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INTRODUCTION 

The liver is essential for maintenance of normal 

metabolic homeostasis as it carries out detoxification and 

metabolism of various toxins and drugs by its 

metabolizing enzyme system. Various microbial 

infections, drugs, toxins, nutritional and metabolic 

diseases may disrupt the normal function and structural 

integrity of liver. Various xenobiotics are known to cause 

hepatotoxicity, one among them is carbon tetrachloride 

(CCl4) that may cause liver damage by lipid peroxidation 

(LP).1,2 

 

Till now only supportive measures are employed for liver 

disorders in modern medicine as its armamentarium lacks 

any drug which is useful to treat or prevent liver diseases.  

   

India, with its wealth and variety of medicinal plants, has 

accumulated a great mass of popular remedies for liver 

ailments in the indigenous ayurvedic system of medicine, 

many of which are in common use even today. There has 

been a sharp upward trend in the use of phytomedicines 

over the last decades in Europe and USA.3,4 The recent 

trend, however, in the treatment of liver ailments, is the 
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ABSTRACT 

Background: Hepatic diseases are a major cause of morbidity and disability of work force throughout the world. The 

treatment of hepatic diseases with standard drugs poses the risk of toxicity on various organ systems. Withania 

somnifera, a herbal plant has been claimed to be effective in the treatment of various types of hepatic conditions. The 

present study was undertaken to explore the hepatoprotective activity of aqueous extract of Withania somnifera 

(AEWS) in experimentally induced hepatotoxicity in albino rats.  

Methods: The study was commenced after obtaining approval from institutional animal ethical committee using 

AEWS leaves in Albino wistar rats (150-200 gm) of either sex. The hepatoprotective activity was evaluated using 

biochemical examination. The animals were divided into five groups of six animals each. In each experiment, first 

group was given normal saline (1 ml/kg/day), second group was injected with toxin CCl4 (1 ml/kg) i.p only once to 

produce hepatotoxicity, third and fourth groups were given Withania somnifera orally (500 mg/kg and 1000 mg/kg) 

(respectively), as a single dose per orally every morning and fifth group was given standard drug Liv-52 (1 mg/kg).  

Results: Aqueous extract of Withania somnifera leaves in oral dose exhibited significant hepatoprotective effect in all 

models used in this study.  

Conclusions: It can be concluded from our study that aqueous extract of Withania somnifera leaves possesses 

hepatoprotective activity.  
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use of formulations which contain more than one 

medicinal plant. Some formulations have been 

established as hepatoprotective agents both in 

experimental as well as clinical studies.  

 

A plant Withania somnifera in supposed to have 

hepatoprotective action. The root of W. somnifera, known 

as Indian ginseng (ashwagandha), has been described in 

ayurvedic folk medicine to have potent aphrodisiac, 

sedative, and energy-enhancing tonic properties.5 Many 

investigators have reported that W. somnifera possesses 

anabolic, antiserotonergic and anticancer activities. 

Moreover, it is beneficial in the treatment of arthritis, 

geriatric problems, stress, and male sexual dysfunctions. 

It also has adaptogenic, cardiotropic, cardioprotective, 

and anticoagulant properties.6 W. somnifera has been 

shown to inhibit LP in stress-induced animals.7 The 

proven activities of W. somnifera as adaptogenic, anti-

inflammatory, antioxidant, anti-platelet, antihypertensive, 

hypoglycemic and hypolipidemic may also contribute to 

its cardioprotective properties.8 

 

The current study was designed to investigate the 

potential hepatoprotective effect of W. somnifera in CCl4-

induced hepatotoxicity and liver damage in rats. 

 

METHODS 

Animals  

 

Healthy Albino wistar rats of either gender, weighing 

150-200 g were obtained from CPCSEA approved central 

animal house of LLRM medical college. The selected rats 

were housed in polypropylene cages under controlled 

conditions of temperature (250C) and alternating periods 

of light and darkness of 12 hours each. The rats had free 

access to standard pellet diet and tap water ad libitum. 

After one week of acclimatization, the animals were 

rendered suitable for study. Pregnant female rats were not 

included in the study. 

Preparation of plant extract 

Leaves of Withania somnifera were obtained and allowed 

to dry under the shade. Thereafter 50 g of dry powdered 

leaves were boiled in 250 ml of water for half an hour. 

This solution was left to stand for 24 hours. Next day the 

solution was filtered and evaporated to obtain dry extract. 

This dried extract was further powdered and then stored 

at 0-40C. When needed the extract was suspended in 

water to achieve a concentration of 1%. 

 

Drugs and chemicals 

 

Sources of drugs and chemicals used in current 

investigation were; Liv-52 (Himalaya drug company), 

Ketamine (Kawality pharmaceuticals) and Diazepam 

(Watson pharma).  

 

 

Experimental design 

 

Animal were divided into five groups of six animals each. 

Group I: As control group was administered normal 

saline (0.9% NaCl solution) in a single oral dose of 1 

ml/kg/day for 21 days.  

Group II: In addition to pellet diet and tap water, this 

group was injected with toxin CCl4 (1 ml/kg) i.p only 

once to produce hepatotoxicity on 21stday.  

Group III and group IV: These groups were given 

Withania somnifera in two different doses (500 and 1000 

mg/kg) (respectively) as a single dose per orally every 

morning for 21 days followed by an injection of CCl4 (1 

ml/kg, i.p.) on 21st day.9  

Group V: This group received Liv.52 (1mg/kg/day) orally 

for 21 days followed by an injection CCl4 (1 ml/kg i.p.) 

on 21st day. Withania somnifera was administered by 

gavage method with animals fasted 3-4 hours prior to and 

1 hour after administration of test drugs to ensure proper 

absorption. After administration of CCl4, animals of all 

the groups were fasted for 24 hours although water 

remained freely available during this period. Thereafter 

animals were sacrificed under ketamine (75 mg/kg) and 

diazepam (10 mg/kg) anaesthesia given intraperitoneally. 
10 Blood samples were collected from abdominal aorta for 

performing liver function tests which included total 

bilirubin, alanine transaminase (ALT), alkaline 

phosphatase (ALP) and albumin.  

Statistical analysis 

The data obtained was expressed as mean±SD. It was 

calculated for each group to observe the general trend of 

the group. Significant differences between groups were 

calculated by the application of Post Hoc Tukey’s test. P-

values were estimated by referring to appropriate tables.11 

p<0.05 was considered as statistically significant. 

 

RESULTS 

It was observed that aqueous extract of Withania 

somnifera offered hepatoprotection in dose dependent 

fashion as reflected by significant improvement in all 

biochemical studies (Table 1). In the higher dose studied 

for Withania somnifera, i.e. 1000 mg/kg, the protection 

was found to be comparable to the response offered by 

Liv.52. 

Effect on alanine aminotransferase (ALT) 

 

With Withania somnifera there is limitation of ALT rise 

after CCl4 administration. In dose of 1000 mg/kg for 21 

days the Withania somnifera extract had much efficacy, 

in limiting the ALT rise after CCl4 administration, to 

140.2±12.1 IU/l, which was highly significant (Table 1) 

(p<0.001). 
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Effect on alkaline phosphatase (ALP)  

With Withania somnifera there is limitation of ALP rise 

after CCl4 administration. In dose of 1000 mg/kg for 21 

days the Withania somnifera extract had much efficacy, 

in limiting the ALP rise after CCl4 administration, to 

204.8±24.42 IU/L, which was highly significant (Table 1) 

(p<0.001). 

Effect on total serum bilirubin  

With Withania somnifera there is limitation of Total 

Bilirubin rise after CCl4 administration. In dose of 1000 

mg/kg for 21 days the Withania somnifera extract had 

much efficacy, in limiting the Total Bilirubin rise after 

CCl4 administration, to 0.52±0.64 IU/L  which was 

highly significant (Table 1) (p<0.001). 

Effect on albumin  

There was no such difference in serum Albumin levels 

and all the measurement recorded were in normal range. 

The Albumin levels varied from 5.1±0.76 gm/dl to 

5.2±0.31 gm/dl showed no correlation, which was 

insignificant (Table 1) (p>0.05). 

 

Table 1: Effect of Withania somnifera in graded doses on carbon tetrachloride induced changes in various 

biochemical parameters (mean±SE) (n=6). 

Group Treatment  

Alanine 

transaminase 

(IU/L) (mean±SE)  

Alkaline phosphatase 

(IU/L) (mean±SE) 

Total bilirubin 

(IU/L) (mean±SE)  

Albumin  

(gm/dl) 

(mean±SE)  

I  
Normal saline  

(1 ml/kg)  
29.5±3.35  73.9±4.63  0.25±0.95  4.6±0.82  

II  CCl4 (1 ml/kg)  433.5±48.67  600.42±52.9 2.03±0.86 5.3±0.92  

III 

Withania 

somnifera  

(500 mg/kg) 

304.9±36.03£  382.1±42.62£  0.80±0.53*  5.14±0.88  

IV  

Withania 

somnifera  

(1000 mg/kg)  

140.2±12.1^  204.8±24.42^  0.52±0.64^  5.1±0.76  

V 
LIV.52  

(1 mg/kg)  
140.7±8.1^  198.9±11.6^  0.46±0.42^  5.2±0.31  

 £P<0.05 as compared to CCl4 treated group, *p<0.01 as compared to CCl4 treated group, ^p<0.001 as compared to CCl4 

treated group. 

                                                                                    

DISCUSSION 

Liver damage is always associated with cellular necrosis, 

increase in tissue LP and depletion of reduced liver 

glutathione. In addition, elevated levels of hepatic serum 

enzymes are indicative of cellular leakage.12 Among 

xenobiotics, CCl4 represents the main cause of acute liver 

injury through its bioactivation to trichloromethyl free 

radicals that cause LP and produces hepatocellular 

damage.13,14 In the present study, CCl4 induced severe 

liver damage as evidenced by the significant elevation of 

serum levels of ALT, ALP and total bilirubin.15 These 

effects were coupled with a marked hepatic oxidative 

stress as indicated by histopathological changes 

demonstrating liver injury. In previous studies, oxidative 

stress was evidenced by decreased glutathione (GSH) 

liver tissue content as well as decreased superoxide 

dismutase (SOD), glutathione peroxidase (GPx), 

glutathione reductase (GR) and glutathione-S-transferase 

(GST) activities coupled with the increased production of 

malondialdehyde (MDA). It is well known that GSH is a 

major non-enzymatic antioxidant and plays an important 

role in cellular defense, which is a crucial determinant of 

tissue susceptibility to oxidative damage.16,17  

                                                                                             

During the radical stress, GSH is oxidized by GPx to 

oxidised glutathione, which can then be reduced back to 

GSH by GR. Reduced glutathione is also a cofactor for 

GST, primarily involved in the detoxification of 

electrophilic xenobiotics via catalysing the formation of 

GSH-electrophile conjugate.18-20 In addition, SOD 

catalyses the dismutation of superoxide anion to H2O2 

and O2. Because H2O2 is still harmful to cells, catalase 

and GPx further catalyse the decomposition of H2O2 to 

water.20 The increase in MDA levels, suggests enhanced 

LP leading to tissue damage and failure of antioxidant 

defense mechanisms to prevent formation of excessive 

free radicals.21 

 

Treatment with W. somnifera improved the liver function, 

an effect that was evidenced by the significant reduction 

in ALT, ALP and total bilirubin. This improvement of 

liver function, in W. Somnifera treated groups, was also 

supported by histopathological examination which 

revealed amelioration of pathological changes observed 

in CCl4-treated group. The possible mechanism of the 

hepatoprotective effect of extracts may be, in part, 

attributed to their antioxidant activities. As demonstrated 

in previous studies the significant increase in the GSH 

tissue content and decreased GPx activity in W. 
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somnifera, treated groups can be attributed to 

withanolides, which are the main active constituents 

(2.8%) in W. somnifera.22 Moreover, the herb root has 

been found to contain antioxidants, and therefore the herb 

root has been used to treat various diseases like stress, 

anxiety, insomnia, arthritis and neurodegeneration.23-26 

 

 

Figure 1: Effect of Withania somnifera in graded doses 

on carbon tetrachloride induced changes in various 

biochemical parameters (mean±SE) (n=6). 

 

Figure 2: Microscopic feature of the liver, in normal 

saline treated group. (Normal hepatic lobule 

architecture is seen. Hepatocytes and their nuclei are 

well visible; H&E stain, 400X, CV: central vein). 
 

 

Figure 3: Microscopic feature of the liver in CCl4 

treated group. (Extensive centrizonal necrosis is seen. 

Only cellular debris is seen and no hepatocytes with 

nuclei are discernible, H&E stain 400X). 

 

 

Figure 4: Microscopic feature of the liver of animals 

in Withania somnifera (500 mg/kg) treated group. 

(Centrizonal area is conspicuous by the presence of 

hepatocytes, showing minimal fatty changes. Necrosis 

is not seen, H&E Stain 400X). 

 

Figure 5: Microscopic feature of the liver of in 

Withania somnifera (1000 mg/kg) treated group. 

(Constricted sinusoids are seen indicating mild 

hepatocyte swelling. Necrosis is not seen.  H&E stain 

400X). 

 

Figure 6: Microscopic feature of the liver in Liv. 52 

treated group. (Mild hepatocyte swelling is present as 

indicated by constrcited sinusoids. Inflammatory cells 

are seen mostly around central vein, H&E stain 400X, 

solid arrows: sinusoids, dotted arrows: inflammatory 

cells). 

Limitations 

Animal model of disease does not exactly represent the 

real disease in human beings so further clinical studies 
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should be conducted. Though ideally both the doses of W. 

somnifera should be chosen in combination with aqueous 

extract, only higher dose of W. somnifera was chosen (to 

reduce the number of animals). As this study was of short 

duration and evaluated only treatment of disease, other 

studies of longer duration need to be planned to explore 

the preventive role of W. somnifera in hepatotoxicity. 

CONCLUSION 

Results of current investigation support the possible 

antihepatotoxic effect of W. somnifera extracts against 

CCl4-induced hepatotoxicity in rats. This antihepatotoxic 

effect may be attributed partially to their antioxidant 

activity. However, further pharmacological evidence at 

the molecular level is required to establish the actual 

mechanism of the action of the drug and research into this 

area is underway. 
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