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Abstract
AIM: To investigate the therapeutic effect of tetrandrine 
on liver fibrosis induced by thioacetamide in rats in vivo  
and in vitro .

METHODS: In vitro  study: we investigated the effect 
of tetrandrine on the apoptosis of rat hepatic stellate 
cells transformed by simian virus 40 (T-HSC/Cl-6), which 
retains the features of activated cells. In vivo  study: 
hepatic fibrosis was induced in rats by thioacetamide. 
Tetrandrine was given orally to rats at doses of 5, 10 
or 20 mg/kg for 4 wk compared with intraperitoneal 
injection of interferon-г.

RESULTS: In v i tro  study: 5, 10 or 25 μg/mL of 
tetrandrine-induced activation of caspase-3 in t-HSC/Cl-6 
cells occurred dose-dependently. In vivo study: tetrandrine 
treatment as well as interferon-г significantly ameliorated 
the development of fibrosis as determined by lowered 
serum levels of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), total bilirubin (T-Bil) 
and the levels of liver hydroxyproline (Hyp), hyaluronic 
acid (HA), laminin (LN) and also improved histological 
findings. The effects of tetrandrine at the concentration 
of 20 mg/kg were better than the other concentration 
groups.

CONCLUSION: Tetrandrine promotes the apoptosis 
of activated HSCs in vitro . Tetrandrine administration 
can prevent liver fibrosis and liver damage induced by 

thioacetamide in rats in vivo , indicating that it might 
exert a direct effect on rat HSCs.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Fibrosis represents the response of  the liver to diverse 
chronic insults such as chronic viral infection, alcohol, 
immunological attack, hereditary metal overload, parasitic 
diseases and toxic damage. Because of  the worldwide 
prevalence of  these insults, liver fibrosis is common 
and ultimately results in cirrhosis that is associated with 
significant morbidity and mortality. Hepatic fibrosis, 
regardless of  the causes, is characterized by an increase in 
extracellular matrix constituents, leading to complications 
of  portal hypertension, esophageal varices and hepatic 
failure. The excessive accumulation of  extracellular matrix 
is characteristic of  hepatic fibrosis[1-3]. It is accepted 
that hepatic stellate cells (HSCs) play a central role in 
the development and resolution of  liver fibrosis. HSCs 
are localized within the space of  Disse and function 
to store retinoids in normal liver. In response to liver 
damage, HSCs are “activated” to a myofibroblast-like 
phenotype. It has recently been shown that recovery 
from established experimental fibrosis can occur through 
apoptosis of  HSCs and is associated with reductions in 
liver collagen and expression of  the tissue inhibitor of  
metalloproteinases. During chronic liver diseases, HSCs 
are activated into proliferative, fibrogenic, and smooth 
muscle α-actin (α-SMA) positive myofibroblasts, resulting 
in liver fibrosis[4,5]. Recently it was reported that during 
recovery from acute human and experimental liver injury, 
a number of  activated HSCs undergo apoptosis, and there 
is a significant decrease in the extent of  fibrosis within 
the same livers in association with this HSC apoptosis[6]. 
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Therefore, induction of  HSC apoptosis might be an 
important therapeutic strategy for hepatic fibrosis, while 
inhibition of  HSC activation might have a role in the 
prevention of  hepatic fibrosis. The development of  
approaches to prevent fibrotic changes in the liver or 
reverse the fibrosis is important[7]. However, therapeutic 
antifibrotic drugs are still at an experimental stage[8,9]. 
The major problems of  antifibrotics are toxicity owing to 
the chronic administration and the lowered therapeutic 
effects of  the agents used clinically as compared with 
in vitro studies. Therefore, developing antifibrotics from 
the natural products used in traditional medicine with little 
acute toxicity, may improve therapies[10].

Tetrandrine is a bis-benzyl isoquiniline alkaloid from 
the Chinese herb radix Stephania tetrandra S Moore. This 
compound has been characterized pharmacologically 
to exh ib i t hypotens ive , an t i - in f l ammator y, and 
immunosuppressive properties, to inhibit lipid peroxidation, 
and to have an antifibrogenic activity against pulmonary 
fibroblasts and an inhibitory effect on typeⅠand Ⅲ 
collagen gene mRNA levels in the lung tissue of  rats[11-13]. 
The dried root of  S. tetrandra is one of  the traditional 
Chinese medicines that have long been used to treat 
human liver fibrosis and cirrhosis[14]. Tetrandrine also 
shows a blocking action of  calcium channels, which are 
known to play an important role in the regulation of  
hepatic stellate cell contractility, a marked phenotype 
of  activated HSCs[15,16]. For many years, our laboratory 
has been screening candidate antifibrotic agents from 
natural products that have been used in traditional 
medicine to treat liver disease[10,17]. It was previously 
reported that tetrandrine has an antifibrotic function 
on liver fibrosis in rats induced by bile duct ligation and 
scission and tetrandrine exerts a direct inhibitory effect 
on rat HSCs[18]. We were intrigued to know if  tetrandrine 
could improve the liver injury induced by thioacetamide 
(TAA). In a preliminary assay, we found that tetrandrine 
did induce apoptosis in HSCs. The aim of  the present 
study was to explore the sequential pattern of  apoptosis 
and the antifibrotic effect of  tetrandrine on hepatic 
fibrosis induced by TAA in rats. Our results suggest that 
tetrandrine ameliorates development of  fibrosis in a TAA 
rat model, accompanied by activation of  caspase-3 and 
reduced number of  activated HSCs. 

MATERIALS AND METHODS
Reagents
Tetrandrine was purchased from Sigma-Aldrich (St Louis, 
MO, USA) and was dissolved in dimethyl sulphoxide (DMSO). 
The concentration of  tetrandrine used for in vitro experiment 
was prepared by dilution with Williams’ medium E 
(WME; Sigma-Aldrich). DMSO in cells was maintained 
at 0.5%. Thioacetamide (TAA) was also from Sigma-
Aldrich. Hyaluronic acid RIA (HA) kit and laminin RIA 
(LN) kit were purchased from Shanghai HaiYan Medical 
Biotechnology Center. Interferon-г was from Livzon 
Biotechnology Co., Zhuhai, China.

Isolation of hepatic stellate cells and establishment of 
t-HSC/CI-6 cell line
The transformed rat hepatic stellate cell line was generated 

as described by Kim et al[19] with some modifications. 
t-HSC/Cl-6 cel ls were cultured in WME medium 
supplemented with 10% fetal bovine serum (FBS; US 
Biotechnologies Inc., Parkerford, PA, USA) and 100 
units/mL penicillin G and 100 μg/mL streptomycin 
(Gibco-Invitrogen Corp., Grand Island, NY, USA) and 
maintained at 37℃ with 5% CO2/95% O2. Cells were 
routinely passaged before reaching confluence. 

Assay of caspase activity
After different treatments, cells were collected and washed 
with ice-cold phosphate-buffered saline (PBS). Cell lysates 
were prepared with caspase colorimetric assay kits (R&D 
Systems Inc.), according to the manufacturer’s instructions. 
Protein concentrations in t-HSC/Cl-6 cell lysates were 
determined with a Bio-Rad DC Protein Assay kit (Bio-Rad 
Laboratories, Hercules, CA, USA). All of  the samples were 
assayed in three independent experiments.

Tetrandrine treatment for TAA induced liver injury
Male Wistar rats (initial body weight 200-220 g) were 
purchased from the Animal Center of  Changchun 
Agriculture University. All rats were housed and treated in 
accordance with the recommendations of  the American 
Physiological Society (Council of  Europe, 1982). On 
receipt, they received normal chow and water ad libitum 
and were maintained at 20℃-25℃, relative humidity of  
50%-60% with a 12 h light/dark cycle throughout the 
experimentation. The rats were divided into six groups 
of  10 rats each. The hepatic fibrosis was established 
with TAA, which was diluted and administered to the 
rats by intraperitoneal injection (200 mg/kg mixed with 
water) twice weekly. Rats were given orally by gavage at 
a daily dose of  5, 10 or 20 mg/kg of  tetrandrine group. 
Interferon-г group was given intraperitoneal injection 
of  5 × 104 U per rat every day. The normal and control 
groups received equal amounts of  saline for 28 d. Three 
days after the last dose of  TAA, the rats were anesthetized 
and sacrificed. Then blood was obtained by cardiac 
puncture for serum biochemical testing. Blood samples 
were kept at room temperature for 1 h and centrifuged 
at 3000 r/min for 30 min to obtain sera. The livers were 
immediately removed and a slice of  the right lobe was 
fixed in formaldehyde solution. The rest were divided into 
equal parts, frozen in liquid nitrogen and stored at -70℃.

Determination of serum and liver biochemical indices
The level of  serum aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), and total bilirubin 
(T-bil) were measured on an Autodry chemistry analyzer 
(Spotchem SP4430, Arkray, Kyoto, Japan). While serum 
hyaluronic acid (HA) and laminin (LN) content in the liver 
were determined by radioimmunoassay. All procedures 
were in accordance to the instructions of  the manual.

Determination of hydroxyproline contents in liver
The hydroxyproline content in the liver was determined by 
the method described by Jamall et al[20]. Briefly, specimens 
of  the liver were weighed and completely hydrolyzed in 6 
mol/L HCl. A fraction of  the sample was derivatized using 
chloramine T solution and Erhlich’s reagent, and optical 
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density was measured at 558 nm. A standard calibration 
curve was prepared using trans-4-hydroxy-L-proline. The 
level of  hydroxyproline reflects collagen in the liver.

Histological and immunohistochemical examinations
Liver spec imens were preser ved in 4% buffered 
paraformaldehyde and dehydrated in a graded alcohol 
series. Following xyline treatment, the specimens were 
embedded in paraffin blocks and cut into 5-μm thick 
sections, which were placed on plain glass microscopic 
slides. The sections were then stained with haematoxylin 
and eosin (HE) or Sirius-red staining, and observed under 
a light microscope.

Alpha-smooth muscle actin (α-SMA) for detection of  
activated HSCs was assessed immunohistochemically by the 
Polymer Detection System using an immunohistological 
staining kit and anti-α-SMA monoclonal antibodies.

Statistical analysis
All values are expressed as means ± SD. The results were 
evaluated by one-way ANOVA and Tukey’s multiple 
comparison tests. Statistically significant differences 
between groups were defined as P values less than 0.05. 
Calculations were performed with the GraphPad Prism 
program (Graphpad Software, Inc, San Diego, USA).

RESULTS
Caspase-3 activation in tetrandrine -induced apoptosis
To assess the involvement of  caspases in t-HSC/Cl-6 cell 
apoptosis, we detected the enzymatic activity of  caspases-3, 
a downstream caspase. Activation of  caspase-3 occurred 
dose dependently induced by the 5, 10 or 25 μg/mL of  
tetrandrine (Figure 1).

Liver/weight index
The conditions of  rats did not change in control group, 
but the activity level of  the rats was reduced. The general 
states of  rats in other groups were much better than those 
in control group. Liver/weight index in model group was 

slightly higher than that in other groups, with no statistical 
significant difference (data not shown).

Serum biochemical parameters  
In rats treated with thioacetamide (TAA; 200 mg/kg, 
ip), serum levels of  AST, ALT and T-Bil were increased 
to 349%, 618% and 168%, respectively, compared with 
that of  normal rats (Table 1). Tetrandrine (5, 10 or 20 
mg/kg per day, po, for 4 wk) significantly lowered serum 
AST, ALT and T-Bil levels in rats intoxicated by TAA. In 
5 mg/kg tetrandrine-treated rats, serum AST, ALT and 
T-Bil levels were lowered to 74.7% (P < 0.05), 71.7% 
(P < 0.01) and 84.0% (P < 0.05) compared with that of  
control fibrotic rats, respectively. In 10 mg/kg tetrandrine 
treated rats, AST, ALT and T-Bil levels were lowered to 
72.7% (P < 0.05), 70.2% (P < 0.01) and 81.1% (P < 0.01) 
compared with that of  control fibrotic rats, respectively. 
In 20 mg/kg tetrandrine treated rats, AST, ALT and 
T-Bil levels were lowered to 63.7% (P < 0.001), 58.1% 
(P < 0.001) and 79.9% (P < 0.01) compared with that of  
control fibrotic rats, respectively. In interferon-г treated 
fibrotic rats, AST, ALT and T-Bil levels were lowered 
to 74.4% (P < 0.05), 69.1% (P < 0.01) and 82.8% (P < 0.05) 
compared with that of  control fibrotic rats, respectively. 

Hydroxyproline matrix contents in the liver 
As shown in Figure 2A, liver contents of  hydroxyproline 
increased to 229%, 4 wk after TAA-treatment (P < 0.001). 
Compared with the control fibrotic rats, in fibrotic 
rats treated with 5, 10 or 20 mg/kg tetrandrine, the 
hydroxyproline contents in the liver reduced to 73.3% (P < 
0.05), 67.8% (P < 0.01) or 61.5% (P < 0.001), respectively. 
In interferon-г treated fibrotic rats, the hydroxyproline 
contents in the liver reduced to 64.6% (P < 0.001).

Extracellular matrix content in serum 
As shown in Figures 2B and 2C, serum contents of  HA 
and LN increased to 251% and 233%, 4 wk after TAA 
treatment (P < 0.001). In the fibrotic rats treated with 5, 
10, 20 mg/kg tetrandrine or interferon-г, HA content in 
the serum reduced to 68.2% (P < 0.05), 62.32% (P < 0.01), 
50.73% or 47.09% (P < 0.001), respectively, compared 
with the control fibrotic rats. Compared with the control 
fibrotic rats, in fibrotic rats treated with 5, 10, 20 mg/kg 
tetrandrine or interferon-г, LN content in the serum 
reduced to 53.59% (P < 0.05), 55.09% (P < 0.01), 65.09% 
(P < 0.01) or 68.30% (P < 0.05), respectively. 

Table 1  Serum biochemical values in fibrotic rats induced by 
TAA treated with tetrandrine for 4 wk

Group AST (IU/L) ALT (IU/L) T-Bil (μmol/L)

Normal 102 ± 24   34 ± 11 11.10 ± 1.29
TAA (200 mg/kg) 356 ± 70 198 ± 32 18.63 ± 2.50
TAA + tetrandrine (5 mg/kg) 266 ± 38a 142 ± 29b 15.70 ± 1.42a

TAA + tetrandrine (10 mg/kg) 259 ± 45a 139 ± 29b 15.11 ± 2.26b

TAA + tetrandrine (20 mg/kg) 227 ± 49d 115 ± 30d 14.89 ± 0.89b

TAA + interferon-г (5 × 104 U) 265 ± 38a 137 ± 25b 15.43 ± 1.36a

aP < 0.05; bP < 0.01; dP < 0.001, vs control group.

Figure 1  Caspase activity analysis. The caspase activity of normal cells was set 
at 100% and relative changes in activity are shown in association with drug doses. 
Values represent the results of three separate experiments. bP < 0.001, vs normal 
control values.
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Morphological changes in the liver
In control fibrotic group, the liver stained with HE 
and Sirius-red showed inflammation and an extensive 
accumulation of  collagens (Figures 3B and 4B), fibrotic 
septa were increased and seen between areas of  portal 
to portal and portal to central vein in some parts of  liver 
lobules, and in some serious units pseudolobules presented. 
In tetrandrine and interferon-г treated fibrotic rats, there 
was a tendency towards less pronounced destruction of  
the liver architecture, compared with control fibrotic rat 
liver (Figure 3C-F, and Figure 4C-F).

As shown in Figures 3 and 4, TAA treatment for 4 
wk resulted in liver injury, with loss of  normal lobular 
architecture and a marked increase of  collagen deposition 
throughout the liver. However, tetrandrine treatment 
resulted in reduced collagen deposition in the liver of  
TAA-treated rats. 

HSC activation was examined immunohistochemically 
by determining α-SMA-positive areas in injured rat livers 

treated with TAA. Considerable expression was detected in 
areas of  centrilobular and periportal fibrotic bands in TAA 
treated rats (Figure 5B). In normal livers, collagen was 
observed only around the central and portal veins (Figure 
5A). Activated HSCs were characterized by expression of  
α-SMA. In tetrandrine-treated or interferon-г groups, the 
expression of  α-SMA was much lower than that in control 
fibrotic group and the distribution of  α-SMA positive cells 
was similar to that of  collagen in the liver (Figure 5C-F). 
In contrast, 20 mg/kg tetrandrine-treated rats notably 
reduced the positive areas of  α-SMA in the livers of  rats 
treated with TAA.

DISCUSSION
Thioacetamide (TAA) is a thiono-sulfur containing 
compound, undergoing an extensive metabolism to 
acetamide and TAA-S-oxide. Whereas acetamide is 
devoid of  liver-necrotizing properties, TAA-S-oxide 
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Figure 3  Light microscopic appearance (HE × 100) of fibrotic rat liver induced by TAA treated with tetrandrine for 4 wk. A: normal group; B: control group; C: TAA group with 
tetrandrine (5 mg/kg); D: TAA group with tetrandrine (10 mg/kg); E: TAA group with tetrandrine (20 mg/kg); F: TAA group with interferon-г (5 × 104 U).
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is further metabolized, at least in part, by cytochrome 
P-450 monooxygenases to other products, including a 
polar product that is thought to be the sulfene, TAA-S-
dioxide, a highly reactive compound[21]. Therefore, TAA 
is a typical hepatotoxin and causes centrilobular necrosis 
by generation of  ROS. Although TAA is known mainly 
to cause necrosis in the liver, it has been reported recently 
that TAA induced apoptosis in rat liver within a few hours 
after its administration[22]. The present study showed that 
a low dose of  TAA induced apoptosis in the pericentral 

areas, whereas a high dose of  TAA induced necrosis. 
Excessive ROS causes necrosis.

The mechanism by which tetrandrine inhibits rat 
hepatic stellate cell activation is not clear. Tetrandrine 
administration has been shown to block the calcium 
channels in various cell types[23]. Moreover, activated hepatic 
stellate cells have receptors for a number of  vasoconstrictor 
substances such as endotheline, angiotensin Ⅱ, vasopressin, 
thrombin and thromboxan A2[24-26]. Therefore, it is likely 
that the inhibitory effect of  tetrandrine on hepatic stellate 

Figure 4  Light microscopical appearance (sirius red staining) of fibrotic rat liver induced by TAA treated with tetrandrine for 4 wk. Sirius red stains most hepatic collagens. A: 
normal group; B: control group; C: TAA group with tetrandrine (5 mg/kg); D: TAA group with tetrandrine (10 mg/kg); E: TAA group with tetrandrine (20 mg/kg); F: TAA group 
with interferon-г (5 × 104 U).
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Figure 5  Representative liver section showing reaction of alpha-smooth muscle cell like actin (α-SMA) with mouse anti-α-SMA monoclonal antibody. α-SMA 
immunoreactivity (arrows) was seen in stellate cells in the fibrotic area. A: normal group; B: control group; C: TAA group with tetrandrine (5 mg/kg); D: TAA group with 
tetrandrine (10 mg/kg); E: TAA group with tetrandrine (20 mg/kg); F: TAA group with interferon-г (5 × 104 U).
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cell activation is, at least in part, through the blocking 
of  calcium channels. However, further study is needed 
to understand the precise mechanism of  tetrandrine on 
activated hepatic stellate cells.

Here we showed that tetrandrine is toxic against 
t-HSC/Cl-6 cells and antifibrotic. Previous studies 
demonstrated that tetrandrine induced apoptosis in 
t-HSC/Cl-6 cells, and activated rat hepatic stellate cells 
transformed by SV40. The morphologies of  tetrandrine-
treated cells revealed the typical features of  apoptosis 
and these apoptotic phenomena were further confirmed 
by DNA laddering and annexin v-propidium iodide 
double staining[27]. Previous reports have demonstrated 
that the caspase family proteases play essential roles in 
the process of  apoptosis[28]. Caspase-3, which has a short 
prodomain and is localized near nuclei, cleaves substrates 
at the downstream end of  the cascade[29]. This study 
demonstrated that the activation of  caspase-3 is involved 
in tetrandrine-induced cell death including apoptosis. 
Moreover, we have shown that tetrandrine is also effective 
in mediating HSC apoptosis in vivo after the development 
of  fibrosis. It suggests that apoptosis of  activated HSCs 
plays a key role in resolution of  hepatic fibrosis. 

Our data provide evidence that tetrandrine will 
effectively induce HSC apoptosis. In addition, we have 
demonstrated evidence that induction of  apoptosis in 
HSCs enhances the resolution of  experimental fibrosis. 
Taken together, these observations suggest that a strategy 
based on inducing HSC apoptosis may be an effective 
antifibrotic approach. The effects of  tetrandrine at 20 mg/kg 
dose are better than the other groups. In conclusion, our 
results demonstrate that tetrandrine administration could 
prevent liver fibrosis and liver damage induced by TAA 
in rats. In this study, tetrandrine reduced the degree of  
hepatocellular injury as determined by lower serum levels 
of  AST, ALT, T-bil and liver hydroxyproline, serum HA 
and LN, and also improved morphological structure of  
the fibrotic liver. Our study shows a direct inhibitory effect 
on rat HSC activation and an antifibrogenic potential of  
tetrandrine in fibrotic rats induced by TAA. Tetrandrine 
may have therapeutic effects in human liver fibrosis.

 COMMENTS
Background
Fibrosis represents the response of the liver to diverse chronic insults such as 
chronic viral infection, alcohol, immunological attack, hereditary metal overload, 
parasitic diseases and toxic damage. It is accepted that HSCs play a central 
role in the development and resolution of liver fibrosis. Recently it was reported 
that during recovery from acute human and experimental liver injury, a number 
of activated HSCs undergo apoptosis, and there is a significant decrease in the 
extent of fibrosis within the same livers in association with this HSCs apoptosis.

Research frontiers
Tetrandrine promotes HSC apoptosis in hepatic fibrosis. The study of its 
mechanism might lead to a new approach for fibrosis therapy. Further studies 
of the roles and regulation of HSC apoptosis and its possible mechanism are 
important for understanding the mechanism of resolution of liver fibrosis.

Innovations and breakthroughs
In this research, we investigated the effect of tetrandrine on the apoptotic death 
of rat HSCs in vitro and whether tetrandrine can prevent thioacetamide-induced 
fibrosis in vivo. The results showed that tetrandrine promotes the apoptosis of 

activated HSCs in vitro and prevent liver fibrosis and liver damage induced by 
thioacetamide in rats in vivo.

Applications 
The results provide significant evidence illustrating the key feature of recovery 
from liver fibrosis is HSC apoptosis.

Terminology
HSCs: hepatic stellate cells; Caspase: Caspases, closely associated with 
apoptosis, are aspartate-specific cysteine proteases and members of the 
interleukin-1b-converting enzyme family. The activation and function of caspases, 
involved in the delicate caspase-cascade system, are regulated by various kinds of 
molecules, such as the inhibitor of apoptosis protein, Bcl-2 family proteins, calpain, 
and Ca2+. 

Peer review
In this manuscript by Yin et al, the authors report effect of tetrandrine on the 
treatment of liver fibrosis-induced by thioacetamide in rats in vivo and in vitro. 
They employed assay of caspase activity to observe the enzymatic activity of 
caspases-3, a downstream caspase, occurred dose-dependently and investigated 
tetrandrine treatment as well as interferon-г significantly ameliorates the 
development of fibrosis as determined by lowered serum levels of AST, ALT, T-Bil 
and the levels of liver hydroxyproline, HA, LN and also improved histological 
findings. Their data may be critical for the study of the mechanism of resolution of 
rat liver fibrosis and shed new light on the liver fibrosis therapy.
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