies) that build on the substantial in vitro and preclinical data  

• Biomarkers, including biomarkers of oxidative stress and damage as well as 
markers of exposure and consumption must be identified and validated.  

• There is a need to study the relationships of genetic variants to specific cancers 
and develop in vitro models systems to study them.  

• It is important to evaluate molecular targets and signals to explain what happens 
in the cell and why the same signaling pathway can be beneficial in one instance 
of oxidative stress and harmful in another  

• A central data base will allow easier comparison of research results related to 
antioxidants and help with data mining activities and the design of probing 
studies.  

• Among those engaged in antioxidant research, there is a need to investigate, 
develop and cultivate collaborations with existing NCI programs, such as the 
Early Detection Research Network and the Mouse Models for Human Cancers 
Consortium as well as other Institutes and industrial research organizations.  

 
14.1.0    Biomarkers of Oxidative Stress 

Biomarkers of Oxidative Stress: Fact or Artifact? (James Swenberg, D.V.M., Ph.D.) 

Oxidative damage is the most common form of DNA damage, with 1 x 106 nucleotides 
damaged by oxidation at any one time. Damage can arise from both endogenous and 
exogenous sources, which can complement each other. One of the most complex issues 
regarding antioxidants is the dose response to hydrogen peroxide. At low concentrations, 
iron associates with DNA around the N-7 position of guanine, which is readily available 
for Fenton chemistry and is responsible for a steep increase in oxidation early in the 
process. Iron also associates with the deoxyribose moiety of DNA, where it is tightly 
bound and it is not readily available for Fenton chemistry, which results in a descending 
slope of activity. This decrease in oxidation damage is seen because hydrogen peroxide 

is not only a prooxidant; it can also be an antioxidant under certain conditions. ???? 

A large study conducted by the European Standards Committee on Oxidative DNA 
Damage (ESCODD) found that the average amount of 8OHdG present in the lymphocytes 
of a normal, healthy, 25- to 30-y-old is 0.6 to 6 per 106 guanines. 



14.1.1   Plasma Antioxidant Measurements  (Ronald L. Prior, Ph.D.) 

Antioxidant capacity (AOC) assays in plasma do not address the role of various 
antioxidant enzymes in protecting against free radical action. The literature reports lower 
antioxidant capacity in preterm infants, patients with HIV (37% reduction), Alzheimer’s 

patients (24% reduction), patients with sepsis, and patients with diabetes (50% 
reduction).  

Proteasomes (proteinase complexes, PR) and immunoproteasomes (IPR) degrade 
damaged proteins and affect protein processing required for antigen presentation by 
mononuclear phagocytes. These critical immune processes are attenuated during 
progressive HIV-1 infection and are affected by alcohol abuse. To investigate the 
mechanisms underlying these functional changes, we measured PR and CYP2E1 
activities [an ethanol (EtOH) metabolizing enzyme] and reactive oxygen species (ROS) 
in human monocyte-derived macrophages (MDM) following HIV-1 infection and EtOH 
treatment. We observed progressive declines of PR activity and PR/IPR contents in HIV-
1-infected MDM. PR activity and IPR expression increased after IFN-gamma stimulation 
but reduced after HIV-1 infection. EtOH inhibited both IFN-gamma-induced PR and IPR. 
Paradoxically, EtOH attenuated PR catalytic activity in infected MDM and 
suppressed viral replication. Elevated ROS followed EtOH exposure and 
paralleled decreased PR activity. The latter was restored by anti-oxidant. The data 
support the notion that HIV-1 infection and EtOH may work in concert to affect immune 
function including antigen presentation and thereby affect disease progression (Alcohol 
and HIV decrease proteasome and immunoproteasome function in macrophages: 
implications for impaired immune function during disease. Haorah J, Heilman D, 
Diekmann C, Osna N, Donohue TM Jr, Ghorpade A, Persidsky Y. Cell Immunol. 2004 
Jun;229(2):139-48). 

Cherries produced an oxidative effect for hydrophilic antioxidants, but also 
produced a very strong rise in the level of lipophilic antioxidants. It is not clear why 
most fruits have relatively low lipophilic components. Prune juice contains a high level of 
antioxidants, but very low levels of them were found in serum. All of these fruits have 
high antioxidant levels but very different phytochemical composition, absorption profiles, 
and metabolism, which produce highly varied in vivo responses. 

14.1.2   DNA Oxidation Products, Antioxidant Status, and Cancer Prevention 
(Henry Thompson, Ph.D.) 

The direct evidence of an antioxidant effect on DNA oxidation is inconsistent at best, 
although most researchers think that antioxidants should affect DNA oxidation based on 
indirect evidence. The overall question remains, however, about what role DNA 
oxidation plays with specific genetic mutations and how this affects carcinogenesis. 

When establishing the Dietary Reference Intakes, the Institute of Medicine (IOM) used 
biomarkers of oxidative stress to define dietary antioxidants. The IOM definition of 
dietary antioxidant includes the ability to significantly decrease the adverse effects of 
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reactive species, such as reactive oxygen and nitrogen species, on normal physiologic 
function in humans. However, it is not clear whether sufficient scientific agreement yet 
exists regarding the validity of these biomarkers as a reflection of the action and efficacy 
of dietary antioxidants. This issue is confused by the apparent difficulty, in many studies, 
of demonstrating an antioxidant effect unless oxidative stress is first markedly elevated, 
as found, for example, in smokers or patients with marked inflammatory conditions.  

In practice, single elements or combined parameters from these approaches are currently 
employed, although, not infrequently, only one analyte is measured. The conclusion may 
then be incorrectly drawn that the single measurement satisfactorily reflects overall 

oxidative stress. 

14.1.3   Manganese Superoxide Dismutase: Genetic Variation and Regulation (Daret 
St. Clair, Ph.D.) 

MnSOD:  

-reduces radiation-induced neoplastic transformation,  

-protects against the cytotoxicity of chemotherapy,  

-promotes cellular differentiation,  

-suppresses cancer phenotypes and metastatic potential,  

-and alters the expression of oncogenes.  

I believe that all of these effects of SOD are due to increased H2O2 production and 
not due to an antioxidant effect. 

 Because proteins are not subject to repair like DNA, they integrate the amount of 
oxidative damage over their life span. If the protein is an albumin, the life span will be 

21 d. If the protein is hemoglobin, the life span will be 120 d, which makes hemoglobin 

a better choice for study because of its longer life span. It was also noted that studies on 
8OHdG found that it is formed endogenously and during sample 
preparation. This means it is being formed while it is being studied and may not 
prove to be a useful biomarker. 

The prevalence of antioxidant dietary supplement use is higher among cancer survivors 
than among the general population, and the supplements being used are increasingly 
complex mixtures of ingredients. 

14.1.4   Efficacy of Dietary Antioxidants to Prevent Oxidative Damage (Balz Frei, 
Ph.D.) 



Vitamin C always forms the first line of antioxidant defense and is the only antioxidant in 
plasma that can completely prevent lipid peroxidation. Interestingly, copper or iron ions 
and ascorbate act as prooxidants in vitro because ascorbate reduces the metal ions, 
leading to production of hydroxyl radicals from hydrogen peroxide. This does not, 
however, happen in biological systems such as plasma, where ascorbate appears to act 
only as an antioxidant, even in the presence of excess copper or iron and hydrogen 
peroxide. 

Studies in healthy subjects indicate that there is no relation between vitamin C dose 
and lower F2-isoprostane levels in urine. In addition, vitamin E supplementation does 
not appear to affect urinary levels of F2-isoprostanes in healthy subjects. In patients 

with elevated F2-isoprostane levels at baseline, however (e.g., smokers), vitamin C (2.0 g 
for 5 d) markedly decreases F2-isoprostane levels. Very similar results are reported in 
patients with liver cirrhosis administered vitamin C supplementation (2.5 g for 10 d). 
Furthermore, patients with type 2 diabetes have elevated levels of F2-isoprostanes, 
which are markedly decreased by vitamin E supplementation (0.6 g/d for 2 wk). 

The MRC/BHF Heart Protection Study, a large secondary prevention trial in patients with 
cardiovascular disease or diabetes, found that a daily cocktail of 250 mg vitamin C, 600 
mg vitamin E, and 20 mg ß-carotene does not reduce mortality from, or incidence of, 
any type of vascular disease, cancer, or other chronic disease. In addition, pooled 
analyses of prevention trials of vitamin E and ß-carotene did not show significant 

benefits for these antioxidants with respect to cancer, cardiovascular disease, or all-cause 
mortality. In fact, the results of the ATBC and CARET trials showed that ß-carotene 
supplements have a markedly adverse effect among active smokers. The question 
regarding the role of oxidative stress in chronic disease remains 
unanswered. 

Dr. Toner commented that there is a need for greater translation of research results for the 
public and media to try to dispel some of the myths about antioxidants and disease 
prevention. People get their information from a variety of sources, and the media have a 
difficult time providing the proper context for health messages. A participant commented 
that the media need to describe the population studied in a reported trial so the public can 
decide if they will have the same risk as that population. 

14.2.0   Role of Mitochondria in Toxic Oxidative Stress  
 
Most of the ATP consumed by energy requiring processes in cells is supplied by 
mitochondrial oxidative phosphorylation. There, in a series of reactions, electrons 
originating from fuel molecules are transferred in a controlled way to oxygen. Upon 
acceptance of four electrons, oxygen is completely reduced to water. Most of the energy 
released during the transfer of these electrons is captured by proton pumps that build-up a 
proton gradient across the mitochondrial membrane. The energy accumulated in this 
protonic gradient is the driving force for the enzyme ATP-synthase that phosphorylates 
ADP to ATP. The ATP formed is exchanged for cytosolic ADP by the adenosine 



nucleotide translocator (ANT), thus providing a continuous supply of ADP necessary to 
sustain the oxidative phosphorylation process.  
 
When the intramitochondrial ADP concentration drops, the process of phosphorylation 
slows down, which in turn lowers the protonic gradient consumption by ATP-synthase. 
This results in a diminished steady state activity of the proton pumps at a higher protonic 
gradient. This increased protonic gradient impairs the flow of electrons through the 
electron transfer chain (ETC). As a consequence electrons accumulate along the ETC. 
This increases the likelihood of accidental transfer of a single electron from the ETC to 
oxygen. By acceptance of a single electron, oxygen is converted to the superoxide anion, 
an oxygen free radical (OFR). Elevated local oxygen concentrations, resulting from the 
decreased flux of oxidative phosphorylation, may further aggravate OFR production. 
Many in vitro studies have documented that ADP deficiency can induce superoxide anion 
and/or OFR production. 

Most reactive intermediates are produced as unavoidable consequences of our existence 
in an aerobic environment. Utilization of O2 for energy production puts us at risk because 
of the generation of reactive oxidants as products of O2 reduction. Mitochondria reduce 
O2 to water via cytochrome oxidase as the final step in respiratory electron transport. 
Although most of the electrons are successfully transferred down the chain, estimates 
suggest that up to 10% of the reducing equivalents from NADH leak to form 
superoxide anion (O2

–) and H2O2, which diffuse from the mitochondria (Floyd, R.A., 
West, M., and Hensley, K. 2001. Oxidative biochemical markers; clues to understanding 
aging in long-lived species. Exp. Gerontol. 36:619-640). 

 Macrophages and neutrophils reduce O2
 to O2

– via NADPH oxidase as part of the host 
defense system. Most of the O2

– generated in inflammatory cells dismutates to form H2O2, 
which is a substrate for myeloperoxidase. O2

– is also generated in epithelial cells by the 
action of an NAPDH oxidase complex that is related to the oxidase complex in 
phagocytic cells but that has a much lower capacity for O2

– generation (Babior, B.M. 
2000. The NADPH oxidase of endothelial cells. IUBMB Life. 50:267-269). The low flux 
of oxidants in epithelial cells is believed to play a role in signaling.  

Some of the following material was abstracted, excerpted or modified from:  Role of 
Mitochondria in Toxic Oxidative Stress. Marc W. Fariss, Catherine B. Chan, Manisha 
Patel, Bennett Van Houten and Sten Orrenius. Molecular Interventions. 5:94-111, (2005) 
 
As regards oxidative stress and oxidative damage, I urge you not to 
believe everything that you hear or read but to seek out truth for 
yourself. 
 
The primary role of mitochondria is the generation of ATP through oxidative 
phosphorylation (OXPHOS) and oxygen consumption. Mitochondrial ATP production 
occurs through the flow of electrons derived predominately from intermediates of the 



tricarboxylic acid cycle such as nicotinamide adenine dinucleotide (NAD) or flavin 
adenine dinucleotide (FAD) reducing equivalents.  
 
These electrons are passed along a series of molecular complexes in the inner 
mitochondrial membrane known as the electron transport system (ETC). As a result of 
this electron transfer, protons are transferred across the inner mitochondrial membrane 
producing a large mitochondrial membrane potential. Energy lost by protons re-entering 
the mitochondrial matrix through F0F1 ATP synthase is used to produce ATP. The final 
electron acceptor is molecular oxygen, which is reduced to water. 
 
Reduced substrates NADH and FADH2 are oxidized, with electrons passing to the 
enzyme complexes of the ETC and the protons (H+) pumped into the intermembrane 
space of the mitochondrion, forming a large mitochondrial membrane potential 
known as the proton-motive force. Energy lost by protons re-entering the mitochondrial 
matrix through ATP synthase is used to power generation of ATP from ADP. Protons 
may also re-enter the matrix via uncoupling proteins, such as UCP2, without production 
of ATP.  
 
Mitochondrial superoxide production can be significantly enhanced if the rate of 
electron transport is limited by the buildup of a large proton gradient in the inner 
mitochondrial membrane (IMM).  
 
Such a proton buildup can occur with abundant fuel supply (NADH production) or with 
the functional impairment of one or more of the electron transport complexes (especially 
complexes I and III).  
 
Based on our present knowledge of mitochondrial function, it is not surprising that 
mitochondrial oxidative stress and mitochondrial oxidative damage have been 
implicated in the etiology of numerous common diseases. These prominent clinical 
conditions include liver disease [e.g., alcoholic, iron overload, or nonalcoholic fatty liver], 
ischemia–reperfusion injury, diabetic complications, neuro-degenerative diseases, 
cancer, aging, and many others. The critical mitochondrial event(s) responsible for 
oxidative stress-mediated diseases have yet to be defined. 
 
Because mitochondrial oxidative damage plays an important role in the etiology of 
numerous oxidative stress–mediated clinical conditions, one possible protective strategy 
would be to enrich tissue mitochondria with antioxidants thereby limiting mitochondrial 
oxidative damage, cellular injury and the initiation and progression of disease. This 
strategy has been employed successfully in recent in vitro and in vivo experiments using 

the administration or induction of enzymatic and nonenzymatic antioxidants that are 
targeted to mitochondria. This has not worked. 
 
The two enzymatic antioxidants mitochondrial phospholipid hydroperoxide glutathione 
peroxidase (PHGPx) and Mn-superoxide dismutase (MnSod, or Sod2) dramatically 
reduce, respectively, lipid hydroperoxide and superoxide anion levels in mitochondria. 
Both enzymes, upon induction or overexpression in cells, effectively limit toxic oxidative 



stress in vitro and in vivo. The overexpression of nonmitochondrial PHGPx 
has often failed, however, to prevent cell death induced by these same 
oxidative insults.  
 
Data from these previous studies support the concept that mitochondrial oxidative damage 
is a critical event responsible for toxic oxidative stress and that the enrichment of 
mitochondria with antioxidants can protect this organelle and the cell from toxic injury. 
The early reports on the cytoprotective ability of mitochondrial enzymatic antioxidants 
have led to the recent synthesis of nonenzymatic antioxidants that are targeted to 
mitochondria. This has not worked either. 
 
Cell culture studies using these mitochondria-targeted antioxidants have demonstrated the 
protective abilities of these molecules against toxic oxidative stress. Yet, huge 
randomized, double blind clinical studies has shown conclusively that this does not 
work in the prevention of cardiovascular disease, strokes, cancer or overall 
mortality. 
 
Though mitochondria-directed antioxidants are in the early stage of development, “they 
hold great promise” as a tool to define the critical mitochondrial events responsible for 
toxic oxidative stress as well as a potential therapy for the treatment of diseases 
associated with oxidative stress.  Actually, I believe that antioxidants hold very little 
promise. 
 
14.2.1    d-alpha tocopherol 
 
d-alpha tocopherol (T) is critical for cytoprotection against toxic oxidative stress. This 

chain-breaking antioxidant is not synthesized by mammalian cells, and once 
membrane T is consumed (oxidized to inactive form) during periods of oxidative stress. 
How could Mother Nature be so stupid? Surprisingly (to these authors), the T content 
in cellular membranes and especially mitochondrial membranes, is maintained at low 

levels and close to the threshold concentration required to halt the propagation of lipid 
peroxidation and the oxidation of cellular proteins and nucleic acids.  Tocopherol levels 
are low because they are not needed and may be harmful. 
 
The concept that enrichment of mitochondria with protective levels of T is critical for 
preventing toxic oxidative stress originated from previous studies demonstrating that the 
treatment of hepatocytes with the succinate ester of T (TS) treatment protected these 
cells from a wide variety of toxic oxidative challenges. Cellular toxicity observed 
following incubation with the toxic agents were not prevented by pretreating 

hepatocytes with equimolar levels of T or TA, in contrast to TS treatment. Both in 
vitro and in vivo studies confirm that TS acts as a unique mitochondrial delivery system 
for T, rapidly accumulating in cellular and mitochondrial membranes and releasing active 
T to prevent mitochondrial oxidative damage and oxidative stress-induced cell death. 
This does not make sense. If T is ineffective, delivering more of it to the cell should 
make no difference. 
 



The TS molecule itself does not possess antioxidant properties (Ray, S.D. and Fariss, 
M.W. Role of cellular energy status in tocopherol hemisuccinate cytoprotection against 
ethylmethanesulfonate-induced toxicity. Arch. Biochem. Biophy. 311, 180–190 (1994), 
thus, the abundance of active unesterified T in liver homogenate and mitochondria 

isolated from TS-treated rats indicates the presence of esterase activity in both 
hepatocytes and their mitochondria to release sufficient T to protect these membranes 
against toxic oxidative damage. As TS is extensively hydrolyzed in the gut upon oral 
administration, parenteral administration of TS is required for the alleged cytoprotective 

properties. In 2006, TS is believed to have tumoricidal properties. 

Unbelievably, the authors of this paper go on to state, “In conclusion, experimental 
evidence clearly supports a protective role for mitochondrial vitamin E enrichment in 
toxic oxidative stress.”  There is no clear support for the protective effects of T and 
there are indicators of it being harmful. 

In human cells, each mitochondrion has approximately fifteen copies of a small genome 
consisting of 16,569 base pairs. This mitochondrial DNA (mtDNA) encodes thirteen 
polypeptides, twenty-two transfer RNAs (tRNAs), and two ribosomal RNAs (rRNAs), all 
of which are essential for electron transport and ATP generation, and consequently for 

normal cellular physiology. MtDNA, therefore, represents a critical cellular target for 
oxidative damage that could lead to lethal injury through the loss of electron transport, 
mitochondrial membrane potential, and ATP generation. 

In addition to mitochondria’s role in energy production and apoptosis, these organelles 
serve as sites of iron-sulfur cluster synthesis. Iron, like oxygen and glucose, is essential 
for life, but together they can form a witch’s brew of highly ROS.  They constitute 
the “essential poisons” discussed by others.  I do not believe that any of them 
(oxygen, iron or glucose) are poisons but are crucial for aerobic life. I believe that it 
takes a warped view to consider these essential aerobic agents as being killers. Try 
living without them! 

14.2.2    Apoptosis 

Apoptosis is a genetically controlled and evolutionarily conserved form of cell death 
essential for normal embryonic development and for the maintenance of tissue 
homeostasis in the adult organism. Apoptotic cell death is triggered by receptor-mediated 
(extrinsic) and mitochondrially-mediated (intrinsic) signaling pathways. 

The release of different proteins from the intermembrane space of the mitochondria is a 
critical early event in mitochondrially mediated apoptotic cell death. Cytochrome c is one 
such protein which, upon extrusion into the cytosol, forms a complex with apoptotic 
protease-activating factor 1 (Apaf-1) and procaspase-9, resulting in the activation of the 
caspase cascade which brings about most of the biochemical and morphological 
alterations characteristic of apoptosis. The detailed mechanisms of cytochrome c release 
from mitochondria remain elusive. 



Cytochrome c is a water-soluble, basic, heme-containing protein that binds to the 
phospholipid cardiolipin (CL) located exclusively on the IMM of eukaryotic cells. CL is 
an anionic phospholipid whose unique structure among phospholipids confers fluidity and 
stability to the mitochondrial membrane. Because ROS are "reactive" they will react with 
other molecules at, or near, the site of ROS production, with cardiolipin especially 
vulnerable because of its unsaturated carbon chains and proximity to ROS-producing sites 
in the IMM. 

Overexpression of antioxidant enzymes, such as MnSod, PHGPx, and thioredoxin confer 
protective effects on cells subjected to ROS-producing apoptotic stimuli. Recent studies 

of mitochondrial peroxiredoxin III and glutaredoxin 2 have further emphasized the 
protection from cardiolipin peroxidation, cytochrome c release and apoptosis offered by 
the mitochondrial antioxidant enzymes. Other mechanisms might contribute to 
cytochrome c detachment under non-oxidant conditions, but they remain to be identified. 

Oxidative stress is generally defined as an imbalance that favors the production of ROS 
over antioxidant defenses; however, the precise mechanisms by which oxygen radicals 
produce cellular injury remain elusive. 

14.3.0    Assessing So-Called Oxidative Stress 

Some of the following material was abstracted, excerpted or modified from:  Focus on 
oxidative stress in the cardiovascular and renal systems. Christopher S. Wilcox and David 
Gutterman. Am J Physiol Heart Circ Physiol 288: H3-H6, 2005. 
 
There are many reactive oxygen species such as superoxide, hydroxyl radical, and 
hydrogen peroxide that are produced by all cell types and can have profound effects on 
the vascular system to impact blood pressure regulation, including positive effects. Most 
recent attention has been paid to the role of superoxide. There are many enzymatic 
sources of superoxide including NADPH oxidase, xanthine oxidase, nitric oxide synthase, 
and cytochrome P450. 
 
Current reviews detail the increasing recognition that oxidative stress perhaps plays 
an important role not only in the regulation of pathological changes in the blood 
vessel, heart (Griendling KK and FitzGerald GA. Oxidative stress and cardiovascular 
injury. Part II. Animal and human studies. Circulation 108: 2034–2040, 2003), and 
kidneys (Schnackenberg CG. Physiological and pathophysiological roles of oxygen 
radical in the renal microvasculature. Am J Physiol Regul Integr Comp Physiol 282: 
R335–R342, 2002), but also in regulating normal physiological adaptation 

of these systems  (Kitiyakara C, Chabrashvili T, Chen Y, Blau J, Karber A, Aslam S, 
Welch WJ, and Wilcox CS. Salt intake, oxidative stress and renal expression of NADPH 
oxidase and superoxide dismutase. J Am Soc Nephrol 14: 2775–2782, 2003) (Ortiz PA 
and Garvin JL. Role of nitric oxide in the regulation of nephron transport. Am J Physiol 
Renal Physiol 282: F777–F784, 2002) (Ren Y, Garvin JL, Ito S, and Carretero OA. Role 
of neuronal nitric oxide synthase in the macula densa. Kidney Int 60: 1676–1683, 2001) 
(Touyz RM and Schiffrin EL. Signal transduction mechanisms mediating the 



physiological and pathophysiological actions of angiotensin II in vascular smooth muscle 
cells. Pharmacol Rev 52: 639–672, 2000) (Ullrich V and Bachschmid M. Superoxide as a 
messenger of endothelial function. Biochem Biophys Res Commun 278: 1–8, 2000) 
(Wilcox CS. Reactive oxygen species: role in blood pressure and kidney function. Curr 
Hypertens Rep 4: 160–166, 2002) (Wilcox CS. Redox regulation of the afferent arteriole 
and tubuloglomerular feedback. Acta Physiol Scand 179: 217–223, 2003) (Wilcox CS 
and Welch WJ. Oxidative stress: cause or consequence of hypertension? Exp Biol Med 
226: 619–620, 2001) (Wolin MS, Gupte SA, and Oeckler RA. Superoxide in the vascular 
system. J Vasc Res 39: 191–207, 2002). 
 

Oxidative stress remains an elusive phenomenon. I believe this is because it does not 
exist as defined by Sies. It is difficult even to define. It represents an excess of reactive 
oxygen species (ROS) in the tissues under consideration or in the whole body. This 
implies either an increased production of ROS, for example, by specific oxidase such as 
NADPH oxidase, xanthine/xanthine oxidase, various arachidonic acid monooxygenases, 
or the mitochondrial respiratory chain. Alternatively, it may derive from a failure to 
metabolize ROS. The major pathways for metabolism are superoxide dismutase (SOD), 
which is expressed as extracellular (EC), intracellular, and mitochondrial isoforms that 
metabolize superoxide anion (O2

–·) to H2O2. Peroxidases such as catalase and glutathione 
peroxidase (predominantly intracellular) further metabolize H2O2 to O2 and water. 
However, such a definition is highly simplistic because of the other, biologically 
important, ROS such as hydroxyl anion (·OH) formed from H2O2, peroxynitrate (ONOO–) 
formed principally by the interaction of nitric oxide (NO) and O2

– or ·OH, or 
hypochlorous acid formed by myeloperoxidase. There are multiple other reaction 

products with other mediators. Important interactions occur between ROS and NO where 
O2

–· not only reduces NO bioactivity by shortening its half-life but also generates highly 
reactive species such as ONOO– that are themselves implicated in oxidative and 
nitrosating reactions.  

No less problematic is the quantitative assessment of oxidative stress. At the level of the 
whole animal, use is often made of the appearance of oxidized end products of ROS 
metabolism. These end-products include lipid peroxidation products such isoprostanes, 
which are formed predominantly nonenzymically by the interaction of O2

–· with 
arachidonate or malondialdehyde. More stable and long-lasting products include oxidative 
modifications of DNA. ONOO– can be assessed semiquantitatively from nitrosation of 
tyrosine epitopes in proteins, but the reaction products are difficult to quantify by Western 
blot analysis. Moreover, this reaction also is influenced by nitrase, which generates NO2

– 
and reverses the tyrosine nitration. At the level of the isolated vessels or single cells, 
fluorescent probes to detect O2

–·, H2O2, ONOO–, and NO are receiving increasing 
attention. A particularly promising technique is to assess the redox ratio of biologically 
determined products such as oxidized:reduced thiols (e.g., cysteine or homocysteine) or 
oxidized:reduced nucleotides (e.g., flavin adenine dinucleotide) within cells. Because the 
thiols are in redox equilibrium throughout the body, this is an attractive technique to 
sample the redox chemistry of the body or a particular tissue. However, this approach 
may break down where the thiol-redox pair is determined by specific enzyme regulations, 



for example, the oxidized:reduced ratio of glutathione is under the control of glutathione 
peroxidase and reductase that may be as important as the redox state in governing the 
thiol pair ratio. Nevertheless, assessment of appropriate redox pairs gets more directly at 

the problem of quantitating the redox state within the cells and tissues under study.  

Initial interest in ROS as vasoactive mediators focused particularly on O2
–· and its 

interaction with NO as a mechanism to explain endothelial dysfunction and renal 
vasoconstriction, for example, in ANG II-induced hypertension. Pallone and colleagues 
report their study of microvascular O2

–· and NO generation assessed directly in vasa recta 
dissected from the rat kidney medulla. They show that, unlike renal afferent arterioles, 
chronic ANG II does not stimulate O2

–· generation in vasa recta and indeed enhances NO 
generation leading to a diminished ANG II constriction (Zhang Z, Rhinehart K, Solis G, 
Pittner J, Kwon W, Welch WJ, Wilcox CS, and Pallone TL. Chronic Ang II infusion 
increases NO generation by rat descending vasa recta. Am J Physiol Heart Circ Physiol 
288: H29–H36, 2005).  

Increasing interest focuses on the role of H2O2 (Liu Y, Zhao H, Li H, Kalyanaraman B, 
Nicolosi AC, and Gutterman DD. Mitochondrial sources of H2O2 generation play a key 
role in flow-mediated dilation in human coronary resistance arteries. Circ Res 93: 573–
580, 2003) (Makino A, Skelton MM, Zou AP, and Cowley AW Jr. Increased renal 
medullary H2O2 leads to hypertension. Hypertension 42: 25–30, 2003).  
 

This can be active itself or be further metabolized to highly reactive species such as ·OH. 
Hatoum et al. report their studies of human submucosal intestinal vessels where H2O2 
is a vasoactive mediator (Hatoum OA, Binion DG, Miura H, Telford G, Otterson MF, 
and Gutterman DD. The role of hydrogen peroxide in ACh-induced dilation of human 
submucosal intestinal microvessels. Am J Physiol Heart Circ Physiol 288: H48–H54, 
2005). One pathway is for H2O2 to act as an endogenous endothelium-derived 
hyperpolarizing factor (EDHF).  
 
H2O2 was considered to be generated in endothelial cells and to activate potassium 
channels in vascular smooth muscle cells, thereby causing hyperpolarization and 
diminished reactivity. The source of H2O2 in the endothelial cells, its transmembrane 
passage, and the details of its interaction with specific channels on vascular smooth 
muscle cells were unclear. The new findings of Hatoum et al.( Hatoum OA, Binion DG, 
Miura H, Telford G, Otterson MF, and Gutterman DD. The role of hydrogen peroxide in 
ACh-induced dilation of human submucosal intestinal microvessels. Am J Physiol Heart 
Circ Physiol 288: H48–H54, 2005) are that endothelial production of H2O2 does indeed 
occur in response to acetylcholine but that H2O2 is not simply acting on EDHF in 
their vessels. They provide evidence that H2O2 functions rather to release an EDHF. 
Increasing evidence suggests that EDHF may be at least as important as endothelium-
derived relaxing factor-NO in the regulation of  tone and contractility of the resistance 
vessels, whereas NO is generally of predominant importance in the large conduit vessels. 
 
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 to any 
significant extent. 
 
Fitzpatrick et al. report that a period of adaptation to hypoxia after birth confers 
prolonged protection against cardiac ischemia in the rabbit (Fitzpatrick CM, Shi Y, 
Hutchins WC, Su J, Gross GJ, Ostadal B, Tweddell JS, and Baker JE. Cardioprotection in 
chronically hypoxic rabbits persists upon exposure to normoxia: role of nitric oxide 
synthase and KATP channels. Am J Physiol Heart Circ Physiol 288: H62–H68, 2005). 
 
Recent studies have indicated that a hyperglycemia-induced overproduction of 
superoxide seems to be the first and main event in the activation of all pathways involved 
in the pathogenesis of complications of diabetes. Superoxide overproduction is 
accompanied by increased generation of nitric oxide and, consequently, formation of the 
strong oxidant peroxynitrite and by poly(adenosine diphosphate-ribose) polymerase 
activation, which in turn further activates the pathways involved in the pathogenesis of 
diabetes-related complications. This process results in acute endothelial dysfunction and 
activation of inflammation in blood vessels of patients with diabetes, and these factors 
contribute to the development of complications of diabetes. Conclusion: Some in vivo 
evidence supports the major contribution of hyperglycemia in producing oxidative 
stress and, ultimately, acute endothelial dysfunction in blood vessels of patients with 
diabetes (Oxidative Stress and Diabetes-associated Complications. Ceriello PA. Endocr 
Pract. 2006 January-February; 12 Suppl:60-62). I do not trust this set of inconsistent in 
vivo studies. 
 

Reactive oxygen species elicit vascular effects ranging from acute dilatation 
because of hydrogen peroxide-mediated opening of K+ channels to contraction 
arising from superoxide-dependent inactivation of endothelium-derived nitric oxide. 
Given that NADPH oxidases are major sources of superoxide in the vascular wall, 
Judkins et al. examined the effects of exogenous NADPH, a substrate of these enzymes, 
on superoxide generation and isometric tone in mouse isolated aortic rings. NADPH 
caused concentration-dependent increases in superoxide generation (measured by 
lucigenin-enhanced chemiluminescence) and vascular tone. However, surprisingly, 
whereas oxidized NADP+ was unable to support superoxide production, it was 
equally as effective as reduced NADPH at stimulating vasocontraction. In addition, 
an NADPH oxidase inhibitor, diphenyleneiodonium, markedly 

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


attenuated NADPH-induced superoxide production, yet had no effect on 
vasocontractions to NADPH. In contrast, a broad specificity P2X receptor 
antagonist, pyridoxalphosphate-6-azophenyl-2',4'-disulfonic acid, as well as the P2X1 
selective antagonist, NF023, markedly attenuated both endothelium-dependent and -
independent vasocontractions to NADPH, as did the P2X-desensitizing agent , -
methylene-ATP. Importantly, , -methylene-ATP had no effect on superoxide production 

induced by NADPH. In conclusion, these findings suggest little role for NADPH 
oxidase-derived superoxide in the contractile effects of NADPH in the mouse aorta. 
Rather, NADPH seems to act as an agonist at two distinct P2X receptor populations; one 
located on the endothelium and the other on smooth muscle layer, both of which 
ultimately lead to contraction (NADPH-Induced Contractions of Mouse Aorta Do Not 
Involve NADPH Oxidase: A Role for P2X Receptors. Courtney P. Judkins et al. JPET 
317:644-650, 2006). 
 
Although there is considerable enthusiasm for the involvement of NADPH oxidases in 
the pathogenesis of vascular disease, much of the supportive evidence is circumstantial 
(Oxidative Stress and the Vascular Wall. John F. Keaney, Jr, MD Circulation. 
2005;112:2585-2588). However, Keaney also states that, “It is clear that NADPH 
oxidases play a role in vascular pathology and the control of vascular phenotype.” 

Some of the following material was abstracted, excerpted or modified form:  Oxidative 
Stress: The Lead or Supporting Actor in the Pathogenesis of Diabetic 
Complications. Tatsuya Kuroki, Keiji Isshiki and George L. King. J Am Soc Nephrol 
14:S216-S220, 2003. 
 
14.3.1    So Called Oxidative stress 
 
Oxidative stress is increased in both diabetic and insulin resistance states and may 
contribute to the development of microvascular and cardiovascular diseases associated 
with both of these syndromes (Duckworth WC: Hyperglycemia and cardiovascular 
disease. Curr Atheroscler Rep 3: 383–391, 2001) (Giugliano D, Ceriello A, Paolisso G: 
Oxidative stress and diabetic vascular complications. Diabetes Care 19: 257–267, 1996) 
(Egan BM, Greene EL, Goodfriend TL: Insulin resistance and cardiovascular disease. Am 
J Hypertens 14: 116S–125S, 2001) (Ginsberg HN: Insulin resistance and cardiovascular 
disease. J Clin Invest 106: 453–458, 2000).  
 
In addition, oxidative stress has been suggested to cause abnormalities of insulin 
secretion and actions. There is a great deal of evidence that oxidant productions are 
increased in vascular cells exposed to elevated levels of glucose and in various 
cardiovascular tissues derived from diabetic and insulin-resistant states. However, 
controversy exists as to the role of oxidative stress in the pathogenesis of diabetic 
microvascular and cardiovascular complications (Lonn E, Yusuf S, Hoogwerf B, Pogue J, 
Yi Q, Zinman B, Bosch J, Dagenais G, Mann JF, Gerstein HC: Effects of vitamin E on 
cardiovascular and microvascular outcomes in high-risk patients with diabetes: Results of 
the HOPE study and MICRO-HOPE substudy. Diabetes Care 25: 1919–1927, 2002). 
 



14.3.2    Results of the HOPE Study and MICRO-HOPE Substudy 

The effects of vitamin E supplementation on major CV outcomes and on the development 
of nephropathy in people with diabetes was evaluated.  The Heart Outcomes Prevention 

Evaluation (HOPE) trial is a randomized clinical trial with a 2 x 2 factorial design, which 
evaluated the effects of vitamin E and of ramipril in patients at high risk for CV events. 
There were 3,654 people with diabetes. Vitamin E had a neutral effect on the primary 
study outcome (relative risk = 1.03, 95% CI 0.88–1.21; P = 0.70), on each component of 
the composite primary outcome, and on all predefined secondary outcomes.  

CONCLUSIONS—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).  
 
14.3.3   Plasma and cellular antioxidants not consistently decreased in diabetes 
 
Although numerous reports have substantiated that oxidant productions are increased in 
diabetes, clinical evidence for tissue damage as results of oxidative stress 
has not been clearly demonstrated because both plasma and cells contain a large 
reserve of antioxidants. In fact, the levels of the various antioxidants in the 
plasma and cells have not consistently been shown to be decreased in the 
diabetic states (Ruiz C, Alegria A, Barbera R, Farre R, Lagarda MJ: Lipid 
peroxidation and antioxidant enzyme activities in patients with type 1 diabetes mellitus. 
Scand J Clin Lab Invest 59: 99–105, 1999) (Campoy C, Baena RM, Blanca E, Lopez-
Sabater C, Fernandez-Garcia JM, Miranda MT, Molina-Font JA, Bayes R: Effects of 
metabolic control on vitamin E nutritional status in children with type 1 diabetes mellitus. 
Clin Nutr 22: 81–86, 2003) (Will JC, Ford ES, Bowman BA: Serum vitamin C 
concentrations and diabetes: Findings from the Third National Health and Nutrition 
Examination Survey, 1988–1994. Am J Clin Nutr 70: 49–52, 1999). 
 
14.3.4   Findings from the third National Health and Nutrition Examination Survey, 
1988–1994  
Vit C does not change according to diabetic status 

Previous studies suggested that diabetes mellitus may lower serum vitamin C 
concentrations, but most of these studies used clinic-based populations with established 
diabetes of varying duration and did not adjust for important covariates. Using a 
population-based sample and adjusting for important covariates, we asked whether serum 
vitamin C concentrations in persons with newly diagnosed diabetes differed from those in 
persons without diabetes. Data were obtained from the third National Health and 

Nutrition Examination Survey (1988–1994). Serum vitamin C was assayed by using 
reversed-phase HPLC with multiwavelength detection. Diabetes status (n = 237 persons 



with diabetes; n = 1803 persons without diabetes) was determined by oral-glucose-
tolerance testing of the sample aged 40–74 y. After adjustment for age and sex, mean 
serum vitamin C concentrations were significantly lower in persons with newly diagnosed 
diabetes than in those without diabetes. After adjustment for dietary intake of 
vitamin C and other important covariates, however, mean 
concentrations did not differ according to diabetes status.  

Conclusion: When assessing serum vitamin C concentrations by diabetes status in the 
future, researchers should measure and account for all factors that influence serum 
vitamin C concentrations (Serum vitamin C concentrations and diabetes: findings from 
the third National Health and Nutrition Examination Survey, 1988–1994 Julie C Will, 
Earl S Ford and Barbara A Bowman. American Journal of Clinical Nutrition, Vol. 70, 
No. 1, 49-52, July 1999). 

Increases in oxidant production, observed in diabetes and insulin-resistant states, are the 
products of metabolisms of hyperglycemia, FFA, and other metabolites, which are the 
results of insulin deficiency and resistance. For hyperglycemia, increases in oxidant 
productions are due to multiple processes. Glucose can undergo nonenzymatic reactions 
forming gluco-oxidants and glycated products, which can be oxidants.  

Metabolisms of the excessive intracellular glucose can occur by several processes such as 
aldose reductase, mitochondrial oxidative phosphorylation, activation of oxidases, and 
alteration of NADPH/NADP ratios. Among these possibilities, recent focus has been on 
mitochondrial metabolism and activation of NADPH oxidases. Suggestions have been 
made that most glucose-induced oxidants are derived from glycolysis and mitochondrial 
oxidative phosphorylation with the productions of superoxide.  

In addition, byproducts of this process will cause the activation of signaling cascades such 
as activation of protein kinase C (PKC), hexosamine productions, increase flux via aldose 
reductase (AR), and glycated products. However, other authors have reported that the 
metabolism of high glucose levels can activate NADPH oxidase in the vascular cells 
independent of mitochondrial metabolisms. One mechanism that can increase NADPH 
oxidase activity is the activation of PKC, which is elevated by glucose-induced elevation 
of diacylglycerol (DAG) via de novo synthesis pathway. Thus, it is very likely that 
hyperglycemia is increasing oxidant production by multiple pathways rather than a 
single dominant route. This is an important distinction because it is much simpler to 
design therapeutic agents for one target than for multiple pathways.  

Although clear and direct answers are not available, it is likely that the importance of 
oxidative stress in causing tissue damage is tissue specific. Clinical evidence suggests 
that increases in oxidative stress could be very important for the acceleration in 
cardiovascular risks that are observed in both diabetes and insulin resistance in which 
either hyperglycemia or elevated FFA exist.  
 
However, it is difficult to assign oxidative stress the lead role in diabetic 
microvascular complications, including nephropathy and retinopathy, because classical 



pathologies of diabetic retina and glomeruli are rarely observed in insulin-resistant 

patients without diabetes, even though both hyperglycemia and FFA can increase 
superoxide productions from the mitochondrial metabolism. Thus, it is possible 
that oxidative stress could be playing a supportive but not the lead or 
initiation role in diabetic microvascular diseases. I believe that so called 
oxidative stress is an innocent audience member. 
 
 
 

Test tube biochemical experiments utilize a dead gumbo; 
whereas, the breathing human body 
is a miraculous, functioning complex  

of compartmentalization,  
with instantaneous inter- and intra-cellular cross talk, 

 demonstrating the amazing ability of self control. 
No wonder we can not generalize the result of one to the other. 

Scientists attempt to compare two different beasts: 
one, living and the other, dead 

and express dismay when their results do not extrapolate. 
Can the professed brilliant really 

be that dumb? 
So,…….. go figure. 

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

 
 
 
 
 
14.4.0    Antioxidant trials 
Antioxidant treatments may be effective to prevent or delay the onset of diabetic 
complications and this has been tested in cultured vascular cell, animal models of 
diabetes and in patients with diabetes. In general, many types of antioxidants have been 
studied, including vitamin C, vitamin E, -carotene, lipoic acids, and many others 
(Kowluru RA, Kennedy A: Therapeutic potential of anti-oxidants and diabetic 
retinopathy. Expert Opin Investig Drugs 10: 1665–1676, 2001) (Haak E, Usadel KH, 
Kusterer K, Amini P, Frommeyer R, Tritschler HJ, Haak T: Effects of alpha-lipoic acid 
on microcirculation in patients with peripheral diabetic neuropathy. Exp Clin Endocrinol 
Diabetes 108: 168–174, 2000) (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 Care 22: 1245–1251, 1999) (Packer L, Kraemer K, Rimbach G: Molecular 
aspects of lipoic acid in the prevention of diabetes complications. Nutrition 17: 888–895, 



2001) (Ruhe RC, McDonald RB: Use of antioxidant nutrients in the prevention and 
treatment of type 2 diabetes. J Am Coll Nutr 20: 363S–369S;discussion 381S–383S, 
2001). 

The addition of antioxidants such as vitamins C and E, lipoic acid, antioxidative enzymes, 
taurine, acetylcysteine, and others has been reported to prevent hyperglycemia-induced 
biologic changes such as cytokine induction, matrix synthesis, and cellular growth and 
turnover. Thus, a great deal of supportive evidence is available to suggest that oxidative 
stress is an important pathway activated by high glucose levels to cause many surrogate 
markers of diabetic vascular and neurologic pathologies. Yet, we have failed to prevent 
diabetes with the use of any combination of antioxidants. 

14.4.1  Animal Studies 
 
Multiple antioxidants have been studied in diabetic and in insulin-resistant animals, 
mostly rodents, to determine whether antioxidants are effective in preventing or delaying 
the onset of vascular and neurologic functions (Giugliano D, Ceriello A, Paolisso G: 
Oxidative stress and diabetic vascular complications. Diabetes Care 19: 257–267, 1996) 
(Cameron NE, Cotter MA: Effects of antioxidants on nerve and vascular dysfunction in 
experimental diabetes. Diabetes Res Clin Pract 45: 137–146, 1999).  
 
Some favorable results have been reported on early changes of diabetic nephropathy, 
neuropathy, retinopathy, endothelial dysfunction, and other surrogate markers of 
atherosclerosis. 
 
14.4.2  alpa-Lipoic acid 

-Lipoic acid, a superoxide scavenger, is needed to regenerate glutathione and oxidized 
vitamins C and E in animal models of diabetes. Vitamins C and E and -lipoic acid 
have been shown to improve nerve conduction velocity and blood flow to the 
peripheral nerves, retinal leukocyte adhesions, cataract formation, and mesangial 
expansion, suggesting that it may be effective to treat diabetic complications (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 Care 22: 1245–1251, 1999) (Studer 
RK, Craven PA, DeRubertis FR: Antioxidant inhibition of protein kinase C-signaled 
increases in transforming growth factor-beta in mesangial cells. Metabolism 46: 918–925, 
1997) (Cameron NE, Cotter MA: Effects of antioxidants on nerve and vascular 
dysfunction in experimental diabetes. Diabetes Res Clin Pract 45: 137–146, 1999) (Koya 
D, Lee IK, Ishii H, Kanoh H, King GL: Prevention of glomerular dysfunction in diabetic 
rats by treatment with d-alpha-tocopherol. J Am Soc Nephrol 8: 426–435, 1997) (Gaede 
P, Poulsen HE, Parving HH, Pedersen O: Double-blind, randomised study of the effect of 
combined treatment with vitamin C and E on albuminuria in type 2 diabetic patients. 
Diabet Med 18: 756–760, 2001) (Kunisaki M, Bursell SE, Clermont AC, Ishii H, Ballas 
LM, Jirousek MR, Umeda F, Nawata H, King GL: Vitamin E prevents diabetes-induced 



abnormal retinal blood flow via the diacylglycerol-protein kinase C pathway. Am J 
Physiol 269: E239–E246, 1995).  

Oxidative stress may play a role in the pathophysiology of diabetes and cardiovascular 
disease, but little is known about antioxidant status among individuals with the metabolic 
syndrome who are at high risk for developing these conditions. Using data from the 
Third National Health and Nutrition Examination Survey (1988–1994), they 
compared circulating concentrations of vitamins A, C, and E; retinyl esters; five 
carotenoids; and selenium in 8,808 U.S. adults aged 20 years with and without the 
metabolic syndrome. After adjusting for age, sex, race or ethnicity, education, smoking 
status, cotinine concentration, physical activity, fruit and vegetable intake, and vitamin or 
mineral use, participants with the metabolic syndrome had significantly lower 
concentrations of retinyl esters, vitamin C, and carotenoids, except lycopene. With 
additional adjustment for serum lipid concentrations, vitamin E concentrations were 
significantly lower in participants with the metabolic syndrome than those without the 
syndrome. Retinol concentrations were similar between the two groups. After excluding 

participants with diabetes, the results were very similar. Consumption of fruits and 
vegetables was also lower among people with the metabolic syndrome. Adults with the 
metabolic syndrome have suboptimal concentrations of several antioxidants, which 
may partially explain their increased risk for diabetes and cardiovascular disease (The 
Metabolic Syndrome and Antioxidant Concentrations. Findings From the Third National 
Health and Nutrition Examination Survey. Earl S. Ford, Ali H. Mokdad, Wayne H. Giles, 
and David W. Brown. Diabetes 52:2346-2352, 2003). 

However, -lipoic acid was able to normalize other metabolic abnormalities of diabetes 
such as improved glycemic control. Thus, it is unclear whether the effects of -lipoic 
acids are due only to its antioxidant actions or may mediate some of its actions in 
improving glycemic actions in diabetic animals (Greene EL, Nelson BA, Robinson KA, 
Buse MG: Alpha-lipoic acid prevents the development of glucose-induced insulin 
resistance in 3T3-L1 adipocytes and accelerates the decline in immunoreactive insulin 
during cell incubation. Metabolism 50: 1063–1069, 2001).  

14.4.3   Vitamins C and E 

In general, vitamin C or E either individually or in combination normalized many 

parameters of oxidative stress such as lipid peroxidation, increasing isoprostanes, 
plasma malondialdehyde (MDA), and cellular markers of oxidative stress such as NF-kB 
in diabetic animals. Besides biochemical changes, many early or functional markers of 
diabetic retinopathy, nephropathy, neuropathy, and even cardiovascular disease have been 
reported to be prevented or reversed, including blood flow, nerve conduction velocity, 
permeability, endothelial dysfunctions, albuminuria, and vascular contractility. A few 
reports have shown that vitamins C and E may even prevent late or pathology changes in 
retina and peripheral nerves of diabetic animals. Yet, diabetes continues its ravaging 
course, thus, it must not work in patients. 



For vitamin E, studies using supra-antioxidant doses have reported to normalize oxidative 
stress parameters and inhibit hyperglycemia induced DAG/PKC activation and the 

associated vascular dysfunctions in the retina and renal glomeruli. The mechanisms of 
action of high doses of vitamin E to prevent diabetic complications are unclear. 
Besides the neutralization of superoxide and lipid peroxidation, vitamin E, especially d- -
tocopherol, at 50 µM or higher can activate DAG kinase and decrease DAG level, leading 
to decrease in PKC activities. This unusual effect of d- -tocopherol has been reported in 
the retina, renal glomeruli, and macrophages isolated or derived from diabetic animals  
and in other cell types such as aortic smooth muscle cells in response to several other 

growth factors.  

The results of antioxidant treatment in diabetic animals have been mostly positive, but 

the end points are usually early changes or potential surrogate markers of vascular and 
neurologic complications. No significant untoward side effects have been reported in 
diabetic animals at either low or high doses. Very few of the studies have shown 

that antioxidant treatment will prevent or delay changes in the 
pathologies of diabetic microvascular or cardiovascular diseases except 
early nonproliferative microvascular changes in the retina (Kowluru RA, 
Kennedy A: Therapeutic potential of anti-oxidants and diabetic retinopathy. Expert Opin 
Investig Drugs 10: 1665–1676, 2001).  

Vitamin C acts as a potent antioxidant; however, it can also be a prooxidant and glycate 
protein under certain circumstances in vitro. These observations led us to hypothesize that 
a high intake of vitamin C in diabetic persons might promote atherosclerosis. The 
objective was to examine the relation between vitamin C intake and mortality from 
cardiovascular disease. We studied the relation between vitamin C intake and mortality 
from total cardiovascular disease (n = 281), coronary artery disease (n = 175), and stroke 
(n = 57) in 1923 postmenopausal women who reported being diabetic at baseline. Diet 
was assessed with a food-frequency questionnaire at baseline, and subjects initially free of 
coronary artery disease were prospectively followed for 15 y. 

After adjustment for cardiovascular disease risk factors, type of diabetes medication used, 
duration of diabetes, and intakes of folate, vitamin E, and ß-carotene, the adjusted relative 
risks of total cardiovascular disease mortality were 1.0, 0.97, 1.11, 1.47, and 1.84 (P for 
trend < 0.01) across quintiles of total vitamin C intake from food and supplements. 
Adjusted relative risks of coronary artery disease were 1.0, 0.81, 0.99, 1.26, and 1.91 (P 
for trend = 0.01) and of stroke were 1.0, 0.52, 1.23, 2.22, and 2.57 (P for trend < 0.01). 
When dietary and supplemental vitamin C were analyzed separately, only supplemental 
vitamin C showed a positive association with mortality endpoints. Vitamin C intake was 
unrelated to mortality from cardiovascular disease in the nondiabetic subjects at baseline.  

14.4.4   High Vit C is risk for CVD mortality in postmenopausal diabetic women 

Conclusion: A high vitamin C intake from supplements is associated with an 
increased risk of cardiovascular disease mortality in postmenopausal 



women with diabetes (Does supplemental vitamin C increase cardiovascular disease 
risk in women with diabetes? Duk-Hee Lee, Aaron R Folsom, Lisa Harnack, Barry 
Halliwell and David R Jacobs, Jr. American Journal of Clinical Nutrition, Vol. 80, No. 5, 
1194-1200, November 2004).  

Vitamin C acts as a potent antioxidant by scavenging physiologically relevant reactive 
oxygen, chlorine, and nitrogen species (Frei B, England L, Ames BN. Ascorbate is an 
outstanding antioxidant in human blood plasma. Proc Natl Acad Sci U S A 
1989;86:6377-81) (Halliwell B. Vitamin C: antioxidant or pro-oxidant in vivo? Free 
Radic Res 1996;25:439-54).  

Vitamin C can also be a prooxidant in vitro under certain circumstances (Halliwell 
B. Vitamin C: antioxidant or pro-oxidant in vivo? Free Radic Res 1996;25:439-54) 
(Podmore ID, Griffiths HR, Herbert KE, Mistry N, Mistry P, Lunec J. Vitamin C exhibits 
pro-oxidant properties. Nature 1998;392:559) (Lee SH, Oe T, Blair IA. Vitamin C-
induced decomposition of lipid hydroperoxides to endogenous genotoxins. Science 
2001;292:2083-6) and can glycate protein (Lee KW, Mossine V, Ortwerth BJ. The 
relative ability of glucose and ascorbate to glycate and crosslink lens proteins in vitro. 
Exp Eye Res 1998;67:95-104).  

Plasma vitamin C is often subnormal in diabetic persons (Will JC, Byers T. Does 
diabetes mellitus increase the requirement for vitamin C? Nutr Rev 1996;54:193-2026 
(Will JC, Ford ES, Bowman BA. Serum vitamin C concentrations and diabetes: findings 
from the third National Health and Nutrition Examination Survey, 1988–1994. Am J Clin 
Nutr 1999;70:49-52). I believe that this is defensive move by the body such that it 
does not worsen EMOD deficiencies. 

The implication is that the correction of these subnormal concentrations would be 
beneficial, but few data exist to support this hypothesis. Therefore, we examined the 
relation of vitamin C intake to mortality from coronary artery disease (CAD), stroke, or 
total cardiovascular disease (CVD) in women with diabetes by analyzing data from the 
Iowa Women's Health Study.  

14.4.5   Iowa Women's Health Study Cohort 

Methods for the Iowa Women's Health Study recruitment and data collection were 
published previously. Briefly, this study was designed to examine associations between 
several host, dietary, and lifestyle factors and the incidence of cancer and mortality in 41 
836 postmenopausal women aged 55–69 y who completed a 16-page self-administered 
questionnaire at baseline in January 1986. Of the women who returned the 1986 baseline 
questionnaire, 99% were white, 34% resided in cities with a population of 10 000, and 
27% lived in a rural area. Follow-up questionnaires were mailed in 1987, 1989, 1992, and 
1997 (response rates of 91%, 89%, 83%, and 79%, respectively) to identify emigrants 

from Iowa and deaths.  

http://www.ajcn.org/cgi/content/full/80/5/1194


Women who consumed more vitamin C consumed less saturated fat, less trans fat, more 
vitamin E, more ß-carotene, and more folate. The women with diabetes had a higher CVD 
mortality if they had a history of hypertension, had a higher waist-hip ratio(WHR), were 

cigarette smokers, had a higher saturated fat intake, reported less physical activity, did not 
use postmenopausal hormones, or had a lower folate intake. Compared with women 
who did not take any diabetic medication, users of insulin or oral agents had a 
higher CVD mortality.  After adjustment for age and total energy intake, total 
vitamin C intake from food and supplements tended to be positively 
associated with mortality from total CVD, CAD, and stroke. Given the 
strong associations of vitamin C with many factors that are inversely related to CVD, 
additional adjustment for CVD risk factors, type of diabetes medication, duration of 
diabetes, and other nutrients made the association stronger. 

Vitamin C intake from supplements was positively related to mortality from all CVD, 
CAD, and stroke among postmenopausal women who reported diabetes at baseline. No 
such association was observed among women who did not have diabetes at baseline. I 
believe that this is due to the fact that diabetics have immunosuppression and low 
EMOD levels.  Thus, adding an antioxidant only lowers the EMOD level and thus 
“allows” the manifestation of atherosclerosis, heart attack and stroke 

Vitamin C is a known antioxidant, and patients with type 2 diabetes might interpret 
general advice to consume more vegetables and fruit to include supplemental vitamin C. 
However, if this were true, other nutrients with characteristics similar to vitamin C for 
which similar recommendations exist should also show a positive association with CVD 
mortality. However, vitamin E and ß-carotene intakes were not associated with CVD 
mortality, and folate intake showed an inverse association. Therefore, they think that 
confounding was an unlikely explanation of the positive association between 
supplementary vitamin C and CVD among these postmenopausal women with diabetes. 

If the observed association of supplemental vitamin C and risk for CVD is not a chance 
occurrence, what might be the mechanism of this apparent deleterious effect of extra 
vitamin C in diabetes? They present 3 possibilities. It is known that vitamin C may act 

as a prooxidant in the presence of free iron in vitro.  In some persons with diabetes, 
there might be iron overload and a disturbance of iron metabolism, possibly inducing free 
iron. Alternatively, vitamin C can cause damage by glycating proteins or by stimulating 
lipid peroxidation (Lee SH, Oe T, Blair IA. Vitamin C-induced decomposition of lipid 
hydroperoxides to endogenous genotoxins. Science 2001;292:2083-6).  

Some studies found that vitamin C supplementation reduces oxidative stress in type 
2 diabetic persons (Timimi FK, Ting HH, Haley EA, Roddy MA, Ganz P, Creager MA. 
Vitamin C improves endothelium-dependent vasodilation in patients with insulin-
dependent diabetes mellitus. J Am Coll Cardiol 1998;31:552-7) (Upritchard JE, 
Sutherland WH, Mann JI. Effect of supplementation with tomato juice, vitamin E, and 
vitamin C on LDL oxidation and products of inflammatory activity in type 2 diabetes. 
Diabetes Care 2000;23:733-8). I believe that this antioxidant effect is responsible for 
the increased CVD, CAD and stroke, due to its effect on EMODs.  



Even though vitamin C is a well-known strong antioxidant and a higher intake of fruit 
and vegetables has been known to be beneficial in preventing CVD, the findings 
concerning a protective effect of vitamin C intake on CVD have been unclear. 

Observational evidence that vitamin C intake decreases CVD risk is 
inconsistent, especially after adjustment for vitamin E intake (Rimm EB, 
Stampfer MJ, Ascherio A, Giovannucci E, Colditz GA, Willett WC. Vitamin E 
consumption and the risk of coronary heart disease in men. N Engl J Med 
1993;328:1450-6) (Stampfer MJ, Hennekens CH, Manson JE, Colditz GA, Rosner B, 
Willett WC. Vitamin E consumption and the risk of coronary disease in women. N Engl J 
Med 1993;328:1444-9) (Losonczy KG, Harris TB, Havlik RJ. Vitamin E and vitamin C 
supplement use and risk of all-cause and coronary heart disease mortality in older 
persons: the Established Populations for Epidemiologic Studies of the Elderly. Am J Clin 
Nutr 1996;64:190-6) (Enstrom JE, Kanim LE, Klein MA. Vitamin C intake and mortality 
among a sample of the United States population. Epidemiology 1992;3:194-202) (Kushi 
LH, Folsom AR, Prineas RJ, Mink PJ, Wu Y, Bostick RM. Dietary antioxidant vitamins 
and death from coronary heart disease in postmenopausal women. N Engl J Med 
1996;334:1156-62) (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-
83) (Osganian SK, Stampfer MJ, Rimm E, et al. Vitamin C and risk of coronary heart 
disease in women. J Am Coll Cardiol 2003;42:246-52).  

A recent double-blind, randomized clinical trial of the combination of 
supplements of 400 IU vitamin E and 500 mg vitamin C daily compared 
with placebo showed an increased rate of progression of coronary 
atherosclerosis in postmenopausal women (Waters DD, Alderman EL, Hsia J, 
et al. Effects of hormone replacement therapy and antioxidant vitamin supplements on 
coronary atherosclerosis in postmenopausal women: a randomized controlled trial. JAMA 
2002;288:2432-40). 

 

Investigators examined vitamin E and vitamin C supplement use in relation to mortality 

risk and whether vitamin C enhanced the effects of vitamin E in 11,178 persons aged 67-
105 y who participated in the Established Populations for Epidemiologic Studies of 
the Elderly in 1984-1993. Participants were asked to report all nonprescription drugs 
currently used, including vitamin supplements. Persons were defined as users of these 
supplements if they reported individual vitamin E and/or vitamin C use, not part of a 

multivitamin. During the follow-up period there were 3490 deaths. Use of vitamin E 
reduced the risk of all-cause mortality [relative risk (RR) = 0.66; 95% CI: 0.53, 0.83] and 
risk of coronary disease mortality (RR = 0.53; 95% CI: 0.34, 0.84). Use of vitamin E at 
two points in time was also associated with reduced risk of total mortality compared with 
that in persons who did not use any vitamin supplements. Effects were strongest for 

coronary heart disease mortality (RR = 0.37; 95% CI: 0.15, 0.90). The RR for cancer 
mortality was 0.41 (95% CI: 0.15, 1.08). Simultaneous use of vitamins E and C was 
associated with a lower risk of total mortality (RR = 0.58; 95% CI: 0.42, 0.79) and 



coronary mortality (RR = 0.47; 95% CI: 0.25, 0.87). Adjustment for alcohol use, smoking 
history, aspirin use, and medical conditions did not substantially alter these findings. 
These findings are consistent with those for younger persons and suggest protective 
effects of vitamin E supplements in the elderly (Vitamin E and vitamin C supplement 
use and risk of all-cause and coronary heart disease mortality in older persons: the 
Established Populations for Epidemiologic Studies of the Elderly. KG Losonczy, TB 
Harris and RJ Havlik. American Journal of Clinical Nutrition, Vol 64, 190-196).  

 Recently, the Nurses' Health Study reported a beneficial effect of vitamin C 
supplements among diabetic persons and among all study subjects in the only other 

study that explored the relation among diabetic persons (Osganian SK, Stampfer MJ, 
Rimm E, et al. Vitamin C and risk of coronary heart disease in women. J Am Coll 
Cardiol 2003;42:246-52). 

Although a reduced risk of fatal and nonfatal CAD was observed in the entire group of 
women who took high doses of vitamin C supplements, the results for diabetic women 
who took high doses of vitamin C supplements (ie, 300 mg) were not presented 

separately. In partial agreement with the findings in the women in the Nurses' Health 
Study, the diabetic women in the Iowa Women's Health Study who took 1–99 mg vitamin 
C/d showed a weak inverse trend. 

Short-term beneficial effects of vitamin C might not lead to long-term beneficial 
effects, a finding that is similar to that observed with supplemental ß-carotene 
(Omaye ST, Krinsky NI, Kagan VE, Mayne ST, Liebler DC, Bidlack WR. Beta-carotene: 
friend or foe? Fundam Appl Toxicol 1997;40:163-74). 

In the current study, only vitamin C from supplements—and not from foods—increased 
the risk of CVD mortality. Although a higher absolute intake from supplements might 
explain this finding, a more likely explanation is that antioxidants naturally present in 
food are balanced biochemically, ie, they are part of a mixture of redox agents in oxidized 
form and in reduced form, whereas every supplement pill lacks this balance (Herbert V. 
The antioxidant supplement myth. Am J Clin Nutr 1994;60:157-8).  

In addition, the body's defense against oxidative stress is accomplished by 
interconnecting systems of antioxidant micronutrients with a range of physical properties; 
therefore, the use of high doses of a single antioxidant could perturb the antioxidant-
prooxidant balance (Eastwood MA. Interaction of dietary antioxidants in vivo: how fruit 
and vegetables prevent disease? QJM 1999;92:527-30).  

In summary, Duk-Hee Lee’s results suggest that a high vitamin C intake from 
supplements was associated with increased mortality from CVD among 
postmenopausal women who reported having diabetes. Vitamin C 
supplements are commonly consumed. It is sometimes assumed that the common 
condition of subnormal plasma vitamin C concentrations in diabetic persons is 
unfavorable and should be corrected. Their data challenge this assumption. Indeed, it is 
possible that low vitamin C concentrations may be a beneficial response 



to diabetes at sites of tissue damage (Halliwell B, Gutteridge JM. The 
antioxidants of human extracellular fluids. Arch Biochem Biophys 1990;280:1-8). 

14.4.6    Postprandial Oxidative Stress 

Nutritional, or dietary oxidative stress denotes a disturbance of the redox state resulting 
from excess oxidative load or from inadequate nutrient supply favoring prooxidant 
reactions. Low intake or impaired availability of dietary antioxidants including vitamins E 
and C, carotenoids, polyphenols, and other micronutrients (e.g., selenium) weakens the 
antioxidant network. Postprandial oxidative stress, as a subform of nutritional 
oxidative stress, ensues from sustained postprandial hyperlipidemia and/or 
hyperglycemia and is associated with a higher risk for atherosclerosis, diabetes, and 
obesity. In Western societies, a significant part of the day is spent in the postprandial 
state. Unsaturated fatty acids incorporated into LDL and oxidized LDL are an atherogenic 
factor. Lipid hydroperoxides present in the diet are absorbed, 
contributing to the prooxidant load. In hyperlipidemic and hyperglycemic 

subjects, endothelium-dependent vasodilation is impaired in the postprandial state, 
making postprandial oxidative stress an important factor modulating cardiovascular risk. 
Postprandial oxidative stress is attenuated when dietary antioxidants are supplied together 
with a meal rich in oxidized or oxidizable lipids. Ingestion of dietary polyphenols, e.g., 
from wine, cocoa, or tea, improves endothelial dysfunction and lowers the susceptibility 

of LDL lipids to oxidation. Polyphenols affect endothelial function not solely as 
antioxidants but also as modulatory signaling molecules. (Nutritional, Dietary and 
Postprandial Oxidative Stress. Helmut Sies, Wilhelm Stahl and Alex Sevanian. The 
American Society for Nutritional Sciences J. Nutr. 135:969-972, May 2005). This effect 
may be due to the prooxidant activity of polyphenols.   

14.5.0   The Vitamin Pushers Strike Back  

A robust database shows that dietary supplements of vitamins E and C are safe for the 
general population. Because these nutrients supply antioxidant and other functions for 
homeostasis and protection against free radical damage, supplementation has been 
intensively studied. Because of perceived benefits, many persons consume quantities of 
vitamins E and C well above the recommended dietary allowances. As safety guidance, 
tolerable upper intake levels have been established by the Food and Nutrition Board, 
Institute of Medicine, at 1000 mg for vitamin E and 2000 mg for vitamin C in adults. 
Many clinical trials with these vitamins have involved subjects with various diseases, and 
no consistent pattern of adverse effects has occurred at any intake. Numerous studies of 
vitamin C supplementation have provided no pattern of evidence to support concerns 
about safety other than occasional gastrointestinal upset or mild diarrhea resulting from 
the osmotic effects of unabsorbed quantities of vitamin C. Evidence of bleeding effects 

and other potential adverse effects of high vitamin E intakes in humans is not convincing. 
Evidence of adverse effects of vitamin C that result from its effects on iron absorption 
and metabolism has not been confirmed in clinical trials. Thus, we conclude from clinical 
trial evidence that vitamin E supplements appear safe for most adults in amounts 1600 
IU (1073 mg RRR- -tocopherol or the molar equivalent of its esters) and that vitamin C 
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supplements of 2000 mg/d are safe for most adults (Vitamins E and C are safe across a 
broad range of intakes. John N Hathcock, Angelo Azzi, Jeffrey Blumberg, Tammy Bray, 
Annette Dickinson, Balz Frei, Ishwarlal Jialal, Carol S Johnston, Frank J Kelly, Klaus 
Kraemer, Lester Packer, Sampath Parthasarathy, Helmut Sies and Maret G Traber. 
American Journal of Clinical Nutrition, Vol. 81, No. 4, 736-745, April 2005). This group 
never lets facts stand in their way. 

14.5.1   Clinical Studies 

Similar to animal studies, most clinical studies on the effects of antioxidative treatments 
on diabetic complications have been of short duration, with very few people, and using 
early surrogate markers. Studies using -lipoic acid have provided suggestive evidence 
that it may improve the symptoms of diabetic polyneuropathy, but, again, data from a 
large controlled study are not yet available. In addition, -lipoic acid has an 
additional property of being able to increase glucose transport in muscle cells, which 
may be related to its antioxidant properties.  
 
Vitamins C and E have been used individually or in combination in several clinical 
studies. Most studies have reported that early markers of complications improved, such as 
oxidative stress markers in the plasma, urine, and circulating cells (Venugopal SK, 
Devaraj S, Yang T, Jialal I: Alpha-tocopherol decreases superoxide anion release in 
human monocytes under hyperglycemic conditions via inhibition of protein kinase C-
alpha. Diabetes 51: 3049–3054, 2002). Functionally, vitamins C and E at the usual 
antioxidant doses may improve endothelial dysfunctions and microalbuminuria. 
Previously, they reported that at high doses of vitamin E (1800 IU/d) in a placebo-
controlled trial, abnormalities of retinal blood flow and renal hyperfiltration can be 
normalized 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 Care 22: 1245–1251, 1999). 
 
However, large studies, such as Heart Outcomes Prevention Evaluation, 
which used 400 IU/d, 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).  
 
Two smaller studies, Cambridge Heart Antioxidant Study and Secondary Prevention with 
Antioxidants of Cardiovascular Disease in End-Stage Renal Disease (SPACE), provided 
supportive evidences that vitamin E at higher doses of 600 mg/d or greater may be 
helpful in cardiovascular events (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 347: 781–786, 



1996) (Boaz M, Smetana S, Weinstein T, Matas Z, Gafter U, Iaina A, Knecht A, 
Weissgarten Y, Brunner D, Fainaru M, Green MS: Secondary prevention with 
antioxidants of cardiovascular disease in endstage renal disease (SPACE): randomised 
placebo-controlled trial. Lancet 356: 1213–1218, 2000). 
 
In summary, the evidence on the role of oxidative stress on diabetic complications 
suggests that oxidant production is clearly increased as the result of glucose or FFA 
metabolism via multiple pathways. However, oxidative stress may not be 
playing a leading role in the microvascular complications because these 
complications are not evident in patients with only insulin resistance 
without diabetes, even though increases in oxidative stress also exist to a 
similar extent in both. 
 
Supportive evidence that antioxidants can provide beneficial effects on diabetic 
complications in large clinical trials is lacking.  
 

Vitamin E, -carotene, and vitamin C are micronutrient antioxidants that protect cells 
from oxidative damage involved in prostate carcinogenesis. In separate trials, 
supplemental vitamin E was associated with a decreased risk of prostate cancer among 
smokers and supplemental -carotene was associated with a decreased risk of prostate 
cancer among men with low baseline plasma -carotene levels. They evaluated the 
association between intake of these micronutrient antioxidants from foods and 
supplements and the risk of prostate cancer among men in the screening arm of the 
Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial. At baseline, trial 
participants completed a 137-item food frequency questionnaire that included detailed 

questions on 12 individual supplements. Cox proportional hazards models were used to 
estimate relative risks (RRs) and 95% confidence intervals (CIs). All statistical tests were 
two-sided. Results: We identified 1338 cases of prostate cancer among 29 361 men during 
up to 8 years of follow-up. Overall, there was no association between prostate cancer 
risk and dietary or supplemental intake of vitamin E, -carotene, or vitamin C. 
Results do not provide strong support for population-wide 
implementation of high-dose antioxidant supplementation for the 
prevention of prostate cancer. However, vitamin E supplementation in male 

smokers and -carotene supplementation in men with low dietary -carotene intakes were 
associated with reduced risk of this disease (Supplemental and Dietary Vitamin E, -
Carotene, and Vitamin C Intakes and Prostate Cancer Risk. Victoria A. Kirsh. Journal of 
the National Cancer Institute, Vol. 98, No. 4, 245-254, February 15, 2006). 
 
14.5.2    IOM reports no benefits of antioxidants against CVD, cancer or diabetes 
 
An Institute of Medicine report concluded that consuming megadoses of dietary 
antioxidants—vitamin C, vitamin E, selenium, beta carotene, and other 
carotenoids—has not been demonstrated to protect against cardiovascular disease, 
diabetes, or various forms of cancer, nor does megavitamin use necessarily prevent 



basic nutritional deficiencies. In fact, the opposite may be true. High dosages of 
antioxidants may lead to health problems, including diarrhea, bleeding, and toxic 
reactions. Although results from a large number of population-based studies have 

suggested a link between antioxidants and a lower incidence of certain chronic diseases, 
the Institute of Medicine’s comprehensive review of the scientific evidence 
concluded it was not certain that antioxidants were responsible for any benefit. 
 

Large, placebo-controlled clinical trials have failed to show a benefit from 
antioxidants and, in some instances, have suggested adverse effects. Of particular interest 
is the Heart Outcomes Prevention Evaluation Trial, which included 9,541 subjects, 38% 
of whom had diabetes. Supplementation with vitamin E (400 IU/day) for 4.5 years did 
not result in any significant benefit.  

14.5.3    eNOS in atherosclerosis 

Over the last two decades, it has become evident that decreased bioavailability of 
endothelial nitric oxide (NO) produced from endothelial NO synthase (eNOS), referred to 
as endothelial dysfunction, plays a crucial role in the development and progression of 
atherosclerosis. Much progress has been made in understanding the mechanisms of 
decreased endothelial NO bioavailability at the levels of regulation of eNOS gene 
expression, eNOS enzymatic activity and NO inactivation. Initial studies suggest that 
increasing eNOS gene expression would improve endothelial NO release in the hope of 
inhibiting the progression of atherosclerosis. Recent experimental studies, however, do 
not always support this therapeutic concept and show some evidence that 
overexpression of eNOS in atherosclerosis may be even harmful for the 
disease progression (Recent Advances in Understanding Endothelial Dysfunction in 
Atherosclerosis. Zhihong Yang, MD and Xiu-Fen Ming, MD, PhD. Clinical Medicine & 
Research Volume 4, Number 1: 53-65). 

14.6.0  Chemotherapy and Antioxidants: An Overview (Kenneth A. Conklin, M.D., 
Ph.D.) 

Approximately 300 to 400 preclinical studies have been published on this topic, and most 
show that antioxidants do not interfere with the mechanism of action of therapeutic 
agents. However, too few clinical studies have been done to draw any definitive 

conclusions.  

Antioxidants (e.g., vitamins C and E) act as reducing agents to neutralize free 
radicals. If a therapeutic agent works by releasing free radicals, it is possible that 
antioxidants may interfere with its action. Some antioxidants are also strong 

nucleophiles (e.g., GSH, N-acetyl cysteine, and -lipoic acid), and they may interfere 
with the anticancer effects of platinum coordination complexes (e.g., cisplatin and 
carboplatin) and alkylating agents.  



Doxorubicin (Adriamycin), a very versatile antineoplastic agent, is an anthracycline that 
is reduced to a semiquinone that can generate superoxide radicals. Anthracyclines are 
important in the study of antioxidant effects because they form large amounts of free 
radicals and induce oxidative stress. Regarding the mechanism of action of 
anthracyclines, the most compelling evidence shows that at clinically relevant 
concentrations they intercalate with double-stranded DNA and inhibit the function of 
topoisomerase II. Free radicals produced by doxorubicin may play a role in cancer 
therapy, but preclinical studies suggest that antioxidants do not interfere with the 
anticancer actions of the drug.  

The side effect of greatest concern when doxorubicin is administered is cardiac toxicity. 
In heart cells, doxorubicin forms a deoxyaglycone that can replace coenzyme Q10 
(CoQ10) in the electron transport chain and act as an electron acceptor. This disrupts the 
energetics of cardiac mitochondria, leading to reduced generation of ATP, and accounts 
for the commonly seen side effects of acute cardiac toxicity (arrhythmias and reduced 
ejection fraction). The effect of doxorubicin on cardiac mitochondria is uniquely different 

from its effect on mitochondria of other cells. This is most likely due to the unique 
structure of cardiac mitochondria, which contain an NADH dehydrogenase on the 
outer surface of the inner membrane; this organization is not found in 
noncardiac mitochondria. Animal studies show that doxorubicin generates ROS in 
cardiac mitochondria for at least 1 wk after the drug is administered. This causes the 
formation of mitochondrial DNA-adducts that can suppress gene expression and reduce 
synthesis of critical components of the mitochondrial electron transport systems. This 
may irreversibly damage cardiac mitochondria and be responsible for the development of 
chronic cardiac toxicity (congestive heart failure that is not responsive to digitalis).  

Radiotherapy 

An important goal of radiotherapy is to administer enough radiation to kill tumor cells 
without killing adjacent normal cells. DNA is the primary target of radiotherapy; damage 
to DNA occurs through a direct effect but mostly (two-thirds of damage) through an 
indirect effect, by free radicals [superoxide, hydroxyl radical (the most toxic), and nitric 
oxide metabolites]. Cells are most sensitive to radiation damage in the G1-mol/L phase of 
the cell cycle; oxygen concentration and cyclins will modify radiation response. 
Irradiation of nondividing or slow-dividing cells causes apoptotic death. Whether 
supplementing antioxidants during radiotherapy is beneficial to cancer patients or 
has an adverse effect is not known. It is important to remember that radiation does 
cause cancer and that vitamin E and selenium protect against radiation-induced 

malignancy in vitro. 

Hydrogen peroxide stimulates many cytoplasmic signaling factors (e.g., 
erk families, p38, ras, and raf). Hence, it seems logical to determine whether 
activation of these factors by hydrogen peroxide and ionizing radiation is important in the 
response to the damaging effects of oxidative stress. 

 



Summary of Conference 

Dr. Rosenthal said that, as a clinician, it is difficult to make any recommendation to a 
patient because the answers are not clearly known. 

The pharmaceutical industry, in the current environment, has no incentive to do any 
specific research in the antioxidant arena. Because natural products are not patentable in 
the usual sense, it is all the more important for the NCI to step in to fund development of 

infrastructure to conduct research and trials in order to answer many of these questions. 
This will give some direction as to what the industry is allowed to do and say regarding 
health claims it would like to make for dietary supplements. 

Some of the following materials sere abstracted, excerpted or modified from:  
Supplement: Free Radicals: The Pros and Cons of Antioxidants. Supplements and Tuning 
Up Metabolism. Bruce N. Ames. The American Society for Nutritional Sciences J. Nutr. 
134:3164S-3168S, November 2004. 
 
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).  
 
Deficiencies of vitamin B-12, folic acid, vitamin B-6, niacin, vitamin C, vitamin E, iron, 
or zinc 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). 

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 
(Walter, P. W., Knutson, M. D., Paler-Martinez, A., Lee, S., Xu, Y., Viteri, F. E. & 
Ames, B. N. (2002) Iron deficiency and iron excess damage mitochondria and 
mitochondrial DNA in rats. Proc. Natl. Acad. Sci. U.S.A. 99:2264-2269). Members of 
low-income groups tend to have the lowest levels and intake.  

14.7.0   Ubiquinone can be antioxidant or prooxidant 

Antioxidants, such as ubiquinones, are widely used in mitochondrial studies as both 
potential therapies and useful research tools. However, the effects of exogenous 
ubiquinones can be difficult to interpret because they can also be pro-oxidants or electron 

carriers that facilitate respiration. Recently we developed a mitochondria-targeted 
ubiquinone (MitoQ10) that accumulates within mitochondria. MitoQ10 has been used to 
prevent mitochondrial oxidative damage and to infer the involvement of mitochondrial 

reactive oxygen species in signaling pathways. However, uncertainties remain about the 
mitochondrial reduction of MitoQ10, its oxidation by the respiratory chain, and its pro-
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oxidant potential. Therefore, we compared MitoQ analogs of varying alkyl chain lengths 
(MitoQn, n = 3–15) with untargeted exogenous ubiquinones. We found that MitoQ10 
could not restore respiration in ubiquinone-deficient mitochondria because oxidation of 
MitoQ analogs by complex III was minimal. Complex II and glycerol 3-phosphate 
dehydrogenase reduced MitoQ analogs, and the rate depended on chain length. Because 
of its rapid reduction and negligible oxidation, MitoQ10

 is a more effective antioxidant 
against lipid peroxidation, peroxynitrite and superoxide. Paradoxically, exogenous 
ubiquinols also autoxidize to generate superoxide, but this requires their deprotonation in 
the aqueous phase. Consequently, in the presence of phospholipid bilayers, the rate of 
autoxidation is proportional to ubiquinol hydrophilicity. Superoxide production by 
MitoQ10

 was insufficient to damage aconitase but did lead to hydrogen peroxide 
production and nitric oxide consumption, both of which may affect cell signaling 
pathways. (Interactions of Mitochondria-targeted and Untargeted Ubiquinones with the 
Mitochondrial Respiratory Chain and Reactive Oxygen Species. Implications for the use 
of exogenous ubiquinones as therapies and experimental tools. Andrew M. James, Helena 
M. Cochemé, Robin A. J. Smith and Michael P. Murphy. J. Biol. Chem., Vol. 280, Issue 
22, 21295-21312, June 3, 2005). 

M Flint Beal, MD, and colleagues at the Massachusetts General Hospital have found that 
Parkinson’s patients demonstrate a profound deficiency of coenzyme Q10 in plasma, 
which may explain why their brains produce an inadequate supply of the neurotransmitter 
dopamine. Beal’s laboratory further revealed in a pilot study of 15 Parkinson’s patients 
that 200mg Co-Q10, formulated as a chewable wafer, administered two, three or four 
times daily for one month, is readily absorbed, is well tolerated and measurably increases 
cellular energy production. Co-Q10 can serve as a prooxidant. 

These qualities, coupled with its antioxidant properties, prompted what has become a 
landmark study published in October 2002 in which Beal and principal investigator Cliff 
Shults, MD, demonstrated that the rate of worsening of 80 early-stage Parkinson’s 
patients could be slowed by more than 40 per cent with the addition of oral Co-Q10. 
The multi-centre, randomized, parallel-group, placebo-controlled, double-blind trial 
compared placebo with 300mg/day, 600mg/day or 1,200mg/day, for 32 months. 

Although Co-Q10 appeared to slow the progressive deterioration in Parkinson’s cases, it 
should be noted that the best response was with the highest dosage—and 1,200mg/day 
Co-Q10 can fairly be called a cost-intolerable dose for most consumers. 

14.7.1   Statins lower Co-Q10 levels 

Finally, recognizing the importance of Co-Q10 makes it critical to identify any factors 
that may suppress its de novo synthesis. Unfortunately, two of the most commonly 
prescribed cholesterol-lowering drugs, pravastatin (Pravachol) and lovastatin 
(Mevacor), dramatically lower serum Co-Q10 levels. What remains to be seen is 
whether and how much exogenous Co-Q10 can compensate for this effect as well as 
increase intracellular concentrations of Co-Q10. While there is no direct evidence so far, 



in our centre, patients taking statin drugs are provided Co-Q10 at a dosage of 100mg per 
day.  

14.7.2   Statins cause cancer in rodents 

Some of the following was taken from: Dangers of Statin Drugs: What You 
Haven’t Been Told About Popular Cholesterol-Lowering Medicines. By 

. .  accessed 1/3/08. 
Sally 

Fallon and Mary G. Enig, PhD www.westonaprice.org

In every study with rodents to date, statins have caused cancer (Newman 
TB, Hulley SB. JAMA 1996;27:55-60).  

Why have we not seen such a dramatic correlation in human studies? Because cancer 
takes a long time to develop and most of the statin trials do not go on longer than two or 
three years. Still, in one trial, the CARE trial, breast cancer rates of those taking a 
statin went up 1500 percent (Sacks FM and others. N Eng J Med 1996;385;1001-1009). 

In the Heart Protection Study, non-melanoma skin cancer occurred in 243 patients 
treated with simvastatin compared with 202 cases in the control group (Heart Protection 
Study Collaborative Group. Lancet 2002;360:7-22). 

Manufacturers of statin drugs have recognized the fact that statins depress the 
immune system, an effect that can lead to cancer and infectious disease, 
recommending statin use for inflammatory arthritis and as an immune suppressor for 
transplant patients (Leung BP and others. J Immunol. Feb 2003 170(3);1524-30; Palinski 
W. Nature Medicine Dec 2000 6;1311-1312). 

Most doctors are convinced that the benefits of statin drugs far outweigh the side effects. 
They can cite a number of studies in which statin use has lowered the number of coronary 
deaths compared to controls. But as Dr. Ravnskov has pointed out in his book The 
Cholesterol Myths, (Uffe Ravnskov, MD, PhD. The Cholesterol Myths. NewTrends 
Publishing, 2000) the results of the major studies up to the year 2000--the 4S, 
WOSCOPS, CARE, AFCAPS and LIPID studies--generally showed only small 
differences and these differences were often statistically insignificant and 
independent of the amount of cholesterol lowering achieved.  

In two studies, EXCEL, and FACAPT/TexCAPS, more deaths occurred 
in the treatment group compared to controls. Dr. Ravnskov’s 1992 meta-
analysis of 26 controlled cholesterol-lowering trials found an equal number of 
cardiovascular deaths in the treatment and control groups and a greater number of total 
deaths in the treatment groups (Ravnskov U. BMJ. 1992;305:15-19).  

An analysis of all the big controlled trials reported before 2000 found that long-term 
use of statins for primary prevention of heart disease produced a 1 percent greater 



risk of death over 10 years compared to a placebo (Jackson PR. Br J Clin Pharmacol 
2001;52:439-46). 

Recently published studies do not provide any more justification for the current campaign 
to put as many people as possible on statin drugs. 

14.7.3   Linnane Counters Free Radical Theory 

The overarching role of coenzyme Q10 in gene regulation, bioenergy formation, cellular 
redox poise regulation, and hydrogen peroxide formation is presented. Coenzyme Q10 has 
a central role acting as a prooxidant in the generation of H2O2. Contrary to the 
dogma that superoxide and H2O2 formation are highly deleterious to 
cell survival this premise is rejected. Data are discussed that continuous 
superoxide and hydrogen peroxide formation are essential for normal cell function 
and that they play a major role in subcellular redox state modulation. It is the prooxidant 
activity of the so-called antioxidants that may be responsible for previously claimed 
benefits for high doses of oxido-reduction nutritional supplements such as alpha lipoic 
acid and coenzyme Q10. Oxygen-free radical formation is essential for the biological 
function and is not a direct causation of the mammalian aging process; aging is a 
multisystem stochastic process (Cellular Redox Regulation and Prooxidant Signaling 
Systems. A New Perspective on the Free Radical Theory of Aging. Anthony W. Linnane 
and Hayden Eastwood. Annals of the New York Academy of Sciences. Volume 1067 Page 47 - May 
2006). 

While cellular systems may demonstrate reperfusion injury, whole organ and 
animal models continue to report contradictory results on reperfusion 
injury and the role of antioxidants as a therapy (L.B. Becker / Cardiovascular 
Research 61 (2004) 461–470). 
 
5% of oxygen is reduced via the univalent pathway in which free radicals are produced. 
When oxygen accepts an electron the superoxide anion is formed. Superoxide is in 
equilibrium with its protonated form, .HO2. During acidosis, as occurs in 
ischemia, the protonated form .HO2 is favored and more reactive. .HO2 is capable of 
oxidative injury to fatty acids and cell membranes, which is prevented within the cell by 
dismutation (primarily by superoxide dismutase) to H2O . H2 2O2 is only directly 
toxic at high concentrations not thought to occur under normal 
conditions in cells. Cells have a well-adapted method to continue the reduction of 
H2O2 to H2O via catalase or the glutathione system. In this manner superoxide, a 
byproduct of respiration, is safely metabolized to water. Our tissues have substantial 
ability to tolerate ROS under normal conditions (L.B. Becker / Cardiovascular 
Research 61 (2004) 461–470). 



 

14.7.4   Bruce Ames 
 
Excerpted from: DISCOVER. Karen Wright. Vol. 23 No. 10, October 2002 
Researchers at the University of Bari in Italy had reported that feeding acetyl-L-carnitine 
to old rats improves the function of their mitochondria. Bruce Ames could see how the 
supplement might achieve its effects: Acetyl-L-carnitine, also known as Alcar, is a 
nutrient that helps transport fatty-acid fuel across lipid membranes into 
mitochondria. Thus, the more Alcar a cell has, the better its mitochondria might 
function.  
 
Ames reasoned that high levels of Alcar might also combat the problems of aging 
membranes and decrepit enzymes. He began feeding Alcar to his old rats. Within weeks, 
he and Hagen noticed improvements in the animals' biochemistry and behavior. Their 
mitochondria were going full bore again, and they had become far more active. But the 
old rats were still churning out oxidants at a very high rate. In fact, by goosing 
metabolism, Alcar seemed to slightly increase free-radical production. "We 
didn't solve the problem of oxidants," Ames says. "In fact, if anything, it was a little 
worse."  I believe that this is a most important observation, in that Alcar increased 
EMOD production and also resulted in improved mitochondrial function. 
 
Ames decided to add an agent to the rats' diet to neutralize the oxidants. He tried lipoic 
acid, a mitochondrial antioxidant. The results were profound. Oxidants and oxidative 
damage to mitochondrial components dropped dramatically. Both the structure and 
function of the mitochondria improved. The rats' activity levels doubled. They were, 
Ames says, "doing the Macarena." The combination of the nutrient and the antioxidant 
had a synergistic effect. "The two together are better than either one alone." Ames fails to 
point out the prooxidant activity of lipoic acid. 
 
The public may soon be conducting its own reviews. Three years ago, Ames set up a 
company called Juvenon to test the antiaging duo in human beings. But it's not exactly a 
proprietary blend. Both ingredients—Alcar and lipoic acid—are already marketed as 
dietary supplements. Consumers can even duplicate the dosages used in Juvenon's trials: 
200 milligrams alpha-lipoic acid and 500 milligrams acetyl-L-carnitine, twice a day.  
 
As a more practical measure, he recommends a healthy diet and a daily multivitamin; he 
takes one every day himself. "To do an analysis on each person would cost hundreds of 
dollars, and yet it's a penny for a multivitamin," he says. 
 
Ames doesn't stand to profit either way. He has no financial stake in Juvenon, and 
Berkeley gets most of the proceeds from his patents. But Ames unwittingly assured 
himself a pension several years ago when he wrote a $100,000 check to a former student 
who was starting a biotech company in California. The company sold for $100 million in 
2000. Ames gave $8 million of his newfound wealth to start a genomics and nutrition 
center. He gave his department at Berkeley a couple million for improvements there, and 



he doled out thousands more to research projects. With the rest, he set up a foundation to 
conduct outreach programs to improve nutrition among the poor. "If I'm going to get 
vitamins in the poor, I guess I'm going to have to do it myself," he says.  I believe that 
getting too many antioxidants into the poor, is actually doing them harm. 
 
I believe that we should seek “quality aging.” Basically, none of the exhuberant 
predictions of Ames have been realized at this time, especially those based on the wildly 
exaggerated claims for antioxidants. 
 
14.7.5   Mechanisms for Protection Against Radicals 

Life on Earth evolved in the presence of oxygen, and necessarily adapted by 
evolution of a large battery of antioxidant systems. Some of these antioxidant 
molecules are present in all life forms examined, from bacteria to mammals, indicating 
their appearance early in the history of life.  

Many antioxidants work by transiently becoming radicals themselves. These 
molecules are usually part of a larger network of cooperating antioxidants that end up 
regenerating the original antioxidant. For example, vitamin E becomes a radical, but is 
regenerated through the activity of the antioxidants vitamin C and glutathione.  

Superoxide dismutases (SOD) are enzymes that catalyze the conversion of two 
superoxides into hydrogen peroxide and oxygen. The so called benefit here, believed by 
some, is that hydrogen peroxide is substantially less toxic that superoxide. Yet, peroxide 
has a higher one electron reduction potential than superoxide and is a stronger 
oxidizer. Raising SOD in combination with inhibiting peroxide removal leads to 
enhanced cancer cell killing and thus may become a new and unique type of cancer 
therapy. SOD accelerates this detoxifying reaction roughly 10,000-fold over the non-
catalyzed reaction. 

The following values express the anti-oxidant activity or strength of a substance 
against a particular free radical anion.  

1. Trolox Equivalent Antioxidant Capacity (TEAC). …………Trolox is an analog of Vit. 
E  

2. Oxygen Radical Absorbance Capacity (ORAC) – assay.  

3. Total Antioxidant Capacity (TAC)  

4. Anti-oxidant Capacity towards peroxyNitrite Radical (NORAC)  

5. Anti-oxidant Capacity towards Hydroxyl Radical (HORAC)  

Many other rating–values exist, but are used less frequently  



14.7.6   Metabolic equivalent units 

Healthspeak shorthand for "metabolic equivalent units," which is healthspeak longhand 
for the amount of oxygen our bodies consume when at rest, which turns out to be  3.5 
milliliters per kilogram of body weight per minute. A healthy 50-year-old man should 
have a capacity of at least 9.2 METs; and a healthy 50-year-old woman should clock in at 
8.2 METs or higher, according to a recent study on women's fitness in the New England 
Journal of Medicine.  

14.7.7   SOD and H2O2 kill cancer cells 

Some of the following material was taken from a discussion of Larry Oberley’s at the 
www.uihealthcare.com website. 

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

However, the large body of literature has not yet definitely demonstrated 
a causal relationship between free radicals, antioxidant enzymes, and 
cancer in humans.  

It has been shown that malignant blood cells differentiate and stop proliferating in the 
presence of liposomal SOD. Implicit in this evidence is that the loss of SOD activity may 
in some way be causal to malignant transformation. I believe that the loss of SOD 
activity results in decreased EMODs, especially H2O2, and “allows” for malignant 
manifestation. Low EMOD levels would allow for cellular profiferation. 

Further, Oberley demonstrated that the transfection of MnSOD cDNA into cultured 
human melanoma cells resulted in the loss of the malignant phenotype by at least five-
fold. The most important observation was that in the nude mouse assay, 18 out of 18 sites 
injected with parental melanoma cell line developed tumors, while none of the 16 sites 
injected with melanoma cells expressing high levels of MnSOD developed tumors. 
Similar results were repeatedly obtained by many other groups testing the causal link 
between restored levels of MnSOD activity and reversal of the cancer phenotype. I 
believe that this is due to the fact that EMODs are tumoricidal and H2O2 produced 
by SOD is a major reason for the apoptosis of the injected melanoma cells. High 
levels of EMODs cause apoptosis. 

Oberley also reports that drug-resistance experiments with a substance known to be an 
ROS producer have shown that virus-transformed kidney cells were largely killed 
by the substance. Only a small fraction of these cells became resistant to the drug. The 
latter cells had much higher SOD activities than the rest of the cells and an apparently 
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normal cell phenotype. Contrary to their theory, this indicates to me that EMODs 
generated by SOD are producing tumoricidal activity. 

Oberley’s working hypothesis is that MnSOD over-expression leads to changes in the 
intracellular ROS balance. This in turn causes changes in the redox state that affects 
signal transduction pathways modulating cell proliferation. This is indeed a reasonable 
hypothesis because in the last several years, there has been an explosion of literature 
demonstrating that kinases, phosphatases, and transcription factors are all redox-
modulated by ROS. Somehow, I believe that he has overlooked the primary product 
of SOD and the products of the interconversion of EMODs and their well known 
tumoricidal activity.  

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

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

Oberley summarizes that they obtained convincing evidence that elevation of SOD 
leads to suppression of at least part of the malignant phenotype. Raising 
SOD in combination with inhibiting peroxide removal leads to enhanced 
cancer cell killing. 

Regarding the wonders of antioxidants, no one seems to have noticed that the blush is off 
the rose regarding their hyped claims. Repeatedly, they have failed. There have 
been enough failures that it no longer makes sense to say that a compound has 
antioxidant properties and therefore, it must possesses many health benefits.  

There is not a single example of an antioxidant that has been thoroughly tested and 
proven to have health value by virtue of being an antioxidant, if no deficiencies exist. 
Quite to the contrary, the largest double-blind studies in history were performed on 
the two likeliest antioxidant compounds, beta carotene and alpha tocopherol, and 



both failed to find their extolled benefits. In fact, they were shown to have caused 
harm. There are numerous preliminary studies finding some benefit with one antioxidant 
or another, but this only seems to be true so long as the studies remain preliminary; with 
few exceptions, every time confirming research has been done on a particular antioxidant 
it has failed to prove effective (by virtue of its antioxidant properties). In fact, its benefits, 
if any, may be due to its prooxidant properties. 

According to Jacob and Burri, the "increased production of reactive oxygen species 
is a feature of most, if not all, human disease, including cardiovascular disease and 
cancer" (page 987) (Jacob RA, Burri BJ. Oxidative damage and defense. Am J Clin Nutr 
1996;63(suppl):985S–90S). Use of the antioxidants vitamins E and C has been associated 
with several positive adaptations; for example, taking vitamin C appears to decrease the 
risk of developing cataracts and certain cancers. I believe that antioxidants have failed 
over and over to prevent any disease or pathophysiology. Please refer to my 
extensively referenced other books. 

14.8.0   EMODs in biology 

As recently as 30 years ago, reactive oxygen species were not thought to occur in living 
cells, recalls longtime researcher William Pryor, director of Louisiana State University's 
Biodynamics Institute in Baton Rouge. 
 
"The can’t in the field [at that time] was that radicals were so reactive and unselective 
that they could not occur in biological systems," Pryor explains. That view changed in 
1967 when biochemist Irwin Fridovitch of Duke University and Joe McCord (then a 
graduate student at Duke; now a professor at the University of Colorado, School of 
Medicine in Denver) discovered the antioxidant enzyme superoxide dismutase (SOD), 
an important means of cellular defense against free radical damage. Today, researchers 
agree that aerobically respiring cells are veritable radical factories, producing "good 
radicals and bad radicals both: those that are under control and perform desirable 
biochemical transformations, and those that cause pathology-as well as toxins that work 
through radical reactions," Pryor says. 

Free radicals are also thought to cause reperfusion injury, which occurs when tissues are 
temporarily deprived of blood flow, such as after heart attack, stroke, and organ 
transplantation. As Starke-Reed indicates, the key challenge in this field is to identify the 
mechanism by which oxidative damage induces age-related physiological phenomena. 
Denham Harman, an emeritus professor of medicine at the University of Nebraska 
Medical Center in Omaha and the originator of the free radical theory of aging, thinks 
that humans may decline along with their mitochondria. There is, Harman says, a 
growing consensus among biogerontologists that in mammals, aging -- defined as an 
increase in the risk of death -- results from deleterious cellular changes produced by free-
radical reactions. These cell-damaging processes are largely initiated in the course of 
mitochondrial respiration, he says, while life span is determined by the rate of damage to 
the mitochondria. 



Numerous studies supporting that consensus were recently described by Rajindar Sohal, 
a professor in the department of biological sciences at Southern Methodist 
University in Dallas, and Richard Weindruch, a professor of medicine at the University 
of Wisconsin Medical School in Madison (Science, 273:59-63, 1996).  

Four conditions need to be met to validate the free radical theory of aging, the authors 
wrote:  

1) oxidative damage must increase as aging progresses  

2) longer-lived species must sustain lower rates of damage  

3) known life span-lengthening regimes such as caloric restriction must be shown to 
reduce oxidative damage to cells  

4) experimental increases in antioxidant defenses should lengthen life span.  

On all of these counts, says Sohal, "there is enough evidence to give good credence to the 
free radical theory of aging." I do not believe that this statement, made in 1996, is true 
today in 2006. In fact, I know of exceptions to each of these 4 points. 

Other scientist take a broader view of aging. For example biogerontologist Leonard 
Hayflick, a professor at the University of California, San Francisco, believes aging 
probably results from multiple causes, one of which is free radical damage. "The most 
intriguing aspect of studies done with free radicals," Hayflick writes in his recent book, 
How and Why We Age (2d ed., New York, Ballantine Books, 1996), "is, perhaps, not 
what they might be telling us about aging, but what they are telling us about disease." I 
believe that the EMODs are clearly and directly responsible for prooxidant 
protection from a wide range of diseases. 

"The more people have looked for free radical effects in neurodegenerative diseases, the 
more they've found," observes Dale Bredesen, director of the program on aging at the 
Burnham Institute in La Jolla, Calif. Neurologists suspect that glutamate, a 
neurotransmitter, sparks free radical production if it accumulates in the brain (J.T. Coyle, 
P. Puttfarcken, Science, 262:689-94, 1993). I believe that the increase in EMODs with 
disease may indicate an attempt to generate more EMODs to counter the pathogens 
or disease causing factors. 

Free radicals may damage compromised brain cells that might otherwise resist such an 
attack. For example, mutations in the copper-zinc form of SOD are associated with a rare 
subtype of familial ALS, a degenerative disease of motor neurons. To further study the 
role of this enzyme in protecting motor neurons, a team led by scientists from Cephalon 
Inc., a pharmaceutical company based in West Chester, Pa., and from the Washington 
University School of Medicine in St. Louis created a Cu/Zn knockout mouse (A.G. 
Reaume et al., Nature Genetics, 13:43-7, 1996).  



Although "overtly normal" through young adulthood, these knockout mice showed 
"increased vulnerability to neuronal death following injury," states author Richard Scott 
of Cephalon. Cu/Zn SOD, he concludes, while unnecessary for normal development, 
"seems to protect neurons against unexpected bursts of oxidative damage," such as those 
known to occur following injury. To the contrary, I interpret this to mean that more 
H2O2 is needed in times of injury, attack by pathogens or repair and SOD is a 
generous producer of H2O2. 

Besides mutation, another way that antioxidant proteins may be weakened is through the 
action of nitric oxide. In this and other instances in which it plays the cellular villain, NO 
is thought to react with superoxide radicals to produce an even more reactive species, 
peroxynitrite. 
 
A combination oxidant and nitrating agent, peroxynitrate subsequently reacts with the 
amino acid tyrosine in cellular proteins, converting it to nitrosotyrosine. Nitration may in 
turn affect protein function, according to Joseph Beckman, a professor in the departments 
of anesthesiology and biochemistry at the University of Alabama in Birmingham. 
Beckman and colleagues recently raised antibodies that recognize nitrated proteins and 
have used them to visualize nitrated proteins in tissues affected by ALS, HD, and 
atherosclerosis (J.S. Beckman et al., Biological Chemistry Hoppe-Seyler, 375:81-8, 
1994), among others. 

Subsequently, Lee Ann MacMillan-Crow, a postdoctoral fellow in the Alabama 
laboratory of Anthony Thompson in the department of surgery, optimized an 
immunoprecipitation procedure that enabled her and coworkers to isolate nitrated 
proteins from rejected kidney transplant tissue. Most interestingly, she reports, they 
recovered nitrated Mn SOD, the mitochondrial form of the enzyme. (Cu/Zn SOD is found 
in the cytosol, the fluid portion of the cytoplasm.) They also found decreased Mn SOD 
activity in rejected transplant extracts, as compared with healthy kidney tissue 
controls. In follow-up experiments, the researchers found that the degree of nitration in 
the extracts paralleled enzyme inactivation, according to MacMillan-Crow. 
 
Once Mn SOD is inactivated, she points out, superoxide-and thus peroxynitrite-probably 
runs rampant in the cell. "We think this positive-feedback mechanism is a realistic model 
which may account for end-stage kidney disease, and which could be operating in other 
diseases as well," she concludes. I believe that the pathological aspect results from 
decreased levels of H2O2. 

NO's reputation as a universal molecular signal indicates that it may rival oxygen as a 
cellular toxin. Thus, Stamler has coined the term "nitrosative stress" to describe the 
cellular consequences of excess NO. Nitrosative stress, Stamler asserts, "parallels 
oxidative stress in that it may lead to a host of diseases, as well as the cumulative damage 
of aging." While oxidative and nitrosative stresses can be synergistic, he says, the latter 
represents "a new type of stress that can occur in the absence of oxygen." 



A small number of pharmaceutical researchers are also engaged in discovering and 
designing chemical antioxidants to treat disorders associated with oxidative stress. 
 
Scientists continue to identify new natural antioxidants. Recent recruits to the ranks of 
SOD and vitamin E include the so-called thiol-specific antioxidant enzyme discovered by 
researchers at the National Heart, Lung, and Blood Institute (M.B. Yim et al., Journal of 
Biochemistry, 269:1621-6, 1994) and, perhaps, the hormone melatonin (R. Reiter, 
European Journal of Endocrinology, 134:412-20, 1996).  

Chemical mimics of the active site of Mn SOD, developed by Eukarion Inc., a Bedford, 
Mass.-based biotech company, have also been shown to mediate beta-amyloid toxicity, 
thought to cause neuronal degeneration in Alzheimer's disease (A.J. Bruce et al., 
Proceedings of the National Academy of Sciences, 93:2312-6, 1996). 

Based on observations that the steroid hormone methylprednisolone reduced central 
nervous system injury in animal models, researchers at Pharmacia and Upjohn Inc. of 
Kalamazoo, Mich., have developed a series of chemical variants of this molecule, which 
they dubbed "lazaroids," after the biblical character Lazarus, whom Jesus raised 
from the dead, according to senior scientist Edward Hall. 
 
One of these compounds, tirilazad, is being tested in clinical trials for the treatment of 
brain and spinal cord trauma and stroke-induced injury. Hall says his company is also 
studying another class of antioxidant molecules, the pyrrolopyrimidines, for the 
treatment of PD and related diseases. Similarly, Centaur Pharmaceuticals of Sunnydale, 
Calif., is developing a family of novel antioxidants based on phenylbutylnitrone-a 
compound initially used as an indicator of free radical activity in biological systems-
primarily as therapeutics for neurodegenerative disorders, reports founder and chief 
technical officer John Carney. 

Evaluating antioxidants' ability to prevent disease is also a topic of intense research. 
Although mounting evidence testifies to the benefits of eating antioxidant-rich foods, 
more studies are required to confirm whether supplementing a healthy diet with the 
antioxidant vitamins E, C, and beta-carotene actually reduces free radical levels in vivo, 
notes NIA's Starke-Reed. Recently, however, researchers described a way to measure free 
radical byproducts in urine (M. Reilly et al., Circulation, 94:19-25, 1996) and therefore 
gauge the effect of various treatments on free radical generation. 
 
"The antioxidant field is extremely exciting because both animal and in vitro data have 
long suggested that antioxidants would be potent protectors against chronic diseases-
particularly cancer and heart disease," reflects Pryor. Recent epidemiological and clinical 
studies have been almost uniformly supportive of this hypothesis, he says.  However, 
Pryor was wrong again. 

 

 



14.8.1   EMODs and Diabetes 

Three main sites of superoxide production have been identified:  the mitochondria, 
cytochromes on the endoplasmic reticulum, and oxidases located in the cytoplasm and on 
the membranes.  I believe that the location of EMOD production shows the low 
toxicity of EMODs.  EMODs are generated on the lipid-containing membrane of the 
cell and the mitochondrion and if they were causing lipid peroxidation chain 
reactions, the cell would instantly be doomed due to membrane disintegration…but 
it is not. 

Although there are exceptions, EMOD production is generally directly related to the rate 
of metabolism and the higher the metabolic rate, the higher is the generation of EMODs.  
H2O2 may be produced directly from cytioplasmic oxidases such as xanthine oxidase or 
from peroxisomal oxidases or dindirectly as a consequence of the enzymatic dismutation 
of superoxide by SOD.  H2O2 is itself weakly reactive.  

 Pancreatic islet cells are more sensitive to EMOD damage than muscle, liver or kidney 
cells.  (RMH Note:  This is because of low levels of antioxidant enzymes but I believe 
it indicates the need of the islets for high levels of EMODs). Cell culture studies 
erroneously led to the conclusion that EMODs caused diabetes and that the disease could 
be prevented or reversed by antioxidants. Streptozotocin and alloxan induced diabetes 
are thought to generate large amounts of EMODs and cause diabetes.  I believe that any 
agent which generates large surplus amounts of EMODs can induce apoptosis and a 
disease state but normally, that is not the case.   

Burkart and Kolb in 1993 showed that SOD, Catalase and antioxidant compounds such 
as citiolone and dimethylthiourea did not improve the viability of cultered islet cells 
damaged by activated macrophages.  Also, in 1994, Welsh et al, tested liposome 
derived SOD, catalase and glutathione peroxidase against IL-1B induced beta cell 
toxicity and their results were also negative. 

14.8.2   EMODs essential for development of inner ear balancing mechanism 

Reactive oxygen species (ROS) are normally produced as a product of metabolism, and, 
as their name implies, they are highly reactive with surrounding biological components 
(RMH Note: Not all EMODS are highly reactive.). The ability of ROS to damage 
DNA and other critical molecules allegedly underlies their reputation for causing 
deleterious cellular effects and their association with aging, carcinogenesis, and 
atherosclerosis. (Heidi Hardman hhardman@cell.com. Cell Press 
http://www.cellpress.com.)  If you have followed my work, you realize that none of 
these associations are true. 

However, paradoxically, in an unanticipated discovery suggesting that ROS may play 
important positive roles in development, researchers have found that the 
production of ROS by a particular enzyme is essential for inner ear 
development and for the ability to properly maintain balance.  
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The work is reported in Current Biology by a team of researchers, including Peter Kiss 
and Botond Banfi of the University of Iowa. (Kiss et al.: "Inactivation of NADPH 
oxidase organizer 1 Results in Severe Imbalance." Current Biology 16, pages 208-213, 
January 24, 2006 http://www.current-biology.com) 

A biologically constructive function for ROS in development was unanticipated. 
Even a previously known beneficial role for ROS seems to be intimately linked to 
toxicity: White blood cells generate ROS by an NADPH oxidase enzyme to kill invading 
bacteria. In recent years, evidence has been accumulating that other NADPH oxidases, 
similar to that of white blood cells, are widespread in the body, but their function remains 
largely obscure.  
 
In their study, the researchers show that a spontaneously discovered line of mutant mice, 
named "head slant" because of the odd head and body posture of these animals, 
carries a mutation in the Noxo1 gene, which encodes an NADPH oxidase enzyme. 
This error in Noxo1 inactivates the enzyme in the inner ear, leading to very specific 
consequences: Mutant mice lack the tiny calcium carbonate crystals of the inner ear, 
which, because of their large inert mass, normally enable animals to determine the 
direction of gravitational pull. The Noxo1 mutant mice are unable to sense gravity and 
therefore often fall, rest in a slanted posture, and are unable to remain on the 
surface of water.  

By inserting an intact Noxo1 gene into the genome of "head slant" mutants, 
researchers enabled the mutant mice to maintain balance. These findings 
indicate that reactive oxygen species produced at the right place at the 
right time can have a constructive developmental role, in contrast to 
their previously known in vitro toxic effects.  
 
14.8.3   CAT and GPx dampen H2O2 signaling 

Results are presented which support the hypothesis that adequate steady-state levels of 
hydrogen peroxide (H2O2) are required to overcome the effects of high catalase and 
glutathione peroxidase (GPx) expression for p38 mitogen-activated protein (MAP) kinase 
activation and tumor necrosis factor (TNF)-alpha gene expression in human alveolar 
macrophages stimulated with asbestos. We found significant differences in the types and 
amounts of reactive oxygen species generated in human blood monocytes compared with 
human alveolar macrophages. This difference in reactive oxygen species production is 
related, in part, to the differences in antioxidant enzyme expression and activity. Most 
importantly, catalase and GPx activities were significantly increased in alveolar 
macrophages compared with blood monocytes. Asbestos activated the p38 MAP kinase 
and induced TNF-alpha gene expression only in blood monocytes. Increasing the steady-
state levels of H2O2 by using polyethylene glycol superoxide dismutase, an antioxidant 
that crosses the cell membrane, or aminotriazole, an irreversible inhibitor of catalase, 
allowed the p38 MAP kinase to be activated in alveolar macrophages. In addition, 
asbestos-stimulated macrophages cultured with polyethylene glycol superoxide dismutase 
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had a significant increase in gene expression mediated by the TNF-alpha promoter. 
These studies demonstrate that alveolar macrophages generate significantly more 
O2·- than blood monocytes both in the control state and when stimulated with 
crocidolite asbestos.These studies demonstrate that alveolar macrophages 
spontaneously generate more ROS than do blood monocytes, and 
crocidolite asbestos does not trigger a detectable increase in ROS 
generation in either type of cell. Asbestos can enhance the production of ROS in 
the lung by stimulating cells recruited to the area of insult, i.e., the site of asbestos 

deposition. These results demonstrate that high catalase and GPx activity in human 
alveolar macrophages limits the effectiveness of H2O2 to act as a mediator of 
inflammatory gene expression (High levels of catalase and glutathione peroxidase 
activity dampen H2O2 signaling in human alveolar macrophages. Carter AB, Tephly LA, 
Venkataraman S, Oberley LW, Zhang Y, Buettner GR, Spitz DR, Hunninghake GW. Am 
J Respir Cell Mol Biol. 2004 Jul;31(1):43-53). I believe that this has far reaching 
implications in that increases in these antioxidant enzymes can interfere with H2O2 
signaling in many of its varied areas of cellular control.  One of these could be to 
inhibit apoptosis or killing of cancer cells. Also, this study showed that asbestos does 
NOT increase EMOD production. 

Further, this study shows that SOD does increase H2O2 levels as was indicated in 
their statement: “Increasing the steady-state levels of H2O2 by using polyethylene 

glycol (PEG)-superoxide dismutase (SOD), an antioxidant that crosses the cell 
membrane, or aminotriazole (ATZ), an irreversible inhibitor of catalase, allowed the p38 
MAP kinase to be activated in alveolar macrophages. These steady-state levels of H2O2 
are also dependent on the activity of peroxide-generating enzymes, such as SOD, and 
peroxide-removing enzymes, such as catalase and GPx.”  Thus, I have argued that SOD 
is, I fact, a prooxidant enzyme.  

Crocidolite asbestos lowered O2·- generation in both blood monocytes and alveolar 
macrophages. In addition, asbestos increased the rate of HO· generation in macrophages. 
Crocidolite asbestos increased the amount of extracellular H2O2 in both cells, but alveolar 
macrophages generated nine times the level generated in blood monocytes in both the 
control and the stimulated conditions. In aggregate, these data indicate that adequate 
steady-state levels of H2O2, which can be obtained by over expression of SOD, are 
necessary for p38 MAP kinase activity and TNF-  gene expression in alveolar 

macrophages stimulated with asbestos. 

Although asbestos has profound effects on epithelial cells and fibroblasts in the lung, the 
focus of this study was to determine the effects of ROS generation and antioxidant 
expression in regulating inflammatory genes in alveolar macrophages using a relevant 
oxidant stimulus, such as asbestos. More specifically, the current study demonstrates that 
the activation of the p38 MAP kinase and TNF-  gene expression by crocidolite asbestos 

in human monocytic cells is redox-sensitive. This is the first study to show that the 
imbalance in ROS production and antioxidant enzyme expression in human alveolar 
macrophages prevents the activation of signaling pathways important in initiating 
immune and/or inflammatory responses. This imbalance appears to result in inadequate 
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generation of steady-state levels of H2O2 secondary to high levels of catalase and GPx 
activity. 

14.8.4   ACE inhibitor drugs, which block 
EMODs, linked to birth defects 
Some blood pressure drugs previously thought to be safe when taken early in pregnancy 
now appear to substantially raise the risk of major birth defects. Babies whose mothers 
took ACE inhibitors in their first trimester were more than twice as 
likely to be born with serious heart and brain problems than those not 
exposed to any pressure-lowering medicines, a large study in Tennessee found. Other 
types of blood pressure drugs did not raise the risk to babies. 

The research raises troubling questions about the lack of safety data for many drugs 
prescribed to pregnant women. About 8% of pregnant women develop high blood 
pressure, which can lead to a heart attack or stroke.  

A national survey found the number of ACE inhibitor prescriptions given to women of 
childbearing age increased from 1.4 million in 1995 to 2.7 million in 2002, the latest data 
available. ACE inhibitors already carry a strong Food and Drug Administration "black 
box" warning about their dangers in the later stages of pregnancy, and the label says the 
drugs should be discontinued when pregnancy is detected. But little has been known 
about their early effects. 

Based on the new findings, taking these drugs during early pregnancy "cannot be 
considered safe and should be avoided," lead researcher Dr. William Cooper, a 
Vanderbilt University pediatrician, said in 6/7/06 New England Journal of Medicine. 

Doctors said expectant mothers should not stop treatment, because uncontrolled high 
blood pressure can harm them and the fetus, but should immediately switch to other 
drugs. ACE inhibitors have been on the market for 25 years, but little research has been 
done on their effects during early pregnancy with the exception of animal experiments 
and small human studies. The drugs work by relaxing blood vessels and increasing blood 
flow to the heart. Last year, U.S. sales of ACE inhibitors topped $3.8 billion, with about 
150 million prescriptions filled, according to IMS Health, a pharmaceutical information 
company. The top-sellers include Lotrel, Altace and Lisinopril. 

In the study, researchers studied Medicaid records on 29,507 Tennessee infants born 
between 1985 and 2000. Of those, 411 had mothers who took a blood pressure drug at 
least once during their first trimester, including 209 who took ACE inhibitors. 

About 7% of babies exposed to ACE inhibitors developed major birth defects 
compared with about 2% whose mothers took no drugs or other blood pressure 



medication, such as water pills, calcium channel blockers or beta blockers. The most 
common defects included holes in the heart and neurological and kidney problems. 

"It's a sobering finding," said Dr. Robyn Barst, a pediatric cardiologist at Columbia 
University and spokeswoman for the American Heart Association. "It highlights our lack 
of data on many drugs that we think are perfectly safe." The study was partly funded by 
the FDA. Three co-authors reported receiving support or fees from Novartis AG or Pfizer 
Inc. Novartis makes Lotrel. Pfizer makes the calcium blocker Norvasc. 

In an accompanying editorial, Friedman of the University of British Columbia said the 
ACE inhibitor study points to a larger problem about the lack of safety data available on 
most new drugs when they receive government approval. "The only way to discover 
(risks) is through long-term use. That's a little uncomfortable. It means you only learn 
about what drugs do to pregnancies after the drug's been used for a long time," Temple 
said. 

In the early 1990s, the FDA required pharmaceutical companies to put warning stickers 
on ACE inhibitors after the agency received a few reports from women whose babies 
were harmed. The label warned that ACE inhibitors can cause skull deformities, 
kidney failure, lung problems and even fetal death when taken in the last two-thirds 
of pregnancy. 

I believe that this demonstrates the danger of altering redox balance or status of the 
cell and the dangers of inhibiting prooxidant protective EMODs. 

14.8.5   ACE Inhibitors have Antioxidant Effect 

Teramoto examined the effects of angiotensin-converting enzyme (ACE) inhibitors on 
spontaneous or stimulated generation of reactive oxygen species (ROS) by 
bronchoalveolar lavage (BAL) cells prepared from 6 patients with chronic obstructive 
pulmonary disease (COPD) and from age-matched control subjects without COPD. The 
application of ACE inhibitors into culture media containing BAL cells inhibited 
spontaneous and stimulated generation of ROS by BAL cells from COPD patients and 
control subjects in an ambroxol-concentration-dependent manner. Alacepril, an ACE 
inhibitor bearing SH-group, inhibited the oxygen radical production and generation by 
BAL cells from COPD patients in a dose-dependent fashion. Approximately 0.6-0.7 mM 
of alacepril inhibited 50% of the ROS production by BAL cells from COPD patients, 
whereas a slightly higher concentration (3 mM) of lisinopril, an ACE inhibitor not 
bearing an SH-group, was necessary to inhibit the production of ROS. These results 
suggest that an ACE inhibitor may act as an pulmonary antioxidant in 
patients with COPD (Effects of angiotensin-converting enzyme inhibitors on 
spontaneous or stimulated generation of reactive oxygen species by bronchoalveolar 
lavage cells harvested from patients with or without chronic obstructive pulmonary 
disease. Teramoto S, Suzuki M, Matsuse T, Ishii T, Fukuchi Y, Ouchi Y. Jpn J 
Pharmacol. 2000 May;83(1):56-62). I believe that the antioxidant aspect of 
ACE inhibitors contribute to their dangerous properties.  The same 
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thing happened with cyclooxygenase inhibitors and with antioxidant 
vitamins, i.e., inhibition of EMOD production repeatedly leads to 
adverse effects in man. 

Reactive oxygen species (ROS) play important roles in the pathogenesis of 
cardiovascular disease. Surprisingly, large clinical trials have shown that 
ROS scavenging by antioxidant vitamins is ineffective or harmful. 
Therefore, prevention of ROS formation, by targeting specific sources of superoxide 
anion and other ROS, might prove beneficial. Potential targets include the NADPH 
oxidases (Nox enzymes), xanthine oxidase, endothelial nitric oxide synthase and 
mitochondrial oxidases. Nox enzymes play a central role because they can regulate other 
enzymatic sources of ROS. Statins, angiotensin-converting enzyme inhibitors and 
angiotensin receptor antagonists block upstream signaling of Nox activation, which 
contributes to their clinical effectiveness. Here, we discuss novel possibilities where 
drugs that directly inhibit Nox activation could successfully inhibit oxidative stress 
(Vascular NADPH oxidases as drug targets for novel antioxidant strategies. Guzik TJ, 
Harrison DG. Drug Discov Today. 2006 Jun;11(11-12):524-33). I am astounded 
with statements concerning the studies which show that antioxidants are 
ineffective or harmful.  Today’s scientists have been so indoctrinated 
into believing in the validity of the Free Radi-Crap theory, that they can 
not see the truth.  EMODs are of low toxicity and are crucial for normal 
cellular function to occur.  Blocking EMODs is obviously going to have 
harmful consequences.  The antioxidants are ineffective because 
EMODs are not causing the many pathophysiologies that have been 
attributed to them. 

Blockade of the renin-angiotensin system (RAS) reduces cardiovascular morbidity and 
mortality in diabetic patients. Ang II-mediated generation of reactive oxygen species 
(ROS) has been suggested to be involved in several diabetic complications. We 
investigated whether the inhibition of Ang II production with an ACE inhibitor (ACEi) 
reduces oxidative stress and limits structural cardiovascular remodeling in a rat model of 
streptozotocin (STZ)-induced diabetes. Diabetic rats were treated for 7 weeks with an 
ACEi (lisinopril, 5 mg/kg/d), an antioxidant (N-acetyl-l-cysteine (NAC), 0.5 g/kg/d) and 
their combination. At sacrifice, ROS in the myocardium and thoracic aorta, LV myocyte 
number and size and aorta morphology were determined by quantitative histological 
methods. Superoxide and hydroxyl radical content, detected by dihydroethidium (DHE) 
and 8-hydroxydeoxyguanosine (8-OHdG), were 6.7 and 4.5-fold, respectively, higher in 
diabetic myocardium than in non-diabetic controls (p<0.001). The amount of superoxide 
was 5-fold higher in the thoracic aorta of diabetic rats compared to controls (p<0.001). 
Diabetes caused a modest increase in myocyte volume (+13%, p<0.01), a reduction of 
LV myocyte number (-43%, p<0.001), an accumulation of collagen around coronary 
arterioles (1.9-fold increase, p<0.01) and a decrease in arterial elastin/collagen ratio (-
63%, p<0.001) compared to controls. Treatment with the ACEi attenuated ROS 
formation and prevented phenotypic changes in the heart (cardiomyocyte hypertrophy, 
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perivascular fibrosis) and in the aorta of diabetic rats to the same extent as NAC. The 
absence of an additive effect, suggests a common mechanism of action, through 
the reduction of oxidative stress (Cardiovascular oxidative stress is reduced by an ACE 
inhibitor in a rat model of streptozotocin-induced diabetes. Fiordaliso F, Cuccovillo I, 
Bianchi R, Bai A, Doni M, Salio M, De Angelis N, Ghezzi P, Latini R, Masson S. Life 
Sci. 2006 Jun 6;79(2):121-9). I believe that this indicates problems in predictability 
for the free radical theory. The ACEi and NAC should have an additive effect but 
they do not and this questions the underlying theory. 
 
Common conditions predisposing to atherosclerosis, such as dyslipidemia, 
hypertension, diabetes, and smoking, are associated with increased vascular 
production of reactive oxygen species (ROS). One of the major consequences of 
increased vascular ROS production is a reduction of endothelial nitric oxide (NO) 
bioavailability. (RMH Note: It also produces reductions in superoxide and peroxide 
but this is not considered by current investigators as being harmful). Importantly, 
endothelial NO not only produces endothelium-dependent vasodilation but also has 
potent antiatherogenic properties, including inhibition of platelet aggregation and 
adhesion molecule expression. This concept has been supported by several recent clinical 
studies, suggesting a close association of impaired endothelium-dependent vasomotion 
and clinical cardiovascular events. Increased vascular ROS production reduces 
endothelial NO not only by direct inactivation, but also as a consequence of increased 
oxidation of tetrahydrobiopterin and inhibition of dimethylarginine 
dimethylaminohydrolase. This may in part explain the profound impact of increased 
endothelial oxidant stress on endothelial NO bioactivity. An increased activity of 
NAD(P)H oxidase, a major vascular oxidant enzyme system, has been observed in both 
experimental atherosclerosis and human coronary disease and likely represents an 
important source of ROS. Moreover, NAD(P)H oxidase has been shown to cause 
endothelial NO synthase "uncoupling" and to promote xanthine oxidase-dependent 
superoxide production. In addition, in human coronary disease a reduced vascular 
activity of the antioxidant enzyme extracellular superoxide dismutase has been 
observed. (RMH Note: I believe that this is part of the causation in that reduction of 
SOD leads to reduction in H2O2). Notably, cardiovascular treatment strategies such as 
statin, angiotensin-converting enzyme (ACE) inhibitor, and angiotensin I receptor 
blocker treatment may exert potent "antioxidant" effects by reducing NAD(P)H 
oxidase and increasing extracellular superoxide dismutase activity, leading to improved 
endothelial function. Restoring endothelial function has become an attractive therapeutic 
target, given accumulating observations supporting a prognostic role of endothelial 
dysfunction (Oxidant stress-a major cause of reduced endothelial nitric oxide availability 
in cardiovascular disease. Landmesser U, Harrison DG, Drexler H. Eur J Clin Pharmacol. 
2006 Feb;62 Suppl 13:13-9). 
 
Fujiki et al have recently identified that endothelium-derived hydrogen peroxide 
(H2O2) is an endothelium-derived hyperpolarizing factor (EDHF) in animals and 
humans, for which endothelial nitric oxide synthase (eNOS) is an important source. 
Angiotensin-converting enzyme (ACE) inhibitors are known to enhance EDHF-mediated 
responses. In this study, we examined whether endothelium-derived H2O2 accounts for 
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the enhancing effect of an ACE inhibitor on EDHF-mediated responses and, if so, what 
mechanism is involved. METHODS AND RESULTS: Control and eNOS-/- mice were 
maintained with or without temocapril (10 mg/kg per day orally) for 4 weeks, and 
isometric tensions and membrane potentials of mesenteric arteries were recorded. In 
control mice, temocapril treatment significantly enhanced EDHF-mediated relaxations 
and hyperpolarizations to acetylcholine (n=8 each). Catalase, a specific scavenger 
of H2O2, abolished the beneficial effects of temocapril, although it did not 
affect endothelium-independent relaxations to sodium nitroprusside or NS1619, a direct 
opener of K(Ca) channels (n=6 each). Western blot analysis demonstrated that the 
temocapril treatment significantly upregulated the expression of eNOS. By contrast, this 
enhancing effect of temocapril was absent in eNOS-/- mice (n=6). CONCLUSIONS: 
These results indicate that endothelium-derived H2O2 accounts for the enhancing 
effect of temocapril on EDHF-mediated responses caused in part by eNOS 
upregulation, further supporting our H2O2 theory (Endothelium-derived hydrogen 
peroxide accounts for the enhancing effect of an angiotensin-converting enzyme inhibitor 
on endothelium-derived hyperpolarizing factor-mediated responses in mice. Fujiki T, 
Shimokawa H, Morikawa K, Kubota H, Hatanaka M, Talukder MA, Matoba T, Takeshita 
A, Sunagawa K. Arterioscler Thromb Vasc Biol. 2005 Apr;25(4):766-71).  

14.8.6   Endothelium-derived hyperpolarizing factor (EDHF) may be H2O2  

The endothelium plays an important role in maintaining vascular homeostasis by 
synthesizing and releasing several vasodilating factors, including prostacyclin, nitric 
oxide (NO), and endothelium-derived hyperpolarizing factor (EDHF).  It is widely 
accepted that EDHF plays an important role, especially in microvessels (Matoba T, 
Shimokawa H, Nakashima M, Hirakawa Y, Mukai Y, Hirano K, Kanaide H, Takeshita A. 
Hydrogen peroxide is an endothelium-derived hyperpolarizing factor in mice. J Clin 
Invest. 2000; 106: 1521–1530).  

 There are several candidates for EDHF, including epoxyeicosatrienoic acids, gap 
junctions, K+ ions, and, as we have recently identified, hydrogen peroxide (H2O2). H2O2 
induces vascular relaxation and hyperpolarization (Matoba T, Shimokawa H, 
Nakashima M, Hirakawa Y, Mukai Y, Hirano K, Kanaide H, Takeshita A. Hydrogen 
peroxide is an endothelium-derived hyperpolarizing factor in mice. J Clin Invest. 2000; 
106: 1521–1530) (Rubanyi GM, Vanhoutte PM. Oxygen-derived free radicals, 
endothelium, and responsiveness of vascular smooth muscle. Am J Physiol. 1986; 250: 
H815–H821) (Thengchaisri N, Kuo L. Hydrogen peroxide induces endothelium-
dependent and -independent coronary arteriolar dilation: role of cyclooxygenase and 
potassium channels. Am J Physiol Heart Circ Physiol. 2003; 285: H2255–H2263) (Sato 
A, Sakuma I, Gutterman DD. Mechanism of dilation to reactive oxygen species in human 
coronary arterioles. Am J Physiol Heart Circ Physiol. 2003; 285: H2345–H2354).  

Fujiki and others have subsequently identified that H2O2 is an EDHF in human 
mesenteric arteries (Matoba T, Shimokawa H, Kubota H, Morikawa K, Fujiki T, 
Kunihiro I, Mukai Y, Hirakawa Y, Takeshita A. Hydrogen peroxide is an endothelium-
derived hyperpolarizing factor in human mesenteric arteries. Biochem Biophys Res 
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Commun. 2002; 290: 909–913) and porcine (Matoba T, Shimokawa H, Morikawa K, 
Kubota H, Kunihiro I, Urakami-Harasawa L, Mukai Y, Hirakawa Y, Akaike T, Takeshita 
A. Electron spin resonance detection of hydrogen peroxide as an endothelium-derived 
hyperpolarizing factor in porcine coronary microvessels. Arterioscler Thromb Vasc Biol. 
2003; 23: 1224–1230), canine (Yada T, Shimokawa H, Hiramatsu O, Kajita T, Shigeto F, 
Goto M, Ogasawara Y, Kajiya F. Hydrogen peroxide, an endogenous endothelium-
derived hyperpolarizing factor, plays an important role in coronary autoregulation in 
vivo. Circulation. 2003; 107: 1040–1045), and human coronary arteries (Miura H, 
Bosnjak JJ, Ning G, Saito T, Miura M, Gutterman DD. Role for hydrogen peroxide in 
flow-induced dilation of human coronary arterioles. Circ Res. 2003; 92: e31–e40).  

Furthermore, Fujiki et al have recently demonstrated that endothelial Cu/Zn-
superoxide dismutase (SOD) plays a pivotal role to produce H2O2 as an 
"EDHF synthase" in mice (Morikawa K, Shimokawa H, Matoba T, Kubota H, 
Akaike T, Talukder MA, Hatanaka M, Fujiki T, Maeda H, Takahashi S, Takeshita A. 
Pivotal role of Cu,Zn-superoxide dismutase in endothelium-dependent hyperpolarization. 
J Clin Invest. 2003; 112: 1871–1879).  

Angiotensin-converting enzyme (ACE) inhibitors are known to improve endothelial 
dysfunction in diabetes mellitus, aging, and patients with atherogenic risk factors. ACE 
inhibitors are also known to enhance EDHF-mediated endothelium-dependent relaxation 
even in normal arteries (Goto K, Fujii K, Onaka U, Abe I, Fujishima M. Renin-
angiotensin system blockade improves endothelial dysfunction in hypertension. 
Hypertension. 2000; 36: 575–580) (Feletou M, Vanhoutte PM. EDHF: new therapeutic 
targets? Pharmacol Res. 2004; 49: 565–580).  

However, the nature of EDHF involved in the beneficial effects of ACE inhibitors 

remains to be elucidated. In this study, they examined whether endothelium-derived H2O2 
accounts for the enhancing effect of an ACE inhibitor on EDHF-mediated responses and, 
if so, what mechanism is involved to obtain further supporting evidence for our H2O2 
theory.  

Catalase largely inhibited the EDHF-mediated relaxation in the control and the temocapril 
groups, but when inactivated by aminotriazole, catalase lost its inhibitory effect, 
indicating a substantial involvement of H2O2 in the enhancing effect of temocapril on 

the EDHF-mediated relaxations.  

The major findings of the present study were as follows: (1) the long-term treatment with 
temocapril significantly enhanced EDHF-mediated relaxations and hyperpolarizations to 
ACh of mouse mesenteric arteries; (2) the enhancing effects of temocapril on the 
EDHF-mediated responses were mediated primarily by H2O2; (3) the enhanced 
expression of eNOS may be involved in the effect of temocapril, whereas vascular 
enzyme activities, including those of Cu/Zn-SOD, catalase, or glutathione peroxidase, 
were unaltered by the temocapril treatment; and (4) the enhancing effects of temocapril 
on the EDHF-mediated responses were not observed in eNOS–/– mice. These results 
demonstrate that endothelium-derived H2O2 accounts for the enhancing effect of an 



ACE inhibitor on the EDHF-mediated responses, further confirming our 
EDHF/H2O2 theory.  

Estrogen is known to enhance EDHF-mediated relaxations of rat mesenteric arteries 
(Liu MY, Hattori Y, Fukao M, Sato A, Sakuma I, Kanno M. Alterations in EDHF-
mediated hyperpolarization and relaxation in mesenteric arteries of female rats in long-
term deficiency of oestrogen and during oestrus cycle. Br J Pharmacol. 2001; 132: 1035–
1046).  

Because in the temocapril group catalase markedly inhibited the enhanced EDHF-
mediated responses and inactivated catalase lost its inhibitory effect, increased 
endothelial production of H2O2 appears to play a primary role in the enhancing effects of 
temocapril on the EDHF-mediated responses.  

Possible Mechanism Involved in the Enhancing Effect of an ACE Inhibitor on 
EDHF-Mediated Responses 
Long-term treatment with an ACE inhibitor temocapril is known to improve endothelial 
dysfunction in diabetes mellitus, aging, and hypertension. It has been reported that the 
mechanisms of the beneficial effects of ACE inhibitors include an inhibition of 
bradykinin degradation, suppression of oxidative stress (de Cavanagh EM, Inserra F, 
Toblli J, Stella I, Fraga CG, Ferder L. Enalapril attenuates oxidative stress in diabetic 
rats. Hypertension. 2001; 38: 1130–1136),  and enhancement of eNOS activity. ACE 
inhibitors upregulate eNOS mRNA expression that may result from the inhibition of 

kininase II that catalyzes the degradation of bradykinin. 

ACE inhibitors are known to increase eNOS expression and its activity via increasing 
bradykinin content, and a bradykinin B2 receptor antagonist, HOE-140, inhibits the effect 
of ACE inhibitors even in normal animals. It is reported that the vascular effects of 
temocapril are also mediated through the bradykinin pathway. In the present study, the 
upregulated eNOS may enhance EDHF-mediated relaxation, because they have 
previously demonstrated that eNOS plays an important role in producing H2O2 as an 
EDHF.  

eNOS consists of 2 domains, oxygenase and reductase domains, and the coupling of 
the 2 domains is not so tight as compared with the other 2 isoforms, nNOS and iNOS. 
Thus unlike nNOS or iNOS, eNOS produces superoxide anions from reductase 
domain even under physiological conditions, and this process is resistant to L-arginine 
analogues. eNOS produces superoxide anions from the oxygenase domain only when the 
uncoupling of the 2 domains is accelerated by tetrahydrobiopterin or L-arginine 
deficiency, the process of which is sensitive to L-arginine analogues.  Because we 
examined endothelial function under physiological conditions with and without an ACE 
inhibitor treatment, it is not surprising that endothelial production of superoxide is 

resistant to L-arginine analogues. Thus, eNOS could serve as a source of H2O2 even in 
the presence of L-NNA.  In their previous study, they confirmed that endothelial 
production of H2O2 was unaffected by indomethacin or L-NNA. Thus, H2O2 derived from 
eNOS can be synthesized and act as an EDHF in the presence of indomethacin and L-



NNA. It is thus conceivable that H2O2
 released from upregulated eNOS by an ACE 

inhibitor is able to cause vasodilatation and hyperpolarization.  

Heat shock protein 90 (hsp90), one of the eNOS-associated proteins, is known to be 
coupled with eNOS for NO generation. Because inhibition of hsp90 is sufficient to 
uncouple eNOS activity and lead to increased superoxide generation, it remains to be 
examined whether this mechanism is involved in the present finding with temocapril.  

To confirm the involvement of eNOS upregulation in the effect of an ACE inhibitor, they 
further examined the effect of temocapril in eNOS–/– mice. In those mice, there was no 
eNOS protein expression in control or temocapil-treated animals. Importantly, temocapril 
failed to enhance EDHF-mediated relaxations in those mice, indicating that the enhancing 
effect of temocapril on EDHF-mediated responses is mediated, at least in part, by eNOS 
upregulation by the ACE inhibitor.  

Recently, they have demonstrated that endothelial Cu/Zn-SOD plays an important role 
in producing H2O2 as an EDHF synthase in mouse mesenteric arteries (Morikawa K, 
Shimokawa H, Matoba T, Kubota H, Akaike T, Talukder MA, Hatanaka M, Fujiki T, 
Maeda H, Takahashi S, Takeshita A. Pivotal role of Cu,Zn-superoxide dismutase in 
endothelium-dependent hyperpolarization. J Clin Invest. 2003; 112: 1871–1879).  

ACE inhibitors are known to have radical scavenging effects. Captopril, for example, 
has the protective action on endothelium-dependent relaxation like SOD, by scavenging 
basally released oxygen-derived free radicals (Mittra S, Singh M. Possible mechanism of 
captopril induced endothelium-dependent relaxation in isolated rabbit aorta. Mol Cell 
Biochem. 1998; 183: 63–67).  

In general, ACE inhibitors with sulfhydryl group (SH) are known to have a scavenging 
effect of oxygen-derived free radicals. However, it is also possible that temocapril, a non-
SH–containing ACE inhibitor, has a radical scavenging effect because several studies 
have demonstrated that the presence of SH group is not the only determinant for the 
antioxidant properties of ACE inhibitors. Thus, the results with temocapril in the present 
study might be explained in part by the direct effect of the ACE inhibitor in scavenging 
basally released oxygen-derived free radicals.  

14.8.7   H2O2 is an EDHF in human mesenteric and coronary arteries 

Clinical Implications 
EDHF plays an important role in human arteries to maintain endothelium-
dependent relaxations, especially in patients with multiple risk factors (Inokuchi K, 
Hirooka Y, Shimokawa H, Sakai K, Kishi T, Ito K, Kimura Y, Takeshita A. Role of 
endothelium-derived hyperpolarizing factor in human forearm circulation. Hypertension. 
2003; 42: 919–924).  

ACE inhibitors are now widely used for the treatment of patients with hypertension, acute 
and chronic heart failure, myocardial infarction, and diabetes mellitus. ACE inhibitors 



also prevent endothelial dysfunction in patients with coronary artery disease. In the 
present study, the serum concentration of temocapril in mice was equivalent to that of 
elderly patients receiving daily dose of temocapril. Fujiki and others have demonstrated 

that endothelium-derived H2O2 is an EDHF in human mesenteric and coronary 
arteries.  

14.8.8   H2O2 Sensors 

Some of the following was abstracted, excerpted or modified from:  H2O2 Sensors of 
Lungs and Blood Vessels and Their Role in the Antioxidant Defense of the Body. V. P. 
Skulachev. Biokhemika, 2001. 

It is obvious that oxygen simultaneously performs several functions essential for aerobic 
life. It plays the role of terminal electron acceptor for the respiratory chain which is the 
major energy-providing mechanism for respiring cells. Moreover, O2 is a substrate of 
oxygenases as well as of oxidases alternative to cytochrome oxidase of the respiratory 
chain. Some of these oxidases produce reactive oxygen species (ROS), namely O2

.- and 
H2O2, instead of the inert H2O that is formed by cytochrome oxidase. ROS can be used 
by the organism as a tool to attack pathogens or as a signal. In the majority of cases, this 
is the signal for self-elimination of organelles, cells, organs, or even the entire organism. 
ROS are also formed nonenzymatically by “parasitic” chemical reactions of one-
electron reduction of O2 by the respiratory chain electron carriers and some other natural 
reductants. 

Higher organisms possess a multilevel system of anti-ROS defense. The first line of this 
system is to decrease the intracellular [O2] to a level still saturating cytochrome oxidase 
but insufficient for non-enzymatic ROS formation. One of the great achievements of 
evolution of aerobic life was the invention of cytochrome oxidase, an enzyme able to 
reduce O2 at a high rate at O2 levels even 100-fold lower than that in water under 
normal atmospheric pressure. As to ROS, their nonenzymatic formation 
parallels the decrease in [O2] according to the mass action law. This is why 
a decrease in intracellular [O2] over wide limits does not affect the cytochrome oxidase 
reaction but strongly inhibits nonenzymatic one-electron reduction of oxygen (Skulachev, 
V. P. (1999) Mol. Asp. Med., 20, 139-184). 

H2O2 is a direct precursor of OH* in the chain of ROS interconversion reactions. 

There are some indications that mammals possess at least two H2O2 sensors. One is 
located in cells of the lung neuroepithelial bodies, being responsible for constriction of 
the lung airways when the H2O2 level rises (Fu, X. W., Wang, D., Nurse, C. A., Dinauer, 
M. C., and Cutz, E. (2000) Proc. Natl. Acad. Sci. USA, 97, 4374-4379).  

The other performs the same function in the blood vessels, being found in cells of the 
carotid body (Wang, D., Youngson, C., Wong, V., Yeger, H., Dinauer, M. C., de Miera, 
E. V.-S., Rudy, B., and Cutz, E. (1996) Proc. Natl. Acad. Sci. USA, 93, 13182-13187). 



The NADPH oxidase enzyme oxidizes intracellular NADPH, transporting electrons 
through the membrane to its outer surface (FAD and special two-heme cytochrome b are 
involved). Here one-electron reduction of O2 to O2

.- occurs. Two O2
.- molecules dismutate 

to form O2 and H2O2. The latter interacts with the outer part of a K+ channel protein 
located in the plasma membrane. As a result, the channel is stabilized in its open 
conformation. If the O2 concentration drops, the rate of the NADPH-oxidase reaction 
decreases, [H2O2] decreases, the K+ channel closes, the membrane potential on plasma 
membrane decreases, and the cell is excited. The excitation gives rise to release of 
intracellular serotonin to the extracellular medium. Serotonin operates as a mediator of 
opening of the lung airways (it is significant that the neuroepithelial cells are located in 
places of branching of these airways). 
 
The work-to-rest transition results in a decrease of the O2 consumption in cells, a rise in 
the blood O2 concentration, and consequent lowering of O2 diffusion from the lungs to 
the blood. As a result, [O2] outside the neuroepithelial cells rises, NADPH oxidase is 
activated, [H2O2] increases, K+ channel opens, and serotonin is not released. The final 
event will be a decrease in the O2 supply to the body due to a constriction of airways 
(Wang, D., Youngson, C., Wong, V., Yeger, H., Dinauer, M. C., de Miera, E. V.-S., 
Rudy, B., and Cutz, E. (1996) Proc. Natl. Acad. Sci. USA, 93, 13182-13187). 

Similar events occur in the carotid cells. The only difference is that they release 
catecholamines instead of serotonin, causing dilatation of the blood vessels. 

As reported by Maeda and coworkers, the influenza virus causes strong (by 2-3 
orders of magnitude) activation in lungs of xanthine oxidase, an enzyme 
forming O2

.- and H2O2 from O2 (Akaike, T., Suga, M., and Maeda, H. (1998) Proc. Soc. 
Exp. Biol. Med., 217, 64-73) (Akaike, T., Ando, M., Oda, T., Doi, T., Ijiri, S., Araki, S., 
and Maeda, H. (1990) J. Clin. Invest., 85, 739-745) (Maeda, H., and Akaike, T. (1998) 
Biochemistry (Moscow), 63, 854-865) (concerning the possible significance of this effect 
for suppression of the viral infection, see (Skulachev, V. P. (1998) Biochemistry 
(Moscow), 63, 1438-1440). 

It seems possible that O2
.- in the air (so-called negative aeroions) may regulate the 

work of the lungs. An increase in O2
.- in the consumed air may be interpreted as a signal 

to decrease lung ventilation. Respectively, a decrease in O2
.- will lead to hyperventilation, 

tissue [O2] increase, stimulation of ROS production, and, as a consequence, acceleration 
of ageing. 

In this context, it should be noted that one of the most aggressive types of cancer, small 
cell lung carcinoma, represents, in fact, a result of malignant transformation of the lung 
neuroepithelial cells. These tumor cells still produce the same neuromediators and 
contain both NADPH oxidase and the H2O2-stimulated K+ channels. Even more, 
malignant transformation was found to be oxygen-dependent (Schuller, H. M. (1991) 
Exp. Lung Res., 17, 837-852). 



It seems possible that the favorable effects of O2
.- generating devices (see, e.g., 

(Goldstein, N. I., and Arshavskaya, T. V. (1997) Z. Naturforsch., 52c, 396-404) (Norman, 
G. E. (2001) Biokhimiya, 66, 123-126) is also mediated by some H2O2 sensor(s).  

14.9.0    Mice and rats die when kept under O2
.- free conditions 

As shown by Goldstein and coworker, mice and rats die when kept under O2
.- 

free conditions for 16 and 23 days, respectively (Goldstein, N. I., and 
Arshavskaya, T. V. (1997) Z. Naturforsch., 52c, 396-404). 

Most probably, the death is a consequence of deregulation of some functions of vital 
importance occurring due to the absence of signals from O2

.- and/or H2O2-sensors 
normally reporting about the level of these reactive oxygen species in airways. These 
signals might be produced by either lung neuroepithelial bodies or the so-called 
vomeronasal organ (Berliner, D. L., Monti-Bloch, L., Jennings-White, C., and Diaz-
Sanchez, V. (1996) J. Steroid Biochem. Mol. Biol., 58, 259-265).  

There are indications that in large cities the air O2
.- is strongly reduced due to 

antioxidant actions of products of decomposition of rubber and some other 
polymers (Belyakov, V. A., Burlakova, E. B., Vasil'ev, R. F., Arkhipova, G. V., 
Fedotova, I. B., and Chernyavskaya, L. I. (1994) Dokl. RAN, 336, 124-126) (Belyakov, 
V. A., Vasil'ev, R. F., Trofimov, A. V., and Fedorova, G. F. (1997) in Free Radicals in 
Biology and Environment (Minisci, F., ed.) Kluwer Academic Publishers, Dordrecht, pp. 
233-250). 

The air O2
.- deficiency could be compensated by artificial O2

.- generators. However, here 
we should be very careful since hyperproduction of O2

.- can lead to catastrophic 
consequences due to constriction of the lung airways. This is why the use of O2

.- 
generators should be considered only after detailed investigation of their effects on lung 
function. In any case, it is very probable that air O2

.- monitoring should be useful to 
improve conditions of existence of humans in the modern world. 

14.9.1    Hypertension and EMODs 

14.9.2   Antioxidants Do Not Reduce Diabetic Hypertension 

Poorly controlled longstanding diabetes frequently results in sustained hypertension 
(HTN) which plays a major role in the pathogenesis of diabetic nephropathy. In addition, 
hyperglycemia, per se, causes a reversible rise in blood pressure (BP) and increases 
production of reactive oxygen species (ROS). Increased ROS activity may raise BP by 
promoting inactivation of nitric oxide (NO) and/or nonenzymatic generation of 
vasoconstrictive prostaglandins from peroxidation of arachidonic acid. Therefore, we 
hypothesized that antioxidant therapy may enhance the BP-lowering effect of glycemia 
control with insulin replacement in diabetes. METHODS: Male Sprague-Dawley rats 
were rendered diabetic by streptozotocin administration and randomized to untreated, 
antioxidant-treated (vitamin E-fortified food, tocopherol 5000 U/kg chow and vitamin C-



fortified H2O, 1000 mg/L), insulin-treated and insulin plus antioxidant-treated groups. 
Normal rats fed a regular diet or antioxidant-fortified diet served as controls and 
monitored for 4 weeks. RESULTS: The diabetic animals showed marked hyperglycemia, 
HTN, proteinuria, depressed tissue glutathione level and elevated plasma lipid 
peroxidation product, malondialdehyde (MDA) denoting increased ROS activity. Insulin 
therapy alone resulted in significant, but incomplete reduction in BP and plasma MDA 
but not proteinuria. Antioxidant therapy alone had no effect on the 
measured parameters in either the diabetic or control animals. However, 
combined insulin and antioxidant therapies normalized BP, plasma MDA and 
urinary protein in the diabetic animals. As expected, uncontrolled diabetes resulted in 
glomerular hyperfiltration which was partially reversed by insulin therapy, but was 
unaffected by antioxidant therapy. CONCLUSION: Uncontrolled hyperglycemia 
in the early phase of diabetes was associated with elevated plasma MDA, HTN and 
proteinuria. Insulin therapy alone resulted in significant but incomplete reduction of 
plasma MDA and BP. Antioxidant therapy which was ineffective when given alone, 
normalized plasma MDA, BP and reduced urinary protein excretion when combined with 
insulin treatment (Antioxidant therapy potentiates antihypertensive action of insulin in 
diabetic rats. Koo JR, Ni Z, Oviesi F, Vaziri ND.Clin Exp Hypertens. 2002 
Jul;24(5):333-44). 

Some of the following material was abstracted, excerpted or modified from: Reactive 
Oxygen Species, Vascular Oxidative Stress, and Redox Signaling in Hypertension. What 
Is the Clinical Significance? Rhian M. Touyz. Hypertension. 2004;44:248. 
 
The kidney and vasculature are rich sources of NADPH oxidase–derived ROS, which 
under pathological conditions play an important role in renal dysfunction and vascular 

damage. Thus, they should have high incidences of infections and tumors, but they 
do not. Some explanations for the rather disappointing results from these studies are 

addressed. These authors just can not bring themselves to say that antioxidants 
failed and that these failures invalidate the Free Radi-Crap theory and the concept 
of oxidative stress.  
 
Reportedly, inhibition of ROS generation with apocynin (NAD(P)H oxidase inhibitor) 
or allopurinol (xanthine oxidase inhibitor) and radical scavenging with antioxidants or 
SOD mimetics decrease BP and prevent development of hypertension in most 
hypertensive models. 
 
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.46,47 
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. 
 
Additionally, overall data from large prospective randomized clinical 
trials failed to demonstrate beneficial cardiovascular effects of 
antioxidants. Potential reasons relate to (1) antioxidants used, (2) patients included in 
trials, and (3) the trial design itself. With respect to antioxidants, it is possible that agents 
examined were ineffective and inappropriate and that dosing regimens and duration of 
therapy were insufficient. For example, vitamins C and E, the most widely examined 
antioxidants in trials, may have prooxidant properties, with harmful and deleterious 
interactions. It is also possible that orally administered antioxidants may be inaccessible 
to the source of free radicals, particularly if ROS are generated in intracellular 
compartment and organelles. Furthermore, antioxidant vitamins do not scavenge H2O2 
or HOCl, which may be more important than ·O2

– in hypertensive vascular damage. 
Another factor requiring consideration, is that antioxidants do not inhibit ROS production. 
Theoretically, agents that reduce oxidant formation should be more efficacious than 
scavengers in ameliorating oxidative stress. This is based on experimental evidence 
where it has been shown unambiguously that inhibition of NAD(P)H oxidase–mediated 

generation of ·O2
–, using pharmacological and gene-targeted strategies, leads to 

regression of vascular remodeling, improved endothelial function, and lowering of BP. In 
fact, vascular NAD(P)H oxidase, specifically gp91phox (nox2) homologues, may be 
novel therapeutic targets for vascular disease. I guess that it never occurred to them 
that the Free Radi-Crap theory is wrong. 
 
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).  
 
14.9.3   Antioxidants and CVD 



Some of the following material was abstracted, excerpted or modified from:  AHA 
Science Advisory. Antioxidant Consumption and Risk of Coronary Heart Disease: 
Emphasis on Vitamin C, Vitamin E, and ß-Carotene. A Statement for Healthcare 
Professionals From the American Heart Association. Diane L. Tribble, PhD. Circulation. 
1999;99:591-595. 

Oxidants are products of normal aerobic metabolism and the inflammatory 

response. They constitute a chemically and compartmentally diverse group, and it is 
presently unknown which, if any, are critical to the disease process. In 
addition to the different sources and types of oxidants, ambiguity in relating specific 
oxidants to the disease process arises from the multitude of pathophysiological events 
linked to oxidation, the paucity of methods for measuring these short-lived species within 
the sequestered environment of the artery wall, and the variable modulating effects of 
counteractive antioxidants. With regard to the latter, although oxidant formation is an 
inevitable feature of aerobic life, oxidant-mediated disease promotion is proposed to 
occur only under circumstances in which these agents overwhelm antioxidant defenses 
(AHA Science Advisory. Antioxidant Consumption and Risk of Coronary Heart Disease: 
Emphasis on Vitamin C, Vitamin E, and ß-Carotene. A Statement for Healthcare 
Professionals From the American Heart Association. Diane L. Tribble, PhD. Circulation. 
1999;99:591-595).  

Like oxidants, antioxidants constitute a diverse group of compounds with different 
properties. They operate by inhibiting oxidant formation, intercepting oxidants once they 
have formed, and repairing oxidant-induced injury. In terms of the coronary heart disease 
process, several points of antioxidant intervention have been proposed, as recently 

reviewed in detail (Gokce N, Frei B. Basic research in antioxidant inhibition of steps in 
atherogenesis. J Cardiovasc Risk. 1996;3:352–357) (Diaz MN, Frei B, Vita JA, Keaney 
JF Jr. Antioxidants and atherosclerotic heart disease. N Engl J Med. 1997;337:408–416).  

A major case in point is the Alpha-Tocopherol, Beta-Carotene Cancer Prevention 
(ATBC) Study, a randomized trial that tested the effects of daily doses of 50 mg (50 IU) 
of vitamin E (all-racemic -tocopheryl acetate), 20 mg of ß-carotene, both, or placebo for 
5 to 8 years in a population of >29 000 male smokers. The major end point was lung 
cancer, but the investigators also evaluated coronary heart disease. No reduction in risk of 
lung cancer or major coronary events was observed with any of the treatments. Moreover, 
with vitamin E supplementation, there was an unexpected increase in 
risk of death from hemorrhagic stroke, and with ß-carotene 
supplementation, there were unexpected increases in mortality from 
lung cancer and ischemic heart disease. Increases in risk of both lung 
cancer and cardiovascular disease mortality also were observed in the 
Beta-Carotene and Retinol Efficacy Trial (CARET), which tested the effects 
of combined treatment with ß-carotene (30 mg/d) and retinyl palmitate (25 000 IU/d) in 
18 000 men and women with a history of cigarette smoking or occupational exposure to 
asbestos.  



There was no evidence of a significant beneficial or harmful effect of ß-carotene on 
cancer or cardiovascular disease in the Physicians' Health Study, which involved 
22,071 US male physicians randomized to ß-carotene (50 mg every other day), aspirin 
(325 mg), both, or neither for 12 years. A small absolute increase in risk could not be 
ruled out in smokers, however. These results are considered to be particularly informative 

because of the large sample size and long duration and may be more generalizable than 
those of the ATBC and CARET studies because the population was not limited to 
smokers or high-risk individuals.  

It is perhaps relevant that the 1 trial that did show a trend toward decreased 
cardiovascular mortality involved low-dose supplementation (with a combined regimen 
of vitamin E, ß-carotene, and selenium) in a poorly nourished population in Linxian, 
China. I believe that this singular supportive study is suspicious since it is in 
disagreement with other larger studies. 

Results from secondary prevention trials have been more supportive of the potential 
health benefits of antioxidants. The Cambridge Heart Antioxidant Study (CHAOS) tested 
the effects of high doses (400 or 800 IU/d) of -tocopherol on subsequent cardiovascular 

events in patients with angiographic evidence of coronary atherosclerosis. On the basis of 
the combined results for the 2 dose levels, risks of myocardial infarction (MI) and all 
cardiovascular events were reduced by 77% and 47%, respectively, in the treatment 

group, with a delay in the onset of treatment benefit of 200 days. Similar reductions 
were not observed for fatal cardiovascular end points. Although there are some concerns 
regarding the design of the CHAOS trial, including the use of 2 vitamin E doses, similar 
results have been obtained in other recent trials. Less impressive but consistent with the 
CHAOS study were results from a secondary analysis of the ATBC Study. In individuals 

with a history of MI at the start of the study, risk of subsequent nonfatal MI was reduced 
by 38% in the -tocopherol group; in contrast, risk of fatal coronary end points was not 
reduced. As in the larger study, risk of fatal coronary end points was 

increased with ß-carotene supplementation (both with and without -
tocopherol). 

Another potential therapeutic role for antioxidants is in the reduction of restenosis 
after angioplasty. This role has been addressed in several recent trials (Tardif J-C, 
Cote G, Lesperance J, Bourassa M, Lambert J, Doucet S, Bilodeau L, Nattel S, de Guise 
P. Probucol and multivitamins in the prevention of restenosis after coronary angioplasty: 
Multivitamins and Probucol Study Group. N Engl J Med. 1997;337:365–372) (Yokoi H, 
Daida H, Kuwabara Y, Nishikawa S, Takatsu F, Tomihara H, Nakata Y, Kutsumi Y, 
Ohshima S, Nishiyama S, Seki A, Kato K, Nishimura S, Kanoh T, Yamaguchi H. 
Effectiveness of an antioxidant in preventing restenosis after percutaneous transluminal 
coronary angioplasty: the Probucol Angioplasty Restenosis Trial. J Am Coll Cardiol. 
1997;30:855–862) (Tomoda H, Yoshitake M, Morimoto K, Aoki N. Possible prevention 
of postangioplasty restenosis by ascorbic acid. Am J Cardiol. 1996;78:1284–1286) 
(DeMaio SJ, King SB III, Lembo NJ, Roubin GS, Hearn JA, Bhagavan HN, Sgoutas DS. 
Vitamin E supplementation, plasma lipids and incidence of restenosis after percutaneous 
transluminal coronary angioplasty (PTCA). J Am Coll Nutr. 1992;11:68–73).  



The Multivitamins and Probucol (MVP) Study tested the effects of a combination of 
vitamin C (1000 mg/d), vitamin E (1400 IU/d), and ß-carotene (100 mg/d); probucol (a 
lipid-lowering drug with antioxidant effects; 1000 mg/d); the dietary antioxidants plus 
probucol (in the same amounts); or placebo alone on the rate and severity of restenosis. 
The Probucol Angioplasty Restenosis Trial (PART) compared probucol (1000 mg/d) with 
placebo. In both studies, treatments were initiated 1 month before and maintained for 6 
months after elective angioplasty. Relative to placebo, probucol significantly reduced 
restenosis. The authors proposed that the beneficial effects of probucol were due to its 
antioxidant properties. Yet in the MVP study, similar results were not observed for 
the dietary antioxidants, which had no effect alone and appeared to negate the 
beneficial effects of probucol when given in combination. Beneficial effects have been 
observed for vitamins C and E in other studies, however. Because the long-term use of 
probucol in diseased individuals is of concern, owing to adverse effects on plasma high-
density lipoprotein levels (a 41% reduction was noted in the MVP study), dietary 

antioxidants, if efficacious, could represent a good alternative. 

Pham reviewed clinical trials evaluating the safety and efficacy of vitamin E 
supplementation in cardiovascular disease and cancer prevention. Using the MeSH search 
terms alpha-tocopherol, tocopherols, vitamin E, cardiovascular diseases, cancer, 
malignancy, and clinical trials, a literature review was conducted to identify peer-
reviewed articles in MEDLINE (1966–July 2005). Trials on vitamin E alone or in 
combination with other vitamins or minerals were reviewed. Emphasis was placed on 
prospective, randomized, double-blind, placebo-controlled clinical trials.  

Eight clinical studies demonstrated contradicting results regarding the 
benefits of vitamin E in the prevention of cardiovascular disease and 
cancer.  

There is enough evidence from large, well-designed studies to discourage the use of 
vitamin E in the primary prevention of cardiovascular disease. The findings of the 

studies reviewed do not provide evidence that vitamin E may reduce the risk of cancer; 
thus, at the present time, we do not recommend daily vitamin E intake for cancer 
prevention is not recommended.  

CONCLUSIONS: Available data do not support the supplementation of 
vitamin E in cardiovascular disease and cancer prevention (Vitamin E 
Supplementation in Cardiovascular Disease and Cancer Prevention: Part 1. David Q 
Pham. The Annals of Pharmacotherapy: Vol. 39, No. 11, pp. 1870-1878).  

At this time, the scientific data do not justify the use of antioxidant 
vitamin supplements for CVD risk reduction. This position is consistent with 
recommendations that have been made by the AHA in 2004 for the prevention of CVD in 
women as well as by the American College of Cardiology and AHA in 2002 for patients 
with chronic stable angina. CVD risk reduction can be achieved by the long-term 
consumption of diets consistent with the AHA Dietary Guidelines; the long-term 



maintenance of a healthy body weight through balancing energy intake with regular 
physical activity; and the attainment of desirable blood cholesterol and lipoprotein 
profiles and blood pressure levels. No consistent data suggest that consuming 
micronutrients at levels exceeding those provided by a dietary pattern consistent 

with AHA Dietary Guidelines will confer additional benefit with regard to CVD risk 
reduction (Antioxidant Vitamin Supplements and Cardiovascular Disease. Penny M. 
Kris-Etherton et al. Circulation. 2004;110:637-641). 

In short, I believe that reliable scientific data concerning potential 
dangers of antioxidant vitamins makes them tough pills to swallow. 

Antioxidant vitamins are thought to play a role in atherosclerosis. Supplementation of 
these nutrients has been explored as a means of reducing cardiovascular morbidity and 

mortality. Investigators assessed the evidence of the effectiveness of vitamin 

supplementation, specifically vitamins A, C, and E; beta-carotene; folic acid; antioxidant 
combinations; and multivitamin supplements, in preventing cardiovascular disease. 
Conclusions: Some good-quality cohort studies have reported an association between the 
use of vitamin supplements and lower risk for cardiovascular disease. Randomized, 
controlled trials of specific supplements, however, have failed to 
demonstrate a consistent or significant effect of any single vitamin or 

combination of vitamins on incidence of or death from cardiovascular 

disease (Routine Vitamin Supplementation To Prevent Cardiovascular Disease: A 
Summary of the Evidence for the U.S. Preventive Services Task Force. C. D. Morris and 
S. Carson. Ann Intern Med, July 1, 2003; 139(1): 56 - 70).  

14.9.4    Vitamins E and C Failed to protect ALRI patients 

To evaluate the effect of antioxidant Vitamins E and C as adjunct therapy of severe acute 
lower respiratory infection (ALRI) in children. Randomized double-blind placebo-
controlled clinical trial. A large childrens' hospital serving the urban poor in Kolkata, 
India. Children aged 2–35 months admitted with severe ALRI. 

In total, 174 children were randomly assigned to receive -tocopherol 200 mg and 
ascorbic acid 100 mg twice daily or placebo for 5 days. All children received standard 
treatment for severe ALRI. Outcome measures were: time taken to recover from a very ill 
status, fever, tachypnoea, and feeding difficulty; and improvement in oxidative stress and 
immune response indicated by thiobarbituric acid reacting substances (TBARS) and 
response to skin antigens, respectively. 

Recovery rate ratios (95% CI) using proportional hazards model were 0.89 (0.64–1.25), 
1.01 (0.72–1.41), 0.86 (0.57–1.29), and 1.12 (0.77–1.64) for very ill status, feeding 
difficulty, fever, and tachypnoea, respectively. TBARS values were high and similar in 
the two groups at admission, discharge, and at 2 weeks follow-up. Serum -tocopherol 
significantly increased in treated group at discharge. Immune response to skin 
antigens were very poor at admission and after 2 weeks, in both groups. 



Infants with severe ALRI failed to benefit from two antioxidant 
nutrients as adjunct therapy. Severe ALRI in infants may cause cell-mediated 
immune dysfunction.  

14.9.5   Vitamin C during pregnancy increases risk of wheezing, vitamin E 
decreases risk  

Date: 18 January 2005, Source: Nutraingredients  
Researchers have found that women who have the highest consumption of vitamin C 
during late pregnancy are two to three times more likely to develop wheezing when 
they reach two years of age. This may be explained by the fact that those consuming 
more vitamin C might be more health conscious and thus more likely to notice wheezing 
in their children but nevertheless, researchers warn women to be careful when taking 
vitamin C supplements and to try to maintain adequate nutrition through diet. This study 
somewhat contradicts other studies which found that high fruit intake by children was 
linked to lower risk of wheezing and high vitamin C consumption during pregnancy was 
linked to a lowered risk of allergy or asthma in children. In support of the study though, 
is another US study which found that infants taking multivitamins were more prone 
to asthma and food allergies. Researchers also found that a high intake of Vitamin E by 
mothers as much as halved the risk of wheezing in children. 

14.9.6    Vitamin E fails to Prevent CVD  

Antioxidant treatment in clinical trials to date, predominantly with vitamin E, have 
failed to improve cardiovascular outcomes (Z., S., Nedeljkovic, N., Gokce, J., 
Loscalzo; Mechanisms of oxidative stress and vascular dysfunction; Postgraduate 
Medical Journal London: Apr 2003. Vol. 79, Iss. 930; pg.195-199). 

Established risk factors for cardiovascular disease (CVD), such as hypertension, smoking 
and diabetes mellitus, explain only some of the observed variation in clinical events. This 
has maintained interest in other nutritional and biochemical factors that might contribute 
to the underlying pathophysiology of CVD. All of these risk factors are associated with 
increased oxidative stress in the vessel wall, which may contribute to CVD by several 
mechanisms. Studies in animal models of CVD have suggested that natural and synthetic 
anti-oxidants can prevent the development of clinical end points. These observations have 
generated the hypothesis that anti-oxidant therapy might also prevent CVD in human 
populations. This has been supported by epidemiological studies showing a negative 
correlation between circulating concentrations or dietary intake of natural anti-oxidant 
vitamins and CVD event rate. Many studies have also demonstrated a beneficial effect of 
anti-oxidants on surrogate markers of CVD such as endothelial function and lipoprotein 
oxidation. However, the results of large prospective randomised controlled 
intervention trials, mostly involving vitamin E in patients at increased risk of CVD, 
have been disappointing and have failed to demonstrate the anticipated 
benefits (Anti-oxidants-- a protective role in cardiovascular disease? Maxwell S, Greig 
L. Expert Opin Pharmacother. 2001 Nov;2(11):1737-50). I believe that the failure of 
the anticipated antioxidant results is because of the invalidity of the free radical 

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


theory.  The unpredictability of the free radical theory has been demonstrated 
repeatedly and apparently falls on “deaf scientific ears.” 

It is impossible to know whether antioxidants failed to prevent or treat disease because 
they didn’t lower oxidative stress or because oxidative stress doesn’t play a causal role in 
disease. 
 
14.9.7    Lycopene does not prevent DM type 2 

This study found little evidence for an association between dietary intake of 
lycopene or lycopene-containing foods and the risk of type 2 DM (The Consumption 
of Lycopene and Tomato-Based Food Products Is Not Associated with the Risk of Type 2 
Diabetes in Women. Lu Wang, Simin Liu, JoAnn E. Manson, J. Michael Gaziano, Julie 
E. Buring and Howard D. Sesso. American Society for Nutrition J. Nutr. 136:620-625, 
March 2006). I believe that this is another important large study to show 
disappointing results with antioxidants, lycopene, in preventing type 2 
diabetes.  This is support for my Unified theory. 

14.9.8    Green Tea does not reduce CVD 

There is no credible scientific evidence that drinking green tea reduces the risk of 
heart disease.  The Food and Drug Administration said on 5/09/06 that it had reviewed 
105 articles and other publications submitted as part of the petition but could find no 
evidence to support claims of the beverage's health benefits. "FDA concludes there 
is no credible evidence to support qualified health claims for green tea or green tea 
extract and a reduction of a number of risk factors associated with CVD" or 
cardiovascular disease, Barbara O. Schneeman, director of the agency's Office of 
Nutritional Products, Labeling and Dietary Supplements, wrote in a letter denying the 
petition.  

Green tea is brewed from the leaves of Camellia sinensis, also known as Thea sinensis. 
Unlike black and oolong tea, green tea is made from unfermented tea leaves. The FDA 
previously has said that green tea likely does not reduce breast, prostate or any 
other type of cancer risk. 

Nonetheless, the belief that drinking green tea confers health benefits has driven its 
popularity over the last decade, the Tea Association of the United States has said. A 
health claim, in the language of the FDA, characterizes the relationship between a 
substance and a reduction in the risk of contracting a particular disease. 

14.9.9    Dark Soya Sauce Healthier Than Red Wine 

Dark soya sauce, widely used in east Asia, may prove to be more effective than red wine 
and vitamin C in combating human cell damage, researchers in Singapore said. Scientists 
found that the sauce -- derived from fermented soya beans -- contains antioxidant 
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properties about 10 times more effective than red wine and 150 times more potent 
than vitamin C, Singapore's Strait Times reported on 6/03/06. 

Antioxidants, found in red wine, fruits and vegetables, counter the effects of free radicals, 
unstable atoms which allegedly attack human cells and tissues. Free radicals have been 
linked to the aging process as well as a range of ailments including Parkinson's disease, 
cancer and heart disease, but have never been proven causal. 

The National University of Singapore study also found that the sauce improved blood 
flow by as much as 50 percent in the hours after consumption. "There's a preventative 
aspect, showing that it may potentially slow down the rate of cardiovascular and 
neurodegenerative diseases," research team leader Professor Barry Halliwell said. 

But he cautioned against taking large amounts of dark soya sauce because of its high salt 
content, which could lead to high blood pressure.  

14.9.10    Vitamin E and Insulin Resistance 

Markers of oxidative stress and plasma alanine transferase (ALT) levels are increased 
and circulating antioxidant concentrations are reduced in individuals with insulin 
resistance. Vitamin E improves glycemic control in people with diabetes. Manning et al 
tested the hypothesis that vitamin E would decrease markers of oxidative stress and 
plasma ALT levels and improve insulin sensitivity in overweight individuals.  

Eighty overweight individuals (BMI >27 kg/m2) were randomly allocated to receive 
either 800 IU vitamin E per day or a matching placebo for 3 months. The dose of 
vitamin E was increased to 1,200 IU per day for a further 3 months.  

Plasma peroxides decreased by 27% at 3 months and by 29% at 6 months in the group 
that received vitamin E and were positively correlated with plasma vitamin E 
concentrations at the 6-month time point. At 3 months, fasting plasma glucose and insulin 
concentrations were significantly reduced and homeostasis model assessment increased. 
These changes were not apparent at 6 months. Plasma ALT concentrations 
declined significantly throughout the study period. In conclusion, these findings indicate 
that vitamin E improves oxidative stress and hepatocellular function. Although insulin 
resistance also improves, this effect appears transient (Effect of High-Dose Vitamin E 
on Insulin Resistance and Associated Parameters in Overweight Subjects. Patrick J. 
Manning et al. Diabetes Care 27:2166-2171, 2004).  

Vitamin E has a number of effects that are independent of its antioxidant activity, and the 
mechanism underlying this improvement in insulin sensitivity remains to be determined. 
While there is evidence that vitamin E acts as a prooxidant under 
specific conditions in vitro, there is little direct evidence that it has 
similar activity in vivo. It is thought that substantial levels of coantioxidants, such as 
ascorbate, regenerate the tocopherol radical and prevent tocopherol-mediated 
peroxidation in vivo.  



Vale claims that high-dose vitamin E may have an acute toxic effect and 
may increase the risk of coronary death. This is based on the higher number of 
early deaths in the vitamin E (19/1,035) group compared with the placebo (7/967) group 
in the Cambridge Heart Antioxidant Study (CHAOS). This study has been criticized 
because of imbalances in several baseline characteristics, raising the possibility that 
randomization failed to produce truly comparable groups. In addition, given that the 
number of cardiovascular end points was small and that the study was of short duration, it 
has been suggested that the main finding of a 77% decrease in nonfatal acute myocardial 

infarction in the CHAOS was likely due to chance. Moreover, the number of early 
cardiovascular deaths was substantially lower than the total number of nonfatal acute 
myocardial infarctions, making the finding of an increased risk of early cardiovascular 

death even more likely to be due to chance. In addition, most of the deaths in the CHAOS 
were in those taking the lower dose of vitamin E (400 IU/day). This dose is the same as 
the dose used in the much larger HOPE (Heart Outcomes Prevention Evaluation) study, in 
which there was no early excess of cardiovascular deaths. Vigilance on the use of 
vitamin E supplementation should be observed. Patients receiving statin-niacin 
therapy or anticoagulants should not receive vitamin E supplements (Effect of High-
Dose Vitamin E on Insulin Resistance and Associated Parameters in Overweight 
Subjects. Patrick J. Manning et al. Diabetes Care 27:2166-2171, 2004).  

15.0.0   Vitamin C 

15.0.1   Vestigial structures 

Are vestigial structures, an evolutionary hiccup, a leftover bit of flesh or biochemical 
machinery that is no longer needed?   

A structure or organ is vestigial if it has diminished in size or usefulness in the course of 
evolution. Vestigial structures are markers of evolutionary descent. For example, boa 
constrictors, which are descended from four-legged reptiles, grow tiny hind legs. 
Duckbill platypuses, which are descended from extinct platypus species that had teeth as 
adults, grow and re-absorb teeth before birth. In human beings, the vermiform appendix 
(a hollow, worm-shaped organ about the size of a pencil, attached to the beginning of the 
large intestine) marks descent from mammals that had a much larger sac in this position 
and used it to digest their high-cellulose diet (as many species, including other primates, 
still do). 

From the late nineteenth century until the 1960s, biologists thought that the human body 
contained scores of useless vestigial structures, including the coccyx, ear muscles, pineal 
gland, thymus, vermiform appendix, wisdom teeth, and others. Most of these structures 
are now known to have at least minor functions, leading to controversy over whether the 
human body contains any vestigial structures at all. However, the discovery of a function 
for a structure does not necessarily mean that it is not vestigial. A vestigial structure may 
be completely without function, like fetal platypus teeth, or it may be changed and 
diminished in function. The human appendix appears to be a vestigial structure with 
changed and diminished function; it is attached to the digestive system just where an 



anatomically similar, essential digestive organ is attached in many other mammals, but 
performs no digestive or other essential function. (People who have had their appendixes 
removed suffer no known ill effects.) Some biologists assert that the appendix assists the 
immune system; if so, the appendix's tiny opening on the large intestine still appears to 
be a truly useless (or worse than useless) vestige of this organ's digestive origin. 
Hardened feces can block this opening and cause the appendix to swell and rupture, a 
potentially fatal disorder that afflicts about one person in every thousand annually. 

Another vestigial structure with diminished usefulness is the wisdom teeth. When these 
succeed in coming in properly, they are useful for chewing. However, they are not 
essential for chewing, and often come in sideways, fail to grow at all, or remain 
embedded in the jawbone. They are vestiges of a more massive chewing apparatus in our 
primate ancestors. 

Vestigial structures may also be molecular, as in the case of vestigial genes that exist in 
most species. For example, although humans cannot manufacture their own vitamin C, 
most other mammals can because they possess a gene enabling them to produce an 
enzyme (L-gulono-gamma-lactone oxidase) which in turn makes it possible for them to 
produce vitamin C. Humans possess a defective copy of this gene that does not produce 
the required enzyme (or any other product). This gene was presumably disabled by 
mutation at a time in primate evolution when its loss was not a significant disadvantage, 
and now remains as a vestigial genetic sequence. I believe that the story of gulono 
lactone oxidase is a telling story as it relates to the Free Radi-Crap theory.  How 
could natue have been so stupid as to sop manufacturing vitamin C, if it is so 
important in stopping damaging EMODs?  Could evolution have made such a 
blunder?  I think not. 

Men's nipples, sometimes cited as vestigial structures, are not truly vestigial because they 
are not remnants of functional male nipples in ancestral species. They occur because 
nipple precursors are grown early in the development of the human embryo, before 
sexual differentiation. Later in life these structures become more fully developed in 
women, while remaining undeveloped in men. The navel, too, is a by-product of 
embryonic development rather than an evolutionary vestige. 

Truly useless vestigial structures are few or absent in humans, but well-known in other 
species: blind cave-dwelling species of crayfish grow eye-stalks but no eyes, embryonic 
baleen whales grow teeth which they re-absorb before birth, and so on. However, 
evolution tends to eliminate useless organs, for every structure requires energy to grow, 
sustain, and transport. Individuals that expend their limited resources on useless organs 
are therefore less likely to leave offspring. This explains the tendency of useless anatomic 
structures to diminish in size during evolution. Vestigial genes, in contrast, can linger 
indefinitely because they can be passed on to one's descendants at essentially zero cost. 
Vestigial genes inherited from shared ancestors have been preserved for many millions of 
years in species as far removed from each other today as humans, cows, and mice. 

 



15.0.2   Vitamin C Adverse Effects 

A high vitamin C intake from supplements is associated with an 
increased risk of cardiovascular disease mortality in postmenopausal 
women with diabetes (Does supplemental vitamin C increase cardiovascular disease 
risk in women with diabetes? Duk-Hee Lee, Aaron R Folsom, Lisa Harnack, Barry 
Halliwell and David R Jacobs, Jr. American Journal of Clinical Nutrition, Vol. 80, No. 5, 
1194-1200, November 2004). 

Total vitamin C intake from food and supplements tended to be 
positively associated with mortality from total CVD, CAD, and stroke. 

A recent double-blind, randomized clinical trial of the combination of 
supplements of 400 IU vitamin E and 500 mg vitamin C daily compared 
with placebo showed an increased rate of progression of coronary 
atherosclerosis in postmenopausal women (Waters DD, Alderman EL, Hsia J, 
et al. Effects of hormone replacement therapy and antioxidant vitamin supplements on 
coronary atherosclerosis in postmenopausal women: a randomized controlled trial. JAMA 
2002;288:2432-40). 

Large studies, such as Heart Outcomes Prevention Evaluation, which 
used 400 IU/d, 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).  
 
Oxidative stress may not be playing a leading role in the microvascular 

complications because these complications are not evident in patients 
with only insulin resistance without diabetes, even though increases in 
oxidative stress also exist to a similar extent in both. 

An Institute of Medicine report concluded that consuming megadoses of dietary 
antioxidants—vitamin C, vitamin E, selenium, beta carotene, and other 
carotenoids—has not been demonstrated to protect against cardiovascular disease, 
diabetes, or various forms of cancer, nor does megavitamin use necessarily prevent 

basic nutritional deficiencies. In fact, the opposite may be true. High dosages of 
antioxidants may lead to health problems, including diarrhea, bleeding, and toxic 
reactions. 



Chronic vitamin C deficiency does not influence the initiation or progression of 
atherosclerotic plaques but severely compromises collagen deposition and induces a 
type of plaque morphology that is potentially vulnerable to rupture (Vulnerable 
Atherosclerotic Plaque Morphology in Apolipoprotein E–Deficient Mice Unable to Make 
Ascorbic Acid. Yukiko Nakata, MD PhD; Nobuyo Maeda, PhD. Circulation. 
2002;105:1485). I believe that this has serious implication in the rupture of 
atherosclerotic plaques in that AA could weaken the plaque and increase it potential 
to rupture. 

AA increased the multiplicity of total skin tumors, carcinomas in situ and 

squamocellular carcinomas. (Modulation of light-induced skin tumors by N-
acetylcysteine and/or ascorbic acid in hairless mice. Francesco D'Agostini, Roumen M. 
Balansky, Anna Camoirano and Silvio De Flora. Carcinogenesis 2005 26(3):657-664). I 
believe that this demonstrates EMOD reduction by AA and allowance of neoplasia. 

15.0.3   Vitamin C lowers Hypertension 

Serum vitamin C has been inversely associated with blood pressure in several 
epidemiologic studies, but little is known about effect of other antioxidant vitamins. We 
examined the relation between serum vitamins A, C, and E, -carotene, and ß-carotene 

levels and blood pressure among 15,317 men and women 20 years of age who 
participated in the Third National Health and Nutrition Examination Survey. Blood 
pressure was characterized as the average of 6 measurements obtained over 2 visits by 
trained observers and hypertension was defined as blood pressure 140/90 mm Hg and/or 
taking antihypertensive medications. In multivariate models, a 1 SD difference in vitamin 
A (16.2 µg/dL) and vitamin E (20.4 µg/dL) was associated with a 43%  and 18%  higher 
odds of hypertension, respectively. A 1 SD difference in -carotene (0.47 µg/dL) and ß-
carotene (496 µg/dL) was associated with a 16% and 11% lower odds of hypertension, 
respectively. In addition, serum vitamins A and E were positively and significantly 
associated with both systolic and diastolic blood pressure, whereas -carotene and ß-
carotene were inversely and significantly associated with systolic and vitamin C 
associated with diastolic blood pressure in multivariate linear regression analyses 
(Serum Antioxidant Vitamins and Blood Pressure in the United States Population. Jing 
Chen; Jiang He; Lee Hamm; Vecihi Batuman; Paul K. Whelton. Hypertension. 
2002;40:810). I put little faith in this study because it was not a randomized, double 
blind study. 

15.0.4   Vitamin C levels ineffective at improving endothelial dysfunction and insulin 
resistance in Type 2 diabetes 

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, Hui Chen et al investigated effects of high-dose oral vitamin C to alter 
endothelial dysfunction and insulin resistance in Type 2 diabetes. Plasma vitamin C levels 
in 109 diabetic subjects were lower than healthy levels. Thirty-two diabetic subjects 



with low plasma vitamin C were subsequently enrolled in a randomized, double-
blind, placebo-controlled study of vitamin C (800 mg/day for 4 wk). Insulin 
sensitivity and forearm blood flow in response to ACh, sodium nitroprusside (SNP), or 
insulin were assessed before and after 4 wk of treatment. In the placebo group (n = 17 
subjects), plasma vitamin C (22 ± 3 µM), fasting glucose (159 ± 12 mg/dl), insulin (19 ± 

7 µU/ml), and SIClamp [2.06 ± 0.29 x 10–4 dl·kg–1·min–1/(µU/ml)] did not change 
significantly after placebo treatment. In the vitamin C group (n = 15 subjects), basal 
plasma vitamin C (23 ± 2 µM) increased to 48 ± 6 µM (P < 0.01) after treatment, but this 
was significantly less than that expected for healthy subjects (>80 µM). No significant 
changes in fasting glucose (156 ± 11 mg/dl), insulin (14 ± 2 µU/ml), SIClamp [2.71 ± 0.46 
x 10–4 dl·kg–1·min–1/(µU/ml)], or forearm blood flow in response to ACh, SNP, or insulin 
were observed after vitamin C treatment. Hui Chen et al concluded that 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. Hui Chen et al. Am J Physiol Heart Circ Physiol 290: H137-H145, 
2006 ). 

15.0.5   Excuses for Failed Antioxidant Studies 

Vitamins C and E, the most widely examined antioxidants in trials, may have prooxidant 
properties, with harmful and deleterious interactions. It is also possible that orally 
administered antioxidants may be inaccessible to the source of free radicals, particularly 
if ROS are generated in intracellular compartment and organelles. Furthermore, 
antioxidant vitamins do not scavenge H2O2 or HOCl, which may be more important 

than ·O2
– in hypertensive vascular damage. Another factor requiring consideration, is that 

antioxidants do not inhibit ROS production. Another confounding factor is that most 
of the enrolled subjects were taking aspirin prophylactically. Because aspirin has intrinsic 
antioxidant properties, additional antioxidant therapy may be ineffective (Wu R, 
Lamontagne D, de Champlain J. Antioxidative properties of acetylsalicylic Acid on 
vascular tissues from normotensive and spontaneously hypertensive rats. Circulation. 
2002; 105: 387–392).  

Moreover, in patients studied in whom negative results were obtained, it was never 
proven that these individuals had increased oxidative stress. In fact, negative results of 
clinical trials must be interpreted cautiously in the absence of verification that antioxidant 
therapy successfully reduces oxidative stress. To date, there are no large clinical trials in 
which patients were recruited based on evidence of elevated ROS formation. It is possible 
that in the absence of oxidative stress, antioxidants are ineffective. 

15.1.0    Myeloperoxidase (MPO) 

MPO is not an essential enzyme. In fact, one in 1000 individuals carries mutated MPO 
genes and completely lacks enzyme activity. These persons exhibit little effects, with 
some increase in yeast infections, especially in diabetics. 



Myeloperoxidase (MPO), an iron-containing heme protein localized in the azurophilic 
granules of neutrophil granulocytes and in the lysosomes of monocytes, is involved in 
the killing of several micro-organisms and foreign cells, including bacteria, fungi, 
viruses, red cells, and malignant and nonmalignant nucleated cells. Despite the 
primary role of the oxygen-dependent MPO system in the destruction of certain 
phagocytosed microbes, subjects with total or partial MPO deficiency generally do not 
have an increased frequency of infections, probably because other MPO-independent 
mechanism(s) for microbicidal activity compensate for the lack of MPO. Infectious 
diseases, especially with species of Candida, have been observed predominantly in MPO-
deficient patients who also have diabetes mellitus, but the frequency of such cases is 
very low, less than 5% of reported MPO-deficient subjects. Evidence from a number of 
investigators indicates that individuals with total MPO deficiency show a high 
incidence of malignant tumors. Since MPO-deficient PMNs exhibit in vitro a 
depressed lytic action against malignant human cells, it can be speculated that the 
neutrophil MPO system plays a central role in the tumor surveillance of the host. 

15.1.1   Myeloperoxidase deficiency 
 
My Unified theory would predict that myeloperoxidase deficiency should increase 
one’s chances of getting atherosclerosis and it does. (McMillen TS, Heinecke JW and 
LeBoeuf RC:   Expression of human myeloperoxidase by macrophages promotes 
atherosclerosis in mice.  Circulation 111:2798-2804, 2005).  Also, the free radical 
theory states that EMODs are causal for atherosclerosis but decreased levels of 
superoxide do not prevent atherosclerosis (Kirk EA, Dinauer MC, Rosen H, Chait A, 
Heinecke JW and LeBoeuf RC:  Impaired superoxide production due to a deficiency in 
phagocyte NADPH oxidase fails to inhibit atherosclerosis in mice.  Arterioscler Thromb 
Vasc Biol 20:1529-1535, 2000).  
 
The relationship between obesity, diabetes and atherosclerosis may be found in these 
articles: (Schreyer SA, Vick C, Lystig TC, Mystkowski P and LeBoeuf RC:  LDL 
receptor but not apolipoprotein E deficiency increases diet-induced obesity and diabetes 
in mice.  Am J Physiol Endocrinol Metab 282:E207-E214, 2002) (Schreyer SA, Lystig 
TC, Vick CM and LeBoeuf RC:  Mice deficient in apolipoprotein E but not LDL 
receptors are resistant to accelerated atherosclerosis associated with obesity.  
Atherosclerosis 171:49-55, 2003) (Kirk EA, Heinecke JW and LeBoeuf RC:  Iron 
overload diminishes atherosclerosis in apoE-deficient mice.  J Clin Invest 107:1545-
1553, 2001). 
 
Myeloperoxidase deficiency (Infections in Patients with Inherited Defects in Phagocytic 
Function. Timothy Andrews and Kathleen E. Sullivan. Clin Microbiol Rev. 2003 
October; 16(4): 597–621). Congenital myeloperoxidase deficiency is seen in 1:4,000 
individuals. Acquired forms are even more common. Most patients have a missense 
mutation in the MPO gene which leads to failure to incorporate heme into the mature 
molecule. Neutrophils deficient in myeloperoxidase produce superoxide and H2O2 
properly but are unable to convert H2O2 to HOCl. Myeloperoxidase is a constituent of the 
azurophilic granule and is responsible for the greenish tinge seen in dense neutrophilic 



infiltrates. As a consequence of the deficient myeloperoxidase, neutrophil killing of some 
organisms is diminished early but is normal late in killing assays. HOCl is a potent 
microbicidal compound, but H2O2 and granule contents may be primarily responsible for 
neutrophil killing in standard laboratory assays. In contrast, neutrophil-mediated killing 
of Candida spp. and Aspergillus spp. is significantly impaired in neutrophils from 
myeloperoxidase-deficient individuals. This is consistent with the clinical picture. 
Patients are generally asymptomatic; however, those who have symptoms generally 
experience Candida spp. infections. 

Myeloperoxidase deficiency is associated with a mild predisposition to infection, and its 
effects are usually seen when the patients develop another defect in host defense. For 
example, Candida infections in patients with diabetes are more frequently 
seen in patients with concomitant myeloperoxidase deficiency. 

MPO serves an unexpected, protective function in atherosclerosis in a 
hypercholesterolemic murine model.  This is exactly what I predicted in my 
book entitled, “Cardiovascular Disease: A New Paradigm and Oxygen free Radical 
Mythology, 2006. Free Radical Publishing. 

Some of the following material was excerpted or modified from:  Javed Sheikh, MD 
article at the emedicine website on myeloperoxidase deficiency. 

Myeloperoxidase (MPO) is a human enzyme in the azurophilic granules of neutrophils 
and in the lysosomes of monocytes. Its major role is to aid in microbial killing. Some 
patients with MPO deficiency have impaired microbial killing, but most are 
asymptomatic.  

MPO, an iron-containing protein, is found in the azurophilic granules of neutrophilic 
polymorphonuclear leukocytes (PMNs) and in the lysosomes of monocytes in humans. 
MPO is most abundant in the granules of neutrophils. Monocytes contain only about a 
third of the MPO present in neutrophils. When neutrophils become activated, which can 
happen in conjunction with phagocytosis, they undergo a process referred to as a 
respiratory burst. This respiratory burst causes production of superoxide, hydrogen 
peroxide, and other reactive oxygen derivatives, which are all toxic to microbes. During 
respiratory bursts, granule contents are released into the phagolysosomes and outside the 
cell, allowing released contents to come into contact with any microbes present. MPO 
catalyzes the conversion of hydrogen peroxide and chloride ions (Cl) into hypochlorous 
acid. Hypochlorous acid is 50 times more potent in microbial killing than hydrogen 
peroxide.  

Although the exact mechanism by which microbial killing occurs is controversial, 
researchers are fairly certain that the MPO system is important for the process to occur 
optimally. In addition to killing bacteria, the products of the MPO–hydrogen peroxide–Cl 
system are believed to play a role in killing fungi, parasites, protozoa, viruses, tumor 
cells, natural killer (NK) cells, red cells, and platelets. The MPO–hydrogen peroxide–
Cl system is also believed to be involved in terminating the respiratory burst, because 



individuals with MPO deficiency have prolonged respiratory bursts. I believe that 
the body has a way to monitor EMOD generation and levels and in the case of MPO 
deficiency, the body sustains the respiratory burst in an attempt to generate an 
adequate “cidal” response to pathogens or neoplasia. 

It may play a role in down-regulating the inflammatory response. This system can also 
down-regulate NK cells, decrease peptide binding to chemotactic receptors, and auto-
oxidize and inactivate products of PMNs, such as �1-proteinase inhibitor and 
chemotaxins.  

MPO deficiency resulting from this mutation occurs because of an abnormality of protein 
folding. 

MPO may have a role in atherosclerosis, carcinogenesis, and degenerative neurological 
diseases. The understanding of MPO biology remains incomplete. MPO should be 
distinguished from eosinophil peroxidase (EPO), a different enzyme produced by a 
different gene. Although patients with MPO deficiency have decreased MPO activity in 
the neutrophils and monocytes, these patients usually have normal levels of EPO in 
eosinophils.  

15.1.2   MPO Risk Factors 

MPO deficiency in acquired cases is usually transient and generally resolves once the 
inciting condition improves. In addition, acquired MPO deficiency is usually partial and 
involves only a fraction of the PMNs. The following conditions can lead to acquired 
MPO deficiency:  

• Pregnancy  
• Lead intoxication - Inhibits heme synthesis (a component of mature MPO)  
• Iron deficiency  
• Severe infection - Secondary to PMN activation and "consumption" of MPO  
• Thrombotic diseases  
• Renal transplantation  
• Diabetes mellitus  
• Neuronal lipofuscinosis  
• Drugs - eg, cytotoxic agents and some anti-inflammatory agents such as 

dapsone, 5-aminosalicylic acid, and sulfapyridine  
• Disseminated cancers - Probably related to administration of cytostatic agents  
• Several hematologic disorders and neoplasms  

o Acute myeloid leukemia (AML)  
o Chronic myeloid leukemia (CML)  
o Polycythemia vera  
o Hodgkin disease  
o Refractory megaloblastic anemia  
o Aplastic anemia  
o Myelofibrosis with myeloid metaplasia  



o Myelodysplastic syndromes 

Neoplasms that result in MPO deficiency are usually those involved in the maturational 
process of granulocytes. (Note that expression of the MPO gene primarily occurs in the 
promyelocytic stage.)  

I believe that the myeloperoxidase deficiency, which is an EMOD deficiency state, 
precedes the onset of the above diseases, and “allows: for their manifestation.  This 
is especially true for cancer, diabetes, pregnancy, antiinflammatory diseases and 
with steroid use. 

MPO-deficient neutrophils seem able to phagocytose most microbes normally. However, 
the ability of MPO-deficient neutrophils to kill bacteria seems impaired and retarded, 
though it can still occur. For organisms such as Staphylococcus aureus, Serratia species, 
and Escherichia coli, killing is initially impaired but then reaches normal levels after a 
period. This suggests that an apparently slower, alternative mechanism of killing can take 
over in MPO-deficient neutrophils.  

The capacity to kill certain fungi, however, seems completely absent in MPO-
deficient neutrophils. In vitro studies have shown that Candida albicans, Candida 
krusei, Candida stellatoidea, and Candida tropicalis cannot be killed by MPO-deficient 
PMNs. In contrast, an MPO-independent mechanism can kill Candida glabrata, Candida 
parapsilosis, and Candida pseudotropicalis. Even more interesting is that the hyphal 
elements of Aspergillus fumigatus and C albicans cannot be killed, but the spores of A 
fumigatus and the yeast phase of C albicans can be killed by an independent mechanism. 
This leads to the conclusion that bacterial killing may not necessarily be a problem for 
patients with MPO deficiency, but the killing of certain fungi may be a problem, 
depending on the severity of the deficiency. 

European researchers evaluated patients with complete MPO deficiency and found that 
about half of the patients had infectious complications, while the other half were 
asymptomatic. Approximately 10% of the cases involved life-threatening infectious 
complications.  

Generally, infections only occur in patients who have concomitant diabetes mellitus. 
Patients without diabetes mellitus rarely have problems, although the reason for this 
is unknown. Possibly, MPO deficiency becomes clinically significant only in the 
presence of an additional defect in the host defense, or perhaps the MPO-independent 
system is defective in some patients with diabetes mellitus. I believe that this is because 
patients with diabetes also have an EMOD deficiency, which adds to the 
vulnerability of a patient with MPO deficiency.  Their prooxidant protection is 
severely compromised. 
 



Physicians should entertain the diagnosis of MPO deficiency in cases of invasive fungal 
infection in a patient with no known predisposing immune defects (eg, chemotherapy, 
corticosteroid treatment) or in a patient with concomitant diabetes mellitus.  

A strong association between total MPO deficiency and malignancies has been 
reported by several independent investigators. Presumably, this is because MPO-
deficient PMNs have decreased lytic action against tumor cells.  

Others have reported that the MPO–hydrogen peroxide–halide system is a potent effector 
of tumor cell lysis. On the basis of these data, some propose that the MPO system plays a 
key role in the tumor surveillance of the host. I believe that MP is an important factor 
or part of prooxidant protection. This is strong support for my Unified theory. 

This condition can be transient. The enzyme defect is corrected when the underlying 
condition has resolved. I believe that it resolves by spontaneous regression and the 
correction of the MPO deficiency also results in the resolution of specific diseases.  

15.1.3   Myeloperoxidase Deficiency Increases Atherosclerosis 

The immune system protects you from the ceaseless assaults of bacteria, viruses, fungi, 
parasites and cancer. In 2001, 62,000 people in the United States died of influenza or 
pneumonia. And each year, around 215,000 people in the United States die from severe 
sepsis, which is more than die from breast, colorectal, pancreatic, and prostate cancer 
combined. Tuberculosis, once considered under control, now kills 1.7 million every year. 
At the same time, new infectious diseases are emerging around the globe in such forms as 
bird flu and severe acute respiratory syndrome (SARS). HOCl is likely an intergral part 
of this system of defense. Product manufacturers have rushed to market everything from 
herbal teas to vitamin supplements that they claim will improve your immune response 
and keep you in a state of health.  I am convinced that a state of health is due to the 
constant warding off of disease.  These diseases are frequently the result of 
bacteria, viruses, fungi, parasites and neoplasia. This is part of the “continuously 
operational intrinsic oxidative defensive system.”  

Some of the following material was abstracted, excerpted or modified from:  Increased 
atherosclerosis in myeloperoxidase-deficient mice. Marie-Luise Brennan, Melissa M. 
Anderson, Diana M. Shih, Xiao-Dan Qu, Xuping Wang, Asha C. Mehta, Lesley L. Lim, 
Weibin Shi, Stanley L. Hazen, Jason S. Jacob, Jan R. Crowley, Jay W. Heinecke and 
Aldons J. Lusis. J Clin Invest, February 2001, Volume 107, Number 4, 419-430. 

Myeloperoxidase (MPO), a heme enzyme secreted by activated phagocytes, generates an 
array of oxidants proposed to play critical roles in host defense and local tissue damage. 
Both MPO and its reaction products are present in human atherosclerotic plaque, and it 

has been proposed that MPO oxidatively modifies targets in the artery wall. They have 
now generated MPO-deficient mice, and shown that neutrophils from homozygous 
mutants lack peroxidase and chlorination activity in vitro and fail to generate 
chlorotyrosine or to kill Candida albicans in vivo. To examine the potential role of 



MPO in atherosclerosis, they subjected LDL receptor–deficient mice to lethal irradiation, 
repopulated their marrow with MPO-deficient or wild-type cells, and provided them a 
high-fat, high-cholesterol diet for 14 weeks. White cell counts and plasma lipoprotein 

profiles were similar between the two groups at sacrifice. Cross-sectional analysis 
of the aorta indicated that lesions in MPO-deficient mice were about 
50% larger than controls. Similar results were obtained in a genetic cross with 
LDL receptor–deficient mice. In contrast to advanced human atherosclerotic lesions, the 
chlorotyrosine content of aortic lesions from wild-type as well as MPO-deficient mice 
was essentially undetectable. These data suggest an unexpected, protective role for 
MPO-generated reactive intermediates in murine atherosclerosis. They also identify 
an important distinction between murine and human atherosclerosis with regard to the 
potential involvement of MPO in protein oxidation (Increased atherosclerosis in 
myeloperoxidase-deficient mice. Marie-Luise Brennan, Melissa M. Anderson, Diana M. 
Shih, Xiao-Dan Qu, Xuping Wang, Asha C. Mehta, Lesley L. Lim, Weibin Shi, Stanley 
L. Hazen, Jason S. Jacob, Jan R. Crowley, Jay W. Heinecke and Aldons J. Lusis. J Clin 
Invest, February 2001, Volume 107, Number 4, 419-430). 

Phagocytic white blood cells are important in host defense and may inflict oxidative 
damage during inflammation. One key component of their cytotoxic armamentarium is 
myeloperoxidase (MPO), a heme enzyme that localizes to azurophilic granules. MPO 
constitutes approximately 5% of human neutrophil protein and approximately 1% of 
monocyte protein, and recent studies suggest it is also present in certain tissue 
macrophages.  

When neutrophils ingest bacteria and fungi or are otherwise activated, they secrete 
large quantities of MPO and produce superoxide in the phagolysosome and the 
extracellular compartment. The superoxide dismutates to hydrogen peroxide (H2O2), 
a relatively unreactive oxidant; MPO then uses peroxide as a substrate to form 
hypochlorous acid (HOCl): H2O2 + Cl– + H+ HOCl + H2O.  

At plasma concentrations of halide ion, HOCl is a major oxidant generated by the heme 
enzyme, and MPO is the only human enzyme known to generate HOCl under these 
conditions. HOCl is a potent bactericidal and viricidal agent in vitro (Klebanoff, S.J. 
1967. A peroxidase-mediated antimicrobial system in leukocytes. J. Clin. Invest. 
46:1078-1085) and reacts readily with biomolecules containing nucleophilic and other 
electron-rich moieties, presumably oxidizing key functional components of ingested 
microorganisms.  

MPO deficiency is a relatively common genetic defect that occurs at a frequency of 1 
in every 2,000 to 4,000 Caucasians, and the responsible mutations are not yet fully 
characterized. MPO-deficient neutrophils are normal in terms of chemotaxis and 
phagocytosis, but display impaired candidacidal activity and delayed bacterial killing in 
vitro (Lehrer, R.I., Hanifin, J., and Cline, M.J. 1969. Defective bactericidal activity in 
myeloperoxidase-deficient human neutrophils. Nature. 223:78-79).  



Although MPO is an efficient germicidal agent and amplifies the toxic potential of 
neutrophil-generated oxidants, most MPO-deficient humans do not exhibit recurrent 
bacterial or fungal infections. Cases of overwhelming Candida sepsis have been 
reported, but the majority of those individuals also possessed immune-
compromising conditions such as diabetes mellitus (Nauseef, W.M. 1988. 
Myeloperoxidase deficiency. Hematol. Oncol. Clin. North Am. 2:135-158).  I believe 
that this is due to the additive effect of two EMOD deficiency conditions, i.e. 
diabetes and MPO deficiency. 

Atherosclerosis, the major cause of heart disease and stroke, is a chronic inflammatory 
disease in which monocytes play a key role and in which lipid and protein oxidation 
appear to be involved. Oxidative modification to LDL is thought to contribute to the 
accumulation of cholesterol-loaded macrophages, termed "foam cells", that are a hallmark 
of the disease. Catalytically active MPO is present in human atherosclerotic tissue, 
where it colocalizes with foam cells (Daugherty, A., Rateri, D.L., Dunn, J.L., and 
Heinecke, J.W. 1994. Myeloperoxidase, a catalyst for lipoprotein oxidation, is expressed 
in human atherosclerotic lesions. J. Clin. Invest. 94:437-444). I believe that it does so in 
the body’s attempt to oxidize the plaque in a prooxidant protective mode. 

Moreover, elevated levels of chlorinated, tyrosylated, and nitrated proteins that may result 
from MPO-mediated reactions have been detected in atherosclerotic tissue. Specific mass-
spectrometric assays have detected 30-fold increased levels of chlorotyrosine, 100-fold 
increased levels of dityrosine, and 90-fold increased levels of nitrotyrosine in LDL from 
atherosclerotic lesions as compared with circulating LDL. Exposure of LDL to bolus 
addition of reagent HOCl or the MPO-H2O2-nitrite system of monocytes converts the 

lipoprotein into a high-uptake form, the former through phagocytosis of aggregated 
oxidized lipoprotein, the latter by recognition by the macrophage scavenger receptor 
CD36. These results provide evidence that reactive intermediates formed by MPO serve 

as a possible pathway for oxidizing lipids and proteins in vivo and may be critical in 
rendering LDL atherogenic. However, I believe otherwise in that EMOD deficiencies 
allow for plaque manifestations. Oxidation produces a more readily excretable form 
of LDL. 

Aratani et al. reported studies with MPO-deficient mice that addressed issues relating to 
host defense (Aratani, Y. et al.1999. Severe impairment in early host defense against 
Candida albicans in mice deficient in myeloperoxidase. Infect. Immun. 67:1828-1836). 

I believe that the MPO deficiency and its decreased EMOD levels allows for less 
bactericidal, fungicidal and anti-atherosclerosis activity.  Likely, other EMOD 
insufficiency syndrome diseases are also increased in MPO deficient subjects.  

Brennan’s model showed similar inability to kill fungi, but also revealed that MPO 
serves an unexpected, protective function in atherosclerosis in a 
hypercholesterolemic murine model.  This is exactly what I predicted in my 
book entitled, “Cardiovascular Disease: A New Paradigm and Oxygen free Radical 
Mythology, 2006. Free Radical Publishing. 



They generated MPO-deficient mice to explore the possible role(s) of MPO in 
inflammation. MPO was not detected in bone marrow cells isolated from these animals, 
and peritoneal phagocytes failed to generate HOCl in vitro, indicating that the phagocytes 

of the mutant mice lack functional MPO. Like humans that are MPO deficient, the 
mice were apparently healthy, and their neutrophils exhibited impaired 
candidacidal activity. Infection with C. albicans resulted in 100% mortality in MPO-
deficient mice and no mortality in wild-type littermates. 
 
15.1.4   MPO Protective for Atherosclerosis 
 
To examine the possible role of MPO in inflammatory disease, we challenged the mice 

with hyperlipidemia, which resulted in advanced atherosclerosis. They also examined the 
role of MPO in protein modification that may serve as a marker of MPO involvement in 
tissue damage during inflammation. The results demonstrate the importance of MPO in 
protein chlorination in vivo and suggest that MPO can exert a protective effect in 
at least one inflammatory disease, atherosclerosis. They also question the 
presence of MPO in mouse atherosclerotic lesions and indicate that MPO-mediated 
oxidation of biological targets within atherosclerotic tissues (as assessed by 
chlorotyrosine determinations) is significantly less in the mouse model than in the human 
disease. 

Their results revealed a clear, approximately 50% increase in atherosclerotic lesions 
in the MPO-deficient mice as compared with the wild-type mice. 

Their results indicating a protective effect for MPO in lesion development are 
surprising because oxidation has been considered a promoting influence in 
atherosclerosis and other chronic diseases. This is based largely on the reasoning that 
oxidants react with and are directly damaging to the structural makeup of cells, 
surrounding matrices, and key functional pathways.  

The oxidation of biological targets could, however, conceivably have many positive 
effects. There are experimental data linking MPO to the oxidative inactivation of 
proinflammatory molecules, including chemotactic proteins, activation of proteases that 
could affect leukocyte infiltration, alterations of lymphocyte functions, and effects on the 
production of inflammatory mediators, cholesterol efflux (Francis, G.A., Mendez, 
A.J., Bierman, E.L., and Heinecke, J.W. 1993. Oxidative tyrosylation of high density 
lipoprotein by peroxidase enhances cholesterol removal from cultured fibroblasts and 
macrophage foam cells. Proc. Natl. Acad. Sci. USA. 90:6631-6635), and lipoprotein 
turnover (Shern-Brewer, R., Satanam, N., Wetzstein, C., White-Whelkley, J., and 
Parthasarathy, S. 1998. Exercise and cardiovascular disease: a new perspective. 
Arterioscler. Thromb. Vasc. Biol. 18:1181-1187). 

MPO could also influence the proliferation and apoptosis of macrophages and smooth 
muscle cells through effects on production of oxidized lipids, or regulation of NO, or NO-
derived oxidants. Alternatively, a protective action of MPO with regard to atherosclerosis 



development may be due to impaired capacity to kill some unknown pathogen(s) or to 
clear noxious stimuli that promote atherogenesis, such as oxidized LDL (Podrez, E.A., 
Schmitt, D., Hoff, H.F., and Hazen, S.L. 1999. Myeloperoxidase-generated reactive 
nitrogen species convert LDL into an atherogenic form in vitro. J. Clin. Invest. 103:1547-
1560).  

MPO could arguably be acting at any of the three stages of atherosclerosis, initiation, 
progression, or complication and might have both pro- and antiatherogenic effects.  

Mouse-human species differences may be relevant in interpreting the role of phagocyte-
inflicted injury using this model. MPO levels (per neutrophil) are fivefold to tenfold 
higher in the human than in the mouse (Podrez, E.A., Abu-Soud, H., and Hazen, S.L. 
2000. Myeloperoxidase-generated oxidants and atherosclerosis. Free Radic. Biol. Med. 
28:1717-1725), and MPO regulation, including active promoters and inducers, may differ 
significantly.  

In contrast to human atheroma that readily stain for MPO and show clear evidence of 
chlorotyrosine (474 µmol/mol), the chlorotyrosine levels (53 µmol/mol) observed in the 

mouse are barely above the limit of detection.  

Oxidative and antioxidant pathways may also differ and/or be induced differently in the 
mouse versus the human. For example, our candidacidal activity assay showed that 
mouse neutrophils exhibited impaired, but not abolished, ability to kill C. albicans. This 
residual candidacidal activity contrasts with the complete absence exhibited by human 
MPO-deficient neutrophils. Antioxidant defense system differences in the mouse versus 
the human may also contribute to differences observed in MPO activity in atherosclerotic 
tissue. Ascorbate, a potent inhibitor of MPO-catalyzed chlorination, is an essential 
vitamin in humans, but not in mice. Human MPO-deficient neutrophils have been 
reported to have a prolonged respiratory burst. They failed to observe a significant 
difference in either duration or initial rate using our animal model. The NADPH-oxidase 
system is the primary source of leukocyte-reduced oxygen species for MPO-dependent 
reactions. Ablation of this gene has been shown recently to have no effect on murine 
atherosclerosis (Kirk, E.A. et al.2000. Impaired superoxide production due to a 
deficiency in phagocyte NADPH oxidase fails to inhibit atherosclerosis in mice. 
Arterioscler. Thromb. Vasc. Biol. 20:1529-1535). I believe that this work combined 
with Kirk’s, which showed that deficiencies of NADPH oxidase failed to prevent 
atherosclerosis, strongly supports my Unified theory. The results of the present studies 

and those with NADPH-oxidase–null mice invite a reappraisal of the role of oxidation in 
mouse models of atherosclerosis.  

The limited levels of MPO and HOCl oxidation products observed in mouse atheroma 
might superficially suggest that the murine model is of uncertain relevance for studies of 
MPO in atherosclerosis, a chronic inflammatory disease. However, the increase in lesion 

progression implicates a previously unsuspected function that is likely acting 
systemically and is not mediated simply at the local arterial level.  



15.1.5   Pathophysiology of acquired myeloperoxidase deficiency  

MPO deficiency in acquired cases is usually transient and generally resolves once the 
inciting condition improves. In addition, acquired MPO deficiency is usually partial and 
involves only a fraction of the PMNs. The following conditions can lead to acquired 
MPO deficiency: (taken form eMedicine website) 

• Pregnancy  
• Lead intoxication - Inhibits heme synthesis (a component of mature MPO)  
• Iron deficiency  
• Severe infection - Secondary to PMN activation and "consumption" of MPO  
• Thrombotic diseases  
• Renal transplantation  
• Diabetes mellitus  
• Neuronal lipofuscinosis  
• Drugs - eg, cytotoxic agents and some anti-inflammatory agents such as dapsone, 

5-aminosalicylic acid, and sulfapyridine  
• Disseminated cancers - Probably related to administration of cytostatic agents  
• Several hematologic disorders and neoplasms  

o Acute myeloid leukemia (AML)  
o Chronic myeloid leukemia (CML)  
o Polycythemia vera  
o Hodgkin disease  
o Refractory megaloblastic anemia  
o Aplastic anemia  
o Myelofibrosis with myeloid metaplasia  
o Myelodysplastic syndromes 

Neoplasms that result in MPO deficiency are usually those involved in the 
maturational process of granulocytes. (Note that expression of the MPO gene primarily 
occurs in the promyelocytic stage.)  

European researchers evaluated patients with complete MPO deficiency and found that 
about half of the patients had infectious complications, while the other half were 
asymptomatic. Approximately 10% of the cases involved life-threatening infectious 
complications. Other studies have reported that severe infections occur in fewer than 5% 
of patients with MPO deficiency; however, this frequency may be based on the inclusion 
of both complete and partial deficiencies. Generally, infections only occur in 
patients who have concomitant diabetes mellitus. 

Severe infections are uncommon, occurring in fewer than 5% of patients with MPO 
deficiency. If infectious disease occurs, it usually is a fungal infection (particularly 
candidal, such as C albicans or C tropicalis) that occurs in a patient who also has 
diabetes mellitus. Patients without diabetes mellitus rarely have problems, although the 
reason for this is unknown. Possibly, MPO deficiency becomes clinically significant only 



in the presence of an additional defect in the host defense, or perhaps the MPO-
independent system is defective in some patients with diabetes mellitus. 

• Increased incidence of malignancy 

o A strong association between total MPO deficiency and malignancies has 
been reported by several independent investigators. Presumably, this is 
because MPO-deficient PMNs have decreased lytic action against tumor 
cells. 

o Others have reported that the MPO–hydrogen peroxide–halide system is a 
potent effector of tumor cell lysis. On the basis of these data, some 
propose that the MPO system plays a key role in the tumor surveillance of 
the host 

I believe that the appearance of MPO-deficiency along with diabetes and cancer 
strengthens my view that EMOD deficiency states “allow” for the manifestation of 
EMOD insufficiency syndrome diseases, such as diabetes, arthritis and cancer. 

15.2.0  EMOD insufficiency syndrome (disease coexistence) 

I have asked myself recurring questions concerning my so called EMOD insufficiency 
syndrome as follows: 

- Why do diabetics get recurring infections and have trouble healing wounds? 

- Why do we see clustering or coexistence of cancer, atherosclerosis, diabetes, obesity 
and cataracts? 

- Why do patients get gestational diabetes and why does it spontaneously regress? 

- Why do obese patients have more difficulty in healing wounds and have increased risk 
of developing cancer, diabetes and atherosclerosis? 

- Why does it appear that one good EMOD deficiency disease deserves another? 

- Why does exercise reduce diabetic tendencies and risk of CVD and cancer? 

- Why can diabetic ulcers, delayed wound healing and neuropathy be successfully treated 
with hyperbaric oxygen?  

- Why do antioxidants fail to stop or reverse EMOD insufficiency syndrome diseases? 

-Why do antioxidants appear to increase the risk of EMOD insufficiency syndrome 
diseases, such as cancer, stroke and heart disease? 



I found the following article in support of my EMOD insufficiency syndrome 
concept.  If my theory is correct, the synovial fluid should have high levels of 
antioxidant enzymes, which would result in low EMOD levels.  

15.2.1  Diabetes link with cancer seen in Japanese study 

A large study of Japanese adults found those with diabetes were more likely to develop 
cancer, especially of certain organs such as the pancreas and liver, researchers said on 
9/25/06. Men with diabetes in the study of nearly 98,000 people were 27 percent 
more likely than non-diabetics to be diagnosed with cancer, the study by the National 
Cancer Center in Tokyo found. Women afflicted with diabetes were also more at risk for 
cancer, though the association was not as clear as with men. 

Study author Manami Inoue wrote in this month's Archives of Internal Medicine that 
researchers have suspected a link between the two diseases but have not had 
conclusive evidence. One theory holds that adult-onset diabetes produces excess insulin 
that may promote cancer cell growth in the liver or pancreas. 

Diabetes -- which is on the rise in many parts of the world -- may also alter levels of sex 
hormones that could contribute to ovarian cancer in women and prostate cancer in men. 
But Inoue cautioned that either disease may be the cause of the other, and both may be 
tied to obesity in many patients. Also, diabetic patients pay more visits to the doctor and 
the increased vigilance may result in more cancer diagnoses, the study said.  

15.3.0   Arthritis  

Osteoarthritis of the knee (KOA) is a common, age-related, joint disorder associated with 
loss of articular cartilage, osteophyte formation, subchodral bone change and synovitis. 
Recent studies have shown that reactive oxygen species (ROS) may participate in the 
initiation and progression of KOA.  

This study examines potential changes in the activities of antioxidant enzymes 
(superoxide dismutase, both isoenzymes zinc-copper superoxide dismutase and 
manganese superoxide dismutase) and glutathione transformation enzymes 
(glutathione peroxidase, glutathione reductase and glutathione-S-transferase) in 
synovial fluid of KOA patients, and estimates their relationship to the degree of lipid 
peroxidation in synovial fluid evaluated by malondialdehyde concentration, synovial 
fluid viscosity, type and duration of KOA.  

Synovial fluid samples obtained by transdermal arthrocentesis from 41 patients with 
KOA (23 had primary KOA and 18 had secondary KOA) and 22 control subjects were 
analyzed. Activities of antioxidant enzymes were analysed with the use of kinetic 
method, MDA concentration was measured fluorometrically by the Ohkawa method, and 
synovial fluid viscosity was measured using a cone-late viscometer Brookfield DV-II+ 
and a test by Ropes.  



Patients with KOA had significantly increased activities of all enzymes 
when compared to the control subjects for both KOA subgroups.  

The activities of all antioxidant enzymes were significantly negatively correlated with 
synovial fluid viscosity and duration of KOA. Patients with KOA display abnormal 
antioxidant status of synovial fluid with increased activities of antioxidant enzymes 
and decreased synovial fluid viscosity. (Lipid peroxidation and antioxidant enzymes in 
synovial fluid of patients with primary and secondary osteoarthritis of the knee joint. A. 
Ostalowska et al. Volume 14, Issue 2 , February 2006, Pages 139-145). 

In the case of lymphoma, Johnson &Johnson said the incidence of the blood cancer 
among rheumatoid arthritis patients taking Remicade is about three times the rate of the 
normal population.  Enbrel, Remicade and Humira are members of a class of drugs that 
block an inflammation-causing protein called tumor necrosis factor, which is an agent 
which increases EMOD generation.  This lends strong support for my Unified theory 
and to my concept of an EMOD insufficiency syndrome. Previous studies have 
demonstrated that TNF- causes a rapid generation of ROS in cells.  

15.3.1   Cancer Risks Detailed for Arthritis Drugs 

Rheumatoid arthritis patients taking Humira or Remicade face triple the risk of 
developing several kinds of cancer and double the risk of getting serious infections, a 
study led by the Mayo Clinic found. The analysis builds on previous reports about the 
risks associated with Abbott Laboratories' Humira and Centocor's Remicade. But the 
earlier research focused mostly on one kind of cancer — lymphoma — and infections 
such as tuberculosis and pneumonia. The new study found an apparent link to other 
cancers, too, including skin, gastrointestinal, breast and lung tumors. It also 
quantifies the risks and says high doses appear to be the riskiest. 

Study co-author Dr. Eric Matteson, a Mayo Clinic rheumatologist, stressed the overall 
chances of developing cancer while using these drugs is still small. The researchers also 
noted that the medications' benefits include improving flexibility and range of 
movement, easing pain and increasing life expectancy, which arthritis can 
shorten. Their study appears in 5/17/06 Journal of the American Medical Association. 
The Mayo Foundation sponsored the research. 

15.3.2   Rheumatoid arthritis 

Rheumatoid arthritis affects more than 2 million Americans, and involves a 
malfunctioning immune system that attacks joints throughout the body, causing pain, 
deformities and disability. Dr. John Klippel, president of the Arthritis Foundation, said 
the study will probably not change doctors' minds, because scores of patients have 
benefited from the drugs. Remicade was approved in 1998, Humira in 2002. 

More than a half-million patients have been treated with the two injectable drugs and a 
third similar medication, Enbrel, all of which block production of a protein linked with 



inflammation. Enbrel was not included in the study because it differs at the molecular 
level, Matteson said. Matteson's ties to Centocor and his work on Enbrel were among 
several omissions and errors included in disclosure statements that accompanied the 
study in JAMA. 

He said the omissions were "errors of oversight on my part" and that he was not 
attempting to conceal anything. But in an unusual move, journal editors posted a 
correction Tuesday on JAMA's Web site revealing that they have asked the Mayo Clinic 
College of Medicine to investigate. The editors cited "the nature and extensiveness of this 
incorrect and incomplete reporting." 

The researchers analyzed data from nine studies comparing Humira or Remicade with 
placebos and pooled the results. There were 29 cancers in 3,493 patients who received at 
least one dose of either drug, compared with three cancers in 1,512 patients on placebos. 
Serious infections occurred in 126 patients on drugs and 26 on placebos. They included 
pneumonia and cellulitis. 

15.3.3   Osmium tetroxide (OsO4) generates H2O2 to treat arthritis 

Aqueous solutions of osmium tetroxide (OsO4) have been injected into arthritic 
knees for the past 45 years to chemically destroy diseased tissue, in a procedure termed 
"chemical synovectomy." Arthritis is an inflammatory disease. The primary 
inflammatory chemical species are the superoxide anion radical (O2.-) and nitric oxide 
(.NO), which combine to form the peroxynitrite anion (ONOO-). Here Goldstein et al.  
show that OsO4 does not react with ONOO- but very efficiently catalyzes the 
dismutation of O2.- to O2 and H2O2. Using the pulse-radiolysis technique, the catalytic 
rate constant has been determined to be (1.43+/-0.04) x 10(9) M-1 s-1, independent of the 
pH in the 5.1-8.7 range. This value is about half that for the natural Cu,Zn-superoxide 
dismutase (Cu,Zn-SOD). Per unit mass, OsO4 is about 60 times more active than Cu,Zn-
SOD. The catalytically active couple is OsVIII/OsVII, OsVIII oxidizing O2.- to O2 with a 
bimolecular rate constant of k=(2.6+/-0.1)x10(9) M-1 s-1 and OsVII reducing it to H2O2 
with a bimolecular rate constant of (1.0+/-0.1)x10(9) M-1 s-1. Although lower valent 
osmium species are intrinsically poor catalysts, they are activated through oxidation by 
O2.- to the catalytic OsVIII/OsVII redox couple. The OsVIII/OsVII catalyst is stable to 
biochemicals other than proteins and peptides comprising histidine, cysteine, and dithiols 
(Osmium tetroxide, used in the treatment of arthritic joints, is a fast mimic of superoxide 
dismutase. S. Goldstein et al. Free Radic Biol Med. 2005 Apr 1;38(7):839-45).  

15.3.4   SOD and CAT in human arthritics are lowered 
 
Superoxide dismutase and catalase, play an important role in the protection of 
erythrocytes from oxidative stress. Lowered activities of red cell catalase and 
superoxide dismutase have been reported in patients with rheumatoid 
arthritis (Karatas, F., Ozates, I., Canatan, H., Halifeoglu, I., Karatepe, M. and Colak, R. 
(2003). Antioxidant status and lipid peroxidation in patients with rheumatoid arthritis. 
Indian J. Med. Res. 118, 178-181) ( Imadaya, A., Teraswa, K., Tosa, H., Okamoto, M. 



and Toriizuka, K. (1998). Erythrocyte antioxidant enzymes are reduced in patients with 
rheumatoid arthritis. J. Rheumatol. 15, 1628-1631).  I believe that the lower SOD level 
results in lower H2O2 levels and allows for manifestation of the arthritic condition. 
 
A study was conducted on twenty-two adult female rheumatoid arthritis patients and an 
equal number of healthy subjects. Elevated lipid peroxidation and multidirectional 
changes in the antioxidant defence system were noticed in patients with rheumatoid 
arthritis. The enhanced lipid peroxidation accompanied by disturbance in antioxidant 
status indicates that rheumatoid arthritis patients are more prone to free radical mediated 
oxidative damage (Peroxidation and antioxidant status in blood aof rheumatoid arthritis 
patients. D. Vijayakumar, K. Suresh and S. Manoharan. Indian Journal of Clinical 
Biochemistry, 2006, 21 (1) 104-108). 
  
We must remember that GPx uses H2O2 as its substrate and it is not for the primary 
purpose of destroying peroxide.  Also, SOD is a highly efficient generator of H2O2. 

 
Vitamin E failed to stop osteoarthritis of the knee 
 
In a six-month double-blind study of patients with osteoarthritis of the knee, 500 IU per 
day of vitamin E was no more effective than a placebo (Brand C, Snaddon J, 
Bailey M, Cicuttini F. Vitamin E is ineffective for symptomatic relief of knee 
osteoarthritis: a six month double blind, randomised, placebo controlled study. Ann 
Rheum Dis 2001;60:946–9). 
 
15.3.5   H2O2 breaks down proteoglycan aggregates 
 
The effects of treatment of purified neonatal human articular-cartilage proteoglycan 
aggregate with H2O2 were studied. (1) Exposure of proteoglycan aggregate to H2O2 
resulted in depolymerization of the aggregate and modification of the core protein of both 
the proteoglycan subunits and the link proteins. (2) Treatment of the proteoglycan 
aggregate with H2O2 rendered the proteoglycan subunits unable to interact with 
hyaluronic acid, with minimal change in their hydrodynamic size. (3) Specific cleavages 
of the neonatal link proteins occurred. The order in which the major products were 
generated and their electrophoretic mobilities resembled the pattern observed during 
human aging. (4) The proteolytic changes in the link proteins were inhibited in the 
presence of transition-metal-ion chelators, thiourea or tetramethylurea, suggesting that 
generation of hydroxyl radicals from H2O2 by trace transition-metal ions via a site-
specific Fenton reaction may be responsible for the selective cleavages observed. (5) 
Cleavage of the link proteins in proteoglycan aggregates by H2O2 was shown to have a 
limited effect on the susceptibility of these proteins to cleavage by trypsin. (6) The 
relationship between these changes and those observed in cartilage during human aging 
suggests that some of the age-related changes in the structure of human cartilage 
proteoglycan aggregate may be the result of radical-mediated damage (Treatment of 
cartilage proteoglycan aggregate with hydrogen peroxide. Relationship between observed 
degradation products and those that occur naturally during aging. C R Roberts et al. 
Biochem J. 1987 October 15; 247(2): 349–357). I believe that this is analogous to the 



breakdown of atherosclerotic plaque in arteriosclerosis and protein aggregates in 
cataracts. 
 
EXERCISE 

15.4.0  Exercise:  Exercise clear thinking concerning EMODs 

15.4.1   Exercise does not adversely affect cognitive functioning 

This study examined the effects of exhaustive exercise on cognitive functioning among 
21 monozygotic twin pairs discordant for chronic fatigue syndrome (CFS). The co-twin 
control design adjusts for genetic and family environmental factors not generally 
accounted for in more traditional research designs of neuropsychological function. 
Participants pedaled a cycle ergometer to exhaustion; maximum oxygen output capacity 
(VO2max) as well as perceived exertion were recorded. Neuropsychological tests of brief 
attention and concentration, speed of visual motor information processing, verbal 
learning and recognition memory, and word and category fluency were administered with 
alternate forms to participants pre- and postexercise. The preexercise neuropsychological 
test performance of CFS twins tended to be slightly below that of the healthy twin 
controls on all measures. However, twins with CFS did not demonstrate differential 
decrements in neuropsychological functioning after exercise relative to their healthy co-
twins. Because exercise does not appear to diminish cognitive function, rehabilitative 
treatment approaches incorporating exercise are not contraindicated in CFS (Cognitive 
compromise following exercise in monozygotic twins discordant for chronic fatigue 
syndrome: fact or artifact? Claypoole K, et al. Appl Neuropsychol. 2001;8(1):31-40). I 
believe that this study shows that increased levels of oxygen and EMODs following 
exercise do not detrimentally affect cognition. Adverse effects would be predicted 
based on the Free Radi-Crap theory and its relationship to Alzheimer’s disease. 

Exercise may be especially helpful in reducing the size of fat cells around the waistline -- 
more so than diet alone, a study suggests. That's important, because fat specifically in 
the abdomen has been linked to the risk of heart disease and diabetes. Women in 
both exercise groups showed about an 18 percent reduction in the size of abdominal fat 
cells, whereas dieters showed no change. 

Losing abdominal fat is more than a matter of fitting into a smaller dress. Research shows 
that people who are "apple-shaped" are more likely to develop diabetes and heart disease 
than "pear-shaped" individuals, who carry much of their fat below the waist. This was 
reported the August 2006 issue of the International Journal of Obesity. 

15.4.2   Exercise Deters Atherosclerosis (and diseases of the EMOD insufficiency 
syndrome) 

Regular physical exercise has been shown to have a number of benefits compared with 
sedentary behaviour, such as delaying a number of aging changes and increasing the 
life expectancy but not the maximum lifespan. Several mechanisms, elicited by 



physical exercise, that act on the connective tissues. It can be concluded that life-long 
physical exercise has a beneficial influence on the connective tissues of the maturing and 
aging organism (Influence of physical exercise on aging rats: II. Life-long exercise delays 
aging of tail tendon collagen. Viidik A, Nielsen HM, Skalicky M. Mech Ageing Dev. 
1996 Jul 17;88(3):139-48). 

15.4.3   Exercise deters hypertension 

Previous meta-analyses of randomized controlled trials on the effects of chronic dynamic 
aerobic endurance training on blood pressure reported on resting blood pressure only. 
Cornelissen’s aim was to perform a comprehensive meta-analysis including resting and 

ambulatory blood pressure, blood pressure–regulating mechanisms, and concomitant 
cardiovascular risk factors. Inclusion criteria of studies were: random allocation to 
intervention and control; endurance training as the sole intervention; inclusion of healthy 

sedentary normotensive or hypertensive adults; intervention duration of 4 weeks; 
availability of systolic or diastolic blood pressure; and publication in a peer-reviewed 
journal up to December 2003. The meta-analysis involved 72 trials, 105 study groups, and 
3,936 participants. After weighting for the number of trained participants and using a 
random-effects model, training induced significant net reductions of resting and 
daytime ambulatory blood pressure. The reduction of resting blood pressure was 
more pronounced in the 30 hypertensive study groups than in the others. Systemic 
vascular resistance decreased by 7.1% (P<0.05), plasma norepinephrine by 29% 
(P<0.001), and plasma renin activity by 20% (P<0.05). Body weight decreased by 1.2 kg 
(P<0.001), waist circumference by 2.8 cm (P<0.001), percent body fat by 1.4% 
(P<0.001), and the homeostasis model assessment index of insulin resistance by 0.31 U 
(P<0.01); HDL cholesterol increased by 0.032 mmol/L–1 (P<0.05). In conclusion, 
aerobic endurance training decreases blood pressure through a 
reduction of vascular resistance, in which the sympathetic nervous system and the 
renin-angiotensin system appear to be involved, and favorably affects concomitant 
cardiovascular risk factors (Effects of Endurance Training on Blood Pressure, Blood 
Pressure–Regulating Mechanisms, and Cardiovascular Risk Factors. Véronique A. 
Cornelissen; Robert H. Fagard. Hypertension. 2005;46:667). I believe that this involves 
EMOD production, such as H2O2, which are vasodilating substances. 

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 (Differential effects of exercise on aortic mitochondria. Christal G. 
Young et al. Am J Physiol Heart Circ Physiol 288: H1683-H1689, 2005). 

 

 



15.4.4   Lack of exercise may promote cancer 

Cancer is the second leading cause of death in the USA and an abundance of evidence 
suggests that lifestyle factors including smoking, the typical high-fat, refined-sugar diet 
and physical inactivity account for the majority of cancer. Barnard’s review focuses on 
diet and inactivity as major factors for cancer promotion by inducing insulin 
resistance and hyperinsulinemia (Prevention of Cancer Through Lifestyle Changes. R. 
James Barnard. eCAM 2004 1(3):233-239). 

Currently, modern chronic diseases, including cardiovascular diseases, Type 2 diabetes, 
metabolic syndrome, and cancer, are the leading killers in Westernized society and are 
increasing rampantly in developing nations. In fact, obesity, diabetes, and hypertension 
are now even commonplace in children. Clearly, however, some believe that there is a 
solution to this epidemic of metabolic disease that is inundating today’s societies 
worldwide: exercise and diet (Effects of exercise and diet on chronic disease. Christian K. 
Roberts and R. James Barnard. J Appl Physiol 98: 3-30, 2005). 

Free radical production increases during exercise and oxidative damage 
occurs in several tissues. Tauler examined the effects of three different exercise tests on 
the pattern of change of erythrocyte enzyme antioxidant activities. The tests were a short 
maximal exercise test, a submaximal prolonged exercise test and a cycling stage during 
competition. The participants were amateur and professional cyclists with different 
training statuses and different basal erythrocyte antioxidant enzyme activities.  

The maximal test produced no changes in the erythrocyte antioxidant enzyme 
activities of amateur sportsmen.  

The submaximal test, performed at 80% of maximal oxygen uptake, decreased 
erythrocyte catalase (12%), glutathione peroxidase determined with H2O2 (14%) 
and glutathione reductase (16%); superoxide dismutase activity increased by about 
25%. The cycling stage performed by professional cyclists increased erythrocyte 
catalase (29%) and glutathione reductase (10%) activities. The in vivo changes in 
glutathione reductase activity were confirmed by in vitro measurements: hydrogen 
peroxide decreased and the presence of catalase increased the activity of this enzyme. In 
conclusion, they suggest that the different erythrocyte antioxidant enzyme responses to 
diverse exercise tests can be explained by the effects of hydrogen peroxide and the 
superoxide anion on the antioxidant enzyme activities in erythrocytes (Pre-exercise 
antioxidant enzyme activities determine the antioxidant enzyme erythrocyte response to 
exercise. Tauler P, Aguilo A, Guix P, Jimenez F, Villa G, Tur JA, Cordova A, Pons A. J 
Sports Sci. 2005 Jan;23(1):5-13). I believe that this shows that exercise increases H2O2 
via SOD and the other antioxidant enzymes were decreased, thus generating even 
higher EMOD levels.  These elevated EMOD levels are the very agents responsible 
for the healthful aspects of exercise and for the decrease in diseases such as cancer, 
atherosclerosis and diabetes. 

The effects of endurance training and acute exhaustive exercise on plasma levels of three 
superoxide dismutase (SOD) isoenzymes and the ability of superoxide generation in 
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neutrophils were studied. Eighteen healthy male students, aged 17-22 years, who 
volunteered for this study, underwent three months of endurance training in swimming or 
running. Before and after the training course, they performed acute exercise and blood 
samples were collected before and after this exercise. The endurance training 
significantly increased maximal oxygen uptake (VO2max) in all subjects. Neither the 
endurance training nor the acute exercise affected the plasma CuZn-SOD level. Acute 
exercise after the training, but not before the training, increased both the plasma Mn-SOD 
and extracellular SOD (EC-SOD) levels by 33.6 and 33.5%, respectively. The training 
decreased the EC-SOD level at rest by 22.2%. Acute exercise after the 
training, but not before the training, increased the plasma lipid peroxide level, 
suggesting higher oxidative stress in trained subjects during exhaustive exercise. The 
ability of neutrophils to generate superoxide was increased by the acute exercise, but 
induction of the superoxide was suppressed after training. These results indicate that EC-
SOD levels were changed in a different manner from the CuZn-SOD and Mn-SOD: it 
was decreased by training but was increased by acute exercise, suggesting that endurance 
training increases the reserve of EC-SOD in tissues. (Effects of endurance training on 
three superoxide dismutase isoenzymes in human plasma. Ookawara T, Haga S, Ha S, 
Oh-Ishi S, Toshinai K, Kizaki T, Ji LL, Suzuki K, Ohno H. Free Radic Res. 2003 
Jul;37(7):713-9). 

A training-induced augmentation of aerobic power in skeletal muscle is associated with 
an increased density of the electron transport chain and, consequently, greater potential 
for free-radical generation. Myocytes can increase their oxidative power and thus their 
capacity to produce ROS manyfold. An increased ROS production of this magnitude may 
seriously distort the cellular homeostasis if it is not matched by a proportional increase in 
the capacity of the cellular antioxidative defence system. Mitochondria are both the main 
source and the main target for ROS in skeletal muscle. Although the response of muscle 
antioxidative defence mechanisms to training differs widely between studies involving 
animals, the general consensus is that the training-induced increase in 
antioxidant status in animal muscle is lower than the relative increase in 
oxidative enzymes activities (Powers, S. K., Ji, L. L. & Leeuwenburgh, C. (1999). 
Exercise training-induced alterations in skeletal muscle antioxidant capacity: a brief 
review. Medicine and Science in Sports and Exercise 31, 987-997). A mismatch between 
oxidative and antioxidative potential would result in a decreased ratio of antioxidants to 
mitochondrial mass. The physiological consequence would be increased susceptibility of 
mitochondrial function to oxidative stress (Mitochondrial function and antioxidative 
defence in human muscle: effects of endurance training and oxidative stress. Tonkonogi 
M, Walsh B, Svensson M, Sahlin K. J Physiol. 2000 Oct 15;528 Pt 2:379-88). 
 

Antioxidant enzymes activities and glutathione status in human skeletal muscle 
before and after 6 weeks of endurance training  

  Pre-training Post-training Significance 
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SOD 

  Mitochondrial 373 ± 28 386 ± 33 n.s. 

  Cytosolic 1003 ± 23 910 ± 42 n.s. 

  Total 1376 ± 16 1296 ± 62 n.s. 

GPX 964 ± 46 1003 ± 84 n.s. 

GSH 1576 ± 146 1352 ± 95 n.s. 

GSSG 97 ± 45 146 ± 38 n.s. 

GSH+2GSSG 1770 ± 113 1645 ± 71 n.s. 

Values are means ± S.E.M. (30 °C); n = 8. SOD, superoxide dismutase (kU (kg wet wt)-1); 
GPX, glutathione peroxidase (U (kg wet wt)-1); GSH, reduced glutathione (µmol (kg wet 
wt)-1); GSSG, glutathione disulfide (µmol (kg wet wt)-1); GSH+2GSSG, total glutathione 
(µmol (kg wet wt)-1). (Mitochondrial function and antioxidative defence in human 
muscle: effects of endurance training and oxidative stress. Tonkonogi M, Walsh B, 
Svensson M, Sahlin K. J Physiol. 2000 Oct 15;528 Pt 2:379-88) 
 

 

]  

 

Figure 2. Effect of endurance training on antioxidant enzyme activity  

Ratio between activities of antioxidative enzymes and citrate synthase 
(mitochondrial marker enzyme) in human skeletal muscle before and after 6 
weeks of endurance training. Values are means ± S.E.M. * P < 0·05 post- vs. pre-
training.  

(Mitochondrial function and antioxidative defence in human muscle: effects of 
endurance training and oxidative stress. Tonkonogi M, Walsh B, Svensson M, 
Sahlin K. J Physiol. 2000 Oct 15;528 Pt 2:379-88) 

I believe that it is of great interest that the antioxidant enzymes actually decrease in 
the post-training measurements.  This is contrary to the expectations of the free 
radical theory and training should be highly deleterious but it is not. 
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15.4.5   Exercise Increases EMOD Production 
 
During exercise, generation of ROS is increased (Davies, K. J., Quintanilha, 
A. T., Brooks, G. A. & Packer, L. (1982). Free radicals and tissue damage produced by 
exercise. Biochemical and Biophysical Research Communications 107, 1198-1205) 
(Jackson, M. J., Edwards, R. H. & Symons, M. C. (1985). Electron spin resonance studies 
of intact mammalian skeletal muscle. Biochimica et Biophysica Acta 847, 185-190) 
(Leeuwenburgh, C., Hansen, P. A., Holloszy, J. O. & Heinecke, J. W. (1999). Hydroxyl 
radical generation during exercise increases mitochondrial protein oxidation and levels of 
urinary dityrosine. Free Radical Biology and Medicine 27, 186-192).  

The influence of endurance training on oxidative phosphorylation and the susceptibility 
of mitochondrial oxidative function to reactive oxygen species (ROS) was investigated in 
skeletal muscle of four men and four women. The influence of short-term training on 
mitochondrial oxygen consumption has for the first time been investigated in human 
skeletal muscle. The results showed that maximal mitochondrial oxidative 
power is increased after endurance training but that the efficiency of energy 
transfer (P/O ratio) remained unchanged. Antioxidative defence was unchanged 
after training when expressed relative to muscle weight. Although this 
corresponds to a reduced antioxidant protection per individual mitochondrion, the 
sensitivity of aerobic energy transfer to ROS was unchanged. However, the augmented 
ROS-induced non-coupled respiration after training indicates an increased susceptibility 
of mitochondrial membrane proton conductance to oxidative stress (Mitochondrial 
function and antioxidative defence in human muscle: effects of endurance training and 
oxidative stress. Tonkonogi M, Walsh B, Svensson M, Sahlin K. J Physiol. 2000 Oct 
15;528 Pt 2:379-88). Again, we see that oxidative capacity and generation of EMODs 
is increased by exercise and that frequently antioxidant enzymes remain unchanged. 

Marzatico has determined the differences of the influence of prolonged exercise or higher 
intensity lactacidemic exercise, on plasma lipid peroxidation and on erythrocyte 
antioxidant enzymatic defence system. Marzatico measured plasma indices of lipid 
peroxidation, conjugated dienes (CD) and malondialdehyde (MDA) and erythrocyte 
enzymes superoxide dismutase (SOD), glutathione peroxidase (GSHPx) and catalase 
(CAT). The biochemical evaluations were performed in six healthy control males (C) and 
twelve athletes: six marathon runners (MR) and six sprint-trained athletes (STA) at rest 
and after a half-marathon (MR) and a training session of 6 x 150 m (STA). In resting 
conditions MDA was higher in STA and MR than in C (p < 0.01), while only the MR 
showed significantly elevated levels of CD (p < 0.05). In STA the enzymatic scavenging 
capacity showed a significantly higher SOD (p < 0.01) and GSHPx (p < 0.01), while 
CAT was lower than in controls (p < 0.05). In MR only SOD (p < 0.01) was significantly 
higher than in C. It increased significantly immediately after half-marathon, while CAT 
decreased 24 and 48 hours postexercise respectively. In these athletes the 
lipoperoxidative indices increased in the early postexercise phase, while at 24 and 48 hrs 
both CD and MDA levels decreased. In STA enzyme activities were not modified by 
anaerobic performance while CD showed a peak 6 hrs postexercise and the MDA showed 
a progressive increase until 48 hrs afterwards. CONCLUSIONS: Both strenuous 
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long duration exercise and exhaustive sprint training overwhelm our 
capacity to detoxify ROS, producing oxidative stress. Thus an adequate supply of 
antioxidants could be appropriate (Blood free radical antioxidant enzymes and lipid 
peroxides following long-distance and lactacidemic performances in highly trained 
aerobic and sprint athletes. Marzatico F, Pansarasa O, Bertorelli L, Somenzini L, Della 
Valle G. J Sports Med Phys Fitness. 1997 Dec;37(4):235-9). Actually, I believe that 
antioxidants would negate the salutary effect of exercise and may negate the 
reduction of co-morbidities associated with EMOD insufficiency syndrome diseases, 
such as cancer, atherosclerosis and diabetes. 
 
15.4.6  Endurance training by swimming decreases the level of cardiac antioxidants 
 
Han-Wistar rats were exposed to a 194-200 h swimming protocol which caused a 
significant increase in the cardiac weight. The levels of various tissue antioxidants were 
assayed from the myocardium of the right ventricle and from the left ventricle (subendo- 
and subepimyocardium). This endurance training decreased the activities of catalase in 
the right ventricle and in the subendo- and subepimyocardium and Cu,Zn-superoxide 
dismutase in the subendomyocardium as well as the concentration of vitamin E in the 
right ventricle and in the subendomyocardium. Also, the activity of thioredoxin reductase 
decreased in each part of myocardium and that of glutathione reductase in the right 
ventricle and in the subepimyocardium. The activity of glucose-6-phosphate 
dehydrogenase increased in the right ventricle and in the subepimyocardium. The activity 
of glutathione peroxidase and the total tissue contents of carnosine and anserine and 
tissue sulphydryl groups remained unchanged as compared to the control group. The 
endurance training caused only minor changes in the regional distribution of antioxidants. 
The major findings were the disappearance of the difference in the activity of catalase 
between the right and the left ventricle and the increase in the activity of glucose-6-
phosphate dehydrogenase as compared to that of the left ventricle. The results show that 
endurance training by swimming decreases the level of cardiac 
antioxidants. This decrease may be due to the increased oxygen metabolism and the 
subsequent increase in the formation of oxygen free radicals, which could deplete the 
antioxidant pool (Decreased level of cardiac antioxidants in endurance-trained rats. 
Kihlstrom M, Ojala J, Salminen A. Acta Physiol Scand. 1989 Apr;135(4):549-54). I 
believe that this is as it should be in order to generate quite high EMOD levels.  
Further, I believe that these high exercise produced EMOD levels are responsible 
for the beneficial effects of exercise on overall health. 
 
The literature reveals a paradoxical response of the immune and host defense systems 
to endurance exercise apparent stimulation following long-term regular training and 
suppression in response to acute exposure to exhaustive endurance exercise(Exercise, 
immunology and upper respiratory tract infections. Peters EM. Int J Sports Med. 1997 
Mar;18 Suppl 1:S69-77). 

The aim of this study was to evaluate whether high-intensity endurance training would 
alleviate exercise-induced oxidative stress. Nine untrained male subjects (aged 19-21 
years) participated in a 12-week training programme, and performed an acute period of 
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exhausting exercise on a cycle ergometer before and after training. The training 
programme consisted of running at 80% maximal exercise heart rate for 60 min.day-1, 5 
days.week-1 for 12 weeks. Blood samples were collected at rest and immediately after 
exhausting exercise for measurements of indices of oxidative stress, and antioxidant 
enzyme activities [superoxide dismutase (SOD), glutathione peroxidase (GPX), and 
catalase (CAT)] in the erythrocytes. Maximal oxygen uptake (VO2max) increased 
significantly (P < 0.001) after training, indicating an improvement in aerobic capacity. A 
period of exhausting exercise caused an increase (P < 0.01) in the ability to produce 
neutrophil superoxide anion (O2.-) both before and after endurance training, but the 
magnitude of the increase was smaller after training (P < 0.05). There was a significant 
increase in lipid peroxidation in the erythrocyte membrane, but not in oxidative protein, 
after exhausting exercise, however training attenuated this effect. At rest, SOD and GPX 
activities were increased after training. However, there was no evidence that 
exhausting exercise enhanced the levels of any antioxidant enzyme 
activity. The CAT activity was unchanged either by training or by exhausting 
exercise. These results indicate that high-intensity endurance training can elevate 
antioxidant enzyme activities in erythrocytes, and decrease neutrophil O2.- production in 
response to exhausting exercise. Furthermore, this up-regulation in antioxidant defences 
was accompanied by a reduction in exercise-induced lipid peroxidation in erythrocyte 
membrane (Strenuous endurance training in humans reduces oxidative stress following 
exhausting exercise. Miyazaki H, Oh-ishi S, Ookawara T, Kizaki T, Toshinai K, Ha S, 
Haga S, Ji LL, Ohno H. Eur J Appl Physiol. 2001 Jan-Feb;84(1-2):1-6). I believe that 
these investigators are mis-interpreting their own data, such that it will agree with 
the free radical theory.  Actually, their study showed that exercise increased EMOD 
production and did not increase antioxidant enzyme levels. 
 
Exercise appears to increase reactive oxygen species, which can result in damage to 
cells. Exercise results in increased amounts of malondialdehyde in blood 
and pentane in breath; both serve as indirect indicators of lipid peroxidation. 
However, not all studies report increases; these equivocal results may be due to the large 
intersubject variability in response or the nonspecificity of the assays. Some studies have 
reported that supplementation with vitamins C and E, other antioxidants, or 
antioxidant mixtures can reduce symptoms or indicators of oxidative stress as a result of 
exercise. However, these supplements appear to have no beneficial effect on 
performance. Exercise training seems to reduce the oxidative stress of exercise, such 
that trained athletes show less evidence of lipid peroxidation for a given bout of exercise 
and an enhanced defense system in relation to untrained subjects. Until research fully 
substantiates that the long-term use of antioxidants is safe and effective, the prudent 
recommendation for physically active individuals is to ingest a diet rich in antioxidants 
(Antioxidants: what role do they play in physical activity and health? Clarkson PM, 
Thompson HS. Am J Clin Nutr. 2000 Aug;72(2 Suppl):637S-46S). Exercise is 
postulated to generate free radicals by other means, including 1) increases in 
epinephrine and other catecholamines that can produce oxygen radicals when they are 
metabolically inactivated, 2) production of lactic acid that can convert a weakly damaging 
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free radical (superoxide) into a strongly damaging one (hydroxyl), and 3) inflammatory 
responses to secondary muscle damage incurred with overexertion.  
 

Gul investigated whether 8-week treadmill training strengthens antioxidant enzymes and 
decreases lipid peroxidation in rat heart. The effects of acute exhaustive exercise were 
also investigated. Male rats (Rattus norvegicus, Sprague-Dawley strain) were divided into 
trained and untrained groups. Both groups were further divided equally into two groups 
where the rats were studied at rest and immediately after exhaustive exercise. Endurance 
training consisted of treadmill running 1.5 h day(-1), 5 days week(-1) for 8 weeks. For 
acute exhaustive exercise, graded treadmill running was conducted. Malondialdehyde 
level in heart tissue was not affected by acute exhaustive exercise in untrained and 
trained rats. The activities of glutathione peroxidase and glutathione reductase 
enzymes decreased by both acute exercise and training. Glutathione S-transferase and 
catalase activities were not affected. Total and non-enzymatic superoxide scavenger 
activities were not affected either. Superoxide dismutase activity decreased by acute 
exercise in untrained rats; however, this decrease was not observed in trained rats. 
Gul’s results suggested that rat heart has sufficient antioxidant enzyme capacity to cope 
with exercise-induced oxidative stress, and adaptive changes in antioxidant enzymes due 
to endurance training are limited (Effects of endurance training and acute exhaustive 
exercise on antioxidant defense mechanisms in rat heart. Gul M, Demircan B, Taysi S, 
Oztasan N, Gumustekin K, Siktar E, Polat MF, Akar S, Akcay F, Dane S. Comp Biochem 
Physiol A Mol Integr Physiol. 2006 Feb;143(2):239-45). I believe that it is showing a 
need for the increased EMODs, because the body did not adjust upward the levels of 
antioxidant enzymes. 

Relations between exposure to chlorinated compounds and biological markers of 
response to oxidative stimuli were investigated in swimmers, taking into account the 
effect of training. Twenty-two male swimmers aged 15-25 years were surveyed twice. 
Prevalence of irritant symptoms and asthma and number of hours of training were 
reported. Exposure to nitrogen trichloride (NCl3) and blood response to oxidative stimuli 
[catalase, superoxide dismutase (Cu2+/Zn2+ SOD), glutathione peroxidase (GSH-Px) 
activities and ceruloplasmin, ferritin and total antioxidant concentrations] were measured. 
Univariate analyses were completed by multivariate analyses. High prevalences of irritant 
symptoms and asthma were found. Multivariate analysis confirmed the results of the 
univariate analyses and showed that Cu2+/Zn2+ SOD activity was increased by exposure 
and by training (P = 0.01, P = 0.0001, respectively). Erythrocyte GSH-Px was decreased, 
whereas plasma GSH-Px was increased by exposure (P = 0.002, P = 0.002). No other 
association was found. Higher irritant symptoms and increases in the activities of 
erythrocyte Cu2+/Zn2+ SOD and of plasma GSH-Px with exposure support the 
hypothesis that the production of reactive oxygen species is not only related to 
training but also to exposure to chlorinated compounds. Other athletes tend to have 
respiratory problems such as asthma, but the exposure to chlorinated compounds may 
increase the respiratory disease among swimmers (Not only training but also exposure to 
chlorinated compounds generates a response to oxidative stimuli in swimmers. Varraso R 
et al. Toxicol Ind Health. 2002 Jul;18(6):269-78). I believe that this may be additional 
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way to increase the oxidative capacity of the body, i.e, combining swimming with 
exposure to low levels of chloride. 

Investigators studied whether endurance training reduces exercise-induced oxidative 
stress in erythrocytes. Male rats (n=54) were divided into trained (n=28) and untrained 
(n=26) groups. Acute exhaustive exercise increased the erythrocyte malondialdehyde 
level in sedentary but not in trained rats compared with the corresponding sedentary 
rest and trained rest groups, respectively. While acute exhaustive exercise decreased 
the erythrocyte superoxide dismutase activity in sedentary rats, it increased the 
activity of this enzyme in trained rats. On the other hand, acute exhaustive exercise 
increased the erythrocyte glutathione peroxidase activity in sedentary rats; 
however, it did not affect this enzyme activity in trained rats. Erythrocyte glutathione 
peroxidase activity was higher in trained groups compared with untrained sedentary 
group. Neither acute exhaustive exercise nor treadmill training affected the 
erythrocyte total glutathione level. Treadmill training increased the endurance time in 
trained rats compared with sedentary rats. The results of this study suggest that endurance 
training may be useful to prevent acute exhaustive exercise-induced oxidative stress in 
erythrocytes by up-regulating some of the antioxidant enzyme activities and may have 
implications in exercising humans (Endurance training attenuates exercise-induced 
oxidative stress in erythrocytes in rat. Oztasan N et al. Eur J Appl Physiol. 2004 
May;91(5-6):622-7). I believe that this may even further confuse this area of 
research.  Acute exhaustive exercise increased the erythrocyte malondialdehyde 
level in sedentary but not in trained rats and this is difficult to rationalize. 

The oxidation of low density lipoprotein (LDL) has been suggested as a key event in 
atherogenesis. Paradoxically, exercise, which imposes an oxidative stress, is 
an important deterrent of cardiovascular disease. In study 1 the oxidizability 

of LDL was enhanced in exercisers compared with sedentary controls. The lag time of 
isolated LDL subjected to copper-induced in vitro oxidation was significantly shortened 
in the exercisers compared with sedentary subjects. This increased sensitivity was not due 
to a decreased presence of vitamin E. Instead, these findings suggested that the LDL of 
exercisers may contain increased amounts of preformed lipid peroxides, which account 
for the increased oxidizability. In study 2, a groupxsex ANOVA revealed that male 
exercisers had a significantly longer mean lag time than male sedentary subjects and that 
females had similar mean lag times regardless of exercise group. This remained the case 

when statistical adjustment was made for age, body mass index, blood lipid levels, LDL, 
and plasma -tocopherol levels. Study 1 exercisers had been in training for a shorter time 
(<1 year) than study 2 exercisers (>2 years). These findings suggest that truly "chronic" 

exercise (aerobic intensity over several months) decreases the susceptibility of a male 
exerciser's LDL to undergo oxidation. Conversely, regular aerobic stress during an 
overall shorter time span creates a more oxidative environment in the body, thus 
increasing the susceptibility of LDL to undergo oxidation. The oxidative stress of aerobic 
exercise does not appear to adversely affect the oxidizability of LDL in women (Exercise 
and Cardiovascular Disease. A New Perspective. Robin Shern-Brewer; Nalini Santanam; 
Carla Wetzstein; Jill White-Welkley; ; Sampath Parthasarathy. Arteriosclerosis, 
Thrombosis, and Vascular Biology. 1998;18:1181-1187). 



Physical activity is associated with a reduced incidence of coronary disease, but the 
mechanisms mediating this effect are not defined. There has been considerable recent 
interest in inflammation in the pathogenesis of cardiovascular disease. Exercise 
produces a short-term, inflammatory response, whereas both cross-sectional 

comparisons and longitudinal exercise training studies demonstrate a long-term 
"anti-inflammatory" effect. This anti-inflammatory response may contribute to the 
beneficial effects of habitual physical activity (The Effects of Physical Activity on Serum 
C-Reactive Protein and Inflammatory Markers. A Systematic Review . Christos Kasapis,  
and Paul D. Thompson,  J Am Coll Cardiol, 2005; 45:1563-1569). 
 

Subclinical chronic inflammation could be a unifying factor linking type 2 diabetes 
(T2D) and atherosclerosis. The beneficial effects of physical activity on a reduced risk 
of coronary heart disease could at least in part be mediated by improved markers of 
inflammation. The aim of this study was to determine the effect of 4 weeks of physical 
training on plasma concentrations of interleukin (IL)-6, C-reactive protein (CRP), 
adiponectin and IL-10 in 60 individuals with normal glucose tolerance, impaired glucose 
tolerance (IGT) or T2D. In patients with IGT and T2D, significant improvement in body 
fat, fitness level, glucose metabolism and insulin sensitivity after 4 weeks of physical 
training was associated with significantly improved plasma concentrations of adiponectin 
and CRP, but not IL-6. Regression analysis demonstrated only for the anti-inflammatory 

parameters adiponectin and IL-10 a significant relationship with the decrease in fasting 
plasma glucose, whereas changes in IL-6 and CRP were not significantly related to 
changes in fasting plasma glucose, body fat, maximal oxygen uptake, or insulin 
sensitivity. In a multivariate linear regression analysis, only changes in circulating 
adiponectin, fasting plasma glucose and percentage body fat were determinants of 
changes in insulin sensitivity.  

Conclusions: Physical training was associated with a near normalization of 
adiponectin and CRP plasma concentrations in subjects with IGT and T2D. 
Increased insulin sensitivity after training was most strongly related to changes in 
adiponectin plasma concentrations, in fasting plasma glucose and percentage body fat, 
whereas changes in IL-6, IL-10 and CRP plasma concentrations did not significantly 

contribute to improved insulin sensitivity (Effect of a 4 week physical training program 
on plasma concentrations of inflammatory markers in patients with abnormal glucose 
tolerance.Andreas Oberbach et al. European Journal of Endocrinology, Vol 154, Issue 4, 
577-585). 

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. 



The overwhelming consensus of the literature is that long- or short-term 
supplementation with vitamins E or C has no ergogenic effect on 
submaximal exercise performance, aerobic capacity, or muscle strength 
(Vitamin E, vitamin C, and exercise. Evans WJ. Am J Clin Nutr. 2000 Aug;72(2 
Suppl):647S-52S). 

15.4.7   Anti-cancer effect of exercise 

The anti-cancer effects of exercise are due to increases in a protein that blocks cell 
growth and induces cell death, according to Australian researchers. I believe that it is 
due to increase in apoptogenic EMODs. 

The protein, called insulin-like binding protein-3 (IGFBP-3), inhibits another protein 
called insulin-like growth factor-1 (IGF-1), thereby blocking IGF-1's proliferative effect 
on cell growth, the study hints. 

Dr. Andrew M. M. Haydon and colleagues at Manash Medical School in Melbourne 
identified new cases of colorectal cancer in the Melbourne Collaborative Cohort Study, a 
prospective study of 41,528 adults recruited between 1990 and 1994. The investigators 
looked at baseline body mass index and level of physical activity reported and compared 
baseline levels of IGF-1or IGFBP-3 with those measurements. Analyses centered on 443 
colon cancer patients followed for more than 5 years. 

Among subjects who were physically active, an increase in IGFBP-3 was associated 
with a 48 percent reduction in colon cancer-specific deaths. No association was 
apparent for IGF-1. For the physically inactive, there was no association between IGF-1 
or IGFBP-3 and colon cancer survival. 

Haydon told Reuters Health that "physical activity can increase IGFBP-3 levels, which, 
in turn, reduces the amount of free IGF-1." IGF-1 has been shown to stimulate cell 
growth, inhibit cell death, and promote angiogenesis -- the formation of new blood 
vessels, which tumors need to grow. "We did not look at the amount of physical activity 
needed to reduce colorectal cancer incidence, as we only looked at those from our cohort 
who had CRC," Haydon pointed out. 

"Other studies that have looked at this have shown a dose-effect, meaning the more 
exercise the lower the risk, however our study did not try to address this issue. We were 
examining the effect of physical activity on one's prognosis following a diagnosis of 
bowel cancer and the possible mechanisms behind this effect." SOURCE: Gut, May 
2006. 

15.4.8   Exercise Has Many Cancer-Related Benefits 

The following was taken from a 12/29/06 release of the American Cancer Society: 

1. Exercise can help keep your weight down. 
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The evidence linking excess weight to cancer has gotten stronger. Being overweight or 
obese is known to raise your risk of cancers of the colon, endometrium (uterus), 
esophagus, kidney, and breast (among women past menopause). It is also thought to be 
linked to several other types of cancer including ovarian, pancreatic, cervical, and 
prostate.  

How can you tell if you need to lose a few pounds? Most experts use body mass index, or 
BMI, as a measure. BMI is a ratio of weight to height. A BMI between 18.5 and 24.9 is 
considered normal. A BMI between 25 and 29.9 is overweight, and a BMI of 30 or over 
is considered obese. 

Watching what you eat is key to keeping your weight at a healthy level, of course. But 
exercise is equally important. The most recent American Cancer Society 
recommendations call for adults to get at least 30 minutes of moderate to vigorous 
physical activity -- over and above usual activities like housework or taking the stairs 
instead of the elevator -- on 5 or more days a week. Moderate activities include walking, 
slow biking, gardening, golfing, or yoga. Vigorous activities include jogging or running, 
fast cycling, soccer, swimming, or jumping rope. 

2. Exercise may reduce your risk of colon cancer. 

A recent study from Europe found that people who exercised had a lower risk of 
developing colon cancer than people who didn't get much exercise. Researchers followed 
more than 413,000 men and women between the ages of 35 and 70 for more than 6 
years. Those who got the most physical activity had a 22% lower risk of colon cancer 
(especially on the right side of the colon) than people who got the least. The benefit of 
exercise on colon cancer risk was also seen in the overweight participants, a known at-
risk group ("Physical Activity and Risk of Colon and Rectal Cancers: The European 
Prospective Investigation into Cancer and Nutrition." Published in the Dec., 2006, 
Cancer Epidemiology, Biomarkers and Prevention (Vol. 15, No. 12: 2398-2407). First 
author: Christine Friedenreich, International Agency for Research on Cancer, Lyon, 
France). 

People needed to get about 1 hour of vigorous physical activity, or 2 hours of 
moderate activity, every day to reduce their risk of colon cancer. But it didn't matter 
whether they got that exercise at home, on the job, or for fun. 

3. Exercise may help prevent breast cancer. 

Numerous studies have linked exercise with a lower risk of breast cancer. Recent 
research from the Iowa Women's Health Study adds to that evidence. With 18 years of 
follow-up, the researchers found that women with high physical activity levels had lower 
BMIs and a 14% lower risk of breast cancer after menopause. Exercise especially 
reduced the risk of one very aggressive type of tumor described as ER+/PR- (it has 
estrogen receptors but not progesterone receptors). 
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In this study, a high activity level was defined as getting vigorous exercise 2 or more 
times per week, or moderate exercise more than 4 times per week. 

4. Exercise can improve your quality of life after breast cancer. 

Lifting weights can help breast cancer survivors get stronger and feel better about 
themselves, according to researchers from the University of Minnesota and the University 
of Pennsylvania. They divided 86 survivors into 2 groups; one group weight trained twice 
a week for 6 months, while the other did not change their daily activities (Recreational 
Physical Activity and Risk of Postmenopausal Breast Cancer Based on Hormone 
Receptor Status." Published in the Dec. 11/25, 2006, Archives of Internal Medicine (Vol. 
166, No. 22: 2478-2483). First author: Aditya Bardia, MD, Mayo Clinic College of 
Medicine, Rochester, Minn.).  

By the end of the study, women in the weight training group reported significant 
improvements in physical function, as well as in communication, relationship, and 
psychological issues. The women told the researchers they felt stronger and more 
confident, with more energy and fewer aches and pains than before. The researchers think 
the increased strength and sense of control of their bodies resulting from weight training 
may have been part of the reason for the women's improved attitude (Effects of Weight 
Training on Quality of Life in Recent Breast Cancer Survivors: The Weight Training for 
Breast Cancer Survivors (WTBS) Study." Published in the May 1, 2006, Cancer (Vol. 
106, No. 9: 2076-2083). First author: Tetsuya Ohira, MD, University of Minnesota, 
Minneapolis). 

5. Exercise has health benefits beyond cancer. 

Cancer isn't the only disease that can be affected by exercise. Regular activity can 
reduce your risk of heart disease and diabetes, too. Exercise can give you more 
energy, help you deal with stress, improve your sleep quality, and make you feel better 
about yourself. I believe that all of this is due to the increased EMOD levels, which 
prevent the manifestation of these various diseases. 

15.4.9   Exercise inhibits Alzheimer’s disease 

October 4, 2004 
 
The market for walking shoes has got to be doing a skip around the block on recent 
medical news that walking regularly can stave off dementia. Researchers have long 
believed mental exercise like reading and working crossword puzzles can slow the onset 
of dementia and Alzheimer’s disease. They’ve also concluded that rigorous physical 
activity helps the brain. 
 
Yet a pair of large studies in the Journal of the American Medical Association, one 
involving men and the other women, indicated a remarkably strong association 
between cognitive function and walking at an easy pace several hours per week. 



 
Robert Abbot, a biostatistician at the University of Virginia Health System who co-
authored the study on just over 2,200 men aged 71 to 93 years, found those who walked 
less than a quarter mile a day were 1.8 times as likely to develop dementia than those 
who trekked more than two miles daily. 
 
The Harvard School of Public Health researcher who lead the study on women, reached 
similar conclusions with subjects who walked on a daily basis and those who were less 
active. “What is most striking is that for older women who are able to engage in several 
hours per week of physical activity (for example, walking at least six hours per week), 
their cognitive function seemed to be comparable to that of a woman several years 
young,” said study author Jennifer Weuve. 
 
Exercise increases blood flow to the brain and boosts levels of hormones necessary for 
nerve cell production. Some research suggests it might also reduce levels of a sticky, 
brain-clogging protein found in Alzheimer patients. Still, walking as little an hour and a 
half a week wouldn’t seem significant enough to prevent mental decline. I believe that it 
increases oxygen levels and consequently EMOD levels in the brain. 
 
15.4.10    Scyllo-inositol Delays Alzheimer’s  

Certain variants of a simple sugar ameliorate Alzheimer's-like disease in mice, according 
to a new study by Canadian researchers. Although the new studies are still in the early 
stages, the findings could lead to new therapies that prevent or delay the onset of 
Alzheimer's disease. The new studies show that some types of a sugar called 
cyclohexanehexol—also known as inositol—prevented the accumulation of amyloid β 
deposits, a hallmark of Alzheimer's disease. Scyllo-inositol treatment also improved 
cognitive abilities in the mice and allowed them to live a normal lifetime. The study 
appeared in advance online publication of the journal Nature Medicine on June 11, 2006. 

HHMI international research scholar and senior author Peter St George-Hyslop cautioned 
that the chemicals tested in these studies are not the type of inositol sold commercially as 
a nutritional supplement. That type—myo-inositol—has been shown previously to be 
ineffective at breaking up amyloid aggregates, he said. 
 
In the brain of a person with Alzheimer's disease, small proteins called amyloid β 
aggregate into plaques, and a protein called tau clumps into neurofibrillary tangles. The 
brain becomes inflamed and neurons atrophy and die. It's not completely clear what kind 
of amyloid β peptide (monomers, oligomeric aggregates, or fibrillar aggregates) is 
responsible for the onset of disease, said St George-Hyslop of the University of Toronto. 
"Because we were able to show that scyllo-inositol specifically dispersed the high-
molecular-weight oligomeric aggregates, this study confirms that the initiating event is 
the accumulation of oligomeric aggregates of amyloid β peptide,” he said. 
 
Previous work by JoAnne McLaurin, also of the University of Toronto and lead author of 
the Nature Medicine paper, showed that several types of inositol could stop amyloid 



proteins from aggregating in test tubes. To see if these compounds could do the same in 
vivo, St George-Hyslop, McLaurin, and colleagues tested them in transgenic mice with 
human genes that predispose them to an Alzheimer's-like disease. 
 
When the researchers treated these mice with scyllo-inositol, all of the animals' 
disease symptoms improved. Cognitive function was improved, amyloid plaques 
disappeared, inflammation declined, and the mice lived longer. The scientists found 
that scyllo-inositol conferred these benefits not only if the mice were treated when they 
were very young and disease-free, but also if they were treated after the onset of disease. 
As a model system, these mice “are pretty good, but they're not a perfect replica of the 
disease,” St George-Hyslop said. The mice do not develop tau tangles, he explained, but 
they are prone to amyloid plaques, brain inflammation, cognitive disturbance, and early 
death, just like humans with Alzheimer's disease. 
 
Expecting the cynicism of some older people, one researcher emphasized that if anything, 
the reports say “its not too late to have a big influence” on your health 

15.4.11    Exercise, EMODs and Antioxidants 

Exercise increases the generation of oxygen free radicals and lipid 
peroxidation. Strenuous exercise in a person who is unconditioned or unaccustomed to 
exercise will induce oxidative damage and result in muscle injury. However, aerobic 
exercise training strengthens the antioxidant defense system by increasing 
superoxide dismutase. (RMH Note:  Please remember that SOD generates hydrogen 
peroxide.) 

Vitamin C and, especially, vitamin E are shown to decrease the exercise-induced increase 
in the rate of lipid peroxidation. No ergogenic effects of either vitamin C or E have been 
shown. Vitamin E was shown to significantly increase circulating neutrophils in older, 
but not younger, subjects performing eccentric exercise that causes an increase in skeletal 
muscle damage. In addition to its effect in augmenting the neutrophil response to 
eccentric exercise, vitamin E causes a greater increase in circulating creatine kinase 
activity, perhaps indicating increased skeletal muscle repair. Increased vitamin E intake 
has been associated with enhanced glucose tolerance and insulin action as well as 
improved lipoprotein status (Vitamin E, vitamin C, and exercise. Evans WJ. Am J Clin 
Nutr. 2000 Aug;72(2 Suppl):647S-52S). 

Prolonged submaximal exercise was shown to result in elevated amounts of both 
whole-body and skeletal muscle lipid peroxidation byproducts, with the former 
increase indicated by greater exhaled pentane but not ethane. These studies seem to 
indicate that the greatly increased oxygen consumption (up to a l00-fold increase in 
skeletal muscle) seen during exercise produces superoxide radicals that are associated 

with a host of deleterious effects. 

The rate of oxygen consumption and the presence of cellular antioxidant systems 
influence the magnitude of oxidative damage occurring as a result of exercise. Several in 
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vivo and in vitro animal and human studies showed direct and indirect evidence of 
free radical generation during and after exercise (Evans WJ, Cannon JG, et al. The 
metabolic effects of exercise-induced muscle damage. In: Holloszy JO, ed. Exercise and 
sport sciences reviews. Baltimore: Williams & Wilkins, 1991:99–126).  

The initial and early events in muscle injury are likely to occur as a result of the physical 
forces that act on the muscle cell and cause damage, and they occur before phagocytic 

cells enter the injury sites. In addition to the high specific tensions that take place during 
high-force muscle contractions, the metabolic events resulting from the initial damage 
result in muscle protein degradation and continued evidence of muscle damage well after 
the initial damaging exercise.  

Exhaustive running was shown to decrease the oxidative capacity of brown 

adipose tissue mitochondria in rats (Gohil K, Henderson S, Terblanche SE, Brooks GA, 
Packer L. Effects of training and exhaustive exercise on the mitochondrial oxidative 
capacity of brown adipose tissue. Biosci Rep 1984;4:987–93).  

Free radicals generated during or after exercise may come from several sources: 1) the 
mitochondria, from which oxygen radicals that have escaped scavenging enzymes present 
in the mitochondria may leak into the sarcoplasm; 2) the capillary endothelium, where a 
hypoxia or reoxygenation process is created during exercise; and 3) an oxidative burst 
from inflammatory cells mobilized as a result of muscle or tissue damage.  

Vitamin E ( -tocopherol) is found in virtually all cell membranes, but the major 
store of membrane-bound vitamin E is in the inner mitochondrial membrane, the 
site of the electron transport system. The vitamin E content of skeletal muscle is 
50% of that seen in liver, heart, and lung tissue ( 20–30 nmol/g). 

Vitamin C (ascorbic acid), which is water soluble and present in the cytosolic 
compartment of the cell, serves as an electron donor to vitamin E radicals generated in the 
cell membrane during oxidative stress. Plasma vitamins E and C and uric acid, all of 
which have potential antioxidant activity, have been reported to increase after 
exercise. In rats, acute submaximal exercise has been shown to decrease vitamin E 
concentrations in skeletal muscle (Bowles DK, Torgan CE, Ebner S, Kehrer JP, Ivy JL, 
Starnes JW. Effects of acute, submaximal exercise on skeletal muscle vitamin E. Free 
Radic Res Commun 1991;14:139–43). 

15.4.12    Vitamin E and Exercise 

There is little evidence that vitamin E benefits high-performance 
athletes. Although circulating concentrations of vitamins E and C were significantly 
increased in this study, the differences were no longer significant when the values were 
corrected for changes in plasma volume. These data indicate that previously observed 

increases in these vitamins (none of which were corrected for plasma volume 
changes) were most likely a result of exercise-induced hemoconcentration (Gleeson 



M, Robertson JD, Maughan RJ. Influence of exercise on ascorbic acid status in man. Clin 
Sci (Colch) 1987;73:501–5). 

To date, no well-controlled study has shown an ergogenic effect of vitamin E 
supplementation. As reviewed by Clarkson, the performance of neither standard 
exercise tests [such as measurements of maximal oxygen uptake, muscle strength, 
swimming endurance, or blood lactate concentrations] nor any cardiorespiratory 
fitness test has been shown to be affected by long-term vitamin E supplementation in 
double-blind, placebo-controlled experiments (Clarkson PM. Vitamins and trace 
minerals. In: Lamb DR, Williams MH, eds. Ergogenics–enhancement of performance in 
exercise and sport. Carmel, IN: Cooper Publishing Group, 1991:23–176) (Sharman IM, 
Down MG, Sen RN. The effects of vitamin E and training on physiological function and 
athletic performance in adolescent swimmers. Br J Nutr 1971;26:265–76) (Shephard RJ, 
Campbell R, Pimm P, Stuart D, Wright GR. Vitamin E, exercise, and the recovery from 
physical activity. Eur J Appl Physiol 1974;33:119–26) (Lawrence JD, Bower RC, Riehl 
WP, Smith JL. Effects of alpha-tocopherol acetate on the swimming endurance of trained 
swimmers. Am J Clin Nutr 1975;28:205–8). 

Ultrastructural evidence of damage is greater well after the initial damaging exercise. For 
example, Friden et al found more damaged muscle fibers 3 d after than 1 h after high-
tension eccentric exercise (Friden J, Seger J, Sjostrom M, Ekblom B. Adaptive response 
in human skeletal muscle subjected to prolonged eccentric training. Int J Sports Med 
1983;4:177–83).  

In addition, Newham et al showed that eccentric exercise caused immediate damage but 
that biopsies performed 24–48 h after the exercise revealed more marked damage. These 
data indicate an ongoing process of skeletal muscle repair consisting of increased 
degradation of damaged proteins and an increased rate of protein synthesis (Newham DJ, 
McPhail G, Mills KR, Edwards RH. Ultrastructural changes after concentric and 
eccentric contractions of human muscle. J Neurol Sci 1983;61:109–22).  

Within hours of injury or exercise, the number of circulating neutrophils can increase 
manyfold. Neutrophils migrate to the site of injury, where they phagocytize tissue debris 
and release factors such as lysozyme and oxygen radicals that are known to increase 
protein breakdown. Greater neutrophil increases are observed after eccentric exercise than 
after concentric exercise. Although neutrophils have a relatively short half-life (1 or 2 d) 
within tissue, the life span of monocytes may be 1–2 mo after migration to damaged 
tissue. 

Substantial monocyte accumulation in skeletal muscle was found after completion of a 
marathon by runners aged 20–50 y who ranged from elite (world record holder) to those 
who took longer than 3 h to finish. Muscle neutrophils and mononuclear cells can serve as 
a source of oxygen free radicals, which may partially cause the delayed increase in 
ultrastructural damage. Apparently, it has never occurred to any of these investigators 
that EMODs may have a salutary effect following exercise. 



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. These results might indicate that 
although vitamin E might have prevented the exercise-induced oxidative stress, its 
availability in the artery was insufficient to prevent the atherosclerotic process.  

These results indicate that exercise-induced plasma oxidative stress could be responsible 
for the prevention of atherosclerosis by stimulating arterial antioxidant response. 
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; Sumathi Ramachandran; Kenneth Chiang; Nalini Santanam; Sampath 
Parthasarathy. Arteriosclerosis, Thrombosis, and Vascular Biology. 2001;21:1681). 

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. In this 
regard, the interaction between CVD risk factors and exercise on atherosclerotic lesion 

development and basal oxidant load is less defined. To determine the influence of 
preexistent hypercholesterolemia on cardioprotective effects of exercise, atherosclerotic 
lesion formation, oxidant load, mitochondrial damage, protein nitration (3-nitrotyrosine 

levels), and mitochondrial enzyme activities were determined in aortic tissues from 
normocholesterolemic (C57 control) and hypercholesterolemic [apoliprotein E-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. Christal G. Young et al. Am J Physiol Heart Circ 
Physiol 288: H1683-H1689, 2005). It not logical that exercise would decrease the 
oxidant load. 
 
15.4.13    Vitamin E counteracts exercise effects 

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; Sumathi Ramachandran; Kenneth Chiang; Nalini Santanam; 
Sampath Parthasarathy. Arteriosclerosis, Thrombosis, and Vascular Biology. 
2001;21:1681). 
 
15.4.14    Inactivity and EMODs 

Sedentary lifestyle is associated with increased cardiovascular events. The underlying 
molecular mechanisms are incompletely understood. Reactive oxygen species (ROS) 
contribute to endothelial dysfunction and atherosclerosis. An important source of vascular 
ROS is the NADPH oxidase.  

C57BL6 mice were subjected to regular housing (physical inactivity) or voluntary 
training on running wheels (6 weeks). Inactivity increased vascular lipid peroxidation to 
148±9% and upregulated superoxide release to 176±17% (L-012 chemiluminescence) and 
188±29% (cytochrome C reduction assay), respectively. ROS production was 
predominantly increased in the endothelium and the media (dihydroethidium 
fluorescence). Activity of the NADPH oxidase was increased to 154±22% in the 
sedentary group. Rac1 GST-PAK pull-down assays showed an upregulation of rac1 
activity to 161±14%. Expression levels of the subunits nox1, p47phox, and p67phox were 
increased. To address the significance of the antioxidative effects of running, experiments 
were repeated in apolipoprotein E–deficient mice treated with a high-cholesterol diet. 
Inactivity increased vascular superoxide production and impaired endothelium-dependent 

vasorelaxation. Atherosclerotic lesion formation was significantly accelerated in 
sedentary mice.  



Conclusions— Inactivity increases vascular NADPH oxidase expression and activity 
and enhances vascular ROS production, which contributes to endothelial dysfunction 
and atherosclerosis during sedentary as opposed to physically active lifestyle (Physical 
Inactivity Increases Oxidative Stress, Endothelial Dysfunction, and Atherosclerosis. 
Ulrich Laufs; Sven Wassmann; Thomas Czech; Thomas Münzel; Marco Eisenhauer; 
Michael Böhm; Georg Nickenig. Arteriosclerosis, Thrombosis, and Vascular Biology. 
2005;25:809). This is not logical that inactivity would increase EMOD production. 

15.4.5    Vitamin E counteracted the beneficial effects of exercise 

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. These results might indicate that although vitamin E might have prevented 

the exercise-induced oxidative stress, its availability in the artery was insufficient to 
prevent the atherosclerotic process. These results indicate that exercise-induced plasma 
oxidative stress could be responsible for the prevention of atherosclerosis by stimulating 
arterial antioxidant response. 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; Sumathi Ramachandran; Kenneth Chiang; 
Nalini Santanam; Sampath Parthasarathy. Arteriosclerosis, Thrombosis, and Vascular 
Biology. 2001;21:1681). 

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 



(Physical activity and modulation of systemic low-level inflammation. Helle 
Bruunsgaard.  Journal of Leukocyte Biology. 2005;78:819-835). 

15.5.0    Cataracts 

Sight is a complex process involving the eye itself as well as the nerves and brain. As 
light hits the corneal surface, it is focused and passes through the pupil and the lens. After 
traveling through the vitreous humor—a jelly-like compound—it reaches the retina, a 
lightsensitive layer that covers approximately 65 percent of the interior surface of the eye. 
Photoreceptor cells, including rods and cones, absorb light at the retina and turn it into 
nerve impulses that are fed through the optic nerve and into the brain for interpretation. 
The peripheral retina distinguishes light from dark and permits peripheral vision, while 
the macula focuses on fine detail and colors. 

A common visual disability is cataract, a clouding of the eye’s lens, which lies behind the 
iris and pupil. NEI researchers report cataract is the leading cause of low vision among all 
Americans, responsible for about 50 percent of all cases, and they estimate 20 million 
Americans over age 40 have at least one cataract. Cataracts are commonly treated with 
surgery; in fact, cataract surgery is the most frequently performed medical procedure in 
the United States, with more than 1.5 million cataract surgeries done annually. 
Cataract does appear to have a connection with nutrition.  

Two other leading causes of visual impairment are glaucoma and diabetic 
retinopathy. 

Diabetic retinopathy affects more than 4 million Americans and is linked to progression 
of Type II diabetes, whereby the disease damages the blood vessels that nourish the 
retina, causing the vessels to leak or break, and stimulate growth of abnormal new blood 
vessels. Macular edema (swelling) in diabetic retinopathy can be treated with laser 
surgery to slow fluid leakage and reduce the fluid levels in the retina. However, the best 
course of action is for diabetics to carefully control their levels of blood sugar, blood 
pressure and cholesterol. While the AREDS study did find positive results for AMD, it 
did not find a benefit to antioxidants on cataract formation. 

Human trials have been less conclusive on the matter. The Vitamin E, Cataract and Age-
Related Maculopathy Trial, conducted in Australia with 1,193 adults over age 55 with no 
cataract, assessed the impact of 500 IU/d of vitamin E on cataract incidence and 
progression(McNeil JJ et al. "Vitamin E supplementation and cataract: randomized 
controlled trial." Ophthalmology. 111, 1:75-84, 2004). After four years, there was no 
difference in the incidence or type of cataract development, nor in the 
rate of cataract extraction between patients taking vitamin E and those 
on placebo.  

However, in another sample from the Boston Nurses’ Health Study, researchers from 
Tufts University assessed the impact of supplemental vitamin E use on degree of lens 
opacification over a five-year period (Jacques PF et al. "Long-term nutrient intake and 5-



year change in nuclear lens opacities." Arch Ophthalmol. 123, 4:517-26, 2005). Long-
term use of vitamin E supplements significantly reduced the degree of age related 
lens opacification in the population group. 

Schaumberg identified heavy metal exposure as a risk factor needing more research. 
According to a study led by Schaumberg and published in the 8 December 2004 issue of 
JAMA, low-level lead exposure appears linked to cataract formation in men. Of 642 
men ranging in age from 48 to 93 years, 122 were diagnosed with cataract. Bone scans 
determined that the men’s long-term, low-level lead exposure was comparable to that of 
the general population. Men in the highest exposure group (8.17-35.0 micrograms per 
deciliter) had 2.5 times the risk of having cataract as the men in the lowest exposure 
group (1.0-3.0 micrograms per deciliter). “As far as we know, this paper . . . was really 
the only epidemiological study looking at heavy metals in relation to eye disease. I think 
it’s really an area that we don’t know much about,” she says.  

At the opposite end of the age spectrum, children may have cataract at birth or develop 
the condition in infancy due to prenatal infection with rubella or toxoplasmosis, among 
other causes. Such cases need immediate treatment. One consequence of untreated 
cataract is nystagmus, any of a variety of involuntary movements of the eyes. Amblyopia, 
or “lazy eye,” is another condition found in children. “In the first weeks up until the first 
couple of months [of life], if vision is disturbed in both eyes that then will cause poor 
vision for the rest of life because nystagmus cannot be treated in any way,” says Jill 
Keeffe, an associate professor at the Centre for Eye Research Australia. “With cataract, it 
needs to be treated within weeks, whereas with amblyopia, which might develop from 
strabismus [drifting or crossing of one or both eyes] or from uneven refractive error 
between the two eyes, the window of opportunity is much longer. Obviously, the earlier, 
the better.”  

Studies of cataracts have shown a small or no protective effect with a high fruit and 
vegetable diet or with vitamin C (Age-Related Eye Disease Study Research Group: A 
randomized, placebo-controlled, clinical trial of high-dose supplementation with vitamins 
C and E and beta carotene for age-related cataract and vision loss: AREDS report no. 
9.Arch Ophthalmol119 :1439 –1452,2001) (Gale CR, Hall NF, Phillips DI, Martyn CN: 
Plasma antioxidant vitamins and carotenoids and age-related cataract.Ophthalmology108 
:1992 –1998,2001). 

15.5.1   Cataract Risk Factors 

Some chronic diseases increase the risk for cataracts. Keeping these diseases under 
control may help lower your risk of developing cataracts: 

• Diabetes. People with diabetes are at increased risk for cataracts. 
Damage to the lens of the eye results from persistent high blood 
sugar (glucose) levels.  

http://aihc1998.tripod.com/diabetes.html


• Glaucoma. Certain medications that are used to treat glaucoma 
may increase the risk of developing a cataract. Surgery to treat 
glaucoma also increases the risk of cataracts.  

• High Blood Pressure. It is not clear how high blood pressure 
affects cataract development, but there is an association. 

 
Other factors that increase your risk include: 

• Smoking. People who smoke are more likely to develop cataracts. 
Smoking may damage the lens of the eye by leading to the 
formation of chemicals called free radicals. High levels of free 
radicals can damage cells, including those in the lens of the eye.  

• Infection during pregnancy. If a woman has certain infections 
during pregnancy, such as rubella or chicken pox, the baby may 
develop a cataract before birth.  

• Ultraviolet (UV) light exposure. Ultraviolet B (UVB) is related to 
cataract development. Studies have shown that high lifetime 
exposure to ultraviolet light, as in those whose occupations result 
in regular exposure to sunlight, leads to an increased chance of 
developing cataracts.  

15.5.2   Granuloma annulare 

Granuloma annulare is a degenerative disease of the dermal connective tissue 
characterized by the development of erythematous papules or nodules in the pretibial 
area. The papules form plaques covered with telangiectatic vessels. More than half of 
the affected patients have diabetes. 

A study published in the Journal of the American Medical Association has found that 
people with diabetes faced an increased risk of death from cancer. Furthermore, the 
risk of dying rose with increased fasting blood sugar level in non-diabetics. The highest 
fasting glucose level (over 140mg/dL) was associated with higher death rates from 
all cancers combined. The strongest cancer links in women were associated with liver 
and cervical cancer. The strongest links in men were associated with pancreatic cancer 
followed by esophageal, liver, rectal and colon cancer. 

15.5.3   Cataracts and antioxidants 

Cataracts are the most common cause of blindness and visual dysfunction in the world. 
Cataractogenesis is a highly complex, multifactorial process. Epidemiologic studies 
have shown that potential risk factors include age, sex female, exposure 
to ultraviolet light, smoking, diabetes, and oxidative stress (Congdon N, 
West SK, Buhrmann RR, Kouzis A, Munoz B, Mkocha H. Prevalence of the different 
types of age-related cataract in an African population. Invest Ophthalmol Vis Sci 
2001;42:2478-2482) (Jacques PF, Moeller SM, Hankinson SE, Chylack LT, Jr, Rogers G, 

http://aihc1998.tripod.com/hema.html
http://aihc1998.tripod.com/tobacco.html


Tung W, et al. Weight status, abdominal adiposity, diabetes, and early age-related lens 
opacities. Am J Clin Nutr 2003;78:400-405) (Zigler JS, Jr, Qin C, Kamiya T, Krishna 
MC, Cheng Q, Tumminia S, et al. Tempol-H inhibits opacification of lenses in organ 
culture. Free Radic Biol Med 2003;35:1194-1202) (Meyer CH, Sekundo W. Nutritional 
supplementation to prevent cataract formation. Dev Ophthalmol 2005;38:103-119).  

Opacification of the ocular lens may be initiated or promoted by oxidative damage, and 
data in the literature support an important role of oxidative damage in cataract formation 
(Garner B, Davies MJ, Truscott RJ. Formation of hydroxyl radicals in the human lens is 
related to the severity of nuclear cataract. Exp Eye Res 2000;70:81-88) (Marsili S, 
Salganik RI, Albright CD, Freel CD, Johnsen S, Peiffer RL, et al. Cataract formation in a 
strain of rats selected for high oxidative stress. Exp Eye Res 2004;79:595-612). 

The primary purpose of the following study was to define the clinical and morphological 
features of cataractogenesis in the OXYS strain of rats that generate excess reactive 
oxygen species. Rats were sequentially examined from birth to the development of 
mature cataracts with slit lamp biomicroscopy. Lenses from age-matched normal rats 
were used as controls. OXYS rats developed cataracts as young as two weeks of age 
with progression to maturity by 1 year. Clinically, cataracts appeared initially either as 
nuclear or sub-capsular cortical changes and progressed to pronounced nuclear cataracts 
within months. The outer adult nuclear region showed extensive cellular damage similar 
to osmotic cataracts, which is consistent with the postulated high uptake of glucose in 
the OXYS strain. (RMH Note:  An important question here involves the source of 
the OXYS’ increased levels of oxidative stress.  This could make a huge difference in 
the interpretation of this data.). The adult and outer fetal nuclear cells displayed several 
types of focal damage. The inner fetal and embryonic nuclear cells demonstrated textured 
cytoplasm, suggesting protein degradation or redistribution. Fluorescent antibody probes 
demonstrated increased levels of DNA oxidation products in OXYS rat lenses compared 
to age-matched controls. Fourier analysis of nuclear cytoplasm revealed significant 
components with corresponding sizes greater than 100 nm and, using a new theoretical 
approach, the texturing of the cytoplasm was shown to be sufficient to cause 
opacification of the nucleus. The OXYS rat appears to be an ideal model for oxidative 
stress cataractogenesis. The potential oxidative damage observed is extensive and 
characteristic of the developmental region. The source of oxidative damage may in 
part be a response to elevated levels of glucose. Because oxidative stress is thought to 
be a major factor in cataract formation in both diabetic and non-diabetic aging humans, 
this animal model may be a useful tool in assessing efficacy of antioxidant treatments that 
may slow or prevent cataract formation (Cataract formation in a strain of rats selected for 
high oxidative stress. Marsili S, Salganik RI, Albright CD, Freel CD, Johnsen S, Peiffer 
RL, Costello MJ. Exp Eye Res. 2004 Nov;79(5):595-612).  

Although animal experiments show evidence for a protective role of antioxidants, the 
association between low concentrations of antioxidants and increased risk of cataracts 
remains controversial (Yoshida M, Kimura H, Kyuki K, Ito M. Combined effect of 
vitamin E and insulin on cataracts of diabetic rats fed a high cholesterol diet. Biol Pharm 
Bull 2004;27:338-344) (Gupta SK, Trivedi D, Srivastava S, Joshi S, Halder N, Verma 
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SD. Lycopene attenuates oxidative stress induced experimental cataract development: an 
in vitro and in vivo study. Nutrition 2003;19:794-799).  

Whereas some studies have demonstrated such associations, others have not (Chylack 
LT, Jr, Brown NP, Bron A, Hurst M, Kopcke W, Thien U, et al. The Roche European 
American Cataract Trial (REACT): a randomized clinical trial to investigate the efficacy 
of an oral antioxidant micronutrient mixture to slow progression of age-related cataract. 
Ophthalmic Epidemiol 2002;9:49-80) (Valero MP, Fletcher AE, De Stavola BL, Vioque 
J, Alepuz VC. Vitamin C is associated with reduced risk of cataract in a Mediterranean 
population. J Nutr 2002;132:1299-1306).  

Excessive exposure to oxygen has been proposed to be a risk factor for nuclear 
cataracts. For a better understanding of the metabolism of oxygen in the eye, oxygen 
distribution was mapped in the intraocular fluids, and the rate of oxygen consumption by 
the lens in rabbits breathing different levels of oxygen was calculated. 

Oxygen levels in the ocular fluids changed markedly when rabbits breathed air made 
hypoxic or hyperoxic. Oxygen levels were highest near the retinal vasculature, the iris 
vasculature, and the inner surface of the central cornea. Compared with nearby 

regions, oxygen levels were decreased in the aqueous humor closest to the pars plicata of 
the ciliary body and near the anterior chamber angle. Oxygen levels were generally 
lower closer to the lens. From the oxygen gradients in the vitreous body, oxygen 

consumption by the posterior half of the lens was calculated to be 0.2 to 0.4 µL/h under 
normoxic conditions. Oxygen consumption by the posterior of the lens increased in 
proportion to the amount of oxygen supplied. I believe that the normally low level of O2 
in the lens argues against oxygen as a causative agent in cataract formation. 

CONCLUSIONS. Intraocular oxygen is mostly derived from the retinal and iris 
vasculature and by diffusion across the cornea. Freshly secreted aqueous humor and 
the aqueous humor in the anterior chamber angle are relatively depleted of oxygen. 
The marked increase in oxygen consumption that occurs when the lens is exposed to 
increased oxygen is likely to result in the production of higher levels of reactive oxygen 
species and may provide a link between elevated oxygen levels and the risk of nuclear 

cataracts (Oxygen Distribution in the Rabbit Eye and Oxygen Consumption by the Lens. 
Ying-Bo Shui et al. Investigative Ophthalmology and Visual Science. 2006;47:1571-
1580). I do not believe that this is the case in vivo, because there are few 
circumstances which will provide increased oxygen levels to the patient. Usually, 
patients are faced with decreased or low oxygen levels, which increase with aging. 

15.5.4   The Roche European American Cataract Trial (REACT) 

Funding surgery worldwide for age-related cataract (ARC), a leading cause of blindness, 
is a huge economic burden. Non-surgical means of slowing ARC progression could 
benefit patients and reduce this burden. OBJECTIVE: To determine if a mixture of oral 
antioxidant micronutrients [mg/day] (beta-carotene [18], vitamin C [750], and vitamin 
E [600]) would modify progression of ARC. DESIGN: REACT was a multi-centered, 



prospective, double-masked, randomized, placebo-controlled, 3-year trial. SETTING: 
Consecutive adult American and English outpatients with early ARC were recruited. 
PATIENTS: Four-hundred-and-forty-five patients were eligible; 297 were randomized; 
231 (78%) were followed for two years; 158 (53%) were followed for three years; 36 
(12%) were followed for four years. Twelve patients died during the trial (9 on vitamins; 
3 on placebo (p = 0.07)). There were no serious safety issues. INTERVENTION: After a 
three-month placebo run-in, patients were randomized by clinical center to the vitamin or 
placebo groups and followed every four months. MAIN OUTCOME MEASURE: 
Cataract severity was documented with serial digital retroillumination imagery of the 
lens; progression was quantified by image analysis assessing increased area of opacity. 
This measure of area, 'increase % pixels opaque' (IPO), was the main outcome measure. 
RESULTS: There were no statistically significant differences between the treatment 
groups at baseline. The characteristics of dropouts and the mean follow-up times by 
treatment group were the same. After two years of treatment, there was a small positive 
treatment effect in U.S. patients (p = 0.0001); after three years a positive effect was 
apparent (p = 0.048) in both the U.S. and the U.K. groups. The positive effect in the U.S. 
group was even greater after three years: (IPO = 0.389 (vitamin) vs. IPO = 2.517 
(placebo); p = 0.0001). There was no statistically significant benefit of 
treatment in the U.K. group. In spite of nearly perfect randomization into 
treatment groups, the U.S. and U.K. cohorts differed significantly. CONCLUSION: 
Daily use of the afore-mentioned micronutrients for three years 
produced a small deceleration in progression of ARC (The Roche European 
American Cataract Trial (REACT): a randomized clinical trial to investigate the efficacy 
of an oral antioxidant micronutrient mixture to slow progression of age-related cataract. 
Chylack LT Jr, Brown NP, Bron A, Hurst M, Kopcke W, Thien U, Schalch W. 
Ophthalmic Epidemiol. 2002 Feb;9(1):49-80). I believe that this argues strongly 
against the causative aspect of oxidation in cataractogenesis because in the entire 
UK group, antioxidants had no effect in curtailing cataract formation. 

Oxidative stress may play a role in the development of many ocular diseases (Liang FQ, 
Godley BF. Oxidative stress-induced mitochondrial DNA damage in human retinal 
pigment epithelial cells: a possible mechanism for RPE aging and age-related macular 
degeneration. Exp Eye Res 2003;76:397-403) (Schmidt-Erfurth U. Nutrition and retina. 
Dev Ophthalmol 2005;38:120-147).  

They have already reported that hypoxia-induced retinopathy and production of 
angiogenic factors in the retina are inhibited by antioxidant (Wang B, Zou Y, Li H, Yan 
H, Pan JS, Yuan ZL. Genistein inhibited retinal neovascularization and expression of 
vascular endothelial growth factor and hypoxia inducible factor 1  in a mouse model of 
oxygen-induced retinopathy. J Ocul Pharmacol Ther 2005;21:107-113) (Wang B, Li H, 
Yan H, Xiao JG. Genistein inhibited hypoxia inducible factor-1  expression induced by 
hypoxia and cobalt chloride in human retinal pigment epithelium cells. Methods Find 
Exp Clin Pharmacol 2005;27:179-184) (Wang B, Zou Y, Yuan ZL, Xiao JG. Genistein 
suppressed upregulation of vascular endothelial growth factor expression by cobalt 
chloride and hypoxia in rabbit retinal pigment epithelium cells. J Ocul Pharmacol Ther 
2003;19:457-464).  
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The inhibition of VEGF and HIF1alpha protein expression by genistein may partly 
account for its effect on retinal neovascularization in vivo, and genistein could be an 
effective agent in the prevention and treatment of ocular neovascularization 
(Genistein inhibited retinal neovascularization and expression of vascular endothelial 
growth factor and hypoxia inducible factor 1alpha in a mouse model of oxygen-induced 
retinopathy. Wang B, Zou Y, Li H, Yan H, Pan JS, Yuan ZL. J Ocul Pharmacol Ther. 
2005 Apr;21(2):107-13). Please remember that genistein has prooxidant activity. 

Recent data in the literature support an important role of oxidative damage in promoting 
cataract formation. Kao et al. demonstrated that nitric oxide concentrations in the 
aqueous humor increased with age in patients with cataracts (Kao CL, Chou CK, Tsai 
DC, Hsu WM, Liu JH, Wang CS, et al. Nitric oxide levels in the aqueous humor in 
cataract patients. J Cataract Refract Surg 2002;28:507-512). I believe that this could 
result in decreased superoxide levels. 

Tarwadi et al. reported that plasma thiobarbituric acid–reactive substances were 

higher in cataract patients than in controls (Tarwadi K, Agte V. Linkages of 
antioxidant, micronutrient, and socioeconomic status with the degree of oxidative stress 
and lens opacity in Indian cataract patients. Nutrition 2004;20:261-267).  

The activity of erythrocyte catalase was lower and the malondialdehyde 
concentration in plasma was higher in cataract patients than in controls (Ates NA, 
Yildirim O, Tamer L, Unlu A, Ercan B, Muslu N, et al. Plasma catalase activity and 
malondialdehyde level in patients with cataract. Eye 2004;18:785-788).  

The association between low antioxidant concentrations and increased 

risk of cataracts remains controversial. Valero et al. indicated a protective role 
for vitamin C on the aging lens in a Mediterranean population, and Chasan-Taber et al. 
reported that dietary carotenoids decrease the risk of cataracts severe enough to require 
extraction (Valero MP, Fletcher AE, De Stavola BL, Vioque J, Alepuz VC. Vitamin C is 
associated with reduced risk of cataract in a Mediterranean population. J Nutr 
2002;132:1299-1306) (Chasan-Taber L, Willett WC, Seddon JM, Stampfer MJ, Rosner 
B, Colditz GA, et al. A prospective study of carotenoid and vitamin A intakes and risk of 
cataract extraction in US women. Am J Clin Nutr 1999;70:509-516).  

Oxidation of lens proteins may play a central role in the formation of age-related 
cataracts, suggesting that dietary antioxidants may play a role in prevention. However, the 
relation between specific antioxidants and risk of cataract remains uncertain. A 
prospective cohort of registered female nurses aged 45–71 y and free of diagnosed cancer 
was followed; in 1980, 50,461 were included and others were added as they became 45 y 
of age for a total of 77,466. Information on nutrient intake was assessed by repeated 
administration of a food-frequency questionnaire during 12 y of follow-up.  

Results: During 761762 person-years of follow-up, 1471 cataracts were extracted. After 
age, smoking, and other potential cataract risk factors were controlled for, those with the 
highest intake of lutein and zeaxanthin had a 22% decreased risk of cataract 
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extraction compared with those in the lowest quintile. Other carotenoids ( -
carotene, ß-carotene, lycopene, and ß-cryptoxanthin), vitamin A, and 
retinol were not associated with cataract in multivariate analysis. Increasing 
frequency of intakes of spinach and kale, foods rich in lutein, was associated with a 
moderate decrease in risk of cataract. Conclusions: Lutein and zeaxanthin and foods 
rich in these carotenoids may decrease the risk of cataracts severe enough to require 

extraction (A prospective study of carotenoid and vitamin A intakes and risk of cataract 
extraction in US women. Lisa Chasan-Taber, Walter C Willett, Johanna M Seddon, Meir 
J Stampfer, Bernard Rosner, Graham A Colditz, Frank E Speizer and Susan E Hankinson. 
American Journal of Clinical Nutrition, Vol. 70, No. 4, 509-516, October 1999). 

Actually, I believe that this data indicates that overall carotenoids do 
not prevent cataractogenesis. 

Reseachers evaluated risk factors for the development of cataract in Australian residents.  

A total of 3,721 participants from 9 randomly selected urban districts within Victoria 
were recruited and invited to attend comprehensive standardized interviews and 
ophthalmic examinations at baseline and then 5-year follow-up. Risk factor analyses were 
performed by univariate and multivariate logistic regression.  

Increased age was a risk factor for development of all types of cataract with an 
increasing risk trend throughout life for nuclear cataract. Female sex, a laborer’s 
occupation, and myopia were independent risk factors for development of cortical 
cataract. For development of nuclear cataract, the independent risk factors were having a 
birthplace outside Australia and New Zealand, current cigarette smoking, and having a 
history of arthritis. Diabetes mellitus and having taken calcium channel 

blockers for longer than 5 years were independent risk factors for posterior subcapsular 
cataract. I believe that this is associated with what I call an EMOD insufficiency 
syndrome. 

Conclusions:  The trend of increasing incidence of cataract with increased age is a 
major public health concern with an aging population in Australia and the world. 
(Development of Cataract and Associated Risk Factors. The Visual Impairment Project. 
Bickol N. Mukesh et al. Arch Ophthalmol. 2006;124:79-85).  

Importantly, the Age-Related Eye Disease Study showed no effect of 
antioxidant formulation on the 7-year risk of development or 
progression of age-related lens opacities (Age-Related Eye Disease Study 
Research Group. A randomized, placebo-controlled, clinical trial of high-dose 
supplementation with vitamins C and E and ß carotene for age-related cataract and vision 
loss: AREDS report no. 9. Arch Ophthalmol 2001;119:1439-1452). Again, although the 
Roche European American Cataract Trial demonstrated that daily use of antioxidant 
micronutrients for 2 years produced a deceleration in progression of age-related cataracts 
for US patients and for both subgroups (US and UK) after 3 years, there was no 
significant benefit of treatment in UK patients alone.  



A total of 102 cases and 102 controls, frequency-matched on sex and age, were selected. 
The 2 groups were comparable on the 2 matching variables with similar age distributions 
and same gender proportions. Males had higher 8-iso-PGF2  concentrations than 
females in both the cataract and control groups. We found a significant difference 
between the 8-iso-PGF2  concentrations in patients with cataracts and controls. 8-Iso-
PGF2  was 160 ng/L in 10.8% of patients with cataracts, whereas 80.4% of the controls 

without cataracts had 8-iso-PGF2  concentrations 160 ng/L (P <0.001).  

Isoprostanes are generated by the free radical–mediated peroxidation of arachidonic acid, 
and 8-isoprostane has been widely used as a valid marker of oxidative stress. Koliakos et 
al. reported that the mean concentration of 8-iso-PGF2  in aqueous humor from 
patients with exfoliation syndrome and cataracts was approximately 5 times higher 
than that measured in the aqueous humor from control cataract patients (Koliakos 
GG, Konstas AG, Schlotzer-Schrehardt U, Hollo G, Katsimbris IE, Georgiadis N, et al. 8-
Isoprostaglandin F2  and ascorbic acid concentration in the aqueous humour of patients 
with exfoliation syndrome. Br J Ophthalmol 2003;87:353-356). However, that study did 
not evaluate 8-iso-PGF2  between cataract patients and controls without cataracts.  

Epidemiologic studies have shown that age and female sex are risk factors for 
cataracts. In the present study, cases with cataracts and age/sex frequency-matched 
controls were selected. The plasma concentrations of 8-iso-PGF2  were higher in patients 

with age-related cataracts compared with controls, suggesting that systemic oxidative 
status may play a role in the development of cataracts. In the age-related cataract group, 
8-iso-PGF2

 concentrations were found to correlate well with age. There is a balance 
between free radical production and antioxidant capacity, but this balance may be 
destroyed by certain risk factors of cataracts, such as advanced age. Thus, I believe that 
if oxidation was causative of cataracts, all older patients would have cataracts…..but 
they do not. 

The present study also revealed that 8-iso-PGF2  concentrations were higher in patients 
with mixed cataracts than in those with pure cataracts. Different mechanisms may be 
implicated during development of different types of cataract. Distribution of the 
glutathione S-transferase genotypes in patients with pure and mixed cataracts are 
different. The nitric oxide concentrations in aqueous humor varied between the 
clinical types of opacification, which can be explained in two ways: (a), in many cases a 
pure cataract progresses to a mixed cataract involving more than one lens region and 
becomes more visually disabling, and (b), different processes lead to the formation of 
pure and mixed opacities.  

The vast majority of cataracts is found in developing countries and often results 
from poverty and poor diet. With the population aging, gerontal diseases are becoming 
a significant social problem in China. Further studies in the Chinese population are 
needed because of the increasing prevalence of age-related cataracts. In summary, the 
present study demonstrates that plasma concentrations of 8-iso-PGF2  may be a risk 
factor for cataractogenesis in the Chinese population. These findings may have important 



implications for understanding the role of systemic oxidative status in the development of 
cataracts.  

15.5.5   Lutein and Cataracts 

Although age-related macular degeneration and cataracts are leading causes of blindness, 
how they themselves are caused is unclear. These diseases are thought to result from 
damage caused, photochemically and nonphotochemically, to various cell types in the eye 
by oxidative stress. Because its protective fibre cells do not renew themselves, the lens is 
the ocular structure most susceptible to oxidative damage. When the underlying epithelial 
cells are exposed to the action of exogenous and endogenous reactive oxygen species 
(EMODs), the crystallin proteins in the lens cross-link and aggregate, and cataracts 
are produced.  

The retina, which uses more oxygen than any other tissue in the body, is 
also susceptible to damage. Long-term exposure to radiation can damage photoreceptor 
outer segments, inhibit mitosis in the retinal pigment epithelium and choroids and has 

been associated with photoreceptor degeneration and lipid peroxidation.  

Polyunsaturated fatty acids found in the lens and in the photoreceptor membranes of the 
rods and cones of the retina are particularly susceptible to damage. Their many double 
bonds predispose them to oxidation, which in turn causes lipid radicals to form. This 

initiates a cytotoxic cascade that makes these fatty acids unavailable to the lens and 
photoreceptor membranes and results in losses in function and structural integrity.  

The carotenoid pigment lutein (found in egg yolk, corn, and various yellow and green 
fruits and vegetables) also occurs in certain ocular tissues, specifically the macular 
pigment of the retina and the epithelium and cortex of the lens. Lutein may play a role in 
slowing the age-related degeneration of these tissues, both directly as an antioxidant and 
indirectly by absorbing blue light. There is a biochemical rationale and some in vitro 
evidence for this effect.  

The OH functional group on the lutein molecule's -ionone ring makes it susceptible to 
oxidation. The results of in vitro studies indicate that lutein directly protects against 
oxidative stress by reducing photosensitizers and singlet oxygen, reacting with free 
radicals and retarding the peroxidation of membrane phospholipids. Additionally, 
the double bonds on the polyene chain can readily be oxidized by reactive oxygen 
species, thus preventing the oxidation of valuable cells.  

One of the limiting factors in demonstrating the effects of lutein on oxidation lies in the 
difficulty of measuring the oxidative stress of the retina. There is evidence to support the 
antioxidative properties of lutein in vitro, where its oxidative capacity is determined by 
examining its effect on low-density lipoprotein oxidation or on the oxidative damage of 
DNA in lymphocytes. However, measuring the oxidative role of lutein in vivo is 
challenging because markers of oxidation, such as the oxidation products of lutein, are 
unstable and may reflect oxidative stress in tissue. The few studies that measure 



biomarkers of oxidation have not found that lutein mediates oxidative 
stress.  

Lutein may also prevent oxidative stress indirectly by absorbing blue light. Exposure to 
blue light results in the formation of free radicals that contribute to oxidative stress in the 

retina. Epidemiologic evidence suggests that lutein may reduce blue light intensity by 
40%– 90%. It is thought that, by absorbing short-wave blue light before it is processed, 
lutein may reduce photochemical damage of the retina and increase visual acuity, thus 
reducing the development of age-related macular degeneration.  

No randomized trials have been performed to study the effects of lutein on age-
related macular degeneration or cataracts. 

The existing epidemiologic evidence is mixed.  

The Beaver Dam Eye Study prospectively examined nutrient intake in relation to the 
incidence of nuclear cataracts (Lyle BJ, Mares-Perlman JA, Klein BE, Klein R, Greger 
JL. Antioxidant intake and risk of incident age-related nuclear cataracts in the Beaver 
Dam Eye Study. Am J Epidemiol 1999;149: 801-9). Overall, 246 of the 1354 participants 
reported cataracts. Higher intakes of lutein and its isomer zeaxanthin were associated 
with a decreased incidence of cataracts. More specifically, the odds ratio for cataracts 

in the quintile with the highest intake of lutein (mean intake 1245 g lutein/4.18 MJ) 
compared with the lowest intake quintile (mean intake 298 g lutein/4.18 MJ) ranged from 
0.4 (95% confidence interval [CI] 0.2– 0.8) for people younger than 65 years of age to 0.8 
(95% CI 0.4– 1.7) for people older than 65 years.  

Similar outcomes were also observed in 2 larger studies. The results of the Nurse's Health 
Study and the U.S. Male Health Professionals Study showed that, after controlling for 
risk factors, people with higher lutein and zeaxanthin intakes were at decreased risk 
of cataract extraction (Chasan-Taber L, Willett WC, Seddon JM, Stampfer MJ, Rosner 
B, Colditz GA, et al. A prospective study of carotenoid and vitamin A intakes and risk of 
cataract extraction in US women. Am J Clin Nutr 1999;70:509-16) (Brown L, Rimm EB, 
Seddon JM, Giovannucci EL, Chasan-Taber L, Spiegelman D, et al. A prospective study 
of carotenoid intake and risk of cataract extraction in US men. Am J Clin Nutr 
1999;70:517-24).  

In the Nurse's Health Study, those in quintile 5, with a mean lutein and zeaxanthin intake 
of 11 685 µg, had a relative risk of cataracts of 0.88 (95% CI 0.75– 1.03) compared with 
those in quintile 1, whose mean lutein and zeaxanthin intake was 1172 µg. Similarly, in 
the U.S. Male Health Professionals Study, those in quintile 5, with a mean lutein and 
zeaxanthin intake of 6871 µg, had a relative risk of cataracts of 0.81 (95% CI 0.65–1.01) 

compared with those in quintile 1, whose mean lutein and zeaxanthin intake was 1300 µg.  

In contrast, Mares-Perlman and colleagues conducted one of the largest epidemiologic 
studies in this area, using data from the third National Health and Nutrition Examination 
Survey; among 8,222 participants over 40 years of age, no inverse relation was 



found between dietary lutein and zeaxanthin intake and photographic 

evidence of early or late macular degeneration (Mares-Perlman JA, Fisher AI, 
Klein R, Palta M, Block G, Millen AE, el al. Lutein and zeaxanthin in the diet and serum 
and their relation to age-related maculopathy in the third national health and nutrition 
examination survey. Am J Epidemiol 2001;153: 424-32).  

Relations of the carotenoids lutein and zeaxanthin in the diet and serum to photographic 
evidence of early and late age-related maculopathy (ARM) among persons over age 40 
years (n = 8,222) were examined. Inverse relations of these carotenoids in the 

diet or serum to any form of ARM were not observed overall. (Mares-
Perlman JA, Fisher AI, Klein R, Palta M, Block G, Millen AE, el al. Lutein and 
zeaxanthin in the diet and serum and their relation to age-related maculopathy in the third 
national health and nutrition examination survey. Am J Epidemiol 2001;153: 424-32). 

However, no randomized clinical trials have been performed that examine the 
preventive effect of lutein against cataract formation.  

Oxidative stress may be a cause of age-related macular degeneration and cataract 
formation. Because lutein occurs natually in these tissues, the potentially protective 
effects of its antioxidative and photochemical properties are intriguing.  

Degeneration of the retinal vasculature is a well-known complication of diabetes 
mellitus. Yet, the presence of diabetes has not often been related to AMD in previous 
epidemiologic studies. The biological plausibility that elevations in blood sugar promote 
AMD, particularly in the absence of diabetes, remains untested. 

van Leeuwen et al found that diets high in several antioxidant nutrients lowered the risk 
of AMD to a greater extent than did diets high in single antioxidant nutrients (van 
Leeuwen R, Boekhoorn S, Vingerling JR, et al. Dietary intake of antioxidants and risk of 
age-related macular degeneration. JAMA 2005;294:3101–7). 
 
Some of the following material was abstracted, excerpted or modified from:  Doctor, 
What Vitamins Should I Take for My Eyes? Julie A. Mares, PhD; Tara L. La Rowe, 
BS; Barbara A. Blodi, MD Arch Ophthalmol. 2004;122:628-635.  

The need to obtain adequate vitamin A to prevent xerophthalmia and nightblindness, 
particularly where malnutrition is rampant, has been known for decades. More recently, 
interest has been directed at whether nutritional supplements might prevent loss of vision 
caused by degenerative conditions that become more common as we age, such as cataract 
and macular degeneration.  

The benefits of nutritional supplements may have broad public health importance. Results 
of the Age-Related Eye Disease Study (AREDS) suggest that nutritional supplements 
may be one of the most promising means discovered, to date, of delaying end-stage age-
related macular degeneration (AMD), the most common cause of blindness among older 
people in developed countries. There is some interest in the possibility that supplements 
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might slow the progression of diabetic retinopathy, the number 1 cause of blindness 
among working-age people. Moreover, some studies suggest that supplements might slow 
the development of cataract, which affects more than half of us by age 75 years. In 
addition, surgery for cataracts is expensive, accounting for more than 12% of the 
Medicare budget, which was last evaluated in 1992.  

Extreme deficiencies of many vitamins and minerals have been shown to cause cataract 
or retinal dysfunction in experimental animals, particularly under extreme experimental 
conditions in the laboratory.  

Observational studies in 8 different populations indicate lower rates of cataract or 
cataract extraction among people who use multivitamin supplements, compared with 
only 2 studies that observed no association (Mares-Perlman JA, Lyle BJ, Klein R, et al. 
Vitamin supplement use and incident cataracts in a population-based study. Arch 
Ophthalmol. 2000;118:1556-1563) (Kuzniarz M, Mitchell P, Cumming RG, Flood VM. 
Use of vitamin supplements and cataract: the Blue Mountains Eye Study. Am J 
Ophthalmol. 2001;132:19-26). However, in the absence of randomized controlled 

clinical trials, there is no proof, at this time, that multivitamins lower the risk of 
cataract. The possibility exists that other aspects of a healthy lifestyle among supplement 
users explain the lower rates of cataracts in the observational studies.  

There is no evidence that use of multivitamins slows the onset or progression of 
AMD, although it has been investigated in several populations (Christen WG, Ajani UA, 
Glynn RJ, et al. Prospective cohort study of antioxidant vitamin supplement use and the 
risk of age-related maculopathy. Am J Epidemiol. 1999;149:476-484) (Kuzniarz M, 
Mitchell P, Flood VM, Wang JJ. Use of vitamin and zinc supplements and age-related 
maculopathy: the Blue Mountains Eye Study. Ophthalmic Epidemiol. 2002;9:283-295. 
 
The idea that multivitamins are good for general health remains controversial. There is 

currently some evidence that suggests multivitamins result in fewer days of illness due to 
infection (Chandra RK. Effect of vitamin and trace-element supplementation on immune 
responses and infection in elderly subjects. Lancet. 1992;340:1124-1127). However, 
evidence in observational studies that multivitamin users have lower rates of 
common chronic diseases such as coronary disease and/or colon cancer is scarce. 
Evidence of effectiveness of multivitamins in clinical trials is lacking. Fletcher and 
Fairfield recently argued that subclinical deficiencies of some nutrients such as folate, 
vitamin D, and vitamin B are common in older people and may increase risk of 
cardiovascular disease, cancer, and osteoporosis; they recommend the use of 
multivitamins despite the lack of strong evidence of effectiveness (Fletcher RH, 
Fairfield KM. Vitamins for chronic disease prevention in adults: clinical applications. 
JAMA. 2002;287:3127-3129). 

15.6.0   Risks of antioxidants 

There is no direct evidence to support the notion that multivitamin-mineral supplements 
(those that meet 100% of RDA) pose a health risk. However, special cautions may apply 



in certain circumstances; for example, there may be a risk of people getting high levels of 
vitamin A in the diet (found in meat, liver, and milk sources) or in breakfast cereals or 
meal replacement beverages. Evidence suggests that excessive dietary intake of 
preformed vitamin A (retinol) is associated with increase risk of osteoporosis and hip 
fractures (Melhus H, Michaelsson K, Kindmark A, et al. Excessive dietary intake of 
vitamin A is associated with reduced bone mineral density and increased risk for hip 
fracture [comment]. Ann Intern Med. 1998;129:770-778) (Feskanich D, Singh V, Willett 
WC, Colditz GA. Vitamin A intake and hip fractures among postmenopausal women. 
JAMA. 2002;287:47-54).  

Moreover, supplementation with -tocopherol reduces serum and tissue levels of - 
and -tocopherols that we get from foods. Therefore, the nutrient form found in 
supplements may not be sufficient and may actually reduce the bioavailability of other 
nutrients, although there is currently little evidence of specific health risks. 

Multivitamins may give patients a false sense of security about their nutritional status that 
will reduce the intake of potentially important food components.  

15.6.1    High Doses 

15.6.2    Benefits to Eyes  

There is substantial evidence that the potential for oxidative stress in the retina and lens is 
high and that oxidative stress contributes to the development of cataract and degenerative 

changes in the retina. Many supplements are marketed to prevent age-related eye diseases 
that contain antioxidants such as vitamin C (given as ascorbic acid) and vitamin E, 
carotenoids, and zinc at high levels. Levels of other nutrients in these supplements are 
generally 2 to 10 times the RDA. Selenium, which, at high doses, has been shown to 
cause cataract, is contained in lower levels (Orhan H, Marol S, Hepsen IF, Sahin G. 
Effects of some probable antioxidants on selenite-induced cataract formation and 
oxidative stress-related parameters in rats. Toxicology. 1999;139:219-232).  

There are some data to support a beneficial effect of high-dose antioxidant supplements in 
delaying or preventing cataracts, but overall the body of evidence is weak. In 2 large 
clinical trials, high-dose antioxidants did not delay cataract over approximately 6 
years (A randomized, placebo-controlled, clinical trial of high-dose supplementation 
with vitamins C and E and beta carotene for age-related cataract and vision loss: AREDS 
report No 9. Arch Ophthalmol. 2001;119:1439-1452) (Teikari JM, Rautalahti M, Haukka 
J, et al. Incidence of cataract operations in Finnish male smokers unaffected by alpha 
tocopherol or beta carotene supplements. J Epidemiol Community Health. 1998;52:468-
472). 
 

In recent clinical trials of high-dose vitamin E (500 IU) or vitamin E (50 IU) and/or beta-
carotene (20 mg), no benefit was observed among the study subjects, most of whom 
had no or mild signs of AMD (Huang HY, Appel LJ. Supplementation of diets with 
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alpha-tocopherol reduces serum concentrations of gamma- and delta-tocopherol in 
humans. J Nutr. 2003;133:3137-3140). Physicians sometimes are asked whether people 

with a family history of AMD might benefit from the high-dose supplements tested in 
AREDS. To date, there is no evidence to support a benefit of these supplements and 
some evidence of risk. 

Antioxidants have been hypothesized to improve insulin sensitivity or to reduce the 
complications of diabetes in the eye and elsewhere. Despite substantial experimental 
and clinical evidence of high levels of oxidative stress in people with diabetes and of 
the involvement of oxidative stress in the development of complications, evidence of 
a protective effect of antioxidants has not been demonstrated in either large-scale 
prospective cohort studies or in clinical trials (Rosen P, Nawroth PP, King G, Moller 
W, Tritschler HJ, Packer L. The role of oxidative stress in the onset and progression of 
diabetes and its complications: a summary of a Congress Series sponsored by UNESCO-
MCBN, the American Diabetes Association and the German Diabetes Society. Diabetes 
Metab Res Rev. 2001;17:189-212).  

Moreover, results from 3 observational studies do not suggest lower risk of prevalent 
retinopathy among people with diabetes who have higher intakes of vitamins C or E 
from foods and supplements (Mayer-Davis EJ, Bell RA, Reboussin BA, Rushing J, 
Marshall JA, Hamman RF. Antioxidant nutrient intake and diabetic retinopathy: the San 
Luis Valley Diabetes Study. Ophthalmology. 1998;105:2264-2270) (Millen AE, Gruber 
M, Klein B, Klein R, Palta M, Mares-Perlman JA. Relations of serum ascorbic acid and 
-tocopherol to diabetic retinopathy in the Third National Health and Nutrition 
Examination Survey. Am J Epidemiol. 2003;158:225-233) (Millen AE, Klein R, Folsom 
AR, Stevens J, Palta M, Mares JA. Relationships of dietary vitamins C and E to diabetic 
retinopathy in the Atherosclerosis Risk in Communities Study. Am J Clin Nutr. In press). 
Because of the overall unsupportive epidemiologic data at this time, the value of 
antioxidant supplements in slowing or preventing diabetic retinopathy is unknown. 

15.6.3   Benefits and Risks to Overall Health  

The larger body of current data does not support other health benefits of high-dose 
antioxidants taken individually or in combination on overall health (Willett WC, 
Stampfer MJ. Clinical practice: what vitamins should I be taking, doctor? N Engl J Med. 
2001;345:1819-1824).  

While some early studies suggested lower rates of heart attacks among people who take 
vitamin E at levels higher than 100 IU, a level only attainable from supplements,
numerous other clinical trials have shown no or limited benefit

 

 of vitamin E in 
supplements, especially those with high risk of heart disease (Willett WC, Stampfer MJ. 
Clinical practice: what vitamins should I be taking, doctor? N Engl J Med. 
2001;345:1819-1824).  

Recently, high-dose antioxidants in people who were also taking high doses of niacin and 
statin drugs resulted in an unexpected reduction in high-density lipoprotein levels, and the 



risk of heart attacks and strokes was increased (Brown BG, Zhao XQ, Chait A, et al. 
Simvastatin and niacin, antioxidant vitamins, or the combination for the prevention of 
coronary disease. N Engl J Med. 2001;345:1583-1592). The possibility that vitamin E 

will help, rather than hurt, people at earlier stages of atherosclerosis has not been 
demonstrated but is still being studied.  

Oxidative stress has been hypothesized to contribute to the development of Alzheimer 
disease, as well as cancer. Studies of the benefits of antioxidant supplement use in 
lowering the risk of Alzheimer disease have conflicting results (Sano M, Ernesto C, 
Thomas RG, et al. A controlled trial of selegiline, alpha-tocopherol, or both as treatment 
for Alzheimer's disease: the Alzheimer's Disease Cooperative Study. N Engl J Med. 
1997;336:1216-1222) (Morris MC, Beckett LA, Scherr PA, et al. Vitamin E and vitamin 
C supplement use and risk of incident Alzheimer disease. Alzheimer Dis Assoc Disord. 
1998;12:121-126) (Masaki KH, Losonczy KG, Izmirlian G, et al. Association of vitamin 
E and C supplement use with cognitive function and dementia in elderly men. Neurology. 
2000;54:1265-1272). 

Similarly, clinical trials of specific antioxidants (ascorbic acid, vitamin E, and beta 
carotene) usually have not supported the benefit in preventing cancer, with the 
exception of vitamin E in prostate cancer in male smokers and selenium in prostate, lung, 
and colon cancer.  

There are other added health risks associated with the consumption of nutrients at these 
high levels. After consideration that vitamin E consumption results in slightly higher 
risk of hemorrhagic stroke, the Food and Nutrition Board set an intake of up to 1000 IU 
of vitamin E to be safe. High-dose supplementation may warrant caution when 
antithrombotic compounds such as aspirin are taken, because of a decrease in platelet 
adhesion and possible bleeding (Horwitt MK. Critique of the requirement for vitamin E. 
Am J Clin Nutr. 2001;73:1003-1005. 

15.6.4  Dietary Reference Intake Committee of the Food and Nutrition 

Board does not recommend consumption of beta carotene 

Previous studies have shown that high-dose supplemental beta carotene ( 20 mg) 
increased the risk of lung cancer. There is currently no upper tolerable intake for beta 
carotene, but the Dietary Reference Intake Committee of the Food and 
Nutrition Board does not recommend consumption of beta carotene 
supplements for the general public (National Academy of Sciences. Dietary 
Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids: A Report of the 
Panel on Dietary Antioxidants and Related Compounds, Subcommittees on Upper 
Reference Levels of Nutrients and of Interpretation and Use of Dietary Reference Intakes, 
and the Standing Committee on the Scientific Evaluation of Dietary Reference Intakes, 
Food and Nutrition Board, Institute of Medicine. Washington, DC: National Academy 
Press; 2000).  



However, some general guidelines for maximizing benefit and minimizing harm can be 
considered. If high-dose antioxidant supplements are taken, the risk may be less if several 
are taken concurrently. Antioxidant enzymes and micronutrients interact with each other 
in a chain of events to lower oxidative stress within cells. If one element of this complex 
set is taken in high levels, there is potential for a perturbation of this balance and 
greater harm (Edge R, Truscott TG. Prooxidant and antioxidant reaction mechanisms of 
carotene and radical interactions with vitamins E and C. Nutrition. 1997;13:992-994). 
Combination supplements and concurrent intake of a balanced diet may lower the chance 
for harm.  
 
Some antioxidants, like vitamin C, have been shown to be pro-oxidants in high levels or 
under certain conditions (Paolini M, Pozzetti L, Pedulli GF, Marchesi E, Cantelli-Forti G. 
The nature of prooxidant activity of vitamin C. Life Sci. 1999;64:PL273-PL278).  

15.6.5  Zinc 

Another nutrient used in several eye health studies is zinc. Some in vitro work has found 
lower amounts of zinc protect RPE cells from oxidative stress, but higher amounts of 
zinc may work as a prooxidant, suggesting the mineral is best used in a 
combination of antioxidant nutrients (Wood JP, Osborne NN. "Zinc and energy 
requirements in induction of oxidative stress to retinal pigmented epithelial cells." 
Neurochem Res. 28, 10:1525-33, 2003).  

In addition, zinc may be preferentially taken up by darker eyes, as a study using RPE 
complexes from blue and brown human eyes found after 24 hours of zinc treatment, there 
was no increase in zinc concentration in the blue eyes while the brown eyes showed a 
5.1-fold increase (Kokkinou D et al. "Zinc uptake and storage: the role of fundus 
pigmentation." Graefes Arch Clin Exp Ophthalmol. May 20, 2005; epub ahead of print). 
The highly pigmented RPE tissues retained high levels of zinc up to seven days later. 

Zinc deficiency has been commonly described in diabetes (Sjogren A, Floren CH, 
Nilsson A. Magnesium, potassium and zinc deficiency in subjects with type II diabetes 
mellitus. Acta Med Scand, 1988, 224, 461-466) (Raz I, Karsai D, Katz M. The influence 
of zinc supplementation on glucose homeostasis in NIDDM. Diabetes Res, 1989, 11, 73-
79) (Raz I, Havivi E. Trace elements in blood cells of diabetic subjects. Diabetes Res, 
1989, 10, 21-24) (Faure P, Roussel A, Coudray C, Richard MJ, Halimi S, Favier A. Zinc 
and insulin sensitivity. Biol Trace Elem Res, 1992, 32, 305-310). 

Zinc concentrations are high in the retinal pigment epithelium, relative to other tissues in 
the body, where it may protect the eye from age-related damage as a cofactor for 
antioxidant enzymes or other enzymes that are important to normal functioning of the 
retinal pigment epithelium cells. Alternatively, zinc may protect against the effects of 
inflammation. A possible role of inflammation in the pathogenesis of AMD is suspected. 
The evidence generally suggests that zinc supplementation may reduce the progression of 
AMD in people who already have intermediate stages, but the influence on early stages is 
unclear and contradictory. 



 
The influence of zinc on other aspects of health has been controversial. Studies of benefit 
of zinc on protection against the common cold are conflicting (Marshall I. Zinc for the 
common cold (Cochrane Methodology Review). In: The Cochrane Library. Chichester, 
England: John Wiley & Sons Ltd; 2003. Issue 4).  
 

There are, however, several cautionary reports on the possible adverse health effects of 
zinc supplementation. Acute zinc toxicity is fairly rare. However, excess zinc ingestion 
(100-300 mg/d) has been observed to result in gastric pain, nausea, and dizziness. Long-
term excess zinc supplementation may reduce copper or iron absorption. Zinc 
supplementation of only 50 mg/d has been shown to decrease high-density lipoprotein 
cholesterol level, but this may be secondary to interference with copper absorption. In the 
AREDS, zinc supplementation (together with copper) did not significantly influence 
blood lipid levels.  
 
Negative disturbances in glucose homeostasis have been documented with large-dose zinc 
supplementation in mice and in some patients with type 1 and type 2 diabetes mellitus 
(Cunningham JJ, Fu A, Mearkle PL, Brown RG. Hyperzincuria in individuals with 
insulin-dependent diabetes mellitus: concurrent zinc status and the effect of high-dose 
zinc supplementation. Metabolism. 1994;43:1558-1562) (Raz I, Karsai D, Katz M. The 
influence of zinc supplementation on glucose homeostasis in NIDDM. Diabetes Res. 
1989;11:73-79).  
 
There is also evidence to suggest that zinc might play a role in the initiation and 
promotion of a variety of neoplasias, and a recent report of higher rates of advanced 
prostate cancer among men who took either high doses of zinc (>100 mg) or zinc 
supplements for longer than 10 years (Cavallo F, Gerber M, Marubini E, et al. Zinc and 
copper in breast cancer: a joint study in northern Italy and southern France. Cancer. 
1991;67:738-745) (Leitzmann MF, Stampfer MJ, Wu K, Colditz GA, Willett WC, 
Giovannucci EL. Zinc supplement use and risk of prostate cancer. J Natl Cancer Inst. 
2003;95:1004-1007). The relationship between zinc supplementation and diabetes and 
cancer has not been well studied. 
 
It is easy to overdose on zinc, as it is for other minerals, because the body does not 
have efficient ways to eliminate excesses as it does for water-soluble vitamins. 
 
Currently, there is no evidence that taking supplements prevents the early stages of 
ARM or the development of diabetic retinopathy. 
 
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) profiles of eye 
lens proteins showed that both progression of diabetic cataract in rats in vivo and 
precipitation of soluble eye lens proteins stressed by free radicals in vitro were 
accompanied by significant protein cross-linking. There was a noticeable contribution of 
disulfide bridges to protein cross-linking in diabetic eye lens in vivo. In contrast, under 
conditions in vitro, when eye lens proteins were exposed to hydroxyl or 
peroxyl radicals, they showed that the participation of reducible 



disulfide linkages in the formation of high molecular mass products was 
markedly lower. These in vivo--in vitro differences indicate that the generally 
accepted role of reactive oxygen species in diabetic cataractogenesis may be 
overestimated in connection with the processes of protein cross-linking 
(Electrophoretic analysis of oxidatively modified eye lens proteins in vitro: implications 
for diabetic cataract. Kysel'ova Z, Krizanova L, Soltes L, Stefek M. J Chromatogr A. 
2005 Aug 19;1084(1-2):95-100). 
 

Hydrogen peroxide in the aqueous humor was measured in cataractous eyes from normal 
subjects and in cataractous eyes from diabetic subjects. The level of H2O2 in the 
aqueous humor was significantly higher in diabetes than in the idiopathic forms. It 
is likely that in the eye, impaired enzymic defenses lead to the accumulation of reactive 
species of O2, such as H2O2, which induces lipid peroxidation. This mechanism was 
thought to be involved, as a direct consequence of retinal damage, in the pathogenesis of 
cataract in diabetes ([Hydrogen peroxide in the aqueous humor and cataract formation in 
human diabetes] [Article in Italian] Simonelli F, Pensa M, Teramo P, Amicone A, Russo 
P, Perillo F, Cotticelli L, Rinaldi E. Boll Soc Ital Biol Sper. 1990 Sep;66(9):879-85). 
 
15.6.6  Association of metabolic syndrome to cataract formation 
 
The aim of the study was to evaluate the association of metabolic syndrome and its 
components with cataract among the middle-aged Kaunas population in relation to 
gender and age. MATERIAL AND METHODS: The epidemiological examination was 
carried out in Kaunas, Lithuania, during 2001-2002. Health survey has been carried out 
according to the protocol of Monitoring of Trends and Determinants in Cardiovascular 
disease (MONICA) study. Analysis was performed for 1,267 persons aged 35-64 years 
(571 men and 696 women). Metabolic syndrome was defined by criteria of World Health 
Organization and The National Cholesterol Education Program Adult Treatment Panel III 
(NCEP ATP III). Cataract was defined by color photography according to the Lens 
Opacities Classification System (LOCS III) methods. RESULTS: After dividing of total 
cohort into three age groups (35-44, 45-54 and 55-64 years), relationship between 
metabolic syndrome and cataract was found in 55-64 years old men and 45-54 and 55-64 
years old women: the prevalence of cataract was higher in men's and women's groups 
with metabolic syndrome than in groups of same the age and gender without metabolic 
syndrome, but significant difference was observed only in women's group. After 
evaluation of the relationship of every component of metabolic syndrome with cataract it 
was established that an increased prevalence of cataract was observed among men with 
hyperglycemia and central obesity and among women with all five components of 
metabolic syndrome. CONCLUSION: This survey shows that metabolic syndrome was 
significantly associated with an increased prevalence of cataract in women of Kaunas 
city population aged 45-64 years ([Association of metabolic syndrome components with 
cataract] [Article in Lithuanian] Bojarskiene F, Cerniauskiene LR, Paunksnis A, 
Luksiene DI. Medicina (Kaunas). 2006;42(2):115-22). 
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Because chronic hyperglycemia of uncontrolled diabetes mellitus may lead to increased 
reactive oxygen species and decreased enzymatic antioxidant defenses responsible for 
pathological processes in diabetic retinopathy, this study examined the hypothesis that a 
low-carbohydrate, high-fat diet, either alone or in combination with Pinus maritima can 
reduce hyperglycemia, restoring a more balanced, oxidative condition. Normal and 
streptozotocininduced diabetic rats were fed either a regular or low-carbohydrate diet for 
30 or 90 d. In addition, normal and diabetic rats on the chronic (90-d) low-carbohydrate 
diet were treated with daily intraperitoneal Pinus maritima doses (10 mg/kg) for 14 
consecutive days. Retinas were fractionated to assay activities of glutathione peroxidase, 
glutathione reductase, and gamma-glutamyl transferase. After 30 d, the low-carbohydrate 
diet reduced glycemic parameters and normalized aspartate aminotransferase activity in 
diabetic animals, suggesting less organ damage. No differences were observed between 
males and females in any measured glycemic parameters. Whereas all diabetic 
control animals developed cataracts bilaterally, no treated diabetic 
animals developed cataracts. There were no deleterious effects on retinal 
antioxidant defenses with either a 30-d or chronic low-carbohydrate diet. When diet was 
combined with Pinus maritima treatment, both retinal glutathione peroxidase and 
glutathione reductase activities increased, suggesting that a low-carbohydrate diet plus 
Pinus maritima may be an effective antioxidant and antihyperglycemic therapy, 
reducing the risk of diabetic retinopathy and cataract formation (Effects of low-
carbohydrate diet and Pycnogenol treatment on retinal antioxidant enzymes in normal 
and diabetic rats. Kamuren ZT, McPeek CG, Sanders RA, Watkins JB 3rd. J Ocul 
Pharmacol Ther. 2006 Feb;22(1):10-8). 
 
The precise mechanisms by which oxidative stress may accelerate the development 
of complications in diabetes are unknown. There is however evidence for a role of 
protein kinase C, advanced glycation end products (AGE) and activation of transcription 
factors such as NF B, but the exact signalling pathways and the interactions with ROI 
remain a matter of discussion. Additionally, results of very recent studies suggest a role 
for ROI in the development of insulin resistance. ROI interfere with insulin signalling at 
various levels and are able to inhibit the translocation of GLUT4 in the plasma 
membrane. Evidence for a protective effect of antioxidants has been presented in 
experimental studies, but conclusive evidence from patient studies is missing. Large-
scale clinical trials such as the DCCT Study or the UKPDS Study are needed to evaluate 
the long-term effects of antioxidants in diabetic patients and their potential to reduce the 
medical and socio-economic burden of diabetes and its complications (Rosen P, Nawroth 
PP, King G, Moller W, Tritschler HJ, Packer L. The role of oxidative stress in the onset 
and progression of diabetes and its complications: a summary of a Congress Series 
sponsored by UNESCO-MCBN, the American Diabetes Association and the German 
Diabetes Society. Diabetes Metab Res Rev. 2001;17:189-212). 
 
15.6.7   Fruits, Vegetables and cataracts 
 
Prospective data on cataract in relation to total fruit and vegetable intake are limited. Fruit 
and vegetable intake was assessed at baseline in 1993 among 39,876 female health 
professionals with the use of a validated, semiquantitative food-frequency questionnaire. 
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A total of 35,724 of these women were free of a diagnosis of cataract at baseline and were 
followed for incident cataract and cataract extraction 
 

During an average of 10 y of follow-up, 2067 cataracts and 1315 cataract extractions 
were confirmed. Compared with women in the lowest quintile of fruit and vegetable 
intake, women with higher intakes had modest 10–15% reduced risks of cataract (P for 
trend < 0.05). For cataract extraction, no significant inverse trend was observed 
(P for trend = 0.12).  These prospective data suggest that high intake of fruit and 

vegetables may have a modest protective effect on cataract (Fruit and vegetable intake 
and the risk of cataract in women. William G Christen, Simin Liu, Debra A 
Schaumberg and Julie E Buring. American Journal of Clinical Nutrition, Vol. 81, No. 
6, 1417-1422, June 2005). 
 
15.6.8    Smoking Cessation and Cataract Regression 
 
Although the observational evidence linking cigarette smoking with risk of senile cataract 
is well-established, it is unclear whether any benefit is obtained from quitting smoking. 
Therefore, in this study, the authors examined the association between time since quitting 
smoking and incidence of cataract extraction in women and men enrolled in the Nurses' 
Health Study and the Health Professionals Follow-up Study, respectively. There were 

4,281 incident physician-confirmed cases of cataract and 1,038,493 accumulated person-
years of follow-up. Compared with current smokers, former smokers who 
had quit smoking 25 or more years previously had a 20% lower risk of 
cataract extraction after adjustment for age, average number of 
cigarettes smoked per day, and other potential risk factors (relative risk 
(RR) = 0.80, 95% confidence interval (CI): 0.71, 0.91). However, risk among past 
smokers did not decrease to the level seen among never smokers (for never smokers, RR 
= 0.64, 95% CI: 0.52, 0.79). The observed relation was similar when data were examined 
by cataract subtype (>25 years since quitting vs. current smoking: primarily nuclear 
cataract, RR = 0.82, 95% CI: 0.68, 0.97; primarily posterior subcapsular cataract, RR = 
0.90, 95% CI: 0.71, 1.13). These findings suggest that any healing from damage due to 
cigarette smoking occurs at a very modest pace, and they emphasize the importance of 
never starting to smoke or quitting early in life (Smoking Cessation and Risk of Cataract 
Extraction among US Women and Men. J. M. Weintraub et al.  
Am. J. Epidemiol., January 1, 2002; 155(1): 72 - 79). I interpret this as an example of 
spontaneous regression.  This means that the body must work continuously to 
prevent cataract formation and it does so with EMODs. 
 
15.6.9   My conclusion on Antioxidants and Cataracts 
 
Use of a high-dose formulation of vitamin C, vitamin E, and beta carotene in a 
relatively well-nourished older adult cohort had no apparent effect on the 7-year 
risk of development or progression of age-related lens opacities or visual acuity loss 
(A Randomized, Placebo-Controlled, Clinical Trial of High-Dose Supplementation With 
Vitamins C and E and Beta Carotene for Age-Related Cataract and Vision Loss. AREDS 



Report No. 9. Age-Related Eye Disease Study Research Group. Arch 
Ophthalmol. 2001;119:1439-1452). This study sums up my conclusion that 
antioxidants do not alter the development of cataracts and thus, 
oxidative stress is not causative of cataractogenesis. 
 
15.6.10   Glaucoma 
 
The relation between dietary antioxidant intake and primary open-angle glaucoma risk 
was examined in participants aged over 40 years in the Nurses’ Health Study (n = 76,200) 
and the Health Professionals Follow-up Study (n = 40,284). They were followed 
biennially from 1980 and 1986, respectively, to 1996, during periods when they received 
an eye examination. Dietary intakes were measured repeatedly from 1980 in the Nurses’ 

Health Study and from 1986 in the Health Professionals Follow-up Study using validated 
food frequency questionnaires. The authors analyzed 474 self-reported glaucoma cases 
confirmed by medical chart review to have primary open-angle glaucoma with visual field 
loss. The authors used Cox proportional hazards models for cohort-specific multivariate 
analyses, and results were pooled using random effects models. The pooled multivariate 

rate ratios for primary open-angle glaucoma comparing the highest versus lowest quintile 
of cumulative updated intake were 1.17 (95% confidence interval (CI): 0.87, 1.58) for -
carotene, 1.10 (95% CI: 0.82, 1.48) for ß-carotene, 0.95 (95% CI: 0.70, 1.29) for ß–
cryptoxanthin, 0.82 (95% CI: 0.60, 1.12) for lycopene, 0.92 (95% CI: 0.69, 1.24) for 
lutein/zeaxanthin, 1.05 (95% CI: 0.59, 1.89) for vitamin C, 0.97 (95% CI: 0.62, 1.52) for 
vitamin E, and 1.11 (95% CI: 0.82, 1.51) for vitamin A. In conclusion, the authors did 
not observe any strong associations between antioxidant consumption and the risk 
of primary open-angle glaucoma (Antioxidant Intake and Primary Open-Angle 
Glaucoma: A Prospective Study. J. H. Kang et al, Am. J. Epidemiol., August 15, 2003; 
158(4): 337 - 346). 

15.6.11   Cataracts:  general considerations    

Some of the following material was modified from:  Environmental Health Perspectives 
(EHP) published by the National Institute of Environmental Health Sciences. 

The primary insult to the eye is age, and one very common result of aging is cataract, in 
which the lens acquires color and may also become clouded or opaque. “If you live long 
enough, you will get cataract,” says Roger Truscott, an associate professor and senior 
research fellow at the Save Sight Institute at the University of Sydney in Australia. Non-
age-related cataract arises from specific mutations in membrane proteins, injury, toxic or 
infectious exposures, and diabetes. Family studies have shown that genetics has a role 
in heritable cataract and may influence the development of age-related cataract.  

Cataract ranks as the leading cause of blindness and low vision worldwide. For unknown 
reasons, people with darker-colored irises appear to have an increased risk of developing 
cataracts. 



Among the suspected environmental contributors to age-related cataract are UV 
light exposure, cigarette smoking, and a diet low in antioxidants. Natalie Kurinij, 
program director of the NEI Vision Research Program, cites results published over the 
years from the Chesapeake Bay Waterman Study and the Salisbury Eye Evaluation 
Project as supportive evidence of the risk presented by UV exposure. “We’re fairly 
confident that sunlight exposure plays a role,” says Kurinij.  

That role seems to be linked to oxidative damage, which follows the generation of free 
radicals. The same sort of mechanism is suspected with cataract risk associated with 
smoking. Smoking generates free radicals throughout the body, and those may be 
responsible for lens damage. The precise mechanism by which oxidative damage to the 
lens occurs is still being investigated and is not an established factor.  

The relationship between free radicals and lens damage may not be direct, however. 
“The epidemiological data are surprisingly weak when you think that our eyes are 
exposed for about half of our lifetime, and it seems to make sense that a transparent 
tissue, designed to transmit light, should suffer ultraviolet damage,” says Truscott. The 
lens possesses a good UV filter system, but it decreases with age. Further, the lens’s 
ability to maintain low oxygen levels within its center also seems to diminish, and the 
lens thus becomes more susceptible to oxidative damage. Due to these changes in the 
lens, the compounds that serve as UV filters may bind to lens proteins, which then 
become more sensitive to UV radiation-induced damage.  

A diet rich in free radical-scavenging antioxidants might be protective, but proof is 
lacking. “Vitamin data are not convincing with regard to cataract, but [vitamins] E 
and C could be useful. There’s still much more to know,” says Truscott. Kurinij agrees 
that support for nutrition’s role varies. “There have been conflicting reports from 
observational studies regarding the role of antioxidant nutrients and the 
development of cataract,” she says. “Any potential effect of antioxidant nutrients on 
cataract will probably depend on the nutritional status of the population to begin with.”  

To illustrate the complexity of researching dietary effects on vision, Kurinij compares 
randomized clinical trial results from the NEI’s Age-Related Eye Disease Study to 
cataract studies conducted in Linxian, China. In the NEI study, high-dose 
antioxidant and zinc supplements over a six-year period was not 
associated with lens opacities in a healthy, well-nourished U.S. population. 
However, in the relatively nutritionally deprived Linxian subjects a multivitamin 
supplement or a supplement with riboflavin and niacin was associated with fewer 
cases of cataract.  

15.6.12   Obesity, Inflammation and Cataracts  

Overweight patients have endothelial dysfunction and are "at-risk individuals" not 
only for diabetes but also for atherosclerosis. In clinical trials with antioxidants, it has 
been suggested that high-dose vitamin E has an acute toxic effect, and coronary 

heart disease can be expected with its administration (Ness A, Smith GD: Mortality in 



the CHAOS trial: Cambridge Heart Antioxidant Study (Letter). Lancet 353:1017–1018, 
1999).  

Insulin-stimulated glucose metabolism is impaired in adipocytes isolated from Se-
deficient rats (Souness JE, Stouffer JE & Chagoya de Sanchez V 1983 The effect of 
selenium-deficiency on rat fat cell glucose oxidation. Biochemical Journal 214: 471–
477). 

Oxidative damage also figures in research conducted by Debra Schaumberg, a clinical 
associate scientist at Schepens Eye Research Institute and an assistant professor of 
medicine and ophthalmology at Harvard Medical School. Schaumberg and her colleagues 
reported in the April 1999 issue of the Annals of Epidemiology that people with higher 
blood levels of C-reactive protein, an indicator of systemic inflammation, had a higher 
incidence of cataract. “This was really the first time that anyone had shown that 
systemic inflammation, with no clinically detectable inflammation in the eye, 
increased the risk of cataract,” says Schaumberg, who notes that older people and 
obese persons tend to have higher levels of inflammatory activity in the body. “Obesity 
is one of the strongest contributors to the levels of something like C-reactive 
protein,” she says. 

15.6.13   Statins may reduce or increase cataracts 

Statins, the cholesterol-lowering drugs taken by millions of Americans, might also 
reduce the risk of cataracts, a preliminary study suggests. Adults who took statins were 
found to be 45 percent less likely to develop the most common type of age-related 
cataracts. Other researchers warned that something other than statins might explain 
the results and that the study does not prove cause-and-effect. 

The results were a surprise because of earlier concerns that some cholesterol 
medication might increase the risk of cataracts, a common clouding-over of the lens of 
the eye that can lead to poor vision and blindness. In fact, several cholesterol drugs never 
made it to market because of those concerns. 

The study, published in 6/21/06 Journal of the American Medical Association, involved 
1,299 Beaver Dam, Wis., residents who were followed for five years. Nuclear cataracts 
— which affect the eye lens nucleus — were diagnosed in more than 200 participants, or 
in about 12 percent of statin users, compared with 17 percent of nonusers. After 
factoring in the participants' age, the researchers concluded that statin users were about 
45 percent less likely to develop nuclear cataracts. 

"It was pretty surprising," said lead author Dr. Barbara Klein, an eye researcher at the 
University of Wisconsin in Madison. There were no statistically significant differences 
in rates for two other less common types of cataracts. 

Statins, which are taken by millions of Americans and include such top-selling drugs as 
Lipitor, Pravachol and Zocor, dramatically lower levels of artery-clogging bad 



cholesterol. Statins have also been reported to have antioxidant benefits and to attack 
inflammation. And both oxygen damage to the body and inflammation are believed 
to be related to cataracts. 

Cataracts affect more than 20 million Americans and are a major cause of vision 
impairment and blindness worldwide. Most are associated with aging; more than half of 
U.S. adults in their 70s and older are affected. Cataracts are usually treated with surgery, 
typically an outpatient procedure in which the clouded lens is replaced with an artificial 
lens. Cataract removal is among the most common U.S. operations; by some estimates 
more than 1 million Americans undergo it each year. The surgery is often covered by 
insurance. 

In the latest study, the statin-cataract relationship remained strong even when the 
researchers factored in whether participants smoked, a habit that is linked to the 
development of cataracts. But Debra Schaumberg, an eye specialist at Harvard's Brigham 
and Women's Hospital, cautioned against over-interpreting the results. "While I agree 
with the authors that the potential for a relatively benign and inexpensive preventive 
therapy for cataract would have substantial public health importance, I think it is still far 
too early to assign any such role to statin medications," she said. 

Similarly, researcher Natalie Kurinij of the National Eye Institute, which helped fund the 
study, said the study does not mean people should take statins to ward off cataracts. 
"There was no information on duration of use or the doses used. You would really need 
that kind of information in order to make a definitive call," she said. The Research to 
Prevent Blindness, a New York-based foundation, also contributed funding for the study.  

15.7.0    Hypertension and EMODs 

Some of the following material was abstracted, excerpted or modified from:  Reactive 
Oxygen Species, Vascular Oxidative Stress, and Redox Signaling in Hypertension. What 
Is the Clinical Significance? Rhian M. Touyz. Hypertension. 2004;44:248. 

The kidney and vasculature are rich sources of NADPH oxidase–derived ROS, which 
under pathological conditions play an important role in renal dysfunction and vascular 

damage. Strong experimental evidence indicates that increased oxidative stress and 
associated oxidative damage are mediators of renovascular injury in cardiovascular 
pathologies. Increased production of superoxide anion and hydrogen peroxide, reduced 

nitric oxide synthesis, and decreased bioavailability of antioxidants have been 
demonstrated in experimental and human hypertension. These findings have evoked 
considerable interest because of the possibilities that therapies targeted against free 
radicals by decreasing ROS generation or by increasing nitric oxide availability and 
antioxidants may be useful in minimizing vascular injury and renal dysfunction and 
thereby prevent or regress hypertensive end-organ damage. Recent clinical trials 
investigating cardiovascular benefits of antioxidants have been rather disappointing 
results from these studies. 



Compelling experimental evidence indicates that reactive oxygen species (ROS) play an 
important pathophysiological role in the development of hypertension. This is due, in 
large part, to ·O2

– excess (oxidative stress) and decreased NO bioavailability in the 
vasculature and kidneys and to ROS-mediated cardiovascular remodeling (Touyz RM. 
Reactive oxygen species in vascular biology: role in arterial hypertension. Expert Rev 
Cardiovasc Ther. 2003; 1: 91–106).   

In human hypertension, biomarkers of systemic oxidative stress are elevated (Redon 
J, Oliva MR, Tormos C, Giner V, Chaves J, Iradi A, Saez GT. Antioxidant activities and 
oxidative stress byproducts in human hypertension. Hypertension. 2003; 41: 1096–1101). 
Thus, I believe that if the free radical theory is correct, then antioxidants should 
reverse or prevent hypertension.  Antioxidants do not stop hypertension. 

Treatment with superoxide dismutase (SOD) mimetics or antioxidants in mice and rats 
improves vascular and renal function, regresses vascular remodeling, and reduces blood 

pressure (BP) (Rodriguez-Iturbe B, Zhan CD, Quiroz Y, Sindhu RK, Vaziri ND. 
Antioxidant-rich diet relieves hypertension and reduces renal immune infiltration in 
spontaneously hypertensive rats. Hypertension. 2003; 41: 341–346) (Virdis A, Neves 
MF, Amiri F, Touyz RM, Schiffrin EL. Role of NAD(P)H oxidase on vascular alterations 
in angiotensin II-infused mice. J Hypertens. 2004; 22: 535–542). How many times are 
we going to be misled by animal studies? 

Furthermore, experimental models with compromised antioxidant capacity develop 
hypertension (Tanito M, Nakamura H, Kwon YW, Teratani A, Masutani H, Shioji K, 
Kishimoto C, Ohira A, Horie R, Yodoi J. Enhanced oxidative stress and impaired 
thioredoxin expression in spontaneously hypertensive rats. Antioxid Redox Signal. 2004; 
6: 89–97). In cultured vascular smooth muscle cells (VSMCs) and isolated arteries from 
hypertensive rats and humans, ROS production is enhanced, redox-dependent signaling is 
amplified, and antioxidant bioactivity is reduced (Touyz RM, Schiffrin EL. Increased 
generation of superoxide by angiotensin II in smooth muscle cells from resistance arteries 
of hypertensive patients: role of phospholipase D-dependent NAD(P)H oxidase-sensitive 
pathways. J Hypertens. 2001; 19: 1245–1254). Even so, antioxidants do not stop or 
prevent hypertension.  I believe that this is because hypertension is not caused by 
elevated EMOD levels.  

Vascular ROS are produced in endothelial, adventitial, and VSMCs and derived primarily 
from NAD(P)H oxidase. Physiologically, ROS are produced in a controlled manner at 
low concentrations and function as signaling molecules to maintain vascular integrity by 
regulating endothelial function and vascular contraction-relaxation (Touyz RM, Tabet F, 
Schiffrin EL. Redox-dependent signalling by angiotensin II and vascular remodelling in 
hypertension. Clin Exp Pharmacol Physiol. 2003; 30: 860–866).  

Whereas VSMC ·O2
– is associated primarily with vasoconstriction, endothelial H2O2 

has been described as an endothelium-derived relaxing factor (Morikawa 
K, Shimokawa H, Matoba T, Kubota H, Akaike T, Talukder MA, Hatanaka M, Fujiki T, 



Maeda H, Takahashi S, Takeshita A. Pivotal role of Cu,Zn-superoxide dismutase in 
endothelium-dependent hyperpolarization. J Clin Invest. 2003; 112: 1871–1879).  

Clinical studies demonstrated increased ROS production in patients with essential 
hypertension, renovascular hypertension, malignant hypertension, and preeclampsia (Lee 
VM, Quinn PA, Jennings SC, Ng LL. Neutrophil activation and production of reactive 
oxygen species in pre-eclampsia. J Hypertens. 2003; 21: 395–402). Yet, vitamins E and 
C have failed to prevent pre-eclampsia.  

In never-treated mild-to-moderate hypertension, lipid peroxidation and oxidative stress 
are not increased, suggesting that ROS may not be critical in the early stages of human 
hypertension, but could be more important in severe hypertension (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).  

Decreased antioxidant activity (SOD, catalase) and reduced levels of ROS scavengers 
(vitamin E, glutathione) may contribute to oxidative stress (Redon J, Oliva MR, Tormos 
C, Giner V, Chaves J, Iradi A, Saez GT. Antioxidant activities and oxidative stress 
byproducts in human hypertension. Hypertension. 2003; 41: 1096–1101).  

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. 

The potential of antioxidants in treating conditions associated with oxidative stress 
is supported by experimental investigations, observational findings, small clinical 
studies, and epidemiological data (Touyz RM. Reactive oxygen species in vascular 
biology: role in arterial hypertension. Expert Rev Cardiovasc Ther. 2003; 1: 91–106) 
(Mullan B, Young IS, Fee H, McCance DR. Ascorbic acid reduces blood pressure and 
arterial stiffness in type 2 diabetes. Hypertension. 2002; 40: 804–809) (Chen J, He J, 
Hamm L, Batuman V, Whelton PK. Serum antioxidant vitamins and blood pressure in the 
United States population. Hypertension. 2002; 40: 810–816).   

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 (Hasnain BI, Mooradian AD. Recent trials of 
antioxidant therapy: what should we be telling our patients? Cleve Clin J Med. 2004; 71: 



327–334) (Jialal I, Devaraj S. Antioxidants and atherosclerosis: don’t throw out the baby 
with the bath water. Circulation. 2003; 107: 926–928).   

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 failed and are disappointing _given the 
consistent and promising findings from experimental investigations, clinical observations, 
and epidemiological data. 

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 (Tribble DL. Antioxidant 
consumption and risk of coronary heart disease: emphasis on vitamin C, vitamin E and ß-
carotene. A statement for the healthcare professionals from the American Heart 
Association. Circulation. 1999; 99: 591–595) and the Canadian Hypertension Society 
(Touyz RM, Campbell N, Logan A, Gledhill N, Petrella R, Padwal R. Canadian 
Hypertension Education Program. The 2004 Canadian recommendations for the 
management of hypertension: Part III-Lifestyle modifications to prevent and control 
hypertension. Can J Cardiol. 2004; 20: 55–83), 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 (John JH, Ziebland S, Yudkin P, Roe LS, Neil HAW. Effects 
of fruit and vegetable consumption on plasma antioxidant concentrations and blood 
pressure: a randomized controlled trial. Lancet. 2002; 359: 1969–1973). 

Because of the association of hypertension and atherosclerosis with diabetes, I will now 
discuss them in relation to my Unified theory and EMOD production. 

Some of the following material was abstracted, excerpted or modified from:  
Hypertension and the Pathogenesis of Atherosclerosis. Oxidative Stress and the 
Mediation of Arterial Inflammatory Response: A New Perspective. R. Wayne Alexander. 
Hypertension. 1995;25:155-161. 
 
Hypertension is a risk factor for the development of atherosclerosis, although the 
mechanisms have not been well elucidated. The two processes have certain common 
mechanisms. The endothelium is a likely central focus for the effect of both diseases. 
There is increasing evidence that atherosclerosis should be viewed fundamentally as an 
inflammatory disease. Atherogenic stimuli such as hyperlipidemia appear to activate the 
inflammatory response by causing expression of mononuclear leukocyte recruiting 

mechanisms. The gene for one of these, the vascular cell adhesion molecule-1, is 
controlled at least in part by transcriptional factors regulated by oxidative stress, which 
modifies the redox state of the endothelial cell. Alterations in the redox state of the 



arterial wall also may contribute to vascular smooth muscle cell growth. In a somewhat 
parallel fashion, there is evidence that hypertension may also exert oxidative stress on 

the arterial wall.  
 
Both clinical and experimental data show that high (elevated) blood pressure enhances 
the development of atherosclerosis. In fact, atherosclerosis tends to occur only in 
those parts of the vascular system subjected to high pressure. 
 
Atherosclerosis and hypertension are distinct disease entities; everyone who has 
hypertension does not manifest extensive atherosclerosis, nor is atherosclerosis 
always or even usually accompanied by hypertension. The cardinal pathological 
features of atherosclerotic lesion development are (1) the presence of 
monocytes/macrophages and T cells, (2) their localization in large conduit or elastic 

arteries in areas of low shear stress, (3) proliferation and migration to the intima of medial 
smooth muscle cells, (4) the deposition of increased amounts of connective tissue, and (5) 

neovascularization. Hypertensive arteries are thickened, and there may be increased 
smooth muscle cell mass and/or cell number and increased deposition of connective 
tissue. 
 
Abnormalities of the endothelium underlie a number of human diseases and appear to be 
central to the pathogenesis of atherosclerosis. Changes in endothelial function and 
morphology are also cardinal features of hypertension.  

The importance of the endothelium in the development of atherosclerosis was first 
appreciated when it was observed that its removal facilitated atherosclerotic lesion 
development in hypercholesterolemic animal models (Ross R, Glomset J, Harker L. 
Response to injury and atherogenesis. Am J Pathol. 1977;86:675-684).  

These observations led to the "response to injury" hypothesis of atherosclerosis, in 
which it was assumed that endothelial desquamation preceded lesion development. It was 
shown subsequently, however, that the endothelium overlying lesions is intact but 

morphologically altered (except over very advanced, active lesions ) (Pasquinelli G, 
Cavazza A, Preda P, Stella A, Cifiello BI, Gargiulo M, D'Addato M, Laschi R. 
Endothelial injury in human atherosclerosis. Scanning Microsc. 1989;3:971-981).  

These findings led to the concept of "dysfunction" of the endothelium (Gimbrone MA Jr. 
Endothelial dysfunction and the pathogenesis of atherosclerosis. In: Gotto A, Smith LC, 
Allen B, eds. Atherosclerosis—V: Proceedings of the Fifth International Symposium on 
Atherosclerosis. New York, NY: Springer-Verlag; 1980:415-425). The underlying 
assumption was that critical, initially unknown functions of the normal endothelium that 
protect against atherosclerotic lesion development go awry in the endothelial cells in 
lesion-prone areas. I believe that the way in which it goes awry is by decreased 
EMOD production. 

The first direct evidence for endothelial dysfunction in human atherosclerosis actually 
came from clinical investigations into the disordered control of vasomotor tone in 



coronary artery disease. The hypothesis tested was that, whatever the nature of the 
putative endothelial dysfunction associated with the development of atherosclerosis, the 
abnormalities would be general and would extend to encompass the endothelium-
dependent control of vasomotor tone. The phenomenon of endothelium-dependent 
vasodilation had been discovered earlier (Furchgott RF, Zawadzki JV. The obligatory 
role of endothelial cells in the relaxation of arterial smooth muscle by acetylcholine. 
Nature. 1980;288:373-376).  
 

The endothelium was shown to release a vasodilating humoral agent in response to 
various stimuli, including acetylcholine and blood flow. This agent was called 
endothelium-derived relaxing factor and subsequently was shown to be nitric oxide 
(Ignarro LJ, Byrns RE, Buga GM, Wood KS, Chaudhuri G. Pharmacological evidence 
that endothelium-derived relaxing factor is nitric oxide: use of pyrogallol and superoxide 
dismutase to study endothelium-dependent and nitric oxide-elicited vascular smooth 
muscle relaxation. J Pharmacol Exp Ther. 1988;244:181-189).  
 
Nitric oxide diffuses to the underlying vascular smooth muscle and causes relaxation by 
stimulating guanylate cyclase to increase cyclic GMP. In the cardiac catheterization 
laboratory, narrowed segments of coronary arteries in patients with angiographic evidence 
of atherosclerosis constricted in response to the endothelium-dependent vasodilator 

acetylcholine, whereas normal smooth segments dilated. Thus, the relation between 
atherosclerosis and dysfunctional endothelium was established. 
 
15.7.1    Poor brain supply of oxygen leads to hypertension 

The brain, not the heart is responsible for high blood pressure, according to details of a 
study by British researchers released 4/15/07. The scientists said that hypertension, which 
can lead to heart attacks, strokes and kidney damage, is an inflammatory vascular 
disease of the brain rather than the heart, as previously thought. 

They discovered that a protein located in the brain, JAM-1, trapped white blood cells, 
which can then cause inflammation and obstruct blood flow, leading to poor oxygen 
supply to the brain. JAM-1 appears to trap white blood cells in the brain, obstructing 
blood flow, which in turn, causes inflammation in the brain, the scientists found. This 
condition triggered elevated blood pressure, also known as hypertension. 

Professor Julian Paton, from Bristol University, western England, said the findings could 
lead to new ways of treating the condition. "We are looking at the possibility of treating 
those patients that fail to respond to conventional therapy for hypertension with drugs 
that reduce blood vessel inflammation and increase blood flow within the brain," he 
added. "JAM-1 could provide us with new clues as how to deal with this disease." 

Conventional treatment for reducing high blood pressure includes eating low fat food, 
reducing salt intake and regular exercise. I believe that the exercise is producing 
increased levels of oxygen and EMODs.  



The associate medical director of the British Heart Foundation, Professor Jeremy 
Pearson, said: "This exciting study is important because it suggests there are unexpected 
causes of high blood pressure related to blood supply to the brain. "It therefore opens up 
the possibility of new ways to treat this common, but often poorly managed condition." 

About one in three people in Britain and more than 600 million people worldwide are 
thought to suffer from hypertension. The findings are to be published in the next edition 
of medical journal Hypertension. 

15.7.2    Uric Acid (an antioxidant) and Hypertension 

Hypertension and hypertension-associated ESRD are epidemic in society. The 
mechanisms responsible for renal progression in mild to moderate hypertension and those 
groups most at risk need to be identified. There is increasing evidence that hypertension 
may exist in one of two forms/stages. The first stage, most commonly observed in early or 
borderline hypertension, is characterized by salt-resistance, normal or only slightly 
decreased GFR, relatively normal or mild renal arteriolosclerosis, and normal renal 
autoregulation. This group is at minimal risk for renal progression. The second stage, 
characterized by salt-sensitivity, renal arteriolar disease, and blunted renal autoregulation, 
defines a group at highest risk for the development of microalbuminuria, albuminuria, 
and progressive renal disease. This second stage is more likely to be observed in 
blacks, in subjects with gout or hyperuricemia, with low level lead intoxication, or 
with severe obesity/metabolic syndrome. The two major mechanistic pathways for 
causing impaired autoregulation at mild to moderate elevations in BP appear to be 
hyperuricemia and/or low nephron number. (Essential Hypertension, Progressive 
Renal Disease, and Uric Acid: A Pathogenetic Link? Richard J. Johnson et al. J Am Soc 
Nephrol 16: 1909-1919, 2005). 

Serum uric acid is associated with cardiovascular disease. However, the independent role 
of uric acid in the development of cardiovascular disease is uncertain. This study 
examined the cross-sectional association of serum uric acid level with microalbuminuria 
among 6771 subjects without diabetes or hypertension. Serum uric acid level was 
strongly associated with microalbuminuria in prehypertensive subjects (Serum Uric Acid 
Is Associated With Microalbuminuria in Prehypertension. Jung Eun Lee; Yoon-Goo 
Kim; Yoon-Ho Choi; Wooseong Huh; Dae Joong Kim; Ha Young Oh. Hypertension. 
2006;47:962). I find the data indicating a relationship between the antioxidant,uric 
acid, and hypertension to be intriguing. 
 

Recent epidemiologic and experimental evidence suggests that serum uric acid (UA) is 
an independent risk factor for cardiovascular and renal diseases. However, 
endothelial dysfunction is an early predictor of cardiovascular events, particularly in 
hypertensive patients. For assessment of the association between UA and endothelial 

function, 217 (108 men, 109 women; aged 48.0 ± 10.6 yr) white never-treated 
hypertensive patients were studied. All patients underwent the following procedures: BP 
measurements, laboratory tests (C-reactive protein [CRP], insulin resistance by 
homeostasis model assessment, serum creatinine, and UA), and endothelial function 



evaluated by intra-arterial infusion of acetylcholine (ACh). Serum creatinine, CRP, and 
maximal vasodilatory response to ACh were related to the UA (all P < 0.0001). In the 
multiple regression analysis, serum UA ranked as the third correlate of peak of forearm 
blood flow predictor, after homeostasis model assessment and CRP. The data show an 
independent link between UA and endothelial function, also in a statistical model that 
included CRP. In conclusion, the data demonstrate an inverse and significant 
relationship between UA and ACh-stimulated vasodilation in patients with 
uncomplicated, untreated essential hypertension, independent of traditional 
cardiovascular risk factors. Probably, the chronic inflammation that was documented in 
these patients may be considered the mechanistic link between serum UA and vascular 
damage (Uric Acid and Endothelial Dysfunction in Essential Hypertension. Carmine 
Zoccali et al. J Am Soc Nephrol 17: 1466-1471, 2006). I believe that the antioxidant 
property of uric acid decreases EMODs, which leads to hypertension. 

15.7.3    Chromium 

Years ago, when doctors first learned how to feed seriously ill patients intravenously, the 
early IV formulas did not include trace amounts of chromium, an essential nutrient. Many 
of these patients mysteriously developed a diabetes-like disorder which, as it turned 
out, was a direct result of a chromium deficiency. Since then, researchers have found 
that daily intake of 200 micrograms of chromium picolinate can provide significant relief 
from diabetes, reducing the patient's need for insulin and oral diabetes drugs. A Chinese 
study found that between 200 and 1,000 micrograms a day improved blood sugar levels, 
serum cholesterol, and total metabolic control of the disease. 

Although conclusive proof is still lacking, chromium picolinate may have other benefits 
as well. It has been prescribed for obesity, insomnia, depression, acne, and fatigue, and 
some advocates say it can even promote longevity. 

15.7.4    Chromium can be prooxidant 
 
Chromium (Cr3+) is an essential trace element for animals and humans. Its deficiency in 
organisms causes e.g. disturbances of carbohydrate and lipid metabolism, hypoglycemia, 
impaired glucose tolerance, elevated cholesterol and triglycerides in blood, but a decrease 
in HDL-cholesterol. It plays an important role in insulin-receptor activation. In the 
literature, antioxidative and anti-diabetic effects of chromium were also described. 
An excess of trivalent chromium can act as a prooxidant ([The role of chromium in 
cell biology and medicine] [Article in Polish] Terpilowska S, Zaporowska H. Przegl Lek. 
2004;61 Suppl 3:51-4). However, I believe that the prooxidant activity of chromium 
is responsible for a deficiency producing impaired glucose tolerance and increases in 
cholesterol and triglycerides in the blood.  Its prooxidant activity is well known. 

15.7.5    Vitamins C and E Do Not Prevent Preeclampsia 

April 26, 2006 — Vitamins C and E supplementation during pregnancy does not reduce 
the risk for preeclampsia or maternal or fetal complications in nulliparous women, 



according to the results of a multicenter, randomized trial reported in the April 27 issue of 
The New England Journal of Medicine. 

"Supplementation with antioxidant vitamins has been proposed to reduce the risk of 
preeclampsia and perinatal complications, but the effects of this intervention are 
uncertain," write Alice R. Rumbold, PhD, from the University of Adelaide in Australia, 
and colleagues. "There is limited information about the effects of antioxidants on serious 
health outcomes in infants and on whether there may be benefits independent of a 
reduction in preeclampsia. There have been calls for further randomized trials in 
populations that have a different risk of preeclampsia to assess the efficacy and safety of 
antioxidant supplementation." 

In the Australian Collaborative Trial of Supplements (ACTS), 1877 nulliparous women 
between 14 and 22 weeks of gestation were randomized to daily supplementation with 
1000 mg of vitamin C and 400 IU of vitamin E, or to placebo, until delivery. The main 
endpoints were the risks for maternal preeclampsia, death, or serious outcomes in the 
infants, and birth weight below the 10th percentile for gestational age. 

Baseline characteristics of the vitamin group and of the placebo group were similar. 
There were no significant differences between the vitamin and placebo 
groups in the risk for preeclampsia (6.0% vs 5.0%; relative risk [RR], 1.20; 95% 
confidence interval [CI], 0.82 - 1.75), death or serious outcomes in the infant (9.5% vs 
12.1%; RR, 0.79; 95% CI, 0.61 - 1.02), or the proportion of women delivering an infant 
with birth weight below the 10th percentile for gestational age (8.7% vs 9.9%; RR, 0.87; 
95% CI, 0.66 - 1.16). 

"Supplementation with vitamins C and E during pregnancy does not reduce the risk 
of preeclampsia in nulliparous women, the risk of intrauterine growth restriction, or 
the risk of death or other serious outcomes in their infants," the authors write. "This 
finding contrasts with the findings in an earlier trial that supplementation with vitamins C 
and E was beneficial in women at high risk for preeclampsia." 

"Our results do not support routine supplementation with vitamins C and E during 
pregnancy to prevent preeclampsia or other adverse perinatal outcomes in 
nulliparous women," the authors conclude. 

Certain adverse maternal outcomes were more common in the 
antioxidant group than in the placebo group, but these findings could be explained 
by chance alone. 

In an accompanying editorial, Arun Jeyabalan, MD, and Steve N. Caritis, MD, from 
Magee–Womens Hospital and the University of Pittsburgh School of Medicine in 
Pennsylvania, write .... Until more data are available, given the scant evidence of 
benefit and the potential for harm, supplemental antioxidant therapy for the 
prevention of preeclampsia should be limited to women enrolled in randomized 



trials and should not be prescribed as part of routine practice." (N Engl J Med. 
2006;354:1796-1806, 1841-1843). 

Neither aspirin nor calcium supplementation significantly improves the risk for 
preeclampsia, and in high-risk women, the use of vitamins C and E has failed to 
demonstrate a benefit and may increase complications. 

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 (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).  

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.  

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. 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." (Arum Reabilan and Steve N Caritas, "Antioxidants and the Prevention of 
Preeclampsia-Unresolved Issues," New England Journal of Medicine 2006; 354: 1841-
1843) 

Obese women are more likely to develop gestational diabetes and preeclampsia. 

15.8.0   Chronic granulomatous disease (CGD) 

Paradoxically, exercise, which imposes an oxidative stress, is an important 

deterrent of cardiovascular disease and diabetes. 

Some of the following material was abstracted, excerpted or modified from:  Naynesh R 
Kamani, MD’s article at the emedicine website. 

Chronic granulomatous disease (CGD), an inherited disorder of phagocytic cells, results 
from an inability of phagocytes to undergo the respiratory burst necessary to kill certain 
types of bacteria and fungi. This leads to recurrent life-threatening tumors, bacterial and 
fungal infections.  

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


The primary biochemical defect in CGD that leads to impaired microbicidal activity is 
the failure of phagocytes to generate sufficient quantities of reactive oxygen species, 
which are responsible for the so-called respiratory or oxidative burst. These compounds 
are derived from initial production of the extremely unstable and weakly bactericidal 
superoxide anion (O2

-), which subsequently is converted to more potent oxidants such as 
hydroxyl radical (OH-), hydrogen peroxide (H2O2), peroxynitrite anion (ONOO-), and 
oxyhalides (HOX-, in which X is most commonly chlorine). The superoxide anion is 
generated by transferring electrons from the reduced nicotinamide dinucleotide phosphate 
(NADPH) to molecular O2 in response to physiologic stimuli such as phagocytosis. This 
reaction is mediated by the phagocyte NADPH oxidase (phox). 

The assembled enzyme complex transports electrons from cytosolic NADPH across the 
membrane to molecular oxygen inside the phagolysosome to generate superoxide and 
other more toxic radicals. Superoxide is metabolized to hydrogen peroxide by superoxide 
dismutase. The precise mechanism by which this "intracellular bleach" kills 
microorganisms still is debated. 

Nitric oxide (NO) and other reactive nitrogen intermediates have a prominent 
microbicidal role in experimental animals but do not appear to have a critical role in 
human phagocytes. 

The bacteria and fungi that cause most infections in CGD patients are catalase-positive 
organisms. These microorganisms produce catalase that breaks down endogenously 
produced hydrogen peroxide, necessitating the generation of oxygen radicals by a 
normally functioning phagocyte oxidase system to ensure the death of the infecting 
microorganisms. Whereas both Pseudomonas aeruginosa and Burkholderia cepacia (also 
known as Pseudomonas cepacia) are catalase-positive organisms, the former is a rare 
pathogen in CGD because CGD neutrophils are able to kill P aeruginosa organisms by 
nonoxidative mechanisms. B cepacia is an important cause of infections in CGD, perhaps 
because of as yet unexplained abilities to resist killing via neutrophil-mediated 
nonoxidative pathways.  

Fungal infections occur in up to 20% of patients with CGD. The most common offenders 
are Aspergillus fumigatus, Torulopsis glabrata (ie, Candida glabrata), and Candida 
albicans. Pneumonia is the most common presentation of fungal infection. More recently, 
Aspergillus nidulans, which is a rare pathogen in other patient populations, has emerged 
as a problematic pathogen in CGD. It causes locally invasive or disseminated disease that 
is more lethal than that caused by A fumigatus.  

The diagnosis of CGD should be considered in any patient with recurrent infections with 
catalase-positive organisms; infections with unusual organisms such as Serratia 
marcescens, A nidulans, or B cepacia; or infections in sites normally considered to be 
rare in children, such as a Staphylococcus aureus liver abscess. 



No racial predilection is known. Although the vast majority of affected individuals 
present with infections in early childhood, several reports exist of affected patients 
becoming symptomatic much later in life. 

The hallmark of this disease is early onset of severe recurrent bacterial and fungal 
infections.  

• Over three quarters of patients present during the first 5 years of life. 

• The most commonly involved organs are those that serve as barriers against the 
entry of microorganisms from the environment, including the skin, lungs, GI tract, 
lymph nodes, liver, and spleen. 

• Common presentations include the following: 

o Skin infections 

o Pneumonia 

o Lung abscesses 

o Suppurative lymphadenitis 

o Diarrhea secondary to enteritis 

o Perianal or perirectal abscesses 

o Hepatic or splenic abscesses 

• Other presentations include the following: 

o Osteomyelitis 

o Septicemia 

• Fungal infections occur in up to 20% of patients with CGD. 

o Pneumonia is the most common presentation. 

o Fungal infections may be locally invasive or disseminated. 

o Aspergillus species infection in CGD is often indolent, with mild or absent 
symptoms at the outset. 

• A second characteristic manifestation of CGD is the development of granulomas 
in the skin, GI tract, and genitourinary tract.  



o Some patients present at diagnosis with symptoms related to these 
granulomas.  

o These granulomas are believed to occur as a result of tissue response 
to persistent antigenic stimulus or because of lack of feedback 
inhibition of an inflammatory response by toxic oxygen radicals. I 
believe that this is wrong.  We know that sufficient EMODs can kill 
these tumorous cells, not increase their numbers, unless the EMOD 
level is so low as to effect cellular proliferation. 

o Skin infections or granulomatous dermatitis occurs in almost two thirds of 
patients. 

• Other than unexplained fevers, constitutional symptoms are not associated with 
CGD.  

• Chronic or recurrent infections in childhood can lead to failure to thrive with 
impairment of physical growth, although most adults with CGD appear to have 
attained their expected growth potential. 

In general, carriers of CGD are asymptomatic. However, carriers of X-CGD have been 
noted to have a significant incidence of discoid lupus erythematosus, photosensitivity, 
Raynaud phenomenon, and aphthous ulcers. 

15.8.1    P22phox gene defect causes immune deficiency and balance disorder 

ScienceDaily (Feb. 25, 2008) — A genetic defect that causes a severe immune 
deficiency in humans may also produce balance disorders, according to a new study 
by researchers at the University of Iowa, The Jackson Laboratory and East Carolina 
University. 

The study, published online Feb. 21, 2008 in the Journal of Clinical Investigation, 
examined a specialized strain of Jackson Laboratory mice with a mutation that eliminates 
the production a protein called p22phox. Disruption of this protein causes a form of 
chronic granulomatous disease (CGD) -- a severe immune deficiency -- in humans. 
The researchers found that mice without p22phox develop an immune deficiency that 
mimics human CGD. They also discovered that the gene defect produces a severe balance 
disorder in the mice caused by loss of gravity-sensing crystals in the inner ear. 
In addition to Banfi, the research team included Yoko Nakano, Ph.D., a UI postdoctoral 
fellow in Banfi's laboratory and lead author of the study; David Bergstrom, Ph.D., 
research scientist, and Chantal Longo-Guess, research assistant, both at The Jackson 
Laboratory; Sherri Jones, Ph.D., associate professor of communication sciences and 
disorders at East Carolina University; and William Nauseef, M.D., UI professor of 
internal medicine. 
P22phox is emerging as a critical subunit of a family of enzymes that produce 
reactive oxygen species (ROS). For many years, ROS were simply thought of 
as destructive molecules that can kill infecting bacteria but also damage 
human cells. More recently, however, ROS have been shown to play an 
important role in many normal cell processes, including development 



and blood pressure regulation. The family of enzymes that produce ROS are 
called NADPH oxidases (Nox), and disruption of these enzymes has been implicated 
in a range of diseases, including cardiovascular and neurodegenerative diseases as 
well as immune deficiencies like CGD. 
 
There are several forms of CGD caused by different genetic defects affecting the Nox 
complex of pathogen-fighting cells called phagocytes. CGD caused by lack of p22phox is 
one of the least common forms of the disease in humans. The mutant mouse, which was 
produced by The Jackson Laboratory's Neuromutagenesis Facility, represents the first 
animal model for this version of CGD and will be helpful in understanding the disease 
and developing potential treatments. 
 
The study found that the mice without the p22phox protein were unable to 
produce ROS in phagocytes and were particularly susceptible to 
infection. For mice without the protein, infection with bacterial pneumonia was 
universally fatal. In contrast, normal mice had a 100 percent recovery rate 
from the same infection. 
 
The mutant mice also had a severe balance disorder. Unlike normal mice that quickly 
learned how to walk on a rotating rod without falling off, the mutant mice always fell off 
within a few seconds. Additionally, the study showed that activity of nerve cells in the 
inner ear responsible for sending gravity signals to the brain was absent in the mutant 
mice. 
 
"Loss of p22phox affects two enzyme complexes: one in phagocytes that is responsible 
for the immune defect, and one in the inner ear," Banfi said. "Since this is the first mouse 
model for defects in the p22phox subunit, this is the first time that its role in balance has 
been revealed." 
 
Although inner ear cells looked normal in the mutant mice, the researchers discovered 
that otoconia -- tiny calcium carbonate crystals that are essential for sensing gravity 
-- do not form in the inner ears of these mice. Restoring the normal gene to the mutant 
mice rescued otoconial production and prevented the balance disorder. However, 
although the treatment did improve the mice's immune response, the partial restoration of 
gene expression was not sufficient to cure the immune deficiency completely. 
 
The team was also able to track the location of the Nox complex during embryonic 
development of the inner ear by visualizing the location of p22phox. Interestingly, the 
complex does not reside in the same place that the otoconia form leading the researchers 
to propose a new mechanism by which the Nox complex controls production of the 
crystals. 
"We speculate that superoxide radicals generated by the p22phox–containing complex 
facilitate the formation of otoconia by producing the right conditions, high pH and high 
calcium concentration, in the compartment where these calcium carbonate crystals form," 
Banfi explained. 



15.8.2    Common variable immunodeficiency (CVID) 

Some of the following material was abstracted, excerpted or modified from:  C Lucy 
Park, MD’s article at the emedicine website. 

Common variable immunodeficiency (CVID) is the most prevalent of the primary 
immunodeficiency diseases. CVID is a heterogeneous group of immunologic disorders of 
unknown etiology, characterized by impaired antibody responses. Patients with CVID 
have marked reduction in serum levels of both immunoglobulin G (IgG) and 
immunoglobulin A (IgA); about half of these patients also have reduced immunoglobulin 
M (IgM). 

The common immunologic defect in patients with CVID is defective antibody formation. 
These results support the hypothesis that most patients with CVID have antibody 
deficiency secondary to abnormalities in T-cell signaling and defective T- and B-cell 
interactions.  

The prognosis for patients with CVID is reasonably good if they do not have 
bronchiectasis and chronic lung damage or severe autoimmune disease or malignancy.  

• In one large series, the most frequent cause of death was lymphoma. Other 
causes of death relate to cor pulmonale from chronic pulmonary infection, liver 
failure caused by viral or autoimmune hepatitis, respiratory insufficiency 
associated with malnutrition, inflammatory bowel disease with malnutrition, and 
other viral infections.  

Clinical manifestations of CVID include recurrent infections, autoimmune disease, 
lymphoid hyperplasia, granulomatous diseases, and malignancy.  

• Recurrent infections  
o Recurrent pyogenic infections of upper and lower respiratory tracts are the 

main clinical manifestations of CVID. Symptoms may appear during 
childhood or, more often, after puberty. Bronchiectasis may develop if 
optimal therapy is delayed. Haemophilus influenzae, Moraxella 
catarrhalis, Streptococcus pneumoniae, and Staphylococcus aureus are 
the organisms most commonly involved.  

Severe and recurrent infections with herpes simplex are common, and herpes zoster 
eventually developed in as many as 20% of patients with CVID. Vaccine-associated 
paralytic poliomyelitis (VAPP) in a patient with CVID has been reported; this patient 
developed paralytic poliomyelitis 7 years after the last administration of trivalent oral 
poliovirus vaccine. 

• Autoimmune diseases and CVID  
o In contrast to X-linked agammaglobulinemia (XLA), CVID is associated 

with a high frequency of autoimmune and granulomatous diseases.  



o Some patients develop rheumatoid arthritis, hemolytic anemia, 
thrombocytopenia, neutropenia, thyroid abnormalities, vitiligo, or 
keratoconjunctivitis sicca.  

o Approximately 20% of these patients have a severe gastroenteropathy with 
severe malabsorption resembling celiac sprue, nodular lymphoid 
hyperplasia, and chronic inflammatory bowel disease such as ulcerative 
colitis and Crohn disease.  

o A small number of patients develop achlorhydria and pernicious anemia, 
autoimmune hepatitis, primary biliary cirrhosis, alopecia totalis, 
hyperthyroidism, vasculitis, and lymphoid interstitial pneumonia.  

• Lymphoid hyperplasia and granulomatous diseases  
o Atypical lymphoid hyperplasia due to clonal expansion of B or T 

lymphocytes has been reported in as many as one third of patients with 
CVID. Extranodal sites, such as the lungs, GI tract, skin, spleen, liver, and 
parotid gland, may be involved by these lymphoproliferative processes. 
Lymph nodes show a reactive follicular hyperplasia, atypical hyperplasia, 
or granulomatous inflammation. Nodular lymphoid hyperplasia in the 
GI tract with clonal rearrangement of the Ig heavy chain gene or clonal T-
cell receptor (TCR) gene rearrangement has been described in otherwise 
benign cases of lymphoid proliferation in patients with CVID.  

o Granulomas have been reported in approximately 5-10% of patients 
with CVID. These patients were more likely to have deficient T-cell 
proliferation to mitogens and antigens. Published studies have reported 22 
patients with CVID and sarcoidosis. Granulomas are indistinguishable 
from those of classic sarcoidosis and are found in the lung, liver, 
spleen, and conjunctivae. These patients were more likely to have 
increased frequencies of infections, hepatosplenomegaly, iridocyclitis, 
autoimmune hemolytic anemia, or immune thrombocytopenic purpura.  

• Increased risk of developing malignant neoplasms  
o Patients with CVID have a high risk of developing malignant 

neoplasms, such as non-Hodgkin lymphoma, GI carcinoma, or 
malignant lymphoma. Most of these are of the B-cell immunophenotype 
and frequently are associated with EBV.  

o Lymphoma occurs 300 times more frequently in women with CVID 
than in affected men. Malignant lymphomas in patients with CVID occur 
most frequently in the fifth to seventh decade and not in childhood. These 
malignant lymphomas usually are extranodal and histologically are 
intermediate- to high-grade non-Hodgkin lymphomas. Most of these 
lymphomas are of the B-cell immunophenotype and may be associated 
with EBV. Patients with CVID also are at risk for gastric carcinoma 47 
times higher than normal. Other malignancies include colon cancer, 
breast cancer, gastric cancer, prostate cancer, ovarian cancer, oral 
cancer, and melanoma. 



15.8.3    Severe combined immunodeficiency (SCID) 

Some of the following material was abstracted, excerpted or modified from:  Ann O'Neill 
Shigeoka, MD’s article at the emedicine website. 

Severe combined immunodeficiency (SCID) is a life-threatening syndrome of recurrent 
infections, diarrhea, dermatitis, and failure to thrive caused by a number of molecular 
defects that lead to severe compromise in T-cell and B-cell functions. Clinically, most 
patients present by age 3 months with unusually severe and frequent common infections 
or with opportunistic infections.  

SCID is divided into T-lymphocyte (T) negative, B-lymphocyte (B) positive, natural 
killer cell (NKC)-negative (T-B+NKC-), T-B-NKC-; T-B-NKC+; T-B+NKC+; and T+B+ 
variants. Most patients with SCID have small atrophic thymuses populated by few 
lymphocytes and decreased or absent Hassall corpuscles. Peripheral lymphoid tissues are 
usually absent or severely decreased also. 

Unless stem cell reconstitution can be achieved, most infants die in the first year of life. 
Initially, infants usually show an unusual frequency of common infections, such as otitis 
media and mucocutaneous candida. In classic cases, the attenuated oral polio vaccine 
strain can cause death. Some patients with cartilage-hair hypoplasia, ADA deficiency, 
MHC class II, or a less severe mutation in XL-SCID survive longer. The former variant is 
associated with a high incidence of non-Hodgkin lymphoma.  

SCID often can be suspected in infants within the first 3 months of life, when they 
present with frequent otitis media, diarrhea, dermatitis, and before failure to thrive is 
present. Mucocutaneous candidiasis often is more severe than expected, even when the 
infant has had prior antibiotics to explain the increased risk. Bacterial otitis media and 
pneumonia are common. Viral infections include varicella, herpes simplex, RSV, 
rotavirus, adenoviruses, enteroviruses, Epstein-Barré virus (EBV), and cytomegalovirus 
(CMV). 

15.8.4    Acute Liver failure (ALF) has increased infections and decreased EMODs 

Defects in superoxide and hydrogen peroxide production may be implicated in the high 
incidence of bacterial infections in patients with acute liver failure (ALF). In the present 
study, oxygen radical production in patients with ALF due to paracetamol overdose was 
compared with that of healthy volunteers. Neutrophils from 14 ALF patients were 
stimulated via the complement receptors using zymosan opsonized with ALF or control 
serum. Superoxide and hydrogen peroxide production by ALF neutrophils 
stimulated with zymosan opsonized with ALF serum was significantly reduced 
compared with the control subjects (P < 0.01). This defect persisted when zymosan 
opsonized by control serum was used (P < 0.05). Superoxide and hydrogen peroxide 
production in neutrophils stimulated with formyl-methionyl-leucyl-phenylalanine (fMLP) 
from a further 18 ALF patients was unaffected compared with control neutrophils. Serum 
C3 complement levels were significantly reduced in ALF patients compared with control 



subjects (P < 0.0005). These results demonstrate a neutrophil defect in ALF due to 
paracetamol overdose, that is complement dependent but independent of serum 
complement, possibly connected to the complement receptor (Neutrophil superoxide and 
hydrogen peroxide production in patients with acute liver failure. M. Clappperton et al. 
European Journal of Clinical Investigation. Volume 27 Issue 2 Page 164 - February 1997). I believe that 
this is the same mechanism seen in CGD. 

15.9.0    Relationship Between Atherosclerosis and Hypertension 
 
The intimate relation between hyperlipidemia and abnormal lipoprotein metabolism and 
atherosclerosis has been appreciated for many years (Keys A, Aravanis C, Blackburn 
HW, van Buchem FSP, Buzina R, Djordjevic BS, Dontas AS, Fidanza F, Karvonen MJ, 
Kimura N, Lekos D, Monti M, Puddu V, Taylor HL. Epidemiological studies related to 
coronary heart disease: characteristics of men aged 40-59 in seven countries. Acta Med 
Scand Suppl. 1966;460:1-392).  
 
Indeed, the lipid-laden macrophage or foam cell is recognized as a hallmark of the 
disease. Despite the recognition of the association between hyperlipidemia and 
atherosclerosis, the precise molecular link has only recently begun to be elucidated. One 
of the seminal observations was that whereas native LDL was not taken up readily by 
macrophages, LDL that had been modified by exposure to endothelial cells was readily 
taken up and led to the formation of foam cells in vitro (Steinbrecher UP, Parthasarathy S, 
Leake DS, Witztum JL, Steinberg D. Modification of low density lipoprotein by 
endothelial cells involves lipid peroxidation and degradation of low density lipoprotein 
phospholipids. Proc Natl Acad Sci U S A. 1984;81:3883-3887).  
 
It was subsequently established that one of the important modifications of LDL that 
permitted its recognition by the scavenger LDL receptor on macrophages was 

oxidative modification of the lipoprotein (Parthasarathy S, Quinn MT, Schwenke DC, 
Carew TE, Steinberg D. Oxidative modification of beta-very low density lipoprotein: 
potential role in monocyte recruitment and foam cell formation. Arteriosclerosis. 
1989;9:398-404). 
 
Oxidized LDL was found to have protean biological effects on the vessel wall, 
including stimulation of cytokine production, inhibition of endothelial cell 
vasodilator function, and stimulation of growth factor production.  
 
The view that atherosclerosis is an inflammatory disease has become increasingly 
prevalent in recent years (Munro JM, Cotran RS. The pathogenesis of atherosclerosis: 
atherogenesis and inflammation. Lab Invest. 1988;58:249-261). Yet, steroids, which 
reduce EMOD production, increase its prevelance. 
 
In atherosclerosis the major mechanisms for recruiting and sustaining leukocyte 
populations into the vessel wall have been associated with the modifications of LDL, one 
of the most important of which is oxidation. These data do not, however, prove a 
direct causal relation between oxidized LDL and the recruitment of 



inflammatory cells into atherosclerotic lesions. Nonetheless, the presence of 
oxidized LDL in human atherosclerotic lesions raises the general issue that signals 
emanating from abnormal oxidative metabolism in the artery might be important in 
eliciting the inflammatory response. 
 
Recent evidence suggests that the molecular link between hyperlipidemia and the 
recruitment of inflammatory cells into the atherosclerotic arterial wall may be the 
metabolic stress imposed on the endothelium and the resultant excessive production of 
oxygen free radicals (Ohara Y, Peterson TE, Harrison DG. Hypercholesterolemia 
increases endothelial superoxide anion production. J Clin Invest. 1993;91:2546-2551) 
(Harrison DG, Armstrong ML, Freiman PC, Heistad DD. Restoration of endothelium-
dependent relaxation by dietary treatment of atherosclerosis. J Clin Invest. 1987;80:1808-
1811).  
 
Aortas from rabbits that had been fed a high cholesterol diet for several weeks produced 
several fold more oxygen free radicals than did control aortas. Furthermore, removal of 
the endothelium resulted in reduction of free radical production, 
suggesting that the endothelium is a major source of the reactive oxygen 
species in this model. I believe that this demonstrates support for my contention 
that having high EMOD levels generated by the endothelium is of most importance 
in preventing atherosclerosis and perhaps hypertension.  This is saying that the 
endothelium normally produces high levels of EMODs and I believe that this is part 
of the prooxidant protection provided by the endothelium.   

Thus, a certain mechanistic unification theory appears to be developing (Alexander RW. 
The coronary ischemic syndromes: relationship to the biology of atherosclerosis. In: 
Schlant RC, Alexander RW, eds. Hurst's The Heart. 8th ed. New York, NY: McGraw-
Hill Publishing Co; 1994:1021-1031). Unfortunately, they are focusing on the wrong 
unification theory.  

Please remember that injury of the endothelium will be interpreted by the body in a 
manner which will initiate EMOD generation for increased EMOD production.  
This is the primary mechanism available to the body for oxidative self healing and is 
a natural response. 
 
This oxygen free radical production had obvious functional consequences because 
defective endothelium-dependent relaxation in these vessels could be restored with 
antioxidants or by decreasing free radical production by returning the animals to their 
normal low-cholesterol diet. Yet, many studies have failed to show that antioxidants 
can prevent or reverse atherosclerosis or hypertension. Please refer to my book 
entitled, CVD and Oxygen Free Radical Mythology, 2006, Free Radical Publishing, 
www.thepundit.com.  
 
In aggregate these data were consistent with the hypothesis that the abnormal redox state 
in the arterial wall may be a fundamental metabolic feature of atherosclerosis that is a 
major contributor to disordered control of vasomotor tone in coronary artery disease. I 

http://www.thepundit.com/


agree, in that decreased EMOD production by the endothelium is a set up for 
macrophage ingestion of microaggregates in the blood and the non-oxidized LDL 
can not be readily excreted from the body. 
 
The current hypothesis is that hyperlipidemia induces an oxidative stress on the 
endothelium that leads to the production of oxygen radical species that stimulate VCAM-
1 expression, contributing to monocyte and lymphocyte recruitment. Actually, the 
hyperlipidemia, which traps EMODs, causes the body to make a compensatory 
move by increasing EMOD production, in order to keep safe levels available.   
 
In other words, I believe that the body increases EMOD production in response to 
hyperlipidemia as a protective measure, since the double bonds of the lipids would 
serve as traps for EMODs and reduce them to dangerously low levels. 
 
15.9.1     Cholesterol Feeding Increases EMODs 

 

 
Bar graph shows oxygen free radical production by aortas with or without endothelium 
(Endo) from rabbits with or without a high-cholesterol diet (Cholest-Fed). Oxygen free 
radical production was estimated by lucigenin chemiluminescence. Endothelium removal 
in a normal artery increases free radical production, suggesting that normal endothelium 
may serve an antioxidant role. Cholesterol feeding is associated with a severalfold 
increase in O2

- production in intact aortas. In contrast with the normal artery, 



endothelium removal in aortas taken from hypercholesterolemic animals is 
associated with a decrease in O2

- production, suggesting that hypercholesterolemia 
results in a striking increase in free radical production by the endothelium. Data are 
mean±SEM. *P<.05 for normal vessels with and without endothelium (paired t test); 
**P<.001 for hypercholesterolemic vs normal vessels with endothelium (unpaired t test); 
P<.05 for hypercholesterolemic vessels with vs without endothelium (paired t test). 

(From Ohara et al by copyright permission of The Society for Clinical Investigation.) 

I believe that the body reacts to increased cholesterol (an antioxidant) by increasing 
EMOD production as a protective counter-measure in maintaining homeostasis.  
Oxidized cholesterol is more readily excreted from the body. 
 
Recently, a relation between oxidative stress in the arterial wall (in particular, the 
endothelium) and the development of the inflammatory response has been clarified. 
Please remember that anti-inflammatory steroids actually increase the 
occurrence of atherosclerosis.  This either invalidates or argues strongly against the 
“inflammatory” theory of atherosclerosis. 
 
The increased growth response of vascular smooth muscle is one of the characteristics of 
atherosclerosis in large arteries. Thus, increased vascular smooth muscle cell 
growth is another common feature in the pathogenesis of both 
atherosclerosis and hypertension. The growth of vascular smooth muscle is 
controlled to an important extent by the endothelium (Griendling KK, Alexander RW. 
Cellular biology of blood vessels. In: Schlant RC, Alexander RW, eds. Hurst's The Heart. 
8th ed. New York, NY: McGraw-Hill Publishing Co; 1994:31-45).  
 
The normal endothelium appears to exhibit an inhibitory influence on vascular smooth 

muscle cell growth. Dysfunctional endothelium in either atherosclerosis or hypertension 
may contribute to or permit vascular smooth cell growth, which contributes to narrowing 
of the lumen.  
 
Another effect of medial thickening (whether from hypertrophy and hypertension or from 
atherosclerosis) is to increase the distance required for diffusion of oxygen from the 
lumen. A decrease in PO2, in turn, would result in incomplete oxidation and probably 
lead to increased concentrations of free radicals and abnormalities of the redox state 
(Crawford DW, Blankenhorn DH. Arterial wall oxygenation, oxyradicals, and 
atherosclerosis. Atherosclerosis. 1991;89:97-108) (Sharma RC, Crawford DW, Kramsch 
DM, Sevanian A, Jiao Q. Immunolocalization of native antioxidant scavenger enzymes in 
early hypertensive and atherosclerotic arteries: role of oxygen free radicals. Arterioscler 
Thromb. 1992;12:403-415).   I do not believe their proposal.  Decreased O2 would 
result in decreased EMOD production stochiometrially. 
 
SOD targeted to the endothelium would dismutate oxygen free radicals to H2O2. An 
inferred mechanism of blood pressure elevation here would be the destruction of nitric 
oxide by excessive production of oxygen free radicals, although this has not been 
demonstrated in this model. I believe that the removal of superoxide is of greater 



importance than the removal of nitric oxide.  Superoxide is converted to H2O2, 
which is a vasodilator. 
 
Additional data in other models of hypertension support the notion that oxygen free 
radicals contribute to either the causes or consequences of hypertension (Zhang X-M, 
Ellis EF. Superoxide dismutase decreases mortality, blood pressure, and cerebral blood 
flow responses induced by acute hypertension in rats. Stroke. 1991;22:489-494).  
 
Infusion of SOD in rats in which hypertension was induced by the administration of 
systemic norepinephrine shifted the norepinephrine–blood pressure response curves to the 
right. There was also improved survival in all of the SOD-treated rats, a 
result consistent with the possibility that oxygen free radicals produced by the arterial 
wall compromise vascular structural integrity in this model. I believe that the increased 
survival was due to the increased H2O2 levels generated by SOD, which resulted in 
vasodilation.  These data are consistent with the possibility that this model is associated 
with increased production of oxygen free radicals that destroy endothelium-derived nitric 
oxide and contribute to hypertension. Whereas five (63%) of the eight control rats died 
after the 10 micrograms/kg norepinephrine dose, all eight rats treated with superoxide 
dismutase survived this dose. 
 
The evidence reviewed here suggests that atherosclerosis and hypertension each may 
enhance the oxidative stress of the arterial wall. I believe that it does so for 
prooxidant protection.   
 
One might expect additive effects from the presence of both conditions, and indirect 
evidence supports this notion. In rabbits, hypertension and hyperlipidemia each 
enhance arterial expression of antioxidant scavenger enzymes. I believe that this is 
because the antioxidants actually are causative of both the hypertension and the 
atherosclerosis, due to decreased EMOD levels. 
 
The presence of both conditions is an even more potent stimulus, suggesting that through 
a common mechanism both conditions enhance the oxidative stress of the arterial wall.41  

 
Additional provocative evidence supporting the concept that hypertension and 
atherosclerosis have certain common physiological mechanisms comes from observations 
in cholesterol-fed monkeys; here, hypertension sustained coronary artery plaque 
progression despite the return of cholesterol levels toward normal with dietary 

manipulation (Xu CP, Glagov S, Zatina MA, Zarins CK. Hypertension sustains plaque 
progression despite reduction of hypercholesterolemia. Hypertension. 1991;18:123-129). 
I believe that as long as hypertension is present there will also be EMOD deficiencies 
present and this will result in the “allowance” or manifestation of other EMOD 
insufficiency syndrome diseases, such as atherosclerosis, diabetes, cancer, etc.  
 

Recent studies suggest that the superoxide generating enzyme NADPH oxidase 
may play a functional role in regulating cerebral vascular tone. Miller 

http://hyper.ahajournals.org/cgi/content/full/25/2/155


tested whether the activity, function, and expression of NADPH oxidase differs between 
rat cerebral and systemic arteries. Superoxide production by basilar (BA), middle cerebral 
(MCA), carotid (CA), renal (RA), and mesenteric (MA) arteries and aorta (AO) was 
measured using lucigenin-enhanced chemiluminescence. Superoxide production from 
NADPH oxidase was localized and semiquantified using dihydroethidium. Vascular 

functional responses were assessed in a myograph or organ bath. Vascular Nox4 protein 
expression was measured using Western blotting. 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 (NADPH Oxidase Activity and Function Are 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). 
 
15.9.2    Atherosclerosis  

• This is a progressive degenerative disease of the arteries, affecting the 
intimal layer of the blood vessel.  

• Stages of atheroma development include: 
  
- a fatty streak: a lipid deposit in the intima, resulting to a raised lesion 
- a fibrous (fibrolipid) plaque composed of cholesterol and fibrous tissue 
with a collagenous cap 
- a complicated plaque: if unstable, these can rupture, thrombose, calcify 
or bleed into themselves, thus occluding the artery or forming an 
aneurysm. 
  

• Four major risk factors for atheroma (all of these are 'hypers'): 
  
- hypertension 
- hyperglycaemia (i.e. diabetes mellitus) 
- hypernicotinaemia (smoking) 
- hyperlipidaemia (i.e. high levels of low density lipoproteins (LDL) and 
low levels of high -   density lipoproteins (HDL)). 
  



• Six minor risk factors for atheroma are male sex, age (65-74), obesity, 
lack of exercise, family history of ischaemic heart disease and a type A 
personality.  

• Atherosclerosis can be asymptomatic but might present acutely with 
myocardial infarction, strokes or aneurysm rupture. Stable angina and 
claudication are examples of chronic manifestations of atheroma.  

 
 
15.9.3    Atherosclerosis in Transplants 

Some of the following material was abstracted, excerpted or modified from:  Oxidized 
LDL Autoantibodies, Endothelial Dysfunction, and Transplant-Associated 
Arteriosclerosis. R. Wayne Alexander.  Arteriosclerosis, Thrombosis, and Vascular 
Biology. 2002;22:1950 
 
One of the major limitations of cardiac transplantation is the development of transplant 
coronary arteriopathy or transplant-associated arteriosclerosis that can be associated with 
progressive coronary artery occlusion (Uretsky BF, Murali S, Reddy PS, Rabin B, Lee A, 
Griffith BP, Hardesty RL, Trento A, Bahnson HT. Development of coronary artery 
disease in cardiac transplant patients receiving immunosuppressive therapy with 
cyclosporine and prednisone. Circulation. 1987; 76: 827–834). The condition is thought 
to be immune-mediated. I believe that this supports my view that steroids decrease 
EMOD production, which increases the risk of atherosclerosis. 
 
One of the important mechanisms by which endothelial vasodilator function becomes 
impaired is by the excessive production of reactive oxygen species (ROS) and especially 
oxygen free radicals (O2

-) (Harrison DG. Cellular and molecular mechanisms of 
endothelial cell dysfunction. J Clin Invest. 1997; 100: 2153–2157).  
 
At appropriate stoichiometry, O2

- reacts with NO to degrade it, causing the loss of its 
dilator effect on vascular smooth muscle. This chemistry is particularly relevant to the 
article in this issue of Arteriosclerosis, Thrombosis, and Vascular Biology by Fang and 
colleagues in which they show that in heart transplant patients the extent of acetylcholine-
induced, endothelial-dependent coronary artery dilation at one year is inversely related to 
the blood levels of autoantibodies to oxidized low density lipoprotein (OxLDL). In 
contrast, there was no correlation between endothelial dysfunction in these patients and 
levels of either circulating OxLDL or LDL. 
 
OxLDL is a very biologically active molecule and is a potent proinflammatory agent in 
the arterial wall. OxLDL has come to be viewed as a core, central element in the 
pathogenesis of atherosclerosis (Witztum JL. The oxidation hypothesis of atherosclerosis. 
Lancet. 1994; 344: 793–795).  In more recent years, the original oxidation hypothesis of 
the pathogenesis of atherosclerosis of Steinberg et al and Witzum has been expanded to 
incorporate concepts that the fundamental metabolic abnormality in many vasculopathies 
including atherosclerosis and hypertensive and diabetic vascular disease involves the 



stimulation of oxidation-sensitive signaling pathways in vascular cells that are mediated 
by intracellular ROS (Kunsch C, Medford RM. Oxidative stress as a regulator of gene 
expression in the vasculature. Circ Res. 1999; 85: 753–766). These ROS are generated by 
oxidases coupled to hormone and cytokine receptors as well as to receptors for advanced 
glycation end products (RAGE) in diabetes. 
 

Evidence of high oxidative stress has been demonstrated for at least a year after lung 
transplantation in humans, and early endothelial dysfunction correlates with the 
development of transplant coronary artery disease at one year after transplant (Williams 
A, Riise GC, Anderson BA, Kjellstrom C, Schersten H, Kelly FJ. Compromised 
antioxidant status and persistent oxidative stress in lung transplant recipients. Free Radic 
Res. 1999; 30: 383–393) (Davis SF, Yeung AC, Meredith IT, Charbonneau F, Ganz P, 
Selwyn AP, Anderson TJ. Early endothelial dysfunction predicts the development of 
transplant coronary artery disease at 1 year posttransplant. Circulation. 1996; 93: 457–
462). I believe that this endothelial dysfunction results in decreased EMOD 
production.  I can not believe that heart or lung transplantation and associated 
steroid administration increases EMOD endothelial production.  These drastic 
agents and procedures should compromise normal EMOD endothelial production 
significantly, resulting in increased atherosclerosis.  It does. 

Vasomotor dysfunction resulting from excess endothelial production of ROS and 
degradation of NO is hemodynamically important in regulating coronary blood flow in 
both atherosclerosis and in transplant-related coronary artery disease (Fish RD, Nabel 
EG, Selwyn AP, Ludmer PL, Mudge GH, Kirshenbaum JM, Schoen FJ, Alexander RW, 
Ganz P. Responses of coronary arteries of cardiac transplant patients to acetylcholine. J 
Clin Invest. 1988; 81: 21–31).  

As suggested, this vasomotor abnormality is a marker of a more general metabolic 

derangement of redox state that is also associated with a proinflammatory phenotype. 
Thus, redox-sensitive signaling pathways are associated with stimulation of endothelial 
expression of adhesion molecules and chemokines that attract monocytes and T-cells into 
the arterial wall. These inflammatory cells are the essential elements of cardiac 
transplant coronary arteriopathy.  

The role of OxLDL autoantibodies in the pathogenesis of transplant-associated 

atherosclerosis is not fully understood (Witztum JL, Horkko S. The role of oxidized LDL 
in atherogenesis: immunological response and anti-phospholipid antibodies. Ann NY 
Acad Sci. 1997; 811: 88–96;discussion 96–99). OxLDL is cleared relatively rapidly from 

plasma by the reticular endothelial system.  

16.0.0    Aging and EMODs 
 
For years biologists studying aging were convinced that it just happened and there 
wouldn't be genes that controlled it - you just wore out. But it became apparent 
independent of weight or size, some animals live much longer than others. 



During the course of the 20th century, average life expectancy skyrocketed by 57 percent, 
from about 49 years of age in 1901 to 77 years by century’s end (LiveSciences website, 
8/2006).  

At first glance, the numbers might indicate that early 20th century society was bereft of 
grandparents. That's far from the truth. 

In 1999, the U.S. Centers for Disease Control and Prevention put together a list of the 
top ten greatest public health achievements of the previous century. The list 
included: 

• Vaccination  
• Improvements in motor-vehicle safety  
• Safer workplaces  
• Control of infectious diseases  
• Decline in deaths from coronary heart disease and stroke  
• Safer and healthier foods  
• Healthier mothers and babies  
• Family planning  
• Fluoridation of drinking water  
• Recognition of tobacco use as a health hazard  

But while all of these factors helped to add a few more years to the average American 
adult's life, their combined effect was overshadowed by one other that often goes 
unmentioned: reduced infant mortality, which is the risk of death during the first year of 
life. 

Between 1950 and 2001, infant mortality in the United States dropped from nearly 30 
deaths for every 1,000 live births to just seven. 

Reduced infant mortality, more than any single contributing factor, has been 
responsible for the spectacular rise in American life expectancy. The reason is 
simple: for all of the other factors on the CDC’s list to have any effect, a baby must 
survive to childhood. 

According to the CDC, declines in infant mortality over the past five decades have been 
largely due to improved health care access, advances in neonatal medicine and public 
health campaigns such as “Back to Sleep,” which was designed to curb fatalities from 
Sudden Infant Death Syndrome, or SIDS. 

America may be the world's superpower, but its survival rate for newborn babies 
ranks near the bottom among modern nations, better only than Latvia.  

Among 33 industrialized nations, the United States is tied with Hungary, Malta, Poland 
and Slovakia with a death rate of nearly 5 per 1,000 babies, according to a new report. 
Latvia's rate is 6 per 1,000. 



"We are the wealthiest country in the world, but there are still pockets of our population 
who are not getting the health care they need,'' said Mary Beth Powers, a reproductive 
health adviser for the U.S.-based Save the Children, which compiled the rankings based 
on health data from countries and agencies worldwide. 

16.0.1   Background: Aging 

In ancient Rome average life span was 22 years, but by the mid−1800s the typical North 
American lived to be 40. Today, people in the most developed countries have an average 
life span of about 80. Reduction of infant mortality has accounted for most of the 
increased longevity, but since the 1960s mortality rates among those over 80 years has 
been decreasing by about 1.5% per year. Maximum life span for humans, however, has 
remained about 115−120 all through known history. The oldest-ever person was Jeanne 
Calment, a French woman who lived for 122 years and 164 days. 

Advances in medicine, calorie restriction with adequate nutrition, or other interventions 
are said to have slowed the aging process. 

The maximum life span of each species is different. These differences demonstrate the 
role of genetics in determining maximum life span ("rate of aging"). For mice, the record 
is 4; for dogs, 29; for cats, 34; for horses, 62; for elephants, 78; for humans, 122. The 
longest-lived animals have been variously described as whales (about 210 years) and 
tortoises (255 years). Although considered fiction for a time, recent research has 
indicated that bowhead whales recently killed still had harpoons in their bodies from the 
1790's, which, along with analysis of amino acids, has indicated a maximum life span so 
far of 211 years [2]. Birds and squirrels rarely live to their maximum life span, usually 
dying of accidents and disease. Grazing animals show wear-and-tear to their teeth to the 
point where they can no longer eat, and they die of starvation. 

The maximum life span of most species has not been accurately determined because the 
data collection has been minimal and the number of species studied in captivity (or by 
monitoring in the wild) has been small. Maximum life span is usually longer for species 
that are larger, can fly and have larger brains. Of the approximately 30,000 genes in the 
human genome, it is estimated that only 2% of these are different from those of a 
chimpanzee, which has half the estimated maximum life span of a human. The difference 
in longevity could be due to as few as a hundred genes or less, however there may be 
other factors which influence the life span of chimpanzees. 

Identical twins tend to die within 3 years of each other, whereas fraternal twins tend to 
die within 6 years. Aging theories associated with DNA include programmed aging (or 
programmed aging-resistance) and theories that link aging with DNA damage/mutation 
or DNA repair capability. 

Mammals that are fed a diet rich in antioxidants show up to a 30% increase in mean life 
span, but no increase in maximum life span. Antioxidants are most valuable for animals 
that are cancer-prone, or subjected to radiation or chemical toxins. There are evidently 
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homeostatic mechanisms in cells that govern the amount of allowable anti-oxidant 
activity. Many life-extensionists have dismissed the value of antioxidants simply because 
they have not been shown to increase maximum life span. 

Plants tend to come in annuals, biennials, and perennials. The longer-lived perennials, 
woody-stemmed plants such as trees and bushes, often live for hundreds and even 
thousands of years. The oldest-known tree is the bristlecone pine, at 4700 years; it has 
been claimed that creosote bushes live for 11,000 years, but claims of this nature are 
based on estimates, rather than actual ring counts. 

the only (non-transgenic) method of increasing maximum life span that is recognized by 
biogerontologists is calorie restriction with adequate nutrition. Rats, mice and hamsters 
experience maximum life span extension from a diet which contains 40−60% of the 
calories (but all of the required nutrients) which the animals consume when they can eat 
as much as they want. Mean life span is increased 65% and maximum life span is 
increased 50%, when calorie restriction is begun just before puberty. (For a recent review 
of maximum lifes span extension by calorie restriction in rodent studies, see Genes & 
Development; Koubova,J; 17(3):313-321 (2003). For fruit flies the life extending benefits 
of calorie restriction are gained immediately at any age upon beginning calorie restriction 
and ended immediately at any age upon resuming full feeding (Science; Mair,W; 
301:1731-1733 (2003). 

Mammals fed anti-oxidants show up to a 30% increase in mean life span, but no 
increase in maximum life span. Antioxidants are most valuable for animals that are 
cancer-prone, or subjected to radiation or chemical toxins. There are evidently 
homeostatic mechanisms in cells that govern the amount of allowable antioxidant 
activity. Many life-extensionists have dismissed the value of antioxidants simply because 
they have not been shown to increase maximum life span -- as if extending mean life 
span was not important. 

Many transgenic species of mice have been created which have maximum life span 
greater than that of wild-type or laboratory mice, including Ames dwarf mice, Snell 
dwarf mice, mice with increased mitochondrial catalase, etc. 

Arno Jensen, M.D., a former doctor at the Cooper Clinic, has always emphasized the role 
of lifestyle. He knows we can do far more for ourselves than any doctor can do for us. 
Jensen often says, “Health is 50% lifestyle, 10% medicine and the rest is genetics and 
luck.” Arnie may actually underestimate the impact of lifestyle. According to Time 
magazine, Online Edition, Swedish scientists studied identical twins separated at birth 
and reared apart, the only set of people who share genes but not lifestyle. If genes were 
the controlling factor, the twins would be expected to die at about the same time and age. 
But they don’t. The average difference convinced the scientists that only about 20% to 
30% of how long we live is genetics. Time reported: “The dominant factor is lifestyle”—
up to 80%.  
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The classic free-radical syndrome, the iron-storage disease hemochromatosis, is 
typically-associated with a constellation of free-radical-related symptoms including 
movement disorder, psychosis, skin pigmentary melanin abnormalities, deafness, 
arthritis, and diabetes. This is just the opposite of EMOD insufficiency syndrome. 

16.0.2   Leaky Mitochondria 

Mitochondria have been described as "the powerhouses of the cell" because they link 
the energy-releasing activities of electron transport and proton pumping with the energy 
conserving process of oxidative phosphorylation, to harness the value of foods in the 
form of ATP. Such energetic processes are not without dangers, however, and the 
electron transport chain has proved to be somewhat "leaky." Such side reactions of the 
mitochondrial electron transport chain with molecular oxygen directly generate the 
superoxide anion radical (O2*-), which dismutates to form hydrogen peroxide (H2O2), 
which can further react to form the hydroxyl radical (HO*). In addition to these toxic 
electron transport chain reactions of the inner mitochondrial membrane, the 
mitochondrial outer membrane enzyme monoamine oxidase catalyzes the oxidative 
deamination of biogenic amines and is a quantitatively large source of H2O2 that 
contributes to an increase in the steady state concentrations of reactive species 
within both the mitochondrial matrix and cytosol. They review the mitochondrial rates 
of production and steady state levels of these reactive oxygen species. Reactive oxygen 
species generated by mitochondria, or from other sites within or outside the cell, cause 
damage to mitochondrial components and initiate degradative processes. Such toxic 
reactions contribute significantly to the aging process and form the central dogma of "The 
Free Radical Theory of Aging." They review current understandings of mitochondrial 
DNA, RNA, and protein modifications by oxidative stress and the enzymatic removal of 
oxidatively damaged products by nucleases and proteases. The possible contributions 
of mitochondrial oxidative polynucleotide and protein turnover to apoptosis and aging are 
explored (Mitochondrial free radical generation, oxidative stress, and aging. E Cadenas, 
KJ Davies. Free Radic Biol Med (2000) 29: 222-30).  

16.0.3   Calculations for oxygen, superoxide and hydrogen peroxide 

Calculations for oxygen, superoxide and hydrogen peroxide were obtained from:  
Mitochondrial free radical generation, oxidative stress, and aging. E Cadenas, KJ Davies. 
Free Radic Biol Med (2000) 29: 222-30. 

Over 95% of all the oxygen we breathe undergoes a concerted tetravalent reduction 
to produce water in a reaction catalyzed by cytochrome oxidase (cytochrome c, oxygen, 
oxidoreductase) of complex IV in the mitochondrial electron transport chain. 
Cytochrome oxidase is the terminal electron acceptor in the chain and must give up its 
reducing equivalents to allow continued electron transport: if electrons stop flowing 
through the chain, the protonmotive force dissipates and ATP production cannot 
continue.  
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Thus, the major role of oxygen for all aerobic organisms is simply to act 
as a sink or dumping ground for electrons.  
 
Although the mitochondrial electron transport chain is a very efficient system, the very 
nature of the alternating one-electron oxidation-reduction reactions it catalyzes 
(generating a constantly alternating series of “caged” radicals) predispose each electron 
carrier to side reactions with molecular oxygen. 
 
With estimates of 1–2% of the total daily oxygen consumption going to mitochondrial 
O2•-  generation, a 60 kg woman would produce some 160–320 mmol of superoxide 
each day from mitochondrial respiration alone (based on an O2 consumption of 6.4 
l/kg/day) and an 80 kg man would produce some 215–430 mmol of O2•- per day. 
Several reactions in biological systems contribute to the steady state concentrations of 
O2•- and H2O2, although mitochondria seem to be quantitatively the most important 
cellular source. The electron-transfer chain of mitochondria is a well-documented source 
of H2O2 from disproportionating O2•- and several components of complexes I, II, and III 
exhibit thermodynamic properties appropriate for the reduction of O2 to O2•-. An 
additional source, not linked to respiration, is located on the outer mitochondrial 
membrane: the oxidative deamination of biogenic amines by monoamine oxidases is 
associated with a direct two-electron reduction of O2 to H2O2. The 
compartmentalization of the sources of O2•- and H2O2 is functionally related and 
complementary to the cellular localization of superoxide dismutases, catalase, and 
glutathione peroxidases leading to the establishment of regulated intracellular (and 
intramitochondrial) steady state levels of these two species in aerobic organisms.  
 
16.0.4   Mitochondrial state 4 
 
The physiological rate of the mitochondrial production of O2•- and H2O2 associated 
with the electrontransfer chain is dependent on the mitochondrial metabolic state: 
the resting mitochondrial state 4 is characterized by a relatively slow rate of respiration 
and no availability of ADP and is associated with a relatively high rate of O2•- and 
H2O2 production, probably as a consequence of the high reduction state of the 
components of the respiratory chain.  
 
Conversely, the active mitochondrial respiratory state 3, with a high rate of oxygen 
uptake and ample availability of ADP, shows a relatively slow rate of O2•- and H2O2 
production due to the highly oxidized state of the components of the respiratory chain.  
 
Finally, in the anoxic state 5, with a limitation in O2 supply and a lack of respiration, no 
partial reduction of O2 to O2•- or H2O2 occurs.  
 
In addition to metabolic state, p O2, and ADP availability, 
mitochondrial production of active oxygen species is also modulated by 
nitric oxide through mechanisms involving reversible binding to cytochrome oxidase, 
inhibition of electron transfer at the bc1 segment, and oxidation of mitochondrial 
ubiquinol to ubisemiquinone with subsequent autoxidation and generation of superoxide. 



The relatively high rate of O2•- production in the inner mitochondrial membrane (linked 
to respiratory chain activity) is in functional relationship to the localization of superoxide 
dismutase in the mitochondrial matrix (Mn-superoxide dismutase).  
 
16.1.0     Steady-State Concentrations of O2•- and H2O2 in Mitochondria 
Concentration (M)     Source 

[O2•-]ss 
0.83 x 10-10      Rat liver mitochondria 
1.51 x 10-10      Rat heart mitochondria 
2.01 x 10-10      Pigeon heart mitochondria 

[H2O2]ss 
0.48 x 10-8      Rat liver mitochondria 
0.57 x 10-8      Rat heart mitochondria 
[H2O2]ss/[O2•-]ss ' 25–70 
 
The concentration of catalase in the rat heart mitochondrial matrix may be estimated as 
0.72 x 10-6 M. When the [H2O2]ss is calculated for heart mitochondria—considering the 
additional removal of H2O2 by catalase—a similar steady state level (10-9 M) is obtained. 
 
The ratio of the steady state concentrations of H2O2 and O2 •- in the mitochondrial matrix 
(reflecting largely the contribution of the electron transfer chain) is represented by 
[H2O2]ss/[O2•-]ss ' 102 , whereas that in the cytosol has been estimated as 103 
 
The steady state concentration of O2•- in the mitochondrial matrix is about 5- to 10-fold 
higher than that in the cytosolic and nuclear spaces. Hence, mitochondrial components 
are exposed to a relatively high flux of and H2O2. 
 
The level of oxidatively oxidized bases in mtDNA is 10- to 20-fold higher than that in 
nuclear DNA. 
 
16.1.1    ROS in cells: the discovery of fire 
 
The free radical theory of aging assumes free radical reactions cause damage and thus 
constitute the bulk of deleterious events that lead to aging  (Harman, D., 1981. The 
aging process. Proc. Natl Acad. Sci. USA 78, 7124–7128) (Weindruch, R., 1996. The 
retardation of aging by caloric restriction: studies in rodents and primates. Toxicol. 
Pathol. 24, 742–745) (Beckman, K.B., Ames, B.N., 1998. The free radical theory of 
aging matures. Physiol. Rev. 78, 547–581) (Cadenas, E., Davies, K.J., 2000. 
Mitochondrial free radical generation, oxidative stress, and aging. Free Radic. Biol. Med. 
29, 222–230) (Barja, G., 2002. Endogenous oxidative stress: relationship to aging, 
longevity and caloric restriction. Ageing Res. Rev. 1, 397–411).  
 
Allegedly, ROS escape the control of the cellular machinery and become a catalyst for 
damage. Yet it appears bizarre that in the billions of years of aerobic evolution 
eukaryotic cells failed to tame ROS. To quote Max Delbruck: “Any living cell carries 
with it the experience of a billion years of experimentation by its ancestors”. 



Our interpretation is that in the same way fire is dangerous and humans learned how to 
control and use it, cells control and use ROS. The amazing cellular machinery involved 
in oxidative pathways and redox regulation, such as antioxidants, scavengers, and repair 
enzymes, evolved to control ROS and is much more efficient than previously thought  
(Gamaley, I.A., Klyubin, I.V., 1999. Roles of reactive oxygen species: signaling and 
regulation of cellular functions. Int. Rev. Cytol. 188, 203–255) (Soberman, R.J., 2003. 
The expanding network of redox signaling: new observations, complexities, and 
perspectives. J. Clin. Invest. 111, 571–574) (Thorpe, G.W., Fong, C.S., Alic, N., Higgins, 
V.J., Dawes, I.W., 2004. Cells have distinct mechanisms to maintain protection against 
different reactive oxygen species: oxidative-stress-response genes. Proc. Natl Acad. Sci. 
USA 101, 6564–6569).  
 
ROS production is under strong control (Esposito, F., Ammendola, R., Faraonio, R., 
Russo, T., Cimino, F., 2004. Redox control of signal transduction, gene expression and 
cellular senescence. Neurochem. Res. 29, 617–628).  
 
It now appears that contrary to most formulations of the free radical theory of 
aging, which argue ROS are uncontrolled and thus cause damage that accumulates 
with age, ROS are under strict control. In fact, a compartmentalization of oxidative 
events appears to exist in terms of physiological stimuli, signaling mechanisms, and 
functional consequences  (Pani, G., Bedogni, B., Colavitti, R., Anzevino, R., Borrello, 
S., Galeotti, T., 2001. Cell compartmentalization in redox signaling. IUBMB Life 52, 7–
16) (Soberman, R.J., 2003. The expanding network of redox signaling: new observations, 
complexities, and perspectives. J. Clin. Invest. 111, 571–574), clearly arguing in favor of 
seeing ROS as tamed in cells. 
 
Low amounts of ROS can trigger cell proliferation while disruption of redox state by 
external factors can induce growth arrest, on a first stage, apoptosis if the stress is higher 
than a given threshold, and even necrosis if the stress is overwhelming. Different types 
of human cells cultured above 20% O2 display a reduced growth rate and endure 
fewer cumulative population doublings, but the same effect is not witnessed in 
tumor cell lines (Saito, H., Hammond, A.T., Moses, R.E., 1995. The effect of low 
oxygen tension on the in vitro-replicative life span of human diploid fibroblast cells and 
their transformed derivatives. Exp. Cell Res. 217, 272–279). 
 
What they hypothesize is that this phenomenon, as well as the high ROS levels often 
present in cancer cells, may be unrelated to damage. Instead, maybe anti-cancer 
mechanisms are activated by ROS signaling in normal but not in transformed cell lines. 
After all, cancer cells do not seem to feature any novel anti-oxidant defenses. (RMH 
Note: Cancer cells have low antioxidant defenses and high EMOD levels.)   
Experimentally, the notion that ROS are not just causes of havoc but actually tamed in 
cells is relevant. So far, most experiments aiming to test the free radical theory of 
aging do so based on the notion that ROS are damaging, destructive compounds 
that must be tamed or reduced. On the other hand, it now appears that, with the 
exception of disease states, ROS are under strict control and are regulated by a number of 
mechanisms that use ROS in normal cellular processes. This does not invalidate a 



possible role of ROS in aging, but it challenges the view that disruption or damage 
caused by uncontrolled or toxic ROS is the primary mechanism of aging. 
 
The growth signals linked to the regulation of growth and aging in these rodents, such as 
the mitogens growth hormone (GH) and insulin-like growth factor 1 (IGF-1), modulate 
components of the anti-oxidant defense system. GH suppressed H2O2-induced apoptosis 
in neonatal rat cardiomyocytes due to the activation of a signaling cascade involving 
extracellular signal-regulated kinases, and IGF-1 appears to exert its neuroprotective 
actions by influencing oxidative defenses. 
 
Mice treated with GH and insulin, which increase plasma IGF-1 levels, featured a 
lower ROS production in the liver, despite conflicting results concerning the effects 
of such treatment on oxidative damage  (Sanz, A., Gredilla, R., Pamplona, R., Portero-
Otin, M., Vara, E., Tresguerres, J.A., Barja, G., 2005. Effect of insulin and growth 
hormone on rat heart and liver oxidative stress in control and caloric restricted animals. 
Biogerontology 
6, 15–26).  
 
As expected, rodents under caloric restriction, whose life-extension may be due to an 
altered GH/IGF-1 axis, also feature delayed growth. Contrary to the predictions of Sohal 
and Allen (1990), however, metabolic rates, as described above, do not influence 
mammalian longevity, so this variant of the free radical theory of aging has also its 
weaknesses.  
 
Since oxidative pathways are so important and must be strongly regulated in human 
biochemistry, any disruption of homeostasis—independently of its cause—has the 
potential to affect these pathways resulting in a loss of control over ROS. Indeed, an age 
related impairment of the transcriptional response to oxidative stress has been reported in 
mice (Edwards, M.G., Sarkar, D., Klopp, R., Morrow, J.D., Weindruch, R., Prolla, 
T.A., 2003. Age-related impairment of the transcriptional responses to oxidative stress in 
the mouse heart. Physiol. Genomics 13, 119–127), and declines in oxidative stress 
tolerance with aging have also been linked to impairments in signaling events in mouse 
hepatocytes (Li, J., Holbrook, N.J., 2003. Common mechanisms for declines in oxidative 
stress tolerance and proliferation with aging. Free Radic. Biol. Med. 35, 292–299). 
 
The role of ROS is much more specific than previously thought. This also means that the 
methodologies used to measure ROS production and oxidative damage are only 
looking at a fraction of the biological roles of ROS. Moreover, different cell types 
may have different balances of ROS. For example, different ROS often have 
antagonistic effects in cellular functions  (Chandra, J., Samali, A., Orrenius, S., 2000. 
Triggering and modulation of apoptosis by oxidative stress. Free Radic. Biol. Med. 29, 
323–333) and single proteins that control oxidation and reduction events can have distinct 
functions under different intracellular microenvironments and contexts  (Soberman, R.J., 
2003. The expanding network of redox signaling: new observations, complexities, and 
perspectives. J. Clin. Invest. 111, 571–574). Therefore, the complexity of ROS in 
human biology is only beginning to be understood. Contrary to most formulations of 
the free radical theory of aging, it appears that ROS are actually under strict control in 



human cells. ROS are not necessarily a cause of havoc but rather critical biological 
molecules that are used as intra- and extracellular signaling molecules. 
 
16.1.2    Researchers Say Low-Cal Diet Cuts Aging 

Longevity researchers say they've shown for the first time that following a strict low-
calorie diet can decrease DNA damage linked with aging. Some people who took part 
in the six-month diet study ate as little as 890 calories a day. Their insulin levels fell and 
metabolisms slowed — changes that are thought to increase longevity. 

The findings are provocative, but preliminary. Longer-term research will try to sort out 
whether such changes can meaningfully extend people's lives, said senior author Eric 
Ravussin of the Pennington Biomedical Research Center at Louisiana State 
University. "They are the first proof that what has been observed in rodents seems to be 
also working in humans," Ravussin said. 

The results are from the first phase of research at the Baton Rouge center sponsored by a 
$12.4 million National Institute on Aging grant. They follow unrelated research reported 
in January which suggested a very restrictive diet seemed to help the heart age more 
slowly. The latest study appears in 4/5/06 Journal of the American Medical Association. 

"It's very exciting," said Dr. Evan Hadley, director of the NIA's geriatrics and clinical 
gerontology program. "It's a step forward but not the whole journey," said Hadley, whose 
agency is part of the NIH. 

The 48 participants, all slightly overweight, were randomly assigned to one of four 
groups: calorie restriction, which cut usual daily calories by 25 percent; calorie restriction 
plus exercise, which cut daily calories by 12.5 percent and increased physical activity by 
12.5 percent five days a week; very low calories, with an 890-calorie liquid diet for up to 
about three months followed by a weight-maintenance diet; and a control group that 
aimed to keep weight steady. 

Government dietary guidelines for weight maintenance recommend about 2,000 to 3,000 
calories a day, depending on age, gender and activity level, with the higher amount 
generally for very active men. The non-liquid diets used in the study were high in fruits 
and vegetables with less than 30 percent fat. Average weight loss was about 18 pounds, 
slightly more in the liquid-diet group. 

Blood tests showed substantial decreases in the amount of age-related DNA damage in 
each of the three dieting groups, compared with their initial levels. That kind of 
microscopic damage is linked to cancer and other age-related ailments, but it's unknown 
whether the small changes seen in the study would affect the study volunteers' 
disease risks. 

No changes were seen in the control group. 



Insulin levels also decreased after six months in all three reduced calorie groups. 
Core body temperature also dipped slightly in two low-calorie groups but not in the 
liquid-diet or control group. 

The results show that the diets are safe, and not impossible to follow, Hadley said. Kacy 
Collins, 34, a once sedentary Baton Rouge law clerk, said she joined the study to lose 
weight and hoped that would reduce her risks for age-related ailments that run in her 
family, including diabetes and heart disease. 

Assigned to the exercise group, Collins said the hardest part was eliminating most sweets 
and exercising daily. But she said eating up to seven servings of fruits and vegetables 
daily kept her feeling full. She has stuck with the new habits and kept off most of the 
nearly 30 pounds she lost since the study ended almost two years ago.  

Two theories of how energy metabolism should be associated with longevity, both 
mediated via free-radical production, make completely contrary predictions. The 'rate 
of living-free-radical theory' suggests a negative association (Pearl R (1928) The Rate 
of Living. University of London Press, London, UK) (Harman D (1956) Aging: a theory 
based on free radical and radiation chemistry. J. Gerontol. 11, 298–300) (Sohal RS 
(2002) Oxidative stress hypothesis of aging. Free Rad Biol. Med. 33, 573–574).  
 
The 'uncoupling to survive' hypothesis suggests the correlation should be positive 
(Brand MD (2000) Uncoupling to survive? The role of mitochondrial inefficiency in 
ageing. Exp Gerontol. 35, 811–820).  
 
Existing empirical data on this issue is contradictory and extremely confused 
(Rubner M (1908) Das Problem der Lebensdauer und Seine Beziehungen Zu Wachstum 
und Ernarhrung. R. Oldenburg, Muenchen, Germany) (Yan LJ, Sohal RS (2000) Prevention 
of flight activity prolongs the lifespan of the housefly, Musca domestica. Free Rad Biol. 
Med. 29, 1143–1154) (Ragland SS, Sohal RS (1975) Ambient temperature, physical 
activity and aging in the housefly. Exp Gerontol. 10, 279–289) (Daan S, Deerenberg C, 
Dijkstra C (1996) Increased daily work precipitates natural death in the kestrel. J. Anim. 
Ecol. 65, 539–544) (Wolf TJ, Schmid-Hempel P (1989) Extra loads and foraging lifespan 
in honeybee workers. J. Anim. Ecol. 58, 943–954) (Van Voorhies WA, Ward S (1999) 
Genetic and environmental conditions that increase longevity in Caenorhabditis elegans 
decrease metabolic rate. Proc. Natl Acad. Sci. USA 96, 11399–11403) (Speakman JR, 
Selman C, McLaren JS, Harper EJ (2002) Living fast, dying when? The link between 
aging and energetics. J. Nutrition 132, 1583S–1597S).  
 
Investigators sought associations between longevity and individual variations in energy 
metabolism in a cohort of outbred mice. They found a positive association between 
metabolic intensity (kJ daily food assimilation expressed as g/body mass) and 
lifespan, but no relationships of lifespan to body mass, fat mass or lean body mass. Mice 
in the upper quartile of metabolic intensities had greater resting oxygen consumption by 
17% and lived 36% longer than mice in the lowest intensity quartile. Mitochondria 
isolated from the skeletal muscle of mice in the upper quartile had higher proton 



conductance than mitochondria from mice from the lowest quartile. The higher 
conductance was caused by higher levels of endogenous activators of proton leak through 
the adenine nucleotide translocase and uncoupling protein-3.  
 
Individuals with high metabolism were therefore more uncoupled, had greater 
resting and total daily energy expenditures and survived longest - supporting the 
'uncoupling to survive' hypothesis (Uncoupled and surviving: individual mice with 
high metabolism have greater mitochondrial uncoupling and live longer. Speakman JR, 
Talbot DA, Selman C, Snart S, McLaren JS, Redman P, Krol E, Jackson DM, Johnson 
MS, Brand MD. Aging Cell. 2004 Jun;3(3):87-95).  I believe that this study supports 
my Unified Theory in that animals with the highest EMOD production and 
oxygen consumption live the longest.  This is in direct contradistinction to the 
Free Radi-Crap theory. 
 
A BBC News report on 3/31/05 stated “the mice with the highest metabolic rate lived 
around 25% longer than those with the lowest.  When mice were given thyroxine, they 
had increased metabolic rates and lived longer.  However, a leading specialist in human 
hormone disorders said the findings would “not be true for humans.” 
 
 
The long life spans and slow aging rates of birds relative to mammals are 
paradoxical in view of birds' high metabolic rates, body temperatures and blood 
glucose levels, all of which are predicted to be liabilities by current biochemical 
theories of aging. Available avian life-table data show that most birds undergo rapid to 
slow "gradual" senescence. Some seabird species exhibit extremely slow age-related 
declines in both survival and reproductive output, and even increase reproductive success 
as they get older. Slow avian senescence is thought to be coupled evolutionarily with 
delayed maturity and low annual fecundity. Recent research supports the hypothesis that 
birds have special adaptations for preventing age-related tissue damage caused by 
reactive oxygen species (ROS) and advanced glycosylation endproducts, or AGEs, as 
well as an unusual capacity for neurogeneration in brain. (Holmes DJ, Fluckiger R, 
Austad SN (2001) Comparative biology of aging in birds: an update. Exp Gerontol. 36, 
869–883). 
 
Despite their higher metabolic rates and lifetime energy expenditures, birds generally 
outlive similar-sized mammals even in the wild, often reaching maturity and aging 
considerably more slowly. Wild populations of many bird species have been monitored 
for years using banding-and-recapture methods, allowing field ornithologists to document 
age-related declines in survival and reproductive success. Although elderly birds rarely 
reach advanced stages of senescence in nature, many show other signs of physiological 
deterioration.  Investigators review recent reports of aging-related changes in the immune 
response of two small European songbirds, the barn swallow and the collared flycatcher. 
Researchers in both studies challenged birds' humoral immune response by administering 
antigen to free-ranging adults during the breeding season. Older barn swallows--
particularly breeding females--showed lower antibody responses (both primary and 
secondary) to vaccination with Newcastle disease virus, an avian pathogen. In 
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flycatchers, older females raised lower antibody titers than younger breeders did in 
response to an injection of sheep red blood cells, a nonpathogenic antigen, and produced 
offspring with lower average body masses. Although the relevance of such measures of 
"immunosenescence" to actual fitness, reproductive success, and mortality is still 
unclear, studies of wild vertebrate populations may ultimately provide an important link 
between laboratory research and our understanding of the natural history and evolution of 
basic mechanisms of aging (Declining immunity with age in the wild. Holmes D, Austad 
S. Sci Aging Knowledge Environ. 2004 May 26;2004(21):pe22). I believe that this 
supports my view that aging is a disease or condition of “deficiency states” including 
EMOD deficiencies and not a condition of accumulation of oxidation products. 
 
16.1.3    EMODs activate T lymphocytes 
 
In the immune system, much of the focus on reactive oxygen species (ROS) has been 
regarding their role in antimicrobial defense as part of the innate immune system. In 
addition to this role, it is now becoming clear that ROS are used by cells of the adaptive 
immune system as regulators of signal transduction by cell surface receptors. The 
activation of T lymphocytes through their specific antigen receptor [T 
cell receptor (TCR)] is vital in regulating the immune response. Much 
experimental evidence has suggested that activation of T cells is redox dependent and 
recent studies have shown that engagement of the TCR induces rapid 
production of ROS (T cell receptor stimulation, reactive oxygen species, and cell 
signaling. Williams MS, Kwon J. Free Radic Biol Med. 2004 Oct 15;37(8):1144-51). 
 
16.1.4    Cytotoxic effects of B lymphocytes mediated by EMODs 
 
Reactive oxygen species (ROS) are produced in all mammalian cells as a result of 
normal cellular metabolism and due to the activation of oxidant-producing enzymes 
in response to exogenous stimuli. The balance between ROS production and antioxidant 
defenses determines the degree of oxidative stress. Generation of ROS has been 
associated with cell signaling, stress responses, cell proliferation, aging and cancer 
development. The ability of ROS to induce cellular damage and to cause cell death opens 
the possibility to exploit this property in the treatment of cancer through a fee radical-
mediated mechanism (Cytotoxic effects of B lymphocytes mediated by reactive oxygen 
species. N Villamor et al Curr Pharm Des. 2004;10(8):841-53). 
 
16.2.0    Birds have longevity, hyperglycemia and high levels of EMODs 
 
A general measure of the rate of senescence is the acceleration of mortality rate, 
represented here by the time required for the mortality rate to double (MRD). Rhesus 
monkeys have an MRD close to that of humans, about 8 years; their shorter life-span 
results mainly from higher mortality at all ages. In contrast, some groups with short life-
spans (rodents and galliform birds) have shorter MRDs and faster senescence. On the 
basis of the Gompertz mortality rate model, one may estimate the MRD from the 
maximum life-span (tmax) and the overall population mortality rate. Such calculations 
show that certain birds have MRDs that are as long as that of humans. These results show 
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that high overall mortality rates or small body sizes do not preclude slow rates of 
senescence (Slow mortality rate accelerations during aging in some animals approximate 
that of humans. Finch CE, Pike MC, Witten M. Science. 1990 Aug 24;249(4971):902-5). 
 
The longevity of birds is surprising since they exhibit high metabolic rates and 
elevated blood sugar levels compared with mammals of the same body size, which 
presumably expose them to higher rates of free oxygen radical production, which is 
implicated in accelerated senescence. Uncoupling proteins (UCPs) are transporters of 
the inner mitochondrial membrane and their physiological activity is still a subject of 
debate. Avian UCP was found in birds but data on its activity are scarce. Avian UCP 
(Gallus gallus) was overexpressed in yeast and investigators assessed its ability to prevent 
mitochondrial reactive oxygen species (ROS) production by measuring ROS damage 
(aconitase activity) and antioxidant defenses (MnSOD activity). They show that avian 
UCP protects yeast mitochondria against the deleterious impact of ROS, but without 
stimulation of superoxide dismutase activity. Avian UCP protein was specifically 
immunodetected and retinoic acid, which belongs to the carotenoid family, was found to 
trigger its activity. These data show that avian UCP basal activity protects against ROS 
damage. However, when activated by retinoic acid, avian UCP can also operate as the 
mammalian thermogenic UCP1. The hypothesis that avian UCP activities are state- and 
species-dependent is further discussed (Avian uncoupling protein expressed in yeast 
mitochondria prevents endogenous free radical damage. Criscuolo F, Gonzalez-Barroso 
Mdel M, Le Maho Y, Ricquier D, Bouillaud F. Proc Biol Sci. 2005 Apr 
22;272(1565):803-10). 
 
To demonstrate that an uncoupling of respiration and phosphorylation, measured in vitro, 
reflects an in vivo situation, they badly need in vivo measurements of some uncoupling-
linked parameters. The importance of this assertion is illustrated by studies of Barja and 
co-workers. A lower rate of H2O2 production by mitochondria isolated from long-
lived birds compared with short-lived mammals of the same body weight (see 
publications by Barja's and Sohal's groups) could be explained by (i) an in vivo 
difference or (ii) an in vitro artefact. In both cases, the reason for lower H2O2 production 
may well be the same, i.e. a mild uncoupling of respiration in avian mitochondria 
showing lowered respiratory control (SWAG!). Again, this should be due to an in vivo 
operation of some bird-specific natural uncouplers (the first case) or stronger in vitro 
damage to the avian mitochondria during their isolation and incubation (the second). The 
latter possibility seemed more probable when Barja and co-workers revealed that the 
level of antioxidants in birds is lower than in mammals. (RMH Note:  This 
is just the opposite situation that would have been predicted by the Free Radi-Crap 
theory.). However, further studies by the same group showed that the degree of 
unsaturation of fatty acids in birds is lower than in mammals, indicating a 
greater resistance of avian mitochondria to oxidative damage in vitro. (RMH Note:  I 
believe that the lower antioxidant levels and the lower level of double bonded fatty 
acids, produces a relative increase in EMODs.)  Indeed, it was found that lipid 
peroxidation in isolated avian mitochondria occurs at a much lower rate than in 
mammals. More importantly, the in vivo level of peroxidation of lipids and proteins 
appears to be lower in birds than in mammals. Thus, it seems probable that longer 
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lifespan of birds really does correlate with a slower rate of production of H2O2 by 
mitochondria in vivo (Mitochondria, reactive oxygen species and longevity: some lessons 
from the Barja group. Skulachev VP. Aging Cell. 2004 Feb;3(1):17-9). 
 
In his classic 1961 book, The Fire of Life, Max Kleiber presented a critique of the 
theories advanced to explain the BMR-body size relationship. One of the theories he 
dismissed was that the chemical composition of animals varies with body size. Since this 
time, however, much has been learned about the make-up of BMR in different animals as 
well as the chemical composition of different-sized animals. Specifically, in recent years 
it has become obvious that mammal species and bird species do vary in chemical 
composition in a systematic manner associated with the body size of the species. 
 
Small mammal and bird species have cellular membranes that are 
predominantly polyunsaturated, and as mammal and bird species 
increase in size, their cellular membranes become progressively less 
polyunsaturated. Since Kleiber's time, it has also become obvious that a substantial 
amount of the energy turnover of BMR is associated with the activity of membrane 
processes, specifically the maintenance of trans-membrane gradients, such as the Na+ 
gradient across the plasmalemmal membrane and the H+ gradient across the 
mitochondrial inner membrane. The variation in both membrane composition and 
membrane processes associated with body size variation in metabolic rate has been 
combined in the 'membrane pacemaker' theory of metabolism. This theory proposes 
that: (1) membrane-associated activities are significant and dominant components of 
BMR; (2) when BMR varies among species, all the activities that constitute BMR vary in 
unison; (3) species with high mass-specific BMR have highly polyunsaturated 
membranes while those with low BMR have less polyunsaturation of their membranes; 
(4) highly polyunsaturated membranes have distinctive physical properties that cause the 
proteins in the membranes to have a high molecular activity, and this results in higher 
rates of metabolism of cells, tissues and, consequently, the whole animal. Evidence 
supporting this theory is both correlative and experimental. Manipulation of 
membrane composition changes the molecular activity of membrane proteins. These 
differences in membrane composition may also represent a link between metabolism and 
aging. They probably explain the lifespan-body size relationship in mammals and birds 
and also the mammal-bird difference in lifespan (Membranes and the setting of energy 
demand. Hulbert AJ, Else PL. J Exp Biol. 2005 May;208(Pt 9):1593-9). I believe that 
this is contradicting the above paper which states that birds have less 
polyunsaturation than mammals. 
 
Scientists have previously been able to extend the lifespan of mice in lab experiments by 
managing their diets and reducing their caloric intake. Another method relied on the 
restriction of a growth factor, but a side effect was that the mice suffered from dwarfism. 
However, neither of those methods of elongating the mouse lifespan was clearly 
connected to the free-radical theory of aging.  
 
A group of scientists led by Dr. Peter Rabinovitch, professor of pathology at the UW 
School of Medicine, examined a method that was closely connected to the free-radical 
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theory. He and his colleagues focused their study on catalase, an enzyme in the body that 
helps convert hydrogen peroxide into water and oxygen. Hydrogen peroxide is a waste 
product of metabolism and it can be a the precursor of free radicals that can damage the 
cell. (this is just plain wrong). 

They compared the different groups of mice to a control group and found that increased 
production of catalase could affect the mouse lifespan. The mice with higher catalase 
levels in the mitochondria, dubbed the MCAT group, had about a 20 percent increase in 
average and maximum lifespan, or about four and a half months. The mice with increased 
catalase levels in the nucleus and cytoplasm saw only modest increases in lifespan. These 
results fit with the theory that mitochondria can be an important source of free radicals 
created as a byproduct of energy production. Removing hydrogen peroxide "at the 
source" seems to be the most effective strategy for enhancing lifespan, Rabinovitch said. 

The scientists also found that the mitochondrion-targeted catalase mice had healthier 
heart muscle tissue, indicating that the catalase helped protect from age-related heart 
problems seen in wild-type mice. The MCAT mitochondria also had fewer mutations, 
and the MCAT nuclear DNA had fewer oxidized components.  

"This study is very supportive of the free-radical theory of aging," said Rabinovitch. 
"It shows the significance of free radicals, and of reactive oxygen species in particular, in 
the aging process."  

This study and others that are able to extend animal lifespan beyond the normal limits are 
very powerful in that they most clearly demonstrate the important steps and pathways in 
the aging process, Rabinovitch said. If Rabinovitch is correct, “How is it possible that  
acatalasemics live essentially normal lives?” 

16.2.1    Pigeon heart produces H2O2 
 
Pigeon heart mitochondria produce H2O2 at a maximal rate of about 20nmol/min 
per mg of protein.  Succinate–glutamate and malate–glutamate are substrates which are 
able to support maximal H2O2 production rates. With malate–glutamate, H2O2 formation 
is sensitive to rotenone. Endogenous substrate, octanoate, stearoyl-CoA and palmitoyl-
carnitine are by far less efficient substrates.  Antimycin A exerts a very pronounced effect 
in enhancing H2O2 production in pigeon heart mitochondria; 0.26nmol of antimycin 
A/mg of protein and the addition of an uncoupler are required for maximal H2O2 
formation.  In the presence of endogenous substrate and of antimycin A, ATP decreases 
and uncoupler restores the rates of H2O2 formation.   Reincorporation of ubiquinone-10 
and ubiquinone-3 to ubiquinone-depleted pigeon heart mitochondria gives a system in 
which H2O2 production is linearly related to the incorporated ubiquinone.  The generation 
of H2O2 by pigeon heart mitochondria in the presence of succinate–glutamate and in 
metabolic state 4 has an optimum pH value of 7.5. In states 1 and 3u, and in the presence 
of antimycin A and uncoupler, the optimum pH value is shifted towards more alkaline 
values.  
 



With increase of the partial pressure of O2 to the hyperbaric region the formation of 
H2O2 is markedly increased in pigeon heart mitochondria and in rat liver 
mitochondria. With rat liver mitochondria and succinate as substrate in state 4, an 
increase in the pO2 up to 1.97MPa (19.5atm) increases H2O2 formation 10–15-fold. 
Similar pO2 profiles were observed when rat liver mitochondria were supplemented 
either with antimycin A or with antimycin A and uncoupler. No saturation of the system 
with O2 was observed up to 1.97MPa (19.5atm). By increasing the pO2 to 1.97MPa 
(19.5atm), H2O2 formation in pigeon heart mitochondria with succinate as substrate 
increased fourfold in metabolic state 4, with antimycin A added the increase was 
threefold and with antimycin A and uncoupler it was 2.5-fold. In the last two saturation 
of the system with oxygen was observed, with an apparent Km of about 71kPa (0.7–
0.8atm) and a Vmax. of 12 and 20nmol of H2O2/min per mg of protein.  
 
It is postulated that in addition to the well-known flavin reaction, formation of H2O2 may 
be due to interaction with an energy-dependent component of the respiratory chain at the 
cytochrome b level. (The mitochondrial generation of hydrogen peroxide. General 
properties and effect of hyperbaric oxygen. Alberto Boveris and Britton Chance. 
Biochem J. 1973 July; 134(3): 707–716). 
 
16.2.2  MnSOD deficiency leads to cancer but does not change lifespan 
 
Mice heterozygous for the Sod2 gene (Sod2+/- mice) have been used to study the 
phenotype of life-long reduced Mn-superoxide dismutase (MnSOD) activity. The 
Sod2+/- mice have reduced MnSOD activity (50%) in all tissues throughout life. The 
Sod2+/- mice have increased oxidative damage as demonstrated by significantly elevated 
levels of 8-oxo-2-deoxyguanosine (8oxodG) in nuclear DNA in all tissues of Sod2+/- 
mice studied. The levels of 8oxodG in nuclear DNA increased with age in all tissues of 
Sod2+/- and wild-type (WT) mice, and at 26 mo of age, the levels of 8oxodG in nuclear 
DNA were significantly higher (from 15% in heart to over 60% in liver) in the Sod2+/- 
mice compared with WT mice. 
 
The level of 8oxodG was also higher in mitochondrial DNA isolated from liver and brain 
in Sod2+/- mice compared with WT mice. The increased oxidative damage to DNA in 
the Sod2+/- mice is associated with a 100% increase in tumor incidence (the number 
of mice with tumors) in old Sod2+/- mice compared with the old WT mice. However, 
the life spans (mean and maximum survival) of the Sod2+/- and WT 
mice were identical. In addition, biomarkers of aging, such as cataract formation, 
immune response, and formation of glycoxidation products carboxymethyl lysine and 
pentosidine in skin collagen changed with age to the same extent in both WT and Sod2+/- 
mice. Thus life-long reduction of MnSOD activity leads to increased levels of oxidative 
damage to DNA and increased cancer incidence but does not appear to affect aging (Life-
long reduction in MnSOD activity results in increased DNA damage and higher incidence 
of cancer but does not accelerate aging. Physiol Genomics. 2003 Dec 16;16(1):29-37). 



16.3.0    Reassessing the Free Radi-Crap theory 

Pro-oxidants, reactive species and free radicals, are allegedly toxic substances that can 
cause oxidative damage to major constituents of biological systems. In contradistinction, 
antioxidants are defined as any substance that significantly prevents the pro-oxidant-
initiated oxidation of a substrate. Consequently, it was suggested that it might be possible 
to reduce free radical damage and thus cancer risk through 3 dietary changes: (1) caloric 
reduction, that is, lowering the level of free radical reactions arising in the course of 
normal metabolism; (2) minimize dietary components that increase the level of free 
radical reactions (eg, polyunsaturated fats); and (3) supplement the diet with one or more 
free radical reaction inhibitors (antioxidants). Lipid peroxidation exemplifies the type of 
chain reaction initiated by free radicals in (2) and (3). Both the phenolic antioxidant 
butylated hydroxytoluene (BHT) and the carotenoid ß-carotene can terminate such 
reactions and have been shown to influence ultraviolet (UV) carcinogenesis. However, 
there is a lack of correlation between physicochemical and patho-
physiological responses in both instances. Whereas the influence on UV 
carcinogenesis of both antioxidants has been reported to diminish as the level of dietary 
fat decreases, pointing to the involvement of lipid peroxidative reactions, the mode of 
BHT’s action in inhibiting UV carcinogenesis appears to be related to UV dose 
diminution through increased spectral absorbance of the stratum corneum. ß-carotene 
has no such effect and may actually exacerbate UV carcinogenesis under 
certain dietary conditions. This paradox points to the complex relationship 
between chemical mechanisms and biological mode of action of antioxidants. Recent 
clinical and experimental data suggest that antioxidant supplementation of the complex 
and intricately balanced natural antioxidant defense system as a cancer prevention 
strategy will demand extreme caution (Reassessment of a Free Radical Theory of 
Cancer With Emphasis on Ultraviolet Carcinogenesis. Homer S. Black. Integrative 
Cancer Therapies, Vol. 3, No. 4, 279-293 (2004).  

16.3.1    SOD deficiency leads to H2O2 deficiency and death 

During the last 10 years, the theory known as the "free radical theory of aging" has 
unfortunately achieved prominence as one of the most compelling and confusing 
explanations for many of the degenerative changes associated with aging. Although its 
appeal derives from a long-standing body of supporting correlative data, the theory was 
only recently more rigorously tested. Ongoing researches in the study of free radical 
biochemistry and the genetics of aging have been at the forefront of this work. First, 
transgenic approaches in invertebrate models with candidate genes such as superoxide 

dismutase (SOD) involved in the detoxification of reactive oxygen species (ROS) have 
shown that the endogenous production of ROS due to normal physiologic processes is 
a major limiter of life span. Genes involved in ROS detoxification are highly conserved 

among eukaryotes; hence, the physiologic processes that limit life span in invertebrates 
are likely to be similar in higher eukaryotes. Secondly, transgenic mice deficient in the 
antioxidant enzyme mitochondrial superoxide dismutase (SOD2) die within their 
first week of life, demonstrating the importance of limiting endogenous mitochondrial 
free radicals in mammals. (RMH Note:  I believe that this illustrates the importance 



of increasing the oxidative or prooxidative potential of these cells and the absence of 
H2O2 by reaction of SOD, confirms my observation.) Together, data from studies using 
transgenic invertebrates and those using sod2 mutant mice demonstrate that modulation 
of metabolic ROS can have a profound effect on life span. They try to show that the 

effects of mitochondrial ROS can be modulated through appropriate catalytic antioxidant 
intervention. These catalytic antioxidants are discussed in the context of mitochondrial 
oxidative stress and their potential role in intervening in mitochondrial oxidative stress 
and aging (Mitochondrial Oxidative Stress: Physiologic Consequences and Potential for a 
Role in Aging. Simon Melov. Annals of the New York Academy of Sciences 908:219-225 
(2000). 
 
16.4.0    Endothelial phenotype stem cells have low EMOD and high antioxidant 
levels 

Adult and embryonic stem cells hold great promise for regenerative medicine. Expression 
profiling of stem cells revealed a characteristic imprint of genes, so-called "stemness" 
genes, providing resistance to stress. Circulating progenitor cells with an endothelial 
phenotype (EPCs) can be isolated from peripheral blood and contribute to 
neovascularization and endothelial regeneration. Investigators studied whether EPCs 
are equipped with an antioxidative defense to provide resistance against oxidative stress. 
EPCs exhibited a significantly lower basal reactive oxygen species (ROS) 
concentration as compared with mature umbilical vein endothelial cells (HUVECs). 
Incubation with H2O2 (500 microM) or the redox cycler LY-83583 (10 microM) 
profoundly increased the ROS concentration to 3- and 4-fold and induced apoptosis in 
HUVECs. In contrast, H2O2 and LY-83583 induced only a minor increase in intracellular 
ROS levels and apoptosis in EPCs. Consistently, the expression of the intracellular 
antioxidative enzymes catalase, glutathione peroxidase and manganese superoxide 
dismutase (MnSOD), was significantly higher in EPCs versus HUVECs and human 
microvascular endothelial cells. In accordance, combined inhibition of these antioxidative 
enzymes increased ROS levels in EPCs and impaired EPC survival and migration. Taken 
together, EPCs reveal a higher expression of antioxidative enzymes and, thus, are 
exquisitely equipped to be protected against oxidative stress consistent with their 
progenitor cell character (Antioxidative stress-associated genes in circulating 
progenitor cells: evidence for enhanced resistance against oxidative stress. E Dernbach, C 
Urbich, RP Brandes, WK Hofmann, AM Zeiher, S Dimmeler. Blood (2004) 104: 3591-
7). 

16.4.1    SOD2 

SOD2 is an antioxidant protein that protects cells against mitochondrial superoxide. 
Hematopoietic stem cells (HSCs) lacking SOD2 are capable of rescuing lethally 
irradiated hosts, but reconstituted animals display a persistent hemolytic anemia 
characterized by increased oxidative damage to red cells, with morphologic similarity to 
human "sideroblastic" anemia. We report further characterization of this novel SOD2-
deficiency anemia. Electron micrographs of SOD2-deficient reticulocytes reveal striking 

mitochondrial proliferation and mitochondrial membrane thickening. Peripheral blood 
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smears show abundant iron-stainable granules in mature red cells (siderocytes). 
Fluorescence-activated cell sorting (FACS) analysis of cells labeled with oxidation-
sensitive dyes demonstrates enhanced production of superoxide and hydrogen peroxide by 
SOD2-deficient cells. Oxidative damage to proteins is increased in SOD2-deficient 
cells, with much of the damage affecting membrane/insoluble proteins. Red cell 
proteome analysis demonstrates that several proteins involved in folding/chaperone 

function, redox regulation, adenosine triphosphate (ATP) synthesis, and red cell 
metabolism show altered expression in SOD2-deficient cells. This data, combined with 
information on how protein expression levels change upon antioxidant therapy, will aid in 
identification of proteins that are sensitive to oxidative damage in this model, and by 
extension, may have a role in the regulation of red cell lifespan in other hemolytic 
disorders (SOD2-deficiency anemia: protein oxidation and altered protein expression 
reveal targets of damage, stress response, and antioxidant responsiveness. Jeffrey S. 
Friedman et al. Blood, 15 October 2004, Vol. 104, No. 8, pp. 2565-2573). This does not 
make sense.  If SOD is a prooxidant, then why does an SOD deficiency result in an 
increase in oxidative damage? 
 
16.4.2    Migratory birds 
 
Background - Migratory birds perform some of the most phenomenal feats of 
endurance exercise in the animal world, making non-stop flights of up to 6,000 or 
even possibly 10,000 km. Birds combine extreme obesity with extreme physiological 
capacity (energy expenditure of >7 times BMR for 3-5 days). Adaptations associated 
with fuel deposition and use in long-distance migrants (mainly shore-birds, Charadriidae) 
are covered in this review. Review -Migratory birds combine a variety of behavioural and 
physiological adaptations that enable extreme long-distance flight. Birds must deposit 
large fuel loads (sometimes doubling in mass; maximum recorded fat load 54%), quickly 
(daily mass increase rates of 5-15%day-1 in captivity and 4% in the wild). The fuel 
composition must reflect immediate and upcoming demands: in addition to fat, up to a 
third of the mass increase can be lean tissue. Enlarged digestive organs aid fuelling, but 
may be partially broken down before departure; increased exercise organs are needed for 
efficient flight while heavy. During flight, rapid energy supply is required, and migratory 
waders are able to move quickly to a fatty-acid derived energy source, facilitated by 
underlying biochemical adaptations. While fatty acids provide the vast majority of the 
energy used during flight, protein breakdown provides 4-7% of the energy in long-
distance migrants. Even this minimal level (as low as any inactive fasting animal) results 
in extensive breakdown of lean tissue from many organs during flight. Possible reasons 
for protein breakdown include generation of Citric Acid Intermediates, as a substrate for 
gluconeogenesis, unavoidable protein turnover during a high-energy turnover starvation 
period, and production of antioxidants. The impacts of the dramatically different body 
compositions before and after migration have not been studied well in the field, but 
impaired fuelling ability immediately after arrival is likely. Conclusions - Migratory 
birds are paradoxical from a human perspective, combining gluttony and obesity 
with unparalleled levels of sustained, high-energy, physical performance. 
(Adaptations for endurance exercise in migratory birds. Battley PF. Asia Pac J Clin Nutr. 
2003;12 Suppl:S3). 



 
16.4.3 Free radical theory of aging unsupported by human study 
 
 

 
The free radical theory of disease and aging 

is utterly 
“radiculous.” 

R. M. Howes, M.D., Ph.D. 
5/16/08 

 
 
 
 
 
The hypothesis that the aging process is associated with mitochondrial dysfunction and 
oxidative stress has been investigated in human skeletal muscle. Muscle biopsy samples 
were taken from seven old male subjects [OS; 75 (range 61-86) years] and eight young 
male subjects [YS; 25 (22-31) years]. Oxidative function was measured both in 
permeabilised muscle fibres and isolated mitochondria. Despite matching the degree of 
physical activity, OS had a lower training status than YS as judged from pulmonary 
maximal O2 consumption ( Vdot; O2 max, -36%) and handgrip strength (-20%). Both 
maximal respiration and creatine-stimulated respiration were reduced in muscle fibres 
from OS (-32 and -34%, respectively). In contrast, respiration in isolated mitochondria 
was similar in OS and YS. The discrepancy might be explained by a biased harvest of 
"healthy" mitochondria and/or disruption of structural components during the process of 
isolation. Cytochrome C oxidase was reduced (-40%, P<0.01), whereas UCP3 protein 
tended to be elevated in OS ( P=0.09). Generation of reactive oxygen species by isolated 
mitochondria and measures of antioxidative defence (muscle content of glutathione, 
glutathione redox status, antioxidative enzymes activity) were not significantly different 
between OS and YS. It is concluded that aging is associated with mitochondrial 
dysfunction, which appears to be unrelated to reduced physical activity. The 
hypothesis of increased oxidative stress in aged muscle could not be 
confirmed in this study (Reduced oxidative power but unchanged antioxidative 
capacity in skeletal muscle from aged humans. Tonkonogi, M. et al. Pflugers Arch. 2003 
May;446(2):261-9. Epub 2003 Mar 27). 
 
16.4.4    High EMODs and low toxicity in birds 
 
Austad and University of Idaho ecologist Donna J. Holmes are looking skywar to explain 
aging. Five years ago they proposed birds as the ideal animal to use in aging studies. 
After all, birds are closer to humans, biologically speaking, than are worms or fruit flies, 
the favorite subjects of aging-study labs. They are warm-blooded, like us, so they don’t 
lapse into periods of dormancy or hibernation, as do fish and turtles. Moreover, some 



birds live for decades against all odds (Why We Age. Steven N. Austad. John Wiley & 
Sons, 1997).  
 
This is even more remarkable because, to rev up for flight, birds generate extremely 
high levels of blood sugar. The 150 parakeets twittering around a basement lab at the 
University of Idaho have blood sugar levels so high they should be diabetic. They have 
elevated temperatures and burn energy at feverish rates. Yet they live to 20, old for 
parakeets. These bird traits defy a primary theory of aging—that increased metabolism 
creates higher levels of oxygen molecules, called free radicals, that oxidize cells, 
damaging tissue in ways normally associated with aging.  I believe that this simple 
observation also invalidates the free radical theory of aging.   
 
Rather than rapidly growing weak and dying, birds carry on in good health, year after 
year. In 1998 Holmes, Austad and their colleagues reported that the cells of three bird 
species—canaries, European starlings and budgerigars (a.k.a. parakeets)—can endure a 
battery of oxidative stresses with surprisingly little damage. The scientists exposed these 
bird cells, along with the cells of mice, to baths of hydrogen peroxide, bolts of 
radiation, chambers of oxygen and doses of pesticide. Under these assaults, the DNA 
inside the mouse cells often unraveled, broke or stopped replicating, typical signs of free 
radical damage. The bird cells, on the other hand, divided normally and repaired much 
of the induced DNA damage right away. “We don’t have any idea yet how the bird 
cells are doing it,” Holmes says. “But it appears that birds have special enzymes that 
dispose of free radicals. If free radicals are a primary mechanism of aging, then this may 
explain why these birds live so long.” I believe that these are extremely important 
experiments.  Bird cells are bombarded with strong oxidative species and they are 
proven to be of low toxicity, just as I have predicted. 
 
“Researchers used to believe that the older you get, the sicker you get,” says Harvard 
Medical School physician Thomas T. Perls. “That’s completely wrong.” Perls has a few 
insights, gathered as head of the New England Centenarian Study, which tracks more 
than 450,000 older adults in Massachusetts to see who reaches 100 and why (THE 
QUEST TO BEAT AGING, Scientific American, 2000). 
 
So far 169 centenarians have participated in the study; there is data on 250 others. They 
are a motley crew: Some exercise. Some smoke. Some brazenly defy the notion of a 
healthy lifestyle. Nevertheless, almost all have lived free of cancer, and up to 
a fourth have escaped any form of dementia. 

I believe that this observation discounts the so called harmful effects of EMODs 
because these patients have generated countless quantities of EMODs and have 
remained cancer and Alzheimer’s free for over a century.  This occurred because 
EMODs are in fact of low toxicity in the living/breathing cell.  Otherwise, 
it could not have happened.  According to the free radical theory, they should all be 
dead due to the stochastic accumulation of oxidative products over these many years 
of respiration and generation of EMODs.  That did not happen. 



Nature supplies ample evidence that the rate of aging is flexible rather than 
predetermined. The evidence comes from comparisons between species. A fruit fly lives 
three weeks, a mouse three years, a quahog clam 200 years, and a bristlecone pine 4,000 
years. In each of these species, the same cellular processes are at work. 

The rate-of-living model gives rise to some seductively simple ideas. It suggests, for 
example, that all species of mammal have the same number of heartbeats in a lifetime. 
And it was buttressed by evidence that the normal metabolic consumption of energy 
generates reactive molecules called free radicals that damage DNA, enzymes, and cell 
membranes. The damage accumulates over time and results in an organism’s increased 
susceptibility to cancer, or its inability to repair clogged arteries, or a slide into senility. 
The free-radical model is now a leading theory of aging, and it fits neatly with the rate-
of-living theory of life span: The faster the metabolism, the faster free radicals do their 
damage. Yet, I have found exceptions to this line of reasoning repeatedly.  
Remember, exercise is good for you and it decreases the co-morbidity of cancer, 
atherosclerosis, diabetes, etc. (the EMOD insufficiency syndrome diseases). 

But the rate-of-living theory succumbed to the weight of exceptions. Birds, for example, 
have metabolisms twice as fast as those of mammals, yet they can live much longer. 
Parrots can outlive elephants; hummingbirds have been known to survive to 14—the 
equivalent, in terms of energy consumption per pound, of a human living to 500. A 
species of North American bat half as big as a mouse can live 30 years in the wild. 
Opossums, on the other hand, rarely last more than two years, even in captivity. There is 
one more glaring exception: Humans live four times longer than they should 
based on their size and metabolic rate (DISCOVER Vol. 24 No. 11, November 
2003).  

The elephant with 30 heartbeats per minute lives for about 80yrs, while Harriet the 
tortoise with about 17 heartbeats per minute is still alive at 170yrs.  

16.4.5    Secondary aging diseases and diabetes 

Secondary aging diseases are non-insulin dependent diabetes mellitus, atherosclerotic 
myocardiopathy, chronic obstructive lung diseases, arterial hypertension, and 
pseudoexfoliation syndrome (PES). 

To determine the role of reactive oxygen species in mammalian longevity, Schriner et 
al generated transgenic mice that overexpress human catalase localized to the 
peroxisome, the nucleus, or mitochondria (MCAT). Median and maximum life spans 
were maximally increased (averages of 5 months and 5.5 months, respectively) in 
MCAT animals. Cardiac pathology and cataract development were delayed, oxidative 
damage was reduced, H2O2 production and H2O2-induced aconitase inactivation 
were attenuated, and the development of mitochondrial deletions was reduced. These 
results support the free radical theory of aging and reinforce the importance of 
mitochondria as a source of these radicals (Extension of Murine Life Span by 
Overexpression of Catalase Targeted to Mitochondria. Samuel E. Schriner et al. 



Science 24 June 2005:Vol. 308. no. 5730, pp. 1909 - 1911). However, I believe that 
this is countered by the fact that acatalasemics live relatively normal lives and 
reach normal life spans, which again invalidates the free radical theory. 
 

16.4.6    Estrogens Decrease EMODs 

Mitochondrial dysfunction has been implicated as a cause of age-related disorders, and 
the mitochondrial theory of aging links aging, exercise, and diet. Endothelial dysfunction 
is a key paradigm for vascular disease and aging, and there is considerable evidence that 
exercise and dietary restriction protect against cardiovascular disease. Recent studies 
demonstrate that estrogen receptors are present in mitochondria and that estrogen 
promotes mitochondrial efficiency and decreases oxidative stress in the cerebral 
vasculature. Chronic estrogen treatment increases mitochondrial capacity for oxidative 
phosphorylation while decreasing production of reactive oxygen species. The 

effectiveness of estrogen against age-related cardiovascular disorders, including stroke, 
may thus arise in part from hormonal effects on mitochondrial function. Estrogen-
mediated mitochondrial efficiency may also be a contributing factor to the longer lifespan 

of women (Estrogen and Mitochondria: A New Paradigm for Vascular Protection?  
Sue Piper Duckles. Molecular Interventions 6:26-35, (2006). I believe that the 
decreased levels of EMODs by estrogen are responsible for its adverse effects 
including increased risk of cancer. 

Increased estrogen levels, weight gain and insulin resistance during pregnancy 
normally cause increases in total cholesterol levels and levels of blood fats called 
triglycerides. Very high levels have been linked with preeclampsia and gestational 
diabetes, according to Carole L. Butler, MPH, lead author of a study published in the 
American Journal of Epidemiology.  I believe that this supports my Unified 
theory and the fact that an EMOD insufficiency is related to obesity, 
diabetes, cancer and atherosclerosis, as a result of high levels of the 
antioxidant, estrogen. 

The pregnant female serves as the experimental model showing that high estrogen 
(antioxidant) levels is associated with increased risk for obesity, atherosclerosis, cancer 
and diabetes.  This is what I expected to see with the clustering or coexistence of 
diseases, the ROSI syndrome. 

Also, Butler and colleagues at the Center for Perinatal Studies at Swedish Medical Center 
in Seattle interviewed 925 pregnant women at the end of their first trimester, and found 
that the more exercise women reported, the lower their total cholesterol and 
triglyceride levels seemed to be.  Women who reported 13 or more hours per week of 
physical activity had the lowest levels, as did women who reported more intense types of 
activity. However, those who reported any type of regular exercise seemed to benefit. 
“Any level of activity was associated with improved lipid profiles,” Butler says. 



I believe that this supports my belief that EMODs are increased with exercise and 
this results in overall benefits to health and decreased risk to develop obesity, 
cancer, diabetes and heart disease.  In short, the exercise counteracts the EMOD 
lowering activity of the antioxidant, estrogen. 

16.4.7   Estratest doubles breast cancer risk 

Older women who take hormone pills that combine estrogen and testosterone more 
than double their risk of breast cancer, according to a study of more than 70,000 
nurses. 

"This type of hormone therapy may help with mood, libido and bone mineral density, but 
the possible risk of breast cancer may outweigh these benefits," said study co-author 
Rulla Tamimi of Harvard Medical School. The findings, published in 7/24/06 issue of 
Archives of Internal Medicine, add to the evidence that certain types of hormone 
supplements, such as estrogen-progestin pills, increase women's risk of 
breast cancer, strokes and heart attacks. Earlier research also found a greater 
breast cancer risk in women with higher natural levels of testosterone. 

16.4.8    Males have higher levels of Skin Cancer 

Inherent gender differences instead of more sun exposure may be one reason why men 
are three times more likely than women to develop certain kinds of skin cancer, say 
researchers at Ohio State University Medical Center. 
 
Squamous cell carcinoma is the second most common form of skin cancer, accounting for 
nearly 200,000 new cases in the United States each year. While occurring more often 
than melanoma, squamous cell carcinoma is not nearly as worrisome. Still, it can be 
lethal in some patients, especially those with suppressed immune systems, including 
transplant recipients or people who are HIV-positive. 
 
Many studies have shown that the risk of squamous cell carcinoma increases with greater 
exposure to the sun. For years, investigators assumed that lifestyle had a lot to do with the 
disparity in the incidence of SCC believing that men spend more time outside and are less 
likely to use sun protection than women. 
 
While that may be true, scientists at Ohio State have shown that there may be another, 
even more critical factor involved gender-linked differences in the amount of naturally 
occurring antioxidants in the skin. 
 
The study appears in the April 1, 2007 issue of Cancer Research. 
 
Dr. Tatiana Oberyszyn, an assistant professor of pathology and of molecular virology, 
immunology and medical genetics at Ohio State University Medical Center, has been 
studying non-melanoma skin cancers for years. She had a hunch there might be gender-
related variables that accounted for the difference between male and female rates of 



developing these malignancies, and designed an experiment to find out what they might 
be. 
 
A doctoral student in Oberyszyn's laboratory, Jennifer Thomas-Ahner, subjected male 
and female mice to a single, identical, acute exposure to UVB light. It is UVB rays, as 
opposed to UVA or UVC rays in sunlight, that cause the most damage to the skin. Even a 
single, prolonged exposure is enough to cause inflammation (sunburn) and its attendant 
redness, swelling and increased vascular flow. 
 
Thomas-Ahner compared various measures of the inflammatory response in the male and 
female groups, noting the degree of swelling, antioxidant levels, DNA damage in the skin 
and the levels of myeloperoxidase in the tissue. Myeloperoxidase is an enzyme that 
reflects the extent of neutrophil infiltration, the first step in the inflammatory response. 
Antioxidants help repair damaged DNA and also help clean up toxic byproducts of 
injured tissue. 
 
She discovered significant differences between the two groups. The male mice 
registered a weaker inflammatory response than did the females, as measured by 
the thickness of their skin and myeloperoxidase levels. I believe that this 
indicates that they have lower EMOD levels and that this is likely due to 
testosterone.  They also had more extensive DNA damage in their skin and lower 
antioxidant levels in their skin than the females. 
 
In a second experiment, Thomas-Ahner exposed male and female mice to longer, chronic 
sun exposure, irradiating them three times weekly for 16 weeks. When the mice were 25 
weeks old, she examined them for differences in tumor growth, size and number. 
 
She found that male mice developed tumors earlier and had more tumors than did 
female mice. The tumors in the male mice also tended to be larger and more 
aggressive than were those in the female mice. I believe that this is similar to the 
effect seen with testosterone and prostate cancer.  Decreasing testosterone levels by 
castration basically “cures” prostate cancer. 

Oberyszyn and Thomas-Ahner also noted that the difference in the antioxidant capacity 
between male and female mice was present in the untreated skin as well as the treated 
skin. Oberyszyn, a member of the Ohio State University Comprehensive Cancer Center, 
believes that the greater amount of naturally occurring antioxidant capacity in the females 
accounted for their ability to thwart a certain degree of tumor growth and spread. 
 
"This is the first time anyone has ever looked at the effect of gender on the development 
of UVB-induced skin cancers in such a controlled environment," says Oberyszyn. "It's 
given us clear evidence of a biological basis for the gender bias in developing squamous 
cell carcinoma." 
 
Oberyszyn says other studies need to be done to validate the findings, but noted the data 
are compatible with other studies suggesting a potential biological basis for gender 



difference in the development of cancer and other diseases. 
 
The study was supported by The Ohio State University Comprehensive Cancer Center 
and the OSU Department of Pathology. 

Low testosterone levels are associated with increased insulin resistance. 

The overall risk of breast cancer among the participants in the latest study was small, 
with 17 cases of the disease among the 500 or so women who took the estrogen-
testosterone combination. Women's natural levels of estrogen and testosterone decline 
with menopause. Only about 2 percent of women taking hormones in the study in 2000 
used a form that included testosterone. But usage climbed during the 24 years of the 
study as evidence appeared linking the hormone combination to better bone density, 
improved mood and greater sexual enjoyment. 

Estrogen-testosterone pills are sold under the brand names Estratest and Estratest H.S. by 
Solvay Pharmaceuticals of Marietta, Ga. Those brand names appear on a Washington-
based advocacy group's "Worst Pills" list because of breast cancer risk. "We strongly 
urge women not to use this product or similar products from compounding pharmacists," 
said Dr. Sidney Wolfe, director of Public Citizen's Health Research Group, which 
produces the Worst Pills list. 

The Food and Drug Administration has asked Solvay for evidence the drug eases hot 
flashes in menopausal women, as the label claims. The company has requested a hearing 
on the matter. The drug was approved 30 years ago, before such evidence was required. 
The new study used data from the long-running Nurses' Health Study. The women who 
took estrogen and testosterone after menopause had a 2 1/2 times higher risk of 
developing breast cancer than women who never took hormones. Most of the women 
taking the combination used Estratest. The researchers took into account other breast 
cancer risk factors, such as family history, weight and age at menopause and still found 
an increased risk associated with estrogen-testosterone pills. 

Since 2002, when a large study found an association with higher risks of breast cancer, 
strokes and blood clots, many women stopped taking hormone therapy or were advised to 
keep their dosage as low as possible and to stop using it as quickly as possible. Analyzing 
data on more than 120,000 women in the Nurses' Health Study, researchers from Boston's 
Brigham and Women's Hospital and Harvard Medical School found the more than 800 
women who had taken estrogen with testosterone -- which is targeted at boosting 
depressed mood and sex drive and lessen bone deterioration -- faced an even higher risk 
of breast cancer. 

The combination of estrogen and testosterone raised the risk of developing breast 
cancer by 77 percent compared to women not taking hormones. Estrogen therapy 
alone carried a 15 percent higher risk and estrogen combined with progesterone -- 
taken to cut the attendant risk of ovarian cancer -- carried a 58 percent higher risk. 



For menopausal women seeking alternatives to hormone replacement therapy, the news 
was also not good. A review of 70 studies of alternative therapies that ranged from 
protein diets to meditation found insufficient evidence to recommend any of them. 
However the so-called placebo effect made as many as half the participants feel better. 

A majority of the studies examined vitamins, proteins, complete diets or other 
biologically based treatments; some focused on mind-body therapies, including 
meditation and guided imagery; one studied osteopathic manipulation; two looked at 
reflexology and magnet therapy treatments; and others assessed traditional Chinese 
medicine or Indian ayurvedic medicine. 

Of 15 studies of women taking soy-derived phytoestrogens, participants in four indicated 
they got relief from menopausal symptoms; the shrub cohosh was helpful to women in 
one study, but not in three others; and mind-body therapies were found to be of little help. 

More rigorous studies of these therapies are needed since many of the women trying 
alternatives to hormones do so without informing their doctors, said study author Dr. 
Anne Nedrow of Oregon Health and Science University, Portland.  

Vitamins and hormones: excerpted from Atherogenesis—recent insights into basic 
mechanisms and their clinical impact. Volker Schächinger and Andreas M. Zeiher. 
Nephrol Dial Transplant (2002) 17: 2055-2064. 

16.4.9    The Antioxidant: Estrogen 

Improvement of endothelium-dependent vasodilation might serve as an index to estimate 
the ability of a drug to reduce cardiovascular events. Nevertheless, improvement of 
endothelial dysfunction per se is insufficient to evaluate its therapeutic potential, since 
additional effects of a drug might override the beneficial effect associated with 
ameliorated endothelial dysfunction. Thus, despite having shown to improve endothelial 
dysfunction and progression of carotid artery wall thickening (CLAS and ARIC study), 
there is still no hard evidence that antioxidative vitamins such as vitamin E improve 
outcome (ATVB, CHAOS, GISSI, HOPE)  (Yusuf S, Dagenais G, Pogue J et al. Vitamin 
E supplementation and cardiovascular events in high-risk patients. The Heart Outcomes 
Prevention Evaluation Study Investigators. N Engl J Med2000; 342:154–160).  

One alleged reason for the failure of vitamin E might be that in the presence of oxidative 
stress, the radical -tocopherol (vitamin E) produces further radicals, which might result 
in enhanced, rather than reduced, oxidative stress within the vessel wall (Carr AC, Zhu 
BZ, Frei B. Potential antiatherogenic mechanisms of ascorbate (Vitamin C) and alpha-
tocopherol (Vitamin E). Circ Res 2000; 87:349–354).  

Similarly, estrogens certainly improve endothelium-dependent vasodilation in several 
vascular beds, but, in contrast to such functional findings, long-term estrogen 
administration to post-menopausal women appears to have deleterious 
effects on rates of cardiovascular events such as myocardial infarction, 



strokes or venous thromboembolism (HERS [Hulley S, Grady D, Bush T et al. 
Randomized trial of estrogen plus progestin for secondary prevention of coronary heart 
disease in postmenopausal women. Heart and Estrogen/Progestin Replacement Study 
(HERS) Research Group. JAMA1998; 280:605–613], WHI [Risks and benefits of 
estrogen plus progestin in healthy postmenopausal women: principal results From the 
Women's Health Initiative randomized controlled trial. JAMA2002; 288:321–333]). I 
believe that it must be kept in mind that estrogen is considered to be an antioxidant. 
Thus, I am not surprised by the fact that it actually increases the risk of developing 
an EMOD insufficiency syndrome diseases. 

Open label extension of the HERS trial (HERS II) demonstrated that this risk is not 
limited to the first years of therapy but rather continues throughout the treatment (Grady 
D, Herrington D, Bittner V et al. Cardiovascular disease outcomes during 6.8 years of 
hormone therapy: Heart and Estrogen/progestin Replacement Study follow-up (HERS II). 
JAMA2002; 288:49–57).  

Thus, presumption of benefit of hormone therapy—based on pathophysiological and 
epidemiological studies—clearly changed into demonstration of harm. 
Probably, the adverse effects of hormone replacement on cardiovascular events may be 
related to a different noxious effect of estrogens on the vasculature, namely the induction 
of a pro-inflammatory response, as shown by an increase of high sensitivity CRP levels 
(Ridker PM, Hennekens CH, Rifai N et al. Hormone replacement therapy and increased 
plasma concentration of C-reactive protein. Circulation1999; 100:713–716). I believe 
that the adverse effect on cardiovascular disease was due to the antioxidant activity 
of estrogens and adds support to my Unified Theory. I have proposed some novel 
therapeutic strategies to combat these diseases. 

16.4.10    Breast Cancer Risk Associated With Wealth 

Dec. 1, 2005 —  ABC News.  Women who live in regions of the United States known as 
breast cancer "hot spots" may have an increased risk because of personal wealth and 
not pollution or electrical wires, researchers say.  

Deborah Winn, a scientist with the National Institutes of Health, states in the December 
2005 issue of the journal Nature Reviews Cancer that the most likely reason that women 
in certain communities -- such as Long Island or San Francisco -- have increased breast 
cancer risk is that those areas are populated by wealthy women. Winn's article analyzes a 
series of studies conducted by the Long Island Breast Cancer Study Project in New York.  

These women tend to have children later, have fewer children, and are more likely to 
receive costly replacement hormone therapy -- all of which are linked to increased breast 
cancer risk. Or, put another way, these women tend to have more estrogen circulating in 
their bodies for longer periods of time. Estrogen is highly associated with breast 
cancer. The widely used breast cancer drug Tamoxifen is used to suppress circulating 
estrogen. 



It had been theorized that women in Long Island were at risk because they lived near 
hazardous-chemical sites or powerful electrical plants. This indeed may be at play, but 
"measuring environmental exposures that occurred in the past is very difficult," Winn's 
article notes. Plus, lifestyle factors and genetics often are involved, too, compounding 
the challenge of finding one dominant risk factor. 

For example, some clusters of breast cancer may be due in part to a higher percentage of 
Jewish women living on Long Island, said Tulane University environmental health 
professor Charles Miller. Women of Ashkenazi Jewish descent are more likely to carry 
breast cancer gene mutations. Many Ashkenazi Jews, or descendants of Jews from 
Germany and Central Europe, live on Long Island. "I would expect that a GIS plot (map) 
of the population density of Jewish women might correspond well to the patterns of 
excess breast cancer incidence shown in the national map," Miller said.  

However, it's important to note that the Nature article does not rule out possible 
environmental contributions to breast cancer risk, said Mary Wolff, acting director of 
Mount Sinai School of Medicine's Division of Epidemiology. Wolff said that 
environmental causes of breast cancer risk may start 20 years to 40 years before 
diagnosis, so studies that look for chemical exposure at the time of a woman's diagnosis 
are too late to catch the culprit.  

In the meantime, most experts feel that the biggest factors in cancer risk are personal, not 
environmental, such as smoking and sexual activity. Smoking is a known risk factor for 
lung cancer, and cervical cancer is caused by a sexually transmitted disease.  

"I believe the take-home message to the public should be that cancer risks in the U.S. 
today are largely determined by personal habits, not external environmental factors," said 
Charles H. Hennekens, of the Epidemiology and Public Health Department at the 
University of Miami School of Medicine. 

I believe that these results could be interpreted similar to that seen with the ancient 
Romans, in that those with wealth could afford lead dishes and they ultimately died 
of lead poisoning.  In our modern society, the wealthy can afford more antioxidant 
supplements and harmful pharmaceuticals and this may well contribute to their 
early demise. 

16.4.11    Daily alcohol increases risk of breast cancer 

Three or more drinks a day, whether beer, wine or spirits, boost a woman's risk of 
breast cancer as much as smoking a pack of cigarettes, U.S. researchers said on 
9/27/07. 

The relationship between alcohol and breast cancer is known but there has been little data 
on whether the choice of drink made a difference, they told a European Cancer 
Conference.  In what the researchers said was one of the largest studies to investigate 



links between breast cancer and alcohol -- found that alcohol itself and the amount a 
person consumed were key rather than the type of drink. 

"Studies have consistently linked drinking alcohol to an increased risk of female 
breast cancer, but until now there has been little data, most of it conflicting, about an 
independent role played by the choice of beverage type," Arthur Klatsky of Kaiser 
Permanente in California and one of the researchers said. 

Breast cancer is the second most common cancer killer of women, after lung cancer. 
It will be diagnosed in 1.2 million people globally this year and will kill 500,000. 

Other studies have shown that light- to moderate alcohol use can protect against heart 
attacks, though Klatsky said other mechanisms were probably at work.  The heart 
protection likely comes from alcohol-induced "good" cholesterol, reduced blood clotting 
and decreased diabetes risk. But for breast cancer, the ethyl alcohol found in all booze 
likely ups the risk, the researchers said. 

The researchers looked at the drinking habits of more than 70,000 women from a variety 
of ethnic backgrounds who supplied information during health examinations between 
1978 and 1985. By 2004, nearly 3,000 of the women were diagnosed with breast cancer. 

Among women who drank, the team examined a preference for a type of alcohol and how 
much of each drink people consumed. They also compared the total amount consumed 
and compared it to women who drank less than one drink a day. 

Women who drank between one and two alcoholic drinks per day increased their 
risk of breast cancer by 10 percent compared with people who consumed less than 
one drink each day, the study found. The risk of breast cancer jumped by 30 percent 
in women who drank more than three drinks a day. 

The results were also similar in different age and ethnic groups, the researchers said. It is 
felt that alcohol increases estrogen levels in women.  I believe that as the antioxidant, 
estrogen, decreases EMOD levels and “allows” for the development of cancer.  

16.5.0    Habitual exercise decreases lipid peroxidation in heart, ileum and skeletal 
muscle  

Aging and aerobic exercise are two conditions known to interfere with health and quality 
of life, most likely by inducing oxidative stress to the organism. Rosa et al. studied the 
effects of aging on the morphological and functional properties of skeletal, cardiac, and 
intestinal muscles and their corresponding oxidative status in C57BL/6 mice and 
investigated whether a lifelong moderate exercise program would exert a protective effect 
against some deleterious effects of aging. As expected, aged animals presented a 
significant reduction of physical performance, accompanied by a decrease of 
gastrocnemius cross-sectional area and cardiac hypertrophy. However, most interesting 
was that aging dramatically interfered with the intestinal structure, causing a 
significant thickening of the ileum muscular layer. Senescent intestinal myocytes 



displayed many mitochondria with disorganized cristae and the presence of cytosolic 
lamellar corpuscles. Lipid peroxidation of ileum and gastrocnemius muscle, but not 
of the heart, increased in aged mice, thus suggesting enhanced oxidative stress. 
With exception of the intestinal muscle responsiveness, animals submitted to a daily 
session of 60 min, 5 days/wk, at 13 up to 21 m/min of moderate running in treadmill 
during animal life span exhibited a reversion of all the observed aging effects on 
intestinal, skeletal, and heart muscles. The introduction of this lifelong exercise 
protocol prevented the enhancement of lipid peroxidation and sarcopenia and also 
preserved cellular and ultracellular structures of the ileum. This is the first time that the 
protective effect of a lifelong regular aerobic physical activity against the deleterious 
effects of aging on intestinal muscle was demonstrated (Habitual exercise program 
protects murine intestinal, skeletal, and cardiac muscles against aging. Eloi F. Rosa et al. 
J Appl Physiol 99: 1569-1575, 2005).  
 
16.5.1    Aging Decreases O2 Consumption and Transport 
 
With aging, after the 2nd and 3rd decades of life, we gradually and progressively have 
decreases in oxygen consumption, decreased ability to transport oxygen to our cells 
and decreased abilities for our cells to generate EMODs and adenosine triphosphate 
(ATP).  EMOD production is believed to be stoichiometrically related to O2 
consumption.  Thus, with increasing age, while there is progressive decreasing O2 
consumption, we see increasing incidences of cancer, cardiovascular disease, 
atherosclerosis, diabetes, arthritis, cataracts, tissue hypoxia, pain and susceptibility to all 
diseases.  In fact, those who seem to have the best health are the individuals who 
exercise and who metabolize the highest levels of oxygen and generate the highest 
levels of EMODs. 
 
16.5.2    Aging: EMOD production is independently modulated 

Various recent investigations relevant to the study of aging mechanisms have recently 
found that increases in longevity during dietary restriction can occur 
together with lack of decreases or even increases in O2 consumption. This 
is frequently interpreted as contradictory with the mitochondrial free radical theory 
of aging.  

But this is based on the erroneous assumption that increasing O2 consumption must 
increase the rate of mitochondrial oxygen radical generation. Here it is shown that the 
opposite occurs in many important situations.  

Strong decreases in absolute and relative (per unit of O2 consumed) mitochondrial 
oxygen radical production occur during aerobic exercise bouts, chronic exercise training, 
and hyperthyroidism, and notably, during dietary restriction.  

Mitochondrial oxygen radical generation is also lower in long-lived birds than in short-
lived mammals of similar body size and metabolic rate.  I believe that this is filled with 
exceptions and is scientifically useless. 



Total rates of reactive oxygen species generation can also vary between tissues in a way 
not linked to their differences in oxygen consumption.   I have been pointing out for 
years that attempts to measure so-called antioxidant capacity is dependent upon 
tissue location, cellular organelle tested, metabolic status, etc and that it is a 
dynamically changing condition.  It is only useful if all of these other factors are 
known and even then, it probably has limited usefulness. 

All this indicates that mitochondrial reactive oxygen species (ROS) production is not a 
simple byproduct of mitochondrial respiration. Instead, it is regulated independently of 
O2 consumption in many different physiologic situations, tissues, and animal species. 
Thus, the apparently paradoxical increases in O2 consumption observed in some models 
of dietary restriction do not discredit the mitochondrial free radical theory of aging, and 
they can further strengthen it (Mitochondrial Oxygen Consumption and Reactive Oxygen 
Species Production are Independently Modulated: Implications for Aging Studies. 
Gustavo Barja. Rejuvenation Research. June 1, 2007, 10(2): 215-224).  I believe that the 
free radical theory is totally invalidated by the preponderance of data showing it 
lack of predictability. 

The differences among organs may be dependent on several factors, such as oxygen 
consumption, susceptibility to oxidants and to antioxidant enzyme activation, antioxidant 
levels, and other repair systems. Muscle and heart appear to respond to oxidative 

stress quite differently than other organs, such as brain and liver, possibly due to the 
difference in mitochondrial biogenesis and the occurrence of oxidant-induced 

degeneration.  

16.6.0    Caloric Restriction 

In spite of considerable hype to the contrary, there is no convincing evidence that 
currently existing so-called "antiaging" remedies promoted by a variety of companies and 
other organizations can slow aging or increase longevity in humans. Nevertheless, a 
variety of experiments with laboratory animals indicate that aging rates and life 
expectancy can be altered. Research going back to the 1930s has shown that caloric 
restriction (also called dietary restriction) extends life expectancy by 30-40% in 
experimental animals, presumably at least partially by delaying the occurrence of 
age-dependent diseases. Mutations that decrease production of insulin growth factor 
I in laboratory mammals, and those that decrease insulin-like signaling in nematodes and 
fruit flies, have increased life expectancy as well. Other general strategies that appear 
promising include interventions that reduce oxidative stress and/or increase resistance to 
stress; hormone and cell replacement therapies may also have value in dealing with 
specific age-related pathologies (Is there an antiaging medicine? Butler RN, Fossel M, 
Harman SM, Heward CB, Olshansky SJ, Perls TT, Rothman DJ, Rothman SM, Warner 
HR, West MD, Wright WE. J Gerontol A Biol Sci Med Sci. 2002 Sep;57(9):B333-8). I 
believe that this indicates that the continuously operative intrinsic oxidative system 
is increased with caloric restriction and it may be that this occurs in a relative 
fashion.  Less oxygen is being utilized to metabolize nutrients, to form ATP, and in 



the electron transport chain and consequently more EMODs may be directed 
towards maintaining health. 

16.6.1    Loss of pulmonary alveoli with caloric restriction 

Calorie restriction, followed by ad libitum refeeding, results, respectively, in loss and 
regeneration of pulmonary alveoli. They show 35% of alveoli are lost within 72 h of 
onset of calorie restriction (  decreased daily chow intake), and an additional 12% of 
alveoli are lost over a subsequent 12 days of calorie restriction. Tissue necrosis was not 
seen. Within 72 h of refeeding, after 15 days of calorie restriction, the number of alveoli 

returns to precalorie restriction values. Microarray lung gene profiling, in conjunction 
with Western and RNase protection assay, demonstrate an increase of granzyme and 
caspase gene expression 2–3 h after onset of calorie restriction. By 12 h, granzyme and 
caspase expression is no longer increased, but tumor necrosis factor death receptor 
expression is elevated. At 336 h, Fas death receptor expression is increased. Because 

granzymes are found only in cytotoxic lymphocytes (CTLs) and natural killer (NK) cells, 
they suggest calorie restriction activates these cells, initiating a series of molecular 
events that results in alveolar destruction. The evidence of involvement of CTLs and 
NK cells and the absence of necrosis are similar to alveolar destruction in chronic 
obstructive pulmonary disease (Calorie-related rapid onset of alveolar loss, regeneration, 
and changes in mouse lung gene expression. Donald Massaro et al. Am J Physiol Lung 
Cell Mol Physiol 286: L896-L906, 2004).  

16.6.2   Every other day feeding better than CR 

Regular fasting produces at least some of the benefits of CR. The National Institute on 
Aging found that the time between meals might be more important than their size. 
Specifically, lab mice kept on an every-other-day feeding schedule with no 
reduction in calories boasted reduced glucose and insulin levels similar 
to or better than mice on CR diets. 

Experts are agree, there is no single, simple answer. The length of our lives depends upon 
myriad factors, known and unknown, controllable and not.  

16.6.3   Resveratrol acts like CR 

But some CR researchers have highlighted specific components as promising. In a paper 
published online in September 2004 in Nature, David Sinclair, an assistant professor of 
pathology at Harvard Medical School, reported that a chemical called resveratrol, found 
in red wine and some vegetables, triggers the same biological mechanisms as CR does 
in fruit flies and roundworms, lengthening the organisms' life spans an average of 
20 percent without causing lethargy or infertility. I believe that this is due to its 
prooxidant activity. 

Sinclair reported similar findings last year in experiments with yeast.  



16.6.4    2-deoxy-D-glucose or 2DG mimics CR 

A number of scientists have investigated 2-deoxy-D-glucose or 2DG, a compound that 
was first tested as an anti-cancer drug in the 1950s, but turns out to produce many of the 
classic responses of CR: reduced tumor growth, lower body temperature and higher 
levels of certain protective hormones. Experiments suggest 2DG interferes with the way 
cells process glucose and their ability to manufacture internal fuel. As a result, scientists 
hypothesize, cells exposed to 2DG seem to downshift into a self-preserving, antiaging 
mode.  

But 2DG's potential as an alternative to CR is practically nil. The compound has proven 
to be toxic at some doses in animals. Nonetheless, a full understanding of how 2DG 
works, say scientists, might lead them to equally effective but safer alternative 
compounds.  

"If you look at all of the effects of CR, they're so complex that it's almost impossible to 
think that a single compound will have an effect. Maybe a cocktail, but I don't think there 
will ever be a magical pill," said Leeuwenburgh. "Genetic modification may be more 
promising."  

At least eight genetic mutations have been discovered to reliably extend life in yeast, 
roundworms and mice. Indeed, many scientists have turned their focus toward identifying 
so-called "longevity genes," genes directly linked to significant aspects of aging, such as 
sugar metabolism, hormone signaling and cellular death.  

16.6.5    SIR2 controls aging in some species of yeast and roundworms 

Lenny Guarante, a professor of biology at the Massachusetts Institute of Technology, and 
colleagues have determined that the Silent Information Regulator 2 gene, or SIR2, 
determines the life span of both yeast cells and roundworms. Add an extra copy of 
SIR2, the scientists found, and the organisms live longer than normal. Delete SIR2, 
and they die sooner than normal.  

The SIR2 gene is not unique to yeast and roundworms. It is found in mammals, too. 
While there's no proof yet that SIR2 – or an analog – has a direct role in human 
longevity, the evidence seems to point that way, heightening hopes that genetic therapies 
may eventually be developed to either fight age-related diseases or slow the aging 
process itself.  

If cutting calories by 30 percent sounds unappetizing, remember that even modest calorie 
reductions – Steven Austad at the University of Texas says 10 percent seems to be the 
effective minimum – can help. According to the World Health Organization, there are 
more than 1 billion adults in the world who are overweight (28 percent of American men; 
34 percent of American women). One-third of these billion people are considered obese.  



Evolutional theories of aging and caloric restriction (CR) in animals predict the presence 
of neuroendocrine signals to divert the limited energy resources from energy-costly 
physiologic processes such as reproduction to those essential for survival in response to 
food shortage. The diversion of energy and subsequent molecular 
mechanisms might extend the lifespan. A growing body of evidence indicates 
that leptin, a peptide hormone secreted from adipocytes, has a key role in neuroendocrine 
adaptation against life-threatening stress such as fasting (Leptin and anti-aging action of 
caloric restriction. Shimokawa I, Higami Y. J Nutr Health Aging. 2001;5(1):43-8). 

Available studies are consistent with the possibility that oxygen radicals endogenously 
produced by mitochondria are causally involved in the determination of the rate of aging 
in homeothermic vertebrates. Oxidative damage to tissue macromolecules seems to 
increase during aging. The rate of mitochondrial oxygen radical generation of post-
mitotic tissues is negatively correlated with animal longevity. In agreement with this, 
long-lived animals show lower levels of oxidative damage in their mitochondrial 
DNA (mtDNA) than short-lived ones, whereas this does not occur in nuclear DNA 
(nDNA). Caloric restriction, which decreases the rate of aging, also decreases 
mitochondrial oxygen radical generation and oxidative damage to mitochondrial DNA. 
This decrease in free radical generation occurs in complex I and is due to a decrease in 
the degree of electronic reduction of the complex I free radical generator, similarly to 
what has been described in various cases in long-lived animals. These results suggest that 
similar mechanisms have been used to extend longevity through decreases in oxidative 
stress in caloric restriction and during the evolution of species with different longevities 
(Endogenous oxidative stress: relationship to aging, longevity and caloric restriction. 
Barja G. Ageing Res Rev. 2002 Jun;1(3):397-411). 

Obesity can alter sex hormone metabolism, leading to an androgen-excess state. 

Lambert and Merry found that calorie restriction decreased mitochondrial H2O2 
production rate with no change in mitochondrial respiration rate (O2 consumption), 
consistent with previous studies (Barja G. Rate of generation of oxidative stress-related 
damage and animal longevity. Free Radic Biol Med 33: 1167-1172, 2002)( Drew B, 
Phaneuf S, Dirks A, Selman C, Gredilla R, Lezza A, Barja G, and Leeuwenburgh C. 
Effects of aging and caloric restriction on mitochondrial energy production in 
gastrocnemius muscle and heart. Am J Physiol Regul Integr Comp Physiol 284: R474-
R480, 2003) (Gredilla R, Sanz A, Lopez-Torres M, and Barja G. Caloric restriction 
decreases mitochondrial free radical generation at complex I and lowers oxidative 
damage to mitochondrial DNA in the rat heart. FASEB J 15: 1589-1591, 2001) (Sohal 
RS, Ku HH, Agarwal S, Forster MJ, and Lal H. Oxidative damage, mitochondrial oxidant 
generation and antioxidant defenses during aging and in response to food restriction in 
the mouse. Mech Ageing Dev 74: 121-133, 1994), but observed a decreased 
mitochondrial membrane potential.  

Age-related accumulation of cellular damage and death has been linked to so called 
oxidative stress. Calorie restriction (CR) is the most robust, nongenetic intervention that 
increases lifespan and reduces the rate of aging in a variety of species. Mechanisms 



responsible for the antiaging effects of CR remain uncertain, but reduction of so called 
oxidative stress within mitochondria remains a major focus of research. CR is 
hypothesized to decrease mitochondrial electron flow and proton leaks to attenuate 
damage caused by reactive oxygen species. López-Lluch et al. have focused their 
research on a related, but different, antiaging mechanism of CR. Specifically, using both 
in vivo and in vitro analyses, they report that CR reduces so called oxidative stress at 
the same time that it stimulates the proliferation of mitochondria through a 
peroxisome proliferation-activated receptor coactivator 1  signaling pathway. Moreover, 
mitochondria under CR conditions show less oxygen consumption, reduce 
membrane potential, and generate less reactive oxygen species than controls, but 
remarkably they are able to maintain their critical ATP production. In effect, CR 
can induce a peroxisome proliferation-activated receptor coactivator 1 -dependent 
increase in mitochondria capable of efficient and balanced bioenergetics to reduce so 
called oxidative stress and attenuate age-dependent endogenous oxidative damage 
(Calorie restriction induces mitochondrial biogenesis and bioenergetic efficiency. G. 
López-Lluch et al. PNAS 103: 1768-1773, 2006). 

16.6.6    Oxygen free radicals do not cause aging 

Some of the following material was excerpted or abstracted from the MIT website. URL: 
http://web.mit.edu/newsoffice/2002/guarente.html  

In results that counter the idea that oxygen free radicals cause aging, an MIT researcher 
reports in the July 18, 2002 issue of Nature that calorie restriction prolongs life because 
it increases respiration, not because it decreases oxygen free radicals.  

MIT biologist Leonard Guarente believes "the conventional wisdom on oxygen 
radicals is dead wrong. Our results (in yeast) are contrary to the frequent suggestion 
that calorie restriction functions by slowing metabolism and thereby slowing the 
generation of free radicals."  

Guarente, who is working on a book on aging soon to be published, discovered in 2000 
that calorie restriction activates the silenced information regulator (SIR2) gene, 
which has the apparent ability to slow aging. This gene makes a protein called Sir2, 
which Guarente has shown is integrally tied to extending life span in yeast and in the 
roundworm. Humans carry a similar gene.  

Rather than a slower metabolism leading to a slower rate of respiration, it turns out that 
respiration in yeast cells under calorie restriction goes up, not down. 
"The increase in anti-oxidant enzymes that is reported to occur during calorie restriction 
in animals may be a result of an increase in respiration rather than a cause of the observed 
longevity," Guarente said.  

"A high respiration rate is intimately connected with calorie restriction in yeast," he said. 
"A high respiration rate activates SIR2. When respiration goes up, NAD (nicotinamide 

http://web.mit.edu/newsoffice/2002/guarente.html


adenine dinucleotide, a co-enzyme that activates SIR2) goes up and SIR2 goes up. When 
SIR2 goes up, longevity happens."  

The prospect of a possible future drug seems too good to be true: Lose weight and live 
longer. Guarente's aim is just such a drug.  

Calorie restriction extends life span in a wide spectrum of organisms. It is the only 
regimen known to lengthen the life span of mammals such as mice and rats. One 
conventional theory for why this works is that to conserve energy and live within the 
means of limited food intake, the organism's metabolism slows down.  

Because a 30 percent reduction in calories is too difficult for most people to maintain, 
Guarente hopes to find the knowledge that would allow a pharmacological "trick" to 
make the organism think that it is calorie-restricted even when it is not. The hoped-for 
result is that this will trigger longevity.  

16.6.7    Diverting Energy 
When a yeast cell metabolizes food, the process can lead to respiration or fermentation, 
both of which supply the cell with energy.  

When there is plenty of food available, yeast cells prefer to use food for fermentation. 
When food is scarce, the cell opts for respiration. Guarente found that this metabolic shift 
toward respiration increases SIR2's activity and thus life span, just as calorie restriction 
does.  

In mammals, excess carbon is used to make fatty acids and store carbohydrates. If there is 
a way to mimic this metabolic shift in humans, it would mean that more food would be 
used for respiration and less would be stored as fat. Thus, we could live longer and be 
thinner.  

16.6.8    The Culprit Causing Aging 
Studies have suggested that calorie restriction slows aging primarily because it decreases 
oxygen free radicals. Oxygen free radicals are byproducts of oxidation, the body's 
process of turning oxygen into energy.  

Free radicals are thought to be toxic, causing damage to DNA and cells. Although 
antioxidants "clean up" free radicals, this process becomes more inefficient as we age. 
Many scientists speculate that free radical damage is the primary culprit behind age-
related diseases and the symptoms of aging.  

Contrary to these previous findings, Guarente says in the current paper that oxygen 
free radicals do not limit the reproductive life span of yeast and are not central to 
the extension of life span by calorie restriction.  

Co-authors for the paper are Su-Ju Lin, Matt Kaeberlein, Pierre-Antoine Defossez of the 
MIT Department of Biology; biology graduate student Alex A. Andalis and MIT 



Professor of Biology Gerald Fink of the Whitehead Institute for Biomedical Research and 
Lori A. Sturtz and Valerie C. Culotta of the Johns Hopkins School of Public Health.  

(Calorie restriction extends Saccharomyces cerevisiae lifespan by increasing respiration.  
Su-Ju Lin, Matt Kaeberlein, Alex A. Andalis, Lori A. Sturtz, Pierre-Antoine Defossez, 
Valeria C. Culotta, Gerald R. Fink and Leonard Guarente.  Nature 418, 344-348(18 July 
2002). 

16.6.9    Doubt cast on free radical theory  
 
Scientists have questioned a widely accepted theory for a cause of diseases such as 
cancer and arthritis.  

Many experts believe that molecules called free radicals, produced when the body fights 
infection, inflict damage on the body's tissues. Drugs have been developed to mop up 
these excess amounts of the molecules, and thus prevent damage and disease. But 
research by University College London, published in Nature, suggests the theory may 
be incorrect.  

 
Many patients might be using expensive antioxidant drugs based 
upon completely invalid theories.  
Dr Tony Segal  

The researchers say their findings may have profound implications for the way conditions 
linked to free radicals are treated.  

The theory holds that the molecules are capable of such widespread tissue damage that 
they may be a contributory factor in a wide range of disease. These include not only 
cancer and arthritis, but also damage to the blood vessels that can cause heart disease.  

As a result the pharmaceutical industry has, since the 1970s, sought to develop 
antioxidant drugs that can either stop the production of free radicals, or mop them up 
once they have been created to prevent them causing tissue damage. Many vitamins, 
notably vitamin E and C, as well as other natural substances are regarded as 
healthy because they attack free radicals.  

16.6.10    Blood cells  

However, the UCL team say their research disproves the evidence on which the theory 
was first based. Researcher Dr Tony Segal said: "White blood cells produce oxygen free 
radicals, and the process by which they do so is essential for the efficient killing of 
microbes. "However, people in whom this process is defective are prone to severe, 
chronic and often fatal infections. "This fact has led to the presumption that the oxygen 
free radicals themselves are highly toxic, and that if they can kill organisms as tough as 
bacteria and fungi they can also damage human tissues.  

http://www.nature.com/nature/journal/v418/n6895/full/nature00829.html


"However, our work shows that the basic theory underlying the toxicity of oxygen 
radicals is flawed."  

The researchers discovered that it is not free radicals that give white blood cells their 
destructive power, but enzymes which effectively digest foreign invaders. They 
discovered that production of these enzymes is triggered by the flow of the mineral 
potassium within the cell. When this flow was blocked, using a chemical derived from 
scorpion venom, the cells were unable to kill off foreign invaders. This, they postulate, 
shows that free radicals are by no means the toxic particles that had been assumed.  

26/02/2004- The current thinking that oxygen free radicals are responsible for the 
development of numerous diseases, including cancer and arthritis, may be a red 
herring, says a team of UK scientists. 
 
Their study, which challenges the theory behind drug development worth millions 
of dollars, would also call into question the use of antioxidants to counter the build-
up of free radicals. The paper, published in today’s issue of Nature (vol 427, no 6977, 
p853) may hold profound implications for the nutraceutical industry. The researchers say 
that all the theories relating to the cause of disease by oxygen free radicals and the 
therapeutic value of antioxidants must be re-evaluated.  

It is currently held that oxygen free radicals, which are atoms or groups of atoms 
produced by white blood cells, are responsible, if produced in excess, for the production 
of conditions such as arthritis, arteriosclerosis and many others, including cancer.  

Since the 1970s, the pharmaceutical industry has sought to develop drugs to stop the 
production of free radicals and mop them up with antioxidants (substances capable of 
preventing the oxidation of organic molecules) to help treat such diseases. The 
nutraceutical industry has focused on prevention, working on the theory that 
stopping production or fighting the build-up of free radicals with antioxidants, such 
as vitamin C or E, could hold off certain diseases as well as the ageing process.  

The University College London (UCL) team categorically discounts the primary evidence 
upon which this theory is based, and suggests that instead we need to look at other 
potential treatments, specifically treatments impacting the regulation of enzymes released 
from neutrophil leukocytes, the most numerous of the white blood cells.  

"White blood cells produce oxygen free radicals, and the process by which they do so is 
essential for the efficient killing of microbes," says author Professor Tony Segal of the 
Centre for Molecular Medicine within UCL's department of medicine.  

"However, people in whom this process is defective are prone to severe, chronic and 
often fatal infections. This fact has led to the presumption that the oxygen free radicals 
themselves are highly toxic, and that if they can kill organisms as tough as bacteria and 
fungi they can also damage human tissues,” he explained. I believe that they should 



point out the fact that normal cells have the inherent ability to deal with EMODs on 
a continual basis safely. 

Free radicals are believed to be promoted by many agents, including smoking and 
atmospheric pollutants, and have been implicated in the production of conditions that 
include cancer, arthritis, and many other conditions caused by an initial inflammation in 
which these neutrophil leukocytes accumulate.  

"However, our work shows that the basic theory underlying the toxicity of oxygen 
radicals is flawed,” said Segal.  

The researchers discovered that it is not free radicals that give white blood cells their 
destructive power, but enzymes which effectively digest foreign invaders. Production of 
these enzymes is triggered by the flow of the mineral potassium within the cell. But when 
the scientists blocked this process, the cells were unable to fight pathogens, showing that 
free radicals may not be toxic as thought.  

The researchers argue that millions of dollars have been "misspent by the pharmaceutical 
industry in chasing the red herring of the involvement of oxygen free radicals in the 
causation of many diseases”. “Many patients might be using expensive antioxidant drugs 
based upon completely invalid theories as to their therapeutic potential,” added Segal.  

There are many categories of natural compounds that have been shown to have 
antioxidant actions. Aside from vitamins E and C, carotenoids such as lycopene and 
lutein, astaxanthins such as those found in berries and some minerals like selenium have 
all been studied for their potential to reduce risk of disease. And growing sales of natural 
antioxidants in supplement or functional foods reflect that the consumer may have seen 
some benefit from such ingredients.  

While the growth in antioxidants in the overall food segment is relatively small at 3.4 per 
cent in Europe, supplements and fortified foods will become the fastest growing 
section of the carotenoids market, growing from 18.2 per cent of the overall segment in 
2003 to 27.0 per cent in 2010, making it the second largest revenue generator behind 
animal feed, predicts Frost & Sullivan. Polyphenols, also traditionally employed as 
natural food colouring agents, will also grow based on research showing their health 
benefits. 

16.6.11    Expensive drugs  

Dr Segal said the pharmaceutical industry had spent millions of pounds on what 
effectively amounted to a red herring. "Many patients might be using expensive 
antioxidant drugs based upon completely invalid theories as to their therapeutic potential. 
"All the theories relating to their causation of disease by oxygen free radicals, and 
the therapeutic value of antioxidants must, at the very least, be re-evaluated."  



"If you are saying that some other approach might be better, we are working on that all 
the time, to the tune of spending £9m a day on research." (BBC NEWS: 
http://news.bbc.co.uk/go/pr/fr/-/2/hi/health/3485508.stm Published: 2004/02/26). 

Richard Ley, of the Association of the British Pharmaceutical Industry, told BBC News 
Online: "All medicines have to prove their effectiveness to the government regulatory 
authority, so, if they have been granted a license, they cannot be having no effect.  

Story from BBC NEWS:  http://news.bbc.co.uk/go/pr/fr/-/2/hi/health/3485508.stm 
Published: 2004/02/26  

16.6.2   MIT researcher: oxygen free radicals don't cause aging  

 In previous research, Guarente found that rather than a slower metabolism leading to a 
slower rate of respiration, it turns out that respiration in yeast cells under calorie 
restriction goes up, not down. "A high respiration rate is intimately connected with 
calorie restriction in yeast," he said. "A high respiration rate activates SIR2. When 
respiration goes up, NADH goes down and SIR2 goes up. When SIR2 goes up, longevity 
happens." (Calorie restriction extends Saccharomyces cerevisiae lifespan by increasing 
respiration.  Su-Ju Lin, Matt Kaeberlein, Alex A. Andalis, Lori A. Sturtz, Pierre-Antoine 
Defossez, Valeria C. Culotta, Gerald R. Fink and Leonard Guarente.  Nature 418, 344-
348(18 July 2002). 

NADH, a coenzyme or enzyme helper, is present in all living cells. (An enzyme is a 
protein that works like a catalyst in the body to prompt chemical changes; for instance, 
turning food into energy.) NADH, an activated form of the B vitamin niacin, helps 
produce energy through a series of chemical reactions in the cell. 
  
In cells, NADH stimulates the production of ATP (adenosine triphosphate), a compound 
that represents chemical energy in cells. The more NADH a cell has, the more stored 
energy it has. It remains to be seen whether these findings about yeast and NADH will 
relate to the extension of life span in mammals by calorie restriction.  
 

16.6.13     Aging study finds calorie restriction is better than exercise 

A study investigating aging in mice has found that hormonal changes that occur when 
mice eat significantly less may help explain an already established phenomenon: a 
low calorie diet can extend the lifespan of rodents, a benefit that even regular exercise 
does not achieve.  
 
"We know that being lean rather than obese is protective from many diseases, but key 
rodent studies tell us that being lean from eating less, as opposed to exercising more, 
has greater benefit for living longer. This study was designed to understand better why 
that is," said Derek M. Huffman, the study's lead author.  
 
The study applies only to rodents, which are different in some key ways from humans, 

http://news.bbc.co.uk/go/pr/fr/-/2/hi/health/3485508.stm
http://www.nature.com/nature/journal/v418/n6895/full/nature00829.html
http://www.nature.com/nature/journal/v418/n6895/full/nature00829.html


cautions Huffman. However, at least two studies which examined people who engage in 
high-volume exercise versus people who restricted their calorie intake, had a similar 
outcome: caloric restriction has physiological benefits that exercise alone does not. 
Researchers expect that clues to the physiology of longevity in mice will eventually be 
applied to people, Huffman said.  
 
The study, "Effect of exercise and calorie restriction on biomarkers of aging in mice," 
appears in the May 2008 issue of the American Journal of Physiology published by The 
American Physiological Society (APS; http://www.the-aps.org/). The study was carried 
out by Huffman, Douglas R. Moellering, William E. Grizzle, Cecil R. Stockard, Maria S. 
Johnson and Tim R. Nagy, all of the University of Alabama-Birmingham (UAB) and 
funded by the UAB Center for Aging. Dr. Huffman is now at the Albert Einstein College 
of Medicine in New York.  
 
The study built upon previous studies that showed:  

• Rats that exercise regularly will, on average, live longer compared to a group 
that eats the same amount but does not exercise. This is because exercise 
prevents some diseases, which allows more individual animals to 
live out their expected life span.  

• However, when comparing the rats in these two groups that eat the same 
amount, the longest-lived animals in the exercise group don't live any longer 
than the longest-lived rats in the non-exercise group. Taken together, these 
findings indicate that exercise can prevent an early death from disease in some 
rats, but does not extend the maximal lifespan of any of the rats.  

• When comparing rats that exercise to those that don't exercise but eat much 
less, the longest-lived rats are from the group that ate less.  

16.6.14     Two theories  
 
Taken together, these findings indicate that caloric restriction protects against disease 
better than exercise does, and has the added benefit of extending the life span of some 
rats. Physiologists have been trying to unravel the reasons for this, and two major theories 
have emerged.  
 
One theory is that exercise places stress on the body, which can result in damage to the 
tissues and DNA. Another theory is that caloric restriction leads to physiological changes 
which benefit the body.  I believe that both of these theories are light.   
 
Huffman and his colleagues designed a study to examine the roles of exercise and caloric 
restriction, singly and combined. They controlled for factors such as weight and the 
amount of energy expended versus the calories consumed.  
 
They found:  

http://www.the-aps.org/


• Mice allowed to eat as much as they wanted had higher insulin levels, 
regardless of whether they exercised. That is, how much the mice ate determined 
their insulin level, while exercise did not have much effect. High insulin levels 
are associated with a risk of diabetes.  

• The animals that ate as much as they wanted and did not exercise had the 
highest levels of insulin-like growth factor (IGF-1), which plays a key role in 
regulating cell growth and cell death. The animals on caloric restriction had the 
lowest levels of IGF-1. Exercise also seemed to play an important role in 
regulating IGF-1 levels.  

• There were some elevated levels of heat shock proteins, a measure of oxidative 
stress and possible tissue damage among the exercising mice. But total 
protein carbonyls, another stress measure, were not significantly 
different. I believe that this is a very important observation.  Markers are 
unreliable, inaccurate, misleading and undependable. 

• Both exercise and caloric restriction moderated the level of 8-
hydroxyguanosine (8-OHdG), a marker of DNA damage. Among 
the animals that ate all they wanted, those that did not exercise had the highest 
levels of 8-OHdG and those that exercised had much lower levels. The 
researchers concluded that DNA damage increases with age and is accelerated by 
obesity but could be slowed by caloric restriction and/or exercise. The researchers 
noted, however, that the results may differ if they had used older mice or 
subjected them to greater caloric restriction than the mild (9% fewer calories) or 
moderate (18%) restriction this study employed. I believe that this demonstrates 
that neither oxidative stress nor increased EMOD levels are unrelated to 
accelerated aging.  The free radical theory of aging would have predicted 
that exercise, which generates high EMOD levels would have had elevated 
levels of 8-OHdG, but exercise did not increase EMOD levels as 
measured by 8-OHdG. 

Overall, these findings indicate that the physiological stress of exercise did not produce 
enough damage to tissues or DNA to explain why exercise does not lengthen life span. 
Instead, the study suggests that caloric restriction creates beneficial changes in the body's 
hormone levels which exercise does not. The researchers concluded that these metabolic 
changes play a role in extending life.  
 
A handful of studies comparing calorie restricted people to people who are avid 
exercisers, found similar hormonal benefits among those eating less. However, calorie 
restriction studies are difficult to carry out in people because participants often 
complain of feeling hungry, lethargic, and cold. Thus, I ask, “ Why should 
one wish to extend their life span for a few more miserable years?” 
 
Huffman also emphasized that the benefits of exercise may be greater for humans than 



for mice because people are more prone to develop cardiovascular diseases, and exercise 
is particularly good at warding off those diseases. Mice tend to die of kidney disease 
and cancer, Huffman said.  (Article adapted by Medical News Today from original press 
release. Article URL: http://www.medicalnewstoday.com/articles/107448.php). 

16.6.15     Caloric restriction may or may not be related to EMOD production 

The beneficial effects of CR can be observed not only when initiated at a young age, but 
also in adulthood. Although it has been reported that CR could be ineffective or even 
detrimental if started late in life (Forster MJ, Morris P, Sohal RS 2003 Genotype and age 
influence the effect of caloric intake on mortality in mice. FASEB J 17:690–692), various 
investigations show that positive effects can also be observed when caloric restriction is 
started in middle age or later (Takahashi R, Goto S 2002 Effect of dietary restriction 
beyond middle age: accumulation of altered proteins and protein degradation. Microsc 
Res Tech 59:278–281).  

Although getting older leads to a decline in maximum functional capacities, caloric 
restriction decelerates such declines. Animals under a CR regimen (without malnutrition) 
maintain most physiological functions in a youthful state at more advanced ages. CR also 

retards age-related diseases, such as cardiomyopathy, nephropathy, diabetes, 
hypertension-related diseases, and neoplastic processes. It is currently believed that 
the positive effects of CR depend on the reduced intake of calories themselves, although 
it has been reported that changes in the proportion of the main dietary components can 
also modulate longevity. For instance, restriction of protein intake significantly 
increased mean and maximum longevities in different rat strains. Furthermore, when 
animals were fed a diet restricted in the essential amino acid methionine, mean and 
maximum life spans were enhanced as well (Orentreich N, Matias JR, DeFelice A, 
Zimmerman JA 1993 Low methionine ingestion by rats extends life span. J Nutr 
123:269–274). I wonder if the sulfur content, which acts as an antioxidant, is 
responsible for this effect. 

More recently, Gredilla et al have observed that protein restriction without strong 
caloric restriction has similar effects on the mitochondrial free radical generation 
rate and mitochondrial DNA (mtDNA) oxidative damage in rat liver as the reduction 
of the total intake of calories. All these data are consistent with the possibility that part of 
the effects on the aging rate induced by CR could be due to the decreased intake of 
particular components of the diet, such as proteins. (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). 

When more specific protein markers, such as advanced Maillard products or specific 
carbonyl modifications (glutamic and aminoadipic semialdehydes), were recently 
investigated in heart and liver rat mitochondria, it was found that the reduction in 
particular levels of protein oxidative damage after CR depends on 
implementation time and is tissue specific. Hence, although in heart 
mitochondria of restricted Wistar rats, a general reduction in protein oxidative damage 



was observed after 4 and 12 months, but not after 6 wk, in liver mitochondria from 
Brown-Norway rats, a minor reduction in the levels of protein oxidative damage was 
detected only after life-long CR (Lambert A, Portero-Otín M, Pamplona R, Merry BJ 
2004 Effect of ageing and caloric restriction on specific markers of). 

TABLE 1. Quantitative results obtained in long-term CR investigations in which 
mitochondrial free radical generation and oxidative damage to mitochondrial mtDNA 
were simultaneously measured  

% Decrease in restricted rats after long-term 
CR compared with ad libitum animals 

 

 Brain 
(37) 

Heart 
(34) 

Skeletal 
muscle (36) 

Liver 
(35) 

 

Mitochondrial free radical 
generation (nmol H2O2/ 
min·mg protein) 

24 45 28 46 
   

mtDNA oxidative damage 
(8-oxodG/105 dG) 

23 30 30 47    

 

Restricted animals received daily 60% of the food intake of controlcontrast, animals 
(40% caloric restriction). In agreement with these quantitative changes, 40% CR also 
decreased the aging rate (and increased maximum longevity) by 30–50% (19). Numbers 
represent the perceptual decrease in both parameters in restricted rats in relation to ad 
libitum-fed rats. Numbers in parentheses show the reference number of each study. 8-
oxodG, 8-Oxo-7,8-dihydro-2'deoxy-guanosine; dG, deoxyguanosine. 

Concerning scavenger activities, results of different studies do not support an 
induction of antioxidant activity in CR animals. Increases in such activities 
were described in some CR models, but later studies in rat liver and heart and mouse 
skeletal muscle, brain, heart, and kidney failed to describe any clear-cut overall 
pattern of CR-related changes in antioxidant defenses, ruling out antioxidants as 
determinants of the lower oxidative damage observed in CR animals.  

It has been shown that long-lived animals show lower rates of mitochondrial H2O2 
generation than short-lived ones (Barja G 2002 Endogenous oxidative stress: 
relationship to aging, longevity and caloric restriction. Ageing Res Rev 1:397–411). 
Please remember that there are exceptions to these observations. 

Decreases in mitochondrial free radical production have been also widely observed in 
different tissues of restricted rodents. This effect of CR on mitochondrial free radical 
generation is better detected after long-term implementation. When animals were 



subjected to short- or medium-term CR, a reduction or no change has been 
reported depending on the tissue and the study (Table 3 ). 

TABLE 3. Effect of short- or medium-term CR on mitochondrial free radical generation 
rate  

Tissue Species CR effect on Mt ROS generation Ref. no. 

 

Heart Rat , = 40 34 58  

Brain Mouse  56  

Liver Rat , = 57 49 59  

    

Skeletal muscle Rat , = 60 61  

 Mouse  56  

    

Kidney Rat = 61  

 Mouse  56  
 

Implementation times varied from 6 wk up to 6 months. Mitochondrial free radical 
generation was determined in isolated mitochondria. Different rat strains were used: 
Wistar (34, 58, 57), Brown Norway (49), Fisher 344 (40, 61), and FBNF1 (59, 60). 
Implementation times were: 34, 6 wk; 40, 2 months; 56, 5 months; 57, 6 wk; 49, 4 
months; 58, 4 months; 59, 1 and 6 months; 60, 2 wk, 2 months, and 6 months; 61, 2 
months. 

In my opinion, these studies discount the theory that oxidation by EMODs is 
responsible for aging.  Inconsistencies are everywhere. 

16.6.16    Confusion reigns over theories of aging causation 

The following is the summary of John R. Speakman: 

Bigger animals live longer. The scaling exponent for the relationship between lifespan 
and body mass is between 0.15 and 0.3. Bigger animals also expend more energy, and the 
scaling exponent for the relationship of resting metabolic rate (RMR) to body mass lies 
somewhere between 0.66 and 0.8. Mass-specific RMR therefore scales with a 
corresponding exponent between -0.2 and -0.33. Because the exponents for mass-specific 
RMR are close to the exponents for lifespan, but have opposite signs, their product (the 
mass-specific expenditure of energy per lifespan) is independent of body mass (exponent 



between -0.08 and 0.08). This means that across species a gram of tissue on average 
expends about the same amount of energy before it dies regardless of whether that 
tissue is located in a shrew, a cow, an elephant or a whale. This fact led to the notion 
that ageing and lifespan are processes regulated by energy metabolism rates and that 
elevating metabolism will be associated with premature mortality - the rate of living 

theory.  

The free-radical theory of ageing provides a potential mechanism that links metabolism to 
ageing phenomena, since oxygen free radicals are formed as a by-product of oxidative 
phosphorylation. Despite this potential synergy in these theoretical approaches, the free-
radical theory has grown in stature while the rate of living theory has fallen into 
disrepute. This is primarily because comparisons made across classes (for example, 
between birds and mammals) do not conform to the expectations, and even within 

classes there is substantial interspecific variability in the mass-specific expenditure 
of energy per lifespan. Using interspecific data to test the rate of living hypothesis is, 
however, confused by several major problems. For example, appeals that the resultant 

lifetime expenditure of energy per gram of tissue is `too variable' depend on the 
biological significance rather than the statistical significance of the variation observed. 
Moreover, maximum lifespan is not a good marker of ageing and RMR is not a good 
measure of total energy metabolism. Analysis of residual lifespan against residual RMR 
reveals no significant relationship. However, this is still based on RMR.  

A novel comparison using daily energy expenditure (DEE), rather than BMR, suggests 
that lifetime expenditure of energy per gram of tissue is NOT independent of body 
mass, and that tissue in smaller animals expends more energy before expiring than 
tissue in larger animals. Some of the residual variation in this relationship in mammals 
is explained by ambient temperature. In addition there is a significant negative 
relationship between residual lifespan and residual daily energy expenditure in mammals. 
A potentially much better model to explore the links of body size, metabolism and ageing 
is to examine the intraspecific links. These studies have generated some data that 
support the original rate of living theory and other data that conflict. In particular 
several studies have shown that manipulating animals to expend more or less energy 
generate the expected effects on lifespan (particularly when the subjects are ectotherms). 
However, smaller individuals with higher rates of metabolism live longer than their 
slower, larger conspecifics.  

An addition to these confused observations has been the recent suggestion that under 
some circumstances we might expect mitochondria to produce fewer free radicals when 
metabolism is higher - particularly when they are uncoupled. These new ideas concerning 
the manner in which mitochondria generate free radicals as a function of metabolism shed 
some light on the complexity of observations linking body size, metabolism and lifespan 
(Body size, energy metabolism and lifespan. John R. Speakman. Journal of Experimental 
Biology 208, 1717-1730 (2005). As I have said many times, “We barely have a clue 
for aging causation and even less of a clue as how to avoid it.” 

 



16.6.17       Lower food intake has a negative effect on immune system 

Researchers studying deer mice have discovered evidence to support what mothers 
everywhere have long suspected: the immune system needs food to function 
properly. In an article titled "Food Restriction Compromises Immune Memory in Deer 
Mice (Peromyscus maniculatus) By Reducing Spleen-Derived Antibody-Producing B-
Cell Numbers," Lynn Martin and coauthors find that reduced food intake leads to a 
decline in immune function in their subjects. The findings, which will be published in the 
May/June 2008 issue of Physiological and Biochemical Zoology, could have profound 
implications for human health.  
 
Why immune activity is variable in many wild animals is a question that has long puzzled 
researchers. "Animals live different lifestyles, so they may use different types of defenses 
against infection depending on the situation. Perhaps this is why immune defenses vary 
seasonally in most species; some may be too expensive to use all the time," Martin said, 
referring to previous work on Peromyscus and other small mammals and birds. While it 
is known that the immune system expends energy when it gears up to fight a virus or 
an infection - a fever, for example - the researchers found that restricting their 
subjects' diet by 30% significantly decreased the amount of available B cells, which 
produce antibodies and maintain immune memory. Without these cells, the immune 
system must relearn how to fight a threat if it reappears.  
 
Research on the relationship between food and the immune system could have profound 
implications for humans. Martin and fellow researchers cite previous studies that have 
found that infections are "more frequent and tend to be chronic in malnourished 
children." Vaccines, in order to work effectively, must provoke B cells to produce 
sufficient antibodies for immune memory. Previous studies have found that vaccines 
such as those for measles have a significantly lower rate of efficacy among the 
malnourished. "A 30% restriction in food intake doesn't affect body mass 
and only minimally reduces activity in deer mice, but it eliminates the 
long-term immune protection provided by antibodies. One wonders whether 
similar moderate food restriction has comparable immune effects in humans," Martin 
asked. Although other variables may be at work, the authors propose that for both wild 
animals and humans, food availability impinges on immunity and future research should 
determine what specific components of a diet (calories, protein, micronutrients) are 
responsible. I believe that this directly applies to caloric restriction. 

 16.7.0    Caloric restriction, insulin, EMODs and hypoxia 

Exposure to hypoxia induces anorexia in humans and rodents. Hypoxia 
led to increased plasma leptin levels only in obese rats. This resulted from increased 
leptin gene expression in adipose tissue in response to hypoxia, in association with 
enhanced VEGF gene expression. Increased hypothalamic neuropeptide Y levels in lean 
rats 2 days after hypoxia exposure contributed to accounting for the enhanced food 
consumption. No significant changes occurred in the expression of other hypothalamic 



neuropeptides involved in the control of food intake. This study demonstrates 
unequivocally that altitude-induced anorexia cannot be ascribed to anorectic signals 
triggered by enhanced leptin production or alterations of hypothalamic 
neuropeptides involved in anabolic or catabolic pathways (Leptin receptor-deficient 
obese Zucker rats reduce their food intake in response to hypobaric hypoxia. Nadine 
Simler et al. Am J Physiol Endocrinol Metab 290: E591-E597, 2006). 

The modular metabolic control analysis indicated that at a given p, mitochondria from 
calorie-restricted rats had decreased JS and increased JP and JL, with the largest factor 

being the change in JL. Therefore, calorie restriction appears to reduce the 
protonmotive force and possibly ROS generation, specifically by increasing the 
proton leak. Perhaps most remarkably, insulin treatment for 2 wk inhibited the 
effects of calorie restriction on mitochondrial ROS production, membrane 
potential, P, JS, JP, and JL. The changes in p and ROS production were only partly 
inhibited by insulin, but this may be because insulin supplementation did not bring the 
plasma levels up to that of the rats fed an ad libitum diet (doing so apparently would have 

caused hypoglycemia). 

 I find it highly interesting that insulin can block the effect of caloric restriction on 
EMOD production and restore it. 

This appealingly straightforward study is the first to single out insulin as a major player 
in determining the rate of ROS production.  

It is tempting to speculate that the antiaging effects of calorie restriction are due 
largely to decreased insulin levels and the resulting decreased p and ROS 
production.  

In further support of this, in long-lived IGF-1r(+/-) mice (Holzenberger M, Dupont J, 
Ducos B, Leneuve P, Geloen A, Even PC, Cervera P, and Le Bouc Y. IGF-1 receptor 
regulates lifespan and resistance to oxidative stress in mice. Nature 421: 182-187, 2003), 
the stress-regulated p66 Shc is underphosphorylated in IGF-1R deficiency, suggesting a 
plausible mechanism connecting IGF signaling to oxidative stress.  

However, extension of life span by calorie restriction in mammals is associated with 
many other changes, at least some of which may not be linked to insulin or ROS 
production (Barja G. Rate of generation of oxidative stress-related damage and animal 
longevity. Free Radic Biol Med 33: 1167-1172, 2002) (Chandrasekar B, Nelson JF, 
Colston JT, and Freeman GL. Calorie restriction attenuates inflammatory responses to 
myocardial ischemia re-perfusion injury. Am J Physiol Heart Circ Physiol 280: H2094-
H2102, 2001) (Drew B, Phaneuf S, Dirks A, Selman C, Gredilla R, Lezza A, Barja G, 
and Leeuwenburgh C. Effects of aging and caloric restriction on mitochondrial energy 
production in gastrocnemius muscle and heart. Am J Physiol Regul Integr Comp Physiol 
284: R474-R480, 2003) (Lee CK, Klopp RG, Weindruch R, and Prolla TA. Gene 
expression profile of aging and its retardation by caloric restriction. Science 285: 1390-
1393, 1999) (Navarro A, Sanchez Del Pino MJ, Gomez C, Peralta JL, and Boveris A. 



Behavioral dysfunction, brain oxidative stress, and impaired mitochondrial electron 
transfer in aging mice. Am J Physiol Regul Integr Comp Physiol 282: R985-R992, 2002).  

Calorie restriction in both rats and rhesus monkeys results in a marked increase in 
insulin sensitivity within 5 days (Dean DJ, Gazdag AC, Wetter TJ, and Cartee GD. 
Comparison of the effects of 20 days and 15 months of calorie restriction on male Fischer 
344 rats. Aging (Milano) 10: 303-307, 1998) (Lane MA, Ball SS, Ingram DK, Cutler RG, 
Engel J, Read V, and Roth GS. Diet restriction in rhesus monkeys lowers fasting and 
glucose-stimulated glucoregulatory end points. Am J Physiol Endocrinol Metab 268: 
E941-E948, 1995). This effect occurs before significant losses in body fat and is not 

caused by increased expression of GLUT-4 (insulin regulatable glucose transporter 
protein in skeletal muscle). Instead, calorie restriction enhances the cell signaling 
mechanisms to stimulate the translocation of GLUT-4 from the interior of the cell to the 
surface membranes, making the transporters more accessible to extracellular glucose and 
thereby increasing glucose transport rate.  

In mammals, the inability to synthesize or respond appropriately to insulin 
results in diabetes, which is a disease with many features of premature 
aging (Pollack M and Leeuwenburgh C. Molecular mechanisms of oxidative stress and 
aging: free radicals, aging, antioxidants, and disease. In: Handbook of Oxidants and 
Antioxidants in Exercise, edited by Sen CK, Packer L, and Hanninen O. Amsterdam: 
Elsevier, 1999, p. 881-926). 

Diabetes is associated with increased advanced glycation end products and 
lipoxidation end products, specifically in long-lived proteins in the extracellular space 
(Baynes JW. The Maillard hypothesis on aging: time to focus on DNA. Ann NY Acad Sci 
959: 360-367, 2002) (Cefalu WT, Bell-Farrow AD, Wang ZQ, Sonntag WE, Fu MX, 
Baynes JW, and Thorpe SR. Caloric restriction decreases age-dependent accumulation of 
the glycoxidation products, N epsilon-(carboxymethyl)lysine and pentosidine, in rat skin 
collagen. J Gerontol A Biol Sci Med Sci 50: B337-341, 1995). These end products, 
which potentially impair tissue function, also accumulate in tissues with age (Cefalu 
WT, Bell-Farrow AD, Wang ZQ, Sonntag WE, Fu MX, Baynes JW, and Thorpe SR. 
Caloric restriction decreases age-dependent accumulation of the glycoxidation products, 
N epsilon-(carboxymethyl)lysine and pentosidine, in rat skin collagen. J Gerontol A Biol 
Sci Med Sci 50: B337-341, 1995) (Baynes JW. The Maillard hypothesis on aging: time to 
focus on DNA. Ann NY Acad Sci 959: 360-367, 2002).  

Furthermore, long-term calorie restriction reduces the age-associated rise in glycation 
of hemoglobin, plasma proteins, and glycoxidation end products in skin collagen, 
suggesting that differences in glycoxidation chemistry contribute to the increased 
longevity seen with calorie restriction. I believe that this is due to the fact that it 
reduced EMOD production. 

The study by Lambert and Merry gives renewed importance to determining the 
mechanism and regulation of the mitochondrial proton leak pathway and raises a number 
of other intriguing future research questions. These include determining which 



mitochondrial electron transport complex is affected by the insulin treatment (Barja G. 
The quantitative measurement of H2O2 generation in isolated mitochondria. J Bioenerg 
Biomembr 34: 227-233, 2002), clarifying the effects of insulin level and duration of 

calorie restriction on mitochondrial energetics, defining the signaling pathway by which 
insulin regulates both oxidant production and the components of mitochondrial 
bioenergetics and determining whether short-term calorie restriction has similar effects on 

mitochondrial energetics (Gredilla R, Sanz A, Lopez-Torres M, and Barja G. Caloric 
restriction decreases mitochondrial free radical generation at complex I and lowers 
oxidative damage to mitochondrial DNA in the rat heart. FASEB J 15: 1589-1591, 2001).  

16.7.1     CALERIE study 

The following section was abstracted from the website www.economist.com on 5/20/06. 

How to live longer—maybe.  From The Economist print edition. 

DIETING, according to an old joke, may not actually make you live longer, but it sure 
feels that way. Nevertheless, evidence has been accumulating since the 1930s that calorie 
restriction, reducing an animal's energy intake below its energy expenditure, extends 
lifespan and delays the onset of age-related diseases in rats, dogs, fish and monkeys. Such 
results have inspired thousands of people to put up with constant hunger in the hope of 
living longer, healthier lives. They have also led to a search for drugs that mimic the 
effects of calorie restriction without the pain of going on an actual diet. 

Amid the hype, it is easy to forget that no one has until now shown that calorie restriction 
works in humans. That omission, however, changed this month, with the publication of 
the initial results of the first systematic investigation into the matter. This study, known 
as CALERIE (Comprehensive Assessment of Long-term Effects of Reducing Intake 
of Energy), was sponsored by America's National Institutes of Health. It took 48 men 
and women aged between 25 and 50 and assigned them randomly to either a control 
group or a calorie-restriction regime. Those in the second group were required to cut their 
calorie intake for six months to 75% of that needed to maintain their weight. 

The CALERIE study is a landmark in the history of the field, because its subjects were 
either of normal weight or only slightly overweight. Previous projects have used 
individuals who were clinically obese, thus confusing the unquestionable benefits to 
health of reducing obesity with the possible advantages of calorie restriction to the 
otherwise healthy. 

At a molecular level, CALERIE suggests these advantages are real. For example, those 
on restricted diets had lower insulin resistance (high resistance is a risk factor for type 2 
diabetes) and lower levels of low-density lipoprotein cholesterol (high levels are a risk 
factor for heart disease). They showed drops in body temperature and blood-insulin 
levels—both phenomena that have been seen in long-lived, calorie-restricted animals. 
They also suffered less oxidative damage to their DNA.  

http://www.economist.com/


Eric Ravussin, of Louisiana State University in Baton Rouge, who is one of the study's 
authors, says that such results provide support for the theory that calorie restriction 
produces a metabolic adaptation over and above that which would be expected from 
weight loss alone. (He also points out that it will be a long time before such work reveals 
whether calorie restriction actually extends life.) Nevertheless, such metabolic adaptation 
could be the reason why calorie restriction is associated with longer lifespans in other 
animals—and that is certainly the hope of those who, for the past 15 years, have been 
searching for ways of triggering that metabolic adaptation by means other than semi-
starvation. 

The search for a drug that will stave off old age is itself as old as the hills, as is the 
wishful thinking of the suckers who finance such efforts. Those who hope to find it by 
mimicking the effect of calorie restriction are not, however, complete snake-oil salesmen, 
for there is known to be a family of enzymes called sirtuins, which act both as sensors of 
nutrient availability and as regulators of metabolic rate. These might provide the 
necessary biochemical link between starving and living longer. 

16.7.2     Live longer, maybe, if you are a rat 

The following article was excerpted from LiveScience website on 7/8/08 and was 
entitled: Live Longer: The One Anti-Aging Trick That Works by Roy Britt. 

While the quest for the proverbial Fountain of Youth is endless and typically 
fruitless, one method known to extend the human lifespan by up to five years has quietly 
become accepted among leading researchers.  The formula is simple: Eat less. It could 
add years to your life, several experts now say. And done in moderation, it could at least 
help you live a more healthy life.  The only question is: Will the average person do it?  

While little short of a nip-and-tuck will make you look younger, calorie restriction, as it 
is called, is as close to a real Fountain of Youth as any known technique comes. Even 
scientists who are cautious about anti-aging hype say it works, both by cutting risks for 
some diseases and by allowing all body cells, somehow, to hang in there longer.  "There 
is plenty of evidence that calorie restriction can reduce your risks for many common 
diseases including cancer, diabetes and heart disease," says Saint Louis University 
researcher Edward Weiss."  

Here's a rough rule of thumb that many experts generally agree on now: Eat 15 percent 
less starting at age 25 and you might add 4.5 years to your life, says Eric Ravussin, 
who studies human health and performance at the Pennington Biomedical Research 
Center in Louisiana.  One important caveat: Ravussin's estimate is based mostly on 
studies of other animals and only preliminary research in humans. But the work by 
Weiss and others is unlocking the mysteries of aging and suggesting the animal studies 
apply to humans.  "There is absolutely no reason to think it won't work," Ravussin told 
LiveScience.  



If you can hang in there until these promising new drug therapies are developed, you may 
live in a world where lifespan increases by 10 to 15 years, researchers say.  Don't plan on 
living to be 200, Ravussin said, "but I think we're going to gain quite a few years."  

Scientists aren't sure exactly why calorie restriction slows aging. But 
they're on the verge of a firm understanding. In a nutshell, it is thought to lower 
metabolic rate and cause the body to generate fewer damaging "free radicals."  I believe 
that this is purely speculation and has been debunked by the work in yeast, showing 
that caloric restriction increases metabolic rate and EMOD production. 

One hypothesis is that it decreases a thyroid hormone, triiodothyronine (T3), which 
then slows metabolism and tissue aging.  

Weiss and colleagues studied men and women, aged 50 to 60, who did not smoke, were 
not obese and were in good health. The volunteers were split into three groups - a calorie-
restriction group, an exercise group, or a control group - and followed for one year. The 
calorie-restriction group cut back by 300 to 500 calories per day. (A typical healthy adult 
diet should include about 2,000 calories.) Volunteers in the exercise group maintained 
their regular diet and exercised regularly.  While both the calorie-restriction and exercise 
groups experienced similar changes of body fat mass, only those in the calorie 
restriction group also experienced lower levels of the thyroid hormone. The results 
were published in the June 2008 issue of the journal Rejuvenation Research.  

Weiss' work advances the body of anti-aging knowledge, said Christy Carter, an aging 
researcher and assistant professor at the University of Florida College of Medicine.  "The 
more that scientists can demonstrate similar biological profiles between rodents and 
humans with regards to calorie restriction, the greater the possibility that lifespan 
extension will translate to human as well," Carter said.  

Weiss figured it's sensible to take steps now. You can cut 300 to 500 calories by simply 
skipping dessert or substituting a turkey sandwich for fast food. A nutritional diet and 
exercise are important to any weight-loss effort, Weiss and others caution.  "Our research 
provides evidence that calorie restriction does work in humans like it has been shown to 
work in animals," Weiss said. "The next step is to determine if this in fact slows age-
related tissue deterioration. The only way to be certain, though, is to do a long-term 
study."  

"I think that they've documented a real and interesting effect of caloric restriction in 
humans," said UCLA evolutionary biologist Jay Phelan. "But they are still a long way 
from demonstrating that it changes human lifespan at all."  

Evidence that calorie restriction boosts lifespans in rodents is solid. Christiaan 
Leeuwenburgh of the University of Florida's Institute on Aging showed in 2006 that 
eating just 8 percent less and exercising a little more over a lifespan can reduce or 
even reverse aging-related cell and organ damage in rats.  Various studies have 
shown that cutting calories by 20 to 40 percent significantly both extends life and, with a 
little exercise, leaves old animals in better shape.  



Eating fewer calories  also reduces age-related chronic diseases such as cancers, 
heart disease, and stroke in rodents. Research last year found that rats on a restricted 
diet are more physically fit in old age, apparently slowing the typical onset of physical 
disability. The rodents also looked and probably felt better: "Rats that ate a normal diet 
lost a significant amount of lean muscle mass and acquired more fat, while calorie-
restricted rats maintained lean muscle mass as they aged," said lead researcher Tongjian 
You from the University of Buffalo. The finding was published in the October 2007 issue 
of the Journals of Gerontology Series A: Biological Sciences and Medical Sciences.  
Rodents are thought to be good analogues to humans. Dogs are even better.  

A 14-year study of 48 Labrador Retrievers found restricting their diets by 25 
percent starting at 8 weeks of age extended their lives by an average of 1.8 years. For 
a creature that typically never gets beyond its early teens, that's a big number. The 
findings were published back in 2002 in the Journal of the American Veterinary Medical 
Association.  "The study also showed that lean body conformation forestalls some 
chronic illnesses, most notably osteoarthritis," said University of Pennsylvania researcher 
Gail K. Smith, who worked on the dog study. Ailments typically struck the lean dogs 2.1 
years later than the others.  

Convincing humans to eat less, and then studying the effects over a lifetime, is 
considerably more challenging. But mounting research suggests that what works for rats 
and dogs seems to apply to people.  Studies are under way with monkeys, which have 
lifespans of around 25 to 30 years, and early indications are promising, Ravussin said.  

A study of humans last year (2007) found that cutting calories in human test 
subjects reduced oxidative damage in muscle cells. In the journal PLoS Medicine, the 
researchers speculated that the effect might translate into longer life.  Researchers 
caution, however, that longer lifespans does not mean immortality. The vast majority 
of mainstream researchers envision lifespans extending a few years.  "My estimate 
would be that 40 years of caloric restriction would give a 3 to 7 percent increase in 
longevity, so an optimistic estimate would be an additional four years or so," said Phelan, 
the UCLA researcher.  

But researchers are quick to point out that human nature is not  conducive to life-long 
calorie-restriction diets. "It's going to be limited to a few people who are going to try to 
do that," Ravussin said.  "Suffering years of misery to remain super-skinny is not 
going to have a big payoff in terms of a longer life," Phelan said back in 2005 when 
the idea of "living forever" was particularly hyped in the media. "I once heard someone 
say caloric restriction may not make you live forever, but it sure would seem like it. 
Try to maintain a healthy body weight, but don't deprive yourself of all pleasure. 
Moderation appears to be a more sensible solution."  

Phelan uses rodents as an example of why caution is warranted:  Mice will live longer if 
their diet is restricted by 10 percent, he said in 2005. "If you restrict their intake by 20 
percent, they live even longer, and restrict them to 50 percent, they live longer still. But 
restrict their intake by 60 percent and they starve to death."  And Phelan 



now thinks there is "nothing" on the research horizon "that would extend lifespan in a 
significant amount, on the order of 10 or more years."  

Other experts are optimistic that research into calorie restriction will lead to greater 
things.  Scientists are investigating what they call CR mimetics, or compounds that 
mimic the effects of calorie restriction. "This includes naturally occurring compounds 
and pharmaceuticals," explained Carter, the University of Florida researcher. "One that 
has received much attention lately is a compound called resveratrol, found in red wine." 
Please remember that resveratrol is also a good prooxidant. 

Researchers have long pondered the French paradox: The French eat high-fat diets but 
live relatively long lives. Resveratrol and other compounds in red wine are thought by 
many to contribute to that good life. But testing any anti-aging drug or therapy sets up 
another tricky paradox: Nobody wants to invest in a 70-year test, and the Food and Drug 
Administration won't approve a chemical's use without thorough testing. There's a 
potential shortcut: Researchers are testing compounds thought to thwart aging on 
Alzheimer's patients to see if they slow the degradation of neurons. And similar human 
trials will begin soon on diabetes patients.  

"However, many of these studies are still in the development phase, still being tested in 
rodent models," Carter said. "I expect that this field will begin to explode in the next few 
years. Caution is still merited given the need for extensive study of these compounds as 
to their efficacy and long-term safety."  Eventually, Ravussin thinks the combined efforts 
of all these research angles could extend lifespans by 15 years later this century.  

In a society where lifespan has already increased significantly in recent decades, many 
people are at least as concerned with aging well as they are with living long.  "Many 
researchers are focusing on the effects of CR on health-span as opposed lifespan," Carter 
said. "We know that small reductions in caloric intake, even as little as 8 percent, 
result in improvements in health related outcomes."  

16.7.3     Lower PUFA in membranes is associated with longevity 

Underlying causes of species differences in maximum life span (MLS) are unknown, 
although differential vulnerability of membrane phospholipids to peroxidation is 
implicated. Membrane composition and longevity correlate with body size; membranes of 
longer-living, larger mammals have less polyunsaturated fatty acid (PUFA). We 
determined membrane phospholipid composition of naked mole-rats (MLS > 28.3 years) 
and similar-sized mice (MLS = 3–4 years) by gas–liquid chromatography to assess if the 

9x MLS difference could be explained. Mole-rat membrane composition was unchanged 
with age. Both species had similar amounts of membrane total unsaturated fatty acids; 
however, mice had 9 times more docosahexaenoic acid (DHA). Because this n-3PUFA is 
most susceptible to lipid peroxidation, mole-rat membranes are substantially more 
resistant to oxidative stress than are mice membranes. Naked mole-rat peroxidation 
indices, calculated from muscle and liver mitochondrial membranes, concur with those 

predicted by MLS rather than by body size, suggesting that membrane phospholipid 
composition is an important determinant of longevity (Oxidation-Resistant Membrane 



Phospholipids Can Explain Longevity Differences Among the Longest-Living Rodents 
and Similarly-Sized Mice. A. J. Hulbert, Sally C. Faulks and Rochelle Buffenstein. The 
Journals of Gerontology Series A: Biological Sciences and Medical Sciences 61:1009-
1018 (2006).  I interpret this to mean that the higher levels of PUFA act as traps for 
EMODs and cause an EMOD insufficiency, which allows for disease and increased 
aging.  

16.7.4     An elixir of life? 

Boosting the activity of sirtuins in yeast, nematode worms and fruitflies (three 
rapidly reproducing stalwarts of biological laboratories) does indeed result in longer 
lifespans. In 2003 a team led by David Sinclair of Harvard Medical School described 19 
plant-derived molecules that activate sirtuins in yeast. One of these molecules, 
resveratrol, is found in red wine—which created excitement among those who think that 
a wine-rich diet is part of the explanation for the healthy old age apparently enjoyed by 
many who live in southern Europe. 

In February, a group led by Dario Valenzano of the Scuola Normale Superiore in Pisa, 
Italy, showed that the effect applies in vertebrates, too. Dr Valenzano's experiments with 
resveratrol increased the maximum lifespan of a small fish, called Nothobranchius 
furzeri, by 60%. (Nothobranchius furzeri was chosen because it is the shortest-lived 
vertebrate known, with a normal maximum lifespan of 12 weeks.) 

Resveratrol, however, is only a starting point. Sirtris Pharmaceuticals, a firm based in 
Cambridge, Massachusetts, of which Dr Sinclair is a co-founder, has identified a number 
of synthetic molecules whose effect on yeast is many times more potent than 
resveratrol's. Although there is, as yet, no published evidence that sirtuins extend life 
in mammals, or that resveratrol activates sirtuins in human cells, some of these 
molecules are already in clinical trials for safety. 

Moreover, Dr Sinclair thinks he knows why plant molecules such as resveratrol might 
affect longevity in animals. Resveratrol is produced when a vine is under stress—for 
example, due to dehydration or over-exposure to sunshine. According to Dr Sinclair's 
theory, which he calls xenohormesis, animals rely on such botanical stress signals to 
give them extra information about their own environments, in the same way that the 
alarm calls of one species warn others of danger. If bad things are happening to plants, he 
surmises, that is a reason for pre-emptive animal action. Animal bodies thus react to 
molecules such as resveratrol by activating their own defence mechanisms. These, in 
turn, protect their cells from stress-related damage. 

16.7.5     Xenohormesis 

Xenohormesis is a variation of a more general theory, hormesis, which interests Suresh 
Rattan of Aarhus University in Denmark. A good example of hormesis is exercise. 
In theory, this should damage cells because it increases oxygen uptake, and oxidative 
stress is bad for things like DNA. Of course, exercise is not actually bad for cells—and 



the reason is that the body activates defence mechanisms which overcompensate for the 
stress the exercise creates, producing beneficial effects. So, while chronic stress is always 
bad for you, a short period of mild stress followed by a period of recovery can be 
good.  

Many of the health benefits of exercise are thought to be due to the synthesis of damage-
controlling molecules called heat-shock proteins, and Dr Rattan's group has been 
experimenting with other ways of triggering these proteins. He has found, for example, 
that taken in combination with exercise, a spice called curcumin boosts the production of 
heat-shock proteins several-fold. 

According to Dr Rattan, such interventions improve the function of a cell over time, and 
in doing so, may produce clinical benefits such as protection against neurodegenerative 
diseases. Resveratrol may also produce benefits, he says, but how it does so is not yet 
clear. He disagrees with Dr Sinclair over the existence of a regulatory pathway for 
longevity in which sirtuins play a key role. In his view, ageing is about the 
accumulation of damage, and is not under tight genetic control. Sirtuins will, he says, 
probably be but a small part of a more complicated picture. 

Dr Rattan also doubts whether calorie restriction will extend maximum human life 
expectancy. He argues that the concepts of ageing and longevity must be separated. It 
may, indeed, be possible to reduce or eliminate particular age-related diseases, and that 
would increase average lifespans in the way that eliminating other diseases has done in 
the past. But this is not the same as slowing down ageing itself, and thus increasing 
maximum lifespans. Longevity is a more complex trait than any individual disease, and, 
in his opinion, it will not be altered so easily. 

Cynthia Kenyon, a researcher at the University of California, San Francisco, and a co-
founder of Elixir Pharmaceuticals, another company looking into anti-ageing drugs, 
believes that molecules such as resveratrol are likely to be approved in the next five to ten 
years, for use as prophylactics against age-related diseases. People then will start taking 
them, and a huge natural experiment will get under way. If Dr Rattan is wrong, maximum 
lifespan as well as average lifespan will increase. If he is right, at least people will enjoy 
a healthier old age. 

16.7.6     Radiation hormesis 

Low doses in the mGy range cause a dual effect on cellular DNA. One is a relatively low 
probability of DNA damage per energy deposition event and increases in proportion to 
the dose. At background exposures this damage to DNA is orders of magnitude lower 
than that from endogenous sources, such as reactive oxygen species. The other effect at 
comparable doses is adaptive protection against DNA damage from many, mainly 
endogenous, sources, depending on cell type, species and metabolism. Adaptive 
protection causes DNA damage prevention and repair and immune stimulation. It 
develops with a delay of hours, may last for days to months, decreases steadily at doses 
above about 100 mGy to 200 mGy and is not observed any more after acute exposures of 



more than about 500 mGy. Radiation-induced apoptosis and terminal cell 
differentiation also occur at higher doses and add to protection by reducing genomic 
instability and the number of mutated cells in tissues. At low doses reduction of 
damage from endogenous sources by adaptive protection maybe equal to or outweigh 
radiogenic damage induction. Thus, the linear-no-threshold (LNT) hypothesis for 
cancer risk is scientifically unfounded and appears to be invalid in favor of a 
threshold or hormesis. This is consistent with data both from animal studies and human 
epidemiological observations on low-dose induced cancer. The LNT hypothesis should 
be abandoned and be replaced by a hypothesis that is scientifically justified and 
causes less unreasonable fear and unnecessary expenditure (Evidence for beneficial 
low level radiation effects and radiation hormesis.  
Feinendegen LE. Br J Radiol. 2005 Jan;78(925):3-7). 

16.7.7     “Syndrome X” 

Gerald Reaven has identified “Syndrome X” in humans, which consists of the combined 
presence of insulin resistance and glucose intolerance, obesity, blood fat 
abnormalities (including free radical-oxidized cholesterol), and hypertension. These 
in turn are associated with heart/artery disease, cancer, diabetes, and premature 
aging. The “Syndrome X” parameters are all reduced in animal calorific restriction 
experiments. A permanent 20-30% reduction in “normal” levels of caloric intake, 
combined with sugar/junk food reduction, might produce similar benefits in human as 
calorific restriction in animals. In his 1996 article “Aging and disease: extending the 
functional lifespan,” FRTA pioneer Harman recommends calorific restriction as a 
part of a free radical-reducing life-extending lifestyle (Harman, D. (1996) “Aging and 
disease: extending functional life span” Ann NY Acad Sci 786: 321-36.). 

16.8.0    Delaying the mitochondrial decay of aging  

Oxidative mitochondrial decay is perhaps a major contributor to aging (Hagen, T. M., 
Yowe, D. L., Bartholomew, J. C., Wehr, C. M., Do, K. L., Park, J.-Y. & Ames, B. N. 
(1997) Mitochondrial decay in hepatocytes from old rats: membrane potential declines, 
heterogeneity and oxidants increase. Proc. Natl. Acad. Sci. U.S.A. 94:3064-3069) 
(Beckman, K. B. & Ames, B. N. (1998) Mitochondrial aging: open questions. Ann. N.Y. 
Acad. Sci. 854:118-127).  

Ames says 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. The principle behind this effect appears to be that, with age, increased 
oxidative damage to protein causes a deformation of structure of key enzymes with a 
consequent lessening of affinity (Km) or the enzyme substrate. The effect of age on the 

enzyme-binding affinity can be mimicked by reacting it with malondialdehyde (a lipid-
peroxidation product that increases with age). Feeding the substrate ALC with LA, a 
mitochondrial antioxidant, restores the velocity of the reaction (Km) for ALC transferase 
and mitochondrial function. In old rats (vs. young rats), mitochondrial membrane 
potential, cardiolipin level, respiratory control ratio, and cellular O2 uptake are 

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


lower; oxidants or O2, neuron RNA oxidation, and mutagenic aldehydes from lipid 
peroxidation are higher. 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).  

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).  

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. 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. 

16.8.1     The Km concept and metabolism  

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. Thus, many of the carriers of 50 human genetic 
diseases that are caused by defective enzymes may be remedied or ameliorated by 
administering high doses of the B-vitamin component of the corresponding coenzyme, 
which increases levels of the coenzyme and at least partially restores enzymatic activity. 
Several single-nucleotide polymorphisms, in which the variant amino acid decreases 
coenzyme binding and thus enzymatic activity, may be remediable by increasing cellular 
concentrations of the cofactor through high-dose vitamin therapy. Examples include C 
677 T/Ala222Val methylenetetrahydrofolate reductase (NADPH) and the cofactor FAD 
(in relation to cardiovascular disease, migraines, and rages), the C609T/Pro187Ser 
mutation in NAD(P):quinone oxidoreductase1 and FAD (in relation to cancer), the 
C131G/Ala44Gly mutation in glucose-6-phosphate-1-dehydrogenase and NADP (in 
relation to favism and hemolytic anemia), and the Glu487Lys mutation (present in one-
half of Asians) in aldehyde dehydrogenase and NAD (in relation to alcohol intolerance, 
Alzheimer’s disease, and cancer). The Km concept may be relevant for mitochondrial 

aging as well as for human nutrition.  



16.9.0    Alzheimer’s, Diabetes, Insulin Resistance and EMODs (Mind 
mystery) 

Alzheimer’s disease is related to decreased oxygen levels in the brain, decreased 
insulin levels, lack of exercise, obesity, cardiovascular disease which affects cerebral 
blood flow, and is not helped, reversed or prevented by antioxidant vitamins.  I 
believe that all of this argues that Alzheimer’s is one of the EMOD insufficiency 
syndrome diseases. 

Alzheimer's disease appears to have multiple causes, and scientists are slowly 
unraveling them. 

By Alice Dembner, Globe Staff  |  March 29, 2005 

A century after Alois Alzheimer identified the debilitating dementia that carries his 
name, scientists are still trying to determine what causes the disease in old age. Their 
quest takes on increasing urgency, with predictions that unless a cure is found, the 
number of Americans with the disease will rise from about 4.5 million now to 13 million 
in 2050. 

Many scientists believe that Alzheimer’s results from a complex interplay of 
environmental factors, lifestyle choices, and genes and proteins gone haywire. But the 
changes in the brain that characterize the disease develop over decades and also occur in 
some healthy seniors, making it difficult to sort out the culprits from the bystanders. 

Yet, tantalizing tidbits have surfaced in the last few weeks, including discovery of a new 
genetic mutation that appears to increase the risk of getting Alzheimer’s and new 
evidence that insulin deficiencies may contribute to deterioration of the 
brain. 

‘‘The pieces are coming together. We’ve got the outline of the puzzle in place, and we’re 
beginning to see the form,’’ said Stephen Snyder, who oversees research on the causes of 
Alzheimer’s for the National Institute on Aging. ‘‘It’s probably five or six genes and a 
dozen proteins that get out of kilter,’’ said Snyder, and certainly not just the sticky 
clumps of proteins called beta-amyloid plaques that have received the most attention. 

In the brain, the disease's hallmarks are those plaques, tangles of another protein 
called tau, and the progressive death of nerve cells, called neurons, that gradually strip a 
victim of memory, language, reasoning, and, finally, life. 

Mutations in three genes cause early-onset Alzheimer's, the rare form of the disease that 
strikes people in their 30s, 40s, or 50s. Those altered genes trigger production of too 
much beta-amyloid. But none appears to be involved in the kind of Alzheimer's that 
strikes after age 60. 



So far, researchers have linked two major genetic changes to old-age Alzheimer's and are 
on the trail of four or five more. These mutations do not cause the disease, but rather 
increase the risk of developing it. One, ApoE4, increases the risk of getting the disease 
three- to four-fold. A second potential gene mutation, called UBQLN-1, was identified 
this month by Rudy Tanzi, a geneticist at Massachusetts General Hospital. Tanzi, founder 
of TorreyPines Therapeutics, which is working on Alzheimer's drugs, said he believes it 
may increase the risk one- to two-fold, but its specific role in the disease has not been 
determined. 

The lead suspect in the search for a cause remains the protein beta-amyloid because of its 
clear involvement in early onset Alzheimer's and its big presence in Alzheimer's brains. 

Tests of an amyloid vaccine in people, which might have proved amyloid's leading role, 
were halted in 2002 when 18 of 300 subjects developed a potentially fatal brain 
inflammation. Nevertheless, some participants showed inklings of a positive effect, 
enough to keep researchers pursuing similar experiments. In addition, antibodies to 
amyloid reversed memory problems in mice, and cleared out amyloid deposits and then 
tau. 

''It's my feeling that all the cases of Alzheimer's are caused by an imbalance in the 
accumulation versus removal of the beta-amyloid protein," said Dr. Dennis Selkoe, a 
leading amyloid researcher who is codirector of the Center for Neurologic Diseases at 
Brigham and Women's Hospital, and who is a director of Elan Corp., which is working 
on amyloid-based treatments. 

Much of the amyloid research is shifting away from the big clumps called plaques to 
focus on smaller clusters that can still be dissolved by the body. The plaques are 
problematic for researchers because they also occur in people without symptoms of 
Alzheimer's and do not correlate well with memory problems. Some scientists are now 
suggesting that plaques, which develop outside the neuron, may be a defensive 
response, an effect rather than a cause. 

The small clusters, on the other hand, correlate closely with memory decline, even before 
plaques and tangles appear, according to research in mice. The clusters occur inside as 
well as outside neurons, and may interfere with the ability of neurons to signal each 
other. 

One critic of the amyloid focus, Peter Davies, a professor at Albert Einstein College of 
Medicine in New York, jokes about the new work on ''the" cause. ''Ten years ago, it was 
the visible amyloid deposits," he said. ''When everybody realized that didn't work, it 
became the invisible. It's only one more step before they get it right." 

A small group of scientists is instead stalking tau as the lead culprit. In healthy people, 
tau acts like a scaffolding to support a tube inside neurons that allows movement of nerve 
impulses. In Alzheimer's, the tau is misshapen and collects in tangles, causing the neuron 
tube to collapse. 



Damage to tau correlates better than amyloid with the severity of Alzheimer's. 
Research shows that people with mild cognitive impairment, often a precursor to 
Alzheimer's, have tau tangles but not amyloid plaques in their brains. Other research 
in mice, however, suggests that tau may need beta-amyloid to do its worst damage in 
Alzheimer's. 

Davies, who like Selkoe has been studying Alzheimer's for decades and is a founding 
scientist at Applied NeuroSolutions, which is working to develop treatments, said he 
believes that the disease starts well before tau and amyloid problems appear. He traces 
the illness back to a number of potential insults -- such as stroke, head injury or 
problems with insulin -- that he believes trigger nerve cells to try to divide. But unlike 
other cells, neurons cannot split, and they die in the process of trying, he said. It is this 
abnormal action of neurons, in this theory, that leads to amyloid plaques and tau tangles. 

While the evidence for the cell-cycle theory is still thin, many scientists are investigating 
possible ''insults" to the brain that might trigger abnormal amyloid and tau, or that might 
spur worsening of the illness. Stroke, serious head trauma, diabetes and a sedentary 
lifestyle, for example, are all associated with higher risk of getting Alzheimer's. I 
believe that stroke is associated with hypoxia and head trauma is associated with 
inflammation and hypoxia.  Lack of exercise is associated with low EMOD levels 
and all of these are associated with increased risk of developing Alzheimer’s disease. 

''Which is likely to be the originator of the disease?" asks William Thies, vice president 
of medical and scientific affairs for the national Alzheimer's Association. ''My guess is 
it's in the life stress." 

A paper published this month 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. 

Other work is focusing on damage caused by destructive oxygen molecules that the body 
creates when it turns food into energy. Research suggests that this damage and the 
inflammation it causes can trigger accumulation of beta-amyloid, which can generate 
more oxygen-related damage( amyloid is an antioxidant). Studies have also found that 
people who took anti-inflammatory drugs for other reasons had a lower risk of 
Alzheimer's. But one experiment testing these drugs as treatment for moderate 
Alzheimer's found no benefit, and a prevention trial in 2,400 healthy adults was halted 
late last year when the drugs were linked to increased risk of heart attack. 



A Seattle researcher, who is testing other possible anti-inflammatory substances, said he 
isn't sure which comes first, inflammation or accumulation of beta-amyloid and tau. 
''That's going to be difficult to determine with certainty," said Dr. Tom Montine, a 
professor of neuropathology at the University of Washington. ''I view it as a circle. If it's 
important to the disease process, which one comes first may not be that meaningful." 

16.9.1    No evidence for systemic oxidant stress in Parkinson's or Alzheimer's 
disease 
 
Oxidant stress secondary to dopamine metabolism has been proposed as a pathogenic 
factor in the development of Parkinson's disease. Biochemical abnormalities extending 
beyond the central nervous system have been identified in patients with this condition. 
Previous investigators have found abnormally elevated concentrations of the lipid 
peroxidation product, malondialdehyde, in the plasma and serum of patients with 
Parkinson's disease. We attempted to replicate these findings but controlled for other 
factors that could influence malondialdehyde levels. We detected no significant 
elevations in mean serum malondialdehyde concentrations in either levodopa-treated or 
untreated patients with Parkinson's disease, compared to normal controls; similarly, no 
elevation was found in a group of patients with dementia of Alzheimer's type. On the 
other hand, a group of subjects with diabetes mellitus but no neurodegenerative disease 
had significantly elevated mean serum malondialdehyde levels, consistent with previous 
studies of diabetic patients. Autoxidation is one of the two major routes by which 
dopamine and dopa metabolism may generate oxygen free radicals. We analyzed the 
autoxidation product of dopa, 5-S-cysteinyl-dopa, in the plasma of these same groups of 
patients with neurodegenerative disease and normal controls; no significant differences 
were identified. Serum concentrations of two other antioxidant substances, alpha-
tocopherol and uric acid, were also statistically similar in these groups. In conclusion, 
analysis of several blood products relevant to oxidant stress, including 
malondialdehyde, 5-S-cysteinyl-dopa, alpha-tocopherol, and uric acid, 
failed to distinguish patients with Parkinson's disease or dementia of 
Alzheimer's type from controls (No evidence for systemic oxidant stress in 
Parkinson's or Alzheimer's disease. Ahlskog JE, Uitti RJ, Low PA, Tyce GM, Nickander 
KK, Petersen RC, Kokmen E. Mov Disord. 1995 Sep;10(5):566-73). Mayo Clinic 
Rochester. 
 
16.9.2    Sickle Cell Disease and EMODs 

Sickle cell disease (SCD) is the most common genetic disease among African 
Americans, with an 8% incidence of the trait among this population. This autosomal 
recessive disorder involves a single amino acid substitution in the beta subunit of 
hemoglobin, forming an abnormal protein (hemoglobin S) that after deoxygenation results 
in polymerization and the consequent characteristic sickle-like shape of the erythrocytes. 
The pathogenesis of this disease has classically been attributed to the effects of passage of 
the rigid malformed cells through the vasculature resulting in abnormal blood flow caused 
by physical trapping or increased adhesion of the sickled cell to the microvascular 
endothelium, commonly referred to as vaso-occlusive crisis (Reaping of nitric oxide by 
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sickle cell disease. Jack R. Lancaster Jr. PNAS. January 22, 2002, vol. 99, no. 2, 552-
553). 

Perfusion abnormalities are well documented in the clinical literature, and there is good 
evidence that a complex array of inflammatory events are also involved, including 
increased levels of circulating cytokines, up-regulation of cellular adhesion-related 
receptors, and appearance of activated macrophages and leukocytes, which results in 
increased production of reactive oxygen species (ROS) (Aslan, M. , Thornley-Brown, D. 
& Freeman, B. A. (2000) Ann. N.Y. Acad. Sci. 899, 375-391).  

Recognition of the importance of these events has lead to the recent inclusion of SCD as a 
chronic inflammatory disease (Stuart, M. J. & Setty, B. N. (2001) Curr. Opin. Hematol. 
8, 111-122). It has been speculated that an important consequence of this sequence of 
events is a defect in the actions of nitric oxide (nitrogen monoxide, NO), which will 
further exacerbate the syndrome by means of an array of effects. In a recent issue of 
PNAS, a report from B. Freeman and collaborators at the Center for Free Radical Biology 
at the University of Alabama at Birmingham presents a surprising and important finding 
regarding the mechanism of scavenging of NO in SCD (Aslan, M. , Ryan, T. M. , Adler, 
B. , Townes, T. M. , Parks, D. A. , Thompson, J. A. , Tousson, A. , Gladwin, M. T. , 
Patel, R. P. , Tarpey, M. M. , et al. (2001) Proc. Natl. Acad. Sci. USA 98, 15215-15220).  
 
Aslan et al. begin by reporting that ROS formation is in fact not increased in sickle 
red cells.   
 

One of the principal culprits in cell and tissue injury from ROS is the enzyme xanthine 
oxidoreductase (XOR), which normally catalyzes the oxidation of the purine xanthine 
with electron donation to NAD+. However, many pathological conditions cause increase 
in a form of the enzyme that donates electrons to oxygen, producing superoxide. This 
form is called xanthine oxidase (XO), and a multitude of work has identified XO as a 
major contributory factor to vascular dysfunction in a variety of pathological states. 
Previous work by Freeman and others has demonstrated that in addition to causing injury 
from O  within a cell, during pathological conditions such as reperfusion injury, 
hepatitis, adult respiratory distress syndrome, and atherosclerosis, human plasma XO 
concentrations increase dramatically; this is most likely a result of the capacity for the 
splanchnic system and both normoxic and hypoxic vascular endothelial cells to express 
and release XO into the circulation. As characterized recently by the Freeman group, this 
circulating XO can bind to vascular cells and be taken up by them, impairing cell function 
and also blunting endothelium-driven NO-mediated formation of the second messenger 
cGMP within the smooth muscle cell, which is responsible for vascular relaxation. Thus, 
circulating XO contributes to the pathogenesis of a collection of diverse forms of vascular 
disease, and Aslan et al. here add SCD to this list.  

A hallmark of SCD is increased tissue rates of ROS production, and prior attention has 
been directed to the sickle red cell itself, where studies have claimed increased formation 
of O  and other ROS, as well as lipid oxidation products, in these cells compared with 



normal. However, Aslan et al. begin by reporting that ROS formation is in 
fact not increased in sickle red cells; perhaps more importantly, the rates of 
consumption of NO by normal and sickle erythrocytes are similar, directing attention 
elsewhere in the search for the source for ROS and for increased NO disappearance. 
(Aslan, M. , Ryan, T. M. , Adler, B. , Townes, T. M. , Parks, D. A. , Thompson, J. A. , 
Tousson, A. , Gladwin, M. T. , Patel, R. P. , Tarpey, M. M. , et al. (2001) Proc. Natl. 
Acad. Sci. USA 98, 15215-15220). 
 

A major strength of the work by Aslan et al. is that it utilizes both human patients with 
SCD and an animal model; the animal experimentation involves a knockout-transgenic 
mouse model, where the normal gene for murine hemoglobin is disrupted and the gene for 
hemoglobin S is expressed. Thus, in this model, the mice express hemoglobin S 
exclusively, and previous work has shown that many of the major features of human SCD 
are recapitulated in this murine model. In both human patients and the knockout-
transgenic animals there is significantly increased plasma XO activity, accompanied 

by a decrease in liver XO (both protein and also activity) in the animals. In addition, 
increased XO protein and activity is present in the aortas of the mice with SCD, and 
perhaps most importantly increased O  production, which is enhanced by addition of 
xanthine. Finally, NO-dependent vessel relaxation is severely impaired in the mice with 
SCD, which is significantly restored by treatment with a compound that removes O . 
The important conclusion is that a major source of the vascular dysfunction in SCD is the 
result of intraorgan (most notably the liver) injury that results in release of XO, which 
then avidly binds to vessel luminal cells, creating an oxidative milieu and consuming NO. 

The red cell is a relatively abundant locus of both free radical 

generation and reaction. Erythrocytes have a high content of unsaturated 
membrane lipids, a rich oxygen supply and are densely packed with redox-active 
hemoglobin residues. In response, red cells have a highly evolved and well-integrated 
network of oxidant defense mechanisms that lend an ability to withstand oxidative stress. 
In the case of congenital hemoglobin mutations that underlie sickle cell disease, they 
become very susceptible to free radical-mediated injury by virtue of enhanced 
endogenous rates of production of reactive species and impairment of tissue free radical 
defense mechanisms. In sickle cell disease, a combination of these susceptibility factors 
are hypothesized to lead to an overall impairment of vascular function, in large part due to 
loss of "bioactive" nitric oxide via the free radical-mediated consumption of this 
vasoactive molecule (Reactive Species in Sickle Cell Disease. MUTAY ASLAN, 
DENYSE THORNLEY-BROWN and BRUCE A. FREEMAN. Annals of the New York 
Academy of Sciences 899:375-391 (2000). 

Sickle cell disease (SCD) is basically a red blood cell (RBC) disorder characterised by 
sickling and haemolysis, but platelets and polymorphonuclear neutrophils (PMN) are also 
involved. Oxidative damage may play a role in the pathogenesis of SCD. Using flow 
cytometry, we measured oxidative-state markers simultaneously in RBC, platelets and 
PMN obtained from 25 normal donors, nine homozygous (SS) patients and six SS/beta-
thalassaemia patients. Reactive oxygen species (ROS) and reduced glutathione (GSH) 



were measured following staining of blood samples with fluorescence probes and gating 
on specific subpopulations based on size and granularity. Ten- to 30-fold higher 
ROS production and 20-50% lower GSH content were found in RBC, 
platelets and PMN from SCD patients versus those of their normal counterparts. 
This could in part account for the clinical manifestations, such as haemolysis, a 
hypercoagulable state, recurrent bacterial infections and vaso-occlusive incidences, in 
SCD. They further showed that exposure of SCD samples to antioxidants, such as N-
acetyl-cysteine, vitamin C and vitamin E, decreased their oxidative stress. These 
results suggest that antioxidant treatment of patients with SCD could reduce oxidative 
damage to RBC, PMN and platelets, thereby alleviating symptoms associated with their 
pathology. The flow cytometry techniques presented herein could assist in monitoring the 
efficacy of such treatment (Red blood cells, platelets and polymorphonuclear neutrophils 
of patients with sickle cell disease exhibit oxidative stress that can be ameliorated by 
antioxidants. Amer J, Ghoti H, Rachmilewitz E, Koren A, Levin C, Fibach E. Br J 
Haematol. 2006 Jan;132(1):108-13). 
 

There are no proven methods for preventing either sickle-cell crises or long-term 
complications of sickle-cell disease. By taking precautions and aggressively managing 
problems that occur, however, patients are now living longer with a better quality of life.  

17.0.1    General Precautions  
To prevent or reduce the severity of long-term complications, a number of precautions 
may be helpful that include the following:  

• Have regular physical examinations every three to six months.  

• Have periodic and careful eye examinations.  

• Have sufficient rest, warmth, and increased fluid intake. (These are critical 
precautions for reducing oxygen loss and the risk for dehydration.)  

• Avoid conditions, such as crowds, that increase risk for infections.  

• Avoid excessive demands on the body that would increase oxygen needs 
(physical overexertion, stress).  

• Avoid high altitudes if possible. If flying is necessary, be sure that the airline can 
provide oxygen.  

• Do not smoke, and avoid exposure to second-hand smoke. Both active and 
passive smoking may promote acute chest syndrome in sickle cell patients.  

17.0.2     Dietary Factors and Supplements  
Foods. Good nutrition is essential for anyone and critical for patients with sickle-cell 
disease. Some dietary recommendations are as follows:  
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• Fluids are number one in importance. The patient should drink as much water as 
possible each day to prevent dehydration. Female patients may want to include 
cranberry juice to help prevent urinary tract infections.  

• It is important to have five to nine daily servings of green, red, and yellow 
vegetables, fruits, or juices that are rich in antioxidants and other important 
nutrients.  

• Protein is important for sickle-cell patients.  

• Studies on omega-three fatty acids, found in fish and soybean oil, suggest that 
they might make red blood cell membranes less fragile, and possibly less likely to 
sickle, although no studies have proven this definitively. Fish and soy products 
have health benefits in any case. In one study, fish oil supplements reduced the 
frequency of painful episodes in 10 sickle cell patients over the course of a year 
compared to those given olive oil capsules.  

• Vitamin and Other Supplements. Although the benefits of any supplements 
are unproven in sickle cell, the following may be helpful:  

• Patients should take daily folic acid and possible vitamin B12 supplements. Both 
are important for reducing homocysteine levels, a risk factor in general for heart 
disease and which may be particularly damaging in sickle cell patients.  

• Zinc deficiency is a common nutritional problem in adult sickle-cell disease, and 
one study suggested that zinc supplements may boost the immune system and 
help protect against bacterial infections. Preliminary research indicates that zinc 
supplementation is effective in improving T-helper functions and interleukin, 
thereby reducing the amount of bacterial infections.  

• In laboratory studies, magnesium protected against potassium and water loss in 
sickle cells; small patient studies are reporting promise for its use in preventing 
dehydration and increases in the hemoglobin S concentration.  

• L-glutamine is an ordinary amino acid that is heavily used by sickle cells. One 
study using supplements of this substance reported that after a month it caused 
changes in the blood that might prove to have benefits for sickle-cell patients.  

• Some research suggests that antioxidant foods or supplements (such as vitamins E 
or C) may help inhibit the formation of the dense cells that trigger a sickle-cell 
crisis. One medical group created a "cocktail" of supplements and food extracts 
that were rich in antioxidants and iron-binding compounds that might have 
protective effects on the sickling process. It included garlic extract, black and 
green tea extract, Pycnogenol, alpha-lipoic acid, vitamin E, coenzyme Q(10), and 
beta-carotene. In any case patients might eat foods containing these extracts and 
take supplements of the antioxidant vitamins E and C if their diet does not 
adequately supply them.  



Consult your doctor before taking large amounts of vitamin C if you have 
hemochromatosis, thalassemia, sideroblastic anemia, sickle cell anemia, or erythrocyte 
glucose-6-phosphate dehydrogenase (G6PD) deficiency. You can experience iron 
overload if you have one of these conditions and use large amounts of vitamin C. 

Zinc is thought to have a stabilizing effect on the cell membrane of red blood cells in 
people with sickle cell disease. For this reason, it has been tried as an aid for preventing 
sickle cell crisis. In a double-blind, placebo-controlled study of 145 people with sickle 
cell disease conducted in India, participants received either placebo or about 50 mg 
of zinc 3 times daily (Gupta VL, Chaubey BS. Efficacy of zinc therapy in prevention of 
crisis in sickle-cell anemia: a double-blind, randomized controlled clinical trial. J Assoc 
Physicians India. 1995;43:467–469). During 18 months of treatment, the zinc-treated 
subjects had an average of 2.5 crises, compared to 5.3 for the placebo group. However, 
zinc didn't seem to reduce the severity of a crisis, as measured by the number of days 
spent in the hospital for each crisis.  

Sickle cell disease can also cause skin ulcers (non-healing sores). Children with 
sickle cell disease often do not grow normally. 

I believe that it is incongruous that hypoxia can induce sickling and the EMODs are 
causative of this sickling. 

17.0.3     Erythrocytes and EMODs 

Studies mainly on excitable cells and on erythrocytes from several species have shown 
that ion transport across cellular membranes can be affected by oxygen tension. In several 
excitable cell types, hypoxia causes a pronounced, immediate inhibition of potassium 
channels (Lopez-Barneo, J., Pardal, R., Montoro, R.J., Smani, T., Garcia-Hirschfeld, J., 
and Urena, J. 1999. K+ and Ca2+ channel activity and cytosolic [Ca2+] in oxygen-sensing 
tissues. Respir. Physiol. 115:215-227).  

Also, hypoxia inhibits all of the following:  

-the Ba2+-sensitive potassium channel, which is active in isotonic conditions;  

-the swelling-activated chloride channel of lamprey erythrocytes;  

-the potassium-chloride cotransporter of teleost erythrocytes;  

-sodium-potassium-chloride cotransporter of alveolar epithelial cells;  

-calcium channels of smooth muscle cells;  

-and the sodium channels of pneumocytes.  

http://healthlibrary.epnet.com/GetContent.aspx?token=e0498803-7f62-4563-8d47-5fe33da65dd4&chunkiid=38400


On the other hand, the sodium/proton exchanger of fish erythrocytes, the ATP-sensitive 

potassium channels of smooth muscle, and one type of sodium channels in rat cardiac 
myocytes are activated by low oxygen levels.  

 

It has been shown that factors influencing the cellular redox levels also influence the 
potassium-chloride cotransport activity in erythrocytes. Low reduced glutathione 

levels in the erythrocytes are associated with a high activity of the cotransporter. 
Changes in oxygen tension could act on the ion transporters by causing changes in 
red cell redox status. One possible way by which changes in oxygen tension could alter 

the cellular redox state is via generation of reactive oxygen species during reduction of 
molecular oxygen within the cell. In addition to influencing the redox state of the cells, it 

is possible that reactive oxygen species directly influence the transporter or its regulatory 
mechanism.  

Notably, hydrogen peroxide influences potassium transport in excitable cells (Wang, 
D., Youngson, C., Wong, V., Yeger, H., Dinauer, M.C., Vega-Saenz, M.E., Rudy, B., and 
Cutz, E. 1996. NADPH-oxidase and a hydrogen peroxide-sensitive K+ channel may 
function as an oxygen sensor complex in airway chemoreceptors and small cell lung 
carcinoma cell lines. Proc. Natl. Acad. Sci. USA. 93:13182-13187) (Acker, H. 1994. 
Mechanisms and meaning of cellular oxygen sensing in the organism. Respir. Physiol. 
95:1-10) and affects the potassium-chloride cotransporter activity in mammalian 
erythrocytes. 

H2O2
 can influence ouabain-insensitive potassium transport. Notably, H2O2 was without 

an effect on potassium fluxes in hypoxic conditions (1% O2), suggesting that hydrogen 
peroxide alone is not capable of activating potassium-chloride cotransport. The addition 
of extracellular catalase (0.1 mg/ml) inhibited the effect of H2O2 on the potassium influx. 
These results suggest that the effect of H2O2 is on a redox-sensitive group or a 
system readily accessible from the extracellular compartment. 

Results show that the activity of the oxygen-sensitive potassium-chloride cotransporter in 
trout erythrocytes can be regulated by reactive oxygen species. It appears especially that 
hydroxyl radicals influence the transporter activity for the following reasons. First, 
removal of hydroxyl radicals with MPG inhibits the activation of the transporter by 
oxygen; and, second, catalysis of the hydroxyl radical–producing Fenton reaction by 
copper ions results in a dramatic activation of the transporter even at low O  levels. 

 

 
2

In the Fenton reaction, the proportion of superoxide anions and hydrogen peroxide is 
decreased, whereas the proportion of hydroxyl radicals is increased. Since K  flux was 
markedly increased as a result of this treatment, the result suggests that the hydroxyl 
radical is the dominant reactive oxygen species involved in the activation of potassium 
chloride cotransport. If either superoxide or hydrogen peroxide had been the active 
species, then copper treatment should have decreased the K  flux. 
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17.0.4     EMOD self regulation 



Pathways leading to increased production of reactive oxygen species, especially hydroxyl 
radicals, could be involved in oxygen sensing. A role for reactive oxygen species in 
controlling oxygen-sensitive channel function in excitable cells has been 
demonstrated previously. The role of reactive oxygen species (ROS) production in 
modulating oxygen-sensitive ion transport requires that the production of oxygen radicals 

is proportional to the oxygen tension within the cells. This is the case for a hepatocyte cell 
line. 

Hydrogen peroxide was able to activate potassium-chloride cotransport in the trout 
red cell membrane. Similar activation has been observed for mammalian erythrocytes 
earlier; and hydrogen peroxide is capable of activating potassium 

transport pathways in excitable cells and in alveolar epithelial cells. 
However, present results suggest that H2O2 is not the primary transducer molecule 
of oxygen effects. To be effective, it appears that

 

 H2O2 needs to have access to heme Fe2+ 
to be converted to hydroxyl radicals (e.g., in the Fenton reaction catalyzed by membrane-
bound hemoglobin) in close contact with a membrane moiety associated with the 
activation of the transporter. Since the half-life of hydroxyl radicals is very short (10-9 s), 
they need to be produced close to the target site, which is either the transporter itself, or a 
kinase/phosphatase-regulating transporter activity by phosphorylation. 

These data suggest that hydroxyl radicals, formed from O2 in close vicinity to the cell 
membrane, play an important role in the oxygen-dependent activation of the K+-Cl- 
cotransporter (Reactive Oxygen Species Regulate Oxygen-sensitive Potassium Flux in 
Rainbow Trout Erythrocytes. Anna Yu Bogdanova and Mikko Nikinmaa. The Journal of 
General Physiology, Volume 117, Number 2, February 1, 2001 181-190). 

17.1.0     Cholesterol and EMODs 

17.1.1    Cholesterol, not PUFAs, are target of EMODs 

The oxidation of polyunsaturated fatty acids (PUFAs) by reactive oxygen species (ROS) 
is linked to aging and to many diseases. Liu and Shan herein employ initiating peroxyl 
radical (ROO.) derived from the decomposition of 2,2\'- azobis(2-amidinopropane 
dihydrochloride), hydroxyl radical generated by the Fenton reaction and peroxyl radical 
(ROO.) and alkoxyl radical (LO.) derived from PUFAs by addition of Cu2+ as ROS 
sources to oxidize human erythrocytes in vitro. The fatty acids in the erythrocyte 
membrane are transesterified from phosphoglycerides under alkaline conditions in the 
presence of methanol instead of being treated traditionally by diazomethane (CH2N2) 
under acidic conditions (pH = 2.0), to obtain corresponding methyl esters for the 
combination of gas chromatography with mass spectrometry determination. It was 
found that all the PUFAs in the membrane are perfectly preserved after 
oxidation by ROS, even though sufficient time is available for the interaction 
between human erythrocytes and ROS. This indicates that ROS do not damage PUFAs 
during reaction time. However, three products (cholesta-4,6-dien-3-ol, cholesta-4,6-
dien-3-one, and cholesta-3,5-dien-7-one) are produced from the oxidation of 
cholesterol within this time frame. This qualitative finding suggests that the 



cholesterol in the membrane of human erythrocytes is more susceptible 
to ROS-induced oxidation than are PUFAs, and compels us to re-evaluate the 
physiological roles of cholesterol and PUFAs in the human erythrocyte membrane 
(Cholesterol, Not Polyunsaturated Fatty Acids, is Target Molecule in Oxidation Induced 
by Reactive Oxygen Species in Membrane of Human Erythrocytes. Liu ZQ, Shan HY. 
Cell Biochem Biophys. 2006;45(2):185-94). I believe that this discounts the hoopla of 
chain reactions of PUFAs under physiological conditions.  Also, it emphasizes the 
antioxidant role of cholesterol. 

17.1.2    Exercise Has Little Influence on Weight Loss and Cholesterol Level In 
Identical Twins 
  
Despite "extreme" differences in exercise levels in pairs of identical twins, 
lipoprotein and weight responses to dietary changes are remarkably concordant 
(harmonious, in agreement). 

Dr. Paul T. William, lead investigator stated that, "people respond differently to diet, and 
one recommendation does not necessary fit everyone. Our twin study shows that genes 
largely determine whether a person can lower LDL-cholesterol ... by lowering their 
dietary fat." 

Dr. Williams of Lawrence Berkeley National Laboratory, California and colleagues 
enrolled 28 pairs of male monozygotic twins. In each pair, one twin ran an average of 
50 km per week more than did the other. 

In a crossover study, the twins went from a 6-week 40% fat diet to another 6 weeks of a 
20% fat diet. Fat was reduced primarily by reducing both saturated and polyunsaturated 
fat from 14% to 4%. Carbohydrate intake was increased from 45% to 65%. 

Despite the twins' difference in physical activity, there were significantly correlated 
changes in total cholesterol, LDL cholesterol, apolipoprotein A-1 and body weight. 

Increased dietary fat did not significantly change body weight, say the researchers. 
Although there was considerable variability in body responses, these alterations were 
significantly correlated within twin pairs. 

"We were able to show the importance of genetics," Dr. Williams commented, "without 
having to first identify the specific genes involved." These data, he concluded, "justify 
more detailed studies that look for specific genes using DNA." (Diabetes In Control.com: 
Am J Clin Nutr 2005;82:181-187). 

17.1.3    Cholesterol Levels: Diet vs. Genes 

No matter what their lifestyle, people's genes play an overriding role in their 
cholesterol response. So says a new study by researchers at the Department of Energy's 



Lawrence Berkeley National Laboratory and the Children's Hospital Oakland Research 
Institute. 

"Although identical twins share exactly the same genes, we chose these twins because 
they had very different lifestyles," says Williams. "One member of each pair was a 
regular long-distance runner, someone we contacted through Runner's World magazine or 
at races around the country. His brother clocked 40 kilometers a week less, at least, if he 
exercised at all."  

For six weeks the twins ate either a high-fat diet (40 percent of its calories from fat) or a 
low-fat diet (only 20 percent of its calories from fat); then the pairs switched diets for 
another six weeks. After each six-week period the twins' blood cholesterol levels were 
tested.  

The researchers were interested in learning if blood cholesterol changes due to the 
different diets would be the same or different in each pair of genetically identical twins, 
even though their lifestyles were very different. A correlation of zero between the two 
would mean that their responses to the diets had no relation to each other, while a 
correlation of 1.0 would mean that their responses were identical. The researchers found 
an astounding 0.7 correlation in responses to the change in diet, an incredibly strong 
similarity in the way each pair of twins responded - even though the responses 
themselves among different pairs of twins differed considerably.  

"If one of the twins could eat a high-fat diet without increasing his bad cholesterol, 
then so could his brother," says Williams. "But if one of the twins' LDL cholesterol 
shot up when they went on the high-fat diet, his brother's did too."  

The correlations showed that the twins had very similar changes in LDL cholesterol 
because they had the same genes. Some twins had one or more genes that made them 
very sensitive to the amount of fat in their diets. Other twins had genes that made them 
insensitive to dietary fat, no matter how much they exercised.  

"Our experiment shows how important our genes are," says Williams. "Some people 
have to be careful about their diets, while others have much more freedom in their 
dietary choices."  

17.1.4    Paradoxical HDL Activity 

Although high-density lipoproteins (HDL) possess many features that contribute to the 
association between elevated HDL cholesterol and protection from atherosclerosis, these 
lipoproteins may be modified in certain individuals and/or circumstances to become 

proinflammatory. The ability of HDL to inhibit or paradoxically to 
enhance vascular inflammation, lipid oxidation, plaque growth, and 
thrombosis reflects changes in specific enzyme and protein components. The anti-
inflammatory and proinflammatory functional properties of HDL can now be assessed 
using cell-based and cell-free assays. Acute or chronic systemic inflammation 



and the metabolic syndrome appear to render HDL proinflammatory. In 
contrast, statins and experimental agents such as apolipoprotein A-1 mimetics render 
HDL more anti-inflammatory. Functional characterization of HDL is a promising method 
for enhanced assessment of cardiovascular risk and effectiveness of risk reduction (High-
Density Lipoprotein Function. Recent Advances. Benjamin J. Ansell et al. J Am Coll 
Cardiol, 2005; 46:1792-1798). I believe that HDL is considered good because it 
increases oxidation and excretability of cholesterol. 

17.1.5     A surprise defender 

One of the more surprising antioxidants, which we produce in our own cells, is 
cholesterol. This substance helps protect the cell membrane against free radical 
damage, as well as itself being a precursor of vitamin D. Vitamin D is formed by the 
body, from cholesterol in the skin, in response to radiation from sunlight (ultraviolet 
light). When too much vitamin D is formed in some tissues this attracts the deposition of 
calcium into cells in the region, in turn interfering with normal cell transportation 
functions and energy production.  

17.1.6     Thiazole orange inactivates pathogens without hemolysis 

Development of a robust pathogen reduction system for red cells (RBCs) utilizing 
photosensitive dyes has been constrained by hemolysis, usually mediated by reactive 
oxygen species emanating from dye free in solution as well as dye bound to the RBC 
membrane. The RBC binding properties of thiazole orange (TO), a flexible nucleic 
acid intercalating cyanine dye that predominantly acts as a photosensitizer only 
when bound, were assessed along with its virucidal, bactericidal, and light-induced 
hemolytic activities. Leukodepleted 20% hematocrit RBCs suspended in Erythrosol 
(RAS-2) were oxygenated, inoculated with test organisms, incubated with TO, and 
illuminated. Identically prepared, but uncontaminated samples were phototreated, 
concentrated to 45% hematocrit, and assayed for potassium leakage, hemolysis, and ATP 
during storage. Approximately 21 percent TO bound to RBCs. Phototreatment 
inactivated from 5.4 to 7.1 log(10) of 5 tested viruses and from 2.3 to greater than 
7.0 log(10) of 8 tested bacteria. Phototreated RBCs exhibited only slightly increased 
hemolysis, moderately elevated potassium efflux, and similar levels of ATP compared to 
controls. CONCLUSION: TO can photoinactivate several model viruses and 
pathogens in RBCs under conditions that produce limited hemolysis without the 
addition of quenchers or competitive inhibitors (Thiazole orange, a DNA-binding 
photosensitizer with flexible structure, can inactivate pathogens in red blood cell 
suspensions while maintaining red cell storage properties. Skripchenko A, Wagner SJ, 
Thompson-Montgomery D, Awatefe H. Transfusion. 2006 Feb;46(2):213-9).  I believe 
that this indicates the useful therapeutic aspects of EMODs and relative safety from 
hemolysis. 

Lipid peroxidation and the accompanying translocation of phosphatidylserine (PS) 
from the inner to the outer leaflet of the lipid bilayer have recently been identified 
as key components of a signaling pathway for phagocytosis of apoptotic cells by 
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macrophages. Drug-induced hemolytic anemia has long been known to be caused by an 
accelerated uptake of damaged (but intact) erythrocytes by macrophages in the spleen, 
and this process has been associated with enhanced formation of reactive oxygen species 
(ROS). However, the role of lipid peroxidation in hemolytic injury has remained unclear, 
and the effect of hemolytic agents on the distribution of PS in the erythrocyte membrane 
is unknown. The present studies were undertaken to determine whether lipid peroxidation 
and PS translocation could be detected in rat and human erythrocytes by three types of 
direct-acting hemolytic agents--dapsone hydroxylamine, divicine hydroquinone, and 
phenylhydrazine. The data confirmed that all three hemolytic agents generate ROS 
within erythrocytes under hemolytic conditions; however, no evidence for lipid 
peroxidation or PS translocation was detected. Instead, ROS production by 
these hemolytic agents was associated with extensive binding of oxidized and denatured 
hemoglobin to the membrane cytoskeleton. The data suggest that the transmembrane 
signal for macrophage recognition of hemolytic injury may be derived from oxidative 
alterations to erythrocyte proteins rather than to membrane lipids (Lipids versus proteins 
as major targets of pro-oxidant, direct-acting hemolytic agents. McMillan DC, Powell 
CL, Bowman ZS, Morrow JD, Jollow DJ. Toxicol Sci. 2005 Nov;88(1):274-83). 

 
 

To clearly see the mysterious cosmic wonders, 
which appear to invisibly interlink  

the atom and the universe 
or the cell and the cosmos, 

with never-before realized clarity, 
simply open wide 
your mind’s eye. 

R. M. Howes, M.D., Ph.D. 
4/26/08 

 
 
 
 
17.2.0     Vitamin D3 (a prooxidant) 
 
The sun is our most important source of vitamin D. Exposure to solaria, in sub-
erythemogenic doses, also gives large amounts of this vitamin. The ultraviolet radiation 
in these sources converts 7-dihydrocholesterol to previtamin D3 in the skin. Furthermore, 
heat isomerization to vitamin D3 takes place, then transport to the liver and hydroxylation 
to calcidiol, which is transported to the kidneys and hydroxylated to the active hormone 
calcitriol. The vitamin D3 status of the body is supposed to be reliably imaged by 
calcidiol measurements. Calcidiol levels above 12.5 nmol/l prevent rickets and 
osteomalacia, but optimal levels are probably higher, in the range 100-250 nmol/l. A 
daily food intake of 100-200 microg vitamin D3 (50-100 g cod-liver oil), or a weekly 
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exposure to two minimal erythemal doses of ultraviolet radiation (20 to 40 minutes whole 
body exposure to midday midsummer sun in Oslo, Norway), will give this level. An 
adequate supply of vitamin D3 seems to reduce the incidence rates or improve the 
prognosis of several cancer forms, including prostate, breast and colon cancer, as 
well as of lymphomas. Several other diseases are related to a low vitamin D3 
status: heart diseases, multiple sclerosis, diabetes, and arthritis. The action 
mechanisms of vitamin D are thought to be mainly related to its known cell-
differentiating and immuno-modulating effects. Even though most of the 250 annual 
death cases from skin cancer in Norway are caused by sun exposure, we should, in view 
of the health effects of ultraviolet radiation, consider modifying our restrictive attitude 
towards sun exposure and use of solaria (The photobiology of vitamin D--a topic of 
renewed focus] [Article in Norwegian] Moan J, Porojnicu AC. Tidsskr Nor Laegeforen. 
2006 Apr 6;126(8):1048-52). I believe that these effects are due to the prooxidant 
activity of D3. 
 
17.2.1   Vitamin D deficiency related to disease clusters or coexistence 
 
An adequate amount of Vitamin D is known to improve bone density, but the impact goes 
much further than bone strength; Vitamin D deficiency can impact nearly all of the 
body's functions. This topic will be investigated at the American Association of Clinical 
Endocrinologists (AACE) 17th Annual Meeting & Clinical Congress, on Thursday, May 
15, 2008, at the Walt Disney World Dolphin Resort in Orlando.  
 
"Vitamin D plays an important role in most of the body's tissues," Robert P. Heaney, 
FACP, FACN said. "Despite its vast importance in the human body, most people don't 
receive enough."  
 
Vitamin D deficiency can manifest itself in a variety of different forms, depending on a 
person's genetic makeup. It can result in impaired bone mineralization, and 
leads to bone softening diseases like rickets in children and osteomalacia 
in adults, and is a possible contributor to osteoporosis.  
 
Although many are familiar with the importance of Vitamin D in bones, evidence shows 
that Vitamin D may be associated with diabetes, hypertension, multiple 
sclerosis, infectious diseases, and even cancer.  I believe that a vitamin D 
deficiency results in an EMOD deficiency and “allows” for disease coexistence, 
manifestation and clustering (ROSI syndrome). 
 
17.2.2   One in 4 people over age 60 have low vitamin D levels 

As of 4/23/07, older men and women who fail to get enough vitamin D -- either from 
their diets or exposure to the sun -- are at heightened risk for muscle weakness and poor 
physical performance, a study shows. This is troubling, researchers say, given the high 
numbers of older folks who are deficient in vitamin D. (SOURCE: Journal of 
Gerontology: Medical Sciences, April 2007) 
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In a sample of 976 adults who were 65 or older at the outset, nearly 29 percent of women 
and 14 percent of men had vitamin D deficiency, determined by measuring blood levels 
of 25-hydroxy-vitamin D, a frequently used and accurate measure of a person's vitamin D 
status. 

Moreover, 75 percent of women and 51 percent of men had insufficient vitamin D 
levels. 

The researchers tested the participants' physical performance by timing their walking 
speed, as well as their ability to get up from a sitting position and keep their balance 
while standing in increasingly more challenging positions. They also measured handgrip 
strength, a predictor of future disability. 

Dr. Denise K. Houston of the Wake Forest University of Medicine in Winston-Salem, 
North Carolina, and colleagues found that physical performance and grip strength were 5 
to 10 percent lower in people with low blood levels of vitamin D levels, compared with 
those with normal levels. 

The finding held up after they took into account factors that could potentially influence 
the results such as a person's weight, level of physical activity, the season of the year, 
mental abilities, overall health condition and anemia (a deficiency of oxygen-carrying red 
blood cells that frequently causes fatigue). 

Vitamin D plays an important role not only in bone health -- research suggests it 
may also help protect against diabetes, cancer, colds, and tuberculosis. 

People get vitamin D from the sun's ultraviolet rays and from certain foods such as 
fortified milk, juice and cereals. However, it is hard to get sufficient amounts of the 
vitamin through diet alone. Older adults are prone to low vitamin D levels because of 
reduced exposure to the sun and because their skin is less able to produce vitamin D from 
sun exposure compared with younger adults. 

It's estimated that 1 in 4 people over age 60 have low vitamin D levels. 

Current guidelines recommend that people between the ages of 50 and 69 get 
400 international units (IUs) of vitamin D per day and for those over 
age 70 to get 600 IUs. 

Houston contends that "higher amounts of vitamin D may be needed for the preservation 
of muscle strength and physical function as well as other conditions such as cancer 
prevention." 

"The current recommendations," she added, "are based primarily on vitamin D's effects 
on bone health." 

 



17.2.3   Vitamin D3 in fish may help prevent kidney cancer 

Swedish women who ate fatty fish like salmon, mackerel and herring at least once a 
week had a significantly lower risk of kidney cancer compared to consumers of lean 
fish, researchers said on Tuesday. The 15-year study found those who regularly ate fish 
containing lots of fish oil that is rich in omega-3 acids and Vitamin D had a 74 percent 
lower risk of getting kidney cancer compared to those who ate no fish at all. Lean 
varieties such tuna, cod and fresh-water fish did not confer the same benefit. 

Compared to lean fish, fatty fish have up to 30 times the amount of certain acids and 
up to five times the level of Vitamin D. The fatty acids have been reported to slow 
development of cancer and people with kidney cancer often have low levels of 
Vitamin D. 

"The name fatty fish may frighten some people but this kind of fat is healthy so I would 
recommend to eat fatty fish, not lean, because you can get much more benefits," said 
Alicja Wolk of the Karolinska Institute in Stockholm. "Fatty fish per definition has also 
more calories but benefits are so overwhelming," she said. The researchers, writing in the 
9/19/06 issue of the Journal of the American Medical Association, did not indicate 
whether fatty fish might prevent other types of cancer. 

Of more than 61,000 women in the study, ranging in age from 40 to 76, 150 developed 
kidney cancer. 

In the United States, there is a one in 77 lifetime risk of kidney cancer, and 39,000 
Americans expected to be diagnosed this year, according to the American Cancer 
Society. The disease is twice as common among men than women.  

17.2.4   Vitamin D3 anticancer activity partly due to H2O2 
 
Calcitriol, the hormonal form of vitamin D, enhances the anticancer activity of the 
immune cytokine tumor necrosis factor, interleukin 1 and interleukin 6 in human breast 
and renal cell carcinoma cells without affecting the cytotoxic action of interferon-alpha or 
killer lymphocytes. It also enhances cytotoxicity induced by the anticancer drug 
doxorubicin, by the redox cycling quinone menadione, and by the reactive oxygen 
species hydrogen peroxide.  
 
17.2.5   NAC is shown to abolish the anticancer effect of vitamin D3 
 
The synergistic interaction was accompanied by increased oxidative stress, as 
manifested by glutathione depletion and was abolished by exposure to the thiol 
antioxidant N-acetylcysteine. The hormone on its own brought about an increase in 
the cellular redox state as reflected in the ratio between oxidized and reduced glutathione 
and glyceraldehyde-3-phosphate dehydrogenase, and a reduction in the expression of 
the antioxidant enzyme Cu/Zn superoxide dismutase. These results support the notion 
that the interplay between active vitamin D derivatives and other anticancer agents such 



as immune cytokines and anticancer drugs plays a role in the in vivo anticancer activity 
of vitamin D and that reactive oxygen species are involved in the anticancer 
activity of vitamin D on its own and in its cross-talk with other 
anticancer modalities (The role of reactive oxygen species in the anticancer activity 
of vitamin D. A. Ravid and R. Koren. Recent Results Cancer Res. 2003;164:357-67). 
Again, NAC is shown to abolish the anticancer effect of EMODs and represents a 
danger if used inpatients with neoplasia. Note that NAC reduces SOD levels, which 
would decrease peroxide production. 
 
17.2.6    Vitamin D is a prooxidant in breast cancer cells 
 
The anticancer activity of the hormonal form of vitamin D, 1,25-dihydroxyvitamin D 
[1,25(OH)2D], is associated with inhibition of cell cycle progression, induction of 
differentiation, and apoptosis. In addition, 1,25(OH)2D3 augments the activity of 
anticancer agents that induce excessive reactive oxygen species generation in their target 
cells. This study aimed to find out whether 1,25(OH)2D3, acting as a single agent, is a 
prooxidant in cancer cells. Treatment with 1,25(OH)2D3 resulted in a approximately 
40% increase in glucose-6-phosphate dehydrogenase, the rate-limiting enzyme in the 
generation of NADPH. This enzyme is induced in response to various modes of oxidative 
challenge in mammalian cells. Taken together, these findings indicate that 
1,25(OH)2D3 causes an increase in the overall cellular redox potential 
that could translate into modulation of redox-sensitive enzymes and transcription factors 
that regulate cell cycle progression, differentiation, and apoptosis (Vitamin D is a 
prooxidant in breast cancer cells. R. Koren et al. Cancer Res. 2001 Feb 15;61(4):1439-44). 
 
17.2.7    Vitamin D fights breast cancer 

Breast cancer patients with low levels of vitamin D were much more likely to die of 
the disease or have it spread than patients getting enough of the nutrient, a study 
found — adding to evidence the "sunshine vitamin" has anti-cancer benefits. The results 
are sure to renew arguments about whether a little more sunshine is a good thing 
(Marilynn Marchione, AP Medical Writer. Yahoo Medical news. 5/16/08). 

The skin makes vitamin D from ultraviolet light. Too much sunlight can raise the risk of 
skin cancer, but small amounts — 15 minutes or so a few times a week without sunscreen 
— may be beneficial, many doctors believe.  While the vitamin is found in certain foods 
and supplements, most don't contain the best form, D-3, and have only a modest effect 
on blood levels of the nutrient. That's what matters, the Canadian study found. 

Only 24 percent of women in the study had sufficient blood levels of D at the time they 
were first diagnosed with breast cancer. Those who were deficient were nearly twice as 
likely to have their cancer recur or spread over the next 10 years, and 73 percent 
more likely to die of the disease. 



"These are pretty big differences," said study leader Dr. Pamela Goodwin of Mount Sinai 
Hospital in Toronto. "It's the first time that vitamin D has been linked to breast 
cancer progression." 

But people shouldn't start downing supplements, she warned. Experts don't agree on how 
much vitamin D people need or the best way to get it, and too much can be harmful. They 
also don't know whether getting more vitamin D can help when someone already has 
cancer.  "We have no idea whether correcting a vitamin D deficiency will in any way 
alter these outcomes," said Dr. Julie Gralow, a cancer specialist at the University of 
Washington in Seattle. 

The study was released 5/16/08 by the American Society of Clinical Oncology and will 
be presented at the group's annual meeting later this month. 

Lots of earlier research suggests vitamin D may help prevent prostate, 
breast and especially colon cancer. In lab and animal tests, vitamin D stifles 
abnormal cell growth, curbs formation of blood vessels that feed tumors and has 
many other anti-cancer effects. 

Other evidence: People who live in northern regions of the world have higher cancer rates 
than those living closer to the equator, possibly because of less sunshine and vitamin D. 

The Canadian researchers wanted to see whether it made a difference in survival. They 
took blood from 512 women at three University of Toronto hospitals between 1989 and 
1995, when the women were first diagnosed with early-stage breast cancer. 

A decade later, 83 percent of those who had had adequate vitamin D blood levels 
were alive without extensive spread of their cancer, versus 79 percent of those whose 
vitamin D levels were insufficient and 69 percent of those who were deficient, as 
defined by widely used medical standards for measuring intake. 

One red flag: The few women with the very highest levels of vitamin D seemed to 
have worse survival.  Though the study was too small and those results were not 
conclusive, "there may be an optimal level of vitamin D in women with breast cancer and 
it may be possible to take too much," Goodwin said. 

The federal government says up to 2,000 international units of vitamin D a day seems 
OK. Taking 800 units per day will, on average, raise blood levels to the middle of the 
range that seems best for bone and general health, Goodwin said. 

Vitamin D is in salmon and other oily fish, and milk is routinely fortified with it, but 
dietary sources account for little of the amount of D circulating in the blood, experts say. 
"It's very hard to make a recommendation" because how much difference a supplement 
makes depends on someone's baseline level, which also can be affected by sunlight, skin 
type and time of year, she explained. 



Doctors do suggest breast cancer patients get their vitamin D levels checked to see 
whether they are deficient. The simple blood test is available in many hospitals and labs 
for about $25, Goodwin said.  

Dr. Nancy Davidson, a Johns Hopkins University cancer specialist who is president 
of the oncology society, said those tests are growing in popularity, even in ordinary 
medical care.  "Rightly or wrongly, I'm increasingly seeing physicians who are measuring 
this," she said.  

The Canadian study was paid for by the Breast Cancer Research Foundation in New 
York, established by cosmetics magnate Evelyn Lauder.  

"It's a very provocative paper. It's confirmatory of a tremendous amount of evidence 
that vitamin D is an important component of health," said Dr. Larry Norton, chief of 
breast cancer programs at Memorial Sloan-Kettering Cancer Center in New York and a 
medical adviser to the foundation.  

Breast cancer is the most common cancer in women. About 184,450 
cases and 40,930 deaths from the disease are expected in the United 
States this year.  

17.2.8     1,25(OH)2 D3 inhibits rheumatoid arthritis (RA) and type 1 diabetes 
 
D-hormone [1,25(OH)2 D3] is an important immune system regulator that has been 
shown to inhibit development of autoimmune diseases including experimental 
inflammatory bowel disease (IBD), rheumatoid arthritis (RA), multiple 
sclerosis (MS), and type 1 diabetes. (J Rheumatol 2005 September; 32 Suppl 76:11-
20). I believe that this ties in the interrelationships of EMOD insufficiency syndrome 
and the effect of prooxidants such as D3. 
 
17.2.9      1,25(OH)2 D3 reduces breast, lung, ovarian, and prostate cancer and non-
Hodgkin's lymphoma 
 
Vitamin D from ultraviolet-B (UVB) irradiance, food, and supplements is receiving 
increased attention lately for its role in maintaining optimal health. Although the 
calcemic effects of vitamin D have been known for about a century, the non-calcemic 
effects have been studied intently only during the past two-three decades. The strongest 
links to the beneficial roles of UVB and vitamin D to date are for bone and muscle 
conditions and diseases. There is also a preponderance of evidence from a variety of 
studies that vitamin D reduces the risk of colon cancer, with 1000 IU/day of vitamin D 
or serum 25-hydroxyvitamin D levels >33ng/mL (82nmol/L) associated with a 50% 
lower incidence of colorectal cancer. There is also reasonable evidence that vitamin 
D reduces the risk of breast, lung, ovarian, and prostate cancer and 
non-Hodgkin's lymphoma. There is weaker, primarily ecologic, evidence for the 
role of vitamin D in reducing the risk of an additional dozen types of cancer. There is 



reasonably strong ecologic and case-control evidence that vitamin D reduces the risk of 
autoimmune diseases including such as multiple sclerosis and type 1 diabetes 
mellitus, and weaker evidence for rheumatoid arthritis, osteoarthritis, type 2 
diabetes mellitus, hypertension and stroke (Epidemiology of disease risks in 
relation to vitamin D insufficiency. Grant WB. Prog Biophys Mol Biol. 2006 Feb 28; 
[Epub ahead of print]). 
 

Vitamin D fights cancers and diabetes, is the pivotal feedstock for a hormone 
that protects muscle, and inhibits autoimmune disorders from multiple sclerosis and lupus 
to inflammatory bowel disease. (Science News Online 04/30/05).  Vitamin D is an 
important immune system regulator. The active form of vitamin D, 1,25-
dihydroxyvitamin D(3) [1,25(OH)(2)D(3)], has been shown to inhibit the development of 
autoimmune diseases, including inflammatory bowel disease (IBD). (PubMed. Am J Clin 
Nutr. 2004 Dec;80(6):1717S-20S). Sensible sun exposure (usually 5-10 min of exposure 
of the arms and legs or the hands, arms, and face, 2 or 3 times per week) and increased 
dietary and supplemental vitamin D intakes are reasonable approaches to guarantee 
vitamin D sufficiency. A few minutes of sun exposure on a summer day can generate 
huge quantities of vitamin D in a person's body. A cascade of chemical reactions turns 
vitamin D into a versatile hormone that has long been recognized to help the body absorb 
calcium from the diet to build strong bones. Recent work indicates that vitamin D also 
bolsters muscle strength, insulin action, immune health, and the body's natural defenses 
against cancer. (PubMed. Am J Clin Nutr. 2004 Dec;80(6):1678S-88S).  

For 2 decades, scientists have known that certain immune cells in the blood possess 
receptors for 1,25-D, the active form of vitamin D. The team found that the hormone 
inactivates a type of immune cell called a killer T lymphocyte. These are the cells that 
launch immune attacks against material invading the body, as well as native cells that 
have become infected or malignant. Killer T lymphocytes also drive autoimmune 
diseases. (Science News Online 10/09/04). 

I believe that it is time to include D3 as an adjunctive prooxidant agent for 
preventative therapy and for treatment of established diseases of the EMOD 
insufficiency syndrome. 

The anticancer activity of the hormonal form of vitamin D, 1,25-dihydroxyvitamin D 
[1,25(OH)2D], is associated with inhibition of cell cycle progression, induction of 
differentiation, and apoptosis. In addition, 1,25(OH)2D3 augments the activity of 
anticancer agents that induce excessive reactive oxygen species generation in their target 
cells. The hormonal form of vitamin D, 1,25(OH)2D, acts as an anticancer agent in vivo. 
Vitamin D is biotransformed by two consecutive hydroxylation steps in the liver and 
kidney to 1,25(OH)2D, the hormone responsible for calcium and phosphate homeostasis. 
It is now recognized that 1,25(OH)2D3 also acts in a paracrine manner and is produced 
extrarenally by various cells including activated macrophages and some tumor cells. Such 

local production may result in accumulation of the hormone within the tumor milieu to 
levels that exceed those in the circulation. 
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1,25(OH)2D3 and its synthetic analogues increased the susceptibility of cancer cells to the 
cytotoxic/cytostatic action of tumor necrosis factor, interleukin 1, interleukin 6, 
doxorubicin, menadione, and radiation . A feature shared by the agents whose potency is 
increased by 1,25(OH)2D3

 is their ability to bring about excessive ROS generation in their 
target cells. This common feature suggests the involvement of ROS in the interaction 
between 1,25(OH)2D3

 and these agents (Vitamin D Is a Prooxidant in Breast Cancer 
Cells. Ruth Koren, Irit Hadari-Naor, Efrat Zuck, Carmela Rotem, Uri A. Liberman and 
Amiram Ravid. Cancer Research 61, 1439-1444, February 15, 2001). 

The anticancer activity of 1,25(OH)2D3 is associated with induction of differentiation, cell 
cycle arrest, and apoptosis, and with sensitization of cancer cells to the cytotoxic action of 
some host anticancer agents and therapeutic modalities. The data indicates that an 
increase in the cellular redox potential plays a role in the various anticancer actions of 
active vitamin D metabolites and analogues.  

Indeed, it was previously shown that overexpression of SOD protects MCF-7 cells 
from injury caused by various ROS generating agents. Decrease in SOD levels would 
cause a shift in the balance between superoxides and H2O2. Increased levels of 
superoxides can, in turn, cause increased oxidative damage attributable to interaction with 

NO to form the highly toxic peroxynitrite  and to increased availability of free iron that 
supports hydroxyl radical formation via the Fenton reaction. 
 
17.2.10     Vitamin D halves pancreatic cancer risk 

People who take vitamin D tablets are half as likely to get deadly pancreatic cancer 
as people who do not, U.S. researchers reported on 9/12/06. Now they are checking to see 
if getting the vitamin from food or sunlight also cuts the risk. The study suggests one 
easy way to reduce the risk of pancreatic cancer, the fourth-leading cause of death from 
cancer in the United States. This year, the American Cancer Society estimates that 
32,000 new cases of cancer will be diagnosed, and only 5 percent of patients will 
survive more than five years. 

"Because there is no effective screening for pancreatic cancer, identifying controllable 
risk factors for the disease is essential for developing strategies that can prevent cancer," 
said Halcyon Skinner of Northwestern University in Chicago, who helped lead the study. 
"Vitamin D has shown strong potential for preventing and treating prostate cancer, 
and areas with greater sunlight exposure have lower incidence and mortality for 
prostate, breast, and colon cancers." 

Working with colleagues at Harvard University, Skinner's team examined data from two 
large, long-term health surveys involving 46,771 men aged 40 to 75 and 75,427 women 
aged 38 to 65. They found that people who took the U.S. Recommended Daily 
Allowance of Vitamin D, 400 IU a day, had a 43 percent lower risk of pancreatic 
cancer. Those who took doses of less than 150 IU per day had a 22 percent reduced risk 
of cancer. 



Writing in the journal Cancer Epidemiology Biomarkers & Prevention, the researchers 
said taking more than 400 IU a day did not reduce the risk further. Vitamin D is produced 
by the body when sunlight hits the skin, but most Americans do not get enough sunlight 
to produce the needed amount. Milk, both dairy and soy, is fortified with the vitamin 
D. Some foods such as fish, eggs and liver also contain vitamin D. 

17.2.11   Vitamin D may cut multiple sclerosis risk 

People with higher levels of vitamin D have a markedly reduced risk of developing 
multiple sclerosis (MS), according to a study published on 12/19/06 that may point to a 
promising way to protect against the disease. MS is an incurable and often disabling 
disease of the central nervous system that appears most often among young adults and 
affects 2 million people globally. 

Researchers at the Harvard School of Public Health in Boston combed a massive 
repository of serum samples from more than 7 million U.S. military personnel to find 
257 people who developed MS. Their samples were analyzed for vitamin D levels and 
compared with a group of randomly picked military personnel from the same broad 
population who did not develop MS. 

Among the white people studied, the chances of developing MS fell as vitamin D levels 
in the body rose, according to findings published in the Journal of the American Medical 
Association. Among whites, the majority of those in the study, the risks of MS fell 62 
percent for those in the top fifth of vitamin D concentration. 

The researchers said this suggested that many cases of MS could be prevented if people 
raised their vitamin D intake. "This converges with a body of experimental evidence and 
other studies that strongly suggest that vitamin D could be truly protective," Alberto 
Ascherio, associate professor of nutrition and epidemiology at Harvard School of Public 
Health and the lead researcher, said in a telephone interview. 

The relationship between higher vitamin D levels and MS risk was absent in the 
black and Hispanic people in the study, researchers said, perhaps because so few were 
involved or both groups had overall lower levels of vitamin D than whites. 

Nicholas LaRocca of the National Multiple Sclerosis Society, an advocacy group that 
helped fund the study, called the findings promising but said it was premature to 
recommend that young people take vitamin D supplements to ward off MS. 

Vitamin D, a hormone manufactured naturally in the body, promotes the absorption 
of calcium necessary for developing and maintaining healthy teeth and bones. Calcium is 
also important to nerve cells, including the brain, while vitamin D also seems to act as a 
regulator of the immune system. 

The body makes the vitamin after being exposed to sunlight. Not many foods are 
naturally rich in vitamin D, but it is found in fatty fish such as salmon, and milk 



commonly is fortified with it. Vitamin D deficiency can lead to osteoporosis in adults 
or rickets in children. 

In MS, communication between the brain and other parts of the body is disrupted. Many 
experts believe MS is an autoimmune disease in which the body, through its protective 
system, attacks its own tissues. In some people, MS can lead to paralysis.  

17.2.12    Vitamin D reduces cancer risk 

According to Timberly Ross and Jeff Donn, Associated Press Writers, building hope for 
one pill to prevent many cancers, vitamin D cut the risk of several types of cancer by 
60 percent overall for older women in the most rigorous study yet. The new research 
strengthens the case made by some specialists that vitamin D may be a powerful cancer 
preventive and most people should get more of it. Experts remain split, though, on how 
much to take. 

"The findings ... are a breakthrough of great medical and public health importance," 
declared Cedric Garland, a prominent vitamin D researcher at the University of 
California-San Diego. "No other method to prevent cancer has been identified that has 
such a powerful impact." While the most reliable yet, the study does have drawbacks. It 
was designed mainly to monitor how calcium and vitamin D improve bone health, and 
the number of cancer cases overall was small, showing up in just 50 patients. "It's a very 
small study," said Dr. Edward Giovannucci, who researches nutrition and cancer at the 
Harvard School of Public Health. "I don't think it's the last word." 

In either case, the study takes an important step in extending several decades of research 
that began with observations that cancer rates among similar groups of people were 
lower in southern latitudes than in northern ones. Scientists reasoned that had to do 
with more direct sunlight in southern regions. 

The skin makes vitamin D when exposed to sunlight's ultraviolet rays. This study used 
that same form of the vitamin, known as D3 or cholecalciferol. Multivitamins usually 
carry a much weaker variant known as D2, but D3 is available in stand-alone dietary 
supplements. 

Earlier research has shown that vitamin D helps regulate cell growth, a fundamental 
biological process that goes haywire in cancer. Most other supplements have tended to 
target specific types of disease in early testing, like selenium or vitamin E for prostate 
cancer. 

This study, published 6/8/07 in the American Journal of Clinical Nutrition, is the first 
time that researchers significantly boosted — and measured — blood levels of vitamin D 
and then followed identical groups of patients from start to finish (http://dietary-
supplements.info.nih.gov/factsheets/vitamind.aspbold_off ). That's why, despite its 
modest size, the research was generating excitement. Nearly all other work has compared 
disparate groups of patients. 



The researchers at Creighton University in Omaha focused on 1,179 seemingly healthy 
women with an average age of 67. The women were divided into three groups: 446 got 
calcium and vitamin D3 supplements, a similar number got calcium alone, and 288 took 
dummy pills. The research team gave 1,000 daily international units of vitamin D, 
more than current guidelines calling for 200 to 600 units depending on a person's age. 

The researchers intended to check mainly for the effects of calcium on bone health. Their 
interest in cancer risk was secondary. But the lower cancer risk stood out. Only 13 
women, or 3 percent, developed cancer over four years of calcium and vitamin D 
supplements. With calcium alone, 17 women, or 4 percent, got cancer. With dummy pills, 
cancer appeared in 20 women, or 7 percent. 

That shows a 60 percent lower cancer risk over four years in the group taking both 
supplements, compared to patients taking placebos. And when the first-year cancers 
were excluded — the ones mostly likely present before the study began — the findings 
were stronger still: a 77 percent lower risk for the combo group. 

While the calcium-only group lowered its four-year cancer risk by 47 percent 
compared to the untreated group, it did no better when early cancers were 
excluded. That suggests calcium alone may have done little in this experiment, the 
researchers said. Experts reviewing the study focused on vitamin D as the powerful agent 
in the combo group, but it can't be ruled out that calcium might somehow amplify the 
effect of vitamin D. 

While numbers were limited, these women developed a broad range of cancers, including 
disease of the breast, colon, lungs and blood. Dr. Michael Holick, of Boston University 
Medical Center, who sat on the professional panel that issued the 1997 guidelines for 
vitamin D, said this study shows that enough vitamin D "markedly reduces the risk 
of developing the most serious deadly cancers."  

He supports raising the recommended amount of the vitamin and said 1,000 daily 
units of vitamin D3 would now be reasonable for most people. On the other hand, Dr. 
Michael Thun of the American Cancer Society favors keeping the current 
recommendation of 200 to 600 IUs for now. And he cautioned that more than 2,000 units 
is viewed in the guidelines as potentially dangerous.  

Joan Lappe, the study's lead researcher, said it "just adds to the great bunch of evidence 
that we need to have better vitamin D nutrition." Some foods carry the vitamin, like 
salmon, tuna and fortified milk, but diet accounts for little of the vitamin circulating 
in the body. Overexposure to the sun can cause skin cancer. I believe that this is 
strong evidence of the salutary effects of prooxidants, such as vitamin D 
and lends strong support for my Unified Theory. 

 

 



17.2.13    Vitamin D reduces colon cancer deaths 

Researchers at Emory University are learning how vitamins and minerals in the diet can 
stimulate or prevent the appearance of colon cancer.  Emory investigators presented their 
findings on biological markers that could influence colon cancer risk in three abstracts at 
the American Association for Cancer Research meeting in San Diego, April 12-16, 2008.  
 
In a clinical study of 92 patients, supplementing diet with calcium and vitamin D 
appeared to increase the levels of a protein called Bax that controls programmed 
cell death in the colon. More Bax might be pushing pre-cancerous cells into 
programmed cell death, says Emory researcher Veronika Fedirko, who will present her 
team's results (abstract 464).  I believe that this is due to the prooxidant activity of 
vitamin D3 and its production of hydrogen peroxide. 
 
Previous studies have shown that calcium and vitamin D tend to reduce colon 
cancer risk.  
 
"We were pleased that the effects of calcium and vitamin D were visible enough in this 
small study to be significant and reportable," Fedirko says.  The studies of colorectal 
biopsy samples are part of a larger effort to identify a portfolio of measurements that 
together can gauge someone's risk of getting colon cancer, says Roberd Bostick, MD, 
MPH, professor of epidemiology at Emory's Rollins School of Public Health.  
 
Another abstract from Bostick and his colleagues (565) demonstrates in a 200-patient 
case-control study that high levels of calcium and vitamin D together are associated with 
increased levels of E-cadherin, which moderates colon cells' movement and proliferation.  
 
A third abstract on the same case-control study (5504) shows that high levels of iron in 
the diet are linked to low levels of APC, a protein whose absence in colon cancer cells 
leads to their runaway growth.  Bostick and his colleagues are participating in a ten-year 
multi-center study of the effects of increased vitamin D and calcium and biomarker-
guided treatment of colon cancer recurrence. The study involves almost 2,500 people 
nationwide who have regular colonoscopies. 

17.2.14     Vitamin D Deficiency Linked To Tuberculosis 

Patients with active tuberculosis are more likely to be vitamin D deficient than the 
rest of the population. New research, presented at the annual Society for Endocrinology 
BES meeting in Harrogate, on 4/10/08, shows that the majority of patients with 
tuberculosis (TB) have low levels of vitamin D, leading to the possibility that vitamin D 
supplementation could reinforce current treatments or be used as a preventative measure 
against tuberculosis.  
 
Researchers at the Central Middlesex Hospital in London, led by Dr Vassiliki Bravis, 
examined the prevalence of vitamin D deficiency in an ethnically diverse population in 
London who had active tuberculosis. Out of 158 patients in the study, only 11 (7%) had 



adequate vitamin D levels. Additionally, patients' vitamin D levels did not vary 
seasonally as expected, but remained constant throughout the year. It is currently unclear 
whether these findings represent a contributory factor to TB infection, with people with 
low vitamin D levels being more likely to contract the disease, or whether tuberculosis 
infection makes the body process vitamin D in an abnormal way, leading to patients 
becoming deficient. More research is now needed to establish whether vitamin D could 
provide a new line of treatment or preventative medicine against tuberculosis.  
 
Vitamin D is manufactured by the skin after exposure to UV rays from sunlight. If you 
live in the UK, your vitamin D levels should fluctuate seasonally with the amount of 
sunlight you are exposed to, being higher in the summer and lower in the winter. 
Approximately 14.5% of the UK population is vitamin D deficient. However, vitamin D 
deficiency is more common amongst the Asian and African population, in whom TB 
infection is also more prevalent. Previous work indicates that vitamin D may help ward 
off tuberculosis as it mediates a key immune response against the bacterium that causes 
TB. Tuberculosis is a major global health problem, which causes over 2 million deaths 
every year.  
 
Researcher Dr Vassiliki Bravis said:  "Previous research has shown that high levels 
of vitamin D can help inhibit tuberculosis infection. Our work shows that, 
within a London population, the majority of TB patients we treat are vitamin D 
deficient."  
 
This paper was presented as a poster (number 17) at the Society for Endocrinology BES 
meeting Wednesday 9 April 2008.  

17.2.15     Vitamin D reduces mortality rate in chronic kidney disease (CKD) 

For patients with moderate to severe chronic kidney disease (CKD), treatment with 
activated vitamin D may reduce the risk of death by approximately one-fourth, 
suggests a study in the August 2008 Journal of the American Society of Nephrology. 
 
Many patients with advanced CKD take the drug calcitriol, an oral form of activated 
vitamin D, to treat elevated levels of parathyroid hormone. "Although activated 
vitamin D is known to influence many biological processes, previous clinical knowledge 
is limited to its effect on parathyroid hormone levels," explains Dr. Bryan Kestenbaum of 
the University of Washington in Seattle, one of the study authors. 
 
The study included 1,418 patients who had stage 3 to 4 CKD, which means moderately 
to severely reduced kidney function. All patients also had high parathyroid hormone 
levels (hyperparathyroidism), which can contribute to weakening of the bones in CKD. 
The researchers identified one group of patients who were being treated with calcitriol to 
lower their parathyroid hormone levels and another group who were not receiving 
calcitriol. 
 
During a two-year follow-up period, mortality rates were compared for patients who were 



and were not taking calcitriol. "We then adjusted for differences in age, kidney function, 
parathyroid hormone levels, other illnesses, and other medications," says Dr. 
Kestenbaum. 
 
In the adjusted analysis, the overall risk of death was about 26 percent lower 
for patients taking calcitriol. Patients on calcitriol were also less likely to develop 
end-stage renal disease, requiring dialysis to replace lost kidney function. 
 
Overall, treatment with calcitriol was associated with a 20 percent reduction in the 
risk of either death or dialysis. The reduction in mortality with calcitriol was unrelated 
to its effect on parathyroid hormone levels. 
 
"Recently, there has been an increased focus on the effects of vitamin D beyond those on 
bone health," Dr. Kestenbaum comments. "Vitamin D deficiency has been associated 
with risk factors for cardiovascular disease, such as high blood pressure, diabetes, 
and inflammation." Previous studies have suggested that treatment with 
intravenous vitamin D can improve survival in patients on hemodialysis. 
 
"Future studies should also examine the role of non-activated vitamin D, which is less 
expensive and less toxic."  The study has some important limitations, including a lack of 
data on other factors that may have affected survival in patients taking calcitriol. Also, 
since the study included mainly older, white men, the results may not apply to younger, 
more ethnically diverse populations with CKD. The study entitled, "Association of Oral 
Calcitriol with Improved Survival in Nondialyzed CKD," will be available online at 
http://jasn.asnjournals.org beginning on Wednesday, May 7, 2008, and in print in the 
August 2008 issue of the Journal of the American Society of Nephrology (JASN). 

17.2.16    Vitamin D protects against heart attack 

Men with low levels of vitamin D have an elevated risk for a heart attack, researchers 
said on 6/9/08 in the latest study to identify important possible health benefits from the 
"sunshine vitamin."  In the study, men classified as deficient in vitamin D were about 2 
1/2 times more likely to have a heart attack than those with higher levels of the 
vitamin.  "Those with low vitamin D, on top of just being at higher risk for heart attack in 
general, were at particularly high risk to have a fatal heart attack," study author Dr. 
Edward Giovannucci of the Harvard School of Public Health and Brigham and Women's 
Hospital in Boston said in a telephone interview. 

The study involved 454 health professionals ages 40 to 75 who had suffered a 
nonfatal heart attack or died of heart disease, as well as 900 other men with no 
history of cardiovascular disease. They were followed for 10 years after providing 
blood samples to measure their vitamin D levels. 

The researchers compared those who were deficient in vitamin D -- no more than 15 
nanograms per milliliter of blood -- to men who were in at least the lower end of the 
normal range -- at least 30 nanograms per milliliter of blood. 

http://jasn.asnjournals.org/


The body makes vitamin D when the skin is exposed to sunlight. Milk commonly is 
fortified with it, and it is found in fatty fish like salmon.  Vitamin D helps the body 
absorb calcium and is considered important for bone health. In adults, vitamin D 
deficiency can lead to osteoporosis, and it can lead to rickets in children. 

A number of recent studies have indicated vitamin D also may offer a variety of 
other health benefits, including protecting against types of cancer 
including colon and breast cancer, peripheral artery disease and 
tuberculosis. 

In January 2008, researchers led by Dr. Thomas Wang of Harvard Medical School 
reported findings that fit with the new study, showing that people with low vitamin 
D levels have a higher risk for heart attack, heart failure and stroke. 

Giovannucci said there is enough evidence about the value of vitamin D to encourage 
people to ensure they have normal levels. He said people can learn their vitamin D levels 
by having their doctor give them a blood test. Those whose levels are too low can take 
vitamin D supplements, he said.  "Many people have low vitamin levels," Giovannucci 
said. 

"Traditionally, physicians have only been concerned about the bone effects. But perhaps 
having these chronically low levels of vitamin D may be having these subtle 
physiological changes in a lot of tissues," Giovannucci added. 

Giovannucci said there could be a number of ways in which vitamin D may protect 
against heart attack. He said it might lower blood pressure, regulate inflammation, reduce 
calcification of coronary arteries, affect the heart muscle or reduce respiratory infections 
in winter.  I believe that it works because vitamin D3 is a prooxidant.  It generates 
EMODs which are protective of heart disease, cancer, infections and strokes. 

The study was published in the journal Archives of Internal Medicine. 

17.2.17     Vitamin D may not reduce cancer deaths 

A large new study found no sign that vitamin D lowers the overall risk of dying from 
cancer, injecting a note of caution to the latest vitamin craze. The exception: People with 
more vitamin D in their blood did have a significantly lower risk of death from 
colorectal cancer, supporting earlier findings. 

Getting enough of the so-called sunshine vitamin — the skin makes it from ultraviolet 
rays — is vital for strong bones. But vitamin D has made headlines in recent years 
because of research saying it may be a powerful cancer fighter, sparking a push for 
people to get more than currently recommended amounts, either through diet or sun 
exposure. 



The first-of-a-kind government study released 10/30/07 shows the issue is far from 
settled. 

National Cancer Institute researchers analyzed vitamin D levels measured in almost 
17,000 people as part of a national study that tracked their health. About a decade after 
enrolling, 536 of those people had died of cancer. Whether people had low or high 
vitamin D levels played no role in their risk of dying from cancer in general, they 
reported Tuesday in the Journal of the National Cancer Institute. 

The researchers tracked 16,818 people who joined a nationwide U.S. government health 
survey between 1988 and 1994, following them through 2000. Among them, 536 died of 
cancer.  The body makes vitamin D when skin is exposed to sunlight. Not many foods are 
naturally rich in it. It is found in fatty fish such as salmon and milk commonly is fortified 
with it. 

Colorectal cancer refers to cancer that starts in the colon or rectum. It kills about 50,000 
people annually in the United States alone. 

Then the researchers examined different types of cancer. There were just 66 deaths from 
colorectal cancer. Still, people with high levels of vitamin D appeared 72 percent less 
likely to die of colorectal cancer than people with the lowest vitamin D levels. 

"While vitamin D may well have multiple benefits beyond bone, health professionals and 
the public should not, in a rush to judgment, assume that vitamin D is a magic bullet and 
consume high amounts," Johanna Dwyer, a dietary supplement specialist at the National 
Institutes of Health, cautioned in an accompanying editorial. 

Indeed, there are numerous risk factors for colorectal cancer, including obesity and 
low physical activity, and it's unclear if low vitamin D levels play an independent role or 
are just a marker for those other risks, she said. 

Scientists have been interested in vitamin D's effects for decades, since noticing that 
cancer rates between similar groups of people were lower in sunny southern 
latitudes than in northern ones. A handful of studies since then have found people 
given vitamin D supplements have less risk of developing certain cancers, but much of 
the evidence is circumstantial. 

Experts are cautious because other vitamins and nutrient supplements 
once widely thought to prevent cancer didn't pan out when put to 
rigorous testing. 

The NCI's study is the first to compare blood levels of vitamin D to cancer mortality, and 
"it's the best research we have on this topic," said Dr. Len Lichtenfeld of the American 
Cancer Society. 



But a big weakness: It measured vitamin D at just one point in participants' lives, 
when levels can vary widely with dietary changes and especially the seasons. 

Overall, most research "seems to be pointing in the direction that there is a role of 
vitamin D," Lichtenfeld said. Tuesday's study "puts a note of caution in there that says 
with all the explosion of information and advocacy on behalf of vitamin D, we need to be 
cautious. ... We really need some further studies that are well done to answer the 
question." 

17.3.0     Oral iron may lead to increased colonic EMOD levels and reduced cancer 

Most dietary iron remains unabsorbed and hence may be available to participate in 
Fenton-driven free radical generation in conjunction with the colonic microflora, 
leading to the production of carcinogens or direct damage to colonocytes.  This occurred 
to me to be a great opportunity to safely increase the oxidative capacity of the 
gastrointestinal tract, which I believe would aid in oxidation of ingested mutagens, 
pathogenic organisms and reduce incidence of premalignant lesions.   

Objective: Our aims were to measure the proportion of fecal iron available to participate 
in free radical generation and to determine the effect of an oral supplement of ferrous 
sulfate on free radical generation.  

Design: Eighteen healthy volunteers recorded their food intake and collected fecal 
samples before, during, and after 2 wk of supplementation (19 mg elemental Fe/d). 
Total, free, and weakly chelated fecal iron were measured and free radical production was 
determined by using an in vitro assay with dimethyl sulfoxide as a free radical trap.  

Results: Fecal iron increased significantly during the period of supplementation and 
returned to baseline within 2 wk. The concentration of weakly bound iron in feces (
1.3% of total fecal iron) increased from 60 µmol/L before to 300 µmol/L during 
supplementation, and the production of free radicals increased significantly 
( 40%). Higher-carbohydrate diets were associated with reduced free radical 
generation.  Thus, this clearly could increase the oxidative capacity of the GI tract, as 
I had predicted.  This method is safe, inexpensive and readily accessible. 

Recent concerns have been voiced about harmful effects of iron 
supplementation during pregnancy (Anemia, Iron and Pregnancy Outcome. 
Theresa O. Scholl and Thomas Reilly. Journal of Nutrition. 2000;130:443S-447S.). 

Conclusion: Unabsorbed dietary iron may increase free radical production in the colon to 
a level that could cause mucosal cell damage or increased production of carcinogens 
(Oral ferrous sulfate supplements increase the free radical–generating capacity of feces 
from healthy volunteers. Elizabeth K Lund, S Gabrielle Wharf, Susan J Fairweather-Tait 
and Ian T Johnson. American Journal of Clinical Nutrition, Vol. 69, No. 2, 250-255, 
February 1999). 

http://www.ajcn.org/cgi/content/full/69/2/250


It was also clearly established in the present study that consumption of 100 mg 
FeSO4/d was associated with a marked increase in the production of free 
radicals in feces. 

The epidemiologic evidence supporting a link between colorectal cancer and diet is 
strong (Willett WC, Stampfer JM, Colditz GA, Rosner BA, Speizer FE. Relation of meat, 
fat, and fiber intake to the risk of colon cancer in a prospective study among women. N 
Engl J Med 1990;323: 1664–72).  

The stem cells of the colorectal mucosa lie near the complex, potentially mutagenic 
environment of the fecal stream; an understanding of the effects of diet on the chemistry 
of fecal material is therefore essential in the development of strategies to prevent 
colorectal cancer. A prospective study showed that high iron consumption is 
associated with an increased risk of colorectal cancer (Wurzemann JI, Silver A, 
Schreinemachers DM, Sandler RS, Everson RB. Iron intake and risk of colon cancer. 
Cancer Epidemiol Biomarkers Prev 1996;5:503–7). Too much of anything can be bad. 

Higher concentrations of plasma iron were associated with distal tumors, but a high 

dietary iron intake, independent of red meat consumption, was specifically associated 
with an increased risk of cancer of the proximal colon.  

Colorectal carcinoma develops progressively via the adenoma-carcinoma sequence that is 
associated with the induction of mutations, first in proliferating crypt cells and 
subsequently in abnormal clones derived from them. Such mutations may be mediated by 

fecal mutagens, free radicals, or both. Free radical production in fecal incubates is 
known to depend on diet (Erhardt JG, Lim SS, Bode JC, Bode C. A diet rich in fat and 
poor in dietary fiber increases the in-vitro formation of reactive oxygen species in human 
feces. J Nutr 1997;127:706–9).  

In many systems the production of superoxide and hydrogen peroxide by aerobic 

metabolism is favored by high concentrations of suitably chelated iron. Oxygen radicals 
are known to damage protein, lipids, and DNA under in vivo conditions, and this damage 
has been implicated in the induction of somatic mutations that may favor the development 

of several forms of cancer (Knekt P, Reunanen A, Takkunen H, Aromaa A, Heli-vaara 
M, Hakulinen T. Body iron stores and risk of cancer. Int J Cancer 1994;56: 379–82) 
(Nelson RL, Davis F, Sutter E, Sobin LH, Kikendall JW, Bowen P. Body iron stores and 
risk of colonic neoplasia. J Natl Cancer Inst 1994;86:455–60).  I believe that this has to 
be checked against the incidence of colon cancer associated with iron deficiency 
anemia. 

17.3.1     GI Cancer Associated with Iron Deficiency Anemia 

The investigators started with 9,024 adults (mean age: 40 years) who were enrolled in a 
general study of health and nutrition.  Eight percent of these patients had iron deficiency 
(determined by iron saturation of less than 15 percent), and 1.6 percent of the total group 
also was anemic. A GI malignancy was identified during the following two years in 18 



patients (0.2 percent). None of the premenopausal women with iron deficiency was 
anemic (95 percent confidence interval [CI]: 0 to 3 percent). Among patients with iron 
deficiency anemia, one in 16 (6 percent, 95 percent CI: 1 to 16 percent) was diagnosed 
with a GI malignancy during the subsequent two years. Of patients older than 65 years, 9 
percent (95 percent CI: 2 to 25 percent) with anemia had a malignancy. Only 1 percent of 
the patients with iron deficiency but without anemia developed a malignancy. The rate of 
GI malignancy in patients without iron deficiency or anemia was 0.3 percent. These 
numbers should be reassuring to clinicians who care for premenopausal women; a 
previous study has identified a risk of about 6 percent in a more highly selected 
population. The data confirm other research that has shown a high rate of malignancy in 
older patients.  Older patients with iron deficiency anemia are 31 times 
more likely than the general population to have a GI malignancy. Six 
percent of patients older than 50 years and one in 11 patients older than 65 years will be 
diagnosed with a malignancy within two years. Iron deficiency anemia in older patients 
should alert physicians to perform further GI testing (Ioannou G, et al. Iron deficiency 
and gastrointestinal malignancy: a population-based cohort study. Am J Med September 
2002;113:276-80).  I believe that this supports my predictions and the advisability of 
increased prooxidant protection from colonic neoplasia and pathogens.  

The most common known form of nutritional disorder in the world, iron deficiency 
results in anemia because iron is necessary to make hemoglobin, key molecule in red 
blood cells responsible for the transport of oxygen. The prevalence of iron deficiency 
anemia is highest in children and women of childbearing age (particularly pregnant 
women). In pregnant women, iron deficiency increases the risk for a preterm delivery and 
delivering a low-birthweight baby. In children, iron deficiency causes developmental 
delays, behavioral disturbances, failure to thrive (grow) and increased infections.  
This also supports my belief that prooxidant protection is necessary for pathogen 
protection. 

17.3.2     H. pylori increased 40% with iron deficiency 

Using data from the current National Health and Nutrition Examination Survey (1999–
2000), the authors assessed whether Helicobacter pylori infection is associated with iron 
deficiency and iron-deficiency anemia (IDA) in the United States. Iron deficiency was 
defined as at least two abnormal results out of three biomarkers of iron stores. IDA was 
defined as a low hemoglobin level in the presence of iron deficiency. H. pylori infection 
was measured by serology. Complex survey estimators were used in the analysis. For 
7,462 survey participants aged 3 years, H. pylori infection was associated with 
decreased serum ferritin levels (percent change = –13.9%, 95% confidence interval (CI): 
–19.5, –8.0) but not with levels of free erythrocyte protoporphyrin, transferrin saturation, 
or hemoglobin (percent change = 1.5%, –2.8%, and –1.1%, respectively). Multinomial 
logistic regression analyses indicated that H. pylori infection was associated with the 
prevalence of IDA (prevalence odds ratio (POR) = 2.6, 95% CI: 1.5, 4.6) and, to a lesser 
degree, other types of anemia (POR = 1.3, 95% CI: 1.0, 1.7). H. pylori infection was 
associated with a 40% increase in the prevalence of iron deficiency (POR = 
1.4, 95% CI: 0.9, 2.0) after controlling for relevant covariates. In the United States, H. 

http://www.medterms.com/script/main/art.asp?articlekey=2015


pylori infection was associated with iron deficiency/IDA regardless of the presence or 
absence of peptic ulcer disease (Iron Deficiency and Helicobacter pylori Infection in the 
United States. Victor M. Cardenas et al. American Journal of Epidemiology 2006 
163(2):127-134) 

Unabsorbed dietary iron enters the colon and in conjunction with intraluminal bacteria 
may become available for participation in a combination of Haber-Weiss and Fenton-type 
reactions that generate hydrogen peroxide and hydroxyl radicals at the mucosal surface. 
Hydrogen peroxide or iron may also enter colonocytes and increase the risk of DNA 
damage in a manner similar to that described for immune cells, thus increasing the risk of 
a mutation, either as an initiating event or later in the adenoma-carcinoma sequence. 
Alternatively, iron-mediated reactions may be involved in the conversion of 
procarcinogens to carcinogens within the lumen of the colon. Iron has also been shown to 
increase crypt cell proliferation in rats treated with a chemical carcinogen and in rats fed 
high-fat diets (Thompson LU, Zhang L. Phytic acid and minerals: effect on early markers 
of risk for mammary and colon carcinogenesis. Carcinogenesis 1991;12:2041–5).  

Even moderate oral iron supplementation has a significant effect on luminal iron 
concentrations and increases mucosal cell proliferation in rat colons. Intraluminal iron 
might increase the prooxidant protection of colonic content detoxification. 

The present results clearly establish that orally administered iron increases the rate at 
which reactive oxygen species are generated within fecal material in an artificial in vitro 
system. To what extent do these results provide information relevant to the intraluminal 
environment in vivo? The first obvious difference between the 2 systems is that the 
colonic lumen is predominantly anaerobic whereas atmospheric oxygen is 
available in the in vitro assay system. However, the existence of a microclimate near the 
intestinal mucosal surface is widely recognized, and it seems probable that, as Babbs 
proposed, sufficient oxygen tension is present at the mucosal surface to enable the 
production of reactive oxygen species. In rats, intracolonic oxygen tension was reported 
to be 11.1 mm Hg as determined by mass spectrometry (Bornside GH, Donovan WE, 
Meyers MD. Intracolonic tensions of oxygen and carbon dioxide in germfree, 
conventional, and gnotobiotic rats. Proc Soc Exp Biol Med 1976;151:437–41), and in a 
more recent study the mucosal oxygen tension measured by a surface probe 
was 9 mm Hg compared with 65 mm Hg in serosal tissue (Zabel DD, Hopf 
HW, Hunt TK. The role of nitric oxide in subcutaneous and transmural gut tissue 
oxygenation. Shock 1996;5:341–3).  

The pH of the colonic contents may also affect free radical production. In the proximal 
human colon, the pH of the bulk phase varies between 5.5 and 7 depending on the rate 
of fermentation of carbohydrate. In animal models a microclimate has been shown to 
exist in the colon such that the pH at the mucosal surface is buffered close to 7.0, the pH 
used in the in vitro incubations in the present study.  

 



17.3.3     Boosting vitamin D may have long-term benefits for inflammation and 
aging 

There is a new reason for the 76 million baby boomers to grab a glass of milk. Vitamin 
D, a key nutrient in milk, could have aging benefits linked to reduced inflammation, 
according to a new study published in the American Journal of Clinical Nutrition. 
(Richards JB, Valdes AM, Gardner JP, Paximadas D, Kimura M, Nessa A, Lu X, 
Surdulescu GL, Swaminathan R, Spector TD, Aviv A. Higher serum vitamin D 
concentrations are associated with longer leukocyte telomere length in women. American 
Journal of Clinical Nutrition 2007;86:1420-1425). 
 
In a genetic study of more than 2,100 female twin pairs ages 19-79, British and 
American researchers found that higher vitamin D levels were linked to improved genetic 
measures of lifelong aging and chronic stress. Using a genetic marker called leukocyte 
telomere length (LTL), they found those with the highest vitamin D levels had longer 
LTL, indicating lower levels of inflammation and body stress. The telomere difference 
between those with the highest and lowest vitamin D levels was equivalent to 5 years of 
aging.  
 
Previous research has found that shortened LTL is linked to risk for heart disease and 
could be an indication of chronic inflammation -- a key determinant in the biology of 
aging. While there are several lifestyle factors that affect telomere length (obesity, 
smoking and lack of physical activity), the researchers noted that boosting vitamin D 
levels is a simple change to affect this important marker.  
 
Studies continue to link vitamin D to an array of health benefits, securing vitamin D's 
"super nutrient" status and providing even more reasons to get adequate amounts of this 
essential vitamin. Recent research suggests that beyond its well-established role in bone 
health, vitamin D also may help reduce the risk of certain cancers and autoimmune 
diseases, such as type 1 diabetes, rheumatoid arthritis and multiple sclerosis.  
 
Milk is a primary source of calcium and vitamin D in the American diet. In fact, 
government reports indicate that more than 70 percent of the calcium in our nation's food 
supply comes from milk and milk products. Additionally, milk is one of the few food 
sources of vitamin D, which is fast emerging as a "super nutrient."  
 
The recommended three servings of low fat or fat-free milk provides 900 mg of calcium, 
300 IU of vitamin D and 80 mg of magnesium daily.  
 
(Richards JB, Valdes AM, Gardner JP, Paximadas D, Kimura M, Nessa A, Lu X, 
Surdulescu GL, Swaminathan R, Spector TD, Aviv A. Higher serum vitamin D 
concentrations are associated with longer leukocyte telomere length in women. American 
Journal of Clinical Nutrition 2007;86:1420-1425).  I believe that this is consistent with 
my position that prooxidants are essential and beneficial in disease prevention and 
increasing longevity. Vitamin D3 is a strong prooxidant. 
 



17.3.4      Global Link Between Endometrial Cancer And Vitamin D Status 
 
Using newly available data on worldwide cancer incidence, researchers at the Moores 
Cancer Center at University of California, San Diego (UCSD) have shown a clear 
association between deficiency in exposure to sunlight, specifically ultraviolet B 
(UVB), and endometrial cancer. 
 
UVB exposure triggers photosynthesis of vitamin D3 in the body. This form of 
vitamin D is also available through diet and supplements. Previous studies from this 
research team have shown associations between higher levels of vitamin D3 and lower 
risk of cancers of the breast, colon, kidney and ovary. 
 
Approximately 200,000 cases and 50,000 deaths from endometrial cancer occur annually 
worldwide, including 41,000 new cases and 7,400 deaths in the United States. 
 
The study was published November 16, 2007, in the journal Preventive Medicine. 
 
"This is the first study, to our knowledge, to show that higher serum levels of vitamin D 
are associated with reduced risk of endometrial cancer," said Cedric F. Garland, Dr. P.H., 
professor of Family and Preventive Medicine in the UCSD School of Medicine, and 
member of the Moores UCSD Cancer Center. "Previous epidemiological studies have 
focused on estrogen levels either natural or through hormone replacement therapy which 
play the major role in development of the disease, and on fat intake, which plays a 
smaller role. Since most women cannot control their natural levels of estrogen, and very 
low levels of fat intake are not acceptable to most American women, this article provides 
evidence that vitamin D adequacy should be considered as part of a comprehensive 
program for prevention of this cancer." 
 
This paper used worldwide data only recently available through a new tool called 
GLOBOCAN, developed by the World Health Organization's International Agency for 
Research on Cancer. GLOBOCAN is a database of cancer incidence, mortality and 
prevalence for 175 countries. 
 
The researchers created a graph with a vertical axis for endometrial cancer incidence 
rates, and a horizontal axis for latitude. The latitudes range from -50 for the southern 
hemisphere, to zero for the equator, to +70 for the northern hemisphere. They then 
plotted incidence rates for 175 countries according to latitude. The resulting chart was a 
parabolic curve that looks like a smile. 
 
"In general, endometrial cancer incidence was highest at the highest latitudes in 
both hemispheres," said Garland. "Even after controlling for known variables such as 
cloud cover, meat intake, weight, skin pigmentation and others, the association remained 
strong." 
 
In the paper, the authors caution that this was a study of aggregates, or countries, rather 
than individuals; findings that apply to aggregates may not apply to individuals. They 



recommend further research to study individuals for the effect of vitamin D from 
sunlight, diet and supplements on the risk of endometrial cancer. 
 
This is the third environmental paper from this research team to show a strong association 
between vitamin D and cancer using global incidence data (GLOBOCAN). The first 
paper, which illuminated a similar pattern for kidney cancer, was published Sept. 15, 
2006, in the International Journal of Cancer. The second, on ovarian cancer, was 
published Oct. 31, 2006, in the American Journal of Preventive Medicine.  Authors on 
the study are Cedric F. Garland, Dr. P.H., Frank C. Garland, Ph.D., Edward D. Gorham, 
Ph.D., Sharif B. Mohr, MPH, and William B. Grant, Ph.D. 
 
17.5.0     Menadione (vitamin K3) 
 
Vitamin K is a group name for several related compounds that have in common a 
methylated naphthoquinone ring structure and that vary in the aliphatic side chain 
attached at the 3-positions. In their one electron reduction process, semiquinone radicals 
are generated and ready to react with molecular oxygen resulting in generation of 
ROS.  

 
In 1935 Dam et al proposed that the antihemorrhagic vitamin of the chick was a new fat-
soluble vitamin, which he called “vitamin K”. Not only was K the first letter of the 
alphabet which was not used to describe an existing or a postulated vitamin activity at 
that time, but it was also the first letter of the German word Koagulation. The methylated 
naphthoquinone ring structure of vitamins make them potent antioxidants.  

 
Vitamin K1H2 may act as a potent antioxidant while semiquinone radicals 
generated in the electron reduction pathway are ready to react with 
molecular oxygen to give active oxygen species. 

 
17.5.1     Thioredoxin-2 (Trx2) 

The mitochondrial redox environment depends on both total cellular redox environment 
and compartmentalized mitochondrial reduction capacity. This reduction capacity 
depends on the concentration of electron donor molecules such as NADPH, NADH, and 
glutathione (GSH) acting as antioxidant buffers, ROS detoxification enzymes, and 
protein-disulfide reductases. In mammalian mitochondria, ROS detoxification is achieved 
by successive conversion of into H2O2 (and O2) by manganese superoxide dismutase 

(MnSOD) and peroxide reduction by glutathione peroxidases (GPx1 and GPx4) and 
potentially by the mitochondrial thioredoxin cycle system. Because of its elevated 
intracellular concentration (1–10 mM), GSH is largely responsible for low redox 
potential and free thiol level inside cells and organelles.  

Experimentally induced glutathione deficiency in newborn rats has been shown to result 
in striking enlargement and degeneration of mitochondria (Jain, A., Martensson, J., Stole, 
E., Auld, P. A., and Meister, A. (1991) Proc. Natl. Acad. Sci. U. S. A. 88, 1913-1917).  



A second antioxidant defense, the mitochondrial thioredoxin system, which includes 
Trx2, thioredoxin reductase-2, and NADPH (see below), is a potential source of disulfide 
reductase activity required for maintaining mitochondrial proteins in their reduced state; 
thioredoxins catalyze reduction of protein disulfides at much higher rates than GSH. An 
additional mitochondrial thiol/disulfide oxidoreductase, glutaredoxin-2 (Grx2), was 
recently discovered, which relies on GSH and not Trx as electron donor.  

Little is known on the function(s) of the mitochondrial thioredoxin system and its 
potential role in the regulation of cell survival. Recent studies suggest that the 
mitochondrial Trx system is essential for mammalian development because disruption of 
the Trx2 gene in the mouse confers a lethal embryonic phenotype associated with massive 
apoptosis during early embryogenesis. Chicken cells (DT40) conditionally deficient for 
Trx2 expression have been reported to undergo apoptosis in the absence of exogenous 
stress. In addition, glutathione depletion, serum withdrawal, and exposure to the 
prooxidant mitochondrial toxin, antimycin A, were all shown to enhance apoptosis in 
Trx2-deficient DT40 cells. On the other hand, overexpression of Trx2 was reported to 
enhance basal m and protect human HEK-293 Trx2-transfected cells against etoposide-
mediated cytotoxicity. In contrast, these cells were not protected against antimycin A 
cytotoxicity and turned out to be more sensitive than control cells to rotenone, another 
prooxidant mitochondrial toxin. Another study reported that Trx2 overexpression 
conferred increased oxidoresistance to human osteosarcoma cells exposed to tert-
butylhydroperoxide (t-BHP). Thus, the effects of Trx2 overexpression appear to be 
complex and to depend on unidentified variables including the possibility that 
endogenous Trx2 may not be a limiting factor in some experimental systems.  

 

 

17.5.2      Peroxiredoxins (Prdx) 

Peroxiredoxins (Prdx) form a new family of thiol-specific peroxidases that rely on 
Trx as the hydrogen donor for the reduction of H2O2 and lipid hydroperoxides. Two 
mitochondrial Prdx isoforms have been identified so far. Prdx3, originally cloned from 
murine erythroleukemia cells (30), is exclusively detected in mitochondria. Prdx3 
expression can be induced in response to oxidant treatments, and antisense-mediated 
inhibition of Prdx3 expression was shown to sensitize bovine aortic endothelial cells to 
oxidative challenges. Prdx3 was identified as a target gene of nuclear c-Myc and shown 
to be essential for maintaining mitochondrial mass and transmembrane potential in 

transformed rat and human cells. In addition, overexpression of Prdx3 was found to 
inhibit apoptosis induced by oxidative insults in various cancer cell lines. Prdx5 is a 
second peroxiredoxin isoform that is located in the mitochondria when expressed as a 
long form, whereas a short form was found associated with peroxisomes. Recently, Prdx5 
overexpression was reported to be protective against ibotenate-mediated excitotoxicity. 

The specific co-localization of TrxR2, Trx2, and Prdx3 in mitochondria, presumed to 
function together, may suggest a defense system against H2O2 produced by the 
mitochondrial respiratory chain (Lee, S. R., Kim, J. R., Kwon, K. S., Yoon, H. W., 
Levine, R. L., Ginsburg, A., and Rhee, S. G. (1999) J. Biol. Chem. 274, 4722-4734). 

http://www.jbc.org/cgi/content/full/279/26/27302


However, the relative contribution of this system to peroxide detoxification, as compared 
with the role of the GSH system, is not known. 

Thioredoxin-2 (Trx2) is a mitochondrial protein-disulfide oxidoreductase essential for 
control of cell survival during mammalian embryonic development. This suggests that 
mitochondrial thioredoxin reductase-2 (TrxR2), responsible for reducing oxidized Trx2, 
may also be a key player in the regulation of mitochondria-dependent apoptosis. With this 
in mind, we investigated the effects of overexpression of TrxR2, Trx2, or both on 
mammalian cell responses to various apoptotic inducers. Stable transfectants of mouse 
Neuro2A cells were generated that overexpressed TrxR2 or an EGFP-TrxR2 fusion 

protein. EGFP-TrxR2 was enzymatically active and was localized in mitochondria. 
TrxR2 protein level and TrxR activity could be increased up to 6-fold in mitochondria. 
TrxR2 and EGFP-TrxR2 transfectants showed reduced growth rates as compared with 
control cells. This growth alteration was not due to cytotoxic effects nor related to 
changes in basal mitochondrial transmembrane potential ( m), reactive oxygen species 
production, or to other mitochondrial antioxidant components such as Trx2, 
peroxyredoxin-3, MnSOD, GPx1, and glutathione whose levels were not affected by 
increased TrxR2 activity. In response to various apoptotic inducers, the extent of m 
dissipation, reactive oxygen species induction, caspase activation, and loss of viability 
were remarkably similar in TrxR2 and control transfectants. Excess TrxR2 did not 
prevent trichostatin A-mediated neuronal differentiation of Neuro2A cells nor did it 
protect them against -amyloid neurotoxicity. Neither massive glutathione depletion nor 
co-transfection of Trx2 and TrxR2 in Neuro2A (mouse), COS-7 (monkey), or HeLa 
(human) cells revealed any differential cellular resistance to prooxidant or non-oxidant 
apoptotic stimuli. Our results suggest that neither Trx2 nor TrxR2 gain of function 
modified the redox regulation of mitochondria-dependent apoptosis in these 
mammalian cells (Mitochondrial Thioredoxin System. EFFECTS OF TrxR2 
OVEREXPRESSION ON REDOX BALANCE, CELL GROWTH, AND APOPTOSIS 
Alexandre Patenaude, M. R. Ven Murthy, and Marc-Edouard Mirault. J. Biol. Chem., 
Vol. 279, Issue 26, 27302-27314, June 25, 2004). In other words, these antioxidant 
enzymes do not work as such. 
 
17.6.0    Sex Steroids 
 
17.6.1    EMODs needed for spermatozoa to acquire fertilizing capabilities 
 
Some of the following material was abstracted, excerpted or mofified from:  Oxidative 
Stress and Male Infertility: From Research Bench to Clinical Practice. Ramadan A. Saleh 
and Ashok Agarwal. Journal of Andrology, Vol. 23, No. 6, November/December 2002. 
 
In the context of human reproduction, a balance normally exists between ROS generation 
and scavenging in the male reproductive tract. As a result, only a minimal amount of ROS 
remains, which is needed to regulate normal sperm functions such as sperm capacitation, 
acrosome reaction, and sperm-oocyte fusion.  A strong body of evidence suggests that 
small amounts of ROS are necessary for spermatozoa to acquire fertilizing 



capabilities (Aitken RJ. The Amoroso lecture. The human spermatozoon—a cell in 
crisis? J Reprod Ferti.1999; 115:1 -7).  
 

 

 

Allegedly, spermatozoa, like all cells living in aerobic conditions, constantly face the 
oxygen (O2) paradox: O2 is required to support life, but its metabolites such as ROS can 
modify cell functions, endanger cell survival, or both (de Lamirande E, Gagnon C. Impact 
of reactive oxygen species on spermatozoa: a balancing act between beneficial and 
detrimental effects. Hum Repro.1995; 10:15 -21). Allegedly, ROS must be continuously 
inactivated to keep only a small amount necessary to maintain normal cell function. 

Until recently, ROS were exclusively considered toxic to human spermatozoa. The idea 
that limited amounts of ROS can intervene in a physiological manner in the 
regulation of some sperm functions was first evoked in a study by Aitken et al (Aitken 
RJ, Clarkson JS, Fishel S. Generation of reactive oxygen species, lipid peroxidation, and 
human sperm function. Biol Repro. 1989;40:183 -197).  

The authors found that low levels of ROS can enhance the ability of human spermatozoa 

to bind with zonae pellucida, an effect that was reversed by adding vitamin E. Other 
studies have found that incubating spermatozoa with low concentrations of 
hydrogen peroxide (H2O2) stimulates sperm capacitation, 
hyperactivation, and the ability of the spermatozoa to undergo the 
acrosome reaction and oocyte fusion (Aitken RJ, Fisher H, Fulton N, Gomez E, 
Knox W, Lewis B, Irvine DS. Reactive oxygen species generation by human 
spermatozoa is induced by exogenous NADPH and inhibited by flavoprotein inhibitors 
diphenylene iodinium and quinacrine. Mol Reprod De.1997; 47:468 -482) (Aitken RJ, 
Fisher H. Reactive oxygen species generation and human spermatozoa: the balance of 
benefit and risk. Bioassay. 1994;16:259 -267) (Griveau JF, Renard P, Le Lannou D. An 
in vitro promoting role for hydrogen peroxide in human sperm capacitation. Int J 
Andro. 1994;17:300 -307).  

 

 

 

I believe that this indicates that antioxidants could be 
harmful if they are used in concentrations which could interfere with normal 
EMOD function.  This would be true for all males and females in the reproductive 
age range. 

ROS other than H2O2, such as nitric oxide and superoxide anion (O2
•-), have also 

been shown to promote sperm capacitation and the acrosome reaction (Zini A, De 
Lamirande E, Gagnon C. Low levels of nitric oxide promote human sperm capacitation in 
vitro. J Androl.1996; 16:424 -431). 

It is interesting that seminal plasma is well endowed with an array of antioxidant defense 
mechanisms to protect spermatozoa against OS. These mechanisms compensate for the 
deficiency in cytoplasmic enzymes in sperm (Donnelly ET, McClure N, Lewis S. 
Antioxidant supplementation in vitro does not improve human sperm motility. Fertil 
Steri. 1999;72:484 -495).  

Seminal plasma contains a number of enzymatic antioxidants such as superoxide 
dismutase (SOD), the glutathione peroxidase/glutathione reductase (GPX/GRD) system, 



and catalase. In addition, seminal plasma contains a variety of nonenzymatic antioxidants 
such as ascorbate, urate, -tocopherol, pyruvate, glutathione, taurine, and hypotaurine. 
 

 

 

 

In some situations, the damage caused by oxidants may be repaired. Unfortunately, 
spermatozoa are unable to repair the damage induced by OS because they lack the 
cytoplasmic enzyme systems that are required to accomplish this repair. This is one of the 
features that make spermatozoa unique in their susceptibility to oxidative insult. 

The term oxidative stress is applied when oxidants out-number antioxidants (Sies H. 
Strategies of antioxidant defence. Eur J Biochem. 1993;215:213 -219), peroxidation 
products develop, and when these phenomena cause pathological effects. Oxidative 
stress has been implicated in numerous disease states such as cancer, connective 
tissue disorders, aging, infection, inflammation, acquired immunodeficiency 
syndrome, and male infertility.  

The extent of OS-induced damage depends not only on the nature and amount of 
ROS involved but also on the moment and duration of ROS exposure and on 
extracellular factors such as temperature, oxygen tension, and the composition of 
the surrounding environment including ions, proteins, and ROS scavengers. 

Another hypothesis is that H2O2 can diffuse across the membranes into the cells and 

inhibit the activity of some enzymes such as glucose-6-phosphate-dehydrogenase 

(G6PD). This enzyme controls the rate of glucose flux through the hexose 
monophosphate shunt, which in turn, controls the intracellular availability of 
nicotinamide adenine dinucleotide phosphate (NADPH). This in turn is used as a source 
of electrons by spermatozoa to fuel the generation of ROS by an enzyme system known 

as NADPH oxidase. Inhibition of G6PD leads to a decrease in the availability of NADPH 
and a concomitant accumulation of oxidized glutathione and reduced glutathione. This 
can reduce the antioxidant defenses of the spermatozoa and increase peroxidation of 
membrane phospholipids. 
 

 

 
Figure 1. Mechanism of increased production of ROS by abnormal spermatozoa 
(spermatozoa with cytoplasmic retention).  



 
An additional factor that may explain why semen from smokers had higher levels of ROS 
may be that cigarette smoke itself contains high levels of ROS such as superoxide anion, 
H2O2, and hydroxyl radicals (Church DF, Pryor WA. Free radical chemistry of cigarette 
smoke and its toxicological implications. Environ Health Perspec. 1990;87:9741 -9745). 
The finding of higher levels of seminal OS in association with cigarette smoking is of 
significance and may have important implications in the fertilizing potential of infertile 
men.  

17.6.2    Castration decreases cancer risk and increases lifespan 
 
The testes have been regarded as the source of maleness at least since ancient Rome, 
where eunuchs & women were not permitted to "testify" (testis is Latin for 
"witness"). In the male, LH stimulates secretion of testosterone by the interstitial cells of 
Leydig in the testes. FSH stimulates spermatogenesis in the seminiferous tubules of the 
testes. Testosterone promotes development of male sexual organs in the foetus. At 
puberty testosterone stimulates hair growth on the face & pubis, causes enlargement of 
the larynx to deepen the voice, increases skin thickness, causes a 50% increase in muscle 
mass, promotes bone growth, increases basal metabolism up to 15% and increases red 
blood cell concentration. 
 
There is no sudden "andropause" event in males that is comparable to the menopause 
event of females. Instead, testosterone levels tend to decline gradually with age. This 
decline occurs most dramatically in those with cardiovascular disease or 
a predisposition to adult-onset diabetes. Although sperm count declines, 
fatherhood has been verified for a male as old as 94. Semen production declines in the 
prostate as a man ages -- and the smooth muscle is replaced by overgrowing connective 
tissue that enlarges the prostate, blocks urine and can lead to cancer. 85% of men over 
age 50 have symptoms arising from benign prostatic hyperplasia -- a noncancerous 
overgrowth of prostate tissue possibly caused by excessive expression of the anti-
apoptosis protein bcl−2 (Human Pathology 27:668-675 (1996). In some tissues 
testosterone must be converted to dihydrotestosterone (by the enzyme 5−α reductase) 
in order to act. This occurs most notably in the prostate gland, which produces semen (a 
mixture of sugars, protein and water). Dihydrotestosterone has also been implicated in 
baldness. The European drug Permixon (an extract of the saw palmetto berry) inhibits 
5−α reductase, and is used to prevent prostate hypertrophy and prostate cancer. 

Testosterone has been used in elderly men for "rejuvenation" -- to restore virility & 
muscle strength. Testosterone increases the risk of cardiovascular disease -- by 
increasing blood pressure, by lowering HDL cholesterol and by elevating LDL 
cholesterol. These same dangerous side effects are also seen in athletes who attempt to 
use androgens or other anabolic steroids to improve athletic performance. Eunuchs 
reportedly live longer, although there have been no controlled clinical trials to prove this 
observation. Sterilization of a dog or cat (male or female) adds a couple of 
years to its lifespan. Any reduction in sex hormones would be expected to reduce 
cell proliferation and hence reduce the probability of cancer.  I believe that the 



mechanism of action is in the increase of EMODs by the act of castration.  The 
EMOD increases account for prooxidant protection and decreased EMOD 
insufficiency diseases, such as cancer, diabetes, atherosclerosis, etc. 

Male libido peaks in mid-adolescence, and does not correlate exactly with testosterone 
blood levels. In elderly men it may take from 10 seconds to several minutes to get an 
erection, in contrast to 3−5 seconds in young men. Contractions of the penile urethra 
during orgasm is reduced to 1−2 contractions per 0.8-seconds from 3−4 in young adults. 
Ejaculatory distance is reduced from 12−24 inches to 3−5 inches. 

17.6.3    Testosterone reduces EMODs in monocytes 
 
Although androgens are traditionally considered to be pro-atherogenic, there is increasing 
evidence to suggest an inverse relationship between testosterone and cardiovascular risk. 
Endothelial dysfunction is an early event in the process of atherogenesis and may occur 
as a result of vascular oxidative damage. In vivo, human monocytes release reactive 
oxygen intermediates as part of a normal immune response. This study assessed the 
contribution of testosterone to oxidative stress, by assessing the production of reactive 
oxygen intermediates and the respiratory bursts of cultured human monocytes exposed to 
varying concentrations of testosterone. 
 
Methods: The human monocytic cell line MM6 cells were incubated with testosterone for 
a 24 hour period at concentration range of 0-5000nmol/l. Sample aliquots were 
periodically withdrawn and the optical density measured at 0,16,24,36 and 60 hours to 
determine the effects of testosterone on cellular proliferation. Luminol enhanced 
Chemiluminescence (LCL) was performed using a standard luminometer to quantify the 
oxidative burst. 
 
Results: A significant reduction in LPS induced free radical release was 
detected when monocytic cells were incubated with testosterone (one way 
ANOVA p<0.05). Although the greatest reduction was seen at a dose of 500 nmol/l, 
significant effects were detected at doses down to 50 nmol/l when Tukey's pairwise test 
was applied to the data. Furthermore, testosterone had no significant impact on cellular 
growth when monitored over a 60 hour period, in comparison to controls. 
 
Conclusion: A dose dependant reduction in the release of reactive oxygen 
intermediates occurs when monocytes are incubated with testosterone 
for a 24 hour period. Although greatest suppression of the oxidative burst occurs at 
supraphysiological concentrations, reduction in free radical release is detected in samples 
exposed to 50nmol/l of testosterone. This data would suggest that androgens 
have anti-oxidative properties, although further research is needed to elucidate the 
mechanisms involved (Testosterone reduces free radical release from human monocytes. 
HA Lane et al. Endocrine Abstracts (2003) 5 P246). I believe that this helps to explain 
prostatitic cancer’s response to testosterone.  Castration, which removes 



testosterone, and results in increased EMOD levels, which is responsible for 
controlling prostatic neoplasia. 
 
As we age, production of certain hormones, such as testosterone and estrogen, tends 
to decrease. Hormones with less familiar names, like melatonin and 
dehydroepiandrosterone (DHEA) are also not as abundant in older people as in younger 
adults. But what influence, if any, these natural hormonal declines have on the aging 
process is unclear. 
 
Although it is primarily associated with women, men also produce small amounts of this 
sex hormone. Among its many roles, estrogen slows the bone thinning that accompanies 
aging and may help prevent frailty and disability. In premenopausal women, the ovaries 
are the main manufacturers of estrogen. After menopause, fat tissue is the 
major source of a weaker form of estrogen than that produced by the ovaries. While 
many women are helped by estrogen replacement therapy during and after menopause, 
some are placed at higher risk for certain diseases if they take it. In fact, long-term use 
(more than 5 years) of estrogen supplements slightly increases a woman’s risk of 
developing breast cancer. Estrogen supplements also may raise a woman’s risk of 
getting blood clots, which can block blood circulation in arteries. 
 
In men, testosterone is produced in the testes (women also produce small amounts of this 
hormone). Production peaks in early adulthood. However, the range of normal 
testosterone production is vast. So while there are some declines in testosterone 
production with age, most older men stay well within normal limits. The NIA is 
investigating the role of testosterone supplementation in delaying or preventing frailty. 
Preliminary results have been inconclusive, and it remains unclear if supplementation 
of this hormone can sharpen memory or help men maintain stout muscles, sturdy bones, 
and robust sexual activity. Investigators are also looking at its side effects, which may 
include an increased risk of certain cancers, particularly prostate cancer. A small 
percentage of men with profound deficiencies may be helped by prescription testosterone 
supplements. There is scant evidence that testosterone supplementation has any 
positive impact in healthy older men. In fact, some studies suggest supplementation 
might trigger excessive red blood cell production in some men. This side effect can 
increase a man’s risk of stroke. If testosterone decreases EMOD production, its 
addition could have harmful results. 

Studies have left little doubt that male testosterone levels decline with age. 
Epidemiologist John McKinlay of the New England Research Institutes (Watertown, 
MA), who has monitored the testosterone levels in nearly 1700 men for the past 10 years, 
reports a decline in total testosterone of 0.5–1% each year from about age 40. “It’s an 
age-related decline and it’s gradual.”  Epidemiologic data show that men are more likely 
to die from heart disease than females, and these data are usually explained in terms of 
lipid effects, for example, testosterone suppressing good (HDL) cholesterol. But other 
studies have found that high testosterone levels are actually associated with higher 
HDL, while low testosterone levels are a predictor of heart disease. 



McKinlay believes that many men who seek HRT to address erectile dysfunction may 
actually be at risk for heart disease. “Erectile functioning is related to the 
cardiovascular system, not primarily the endocrine system,” says McKinlay. “So you 
need testosterone to get your interest up (libido), but you need oxygen to get your penis 
up. Erectile dysfunction is probably the best single indicator of heart disease.” 

The conventional belief is that testosterone causes prostate growth, and that high 
testosterone levels increase the risk of developing prostate cancer. Older men get prostate 
cancer, and older men have lower testosterone levels than younger men. Any increased 
risk for prostate cancer depends on the interplay of many other factors, including the 
amounts and duration of HRT, genetic predisposition, and diet. 
 
A drug that is supposed to be good for everything is probably good for nothing. 
 
The ancient Greeks told the story of Aurora, the goddess of the dawn, who asked Zeus to 
grant immortality to her mortal husband, Tithonus. Unfortunately, she forgot to ask that 
he be granted eternal youth as well. So although Tithonus was spared death, he 
nevertheless continued to grow old. Finally, out of pity, Aurora turned the babbling old 
man into a chirping cicada. The moral is, of course, that we should probably be careful 
what we ask for, because we might just get it. 
 
Science News On line 2/11/97 
 

 

17.6.4     H2O2 inhibits testosterone production 
 
Many experiments have tested the hypothesis that reactive oxygen species produced by 
the immune system inhibits the production of testosterone. When macrophages recognize 
bacteria, they will produce reactive oxygen in the form of hydrogen peroxides to kill the 
invaders. Thus, if a bacterial infection occurs in the testes, macrophages will produce 
reactive oxygen to counteract the infection, but this reactive oxygen could also have 
paracrine effects on the closely neighboring Leydig cells. Reactive oxygen is also 
produced constantly within all cells as a by-product of metabolism and enzymatic 
chemical reactions. 

John Allen and Dr. Buck Hales hypothesized that during an immune response or aging, 
reactive oxygen might affect Leydig cells and inhibit testosterone. To test this, they did 
several in-vitro tissue culture experiments using mouse Leydig cells. They grew the cells 
in culture and then treated them with increasing concentrations of the reactive oxygen 
species hydrogen peroxide (H2O2), a scenario mimicking what might happen in vivo 
during an infection and macrophage activation. After the incubation with H2O2, treatment 
medias were removed and saved for later analysis, and cells were lysed and protein 
solublized in a buffer. They analyzed the treatment medias for hormone concentration by 
radioimmunoassay (RIA) to see if testosterone production was affected by H2O2. Protein 
from the cells was analyzed by western blot to determine if reactive oxygen affected any 
of the enzymes that make testosterone. 



Their experiments found that 100uM hydrogen peroxide treatment significantly 
inhibited testosterone production in Leydig cells, and 250uM profoundly reduced 
testosterone production by approx. 50%. What could cause this decrease? Their 
western blot data showed that StAR protein expression was also greatly reduced after the 
reactive oxygen treatment. StAR protein levels were decreased by nearly 80% after 
250uM hydrogen peroxide treatment. They found that StAR mRNA levels were not 
effected by the reactive oxygen treatments. Since StAR mRNA levels remained 
unchanged, but protein levels were reduced, this indicated that hydrogen peroxide 
inhibits StAR post-transcriptionally. The light microscope experiments showed that 
Leydig cell mitochondria were disrupted by the reactive oxygen. Their electrochemical 
gradient, a necessary component for cholesterol transfer and testosterone production, was 
severely depolarized. 

These collected findings showed that reactive oxygen inhibits testosterone production 
in Leydig cells by disrupting their mitochondria and by decreasing StAR protein 
expression (Hales DB, Diemer T, and Held Hales K. (1999). The role of cytokines in 
testicular function. Endocrine. 10: 201-217) (Allen J, Ginde S, Choi J, Diemer T, Held 
Hales K, Hales DB. (2000). Reactive oxygen disrupts mitochondria in Leydig cells and 
inhibits steroidogenesis. Biol Reprod. 63: 338).  

To the contrary, enzymes generate reactive oxygen species as they 
manufacture testosterone, and previous work by the team suggests that decreasing 
testosterone output reduces oxidative damage in Leydig cells (H. Chen, M. P. Hardy, B. 
R. Zirkin, Age-related decreases in Leydig cell testosterone production are not restored 
by exposure to LH in vitro. Endocrinology 143, 1637-1642 (2002). 
 
Observations on EMODs may provide new clues to explain the paradoxical 
epidemiological finding that prostate cancer occurs during the period of life when 
testicular function is declining and levels of testosterone are falling. Increases in EMODs 
provides a possible molecular mechanism of androgen withdrawal-induced apoptosis in 
the prostate (Endocrinology 143: 4897–4906, 2002). This is seen after castration of 
prostate cancer patients. 
 
17.6.5    Hidradenitis suppurativa (HS) 
 
Hidradenitis suppurativa (HS) is a disorder of the terminal follicular epithelium in the 
apocrine gland–bearing skin. HS is characterized by comedolike follicular occlusion, 
chronic relapsing inflammation, mucopurulent discharge, and progressive scarring. 
Evidence supports the association of androgens and HS: the disease is rarely 
present until after puberty begins, HS is not present in eunuchs or 
eunuchoids, and HS may occur as the presenting feature of premature adrenarche. 
Also, antiandrogen therapy is of some benefit in patients with HS. 
 



Of interest to me is the fact that these patients, who appear to have an EMOD 
insufficiency, also have an increased risk for arthritis, obesity, HIV-associated follicular 
syndrome, granulomas, lung and buccal cancer, hyperandrogenism and acne. 
 
17.6.6   Gene study shows sex differences go deep  
7/10/06 

Thousands of genes behave differently in the same organs of males and females, 
researchers reported, a finding that may help explain why men and women have different 
responses to drugs and diseases. Their study of brain, liver, fat and muscle tissue from 
mice showed that gene expression -- the level of activity of a gene -- varied greatly 
according to sex. The same is almost certainly true of humans, the team at the University 
of California Los Angeles reported. 

"This research holds important implications for understanding disorders such as diabetes, 
heart disease and obesity, and identifies targets for the development of gender-specific 
therapies," said Jake Lusis, a professor of human genetics who worked on the study. 

Writing in the August issue of Genome Research, the researchers said that even in the 
same organ, scores of genes varied in expression levels between the sexes. The 
smallest differences were in brain tissue, they found. 

"We saw striking and measurable differences in more than half of the genes' expression 
patterns between males and females," said Dr. Thomas Drake, a professor of pathology. 
"We didn't expect that. No one has previously demonstrated this genetic gender gap at 
such high levels." 

Xia Yang, a postdoctoral fellow in cardiology who led the study, said the implications are 
important. "Males and females share the same genetic code, but our findings imply 
that gender regulates how quickly the body can convert DNA to proteins," Yang 
said. "This suggests that gender influences how disease develops." 

In liver tissue, the findings imply male and female livers function the same, but at 
different rates. "Our findings in the liver may explain why men and women respond 
differently to the same drug," Lusis said. 

"Studies show that aspirin is more effective at preventing heart attack in men than 
women. One gender may metabolize the drug faster, leaving too little of the medication 
in the system to produce an effect." Yang added, "Many of the genes we identified relate 
to processes that influence common diseases. This is crucial, because once we understand 
the gender gap in these disease mechanisms, we can create new strategies for designing 
and testing new sex-specific drugs.  



17.6.7    Radical Prostates 

Female hormones may play a pivotal role in a distinctly male epidemic 

By JANET RALOFF  

Estrogen remains one of the strongest and best-characterized risk factors for breast 
cancer, the second leading cause of cancer deaths in U.S. women. The greater a woman's 
lifetime exposure to this quintessential female sex hormone, the greater her chance of 
developing the disease. 

Fewer details have emerged to explain breast cancer's counterpart in men -- prostate 
cancer, the most prevalent male malignancy and second leading cause of cancer deaths in 
men. Prostate cancer afflicts some 50 to 70 percent of men in Western countries by age 
70, and the incidence of the disease is on the rise. Each year now, in the United States 
alone, some 244,000 new cases are diagnosed and 44,000 men die from the cancer. 

While physicians have yet to find an effective prevention strategy for prostate cancer, one 
is "desperately needed," says William G. Nelson of the Johns Hopkins Medical 
Institutions in Baltimore. 

Ironically, one of the newer avenues in breast cancer research may offer some 
unanticipated payoffs here. Growing evidence suggests that both malignancies trace to a 
common mechanism -- damage to DNA. Such damage can be triggered, at least in part, 
by estrogen. 

One observation unites researchers attempting to flesh out this provocative theory: a 
consistent finding of extensive oxidation in the tissue where prostate cancers form. 
This oxidation is caused by free radicals -- short-lived molecular fragments that damage 
cellular proteins and DNA by chemically altering them. The magnitude of this 
oxidative damage increases with age, as does the incidence of prostate cancer. 

This free radical model "is a very neglected area in prostate cancer research," according 
to Shuk-mei Ho, an endocrine oncologist at Tufts University in Medford, Mass. To date, 
she says, the search for the mechanisms behind this cancer has focused primarily on male 
sex hormones and their effects on genes.  

Yet Ho and others have recently begun demonstrating that hormones can play unexpected 
roles in this tissue. Indeed, the hostile, free-radical-laden environment that hormones 
might foster in the prostate could go a long way toward explaining cancer's development 
there. 

Critical to reproduction, the prostate produces the seminal fluid that carries sperm cells. 
Wrapped around a man's urethra, the tube that carries urine from the bladder, this walnut-
sized, muscular gland grows under the influence of testosterone and other male sex 



hormones, or androgens. Indeed, cancer does not develop in this tissue unless it has 
access to androgens. 

However, the notion that androgens alone are responsible for most prostate cancers does 
not make sense, argues Joachim G. Liehr, a pharmacologist at the University of Texas 
Medical Branch in Galveston. "If they were," he says, "young men at 18 or 20 -- the peak 
of androgen production -- should be getting the disease." In fact, he notes, the cancer 
tends to strike in middle to old age, when testosterone concentrations are waning. 

Men's estrogen production, in contrast, does not fall in old age. Indeed, Liehr notes, it 
may even creep up a bit. Together, these changes cause a dramatic shift in the ratio of 
testosterone to estrogen, a turn he believes may foster this cancer. 

That suspicion is shared by Maarten Bosland at the New York University Medical Center 
in Tuxedo. Though estrogens have been used to treat prostate cancer, he notes that recent 
animal studies indicate that these hormones may actually enhance testosterone's threat to 
the prostate. 

For instance, Bosland gave young, castrated male rats enough estrogen to produce 
concentrations equivalent to those naturally present in females. These male rats, which 
could no longer produce testosterone, developed no prostate cancers. I believe that 
this is the same pattern that I have seen in castrated prostate cancer patients.  When 
testosterone, which decreases EMODs, is removed, EMOD production rises and 
they can effectuate apoptosis of newly developing neoplastic cells and hold cancer 
development in abeyance. 

When he replaced the missing testosterone in another group of young, castrated males, 
some 20 to 30 percent eventually developed malignant prostate tumors. When he 
administered both hormones, however, up to "100 percent got prostate cancer -- a 
remarkable increase." I believe that this is due to EMOD suppression by both 
extrogens and testosterone. I love experiments of this type, which do not need 
statistical manipulations to try to show significance in the data. 

What was the estrogen doing? According to Liehr, it was probably damaging the prostate 
by bathing it in chemicals produced by the breakdown of estrogen, a process that can 
unleash free radicals. 

As the body uses, or breaks down, estrogen, a host of related compounds is formed. 
Working both with animals and with cells grown in test tubes, Liehr has shown that in 
certain female reproductive tissues, such as the breast and uterus, estrogen can be 
transformed into 4-hydroxy estradiol (4-HE). This compound is a potent source of 
free radicals, he points out. Moreover, unlike other estrogen (an antioxidant) breakdown 
products, this one resists further degradation, so it can reach high concentrations. 

Liehr suspects that the prostate also converts estrogen to 4-HE. If so, that could explain 
much of the free radical damage seen in aging prostates.  



Nelson and his colleagues at Johns Hopkins, for instance, have found that the gene 
responsible for activating one family of enzymes that detoxify free radicals is turned 
off in every sample of cancerous prostate tissue they've studied. Ho's team has 
examined five other antioxidant enzymes in the prostates of elderly rats. In every case, 
she says, enzymatic activity drops with age, rendering these animals more vulnerable to 
injury by free radicals. 

That injury is extensive. Indirect measurements show that the prostates of male rats 
approaching late middle age, for instance, exhibit 500 to 700 times as much free 
radical damage as those of young animals. I doubt this and would like to know which 
marker was used to determine these values. 

What makes this particularly worrisome, notes Donald C. Malins of the Pacific 
Northwest Research Foundation in Seattle, is that much of the damage involves DNA as 
well as non-replicating cell structures.  

The damage goes beyond rodents. Malins has found extensive DNA damage induced 
by free radicals in the prostates of men. The severity of that damage depended on 
whether a man's tissue had been normal, abnormal though benign, or malignant. 

Further linking free radical damage to disease, Bosland's animal studies show that 
"tumors in the prostate develop only in that region where you find elevated levels of 
oxidative damage." I doubt this because it would be extremely difficult to 
specifically determine these locations or regions. 

Estrogen may or may not be a primary source of the free radicals in the prostate. In either 
case, Ho sees a pivotal role for this hormone in cancers that develop there. Please 
remember that estrogen is an antioxidant. 

Ho says that two factors work against the prostate in this regard. First, its cells go into a 
quiescent, non-reproducing phase that lasts decades. In men, it begins shortly after the 
organ reaches adult size and continues to about age 50 or 60. Throughout this period, its 
cells are continuously -- and increasingly -- bombarded by free radicals.  

The accumulating damage "is like a time bomb," Ho says. "But to set the time bomb off, 
you have to reactivate cell proliferation in the prostate." She believes that the increased 
estrogen-to-testosterone ratio that develops in old age somehow triggers a resumption of 
prostate growth. I believe that it is due to the greater antioxidant activity of estrogen 
than that of testosterone. 

The free radical theory of prostate cancer may explain recent dietary observations. 
Several studies have found that men taking vitamin E, a potent antioxidant, are far 
less likely to develop prostate cancer than men who don't supplement their diets 
with the vitamin, Ho notes. She also cites several studies showing that diets rich in 
tomatoes appear to confer some protection against the cancer. Lycopene, one of the 
carotenoid pigments in tomatoes, is a well-known antioxidant. 



Another recent study suggests that selenium -- an antioxidant present in seafood, certain 
organ meats, and grain -- may also reduce a man's risk of developing this cancer. 
Actually, selenium is a prooxidant. 

Taken together, Malins says, "the possibility exists to either retard or possibly roll back 
radical-induced DNA damage by the administration of antioxidants," either through diet 
or drugs. This has been already tried and produced controversial and unsupported 
results. 

Bosland intends to explore another dietary approach. He and others have shown that 
genistein, a compound in soy protein that blocks much of estrogen's activity in people, 
inhibits the growth of prostate cancer cells. I believe that the genistein would block 
the antioxidant estrogen, allow for increased EMOD production and apoptosis and 
inhibit prostate cancer cell growth. 
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The authors have proposed that cumulative damage to proteins mediated by oxygen free 
radicals may mediate the physical declines of aging (Johnson FB, Sinclair DA, Guarente 
L 1999 Molecular biology of aging. Cell 96:291–302). Enzymes that scavenge oxygen 
free radicals are not as highly expressed in aging Leydig cells (Syntin P, Chen H, Zirkin 
BR, Robaire B 2001 Gene expression in Brown Norway rat Leydig cells: effects of age 
and of age-related germ cell loss. Endocrinology 142:5277–5285), which are, therefore, 
increasingly vulnerable to oxidative damage.  



The authors propose that the damage may disrupt LH signaling in particular by changing 
the fluidity of the Leydig cell membrane, an effect seen in membranes of aged vascular 
endothelial cells (Hashimoto M, Hossain S, Masumura S 1999 Effect of aging on plasma 
membrane fluidity of rat aortic endothelial cells. Exp Gerontol 34:687–698). All of the 
atrophic responses in the steroidogenic machinery of aging Leydig cells downstream to 
LH signaling appear to conform to expectations for deficient gonadotropic stimulation. 
Treatment of aged Leydig cells with dibutyryl cAMP in vitro did not restore protein levels 
of the 17 -hydroxylase enzyme as it did in the case of the cholesterol side-chain cleavage 
enzyme.  

Studies of the aging Leydig cell have focused on declines in T biosynthesis, but this may 
be only one side of the equation: it is possible that some of the decline in T levels is 
attributable to increased degradation of T (from aromatization) rather than a decrease in T 
production. This alternative hypothesis should be considered. In aging human males, a 
dramatic increase in the ratio of serum T to estradiol has been observed. The 
relative increase in estrogen levels could be directly affecting Leydig cells during aging. 
Expression levels of 17 -hydroxylase are sharply suppressed by exposure to estrogen 
(Majdic G, Sharpe RM, O’Shaughnessy PJ, Saunders PT 1996 Expression of cytochrome 
P450 17 -hydroxylase/C17-20 lyase in the fetal rat testis is reduced by maternal exposure 
to exogenous estrogens. Endocrinology 137:1063–1070) and the levels of estradiol in 
circulation tend to be disproportionately higher in aging men (Vermeulen A, Kaufman 
JM, Goemaere S, van Pottelberg I 2002 Estradiol in elderly men. Aging Male 5:98–102).  

Whether the decline in the ratio of T to estradiol is as involved in male reproductive aging 
as the decline in T itself is another topic worthy of investigation. Please remember that 
estrogen is an antioxidant. 

17.6.8    Dangers in Early Detection  

(H. Gilbert Welch is a professor of medicine in the Department of Veterans Affairs and 
Dartmouth Medical School. He is the author of "Should I Be Tested for Cancer? Maybe 
Not and Here's Why.") Taken form the Wahsington Post. Thursday, July 1, 2004; Page 
A23.  

You feel well. You're only 60. Your PSA -- the blood test for prostate cancer -- is normal. 
Much to your chagrin, you learn of recent research that suggests you still might have 
prostate cancer. But the only way researchers know this is because they performed a 
more aggressive test -- placing a probe through the rectum of normal men and inserting a 
biopsy needle six, maybe 12 times to search for cancer in various parts of their prostate. 
Should this procedure be performed on you? Should it be performed on all healthy men? 

This is American medical care today -- care increasingly directed toward the well. 
Ironically, the primary service we offer them is relentless testing to establish whether 
they are, in fact, sick. We screen for early forms of diabetes, heart disease, 
osteoporosis, hepatitis, vascular disease and, of course, cancer. The conventional 
wisdom is that early detection improves health. But this assumption may be wrong. 



Why? Because early disease detection means more people become patients. Inevitably 
some will be treated needlessly and suffer as a result. 

To understand this, you need to understand that each of us harbors early forms of 
disease. Even in middle age, many of us who feel well have evidence of diabetes, heart 
disease, osteoporosis, hepatitis, vascular disease and cancer. Just because we harbor 
these early forms of disease doesn't mean that they will ever affect our health. Some 
diseases progress so slowly that people die of other causes long before the diseases 
generate symptoms. Other diseases may not progress at all. Unless we were tested, we'd 
never have known we were sick. 

This line of thinking follows my paradigms for disease development.  We are 
constantly holding multiple diseases in abeyance, such as cancer, atherosclerosis and 
diabetes.  It is during times of EMOD deficiencies that disease can manifest itself 
but the potential is always there. 

Prostate cancer is the classic example. Among men age 60, around half have 
microscopic evidence of prostate cancer if we look hard enough. Yet only four in 
1,000 will die from prostate cancer in the next 10 years. How can this be? Because 
prostate cancer isn't just one disease: It's a spectrum of disorders. Some forms of prostate 
cancer grow very rapidly and kill men. Some grow slowly and men die of something else 
before the cancer ever causes symptoms. And others look like cancer under the 
microscope but never grow at all. I believe that this is directly tied to EMOD 
production and persisting EMOD levels. 

A little over a decade ago, doctors started looking hard for prostate cancer using the PSA 
and lots of needle biopsies and they found a great deal: Roughly 2 million cases were 
diagnosed in this period -- almost a million more than would have been without the test. 

Did prostate cancer screening help men? To be honest, we aren't sure about the net effect. 
There has been a small decline in the death rate from prostate cancer, but this may simply 
reflect that our treatments are better. While screening probably has helped a few men live 
longer, it has also clearly hurt others. Millions have been biopsied who otherwise 
wouldn't have been. Many with nonprogressive disease have been turned into cancer 
patients unnecessarily. Most have been treated, and many have suffered ill effects. A 
few have even had their lives shortened by treatment. 

This is the reality of early detection. A few may be helped, because their disease is 
destined to cause problems and because early treatment is able to solve those problems in 
a way that later treatment cannot. But many simply are told earlier that they have a 
disease and gain nothing, because their disease could have been treated just as well later, 
when symptoms appeared. And others are hurt by treatment for a disease that would have 
otherwise never affected their health. I believe that being told of having prostate 
cancer could cause harmful stress and actually reduce EMOD levels or produce 
immunosuppression due to the stress of knowingly having cancer. This is similar to 
a nocebo effect. 



What's next? Consider CAT scans of the chest to look for lung cancer. During mass 
screenings in one region of Japan, CAT scans found 10 times as many patients with lung 
cancer as had been found a few years earlier using chest X-rays. Incredibly, 
nonsmokers were almost as likely to have lung cancer as smokers. Is smoking getting 
safer? Of course not. Everyone agrees that smoking is far and away the most important 
cause of lung cancer. The CAT scans were simply labeling some people as lung cancer 
patients who otherwise would never be affected by a few abnormal cells. 

Why not treat these patients -- just to be safe? Because, some people die from 
treatment. In the Mayo Clinic study comparing lung cancer screening (using chest X-
rays) to standard care, more people in the screening group were told that they had 
lung cancer. It didn't help them live longer; in fact, slightly more people in that 
group died. 

And some think we should scan the whole body. But the harder we look, the more we 
find. CAT scans of the chest lead more people to be told they have lung cancer, and there 
are even more abnormalities to find in the abdomen. As one radiologist who has read 
thousands of these scans put it, "With this level of information, I have yet to 
see a normal patient." 

Millions of healthy Americans are being told that they are sick (or "at risk"). More are 
undergoing invasive evaluations with needles, flexible scopes and catheters. And more 
are taking drugs for early forms of diabetes, heart disease, osteoporosis, hepatitis, 
vascular disease and cancer. 

We need to start asking hard questions about whose interests are served by the relentless 
pursuit of disease in people who are well. Clearly it's good business -- for test 
manufacturers, hospitals, and pharmaceutical companies. And it's good for some 
doctors. 

But is it in society's interest? Many suggest that it saves money by lowering the cost per 
patient. But the savings per patient (if they exist) are overwhelmed by the increased 
expense of having so many more to treat. Is it in the interest of sick patients? Absolutely 
not, as caring for the well increasingly distracts doctors from caring for the truly sick. 
And what about the well? Is it in their interest? Only they can decide -- after they have 
been informed that early detection is a double-edged sword.  

17.6.9    Cardiovascular disease, diabetes and sex steroids 

Cardiovascular diseases (CVD) are the leading cause of mortality both in men and 
women. In Europe, about 55% of all females' deaths are caused by CVD, especially 
coronary heart disease and stroke. Unfortunately, however, the risk of heart disease in 
women is underestimated because of the perception that women are ‘protected’ against 
ischemic heart disease. What is not fully understood is that women during the fertile age 
have a lower risk of cardiac events, but this protection fades after menopause thus leaving 



women with untreated risk factors vulnerable to develop myocardial infarction, heart 
failure, and sudden cardiac death. 

Some of the following material was excerpted, abstracted or modified from:  Sex 
Steroids, Cardiovascular Disease, and Hypertension. Unanswered Questions and Some 
Speculations. Jane F. Reckelhoff. Hypertension. 2005;45:170. 

In both males and females, the hypothalamus secretes gonadotropin-releasing hormone, 
which stimulates the anterior pituitary to release both luteinizing hormone and follicular-
stimulating hormone. Luteinizing hormone binds to receptors on thecal cells in 
ovaries of females and Leydig cells in testes of males to cause testosterone to be 
synthesized. Follicular-stimulating hormone, however, binds to receptors on granulosa 
cells in females or Sertoli cells in males and stimulates the synthesis of aromatase, 
which converts testosterone to estradiol.  

 

 

Both estrogen and androgen receptors are transcription factors that bind upstream in the 
promoter regions of genes to increase or decrease synthesis. In addition to the genomic 
effects of estrogens and androgens, both sex steroids also have nongenomic effects, 
particularly in the vasculature to cause acute vasodilation. 

Obesity and subsequent type II diabetes is becoming an epidemic in the United States, 
and weight gain with aging is commonly found in postmenopausal women. To our 
knowledge, there is no information that female gender or estradiol supplements protect 

against the complications of diabetes. In type I diabetic subjects, women have 
complications such as diabetic nephropathy, retinopathy, and cardiovascular disease 
at a similar rate as men. In fact, in one study, type I diabetic women younger than age 
40 years had a higher incidence of ischemic heart disease than did men (Laing S, 
Swerdlow A, Slater S, Burden A, Morris A, Waugh N, Gatling W, Bingley P, Patterson 
C. Mortality from heart disease in a cohort of 23,000 patients with insulin-treated 
diabetes. Diabetologia. 2003; 46: 760–765).  

Women with type 2 diabetes also have a greater incidence of aortic stiffening and 
left ventricular hypertrophy, and similar or higher risk of cardiovascular mortality 
than men (DeAngelis l, Millasseau S, Smith A, Viberti G, Jones R, Ritter J, 
Chowienczyk P. Sex differences in age-related stiffening of the aorta in subjects with 
type 2 diabetes. Hypertension. 2004; 44: 67–71) (Bruno G, Giunti S, Bargero G, Ferrero 
S, Pagano G, Perin P. Sex-differences in prevalence of electrocardiographic left 
ventricular hypertrophy in type 2 diabetes: the Casale Monferrato Study. Diabet Med. 
2004; 21: 823–828) (Kanaya A, Grady D, Barrett-Connor E. Explaining the sex 
difference in coronary heart disease mortality among patients with type 2 diabetes 
mellitus: a meta-analysis. Arch Intern Med. 2002; 162: 1737–1745) (Hu G. Gender 
difference in all-cause and cardiovascular mortality related to hyperglycaemia and newly-
diagnosed diabetes. Diabetologia. 2003; 46: 608–617). It is not clear why premenopausal 
women are not protected from the complications of diabetes. 
Estradiol is also an antioxidant and protects against oxidative stress, which is thought to 
be a causative factor in endothelial dysfunction associated with hypertension (Dantas A, 



Tostes R, Fortes A, Costa S, Nigro D, Carvalho M. In vivo evidence for antioxidant 
potential of estrogen in microvessels of female spontaneously hypertensive rats. 
Hypertension. 2002; 39: 405–411) (Hamilton C, Brosnan M, McIntyre M, Graham D, 
Dominiczak A. Superoxide excess in hypertension and aging: A common cause of 
endothelial dysfunction. Hypertension. 2001; 37: 529–534).  
 

 

 

 

 

 

 

17.6.10    Low H2O2 levels in hypertensive women 

For example, Lacy et al reported that women with essential hypertension had 
lower levels of plasma hydrogen peroxide than did men (Lacy F, O’Connor 
D, Schmid-Schonbein G. Plasma hydrogen peroxide is hypertensive and normotensive 
subjects at genetic risk of hypertension. J Hypertens. 1998; 16: 291–303). I believe that 
this indicates that deficient levels of EMODs, such as H2O2, are directly associated 
with hypertension.  This supports my Unified Theory. 

Premenopausal women have also been shown to have lower levels of so called 
oxidative stress, as measured by F2-isoprostanes, than do men or postmenopausal 

women, which suggests a role for estrogens in the lower levels of oxidative stress (Ide T, 
Tsutsui H, Ohashi N, Hayashidani S, Suematsu N, Tsuchihyasm M, Tamai H, Takeshita 
A. Greater oxidative stress in healthy young men compared with premenopausal women. 
Arterioscler Thromb Vasc Biol. 2002; 22: 1239–1242) (Helmersson J, Mattsson P, Basu 
S. Prostaglandin (PG) F(2alpha) metabolite and F2-isoprostane excretion in migraine. 
Clin Sci (Lond). 2002; 102: 39–43).  

In animal studies, Strehlow et al found that 17ß-estradiol not only reduced Ang II–
induced oxidative stress but also increased expression of some of the isoforms of 
superoxide dismutase, an important antioxidant enzyme (Strehlow K, Rotter S, 
Wassmann S, Adam O, Grohe C, Laufs K, Bohm M, Nickenig G. Modulation of 
antioxidant enzyme expression and function by estrogen. Circ Res. 2003; 93: 170–177). 
The increased SOD would increase H2O2 levels which may explain their results. 

These data were also confirmed by Gragasin et al in cultured endothelial cells in which 
estradiol treatment reduced Ang II–mediated expression of NADPH oxidase and 
peroxynitrite production (Gragasin F, Xu Y, Arenas I, Kainth N, Davidge S. Estrogen 
reduces angiotensin-II-induced nitric oxide synthase and NAD(P)H oxidase expression in 
endothelial cells. Arterioscler Thromb Vasc Biol. 2003; 23: 38–44).  

With regard to postmenopausal hypertension, the increase in blood pressure does 
not occur as soon as a woman passes through menopause, but occurs 5 to 10 years 
after menopause (Burl VL, Whelton P, Roccella EJ, Brown C, Cutler JA, Higgins M, 
Horan MJ, Labarthe D. Prevalence of Hypertension in the US Adult Population. Results 
From the Third National Health and Nutrition Examination Survey,1988–1991. 
Hypertension. 1995; 25: 305–313).  

Men have higher blood pressure than women throughout most of their lives, and CVD 
develops at an earlier age in men than it does in women. These data support a role for 



androgens in mediating CVD in men. Animal studies refute the hypothesis that CVD is 
not mediated by androgens in males. For example, in SHR, males have higher blood 
pressure than do females.  Removal of the testes in male SHR reduces blood pressure 
in the rats.  I believe that this indicates that testosterone lowers EMODs and that its 
absence increases EMODs, such as the vasodilator H2O2, which would lower the 
blood pressure. 
 

 

 

 

 

One mechanism by which androgens could cause CVD and hypertension is via its effects 
on production of vasoconstrictors. Plasma renin activity is typically higher in men 
than in premenopausal women. Castration attenuates and testosterone repletion 

increases mRNA for angiotensinogen and renin in kidneys of SHR. Taken together, these 
data suggest that androgens could cause an increase in Ang II production in the kidney. 
Androgens have also been shown to cause an increase in endothelin in humans. 
Female-to-male transsexuals receiving large doses of testosterone have elevated levels of 
serum endothelin compared with untreated females (van Kesteren PJ, Kooistra T, Lansink 
M, van Kamp GJ, Asscheman H, Gooren LJ, Emeis JJ, Vischer UM, Stehouwer CD. The 
effects of sex steroids on plasma levels of marker proteins of endothelial cell functioning. 
Thromb Haemost. 1998; 79: 1029–1033).  

Thus, androgens could cause increases in blood pressure and endothelial dysfunction 
leading to CVD by increasing vasoconstrictors and not involve EMODs. 

There is also evidence that androgens may stimulate oxidative stress. Several recent 
reviews have illustrated how oxidative stress can promote CVD and hypertension, but 
there is no proof for such (Reckelhoff J, Romero J. Role of oxidative stress in 
angiotensin-induced hypertension. Am J Physiol Regul Integr Comp Physiol. 2003; 284: 
R893–R912) (Griendling K, Fitzgerald G. Oxidative stress and cardiovascular injury: 
Part I: basic mechanisms and in vivo monitoring of ROS. Circ. 2003; 108: 1912–1916) 
(Griendling K, Fitzgerald G. Oxidative stress and cardiovascular injury: Part II: animal 
and human studies. Circulation. 2003; 108: 2034–2040) (Touyz R. Reactive oxygen 
species in vascular biology: role in arterial hypertension. Expert Rev Cardiovasc Ther. 
2003; 1: 91–106). 

Recently, men have been using androgen supplements to combat some of the symptoms 
of aging, such as osteoporosis, depressed mood, and erectile dysfunction (along with 
phosphodiesterase-5 inhibitors), despite the lack of safety studies (Allen C, McLacklan R. 
Age-related changes in testosterone and the role of replacement therapy in older men. 
Clin Endocrinol. 2004; 60: 653–670). Androgens can also be obtained over-the-counter 
from health food stores in the form of androstenedione. 

In recent years, androgens have been widely prescribed to postmenopausal women to 
improve libido. Just as in men, there are no studies regarding the safety of androgen 
supplements and CVD and hypertension in women. Whether androgens are safe is a 
particularly important issue in this population, because androgen therapy is given right at 
the time in a woman’s life when CVD, obesity, diabetes, and hypertension are increasing 
dramatically, ie, after menopause. As mentioned, androgens can upregulate 



vasoconstrictors, cause oxidative stress, and directly increase sodium reabsorption 

by the proximal tubule of the kidney, all of which increase the likelihood of 
developing and promoting CVD. 

Most studies suggest that diabetes is a stronger coronary heart disease (CHD) risk factor 
for women than men, but few have adjusted their results for classic CHD risk factors: age, 
hypertension, total cholesterol level, and smoking.  

Sixteen studies met all inclusion criteria. In unadjusted and age-adjusted analyses, odds 
of CHD death were higher in women than men with diabetes. From 8 prospective studies, 
the multivariate-adjusted summary odds ratio for CHD mortality due to diabetes was 2.3 
(95% confidence interval, 1.9-2.8) for men and 2.9 (95% confidence interval, 2.2-3.8) for 
women. There were no significant sex differences in the adjusted risk associated with 
diabetes for CHD mortality, nonfatal myocardial infarction, and cardiovascular or all-
cause mortality. Absolute CHD death rates were higher for diabetic men than women 
in every age strata except the very oldest.  

Conclusions:  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).  
 
Although hyperglycemia increases the risk of cardiovascular disease (CVD) in diabetic 
patients, the risk associated with blood glucose levels in the nondiabetic range remains 
unsettled. However, a recent meta-analysis revealed that blood glucose level is a risk 
marker for CVD among apparently healthy individuals without diabetes (Is 
Nondiabetic Hyperglycemia a Risk Factor for Cardiovascular Disease? A Meta-analysis 
of Prospective Studies. Emily B. Levitan, ScB; Yiqing Song, MD; Earl S. Ford, MD, 
MPH; Simin Liu, MD, ScD. Arch Intern Med. 2004;164:2147-2155). 

17.6.11   Vitamins C, E, A, and Other Antioxidants & Male Reproduction  

(Cornell Institute for Reproductive Medicine) 

Vitamins C and E, as well as other agents such as pentoxifylline and allopurinol are 
known to have antioxidant activity. Reactive oxygen species are found at high levels in 
up to 40% of infertile men, whereas they are virtually never found in the semen of 
fertile men. Seminal fluid is known to be very rich in antioxidants, and removal of 
seminal fluid has an adverse action on sperm viability. In addition, vitamin C can 
decrease endogenous oxidative damage to sperm DNA after systemic administration to 
men. This activity was optimally seen at 250 mg/day of Vitamin C (the highest dose 
tested) and 400 IU of Vitamin E, and especially in men who are predisposed to having 
low seminal fluid ascorbic acid levels, such as smokers. 



However, low levels of superoxide anion may be critically important to fertilization 
related events in sperm, including the acrosome reaction. The adverse activity of some 
antioxidants, including pentox, on egg function may further support the physiologic 
action of low levels of some reactive oxygen species during fertilization. In addition, no 
controlled studies have demonstrated a benefit of systemic 
administration of antioxidants on male fertility. Indeed, one antioxidant, 
allopurinol, has been shown to have a specific drug-related effect on sperm function in a 
hamster-egg penetration test. Both spermatozoa and ova produce EMODs. 

High dose administration of antioxidants has theoretical adverse as well as potential 
beneficial effects on male fertility.  

17.7.0     Transition Metals in Diabetes  

17.7.1    Free copper less than a single atom per cell 

Metal-induced toxicity and carcinogenicity, with an emphasis on the generation and role 
of reactive oxygen and nitrogen species, is reviewed. 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. Various studies have confirmed that metals activate 
signalling pathways and the carcinogenic effect of metals has been related to 
activation of mainly redox-sensitive transcription factors, involving NF-kappaB, 
AP-1 and p53. Antioxidants (both enzymatic and non-enzymatic) provide protection 
against deleterious metal-mediated free radical attacks. Vitamin E and melatonin can 
prevent the majority of metal-mediated (iron, copper, cadmium) damage both in vitro 
systems and in metal-loaded animals. Toxicity studies involving chromium have shown 
that the protective effect of vitamin E against lipid peroxidation may be associated rather 



with the level of non-enzymatic antioxidants than the activity of enzymatic antioxidants. 
However, a very recent epidemiological study has shown that a daily intake of vitamin E 
of more than 400 IU increases the risk of death and should be avoided. While previous 
studies have proposed a deleterious pro-oxidant effect of vitamin C (ascorbate) in the 
presence of iron (or copper), recent results have shown that even in the 
presence of redox-active iron (or copper) and hydrogen peroxide, 
ascorbate acts as an antioxidant that prevents lipid peroxidation and 
does not promote protein oxidation in humans in vitro. Experimental results 
have also shown a link between vanadium and oxidative stress in the etiology of 
diabetes. The impact of zinc (Zn) on the immune system, the ability of zinc to act as an 
antioxidant in order to reduce oxidative stress and the neuroprotective and 
neurodegenerative role of zinc (and copper) in the etiology of Alzheimer's disease is also 
discussed. (Metals, toxicity and oxidative stress. Valko M, Morris H, Cronin MT. Curr 
Med Chem. 2005;12(10):1161-208). 

17.7.2    Zinc 

Zinc deficiency has been commonly described in diabetes (Sjogren A, Floren CH, 
Nilsson A. Magnesium, potassium and zinc deficiency in subjects with type II diabetes 
mellitus. Acta Med Scand, 1988, 224, 461-466) (Raz I, Karsai D, Katz M. The influence 
of zinc supplementation on glucose homeostasis in NIDDM. Diabetes Res, 1989, 11, 73-
79) (Raz I, Havivi E. Trace elements in blood cells of diabetic subjects. Diabetes Res, 
1989, 10, 21-24) (Faure P, Roussel A, Coudray C, Richard MJ, Halimi S, Favier A. Zinc 
and insulin sensitivity. Biol Trace Elem Res, 1992, 32, 305-310).  

Serum zinc deficiency is associated with hyperzincuria. Interestingly, it has been 
reported that a low groundwater content of zinc may be associated with later 
development of childhood onset diabetes (Haglund B, Ryckenberg K, Selinus O, 
Dahlquist G. Evidence of a relationship between childhood-onset type I diabetes and low 
groundwater concentration of zinc. Diabetes Care, 1996, 19, 873-875).  

However, zinc supplementation in non-insulin dependent diabetic subjects has been 
shown to worsen their glucose intolerance and had no effect on LDL oxidizability (Raz 
I, Karsai D, Katz M. The influence of zinc supplementation on glucose homeostasis in 
NIDDM. Diabetes Res, 1989, 11, 73-79) (Blostein-Fujii A, DiSilvestro RA, Frid D, Katz 
C, Malarkey W. Short-term zinc supplementation in women with non-insulin-dependent 
diabetes mellitus: effects on plasma 5'-nucleotidase activities, insulin-like growth factor I 
concentrations, and lipoprotein oxidation rates in vitro. Am J Clin Nutr, 1997, 66, 639-
642).  

In contrast, zinc supplementation appears to be more efficient in insulin-dependent 
diabetes, since it corrects zinc deficiency and decreases lipid peroxidation (Faure P, 
Benhamou PY, Perard A, Halimi S, Roussel AM. Lipid peroxidation in insulin-dependent 
diabetic patients with early retina degenerative lesions: effects of an oral zinc 
supplementation. Eur J Clin Nutr, 1995, 49, 282-288).  
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However, some authors reported no significant difference in plasma zinc levels 
between diabetic patients and healthy controls (Zargar AH, Shah NA, Masoodi SR, et 
al. Copper, zinc, and magnesium levels in non-insulin dependent diabetes mellitus. 
Postgrad Med J, 1998, 74, 665-668) (Ruiz C, Alegria A, Barbera R, Farre R, Lagarda J. 
Selenium, zinc and copper in plasma of patients with type 1 diabetes mellitus in different 
metabolic states. J Trace Elem Med Biol, 1998, 12, 91-95). 

17.7.3     Manganese  

Manganese seems also involved in the oxidative stress status in diabetes. Thus, a 
manganese deficiency in streptozotocin-induced diabetes rats can lead to markedly 
decreased activities of manganese-SOD (Mn-SOD) in kidney and heart and of Cu, Zn-
SOD in kidney (Thompson KH, Godin DV, Lee M. Tissue antioxidant status in 
streptozotocin-induced diabetes in rats. Effects of dietary manganese deficiency. Biol 
Trace Elem Res, 1992, 35, 213-224).  

This is associated with an increased lipid peroxidizability of erythrocytes and a depletion 
of reduced glutathione in liver and kidney. Urinary excretion of manganese is higher in 
diabetic patients than in control subjects; moreover, diabetic patients who were non 
treated with insulin to those with liver disorders excreted significantly more manganese 
than diabetic patients without such disorders (El-Yazigi A, Hannan N, Raines DA. 
Urinary excretion of chromium, copper, and manganese in diabetes mellitus and 
associated disorders. Diabetes Res, 1991, 18, 129-134). 

17.7.4     Selenium 

With regard to selenium, it appears that serum or plasma selenium concentrations 
measured in patients with diabetes mellitus were significantly lower than those 
determined in healthy subjects, whereas urine selenium concentrations were not 
significantly different between these two groups (Navarro-Alarcon M, Lopez-G de la 
Serrana H, Perez-Valero V, Lopez-Martinez C. Serum and urine selenium concentrations 
as indicators of body status in patients with diabetes mellitus. Sci Total Environ, 1999, 
228, 79-85).  

A negative correlation between the plasma contents of selenium and glycated hemoglobin 
has even been reported (Ruiz C, Alegria A, Barbera R, Farre R, Lagarda J. Selenium, 
zinc and copper in plasma of patients with type 1 diabetes mellitus in different metabolic 
states. J Trace Elem Med Biol, 1998, 12, 91-95).  

It is of note that sodium selenate administration resulted in an improvement in glucose 
tolerance in streptozotocin diabetic rats, associated with a normalization of heart function 
by contrast with non-treated diabetic rats.  

17.7.5    Selenium in Diabetes (a trace element mineral) 



Se has insulin-mimetic properties in vitro and in vivo. Insulin-stimulated glucose 
metabolism is impaired in adipocytes isolated from Se-deficient rats (Souness JE, 
Stouffer JE & Chagoya de Sanchez V 1983 The effect of selenium-deficiency on rat fat 
cell glucose oxidation. Biochemical Journal 214: 471–477).  

An insulin-like effect of Se in cultured rat adipocytes include stimulating glucose 
transport, phosphodiesterase activity and ribosomal S6 protein phosphorylation (Ezaki O 
1990 The insulin-like effects of selenate in rat adipocytes. Journal of Biological 
Chemistry 265: 1124–1128).  

When administered to streptozotocin-diabetic rats, Se restores glycemic control and 
modifies the activity of a range of enzymes involved in hepatic glycolysis and 
gluconeogenesis. These changes are not linked to changes in insulin levels (McNeill JH, 
Delgatty HL & Battell ML 1991 Insulinlike effects of sodium selenate in 
streptozocininduced diabetic rats. Diabetes 40: 1675–1678) (Ghosh R, Mukherjee B & 
Chatterjee M 1994 A novel effect of selenium on streptozotocin-induced diabetic mice. 
Diabetes Research 25: 165–171) (Becker DJ, Reul B, Ozcelikay AT, Buchet JP, Henquin 
JC & Brichard SM 1996 Oral selenate improves glucose homeostasis and partly reverses 
abnormal expression of liver glycolytic and gluconeogenic enzymes in diabetic rats. 
Diabetologia 39: 3–11) (Battell ML, Delgatty HL & McNeill JH 1998 Sodium selenate 
corrects glucose tolerance and heart function in STZ diabetic rats. Molecular and 
Cellular Biochemistry 179: 27–34) (Mukherjee B, Anbazhagan S, Roy A, Ghosh R & 
Chatterjee M 1998 Novel implications of the potential role of selenium on antioxidant 
status in streptozotocin-induced diabetic mice. Biomedicine & Pharmacotherapy 52: 89–
95) (Ghose A, Fleming J & Harrison PR 2001 Selenium and signal transduction: roads to 
cell death and anti-tumour activity. Biofactors 14: 127–133).  

In animal models, Se also prevents or alleviates the adverse effects that diabetes has on 
cardiac (Battell ML, Delgatty HL & McNeill JH 1998 Sodium selenate corrects glucose 
tolerance and heart function in STZ diabetic rats. Molecular and Cellular Biochemistry 
179: 27–34) (Ayaz M, Can B, Ozdemir S & Turan B 2002 Protective effect of selenium 
treatment on diabetes-induced myocardial structural alterations. Biological Trace 
Element Research 89: 215–226) (Ayaz M, Ozdemir S, Ugur M, Vassort G & Turan B 
2004 Effects of selenium on altered mechanical and electrical cardiac activities of 
diabetic rat. Archives of Biochemistry and Biophysics 426: 83–90), renal and platelet 
function (Douillet C, Bost M, Accominotti M, Borson-Chazot F & Ciavatti M 1996a In 
vitro and in vivo effects of selenium and selenium with vitamin E on platelet functions in 
diabetic rats relationship to platelet sorbitol and fatty acid distribution. Biological Trace 
Element Research 55: 263–277) (Douillet C, Tabib A, Bost M, Accominotti M, Borson-
Chazot F & Ciavatti M 1996b A selenium supplement associated or not with vitamin E 
delays early renal lesions in experimental diabetes in rats. Proceedings of the Society of 
Experimental Biology and Medicine 211: 323–331).  

They are unaware of any publications describing Se-supplementation trials in 
diabetic humans. Se may exert these insulin-like effects on glucose metabolism by 



stimulating the tyrosine kinases involved in the distal signaling of the insulin signaling 
cascade. 

The role of Se in the etiology of several diseases and the impact that Se status has on 
several endocrine systems has now been established. The multiple roles that 
selenoproteins play in cell signaling systems and in modifying the immune response, cell 
growth and cell survival suggest that there are more roles waiting to be discovered for Se 
in endocrine systems. Se may also have a role in treating malignancies that are responsive 

to endocrine manipulation. For example Se is effective at reducing the risk of prostatic 
cancer possibly by inhibiting tumour cell growth via down-regulation of androgen 
receptor expression (Dong Y, Zhang H, Hawthorn L, Ganther HE & Ip C 2003 
Delineation of the molecular basis for selenium-induced growth arrest in human prostate 
cancer cells by oligonucleotide array. Cancer Research 63: 52–59) (Dong Y, Lee SO, 
Zhang H, Marshall J, Gao AC & Ip C 2004 Prostate specific antigen expression is down-
regulated by selenium through disruption of androgen receptor signaling. Cancer 
Research 64: 19–22). 

The trace element selenium (Se) is capable of exerting multiple actions on endocrine 
systems by modifying the expression of at least 30 selenoproteins, many of which have 
clearly defined functions. Well-characterized selenoenzymes are the families of 
glutathione peroxidases (GPXs), thioredoxin reductases (TRs) and iodothyronine 
deiodinases (Ds). These selenoenzymes are capable of modifying cell function by acting 
as antioxidants and modifying redox status and thyroid hormone metabolism. Se is also 
involved in cell growth, apoptosis and modifying the action of cell signalling systems and 
transcription factors. During thyroid hormone synthesis GPX1, GPX3 and TR1 are up-
regulated, providing the thyrocytes with considerable protection from peroxidative 

damage. Thyroidal D1 in rats and both D1 and D2 in humans are also up-regulated to 
increase the production of bioactive 3,5,3'-tri-iodothyronine (T3). In the basal state, 
GPX3 is secreted into the follicular lumen where it may down-regulate thyroid hormone 
synthesis by decreasing hydrogen peroxide concentrations. The deiodinases are present in 
most tissues and provide a mechanism whereby individual tissues may control their 
exposure to T3. Se is also able to modify the immune response in patients with 
autoimmune thyroiditis. Low sperm production and poor sperm quality are consistent 
features of Se-deficient animals. The pivotal link between Se, sperm quality and male 
fertility is GPX4 since the enzyme is essential to allow the production of the correct 
architecture of the midpiece of spermatozoa. Se also has insulin-mimetic properties, an 
effect that is probably brought about by stimulating the tyrosine kinases involved in the 
insulin signalling cascade. Furthermore, in the diabetic rat, Se not only restores glycaemic 

control but it also prevents or alleviates the adverse effects that diabetes has on cardiac, 
renal and platelet function (Selenium and endocrine systems. Geoffrey J Beckett and 
John R Arthur. Journal of Endocrinology (2005) 184, 455-465 ).  
 
 
 
 
 



17.8.0   Uncoupling Proteins (UCP) 
17.8.1   UCP1 
 
Accumulation of fat in the tissues results from the balance between energy intake and 
expenditure. The thyroid hormones have long been known to be the main 
regulators of basal metabolism through its stimulation of oxygen 
consumption in cells. The discovery of brown adipose tissue (BAT) and its unique 
activity of heat production and dissipation through the action of uncoupling protein-1 
(UCP1) during cold stress, showed the relevance of this tissue for energy expenditure in 
lower mammals. UCP1 is only expressed in BAT through the synergistic action of 
norepinephrine (NE) and thyroid hormones in animals exposed to cold and to a 
lesser degree after meals. The uncoupling protein-2 (UCP2) is found in many tissues 
and exerts dual effects: it protects cells function from damage caused by reactive 
oxygen species (ROS). On the other hand, the uncoupling induced by UCP2 in 
mitochondria of pancreatic beta cells decreases ATP synthesis and impairs insulin 
secretion in response to glucose. Hyperlipidemia also prevents insulin secretion 
through a similar pathway, leading to hyperglycemia (Role of uncoupling proteins UCP1, 
UCP2 and UCP3 in energy balance, type 2 diabetes and obesity. Synergism with the 
thyroid] [Article in Spanish] Zaninovich AA. Medicina (B Aires). 2005;65(2):163-9). 
 

17.8.2    UCP2 
Functional activation of mitochondrial uncoupling protein-2 (UCP2) is proposed to 
decrease reactive oxygen species production. Skulachev and Goglia (Skulachev, V. P., 
and Goglia, F. (2003) FASEB J. 17, 1585–1591) hypothesized that hydroperoxy fatty 
acid anions are translocated by UCPs but cannot flip-flop across the membrane. 
Jab rek et al found that the second aspect is otherwise; the addition of synthesized 
linoleic acid hydroperoxides (LAOOH, a mix of four isomers) caused a fast flip-flop-
dependent acidification of liposomes, comparable with the linoleic acid (LA)-
dependent acidification. These data suggest that hydroperoxy fatty acids are 
transported via UCP2 by a fatty acid cycling mechanism. This may alternatively 
explain the observed activation of UCP2 by the externally generated superoxide. The 
ability of LAOOH to  
 
17.9.0     Ischemic preconditioning 
 
Transient cardiac ischemia activates cell survival signaling, conferring subsequent 
ischemia tolerance to the heart. This biological phenomenon, termed ischemic 
preconditioning, results in improved clinical outcome and attenuated infarct size 
following myocardial infarction. Cardiac transcripts of genes encoding uncoupling 
proteins 2 and 3 are up-regulated in parallel with infarct size reduction in preconditioned 

hearts. Mitochondria isolated from preconditioned hearts exhibit an augmented inducible 
proton leak. In parallel, following anoxia-reoxygenation these mitochondria generate 
less hydrogen peroxide compared with non-preconditioned mitochondria. 
Preconditioning in rat cardiac derived myoblasts is abolished following uncoupling 
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protein-2 depletion by RNA-interference. RNAi of uncoupling protein-3 partially 
attenuates the capacity to precondition these cells. Functional characterization of anoxia 
and reoxygenation tolerance following uncoupling protein 2 or 3 and combined 2 and 3 
RNAi shows the largest reduction in viability follows depletion of both homologues. 
Uncoupling protein-2 depletion alone significantly attenuates anoxia-reoxygenation 
tolerance but uncoupling protein-3 depletion does not reduce anoxia tolerance. In parallel 
combined uncoupling protein depletion and isolated uncoupling protein-2 depletion 
augments ROS production in viable cardiomyocytes following anoxia-reoxygenation. 
Concurrent anti-oxidant administration ameliorates the uncoupling protein-depleted 
anoxia-susceptible phenotype.  
 

In conclusion, mitochondrial uncoupling proteins are necessary components of ischemia 
tolerance and function as components of the cellular antioxidant defense program. In the 
cytoprotective hierarchy, uncoupling protein-2 appears to play a greater role than 
uncoupling protein-3 in modulating ischemia/anoxia tolerance in heart-derived cells 
(Uncoupling Proteins 2 and 3 Function in Concert to Augment Tolerance to Cardiac 
Ischemia. Christopher J. McLeod et al. J. Biol. Chem., Vol. 280, Issue 39, 33470-33476, 
September 30, 2005). 

induce UCP2-mediated H+ uniport points to the essential role of superoxide reaction 
products, such as hydroperoxyl radical, hydroxyl radical, or peroxynitrite, initiating 
lipoperoxidation, the released products of which support the UCP2-mediated uncoupling 

and promote the feedback down-regulation of mitochondrial reactive oxygen species 
production (Hydroperoxy Fatty Acid Cycling Mediated by Mitochondrial Uncoupling 
Protein UCP2 Martin Jab rek et al. J. Biol. Chem., Vol. 279, Issue 51, 53097-53102, 
December 17, 2004). I believe that this illustrates the self regulation capabilities of 
EMODs. 
 

Some of the following material was abstracted, excerpted or modified from:  
Associations of the UCP2 Gene Locus With Asymptomatic Carotid Atherosclerosis in 
Middle-Aged Women. H. Oberkofler; B. Iglseder; K. Klein; J. Unger; M. Haltmayer; F. 
Krempler; B. Paulweber; W. Patsch.  Arteriosclerosis, Thrombosis, and Vascular 
Biology. 2005;25:604. 
 

17.9.1     UCP2 in type 2 Diabetes 

Uncoupling protein-2 (UCP2), which is expressed in several metabolically important 
tissues including pancreatic beta-cells, functions to uncouple OXPHOS in mitochondria, 
thereby reducing the cellular energy quotient. Early in our understanding of the potential 
physiological and pathophysiological roles of UCP2, dual and opposing functions were 
hypothesized for tissues important to the development of type 2 diabetes, including white 
adipose, skeletal muscle, and endocrine pancreas. The common denominator linking 
UCP2 expression in the relevant tissues was free fatty acids (FFA), suggesting that in 



muscle and adipocytes, induction of UCP2 expression might be an adaptive response to 
elevated circulating FFA, which are found in obesity and type 2 diabetes, serving to limit 
the development of insulin resistance. In contrast, increased expression of UCP2 in 
response to FFA in pancreatic beta-cells appears to be detrimental to glucose-stimulated 
insulin secretion and may be an important contributor to diabetes development. 

Even in the absence of polymorphisms that increase its expression, UCP2 expression and 
activity can be regulated by nutritional status and oxidative stress.  

Insulin resistance, or inability of peripheral target tissues to take up glucose in response to 
insulin, is common to both obesity and type 2 diabetes. Yet, in simple obesity, glucose 

tolerance is relatively normal. In genetically susceptible individuals, prolonged mild 
hyperglycemia combined with elevated triglyceride and FFA in plasma causes a condition 
called "glucolipotoxicity" that leads to impaired glucose-stimulated insulin secretion to 
the extent that hyperglycemia eventually exceeds the threshold for diagnosis of diabetes. 
In isolated islets, exposure to FFA in the presence of minimally stimulatory glucose 
concentrations for forty-eight hours mimics glucolipotoxicity. An increase in basal insulin 
secretion is observed, but the beta cells fail to respond to incremental increases in 
glucose. Although multiple changes in beta-cell function occur in glucolipotoxicity, 
UCP2 may be a central regulator, contributing to the control of coupled oxidative 
metabolism, cellular energy production, and response to oxygen radical production.  

Mitochondrial metabolism, particularly the degree of substratestimulated 

hyperpolarization of the IMM, determines the ability of the beta cell to respond to stimuli. 
Thus, an increase in uncoupled respiration would be predicted to suppress insulin 

secretion. 

Several key findings support the hypothesis that UCP2 negatively regulates insulin 
secretion and may be involved in the pathogenesis of type 2 diabetes. First, 
overexpression of UCP2 suppresses glucose-stimulated insulin secretion, whereas ucp2–/– 
mice exhibit elevated insulin responsiveness to glucose both in vivo and in vitro. Second, 
in most animal models of obesity and diabetes studied, UCP2 expression in beta cells 
is increased. Third, feeding normal mice a high fat diet concomitantly induces a diabetic 
beta-cell phenotype and increased UCP2 expression, whereas beta cells from mice lacking 
UCP2 maintain high glucose responsiveness.  

The expression of UCP2 is transcriptionally regulated by peroxisome proliferator-
activated receptors (PPARs) and by sterol response element binding protein-1c (SREBP-
1c). Exposure of islets to elevated glucose also increases transcription of ucp2. The 
simplest explanation, substantiated by measurement of mitochondrial membrane potential 
and cellular ATP concentrations, is that increased uncoupling of OXPHOS after 
induction of ucp2 expression impairs the ability of beta cells to generate ATP in 
response to glucose. Because ATP is a source of high-energy phosphate bonds and is 
also an important signaling molecule in beta cells, a decrease in ATP production has 
multiple consequences for insulin secretion. 



Based on studies in beta-cell lines, in which application of exogenous H2O2 induces 
UCP2 expression and inhibits insulin secretion, the potential for oxygen radicals to be 
involved in UCP2’s mechanism of action was revealed. Moreover, overexpression of 
UCP2 in the beta-cell line was protective against H2O2-induced cell death (Li, L.-X., 
Skorpen, F., Egeberg, K., Jorgenssen, I.H., and Grill, V. Uncoupling protein-2 
participates in cellular defense against oxidative stress in clonal ß-cells. Biochem. 
Biophys. Res. Commun. 282, 273–277 (2001). 

Although it is not yet established that ROS mediate the FFA-related increase in UCP2 
expression, FFA does potentiate ROS production in the mitochondria, leading to 
increased uncoupling and dissipation of the mitochondrial membrane potential. 

Beta cells exposed to high concentrations of glucose also generate more ROS 
(Robertson, R.P., Harmon, J., Tran, P.O., Tanaka, Y., and Takahashi, H. Glucose toxicity 
in ß-cells: Type 2 diabetes, good radicals gone bad, and the glutathione connection. 
Diabetes 52, 581–587 (2003) and exposure of mouse islets to 25 mM concentrations of 
glucose for seventy-two hours leads to increased UCP2 expression (124). In the absence 
of UCP2, hyperglycemic culture conditions increase mitochondrial ROS production more 
than that observed in islets expressing UCP2; however, superoxide fails to inhibit 

glucose-stimulated insulin secretion. These authors concluded that the inhibition of 
insulin secretion by O2·– was mediated by UCP2, consistent with data that O2·– activates 
UCP2 in isolated mitochondria. 

In summary, data from studies presented here are largely consistent with the idea that at 
least one consequence of glucolipotoxicity is increased expression and activity of UCP2 
in beta cells, leading to impaired glucose-stimulated insulin secretion. 

17.9.2     UCP2 decreases EMOD generation 

Reactive oxygen species (ROS) may contribute to atherogenesis. Uncoupling protein 2 
(UCP2) reduces mitochondrial ROS generation and protects against the disease in 
animal models. A common –866G/A promoter polymorphism that has been associated 

with obesity and ß-cell function may also affect UCP2 gene expression in cells of the 
arterial wall. Uncoupling protein 2 (UCP2) reduces mitochondrial reactive oxygen 

species production and protects against atherosclerosis in animal models. Griendling 
reports that the UCP2 gene locus is associated with asymptomatic carotid atherosclerosis 
in females of a cross-sectional study and that a common promoter polymorphism affects 
UCP2 gene expression in endothelial cells and macrophages.  

Virtually all cell types of the vessel wall produce reactive oxygen species 
(ROS). At low levels, intracellular ROS act as signaling molecules that modulate a 
diverse array of biochemical functions. However, increased ROS production is 
associated with significant damage to endothelial and smooth muscle cells (Lum H, 
Roebuck KA. Oxidant stress and endothelial cell dysfunction. Am J Physiol Cell Physiol. 
2001; 280: C719–C741) (Lander HM. An essential role for free radicals and derived 
species in signal transduction. FASEB J. 1997; 11: 118–124) and has been implicated in 
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the pathogenesis of vascular disorders, such as atherosclerosis (Griendling KK, 
FitzGerald GA. Oxidative stress and cardiovascular injury: part II: animal and human 
studies. Circulation. 2003; 108: 2034–2040) (Cai H, Harrison DG. Endothelial 
dysfunction in cardiovascular diseases: the role of oxidant stress. Circ Res. 2000; 87: 
840–844).   

Among cellular sources of ROS generation, the electron transport chain may play an 
important role, because up to 10% of the reducing equivalents from NADH 
leak to form superoxide anions and H2O2. (Marnett LJ, Riggins JN, West JD. 
Endogenous generation of reactive oxidants and electrophiles and their reactions with 
DNA and protein. J Clin Invest. 2003; 111: 583–593). I believe that this is one of the 
highest “guestimates” of superoxide production by the ETC. 

When the electrochemical potential difference generated by the proton gradient along the 
inner mitochondrial membrane is high, electron transport becomes inhibited at complex 
III. As a result, the lifespan of ROS-generating intermediates is prolonged, and the flux of 
ROS from mitochondria is increased (Brownlee M. A radical explanation for glucose-
induced beta cell dysfunction. J Clin Invest. 2003; 112: 1788–1790). In cultured bovine 
aortic endothelial cells, increases in ROS are prevented by chemical uncouplers of 
oxidative phosphorylation or by ectopic expression of uncoupling protein 1 (UCP1) 
(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. 2000; 
404: 787–790).  

Whereas UCP1 is solely expressed in brown adipose tissue, the related UCP2 is 
expressed in many tissues and cells, including macrophages (Fleury C, Neverova M, 
Collins S, Raimbault S, Champigny O, Levi-Meyrueis C, Bouillaud F, Seldin MF, Surwit 
RS, Ricquier D, Warden CH. Uncoupling protein-2: a novel gene linked to obesity and 
hyperinsulinemia. Nat Genet. 1997; 15: 269–272).  

Indeed, disruption of the UCP2 gene enhances ROS generation in transgenic mice 
(Arsenijevic D, Onuma H, Pecqueur C, Raimbault S, Manning BS, Miroux B, Couplan E, 
Alves-Guerra MC, Goubern M, Surwit R, Bouillaud F, Richard D, Collins S, Ricquier D. 
Disruption of the uncoupling protein-2 gene in mice reveals a role in immunity and 
reactive oxygen species production. Nat Genet. 2000; 26: 435–439).  

Moreover, bone marrow transplants from UCP2-deficient mice increased atherosclerotic 

lesion size and markers of oxidative stress in low-density lipoprotein receptor-deficient 
mice (Blanc J, Alves-Guerra MC, Esposito B, Rousset S, Gourdy P, Ricquier D, Tedgui 
A, Miroux B, Mallat Z. Protective role of uncoupling protein 2 in atherosclerosis. 
Circulation. 2003; 107: 388–390).  

They previously described a common functional G/A polymorphism in the UCP2 gene at 
nucleotide position –866 relative to the transcription start site. The variant A allele was 
associated with enhanced adipose tissue mRNA expression, increased transcription of a 



reporter gene in the human adipocyte cell line PAZ6, and decreased risk of obesity in 
middle-aged humans. In a ß-cell environment, the variant allele was more effectively 
activated by the transcription factor PAX6 and was associated with a reduced disposition 
index (the product of the acute insulin response to glucose and insulin sensitivity) in 
obese subjects. The latter results are supported by studies in animal models showing an 
inverse association of UCP2 gene expression and ß-cell function (Zhang CY, Baffy G, 
Perret P, Krauss S, Peroni O, Grujic D, Hagen T, Vidal-Puig AJ, Boss O, Kim YB, Zheng 
XX, Wheeler MB, Shulman GI, Chan CB, Lowell BB. Uncoupling protein-2 negatively 
regulates insulin secretion and is a major link between obesity, beta cell dysfunction, and 
type 2 diabetes. Cell. 2001; 105: 745–755). I believe that this is saying that uncoupling 
destroys insulin secretion and results in obesity, beta cell dysfunction and type 2 
diabetes, all of which is thus, related to decreased EMOD production due to the 
uncoupling.  This is supportive of my Unified theory, although this is confusing 
data. 

To test the hypothesis that the UCP2 gene locus contributes to the pathogenesis of human 
atherosclerosis, they studied associations of both functional nucleotide polymorphisms 
(SNPs) with asymptomatic carotid artery atherosclerosis in a cross-sectional Austrian 

sample and characterized effects of the –866G/A polymorphism on transcription and 
trans-factor binding in a human macrophage cell line and endothelial cells.  

 

 

Average values for age and BMI as well as the prevalence of hypertension were 
higher in subjects with asymptomatic carotid artery atherosclerosis. Among 
laboratory parameters, average values for cholesterol were higher in subjects with 
asymptomatic disease, whereas average values for high-density lipoprotein (HDL) 
cholesterol were lower.  

UCP2 belongs to the mitochondrial anion carrier family and has been shown to 
modulate the production of ROS by decreasing the mitochondrial membrane 
potential (Negre-Salvayre A, Hirtz C, Carrera G, Cazenave R, Troly M, Salvayre R, 
Penicaud L, Casteilla L. A role for uncoupling protein-2 as a regulator of mitochondrial 
hydrogen peroxide generation. FASEB J. 1997; 11: 809–815).  

UCP2 overexpression in macrophages limits steady-state levels of intracellular ROS, 
whereas UCP2 antisense oligonucleotides increased intracellular ROS generation in 
murine endothelial cells. Earlier studies in macrophages of UCP2 knock-out mice 
(UCP2–/–) also demonstrated an excess production of ROS in response to 
Toxoplasma gondii infection. In ob/ob mice, UCP2 expression in macrophages was 

lower, and mitochondrial ROS production was higher than in control mice. UCP2 
overexpression in THP-1 macrophages inhibited chemoattractant protein-1–induced 
transendothelial migration, thereby reducing atherosclerotic plaque formation. Taken 
together, these and other findings suggest a protective role for UCP2 in 
atherosclerosis by reducing ROS generation. 
 
 
 



17.9.3     HIF-1  
 
It has been shown that total carotid plaque area and carotid stenosis displayed different 
associations with specific risk factors.  Moreover, IMT was a stronger predictor of stroke 

than of myocardial infarction, whereas total plaque area was a stronger predictor of 
myocardial infarction than of stroke.  

AhR and HIF-1  are both ligand-activated members of the basic helix-loop-helix/Per-
ARNT-Sim transcription factor family. AhR mediates the biological and toxic effects of 
environmental pollutants, such as dioxin, whereas HIF-1  is a central regulator of cellular 
responses to hypoxia.  Their studies with HIF-1 /ARNT and AhR/ARNT consensus 
binding sequences and antibodies directed against the respective heterodimer partners 
strongly suggest a role of HIF-1  in the regulation of UCP2 gene expression in human 
endothelial cells and macrophages.  

An imbalance between demand and supply of oxygen in the arterial wall is critical to 
the development of atherosclerotic lesions (Bjornheden T, Levin M, Evaldsson M, 
Wiklund O. Evidence of hypoxic areas within the arterial wall in vivo. Arterioscler 
Thromb Vasc Biol. 1999; 19: 870–876).  I believe that the oxygen level is directly 
related to the subsequent EMOD level, which in turn will also be in a deficit state 
and allow for the development of atherosclerosis. 

Under normoxic conditions, HIF-1  is rapidly degraded by the proteasome. Because 
hypoxia stabilizes HIF-1 , its target genes, including vascular endothelial growth factor, 
matrix metalloproteinases, and plasminogen activator inhibitor-1 are induced in response 

to oxygen deprivation. Hypoxia also enhances the intracellular ROS production, and HIF-
1  activation is correlated with changes in ROS (Paul SA, Simons JW, Mabjeesh NJ. HIF 
at the crossroads between ischemia and carcinogenesis. J Cell Physiol. 2004; 200: 20–
30).  

In transgenic mice, vascular ROS production was induced by smooth muscle cell-specific 
overexpression of p22phox, a critical component of NAD(P)H oxidase. Tgp22vsmc mice 
displayed elevated levels of hydrogen peroxide in smooth muscle cells, and expression of 
vascular endothelial growth factor and matrix metalloproteinase-9 was induced by 
increased levels of HIF-1  and accompanied by enhanced arterial lesions. 
Transactivation of the UCP2 gene by HIF-1 , as suggested by our studies, may 

therefore represent a feedback loop that reduces cellular ROS levels originating 
from mitochondria (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). 

Tissue hypoxia occurs where there is an imbalance between oxygen 
supply and consumption in both, solid tumors as a result of exponential 
cellular proliferation and in atherosclerotic diseases as a result of 
inefficient blood supply. Hypoxia-inducible factor 1 (HIF-1) is central in normal 



angiogenesis and cancer angiogenesis. HIF-1 is a transcriptional activator composed of 
an O(2)- and growth factor-regulated HIF-1alpha subunit and a constitutively expressed 
HIF-1beta subunit. Upon activation, HIF-1 drives the expression of genes controlling cell 
survival and governing the formation of new blood vessels. A better understanding of the 
regulation of HIF-1alpha levels by the receptor tyrosine kinases/phosphatidylinositol 3-
kinase signaling pathway and by the HIF prolyl hydoxylases has provided new insights 
into the development of anticancer and revascularization therapeutics. We will focus on 
the potential of a new pharmacology for regulating HIF pathways in both, cancer and 
ischemic cardiac diseases. The consequences of the switch of HIF activation in these two 
disease states and the signaling pathway overlap that atherosclerosis and cancer 
angiogenesis share are discussed (HIF at the crossroads between ischemia and 
carcinogenesis. Paul SA, Simons JW, Mabjeesh NJ. J Cell Physiol. 2004 Jul;200(1):20-
30).  I believe that this again ties together hypoxia, lowered EMOD 
levels, atherosclerosis and neoplasia.  

18.0.0    Aging (EMODs, UCP) 

18.0.1    Werner's syndrome 

Two cases of Werner's syndrome are reported. The first case is that of a man with grey 
hair since his 20s, and alopecia since aged about 50 years. At the age of 53 years, 
Werner's syndrome was diagnosed, along with a malignant soft tissue tumor of the 
hand. The patient underwent ray amputation for the tumor. The subsequent 
histopathological diagnosis was synovial cell sarcoma, and the patient died of lung 
metastasis at 15 weeks postsurgery. The second case is that of a woman diagnosed with 
diabetes mellitus when aged 34 years. At 39 years, a bilateral cataract was diagnosed 
and at 40 years, diabetic gangrene of the left calcaneal region and calcaneal 
osteomyelitis necessitated left below-knee amputation. The incidence of Werner's 
syndrome in Japan is extremely high (1,000 of the around 1,300 cases reported 
worldwide) compared to other countries. Most patients develop malignant tumor or 
arteriosclerosis, the most important complications of this syndrome. The average life 
expectancy for patients with Werner's syndrome is 46 years. The incidence of epithelial 
cancer and mesenchymal sarcoma is 10 times that of the general population. The onset of 
symptoms of Werner's syndrome generally precedes any later symptoms of 
associated conditions, such as malignant tumor. Therefore, early recognition of 
Werner's syndrome is important to assist identification of malignant tumors at an early 
stage in this patient group (A report of two cases of Werner's syndrome and review of the 
literature. Yamamoto K, Imakiire A, Miyagawa N, Kasahara T. Orthop Surg (Hong 
Kong). 2003 Dec;11(2):224-33). 

18.0.2     In vivo prooxidant state in Werner syndrome (WS): results from three WS 
patients and two WS heterozygotes.  

Pagano G, Zatterale A, Degan P, d'Ischia M, Kelly FJ, Pallardo FV, Calzone R, Castello 
G, Dunster C, Giudice A, Kilinc Y, Lloret A, Manini P, Masella R, Vuttariello E, Warnau 
M. Italian National Cancer Institute, I-80131, Naples, Italy. gbpagano@tin.it  
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The hypothesis was tested that Werner syndrome (WS) phenotype might be associated 
with an in vivo prooxidant state. A set of redox-related endpoints were measured in three 
WS patients, two of their parents, and 99 controls within a study of some cancer-prone 
and/or ageing-related genetic disorders. The following analytes were measured: (a) 
leukocyte 8-hydroxy-2'-deoxyguanosine; (b) glutathione from whole blood, and (c) 
plasma levels of glyoxal, methylglyoxal, 8-isoprostane, and some plasma antioxidants 
(uric acid, ascorbic acid, alpha- and gamma-tocopherol). Leukocyte 8-hydroxy-2'-
deoxyguanosine levels showed a significant increase in the 3 WS patients vs. 85 
controls (p<10(-7)). The disulfide glutathione:glutahione ratio was significantly altered in 
WS patients (p=0.005). Glyoxal and methylglyoxal levels were significantly increased 
(p=0.018 and p=0.007, respectively). The plasma levels of antioxidants uric 
acid (p=0.002) and ascorbic acid (p=0.003) were also increased 
significantly in WS patients and in their parents. No significant alterations 
were found in the plasma levels of alpha- and gamma-tocopherol, nor of 8-
isoprostane (the normal levels of 8-isoprostane indicates a normal oxidative level or 
state, not an increased oxidative state). This is the first report of in vivo alterations of 
oxidative stress parameters in WS patients. Further investigations on more extensive 
study populations are warranted to verify the relevance of an in vivo prooxidant state in 
WS patients. Actually, the normal levels of alphp and gamma-tocopherol also 
indicate that there is not a significant oxidative burden in these patients.  I believe 
that this study indicates a significant increase in both the antioxidants uric acid and 
ascorbic acid, which means that there is NOT a strong oxidative presence and that 
there is a significant reducing environment in patients with Werner’s syndrome. 

18.0.3     Werner’s syndrome and cellular senescence 

Werner syndrome (WS) is a premature aging disorder used as a model of normal human 
aging. WS individuals have several characteristics of normal aging, such as 
cataracts, hair graying, and skin aging, but manifest these at an early age. 
Additionally, WS individuals have high levels of inflammatory diseases, such as 
atherosclerosis and type 2 diabetes. The in vivo aging in WS is associated with 
accelerated aging of fibroblasts in culture. The cause of the accelerated senescence is not 
understood, but may be due to the genomic instability that is a hallmark of WS. Genome 
instability results in activation of stress kinases, such as p38, and the p38-specific 
inhibitor SB203580, prevents the accelerated senescence seen in WS fibroblasts. 
However, oxidative damage plays a role, as low oxygen conditions and antioxidant 
treatment revert some of the accelerated senescence phenotype. The effects of oxidative 
stress appear to be suppressible by SB203580; however, it does not appear to be 
transduced by p38. As SB203580 is known to inhibit other kinases in addition to p38, this 
suggests that more than one kinase pathway is involved. The recent development of p38 
inhibitors with different binding properties, specificities, and oral bioavailability, and of 
new potent and selective inhibitors of JNK and MK2, will make it possible to dissect the 
roles of various kinase pathways in the accelerated senescence of WS cells. If this 
accelerated senescence is reflective of WS aging in vivo, these kinase inhibitors may 
well form the basis of antiaging therapies for individuals with WS (The role of 



cellular senescence in Werner syndrome: toward therapeutic intervention in human 
premature aging. T. Dvis et al. Ann N Y Acad Sci. 2007 Apr;1100:455-69) 

18.0.4     Caloric restriction, GH and Insulin 

In order to know if insulin-like signaling is involved in the control of oxidative stress in 
mammalian tissues in relation to aging, ad libitum-fed and caloric restricted Wistar rats 
were treated during 2 weeks with GH and insulin. The most consistent effect of the 
hormonal treatments was an increase in plasma IGF-1 levels. Caloric restriction 
during 6 weeks decreased ROS generation and oxidative DNA damage in heart 
mitochondria and this was reversed by insulin treatment. The decrease in oxidative 
damage to liver nuclear DNA induced by caloric restriction was also reversed by GH and 
insulin. In the liver, however, insulin and GH decreased mitochondrial ROS 
generation while they increased oxidative damage to mitochondrial DNA. GH and 
insulin decreased three different markers of oxidative modification of liver proteins, 
while they increased lipoxidation-dependent markers. This last result is related to the 
increase in phospholipid unsaturation induced in the liver by both hormones. The results 
suggest that the idea that insulin-like signaling controls oxidative stress in mammals 
cannot be generalized since both prooxidant and protective effects of GH and insulin are 
observed depending on the particular parameter and tissue selected (Effect of insulin and 
growth hormone on rat heart and liver oxidative stress in control and caloric restricted 
animals. Sanz A, Gredilla R, Pamplona R, Portero-Otin M, Vara E, Tresguerres JA, Barja 
G. Biogerontology. 2005;6(1):15-26). I believe that this paper refers to the fact that 
caloric restriction leads to decreased EMOD generation and not increased 
EMOD production. 

Studies of the liver lipids of mammals and a bird (pigeon) show an inverse relationship 
between maximum life span and number of double bonds (Journal of Gerontology 
55A(6):B286-B291 (2000). I have said repeatedly that double bonds trap EMODs 
and that this has a negative impact on longevity. 

For mammals there is a direct relationship between mitochondrial membrane saturation 
and maximum life span (Journal of Lipid Research 39:1989-1994 (1998). 

Maximum life span correlates negatively with antioxidant enzyme levels and 
correlates positively with lower rate of free-radicals production and higher rate of DNA 
repair (Jorunal of Comparative Physiology B 168:149-158 (1998). 

Females express both more Mn−SOD and more glutathione peroxidase antioxidant 
enzymes than males, and this has been suggested to be the reason females live longer 
than males in mammalian species (FEBS Letters; Vina, J; 579(12):2541-2545 (2005). I 
believe that the increased levels of H2O2 from SOD is producing the increase in life 
span. 
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A study of several species of mammals and a bird (pigeon) indicated a linear relationship 
between oxidative damage to protein and maximum life span (Experimental Gerontology 
31(3):387-392 (1996). 

A study of 8 non-primate mammals showed a direct correlation between maximum life 
span and oxidative damage to mtDNA in heart & brain (The FASEB Jorunal; Barja,G; 
14(2):312-318 (2000). 

There is a direct correlation between DNA repair and maximum life span for mammalian 
species (Mechanisms of Aging and Development; Cortopassi, GA; 91:211-218 (1996). 

The capacity of mammalian species to detoxify the carcinogenic chemical 
benzo(a)pyrene to a water-soluble form also correlates well with maximum life span 
(Experimental Cell Research 116:359-364 (1978). I believe that this relates to adequate 
EMOD levels produced by the microsomal  cytochrome P450 system. 

The life span is a measure of the maximum number of years a member of a group has 
been observed to survive. Maximum life span literally corresponds to the age at which 
the oldest known member of a species or experimental group has died. Maximum life 
span is contrasted to mean life span (average lifespan or life expectancy). Mean life span 
varies with susceptibility to disease, accident, suicide and homicide, whereas maximum 
life span is determined by "rate of aging". Epistemologically maximum life span also 
depends upon initial sample size. (Leonid A. Gavrilov & Natalia S. Gavrilova (1991), 
The Biology of Life Span: A Quantitative Approach. New York: Harwood Academic 
Publisher, ISBN 3718649837) In animal studies, maximum life span is typically taken to 
be the mean life span of the most long-lived 10% of a given cohort. 
 

In ancient Rome average life span was 22 years, but by the mid−1800s the typical 
North American lived to be 40. Today, people in the most developed countries have an 
average life span of about 80. Reduction of infant mortality has accounted for most of the 
increased longevity, but since the 1960s mortality rates among those over 80 years has 
been decreasing by about 1.5% per year. Maximum life span for humans, however, has 
remained about 115−120 all through known history. The oldest-ever person was Jeanne 
Calment, a French woman who lived for 122 years and 164 days. 

Advances in medicine, calorie restriction with adequate nutrition, or other interventions 
are said to have slowed the aging process. 

The maximum life span of each species is different. These differences demonstrate the 
role of genetics in determining maximum life span ("rate of aging"). For mice, the record 
is 4; for dogs, 29; for cats, 34; for horses, 62; for elephants, 78; for humans, 122. The 
longest-lived animals have been variously described as whales (about 210 years) and 
tortoises (255 years). Although considered fiction for a time, recent research has 
indicated that bowhead whales recently killed still had harpoons in their bodies from the 
1790's, which, along with analysis of amino acids, has indicated a maximum life span so 
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far of 211 years [2]. Birds and squirrels rarely live to their maximum life span, usually 
dying of accidents and disease. Grazing animals show wear-and-tear to their teeth to the 
point where they can no longer eat, and they die of starvation. 

The maximum life span of most species has not been accurately determined because the 
data collection has been minimal and the number of species studied in captivity (or by 
monitoring in the wild) has been small. Maximum life span is usually longer for species 
that are larger, can fly and have larger brains. Of the approximately 30,000 genes in the 
human genome, it is estimated that only 2% of these are different from those of a 
chimpanzee, which has half the estimated maximum life span of a human. The difference 
in longevity could be due to as few as a hundred genes or less, however there may be 
other factors which influence the life span of chimpanzees. 

Identical twins tend to die within 3 years of each other, whereas fraternal twins tend to 
die within 6 years. Aging theories associated with DNA include programmed aging (or 
programmed aging-resistance) and theories that link aging with DNA damage/mutation 
or DNA repair capability. 

Mammals that are fed a diet rich in antioxidants show up to a 30% increase in mean life 
span, but no increase in maximum life span. Antioxidants are most valuable for animals 
that are cancer-prone, or subjected to radiation or chemical toxins. There are evidently 
homeostatic mechanisms in cells that govern the amount of allowable anti-oxidant 
activity. Many life-extensionists have dismissed the value of antioxidants simply because 
they have not been shown to increase maximum life span. 

Plants tend to come in annuals, biennials, and perennials. The longer-lived perennials, 
woody-stemmed plants such as trees and bushes, often live for hundreds and even 
thousands of years. The oldest-known tree is the bristlecone pine, at 4700 years; it has 
been claimed that creosote bushes live for 11,000 years, but claims of this nature are 
based on estimates, rather than actual ring counts. 

the only (non-transgenic) method of increasing maximum life span that is recognized by 
biogerontologists is calorie restriction with adequate nutrition. Rats, mice and hamsters 
experience maximum life span extension from a diet which contains 40−60% of the 
calories (but all of the required nutrients) which the animals consume when they can eat 
as much as they want. Mean life span is increased 65% and maximum life span is 
increased 50%, when calorie restriction is begun just before puberty. (For a recent review 
of maximum lifes span extension by calorie restriction in rodent studies, see Genes & 
Development; Koubova,J; 17(3):313-321 (2003). For fruit flies the life extending benefits 
of calorie restriction are gained immediately at any age upon beginning calorie restriction 
and ended immediately at any age upon resuming full feeding (Science; Mair,W; 
301:1731-1733 (2003). 

Mammals fed anti-oxidants show up to a 30% increase in mean life span, but no 
increase in maximum life span. Antioxidants are most valuable for animals that are 
cancer-prone, or subjected to radiation or chemical toxins. There are evidently 
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homeostatic mechanisms in cells that govern the amount of allowable antioxidant 
activity. Many life-extensionists have dismissed the value of antioxidants simply because 
they have not been shown to increase maximum life span -- as if extending mean life 
span was not important. 

Many transgenic species of mice have been created which have maximum life span 
greater than that of wild-type or laboratory mice, including Ames dwarf mice, Snell 
dwarf mice, mice with increased mitochondrial catalase, etc. 

Arno Jensen, M.D., a former doctor at the Cooper Clinic, has always emphasized the role 
of lifestyle. He knows we can do far more for ourselves than any doctor can do for us. 
Jensen often says, “Health is 50% lifestyle, 10% medicine and the rest is genetics and 
luck.” Arnie may actually underestimate the impact of lifestyle. According to Time 
magazine, Online Edition, Swedish scientists studied identical twins separated at birth 
and reared apart, the only set of people who share genes but not lifestyle. If genes were 
the controlling factor, the twins would be expected to die at about the same time and age. 
But they don’t. The average difference convinced the scientists that only about 20% to 
30% of how long we live is genetics. Time reported: “The dominant factor is lifestyle”—
up to 80%.  

18.1.0     Aging, the Free Radi-Crap theory: a critique 
 
Some of the following material was abstracted, excerpted or modified from: Cells 
discover fire: Employing reactive oxygen species in development and consequences for 
aging. Joa˜o Pedro de Magalha˜es, George M. Church. Experimental Gerontology 41 
(2006) 1–10. Department of Genetics, Harvard Medical School, 77 Avenue Louis 
Pasteur, NRB238, Boston, MA 02115, USA 
 
 
The free radical theory of aging states that aging results from the accumulated damage 
caused by reactive oxygen species (ROS). Herein, we provide a critique of the theory that 
aims to point out the theory’s weaknesses and put forward ideas for how future 
experiments must adjust to several emerging concepts. In the same way fire is dangerous 
and nonetheless humans learned how to use it, it now appears that cells evolved 
mechanisms to control and use ROS. The way ROS are used as signaling molecules in 
many crucial biological functions suggests ROS are not unwanted by-products of 
metabolism. We hypothesize that the connection between ROS and cellular processes like 
growth, proliferation, and apoptosis may explain why long-lived animals appear to have 
lower levels of ROS production: the longer development of long-lived animals may lead 
to lower steady state levels of ROS. With age, antioxidant systems become deregulated, 
just like so many other cellular components, and so oxidative damage occurs. Therefore, 
the production of ROS is not merely a cause of havoc but rather a complex and critical 
system whose disruption in disease and aging leads to oxidative damage. Potential roles 
of ROS in aging are discussed under this model. I believe that the effects of EMODs 
are primarily beneficial and that oxidative damage has little to do with disease 
development and genetics has a great deal to do with pathophysiology etiologies. 
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Aging can be defined as a progressive functional decline and increasing mortality with 
time. About 50 years ago, Denham Harman proposed the free radical theory of aging 
(Harman, D., 1956. Aging: a theory based on free radical and radiation chemistry. J. 
Gerontol. 11, 298–300).  
 
Briefly, the theory states that the aging process results from the “stochastic” 
accumulated damage caused by reactive oxygen species (ROS), highly reactive 
molecules that, among other sources, are normal by-products of cellular metabolism 
(Harman, D., 1981. The aging process. Proc. Natl Acad. Sci. USA 78, 7124–7128) 
(Beckman, K.B., Ames, B.N., 1998. The free radical theory of aging matures. Physiol. 
Rev. 78, 547–581) (Finkel, T., Holbrook, N.J., 2000. Oxidants, oxidative stress and the 
biology of ageing. Nature 408, 239–247) (Balaban, R.S., Nemoto, S., Finkel, T., 2005. 
Mitochondria, oxidants, and aging. Cell 120, 483–495). 
 
Opinions in biology are changing from seeing ROS and redox state—the oxidation–
reduction potential—as mere sources of damage to players in signal transduction (Darley-
Usmar, V., Starke-Reed, P.E., 2000. Antioxidants: strategies for interventions in aging 
and age-related diseases, a workshop sponsored by the National Institute on aging and by 
the office of dietary supplements. Antioxid. Redox. Signal. 2, 375–377). 
 
ROS and redox state act as messengers in the regulation of gene expression in 
development, growth, and apoptosis. Investigators review recent observations relating 
oxidative damage to aging from the emerging perspective that ROS are signaling 
molecules crucial in numerous cellular functions and under strict control. Lastly, they 
derive a model attempting to explain observations linking ROS to multiple cellular 
processes, including development. Potential roles of ROS in aging are discussed under 
this model. This work, in line with the above definition of aging, is related to the 
fundamental causes of aging, not age-related diseases.  
 
Many factors may affect general health and hence influence longevity without being 
involved in aging  (Hayflick, L., 2000. The future of ageing. Nature 408, 267–269) (de 
Magalhaes, J.P., 2005. Open-minded scepticism: inferring the causal mechanisms of 
human ageing from genetic perturbations. Ageing Res. Rev. 4, 1–22) (de Magalhaes, J.P., 
Cabral, J.A., Magalhaes, D., 2005. The influence of genes on the aging process of mice: a 
statistical assessment of the genetics of aging. Genetics 169, 265–274).  
 
For example, average longevity in industrial nations increased roughly 50% in the past 
century and yet there is no evidence of a slower human aging process  (Finch, C.E., 1990. 
Longevity, Senescence, and the Genome. The University of Chicago Press, Chicago) 
(Hayflick, L., 1994. How and Why We Age. Ballantine Books, New York). Similarly, 
multiple factors may contribute to specific diseases and impact on longevity but not 
be involved in aging. To determine whether a given intervention altered aging different 
parameters must be evaluated. Changes in maximum longevity, for instance, are 
considered a more reliable indicator of changes in the aging process than average 
longevity. A significant change in the rate at which mortality increases with age may also 
signal changes in rate of aging. Still, a retardation of multiple age-related changes and 
pathologies is probably the best indicator of a change in the aging process. This is a 



crucial, but often misinterpreted, concept in aging research (Hayflick, L., 2000. The 
future of ageing. Nature 408, 267–269). 
 
Fundamental causes of aging determine why different species age at radically different 
paces. For instance, even under the best housing conditions, a mouse will age 25–30 
times faster than a human being (Finch, C.E., 1990. Longevity, Senescence, and the 
Genome. The University of Chicago Press, Chicago). For the free radical theory of aging, 
or any other theory, to be accepted, it must explain why similar species, such as mammals 
or even primates, age at such markedly different rates.  
 
18.0.1     The Alleged Connection Between Oxidative Damage and Aging 
 
Various measurements of oxidative damage seem to correlate with age in a variety 
of organisms, at least in some tissues  (Beckman, K.B., Ames, B.N., 1998. The free 
radical theory of aging matures. Physiol. Rev. 78, 547–581) (Fukagawa, N.K., Timblin, 
C.R., Buder-Hoffman, S., Mossman, B.T., 2000. Strategies for evaluation of signaling 
pathways and transcription factors altered in aging. Antioxid. Redox. Signal. 2, 379–389) 
(Barja, G., 2002. Endogenous oxidative stress: relationship to aging, longevity and 
caloric restriction. Ageing Res. Rev. 1, 397–411, and tend to be associated with 
organismal longevity (Sohal, R.S., Mockett, R.J., Orr, W.C., 2002. Mechanisms of aging: 
an appraisal of the oxidative stress hypothesis. Free Radic. Biol. Med. 33, 575–586).  
 
In fact, oxidative damage has been widely used as a biomarker of aging and disease. 
Succinctly, several short- and long-lived rodent cohorts feature, respectively, increased 
and decreased oxidative damage (Jolly, C.A., Muthukumar, A., Avula, C.P., Troyer, D., 
Fernandes, G., 2001. Life span is prolonged in food-restricted autoimmune-prone 
(NZB!NZW)F(1) mice fed a diet enriched with (nK3) fatty acids. J. Nutr. 131, 2753–
2760) (de Boer, J., Andressoo, J.O., de Wit, J., Huijmans, J., Beems, R.B., van Steeg, 
H., Weeda, G., van der Horst, G.T., van Leeuwen, W., Themmen, A.P., Meradji, M., 
Hoeijmakers, J.H., 2002. Premature aging in mice deficient in DNA repair and 
transcription. Science 296, 1276–1279) (Holzenberger, M., Dupont, J., Ducos, B., 
Leneuve, P., Geloen, A., Even, P.C., Cervera, P., Le Bouc, Y., 2003. IGF-1 receptor 
regulates lifespan and resistance to oxidative stress in mice. Nature 421, 182–187) 
(Quarrie, J.K., Riabowol, K.T., 2004. Murine models of life span extension. Sci. 
Aging Knowledge Environ. 2004, re5.).  
 
Oxidative damage and disruption of oxidative-pathways have also been described in 
numerous human pathologies (Halliwell, B., 1997. In: Thomas, C.E., Kalyanaraman, B. 
(Eds.), Introduction: Free Radicals and Human Disease—Trick or Treat? Oxygen 
Radicals and the Disease Process, vol. 1, pp. 1–14), including neurodegenerative 
diseases, AIDS (Kannan, K., Jain, S.K., 2000. Oxidative stress and apoptosis. 
Pathophysiology 7, 153–163), diabetes, and atherosclerosis (Fukagawa, N.K., Timblin, 
C.R., Buder-Hoffman, S., Mossman, B.T., 2000. Strategies for evaluation of signaling 
pathways and transcription factors altered in aging. Antioxid. Redox. Signal. 2, 379–
389).  
 



Given the importance of ROS in biology, a variety of mechanisms evolved to deal with 
ROS: from antioxidants, such as vitamins C and E, passing by enzymes that detoxify 
ROS such as superoxide dismutase (SOD), catalase, and glutathione peroxidase, to a 
number of enzymes that catalyze the repair of damage caused by ROS, such as 8-oxo-
dGTPase and methionine sulfoxide reductase A (MSRA). The mere existence of enzymes 
to prevent and repair damage by ROS is a strong indicator that ROS are biologically 
important, potentially dangerous molecules (Beckman, K.B., Ames, B.N., 1998. The free 
radical theory of aging matures. Physiol. Rev. 78, 547–581). It is not surprising then that 
ROS have been implicated in a number of pathologies, including age-related pathologies, 
and in aging itself.  
 
Overall, the association between oxidative damage and disease, including aging, is 
terribly unclear. Reviews are on both sides of the issue but are largely ignored by the 
varying sides. (Cadenas, E., Davies, K.J., 2000. Mitochondrial free radical generation, 
oxidative stress, and aging. Free Radic. Biol. Med. 29, 222–230) (Finkel, T., Holbrook, 
N.J., 2000. Oxidants, oxidative stress and the biology of ageing. Nature 408, 239–247) 
(Barja, G., 2002. Endogenous oxidative stress: relationship to aging, longevity and 
caloric restriction. Ageing Res. Rev. 1, 397–411) (Sohal, R.S., Mockett, R.J., Orr, W.C., 
2002. Mechanisms of aging: an appraisal of the oxidative stress hypothesis. Free Radic. 
Biol. Med. 33, 575–586). 
 
18.0.2     The free radical theory of aging: trial by fire; oxidation is fire 
 
Correlation does not imply causation. Maybe oxidative damage is a consequence of 
aging rather than a cause. To test the free radical theory of aging numerous manipulations 
of oxidative damage have been attempted in model organisms using a variety of 
techniques. So far, however, the results have been largely disappointing. For instance, 
by feeding antioxidants to rodents it is possible to decrease oxidative damage and 
sometimes even slightly increase longevity, but aging is not delayed (Hagen, T.M., Liu, 
J., Lykkesfeldt, 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. USA 99, 
1870–1875).  
 
There is no clear evidence that ROS inhibitors delay mammalian aging (Hayflick, L., 
1994. How and Why We Age. Ballantine Books, New York.) (Arking, R., 1998. Biology 
of Aging: Observations and Principles, second ed. Sinauer Associates, Sunderland, MA). 
If the optimization of antioxidant defenses was able to delay the aging process that would 
strongly suggest that ROS are a causative factor in mammalian aging. 
 
In mice, however, ubiquitous overexpression of SOD1 (Huang, T.T., Carlson, E.J., 
Gillespie, A.M., Shi, Y., Epstein, C.J., 2000. Ubiquitous overexpression of CuZn 
superoxide dismutase does not extend life span in mice. J. Gerontol. A Biol. Sci. Med. 
Sci. 55, B5–B9), overexpression of glutathione peroxidase (McClung, J.P., Roneker, 
C.A., Mu, W., Lisk, D.J., Langlais, P., Liu, F., Lei, X.G., 2004. Development of insulin 
resistance and obesity in mice overexpressing cellular glutathione peroxidase. Proc. Natl 



Acad. Sci. USA 101, 8852–8857), and overexpression of catalase in the nucleus 
(Schriner, S.E., Ogburn, C.E., Smith, A.C., Newcomb, T.G., Ladiges, W.C., Dolle, M.E., 
Vijg, J., Fukuchi, K., Martin, G.M., 2000. Levels of dna damage are unaltered in mice 
overexpressing human catalase in nuclei  Free Radic. Biol. Med. 29, 664–673) all failed 
to increase longevity.  
 
To repeat the above without the reference clutter:  In mice, ubiquitous 
overexpression of SOD1, overexpression of glutathione peroxidase and 
overexpression of catalase in the nucleus all failed to increase longevity. I believe 
that this means that neither antioxidant enzymes nor EMODs affect longevity. 
 

The main purpose of this article is to provide a critical overview of the currently available 
evidence bearing on the validity of the oxidative stress hypothesis of aging, which 
postulates that senescence-associated attenuations in physiological functions are caused 
by molecular oxidative damage. Several lines of correlative evidence support the 
predictions of the hypothesis, e.g., macromolecular oxidative damage increases with age 
and tends to be associated with life expectancy of organisms. Nevertheless, a direct 
link between oxidative stress and aging has not as yet been established. 
Single gene mutations have been reported to extend the life spans of lower organisms, 
such as nematodes and insects; however, such prolongations of chronological clock time 
survival are usually associated with decreases in the rate of metabolism and reproductive 
output without affecting the metabolic potential, i.e., the total amount of energy 
consumed during life. Studies on genetic manipulations of the aging process have often 
been conducted on relatively short-lived strains that are physiologically weak, whereby 
life-span extensions can not be unambiguously assigned to a slowing effect on the rate of 
aging. It is concluded that although there is considerable evidence implicating oxidative 
stress in the aging process, additional evidence is needed to clearly define the nature 
of the involvement (Mechanisms of aging: an appraisal of the oxidative stress 
hypothesis. Sohal RS, Mockett RJ, Orr WC. Free Radic Biol Med. 2002 Sep 1;33(5):575-
86). 

The free radical theory of aging, one of the prominent aging hypotheses, holds that during 
aging, an increase in ROS in mitochondria causes mutations in the mitochondrial DNA 
and damages mitochondrial components, resulting in senescence. Although tests of the 
free-radical theory of aging have provided conflicting interpretations, findings 
from recent gene expression studies (T. Lu, Y. Pan, S.Y. Kao, C. Li, I. Kohane, J. Chan, 
B.A. Yankner, Nature 429, 883 (2004) (P. H. Reddy, S. McWeeney, B. S. Park, M. 
Manczak, R.V. Gutala, D. Partovi, Y. Jung, V. Yau, R. Searles, M. Mori, J. Quinn, Hum, 
Mol, Genet. 13, 1225 (2004), mitochondrial DNA studies (M. T. Lin, D. K. Simon, C. 
H. Ahn, L. M. Kim, M. F. Beal, Hum. Mol. Genet. 11, 133 (2002), and aging animal 
model studies (A. Trifunovic, A. Wredenberg, M. Falkenberg, J. N. Spelbrink, A..T. 
Rovio, C. E. Bruder, Y. M. Bohlooly, S. Gidlof, A. Oldfors, R. Wibom, J. Tornell, H. T. 
Jacobs, N. G. Larsson, Nature 429, 417 (2004) support this hypothesis, suggesting that 
an age-dependent increase in ROS is a key factor in causing age-related problems 
and diseases (R.,H. Swerdlow, S.,M. Khan, Med, Hypotheses 63, 8 (2004) (R. W. 
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Taylor, D. M. Turnbull, Nature Rev. Genet. 6, 389 (2005). Yet, extensive antioxidant 
studies have failed to support the free radical theory. 

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). 

Lysyl oxidase (LOX) mRNA is up-regulated in invasive breast cancer cells and that 
catalytically active LOX facilitates in vitro cell invasion.Hydrogen peroxide was 
produced as a by-product of LOX activity. 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)  

 

 

Some of the following material was abstracted or modified from:  THE ENEMY 
WITHIN. Julie St-Pierre. Journal of Experimental Biology 208, 0vii (2005). 

In energy metabolism, there are two means of ATP production: glycolysis and oxidative 
phosphorylation in mitochondria. The fact that mitochondria produce roughly 15 times 
more ATP per mole of glucose than glycolysis usually makes them the ideal choice for 
ATP production. 

Samuel Schriner and collaborators studied the effect of overexpressing catalase, an ROS- 

removing enzyme, on lifespan in mice. Catalase is normally found in peroxisomes, 
organelles that contain oxidative enzymes, where it converts the ROS hydrogen peroxide 
(H2O2) to water. The scientific team generated three groups of mice, either 
overexpressing catalase in peroxisomes (PCAT), the nucleus (NCAT) or the mitochondria 

(MCAT). They found that the PCAT and NCAT groups showed a slight increase in 
median lifespan but found no increase in maximum lifespan compared with wild-type 
(WT) mice. On the other hand, the MCAT mice lived 20% longer than the WT cohort 
of mice. It seems that removing ROS from mitochondria can extend a mouse's lifespan. 

To show conclusively that ROS levels are lower in cells and mitochondria of MCAT 
mice, the team measured the level of a marker of oxidative damage to DNA called 8-
hydroxydeoxyguanosine (8-OHdG) in muscle and heart. They saw that 8-OHdG 
increased with age in skeletal muscle of control animals but did not increase in the MCAT 
group, indicating that MCAT mice indeed experience less oxidative damage, in their 
muscles at least. However, none of the mice hearts showed an age-related 
change in 8-OHdG levels. The team also noted a trend with age towards a smaller 
accumulation of mitochondrial DNA deletions, which are associated with oxidative 



damage, in skeletal muscle and heart of MCAT mice compared with WT animals 
(Schriner, S. E., Linford, N. J., Martin, G. M., Treuting, P., Ogburn, C. E., Emond, M., 
Coskun, P. E., Ladiges, W., Wolf, N., Van Remmen, H. et al. (2005). Extension of 
murine lifespan by overexpression of catalase targeted to mitochondria. Science 
doi:10.1126/science.1106653). 
 
Transgenic mice overexpressing the human thioredoxin gene, which regulates the 
redox content of cells and is thought to be anti-apoptotic (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), featured an increased resistance to oxidative stress and 
an increase in longevity (Mitsui, A., Hamuro, J., Nakamura, H., Kondo, N., 
Hirabayashi, Y., Ishizaki-Koizumi, S., Hirakawa, T., Inoue, T., Yodoi, J., 2002. 
Overexpression of human thioredoxin in transgenic mice controls oxidative stress and life 
span. Antioxid. Redox. Signal 4, 693–696).  
 
Similarly, mice knock-out for p66shc lived about 30% longer and their cells were more 
resistant to oxidative stress (Migliaccio, E., Giorgio, M., Mele, S., Pelicci, G., Reboldi, 
P., Pandolfi, P.P., Lanfrancone, L., Pelicci, P.G., 1999. The p66shc adaptor protein 
controls oxidative stress response and life span in mammals. Nature 402, 309–313) 
p66shc may regulate intracellular oxidant levels in mammalian cells and appears to be 
proapoptotic (Nemoto, S., Finkel, T., 2002. Redox regulation of forkhead proteins 
through a p66shc-dependent signaling pathway. Science 295, 2450–2452). Since both 
p66shc and thioredoxin are not known to be antioxidants, however, it is 
unclear how these findings relate to oxidative damage and antioxidant defenses. 
Moreover, it is not known whether life extension in these experiments was due to delayed 
aging or delayed disease  (de Magalhaes, J.P., Cabral, J.A., Magalhaes, D., 2005. The 
influence of genes on the aging process of mice: a statistical assessment of the genetics of 
aging. Genetics 169, 265–274).  
 
Mice overexpressing catalase in mitochondria have been recently shown 
to live about 20% longer than controls (Schriner, S.E., Linford, N.J., Martin, G.M., 
Treuting, P., Ogburn, C.E., Emond, M., Coskun, P.E., Ladiges, W., Wolf, N., Van 
Remmen, H., Wallace, D.C., Rabinovitch, P.S., 2005. Extension of murine life span by 
overexpression of catalase targeted to mitochondria. Science 308, 1909–1911). 
 
Nevertheless, the extended lifespan of these animals, termed MCAT, appeared to be 
related to a lower incidence of cardiac pathology, which has been associated with 
functional abnormalities in mitochondria. The rate at which mortality increased with 
age did not indicate MCAT mice as aging slower than controls. Therefore, MCAT mice 
may well be a case of a life-extending intervention due to a lower incidence of a specific 
pathology across the entire lifespan, not due to changes in rate of aging. In some cases, 
disruption of antioxidant pathways has resulted in increased oxidative damage and, 
sometimes, in decreased longevity, but it is not clear aging was accelerated. 
 
For instance, knocking out the gene responsible for 8-oxodGTPase in mice, although 
resulting in an increased cancer incidence, did not alter the aging process (Tsuzuki, 



T., Egashira, A., Igarashi, H., Iwakuma, T., Nakatsuru, Y., Tominaga, Y., Kawate, H., 
Nakao, K., Nakamura, K., Ide, F., Kura, S., Nakabeppu, Y., Katsuki, M., Ishikawa, T., 
Sekiguchi, M., 2001. Spontaneous tumorigenesis in mice defective in the MTH1 gene 
encoding 8-oxo-dGTPase. Proc. Natl Acad. Sci. USA 98, 11456–11461, and mice 
deficient for glutathione peroxidase do not age faster (Ho, Y.S., Magnenat, J.L., 
Bronson, R.T., Cao, J., Gargano, M., Sugawara, M., Funk, C.D., 1997. Mice deficient in 
cellular glutathione peroxidase develop normally and show no increased sensitivity 
to hyperoxia. J. Biol. Chem. 272, 16644–16651). 
 
Mice without MSRA have a decreased longevity  (Moskovitz, J., Bar-Noy, S., Williams, 
W.M., Requena, J., Berlett, B.S., Stadtman, E.R., 2001. Methionine sulfoxide reductase 
(MsrA) is a regulator of antioxidant defense and lifespan in mammals. Proc. Natl Acad. 
Sci. USA 98, 12920–12925), but whether their aging process is affected remains a subject 
of debate.  
 
Disruption of mitochondrial DNA polymerase resulted in an accelerated aging 
phenotype in mice (Trifunovic, A., Wredenberg, A., Falkenberg, M., Spelbrink, J.N., 
Rovio, A.T., Bruder, C.E., Bohlooly, Y.M., Gidlof, S., Oldfors, A., Wibom, R., Tornell, 
J., Jacobs, H.T., Larsson, N.G., 2004. Premature ageing in mice expressing defective 
mitochondrial DNA polymerase. Nature 429, 417–423), but an increase in ROS 
production or higher levels of oxidative damage were not observed (Kujoth, G.C., 
Hiona, A., Pugh, T.D., Someya, S., Panzer, K., Wohlgemuth, S.E., Hofer, T., Seo, A.Y., 
Sullivan, R., Jobling, W.A., Morrow, J.D., Van Remmen, H., Sedivy, J.M., Yamasoba, 
T., Tanokura, M., Weindruch, R., Leeuwenburgh, C., Prolla, T.A., 2005. Mitochondrial 
DNA mutations, oxidative stress, and apoptosis in mammalian aging. Science 309, 481–
484). 
 
Lastly, mice heterozygous for SOD2 showed increased oxidative damage at various 
levels, including DNA oxidative damage, but did not show significant changes in 
longevity or rate of aging (Van Remmen, H., Ikeno, Y., Hamilton, M., Pahlavani, M., 
Wolf, N., Thorpe, S.R., Alderson, N.L., Baynes, J.W., Epstein, C.J., Huang, T.T., 
Nelson, J., Strong, R., Richardson, A., 2003. Life-long reduction in MnSOD activity 
results in increased DNA damage and higher incidence of cancer but does not accelerate 
aging. Physiol. Genomics 16, 29–37), clearly arguing that oxidative damage alone 
does not drive aging in mammals. 
 
Antioxidants have been related to aging in invertebrates. The most compelling evidence 
so far was the delayed aging observed in flies (Drosophila melanogaster) overexpressing 
SOD1 and catalase (Orr, W.C., Sohal, R.S., 1994. Extension of life-span by  
overexpression of superoxide dismutase and catalase in Drosophila melanogaster. 
Science 263, 1128–1130), even though the same authors have recently suggested that 
their earlier findings may have been overestimated (Orr, W.C., Mockett, R.J., Benes, 
J.J., Sohal, R.S., 2003. Effects of overexpression of copper-zinc and manganese 
superoxide dismutases, catalase, and thioredoxin reductase genes on longevity in 
Drosophila melanogaster. J. Biol. Chem. 278, 26418–26422).  
 



Overexpression of human SOD1 in the motorneurons of flies extended lifespan by 
up to 40% (Parkes, T.L., Elia, A.J., Dickinson, D., Hilliker, A.J., Phillips, J.P., 
Boulianne, G.L., 1998. Extension of Drosophila lifespan by overexpression of human 
SOD1 in motorneurons. Nat. Genet. 19, 171–174), so it is possible that antioxidant 
protection plays a role in aging in some species. I believe that this may be related to 
increased H2O2 levels. 
 
Since humans are mammals, findings in invertebrates are likely to be less relevant to 
understand human aging than studies in mammalian models. Indeed, since invertebrate 
models of aging like flies are mostly composed of post-mitotic cells, that may make 
them more susceptible to oxidative damage and thus not accurately represent human 
aging. 
 
Overall, and although it is possible that multiple antioxidants must be optimized for aging 
to be delayed, these results cast doubts that antioxidant protection is linked to aging rates 
in mammals, thus arguing that antioxidant protection does not explain why different 
species age at different rates. 
 
 In fact, correlations between rate of aging and antioxidant levels in 
mammals are, if they exist, very weak (Finch, C.E., 1990. Longevity, 
Senescence, and the Genome. The University of Chicago Press, Chicago) (Sohal, R.S., 
Weindruch, R., 1996. Oxidative stress, caloric restriction, and aging. Science 273, 59–63) 
(Weindruch, R., 1996. The retardation of aging by caloric restriction: studies in rodents 
and primates. Toxicol. Pathol. 24, 742–745), suggesting that antioxidant protection is 
already optimized in mammals. 
 
Even though the sources of ROS are numerous, including endogenous and exogenous 
sources, some advocates of the free radical theory of aging focus on ROS derived from 
the cellular metabolism taking place in mitochondria. One hypothesis is that ROS 
production or leakage in mitochondria, rather than antioxidant defense systems, 
determines the rate of the aging process. Supporting this concept is a correlation 
between mitochondrial ROS production and longevity, observed at least for a few short-
lived mammals, such as mice (Mus musculus) and rats (Rattus norvegicus), have an 
increased ROS production when compared to metabolically-equivalent longer lived 
birds such as parakeets (Melopsittacus undulatus), pigeons (Columba livia), and canaries 
(Serinus canarius). Likewise, bats (Myotis lucifugus) have a lower production of 
ROS when compared to mice and live much longer despite similar metabolic rates and 
body. Mice under caloric restriction (CR), which delays aging in many species, 
including rodents, feature a lower production of ROS and a slower accumulation of 
oxidative damage (Barja, G., 2002. Endogenous oxidative stress: relationship to aging, 
longevity and caloric restriction. Ageing Res. Rev. 1, 397–411.  
 
On the other hand, there are several pathologies in mice and humans derived from 
mutations affecting the mitochondrion, which often involve an increase in ROS 



leakage, that do not yield an accelerated aging phenotype (DiMauro, S., Schon, E.A., 
2003. Mitochondrial respiratory-chain diseases. N. Engl. J. Med. 348, 2656–2668) 
(Wallace, D.C., 1999. Mitochondrial diseases in man and mouse. Science 283, 
1482–1488).  
 
One example is Friedreich’s ataxia, which appears to derive from increased 
oxidative stress in mitochondria but at a pathophysiological level does not resemble 
accelerated aging. Free radical generation is often considered a deleterious byproduct 
of oxygen metabolism  (Nemoto, S., Finkel, T., 2004. Ageing and the mystery at Arles. 
Nature 429, 149–152). Not surprisingly, metabolic rate, which is usually estimated by 
measuring oxygen consumption at rest, has been directly related to the rate of free 
radical generation in mitochondria. For instance, it has been suggested that metabolic 
rates may influence the rate at which tissues are bombarded with ROS (Austad, S.N., 
2005. Diverse aging rates in metazoans: targets for functional genomics. Mech. Ageing. 
Dev. 126, 43–49).  
 
A number of results, however, suggest that metabolic rates do not influence longevity 
in endotherms like birds and mammals  (Harvey, P.H., Pagel, M.M., Rees, J.A., 1991. 
Mammalian metabolism and life histories. Am. Nat. 137, 556–566) (Trevelyan, R., 
Harvey, P.H., Pagel, M.D., 1990. Metabolic rates and life histories in birds. Funct. Ecol. 
4, 135–141).  
 
It is not O2 consumption alone that determines ROS production but a complex number of 
systems that may differ from species to species. Nonetheless, if ROS production due to 
energy production in the mitochondria is linked to aging then O2 consumption should, to 
some degree, impact on longevity, as predicted in many formulations of the free radical 
theory of aging. Moreover, a number of studies in mice did not find a negative 
correlation between metabolic rates and longevity. For example, one study found 
that C/EBP b/b mice burned more fat, had bigger mitochondria, pumped out larger 
quantities of mitochondrial proteins, and nonetheless lived longer than controls 
(Chiu, C.H., Lin, W.D., Huang, S.Y., Lee, Y.H., 2004. Effect of a C/EBP gene 
replacement on mitochondrial biogenesis in fat cells. Genes. Dev. 18, 1970–1975.  
 
Another study reported that in individual mice high metabolic rates were associated 
with a longer lifespan  (Speakman, J.R., Talbot, D.A., Selman, C., Snart, S., McLaren, 
J.S., Redman, P., Krol, E., Jackson, D.M., Johnson, M.S., Brand, M.D., 2004. Uncoupled 
and surviving: individual mice with high metabolism have greater mitochondrial 
uncoupling and live longer. Aging Cell 3, 87–95). Together, these results argue that 
oxygen metabolism and thus aerobic energy production in mitochondria are not related to 
aging, making it necessary to re-asses some formulations of the free radical theory of 
aging. 
 
In conclusion, manipulating components of antioxidant systems does not appear to 
affect aging in mammals  (Sohal, R.S., Mockett, R.J., Orr, W.C., 2002. Mechanisms of 
aging: an appraisal of the oxidative stress hypothesis. Free Radic. Biol. Med. 33, 575–



586) (de Magalhaes, J.P., 2005. Open-minded scepticism: inferring the causal 
mechanisms of human ageing from genetic perturbations. Ageing Res. Rev. 4, 1–22).  
 
This is in direct contrast with other systems, such as endocrine systems, in which single 
gene manipulations—e.g. in GHR, GHRHR, IGF1R, PIT1, and PROP1—can in some 
cases increase longevity by roughly 50%, delay age-related changes, and significantly 
alter rate of aging  (de Magalhaes, J.P., 2005. Open-minded scepticism: inferring the 
causal mechanisms of human ageing from genetic perturbations. Ageing Res. Rev. 
4, 1–22) (de Magalhaes, J.P., Cabral, J.A., Magalhaes, D., 2005. The influence of genes 
on the aging process of mice: a statistical assessment of the genetics of aging. Genetics 
169, 265–274).  
 
18.1.0    Antioxidant defense in centenarians (a preliminary study) 
(Barbara Kapciñska et al. Acta Biochemica Polonica. Vol. 47 No. 2/2000, 281–292). 
 
The study was designed to assess the antioxidant defense mechanisms, either enzymatic 
or non-enzymatic, in a group of sixteen centenarians (one male and fifteen female 
subjects aged 101 to 105 years) living in the Upper Silesia district (Poland) in order 
to evaluate the potential role of antioxidant defenses in human longevity. The results 
of our preliminary study showed that in comparison with young healthy female 
adults the centenarians had significantly higher red blood cell glutathione reductase 
and catalase activities and higher, although insignificantly, serum vitamin E level.  
 
I believe that this can be interpreted to mean that as aging occurs the antioxidant 
reducing environment increases. Another interpretation is that as oxidative capacity 
decreases, disease and organ function decreases. 
 
More importantly, this study shows that so called oxidative stress decreases in 
centenarians, which is counter to the teachings of the Free Radi-Crap theory of 
aging. 
 
Free radical theory of aging, first presented by Harman (Harman, D. (1992) Free radical 
theory of aging. Mutat. Res. 275, 257-266), implies that aging changes are caused by free 
radical reactions leading to oxidative damage of multiple cellular components. Human 
tissues appeared to have unusually low sensitivity to autooxidation, most likely due 
to their relatively high antioxidant defense capacity (Cutler, R.G. (1985) Peroxide-
producing potential of tissues: Inverse correlation with longevity of mammalian species. 
Proc. Natl. Acad. Sci. U.S.A. 82, 4798-4802). Sixteen centenarians (15 females and 1 
male), aged from 101 to 105 years, gave their consent to be examined within this study. 
 
As to antioxidant enzymes, characteristic was a lower (P < 0.05 by Mann-Whitney U-
test) activity of superoxide dismutase in centenarians as compared with young healthy 
female subjects (716.9 vs 872.6 U/g Hb, respectively), whereas the catalase activity was 
higher in centenarians (245.9 vs 198.4 k/g Hb, respectively). I believe that the low 
SOD level resulted in low peroxide levels and this is linked to increased propensity 



for development of diseases in the elderly.  Also, the high catalase levels would 
further reduce EMOD levels. 
 
Well documented (?) is the view that the level of oxidative stress increases with 
advancing age, but it is still not clear whether it is due to a decline of antioxidant defense 
system capacity or an increase in the rate of prooxidant production. However, this study 
shows that oxidative stress was decreased in centenarians. 
 
Data from the literature obtained from studies on different animal species are not 
consistent. An age-related decline in SOD activity was observed by Sohal & Orr 
(Sohal, R.S. & Orr, W.C. (1992) Relationship between antioxidants, prooxidants, and the 
aging process. Ann. N. Y. Acad. Sci. 663, 73-74) in housefly as well as in liver and heart 
of Sprague-Dawley rats but not in Drosophila. Interestingly, these authors did not 
find any clear association between the enzymatic antioxidant defense in 
six different mammalian species and their maximum life span potential. 
Therefore, their suggestion is that the major factor implicated in the age-related increase 
in oxidative stress is the enhanced rate of mitochondrial superoxide radicals O2 _– and 
hydrogen peroxide (H2O2) generation. There are many reports from animal 
experiments which evidenced the age-related increase in activity of antioxidant 
enzymes. Less conclusive are results of human studies on aging and oxidative stress. 
Some authors underly the anti-aging action of dietary restriction being an effective 
modulator of oxidative stress (Yu, B.P. (1996) Aging and oxidative stress: Modulation by 
dietary restriction. Free Radical Biol. Med. 21, 651-668) or dietary supplementation with 
antioxidants (Cao, G., Booth, S.L., Sadowski, J.A. & Prior, R.L. (1998) Increases in 
human plasma antioxidant capacity after consumption of controlled diets high in fruit and 
vegetables. Am. J.Clin. Nutr. 68, 1081-1087).  
 
However, almost two decades of research on correlation between superoxide dismutase 
activity and aging or life span, either in animals or humans, failed to elucidate the role 
of SOD in aging (Warner, H.R. (1994) Superoxide dismutase, aging, and degenerative 
disease. Free Radical Biol.Med. 17, 249-258). 
 
Glutathione peroxidase activity in centenarians appeared to be very close to the 
values found in young female subjects, although selenium concentration in whole blood 
was lower in the aged group as compared to young female subjects, the difference was 
not significant. Glutathione reductase activity in centenarians was 
significantly higher (P < 0.05 by Mann-Whitney U-test) as compared to the 
values found in female adults. Our observations are in a good agreement with those 
reported by others. Rodriguez-Martinez & Ruiz-Torres (Rodriguez-Martinez, M.A. & 
Ruiz-Torres, A. (1992) Homeostasis between lipid peroxidation and antioxidant enzyme 
activities in healthy human aging. Mech. Ageing Dev. 66, 213-222) reported a clear 
glutathione reductase increase with age. 
 
It is presumed that the increase in the activities of antioxidant enzymes in blood of our 
subjects, mainly glutathione reductase and catalase (to a lesser extent), could be  
interpreted as favorable response of the organism to oxidative stress which enables it to 



maintain the balance between the production of reactive oxygen species (ROS) and 
efficacy of antioxidant defenses in normal aging. 
 
All but one our centenarians had adequate vitamin E levels. It is noteworthy to underly 
that the mean α-tocopherol concentration in centenarians was about 30% 
higher (15.05 _g/mL) than in young female adults (11.59 _g/mL), however 
the difference was not significant. Their results agree with those of other authors 
(Elmadfa et al., 1986) who reported increased and age-dependent plasma 
tocopherol concentration in elderly of 62–98 years of both sexes. 
 
Another low molecular mass antioxidant present in plasma is uric acid. Urate is known 
to be fast-reacting peroxyl scavenger in the plasma, capable of scavenging 2 peroxyl 
radicals per molecule (Rice-Evans, C.A., Diplock, A.T. & Symons, M.C.R. (1991) 
Techniques in Free Radical Research, pp. 47-50, Elsevier, Amsterdam). Urate in normal 
physiological concentration efficiently protects hemoglobin and erythrocytes against 
oxidation by ROS and peroxidative damage of membrane lipids. It can also react with 
singlet oxygen and hydroxyl radicals acting as a potent antioxidant. It should be noted 
that urate concentrations recorded in the present study were, in all but one case, within 
the physiological range (3–5.7 mg _ dl–1) (Prencipe, L., Fossati, P. & Vanetti, G. (1978) 
Enzymatic determination of uric aid in serum with the trinder reaction. Quad. Sclavo. 
Diagn. 15, 382-394). Interestingly, the mean plasma urate concentration in 
centenarians was significantly higher (P < 0.05 by Mann-Whitney U-test) than in 
young female adults. The antioxidant, uric acid, is also higher in patients with 
Alzheimer’s disease. 
 
Unexpectedly, they found that the degree of oxidative stress was lower 
in healthy centenarians (1.89 ± 0.42 _mol/L) as compared to young 
female subjects (4.45 ± 1.73 _mol/L). Similar phenomenon was reported by Paolisso 
et al. (1998) who found that the degree of oxidative stress as measured by 
levels of thiobarbituric acid reacting substances (TBARS) and lipid 
hydroperoxides (LPO) was lower in healthy centenarians than in aged 
subjects (Paolisso, G., Tagliamonte, M.R, Rizzo, M.R, Manzella, D., Gambardella, A., 
Varicchio, M. (1998) Oxidative stress and advancing age: Results in healthy centenarians 
J. Am. Geriatr. Soc.46, 833-838). They also reported that plasma vitamin E concentration 
and reduced to oxidized glutathione (GSH/GSSG) ratio were more elevated (P < 0.05 and 
P < 0.01, respectively) in centenarians than in aged subjects. Most authors state that so 
called oxidative stress gets progressively higher with aging, but this is obviously 
wrong.  
 
Among many independent risk factors for atherosclerotic disease one should mention 
homocysteine (Hcy), which is an intermediate formed during the metabolism of essential 
sulfur-containing amino acid methionine. It is usually noticed that homocysteine 
concentration rises progressively with age both in men and women. The age-related rise 
in plasma Hcy level is explained by a decline in glomerular filtration rate (GFR) in aged 
patients, therefore, the hyperfiltration occurring in diabetes mellitus may explain the 



lower than normal mean plasma total homocysteine (tHcy) in diabetic patients (Wollesen, 
F., Brattstrom, L., Refsum, H., Ueland, P.M., Berglund, L. & Berbe, C. (1999) Plasma 
total homocysteine and cysteine in relation to glomerular filtration rate in diabetes 
mellitus. Kidney Int. 55, 1028-1035). Some authors link elevated levels of serum-
homocysteine with decline in cognitive function and consider it as an early and  
sensitive marker for cognitive impairment. 
 
18.1.1     Down’s syndrome (DS) 
 
Down’s syndrome (DS) is a genetic disorder resulting from either total or partial trisomy 
of chromosome 21 (Lejeune et al. 1959).  It is well recognized in the community due to 
its prevalence, occurring at a frequency of 1 in 700-1000 live births, and due to the 
characteristic morphological features such as shortened stature, flattened nose and 
epicanthic eye folds (Patterson, 1987; Kola, 1997).  Patients with DS suffer from a wide 
range of clinical pathologies, including mental retardation, microcephaly, bone and 
skeletal abnormalities, congenital malformations of most organs (especially the heart), 
high susceptibility to infections, cataracts, and increased incidence of leukemia and 
diabetes (Epstein, 1986; Pueschel, 1990).  Individuals with DS also display features of 
premature aging and those who survive past their third decade usually develop 
Alzheimer’s disease (AD) (Kesslak et al. 1994; Korenberg, 1995). 
 
18.1.2    Oxygen basics and altitude 
 
The human body requires a continuous supply of oxygen to the tissues to maintain the 
process of metabolism (the use of substrate for energy to maintain life-sustaining 
biological processes). Each cell in the human body must receive oxygen continuously and 
nutrients if cell life is to be maintained (Boutellier U., Deriaz O., di Prampero P.E., 
Cerretelli P. Aerobic performance at altitude: effects of acclimatization and hematocrit 
with reference to training. Int J Sports Med, Number 11. 1994). 
 
Oxygen is transported to the cells by the blood, which consists of plasma and fluids. Red 
blood cells or erythrocytes are the predominant type of cells in the blood plasma. Red 
blood cells transport gases throughout the body. They have an iron-containing 
metalloprotein, hemoglobin, which transports oxygen and carbon dioxide throughout the 
body (Burke, E. A Practical Approach to Altitude Training. University of Colorado at 
Colorado Springs, USA. 5 Oct 1994). 
 
The concentration of oxygen in the air at sea level (0 meters) is 20.93% and stays 
relatively unchanged until elevation increases to over 1500 meters. As elevation 
above sea level increases, atmospheric pressure decreases. An increase in altitude also 
causes the density of oxygen in the atmosphere to decrease, and the density of carbon 
dioxide in the atmosphere to increase. The human body compensates for the decreased 
levels of oxygen available by increasing its heart and exhalation rates to rid itself of the 
increased amounts of carbon dioxide being inhaled. 
 
Additional physiological effects of altitude increase on the human body include:  



•  
Increase in the production of the natural hormone erythropoietin (EPO). As the prime  
regulator of red cell production, EPO promotes the development of red blood cells and  
initiates the synthesis of hemoglobin. This in turn increases the red blood cell mass for  
delivering oxygen to muscle cells and converting it into energy.  
• 
A boost in total blood volume, which moves oxygen more efficiently through the  
bloodstream.  
• 
An increase in the maximum amount of oxygen the body can convert to work, and  
increasing overall and long-term stamina. 
• 
Increase in the hematocrit levels in the blood to provide a greater percentage of cells  
carrying oxygen.  
• 
Elevated capillary volume, creating more blood pathways to muscle cells for improved  
muscle oxygenation.  
• 
A higher volume of mitochondria, which increases the amount of ATP produced.  
• 
An increase in the lungs' ability to exchange gases efficiently  
 

 

Additionally, a condition known as hypoxic hypoxia occurs at high altitude because 
arterial partial pressure of oxygen (PaO2) is reduced and the hemoglobin is not fully 
saturated with oxygen (Eccles, G. The Physiological Effects of High Altitude on the 
Human Body. IFTNZ Number 1729. 2 April 2000). 
 
This condition decreases the amount of oxygen reaching the brain, while increasing the  
amount of carbon dioxide reaching the brain. Within 3-12 hours after the onset of 
hypoxic hypoxia, cells express VEGF (vascular endothelial growth factor), a cytokine, 
which dissolves capillary basement membranes permitting plasma and red cells to leak 
into the body and to facilitate growth of new capillary tubules. While also promoting 
angiogenesis, hypoxic hypoxia can also cause petechial hemorrhages in the retina and 
throughout the body. 
 
There are negative effects on human physiology from hypoxic hypoxia, including loss of 
brain functionality as a result of decrease in oxygen to the brain. However, it has been 
found that people who live at very high altitudes live significantly longer, 
have a lower incidence of cancer and heart disease and other 
degenerative conditions, than people who live near sea level. I believe that this 
may be similar to stunning or preconditioning. 

The low concentration of O2 in the thin air at high altitude is undoubtedly the reason for 
the remarkable modifications in the structure and function of the heart, lung, and blood of 
humans permanently living under these conditions. The effect of natural hypoxic hypoxia 
on the metabolism of the human body is however not well understood nor is the decrease 



in cancer incidence and heart disease. Similar to conditions that the body experiences 
at elevated altitude and under natural hypoxic hypoxia, exercise increases heart 
rate, breathing and the metabolic rate in the body. 
 
The importance of exercise has been proven time and again as it improves the health 
of the heart, lungs, and circulatory system. Exercise increases endurance, which also 
improves stamina. Endurance exercises also may delay or prevent many diseases 
associated with aging, such as diabetes, colon cancer, heart disease, and stroke.  
 
I believe that hypoxic conditions may result in a type of ischemic preconditioning 
and be protective because of elevated EMOD levels. 
 
Strengthening exercises, such as lifting weights build muscles and increase metabolic 
rates, helping to keep weight and blood sugar at optimal levels. Studies also suggest that 
strength exercises also may help prevent osteoporosis. Regular exercise is important 
because obesity and diabetes are major health problems for older adults. 
 
Recent studies have shown that there is strong correlation between post-menopausal 
breast, colon, prostate, endometrial and rectal cancer as a result of obesity. Obesity 
substantially increases the risk of several major cancers in men women, especially 
postmenopausal breast cancer and endometrial cancer.  
 
This effect will occur only above 1500 meters, as the density of oxygen in the air remains 
relatively constant up until 1500 meters and altitude will not play a role in increase in 
heart rate, stamina or blood flow. These exercise-induced effects on a sedentary person 
will increase proportionally as altitude increases over 1500 meters. However, at levels 
above 5000 meters, homeostasis can not be achieved and loss of all human functionality 
will occur. 
 
Thus, the positive effects of altitude will be negligible because oxygen will not be able to 
reach the brain naturally. There is a balance between ability to achieve homeostasis, 
ability for oxygen to reach the brain and simulation of exercise. The effect of athletic 
training and exercise is well documented to show that increase in altitude improves 
athletic performance at lower altitudes. 
 
Additionally, there is a positive correlation between an increase in metabolism and 
an increase in altitude.Thus, people living at higher altitudes will have a lower 
propensity towards becoming obese and have naturally occurring increases in their 
metabolic rates. Since there is documented risk and correlation between cancer and 
obesity, I propose that at higher altitudes a decrease in cancer can be observed due to 
lower rates of obesity and natural increase in production of healthy, new red blood cells.  
 
Additionally, elevation in altitude increases the intensity of sunlight the human body is 
exposed to. Regular exposure to sunlight which increases vitamin D intake inhibits 
growth of breast and colon cancer cells and is associated with substantial decreases in 
death rates from these types of cancer. 

http://www.nia.nih.gov/exercisebook/chapter4_strength.htm


 
Support for the biochemical relationship between sun exposure and cancer inhibition  
appeared in a 1979 study reporting that a human breast cancer cell line had receptor sites 
for 25-dihydroxyvitmain D3, the most active metabolite of vitamin D. Though there is 
little evidence to support this, I claim that at altitudes between 1500 and 500 meters, 
metabolic rates are increased. Additionally, cancer rates are decreased at these altitudes,  
as is the growth rate of cancers.  
 

 
18.1.3     H2O2 signaling in plants 
  
Recent biochemical and genetic studies confirm that hydrogen peroxide is a signalling 
molecule in plants that mediates responses to abiotic and biotic stresses.  
 
Signalling roles for hydrogen peroxide during abscisic-acid-mediated stomatal 
closure, auxin-regulated root gravitropism and tolerance of oxygen deprivation are 
now evident. The synthesis and action of hydrogen peroxide appear to be linked to those 
of nitric oxide.  
 
Downstream signalling events that are modulated by hydrogen peroxide include: 
- calcium mobilisation,  
- protein phosphorylation and  
- gene expression.  
 
Calcium and Rop signalling contribute to the maintenance of hydrogen peroxide 
homeostasis (Hydrogen peroxide signalling. S Neill, R Desikan, J Hancock. Curr Opin 
Plant Biol (2002) 5: 388-95). 
 
18.2.0     EMODs in plants 
 
Some of the following was abstracted, excerpted or modified from:  Two Distinct 
Sources of Elicited Reactive Oxygen Species in Tobacco Epidermal Cells. Andrew C. 
Allan and Robert Fluhr. The Plant Cell, Vol. 9, 1559-1572, September 1997. 
 
Reactive oxygen species (ROS) play a prominent role in early and later stages of the 
plant pathogenesis response, putatively acting as both cellular signaling molecules 
and direct antipathogen agents. Pathogen-induced oxidative bursts are harnessed by the 
plant cell both as a means of “poisoning” an invading pathogen and as an intracellular 
and intercellular messenger of this invasion. Reactive oxygen species (ROS), including 
hydrogen peroxide (H2O2) and superoxide (O2.-), are the agents of this burst ‘(reviewed in 
Sutherland, 1991; Mehdy, 1994; Baker and Orlandi, 1995; Bowell et al., 1995; lnzé and 
Van Montagu, 1995). Although moderately reactive themselves, much of the cellular 
damage caused by H2O2 and O2- is the result of conversion to even more reactive 
species; for example, H2O2 is converted in the presence of Fe2+ to the extremely toxic 
hydroxyl free radical (OH.) via the Fenton reaction. However, it is H2O2 that is the most 
attractive candidate for signaling via ROS because of its relatively long life and high 
permeability across membranes. 



 

 

 

 

 

 

Severa1 enzymatic sources of ROS appear to exist in the plant cell. Evidence is 
accumulating for the activity of a plasma membrane NAD(P)H oxidase analogous to the 
mammalian enzyme producing O2-. Production of ROS during pathogen response can be 
prevented by diphenyleneiodonium (DPI), an inhibitor of flavin-containing oxidases, 
including NAD(P)H oxidase (Levine et al., 1994) and xanthine oxidase (Doussiére and 
Vignais, 1992). Components of a putative plant NAD(P)H oxidase have been identified 
(Desikan et al., 1996; Groom et al., 1996; Murphy and Auh, 1996). Another source of 
ROS, elicited during pathogen attack, is a cell wall-located peroxidase. Although 
peroxidases usually function to dissipate H2O2, it appears that fast production of 
H2O2 from this enzyme occurs during alkalization of the apoplast (Bowell et al., 1995), 
which has been shown to accompany pathogen recognition (Viard et al., 1994; Salzer et 
al., 1996). 
 

A wide range of factors appears to elicit an oxidative response in plant cells. Abiotic 
inputs, such as UV-B (280 to 320 nm), temperature extremes, pollutants, and 
osmotic and mechanical stress, all appear to produce increases in ROS (Green and 
Fluhr, 1995; lnzé and Van Montagu, 1995; Yahraus et al., 1995). DCFH exhibits 
selectivity for H2O2 over other free radicals (Vowells et al., 1995). Generation of O2.-  
outside of the cell, using a xanthine/xanthine oxidase system, resulted in a large cellular 
fluorescence increase. Although O2.-  has limited permeability across the plasma 
membrane, O2.- can rapidly dismutate to H2O2 either spontaneously or in a reaction 
catalyzed by superoxide dismutase (SOD) (Sutherland, M.W. (1 991). The generation of 
oxygen radicals during host plant responses to infection. Physiol. MOI. Plant Pathol. 39, 
79-93). Indeed, the addition of exogenous SOD to the O2.-generating system enhances 
the rate of intracellular DCFH oxidation, indicating rapid formation of peroxide by 
SOD.  

Rose bengal (4,5,6,7-tetrachloro-2’,4‘,5’,7’-tetraiodofluoroscein) is a water-soluble 
xanthene dye that forms singlet. oxygen (1O2) when irradiated with white light 
(Knox and Dodge, 1984). In the plant, (1O2) is rapidly converted to O2-. and H2O2 
(Foyer, C.H., Lelandais, M., and Kunert, K.J. (1994). Photoxidative stress in plants. 
Physiol. Plant. 92, 696-717).  

Salicylic acid (SA) is implicated inystemic pathogen resistance and has been postulated 
to enhance H2O2 accumulation via inhibition of a cytosolic catalase (Chen et al., 1993). 

Amines can induce ROS production by acting as substrates for amine oxidases. 
These are a ubiquitous group of plant enzymes that catalyze the oxidation of a variety of 
monoamines, diamines, and polyamines to the corresponding aldehyde and release NH, 
and H2O2 (Tipping and McPherson, 1995). Many plants are induced to accumulate higher 
levels of polyamines and amine-oxidizing systems during pathogen infection, and this 
positively correlates with disease resistance (Angelini et al., 1993). 
 



Peroxidase can also produce H2O2 when supplied with an appropriate reductant 
(Bowell et al., 1995). 
 
18.2.1   Cellular redox state 
 

 

GSH is a tripeptide thiol that acts as the cell’s thiol antioxidant. Oxidation of GSH results 
in a disulfide bond linking two molecules of GSH (termed GSSG), which is maintained at 
low concentrations in the cell by the action of glutathione reductase. The relatively high 
concentrations of GSH in the cell act to ensure stable maintenance of the cellular thiol 
state. The state of the cell's GSH/GSSG pool is therefore a very useful endogenous 
indicator of the occurrence of oxidative stress. If levels of ROS rise in the cell, then the 
GSH/GSSG ratio is expected to fall due to the action of the enzyme GSH peroxidase, 
which converts GSH and H2O2 to GSSG and H2O. 
 
Elicitation of ROS is associated with subsequent cell death; however, there are other 
pathways implicated in plant pathogen response that do not appear to invoke ROS 
but nevertheless result in cell death. 
 
In the mammalian NAD(P)H oxidase system (upon which the plant model is based), the 
release of ROS occurs only after internalization of the elicitor by phagocytosis (Sega1 
and Abo, 1993). After phagocytosis, the O2.- radical remains internalized, making 
H2O2 the only likely ROS to leave the cell. 

18.2.2     Sulfite oxidase produces H2O2 
 
Sulfite oxidase (EC 1.8.3.1 [EC] ) from the plant Arabidopsis thaliana is the smallest 
eukaryotic molybdenum enzyme consisting of a molybdenum cofactor-binding domain 
but lacking the heme domain that is known from vertebrate sulfite oxidase. While 
vertebrate sulfite oxidase is a mitochondrial enzyme with cytochrome c as the 
physiological electron acceptor, plant sulfite oxidase is localized in peroxisomes and does 
not react with cytochrome c. 18O labeling experiments and the use of catalase provided 
evidence that plant sulfite oxidase combines its catalytic reaction with a subsequent non-
enzymatic step where its reaction product hydrogen peroxide oxidizes another molecule 
of sulfite. In vitro, for each catalytic cycle plant SO will bring about the oxidation of two 
molecules of sulfite by one molecule of oxygen. In the plant, sulfite oxidase could be 
responsible for removing sulfite as a toxic metabolite, which might represent a means to 
protect the cell against excess of sulfite derived from SO2 gas in the atmosphere (acid 
rain) or during the decomposition of sulfur-containing amino acids (Plant Sulfite Oxidase 
as Novel Producer of H2O2. Robert Hänsch et al. J. Biol. Chem., Vol. 281, Issue 10, 6884-
6888, March 10, 2006).  
 

Sulfite oxidase changes an unsafe chemical into a safer one. Federal researchers have 
found children involved in a northern Nevada leukemia cluster are more prone to have a 
variation in a gene that helps combat unsafe chemicals. Since 1997, 17 children with ties 

http://www.jbc.org/cgi/external_ref?access_num=1.8.3.1&link_type=EC


to Fallon have been diagnosed with acute lymphocytic leukemia. Three have died. Health 
officials say about one leukemia case in five years would be expected. 

The latest DNA study revealed that all 11 children with leukemia who were tested had a 
variation in the SUOX gene, which tells the body how to make sulfite oxidase. Scientists 
must determine the effect of variations in the SUOX gene and whether the variation 
makes it more or less likely that a child will get leukemia. 

Sonodynamic therapy 

The mechanism of enhancement of chemotherapy by low-level ultrasound (US) (1.62 
MHz tone burst, 10% duty cycle, 0.25 W/cm2 , 0.28 MPa, and 2.0 MHz center frequency 
pulsed, 8-cycle wave form, 1 KHz prf, 0.18 W/cm2, 1 MPa) was investigated with respect 
to free radical activity. The cytotoxicity of Adriamycin and diaziquone was enhanced 
by US; both these compounds by themselves act in part through free radical mechanisms. 
The compounds 5-fluorouracil and cisplatin, which do not exhibit free radical activity by 
themselves, were not potentiated by US. Electron spin resonance spin trapping 
measurements showed that US by itself caused hydroxyl radical production in water 
comparable to that of 0.5 Gy of X-rays, but had no appreciable effect on clonogenic 
survival of CHO cells. Added Adriamycin did not change the yield of hydroxyl radicals. 
(Free radical activity and enhancement of chemotherapy by low-level ultrasound.  
Harrison, G.H.; Balcer-Kubiczek, E.K.; Linder, J.A.F.; Gutierrez, P.L. Ultrasonics 
Symposium, 1993. Proceedings., IEEE 1993.  Volume , Issue , 31 Oct-3 Nov 1993 
Page(s):921 - 924 vol.2. Digital Object Identifier   10.1109/ULTSYM.1993.339657). 

Various biomolecules including hydroquinones, flavins, catecholamines, thiols, 
pterins and hemoglobin, may spontaneously auto-oxidise and produce SOR 
(Leibovitz, B. & Siegel, B. (1980) "Aspects of free radical reactions in biological 
systems: aging" J Gerontal 35: 45-56).  

18.4.0    Biochemical complexities:  protein shifts structure 10X/second 

The thousands of proteins found in nature are simply strings of amino acids, assembled 
by genes, and scientists have long believed that they automatically fold themselves into 
uniquely fixed, 3-dimensional shapes to fire the engine of life. In the era of genetic 
research, identifying those shapes and their functions has become a worldwide focus of 
biomedical science.  
 
Now, (3/18/08) researchers at the Medical College of Wisconsin in Milwaukee have 
found that a protein, lymphotactin, which plays a vital role in the body's immune 
response, can rapidly shift its shape -- up to ten times a second -- between two totally 
unrelated structures, each with a unique role in defending the body.  
 
Their discovery, published in the Proceedings of the National Academy of Science, 
March 17, 2008 alters a fundamental concept of biochemistry established in the 



1960s. It may also inspire the search for other proteins with the ability to change form, 
and help address diseases of misfolded proteins such as Alzheimer's, Parkinson's, ALS, 
mad cow disease and many cancers.  
 
They discovered that human lymphotactin, a regulatory protein released by the immune 
system to attract and activate white blood cells, exists naturally in two distinct structures, 
and that the newly-identified form has no similarity to any other known protein. They 
also learned that each form has a unique role, one attaching to the interior wall of the 
blood vessel, and the other reaching out to grab white blood cells. This means that 
converting from one lymphotactin structure to the other is likely essential for its 
activation.  I believe that this protein folding enigma illustrates the unbelievable 
complexities of the living/breathing cell.   

 

 

 

 

 

Aristotle said, “Nature does nothing uselessly.” 
I say, “Nature is a curious combination 

of chaos and complexity of design, 
resulting in perpetuation 

and improvement of function.” 
Remember, many things appear to be  

by intelligent intent but 
some things just “are.” 
R. M. Howes, M.D., Ph.D. 

8/20/08 
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19.0.0    

 
THE FABLE OF 

“CLOTHES are KILLERS” 
(a parody) 

 
Once upon a half a century ago, investigators studied a group of cancer patients and 
found that all had worn clothing.  It was impossible to deny this obvious and direct 
association and they questioned why others hadn’t made this apparent connection before.  
It had been known for many years that articles of clothing could be destructive and 
harmful by getting caught in machinery, producing dismemberment, holding hot liquids 
and/or strangulating blood supply to various body parts. Scientists set out and verified in 
the laboratory that clothes could strangle, maim, mutilate, dismember and harm people.  
Thus, under in vitro laboratory conditions, clothes could destroy the underlying 
biochemicals of life, i.e., proteins, lipids, and even DNA culminating in the death of the 
individual. The potential of this horrific scene had been skillfully scrawled in crayon on 
the nonsense/nonscience canvas of pseudoscience. 
 
Medical researchers obtained grants to study the extent of the clothing menace. They 
studied a group of patients with atherosclerosis and they had similar findings of a direct 
relationship between the wearing of clothes and the occurrence of vascular plaques.  
Diabetes showed the same thing as did arthritis, Alzheimer’s, obesity and cataracts. In 
fact, all of these diseased patients had worn clothes. The more sick patients they studied, 
the more they found that all had worn clothing.  This was a revelation akin to the 
discovery of the atom or the circulation of blood.  Additional studies verified a straight 



line relationship between over 100 pathophysiologies and the wearing of clothing.  Study 
after study demonstrated the same deleterious effect of clothes.  The conclusions were 
undeniable and obvious, i.e., clothes are damaging, toxic, pernicious, deleterious and 
harmful, even though they may by needed for survival at times.  This conclusion was 
becoming an established and well accepted fact. 
 
However, some scientists were puzzled by the fact that not all of those who wore clothes 
actually developed any of these diseases.  Consequently, this unsettling observation was 
immediately dubbed a “paradox” and was shrugged off and swept under the scientific rug 
of academic cover up.  After all, the data was so strong for a direct relationship between 
the donning of clothes and the occurrence of a vast array of diseases that it had to be a 
scientifically accurate observation.  They had discovered causality of disease. 
 
These deep thinkers found that if they further segmentalized the diseased patients into 
categories according to the type of fabric, predominant color of their ensemble, mixing of 
colors, exposure of the individual and the clothing to sunlight or UV, associated smoking, 
diesel fumes, sex, race, creed or fondness for pets and Twinkies, they could on occasion 
find statistically significant subgroups for specific diseases.  By running the data through 
the stastical pseudo-scientific meat grinder, they could produce a confusing, virtual 
sausage of association, which no one would question.  This was especially true if they 
kept the groups small and non-randomized.  This mathematically proven revelation 
inspired the “clothes cause disease theory.”  Thence arose the powerful movement of 
the very vocal “clothes phobes.” 
 
For the next fifty years, the “clothes phobes” continued to dismiss the fact that many 
bearers of clothing did not become ill at all and that they, in fact, lived normal, healthy 
long lives.  They repeatedly made the point that a paradox here or a paradox there does 
not dismiss or falsify the fact that all of the studied sick people had, in fact, been wearing 
clothes on a regular basis and that association was indisputable.  Paper after paper 
seemingly confirmed their apparent assertion, built peer momentum and over rode 
common sense observations. 
 
In fact, it had become increasingly clear that the longer the people had worn clothes, the 
more likely it was that they were going to develop illness and undergo aging.  Further, it 
was reasoned that the mere condition of wearing clothes must be producing accumulating 
stressful and disease causing conditions. It became obvious to them that the random 
summation of the clothes-wearing-condition was responsible for the onset of diseases and 
it evidently promoted aging. Thus, was born the “clothing stress and aging theory.” In 
fact, one noted West coast biochemist was quoted as saying, “The things which protect 
our bodies the most, i.e., clothes, are the very things that are killing us.”  Other respected 
chemists published “The Clothes Paradox.”  
 
The clothes phobes widely and emphatically disseminated their message to the extent that 
anyone doubting their claims of  clothing toxicity would be snubbed by the clothes phobe 
club and labeled a crack pot. Forthrightly, they were boldy quoted as saying, “Even 
Forest Gump could see that all sick people had worn clothes and that the longer any of 



them wore clothes, the older they became.”  It was as clear as the nose on your face or the 
clothes on your back.  
 
It had been pointed out that some infants were born ill and the clothes phobes explained 
this anomaly by the fact that the sperm donor was probably a wearer of clothes and such 
was likely the case for the mother.  The unspecified clothing toxic factor was likely 
passed on to the fetus.  Shockingly, it had also been pointed out by some renegades that 
there were occasions whereby clothes were beneficial and good.  Conflicting 
observations and conclusions were surfacing.  In fact, one study found that the wearing of 
clothes in polar climates could be life saving and thus, the confusion grew.   
 
The clothes phobe scientists reasoned that if clothing was the culprit, then illness, disease 
and aging could be prevented, stopped and/or reversed by not wearing clothes (nudity or 
an “anti-clothes condition”).  Thus, they had millions remove their clothes, followed their 
clinical course but they unexpectedly observed many “disappointing results.”  It appeared 
that there were just as many sick nude people as there were in people who were wearing 
clothes. In fact, removal of clothing, which could result in parasite attacks, malaria, 
yellow fever, frost bite, freezing, extreme sunburn, animal bites and overall trauma, could 
result in an overall increase in disease and mortality.   
 
These observations shook the “clothes cause disease and aging theory” to its core. All 
of the clothes phobe grants were put in jeopardy. However, the clothes phobes struck 
back with full venomous force.  With the injudicious use of statistical smoke and 
mathematical mirrors, they could still show that clothes and disease and aging were 
directly related.  They repeated the fact that in the lab, items of clothing could readily be 
made to produce or cause harm to the body and if this was the case, “What could be more 
clear?”   The clothes must go.  “Loathe the clothes” was their mantra.    
 
They hastily formed the Committee for Dreaming Up Excuses to refute the 
ineffectiveness of nudity in prevention or reversal of disease and aging.  The Excuse 
Committee published prolifically and clever marketers rushed in to sell “virtual see-
through clothes” with the implication that this could supplement the nude state. Yet, they 
were still getting disappointing results.  The Excuse Committee produced a litany of  
pretexts and alibis to negate the failed studies but it wasn’t enough.  Clear thinking and 
common sense prevailed and ushered in the rise and fall of the “clothes cause disease 
and aging theory.” 
 
Respectfully (with tongue in cheek) submitted, 
 
 
Randolph M. Howes, M.D., Ph.D. 
 
p.s.  I could have sworn that I had heard something like this before concerning oxygen 
but no one could have been that stupid. 
 
9/21/06 



Invisible millions inhabit our planet 
performing only perfunctory dietary and defacatory acts. 

They possess no means of influencing the evolutionary direction 
of their species. 

Corporate power brokers and political operatives  
pull the strings of societal change.  
Most people are relegated to quite,  

meaningless, passive lives.  
Oh, well…. 

R. M. Howes, M.D., Ph.D. 
2/10/08 

 
I was born with the Big Bang 

but I was around for a long time before that. 
Fusion fathered me and fission was my mother. 

I have kin scattered all over the cosmos 
and I feel like I already know them and 

would likely recognize them, 
if I was to run into one of them  
in the neighborhood cyclotron. 

My home is in the Milky Way and I enjoy taking 
light-year journies within my mind. 

Oxygen is my bestest friend. 
I have a good yet fairly frenetic life, 

generating ATP, metabolizing organics and 
contemplating consciousness. 

My essence has coalesced with eternity, 
So, I’ll probably see you there. 

Best regards, 
The Pundit. 

R. M. Howes, M.D., Ph.D. 
9/14/06 

 
We arise from the cosmos 

and we will be resorbed by the cosmos…. 
over and over again. 

Maybe eventually 
we will get it  

right. 
R. M. Howes, M.D., Ph.D. 

10/14/08 
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 utilizing the “Find” feature.   
To use this feature,  
 left click on “Edit” to drop the menu.  
 Left click on “Find” (Ctrl+F) (symbol is binoculars) 
This will bring up the “Find and Replace window.” 
 In the rectangular space, which appears at “Find What,” 
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   search” 
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	Investigators examined vitamin E and vitamin C supplement use in relation to mortality risk and whether vitamin C enhanced the effects of vitamin E in 11,178 persons aged 67-105 y who participated in the Established Populations for Epidemiologic Studies
	14.4.6    Postprandial Oxidative Stress
	Nutritional, or dietary oxidative stress denotes a disturbance of the redox state resulting from excess oxidative load or from inadequate nutrient supply favoring prooxidant reactions. Low intake or impaired availability of dietary antioxidants including
	A robust database shows that dietary supplements of vitamins E and C are safe for the general population. Because these nutrients supply antioxidant and other functions for homeostasis and protection against free radical damage, supplementation has been
	Vitamin E, �-carotene, and vitamin C are micronutrient antioxidants that protect cells from oxidative damage involved in prostate carcinogenesis. In separate trials, supplemental vitamin E was associated with a decreased risk of prostate cancer among smo
	Over the last two decades, it has become evident that decreased bioavailability of endothelial nitric oxide (NO) produced from endothelial NO synthase (eNOS), referred to as endothelial dysfunction, plays a crucial role in the development and progres
	Some of the following materials sere abstracted, excerpted or modified from:  Supplement: Free Radicals: The Pros and Cons of Antioxidants. Supplements and Tuning Up Metabolism. Bruce N. Ames. The American Society for Nutritional Sciences J. Nutr. 134:31


	Some of the following was taken from: Dangers of 
	
	14.7.4   Bruce Ames
	Reactive oxygen species (ROS) play important roles in the pathogenesis of cardiovascular disease. Surprisingly, large clinical trials have shown that ROS scavenging by antioxidant vitamins is ineffective or harmful. Therefore, prevention of ROS formati
	Blockade of the renin-angiotensin system (RAS) reduces cardiovascular morbidity and mortality in diabetic patients. Ang II-mediated generation of reactive oxygen species (ROS) has been suggested to be involved in several diabetic complications. We in
	14.8.8   H2O2 Sensors
	Some of the following was abstracted, excerpted or modified from:  H2O2 Sensors of Lungs and Blood Vessels and Their Role in the Antioxidant Defense of the Body. V. P. Skulachev. Biokhemika, 2001.

	Some of the following material was abstracted, excerpted or modified from: Reactive Oxygen Species, Vascular Oxidative Stress, and Redox Signaling in Hypertension. What Is the Clinical Significance? Rhian M. Touyz. Hypertension. 2004;44:248.
	Some of the following material was abstracted, ex
	Oxidants are products of normal aerobic metabolism and the inflammatory response. They constitute a chemically and compartmentally diverse group, and it is presently unknown which, if any, are critical to the disease process. In addition to the different

	CONCLUSIONS: Available data do not support the supplementation of vitamin E in cardiovascular disease and cancer prevention (Vitamin E Supplementation in Cardiovascular Disease and Cancer Prevention: Part 1. David Q Pham. The Annals of Pharmacotherapy: 
	At this time, the scientific data do not justify the use of antioxidant vitamin supplements for CVD risk reduction. This position is consistent with recommendations that have been made by the AHA in 2004 for the prevention of CVD in women as well as by t

	14.9.5   Vitamin C during pregnancy increases risk of wheezing, vitamin E decreases risk
	This study found little evidence for an association between dietary intake of lycopene or lycopene-containing foods and the risk of type 2 DM (The Consumption of Lycopene and Tomato-Based Food Products Is Not Associated with the Risk of Type 2 Diabetes 
	14.9.8    Green Tea does not reduce CVD
	Chronic vitamin C deficiency does not influence the initiation or progression of atherosclerotic plaques but severely compromises collagen deposition and induces a type of plaque morphology that is potentially vulnerable to rupture (Vulnerable Atheroscl
	AA increased the multiplicity of total skin tumors, carcinomas in situ and squamocellular carcinomas. (Modulation of light-induced skin tumors by N-acetylcysteine and/or ascorbic acid in hairless mice. Francesco D'Agostini, Roumen M. Balansky, Anna Camo
	15.0.3   Vitamin C lowers Hypertension
	Serum vitamin C has been inversely associated wit
	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-
	Some of the following material was abstracted, excerpted or modified from:  Increased atherosclerosis in myeloperoxidase-deficient mice. Marie-Luise Brennan, Melissa M. Anderson, Diana M. Shih, Xiao-Dan Qu, Xuping Wang, Asha C. Mehta, Lesley L. Lim, Weib
	Myeloperoxidase (MPO), a heme enzyme secreted by activated phagocytes, generates an array of oxidants proposed to play critical roles in host defense and local tissue damage. Both MPO and its reaction products are present in human atherosclerotic plaqu
	Regular physical exercise has been shown to have a number of benefits compared with sedentary behaviour, such as delaying a number of aging changes and increasing the life expectancy but not the maximum lifespan. Several mechanisms, elicited by physical

	15.4.3   Exercise deters hypertension
	Previous meta-analyses of randomized controlled t
	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 increa
	15.4.4   Lack of exercise may promote cancer
	Cancer is the second leading cause of death in th
	Currently, modern chronic diseases, including cardiovascular diseases, Type 2 diabetes, metabolic syndrome, and cancer, are the leading killers in Westernized society and are increasing rampantly in developing nations. In fact, obesity, diabetes, and hyp
	Free radical production increases during exercise and oxidative damage occurs in several tissues. Tauler examined the effects of three different exercise tests on the pattern of change of erythrocyte enzyme antioxidant activities. The tests were a short
	The maximal test produced no changes in the erythrocyte antioxidant enzyme activities of amateur sportsmen.
	The submaximal test, performed at 80% of maximal oxygen uptake, decreased erythrocyte catalase (12%), glutathione peroxidase determined with H2O2 (14%) and glutathione reductase (16%); superoxide dismutase activity increased by about 25%. The cycli
	The effects of endurance training and acute exhaustive exercise on plasma levels of three superoxide dismutase (SOD) isoenzymes and the ability of superoxide generation in neutrophils were studied. Eighteen healthy male students, aged 17-22 years, who 
	A training-induced augmentation of aerobic power in skeletal muscle is associated with an increased density of the electron transport chain and, consequently, greater potential for free-radical generation. Myocytes can increase their oxidative power and
	I believe that it is of great interest that the antioxidant enzymes actually decrease in the post-training measurements.  This is contrary to the expectations of the free radical theory and training should be highly deleterious but it is not.
	The influence of endurance training on oxidative phosphorylation and the susceptibility of mitochondrial oxidative function to reactive oxygen species (ROS) was investigated in skeletal muscle of four men and four women. The influence of short-term tra
	Marzatico has determined the differences of the influence of prolonged exercise or higher intensity lactacidemic exercise, on plasma lipid peroxidation and on erythrocyte antioxidant enzymatic defence system. Marzatico measured plasma indices of lipid pe
	The aim of this study was to evaluate whether high-intensity endurance training would alleviate exercise-induced oxidative stress. Nine untrained male subjects (aged 19-21 years) participated in a 12-week training programme, and performed an acute peri
	Gul investigated whether 8-week treadmill training strengthens antioxidant enzymes and decreases lipid peroxidation in rat heart. The effects of acute exhaustive exercise were also investigated. Male rats (Rattus norvegicus, Sprague-Dawley strain) were
	Relations between exposure to chlorinated compounds and biological markers of response to oxidative stimuli were investigated in swimmers, taking into account the effect of training. Twenty-two male swimmers aged 15-25 years were surveyed twice. Prevalen
	Investigators studied whether endurance training reduces exercise-induced oxidative stress in erythrocytes. Male rats (n=54) were divided into trained (n=28) and untrained (n=26) groups. Acute exhaustive exercise increased the erythrocyte malondial
	The oxidation of low density lipoprotein (LDL) has been suggested as a key event in atherogenesis. Paradoxically, exercise, which imposes an oxidative stress, is an important deterrent of cardiovascular disease. In study 1 the oxidizability of LDL was 

	Physical activity is associated with a reduced incidence of coronary disease, but the mechanisms mediating this effect are not defined. There has been considerable recent interest in inflammation in the pathogenesis of cardiovascular disease. Exercise pr
	Subclinical chronic inflammation could be a unifying factor linking type 2 diabetes (T2D) and atherosclerosis. The beneficial effects of physical activity on a reduced risk of coronary heart disease could at least in part be mediated by improved marker
	Conclusions: Physical training was associated with a near normalization of adiponectin and CRP plasma concentrations in subjects with IGT and T2D. Increased insulin sensitivity after training was most strongly related to changes in adiponectin plasma con
	These results indicate that exercise-induced plasma oxidative stress could be responsible for the prevention of atherosclerosis by stimulating arterial antioxidant response. Furthermore, vitamin E supplementation could be deleterious in exercisers by inh
	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 (Differentia
	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
	Conclusions— Inactivity increases vascular NADPH 
	15.4.5    Vitamin E counteracted the beneficial effects of exercise
	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 
	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
	CONCLUSIONS. Intraocular oxygen is mostly derived from the retinal and iris vasculature and by diffusion across the cornea. Freshly secreted aqueous humor and the aqueous humor in the anterior chamber angle are relatively depleted of oxygen. The marked i
	Results: During 761762 person-years of follow-up, 1471 cataracts were extracted. After age, smoking, and other potential cataract risk factors were controlled for, those with the highest intake of lutein and zeaxanthin had a 22% decreased risk of catarac
	During an average of 10 y of follow-up, 2067 cata
	15.7.0    Hypertension and EMODs
	Some of the following material was abstracted, excerpted or modified from:  Reactive Oxygen Species, Vascular Oxidative Stress, and Redox Signaling in Hypertension. What Is the Clinical Significance? Rhian M. Touyz. Hypertension. 2004;44:248.
	Because of the association of hypertension and atherosclerosis with diabetes, I will now discuss them in relation to my Unified theory and EMOD production.
	Some of the following material was abstracted, excerpted or modified from:  Hypertension and the Pathogenesis of Atherosclerosis. Oxidative Stress and the Mediation of Arterial Inflammatory Response: A New Perspective. R. Wayne Alexander. Hypertension. 1
	Hypertension and hypertension-associated ESRD are epidemic in society. The mechanisms responsible for renal progression in mild to moderate hypertension and those groups most at risk need to be identified. There is increasing evidence that hypertension m
	Serum uric acid is associated with cardiovascular disease. However, the independent role of uric acid in the development of cardiovascular disease is uncertain. This study examined the cross-sectional association of serum uric acid level with microalbumi
	Recent epidemiologic and experimental evidence suggests that serum uric acid (UA) is an independent risk factor for cardiovascular and renal diseases. However, endothelial dysfunction is an early predictor of cardiovascular events, particularly in hype
	15.9.0    Relationship Between Atherosclerosis and Hypertension
	Recent studies suggest that the superoxide generating enzyme NADPH oxidase may play a functional role in regulating cerebral vascular tone. Miller tested whether the activity, function, and expression of NADPH oxidase differs between rat cerebral and sys
	Some of the following material was abstracted, excerpted or modified from:  Oxidized LDL Autoantibodies, Endothelial Dysfunction, and Transplant-Associated Arteriosclerosis. R. Wayne Alexander.  Arteriosclerosis, Thrombosis, and Vascular Biology. 2002;22
	16.3.0    Reassessing the Free Radi-Crap theory
	Pro-oxidants, reactive species and free radicals, are allegedly toxic substances that can cause oxidative damage to major constituents of biological systems. In contradistinction, antioxidants are defined as any substance that significantly prevents the
	16.3.1    SOD deficiency leads to H2O2 deficiency and death
	During the last 10 years, the theory known as the "free radical theory of aging" has unfortunately achieved prominence as one of the most compelling and confusing explanations for many of the degenerative changes associated with aging. Although its appea
	SOD2 is an antioxidant protein that protects cells against mitochondrial superoxide. Hematopoietic stem cells (HSCs) lacking SOD2 are capable of rescuing lethally irradiated hosts, but reconstituted animals display a persistent hemolytic anemia charact
	To determine the role of reactive oxygen species in mammalian longevity, Schriner et al generated transgenic mice that overexpress human catalase localized to the peroxisome, the nucleus, or mitochondria (MCAT). Median and maximum life spans were maxim
	16.4.6    Estrogens Decrease EMODs

	Mitochondrial dysfunction has been implicated as a cause of age-related disorders, and the mitochondrial theory of aging links aging, exercise, and diet. Endothelial dysfunction is a key paradigm for vascular disease and aging, and there is considerable
	Sue Piper Duckles. Molecular Interventions 6:26-35, (2006). I believe that the decreased levels of EMODs by estrogen are responsible for its adverse effects including increased risk of cancer.
	16.4.7   Estratest doubles breast cancer risk

	Vitamins and hormones: excerpted from Atherogenes
	16.4.9    The Antioxidant: Estrogen
	Improvement of endothelium-dependent vasodilation might serve as an index to estimate the ability of a drug to reduce cardiovascular events. Nevertheless, improvement of endothelial dysfunction per se is insufficient to evaluate its therapeutic potential
	16.4.10    Breast Cancer Risk Associated With Wealth
	16.4.11    Daily alcohol increases risk of breast cancer
	16.5.0    Habitual exercise decreases lipid peroxidation in heart, ileum and skeletal muscle

	Aging and aerobic exercise are two conditions known to interfere with health and quality of life, most likely by inducing oxidative stress to the organism. Rosa et al. studied the effects of aging on the morphological and functional properties of skeleta
	
	
	16.6.7    Diverting Energy
	16.6.8    The Culprit Causing Aging



	16.6.2   MIT researcher: oxygen free radicals don't cause aging
	Exposure to hypoxia induces anorexia in humans and rodents. Hypoxia led to increased plasma leptin levels only in obese rats. This resulted from increased leptin gene expression in adipose tissue in response to hypoxia, in association with enhanced VEGF
	16.7.4     An elixir of life?
	Alzheimer’s disease is related to decreased oxyge
	Alzheimer's disease appears to have multiple causes, and scientists are slowly unraveling them.
	16.9.2    Sickle Cell Disease and EMODs

	Sickle cell disease (SCD) is the most common genetic disease among African Americans, with an 8% incidence of the trait among this population. This autosomal recessive disorder involves a single amino acid substitution in the beta subunit of hemoglobin
	Perfusion abnormalities are well documented in the clinical literature, and there is good evidence that a complex array of inflammatory events are also involved, including increased levels of circulating cytokines, up-regulation of cellular adhesion-rela
	Recognition of the importance of these events has lead to the recent inclusion of SCD as a chronic inflammatory disease (Stuart, M. J. & Setty, B. N. (2001) Curr. Opin. Hematol. 8, 111-122). It has been speculated that an important consequence of thi
	A major strength of the work by Aslan et al. is that it utilizes both human patients with SCD and an animal model; the animal experimentation involves a knockout-transgenic mouse model, where the normal gene for murine hemoglobin is disrupted and the gen

	The red cell is a relatively abundant locus of both free radical generation and reaction. Erythrocytes have a high content of unsaturated membrane lipids, a rich oxygen supply and are densely packed with redox-active hemoglobin residues. In response, red
	Sickle cell disease (SCD) is basically a red blood cell (RBC) disorder characterised by sickling and haemolysis, but platelets and polymorphonuclear neutrophils (PMN) are also involved. Oxidative damage may play a role in the pathogenesis of SCD. U
	17.0.1    General Precautions
	17.0.2     Dietary Factors and Supplements
	Consult your doctor before taking large amounts of vitamin C if you have hemochromatosis, thalassemia, sideroblastic anemia, sickle cell anemia, or erythrocyte glucose-6-phosphate dehydrogenase (G6PD) deficiency. You can experience iron overload if you
	Sickle cell disease can also cause skin ulcers (non-healing sores). Children with sickle cell disease often do not grow normally.
	I believe that it is incongruous that hypoxia can induce sickling and the EMODs are causative of this sickling.
	It has been shown that factors influencing the cellular redox levels also influence the potassium-chloride cotransport activity in erythrocytes. Low reduced glutathione levels in the erythrocytes are associated with a high activity of the cotransporter.
	Notably, hydrogen peroxide influences potassium transport in excitable cells (Wang, D., Youngson, C., Wong, V., Yeger, H., Dinauer, M.C., Vega-Saenz, M.E., Rudy, B., and Cutz, E. 1996. NADPH-oxidase and a hydrogen peroxide-sensitive K+ channel may funct
	H2O2 can influence ouabain-insensitive potassium transport. Notably, H2O2 was without an effect on potassium fluxes in hypoxic conditions (1% O2), suggesting that hydrogen peroxide alone is not capable of activating potassium-chloride cotransport. The 

	These data suggest that hydroxyl radicals, formed from O2 in close vicinity to the cell membrane, play an important role in the oxygen-dependent activation of the K+-Cl- cotransporter (Reactive Oxygen Species Regulate Oxygen-sensitive Potassium Flux in 
	17.1.4    Paradoxical HDL Activity
	Although high-density lipoproteins (HDL) possess many features that contribute to the association between elevated HDL cholesterol and protection from atherosclerosis, these lipoproteins may be modified in certain individuals and/or circumstances to be
	1,25(OH)2D3 and its synthetic analogues increased the susceptibility of cancer cells to the cytotoxic/cytostatic action of tumor necrosis factor, interleukin 1, interleukin 6, doxorubicin, menadione, and radiation . A feature shared by the agents whose
	Thioredoxin-2 (Trx2) is a mitochondrial protein-disulfide oxidoreductase essential for control of cell survival during mammalian embryonic development. This suggests that mitochondrial thioredoxin reductase-2 (TrxR2), responsible for reducing oxidize
	
	17.6.6   Gene study shows sex differences go deep

	17.6.7    Radical Prostates
	Female hormones may play a pivotal role in a distinctly male epidemic
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	The trace element selenium (Se) is capable of exerting multiple actions on endocrine systems by modifying the expression of at least 30 selenoproteins, many of which have clearly defined functions. Well-characterized selenoenzymes are the families of g
	17.8.2    UCP2
	In conclusion, mitochondrial uncoupling proteins are necessary components of ischemia tolerance and function as components of the cellular antioxidant defense program. In the cytoprotective hierarchy, uncoupling protein-2 appears to play a greater role t
	induce UCP2-mediated H+ uniport points to the essential role of superoxide reaction products, such as hydroperoxyl radical, hydroxyl radical, or peroxynitrite, initiating lipoperoxidation, the released products of which support the UCP2-mediated uncoupli
	Some of the following material was abstracted, excerpted or modified from:  Associations of the UCP2 Gene Locus With Asymptomatic Carotid Atherosclerosis in Middle-Aged Women. H. Oberkofler; B. Iglseder; K. Klein; J. Unger; M. Haltmayer; F. Krempler; B.
	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 ma
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