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I. INTRODUCTION 

:\merican society, with its get-the-job-done 
attitude. expects a fast solution to every problem. This 
mentality has seeped into the medical model, which 
people expect to provide quick-and-easy solutions to 
their health problems. In some cases the medical 
community can indeed supply that type of quick cure. 
Penicillin. for example, cenainly does its job to kill 
some bacteria. But the success of penicillin has also 
fueled the mentality that for every disease there is a 
magic bullet to cure it. 

This puts a burden on the physician to deliver 
better and faster magic bullets. At the same time it 
downpla;:s the imponance of each person's natural 
resistance to ailments and disease. If more focus were 
put on this issue. we would learn to work with the 
body's v.i sdom and to suppon its natural ability to resist 
a bacterium or virus through the defense system. Zinc, 
for example, plays a major role in the body's 
production of immune system cells such as T­
lymphocytes. Thus, providing the body with a 
physiological mineral such as zinc would strengthen its 
natural defense apparatus. 

The concept of building our natural resistance 
has become extremely vital in recent years as we 
become more aware of the damage that can be caused 

b~ infectious agents other than bacteria, including 
viruses, yeast. and parasites. All of these must be 
viewed as an interaction between the person and his or 
her environment. 

However, we also need to address another 
type of invader- the "free radicals" that attack us at a 
biochemical level. Free radicals are molecules that 
have an unpaired electron, which makes them capable 
of damaging cells, tissues, and oreans. These 
dangerous molecules can weaken many ~·ita! aspects of 
body functioning, including our cardiovascular. 
neurological and immune systems. 

For many people the idea that biochemical 
invaders may be altering their health and immunity is 
difficult to grasp. After all, these mimscule invaders 
a~f~ct the molecules of our cells and are not directly 
VISible to us. By contrast the impact of mvaders such 
as bacteria may be easier to observe because we can 
quickly see their results: a bacterial exudate on the 
tonsils, a virus manifest as a herpes blister. or a yeast 
overgrowth that causes a vaginal discharge or thrush 
infection in the mouth. -

. Free radicals, though less visible. can be every 
btt as harmful to our health. In fact a growing body of 
research shows that free radicals contribute to the aging 
process and to a long list if disorders, Including heart 
disease and cancer, which now rank as two -of the 
leading killers in our society.1

•
19 

To understand how this damage occurs, we 
must look at the molecular events that take place in the 
body. Here a silent oxygen battle is waged between the 
"prooxdiants" (free radicals) and the ··mtioxidants" 
(certain nutrients), whose job it is to neutralize free 
radicals. 
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This discussion takes us far beyond the organs 
and glands of the immune system- and even beyond 
the c-ellular aspects of immunity. By considering the 
funcnons of molecules. the building blocks of our cells. 
we can gam a deeper understanding of how to protect 
the body from oxygen-related damage and optimize its 
1mmune performance. 

II. BODY DEFENSES AGAINST FREE 
RADICALS 

We must continually strive to balance the 
events takmg place m the molecules of our bodies. 
Fortunatelv nature has given us a way to achieve this 
balance: The body's built-in mechanism for handling 
free radicals consist of antioxidant enzymes. hormones. 
and nutnents that remove radicals before they can 
cause cellular damage.10

'
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The antioxidant enzymes include two forms of 
superoxide dismutase (SOD), as well as glutathione. 
and catalase. SOD needs either manganese or a 
copper-zrnc combination to do its work, depending on 
its location rn the cell. Glutathione peroxidase requires 
selenium as 1ts cofactor nutrient. And catalase depends 
on iron to carry out its antioxidant functions . 31 

Likewise, antioxidant vitamins act as 
"scavengers" to remove various forms of free radicals 
from the body and prevent new ones from being 
formed. These potent nutrients include vitamin C, 
vitamin E. and beta-carotene (a precursor to vitamin 
A). In addition to trapping free radicals. all three of 
these antioxidants can "quench" the highly reactive 
srnelet oxveen.33 In essence they absorb the molecule's 
alt;red e~;rgy state. thereby returning it to normal 
without harming the system.34 

III. FREE RADICAL BODY DAMAGE 

In recent years a variety of degenerative 
diseases have been linked to free-radical activity. 
These diseases get their start in the biochemical 
processes of the body, during which free radicals can 
damage cells and tissues.3u 6

• 
37

• 38 In The Antioxidants, 
Richard A. Passwater. Ph.D., identifies four basic types 
of damage caused by free radicals that will lead to the 
chronic diseases so prevalent today, including arthritis. 
neurological disorders. and cancer. The basic types of 
biochemical damage include:39 

III.l. Lipid Peroxidation 
When free radicals attack the polyunsaturated 
fats on the body, the fatty acids become rancid 
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and can produce even more free radicals. 

m.2. Cross-linking 
Free radicals may alter the structure of DNA 
and protein molecules by causing them to fuse 
together. This cross-linking inhibits the 
molecules's ability to function l1l the body. 

ill.3. Cell Membrane Damage 
The cell membrane serves as a filter to the 
surrounding environment. Free radicals can 
cause direct damage to the structure of this 
filtering system, thereby impairing the cell's 
ability to absorb certain nutrients and 
eliminate waste products. 

111.4. Lysosome Damage 
The lysosomes within our cells contam 
powerful digestive enzymes. But free radicals 
can destroy the lysosomes. allowing these 
enzymes to escape and "eat" important 
compounds within the cell. 

What do these types of damage have in 
common? They occur in regions of the body that are 
rich in electrons, such as DNA, proteins, and 
polyunsaturated fatty acids. These biological 
molecules are rich in electrons because they contain 
unsaturated bonds, or what a chemist would call double 
bonds. The double bonds become the site of all 
biochemical activity of free radicals. 40 

1\' . DISORDERS RELATED TO FREE 
R<\DICALS 

With an understanding of the biochemical 
mechanisms of free radicals, it is easier to see how the 
progression of this damage could lead to different 
diseases, depending on which cells and tissues are 
being attacked. Lipid-peroxide activity. for example, 
may eventually lead to coronary artery disease. And as 
Diplock points out, in-vitro studies also show that the 
body's free-radical generating systems may damage the 
structure of DNA. This damage could be a major 
contributor to cancer development.4 1 

At this point a variety of senous disorders 
have been linked to free-radical pathology. According 
to Dr. Bland, among others, these conditions include 
cancer, coronary heart disease, diabetes. cataracts, 
alcohol-induced liver damage, adverse drug reactions, 
immune hypersensitivity, cardiac toxicity to adriamycin 
(a chemotherapeutic drug), arthritic nssue damage, 
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inflammatory bowel disorders, Parkinson's disease, 
neurological degeneration, senile dementia, chronic 
brain 'disease, and traumatic inflammation. 42

- 52 

What's more the aging process itself may be 
associated with free-radical activity. Dr. Richard 
Passwater, a prominent researcher, explains the 
connections as follows: Free radicals impair or destroy 
healthy cells. Eventually the cumulative loss of active 
cells can lead to a loss of the "reserve function" in 
various organs, or the amount of energy held in reserve 
for functioning beyond the body's daily needs. 

In a nutshell the loss of reserve function and 
the aging process are one and the same. "The stability 
of the aging living systems becomes progressively 
Impaired by chemical reactions. not the passage of 
time." states Passwater. "If we can control the rate of 
these deleterious reactions, then we can control the 
advance of physiological aging. "~! 

V. FREE RADICALS AFFECT THE IMMUNE 
SYSTEM 

There are two sides to the story on the 
immune system and free radicals. On the one hand, a 
variety of immune system cells, including neutrophils, 
monocytes, and macrophages, can generate free 
radicals in the body. According to Dr. Lonsdale, the 
neutrophils depend on the mecharusms in order to kill 
bacteria. This is one example of the body's legitimate 
need for free radicals. 54 

The flip side of this scenario. however, is the 
adverse effect free radicals can ha,·e on the immune 
response. When free radicals damage cell membranes, 
for example. the immune system cannot function 
properly. The reason: Its communication system 
depends on cell membranes, where the receptors for 
interleukins, hormones, and immunoglobulins are 
placed. Also, two types of immunoglobulin help the 
phagocyte cells to "eat" foreign invaders by fixing an 
invader on the phagocyte's surface. A damaged cell 
membrane impairs this crucial immune response. ss 

VI. ASSISTING THE BODY'S DEFENSE 
MECHANISMS 

The foods we eat are our first line of defense 
against free radicals because they provide the body 
with nutritional support. We must obtain an adequate 
supply of vitamins that contribute to the body's 
defenses against oxidant imbalance, as well as the 
cofactor minerals that fuel our antioxidant enzyme 
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systems. "The quality of and quantity of nutrition 
emerge as the most important factors within human 
control," states Dr. Lonsdale. 

For many people, however, the nutritional 
failings of the American diet as well as the onslaught of 
stressors may produce excess free-radical activity and 
a deficiency in the antioxidants needed to remove them. 
This negative balance is called free-radical pathology. 

To achieve the proper oxygen balance, which 
is an integral part of the optimal health, the cellular 
metabolism must be able to neutralize the input of toxic 
free radicals with the antioxidant-enzyme complex. 
This is no easy task in our modem industrial society. 
regardless of whether you live in an urban or a rural 
area. We bum gasoline, oil, and coal; operate garbage 
disposal plants: and spray our foods with pesticides. 
All of these affect the quality of our oxygen. 

The ability of your cells to produce sufficient 
quantities of the antioxidant enzymes depends upon 
your nutritional status, genetics, and age. In a healthy 
young person who is not subjected to stressors, for 
example, the cells may produce sufficient amounts of 
enzymes to neutralize the free radicals that are normal 
by-products of oxygen metabolism. But when stressors 
enter the picture - which include chemicals, physical 
trauma, infections, emotional stress, and even poor 
nutrition - free radicals will be produced beyond the 
normal levels. The body's ability to synthesize 
antioxidant enzymes also declines with age. In the 
process our natural scavenger activities decrease as 
well. 56 

In this case the essential balance is off and the 
free-radical activity overwhelms the body's antioxidant 
capabilities. To reestablish the proper balance, we 
must reduce the amount of stressors on the body and 
assist the natural defense mechanisms by supplying the 
antioxidants needed to defend the body against this 
pervasive damage. 57

'
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VII. MOLECULAR STRESS: OXIDANTS 
VERSUS ANTIOXIDANTS 

In today's environment the molecular events 
in the body are generating much interest because the 
problems related to "oxygen stress" occur at that 
level62

• As a society we have experienced an increase 
in allergies and chemical sensitivities of all kinds, in 
part because the level of oxygen stressors has also 
increased. The aging process may also be caused in 
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part by oxygen stress. The key to understanding this 
oxygen battle is to study the molecular level of immune 
functioning. 

Majid Ali. M.D. believes the answers to our 
many questions about the disease process lie in the 
molecules of our cells. In "Intravenous Nutrient 
Protocols in Molecular Medicine," Dr. Ali defmes 
human biology as "an ever-changing kaleidoscope of 
molecular mosaics." He divides these mosaics into two 
camps: The molecular events that preserve the integrity 
of cells, issues, and organs also preserve health; the 
molecular dynamics that injure cells and tissues also 
cause disease63

. 

Dr. Ali presents an interesting hypothesis: The 
mteraction between oxygen and free radicals not only 
fuels disease but also plays a key physiological role in 
the aging process. Indeed, he believes the quality of 
our "redox reaction," the process by which we 
neutralize oxidative actions, determines the life span of 
a species. The redox reaction affects both metabolism 
and the extent to which tissues are poisoned by 
oxidants. 

For each of us the oxidant-versus-antioxidant 
status moves along a continuum. Dr. Ali believes that 
degenerative diseases and premature aging essentially 
result from accelerated "molecular burnout." In 
essence that means the redox homeostasis is a 
battlefield for the war between oxidative stress (free 
radicals) and the antioxidant potential of the tissues. In 
this battle the body is attempting to correct the 
oxidative poisoning. 64

'
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The ultimate issue is one of injury and repair. 
The body must defend itself from molecular injury and 
perform oxidative repair. All of this occurs at the 
molecular level, as a battle between energy forces. Dr. 
Ali uses the term aging oxidative molecules to describe 
the molecules that cause or facilitate physiologic 
changes in the aging and injury process, which is 
prompted by infectious or environmental agents. On 
the other side of the battlefield are the "life-span 
molecules," which counter the aging molecules and 
protect us from molecular injury. 

In short the oxygen forces in the body are 
engaged in an ongoing struggle. The cells and tissues 
require oxygen to sustain themselves, but excessive 
oxygen will cause injury. Oxidation is part of the 
energy-giving process; the "reductive" actions that 
counterbalance such inquiry require the use of energy. 
If the body starts to lose the battle, disorders such as 
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arthritis and arterioscleroris may develop. 
Experimental and patient-related data illustrate this 
relationship, says Dr. Ali. The heart muscle, for 
example, has served as a laboratory to explore the 
concept of oxidative stress versus antioxidant 
protection. 

What are the mechanisms of agmg? 
According to one widely held theory, aging results 
from the free-radical activity that is caused in part by 
the process of oxidation.69·70·7 1.7 ~ Another thoery 
maintains that aging is caused by the cross-linkage of 
proteins, says Dr. Ali. But this theory may not be so 
distinct from the first, since cross-linking also results 
from an oxidation injury. Both theories seem to imply 
that if the oxidative process is not properly controlled. 
the entire system deteriorates that much faster. 
Conversely we can sustain health if the oxidative 
processes are regulated. 

Accelerated oxidative molecular injury creates 
a chain reaction of negative events. In the earliest 
stages these events include enzyme inactivation. cell 
membrane disturbances, plasma membrane 
peroxidation, and protein cross-linking. Beyond that. 
at an intermediate level, molecular inj ury causes toxin­
gene-enzyme-immune phenomena, including a 
deficiency of vital minerals, toxicity to heavy metals. 
and autoimmune injury. The late-stage events are the 
ones we currently understand best- structural injuries 
at the subcellular. cellular, and tissue level73

. 

To prevent this chain reaction, our first 
priority must be to preserve the structure and function 
of cells, which in tum helps to preserve the funcuoning 
of tissues and organs. But this will require a new 
approach to medicine, one that focuses on the 
molecular dynamics that lead to the injuries described 
here. As Dr. Ali points out, this is no small shift m 
perspective. Moving from a cellular level to a 
molecular level will require a breakthrough in medical 
thinking like the one that occurred in 1858, when a 
book called Cellular Pathology shifted the primary 
focus of medicine from organs and tissues to cells. 

Today medicine still emphasizes the 
functioning of cells and tissues, rather than the concept 
of molecular pathology. With a focus on "molecular 
medicine," says Dr. Ali, we could develop a better 
understanding of generics, the body's molecular defense 
pathways, the effects of environmental toxins on 
molecular events, the functioning of enzymes, and 
immune impairment. 
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The enzymes SOD, catalase. and glutathione 
peroxidase defend against oxidant damage at an 
intracellular level, while vitamin C provides 
extracellular protection. The hydrophobic cell 
membrane compartment also needs fat-soluble 
nutrients, primarily vitamin E and carotene, for 
antioxidant defense. In addition our molecular 
defenses and cellular health depend upon the integrity 
of the plasma membrane and the oxidative enzyme 
systems in the mitochondria of the cell, which protect 
the electron-transfer events. Diseases get their start 
when the electron-transfer defenses do not function 
properly. 

Indeed the greatest threat to our survival today 
comes from toxic chemicals, heavy metals, and daily 
oxidative stress on the body systems. These stressors 
now outrank the infectious agents that plagued us in the 
late 1800s and focused our attention on the "microbial 
threat." The health problems of our times- allergies, 
chronic fatigue, chronic headaches, environmentally 
induced illnesses, chronic viral infections, 
hypoglycemia, and immune disorders - all share the 
common denominator of oxidative molecular injury74

• 

VID. CATARACTS: A MODEL OF THE AGING 
PROCESS 

There's no denying that aging is a major issue 
in our society. Who wouldn't want to declare war on 
the aging process and prevent it from affecting their 
lives in destructive ways? For that reason theories 
about how aging takes place always prove interesting. 
But much of this scientific work. including many 
theories on aging, requires more research. In the 
commg years further research may bolster the 
underlying premises of these and similar theories. 

In the meantime the practical aspects of aging 
continue to plague us, lowering the quality of life for 
many people in their later years. Rather than leave this 
discussion at a general and philosophical level, we 
want to look at how certain nutrients relate to one 
specific aspect of aging - the formation of cataracts. 
This type of vision impairment is an excellent model of 
the aging process; not only is it an extremely important 
issue among the aged population, but cataracts are a 
measurable and well-studied problem. 

Here we summarize the work of Paul F. 
Jacques and Allen Taylor in "Micronutrients and Age­
Related Cataracts," which explores the role various 
nutrients play in reducing the risk of cataracts and 
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protecting against the oxidative processes that 
contribute to many aspects of the aging process75

. As 
Jacques and Taylor point out, senile cataracts are "the 
leading cause of preventable blindness in the world." 
Each year some 400,000 people develop cataracts; in 
the United States alone 20 percent of people between 
ages sixty-five and seventy-five, and 45 percent of 
those over seventy-five, suffer from cataracts and 
vision impairment. 

As we age, both structural and biochemical 
events contribute to the formation cataracts. The 
epithelial cells of the lens (which transmits and focuses 
light rays on the retina of the eye) from fiber cells 
throughout life. These cells start at the lens equator 
and travel inward. Eventually, say the authors, the old 
fibers become more dehydrated and compressed in the 
center of the lens. The gelatin-like substance of the 
lens has a refraction index that prevents light from 
scattering. This substance consists of 65 percent water 
and 35 percent protein. According to Jacques and 
Taylor, changes in the lens will alter the refraction 
index, allowing more light to scatter and lens to 
become clouded. This opacity is called a cataract. 

In studying cataracts, then, one must consider 
the elements that affect the protein in the lens, such as 
exposure to light, oxygen, the products of normal 
aging, and environmental factors . These factors can 
cause protein aggregation and precipitation, both of 
which are linked to a greater level of water-insoluble 
protein in old lenses or those with cataracts. When 
cataracts form, the process by which protein becomes 
insoluble seems to be accelerated, say the authors. 

A number of risk factors have been associated 
with senile cataracts, which make up the maJority of 
lens opacities. Among those factors are ultraviolet 
radiation and infrared, ionizing and microwave 
radiation. The risk of senile cataracts has also been 
correlated with demographic factors such as gender, 
blood pressure, blood sugar, education, occupation, and 
vital capacity. 

Beyond those basic risk factors, there is much 
research data relating the development of cataracts to 
reduce levels of certain micronutrients, according to 
Jacques and Taylor. The lens, for example, needs 
certain enzymes to help protect it against the effects of 
oxidation, which has been strongly correlated with 
cataract formation. In the young lens the antioxidant 
defense mechanisms will keep free radicals and 
photooxdiation in check. As we age, however, this 
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activity may fall off and lead to the oxidation of lens 
proteins. 

The lens depends on three enzymes for its 
protection against oxidation: the glutathione redox 
cycle, SOD, and catalase. Also, a number of familiar 
nutrients, including vitamin C and vitamin E, help to 
fuel the glutathione enzyme system. Due to the link 
between cataracts and the process of oxidation, much 
of the research in this area has centered on these 
nutrients because they have antioxidant properties. 

What follows is a brief summary of 
experimental and epidemiological evidence that 
correlates the levels of \'itamin C and E with the risk of 
cataracts: 

VIlLI. Vitamin C (ascorbate) 
Compared with normal lenses, older lenses 
and lenses with cataracts have low ascorbate 
levels. In six animal studies conducted 
between 1978 and 1986. ascorbate was found 
to delay the formation of cataracts or protect 
the lens against various types of damage76

• 

Beyond that, epidemiological studies have 
found an increased risk of cataracts in people with low 
ascorbate levels. 77

·
78

·
79

•
80

·
8 1 In one of these studies, for 

example, researcher J. Robertson compared the risk of 
senile cataracts among people who took regular 
ascorbate acid supplements (300-600 mg per day) and 
those who did not. The cataract risk for supplement 
users was only 30 percent of that for non-supplement 
users8~. In another study by the same author, 175 
cataract patients were compared with 175 individually 
m;~tched cataract free controls. Results showed that 
consumption of supplementary vitamin C and vitamin 
E was significantly higher among controls83

. 

The authors note, however. that a large study 
m India reported mixed results on the ascorbate­
cataract connection. With a given increase in the 
plasma ascorbate level, there was a 90 percent jump in 
the risk of posterior subcapsular and nuclear cataracts. 
But at the same lower levels of an antioxidant index 
that factored in plasma ascorbate increased the risk of 
these same cataracts84

. 

VIII.2. Vitamin E (tocopherol) 
This nutrient, which is the primary fat-soluble 
antioxidant, prevents photoperoxidation of the 
lens lipids. As with other parts of the body, 
the integrity of the cell membranes in the lens 
must be preserved. Tocopherol seems to 
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stabilize and protect cell membranes. A 

number of studies also show that this nutrient 
will retard cataractlike changes to the lens by 
various cataractogenic agents, including 
glucose, galactose, sorbitol, wmzmg 
radiation. and steroids and other 
cataractogenic drugs. 85

.
93 

In Robertson's study on the reiationshtp 
between vitamin C status and cataracts, it was also 
found that people who took an average of 400 I.U. of 
vitamin E each day had 40 percent of the risk of senile 
cataracts as those who did not take supplements. .-\ 
study by Jacques, however, did not find any difference 
in the cataract risk for people with low, moderate. or 
high levels of tocopherol in the plasma. 

Based on their research Jacques and Taylor 
conclude that senile cataracts are a common problen: 
among the aged population, but not an inevitable one. 
The formation of cataracts appears to stem, in pan . 
from damage to the lens protein by the process of 
oxidation. And research shows that antioxidant 
nutrients can slow down various types of cataractlike 
InJuries. As a result, they say, the existing data 
establishing a connection between the risk of senile 
cataract and micronutrient intake provides a foundation 
for future Work in this area. 
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