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ABSTRACT 

Objective: To study the hepatoprotective activity of ethanolic extract of stem bark of Bauhinia variegata.  

Material and methods: Albino wistar rats of either sex weighing 150-200g were divided into seven groups (n=6). Liver injury was produced by 
carbon tetrachloride (CCl4) 1 ml/kg/d dissolved in olive oil (1:1) orally. Silymarin (100mg/kg) orally was used as standard drug. Test groups 
received Ethanolic extract of stem bark of Bauhinia variegata (BVEE) in the doses of 100, 200,400 and 600mg/kg/day orally along with CCl4. 
Treatment was given to all the groups daily for 7 days. The hepatoprotective effect of BVEE was evaluated by assessment of biochemical parameters 
[Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), alkaline phosphatase (ALP) and total bilirubin] and the antioxidant activity in 
the liver tissue was estimated by determining the activities of antioxidant enzymes: reduced glutathione (GSH), catalase (CAT) as well as the level of 
lipid peroxidation by Malondialdehyde (MDA). Histopathological examination of the liver was also done.  

Results: BVEE (400mg/kg and 600mg/kg) exhibited highly significant reduction (p<0.001) in AST, ALT, ALP and total bilirubin. BVEE (200mg/kg 
and 100mg/kg) exhibited highly significant reduction (p<0.001) in AST, ALT and ALP, just significant reduction (p<0.05) in total bilirubin. (BVEE) in 
doses of 200,400 and 600mg/kg/d showed highly significant reduction (p<0.001) in MDA and rise in (p<0.001) in CAT and GSH. BVEE in dose of 
100 mg/kg/d showed highly significant reduction (p<0.001) in MDA and rise in (p<0.001) in CAT but only significant rise (p<0.01) in GSH. 
Histopathological examination of the liver suggested hepatoprotective effect of the extract by decreasing the extent of centrilobular necrosis, fatty 
changes and congestion of sinusoids when compared to carbon tetrachloride group. Conclusion: BVEE showed significant dose dependent 
protection against carbon tetrachloride induced liver injury in rats.  

Keywords: Carbon tetrachloride (CCl4 ), Bauhinia variegata ethanolic extract(BVEE), Lipid peroxidation, Malondialdehyde (MDA), Catalase (CAT), 
Reduced glutathione (GSH) 

 

INTRODUCTION 

Liver is an organ of paramount importance which plays an essential 
role in regulating homeostasis in the body. It is involved in almost all 
the biochemical pathways related to metabolism, excretion and body 
defense [1]. Liver which is the key organ of metabolism and 
excretion is exposed to a variety of xenobiotics and therapeutic 
agents continuously. Thus the disorders associated with this organ 
are numerous and varied [2]. Liver diseases, such as jaundice, 
cirrhosis and fatty liver are very common worldwide [3]. Several 
environmental toxins and carcinogens are also converted into 
reactive intermediates during metabolism, resulting in tissue 
damage. Since the metabolic function of the liver is primarily 
responsible for detoxification of diverse therapeutic agents, toxins 
and carcinogens, drug-induced liver injury may manifest as acute 
hepatitis, cholestasis which may also lead to development of 
cirrhosis [4]. There is increasing evidence that free radicals and 
reactive oxygen species play a crucial role in various steps that 
initiate and regulate the progression of liver diseases independently 
of the original agent [5]. 

Treatment options for common liver diseases such as drug induced 
hepatitis, fatty liver and chronic hepatitis are very few and only 
supportive. The effectiveness of agents available for the treatment of 
liver disease are inconsistent and have greater incidence of side-
effects [6]. Bauhinia variegata commonly known as Kachnar is a 
medium-sized, deciduous tree, found throughout India. Its stem 
bark, flowers, flower buds, leaves and root are used in folklore 
medicine for the treatment of various problems of gastrointestinal 
tract as carminative, antihelminthic and liver tonic. In ayurveda it is 
used in the treatment of diarrhoea, dysentery, goitre, lymphadenitis, 
worm infestation, rectal prolapse and as depurative (blood purifier) 
, alterative for improving detoxifying function of liver [7,8]. Various 
biological activities such as antimicrobial, anti-inflammatory, 
analgesic, cytotoxic, antiobesity and nephroprotective effect of this 
plant have also been reported [9-14], but there are few reports 
regarding hepatoprotective activity of the plant [15]. 

Bauhinia variegata has been reported to have Tannis, Total phenols, 
Flavonoids and other polyphenolic compounds in stem bark [16-18]. 

As Efficacious, safe and cost effective medical therapies for various 
liver ailments are lacking, natural sources like plants are required to 
be explored for protection against liver injuries produced by various 
harmful agents. Therefore the present study was framed to assess 
the hepatoprotective activity of stem bark of Bauhinia variegata. 

MATERIAL AND METHODS 

Animals  

Adult albino wistar rats of either sex weighing 150- 200 grams were 
obtained from the Central Animal House, JNMC, Aligarh Muslim 
University. The animals were housed in polypropylene cages bedded 
with paper strips which were kept in well ventilated room under 
standard conditions (12 h light/dark cycle) throughout the 
experimental period. All the animals were fed with standard pellet 
diet and water ad libitum. They were acclimatized to the laboratory 
conditions for 1 week . 

Plant material and Preparation of Extracts 

Bauhinia variegata was obtained from botanical garden of A.M.U . 
The plant was identified and authenticated by Dr. Athar Ahmed, 
Assistant professor, Department of Botany, Aligarh Muslim 
University and voucher specimen was submitted (Voucher number 
:DWS/VS/02 ). The stem bark was collected, thoroughly washed, 
shade- dried and pulverized in electric grinder. 100g of powder was 
extracted in 300 ml ethanol for 72 hours with the help of Soxhlet’s 
apparatus. The extract obtained was collected in Petri dish and 
evaporated till dryness at 40-50 ºC in autoclave. Yield obtained was 
40.68% 

Chemicals  

Carbon tetrachloride (CCl4) and Silymarin (Silybon) was obtained 
from Thomas Baker and Microlabs respectively 
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IAEC approval 

The study protocol was approved by the Institutional Animal Ethics 
Committee (IAEC) on 04-05-2011. All animal experiments were 
carried out as per the rules and regulations of IAEC & CPCSEA 
(Committee for the Purpose of Control and Supervision of 
Experiments on Animals) under the “Guidelines for Care and Use of 
Animals in Scientific Research”.  

Experimental design 

Albino wistar rats of either sex weighing 150-200g were divided 
into seven groups, containing six animals each.  

Group I (Normal control) received distilled water (1ml/kg/d, orally) 
only.  

Group II (Negative Control) was given carbon tetrachloride 1 
ml/kg/d dissolved in olive oil (1:1) orally [19]. 

Group III (Positive control) received Silymarin (100mg/kg) orally 
along with CCl4 (1ml/kg) [20]. 

Test groups (IV-VII) received Ethanolic extract of stem bark of Bauhinia 
variegata (BVEE) in different doses with CCl4 (1ml/kg) as follows: 

IV- BVEE (100 mg/kg) + CCl4 (1ml/kg). 

V- BVEE (200 mg/kg) + CCl4 (1ml/kg) 

VI- BVEE (400mg/kg) + CCl4 (1ml/kg) 

VII- BVEE (600 mg/kg) + CCl4 (1ml/kg) 

All the groups were given the above treatment daily for 7 days. 

Assessment of hepatoprotective activity 

On 8th day the animals were sacrificed under ether anaesthesia and 
blood was collected by direct cardiac puncture. Liver was dissected 
out and 500 mg of liver tissue was taken for determination of the 
levels of antioxidant Enzymes. Rest of the liver was kept in 10% 
formalin for histopathological examination. 

Determination of serum biochemical parameters  

The collected blood was centrifuged at 5000 rpm for 10 minutes and 
serum was separated. Serum was analyzed for biochemical 

parameters like Alanine aminotransferase (ALT) and Aspartate 
aminotransferase (AST) [21], Alkaline phosphatase (ALP) [22] and 
Total bilirubin [23].  

Estimation of lipid peroxidation and antioxidant enzymes 

The liver was homogenised in 10 % w/v of phosphate buffer 
(0.2M, pH-6.6) i.e. 500 mg of liver was homogenised with 5 ml of 
buffer and used for estimation of Malondialdehyde (MDA) [24], 
Catalase (CAT) [25] and Reduced glutathione Reduced 
Glutathione(GSH) [26]. 

Histopathological examination  

Liver tissue was fixed in 10% formalin, dehydrated in graded 
ethanol and embedded in paraffin wax. Sections were prepared 
and stained with hematoxylin and eosin. The slides thus prepared 
were observed for histopathological features under the 
microscope.  

Statistical Analysis 

The results were expressed as Mean ± Standard Error of Mean 
(SEM). The groups were compared by one way analysis of variance 
(ANOVA) followed by post hoc “Dunnett’s Multiple comparison test” 
to analyze statistical significance. p < 0.05 was considered to be 
significant. 

RESULTS 

Biochemical parameters 

Biochemical parameters of all the control and test groups are 
presented in table 1. The normal control group which was given 
only distilled water served as a baseline for all the biochemical 
parameters. Negative control showed highly significant rise (p< 
0.001) in AST, ALT, ALP and Total bilirubin when compared with 
normal control group. Positive control showed highly significant 
decrease (p<0.001) in AST, ALT, ALP and Total bilirubin as 
compared to negative control group. Biochemical parameters in 
BVEE treated groups were compared with negative control group. 
BVEE 400 and 600mg/kg/d exhibited highly significant reduction 
(p<0.001) in AST , ALT, ALP and total bilirubin. BVEE 200mg/kg 
and 100mg/kg exhibited highly significant reduction (p<0.001) in 
AST, ALT and ALP but just significant reduction(p<0.05) in Total 
bilirubin (Table 1).  

 

Table 1: Effect of Ethanolic extract of stem bark of Bauhinia variegata (BVEE) on biochemical parameters against CCl4 induced liver injury. 

Groups (n=6) AST (IU/L) ALT (IU/L) ALP (KAU/dl) Total Bilirubin (mg/dl) 
Normal control  25.66 ± 1.33 23.08 ± 1.30 29.50 ± 1.93 0.51 ± 0.04 
Negative control 151.50 ± 0.50*** 158.33 ± 1.08*** 81.00 ± 1.12*** 0.78± 0.03*** 
Positive control  43.33 ± 1.18*** 49.16 ± 2.57*** 47.33 ± 2.30*** 0.55 ± 0.02*** 
BVEE100 109.66 ± 1.11*** 115.0 ± 1.93*** 68.66 ± 2.10*** 0.65 ± 0.03* 
BVEE200 100.66 ± 1.62*** 109.00 ± 1.91*** 67.16 ± 1.72*** 0.65 ± 0.02* 
BVEE400 65.66 ± 1.74*** 70.66 ± 1.33*** 54.66 ± 1.11*** 0.56 ± 0.02*** 
BVEE600 64.33 ± 2.07*** 69.16 ± 1.95***  54.00 ±1.26*** 0.56 ± 0.02*** 

Data are expressed as Mean ± SEM Negative control group was compared with Normal control group and all other groups were compared with 
Negative control group, * p< 0.05, **p<0.01 and ***p<0.001 were considered significant. 

 

Effect on lipid peroxidation and antioxidant enzymes 

Levels of Lipid peroxidation and antioxidant enzymes of negative 
control group were compared with normal control group. Negative 
control showed highly significant rise (p<0.001) in MDA and 
reduction (p<0.001) in CAT and GSH values as shown in table 2. 
Positive control group treated with Silymarin showed highly 
significant reduction (p<0.001) in MDA, and rise (p<0.001) in CAT 
and GSH values when compared to negative control group. Test 
groups treated with BVEE in doses of 200,400 and 600mg/kg/d 
showed significant reduction (p<0.001) in MDA, and highly 
significant rise (p<0.001) in CAT and GSH when compared with 
Negative control group. BVEE in dose of 100 mg/kg/d showed 
similar changes but only significant rise (p<0.01) in GSH.  

Histopathological examination 

Histological study of liver sections of normal control animals 
showed normal hepatic architecture with hepatocyte cords, central 
vein and sinusoids (Fig 1) whereas animals treated with CCl4, 
revealed distortion of hepatic architecture with extensive fatty 
changes, inflammatory cells infiltration and massive necrosis around 
central vein (Fig. 2). Positive control and BVEE treated groups were 
compared with Negative control group. The section of liver tissue 
treated with standard drug Silymarin showed normal hepatocytes 
with few inflammatory cells and edema of sinusoids but maintained 
normal hepatic architecture (Fig.3) BVEE treated groups showed 
improvement in histology of liver by reducing fatty changes and 
inflammatory infiltrate in dose dependent manner (Fig.4,5,6,7)  
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Table 2: Effects of Ethanolic extract of stem bark of Bauhinia variegata (BVEE) on lipid peroxidation and Antioxidant enzymes in CCl4 

induced liver injury 

Groups (n=6) MDA 
(nmol/mg) 

Catalase 
(U/ min/mg) 

GSH 
(μmol/mg) 

Normal control  119.76 ± 2.47 96.74± 3.91  10.20 ± 0.81 
Negative control 482.13 ± 3.06*** 36.13 ± 1.47*** 1.50 ± 0.34*** 
Positive control  152.25 ± 3.52*** 78.95 ± 2.87*** 7.70 ± 0.20*** 
BVEE100 261.93 ± 3.71*** 55.51 ± 1.37*** 3.91 ± 0.38** 
BVEE200 224.79 ± 3.22*** 61.63 ± 1.45*** 4.49 ± 0.50*** 
BVEE400 172.89 ± 1.58*** 72.13 ± 1.45*** 6.46 ± 0.45*** 
BVEE600 168.68 ± 4.52*** 72.14 ± 2.59*** 6.60 ± 0.36*** 

Data are expressed as Mean ± SEM Negative control group was compared with Normal control group and all other groups were compared with 
Negative control group, * p< 0.05, **p<0.01 and ***p<0.001 were considered significant 
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DISCUSSION 

Carbon tetrachloride (CCl4) is a well known toxicant and exposure to 
this chemical is known to induce oxidative stress by the formation of 
free radicals. Carbon tetrachloride induced hepatotoxicity results 
from its bioactivation by Cytochrome P450 which leads to formation 
of reactive intermediate trichloromethyl free radical (CCl3*) which in 
presence of oxygen forms Trichloromethylperoxy radical (CCl3OO*). 
These reactive intermediates covalently bind to cellular 
macromolecules, produce lipid peroxidation resulting in the 
membrane injury and leakage of cytosomal enzymes [27,28]. 

Aminotransferases are normally present in the hepatocytes and 
found in serum in low concentrations. These enzymes are released 
into the blood in greater amounts when there is damage to the liver 
cell membrane resulting in increased permeability. Alkaline 
phosphatase (ALP) is found in the bile canalicular membrane of 
hepatocytes and is usually elevated in intrahepatic cholestasis. 
Bilirubin conjugation and excretion takes place in liver, both 
metabolic and excretory functions of the liver can be assessed by 
estimating total bilirubin. Elevated total serum bilirubin in patients 
with drug-induced liver disease indicates more severe injury [29]. 

The efficacy of any hepatoprotective drug is dependent on its 
capability of either reducing the harmful effects of a hepatotoxin or 
of maintaining the normal physiological functions that are 
unbalanced by a hepatotoxin [30].  

Animals treated with CCl4 , developed significant liver damage in 
negative control group , as evident from a significant increase (p < 
0.001) in the serum levels of AST, ALT , ALP and Total bilirubin, 
when compared with normal control rats, indicating acute 
hepatocellular damage and biliary obstruction.(Table1) Silymarin 
(100mg/kg) significantly decreased (p < 0.001) the levels of all 
biochemical parameters viz. AST, ALT, ALP and Total bilirubin. BVEE 
in doses of 100,200,400 and 600mg/kg/d decreased all biochemical 
parameters significantly in a dose dependent manner as shown in 
Table 1. indicating stabilization of plasma membrane. BVEE 
600mg/kg/d showed ceiling effect and showed almost similar 
changes in the biochemical parameters. BVEE exhibited significant 
restoration of serum markers, indicating its protection against CCl4 
induced liver injury. 

Lipid peroxidation by CCl4 leads to formation of reactive aldehydes 
such as Malondialdehyde biomarker of oxidative stress which is 
used for detection of free radical injury [31,32]. GSH protects against 
CCl4 induced microsomal lipid peroxidation and liver injury begins 
when GSH stores are markedly depleted [33].CAT is active in 
neutralizing reactive oxygen species and so removes cellular 
superoxide and peroxides before they react with metal catalysts to 
form more reactive species [34]. Negative control group showed 
highly significant raised levels of MDA in liver homogenate of rats 
indicating excessive formation of free radicals and activation of lipid 
peroxidation. Reduced glutathione (GSH) and Catalase were 
significantly decreased in liver homogenate of CCl4 treated rats 
indicating oxidative stress produced by CCl4 . Silymarin 
(100mg/kg/d) significantly reduced MDA levels and increased GSH 
and Catalase as shown in the table 2. Silymarin protects liver against 
various hepatotoxic drugs by inhibition of lipid peroxidation, free 
radical scavenging and membrane stabilizing action [35]. Treatment 
with Ethanolic extract of Bauhinia variegata (BVEE) 100, 200,400 
and 600 mg/kg/day showed significant reduction in MDA level and 
significant rise in CAT and GSH activity when compared to CCl4 
group. The observed decline in lipid peroxides in liver samples of rat 
following co-treatment with CCl4 and BVEE suggests that protective 
potential of BVEE is due to scavenging of free radicals produced by 
CCl4. BVEE showed antioxidant activity as indicated by elevation of 
GSH and Catalase in treated groups (Table 2) which might 
contribute towards scavenging of free radicals generated via 
bioactivation of CCl4. 

The animals treated with different doses of the Ethanolic extract of 
stem bark (BVEE) of Bauhinia variegata showed dose dependent 
decrease in centrilobular vacuolization of hepatocytes and 
infiltration of inflammatory cells. BVEE 100 and 200 mg/kg/d 
showed small amount of necrosis and macrovesicular fatty changes 

as compared to negative control. (Fig.4,5) Liver sections of the 
animals treated with BVEE in dose of 400 and 600mg/kg/d 
exhibited significant liver protection against CCl4, as evident by the 
presence of normal hepatic cords, with few inflammatory cells and 
vacuolated hepatocytes , which is comparable to the liver sections of 
animal treated with standard drug Silymarin (Fig.6,7). These 
findings are suggestive of hepatoprotective activity of BVEE in all the 
doses (100,200,400 and 600 mg/kg/d), more marked with 400 and 
600mg/kg/d. 

The toxicity of CCl4 is dependent on its own metabolism. The 
formation of the trichloromethyl and trichloromethylperoxy radical 
and its reaction with membrane lipids may initiate lipid 
peroxidation which is a prominent biological event observed when 
CCl4 is administered to animals. The possible hepatoprotective 
activity of Bauhinia variegata against CCl4-induced liver damage in 
rats might be due to its antioxidant activity as indicated by 
protection against lipid peroxidation and reduced antioxidant levels, 
thereby minimizing free radical damage of hepatocytes. 

Bauhinia variegata has been reported for the presence of Tannis, 
Total phenols and Flavonoids in stem bark on phytochemical 
analysis. These polyphenols showed high free radical scavenging 
activity [16]. New polyphenolic compounds have also been isolated 
in stem bark [17]. These polyphenolic compounds may be 
responsible for the action. But the active compounds which are 
responsible for the observed hepatoprotective effect, have not been 
isolated in this study. Therefore, further studies may be conducted 
to determine the active compounds that are responsible for the 
hepatoprotective effects and the mechanisms of action involved. 

CONCLUSION 

BVEE showed dose dependent protection against CCl4 induced acute 
liver injury, maximal effect was observed in the dose of 400 and 
600mg /kg/d. Further studies for longer duration are required to 
find out the protective potential of Bauhinia variegata against 
chronic liver injury. 

REFRENCES 

1. Corless JK, Middletonv HM . Normal Liver Function A Basis for 
Understanding Hepatic Disease Arch Intern Med. 
1983;143:2291-2294  

2. Yadav NP, Pal A, Shanker K et.al. Synergistic effect of silymarin 
and standardized extract of Phyllanthus amarus against CCl4-
induced hepatotoxicity in Rattus norvegicus. 
Phytomedicine.2008; 15:1053–1061  

3. Roy CK, Das AK. Comparative evaluation of different extracts of 
leaves of Psidium gujava linn. for hepatoprotective activity. 
Pak. J. Pharm. Sci. 2010;23(1):15-20 

4. Shim JY , Kim MH , Kim HD et.al. Protective action of the 
immunomodulator ginsan against carbon tetrachloride-
induced liver injury via control of oxidative stress and the 
inflammatory response. Toxicology and Applied Pharmacology. 
2010; 242:318–325  

5. Khan RA, Khan MR, Sahreen S et.al. Hepatoprotective activity 
of Sonchus asper against carbon tetrachloride-induced 
injuries in male rats: a randomized controlled trial. Bio Med 
Central Complementary and Alternative Medicine. 
2012;12(90):1-8  

6. Luper S. A review of plants used in the treatment of liver 
disease: partI. Altern Med Rev. 1998, 3(6):410-421. 

7. Anonymous. The Ayurvedic Pharmacopoeia of India, Part I, 
Vol.1 Government of India, Ministry of Health and Family 
Welfare, Depatment of Ayush ,New Delhi, India, p.73-74  

8. Khare CP. Bauhinia variegata. Indian medicinal plants. 
Springer.2007: p.86-87 

9. Yadav RN, Reddy VM. Antiinflammatory activity of a novel 
flavonoid glycoside from Bauhinia variegata. Nat prod Res 
2003; 17(3):165-9.  

10. Rajani GP, Ashok P, Yamini. Analgesic activity of Bauhinia 
variegata Linn. Pharmacologyonline. 2009; 1: 561-566  

11. Rajkapoor B, Murugesh N, Rama Krishna D. Cytotoxic activity of 
a flavanone from stem of Bauhinia variegata Linn. Nat Prod Res 
2009;23(15):1384-89. 



Yunus et al. 
Int J Pharm Pharm Sci, Vol 5, Suppl 2, 624-628 

 

628 
 

12. Prashar Y, Venkataraman S. Evaluation of ethanolic extract of 
Bauhinia variegata Linn. in high fat diet induced obesity in rats. 
International Journal of Phytopharmacology. 2010;1(2):103-
108  

13. Kulshrestha PK, Mishra AK, Pal VK et.al . The antimicrobial 
activity of Bauhinia variegata Linn. flower extract (methanolic). 
Asian J Pharm Clin Res, 2011;4 (1): 46-47 

14. Sharma RK, Rajani GP, Sharma V et. al. Effect of Ethanolic and 
Aqueous Extracts of Bauhinia Variegata Linn. on Gentamicin-
Induced Nephrotoxicity in Rats. Ind J Pharm Edu 
Res.2011;45(2):192-198 

15. Bodakhe S, Alpana R . Hepatoprotective properties of Bauhinia 
variegata bark extract. Yakugaku Zasshi 2007;127(9):1503-07 

16. Pandey AK, Ojha V, Yadav S et.al. Phytochemical evaluation and 
radical scavenging activity of Bauhinia variegata, Saraca asoka, 
Terminalia arjuna barks. Research Journal of 
Phytochemistry.2011;5(2):89-87 

17. Bodakhe HS, Ram A, Bodakhe KS et.al. New Polyphenolic 
Aromatic Glycoside from Bauhinia variegata L. Stem Bark. 
Asian Journal of Chemistry. 2010; 22(5) :3549-3553 

18. Patil JK, Patel MR, Sayyed HY et. al. Pharmacogonostic and 
phytochemical investigation of Bauhinia variegata (Linn.) 
Benth. stem bark. Pharma science monitor.2012;3(1):1-12 

19. Vogel HG.Liver function. Drug discovery and evaluation. 2nd 
edition.Springer-Verlag Berlin Heidelberg 2002.p.943 

20. Praveen TK, Dharmaraj S, Bajaj J et.al. Hepatoprotective activity 
of petroleum ether, diethyl ether, and methanol extract of 
Scoparia dulcis L. against CCl4 induced injury in mice. Indian J 
pharmacol. 2009;41(3):110-114 

21. Reitman S, Frankel S. A colorimetric methods for the 
determination of serum levels of glutamic oxaloacetic acid and 
pyruvic acid transaminases. Am. J. Clin. Pathol. 1957. 10:394-
399 

22. Walton H. Marsh, Benjamin Fingerhut, Elaine Kirsch, Adaption 
of alkaline phosphatase method for automatic colorimetric 
analysis. Clinical Chemistry.1959; 5: 119-126 

23. Jendrassik-Gróf method on photometric systems for in vitro 
determination of direct and total bilirubin. Biochem 
Zeitschrift.1938;297:82-9 

24. Buege J.A, Aust S.D. Microsomal lipid peroxidation methods. 
Enzymol.1978 ;52:302 –310 Ellman G.C. Tissue sulfhydryl 
groups. Arch. Biochem. Biophys. 1959;82(1):70-77  

25. Sinha, K.A. Colorimetric assay of catalase. Ann. Biochem.1972; 
47(2):389-394 

26. Ellman G.C. Tissue sulfhydryl groups. Arch. Biochem. Biophys. 
1959;82(1):70-77  

27. Cotran RS, Kumar V, Collins T. Cellular pathology I: Cell injury 
and cell death. Robbins Pathologic Basis of Disease. 6th Edition, 
W B Saunders Co, Philadelphia, 1999. P.14-15 

28. Weber et al. Hepatotoxicity and Mechanism of Action of 
Haloalkanes: Carbon Tetrachloride as a Toxicological Model. 
Critical Reviews in Toxicology.2003; 33(2);105–136 

29. Pratt SD, Kaplan MM. Evaluation of liver function. Harrison’s 
Principles of Internal Medicine. 16th ed. McGraw-Hill 2005.p.1813-15 

30. Gole MK,Dasgupta S. Role of plant metabolites in toxic liver 
injury. Asia Pacific J Clin Nutr . 2002;11(1): 48–50 

31. Slater TF, Sawyer BC. The stimulatory effects of Carbon 
tetrachloride and other halogenoalkanes on Peroxidative 
Reactions in Rat Liver Fractions in vitro. 1971;123:805-814. 

32. Devasagayam TPA, Boloor KK , Ramasarma T. Methods for 
estimating lipid peroxidation :An analysis of merits and 
demerits. Indian journal of biochemistry and 
biophysics.2003;40:300-308. 

33. Burk RF, Patel K, Lane JM. Reduced glutathione protection 
against rat liver microsomal injury by carbon tetrachloride: 
dependence on 02 . Biochem. J. 1983; 215:441-445. 

34. Qujeq D, Rezvani T. Catalase (antioxidant enzyme) activity in 
streptozotocin-induced diabetic rats. Int J Diabetes & 
Metabolism .2007; 15: 22-24  

35. Pradhan SC, Girish C. Hepatoprotective herbal drug, silymarin 
from experimental pharmacology to clinical medicine. Indian J 
Med Res.2006; 124: 491-504. 

 

 


