
  
 Abstract— This study was carried out  to investigate the protective 
effect of hydoalocoholic extract of Withania somnifera root extract in 
comparison with Silymaryn on liver tissue of Cyprinus carpio for 
acetaminophen induced liver toxicity. 96 common carps (Cyprinus 
caprio) with average weight of 8±0.5 g were collected from 
aquaculture farm in Astaneh Ashrafieh (Guilan Province, Iran), and 
divided  randomly into 8 groups including 3 control and 5 treatment 
groups.  Acetaminophen (500 mg/kg) and Withania somnifera 
methanol root extract (25, 50,100 and 200 mg/kg) and also 
acetaminophen (500 mg/kg) and Silymaryn (25 mg/kg) were injected 
intramuscularly. Control groups divided to methanol, and 
acetaminophen (500 mg/kg) receiving groups and a group which did 
not receive any treatment. The injections were conducted  once a day  
for 7 consecutive days  followed by removing and weighting the fish 
livers using digital scale with resolution 0.1 g and tissue passage. 5 
µm sections of liver tissues were prepared and stained by H&E and 
PAS methods. Each tissue section was examined in terms of hepatic 
protection against acetaminophen induced liver toxicity. Our results 
showed that  100 and 200 mg/kg of Withania somnifera root methanol 
extract acted as Silymaryn and protected liver against acetaminophen 
induced  toxicity. 25 and 50 mg/kg of Withania somnifera root total 
methanol extract failed to create significant protective effect. 
  
 Keywords—Acetaminophen, Liver toxicity, Cyprinus carpio, 
Withania somnifera.  

I. INTRODUCTION 
OXIN induced liver damages are among the deep concerns 
and use of phytogenic substances in treatment of hepatic 

diseases and has a long history in traditional medicine [1] . 
Acetaminophen induced toxic metabolites impair 
mitochondria function. Research show that almost 10% of 
acetaminophen is converted to N-acetyl-para-benzoquinone 
imine(NAPQI) through phase 1 oxidation which usually 
changed to nontoxic metabolites of cystein and mercaptoite 
through glutathione process. The oxidation is mediated by 
cytochrome 2E1, as initial cytochrome P450. In case of using 
over 4 g acetaminophen, sulpho and glucuronil transferase 
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process becomes saturated and increases relatively. In lower 
doses, the unchanged acetaminophen is converted to catechol 
derivatives through oxidation cycle and excreted. In toxic dose 
of acetaminophen, NAPQI decreases glutathione process and 
glutathione cut the storages excrete suddenly up to70% by 
NAPQI band to cell proteins creating cellular damages [2]. 

Withania somnifera is among the plants growing in southern 
Iran. The studies show that Glycowithanolids found in this 
plant brought antioxidant effect on mouse cortex increasing 
free radical eliminator enzymes [3]. The protective effect of 
these substances on the rat Iron toxicated liver has also been 
shown [4]. 
 Silybum marinum is one of the most important  herbal 
medicine used for treatment of hepatic disorders. This plant 
contains1.5 to 3%  flavonoid Silymaryn which stabilizes the 
plasma membrane of hepatic cell [5]. Tetrahydrocurcumin 
(THC), one of the major metabolites of curcumin, was 
investigated for its possible hepato-protective effect in Wistar 
rats against erythromycin estolate-induced toxicity. Oral 
administration of THC significantly prevented the occurrence 
of erythromycin estolate-induced liver damage. The increased 
level of serum enzymes (aspartate transaminase (AST), alanine 
transaminase (ALT), alkaline phosphatase (ALP)), bilirubin, 
cholesterol, triglycerides, phospholipids, free fatty acids and 
plasma thiobarbituric acid reactive substances (TBARS) and 
hydroperoxides observed in rats treated with erythromycin 
estolate were very much reduced in rats treated with THC and 
erythromycin estolate. This biochemical observation were 
supplemented by histopathological examination of liver 
section. Results of this study revealed that THC had a 
significant protection against erthromycin estolate-induced 
hepatocellular damage. Tetrahydrocurcumin had a better 
protective effect when compared with Silymaryn, a reference 
drug [6], [7].  

Given that the liver of fishes and mammals are the same and 
since no comprehensive in vivo study has ever been conducted 
on the aquatic fishes, the present study was carried out to 
investigate the protective effect  of Withania somnifera root 
extract on liver tissue and liver enzymes of Cyprinus carpio 
fries for acetaminophen induced liver toxicity in comparison 
with Silymaryn.  

 
II. MATERIAL AND METHODS 

A. Animals 
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   This  study was performed in aquatics laboratory of Islamic 
Azad University, Pharmaceutical Science branch , Tehran, 
Iran in September 2013. Ninety six  fingerlings of the Cyprinus 
caprio (mean weight 8± 0.5 g) were obtained from  the 
hatchery of the private fish Farm , Astaneh Ashrafieh Guilan, 
Iran. This study was performed according to ethical guidelines 
relating to working with laboratory animals. 

B. Protocol of Study 
 The animals were released in aquariums  that filled  with 
water in  24 hours  before dechlorination and oxygen contents 
boosting purposes. Animals were also randomly divided into 8 
groups  keeping for 3 days under laboratory conditions ( 12 
hours of light -12 hours of dark, temperature: 25±3 °C, 
pH:7±0.2, oxygen contents:6 ± 1mg/L) feeding carp diet (0.2 of 
the total body weight). 500 g of Withania somnifera root 
powder were poured in percolator and methanol was added and 
kept under room temperature. The different doses (25, 50,100 
and 200 mg/kg) of Withania somnifera root total methanol 
extract and 25 mg/Kg of Silymaryn ( prepared from Goldaro 
Isfahan province in Iran pharmaceutical company) were 
prepared. Acetaminophen (500 mg/kg) and Withania 
somnifera methanol root extract (25, 50,100 and 200 mg/kg) 
and also acetaminophen (500 mg/kg) and Silymaryn (25 
mg/kg) were injected intramuscularly. Control groups divided 
to methanol, and acetaminophen (500 mg/kg) receiving groups 
and a group which did not receive any treatment. The injections 
were conducted  once a day  for 7 consecutive days  followed by 
removing and weighting the fish livers using digital scale with 
resolution 0.1 g and tissue passage. 5 µm sections of liver 
tissues were prepared and stained by H&E and PAS methods. 
Each tissue section was examined in terms of hepatic 
protection against acetaminophen induced liver toxicity. The 
histological examinations were carried out qualitatively in 
comparison with control group. 

 C. Statistical Analysis 
All values are presented as mean ± S.E.M. Statistical 

significance was evaluated by one-way analysis of variance 
(ANOVA) using SPSS 19. Differences with P<0.05 were 
considered significant. 

III. RESULTS 
The control group received methanol revealed differences in 

histological examinations including dehydrated, deeper color 
and  ambiguous  nucleus compared to regular structure and 
marked nuclei shown in control group receiving no treatment. 
In the control group that received acetaminophen, cellular 
degeneration, hyperemia, vascular thrombosis and dehydration 
were observed. In Withania somnifera root total methanol 
extract receiving groups , the rate of hepatic cell degeneration 
decreased in higher dose and in animlas receiving 200 mg/kg 
of Withania somnifera extract, the cellular picture was similar 
to the group reciving Silymaryn showing the same picture as 
the control group receiving no treatment (fig1 A-E). 
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Fig 1. Sections of control group receiving no treatment (A), methanol 

receiving group(B), acetaminophen receiving group(C), Silymaryn 
receiving group (D), 200 mg/kg of Withania somnifera root total 

methanol extract receiving group (E). The arrows point toward hepatic 
cells-H&E staining- X 400. 

 
 In our method, the glycogen strands in hepatocytes become 
red. In the control group that received acetaminophen, the 
glycogen strands showed different picture comparing with the 
control group receiving no treatment and the group receiving 
Silymaryn. In groups receiving the various doses of Withania 
somnifera root total methanol extract, the glycogen distribution 
patterns were found more matched with the control group 
receiving no treatment and the Silymaryn receiving group (fig 
2 A-D). 

 
 

 
 

 

 

 
 
Fig. 2 Sections of control group receiving no treatment (A), control 
group receiving acetaminophen (B) Silymarin receiving group (C), 

200 mg/kg of Withania somnifera root total methanol extract receiving 
group (D). The arrows point toward glycogen strands-PAS staining- X 

400. 

IV. 3BDISCUSSION 
The pathological lesions due to acetaminophen intoxication 

in different animals were found specifically in liver tissue. 
Acetaminophen induces liver intoxication which is 
accompanied with biochemical, physiological and pathological 
changes. Although acetaminophen is common  antipyretic and 
analgesic drug with no risk at normal dosages but it could 
become a very dangerous substance in intoxication cases due to 
incomplete detoxification by liver to eliminate NAPQI. 
Oxidative impact of NAPQI for hepatic cells is known [8]. The 
acetaminophen toxic effect for hepatic cells is derived from 
conversion by P450 cytochrome to an active metabolite of 
NAPQI. The role of active oxygen in liver intoxication is 
shown in many studies [9]. In the present study the cellular 
damages including necrosis, dehydration and hyperemia in 
hepatocytes were observed and this type of cellular damages 
could be attributed to glutathione storage decrease (Fig 1). In 
2000, Velussi et al, [10] showed that Silymarin not only 
regulates blood sugar but also improves insulin secretion 
system and increases liver glycogen storage. The glycogen 
storage reduction in liver intoxication may be derived from cell 
more demand for energy required for mitigating toxic effects 
due to drug overdose [11]. The glycogen storage reduction in 
the control group received acetaminophen and in contrast the 
glycogen storage boost in the treatment group received 
Silymarin found in the present study upon PAS staining could 
be explained accordingly (Fig2).  

Withania somnifera is employed in prevention and treatment 
of liver damages deriving from drug abuse or even in fatal 
diseases such as hepatitis, diabetes, cancer and anemia. Also, it 
shows the protective effects preventing from toxic impacts in 
hepatic disorders [3]. All these effects deriving from its 
antioxidant, anti inflammatory, antifibrotic properties and 
capability to increase Glutathione storage replenish cellular 
protein biosynthesis and liver restoration while maintaining 
cell membrane stability [13]. In 2003, Gupta et al [14] revealed 
that Withania somnifera reduces glutathione peroxidase 
activity in dose dependent manner. Also, inhibits copper 
induced lipid peroxidation and protein oxidation in mouse. 
Withania somnifera hydroalchoholic extract was orally 
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administrated for 4 weeks in an experimental model of necrotic 
myocardium induced by Isopernalin in rats which showed 
cardiac protective effect. This effect is comparable with 
vitamin E in terms of antioxidant property and protecting 
cardiovascular system. It is likely that Withania somnifera 
hepatic protective effect against acetaminophen induced 
hepatic intoxication deriving from antioxidant and 
peroxidation inhibition effects which are dose independent [15]  

V. CONCLUSION 
Our findings show that hepatic damages due to hepatotoxic 

substances such as acetaminophen can be reduced by Withania 
somnifera root extract revealing the potential protective effect 
of Withania somnifera root extract against liver toxicity likely 
due to elimination of free radicals. 
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