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The study was conducted to review the important role of antioxidants in human health and disease.
Early research on the role of antioxidants in biology focused on their use in preventing the oxidation
of unsaturated fats, which is the cause of rancidity. An antioxidant can be defined as: “any substance
that when present in low concentrations compared to that of an oxidisable substrate, significantly
delays or inhibits the oxidation of that substrate”. Oxidative damage in DNA can cause cancer.
Several antioxidant enzymes such as superoxide dismutase, catalase, glutathione peroxidase,
glutathione reductase, glutathione S-transferase etc. protect DNA from oxidative stress. It has been
proposed that polymorphisms in these enzymes are associated with DNA damage and subsequently
the individual's risk of cancer susceptibility
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INTRODUCTION

As part of their adaptation from marine life, terrestrial plants
began producing non-marine antioxidants such as ascorbic acid
(vitamin C, polyphenols and tocopherols. The evolution of
angiosperm plants between 50 and 200 million years ago
resulted in the development of many antioxidant pigments —
particularly during the Jurassic period — as chemical defences
against reactive oxygen species that are by products of
photosynthesis.? Early research on the role of antioxidants in
biology focused on their use in preventing the oxidation of
unsaturated fats, which is the cause of rancidity.® Antioxidant
activity could be measured simply by placing the fat in a
closed container with oxygen and measuring the rate of oxygen
consumption. However, it was the identification of vitamins C
and E as antioxidants that revolutionized the field and led to
the realization of the importance of antioxidants in the
biochemistry of living organisms
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ANTIOXIDANTS: An antioxidant can be defined as: “any
substance that when present in low concentrations compared to
that of an oxidisable substrate, significantly delays or inhibits
the oxidation of that substrate”. The physiological role of
antioxidants, as this definition suggests, is to prevent damage
to cellular components arising as a consequence of chemical
reactions involving free radicals Antioxidant defence systems.
Because radicals have the capacity to react in an indiscriminate
manner leading to damage to amost any cellular component,
an extensive range of antioxidant defences, both endogenous
and exogenous, are present to protect cellular components
from free radical induced damage. These can be divided into
three maingroups: antioxidant enzymes, chain breaking
antioxidants, and transition metal binding proteins

Catalase: Catalase was the first antioxidant enzyme to be
characterised and catalyses the two stage conversion of
hydrogen peroxide to water and oxygen: catalase-Fe(lll +
H202 compound | compound | + H202 catalase-Fe(lll
+2H20 + 02 Catalase is largely located within cells in
peroxisomes, which also contain most of theenzymes capable
of generating hydrogen peroxide. The amount of catalase in
cytoplasm and other subcellular compartments remains
unclear, because peroxisomes are easily ruptured during the
manipulation of cells. The greatest activity is present in liver
and erythrocytes but some catalase is found in all tissues.



17156

Samia Bashir and Bashir Ahmad Shah, Antioxidants and their rolein our health and disease

Glutathione peroxidases and glutathione reductase:
Glutathione peroxidases catalyse the oxidation of glutathione
at the expense of a hydroperoxide, which might be hydrogen
peroxide or another species such as a lipid hydroperoxide34:
ROOH + 2GSH — GSSG + H20 + ROH. Several glutathione
peroxidase enzymes are encoded by discrete genes. The
plasma form of glutathione peroxidase is believed to be
synthesised mainly in the kidney. Within cells, the highest
concentrations are found in liver athough glutathione
peroxidase is widely distributed in amost all tissues. The
predominant subcellular distribution is in the cytosol and
mitochondria, suggesting that glutathione peroxidase is the
main scavenger of hydrogen peroxide in these subcellular
compartments. The activity of the enzyme is dependent on the
constant availability of reduced glutathione. The ratio of
reduced to oxidised glutathione is usually kept very high as a
result of the activity of the enzyme glutathi one reductase:

GSSG + NADPH + H+ 2GSH + NADP+

The NADPH required by this enzyme to replenish the supply
of reduced glutathione is provided by the pentose phosphate
pathway. Any competing pathway that utilizes NADPH (such
as the aldose reductase pathway might lead to a deficiency of
reduced glutathione and hence impair the action of glutathione
peroxidase. Glutathione reductase is a flavine nucleotide
dependent enzyme and has a similar tissue distribution to
glutathione peroxidase.

Superoxide dismutase: The superoxide dismutases catalyse the
dismutation of superoxide to hydrogen peroxide:

02

—+02

— + 2H+ - H202 + O2

The hydrogen peroxide must then be removed by catalase or
glutathione peroxidase, as described above. There are three
forms of superoxide dismutase in mammalian tissues, each
with a specific subcellular location and different tissue
distribution containing a single manganese atom. (1 Copper
zinc superoxide dismutase (CuzZn-SOD: CuzZnSOD is found in
the cytoplasm and organelles of virtualy al mammalian
cells.40 It has a molecular mass of approximately 32 000 kDa
and has two protein subunits, each containing a catalytically
active copper and zinc atom. (2 Manganese superoxide
dismutase (MnSOD: MnSOD is found in the mitochondria of
amost al cells and has a molecular mass of 40 000 kDa.41 It
consists of four protein subunits, each probably. The amino
acid sequence of MnSOD is entirely dissmilar to that of
CuzZnSOD Agueous phase chain breaking antioxidants.These
antioxidants will directly scavenge radicals present in the
agueous compartment.

Vitamin C: Ascorbic acid or vitamin C is a monosaccharide
oxidation-reduction (redox catalyst found in both animals and
plants. (4 HYPERLINK
"https:.//en.wikipedia.org/wiki/Antioxidant") As one of the
enzymes needed to make ascorbic acid has been lost by
mutationduring primate evolution, humans must obtain it from
their diet; it is therefore a dietary vitaminAscorbic acid is a
redox catalyst which can reduce, and thereby neutralize,
reactive oxygen species such as hydrogen peroxide.(5
HY PERLINK "https://en.wikipedia.org/wiki/Antioxidant")
HYPERLINK  "https://en.wikipedia.org/wiki/Antioxidant" (6
HYPERLINK "https://en.wikipedia.org/wiki/Antioxidant") In

addition to its direct antioxidant effects, ascorbic acid isalso a
substrate for the redox enzyme ascorbate peroxidase, a
function that is used in stress resistance in plants. Qualitatively
the most important antioxidant of this type is vitamin C
(ascorbate. In humans, ascorbate acts as an essential cofactor
for several enzymes catalysing hydroxylation reactions. In
most cases, it provides electrons for enzymes that require
prosthetic metal ions in a reduced form to achieve full
enzymatic activity acts as an antioxidant, it has been viewed as
a sacrificial molecule that prevents damage occurring to more
vital species.

VITAMIN E: Vitamin E is the collective name for a set of
eight related tocopherol has been most studied as it has the
highest bioavailability, with the body preferentially absorbing
and metabolising this form.(7 HY PERLINK
"https://en.wikipedia.org/wiki/Antioxidant"). It has been
claimed that the a-tocopherol form is the most important lipid-
soluble antioxidant, and that it protects membranes from
oxidation by reacting with lipid radicals produced in the lipid
peroxidation chain reaction.(8 HYPERLINK
"https://en.wikipedia.org/wiki/Antioxidant") This removes the
free radical intermediates and prevents the propagation
reaction from continuing.

URIC ACID

Uric acid is by far the highest concentration antioxidant in
human blood. Uric acid (UA is an antioxidant oxypurine
produced from xanthine by the enzyme xanthine oxidase, and is
an intermediate product of purine metabolism.(9 HY PERLINK
"https://en.wikipedia.org/wiki/Antioxidant") In almost al land
animals, urate oxidase further catalyzes the oxidation of uric
acid to allantoin Uric acid has the highest concentration of any
blood antioxidant(10 HYPERLINK
"https://en.wikipedia.org/wiki/Antioxidant") and provides over
half of the total antioxidant capacity of human serum.(11
HYPERLINK https://en.wikipedia.org/wiki/Antioxidant") Uric
acid's antioxidant activities are also complex, given that it does
not react with some oxidants, such as superoxide, but does act
against  peroxynitrite, (12 HYPERLINK  "https:/en.
wikipedia.org/ wiki/Antioxidant") peroxides, and hypochlorous
acid. Albumin plays arole in transporting free fatty acids in the
blood. In addition, albumin has the capacity to bind copper ions
and will inhibit copper dependent lipid peroxidation and
hydroxy! radical formation. It is also a powerful scavenger of
the phagocytic product hypochlorous acid, and provides the
main plasma defence against this oxidant.

GLUTATHIONE: Reduced glutathione (GSH is a major
source of thiol groups in the intracellular compartmentbut is of
little importance in the extracellular space. GSH might
function directly as an antioxidant, scavenging a variety of
radical species, as well as acting as an essential factor for
glutathione peroxidase.

CAROTENOIDS: Carotenoids are the pigments in plants
which have efficient antioxidant property.They scavenge
singlet molecular oxygen and peroxy radicles.In human
organisms carotenoids are a part of anti oxidant defence
system. Antioxidants are classified into two broad divisions,
depending on whether they are soluble in water (hydrophilic or
in lipids (lipophilic. In general, water-soluble antioxidants
react with oxidants in the cell cytosol and the blood plasma,
while lipid-soluble antioxidants protect cell membranes from
lipid peroxidation.
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Antioxidant Solubility  Concentration in human serum (UM) Concentration in liver tissue (umol/kg)

Ascorbic acid (vitamin C) Water 50-60[13 HY PERLINK 260 (human)[14 HY PERLINK
"https://en.wikipedia.org/wiki/Antioxidant"] "https://en.wikipedia.org/wiki/Antioxidant"]

Glutathione Water 4[15 HYPERLINK 6,400 (human)[14 HY PERLINK
"https.//en.wikipedia.org/wiki/Antioxidant"] "https.//en.wikipedia.org/wiki/Antioxidant"]

Uric acid Water 200-400[16 HY PERLINK 1,600 (human)[14 HY PERLINK
"https.//en.wikipedia.org/wiki/Antioxidant"] "https.//en.wikipedia.org/wiki/Antioxidant"]

Carotenes Lipid B-carotene: 0.5-1[17 HY PERLINK 5 (human, total carotenoids)[18
"https://en.wikipedia.org/wiki/Antioxidant"] HYPERLINK
retinol (vitamin A): 1-3[18 HY PERLINK "https.//en.wikipedia.org/wiki/Antioxidant"]
"https.//en.wikipedia.org/wiki/Antioxidant"]

a-Tocopherol (vitamin E) Lipid 10-40[18 HY PERLINK 50 (human)[14 HY PERLINK

" https:.//en.wikipedia.org/wiki/Antioxidant"]

" https:.//en.wikipedia.org/wiki/Antioxidant"]

Consequences of oxidative damage: Oxidative stress, arising
as aresult of an imbalance between free radical production and
antioxidant defences, is associated with damage to a wide
range of molecular species including lipids, proteins, and
nucleic acids.

FREE RADICAL THEORY OF AGING: The free radica
theory of aging states that aging is caused due to the
accumulation of reactive oxygen species (ROS.This theory
suggests that free radicals are responsible for the damage of the
biomolecules of the cell thus being a major reason for cellular
senescence and organismal aging but there have been various
criticisms to this theory. This explains the importance of
antioxidants in the aging process.

Oxidative stress and disease: A role for oxidative stress has
been postulatedin many conditions, including atherosclerosis,
inflammatory conditions, certain cancers, and the process of
aging. In many cases, this follows the observation of increased
amounts of free radical damage products, particularly markers
of lipid peroxidation, in body fluids. There is overwhelming
evidence that oxidativestress occurs in cells as a consequence
of norma physiological processes and environmental
interactions, and that the complex web of antioxidant defence
systems plays a key role in protecting against oxidative
damage. These processes appear to be disordered in many
conditions, and a plausible hypothesis may be constructed
implicating oxidative stress as a cause of tissue damage.
Oxidative stress is thought to contribute to the development of
a wide range of diseases including Alzheimer's disease, (19
HYPERLINK "https://fen.wikipedia.org/wiki/ Antioxidant")
Parkinson's disease, (20 HY PERLINK
"https://en.wikipedia.org/wiki/Antioxidant") the pathologies
caused by diabetes (21 HYPERLINK "https://en.wiki
pedia.org/wiki/Antioxidant") HYPERLINK "https://en.
wikipedia.org/wiki/Rheumatoid_arthritis'rheumatoid
arthritis,(22 HYPERLINK "https.//fen.wikipe dia.org/wiki/
Antioxidant") and neurodegeneration in motor neuron
diseases.(23 HYPERLINK "https://en.wikipedia.org/ wiki/
Antioxidant") In many of these cases, it is unclear if oxidants
trigger the disease, or if they are produced as a secondary
consequence of the disease and from general tissue damage; (24
HYPERLINK "https://fen.wikipedia.org/ wiki/Antioxidant")
One case in which this link is particularly well understood is
the role of oxidative stress in cardiovascular disease. Here, low
density lipoprotein (LDL oxidation appears to trigger the
process of atherogenesis, which results in atherosclerosis, and
finally cardiovascular disease (25). Oxidative damage in DNA
can cause cancer. Several antioxidant enzymes such as
superoxide dismutase, catalase, glutathione peroxidase,
glutathione reductase, glutathione S-transferase etc. protect
DNA from oxidative stress. It has been proposed that
polymorphisms in these enzymes are associated with DNA

damage and subsequently the individua's risk of cancer
susceptibility (26 HYPERLINK "https://en. wikipedia.org/
wiki/Antioxidant"). A low calorie diet extends median and
maximum lifespan in many animals. This effect may involve a
reduction in oxidative stress.(27 HYPERLINK
"https:.//en.wikipedia.org/wiki/Antioxidant"). The relative
importance and interactions between these different
antioxidants is a very complex question, with the various
antioxidant compounds and antioxidant enzyme systems
having synergistic and interdependent effects on one
another.(28) The action of one antioxidant may therefore
depend on the proper function of other members of the
antioxidant system.(29 HYPERLINK
"https://en.wikipedia.org/wiki/Antioxidant") The amount of
protection provided by any one antioxidant will also depend on
its concentration, its reactivity towards the particular reactive
oxygen species being considered, and the status of the
antioxidants with which it interacts (29)
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