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INTRODUCTION

Long-term intake and abuse of alcohol results in various 
liver abnormalities ranging from simple fatty liver or steatosis 
to steatohepatitis, fi brosis, cirrhosis and hepatocellular car-
cinoma (Tilg and Diehl, 2000). Liver injury from alcohol has 
many cases, including intrahepatic events resulting in cellular 
oxidative stress, loss of protective enzymes and transporters 
and extrahepatic stimuli, such as ethanol inducing gut-derived 
endotoxin (Eagon, 2010). Although much progress has been 
made in understanding the pathogenesis of alcoholic liver dis-
ease (ALD), there is still no widely accepted drug therapy for 
any stage of ALD. Therefore, efforts to understand pathogen-
esis of ALD primarily focuses on events that lead to the early 
accumulation of the scar in the hope of identifying therapeu-
tic targets to hinder its progression. Silymarin is a fl avonoid 
extracted from the milk thistle Silybum marianum. Although 

silymarin has been described to possess antioxidant, immu-
nomodulatory, antiproliferative, antifi brotic, and antiviral activi-
ties (Saller et al., 2001), its mechanisms of action still have not 
been well established.

The aim of this study is to evaluate the protective effects of 
silymarin on alcoholic fatty liver model of rats, and to explore 
the possible mechanisms involved in the protection. 

MATERIALS AND METHODS

Chemicals 
Silymarin (lot number: J20050094) used in our study was 

kindly presented by Madaus AG (Cologne, Germany). Its ap-
propriate proportion could achieve maximum effi ciency. Sily-
marin was dissolved into water by 20 mg/ml, 30 mg/ml and 
40 mg/ml. Anhydrous ethanol was purchased from Shang-
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Silymarin has been introduced fairly recently as a hepatoprotective agent. But its mechanisms of action still have not been well 
established. The aim of this study was to make alcoholic fatty liver model of rats in a short time and investigate silymarin’s pro-
tective effects and possible mechanisms on alcoholic fatty liver for rats. The model of rat’s alcoholic fatty liver was induced by 
intragastric infusion of ethanol and high-fat diet for six weeks. Histopathological changes were assessed by hematoxylin and eo-
sin staining (HE). The activities of alanine transarninase (ALT) and aspartate aminotransferase (AST), the levels of total bilirubin 
(TBIL), total cholesterol (TC) and triglyceride (TG) in serum were detected with routine laboratory methods using an autoanalyzer. 
The activities of superoxide dismutase (SOD) and glutathione peroxidase (GPx) and the level of malondialdehyde (MDA) in liver 
homogenates were measured by spectrophotometry. The TG content in liver tissue was determined by spectrophotometry. The 
expression of nuclear factor-κB (NF-κB), intercellular adhesion molecule-1 (ICAM-1) and interleukin-6 (IL-6) in the liver were 
analyzed by immunohistochemistry. Silymarin effectively protected liver from alcohol-induced injury as evidenced by improving 
histological damage situation, reducing ALT and AST activities and TBIL level in serum, increasing SOD and GPx activities and 
decreasing MDA content in liver homogenates and reducing TG content in liver tissue. Additionally, silymarin markedly downregu-
lated the expression of NF-κB p65, ICAM-1 and IL-6 in liver tissue. In conclusion, Silymarin could protect against the liver injury 
caused by ethanol administration. The effect may be related to alleviating lipid peroxidation and inhibiting the expression of NF-κB.
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hai Semi-works Production Chemical Corporation (Shanghai, 
China). Commercial kits, used for determining superoxide 
dismutase (SOD), glutathione peroxidase (GPx), malondial-
dehyde (MDA) and triglyceride (TG), were obtained from Ji-
ancheng Institute of Biotechnology (Nanjing, China). Diami-
nobenzidine (DAB) chromogenic agent was obtained from 
Beijing Zhongshan Golden Bridge Biotechnology Co. Ltd. 
(Beijing, China). Monoclonal anti-ICAM-1 antibody and poly-
clonal anti-NF-κB p65 antibody were purchased from Santa 
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Polyclonal 
rabbit anti-IL-6 antibody was purchased from Beijing Boisynth-
sis Biotechnology Co. Ltd. (Beijing, China). IHC Biotin Block 
kit was purchased from Fuzhou Maixin Biotechnology Co. Ltd. 
(Fuzhou, China).     

Animal experiments and drug treatment
Female Sprague-Dawley rats, weighing 180-220 g, were 

purchased from the Experimental Animal Center of Anhui 
Medical University. The animal study protocol was in com-
pliance with the Guidelines of China for Animal Care, which 
conformed to the internationally accepted principles in the 
care and use of experimental animals. After acclimation for 
1 week, rats were randomly divided into fi ve groups: normal 
group (n=10), model group (n=15) treated with ethanol for 6 
weeks, silymarin groups (100 mg/kg,150 mg/kg, 200 mg/kg; 
n=15, respectively) treated with ethanol and different silymarin 
doses for 6 weeks. Five groups of rats were fed with same 
fat-rich diet (84% common animal feeds+1% cholesterol+5% 
lard+10% corn oil). The rats of model group and silymarin 
groups received ethanol by gavage twice a day, whereas nor-
mal group received equal amount of physiological saline. The 
daily doses and concentrations of ethanol for the rats of the 
model and silymarin groups were 6 g/kg/d (40%, v/v) in the 
fi rst week and then increased progressively every week up 
to a maximum of 8 g/kg/d (60%, v/v) in a further 5 weeks. In 
the silymarin groups, silymarin was gavaged two hours after 
the administration of the fi rst ethanol every day at the doses 
of 100 mg/kg/d, 150 mg/kg/d, 200 mg/kg/d. Body weight for 
each rat was measured weekly. At the end of the experimen-
tal period, the rats were anesthetized by 10% hydral (3 ml/
kg) and blood was collected into tubes and centrifuged. The 
plasma was stored at -80oC till analysis. Liver tissue was fi xed 
in formalin for routine histological examination. The remaining 
livers were frozen in liquid nitrogen and stored at -80oC in case 
of requiring.

Histopathological examination
Liver tissues were cut and fi xed with 4% paraformaldehyde. 

The tissue slices were embedded in paraffi n. Tissue sections 
of 5 μm were stained with hematoxylin and eosin (HE) and 
observed under a light microscope. The severity of liver pa-
thology was assessed as follows (Nanji et al., 2003): steatosis 
(the percentage of liver cells containing fat) was scored F0 
with less than 5% of the cells containing fat; F1 with 5% to 
30% of cells containing fat; F2 with 30% to 50% of the cells 
containing fat; F3 with 50% to 75% of the cells containing fat; 
and F4 with greater than 75% of the cells containing fat.

Serum liver function and blood lipids assay
Serum activities of alanine aminotransferase (ALT), aspar-

tate aminotransferase (AST) and serum levels of  total bilirubin 
(TBIL), total cholesterol (TC) and triglyceride (TG) were mea-

sured with routine laboratory methods using an autoanalyzer 
(Hitachi Automatic Analyzer, Japan).

Liver MDA content and SOD, GPx activities assaying
Liver samples were weighed and homogenized (1:9, w:v) 

in 0.9% saline. The homogenates were then centrifuged at 
1,000×g for 10 min at 4oC, and the supernatant was taken for 
MDA content, SOD and GPx activities assaying, total protein 
determination with a commercial kit following manufacturer’s 
instructions.

Hepatic triglyceride content determination
For determination of total triglyceride content, 100 mg of 

liver tissue was homogenized in 2 ml of buffer that contains 18 
mM Tris, pH 7.5, 300 mM mannitol, 50 mM EGTA, and 0.1 mM 
phenylmethysulfonyl fl uoride (Zhou et al., 2006). Tissue lipids 
were extracted with methanol: chloroform (1:2). Triglyceride 
content was determined by using commercially available kit.

Immunohistochemical detection of NF-κB p65, ICAM-1 and 
IL-6 in liver

The expression of NF-κB p65, ICAM-1 and IL-6 were deter-
mined by standard immunohistochemical procedure. Briefl y, 
sections (5 μm thick) were cut from formalin-fi xed and paraffi n 
embedded liver samples. After a standard dehydration-rehy-
dration procedure, liver sections were incubated with 3% H2O2 
to quench endogenous peroxidase activity. The sections were 
then heated using a microwave oven for 20 min in 10 mM so-
dium citrate (pH 6.0) buffer to retrieve antigen. After cooling, 
blocking buffer (goat serum) was applied at room tempera-
ture for 20 min followed by application of rabbit anti-rat NF-κB 
p65 antibody (diluted 1:100) or rabbit anti-rat ICAM-1 antibody 
(diluted 1:100) or rabbit anti-rat IL-6 antibody (diluted 1:100). 
Finally, sections were incubated in diaminobenzidine and then 
counterstained with hematoxylin. The sections incubated with 
PBS instead of the primary antibody were used as negative 
controls. Brown-yellow granules in cytoplasm or nuclei were 
recognized as positive staining for NF-κB p65, and brown-yel-
low granules in cytoplasm was recognized as positive staining 
for ICAM-1 or IL-6. Evaluation of sections was undertaken by 
assessing the optical density (OD). Five randomly areas on 
each section were selected using a light microscope Nikon 
E400. All measurements were carried out using an image 
analyzer Image-Pro Plus, while the staining was expressed as 
density of unit area.

Statistical analysis
Data were analyzed with SPSS software. Quantitative data 

were expressed as mean ± SD and analyzed by one way 
ANOVA analysis. Frequency data (pathologic grading of fatty 
liver) were analyzed by Ridit analysis. A p-value<0.05 was 
considered signifi cant.

RESULTS  

General appearance
During the experiment, 28 rats died because of alcohol’s 

poison or fl uids poured mistakenly into trachea. At the begin-
ning of study, there were no differences in appearance among 
the groups. However, the appearance of lethargy, anorexia, 
sluggishness, dim fur occurred in model group at the end of 
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the study. The surface of the liver was smooth and red-brown 
in normal group, whereas enlarged hepatic volume, increased 
weight, dimmer color were noted in model group. The weight 
gain was signifi cantly lower in model group than that in normal 
group (p<0.01). Treatment with silymarin (200 mg/kg) showed 
signifi cantly higher in the weight gain than in model group 
(p<0.05). Indices of liver in model group was signifi cantly high-
er than that in normal group (p<0.05), whereas no signifi cant 
difference in the indices of liver was observed among model 
group and silymarin groups (Table 1).

Pathological changes
Liver tissue samples of rats in normal group showed slight 

steatosis, normal lobular architecture with central veins, but 
no obvious infl ammation or necrosis was observed (Fig. 1A). 
In model group, the structure of hepatic cord was deranged, 
and a greater accumulation of fat droplets, various degrees 
of diffuse hepatic steatosis and intralobular infl ammation 
could be found obviously (Fig. 1B). In the silymarin groups, 
less degree and less extensive of fatty liver were observed 
than those in livers from the model group (Fig. 1C). Statisti-
cal analysis revealed that steatosis was much less severe in 
silymarin groups (150 mg/kg, 200 mg/kg) than that in model 
group (p<0.05, p<0.01, respectively) (Table 2, Fig. 1).

Liver function and blood lipids
The results showed that the administration of ethanol induced 

a greater increase in activities of AST and ALT (p<0.05, p<0.01, 
respectively) and levels of TBIL and TG (p<0.05, p<0.01, re-
spectively) in serum as compared to normal group. Treatment 
with silymarin (200 mg/kg) showed a greater decrease in serum 
activities of ALT and AST and the level of TBIL than in model 
group (p<0.05), whereas no signifi cant difference in the level of 
TC was observed among normal group, model group and sily-
marin groups (Table 3).

MDA content and SOD, GPx activity in liver homogenates
The MDA level was signifi cantly higher in model group than 

that in normal group in liver homogenates (p<0.01). Compared 
with the model group, silymarin could decrease the MDA level 
obviously in silymarin groups (p<0.01). Furthermore, ethanol 
gavage led to a marked reduction in activities of SOD, GPx 

Fig. 1. Histopathological changes in the liver of different groups 
(HE staining, original magnification, 200). (A) Normal group. (B) 
Model group, alcohol was administrated for 6 weeks. (C) Silymarin 
group (150 mg/kg), alcohol and silymarin (150 mg/kg) were admin-
istrated for 6 weeks.

Table 1.  Body weight gain and indices of liver in different groups 
(mean ± SD)

Groups n Weight gain (g) Indices of liver (%)

Normal 8 57.88 ± 28.79 3.57 ± 0.23
Model 9 30.33 ± 13.31** 4.06 ± 0.53*
Silymarin (mg/kg)
  100 8 41.13 ± 10.53 3.87 ± 0.46
  150 8 41.13 ± 17.90 3.76 ± 0.34
  200 9 49.33 ± 10.01▲ 3.93 ± 0.58

*p<0.05 ,**p<0.01 vs normal group, ▲p<0.05 vs model group.

Table 2.  Pathological changes in different groups

Groups n 

Pathologic grading of 
alcoholic fatty liver u value

F0 F1 F2 F3 F4

Normal 8 5 3 0 0 0 3.5645▲▲

Model 9 0 0 3 4 2 -
Silymarin (mg/kg)
  100 8 0 0 4 4 0 0.9901
  150 8 0 3 3 2 0 2.1288▲

  200 9 0 5 3 1 0 2.8124▲▲

p<0.05 indicate u>1.96, p<0.01 indicate u>2.58, ▲p<0.05, ▲▲p< 
0.01 vs model group.

Table 3.  Serum biochemical parameters in different groups (mean ± SD)

Groups n ALT (U/L) AST (U/L) TG (mmol/L)  TC (mmol/L) TBIL (umol/L)

Normal 8 43.75 ± 17.46  121.13 ± 42.37   0.55 ± 0.12 2.64 ± 0.62 0.41 ± 0.14
Model 9 86.00 ± 41.37**  168.33 ± 65.51* 1.18 ± 0.56** 3.05 ± 1.13 0.75 ± 0.31*
Silymarin (mg/kg)
  100 8 73.88 ± 29.78 140.25 ± 34.52 0.93 ± 0.39 2.76 ± 0.58 0.53 ± 0.37
  150 8 59.62 ± 7.60▲ 139.75 ± 40.85 0.88 ± 0.47 2.71 ± 0.99 0.52 ± 0.29
  200 9 54.22 ± 14.86▲ 117.00 ± 39.20▲ 0.87 ± 0.20 2.42 ± 1.35 0.44 ± 0.16▲

*p<0.05 ,**p<0.01 vs normal group, ▲p<0.05 vs model group.
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compared with normal group (p<0.01). Compared with the 
model group, silymarin (100 mg/kg, 150 mg/kg, 200 mg/kg) 
signifi cantly increased GPx activity (p<0.05), and similarly 
silymarin (150 mg/kg, 200 mg/kg) signifi cantly increased the 
activity of SOD (p<0.01) (Table 4).

Hepatic triglyceride content
Compared with the normal group, ethanol administration 

induced a signifi cantly higher triglyceride content in the the 
liver (p<0.01); however, this accumulation was attenuated by 
silymarin (150 mg/kg, 200 mg/kg) supplementation (p<0.01) 
(Fig. 2).

Expression of NF-κB p65, ICAM-1 and IL-6 in liver 
Only faint immunoreactive staining of NF-κB p65, ICAM-1 

and IL-6 were detected in the liver from normal group. More 
intense nuclear staining of NF-κB p65 and intense cytoplasm 
staining of  ICAM-1 and IL-6 were observed in model group as 

compared to those in normal group (p<0.01). Compared with 
the model group, less intense staining of  NF-κB p65, ICAM-1 
and IL-6 were found in silymarin groups (150 mg/kg, 200 mg/
kg) (p<0.01) (Table 5, Fig. 3-5). 

DISCUSSION 

Although there are many methods, ethanol gavage is 
widely used to induce alcoholic fatty liver in rats. This method 
could avoid rejection of rat to alcohol and consist with human 
drinking. Excessive alcohol intake could maintain blood high 
alcohol levels, and increase the levels of circulating endotoxin 
in the portal blood (Shi et al., 2010) and this is the key fac-
tor for the progression of alcoholic liver diseases. It has been 
reported that polyunsaturated fatty acids play an important 
role in the pathogenesis of alcoholic liver disease (Polavarapu 
et al., 1998; Nanji, 2004; Purohit et al., 2004). Female rats 
in the alcohol-induced liver injury model experience signifi -
cantly more severe liver injury than the males (Polavarapu et 
al., 1998; Banerjee et al., 2009; Eagon, 2010). In view of the 
above, hepatic steatosis was induced by ethanol gavage plus 
diet such as corn oil which is rich in unsaturated fatty acids for 
6 weeks in our study. Our results showed that obvious liver in-
jury and hepatic steatosis were observed in model group. The 
alcoholic fatty liver model was successful and this model could 
mimic key aspects of alcoholic liver disease in humans, and 
could be useful for exploring the effects of silymarin on hepatic 
steatosis. Compared with other studies, the duration of mak-
ing model was signifi cantly shortened. But the animal death 
rate were increased. We shall improve the mothod of making 
alcoholic fatty liver model for reducing the animal death rate.

Oxidant stress has been reported to play a role in the 
pathogenesis of alcohol-induced liver injury (Arteel, 2003). Li-
ver content of MDA, a marker of lipid peroxidation, is gener-

Fig. 2. Effects of silymarin on the content of the triglyceride (TG) in 
alcoholic fatty liver in rats. Values are mean ± SD. **p<0.01 vs normal 
group, ▲▲p<0.01 vs model group.

Table 4.  Effects of silymarin on the content of MDA and the activities of SOD and GPx in liver homogenates of different groups (mean ± SD)

Groups n MDA (nmol/mg prot) SOD (U/mg prot) GPx (U/mg prot)

Normal 8 1.07 ± 0.71 102.29 ± 5.24 47.21 ± 11.30
Model 9 2.31 ± 0.65** 78.68 ± 7.04** 30.40 ± 5.06**
Silymarin (mg/kg)
  100 8 0.82 ± 0.65▲▲ 84.45 ± 9.20 41.59 ± 13.77▲

  150 8 0.74 ± 0.19▲▲ 91.70 ± 9.87▲▲ 41.76 ± 9.04▲

  200 9 0.53 ± 0.29▲▲ 93.46 ± 8.58▲▲ 41.85 ± 4.17▲

**p<0.01 vs normal group, ▲p<0.05 , ▲▲p<0.01 vs model group.

Table 5.  Effects of silymarin on expression of NF-κB, ICAM-1 and IL-6 in liver of different groups (mean ± SD)

Groups n NF-κB p65 ICAM-1 IL-6

Normal 8 0.298 ± 0.055 0.278 ± 0.018 0.359 ± 0.040
Model 9 0.463 ± 0.095** 0.679 ± 0.132** 0.507 ± 0.063**
Silymarin (mg/kg)
  100 8 0.419 ± 0.023 0.597 ± 0.093 0.474 ± 0.036
  150 8 0.352 ± 0.040▲▲ 0.435 ± 0.082▲▲ 0.385 ± 0.029▲▲

  200 9 0.327 ± 0.023▲▲ 0.347 ± 0.059▲▲ 0.381 ± 0.041▲▲

**p<0.01 vs normal group, ▲▲p<0.01 vs model group.
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ally presented as the total level of lipid peroxidation products. 
MDA can produce ozone which leading to peroxidation and 
denaturation of membranes (Ajamieh et al., 2004). Oxidative 
stress is determined by increased ROS and enzymatic anti-
oxidant systems including SOD, GPx, and so on, which act 
as protectors of oxidative stress. So MDA and SOD, GPx are 
a manifestation of peroxidation and activities of hepatic anti-
oxidants. It has been reported that administration of silymarin 
signifi cantly decreased lipid peroxidation and increased en-
dogenous antioxidants, such as SOD, CAT, and GSH (Kiruth-
iga et al., 2007). Silymarin is probably able to antagonise the 
depletion of the two main detoxifying mechanisms, GSH and 
SOD, by reducing the free radical load, increasing GSH levels 
and stimulating SOD activity (Fraschini et al., 2002). In this 
study, treatment with silymarin (150 mg/kg, 200 mg/kg) could 
signifi cantly increase the activities of SOD and GPx as well 

as decrease MDA level, which alleviates deleterious effects 
induced by alcohol. These results are in agreement with previ-
ously reported (Fraschini et al., 2002). So silymarin may play a 
role of protection of liver by inhibiting oxidative stress.

NF-κB is a ubiquitous transcription factor that is implicated 
in the activation of many genes including those involved in 
alcoholic liver injury (Barnes and Karin,1997). In unstimulated 
cells, NF-κB exists in cytoplasm in an inactive form associ-
ated with regulatory proteins called IκB. When these cells are 
stimulated, it is translocated to the nuclei and bound to deca-
meric DNA sequences, and activates transcription of target 
gene. NF-κB can be activated by lesion-induced oxidative 
stress, bacterial endotoxin, or cytokines and subsequently 
transactivate the expression of many cytokines and adhesion 
molecules (Chen et al., 1999). NF-κB activation enhances the 
transcription of proinfl ammatory cytokines, and the cytokines 
are known to in turn activate NF-κB (Neurath et al., 1996). 
The positive feedback is believed to serve to amplify infl am-
matory signals and exacerbate liver injury. One pathway of 
liver injury by oxidative stress is via NF-κB (Nanji et al., 1999). 
The activation of NF-κB was associated with necrosis and in-
fl ammation in the liver (Nanji et al., 1999). Following activa-
tion, NF-κB causes the expression of infl ammatory mediators, 
including cytokines (particularly TNF-α, IL-6, IL-12), chemo-
kines, inducible nitric oxide synthase (iNOS) and enzymes 
such as adhesion molecules (Barnes and Karin, 1997). Few 
reports involved whether hepatoprotective effects of silymarin 
on alcoholic fatty liver were related to inhibiting NF-κB activa-
tion. Our data showed that ethanol administration signifi cantly 
enhanced the expression of NF-κB, IL-6 and ICAM-1 in the 
liver, and the expression were attenuated by silymarin sup-
plementation (150 mg/kg, 200 mg/kg). Our results suggested 
that silymarin supplementation can attenuate expression of 
NF-κB in the liver, then inhibit the proinfl ammatory cytokines 
production. So silymarin may play a role of protecting liver by 
inhibiting expression of NF-κB and reducing proinfl ammatory 
cytokines production.

Silymarin, an extract from the seeds of the milk thistle 
plant, has been introduced fairly recently as a hepatoprotec-

Fig. 3. Hepatic nuclear factor-κB (NF-κB p65) expression in differ-
ent groups (original magnifi cation, 400). (A) Normal group. (B) Model 
group, alcohol was administrated for 6 weeks. (C) Silymarin group (150 
mg/kg), alcohol and silymarin (150 mg/kg) were administrated for 6 
weeks.

Fig. 4. Hepatic intercellular adhesion molecule-1 (ICAM-1) expres-
sion in different groups (original magnification, 400). (A) Normal 
group. (B) Model group, alcohol was administrated for 6 weeks. (C) 
Silymarin group (150 mg/kg), alcohol and silymarin (150 mg/kg) were 
administrated for 6 weeks.

Fig. 5. Hepatic interleukin-6 (IL-6) expression in different gro-ups 
(original magnifi cation, 400). (A) Normal group. (B) Model group, 
alcohol was administrated for 6 weeks. (C) Silymarin group (150 
mg/kg), alcohol and silymarin (150 mg/kg) were administrated for 6 
weeks.
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tive agent. Two major mechanisms that have been proposed 
include functioning as an antioxidative scavenger of free ra-
dicals and as a regulator of immune functions by modulating 
cytokine production (Luper, 1998). Song et al. showed that 
silymarin may prove to be an effective therapeutic agent in 
toxin-induced liver injuries, such as those induced by ethanol 
(Song et al., 2006). Polyak et al. demonstrated that four activi-
ties of silymarin: antiviral, antioxidant, anti-infl ammatory, and 
immunomodulatory, were all likely to be directly related to its 
well-described hepatoprotective actions (Polyak et al., 2010). 
Hepatoprotective effects of silymarin on acute alcohol-induced 
liver injury have been reported previously (Song et al., 2006; 
Chen et al., 2010). In our study, liver injury was assessed with 
histological and biochemical parameters. The results showed 
that silymarin could improve the degree of hepatic steatosis 
and infl ammation in liver tissues, and decrease the levels of 
serum ALT, AST, TBIL and level of TG in liver tissue. The re-
sults suggested that silymarin could inhibit the alcohol-induced 
fatty liver effectively, through decreasing fat accumulation and 
improving the liver function.

In conclusion, silymarin may signifi cantly attenuated the 
rat liver injury induced by alcohol. Its mechanisms may be 
related to inhibiting expression of NF-κB and reducing proin-
fl ammatory cytokines production and alleviate lipid peroxida-
tion through scavenging of free radicals, or by enhancing the 
activity of antioxidants.
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