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Abstract: A series of o . 
[VO(phen)(L)] xovanad1um(IV) complexes 

[VO(bpy)(L))~~2\ ~J~~~(i:p:en){L)]{N03) 2 2, 
4 with mixed ligands a trident t ~ enlmH){L)](NO1\ 
ligand [vi z., 2-{(E)- hen I a e . :-d0 nor Schiff base 
lidene]methyl}pyridi:e (Li] r;~pyn?m-2-yl)hydraziny 
[viz l l O h . a b1dentate NN ligand ·• , -p enanthrolme {phe ) 4 7 . 
phenanthroline (dimphen) 2 2-b·pn, .d' l-(bd1methyl-l , IO
pyridyl)b · "d ' ' 1 yn Y PY) and 2-(2-

. enim1 az_ole (bipybenlmH)] , have been 
s~thes1zed and characterized by elemental analysis UV 
vis spectroscopy, fourier transfonn IR spectrosco , -
spectroscopy, cyclic voltammetric and ditferenhalpy, elpr 
voltamrn tri hn" u pu se e c tee iques. The oxidation state ofV{IV) with 
d 1 configuration was confinned by epr spectroscopy. The 
complexes were als~ tested for in-vitro antidiabetic activity. 
Moderate a-glucos1dase inrubitions arc shown by these 
complexes. 

Keywords: Oxovanadiwn{IV) complexes, IR. UV-vis 
Electrochemistry, EPR, Antidiabetic activity • 

1. Introduction : Oxovanadium(IV) complexes are of 
• c~ent i~terest due to their importance in the study of 

biochemical and pharmacological propenies (I]. Many 
vanadium complexes provide a suitable structural and 
functional model for these enzymes [2]. Intensive studies 
carried out over the last two decades (3] showed that 
vanadium is one of the most imponant supplements for 
oral diabetes therapy [4]. Inorganic vanadium salts arc 
poorly absorbed from the digestive system, thus high oral 
doses are required. Coordination complexes of vanadium 
are current candidate insulin enhancing compounds and 
can be tailored to optimize the desired properties for a 
drug. Insulin, a pancreatic signalling harmone, is the 
principal treabnent for type 1 diabetes and is often required 
for type 2 diabetes as well. Insulin is not orally active and 
must be administered via intramuscular injection. To 
clarify its biological role, it is of primary importance to 
understand the mechanisms of reaction and complexation 
of vanadium ip-organisms and to find the target 
biomolecules [S,6};' Among the biomolecules present in 
intra- and extra-cellular fluids, proteins have a special 
importance because of their high amount in the cellular 
environment and their possible interaction with metal ions 
through a number of active sites. Many oxovanadium(IV) 
complexes with various coordination m~es £?1 ~d ~e 
relationship between their structures and msuhn-mimet1c 
activities has been already examined by many research 
groups [8]. [117] 

. Recently, the synthesis of oxovanadium(IV) d 
~~h1ff]bases (2- { (~)_-phenyl[2-(pyridin-2-yl)hydraz~~y 
~ ene methyl}pyndme) with polypyridyl ligands has 
:come a p~pular topic of research. Schiff base may act as 

tndent~te_ ligand fonning stable complexes with many 
met~lhc ions and in particular, asymmetric tridentate 
Schiff bases may give rise to low molecular weight 
~omple~es of g~eat interest in the modem synthetic 
inorganic chemistry. Oxovanadium(IV) coordination 
complex~s may appear as an attractive source for model 
systems m the study of low dimensional complexes [9). 
1, I 0-phen~nthr~line {phen), 4, 7-dimethyl-1, JO
ph~nanthro~m~ (dimphen), 2,2 -bipyridyl (bpy) and 2-(2-
~yndyl)berurmdazole (bipybenlmH) chelators (polypyridyl 
ligands) act as potential antitumor agents (10,11]. These 
polyp~drl ligands act as bidentate planar chelate ligands, 
coordmatmg through the two imine nitrogen atoms. They 
have been extensively used as ligands in the formation of 
coordination compounds as modelling agents. 

In our previous works, we have synthesized and 
characterized vanadium(IV)/(V) complexes with tridentate 
Schiff base ligands (12-14]. To continue our research, we 
have synthesized and characterized oxovanadium(IV) 
complexes. Biological testing of the insulin enhancing 
behaviour of these new oxovanadium(IV) complexes have ' ' 
also been carried out. 

2. Experimental section 
2.1. Materials 

All the solvents were purchased from standard 
co~ercial sources and used as received. VOSO

4
.5H2O 

(Fisher), NaNO1 (E. Merck, India), 1, 10-phenanthroline 
(Fisher), 4, 7-dimethyl-1, l 0-phenanthroline (Acros), 2-(2-
pyridyl)benimidazole (Acros ), 2-benzoylpyridine (Acros) 
and 2-hydrazinopyridine (Acros) were used as received. 
2.2. Preparation of the Schiff base and t/1e/r 
oxovanadlum(IV) complexes 
2.2.J. Preparation of Schiff base 

Schiff base L (2-{(E)-phenyl[2-(pyridin-2-yl) 
hydrazinylidene]methyl}pyridine) was prepared by 
adopting the procedure reported in the literature [15). A 
solution of 2-benzoylpyridine (0.915 g, 5.0 mmol) in 
methanol (IO mL) was added to a solution of 2-
hydrazinopyridine (0.545 g, 5.0 mmol) in methanol (I 0 
mL) and the resulting reaction mixture was refluxed with 
stirring for 4 h and then filtered to remove the insoluble 
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Ab~trart 

n.,~~J on th~ mnnchfy data of Sunspt_,r Num~rs 
(75N) and C<1~m,c Ray lntt>n,,t}' (CRI) obst"r-,t"d t-y 
Neutron ~fon1tn~ {'1',"-1) of Ou!u (Cut cffRigidit)=O g GV) 
and ~foscc'A (Cut ofTR1g1d1t)"'"2 .3 GV), the trend ofscla.r 
activity variation and cosmic ray modulatH1n has been 
sr.1d,ed dunng the cycles 23 & 24 The sunsrot level has 
maintained its mmimum level for a lor.g ~noJ from July 
2008 to Aug. 2009. The intensity of Ga:actc cosmic nM 

measured at [arth was the hig"lest tHr rc-cClfJc-J h 01.:lu 
~M ~ince April 1964 durmg t.',t rtcert ~ l.lJ' n•.i(.,ma.i\ 
r urthermore, the m.a).ill1um \d!<)e cf ss~ IS f,,unJ to t,c 

very low in the rrrS<"nt eye le in c0rrr,v1s\,n to rTT\ 11,ui 

Milar cycles ( 19-23 ). The Cf•rrt!.1t1""'" t0C'~., 1c-nt t-ct-..c<'n 
5SN and CRI ~ ithout and " :th Lrnt'-laJ as "tll u 
regre,;\ion analym durmg t~ ~"':M cycle ;4 (fa!'l :00s to 
I>r.c . 2015) tw ~en e"otima:t>d a:...J c,'V;;-,.--rJ ,-,~'l rrt'i'°~s 
solar cycle. Da..\cd on L'lc mawnu.-n , ·a'...)f d c0rrtla:,on 
codT1c1ent the time-lag dunng ~t "":..V cycle 1s r.~unJ 
to be 4 & JO months for both c-.c sU.:o1.'lf'~ •t.:t at v.as 14 
and J 3 months dw-ma C)'Clc 23. ~ ~~.a,1C'\.ir of run:11rg 
cross corrrlation function has a?w ~ curr.W"J dunr-, 
present ,olar C)dt aod It 11 founJ t~.at it ana1r.1 Hs 

maximum ,·alue - -0.I to - -0 .9) fo,r • li.ir.3 dJf'ltK'n in 

comparison to rrnious ")'tin. In tht 1·.-'d of oc~iotUI 
behaviour of solar ()'CIC :4, chc cowic ray moJu!~11on 
tw been discussed 11\d com~ •ifh tarher cyclC'I. 

I lntroductlo■ 
It WU established Ion& bad lhla lhc immsity or 

galactic cosmic rays varies invmcly with~ numben 
having thtir maximum intensity at ~ m~un~ or the 
11-~ar sunspot cycle (I, 2). The COSfflJC ray anrens1ry curve 
also appean to follow a 22- year cycle with alternate 
rnuirn• ~ing flat-topped and peaked. The models of 

. modu•-·:- baled on the oblla ved revenal of cosrnac ray lal\lU 

the SW1'1 m11nedc field polarity after every I I-year ~ 
and --tient drifts in the largHca)e magnetic curvature .-- . __ ___,,. the 

1
. _,._ 

field of1he hQiolpbere have been di.-.u:NliU ll lt11.1aa ... " 

from time to time [l-6). 
Generally, long-term cosmic ray modulation is 

studied by uaing dae mc,adlly elm. of~ networt of 
neutron monitoriaa statiou bavma di~!rent cut-o: 
. idi'•:- ~-- moniton are most ICllllitlve to cosm 

ng - ~uu •• .L.!-1. • ides 
rays in the enqy ranae &om 0.S-20 OeV, WUIWI ~-

'th maximum energy response ud effective •~lar 
~ion. Earlier resu11s have iDdicued dllt cbe tnne-

(95) 

Ing t'JC ists in th~ ant1-corrt'/ati,m b<-~ ttn the l,)ng-tenn 
''11I1atwn <'f s,..'lar a1:tw1t) anJ ,t, t-ffccr on Cl"'.~m"· rays, 

and this tune lag may be different Jurir.g d1tT~Rnt pha.:,.:s 
of the solar c,,cles(7 and the rcfrrcnce! therein] . A 
statistical technique. nJmet), "running cross correlJt1on" 
hJS ~en used to stuJy the correlation bernccn SSN and 
CRJ during difTerrnt phases of the sol.'ir ai:th tty c1de [7-
10] It is reported that. on the monthly a..,erage basis. the 
SSN are h:i;hly coml.ited "'ith other sol,u p.ir:imcters and 
h<'nce. SSN can t-c safely used as a sol.ir p.iramerer for 
any corrcl.1t1\e 5tuJy, until and unless there are some 
,rcc,fic mHons to use other easily available solar 
rM3mctm (or inJ11.'.cs) ( 11 ). The long-term modul.1tion 
of co,;m1c ray intensity using different sol.u para.meters 
r,,r rm, 11)us ~ol.ir C}clcs has been studied in dcuil by 
,.·anou.s tn\C5t1g;it0rs (7, 8, 10, 12}. 

In the rrc5cnt pJpcr we have tried to investigate 
the t·t'nd of 50IJr activity variation and cosmic ray 
ml...,,blJ.twn dunng the rresent solar cycle 24, in relation 
to rrt\ 1cus svl.1t eye ks. by consiJering the monthly d.itJ 
,,r SS~ imJ CRI of Oulu & Maccow Neutron Monitors 
(Cut orT R1g:J11; •0 8 & 2.3 GV). 

l . Dau aoJ Mt'thod or Analysis 

In 1he present paper, we have taken the CRI 
monthly meJn dJIJ of Oulu Neutron Monitor (Cut off 
Ri.:iJ i1r0.8 GV) AilJ Mos,ow (Cut offRigidity=2.3 GV) 
J-i.M ahmg with SSN as a solar parameter. The cosmic ray 
data for Oulu Neutron Monitor (NM) is avail.1ble through 
the webs ite (hnps://cosmicrays.oulu.fi) since April, 1964, 
Moscow NM data has been taken from website http:// 
crO.iz.miran.rssi.ru/mosc/main.htm, while SSN data has 
been taken from the website (http://www.sws.bom.gov.au/ 
Solar/ 1/6). 

In this study, we have used "Running cross 
correlation method" to study the relationship between CRI 
and solar activity indices [7, 13, l4J. In the said method 
we use a time window of width T cantered at time t: (t-T/ 
2, t+ T/'2). The cross correlation coefficient c(t) is calculated 
for data within this window. Then the window is shifted 
in time by a small time step t<T and the new value of the 
cross correlation coefficient is calculated. Here, we have 
used the time shifting of one month to calculate the 
correlation coefficient for each month between CRI and 
SSN for the period 1996 to 2015. The time window has 
been taken of SO-months. This value was chosen to match 
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Abstract 

Based on the monthly data of Sunspot Numbers 
(SSN) and Cosmic Ray Intensity (CRl) observed by 
Neutron Monitors (NM) of Oulu (Cut offRigidity=0.8 GV) 
and Moscow (Cut offRigidity=2.3 GV), the trend of solar 
aclivity variation and cosmic ray modulation has been 
studied during the cycles 23 & 24. The sunspot level has 
maintained its minimum level for a long period from July 
2008 to Aug. 2009:· The intensity of Galactic cosmic rays 
measured at Earth was the highest ever recorded by Oulu 
NM since April 1964 during the ·recent solar minimum. 
Furthermore, the maximum value of SSN is found to be 
very low in the present cycle in comparison to previous 
solar cycles (19-23). The corr~latiori coefficient between 
SSN and CRI without and with time-lag as weH as 
regression analysis during the solar cycle 24 (Jan. 2008 to 
Dec. 2015) has been estimated aµd compared with previous 
solar cycle. Based on the maximum value of correlation 
coefficient the time-lag dl.µ"Ulg present solar cycle is found 
to be 4 & 10 months tor both the stations, while it was 14 
and 13 months during cycle 23. The behaviour of running 
cross correlation function has also been examined during 
present solar cycle aQd it is · found that · it attains its 
maxirnwn value ~ -0.8 to ~ -0.9) for a long duration in 
comparison to previous cycles. In the light of exceptional 
behaviour of solar cycle 24, the cosmic ray modulation 
has been discussed and compared with earlier cycles. 

1 Introduction 
It was established long back that the intensity of 

galactic cosmic rays varies inversely with sunspot numbers 
having their maximum intensity at 1?e m~hn~ of the 
I I-year sunspot cycle (1, 2]. The cosmtc ray intensity curve 
also appears to follow a 22- year cycle with alternate 
maxima being flat-topped and peaked. The models of 
cosmic ray modulation based on the observed reversal of 
the Sun's magnetic field polarity after every 11-year ~d 
curvature an<!,_Bradient drifts in the large-scale magnetic 
field of the he.U._gsphere have been discussed in the literature 
from time to time [3-6]. 

Generally, long-tenn cosmic ray modulation is 
studied by using the monthly data of global network of 
neutron monitoring stations having different cut-off 
rigidities. Neutron monitors are most sensitive to cosmic 
rays in the energy range from 0.S-20 Ge V, which coincides 
with maximum energy response and effective s_olar 
modulation. Earlier results have indicated that the tune-

·'" ·. (95] 

lag exists irJ the anti-correlation between the long-term 
variation of solar activity and its effect on cosmic rays, 
and this time lag may be different during different phases 
of the solar cycles[? and the references therein] . A 
statistical technique, namely, "running cross correlation" 
has been used to study the correlation between SSN and 
CRJ during different phases of the solar activity cycle [7-
1 0]. It is reported that, on the monthly average basis, the 
SSN are highly correlated with other solar parameters and 
hence, SSN can be safely used as a solar parameter for 
any correlative study, until and unl.ess there are some 
specific reasons to use other eas.ily available solar 
parameters (or indices) [II]. The long-term modulation 
of cosmic ray intensity using different solar parameters 
for previous solar cycles has been studied in detail by 
various investigators [7, 8, 10, 12]. 

In the present paper we have tried to investigate 
the trend of solar activity variation and cosmic ray 
modulation during the present solar cycle 24, in relation 
to previous solar cycles, by considering the monthly data 
of SSN and CRJ of Oulu & Maccow Neutron Monitors 
(Cut off Rigidity=0.8 & 2.3 GV). 

2. Data and Method of Analysis 
In the present paper, we have taken the CRI 

monthly mean data of Oulu Neutron Monitor (Cut off 
Rigidity=0.8 GV) and Moscow (Cut off Rigidity=2.3 GV) 
NM along with SSN as a solar parameter. The cosmic ray 
data for Oulu Neutron Monitor (NM) is available through 
the website (https://cosmicrays.oulu.fi) since April, 1964, 
Moscow NM data has been taken from website http:// 
cr0.izmiran.rssi.ru/mosc/main.htm, while SSN data has 
been taken from the website (http://www.sws.bom.gov.au/ 
Solar/1/6). 

In this study, we have used "Running cross 
correlation method" to study the relationship between CRI 
and solar activity indices [7, 13, 14]. In the said method 
we use a time window of width T cantered at time t: [t-T/ 
2, t+ T/2]. The cross correlation coefficient c(t) is calculated 
for data within this window. Then the window is shifted 
in time by a small time step t<T and the new value of the 
cross correlation coefficient .is calculated. Here, we have 
used the time shifting of one month to calculate the 
correlation coefficient for each month between CRI and 
SSN for the period 1996 to 2015. The time window bas 
been taken of SO-months. This value was chosen to match 
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OF INHIBITORY EFFECT OF "EVALUATION 
AZADIRACHTA 
CONCENTRATION 

INDICA BY OPTIMIZED 
AGAINST DENTAL PATHOGENS; 

ISOLATED FROM INFECTED TOOTH" 
s~,ITA SHUKLA* & SHRIKANT KOL* 
* Faculty, Department of Biotechnology & Microbiology, A.P.S. University, Rewa (M.P.) 

Abstract: People spent huge amounts of money and time in treating dental caries. Hence, it is 

essential to prevent and control dental caries in public health. The organic extracts of neem sticks 

(stem) were prepared using different solvents such as petroleum ether, chloroform, ethanol and 

distilled water and were screened for its antimicrobial activity. Among the four extracts of neem 

sticks, petroleum ether and chloroform extract showed strong antimicrobial activity. In our 

finding we had observed 40 samples in which then isolated microbes which shows similarity to 

genera of Streptococcus mutans, Streptococcus salivarius and Actinomyces viscosus was highly 

sensitive to the chloroform extracts ,ethanol extract and water extract of A. indica 

Keywords: money, antimicrobial activity, Neem sticks, genera. 
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Role of Environmental and Life Style factors in Susceptibility to Diabetes 
type 2 

'Udita Singh, 1Jitcndra Kumar Tripathi, 2Arti Saxena, 1Arvind Kumar Tripathi · .. 
1 Centre for Biotechnology Studies, A.P.S. University, Rewa, (M.P.), India 
2Department of Zoology, Government Model Science College Rewa 

Abstract : Diabetes type 2 is a multifactorial disorder 
associated with hyperglycemia and abnormal lipid and 
protein metabolism. As multifactorial disorder causing 
factors for diabetes type 2 are multiple. Both genetic and 
environmental (Life Style) factors have been found to be 
associated with diabetic susceptibility. In present 
investigation we investigated the key life style factors 
responsible for diabetes type 2 in our region. We recruited 
I 90 diabetic patients and 210 healthy individuals and 
organized a questionnaire to collect the information about 
Physical activity, smoking and during the questionnaire 
we collected anthropometric data to study the effects of 
obesity. Our findings suggest that Physical inactivity is 
strong contributory factor for diabetic susceptibility (P = 
0.0188) meanwhile smoking was failed to show any 
significant association with diabetic susceptibility. On the 
basis of Body mass indexing and waist to hip ratio it has 
been seen that obesity may be significantly associated with 
diabetes type 2 susceptibility. On the basis of this 
investigation we conclude that environmental factors 
(Physical inactivity and obesity) have strong effects on 
diabetes type 2 susceptibility meanwhile smoking does not 
seem to be associated with diabetes type 2 in our region. . ;. 

Introduction : Type 2 diabetes (T2D) is~a ~omplex 
metabolic disorder resulting from the interplay of both 
genetic and environmental factors like lifestyle and food 
habits (1 ). It has now become global health problem and 
now-a-days it has largest prevalence world wide and it is 
world's sixth leading cause of death. Although causes of 
diabetes are not very much clear as it is a multifactorial 
disorder but life style factors as well as genetic 
susceptibility are now known to cause diabetes type 2. ln 
past two decades the genetic analysis with documentation 
of life style data collection bas suggested the possible 
involvement of the genetic base as well as life style factors . 
. A major problem limiting our understanding of the 
genetic basis of type 2 diabetes is that many environmental 
and genetically based facton influence insulin sensitivity 
and insulin secretion: these include age, gender, ethnicity, 
physical fitness, diet, smoking (2), obesity, and fat 
distribution (3) 

Material and Method 
The study population consisted of 400 unrelated 

subjects comprising of 190 T2D patients and 210 ethnically 

matched controls of central Indian population were 
included in this study. In this region Hindu, Muslim and 
some Sikh peoples are mainly living but most peoples 
belong to Hindu religion in this region. All the participants 
were asked to fill a detailed questionnaire -at the time of 
recruitment, seeking information regardingi ndividual's 
age, sex, ethnicity, dietary habits, physical activity, and 
Jife style, personal and famiJy medical history. 

Anthropometry 
Height and Weight were measured in light clothes 

and without shoes in standing position as per standard 
guidelines. Body Mass Index (BMI) was calculated as 
weight in kilograms divided by height in meters squared. 
Waist circumference was measured in standing position 
midway between iliac crest and lower costal margin and 
hip circumference was measured at its maximum waist to 
hip ratio (WHR) was calculated using waist and hip 
circumferences. Systolic and diastolic blood pressures were 
measured twice in the right arm in sitting position after 
resting for - at least 5 minute using a standard 
sphygmomanometer and the average of the two reading 
was used. 

Biochemical Analysis 

Biochemical paramet~rs rel~ted to type 2 diabetes 
were estimated for both cases and controls subjects. 
M~ure~ent of Serum levels of Total cholesterol (TC), 
Trtglycer1des (TG), HbA 1 c, High density lipoprotein
cholesterol (HDL-C), Low density lipoprotein-cholesterol 
(LDL-C), Urea, Uric acid, C-i-eactive protein (CRP) and 
Creatinine were measured based on spectrophotometric 
method using automated clinical chemistry ~alyzer Cobas 
Integra 400 plus (Roche Diagnostics, Mannheim, 
Germany). 

Results 

Biochemical and clinical findings 
Biochemical test performed in the blood sample 

for following clinical parameters and the findings were 
tabulated. Statistical analysis was done by using student's 
t test and p value obtained suggest the level of significant 
c~anges _here. The descriptive data and comparison of 
b1ochcm1cal parameters of diabetic patients versus controls 
are presented in Table 1. As expected the diabetic patients 
had markedly higher levels of fasting plasma glucose I 

[178] __j 
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c~uKt.·r •~ Pne 1..,f the rJr1dl~ ~n.1\, mg J1sca.,cs. "h1ch is now second leading cause of 
d~alh Our rr1.Y\1,1cJ th"·r,1pcut11.:s h.1~ \cry little dTcct with higha range of side cfli:cts. 
Ch.:nwrrc, cnt1t~n 1s a tlll\ cl slrat1.·gy "h1(h 1s cum:ntly based on the habal drugs which 
h,n c chcmu-rn.,:cdt\ c rx1tcnt1als. Our research \\c..1rk is based on the ph) tochemicaL~ 
rrc~cnt an the rl,mt "'hKh cc..)ulJ reverse or surrress tumor growth. In present 
m,est1g.at11..m ~c ~ck~tcJ Glyon~ m.it (So)be:m) to evaluate its anti-cancerous etkcts. 
We c, alu.11cJ hcr,uic antuniJ.int prnfik and rcvcakd that use of different doses of 
Glyorre r•r.1.t "ork C\ er GSH. Caul.tic acti\ ity meanwhile effect on lipid peroxidation 
rc\Cal that hpiJ pc.-ro, iJJti,m \\as significantly decreased v.ith higher doses of Glycine 
m.i.r. Our finJm~s dearly sugge~t th.it G(rdne m.J..t can significantly suppress or rewrse 
tumor fonnat il'•n by im:rcasing the acti, ity of antioxidant enzymes and lipid 
(":nn:iJation coulJ ~ re, ersdy ahc:reJ. 

Cop~ right: C W 17 S1neh et al. llu1 IS an ~ .:ceu an,dc J,,.tnbut~ under the terms of the Creative Commons A1tnbu11on License. ~ hiL·h ~nnits unrt''itri~lcJ uliC. J1lifnhut1un .. anJ rq,r0Jl11.·1111n 1n any ffl('Jium. rr-.:1 \ 1dt'J th~ ,,nginal author and solll'\-:e are credited. 

Introduction 
Our body is made up of billions of cells; many of 
thes~ cells grow, di\·ide, differentiate and then die 
in a predictable manner. Cancer occurs when 
something goes wrong with this syst~ causing 
un~ontrolled cell division and growth. 
Chcmoprevention is the use of phannacologic or 
natural agents that inhibit the development of 
in\'asive cancer either by blocking the DNA 
damage that initiates carcinogenesis or by 
arresting or reversing the progression of 
premalignant cells in which such damage has 
already occurred. It is well established that 
primary pre\'cntion is the most effective means of 
disea~ control .. especially for cancer remedy. It 

9 

was defined as the utilization of chemically active 
compounds to reverse, suppress or prevent 
progression of disease from pre-invasive cancer 
to flank malignancy (Barnes 1995). 

The generation of reactive oxygen species 
(ROS) is a natural process in any biological 
system and their subsequent accumulation 
induces oxidative stress at the cellular level 
(Sultana and Saleem 2004). Although almost all 
organisms possess antioxidant defense and repair 
systems that have evolved to protect them against 
oxidative damage, these systems are insufficient 
to pre\·ent the damage entirely. Howe\ er, 
exogenous antioxidants, usually found in foods, 
can delay or inhibit the initiation or propagation 
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