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The Antioxidant Enzymes

by Gary Null, Ph.D.

While vitamins and minerals have
captured all the limelight in the
nutritional arena, the enzymes in our
bodies are the real workhorses of
biochemistry. In and of themselves,
vitamins and minerals serve a limited
biochemical function. Their real power
comes from their role as “coenzymes”
and “cofactors,” in which they attach to
an enzyme and activate it. Without an
enzyme to link up with, many of the
vitamins and minerals to which we
assign such beneficial properties would
be useless.

The enzvmes we need are
manufactured by our DNA. They act as
catalysts, making possible all the
thousands of biochemical reactions that
fuel the body. Just as certain vitamins
serve as both coenzvmes and
anrtioxidants, certdin enzymes serve as
both catalysts and free radical
scavengers. Three enzymes, in
particular, have proven enormous
antioxidant properties: glutathione
peroxidase, superoxide dismutase (S0D)
and catalase.

All three of these enzymes are found
inside the cell, where they deactivate
free radicals as they are formed.
According to Dr. Derrick Lonsdale, these
antioxidant enzymes “are divided into
two main classes known as ‘preventives’
and ‘chain breakers’.” Glutathione and
catalase are preventive enzymes; they
reduce hydroperoxides to nonradical
components. SOD is a chain-breaking
enzyme because it traps-peroxy radicals
and stops the chain reaction by which
many free radicals are born.

All of the antioxidant enzymes (there
are two forms each of giutathione and
SOD) need a mineral cofactor to
function. Hence, their name
“metalloenzymes.” These minerals
include zinc, copper, manganese,
seienium and iron. The enzyme-mineral
partnership is essential to the body’s
battle against free radicals and other
oxidation products. A deficiency in any
of these minerals could mean that the
anticxidant defense mechanism is not
performing up to speed. As Anthony
Diplock explains in the American
Journal of Clinical Nutrition, this
deficiency could set the stage for the
initiation of the disease process.’

On the other hand, these minerals
only join the antioxidant battle when
they work in conjunction with an
enzyme. What's more, large quantities
of such minerals do not necessarily
make an enzyme more effective, says
Adrianne Bendich in “Antioxidant
Micronutrients and Immune
Responses.” An enzyme has a saturation
point, and once that point is reached
the remaining mineral suppiy will not
boost its functioning.?

In recent years, as the antioxidant
enzymes have been studied more closely,
researchers have discovered that they
can help to prevent a host of chromic
and degenerative disorders, from
coronary heart disease and arthritis to
neurological damage and cancer. What
we now realize is that the body’s primary
defense against free radicals comes not
from vitamins and minerals but from
our enzyme systems. The body, in its
innate intelligence, has strategically
placed these enzymes in the cells to
provide us with optimal protection. Let's
look at how each of the enzymes—and
their mineral cofactors—contributes 0
our bodyv’s defenses.

Glutathione Peroxidase

Glutathione, which comes in two
forms, is a major contributor to our
defense systems. It has the important
job of rounding up certain tvpes of free
radicals and deactivating them before
they can damage cells. When a hydrogen
peroxide free radical is formed, for
example, glutathione will reduce it to
water in either the mitochondria or the
cytosolic compartments of the cell. In
short, it puts hydrogen peroxide out of
action before it can transform into an
even more dangerous free radical. the
hydroxyl radical.

Glutathione also scavenges lipid
peroxides, the free radicals that are
formed when oxygen radicals (such as
singlet oxygen and the hydroxyl radical)
attack the unsaturated fats of our cell
membranes. The resulting process,
called lipid peroxidation, damages the
phospholipids contained in the cell
membrane, says Dr. Lonsdale. This
damage sets off a chain reaction of
adverse events. The cell membrane loses
two essential fatty acids, arachidonic

and linoleic acids. Eventually, the
permeability of the cell increases,
leading to an imbalance of minerals such
as sodium, potassium, calcium and
magnesium.!

Glutathione 1is the oprimary
constituent of the antioxidant defenses
in the lung, heart, liver and biood cells,
according to Jeffrey Bland. Ph.D. But
the enzyme does not work alone. It needs
the mineral seienium to function
efficiently. When selenium is deficient,
free radical pathology in the body may
accelerate. Therefore, the reiationship
berween giutathione and selenium is a
vital component of the body's defenses.
“Increased giutathione levels, along with
optimal seienium and riboflavin status,
are essential in optimizing the body’s
free radical antioxidant nrotection
svstem,” states Dr. Bland.®

He also points out that giutathione
is known to work synergistically with
vitamins C and E. As mentioned
giutathione and ascorbic acid rejuvenate
the fat-solubie Vitamin E. In the lungs.
both Vitamin C and giutathione battle
oxidizing environmental pollutants,
such as ozone and nitrogen dioxide.
More important, giutathione itself needs
sulphur amino acids such as cysteine to
function properiy. Diets low in sulfur-
containing amino acids, then, may
impair the body’'s ability to respond to
oxygen radicais. To insure the proper
functioning of glutathione, says Dr.
Bland, “a proper balance should be
achieved berween sulfur amino acids in
the diet, tocopherol and ascorbate.™

In recent years, a number of studies
have looked at glutathione's ability to
protect various parts of the body from
damage. Here's a quick summary of the
study results:

Liver. In a study of elderly men,
glutathione was tested as a protective
agent against liver disease. While the
results were not “particularly brilliant,”
said the researchers, all patients showed
improvement in their clinical condition
and laboratory findings.” Two other
studies examined glutathione’s effect on
alcohol-induced liver damage (the level
of glutathione is reduced by heavy
alcohol consumption). In the first study,
large doses of glutathione over a two-

week period improved the enzyme

Me
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pattern in the liver function of 33 chronic
alcoholics.® In the second, patients who
received 300 mg of glutathione for 30
days showed a much greater
improvement in their liver function
indices than did patients who received
10 mg of vitamin K instead.®

Lung. Glutathione may play a role
in protecting the lung from oxidant
damage as well. The toxic effects of such
damage are accelerated when the level
of glutathione is reduced, leading to
increased damage of cells and
membranes, pulmonary edema and
mortality. In several studies, a precursor
to glutathione (such as N-acetyl
cysteine) offered significant protection
against certain toxins in the lung. In
one case, the lethal effects of 100%
oxygen were reduced in rats by 65%.1

Brain. In a study of rats, both
oxidized and reduced glutathione were
protective against the damage caused
by neurotoxicity. The results suggest
that glutathione acts on certain
receptors in the brain. The
overstimulation of these receptors has
been implicated in disorders such as

stroke, trauma and various
neurodegenerative conditions.” Another
study found that glutathione and its
related amino acids—cysteine and
glycine— worked as an anti-convulsz?mt
by significantly reducing the duration
of seizures in rats.”

Heart. Again, researchers used rats
to investigate glutathione’s ability to
protect the heart from delayed
cardiomyopathy. In the study, large
doses of the enzyme partially prevented
certain effects of cardiotoxicity.
According to the researchers, the data
indirectly supports the theory that
oxidative damage contributes to this
toxicity and indicates that glutathione
may be an important factor in heart
protection.'?

Stomack. In this study, the
administration of oxidized glutathione
improved the survival rate and
decreased the symptoms of
gastrointestinal distress of rats that
were irradiated with X rays to the

abdomen.*

Superoxide Dismutase and Catalase
Much like glutathione, the
superoxide dismutase (SOD) enzyme
system launches a direct attack against
reactive oxygen molecules in the body.
Its target is the superoxide anion free
radical, which helps form the hydroxyl
radical if it is not deactivated. SOD
intervenes in the free radical chain
reaction by demoting the superoxide
radical to hydrogen peroxide. At this
point, the enzyme catalase takes over
the battle and reduces hydrogen
peroxide to oxygen and water. This
process totally defeats the superoxide

radical.’
In essence, then, SOD is on the front
lines of our free radical defenses. As Dr.
Bland points ‘'out, the most toxic free
radical is not superoxide anion, but the
hydroxyl radical that it may help to
create. “If superoxide is properly
quenched by SOD, it reduces the
potential for hydroxyl radical
generation,” he states.'® The hydroxyl
radical is especially reactive because,
unlike other free radicals, it can steal
>
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an electron from virtually any of the
organic molecules in its immediate area.
This strong reactivity allows the
hydroxyl radical to react with DNA,
lipids, proteins and the vital components
of the cell.

Again, both SOD and catalase are
dependent on mineral cofactors. SOD
has special mineral requirements; it
may need either manganese or a copper/
zinc combination depending on its form.
When SOD works in the mitochondria
of the cell, it requires manganese; when
SOD patrols the cytoplasm, on the other
hand, it requires both copper and zinc.
Catalase, which is found in the
peroxisomes, requires iron for its
functioning.!?

Since the discovery of SOD in the
early 1970s, much work has been done
to study its protective effects in the body.
One particular area of research interest
is “reperfusion injury,” in which the
oxygen supply to an organ is cut off and
then allowed to reflow. The
reintroduction of oxygen causes a burst
of free radical activity. It is this activity,
not the oxygen deprivation, that can
lead to disorders such as heart attacks
and arrhythmias, states Dr. Bland. SOD
and catalase seem to counteract this
oxidant overload and protect the tissues
from such damage.® -

In addition to the heart, many other
organs may benefit from the protective
effects of SOD. What follows is a
summary of the research that continues
to come in on SOD and catalase:

Heart. Many recent animal studies
show that SOD provides protection to
the heart or the cardiovascular system
when free radicals are released during
reperfusion injury.'®* Some nuances in
such studies are worth noting, however.
Since SOD has a short half-life in the
body, one group of researchers bypassed
this problem by coupling the enzyme
with a longer-lasting substance,
polyethylene glycol. This combination
offered sustained protection against
heart damage. Another study found
that SOD was ineffective on its own.
But when the enzyme was administered
along with a prostacyelin, the two agents
combined provided significant
myocardial protection.*

Finally, one analysis of SOD’s use in
ischemic injuries concluded that the
enzyme's effectiveness can vary
considerably depending on the type of

SOD in question and the source of the
enzyme. As the researchers state, “All
superoxide dismutases are equal but
some are more equal than others.”
Bovine copper-SOD and Escherichia
Coli manganese-SOD functioned
especially well; but yeast copper-SOD
and the homologous rat copper-SOD
were completely ineffective.?”

Other studies have focused on the
combined use of SOD and catalase in
guarding the heart from reperfusion-
induced damage. These experiments,
too, found that the enzymes could inhibit
the free radical damage that
accompanies reperfusion or ischemic
injury.®% However, one study concluded
that SOD and catalase “may serve only
to delay rather than prevent myocardial
infarction.”™! Another study of diabetic
animals found that SOD and catalase
seemed to benefit the heart primarily
by increasing the production of
prostacyelin (the non-diabetic hearts did
not benefit from the treatment).®

Brain. The brain and nervous system
also can suffer from oxygen deprivation.
But in a number of animal studies, SOD
was protective against free radical
damage to the nervous system.33%
Several experiments found that SOD
improved the functioning of nerves that
were previously damaged.’®%” As with
the heart, one study shows that the
combination of SOD and catalase
reduced ischemic brain injury.®

Lung. In other animal studies, SOD
guarded against lung injury from oxygen
radicals. In one case, the researchers
concluded that “SOD was effective in
preventing warm ischemic damage even
in the deflated lung.™ In another, the
role of oxygen radicals in influenza
infection was explored. The study found
that a modified form of SOD “led not
only to an increase in the survival rate
but also to a delay in deaths.™® Likewise,
a modified form of SOD inhibited
evolving fibrosis in the lungs.*

Miscellaneous. In addition to the
heart, brain and lungs, a growing list of
body organs and systems may benefit
from SOD’s antioxidant properties.
These include the kidney, liver, eyes,
ears, digestive tract and joints, all of
which have been aided by the enzyme
in recent studies.***” Based on these
results, researchers are speculating that
the disease process in many organs may
share a common pathogenesis — the

runaway assault of free radicals on the
body systems.

Selenium: The Cofactor Mineral

An analysis of antioxidant enzymes
would be incomplete without a closer
look at their mineral cofactors, including
zinc, selenium, iron, copper and
manganese. While all of these minerals
are important to body functioning,
selenium could be considered the David
of the micronutrient world — a mineral
capable of going to battle against such
Goliaths as cancer and heart disease.

As consumers, we do not put much
thought into the status of our selenium
intake. After all, it’s easy to take some
of the trace minerals contained in our
foods for granted. But the importance
of selenium in our diet has become
increasingly clear since the 1960s, when
research on selenium began to unearth
more data about its role in maintaining
optimal health. The small-but-mighty
selenium seems to gain such power
through its partnership with
glutathione peroxidase in combatting
free radical activity.

Selenium deficiency, for exampie.
has been strongly correlated with two
diseases that afflict children—<cystic
fibrosis and Keshan disease. Selenium
deficiency was first suggested as a factor
in cystic fibrosis in 1979. According to
Dr. Bland, researcher J.D. Wallach
believed this disease was related to a
deficiency of selenium or vitamin E in
the mother during pregnancy or an
acquired deficiency during infancy. At
the time, Wallach’s theory was roundly
ignored by the medical community due
to a lack of evidence. But researchers
later found that children with cystic
fibrosis do indeed have low levels of
selenium, says Bland, independent of a
vitamin E deficiency.*®

With Keshan disease, on the other
hand, it is the heart that suffers from a
selenium deficiency. As far back as the
1940s, this relationship was noted in a
large study of children and young
women in an area of China that has low
levels of selenium in the soil. In 1980,
reports Bland, a study of selenium
supplementation in water indicated that
the mineral could inhibit Keshan
disease. Other research into selenium’s
role in preventing this disease have
focused on its link to glutathione
peroxidase.*
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In addition, selenium is known to
work synergistically with vitamin E.
According to Dr. Lonsdale, this
relationship allows selenium to
deactivate free radicals in the fatty
acids. Selenium and vitamin E are so
complementary, in fact, that the level
of each nutrient in our body will affect
our need for the other. “The amount of
selenium required in the diet is
inversely related to the dietary level of
vitamin E and the two nutrients have
mutually sparing effects upon the
biclogical needs for both,” states
Lonsdale.5°

Much of the research on selenium
concerns its protective effects against
cancer. The mineral may achieve this
protection through a variety of functions
in the body, according to Richard A.
Passwater, Ph.D. These include its
ability to stimulate the immune
response, combat free radicals, detoxify
environmental carcinogens, protect the
liver and maintain cellular respiration.

Passwater, a pioneer in selenium
research, points to hundreds of studies
as evidence of the link between selenium
and cancer risk. As he states in
Seienium Update: “The evidence for a
prophylactic role for selenium is without
a doubt stronger than for any other
factor, including the nutrient beta-
carotene, dietary fiber, crucifers or any
other food factor recommended as
potential cancer-preventive agents by
the American Cancer Society, National
Cancer Institute and other official
bodies.™!

A handful of studies conducted
between 1983 and 1985, adds
Passwater, established a solid
connection between the incidence of
cancer and selenium levels in the body.
In one such study, for example, people
were ranked according to their blood
selenium levels. Those in the lowest
fifth of these levels had twice the rate of
cancer as people in the top fifth.
Similarly, another study found that
people in the bottom tenth of blood
selenium levels had six times the rate
of cancer as those with the highest
selenium levels. And in a study that
considered both selenium and vitamin
E levels, the incidence of cancer was 11
times higher for people in the lowest
third of vitamin E levels who also were
low in selenium.®

Animal studies have since explored
the anticancer effects of selenium, with

positive results. Researcher L.Q. Wang,
for example, conducted a study of liver
cancer in which rats that received
selenium-supplemented water showed
no carcinogenetic changes. Among the
group of rats that did not receive
selenium, 61% developed liver
carcinoma. Wang has also found that
selenium’s preventive properties are
greater at 3 pmm than at 6 ppm. In
fact, some evidence of toxicity was
present in the group that received 6
ppm of selenium in water 5%

In a comprehensive analysis of
selenium’s chemopreventive properties,
G. Hocman reached the following
conclusions about the link between
selenium and cancer: A daily intake of
selenium prevents the attack of certain
carcinogens; people with low blood
selenium levels are at greater risk of
cancer than those with high levels;
selenium’s ability to prevent cancer can
be attributed, in large part, to its
antioxidant properties; and the amount
of selenium needed to optimize cancer
protection is 150 meg to 300 mcg per
day.%

While selenium’s role in cancer
prevention has been well established,
its direct effect on our immune system
is not entirely understood. A number of

studies have shown, however, that
selenium can help to protect the body
against certain types of viruses and
bacteria. One three-year study, for
example, explored selenium’s ability to
prevent infectious hepatitis. More than
20,000 people in the Jiangsu Province
of China received daily selenium
supplements; the incidence of hepatitis
in these people was significantly lower
than in control subjects.

In animal experiments, selenium has
proved to be protective against such
diseases as influenza and lupus.’% In
“Micronutrients and Immune
Functions,” Rangit Kumar Chandra also
reports that selenium can increase the
vaccine-induced immunity to malaria
and enhance protection against
parasitemia. In addition, a selenium
deficiency may lead to a depressed
immune response and decreased
microbicidal activity.s

Correspondence:

Gary Null, PhD

Gary Null Associates

P. 0. Box 918

Planetarium Station

New York, New York 10024 USA
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investigative reporter, has authored 50
books on health and nutrition, as well
as numerous articles published in
leading magazines. Dr. Null holds a PhD
in human nutrition and public health
science from the Union Graduate School.
Former publisher of Natural Living
Newsletter, the current Gary Null’s
Natural Living Journal reports on
healthy alternatives in today’s medicine,
nutrition and lifestyle choices, ten times
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syndicated radio show, Natural Living,
from New York City. Call 212-799-1246
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