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1. INTRODUCTION 
Acetaminophen (N-acetyl-p-aminophenol; APAP), also 

known as paracetamol, is the most widely used analgesic 

and antipyretic medication in the world, which has no 

adverse effect at therapeutic dosages.[1]
 But in high doses 

of APAP causes hepatic necrosis and renal failure in both 

humans and animals.[2, 3]
 The prime toxicity of APAP is 

the result of drug metabolism both in the liver and in 

extrahepatic tissues.[4]
 The initial step of its toxicity is 

formation of the reactive intermediate N-acetyl-p-

benzoquinone imine (NAPQI) by cytochorom P450 
which at therapeutic doses is removed by conjugation 

with glutathione solfidryle (GSH). At therapeutic doses, 

APAP is metabolized via glucuronidation and sulfuration 

reactions occurring primarily in the liver, and results in 

water-soluble metabolites that are excreted via the 

kidney. As a result of metabolic conversion of APAP by 

the microsomal P-450 enzyme system, a highly reactive 

intermediate, N-acetyl-p-benzoquinone imine (NAPQI) 

is produced. This electrophilic metabolite is then reduced 

by glutathione (GSH) and subsequently excreted as 

mercapturic acid, a relatively benign compound.[5]
 High 

doses of acetaminophen results in the depletion of stored 

sulfate and GSH. This shunts the excess amount of 

APAP to the CYP-450 mixed function oxidase system, 

generating more of the reactive intermediate NAPQI. 

When large doses of APAP are ingested, there is severe 

GSH depletion and massive production of metabolites; 

this compounds the toxicity, leaving large amounts of 

reactive species unbound. These electrophilic 

intermediates then form covalent bonds to cellular 

protein macromolecules leading to hepatocellular 

injury.[5]
 This process disrupts homeostasis and initiates 

apoptosis, or programmed cell death, leading to liver 

tissue necrosis and, ultimately, organ dysfunction.[6, 7]
 

Alpha Lipoic Acid (ALA) is a naturally occurring 

antioxidant and plays a fundamental role in metabolism. 

ALA has been shown to affect cellular processes, alter 

redox status of cells, and interact with thiols and other 

antioxidants.[8]
 One experimental study reported that 

lipoic acid administration was effective in hepatic 

function restoration.[9] 
 These studies showed that lipoate 

pretreatment lowered the levels of SGOT and SGPT 

significantly. This fact has to be connected with the 

finding that a-lipoic acid is able to modulate cytochrome 

P450 reductase. Alpha-lipoic acid is able to inhibit both 

purified and microsomal P450 reductase by inducing a 

chemical modification of the SH-groups via a thiol– 

disulfide exchange reaction.[10]
 The present study was 

designed to investigate the protective effect of alpha-

lipoic acid on hepato renal toxicity of acetaminophen 

induced uremic rat models.  

 

2. MATERIALS AND METHODS 

2.1. Reagents 

2.1.1. Drugs and Chemicals  
Reagents such as alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), alkaline phosphatase 

(ALP) were from Merck Specialties Private Limited, 

Worli, Mumbai. All other chemicals were purchased 

from SRL, India, Sigma Aldrich, India and HiMedia 

Laboratories Pvt. Ltd., Mumbai, India. Different 
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biochemical parameters like plasma antioxidant enzyme 

profiles like super oxide dismutase (SOD), catalase 

(CAT) and oxidative stress marker like malondialdehyde 

(MDA) were measured by the absorbance of UV- VIS 

Spectrophotometer (Systronics, India). Alpha lipoic acid 

was purchased from Sun Pharmaceuticals-Symbiosis. All 
other chemicals used for Bio chemical tests including 

Methanol, ethylene diamine tetra acetic acid (EDTA), 

Potassium phosphate dibasic (K2HPO4), potassium 

dihydrogen phosphate (KH2PO4), Pyragallol, Tris, 

Trichloroacetic acid (TCA), Thiobarbituric acid (TBA) 

were collected from Merck Specialties Private Limited, 

Worli, Mumbai, HiMedia Laboratories Pvt. Ltd., 

Mumbai, India and Crest Biosystems, Goa, India.  

 

2.1.2. Drug doses: Acetaminophen was injected 

intraperitoneally at a dose of 500/ kg body wt/day for 10 

days [11]. Alpha lipoic acid tablets (Sun 
Pharmaceuticals-Symbiosis): Alpha lipoic acid was co 

administered orally at conc. of 50, 100 mg/kg body 

weight /day for 20 days of experiment.
[12]

  

 

2.2. Selection of animals and care 

2.2.1. Experimental subjects  
The present experiment was conducted on 30 male 

Wistar strain adult pathogen free, healthy albino rats 

having weight of 100±15 g (Supplied from Ghosh 

animal, animal foods and animal cages Supplier, Kolkata 

54). They were housed at laboratory condition for 2 
weeks prior to experimentation. Animals were housed 

three rats/cage in a temperature-controlled room (22± 

20C) with 12–12 h dark–light cycles (8.00–20.00 h light, 

20.00– 8.00 h dark) at a humidity of 50 ±10%. They 

were provided with standard food and water ad libitum. 

Animal care was provided according to the Guiding 

Principle for the Care and Use of Animals.[13]
 Our 

Institutional Animal Ethical Committee (IAEC) 

approved this study.[14]
  

 

2.2.2. Experimental design 
The rats were divided into four equal groups as follows: 
Group I or control – Six animals were subjected to 

control group. They were housed at room temperature 

(25± 30C) and feed normal diet and water ad libitum.  

 

Group II or acetaminophen induced hepatotoxic rats – 

Six animals were randomly placed in cage with normal 

diet and injected with acetaminophen at the conc. of 500 

mg with de-ionized water 5 mL/kg of body weight/day 

for 10 days to achieve hepatic toxicity.  

 

Group III and IV or acetaminophen with alpha lipoic 
acid treatment group–This group of animal treated as 

group II and co-administered with ALA at the dose of 50 

and 100 mg/ /kg body weight/rat for 20 days.  

 

2.3. Preparations of sample for biochemical studies  
This experimental design was continued for 20th days. 

On 21st day of experiment, the animals were sacrificed 

and blood and tissues were collected from the aorta after 

which the kidneys were collected for different 

biochemical analysis.  

 

2.4. Parameters  

2.4.1. Biochemical estimation of liver toxicity study:  
Activities of plasma liver enzymes aspartate and alanine 
aminotransferases (AST and ALT) were chemically 

determined according to the method of Goel.[15]
 For the 

assessment of toxicity in plasma and liver biochemical 

estimation of alkaline phosphatase (ALP) were done 

spectrophotometrically.[16]
  

 

2.4.2. Biochemical estimation of plasma antioxidant 

enzyme profiles and oxidative stress marker  
The whole blood was centrifuged and plasma fraction 

was separated. The super oxide dismutase (SOD) activity 

of plasma will be estimated by measuring the percentage 

of inhibition of the pyragallol auto-oxidation by SOD 
using spectrophotometer at 420 nm and values were 

expressed as mmol of H2O2 consumption/dl of 

plasma/min.
[17]

 For the estimation of catalase (CAT) 

activity, in a spectrophotometric cuvette, 0.5 ml of 

hydrogen peroxide (H2O2) and 2.5 ml of distilled water 

were mixed and reading of absorbance was noted at 240 

nm and plasma was added at volume of 40μl separately, 

the subsequent six reading were noted at 30 sec. 

interval[18] and values were expressed as mmol of H2O2 

consumption/dl of plasma/min. Plasma level of 

malondialdehyde (MDA) was measured by 
spectrophotometer at 535 nm and values were expressed 

as n mol/dl of plasma.[19] 

  

2.4.3. Biochemical estimation of antioxidant enzyme 

profiles and oxidative stress marker of kidney tissue:  
kidney tissues were homogenized separately in 0.05 M 

Tris Hydrochloric acid (HCl) buffer solution (pH-7.0) at 

the tissue concentration of 50 mg/ml. These homogenate 

was centrifuged separately at 10,000 g at 4oC for 10 min 

and tissue supernatant was collected. The activities of 

SOD[17], CAT[18] and MDA[19] in kidney tissue 

homogenate were measured spectrophotometrically.  
 

2.4.4. Histopathological studies  
Liver tissues from the experimental rats were fixed in 

10% buffered formalin solution embedded in paraffin 

wax and 5μ sections were prepared with a rotary 

microtome. These thin sections were stained with 

hematoxylin and eosin (H and E), mounted on glass 

slides and observed for pathological changes under a 

binocular microscope according to Mani, 2010.[20]  

 

2.5. Statistical analysis  
Data were expressed as mean ± SE (n=6). ANOVA 

followed by Bonferroni multiple two-tail t-test to detect 

inter group differences and bars with different 

superscripts (*, #, Δ) differ from each other significantly 

(p< 0.05).[21]  
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3. RESULTS AND DISCUSSION  
Paracetamol is a widely used antipyretic and analgesic 

drug which is safe in therapeutic doses but can cause 

fatal hepatic damage in human and animals at higher 

toxic doses. According to several experimental studies, 

the generation of reactive oxygen species has been 
established as a mechanism by which many chemicals 

can induce nephrotoxicity.[22]
 ALT and AST are enzymes 

normally present in the liver, heart, muscles and blood 

cells. They are basically located within hepatocytes. So 

when liver cells are damaged or die, transaminases are 

released into blood stream, to measure the index of liver 

injury. The elevated levels of ALT, AST and ALP are 

indicative of cellular leakage and loss of functional 

integrity of the hepatic cell membranes implying 

hepatocellular damage.[23]
 The levels of plasma AST, 

ALT, ALP, were markedly elevated (P<0.05) in 

acetaminophen treated rats of Group II animals in 
comparison with control (Group I). After treatment of 

ALA at higher doses (Group IV), there was a 

significantly (p<0.05) decreased levels of these marker 

enzymes. Administration of ALA at the dose of 50 and 

100mg/kg body weight for 20 days to acetaminophen 

induced hepatotoxic rats restored significantly (p < 0.05) 

of the level of plasma ALT, AST and ALP offering the 

maximum hepatic protection with respect to different 

liver marker enzymes (Table 2 and 3). Previous studies 

have clearly demonstrated that acute APAP overdose 

increases the lipid per oxidation and suppresses the 
antioxidant defense mechanisms in renal tissue.[24]

 This 

is ascribed to a free radical-mediated chain reaction that 

damages cell membranes[25, 26]
 and MDA is a good 

indicator of the degree of lipid peroxidation. Alpha-

lipoic acid is characterized by high reactivity towards 

reactive oxygen species and its capability of increasing 

tissue levels of anti-oxidant enzymes.[27]
 It has been 

demonstrated that lipoic acid reduces oxidative stress in 

healthy adults and diabetic patients by decreasing 

significantly lipid hydro peroxide formation.[28, 29]
 

However in the acetaminophen treated animals (Group 

II), the MDA levels were increased significantly (p < 
0.05), when compared to group I rats. Co-administration 

of ALA at two different doses (Group III and IV), the 

levels of MDA in plasma and kidney tissues were 

decreased significantly (p < 0.05) when compared to 

acetaminophen treated rats (Group II) and these values 

were resettled to the control group or group I rats    

(Table 5). During kidney injury, superoxide radicals are 

generated at the site of damage and modulate SOD and 

CAT, resulting in the loss of activity and accumulation 
of superoxide radical, which damages kidney. SOD and 

CAT are the most important enzymes involved in 

ameliorating the effects of oxygen metabolism.[30]
 The 

present study also demonstrated that acetaminophen 

overdose resulted in a significant decrease (p < 0.05) in 

the SOD and CAT activities in plasma and kidney, when 

compared with normal control rats. It is due to enhanced 

lipid peroxidation or inactivation of the ant oxidative 

enzymes. When rat were co administered with the ALA 

at two different doses, the activity of SOD and CAT was 

increased significantly (p<0.05) when compared with 

acetaminophen treated group (P<0.01) (Group II) and 
higher doses of ALA (Group IV) showed highest activity 

than lower dose (Group III) (Table 4). Depletion of renal 

GSH is one of the primary factors that permit lipid 

peroxidation; it is suggested to be closely related to 

APAP tissue damage. It has been reported that renal 

glutathione content, and glutathione peroxidase and 

reductase activity of kidney tissue, which are critical 

constituents of the GSH-redox cycle, were significantly 

reduced by treatment with acetaminophen.[31]
  

 

Liver is the main organ that is capable of detoxification. 

Probably, treatment with ALA could have enhanced 

detoxification of acetaminophen thereby maintaining the 

liver architecture. Morphological observations showing 

normal histology of liver of control group rats (Group I) 

with radiating chords of hepatocytes around central vein 

indicate well organized histoarchitecture (Fig 5 Section 

A). Figure four showed severe disorganization of liver 

cells after acetaminophen injection of 500 mg/kg body 

weight for 10 days in Group II rats. Damaged 

hepatocytes and blood vessels were seen prominently 

(Figure 4 Section B). But after treatment of ALA at the 

dose of 50 and 100mg/kg body wt/day for 20 days, there 
was the normal hepatocytes are seen as well as slightly 

affected ones with a small disorganization in Group IV 

than Group III rats (Figure 4 Section D). 

 

Table No: 1 Effect of two different doses of Alpha-lipoic acid on body weight of Acetaminophen induced hepato 

toxicity in male rats. Data are expressed as Mean ± SE (n=6). ANOVA followed by multiple two-tail t-test and 

data with different superscripts ((*, # Δ) in a specific vertical column differ from each other significantly (P< 

0.05).  
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Table No: 2 Effect of two different doses of Alpha-lipoic acid on plasma aspartate aminotransferase and alkaline 

transaminase level on acetaminophen induced hepato toxicity on male rats. Data are expressed as Mean ± SE 

(n=6). ANOVA followed by multiple two-tail t-test and data with different superscripts ((*, # Δ) in a specific 

vertical column differ from each other significantly (P< 0.05). 

 
 

Table No: 3 Effect of two different dose of Alpha-lipoic acid on plasma alkaline phosphatase on acetaminophen 

induced hepato toxicity on male rats. Data are expressed as Mean ± SE (n=6). ANOVA followed by multiple two-

tail t-test and data with different superscripts (*, # Δ) in a specific vertical column differ from each other 

significantly (P< 0.05). 

 
 

  
Figure 1: Effect of two different doses of Alpha-lipoic acid on plasma urea and creatinine level on 

acetaminophen induced hepato toxicity on male rats. Data are expressed as Mean ± SE (n=6). ANOVA followed 

by multiple two-tail t-test and data with different superscripts (*, #, Δ) in a specific vertical column differ from 

each other significantly (p <0 .05) 

 

  
Figure 2: Effect of two different doses of Alpha-lipoic acid on plasma and kidney SOD level on acetaminophen 

induced uremic male rats. Data are expressed as Mean ± SE (n=6). ANOVA followed by multiple two-tail t-test 

and data with different superscripts (*, #, Δ) in a specific vertical column differ from each other significantly (p 

<0 .05) 
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Figure 3: Effect of different doses of Alpha-lipoic acid on plasma and kidney MDA level on acetaminophen 

induced hepato toxicity on male rats. Data are expressed as Mean ± SE (n=6). ANOVA followed by multiple two-

tail t-test and data with different superscripts (*, #, Δ) in a specific vertical column differ from each other 

significantly (p <0 .05) 

 

  
Figure 4: Effect of different doses of Alpha-lipoic acid on plasma and kidney Catalase level on acetaminophen 

induced hepato toxicity on male rats. Data are expressed as Mean ± SE (n=6). ANOVA followed by multiple two-

tail t-test and data with different superscripts (*, #, Δ) in a specific vertical column differ from each other 

significantly (p <0 .05) 

 

  
A                                                                            B 
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C                                                                           D 

Figure 5: Section A Showing normal histology of liver of control group (Gr-I) rats. Radiating chords of normal 

hepatocytes (NH) around central vein (CV) indicate well organized histoarchitecture. Section B Showing severe 

disorganization of rat liver cells after acetaminophen injection doses of 500mg/kg body weight for 15 days to 

Group II rats. Damaged hepatocytes (DH) and damaged blood vessels are seen (DV). Section C showing 

acetaminophen induced hepatotoxic rat liver cells (500mg/kg body weight) with co-administered of ALA (50 

mg/kg) for 20 days to Gr-III rats showing both less damaged hepatocytes (DH). Section D showing 

acetaminophen induced hepatotoxic rat liver cells (500mg/kg body weight/day for 15 days) with co-administered 

of ALA (100mg/kg body wt/day) for 20 days to group IV rats showing both normal hepatocytes (NH) with a 

minimum disorganization (D). 

 

CONCLUSION 
In conclusion, the findings suggests that the potential use 

of alpha lipoic acid at two different doses is a novel 

therapeutically useful Hepato-Reno protective agent 

which improves hepatological derangements associated 

with repeated dose acetaminophen induced 

nephrotoxicity. It also observed that the higher dose of 

Alpha lipoic acid (100mg/kg/day) is the most effective 

dose for reducing hepato-renal toxicity due to its anti-

oxidative properties on acetaminophen induced hepato-

toxic male rats. It has great societal impact on 
community people as it is an alternative, cost effective 

easily affordable therapy for the management of hepato-

renal toxicity.  

 

ACKNOWLEDGEMENT 
The authors are grateful to Department of Science and 

Technology (DST), Government of India for providing 

fund as INSPIRE fellowship to first author for this work 

and also CPE fund provided by UGC, Government of 

India.  

 

REFERENCE  
1. Kanno S, Tomizawa A, Hiura T, Osanai Y, Kakuta 

M, Kitajima Y, Koiwai K, Ohtake T, Ujibe M, 

Ishikawa M. Melatonin protects on toxicity by 

acetaminophen but not on pharmacological effects in 

mice. Biol Pharm Bull, 2006; 29: 472–76.  

2. O’Grady JG. Paracetamol-induced liver failure: 

prevention and management. J Hepatol, 1997; 

26:41–6.  

3. Prescott LF, Roscoe P, Wright N, Brown SS. Plasma 

paracetamol half-life and hepatic necrosis in patients 

with paracetamol over dosage. Lancet, 1971; 1: 
519–22.  

4. Gu J, Cui H, Behr M, Zhang L, Zhang QY, Yang W, 

Hinson JA, Ding X . In vivo mechanisms of tissue-

selective drug toxicity: effects of liver-specific 

knockout of the NADPH-cytochrome P–450 

reductase gene on acetaminophen toxicity in kidney, 

lung, and nasal mucosa. Mol Pharmacol, 2005; 

67:623–30.  

5. Bessems JG, Vermeulen NP. Paracetamol 

(acetaminophen)- induced toxicity: molecular and 

biochemical mechanisms, analogues and protective 

approaches. Cr Rev Toxicol, 2001; 31: 55–138.  
6. Khandkar MA, Parmar DV, Das M, Katyare SS. Is 

activation of lysosomal enzymes responsible for 

paracetamol-induced hepatotoxicity and 

nephrotoxicity? J Pharm Pharmacol, 1996 ; 48:   

437–40. 

7. Lorz C, Justo P, Sanz AB, Egido J, Ortíz A. Role of 

Bcl-xL in paracetamol-induced tubular epithelial 

cell death. Kidney Int, 2005; 67:592–601.  

8. Packer L, Kraemer K, Rimbach G. Molecular 

aspects of lipoic acid in the prevention of diabetes 

complications. Nutrition, 2001; 17: 888-95.  
9. Paterni L. Thioctic acid in experimental poisoning 

with carbon tetra chloride. Folia Medica (Napoli), 

1957; 40: 665– 71.  

10. Slepneva IA. Sergeeva SV, Khramtsov VV. 

Reversible inhibition of NADPH-cytochrome P450 

reductase by a-lipoic acid. Biochem Biophys Res 

Commun, 1995; 214:1246 –53.  

11. Pradhan S, Mandal S, Roy S, Mandal A, Das K, 

Nandi DK. Attenuation Of Uremia By Orally 

Feeding Alpha –Lipoic Acid On Acetaminophen 

Induced Uremic Male Rats. Saudi Pharma J, 2013; 

21: 187–92.  
12. Pradhan S, Roy S, Mandal S, Samanta A, Patra A, 

Das K, Das S, Nandi DK. Alpha-lipoic acid a 



Pradhan
 
et al.                                                                 European Journal of Biomedical and Pharmaceutical Sciences 

 

www.ejbps.com 

 

 

674 

cholesterol reducer for targeting acetaminophen 

induced uremic male albino rat models. International 

Journal of pharmaceutical sciences review & 

research. 2014; 29: 62-6.  

13. NIH. NIH Guide for the Care and Use of Laboratory 

Animals. US Department of Health, Education and 
Welfare, National Institute of Health 1985; 85:23.  

14. Olfert ED, Cross BM, McWilliams AA. Guide to the 

care and use of experimental animals. In: Olfert ED, 

McWilliams BM. (Eds.). Canadian Council on 

Animal Care, 2nd ed., Canada; Ottawa: 1993;      

82–93.  

15. Goel BK. Routine biochemical test. In: Mukherjee 

KL. (Eds). Medical Laboratory Technology, New 

Delhi; Tata McGraw- Hill Publishing Company Ltd: 

1988; 985.  

16. Malamy M, Horecker BL. Alkaline Phosphatase. In: 

Wood WA (Eds), Methods in Enzymology, Vol. IX, 
New York; Academic Press: pp-639-42.  

17. Marklund S, Marklund G. Involvement of 

superoxide anion radical in auto oxidation of 

pyrogallol and a convenient assay of superoxide 

dismutase . Eur J Biochem, 1974; 47: 469-74.  

18. Beers RF, Sizer IW. A spectrophotometric method 

for measuring the breakdown of hydrogen peroxide 

of catalase. J Biol Chem, 1952; 195: 133-40.  

19. Ohkawa H, Ohishi N, Yagi K. Assay for lipid 

peroxidation in animal tissues by thiobarbituric acid 

reaction. Anal Biochem, 1979; 95: 351-58.  
20. Mani V. Laboratory Techniques in histology. In: 

Mukherjee KL (eds). Medical Laboratory 

Technology, 2nd edition, New Delhi: Tata 

MAcgraw Hill Education Private Limited, 2010: 

1007-1053.  

21. Sokal Rr, Rohle FJ. Introduction to analysis of 

variance. In: Sokal Rr, Rohle FJ (eds). Biometry, 

New York: WH Freeman and Company, 1997:   

179-206.  

22. Slitt AM, Dominick PK, Roberts JC, Cohen SD. 

Effects of ribose cysteine pretreatment on hepatic 

and renal Acetaminophen Metabolite formation and 
glutathione depletion. Basic Clin Pharmacol 

Toxicol, 2005; 96: 487-94.  

23. Venkatesan N, Thiyagarajan V, Narayanan S, Arul 

A, Raja S, Vijaya Kumar SG, Rajarajan T, 

Perianayagam JB. Anti-diarrhoeal potential of 

asparagus racemosus wild root extracts in 

laboratory animals. J Pharm Pharm, 2005; 8: 39-46.  

24. Abdel-Zaher OA, Abdel-Rahman MM, Hafez MM, 

Omran FM. Role of nitric oxide and reduced 

glutathione in the protective effects of 

aminoguanidine, gadolinium chloride and oleanolic 
acid against acetaminophen-induced hepatic and 

renal damage. Toxicol, 2007; 243: 124-34.  

25. Zaher H, Buters JT, Ward JM, Bruno MK, Lucas 

AM, Stern ST, Cohen SD, Gonzalez FJ. Protection 

against acetaminophen toxicity in CYP1A2 and 

CYP2E1 double-null mice. Toxicol Appl 

Pharmacol, 1998; 152:193–9.  

26. Abraham P. Vitamin C may be beneficial the 

prevention of paracetamol-induced renal damage. 

Clin Exp Nephrol, 2005; 9:24–30.  

27. Packer L, Witt EH, Tritschler HJ. Alpha lipoic acid 

as a biological antioxidant. Free Radic Biol Med, 

1995; 19: 227–50.  
28. Shay PK, Moreau RF, Smith EJ, Hagen TM. Is 

alpha lipoic acid a scavenger of reactive oxygen 

species in vivo: Evidence for its initiation of stress 

signaling pathways that promote endogenous anti-

oxidant capacity. IUBMB Life, 2008; 60: 362–7.  

29. Smith AR, Shenvi SV, Widlansky M, Suh JH, 

Hagen TM. Lipoic acid is a potential therapy for 

chronic diseases associated with oxidative stress. 

Curr Med Chem, 2004; 11: 1135–46.  

30. EI-Sokkary GH, Kamel ES. Reiter RJ. Prophylactic 

effect melatonin in reducing lead-induced 

neurotoxicity in the rat. Cell Mol Biol Lett, 2003; 8: 
461–70.  

31. Roy S, Das K, Mandal S, Pradhan S, Patra A, 

Samanta A, Mandal A, Kar S and Nandi DK. 

Asparagus Racemosus Roots Ameliorates 

Acetaminophen Induced Hepatotoxicity in Rats: An 

Experimental, Biochemical and Histological Study. 

Int J Recent Sci Res, 2014; 5: 1192-7.  


