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ABSTRACT

Present study was undertaken to study the ameliorative potential of resveratrol on alpha cypermethrin induced
oxidative stress in liver of mice. The insecticide was administered orally at 7 mg/kg body weight to female mice
for period of thirty days. In another sets of experiment animals were treated with three different doses (50 mg/kg
body weight, 100mg/kg body weight and 150mg/kg body weight) of resveratrol along with 7 mg/kg body weight
alpha cypermethrin. Besides these, there were untreated control, vehicle control and resveratrol (antidote) control
groups. For evaluating oxidative stress in liver of mice, enzymes of oxidative stress like Superoxide dismutase,
Catalase, Glutathione peroxidase, Glutathione reducatse and Glutathione-S-tansferase were assayed in all
experimental groups. Result revealed that alpha cypermethrin reduced all these enzymes level significantly
p<0.05compared to alpha cypermethrin alone group. It is concluded that resveratrol ameliorates alpha

cypermethrin induced oxidative stress in liver of mice.
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INTRODUCTION

Pesticides are need of present time to get rid of pests on
the crop fields. However, besides killing the pests these
harmful chemicals enter our food chain. Human is off
course, a non-target species of these pesticides.
However, we do get accumulate them in our body
through food chain or through occupational exposure or
during handling them. Alpha cypermethrin is a synthetic
pyrethroid insecticides used wildly over the crop field as
its relatively safer compare to contemporary
organochlorine and organophosphate pesticides. [©1
Human chronically or sub chronically gets exposed to it
which in turn leads to unwanted morbid changes. In
many toxicological studies its toxicological potential has
been evaluated. Alpha cypermethrin is a neurotoxin; its
chronic exposure to lab animal had caused morbid

changes in brain, liver, kidney, testis and immune

depletion in protein level in liver®, accumulation of lipid
in liver®and generation of reactive oxygen species
(ROS).' These ROS generate oxidative stress in various
organs which leads to morbid changes in level of bio
constituents and oxidative stress enzymes like catalase,
superoxide dismutase (SOD) etc. 17, In present study its
toxicological potential, in terms of its effect on oxidative
like reductase(GR),
peroxidase glutathione S

stress enzymes

glutathione

glutathione

(GSH-Px),
transferase and catalase were evaluated in liver of mice
after chronic exposure. On other hand resveratrol was
used as an antidote to combat these toxicological
alterations. Resveratrol is a stillbene a kind of
polyphenol present in red grapes, peanut skin, red wine,
itadori tea and root of Polygonum caspadutum8.It has
been used since ages in Chines and Japanese traditional

medicines . It’s an anti aging, anti-inflammatory and

system.™? Its exposure leads to lipid peroxidation®®, anti-carcinogenic ¥ and the ayurvedic formula
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‘drakshashw’ contain abundant amount of itl%. It’s a
potent antioxidant and has also been found to boost
antioxidant defense mechanisms of the body, in various
studies. Hence in present studies impact of resveratrol
co treatment along with high does alpha cypermethrin
treatment was evaluated.

MATERIAL AND METHOD

In present study, female strain Swiss albino mice (Mus
musculus) were selected as the test animal. Animals
were kept at Animal House of Department of Zoology,
Gujarat University, Ahmedabad. These animals were
Dholka,
Ahmedabad. Entire work was carried out in the research

procured from Cadila Research Centre,

Int J Pharm Biol Sci.

laboratory of the zoology department, Gujarat
University. Animal were kept in an animal house room
with 12 hrs of light and dark period. Animal were kept
at 25C + 2 C* temperature with relative humidity 50-55%
and provided standard mice pellet diet prepared by
Amrut Feeds, Pranav Industries Ltd., Pune. All chemicals
were of analytical grade and had purity of 99% and
purchased from Himedia Ltd. And Sigma-aldrich limited.
Alpha cypermethrin 99.5% was gifted from local
pesticide manufacturing company. Animals were fed
both alpha cypermethrin and resveratrol diluted in corn
oil through oral feeding gauge. The experimental groups
were prepared as follows with each group bear ten

female Swiss albino mice.

Tablel: Experimental groups and dose

Groups Treatment No.of Duration of Day of
P Animal treatment Autopsy
| Untreated control 10 30 days 31t
I Corn ail control st
(0.2 ml/animal/day) 10 30 days 31
Resveratrol control
11 High dose resveratrol 10 30 days 31
(150 mg/ kg b.w./day)
High dose alpha cypermethrin st
V. (7mg/kg body weight (b.w) /day) 10 30 days 31
High dose alpha cypermethrin
V. (7mg/kg b.w./day) + Low dose resveratrol 10 30 days 31
(50mg/kg b.w./day)
High dose alpha cypermethrin
VI. (7mg/kg b.w./day) + Mid dose resveratrol 10 30 days 31
(100mg/ kg b.w./ day)
High dose alpha cypermethrin
VILI. (7mg/kg b.w/day) + High dose resveratrol (150 10 30 days 31

mg/ kg b.w./day)

On 31t day mice were autopsied by cervical dislocation
and liver tissues were cut in to pieces of 100 mg for the
estimation of Catalase, Superoxide dismutase (SOD),
Glutathione reductase (GR), Glutathione peroxidase
(GSH-Px) and Glutathione-S-Transferase (GST) in all
experimental groups.

Catalase (EC.1.11.1.6) activity: The catalase activity was
estimated by luck,1939’s 'Y method. A known amount
of liver tissue was homogenized in a known volume of
0.01 % chilled digitonin and centrifuged at 3,000 g for 30

mm at 4°C. The supernatant was used as an aliquot. The
estimation mixture contained 50 milimolar phosphate
buffer with pH 7.0, 1 ml aliqot and 10 milimolar H202
was added to begin reaction. The decrease in
absorbance was noted at interval of 5 seconds at 240
nm. The enzymatic activity was expressed as i moles
H202 consumed/mg protein/min.

Superoxide dismutase (EC.1.15.1.1) activity: Kakkar et,
al. 1984112

superoxide dismutase activity with slight modification.

method was used to estimate the
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The method
methosulfate-nitroblue

is based on the NADPH-phenazine (1967) %, The enzyme activity was expressed as

tetrazolium formazon units/mg protein/min, where 1 unit of GSH-Px equals to
nmoles of NADPH consumed/mg protein/min.

Glutathione-S-transferase (EC 2.5.1.18) activity: The
glutathione-S-transferase (GST) activity was assayed by
the method of Habig et al. (1974) 3. The increase in
absorbance was noted at 340 nm using 1-chloro-2,4-
dinitrobenzene (CDNB).

calculated as umoles CDNB conjugates formed/mg

inhibition. The formazon formed at the end of the
reaction was extracted into butanol layer after stopping
the reaction by adding acetic acid. Prior to this,
hypotonic KCl was used to extract enzyme. The activity
was expressed as units/mg protein.

reductase (E.C.1.6.4.2) activity: The
glutathione reductase (GR) activity in liver was assayed
by the method of Mavis and Stellwagen (1968) 3. The
enzyme catalyzes the conversion of oxidized glutathione
(GSSG) to reduced glutathione (GSH). The decrease in
absorbance was recorded for 5 min at 340 nm. The

Glutathione The enzyme activity was
protein/min. To evaluate result scientifically, Mean and
standard error were determined for all the parameters,
and the results were expressed as a mean * standard
error of the mean (SEM). This was calculated through
enzyme activity was calculated as nmoles NADPH Microsoft Excel, 2007 software. The data were analyzed
consumed/mg protein/min. by employing analysis of variance (ANOVA) following
Glutathione peroxidase (EC.1.11.1.9) activity: The

glutathione peroxidase (GSH-Px) activity in the liver was

TUKY’S test to determine significance difference among
groups at p<0.05, using SPSS:16 software.
assayed by the modified method of Pagila and Valentine

Results: Detail results are depicted in table-2.
Table-2: Showing effect of alpha cypermethrin on oxidative stress enzymes in liver of mice and its amelioration
by resveratrol

Oxidative stress

EXPERIENTAL GROUPS

Parameter | 1] 1] v \'} \'/] Vil
Untreated Vehicle Resveratrol HD ACP HD ACP + LD HD ACP + MD HD ACP + HD
Control control control RES RES RES
CAT 10.44 +0.08 10.45 +0.08 10.68+ 0.2 3.97 +0.323cde 5.25+ 0.053bde 7.2+ 0.023bce 9.24+ 0.043bcd
(umoles H,0; (62.01) (19.78) (49.92) (81.45)
consumed/ mg
protein/min)
SOD 4.31+£0.06 4.40 £0.07 4.27+0.05 1.30 +0.05zcde 2.36+ 0.063bde 3.41+ 0.093bce 4,19+ 0.033bcd
(units/mg (70.45) (35.22) (70.1) (96.01)
protein)
GR 4.43 +0.02 4.44 +0.04 4.44+ 0.04 1.27 +0.023cde 2.19+ 0.04zabde 3.174 0.093bce 4.24+ 0.052bcd
(nmoles NADPH (71.40) (29.11) (60.12) (93.99)
consumed/mg
protein/min)
GSH-Px 4.35+0.06 4.32£0.04 4.65+ 0.07 0.99 +0.023cde 1.81+ 0.01abde 2.94+ 0.043bce 3.97+ 0.073bcd
(nmoles NADPH (77.08) (24.40) (58.04) (88.69)
consumed/mg
protein/min)
GST 5.49 £ 0.05 5.54 +0.05 5.62+ 0.06 1.46 +0.063cde 2.37+0.03abde 2.94+ 0.043bce 4,13+ 0.052bcd
(umoles of CDNB (67.84) (22.58) (36.72) (66.25)
conjugate
formed/mg
protein/min)
Abbreviations: LD=Low dose, MD=Mid dose, HD=High dose,
ACP: alpha cypermethrin, RES=Resveratrol
‘a’ represents significant difference (p<0.05) when compared to vehicle contol, i.e group Il

‘b’ represents significant difference (p< 0.05) when compared to Group IV

‘c’ represents significant difference (p<0.05) when compared to Group V

‘d’ represents significant difference (p<0.05) when compared to Group VI

‘e’ represents significant difference (p<0.05) when compared to Group VII

Values in Italics within parenthesis indicate percentage change from control value,
Values in Bold within parenthesis indicates hepatoprotective index based on Group IV values
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Results indicate that there is no any significant
difference among control groups of each parameter. In
alpha cypermethrin treated group catalase level
depletes 62.01 percent level which gets restored to all
Highest

Hepatoprotective index 81.45 in terms of catalase level

resveratrol co treatment groups.
restoration, is obtained in group VII, followed by 49.92
in group VI and 19.78 in group V. SOD level depletes
significantly in alpha cypermethrin treated group (IV)
with percentage change of 70.45 percent from vehicle
control group (ll). Resveratrol co treatment increase
SOD level in each group V, VI and VII. In terms of
Hepatoprotective index for SOD, 96.01 is obtained in
group VII followed by 70.01 and 35.22 in VI and V
respectively. In alpha cypermethrin treated group GR
level depletes 71.40 percent level which gets restored
Highest
Hepatoprotective index 93.99 in terms of GR level

to all resveratrol co treatment groups.
restoration is obtained in group VII, followed by 60.12 in
group VI and 29.11 in group V. GSH_PX and GST also
show same pattern like other enzymes. High dose alpha
cypermethrin treatment declined both enzymes level
significantly (p<0.05) from vehicle control value. In term
of percentage change, 77.08 and 67.84 percent change
was observed in GSH-Px and GST level respectively
among high dose alpha cypermethrin treated group. In
terms of hepatoprotection, highest hepetoprotection
(88.69) is observed in group VII followed by 58.04 and
24.4 in group VI and V respectively for GSH-Px. For GST
highest hepatoprotective index was observed in group
VIl (66.25) followed by group VI (36.72) and group V
(22.58).

DISCUSSION:

In present study alpha cypermethrin treatment has
caused significant reduction in the oxidative stress
enzymes parameters viz., CAT, SOD, GR, GSH-Px and GST
from that of vehicle control. These enzymes keep
cellular integrity and protect the cell from any oxidative
damage. However, results depicted in table 2 clearly
indicates that these enzymes level got hampered by the
alpha cypermethrin treatment. In many studies it has
been found that alpha cypermethrin treatment
increases lipid peroxidation in various organs [161 (171 (18],
Lipid peroxidation along with oxidative stress enzymes
depletion is the consequences of ROS leaded oxidative
stress. Catalse is the enzyme that protects the cell from
oxidative damage by reactive oxygen species (ROS). It

Int J Pharm Biol Sci.

converts hydrogen peroxide molecules to water [** and
thus protect the cell from oxidative damage. SOD
catalyse the dismutation of superoxide radicles in to
molecular oxygen or hydrogen peroxide. Catalase is an
important enzyme to remove hydrogen peroxide
generated by SOD. Depletion of SOD is suggestive of
free radicles generation and utilization of SOD to
combat it. Alpha cypermethrin metabolize in liver via
oxidative and esoteric pathway through cytochrome
p450 microsomal enzyme system and that causes
production of reactive oxygen species which lead to
decline in oxidative stress enzyme and production of
reactive oxygen species 2% 2U Cyanohydrin is a
metabolic product of alpha cypermethrin which on
further decomposition produce cyanides and aldehydes
that can generate reactive oxygen species 2%, These
finding confirms that alpha cypermethrin produces ROS.
These ROS generate oxidative stress which lead to more
and more utilization of these enzymes which lead to
depletion of these enzymes level and that is evident
from the result depicted in table 2. In a similar study by
Khan et. al. (2005) 2 it was found that pesticide
treatment caused increased in lipid peroxidation and
decrease in GSH, GPx, GST,CAT and SOD level at p<0.001
level in liver of mice. GSH reductase is the enzyme that
reduces glutathione. Glutathione is three amino acid
peptides with thiol group which donates it hydrogen to
free radicals and itself oxidized. Oxidized glutathione
reacts with other oxidized glutathione molecule to form
GSSG i.e. glutathione disulphide ?¥, GSH can be
regenerated from GSSG by GR #°l. Depletion of GR in
present study may be attributed to its more utilization
due to oxidative stress. GSH-Px is the enzyme that
catalyzes the reduction of lipid hydroperoxide to
corresponding alcohol and reduction of hydrogen
peroxide to water. In a reaction two GSH molecules
reacts with one hydrogen peroxide molecule to form
one GSSG i.e glutathione disulphide and molecule of
water %1 As noted earlier GR regenerates GSH from
GSSG. Along with GR here GSH-Px also depletes due to
alpha cypermethrin treatment. This can be attributed to
their more utilization during oxidative stress. GST binds
to toxin and its metabolites which may have depleted its
concentration due to alpha cypermethrin treatment.
GST is the enzyme that has binding site for both
xenobiotic or ROS as well as binding site for GSH; thus it
mediates binding of GSH to its substrate and in addition
it also activates GSH to neutralize ROS [271[28] Depleted
level of GST under influence of the treatment of alpha
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cypermethrin in present study is indication of its over
utilization. The depletion of these enzymes may have
other reasons besides their over utilization; all these
enzymes are protein and it has been noted that alpha
cypermethrin treatment damage DNA content
which may to lead corresponding depletion in protein
level too. In addition, ROS generated by alpha
cypermethrin may altered the gene expression. Thus, it
is possible that m-RNA content encoding for translation
of these enzymes may have reduced.

On other hand resveratrol treatment has restored all
these morbid changes in the dose dependent manner.
In terms of protective index resveratrol treatment has
restored oxidative enzymes level at more than 80
percent except GST (66.25) at the highest does. In a
similar study, resveratrol ameliorated ethanol induced
lipid peroxidation, SOD, GPX, Catalase and GR in liver of
rat B9, In a study where alloxan treatment had altered
catalase, SOD, GSH-Px and GST in liver and kidney of
mice, resveratrol cotreatment restored their level at

(31 Resveratrol

significantly protects  against
methotrexate induced oxidative stress and maintains
normal liver histophysiology B32. All these studies
corroborate our finding where resveratrol has
significantly ameliorated alpha cypermethrin induced
morbid changes in oxidative enzymes level significantly
(p<0.05) in each resveratrol co treatment group along
with alpha cypermethrin. The hepatoprotective effect
of resveratrol is due to its immense antioxidant power.
In an in vitro study, resveratrol scavenged reactive
oxygen radicals [*3. As noted earlier alpha cypermethrin
treatment caused generation of free radicals, these
radicals might had scavenged by resveratrol and thus
liver's endogenous antioxidant system remain less
affected and these enzymes had not used up and that
leaded

treatment along with alpha cypermethrin in present

to their restoration with resveratrol co

study. Resveratrol treatment also protects the cell from

oxidative DNA damge 14,

this might have leaded to
protection of hepatocytes’ DNA and subsequently m-
RNA and proteins including all oxidative enzymes too
from alpha cypermethrin induced changes which is also
possible reason for the restoration of these antioxidant
enzymes with resveratrol co treatment along with alpha

cypermethrin.

Int J Pharm Biol Sci.

CONCLUSIONS:

From present study it is evident that alpha cypermethrin
causes significant alteration in liver oxidative stress
enzymes like Catalase, Superoxide dismutase,
Glutathione peroxidase, Glutathione reductase and
Glutathione-S-transferase from vehicle control group.
These changes can be considered as morbid changes
and various researches supports these findings. On
other hand resveratrol at three different doses had
restored these oxidative stress enzymes significantly
(p<0.05) from high dose alpha cypermethrin treated
groups alone. Thus, it can be concluded that resveratrol
has potential as antidote against chronic or sub chronic

exposure to alpha cypermethrin in mice.

REFERENCES

1. Elliot M., The pyrethroids: Early discovery, recent
advances and the future. Pest Management Science,
27(4):337-351(1989).

2. Manna S., Bhattacharyya D., manadal T., Dey S.,
Neuropharmacological effect of alpha-cypermethrin in
rats. Indian Journal of Pharmacology;37(1):18-20
(2005).

3. Raina R, Verma P., Pankaj N., Prawez S., Induction of
oxidative stress and lipid peroxidation in rats chronically
exposed to cypermethrin through dermal application.
Journal of Veterinary Science, 10(3): 257-259 (2009).

4. Begum G., In vivo biochemical changes in liver and gill
of Clarias batrachus during cypermethrin exposure and
following cessation of exposure. Pesticide Biochemistry
and Physiology; 82(3):185-196 (2005).

5. Kanbur M., Eraslan G., Ince S., Altintas L., Liman B.,
Bayram C.,The Effects of Propetamphos, Cypermethrin
and Propetamphos Cypermethrin Combination on Some
Biochemical and Histopathological Parameters in Mice.
Kafkas Universitesi Veteriner Fakultesi Dergisi Journal,
21 (2): 187-194 (2015)

6. Helocine L., Merzouk H., Merzouk S., Ghorzi H., Youbi
M.m, & Narce M., The effects of alpha-cypermethrin
exposure on biochemical and redox parameters in
pregnant rats and their newborns. Pesticide
Biochemistry and Physiology,134:49-54(2016)

7. MannasS., Bhattacharyya D., Basak D., Mandal T., Single
oral dose toxicity study of a-cyperrmethrin in rats.
Indian Journal of Pharmacology ;36(1):25-28 (2004)

8. Burns J., Yokota T., Ashihara H., Lean M., Crozier A.,
Plant Foods and Herbal Sources of Resveratrol. Journal
of Agricultural Food Chemistry, 50 (11):3337-3340
(2002)

9. LlastraC,, Villegas |., Resveratrol as an anti-inflammatory
and anti-aging agent:

Mechanisms and clinical

International Journal of Pharmacy and Biological Sciences

A.J. Koshti'and R.J. Verma 883 J

L’

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raina%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19687627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pankaj%20NK%5BAuthor%5D&cauthor=true&cauthor_uid=19687627
https://www.sciencedirect.com/science/journal/00483575
https://www.sciencedirect.com/science/journal/00483575
https://www.sciencedirect.com/science/journal/00483575
https://www.sciencedirect.com/science/journal/00483575
https://pubs.acs.org/author/Burns%2C+Jennifer
https://pubs.acs.org/author/Yokota%2C+Takao
https://pubs.acs.org/author/Lean%2C+Michael+E+J

14.

15.

16.

17.

18.

19.

20.

21.

22.

N

)

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

3

implications. Molecular nutrition and food research,
49(5):405-430 (2005)

Harikumar K., & Aggarwal B., Resveratrol: a
multitargeted agent for age-associated chronic
diseases. Cell Cycle;7: 1020-1035 (2008)

Luck H., A spectrophotometric method for the
estimation of catalase. In: Methods of Enzymatic
Analysis, Bergmeyer, H.U. (ed.); Academic Press, New
York, 886-887 (1963)

Kakkar P., Das B., A modified
spectrophotometric assay of superoxide dismutase.
Indian Journal of Biochemistry and Biophysics,21; 130-
132 (1984).

Mavis R., Stellwagen E.,
structure of glutathione reductase from baker’s yeast.
The Journal of biological chemistry; 243: 809- 814
(1968).

Pagila, D., Valentine, W., Studies on the quantitative and

Viswanathan P.,

Purification and subunit

qualitative characterization of erythrocyte glutathione
peroxidase Journal of Laboratory and Clinical
medicine,70:158-169 (1967)

Habig W., Pabst M., Jokoby W., (1974). Glutathione S-
transferase: The first enzymatic step in mercapturic acid
formation. The Journal of Biochemistry, 249:7130-7139
Wielgomas B., Krechniak J., Effect of a-cypermethrin
and chlorpyrifos in a 28-day study on free radical
parameters and cholinesterase activity in wistar rats.
Polish Journal of Environtal Studies,16:91-95 (2007)
Muthuviveganandavel V., Muthuraman P., Muthu S,,
Srikumar K., A study on low dose cypermethrin induced
histopathology, lipid peroxidation and marker enzyme
changes in male rat. Pesticide Biochemistry and
Physiology; 91(1):12-16 (2008)

Raina R., Verma P., Pankaj N., & Kant V., Ameliorative
effects of alpha-tocopherol on cypermethrin induced
oxidative stress and lipid peroxidation in Wistar rats.
International Journal of Medicine and Medical Sciences;
1(9): 396-99 (2009)

Goodsell D,. "Catalase". Molecule of the Month. RCSB
Protein Data Bank. Retrieved 2016-08-23 (2004)

Sayim F., Yavasoglu N., Uyanikgil Y., Aktug H., Yavasoglu
A., Turgut M., Neurotoxic effect of cypermethrin in
wistar rats: A haematological, biochemical and
histopathological study. Journal of Health Science,
51:300-307 (2005)

Manna S., Bhattacharyya D., manadal T., Dey S.,
Neuropharmacological effect of alpha-cypermethrin in
rats. Indian Journal of Pharmacology,37(1):18-20 (2005)
Wielgomas B., Krechniak J., Effect of a-cypermethrin
and chlorpyrifos in a 28-day study on free radical
parameters and cholinesterase activity in wistar rats.
Polish J Environ Stud; 16:91-95 (2007)

[ Received:03.08.18, Accepted: 05.09.18, Published:01.10.2018 }

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Int J Pharm Biol Sci.

Khan S., Sobti R., kataria L., Pesticide-induced alteration
in mice hepato-oxidative status and protective effects of
black tea extract. Clinical Chimica Acta; 358(1-2):131-
138 (2005)

Kaplowitz N., The importance and regulation of hepatic
glutathione. The Yale journal of biology and medicine;54
(6):497-502 (1981)

Couto N., Malys N., Gaskell S., Barber J., Partition and
turnover of glutathione reductase from Saccharomyces
cerevisiae: a proteomic approach. Journal of Proteome
Research;12 (6): 2885—-94 (2013)

Bhabak K., Mugesh G., Functional mimics of glutathione
peroxidase: bioinspired synthetic
antioxidants. Accounts of Chemical Research; 43 (11):
1408-19 (2010)

Eaton D., Bammler T., (1999). Concise review of the
glutathione S-transferases and their significance to
toxicology. Toxicological Sciences, 49 (2): 156—64.
Nishida M., Harada S., Noguchi S., Satow Y., Inoue H., &
Takahashi K., (1998). Three-dimensional structure of
Escherichia coli glutathione S-transferase complexed
with glutathione sulfonate: catalytic roles of Cys10 and
His106; Journal of Molecular Biology. 281 (1): 135-47.
Patel S., Pandey A., Bajpayee M., Parmar D., & Dhawan
A., Cypermethrin-induced DNA damage in organs and
tissues of the mouse: evidence from the comet assay.
Mutation research,5; 607(2):176-83 (2012)

Grissa A., Mornagui B., Aouai E., Hammami M., May M.,
Gharbi N., Kamoun A., Fazaa S., Resveratrol, a red wine
polyphenol, attenuates ethanol-induced oxidative
stress in rat liver. Life Sciences;80(11):1033-39 (2007).
Ramar M., Manikandan B., Raman T., priydarshini A.,
Palanisamy S., Velayudam M., Munusamy A.,Prabhu N.,
vaseeharan B., Protective effect of ferulic acid and
resveratrol against alloxan-induced diabetes in mice.
European Journal of Pharmacology;690(1-3);226-235
(2012)

Dalakiloglu S., Genec G., Aksoy N., Akcit F., Gumuslu S.,
Resveratrol ameliorates methotrexate-induced
hepatotoxicity in rats via inhibition of lipid peroxidation.
Human and Experimental Toxicology, 32(6);662-671
(2013)

Sgambato A., Ardito R., Faraglia B., Boninsegna A., Wolf
F., & Cittadini A., Resveratrol, a natural phenolic
compound, inhibits cell proliferation and prevents.
Mutation Researchl; 496(1-2):171-180 (2001)

Mahal H., Mukherjee T., Scavenging of reactive oxygen
radicals by resveratrol: antioxidant effect. Research on
Chemical Intermediates; 32(1):59-71 (2006)

*Corresponding Author:
A.J. Koshti*
Email: amitjkoshti@gmail.com

International Journal of Pharmacy and Biological Sciences

AJ. Koshti'and R.J. Verma =~ 884

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/
https://www.sciencedirect.com/science/article/abs/pii/S0048357507001563#!
https://www.sciencedirect.com/science/article/abs/pii/S0048357507001563#!
https://www.sciencedirect.com/science/article/abs/pii/S0048357507001563#!
https://www.sciencedirect.com/science/article/abs/pii/S0048357507001563#!
https://www.sciencedirect.com/science/journal/00483575
https://www.sciencedirect.com/science/journal/00483575
http://pdb101.rcsb.org/motm/57
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2596047
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2596047
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2596047
http://toxsci.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=10416260
http://toxsci.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=10416260
http://toxsci.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=10416260
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16765632
https://www.sciencedirect.com/science/journal/00142999
https://link.springer.com/journal/11164
https://link.springer.com/journal/11164

