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INTRODUCTION

The liver is the largest organ in the body weighing 1400-
1600 gm. in males and 1200-1400 gm. in females. There are 
two main anatomical lobes right lobe and left lobe, the right 
is being about six times the size of the left lobe. It produces 
bile, an alkaline compound which aids in digestion, via the 
emulsification of lipids. Besides, it aids the metabolism of 
carbohydrate, protein and fat, detoxification, secretion of 
bile, and storage of vitamins.1,2 The primary function of this 
organ in the removal of substances from the portal circula-
tion makes it susceptible to first and persistent attacks by 
offending foreign compounds, culminating in liver dysfunc-
tion.3

Liver cirrhosis has become a serious health problem because 
of the wider use of prescribed medications with adverse reac-
tions in the modern life of today or drug misuse. The current 
research has targeted on finding new therapeutic alternatives 
and analyzing their mechanism to get rid of the signalling 
routes and reduce the loss induced on the liver.4 The num-
bers of compounds of natural origin are generally used as 
possible health care options and they are being experimented 
on various animal models.5,6 Many medicinal plants with 
hepatoprotective activity have been reported by several re-
searchers.7,8 In continuation of the search of hepatoprotec-
tive agents, Malu Creeper was undertaken to investigate the 
active constituents and its medicinal value. Bauhunia vahlii 
(Malu Creeper) is a tree of large family Leguminosaceae 
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ABSTRACT
Introduction: Liver cirrhosis has become a serious health problem because of the wider use of prescribed medications with 
adverse reactions in the modern life of today or drug misuse. Objective: In the present study, the hepatoprotective activity of 
the aerial part of Bauhinia vahlii was investigated against the carbon tetrachloride-induced hepatotoxicity model in Wistar albino 
mice. 
Methods: Glutathione (GSH), Glutathione Peroxidase (GPx), Glutathione S-transferase (GST), Superoxide dismutase (SOD), 
Multiple Organ Dysfunction Syndrom (MOD) were measured in liver and blood samples. The acute toxicity study of the selected 
plant showed that there is no mortality or adverse reaction at the fixed dose of 2000 mg/kg. The methanolic extract at 200 and 
400 mg/kg body weight respectively were administered daily to study the hepatoprotective effect in carbon tetrachloride-induced 
hepatotoxic model for 7 days. 
Results: A remarkable decrease was observed in bilirubin, alkaline phosphatase (ALP), serum glutamic-oxaloacetic transami-
nase (SGOT), and serum glutamic-pyruvic transaminase (SGPT) levels in the treatment group as compared to the hepatotoxic 
group. In a histopathological study, hepatocytic necrosis and inflammation in the centrilobular region with portal triaditis was 
found in hepatotoxicity induced group whereas minimal inflammation with moderate portal triaditis and normal lobular architec-
ture observed in extract treated groups. 
Conclusion: From the observation, it can be concluded that the methanolic extract of Bauhinia vahlii has the potential to revert 
the hepatic injury induced by carbon tetrachloride. Comparatively, the methanolic extract at 400 mg/kg w/w resulted in a signifi-
cant hepatoprotective effect. The standard drug silymarin was used for comparison.
Key Words: Hepatoprotective activity, Lipid peroxidation, Bauhinia vahlii, Silymarin, Carbon tetrachloride
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(subfamily- Caesalpiniaceae); it is traditionally used to treat 
the liver cirrhosis.9

Bauhinia genus of family Caesalpiniaceae consists of about 
15 species that occur in India. Some of them are shrubs or 
trees, while a few are climbers.10 Bauhinia vahlii is a giant 
climber shrub and one of the most common Indian Bauhinia 
species. The species is distributed in the Sub-Himalayan re-
gion and also found in Assam, Central India, Bihar, East-
ern, and the Western Ghats.11 Bauhinia vahlii Wight and Arn 
belonging to family Caesalpiniaceae is a giant evergreen 
shrub having white flowers. Various part of Bauhinia vahlii 
is used, as the seeds possess tonic and aphrodisiac proper-
ties and leaves are demulcent and mucilaginous. The plant is 
reported to possess antibacterial,12 anti-inflammatory, anti-
diabetic13,14,15 antioxidant16 and anti-hyperlipidemic activ-
ity.17 It is also used for the treatment of dysentery, diarrhoea, 
haemorrhoids, piles, oedema, laxative, anthelmintic, astrin-
gent, antileprotic, wound healing, antigoitrogenic, antitumor, 
the antidote for snake poisoning, dyspepsia, carminative.18

Bauhinia vahlii  is the largest creeper in India and is called 
adattige in Telugu and asamantaka in Sanskrit. It has been 
reported to contain amino acids, proteins,19 minerals,20 
and flavonoids.21 They have various medicinal activity, 
Dried pods, without seeds, yielded 4 new constituents, viz. 
methyl 4-O-methyl gallate (0.08%), methyl gallate (0.26%), 
(+)-mopanol (0.07%) and (+)-catechin (0.11%).22 It has also 
contained betulinic acid, triterpene, campesterol, and steroid. 
Even though the plant was traditionally used to treat liver 
disease, but there is no such documented evidence of hepato-
protective activity. Because of this, it is of considerable inter-
est to investigate the above-mentioned plant with the hope to 
obtain a safe and potent hepatoprotective agent.

MATERIALS AND METHODS

Collection and identification of plant sample
The fresh aerial parts of Bauhinia vahlii were collected from 
surrounding of Chandi Devi Temple located in Haridwar, 
Uttarakhand, India. The selected plant was authenticated 
by CSIR Laboratory, National Botanical Research Institute, 
Lucknow (CSIR-NBRI). The authentication reference num-
ber is NBRI/CIF/530/2018.

Preparation of Plant Extract
The aerial parts were washed with running tap water, air-
dried under the shade at room temperature, and then ground 
to a coarse powder and stored in an airtight container. The 
size of the dried parts was reduced, powdered and about 
250 g of powder was continuously extracted with methanol 
and water by soxhlet extractor at room temperature for three 
days. The methanolic extract was filtered and concentrated 

to a dark viscous mass (Yield 21.7 % w/w) under reduced 
pressure at 45-50°C. The dried extract was suspended in dis-
tilled water and was further fractionated by using different 
polarity-based solvents such as n-hexane, ethyl acetate; the 
obtained dark brown to green colour crude extract was stored 
in an airtight container at 6-10°C for further studies.23

Animals
Albino mice of weight ranges from 120-150 gm of female 
mice were used for the study. Female Mice were kept in the 
animal house of the pharmacy department at maintained 
room temperature of 22-25°C. During the whole experi-
mental study animals kept in light and dark conditions. The 
experiments were carried according to guidelines of the In-
stitutional Animal Ethics Committee approved the experi-
mental protocol and animals were maintained under standard 
conditions in an animal house. Ref. no: 2014/PO/Re/S/18/
CPCSEA.

Acute toxicity study
The acute toxicity study was done according to the Organiza-
tion for Economic Cooperation and Development guidelines 
(OECD 423). In acute toxicity study, methanolic extract and 
aqueous extract were determined on Albino mice of weight 
ranges from 25-30 gm of female mice. Acute toxicity was 
calculated as per OECD 423 guidelines and LD50 of test 
compounds were found at 2000 mg/kg.w/w.

Carbon tetrachloride-induced liver toxicity
Animals were divided into five groups (each group contains 6 
animals). Group, I served as vehicle control, which received 
liquid paraffin. Groups II-V were treated with CCl4 in liquid 
paraffin (1:2) at the dose of 1 ml/kg body weight intraperito-
neal once in every 72 h for 14 days. Groups IV and V were 
treated with Bauhinia vahlii Methanolic extract (BBME) at 
the doses of 200 and 400 mg/kg body weight, respectively. 
Group III was administered with standard drug silymarin at 
a dose of 25 mg/kg body weight orally. BBME treatment was 
started 10 days before Carbon tetrachloride administration 
and continued until the end of the experiment.24 

Evaluation of liver damage
At the end of the experiment, after 72 hrs toxicity of CCl4, 
blood samples were collected from retro-orbital plexus from 
the overnight fasted animals, after anaesthetized with 100 
mg/kg ketamine, i.p. The blood samples were taken with 20 
μl Ethylene diamine tetraacetic acid  (EDTA) (5%) in each 
Eppendorf and centrifuged at 5000 rpm for 20 min (Sigma 
3K30, UK). The supernatant (serum) was separated with 
the help of a micropipette and placed it in a new Eppendorf 
with well labelled and stored at -80°c for further analysis. 
The homogenate was centrifuged at 4°C for 5 min at 3000 
r/min and the supernatant used for the estimation of viscous 
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oxidative stress markers. (Biochemical and antioxidant esti-
mation). The opposite liver tissue specimens were used for 
histopathological examination.25,26 Biochemical parameters 
like Serum glutamate oxaloacetate transferase (SGOT), Se-
rum glutamate pyruvate transferase (SGPT), alkaline phos-
phatase (ALP) and Serum bilirubin were estimated by re-
ported methods.27,28

Statistical analysis
The results of the study were expressed as mean±SEM 
(Standard error of the mean). The student t-test and analy-
sis of variance (ANOVA) were used followed by Newman-
Keul’s multiple comparison tests to analyze the experimental 
data for its significance.

RESULTS

Histopathological Investigation
Control (Group I): Hepatocytes of the normal control group 
showed normal lobular architecture of the liver (Figure 1A).

Toxic Control Groups (II): Hepatocytic necrosis and inflam-
mation region were observed in the liver treated with carbon 
tetrachloride (Figure 1B).

Silymarin 25 mg/kg (Groups III): Silymarin pretreated group 
showed normal hepatocytes normal architecture (Figure 1C).

Methanolic extract 200 mg/kg and 400 mg/kg (Groups IV 
& V): Methanolic extract 200 mg/kg and 400 mg/kg treated 
group showed recovery of hepatic parenchyma, mild conges-
tion and microvesicular changes (Figure 1D & 1E).

The phytochemical analysis of an extract of aerial parts of 
Bauhinia Vahli confirmed the presence of various phyto-
constituents i.e. alkaloids, flavonoids, glycosides, terpe-
noids, and steroids. The extract is devoid of toxicity up to 
2000 mg/kg in Wistar albino mice. In Carbon, tetrachloride 
treated mice, the levels of Bilirubin (Total & Direct), se-
rum glutamic-oxaloacetic transaminase (SGOT), and serum 
glutamic-pyruvic transaminase (SGPT), and Alkaline phos-
phatase was significantly elevated. Silymarin (25 mg/kg) 
showed a significant decrease in Bilirubin (Total & Direct), 
SGOT, SGPT, and Alkaline phosphate level. Treatment with 
methanolic extract of Bauhinia Vahli at 200 mg/kg and 400 
mg/kg showed a significant decrease in Bilirubin (Total & 

Direct), SGOT, SGPT, and Alkaline phosphatase level. Simi-
larly, the treatment of aqueous extract at 200 and 400 mg/kg 
but 200 mg/kg showed a significant decrease in the above-
mentioned biomarkers. However, 400 mg/kg w/w had shown 
a profound reduction of the above markers. The detailed re-
sult of the biochemical analysis is given in tables 1 & 2. The 
histopathological studies of the normal liver sections showed 
the hepatic cells with well-preserved cytoplasm, prominent 
nucleus, and central vein (Figure 1A). In rats treated with 
Carbon tetrachloride, the normal architecture of the liver was 
completely lost with the appearance of centrilobular necro-
sis, lymphocytes infiltration of the periportal area, and fatty 
changes were observed (Figure 1B). The mice administrated 
with silymarin (25 mg/kg) exhibited a significant reversal 
of the hepatic damage caused by Carbon tetrachloride (Fig-
ure. 1C). Methanolic extract at a dose of 200 mg/kg and 400 
mg/kg had shown some improvement in damaged hepato-
cytes whereas the aqueous extract at 200 and 400 mg/kg 
had shown remarkable improvement in damaged hepatocyte 
which is evidenced from reversal of damaged hepatocytes to 
normal hepatic architectural pattern with mild hepatitis (Fig-
ure. 1D & 1E).

Figure 1: A. Control, B. Silymarin (25mg/Kg), C. CCl4 2000mg/
Kg, D. BBME1 (200mg/kg) and E. BBME2 (400mg/kg).

Table 1: Effect of BBME on lipid peroxidation (MDA), GSH and antioxidant enzymes after 6 weeks of CCl4­
intoxication in mice
Animal group GSH (µm/g 

liver)
GPx (µm/g 

liver)
GR (µm/g 

liver)
GST (µm/g 

liver)
SOD (µm/g 

liver)
MDA (nm/g 

liver)
Control 3.65 ± 0.30 3.20 ± 0.27 2.40 ± 0.22 46.90 ± 4.85 355 ± 7.25 31.32 ± 3.20
CCl4 2.10 ± 0.23 1.64 ± 0.23 1.52 ± 0.25 20.20 ± 2.64 230.50 ± 4.10 64.20 ± 4.20
BBME (200mg/kg/day) 3.20 ± 0.22 2.40 ± 0.20 2.35 ± 0.29 37.05 ± 2.47 298. 40 ± 4.86 39.10 ± 3.80
BBME (400mg/kg/day) 3.56 ± 0.18 3.00 ± 0.24 2.39 ± 0.33 42 ± 20 324.74 ± 6.24 32.20 ± 3.50
Silymerin (25 mg/kg/day) 3.24 ± 0.24 2.48 ± 0.30 2.19 ± 0.36 34 ± 4.20 317 ± 4.80 36.15 ± 2.39
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Table 2: Effect of BBME on serum bilirubin (Total and Direct), SALP, SGOT, GGTP, TP and SGPT in carbon 
tetrachloride treated Albino mice
Groups Dose

(per kg)
SGPT

u/l
SGOT

u/l
SALP

u/l
GGTP

u/l
Total Bilirubin

(mg/dl)
TP

mg/dl

Normal Control 5ml 71±0.51 58±0.97 64±1.72 65±0.95 0.70±0.03 6.5±0.06

CCl4 1ml 145±0.58 161±2.95 120±0.08 155±2.65 2.42±0.17 7.4±0.08

Silymarin +  
CCl4

25mg 82±1.08 76±1.46 76±1.06 88±1.04 0.80±0.03 6.8±0.02

BBME +  CCl4 200mg 66±1.75* 98±1.39* 95±1.30* 102±1.05* 0.70±0.02* 5.2±0.04*

BBME + CCl4 400mg 76±0.089** 86±0.58** 84±1.32** 98±1.06** 0.67±0.06** 6.1±0.06**

Values are in Mean ± SEM. Number of animals in each group (N=6). ***p< 0.001 Vs Group I. **p<0.01 Vs Group II and *p<0.05 Vs 
Group II

DISCUSSION

CCl4 intoxication is a widely used experimental model for 
liver injury. The highly hepatotoxic metabolites, namely, 
trichloromethyl radicals (CCl3

* and CCl3O2
*) are generat-

ed during the metabolic activation of CCl4 by cytochrome 
P-450. These radicals have a central role in the initiation of 
lipid peroxidation, inflammation, and fatty changes of the 
liver.29,30 Moreover, CCl4 intoxication is associated with 
oxidative stress since theCCl3

* and CCl3O2
* radicals alter 

the antioxidant state of the liver by deactivating the he-
patic antioxidant enzymes including SOD, GPx, GR, and 
GST. Trichloromethyl radicals also react with the sulfhydryl 
groups of GSH leading to its deactivation.31 In the present 
study, CCl4 treatment markedly increased the levels of AST, 
ALT, and ALP. The leakage of the marker enzymes into the 
blood was associated with marked necrosis, loss of hepatic 
architecture, hydropic degeneration, fatty changes, Kupffer 
cell hyperplasia, central vein congestion, and infiltration of 
the liver by lymphocytes. The MDA level in the liver tissue 
was markedly increased in response to CCl4 intoxication, in-
dicating oxidative damage of the liver. CCl4 administration 
also reduced the levels of GPx, SOD, GST, GSH, and GR in 
the liver tissue compared to the normal mice. The results of 
the present study demonstrated that treatment with BBME 
returned the increased MDA to its normal level. The inhibi-
tory effect against lipid peroxidation suggested that BBME 
could prevent the liver injury induced by free radicals along 
with the subsequent pathological changes in the liver.33

The marked reduction in the leakage of liver enzymes into 
the serum also confirmed the inhibitory effect of BBME 
against lipid peroxidation. In contrast, the GSH, GPx, SOD, 
GST, and GR levels were markedly improved compared to 
the silymarin-treated group. Modulation of these antioxidant 
defences contributed to the antioxidant and hepatoprotec-
tive activity of BBME. The remarkable hepatoprotective 
and antioxidant effect of Bauhinia vahlii Methanolic extract 
(BBME) may be attributed to a synergistic effect between 
these compounds.32, 34

CONCLUSION

Based on the results of this study, the hepatoprotective ef-
fect of BBME is attributed to its ability to reduce the rate of 
lipid peroxidation, to enhance the antioxidant defence status, 
and to guard against the pathological changes of the liver 
induced by CCl4 intoxication. The hepatoprotective activity 
of BBME is concluded to be partly mediated by the anti-
oxidant effect of the extract. Advanced tools and equipment 
are needed for identification, isolation, and purification of 
the active ingredients of the hepatoprotective activity and to 
examine their efficacy and safety through controlled clinical 
trials. There should be a motivation plan to Medicinal Plants 
Research Centre in Sudan to create cooperative collaborative 
research activities among the involved institutions.

ABBREVIATIONS 
ALP, Alkaline phosphatase; BBME, Bauhinia vahlii Meth-
anolic extract, CCl4, Carbon tetrachloride; GPx, Glu-
tathione  Peroxidase; GSH, Glutathione; GST, Glutathione 
S-transferase; MOD, Multiple Organ Dysfunction Syndrom; 
SGOT, Serum Glutamic Oxaloacetic Transaminase; SGPT, 
Serum Glutamic Pyruvic Transaminase; SOD, Superoxide 
dismutase.
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