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ABSTRACT

Freeradicals 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
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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 antioxidantsin
preventing and repairing damages caused by oxidative stress.
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INTRODUCTION

Oxygenisandement whichisindispensblefor life
but under certain Situations, it hasseverely deleterious
effectson thehuman body. M ost of the potentialy harm-
ful effectsof oxygen are dueto theformation and activ-
ity of anumber of chemical compoundsknown asre-
active oxygen species (ROS) which haveatendency to
donate oxygen to other substances. ROSistheterm
describing freeradicalsand other nonradical reactive
derivatived¥ and are defined as amol ecules or mo-
lecular specieswhich contains one or more unpaired
electronsand are capabl e of independent existenceand
hence are very reactive?. Examples of freeradicals
include hydroxyl (OH"), superoxide (027, peroxyl
(ROO) lipid peroxyl (LOO-). Nonradical derivatives
include Hydrogen peroxide (H,0,), ozone (O,), sin-
glet oxygen (*O,) and hypochlorous acid (HOCI).

Freeradicasare produced aspart of normal cellu-
lar function. They may also be produced by endog-
enousand environmenta sources. Endogenous sources
include mitochondria leak, respiratory burst, enzyme
reactions and auto-oxidant reactions. Environmental
sourcesinclude cigarette smoke, pollutants (such as
ozoneand nitrogendioxide), ultraviolet light, ionizing
radiation, and xenobiotics. Themost important freeradi-
cals produced arethe oxygen derivatives such asthe
superoxideradical and thehydroxyl freeradical®.

Beneficid effectsof freeradicalg*:

1. Generationof ATP(universd energy currency) from

ADPinthemitochondriaand oxidative phospho-

rylation.

Detoxification of xenobioticsby cytochromeP,_ .

3. Killing of microorganismsand cancer cellsby mac-
rophages and cytotoxic lymphocytes.

4. Oxygenases (e.g COX- cyclooxygenase, LOX-
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lipooxygenase) for thegeneration of prostaglandins

and |eukotrieneswhich have many regul atory func-

tions.

All biological moleculesare susceptibleto oxida
tive damage, but the most important classesthat are
vulnerabletofreeradical attack arelipids, nucleic ac-
ids, and proteins. Lipid peroxidation canlead to changes

ROS produced endogenously and/or

through life style activities
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inmembrane permesbility and dadticity, aswell asdel-
eteriouseffects on membrane-bound proteins. Oxida
tion of both nuclear and mitochondrial DNA can result
instrand disruptions, @bnormd cross-linking, and DNA
adducts (covaent bonding of DNA e ementsto chemi-
ca mutageng/carcinogens). Proteins(including vital en-
zymes) havebeen shown to undergo oxidative damage
at avariety of vulnerable sites and can be rendered
biologically inactivel®”. Cell damage caused by free
radicals appears to be amajor contributor to ageing
and other diseasesl|ike cancer, cardiovascul ar diseases,
cataracts, immune system decline, and brain dysfunc-
tion'®,

Thegeneration of reactive oxygen species (ROS)
isassociated with lifein aerobic conditions. ROS are
thought to beimplicated in the pathogenesisof various
human di seasessincethey are capable of damaging bio-

logical macromoleculessuchasDNA, carbohydrates
and proteins. The organism maintai ns defense against
ROS, including enzymesand low molecular-weight an-
tioxidants. Animportant source of antioxidantsisdiet
which contains numerous compounds exhibiting anti-
oxidant activity. A shortage of antioxidantsin thediet
might promote coronary heart disease through accu-
mulation of oxidized LDL in macrophages. However,
antioxidants may alsoinfluenceendothelia functions,
smooth musclecdll proliferation, thrombos sand plaque
rupture. Consumption of fruitsand vegetables, oliveail,
red wineandteaisinversely correlated with heart dis-
easerates. Thesefoodsareparticularly rich in natural
antioxidant nutrients, including ascorbate (vitamin C),
thetocopherols (vitamin E) and carotenoids?.

Antioxidants

An antioxidant isamol ecul e capable of dowingor
preventing the oxidation of other molecules. Inbiologi-
cal system, these protect cellsfrom damage caused by
freeradicas. Antioxidantsterminate these chain reac-
tionsby removingfreeradica intermediatesand inhibit
other oxidation reactionsby being oxidised themsd ves.
Antioxidantsarebelieved to play arolein preventing
chronic diseases such as cancer, heart disease, rheu-
matoid arthritis, cataracts, Alzhemier’s disease etcl!?.

Antioxidant defense system

Antioxidant defense sysem againg oxidative stress
iscomposed of severa lines, and the antioxidantsare
classifiedinto four categoriesbased on function™:

Firgt lineof defenseisthe preventive antioxidants,
which suppressformation of freeradical (enzymes. glu-
tathione peroxidase, cataase; transferrin, ferritin, caro-
tenoidsetc.)

Second lineof defenseistheradica scavenging an-
tioxidants suppressing chaininitiation and/or breaking
chainpropagetion reections. radical scavenging antioxi-
dants

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

A fourth lineisan adaptation wherethesignal for
the production and reactions of freeradicalsinduces
formation and transport of the gppropriate antioxidant
totheright site.

Thebody has several mechanismsto counteract
oxidative stress by produci ng antioxidants, either natu-
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raly generated in body (endogenous antioxidants), or
externaly supplied through foods (exogenousantioxi-
dants).

Antioxidant classfication.

Endogenous compoundsin cellscan beclassified
asenzymetic anti oxidantsand non-enzymatic antioxi-
dants.

Themgor antioxidant enzymesdirectly involvedin
the neutralization of ROS and RNS are: superoxide
dismutase (SOD), catalase (CAT), glutathione peroxi-
dase (GPx) and glutathionereductase (GRx)[*213,

SOD, thefirgt lineof defenseagaingt freeradicals,
catal yzesthe dismutation of superoxideanion radical
(O,~) into hydrogen peroxide (H,O,) by reduction: The
oxidant formed (H,0,) istransformed into water and
oxygen (O,) by catalase (CAT) or glutathione peroxi-
dase (GPx). The sdlenoprotein GPx enzyme removes
H202 by usingit to oxidizereduced glutathione (GSH)
into oxidized glutathione (GSSG).

Glutathionereductase, aflavoprotein enzyme, re-
generates GSH from GSSG with NADPH asasource
of reducing power. Besides hydrogen peroxide, GPx
aso reduceslipid or nonlipid hydroperoxideswhile oxi-
dizing glutathione (GSH)!41,

Thenon-enzymatic antioxidantsarea sodividedinto
metabolic antioxidants and nutrient antioxidants. Meta-
balic antioxidantsbe onging to endogenousantioxidants,
are produced by metabolisminthebody, such aslipoid
acid, glutathione, L-ariginine, coenzyme Q10, melato-
nin, uricacid, bilirubin, metal-chelating proteins, trans-
ferrin, etc*®. While nutrient anti oxidantsbel onging to
exogenous antioxidants, are compoundswhich cannot
be produced inthe body and must be provided through
foods or supplements, such asvitamin E, vitamin C,
carotenoids, trace metal s (selenium, manganese, zinc),
flavonoids, omega-3 and omega-6 fatty acids, etc.

Common dietary antioxidants
Vitamin E

Vitamin Eisafat-solublevitaminwith high antioxi-
dant potency. Vitamin Eisachird compound with eight
stereoisomers: alpha, beta, gamma, deltatocopherol
and alpha, beta, gamma, deltatocotrienol™. Because
itisfat-soluble, al pha-tocopherol safeguardscel mem-

branes from damage by free radicals. Its antioxidant
function mainly residesinthe protection against lipid
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peroxidation. Vitamin E hasbeen proposed for the pre-
vention against colon, prostate and breast cancers,
some cardiovascul ar diseases, ischemia, cataract, ar-
thritisand certain neurological disorders®®. Vitamin E
a so protectsthe double bonds of f-carotenefrom oxi-
dation and thus exhibits a sparing effect. Dueto the
ability of vitamin Etowork at higher oxygen pressures,
freeradicalsare scavenged and tissueinjury ismini-
mized. Besidesitsanti-aging properties, vitamin Eis
known to afford protection against cancer, ischaemia
and reperfusioninjury, cataract, arthritisand certain
neurological disorders. Thedietary sourcesof vitamin
E are vegetable oils (corn, safflower, soybean, sun-
flower), wheet germail, wholegrains, nuts, ceredls, fruits,
€ggs, poultry, mest, etc.
VitaminC

Vitamin C also known asascorbic acid, isawater-
solublevitamin. Itisessentid for collagen, carnitineand
neurotransmittersbiosynthesi §'9. Health benefits of vi-
tamin C areantioxidant, anti-atherogenic, anti-carcino-
genic, immunomodulator. Thepositiveeffect of Vitamin
Cresidesin reducing theincidence of stomach cancer,
andin preventing lung and colorecta cancer. VitaminC
workssynergidticaly with vitamin E toquench freeradi-
calsand a so regeneratesthe reduced form of vitamin
E. vitamin Cisconsidered to be one of themost impor-
tant antioxidantsin extrace lular fluid. Natural sources
of vitamin C areacid fruits (orange, |lemon, grapefruit,
pinespple, strawberry etc), green vegetabl es, tomatoes,
etc. Ascorbic acid isalabile molecule, it may belost
from during cooking®.

Carotenoids

Carotenoidsareafamily of pigmented compounds
that are synthesized by plants and microorganismsbut
not animals. In plants, they contributeto the photosyn-
thetic machinery and protect them against photo-dam-
age. Fruitsand vegetabl es congtitutethemaj or sources
of carotenoid in human diet?-23, They are present as
micro-componentsin fruitsand vegetablesand arere-
sponsible for their yellow, orange and red colors.
Carotenoidsarethought to be responsiblefor the ben-
eficia propertiesof fruitsand vegetablesin preventing
human diseasesincluding cardiovascul ar diseases, can-
cer and other chronic diseases?. They areimportant
dietary sourcesof vitaminA. In recent yearsthe anti-
oxidant propertiesof carotenoids has beenthe mgjor
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focus of research.
Lycopene

Lycopene, amember of the carotenoid family of
phytochemicasisalipid solubleantioxidant that issyn-
thesi zed by many plantsand microorganismshbut not by
animalsand human®!. Itisresponsiblefor thered color
of many fruitsand vegetabl es such asthetomatoes?!.
Lycopeneisoneof the most potent antioxidants?! and
has been suggested to prevent carcinogenesis and
atherogenesisby protecting critical biomoleculesincud-
inglipids, low-dengty lipoproteins(LDL), proteinsand
DNAZ3, Several studies haveindicated that lyco-
peneisan effectiveantioxidant and freeradical scaven-
ger. Lycopeneishighly lipophilic andismost commonly
located within cell membranesand other lipid compo-
nents. It istherefore expected that in thelipophylic en-
vironment lycopenewill have maximum ROS scaveng-
ing effects. Lycopenewas shown to bethe most effec-
tive antioxidant in protecting the 2, 22 -azo-bis (2,4-
dimethylvaleronitrile) (AMVN)-induced lipid
peroxidetion of theliposoma membrane. Lycopenewas
asofoundto protect lymphocytesagainst NO, -induced
membranedamageand cdll death twiceasefficiently as
B-carotenel332,

Glutathione

Glutathione, animportant water-sol ubleantioxidant,
issynthesized from theamino acidsglycine, glutamate,
and cysteine. Glutathionedirectly quenchesROS such
as lipid peroxides, and aso plays a mgjor role in
xenobiotic metabolism. Exposure of the liver to
xenobiotic substances induces oxidative reactions
through the upregul ation of detoxification enzymes i.e,
cytochrome P-450 mixed-function oxidase. Research
suggeststhat glutathione and vitamin C work interac-
tively to quench freeradica sand that they have aspar-
ing effect upon each othert™,

Flavonoids

Flavonoidsare polyphenolic compoundswhich are
present in most plants. Beneficid effectsof flavonoids
on human health mainly residein their potent antioxi-
dant activity®”!. They have been reported to prevent or
delay anumber of chronic and degenerative ailments
such as cancer, cardiovascul ar diseases, arthritis, ag-
ing, cataract, memory loss, stroke, Alzheimer*s disease,
inflammation, infection. Every plant containsaunique

combination of flavonoids, whichiswhy different herbs,
al richinthese substances, havevery different effects
on the body*4. The main natural sourcesof flavonoids
include green tea, grapes (red wine), apple, cocoa
(chocolate), ginkgo biloba, soybean, curcuma, berries,
onion, broccoli, etc. For example, greenteaisarich
source of flavonoids, especialy flavonol s (catechins)
and quercetin. Catechinlevelsare4-6timesgreater in
green teathan in black tea. Many health benefits of
green tearesidein itsantioxidant, anticarcinogenic,
antihyperchol esterolemic, antibacteria (dental caries),
anti-inflammatory activities.

CONCLUSION

Theimplication of freeradicasin theetiol ogy of
severd diseasesiswell known. Antioxidants can pro-
tect against the damageinduced by freeradicas. In-
takeof foodsrichin antioxidantsisonestrategy that is
gaining importance now-a-days. Thefuturehholdsvast
scope for research on free radical s and antioxidants
which can make significant differenceto human hedth.
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