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Abstract- Free radicals and related species have attracted a great deal of attention in recent years. They are well documented for playing a 
dual role in our body as both deleterious and beneficial species. In low/moderate concentrations free radicals are involved in normal physio-
logical functions but excess production of free radicals or decrease in antioxidant level leads to oxidative stress. They are mainly derived 
from oxygen (reactive oxygen species/ROS) and nitrogen (Reactive nitrogen species /ROS), and are generated in our body by various en-
dogenous systems, exposure to different physicochemical conditions or pathophysiological states. Free radicals can be mediates damage to 
cell structures, including lipids, proteins, RNA and DNA which leads to implication in aging and a number of disease. Lipids are highly prone 
to free radical damage resulting in lipid peroxidation that can leads to adverse alterations. Free radicals damage to protein can result in loss 
of enzyme activity. Damage caused to DNA, can result in mutagenesis and carcinogenesis. Redox signaling is major area of free radical 
research that is attracting attention. Nature has endowed us with protective antioxidant mechanisms- superoxide dismutase (SOD), cata-
lase, glutathione, glutathione peroxidases and reductases, Vitamin E (tocopherols and tocotrienols), Vitamin C etc., apart from many dietary 
components. The plant sources are rich of antioxidants, phytoconstituents are capable to terminate free radical reactions and prevent our 
body from oxidative damage. Vegetables and fruits are important sources of antioxidant substances. Different phytoconstituents and herbal 
product which are safer then synthetic medicine and beneficial in the treatment of diseases caused by free radicals, it also protects the body 
by prevent the free radicals to cause tissue injury. Phytoconstituents are conferring less side effect and compatible to body physiology. 
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Introduction 
Oxygen is an element obligatory for life; living systems have 
evolved to survive in the presence of molecular oxygen and for 
most biological systems. Oxidative properties of oxygen and for 
most biological systems. Oxidative properties of oxygen play a 
vital role in diverse biological phenomena. Oxygen has double 
edged properties, being essential for life; it can also aggravate the 
damage within the cell by oxidative events. 
Free radicals and its adverse effect were discovered in the last 
decade. These are dangerous substances produced in the body 

along with toxins and wastes which are formed during the meta-
bolic process of the body. The body obtained energy by the oxida-
tion of carbohydrates, fats and proteins through both aerobic and 
anaerobic process leads to generation of free radicals. Overpro-
duction of free radicals can responsible for tissue injury. Cell 
membranes are made of unsaturated lipids and these unsaturated 
lipid molecules of cell membranes are particularly susceptible to 
free radicals. Oxidative damage can direct to a breakdown or 
even hardening of lipids, which composition of all cell walls. 
Breakdown or hardening is due to lipid peroxidation leads to death 
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of cell or it becomes unfeasible for the cell to properly get its nutri-
ents or get signals to achieve another. In addition, other biological 
molecules including RNA, DNA and protein enzymes are also 
susceptible to oxidative damage. Environmental agents also initi-
ate free radical generation leads different complication in body. 
The toxicity of lead, pesticides, cadmium, ionizing radiation, alco-
hol, cigarette smoke, UV light and pollution may all be due to their 
free radical initiating capability. Anti-oxidants are substances ca-
pable to mop up free radicals and prevent them from causing cell 
damage. Free radicals are responsible for causing a wide number 
of health problems which include cancer, aging, heart diseases 
and gastric problems etc. Antioxidants cause protective effect by 
neutralizing free radicals, which are toxic byproducts of natural 
cell metabolism. The human body naturally produces antioxidants 
but the process is not 100 percent effective in case of overwhelm-
ing production of free radicals and that effectiveness also declines 
with age. Increasing the antioxidant intake can prevent diseases 
and lower the health problems. Research is increasingly showing 
that antioxidant rich foods, herbs reap health benefits. Foods may 
possibly enhance antioxidant levels because foods contain a lot of 
antioxidant substances. Fruits and vegetables are loaded with key 
antioxidants such as vitamin A, C, E, beta-carotene and important 
minerals, including selenium and zinc. Fruits, vegetables and 
medicinal herbs are the richest sources of antioxidant compounds. 
Herbs are staging a comeback and herbal ‘renaissance’ is hap-
pening all over the world. The herbal products today symbolize 
safety also compatible with human normal physiology. Natural 
products, mainly obtained from dietary sources provide a large 
number of antioxidants. Phytoconstituents are also important 
source of antioxidant and capable to terminate the free radical 
chain reactions 
 
Free Radicals 
A free radical may defined as a molecule or molecular fragments 
containing one or more unpaired electrons in its outermost atomic 
or molecular orbital and are capable of independent existence10. 
Reactive oxygen species (ROS) and reactive nitrogen species 
(RNS) are describes free radicals and other non-radical reactive 
derivatives. The reactivity of radicals is generally stronger than 
non-radical species though radicals are less stable. Free radicals 
are formed from molecules by the homolytic cleavage of a chemi-
cal bond and via redox reactions, once formed these highly reac-
tive radicals can start a chain reaction ROS and RNS includes 
radicals such as superoxide (O2−), hydroxyl (OH-), peroxyl (RO2 -), 
hydroperoxyl (HO2 -), alkoxyl (RO-), peroxyl (ROO-), nitric oxide 
(NO-), nitrogen dioxide (NO2 -) and lipid peroxyl (LOO-); and non 
radicals like hydrogen peroxide (H2O2), hypochlorous acid (HOCl), 

ozone (O3), singlet oxygen (1Δg), peroxynitrate (ONOO−), nitrous 
acid (HNO2), dinitrogen trioxide (N2O3), lipid peroxide (LOOH). 
Non radicals are also termed as oxidants and capable to lead free 
radical reactions in living organisms easily. Radicals are derived 
from oxygen characterize as the most important class of radical 
species generated in living systems. 
 
Generation and Sources of Free Radicals 
Free radicals can be formed from both endogenous and exoge-
nous substances. They are continuously forming in cell and envi-
ronment. Different sources of free radicals are as follows: 

 UV radiations, X-rays, gamma rays and microwave radiation. 

 Metal-catalyzed reactions. 

 Oxygen free radicals in the atmosphere considered as pollu-
tants. 

 Inflammation initiates neutrophils and macrophages to pro-
duce ROS and RNS. 

 Neutrophils stimulated by exposure to microbes. 

 In mitochondria-catalyzed electron transport reactions, oxygen 
free radicals produced as by product. 

 ROS formed from several sources like mitochondrial cyto-
chrome oxidase, xanthine oxidases, neutrophils and by lipid 
peroxidation. 

 ROS generated by the metabolism of arachidonic acid, plate-
lets, macrophages and smooth muscle cells. 

 Interaction with chemicals, automobile exhausts fumes, smok-
ing of cigarettes, cigars, beedie. 

 Burning of organic matter during cooking, forest fires, volcanic 
activities. 

 Industrial effluents, excess chemicals, alcoholic intake, certain 
drugs, asbestos, certain pesticides and herbicides, some met-
al ions, fungal toxins and xenobiotics. 

 
Free Radicals and Ageing 
Mitochondrial ROS production and oxidative damage to mitochon-
drial DNA results in ageing. Further increased lipid peroxidation in 
cellular membranes due to oxidative stress leads to fatty acid 
unsaturation. The most recent review on ‘free radicals and ageing’ 
by Barja (2004)32 emphasizes that caloric restriction (CR) is the 
only known experimental manipulation that decreases rate of 
mammalian ageing, and it has many beneficial effects on the 
brains of rodents and possibly of humans. Calorie-restricted mito-
chondria, similar to those of long-lived animal species, avoid gen-
eration of ROS efficiently at complex I with pyruvate and malate. 
The mitochondrial oxygen consumption remains unchanged, but 
the free radical leak from electron transport chain is decreased in 
CR. 
Many investigators realized that increasing the level of defense 
mechanisms against oxidative stress could extend an organism’s 
health span. Arking’s research group’s work on artificial selection 
in flies also produced organisms with a much higher level of oxi-
dative stress resistance and more efficient mitochondria. In fact, 
the lower level of oxidative damage and delayed onset of senes-
cence in those flies arose from decreased production and in-
creased destruction of ROS. However, using genetic engineering 
techniques to insert some extra copies of these oxidative stress-
resistance genes into mice has not yet resulted in extending lon-
gevity (Lane et al 2002). 
 
Antioxidants 
Antioxidants are any substance that delay or inhibits oxidative 
damage to a target molecule. At a time one antioxidant molecule 
can react with single free radicals and are capable to neutralize 
free radicals by donating one of their own electrons, ending the 
carbon-stealing reaction.  
Antioxidants prevent cell and tissue damage as they act as scav-
enger. Cell produce defense against excessive free radicals by 
their preventative mechanisms, repair mechanisms, physical de-
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fenses and antioxidant defenses. A variety of components act 
against free radicals to neutralize them from both endogenous 
and exogenous in origin. These include: 

 Endogenous enzymatic antioxidants. 

 Non enzymatic, metabolic and nutrient antioxidants. 

 Metal binding proteins like ferritin, lactoferrin, albumin and 
ceruloplasmin. 

 Phytoconstituents and phytonutrients. 
The body produces different antioxidants (endogenous antioxi-
dants) to neutralize free radicals and protect the body from differ-
ent disease leads by the tissue injury. Exogenous antioxidants are 
externally supply to the body through food also plays important 
role to protect the body. The body has developed several endoge-
nous antioxidant defense systems classified into two groups such 
as enzymatic and non enzymatic. The enzymatic defense system 
includes different endogenous enzymes like superoxide dis-
mutase (SOD), catalase (CAT), glutathione peroxidase (GPx), 
glutathione reductase (GR) and non enzymatic defense system 
included vitamin E, vitamin C and reduced glutathione (GSH). 
SOD is an important endogenous antioxidant enzyme act as the 
first line defense system against ROS which scavenges superox-
ide radicals to H2O2. GPx present in the cytoplasm of the cells 
removes H2O2 by coupling its reduction to H2O with oxidation of 
GSH. GR is a flavoprotein enzyme, regenerates GSH from oxi-
dized glutathione in the presence of NADPH. GSH is a tripeptide 
and a powerful antioxidant present within the cytosol of cells and 
is the major intracellular nonprotein thiol compound (NPSH). SH 
groups present in GSH to react with H2O2 and the OH• radical and 
prevent tissue damage and GSH is also capable of scavenging 
ROS directly or enzymatically via GPx. Vitamins C and E are non-
enzymatic endogenous antioxidant also exists within normal cells 
and react with free radicals to form radicals themselves which are 
less reactive than the radicals. They break radical chain reactions 
by trapping peroxyl and other reactive radicals.  
Non-enzymatic antioxidants also can be divided into metabolic 
antioxidants and nutrient antioxidants. Metabolic antioxidants are 
the endogenous antioxidants, which produced by metabolism in 
the body like lipoid acid, glutathione, L-ariginine, coenzyme Q10, 
melatonin, uric acid, bilirubin, metal-chelating proteins, transferring 
etc. While nutrient antioxidants belonging to exogenous antioxi-
dants, which cannot be produced in the body but provided through 
diet or supplements viz. trace metals (selenium, manganese, 
zinc), flavonoids, omega-3 and omega-6 fatty acids etc. Vitamin E 
and C are the non enzymatic antioxidants exist within normal cells 
as well as they can be supplied through diet. 
Antioxidants may exert their activity by several mechanisms, like 
by suppressing the production of active species by reducing hy-
droperoxides and H2O2, by sequestering metal ions, termination of 
chain reaction by scavenging active free radicals and also caused 
repairing and/or clearing damage of cell. Biosynthesis of other 
antioxidants or defense enzymes also induced by some antioxi-
dants. Therefore antioxidant synthesized in body or supplied from 
outside like phytoconstituents plays important role to protect the 
body from free radical induced injury 
 
Oxidative Stress and Human Health 
Free radicals are fundamental to any biochemical process and 
represent an essential part of aerobic life and our metabolism. 

They are continuously produced by the body via enzymatic and 
non-enzymatic reactions like respiratory chain reaction, the phag-
ocytosis, prostaglandin synthesis, cytochrome P450 system and 
oxidative phosphorylation (i.e. aerobic respiration) in the mito-
chondria. 
ROS and RNS are the products of normal cellular metabolism, 
having both deleterious and beneficial effect in the body. At low or 
moderate concentration some of the free radicals plays beneficial 
physiological role in vivo this include defense against infectious 
agents by phagocytosis, energy production, cell growth, function 
in different cellular signaling systems and the induction of a mito-
genic response at low concentrations. Free radicals occur continu-
ously in all cells as part of normal function. Oxygen free radicals 
are detrimental to the integrity of biological tissue and mediate 
their injury. The mechanism of damage involves lipid peroxidation, 
which destroys cell structures, lipids, proteins and nucleic acids. 
They causes damage to cell membranes with the release of intra-
cellular components, leading to further tissue damage. Antioxidant 
enzymes and nonenzymatic defense system minimizes the harm-
ful effect of ROS by various antioxidant mechanism. Oxidative 
stress is a harmful condition that occurs when there is an excess 
of ROS and/or a decrease in antioxidant levels, this may caused 
tissue damage by physical, chemical, psychological factors that 
lead to tissue injury in human and causes different diseases. Liv-
ing creatures have evolved a highly complicated defense system 
and body act against free radical-induced oxidative stress involve 
by different defense mechanism like preventative mechanisms, 
repair mechanisms, physical defenses and antioxidant defenses. 
Oxygen derived free radical reactions have been implicated in the 
pathogenesis of many human diseases including: 

 Neurodegenerative disorder like Alzheimer’s disease, Parkin-
son’s disease, multiple sclerosis, amyotrophic lateral sclero-
sis, memory loss and depression. 

 Cardiovascular disease like atherosclerosis, ischemic heart 
disease, cardiac hypertrophy, hypertension, shock and trau-
ma. 

 Pulmonary disorders like inflammatory lung diseases such as 
asthma and chronic obstructive pulmonary disease.  

 Diseases associated with premature infants, including bron-
chopulmonary, dysplasia, periventricular leukomalacia, intra-
ventricular hemorrhage, retinopathy of prematurity and ne-
crotizing enterocolitis.  

 Autoimmune disease like rheumatoid arthritis. 

 Renal disorders like glomerulonephritis and tubulointerstitial 
nephritis, chronic renal failure, proteinuria, uremia. 

 Gastrointestinal diseases like peptic ulcer, inflammatory bowel 
disease and colitis. 

 Tumors and cancer like lung cancer, leukemia, breast, ovary, 
rectum cancers etc. 

 Eye diseases like cataract and age related of retina, macu-
lopathy. 

 Ageing process. 

 Diabetes. 

 Skin lesions 

 Immunodepression. 

 Liver disease, pancreatitis. 

 AIDS. 
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 Infertility. 
 
Phytomedicine as Antioxidant 
Human body system is enriched with natural antioxidants and can 
prevent the onset as well as treat diseases caused and/or fos-
tered due to free-radical mediated oxidative stress. Human also 
takes antioxidants through diet. In foods, antioxidants found in 
small quantities but capable to prevent or greatly retard the oxida-
tion of easily oxidizable materials. Recent researches have shown 
that the antioxidants of plant origin with free-radical scavenging 
properties could have great importance as therapeutic agents in 
several diseases caused due to oxidative stress. Plant extracts 
and phytoconstituents found effective as radical scavengers and 
inhibitors of lipid peroxidation. Many synthetic antioxidant com-
pounds have shown toxic and/or mutagenic effects, which have 
stimulated the interest of many investigators to search natural 
antioxidant. Herbal medicine is still the mainstay of about 75-80% 
of the world population, mainly in developing countries, for primary 
health care because of better cultural acceptability, better compat-
ibility with the human body and lesser side effects. The chemical 
constituents present in the herbal medicine or plant are a part of 
the physiological functions of living flora and hence they are be-
lieved to have better compatibility with human body. Natural prod-
ucts from plants are a rich resource used for centuries to cure 
various ailments. The use of bioactive plant-derived compounds is 
on the rise, because the main preoccupation with the use of syn-
thetic drugs is the side effects which can be even more dangerous 
than the diseases they claim to cure. In contrast, plant derived 
medicines are based upon the premise that they contain natural 
substances that can promote health and alleviate illness and 
proved to be safe, better patient tolerance, relatively less expen-
sive and globally competitive. So, in respect of the healing power 
of plants and a return to natural remedies is an absolute require-
ment of our time. 
Even synthetic drugs used to treat various disorders can capable 
of produce free radical which leads oxidative stress and caused 
tissue damage. For example, non steroidal anti-inflammatory 
drugs (NSAIDs) are used widely in the treatment of pain, fever, 
inflammation, rheumatic and cardiovascular disease but chronic 
administration of those drugs leads the generation of free radicals 
which may results gastric erosions, gastric or duodenal ulceration 
and severe complications such as gastrointestinal hemorrhage 
and perforation. 
The use of phytoconstituents as drug therapy to scavenge free 
radicals and to treat disorders leads due to oxidative stress has 
proved to be clinically effective and relatively less toxic than the 
existing drugs. Therefore it is demand of time to uses drugs from 
plant sources or phytoconstituents to prevent and/or treat oxida-
tive stress. 
Table 1 listed different phytochemicals having antioxidant property 
and Table 2 listed some plants producing antioxidant activity in 
vitro and in vivo.  
 
Conclusion 
Free radicals have been implicated in the etiology of large number 
of major diseases. They can adversely alter many crucial biologi-
cal molecules leading to loss of form and function. Such undesira-
ble changes in the body can lead to diseased conditions. Antioxi-

dants can protect against the damage induced by free radicals 
acting at various levels. Dietary and other components of plants 
form major sources of antioxidants. The relation between free 
radicals, antioxidants and functioning of various organs and organ 
systems is highly complex and the discovery of ‘Redox signaling’ 
is a milestone in this crucial relationship. Recent research centers 
around various strategies to protect crucial tissues and organs 
against oxidative damage induced by free radicals. Many novel 
approaches are made and significant findings have come to light 
in the last few years. 
Currently there has been an increased interest globally to identify 
antioxidant compounds from plant sources which are pharmaco-
logically potent and have low or no side effects for use in protec-
tive medicine and the food industry. Modern civilization, use of 
different chemicals, pesticides, pollutant, smoking and alcohol 
intake and even some of synthetic medicine increases the chance 
of disease due to free radicals. Plants produces large amount of 
antioxidants to prevent the oxidative stress, they represent a po-
tential source of new compounds with antioxidant activity. More or 
less the free radicals plays a role in health of modern era and the 
diseases caused from free radical are becoming a part of normal 
life. Increasing knowledge in antioxidant phytoconstituents and 
include them in daily uses and diet can give sufficient support to 
human body to fight those diseases. Phytoconstituents and herbal 
medicine are also important to manage pathological conditions of 
those diseases caused by free radicals. Explore the antioxidant 
principles from natural resources; identification and isolation of 
those phytoconstituents are simultaneously presenting enormous 
scope for their better therapeutic application for treatment of hu-
man disease. Therefore it is time for us, to explore and identify our 
traditional therapeutic knowledge and plant sources and interpret 
it according to the recent advancements to fight against oxidative 
stress, in order to give it a deserving place. 
 
References 
[1] Ali ATMM, Al-Swayeh OA, Al-Rashed RS, Al- Mofleh IA, Al-

Dohayan AD, Al-Tuwaijri AS (1996) The Saudi Journal of Gas-
troenterology, 2, 19-28. 21.  

[2] Cadenas E. (1989) Annual Review of Biochemistry, 58, 79-
110. 

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

[4] Bagchi K. and Puri S. Eastern Mediterranean Health Journal, 
4, 350-360. 

[5] Cody V., Middleton E., Harborne J.B. (1986) Plant Flavonoids 
in Biology and Medicine-Biochemical, Pharmacological, and 
Structure-activity Relationships, New York. 

[6] Cadenas E. and Packer L. (1996) Hand Book of Antioxidants, 
New York. 

[7] Devasagayam T.P.A., Boloor K.K. and Ramsarma T. (2003) 
Indian J. Bioche. Biophys., 40, 300-8. 

[8] Davies K.J.A. (1991) Chemical, Biological and Medical As-
pects, Pergamon, Oxford. 

[9] Devasagayam T.P.A. and Kesavan P.C. (1996) Indian J. Expt. 
Biol., 34, 291-7. 

[10] Devasagayam T.P.A. and Kamat J.P. (2002) Indian J. Expt. 
Biol., 40, 680-92. 

[11] Devasagayam T.P.A., Tilak J.C. and Singhal R., functional 

Free Radicals, Antioxidants, Diseases And Phytomedicines In Human Health: Future Perspects 

World Research Journal of Medicinal & Aromatic Plants 
ISSN: 2278-9863 & E-ISSN: 2278-9871, Volume 1, Issue 1, 2012 



Bioinfo Publications   10 

 

and medicinal foods, Marcel Dekker Inc. New York.  
[12] Goldfarb A.H. (1993) Medicine and Science in Sports and 

Exercise, 25, 232- 236. 
[13] Gilbert D.L. (1981) Oxygen and living processes: an interdisci-

plinary approach, NY. 
[14] Harman D. Ageing (1956) J. Gerontol., 11, 298-300. 
[15] Halliwell B., Gutteridge J.M.C. (1997) Free Radicals in Biology 

and Medicine, Oxford University Press, Oxford. 
[16] Halliwell B. (1997) Antioxidants and human diseases: a gen-

eral introduction, Nutrition Reviews, 55, 44- 52. 
[17] Halliwell B., Aruoma O.I. (1993) DNA and Free Radicals, Ellis 

Horwood, Chichester. 
[18] Halliwell B. and Gutteridge J.M.C. (1999) Free Radicals in 

Biology and Medicine, ed 2, Oxford. 
[19] Harris E.D. (1992) The Journal of Nutrition, 122, 625-626. 
[20] Jayaraman KS. (2003) Nat. Med., 9, 982. 
[21] Kagan V.E., Kisin E.R., Kawai K., et al. (2002) Ann. NY Acad. 

Sci., 959, 188-98. 
[22] Lele R.D. (2003) J. Assoc. Physicians India, 51, 373-80. 
[23] Langseth L. (1996) International Life Science Institute, Bel-

gium.  
[24] Miller D.M., Buettner G.R., Aust S.D. (1990) Free Radical 

Biology & Medicine, 8, 95-108. 
[25] Manavalan K., Ramasamy C. (2001) Physical Pharmaceutics, 

ed 2, Chennai. 
[26] Nagendrappa C.G. (2005) free radicals in diseases and 

health, Resonance, 10, 65-73. 
[27] Oluwaseun A.A. and Ganiyu O. (2008) African Journal of Bio-

technology, 7, 3138-3142. 
[28] Pham-Huy L.A., He H., Pham-Huy C. (2008) International 

Journal of Biomedical Science, 4, 89-96. 
[29] Shinde V., Dhalwal K., Paradkar A.R., Mahadik K.R., Kadam 

S.S. (2006) Pharmacologyonline, 3, 172-179. 
[30] Sies H. (1991) Oxidants and Antioxidants, Academic Press, 

London. 
[31] Sies H., Stahl W., Sundquist A.R. (1992) Annals of the New 

York Academy of Science, 669, 7-20. 
[32] Sies H. (1996) Antioxidants in Disease, Mechanisms and 

Therapy, New York. 
[33] Siems W.G., Grune T., Esterbauer H. (1995) Life Science, 57, 

785-789. 
[34] Stadtman E.R. (2004) Current Medicinal Chemistry, 11, 1105-

1112.  
[35] Sies H. (1986) Angew. Chem. Internat. Ed. Eng., 25,1058-71. 
[36] Stadtman E.R. (1992) Science, 257, 1220-25. 
[37] Tiwari A.K. (2001) Current Science, 81, 1179-1187. 
[38] Tilak J.C., Devasagayam T.P.A. and Lele R.D. (2001) Interna-

tional Conference on Natural Antioxidants and Free Radicals 
in Human Health and Radiation Biology (NFHR) Mumbai, 
India. 

[39] Tilak J.C., Devasagayam T.P.A. and Lele R.D., Biochem 
Pharmacol.  

[40] Valko M., Rhodes C.J., Moncola J., Izakovic M., Mazur M. 
(2006) Chemico-Biological Interactions, 160, 1-40. 

[41] Valko M., Izakovic M., Mazur M., Rhodes C.J., Telser J. 
(2004) Molecular and Cellular Biochemistry, 266, 37-56. 

[42] Valko M., Leibfritz D., Moncol J., Cronin M.T.D., Mazur M. and 
Telser J. (2007) The International Journal of Biochemistry & 

Cell Biology, 39, 44-84. 
[43] Von Sonntag C. (1987) The Chemical Basis of Radiation Biol-

ogy, Taylor and Francis, London.  
[44] Wentworth P., Wentworth A.D., Zhy X., et al. (2003) Proc. 

Natl. Ac. Sc., USA 100, 1490-93. 
[45] Willcox J.K., Ash S.L., Catignani G.L. (2004) Critical Reviews 

in Food Science and Nutrition, 44, 275-295. 
[46] Yoshikawa T., Toyokuni S., Yamamoto Y. and Naito Y. (2000) 

Free Radicals in Chemistry Biology and Medicine, OICA Inter-
national, London. 

World Research Journal of Medicinal & Aromatic Plants 
ISSN: 2278-9863 & E-ISSN: 2278-9871, Volume 1, Issue 1, 2012 

Mahantesh S.P., Gangawane A.K. and Patil C.S. 


