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ABSTRACT 

 

Bee venom (BV) has a long tradition of use for the control of pain and inflammation in 

various chronic diseases. Carbon tetrachloride (CCl4) is well known to induce hepatotoxicity 

after being metabolized to highly reactive trichloromethyl free radical and its peroxy radical. 

The purpose of the current study was to examine whether BV regulates the pro-inflammation 

and fibrosis related genes against a mouse model of hepatic fibrosis induced by CCl4 and 

ethanol-treated hepatocytes (ETH). Test mice were administered with CCl4 (2 ml/mg) and 

hepatocytes were treated with 25 mM ethanol. BV was added to the final concentration of 

0.05-0.5 mg/kg and 1-100 ng/ml for in vivo and in vitro testing, respectively. Fibrotic livers 

and ETH were used for the measurement of hepatocyte necrosis, pro-inflammatory cytokines 

and fibrogenic genes. BV suppressed CCl4-induced hepatocyte necrosis markers of serum 

aspartate aminotransferase (AST) and alanine aminotransferase (ALT). It also inhibited the 

secretion of interleukin (IL)-1β and tumor necrosis factor (TNF)-α. Moreover, BV inhibited 

CCl4-induced expression of transforming growth factor (TGF)-β1, α-smooth muscle actin 

(SMA) and fibronectin. Similarly, ETH exhibited significant suppression of IL-1β, TNF-α, 

TGF-β1 and fibronectin when cultured with BV. These results suggest that BV possesses 

anti-fibrogenic properties that are mediated by suppression of pro-inflammatory cytokines 

and fibrogenic gene expression. BV has substantial therapeutic potential for the treatment of 

fibrotic diseases.  

 

Keywords: anti-fibrogenic effect, bee venom, hepatic fibrosis, hepatocyte 



Introduction 

 

Liver fibrosis occurs with chronic hepatic damage in a variety of liver diseases including 

viral hepatitis, alcoholic hepatitis and primary sclerosing cholangitis (Chen et al., 2005). In 

these conditions, fibrosis usually results from the excessive accumulation of extracellular 

matrix (ECM) proteins and collagen. Advanced hepatic fibrosis occurs in cirrhosis, liver 

failure and portal hypertension, and often requires liver transplantation. Our knowledge of the 

cellular and molecular mechanisms of hepatic fibrosis has advanced greatly. Activated 

hepatic stellate cells (HSC), portal fibroblasts and myofibroblasts (MFBs) of bone marrow 

origin have been identified as major matrix-producing cells in the injured liver (Bataller and 

Brenner, 2005). The HSC play a critical role in fibrogenesis. Initiation of hepatic fibrosis 

starts with paracrine stimulation of these cells by impaired neighboring cells such as injured 

hepatocytes, endothelial cells and activated Kupffer cells as well as subtle changes in ECM 

composition (Gressner and Bachem, 1995). They produce pro-fibrogenic cytokines such as 

transforming growth factor-beta (TGF-β) and α-smooth muscle actin (α-SMA). TGF-β as a 

major fibrogenic cytokine is heavily involved in abnormal ECM accumulation by increasing 

the synthesis of ECM components, by inhibiting the expression of tissue collagenase or by 

enhancing the production of inhibitors of ECM degrading enzymes (Tahashi et al., 2002).  

As a complementary medicine approach, whole bee venom (BV) has been found to have 

several biological functions including an antinociceptive effect (Kwon et al., 2002), 

antibacterial action (Perumal Samy et al., 2007), anti skin photoaging (Han et al., 2007) and 

an immunity boosting effect (Tarzi et al., 2006). Recent reports have indicated that BV 

administration can induce a significant anti-inflammatory response mediated by inhibition of 

inflammation mediators, similar to what is achieved with the administration of non-steroidal 

anti-inflammatory drugs (Han et al., 2006; Lee et al., 2009). While important advances have 

been made in our understanding of BV constituents used for therapeutic purposes, further 

investigation is required to elucidate which of the major components of whole BV are 

responsible for the anti-inflammatory effect seen with BV treatment. Furthermore, the 

molecular mechanisms responsible for the anti-fibrogenic activity of BV have not been 

elucidated especially in the hepatocyte. No BV treatment on murine hepatic damage has been 

reported. The components of BV applied in the current study were carefully scrutinised with 

chromatography. Here we examined whether BV regulates the pro-inflammation and fibrosis 

related genes against a mouse model of hepatic fibrosis induced by a carbon tetrachloride 



(CCl4) and ethanol-treated hepatocytes (ETH) by measuring various cytokine proteins and 

mRNAs.  

 



Materials and methods 

 

BV collection. Asian honeybee workers (Apis mellifera L.) were used from two 

experimental colonies maintained at the National Institute of Agricultural Science and 

Technology (NIAST), Suwon, Korea. By subjecting bees to electric shock, the venom was 

collected into a bee venom collector (Chungjin, Korea). The BV was dissolved in distilled 

water and centrifuged at 12,000g for 10 minutes to remove insoluble materials. The BV was 

lyophilized by freeze drying and refrigerated at 4 °C for later use.  

 

Experimental animals and liver injury. Healthy C57BL/6 male mice (20-25 g, 6 weeks old) 

were obtained from the Samtako (Osan, Korea) and were allowed 1 week for quarantine and 

acclimatization. The Institutional Animal Care and Use Committee at the Catholic University 

of Daegu approved the protocol used in this study, and the animals were cared for in 

accordance with the Guidelines for Animal Experiments. The animals were kept in a room 

that was maintained at 21-25°C under 12 h dark/light cycles. They were housed in 

polycarbonate cages and given tap water and commercial rodent chow (Samyang Feed, 

Daejeon, Korea) ad libitum. The mice were blindly randomized into five groups: normal 

control group (NC, n=5), hepatic damage group (CCl4 group, n=30), hepatic damage group 

treated with 0.05 mg/kg BV (CCl4+BV0.05 group, n=30), hepatic damage group treated with 

0.1 mg/kg BV (CCl4+BV0.1 group, n=30) and hepatic damage group treated with 0.5 mg/kg 

BV (CCl4+BV0.5 group, n=30). Except for those in the normal control group, all mice were 

administered an intraperitoneal injection of 2 ml/mg CCl4 dissolved in corn oil (1:3 ratio) 

three times a week for 8 weeks. The mice in BV groups were treated with BV injection into 

the celiac twice per week. Once a week, the mice were weighed and the dosage of CCl4 and 

BV was adjusted. Mice of each group were sacrificed at 4, 6 and 8 weeks and were weighed 

before sacrifice. The mice were euthanized under ether anesthesia. Blood and liver samples 

were collected for further analyses. 

 

Cell culture and induction of hepatocyte injury. Hepatic cell line, AML12 cells were 

obtained from the American Type Culture Collection (Manassas, VA, USA). The AML12 

cells were cultured in Dulbecco’s modified Eagle’s medium/Ham’s F-12 nutrient mixture 

(DMEM/F-12; 3:1 v/v, Sigma, USA) containing 10% fetal bovine serum, 5 μg/ml 

insulin/transferrin/selenium and 40 ng/ml dexamethasone. The cells were maintained at 37°C 



in 5% CO2 and plated at a density of 1×10
5
 cells/ml. All experiments were carried out under 

serum starvation as described previously (Tarn et al., 1999). In all experiments, cells were 

incubated in the presence or absence of indicated concentrations of BV after the addition of 

25 mM ethanol for the induction of hepatocyte injury. BV was diluted to 1, 10 and 100 ng/ml 

to be used in the experiments. The supernatants following 8 h culture were then collected for 

assays.    

 

Cytotoxicity assay. Cell viability was evaluated by 3-[4,5-dimethylthiazol-2-yl]-2,5-

diphenyltetrazolium bromide (MTT) assay. In brief, cells (1×10
5
 cells/ml) were seeded in 96-

well plates and treated with various concentrations of BV. The medium was removed and the 

cells were incubated with 0.5 mg/ml of MTT solution. After incubation for 4 h at 37°C and 5% 

CO2, the supernatants were removed and dimethyl sulfoxide was added. The reactants were 

measured at 492 nm with a microplate reader (UV max, Molecular Devices, USA). 

 

Determination of liver function. As a marker of hepatocyte necrosis, the activities of serum 

aspartate transaminase (AST) and alanine transaminase (ALT) were determined using an 

automatic multifunction-biochemical analyzer. 

 

Pro-inflammatory cytokine assay. Interleukin-1 beta (IL-1β) and tumor necrosis 

factor-alpha (TNF-α) secretions were measured by ELISA (enzyme-linked immunosorbent 

assay) commercial plate (R&D system, Minneapolis, MN). Assays were carried out in 

accordance with the manufacturer's instructions using mice serum and culture medium. 

Absorbance at 450 nm was determined using a microplate reader. The amount of IL-1β and 

TNF-α present were determined with reference to a standard curve constructed with each 

assay, and a mean and standard deviation were calculated. 

 

Protein isolation and Western blot analysis. Cells and tissues were homogenized in a 

lysis buffer (50 mM pH 8.0 Tris, 150 mM NaCl, 5 mM EDTA, 0.5% Nonidet P-40, 100 mM 

PMSF, 1 mg/ml leupeptin, 1 mg/ml aprotinin, and 1M DTT). Forty μg protein was separated 

on sodium dodecyl sulfate-polyacrylamide gels and transferred onto a polyvinylidene fluoride 

(Millipore, Bedford, MA, USA). The membranes were blocked with a 5% skim milk solution 

for 1 h. Protein samples were then incubated with anti-TGF-β1 (R&D system, MN, USA), 

anti-α-SMA (Sigma, MO, USA), anti-fibronectin (Abcam, MA, USA) and anti-



glyceraldehyde-3-phosphate-dehydrogenase (GAPDH, Santa Cruz, CA, USA) as the primary 

antibodies for overnight. GAPDH was used as a control for some of protein expression. The 

expressions of protein were detected by enhancing chemiluminescence (ECL) with X-ray 

film and ECL reagents (Amersham, Bucks, UK). 

 

Reverse-transcription-polymerase chain reaction (RT-PCR). Total RNA was isolated 

using Trizol reagent (Invitrogen, CA, USA) according to the manufacturer's instructions. 

RNA (0.5 μg) was reverse-transcribed using M-MLV reverse transcriptase (Promega, 

Madison, WI). Single stranded cDNA was amplified by PCR with primers (Bioneer, Korea) 

for TGF-β1, fibronectin and GAPDH as a positive control. The sequences of amplication 

primers are as follows: TGF-β1 sense: 5'-CCT GCT GTT TCT CCC TCA ACC-3', TGF-β1 

antisense: 5'-CTG GCA CTG CTT CCC GAA TGT C-3', Fibronectin sense: 5'-TGT GAC 

AAC TGC CGT AGA CC-3', Fibronectin antisense: 5'-GAC CAA CTG TCA CCA TTG 

AGG-3'. GAPDH sense: 5'- GTG GAC ATT GTT GCC ATC AAC G-3', GAPDH anti-sense: 

5'-GAG GGA GTT GTC ATA TTT CTC G-3'. The PCR products were electrophoresed on 1% 

agarose gel and visualized by the treatment of ethidium bromide. The band intensity was 

quantified by using the Image Analysis (Las 3000, Fuji, Japan). 

 

Histological analysis and Masson’s trichrome staining. All liver tissue specimens were 

fixed in 10% formalin for at least 24 h at room temperature. After fixation, perpendicular 

sections to the anterior-posterior axis of the tissues were dehydrated in graded ethanol, 

cleared in xylene, and embedded in paraffin. Thin sections (3 μm) were mounted on glass 

slides, dewaxed, rehydrated to distilled water, and stained with hematoxylin and eosin. 

Preparation of paraffin blocks followed. Cross-section taken from the blocks was stained with 

Masson’s trichrome. As part of the histological evaluation, all slides were examined by a 

qualified pathologist, without the knowledge of previous treatment, under a light microscope.   

 

Statistical analysis. The data were analyzed using one-way ANOVA and expressed as 

means±SD. Significant difference between groups was detected by SPSS 12.0 software. 

Student’s t-test was used for comparison between two groups. p<0.05 was considered to be 

statistically significant. All experiments were performed at least three times. 



Results 

 

Detection of liver function 

As illustrated in Fig. 1, the serum AST and ALT in the hepatic damage group were 

significantly increased compared to the normal control group (p<0.05). The levels of AST 

and ALT were reduced markedly in the BV0.05 and BV0.1 groups compared with the hepatic 

damage group (p<0.05). However, the activities of AST and ALT in the BV0.5 group were 

conversely elevated compared to other groups. These results show that a low dose of BV, 

ranging from 0.05 to 0.1 mg/kg, has a protective effect against CCl4-induced hepatic fibrosis 

in male mice. 

 

Detection of pro-inflammatory cytokines  

The serum levels of IL-1β and TNF-α were significantly increased in the CCl4 group 

compared with those of the normal control group (p<0.05, Fig. 2A). The contents of 

cytokines were reduced consistently in the BV treatment groups compared with the liver 

damage group. Similar patterns of cytokine expression were noted in ETH (Fig. 2B). Ethanol 

induced a significant expression of pro-inflammatory cytokines from hepatocytes compared 

with the normal control (p<0.05). BV at 10 ng/ml dramatically suppressed the secretion of 

IL-1β and TNF-α from the injured hepatocytes. These results indicate that BV discourages 

the activity of pro-inflammatory cytokines in the ETH. 

  

Viability of ethanol treated hepatocytes (ETH) 

The effect of BV on viability of ETH was measured by MTT assay. Ethanol treated 

hepatocytes were incubated with various BV concentrations for 24 h in a dose-dependent 

manner. The data showed that hepatocyte viability was decreased by ethanol treatment, but 

BV addition increased the cell viability (Fig. 3). It is noteworthy that ETH treated with BV at 

10 ng/ml showed uninhibited cell growth. However, the higher concentration of 100 ng/ml 

BV decreased viability indicating a negative effect on ETH.  

 

The expression of pro-fibrogenic cytokines 

Fig. 4A shows the level of TGF-β1, α-SMA and fibronectin proteins from acutely injured 

livers. Whole liver tissues were extracted at 4, 6 and 8 weeks after CCl4 administration, at 

which time TGF-β1, α-SMA and fibronectin gene levels were all elevated markedly. The 



decrease of these expressions was prominent in the 6 week/BV0.1 group. The purified cell 

population from acutely injured hepatocytes was also separated at 24 hours when TGF-β1 

and fibronectin proteins had already increased from ethanol. However, the regulation of these 

protein expressions by BV was manifested at this point in the whole hepatocytes (Fig. 4B). 

TGF-β1 and fibronectin mRNAs remained at a high level throughout hepatocyte injury. On 

the other hand, the highly controlled induction of the TGF-β1 and fibronectin transcript from 

BV addition was observed (Fig. 4C). In the normal livers and hepatocytes, little expression of 

these pro-fibrogenic cytokines was detected. The above results indicate that pro-fibrogenic 

cytokines might constitutively propagate their autocrine signal in hepatocytes during active 

liver damage. 

  

Histopathological examination 

As illustrated in Fig. 5, livers in the normal control group showed that hepatic cords were 

arranged in radiating fashion around the central vein, and the parenchymal plates were 

separated by non-congested sinusoids and their perisinusoidal spaces of Disse. Hepatic 

fibrosis induced by CCl4 disrupted this normal lobular architecture, but those damages were 

significantly ameliorated by BV treatment especially at 6 weeks compared with those 

observed in the degenerated liver. Changes with fibrosis were commonly accompanied by 

significant hepatic sinusoidal congestion, necrosis and infiltration of inflammatory cells. The 

accumulation of collagen fibers with fibrotic septa was also observed in the acutely damaged 

liver (Fig. 6). BV treatment decreased the size of the fibrotic region with less severe 

progression of liver fibrosis. These results showed that BV contributed to the suppression of 

hepatic fibrosis. 



Discussion 

 

Little is known about the protective mechanism of BV against hepatic fibrosis in vivo 

and in vitro. However, our study showed that BV could suppress the progress of liver 

fibrogenesis initiated by CCl4 by attenuating mRNA and protein levels of TGF-β1, α-SMA 

and fibronectin. Our data also demonstrated the increase of transcript and the signaling 

pathway protein of these pro-fibrogenic cytokines as fibrosis developed in the CCl4-induced 

fibrotic liver of a mouse model.  

Histopathological changes observed in our study showed that total hepatic collagen 

contents were increased gradually in CCl4-induced fibrotic livers during the 6 week 

experimental period. By contrast, liver collagen contents in the BV-treated group were lower 

than those in the control or fibrotic liver. Less obvious hepatocyte degeneration and marked 

reduction of collagen deposition seen in our BV-treated group are consistent with 

observations of a previous study in which medicinal herbs have been administered (Song et 

al., 2006). The amelioration of liver fibrosis was achieved by lowering collage gene 

expression (López-Reyes et al., 2008). In fact, procollagen type III starts to deposit around 

the central veins after one week of CCl4-treatment (Seifert et al., 1994). During this initial 

phase of hepatic fibrogenesis, α-SMA and MFBs increase in the injured areas. Since collagen 

synthesis in HSCs is regulated at the transcriptional and posttranscriptional levels, increased 

collagen mRNA stability mediates the increased collagen synthesis in activated HSCs 

(Lindquist et al., 2000). Furthermore, the expression of procollagen type IV mRNA was 

shown to increase along the sinusoids with the progression of the CCl4-induced fibrosis 

(Milani et al., 1989). Based on the BV effect on the reduction of the collagenous network at 6 

week in the present study, it is suggested that BV treatment might have affected the early 

stage of transcriptional procollagen expression since collagen fibers could be compensated by 

phagocytosis and degradation by MFBs after 4 weeks of CCl4 treatment in rats (Seifert et al., 

1994). Liver function parameters were also obviously improved by BV administration. The 

examination of serum biochemical parameters with different BV doses revealed that CCl4
 

induction resulted in the elevation of AST and ALT, but they were significantly decreased 

with low doses of BV compared with high dose. This result indicates that BV in high 

concentration can be toxic which might be related to cellular instability (Garaj-Vrhovac and 

Gajski, 2009). In short, treatment with low dose BV reduced AST and ALT activity in CCl4-

induced hepatic fibrosis, thereby preventing liver injury. 



Inflammatory mediators, including cytokines and growth factors, are implicated in the 

pathology of chronic liver diseases. Our results showed that the serum expressions of IL-1β 

and TNF-α in vivo were effectively inhibited by BV administration. Similar results of BV 

effect on pro-inflammatory mediators have been reported with lipopolysaccharide-stimulated 

neurodegenerative disease (Moon et al., 2007). Pro-inflammatory cytokines were similarly 

downregulated in the BV added ETH in vitro. It has been demonstrated that collagen gene 

expression is regulated by TNF-α at a transcriptional level and IL-1β exerts a stimulatory 

effect on the synthesis of extracellular matrix components (Armendariz-Borunda et al., 1992).
 

These findings suggest that BV inhibits cytokine expression mediated with the signaling 

pathway of inflammatory mediators. Furthermore, the viability of ETH was increased by BV 

treatment.  

It has been shown that the toxicity of CCl4 is mediated by its metabolic products, the 

highly reactive trichloromethyl free radical and its peroxy radical (Stoyanovsky and 

Cederbaum, 1999). A single CCl4 administration can cause hepatic injury that is associated 

with the proliferation of HSCs, MFBs and ECM accumulation. During the remodeling 

process of the liver architecture from hepatic damage including inflammation, fibrosis and 

regeneration, TGF-β1 as the most decisive cytokine plays a pivotal role in stimulating liver 

fibrogenesis by MFBs derived from HSCs. HSCs are the most significant cells involved in 

stimulating ECM synthesis, inhibiting ECM degradation and enhancing accumulation of 

ECM in the liver. Furthermore HSCs undergo morphological differentiation by having a 

proliferative, fibrogenic and contractile phenotype. This process is known as activation 

(Kurikawa et al., 2003). These activated HSCs express α-SMA and produce an excess of 

collagen and other ECM components to produce liver fibrosis. Angiotensin II was also 

suggested to play an important role in the pathogenesis of organ fibrosis by promoting the 

collagen gene expression that requires the activation of TGF-β signaling pathway (Tharaux et 

al., 2000). Therefore angiotensin-converting enzyme inhibitors (Xu et al., 2006) and 

angiotensin II receptor antagonist (Kurikawa et al., 2003) could ameliorate hepatic fibrosis by 

downregulating TGF-β1 and suppressing collagen synthesis, respectively. Interestingly 

enough, angiotensin II type I receptors were found to be expressed in α-SMA-positive cells in 

the fibrotic liver (Kurikawa et al., 2003). Fibronectin may also have fibrogenic potential. 

Fibronectin as a structural glycoprotein is a part of the fibrinous network that constitutes the 

early stage of granulation process and may be of essential importance for the subsequent 

migration and proliferation of matrix producing cells. This involvement of fibronectin in liver 



fibrosis was proven previously (Katsukura et al., 1985). TGF-β1 has been shown to regulate 

fibronectin and laminin (Bachem et al., 1994).  

The present results show that mice with hepatic fibrosis treated with BV had reduced 

levels of TGF-β1, α-SMA and fibronectin protein. In addition, the expression of TGF-β1 and 

fibronectin mRNA was significantly reduced in fibrotic mice and ETH from BV 

administration. To exert its biological effects, TGF-β binds to the heteromeric complexes of 

type I and type II transmembrane Ser/Thr kinase receptors which further activates the 

downstream Smad signal transduction pathway (Tahashi et al., 2002). The TGF-β/Smad 

signaling pathway plays a pivotal role in the activation of HSCs and ECM accumulation. The 

expression of TGF-β1, TGF-β1 type II receptor and Smad mRNA was elevated in the 

damaged liver (Song et al., 2005). Therefore blockade of TGF-β can suppress hepatic fibrosis 

(Nakamuta et al., 2005). Previous reports demonstrated that medicinal herbs can alleviate 

pathological extent of hepatic fibrosis by lowering the expression of TGF-β1 (Song et al., 

2005; Song et al., 2006). This is in accordance with our current study which shows that BV 

exhibited a protective property against CCl4-indued liver injury both in vivo and in vitro.   

Though hepatic fibrosis is a common cause of death in human beings, the design and 

development of anti-fibrotic drugs is still at an experimental stage. As anti-fibrotic drugs are 

introduced for long-term administration, they should be free from potential toxic effects; 

hence potential hepatoprotective drugs are often tested in hepatic fibrosis. It is therefore 

encouraging to witness some advantages of a complementary medicine approach in treating 

chronic hepatic diseases via the results of experimental studies (Song et al., 2005; Song et al., 

2006; López-Reyes et al., 2008) 

In summary, our results illustrate that pro-fibrogenic cytokines play a critical role in the 

progression of liver damage since TGF-β1, α-SMA and fibronectin were up-regulated in a 

mouse model of hepatic fibrosis. The up-regulation of those pro-fibrogenic cytokines 

correlated with an increase in pro-inflammatory cytokines and the histological progression to 

fibrosis. The current study suggests that BV has a therapeutic capacity in fibrotic livers in 

vivo. BV is able to ameliorate liver injury and prevent further pathological progress of CCl4-

induced fibrotic liver. Hence, BV may constitute a potent anti-fibrotic drug for liver cirrhosis 

and a possible therapeutic agent for sclerotic diseases. Moreover, our findings show that the 

mechanism of anti-fibrogenic properties of BV is associated with the regulation of ECM 

accumulation including AST, ALT, IL-1β, TNF-α, TGF-β1, α-SMA and fibronectin 

expression. Further long-term studies are necessary to understand the mechanism of action of 



the individual BV components and to investigate whether BV could facilitate hepatocyte 

regeneration to establish clinical potential of BV.  
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Figure legends  

 

Fig. 1. Effect of BV on AST and ALT levels in CCl4-induced hepatic fibrosis. Serum AST (A) 

and ALT (B) were determined with an automatic multifunction-biochemical analyzer. BV 

suppressed the activities of AST and ALT. Both CCl4+BV0.05 and CCl4+BV0.1 groups 

showed anti-hepatotoxic activities in CCl4-induced liver injury. NC, normal control; CCl4, 

CCl4-induced hepatic fibrosis; , CCl4+BV0.05, CCl4-induced hepatic fibrosis treated with BV 

at 0.05 mg/kg; CCl4+BV0.1, CCl4-induced hepatic fibrosis treated with BV at 0.1mg/kg; 

CCl4+BV0.5, CCl4-induced hepatic fibrosis treated with BV at 0.5 mg/kg. Data were 

expressed as means±SD (n=10) in three independent experiments. *p < 0.05 vs NC, 
#
p < 0.05 

vs CCl4 group. 

 

Fig. 2. Effect of BV on proinflammatory cytokines in CCl4-induced hepatic fibrosis and ETH. 

(A) Serum IL-1β and TNF-α were measured by ELISA. The contents of IL-1β and TNF-α 

were decreased in the BV treatment group compared with the CCl4 group. NC, normal 

control; CCl4, CCl4-induced hepatic fibrosis; CCl4+BV0.05, CCl4-induced hepatic fibrosis 

treated with BV at 0.05 mg/kg; CCl4+BV0.1, CCl4-induced hepatic fibrosis treated with BV 

at 0.1mg/kg; CCl4+BV0.5, CCl4-induced hepatic fibrosis treated with BV at 0.5 mg/kg. Data 

were expressed as means±SD (n=10) in three independent experiments. *p < 0.05 vs NC, 
#
p 

< 0.05 vs CCl4 group. (B) BV was added to the injured hepatocytes by ethanol with a final 

concentration of 1, 10 and 100 ng/ml. The supernatants following 8 h culture were assayed 

for IL-1β and TNF-α by ELISA. The secretions of IL-1β and TNF-α were significantly 

hindered with BV addition. NC, negative control. Data were expressed as means±SD. *p < 

0.05 vs NC, 
#
p < 0.05 vs EtOH only group.  

 

 

Fig. 3. Effect of BV on cell viability. ETH was treated with various concentrations of BV. 

The percentage of living cells after an incubation time of 24 h was measured by MTT assay 

and calculated in terms of relative values. The viability of ETH was increased by the 

treatment of BV at 10 ng/ml. NC, negative control. Values were expressed as percent 

(means±SD). *p < 0.05 vs NC, 
#
p < 0.05 vs EtOH only group. 

 

Fig. 4. Effect of BV on the expression of pro-fibrogenic cytokines. (A) Protein expressions of 



TGF-β1, α-SMA and fibronectin from injured livers as assayed by western blot analysis were 

elevated markedly. These protein levels were decreased by BV. NC, normal control; CCl4, 

CCl4-induced hepatic fibrosis; CCl4+BV0.05, CCl4-induced hepatic fibrosis treated with BV 

at 0.05 mg/kg; CCl4+BV0.1, CCl4-induced hepatic fibrosis treated with BV at 0.1mg/kg; 

CCl4+BV0.5, CCl4-induced hepatic fibrosis treated with BV at 0.5 mg/kg. GAPDH was used 

as an internal control. Data were expressed as means±SD. *p < 0.05 vs NC, 
#
p < 0.05 vs CCl4 

group. (B) Western blot analysis of TGF-β1 and fibronectin protein levels with BV treatment 

in acutely injured hepatocytes. Hepatocytes were incubated with ethanol (25mM) in the 

presence or absence of indicated concentration of BV. The expressions of both proteins were 

decreased with BV treatment. GAPDH was used as an internal control. NC, negative control. 

Data were expressed as means±SD. *p < 0.05 vs NC, 
#
p < 0.05 vs EtOH only group. (C) RT-

PCR analysis of TGF-β1 and fibronectin mRNA levels with BV treatment in ETH. TGF-β1 

and fibronectin transcript were reduced by BV treatment. GAPDH was used as an internal 

control. NC, negative control. Data were expressed as means±SD. *p < 0.05 vs NC, 
#
p < 0.05 

vs EtOH only group.  

 

Fig. 5. Representative histological sections of liver from the treatment with CCl4 and BV. 

Liver sections were examined with H&E staining. Normal hepatic morphology is seen in the 

control group, but CCl4-induced liver injury resulted in significant sinusoidal congestion. 

Those injured livers with BV treatment resembled the control group. NC, normal control; 

CCl4, CCl4-induced hepatic fibrosis; CCl4+BV0.1, CCl4-induced hepatic fibrosis treated with 

BV at 0.1mg/kg. Original magnification ×200. 

 

Fig. 6. Liver sections with Masson’s trichrome staining. The area of collagen deposition was 

enlarged in the CCl4 group and decreased in the CCl4+BV0.1 group at 6 weeks. NC, normal 

control; CCl4, CCl4-induced hepatic fibrosis; CCl4+BV0.1 group, CCl4-induced hepatic 

fibrosis treated with BV at 0.1mg/kg. Original magnification ×200. 
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