
those in CCl4 subgroup (MDA: 3.9 ± 0.1 and 2.4 ± 0.6 
in CCl4 and CCl4 + FMAC groups, respectively, P < 0.01; 
HP: 1730.7 ± 258.0 and 1311.5 ± 238.8 in CCl4 and 
CCl4 + FMAC groups, respectively, P <0.01). Histologic 
examinations showed that CCl4 + FMAC subgroups had 
thinner or less fibrotic septa than CCl4 group. RT-PCR 
analysis indicated that FMAC (1 g/kg) reduced mRNA 
levels of collagen I, TIMP-1 and TGF-β1 (collagen I: 
5.63 ± 2.08 and 1.78 ± 0.48 in CCl4 and CCl4 + FMAC 
groups, respectively, P < 0.01; TIMP-1: 1.70 ± 0.82 and 
0.34 ± 0.02 in CCl4 and CCl4 + FMAC groups, respectively,  
P < 0.01; TGF-β1:38.03 ± 11.9 and 4.26 ± 2.17 in CCl4 
and CCl4 + FMAC groups, respectively, P < 0.01) in the 
CCl4-treated liver. 

CONCLUSION: It demonstrates that FMAC can retard 
the progression of liver fi brosis induced by CCl4 in rats. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Antrodia camphorata is a new species of  the genus Antrodia 
(Polyporaceae) parasitic in the inner cavity of  the endemic 
species Cinnamomum kanehirai Hay[1]. Traditionally, it has 
been used as a remedy for food-, alcohol-, drug-intoxica-
tion, diarrhea, abdominal pain, hypertension, skin itching, 
and liver cancer among Chinese. The growth rate of  natu-
ral A. camphorata in the wild is very slow, and it is diffi cult 
to cultivate in a green house, thus, it is expensive to obtain 
fruiting bodies. Therefore, using a submerged culture 
method to obtain useful cellular materials, or to produce 
effective substances from cultured mycelia might be a pos-
sible way to overcome the disadvantage of  the retarded 
growth of  fruiting bodies. In Taiwan, several biotechno-
logy companies have developed the submerged culture 
method for A. camphorata. In the market of  Taiwan, the 
yield of  mycelia or culture filtrate of  fermented mycelia 
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Abstract
AIM: To investigate the effects of fi ltrate of fermented 
mycelia from Antrodia camphorata  (FMAC) on liver fi bro-
sis induced by carbon tetrachloride (CCl4) in rats. 

METHODS: Forty Wistar rats were divided randomly into 
control group and model group. All model rats were giv-
en 200 mL/L CCl4  (2 mL/Kg, po) twice a week for 8 wk. 
Four weeks after CCl4 treatment, thirty model rats were 
further divided randomly into 3 subgroups: CCl4 and two 
FMAC subgroups. Rats in CCl4 and 2 FMAC subgroups 
were treated with FMAC 0, 0.5 and 1.0 g/kg, daily via 
gastrogavage beginning at the fi fth week and the end of 
the eighth week. Spleen weight, blood synthetic markers 
(albumin and prothrombin time) and hepatic malondial-
dehyde (MDA) and hydroxyproline (HP) concentrations 
were determined. Expression of collagen I, tissue inhibi-
tor of metalloproteinases (TIMP)-1 and transforming 
growth factor β1 (TGF-β1) mRNA were detected by RT-
PCR. Histochemical staining of Masson’s trichrome was 
performed.

RESULTS: CCl4 caused liver fibrosis, featuring in-
creased prothrombin time, hepatic MDA and HP con-
tents, and spleen weight and decreased plasma albumin 
level. Compared with CCl4 subgroup, FMAC subgroup 
(1 g/kg) significantly decreased the prothrombin time 
(36.7 ± 7.2 and 25.1 ± 10.2 in CCl4 and FMAC groups, 
respectively, P < 0.05) and increased plasma albumin 
concentration (22.7 ± 1.0 and 30.7 ± 2.5 in CCl4 and 
FMAC groups, respectively, P  < 0.05). Spleen weight was 
significantly lower in rats treated with CCl4 

 and FMAC 
(1 g/kg) compared to CCl4 treated rats only (2.7 ± 0.1 
and 2.4 ± 0.2 in CCl4 and FMAC groups, respectively, 
P  < 0.05). The amounts of hepatic MDA and HP in 
CCl4 ± FAMC (1 g/kg) subgroup were also lower than 

PO Box 2345, Beijing 100023, China                                                                                                                      World J Gastroenterol  2006 April 21; 12(15):2369-2374
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2006 The WJG Press. All rights reserved.

www.wjgnet.com



is dependent on the different biotechnology companies. 
Preliminary pharmacological studies revealed that the anti-
oxidant abilities of  the culture fi ltrate of  fermented myce-
lia from Antrodia camphorata (FMAC) were correlated with 
their total polyphenols content based on the evaluation of  
different antioxidant system[2]. 

Liver fibrosis is the common end stage of  most 
chronic liver disease regardless of  the etiology[3], and its 
progression leads to cirrhosis and liver cancer. Although 
the exact mechanisms of  pathogenesis in liver cirrhosis are 
still obscure, the role of  the free radical and lipid peroxides 
has attracted considerable attention[4]. It has been found 
that the metabolism of  CCl4 involves the production of  
free radicals through its activation by drug metabolizing 
enzymes located in the endoplasmic reticulum[5]. CCl4 is 
capable of  causing liver lipid peroxidation, resulting in 
liver fi brosis[6]. Hsiao et al[7] reported that A. camphorata ex-
tract exerted protection against chronic chemical-induced 
hepatic injury in mice. In addition, Song et al[8] showed that 
FMAC possessed a protective activity against acute liver 
injury induced by CCl4. However, the effect of  FMAC in 
chronic liver disease is still unknown. In the present study, 
we attempted to assess the effect of  FMAC on chronic 
CCl4-induced liver fi brosis in rats.

MATERIALS AND METHODS
Preparation of test substance
FMAC was provided by Food Industry Research & De-
velopment Institute, Hsinchu, Taiwan. Culture of  Antro-
dia camphorata BCRC 930032 was inoculated onto potato 
dextrose agar (PDA) and incubated at 30 ℃ for 15 to 20 
d. The whole colony was then cut and put into the bottle 
with 50 mL sterile water. After homogenization, the frag-
mentated mycelia suspension was used as inoculum. The 
seed culture was prepared in a 20 L fermentor (BioTop) 
agitated at 150 r/min with aeration rate of  0.2 vvm and 
temperature of  30 ℃. A 5-d culture of  15 L mycelia in-
oculum was inoculated into a 250 L agitated fermentor 
(BioTop). The fermentation condition was the same as 
the seed fermentation but operating with an aeration rate 
of  0.075 vvm. The deep red culture fi ltrate was separated 
from the broth harvested at the 331st hour and poured 
through the non-woven fabric on a 20-mesh sieve. FMAC 
was concentrated about 20 fold (450 g/L) under reduced 
pressure at 50 ℃, and stored at -30 ℃ until use. FMAC 
was suspended in distilled water and administered orally to 
each rat at a volume of  10 mL/kg body weight.

Since antioxidant and anti-radical properties of  plant 
extracts have been attributed to most phenolic com-
pounds, it is expected that the effectiveness of  the extracts 
is related to their phenolic content[9]. To guarantee the re-
producibility of  pharmacological experiments, the pheno-
lic compounds in FMAC were determined by a modifi ca-
tion of  the method of  Barness et al [10] using catechin as the 
standard. The concentration of  phenolic groups in FMAC 
was 39.71 μg/mg.

Animals
Male Wistar rats were obtained from the National Labora-

tory of  Animal Breeding and Research Center, National 
Science Council, and fed with a standard laboratory chow 
and tap water ad libitum. The experimental animals were 
housed in air-conditioned room of  21 -24  ℃ with 12 h of  
light. The rats were allowed free access to powdered feed, 
and main water that was supplied through an automatic 
watering system. When they reached 250-300 g, the rats 
were used for experiments. Rats were divided randomly 
into control and model groups according to the body 
weight in proper range one day before administration of  
the test substance. All animals received humane care and 
the study protocols were in compliance with our institu-
tion's guidelines for use of  laboratory animals. 

CCl4-induced liver fi brosis
Fibrosis was induced in thirty rats by an oral administra-
tion of  2 mL/kg body weight of  200 mL/L CCl4 (diluted 
in olive oil) twice a week for 8 wk. At the end of  4 th wk 
after CCl4 treatment, the CCl4-treated rats were further 
divided into 3 subgroups based on the plasma alanine 
aminotransferase (ALT) level, since the plasma ALT is the 
major parameter for liver injury. The plasma ALT levels 
for normal control and 3 CCl4-treated subgroups were 675 
± 62, 8856 ± 1321, 9005 ± 1659 and 8208 ± 1324 (nkat/L), 
respectively. The animals received CCl4 with distilled water 
or FMAC (0.5, 1.0 g/kg; po, daily) which was added at the 
last four wk of  the treatment. The time interval between 
CCl4 and FMAC administrations were 5 h to avoid the 
disturbance of  absorption of  each other. After blood was 
drawn from rats at the eighth week, the animals were sacri-
fi ced at the same time and the liver and spleen were quick-
ly taken off. They were then weighed after being clearly 
washed with cold normal saline and sucked up of  the 
moisture. The largest lobe of  liver was divided into four 
parts, and the same parts were 1) submerged in 40 g/L
neutral formaldehyde for the preparation of  pathological 
section; 2) after weighed, the liver was completely dried at 
100 ℃ for the determination of  collagen content; 3) the 
samples for RT-PCR analysis were kept in liquid nitrogen; 4) 
other sample was stored at -80 ℃ until assay.

Assessment of liver functions
The blood was centrifuged at 4700 r/min (Jouan BR4i, 
France) at 4 ℃ for 15 min to separate the plasma. The 
levels of  plasma ALT and albumin were assayed using clin-
ical test kits (Roche Diagnostics) spectrophotometrically 
(Cobas Mira; Roche, Rotkreuz, Switzerland). Prothrombin 
time was measured using a coagulation analyzer (Sysmex-
CA1000) and reagent (Dade thromboplastin C plus).

Assays of hepatic lipid peroxidation and hydroxyproline
Livers were homogenized in nine volumes of  ice-cold 
0.15 mol/L KCl, 1.9 mmol/L ethylenediaminetetraacetic 
acid. The homogenate was used for the determination 
of  lipid peroxidation. Lipid peroxidation was measured 
by the methods of  Ohkawa et al[11] using 2-thiobarbituric 
acid. The lipid peroxidation was expressed as malondial-
dehyde (MDA) μmol/g protein. Protein was measured by 
the method of  Lowry et al[12] using bovine serum albumin 
as the standard. Hydroxyproline (HP) determination fol-
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lowed a method designed by Neuman et al[13]. Dried liver 
tissue after hydrolysis was oxidized by H2O2 and colored 
by p-dimethylaminobenzoaldehyde and absorbance was 
determined at 540 nm. The amount of  HP is expressed in 
mg/g wet tissue.

RNA extraction and RT-PCR analysis 
Total RNA was isolated from livers of  the rats using the 
acid guanidum thiocyanate-phenol-chloroform extrac-
tion methods as described by Chomczynski et al[14]. Five 
micrograms of  total RNA from each liver sample were 
subjected to reverse transcription (RT) by MMuLV reverse 
transcriptase in a 50 μL reaction volume. Aliquots of  the 
reverse transcription mix were used for amplification by 
polymerase chain reaction (PCR) of  fragments specifi c to 
collagen I, transforming growth factor (TGF)-β1 and tis-
sue inhibitor of  matrix metalloproteinase (TIMP)-1 using 
the primer pairs listed in Table 1. The levels of  expression 
of  all the transcripts were normalized to that of  glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) mRNA in 
the same tissue sample. PCR product was run on a 20 g/L 
agarose gel recorded by polarid fi lm; bands were quanti-
tated by densitometer. 

Pathological examinations
For histopathological examination, the formalin-fi xed liver 
was embedded in paraffi n, cut into 4-5 μm thick sections, 
stained with Masson’s trichrome. Fibrosis was graded ac-
cording to the method of  Ruwart et al[15], grade 0: normal 
liver; grade (1) increase of  collagen without formation of  
septa; grade (2) formation of  incomplete septa from portal 
tract to central vein (septa that do not interconnect with 
each other); grade (3) complete but thin septa intercon-
necting with each other, so as to divide the parenchyma 
into separate fragments; grade (4) as grade 3, except with 
thick septa (complete cirrhosis). To avoid sampling error, 

all biopsies were obtained from the same lobe and these 
semi-quantitative grades were performed without knowl-
edge of  sample treatment. 

Statistical analysis
Data were presented as mean ± SD. All other experimental 
data, except the pathological fi ndings, were treated by one-
way analysis of  variance using the Dunnett’s test. Liver 
histopathological examination data were analyzed by the 
Kruskall-Wallis non-parametric test, followed by a Mann–
Whitney U-test. The signifi cance level was set at P < 0.05.

RESULTS
Concentrations of plasma albumin and prothrombin time
The plasma albumin concentrations were lower in rats 
given CCl4 than that in the control group (Table 2). While 
in the rats treated by FMAC (1 g/kg), the levels of  plasma 
albumin was markedly higher than that in the CCl4 model 
group. The prothrombin time in the CCl4 model group 
was much longer than that in control group. FMAC (1 g/
kg) signifi cantly shortened the prothrombin time. 

Weights of spleen
Marked splenomegaly was caused by CCl4 treatment; the 
weight of  spleen in the CCl4-treated group was about 
245% of  the control group (Table 3). The increase of  
spleen weight by CCl4 treatment was signifi cantly reduced 
by FMAC (1 g/kg). 

Liver MDA and HP contents
CCl4 induced liver fi brosis to the rats resulting in a marked 
increase of  hepatic MDA and HP contents (Table 3). 
FMAC (1 g/kg) treatment significantly reduced the in-
crease of  hepatic MDA and HP contents caused by CCl4.

Table 1 Primer sequences for PCR amplifi cation

mRNA              Primer sequence Length (bp)  

Collagen I Sense         5' CGA CTA AGT TGG AGG GAA CGG TC 3' 182
Antisense  5' TGG CAT GTT GCT AGG CAC GAC 3'

TIMP-1 Sense         5' TCC CTT GCA AAC TGG AGA GT 3' 140
Antisense  5' GTC ATC GAG ACC CCA AGG TA 3'

TGF-b1 Sense         5' TAT AGC AAC AAT TCC TGC CG 3' 162
Antisense  5' TGC TGT CAC AGG AGC AGTG 3'

GAPDH Sense         5' CTT CAT TGA CCT CAA CTA CAT GGT CTA 3'    99
Antisense  5' GATG ACA AGC TTC CCA TTC TCA G 3'

Table 2 Effect of FMAC on plasma albumin concentration and 
prothrombin time in CCl4-treated rats

Group               Dose Albumin Prothrombin time 
                  (g/kg per d) (g/L) (sec)           

Control – 36.0 ± 1.3 17.7 ± 0.9
CCl4 + H2O –  22.7 ± 1.0b  36.7 ± 7.2b

CCl4 + FMAC 0.5 23.1 ± 5.1 28.5 ± 9.9
1  30 .7± 2.5a    25.1 ± 10.2a

aP < 0.05 vs CCl4 + H2O group; bP < 0.01 vs control group.

Table 3 Effect of FMAC on spleen weight,  hepat ic 
malondialdehyde and hydroxyproline contents in CCl4-treated 
rats

Group            Dose    Spleen  Malondialdehyde Hydroxyproline
             (g/kg per d)     (g)  (μmol/g protein)  (μg/g tissue)

Control –    1.1 ± 0.1 1.9 ± 0.1 645.0 ± 64.5
CCl4 + H2O –     2.7 ± 0.1d   3.9 ± 0.1d  1730.7 ± 258.0d 
CCl4 + FMAC    0.5    2.8 ± 0.2 2.7 ± 0.1 1741.5 ± 257.1
 1      2.4 ± 0.2a   2.4 ± 0.6b  1311.5 ± 238.8b

aP < 0.05, bP < 0.01 vs CCl4 + H2O group; dP < 0.001 vs control group.
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RT-PCR analysis of liver tissue
Fragments specific to collagen I, TIMP-1 and TGF-β1 
were amplified by RT-PCR (Figure 1). The values from 
densitometric analysis, after normalization against the cor-
responding GAPDH transcript were expressed as the col-
lagen I/GAPDH, TIMP-1/GAPDH and TGF-β1/GAP-
DH ratios. The levels of  collagen I, TIMP-1 and TGF-β1 
mRNA in rat liver were significantly increased by CCl4 
treatment (Table 4), while the administration of  FMAC 
(1 g/kg) significantly decreased the levels of  collagen I, 
TIMP-1 and TGF-β1 mRNA.

Pathological examination
CCl4 induced liver damage of  the rats. Masson's stain 
showed clear nodular fi brosis at the central vein and the 
portal vein area (Figure 2B). Treatment of  FMAC (1 g/kg) 
showed marked improvement of  these pathological chan-
ges of  the tissues (Figure 2C and Table 5).

DISCUSSION
The results of  the present study indicate that even after 
the initiation of  hepatic fi brosis in a rat model of  CCl4-
induced liver damage, FMAC administration reduced 
liver fi brosis, as demonstrated by smaller increases in he-
patic collagen and lower mRNA expression of  collagen 
I compared with CCl4 model group. These effects were 
mainly observed when FMAC was administered from wk 
5 to wk 8 of  CCl4 treatment. Both plasma albumin and 
blood clotting factors were mainly synthesized in the liver. 
When the chronic liver damage led to fi brosis, the albumin 
contents dropped and prothrombin time prolonged[16,17]. In 
this experiment, CCl4 induced chronic liver lesions in rats 
and there appeared a decrease of  plasma albumin and an 
increase of  prothrombin time. FMAC clearly counteracted 
both the decrease of  albumin content in the plasma and 

the prolongation of  prothrombin time. These results 
showed that FMAC ameliorated the decline of  liver syn-
thetic functions caused by chronic liver injuries.

Liver fi brosis or cirrhosis leads to blockage of  blood 
fl ow into the liver and causes portal hypertension and it 
also infl uences the blood fl ow of  spleen and gives rise to 
splenomegalia[18]. CCl4 in this experiment induced chronic 

182 bp

140 bp

162 bp

99 bp

Collagen I

TIMP-1

TGF-β1

GAPDH

Control H2O FMAC, 1 g/kg

CCl4

Figure 1 Effect of FMAC on the hepatic mRNA expressions of collagen I, TIMP-1 
and TGF-β1 in CCl4-treated rats.

Figure 2 Liver histopathology of rats (Masson’s stain). A: control group; B: CCl4 + 
H2O group, showing micronodular formation and complete septa interconnection 
with each other; C: CCl4 + FMAC (1 g/kg) group, showing a marked reduction in 
fi ber deposition. Scale bar = 50 μm.

A

B

C

Table 4 Effect of FMAC on hepatic mRNA expressions of 
collagen I, TIMP-1 and TGF-β1 in CCl4-treated rats

Group         Dose Collagen I: 
GAPDH

TGF-β1:
GAPDH

TIMP-1: 
GAPDH

                 (g/kg per d) ratio      ratio ratio

Control  –   0.68 ± 0.55   0.38 ± 0.18 0.14 ± 0.08
CCl4 + H2O  –    5.63 ± 2.08b  38.03 ± 11.9b  1.70 ± 0.82b

CCl4 + FMAC 0.5   3.94 ± 1.18 28.90 ± 7.22 0.58 ± 0.02
1    1.78 ± 0.48d    4.26 ± 2.17d  0.34 ± 0.02d 

bP < 0.001 vs Control group; dP < 0.01 vs CCl4 + H2O group.

Table 5 Effect of FMAC on CCl4-induced liver fi brosis in rats

Group Dose Score of hepatic fi brosis            Average
(g/kg per d) 0 1 2 3 4  

Control – 10 0 0 0 0              0
CCl4 + H2O –   0 0 3 6 1        2.8 ± 0.6
CCl4 + FMAC 0.5   0 1 3 5 1        2.7 ± 0.8

1.0   0 4 5 1 0        1.7 ± 0.7b

bP < 0.01 vs CCl4 + H2O group.

2372         ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol      April 21, 2006     Volume 12    Number 15

www.wjgnet.com



hepatic fibrosis as well as splenomegalia. FMAC could 
improve splenomegalia, indicating that it might ameliorate 
portal hypertension. 

It is well known that liver fibrosis is a result of  in-
creased collagen synthesis[19], and HP is the unique com-
ponent in collagen[19]. The amount of  collagen can be 
refl ected by the contents of  HP and can be used to ex-
press the extent of  fi brosis[19]. When CCl4 was applied in 
this experiment to induce liver fi brosis, the content of  HP 
in liver obviously increased. FMAC could reduce the con-
tent of  HP, which was confi rmed by the histopathological 
examinations. Many studies have shown that level of  col-
lagen I increases during liver fi brosis[20]. Therefore, we also 
investigated the effect of  FMAC on the mRNA expression 
of  collagen I. Treatment with FMAC was effective in re-
ducing the amount of  collagen I mRNA expression. This 
result further confi rmed that FMAC could remit hepatic 
fi brosis.  

Regardless of  the etiologic factors, gross remodel-
ing of  extracellular matrix in the fi brotic liver is regulated 
by a balance of  synthesis and enzymatic degradation of  
extracellular matrix[21]. Matrix degradation is catalyzed by 
the activity of  matrix metalloproteinases. The activities of  
matrix metalloproteinases are inhibited by tissue inhibi-
tors of  metalloproteinases (TIMPs). The expression of  
TIMPs drastically increased or decreased with time during 
liver fibrogenesis and fibrosis resolution, respectively[22]. 
Four members of  the TIMP family have been characte-
rized so far and designated as TIMP-1 to TIMP-4[23]. It has 
been suggested that TIMP-1 plays an important role in 
the pathogenesis of  liver fi brosis[24]. Consistent with previ-
ously published work[25], we observed elevated levels of  
TIMP-1 upon treatment with CCl4. Treatment with FMAC 
was effective in reducing the level of  TIMP-1 expression, 
indicating liver fi brosis resolution might be enhanced. This 
result supported that FMAC could suppress liver fi brotic 
progression caused by CCl4.  

TGF-β1 is a profi brogenic cytokine, because it directly 
stimulates extracellular matrix production by both Kupffer 
cells and stellate cells[26,27]. Increased levels of  TGF-β1 
mRNA expression have been found in patients with liver 
fi brosis as well as in experimental models of  liver fi bro-
sis[28,29]. Blockade of  TGF-β1 synthesis or signaling is a 
primary target for the development of  antifibrotic ap-
proaches and modern hepatology has facilitated the design 
of  drugs removing this causative agent[30]. In this experi-
ment, CCl4 treatment increased, while FMAC signifi cantly 
reduced TGF-β1 mRNA expression. This result suggested 
that FMAC ameliorated liver fi brosis perhaps by reducing 
TGF-β1 secretion. 

Increased free radical production and lipid peroxida-
tion have been proposed as a major cellular mechanism 
involved in CCl4 hepatotoxicity[5]. Furthermore, a close 
relationship has been reported between lipid peroxidation 
and fi brogenesis in rats, in which fi brosis was induced by 
CCl4 administration[6]. Our results confirmed these fin-
dings that hepatic lipid peroxidation is increased during 
hepatic fi brogenesis. We also found that FMAC inhibited 
CCl4-induced hepatic lipid peroxidation. These results in-
dicated that FMAC might inhibit lipid peroxidation, and 
consequently attenuate the development of  liver fi brosis. 

A large number of  studies indicated that FMAC is a good 
free radical scavenger[3, 31].

In conclusion, the present study has demonstrated that 
FMAC retards the progression of  liver fibrosis in CCl4-
treated rats possibly by scavenging free radicals formed in 
the liver. It may be expected that FMAC has preventive 
potentials in liver fi brosis.

REFERENCES
1 Wu SH, Ryvarden L, Chang TT. Antrodia camphorata (“niu-

chang-chic’’), new combination of a medicinal fungus in Tai-
wan. Bot Bull Acad Sin 1997; 38: 273-275 

2 Song TY, Yen GC. Antioxidant properties of Antrodia cam-
phorata in submerged culture. J Agric Food Chem 2002; 50: 
3322-3327

3 Bataller R, Brenner DA. Liver fi brosis. J Clin Invest 2005; 115: 
209-218 

4 Gebhardt R. Inhibition of cholesterol biosynthesis in HepG2 
cells by artichoke extracts is reinforced by glucosidase pre-
treatment. Phytother Res 2002; 16: 368-372

5 Basu S. Carbon tetrachloride-induced lipid peroxidation: 
eicosanoid formation and their regulation by antioxidant nu-
trients. Toxicology 2003; 189: 113-127

6 Comporti M, Arezzini B, Signorini C, Sgherri C, Monaco B, 
Gardi C. F2-isoprostanes stimulate collagen synthesis in acti-
vated hepatic stellate cells: a link with liver fi brosis? Lab Invest 
2005; 85: 1381-1391 

7 Hsiao G, Shen MY, Lin KH, Lan MH, Wu LY, Chou DS, Lin 
CH, Su CH, Sheu JR. Antioxidative and hepatoprotective ef-
fects of Antrodia camphorata extract. J Agric Food Chem 2003; 51: 
3302-3308 

8 Song TY, Yen GC. Protective effects of fermented filtrate 
from Antrodia camphorata in submerged culture against CCl4-
induced hepatic toxicity in rats. J Agric Food Chem 2003; 51: 
1571-1577 

9 Wei QY, Chen WF, Zhou B, Yang L, Liu ZL. Inhibition of lipid 
peroxidation and protein oxidation in rat liver mitochondria 
by curcumin and its analogues. Biochim Biophys Acta 2006; 
1760: 70-77 

10 Barness LA, Mellman WJ, Tedesco T, Young DG, Nocho RA. 
A quantitative method of determing urinary phenols. Clin 
Chem 1963; 102: 600-607 

11 Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in ani-
mal tissues by thiobarbituric acid reaction. Anal Biochem 1979; 
95: 351-358 

12 Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein mea-
surement with the Folin phenol reagent. J Biol Chem 1951; 193: 
265-275

13 Neuman RE, Logan MA. The determination of hydroxypro-
line. J Biol Chem 1950; 184: 299-306

14 Chomczynski P, Sacchi N. Single-step method of RNA isola-
tion by acid guanidinium thiocyanate-phenol-chloroform ex-
traction. Anal Biochem 1987; 162: 156-159

15 Ruwart MJ, Wilkinson KF, Rush BD, Vidmar TJ, Peters KM, 
Henley KS, Appelman HD, Kim KY, Schuppan D, Hahn EG. 
The integrated value of serum procollagen III peptide over 
time predicts hepatic hydroxyproline content and stainable 
collagen in a model of dietary cirrhosis in the rat. Hepatology 
1989; 10: 801-806

16 Boyer TD. Diagnosis and management of cirrhotic ascites. In: 
Zakim D, Boyer TD. Hepatology: A Textbook of Liver Disease. 
4th ed. Philadelphia: W.B. Saunders, 2003: 631-658

17 Friedman LS, Martin P, Minoz SJ. Laboratory evaluation of 
the patient with liver disease. In: Zakim D, Boyer TD. Hepa-
tology: A Textbook of Liver Disease. 4th ed. Philadelphia: W.B. 
Saunders, 2003: 661-708

18 Boyer TD, Henderson JM. Portal hypertension and bleeding 
exophageal varices. In: Zakim D, Boyer TD. Hepatology: A 
Textbook of Liver Disease. 4th ed. Philadelphia: W.B. Saunders, 
2003: 581-629

Lin WC et al. Antrodia camphorata  reduces rat liver fi brosis                                                                      2373

www.wjgnet.com



19 Hanauske-Abel HM. Fibrosis of the liver: representative mo-
lecular elements and their emerging role as anti-fi brotic tar-
gets. In: Zakim D, Boyer TD. Hepatology: A Textbook of Liver 
Disease. 4th ed. Philadelphia: W.B. Saunders, 2003: 347-394

20 Tsukada S, Parsons CJ, Rippe RA. Mechanisms of liver fi bro-
sis. Clin Chim Acta 2006; 364: 33-60 

21 Arendt E, Ueberham U, Bittner R, Gebhardt R, Ueberham E. 
Enhanced matrix degradation after withdrawal of TGF-beta1 
triggers hepatocytes from apoptosis to proliferation and re-
generation. Cell Prolif 2005; 38: 287-299 

22 Murphy FR, Issa R, Zhou X, Ratnarajah S, Nagase H, Arthur 
MJ, Benyon C, Iredale JP. Inhibition of apoptosis of activated 
hepatic stellate cells by tissue inhibitor of metalloproteinase-1 
is mediated via effects on matrix metalloproteinase inhibition: 
implications for reversibility of liver fi brosis. J Biol Chem 2002; 
277: 11069-11076

23 Nagase H, Visse R, Murphy G. Structure and function of ma-
trix metalloproteinases and TIMPs. Cardiovasc Res 2006; 69: 
562-573 

24 Fiorucci S, Rizzo G, Antonelli E, Renga B, Mencarelli A, Ric-
cardi L, Orlandi S, Pruzanski M, Morelli A, Pellicciari R. A 
farnesoid x receptor-small heterodimer partner regulatory 
cascade modulates tissue metalloproteinase inhibitor-1 and 
matrix metalloprotease expression in hepatic stellate cells and 
promotes resolution of liver fi brosis. J Pharmacol Exp Ther 2005; 
314: 584-595

25 Luo YJ, Yu JP, Shi ZH, Wang L. Ginkgo biloba extract reverses 
CCl4-induced liver fi brosis in rats. World J Gastroenterol 2004; 
10: 1037-1042

26 Xidakis C, Ljumovic D, Manousou P, Notas G, Valatas V, 
Kolios G, Kouroumalis E. Production of pro- and anti-fi brotic 
agents by rat Kupffer cells; the effect of octreotide. Dig Dis Sci 
2005; 50: 935-941

27 Breitkopf K, Sawitza I, Gressner AM. Characterization of 
intracellular pathways leading to coinduction of thrombos-
pondin-1 and TGF-beta1 expression in rat hepatic stellate cells. 
Growth Factors 2005; 23: 77-85 

28 Chen WX, Li YM, Yu CH, Cai WM, Zheng M, Chen F. Quanti-
tative analysis of transforming growth factor beta 1 mRNA in 
patients with alcoholic liver disease. World J Gastroenterol 2002; 
8: 379-381 

29 Song SL, Gong ZJ, Zhang QR, Huang TX. Effects of Chinese 
traditional compound, JinSanE, on expression of TGF-beta1 
and TGF-beta1 type II receptor mRNA, Smad3 and Smad7 
on experimental hepatic fi brosis in vivo. World J Gastroenterol 
2005; 11: 2269-2276

30 Gressner AM, Weiskirchen R, Breitkopf K, Dooley S. Roles of 
TGF-beta in hepatic fi brosis. Front Biosci 2002; 7: d793-d807

31 Hseu YC, Chang WC, Hseu YT, Lee CY, Yech YJ, Chen PC, 
Chen JY, Yang HL. Protection of oxidative damage by aqueous 
extract from Antrodia camphorata mycelia in normal human 
erythrocytes. Life Sci 2002; 71: 469-482

                                                          
S- Editor  Pan BR    L- Editor  Zhu LH   E- Editor  Ma WH

2374         ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol      April 21, 2006     Volume 12    Number 15

www.wjgnet.com



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 10.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 10.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 10.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


