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C H E M I S T RY A N D S O C I E T Y

ANTIOXIDANTS: SCIENCE BEHIND THE
“MIRACLES” WITH REFERENCE TO THE CONCEPT OF REDOX

S U P E R P OW E R
T H E A N T I OX I DA N T i n i t ? ?
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Walking down the food aisle in your local supermarket, you see tomatoes,
blueberries, peaches, strawberries, plums, spinach and cherries. There is a
wide array of fruits and vegetables, and a salesperson walks over to you,
saying, “Do buy some of our products; they’re rich in antioxidants!” If your
response is to immediately load your shopping cart with the assortment of
fruits, you might want to think again.

i ntrodu c tio n

I

n the health-conscious societies of
today, the word “antioxidant” has
become synonymous with words
such as “healthy”, “anti-aging” and
even “cancer prevention”. In America
alone, billions of dollars are churned
by consumers into the antioxidant
industry, with $2 billion dollars on
beta carotene and vitamins C and E
alone. A large reason for public
perception of antioxidants is due to
the ubiquitous use of the word
“antioxidants” itself. Over the last
decade, the term “antioxidants” have
moved from the labs and literature of
chemists and biochemists into
common use amongst
the public. However,
the main driving
force behind the
perception
of
antioxidants as
large
health
benefits is the
marketing
of
foods
and

supplements. Adverts proclaim in
large stickers “Reverse the aging
process!”, “Build up your child’s
immunity!” along with labels of being
“rich
in
antioxidants”,
despite
repeated complaints from relevant
authorities against such companies
that make unsupported claims about
the
benefits
of
antioxidants.
Antioxidants have become the Holy
Grail to youth and health, but just
how many of these pill-popping
individuals know about the science
behind the miracles of antioxidants?
The discovery of antioxidants dates
back into the 19th and 20th century,
when scientists first discovered how
natural reserves such as elm bark and
wood of pine could retard the
oxidation of unsaturated fats. The use
of synthetic chemicals, especially
phenolic compounds, to delay the
decomposition of food caused by
oxidation was later reported, thus
forming the intricate inlay that would
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eventually build the rich libraries
bearing antioxidant research today.
The first antioxidant compounds,
vitamins A, C and E were
subsequently identified, but it is
only in the recent decades that the
understanding
of
antioxidative
mechanisms truly advanced, as
researchers began to re-study
natural antioxidant food sources and
their potential health benefits. The
quest for understanding the true
effects of antioxidants continues
even today, as answers to health
issues become increasingly pertinent
in a society where physical wellbeing is highly cherished.

T H E CH E M I S TR Y B E H I N D IT AL L
So how do antioxidants work? Why are they believed to be so health beneficial? In
truth, the science behind antioxidants is actually very simple. What causes the
browning of apples and rusting of iron? What happens when we burn coal, and why
is nitro-glycerine explosive? Well, the answer to all of these questions is the same –
REDOX! Indeed, the redox reaction is the key to these processes, despite all their
differences: decay and corrosion progresses for years whereas combustion occurs in a
split second. Furthermore, you are bound to be amazed to find out that this particular
kind of reaction plays an important role in almost every part of our daily lives and
makes it much more efficient, what with its roles in both diesel engines, the battery of
a motor car and in industrial steelmaking. Redox reactions are among the most
common yet most important chemical reactions in our everyday life.

Redox is actually a portmanteau of
"reduction" and "oxidation", two
good
friends
and
constant
companions. The term was coined
as reduction and oxidation always
occur simultaneously. Let’s talk
about oxidation first.

More importantly, many of the vital changes that take place within our human bodies and other living organisms, i.e. biological
processes, are redox reactions as well. Like what we learnt in Biology, digestion of food forms carbon dioxide and water which
then releases energy for us to utilize in various daily activities. That itself is a typical redox process. What might be curious to
you is that when we turn food into energy, our body also generates free radicals as inevitable by-products which can cause
damage to our cells through a series of mechanisms. And here comes the crux of our discussion – the miracle of supplements,
antioxidants, are said to be capable of counteracting such damages.

In order to understand how free radical damage (also known as oxidative damage) arises, we
need to first know what oxidation really means. The conventional approach to oxidation
(and redox in general) is to analyze reactions in terms of electron transfer. Oxidation is
defined as the loss of electrons or electron density, and the reverse, reduction, is the gain of
electrons or increase in electron density. From this explanation, it is easy to see why
oxidation and reduction are inseparable processes: where one substance gains electrons
(reduced), another substance must have lost those electrons (oxidized) to it. Simple so far?
While redox occurs just about in almost any reaction, from the rusting of metals to
combustion and even in kitchen chemistry, it is also the driving force behind oxidative
damage to body tissues. Numerous biological processes in our body system produce
substances known as free radicals – atoms or molecules containing unpaired electrons (an
unpaired electron being one that occupies an atomic or molecular orbital by itself). This grants free radicals an extremely high
reactivity and low stability. As a result, they are short-lived and tend to attack neighbouring molecules in order to re-establish a
more stable structure. The free radicals thus react with biological molecules such as proteins, lipids and nucleic acids, redox being
inherent in the reaction itself.

Let’s use the reaction involving Vitamin C (Ascorbic acid)- as an example.
Ascorbic acid can degrade upon exposure to air, converting the oxygen to water. It can be oxidized by one electron to a radical
state, but more often, doubly oxidized to the stable form called dehydroascorbic acid. This reaction is reversible.
In this reaction, by losing H+ and electrons, ascorbic acid itself
is oxidized and thus we conclude that it acts as a reducing
agent in the reaction. In contrast, dehydroascorbic acid is
reduced and acts as an oxidizing agent in this case.
The example above is a typical illustration of the mechanism
of an antioxidant. Now, you may wonder: how is the reaction
significant to our health? And what is the effect of Vitamin C? What about other antioxidants?

Every coin has two sides ---- BENEFITS v.s. DETRIMENTS OF ANTIOXIDANTS
Despite the fact that the fruits and vegetables containing antioxidants can do good to our health in the
long run, high doses of antioxidants added in dietary supplements may not accomplish the same feat in
preventing diseases. What’s behind the hype?
am sure the information above has
enhanced your understanding of how
redox reactions work. As mentioned,
during digestion of food in human
body, free particles are also generated,
which can damage cells through oxidations.
Indeed, oxidation may also be linked with
the effects of aging in humans, as well as
with other conditions such as cancer. It
appears that oxygen molecules and other
oxidizing agents, always hungry for
electrons, extract these from the membranes
in human cells. Over time, this can cause a
gradual breakdown in the body's immune
system.

I

Well, we aren’t exactly defenceless against
free radicals. The body, long used to this
relentless attack, makes scads of molecules
that quench free radicals as surely as water
douses fire. We also extract free-radical
fighters from food. These defenders are
often lumped together as “antioxidants.”
Antioxidants are nutrients as well as
enzymes. They work by generously giving
electrons to free radicals without turning
into
electron-scavenging
substances
themselves. In doing so, the antioxidants
themselves become oxidized. Each type of
antioxidant works either to prevent the
chain reaction or stop it before it's started.
That is why there is a constant need to
replenish our antioxidant resources.
Despite the fact that the fruits and
vegetables containing antioxidants can do
good to our health in the long run, high
doses of antioxidants added in dietary
supplements may not accomplish the
same feat in preventing aging or diseases,
and these supplements may do potential
hazards to human body rather than the
hoped-for health benefits.

Firstly, antioxidants naturally present
in foods in our daily dietary can be
accounted for an important part of
well-being
and
smooth
body
functioning.
The
package
of
antioxidants together with minerals,
fibre, and other substances found
naturally in fruits, vegetables, and
whole grains, helps prevent a variety of
chronic diseases. Without realising it,
we are taking in foods rich in vitamin
C, vitamin E, beta-carotene, and other
related carotenoids, along with the
minerals selenium and manganese
daily and these substances exert an
important influence on our health. All
of them can act as antioxidants.
Antioxidants came to public attention
in the 1990s, when scientists began to
understand that free radical damage

was involved in the early stages of
artery-clogging atherosclerosis and may
contribute to cancer, vision loss, and a
host of other chronic conditions. Many
studies showed that people with low
intakes of antioxidant-rich fruits and
vegetables were at greater risk for
developing these chronic conditions
than were people who ate plenty of
these fruits and vegetables. As a natural
outcome, clinical trials began testing the
impact of single substances as weapons
against heart disease, cancer, and the
like. However, can the antioxidants
work alone? How far can we use
synthetic antioxidants to tackle health
problems? Should we just take as much
antioxidants as possible since they are
so “powerful” so counteract the harmful
effects?

Indeed, some studies have shown that antioxidants may not just prevent, but also
treat diseases like cancer. Antioxidants neutralize free radicals as the natural byproduct of normal cell processes. Exposure to various environmental factors,
including tobacco smoke and radiation, can also lead to free radical formation. In
humans, the most common form of free radicals is oxygen. When an oxygen molecule
(O2) becomes “radicalized”, it tries to steal electrons from other molecules, causing
damage to the DNA. Over time, such damage may become irreversible and lead to
diseases including cancer. Antioxidants are often described as “mopping up” free
radicals. Antioxidants help by increasing the development and division of the blood
cells in the body and relaxing blood vessels to allow the increase of blood flow
throughout the body. They also limit the amount of bad cholesterol oxidation which
reduces stroke and heart attack occurrences. Over the past decades, many
experimental and preclinical studies have shown impressive anti-cancer and anti-heart-disease mechanisms through which
antioxidants may reduce the risk of these and other diseases.

Nevertheless, it has been found in a few
studies that antioxidant supplements can
raise the possibility of certain diseases
instead of benefiting our health. A trial of
beta-carotene was conducted decades ago
among heavy smokers in Finland, who
were at high risk for developing lung
cancer. Surprisingly, the researchers saw a
significant increase in lung cancer among
those taking the supplement compared to
those taking the placebo! Furthermore,
some substances that act as antioxidants in
one situation may be pro-oxidants—
electron grabbers—in a different chemical
milieu. The effectiveness of any given
antioxidant in the body depends on which
free radical is involved, how and where it
is generated,

A surprising new mechanism has
recently been identified by the Cardiff
team that Vitamin C can react with
dissolved oxygen in our body to
generate hydrogen peroxide (H2O2), a
type of potentially harmful free radicals.
It has become clear that antioxidants
may share a number of toxic properties
at high doses. However, it is logical to
consider using antioxidants at low
levels to reduce the deleterious effects
of consuming oxidation products that
may be produced if no antioxidants are
used.

and where the target of damage is. Thus,
while in one particular system an
antioxidant may protect against free
radicals, in other systems it could have no
effect at all. Or, in certain circumstances,
an antioxidant may even act as a "prooxidant" that generates toxic oxygen
species.

c o nc l u s io n
R e fe r e n c e s
Literally hundreds, if not thousands, of
observational studies have linked diets
rich in antioxidant-rich fruits and
vegetables to a lower risk for diseases.
So, although some findings of trials are
disappointing, scientists remain certain
of the many potential benefits of dietary
antioxidants -- they simply haven't
figured out exactly how the different
antioxidant systems work together in
our bodies to protect us from freeradical damage. Yet, we ought not to
take in antioxidant supplements just “in
case” and they are not omnipotent
drugs.
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Looking beyond the hype of “Reverse the aging process!” or even “Treat cancer!”, you may want to stop to ponder the
science behind the process in order to make the informed choice. It might still take time for scientists to examine the true
effects of the antioxidant supplements down the road. Let us not sit still and wait for the results -- what we know for sure is
the benefit of a well-balanced diet and lifestyle. Keep fruits, vegetables and whole grains in your dietary -- not only the
antioxidants, but also other nutrients like minerals in the food will take the role in maintaining your health!

