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Free radicals are produced as part of normal cellular function. They may
also be produced by endogenous and environmental sources. The human
body has several mechanisms to counteract oxidative stress by
producing antioxidants, which are either naturally produced in situ, or
externally supplied through foods and/or supplements. Antioxidants
prevent free radical induced tissue damage by preventing the formation
of radicals, scavenging them, or by promoting their decomposition.
This paper reviews the mechanisms of formation and catabolism of the
free radicals and also discusses with potential role of the antioxidants in
preventing and repairing damages caused by oxidative stress.
 2013 Trade Science Inc. - INDIA

INTRODUCTION

Oxygen is an element which is indispensible for life
but under certain situations, it has severely deleterious
effects on the human body. Most of the potentially harm-
ful effects of oxygen are due to the formation and activ-
ity of a number of chemical compounds known as re-
active oxygen species (ROS) which have a tendency to
donate oxygen to other substances. ROS is the term
describing free radicals and other non radical reactive
derivatives[1] and are defined as a molecules or mo-
lecular species which contains one or more unpaired
electrons and are capable of independent existence and
hence are very reactive[2]. Examples of free radicals
include hydroxyl (OH.), superoxide (O2.-), peroxyl
(ROO.) lipid peroxyl (LOO.). Non radical derivatives
include Hydrogen peroxide (H

2
O

2
), ozone (O

3
), sin-

glet oxygen (1O
2
) and hypochlorous acid (HOCl).

Free radicals are produced as part of normal cellu-
lar function. They may also be produced by endog-
enous and environmental sources. Endogenous sources
include mitochondrial leak, respiratory burst, enzyme
reactions and auto-oxidant reactions. Environmental
sources include cigarette smoke, pollutants (such as
ozone and nitrogen dioxide), ultraviolet light, ionizing
radiation, and xenobiotics. The most important free radi-
cals produced are the oxygen derivatives such as the
superoxide radical and the hydroxyl free radical[3].

Beneficial effects of free radicals[4]:
1. Generation of ATP (universal energy currency) from

ADP in the mitochondria and oxidative phospho-
rylation.

2. Detoxification of xenobiotics by cytochrome P
450

.
3. Killing of microorganisms and cancer cells by mac-

rophages and cytotoxic lymphocytes.
4. Oxygenases (e.g COX- cyclooxygenase, LOX-
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in membrane permeability and elasticity, as well as del-
eterious effects on membrane-bound proteins. Oxida-
tion of both nuclear and mitochondrial DNA can result
in strand disruptions, abnormal cross-linking, and DNA
adducts (covalent bonding of DNA elements to chemi-
cal mutagens/carcinogens). Proteins (including vital en-
zymes) have been shown to undergo oxidative damage
at a variety of vulnerable sites and can be rendered
biologically inactive[6,7]. Cell damage caused by free
radicals appears to be a major contributor to ageing
and other diseases like cancer, cardiovascular diseases,
cataracts, immune system decline, and brain dysfunc-
tion[8].

The generation of reactive oxygen species (ROS)
is associated with life in aerobic conditions. ROS are
thought to be implicated in the pathogenesis of various
human diseases since they are capable of damaging bio-

logical macromolecules such as DNA, carbohydrates
and proteins. The organism maintains defense against
ROS, including enzymes and low molecular-weight an-
tioxidants. An important source of antioxidants is diet
which contains numerous compounds exhibiting anti-
oxidant activity. A shortage of antioxidants in the diet
might promote coronary heart disease through accu-
mulation of oxidized LDL in macrophages. However,
antioxidants may also influence endothelial functions,
smooth muscle cell proliferation, thrombosis and plaque
rupture. Consumption of fruits and vegetables, olive oil,
red wine and tea is inversely correlated with heart dis-
ease rates. These foods are particularly rich in natural
antioxidant nutrients, including ascorbate (vitamin C),
the tocopherols (vitamin E) and carotenoids[9].

Antioxidants

An antioxidant is a molecule capable of slowing or
preventing the oxidation of other molecules. In biologi-
cal system, these protect cells from damage caused by
free radicals. Antioxidants terminate these chain reac-
tions by removing free radical intermediates and inhibit
other oxidation reactions by being oxidised themselves.
Antioxidants are believed to play a role in preventing
chronic diseases such as cancer, heart disease, rheu-
matoid arthritis, cataracts, Alzhemier�s disease etc[10].

Antioxidant defense system

Antioxidant defense system against oxidative stress
is composed of several lines, and the antioxidants are
classified into four categories based on function[11]:

First line of defense is the preventive antioxidants,
which suppress formation of free radical (enzymes: glu-
tathione peroxidase, catalase; transferrin, ferritin, caro-
tenoids etc.)

Second line of defense is the radical scavenging an-
tioxidants suppressing chain initiation and/or breaking
chain propagation reactions: radical scavenging antioxi-
dants

Third category: repair and de novo antioxidant
(some proteolytic enzymes, repair enzymes of DNA
etc)

A fourth line is an adaptation where the signal for
the production and reactions of free radicals induces
formation and transport of the appropriate antioxidant
to the right site.

The body has several mechanisms to counteract
oxidative stress by producing antioxidants, either natu-

lipooxygenase) for the generation of prostaglandins
and leukotrienes which have many regulatory func-
tions.
All biological molecules are susceptible to oxida-

tive damage, but the most important classes that are
vulnerable to free radical attack are lipids, nucleic ac-
ids, and proteins. Lipid peroxidation can lead to changes

Figure 1 : Oxidative stress, antioxidants and free radicals[5]
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rally generated in body (endogenous antioxidants), or
externally supplied through foods (exogenous antioxi-
dants).

Antioxidant classification.

Endogenous compounds in cells can be classified
as enzymatic antioxidants and non-enzymatic antioxi-
dants.

The major antioxidant enzymes directly involved in
the neutralization of ROS and RNS are: superoxide
dismutase (SOD), catalase (CAT), glutathione peroxi-
dase (GPx) and glutathione reductase (GRx)[12,13].

SOD, the first line of defense against free radicals,
catalyzes the dismutation of superoxide anion radical
(O

2
-) into hydrogen peroxide (H

2
O

2
) by reduction: The

oxidant formed (H
2
O

2
) is transformed into water and

oxygen (O
2
) by catalase (CAT) or glutathione peroxi-

dase (GPx). The selenoprotein GPx enzyme removes
H2O2 by using it to oxidize reduced glutathione (GSH)
into oxidized glutathione (GSSG).

Glutathione reductase, a flavoprotein enzyme, re-
generates GSH from GSSG, with NADPH as a source
of reducing power. Besides hydrogen peroxide, GPx
also reduces lipid or nonlipid hydroperoxides while oxi-
dizing glutathione (GSH)[14,15].

The non-enzymatic antioxidants are also divided into
metabolic antioxidants and nutrient antioxidants. Meta-
bolic antioxidants belonging to endogenous antioxidants,
are produced by metabolism in the body, such as lipoid
acid, glutathione, L-ariginine, coenzyme Q10, melato-
nin, uric acid, bilirubin, metal-chelating proteins, trans-
ferrin, etc[16]. While nutrient antioxidants belonging to
exogenous antioxidants, are compounds which cannot
be produced in the body and must be provided through
foods or supplements, such as vitamin E, vitamin C,
carotenoids, trace metals (selenium, manganese, zinc),
flavonoids, omega-3 and omega-6 fatty acids, etc.

Common dietary antioxidants

Vitamin E

Vitamin E is a fat-soluble vitamin with high antioxi-
dant potency. Vitamin E is a chiral compound with eight
stereoisomers: alpha, beta, gamma, delta tocopherol
and alpha, beta, gamma, delta tocotrienol[17]. Because
it is fat-soluble, alpha-tocopherol safeguards cell mem-
branes from damage by free radicals. Its antioxidant
function mainly resides in the protection against lipid

peroxidation. Vitamin E has been proposed for the pre-
vention against colon, prostate and breast cancers,
some cardiovascular diseases, ischemia, cataract, ar-
thritis and certain neurological disorders[18]. Vitamin E
also protects the double bonds of â-carotene from oxi-
dation and thus exhibits a sparing effect. Due to the
ability of vitamin E to work at higher oxygen pressures,
free radicals are scavenged and tissue injury is mini-
mized. Besides its anti-aging properties, vitamin E is
known to afford protection against cancer, ischaemia
and reperfusion injury, cataract, arthritis and certain
neurological disorders. The dietary sources of vitamin
E are vegetable oils (corn, safflower, soybean, sun-
flower), wheat germ oil, whole grains, nuts, cereals, fruits,
eggs, poultry, meat, etc.

Vitamin C

Vitamin C also known as ascorbic acid, is a water-
soluble vitamin. It is essential for collagen, carnitine and
neurotransmitters biosynthesis[19]. Health benefits of vi-
tamin C are antioxidant, anti-atherogenic, anti-carcino-
genic, immunomodulator. The positive effect of Vitamin
C resides in reducing the incidence of stomach cancer,
and in preventing lung and colorectal cancer. Vitamin C
works synergistically with vitamin E to quench free radi-
cals and also regenerates the reduced form of vitamin
E. vitamin C is considered to be one of the most impor-
tant antioxidants in extracellular fluid. Natural sources
of vitamin C are acid fruits (orange, lemon, grapefruit,
pineapple, strawberry etc), green vegetables, tomatoes,
etc. Ascorbic acid is a labile molecule, it may be lost
from during cooking[20].

Carotenoids

Carotenoids are a family of pigmented compounds
that are synthesized by plants and microorganisms but
not animals. In plants, they contribute to the photosyn-
thetic machinery and protect them against photo-dam-
age. Fruits and vegetables constitute the major sources
of carotenoid in human diet[21-23]. They are present as
micro-components in fruits and vegetables and are re-
sponsible for their yellow, orange and red colors.
Carotenoids are thought to be responsible for the ben-
eficial properties of fruits and vegetables in preventing
human diseases including cardiovascular diseases, can-
cer and other chronic diseases[24]. They are important
dietary sources of vitamin A. In recent years the anti-
oxidant properties of carotenoids has been the major
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focus of research.

Lycopene

Lycopene, a member of the carotenoid family of
phytochemicals is a lipid soluble antioxidant that is syn-
thesized by many plants and microorganisms but not by
animals and human[25]. It is responsible for the red color
of many fruits and vegetables such as the tomatoes[26].
Lycopene is one of the most potent antioxidants[27] and
has been suggested to prevent carcinogenesis and
atherogenesis by protecting critical biomolecules includ-
ing lipids, low-density lipoproteins (LDL), proteins and
DNA[28-30]. Several studies have indicated that lyco-
pene is an effective antioxidant and free radical scaven-
ger. Lycopene is highly lipophilic and is most commonly
located within cell membranes and other lipid compo-
nents. It is therefore expected that in the lipophylic en-
vironment lycopene will have maximum ROS scaveng-
ing effects. Lycopene was shown to be the most effec-
tive antioxidant in protecting the 2, 22 -azo-bis (2,4-
dimethylvaleronitrile) (AMVN)-induced lipid
peroxidation of the liposomal membrane. Lycopene was
also found to protect lymphocytes against NO

2
·-induced

membrane damage and cell death twice as efficiently as
â-carotene[31,32].

Glutathione

Glutathione, an important water-soluble antioxidant,
is synthesized from the amino acids glycine, glutamate,
and cysteine. Glutathione directly quenches ROS such
as lipid peroxides, and also plays a major role in
xenobiotic metabolism. Exposure of the liver to
xenobiotic substances induces oxidative reactions
through the upregulation of detoxification enzymes, i.e.,
cytochrome P-450 mixed-function oxidase. Research
suggests that glutathione and vitamin C work interac-
tively to quench free radicals and that they have a spar-
ing effect upon each other[33].

Flavonoids

Flavonoids are polyphenolic compounds which are
present in most plants. Beneficial effects of flavonoids
on human health mainly reside in their potent antioxi-
dant activity[27]. They have been reported to prevent or
delay a number of chronic and degenerative ailments
such as cancer, cardiovascular diseases, arthritis, ag-
ing, cataract, memory loss, stroke, Alzheimer�s disease,

inflammation, infection. Every plant contains a unique

combination of flavonoids, which is why different herbs,
all rich in these substances, have very different effects
on the body[34]. The main natural sources of flavonoids
include green tea, grapes (red wine), apple, cocoa
(chocolate), ginkgo biloba, soybean, curcuma, berries,
onion, broccoli, etc. For example, green tea is a rich
source of flavonoids, especially flavonols (catechins)
and quercetin. Catechin levels are 4-6 times greater in
green tea than in black tea. Many health benefits of
green tea reside in its antioxidant, anticarcinogenic,
antihypercholesterolemic, antibacterial (dental caries),
anti-inflammatory activities.

CONCLUSION

The implication of free radicals in the etiology of
several diseases is well known. Antioxidants can pro-
tect against the damage induced by free radicals. In-
take of foods rich in antioxidants is one strategy that is
gaining importance now-a-days. The future holds vast
scope for research on free radicals and antioxidants
which can make significant difference to human health.

REFERENCES

[1] K.Bagchi, S.Puri; Med.Health Jour., 4(2), 350-360
(1998).

[2] B.Halliwell; Lancet, 344, 721-724 (1994).
[3] I.S.Young, J.V.Woodside; J.Clin.Pathol, 54, 176 -

186 (2001).
[4] T.P.S.Devasagayan, J.C.Tilak, K.K.Boloor,

K.S.Sane, S.S.Ghaskadbi, R.D.Lele; J.Assoc.
Physicians India, 52, 794-804 (2004).

[5] A.V.Rao, L.G.Rao; Pharmacological Research, 55,
207-216 (2007).

[6] M.Gilca, I.Stoian, V.Atanasiu, B.Virgolici;
J.Postgrad.Med., 53, 207-213 (2007).

[7] K.B.Beckman, B.N.Ames; Physiol Rev., 78, 547-
581 (1998).

[8] H.Seis, et al; Ann.NY.Acad.Sci., 669, 7-20 (1992).
[9] D.Guigliano; Nutr Metab Cardiovasc Dis., 10(1),

38-44 (2000).
[10] P.Chakraborty, S.Kumar, D.Dutta, V.Gupta;

Res.J.Pharma & Tech., 2(2), 238-244 (2009).
[11] N.Noguchi, A.Watanabe, H.Shi; Free Rad.Res., 33,

809-817 (2000).
[12] J.K.Willcox, S.L.Ash, G.L.Catignani; Critical Re-

views in Food Science and Nutrition, 44, 275-295
(2004).



Harpreet Kaur et al. 191

Review
RRBS, 7(5) 2013

[13] P.Pacher, J.S.Beckman, L.Liaudet; Physiological
Reviews, 87, 315-424 (2007).

[14] T.Bahorun, M.A.Soobrattee, V.Luximon-Ramma,
O.I.Aruoma; Internet Journal of Medical Update,
1, 1-17 (2006).

[15] W.Droge; Physiol Rev., 82, 47-95 (2002).
[16] Z.Hracsko, H.Orvos, Z.Novak, A.Pal, I.S.Varga;

Redox Rep., 13, 11-20 (2008).
[17] N.L.A.Pham-Huy, H.He, C.Pham-Huy, J.Food

Agric.Environ, 6, 6-13 (2008).
[18] A.C.Logan; Lipids Health Dis., 3, 25-33 (2004).
[19] M.Dhanasekaran, J.Ran; Curr.Neurovasc.Res., 2,

447-459 (2005).
[20] D.S.Maharaj, B.D.Glass, S.Dava; Biosci Rep., 27,

299-320 (2007).
[21] A.R.Mangels, J.M.Holden, G.R.Beecher,

M.R.Forman, E.Lanza; J.Am.Diet.Assoc, 93, 284-
296 (1993).

[22] E.J.Johnson; Nutr.Clin.Care, 5(2), 47-49 (2002).
[23] S.Agarwal, A.V.Rao; Drug Metab Drug Interact,

17(1-4), 189-210 (2000).

[24] P.Astrog, S.Gradelet, R.Berges, M.Suschetet;
Nutr.Cancer, 29, 60-68 (1997).

[25] S.Paiva, R.Russell; J.Am.Coll.Nutr., 18, 426-433
(1999).

[26] S.K.Clinton; Nutr.Rev., 1, 35-51 (1998).
[27] N.J.Miller, J.Sampson, L.P.Candeias, P.M.Bramley,

C.A.Rice-Evans; FEBS Lett., 384, 240-246
(1996).

[28] S.Agarwal, A.V.Rao; Lipids, 33, 981-984 (1998).
[29] A.V.Rao, S.Agarwal; Nutr.Cancer, 31, 199-203

(1998).
[30] B.L.Pool-Zobel, A.Bub, H.Muller, I.Wollowski,

G.Rechkemmer; Carcinogenesis, 18, 1847-1850
(1997).

[31] F.Bohm, J.H.Tinkler, T.G.Truscott; Nature Med.,
1, 98-99 (1995).

[32] J.H.Tinkler, F.Bohm, W.Schalch, T.G.Truscott;
J.Photochem Photobiol, 26, 283-285 (1994).

[33] R.A.Jacob; Nutr.Res., 15(5), 755-766 (1995).
[34] A.Hanneken, F.F.Lin, J.Johnson, P.Maher; Invest

Ophthalmol Vis.Sci., 47, 3164-3177 (2006).


