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ABSTRACT  

The present study was an attempt to evaluate alpha cypermethrin toxicity in liver of mice and its amelioration by 

resveratrol. For these, mice were treated with high dose of alpha cypermethrin along with untreated control and 

vehicle control groups. In another sets of experiments, animals were treated with high dose of alpha cypermethrin 

along with different doses of resveratrol to see its ameliorative effect. All treatments were carried out orally for 30 

days. Results revealed significant reduction in protein and glycogen content as compared to vehicle control when 

treated with high dose of alpha cypermethrin. In addition, lipid and cholesterol contents were significantly increased 

in liver of alpha cypermethrin treated mice. On the other hand, oral administration of resveratrol doses along with 

alpha cypermethrin restored all toxic changes in biochemical constituents significantly as compared to high dose 

alpha cypermethrin treated groups. The effect was dose dependent. It is concluded that resveratrol ameliorates 

alpha cypermethrin induced biochemical toxicity in liver of mice. 
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INTRODUCTION 

Alpha cypermethrin, a synthetic pyrethroid, is a kind of 

insecticide used in the crop fields to kill pests. Alpha-

Cypermethrin contains more than 90% of the 

insecticidally most active enantiomer pair of the four cis 

isomers of cypermethrin as a racemic mixture. The 

metabolism of alpha cypermethrin is quite rapid, and 

during its metabolism reactive oxygen species (ROS) are 

generated. [01] These free radicals, which are most 

active, cause oxidative stress through peroxidation of 

the lipid membrane. Damage may occur in certain 

tissues and organs, due to either the free radicals [02] 

that are generated or the direct effect of the pesticides 

on biological membrane [03] In a study conducted alpha 

cypermethrin treatment caused histological changes in 

liver, kidney, lung and brain in rats. [04] Resveratrol (3, 5, 

4’-trihydroxystilbene) is a naturally occurring 

polyphenolic compound found largely in the skin of 

grapes. It is also a part of several herbal preparations. 

Drakshasava, an Ayurvedic formulation prepared from 

red grapes is used in treatment of several diseases 

affecting gastro-intestinal system.[05]  Resveratrol 

attracted little interest until 1992, when it was first 

postulated to explain some of the cardioprotective 

effects of red wine.[06]  In 2008, research by Markus and 

his colleagues  [07]  showed that resveratrol is useful in 

prevention of aging and enhances life span.  

The present study is an attempt to evaluate alpha 

cypermethrin toxicity in liver of mice and its 

amelioration by resveratrol in mice. Toxicity is evaluated 

in terms biochemical constituents viz., protein, 

glycogen, lipid and cholesterol level in different 

experimental groups. 

 

MATERIALS AND METHODS:  

In present study, Swiss strain female albino mice (Mus 

musculus) were used as the test animal. Animals were 

kept at Animal House of Department of Zoology, Gujarat 
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University, Ahmedabad. These animals were procured 

from Cadila Research Centre, Dholka, Ahmedabad, 

India. Animal were kept in an animal house of zoology 

department with 12 hrs of light and dark period. Animal 

were kept at 250C+20C 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 from HiMedia 

limited. and Sigma-aldrich limited. Alpha cypermethrin 

99.5% was gifted from local pesticide manufacturing 

company. Animals were fed with alpha cypermethrin 

and resveratrol diluted in corn oil through oral feeding 

gauge. The experimental groups were as mentioned in 

Table 1. 

 

Table 1 showing different experimental groups 

Groups Treatment 
No.of 

Animal 
Duration of 
treatment 

Day of Autopsy 

I Untreated control 10 30 days 31st 

II 
Vehicle Control 
(0.2 ml corn oil /animal/day) 

10 30 days 31st 

III 
Resveratrol control 
(150 mg/kg body weight/day) 

10 30 days 31st 

IV. 
High dose alpha cypermethrin (HD ACP) 
(7mg/kg body weight (b.w) /day) 

10 30 days 31st 

V. 
High dose alpha cypermethrin (HD ACP) (7 
mg / kg b.w./ day) + Low dose resveratrol (LD 
RES) (50 mg / kg b.w./ day) 

10 30 days 31st 

VI. 
High dose alpha cypermethrin (HD ACP) 
(7mg/kg b.w./day) + Mid dose resveratrol 
(MD RES) (100 mg / kg b.w./ day) 

10 30 days 31st 

VII. 
High dose alpha cypermethrin (7mg/kg 
b.w/day) (HD ACP) + High dose resveratrol 
(HD RES) (150 mg / kg b.w./day) 

10 30 days 31st 

 

On 31st day mice were humanly sacrificed, and liver 

tissue was isolated, blotted free of blood and used for 

the estimation of protein, total lipid, cholesterol and 

glycogen. The protein level was estimated by the 

method of Lowry et al. (1951).[08]  Reaction of protein 

with Folin Ciocalteau reagent produces blue colour due 

to interaction of alkaline copper sulphate reaction with 

peptide bonds; the other reaction counts for blue colour 

development is phosphomolybdic and phosphotungstic 

acids reduction by aromatic amino acids present in the 

protein. Resulting blue colour was measured at 540 nm. 

The protein contents were expressed as mg /100 mg 

fresh tissue weight. The glycogen content in the liver 

was estimated by the method of Seifter et al. (1950). [09] 

The glycogen present in tissue is converted to glucose, 

which reacts with anthrone reagent and gives a green 

coloured product which was read at 620 nm. The 

glycogen content was expressed as µg/100 mg tissue 

weight. Total lipid content in the liver was estimated 

according to the method of Fringes et al. (1972) [10] using 

olive oil as a standard. Lipid when boiled with sulphuric 

acid along with vanillin and phosphoric acid yields a pink 

colour whose optical density is measured at 530 nm. 

The total lipid content was expressed as mg /100 mg of 

tissue weight. The level of cholesterol was estimated in 

the liver by the method of Zlatki et al. (1953) [11] 

Cholesterol forms a coloured complex with FeCl3 along 

with concentrated sulphuric acid and glacial acetic acid 

and optical density of colour compound was measured 

at 540 nm. The cholesterol content was expressed as 

mg/100 mg tissue weight in liver and mg/dL. The mean 

value of each parameter of each group was calculated 

and then it was followed by measuring standard 

deviation and standard error. This calculation was done 

by Microsoft Excel,2010. Significance difference among 

groups at p< 0.05 was carried out by Analysis of Variance 

followed by One-way Tukey’s Test by SPSS, 16 software. 
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RESULTS:  

Table-2: Showing effect of alpha cypermethrin on major bio constituents in liver of mice and its amelioration by 

resveratrol.  

Parameters EXPERIMENTAL GROUPS 

I II III IV V VI VII 

Untreated 
Control 

Vehicle 
control 

RES 
control 

HD ACP HD ACP + LD 
RES  

HD ACP + MD 
RES 

HD ACP + HD RES 

Protein 
mg/100 mg tissue 
weight) 

20.43 ± 0.19 20.38± 0.06 20.43± 0.14 9.50 ± 0.12acde 

(53.39) 
12.39± 0.11abde 

(26.5) 
15.29± 0.78abce 
(53.17) 

18.49 ± 0.09abcd 

(82.61) 

Glycogen 
µg/100 mg tissue 
weight) 

1453 ± 11.4 1461 ±7.74 1470 ±9.41 545 ±    6.18acde 

(62.69) 
874 ±    5.10abde 

35.92 
1135 ± 9.63abce 

(64.41) 
1352 ± 9.49abcd 

(88.01) 

Total Lipid content 
(mg/100 mg tissue 
weight) 

3.37 ± 0.09 3.31 ± 0.06 3.65 ± 0.09 9.32 ±   0.03acde 

(181.57) 
6.26 ±   0.05abcd 

(50.92) 
5.32 ± 0.07abce 

(66.55) 
4.15 ± 0.11abcd 

(86.02) 

Cholesterol content 
(mg/100 mg tissue 
weight) 

1.09 ± 0.02 1.13 ± 0.02 1.10 ± 0.03 2.15 ±    
0.02acde 

(90.26) 

1.84 ±   0.01abcd 

(30.39) 
1.62 ± 0.01abce 

(51.96) 
1.36 ± 0.02abcd 

(77.45) 

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 control, i.e group II 
‘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 vehicle control value, 
Values in bold within parenthesis indicate hepatoprotective index based on Group IV values. 

 

No significant difference was observed amongst 

different control groups of animals. Oral administration 

of alpha cypermethrin caused significant reduction in 

protein and glycogen content in liver of mice where as 

it increased lipid and cholesterol content. However, co 

administration of resveratrol along with alpha 

cypermethrin caused significant amelioration in all 

parameters in all co treatment groups (Groups V to VII). 

Resveratrol co treatment increased protein and 

glycogen content where as it depleted lipid and 

cholesterol content significantly p<0.05 compared to 

high dose alpha cypermethrin treated groups. The 

effects were dose dependent. Maximum amelioration 

was with high dose resveratrol for all parameters (Table 

2). In terms of hepatoprotective index it is more than 77 

for all the parameters.  

 

DISCUSSION  

Toxicity of alpha cypermethrin is confirmed from the 

significant (p<0.05) difference in values of protein, total 

lipid, glycogen and cholesterol from vehicle control. It is 

evident from the result that alpha cypermethrin alters 

the biochemical constituent’s level significantly from 

the vehicle control groups. In a study conducted by 

Bengum G. (2005), [12] it was found that the alpha 

cypermethrin treatment for 10 days reduces protein 

level in liver of the test animals. Bhusan B. et al., (2013) 
[13] showed that cypermethrin treatment to rat leads to 

decrease in glycogen and protein level significantly. This 

decrease in protein content is because of breakdown of 

structural protein. Pyrethroid and its toxic metabolites 

lead to hepatocellular membrane damage which in turn 

leads to protein depletion. [14]  

Cypermethrin metabolized in the liver via the hydrolytic 

ester cleavage and an oxidative pathway by the 

cytochrome P-450 microsomal enzyme system, which 

caused oxidative stress and reduces glycogen level, 

leading to hepatic degeneration and necrosis.[15] The 

depletion in protein can be due to fact that free radicals 

are generated due to alpha cypermethrin treatment.[16] 

Free primary oxygen radicals produced in cells and their 

secondary lipid radical intermediates can modify and 

fragment proteins; the products are often more 

susceptible to enzymatic hydrolysis and so radical fluxes 

may accelerate proteolysis inside and outside cells.[17] 

Proteins can be oxidatively modified in three ways: 

oxidative modification of specific amino acid, free 

radical mediated peptide cleavage, and formation of 
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protein cross-linkage due to reaction with lipid 

peroxidation products. Protein containing amino acids 

such as methionine, cystein, arginine, and histidine 

seem to be the most vulnerable to oxidation; Protein 

oxidation affects the alteration of signal transduction 

mechanism, enzyme activity, heat stability, and 

proteolysis. [18] This finding supports present finding of 

depletion in protein level when treated with alpha 

cypermethrin. Alpha cypermethrin treatment in rat 

caused lipid peroxidation and generation of free radicals 

in liver. [19] These findings explain the significant 

depletion (p<0.5) in protein content in alpha 

cypermethrin treated group compare to vehicle control 

in present study. Sub lethal dose of pyrethroid 

treatment for 21 days caused depletion in protein and 

glycogen content in muscles and liver in the test animals 

in present study. In a study [12], the test animals showed 

an increased rate of lipogenesis in liver, muscle, kidney 

and ovary during the exposure period when kept at 1/3 

LD50 for 96 hrs. In present study also increased in lipid 

level is seen due to alpha cypermethrin treatment to 

mice. As shown in result cholesterol level increased 

significantly in alpha cypermethrin treated groups. In a 

study [20] it was found that exposure to acute dose of 

alpha cypermethrin to male, guppy fish in liver, brain 

and gill caused increased in cholesterol level. In a study 

on rabbit [21] it was found that, cypermethrin (24mg/kg 

Body weight) caused a significant (P<0.05) increase in 

the levels of plasma total lipids (TL), cholesterol, 

triglyceride (TG), low density lipoprotein (LDL) and very 

low-density lipoprotein (VLDL). On other hand 

resveratrol co treatment in three different doses was 

given to alpha cypermethrin treated mice as mentioned 

earlier. Resveratrol has decreased lipid level 

significantly (p<0.05) in all three doses compared to 

alpha cypermethrin group alone, restoration of lipid 

level is quiet high in high dose resveratrol co treatment. 

In terms of hepatoprotective index, it was 86.02. In a 

study it was found that fatty liver was induced by high 

fat diet was ameliorated by resveratrol treatment [22] 

and liver lipid level was reduced significantly. This 

finding corroborates our findings where alpha 

cypermethrin treatment caused lipid depositions in 

liver. Resveratrol, a dietary polyphenol, has been 

identified as a potent activator for both sirtulin 1 (SIRT 

1) and AMPK (AMP- activated kinases (AMPK). These 

both are signaling molecules for lipid metabolism 

pathway. Resveratrol treatment increases SIRT1 

expression levels and stimulated AMPK activity in liver 

of mice [23]   and this fact explain depletion of lipid after 

resveratrol treatment as resveratrol enhances lipid 

metabolism. Protein depletion is found due to 

treatment of alpha cypermethrin, this depleted protein 

restored in each resveratrol co treated group 

significantly from alpha cypermethrin treated group 

alone. Resveratrol protects against the reactive oxygen 

species induced protein damage [24] which may be the 

reason of restoration of protein by resveratrol 

treatment.  In a study [25] resveratrol reduced liver 

oxidative stress and protect the liver from Non-alcoholic 

fatty liver disease (NAFLD) by reducing fatty acid 

availability in rat when feed on resveratrol with dose of 

15mg/k.g. body weight and 45mg/k.g. body weight for 

6 weeks. This finding also corroborates present finding 

where resveratrol co treatment along with alpha 

cypermethrin reduces lipid and cholesterol significantly.  

In a study [26] resveratrol inhibited deposition of 

triglyceride and cholesterol in the liver of rats fed with 

corn oil-cholesterol-cholic acid mixture and in same 

study it had been noted that oral administration of 

resveratrol reduced triglyceride synthesis from 14C-

palmitate in the liver of experimental animals. In 

present study also, resveratrol co treatment has 

decreased the lipid and cholesterol significantly from 

alpha cypermethrin treated groups. In present study it 

was found that resveratrol treatment increases 

glycogen level significantly (p<0.05) compare to alpha 

cypermethrin treated group alone. Resveratrol has anti 

diabetic properties and it has impact on carbohydrate 

metabolism; The daily oral administration of resveratrol 

(5 mg/kg body weight) to diabetic rat for 30 days 

demonstrated a significant (p<0.05) decrease in blood 

glucose and glycosylated haemoglobin levels and a 

significant (p<0.05) increase in plasma insulin level.[27]  

Insulin is the hormone that is responsible for glucose to 

glycogen conversion.[28]  Results for glycogen restoration 

by resveratrol co treatment to alpha cypermethrin 

treated mice are in accordance with previous two facts.  

 

CONCLUSIONS:  

From present study it is evident that alpha cypermethrin 

causes significant alteration in liver constituents like 

protein, glycogen, lipid and cholesterol significantly 

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 constituents 
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significantly (p<0.05) comparatively 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.  

 

REFERENCES: 

1. Hocine L., Merzouk H., Merzouk S., Ghorzi H., Youbi 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) 

2. Michelangeli F., Robson M., East J., Lee A., the 

conformation of pyrethroids bound to lipid bilayers. 

Biochimica et Biophysica Acta,1028: 49–57 (1990) 

3. Kale M., Rathore N., John S., Bhatnagar D.,Lipid 

peroxidative damage on pyrethroid exposure and 

alterations in antioxidant status in rat erythrocytes: a 

possible involvement of reactive oxygen species. 

Toxicology Letters,105: 197-205 (1999) 

4. Luty S., Latuszyńska J., Halliop J., Tochman 

A., Obuchowska D., Przylepa E.,  Korczak E., Toxicity of 

dermally applied alpha-cypermethrin in rats. Annals of 

Agricultural and Environmental Medicine,5(2):109-16 

(1998) 

5. Harikumar K., cAggarwal B., Resveratrol: a multitargeted 

agent for age-associated chronic diseases. Cell Cycle; 

7(8):1020-1035 (2008) 

6. Siemann E., Creasy L., Concentration of the Phytoalexin 

Resveratrol in Wine. American Journal of Enology and 

Viticulture; 43:49-52 (1992) 

7. Markus M., Morris B., Resveratrol in prevention and 

treatment of common clinical conditions of aging. Clinical 

interventions in aging; 3(2): 331–339 (2008). 

8. Lowry, O.H., Rose-Brough, N.J., Farr A.L., Randall R.J., 

Protein measurement with the Folin phenol reagent.The 

journal of Biochemistry,4:492-501 (1951) 

9. Seifter, S., Dayton, S., Novic, B., Muntwyler, E.The 

estimation of glycogen with antron reagent. Archives of 

Biochemistry and Biophysics, 25:191-200 (1950) 

10. Fringes, C.S., Frendley T.W., Dunn, R.T., Queen C.A., 

Improved determination of total serum lipids by sulpho 

vanillin reaction. Clinical chemistry, 18: 673-674 (1972) 

11. Zlatki, A., Zak, B., Boyle, G.J., A new method for the 

determination of serum cholesterol. Journal of Laboratory 

and Clinical Medicine.41:486 ((1953) 

12. 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) 

13. Bhusan B., Saxena P., Saxena N., Biocheical and 

histological changes in rat liver caused by cypermethrin 

and beta-cyfluthrin. Arh Hig Rada Toksikol, 64(1): 57-67 

(2013).   

14. Omotuyi I., Oluyemi K., Omofoma C., Josiah S., Adesanya 

O., & Saalu L., Cyfluthrin induced hepatotoxicity in rats. 

African Journal of Biotechnology,5:1909-1912 (2006) 

15. Nair R., Abraham M., Nair N., Lalithakunjamma C., 

Aravindakshan C., Hematological and biochemical profile 

in sublethal toxicity of cypermethrin in rats. International 

Journal of Biomedical Research,1: 211-14 (2010) 

16. Giary B., Gürbay A., Hincal F., Cypermethrin-induced 

oxidative stress in rat brain and liver is prevented by 

Vitamin E or allopurinol. Toxicology Letters,118(3):139-

146 (2001) 

17. Wolf S., Garner A., Dean R.,Free radicals, lipids and protein 

degradation. Trends in biochemical sciences, 11(1): 27-31 

(1986) 

18. Lobo V., Patil A., Phatak A., & Chandra N., Free radicals, 

antioxidants and functional foods: Impact on human 

health. Pharmacognosy Reviews, 4(8):118-126 (2010) 

19. 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) 

20. Yılmaz M., Gul A., Erbaşlı K., Acute toxicity of alpha-

cypermethrin to guppy (Poecilia reticulate, Pallas, 1859). 

Chemosphere: 56(4):381-385 (2004) 

21. Yousef M., Demerdash F., Kamel K., Salhen K.,Changes in 

some hematological and biochemical indices of rabbits 

induced by isoflavones and cypermethrin. Toxicology, 

189(3):223-234 (2003) 

22. Chang C., Lin K., Peng K., Day Y., Hung L., Resveratrol 

exerts anti-obesity effects in high-fat diet obese mice and 

displays differential dosage effects on cytotoxicity, 

differentiation, and lipolysis in 3T3-L1 cells. Endocrine 

Journal; 63(2):169-78 (2016) 

23. Ajmo J., Liang X., Rogers C., Pennock B., You M., 

Resveratrol alleviates alcoholic fatty liver in mice. 

American Journal of Physiology-Gastrointestinal and Liver 

Physiology,295(4): G833-842 (2008) 

24. Mayo D., Tan D., Sainz R., Natrajan M., Lopez-Burillo S., 

Reiter R., Protection against oxidative protein damage 

induced by metal-catalyzed reaction or alkylperoxyl 

radicals: comparative effects of melatonin and other 

antioxidants. Biochimica et Biophysica Acta (BBA) - 

General Subjects: 1620 (1-3),139-150 (2003). 

25. Gómez-Zorita S.,  Fernández-Quintela A.,  Macarulla M.,  

Aguirre L.,  Hijona E.,  Bujanda L.,  Milagro F.,  Martínez J.,  

Portillo M., Resveratrol attenuates steatosis in obese 

Zucker rats by decreasing fatty acid availability and 

reducing oxidative stress.  British Journal of Nutrition: 

107(2): 202-210 (2012) 

26. Arichi H., Kimura Y., Okuda H., Baba K., Kozawa M., Arichi 

S., Effects of Stilbene Components of the Roots of 

http://www.ijpbs.com/
http://www.ijpbsonline.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hocine%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27914539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Merzouk%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27914539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Merzouk%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=27914539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghorzi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27914539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Youbi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27914539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Narce%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27914539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luty%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9860811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Latuszy%C5%84ska%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9860811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Halliop%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9860811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tochman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9860811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tochman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9860811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Obuchowska%20D%5BAuthor%5D&cauthor=true&cauthor_uid=9860811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Przylepa%20E%5BAuthor%5D&cauthor=true&cauthor_uid=9860811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korczak%20E%5BAuthor%5D&cauthor=true&cauthor_uid=9860811
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harikumar%20KB%5BAuthor%5D&cauthor=true&cauthor_uid=18414053
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aggarwal%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=18414053
https://www.ncbi.nlm.nih.gov/pubmed/18414053
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2546476/
https://www.sciencedirect.com/science/journal/00483575
https://www.sciencedirect.com/science/journal/00483575
https://www.ncbi.nlm.nih.gov/pubmed/23612525
https://www.sciencedirect.com/science/journal/03784274
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lobo%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22228951
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patil%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22228951
https://www.ncbi.nlm.nih.gov/pubmed/?term=Phatak%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22228951
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chandra%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22228951
https://www.sciencedirect.com/science/article/abs/pii/S0048357507001563#!
https://www.sciencedirect.com/science/article/pii/S0045653504001729#!
https://www.sciencedirect.com/science/article/pii/S0045653504001729#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=18755807
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pennock%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18755807
https://www.ncbi.nlm.nih.gov/pubmed/?term=You%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18755807
https://www.sciencedirect.com/science/journal/03044165
https://www.sciencedirect.com/science/journal/03044165
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=S.%20Gómez-Zorita&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=A.%20Fernández-Quintela&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=M.%20T.%20Macarulla&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=L.%20Aguirre&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=L.%20Aguirre&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=E.%20Hijona&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=L.%20Bujanda&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=F.%20Milagro&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=J.%20A.%20Martínez&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=M.%20P.%20Portillo&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=M.%20P.%20Portillo&eventCode=SE-AU
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/resveratrol-attenuates-steatosis-in-obese-zucker-rats-by-decreasing-fatty-acid-availability-and-reducing-oxidative-stress/2A4F640D22436898812784E05737AC54
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/resveratrol-attenuates-steatosis-in-obese-zucker-rats-by-decreasing-fatty-acid-availability-and-reducing-oxidative-stress/2A4F640D22436898812784E05737AC54
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/resveratrol-attenuates-steatosis-in-obese-zucker-rats-by-decreasing-fatty-acid-availability-and-reducing-oxidative-stress/2A4F640D22436898812784E05737AC54
https://www.cambridge.org/core/journals/british-journal-of-nutrition


          

 
 

 
International Journal of Pharmacy and Biological Sciences                                                                          A.J. Koshti *and R.J. Verma 

  

                                                                                                                                        www.ijpbs.com  or www.ijpbsonline.com 
 

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

Int J Pharm Biol Sci. 

 

622 

Polygonum cuspidatum SIEB. et ZUCC. on Lipid 

Metabolism. Chemical and Pharmeceutical Bulletein ; 30 

(5):1766-177 (1982). 

27. Palsamy P., Subramanian S., Modulatory effects of 

resveratrol on attenuating the key enzymes activities of 

carbohydrate metabolism in streptozotocin-nicotinamide-

induced diabetic rats. Chem Biol Interact, 15:179(2-3):356-

62 (2009). 

28. Stryer L., Biochemistry (Fourth ed.). New York: W.H. 

Freeman and Company. pp. 773–74. (1995) 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Corresponding Author: 
A.J. Koshti*  

Email: amitjkoshti@gmail.com 

 

 
 

 

 

http://www.ijpbs.com/
http://www.ijpbsonline.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palsamy%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19059388
https://www.ncbi.nlm.nih.gov/pubmed/?term=Subramanian%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19059388
mailto:amitjkoshti@gmail.com

