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ABSTRACT 

Polyherbal formulations are increasingly studied for their ability to provide natural, safe, and multi-targeted 

hepatoprotection, often showing effects comparable to or better than synthetic drugs like silymarin, without adverse side 

effects. This study investigates the hepatoprotective potential of a polyherbal formulation comprising Andrographis 

paniculata, Berberis aristata, Cichorium intybus, and Rubia cordifolia root extracts against ethanol and paracetamol (PCM)-

induced hepatotoxicity in Wistar albino rats. Hepatic injury was induced by the combined administration of ethanol and 

PCM to simulate a severe model of drug-induced liver toxicity. The protective effects of the formulation were evaluated 

through biochemical assays, histopathological analysis, and statistical comparisons. Treatment with the polyherbal 

formulation significantly reduced serum levels of hepatic biomarkers, including SGPT, SGOT, ALP, cholesterol, total 

bilirubin, and direct bilirubin. Histological examination confirmed reduced hepatic damage, with effects comparable to 

those observed with silymarin, a well-established hepatoprotective agent. These findings demonstrate that the polyherbal 

formulation offers significant hepatoprotective activity and may serve as a promising natural therapeutic approach for the 

prevention and management of ethanol and PCM-induced liver injury. 
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INTRODUCTION 

Large doses of paracetamol, widely used analgesic-

antipyretic drug, is known to cause hepatotoxicity in human 

and laboratory animals. Increased lipid peroxidation in liver 

has been demonstrated as a frequent feature after poisoning 

with hepatotoxic substance. Oxidative stress is one of the 

mechanism involved in carbon tetrachloride (CCl 4 )- 

induced hepatotoxicity, which also causes membrane 

disintegration, loss of membrane-associated enzymes, and 

necrosis. This is reflected through the biochemical 

parameter in liver and plasma. Hepatotoxicity induced by 

drugs and alcohol is a significant clinical issue. Chronic 

alcohol consumption enhances the production of the toxic 

metabolite of paracetamol (PCM), N-acetyl-p-

benzoquinone imine (NAPQI), due to ethanol-induced 

activation of the cytochrome P450 system, coupled with 

reduced ability to detoxify NAPQI because of depleted 

hepatic glutathione. This study explores the 

hepatoprotective potential of a polyherbal formulation 

consisting of root extracts of Andrographis paniculata, 

Berberis aristata, Cichorium intybus, and Rubia  

cordifolia.1-3 

 

MATERIALS AND METHODS 

Preparation of Polyherbal Formulation 

The root extracts were powdered, sieved, and mixed in 

equal proportions (1:1:1:1). The polyherbal formulation and 

silymarin (standard hepatoprotective agent) were 

suspended in 2% gum acacia for administration.4-6 

Acute Toxicity Study 

Acute toxicity was assessed at a dose of 2000 mg/kg, 

showing no mortality. For the study, doses of 100 mg/kg, 

200 mg/kg, and 400 mg/kg were selected.7-9 

Experimental Design 

Albino Wistar rats (150-250 g) were divided into six groups 

(n=6 per group): 

• Group 1: Normal control, 2% gum acacia. 

• Group 2: Ethanol diet for 7 days, PCM (1 g/kg) on day 

8. 

• Group 3: Ethanol diet + 100 mg/kg polyherbal 

formulation, PCM on day 8. 

• Group 4: Ethanol diet + 200 mg/kg polyherbal 

formulation, PCM on day 8. 

• Group 5: Ethanol diet + 400 mg/kg polyherbal 

formulation, PCM on day 8. 

• Group 6: Ethanol diet + 100 mg/kg silymarin, PCM on 

day 8. 

Blood samples were collected on day 0 and day 8 for 

biochemical analysis. Livers were isolated and stored in 

10% formalin for histopathological studies.10-12 
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RESULTS 

Biochemical Parameters12-14 

• SGPT (ALT): The polyherbal formulation reduced 

SGPT levels in a dose-dependent manner, with 88.30% 

inhibition at 400 mg/kg, compared to 96.8% inhibition 

by silymarin. 

• SGOT (AST): The formulation showed 93.59% 

inhibition at 400 mg/kg, with silymarin showing 

97.68% inhibition. 

• ALP: A 92.77% reduction was observed at 400 mg/kg, 

with silymarin showing 97.80% inhibition. 

• Cholesterol: The formulation at 400 mg/kg showed a 

91.94% reduction, while silymarin showed 97.32%. 

• Total Bilirubin: A 95.23% reduction at 400 mg/kg, 

with silymarin showing 97.61%. 

• Direct Bilirubin: The formulation showed a 96.55% 

reduction at 400 mg/kg, while silymarin showed 

91.37%. 

Histopathological Findings15,16 

• Normal Control: No abnormalities detected. 

• Toxic Control: Severe hepatic damage, including fatty 

infiltration and necrosis. 

• Polyherbal Formulation (100 mg/kg): Mild necrosis and 

moderate regeneration. 

• Polyherbal Formulation (200 mg/kg): Moderate 

necrosis and good regeneration. 

• Polyherbal Formulation (400 mg/kg): Mild cellular 

infiltration and good regeneration. 

• Silymarin (100 mg/kg): Mild cellular infiltration and 

good regeneration. 

 

DISCUSSION 

 
Graph 1: Serum SGPT in ETH diet+ PCM induced hepatotoxicity in rats (Prophylactic Study) 

 

 
Graph 2: Serum SGOT in ETH diet+ PCM induced hepatotoxicity in rats (Prophylactic Study) 
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The hepatoprotective activity of the polyherbal formulation 

containing Andrographis paniculata, Berberis aristata, 

Cichorium intybus, and Rubia cordifolia root extracts was 

evaluated against ethanol and paracetamol-induced 

hepatotoxicity in Wistar albino rats. This study provides a 

comprehensive analysis of the formulation’s effectiveness, 

supported by biochemical, antioxidant, and 

histopathological evaluations. 

Biochemical Parameters15,16 

The results demonstrate a significant reduction in serum 

levels of liver enzymes (ALT, AST, ALP) and total 

bilirubin in rats treated with the polyherbal formulation. 

These enzymes are reliable indicators of liver function and 

their elevated levels typically signify liver damage. The 

reduction in these enzyme levels in the treatment groups 

suggests a protective effect on liver function. Specifically, 

the formulation appears to mitigate the hepatotoxic effects 

induced by ethanol and paracetamol, maintaining liver 

enzyme levels closer to those observed in the normal 

control group. 

Antioxidant Enzyme Activities 

The increase in antioxidant enzyme activities, such as 

superoxide dismutase (SOD) and catalase (CAT), in the 

liver tissues of treated rats indicates that the polyherbal 

formulation enhances the liver’s oxidative defense 

mechanisms. Oxidative stress plays a crucial role in the 

pathogenesis of liver damage, and the ability of the 

formulation to boost antioxidant defenses suggests a 

potential mechanism for its hepatoprotective effects. 

Enhanced SOD and CAT activities imply improved 

detoxification of superoxide radicals and hydrogen 

peroxide, respectively, thereby protecting hepatocytes from 

oxidative damage. 

Histopathological Findings 

Histopathological examination further corroborated the 

biochemical findings. The liver sections from rats treated 

Biochemical Parameters 

Group SGPT  

(U/L) 

SGOT  

(U/L) 

ALP 

(U/L) 

Cholesterol 

(mg/dL) 

Total Bilirubin 

(mg/dL) 

Direct Bilirubin 

(mg/dL) 

Normal Control 41.5 ± 1.92 56.7 ± 1.20 139.2 ± 2.52 80.5 ± 1.32 0.61 ± 0.05 0.31 ± 0.03 

Toxic Control 152.6 ± 4.32* 232.5 ± 3.26* 306.3 ± 3.26* 156.3 ± 2.80* 1.68 ± 0.04* 1.03 ± 0.06* 

PHF (100 mg/kg) 89.4 ± 2.20# 142.2 ± 2.84# 209.4 ± 3.12# 116.6 ± 1.94# 0.98 ± 0.06# 0.52 ± 0.04# 

PHF (200 mg/kg) 68.3 ± 2.35# 114.7 ± 2.46# 175.7 ± 2.87# 103.4 ± 2.24# 0.85 ± 0.05# 0.45 ± 0.05# 

PHF (400 mg/kg) 54.6 ± 1.92# 91.5 ± 2.12# 160.8 ± 2.18# 93.2 ± 2.08# 0.71 ± 0.06# 0.36 ± 0.04# 

Silymarin (100 

mg/kg) 

46.8 ± 1.62# 67.8 ± 1.58# 144.2 ± 2.01# 83.3 ± 1.65# 0.64 ± 0.06# 0.28 ± 0.03# 

Values significantly different from normal control group (p < 0.05) 

 
Graph 3: Serum ALP in ETH diet+ PCM induced hepatotoxicity in rats (Prophylactic Study) 

Relative Organ Weights 

Group Initial Body 

Weight (g) 

Final Body 

Weight (g) 

Relative Liver 

Weight (%) 

Normal 

Control 

180.2  

± 2.5 

186.4  

± 3.4 

3.25  

± 0.14 

Toxic 

Control 

179.5  

± 3.1 

163.7  

± 4.2* 

4.68  

± 0.18* 

PHF  

(100 mg/kg) 

180.1 

± 2.8 

176.9  

± 3.7# 

3.60  

± 0.16# 

PHF  

(200 mg/kg) 

179.8  

± 3.0 

179.0  

± 3.2# 

3.50  

± 0.17# 

PHF  

(400 mg/kg) 

180.0  

± 2.9 

182.6  

± 3.5# 

3.45  

± 0.18# 

Silymarin 

(100 mg/kg) 

179.9  

± 2.7 

183.4  

± 3.3# 

3.30  

± 0.17# 

Values significantly different from normal control group 

(p < 0.05) 
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with the polyherbal formulation exhibited preserved liver 

architecture and reduced incidences of necrosis, 

inflammation, and fatty degeneration, which are typically 

induced by ethanol and paracetamol toxicity. The 

formulation demonstrated dose-dependent efficacy, with 

higher doses (200 mg/kg and 400 mg/kg) showing more 

pronounced hepatoprotection. The liver histology of rats 

treated with the highest dose of the polyherbal formulation 

(400 mg/kg) was comparable to that of the normal control 

group, indicating near-complete protection against 

hepatotoxicity.17-19 

Mechanistic Insights 

The synergistic effects of the bioactive compounds in the 

polyherbal formulation, such as oleanolic acid, 

stigmasterol, and β-sitosterol, are likely responsible for the 

observed hepatoprotective effects. These compounds have 

well-documented anti-inflammatory, antioxidant, and 

hepatoprotective properties. Oleanolic acid, for instance, is 

known for its ability to modulate oxidative stress and 

inflammation, while stigmasterol and β-sitosterol 

contribute to membrane stabilization and anti-inflammatory 

effects. The combined action of these phytochemicals 

enhances the overall efficacy of the formulation, providing 

a multi-faceted approach to hepatoprotection. 

Comparative Efficacy 

 
Graph 4: Serum cholesterol in ETH diet+ PCM induced hepatotoxicity in rats (Prophylactic Study) 

 

 
Graph 5: Serum total bilirubin in ETH diet+ PCM induced hepatotoxicity in rats (Prophylactic Study) 
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The polyherbal formulation was compared to silymarin, a 

standard hepatoprotective agent. Silymarin is a well-

established liver protectant commonly used to treat various 

liver disorders. The results indicated that the polyherbal 

formulation, particularly at higher doses, was comparable 

to silymarin in terms of reducing liver enzyme levels and 

enhancing antioxidant defenses. This comparison 

underscores the potential of the polyherbal formulation as a 

natural and effective alternative or adjunct to conventional 

hepatoprotective therapies. 

Broader Implications 

Beyond hepatoprotection, the polyherbal formulation also 

offers therapeutic potential for a range of other conditions, 

including diarrhea, hemorrhoids, gynecological disorders, 

osteoporosis, diabetes, eye and ear infections, wound 

healing, jaundice, and skin diseases. This broad spectrum of 

activity highlights the versatility and holistic benefits of 

traditional medicinal plants in promoting overall health and 

managing various ailments. 

 

CONCLUSION 

The present study elucidates the hepatoprotective potential 

of a polyherbal formulation comprising Andrographis 

paniculata, Berberis aristata, Cichorium intybus, and Rubia 

cordifolia root extracts against ethanol and paracetamol-

induced hepatotoxicity in Wistar albino rats. The findings 

indicate that the polyherbal formulation significantly 

ameliorates liver damage, as evidenced by improvements in 

both biochemical and histopathological parameters. 

Biochemically, the treatment with the polyherbal 

formulation resulted in a notable reduction in serum levels 

of liver enzymes such as ALT, AST, ALP, and total 

bilirubin, which are markers of liver injury. The antioxidant 

activity of the formulation was also demonstrated by the 

significant increase in SOD and CAT activities in the liver 

tissues of treated rats, suggesting an enhancement in the 

oxidative defense mechanism. 

The histopathological examination further corroborated the 

biochemical results, showing that the polyherbal 

formulation effectively preserved liver architecture and 

prevented necrosis, inflammation, and fatty degeneration 

typically induced by ethanol and paracetamol toxicity. The 

liver sections of rats treated with the formulation displayed 

a near-normal histological structure, similar to that of the 

control group. 

Among the tested extracts, the polyherbal formulation 

exhibited the highest hepatoprotective activity, which can 

be attributed to the synergistic effects of its bioactive 

constituents, including oleanolic acid, stigmasterol, and β-

sitosterol. These compounds are known for their anti-

inflammatory, antioxidant, and hepatoprotective properties, 

which likely contribute to the overall efficacy of the 

formulation. 

The study also highlights the therapeutic potential of 

traditional medicinal plants in managing drug-induced liver 

injury. The polyherbal formulation's ability to mitigate 

hepatotoxicity induced by commonly used substances such 

as ethanol and paracetamol underscores its promise as a safe 

and effective alternative or adjunct therapy in liver 

protection. 

In conclusion, the polyherbal formulation of Andrographis 

paniculata, Berberis aristata, Cichorium intybus, and Rubia 

cordifolia root extracts demonstrates significant 

hepatoprotective effects against ethanol and paracetamol-

induced liver damage in Wistar albino rats. These findings 

warrant further investigation through clinical trials to 

Antioxidant Enzyme Activities 

Group SOD  

(U/mg protein) 

Catalase  

(U/mg protein) 

Normal Control 5.3 ± 0.3 5.8 ± 0.4 

Toxic Control 2.0 ± 0.2* 2.3 ± 0.2* 

PHF (100 mg/kg) 4.1 ± 0.3# 4.7 ± 0.3# 

PHF (200 mg/kg) 4.4 ± 0.3# 5.1 ± 0.3# 

PHF (400 mg/kg) 4.7 ± 0.3# 5.4 ± 0.4# 

Silymarin (100 mg/kg) 5.0 ± 0.3# 5.6 ± 0.4# 

Values significantly different from the normal control 

group (p < 0.05) 

 
Graph 6: Serum direct bilirubin in ETH diet+ PCM induced hepatotoxicity in rats (Prophylactic Study) 
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explore its potential application in preventing and managing 

liver diseases in humans. 
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