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“All truth goes through three stages. 
First, it is ridiculed. 

Second, it is violently opposed. 
Third, it is accepted as being self evident.” 

Authur Shopenhauer, 
German philosopher, 1788-1860 
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A state of health is only maintained  
by a continuously vigilant oxidative defensive system, 

without which we quickly succumb to  
bugs, drugs and thugs called cancer cells. 

Debilities and anomalies of our somatic condition are  
pounced upon by pathogens and mutagens 

but they are quickly  
“rebuffed by radicals.”  

Oxidative “radical outbursts” of EMODs  
have proven to be tireless biopositive workers. 

So it is in the world of  
homeostasis. 

R. M. Howes, M.D., Ph.D. 
6/11/06 
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Prologue 
 
Inscribed on the aerobic cell wall hangs a sign which reads, “Oxygen at work. Do not 
disturb.” Yet, we repeatedly attempt to interfere with the intracellular nano-biochemical 
factory, which operates nearly flawlessly without our so called medical or nutritional 
meddling.  Yes, oxygen and its derivatives are continually at work to provide us with 
prooxidant protection from pathogens and neoplasia and to provide for oxidative healing.   

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 major stumbling block to our progress in the understanding of diseases has been the 
obfuscation introduced by the free radical theory.  This theory has prevailed for over fifty 
years, without the perspicacity and intellectual integrity necessary to remove it from the 
hodgepodge of confusing and conflicting scientific data de jour. Without logic, there is 
only mayhem. Logic tells us that oxygen is an essential agent for aerobic life.  Logic tells 
us, that in times of medical emergencies, we must establish an airway and administer 
oxygen.  Instead, specious reasoning would tell us to administer antioxidants.  
Nonetheless, there are many who presently press for forced widespread supplementation 
of antioxidant vitamins in our food supply and who insist on the beneficence of these 
questionable and potentially harmful agents.  Perchance, this is related to the surprising 
increases that are seen in the incidence of diseases such as cancer, diabetes and 
atherosclerosis.   
 
Since so called oxidative stress is seemingly increased in so many disease states and since 
antioxidants fail to prevent or curtail these same diseases, I believe that the increased 
oxidative state may be a natural reaction to disease.  The increased oxidative state is the 
body’s attempt to control or cure the disease.  It appears to me that oxidation is the only 
process that the body has to deal with pathogens and neoplasia.  The presence of the 
increased electronically modified oxygen derivatives (EMODs) has little or nothing to do 
with disease causation but has everything to do with disease control, progression or cure.  

Even though many feel that we are now firmly entrenched in the ‘information age,’ the 
knowledge we so desperately need to maintain health and meet the challenges of disease 
is still outside of our grasp. Our dependence upon a system in which standards of care are 
dictated by pharmaceutical advertising is evolving into a self-devouring monster yielding 
unprecedented increases in the adverse consequences of polypharmacy. A new standard 
of care, which recognizes that half of our current scientific papers will ultimately prove to 
be false, must attempt to adhere to a wide spectrum of well-studied, scientifically 
validated interventions not solely disseminated by the prescription pad or by dogged 
adherence to flawed theories. 
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My mission is to see oxidative therapy, utilizing EMODs, at the patient’s bedside in my 
life time. Based on the results seen with photodynamic therapy and with my singlet 
oxygen generating system, I know that good things await us in the near future. 
 
Randolph M. Howes, M.D., Ph.D. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

If one were to pull the thread  
of a singular biochemical pathway, 

you would inadvertently tug on  
the totality of the living cellular fabric. 

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

A major observation of the pancreatic ß-cell is its unusually low complement of 
superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx).  This 
situation is also found in the critically important organs of the lungs, heart and the brain.  
After decades of study, I believe this is telling us that these organs have normal 
requirements for high levels of EMODs and consequently, they have evolved 
correspondingly low antioxidant enzyme levels.  This is especially curious in the brain, 
because of its high concentration of lipids and free iron.  According to the teachings of 
the free radical theory, this is a mistake of Nature and thus, the brain, lungs, heart and 
pancreas should undergo the effects of chain reactions of lipid peroxidation with 
impending cellular death summarily.  However, that does not happen.  Nature must have 
created this situation by design and we must have the intellectual acuity to discern its 
meaning.  I have diligently attempted to do so. 

The free radical theory has been falsified on the basis of its lack of predictability.  It fails 
to conform to the standards of the scientific method. 

I have asked myself recurring questions concerning disease clustering and what I term an 
“EMOD insufficiency syndrome” as follows: 

- Why do we see clustering of cancer, atherosclerosis, diabetes, obesity and cataracts? 

- Why do diabetics get recurring infections and have trouble healing wounds? 

- Why do patients get gestational diabetes? 

- Why can patients have spontaneous regression of gestational diabetes, cancer, 
atherosclerosis and arthritis? 

- 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 improve overall health? 

- Why can diabetic ulcers, delayed wound healing and neuropathy be successfully treated 
with hyperbaric oxygen?  

Diabetes appears to be inextricably related to other disease conditions, such as 
atherosclerosis, CVD, cancer, hypertension, cataracts, strokes, infections and obesity.  
This has made the research into this complex of diseases very difficult and arduous. It has 
been an investigative maze of open and dead ended passageways and has been rife with 
conflicting and confusing data.  This is especially true as it relates to the questionable 

Page 15 of 366



involvement or the role of oxygen free radicals or as I have named them, “electronically 
modified oxygen derivatives (EMODs)” in diabetogenesis.   
 
The data has been so abundant that I have had to divide the material into another book on 
this disease clustering phenomenon, which I have entitled the “Howes’ EMOD 
insufficiency syndrome.”  
 
With cancer and atherosclerosis I am convinced that oxygen is definitely not causative of 
these conditions and I further believe that oxidants can be used in their control or cure.  
With diabetes I am also convinced that EMODs are not causative but I can not say that 
raising the body’s oxidative capacity will be capable of controlling or curing the diabetic 
condition.  However, since peroxide is an insulin mimetic, peroxide may help correct a 
condition of insulin deficiency.  Again, diabetes is a most complex disease. That is not to 
say that cancer and CVD are not complex diseases but diabetes has so many facets of 
other diseases within it.  
 
The fact that exercise helps correct diabetes argues that increased EMODs are potentially 
therapeutic for diabetics. 

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

 

 

 

The voracious vortex of the free radical theory 
has sucked up the common sense of medical biochemistry. 

This anomaly of logic posits the artifice that  
oxygen is the primary instrument of the Grim Reaper and 

that it is the root system from which sprouts nigh all pathophysiologies. 
Author after author acquiesces to this cheap parlor trick and  

appears blind to this scientific sleight of hand. 
I beg you to look around at the beauty of aerobic nature, 

take a deep breath, relax and reconsider. 
Oxygen is the indispensable energy ingredient, 

sustaining the magic and mystery  
of all human experiences. 

It is self evident. 
R. M. Howes, M.D., Ph.D. 

5/21/06 
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1.0.1    Brief Primer on Diabetes 

Diabetics are more susceptible to strokes, cancer, high blood pressure, heart attacks, 
kidney failure, gout, cataracts, blindness and gangrene. 

Diabetes mellitus is a medical disorder characterized by varying or persistent 
hyperglycemia (high blood sugar levels), especially after eating.  All types of diabetes 
mellitus share similar symptoms and complications at advanced stages.   

Hyperglycemia itself can lead to dehydration and ketoacidosis.  This 
implies hypoxia and acidosis. Longer-term complications include cardiovascular 
disease (double risk), chronic renal failure (it is the main cause for dialysis), retinal 
damage which can lead to blindness, nerve damage which can lead to erectile dysfunction 
(impotence), gangrene with risk of amputation of toes, feet and even legs.  Serious 
complications are much less common in people who control their blood sugars well with 
their lifestyle and medications.  Diabetics are prone to infections, obesity and delayed 
wound healing. I believe that this starts to implicate an EMOD deficiency or 
insufficiency state in the diabetic patient (i.e., Howes’ EMOD insufficiency 
syndrome). 

There are two predominant forms of diabetes.  Type 1 diabetes is characterized by 
decreased or ceased production of insulin.  In type 2 diabetes, the more common form, 
body tissues become more resistant to insulin, and the body often produces less insulin.  
The former type almost always requires insulin injections for survival.  The latter can be 
managed by dietary monitoring, weight reduction, exercise and oral medication (insulin 
is used if oral medication proves ineffective or has intolerable side effects).  Most cases 
of type 2 diabetes are treated with medication, although about 20% of them may be 
managed by lifestyle changes alone.   

Patient understanding and participation is vital, as blood glucose levels change 
continuously.  Other health problems that accelerate the damaging effects of diabetes 
are smoking (hypoxia), elevated cholesterol levels (an antioxidant), obesity 
(hypoxia), high blood pressure and lack of regular exercise (no increase in EMOD 
production). 

Some of the following material was abstracted, excerpted or modified from the 
Wikipedia website. 

The word diabetes was coined by Aretaeus (81-133 CE) of Cappadocia. The word is 
taken from Greek diabainein, and literally means “passing through,” or “siphon,” a 
reference to one of diabetes’ major symptoms of excessive urine discharge.  In 1675, 
Thomas Willis added mellitus to the name (Greek, “honey,” sense “honey sweet), when 
he noted that a diabetic’s urine and blood has a sweet taste (first noticed by ancient 
Indians).  In 1776 it was confirmed the sweet taste was because of an excess of sugar in 
the urine and blood. 
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The ancient Chinese tested for diabetes by observing whether ants were attracted to 
a person’s urine, and called the ailment “sweet urine disease;” medieval European 
doctors tested for it by tasting the urine themselves, a scene occasionally depicted in 
Gothic reliefs. 

Passing abnormal amounts of urine is a symptom shared by several diseases (most 
commonly of the kidneys), and the single word diabetes is applied to many of them.  The 
most common of them are diabetes insipidus and diabetes mellitus. Although diabetes 
has been recognized since antiquity, and treatments were known since the Middle Ages, 
the elucidation of the pathogenesis of diabetes occurred mainly in the 20th century. 

The discovery of the role of the pancreas in diabetes is generally credited to Joseph von 
Mering and Oskar Minkowski, two European researchers who in 1889 found that when 
they completely removed the pancreas of dogs, the dogs developed all the signs and 
symptoms of diabetes and died shortly afterward.  In 1910, Sir Edward Albert Sharpey-
Schafer of Edinburgh in Scotland suggested that diabetics were deficient in a single 
chemical that normally produced by the pancreas – he proposed calling this substance 
insulin. 

Until June 23, 1921, when insulin was first discovered and made clinically available, a 
clinical diagnosis of what is now called type 1 diabetes was an invariable and quick death 
sentence. 

The endocrine role of the pancreas in metabolism, and indeed the existence of insulin was 
not fully clarified until 1921, when Sir Frederick Grant Banting and Charles Herbert 
Best repeated the work of Von Mering and Minkowski, but went a step further and 
demonstrated that they could reverse the induced diabetes in dogs by giving them an 
extract from the pancreatic islets of Langerhans of healthy dogs.  They and their 
colleagues went on to isolate the hormone insulin from bovine pancreases at the 
University of Toronto in Canada. 

This led to the availability of an effective treatment of insulin injections and the first 
clinical patient was treated in 1922.  For this, Banting et al received the Nobel Prize in 
Physiology or Medicine in 1923.  The two researchers made the patent available and 
did not attempt to control commercial production.  Insulin production and therapy 
rapidly spread around the world, largely as a result of their decision. 

The distinction between what is now known as type 1 diabetes and type 2 diabetes was 
made by Sir Harold Percival (Harry) Himsworth in 1935 and the findings were published 
in January 1936. 

Other historical landmark discoveries include: 

• Identification of sulfonylureas in 1942 
• The radioimmunoassay for insulin, as discovered by Rosalyn Yalow and Solomon 

Berson (gaining Yalow the 1977 Nobel Prize in Physiology or Medicine) 
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• Reaven’s introduction of the metabolic syndrome in 1988 
• Identification of thiazolidinediones as effective antidiabetics in the 1990’s 

Since insulin is the principal hormone that regulates uptake of glucose into most cells 
(primarily muscle and fat cells, but not central nervous system cells, endothelium and 
pancreatic cells) from the blood, deficiency of insulin or its action plays a central role 
in all forms of diabetes. 

Most of the carbohydrates in food are rapidly converted to glucose, the principal sugar in 
blood.  Insulin is produced by beta cells (β-cells) in the pancreas in response to rising 
levels of glucose in the blood, as occurs after a meal.  Insulin makes it possible for most 
body tissues to remove glucose from the blood for use as fuel, for conversion to other 
needed molecules or for storage.  Insulin is also the principal control signal for 
conversion of glucose (the basic sugar unit) to glycogen for storage in liver and muscle 
cells.  Lowered insulin levels result in the reverse conversion of glycogen to glucose 
when glucose levels fall –though only glucose so produced in the liver goes into the 
blood.  Higher insulin levels increase many anabolic (“building up”) processes such as 
cell growth, cellular protein synthesis and fat storage.  Insulin, like hydrogen peroxide, is 
the principal signal in converting many of the bidirectional processes of metabolism from 
a catabolic to an anabolic direction. 

If the amount of insulin available is insufficient, if cells respond poorly to the effects of 
insulin (insulin insensitivity or resistance), or if the insulin itself is defective, glucose is 
not handled properly by body cells (about 2/3 require it) or stored appropriately in the 
liver and muscles.  The net effect is persistent high levels of blood glucose, poor protein 
synthesis and other metabolic derangements. 

According to the American Diabetes Association, about 17 million Americans have 
diabetes; most have Type 2, but 5 to 10 percent have Type 1.  
 
Of those 17 million, about 11.1 million have been diagnosed; the rest have the disease but 
don't know it. In addition, about 16 million people are estimated to have "pre-diabetes," a 
condition where blood sugar is elevated but is not high enough to carry the diabetes 
diagnosis.  
 
The bad news about Type 2 is that it is growing, it's expensive, it can bring dire 
consequences and there is no cure for it. The good news is it is treatable with significant 
lifestyle changes which include weight loss and exercise.  I believe that the exercise 
increases EMOD levels and weight loss decreases the EMOD scavenging 
polyunsaturated or double bonded fatty acids. 

This is the way Dr. Philip Cryer, M.D., of Washington University describes the 
disease: "Diabetes is an increasingly common, potentially but not necessarily devastating, 
extraordinarily expensive, treatable but incurable lifelong disease." There are two 
important points, Cryer says. One is that diabetes is serious.  
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"People with diabetes are at two- to fourfold increased risk of a heart attack or 
stroke," he says. "Diabetes is the leading cause of blindness with its onset in working-
age adults. Diabetes is becoming the leading cause of end-stage renal disease requiring 
dialysis and transplantation. It's the leading cause of amputations not due to injuries." 

Having diabetes makes it harder to fight off viruses that cause the flu and colds. In 
addition, these infections create added stress in the body, which can affect blood sugar 
levels. People with diabetes are about three times more likely to die from flu and 
pneumonia than others. Still about 50% do not get an annual flu shot, according to the 
CDC.  I believe that this is related to an EMOD insufficiency syndrome, in that 
individuals with diabetes have an EMOD deficiency and this lends to a decreased 
ability to kill viruses oxidatively. 

Flu and pneumonia pose greater dangers for people with heart disease. Lung infections 
prevent people from taking in oxygen as efficiently as they should. This makes the 
heart work harder to pump oxygen-rich blood through the body. This extra work can be 
dangerous for people with heart disease. This also contributes to an EMOD deficiency. 

1.1       Risk Factors:  Diabetes 

The risk developing diabetes actually varies depending on where you live. This is in part 
due to the environment you live in, and in part due to the genetic makeup of your family. 
In the United States, the lifetime risk of developing diabetes is estimated at 33% for 
males and 39% for females for people born in the year 2000. It has also been calculated 
that for those diagnosed before the age of 40, the average life expectancy is reduced 
by 12 years for men, and 19 years for women. 

1.1.0       Diabetes Rate Doubled in Last 30 Years 

The occurrence of new cases of type 2 diabetes has doubled over the past three 
decades.  "Most, but not all, of the increase in diabetes occurred in people who were 
obese -- those with a body mass index of 30 or more." lead author Dr. Caroline S. Fox, 
from the National Lung, Heart, and Blood Institute in Framingham, Massachusetts, said 
in a statement. 

The findings are based on a study of 3,104 subjects, with an average age of 47 years, 
who were free from diabetes when they enrolled in the Framingham Offspring Study in 
the 1970s, 1980s or 1990s. After an initial examination, the subjects were followed to 
document the occurrence of diabetes over 8-year periods. 

In the 1970s, the incidence of diabetes was the lowest, at 2.0 percent among women and 
2.7 percent among men. By the 1990s, the corresponding rates had climbed to their 
highest points: 3.7 percent and 5.8 percent. Compared with the 1970s, the risk of 
developing diabetes in the 1980s and 1990s increased by 40 percent and 105 percent, 
respectively. 
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As noted, obese individuals accounted for the bulk of the increase in the incidence of 
diabetes. However, the researchers found that weight did not account for all of the 
increase in the odds of developing diabetes. They suggest that "changes in dietary and 
physical activity patterns that are independent of changes in body weight may also 
contribute to the present findings." 

The team points out, for example, that another study showed that "consumption of sugar-
sweetened beverages is an independent risk factor for diabetes, even after adjustment for 
weight gain." (Circulation, online June 27, 2006).  

1.1.1 Type 1 

Some of the following material was taken from the Ministry Health Care web site. 

1.1.2 What is Type 1 Diabetes? 

Type 1 diabetes may also be known by a variety of other names, including the following: 

• insulin-dependent diabetes mellitus (IDDM)  
• juvenile diabetes  
• brittle diabetes  
• sugar diabetes  

There are two forms of type 1 diabetes: 

1.1.3 Idiopathic Type 1 Diabetes 

• idiopathic type 1 diabetes - refers to rare forms of the disease with no known 
cause.  

1.1.4 Immune-mediated Diabetes 

• immune-mediated diabetes - an autoimmune disorder in which the body's 
immune system destroys, or attempts to destroy, the cells in the pancreas that produce 
insulin.  

Immune-mediated diabetes is the most common form of type 1 diabetes, and the one 
generally referred to as type 1 diabetes.  

Type 1 diabetes accounts for 5 to 10 percent of all diagnosed cases of diabetes in the 
US. Type 1 diabetes usually develops in children or young adults, but can start at any 
age. 

Investigators confirmed the abrupt onset of type 1 diabetes, the absence of a family 
history, and the importance of the classical symptoms of polyuria, polydipsia, and weight 
loss in the majority of cases. They reveal secondary enuresis as an important symptom, 
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especially in those under 10 yr, and constipation in the under 5 yr age group. The very 
young (under 2 yr) are more difficult to diagnose, have more variability of symptom 
duration, and are more likely to present in moderate/severe diabetic ketoacidosis (DKA). 
A high index of suspicion aids early diagnosis (Clinical presentation of type 1 diabetes. 
E.F. Roche et al. Pediatr Diabetes. 2005 Jun;6(2):75-8). 

1.1.5 What causes Type 1 Diabetes? 

The cause of type 1 diabetes is unknown, but it is believed that genetic and 
environmental factors (possibly viruses) may be involved. The body's immune system 
attacks and destroys the insulin producing cells in the pancreas. Insulin allows glucose to 
enter the cells of the body to provide energy. 

When glucose cannot enter the cells, it builds up in the blood and the body's cells 
literally starve to death. People with type 1 diabetes must take daily insulin injections 
and regularly monitor their blood sugar levels. 

Type 1 diabetes develops because the body destroys the beta cells in the islet tissue of 
the pancreas that produce insulin.  

You can inherit a tendency to develop type 1 diabetes. However, most people who 
have the disease have no family history of it. Diabetes experts believe that a genetic 
tendency and some environmental factors may increase the risk of developing the 
disease. Possible environmental factors include enteroviral infections—especially 
Coxsackie B infections. 

Despite concerns about vaccines (particularly those against whooping cough and 
Haemophilus influenza B, or Hib), studies have not found a relationship between being 
vaccinated and developing type 1 diabetes. 2  

People who have diabetes should have a flu shot every year and a pneumococcal vaccine 
every 5 years. The pneumococcal vaccine helps prevent infections caused by 
pneumococcal bacteria. People with diabetes, especially those who have heart or kidney 
disease, are at high risk for complications, hospitalization, and death from flu and 
pneumococcal disease. 
 
1.1.5.1 Variant gene linked to type 1 diabetes 

Researchers have identified a variation in a gene that is associated with type 1 diabetes, 
the form of the disease in which insulin production by the pancreas is deficient. 

The new discovery lends support to the idea that an abnormal response to a viral 
infection knocks out insulin-producing cells, because the affected gene encodes an 
enzyme called interferon-induced helicase (IFIH1) that plays a role in the anti-viral 
immune response. 
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To date, only a few genes have been linked to the risk of type 1 diabetes, Dr. John A. 
Todd, from Cambridge Institute for Medical Research in the UK, and colleagues note in 
the research journal Nature Genetics.  The researchers discovered the IFIH1 variant after 
conducting a genome-wide search for genetic variants possibly linked to type 1 diabetes. 
The impact of the variant on diabetes risk was confirmed in a study of more than 10,000 
individuals and an analysis of nearly 1800 affected families. 

The "compelling" statistics from these large numbers justify further studies, the 
researchers say, to see if functional changes in the gene brought about by the variation 
could lead to type 1 diabetes (Nature Genetics, online May 14, 2006). 

1.1.6 Unexpectedly, Mice get Trait without Gene 

In a startling exception to classical genetics, mice in a lab experiment have inherited 
an effect of an aberrant gene without inheriting the gene itself. 6/24/06  

Experts say the result may someday help scientists understand aspects of diabetes, 
infertility and other problems. They also said that while such an inheritance pattern has 
been seen before, it's not clear how common or important it is. DNA is the stuff of genes 
in mice and men. But the new study indicates DNA's chemical cousin, RNA, produced 
the odd-sounding result. In this case the result was mice with distinctive white tail tips. 

For the study, reported in the 6/24/06 issue of the journal Nature, scientists produced 
mice that carried one normal copy of a particular gene and one aberrant copy. When the 
scientists bred them, each mouse passed along one of its gene copies to each offspring. 
The offspring, in turn, ended up with two copies, one from each parent. 

Under the rules of classical genetics, one would expect that mice that ended up with two 
normal copies of the gene would show normal coloring. But surprisingly, 24 out of 27 
mice with two normal copies still showed the telltale white patches associated with the 
aberrant copy. 

When scientists bred their special mice to others that had only normal copies of the gene, 
most offspring with only normal gene copies still showed the distinctive coloring. 
Experiments showed the trait could be inherited through either the mother or father, and 
it went on for generations in absence of the abnormal gene. 

How can this be? Researchers focused on sperm, which is simpler to analyze than an egg, 
and found evidence that RNA molecules there were carrying the hereditary signal. For 
example, when RNA from mice bearing the aberrant gene was injected into early 
embryos, about half the resulting mice showed the distinctive white tail tip. 

RNA normally delivers instructions from genes to a cell's protein-making machinery, so 
it makes sense that it might be involved in transmitting a gene's effect. Just how it's 
operating in the mice is not clear, said lead study author Minoo Rassoulzadegan of the 
University of Nice Sophia Antipolis in Nice, France. Paul Soloway of Cornell University, 
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who was not involved in the study, said that when viewed in context with other research, 
the new evidence that RNA is involved is "compelling." 

Scientists have shown that human sperm delivers RNA to eggs during fertilization, 
and the new work is important for establishing that sperm RNA actually has an effect, 
some experts said. 

Soloway said it's not clear how common or important this kind of inheritance is, but he 
noted that a similar pattern of effects appeared in a 1997 analysis of a 
human gene that predisposes people to Type 1 diabetes. 

The mouse study is not the first demonstration that a gene's effect can be inherited 
without the gene itself. That phenomenon, called paramutation, was shown 50 years ago 
in corn and later in other plants. Similar findings have also been made in animals, but the 
new work is notable because it presents evidence for how it happens, Soloway said. 

The causes of type 1 diabetes are largely unknown. Risk factors currently under study are 
exposure to cow's milk in infancy and infections of various kinds.  

1.1.7 Symptoms of Type 1 Diabetes 

Type 1 diabetes often appears suddenly. The following are the most common symptoms 
of type 1 diabetes. However, each individual may experience symptoms differently. 
Symptoms may include: 

• high levels of sugar in the blood when tested  
• high levels of sugar in the urine when tested  
• unusual thirst  
• frequent urination  
• extreme hunger but loss of weight  
• blurred vision  
• nausea and vomiting  
• extreme weakness and fatigue  
• irritability and mood changes  

In children, symptoms may be similar to those of having the flu. 

The symptoms of type 1 diabetes may resemble other conditions or medical problems.  

1.1.8 Complications with Type 1 Diabetes 
 
Type 1 diabetes can cause many different problems. However, the three key 
complications of diabetes include the following:  

hypoglycemia - low blood sugar; sometimes called an insulin reaction; occurs when 
blood sugar drops too low. 
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Your brain needs a steady supply of glucose, for it neither stores nor 
manufactures its own energy supply. Hypoglycemia can have these effects on 
your brain: 

 Confusion, abnormal behavior or both, such as the inability to complete routine 
tasks  

 Visual disturbances, such as double vision and blurred vision  
 Seizures, uncommonly  
 Loss of consciousness, uncommonly  

Hypoglycemia may also cause these other signs and symptoms: 

 Heart palpitations  
 Tremor  
 Anxiety  
 Sweating 
 Hunger  

hyperglycemia - high blood sugar; occurs when blood sugar is too high, and can be a 
sign that diabetes is not well controlled. 

ketoacidosis - diabetic coma; loss of consciousness due to untreated or under-treated 
diabetes.  

The Diabetes Control and Complications Trial (DCCT), a landmark 10-year study, 
demonstrated that persons who lowered their blood glucose concentration have a 
better chance of delaying or preventing diabetes complications that affect the eyes 
(retinopathy), kidneys (nephropathy), and nerves (neuropathy).

People with type 1 diabetes must have daily injections of insulin to keep their blood sugar 
level within normal ranges. Other parts of the treatment protocol may include: 

• appropriate diet (to manage blood sugar levels) 

• exercise (to lower and help the body use blood sugar) 

• careful self-monitoring of blood sugar levels several times a day, as directed by 
your physician 

• careful self-monitoring of ketone levels in the urine several times a day, as 
directed by your physician 

• regular monitoring of the hemoglobin A1c levels 
The hemoglobin A1c test (also called HbA1c test) shows the average amount of 
sugar in the blood over the last three months. The result will indicate if the blood 
sugar level is under control.  
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1.2 Diabetes Type 1 Facts 

Heart attacks account for 60% and strokes for 25% of deaths in all diabetics. Diabetes 
affects the heart in many ways: 

• Both type 1 and 2 diabetes accelerate the progression of atherosclerosis 
(hardening of the arteries). This can lead to coronary artery disease, heart attack, 
or stroke. This indicates an EMOD deficiency state. 

• In type 1 diabetes, high blood pressure usually develops if the kidneys become 
damaged. High blood pressure is another major cause of heart attack, stroke, and 
heart failure. Children with diabetes are also at risk for hypertension.  

• Impaired nerve function (neuropathy) associated with diabetes also causes heart 
abnormalities. And some experts estimate that the mortality rates from 
neuropathy-related heart conditions ranges between 15% and 53%. This may 
indicate decreased dopamine levels and decreased H2O2 from MAO 
(monoamine oxidase). 

Anti-hypertensive agents that block angiotensin are the first option for many people with 
diabetes. Angiotensin is natural chemical that influences all aspects of blood pressure 
control and also interferes with insulin’s normal metabolic signaling. In fact, angiotensin 
may be the common factor linking diabetes and high blood pressure. Drugs that block 
them are ACE inhibitors and ARBs: 

• Angiotensin-converting enzyme (ACE) inhibitors are the standard agents for 
people with diabetes and hypertension. They include captopril (Capoten), 
enalapril (Vasotec), quinapril (Accupril), benazepril (Lotensin), ramipril (Altace), 
perindopril (Aceon), and lisinopril (Prinivil, Zestril). These agents have 
remarkable benefits for people with diabetes, including reducing the risks of heart 
attack, stroke, and death. ACE inhibitors also delay the onset and progression of 
kidney disease. In many cases, however, combinations are required to achieve 
blood pressure goals. In such cases, low-dose diuretics or calcium-channel 
blockers are added as needed.  

• Angiotensin-receptor blockers (ARBs), also known as angiotensin II receptor 
antagonists, are newer drugs that are similar to ACE inhibitors in effectiveness. 
They may have fewer side effects. Brands include losartan (Cozaar, Hyzaar), 
olmesartan (Benicar) candesartan (Atacand), telmisartan (Micardis), eprosartan 
(Teveten), irbesartan (Avapro), and valsartan (Diovan). In one study, ARBs 
appeared to reduce the risk of developing diabetes. Other studies have also 
reported protection against kidney disease even in people with normal blood 
pressure, making them particularly beneficial for people with diabetes.  

1.2.1 ACE inhibitors beneficial in type 2 diabetes 

Results of a study indicate that patients with high blood pressure and type 2 diabetes 
benefit from taking an angiotensin-converting-enzyme (ACE) inhibitor to lower 
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blood pressure, even if they have no evidence of kidney or heart disease (Journal of the 
American Society of Nephrology, December 2006). 

Use of ACE inhibitors, and control of hypertension (high blood pressure), appears to 
have independent and additive protective effects in patients with type 2 diabetes, suggest 
early data from a large Italian study known as the BENEDICT trial. In the study of 1180 
type 2 diabetic patients with hypertension, treatment with the ACE inhibitor trandolapril, 
or trandolapril combined with another BP lowering drug called verapamil (Veratran), 
delayed the onset of "microalbuminuria" -- a build-up of the blood protein albumin in the 
urine that can signal kidney disease. Diabetes is a leading cause of kidney disease. 

According to Dr. Piero Ruggenenti and colleagues at "Mario Negri" Institute for 
Pharmacological Research in Bergamo, Italy, "effective BP reduction has a specific and 
independent protective effect against the development of microalbuminuria." Systolic BP 
itself was the strongest predictor of microalbuminuria, and its reduction was the most 
protective factor. Moreover, the researchers found, "ACE inhibitor therapy has a further 
protective effect, in particular when the BP is poorly controlled." 

On the other hand, Veratran was most effective in reducing systolic BP. This agent 
was less likely to require concomitant treatment with other heart drugs like diuretics and 
beta blockers. Ruggenenti's team concludes that BP reduction, and not just less severe 
baseline hypertension, protects against the development of kidney damage. 

Statins are currently the best cholesterol-lowering agents for people with diabetes. They 
include pravastatin (Pravachol), simvastatin (Zocor), fluvastatin (Lescol), and 
atorvastatin (Lipitor). These agents are very effective for lowering LDL cholesterol 
levels. In addition, evidence suggests that statins reduces the risk for adverse heart events 
in people with even mild diabetes and in those with normal cholesterol levels. (Statins, 
however, do not appear to have any effect on blood vessel inflexibility in diabetes, 
which is an important risk factor for heart disease in these patients.) The primary safety 
concern with statins in people with diabetes has involved myopathy, an uncommon 
condition that can cause muscle damage and, in some cases, muscle and joint pain. 

1.3       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. 

1.4       Cholesterol Drugs May Harm Ill Diabetics 
 
1.4.1 Lipitor Doubled Risk of Stroke 

Cholesterol-lowering statin drugs do not help severely ill diabetics, and may even 
raise their risk of a deadly stroke, a study found. In the study, patients on Lipitor 
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were twice as likely to die of a stroke. It was the first major test of statins in 
diabetics who need dialysis machines to remove wastes from their bloodstream because 
their kidneys cannot do the job. The results are surprising because previous research 
showed Lipitor helped less severely ill diabetics. 

Dr. Robert Stanton, who is chief of kidney diseases at Joslin Diabetes Center in Boston 
and was not involved in the study, said it may be too late to start diabetics on statins once 
their kidneys have failed. The study was funded by Lipitor’s maker, Pfizer Inc., and 
involved 1,255 Europeans with Type 2 diabetes, in which the body cannot properly use 
insulin. The findings were reported in 7/21/05 New England Journal of Medicine. 

More than 120,000 Americans are on dialysis because of diabetes, and they have higher 
risks of heart disease, stroke and deaths than the general population and other diabetics. 
Lipitor is the world’s most-prescribed medication. It and other statins have allegedly 
dramatically lowered such risks by reducing levels of LDL, or “bad” cholesterol. 

The study, led by Dr. Christoph Wanner at the University of Wurzburg, Germany, tested 
a relatively low dose of Lipitor — 20 milligrams a day — against dummy pills and 
found virtually no difference four years later in participants’ combined 
risk of heart attacks, strokes and death. This happened even though the drug 
reduced LDL levels to an average of 72 milligrams per deciliter of blood, close to the 
target of 70 that new federal cholesterol guidelines recommend for people at very high 
risk of heart disease.  

There were 27 fatal strokes among the 619 people on Lipitor versus 13 among the 
636 in the placebo group, a result the authors said was unexplained and could be just a 
chance finding, considering that previous research showed a benefit from the drug. 

“It’s definitely a concern, but I don’t know from a single study that you can say for sure 
you shouldn’t use it in this population. It certainly raises your alarm levels,” Stanton said. 

The antihypertensive drugs ACE inhibitors are proving to protect against progression of 
kidney disease even in people with normal blood pressure. They are now the agents of 
choice for both preventing and managing nephropathy in type 1 diabetes. Newer agents 
called angiotensin-II receptor blockers (ARBs), such as losartan (Cozaar) and irbesartan 
(Avapro), are also considered helpful for both conditions. 

In general, foot ulcers develop from infections, such as those resulting from blood vessel 
injury. Even minor infections can develop into severe complications. Numbness from 
nerve damage, which is common in diabetes, compounds the danger since the patient 
may not be aware of injuries. About one-third of foot ulcers occur on the big toe.  
Increased infections are a hallmark of deficiencies of EMODs. 

According to a 2003 government survey, those at higher risk for foot ulcers tend to be 
people with diabetes who are overweight, smokers, and those with a long history of 
diabetes. I believe that these conditions contribute to EMOD deficiency. People who 
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had had the disease for more than 20 years and were insulin-dependent were at the 
highest risk. Related conditions that put people at risk include peripheral neuropathy, 
peripheral arterial disease, foot deformities, and a history of ulcers. 

Diabetes accounts for 12,000 to 24,000 of new cases of blindness annually and is the 
leading cause of new cases of blindness in adults ages 20 to 74. The most common eye 
disorder in diabetes is retinopathy. People with diabetes are also at higher risk 
for developing cataracts and certain types of glaucoma. 
 
1.5 Type 2 Risk Factors 

The more risk factors an individual has, the greater his/her likelihood of developing type 
2 diabetes.  

1.5.1 Obesity 

An excessively high body weight increases diabetes risk. The Body Mass Index (BMI) is 
a simple, widely accepted means of assessing body weight in relation to health for most 
people aged 20 to 65 (Exceptions include people who are very muscular, athletes, 
pregnant or nursing.) A BMI greater than 27 indicates a risk for developing type 2 
diabetes, and other health problems which include cardiovascular disease, and 
premature death. As the implications of the BMI are not the same for everyone, you 
should discuss your BMI with your physician if it is too high (or too low) according to 
the chart. Obesity increases the body’s resistance to insulin. Studies have shown that 
reversal of obesity through weight reduction or following bariatric surgery 
improves insulin sensitivity and regulation of blood sugar.  Increased EMODs, 
especially H2O2 would have the effect of improving insulin sensitivity and regulation 
of blood sugar would increase oxygen levels.  

I believe that this links obesity, cardiovascular disease and diabetes and that that 
link is directly related to EMOD levels. 

1.5.2 Apple-shaped Figure 

Individuals who carry most of their weight in the trunk of their bodies (i.e., above the 
hips) tend to have a higher risk of diabetes than those of similar weight with a pear-
shaped body (excess fat carried mainly in the hips and thighs). A waist measurement of 
more than 100 cm (39.5 inches) in men and 95 cm (37.5 inches) in women suggests an 
increased risk. 

1.5.2.1    Age 

Age increases the risk of type 2 diabetes. Aging is associated with decreased oxygen 
consumption.  Canadian data for 1996/97 show that the prevalence rate of diabetes in 
those aged 65 and over (10.4%) is three times as high as the rate in those 35 to 64 (3.2%). 
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While most diabetes occurs in older persons, it should be noted that the appearance of 
type 2 diabetes in children is increasingly being reported in the medical literature. In 
Canada, the problem is particularly apparent among Aboriginal children, mainly girls. In 
some communities, the prevalence of type 2 diabetes among Aboriginal females aged 10 
to12 years has been reported to be 3.6%. 

1.5.3 Sedentary Lifestyle 

Being overweight - another risk factor for Type 2 - can be prevented by regular physical 
activity. A second, independent benefit of regular physical activity is improved blood 
sugar control in persons who already have type 2 diabetes. 

1.5.4 Family History 

The genetic link for type 2 diabetes is stronger than the genetic link for type 1. Having a 
blood relative with type 2 diabetes increases the risk. If that person is a first-degree 
relative (e.g., a parent, sibling or child), the risk is even higher. 

1.5.5 History of Diabetes in Pregnancy 

Nearly 40 percent of the women who have diabetes during their pregnancy go on to 
develop type 2 diabetes later, usually within five to ten years of giving birth. Giving 
birth to a baby that weighs more than nine pounds (4 kg) is another symptom of 
gestational diabetes. 

1.5.6 Impaired Glucose Tolerance 

Impaired glucose tolerance or impaired fasting glucose can precede the development of 
type 2 diabetes. These conditions are determined through blood tests. While persons 
affected with these problems do not meet the diagnostic criteria for diabetes, their blood 
sugar control and reaction to sugar loads are considered to be abnormal. This places them 
at higher risk, not just for the development of type 2 diabetes (an estimated one in ten 
progress to type 2 diabetes within five years), but also for cardiovascular disease. 
For this group, preventive strategies -- including lifestyle changes and regular screening 
for diabetes mellitus -- must be a priority. 

1.5.7 Ethnic Ancestry 

Being of Aboriginal, African, Latin American or Asian ethnic ancestry increases the risk 
of developing of type 2 diabetes. Risk levels for these groups are between two and six 
times higher than for Canadians of Caucasian origin. The actual prevalence of 
diabetes in the Caucasian population of the US is about 7.2% while in the African 
American population, it increases to about 11%. In a well known group of Native 
Americans, the Pima Indians, the prevalence increases to almost 35%. 

1.5.8 High Blood Pressure 
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Up to 60 percent of people with undiagnosed diabetes have high blood pressure. 

1.5.9 High Cholesterol or Other Fats in the Blood 

More than 40 percent of people with diabetes have abnormal levels of cholesterol and 
similar fatty substances that circulate in the blood. These abnormalities appear to be 
associated with an increased risk of cardiovascular disease among persons with 
diabetes. HDL cholesterol of less than 35 is a risk factor. 

1.5.10 Birth Weight 

There is a relationship between birth weight and developing diabetes, and it’s the 
opposite of what you’d intuitively think. The lower the birth weight the higher the risk of 
type 2 diabetes. 

1.5.11 Metabolic Syndrome 

People who have the metabolic syndrome are at especially high risk for developing 
diabetes. 

The pathophysiologic interactions of abdominal obesity, insulin resistance, dyslipidemia, 
hyperglycemia, and hypertension were first described by Reaven (Reaven GM. Banting 
lecture 1988. Role of insulin resistance in human disease. Diabetes 1988; 37: 1595–607) 
in 1988.  

Although understood by workers in the field of metabolic diseases and nutrition, the 

condition was not definitively defined and named "the metabolic syndrome" until the 
National Cholesterol Education Program Adult Treatment Panel (ATP) III guidelines 
were published in 2001 (Executive Summary of the Third Report of The National 
Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA 
2001; 285: 2486–97). 

Since then, the importance and awareness of the condition have grown rapidly. With 
subsequent publications, it became apparent that not only obesity was epidemic in the 
American population, but the metabolic syndrome was as well. The association of the 
metabolic syndrome with coronary artery disease was underscored by the ATP Advisory 
of 2004, which placed the metabolic syndrome among the 4 very high-risk conditions for 
arteriosclerotic vascular disease that were worthy of the option of a most aggressive 

lowering of LDL to <70 mg/dL, or lower than the fifth percentile, in the LDL distribution 
of middle-aged populations of men and women (Grundy SM, Cleeman JI, Merz CN, et al. 
Implications of recent clinical trials for the National Cholesterol Education Program 
Adult Treatment Panel III guidelines. Circulation 2004; 110: 227–39). 

Proximate to the development of each of these abnormalities is allegedly the 
enhancement of underlying oxidative stress, which is related to increased substrate 

Page 31 of 366



oxidation and mitochondrial leak of superoxide and is postulated to be a common 
mediator of the microvascular and macrovascular complications of diabetes (Ceriello A. 
Postprandial hyperglycemia and diabetes complications: is it time to treat? Diabetes 
2005; 54: 1–7).  

At best, evidence that oxidative stress is enhanced in the metabolic syndrome is 
indirect. 

1.5.12 Depression and Diabetes 

In the second study 11,615 healthy adults were followed for six years. At baseline all 
persons were evaluated for depression. Those people in the highest quartile (top 25 
percent) for depressive symptoms had a 63 percent increased risk of developing diabetes 
during the six year follow-up compared to the 25 percent for people with the fewest 
depression symptoms (Golden SH et al. Depressive Symptoms and the Risk of Type 2 
Diabetes. Diabetes Care 27:429-435. February 2004).  

This predictive relationship persisted even after adjusting for smoking, physical activity, 
calorie intake, BMI, blood pressure, and other possible confounders. Researchers are not 
sure why depression is a predictor nor do they understand a mechanism yet, but there 
appears to be a strong mental component in increasing the risk of diabetes. Screening for 
depression is important for many reasons besides diabetes risk, but it may be an 
additional clue to why some people develop diabetes.  

Depression is also associated with pregnancy (an EMOD lowered status) and obesity is 
related to increased risk during pregnancy.  Hypertension is increased in pre-eclampsia 
patients. Pregnant diabetics are at higher risk for birth defects. It has been found that 
vitamins E and C do not prevent pre-eclampsia. 

Depression and fatigue are also associated with hypothyroidism. Insomnia is associated 
with depression. 

Depression and obesity have been related to increased risk of CVD and cancer. 

Both minor and major depression are strongly associated with increased mortality 
in diabetic patients, according to results of a study published in the 11/18/05 issue of 
Diabetes Care. Researchers in Seattle examined whether patients with minor or major 
depression and type 2 diabetes have a higher mortality rate compared with patients with 
diabetes alone. They surveyed 4,154 diabetic patients in a large health maintenance 
organization and followed them for up to 3 years. 

The patients completed written questionnaires on sociodemographic characteristics, 
diabetes characteristics, and type and duration, and symptoms of depression. The 
investigators collected HMO-automated diagnostic, laboratory, and pharmacy data, and 
Washington State mortality rates to assess diabetes complications and deaths. 
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During the 3-year follow-up, there were 275 (8.3 percent) deaths in the 3,303 patients 
without depression. Among the 354 patients with minor depression, 48 (13.6 percent) 
died. Among the 497 patients with major depression, 59 (11.9 percent) died. 

Compared with the nondepressed group, minor depression was associated with a 1.67-
fold increase in mortality. Major depression was associated with a 2.30-fold increased 
risk compared to the nondepressed group. 

"Screening and treatment of depression in patients with diabetes is very important," lead 
author Dr. Wayne J. Katon, of the University of Washington School of Medicine, told 
Reuters Health. "Our group and others have shown depression can be effectively treated 
in patients with diabetes." 

1.5.13 Iceland study finds important diabetes gene 

A single genetic change could predispose close to 40 percent of the population to 
type-2 diabetes, researchers said on 1/16/06. 

The gene, identified in a study of Iceland's comprehensive genetic records, is carried by 
38 percent of the Northern European populations studied, and is also common among 
African-Americans, the researchers said. 

Writing in the journal Nature Genetics, Kari Stefansson of DeCode Genetics and 
colleagues said their finding could help in the development of an easy test for diabetes 
risk and might also lead to better drugs for the disease, which affects nearly 200 million 
people worldwide and 18 million people in the United States alone. 

"If you have one copy of this variant, which 38 percent of people do, your risk of 
developing type-2 diabetes is increased by 40 percent," Stefansson, who is chief 
executive officer of DeCode, said in a telephone interview. 

"Seven percent have two copies and have a 140 percent increase in risk. If you would 
remove this variant out of the population, you would remove basically 20 percent of the 
type-2 diabetes cases from our society." 

Type-2 diabetes was once known as adult-onset diabetes, and differs from type-1, or 
juvenile, diabetes. With an inability to use and produce insulin properly, sufferers end up 
with too much glucose in their blood and have high rates of heart disease, blindness, 
nerve damage and limb loss. Type-2 diabetes is associated with obesity, overweight and a 
lack of exercise and is being found in children more commonly worldwide. "It is a 
disease that occurs at the interface of genes and environment," Stefansson said. 

The variant his team found, called TCF7L2, is associated with a younger onset of the 
condition, and sufferers appear to be thinner than the average type-2 diabetes patient. 

Page 33 of 366



"This discovery sheds new light on the biological causes of the disease. Importantly, 
virtually all of this risk can be captured by looking at a single-letter change in DNA 
-- ideal for the development of a genetic test for assessing individual risk and developing 
more personalized and effective prevention strategies," Stefansson said. "This is also an 
exciting starting point for the discovery of new drugs, and we are actively pursuing the 
development of both diagnostic and therapeutic products to better prevent and treat type-
2 diabetes," he added. 

While his team studied mostly northern Europeans -- Icelanders, Danes and U.S. citizens 
-- Stefansson said he also saw other variants that are found in people around the world 
that also confer diabetes risk. Iceland-based DeCode specializes in trolling the country's 
DNA database for information. Virtually the entire population of Iceland, a highly 
inbred group, has voluntarily donated DNA to be sequenced, analyzed and 
published. 

The DeCode team found the gene first in Icelanders with diabetes, and then looked in 228 
Danish women with type-2 diabetes and 539 who did not have the condition. They also 
looked at 361 American diabetics of European descent and 530 similar people without 
diabetes. 

They said the TCF7L2 gene can be found on chromosome 10q. It is a transcription 
factor, a gene that controls another gene, in this case the well-known Wnt signaling 
pathway. Wnt is involved in key developmental and growth regulatory mechanisms of 
cells. 

1.6 Signs and Symptoms of Type 2 Diabetes 

More than 6 million people in the United States have type 2 diabetes and do not know it. 
Many have no signs or symptoms. Symptoms can also be so mild that you might not even 
notice them. Some people have symptoms but do not suspect diabetes. 

Here is what to look for: 

• increased thirst  
• increased hunger  
• fatigue  
• increased urination, especially at night  
• weight loss  
• blurred vision  
• sores that do not heal  

Some of the following was modified from the emedicine website and entitled, “Diabetes 
Mellitus, Type 2 - A Review.” 

Type 2 diabetes mellitus was once called adult-onset diabetes. Now, because the 
epidemic of obesity and inactivity in children, type 2 diabetes is occurring at younger and 
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younger ages. Although type 2 diabetes typically affects individuals older than 40 years, 
it has been diagnosed in children as young as 2 years of age who have a family history of 
diabetes.  

Type 2 diabetes mellitus is more prevalent among Hispanics, Native Americans, African 
Americans, and Asians/Pacific Islanders than in non-Hispanic whites. Many patients with 
type 2 diabetes are asymptomatic, and their disease is undiagnosed for many years. 
Studies suggest that the typical patient with new-onset type 2 diabetes has had 
diabetes for at least 4-7 years before it is diagnosed. Among patients with type 2 
diabetes, 25% are believed to have retinopathy; 9%, neuropathy; and 8%, nephropathy at 
the time of diagnosis.  

Patients with diabetes also tend to develop senile cataracts sooner than 
persons without diabetes, though this is not related to the degree of glycemic control. 

Type 2 diabetes is characterized by peripheral insulin resistance with an insulin-secretory 
defect that varies in severity. For type 2 diabetes to develop, both defects must exist: All 
overweight individuals have insulin resistance, but only those with an 
inability to increase beta-cell production of insulin develop diabetes.  I 
believe that this may indicate that the fats and lipids in obese patients are 
scavenging EMODs, which normally help insulin and glucose transport, especially 
hydrogen peroxide. 

About 90% of patients who develop type 2 diabetes are obese. Maturity-onset diabetes of 
the young (MODY) is a form of type 2 diabetes that affects many generations in the same 
family with an onset in individuals younger than 25 years. Several types exist. 

The livers of patients with type 2 diabetes produce excess glucose and that this, too, 
can contribute to high blood glucose levels. 

1.7 What is Type 2 Diabetes? 

Type 2 diabetes is a metabolic disorder resulting from the body's inability to make 
enough, or to properly use, insulin. It used to be called non-insulin-dependent diabetes 
mellitus (NIDDM). 

Without adequate production or utilization of insulin, the body cannot move blood sugar 
into the cells. It is a chronic disease that has no known cure. It is the most common type 
of diabetes, accounting for 90 to 95 percent of diabetes cases. 

Recent evidence highlights the important role of the brain in the control of glucose 
homeostasis. Hypothalamic centers sense the availability of peripheral nutrients via 
redundant and overlapping nutrient-induced peripheral signals such as leptin and insulin 

and via direct metabolic signaling. Responding to nutrient availability, these 
hypothalamic regions in turn exert a negative feedback not only on food intake but also 
on endogenous glucose production. Disruptions in the mechanisms of central nervous 
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system nutrient sensing alter these homeostatic responses and contribute to the 
pathophysiology of obesity and type 2 diabetes (Minireview: The Brain as a Molecular 
Target for Diabetic Therapy. Elena Prodi and Silvana Obici. Endocrinology Vol. 147, 
No. 6 2664-2669. 2006). 

A decrease in the number of functional insulin-producing ß-cells contributes to the 
pathophysiology of type 2 diabetes. Opinions diverge regarding the relative contribution 
of a decrease in ß-cell mass versus an intrinsic defect in the secretory machinery. Donath 
reviews the evidence that glucose, dyslipidemia, cytokines, leptin, autoimmunity, and 
some sulfonylureas may contribute to the maladaptation of ß-cells. With respect to these 
causal factors, they focus on Fas, the ATP-sensitive K+ channel, insulin receptor substrate 
2, oxidative stress, nuclear factor- B, endoplasmic reticulum stress, and mitochondrial 
dysfunction as their respective mechanisms of action. Interestingly, most of these factors 
are involved in inflammatory (implies hypoxia) processes in addition to playing a role in 
both the regulation of ß-cell secretory function and cell turnover. Thus, the mechanisms 
regulating ß-cell proliferation, apoptosis, and function are inseparable processes 
(Mechanisms of ß-Cell Death in Type 2 Diabetes. Marc Y. Donath. Diabetes 54:S108-
S113, 2005). 
1.7.1 What Increases Your Risk 

The major risk factors for type 2 diabetes in children include: 

• Being overweight. 85% of children diagnosed with type 2 diabetes have a body 
mass index (BMI) in the 85th percentile or above for their age and sex. 4 These 
children often eat a high-fat, low-fiber diet, which contributes to weight gain.  

• Getting little or no physical activity.  
• Family history. At least 75% of children with type 2 diabetes have a parent, sister, 

or brother with the disease. 4  

Other factors that increase risk include: 

• Race. African-American, Hispanic, Native American, Asian-American, and 
Pacific Islander children are at greater risk for developing type 2 diabetes than 
white American children.  

• Sex. Girls are more likely to develop the disease than boys. I believe that this 
may be due to the higher levels of estrogen, which is an antioxidant. 

• The child's mother having diabetes that developed during pregnancy (gestational 
diabetes).  

1.7.2 Blacks have Poorer Control of Diabetes than Whites 

Blacks with diabetes tend to have worse control of the disease than whites, a new 
review of the data shows (Kathleen Doheny HealthDay News. 8/25/06). The finding 
could explain why black patients are typically at increased risk for diabetes-linked 
complications and death, the researchers said. "This confirms what doctors have known," 
added Dr. Larry C. Deeb, president of medicine and science for the American Diabetes 
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Association and a professor of social and behavioral medicine at Florida State University 
College of Medicine. 

"What this study does is take all the [published] papers they could find and show that, 
across the board, the African-Americans have an increased risk," said Deeb. The 
findings were published in the journal Diabetes Care, 8/25/06. The review is a "meta-
analysis." "We took all these studies [and] combined all the data from each individual 
study," explained co-author Ronny A. Bell, associate professor of epidemiology at the 
Wake Forest University School of Medicine. 

The findings confirmed what the individual studies had already found, Bell said. "But a 
meta-analysis can give you more evidence to say [the finding] with more confidence," he 
said. The data included information on more than 42,000 white and 14,000 black 
patients with diabetes. Most were older than 50 and had type 2 diabetes, the most 
common, obesity-linked form of the illness. In type 2 disease, the body either does not 
produce enough insulin or cells don't use insulin efficiently. Either way, glucose builds 
up in the bloodstream. 

The researchers looked at the results of a blood test called the A1C, also known as 
glycated hemoglobin or HbA1c. The test provides a "look back," averaging a person's 
blood sugar control for the previous two to three months. Some doctors compare it to a 
baseball player's seasonal batting average, explaining that it's valuable information to 
have in addition to the daily blood sugar readings. Those with diabetes should aim for 
an A1C of less than 7 percent, according to the American Diabetes Association. 

In the study, blacks had an A1C, on average, that was 0.65 percent higher than that of 
whites, Bell said. While no averages were calculated by the researchers by race, "the 
range of A1C values across the 11 studies was 7.3 percent to 9.4 percent for whites and 
7.6 percent to 11.4 percent for blacks," he said. "As you can see, there are a lot of people 
whose A1C is not in good control, but especially so for blacks." 

A numbers of reasons may explain the differences, the researchers said, including 
differences in quality of care, intensity of treatment, or in insurance coverage, such as 
prescription drug coverage. Genetic differences may explain the gap, too. "The individual 
person with diabetes has to say to him or herself that diabetes control is critical to long-
term health," Deeb said. A person with diabetes should vow to work with their doctor to 
bring the test result into normal range, he added. 

About 20 million American children and adults have diabetes, according to American 
Diabetes Association estimates. 

1.7.3 Type 2 Risk Factors 

A number of risk factors have been identified for type 2 diabetes: 
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Obesity, Apple-shaped figure, Age, Sedentary lifestyle, Family History, History of 
Diabetes in Pregnancy, Impaired Glucose Tolerance, Ethnic Ancestry, High Blood 
Pressure, High Cholesterol or other fats in the blood, Birth weight, Metabolic 
Syndrome, Depression. 

1.7.3.1 What Causes Type 2 Diabetes? 

The exact cause of type 2 diabetes is unknown. However, there does appear to be a 
genetic factor which causes it to run in families. And, although a person can inherit a 
tendency to develop type 2 diabetes, it usually takes another factor, such as obesity, 
to bring on the disease.  This may be a lowering of EMOD levels. 

1.7.4 Prevention or Delay of Onset of Type 2 Diabetes 

Type 2 diabetes may be prevented or delayed by following a program to eliminate or 
reduce risk factors - particularly losing weight and increasing exercise. Information 
gathered by the Diabetes Prevention Program, sponsored by the National Institutes of 
Health and the American Diabetes Association, continues to study this possibility. 

1.7.5 What are the Symptoms of Type 2 Diabetes? 

The following are the most common symptoms of type 2 diabetes. However, each 
individual may experience symptoms differently. Symptoms may include: 

• frequent infections that are not easily healed  
• high levels of sugar in the blood when tested  
• high levels of sugar in the urine when tested  
• unusual thirst  
• frequent urination  
• extreme hunger but loss of weight  
• blurred vision  
• nausea and vomiting  
• extreme weakness and fatigue  
• irritability and mood changes  
• dry, itchy skin  
• tingling or loss of feeling in the hands or feet  

Some people who have type 2 diabetes exhibit no symptoms. Symptoms may be mild 
and almost unnoticeable, or easy to confuse with signs of aging. It has been said that half 
of all Americans who have diabetes do not know it.  

The symptoms of type 2 diabetes may resemble other conditions or medical problems. 
Always consult your physician for a diagnosis. 
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Risk factors for type 2 diabetes include the following:  

• age 
People over the age of 45 are at higher risk for diabetes.  

• family history of diabetes  

• being overweight  

• not exercising regularly  

• race and ethnicity 
Being a member of certain racial and ethnic groups, such as African-Americans, 
Hispanic Americans, and Native Americans increases the risk for type 2 diabetes.  

• history of gestational diabetes, or giving birth to a baby that weighed more than 9 
pounds  

• a low level HDL (high-density lipoprotein - the "good cholesterol")  

• a high triglyceride level  

Genetics definitely plays a role in diabetes but nature and nurture are both 
involved. In both cases, people inherit differences in their DNA that increase their risk of 
getting diabetes. So what differences lead to Type 1 diabetes? One obvious difference 
would be one in or around the insulin gene itself. This isn’t that common, though. Most 
people with Type 1 diabetes have a normal insulin gene.  
 
Other DNA differences can lead to an increased risk of getting Type 1 diabetes. For 
example, some people with Type 1 diabetes have differences in genes called HLA genes 
that normally help the immune system to work. In addition, there are probably at least 16 
other areas of DNA where differences can increase your risk of getting Type 1 diabetes.  

With Type 2 diabetes, the story is even less clear. In most cases, you need more than one 
DNA difference to get Type 2 diabetes. There are at least 12 genes that have been 
shown to be involved in Type 2 diabetes, and there are probably more that scientists 
know nothing about yet.  
 
In most cases, having DNA differences isn’t enough to make you diabetic—it can 
only increase your chance. Type 1 diabetes may be less common in people who were 
breastfed. Additionally, certain infections or even cold weather might be able to trigger 
Type 1 diabetes in some people. The best thing you can do to prevent getting Type 2 
diabetes is to eat healthy and get regular exercise.  
 
A classic example of this is the Pima Indians of Arizona. A Pima Indian with diabetes 
was virtually unheard of for 2000 years or so. Recently, many of them have adopted a 
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more typical American lifestyle—little exercise and unhealthy food. Almost 
overnight, around half of the Pima Indians in Arizona ended up with 
Type 2 diabetes. I ask, “Could this have been due to obesity and lowered EMOD 
levels?” 
 
Obviously their DNA didn’t change so quickly. The DNA differences for increased Type 
2 diabetes risk were always there. But, with their old life style, it didn’t matter. In other 
words, the DNA wasn’t enough to cause the diabetes. Their environment had to change 
before they developed the disease. Environment is important even if you are not a Pima 
Indian.  
 
The rate for Type 2 diabetes is 13 percent for African-Americans and 15.1 percent for 
American Indians. The rate is two times higher in Hispanics than non-Hispanics and is 24 
percent. 
 
Scientists know this by studying identical twins. Identical twins share the exact same 
DNA. So if some trait is completely due to DNA, then both identical twins would always 
share that trait. But if identical twins don’t always share the trait, then something besides 
DNA is also involved. In fact, if your identical twin has Type 1 diabetes, you have less 
than a 50% chance of getting it too. And if your identical twin has Type 2 diabetes, 
you have about a 75% chance of getting it. So, DNA alone doesn’t make you 
diabetic—environment is also important.  
 
The causes of diabetes are complicated. DNA, weight, physical activity, diet, and age all 
affect a person’s risk of diabetes. I believe that an EMOD insufficiency state allows 
the manifestation of diabetes and this is shown by its association with obesity, 
cancer and atherosclerosis. 
 
1.7.6 Treatment for Type 2 Diabetes 
 
1.7.7 The United Kingdom Prospective Diabetes Study (UKPDS) 

The United Kingdom Prospective Diabetes Study (UKPDS), the longest and largest 
study of persons with type 2 diabetes completed in Europe in 1998, demonstrated that 
intensive control of glucose and blood pressure in these persons reduced the risk of 
kidney disease, blindness, stroke, and heart attack. 

1.8 Urinary F2-Isoprostanes Are Not Associated with Increased Risk of Type 2 

Free radicals have been implicated in the etiology of type 2 diabetes. Cross-sectional 
studies have demonstrated associations between oxidative damage and type 2 diabetes. 
However, no prospective data on this association are available. 

A case control study was conducted within the prospective cohort of the Insulin 
Resistance Atherosclerosis Study: 26 cases who developed type 2 diabetes in the 
follow-up period and 26 controls who remained free of type 2 diabetes were randomly 
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selected. Oxidative status was assessed by measuring 2,3-dinor-5,6-dihydro-15-F2t-
isoprostane (F2-IsoPM) in baseline urine samples using gas chromatography/mass 
spectroscopy. Type 2 diabetes was defined by serial oral glucose tolerance tests and 
World Health Organization criteria. 

Urinary F2-IsoPM varied between 0.18 and 2.60 ng/mg creatinine; 25th/50th/75th 
percentiles were 0.42, 0.60, and 0.89, respectively. A trend toward higher levels were 
observed in women and in persons with impaired glucose tolerance at baseline. F2-IsoPM 
increased with BMI. After adjustment for age, gender, baseline impaired glucose 

tolerance status, and BMI, F2-IsoPM levels were inversely associated with 
development of type 2 diabetes: odds ratio = 0.32 (95% confidence interval, 0.12 
to 0.81) for the difference between the 75th and 25th percentiles.  I believe that this is 
strong evidence that EMODs are not causative of type 2 diabetes. 

1.9 Oxidative Damage Is Not a Cause of Type 2 Diabetes 

These results suggest that oxidative damage is not a cause of type 2 
diabetes. Positive cross-sectional associations of F2-IsoPM with the risk factors for 
diabetes, BMI, and impaired glucose tolerance and inverse associations with development 

of type 2 diabetes indicate that F2-IsoPM might reflect a compensatory mechanism. 
(Urinary F2-Isoprostanes Are Not Associated with Increased Risk of Type 2 Diabetes. 
Dora Il’yasova, Jason D. Morrow and Lynne E. Wagenknecht. Obesity Research 
13:1638-1644 (2005) 

Often, type 2 diabetes can be controlled through losing weight, improved nutrition, and 
exercise alone. However, in some cases, these measures are not enough and either oral 
medications and/or insulin must be used. Treatment often includes: 

• proper diet 

• weight control 

• an appropriate exercise program 

• regular foot inspections 

• oral medications and/or insulin replacement therapy, as directed by your 
physician 

• regular monitoring of the hemoglobin A1c levels 
The hemoglobin A1c test (also called HbA1c test) shows the average amount of 
sugar in the blood over the last three months. The result will indicate if the blood 
sugar level is under control. It is recommended that testing occur at least twice a year 
if the blood sugar level is in the target range and stable, and more frequently if the 
blood sugar level is unstable.  
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Untreated or inappropriately-treated diabetes can cause problems with the kidneys, legs, 
feet, eyes, heart, nerves, and blood flow, which could lead to kidney failure, gangrene, 
amputation, blindness, or stroke.  

2.0 Long Term Complications 

Among the major risks of the disorder are chronic problems affecting multiple organ 
systems which will eventually arise in patients with poor glycemic control.  Many of 
these arise from damage to the blood vessels.  These illnesses can be divided into those 
arising from large blood vessels.  These illnesses can be divided into those arising from 
large blood vessel disease, macroangiopathy, and those arising from small blood vessel 
disease, microangiopathy.  Interestingly, small vessel disease is minimized by tight 
blood glucose control, but large vessel disease is unaffected by tight blood glucose 
control. 

2.0.1 Small Vessel Disease Complications 

-Proliferative retinopathy and macular edema, which can lead to severe vision loss or 
blindness 

-Peripheral neuropathy, which particularly when combined with damaged blood vessels, 
can lead to foot ulcers and possibly progressing to necrosis, infection and gangrene.  
Diabetic nephropathy (due to microangiopathy) which can lead to renal failure 

2.0.2 Large Vessel Disease Complications 

-Ischemic heart disease caused by both large and small vessel disease 

-Stroke 

Peripheral vascular disease contributes to foot ulcers and the risk of amputation. Diabetes 
mellitus is the most common cause of adult kidney failure worldwide.  It also the 
most common cause of amputation in the U.S., usually toes and feet, often as a result of 
gangrene, and almost always as a result of peripheral vascular disease.  Retinal damage 
(from microangiopathy) makes it the most common cause of blindness among non-
elderly adults in the U.S.  A number of studies have found that those with diabetes are 
more at risk for dry eye syndrome.  Advanced glycosylation end products (AGEs) are 
believed to play a role in the pathogenesis of angiopathy resulting from diabetes mellitus. 

In January 2006, research suggested that cannabidiol (CBD), one of cannibis’s active 
substances, may reduce cell death in the eyes of diabetic patients (El-Remessy AB, Al-
Shabrawey M, Khalifa Y, Tsai NT, Caldwell RB, Liou GI (2006).  “Neuroprtoective and 
blood-retinal barrier-preserving effects of cannabidiol in experimental diabetes.” Am J 
Pathol 168 (1): 235-244). 
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In 2006, according to the World Health Organization, at least 171 million people 
worldwide suffer from diabetes.  Its incidence is increasing rapidly, and it is estimated 
by the year 2030, this number will double.  Diabetes mellitus occurs throughout the 
world, but is more common (especially type 2) in the more developed countries.  The 
greatest increase in prevalence is, however, expected to occur in Asia and Africa, where 
most of the diabetic patients will be seen by 2030.  The increase in incidence of diabetes 
in the developing countries follows the trend of urbanization and lifestyle changes. 

I believe that the increase in diabetes and CVD is also following increases in obesity 
and decreasing amounts of exercise.  Possibly, it is also being increased due to 
increased intake of antioxidant vitamins and dietary supplements. 

Diabetes is in the top 10, and perhaps the top 5, of the most significant disease in the 
developed world, and is gaining in significance. 

For at least 20 years, diabetes rates in North America have been increasing substantially.  
In 2005 there are about 20.8 million people with diabetes in the United States alone.  
According to the American Diabetes Association, there are about 6.2 million people 
undiagnosed and about 41 million people that would be considered prediabetic 
(American Diabetes Association (2005).   

2.0.3 Paradoxes of Nitric Oxide in the Diabetic Kidney 

As an important modulator of renal function and morphology, the nitric oxide (NO) 
system has been extensively studied in the diabetic kidney. However, a number of studies 
in different experimental and clinical settings have produced often confusing data and 
contradictory findings. They have reviewed a wide spectrum of findings and issues that 
have amassed concerning the pathophysiology of the renal NO system in diabetes, 
pointed out the controversies, and attempted to find some explanation for these 
discrepancies. Severe diabetes with profound insulinopenia can be viewed 
as a state of generalized NO deficiency, including in the kidney. However, they 
have focused this hypotheses and conclusions on the events occurring during moderate 
glycemic control with some degree of treatment with exogenous insulin, representing 
more the clinically applicable state of diabetic nephropathy. Available evidence suggests 
that diabetes triggers mechanisms that in parallel enhance and suppress NO 
bioavailability in the kidney (Paradoxes of nitric oxide in the diabetic kidney. Radko 
Komers and Sharon Anderson. Am J Physiol Renal Physiol 284: F1121-F1137, 2003). 
2.0.4 Total Prevalence of Diabetes & Prediabetes 

The Centers of Disease Control has termed the change epidemic.  The National Diabetes 
Information Clearinghouse estimates that diabetes costs $132 billion in the United States 
alone every year.  About 5%-10% of these cases of diabetes are type 1 diabetics.  The 
fraction of type 1 diabetics in other parts of the world differs, this is likely due to both 
differences in the rate of type 1 and differences in the rate of other types, most 
prominently type 2.  Most of this difference is not currently understood. 
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The cellular organelles flaunt their distinct personalities. 
The mitochondrion is a type A workaholic, 

whereas the nucleus is a comparative couch potato. 
The lysosome complains of constant dyspepsia and  

the ribosome is as bored as a Detroit assembly lineman. 
Peroxisomes leisurely frolic in the warm cytoplasmic currents  

whilst the Golgi seem confused. 
EMODs scurry throughout in a peripatetic manner, 

constantly adjusting the finer inner workings of the cellular complex. 
Peroxide surveils the cellular lifescape with unmatched precision. 

The ticking of the cellular clock tocks along 
and the organelles compliantly follow in lockstep. 
Wealth is measured in the coinage called health. 

R. M. Howes, M.D., Ph.D. 
8/12/06 

 
 
 
 
2.1 Primer:  Beta-cell Physiology and 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 should be considered in a 
category more crucial than "food". It has been separated for the simple reason that while 
diffusion of nutrients of various sizes is largely a function of the chemical structure of the 
coating, 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 
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2.2 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 graph, 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. I believe that this may be related to the 
generalized hypoxia seen in obese patients.  It may also relate to the decreased rates 
of oxygen consumption seen with increasing age and in the elderly. 

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. 
We must apply this same logic to the function of islet cells in vivo and its 
consequences on insulin secretion. 

2.3 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 
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2.4 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).  

I believe that this supports my previous thoughts on the importance of the innate 
wisdom of the body and on its instinctual capabilities.  Fine tuning of glucose is just 
one of hundreds or thousands of values which must be constantly monitored and 
maintained from moment to moment.  All of this occurs without our conscious 
efforts.  

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 is 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. 

Ninety eight percent (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. 
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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 occurs 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. I wonder if this is true with caloric restriction. 

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

2.5 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. Mimicking this behavior is difficult to do by mechanical means. This is 
why they 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. 

2.6 Beta Cell Dysfunction Not Caused by Oxidative Stress 

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 
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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-cystein and 
manganes(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]). 

2.7 Mechanisms of Pancreatic β-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 
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. They 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 
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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 ATPP

 

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 
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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 electronically modified oxygen derivatives (EMODs) 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, and Stoppani AO. Role of ubiquinone in the mitochondrial 
generation of hydrogen peroxide. Biochem J. 1976; 156: 435–444).   
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2.8 Redox Paradox:  Insulin, EMODs and Diabetes 
 
2.8.1 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 

electronically modified oxygen derivatives (EMODs) 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 EMODs may serve as second 
messengers in the insulin action cascade. Specific molecular targets of insulin-
induced EMODs include enzymes whose signaling activity is modified via oxidative 
biochemical reactions, leading to enhanced insulin signal transduction. These positive 
responses to cellular EMODs may seem "paradoxical" because chronic exposure to 
relatively high levels of EMODs 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 EMODs 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, EMODs can rapidly oxidize the catalytic cysteine of target 

PTPs, effectively blocking their enzyme activity and reversing their inhibitory effect 
on insulin signaling.  Thus, EMODs facilitate insulin action. 
 
Among the cloned Nox homologs, they have recently provided evidence that Nox4 may 

mediate the insulin-stimulated generation of cellular EMODs 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 electronically modified oxygen derivatives (EMODs; superoxide and H2O2), 
especially when chronically raised to high levels and associated with hyperglycemia, 
have been widely recognized to have an allegedly 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 
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complications. Nature 414:813 –820, 2001) (Evans JL, Goldfine ID, Maddux BA, 
Grodsky GM: Oxidative stress and stress-activated signaling pathways: a unifying 
hypothesis of type 2 diabetes. Endocr Rev 23:599 –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 Biol 24:816 –823, 2004).  

In contrast, transient bursts of small amounts of EMODs 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 
EMODs 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 EMODs 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 EMODs 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). 

Page 54 of 366



I see a progression from an EMOD deficiency, to insulin resistance, to obesity, to 
metabolic syndrome to an EMOD insufficiency syndrome, with its comorbidities. 

2.8.2 EMODs (H2O2) as Secondary Messengers for PTP 

Superoxide and H2O2, collectively called "electronically modified oxygen derivatives 
" (EMODs), 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, 
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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 EMODs 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). 

2.8.3 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.  
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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 
Chem 266:7051 –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 EMOD 
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 
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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 

EMODs 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 
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mediate the activation of Akt/protein kinase B by angiotensin II in vascular smooth 
muscle cells. J Biol Chem 274 :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 Biophys 386:275 –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 EMOD 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 EMOD production after insulin treatment, suggesting 

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

2.8.4 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. 

2.8.5 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 EMODs 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 
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EMODs 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.  Thus, it appears to me that peroxide 
could be used to treat diabetes. 

EMOD production after ligand stimulation, including insulin, generates only a 
fraction of the EMOD 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 EMODs 
compared with the chronic exposure to EMODs 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. Nature 414:813 –820, 
2001).  

The low levels of EMODs 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 Lett 440 :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 Biochem 
283 :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 EMODs, 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 Chem 279:22284 –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). 

2.9 Diabetes Heart Risk “Equivalent to 15 Years Aging” 

Nearly 21 million people in the United States have diabetes, which contributes to more 
than 220,000 deaths a year and costs more than $132 billion annually, according to the 
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American Diabetes Association.  Most have Type 2 diabetes, caused by a combination 
of genetic factors and lifestyle and closely linked with obesity and lack of exercise. 

Diabetes patients have a much higher risk of heart and kidney disease, blindness and limb 
loss and must not only control their blood sugar, but must take care to keep their blood 
pressure and cholesterol low. Diet and exercise can do this but many patients also need 
drugs. 

Diabetics are at risk of developing cardiovascular disease, one of the world's biggest 
killers, 15 years earlier than other people, according to a scientist on 6/29/06. So, a 
person with diabetes aged 40 has the same odds of having a stroke or heart attack as 
a healthy person of 55. "Diabetes confers the same risk of cardiovascular disease as 
aging 15 years," said Gillian Booth of the Institute of Clinical Evaluation Sciences in 
Toronto, in an interview but she added that not all people with diabetes are at high risk. 
Those that are, do not reach the high level until they are in their early to late 40s. 

Diabetes is a chronic illness that occurs when the body does not produce enough insulin, 
or it can not effectively use insulin. Men with diabetes usually go from the moderate to 
high risk category at about 41 years old while in women it is 48. In the general population 
it occurs 15 years later. "People with diabetes certainly are at a high risk of getting heart 
disease and there is a shift toward early heart disease, so the effect is quite significant," 
Booth added. In research reported in The Lancet medical journal, Booth and her team 
also showed that young adults with diabetes have rates of coronary heart disease 12-40 
times higher than those in people without diabetes. 

The scientists assessed the age at which diabetics develop a high risk of cardiovascular 
disease by looking at 379,000 people with the illness in Ontario and more than 9 million 
residents without it. By recording when heart attacks and strokes occurred in the two 
groups between April 1994 and March 2000, the researchers determined the increased 
risk. 

Diabetes, which is linked to obesity, also carries an increased risk of kidney damage 
and nerve disorder that can lead to amputations. The World Health Organization 
estimated that the number of people worldwide with diabetes in 2000 was 177 million. It 
is expected to rise to 300 million by 2025. Although diabetics have a raised risk of heart 
attack or stroke, Booth said not all people with the illness have the same level of risk and 
should not receive the same medical treatment. 

Treatments to reduce the risk of cardiovascular disease include moderate exercise and a 
healthy diet, cholesterol-lowering drugs, low-dose aspirin and drugs such as Ace 
inhibitors to lower blood pressure. "We should be individualizing treatment (of 
diabetics), rather than treating them all the same," said Booth.  
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3.0 New Type 2 Diabetes Cases Have Doubled in 30 Years 

June 19, 2006 (HealthDay News) -- The number of new cases of type 2 diabetes 
among middle-aged Americans has doubled over the past 30 years, researchers 
report. "There has been tremendous concern, but probably not enough concern, about the 
emerging epidemic of diabetes," said Dr. Robert Rizza, a professor of medicine at the 
Mayo Clinic and president of the American Diabetes Association. "It doesn't take long to 
be doubling before the numbers are simply too great to be even conceived of." "We've 
got to stop this, and, of course, it's obesity which is driving it," Rizza added. "This is a 
biologic weapon which has been unleashed on our population -- its name is diabetes." 

Experts agree that the great increase in obesity over the same time frame appears to 
be responsible for the growing incidence of diabetes. An estimated two-thirds of adult 
Americans are now overweight or obese. 

"These [diabetes numbers] warrant monitoring, especially if we continue to see increases 
in the trends of obesity," stated study lead author Dr. Caroline S. Fox, a medical officer at 
the National Heart, Lung, and Blood Institute's Framingham Heart Study. The study 
findings appear in the June 19, 2006 issue of the journal Circulation. 

In type 1 or type 2 diabetes, the body either doesn't produce enough insulin -- the 
hormone that converts blood sugar to energy for cells -- or the cells ignore the insulin. 
Left untreated, the disease can produce complications such as heart disease, blindness, 
nerve and kidney damage. 

In their study, Fox and her colleagues collected data on 3,104 men and women, ages 40 
to 55, who participated in the Framingham Offspring study. All participants were 
diabetes-free at the start of the study, and they received a routine physical examination 
during the 1970s, the 1980s, and the 1990s. They were also followed for eight years to 
track new cases of diabetes. 

The researchers found that the odds of developing type 2 diabetes increased 40 
percent from the 1970s to the '80s, and doubled between the '70s and '90s. The data 
revealed that among women, there was an 84 percent increase in the incidence of type 2 
diabetes in the '90s, compared with the '70s. In men, the incidence of type 2 diabetes 
more than doubled in the '90s compared with the '70s. 

"It requires a concerted effort by our health-care system, by our government, by all parts 
of society to realize that this epidemic is endangering not only all the people alive, but 
our children and our children's children," Rizza said. "Our health-care system and our 
nation's economy cannot tolerate one in three people having diabetes." 

One expert thinks the only way to correct the problem is by making a total lifestyle 
change. "This epidemic results, almost entirely, from obesity and sedentary behavior," 
said Cathy Nonas, director of the obesity and diabetes program at North General 
Hospital, in New York City, and a spokeswoman for the American Dietetic Association. 
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"The more sedentary we are, the fatter we get, the more insulin resistance we get, the 
more at risk we are for type 2 diabetes," Nonas said. "We have to maintain healthier 
weights. We have to be active." 

3.1 Antioxidants Should Cure Darn Near Everything 

Because free radicals are necessary for life, the body has a number of mechanisms to 
allegedly minimize free radical induced damage and to repair damage which does occur, 
such as the enzymes superoxide dismutase, catalase, glutathione peroxidase and 
glutathione reductase. In addition, antioxidants allegedly play a key role in these defense 
mechanisms. These are often the three vitamins, vitamin A, vitamin C and vitamin E and 
polyphenol antioxidants. Further, there is good evidence bilirubin and uric acid can act as 
antioxidants to help neutralize certain free radicals. Bilirubin comes from the breakdown 
of red blood cells' contents, while uric acid is a breakdown product of purines. Too 
much bilirubin, though, can lead to jaundice, which could eventually 
damage the central nervous system, while too much uric acid causes 
gout or uric acid stones (An overview of older concepts for the role of free radicals in 
biology and of the use of electron spin resonance in their detection may be found in a 
recent book: Rhodes C.J.: Toxicology of the Human Environment - the critical role of 
free radicals, Taylor and Francis, London. 2000).  A more accurate review of EMODs 
can be found in my e-books at my website www.thepundit.com.  

Antioxidant treatment allegedly inhibits the activation of poly(ADP-ribose) synthetase 
and prevents the organ injury associated with shock, inflammation, and 
ischemia/reperfusion (Pharmacol Rev. 2001 Mar; 53(1):135-59). 

Cellular oxidative injury has been implicated in aging and a wide array of clinical 
disorders including ischemia-reperfusion injury; neurodegenerative diseases; 
diabetes; inflammatory diseases such as atherosclerosis, arthritis, and hepatitis; and 
drug-induced toxicity. However, available antioxidants have not proven to be 
particularly effective against many of these disorders. The SS (Szeto-
Schiller) peptide antioxidants represent a novel approach with targeted delivery of 
antioxidants to the inner mitochondrial membrane. Preclinical studies support their 
potential use for ischemia-reperfusion injury and neurodegenerative disorders. Although 
peptides have often been considered to be poor drug candidates, these small peptides 
have excellent "druggable" properties, making them promising agents for many diseases 
with unmet needs (AAPS J. 2006 Apr 21; 8(2):E277-83). Personally, I do not believe in 
the benefits of any of these so called antioxidants. 

3.2 Pancreatic Cancer and Antioxidant Enzymes 
 
3.2.1 EMODs not Responsible for iNOS Beta Cell Destruction 

Cytokine-induced beta cell destruction may be mediated by the generation of nitric oxide 
and/or electronically modified oxygen derivatives. The relative importance of NO and 
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EMODs 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 
EMODs, as the pivotal player in cytokine-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. I believe that the decreased SOD led to decreased 
H2O2 levels and increased cellular 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. This 
effect has been shown over and over. 
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3.2.2 MnSOD Curtails Pancreatic Cancer Cell Growth 

Allegedly, cells contain a large number of antioxidants to prevent or repair the damage 
caused by electronically modified oxygen derivatives. 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 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.   
 
This type of data drives the sycophants of the free radical theory up the wall, in that it is 
contrary to the teachings of the free radical theory. 
3.2.3      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. They 
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-
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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. 

3.2.4 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.  

 

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

Yet, I do not see a constant place for chaos  
in the magnificently choreographed course  

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

death is a self-limiting event, 
i.e., a suicidal-thinning of the herd. 

 
Apoptosis follows its instinctual leader and  

submissively carries out its death march  
to the tune of the EMOD drummer. 

R. M. Howes, M.D., Ph.D. 
5/11/05 
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3.2.5 Apoptosis and Cell Death 

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

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

Innate immunity is the primary host defense against invading microorganisms. Pathogen 
recognition, mediated through an elaborate 'microbial sensing' system comprising the 
Toll-like and Nod-like receptor families results in the activation of caspase-1, which is a 
prerequisite for pathogen clearance. Tight regulation of caspase-1 is necessary to control 
the magnitude of the innate immune response and protect the organism from possible 
damaging effects such as sepsis. EMODs are integral to the innate immune system. 

3.2.6 Apoptosis Eliminates Cancerous and Precancerous Cells 
 
One of the important functions of apoptosis is the elimination of preneoplastic and 
neoplastic cells (Thompson, C. B. (1995) Apoptosis in the pathogenesis and treatment 
of disease. Science 267: 1456–146).  
 
3.2.7 Apoptosis Utilizes EMODs 
 
In most forms of cell suicide, the signaling cascade utilizes electronically modified 
oxygen derivatives as essential intermediate messenger molecules (Albright, C. D., 
Salganik, R. I., Craciunescu, C. N., Mar, M. H. & Zeisel, S. H. (2003) Mitochondrial and 
microsomal derived reactive oxygen species mediate apoptosis induced by transforming 
growth factor-beta1 in immortalized rat hepatocytes. J. Cell Biochem. 89: 254–261). 
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3.2.8 Antioxidant Depleted Diet Causes Reduction in Brain Tumor Size 
 
Salganik et al. observed a reduction in brain tumor size in the TgT  transgenic 
mouse model, which spontaneously develops brain cancer, when these mice were fed 
diets depleted of antioxidants (Slater, A. F., Nobel, C. S. & Orrenius, S. (1995) The role 
of intracellular oxidants in apoptosis. Biochim. Biophys. Acta 1271: 59–62).  
 
There was enhanced apoptosis within tumors of antioxidant depleted mice (Salganik, 
R. I., Albright, C. D., Rodgers, J., Kim, J., Zeisel, S. H., Sivashinskiy, M. S. & Van 
Dyke, T. A. (2000) Dietary antioxidant depletion: enhancement of tumor apoptosis and 
inhibition of brain tumor growth in transgenic mice. Carcinogenesis 21: 909–914).  I 
believe that this is due to increased EMOD levels. 
 
3.2.9     Breast Cancer Showed Increased Apoptosis with Antioxidant Depleted Diet 
 
Recently, colleagues extended this observation to another cancer type, breast cancer 
(Albright, C. D., Salganik, R. I. & Van Dyke, T. (2004) Dietary depletion of vitamin E 
and vitamin A inhibits mammary tumor growth and metastasis in transgenic mice. J. 
Nutr. 134: 1139–1144).   
 
3.2.10 Antioxidant Depleted Diet Led to Decreased Metastasis and Increased  

EMODs 
 
Using a transgenic mouse model of mammary tumorigenesis with defined rates of 
tumor growth and lung-targeted metastasis, they determined that dietary antioxidant 
depletion inhibited tumor growth and diminished metastasis. Compared with control 
mice fed a standard diet, mice fed an antioxidant-depleted diet exhibited tumor-
targeted generation of electronically modified oxygen derivatives; the number of 
apoptotic cells in tumors increased 5-fold, and the percentage of tumor 
cells undergoing mitosis decreased by half. The mice fed the antioxidant-
depleted diet had more small primary tumors and fewer large primary tumors than did 
controls, and they also had <30% of the number of lung metastatic tumor foci compared 
with mice fed the control diet. 
 
Antioxidants may exert a cancer-promoting effect in cancer patients and in individuals 
with precancerous DNA changes. Inhibition of apoptosis by antioxidants may explain 
why, in several studies in heavy smokers, vitamin E and β-carotene enhanced 
carcinogenesis in the lung (De Luca, L. M. & Ross, S. A. (1996) Beta-carotene increases 
lung cancer incidence in cigarette smokers. Nutr. Rev. 54: 178–180) (where, presumably, 
precancerous lesions caused by smoking predated antioxidant treatment). I believe that 
the fact that β-carotene is a singlet oxygen scavenger is also of prime importance in 
the increased rate of cancer seen in this study. 
 
Administration of antioxidants subsequent to a mutagenic event may effectively 
intercept free radicals that are critical in promoting apoptosis. This imbalance may 
allow the rate of proliferation in tumors to exceed the capacity for apoptosis. It seems 
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reasonable to suggest that the potential risks and benefits of high-dose antioxidants 
need to be considered on a case-to-case basis, and indiscriminate use of antioxidant 
dietary supplements should be avoided. I wholeheartedly agree. 
 
3.2.11 Antioxidant Vitamin and Supplement Failures 

For years, I have written about the rise and fall of the free radical theory.  Antioxidant 
vitamins and supplements have repeatedly failed to reverse, nullify or cure what 
have been believed to be oxidation-caused diseases.  Antioxidant vitamins do not work. 
This can best be summed up by the following results of a most recent evaluation of 
antioxidants relative to cancer. 

A recent study that found calcium and vitamin D supplements don't reduce the odds of 
developing breast cancer is the latest to deflate the cancer-prevention claims of some 
vitamin proponents. A federal science panel in May 2006 had concluded 
there is no evidence for recommending certain vitamin supplements for 
cancer prevention. Even the Council for Responsible Nutrition, a supplement 
trade association, won't say that vitamins prevent cancer. 

"There is no vitamin or mineral supplement proven to reduce the risk of cancer," 
said Eric Jacobs, a senior epidemiologist and vitamin specialist with the American 
Cancer Society. However, many doctors continue to recommend daily multivitamins for 
general health. And some experts say certain supplements may yet prove to be a help in 
the fight against cancer — once scientists can work out the right amounts and better ways 
to study their effects. I believe that there is total denial of the failures of vitamins by 
the followers of what I refer to, with tongue in cheek, as the Free Radi-Crap theory. 

"More than half of Americans are taking dietary supplements — mostly 
multivitamins — but scientists aren't certain about their benefit," said Dr. J. Michael 
McGinnis, who chaired the National Institutes of Health panel that critiqued 
supplemental vitamins. 

"For something used so widely, at such expense, among Americans, there is simply a 
need for much better information," he said. Scientists once suspected vitamin E and 
beta-carotene prevented lung cancer after a study showed people who took supplements 
appeared to have lower cancer incidence. 

But a larger, more scientifically rigorous study found 50 milligrams a day of alpha-
tocopherol, a form of vitamin E, had no effect on lung cancer incidence. And 20 
milligrams of beta-carotene, a precursor of vitamin A, actually increased lung 
cancer incidence in smokers by 18 percent. Health officials now warn 
smokers not to take beta-carotene supplements. 

Studies also have found that beta-carotene has no impact on the incidence of 
lung cancer in non-smokers, or prostate or breast cancer. And research has 

Page 69 of 366



found vitamin B2 and niacin had no impact on the occurrence of cancers, 
and selenium did not decrease skin cancer in people with a history of that 
disease. 

More recently, a study published in April 2006 in the Journal of the National Cancer 
Institute concluded that a low-dose vitamin A derivative did not prevent head 
and neck tumors. Earlier research had suggested that higher doses of the derivative 
cut occurrence of subsequent tumors. But those higher doses caused severe cracking of 
the lips, eyelid inflammation and other problems, researchers said.  

A study of about 36,000 post-menopausal women released this month found calcium 
and vitamin D supplements didn't cut the odds of developing breast 
cancer. 

Willett, the Harvard expert, faulted the study led by Dr. Rowan Chlebowski of Harbor-
UCLA Medical Center in Los Angeles and said a different dose of vitamin D may be 
needed to show an effect. He also said it is possible vitamins and supplements reduce 
cancer risk at one stage of life, but not another, as a previous Canadian study suggested. 
Much of the research into potential cancer-fighting powers of vitamins and other 
supplements have been observational studies, said Andrew Shao, the Council for 
Responsible Nutrition's vice president for scientific and regulatory affairs. 

But the gold standard is large, case-controlled trials involving elaborate precautions to 
isolate cause and effect and prevent biased results. Such studies are expensive and take 
many years to complete. Meanwhile, patients are making their own decisions.  

Emphasis has been placed on high antioxidant ability, which allegedly can protect cells 
against the adverse effects of electronically modified oxygen derivatives (EMODs). 
Lester Packer (Department of Molecular Pharmacology and Toxicology, School of 
Pharmacy, Health Sciences Campus, University of Southern California, Los Angeles, 
CA) has highlighted the crucial role antioxidants play in theoretically preventing so 
called oxidative stress and maintaining the physiological redox status of cellular 
constituents.  
 
Antioxidants may:  
-quench free radicals,  
-change their redox state,  
-be targeted for destruction,  
-regulate oxidative processes involved in signal transduction,  
-affect gene expression and pathways of cell proliferation, differentiation and death.  
 
Yet, repeatedly antioxidants have failed to prevent cancer, heart disease, strokes 
and diabetes. 
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Some believe that this is being achieved at various subcellular and molecular levels 
including antioxidants that interact with the redox antioxidant network such as ascorbic 
acid (vitamin C) and a-tocopherol (vitamin E), thiols (glutathione, thioredoxin, lipoic 
acid), bioflavonoids, carotenoids and induction of phase 2 enzymes and immune cell 
stimulation (Higdon JV, Frei B. Tea catechins and polyphenols: health effects, 
metabolism, and antioxidant functions. Crit Rev Food Sci Nutr 2003;43:89–143) (Packer 
L, Rosen P, Tritschler H, King GL, Azzi A, editors. Antioxidants in diabetes 
management. New York (NY) 7 Marcell Dekker; 2004. p. 1–349). Dr. Packer 
acknowledges the conditions under which redox-active substances can exert 
antioxidant as well as prooxidant action in different organ systems and in various cell 
types. I believe that it is extremely difficult to differentiate between the prooxidant 
and the antioxidant contributions of many of the supplements and antioxidants 
commonly used. 
 
There is no doubt that many nutraceuticals, functional foods and naturally occurring 
polyphenols have other physiological and pharmacological activities in addition to their 
well-characterized antioxidant actions (S. Mandel et al. / Journal of Nutritional 
Biochemistry 16 (2005) 513–520). I believe that, in addition to their prooxidant 
activity, the other pharmacological activities (such as being a prooxidant) of these 
antioxidants are responsible for their cited salutary effects. 
 
3.3 Diabetes and Antioxidants 
 
Free radicals are reactive molecular by-products produced in all cells as a result of 
normal metabolism, and are thought to participate in aging, and disease by some. 
(Harman, D.  Free radical theory of aging. Mutat Res 1992; 275: 257-266), (Halliwell, B. 
and Gutteridge, J.M.  Free radicals in biology and medicine.  Oxford:  Oxford University, 
1989), (Shigenaga, M.K., Hagen, T.M. and Ames, B.N.  Oxidative damage and 
mitochondrial decay in aging.  Proc Natl Acad Sci USA 1994; 91:10771-10778).  This 
flawed theory is now being stringently applied by the oxy-morons to diabetes 
mellitus (DM).  Because of their essential role in cellular metabolism, mitochondria are 
the chief sources of free radical production. (Shigenaga, M.K. Hagen, T.M. and Ames, 
B.N. Oxidative damage and mitochondrial decay in aging.  Proc Natl Acad Sci USA 
1994; 91: 10771-10778), (Lenaz, G.  Role of mitochondria in oxidative stress and aging.  
Biochem Biophys Acta 1998; 1366: 53-67).   
 
3.4 Basic Biochemistry 
 
Mitochondria are the sites of electron transport, which is the process of passing electrons 
through the respiratory chain of proteins located in the inner mitochondrial membrane.  
This creates a transmembrane pH gradient that drives the production of ATP.  This 
frequently (3-5%) results in an electron bonding to an oxygen molecule outside the 
respiratory chain.  This single reduction, or transfer of a single electron, creates a 
molecule with unpaired electrons, referred to as a free radical.  There is thought to be an 
inherent inefficiency in the process of transferring electrons through the chain, which 
increases with age and disease.  Thus, many believe that aging and disease are associated 
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with increased levels of free radicals, a condition known as oxidative stress. (Betteridge, 
D.J.  What is oxidative stress?  Metabolism 2000; 49: 3-8). These free radicals are 
essentials of aerobic life and I strongly believe that they are products of intentional 
evolutionary design for the overall benefit of the organism. 
 
Hyperglycemia is a hallmark of diabetes and elevated glucose levels are associated with 
increased production of EMODs by several different mechanisms.  Certain factors 
improve mitochondrial EMOD production, such as activation of protein kinase C or NF-
kB and the formation of advanced glycation end products and antioxidants appears to 
improve dysfunction of endothelial cells or increased platelet aggregation.  However, all 
of the evidence linking free radicals to diabetogenesis is circumstantial.    
 
3.5 Vitamin C Increases Risk of CVD in Postmenopausal Diabetics 

After adjustment for dietary intake of vitamin C and other important covariates, 
however, mean concentrations of ascorbate did not differ according to diabetes 

status.  (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). 

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). 

 
3.5.1 Antioxidant levels not consistently decreased in diabetics 
 
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). 

To shed further light on the primary alterations of insulin secretion in type 2 diabetes and 
the possible mechanisms involved, Del Guerra et al. studied several functional and 
molecular properties of islets isolated from the pancreata of 13 type 2 diabetic and 13 
matched nondiabetic cadaveric organ donors. Glucose-stimulated insulin secretion from 
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type 2 diabetic islets was significantly lower than from control islets, whereas arginine- 
and glibenclamide-stimulated insulin release was less markedly affected. Nitrotyrosine 

and 8-hydroxy-2'-deoxyguanosine concentrations, markers of oxidative stress, were 
significantly higher in type 2 diabetic than control islets, and they were correlated with 
the degree of glucose-stimulated insulin release impairment. Accordingly, 24-h exposure 
to glutathione significantly improved glucose-stimulated insulin release and decreased 
nitrotyrosine concentration, with partial recovery of insulin mRNA expression. These 
results provide direct evidence that the defects of insulin secretion in type 2 diabetic islets 

are associated with multiple islet cell alterations. Most importantly, the current 
study shows that the functional impairment of type 2 diabetic islets can 
be, at least in part, reversible. In this regard, it is suggested that reducing islet cell 
oxidative stress is a potential target of human type 2 diabetes therapy (Functional and 
Molecular Defects of Pancreatic Islets in Human Type 2 Diabetes. Silvia Del Guerra et 
al. Diabetes 54:727-735, 2005).   I believe that this demonstrates the fact that diabetes 
can undergo spontaneous regression, as is seen in gestational diabetes. 
 
3.6 Mitochondrial Damage 
 
Excessive production of free radicals or their inadequate neutralization by antioxidants, 
can lead to the in vitro damage of proteins, lipids, and DNA.  Because of their proximity 
to the source of free radical production, mitochondrial constituents become primary 
targets of free radical damage.  For example, it has been estimated that an individual 
produces approximately 1 kg of oxygen radicals per year, the consequence of which is 
approximately 100,000 oxidative “attacks” on mitochondrial DNA per cell each day 
(Shigenaga, M.K., Hagen, T.M. and Ames, B.N.  Oxidative damage and mitochondrial 
decay in aging.  Proc Natl Acad Sci USA  1994; 91: 10771-10778).   
 
The cumulative and inevitable effect of these “attacks” on mitochondrial DNA is an 
increased frequency of mutations, (Michikawa, Y., Mazzucchelli, F., Bresolin, N., 
Scarlato, G. and Attardi, G.  Aging-dependent large accumulation of point mutations in 
the human mtDNA control region for replication.  Science 1999; 286: 774-779), which 
likely results in the production of proteins with impaired function.   
However, quick calculations of  5% RONS/day (out of the 250 gms of O2 used each day) 
gives 4,563 gms or 4.5 kg/year. Seen another way, a 70 year old has produced 319.2 kgs 
of RONS in a life time or he has generated 4.45 times his body weight in free radicals in 
his life time, just from the electron transport chain alone.  Nonetheless, I am amazed 
that a human can survive  in good health and free of major diseases for up to a 
century, while being assaulted or “attacked” by these oxidative mutagenic events, 
which I calculate to be ~7.5 times 1017 power over a 100 year lifetime.  I believe that 
this fact alone, debunks the oxy-moronic free radical theory of aging.   The 
overwhelming quantities of oxygen and its modifications can hardly be “detoxified” 
by milligram amounts of antioxidants. 
 
Because of the fundamental role that mitochondria play to fulfill physiological energy 
requirements, and the pathological repercussions that occur when this function is 
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challenged, the pharmacological use of antioxidants is frequently recommended as a 
cure-all approach to supplement endogenous defenses. 
 
Some believe that it is clear that increased oxidative stress is associated with a variety of 
pathological conditions including diabetes, atherosclerosis and cardiovascular disease, 
and neurodegenerative diseases. (Haffner, S.M.  Clinical relevance of the oxidative stress 
concept.  Metabolism 2000; 49: 30-34), (Baynes, J.W. and Thorpe, S.R.  Role of 
oxidative stress in diabetic complications:  A new perspective on an old paradigm.  
Diabetes 1999, 48: 1-9).   
 
Some even erroneously claim that it is a proven fact, however, I believe that the data 
will show that they are wrong.  Oxidative stress is thought to play a causative role in the 
tissue and cellular damage in these diseases.  In particular, diabetes mellitus is strongly 
associated with increased oxidative stress, (Paolisso, G., D’Amore, A., Volpe, C., Balbi, 
V., Saccomanno, F.,  Galzerano, D., Giugliano, D., Varricchio, M. and D’Onofrio, F.  
Evidence for a relationship between oxidative stress and insulin action in non-insulin-
dependent (type II) diabetic patients.  Metabolism 1994; 43: 1426-1429), (Giugliano, D., 
Ceriello, A. and Paolisso, G.  Diabetes mellitus, hypertension and cardiovascular disease:  
Which role for oxidative stress?  Metabolism 1995; 44: 363-368), (Nourooz-Zadeh, J., 
Rahimi, A., Tajaddini-Sarmadi, J., Tritschler, H., Rosen, P., Halliwell, B. and Betteridge, 
D.J.  Relationships between plasma measures of oxidative stress and metabolic control in 
NIDDM.  Diabetologia 1997; 40: 647-653), (Honing, M.L.H., Morrison, P.J., Banga, 
J.D., Stroes, E.S.G. and Rabelnk, T.J.  Nitric oxide availability in diabetes mellitus.  
Diabetes Metab Rev 1998; 14: 241-249), (Packer, L.  Oxidative stress, the antioxidant 
network and prevention of diabetes complications by a-lipoid acid.  Environ Nutr Interact 
1999; 3: 47-76), which could be a consequence of either increased production of free 
radicals or reduced antioxidant defenses.  Nonetheless, I will show that no causal 
relationship can be demonstrated between electronically modified oxygen 
derivatives and diabetes. 
 
Persons with type II diabetes mellitus (DM), even without cardiovascular 
complications have a decreased maximal oxygen consumption (VO2 max) and sub 
maximal oxygen consumption (VO2) during graded exercise compared with healthy 
controls (Regensteiner, J.G., Bauer, T.A., Reusch, J.E., Brandedburg, S.L., Sippel, J.M., 
Vogelsong, A.M., Smith, S., Wolfel, E.E., Eckel, R.H. and Hiatt, W.R.  Abnormal 
oxygen uptake kinetic responses in women with type II diabetes mellitus.  J Appl Physiol 
1998; 85(1): 310-317).  While developing my Unified Theory, I had predicted that 
such would be the case.  
  
Type II diabetes is associated with obesity and sedentary living;  however, maximal and 
submaximal O2 consumption (VO2) are lower in patients with type II diabetes than 
in non-diabetic individuals of similar age, gender, body composition, and self-
reported physical activity.  There is indirect evidence suggesting that exercise 
cardiac output may be impaired by Type 2 diabetes.  Up to 60% of individuals with 
Type 2 diabetes have impaired diastolic function, which is associated with reduced 
VO2max in healthy subjects. 
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Peripheral O2 delivery and extraction may also be affected by Type 2 diabetes.  Type 2 
diabetic patients have impaired nitric oxide-induced vascular function, which can result 
in impaired muscle blood flow during exercise.  Moreover, Type 2 diabetic patients have 
reduced oxidative enzyme activity, increased percentage of type IIb fibers, and decreased 
percentage of type I fibers. 
 
Maximal O2 consumption (VO2max) is lower in individuals with Type 2 diabetes than in 
sedentary nondiabetic individuals.  This study aimed to determine whether the lower 
VO2max in diabetic patients was due to a reduction in maximal cardiac out put (Qmax) 
and/or peripheral O2 extraction.  After II Type 1 diabetic patients and 12 no diabetic 
subjects, matched for able and body composition, who had not exercised for 2 years, 
performed a bicycle ergo meter exercise test to determine VO2max sub maximal cardiac 
output, Qmax, and arterial-mixed venous O2 (a-vO2) difference were assessed.  Maximal 
workload, VO2max and maximal a-vO2 difference were lower in Type 2 diabetic 
patients (P< 0.05).  Qmax was low in both groups but not significantly different:  11.2 and 
10.01/min for controls and diabetic patients, respectively (P > 0.05) (Baldi, J.C., Aoina, 
J.L., Oxenham, H.C., Bagg, W. and Doughty, R.N.  Reduced exercise arteriovenous O2 
difference in Type 2 diabetes.  J Appl Physiol  2003; 94: 1033-1038).   
 
Again, this illustrates the importance of basic oxygen metabolism and stresses the 
need to get normal levels of O2 to the cells and consequently into the mitochondria, 
such that adequate levels of EMODs can be generated to maintain the homeostasis 
of the entire body, consistent with my Unified Theory. 
 
There is considerable speculative evidence to indicate that oxidative stress plays an 
important role in the etiology of diabetic complications. (Wolff, S.P., Juang, Z.Y. and 
Hunt, J.V.  Protein glycation and oxidative stress in diabetes mellitus and aging.  Free 
Rad Biol Med 1991; 10: 339-352), (Nourooz-Zadeh, J., Tajaddini-Sarmadi, J., McCarthy, 
S., Betteridge, D.J. and Wolff, S.P.  Elevated levels of authentic plasma hydroperoxides 
in NIDDM.  Diabetes 1995; 44: 1054-1058), ( Jones, A.F., Winkles, J.W., Jennings, P.E., 
Florkowski, C.M., Lunec, J. and Barnett, A.H.  Serum antioxidant activity in diabetes 
mellitus.  Diabetes Res 1988; 7: 89-92), (Hartnett, M.E., Stratton, R.D., Browne, R.W., 
Rosner, B.A., Lanham, R.J. and Armstrong, D.  Serum markers for oxidative stress and 
severity of diabetic retinopathy.  Diabetes Care 2000; 23: 234-240), (Opara, E.C., Abdel-
Rahman, E., Soliman, S., Kamel, W.A., Souka, S., Lowe, J.E. and Abdel-Aleem, S.  
Depletion of total antioxidant capacity in type 2 diabetes.  Metabolism 1999; 48: 1414-
1417).   
 
Many of the biochemical pathways (e.g., protein glycation, polyol pathway, glucose 
antioxidation) associated with hyperglycemia can result in increased free radical 
production.  Some believe that oxidative stress is not only associated with complications 
of diabetes, but has been also linked to insulin resistance (and everything else under the 
sun).  In vitro, oxidative stress seemingly causes insulin resistance at multiple levels 
(vide infra). 
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An additional potential target of oxidative stress is likely to be the β-cell.  While the 
process of glucose-stimulated insulin secretion is complex and is dependent upon 
many factors, the critical importance of mitochondrial metabolism in linking stimulus to 
secretion is well established.  Mitochondria are free radical generators and may be  
unwitting targets.  Therefore, it is not surprising to learn that oxidative stress (e.g., H2O2) 
damages β-cell mitochondria and markedly blunts insulin secretion (Maechler, P., Jomot, 
L. and Wollheim, C.B.  Hydrogen peroxide alters mitochondrial activation and insulin 
secretion in pancreatic beta cells.  J Biol Chem 1999; 274: 27905-27913).   
 
To make matters worse, β-cells are particularly susceptible to oxidative attack 
because of their inherently low level of antioxidant defenses. (Tiedge, M., Lortz, S., 
Drinkgern, J. and Lenzen, S.  Relation between antioxidant enzyme gene expression and 
antioxidative defense status of insulin-producing cells.  Diabetes 1997; 46: 1733-1742).   
 
Consistent with this proposal, there is growing evidence to show that antioxidants 
including DHLA, vitamins C and E and N-acetyl-L-cysteine seem to exert a direct 
protective effect against free radical assault on insulin-secreting cells, along with 
providing a benefit against the damages of glucose-mediated toxicity in rodents with 
diabetes (Tanaka, Y., Gleason, C.E., Tran, P.O., Harmon, J.S. and Robertson, R.P.  
Prevention of glucose toxicity in HIT-T15 cells and Zucker diabetic fatty rats by 
antioxidants. Proc Natl Acad Sci USA 1999; 96:10857-10862), (Kaneto, H., Kajimoto, 
Y., Miyagawa, J., Matsuoka, T., Fujitani, Y., Umayahara, Y., Hanafusa, T., Matsuzawa, 
Y., Yamasaki, Y. and Hori, M.  Beneficial  effects of antioxidants in diabetes: possible 
protection of pancreatic beta-cells against glucose toxicity.  Diabetes 1999; 48: 2398-
2406).   
 
 In light of the negative physiological consequences commonly associated with increased 
oxidative stress, the idea of treating patients with type 2 diabetes pharmacologically with 
antioxidants to reduce oxidative stress is, perhaps unfortunately, gaining increasing 
experimental support and clinical acceptance. (Bursell, S.E. and King, G.L.  Can protein 
kinase C inhibition and vitamin E prevent the development of diabetic vascular 
complications?  Diabetes Res Clin Pract 1999; 45: 169-182).  Yet, the data is filled with 
contradictory studies and inconsistencies, just as in other areas of so called oxidative 
stress investigations. 
 
3.7 Arguments Against Antioxidant Diabetogenesis 
 
The theory regarding antioxidants and diabetes:  Uncontrolled high blood sugar increases 
the oxidative load of diabetes, influencing complications, especially premature 
atherosclerosis. 
 
In clinical research trials, antioxidant supplement studies have failed to show 
significant benefits and in some cases report adverse outcomes.  Large randomized 
intervention trials failed to demonstrate any significant cardio protective effect of 
antioxidants.  In two studies of beta-carotene an increased incidence of lung cancer was 
demonstrated.  In those who smoked an increased risk of heart disease was seen.  With 
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regard to vitamin C, vitamin E, selenium and beta-carotene, large amounts hampered 
potential benefits of simvastatin (Zocor) and niacin on lipid profile.  The anticipated 
increase in HDL (the “heart healthy” cholesterol) was blunted with the antioxidants.  One 
of the other problems is that when antioxidants are combined with statin/niacin 
combo therapy, they appear to nullify the rise in HDL cholesterol. (Arter Throm Vas 
Biol  2001; 21:1320-1326).  This article and the accompanying editorial make a 
compelling case against recommending antioxidant supplements to prevent or treat 
coronary artery disease. 
 
We synthesize 3,000-4,000 mg of cholesterol/day and receive smaller amounts from the 
diet. 
 
In summary, there is no evidence of benefit from antioxidant supplementation in 
people with diabetes who do not have underlying deficiencies. (Schwartz, N.L.  Are 
supplemental antioxidants helpful in cardiovascular disease?  Diabetes Education Center 
of the Midlands, Fall, 2003).   
 
Classic CVD risk factors such as hyperglycemia, hypertension, dyslipidemia, and central 
obesity increase the risk of CVD in patients with type 1 diabetes, but do not fully explain 
the significantly higher incidence of CVD in type 1 diabetes.  Thus, type 1 diabetes may 
lead to unique mechanisms for the onset and progression of CVD, as well as influencing 
mechanisms known for type 2 diabetes and the general population.   
 
Recent in vitro data has implicated hyperglycemia-derived oxygen free radicals as 
mediators of diabetic complications.  Overproduction of superoxide by the mitochondrial 
electron transport chain seems to activate pathways that have been suggested to be 
involved in the vascular complications caused by hyperglycemia.  Despite the evidence 
of the role of oxidative stress in the development of cardiovascular complications in 
patients with diabetes clinical trials using antioxidants have failed to demonstrate 
any beneficial effect.  Thus, research is needed to translate the basic science findings on 
oxidative stress into improved outcomes. (DHHS.  NIH Guide:  Progression of 
cardiovascular disease in type 1 diabetes.  Dec. 4, 2003). 
 
Oxidative stress is generally believed to play an important role in the initiation and 
progression of vascular disease.  Dietary antioxidants, e.g., vitamins A, C, E, have been 
recommended to reduce the impact of oxidative stress.  However, a recent large scale 
study failed to demonstrate a significant benefit for Vitamin E supplementation in 
patients with diabetes.  Additional studies may be necessary to clarify these unexpected 
findings. (Indiana State Department of Health, Cardiovascular Health & Diabetes 
Guidelines).  
 
There is a discrepancy between the failure of clinical trials with antioxidants to improve 
diabetic vascular disease and the strong evidence in vitro and in preclinical models of the 
impact of oxidative stress in biochemical and cell biological changes in the diabetic 
tissue.  It is necessary to try to understand the tissue-specific translation of oxidative 
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stress into biological responses, and the inability of current antioxidants to exert potent 
effects. 
 
While diabetes is increasing worldwide, so is our ability to combat many of its effects.  
Apart from major changes in lifestyle (weight control, exercise, not smoking), tight 
control of blood pressure is probably the most important measure to reduce deaths and 
heart disease.  Better control of blood glucose, blood pressure, and lipid levels should 
ensure that one reduces the long-term effects of this disease. 
 
There’s no evidence that antioxidants or vitamin supplements are particularly 
valuable to diabetic patients.  Adequate folic acid - usually achieved by eating plenty of 
green vegetables, or taking a supplement - will counter any high levels of blood 
homocysteine, which is sometimes seen in diabetic, as well as non-diabetic subjects. 
 
Oxidative stress and oxidation of low-density lipoprotein (LDL) may be involved in the 
development of diabetic macroangiopathy and kidney disease.  The urinary excretion of 8 
hydroxydeoxyguanosine (8-OHdG), plasma concentrations of ascorbic acid, uric acid, α-
tocopherol, and protein thiol, the plasma total peroxyl radical-trapping potential (TRAP), 
the level of autoantibodies against oxidized LDL (oxLDL-Ab), and the susceptibility of 
LDL to oxidation in a cohort of 87 NIDDM patients after nine years of disease duration 
was determined.  Systemic oxidative stress, assessed by urinary 8 OHdG was increased in 
patients with NIDDM, but it was not reflected in the antioxidant activity of plasma.  High 
oxidative stress or LDL oxidation were not associated with the presence of CHD or 
diabetic kidney disease. (Leinonen, J., et. al.  Oxidative stress and LDL oxidation in 
patients with non-insulin-dependent diabetes mellitus (NIDDM).  1998, Poster.  Website: 
www.oxyclubcalifornia.org ). 
 
3.8 Exercise, Oxidative Stress and Diabetes 
 
Exercise is associated with an increase in oxygen flux through the mitochondrial electron 
transport chain that has recently been demonstrated to increase the production of 
electronically modified oxygen derivatives (EMODs) in skeletal muscle (Am J 
Physiol Heart Circ Physiol 290: H2453-H2458, 2006). 
 
3.9 Exercise Increases Oxygen Consumption 
 
The adaptation of muscle oxidative function to 6 weeks of endurance cycle training was 
investigated in eight untrained subjects. Peak oxygen consumption (V O2 peak) 
increased by 24% and lactate threshold intensity increased by 53%  following the 
training period. Following training, non-ADP-stimulated respiration (VO) of skinned 
fibres increased by 35% and maximal ADP-stimulated respiration (VmaX) increased by 
38%. ADP sensitivity [i.e. the ratio between mitochondrial respiration (after correction 
for VO) at 0.1 mM ADP and Vmax] was reduced after training. It is concluded that after 
endurance training: (1) the relative increase in maximal muscle fibre respiration exceeds 
that of whole-body oxygen uptake; (2) the sensitivity of mitochondrial respiration to ADP 
decreases; and (3) the impairment of oxidative function in skinned muscle fibers by 
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EMODs remains unchanged (Effect of endurance training on oxidative and antioxidative 
function in human permeabilized muscle fibres. Tonkonogi, M. et al. Pflugers Arch. 2001 
Jun;442(3):420-5). 
 
4.0 Exercise Cuts Diabetes Risk in Big-waisted People 

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

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

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

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

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

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

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

The following discussions are excerpted and based on materials from the following 
review article:  (Atalay, M. and Laaksonen, D.E., Diabetes, oxidative stress and physical 
exercise.  2002; J Sports Sci Med 1: 1-14).   
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During moderate exercise oxygen consumption increased by 8-10 fold 
and oxygen flux through the muscle may increase by 90-100 fold.  Even 
moderate exercise may increase free radical production and overwhelm antioxidant 
defenses, presumably resulting in an oxidative insult (Sen, C.K. and Packer, L. Thiol 
homeostasis and supplements in physical exercise. Am J Clin Nutr.  2000; 72: 653S-
669S).  
 
It was first shown in 1978 by Dillard et al. (Dillard, C.J., Litov, R.E., Savin, W.M., 
Dumelin, E.E. and Tappel, A.L. Effects of exercise, vitamin E and ozone on pulmonary 
function and lipid peroxidation. J of App Physio  1978; 45: 927-932), that in humans, 
even a moderate intensity of exercise increased the content of pentane, a lipid 
peroxidation byproduct, in expired air.  1982 Davies et al. for the first time provided 
the direct evidence using electron paramagnetic resonance spectroscopy.  In rats 
exhaustive treadmill exercise increased the free radical concentration by 2- to 3-fold 
of skeletal muscle and liver. (Davies, K.J., Quintanilha, A.T., Brooks, G.A. and Packer, 
L.  Free radicals and tissue damage produced by exercise.  Biochem Biophy Res Comm 
1982; 107: 1198-1205).   
 
Further studies demonstrated that strenuous exercise induces oxidative stress as 
measured by oxidative damage of lipids, proteins and even the genetic material. (Ji, 
L.L.  Antioxidants and oxidative stress in exercise.  Proc Soc Exper Biol Med  1999; 222: 
283-292), (Atalay, M. and Sen, C.K.  Physical exercise and antioxidant defenses in the 
heart.  Ann NY Acad Sci  1999; 874: 169-177).  
 
Thus, regular physical exercise should induce many of the 100 diseases ascribed to 
oxidative stress but as we all know, exercise is good for us and is contrary to the 
beliefs of the free radica-phobes. 
 
Diabetes mellitus (DM) is a syndrome characterized by abnormal insulin secretion, 
derangement in carbohydrate and lipid metabolism and is diagnosed by the presence of 
hyperglycemia.  Diabetes is a major worldwide health problem predisposing to markedly 
increased cardiovascular mortality and serious morbidity and mortality related to 
development of nephropathy, neuropathy and retinopathy.  The prevalence of type 2DM 
among adults varies from less than 5% to over 40% depending on the population in 
question.  Due to increasing obesity, sedentariness and dietary habits in both Western and 
developing countries, the prevalence of type 2 DM is growing at an exponential rate. 
(Zimmet, P.Z., McCarty, D.J. and de Courten, M.P.  The global epidemiology of non-
insulin-dependent diabetes mellitus and the metabolic syndrome.  J Diab Compl 1997; 
11: 60-68).   
 
Increased oxidative stress as measured by indices of lipid peroxidation and protein 
oxidation has been shown to be increased in both insulin dependent diabetes 
(IDDM), and non-insulin dependent (NIDDM) (Cederberg, J., Basu, S. and Eriksson, 
U.J.  Increased rate of lipid peroxidation and protein carbonylations in experimental 
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diabetic pregnancy.   Diabetologia 2001; 44: 766-774), even in patients without 
complications.   
 
Increased oxidized low density lipo-protein (LDL) or susceptibility to oxidation has also 
been shown in diabetes. 
 
Despite strong experimental evidence indicating that oxidative stress may determine the 
onset and progression of late-diabetes complications, controversy exists about whether 
the increased oxidative stress is merely associative rather than causal in DM.  This is 
partly because measurement of oxidative stress is usually based on indirect and 
nonspecific measurement of products of electronically modified oxygen derivatives 
 and partly because most clinical studies in DM patients have been cross-sectional. 
(Laaksonen, D.E. and Sen, C.K.  Exercise and oxidative stress in diabetes mellitus.  In:  
Handbook of Oxidants and Antioxidants in Exercise 2000; 1105-1136). 
 
The mechanisms behind the apparent increased oxidative stress in diabetes are not 
entirely clear.  Accumulating evidence points to a number of inter-related mechanisms, 
increasing production of free radicals such as superoxide or decreasing antioxidant status.  
These mechanisms include glycoxidation and formation of advanced glycation products, 
activation of the polyol pathway and altered cell and glutathione redox status and 
ascorbate metabolism antioxidant enzyme inactivation and perturbations in nitric oxide 
and prostaglandin metabolism. 
 
Large prospective studies  suggest that regular exercise and physical fitness as 
measured by maximal oxygen consumption have protective effects on cardiovascular 
disease and mortality (Lakka, T.A., Venalainen, J.M., Rauramaa, R., Salonen, R., 
Tuomilehto, J. and Salonen, J.T.  Relation of leisure-time physical activity and 
cardiorespiratory fitness to the risk of acute myocardial infarction.  New Engl J Med 
1994; 330: 1349-1554).   
 
I believe that these protective effects of exercise are directly related to increased 
levels of electronically modified oxygen derivatives and excitation states. The relative 
benefits or risks of acute and chronic exercise in relation to oxidative stress in groups 
with increased susceptibility to oxidative stress such as diabetic patients are not known.  
Investigators recently found increased oxidative stress as measured by plasma 
thiobarbituric acid reactive substances (TBARS) at rest and after exercise in young 
men with type 1 DM.  Physical fitness as measured by maximal oxygen consumption 
(VO2 max), however, was strongly inversely correlated with plasma TBARS in the 
diabetic men only, suggesting a protective effect of fitness against oxidative stress, 
which I believe suggests that diabetic men have a decreased ability to generate 
EMODs. 
 
In vitro studies have suggested that glycation itself may result in production of 
superoxide.  Oxidation has been hypothesized to result in generation of superoxide, H2O2 
and through transition metal catalysis, hydroxyl radical. (Wolff, S.P., Jiang, Z.Y. and 
Hunt, J.V.  Protein glycation and oxidative stress in diabetes mellitus and aging.  Free 
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Rad Biol Med  1991; 10: 339-352).  Catalase and other antioxidants decrease cross 
linking and AGE formation. 
 
Tissue glutathione is believed to play a central role in antioxidant defense.  Glutathione 
is a tripeptide which has “free” sulfhydryl groups available to reduce H2O2 to water.  
The GSH is reduced by donating hydrogen to the hydrogen peroxide catalysed by 
glutathione peroxidase. The reduced glutathione (GSSG) is then oxidized by the 
reduction of NADPH catalysed by glutathione reductase.   Reduced glutathione 
detoxifies electronically modified oxygen derivatives such as hydrogen peroxide and 
lipid peroxides directly or in a glutathione peroxidase (GPx) catalyzed mechanism.  
Glutathione also regenerates the major aqueous and lipid phase antioxidants, ascorbate 
and a-tocopherol.  Glutathione reductase (GRD) catalyzes the NADPH dependent 
reduction of oxidized glutathione, serving to maintain intracellular glutathione stores and 
a favorable redox status.  Glutathione-S-transferase (GST) catalyzes the reaction between 
the -SH group and potential alkylating agents, rendering them more water soluble and 
suitable for transport out of the cell.  GST can also use peroxides as a substrate. 
 
Type 2 diabetic patients had decreased erythrocyte GSH and increased GSSG levels. 
(Jain, S.K. and McVie, R.  Effect of glycemic control race (white versus black), and 
duration of diabetes on reduced glutathione content in erythrocytes of diabetic patients. 
Meta 1994; 43: 306-309). I believe that this may indicate that diabetics have a high 
reduction stress level. 
 
It has to be clarified whether the levels are decreased in patients without complications 
and whether patients with complications have even lower levels.  The 
pathophysiological significance of decreased glutathione levels in DM remains to be 
shown. 
 
Changes in glutathione dependent enzymes in experimental diabetic models have been 
contradictory.  Most studies show tissue and time dependent changes in enzyme activity.  
Even taking these factors into account, no consensus can be found among studies 
about the impact of DM on glutathione dependent enzyme activity.  Changes in 
glutathione dependent enzymes in diabetic patients are also inconsistent.  Differences in 
results cannot be completely explained by study methodology.  I believe that all of 
this confusion arises from the fact that investigators are trying to apply their data to 
the erroneous free radical oxidation theory of disease.  Consequently, the data does 
not make sense, yet they are hell bound to make it fit the theory.  Additionally, they 
have developed their fear of EMODs based on in vitro studies and erroneously 
extrapolated their findings to the living/breathing cell. 
 
Superoxide dismutase (SOD) and catalase are also major antioxidant enzymes.  SOD 
exists in three different isoforms.  Cu, Zn-SOD is mostly in the cytosol and dismutate 
superoxide to hydrogen peroxide.  Extracellular (EC) SOD is found in the plasma and 
extracellular space.  Mn-SOD is located in mitochondria.  Catalase is a hydrogen 
peroxide decomposing enzyme mainly localized to peroxisomes or microperoxisomes.  
Superoxide may react with other electronically modified oxygen derivatives such as 
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nitric oxide to form highly toxic species such as peroxynitrite, in addition to direct toxic 
effects.  Peroxynitrite reacts with the tyrosine residues in proteins resulting with the 
nitrotyrosine production in plasma proteins, which is considered as an indirect 
evidence of peroxynitrite production and increase oxidative stress.  Although 
nitrotyrosine was not detectable in the plasma of healthy controls, nitro tyrosine was 
found in the plasma of all type 2 diabetic patients examined.  Consistent with these 
results, plasma nitrotyrosine values were correlated with plasma glucose concentrations.  
Furthermore, exposure of endothelial cells to high glucose leads to augmented production 
of superoxide anion, which may quench nitric oxide.  Decreased nitric oxide levels result 
with impaired endothelial functions, vasodilation and delayed cell replication. (Giugliano, 
D., Ceriello, A. and Paolisso, G.  Oxidative stress and diabetic vascular complications.  
Diab Care 1996; 19: 257-267).   
 
Alternatively, superoxide can be dismutated to much more reactive hydrogen peroxide, 
which through the Fenton reaction can then lead to highly toxic hydroxyl radical 
formation.  Decreased activity of cytoplasmic Cu,Zn-SOD and especially mitochondrial 
(Mn-) SOD in diabetic neutrophils was found.  There are reports disagreeing with 
these findings.  Red cell Cu,Zn-SOD activity was similar in type 1 and 2 DM patients 
compared to normal subjects irrespective of microvascular complications.  Leukocyte 
SOD activity was similar between type 2 DM patients and healthy control subjects, 
despite increased lipid peroxidation and decreased ascorbate levels.  Furthermore, 
increased red cell SOD activity and serum MDA levels were reported in patients of type 
1 DM with normo- microalbuminuria and retinopathy compared to healthy subjects. 
 
Red cell superoxide and catalase activities were decreased in 105 subjects with impaired 
glucose tolerance (IGT) and early hyperglycemia and also in type 2 DM patients.  
However, in another study red cell catalase and SOD activities were normal in 26 type 2 
DM patients in poor glycemic control.  EC-SOD activity was found to be similar in type 
1 DM patients, despite somewhat higher plasma EC-SOD levels. 
 
The wide variability among studies does not allow conclusions to be drawn as to 
whether SOD isoform in catalase enzyme activities are abnormal in diabetic 
patients.  Again, differences in methodology or study design do not completely 
explain the conflicting findings among studies.   This is because the data is being 
forced to apply to the flawed free radical oxidative theory and it does not make sense. 
 
Lipid peroxidation end-products are very commonly detected by the measurement of 
thiobarbituric acid reactive substances (TBARS).  This assay has, however, been 
criticized for the lack of specificity.  Lipid peroxidation as measured by lipid 
hydroperoxides have been shown to correlate closely with TBARS data in tissue samples.  
With proper caution, TBARS measurement may provide meaningful information.  
(Draper, H.H., Squires, E.J., Mahmoodi, H., Wu, J., Agarwal, S. and Hadley, M.  A 
comparative evaluation of thiobarbituric acid methods for the determination of 
malondealdehyde in biological materials.  Free Rad Biol Med  1993; 15: 353-363). 
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Use of TBARS as an index of lipid peroxidation was pioneered by Yagi et al., whose 
group also showed increased plasma TBARS levels in DM consistent with other’s results.  
Similarly, increased plasma peroxide concentrations were reported in type 1 and type 2 
DM patients.  Diabetic red blood cells (RBC s) were shown to be more susceptible to 
lipid peroxidation as measured by TBARS in rats and humans.  Oxidizabiltiy of plasma 
as measured by lipid hydroperoxides was greater in DM group, although baseline levels 
were similar in subjects with normal glucose tolerance, impaired glucose tolerance and 
type 2 DM.  Furthermore, plasma TBARS level was significantly increased in type 2 DM 
with the duration of disease and development of complications. 
 
The formation of conjugated dienes reflect early events of lipid peroxidation.  
Spectrophotometric assay of conjugated dienes, however, does not provide information 
on hydroperoxides in samples.  Serum levels of a conjugated diene isomer of linoleic acid 
were higher in DM patients with microalbuminuria than control subjects. (Collier, A., 
Rumley, A., Rumley, A.G., Paterson, J.R., Leach, J.P., Lowe, G.D. and Small, M.  Free 
radical activity and hemostatic factors in NIDDM patients with and without 
microalbuminuria.  Diabetes 1992; 41: 909-913). 
 
On the other hand, no difference in serum conjugated diene levels between 
otherwise healthy diabetic patients and healthy control subjects was noted. (Sinclair, 
A.J., Girling, A.J., Gray, L., Lunee, J. and Barnett, A.H.  An investigation of the 
relationship between free radical activity and vitamin C metabolism in elderly diabetic 
subjects with retinopathy.  Gerontology 1992; 38: 268-274).  
 
Most published studies have found increased lipid peroxidation in both type 1 and type 2 
DM patients.  Conflicting results have also been found, however, and they cannot be 
explained simply based on study design or methodology.  It is less clear whether lipid 
peroxidation is increased in DM even before development of micro- and macrovascular 
disease.  A causal role for lipid peroxidation in the development of 
diabetic macro- and microvascular complications is far from 
established.  Amen. 
 
On the other hand, baseline lipid hydroperoxide levels were similar in 75 subjects with 
normal glucose tolerance, impaired glucose tolerance and type 2 DM. (Haffner, S.M., 
Agil, A., Mykkanen, L., Stern, M.P. and Jialal, I.  Plasma oxidizability in subjects with 
normal glucose tolerance, impaired glucose tolerance and NIDDM.  Diabetes Care 1995; 
18: 646-653). 
 
Incubation of LDL cholesterol with glucose at concentrations seen in the diabetic state 
increased susceptibility of LDL to oxidation as measured by TBARS and conjugated 
diene formation, Electrophoretic mobility and degradation by macrophages. (Kawamura, 
M., Heinecke, J.W. and Chait, A.  Pathophysiological concentrations of glucose promote 
oxidative modification of low density lipoprotein by superoxide-dependent pathway. J 
Clin Invest 1994; 94: 771-778).  
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Plasma TRAP (total peroxyl radical trapping potential) was lower and susceptibility of 
LDL to oxidation as measured by the lag phase of conjugated diene formation after 
initiation of LDL oxidation by the addition of copper was greater in poorly controlled 
subjects. 
 
In contrast, there was no difference between type 1 diabetic patients and non-diabetic 
subjects in the susceptibility of LDL and VLDL cholesterol to oxidation in a number of 
studies. (Mol, M.J., de Rijke, Y.B., Demacker, P.N. and Stalenhoef, A.F.  Plasma levels 
of lipid and cholesterol oxidation products and cytokines in diabetes mellitus and 
cigarette smoking:  Effects of vitamin E treatment.  Atherosclerosis 1997; 129: 169-176).   
 
Most studies have found increased susceptibility of LDL cholesterol to oxidation in DM 
patients, although some well-designed studies have had conflicting results.  Studies 
carried out to date do not allow firm conclusions to be drawn about whether LDL is 
more susceptible to oxidation in DM patients without complications than in healthy 
subjects, or about what effect complications and glycemic control have on the 
susceptibility of LDL to oxidation. 
 
No clear consensus has been found concerning the presence of increased oxidized 
LDL antibodies for LDL cholesterol oxidizability or especially for indices of plasma 
or serum lipid peroxidation in DM patients.  Although interesting results linking 
oxidized LDL antibodies to carotid atherosclerosis in the general population have been 
published, (Salonen, J.T., Yla Herttuala, S., Yamamoto, R., Butler, S., Korpela, H., 
Salonen, R., Nyyssonen, K., Palinski, W. and Wizlum, J.L. Autoantibody against 
oxidized LDL and progression of carotid atherosclerosis.  Lancet  1992; 339: 883-887), 
similar conclusions cannot be drawn from studies in diabetic patients.  Whether this 
is an argument against increased oxidative stress or its role in the pathogenesis of 
atherosclerosis in DM or against the use of oxidized LDL auto antibodies as a marker of 
lipid peroxidation of DM remains unclear. 
 
Exercise is a major therapeutic modality in the treatment of DM (American Diabetes 
Association, 1998; Laaksonen et al., 2000).  
 
Red cell GRD activity at rest was 15% higher in the diabetic group.  However, 
erythrocyte Cu,Zn-SOD and catalase activities at rest were significantly lower in the 
diabetic group.  Acute exercise increased erythrocyte Se-GPX activity modestly in the 
control group, but not in the IDDM group.  Post-exercise Se-GPX activity was 
significantly higher in the control group compared to the IDDM group.  Although acute 
exercise did not significantly affect GRD activity because of the higher resting values, 
post-exercise GRD activity was also higher in the IDDM group compared to the control 
group.  Erythrocyte GST, Cu,Zn-SOD and catalase activities were similar in control 
and DM group after exercise. (Atalay, M. and Sen, C.K.  Physical exercise and 
antioxidant defenses in the heart.  Annals NY Acad Sci  1999; 874: 169-177).   
 
Increased plasma TBARS in the diabetic men both at rest and after exercise, showing for 
the first time increased exercise induced oxidative stress in DM was found.  These 
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results also support previous studies suggesting that type 1 DM patients have 
increased lipid peroxidation even in the absence of complications.   
 
I believe that this shows that the benefits of exercise are from the increased EMOD 
levels.  
 
Decreased Cu,Zn-SOD activity coupled with increased superoxide production could 
exacerbate oxidative stress, especially if not compensated with increased catalase or Se-
GPX activity.  Superoxide may react with other electronically modified oxygen 
derivatives such as nitric oxide to form highly toxic species such as peroxynitrite, in 
addition to direct toxic effects.  Alternatively, superoxide can be dismutate to the much 
more reactive hydrogen peroxide, which through the Fenton reaction can then lead to 
highly toxic hydroxyl radical formation.  Thus decreased catalase activity could also 
contribute to the increased oxidative stress found in the type 1 DM subjects.  Increased 
glucose and hydrogen peroxide levels have also been shown to inactivate catalase.  
As reviewed above, decreased red cell SOD and catalase activity have often, but not 
always, been found in DM patients.   
 
The strongly negative association between plasma TBARS and VO2 max suggests that 
good physical fitness may have a protective role against oxidative stress. 
 
In a recent study in streptozotosin-induced experimental diabetic rats, our group showed 
that endurance training decreased lipid peroxidation measured by TBARS level in vastus 
lateralis muscle and increased glutathione peroxidase in red gastronomies muscle.  
However, endurance training increased conjugated dienes and decreased glutathione 
peroxidase activity in heart.  Consistent with these results, decreased levels of cardiac 
antioxidants have been previously observed in endurance trained healthy rats. 
(Kihlstrom, M., Ojala, J. and Salminen, A.  Decreased level of cardiac antioxidants in 
endurance trained rats.  Acta Physiologica Scandinavica  1989; 135: 549-554).  
 
Acute exhaustive exercise induced oxidative stress measured as increased TBARS 
level in liver and increased dienes in heart.  Increased TBARS levels in liver of 
untrained diabetic rats after acute exhaustive exercise are in agreement with a previous 
study carried out in normal rats.  These results suggest that despite the adverse effects in 
heart, endurance training appears to up-regulate glutathione dependent antioxidant 
defense in skeletal muscle in experimental DM. 
 
Diabetes pathology and complications can not be explained by traditional risk 
factors and the free radical oxidative theory.  The free radical theory can not 
explain the beneficial results of exercise in diabetes, cancer and atherosclerosis, even 
if and when they invoke increases in antioxidant defenses. 
 
4.1 Antioxidant Enzymes in Diabetes 
 
Some of the following material was abstracted, excerpted or modified from: Alterations 
in enzymatic antioxidant defence in diabetes mellitus  a rational approach. Erika 
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Szaleczky, József Prechl, János Fehér, Anikó Somogyi. Postgrad Med J 1999;75:13-17 
(January). 
 
Aerobic metabolism is always accompanied by the production of electronically 
modified oxygen derivatives. The adverse effects of free radicals are allegedly 
recognized in several disorders, but care should be taken when assessing their 
causative role (Halliwell B. Free radicals, antioxidants and human disease: curiosity, 
cause, or consequence? Lancet 1994;344:721-724).  
 

Damage caused by free radicals is possibly involved in beta-cell destruction and in 
the pathogenesis of diabetes mellitus (Oberley LW. Free radicals and diabetes. Free 
Rad Biol Med 1988;5:13-124). Alterations of metabolic processes in diabetes also 
influence enzymatic defenses, and these changes may be associated with late 

complications of diabetes. Antioxidant enzymes allegedly primarily account for 
intracellular defense, while several non-enzyme molecules, small molecular weight 
antioxidants, protect various components against oxidation in plasma. 

The following sections on the levels of antioxidant enzymes in diabetics is loaded 
with conflicting and inconsistent data.  I urge caution in the interpretation of this 
data because of its wide ranging variability. 

4.1.1 SOD Increases and GPx Decreases in Type 2 

Lipid hydroperoxide, a marker of oxidative stress, is linked to the development of 
nephropathy and is reportedly higher in patients of African origin compared with 
Caucasians. This may be relevant to race-specific differences in susceptibility to 
nephropathy. Karima Zitouni et al investigated whether alterations in antioxidant enzyme 
activity could account for this biochemical phenotype and examined the relationship with 
conventional markers of renal disease. 

Two hundred seventeen individuals were studied. Patients with type 2 diabetes (n = 75) 
of African and Caucasian origin were matched by sex and racial origin with healthy 
control subjects (n = 142). Plasma total superoxide dismutase (SOD) and glutathione 
peroxidase (GPx) activity were spectrophotometrically measured, and total cholesterol 
and triglycerides were measured by enzymatic methods. 

SOD activity was higher and GPx activity lower in patients with diabetes than in 
healthy control subjects.  Patients of African origin with diabetes had lower GPx and 
higher SOD activity compared with Caucasian patients. Patients of African origin with 
normal urinary albumin excretion had significantly higher plasma creatinine 
concentrations compared with those of Caucasian origin. African origin was an 
independent predictor of elevated SOD and reduced GPx activity in regression analysis.  

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

Recent evidence suggests that impaired antioxidant status is involved in oxidative stress 
associated with diabetes. The main antioxidant enzymes include superoxide dismutase 
(SOD), catalase (CAT) and glutathione peroxidase (GPX). The aim of this investigation 
was to evaluate the activities and protein expression of these antioxidant enzymes in 
streptozotocin-induced diabetes. Furthermore, the effects of insulin and antioxidant 
therapy alone and in combination were studied. Male Sprague-Dawley rats were rendered 
diabetic by streptozotocin administration and randomly assigned to untreated, insulin-
treated, antioxidant (vitamin E and C)-treated and insulin plus antioxidant-treated groups. 
Normal rats fed either a regular diet or the antioxidant (vitamin E and C)-rich diet served 
as controls. The animals were observed for 4 weeks. Diabetic animals showed marked 
weight loss, decreased activities of Cu Zn SOD and CAT and normal GPX activity. 
Additionally, the expression of all antioxidant enzyme proteins was decreased in the 
diabetic rats compared to the untreated controls. Insulin therapy prevented weight loss 
and normalized the activities and protein expression of all antioxidant enzymes. 
Antioxidant therapy in the diabetic rats normalized Cu Zn SOD and GPX protein 
expression. Combined therapy with insulin and antioxidants normalized all measured 
antioxidant enzyme protein expression and activities. Thus diabetes-associated reductions 
in antioxidant enzymes can be ameliorated by insulin and/or antioxidant therapy 
(Dysregulation of hepatic superoxide dismutase, catalase and glutathione peroxidase in 
diabetes: response to insulin and antioxidant therapies. Sindhu RK, Koo JR, Roberts CK, 
Vaziri ND. Clin Exp Hypertens. 2004 Jan;26(1):43-53). I believe that this study shows 
that streptozotocin-induced diabetes in rats is a different entity than naturally 
occurring Type 1 and 2 in humans, since antioxidants can not reverse or stop the 
naturally occurring type of diabetes. 

4.1.3 SOD and Human Health 
 
The CuZnSOD gene, SOD1, is located on human Chromosome 21 at location 21q22.1. It 
has been associated with two specific medical conditions: Amyotrophic Lateral Sclerosis 
(ALS) and Down syndrome, also known as Trisomy-21.  
 
ALS, also known as Lou Gehrig's disease, is a progressive, fatal disease where the motor 
neurons progressively degenerate. The disease usually starts out with muscle weakness, 
followed by progressive loss of muscle control and muscle wasting. The actual cause of 
death is usually an infection, indicating an EMOD deficiency, due to the weakened 
condition of the body. The association of one form of ALS with mutations in the SOD1 
gene was made in 1993. (Rosen, D. R. et al. Mutations in Cu/Zn superoxide dismutase 
gene are associated with familial amyotrophic lateral sclerosis. Nature 362: 59-62, 1993) 
This form of ALS is caused by inadequate activity by the mutated SOD, leaving the 
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motor neurons open to oxidative damage and death. I believe that this means that the 
body is not generating enough H2O2, which is needed in high quantities by the 
nervous system. 
 
Individuals with Down syndrome suffer the exact opposite fate. Down syndrome is 
caused by 3 copies of chromosome 21 being present in each (or most in the case of 
mosaic Trisomy-21) cell. SOD1, being located on Chromosome 21, is therefore 
triplicated. Measurements of SOD activity in individuals with Down syndrome show 
that there is overexpression of this gene, with an activity level of about 150% of normal 
(Gulesserian T, Seidl R, Hardmeier R, Cairns N, Lubec G., Superoxide dismutase SOD1, 
encoded on chromosome 21, but not SOD2 is overexpressed in brains of patients with 
Down syndrome. J Investig Med 2001 Jan;49(1):41-6).  
 
There is a corresponding upregulation of either catalase or glutathione peroxidase in 
some tissues, but not in neurons (Brooksbank, B.W. & Balazs, R. Superoxide dismutase 
and lipoperoxidation in Down's syndrome fetal brain [letter]. Lancet 1, 881-882 (1983). 
 
While there is still some disagreement in the scientific community about the implication 
of this overexpression, many scientists believe that the overexpression of SOD can be 
linked directly to the premature aging, neuronal degeneration, early-onset 
Alzheimer's disease, and other clinical features of Down syndrome (de Haan, J., et al. 
Reactive Oxygen Species and Their Contribution to Pathology in Down Syndrome. Adv 
Pharmacol 1997;38:379-402).   
 
In fact, one case study identified a boy with a micro-duplication of SOD1 with many of 
the clinical features of Down syndrome, but without a duplication of any other part of 
chromosome 21 (Huret, J. L et al. Down syndrome with duplication of a region of 
chromosome 21 containing the CuZn superoxide dismutase gene without detectable 
karyotypic abnormality. Hum. Genet. 75: 251-257, 1987).   
 
Another very interesting area of research into CuZnSOD is being done in the area of 
Alzheimer's disease. The brain lesions that are characteristic of Alzheimer's disease 
show evidence of oxidative processes as well as other damage, such as inflammation. 
Estevez et al. examined how zinc-deficient CuZnSOD not only did not function as an 
antioxidant, but instead behaved like a pro-oxidant compound (Estevez, A. G. et 
al. Induction of nitric oxide-dependent apoptosis in motor neurons by zinc-deficient 
superoxide dismutase. Science 286: 2498-2500, 1999).  
 
They observed that the loss of zinc from CuZnSOD which still had its copper was 
sufficient to induce apoptosis in cultured motor neurons. This finding is significant not 
only in the disease of ALS which has been directly tied to this enzyme, but also to 
Alzheimer's disease, where pathological behavior of this enzyme is suspected (Bush, A.I., 
The metallobiology of Alzheimer's disease. Trends Neurosci 26(4):207-14, 2003).  
 
I believe that the above data on SOD confirms my belief that SOD is indeed a 
prooxidant enzyme and NOT an antioxidant. 

Page 89 of 366

mailto:Gert.Lubec@akh-wien.ac.at


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

4.1.4 SOD Inconsistencies 

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, 
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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). 

4.1.5 GSH-Px Inconsistencies 

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).  

4.1.6 Activation-Inactivation:  Changes in the Concentrations of Cofactors 
 
SOD requires manganese or copper and zinc, Gpx needs selenium, and catalase 
contains heme as cofactor. Studies on experimental diabetes are carried out using 
certain spontaneously diabetic inbred animals or animals with viral or chemically induced 
diabetes. Streptozotocin is a toxin which destroys beta-cells selectively; a single 
adequate dose produces lasting hyperglycaemia and insulin deficiency. It has been 
proposed that reactive free radicals have a role in this damaging effect. Although the 
results of the experimental animal studies cannot be extrapolated directly to human 
disease, this finding has raised questions on the etiologic role of free radicals in human 

diabetes. 
 
They have summarized the results of clinical and experimental observations in the table. 

 
Table  Summary of the observed changes of activity of 
antioxidant enzymes in some tissues of diabetic animal 
models and human diabetic patients.  
 

SOD Gpx 
 
GSH 

 
Gred CAT 

Animal models  
Erythrocyte          = 
Whole blood          
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    =   

= =     =  

Endothelium 

        
  
  

  
  

          Liver 

        
           Kidney 
=        

Heart          
         Pancreas 
        

Human diabetes  
Plasma =         

          = 
= =       

Erythrocyte 

         
Whole blood  =    =  

increase of activity; decrease in activity; =no difference when compared to controls;  
 
 

In the above animal model, the SOD activity is down, which would result in less H2O2 
formation and the Catalase activity is elevated, which would result in more breakdown of 
H2O2.  I believe that both of these events lead to a H2O2 deficiency state in the heart 
and the pancreas of these animals. However, the data in this area is inconsistent. 

4.1.7 Superoxide Dismutase 

In a long-term experiment, Wohaieb observed a decrease of SOD activity in the liver and 
kidney and an increase in the pancreas of streptozotocin-treated diabetic rats 
(Wohaieb SA, Godin DV. Alterations in free radical tissue defense mechanisms in 
streptozotocin induced diabetes in rat. Diabetes 1987;36:1014-1018). He proposed that 

the increase in enzyme activity might be an adaptive response in the otherwise SOD-poor 
pancreas, while the reduction of SOD activity in liver and kidney might be due to the 
direct damaging effect of free radicals on the enzyme. I believe that the decreased 
superoxide anion levels, due to SOD increases, indicates a reduction in EMODs. 
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Dohi found no difference in the SOD activity of the kidneys in streptozotocin-treated 
diabetic rats after 4 months of diabetes (Dohi T, Kawamura K, Morita K, Okamoto H, 
Tsujimoto A. Alterations of plasma selenium concentrations and the activities of tissue 
peroxide metabolism enzymes in streptozotocin induced diabetic rats. Horm Metab Res 
1988;20:671-675). Conflict is in the data with that of Wohaieb. 

Matkovics et al observed decreased SOD activities in all examined organs (liver, 
kidney, spleen, brain, heart, muscles, pancreas) except lungs of streptozotocin- and 
alloxan-treated diabetic rats (Matkovics B, Varga Sz I, Szabo L, Witas H. The effect of 
diabetes on the activities of the peroxide metabolism enzymes. Horm Metab Res 
1982;14:77-79). More conflict. 

Loven observed a decrease in CuZnSOD activity in liver, kidney, and erythrocytes after 
10 days of streptozotocin-induced diabetes (Loven D, Schedl H, Wilson H, et al. Effect of 
insulin and oral glutathione on glutathione levels and superoxide dismutase activities in 
organs of rats with streptozotocin induced diabetes. Diabetes 1986;35:503-507).  

Sukalski described the decrease of liver mitochondrial SOD activity (Sukalski KA, Pinto 
KA, Berntson JL. Decreased susceptibility of liver mitochondria from diabetic rats to 
oxidative damage and associated increase in alpha tocopherol. Free Rad Biol Med 
1993;14:57-65).  

A significant decrease of CuZnSOD activity in diabetic rabbit aorta endothelium was 
reported by Tagami (Tagami S, Kondo T, Yoshida K, Hirokawa J, Ohtsuka Y, Kawakami 
Y. Effect of insulin on impaired antioxidant activities in aortic endothelial cells from 
diabetic rabbits. Metabolism 1992;41:1053-1058), although others have not found any 

difference in aortic SOD activity between diabetic and control rats (Langenstroer P, 
Pieper GM. Regulation of spontaneous EDRF release in diabetic rat aorta by oxygen free 
radicals. Am J Physiol 1992;63:H257-H265). I believe that the inconsistencies in the 
overall data makes singular conclusions impossible or unwise.  

Red blood cell SOD activity is frequently measured in humans as an index of defense 
against superoxide in blood. In diabetics, activity of erythrocyte SOD has been shown 
to be decreased, increased and unchanged. Kawamura et al showed that red blood cell 
CuZnSOD is glycated both in vitro and in vivo, leading to its inactivation, and the 
percentage of this glycated SOD is higher in IDDM children than in healthy individuals 
(Kawamura N, Ókawara T, Suzuki K, Konishi K, Mino M, Taniguchi N. Increased 
glycated Cu,Zn-superoxide dismutase levels in erythrocytes of patients with IDDM. J 
Clin Endocrinol Metab 1992;74:1352-1354).  

The percentage of extracellular glycated SOD has also been found to be higher in 
diabetics, but its activity was comparable to that of the unmodified enzyme. Glycation 
was shown to affect the C-terminal end of the enzyme, reducing its heparin-binding 

affinity. Thus, protection against extracellular radicals by cell-surface attached SOD may 
be impaired in diabetes, leaving the endothelium more susceptible to damage by 
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superoxide anion. I believe a more important aspect is that decreased SOD results in 
less H2O2. 

4.1.8 Glutathione Peroxidase 

Mukherjee observed a significant reduction of GSH content after 15 days, and reduction 
of glutathione reductase (Gred) activity after 3 weeks in liver, kidney, brain and blood of 
streptozotocin-treated diabetic rats (Mukherjee B, Mukherjee JR, Chatterjee M. Lipid 
peroxidation, glutathione levels and changes in glutathione related enzyme activities in 
streptozotocin induced diabetic rats. Immun Cell Biol 1994;72:109-114).  

Others have reported reductions in mitochondrial Gpx and Gred activity in liver of 
diabetic rats. Loven studied intestinal mucosa and liver GSH content after 10 days of 
streptozotocin-induced diabetes (Loven D, Schedl H, Wilson H, et al. Effect of insulin 
and oral glutathione on glutathione levels and superoxide dismutase activities in organs 
of rats with streptozotocin induced diabetes. Diabetes 1986;35:503-507); there was a 
significant decrease of GSH in the liver while no change was noticed in the mucosa. 
Orally administered GSH restored, and intramuscular insulin even raised liver GSH above 
normal levels. Abnormal GSH synthesis was thought to be responsible for the changes.  

Wohaieb found that in the liver, which normally contains high amounts of GSH and 
strong Gpx activity, induction of diabetes caused a decrease in both, while in the kidney, 
which is relatively poor in Gpx activity, diabetes led to an increase in activity (Wohaieb 
SA, Godin DV. Alterations in free radical tissue defense mechanisms in streptozotocin 
induced diabetes in rat. Diabetes 1987;36:1014-1018). Insulin reversed these alterations.  

Gred activity was shown to be increased in erythrocytes of spontaneously diabetic 
BB rats, while in alloxan-treated animals Gpx activity was also increased. I believe 
that both of these situations would lead to EMOD deficiency states. The same group 
found similarly elevated erythrocyte Gred levels and resistance to peroxide-induced GSH 
reduction in type I and type II diabetic patients. They supposed that elevated glucose 
levels could increase NADPH production resulting in a more effective GSH reduction. 
Dohi noticed significant reduction in Gpx activity in aorta homogenates of rats 4 and 
8 months after the induction of diabetes (Dohi T, Kawamura K, Morita K, Okamoto H, 
Tsujimoto A. Alterations of plasma selenium concentrations and the activities of tissue 
peroxide metabolism enzymes in streptozotocin induced diabetic rats. Horm Metab Res 
1988;20:671-675). He found higher serum selenium concentrations in diabetic rats.  

Tagami found reduced GSH content and Gpx activity and unchanged Gred activity in 
aortic endothelial cells of diabetic rabbits (Tagami S, Kondo T, Yoshida K, Hirokawa J, 
Ohtsuka Y, Kawakami Y. Effect of insulin on impaired antioxidant activities in aortic 
endothelial cells from diabetic rabbits. Metabolism 1992;41:1053-1058).  

Langenstroer found no alteration in Gpx activity (Langenstroer P, Pieper GM. 
Regulation of spontaneous EDRF release in diabetic rat aorta by oxygen free radicals. Am 
J Physiol 1992;63:H257-H265).  
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Decreased Gred activity in erythrocytes of diabetic children was reported by Stahlberg, 
but Walter et al found no difference between Gpx and Gred activity of diabetics and non-
diabetics. Murakami examined erythrocytes of diabetics (fasting glucose > 140 mg/ml) 

and concluded that GSH reduction and glutathione elevation in erythrocytes was caused 
by defective functioning of gamma-glutamyl-cystein synthase due to its glycation, 
decrease in Gred activity and defect in glutathione transport. Yoshida confirmed that in 
erythrocytes of poorly controlled diabetics (HbA1c = 10.6±1.3%) GSH synthesis and 
thiol transport is impaired, and cells become susceptible to oxidative damage (Yoshida K, 
Hirokawa J, Tagami S, Kawakami Y, Urata Y, Kondo T. Weakened cellular scavenging 
activity against oxidative stress in diabetes mellitus: regulation of glutathione synthesis 
and efflux. Diabetologia 1995;38:201-210).  

Jain found that erythrocyte GSH content was negatively correlated to HbA1c, a good 
estimate of long-term hyperglycaemia, in diabetics. In diabetic patients with explicit 
hyperglycaemia (HbA1c = 11.5±1.9) Uzel found impaired Gpx activity and lower 
erythrocyte GSH, in addition to elevated lipid peroxidation products, the alterations being 
more pronounced in patients with retinopathy. Reduced GSH and protein-SH content in 
erythrocytes of diabetics was reported by Bono. Kaji et al reported no difference in 
erythrocyte Gpx activity but an increase in plasma Gpx activity of diabetic compared to 
non-diabetic women. Elevation of serum selenium levels and Gpx activity in diabetic 
children was reported by Cser et al. Similarly, higher Gpx activity has been reported in 
erythrocytes of diabetics. Again, the results are all over the place and inconsistency is 
the order of the day.  

4.1.9 Catalase 

Catalase (EC 1.11.1.6) is an enzyme which is present mainly in the peroxisomes of 
mammalian cells. It is a tetrameric enzyme consisting of four identical, tetrahedrally 
arranged subunits of 60 kDa, each containing in its active center a heme group and 
NADPH. Catalase has two enzymatic activities depending on the concentration of H2O2. 
If the concentration of H2O2 is high, catalase acts catalytically, i.e. removes H2O2 by 
forming H2O and O2 (catalatic reaction). However, at a low concentration of H2O2 and 
in the presence of a suitable hydrogen donor, e.g. ethanol, methanol, phenol, and 
others, catalase acts peroxidically, removing H2O2, but oxidizing its 
substrate (peroxidatic reaction) (Catalase: structure, properties, functions. Scibior, D. 
et al. Postepy Hig Med Dosw (Online). 2006;60:170-80).  I believe that this illustrates 
the fact that this well ballyhooded antioxidant enzyme can also act as a prooxidant. 

Observations regarding catalase activity in the vasculature are rather controversial: a 
decrease, reversible by insulin, in aortic endothelial cell catalase activity in diabetic 
rabbits was reported by Tagami. Dohi observed no alteration in catalase activity of rat 
aorta homogenate, while Langenstroer reported its elevation. The activity of catalase in 
the liver and kidneys of diabetic animals is generally believed to decrease, although there 
are also reports of its increase. On the other hand, heart and pancreas tissues 
show increased catalase activity in the diabetic state. Erythrocyte catalase 

activity seems not to be altered either in diabetic animals or in type 1 and 2 diabetic 
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patients (Wohaieb SA, Godin DV. Alterations in free radical tissue defense mechanisms 
in streptozotocin induced diabetes in rat. Diabetes 1987;36:1014-1018) (Matkovics B, 
Varga Sz I, Szabo L, Witas H. The effect of diabetes on the activities of the peroxide 
metabolism enzymes. Horm Metab Res 1982;14:77-79) (Godin DV, Wohaieb SA, 
Garnett ME, Goumeniouk AD. Antioxidant enzyme alterations in experimental and 
clinical diabetes. Mol Cell Biochem 1988;84:223-231) (Bono A, Caimi G, Catania A, 
Sarno A, Pandolfo L. Red cell peroxide metabolism in diabetes mellitus. Horm Metab 
Res 1987;19:264-266) (Kaji H, Kurasaki M, Ito K, et al. Increased lipoperoxide value 
and glutathione peroxidase activity in blood plasma of type Í diabetic women. Klin 
Wochenschr 1985;63:76576-76578).  

Contradictory changes in the activities of particular enzymes in particular organs 
have been observed in many cases. These discrepancies may be partly explained by the 
variability in the diabetes models used, including the strain and sex of the animals, their 
age at the induction of diabetes, the severity of the resulting insulin deficiency, and the 
duration of diabetes. For the clinical observations similar confounding factors exist, such 
as the type and duration of diabetes, mode of treatment, presence or absence of 
complications, which are not revealed by routine laboratory tests.  

Changes in enzyme activity (increased, impaired, unchanged) may depend on the above-
mentioned factors to a large extent. In their experience, type I diabetes, when blood 
glucose is strictly controlled by intensive insulin therapy, is not accompanied by 

remarkable changes in the prooxidant-antioxidant balance. Antioxidant enzyme 
activities (erythrocyte SOD and catalase, whole blood Gpx) do not differ from those of 
healthy controls (Szaleczky E, Prechl J, Pusztai P, Rosta A, Fehér J, Somogyi A. 
Antioxidant status of patients with well controlled type I diabetes. Med Sci Monit 
1997;3:163-166).  

In an investigation of the relationship between the duration of diabetes and various 

measures of antioxidant activity in blood, they found that erythrocyte SOD was reduced 
in patients who had had diabetes for more than 10 years compared to patients whose 
disease was not so long-standing, while whole blood Gpx and erythrocyte catalase 
activities did not differ.  

In recent years it has been definitely shown that the worse the diabetic metabolic control, 
the higher the frequency of late complications. It is well-known that syndromes 
characterized by disturbances of carbohydrate metabolism are not a homogenous 
disease; the only common basis is that in all forms of diabetes there is an absolute or 
relative insulin deficiency. Previous studies have suggested that the clinical forms of late 
complications seem to be the same, although it has not been established whether the 

pathogenic factors involved in the development of the late complications are common 
and, if so, to what extent. If it is true that the oxidative stress has a role in the 
development of late complications, it is still not clear whether it has the 
same importance in the different forms of diabetes. Further, changes in 
carbohydrate metabolism may influence oxidative stress, the function of antioxidant 

defense and the damage caused.  
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4.1.10 The Islet, Antioxidant Enzymes and GSH Metabolism 

The generation of EMODs per se seems likely to be a physiological event that 
contributes to the regulation of general metabolic health, such as mediating 
phagocyte killing of bacteria. Another physiological function is to modulate 
transcription of genes, such as nuclear factor- B (NF- B), a well-known redox-sensitive 

transcription factor.  

However, the elegantly designed host-defense mechanisms against EMODs provided by 
antioxidant enzymes and GSH synthesis imply that EMOD levels need to be finely 
regulated to keep good radicals from going bad and thereby avoid oxidative damage to 
cellular processes (Nordberg J, Arner ES: Reactive oxygen species, antioxidants, and the 
mammalian thioredoxin system. Free Radic Biol Med31 :1287 –1312,2001) (Evans JL, 
Goldfine ID, Maddux BA, Grodsky GM: Oxidative stress and stress-activated signaling 
pathways: a unifying hypothesis of type 2 diabetes. Endocr Rev23 :599 –622,2002). 

The major antioxidant enzymes are catalase, GPx, and the two SODs. Mn-SOD is active 
in the mitochondria, and Cu/Zn-SOD is active in the cytosol. SOD catalyzes the reaction 
of superoxides with hydrogen to form hydrogen peroxide. Catalase catalyzes dismutation 
of hydrogen peroxide to water and molecular oxygen. In mammals, at least four species 
of GPx exist that catalyze the reduction of hydrogen peroxide by GSH. GPx can also 
reduce lipid peroxides to alcohols, which catalase cannot do. GCL, formerly termed 
glutamylcysteine synthetase, is a holoenzyme made up of a catalytic (heavy) and catalytic 
(light) subunit. GCL catalyzes the cysteine substrate–limiting reaction that forms -
glutamyl cysteine, the substrate for the second enzyme regulating GSH synthesis, GSH 
synthetase. GSH is regenerated for future use from its oxidized form, GSSG, through a 
reaction involving GSH reductase and NADPH. To protect itself from the highly toxic 
hydroxyl radical, the ß-cell must metabolize hydrogen peroxide via catalase and GPx. 
However, a potentially major problem for the ß-cell is its unusually low 

complement of SOD, catalase, and GPx. This unusual situation sets up the ß-cell 
as an easy target for EMODs, whether generated by interactions with cytokines or too 
much glucose. I must question as to how Nature could be so stupid as to leave the 
pancreas vulnerable to EMODs. This same condition exists in other vital organs 
such as the brain and the heart.  It is counterintuitive that this represents a mistake 
of nature. 

4.1.11 Therapeutic Implications 

The major thesis of this article is that the unrelenting deterioration of ß-cell function over 
time in type 2 diabetes may be explained by incompletely treated hyperglycemia, which 
in turns forms excessive levels of EMODs that continually bombard and damage the ß-
cell. Clinical evidence supporting this line of thinking includes the many reports of 
elevated markers of oxidative stress in the plasma and urine of type 2 diabetic patients, as 
well as decreased levels of GSH in their blood cells. The glucose levels and duration of 
exposure that might be required for this sequence of events have not been defined at a 
clinical level.  
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However, under in vitro conditions using a cell line, they have established that glucose 
toxicity is a continuous rather than a threshold function of glucose concentration, and that 
the shorter the period of antecedent glucose toxicity, the more likely that full recovery of 
ß-cell function will occur. Although difficult to design, clinical studies are clearly needed 
to determine whether these conclusions hold true for diabetic patients, or whether there is 
a threshold of glucose concentration (or time of exposure to hyperglycemia) above which 
glucose toxicity begins to occur in vivo. 

As developed above, both defective insulin gene expression and excessive apoptosis of ß-
cells in type 2 diabetes are considered by many to be major mechanisms of continuing 

deterioration of insulin secretion. If true, it seems possible that chronic oxidative 
damage is a major contributor to both processes. One means of testing this hypothesis 
would be to determine whether better maintenance of glucose levels in hyperglycemic 

patients is accompanied by lower levels of EMODs and improved insulin secretion. 
Another would be to add antioxidants to conventional therapy to determine whether this 
maneuver would prevent continued deterioration in ß-cell function, despite continued 

hyperglycemia. Arguments against this hypothesis can be mounted using 
the largely negative data from studies with antioxidant vitamins, which 
do not reliably improve glycemic control.  

I am amazed that many authors can go through the usual caveats concerning 
EMODs as being causative of a wide range of diseases and yet, finish their paper 
citing the many failed studies using antioxidants. They refuse to acknowledge the 
fact that the free radical theory is without predictability and that it is wrong. Thus, 
their implications that EMODs are causative of a wide range of diseases are also 
wrong. 

However, a more intensive test of this hypothesis would involve much stronger 
antioxidants, such as N-acetylcysteine, along with indexes of ß-cell function that are more 
sensitive than fasting glucose or HbA1c levels. Should it be the case that the steady 
decline in ß-cell function in type 2 diabetes is attributable to any significant extent to 
ongoing apoptosis via chronic oxidative stress with no deterioration in ß-cell replication, 
interference with apoptosis by antioxidants might provide a much needed new ancillary 
approach to conventional treatment that could stabilize ß-cell mass. (RMH Note:  This 
has not worked.). The same reasoning can be applied to islet transplantation. The 
process of islet procurement from a cadaveric donor and subsequent intrahepatic 
transplantation is a long and challenging one for ß-cells that involves stress from 
hypothermia, exposure to collagenase, physical separation from exocrine tissue, and 
deprivation of adequate oxygenation in the early days posttransplantation. These 
stresses allegedly seem likely to generate unhealthy levels of EMODs. If so, introduction 
of antioxidants into the various stages of islet isolation might prove valuable.  

4.1.12 Lycopene 

Please remember the study of Wang.  Their study found little evidence for an 
association between dietary intake of lycopene or lycopene-containing foods and the risk 
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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 (failed) results with antioxidants, 
lycopene, in preventing type 2 diabetes.  This is support for my Unified theory. 

4.1.13 Lycopene Does Not Decrease Type 2 Diabetes 
 
Lycopene is a major carotenoid with potent antioxidant properties that may provide 
protection against the development of type 2 diabetes mellitus (DM). In this study they 
examined the association between baseline dietary intakes of lycopene, lycopene-
containing foods, and the subsequent development of type 2 DM in a large prospective 
cohort study. They analyzed a total of 35,783 women from the United States, aged 45 y 
and free from self-reported cardiovascular disease, cancer, and DM at baseline. Intakes of 
lycopene and total and individual tomato-based food products were assessed by a 131-
item–validated semiquantitative food-frequency questionnaire. During a median follow-
up of 10.2 y, 1544 cases of incident type 2 DM were documented. After adjusting for age, 
total energy intake, randomized treatment assignment, body mass index, and other known 
DM risk factors, the multivariate-adjusted relative risks and 95% CI of type 2 DM across 
increasing quintiles of dietary lycopene, were 1.00 (baseline), 1.10 (0.94–1.29), 1.10 
(0.94–1.29), and 1.07 (0.91–1.26) (P linear trend = 0.56). Compared with women who 
consumed <1.5 servings/wk total tomato-based food products, women who consumed 1.5 
to <4, 4 to <7, 7 to <10, and 10 servings/wk had multivariate relative risks (95% CI) of 
1.03 (0.88–1.20), 1.02 (0.87–1.20), 1.09 (0.89–1.33), and 1.04 (0.80–1.36), respectively 

(P linear trend = 0.54). The associations for individual tomato-based food products were 
similar to the results for the combination of all tomato products. Their 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. 
4.1.14 Lycopene Advertising Misleading 

FDA's ruling on qualified health claims for tomatoes confuses buyers, critics say 
(Diedtra Henderson, Boston Globe Staff, November 30, 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 
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also must tell shoppers that the FDA doesn't believe the science behind the 
pronouncement. 

Critics say the mixed messages such qualified health claims send are confusing. And they 
fear they will become even more confusing if a California food supplement maker wins a 
federal lawsuit it plans to file. American Longevity Inc. says it will accuse the FDA of 
violating its First Amendment rights by barring communication of ''truthful information" 
about the health benefits of supplements. The agency has denied many of the cancer-
fighting health claims the company wanted to make for the antioxidant lycopene. 

If the free-speech argument prevails, future health claims for food products and 
supplements could become more sweeping, even without the science to back them 
up.''They'll get more and more ridiculous and more and more reductive, as if eating 
some of these products is really going to make a difference in somebody's health," 
said Marion Nestle, a New York University nutrition professor. 

''I find it hard to believe that the Founding Fathers were sitting around a table saying, 
'How we can allow ketchup to advertise as a health food?' But that's what it's come down 
to," said Nestle, author of ''Food Politics." 

Ways to make health claim messages understandable have been discussed and studied -- 
including assigning them letter grades -- but no consensus has been reached. 

For now, few food labels include the precise wording stipulated by the FDA for qualified 
health claims granted to products such as nuts, green tea, olive oil, and sources of omega-
3 fatty acids, such as salmon. Some, like the California Pistachio Commission, wedged 
the FDA's complicated health-claim wording into a print advertising campaign that 
pitched pistachios as heart-healthy snacks. 

''I do feel that really valuable information that people can use has come out of what 
nutrition scientists are doing. I just think when you reduce it down to these little kernels, 
it's not as understandable," said Jeffrey Blumberg, director of antioxidant research at 
Tufts University's Human Nutrition Research Center on Aging. 

A food marketing specialist puts a finer point on it. ''Consumers don't buy products with a 
'maybe' message," said Linda Eatherton, executive vice president and global food and 
nutrition practice director for Ketchum. The qualified health claims are ''so poorly 
worded" they are of questionable value, said Eatherton. ''It leaves the consumer 
wondering is it worth it? Will it matter? Does it really help me or can I depend on it?" 

Research presented during a recent FDA hearing indicated consumers felt shortchanged 
by claims that strongly supported a health benefit in one sentence, but in another 
questioned the science. 

Nor could consumers distinguish between a qualified claim and an ''unqualified" one, 
meaning it is solidly backed by science -- like calcium's role in preventing osteoporosis. 
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Research by the International Food Information Council Foundation showed consumers 
did understand the meaning of claims assigned report card grades. For example, the link 
between tomatoes and reduced prostate cancer risk would get a ''D" because of the 
tenuous science, but a better documented claim -- like the link between oatmeal and a 
reduced risk of heart disease -- would earn an ''A." However, the report card concept is 
also problematic. Some shoppers who saw mock-ups of labels with graded health claims 
questioned the safety of products given a ''D," researchers found. 

The FDA will not decide what to do next until it sifts through public comments and 
reviews research on consumer comprehension of qualified health claims, a spokeswoman 
said. 

Tufts' Blumberg favors less reliance on unwieldy claims for specific foods and more 
emphasis on an overall, balanced diet. Grocery stores in England are experimenting with 
color-coded labeling for food products, with ''green" designating healthier choices and 
''red" for minimal nutritional value. 

4.2 Diabetes and Pancreatic Cancer 

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

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

Insulin sensitivity and overall diabetic state in pancreatic cancer patients who undergo 
tumor resection are markedly improved three months after the surgery. These data 
suggest that pancreatic tumors are causally related to the insulin resistance and diabetes 
seen in pancreatic cancer patients. In their study of sera from patients with pancreatic 
cancer and culture media conditioned by human pancreatic cancer cells, Basso et al. 
found a 2030 MW peptide that they considered to be a putative pancreatic cancer 
associated diabetogenic factor (Basso D, Valerio A, Seraglia R, Mazza S, Piva MG, 
Greco E, Fogar P, Gallo N, Pedrazzoli S, Tiengo A, Plebani M: Putative pancreatic 
cancer-associated diabetogenic factor: 2030 MW peptide. Pancreas 2002, 24:8-14). 

4.2.1 Evidence for Diabetes as a Risk Factor for Pancreatic Cancer 

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

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

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

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

In patients with Type II diabetes (non-insulin-dependent diabetes), the pancreas is 
generally exposed to substantial hyperinsulinemia for years, suggesting that insulin may 
be involved in the association between long-standing diabetes and pancreatic cancer. 
A number of experiments have tested the hypothesis that insulin may stimulate the 
growth of pancreatic cancers. Binding studies have shown the presence of insulin 
receptors on pancreatic cancer cells. In vitro studies have shown that insulin promotes 
growth of the hamster pancreatic cancer cell line H2T, the rat acinar pancreatic cancer 
cell line AR42J, and numerous human pancreatic cancer cells lines. However, the 
human pancreatic cancer cell line SOJ-6 was not stimulated by insulin, and one of 
the studies using PANC-1 cells reported no response to exogenous insulin. In addition to 
hyperinsulinemia, the increased blood glucose and free fatty acids in diabetes may also 
promote the growth of pancreatic cancer. 

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

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

4.2.2 High Colon Cancer Risk with Diabetes Confirmed 

Men and women with diabetes are at increased risk for developing cancer of the 
colon and rectum, according to a report from Sweden. 

The findings are based on an analysis of data pooled from 15 studies, which 
included more than 2.5 million subjects. Most, but not all, studies have shown a link 
between diabetes and colon cancer, but some inconsistencies were present, including 
whether the association was seen in both men and women. 

Dr. Susanna C. Larsson, from the Karolinska Institute in Stockholm, and colleagues 
found that diabetes increased the risk of colorectal cancer by 30 percent. The results 
were similar in US and European studies, the investigators report in the Journal of the 
National Cancer Institute. 

Further analysis failed to uncover a significant difference between men and women. 
Likewise, diabetes raised the risk of colon and rectal cancers to a similar extent, by 
43 percent and 33 percent, respectively. 

“These findings provide evidence for a role of hyperinsulinemia or factors related to 
insulin resistance in colorectal carcinogenesis,” the researchers conclude. 

“Our results,” they add, “have important clinical and public health implications,” 
especially in light of the increase in diabetes that is expected with the growing obesity 
epidemic in the US and elsewhere. 

SOURCE: Journal of the National Cancer Institute, November 16, 2005. I believe that 
this work refers to and supports the “clustering” effect that I have pointed out 
which exists with the Howes’ EMOD insufficiency syndrome.   

4.2.3 Diabetes Causation 
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Type 1 and type 2 diabetes are the two main forms of diabetes. Type 1 diabetes is 
characterized by an absolute insulin insufficiency caused by the immunological 
destruction of pancreatic ß-cells, which produce and secrete insulin, and it accounts for 
10% of all cases of diabetes. Type 2 diabetes is more complex in etiology and is 
characterized by a relative insulin deficiency, reduced insulin action, and insulin 
resistance of glucose transport in skeletal muscle and adipose tissue. The manifestation of 
frank type 2 diabetes is a continuum of insulin resistance culminating in the failure of 
augmented insulin secretion to compensate for insulin resistance, and the progression to 
full diabetes ensues when pancreatic ß-cell hypersecretion of insulin fails to compensate 
for insulin resistance (Polonsky KS, Sturis J, Bell JI: Non-insulin dependent diabetes 
mellitus: a genetically programmed failure of the beta cell to compensate for insulin 
resistance. N Engl J Med334 :777 –783,1996). 

Commonly found alterations of insulin secretion in type 2 diabetic patients include 
reduced or absent first-phase response to intravenous glucose, delayed or blunted release 
after ingestion of mixed meals, alterations in rapid pulses, and ultradian oscillations. In 
addition, second-phase insulin secretion and response to nonglucose stimuli may also be 
reduced. 

Many studies speculate that type 2 diabetic patients are subjected to chronic 
oxidative stress (Kuroki T, Isshiki K, King GL: Oxidative stress: the lead or supporting 
actor in the pathogenesis of diabetic complications. J Am Soc Nephrol14 :S216 –
S220,2003) (Robertson RP, Harmon J, Tran PO, Tanaka Y, Takahashi H: Glucose 
toxicity in ß-cells: type 2 diabetes, good radicals gone bad, and the glutathione 
connection. Diabetes52 :581 –587,2003) (Brownlee M: A radical explanation for 
glucose-induced beta cell dysfunction. J Clin Invest112 :1788 –1790,2003).   
 
Hyperglycemia and increased free fatty acid concentration can contribute to the formation 

of electronically modified oxygen derivatives, which in turn damage cell proteins and 
DNA. In islet ß-cells, oxidative stress is even more dangerous than in other tissues 
because of the low intrinsic antioxidant capacity of the ß-cell (Robertson RP: Chronic 
oxidative stress as a central mechanism for glucose toxicity in pancreatic islet beta cells 
in diabetes. J Biol Chem279 :42351 –42354,2004) (Lortz S, Tiedge M, Nachtwey T, 
Karlsen AE, Nerup J, Lenzen S: Protection of insulin-producing RINm5F cells against 
cytokine-mediated toxicity through overexpression of antioxidant enzymes. Diabetes 49 
:1123 –1230).  
 
In Silvia Del Guerra et al. experiments, they found that levels of nitrotyrosine and 8-
OHdG, which are markers of oxidative stress, are higher in type 2 diabetes than in control 
islets, and for the first time Paolisso et al demonstrate a correlation between the 
concentration of these compounds and the degree of insulin secretion impairment. 
Notably, the addition of GSH in the incubation medium determined reduction of 
oxidative stress (as suggested by the diminished levels of nitrotyrosine), improved 
glucose-stimulated insulin secretion, and increased insulin mRNA expression. These 
novel findings support the observation by Paolisso et al. (Paolisso G, Giugliano D, Pizza 
G, Gambardella A, Tesauro P, Varricchio M, D’Onofrio F: Glutathione infusion 
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potentiates glucose-induced insulin secretion in aged patients with impaired glucose 
tolerance. Diabetes Care15 :1 –7,1992) that in patients with impaired glucose tolerance, 
GSH infusion ameliorated insulin secretion, and they add value to the numerous 
experimental data demonstrating that potentiating ß-cell antioxidant defenses is a means 

to protect the islet cells from oxidative stress. However, this has not been supported by 
subsequent clinical studies. 
 
4.2.4 Mitochondrial Diabetes 
 
The etiology of type 2, or non-insulin-dependent, diabetes mellitus has been 
characterized in only a limited number of cases. Among these, mitochondrial diabetes, a 
rare subform of the disease, is the consequence of pancreatic beta-cell dysfunction caused 
by mutations in mitochondrial DNA, which is distinct from the nuclear genome. The 
impact of such mutations on beta-cell function reflects the importance of mitochondria in 
the control of insulin secretion. The beta-cell mitochondria serve as fuel sensors, 
generating factors that couple nutrient metabolism to the exocytosis of insulin-containing 
vesicles. The latter process requires an increase in cytosolic Ca2+, which depends on 
ATP synthesized by the mitochondria. This organelle also generates other factors, of 
which glutamate has been proposed as a potential intracellular messenger (Mitochondrial 
function in normal and diabetic beta-cells. Maechler P, Wollheim CB. Nature. 2001 Dec 
13;414(6865):807-12). I believe that this may indicate that my predictions of an 
EMOD deficiency is responsible for diabetes. 
 
Mitochondria are essential for intermediary metabolism as well as energy production in 
the cell. Their aerobic metabolism permits oxidation of glucose and fatty acids for the 
generation of ATP and other intermediates that are exchanged with the cytoplasm for 
various biosynthetic and secretory processes. In the pancreatic beta-cell, glucose carbons 
are quantitatively funneled to the mitochondria, where signals for the initiation and 
potentiation of insulin secretion are generated. Following mitochondrial activation, the 
plasma membrane is depolarized with ensuing cytosolic calcium transients and 
exocytosis of insulin. Calcium also acts in a feed-forward manner on mitochondrial 
metabolism, which contributes to sustained second phase insulin secretion. Patients with 
mitochondrial diabetes and a corresponding mouse model display defective glucose 
stimulated insulin secretion and reduced beta-cell mass, leading to overt diabetes. 
Normal mitochondrial activity appears to be equally important in the action of insulin on 
its target tissues. The development of insulin resistance may involve impairment of 
glucose oxidation already after short exposure to increased levels of circulating free fatty 
acids. Insulin resistance in the elderly and in relatives of Type 2 diabetic patients has also 
been associated with mitochondrial dysfunction. Taken together both prevention and 
treatment of Type 2 diabetes should focus on mitochondrial targets for the improvement 
of nutrient stimulated insulin secretion and their utilization in peripheral tissues 
(Implication of mitochondria in insulin secretion and action. Wiederkehr A, Wollheim 
CB. Endocrinology. 2006 Mar 23; [Epub ahead of print]). 
 
Investigators sought to confirm a link between mitochondrial dysfunction and type 
2 diabetes. Cellular levels of mitochondrial proteins, cellular mitochondrial DNA 
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content, and mitochondrial function and morphology were assessed by MitoTracker 
staining and electron microscopy, in white adipose tissue of 12-week-old male wild-type, 
obese (ob/ob), and diabetic (db/db) mice. Levels of mitochondrial proteins were found 
to be very similar in the livers and muscles of all the mice studied. However, levels were 
greatly decreased in the adipocytes of db/db mice, but not in those of the wild-type and 
ob/ob mice. Levels of mitochondrial DNA were also found to be considerably reduced in 
the adipocytes of db/db mice. MitoTracker staining and under electron microscopy 
revealed that the number of mitochondria was reduced in adipocytes of db/db mice. 
Respiration and fatty acid oxidation studies indicated mitochondrial dysfunction in 
adipocytes of db/db mice. Interestingly, there was an increase in mitochondria and 
mitochondrial protein production in adipocytes of db/db mice treated with rosiglitazone, 
an agent that enhances insulin sensitivity. CONCLUSIONS: Taken together, these data 
indicate that mitochondrial loss in adipose tissue is correlated with the development 
of type 2 diabetes (Mitochondria are impaired in the adipocytes of type 2 diabetic mice. 
Choo HJ, Kim JH, Kwon OB, Lee CS, Mun JY, Han SS, Yoon YS, Yoon G, Choi KM, 
Ko YG. Diabetologia. 2006 Apr;49(4):784-91). I believe that this indicates that 
diabetes is associated with a mitochondrial decrease, which would and should be 
linked to an EMOD deficiency state. 

Mitochondria are essential for intermediary metabolism as well as energy production in 
the cell. Their aerobic metabolism permits oxidation of glucose and fatty acids for the 
generation of ATP and other intermediates that are exchanged with the cytoplasm for 
various biosynthetic and secretory processes. In the pancreatic ß-cell, glucose carbons 
are quantitatively funneled to the mitochondria, where signals for the initiation and 
potentiation of insulin secretion are generated. After mitochondrial activation, the plasma 
membrane is depolarized with ensuing cytosolic calcium transients and exocytosis of 
insulin. Calcium also acts in a feed-forward manner on mitochondrial metabolism, 
which contributes to sustained second phase insulin secretion. Patients with 
mitochondrial diabetes and a corresponding mouse model display defective glucose-
stimulated insulin secretion and reduced ß-cell mass, leading to overt diabetes. 
Normal mitochondrial activity appears to be equally important in the action of insulin on 
its target tissues. The development of insulin resistance may involve impairment of 
glucose oxidation after short exposure to increased levels of circulating free fatty acids. 
Insulin resistance in the elderly and in relatives of type 2 diabetic patients has also 
been associated with mitochondrial dysfunction. Both prevention and treatment of type 
2 diabetes should focus on mitochondrial targets for the improvement of nutrient-
stimulated insulin secretion and their utilization in peripheral tissues (Minireview: 
Implication of Mitochondria in Insulin Secretion and Action. Andreas Wiederkehr and 
Claes B. Wollheim. Endocrinology Vol. 147, No. 6 2643-2649, 2006). I believe that this 
indicates an association between decreased EMOD production and diabetes. 
 
4.2.5 Ceriello Believes Oxidative Stress is Causative of Diabetes 

In an attempt to determine the effect of so called oxidative stress as being causative of 
diabetes, Professor Antonio Ceriello, Chair of Internal Medicine, University of Udines, 
Udine, Italy, responded as follows: 
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Each stage of the diabetes continuum, from insulin resistance through impaired glucose 
tolerance (IGT) to overt type 2 diabetes, is associated with an increased risk of 
cardiovascular disease (CVD), and each is accompanied by oxidative stress (Evans JL, 
Goldfine ID, Maddux BA, Grodsky GM. Diabetes. 2003;52:1–8) (Griendling KK, 
FitzGerald GA. Circulation 2003;108:1912–1916). I believe that the key word here is 
“accompanied”. 

Recent insights have generated the (erroneous) intriguing hypothesis that oxidative stress 
is the common pathogenic factor mediating the appearance of insulin resistance, as well 
as the passage from insulin resistance to overt diabetes via IGT, while producing 
conditions of increased CV risk by promoting atherosclerotic complications (Giugliano 
D, Ceriello A, Paolisso G. Diabetes Care. 1996;19:257–267) (Cai H, Harrison DG. Circ 
Res. 2000;87:840–844). I have shown in my previous book, “CVD and Oxygen Free 
Radical Mythology” that EMODs do not cause CVD either. (Cardiovascular Disease  

and Oxygen Free Radical Mythology, © 2006. Free Radical Publishing). 

Oxidative stress is allegedly an acknowledged pathogenetic mechanism in diabetic 
complications. Hyperglycemia is a widely known cause of enhanced free radical 
concentration, whereas oxidative stress involvement in glycemic regulation is still 
debated. Glucose transport is a cascade of events starting from the interaction of insulin 
with its own receptor at the plasma membrane and ending with intracellular glucose 
metabolism. In this complex series of events, each step plays an important role and can 
be inhibited by a negative effect of oxidative stress. Several studies show that an acute 
increase in the blood glucose level may impair the physiological homeostasis of many 
systems in living organisms. The mechanisms through which acute hyperglycemia exerts 
these effects may be identified in the production of free radicals. It has been suggested 
that insulin resistance may be accompanied by intracellular production of free 
radicals. In adipocytes cultured in vitro, insulin increases the production of hydrogen 
peroxide, which has been shown to mimic the action of insulin. These data allow us to 
hypothesize that a vicious circle between hyperinsulinemia and free radicals could be 
operating: insulin resistance might cause elevated plasma free radical concentrations, 
which, in turn, might be responsible for a deterioration of insulin action, with 
hyperglycemia being a contributory factor. Data supporting this hypothesis are available. 
Vitamin E improves insulin action in healthy, elderly, and non-insulin-dependent 
diabetic subjects. Similar results can be obtained by vitamin C administration 
(Oxidative stress and glycemic regulation. Ceriello A. Metabolism. 2000 Feb;49(2 Suppl 
1):27-9). 

4.2.5.1 Urinary F2-Isoprostanes as Measures of Oxidative Stress in Type 2 Diabetes 

Oxidative stress appears to be pivotal in atherogenesis. Although the most widely used 
indirect assay to quantify oxidative stress is LDL oxidative susceptibility, direct assays 
such as urinary F2-isoprostanes have shown great promise. 
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Investigators evaluated the utility of both a direct measure of oxidative stress (urinary F2-
isoprostanes) and an indirect measure of copper-catalyzed, LDL oxidation in a model of 
increased oxidative stress (diabetes). Excellent intraassay and interassay CVs of <4% 
were obtained with our EIA method. A good correlation was obtained between the two 
methods of F2-isoprostane measurement. An excellent correlation for F2-isoprostane 
concentrations was obtained between a timed collection vs 24-h urine. Baseline F2-
isoprostane concentrations by EIA were significantly higher in both type 2 diabetics with 
and without macrovascular complications compared with controls. Supplementation 
with -tocopherol led to a significant reduction in F2-isoprostane concentrations in 
all diabetic patients compared with baseline values. There were no significant 
differences in LDL oxidation in both diabetic groups compared with controls. -
Tocopherol supplementation led to significant increases in the lag phase of oxidation 
as measured by 3 indices in all groups. 

Conclusions: The measurement of urinary F2-isoprostanes provides a direct measure of in 
vivo lipid peroxidation and oxidative stress and appears to be superior to an indirect 
measure, e.g., LDL oxidative susceptibility, in type 2 diabetes. I believe that this data on 
tocopherol illustrates the fact that, since clinical studies have failed to curtail or 
reverse diabetes, oxidative stress is not causative of diabetes. 

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

If uncoupling the electron transport chain leads to overproduction of EMODs, then 
uncoupling should lead to the development of the wide range of diseases proposed 
by the free radical theory.  Is that the case?  Actually, 2,4 DNP causes weight loss 
and not obesity! 

4.2.6 Insulin Resistance:  A Defense Against Oxidative Stress? 
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Muscle and adipose tissue are the most important tissues involved in the pathogenesis of 
insulin resistance. In theory, when caloric intake exceeds energy expenditure – through 
overfeeding, physical inactivity, or both – the mitochondria become “overloaded,” 
leading to excessive production of electronically modified oxygen derivatives (EMODs) 
and mitochondrial NADH. To protect themselves against the harmful effects of EMODs, 
allegedly cells may off-load excessive NADH by transferring single electrons to oxygen, 
leading to the formation of free radicals, particularly superoxide (Figure 1). Excessive 
NADH generation may be prevented by inhibition of free fatty acid (FFA) oxidation, 
which ultimately results in resistance to insulin-stimulated glucose uptake. 
 
In this setting, insulin resistance may be considered a compensatory mechanism that 
protects the cells against further insulin-stimulated glucose and FFA uptake and therefore 
oxidative damage. 

 
FIGURE 1. Possible mechanism of increased superoxide generation on mitochondrial electron-transport chain during FFA and glucose 

overload. The production of electron donors from the tricarboxylic acid cycle (NADH) is increased, which raises the membrane potential 
(µH+). Inhibition of electron transport at Complex III by increased µH+ increases the halflife of free radical intermediates of coenzyme Q, 

which reduce O2 to superoxide. Pi = inorganic phosphorus.  

Caloric overload also places endothelial cells under oxidative stress. Unlike muscle cells 
and adipocytes, however, endothelial cells are not dependent on insulin for glucose 
uptake, and cannot deal with overfeeding by invoking insulin resistance. Instead, glucose 
and FFA overload cause endothelial dysfunction. Hyperglycemia has been shown to 
directly attenuate endothelium-dependent relaxation in both diabetic and healthy 
subjects (Giugliano D, Marfella R, Coppola L, et al. Circulation. 1997;95:1783–1790) 
(Kawano H, Motoyama T, Hirashima O, et al. J Am Coll Cardiol. 1999;34:146–154). I 
believe that this agrues against the overproduction of peroxide, which is a 
vasodilator. 
 
Furthermore, this relationship appears to be mediated by free radicals, since both in vitro 
and in vivo studies have shown that the acute effects of hyperglycemia are 
counterbalanced by antioxidants (Tesfamariam B, Cohen RA. Am J Physiol. 
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1992;263:H321–326) (Marfella R, Verrazzo G, Acampora R, et al. Am J Physiol. 
1995;268:E1167–1173) (Ting HH, Boles KS, Creager SJ, Ganz P, Creager MA. et al. J 
Clin Invest. 1996;97:22–28). Clinical studies have not confirmed this. 

Like endothelial cells and brain cells, pancreatic β-cells are not 
dependent on insulin for glucose uptake, and may thus be particularly affected 
by overfeeding. Furthermore, β-cells are reportedly especially sensitive to EMODs 
because they are low in antioxidant enzymes. The ability of oxidative stress to damage 
mitochondria and markedly blunt insulin secretion is therefore not surprising. Many 
studies have suggested that β-cell dysfunction results from prolonged exposure to 
high glucose, elevated FFA levels, or both. In vitro studies show that exposing β-cells 
to high glucose is rapidly followed by an increase in intracellular EMODs (RMH 
Note:  I believe that this is a normal response and the surprising aspect is the fact 
that islet cells are not normally harmed by EMODS, which I believe argues that 
they have an essential role.), an effect that is blunted by inhibitors of mitochondrial 
function (Robertson RP, Harmon J, Tran PO, Tanaka Y, Takahashi H. Diabetes. 
2003;52:581–587) (Sakai K, Matsumoto K, Nishikawa T, et al. Biochem Biophys Res 
Commun. 2003;300:216–222). 
 
Interestingly, glutathione infusion has no impact on the β-cell response to 
glucose in subjects with normal glucose tolerance. In patients with IGT, 
however, glutathione significantly potentiates glucose-induced insulin secretion, and 
also potentiates the β-cell response to glucose (Paolisso G, Giugliano D, Pizza G, et al. 
Diabetes Care. 1992;15:1–7).  

Insulin secretion is also impaired in response to an FFA-induced increase in EMODs, 
and there is evidence that both glucose and FFAs impair insulin secretion by 
activating uncoupling protein 2, UPC2 (Krauss S, Zhang CY, Scorrano L, et al. J Clin 
Invest. 2003;112:1831–1842). 

In the postprandial state, the generation of oxidative stress is strictly dependent on the 
level of glycemia reached, without any apparent threshold. In diabetic patients, 
postprandial glycemia can be modified using insulin, resulting in a direct positive 
correlation between hyperglycemia and the production of nitrotyrosine, a marker of 
oxidative stress. Furthermore, exposing diabetic patients to simultaneous 
hyperglycemia and hypertriglyceridemia has a cumulative and profoundly 
deleterious impact on endothelial function and oxidative stress generation (Ceriello 
A, Taboga C, Tonutti L, et al. Circulation. 2002;106:1211–1218). 

According to the response-to-injury hypothesis, endothelial dysfunction is a key early 
feature in the pathogenesis of atherosclerosis. Prospective clinical studies have now 
provided overwhelming evidence that endothelial dysfunction is a strong, independent 
predictor of future CV events. Furthermore, the simultaneous presence of both 
endothelial dysfunction and oxidative stress is an even stronger predictor of vascular 
events, suggesting a causal relationship between oxidative stress, endothelial dysfunction, 
and CVD (Heitzer T, Schlinzig T, Krohn K, Meinertz T, Munzel T. Circulation. 
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2001;104:2673–2678). 
 
Oxidative stress may be a new therapeutic target for preventing the development of type 
2 diabetes and its macrovascular complications (Figure 2). The oxidative stress 
hypothesis has the potential to explain why a disparate range of CV therapies – from 
pravastatin to ramipril to losartan – have been shown, often unexpectedly, to 
prevent new-onset diabetes as well as lowering CVD mortality. The only apparent 
feature these agents have in common is the ability to reduce intracellular oxidative 
stress, according to Ceriello. I gather that Ceriello is saying that pravastatin, ramipril 
and losartan are antioxidants.  

 
FIGURE 2. The central role of oxidative stress in the development of diabetes, the metabolic syndrome, and CVD. 

This picture is far from complete. 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). Therefore, I do not believe that EMODs are causative of diabetes in light of the 
many failed attempts to block EMODs with antioxidants.  In short, antioxidants do 
not block diabetes because EMODs do not cause diabetes.  This further erodes 
support for the free radical theory. 

Instead, new low–molecular–mass compounds that act as superoxide or catalase mimetics 
have the theoretical advantages of scavenging EMODs continuously by acting as 
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catalysts with efficiencies approaching those of native enzymes. (RMH Note:  Studies 
increasing natural antioxidant enzymes have also failed to curtail diabetes or its 
comorbidities.) Other interesting compounds are L-propionyl- carnitine and lipoic acid, 
which work as intracellular superoxide scavengers, improving mitochondrial function and 
reducing DNA damage. 

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 (New Insights on 
Oxidative Stress and Diabetic Complications May Lead to a "Causal" Antioxidant 
Therapy. Antonio Ceriello, Diabetes Care 26:1589-1596, 2003). 

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). Yet, antioxidants have failed to prevent disease. 
 
It was recognized early on by Levander and colleagues that dietary oxidative stress 
might also be protective, namely, in infections with parasites such as in malaria, 
where the plasmodium is more sensitive to oxidative challenge than the host cells 
(Levander, O. A., Fontela, R., Morris, V. C. & Ager, A. L., Jr (1995) Protection against 
murine cerebral malaria by dietary-induced oxidative stress. J. Parasitol. 81:99-103). 
 
4.2.7 EMODs May Trigger Insulin Resistance 
 
Insulin resistance is a cardinal feature of type 2 diabetes and is characteristic of a wide 
range of other clinical and experimental settings. Little is known about why insulin 
resistance occurs in so many contexts. Do the various insults that trigger insulin 
resistance act through a common mechanism? Or, as has been suggested do they use 
distinct cellular pathways? Here Houstis reports a genomic analysis of two cellular 
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models of insulin resistance, one induced by treatment with the cytokine tumour-necrosis 
factor-  and the other with the glucocorticoid dexamethasone. Gene expression analysis 
suggests that electronically modified oxygen derivatives (EMODs) levels are increased in 
both models, and they confirmed this through measures of cellular redox state. EMODs 
have previously been proposed to be involved in insulin resistance, although evidence for 
a causal role has been scant. Houstis tested this hypothesis in cell culture using six 
treatments designed to alter EMOD levels, including two small molecules and four 
transgenes; all ameliorated insulin resistance to varying degrees. One of these treatments 
was tested in obese, insulin-resistant mice and was shown to improve insulin sensitivity 
and glucose homeostasis. Together, their findings suggest that increased EMOD levels 
are an important trigger for insulin resistance in numerous settings (electronically 
modified oxygen derivatives) have a causal role in multiple forms of insulin resistance. 
Nicholas Houstis, Evan D. Rosen and Eric S. Lander. Nature 440, 944-948 (13 April 
2006).  
4.2.8 So Called Oxidative Stress 
 
Hyperglycemia resulting from uncontrolled glucose regulation is widely recognized as 
the causal link between diabetes and diabetic complications. Four major molecular 
mechanisms have been implicated in hyperglycemia-induced tissue damage: activation of 
protein kinase C (PKC) isoforms via de novo synthesis of the lipid second messenger 
diacylglycerol (DAG), increased hexosamine pathway flux, increased advanced glycation 
end product (AGE) formation, and increased polyol pathway flux. Hyperglycemia-
induced overproduction of superoxide is the causal link between high glucose and 
the pathways responsible for hyperglycemic damage. In fact, diabetes is typically 
accompanied by increased production of free radicals and/or impaired antioxidant 
defense capabilities, indicating a central contribution for electronically modified 
oxygen derivatives (EMODs) in the onset, progression, and pathological 
consequences of diabetes. Besides oxidative stress, a growing body of evidence has 
demonstrated a link between various disturbances in mitochondrial functioning and 
type 2 diabetes. (RMH Note:  I disagree.).   
 
Mutations in mitochondrial DNA (mtDNA) and decreases in mtDNA copy number have 
been linked to the pathogenesis of type 2 diabetes. The study of the relationship of 
mtDNA to type 2 diabetes has revealed the influence of the mitochondria on nuclear-
encoded glucose transporters, glucose-stimulated insulin secretion, and nuclear-encoded 
uncoupling proteins (UCPs) in beta-cell glucose toxicity. They review the published 
literature regarding the direct effects of hyperglycemia on mitochondrial function and 
suggest the possibility of regulation of mitochondrial function at a transcriptional level in 
response to hyperglycemia. (Diabetes and mitochondrial function: Role of hyperglycemia 
and oxidative stress. Rolo AP, Palmeira CM. Toxicol Appl Pharmacol. 2006 Feb 17; 
[Epub ahead of print]). 
 
Increased production of mitochondrial electronically modified oxygen derivatives 
(EMODs) by hyperglycemia is recognized as a major cause of the clinical 
complications associated with diabetes and obesity (Brownlee, M. (2001) Nature 414, 
813-820). Investigators observed that dynamic changes in mitochondrial morphology are 
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associated with high glucose-induced overproduction of EMODs. Mitochondria 
undergo rapid fragmentation with a concomitant increase in EMOD formation after 
exposure to high glucose concentrations. Neither EMOD increase nor mitochondrial 
fragmentation was observed after incubation of cells with the nonmetabolizable 
stereoisomer L-glucose. However, inhibition of mitochondrial pyruvate (an 
antioxidant) uptake that blocked EMOD increase did not prevent mitochondrial 
fragmentation in high glucose conditions. Importantly, they found that mitochondrial 
fragmentation mediated by the fission process is a necessary component for high glucose-
induced respiration increase and EMOD overproduction. Extended exposure to high 
glucose conditions, which may mimic untreated diabetic conditions, provoked a 
periodic and prolonged increase in EMOD production concomitant with 
mitochondrial morphology change. Inhibition of mitochondrial fission prevented 
periodic fluctuation of EMOD production during high glucose exposure. These results 
indicate that the dynamic change of mitochondrial morphology in high glucose 
conditions contributes to EMOD overproduction and that mitochondrial fission/fusion 
machinery can be a previously unrecognized target to control acute and chronic 
production of EMODs in hyperglycemia-associated disorders (Increased production of 
reactive oxygen species in hyperglycemic conditions requires dynamic change of 
mitochondrial morphology. Yu T, Robotham JL, Yoon Y. Proc Natl Acad Sci U S A. 
2006 Feb 13; [Epub ahead of print]). 
 
It has been previously shown that hyperglycemia enhances free radical production, 
inducing oxidative damage, which in its turn activates the death pathways 
implicated in cell apoptosis and necrosis. But the possible involvement of this pathway 
in the hyperglycemia-induced apoptosis of endothelial cells has not yet been reported. 
To verify a possible connection between mitochondrial EMOD production and apoptosis 
induced by both stable and oscillating high glucose, SOD, MnTBAP and TTFA was 
added to HUVEC cell culture medium. Piconi measured nitrotyrosine and 8OHdG as 
oxidative stress parameters and Bcl-2 expression and Caspase-3 expression and activity 
as apoptosis indicators. Piconi’s results show that hyperglycemia, both stable or 
oscillating, increases oxidative stress and endothelial cell apoptosis through EMOD 
overproduction at the mitochondrial transport chain level. CONCLUSION: The 
prevention of mitochondrial oxidative damage seems to be a future important therapeutic 
strategy in diabetes (Constant and intermittent high glucose enhances endothelial cell 
apoptosis through mitochondrial superoxide overproduction. Piconi L, Quagliaro L, 
Assaloni R, Da Ros R, Maier A, Zuodar G, Ceriello A. Diabetes Metab Res Rev. 2006 
Feb 2; [Epub ahead of print]). 
 
The early stages of type 2 diabetes mellitus are characterized by the development of 
insulin resistance (IRe) in muscle cells and adipocytes with the concomitant loss of beta-
cell compensation. Fridlyand has extensively reviewed the literature related to metabolic 
and signaling pathways of electronically modified oxygen derivatives (EMODs) in 
regard to the coordinated development of oxidative stress and IRe. Fridlyand considered 
the hypothesis that oxidative stress leads to IRe in muscle cells and adipocytes, but 
found that the data are more consistent with the hypothesis that the cellular 
mechanisms that protect against oxidative stress per se are capable of 
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creating an EMOD-dependent insulin-resistant state. Furthermore, EMOD-
induced mitochondrial dysfunction can lead to disruptions of lipid metabolism, 
increasing the intracellular lipid content, and, in addition, contribute to lipid-
dependent IRe in myocytes. Together, these two EMOD-activated pathways to IRe can 
contribute to a global state of profound resistance to insulin action. Therapeutic strategies 
should, therefore, be directed towards reducing insulin resistance without an increase in 
EMOD production or concentration. (Reactive species and early manifestation of insulin 
resistance in type 2 diabetes. Fridlyand LE, Philipson LH. Diabetes Obes Metab. 2006 
Mar;8(2):136-45). I believe that this may be saying that antioxidant 
mechanisms are capable of creating an EMOD-dependent insulin-
resistant state. 
 
Apoptosis of retinal capillary cells is an early event in the pathogenesis of retinopathy in 
diabetes, and oxidative stress has been linked to accelerated apoptosis of retinal 
capillary cells. Mitochondria are the major endogenous source of superoxide, and 
superoxide is considered to be a causal link between elevated glucose and the major 
biochemical pathways postulated to be involved in the development of vascular 
complications in diabetes. The purpose of this study was to determine the role of 
mitochondrial superoxide dismutase (MnSOD) in the development of diabetic 
retinopathy. MnSOD activity in the nontransfected control retinal endothelial cells was 
20% compared with the total SOD activity and was increased to 60% in the MnSOD-
transfected cells. MnSOD overexpression prevented a glucose-induced increase in 
oxidative stress (8-hydroxy guanosine levels), nitrosative stress (nitrotyrosine formation), 
and apoptosis of retinal endothelial cells. MnSOD enzyme activity and its mRNA were 
decreased significantly in the retina obtained from the diabetic rats, and these 
abnormalities were prevented by long-term lipoic acid therapy. CONCLUSIONS: The 
results of this study suggest a protective role for MnSOD in retinal capillary cell death 
and, ultimately, in the pathogenesis of retinopathy in diabetes. Understanding the role of 
MnSOD to modify the course of retinopathy could elucidate important molecular targets 
for future pharmacological interventions (Role of mitochondrial superoxide dismutase in 
the development of diabetic retinopathy. Kowluru RA, Atasi L, Ho YS. Invest 
Ophthalmol Vis Sci. 2006 Apr;47(4):1594-9). I have to point out that the product of 
SOD is hydrogen peroxide, which must be the protective agent.  The pancreas has 
low levels of catalase and GPx. 
 
4.2.9 Additional Data Against Oxidation-caused Diabetes 

Free radicals have been implicated in the etiology of type 2 diabetes. Cross-sectional 
studies have demonstrated associations between oxidative damage and type 2 diabetes. 
However, no prospective data on this association are available. 

A case control study was conducted within the prospective cohort of the Insulin 
Resistance Atherosclerosis Study: 26 cases who developed type 2 diabetes in the 
follow-up period and 26 controls who remained free of type 2 diabetes were randomly 
selected. Oxidative status was assessed by measuring 2,3-dinor-5,6-dihydro-15-F2t-
isoprostane (F2-IsoPM) in baseline urine samples using gas chromatography/mass 
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spectroscopy. Type 2 diabetes was defined by serial oral glucose tolerance tests and 
World Health Organization criteria. 

Urinary F2-IsoPM varied between 0.18 and 2.60 ng/mg creatinine; 25th/50th/75th 
percentiles were 0.42, 0.60, and 0.89, respectively. A trend toward higher levels were 
observed in women and in persons with impaired glucose tolerance at baseline. F2-IsoPM 
increased with BMI. After adjustment for age, gender, baseline impaired glucose 

tolerance status, and BMI, F2-IsoPM levels were inversely associated with 
development of type 2 diabetes.  

These results suggest that oxidative damage is not a cause of type 2 
diabetes. Positive cross-sectional associations of F2-IsoPM with the risk factors for 
diabetes, BMI, and impaired glucose tolerance and inverse associations with development 

of type 2 diabetes indicate that F2-IsoPM might reflect a compensatory mechanism 
(Urinary F2-Isoprostanes Are Not Associated with Increased Risk of Type 2 Diabetes. 
Dora Il’yasova, Jason D. Morrow and Lynne E. Wagenknecht. Obesity Research 
13:1638-1644 (2005). 

4.2.10 Newborn Size Determined by level of Sugar Control in Diabetic Mothers 

Date: 16 January 2005, Source: Pak Tribune  
Scientists have discovered that pregnant women with diabetes can increase their chances 
of having a normal sized baby by controlling their blood sugar level as much as possible 
during pregnancy. Pregnant women with diabetes do tend to have larger babies and this is 
because of inadequate sugar level control during pregnancy. Larger babies make for a 
more difficult birth and the birthing process increases the risk of shoulder problems in 
larger babies. A study showed that women who strictly controlled their 
diabetes during pregnancy tended to have normal sized babies who had no 
shoulder complications during the birth. 

According to Collier et al, type 2 diabetes is associated with increased free radical 
production (Collier A, Wilson R, Bradley H, Thomson JA, Small M. Free radical activity 
in type 2 diabetes. Diabet Med 1990;7:27–30), lipid peroxidation, and a reduction in 
plasma vitamin E and superoxide dismutase.  

4.2.11 Alloxan Can Be Prooxidant or Antioxidant 
Depending on the availability of suitable reducing agents, alloxan can be either a 
prooxidant or an antioxidant. Alloxan and its reduced derivative, dialuric acid, act as a 
redox couple, driven by reduced glutathione (GSH) or L-cysteine, generating in vitro in 
the presence of oxygen, both superoxide radical and hydrogen peroxide. The production 
of superoxide radicals was shown by the appearance of lucigenin chemiluminescence 
(CL) as well as by the generation of formazan from nitroblue tetrazolium (NBT). The 
lucigenin CL as well as the NBT reduction was inhibited by superoxide dismutase and 
partially by catalase. Melatonin inhibited alloxan-mediated CL. In contrast, in the 
absence of reducing agents, alloxan is a scavenger of superoxide radicals 
formed by other reactions. Because of the high content of reducing compounds in the 
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cell (e.g. glutathione), it is suggested that alloxan acts in vivo mainly as a generator of 
electronically modified oxygen derivatives (Bromme HJ, Ebelt H, Peschke D, Peschke E. 
Alloxan acts as a prooxidant only under reducing conditions: influence of melatonin. Cell 
Mol Life Sci. 1999 Mar;55(3):487-93). However I believe that the pancreas is an 
oxidizing environment due to its high energy requirement and to it low levels of 
antioxidant enzymes and thus, alloxan would be expected to act as an antioxidant 
in these conditions. 
4.2.12 Probucol (Antioxidant) Increases Antioxidant Enzymes and Prevents 

Alloxan Diabetes 
 
The severity of disturbances in carbohydrate metabolism in rats with alloxan-induced 
diabetes depended on activity of antioxidant enzymes in the target organ (pancreas). 
Damage to the pancreas is allegedly related to intensive generation of electronically 
modified oxygen derivatives, free radicals, and lipid peroxides. Alloxan-induced 
diabetes in rats is a free radical disease, which in vivo serves as a useful model for the 
search for pharmacological preparations with antiradical and antioxidant properties. The 
antioxidant compound probucol indirectly increased activity of antioxidant enzymes in 
the pancreas and prevented the development of alloxan-induced diabetes in rats. 
Lankin’s results indicate that different sensitivity of laboratory animals of various species 
(rats and guinea pigs) to the influence of alloxan is associated with abnormal variations in 
activity of enzymes utilizing electronically modified oxygen derivatives and lipid 
peroxides in mammalian pancreatic cells (Lankin VZ, Korchin VI, Konovalova GG, 
Lisina MO, Tikhaze AK, Akmaev IG. Role of antioxidant enzymes and antioxidant 
compound probucol in antiradical protection of pancreatic beta-cells during alloxan-
induced diabetes. Bull Exp Biol Med. 2004 Jan;137(1):20-3). 
 
4.3 Glutathione Peroxidase (GPx) Overexpression, obesity and Diabetes 
 
4.3.1 GPx Overexpression Causes Insulin Resistance and Obesity in Mice 
Insulin resistance, a hallmark of type 2 diabetes, is allegedly associated with oxidative 
stress. However, the role of electronically modified oxygen derivatives or specific 
antioxidant enzymes in its development has not been tested under physiological 
conditions. The objective of this study was to investigate the impact of overexpression of 
glutathione peroxidase 1 (GPX1), an intracellular selenoprotein that reduces hydrogen 
peroxide (H2O2) in vivo, on glucose metabolism and insulin function. The GPX1-
overexpressing (OE) and WT male mice (n = 80) were fed a selenium-adequate diet (0.4 
mg/kg) from 8 to 24 weeks of age. Compared with the WT, the OE mice developed 
hyperglycemia (117 vs. 149 mg/dl), hyperinsulinemia (419 vs. 1,350 pg/ml), and 
elevated plasma leptin (5 vs. 16 ng/ml) at 24 weeks of age. Meanwhile, these mice were 
heavier and fatter than the WT mice. At 30–60 min after an insulin challenge, the OE 
mice had 25% less of a decrease in blood glucose than the WT mice. Their insulin 
resistance was associated with a 30–70% reduction in the insulin-stimulated 
phosphorylations of insulin receptor ( -subunit) in liver and Akt (Ser473 and Thr308) in 
liver and soleus muscle. McClung et al. report the development of insulin resistance in 
mammals with elevated expression of an antioxidant enzyme and suggest that 
increased GPX1 activity may interfere with insulin function by overquenching 
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intracellular electronically modified oxygen derivatives required for insulin 
sensitizing (Development of insulin resistance and obesity in mice overexpressing 
cellular glutathione peroxidase. James P. McClung et al. PNAS, June 15, 2004. vol. 
101. no. 24. 8852-8857). I believe that this alone invalidates those who follow the free 
radi-crap theory.  GPx decreases EMODs and increases obesity and diabetes. 
 
4.3.2 EMOD Deficiency is Associated with Diabetes and Obesity 

Some of the following material was excerpted, abstracted or modified from:  J.P. 
McClung, C.A. Roneker, W. Mu, D.J. Lisk, P. Langlais, F. Liu and X. G. Lei. 
Development of insulin resistance and obesity in mice overexpressing cellular glutathione 
peroxidase. 

 

PNAS.  June 15, 2004  vol. 101. no. 24, 8852-8857. 

Insulin resistance, a hallmark of type 2 diabetes, is associated with oxidative stress. 
However, the role of electronically modified oxygen derivatives or specific 
antioxidant enzymes in its development has not been tested under physiological 
conditions. The objective of McClung’s study was to investigate the impact of 
overexpression of glutathione peroxidase 1 (GPX1), an intracellular selenoprotein that 
reduces hydrogen peroxide (H2O2) in vivo, on glucose metabolism and insulin function. 
The GPX1-overexpressing (OE) and WT male mice (n = 80) were fed a selenium-
adequate diet (0.4 mg/kg) from 8 to 24 weeks of age.  

Central obesity is increasingly recognized as a risk factor for atherosclerosis and 
type 2 diabetes mellitus. Central obesity is associated with increased cytosolic 
triglyceride stores in non-adipose tissues such as muscles, liver and pancreatic beta-cells. 
A high cytosolic triglyceride content is accompanied by elevated concentrations of 
cytosolic long-chain acyl-CoA esters, the metabolically active form of fatty acids. These 
esters inhibit mitochondrial adenine nucleotide translocators, resulting in an 
intramitochondrial ADP deficiency. In vitro, such ADP deficiency is a potent 
stimulator of mitochondrial oxygen free radical production. According to 
the Free Radi-Crap theory, the decline of organ function with normal ageing is thought to 
be due, at least partly, to a continuous low-grade mitochondrial oxygen free radical 
production. In tissues containing increased cytosolic triglyceride stores this process will 
be accelerated. Tissues with a high-energy demand or poor free radical scavenging 
capacity, such as pancreatic beta-cells, are likely to be more susceptible to this process. 
This is how they explain their gradual dysfunctioning in central obesity. Likewise we 
propose that the enhanced production of oxygen free radicals in endothelial cells, or 
vascular smooth muscle cells, leads to the increased subendothelial oxidation of LDL and 
atherosclerosis, as well as to the endothelial dysfunction and microalbuminuria 
(Cytosolic triglycerides and oxidative stress in central obesity: the missing link between 
excessive atherosclerosis, endothelial dysfunction, and beta-cell failure? Bakker SJ, 
IJzerman RG, Teerlink T, Westerhoff HV, Gans RO, Heine RJ. Atherosclerosis. 2000 
Jan;148(1):17-21). I have presented detailed counter explanations for the 
involvement and association between obesity, CVD and diabetes in my other books.  
It is based on EMOD deficiency states allowing the manifestation of these diseases 
and is based on the fact that the endothelium and the islet cell depend on normally 
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high EMOD levels.  Thus, they have evolved low levels of antioxidant enzymes.  
Also, remember that obesity is associated with inflammation, which is associated 
with hypoxia. Hypoxia decreases substrate oxygen levels for decreased generation of 
EMODs. 

4.3.3 GPx Overexpression Leads to Hyperinsulinemia and Hyperglycemia 
Compared with the WT, the OE mice developed hyperglycemia, hyperinsulinemia, and 
elevated plasma leptin at 24 weeks of age. Meanwhile, these mice were heavier and fatter 
than the WT mice. At 30–60 min after an insulin challenge, the OE mice had 25% less (P 
< 0.05) of a decrease in blood glucose than the WT mice. Their insulin resistance was 
associated with a 30–70% reduction in the insulin-stimulated phosphorylations of insulin 
receptor ( -subunit) in liver and Akt (Ser473 and Thr308) in liver and soleus muscle. They 
report the development of insulin resistance in mammals with elevated expression of an 
antioxidant enzyme and suggest that increased GPX1 activity may interfere with insulin 
function by over quenching intracellular electronically modified oxygen derivatives 
required for insulin sensitizing.  I believe that this is a strong argument that diabetes 
is, indeed, an EMOD deficiency disease as I have been speculating for over 2 years. 
Lack of H2O2 appears to be directly linked to the development of diabetes and 
obesity. 
 
Type 2 diabetes is one of the fastest growing and most costly disorders worldwide. 
Because insulin resistance precedes the onset of type 2 diabetes, it is generally 
considered to be an important factor in the pathogenesis of the disease (Stumvoll, M. & 
Haring, H. (2001) Horm. Res. 55, 3–13). Although there is substantial evidence that 
hyperglycemia results in the generation of electronically modified oxygen derivatives 
(EMOD) and increased oxidant stress in the late complications of diabetes (Packer, L., 
Kraemer, K. & Rimbach, G. (2001) Nutrition 17, 888–895), the role of EMODs in the 
development of insulin resistance (Rosen, P., Nawroth, P. P., King, G., Moller, W., 
Tritschler, H. J. & Packer, L. (2001) Diabetes Metab. Res. Rev. 17, 189–212) (Evans, J. 
L., Goldfine, I. D., Maddux, B. A. & Grodsky, G. M. (2002) Endocrine Rev. 23, 599–
622), especially at the whole-body level, remains virtually unknown. 

Selenium (Se) is an essential micronutrient that functions mainly through Se-dependent 
proteins. Glutathione peroxidase 1 (GPX1, EC 1.11.19) is the first identified and the 
most abundant selenoprotein in mammals. The enzyme is expressed in both cytosol and 
mitochondria and uses glutathione to reduce H2O2 and organic hydroperoxides. 
Overexpression or knockout of GPX1 renders mice resistant or 
susceptible to acute oxidative stress (Cheng, W. H., Ho, Y. S., Valentine, B. A., 
Ross, D. A., Combs, G. F., Jr., & Lei, X. G. (1998) J. Nutr. 128, 1070–1076) (Cheng, W. 
H., Fu, Y. X., Porres, J. M., Ross, D. A. & Lei, X. G. (1999) FASEB J. 13, 1467–1475) 
but has no effect on the expression of other Se-dependent or antioxidant enzymes (Lei, X. 
G. (2002) Methods Enzymol. 347, 213–225). Although an insulin-mimetic property of Se 
has been shown in isolated adipocytes or in streptozotocin-induced diabetic rodents, the 
role of any specific selenoprotein in the development of insulin resistance has not been 
studied in humans or animals. 
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Insulin imparts a vital role in glucose metabolism and homeostasis, and its action is 
mediated through a tightly regulated signaling cascade (O’Brien, R. M. & Granner, D. 
K. (1996) Physiol. Rev. 76, 1109–1161). When insulin binds the insulin receptor, a 
heterotetrameric glycoprotein with two extracellular -subunits (135 kDa) as the binding 
site and two transmembrane -subunits (95 kDa) as the tyrosine kinase, the receptor 
undergoes autophosphorylation that increases the kinase activity. The activated insulin 
receptor phosphorylates insulin receptor substrate proteins, leading to activation of 
phosphatidylinositol (PI) 3-kinase. Activation of PI3-kinase can enlist PI3-kinase-
dependent kinase and the serine/threonine kinase Akt from the cytoplasm to the plasma 

membrane. This event causes conformational changes in Akt, which allows PI3-kinase-
dependent kinase to phosphorylate Thr308 and Ser473 in the protein. The activation of Akt 
leads to the activation of glycogen synthesis and the translocation of glucose transporter 4 
to the cell membrane for glucose transport. Any alteration in phosphorylation or 
dephosphorylation of these signal proteins, from the insulin receptor to many downstream 
signal proteins such as Akt, may affect insulin function. In fact, insulin resistance is 
associated with impaired Akt activation, and insulin responsiveness can be improved 
by knockout of protein tyrosine phosphatase 1B, which dephosphorylates the insulin 
receptor. Although EMODs such as H2O2 are known to inhibit phosphatases, their 
role in insulin signaling has been controversial (Hansen, L. L., Ikeda, Y., Olsen, G. S., 
Busch, A. K. & Mosthaf, L. (1999) J. Biol. Chem. 274, 25078–25084) (Mahadev, K., 
Zilbering, A., Zhu, L. & Goldstein, B. J. (2001) J. Biol. Chem. 276, 21938–21942) 
(Gardner, C. D., Eguchi, S., Reynolds, C. M., Eguchi, K., Frank, G. D. & Motley, E. D. 
(2003) Exp. Biol. Med. 228, 836–842) (Potashnik, R., Bloch-Damti, A., Bashan, N. & 
Rudich, A. (2003) Diabetologia 46, 639–648).  

This is largely due to the difficulty in specifically altering or measuring intracellular 
EMOD concentrations. Because overexpression or knockout of antioxidant enzymes such 
as GPX1 in mice modulates intra- or subcellular levels of EMODs (Esposito, L. A., 
Kokoszka, J. E., Waymire, K. G., Cottrell, B., MacGregor, G. R. & Wallace, D. C. (2000) 
Free Radical Biol. Med. 28, 754–766), these transgenic animals may be used to clarify 
the physiological role of EMODs in insulin action. 

During their oxidant stress research, they observed that old GPX1 overexpression mice 
(OE mice) became heavier than the WT mice. Therefore, this study was conducted to 
determine the effect of GPX1 overexpression on blood glucose, plasma insulin and leptin, 
body weight and composition, insulin responsiveness, and signaling in mice from 8 to 24 
weeks of age. Strikingly, we found that the OE mice developed hyperglycemia, 
hyperinsulinemia, and mild insulin resistance at 24 weeks of age. This abnormality 

was associated with attenuations in the insulin-mediated phosphorylation of insulin 
receptor and Akt in liver and/or muscle. 

The most interesting finding from the present study is the development 

of insulin resistance in mice with elevated expression of a major 
antioxidant selenoprotein, GPx1. Compared with the WT mice, the OE mice 
showed hyperglycemia, hyper-insulinemia, elevated body fat accretion and plasma 
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leptin, and reduced insulin sensitivity at 24 weeks of age. The malady matches signs 
typical of insulin resistance.   

Please read this again.  Overexpression of an antioxidant enzyme, GPx, 
which decreases EMODs, leads to insulin resistance, which leads to 
development of type 2 diabetes. Ergo, I believe that diabetes is caused 
by an EMOD insufficiency state, either localized to the pancreas itself or 
throughout the body, as can be seen with obesity. 

4.3.4   GPx Overexpression Reduces Insulin Sensitivity and Increases Weight 

It is striking that overexpression of GPX1, an effective intracellular enzyme against 
EMODs, does not improve, but reduces, body insulin sensitivity in mice 
(Cheng, W. H., Ho, Y. S., Valentine, B. A., Ross, D. A., Combs, G. F., Jr., & Lei, X. G. 
(1998) J. Nutr. 128, 1070–1076) (Cheng, W. H., Fu, Y. X., Porres, J. M., Ross, D. A. & 
Lei, X. G. (1999) FASEB J. 13, 1467–1475) (Cheng, W. H., Zhengti, X., Quimby, F. R., 
Roneker, C. A. & Lei, X. G. (2003) Biochem. J. 370, 927–934).  

4.3.5 GPx Overexpression Mimics in Gestational Diabetes 

Their finding is strongly supported by a recent human study. Chen et al. have observed 
a significantly positive association between increases in erythrocyte GPX1 activity 
and levels of insulin resistance in normal pregnant women from 16 weeks of 

pregnancy (entry of study) to the third trimester (Chen, X., Scholl, T. O., Leskiw, M. 
J., Donaldson, M. R. & Stein, T. P. (2003) J. Clin. Endocrinol. Metab. 88, 5963–5968). 
That association was also highly related to dietary fat intake and ethnic differences. The 
concurrence of GPX1 activity increase and insulin resistance during pregnancy provides 
not only a strong physiological basis, but also clinical relevance for their data. I believe 
that this may well represent the explanation for gestational diabetes, 
antioxidant levels and obesity. 

Because they report that insulin resistance is related to the overexpression of an 
antioxidant enzyme in mice, their results are apparently contrary to the popular 
notion that incidences of insulin resistance and diabetes inversely correlate with 

tissue antioxidant enzyme activities (Mukherjee, B., Anbazhagan, S., Roy, A., Ghosh, 
R. & Chatterjee, M. (1998) Biomed. Pharmacother. 52, 89–95) (McNeill, J. H., Delgatty, 
H. L. M. & Battell, M. L. (1991) Diabetes 40, 1675–1678) (Douillet, C., Bost, M., 
Accominotti, M., Borson-Chazot, F. & Ciavatti, M. (1998) Lipids 33, 393–399).  

In addition, a causative role of EMODs has been suggested in the onset of insulin 

resistance or type 2 diabetes, implying possible benefit of supplemental antioxidants 
in improving insulin function (Rosen, P., Nawroth, P. P., King, G., Moller, W., 
Tritschler, H. J. & Packer, L. (2001) Diabetes Metab. Res. Rev. 17, 189–212) (Evans, J. 
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L., Goldfine, I. D., Maddux, B. A. & Grodsky, G. M. (2002) Endocrine Rev. 23, 599–
622).  

However, these notions have been largely derived from clinical investigations or studies 
using conventional animal models. The complexity of clinical data and the limitation 
of those models, along with the use of gross status of antioxidant enzymes in whole 
tissues or extracellular fluids in these studies, might have contributed to the 
discrepancy with our results. I believe that the discrepancy is with the Free Radi-
Crap theory itself. 

Another challenge to their findings is the insulin-mimetic effect of Se (Stapleton, S. R. 
(2000) Cell. Mol. Life Sci. 57, 1874–1879). Since the initial illustration of that property of 
Se in isolated rat adipocytes, a number of studies have shown the ability of selenate to 
initiate the translocation of glucose transporters to the membrane surface and to induce 
phosphorylation of the insulin receptor or insulin receptor substrate 1. Because 
overexpression of GPX1, the most abundant biochemically functional form of body Se, 
does not duplicate the insulin-mimetic effect of Se in the present study, that effect of Se 
is unlikely mediated by selenoproteins, but rather by the element itself. This view is 
supported by a recent rat study in which only selenate, but not selenite, was effective in 
that regard. 

The key question related to our findings is how overexpression of GPX1 in mice 
induced insulin resistance. They believe that the most plausible mechanism 
could be the effect of GPx1 overexpression on intracellular H2O2 tone. 
Although the general role of H2O2, if any, in insulin signaling is still controversial, H2O2 
can undoubtedly modulate the insulin-induced phosphorylation of the insulin 
receptor -subunit (Hansen, L. L., Ikeda, Y., Olsen, G. S., Busch, A. K. & Mosthaf, L. 
(1999) J. Biol. Chem. 274, 25078–25084) and Akt (Gardner, C. D., Eguchi, S., 
Reynolds, C. M., Eguchi, K., Frank, G. D. & Motley, E. D. (2003) Exp. Biol. Med. 228, 
836–842).  

It has been shown that insulin stimulation generates a burst of H2O2 in hepatoma and 
adipose cells that is associated with a reversible oxidative inhibition of overall 
cellular protein–tyrosine phosphatase activity (Mahadev, K., Zilbering, A., Zhu, L. & 
Goldstein, B. J. (2001) J. Biol. Chem. 276, 21938–21942). Thus, maintenance of normal 
activity of protein–tyrosine phosphatase is critical to the regulation of reversible tyrosine 
phosphorylation in the insulin signaling cascade and, hence, insulin sensitivity. 
Meanwhile, a recent study has suggested a role of EMODs, including H2O2, in the 
activation of Akt through phosphorylation of Ser473. Apparently, normal or minimal 
levels of intracellular EMODs or H2O2 are required for sensitizing insulin signaling. 
Overexpression of GPx1 may accelerate the quenching of the intracellular H2O2 
burst after insulin stimulation, resulting in less inhibition of protein–tyrosine 

phosphatase activity and, subsequently, attenuated phosphorylation of insulin receptor. 
Presumably, the diminished intracellular H2O2 concentrations in the OE mice might 
also be responsible for their reduced phosphorylation of Akt in liver and soleus 

muscle. 
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A possible impact of GPX1 overexpression on mitochondrial EMOD and oxidative 
phosphorylation might also contribute to insulin resistance in the OE mice. In certain 
tissues such as liver and kidney, GPX1 is expressed in both cytosol and 

mitochondria. In fact, they detected a greater GPX1 activity in the liver mitochondria of 
the OE mice than that of the WT mice. Probably because of the low abundance of GPX1 
in muscle, they were unable to detect GPX1 protein or activity in the mitochondrial 

fractions prepared from the very limited amount of soleus muscle of individual mice. 
However, others have clearly shown the existence of GPX1 in the muscle 
mitochondria. As the main site of cellular energy, mitochondria produce much of the 

cellular H2O2 via Mn-superoxide dismutase (Wallace, D. C. (1999) Science 283, 1482–
1488).  

Thus, altered GPx1 expression in mitochondria may affect its EMOD tone and oxidative 
phosphorylation. Although it is unclear to us how mitochondrial GPX1 or EMODs 
directly modulates insulin function, impaired oxidative phosphorylation in liver and 
muscle mitochondria has been shown to be linked with insulin resistance or type 2 
diabetes in humans (Petersen, K. F., Befroy, D., Dufour, S., Dziura, J., Ariyan, C., 
Rothman, D. L., DiPietro, L., Cline, G. W. & Shulman, G. I. (2003) Science 300, 1140–
1142) (Petersen, K. F., Dufour, S., Befroy, D., Garcia, R. & Shulman, G. I. (2004) N. 
Engl. J. Med. 350, 664–671).  

In addition, elevated GPx1 activity in mitochondria may reduce its release of H2O2 to 
cytosol, and then desensitizes insulin signaling (Esposito, L. A., Kokoszka, J. E., 
Waymire, K. G., Cottrell, B., MacGregor, G. R. & Wallace, D. C. (2000) Free Radical 
Biol. Med. 28, 754–766). 

Although inherent diabetic phenotypes have been shown to be associated with the 
creation of transgenic mice, it is highly unlikely the cause of insulin resistance in the OE 
mice of the present study. This is because they found hyperglycemia and obesity in 
another group of OE mice derived from a different founder line. Likewise, insulin 
resistance in the OE mice cannot be attributed to other compensatory changes caused by 
GPX1 overexpression, because they found no differences in activities of other Se-
dependent or antioxidant enzymes in liver or muscle between the OE and WT mice. 
In addition, these two genotypes showed no differences in hepatic F2-isoprostanes (a 
sensitive in vivo biomarker of lipid peroxidation), plasma glutathione/glutathione 
disulfide, or stress-related signal proteins (mitogen-activated protein kinase p-38 and c-
Jun N-terminal kinase) in liver or muscle.  

Hyperphagia can also be ruled out as the cause of insulin resistance in OE mice. They 
found no significant differences in daily food intake between the OE and WT mice  
from three independent observation periods (weeks). However, it will be fascinating to 
find out whether caloric restriction can affect the development of insulin resistance in the 
OE mice. 

The combined attenuation in the insulin-mediated phosphorylation of insulin receptor in 
liver and Akt in both tissues of the OE mice is rather unique. Disruptions in hepatic 
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glucose metabolism impart an important role in the development of hyperglycemia and 
type 2 diabetes. Liver dysfunction may cause hyperglycemia and insulin resistance 
and mice lacking hepatic insulin receptors develop hyperglycemia, 
hyperinsulinemia, glucose intolerance, and insulin resistance. Insulin sensitivity and 
obesity can be improved by knockout of protein tyrosine phosphatase-1B that 
dephosphorylates the insulin receptor.  

Because the PI-dependent serine–threonine protein kinase Akt functions as an essential 
intermediate in the signaling pathway by which insulin controls glucose uptake and 
hepatic gluconeogeneis, insulin resistance has been associated with impaired Akt 
activation and decreased glucose transport. In fact, mice lacking the Akt2 protein are 
insulin resistant and develop a diabetes-like syndrome. Thus, the diminished insulin-
mediated phosphorylation of Akt at Ser473 and Thr308 in liver and soleus muscle of OE 
mice likely contributed to the development of insulin resistance. Meanwhile, the effect of 
GPX1 overexpression on insulin receptor and Akt phosphorylations implies a critical role 
of normal or minimal intracellular EMODs in sensitizing insulin signaling.  

4.3.6 Caloric Restriction Decreases Insulin and EMODs 
 
Reducing the energy intake of rodents by 30–50%, achieved with a calorie-restricted 
diet, decreases the rate of mitochondrial EMOD generation (Effects of aging and 
caloric restriction on mitochondrial energy production in gastrocnemius muscle and 
heart. Drew B, Phaneuf S, Dirks A, Selman C, Gredilla R, Lezza A, Barja G, and 
Leeuwenburgh C.Am J Physiol Regul Integr Comp Physiol 284: R474–R480, 2003) 
(Caloric restriction decreases mitochondrial free radical generation at complex I and 
lowers oxidative damage to mitochondrial DNA in the rat heart. Gredilla R, Sanz A, 
Lopez-Torres M, and Barja G. FASEB J 15:1589–1591, 2001). 
 
Although decreased mitochondria EMOD production and decreased plasma insulin are 
both effects of calorie restriction, it has not been known whether insulin is 
mechanistically linked to mitochondrial oxidant production. In this issue of the American 
Journal of Physiology-Regulatory, Integrative and Comparative Physiology, Lambert and 
Merry (Effect of caloric restriction on mitochondrial reactive oxygen species production 
and bioenergetics—reversal by insulin. Lambert AL and Merry BJ.  Am J Physiol Regul 
Integr Comp Physiol 286: R71–R79, 2004) provide the first evidence that caloric 
restriction decreases the mitochondrial proton motive force by increasing the 
mitochondrial proton leak and that this leak is dependent, at least in part, on plasma 
insulin levels. Mitochondrial proton leak, normally accounts for up to 30% of 
cellular O2 consumption at rest. Importantly, aging increases the proton leak in mouse 
hepatocytes, and long-term calorie restriction reduces the aging-induced proton leak in 
mouse skeletal muscle mitochondria (Effects of caloric restriction on skeletal muscle 
mitochondrial proton leak in aging rats. Lal SB, Ramsey JJ, Monemdjou S, Weindruch R, 
and Harper ME. J Gerontol A Biol Sci Med Sci 56: B116–122, 2001). 
 
Lambert and Merry found that calorie restriction decreased mitochondrial H2O2 
production rate with no change in mitochondrial respiration rate (O2 consumption), 
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consistent with previous studies, but observed a decreased mitochondrial membrane 
potential.  
 
Calorie restriction appears to reduce the protonmotive force and possibly EMOD 
generation, specifically by increasing the proton leak. It is tempting to speculate that the 
antiaging effects of calorie restriction are due largely to decreased insulin levels 
and the resulting decreased Δp and EMOD production. 
 
Interestingly, calorie restriction in both rats and rhesus monkeys results in 
a marked increase in insulin sensitivity within 5 days (Comparison of the 
effects of 20 days and 15 months of calorie restriction on male Fischer 344 rats. Dean DJ, 
Gazdag AC, Wetter TJ, and Cartee GD.  Aging (Milano) 10: 303–307, 1998).  
 
In mammals, the inability to synthesize or respond appropriately to insulin results in 
diabetes, which is a disease with many features of premature aging (Molecular 
mechanisms of oxidative stress and aging: free radicals, aging, antioxidants, and disease. 
Pollack M and Leeuwenburgh C.  In: Handbook of Oxidants and Antioxidants in 
Exercise, edited by Sen CK, Packer L, and Hanninen O. Amsterdam: Elsevier, 1999, p. 
881–926). 
 
4.3.7 Insulin Mimetic Effect of Se Caused by the Element Itself 

Illustrating the impacts of GPX1 overexpression on glucose metabolism and insulin 
function has multiple physiological and pharmacological implications. First, it provides 
us with an etiological factor for insulin resistance, and argues against the general belief 

in the beneficial effects of antioxidant enzymes on insulin function that may not 
reflect the actual role of any specific enzyme such as GPX1 at the intra- or 
subcellular level. Second, the opposite impact of GPX1 overexpression to that of 
selenate on insulin function indicates that the insulin mimetic effect of Se is probably 
caused by the element itself, not selenoproteins, at least not GPX1. Third, alterations 
of GPX1 allele frequencies have been identified and associated with human cancers 
(Moscow, J. A., Schmidt, L., Ingram, D. T., Guarra, J., Johnson, B. & Cowan, K. H. 
(1994) Carcinogenesis 15, 2769–2773) (Hu, Y. J. & Diamond, A. M. (2003) Cancer Res. 
15, 3347–3351).  

Elevated erythrocyte GPX1 activity is associated with insulin resistance, dietary fat 
intake, and ethnic difference in pregnant women (Chen, X., Scholl, T. O., Leskiw, M. 
J., Donaldson, M. R. & Stein, T. P. (2003) J. Clin. Endocrinol. Metab. 88, 5963–5968).  

If the impact of GPX1 expression on insulin resistance is indeed mediated via cytosolic 

and/or mitochondrial EMODs, variations in other antioxidant compounds or enzymes in 
human populations may produce similar outcomes. Effects of GPX1 overexpression on 
the phosphorylation of insulin receptor and Akt may shed light on new drug 
developments to treat insulin resistance. Finally, the phenotype of the OE mice, including 
hyperglycemia, hyperinsulinemia, obesity, and reduced insulin sensitivity, offers a 
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desirable model for the study of antioxidant balance, insulin resistance, and type 2 
diabetes. 

4.3.8 SOD and GPx Decreased in Obese Diabetic Patients 

The antioxidant enzymes: superoxide dismutase (CuSn SOD) and gluthathione 
peroxidase (GPx) provide defense against the damage of cells by electronically modified 
oxygen derivatives, which are increased in the diabetic state.  It was demonstrated that 
dietary treatment could improve the antioxidant status in patients with type 2 diabetes 
mellitus.  This study was undertaken to determine if erythrocygte Cu/Zn SOD and GSH-
Px activities correlate with dietary nutrients in 35 selected type 2 diatetic patients (21 
women and 14 men) without diabetic complications.  Smaoui found that erythrocyte 
Cu/Zn SOD was diminished in patients with poor controlled diabetes and GSH-Px 
activity was significantly decreased in obese compared with non-obese type 2 
diabetic patients.  Both erythrocyte Cu/Zn SOD and GSH-Px activities were positively 
correlated to erythrocyte omega3-polyunsaturated fatty acids (PUFA).  In non-obese 
diabetic patients, only GSH-Px activity was correlated negatively to the fraction of 
linoleic acid (18.2omega6) and arachidonic acid (20:4omega6) in erythrocytes 
phospholipids.  The data of this study reveal that activities of erythrocyte anitioxidant 
enzymes were altered in type 2 diabetic patients.  (Association between dietary fat and 
antioxidant status of Tunisian type 2 diabetic patients.  Smaoui M, Koubaa N, Hammami 
S, Abid N, Feki M., Chaaba R, Attia N, Abid M, Hammami M.  Prostaglandins Leukot 
Essent Fatty Acids.  2006 Apr 1; [Epub ahead of print]). 

I believe that the decreased EMOD levels produced by overexpression of GPx may 
lead to insulin resistance, obesity and diabetes. Please remember that there are 
major inconsistencies of the data in the area of antioxidant enzyme levels in 
diabetes. 

4.3.9 SOD and GPx Enzyme Activities Vary According to Race 

Lipid hydroperoxide, a marker of oxidative stress, is linked to the development of 
nephropathy and is reportedly higher in patients of African origin compared with 
Caucasians. This may be relevant to race-specific differences in susceptibility to 
nephropathy. Zitouni et al. investigated whether alterations in antioxidant enzyme activity 
could account for this biochemical phenotype and examined the relationship with 
conventional markers of renal disease. 

Two hundred seventeen individuals were studied. Patients with type 2 diabetes (n = 75) 
of African and Caucasian origin were matched by sex and racial origin with healthy 
control subjects (n = 142). Plasma total superoxide dismutase (SOD) and glutathione 
peroxidase (GPx) activity were spectrophotometrically measured, and total cholesterol 
and triglycerides were measured by enzymatic methods. 

SOD activity was higher and GPx activity lower in patients with diabetes than in 
healthy control subjects. Patients of African origin with diabetes had lower GPx and 
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higher SOD activity compared with Caucasian patients. Patients of African origin 
with normal urinary albumin excretion had significantly higher plasma creatinine 
concentrations compared with those of Caucasian origin. African origin was an 
independent predictor of elevated SOD and reduced GPx activity. 

SOD and GPx enzyme activities vary according to race and could account for 
differences in lipid hydroperoxide. In patients of African origin, susceptibility to renal 
disease may be associated with lowered GPx activity. (Race-Specific Differences in 
Antioxidant Enzyme Activity in Patients With Type 2 Diabetes. A potential association 
with the risk of developing nephropathy. Karima Zitouni et al. Diabetes Care 28:1698-
1703, 2005). This conflicts with other data. 

4.3.10 GPx1 Increases Insulin Resistance and Obesity 
 
Cellular glutathione peroxidase-1 (GPX1) is the first identified and the most abundant 
selenoprotein in mammals. Although GPX1 has been widely considered to be a major 
antioxidant enzyme, there has been no direct evidence for such role in vivo until GPX1 
transgenic and null mice became available 10 y ago. Using these new models, 
investigtors demonstrated that GPX1 protects against oxidative stress mediated by 
electronically modified oxygen derivatives (EMODs), and the physiologic importance 
of this protection varies with insult level and body Se status. Full expression of GPX1 is 
needed, and overexpression of GPX1 is beneficial for Se-adequate mice to defend 
against severe oxidative stress. This function of GPX1 is associated with attenuating the 
prooxidant-induced oxidation of NADPH, NADH, lipid, and protein in various tissues.  
 
In Se-deficient mice, a minute amount of GPX1 activity (4% of adequate levels) protects 
against hepatic aponecrosis induced by mild oxidative stress. In contrast, knockout of 
GPX1 renders mice and their hepatocytes resistant to oxidative stress related to reactive 
nitrogen species (RNS).  
 
More intriguingly, mice overexpressing GPX1 develop insulin resistance 
and obesity, accompanied by a downregulation of insulin-mediated phosphorylations 
of insulin receptor and Akt protein. In conclusion, GPX1 seems to play contrasting 
roles in coping with EMODs vs. RNS, and its metabolic functions extend beyond redox 
regulation (New roles for an old selenoenzyme: evidence from glutathione peroxidase-1 
null and overexpressing mice. Lei XG, Cheng WH. J Nutr. 2005 Oct;135(10):2295-8). I 
believe that this lends great support for my argument that diabetes is an EMOD 
deficiency disease.  This powerful antioxidant enzyme, Gpx1, when overexpressed, 
causes both insulin resistance and obesity. 
 
4.3.11 GPx Activity Contributes to Development of Type II Diabetes 

A study by researchers at Cornell University suggests that higher-than-normal amounts of 
a selenium-containing enzyme could promote type 2 diabetes. The researchers found that 
mice with elevated levels of the antioxidant enzyme develop the precursors of 
diabetes at much higher rates than did control mice. 
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Selenium, a common dietary supplement, is an antioxidant, materials that help mop up 
harmful free radicals, molecules that can damage cell membranes and genetic material 
and contribute to the development of cancer and heart disease. Many of the benefits of 
selenium are related to its role in the production of glutathione peroxidase (GPx), an 
antioxidant enzyme that helps detoxify the body. 

“Although free radicals are known to be harmful and antioxidants helpful, our study 
suggests that we actually need some free radicals to regulate insulin 
sensitivity,” says Xingen Lei, associate professor of animal science at Cornell and an 
author of the study, published in the June 15, 2005 issue of the Proceedings of the 
National Academy of Sciences. The lead author is James McClung, who received his 
Ph.D. from Cornell this spring and is now a diabetes researcher at a U.S. Army laboratory 
in Boston.  McClung notes that high levels of GPx appear to promote diabetes 
by mopping up too many free radicals, which are needed to help switch 
insulin signaling on and off in glucose (blood sugar) metabolism. 

“Most people believe that both selenium and the selenium-containing enzyme GPx are 
good for health by protecting cells and tissues from oxidation. However, this study 
suggests that they are a double-edged sword,” says Lei. “Antioxidants can be 
harmful by neutralizing too many free radicals and interfering with 
insulin signaling, which results in promoting obesity, insulin resistance 
and possibly diabetes.” 

He points out that these findings are consistent with a recent study of pregnant women 
that reported on a link between high levels of GPx, insulin resistance and gestational 
diabetes. 

“Before people blindly supplement their diets with antioxidants, such as selenium 
and vitamins E and C, more research is needed,” he concludes. Next, Lei plans to put 
the obese mice from this study on a diet to see if weight loss and fat loss can prevent or 
improve the mice’s insulin sensitivity.   

Diabetes, both type I and type II, effectively accelerates aging in a number of ways. 
Therefore anything that might contribute to the incidence of type II diabetes should 
be seen as a potential aging accelerator. Obesity is the largest risk factor for type 
II diabetes and the rising incidence of obesity is contributing to a rising incidence of type 
II (so-called adult onset or insulin insensitive) diabetes.  

What is unanswered by this current study is whether a higher level of selenium in the diet 
or through supplementation will cause an unhealthily high level of glutathione peroxidase 
(GPx) activity. Maybe not. In this experiment the scientists made the mice produce more 
GPx. Just taking more selenium may not up GPx activity to a level that will be unhealthy 
since the supply of GPx will become a rate-limiting factor once all GPx enzymes have 
selenium in their active centers. Still, the fact that excessive antioxidant activity can 
contribute to type II diabetes is important news. 
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4.3.12 Harman Says Too Many Antioxidant Vitamins Cause Lethargy 

Denman Harman, the original developer of the free radical theory of aging, has argued 
that, yes, there is such a thing as too much antioxidants. He found that taking too much 
antioxidant vitamins made him feel sluggish. This makes sense. Starting in the 1970s 
scientists have discovered that free radicals to be involved in an increasing number of 
signaling pathways in the body. If all our free radicals were quenched by extremely 
powerful antioxidants we’d literally die and death would ensue rather quickly. 

There are very likely optimal levels and ratios of antioxidant vitamins and minerals. 
But unfortunately at this point we do not know what those levels are. This latest 
study suggests that useful insights could be gotten from the measurement of precursors to 
type II diabetes in animals and people taking large amounts of various types of 
antioxidants. 

4.4 EMODs May Have a Protective Role for Pancreatic Beta Cells 
 
It is widely proposed that electronically modified oxygen derivatives (EMODs) 
contribute to ß-cell death in type 1 diabetes. Li et al. tested this in nonobese diabetic 
(NOD) mice using ß-cell–specific overexpression of three antioxidant proteins: 
metallothionein (MT), catalase (Cat), or manganese superoxide dismutase (MnSOD). 
Unexpectedly, the cytoplasmic antioxidants, MT and catalase, greatly accelerated 
diabetes after cyclophosphamide and accelerated spontaneous diabetes in male NOD 
mice.  

This occurred despite the fact that they reduced cytokine-induced EMOD production and 

MT reduced streptozotocin diabetes in NOD mice. Accelerated diabetes onset coincided 
with increased ß-cell death but not with increased immune attack. Islets from MTNOD 
mice were more sensitive to cytokine injury. In vivo and in vitro studies indicated reduced 
activation of the Akt/pancreatic duodenal homeobox-1 survival pathway in MTNOD and 
CatNOD islets. Li’s study indicates that cytoplasmic EMODs may have an 
important role for protecting the ß-cell from autoimmune destruction 
(Metallothionein and Catalase Sensitize to Diabetes in Nonobese Diabetic Mice. Reactive 
Oxygen Species May Have a Protective Role in Pancreatic ß-Cells. Xiaoyan Li, Hainan 
Chen, and Paul N. Epstein. Diabetes 55:1592-1604, 2006).  

The contribution of oxidative stress to diabetic complications may be tissue-specific, 
especially for microvascular disease that occurs only in diabetic patients but not in 
individuals with insulin resistance without diabetes, even though both groups suffer 
from oxidative stress. (RMH Note:  This tells me that oxidative stress is not 
causative of diabetes.). Although antioxidant treatments can show benefits in animal 

models of diabetes, negative evidence (failures) from large clinical trials suggests that 
new and more powerful antioxidants need to be studied to demonstrate whether 
antioxidants can be effective in treating complications. Furthermore, it appears that 
oxidative stress is only one factor contributing to diabetic complications; thus, 
antioxidant treatment would most likely be more effective if it were coupled with other 
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treatments for diabetic complications (Oxidative Stress and Antioxidant Treatment in 
Diabetes. Joshua A. Scott and George L. King. Ann. N.Y. Acad. Sci. 1031: 204–213 
(2004). 
4.4.1 EMODs are Required for Hypothalamic Glucose Sensing 

The physiological signaling mechanisms that link glucose sensing to the electrical activity 
in metabolism-regulating hypothalamus are still controversial. Although ATP 
production was considered the main metabolic signal, recent studies show that the 
glucose-stimulated signaling in neurons is not totally dependent on this production. 
Leloup et al.examined whether mitochondrial reactive oxygen species mEMODs which 
are physiologically generated depending on glucose metabolism, may act as physiological 
sensors to monitor the glucose-sensing response.  

Transient increase from 5 to 20 mmol/l glucose stimulates reactive oxygen species 
(EMOD) generation on hypothalamic slices ex vivo, which is reversed by adding 

antioxidants, suggesting that hypothalamic cells generate EMODs to rapidly increase 
glucose level. Furthermore, in vivo, data demonstrate that both the glucose-induced 
increased neuronal activity in arcuate nucleus and the subsequent nervous-mediated 

insulin release might be mimicked by the mitochondrial complex blockers antimycin and 
rotenone, which generate mEMODs. Adding antioxidants such as trolox and catalase 
or the uncoupler carbonyl cyanide m-chlorophenylhydrazone in order to lower 
mEMODs during glucose stimulation completely reverses both parameters. In 

conclusion, the results presented here clearly show that the brain glucose-sensing 
mechanism involved mEMODs signaling. They propose that this mEMODs  
production plays a key role in brain metabolic signaling (Mitochondrial Reactive Oxygen 
Species Are Required for Hypothalamic Glucose Sensing. Corinne Leloup et al. Diabetes 
55:2084-2090, 2006). Even the sensitive and most important hypothalamus generates 
EMODs. WOW. Theoretically, this indicates that antioxidants could block brain 
glucose sensing and could be extremely dangerous.  
 
4.4.2 Peroxide Production by Mitochondria Does Not Increase in Diabetes 
 
Investigators have found oxidation of blood glutathione and an increase in plasma 
lipoperoxide levels in both human type 1 diabetes and experimental diabetes. Peroxide 
production by mitochondria does not increase in diabetes. On the contrary, 
the activity of xanthine oxidase, a superoxide-generating enzyme, increases in liver 

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

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

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

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

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

This response was associated with enhanced H2O2 production in the vessel wall, and was 
abolished by scavenging H2O2 with ebselen, implicating a critical role of H2O2 in 
atherogenesis. Parallel studies using different animal models and catalase scavenging of 
H2O2 from another group confirmed the same notion, offsetting the concern that 
ebselen also removes peroxynitrite. Yang et al cross bred transgenic mice 
overexpressing Cu/Zn-SOD or catalase with mice deficient in apolipoprotein E (apoE–/–), 
to examine a specific role of H2O2 versus O2

·– in atherogenesis. They found that whereas 
overexpressing Cu/Zn-SOD had no effect on atherosclerotic lesion 
formation in apoE–/– mice, overexpression of catalase or co-over 
expression of catalase and Cu/Zn-SOD markedly retarded 
atherosclerosis in many aspects including lesion severity, lesion size, and 
area of affection throughout the aortic tree (Yang H, Roberts LJ, Shi MJ, Zhou 
LC, Ballard BR, Richardson A, Guo ZM. Retardation of atherosclerosis by 
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overexpression of catalase or both Cu/Zn-superoxide dismutase and catalase in mice 
lacking apolipoprotein E. Circ Res. 2004; 95: 1075–1081).  This is difficult to interpret. 

These observations were consistent with the findings by Tribble et al that 
overexpression of Cu/Zn-SOD failed to prevent atherosclerosis in high-
fat diet–fed apoE–/– mice (Tribble DL, Gong EL, Leeuwenburgh C, Heinecke JW, 
Carlson EL, Verstuyft JG, Epstein CJ. Fatty streak formation in fat-fed mice expressing 
human copper-zinc superoxide dismutase. Arterioscler Thromb Vasc Biol. 1997; 17: 
1734–1740).  

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

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

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

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

 However, the impact of ecSOD overexpression on atherosclerosis is not yet reported. On 
the other hand, Sentman and colleagues found that mice deficient in ecSOD 
developed similar atherosclerotic lesions compared with wild-type mice 
(Sentman ML, Brannstrom T, Westerlund S, Laukkanen MO, Yla-Herttuala S, Basu S, 
Marklund SL. Extracellular superoxide dismutase deficiency and atherosclerosis in mice. 
Arterioscler Thromb Vasc Biol. 2001; 21: 1477–1482). Therefore, whereas O is 
important in directly modulating NO  bioavailability and serving as the precursor for 
H O , relatively lasting H O seems more important in mediating atherogenic signaling.
Again, I believe that SOD is needed for production of H O , which can oxidize LDL 
and make it more readily excretable. 

 

 

 

2
·–  

·  

2 2 2 2
  

2 2

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

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

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

Interestingly, besides intracellular autocrine signaling, the capacity of diffusing among 
adjacent cells enables H2O2 for paracrine signaling. Of note, H2O2 produced by vascular 
smooth muscle can diffuse to endothelium to regulate endothelial cell function. For 
example, Laude et al recently showed that H2O2, produced in vivo in mice overexpressing 
p22phox in vascular smooth muscle, upregulates eNOS gene expression, confirming our 
previous in vitro observations that H2O2 potently upregulates eNOS expression 
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(Drummond GR, Cai H, Davis ME, Ramasamy S, Harrison DG. Transcriptional and 
posttranscriptional regulation of endothelial nitric oxide synthase expression by hydrogen 
peroxide. Circ Res. 2000; 86: 347–354).  I believe that this increased NO production 
by H2O2 also leads to increased vasodilation. 

 

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

 in the 
vasculature. 

Numerous signaling cascades are activated by H2O2 to mediate changes in vascular 
function including endothelial overgrowth (Griendling KK, Harrison DG. Dual role of 
reactive oxygen species in vascular growth. Circ Res. 1999; 85: 562–563) (Eyries M, 
Collins T, Khachigian LM. Modulation of growth factor gene expression in vascular cells 
by oxidative stress. Endothelium. 2004; 11: 133–139),  angiogenesis (Maulik N, Das DK. 
Redox signaling in vascular angiogenesis. Free Radic Biol Med. 2002; 33: 1047–1060), 
smooth muscle proliferation and hypertrophy (Griendling KK, Ushio-Fukai M. 
Reactive oxygen species as mediators of angiotensin II signaling. Regul Pept. 2000; 91: 
21–27), endothelial barrier dysfunction and cytoskeleton reorganization (McQuaid 
KE, Keenan AK. Endothelial barrier dysfunction and oxidative stress: roles for nitric 
oxide? Exp Physiol. 1997; 82: 369–376) (Dalle-Donne I, Rossi R, Milzani A, Di 
Simplicio P, Colombo R. The actin cytoskeleton response to oxidants: from small heat 
shock protein phosphorylation to changes in the redox state of actin itself. Free Radic 
Biol Med. 2001; 31: 1624–1632),  endothelial apoptosis (Taniyama Y, Griendling KK. 
Reactive oxygen species in the vasculature: molecular and cellular mechanisms. 
Hypertension. 2003; 42: 1075–1081), induction of inflammatory proteins (Griendling 
KK, Sorescu D, Lassegue B, Ushio-Fukai M. Modulation of protein kinase activity and 
gene expression by reactive oxygen species and their role in vascular physiology and 
pathophysiology. Arterioscler Thromb Vasc Biol. 2000; 20: 2175–2183), endothelium–
leukocyte interaction, and vascular remodeling (Lessner SM, Galis ZS. Matrix 
metalloproteinases and vascular endothelium-mononuclear cell close encounters. Trends 
Cardiovasc Med. 2004; 14: 105–111) (Pasterkamp G, Galis ZS, de Kleijn DP. Expansive 
arterial remodeling: location, location, location. Arterioscler Thromb Vasc Biol. 2004; 24: 
650–657).  
 
Without the reference clutter this would read as follows:   
Numerous signaling cascades are activated by H2O2 to mediate changes in vascular 
function including: 
- endothelial overgrowth,  
- angiogenesis,  
- smooth muscle proliferation and hypertrophy,  
- endothelial barrier dysfunction and cytoskeleton reorganization,  
- endothelial apoptosis,  
- induction of inflammatory proteins, and endothelium–leukocyte interaction,  
- and vascular remodeling. 
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 H O  potently activates MAPK members ERK1/2, p38MAPK, JNK, and ERK5 in both 
vascular endothelial and smooth muscle cells. 

2 2
 

 Their recent studies indicate that H O  
activation of ERK1/2 and p38MAPK in endothelial cells requires CaMKII. Receptor 
tyrosine kinases such as those for EGF, PDGF, FGF, VEGF (Aslan M, Ozben T. 
Oxidants in receptor tyrosine kinase signal transduction pathways. Antioxid Redox Signal. 
2003; 5: 781–788), and non-receptor tyrosine kinases such as JAK2 (Simon AR, Rai 
U, Fanburg BL, Cochran BH. Activation of the JAK-STAT pathway by reactive oxygen 
species. Am J Physiol. 1998; 275: C1640–C1652), 

2 2
 

 

 

 Src (Abe J, Takahashi M, Ishida M, 
Lee JD, Berk BC. c-Src is required for oxidative stress-mediated activation of big 
mitogen-activated protein kinase 1. J Biol Chem. 1997; 272: 20389–20394), Cas 
(Yoshizumi M, Abe J, Haendeler J, Huang Q, Berk BC. Src and Cas mediate JNK 
activation but not ERK1/2 and p38 kinases by reactive oxygen species. J Biol Chem. 
2000; 275: 11706–11712), FAK, and Pyk2 (Vepa S, Scribner WM, Parinandi NL, 
English D, Garcia JG, Natarajan V. Hydrogen peroxide stimulates tyrosine 
phosphorylation of focal adhesion kinase in vascular endothelial cells. Am J Physiol. 
1999; 277: L150–L158) (Frank GD, Mifune M, Inagami T, Ohba M, Sasaki T, 
Higashiyama S, Dempsey PJ, Eguchi S. Distinct mechanisms of receptor and nonreceptor 
tyrosine kinase activation by reactive oxygen species in vascular smooth muscle cells: 
role of metalloprotease and protein kinase C- . Mol Cell Biol. 2003; 23: 1581–1589),  are 
responsive to H O  in vascular cells and often lie upstream of MAPK.  2 2

 

 
Without the reference clutter this would read as follows:   
H2O2 activation of ERK1/2 and p38MAPK in endothelial cells requires CaMKII. 
Receptor tyrosine kinases such as those for:  
- EGF, PDGF, FGF, VEGF 
- and non-receptor tyrosine kinases such as JAK2 
 - Src 
 - Cas 
 - FAK, and Pyk2 
are responsive to H2O2 in vascular cells and often lie upstream of MAPK.  
 
 
Axl is a novel receptor tyrosine kinase identified in vascular smooth muscle, and its 
activation by H2O2 mediates neointima formation after vascular injury (Konishi A, 
Aizawa T, Mohan A, Korshunov VA, Berk BC. Hydrogen peroxide activates the Gas6-
Axl pathway in vascular smooth muscle cells. J Biol Chem. 2004; 279: 28766–28770).  
 
 In addition, mitochondrial function was recently found necessary for H O -induced
growth factor transactivation (Chen K, Thomas SR, Albano A, Murphy MP, Keaney JF 
Jr. Mitochondrial function is required for hydrogen peroxide-induced growth factor 
receptor transactivation and downstream signaling. J Biol Chem. 2004; 279: 35079–
35086).  

 
2 2

 

Redox-sensitive transcriptional factors including NF B, AP-1, and HIF-1  are often 
activated via MAPK to modulate changes in gene expression and cellular function. 
Phosphorylation-dependent posttranslational regulation of proteins also occurs in 
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response to H2O2. For example, others have shown that H2O2 induces PI3-Kinase/Akt-
dependent phosphorylation of eNOS, leading to a compensatory, transient increase 
in NO· production. Of note, many protein kinases are indirectly activated, 
subsequent to H2O2 inactivation of protein phosphatases. 
 
Emerging evidence has demonstrated that uniquely, H2O2 is able to amplify its 
own production in vascular cells, and this phenomenon likely contributes to its 
long-lasting pathological effects. To date, at least 5 different mechanisms potentially 
underlie self-propagation of H2O2.  
 
Earlier studies demonstrated that extra-mitochondrial H2O2 can induce mitochondrial 
DNA damage, destroying respiratory enzymes to produce electronically modified 
oxygen derivatives (Lenaz G. Role of mitochondria in oxidative stress and ageing. 
Biochim Biophys Acta. 1998; 1366: 53–67).  
 

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

 formation to induce apoptosis 
(Tampo Y, Kotamraju S, Chitambar CR, Kalivendi SV, Keszler A, Joseph J, 
Kalyanaraman B. Oxidative stress-induced iron signaling is responsible for peroxide-
dependent oxidation of dichlorodihydrofluorescein in endothelial cells: role of transferrin 
receptor-dependent iron uptake in apoptosis. Circ Res. 2003; 92: 56–63).  
 
Mitochondrial iron uptake can also be upregulated by H2O2 (Dhanasekaran A, 
Kotamraju S, Kalivendi SV, Matsunaga T, Shang T, Keszler A, Joseph J, Kalyanaraman 
B. Supplementation of endothelial cells with mitochondria-targeted antioxidants inhibit 
peroxide-induced mitochondrial iron uptake, oxidative damage, and apoptosis. J Biol 
Chem. 2004; 279: 37575–37587).  
 
Thirdly, in vascular smooth muscle and fibroblasts, NAD(P)H oxidase–
derived H2O2 is capable of feed-forwardly activating NAD(P)H oxidase 
itself (Li WG, Miller FJ Jr, Zhang HJ, Spitz DR, Oberley LW, Weintraub NL. 
H(2)O(2)-induced O(2) production by a non-phagocytic NAD(P)H oxidase causes 
oxidant injury. J Biol Chem. 2001; 276: 29251–29256).  Thus, I believe that H2O2 can 
activate more H2O2 production from endothelial cells, vascular smooth muscle cells 
and fibroblasts. 
 
In endothelial cells, H2O2 was recently found capable of upregulating 
p22phox expression (Djordjevic T, Pogrebniak A, BelAiba RS, Bonello S, Wotzlaw C, 
Acker H, Hess J, Gorlach A. The expression of the NADPH oxidase subunit p22phox is 
regulated by a redox-sensitive pathway in endothelial cells. Free Radic Biol Med. 2005; 
38: 616–630). 
 
Likewise, McNally et al recently showed that in endothelial cells, oscillatory shear 
stress activation of NAD(P)H oxidases lies upstream of xanthine oxidase–dependent 
production of H2O2.( McNally JS, Davis ME, Giddens DP, Saha A, Hwang J, Dikalov S, 
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Jo H, Harrison DG. Role of xanthine oxidoreductase and NAD(P)H oxidase in 
endothelial superoxide production in response to oscillatory shear stress. Am J Physiol 
Heart Circ Physiol. 2003; 285: H2290–H2297).  
 
Last but not least; endothelial NAD(P)H oxidase–derived H2O2 mediates agonists-
provoked tetrahydrobiopterin deficiency to induce eNOS uncoupling (Chalupsky K, 
Nguyen A, Cai H. Endothelial dihydrofolate reductase: critical for tetrahydrobiopterin-
NO bioavailability and role in angiotensin II uncoupling of eNOS. Proc Natl Acad Sci U 
S A. In press).  
 
This seems consistent with earlier findings that uncoupled eNOS lies downstream of 
vascular NAD(P)H oxidases in hypertension, and likely also, in diabetes (Hink U, Li 
H, Mollnau H, Oelze M, Matheis E, Hartmann M, Skatchkov M, Thaiss F, Stahl RA, 
Warnholtz A, Meinertz T, Griendling K, Harrison DG, Forstermann U, Munzel T. 
Mechanisms underlying endothelial dysfunction in diabetes mellitus. Circ Res. 2001; 88: 
E14–E22) (Landmesser U, Dikalov S, Price SR, McCann L, Fukai T, Holland SM, Mitch 
WE, Harrison DG. Oxidation of tetrahydrobiopterin leads to uncoupling of endothelial 
cell nitric oxide synthase in hypertension. J Clin Invest. 2003; 111: 1201–1209).  
 

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

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

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

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

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

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

In summary, recent studies may have established a critical role of H2O2 in the 
development of vascular disease, in particular atherogenesis. Uniquely, vascular 
NAD(P)H oxidase–derived H2O2 self-propagates via enhanced intracellular iron 
uptake, mitochondrion, vascular NAD(P)H oxidases, xanthine oxidase, and 
uncoupled eNOS. This phenomenon (theoretically) likely prolongs H2O2-mediated 

pathological signaling, thus contributing to vascular disease development. Initial 
activation of vascular NAD(P)H oxidases serves as the rate-limiting step for H2O2 
amplification of redox signals. 

4.4.4 Diabetes Increases CABG Complications 

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

Page 137 of 366



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

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

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

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

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

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

involves the activation of PI 3'-kinase and stimulates ERK-1- and ERK-2-dependent 
pathways. This effect of insulin may contribute to the pathogenesis and progression of 
cardiovascular disease in the insulin resistance syndrome (Insulin Generates Free 
Radicals by an NAD(P)H, Phosphatidylinositol 3'-Kinase-Dependent Mechanism in 
Human Skin Fibroblasts Ex Vivo. Giulio Ceolotto et al. Diabetes 53:1344-1351, 2004). 
 
4.4.7 Oxidized Low Density Lipoprotein (Ox-LDL) 

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

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

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

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

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

p22phox. (Laude KM, Cai H, Fink B, Hoch N, Weber DS, McCann L, Kojda G, Fukai T, 
Dikalov S, Ramasamy S, Gamez G, Griendling KK, and Harrison DG. Hemodynamic 
and biochemical adaptations to vascular smooth muscle overexpression of p22phox in 
mice. Am J Physiol Heart Circ Physiol 288: H7–H12, 2005) (Weber DS, Rocic P, Mellis 
AM, Laude KM, Lyle A, Harrison DG, and Griendling KK. Angiotensin II-induced 
hypertrophy is potentiated in mice overexpressing p22phox in vascular smooth muscle. Am 
J Physiol Heart Circ Physiol 288: H37–H42, 2005).These mice have a twofold 
increased vascular expression of p22phox and H2O2, accompanied by increased NOX-
1. Yet, despite this, the blood pressure and endothelium-dependent 
relaxation responses are intact. I believe that this discounts the idea that 
EMODs introduce or produce pathophysiologies in the intact endothelium. 

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

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

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

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

 
4.5 Miscellaneous Factors in Diabetes 
 
4.5.1 Pyruvic Acid 

Pyruvic acid, an intermediate metabolite of glucose, an effective scavenger of 
electronically modified oxygen derivatives (EMODs), inhibits tumor necrosis factor-
alpha production and NF-kappaB signaling pathways, reduces circulating levels of 
HMGB1 (high mobility group B1), decreases COX-2 (cyclo-oxygenase-2), iNOS 
(inducible nitric oxide synthase), and IL-6 (interleukin-6) mRNA expression in liver, ileal 
mucosa, and colonic mucosa in animal models with endotoxemia. These studies suggest 
that pyruvate has potent anti-oxidant and anti-inflammatory actions. Insulin 
influences the production of pyruvate by its action on glucose metabolism and 
pyruvate is an insulin secretagogue. This suggests that in metabolic syndrome X, 
obesity, hypertension, diabetes mellitus, and cancer (where insulin resistance is 
common due to enhanced TNF-? production) pyruvate plays a role. This may have 
relevance to the use of glucose-insulin-potassium regimen in these clinical conditions, 
sepsis, and cancer (Pyruvate is an endogenous anti-inflammatory and anti-oxidant 
molecule. Das UN. Med Sci Monit. 2006 Apr 25;12(5):RA79-84 [Epub ahead of print]). 

Insulin resistance is a cardinal feature of type 2 diabetes and is characteristic of a 
wide range of other clinical and experimental settings. Little is known about why insulin 
resistance occurs in so many contexts. Do the various insults that trigger insulin 
resistance act through a common mechanism? Or, as has been suggested, do they use 
distinct cellular pathways? Houstis reports a genomic analysis of two cellular models of 
insulin resistance, one induced by treatment with the cytokine tumour-necrosis factor-
alpha and the other with the glucocorticoid dexamethasone. Gene expression 
analysis suggests that electronically modified oxygen derivatives 
(EMODs) levels are increased in both models, and they confirmed this 
through measures of cellular redox state. ROS have previously been proposed 
to be involved in insulin resistance, although evidence for a causal role has been scant. 
Houstis tested this hypothesis in cell culture using six treatments designed to alter ROS 
levels, including two small molecules and four transgenes; all ameliorated insulin 
resistance to varying degrees. One of these treatments was tested in obese, insulin-
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resistant mice and was shown to improve insulin sensitivity and glucose homeostasis. 
Together, their findings suggest that increased EMOD levels are an important trigger 
for insulin resistance in numerous settings (Reactive oxygen species have a causal role 
in multiple forms of insulin resistance. Houstis N, Rosen ED, Lander ES. Nature. 2006 
Apr 13;440(7086):944-8). 

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

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

4.5.4      Dementia, Type 2 Diabetes, Vascular Disease Prevalent in Black Americans 

Date: 21 January 2005, Source: USA Today , Author: Janice Billingsley  
America’s black population has the highest incidence of Alzheimer’s of any other 
American group. This is probably due to the fact that black Americans also have a 
greater incidence of type 2 diabetes and vascular diseases such as high blood 
pressure and high cholesterol. Blacks face a 60% higher risk of type 2 diabetes than 
whites and 15% greater incidence of hypertension. The Alzheimer’s Association claims 
that hypertension or high cholesterol double the risk of Alzheimer’s disease. Studies 
show that black American’s face a 14-100% greater risk of dementia and 44% of direct 
relatives of black Alzheimer’s sufferers also face a risk of dementia. I believe that this is 
related to decreased EMOD levels and represents a part of what I call an EMOD 
insufficiency syndrome. 

The other handicap that black dementia sufferers face is a general mistrust of doctors, 
lack of health care and economic reasons. This leads to later diagnosis and hence a poorer 
outcome.  
 
4.5.5 HIV Patients Face Increased Risk of Diabetes and Dementia 
 
Date: 14 January 2005, Source: Aidsmap, Author: Edwin J. Bernard  
A study published in the Journal of AIDS reports that HIV patients who develop 
diabetes as a result are more prone to developing HIV-associated dementia also. 
Researchers state that higher fasting glucose levels are responsible for the increased risk 
of dementia and it is thus imperative that optimal blood sugar control is achieved in 
AIDS patients who have diabetes. Research results from another study found that 
diabetes produced a trebled risk of dementia in people without HIV. Unrelated 
studies report that 15% of HIV patients develop dementia and up to 30% develop some 
signs of neurological impairment. Other studies have found that the prevalence of 
diabetes was 2.11 times higher in HIV patients not taking HAART and 5.36 times higher 
in those taking HAART compared to healthy men. More research needs to be done to 
determine the mechanism by which HIV patients are more prone to dementia and 
diabetes.  
 
4.6 Risk Factors:  Steroid Use 
4.6.1 Corticosteroids:  Side Effects and Adverse Reactions 

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

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

4.6.2 High Dose Steroids May Raise Risk of Heart Attack, Stroke 

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

4.6.3 Obesity and Diabetes 
4.6.4 Obesity Linked to Decreased EMODs 

The role of inflammation and oxidative stress in the development of obesity and 
associated metabolic disorders is under debate. Galinier et al. investigated the redox 
metabolism in a non-diabetic obesity model, i.e. 11-week-old obese Zucker rats. 
Antioxidant enzyme activities, lipophilic antioxidant ( -tocopherol, coenzymes Q) and 
hydrophilic antioxidant (glutathione, vitamin C) contents and their redox state (% 
oxidized form), were studied in inguinal white fat and compared with blood and liver. 
The adipose tissues of obese animals showed a specific higher content of 
hydrophilic molecules in a lower redox state than those of lean animals, 
which were associated with lower lipophilic molecule content and lipid 
peroxidation. Conversely and as expected, glutathione content decreased and its redox 
state increased in adipose tissues of rats subjected to lipopolysaccharide-induced systemic 
oxidative stress. In these in vivo models, oxidative stress and obesity thus had 
opposite effects on adipose tissue redox state. Moreover, the increase in glutathione 
content and the decrease of its redox state by antioxidant treatment promoted in vitro the 
accumulation of triglycerides in preadipocytes. Taken together and contrary to the 
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emergent view, their results suggest that obesity is associated with an 
intracellular reduced redox state that promotes on its own the development of 
a deleterious proadipogenic process (Adipose Tissue Proadipogenic Redox Changes in 
Obesity. Anne Galinier et al. J. Biol. Chem., Vol. 281, Issue 18, 12682-12687, May 5, 
2006). This fits well with my Unified theory and my concept of an EMOD deficiency 
syndrome. 

4.6.5 Obesity, Diabetes and EMODs 
 
Obesity is now recognized as a major risk factor for many pathologies. The state of 
obesity is reportedly associated with an increase in electronically modified oxygen 
derivatives; persistent overconsumption of calories in the obese may be exposing them to 
excessive damage besides maintaining the state of obesity. It is possible that dietary 
modification and association with assumption of antioxidant and omega-3 oral integration 
contributes to a reduction in electronically modified oxygen derivative generation and a 
corresponding reduction in indexes of oxidative damage, including lipid peroxidation. 
Given this back-ground, the pro/anti-oxidant balance, biochemical parameters and the 
body composition were studied in two groups of obese women: a first group of 10 obese 
women were studied before and after eight weeks of dietary restriction and a second 
group of 12 obese women were studied before and after eight weeks of dietary restriction 
and oral administration of antioxidant and omega-3. In summary, as regards the 
preliminary results of clinical outcome parameters, interestingly enough the glycemic 
levels fall markedly in association with both dietary restriction and oral integration 
with antioxidant and omega-3. Another important finding of this study is that of 
calcium levels and phase angle (measured by impedenzometry) increase in the group 
treated with dietary restriction and oral administration of antioxidant and omega-3 
(Dietary restriction and oral administration of antioxidant and omega-3: what are the 
effects on the clinical variables in a group of obese women?] [Article in Italian] 
Rondanelli M et al. Minerva Gastroenterol Dietol. 2001 Dec;47(4):195-204). 
 
Increased production of mitochondrial electronically modified oxygen derivative 
(EMOD) by hyperglycemia is recognized by some as a major cause of the clinical 
complications associated with diabetes and obesity [Brownlee, M. (2001) Nature 414, 
813-820]. Yu observed that dynamic changes in mitochondrial morphology are 
associated with high glucose-induced overproduction of EMODs. Mitochondria undergo 
rapid fragmentation with a concomitant increase in EMOD formation after exposure to 
high glucose concentrations. Neither EMOD increase nor mitochondrial fragmentation 
was observed after incubation of cells with the nonmetabolizable stereoisomer L-glucose. 
However, inhibition of mitochondrial pyruvate uptake that blocked 
EMOD increase did not prevent mitochondrial fragmentation in high 
glucose conditions. Importantly, Yu found that mitochondrial fragmentation 
mediated by the fission process is a necessary component for high glucose-induced 
respiration increase and EMOD overproduction. Extended exposure to high glucose 
conditions, which may mimic untreated diabetic conditions, provoked a periodic and 
prolonged increase in EMOD production concomitant with mitochondrial morphology 
change. Inhibition of mitochondrial fission prevented periodic fluctuation of EMODs 
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production during high glucose exposure. These results indicate that the dynamic 
change of mitochondrial morphology in high glucose conditions contributes to 
EMOD overproduction and that mitochondrial fission/fusion machinery can be a 
previously unrecognized target to control acute and chronic production of EMODs in 
hyperglycemia-associated disorders (Increased production of reactive oxygen species in 
hyperglycemic conditions requires dynamic change of mitochondrial morphology. Yu T, 
Robotham JL, Yoon Y. Proc Natl Acad Sci U S A. 2006 Feb 21;103(8):2653-8). I 
believe that the mitochondrial fission precedes the increase EMOD production seen 
with hyperglycemia.  Thus, EMODs are the result of mitochondrial morphology 
changes and not causative of the mitochondrial changes. 

Endogenously formed electronically modified oxygen derivatives may continuously 
damage cellular constituents including DNA. These challenges, coupled with exogenous 
exposure to agents that generate electronically modified oxygen derivatives, are both 
associated with normal aging processes and linked to cardiovascular disease, cancer, 
cataract formation, and fatty liver disease. Although not all of these diseases have been 
definitively shown to originate from mutations in nuclear DNA or mitochondrial DNA, 
repair of oxidized, saturated, and ring-fragmented bases via the base excision repair 
pathway is known to be critical for maintaining genomic stability. One enzyme that 
initiates base excision repair of ring-fragmented purines and some saturated pyrimidines 
is NEIL1, a mammalian homolog to Escherichia coli endonuclease VIII. To investigate 
the organismal consequences of a deficiency in NEIL1, a knockout mouse model was 
created. In the absence of exogenous oxidative stress, neil1 knockout (neil1-/-) and 
heterozygotic (neil1+/-) mice develop severe obesity, dyslipidemia, and fatty liver 
disease and also have a tendency to develop hyperinsulinemia. In humans, this 
combination of clinical manifestations, including hypertension, is known as the metabolic 
syndrome and is estimated to affect >40 million people in the United States. Additionally, 
mitochondrial DNA from neil1-/- mice show increased levels of steady-state DNA 
damage and deletions relative to wild-type controls. These data suggest an important role 
for NEIL1 in the prevention of the diseases associated with the metabolic syndrome (The 
metabolic syndrome resulting from a knockout of the NEIL1 DNA glycosylase. 
Vartanian V, Lowell B, Minko IG, Wood TG, Ceci JD, George S, Ballinger SW, Corless 
CL, McCullough AK, Lloyd RS. Proc Natl Acad Sci U S A. 2006 Feb 7;103(6):1864-9). 
I interpret this to mean that without EMOD generation, a neill knockout mouse will 
develop metabolic syndrome.  I believe that this indicates that EMODs are not 
responsible for metabolic syndrome. 
 
Oxidative stress may be the unifying mechanism underlying the development of 
comorbidities in obesity. Evidence suggests that a clustering of sources of oxidative 
stress exists in obesity: hyperglycemia, hyperleptinemia, increased tissue lipid levels, 
inadequate antioxidant defenses, increased rates of free radical formation, 
enzymatic sources within the endothelium, and chronic inflammation. Their review 
provides a summary of the available evidence on systemic oxidative stress in humans and 
specific metabolic pathways by which obesity may elevate systemic oxidant stress. The 
authors suggest possible methods of reducing oxidative stress such as antioxidant 
supplementation, caloric restriction and/or physical activity and surgical 
intervention to combat free radicals and reduce adipose tissue. Obesity is associated 
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with oxidative stress and can be reduced with weight loss (regardless of exercise or 
surgery induced weight loss), caloric restriction or antioxidant rich diets. 
CONCLUSION: Oxidative stress levels are elevated in human obesity, and these 
levels are modifiable with various lifestyle modifications and surgical interventions 
(Biomarkers and potential mechanisms of obesity-induced oxidant stress in humans. 
Vincent HK, Taylor AG. Int J Obes (Lond). 2006 Mar;30(3):400-18). I do not believe 
that EMOD levels are causative of obesity.  If they were then exercise would result 
in increased EMOD production and increased obesity….but it does not.  Also, it has 
been shown that EMOD levels can be increased in times of starvation or caloric 
restriction. Thus, EMODs are not causative of obesity.  
 
We are witnessing an unprecedented rise in obesity and Type 2 diabetes. Disturbances in 
peripheral glucose regulation are associated with cognitive impairment and 
depressed mood, especially in older adults. Multiple mechanisms and mediators underlie 
this association including insulin, glucose, neurotropic factors, glucocorticoids, 
inflammatory agents and electronically modified oxygen derivatives. Importantly, 
prevention and even reversal of diabetes and obesity related cognitive impairment and 
depressive mood can be brought about by lifestyle modification. In particular, increasing 
physical fitness and moderating/changing food intake will have beneficial effects 
(Metabolism, mood and cognition in aging: the importance of lifestyle and dietary 
intervention. Hendrickx H, McEwen BS, Ouderaa F. Neurobiol Aging. 2005 Dec;26 
Suppl 1:1-5). 
 
4.7 Diabetes, Genetics and Identical Twins 
 
Concordance among monozygotic twins is close to 100%, and 25% of those with the 
disease have a family history of diabetes. It is also often connected to obesity, which is 
found in approximately 85% of (North American) patients diagnosed with that form of 
the disease, so some experts believe that inheriting a tendency toward obesity seems also 
to contribute. Obesity is found in approximately 85% of (North American) patients 
diagnosed with type 2 diabetes. 
 
One way of exploring the link between heredity and disease is to study families. 
Comparisons of disease incidence and characteristics can be made between identical 
twins (from one egg) and fraternal twins (from different eggs). Identical twins share the 
same genes, whereas fraternal twins share only one-half of their genes. If identical twins 
are more similar in a certain capacity than fraternal twins, a genetic component is thought 
to be involved. Differences between identical twins presumably stem from environmental 
factors.   
 
4.7.1 Polymorphisms 
 
Scientists are studying sequence variants in genes, which are akin to misspelled words. 
These misspellings, or polymorphisms, may underlie a person’s predisposition to a 
disease.  Polymorphisms also seem to partially explain why there are differences in how 
people develop diseases. Misspellings in certain genes, such as those related to energy 
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metabolism, appear to affect disease rates and severity. Researchers are now trying to 
identify and map all the polymorphisms and genes related to disease development. 
 
While identical twins begin life with the same genetic material, they have unique 
personalities and often develop different diseases over the course of their lives. An 
international team of researchers led by Mario Fraga at the Spanish National Cancer 
Centre studied 40 pairs of twins ranging in age from three to 74 years old. While younger 
twins had nearly identical genomes, older twins had accumulated small chemical changes 
on their DNA and proteins. These alterations are called epigenetic changes and they help 
cells switch genes on and off. Twins who were raised separately also had more of these 
changes than twins who grew up together. 
 
Epigenetic processes occur in all people and enable the environment to shape which 
genes are turned on and which off. These changes explain why diseases such as cancer 
and schizophrenia can strike one in a pair of identical twins. Researchers still don't 
know exactly how environmental influences like smoking, exercise, and diet cause 
epigenetic changes. 
 
Future work will examine how epigenetics affect gene expression and what genes 
influence whether a person develops diseases such as schizophrenia or cancer 
(Proceedings of the National Academy of the Sciences, July 2005). 

The findings from twin and other familial studies reveal that numerous performance 
characteristics are influenced by genetics. The genetic component is about 40-50% for 
the proportion of slow-twitch (vs. fast-twitch) muscle fibers in humans, 30-70% for heart 
size and cardiac functions, and around 25-40% for maximal oxygen consumption. 
Other characteristics that appear to have a sizable genetic component include metabolic 
rate, blood volume, flexibility, anaerobic performance and body fat distribution.  

The era of the genome has profound implications for the future of athletics. Gene therapy 
and cell therapy (including stem cell therapy) could be used to help prevent or treat 
diseases.  It’s possible that increasing oxidative capacity by drug doping could be 
replaced by gene doping. On paper, the process is relatively straightforward. In one 
technique benign viruses engineered to contain a desired gene are injected into the body 
where the gene is expressed. For example, a virus that contains a gene for erythropoietin 
(EPO) has been injected into the muscles of animals, resulting in increased hematocrit. 
While useful in treating disorders such as hemophilia, this procedure could theoretically 
be utilized as a genetic form of blood doping or of increasing oxidative capacity. Other 
genes with therapeutic potential that might be exploited to enhance oxygen consumption 
and athletic performance include numerous growth hormones that could increase muscle 
mass. Although routine in many laboratories, these techniques are still highly 
experimental, and they present many technical and ethical concerns. 
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4.7.2 Penetrance 
 
Within genes there is a property that Geneticists call "penetrance", which is the measure 
of the genes' effectiveness, or power. 
 
For an illustration lets look at Huntington's Disease, which has two alleles (varieties). 
One allele is rare and causes the person to fall victim to the disease. If someone is born 
with this allele then it is very likely that he or she will develop the disease later on in life. 
The other allele, which is much more common, prevents people from falling victim to the 
disease. This gene is 100%penetrant. 
 
The gene that causes type 1 diabetes has a penetrance of only about 30%. If one 
identical twin has the allele which causes diabetes then the other twin will have that allele 
as well. There would be a 30% chance that they would develop the disorder. 
 
The certainty of any genetic study is determined by its "significance", also called the "p 
value". The minimum p value required for a study to be scientifically accepted is .05., 
because that means it only has a 5% chance of being wrong. .04 being a 4% chance of 
being wrong. .01 thus would mean there is only a 1% chance of being wrong, and a 99% 
chance that there IS a genetic linkage. 

Contrary to the expectations of most researchers, genetics is more of a problem with type 
2 diabetes than it is with type 1. Some of the best evidence for this comes from studies of 
identical twins.  

4.7.3 Genetic Influences 

If one identical twin has type 2 diabetes, the chance of the other twin having it is 60 to 90 
percent. In contrast, if one identical twin has type 1 diabetes, the chance of the other twin 
developing it is about 50 percent, according to Alan Shuldiner, M.D., of the University of 
Maryland School of Medicine. If both of your parents have type 2 diabetes, you have 
about a 40 percent chance of getting it yourself, Dr. Shuldiner says. And if one parent has 
it you have about a 20 percent chance.  

Unlike some traits, diabetes does not seem to be inherited in a simple pattern. Yet clearly, 
some people are born more likely to get diabetes than others. Type 1 and type 2 diabetes 
have different causes.  Yet two factors are important in both.  First, you must inherit a 
predisposition to the disease. Second, something in your environment must trigger 
diabetes.  

Genes alone are not enough.  One proof of this is identical twins.  Identical twins have 
identical genes.  Yet when one twin has type 1 diabetes, the other gets the disease at most 
only half the time.  When one twin has type 2 diabetes, the other's risk is at most 3 in 4.  
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Type 1 diabetes develops more often in winter than summer and is more common in 
places with cold climates.  Another trigger might be viruses.  Type 1 diabetes is less 
common in people who were breastfed and in those who first ate solid foods at later ages.  

In many people, the development of type 1 diabetes seems to take many years.  In 
experiments that followed relatives of people with type 1 diabetes, researchers found that 
most of those who later got diabetes had certain autoantibodies in their blood for years 
before.  

(Antibodies are proteins that destroy bacteria or viruses.  Autoantibodies are antibodies 
'gone bad,' which attack the body's own tissues.)  

Type 2 diabetes tends to be fairly hereditary in contrast to Type 1 diabetes. 
Approximately 38% of siblings and one third of children of people with type 2 diabetes 
will develop diabetes or abnormal glucose metabolism at some point. The degree of 
obesity also seems to be a factor with a larger percentage of diabetes developing in those 
who are more obese. Studies with identical twins showed that 90-100% of the time when 
diabetes developed in one it would also develop in the other compared with 50% in Type 
1 Diabetes (EndocrineWeb.com).  
 
If you have two identical twins that have the same genes, if one has (Type 1) diabetes, the 
likelihood of the other having diabetes is somewhere in the range of 30 to 40 percent. It's 
very high, but it's not 100 percent, so there must be something in addition to the genes, 
something in the environment. 
 
Development of Type 2 diabetes seems to be multi-factorial...that is, there are a number 
of issues to blame. Genetic predisposition seems to be the strongest factor. Obesity and 
high caloric intake seem to be another. Twenty percent of people with this Type 2 
Diabetes have antibodies to their islet cells which are detectable in their blood resulting in 
the expected low levels of insulin, suggesting the possibility of incomplete islet cell 
destruction. 

From a recent review (Bouchard & Tremblay, 1997) of studies of identical twins, it is 
apparent that individual response to positive and negative caloric balance is 
strongly influenced by genetics. In some cases, however, even identical twins 
participating in the same tightly controlled experiments may gain or lose vastly different 
amounts of weight--suggesting that individual variability in response to a standard caloric 
surplus or deficit, controlled by feeding and/or physical activity, is not entirely 
explainable by what currently is understood about genetics (Bouchard, C. & Tremblay, 
A. (1997). Genetic influences on the response of body fat and fat distribution to positive 
and negative balances in human identical twins. Journal of Nutrition, 127, 943S-947S). 

It is not yet widely recognized that identical twins can be different when they are born 
(Scientific American (Dec. 1990), 11-2). In about 10-20% of monozygotic twins fetal 
transfusion occurs, where one twin receives more oxygen and nutrients than the 
other, and twins can differ in birth weight by a factor of two. They can also differ in 
diseases or drug effects, and have altered genes or chromosomes. This suggests that the 
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differences found between identical twins in behavioral studies may be even less due to 
the environment, and more because of genetic factors. 

Reducing sugars react with amino groups in proteins, lipids, and nucleic acids to 
produce advanced glycation end products (AGEs), including N -carboxymethyl lysine 
(CML), which have been implicated in oxidative stress and vascular damage. The aim of 
this study was to determine whether genetic factors influence serum CML levels in 
normal subjects. They performed a classical twin study of CML in healthy nondiabetic 
female twins, 39 monozygotic and 45 dizygotic pairs, aged 21–74 years. Serum CML 
levels were estimated by enzyme-linked immunosorbent assay. Additive genetic effects 
(heritability) explained 74% (95% CI 58–84) of population variance in CML. Heritability 

(%) of fasting glucose (51%) and HbA1c (62%) could not explain CML heritability, which 
was not associated with them. CML levels are, therefore, predominantly genetically 
determined and independent of genes influencing fasting glucose or HbA1c. Thus 
familial, largely genetic factors influence AGE implicating these glycoxidation 

products in the genetic contribution to macro- and microvascular disease (Level of 
an Advanced Glycated End Product Is Genetically Determined. A Study of Normal 
Twins. R. David G. Leslie et al. Diabetes 52:2441-2444, 2000). 
 
4.7.4 Obesity and Genetics 

The aim of this study was to evaluate genetic and environmental effects on plasma 
glucose, insulin secretion, and resistance in Finnish twins. Altogether 151 randomly 
selected twin pairs were examined by the oral glucose tolerance test; 66 twin pairs were 
monozygotic and 85 like-sexed dizygotic. We estimated the intraclass correlation 
coefficients and variance components of genetic and environmental effects on waist 
circumference, plasma glucose, and serum insulin. For fasting insulin, the proportion of 
total variation accounted for by additive genetic effects (A) and nonshared environmental 
effects (E) were 43 and 57%, respectively. As to postchallenge insulin and waist 

circumference, A effects were stronger in female twins (51 and 70%, respectively) than 
male twins in whom no significant evidence for genetic variance was found. Of the 
variation in fasting glucose, A and E effects accounted for 45 and 55%, respectively. Of 
the variation in postchallenge glucose, E effects had a greater role (65%), compared with 
A effects (35%); A effects on pre- and postchallenge insulin levels were highly correlated 
(genetic correlation coefficient = 0.81). In conclusion, additive genetic effects are 
important for the insulin secretion, whereas nonshared environmental effects 
contribute strongly to peripheral insulin resistance (Genetic and Environmental 
Effects on Fasting and Postchallenge Plasma Glucose and Serum Insulin Values in 
Finnish Twins. Shuichi Katoh. The Journal of Clinical Endocrinology & Metabolism 
Vol. 90, No. 5 2642-2647). 
 
In an earlier study by Poehlman et al, these issues were addressed by examining the 
adaptive response to RMR in 6 pairs of monozygotic twins following 3 weeks of aerobic 
exercise training that created a caloric deficit of 1000 kcal per day.  Average body weight 
and percentage body fat loss was 2.4 kg and 2.4 %, respectively.  Although there were 
large variations in the direction and magnitude of changes among the 6 genotypes 
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for RMR (5 pairs showing a lower RMR and 1 pair a higher RMR), of greater 
interest was the concordance of responses within twin pairs.  These results suggest 
that changes in RMR in response to exercise generating a caloric deficit state are 
genotype-dependent.  In other words, there are "high responders" and "low responders" in 
terms of the metabolic response to aerobic exercise training programs (Poehlman, E.T., 
A. Tremblay, E. Fontaine, J.P. Despres, A. Nadeau, J. Dussault, and C. Bouchard.  
Genotype dependency of the thermic effect of a meal and associated hormonal changes 
following short-term overfeeding.  Metabolism. 35:30-36, 1986).  
 
Cross-sectional studies in athletes and untrained subjects suggest that exercise training 
induces adaptations in cardiac structure and function. However, the role of genetic 
variation on the results has largely been ignored in these studies. The purpose of this 
study was to investigate the effects of long-term volitionally increased physical 
activity on electrocardiographic and echocardiographic parameters in male 
monozygotic twin pairs discordant for physical activity and fitness. On the basis of 
the mailed questionnaires, a telephone interview, and the inclusion criteria, 12 pairs of 
young adult male monozygotic twins were recruited from a Finnish twin cohort. All 
subjects completed a maximal oxygen uptake (.VO2 (max)) test and electrocardiography 
and echocardiography studies. Nine pairs had at least 9% difference in .VO2(max) and 
were selected for further analysis and for a second echocardiography study. Twins were 
divided into the more (MAG) and less active group (LAG), according to their VO2 (max). 
On average, MAG had 18% higher VO2 (max) compared with LAG. In 
electrocardiography, MAG had 29% higher Cornell voltage and 37% higher right-side 
hypertrophy index. In echocardiography, no significant differences were observed 
between the groups, and left ventricular mass index was only 7% (P = 0.16) higher in 
MAG. These results show that the volitionally increased physical activity that has led to 
an 18% increase in cardiorespiratory fitness induces greater changes in electro- than 
echocardiographic parameters. Electrocardiographic changes were suggestive of left 
ventricular hypertrophy, and echocardiography showed a similar but statistically 
nonsignificant trend (Cardiac structure and function in monozygotic twin pairs discordant 
for physical fitness. Hannukainen JC, et al. J Appl Physiol. 2005 Aug;99(2):535-41). I 
believe that this study illustrates the variations of VO2 max within identical twins.  
This may help explain variations seen in disease manifestation, even amongst 
monozygotic twins. 
 
4.8 Obesity-Related Medical Conditions 

The prevalence of various medical conditions increases with overweight and obesity for 
men and women as shown in Tables 1 and 2. 

 
Table 1. Prevalence of Medical Conditions  

by Body Mass Index (BMI) for Men 

M di l Body Mass Index
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Condition 18.5 to 
24.9 

25 to 
29.9 

30 to 
34.9 > 40

  Prevalence Ratio (%) 

Type 2 Diabetes 2.03 4.93 10.10 10.65

Coronary Heart 
Disease 8.84  9.60  16.01 13.97

High Blood 
Pressure  23.47 34.16 48.95 64.53

Osteoarthritis 2.59 4.55  4.66 10.04

Source: NHANES III, 1988 - 1994. 

Table 2. Prevalence of Medical Conditions 
by Body Mass Index (BMI) for Women 

Body Mass Index  
Medical 

Condition 18.5 to 
24.9 

25 to 
29.9 

30 to 
34.9 > 40

  Prevalence Ratio (%) 

Type 2 Diabetes 2.38 7.12  7.24  19.89

Coronary Heart 
Disease 6.87  11.13 12.56 19.22

High Blood 
Pressure  23.26 38.77 47.95 63.16

Osteoarthritis 5.22 8.51  9.94  17.19

Source: NHANES III, 1988 - 1994.  

 

4.8.1 Diabetes (Type 2) 

• As many as 90% of individuals with type 2 diabetes are reported to be overweight 
or obese.  

• Obesity has been found to be the largest environmental influence on the 
prevalence of diabetes in a population.  

• Obesity complicates the management of type 2 diabetes by increasing insulin 
resistance and glucose intolerance, which makes drug treatment for type 2 
diabetes less effective.  

• A weight loss of as little as 5% can reduce high blood sugar.  
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4.8.2 Pancreatitis 

• Obesity is a predictive factor of outcome in acute pancreatitis. Obese patients with 
acute pancreatitis are reported to develop significantly more complications, 
including respiratory failure, than non-obese.  

• Patients with severe pancreatitis have been found to have a higher body-fat 
percentage and larger waist size than patients with mild pancreatitis. 

Curiously, obese patients who have undergone bariatric surgery, 
frequently have regression of their diabetes and its comorbidity of 
atherosclerosis, hypertension and kidney disease. 

Researchers from the Hospital Sao Camilo in Brazil on 6/29/06 also said that the 
laparoscopic gastric bypass surgery eliminated high blood pressure and type 2 
diabetes for the teenage patients who had those conditions. 

"Morbid obesity is a progressive disease so the earlier the intervention whether by 
surgery or other means, the better the chances are to avoid future health problems and to 
prolong life," said Dr. Ricardo Cohen, the study's lead author. 

The study involved 42 teenagers ages 13 to 18 whose average weight fell from 260 
pounds (118 kg) before surgery to 135 pounds (61 kg) four years later. Sixteen of the 
youths with hypertension and three with type 2 diabetes were free of those diseases 
50 days after surgery. 

4.9 Obesity and Reduced EMOD Production 

The role of inflammation and oxidative stress in the development of obesity and 
associated metabolic disorders is under debate. Galinier et al investigated the redox 
metabolism in a non-diabetic obesity model, i.e. 11-week-old obese Zucker rats. 
Antioxidant enzyme activities, lipophilic antioxidant ( -tocopherol, coenzymes Q) and 
hydrophilic antioxidant (glutathione, vitamin C) contents and their redox state (% 
oxidized form), were studied in inguinal white fat and compared with blood and liver. 
The adipose tissues of obese animals showed a specific higher content of hydrophilic 

molecules in a lower redox state than those of lean animals, which were associated 
with lower lipophilic molecule content and lipid peroxidation. Conversely and as 
expected, glutathione content decreased and its redox state increased in adipose tissues of 
rats subjected to lipopolysaccharide-induced systemic oxidative stress. In these in vivo 
models, oxidative stress and obesity thus had opposite effects on adipose tissue redox 
state. Moreover, the increase in glutathione content and the decrease of its 

redox state by antioxidant treatment promoted in vitro the 
accumulation of triglycerides in preadipocytes. Taken together and contrary 

to the emergent view, Galinier et al results suggest that obesity is associated 
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with an intracellular reduced redox state that promotes on its own the 
development of a deleterious proadipogenic process (Adipose Tissue 
Proadipogenic Redox Changes in Obesity. Anne Galinier et al. J. Biol. Chem., Vol. 281, 
Issue 18, 12682-12687, May 5, 2006). I believe that this is an extremely important 
study.  It supports my Unified theory in that obesity, which is charaticized by 
inflammatory type reactions in adipocytes (associated with hypoxia) is the basis for 
the appearance of an EMOD insufficiency syndrome.  This inter-relates obesity, 
cancer, atherosclerosis, diabetes. 
 
Obesity is an important risk factor for surgical site infections. The incidence of 
surgical wound infections is directly related to tissue perfusion and oxygenation. Fat 
tissue mass expands without a concomitant increase in blood flow per cell, which might 
result in a relative hypoperfusion with decreased tissue oxygenation. Consequently, the 
authors tested the hypotheses that perioperative tissue oxygen tension is reduced in obese 
surgical patients. Furthermore, they compared the effect of supplemental oxygen 
administration on tissue oxygenation in obese and nonobese patients. METHODS: Forty-
six patients undergoing major abdominal surgery were assigned to one of two groups 
according to their body mass index: body mass index less than 30 kg/m2 (nonobese) or 
30 kg/m2 or greater (obese). Intraoperative oxygen administration was adjusted to arterial 
oxygen tensions of approximately 150 mmHg and approximately 300 mmHg in random 
order. Intraoperative subcutaneous tissue oxygen tension was significantly less in the 
obese patients at baseline (36 vs. 57 mmHg; P = 0.002) and with supplemental oxygen 
administration (47 vs. 76 mmHg; P = 0.014). Immediate postoperative tissue oxygen 
tension was also significantly less in subcutaneous tissue of the upper arm (43 vs. 54 
mmHg; P = 0.011) as well as near the incision (42 vs. 62 mmHg; P = 0.012) in obese 
patients. In contrast, tissue oxygen tension was comparable in each group on the first 
postoperative morning. CONCLUSION: Wound and tissue hypoxia were common in 
obese patients in the perioperative period and most pronounced during surgery. Even 
with supplemental oxygen tissue, oxygen tension in obese patients was reduced to 
levels that are associated with a substantial increase in infection risk (Obesity 
decreases perioperative tissue oxygenation. Kabon B, Nagele A, Reddy D, Eagon C, 
Fleshman JW, Sessler DI, Kurz A. Anesthesiology. 2004 Feb;100(2):274-80). I believe 
that this confirms the fact that oxygen levels and consequently EMOD levels are low 
in obese patients and that this is a systemic effect.  These patients are thus prone to 
develop the EMOD insufficiency diseases, such as cancer, infections, atherosclerosis 
and diabetes. 
 
Cardiac output, circulating blood volume, and resting oxygen consumption are all 
increased in obese persons; however, total blood flow is sub-normal in relation to body 
weight (Cheymol G. Drug pharmacokinetics in the obese.  Fundam Clin Pharmacol. 
1988; 2:239-56).  These simple and direct measurements show that obesity is a setup for 
infection and this situation exists in obese patients.  The lower level of EMODs is a setup 
for all of the diseases of the EMOD insufficiency syndrome. 
 
4.9.1 Obesity Driving Diabetics Epidemic 
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America's obesity epidemic is definitely driving the nation's type 2 diabetes 
epidemic, says a new study by the U.S. Centers for Disease Control and Prevention. 
While other factors play some role in the rapidly increasing number of people with 
diabetes, obesity is the major factor in the trend, said Linda S. Geiss, lead author of the 
study, published in the 4/20/06 issue of the American Journal of Preventive Medicine. 

The study, based on concrete numbers drawn from the entire country, backs up what 
experts have long believed, said Geiss, a statistician with the CDC's Division of Diabetes 
Translation. "Most incidence studies [of diabetes] have been done on samples that aren't 
representative of the United States," she said. "These [new] data are nationally 
representative. And these data certainly help make the case that obesity is a major factor 
in the diabetes epidemic. I think it adds to the evidence." 

Geiss and her research team looked at statistics from the National Health Interview 
Survey, an ongoing nationwide in-person survey of about 40,000 households. They 
zeroed in on the years 1997 to 2003 to look for trends in the incidence of diagnosed 
diabetes in adults aged 18 to 79. Each year, about 31,000 adults were asked whether a 
health professional had told them they had diabetes. Not included was gestational 
diabetes, a type that occurs during pregnancy. 

Participants were asked how old they were when their diabetes was diagnosed. The 
researchers had access to information about height and weight so they could compute the 
participants' body mass index (BMI, a ratio of height to weight). A BMI of 25 and above 
is termed overweight; 30 and higher is considered obese. 

Excess weight and inactivity are risk factors for type 2 diabetes, in which the body 
doesn't properly use the hormone insulin, which is crucial for converting sugars and 
starches in the blood into fuel for the body. The incidence of diagnosed diabetes rose 41 
percent from 1997 to 2003 among the study participants, Geiss found. 

About 20 million Americans have diabetes, although many do not yet know it, 
according to the American Diabetes Association. About two-thirds (about 166 
million) of American adults are now overweight or obese, according to the National 
Institutes of Health. In 1960, 13 percent of adults were obese, but by 2000, nearly 31 
percent were. 

Geiss wanted to determine, however, if the rise in diabetes might be due at least partially 
to better detection methods allowing for earlier diagnosis. "If we were doing a better job, 
we would be detecting it earlier and when people are healthier." But from 1997 to 2003, 
those diagnosed with diabetes were not healthier or younger. Increased detection of 
diabetes "could be part of the answer," she said, "but not the whole answer. It doesn't 
seem to be a major factor. Most of the increase in diabetes occurred in those with a BMI 
of 30 or above. In 2003, 59 percent of the newly diagnosed were at a BMI of 30 or above. 
Another 30 percent were overweight, with a BMI of 25 to under 30. All together, 89 
percent of the [new] cases were either overweight or obese." 
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The study findings will not surprise experts, said Mary Austin, a diabetes educator and a 
researcher at Henry Ford Health System in Detroit, and part of the ACCORD (Action to 
Control Cardiovascular Risk in Diabetes) study. 

"These findings are very reflective of what we see around the world," Austin said. "The 
rise in weight and obesity is being seen globally," she said, and with it, more type 2 
diabetes is being diagnosed. The oft-repeated message holds here, she said. Keep your 
weight at a healthy level and get regular, moderate exercise. Geiss added: "Recent studies 
have shown we can prevent diabetes in those with risk factors, just with moderate 
lifestyle changes. Those include cutting down on daily calories for weight loss, if 
necessary, and getting activity into each day." 

A 2006 Pew survey found that more Americans blame obesity, especially their own, 
on lack of exercise and willpower than on "the kinds of foods marketed at 
restaurants and grocery stores."  
 
4.9.2 Obesity is Associated with Reduced EMOD Levels 

The role of inflammation and oxidative stress in the development of obesity and 
associated metabolic disorders is under debate. Galinier et al. investigated the redox 
metabolism in a non-diabetic obesity model, i.e. 11-week-old obese Zucker rats. 
Antioxidant enzyme activities, lipophilic antioxidant ( -tocopherol, coenzymes Q) and 
hydrophilic antioxidant (glutathione, vitamin C) contents and their redox state (% 
oxidized form), were studied in inguinal white fat and compared with blood and liver. 
The adipose tissues of obese animals showed a specific higher content of 
hydrophilic molecules in a lower redox state than those of lean animals, which 
were associated with lower lipophilic molecule content and lipid peroxidation. 
Conversely and as expected, glutathione content decreased and its redox state increased in 
adipose tissues of rats subjected to lipopolysaccharide-induced systemic oxidative stress. 
In these in vivo models, oxidative stress and obesity thus had opposite effects on adipose 
tissue redox state. Moreover, the increase in glutathione content and the decrease of 
its redox state by antioxidant treatment promoted in vitro the accumulation of 
triglycerides in preadipocytes. Taken together and contrary to the emergent view, our 
results suggest that obesity is associated with an intracellular reduced 
redox state that promotes on its own the development of a deleterious 
proadipogenic process (Adipose Tissue Proadipogenic Redox Changes in Obesity. Anne 
Galinier et al. J. Biol. Chem., Vol. 281, Issue 18, 12682-12687, May 5, 2006). 

I believe that this is telling us that obesity is associated with decreased EMOD levels 
and thus, these patients are at an increased risk for the development of EMOD 
insufficiency syndrome diseases, such as cancer and diabetes. 

4.9.3 Molecular Link Between Obesity and Diabetes Found 

Scientists have discovered a molecular link between obesity and type 2 diabetes that 
could be a potential target for new drugs to treat the disease. They found that a protein 
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released by fat tissue in mice causes insulin resistance, a primary risk factor for 
diabetes. Elevated levels of the protein had also previously been detected in patients 
suffering from diabetes. 

“Being resistant to insulin is one of the major causes of diabetes,” said Dr Barbara Kahn 
of Beth Israel Deaconess medical Center in Boston, Massachusetts, and the lead author of 
the research published in the science journal Nature. “And in the absence of diabetes, 
insulin resistance is a major risk factor for heart disease and early mortality.” 
Insulin, which is produced by the pancreas, regulates blood sugar levels. People with 
type 1 diabetes, which accounts for 10-25 percent of cases, do not produce any 
insulin that helps glucose, or sugar, from food get into cells. 

Type 2 diabetes, the most common form of the disease, is caused by an inability to make 
enough, or to properly use, insulin. About 90 percent of diabetes sufferers have type 2, 
which is linked to being overweight or obese. About 150 million people worldwide suffer 
from diabetes and the number may double by 2025, according to the World Health 
Organization. 

The scientists found the protein, called retinol binding protein (RBP4), by studying 
mice which had been genetically engineered to over or under produce another protein 
linked to insulin resistance. They also discovered that increasing levels of RBP4 caused 
insulin resistance while decreasing levels relieved the condition. In people who are obese 
or suffer from type 2 diabetes excess amounts of RBP4 are linked to the severity of 
insulin resistance. 

“There is a rapidly increasing epidemic of obesity and type 2 diabetes in the western 
world,” said Khan. 
 
Obesity is characterised by mild inflammation, and WAT may be the main 
locus of the inflammatory state, producing cytokines, chemokines, acute-phase proteins 
and angiogenic factors. It has been suggested that inflammation in obesity is 
principally an adaptive response to hypoxia in clusters of adipocytes 
within the expanding adipose mass (The biology of obesity. Trayhurn P. Proc 
Nutr Soc. 2005 Feb;64(1):31-8). This is supportive of my Unified Theory.  Obesity is 
inflammation, which is hypoxia, which results in an EMOD deficiency state and 
allows for the manifestation of atherosclerosis, diabetes, obesity, and cancer. 

Mounting evidence highlights the role of adipose tissue in the development of a 
systemic inflammatory state that contributes to obesity-associated vasculopathy and 
cardiovascular risk (Adipose Tissue, Inflammation, and Cardiovascular Disease  
Anders H. Berg, Philipp E. Scherer. Circulation Research. 2005;96:939). 
 
The disease is associated with several serious health conditions 
including: type 2 diabetes mellitus, heart disease, high blood pressure 
and stroke. It is also linked to higher rates of certain types of cancer. 
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Obesity is a principal causative factor in the development of metabolic syndrome. 
 
I believe that increased risk of infection and of lipoma formation is indicative of 
decreased levels of EMODs in adipose tissue, especially due to hypoxic conditions in 
fat cells. 
 
4.9.4 Diabetes (Type 2) 

• As many as 90% of individuals with type 2 diabetes are reported to be overweight 
or obese.  

• Obesity has been found to be the largest environmental influence on the 
prevalence of diabetes in a population.  

• Obesity complicates the management of type 2 diabetes by increasing insulin 
resistance and glucose intolerance, which makes drug treatment for type 2 
diabetes less effective.  

• A weight loss of as little as 5% can reduce high blood sugar.  

4.9.5 Metformin 

Metformin (1,1-dimethylbiguanide) is an antihyperglycaemic drug used to normalize 
glucose concentrations in type 2 diabetes. Furthermore, antioxidant benefits have been 
reported in diabetic patients treated with metformin. This work was aimed at studying the 
scavenging capacity of this drug against electronically modified oxygen derivatives 
(EMODs) like ·OH and -free radicals. EMODs were produced by gamma radiolysis 
of water. The irradiated solutions of metformin were analyzed by UV/visible absorption 
spectrophotometry. It has been shown that hydroxyl free radicals react with metformin in 
a concentration-dependent way. The maximum scavenging activity was obtained for 
concentrations of metformin 200 µmol·L–1, under our experimental conditions. An 
estimated value of 107 L·mol–1·s–1 has been determined for the second order rate constant 
k(·OH + metformin). Superoxide free radicals and hydrogen peroxide do not initiate any 
oxidation on metformin in our in vitro experiments (Radical-induced oxidation of 
metformin. H. Khouri Eur. J. Biochem. 271, 4745-4752 (2004). I believe that this 
study shows that neither superoxide anion or hydrogen peroxide reacts with 
metformin.  Only hydroxyl radicals produced by gamma radiation reacts with 
metformin. 

Metformin, approved for the treatment of type 2 diabetes, was studied in the Diabetes 
Prevention Program Research Trial as a means to prevent the development of diabetes in 
nondiabetic persons with elevated fasting and postload plasma glucose concentrations. 
Although less successful than a lifestyle modification program, treatment with metformin 
was associated with a 2.1-kg mean weight loss and a decrease in the incidence of 
diabetes by 31% compared with placebo treatment over the average follow-up period of 
2.8 yr. Metformin may, therefore, be considered as adjunctive therapy in individuals at 
high risk for progression to diabetes. 
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Over 100 molecules are in various stages of preclinical and clinical development to treat 
obesity. 

Peter G Kopelman writes that obesity is now so common within the World's population 
that it is beginning to replace undernutrition and infectious diseases as the most 
significant contributor to ill health. Obesity causes or exacerbates a large number of 
health problems, both independently and in association with other diseases. In particular, 
obesity is associated with the development of type 2 diabetes mellitus, coronary 
heart disease, an increased incidence of certain forms of cancer, obstructive sleep 
apnea, and osteoarthritis of large and small joints.  

The Build and Blood Pressure Study has shown that the adverse effects of excess weight 
tend to be delayed, sometimes for 10 years or longer. Life insurance data and 
epidemiological studies confirm that increasing degrees of overweight and obesity are 
important predictors of decreased longevity. In the Framingham Heart Study, the risk of 
death within 26 years increased by 1% for each extra pound [0.45kg] increase in weight 
between the ages of 30 years and 42 years, and by 2% between the ages of 50 years and 
62 years.  

 
4.9.6 Oxidants Link Obesity to Diabetes 
16 Dec 2004    
 
Individuals with the metabolic syndrome are at risk of coronary heart disease, 
stroke, vascular disease, and type 2 diabetes. Although risk factors for this 
syndrome are known to include obesity, physical inactivity, and genetic factors, the 
mechanistic role of obesity is not completely understood. In the December 15 issue of the 
Journal of Clinical Investigation, Iichiro Shimomura and researchers from Osaka 
University, Japan, show that fat cells of obese mice produce increased levels of toxic 
oxygen molecules known as electronically modified oxygen derivatives (EMODs) as 
well as the enzyme NADPH oxidase. Furthermore, these cells express decreased levels 
of antioxidative enzymes that are responsible for destroying these toxic forms of oxygen. 
The effect of this oxidative stress causes changes in the production of fat-derived 
hormones known as adipocytokines.  
 
The authors found that treatment of these mice with apocynin - an antioxidant that 
inhibits NADPH oxidase - reduced EMOD production in fat cells, restored adipocytokine 
production to normal, improved diabetes, and reduced the levels of fat present in the 
blood and liver.  
 
The results suggest that accumulated fatty tissue is a major source of EMODs in 
obesity and acts as an early trigger of the metabolic syndrome. While it is too early to 
suggest that taking antioxidants may counter the development of obesity-associated 
metabolic syndrome, the steps leading to excess EMOD generation may represent a 
potentially useful therapeutic target. 
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 Oxidative stress may play critical roles in the pathogenesis of various diseases 
(Brownlee, M. 2001. Biochemistry and molecular cell biology of diabetic complications. 
Nature. 414:813-820). In the diabetic condition, oxidative stress impairs glucose uptake 
in muscle and fat and decreases insulin secretion from pancreatic ß cells. NADPH 
oxidase is the major source of EMODs in adipocytes, and that augmented NADPH 

oxidase seems to contribute to increased EMOD production in adipose tissue in obesity. 
It has been reported that in cultured vascular cells, free fatty acids increase NADPH 
oxidase activity. Plasma adiponectin levels correlated inversely with systemic oxidative 
stress.  

H2O2 production was increased only in adipose tissue of obese mice, but not in other 
tissues examined, including the liver, skeletal muscle, and aorta. These results suggest 
that adipose tissue is the major source of the elevated plasma EMODs. Oxidative stress 
allegedly is known to impair both insulin secretion by pancreatic ß cells and glucose 
transport in muscle and adipose tissue. 

Results are consistent with several previous studies demonstrating that antioxidant 
treatment improves insulin function in diabetic subjects (Jacob, S. et al. 1999. Oral 
administration of RAC-alpha-lipoic acid modulates insulin sensitivity in patients with 
type-2 diabetes mellitus: a placebo-controlled pilot trial. Free Radic. Biol. Med. 27:309-
314) (Evans, J.L., Goldfine, I.D., Maddux, B.A., and Grodsky, G.M. 2002. Oxidative 
stress and stress-activated signaling pathways: A unifying hypothesis of type 2 diabetes. 
Endocrine Rev. 23:599-622). I do not believe it. 

Recent studies, on the other hand, have proposed that EMODs such as H2O2 are 
produced transiently in response to insulin stimulation and also act as a second 
messenger for insulin signaling in adipocytes (Krieger-Brauer, H.I., and Kather, H. 
1992. Human fat cells possess a plasma membrane-bound H2O2-generating system that is 
activated by insulin via a mechanism bypassing the receptor kinase. J. Clin. Invest. 
89:1006-1013) (Krieger-Brauer, H.I., and Kather, H. 1995. Antagonistic effects of 
different members of the fibroblast and platelet-derived growth factor families on adipose 
conversion and NADPH-dependent H2O2 generation in 3T3-L1 cells. Biochem. J. 
307:549-556). 

NADPH oxidase is thought to be involved in insulin-induced EMOD generation. They 
assume that a transient increase of intracellular EMODs is important for the insulin 
signaling pathway, while excessive and long-term exposure to EMODs reduces insulin 
sensitivity and impairs glucose and lipid metabolism. 

In the present study, they observed stimulation of EMOD production by fatty acids via 
NADPH oxidase activation. In addition, they also found that EMODs suppressed the 
mRNA expressions of lipogenic genes, such as fatty acid synthase and sterol regulatory 
element binding protein-1c, in 3T3-L1 adipocytes. These results suggest that increased 
EMOD production caused by fat accumulation may prevent further lipid storage, 
but may simultaneously cause dysregulated expression of adipocytokines and insulin 
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resistance (Increased oxidative stress in obesity and its impact on metabolic syndrome. 
Shigetada Furukawa et al. J. Clin. Invest. 114:1752-1761 (2004 ). 

Over the last decade, an abundance of evidence has emerged demonstrating a close link 
between metabolism and immunity. It is now clear that obesity is associated 
with a state of chronic low-level inflammation (Inflammation, stress, and 
diabetes. Kathryn E. Wellen and Gökhan S. Hotamisligil J. Clin. Invest. 115:1111-1119 
(2005).   
 
Obesity is associated with increased macrophage infiltration of adipose tissue, and 
these macrophages may be an important component of the chronic inflammatory 
response playing a crucial role in the development of insulin resistance. 
 
5.0 HYPOXIA 
 
5.0.1 Hypoxic Injury 
 
Hypoxia- deficiency of oxygen  
Hypoxic injury-injury caused by a deficiency of oxygen.  
 
Acute hypoxic tissue injury has been extensively studied. The occlusion of a major 
coronary artery produces an array of biochemical and physiological complications. When 
a tissue is deprived of oxygen, the mitochondrial electron transport-oxidative 
phosphorylation is inhibited, resulting in a severe decline in cellular ATP levels. 
Anaerobic glycolysis is activated in an attempt to restore cellular ATP levels. Glycogen 
stores are rapidly depleted, and lactic acid concentrations increase, lowering the 
cellular pH (lactic acidosis). Hypoxic cells begin to swell as they can no longer maintain 
their normal electrolyte concentrations. The mitochondria begin to swell and 
accumulate calcium which precipitates as calcium phosphate. As the membranes swell 
they become permeable leading to the leakage of enzymes, coenzymes and other cellular 
constituents. As the pH continues to fall, the lysosomal membranes release hydrolytic 
proteases, lipases, glucosides and phosphatases that digest the cell. Amazingly, cells 
that have been exposed to short periods of hypoxia can recover without irreversible 
damage upon reperfusion with oxygen containing medium. 
 
5.0.2 Enzymes that Use Oxygen as a Substrate 
  
The electron transport system of the mitochondria accounts for 90% of the oxygen 
consumption of a cell. The remainder 10 % of the oxygen is consumed in oxygen 
requiring reactions in the body by oxidases or oxygenases. An oxidase is an enzyme 
that reduces molecular oxygen to water or hydrogen peroxide. These oxidases play 
specific roles in metabolism. An oxygenase directly incorporates oxygen into the 
molecules being oxidized. 
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A number of other risk factors for cardiovascular disease, such as hypertension, low HDL 
cholesterol, cataracts and diabetes mellitus, often coexist (clustering) with obesity 
(Wilson PW, et al.  Clustering of metabolic factors and coronary heart disease.  Arch 
Intern Med 159:  1104-1109, 1999).  I believe that the presence of the double bonded fats 
which trap EMODs, leads to an EMOD deficiency state (Howes’ EMOD insufficiency 
syndrome) and increases the risk of atherosclerosis, cancer, cataracts and diabetes. 
 
Diabetes is often detected when a person suffers a problem frequently caused by diabetes, 
such as heart attack, stroke, neuropathy, poor wound helaing or a foot ulcer, certain 
fungal infections, or delivering a baby with macrosomia or hypoglycemia. 
 
The discovery and characterization of the von Hippel Lindau (VHL) syndrome has 
brought about tremendous advances in understanding the molecular mechanisms of renal 
cell carcinoma.  VHL mutations are known to act through hypoxia inducible factor, 
which as a physiologic role in detecting hypoxia.  Recent investigations into other 
hereditary forms of kidney cancer with mutations in genes involving energy metabolism 
and oxidative changes, such a fumarate hydratase, suggest that metabolic changes related 
to hypoxia detection may be a common mechanism of tumorigenesis.  This implicates 
aberrations in the kidney’s physiologic role in detection of hypoxia in tumor formation.  
Germline mutations of genes involved in energy metabolism and oxidative perturbations 
lead to tumors in other tissues and detect hypoxia, such as head and neck paragangliomas 
that occur in the area of the carotid body.  Therefore, aberrations in physiologic detection 
of hypoxia that predispose to tumor formation may not be a mechanism unique to the 
kidney.  Furthermore, inducers of hypoxic perturbations other than germline mutations in 
metabolic genes may predispose to cancers in organs that have a physiologic role in 
detecting hypoxia.  Conditions that effectively lead to tissue hypoxia in hypoxia 
detecting tissues are one such mechanism.  They propose that some of the common 
molecular and physiologic mechanisms in heritable forms of kidney cancer, namely 
detection of hypoxia, may play a role in the genesis of sporadic kidney cancer.  They 
survey evidence suggesting that the mechanism of some recognized risk of factors of 
kidney cancer, such as smoking obesity, may be due in part to tissue hypoxia, reflecting 
physiologic detection of hypoxia gone awry (Sharifi N, Farrar Wl.  Perturbations in 
hypoxia detection:  a shared link between hereditary and sporadic tumor formation?  Med 
Hypotheses.  2006; 66(4): 732-735). 
 
5.0.3 Hypoxia Acutely Induces Glucose Intolerance 
 
 The prognostic significance of blood glucose (BG) for nondiabetic patients in a stable 
chronic phase of cardiovascular disease (CVD) has been sparsely investigated, especially 
for glucose within the normal range. In particular, it is unknown if for these patients there 
is a graded relation of mortality to glucose or if there is a lower threshold. They used the 
Framingham Heart Study 30-year data to determine 2-year all-cause, cardiovascular 
mortality (CVM), and non-CVM risk adjusted for age, sex, and typical cardiovascular 
risk factors (systolic blood pressure, total cholesterol, body mass index, cigarette 
smoking, and use of antihypertensive drugs) by levels of random whole BG for non-
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glucose-intolerant subjects (glucose intolerance includes diabetes mellitus) with existing 
CVD. There were steep graded relations of 2-year all-cause, CVM, and non-CVM to BG 
throughout the normal and subdiabetic range with no evidence of a lower threshold. Two-
year mortality continuously increased from 2.99% at the bottom of the normal range (BG 
= 60 [plasma equivalent = 67] mg/dL) to 7.23% at the top of the normal range (89 
[plasma equivalent = 100] mg/dL) (a 2.42-fold increase) and then continued to further 
continuously increase, reaching 11.38% at 119 [plasma equivalent = 133] mg/dL, the top 
of the glucose range considered (P for trend < .0001). There were analogous steep 
increases for CVM and non-CVM. CONCLUSIONS: Blood glucose, even within the 
normal range, is a strong independent predictor of 2-year all-cause, CVM, and non-
CVM in nondiabetic subjects with CVD and therefore of prognostic significance for 
these high-risk patients (Blood glucose: a strong risk factor for mortality in nondiabetic 
patients with cardiovascular disease. Port SC, Goodarzi MO, Boyle NG, Jennrich RI. Am 
Heart J. 2005 Aug;150(2):209-14).  I believe that the direct link between blood 
glucose and overall death is related to the decreased levels of oxygen seen with 
increasing blood glucose and consequent relative decreased EMOD levels. 
 
Lowering blood sugar levels could theoretically reduce the risk of coronary heart disease 
in both diabetics and non-diabetics.  Non-diabetic persons with HbA1c levels of 6% or 
higher had almost a two-fold greater heart disease risk compared to persons with an 
HbA1c level below 4.6% according to an article in Doctor’s Guide, 9/14/05. 
 
WebMD, 12/1/05 reported “Pancreatic Cancer Tied to Insulin Woes.”  Some of the men’s 
blood samples showed higher levels of blood glucose, insulin resistance, and high insulin 
levels.  Those men were more likely to later develop pancreatic cancer than those without 
insulin problems.  I believe that this supports my Unified Theory in that EMOD 
deficiency states “allows” for the manifestation of the EMOD insufficiency 
syndrome diseases (cancer, atherosclerosis, diabetes, obesity, cataracts, etc.)  Here, 
decreased levels of oxygen, from elevated levels of glucose, results in EMOD 
deficiencies and increases in cancer. 
 
Also, the Doctor’s Guide reported on 12/13/05 the diabetics face increased risk of 
colorectal cancer.  Hyperinsulinemia and hyperglycemia promote the growth of 
colorectal cancer. 
 
Results of a study in healthy men suggest a causative role for hypoxia in acutely 
increasing glucose intolerance. Elevated release of epinephrine is one factor mediating 
this effect. 
 
"Our results suggest that the presence of hypoxic diseases should be evaluated as a 
possible pathogenic factor in patients suffering from metabolic disorders such as type 2 
diabetes and metabolic syndrome," German investigators write in the June 1, 2004 
American Journal of Respiratory and Critical Care Medicine. 
 
Several studies have shown a close tie between hypoxia and the emergence of glucose 
intolerance, Dr. Kerstin M. Oltmanns and colleagues from the University of Luebeck in 
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Germany explain in the paper, but "experimental evidence of a causative role for hypoxia 
in this metabolic dysfunction is surprisingly lacking." 
 
In a double-blind, within-subject crossover study, they tested the effects of hypoxia 
versus normoxia on glucose tolerance by decreasing oxygen saturation to 75% under 
conditions of a euglycemic clamp and monitoring the rate of dextrose infusion needed to 
maintain stable blood glucose levels. 
 
They observed a significant decrease in glucose infusion rate over a period of 150 
minutes after the onset of hypoxia in conjunction with an increase in plasma epinephrine, 
heart rate and symptoms of anxiety. 
 
Of note, glucose intolerance was "closely comparable between hypoxic and 
hypoglycemic conditions despite clear differences in stress hormonal responses," Dr. 
Oltmanns and colleagues report. 
 
The authors caution that while "providing evidence of a causative role for hypoxia in 
acutely elevating glucose intolerance, it remains to be carefully considered to what extent 
their findings after acute experimental short-term hypoxia can be generalized to the 
typical pathologic conditions in which frequent hypoxic episodes are encountered over 
long periods." Am J Respir Crit Care Med 2004;169:1231-1237 
 

I believe that the early onset of CVD by ages 5-8 years, supports my position that CVD is 
not caused by an accumulation of oxidized or glycated products, as would have been 
taught by the Free Radi-Crap theory.  Also, I see a connection between the onset of 
obesity, fat cells acting as inflammed cells, cellular hypoxia, elevated blood glucose 
and a subsequent EMOD insufficiency state.  This ties Howes’ EMOD insufficiency 
syndrome together and helps explain the relationship between obesity, cancer, 
atherosclerosis and diabetes (Bogalusa heart study). 

In my e-book entitled, “Cardiovascular Disease and Oxygen Free Radical Mythology” I 
state, “Following years of intense investigation of the scientific literature, I now have 
"greater clarity and reduced uncertainty" about the impact of oxygen free radicals with 
the living/breathing cell.  The risks of unnatural EMOD (electronically modified oxygen 
derivatives) reduction, with antioxidants (scavengers, traps, quenchers, etc.), may well be 
greater than previously thought.  I believe that there exists a “tipping point” at which 
especially low EMOD levels (an insufficiency) allows for uncontrolled cellular 
proliferation.  Data from immunosuppressed patients clearly supports my view.  Thus, 
there is a need for real concern.  Double blind randomized controlled human studies 
started to indicate that the potential for antioxidant harm was a slumbering giant.  I 
believe that the behemoth has now been awakened, as indicated by increased risks for 
cancer, atherosclerosis, strokes and overall mortality.”  I believe that the “tipping 
point” may be based on chronically low levels of oxygen consumption, hypoxia and 
EMOD production.  This may explain differences in identical twins in acquiring 
CVD, diabetes, obesity, arthritis, etc.  
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Android obesity is associated with enhanced lipid peroxidation and persistent platelet 
activation. These abnormalities are driven by inflammatory triggers related to the degree 
of abdominal adiposity and are, at least in part, reversible with a successful weight-loss 
program (Platelet Activation in Obese Women. Role of Inflammation and Oxidant 
Stress. Giovanni Davì et al. JAMA. 2002;288:2008-2014).  
 
5.0.4 Lactic Acidosis 

Some of the following material was abstracted, excerpted or modified form:  Lactic 
Acidosis emedicine’s website and authored by Sat Sharma, M.D. 
 
By the turn of the 20th century, it had become apparent that patients who are critically ill 
could exhibit metabolic acidosis unaccompanied by elevation of ketones or other 
measurable anions. In 1925, Clausen identified the accumulation of lactic acid in blood as 
a cause of acid-base disorder. Several decades later, Huckabee's seminal work firmly 
established that lactic acidosis frequently accompanies severe illnesses and that tissue 
hypoperfusion underlies the pathogenesis. In their classic 1976 monograph, Cohen 
and Woods classified the causes of lactic acidosis according to the presence or 
absence of adequate tissue oxygenation. 

Type B is lactic acidosis occurring when no clinical evidence of poor tissue 
perfusion or oxygenation exists as in strenuous muscular exercise, 
diabetes mellitus and cancer.  

Congenital lactic acidosis is secondary to inborn errors of metabolism, such as defects in 
gluconeogenesis, pyruvate dehydrogenase, the tricarboxylic acid (TCA) cycle, or the 
respiratory chain. These disorders generally reflect situations in which the disposal of 
pyruvate by biosynthetic or oxidative routes is impaired. Please remember that 
pyruvate is an antioxidant and increased levels of pyruvate result in acidosis. 

Pathophysiology: The anaerobic metabolic pathway known as glycolysis is the first step 
of glucose metabolism and occurs in the cytoplasm of virtually all cells. The end-product 
of this pathway is pyruvate, which can then diffuse into the mitochondria and be 
metabolized to carbon dioxide by another, more energy-efficient metabolic pathway, the 
Krebs cycle. 
Erythrocytes, which carry O2, are capable of carrying out glycolysis; 
however, these cells do not have mitochondria and cannot use oxygen to 
produce adenosine triphosphate (ATP). 

Declines in cellular oxygen delivery lead to more oxygen extraction from the capillary 
blood. This action redistributes the cardiac output to organs according to their ability to 
recruit capillaries and also decreases the distance from the capillaries to the cells. With 
severe decreases in oxygen transport, compensatory increase in the oxygen extraction 
ratio is insufficient to sustain aerobic metabolism. Therefore, the cell must employ 
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anaerobic sources of energy to produce ATP, resulting in the generation of lactate and 
H+.  

Shock currently is conceptualized as a clinical syndrome resulting from an imbalance 
between tissue oxygen demands and tissue oxygen supply. Impaired oxygen delivery is 
the primary problem in hypovolemic, cardiogenic, distributive (septic), and 
obstructive (pericardial tamponade, tension pneumothorax) forms of shock. When 
tissue hypoxia is present, pyruvate oxidation decreases, lactate production increases, and 
ATP formation continues via glycolysis. The amount of lactate produced is believed to 
correlate with the total oxygen debt, the magnitude of hypoperfusion, and the severity of 
shock. 
 
Lactic acidosis frequently occurs during strenuous exercise in healthy 
people, bearing no consequence. However, development of lactic acidosis in 
disease states is ominous, often indicating a critical illness of recent onset. 
 
The clinical signs usually indicate tissue hypoperfusion. Severe hypotension, oliguria or 
anuria, deteriorating mental status, and tachypnea always are present when the 
cause of lactic acidosis is tissue hypoxemia. 
 
Ray Peat Ph.D. writes, “Otto Warburg established that lactic acid production even in 
the presence of oxygen is a fundamental property of cancer. It is, to a great degree, 
the lactic acid which triggers the defensive reactions of the organism, leading to tissue 
wasting from excessive glucocorticoid hormone. The cancer's production of lactic acid 
creates the same kind of internal imbalance produced by hyperventilation, and if we look 
at the physiology of hyperventilation in the light of Warburg's description of cancer, 
hyperventilation imitates cancer metabolism, by producing lactic acid "even in the 
presence of oxygen." Lactate, a supposedly benign metabolite of the cancer cells, 
which appears in all the other degenerative conditions, including obesity, diabetes, 
Alzheimer's disease, multiple sclerosis, is itself a central factor in the degenerative 
process. Darkness, like irradiation, excess lactate, and unsaturated fats, has the 
diabetes-like effect of greatly reducing the ability of muscle to absorb sugar, while 
light stimulates respiration. Free fatty acids and lactate impair glucose use, and promote 
edema, especially in the lungs. Edema in the lungs limits oxygen absorption.” I have not 
checked the validity of these statements. RMH 
 
5.0.5 Obstructive Sleep Apnea Syndrome (OSAS) 
 
In obstructive sleep apnea syndrome (OSAS), repetitive episodes of apnea cause 
increased sympathetic nerve activity, increased surges in arterial blood pressure, swings 
in intrathoracic pressure, oxidative stress, hypoxia and hypercapnia. The association 
of OSAS with some diseases, having endothelial dysfunction in their 
physiopathology, such as hypertension, diabetes mellitus, obesity, 
coronary artery diseases, stroke and heart failure is common. Increased 
sympathetic nerve activity and also endothelial dysfunction which are the results of 
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hypoxia, have important roles in vascular complications of OSAS. When compared with 
healthy population, an important endothelial dysfunction in OSAS patients and 
relationship between OSAS severity and endothelial dysfunction have been shown. 
(Dursunoglu N, Dursunoglu D. [Obstructive sleep apnea syndrome, endothelial 
dysfunction and coronary atherosclerosis] [Article in Turkish] Tuberk Toraks. 
2005;53(3):299-306). 
 
A growing body of epidemiological evidence supports an association between short 
sleep duration and the risk for obesity and diabetes. Chronic sleep loss may also be 
the consequence of pathological conditions such as sleep-disordered breathing. In this 
increasingly prevalent syndrome, a feedforward cascade of negative events generated by 
sleep loss, sleep fragmentation, and hypoxia are likely to exacerbate the severity of 
metabolic disturbances. In conclusion, chronic sleep loss, behavioral or sleep disorder 
related, may represent a novel risk factor for weight gain, insulin resistance, and 
Type 2 diabetes (Spiegel K, Knutson K, Leproult R, Tasali E, Van Cauter E. Sleep loss: 
a novel risk factor for insulin resistance and Type 2 diabetes. J Appl Physiol. 2005 
Nov;99(5):2008-19). I believe that this represents a loss of stage 4 mitochondrial 
respiration in sleep and a deficiency of EMODs, which “allows” for the development 
of diabetes, atherosclerosis, cancer, etc. 
 
Obesity is a strong risk factor for sleep apnea, and there are some data to suggest 
sleep apnea may influence obesity. Obstructive sleep apnea, a syndrome leading to 
recurrent intermittent hypoxia (IH), has been associated previously with 
hypercholesterolemia, independent of underlying obesity.  
 
(Intermittent hypoxia induces hyperlipidemia in lean mice. Li J, Thorne LN, 
Punjabi NM, Sun CK, Schwartz AR, Smith PL, Marino RL, Rodriguez A, Hubbard WC, 
O'Donnell CP, Polotsky VY. Circ Res. 2005 Sep 30;97(7):698-706). I believe that this is 
part of my “EMOD insufficiency syndrome” which is associated with high rates of 
development of atherosclerosis, cancer, diabetes and obesity. 
 
Obstructive sleep apnea (OSA), a condition tightly linked to obesity, leads to chronic 
intermittent hypoxia (CIH) during sleep. There is emerging evidence that OSA is 
independently associated with insulin resistance and fatty liver disease, suggesting 
that OSA may affect hepatic lipid metabolism. (Chronic intermittent hypoxia upregulates 
genes of lipid biosynthesis in obese mice. Li J, Grigoryev DN, Ye SQ, Thorne L, 
Schwartz AR, Smith PL, O'Donnell CP, Polotsky VY. J Appl Physiol. 2005 
Nov;99(5):1643-8). I believe that this shows the relationship between obesity, 
diabetes and hypoxia. 
 
The studies by Grebe et al. and Barceló et al. were unable to establish any 
relationship between vascular antioxidant status and/or function with 
apnoea/hypopnoea index or measures of hypoxemia (Grebe M, Eisele H-J, Weissmann 
N, et al. Antioxidant vitamin C improves endothelial function in obstructive sleep apnea. 
Am J Respir Crit Care Med 2006;Epub ahead of print PMID: 16439717) (Barceló A, 
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Barbé F, de la Peña M, et al. Antioxidant status in patients with sleep apnoea and impact 
of continuous positive airway pressure treatment. Eur Respir J 2006;27:756–760).  

Conclusion:  Otherwise healthy OSA patients, without any other co-morbidities, do not 
manifest evidence for higher oxidative stress and lipid peroxidation. Thus, oxidative 
stress and lipid peroxidation do not appear to be key mediators of 
increased cardiovascular disease in OSA patients (Oxidative stress in 
obstructive sleep apnoea. Anna Svatikova, Robert Wolk, Lilach O. Lerman, Luis A. 
Juncos, Eddie L. Greene, Joseph P. McConnell and Virend K. Somers. European Heart 
Journal. 2005. Vol. 26. No. 22. pp 2435-2439).  

 
5.0.6 Hypoxia and Insulin Secretion 
 
It has been reported that insulin secretion decreases during hypoxia both in vitro and in 
vivo, while an increase in glucagon secretion is found only in vivo. The effect of acute 
hypoxia on the secretion of glucagon and insulin was studied in the perfused rat pancreas. 
Phentolamine, an alpha-adrenergic blocker, was perfused during the period of hypoxia to 
elucidate the role of alpha-adrenergic stimulation. Sodium ATP and dibutyryl cAMP 
were also administered to study their effects on insulin and glucagon responses during 
hypoxia. In Narimiya‘s experiments, insulin secretion was suppressed while 
glucagon secretion was increased during hypoxia. Phentolamine did not cause 
any change in insulin of glucagon secretion. When dibutyryl cAMP was added, the 
increased glucagon secretion was reduced to the basal level, whereas the decreases in 
insulin secretion were not altered. The addition of sodium ATP reversed the hypoxia-
induced decrease in insulin and the increase in glucagon secretion. These results suggest 
that a decrease in ATP production, which leads to impaired cAMP generation, pays a role 
in, and that alpha-adrenergic stimulation does not participate in the changes in, insulin 
and glucagon secretion during hypoxia in vitro (The effect of hypoxia on insulin and 
glucagon secretion in the perfused pancreas of the rat. Narimiya M, Yamada H, Matsuba 
I, Ikeda YU, Tanese T, Abe M. Endocrinology. 1982 Sep;111(3):1010-4). I believe that 
this clearly demonstrates an oxygen dependence for proper islet functioning and 
insulin secretion. Hypoxia suppresses insulin secretion, which could be happening in 
diabetes. Thus, hypoxia decreases insulin secretion and EMOD levels. 
 
The effect of pO2s reduced below physiological levels on GSIR by isolated islets of 
Langerhans was investigated with a microperifusion apparatus that provided control of 
pO2 and rapid dynamic response. Second-phase insulin secretion was reduced 
substantially by hypoxia. The response to lower pO2 was rapid and reversible. 
Although the steady, normoxic (pO2 = 142 mmHg) second-phase secretion rate varied 
widely from one islet preparation to another, the ratio of Sx to S142 for each preparation 
could be represented by a single curve that exhibited a continuous reduction with 
decreasing pO2. For rat islets perifused 1 day after isolation, the secretion rate was nearly 
100% of the normoxic value at a pO2 of 60 mmHg, 50% at 27 mmHg (P50, the pO2 at 
which the S142 is reduced by 50%), and approximately 2% at 5 mmHg. Oxygen 
sensitivity of second-phase secretion rate declined after 1 wk of in vitro culture: P50 was 
13 mmHg after 1 wk and remained at 10 mmHg after 2-5 wk of culture. Canine islets 
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exhibited a P50 of 16 mmHg after 1 wk of culture. The reduction in insulin secretion is 
thought to be associated with the existence of pO2 gradients outside and inside the 
isolated islets, resulting in exposure of islet cells to low pO2 levels that decrease radially 
from the periphery to the core. We hypothesize that the effect of low pO2 on S is 
manifested through depletion of the energy stores of the beta-cells. The effect of hypoxia 
on S may be an important factor in some in vitro secretion studies and may play a critical 
role in the effectiveness of transplanted islets before their revascularization and of 
immunoisolated islet implantation devices (Effect of hypoxia on insulin secretion by 
isolated rat and canine islets of Langerhans. Dionne KE, Colton CK, Yarmush ML. 
Diabetes. 1993 Jan;42(1):12-21). I believe that it is possible that the effects of hypoxia 
on insulin secretion have been basically overlooked.  A lack of oxygen may be causal 
of diabetes as opposed to the oxidation hypothesis. 
 
One approach to insulin replacement therapy is transplantation of islets of Langerhans 
immunoisolated from host tissue by a semipermeable membrane. In this state, islets 
depend on diffusion of nutrients and wastes to and from the beta-cell to provide a suitable 
environment for survival and secretion. A perifusion system was constructed to test 
glucose-stimulated (100-300 mg/100 ml) insulin secretion from whole islets, or small (5-
10 cell) aggregates, under controlled pO2. First phase insulin secretion from adult rat 
islets was unaffected by hypoxic levels of pO2, but second phase secretion was rapidly 
reduced at pO2 levels below 60 mmHg in the bulk media. Secretion from single-cell 
aggregates was unaffected until pO2 levels dropped to 12 mmHg, at which point 
secretion progressively decreased with falling pO2. A theoretical reaction/diffusion 
model was developed to correlate intraislet pO2with reduced insulin secretion. Oxygen 
limited secretion was reversible, and not a result of decreased cell viability. Insulin 
secretion is more sensitive to hypoxia than is cell viability, in part because O2 uptake 
increases with glucose stimulation. These results indicate that O2 may be the 
limiting factor in the ability of immunoisolated islets to respond to blood glucose 
changes. They conclude that maintenance of a sufficiently high islet pO2 for maximal 
insulin secretion may be an important issue for graft design and implant site selection 
(Effect of oxygen on isolated pancreatic tissue. Dionne KE, Colton CK, Yarmush ML. 
ASAIO Trans. 1989 Jul-Sep;35(3):739-41). 
 
The effects of lowered O2 tension on insulin secretion and changes in cellular energy 
parameters were investigated in isolated rat pancreatic islets perifused with buffers 
equilibrated with 21, 9, 5, and 1% oxygen and containing 5 mM glucose. Decreasing the 
external [O2] reduced the amount of insulin released in response to 16 mM glucose, 
20 mM alpha-ketoisocaproic acid, and 40 mM KCl. Secretion elicited by high glucose or 
KCl had declined significantly at 9% oxygen, whereas that caused by alpha-
ketoisocaproic acid became inhibited below 5% O2. Lowering the oxygen tension also 
decreased the ability of islets to respond with a rise in [ATP]/[ADP] upon stimulation 
with metabolic secretagogues (Oxygen and temperature dependence of stimulated 
insulin secretion in isolated rat islets of Langerhans. Ohta M, Nelson D, Nelson J, 
Meglasson MD, Erecinska M. J Biol Chem. 1990 Oct 15;265(29):17525-32). 
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They have investigated the rates of glucose consumption, lactate production and insulin 
secretion by mouse insulinoma beta TC3 cells exposed to high glucose and oxygen 
concentrations in the range of 132 mmHg (normoxia) to 0 mmHg (anoxia). The rates of 
glucose consumption and lactate production, and the yield of lactate on glucose were 6.4 
+/- 0.2 nmol/h - 10(5) cells, 7.7 +/- 0.5 nmol/h - 10(5) cells, and 1.2 +/- 0.1 respectively, 
at oxygen concentrations between 132-25 mmHg. These values increased gradually as the 
oxygen concentration was reduced below 25 mmHg, reaching a maximum value of 12.8 
+/- 0.4, 23.8 +/- 1.1, 1.9 +/- 0.1 respectively, at complete anoxia. Insulin secretion 
remained constant at 360 +/- 24 pmol/h - 10(8) cells at oxygen concentrations 
between 132-7 mmHg, but was inhibited at lower oxygen concentrations, dropping 
to 96 +/- 24 pmol/h - 10(8) cells at 0 mmHg. The rate of insulin secretion in the 
presence of high glucose under anoxia was significantly higher than the rate of basal 
secretion at normoxia. The secretory properties of beta TC3 cells at low oxygen 
concentrations may have implications in the development of a diffusion-based 
bioartificial tissue constructs for the long-term treatment of Insulin Dependent Diabetes 
Mellitus (Effects of oxygen on metabolic and secretory activities of beta TC3 cells. Papas 
KK, Long RC Jr, Constantinidis I, Sambanis A. Biochim Biophys Acta. 1996 Oct 
24;1291(2):163-6). 
 
The role of beta-cell metabolism for generation of oscillatory insulin release was 
investigated by simultaneous measurements of oxygen tension (pO2) and insulin release 
from individual islets of Langerhans. The magnitude of glucose-induced change in p 
O2 varied between islets but was positively correlated to the amount of insulin 
released. When 1 mmol/l tolbutamide was added to the perifusion medium containing 11 
mmol/l glucose no change in average oscillatory pO2 was observed despite a doubling in 
the secretory rate. When 8 mmol/l 3-oxymethyl glucose was added to perifusion medium 
containing 3 mmol/l D-glucose, neither pO2 nor insulin release of the islets were 
changed. Temporal analysis of oscillations in pO2 and insulin release revealed that 
maximum respiration correlated to maximum or close to maximum insulin release. 
CONCLUSION: The temporal relation between oscillations in pO2 and insulin release 
supports a role for metabolic oscillations in the generation of pulsatile insulin release 
(Oscillations in oxygen tension and insulin release of individual pancreatic ob/ob mouse 
islets. Ortsater H, Liss P, Lund PE, Akerman KE, Bergsten P. Diabetologia. 2000 
Oct;43(10):1313-8). 

Normally, pancreatic islets have a dense glomerular-like capillary network in which 
the capillaries course through the islet in a tortuous fashion that is ideal for the 
delivery of oxygen and nutrients to the islet cells and for the dispersal of the secreted 
hormones to the target organs. This pancreatic islet angioarchitecture entails a blood 
perfusion of the pancreatic islets that is 10 times higher than that in the exocrine pancreas 

and similar to that seen in the renal cortex. They syngeneically transplanted islets to three 

different implantation sites of diabetic and nondiabetic rats, then 9–12 weeks later they 
measured the blood perfusion and compared the tissue partial pressure of oxygen (PO2) 
levels of these transplanted islets to endogenous islets. There were no differences in 
islet graft blood perfusion between diabetic and nondiabetic recipients. Within native 
pancreatic islets, the mean PO2 was 40 mmHg; however, all transplanted islets had a 
mean PO2 of 5 mmHg. The oxygen tension of the grafts did not differ among the 
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implantation sites. In diabetic recipients, an even lower PO2 level was recorded in the 
islet transplants. They conclude that the choice of implantation site seems less important 
than intrinsic properties of the transplanted islets with regard to the degree of 
revascularization and concomitant blood perfusion. Furthermore, the mean PO2 level in 
islets implanted to the kidney, liver, and spleen was markedly decreased at all three 
implantation sites when compared with native islets, especially in diabetic recipients. 
These results are suggestive of an insufficient oxygenization of revascularized 
transplanted islets, irrespective of the implantation site (Markedly Decreased Oxygen 
Tension in Transplanted Rat Pancreatic Islets Irrespective of the Implantation Site  
Per-Ola Carlsson, Fredrik Palm, Arne Andersson, and Per Liss. Diabetes 50:489-495, 
2001). Obviously, oxygen levels are integrally directly related to islet function. 
 
Tissues of DM discharge more lactate than healthy people. As lactate is only a 
metabolite of glycolysis it is sure that tissues of diabetics undergo severe oxygen 
debt.  
 
Debility is shared by all diabetics. This symptom is observed even after sugar level is 
normalized, which implicates DM is about more than so called insulin resistance. This 
also implicates diabetics couldn’t generate lasting amount of energy. When oxygen is in 
debt, cells have no way to generate adequate lasting amounts of energy. 
 
5.0.7     The HIF Pathway and Metabolism:  Implications in Obesity and Diabetes 

Obesity has become a world-wide epidemic and is associated with more than 30 human 
diseases including type 2 diabetes, cardiovascular disease, and cancer. Adipose tissue 
plays a critical role in the development of obesity and other metabolic syndromes. The 
HIF pathway plays a key role in energy metabolism. In addition to O2 deficiency, insulin 
receptor signaling can induce the accumulation of the HIF-1 protein. HIF-1 enhances the 
transcription of many key genes involved in glucose metabolism and angiogenesis. These 
two critical functions predict an essential role for HIF-1 in adipose tissue functions 
because adipose tissue is the main energy depot and can grow very rapidly to 
accommodate excessive amounts of energy. However, the biological functions of HIF-1 
in adipocytes have not been well studied. Goldstein et al were the first to investigate the 
mechanisms by which HIF-1 regulates the adipogenic differentiation. Goldstein et al have 
found that HIF-1 is both necessary and sufficient to inhibit the adipogenic differentiation 
of preadipocytes. Mechanistically, PPAy2 transcription is repressed by the HIF-1 target 
gene DEC1/Stra13. Furthermore, hypoxia arrests preadipocytes in their stem/precursor 
state. We have generated a genetic mouse model to test the hypothesis that HIF plays an 
important role in the development and functions of adipose tissue, as well as in the 
pathogenesis of obesity and type 2 diabetes. In addition, Goldstein et al are also 
investigating the role of HIF in the regulation of muscle cell differentiation and metabolic 
functions of myocytes.  
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5.1  Insulin Genertes H2O2 in Adipocytes 
 
For more than 30 years, it has been known that insulin elicits the generation of hydrogen 
peroxide (H2O2) in mature adipocytes (Goldstein BJ, Mahadev K, Wu X, Antioxid 
Redox Signal 2005 in press).  Thus, I ask, “Does insulin resistance or lower amounts of 
insulin generated, result in generation of less H2O2?” 
 
More recently, it has been shown that insulin stimulation of adipose and hepatoma 
cells leads to the rapid generation of a burst of cellular H2O2 that is associated with 
enhanced early as well as distal activation of the insulin signal transduction pathway. 
High glucose levels, especially when chronic, cause a rise in cellular electronically 
modified oxygen derivatives (EMODs) (Brownlee M. Biochemistry and molecular cell 
biology of diabetic complications. Nature. 2001;414:813-820). 
 
In constrast to insulin-induced EMODs, which involves an NADPH oxidase mechanism, 
the oxidative signal resulting from hyperglycemia has been shown to be derived form 
mitochondrial glycolytic metabolism.  
 
Insulin signal transduction in adipocytes is accompanied by a burst of cellular 
hydrogen peroxide.  Peroxide facilitates insulin signaling by inhibiting thiol-dependent 
protein-tyrosine phosphatases (PTPs) that are negative regulators of insulin action. 
 
5.2 Cataract and Diabetic Retinopathy 

Diabetes mellitus occurs because of lack of insulin or due to the presence of factors that 
oppose the action of insulin. The end result is an increase in the blood glucose 
concentration (hyperglycaemia). Occular problems in diabetes usually affect people 
who have long-standing and uncontrolled diabetes mellitus. The common 
complications are cataract and diabetic retinopathy.  

Cataracts usually occur at about 60 years of age but in diabetics, it could appear at 
a much younger age.  

Diabetic retinopathy is essentially a disease process, which affects the blood vessels of 
the retina. The longer the duration of diabetes, the greater the incidence of diabetic 
retinopathy. Blindness due to this is a major cause of irreversible blindness in old age.  

The pathological changes in diabetes lead to lack of blood supply or 
ischemia of the retina and hypoxia (lack of oxygen) or retinal tissues. 
Long-standing hypoxia leads to formation of new blood vessels. These are fragile and 
bleed easily. Excessive bleeding in the eye leads to vitreous haemorrhage and loss of 
vision. 

Rods and cones require an enormous amount of energy for their very high 
metabolism required in functioning, maintenance, and repair. In addition, because of 
phototoxicity damage, the rods and cones must completely replace themselves 
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approximately every seven days or so. It is said that the retina has the highest 
requirement for oxygen of any tissue in the body.  

5.2.1 Retinoblastoma 

Accordig to the free radical theory, the retina should have the highest incidence of cancer 
and atherosclerosis, due to it having the hi8ghest oxygen ultilization in the body.  
However, this is not the case.  The following are figures for the American Cancer Society 
for 2006: 

Only about 4 out of every million children under age 15, or about 250 children, are 
diagnosed with retinoblastoma each year in the United States. This means that it is 
very rare.  

The rate is higher in infants and very young children and lower in older children. This is 
counterintuitive to the free radical theory and the rate of cancer should increase 
with age.  The highest rate is found in infants. It is extremely rare in children older than 
14.  About 60% to 75% of children with retinoblastoma have a tumor in only one eye. In 
about 25% to 40% of cases, both eyes are affected. When both eyes are affected, it is 
always caused by a gene mutation present at birth. (It is not caused by oxygen 
utilization or accumulation of products of oxidation.) 

Retinoblastoma occurs equally in boys and girls. In the United States, retinoblastoma 
occurs equally in all races. It also occurs equally in the right or left eye.  

5.2.2 EMODs Not Causative of Diabetic Cataracts 

There is strong evidence to show that diabetes is associated with increased oxidative 
stress. However, the source of this oxidative stress remains unclear. Using transgenic 
mice that overexpress aldose reductase (AR) in their lenses, Lee found that the flux of 
glucose through the polyol pathway is the major cause of hyperglycemic oxidative stress 
in this tissue. The substantial decrease in the level of reduced glutathione (GSH) with 
concomitant rise in the level of lipid peroxidation product malondialdehyde (MDA) in the 
lens of transgenic mice, but not in the nontransgenic mice, suggests that glucose 
autoxidation and nonenzymatic glycation do not contribute significantly to oxidative 
stress in diabetic lenses. AR reduction of glucose to sorbitol probably contributes to 
oxidative stress by depleting its cofactor NADPH, which is also required for the 
regeneration of GSH. Sorbitol dehydrogenase, the second enzyme in the polyol pathway 
that converts sorbitol to fructose, also contributes to oxidative stress, most likely because 
depletion of its cofactor NAD+ leads to more glucose being channeled through the polyol 

pathway. Despite a more than 100% increase of MDA, oxidative stress 
plays only a minor role in the development of cataract in this acute 
diabetic cataract model. However, chronic oxidative stress generated by the polyol 
pathway is likely to be an important contributing factor in the slow-developing diabetic 
cataract as well as in the development of other diabetic complications (Contributions of 
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polyol pathway to oxidative stress in diabetic cataract. Alan Y. W. Lee and Stephen S. M. 
Chung. The FASEB Journal. 1999;13:23-30). 
 
The tendency of tissues to remedy a need of oxygen is a fundamental need of all 
living tissues.  Through eons of time, nature has developed many means to repair 
wounds or the need for more oxygen.   

Failures of the retinal circulation lead to tissue hypoxia that underlies 
the vasoproliferation in diabetic retinopathy and retinopathy of prematurity. 
Choroidal blood flow is not regulated metabolically, so systemic hypoxia and 

elevated intraocular pressure lead to decreases in choroidal PO2 and photoreceptor 
O2 consumption. The same lack of regulation allows choroidal PO2 to increase 
dramatically during hyperoxia, offering the potential for O2 to be used therapeutically in 

retinal vascular occlusive diseases and retinal detachment (Retinal Oxygen: Fundamental 
and Clinical Aspects. Wangsa-Wirawan and Linsenmeier. Arch Ophthalmol 
2003;121:547-557). 

5.3 Gestational Diabetes Mellitus (GDM) 
5.4 General Information 
5.4.1 Diabetes in the Pregnant Woman (Gestational Diabetes) 

An estimated 5% of pregnant women develop a form of type 2 diabetes, usually 
temporary, in their third trimester called gestational diabetes. Gestational diabetes is 
a diabetic condition (nearly always temporary) that develops during the third trimester. 
After delivery, blood glucose levels generally return to normal, although between 
one-third and one-half of these women develop type 2 diabetes within 10 years. 
Estimates for the prevalence of gestational diabetes are generally about 4%. Some 
studies, however, have suggested significantly higher rates. In one German study, 13% of 
pregnant women were diagnosed with this form of diabetes, including many who did not 
have any risk factors.  

Risk factors include the following: 

Weight gain (11 to 22 pounds) during early adulthood.  
Family history of diabetes.  
Smoking.  
Belonging to African American, Hispanic, or Asian ethnic groups.  
Gaining weight before getting pregnant.  
Being an older mother 

Effect of Diabetes on the Fetus. Because glucose crosses the placenta, a woman with 
diabetes can pass high levels of blood glucose to the fetus. In response, the fetus secretes 
high level of insulin. Studies indicate that such conditions may effect the developing fetus 
as soon as it is conceived, placing the unborn child at risk for the following: 
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Birth defects. (It should be noted that the risk is significant only in women who had 
diabetes before they became pregnant. A 2002 study reported no excess risk for 
infant malformations in women with gestational diabetes.)  

Excessive growth of the fetus.  
Delayed lung development.  
Possibly a higher risk for future diabetes and obesity in the child.  

Effect of Diabetes on the Pregnant Woman. In addition to endangering the fetus, diabetes 
also presents risks to the pregnant woman. In most cases, increases in glucose levels can 
be managed with diet and exercise. Aerobic exercise before and during pregnancy may 
lower glucose levels and may be protective for women at risk or who have gestational 
diabetes. I believe that exercise works because it increases EMOD levels. 

5.4.2 What is Gestational Diabetes? 

Gestational diabetes is a condition in which the glucose level is elevated and other 
diabetic symptoms appear during pregnancy in a woman who has not previously been 
diagnosed with diabetes. All diabetic symptoms disappear following delivery. 

Unlike type 1 diabetes, gestational diabetes is not caused by a lack of insulin, but by 
blocking effects of other hormones on the insulin that is produced, a condition referred to 
as insulin resistance. 

Approximately 3 to 5 percent of all pregnant women in the United States are diagnosed 
with gestational diabetes (figures vary). 

Although the cause of gestational diabetes is not known, there are some theories as to 
why the condition occurs. 

The placenta supplies a growing fetus with nutrients and water, as well as produces a 
variety of hormones to maintain the pregnancy. Some of these hormones (estrogen, 
cortisol, and human placental lactogen) can have a blocking effect on insulin. This is 
called contra-insulin effect, which usually begins about 20 to 24 weeks into the 
pregnancy. 

As the placenta grows, more of these hormones are produced, and insulin resistance 
becomes greater. Normally, the pancreas is able to make additional insulin to overcome 
insulin resistance, but when the production of insulin is not enough to overcome the 
effect of the placental hormones, gestational diabetes results. 

I believe that a contributing factor is the fact that the pregnant female treats the 
developing fetus like a neoplastic growth and consequently lowers EMOD levels to 
prevent apoptosis and to encourage cellular proliferation.  The lowered EMODs 
allow for the development of the EMOD insufficiency syndrome diseases, such as 
cancer, atherosclerosis, diatetes, obesity and cataracts (and possibly arthritis).  
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In the post delivery phase, many of these EMOD insufficiency diseases actually 
spontaneously regress as EMOD levels return to normal. 

5.4.3 What are the Risk Factors Associated with Gestational Diabetes? 

Although any woman can develop gestational diabetes during pregnancy, some of the 
factors that may increase the risk include the following: 

• obesity  

• family history of diabetes  

• having given birth previously to a very large infant, a still birth, or a child with a 
birth defect  

• having too much amniotic fluid (polyhydramnios)  

• age 
Women who are older than 25 are at a greater risk for developing gestational diabetes 
than younger women.  

Gestational diabetes is more of a puzzle.  Women who get diabetes while they are 
pregnant are more likely to have a family history of diabetes, especially on their mothers' 
side.  But as in other forms of diabetes, nongenetic factors play a role.  Older mothers and 
overweight women are more likely to get gestational diabetes.  

Although increased glucose in the urine is often included in the list of risk factors, it is 
not believed to be a reliable indicator for gestational diabetes. 

5.4.4 How is Gestational Diabetes Diagnosed? 

Gestational diabetes maybe diagnosed with a 50 gram glucose screening test, which 
involves drinking a glucose drink followed by measurement of blood sugar levels after 
one hour. 

If this test shows a blood sugar level of greater than 140 mg/dL, a three-hour glucose 
tolerance test may be performed after a few days of following a special diet. If results of 
the second test are in the abnormal range, gestational diabetes is diagnosed. 

5.4.5 Possible Complications for the Baby 

Unlike type 1 diabetes, gestational diabetes generally does not cause birth defects. Birth 
defects usually originate sometime during the first trimester (before the 13th week) of 
pregnancy. But, the insulin resistance from the contra-insulin hormones produced by 
the placenta does not usually occur until approximately the 24th week. Women with 
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gestational diabetes generally have normal blood sugar levels during the critical first 
trimester. 

The complications of gestational diabetes are usually manageable and preventable. The 
key to prevention is careful control of blood sugar levels just as soon as the diagnosis of 
gestational diabetes is made. 

Infants of mothers with gestational diabetes are vulnerable to several chemical 
imbalances, such as low serum calcium and low serum magnesium levels, but, in general, 
there are two major problems of gestational diabetes: macrosomia and hypoglycemia. 

• macrosomia 
Macrosomia refers to a baby that is considerably larger than normal. All of the 
nutrients the fetus receives come directly from the mother's blood. If the maternal 
blood has too much glucose, the pancreas of the fetus senses the high glucose levels 
and produces more insulin in an attempt to use this glucose. The fetus converts the 
extra glucose to fat. Even when the mother has gestational diabetes, the fetus is able 
to produce all the insulin it needs. The combination of high blood glucose levels from 
the mother and high insulin levels in the fetus results in large deposits of fat which 
causes the fetus to grow excessively large. 

• hypoglycemia 
Hypoglycemia refers to low blood sugar in the baby immediately after delivery. This 
problem occurs if the mother's blood sugar levels have been consistently high, 
causing the fetus to have a high level of insulin in its circulation. After delivery, the 
baby continues to have a high insulin level, but it no longer has the high level of sugar 
from its mother, resulting in the newborn's blood sugar level becoming very low. The 
baby's blood sugar level is checked after birth, and if the level is too low, it may be 
necessary to give the baby glucose intravenously.  

5.4.6 Exercise for Gestational Diabetes 

Exercise may assist in the control of blood glucose levels in diabetic women who become 
pregnant and in women who develop gestational diabetes. Some gestational diabetics are 
able to control their blood glucose without the use of insulin. Contracting muscles can 
take up approximately 35 percent more glucose than inactive muscles. Because many 
women who develop gestational diabetes have been sedentary before becoming pregnant 
they may be at greater risk of injury because of poor physical conditioning. Exercise 
programs should be carefully monitored by the health care provider, and any untoward 
symptoms reported promptly. (The Physician and Sportsmedicine 24(3)54-66, March 
1996)  

It is estimated that gestational diabetes occurs in three to six percent of pregnant 
Americans (figures vary). 
 
Throughout the present century, significant improvements in the health and outcome of 
diabetic women and their offspring have occurred. Although most neonatal problems 
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have declined, diabetes-associated anomalies remain a major health problem having 
significant social and financial implications. The prevalence of major diabetes-related 
birth defects has been estimated to be about 6-10%, and this represents a two- to fourfold 
increase over the background population. The clinical significance of birth defects has 
assumed even greater importance because they now account for almost 50% of all deaths 
of infants born to women with diabetes. The basis of these malformations is quite 
variable and may include chromosomal aberrations, single mutant genes, environmental 
factors, interaction between hereditary tendencies and genetic factors, and idiopathic 
causes.  

The first association between congenital malformations and diabetes in pregnancy is 
credited to LeCorche in 1885. Since that time, there has been controversy regarding the 
incidence and potential causes of anomalous development. In the United States, the 
incidence of malformations varies considerably, from almost 20% in the Atlanta Birth 
Defect Case Control study to almost normal levels in a study from California of diabetics 
receiving prepregnancy control. In most studies, however, the frequency of 
malformations observed during the neonatal period among infants of diabetic mothers 
(IDMs) ranges from 6 to 10%. Chung and Myrianthopou-los analyzed 47,000 nondiabetic 
pregnancies, 372 pregnancies of women with gestational diabetes mellitus (GDM), and 
577 overtly diabetic pregnancies and demonstrated that 17% of the infants of women 
with overt diabetes and 8.4% of those of nondiabetic women had malformations. 
However, the malformation rate in the offspring of nondiabetic mothers was higher than 
is usually seen in other series. It is possible that minor malformations were included. In 
1976, Soler et al. reported having studied 701 diabetic pregnancies between 1950 and 
1974, and Drury et al. reported 300 diabetic pregnancies studied between 1969 and 1976. 
They found malformation rates of 8 and 6.4%, respectively, in IDMs compared with 1-
2% in the general population. 

5.4.7 Overview 

Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance with 
onset or first recognition during pregnancy. GDM is a complication in approximately 4% 
of all pregnancies in the United States, though the rates may be 1-14% depending on the 
population studied. Untreated GDM can lead to fetal macrosomia, hypoglycemia, 
hypocalcemia, and hyperbilirubinemia. 

Gestational diabetes is more common among obese women and among certain ethnic 
groups, particularly Native Americans, Pacific Islanders, and women of Mexican, Indian, 
and Asian descent. 

Most women with gestational diabetes develop it because they cannot produce enough 
insulin as the need for insulin increases late in the pregnancy. More insulin is needed 
to control the increasing level of sugar (glucose) in the blood. Gestational diabetes 
generally goes away after the baby is born. However, women who have gestational 
diabetes are more likely than other women to develop type 2 diabetes, a permanent type 
of diabetes. 
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Regular aerobic exercise has been shown to lower fasting and postprandial glucose 
concentrations and may be used as an adjunct to nutritional therapy to improve maternal 
glycemia. Other benefits of exercise during pregnancy include cardiovascular fitness and 
reduced discomfort in later pregnancy. The optimal frequency and intensity of exercise 
for lowering maternal glucose concentrations have not been determined, but it appears 

that a minimum of three episodes of exercise per week, each >15 min, is required to 
modify maternal glucose levels. In addition, 2–4 weeks of regular exercise may be 
required before a lowering of glycemia is seen. Insufficient evidence exists to recommend 
any specific type of exercise as being superior to another in the management of 
gestational diabetes. 

Blood glucose data allow evaluation of the effectiveness of nutrition therapy and the need 
for pharmacological therapy. Postprandial glucose levels may be more closely related to 
fetal risks than are fasting levels. Pre-breakfast ketone measurements are recommended 
for patients receiving hypocaloric or carbohydrate-restricted diets to allow the detection 
and treatment of ketones. However, the effectiveness of ketone monitoring in improving 
fetal outcomes has not been demonstrated. 

Although most women with gestational diabetes return to normal glucose tolerance 
postpartum, they are at increased risk of developing gestational diabetes in subsequent 
pregnancies and type 2 diabetes later in life. Evidence suggests that a single birth results 
in a 2–3 kg higher average body weight for the mother, and thus increases the risk of 
becoming overweight after delivery. Body weight changes during the postpartum period 

are likely to be a combination of retention of gestational weight gain and weight changes 
caused by the lifestyle alterations associated with child rearing. Lifestyle behaviors aimed 

at reducing weight and increasing physical activity may be beneficial to reduce the 
subsequent risk of developing diabetes.  

5.4.8 Facts on Gestational Diabetes 

Date: 9 June 2005, Source: eDiets.com, Author: Susan Burke  
Gestational diabetes is diabetes that affects women during pregnancy, usually resolving 
with delivery of the baby. I believe that this validates my theory that 
diabetes can under go spontaneous regression.  It is like type 2 diabetes in that 
it is a resistance to insulin and it is generally inherited, being obese can also be a factor. If 
the mother does not have enough insulin or her cells become resistant to it, the energy or 
"sugar" stays in the bloodstream where it can be picked up via blood tests. The baby 
receives all the excess energy in the blood when it crosses the placenta, and is essentially 
'overfed'. The excess energy causes the baby to produce large amounts of fat (stored 
energy) which increases the mother's risk for a Caesarean section as the baby is so big. 
The baby can suffer attacks of hypoglycemia in the early stages after delivery as they 
suddenly lack the constant high blood sugar levels that the placenta was providing in 
utero. They are at increased risk for birth injuries due to their size and can also have 
problems breathing (respiratory distress syndrome), and longer than usual neonatal 
jaundice. Factors that increase the risk of a woman developing gestational diabetes 
include being obese, previous gestational diabetes, ethnicity (eg African American, 
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Native American and Hispanic), age (>30), family history of diabetes, and previous poor 
results of a pregnancy eg miscarriage or deformity. A single incidence of gestational 
diabetes can increase a woman's' vulnerability to develop type 2 diabetes later in life.  

Ways to prevent gestational diabetes is to maintain a healthy weight before, during and 
after delivery, and screening for diabetes should be offered to every pregnant woman 
(normally during 24-28 weeks gestation, unless they are high risk which requires earlier 
screening). The screening tool is called the glucose tolerance. Confirmed gestational 
diabetes can be treated with a healthy diet and regular light exercise, but some expecting 
mothers have to use insulin as well and they should have frequent visits to an 
obstetrician. There is a very good chance that the diabetes will return with 
subsequent pregnancies, there is also the possibility that the diabetes will not subside 
once the baby is born, particularly in overweight women. 

The list of conditions listing Gestational diabetes as a complication includes:  

• Lupus  
• Polycystic ovary syndrome  

5.4.9 Risk Factors for GDM 

The list of risk factors mentioned for Gestational diabetes in various sources includes:  

• Obesity  
• Family history of diabetes  
• Gestational diabetes in previous pregnancy  
• Miscarriages in previous pregnancies  
• Stillbirth in previous pregnancy  
• Large baby in previous pregnancy  
• Birth defect in previous pregnancy  

 
Excess body fat is perhaps the most notable modifiable risk factor for the 
development of type 2 diabetes. It is estimated that the risk of type 2 diabetes 
attributable to obesity is as much as 75%. A striking increase in the prevalence of obesity, 
as well as diabetes, was reported between NHANES II and III. As of the early 1990s, 
over 50% of the U.S. adult population was overweight (665). If the prevalence of obesity 
continues to increase, it is expected that the prevalence of diabetes in the population will 
also increase. 

Clinical trial data also support the potential for weight loss to reduce risk for diabetes. In 
the Malmo Feasibility Study, both weight reduction and increased fitness were associated 

with reduced incidence of diabetes in a lifestyle intervention group when compared to a 
control group. In the Da Qing Study, diet, exercise, and diet plus exercise all reduced the 
incidence of diabetes compared to the control condition. In the Swedish Obese Subjects 
Study, obese individuals with sustained weight loss 2 years after bariatric surgery 

Page 181 of 366

http://www.wrongdiagnosis.com/l/lupus/intro.htm
http://www.wrongdiagnosis.com/p/pcos/intro.htm
http://www.wrongdiagnosis.com/risk/obesity.htm
http://www.wrongdiagnosis.com/risk/diabetes.htm
http://www.wrongdiagnosis.com/risk/diabetes.htm
http://www.wrongdiagnosis.com/risk/pregnancy.htm
http://www.wrongdiagnosis.com/risk/childbirth.htm
http://www.wrongdiagnosis.com/risk/pregnancy.htm
http://www.wrongdiagnosis.com/risk/pregnancy.htm
http://care.diabetesjournals.org/cgi/content/full/25/1/148#R665#R665


demonstrated substantially lower risk of type 2 diabetes and hyperinsulinemia 
compared to control subjects. Results from a 2-year clinical trial showed reduced risk for 
progression from impaired glucose tolerance to diabetes among individuals randomized 
to orlistat compared to those randomized to behavioral therapy. 

Insulin also drives fat into cells, prevents fat from being released from cells, and makes 
people hungry. High insulin levels contribute to obesity and the disease states associated 
with being overweight, such as type II diabetes, cardiovascular disease, kidney failure, 
and certain types of cancers.  

Glycation is a pathological process that occurs when glucose binds to protein 
molecules, resulting in the formation of non-functioning structures in the body. Higher 
blood glucose levels mean more-damaging glycation reactions. 

Glycation advances slowly and accompanies every fundamental process of cellular 
metabolism. Glycation accelerates aging and neurodegenerative disorders such as 
Alzheimer’s disease. Fortunately, a nutrient called carnosine confers significant 
protection against glycation processes 

The body tries to maintain a nearly constant blood sugar level. This is especially 
important for the brain and nervous system. If blood sugar is depressed below normal, 
the brain is unable to function appropriately. This can lead to a wide variety of physical 
and psychological symptoms associated with abnormal nervous-system function, such as 
fatigue, mood swings, premenstrual syndrome, sugar craving, headaches, difficulty 
focusing the eyes, tremors, temperamental outbursts, depression, excessive sweating, 
palpitations, and feeling “spaced-out.” Hypoglycemia must be treated when blood 
glucose falls below 60 mg/dL, with or without symptoms.  

5.5 Gestational Diabetes Biochemistry 

Oxidative stress has been increasingly postulated as a major contributor to 
endothelial dysfunction in preeclampsia (PE), although evidence supporting this 
hypothesis remains inconsistent. This study aimed to analyze in depth the potential role 
of oxidative stress as a mechanism underlying endothelial damage in PE and the pregnant 
woman's susceptibility to the disease. To this end, indicative markers of lipid 
peroxidation and protein oxidation and changes in antioxidant defense systems were 
measured in blood samples from 53 women with PE and 30 healthy pregnant controls.  

Results, analyzed in relation to disease severity, showed PE women, compared with 
women with normal pregnancy, to have: (1) significantly enhanced antioxidant enzyme 
SOD and GPx activities in erythrocytes; (2) similar plasma alpha-tocopherol levels 
and significantly increased alpha-tocopherol/lipids in both mild and severe PE; (3) 
significantly decreased plasma vitamin C and protein thiol levels; (4) similar 
erythrocyte glutathione content, total plasma antioxidant capacity, and whole 
plasma oxidizability values; (5) significantly elevated plasma total lipid 
hydroperoxides, the major initial reaction products of lipid peroxidation, in severe PE; 
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(6) no intracellular or extracellular increases in any of the secondary 
end-products of lipid peroxidation, malondialdehyde or lipoperoxides; 
(7) similar oxidative damage to proteins quantified by plasma carbonyl levels, 
immunoblot analysis, and advanced oxidation protein products assessment; and (8) 
significantly elevated and severity-related soluble vascular cell adhesion molecule-1 
serum levels reflecting endothelial dysfunction. No correlations were found 
among plasma levels of circulating adhesion molecules with regard to 
lipid and protein oxidation markers. Globally, these data reflect mild oxidative 
stress in blood of preeclamptic women, as oxidative processes seem to be counteracted by 
the physiologic activation of antioxidant enzymes and by the high plasma vitamin E 
levels that would prevent further oxidative damage. These results do not permit us 
to conclude that oxidative stress might be a pathogenetically relevant 
process causally contributing to the disease (A comprehensive study of 
oxidative stress and antioxidant status in preeclampsia and normal pregnancy.  
Llurba E, Gratacos E, Martin-Gallan P, Cabero L, Dominguez C. Free Radic Biol Med. 
2004 Aug 15;37(4):557-70). In fact, I believe that this data could be interpreted to 
mean that high levels of antioxidants could be responsible for preeclampsia. 

5.5.1 Vitamins C and E Do Not Prevent Preeclampsia 
 
To study the possible involvement of an (im)balance between oxidants and antioxidants 
in pre-eclampsia concentrations of intra- and extracellular blood antioxidants in women 
with uncomplicated and hypertensive pregnancies, they were studied preconceptionally 
and throughout pregnancy. In uncomplicated pregnancies (n = 19) and hypertensive 
pregnancies (n = 6) concentrations of whole blood and plasma thiols, plasma vitamins/E 
and C, hemoglobin, and hematocrit were assessed at preconception, 6, 10, 20, and 37 
weeks of gestational age, as well as six weeks postpartum. A repeated mixed model was 
used for statistical analysis. Vitamin C and most whole blood and plasma thiol 
concentrations decreased during pregnancy, while vitamin E, whole blood oxidized 
cysteinyl-glycine and the ratio of free to oxidized homocysteine revealed a linear 
increase during pregnancy. Postpartum plasma cysteine and vitamin C levels and the 
ratio of free to oxidized levels of cysteine, cysteinyl-glycine, and glutathione were 
significantly lower as compared to preconceptional levels, whereas whole blood oxidized 
cysteine, cysteinyl-glycine and glutathione levels, and whole blood and plasma 
homocysteine levels were significantly higher six weeks after delivery. Plasma cysteine 
and homocysteine, and whole blood oxidized cysteine and homocysteine levels were 
significantly higher at 37 weeks of gestational age in the hypertensive group compared to 
those in the uncomplicated group. There were no other differences between the 
hypertensive and uncomplicated groups. CONCLUSION: In normal pregnancy there 
seems a balance between antioxidant and oxidant concentrations despite modest oxidative 
stress. In mildly hypertensive pregnancies a marginal imbalance may occur (A 
longitudinal study of antioxidant status during uncomplicated and hypertensive 
pregnancies. Roes EM, Hendriks JC, Raijmakers MT, Steegers-Theunissen RP, 
Groenen P, Peters WH, Steegers EA. Acta Obstet Gynecol Scand. 2006;85(2):148-
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55). I believe that this study shows that pregnancy does not produce a large oxidative 
stress level. 
 
5.5.2 Antioxidants Don’t Help, May Harm During Pregnancy  

Among women pregnant for the first time, antioxidant vitamins 
supplementation does not appear to curb the risk of developing 
preeclampsia -- that is, pregnancy-related high blood pressure and kidney impairment 
--and other serious complications, report doctors from Australia (New England Journal of 
Medicine, April 27, 2006). 

"We were disappointed by the findings of our study, as antioxidant vitamin therapy 
appeared to be a promising preventive strategy," Dr. Alice R. Rumbold from Women's 
and Children's Hospital in North Adelaide told Reuters Health. "However our study, the 
largest research trial completed to date investigating vitamin C and E supplements for 
women in their first on-going pregnancy, did not confirm this." 

In the trial, reported in April 27, 2006, the New England Journal of Medicine, 1,877 
women with a first pregnancy were randomly assigned to daily supplementation with 
1000 milligrams of vitamin C and 400 IU of vitamin E, or to placebo. Women began 
taking the tablets from between 14 and 22 weeks of pregnancy until delivery. 

There were no significant differences between the vitamin group and placebo group in 
the risk of preeclampsia, death or a serious outcome for the baby, or having a very small 
infant. Also, antioxidant vitamins were associated with an increase in the 
risk of the mother developing high blood pressure and having to take 
medications to bring it down. 

"Our results do not support routine supplementation with vitamins C and E during 
pregnancy for women in their first pregnancy," Dr. Rumbold told Reuters Health. 

The authors of a related editorial conclude that "until more data are available, given 
the scant evidence of benefit and the potential harm, supplemental antioxidant 
therapy ... should not be prescribed as part of routine practice." 

This is further verification of my Unified Theory and additional invalidation of the 
Free Radi-Crap theory.  Not only do the antioxidants provide any benefits 
but they also increase the incidence of hypertension. 
 
5.5.3 Catalase Activity in Gestational Diabetes Is Decreased 
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Some of the following material was excerpted, abstracted or modified from: Blood 
Catalase Activity in Gestational Diabetes Is Decreased but Not Associated with 
Pregnancy Complications. Laszlo Góth, Zoltán Tóth, Ildikó Tarnai, Maria Bérces, Peter 
Török and William N. Bigler. Clinical Chemistry 51: 2401-2404, 2005. 

Gestational diabetes occurs with variable severity in 3%–5% of all pregnancies and may 
be related to oxidative stress and impaired antioxidant defenses. Antioxidant enzymes 
include superoxide dismutase, which produces hydrogen peroxide, and catalase, which 
consumes hydrogen peroxide. Catalase is the main regulator of hydrogen peroxide 
metabolism, which is associated with diabetes mechanisms such as Glut 4 expression, 
insulin secretion, insulin signaling, protein tyrosine phosphatase regulation, and glucose 
transport stimulation (Halliweell B. Oxidative stress in cell culture: an under-appreciated 
problem?. FEBS Lett 2003;540:3-6).  

Experiments with fresh human hemolysate allowed us to determine H2O2 decomposition 

by catalase and GPO using these enzymes in their original quantitative ratio. The 
different kinetics of these enzymes are shown: H2O2

 decomposition by catalase depends 
linearly on H2O2 concentration, whereas that by GPO becomes saturated at concentrations 
above 10-6 mol/L H2O2. Even at very low H2O2 concentrations GPO reaches only 
approximately 8% of the rate at which catalase simultaneously degrades H2O2. These data 
indicate an almost exclusive role for catalase in the removal of H2O2 in normal 
human erythrocytes (Direct Evidence for Catalase as the Predominant H2O2 -Removing 
Enzyme in Human Erythrocyte. Sebastian Mueller, Hans-Dieter Riedel, and Wolfgang 
Stremmel. Blood, Vol. 90 No. 12 (December 15), 1997: pp. 4973-4978). 

Hydrogen peroxide has novel insulin-like effects, e.g., inhibition of lipolysis and 
reactivation of phosphoenolpyruvate carboxy kinase.   

5.5.3.1 Insulin moderates hydrogen peroxide generation and catalase synthesis 

Insulin moderates hydrogen peroxide generation and catalase synthesis 
(Mahadev K, Wu XD, Zilbering A, Zhu L, Lawrence JTR, Goldstein BJ. Hydrogen 
peroxide generated during cellular insulin stimulation is integral to activation of the distal 
insulin-signaling cascade in 3T3–L1 adipocytes. J Biol Chem 2001;276:42662-42669) 
(Pomytkin IA, Kolesova OE. Effect of insulin on the rate of hydrogen peroxide 
generation in mitochondria. Bull Exp Biol Med 2003;135:541-542) (Xu L, Badr MZ. 
Enhanced potential for oxidative stress in hyperinsulinemic rats: Imbalance between 
hepatic peroxisomal hydrogen peroxide production and decomposition due to 
hyperinsulinemia. Horm Metab Res 1999;31:278-282).  

High catalase activity in erythrocytes seems to provide antioxidant defense for tissues 
with low catalase activity, particularly pancreatic beta cells. Catalase is important in 
antioxidant defense against hydrogen peroxide, but there are conflicting reports of 
decreases (Bloch KO, Vorobeyechi M, Yavrians K, Vardi P. Selection of insulin-
producing rat insulinoma (RINm) cells with improved resistance to oxidative stress. 
Biochem Pharmacol 2003;65:1797-1805) (Sindhu RK, Koo JR, Roberts CK, Vazioori 
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ND. Dysregulation of hepatic superoxide dismutase, catalase, and glutathione peroxidase 
in diabetes: responses to insulin and antioxidant therapies. Clin Exp Hypertens 
2004;26:43-53), increases (Weidig P, McMaster D, Bayraktutban U. High glucose 
mediates pro-oxidant and antioxidant enzyme activities in coronary endothelial cells. 
Diabetes Obes Metab 2004;6:432-441), and no change(Manea A, Constatinescu E, 
Popov D, Raicu M. Changes in oxidative balance in rat pericytes exposed to diabetic 
conditions. J Cell Mol Med 2004;8:117-126) in catalase activity in diabetes. Here are 
more inconsistencies. 

Hydrogen peroxide has novel insulin-like effects, e.g., inhibition of lipolysis and 
reactivation of phosphoenolpyruvate carboxy kinase (Visentin V, Prevot D, Marti L, 
Carpene C. Inhibition of rat fat cell lipolysis by monoamine oxidase and semicarbazide-
sensitive amine oxidase substrates. Eur J Pharmacol 2003;466:235-243) (Sutherland C, 
Tebby PW, Granner DK. Oxidative and chemical stress mimic insulin by selectively 
inhibiting the expression of phosphoenolpyruvate carboxykinase in hepatoma cells. 
Diabetes 1997;46:17-22), and insulin moderates hydrogen peroxide generation 
(Mahadev K, Wu XD, Zilbering A, Zhu L, Lawrence JTR, Goldstein BJ. Hydrogen 
peroxide generated during cellular insulin stimulation is integral to activation of the distal 
insulin-signaling cascade in 3T3–L1 adipocytes. J Biol Chem 2001;276:42662-42669) 
(Pomytkin IA, Kolesova OE. Effect of insulin on the rate of hydrogen peroxide 
generation in mitochondria. Bull Exp Biol Med 2003;135:541-542) and catalase 
synthesis (Xu L, Badr MZ. Enhanced potential for oxidative stress in hyperinsulinemic 
rats: Imbalance between hepatic peroxisomal hydrogen peroxide production and 
decomposition due to hyperinsulinemia. Horm Metab Res 1999;31:278-282).  

A high incidence (14%) of diabetes mellitus observed in 63 Hungarian patients with 
inherited catalase deficiency (1 with type 1 and 7 with type 2 diabetes) could be 
associated with damage to oxidation-sensitive pancreatic beta cells by exposure to long-
term increased hydrogen peroxide concentrations, but there have been conflicting 
reports from small studies of maternal and embryonic catalase in rat (Forsberg H, 
Borg LAH, Cagliero E, Eriksson UJ. Altered levels of scavenging enzymes in embryos 
subjected to a diabetic environment. Free Radic Res 1996;24:451-459) and human 
(Wender-Ozegowska E, Kozlik J, Bizcysko R, Egowski S. Changes of oxidative stress 
parameters in diabetic pregnancy. Free Radic Res 2004;38:798-803) gestational 
diabetes. 

5.5.4 Blood Catalase Activity in Gestational Diabetes Is Decreased But Not 
Associated With Pregnancy Complications 

 
Goth et al compared blood catalase activity in patients with gestational diabetes, pregnant 
patients without diabetes, and nonpregnant nondiabetic individuals. They examined the 
catalase gene mutations associated with decreased catalase activities and evaluated the 
effects of decreased maternal blood catalase activity on complications in newborns. 

The mean (SD) blood catalase activity for pregnant women was decreased 18% (P 
<0.001) compared with the control. The decrease in mean catalase activity was even 
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greater (32%) for the gestational diabetes group. The mean blood hemoglobin 
concentrations for the pregnant nondiabetic group [120 ( (10)) g/L] and for the gestational 
diabetes group were decreased 7% (P <0.001) and 9%, respectively, compared with the 
controls. The mean ratio of blood catalase to hemoglobin was significantly lower than in 
the controls for both the nondiabetic pregnant group and the gestational diabetes group. 

In the pregnant nondiabetic group, there was no difference in mean hemoglobin or 
catalase between the second and third trimesters, whereas in the gestational diabetes 
group, there was significant  variation of mean blood catalase [second trimester, 67 
(18) MU/L (62% of control value); third trimester, 80 (15) MU/L (74% of control value)] 
but the mean blood hemoglobin did not vary. 

They observed significant differences in the decreases in mean blood hemoglobin 
concentrations (6%–9%) and catalase activities (18%–38%) in the nondiabetic pregnant 
and gestational diabetes groups compared with the control group (P <0.05). 

Before a diagnosis of gestational diabetes is made, usually during the second trimester, 
and before initiation of insulin therapy, oxidative stress and glucose autooxidation may 
increase hydrogen peroxide generation and diminish catalase synthesis.  

The observed higher mean catalase activity in the third than the second trimester in the 
gestational diabetes group may reflect the success of intensive insulin therapy and 
decreased blood glucose and oxidative stress. This is the first report of this change in 
catalase activity associated with control of hyperglycemia in human gestational diabetes; 

their observation is consistent with animal experiments in which insulin therapy 
normalized catalase activity and protein expression (Sindhu RK, Koo JR, Roberts CK, 
Vazioori ND. Dysregulation of hepatic superoxide dismutase, catalase, and glutathione 
peroxidase in diabetes: responses to insulin and antioxidant therapies. Clin Exp 
Hypertens 2004;26:43-53). 

The low catalase activities of the 60 insulin-treated patients with gestational diabetes 
were not associated with clinical disorders. During their pregnancies, 53 of 
these patients had no complications, 7 had hypertension, and 3 had preeclampsia. 

Their data suggest that dysregulation of catalase synthesis could be responsible for 
decreased blood catalase in gestational diabetes and its change in the second and third 
trimester. They found no link between known mutations in the catalase gene and 
such dysregulation. 

I believe that “Blood Catalase Activity in Gestational Diabetes Is Decreased but Not 
Associated with Pregnancy Complications” means that H2O2 is not harmful, even 
during pregnancy. 

Goth et al compared blood catalase activity in patients with gestational diabetes, pregnant 
patients without diabetes, and nonpregnant nondiabetic individuals. They examined the 
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catalase gene mutations associated with decreased catalase activities and evaluated the 
effects of decreased maternal blood catalase activity on complications in newborns. 

Study participants included 60 pregnant women with gestational diabetes but no family 
history of diabetes mellitus, who were undergoing treatment at the Department of 
Obstetrics and Gynecology of the Medical and Health Science Center (Debrecen, 
Hungary). All received insulin therapy. Blood samples were taken from 32 women in the 
second trimester and 28 in the third trimester. For comparison we used 235 age- and sex-
matched nonpregnant, nondiabetic women (nonpregnant group) (18) and 169 pregnant, 
nondiabetic women (pregnant group) from the outpatient clinics of the Municipal 
Hospital (Sümeg, Hungary). From this group we evaluated the catalase activity of 129 
pregnant, nondiabetic women from the second trimester and 136 from the third trimester. 
We received consent from the participants, and the samples were de-identified. 

Blood catalase and hemoglobin data are presented. The mean (SD) blood catalase 
activity for pregnant women [89 MU/L; n = 169] was decreased 18% compared with 
the control group [109 MU/L; n = 235]. The decrease in mean catalase activity was 
even greater (32%) for the gestational diabetes group [74 MU/L]. The mean blood 
hemoglobin concentrations for the pregnant nondiabetic group [120 g/L] and for the 
gestational diabetes group [117 g/L] were decreased 7% (P <0.001) and 9%, respectively, 
compared with the controls [129 g/L].  

They observed significant differences in the decreases in mean blood hemoglobin 
concentrations (6%–9%) and catalase activities (18%–38%) in the nondiabetic pregnant 
and gestational diabetes groups compared with the control group (P <0.05).  

Mutations that are known to cause catalase deficiencies in some Hungarians (exon 2, 
Hungarian type A and B; intron 7, type C) were not detected in any of the 38 nonpregnant 
individuals, 30 pregnant women without diabetes, or 9 women with gestational diabetes 
and catalase activity <50% of the mean activity of the reference population. 

They investigated 22 patients with gestational diabetes who had decreased blood catalase 
activities (below the lower limit of 80.3 MU/L of the reference interval) for the catalase 
gene regulatory mutation (C-to-T substitution in the 5' promoter region, which may 
influence catalase activity. Thus, the presence or absence of these catalase gene 
mutations did not appear to influence catalase activity. 

Before a diagnosis of gestational diabetes is made, usually during the second trimester, 
and before initiation of insulin therapy, oxidative stress and glucose autooxidation may 
increase hydrogen peroxide generation and diminish catalase synthesis. The observed 
higher mean catalase activity in the third than the second trimester in the 
gestational diabetes group may reflect the success of intensive insulin therapy and 
decreased blood glucose and oxidative stress. This is the first report of this change in 
catalase activity associated with control of hyperglycemia in human gestational diabetes; 

their observation is consistent with animal experiments in which insulin therapy 
normalized catalase activity and protein expression. 
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To evaluate the change in hyperglycemia control in the gestational diabetes group, we 
measured Hb A1c concentrations in second and third trimester samples. Samples from 
both trimesters had mean Hb A1c values within the reference interval, but the second 

trimester mean was significantly higher than the third trimester mean. This Hb A1c 
change correlated negatively with the change in mean catalase activities [second 
trimester, 67 (18) MU/L (n = 32) vs third trimester, 80 (15) MU/L (n = 28); P <0.001]. 
Similar effects have been observed for serum and blood catalase in patients with type 2 
diabetes. 

The low catalase activities of the 60 insulin-treated patients with 
gestational diabetes were not associated with clinical disorders. During 
their pregnancies, 53 of these patients had no complications, 7 had hypertension, and 3 
had preeclampsia.  Ergo, I believe this indicates that H2O2 is not harmful. 

They evaluated 53 newborns to assess the impact of decreased maternal catalase activity 
during gestational diabetes. The infants were divided into 2 groups based on maternal 
catalase activities: group A with lower [52 MU/L; n = 9] and group B with higher [78 
MU/L; n = 44] activity. The cutoff for groups A and B was 60 MU/L, the mean of the 
maternal blood catalase activities. There were no significant differences in mean birth 

weights or mean gestation times. The frequencies of cesarean section were similar in 
these groups. Group B, with higher catalase activity, had a higher 
frequency of respiratory distress syndrome [10 of 44 (22%) vs 1 of 9 
(11%)] and of other complications (icterus, 44%; hypoxia, 5%; anemia, 
5%; acidosis, 5%; erythema, 5%; pyelectasy, 2%; premature delivery, 
2%). Similar complications were not detected in group A, possibly because of the low 
number of patients in this group. Although they could not perform a clear statistical 

analysis because of the small number of patients, these results suggest that low maternal 
catalase activity does not represent a significant risk for mothers or newborns. I 
believe that it indicates that high catalase levels, which produce low 
H2O2 levels, results in increased complications, due to low EMOD levels. 
Further, low catalase levels, which allows for higher H2O2 levels, are not 
associated with any abnormalities. I believe that this is an important 
observation in that low catalase levels do not adversely affect either the mother or 
the newborn.  This means that any increased hydrogen peroxide is not 
having any deleterious effects. 

Goth et al data suggests that dysregulation of catalase synthesis could be responsible for 
decreased blood catalase in gestational diabetes and its change in the second and third 
trimester. They found no link between known mutations in the catalase 
gene and such dysregulation. 
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5.5.5 Complications of Pregnancy Link to Future Stroke Risk 

Date: 28 September 2005, Source: MedPage Today, Author: Paula Moyer  
A study has found that women suffering from pregnancy complications such as 
gestational diabetes and pre-eclampsia, have a two fold risk for developing 
cardiovascular disease, focusing on stroke, after ten years compared to women with 
no complications. Other pregnancy complications considered were placental abruption, 
preterm birth, small for gestational age, large for gestational age, oligohydramnios, 
postpartum hemorrhage, and stillbirth. These findings should stimulate doctors and 
pregnant patients to avoid other stroke risk factors, including obesity, smoking, low 
physical activity, untreated high blood pressure, high fat diet, and high cholesterol. 
African American women were at a greater risk of suffering cardiovascular events 
including subarachnoid hemorrage, intercerebral hemorrhage, and ischemic stroke. 

5.5.6 Diabetics Have Twice the Risk of Stroke 
 

Diabetics have at least twice the risk of stroke and may show performance deficit in 
a wide range of cognitive domains. The mechanisms underlying this gradually 
developing end-organ damage may involve both vascular changes and direct damage to 
neuronal cells as a result of overproduction of superoxide by the respiratory chain and 
consequent oxidative stress. The study aimed to assess the role of oxidative stress on the 
aldose reductase-polyol pathway, on advanced glycated end-product (AGE)/AGE-
receptor interaction, and on downstream signaling in the hippocampus of streptozotocin-
treated rats. Data shows that, in diabetic rats, levels of prooxidant compounds increase, 
whereas levels of antioxidant compounds fall. Receptor for AGE and galectin-3 content 
and polyol flux increase, whereas glyceraldehyde-3-phosphate dehydrogenase activity is 
impaired. Moreover, nuclear factor B (p65) transcription factor levels and S-100 protein 
are increased in the hippocampus cytosol, suggesting that oxidative stress triggers the 
cascade of events that finally leads to neuronal damage. Dehydroepiandrosterone, 
the most abundant hormonal steroid in the blood, has been reported to 
possess antioxidant properties. When dehydroepiandrosterone was administered 
to diabetic rats, the improved oxidative imbalance and the marked reduction of AGE 
receptors paralleled the reduced activation of nuclear factor B and the reduction of S-100 
levels, reinforcing the suggestion that oxidative stress plays a role in diabetes-related 
neuronal damage (Up-Regulation of Advanced Glycated Products Receptors in the Brain 
of Diabetic Rats Is Prevented by Antioxidant Treatment. Manuela Aragno et al. 
Endocrinology Vol. 146, No. 12 5561-5567, 2005). 
 
5.5.7 Prostate Cancer Risk Increased in Diabetics if Three Years Prior 
 
Date: 27 January 2005, Source: News Target  
A study by the American Cancer Society involving 72,000 men has found that diabetic 
men are less at risk of developing prostate cancer. The reduced risk may be due to the 
reduced insulin level. However, this effect was only valid after several years of having 
the condition. The results showed that a diagnosis of diabetes within the prior 
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three years actually increased the risk of prostate cancer relative to men 
without diabetes but men who had diabetes for more than four years reduced their 
risk by a third. This effect could be explained by the initial increase of insulin levels 
during the early stages of diabetes and then a marked drop as the disease progresses. 
Insulin levels may affect hormone levels and hence cancer risk. 

5.5.8 Zinc and the Diabetic Heart 
 
Zinc (Zn) is an essential mineral that is required for various cellular functions. Its 
abnormal metabolism is related to certain disorders such as diabetic complications. 
Oxidative stress has been considered as the major causative factor for diabetic 
cardiomyopathy. Zn has a critical antioxidant action in protecting the heart 
from various oxidative stresses. Zn deficiency was found to be a risk factor for 
cardiac oxidative damage and supplementation with Zn provides a significant prevention 
of oxidative damage to the heart. Diabetes causes a significant systemic oxidative stress 
and also often is accompanied by Zn deficiency that increases the susceptibility of the 
heart to oxidative damage. Therefore, there is a strong rationale to consider the strategy 
of Zn supplementation to prevent or delay diabetic cardiomyopathy. Possible 
mechanisms by which Zn supplementation prevents diabetic heart disease include an 
antioxidant action of Zn, insulin function and metallothionein induction (Zinc and the 
diabetic heart. Song Y, Wang J, Li XK, Cai L. Biometals. 2005 Aug;18(4):325-32). 

Exogenously applied oxidants, such as H2O2, can mimic cellular responses to 
physiological stimulants, including the stimulation of cell metabolism and growth via 
the insulin, epidermal growth factor (EGF) or platelet-derived growth factor 
(PDGF) receptors (Fantus, I. G., Kadota, S., Deragon, G., Foster, B. and Posner, B. I. 
(1989). Pervanadate [peroxide(s) of vanadate] mimics insulin action in rat adipocytes via 
activation of the insulin receptor tyrosine kinase. Biochemistry 28, 8864-8871) (Gamou, 
S. and Shimizu, N. (1995). Hydrogen peroxide preferentially enhances the tyrosine 
phosphorylation of epidermal growth factor receptor. FEBS Lett. 357, 161-164) (Hayes, 
G. R. and Lockwood, D. H. (1987). Role of insulin receptor phosphorylation in the 
insulinomimetic effects of hydrogen peroxide. Proc. Natl. Acad. Sci. USA 84, 8115-8119) 
(Heffetz, D., Bushkin, I., Dror, R. and Zick, Y. (1990). The insulinomimetic agents H2O2 
and vanadate stimulate protein tyrosine phosphorylation in intact cells. J. Biol. Chem. 
265, 2896-2902) (Knebel, A., Rahmsdorf, H. J., Ullrich, A. and Herrlich, P. (1996). 
Dephosphorylation of receptor tyrosine kinases as target of regulation by radiation, 
oxidants or alkylating agents. EMBO J. 15, 5314-5325).  

5.5.9 Redox Modulation of Carbohydrate Metabolism 

In the liver acinus, glucose is produced in the periportal region and degraded in the 
perivenous region. This is correlated with the periportal location of the gluconeogenic 
enzyme phosphoenolpyruvate carboxykinase (PEPCK) and the perivenous location of the 
glycolytic enzyme glucokinase. The opposing regulation of the expression of two key 
enzymes in carbohydrate metabolism is correlated with differential O2 pressures. 
Oxygen indeed plays a major role in the zonation of carbohydrate 
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metabolism and associated gene expression in the liver. Hepatocytes located 
around the afferent (periportal) or efferent (perivenous) vessels are irrigated by blood 
which contains respectively high or low dioxygen concentrations. It is thus likely that 
their intracellular redox status differs. It has been reported that the induction of 
glucokinase by insulin is repressed by high (i.e. arterial) O2 pressure, whereas the 
induction of PEPCK by glucagon is repressed by low (i.e. venous) O2 pressure.  

In cultured hepatocytes, H2O2 mimics arterial O2 for the repression of glucokinase 
expression (Kietzmann, T., Roth, U., Freimann, S. and Jungermann, K. (1997) Biochem. 
J. 321, 17–20). H2O2 is thus likely to be a relevant marker of O2 pressure. It has been 
proposed that a system involving a haemoprotein able to produce H2O2 could act as a 
sensor of O2.  

H2O2 production by hepatocytes has indeed been observed as a function of O2 tension 
(Jungermann, K. and Kietzmann, T. (1997) Kidney Int. 51, 402–412). 

Oxidative stress may regulate carbohydrate metabolism through other pathways. For 
example, the production of EMODs associated with the glycation process was 
reported to inhibit insulin mRNA production in pancreatic β cells (Matsuoka, T., 
Kajimoto, Y., Watada, H., Kaneto, H., Kishimoto, M., Umayahara, Y., Fujitani, Y., 
Kamada, T., Kawamori, R. and Yamasaki, Y. (1997) J. Clin. Invest. 99, 144–150).  

This down-regulation is consistent with the observation that diabetes mellitus is 
associated with pancreatic oxidative stress. Moreover, catalase gene transfer in human 
pancreatic islet cells allows unaltered insulin production under conditions of oxidative 
stress (Benhamou, P. Y., Moriscot, C., Richard, M. J., Beatrix, O., Badet, L., Pattou, F., 
Kerr-Conte, J., Chroboczek, J., Lemarchand, P. and Halimi, S. (1998) Diabetologia 41, 
1093–1100).  

Taken together, these observations show that oxidative stress can negatively modulate 
the expression of genes that control carbohydrate metabolism by repressing the 
insulin signalling pathway. The down-regulation of insulin expression by oxidative 
stress is consistent with this observation: insulin is a repressor of PEPCK and an inducer 
of the glucokinase gene. Thus oxidative-stress-based gene regulation may be integrated in 
the physiological regulation of carbohydrate metabolism. 

However, the complex mechanisms controlling the latter function are still unresolved. 
For example, H2O2 has been classically described as an insulino-mimetic 
agent. The group of Granner has reported that H2O2 could repress both the 
endogenous and the transfected PEPCK gene, by an as yet unknown mechanism that 
does not involve either p38 mitogen-activated protein kinase (a kinase typically activated 
by H2O2) or phosphoinositide 3-kinase (Sutherland, C., Tebbey, P. W. and Granner, D. K. 
(1997) Diabetes 46, 17–22). These discrepancies are still unexplained, but could be 
related to differences in the amount of H2O2 added to the cells, and thus to different levels 
of oxidative stress. 
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5.5.10 Total Iron Intake Not Related to Risk of Type 2 Diabetes 

Excessive iron stores may promote insulin resistance and lead to the development of type 
2 diabetes. However, prospective data relating iron intake and blood donations 
(determinants of body iron stores) to diabetes incidence are limited. Investigators 
followed men aged 40–75 y who participated in the Health Professionals' Follow-up 
Study; were free of diabetes, cardiovascular disease, and cancer in 1986; and provided 
dietary data (n = 38 394). Of those participants, 33,541 also provided a history of blood 
donation during the past 30 y in 1992. During 12 y of follow-up, we ascertained 1168 
new cases of type 2 diabetes. After adjustment for age, body mass index, and other 
diabetes risk factors, total iron intake was not associated with the risk of type 2 diabetes. 
Intakes of total heme iron [multivariate relative risk (RR) for extreme quintiles: 1.28; 95% 
CI: 1.02, 1.61; P for trend = 0.045] and of heme iron from red meat (RR: 1.63; 1.26, 2.10; 
P for trend < 0.001) were associated with an increased risk. However, heme-iron intake 

from sources other than red meat was not associated with diabetes risk (RR: 0.99; 0.81, 
1.22). No significant associations were found between blood donation and the risk of type 
2 diabetes. Conclusions: Heme-iron intake from red meat sources is positively 

associated with the risk of type 2 diabetes. Total iron intake, heme-iron intake from 
non–red meat sources, and blood donations are not related to the risk of type 2 diabetes 
(Dietary iron intake and blood donations in relation to risk of type 2 diabetes in men: a 
prospective cohort study. Rui Jiang et al. American Journal of Clinical Nutrition, Vol. 
79, No. 1, 70-75, January 2004). 

However, iron status and iron intake was independently associated with risk of 
diabetes in Chinese women but not in men (Association Between Serum Ferritin, 
Hemoglobin, Iron Intake, and Diabetes in Adults in Jiangsu, China. Zumin Shi et al. 
Diabetes Care 29:1878-1883, 2006). 
 
Further, epidemiological studies suggest that high body iron stores are associated with 
insulin resistance and type 2 diabetes. They conducted a prospective cohort study within 
the Nurses’ Health Study. We followed 85,031 healthy women aged 34–59 years from 
1980 to 2000. This large cohort study suggests that higher heme iron intake is 
associated with a significantly increased risk of type 2 diabetes. The association 
between heme iron and the risk of diabetes was significant in both overweight and lean 
women. (Iron Intake and the Risk of Type 2 Diabetes in Women. A prospective cohort 
study. Swapnil Rajpathak et al. Diabetes Care 29:1370-1376, 2006). 
 
As is true in most studies involving EMODs, data is inconsistent and all over the 
place.  One can argue most any position and base it on limited data. 
 
Supplement users should be made aware of the amount of iron necessary to satisfy dietary 
requirements and informed of the possible influence that excess iron intake can have on 

body iron stores and health. Healthy adults who took supplements containing average 

daily amounts of iron at 3 times the recommended dietary allowance (RDA) did not 
have significantly higher iron transport or stores than did those who did not take 
supplements. In younger men, the intake of >32 mg Fe/d (>4x RDA) was associated with 
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mean transport iron concentrations that were significantly higher than those in persons 
who took 0 to 24 mg Fe/d. In older men, the intake of >32 mg Fe/d (>4x RDA) was 
associated with mean iron stores that were significantly higher than those in persons 
who took 0 to 24 mg Fe/d; a similar result was observed in postmenopausal women, but 
it was of borderline statistical significance. (Iron supplement use and iron status among 
US adults: results from the third National Health and Nutrition Examination Survey. 
Heidi Michels Blanck, Mary E Cogswell, Cathleen Gillespie and Michele Reyes. 
American Journal of Clinical Nutrition, Vol. 82, No. 5, 1024-1031, November 2005). 

Epidemiologists have observed that blood donation is associated with decreased risk of 
type 2 diabetes and cardiovascular disease. Blood donation is simultaneously associated 
with increased insulin sensitivity and decreased iron stores. Stored iron seems to impact 
negatively on insulin action even in healthy people, and not just in classic pathologic 
conditions associated with iron overload (hemochromatosis and hemosiderosis). (Iron 
Stores, Blood Donation, and Insulin Sensitivity and Secretion. José Manuel Fernández-
Real, Abel López-Bermejo and Wifredo Ricart. Clinical Chemistry 51: 1201-1205, 
2005). Again, I say that the results are all over the place so be cautious of 
interpretations. 

5.6 HYPERBARIC OXYGEN IN DIABETES 

Some of the following material was excerpted, abstracted or modified from:  Hyperbaric 
Oxygen Therapy, www.emedicine.com M. Neumeister, M.D. 

Henshaw, a British clergyman, built the first sealed chamber, termed the Domicilium, in 
1662. This chamber compressed air (21% oxygen) for numerous ailments such as 
inflammation, scurvy, arthritis, and rickets but likely had too little compression to do any 
physical good. 

Following Priestley's discovery of oxygen in the late 1700s, Beddoes developed a 
pneumatic laboratory enriched with oxygen to treat chronic conditions such as leprosy. In 
the early 1930s, the Junod reported improvement in patients with cardiorespiratory 
disorders when treated in 2 atm of pressure in a copper compression chamber. These 
early reports spawned the creation of a number of "pneumatic institutes" in Europe. 
These chambers were able to treat up to 10 people at once and reached pressures of 2 or 
more atm. Compression therapy became the "in vogue" spas of the day. Pneumatic spas 
came to North America in 1860. Corning introduced the therapeutic compression 
chamber to the US in 1891 to treat nervous and mental afflictions. 

Orville Cunningham noted 25 years later that patients with certain cardiovascular 
disorders improved when moved from high altitudes to sea-level altitudes. He discovered 
this during the Spanish flu epidemic in 1918, which resulted in more than 500,000 deaths. 
Many of these victims died in a cyanotic state. Under the care of Dr Cunningham, a 
rather sick resident physician was treated in the compression chamber and recovered 
completely. Cunningham subsequently built an 88-ft long and 10-ft wide chamber to treat 
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numerous patients, with remarkable success. The credibility of the compression chamber 
was reinforced during treatment of flu patients. 

In 1928, Mr Timkin, an appreciative patient whose uremic state was resolved after 
receiving hyperbaric therapies, constructed for Cunningham an enormous 60-ft tall, 6-
story hyperbaric hospital that looked like a steel sphere. Conditions such as hypertension, 
diabetes, syphilis, and cancer were treated here until 1930, when the local medical 
society closed the hyperbaric hospital for lack of scientific evidence or merit. After 1930, 
much of the medical or scientific community did not look favorably upon the use of 
hyperbaric medicine.  

A flurry of interest in therapeutic hyperbaric medicine was fostered by Dr I. Boerema, 
who, while in Amsterdam in 1956, reported hyperbaric oxygen (HBO) as an aid in 
cardiopulmonary surgery, particularly for congenital conditions such as tetralogy of 
Fallot, transposition of great vessels, and pulmonic stenosis. A colleague of Boerema's, 
W. H. Brummelkamp, also interested in hyperbaric medicine, discovered in 1959 (and 
subsequently published in 1961) that anaerobic infections were inhibited by 
hyperbaric therapy. Meanwhile, Boerema had published an article, "Life without 
blood," a report of fatally anemic pigs treated successfully with volume expansion and 
pressurized hyperoxygenation. Boerema often is credited as the father of modern-day 
hyperbaric medicine.  

In 1962, Smith and Sharp reported the enormous benefits of HBO in carbon monoxide 
poisoning. International interest thus was rekindled, and HBO therapy was thrust into the 
modern era. The benefits of hyperbaric medicine subsequently were observed for split-
thickness skin graft acceptance, flap survival and salvage, wound re-epithelization, and 
acute thermal burns. These studies lent credibility to the therapeutic employment of HBO 
therapy. This fostered the establishment of organized scientific congresses and societies 
such as the International Congress on Hyperbaric Oxygen and the Undersea Medical 
Society. Unfortunately, as the availability of hyperbaric medicine chambers increased, 
the indiscriminate and inappropriate use of the chamber for a variety of medical 
conditions by practitioners searching for a "cure-all" therapy resulted in a backlash from 
the scientific society, once again tarnishing the credibility of hyperbaric medicine. As a 
result, by the late 1970s, the Undersea Medical Society had formulated guidelines for the 
use of hyperbaric therapy.  

Researchers conducting wound-healing studies continued to try to take advantage of the 
angiogenic properties of increasing oxygen gradients resulting from hyperbaric therapy. 
Foot wounds from diabetes, radiation ulcers, and other ischemic wounds have been 
manipulated and successfully treated with HBO. Prospective blinded randomized trials 
and well-executed laboratory studies continue to further define the role of hyperbaric 
therapy in medical therapeutics.  

In 1989, in recognition of advances in hyperbaric treatments, the American Board of 
Medical Specialists approved a certification of added competency in Undersea Medicine. 
The National Board of Hyperbaric Medicine Technology gave its first certification to 
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hyperbaric technicians in 1991. In 1986, the Undersea Medical Society changed its name 
to the Undersea and Hyperbaric Medical Society. 

5.6.1      Secondary effects of HBO  

Leukocyte oxidative killing  �  Increased oxygen free radicals  
�  Anaerobes lack superoxide dismutase to control 
oxygen free radicals  

Angiogenesis �  Increased oxygen gradient between wound and 
surrounding environment  
�  Increased fibroblast proliferation leading to increased 
collagen deposition and increased fibronectin, which aids 
in neovascularization  

Antibiotic synergy  �  Fluoroquinolones, amphotericin B, and 
aminoglycosides - Use oxygen to transport across cell 
membranes  

The application of HBO depends on the physical properties of gases under pressure, 
specifically, oxygen at pressure greater than 1 atm. Oxygen is essential in a variety of 
enzymatic, biochemical, and physiologic interactions that promote normal cellular 
respiration and tissue function. Mono-oxygenase, intradioxygenase, and interdioxygenase 
are specific enzymes that recruit oxygen as a cofactor to perform required biologic 
processes. Collagen deposition and synthesis depend on an oxygen-dependent prolyl-
hydroxylase hydroxylation of proline. Angiogenesis and epithelization also are oxygen 
dependent.  

Under normal conditions, 97.5% of oxygen is carried in the bloodstream bound to 
hemoglobin. The remaining 2.5% is dissolved in plasma. Oxygen is combined with 
hemoglobin in the bloodstream, with each gram of hemoglobin combined with 1.34 cm3 
of oxygen. This represents a physiologic maximum. Under normal conditions at sea level, 
the arterial hemoglobin saturation is 97%, and the venous hemoglobin saturation is 70%.  

The average metabolic consumption of oxygen by the human body at sea level is 6.6 
cm3/100 cm3 of blood. Under hyperbaric conditions of 3 atm while breathing 100% 
oxygen, the total dissolved oxygen content delivered is in excess of this metabolic 
requirement, meaning that oxygen can be supplied under these conditions even in the 
absence of hemoglobin. 

Elemental oxygen is required to maintain cellular respiration and to allow for normal 
cellular protein production. Hyperbaric medicine is considered extremely safe under 
appropriate supervision and utility. Toxic effects of oxygen are observed at extremely 
high doses over prolonged periods. 
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HBO treatment increases the relative dose of oxygen; thus susceptible patients need to be 
recognized and modifications made to prevent the manifestations of oxygen toxicity. 
Damaging or toxic effects of oxygen therapy likely are related to the unbridled formation 
and release of electronically modified oxygen derivatives, such as superoxide, hydroxyl 
radical, and hydrogen peroxide. Superoxide dismutase, catalase, glutathione, and 
glutathione reductase keep the formation of these radicals in check until the oxygen load 
overwhelms the enzymes, leading to the detrimental affects on cell membranes, proteins, 
and enzymes. Other antioxidants used by the body include vitamins C and E, selenium, 
and glutathione. 

Patients with diabetes mellitus deserve special mention. Hyperbaric therapies may 
affect glucose uptake and metabolism. The vasoconstricting effects of hyperbaric 
therapy also may impair the subcutaneous absorption of insulin, rendering the patient 
hypoglycemic.  

5.6.2 Foot Wounds of Patients with Diabetes 

Foot wounds of patients with diabetes offer a particularly difficult problem. These 
patients often have an impaired immune system, predisposing them to infections. Blood 
supply to the wounds is hindered by large and small disease. The red blood cells are 
sticky and non-pliable, which leads to capillary occlusion and distal ischemia. 
Neuropathies render the foot insensate and impair motor function. This impaired motor 
function flattens the foot so that the metatarsal heads become prominent and promote 
further susceptibility to ulceration via pressure.  

Use of hyperbaric therapy in foot wounds of patients with diabetes engenders much 
controversy. Many early reports were anecdotal and fraught with confounding 
information that did not support or justify hyperbaric treatment. Recently, a number of 
randomized prospective studies demonstrated the benefit of hyperbaric therapy in 
healing foot wounds of patients with diabetes. Other retrospective studies 
demonstrated similar results.  

5.6.3 Reperfusion Injuries 

The benefits of hyperbaric treatment on ischemic insults, ischemia reperfusion injuries, 
and crush injuries also have been subject to controversy. These injuries result from the 
reperfusion that follows an extended period of ischemia. Oxygen free radicals rise, 
thromboxane A2 and adhesion molecules are activated, platelet aggregation occurs, and 
vascular vasoconstriction activity is increased. The endothelium is damaged, which 
promotes vascular leakage, edema, and thrombosis. Tissue necrosis ensues, and the 
activation of white blood cells is pivotal to the reperfusion injury. Using hyperbaric 
treatment that may increase oxygen free radicals to benefit the reperfusion injury 
seems paradoxical.  

Zamboni et al demonstrated that HBO promotes hyperoxygenation and 
vasoconstriction to decrease edema and neurovascularization and inhibits 
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neutrophil activation, preventing margination, rolling, and accumulation of white 
cells. Neutrophils therefore are not permitted to produce detrimental oxygen free 
radicals (Zamboni WA, Roth AC, Russell RC, et al: Morphologic analysis of the 
microcirculation during reperfusion of ischemic skeletal muscle and the effect of 
hyperbaric oxygen. Plast Reconstr Surg 1993 May; 91(6): 1110-23).  

2004. This meta-analysis examined 4 trials involving 147 Diabetes patients who were 
treated with HBOT for chronic ulcers of the lower limb (diabetic foot ulcers, venous and 
arterial ulcers and pressure ulcers). The analysis concluded, "In people with foot ulcers 
due to diabetes, HBOT significantly reduced the risk of major amputation and may 
improve the chance of healing at 1 year. The application of HBOT to these patients may 
be justified where HBOT facilities are available, however economic evaluations should 
be undertaken."  

The effect of hyperbaric oxygen (HBO2) treatment on hemorheological parameters of 
diabetic rats was investigated. This study is a placebo-controlled, in vivo animal study. 30 
streptozocin-induced diabetic rats were divided into two groups; one group received 
hyperbaric oxygen treatment while the other did not. Hematological and hemorheological 
parameters were tested with blood samples collected directly from the heart using 
surgical procedures. Student t-tests with a type I (alpha) error at 0.05 was used to test any 
significant difference between means of the hematologic and hemorheological parameters 
of the control (CON) and the HBO2 groups. Compared with the placebo group, 
hyperbaric oxygen resulted in significant higher lipid peroxidation stress of the 
erythrocytes and resistance of erythrocytes to deformation in rats of the HBO2 
group. Whole blood viscosities measured at shear rates of 5, 150 and 400 s(-1) were all 
higher for the rats in the HBO2 group than those for rats in the control group. In addition, 
the oxygen delivery index was found to be significantly lower in rats of the HBO2 group. 
Thus, our work demonstrates that hyperbaric oxygen treatment significantly changes the 
hemorheological parameters in diabetic rats (The influence of hyperbaric oxygen on 
hemorheological parameters in diabetic rats. Liu DZ, Chien SC, Tseng LP, Yang CB. 
Biorheology. 2003;40(6):605-12). 

5.6.4 HBO in the Diabetic Foot 

OBJECTIVE: To study the effect of systemic hyperbaric oxygenation (HBO) therapy on 
the healing course of nonischemic chronic diabetic foot ulcers. RESEARCH DESIGN 
AND METHODS: From 1999 to 2000, 28 patients (average age 60.2 +/- 9.7 years, 
diabetes duration 18.2 +/- 6.6 years), of whom 87% had type 2 diabetes, demonstrating 
chronic Wagner grades I-III foot ulcers without clinical symptoms of arteriopathy, were 
studied. They were randomized to undergo HBO because their ulcers did not improve 
over 3 months of full standard treatment. All the patients demonstrated signs of 
neuropathy. HBO was applied twice a day, 5 days a week for 2 weeks; each session 
lasted 90 min at 2.5 ATA (absolute temperature air). The main parameter studied was the 
size of the foot ulcer measured on tracing graphs with a computer. It was evaluated 
before HBO and at day 15 and 30 after the baseline Four weeks later, complete healing 
was observed in two patients having undergone HBO and none in the control group. 
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CONCLUSIONS: In addition to standard multidisciplinary management, HBO doubles 
the mean healing rate of nonischemic chronic foot ulcers in selected diabetic 
patients. (Hyperbaric oxygenation accelerates the healing rate of nonischemic chronic 
diabetic foot ulcers: a prospective randomized study. Kessler L, Bilbault P, Ortega F, 
Grasso C, Passemard R, Stephan D, Pinget M, Schneider F. Diabetes Care. 2003 
Aug;26(8):2378-82).  

The rationale for the use of HBO as an adjunctive treatment for the diabetic foot stems 
from its beneficial effects on the microenvironment of the wound. If high oxygen 
pressure over a long time period (several days) stimulates an abnormal angiogenesis (as 
demonstrated in the eyes of newborns), several studies have reported that cycling high 
and low oxygen pressure over a short period (1 or 2 h) stimulates a physiological 
angiogenesis at the site of the ulcer. This is due, in part, to the release of collagen from 
fibroblasts and vascular growth factors by macrophages. The vascular response to high 
O2 tension is usually vasoconstriction. However, the promotion of new vessel growth 
follows the withdrawal of the high oxygen with relative hypoxia in the constricted tissues 
area. Furthermore, hyperoxia can trigger the onset of signal transduction pathways of 
regulating the gene expression of growth factors or their receptors, like platelet-derived 
growth factor. Moreover, oxygen is able to strengthen microbiocidal capacity of 
endogenous defense mechanisms in addition to its direct anti-anaerobic activity. 
HBO cannot dramatically increase the O2 transported by hemoglobin, but it significantly 
increases the fraction of O2 dissolved in plasma and delivered throughout the organism, 
as demonstrated by TcPO2 measurements. 

Elevation of O2 tension in hypoxic wound ulcers enhances neutrophil oxidative 
killing of bacteria and stimulates fibroblast proliferation, collagen production, 
neovascularization, and epithelialization (Bonomo SR, Davidson JD, Yu Y, Xia Y, Lin 
X, Mustoe TA: Hyperbaric oxygen as a signal transducer: up regulation of platelet 
derived growth factor-beta receptor in the presence of HBO and PDGF. Undersea Hyper 
Med 25:211–216, 1998).  

In addition, O2 is directly toxic to anaerobic organisms (Bakker DJ: Hyperbaric oxygen 
therapy and the diabetic foot. Diabete Metab Res Rev 16:55–58, 2000).  

Only two randomized controlled clinical trials evaluating HBO in the diabetic foot 
(Zamboni WA, Wong HP, Stephenson LL, Pfeifer MA: Evaluation of hyperbaric oxygen 
for diabetic wounds: a prospective study. Undersea Hyper Med 24:175–179, 1997) 
(Wunderlich RP, Peters EJG, Laverty AL: Systemic hyperbaric oxygen therapy: lower-
extremity wound healing and the diabetic foot (Review Article). Diabetes Care 23:1551–
1555, 2000) are available. In these studies, the authors have demonstrated that HBO is 

effective in decreasing major amputations in diabetic patients with severely 
prevalent ischemic foot ulcers. 

We envisage that hyperbaric oxygen (HBO) would ameliorate islet anoxia, preventing 
early graft failure. Thus, treatment of HBO to diabetic recipients should improve the 
outcome of islet transplantation. We tested this hypothesis by syngeneically transplanting 
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insufficient number of islets (150 islets) into streptozotocin-diabetic C57BL/6 mice, each 
followed by HBO (2.4 ATA, 100% O2) therapy for 1.5 h from day 0 to 28, once daily 
(group A) or twice daily (group B), or from day 5 to 28, once daily (group C) or twice 
daily (group D), 6 days/week. Recipients without HBO treatment served as controls. At 
day 28 after transplantation, groups B, C, and D gained weight and had lower blood 
glucose compared with their baseline values. In addition, groups B and D had higher 
insulin content of the graft than the controls. To determine the optimal timing of HBO 
therapy, groups B and D were compared with recipients treated with HBO twice daily, 6 
days/week, from day -14 to 0 (group E) and from day -14 to 28 (group F). At day 28 after 
transplantation, groups B, D, E, and F had significantly lower blood glucose than their 
individual baseline values and higher insulin content of the graft than controls. But only 
group F had more beta-cell mass of the graft than controls. These findings lend credence 
to the expectation that peritransplant application of adequate frequency of HBO to 
diabetic recipients would enhance the performance and growth of the islet graft, resulting 
in an improvement of the outcome of the transplantation (Beneficial effects of hyperbaric 
oxygen therapy on islet transplantation. Juang JH, Hsu BR, Kuo CH, Uengt SW. Cell 
Transplant. 2002;11(2):95-101). I believe that this discounts the fears of EMOD 
production by HBO as it is not toxic or lethal to islet transplants. 

If the free radical theory is correct, how can hyperbaric oxygen reverse the effects of 
hypoxia, which are believed to be caused by oxygen free radicals? 

 

 

Each cell of man continually breathes in the gas of life 
and rhythmically each cell forever breathes out, 

accompanied by the warmth of relentless electron flow.   
By design, it is truly a thing of beauty and wonderment. 

By erring implication, it is a malicious,  
muddled adaptation 

of a stupefied evolutionary befuddled biochemist. 
However, negative insinuation and sophistry 

does not make it so. 
Let reason prevail. 
R. M. Howes, M.D., Ph.D. 

9/21/06 
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The aim of the present study was to examine the efficacy of hyperbaric oxygen 
therapy for the treatment of diabetic autonomic neuropathy. Research Design and 
Methods: We conducted a study of 20 consecutive eligible patients with diabetic 
autonomic neuropathy. All patients had been stabilized in terms of their glycemic control 
for 3 months before the study. The mean age of patients was 61.7±8.2 years, the mean 
diabetes duration 13.8±7.9 years. For the identification of autonomic diabetic neuropathy, 
non-invasive testing of cardiocirculatory functions were performed. All patients 
underwent electromyelography to obtain sympathic cutaneous responses by stimulating 
two different extremities. 
 
Results: There was a significant difference in autonomic neuropathy tests after hyperbaric 
oxygen therapy (p>0.001). Before hyperbaric oxygen therapy, mean valsalva ratio was 
1.1±0.1, mean heart rate variation with inspiration was 10.4±2.4 beats/min, mean heart 
rate response to stand up was 1.0±0.04, mean systolic blood pressure response to stand up 
was 33.4±2.9mmHg. After hyperbaric oxygen therapy, mean valsalva ratio was 1.2±0.1, 
mean heart rate variation with inspiration was 15.9±2.2 beats/min, mean heart rate 
response to stand up was 1.0±0.03, mean systolic blood pressure response to stand up 
was 14.1±6.6mmHg. There was a significant differences in symphatic cutaneous 
responses that were obtained by stimulation of different region during lectromyelography 
procedure. 
 
Conclusion: After hyperbaric oxygen therapy, the autonomic neuropathy tests and 
electromyelographic findings were significiantly improved. 

It was supposed that hyperbaric oxygen therapy was an effective therapeutic modality for 
the treatment of diabetic autonomic neuropathy. 

Also, if the effects of diabetes are caused by oxygen free radicals, how can HBT 
correct it, since it generates more EMODs? 

Diabetes mellitus is the commonest cause of neuropathy in industrialized countries. The 
usual pattern is a distal symmetrical sensory polyneuropathy, associated with autonomic 
disturbances. Less often, diabetes is responsible for a focal or multifocal neuropathy. It is 
well known that diabetic autonomic neuropathy develops within a short duration of 
diabetes even when somatic neuropathy is not apparent. Metabolic abnormalities due to 
hyperglycaemia and their consequences, ischemic phenomena secondary to diabetic 
microangiopathy account for nerve lesions. Diabetic autonomic neuropathy causes 
functional disorders of many organs, such as cardiovascular, gastrointestinal, 
genitourinary, metabolic, and pupillary dysfunctions. Among these, cardiovascular 
autonomic neuropathy may increase the risk of sudden death and affects the mortality of 
diabetic patients. Therefore, the diagnosis and treatment of autonomic neuropathy at an 
early stage is important for the management of diabetic patients. 
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5.6.5 Diabetes and NO 

Nitric oxide (NO) is a multifunctional biomolecule involved in a variety of physiological 
and pathological processes, including regulation of blood vessel dilatation and anti-
arteriosclerotic effects. However, a large amount of NO is toxic to the host and causes 
several diseases such as apoptosis, septic shock, and diabetes mellitus. Inducible-
form NO synthase is induced in inflammatory diseases, including insulitis and 
arteriosclerosis. Endoplasmic reticulum (ER) stress pathway was first identified as a 
cellular response pathway induced by the accumulation of unfolded proteins in ER to 
preserve ER functions. Later it was found that ER stress pathway is also activated by 
various cellular stresses to protect cells, but when stresses are severe, apoptosis is 
induced to remove damaged cells. It is reported that NO and electronically modified 
oxygen derivatives disturb ER functions, then ER stress-mediated apoptosis pathway is 
activated. CHOP/GADD153, which belongs to C/EBP transcription factor family, is 
induced in this process and mediates apoptosis. ER stress pathway induced by NO can be 
involved in the pathogenesis of various vascular diseases (Nitric Oxide and Endoplasmic 
Reticulum Stress. Gotoh T, Mori M. Arterioscler Thromb Vasc Biol. 2006 Apr 27; [Epub 
ahead of print]). 

Nitric oxide (NO*) is an important protective molecule in the vasculature, and 
endothelial NO* synthase (eNOS) is responsible for most of the vascular NO* produced. 
A functional eNOS oxidizes its substrate L-arginine to L-citrulline and NO*. This normal 
function of eNOS requires dimerization of the enzyme, the presence of the substrate L-
arginine, and the essential cofactor (6R)-5,6,7,8-tetrahydro-L-biopterin (BH4), one of the 
most potent naturally occurring reducing agents. Cardiovascular risk factors such 
as hypertension, hypercholesterolemia, diabetes mellitus, or chronic 
smoking stimulate the production of electronically modified oxygen 
derivatives in the vascular wall. Nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidases represent major sources of this electronically modified oxygen 
derivative and have been found upregulated and activated in animal models of 
hypertension, diabetes, and sedentary lifestyle and in patients with cardiovascular risk 
factors. Superoxide (O2*-) reacts avidly with vascular NO* to form peroxynitrite 
(ONOO-). The cofactor BH4 is highly sensitive to oxidation by ONOO-. Diminished 
levels of BH4 promote O2*- production by eNOS (referred to as eNOS uncoupling). This 
transformation of eNOS from a protective enzyme to a contributor to oxidative stress has 
been observed in several in vitro models, in animal models of cardiovascular diseases, 
and in patients with cardiovascular risk factors. In many cases, supplementation with 
BH4 has been shown to correct eNOS dysfunction in animal models and patients. In 
addition, folic acid and infusions of vitamin C are able to restore eNOS functionality, 
most probably by enhancing BH4 levels as well (Endothelial nitric oxide synthase in 
vascular disease: from marvel to menace. Forstermann U, Munzel T. Circulation. 2006 
Apr 4;113(13):1708-14). 

5.7 Supplements and Diabetes:  Molecular Mechanisms 
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One small double-blind, placebo-controlled study suggests that regular use of 
multivitamin/multimineral supplements may reduce incidence of infectious illness in 
people with diabetes (Barringer TA, Kirk JK, Santaniello AC, et al. Effect of a 
multivitamin and mineral supplement on infection and quality of life. A randomized, 
double-blind, placebo-controlled trial. Ann Intern Med. 2003;138:365-71).  

Another study failed to find that general nutritional supplementation accelerated 
healing of diabetic foot ulcers (Eneroth M, Larsson J, Oscarsson C, et al. Nutritional 
supplementation for diabetic foot ulcers: the first RCT. JWound Care. 2004;13:230-4).  

Intriguing evidence from a small study suggests that vitamin E may also help protect 
people with diabetes from developing damage to their eyes and kidneys (Bursell SE, 
Clermont AC, Aiello LP, et al. High-dose vitamin E supplementation normalizes retinal 
blood flow and creatinine clearance in patients with type 1 diabetes. Diabetes Care. 
1999;22:1245–1251).  

5.7.1 Vitamin E Failed to Prevent Kidney Damage in Diabetics 

However, a large long-term study failed to find vitamin E effective for 
preventing kidney damage in diabetics (Lonn E, Yusuf S, Hoogwerf B, et al. 
Effects of vitamin E on cardiovascular and microvascular outcomes in high-risk patients 
with diabetes: results of the HOPE study and MICRO-HOPE substudy. Diabetes Care. 
2002;25:1919–1927). (Vitamin E also did not help prevent coronary artery disease.). 

5.7.2 PMN SOD, GPx and CAT and Type II Diabetes 

Investigators examined the effect of Type 2 diabetes mellitus (DM) on enzymes of 
importance for oxygen-dependent killing of microorganisms by leucocytes. Twenty 
patients with Type 2 DM and 20 nondiabetic controls provided blood samples for 
analysis.  

The superoxide dismutase (SOD) activity was lower by 41% in 
polymorphonuclear leucocytes (PMNL) from patients with Type 2 DM 
than in controls. Glutathione peroxidase (GSHPx) and glutathione reductase (GR) 
activities of Type 2 DM patients were 73.04% and 81.12% of control values. The 
catalase activity showed no significant difference. A significant increase (141.37% of 
control) in the concentration of thiobarbituric acid reactive products was observed. 
(RMH Note:  this begs the question “Where is the increased lipid peroxidation 
coming from?”  I believe that it is because SOD is also low.  What is the level of 
NADPH oxidase?)  A positive correlation between thiobarbituric acid reactive products 
and glucose, glycated hemoglobin and fructosamine in the serum of diabetic patients was 
observed (Antioxidant systems in polymorphonuclear leucocytes of Type 2 diabetes 
mellitus. J. Muchová et al. Diabetic Medicine. Volume 16, Issue 1, Page 74 - January 
1999). I believe that this demonstrates that lower levels of SOD results in decreased 
levels of EMODs, especially hydrogen peroxide. This creates the vulnerability to 
repeated infections seen in diabetic patients. 
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5.7.3 Insulin, Decreased Peroxide and Neutrophil Function 

Several studies have shown impairment of neutrophil function, a disorder that 
contributes to the high incidence of infections in diabetes. Since glucose and 
glutamine play a key role in neutrophil function, we investigated their metabolism in 
neutrophils obtained from the peritoneal cavity of streptozotocin-induced diabetic rats. 
Phagocytosis and phorbol myristate acetate (PMA)-stimulated H2O2 production 
were decreased in neutrophils from diabetic rats. The activities of G6PDH 
and glutaminase were decreased, whereas that of PFK was raised by the diabetic state. 
The activities of the remaining enzymes were not changed. Diabetes decreased the 
decarboxylation of [1-14C]glucose and [U-14C]glutamine; however, [6-14C]glucose and 
[U-14C]palmitic acid decarboxylation was increased. These observations indicate that 
changes in metabolism may play an important role in the impaired neutrophil function 

observed in diabetes. The treatment with insulin abolished the changes induced by 
the diabetic state even with no marked change in glycemia. Therefore, insulin may 
have a direct effect on neutrophil metabolism and function (Diabetes causes marked 
changes in function and metabolism of rat neutrophils. T C Alba-Loureiro, S M Hirabara, 
J R Mendonça, R Curi and T C Pithon-Curi. Journal of Endocrinology (2006) 188,295-
303). I believe that this verifies my above suspicion that H2O2 is decreased in the 
diabetic. 
 
5.7.4 Dietary Flavonoids Do Not block Risk of Type 2 Diabetes 

Flavonoids, as antioxidants, may prevent the progressive impairment of pancreatic ß-cell 
function due to oxidative stress and may thus reduce the occurrence of type 2 diabetes. 
The aim of the present study was to examine the association of dietary flavonol and 
flavone intake with type 2 diabetes, and biomarkers of insulin resistance and systemic 
inflammation. 

In 38,018 women aged 45 y and free of cardiovascular disease, cancer and diabetes with 
an average 8.8y of follow-up, Yiqing Song calculated relative risks (RRs) of incident type 
2 diabetes (1,614 events) according to dietary intake of total or individual flavonols and 
flavones and flavonoid-rich foods. They also measured and examined plasma 
concentrations of insulin, HbA1C, CRP, and IL-6 in relation to total flavonol and flavone 
intake among 344 nondiabetic women. 

During 332,905 person-years of follow-up, none of total flavonols and flavones, 
quercetin, kaempferol, myricetin, apigenin, and luteolin was 
significantly associated with risk of type 2 diabetes. Among flavonoid-rich 
foods, apple and tea consumption was associated with diabetes risk. Women consuming 
1 apple/d showed a significant 28% reduced risk of type 2 diabetes compared with 

those who consumed no apples. Tea consumption was also inversely associated with 
diabetes risk but with a borderline significant trend. In 344 nondiabetic women, 
total intake of flavonols and flavones was not significantly related to plasma 
concentrations of fasting insulin, HbA1C, CRP, or IL-6.  
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Conclusions: These results do not support the hypothesis that high intake 
of flavonols and flavones reduces the development of type 2 diabetes, 
although we cannot rule out a modest inverse association with intake of apples and tea 
(Associations of Dietary Flavonoids with Risk of Type 2 Diabetes, and Markers of 
Insulin Resistance and Systemic Inflammation in Women: A Prospective Study and 
Cross-Sectional Analysis. Yiqing Song, JoAnn E. Manson, Julie E. Buring, Howard D. 
Sesso, and Simin Liu. Journal of the American College of Nutrition, Vol. 24, No. 5, 376-
384 (2005). I believe that this is because the free radical theory is wrong and that 
oxidative processes are not causative of diabetes. 
 
5.7.5 Antioxidant Status Decreased 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).  

5.7.6 Antioxidant Status NOT Decreased in Diabetics 

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. 

5.7.7 Vitamin Supplements Questionably 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 
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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%) 
(p < 0.001). After multiple adjustment, the hazard ratios for participants using 
vitamin supplements were 0.76 (95% confidence interval (CI): 0.63, 0.93) for all 
participants, 0.70 (95% CI: 0.54, 0.92) for men, and 0.84 (95% CI: 0.64, 1.11) 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.  

5.7.8 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). 
 
5.7.9 Vitamin C Levels Vary 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 
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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 
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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. 

5.7.10 Vitamin E Equivocal in Treating 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.  
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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.  

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. Again, I say that the free radical theory has fallen. 
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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).  

5.7.11 ACTION (Pimagedine) Studies: ACTION II trial dangerous, ineffective and 
stopped 

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.  
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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 a causative role of prooxidants in diabetes but I am certainly leaning 
in the direction of believing that prooxidants are not the cause of 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, desferrioxamine or dimethyl 
sulfoxide 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. 
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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). 

5.7.12 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 electronically modified oxygen 
derivatives, 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). 
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5.7.13 O2 Metabolsim 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. 
 
5.7.14 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.  
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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.  

 
 
 
5.7.15 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 electronically modified 
oxygen derivatives, 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).  
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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 detail, 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 
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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. 
 
Ergo, one must consider the exact location of the EMOD deficiency and the specific 
EMOD species, which is in a low level. This gives a considerable number of 
variables but this reflects the complexities of disease dysfunctions and their clinical 
course or outcome. 
 
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 
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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). 
 
5.7.16 NADPH Oxidase 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 
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). 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 
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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 EMODs, derived from many 
different sources, can react with the abundant lipoproteins that accumulate in the vessel 
wall.  

5.7.17 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.  

5.7.18 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 
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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. 
 
5.7.19 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 
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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. 
 
5.8 Glucose Metabolism 
5.8.1 Oral Glucose Increases EMODs 

Oral intake of 300 calories of glucose (75 g), lipid, or protein increases electronically 
modified oxygen derivatives (EMOD) 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 EMOD 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. They 
measured EMOD generation and intranuclear NF-kappaB activation by PMNL cells and 
MNCs at 1 hour, 2 hours, and 3 hours following ingestion. EMOD 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 EMOD 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 a safe way to increase the oxidative capacity of the body, especially for 
patients with an EMOD insufficiency syndrome disease. However, one must 
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remember the likelihood that glucose is fuel for neoplastic cells or to use caution in 
diabetic patients. 

5.8.2 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 (Howes’ EMOD insufficiency syndrome). 

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, they 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). This may represent the “tipping 
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effect” I have mentioned before. Glucose deprivation-induced oxidative stress in 
human tumor cells was described by D.R. Spitz et al. (Ann NY Acad Sci. Volume 
899 Page 349 - January 2000).  Thus, lower glucose begets higher EMOE levels. 
 
5.8.3 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 electronically modified 
oxygen derivatives (EMODs) 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 EMODs. 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 EMOD production in the 
face of low antioxidant defenses could result in EMOD accumulation and oxidative stress 
in cells. 

The major biological process leading to generation of EMODs 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 EMODs. Another possible source of increased EMOD 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 

Page 222 of 366



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 EMODs in islets exposed 

to high glucose; antioxidant treatment or enhancement of the EMOD scavenger enzyme 
glutathione peroxidase protects cells against glucose toxicity. Studies from Brownlee 
have demonstrated that overproduction of EMODs 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 EMODs. 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).  I believe that this 
decrease in NADPH reducing equivalents will lead to decreased production of EMODs 
by the electron transport chain. 

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. 

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. 

 
 
5.8.4 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 
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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 electronically 
modified oxygen derivatives (EMODs), 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 EMODs: glycosylation (Schiff reaction), glucose autoxidation, and the 
glucosamine pathway. EMODs 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 EMODs 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 
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against alloxan diabetes. Nature294 :158 –160,1981).  This is paradoxical since SOD 
generates peroxide. 

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 EMOD-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.  

5.8.5 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. 
 
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. 
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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 electronically modified oxygen 
derivatives 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. 
 
5.8.6 Glucose Toxicity in Beta-Cells 
 
Some of the following material was abstracted, excerpted or modified from:  Glucose 
Toxicity in Beta-Cells: Type 2 Diabetes, Good Radicals Gone Bad, and the 
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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 EMOD-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. I believe that this is natural response, since peroxide can help with glucose 
transport. This was prevented by coincubation with mannoheptulose, indicating that 
glucose metabolism was essential for the event. 

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 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). 
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5.9 Hyperglycemia 
 
Patients with early hyperglycaemia, whether diabetic or not, have an increased risk 
for allograft rejection. High sugar levels may exacerbate warm ischemic damage, with 
the resulting tissue injury acting as trigger for rejection. It is known that 
hyperglycemia, 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 electronically modified oxygen derivatives 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 recognized 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). 
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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. If 
hyperglycemia does produce uncoupling, it would be expected to increase EMOD 
production. 

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

+), 
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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.  However, Co Q can be a prooxidant. 
 
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.  
 

5.9.1 EMOD 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. 

5.9.2 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 (Δp). Thus, mitochondria 
in many tissues would spend more time under state 4--like conditions of low 
respiration rate, high (Δp), and reduced electron carriers, all of which favor 
superoxide formation. However, it should be noted that the validity of this link between 
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hyperglycemia and increased mitochondrial superoxide production has not yet been 
demonstrated. Indeed, in isolated hepatocytes, simply increasing the glucose 
concentration does not increase (Δp), 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. 

5.9.3 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). 
 
5.9.4     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 electronically modified oxygen 
derivatives (EMODs). 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 EMOD 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-
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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 EMOD 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 EMOD 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 
EMOD 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. 

5.9.5 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 
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superoxide production from isolated blood neutrophils. Perner, A. et al. Intensive Care 
Med. 2003 Apr;29(4):642-5).  This says that hyperglycemia suppresses EMOD 
production in WBCs. 

The evidence for increased mitochondrial EMOD 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 EMOD 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. EMOD production was also 
blocked by overexpression of UCP1, indicating (Δp) dependence. The increase in 
mitochondrial EMOD 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 EMOD production with MnSOD, respiratory inhibitors, or UCP1. 

The model that arose from these studies is that an increase in mitochondrial EMOD 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 EMOD 
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 EMOD 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 to 
reverse or treat diabetes have failed repeatedly! 
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5.9.5.1     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). 

5.9.6 Hyperglycemia in Pregnancy Lowers Embryo Oxygen and Increases 
  Birth Defects 
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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. I believe that the heart and the 
central nervous have an extremely high need for oxygen and a deficit of oxygen is 
manifested here first.   

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. 
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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, unless severe hypoxia is 
obtained. 

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 
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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. 

5.9.7 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). 

5.9.8 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 

Page 237 of 366



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 electronically modified oxygen derivatives, 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).  
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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). 

5.9.9 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. 
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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 is inconclusive. 
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 
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. 
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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. 
 
5.9.10 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. 
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Increased fatty acid metabolism in hypoglycemia may lead to acidosis, which enhances 
free radical aggressivity. 
 
6.0 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. 

6.0.1 Superoxide Generated by Hyperglycemia Activates UCP2 
 
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). 
 
6.0.2 UCP2-deficient Mice Show Enhanced Insulin Secretion 
 
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 electronically modified oxygen derivative 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). 

Page 242 of 366

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 electronically modified oxygen 
derivatives (EMODs). 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). 
 
6.0.3 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 
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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 EMODs mediate the FFA-related increase in UCP2 
expression, FFA does potentiate EMOD production in the mitochondria, leading to 
increased uncoupling and dissipation of the mitochondrial membrane potential. 
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Beta cells exposed to high concentrations of glucose also generate more EMODs 
(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 EMOD 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. 

6.0.4 UCP2 Decreases EMOD Generation 

Electronically modified oxygen derivatives (EMODs) may contribute to atherogenesis. 
Uncoupling protein 2 (UCP2) reduces mitochondrial EMOD 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 electronically modified oxygen derivatives 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 electronically modified 
oxygen derivatives (EMODs). At low levels, intracellular EMODs act as signaling 
molecules that modulate a diverse array of biochemical functions. However, increased 
EMOD 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 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 EMOD 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 
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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 EMOD-generating intermediates is prolonged, and the flux 
of EMODs 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 EMODs 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 EMOD 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 
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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 EMODs 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 EMODs, 
whereas UCP2 antisense oligonucleotides increased intracellular EMOD generation in 
murine endothelial cells. Earlier studies in macrophages of UCP2 knock-out mice 
(UCP2–/–) also demonstrated an excess production of EMODs in response to 
Toxoplasma gondii infection. In ob/ob mice, UCP2 expression in macrophages was 

lower, and mitochondrial EMOD 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 EMOD generation. 
 
6.1 Insulin Biochemistry 
 
Atherosclerosis and restenosis after balloon catheter angioplasty are increased in insulin-
resistant states.  The latter data are consistent with the notion that insulin normally 
inhibits atherosclerosis and restenosis in vivo and that the functional lack of insulin 
in insulin-resistant states contributes to vascular disease.  Insulin, which increases the 
NADH/NAD+ ratio in these cells, stimulated superoxide anion (O2

-) accumulation.  
Insulin also stimulated hydrogen peroxide (H2O2) accumulation.  Ergo, it is a powerful 
prooxidant. 
 
Yang concludes that insulin increases NADH oxidase-derived O2

- production in 
cultured rat VSMCs. This did not cause the expected scavenging of NO resulting in the 
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reduction of NO-stimulated guanylate cyclase activity, but enough O2
- was metabolized 

to H2O2 to increase overall NO-stimulated cGMP production (Insulin-Stimulated 
Hydrogen Peroxide Increases Guanylate Cyclase Activity in Vascular Smooth Muscle. 
Ming Yang; Yu Yang; Sui Zhang; Andrew M. Kahn. Hypertension. 2003;42:569).  
 
Insulin increases lactate accumulation in cultured VSMCs.  Increased lactate increases 

NADH by the lactate dehydrogenase reaction, which drives NADH oxidase toward O2
- in 

VSMCs.  Insulin increases NADH oxidase-derived O2
- production in cultured rat 

VSMCs. This did not cause the expected scavenging of NO resulting in the reduction of 
NO-stimulated guanylate cyclase activity, but enough O2

- was metabolized to H2O2 to 
increase overall NO-stimulated cGMP production.   
 
Insulin-resistant or deficiency states are associated with accelerated vascular 

disease. 
 
Insulin treatment significantly increased intracellular superoxide anion (O2

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

catalase.  In diabetes, free radical production is increased by hyperglycemia through 
glycoxidation and sorbitol system activation and by functional limitation of the hexose 

monophosphate shunt, leading to decreased glutathione synthesis (Baynes JW, Thorpe 
SR: Role of oxidative stress in diabetic complications. Diabetes 48 :1 –9,1999). 
 
There is evidence that hyperinsulinemia, the hallmark of insulin resistance, may be 
involved in the generation of oxidative stress (Urakawa H, Katsuki A, Sumida Y, 
Gabazza EC, Murashima S, Morioka K, Maruyama N, Kitagawa N, Tanaka T, Hori Y, 
Nakatani K, Yano Y, Adachi Y: Oxidative stress is associated with adiposity and insulin 
resistance in men. J Clin Endocrinol Metab 88 :4673 –4676,2003).  
 
Insulin stimulates NAD(P)H-dependent H2O2 generation in human adipocyte 
plasma membrane (Krieger-Brauer HI, Medda PK, Kather H: Insulin-induced activation 
of NAD(P)H-dependent H2O2 generation in human adipocyte plasma membranes is 
mediated by G i2. J Biol Chem272 :10135 –10143,1997) and increases superoxide anion 
(O2

–) production through NAD(P)H oxidase in aortic segments from hyperinsulinemic 
rats (Kashiwagi A, Shinozaki K, Nishio Y, Maegawa H, Maeno Y, Kanazawa A, Kojima 
H, Haneda M, Hidaka H, Yasuda H, Kikkawa R: Endothelium-specific activation of 
NAD(P)H oxidase in aortas of exogenously hyperinsulinemic rats. Am J Physio l277 
:E976 –E983,1999).  
 

However, the mechanisms by which hyperinsulinemia stimulates free radical production 
and their pathophysiological implications remain to be elucidated. Yet, in insulin 
deficiency states, such as type 1 diabetes, atherosclerosis flourishes. 
 
However, previous epidemiological studies have indicated a close relation between 
plasma insulin levels and the incidence of cardiovascular disease, supporting the 
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hypothesis that hyperinsulinemia, as a reflection of insulin resistance, may be an 
atherogenic factor.   
 
Kashiwagi et al. (Kashiwagi A, Shinozaki K, Nishio Y, Maegawa H, Maeno Y, 
Kanazawa A, Kojima H, Haneda M, Hidaka H, Yasuda H, Kikkawa R: Endothelium-
specific activation of NAD(P)H oxidase in aortas of exogenously hyperinsulinemic rats. 
Am J Physiol 277 :E976 –E983,1999) indirectly showed that insulin treatment increases 
superoxide in rats.  ESR measurements indicated that insulin specifically generated O2

– 
production, as its effect was inhibited by PEG-SOD and Tiron, an O2

– scavenger.  They 
have provided direct evidence that insulin generates free radicals in isolated ex vivo 
human fibroblasts; the activation of NAD(P)H oxidase, achieved through a PI 3'-kinase-
dependent mechanism, was necessary to elicit this effect. 
 
I conclude that insulin is a strong prooxidant.  Thus, when insulin is 
insufficient, diabetes and all of it comorbidities are “allowed” to be 
manifested.  This also explains its relationship to the other Howes’ 
EMOD insufficiency syndrome diseases, such as cancer, strokes, obesity, 
atherosclerosis, arthritis, cataracts, etc.  
 
I can best illustrate my conclusions by the fact that insulin injections 
relieve many harmful aspects of diabetes and I believe that it does so via 
EMOD production. 
 
6.1.1 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 
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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. 
 
6.1.2 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 EMOD 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 
EMOD 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. 

6.1.3 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. 
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6.1.4 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 and oxygen levels go 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 
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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, as is a condition of hypoxia.  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. 

6.2 Insulin Resistance in Type 2 Diabetics 

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 (with an EMOD 
deficiency) 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. 
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I believe that this indicates that with cancer, there can be an EMOD deficiency at 
the primary site of the neoplasia.  Metastasis may indicate that this condition of 
EMOD insufficiency is becoming more widespread or is occurring at a new and 
different site.  Multiple primary tumors can occur when an overall EMOD 
insufficiency exists and this is likely to be associated with the manifestation of other 
clustered diseases, which I have named the Howes’ EMOD insufficiency syndrome. 

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. 

6.2.1 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 
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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. 

6.2.2     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. 

6.2.3 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. 
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6.2.4 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 

Page 255 of 366



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). 

6.2.5       Vitamin C Does Not Improve 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, insulin, 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 ). 
 
6.3 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). 
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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). 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). I believe that this effect is due to the tumoricidal activity of 
increased EMODs. 

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. 

6.3.1 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 
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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 electronically modified 
oxygen derivatives 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. 

6.3.2 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 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. 

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 
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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).  
 
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 
electronically modified oxygen derivatives (EMODs). Increased oxidative stress, 
which may contribute substantially to the pathogenesis of diabetic complications, is the 
consequences of either enhanced EMOD production or attenuated EMOD 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 
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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 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 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).   
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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). 
 
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. 
 
6.3.3 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). 
 
6.3.4 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 raise EMOD production.). 
 
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). 
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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 EMODs /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 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 defences in skeletal and 
heart muscle after acute or long-term exercise, which is believed to be a consequence of 
EMODs /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 
EMOD leakage throughout the pores into cytoplasm (Lemasters J 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.  
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6.3.5 Insulin Suppresses Superoxide Generation in Diabetics 
 
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 EMOD/RNS. 
  
6.3.6 Higher Insulin Concentration, Insulin Resistance Predicts Risk of Breast 

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). 
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6.3.7    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). 
 
6.3.8 Metabolic Syndrome (MS) 
 
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 
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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)  

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,  
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• 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 
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.  

6.3.9 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). 
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6.4 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 
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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 electronically modified oxygen derivative-
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. 

6.4.1 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]. 

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.  

6.5 Alpha-lipoic Acid (Antioxidant and Prooxidant) and Diabetes 
 
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 
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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 electronically modified oxygen derivatives 
(EMOD) production and mitochondrial membrane potential investigated. Insulin 
enhanced glycogen synthesis, whereas LA decreased rates by >50%. LA elevated EMOD 
production and in combination with t-butylhydroperoxide, an oxidant, additively 
inhibited glycogen synthesis rates by 80%. Insulin acted as an antioxidant and 
attenuated EMOD 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.  
 
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) 
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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). 
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 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 EMOD production and 
stimulated glycogen synthesis. Insulin also lowered the effect of LA on EMOD 
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 EMOD 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). Arguments have been made 
that uncoupling both increases and decreases EMOD production.  Confusion is 
everywhere. 
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Therefore, some of the LA-induced increase in EMOD production is probably not due to 
an increase in endogenous EMODs but to the oxidizing effect of LA itself. Indeed, only 
part of the augmented EMOD 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 (EMODs) and nitrogen oxide (RNOS) species are produced as by-
products of oxidative metabolism. A major function for EMODs and RNOS is 
immunological host defense. Recent evidence indicates that ROS and RNOS may 
also function as signaling molecules. However, high levels of EMODs 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).  

6.5.1 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.  
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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.  

6.5.2 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 
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. 
 
6.5.3 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 
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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. 
 
6.5.4 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 electronically modified oxygen 
derivatives (EMOD) 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. 
 
6.6 Other Treatments 
6.6.1 Vitamin E 

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).  
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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.) 

6.6.2 Vitamin C 

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.  

6.6.3 Multivitamins 

One small double-blind, placebo-controlled study suggests that regular use of 
multivitamin/multimineral supplements may reduce incidence of infectious illness in 
people with diabetes (Barringer TA, Kirk JK, Santaniello AC, et al. Effect of a 
multivitamin and mineral supplement on infection and quality of life. A randomized, 
double-blind, placebo-controlled trial. Ann Intern Med. 2003;138:365-71).  

Another study failed to find that general nutritional supplementation accelerated 
healing of diabetic foot ulcers (Eneroth M, Larsson J, Oscarsson C, et al. Nutritional 
supplementation for diabetic foot ulcers: the first RCT. JWound Care. 2004;13:230-4).  

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 
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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 EMODs (electronically modified oxygen derivatives) or a deficiency 
of antioxidant enzymes. EMODs 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 EMODs. 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). 

6.7 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. 
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6.7.1 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 electronically modified oxygen derivatives 
(EMODs). In both type 1 and type 2 diabetes EMODs are allegedly involved in the loss 
of ß-cells. He hypothesized that the deficiency in EMOD detoxifying system of ß-cells 
resulted in ß-cell vulnerability and enhanced EMOD 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 
EMOD induced ß-cell damage and diabetes. The transgenic islet cells had high efficacy 
in scavenging most forms of EMODs, and generally survived and functioned better than 
control cells when exposed to various EMOD insults. The transgenic mice were highly 
resistant to STZ induced diabetes.  

6.7.2    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. 

6.7.3     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 EMOD damaging stimuli but sensitizes ß-cells to some 
other insults. Some of these data are at odds with the long term favored concept that 
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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. 

6.7.4     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, 
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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).  

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 EMOD 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. 
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6.7.5 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. 

6.7.6 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 EMODs 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 EMODs 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 EMODs participate in cellular signal 
transduction, probably even in the beta cell. 

The involvement of EMODs in insulin signaling has also been reported.  H2O2 was 
found to have insulin-like stimulating effect on various cell types, including 
adipocytes, leukocytes and hepatoma cells.  There are reports showing H2O2 increased 
insulin receptor kinase activity by increasing phosphorylation of the insulin receptor.  A 
direct measurement by DCF fluorescent probes revealed that H2O2 was formed in 
human polymorphonuclear leucocytes (PMNLs) treated with insulin. 

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. 
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This reversible inhibition of protein tyrosine phosphatase (PTPs) could be abolished by 
catalase.  Therefore the inhibition of PTPs by EMODs has been thought to be a 
physiologically important event during cell signaling by insulin. 

This new hypothesis emphasizes the fact that EMODs 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. 

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. 
 
6.7.7 So Called Oxidative Stress Revisited 
 
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 are 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). 
 
6.7.8 HOPE Study and MICRO-HOPE Substudy:  Vitamin E Failed 

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. 
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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). 

 
6.7.9 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). 
 
_____________ 
Findings from the third National Health and Nutrition Examination Survey, 1988–
1994  
 
6.7.10 Vitamin 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. 
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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. 
 

Page 283 of 366



6.8 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). 
 
6.8.1 Failed to Prevent Diabetes with the Use of Any Combination of  
 Antioxidants 

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. 

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. 
 
6.8.2 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 
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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 
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resistance in 3T3-L1 adipocytes and accelerates the decline in immunoreactive insulin 
during cell incubation. Metabolism 50: 1063–1069, 2001). 

6.8.3 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. 
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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. 

6.9 High Vitamin 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 
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total cardiovascular disease (CVD) in women with diabetes by analyzing data from the 
Iowa Women's Health Study. 

6.9.1 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.  

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. 
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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 

Page 289 of 366



coronary atherosclerosis in postmenopausal women: a randomized controlled trial. JAMA 
2002;288:2432-40). 

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).  
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7.0 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 
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. 
 
7.0.1 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 

Page 291 of 366



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.  
 
7.1 Vitamins E and C Fail to Prevent Prostate Cancer 

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 
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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: They 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). 
 
7.2 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. 

7.3 Antioxidants Citiolone and Dimethylthiourea Did Not Protect Islet Cells 

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.  
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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. 

7.4 Hypertension and EMODs 
7.4.1 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 electronically modified oxygen derivatives (EMODs). Increased EMOD 
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 EMOD 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 
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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 EMODs, 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 EMOD 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 
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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 EMODs 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 EMOD 
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. 
 
7.4.2 Oxidative Stress Not Increased in Mild-to-moderate Hypertension 
 
In never-treated mild-to-moderate hypertension, lipid peroxidation and 
oxidative stress are not increased (Cracowski JL, Baguet JP, Ormezzano O, 
Bessard J, Stanke-Labesque F, Bessard G, Mallion JM. Lipid peroxidation is not 
increased in patients with untreated mild-to-moderate hypertension. Hypertension. 2003; 
41: 286–288).  
 
7.5 Cataracts 
7.5.1 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.  

• 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.  
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• 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.  

7.5.2 Cataracts and Antioxidants 
 
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). 

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, 
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 
electronically modified oxygen derivatives. 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 
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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. 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).  

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 electronically 
modified oxygen derivatives 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 
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patient. Usually, patients are faced with decreased or low oxygen levels, which 
increase with aging. 
 
7.5.3 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. Investigators determined if a mixture of oral 
antioxidant micronutrients [mg/day] (beta-carotene [18], vitamin C [750], and vitamin 
E [600]) would modify progression of ARC.  

REACT was a multi-centered, prospective, double-masked, randomized, placebo-
controlled, 3-year trial. 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. After 
a three-month placebo run-in, patients were randomized by clinical center to the vitamin 
or placebo groups and followed every four months.  

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. 

7.5.4 Oxidative Stress and Ocular Diseases 

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).  
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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).  

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).  
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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 

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). 
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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 (PP

 <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 
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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. 

7.5.5 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 electronically modified 
oxygen derivatives (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, 
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the double bonds on the polyene chain can readily be oxidized by electronically 
modified oxygen derivatives, 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. 

7.5.6 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).  
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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. 

7.5.7 Macular Degeneration 

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). 
 

Page 305 of 366



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 
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 
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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). 
 
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 electronically modified oxygen derivatives 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). 
 
7.5.8 Metabolic Syndrome Increases Risk of Diabetic Cataract 
 
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. 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 
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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). 
 
7.5.9 Pycnogenol May Reduce Cataract Risk 
 
Because chronic hyperglycemia of uncontrolled diabetes mellitus may lead to increased 
electronically modified oxygen derivatives 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 streptozotocin induced 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. 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 

Page 308 of 366

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Bojarskiene+F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Cerniauskiene+LR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Paunksnis+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Luksiene+DI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kamuren+ZT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22McPeek+CG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sanders+RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Watkins+JB+3rd%22%5BAuthor%5D


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). 
 
7.5.10 Fruits and Vegetables May Protect Against Cataract 
 
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. 
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). 
 
7.6 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 
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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. 
 
7.7 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. 
 
Currently, there is no evidence that taking supplements prevents the early stages of 
ARM or the development of diabetic retinopathy. 

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). 

7.8 Vitamin D3 (1,25(OH)2 D3) 
 
7.8.1     1,25(OH)2 D3 Inhibits Rheumatoid Arthritis (RA) and Type I 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. 
 
7.8.2      1,25(OH)2 D3 Reduces Breast, Lung, Ovarian and Prostate Cancer and 

Non-Hodgkin’s Lymphoma 
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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]). 
 
7.8.3 Vitamin D Fights Cancer and Diabetes 

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). 
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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. This can be another safe way to increase one’s oxidative 
capacity. 

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 electronically modified oxygen derivative 
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. 
 

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 EMOD 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 EMOD 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. 
 
7.8.4 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 
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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. 

7.8.5 Vitamin D and calcium may lower diabetes risk 

Women with high intakes of vitamin D and calcium appear to have a lower risk of 
developing type 2 diabetes, according to Boston-based researchers.  Dr. Anastassios G. 
Pittas, of Tufts-New England Medical Center and colleagues looked at data on 83,779 
women enrolled in the Nurses' Health Study. The women had no history of diabetes, 
cardiovascular disease or cancer when they enrolled in the study. Vitamin D and calcium 
intake from foods and from supplements were evaluated every 2 to 4 years. 

A total of 4,843 new cases of diabetes were documented over 20 years of follow-up. 

"Based on the latest guidelines set by the Institute of Medicine, only 3% of women in our 
cohort had adequate vitamin D intake, and only 24% had adequate calcium intake," 
Pittas's group reports in the medical journal Diabetes Care. 

Total vitamin D intake was not significantly associated with type 2 diabetes, but there 
was a difference when it came to vitamin D supplements. The team saw a 13 percent 
lower risk of diabetes among women in the highest versus the lowest category of vitamin 
D intake from supplements. Women with the highest total calcium intake had a 21 
percent lower risk of diabetes than those with the lowest intake. In this case, the 
source of calcium didn't make much difference: the risk was 18 percent lower among 
women in the highest versus the lowest category of calcium intake from supplements. 
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Overall, the lowest risk of diabetes was observed among women with the highest 
combined intakes of calcium and vitamin D compared with those with the lowest. 

The researchers say their findings could have "important public health implications," 
because interventions to raise both vitamin D and calcium intake "can be implemented 
easily and inexpensively to prevent type 2 diabetes." (Diabetes Care, March 2006). 

7.9 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).  
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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).  
 
8.0 Zinc 

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).  

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). 

8.1 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 
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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 
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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 ). 

 
8.2 HIF-1 and Uncoupling Protein (UCP) 
 
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 
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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 EMOD production, and 
HIF-1  activation is correlated with changes in EMODs (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 EMOD 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 EMOD 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 
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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.  

8.3 Aging (EMODs, UCP) 
8.4 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 tumour. 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). 

8.4.1 Progeria gene identified 

Dr. William Gahl of the National Human Genome Research Insittute said in October of 
2006, that the gene that causes progeria was identified two years ago. Researchers 
identified a specific fat molecule as part of the increased incidence of atherosclerosis. 

8.5 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 EMOD 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 EMOD 
generation while they increased oxidative damage to mitochondrial DNA. GH and 
insulin decreased three different markers of oxidative modification of liver proteins, 
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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. 

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. 
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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. 
 
Most of the Howes’ EMOD insufficiency syndrome diseases demonstrate signs of 
early aging.  This argues that EMOD deficiency states are related to premature 
aging.  This is in contradistinction to the free radical theory of aging and oxidative 
stress.  
 
8.6 Conclusions 
 
Based on this extensive review, I can conclude that diabetes is not caused by EMODs or 
oxidative processes.  In fact, it may be caused by an EMOD insufficiency but this is not 
conclusive.  My conclusion is based on the following: 

● Oxidants, including hydrogen peroxide (H2O2), have been recognized for years to 
mimic insulin action on glucose transport in adipose cells. Early studies also 
demonstrated the complementary finding that H2O2 was elaborated during treatment of 
cells with insulin, suggesting that cellular H2O2 generation was integral to insulin 
signaling. Recently, reactive oxygen species elicited by various hormones and growth 
factors have been shown to affect signal transduction pathways in various cell types. 
Investigators recently reported that insulin-stimulated H2O2 modulates proximal and 
distal insulin signaling, at least in part through the oxidative inhibition of protein tyrosine 
phosphatases (PTPases) that negatively regulate the insulin action pathway. Nox4, a 
homologue in the family of NADPH oxidase catalytic subunits, was found to be 
prominently expressed in insulin-sensitive cells. By various molecular approaches, Nox4 
was shown to mediate insulin-stimulated H2O2 generation and impact the insulin 
signaling cascade. Overexpression of Nox4 also significantly reversed the inhibition of 
insulin-stimulated receptor tyrosine phosphorylation by PTP1B, a widely expressed 
PTPase implicated in the negative regulation of insulin signaling, by inhibiting its 
catalytic activity. These recent studies have provided insight into Nox4 as a novel 
molecular link between insulin-stimulated reactive oxygen species and mechanisms 
involved in their modulation of insulin signal transduction. Antioxid. Redox Signal. 7, 
1021–1031. 

I believe that this data clearly shows that an EMOD insufficiency could be causative of 
diabetes or the appearance of insulin resistance.  Since EMODs, especially H2O2 mimic 
insulin for glucose transport, it is logical to assume that an EMOD insufficiency would 
result in decreased glucose transport and result in mimicking the appearance of diabetes.  
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Additionally, I believe that this indicates that by increasing the oxidative capacity 
(EMOD load, especially H2O2) that one could theoretically treat diabetes.   

● F2-IsoPM levels (markers of oxidative activity) were inversely 
associated with development of type 2 diabetes.  The measurement of urinary 
F2-isoprostanes provides a direct measure of in vivo lipid peroxidation and oxidative 

stress. I believe that this is strong evidence that EMODs are not causative of type 2 
diabetes. 

● 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-cystein and manganes(III)tetrakis (4-benzoic acid) do not prevent 
{beta}-cell dysfunction in rat islets cultured in high glucose for one week. 
(Khaldi MZ). 

● 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,). I believe that this argues that the 
pancreatic cells need high levels of EMODs under normal conditions. 

● Data implicates iNOS, as opposed to EMODs, as the pivotal player in 
cytokine-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. 

● There is no evidence of benefit from antioxidant supplementation in people with 
diabetes who do not have underlying deficiencies. (Schwartz, N.L.  Are supplemental 
antioxidants helpful in cardiovascular disease?  Diabetes Education Center of the 
Midlands, Fall, 2003).   

● Persons with type II diabetes mellitus (DM), even without cardiovascular 
complications have a decreased maximal oxygen consumption (VO2 max) and sub 
maximal oxygen consumption (VO2) during graded exercise compared with healthy 
controls (Regensteiner, J.G). 

● Insulin secretion was suppressed while glucagon secretion was increased during 
hypoxia. 
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● No difference in serum conjugated diene levels between otherwise healthy diabetic 
patients and healthy control subjects was noted. (Sinclair, A.J.). 

● Their 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. 

● A case control study was conducted within the prospective cohort of the Insulin 
Resistance Atherosclerosis StudyAfter adjustment for age, gender, baseline impaired 
glucose tolerance status, and BMI, F2-IsoPM levels were inversely associated with 
development of type 2 diabetes. These results suggest that oxidative damage is not a 
cause of type 2 diabetes. 

● GPx Overexpression Leads to Hyperinsulinemia and Hyperglycemia. 
Increased GPX1 activity may interfere with insulin function by over quenching 
intracellular electronically modified oxygen derivatives required for insulin sensitizing.  I 
believe that this is a strong argument that diabetes is, indeed, an EMOD deficiency 
disease as I have been speculating for over 2 years. Lack of H2O2 appears to be 
directly linked to the development of diabetes and obesity. 
Because insulin resistance precedes the onset of type 2 diabetes, it is generally 
considered to be an important factor in the pathogenesis of the disease (Stumvoll, M.). 
Although there is substantial evidence that hyperglycemia results in the generation of 
electronically modified oxygen derivatives (EMOD) and increased oxidant stress in the 
late complications of diabetes (Packer, L., Kraemer, K. & Rimbach, G. (2001) Nutrition 
17, 888–895), the role of EMODs in the development of insulin resistance (Rosen, P., 
Nawroth, P. P., King, G., Moller, W., Tritschler, H. J. & Packer, L. (2001) Diabetes 
Metab. Res. Rev. 17, 189–212) (Evans, J. L., Goldfine, I. D., Maddux, B. A. & Grodsky, 
G. M. (2002) Endocrine Rev. 23, 599–622), especially at the whole-body level, remains 
virtually unknown. 

Selenium (Se) is an essential micronutrient that functions mainly through Se-dependent 
proteins. Glutathione peroxidase 1 (GPX1, EC 1.11.19) is the first identified and the 
most abundant selenoprotein in mammals. The enzyme is expressed in both cytosol and 
mitochondria and uses glutathione to reduce H2O2 and organic hydroperoxides. 
Overexpression or knockout of GPX1 renders mice resistant or 
susceptible to acute oxidative stress (Cheng, W. H.). 

● Mice with elevated levels of the antioxidant enzyme GPx develop the precursors of 
diabetes at much higher rates than did control mice. 
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 “Although free radicals are known to be harmful and antioxidants helpful, our study 
suggests that we actually need some free radicals to regulate insulin 
sensitivity,” says Xingen Lei, associate professor of animal science at Cornell and an 
author of the study, published in the June 15, 2005 issue of the Proceedings of the 
National Academy of Sciences. The lead author, James McClung, notes that high 
levels of GPx appear to promote diabetes by mopping up too many free 
radicals, which are needed to help switch insulin signaling on and off in glucose 
(blood sugar) metabolism. 

“Most people believe that both selenium and the selenium-containing enzyme GPx are 
good for health by protecting cells and tissues from oxidation. However, this study 
suggests that they are a double-edged sword,” says Lei. “Antioxidants can be 
harmful by neutralizing too many free radicals and interfering with 
insulin signaling, which results in promoting obesity, insulin resistance 
and possibly diabetes.” 

● Please read this again.  Overexpression of an antioxidant enzyme, GPx, which 
decreases EMODs, leads to insulin resistance, which leads to development of type 2 
diabetes. Ergo, I believe that diabetes is caused by an EMOD insufficiency state, 
either localized to the pancreas itself or throughout the body, as can be seen with 
obesity. 

● Unexpectedly, the cytoplasmic antioxidants, MT and catalase, greatly accelerated 
diabetes after cyclophosphamide and accelerated spontaneous diabetes in male NOD 
mice. 

● Li’s study indicates that cytoplasmic EMODs may have an important role for 
protecting the ß-cell from autoimmune destruction 

● EMODs May Have a Protective Role for Pancreatic Beta Cells 
It is widely proposed that electronically modified oxygen derivatives (EMODs) 
contribute to ß-cell death in type 1 diabetes. Li et al. tested this in nonobese diabetic 
(NOD) mice using ß-cell–specific overexpression of three antioxidant proteins: 
metallothionein (MT), catalase (Cat), or manganese superoxide dismutase (MnSOD). 
Unexpectedly, the cytoplasmic antioxidants, MT and catalase, greatly accelerated 
diabetes after cyclophosphamide and accelerated spontaneous diabetes in male NOD 
mice.  

This occurred despite the fact that they reduced cytokine-induced EMOD production and 

MT reduced streptozotocin diabetes in NOD mice. Accelerated diabetes onset coincided 
with increased ß-cell death but not with increased immune attack. Islets from MTNOD 
mice were more sensitive to cytokine injury. In vivo and in vitro studies indicated reduced 
activation of the Akt/pancreatic duodenal homeobox-1 survival pathway in MTNOD and 
CatNOD islets. Li’s study indicates that cytoplasmic EMODs may have an 
important role for protecting the ß-cell from autoimmune destruction 
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(Metallothionein and Catalase Sensitize to Diabetes in Nonobese Diabetic Mice. Reactive 
Oxygen Species May Have a Protective Role in Pancreatic ß-Cells. Xiaoyan Li, Hainan 
Chen, and Paul N. Epstein. Diabetes 55:1592-1604, 2006).  

● 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). 

● Otto Warburg established that lactic acid production even in the presence of 
oxygen is a fundamental property of cancer. 

● Lactate, a supposedly benign metabolite of the cancer cells, which appears in all 
the other degenerative conditions, including obesity, diabetes, Alzheimer's disease, 
multiple sclerosis, is itself a central factor in the degenerative process. Darkness, like 
irradiation, excess lactate, and unsaturated fats, has the diabetes-like effect of 
greatly reducing the ability of muscle to absorb sugar, while light stimulates 
respiration. Free fatty acids and lactate impair glucose use, and promote edema, 
especially in the lungs. Edema in the lungs limits oxygen absorption.” I have not 
checked the validity of these statements. RMH 

● The association of obstructive sleep apnea syndrome (OSAS) with some diseases, 
having endothelial dysfunction in their physiopathology, such as hypertension, 
diabetes mellitus, obesity, coronary artery diseases, stroke and heart failure is 
common. 

● A growing body of epidemiological evidence supports an association between 
short sleep duration and the risk for obesity and diabetes. Chronic sleep loss, 
behavioral or sleep disorder related, may represent a novel risk factor for weight 
gain, insulin resistance, and Type 2 diabetes (Spiegel K). I believe that this 
represents a loss of stage 4 mitochondrial respiration in sleep and a deficiency of 
EMODs, which “allows” for the development of diabetes, atherosclerosis, cancer, 
etc. 
 
● Obesity is a strong risk factor for sleep apnea, and there are some data to suggest 
sleep apnea may influence obesity. Obstructive sleep apnea, a syndrome leading to 
recurrent intermittent hypoxia (IH), has been associated previously with 
hypercholesterolemia, independent of underlying obesity. Intermittent hypoxia 
induces hyperlipidemia in lean mice. (Li J). I believe that this is part of my 
“EMOD insufficiency syndrome” which is associated with high rates of development 
of atherosclerosis, cancer, diabetes and obesity. 
 
● OSAS is independently associated with insulin resistance and fatty liver disease. I 
believe that this shows the relationship between obesity, diabetes and hypoxia. 
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● Oxidative stress and lipid peroxidation do not appear to be key mediators of increased 

cardiovascular disease in OSA patients (Oxidative stress in obstructive sleep apnoea. 
(Anna Svatikova).
 
● Insulin secretion was suppressed while glucagon secretion was 
increased during hypoxia. I believe that this clearly demonstrates an oxygen 
dependence for proper islet functioning and insulin secretion. Hypoxia suppresses 
insulin secretion, which could be happening in diabetes. Thus, hypoxia decreases 
insulin secretion and EMOD levels. 

● Secretion from single-cell aggregates was unaffected until pO2 levels dropped to 
12 mmHg, at which point secretion progressively decreased with falling pO2. O2 
uptake increases with glucose stimulation. 

● Oxygen and temperature dependence of stimulated insulin secretion in isolated 
rat islets of Langerhans. (Ohta M). 

● Temporal analysis of oscillations in pO2 and insulin release revealed that 
maximum respiration correlated to maximum or close to maximum insulin release. 
(Ortsater H). 

● Obviously, oxygen levels are integrally directly related to islet function. Tissues of 
DM discharge more lactate than healthy people. As lactate is only a metabolite of 
glycolysis it is sure that tissues of diabetics undergo severe oxygen debt.  
 
● I believe that it is possible that the effects of hypoxia on insulin 
secretion have been basically overlooked.  A lack of oxygen may be 
causal of diabetes as opposed to the oxidation hypothesis. 

● Phagocytosis and phorbol myristate acetate (PMA)-stimulated H2O2 production 
were decreased in neutrophils from diabetic rats.  The treatment with insulin 
abolished the changes induced by the diabetic state even with no marked change in 
glycemia. Therefore, insulin may have a direct effect on neutrophil metabolism and 
function (T C Alba-Loureiro). I believe that this verifies my above suspicion that 
H2O2 is decreased in the diabetic. 
 
● 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. (Huang CK). 

● These results do not support the hypothesis that high intake of flavonols and 
flavones reduces the development of type 2 diabetes, although we cannot rule out a 
modest inverse association with intake of apples and tea (Yiqing Song). I believe that 
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this is because the free radical theory is wrong and that oxidative processes are not 
causative of diabetes. 

● It is noteworthy that one study reported no decrease of plasma antioxidant activity 
in subjects at increased risk for type 1 diabetes (Leinonen JS,). 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. 

● Beta-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).

● 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.  Analysis of islets cultured at 20 mM glucose 
confirmed that this condition does not induce EMOD 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 
EMOD 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). 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. 

● High extracellular glucose concentrations acutely reduce O2
.- production from 

activated neutrophils. 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.).  This says that hyperglycemia suppresses EMOD production 
in WBCs. 

● I conclude that insulin is a strong prooxidant.  Thus, when insulin is 
insufficient, diabetes and all of it comorbidities are “allowed” to be 
manifested.  This also explains its relationship to the other Howes’ 
EMOD insufficiency syndrome diseases, such as cancer, strokes, obesity, 
atherosclerosis, arthritis, cataracts, etc.  

● 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 
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double bonds, which serve as traps for EMODs, is of considerable importance, as is 
a condition of hypoxia.   

● 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 (with an EMOD deficiency) 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. 

I believe that this indicates that with cancer, there can be an EMOD deficiency at 
the primary site of the neoplasia.  Metastasis may indicate that this condition of 
EMOD insufficiency is becoming more widespread or is occurring at a new and 
different site.  Multiple primary tumors can occur when an overall EMOD 
insufficiency exists and this is likely to be associated with the manifestation of other 
clustered diseases, which I have named the Howes’ EMOD insufficiency syndrome. 

Even though the data can  be confusing and conflicting, there is inadequate data to 
implicate EMODs as being causative of diabetes or insulin resistance.  To the contrary, 
an EMOD insufficiency could and does lead to diabetic conditions and insulin resistance 
or reduced glucose transport. 

 

 

 

 

 

 

 

 

 

Page 328 of 366



Author and Subject Index: 
 
Since this is an e-book, the author and subject index can be readily accessed by 
 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,” 
  type in “the name of the author desired” or “the subject of the   
   search” 
 After filling in the desired search term, left click the “Find Next” box on the  
  lower portion of the window. 
 
The computer will take you to your requested search term for either an author or a 
specific word or subject.   
 
 
 
9.0 Highlights:  Quick Review of Diabetes & Oxygen free radical 

sophistry   
 

Taken from CVD & EMOD Mythology 

The clustering of cancer, atherosclerosis, diabetes, arthritis, obesity and cataracts 
leads me to believe that this is due to an “EMOD insufficiency syndrome.”  

High Blood Glucose Levels in Early Pregnancy May Deprive Embryo of Oxygen 
and Lead to Birth Defects; Joslin Diabetes Center Study Shows 4/25/05 

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 
the October 2005 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. The oxygen concentrations in 
embryos of mice injected with glucose were significantly lower than in control 
embryos. 
 

Embryos from pregnant mice with high blood glucose levels, or oxygen-restricted 
mice (12%), 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 
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percent oxygen) blocked the decrease in Pax3 expression and neural tube defects in 
their embryos.  

Neural tube defects and heart abnormalities are the most common birth defects 
affecting babies born to women with diabetes.  
 

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. 

Taken from Diabetes & EMOD Sophistry 

Diabetics are more susceptible to strokes, cancer, high blood pressure, heart attacks, 
kidney failure, gout, cataracts, blindness and gangrene. 

Hyperglycemia itself can lead to dehydration and ketoacidosis.   

Diabetics are prone to infections, obesity and delayed wound healing. I believe that 
this starts to implicate an EMOD deficiency or insufficiency state in the diabetic 
patient (i.e., Howes’ EMOD insufficiency syndrome). Other health problems that 
accelerate the damaging effects of diabetes are smoking, elevated cholesterol levels, 
obesity, high blood pressure and lack of regular exercise. 

Diabetics are more susceptible to strokes, cancer, high blood pressure, heart attacks, 
kidney failure, gout, cataracts, blindness and gangrene. 

Hyperglycemia itself can lead to dehydration and ketoacidosis.  This implies hypoxia 
and acidosis.  

Diabetics are prone to infections, obesity and delayed wound healing. I believe that 
this starts to implicate an EMOD deficiency or insufficiency state in the diabetic 
patient (i.e., Howes’ EMOD insufficiency syndrome). 

Diabetes and its comorbidities are all improved with exercise. 

Other health problems that accelerate the damaging effects of diabetes are smoking 
(hypoxia), elevated cholesterol levels (an antioxidant), obesity (hypoxia), high blood 
pressure and lack of regular exercise (no increase in EMOD production). 

Since insulin is the principal hormone that regulates uptake of glucose into most cells 
(primarily muscle and fat cells, but not central nervous system cells, endothelium and 
pancreatic cells) from the blood, deficiency of insulin or its action plays a central role 
in all forms of diabetes. 
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"People with diabetes are at two- to fourfold increased risk of a heart attack or 
stroke." 

Having diabetes makes it harder to fight off viruses that cause the flu and colds. 

It has also been calculated that for those diagnosed before the age of 40, the average 
life expectancy is reduced by 12 years for men, and 19 years for women. 

The occurrence of new cases of type 2 diabetes has doubled over the past three 
decades.  "Most, but not all, of the increase in diabetes occurred in people who were 
obese. 
 
When glucose cannot enter the cells, it builds up in the blood and the body's cells 
literally starve to death. 
 
Your brain needs a steady supply of glucose, for it neither stores nor 
manufactures its own energy supply. 
 

More than half of the affected patients with granuloma annulare have diabetes. 

Those at higher risk for foot ulcers tend to be people with diabetes who are 
overweight, smokers, and those with a long history of diabetes. I believe that these 
conditions contribute to EMOD deficiency. 

People with diabetes are also at higher risk for developing cataracts and certain 
types of glaucoma. 

Reversal of obesity through weight reduction or following bariatric surgery 
improves insulin sensitivity and regulation of blood sugar.  Increased EMODs, 
especially H2O2 would have the effect of improving insulin sensitivity and regulation 
of blood sugar would increase oxygen levels. I believe that this links obesity, 
cardiovascular disease and diabetes and that that link is directly related to EMOD 
levels. 

Being of Aboriginal, African, Latin American or Asian ethnic ancestry increases the risk 
of developing of type 2 diabetes. Risk levels for these groups are between two and six 
times higher than for Canadians of Caucasian origin. The actual prevalence of 
diabetes in the Caucasian population of the US is about 7.2% while in the African 
American population, it increases to about 11%. In a well known group of Native 
Americans, the Pima Indians, the prevalence increases to almost 35%. 

It has been found that vitamins E and C do not prevent pre-eclampsia. 

Both minor and major depression are strongly associated with increased mortality 
in diabetic patients. 
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All overweight individuals have insulin resistance, but only those with an inability to 
increase beta-cell production of insulin develop diabetes.  I believe that this may 
indicate that the fats and lipids in obese patients are scavenging EMODs, which 
normally help insulin and glucose transport, especially hydrogen peroxide. 

Girls are more likely to develop the diabetes than boys. I believe that this may be due to 
the higher levels of estrogen, which is an antioxidant. 

If your identical twin has Type 1 diabetes, you have less than a 50% chance of 
getting it too. And if your identical twin has Type 2 diabetes, you have about a 75% 
chance of getting it. So, DNA alone doesn’t make you diabetic—environment is also 
important. 

I believe that an EMOD insufficiency state allows the manifestation of diabetes and 
this is shown by its association with obesity, cancer and atherosclerosis. 

F2-IsoPM levels were inversely associated with development of type 2 
diabetes.  I believe that this is strong evidence that EMODs are not causative of 
type 2 diabetes. 

Diabetes mellitus is the most common cause of adult kidney failure worldwide. 

I believe that the increase in diabetes and CVD is also following increases in obesity 
and decreasing amounts of exercise.  Possibly, it is also being increased due to 
increased intake of antioxidant vitamins and dietary supplements. 

In 2005 there are about 20.8 million people with diabetes in the United States alone.  
According to the American Diabetes Association, there are about 6.2 million people 
undiagnosed and about 41 million people that would be considered prediabetic. 

Islets of Langerhans are one to three per cent of the pancreas. 

No nutrient is as important as oxygen.  Studies have shown that oxygen-starved 
islets have a poor insulin secretion response.  I believe that this may be related to the 
generalized hypoxia seen in obese patients.  It may also relate to the decreased rates 
of oxygen consumption seen with increasing age and in the elderly. 

Death from low oxygen is the most common cause of bio-artificial pancreas failure.  
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!  Islets in a low oxygen environment 
survive but have reduced output of insulin (Dionne et al., Diabetes 42,12-21). 

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. 
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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. 

Renaissance physicians called diabetes "the pissing disease." 

Three-quarters of the cells are beta cells that secrete insulin. Alpha cells secrete 
glucagon, and delta cells secrete somatostatin. 

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-cystein and 
manganes(III)tetrakis (4-benzoic acid) do not prevent {beta}-cell 
dysfunction in rat islets cultured in high glucose for one week. (Khaldi MZ). 

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). I believe that this argues that the 
pancreatic cells need high levels of EMODs under normal conditions. 

High glucose concentrations increase intra-islet peroxide levels. EMODs may serve 
as second messengers in the insulin action cascade. Studies also show that 
high glucose is not causing beta cell dysfunction by production of EMODs. 

PTPs normally serve as negative regulators of insulin action via the 
dephosphorylation of the insulin receptor and its tyrosine-phosphorylated cellular 
substrates. However, EMODs can rapidly oxidize the catalytic cysteine of target 

PTPs, effectively blocking their enzyme activity and reversing their inhibitory effect 
on insulin signaling.  Thus, EMODs facilitate insulin action. 
 

Transient bursts of small amounts of EMODs 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 EMODs can enhance 
the cellular responses to these ligands. 

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 EMODs in 
insulin-stimulated cells. 

I see a progression from an EMOD deficiency, to insulin resistance, to obesity, to 
metabolic syndrome to an EMOD insufficiency syndrome, with its comorbidities. 
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Cellular oxidant signaling is mediated by discrete localized redox circuitry, which is 
distinct from the notion of a generalized "oxidative stress" effect (Rhee SG). 

Polyamines and related insulin mimickers acted via the generation of H2O2, and 
H2O2

 itself stimulates lipid synthesis in adipocytes (May JM). 

In the late 1970s, insulin itself was shown to elicit the generation of H2O2 
in adipocytes (May JM). 

Insulin activated a plasma membrane enzyme system with the properties of an Nox, 
resulting in the downstream production of H2O2 (Mukherjee SP). This process 
involves a plasma membrane oxidase activity stimulated by insulin that generates 
cellular EMODs which, in turn, facilitate the insulin signaling cascade via the 
oxidative inhibition of cellular PTP activity. 

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. 

Thus, it appears to me that peroxide could be used to treat diabetes. 

A person with diabetes aged 40 has the same odds of having a stroke or heart attack 
as a healthy person of 55. 

Data implicates iNOS, as opposed to EMODs, as the pivotal player in 
cytokine-induced beta cell damage. This study shows that EMODs are 
NOT responsible for beta cell damage. (McCabe). 

Pancreatic cancer cells have decreased levels of MnSOD, which correlates well with 
increased rates of tumor cell proliferation. I believe that the decreased SOD led to 
decreased H2O2 levels and increased cellular proliferation.  MnSOD, CuZnSOD, 
and GPx protein and activity were increased in the ascites, metastatic 
tumor, and Capan-1 cell lines compared to MIA PaCa-2. I believe that this 
indicates that the increased antioxidant enzymes decreases EMODs and “allows” for 
tumor and metastatic growth. This effect has been shown over and over. (Lewis). 

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. I believe that this is 
directly related to the ability of SOD to produce hydrogen peroxide, which in 
sufficient amounts, will curtail tumor growth.  (Weydert). 
 

I believe that the H2O2 generated by SOD increases cancer apoptotic activity and 
hold it in abeyance. 
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Men with diabetes in the study of nearly 98,000 people were 27 percent more likely 
than non-diabetics to be diagnosed with cancer. 

One of the important functions of apoptosis is the elimination of preneoplastic and 
neoplastic cells (Thompson, C. B). 

In most forms of cell suicide, the signaling cascade utilizes electronically modified 
oxygen derivatives as essential intermediate messenger molecules (Albright, C. D). 

Salganik et al. observed a reduction in brain tumor size in the TgT  transgenic 
mouse model, which spontaneously develops brain cancer, when these mice were fed 
diets depleted of antioxidants (Slater, A. F). There was enhanced apoptosis within 
tumors of antioxidant depleted mice (Salganik). 

Breast Cancer Showed Increased Apoptosis with Antioxidant Depleted Diet 

Dietary antioxidant depletion inhibited tumor growth and diminished metastasis. 
The number of apoptotic cells in tumors increased 5-fold, and the 
percentage of tumor cells undergoing mitosis decreased by half. 

Administration of antioxidants subsequent to a mutagenic event may effectively 
intercept free radicals that are critical in promoting apoptosis. 

Antioxidant vitamins and supplements have repeatedly failed to reverse, nullify or 
cure what have been believed to be oxidation-caused diseases.  Antioxidant vitamins do 
not work. 

A federal science panel in May 2006 had concluded there is no evidence 
for recommending certain vitamin supplements for cancer prevention. 
Even the Council for Responsible Nutrition, a supplement trade association, won't 
say that vitamins prevent cancer. 

"More than half of Americans are taking dietary supplements — mostly 
multivitamins — but scientists aren't certain about their benefit," said Dr. J. Michael 
McGinnis, who chaired the National Institutes of Health panel that critiqued 
supplemental vitamins. 

Vitamin A actually increased lung cancer incidence in smokers by 18 
percent. 

Beta-carotene has no impact on the incidence of lung cancer in non-
smokers, or prostate or breast cancer. And research has found vitamin B2 
and niacin had no impact on the occurrence of cancers, and selenium 
did not decrease skin cancer. 
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Low-dose vitamin A derivative did not prevent head and neck tumors. 

A study of about 36,000 post-menopausal women released this month found calcium 
and vitamin D supplements didn't cut the odds of developing breast 
cancer. 

Dr. Packer acknowledges the conditions under which redox-active substances can 
exert antioxidant as well as prooxidant action in different organ systems and in various 
cell types. 

All of the evidence linking free radicals to diabetogenesis is circumstantial.    
After adjustment for dietary intake of vitamin C and other important covariates, 
however, mean concentrations of ascorbate did not differ according to diabetes 

status.  (JC Will). 
 
A high vitamin C intake from supplements is associated with an increased risk of 
cardiovascular disease mortality in postmenopausal women with diabetes (Duk-Hee 
Lee).

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). 

Most importantly, the current study shows that the functional 
impairment of type 2 diabetic islets can be, at least in part, reversible. I 
believe that this demonstrates the fact that diabetes can undergo spontaneous 
regression, as is seen in gestational diabetes. 

Nonetheless, I am amazed that a human can survive  in good health and free of 
major diseases for up to a century, while being assaulted or “attacked” by these 
oxidative mutagenic events, which I calculate to be ~7.5 times 1017 power over a 100 
year lifetime.  I believe that this fact alone, debunks the oxy-moronic free radical 
theory of aging.    

Persons with type II diabetes mellitus (DM), even without cardiovascular 
complications have a decreased maximal oxygen consumption (VO2 max) and sub 
maximal oxygen consumption (VO2) during graded exercise compared with healthy 
controls (Regensteiner, J.G). 

Exercise reduces the risk of developing diabetes regardless of a person's waist size. 

During moderate exercise oxygen consumption increased by 8-10 fold 
and oxygen flux through the muscle may increase by 90-100 fold.  Even 
moderate exercise may increase free radical production and overwhelm antioxidant 
defenses, presumably resulting in an oxidative insult (Sen, C.K). 
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In rats exhaustive treadmill exercise increased the free radical concentration by 2- to 
3-fold of skeletal muscle and liver. (Davies, K.J.). Thus, regular physical exercise 
should induce many of the 100 diseases ascribed to oxidative stress but as we all 
know, exercise is good for us and is contrary to the beliefs of the free radica-phobes. 

Increased oxidative stress as measured by indices of lipid peroxidation and protein 
oxidation has been shown to be increased in both insulin dependent diabetes 
(IDDM), and non-insulin dependent (NIDDM) (Cederberg, J). 

Regular exercise and physical fitness as measured by maximal oxygen consumption 
have protective effects on cardiovascular disease and mortality (Lakka, T.A.). 

Physical fitness as measured by maximal oxygen consumption (VO2 max), however, 
was strongly inversely correlated with plasma TBARS in the diabetic men only, 
which I believe suggests that diabetic men have a decreased ability to generate EMODs. 

Glutathione is a tripeptide which has “free” sulfhydryl groups available to reduce 
H2O2 to water.   

Type 2 diabetic patients had decreased erythrocyte GSH and increased GSSG levels. 
(Jain, S.K). 

No difference in serum conjugated diene levels between otherwise healthy diabetic 
patients and healthy control subjects was noted. (Sinclair, A.J.). 

No clear consensus has been found concerning the presence of increased oxidized 
LDL antibodies for LDL cholesterol oxidizability or especially for indices of plasma 
or serum lipid peroxidation in DM patients.   

Erythrocyte GST, Cu,Zn-SOD and catalase activities were similar in control and 
DM group after exercise. (Atalay, M.). 

Increased plasma TBARS in the diabetic men both at rest and after exercise, showing for 
the first time increased exercise induced oxidative stress in DM was found.   

Increased glucose and hydrogen peroxide levels have also been shown to inactivate 
catalase.  As reviewed above, decreased red cell SOD and catalase activity have 
often, but not always, been found in DM patients.   

Decreased levels of cardiac antioxidants have been previously observed in 
endurance trained healthy rats. (Kihlstrom, M.). Acute exhaustive exercise induced 
oxidative stress measured as increased TBARS level in liver and increased dienes in 
heart.   

Aerobic metabolism is always accompanied by the production of electronically 
modified oxygen derivatives. The adverse effects of free radicals are allegedly 
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recognized in several disorders, but care should be taken when assessing their 
causative role (Halliwell B.). 

SOD activity was higher and GPx activity lower in patients with diabetes than in 
healthy control subjects.  SOD and GPx enzyme activities vary according to race. 

I believe that this study shows that streptozotocin-induced diabetes in rats is a 
different entity than naturally occurring Type 1 and 2 in humans, since antioxidants 
can not reverse or stop the naturally occurring type of diabetes. 

Many scientists believe that the overexpression of SOD can be linked directly to the 
premature aging, neuronal degeneration, early-onset Alzheimer's disease, and other 
clinical features of Down syndrome (de Haan, J). 

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. 

SOD requires manganese or copper and zinc, Gpx needs selenium, and catalase 
contains heme as cofactor. 

In diabetics, activity of erythrocyte SOD has been shown to be decreased, increased 
and unchanged. 

At a low concentration of H2O2 and in the presence of a suitable hydrogen donor, 
e.g. ethanol, methanol, phenol, and others, catalase acts peroxidically, removing 
H2O2, but oxidizing its substrate (peroxidatic reaction) (Catalase: structure, properties, 
functions. Scibior, D. et al. Postepy Hig Med Dosw (Online). 2006;60:170-80).  I believe 
that this illustrates the fact that this well ballyhooded antioxidant enzyme can also 
act as a prooxidant. 

GPx can also reduce lipid peroxides to alcohols, which catalase cannot do. 

A potentially major problem for the ß-cell is its unusually low 

complement of SOD, catalase, and GPx. I must question as to how Nature 
could be so stupid as to leave the pancreas vulnerable to EMODs. This same 
condition exists in other vital organs such as the brain and the heart.  It is 
counterintuitive that this represents a mistake of nature. 

Arguments against this hypothesis can be mounted using the largely negative data 
from studies with antioxidant vitamins, which do not reliably improve glycemic 
control.  

The Consumption of Lycopene and Tomato-Based Food Products Is Not Associated 
with the Risk of Type 2 Diabetes in Women. (Lu Wang). 
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About 80% of pancreatic cancer patients have glucose intolerance or 
frank diabetes. 

The authors concluded that pancreatic cancer could be added to the list 
of complications of diabetes. Pancreatic cancer occurs with increased frequency 
among persons with long-standing diabetes. I believe that my prediction was 
correct. 

Men and women with diabetes are at increased risk for developing cancer of the 
colon and rectum. Diabetes increased the risk of colorectal cancer by 30 percent. I 
believe that this work refers to and supports the “clustering” effect that I have 
pointed out which exists with the Howes’ EMOD insufficiency syndrome.   

Respiration and fatty acid oxidation studies indicated mitochondrial dysfunction in 
adipocytes of db/db mice. I believe that this indicates that diabetes is associated with 
a mitochondrial decrease, which would and should be linked to an EMOD 
deficiency state. 

Insulin resistance in the elderly and in relatives of type 2 diabetic patients has also 
been associated with mitochondrial dysfunction. 

Unlike muscle cells and adipocytes, however, endothelial cells are not dependent on 
insulin for glucose uptake. Like endothelial cells and brain cells, pancreatic 
β-cells are not dependent on insulin for glucose uptake. 

Many studies have suggested that β-cell dysfunction results from prolonged 
exposure to high glucose, elevated FFA levels, or both. In vitro studies show that 
exposing β-cells to high glucose is rapidly followed by an increase in intracellular 
EMODs (RMH Note:  I believe that this is a normal response and the surprising 
aspect is the fact that islet cells are not normally harmed by EMODS, which I 
believe argues that they have an essential role.) 

Exposing diabetic patients to simultaneous hyperglycemia and hypertriglyceridemia 
has a cumulative and profoundly deleterious impact on endothelial function and 
oxidative stress generation (Ceriello A). 

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). 

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 
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incorporated into LDL and oxidized LDL are an atherogenic factor. Lipid 
hydroperoxides present in the diet are absorbed, contributing to the prooxidant 
load. Yet, antioxidants have failed to prevent disease. 
 
Increased production of mitochondrial electronically modified oxygen derivatives 
(EMODs) by hyperglycemia is recognized as a major cause of the clinical 
complications associated with diabetes and obesity (Brownlee, M. (2001). 
Mitochondria undergo rapid fragmentation with a concomitant increase in EMOD 
formation after exposure to high glucose concentrations. 

Hyperglycemia, both stable or oscillating, increases oxidative stress and endothelial 
cell apoptosis through EMOD overproduction at the mitochondrial transport chain 
level. 

After adjustment for age, gender, baseline impaired glucose tolerance status, and BMI, 
F2-IsoPM levels were inversely associated with development of type 2 diabetes. These 
results suggest that oxidative damage is not a cause of type 2 diabetes. 

In the absence of reducing agents, alloxan is a scavenger of superoxide 
radicals formed by other reactions. 

McClung et al. report the development of insulin resistance in mammals with 
elevated expression of an antioxidant enzyme and suggest that increased GPX1 
activity may interfere with insulin function by overquenching intracellular 
electronically modified oxygen derivatives required for insulin sensitizing.  

Overexpression or knockout of GPX1 renders mice resistant or susceptible to acute 
oxidative stress (Cheng, W. H). 

Old GPX1 overexpression mice (OE mice) became heavier than the WT mice. 

Please read this again.  Overexpression of an antioxidant enzyme, GPx, 
which decreases EMODs, leads to insulin resistance, which leads to 
development of type 2 diabetes. Ergo, I believe that diabetes is caused 
by an EMOD insufficiency state, either localized to the pancreas itself or 
throughout the body, as can be seen with obesity. 

It is striking that overexpression of GPX1, an effective intracellular enzyme against 
EMODs, does not improve, but reduces, body insulin sensitivity in mice 
(Cheng, W. H). 

Chen et al. have observed a significantly positive association between increases in 
erythrocyte GPX1 activity and levels of insulin resistance in normal pregnant 
women from 16 weeks of pregnancy (entry of study) to the third trimester (Chen, 
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X.). I believe that this may well represent the explanation for gestational 
diabetes, antioxidant levels and obesity. 

Because they report that insulin resistance is related to the overexpression of an 
antioxidant enzyme in mice, their results are apparently contrary to the popular 
notion that incidences of insulin resistance and diabetes inversely correlate with 

tissue antioxidant enzyme activities (Mukherjee, B). 

Insulin stimulation generates a burst of H2O2 in hepatoma and adipose cells that is 
associated with a reversible oxidative inhibition of overall cellular protein–tyrosine 

phosphatase activity (Mahadev, K). Normal or minimal levels of intracellular 
EMODs or H2O2 are required for sensitizing insulin signaling. Overexpression of 
GPx1 may accelerate the quenching of the intracellular H2O2 burst after insulin 
stimulation. 

As the main site of cellular energy, mitochondria produce much of the cellular H2O2 
via Mn-superoxide dismutase (Wallace, D. C. (1999). Elevated GPx1 activity in 
mitochondria may reduce its release of H2O2 to cytosol, and then desensitizes insulin 
signaling (Esposito, L. A). 

Reducing the energy intake of rodents by 30–50%, achieved with a calorie-restricted 
diet, decreases the rate of mitochondrial EMOD generation. Caloric restriction 
decreases the mitochondrial proton motive force by increasing the mitochondrial 
proton leak and that this leak is dependent, at least in part, on plasma insulin levels. 
Mitochondrial proton leak, normally accounts for up to 30% of cellular O2 
consumption at rest. Calorie restriction decreased mitochondrial H2O2 production 
rate with no change in mitochondrial respiration rate (O2 consumption). 
Calorie restriction in both rats and rhesus monkeys results in a marked 
increase in insulin sensitivity within 5 days (Comparison of the effects of 20 
days and 15 months of calorie restriction on male Fischer 344 rats. (Dean DJ). 
 
Alterations of GPX1 allele frequencies have been identified and associated with 
human cancers (Moscow, J. A).  I believe that this lends great support for my 
argument that diabetes is an EMOD deficiency disease.  This powerful antioxidant 
enzyme, Gpx1, when overexpressed, causes both insulin resistance, diabetes and 
obesity. 
 

We actually need some free radicals to regulate insulin sensitivity,” says Xingen Lei. 
High levels of GPx appear to promote diabetes by mopping up too many free 
radicals, which are needed to help switch insulin signaling on and off in glucose 
(blood sugar) metabolism. 
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“Antioxidants can be harmful by neutralizing too many free radicals and interfering 
with insulin signaling, which results in promoting obesity, insulin resistance and 
possibly diabetes.” 

Diabetes, both type I and type II, effectively accelerates aging in a number of ways. 
Therefore anything that might contribute to the incidence of type II diabetes should 
be seen as a potential aging accelerator.  

Unexpectedly, the cytoplasmic antioxidants, MT and catalase, greatly accelerated 
diabetes after cyclophosphamide and accelerated spontaneous diabetes in male NOD 
mice. 

Li’s study indicates that cytoplasmic EMODs may have an important role for protecting 
the ß-cell from autoimmune destruction. 

Even the sensitive and most important hypothalamus generates EMODs. WOW. 
Theoretically, this indicates that antioxidants could block brain glucose sensing and 
could be extremely dangerous.  

Overexpression of Cu/Zn-SOD failed to prevent atherosclerosis in high-
fat diet–fed apoE–/– mice (Tribble DL). 

ecSOD is the main determinant of NO· bioavailability in the vessel wall and is thus 
involved in blood pressure regulation. mice deficient in ecSOD developed similar 
atherosclerotic lesions compared with wild-type mice (Sentman ML). Again, I believe 
that SOD is needed for production of H2O2, which can oxidize LDL and make it 
more readily excretable. 

H2O2 produced by vascular smooth muscle can diffuse to endothelium to regulate 
endothelial cell function.  H2O2 potently upregulates eNOS expression (Drummond 
GR). 

Numerous signaling cascades are activated by H2O2 to mediate changes in vascular 
function including: 
- endothelial overgrowth,  
- angiogenesis,  
- smooth muscle proliferation and hypertrophy,  
- endothelial barrier dysfunction and cytoskeleton reorganization,  
- endothelial apoptosis,  
- induction of inflammatory proteins, and endothelium–leukocyte interaction,  
- and vascular remodeling. 
H2O2 activation of ERK1/2 and p38MAPK in endothelial cells requires CaMKII. 
Receptor tyrosine kinases such as those for:  
- EGF, PDGF, FGF, VEGF 
- and non-receptor tyrosine kinases such as JAK2 
 - Src 
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 - Cas 
 - FAK, and Pyk2 
are responsive to H2O2 in vascular cells and often lie upstream of MAPK.  

H2O2 is able to amplify its own production in vascular cells.  
Mitochondrial iron uptake can also be upregulated by H2O2 (Dhanasekaran A). 

In vascular smooth muscle and fibroblasts, NAD(P)H oxidase–derived 
H2O2 is capable of feed-forwardly activating NAD(P)H oxidase itself (Li 
WG). In endothelial cells, H2O2 was recently found capable of 
upregulating p22phox expression (Djordjevic T). 

Thus H2O2, originated by vascular NAD(P)H oxidases, propagates its own 
production via enhanced intracellular iron uptake, and sources of mitochondria, 
NAD(P)H oxidases, xanthine oxidase, and uncoupled eNOS. I believe that these are 
mechanisms to assure adequate levels of peroxide production and that they are NOT 
vicious or pernicious cycles. 
 
Hydrogen peroxide (H2O2) is a proposed endothelium-derived hyperpolarizing 
factor and metabolic vasodilator of the coronary circulation. Infusing H2O2 into the 
left anterior descending artery of anesthetized dogs increased coronary blood flow 
in a dose-dependent manner. Their data indicate H2O2 increases coronary blood 
flow by acting directly on vascular smooth muscle. (Rogers PA). I believe that this is 
a most important paper in that a reductant blocks the vasodilating effect of H2O2 
and the implications in coronary artery disease.  Reductants could theoretically 
cause vasoconstriction and exacerbate ischemia and possibly myocardial infarction. 
 
In never-treated mild-to-moderate hypertension, lipid peroxidation and 
oxidative stress are not increased (Cracowski JL). 
 
Large studies, such as Heart Outcomes Prevention Evaluation, which 
used 400 IU/d vitamin E, did not find any benefit in microvascular or 
cardiovascular events in >3000 patients with diabetes and after several 

years (Gerstein HC). 
 
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 (Results of the HOPE 
Study and MICRO-HOPE Substudy. Eva Lonn et al). 

HIV patients who develop diabetes as a result are more prone to developing HIV-
associated dementia also. Research results from another study found that diabetes 
produced a trebled risk of dementia in people without HIV. 
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The adipose tissues of obese animals showed a specific higher content of hydrophilic 

molecules in a lower redox state than those of lean animals, which were associated 
with lower lipophilic molecule content and lipid peroxidation. Taken together and 
contrary to the emergent view, their results suggest that obesity is 
associated with an intracellular reduced redox state that promotes on its 

own the development of a deleterious proadipogenic process (Adipose Tissue 
Proadipogenic Redox Changes in Obesity. Anne Galinier et al.). 

This fits well with my Unified theory and my concept of an EMOD deficiency 
syndrome. 

Inhibition of mitochondrial pyruvate uptake that blocked EMOD 
increase did not prevent mitochondrial fragmentation in high glucose 
conditions. 

In the absence of exogenous oxidative stress, neil1 knockout (neil1-/-) and 
heterozygotic (neil1+/-) mice develop severe obesity, dyslipidemia, and fatty liver 
disease and also have a tendency to develop hyperinsulinemia. I interpret this to 
mean that without EMOD generation, a neill knockout mouse will develop 
metabolic syndrome.  I believe that this indicates that EMODs are not responsible 
for metabolic syndrome. 

Obesity is found in approximately 85% of (North American) patients diagnosed 
with type 2 diabetes. Curiously, obese patients who have undergone bariatric 
surgery, frequently have regression of their diabetes and its comorbidity of 
atherosclerosis, hypertension and kidney disease. 

Taken together and contrary to the emergent view, Galinier et al results suggest that 
obesity is associated with an intracellular reduced redox state that promotes on its own the 
development of a deleterious proadipogenic process. 

I believe that this is an extremely important study.  It supports my Unified theory in 
that obesity, which is charaticized by inflammatory type reactions in adipocytes 
(associated with hypoxia) is the basis for the appearance of an EMOD insufficiency 
syndrome.  This inter-relates obesity, cancer, atherosclerosis, diabetes. 
 
Obesity is an important risk factor for surgical site infections. The incidence of 
surgical wound infections is directly related to tissue perfusion and oxygenation. 
Intraoperative subcutaneous tissue oxygen tension was significantly less in the obese 
patients.  I believe that this confirms the fact that oxygen levels and consequently 
EMOD levels are low in obese patients and that this is a systemic effect.  These 
patients are thus prone to develop the EMOD insufficiency diseases, such as cancer, 
infections, atherosclerosis and diabetes. 
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A 2006 Pew survey found that more Americans blame obesity, especially their own, 
on lack of exercise and willpower than on "the kinds of foods marketed at 
restaurants and grocery stores."  
 
This is supportive of my Unified Theory.  Obesity is inflammation, which is hypoxia, 
which results in an EMOD deficiency state and allows for the manifestation of 
atherosclerosis, diabetes, obesity, and cancer. 
The disease is associated with several serious health conditions 
including: type 2 diabetes mellitus, heart disease, high blood pressure 
and stroke. It is also linked to higher rates of certain types of cancer. 
 

Obesity is associated with the development of type 2 diabetes mellitus, coronary 
heart disease, an increased incidence of certain forms of cancer, obstructive sleep 
apnea, and osteoarthritis of large and small joints.  

It is now clear that obesity is associated with a state of chronic low-level inflammation 
(Inflammation, stress, and diabetes. (Kathryn E. Wellen). 

The electron transport system of the mitochondria accounts for 90% of the oxygen 
consumption of a cell. The remainder 10 % of the oxygen is consumed in oxygen 
requiring reactions in the body by oxidases or oxygenases. 
 

I believe that the presence of the double bonded fats, which trap EMODs, leads to 

an EMOD deficiency state (Howes’ EMOD insufficiency syndrome) and increases 
the risk of atherosclerosis, cancer, cataracts and diabetes. 

Type B is lactic acidosis occurring when no clinical evidence of poor tissue 
perfusion or oxygenation exists as in strenuous muscular exercise, 
diabetes mellitus and cancer.  

Erythrocytes, which carry O2, are capable of carrying out glycolysis; however, these 
cells do not have mitochondria and cannot use oxygen to produce adenosine 
triphosphate (ATP). 

Lactic acidosis frequently occurs during strenuous exercise in healthy 
people, bearing no consequence. 

Otto Warburg established that lactic acid production even in the presence of oxygen 
is a fundamental property of cancer. 

Lactate, a supposedly benign metabolite of the cancer cells, which appears in all the 
other degenerative conditions, including obesity, diabetes, Alzheimer's disease, 

Page 345 of 366



multiple sclerosis, is itself a central factor in the degenerative process. Darkness, like 
irradiation, excess lactate, and unsaturated fats, has the diabetes-like effect of 
greatly reducing the ability of muscle to absorb sugar, while light stimulates 
respiration. Free fatty acids and lactate impair glucose use, and promote edema, 
especially in the lungs. Edema in the lungs limits oxygen absorption.” I have not 
checked the validity of these statements. RMH 

The association of obstructive sleep apnea syndrome (OSAS) with some diseases, 
having endothelial dysfunction in their physiopathology, such as hypertension, 
diabetes mellitus, obesity, coronary artery diseases, stroke and heart failure is 
common. 

A growing body of epidemiological evidence supports an association between short 
sleep duration and the risk for obesity and diabetes. Chronic sleep loss, behavioral 
or sleep disorder related, may represent a novel risk factor for weight gain, insulin 
resistance, and Type 2 diabetes (Spiegel K). I believe that this represents a loss of 
stage 4 mitochondrial respiration in sleep and a deficiency of EMODs, which 
“allows” for the development of diabetes, atherosclerosis, cancer, etc. 
 
Obesity is a strong risk factor for sleep apnea, and there are some data to suggest 
sleep apnea may influence obesity. Obstructive sleep apnea, a syndrome leading to 
recurrent intermittent hypoxia (IH), has been associated previously with 
hypercholesterolemia, independent of underlying obesity. Intermittent hypoxia 
induces hyperlipidemia in lean mice. (Li J). I believe that this is part of my 
“EMOD insufficiency syndrome” which is associated with high rates of development 
of atherosclerosis, cancer, diabetes and obesity. 
 
OSAS is independently associated with insulin resistance and fatty liver disease. I 
believe that this shows the relationship between obesity, diabetes and hypoxia. 
 
Oxidative stress and lipid peroxidation do not appear to be key mediators of increased 

cardiovascular disease in OSA patients (Oxidative stress in obstructive sleep apnoea. 
(Anna Svatikova).
 
Insulin secretion was suppressed while glucagon secretion was increased 
during hypoxia. I believe that this clearly demonstrates an oxygen dependence for 
proper islet functioning and insulin secretion. Hypoxia suppresses insulin secretion, 
which could be happening in diabetes. Thus, hypoxia decreases insulin secretion and 
EMOD levels. 

Secretion from single-cell aggregates was unaffected until pO2 levels dropped to 12 
mmHg, at which point secretion progressively decreased with falling pO2. O2 
uptake increases with glucose stimulation. 
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Oxygen and temperature dependence of stimulated insulin secretion in isolated rat 
islets of Langerhans. (Ohta M). 

Temporal analysis of oscillations in pO2 and insulin release revealed that maximum 
respiration correlated to maximum or close to maximum insulin release. (Ortsater 
H). 

Obviously, oxygen levels are integrally directly related to islet function. Tissues of 
DM discharge more lactate than healthy people. As lactate is only a metabolite of 
glycolysis it is sure that tissues of diabetics undergo severe oxygen debt. When 
oxygen is in debt, cells have no way to generate adequate lasting amounts of energy. 
 
I believe that it is possible that the effects of hypoxia on insulin secretion 
have been basically overlooked.  A lack of oxygen may be causal of 
diabetes as opposed to the oxidation hypothesis. 

High glucose levels, especially when chronic, cause a rise in cellular electronically 
modified oxygen derivatives (EMODs) (Brownlee M). 

Cataracts usually occur at about 60 years of age but in diabetics, it could appear at 
a much younger age.  

The pathological changes in diabetes lead to lack of blood supply or 
ischemia of the retina and hypoxia (lack of oxygen) or retinal tissues. 

Rods and cones require an enormous amount of energy for their very high 
metabolism required in functioning, maintenance, and repair. In addition, because of 
phototoxicity damage, the rods and cones must completely replace themselves 
approximately every seven days or so. It is said that the retina has the highest 
requirement for oxygen of any tissue in the body.  

Despite a more than 100% increase of MDA, oxidative stress plays only a minor role 
in the development of cataract in this acute diabetic cataract model. (Alan Y.). 

Failures of the retinal circulation lead to tissue hypoxia that underlies 
the vasoproliferation in diabetic retinopathy and retinopathy of prematurity. 
Choroidal blood flow is not regulated metabolically, so systemic hypoxia and 

elevated intraocular pressure lead to decreases in choroidal PO2 and photoreceptor 
O2 consumption. The same lack of regulation allows choroidal PO2 to increase 
dramatically during hyperoxia, offering the potential for O2 to be used therapeutically in 

retinal vascular occlusive diseases and retinal detachment (Wangsa-Wirawan 2003). 

An estimated 5% of pregnant women develop a form of type 2 diabetes, usually 
temporary, in their third trimester called gestational diabetes. After delivery, blood 
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glucose levels generally return to normal, although between one-third and one-half 
of these women develop type 2 diabetes within 10 years. 

In the post delivery phase, many of these EMOD insufficiency diseases actually 
spontaneously regress as EMOD levels return to normal. 

In the Swedish Obese Subjects Study, obese individuals with sustained weight loss 2 
years after bariatric surgery demonstrated substantially lower risk of type 2 
diabetes and hyperinsulinemia.  

Insulin also drives fat into cells.  The body tries to maintain a nearly constant blood 
sugar level. This is especially important for the brain and nervous system. 

Antioxidant vitamins supplementation does not appear to curb the risk 
of developing preeclampsia.  Antioxidant vitamins were associated with 
an increase in the risk of the mother developing high blood pressure and 
having to take medications to bring it down. 

An almost exclusive role for catalase in the removal of H2O2 in normal human 
erythrocytes.  Insulin moderates hydrogen peroxide generation and 
catalase synthesis (Mahadev K). 

Hydrogen peroxide has novel insulin-like effects, e.g., inhibition of lipolysis and 
reactivation of phosphoenolpyruvate carboxy kinase (Visentin V). 

Blood Catalase Activity in Gestational Diabetes Is Decreased But Not Associated With 
Pregnancy Complications, means that H2O2 is not harmful, even during pregnancy.  The 
low catalase activities of the 60 insulin-treated patients with gestational diabetes were 
not associated with clinical disorders. 
 

Low maternal catalase activity does not represent a significant risk for mothers or 
newborns. I believe that it indicates that high catalase levels, which produce low 
H2O2 levels, results in increased complications, due to low EMOD levels. Further, 
low catalase levels, which allows for higher H2O2 levels, are not associated with any 
abnormalities. I believe that this is an important observation in that low catalase 
levels do not adversely affect either the mother or the newborn.  This means that 
any increased hydrogen peroxide is not having any deleterious effects. 

Diabetics have at least twice the risk of stroke and may show performance deficit in 
a wide range of cognitive domains. 
 
Dehydroepiandrosterone, the most abundant hormonal steroid in the blood, has 
been reported to possess antioxidant properties. 
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A diagnosis of diabetes within the prior three years actually increased the 
risk of prostate cancer relative to men without diabetes but men who had 
diabetes for more than four years reduced their risk by a third. 
 
H2O2 has been classically described as an insulino-mimetic agent. 
 
Recently, a number of randomized prospective studies demonstrated the benefit of 
hyperbaric therapy in healing foot wounds of patients with diabetes. 

Using hyperbaric treatment that may increase oxygen free radicals to benefit the 
reperfusion injury seems paradoxical.  

Zamboni et al demonstrated that HBO promotes hyperoxygenation and 
vasoconstriction to decrease edema and neurovascularization and inhibits 
neutrophil activation, preventing margination, rolling, and accumulation of white 
cells. Neutrophils therefore are not permitted to produce detrimental oxygen free 
radicals. 
 
HBO doubles the mean healing rate of nonischemic chronic foot ulcers in selected 
diabetic patients. 
 
Elevation of O2 tension in hypoxic wound ulcers enhances neutrophil oxidative 
killing of bacteria and stimulates fibroblast proliferation, collagen production, 
neovascularization, and epithelialization (Bonomo SR). 

HBO is effective in decreasing major amputations in diabetic patients with severely 
prevalent ischemic foot ulcers.  I believe that this discounts the fears of EMOD 
production by HBO as it is not toxic or lethal to islet transplants. 

If the free radical theory is correct, how can hyperbaric oxygen reverse the effects of 
hypoxia, which are believed to be caused by oxygen free radicals? 

After hyperbaric oxygen therapy, the autonomic neuropathy tests and 
electromyelographic findings were significantly improved. 

A large long-term study failed to find vitamin E effective for preventing 
kidney damage in diabetics (Lonn E). 

Phagocytosis and phorbol myristate acetate (PMA)-stimulated H2O2 production were 
decreased in neutrophils from diabetic rats.  The treatment with insulin abolished the 

changes induced by the diabetic state even with no marked change in glycemia. 
Therefore, insulin may have a direct effect on neutrophil metabolism and function (T C 
Alba-Loureiro). I believe that this verifies my above suspicion that H2O2 is decreased in 
the diabetic. 
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These results do not support the hypothesis that high intake of flavonols and 
flavones reduces the development of type 2 diabetes, although we cannot rule out a 
modest inverse association with intake of apples and tea (Yiqing Song). I believe that 
this is because the free radical theory is wrong and that oxidative processes are not 
causative of diabetes. 

It is noteworthy that one study reported no decrease of plasma antioxidant activity in 
subjects at increased risk for type 1 diabetes (Leinonen JS,). 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. 

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.  

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 (J. Skrha). 
 
Vitamin C plasma concentrations are unchanged in type 1 and type 2 
diabetic patients (Tsai EC).  In contrast, Asayama et al. reported elevated vitamin C 
levels in type 1 diabetic subjects (Asayama K).  However, others described markedly 
lowered values in diabetes (Armstrong AM). 

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). 

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. 
 
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). 
 
O2 Metabolsim of Human PMNs of Diabetics:  The only significant impairment in 
the diabetic cells studied was a lower oxygen uptake in the presence of autologous 
serum.  An inverse correlation between fasting glucose concentration and oxygen 
uptake could be demonstrated.  I believe that the lower oxygen uptake by PMNs 
may help explain the increased susceptibility of diabetics for infections. 
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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? “ 
 
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. 
 
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).  The study clearly shows that the macrophage NADPH oxidase is not critical in 
the development of 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. 
 
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. 
 
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.   

Again, I believe that oxidation of the microaggregates allows for the excretion of the 
modified cholesterol products and protects against CVD. 

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. 
 
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. (Huang CK). 
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Oral intake of 300 calories of glucose (75 g), lipid, or protein increases electronically 
modified oxygen derivatives (EMOD) generation by polymorphonuclear cells 
(PMNL) and mononuclear cells (MNCs). 

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 (Patockova J,). 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 (Howes’ EMOD 
insufficiency syndrome). 

This TBARs increase is dependent on the severity of hypoglycemia but not on the 
insulin dosage (Patockova, J).  This may represent the “tipping effect” I have mentioned 
before. 
 

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. 

Wu’s results show that the levels of cellular NAD(P)H and ATP paradoxically 
decrease in cells with increased glucose metabolism.  I believe that this decrease in 
NADPH reducing equivalents will lead to decreased production of EMODs by the 
electron transport chain. 
 
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. 
 
Pancreatic islets contain relatively small amounts of the antioxidant 
enzymes CuZn-SOD, Mn-SOD, catalase, and glutathione peroxidase 
(GPx) (Grankvist K). 

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.  

Moderate or severe hyperglycemia cannot be the primum movens in the 
pathophysiology of type 2 diabetes. 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. 
I must ask, “How can there be compensatory increase in beta cells if EMODs are 
killing them?”   
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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). 
 
Compared with a low concentration of glucose, a higher concentration was shown to 
increase the level of intracellular H2O2 levels within the islet.  I believe that this is 
natural response, since peroxide can help with glucose transport. 
 
High sugars have a direct vasoconstrictor effect in non-diabetic renal vessels 
(Walczyk MH: 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). 
 
Investigators have increasingly recognized 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. 
 
Up to 70% of patients with acute myocardial infarction have either diabetes or 
impaired glucose tolerance (Norhammar, A). 
 
Mitochondria in many tissues would spend more time under state 4--like conditions 
of low respiration rate, high (Δp), and reduced electron carriers, all of which favor 
superoxide formation. 

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.  

Beta-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). 
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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.  Analysis of islets cultured at 20 mM glucose 
confirmed that this condition does not induce EMOD 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 
EMOD 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). 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. 

High extracellular glucose concentrations acutely reduce O2
.- production from 

activated neutrophils. 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.).  This says that hyperglycemia suppresses EMOD production 
in WBCs. 

The role of oxidative stress in diabetes is questioned by the results of 
intervention studies with antioxidants, which are elusive or unsuccessful 
(Marchioli R). 
 
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 2005 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.   
 
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.  I believe that the heart and the 
central nervous have an extremely high need for oxygen and a deficit of oxygen is 
manifested here first.  The oxygen concentrations in embryos of mice 
injected with glucose were significantly lower than in control embryos. 

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.  
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. 
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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). 

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

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) (J. 
Patockova).  Thus, EMODs are Increased by Hypoglycemia. 

Please remember that a proton gradient is also a pH gradient. 

The thyroid hormones have long been known to be the main regulators of basal 
metabolism through its stimulation of oxygen consumption in cells. 

Up to 10% of the reducing equivalents from NADH leak to form superoxide anions 
and H2O2. (Marnett LJ). 

I conclude that insulin is a strong prooxidant.  Thus, when insulin is 
insufficient, diabetes and all of it comorbidities are “allowed” to be 
manifested.  This also explains its relationship to the other Howes’ 
EMOD insufficiency syndrome diseases, such as cancer, strokes, obesity, 
atherosclerosis, arthritis, cataracts, etc.  
Insulin-resistant or deficiency states are associated with accelerated vascular 

disease. 

There is evidence that hyperinsulinemia, the hallmark of insulin resistance, may be 
involved in the generation of oxidative stress (Urakawa H). 

Insulin stimulates NAD(P)H-dependent H2O2 generation in human adipocyte 
plasma membrane (Krieger-Brauer HI). 

Yet, in insulin deficiency states, such as type 1 diabetes, atherosclerosis flourishes. 

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.   
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I can best illustrate my conclusions by the fact that insulin injections 
relieve many harmful aspects of diabetes and I believe that it does so via 
EMOD production. 

Studies 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). 

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, as is 
a condition of hypoxia.   

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 (with an EMOD deficiency) 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. 

I believe that this indicates that with cancer, there can be an EMOD deficiency at 
the primary site of the neoplasia.  Metastasis may indicate that this condition of 
EMOD insufficiency is becoming more widespread or is occurring at a new and 
different site.  Multiple primary tumors can occur when an overall EMOD 
insufficiency exists and this is likely to be associated with the manifestation of other 
clustered diseases, which I have named the Howes’ EMOD insufficiency syndrome. 

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. 
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Type 2 diabetes can occur in the absence of obesity and insulin 
resistance but cannot occur without impaired insulin secretion in obese 
individuals.  The UKPDS demonstrated that at diagnosis patients with type 2 
diabetes have about a 50% reduction in beta-cell function. 
 
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. 
 
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). 
 
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).  I believe that this effect is 
due to the tumoricidal activity of increased EMODs.  I believe that this effect is due 
to the tumoricidal activity of increased EMODs. 
 
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). 
 
An acute bout of exercise or physical training positively affects insulin action in 
muscle and probably other tissues (Borghouts L B). 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. 
(‘athletic paradox’) 

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). 
 
The clustering of hyperlipidemia, glucose intolerance, hypertension, and obesity is a 
clinical entity, the metabolic syndrome. 
 
Intracellular redox status plays an important role in the modulation of insulin 

action. 
 
A major function for EMODs and RNOS is immunological host defense. 
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This sounds like ALA, alpha lipoic acid, 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. 
 
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 (Jeanette Schultz Johansen). 
 

All antioxidant transgenes failed to prevent islet toxicity and the 
antioxidant metallothionem caused severe diabetes. 

Oxidative stress may not only be harmful, but it may also be necessary 
to activate self-protective mechanisms in the ß-cells. 

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. 

Very surprisingly both MT and catalase transgenes accelerated NOD 
diabetes.  

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). 

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). 

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. 

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). 

However, oxidative stress may not be playing a leading role in the 
microvascular complications because these complications are not 
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evident in patients with only insulin resistance without diabetes, even 

though increases in oxidative stress also exist to a similar extent in both. 

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 (VA Kirsh). 

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. 

In never-treated mild-to-moderate hypertension, lipid peroxidation and 
oxidative stress are not increased (Cracowski JL). 

Studies of cataracts have shown a small or no protective effect with a high fruit and 
vegetable diet or with vitamin C (AREDS report no. 9).  

Excessive exposure to oxygen has been proposed to be a risk factor for nuclear 
cataracts.  I believe that the normally low level of O2 in the lens argues against 
oxygen as a causative agent in cataract formation. 

Freshly secreted aqueous humor and the aqueous humor in the anterior chamber 
angle are relatively depleted of oxygen. 

I believe that if oxidation was causative of cataracts, all older patients would have 
cataracts…..but they do not. 

The retina uses more oxygen than any other tissue in the body. 

In the absence of randomized controlled clinical trials, there is no proof, at this time, 
that multivitamins lower the risk of cataract. 

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 
electronically modified oxygen derivatives in diabetic cataractogenesis 
may be overestimated in connection with the processes of protein cross-
linking (Kysel'ova Z). 
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Metabolic syndrome was significantly associated with an increased prevalence of 
cataract in women. 

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. 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. 

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. 

There is also reasonable evidence that vitamin D reduces the risk of breast, 
lung, ovarian, and prostate cancer and non-Hodgkin's lymphoma. 

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. This can be another safe way to increase one’s oxidative 
capacity. 

People who take vitamin D tablets are half as likely to get deadly pancreatic cancer.  
"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." 

Overall, the lowest risk of diabetes was observed among women with the highest 
combined intakes of calcium and vitamin D.  

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). 

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).  Estradiol is also an antioxidant. 

Tissue hypoxia occurs where there is an imbalance between oxygen 
supply and consumption in both, solid tumors as a result of exponential 
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cellular proliferation and in atherosclerotic diseases as a result of 
inefficient blood supply. ).  I believe that this again ties together hypoxia, 
lowered EMOD levels, atherosclerosis and neoplasia. 

Most patients with Werner’s syndrome develop malignant tumor or arteriosclerosis, 
the most important complications of this syndrome.  The gene that causes progeria 
was identified two years ago. 

Most of the Howes’ EMOD insufficiency syndrome diseases demonstrate signs of 
early aging.  This argues that EMOD deficiency states are related to premature 
aging.  This is in contradistinction to the free radical theory of aging and oxidative 
stress.  
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Professor Randolph M. Howes M.D., Ph.D. 
Biographical sketch 

 
Dr. Howes was born on August 17, 1943 in a small rural hospital 
in Madisonville, Louisiana.  While at the hospital, an accidental 
hip burn from a heating pad introduced Dr. Howes to the harsh 
realities of life.  Raised on a small bucolic strawberry farm in 
Ponchatoula, Louisiana, Dr.  Howes learned ethics, morality, hard 
work and respect for his fellow man at a young age.  From these 
humble beginnings, he launched his lifetime trek of achievement as 
a scientist, surgeon, inventor, writer, visionary, philanthropist, 
international lecturer, singer, songwriter, business entrepreneur, 
broadcaster, corporate executive and rancher. 
 
He attended St. Joseph’s elementary school for eight years, served 
as an altar boy and sang in the choir. Next, he attended 
Ponchatoula High School where he finished as President of the 
Student Council by winning an election over the school’s 
quarterback of the football team.  He attributes this hard-fought 
win to his guitar playing and singing abilities (Dr. Howes began 
playing self-taught guitar professionally at 13 years of age). 
 
In 1961, Dr. Howes entered Southeastern Louisiana College (now SLU), where he took premed courses, made the 
Dean’s list, made the honors chemistry class, played music in his 3-piece combo, named The Three Blind Mice, 
and was elected as president of the Catholic Youth Organization, the Inter-fraternity Council and the Junior class.  
During this time, Dr. Howes also worked 40 hours/week at the Psychology Research Laboratory under Dr. John 
R. Nichols. He was featured in his college newspaper for his versatility and industriousness and he presented his 
first scientific paper to the Southwestern Psychological Association on interspecies intelligence, while still in his 
junior year. He has since been honored as an Outstanding SLU Alumnus, along with Robin Roberts of ABC’s 
Good Morning America.  Later SLU articles would refer to him as “a da Vinci in cowboy boots.” He has served 
as an Adjunct Professor of Biological Sciences for many years at SLU.  His Southeastern Louisiana University 
education opened the doors of academia for him and he next matriculated to Tulane School of Medicine in New 
Orleans, Louisiana.  
 
While working on double doctorate degrees, Dr. Howes worked as a technician on the isolation of thyrotropin 
releasing factor with Nobel Laureate, Dr. Andrew V. Schally.  He studied under Dr. Richard Steele, whose mentor 
was Nobel Laureate, Dr. Albert Szent Gyorgii, and met Nobel Laureates, George Wald and Dr. Linus Pauling.  
These distinguished scientists felt that Dr. Howes could help bridge the gap between physicians and scientists as a 
result of his command of both disciplines.   Dr. Howes also served as president of the Biochemistry graduate 
students, graduated in the top 10, received the 1971 Pathology Association Award, was elected to Sigma Xi honor 
fraternity and was the first in the history of Tulane School of Medicine to receive double doctorate degrees in 
medicine and biochemistry simultaneously.  He was the first to be designated by the late Dr. Theodore Drapanas 
as a trained “surgical scientist” at Tulane Medical School.   
 
He matched with his first choice at the prestigious Johns Hopkins Hospital for internship and residency training.  
He chose it over other top notch programs because Dr. George Zuidema, Chief and Blalock Professor of Surgery, 
gave him permission to conduct research studies concurrent with his surgical training in the highly sought after 
William Stewart Halstead program. 
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Even during his internship year, he was permitted lab space by Dr. John Cameron, past president of the American 
Surgical Association, and he secured his own grants, trained his own lab technicians and later wrote many papers 
on surgical and oxygen free radical subjects during his residency training.  He played music and sang for many of 
the surgery resident’s functions and broke an ankle in a resident’s football game and sustained significant trauma 
from a motorcycle accident.. He was the first to complete board eligibility in both general and plastic surgery at 
The Johns Hopkins Hospital, while doing basic research on oxygen metabolism, all in a six-year period. 
 
Dr Howes had the opportunity to work with the pioneer of mitochondrial biochemical function, Dr. Albert L. 
Lehninger, and rubbed elbows with many of the greats of science, surgery and medicine. He trained with Dr. 
Edward Luce and Dr. James Wells, both of whom have served as president of the American Society of Plastic and 
Reconstructive Surgeons.  He trained under Dr. John E. Hoopes, past president of the American Association of 
Plastic Surgeons.  He received many grants, honors and awards from 1971-1977 during his years at Hopkins, 
which are detailed in his full curriculum vitae.  He taught Dr. Paul Manson, serving as Dr. Manson’s chief 
resident, who is presently Chief of Plastic, Reconstructive and Maxillofacial Surgery at Johns Hopkins Hospital 
and who is the 2006 president of the American Association of Plastic Surgeons. 
 
Told that he could not go directly into solo practice, he boldly returned to New Orleans in 1977 and opened his 
private practice at the Institute of Cosmetic Plastic Surgery, which became a bona fide success story.  He has 
served as president of the Metropolitan Cosmetic Surgery Society and the Louisiana Cosmetic Surgery Society, 
and has served the American Academy of Cosmetic Surgeons in numerous national offices and in many 
capacities.  He was awarded a patent certificate for inventing the triple lumen venous catheter in 1977, licensed it 
to Arrow International, Inc. in 1981, successfully defended it is a multimillion dollar six year patent infringement 
suit and watched it become recognized as the number one venous catheter in the world.  His multilumen catheter 
has been credited with helping save the lives of over 20 million critically ill patients worldwide and the name of 
Howes is well-known in over 100 countries.   
 
He performed pro bono surgery, since 1982 throughout the Philippines, was honored by the Philippine Ministry of 
Health in 1985 and since 2004, he holds the Espaldon Professorial Chair in Plastic and Reconstructive Surgery at 
the University of Santo Tomas in Manila.  He was the recipient of the Humanitarian of the Year Award from the 
Community Mayors of New York, New Jersey and Connecticut in 1996.  His philanthropic and humanitarian 
efforts have been acknowledged by Presidents Ronald Reagan and George H. Bush and he has received a letter of 
appreciation from the current USA President, George W. Bush.   
 
He retired from his private practice to pursue his dream of contributing to a better understanding of oxygen 
biochemistry and of conducting an arduous in depth review of the world’s scientific literature on oxygen 
metabolism.  In 2004, he published his first in a series of e-books on oxygen metabolism, which was a 767-page 
tome entitled, “U.T.O.P.I.A.:  Unified Theory of Oxygen Participation In Aerobiosis.”  Also in 2004, in an 
unprecedented move, The Johns Hopkins Hospital gave him an appointment as an Adjunct Assistant Professor of 
Plastic Surgery. 
 
In 2005, he published his second e-book, a 931-page tome, entitled, “The Medical and Scientific Significance of 
Oxygen Free Radical Metabolism.” In 2006, he has published a third companion e-book, 271-pages, entitled, 
“Hydrogen Peroxide:  Monograph 1:  Scientific, Medical and Biochemical Overview and Antioxidant Vitamins:  
A, C & E:  Monograph 2:  Equivocal Scientific Studies.”  These books contain thousands of references and 
represent the most comprehensive overview of oxygen metabolism available today.  His belief is that the free 
radical theory is unfounded and that electronically modified oxygen derivatives (EMODs) are of low toxicity and 
are essential for energy production, for pathogen protection, as secondary cell messengers and as tumoricidal 
agents.  His Unified Theory states that EMOD deficiency levels “allow” for the manifestation of diseases, 
including neoplasia and is a contributing factor in the aging phenomenon.  Dr. Howes, who is both an 
experimentalist and a theoretician, is an international lecturer on plastic surgery and a world expert on the 
biochemistry of oxygen free radicals.   
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Dr. Howes received the 2005 Harold Harper Award from the American College for Advancement in Medicine 
because of his innovative approach to cancer and heart disease. His passionate goal is to have cancer and heart 
disease cures at the bedside, based on his innovative theories involving electronically modified oxygen 
derivatives, within his lifetime. 
 
His musical interests have carried him to perform at the New Orleans World’s Fair, on many televised shows, 
appearing with numerous country superstars and ultimately to center stage at the famed Grand Ole Opry Gospel 
Hour in Nashville, Tennessee.  He has composed over 500 songs and his original “Fantasies of You” recording 
went to the # 1 chart spot on Nashville’s Panel Report for nationwide independent air play.  He was honored by 
the Country Music Associations of America with a Lifetime Achievement Award, Inducted into the Tracker Hall 
of Fame, received the King Eagle Humanitarian Award for “Your Devotion To the Betterment of Mankind," and 
received the 1999 Golden Music Award, Lifetime Achievement Award for Songwriter/Artist/Humanitarian and 
many other such honors.  In 1994, he received Dr. Norman Vincent Peale’s America’s Awards honoring Unsung 
Heroes, known as “The Nobel Prize for Goodness,” and in 1995, he was awarded an Honorary Doctorate of 
Humanities Degree by SLU.  That same year he was sworn in by Rudolph W. Giuliani, Mayor of New York City, 
as the Community Mayor for the State of Louisiana, International Council of Mayors and was an awardee, along 
with famed author Dr. Stephen Ambrose, for the George Washington Honor Medal. 
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and  

Oxygen Free Radical Sophistry  
 
 

[The sixth in a series and a companion book to the following: 
#1. U.T.O.P.I.A. © 2004 Unified Theory of Oxygen Participation In Aerobiosis;  

#2. The Medical and Scientific Significance of Oxygen Free Radical Metabolism © 2005;  
#3.  Hydrogen Peroxide Monograph 1:  Scientific, Medical and Biochemical Overview &  
#4. Antioxidant Vitamins A, C, & E Monograph 2: Equivocal Scientific Studies, © 2006; 

#5. Cardiovascular Disease and Oxygen Free Radical Mythology, © 2006] 
A Selective World Literature Review 

Available at www.thepundit.com
 
 

BY 
PROF. HON. RANDOLPH M. HOWES, M.D., Ph.D. 

Orthomolecular Surgical Scientist and Quantum Biochemist 
 
 

LICENSE AGREEMENT AND LIMITED WARRANTY 
 
The DIABETES AND OXYGEN FREE RADICAL SOPHISTRY® (the "Document") herein contained is protected 
by copyright laws and international treaties and may only be used in accordance with the license terms.   This is a 
license agreement (the "Agreement") between you, the end user, and Randolph M. Howes, M.D., Ph.D. ("Howes").   
Installation and use of the Document by you will be deemed an acceptance of the terms and conditions of this 
Agreement.   
 
IF YOU DO NOT AGREE TO THE TERMS OF THIS AGREEMENT, DO NOT USE THE DOCUMENT, 
PROMPTLY REMOVE IT FROM YOUR COMPUTER, AND RETURN IT TO RANDOLPH M. HOWES. 
  
 
OWNERSHIP OF THE DOCUMENT 
 

HOWES retains the copyright, and sole right, title, and interest in and to the Document. 
 

 
TERM 
 

This Agreement shall commence upon the installation of the Document and is effective until terminated by 
HOWES.   HOWES may terminate this Agreement for any reason or for no reason. This Agreement will 
automatically terminate, without notice, upon the subsequent releases of the Document.   Upon termination, 
you shall remove the Document from your computer(s). 
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GRANT OF LICENSE 
 

HOWES grants to you a non-exclusive right to use the Document during the Term, or other agreement 
entered into by and between you and HOWES, and in accordance with the terms and conditions contained 
in this Agreement.  You agree to protect the Document against unauthorized use and duplication.  
 
The Document is provided "as is" without warranty of any kind.  Further, HOWES does not warrant, 
guarantee, or make any representations regarding the use, or the results of use, of the Document in terms of 
correctness, accuracy, reliability, correctness, or otherwise.   You assume the entire risk as to the results and 
performance of the Document.    

 
To the maximum extent permitted by law, HOWES provides the Document without warranty of any kind, 
either express or implied, including, but not limited to, the implied warranties of merchantability, fitness for 
a particular purpose, and non-infringement.   No oral or written information or advice given by HOWES, its 
dealers, distributors, agents, or employees, shall create a warranty, or in any way, increase the scope of this 
warranty, and you may not rely on any such information or advice.  You may have other rights, which may 
vary from state to state. 

 
Neither HOWES, nor any other party who has been involved in the creation, production or delivery of the 
Document, shall be liable for any direct, indirect, consequential, or incidental damages (including damages 
for loss of business profits, business interruption, loss of business information, and the like) arising from the 
use, or inability to use the Document. 

 
HOWES shall have no obligation to provide technical support, maintenance, updates, or other support for 
the Document.   HOWES shall have no obligation to release subsequent versions of the Document. 

 
This Agreement shall be governed and construed in accordance with the laws of the State of Louisiana and 
shall benefit HOWES, its successors and assigns.  

 
Any claim or dispute between you and HOWES, or against any agent, employee, successor, or assign of 
HOWES, whether related to this Agreement or otherwise, and any claim or dispute related to this 
Agreement or the relationship or duties contemplated under this Agreement, including the validity of this 
arbitration clause, shall be resolved by binding arbitration by the National Arbitration Forum, under the 
Code of Procedure then in effect.   Any award of arbitrator(s) may be entered as a judgment in any court of 
competent jurisdiction.   

 
 

 
Prof. Hon. Randolph M. Howes, M.D., Ph.D. 

The Pundit Publishing Company 
27439 Highway 441 

Kentwood, LA  70444-8152 
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	People who have diabetes should have a flu shot every year and a pneumococcal vaccine every 5 years. The pneumococcal vaccine helps prevent infections caused by pneumococcal bacteria. People with diabetes, especially those who have heart or kidney disease, are at high risk for complications, hospitalization, and death from flu and pneumococcal disease.
	Recent evidence highlights the important role of the brain in the control of glucose homeostasis. Hypothalamic centers sense the availability of peripheral nutrients via redundant and overlapping nutrient-induced peripheral signals such as leptin and insulin and via direct metabolic signaling. Responding to nutrient availability, these hypothalamic regions in turn exert a negative feedback not only on food intake but also on endogenous glucose production. Disruptions in the mechanisms of central nervous system nutrient sensing alter these homeostatic responses and contribute to the pathophysiology of obesity and type 2 diabetes (Minireview: The Brain as a Molecular Target for Diabetic Therapy. Elena Prodi and Silvana Obici. Endocrinology Vol. 147, No. 6 2664-2669. 2006).
	A decrease in the number of functional insulin-producing ß-cells contributes to the pathophysiology of type 2 diabetes. Opinions diverge regarding the relative contribution of a decrease in ß-cell mass versus an intrinsic defect in the secretory machinery. Donath reviews the evidence that glucose, dyslipidemia, cytokines, leptin, autoimmunity, and some sulfonylureas may contribute to the maladaptation of ß-cells. With respect to these causal factors, they focus on Fas, the ATP-sensitive K+ channel, insulin receptor substrate 2, oxidative stress, nuclear factor-  B, endoplasmic reticulum stress, and mitochondrial dysfunction as their respective mechanisms of action. Interestingly, most of these factors are involved in inflammatory (implies hypoxia) processes in addition to playing a role in both the regulation of ß-cell secretory function and cell turnover. Thus, the mechanisms regulating ß-cell proliferation, apoptosis, and function are inseparable processes (Mechanisms of ß-Cell Death in Type 2 Diabetes. Marc Y. Donath. Diabetes 54:S108-S113, 2005).
	Genetics definitely plays a role in diabetes but nature and nurture are both involved. In both cases, people inherit differences in their DNA that increase their risk of getting diabetes. So what differences lead to Type 1 diabetes? One obvious difference would be one in or around the insulin gene itself. This isn’t that common, though. Most people with Type 1 diabetes have a normal insulin gene.   Other DNA differences can lead to an increased risk of getting Type 1 diabetes. For example, some people with Type 1 diabetes have differences in genes called HLA genes that normally help the immune system to work. In addition, there are probably at least 16 other areas of DNA where differences can increase your risk of getting Type 1 diabetes. 
	With Type 2 diabetes, the story is even less clear. In most cases, you need more than one DNA difference to get Type 2 diabetes. There are at least 12 genes that have been shown to be involved in Type 2 diabetes, and there are probably more that scientists know nothing about yet. 

	As an important modulator of renal function and morphology, the nitric oxide (NO) system has been extensively studied in the diabetic kidney. However, a number of studies in different experimental and clinical settings have produced often confusing data and contradictory findings. They have reviewed a wide spectrum of findings and issues that have amassed concerning the pathophysiology of the renal NO system in diabetes, pointed out the controversies, and attempted to find some explanation for these discrepancies. Severe diabetes with profound insulinopenia can be viewed as a state of generalized NO deficiency, including in the kidney. However, they have focused this hypotheses and conclusions on the events occurring during moderate glycemic control with some degree of treatment with exogenous insulin, representing more the clinically applicable state of diabetic nephropathy. Available evidence suggests that diabetes triggers mechanisms that in parallel enhance and suppress NO bioavailability in the kidney (Paradoxes of nitric oxide in the diabetic kidney. Radko Komers and Sharon Anderson. Am J Physiol Renal Physiol 284: F1121-F1137, 2003).
	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 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. They 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.
	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 electronically modified oxygen derivatives (EMODs) 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).
	In contrast, transient bursts of small amounts of EMODs 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 EMODs 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 EMODs 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 EMODs 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).

	Allegedly, cells contain a large number of antioxidants to prevent or repair the damage caused by electronically modified oxygen derivatives. 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 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.  
	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). 
	To shed further light on the primary alterations of insulin secretion in type 2 diabetes and the possible mechanisms involved, Del Guerra et al. studied several functional and molecular properties of islets isolated from the pancreata of 13 type 2 diabetic and 13 matched nondiabetic cadaveric organ donors. Glucose-stimulated insulin secretion from type 2 diabetic islets was significantly lower than from control islets, whereas arginine- and glibenclamide-stimulated insulin release was less markedly affected. Nitrotyrosine and 8-hydroxy-2'-deoxyguanosine concentrations, markers of oxidative stress, were significantly higher in type 2 diabetic than control islets, and they were correlated with the degree of glucose-stimulated insulin release impairment. Accordingly, 24-h exposure to glutathione significantly improved glucose-stimulated insulin release and decreased nitrotyrosine concentration, with partial recovery of insulin mRNA expression. These results provide direct evidence that the defects of insulin secretion in type 2 diabetic islets are associated with multiple islet cell alterations. Most importantly, the current study shows that the functional impairment of type 2 diabetic islets can be, at least in part, reversible. In this regard, it is suggested that reducing islet cell oxidative stress is a potential target of human type 2 diabetes therapy (Functional and Molecular Defects of Pancreatic Islets in Human Type 2 Diabetes. Silvia Del Guerra et al. Diabetes 54:727-735, 2005).   I believe that this demonstrates the fact that diabetes can undergo spontaneous regression, as is seen in gestational diabetes.
	SOD and GPx enzyme activities vary according to race and could account for differences in lipid hydroperoxide. In patients of African origin, susceptibility to renal disease may be associated with lowered GPx activity (Race-Specific Differences in Antioxidant Enzyme Activity in Patients With Type 2 Diabetes. A potential association with the risk of developing nephropathy. Karima Zitouni et al. Diabetes Care 28:1698-1703, 2005). Thus, I believe that race must be accounted for in studies of the relationship of EMODs to disease entities.
	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.
	FDA's ruling on qualified health claims for tomatoes confuses buyers, critics say (Diedtra Henderson, Boston Globe Staff, November 30, 2005)
	Mitochondria are essential for intermediary metabolism as well as energy production in the cell. Their aerobic metabolism permits oxidation of glucose and fatty acids for the generation of ATP and other intermediates that are exchanged with the cytoplasm for various biosynthetic and secretory processes. In the pancreatic ß-cell, glucose carbons are quantitatively funneled to the mitochondria, where signals for the initiation and potentiation of insulin secretion are generated. After mitochondrial activation, the plasma membrane is depolarized with ensuing cytosolic calcium transients and exocytosis of insulin. Calcium also acts in a feed-forward manner on mitochondrial metabolism, which contributes to sustained second phase insulin secretion. Patients with mitochondrial diabetes and a corresponding mouse model display defective glucose-stimulated insulin secretion and reduced ß-cell mass, leading to overt diabetes. Normal mitochondrial activity appears to be equally important in the action of insulin on its target tissues. The development of insulin resistance may involve impairment of glucose oxidation after short exposure to increased levels of circulating free fatty acids. Insulin resistance in the elderly and in relatives of type 2 diabetic patients has also been associated with mitochondrial dysfunction. Both prevention and treatment of type 2 diabetes should focus on mitochondrial targets for the improvement of nutrient-stimulated insulin secretion and their utilization in peripheral tissues (Minireview: Implication of Mitochondria in Insulin Secretion and Action. Andreas Wiederkehr and Claes B. Wollheim. Endocrinology Vol. 147, No. 6 2643-2649, 2006). I believe that this indicates an association between decreased EMOD production and diabetes.
	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 (New Insights on Oxidative Stress and Diabetic Complications May Lead to a "Causal" Antioxidant Therapy. Antonio Ceriello, Diabetes Care 26:1589-1596, 2003).
	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). Yet, antioxidants have failed to prevent disease.
	These results suggest that oxidative damage is not a cause of type 2 diabetes. Positive cross-sectional associations of F2-IsoPM with the risk factors for diabetes, BMI, and impaired glucose tolerance and inverse associations with development of type 2 diabetes indicate that F2-IsoPM might reflect a compensatory mechanism (Urinary F2-Isoprostanes Are Not Associated with Increased Risk of Type 2 Diabetes. Dora Il’yasova, Jason D. Morrow and Lynne E. Wagenknecht. Obesity Research 13:1638-1644 (2005). 
	This occurred despite the fact that they reduced cytokine-induced EMOD production and MT reduced streptozotocin diabetes in NOD mice. Accelerated diabetes onset coincided with increased ß-cell death but not with increased immune attack. Islets from MTNOD mice were more sensitive to cytokine injury. In vivo and in vitro studies indicated reduced activation of the Akt/pancreatic duodenal homeobox-1 survival pathway in MTNOD and CatNOD islets. Li’s study indicates that cytoplasmic EMODs may have an important role for protecting the ß-cell from autoimmune destruction (Metallothionein and Catalase Sensitize to Diabetes in Nonobese Diabetic Mice. Reactive Oxygen Species May Have a Protective Role in Pancreatic ß-Cells. Xiaoyan Li, Hainan Chen, and Paul N. Epstein. Diabetes 55:1592-1604, 2006). 
	The contribution of oxidative stress to diabetic complications may be tissue-specific, especially for microvascular disease that occurs only in diabetic patients but not in individuals with insulin resistance without diabetes, even though both groups suffer from oxidative stress. (RMH Note:  This tells me that oxidative stress is not causative of diabetes.). Although antioxidant treatments can show benefits in animal models of diabetes, negative evidence (failures) from large clinical trials suggests that new and more powerful antioxidants need to be studied to demonstrate whether antioxidants can be effective in treating complications. Furthermore, it appears that oxidative stress is only one factor contributing to diabetic complications; thus, antioxidant treatment would most likely be more effective if it were coupled with other treatments for diabetic complications (Oxidative Stress and Antioxidant Treatment in Diabetes. Joshua A. Scott and George L. King. Ann. N.Y. Acad. Sci. 1031: 204–213 (2004).
	The physiological signaling mechanisms that link glucose sensing to the electrical activity in metabolism-regulating hypothalamus are still controversial. Although ATP production was considered the main metabolic signal, recent studies show that the glucose-stimulated signaling in neurons is not totally dependent on this production. Leloup et al.examined whether mitochondrial reactive oxygen species mEMODs which are physiologically generated depending on glucose metabolism, may act as physiological sensors to monitor the glucose-sensing response. 
	Transient increase from 5 to 20 mmol/l glucose stimulates reactive oxygen species (EMOD) generation on hypothalamic slices ex vivo, which is reversed by adding antioxidants, suggesting that hypothalamic cells generate EMODs to rapidly increase glucose level. Furthermore, in vivo, data demonstrate that both the glucose-induced increased neuronal activity in arcuate nucleus and the subsequent nervous-mediated insulin release might be mimicked by the mitochondrial complex blockers antimycin and rotenone, which generate mEMODs. Adding antioxidants such as trolox and catalase or the uncoupler carbonyl cyanide m-chlorophenylhydrazone in order to lower mEMODs during glucose stimulation completely reverses both parameters. In conclusion, the results presented here clearly show that the brain glucose-sensing mechanism involved mEMODs signaling. They propose that this mEMODs  production plays a key role in brain metabolic signaling (Mitochondrial Reactive Oxygen Species Are Required for Hypothalamic Glucose Sensing. Corinne Leloup et al. Diabetes 55:2084-2090, 2006). Even the sensitive and most important hypothalamus generates EMODs. WOW. Theoretically, this indicates that antioxidants could block brain glucose sensing and could be extremely dangerous. 
	Some of the following material was abstracted, excerpted or modified from:  NAD(P)H Oxidase–Dependent Self-Propagation of Hydrogen Peroxide and Vascular Disease. Hua Cai. Circulation Research. 2005;96:818.
	Diabetes is associated with increased risk for complications following coronary bypass grafting (CABG) surgery. Augmented superoxide production plays an important role in diabetic complications by causing vascular dysfunction. The potent vasoconstrictor endothelin-1 (ET-1) is also elevated in diabetes and following CABG; however, the effect of ET-1 on superoxide generation and/or vascular dysfunction in bypass conduits remain unknown. Accordingly, this study investigated basal and ET-1-stimulated superoxide production in bypass conduits and determined the effect of superoxide on conduit reactivity. Saphenous vein specimens were obtained from nondiabetic (n = 24) and diabetic (n = 24) patients undergoing CABG. Dihydroethidium staining and NAD(P)H oxidase activity assays demonstrated increased basal superoxide levels in the diabetes group. Plasma ET-1 levels were associated with elevated basal superoxide levels, and treatment of conduits with exogenous ET-1 further increased superoxide production and augmented vasoconstriction. Furthermore, vascular relaxation was impaired in the diabetic group (75 versus 40%), which was restored by superoxide scavenger superoxide dismutase. (RMH Note:  I believe that this is due to the SOD production of H2O2, which is a vasodilating agent.). These findings suggest that ET-1 causes bypass conduits dysfunction via stimulation of superoxide production in diabetes. Novel therapies that attenuate superoxide generation in bypass conduits may improve acute and late outcome of CABG in diabetic patients (Dysfunction of Venous Bypass Conduits Is Mediated by Reactive Oxygen Species in Diabetes: Role of Endothelin-1. Adviye Ergul et al. J. Pharmacol. Exp. Ther., April 1, 2005; 313(1): 70 - 77).
	Oxidative stress may be involved in the development of vascular complications associated with diabetes; however, the molecular mechanism responsible for increased production of free radicals in diabetes remains uncertain. Therefore, we examined whether acute hyperinsulinemia increases the production of free radicals and whether this condition affects proliferative extracellular signal-regulated kinase (ERK-1 and -2) signaling in human fibroblasts in vitro. Insulin treatment significantly increased intracellular superoxide anion (O2–) production, an effect completely abolished by Tiron, a cell-permeable superoxide dismutase (SOD) mimetic and by polyethylene glycol (PEG)-SOD, but not by PEG catalase. Furthermore, insulin-induced O2– production was attenuated by the NAD(P)H inhibitor apocynin, but not by rotenone or oxypurinol. Inhibition of the phosphatidylinositol 3'-kinase (PI 3'-kinase) pathway with LY294002 blocked insulin-stimulated O2– production, suggesting a direct involvement of PI 3'-kinase in the activation of NAD(P)H oxidase. The insulin-induced free radical production led to membranous translocation of p47phox and markedly enhanced ERK-1 and -2 activation in human fibroblasts. In conclusion, these findings provided direct evidence that elevated insulin levels generate O2– by an NAD(P)H-dependent mechanism that involves the activation of PI 3'-kinase and stimulates ERK-1- and ERK-2-dependent pathways. This effect of insulin may contribute to the pathogenesis and progression of cardiovascular disease in the insulin resistance syndrome (Insulin Generates Free Radicals by an NAD(P)H, Phosphatidylinositol 3'-Kinase-Dependent Mechanism in Human Skin Fibroblasts Ex Vivo. Giulio Ceolotto et al. Diabetes 53:1344-1351, 2004).
	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). 
	Date: 21 January 2005, Source: USA Today , Author: Janice Billingsley  America’s black population has the highest incidence of Alzheimer’s of any other American group. This is probably due to the fact that black Americans also have a greater incidence of type 2 diabetes and vascular diseases such as high blood pressure and high cholesterol. Blacks face a 60% higher risk of type 2 diabetes than whites and 15% greater incidence of hypertension. The Alzheimer’s Association claims that hypertension or high cholesterol double the risk of Alzheimer’s disease. Studies show that black American’s face a 14-100% greater risk of dementia and 44% of direct relatives of black Alzheimer’s sufferers also face a risk of dementia. I believe that this is related to decreased EMOD levels and represents a part of what I call an EMOD insufficiency syndrome.
	The other handicap that black dementia sufferers face is a general mistrust of doctors, lack of health care and economic reasons. This leads to later diagnosis and hence a poorer outcome. 
	From a recent review (Bouchard & Tremblay, 1997) of studies of identical twins, it is apparent that individual response to positive and negative caloric balance is strongly influenced by genetics. In some cases, however, even identical twins participating in the same tightly controlled experiments may gain or lose vastly different amounts of weight--suggesting that individual variability in response to a standard caloric surplus or deficit, controlled by feeding and/or physical activity, is not entirely explainable by what currently is understood about genetics (Bouchard, C. & Tremblay, A. (1997). Genetic influences on the response of body fat and fat distribution to positive and negative balances in human identical twins. Journal of Nutrition, 127, 943S-947S).
	It is not yet widely recognized that identical twins can be different when they are born (Scientific American (Dec. 1990), 11-2). In about 10-20% of monozygotic twins fetal transfusion occurs, where one twin receives more oxygen and nutrients than the other, and twins can differ in birth weight by a factor of two. They can also differ in diseases or drug effects, and have altered genes or chromosomes. This suggests that the differences found between identical twins in behavioral studies may be even less due to the environment, and more because of genetic factors.
	Reducing sugars react with amino groups in proteins, lipids, and nucleic acids to produce advanced glycation end products (AGEs), including N  -carboxymethyl lysine (CML), which have been implicated in oxidative stress and vascular damage. The aim of this study was to determine whether genetic factors influence serum CML levels in normal subjects. They performed a classical twin study of CML in healthy nondiabetic female twins, 39 monozygotic and 45 dizygotic pairs, aged 21–74 years. Serum CML levels were estimated by enzyme-linked immunosorbent assay. Additive genetic effects (heritability) explained 74% (95% CI 58–84) of population variance in CML. Heritability (%) of fasting glucose (51%) and HbA1c (62%) could not explain CML heritability, which was not associated with them. CML levels are, therefore, predominantly genetically determined and independent of genes influencing fasting glucose or HbA1c. Thus familial, largely genetic factors influence AGE implicating these glycoxidation products in the genetic contribution to macro- and microvascular disease (Level of an Advanced Glycated End Product Is Genetically Determined. A Study of Normal Twins. R. David G. Leslie et al. Diabetes 52:2441-2444, 2000).
	The aim of this study was to evaluate genetic and environmental effects on plasma glucose, insulin secretion, and resistance in Finnish twins. Altogether 151 randomly selected twin pairs were examined by the oral glucose tolerance test; 66 twin pairs were monozygotic and 85 like-sexed dizygotic. We estimated the intraclass correlation coefficients and variance components of genetic and environmental effects on waist circumference, plasma glucose, and serum insulin. For fasting insulin, the proportion of total variation accounted for by additive genetic effects (A) and nonshared environmental effects (E) were 43 and 57%, respectively. As to postchallenge insulin and waist circumference, A effects were stronger in female twins (51 and 70%, respectively) than male twins in whom no significant evidence for genetic variance was found. Of the variation in fasting glucose, A and E effects accounted for 45 and 55%, respectively. Of the variation in postchallenge glucose, E effects had a greater role (65%), compared with A effects (35%); A effects on pre- and postchallenge insulin levels were highly correlated (genetic correlation coefficient = 0.81). In conclusion, additive genetic effects are important for the insulin secretion, whereas nonshared environmental effects contribute strongly to peripheral insulin resistance (Genetic and Environmental Effects on Fasting and Postchallenge Plasma Glucose and Serum Insulin Values in Finnish Twins. Shuichi Katoh. The Journal of Clinical Endocrinology & Metabolism Vol. 90, No. 5 2642-2647).
	The role of inflammation and oxidative stress in the development of obesity and associated metabolic disorders is under debate. Galinier et al investigated the redox metabolism in a non-diabetic obesity model, i.e. 11-week-old obese Zucker rats. Antioxidant enzyme activities, lipophilic antioxidant (  -tocopherol, coenzymes Q) and hydrophilic antioxidant (glutathione, vitamin C) contents and their redox state (% oxidized form), were studied in inguinal white fat and compared with blood and liver. The adipose tissues of obese animals showed a specific higher content of hydrophilic molecules in a lower redox state than those of lean animals, which were associated with lower lipophilic molecule content and lipid peroxidation. Conversely and as expected, glutathione content decreased and its redox state increased in adipose tissues of rats subjected to lipopolysaccharide-induced systemic oxidative stress. In these in vivo models, oxidative stress and obesity thus had opposite effects on adipose tissue redox state. Moreover, the increase in glutathione content and the decrease of its redox state by antioxidant treatment promoted in vitro the accumulation of triglycerides in preadipocytes. Taken together and contrary to the emergent view, Galinier et al results suggest that obesity is associated with an intracellular reduced redox state that promotes on its own the development of a deleterious proadipogenic process (Adipose Tissue Proadipogenic Redox Changes in Obesity. Anne Galinier et al. J. Biol. Chem., Vol. 281, Issue 18, 12682-12687, May 5, 2006). I believe that this is an extremely important study.  It supports my Unified theory in that obesity, which is charaticized by inflammatory type reactions in adipocytes (associated with hypoxia) is the basis for the appearance of an EMOD insufficiency syndrome.  This inter-relates obesity, cancer, atherosclerosis, diabetes.
	A 2006 Pew survey found that more Americans blame obesity, especially their own, on lack of exercise and willpower than on "the kinds of foods marketed at restaurants and grocery stores." 

	The role of inflammation and oxidative stress in the development of obesity and associated metabolic disorders is under debate. Galinier et al. investigated the redox metabolism in a non-diabetic obesity model, i.e. 11-week-old obese Zucker rats. Antioxidant enzyme activities, lipophilic antioxidant (  -tocopherol, coenzymes Q) and hydrophilic antioxidant (glutathione, vitamin C) contents and their redox state (% oxidized form), were studied in inguinal white fat and compared with blood and liver. The adipose tissues of obese animals showed a specific higher content of hydrophilic molecules in a lower redox state than those of lean animals, which were associated with lower lipophilic molecule content and lipid peroxidation. Conversely and as expected, glutathione content decreased and its redox state increased in adipose tissues of rats subjected to lipopolysaccharide-induced systemic oxidative stress. In these in vivo models, oxidative stress and obesity thus had opposite effects on adipose tissue redox state. Moreover, the increase in glutathione content and the decrease of its redox state by antioxidant treatment promoted in vitro the accumulation of triglycerides in preadipocytes. Taken together and contrary to the emergent view, our results suggest that obesity is associated with an intracellular reduced redox state that promotes on its own the development of a deleterious proadipogenic process (Adipose Tissue Proadipogenic Redox Changes in Obesity. Anne Galinier et al. J. Biol. Chem., Vol. 281, Issue 18, 12682-12687, May 5, 2006).
	Mounting evidence highlights the role of adipose tissue in the development of a systemic inflammatory state that contributes to obesity-associated vasculopathy and cardiovascular risk (Adipose Tissue, Inflammation, and Cardiovascular Disease 
	In the present study, they observed stimulation of EMOD production by fatty acids via NADPH oxidase activation. In addition, they also found that EMODs suppressed the mRNA expressions of lipogenic genes, such as fatty acid synthase and sterol regulatory element binding protein-1c, in 3T3-L1 adipocytes. These results suggest that increased EMOD production caused by fat accumulation may prevent further lipid storage, but may simultaneously cause dysregulated expression of adipocytokines and insulin resistance (Increased oxidative stress in obesity and its impact on metabolic syndrome. Shigetada Furukawa et al. J. Clin. Invest. 114:1752-1761 (2004 ).
	Over the last decade, an abundance of evidence has emerged demonstrating a close link between metabolism and immunity. It is now clear that obesity is associated with a state of chronic low-level inflammation (Inflammation, stress, and diabetes. Kathryn E. Wellen and Gökhan S. Hotamisligil J. Clin. Invest. 115:1111-1119 (2005).  
	Some of the following material was abstracted, excerpted or modified form:  Lactic Acidosis emedicine’s website and authored by Sat Sharma, M.D.

	Conclusion:  Otherwise healthy OSA patients, without any other co-morbidities, do not manifest evidence for higher oxidative stress and lipid peroxidation. Thus, oxidative stress and lipid peroxidation do not appear to be key mediators of increased cardiovascular disease in OSA patients (Oxidative stress in obstructive sleep apnoea. Anna Svatikova, Robert Wolk, Lilach O. Lerman, Luis A. Juncos, Eddie L. Greene, Joseph P. McConnell and Virend K. Somers. European Heart Journal. 2005. Vol. 26. No. 22. pp 2435-2439). 
	Normally, pancreatic islets have a dense glomerular-like capillary network in which the capillaries course through the islet in a tortuous fashion that is ideal for the delivery of oxygen and nutrients to the islet cells and for the dispersal of the secreted hormones to the target organs. This pancreatic islet angioarchitecture entails a blood perfusion of the pancreatic islets that is 10 times higher than that in the exocrine pancreas and similar to that seen in the renal cortex. They syngeneically transplanted islets to three different implantation sites of diabetic and nondiabetic rats, then 9–12 weeks later they measured the blood perfusion and compared the tissue partial pressure of oxygen (PO2) levels of these transplanted islets to endogenous islets. There were no differences in islet graft blood perfusion between diabetic and nondiabetic recipients. Within native pancreatic islets, the mean PO2 was   40 mmHg; however, all transplanted islets had a mean PO2 of   5 mmHg. The oxygen tension of the grafts did not differ among the implantation sites. In diabetic recipients, an even lower PO2 level was recorded in the islet transplants. They conclude that the choice of implantation site seems less important than intrinsic properties of the transplanted islets with regard to the degree of revascularization and concomitant blood perfusion. Furthermore, the mean PO2 level in islets implanted to the kidney, liver, and spleen was markedly decreased at all three implantation sites when compared with native islets, especially in diabetic recipients. These results are suggestive of an insufficient oxygenization of revascularized transplanted islets, irrespective of the implantation site (Markedly Decreased Oxygen Tension in Transplanted Rat Pancreatic Islets Irrespective of the Implantation Site 
	There is strong evidence to show that diabetes is associated with increased oxidative stress. However, the source of this oxidative stress remains unclear. Using transgenic mice that overexpress aldose reductase (AR) in their lenses, Lee found that the flux of glucose through the polyol pathway is the major cause of hyperglycemic oxidative stress in this tissue. The substantial decrease in the level of reduced glutathione (GSH) with concomitant rise in the level of lipid peroxidation product malondialdehyde (MDA) in the lens of transgenic mice, but not in the nontransgenic mice, suggests that glucose autoxidation and nonenzymatic glycation do not contribute significantly to oxidative stress in diabetic lenses. AR reduction of glucose to sorbitol probably contributes to oxidative stress by depleting its cofactor NADPH, which is also required for the regeneration of GSH. Sorbitol dehydrogenase, the second enzyme in the polyol pathway that converts sorbitol to fructose, also contributes to oxidative stress, most likely because depletion of its cofactor NAD+ leads to more glucose being channeled through the polyol pathway. Despite a more than 100% increase of MDA, oxidative stress plays only a minor role in the development of cataract in this acute diabetic cataract model. However, chronic oxidative stress generated by the polyol pathway is likely to be an important contributing factor in the slow-developing diabetic cataract as well as in the development of other diabetic complications (Contributions of polyol pathway to oxidative stress in diabetic cataract. Alan Y. W. Lee and Stephen S. M. Chung. The FASEB Journal. 1999;13:23-30).
	Some of the following material was excerpted, abstracted or modified from: Blood Catalase Activity in Gestational Diabetes Is Decreased but Not Associated with Pregnancy Complications. Laszlo Góth, Zoltán Tóth, Ildikó Tarnai, Maria Bérces, Peter Török and William N. Bigler. Clinical Chemistry 51: 2401-2404, 2005.
	Experiments with fresh human hemolysate allowed us to determine H2O2 decomposition by catalase and GPO using these enzymes in their original quantitative ratio. The different kinetics of these enzymes are shown: H2O2 decomposition by catalase depends linearly on H2O2 concentration, whereas that by GPO becomes saturated at concentrations above 10-6 mol/L H2O2. Even at very low H2O2 concentrations GPO reaches only approximately 8% of the rate at which catalase simultaneously degrades H2O2. These data indicate an almost exclusive role for catalase in the removal of H2O2 in normal human erythrocytes (Direct Evidence for Catalase as the Predominant H2O2 -Removing Enzyme in Human Erythrocyte. Sebastian Mueller, Hans-Dieter Riedel, and Wolfgang Stremmel. Blood, Vol. 90 No. 12 (December 15), 1997: pp. 4973-4978). 
	Diabetics have at least twice the risk of stroke and may show performance deficit in a wide range of cognitive domains. The mechanisms underlying this gradually developing end-organ damage may involve both vascular changes and direct damage to neuronal cells as a result of overproduction of superoxide by the respiratory chain and consequent oxidative stress. The study aimed to assess the role of oxidative stress on the aldose reductase-polyol pathway, on advanced glycated end-product (AGE)/AGE-receptor interaction, and on downstream signaling in the hippocampus of streptozotocin-treated rats. Data shows that, in diabetic rats, levels of prooxidant compounds increase, whereas levels of antioxidant compounds fall. Receptor for AGE and galectin-3 content and polyol flux increase, whereas glyceraldehyde-3-phosphate dehydrogenase activity is impaired. Moreover, nuclear factor   B (p65) transcription factor levels and S-100 protein are increased in the hippocampus cytosol, suggesting that oxidative stress triggers the cascade of events that finally leads to neuronal damage. Dehydroepiandrosterone, the most abundant hormonal steroid in the blood, has been reported to possess antioxidant properties. When dehydroepiandrosterone was administered to diabetic rats, the improved oxidative imbalance and the marked reduction of AGE receptors paralleled the reduced activation of nuclear factor   B and the reduction of S-100 levels, reinforcing the suggestion that oxidative stress plays a role in diabetes-related neuronal damage (Up-Regulation of Advanced Glycated Products Receptors in the Brain of Diabetic Rats Is Prevented by Antioxidant Treatment. Manuela Aragno et al. Endocrinology Vol. 146, No. 12 5561-5567, 2005).
	However, iron status and iron intake was independently associated with risk of diabetes in Chinese women but not in men (Association Between Serum Ferritin, Hemoglobin, Iron Intake, and Diabetes in Adults in Jiangsu, China. Zumin Shi et al. Diabetes Care 29:1878-1883, 2006).
	Several studies have shown impairment of neutrophil function, a disorder that contributes to the high incidence of infections in diabetes. Since glucose and glutamine play a key role in neutrophil function, we investigated their metabolism in neutrophils obtained from the peritoneal cavity of streptozotocin-induced diabetic rats. Phagocytosis and phorbol myristate acetate (PMA)-stimulated H2O2 production were decreased in neutrophils from diabetic rats. The activities of G6PDH and glutaminase were decreased, whereas that of PFK was raised by the diabetic state. The activities of the remaining enzymes were not changed. Diabetes decreased the decarboxylation of [1-14C]glucose and [U-14C]glutamine; however, [6-14C]glucose and [U-14C]palmitic acid decarboxylation was increased. These observations indicate that changes in metabolism may play an important role in the impaired neutrophil function observed in diabetes. The treatment with insulin abolished the changes induced by the diabetic state even with no marked change in glycemia. Therefore, insulin may have a direct effect on neutrophil metabolism and function (Diabetes causes marked changes in function and metabolism of rat neutrophils. T C Alba-Loureiro, S M Hirabara, J R Mendonça, R Curi and T C Pithon-Curi. Journal of Endocrinology (2006) 188,295-303). I believe that this verifies my above suspicion that H2O2 is decreased in the diabetic.
	Conclusions: These results do not support the hypothesis that high intake of flavonols and flavones reduces the development of type 2 diabetes, although we cannot rule out a modest inverse association with intake of apples and tea (Associations of Dietary Flavonoids with Risk of Type 2 Diabetes, and Markers of Insulin Resistance and Systemic Inflammation in Women: A Prospective Study and Cross-Sectional Analysis. Yiqing Song, JoAnn E. Manson, Julie E. Buring, Howard D. Sesso, and Simin Liu. Journal of the American College of Nutrition, Vol. 24, No. 5, 376-384 (2005). I believe that this is because the free radical theory is wrong and that oxidative processes are not causative of diabetes.
	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).
	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.
	I believe that the glucose suppresses EMOD generation and that FFAs trap EMODs, both of which can lead to the “allowance” of diabetes.

	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.
	Over the past two decades, investigators have increasingly recognized 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).
	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).
	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.
	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, insulin, 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 ).
	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).
	6.3.7    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).
	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).
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	[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].
	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)
	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.
	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). 
	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).
	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).
	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). 
	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 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.
	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: They 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).
	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.
	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 electronically modified oxygen derivatives 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.
	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 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.
	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).
	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 EMOD 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).
	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.
	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.
	This occurred despite the fact that they reduced cytokine-induced EMOD production and MT reduced streptozotocin diabetes in NOD mice. Accelerated diabetes onset coincided with increased ß-cell death but not with increased immune attack. Islets from MTNOD mice were more sensitive to cytokine injury. In vivo and in vitro studies indicated reduced activation of the Akt/pancreatic duodenal homeobox-1 survival pathway in MTNOD and CatNOD islets. Li’s study indicates that cytoplasmic EMODs may have an important role for protecting the ß-cell from autoimmune destruction (Metallothionein and Catalase Sensitize to Diabetes in Nonobese Diabetic Mice. Reactive Oxygen Species May Have a Protective Role in Pancreatic ß-Cells. Xiaoyan Li, Hainan Chen, and Paul N. Epstein. Diabetes 55:1592-1604, 2006). 
	● Phagocytosis and phorbol myristate acetate (PMA)-stimulated H2O2 production were decreased in neutrophils from diabetic rats.  The treatment with insulin abolished the changes induced by the diabetic state even with no marked change in glycemia. Therefore, insulin may have a direct effect on neutrophil metabolism and function (T C Alba-Loureiro). I believe that this verifies my above suspicion that H2O2 is decreased in the diabetic.
	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. I believe that this is directly related to the ability of SOD to produce hydrogen peroxide, which in sufficient amounts, will curtail tumor growth.  (Weydert).
	Most importantly, the current study shows that the functional impairment of type 2 diabetic islets can be, at least in part, reversible. I believe that this demonstrates the fact that diabetes can undergo spontaneous regression, as is seen in gestational diabetes.
	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. Yet, antioxidants have failed to prevent disease.
	Even the sensitive and most important hypothalamus generates EMODs. WOW. Theoretically, this indicates that antioxidants could block brain glucose sensing and could be extremely dangerous. 
	I believe that this is an extremely important study.  It supports my Unified theory in that obesity, which is charaticized by inflammatory type reactions in adipocytes (associated with hypoxia) is the basis for the appearance of an EMOD insufficiency syndrome.  This inter-relates obesity, cancer, atherosclerosis, diabetes.
	A 2006 Pew survey found that more Americans blame obesity, especially their own, on lack of exercise and willpower than on "the kinds of foods marketed at restaurants and grocery stores." 

	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).
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