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INTRODUCTION
The mainstream pharmaceutical industry makes use of  
many plant products[1]. In traditional Chinese medicine 
(TCM) many products from plants are used in the 
treatment of  a wide range of  disorders including cancer[2]. 
Moreover, the researches on the bioactive ingredients 
and the investigation of  the functional mechanism of  
natural products used in TCM are becoming increasingly 
important. Several substances which are successful in 
tumor therapy, such as betulinic acid and indirubin, have 
been elucidated by molecular biological and cell biological 
methods[3, 4].
   Fungi are an important source of  materials in TCM. 
Extracts from about 200 species of  fungi have been 
shown to stimulate immunoactivity and inhibit the growth 
of  different kinds of  tumors[5-8]. Ganoderma lucidum (Leyss. 
ex Fr.) Karst is a medicinal mushroom belonging to the 
polyporaceae of  aphyllophorales. Its fruiting body is called 
“Lingzhi” in China and “Reishi” in Japan. For hundreds 
of  years, this mushroom has been regarded as a TCM 
or a folk medicine used in the prevention and treatment 
of  various human diseases, such as chronic bronchitis, 
hepatitis, hypertension, hypercholesterolemia, tumorigenic 
disease and immunological disorders in China and other 
Asian countries[9].
    Carbon tetrachloride (CCl4) is a xenobiotic producing 
hepatotoxicity in human beings and animals[10-11]. In fact 
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Abstract
AIM: To investigate the possible mechanism of the 
protective effects of a bioactive fraction, Ganoderma lu-
cidum proteoglycan (GLPG) isolated from Ganoderma lu-
cidum mycelia, against carbon tetrachloride-induced liver 
injury.

METHODS: A liver injury model was induced by carbon 
tetrachloride. Cytotoxicity was measured by MTT assay. 
The activities of alanine aminotransferase (ALT) and as-
partate aminotransferase (AST) were determined with 
an automatic multifunction-biochemical analyzer and the 
levels of superoxide dismutase (SOD) and TNF-α were 
determined following the instructions of SOD kit and TNF 
radioimmunoassay kit. Liver sections were stained with 
hematoxylin and eosin (H&E) for histological evaluation 
and examined under light microscope.

RESULTS: We found that GLPG can alleviate the L-02 
liver cells injury induced by carbon tetrachloride (CCl4) 
through the measurements of ALT and AST activi-
ties and the administration of GLPG to L-02 cells did not 
display any toxicity. Furthermore, histological analysis of 
mice liver injury induced by CCl4 with or without GLPG 
pretreatment indicated that GLPG can significantly sup-
press the toxicity induced by CCl4 in mice liver. We also 
found that GLPG reduced TNF-α level induced by CCl4 in 
the plasma of mice, whereas increased SOD activity in 
the rat serum.

CONCLUSION: GLPG has hepatic protective activity 
against CCl4-induced injury both in vitro  and in vivo. The 
possible anti-hepatotoxic mechanisms may be related to 
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it has been shown that the trichloromethyl radical formed 
in the metabolism of  CCl4 via the liver microsomal 
cytochrome P450 system, reacts rapidly with molecular 
oxygen to produce trichloromethyl peroxy radicals. These 
radicals react with unsaturated fatty acids of  phospholipids 
present in cell membranes, initiating lipid peroxidation 
in liver cells[12]. Hydrogen atoms are removed from 
unsaturated fatty acids by such radical-created carbon-
centered lipid radicals[13]. These lipid radicals quickly add 
molecular oxygen to form lipid peroxyl radicals which in 
turn abstract hydrogen atoms from other lipid molecules, 
thereby propagating the process of  lipid peroxidation[14]. 
Transition metals such as copper and iron can catalyze 
oxygen free radical reactions that lead to peroxidation of  
membrane lipids or inactivation of  antioxidant defense[15]. 
Previous studies have also reported involvement of  iron 
as a mediator of  CCl4-hepatotoxicity[16]. When the amount 
of  reactive oxygen species (ROS) production exceeds the 
capacity of  the endogenous cellular antioxidant system, 
significant cellular injury can occur[17, 18]. Treatment of  
animals with different antioxidants such as vitamin E[19], 
vitamin E-like compounds[20], 5-methylthioadenosine[21], 
colchicines[22] and desferrioxamine[23] can significantly 
improve hepatic conditions by reducing CCl4-induced 
damage.
    Ganoderma lucidum contains many biologically active 
components [24, 25]. Previous studies suggested that 
Ganoderma lucidum polysaccharide (Gl-PS), one of  the main 
efficacious ingredients of  Ganoderma lucidum Karst, has 
been under modern pharmacological research in recent 
30 years and is effective in modulating immune functions, 
inhibiting tumor growth, resisting invasion of  various 
viruses[9, 26, 27]. Miyazaki and Nishijima[28] have separated 
a heteroglycan from the fruit body of  Ganoderma 
lucidum. Moreover, Some researchers have isolated several 
hypoglycemic glycans from another fraction of  the same 
crude polysaccharide[29].
    Though the fruit body and the spores of  Ganoderma lu-
cidum have been used as medicines for a long time, no data 
is available about the protective activity of  extracts from 
mycelium on CCl4-induced liver injury. The main aim of  
this study was to investigate the effects of  GLPG isolated 
from mycelium of  Ganoderma lucidum on CCl4-induced liver 
injury in vivo and in vitro, and the possible mechanism of  
the hepatic protective activity of  GLPG.

MATERIALS AND METHODS
Materials and reagents
Ganoderma lucidum (FR.) Karst (Ganodermataceae) was 
preserved in our laboratory. RPMI-1640, trypsin, penicillin 
and streptomycin were purchased from Gibco BRL (Grand 
Island, NY, USA). SOD kit was purchased from Jiancheng 
Bioengineering Institute of  Nanjing. TNF radioimmunoassay 
kit was purchased from Jiuding Corporation (Tianjin, China). 
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 
(MTT), crystal violet and trypan blue were from Sigma (St. 
Louis, MO). L-02 cells were obtained from China Center 
for Type Culture Collection (CCTCC, Wuhan, Hubei). All 
the other commercially available chemicals used were of  the 
highest grade.

Extraction and purification of GLPG
Ganoderma lucidum (Fr.) Karst was extracted as previously 
described[30]. In brief, fungal mycelia were collected by 
filtration, dried and disrupted, and then the residue was 
extracted with 30-40 fold boiling water for 30 min. After 
centrifugation, the supernatant solution was concentrated 
under reduced pressure and intensively dialyzed. The 
retentate was added to three volumes of  ice cold EtOH 
to precipitate the crude extracts. Then the sample was 
allowed to stand overnight at 4 ℃ and then centrifuged. 
The precipitate obtained was lyophilized. The lyophilized 
products were a dark brownish powder of  water-soluble 
substance.
    To purify the crude products, a portion of  crude 
polysaccharide fraction was dissolved in double-distilled 
water and centrifuged to remove the insoluble materials. 
The supernatant was applied onto the DEAE-cellulose 
column and eluted with 0.1 N NaCl. Each perk eluent 
was separately pooled, concentrated, dialyzed, and three 
volumes of  ice cold EtOH was added to precipitate the 
polysaccharides. The polysaccharide content in each 
fraction was determined by phenol-sulfuric acid method 
[31]. The GLPG fraction was lyophilized and further 
dissolved to indicate the concentrations for subsequent 
experiments.

Animal treatment and CCl4-induced hepatotoxicity
Male BALB/c mice weighing 18-22 g (6-8 wk old), 
were provided by Experimental Animal Center, Wuhan 
University, and fed with standard diet and tap water. 
The animals were housed in cages (4-5 each cage) and 
maintained at 24 ± 2 ℃, under 50-60 % relative humidity in 
a 12 h light/ dark cycle throughout the experiment. 
    GLPG was diluted with saline and given orally by 
gavage for 20 d, at daily doses of  300, 600 and 900 mg/
kg as aqueous extract. The saline control group received 
equal amounts of  saline given orally for 20 d. During this 
treatment, carbon tetrachloride was introduced to the mice 
orally (1600 mg/kg CCl4, mixed with corn oil) for the last 
3 d. The same volume of  corn oil was given to vehicle 
control mice orally for the last 3 d. After 3 d, the mice 
were euthanized under ether anaesthesia, blood and liver 
samples were collected.

Cell culture and liver cells injury induction
L-02 ce l l s were cu l tured in RPMI-1640 medium 
supplemented with 10 % heat inactived fetal bovine serum 
(FBS), 100 IU /mL penicillin, 100 μg/mL streptomycin 
and 250 U/L insulin. The cells were maintained at 37 ℃ 
in a humidified atmosphere containing 5 mL/L CO2 and 
subcultured 2-3 times a week.
    Semi-confluent L-02 cells in 24-well culture plate 
(Falcon, NJ, USA) were divided into control group, 
dimethyl sulfoxide (DMSO) vehicle group, GLPG group, 
and CCl4-induced hepatotoxicity group (20 mmol/L 
final concentration) with or without GLPG at various 
concentrations. After 4 h the culture supernatant was 
collected and stored at -20 ℃. 

Cytotoxicity assay
Cytotoxicity was measured by MTT assay. The cells were 
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at room temperature. After 15 min, the sections were 
counterstained with eosin for 2 min, dehydrated in graded 
alcohol series, washed with xylene, and blocked by rosin. 
H&E- stained slides were observed under microscope at × 
40 magnifications.

Measurement of plasma TNF-ɑ level
Plasma TNF-ɑ level was determined by TNF radio-
immunoassay kit. All the mice were introduced orally with 
CCl4 with or without GLPG, and the mice in control group 
were euthanized, then the blood was collected in the tubes 
with previous addition of  25 μL of  heparin solution (4 000 
IU). The plasma samples obtained after centrifugation at 
3 000 r/min for 10 min at 4 ℃ were stored at -70 ℃ until 
assay. 
    The TNF-ɑ levels of  plasma samples were measured by 
sequential-saturation-type assay as previously described [33]. 
In brief, 200 μL of  standard sample, the plasma samples, 
and the control were added to each tube, then 100 μL 
anti-TNF-ɑ antibody was added to each tube and mixed 
thoroughly. After 18 h of  incubation at 4 ℃, 100 μL of  
solution containing radioactive label was added to each 
tube and mixed. After a further incubation for 3 h at 37 ℃, 
1 000 μL of  the secondary antibody was added for 15 min.  
the tubes were centrifuged at 3 600 r/min for 20 min, the 
supernatant was discarded carefully. The gamma cpm of  
deposition was measured with a gamma counter, and the 
plasma TNF-α levels were measured by standard sample 
curve diagram. TNF-α values were expressed as ng/mL.   
                                                                                   
Statistical analysis 
Data were expressed as mean ± SD. The difference 
between the means of  two groups was evaluated by 
ANOVA. P < 0.05 was considered statistically significant.

RESULTS
Effects of GLPG on cytotoxicity
Compared with the L-02 cells administrated with GLPG 
and the control cells, there was no obvious change 
occurred in cell growth and morphology (Figures 1A 
and 1B). Trypan blue exclusion method showed that the 
total cell number of  L-02 cells treated with GLPG was 
approximately 96 % as compared to that of  the control 
cells Even at the GLPG concentration was 1 024 μg/mL. 
And we also found that no toxic response and death was 
occurred in vivo experiment (data not shown). And we also 
found that no toxic response and death was occurred in 
vivo experiment (data not shown).

Detection of liver weight and assay of ALT and AST 
activities in vivo and in vitro
Compared to the control and GLPG groups, GLPG (300, 
600 and 900 mg/kg) markedly ameliorated hepatic injury 
induced by CCl4. The liver weight (Table 1) and serum 
ALT and AST activities (Table 2) were observed in mice 24 
and 72 h after CCl4 administration. The liver weight did not 
increase compared to CCl4-treated group. Furthermore, 
the serum ALT and AST activities in GLPG pretreatment 
groups induced by CCl4 were lower than those in CCl4-
treated group. Simultaneously, GLPG treatment reduced 

seeded in 96-well culture plate (Falcon, NJ, USA) at the 
concentration of  4×103 cells per well in 100 μL medium. 
After incubation of  the cells for 12 h at 37 ℃, various 
concentrations of  GLPG were added and the incubation 
was continued for 48 h, or at a given concentration of  
GLPG (200 μg/mL final concentration) the incubation 
time was prolonged for 72 h. Then the viable cells were 
determined by MTT reduction assay. In brief, MTT was 
dissolved in phosphate-buffered saline (PBS) at 5 mg/mL 
and sterilized by filtration to remove insoluble reside pres-
ent in some batches of  MTT. At the indicated time, the 
MTT solution (20 μL) was added to each well. After incu-
bation for 5 h, cell culture medium was removed carefully, 
and 150 μL dimethyl sulfoxide (DMSO) was added to each 
well and mixed thoroughly to dissolve the dark purple 
crystals. The plate was incubated for 10 min at room 
temperature, to ensure that all formazane were dissolved. 
The plate was thenread on a Perkin-Elmer ELISA reader 
(HTS7000 plus) at a wavelength of  570 nm.
    The effects of  GLPG on cell proliferation and viabil-
ity were compared according to the commonly accepted 
method of  staining cells with trypan blue. L-02 cells were 
seeded in 96-well plate at the concentration of  2×103 

cells per well in 100 μL of  RPMI-1640 medium. The cells 
were incubated with or without various concentrations of  
GLPG for 48 h. Then the cells were trypsinized and col-
lected. The number of  cells was determined in a Neubauer 
hemacytometer using the trypan blue exclusion method, 
and the mean values were calculated.

Assay of ALT and AST activities in vivo and in vitro
As a marker of  hepatocyte necrosis, the activities of  
ALT and AST were determined with an automatic 
multifunction-biochemical analyzer (Beckman, USA) in 
serum and cell culture medium.

Superoxide dismutase (SOD) determination
Wistar rats weighing 80-120 g (7 wk old) were divided 
into 3 groups, 22 rats each group. GLPG was diluted with 
saline and given orally for 10 wk at daily doses of  1 000 
and 3 000 mg/kg as an aqueous extract. The saline control 
group received equal amount of  saline given orally for 10 
wk. After 10 wk the rats were sacrificed by decapitation 
and the serum was collected to determine the activity of  
SOD, according to the instructions of  the kit used.
    SOD measurement method was based on the principle 
in which xanthine reacts with xanthine oxidase to generate 
superoxide radicals reacting with 2-(4-iodophenyl)-3-(4-
nitrophenol)-5-phenyltetrazolium chloride (INT) to form a 
red formazan dye. The SOD activity was then measured as 
previously described [32].

Histopathological examination
Liver was removed, fixed overnight in 10% buffered 
formalin and paraffin-embedded. The sections were 
stained with hematoxylin and eosin (H&E) for histological 
evaluation and examined under light microscope. In brief, 
4-µm thick sections of  paraffin-embedded mice liver were 
dewaxed in xylene, rehydrated in graded alcohol series, 
and washed with distilled water for 2 min. Subsequently, 
the sections were stained with hematoxylin for 5 min 
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the serum ALT and AST activities in a dose-dependent 
manner within the similar range of  concentrations, 
indicating that GLPG showed anti-hepatotoxic activities 
on CCl4-induced liver injury.
    Administration of  GLPG also showed anti-hepatotoxic 
activity in L-02 cells injury induced by CCl4. GLPG at 
concentrations of  100, 250 and 500 μg/mL suppressed the 

Figure 2  Effects of GLPG on ALT and AST activities in CCl4-induced L-02 cell 
(n =  3) injury. Compared to control group, GLPG suppressed the activities of ALT 
and AST in the other groups. Results shown represent the mean ± SD from three 
separate experiments. Table 1 Effect of GLPG on liver weight in mice with 

CCl4-induced hepatic injury after 72 h (mean ± SD)

Group                                                     Liver weight (g)

aP<0.05 vs CCl4-treatment group; bP<0.01 vs control group; n=10 mice.

Control                                                                      1.77  ±  0.26
GLPG (500 mg/kg)                                                  1.74 ± 0.21
CCl4 (1600 mg/kg)                                                  2.22 ± 0.34
CCl4 (1600 mg/kg) + GLPG(300 mg/kg)         1.67 ± 0.17
CCl4 (1600 mg/kg) + GLPG(600 mg/kg)         1.57 ± 0.18
CCl4 (1600 mg/kg) + GLPG(900 mg/kg)         1.52 ± 0.14

Table 2 Effects of GLPG on ALT and AST activities in mice with 
CCl4-induced hepatic injury after 24 h and 72 h (mean±SD)

Group               ALT (U/L)                        AST (U/L)

        24 h               72 h              24 h           72 h

aP < 0.05 vs CCl4 treatment group; bP< 0.01, cP< 0.001 vs control group; n = 20 
mice.

Control               54.38 ± 6.20       -   44.50 ± 34.36      -
GLPG               74.00 ± 17.14     -   51.75 ± 29.43      -
(500 mg/kg)
CCl4                     642.50 ± 225.33   105.00 ± 39.64   147.50 ± 58.80   180.25 ± 45.51
(1600 mg/kg)
CCl4         433.38 ± 133.97b   96.56 ± 27.84     99.88 ± 40.47a  161.13 ± 18.29
(1600 mg/kg)+
GLPG (300 mg/kg)
CCl4         374.00 ± 107.34c   87.30 ± 15.60    61.25 ± 26.50c  151.63 ± 32.67
(1600 mg/kg)+
GLPG (600 mg/kg)
CCl4         316.50 ± 98.76c     79 .70 ± 17.28a  56.75 ± 36.58c  114.75 ± 67.13a

(1600 mg/kg)+GLPG (900 mg/kg)

Figure 1  Effects of GLPG on proliferation of L-02 cells treated with GLPG at the 
concentration of 2-1024 μg/mL for 2 d (A) and at the concentration of 200 μg/mL 
for 3 d (B). Viable cells were detected every 24 h. The cells untreated with GLPG 
were used as controls in experiment. Results shown represent the mean ± SD for 
at least three separate experiments.

activities of  ALT and AST in a dose-dependent manner 
(Figure 2).

Superoxide dismutase (SOD) assay
According to the results of  SOD assay, the activity 
of  SOD in the serum of  rats pretreated with GLPG 
increased significantly compared with that of  control 
group. As shown in Figure 3, compared to the control 
group, the activities of  SOD in the group administered 
orally with GLPG at the concentrations of  1 000 mg/
kg and 3 000mg/kg increased by 57.2 % and 70.6 %, 
respectively.

Histological analysis 
We examined the effects of  GLPG at various doses (300, 
600 and 900 mg/kg) on histopathological changes of  CCl4-
induced liver injury in mice in vivo. GLPG showed strong 
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hepatic protective activity. Significant changes of  liver 
tissue were observed in carbon tetrachloride-induced group 
after 24 h and 72 h (Figures 4C and 4D) as compared to 
the control group (Figure 4A) and the GLPG pretreated 
group (Figure 4B). No obvious histopathological change 
was observed in control and GLPG groups. and Both the 
control group and the GLPG group had no infiltrations 
and hemorrhagic signs. Figure 4C shows the histological 
changes after 24 h of  CCl4 post-administration with a 
marked liver injury. After 72 h of  CCl4 post-administration, 
liver lobule structures disappeared and necrotic hepatic 
tissues induced by CCl4 with pretreatment GLPG (300 
mg/kg) after 24 h (Figure 4E) and 72 h (Figure 4F) were 
had no evident recovery. liver injury and necrotic hepatic 
tissue recovered markedly. As shown in Figure 4G-J, 
basophilic granules and many double-nuclear regenerative 
liver cells appeared 24 and 72 h after GLPG pretreatment 
at different doses (600 mg/kg and 900 mg/kg). These 
results showed that GLPG could alleviate CCl4-induced 
liver injury in vivo in mice. 

Measurement of plasma TNF-α level
Figure 5 showed that the changes of  TNF-ɑ levels in the  
plasma of  experimental groups 48 h after CCl4 treatment 
with or without GLPG at different doses. Low TNF-α 
levels were detected in the plasma of  the control group 
and GPLG group. In contrast, a marked rise of  TNF-ɑ 
level was found in the plasma of  CCl4-pretreatment group. 
Simultaneously, GLPG (500 mg/kg) can decrease the level 
of  TNF-α in the plasma of  mice treated with CCl4 (data 
not shown). Administration of  GLPG at 300, 600 and 
900 mg/kg significantly suppressed the levels of  TNF-ɑ 
in dose-dependent manner after 48 h. The mean values 
of  TNF-α levels at 48 h were 34 %, 51.3 % and 64.2 % at 
300, 600 and 900 mg/kg respectively.

Figure 5  Effect of GLPG on the levels of TNF-ɑ in the plasma of mice, as 
determined by TNF-ɑ radioimmunoassay kit. Compared with control group,  
administration of GLPG at various doses could significantly suppress the level of 
TNF-ɑ in a dose-dependent manner after 48 h. Data are the mean ± SD from 4 
determinations.

Figure 3 Effect of GLPG on SOD activity in serum of rats. The rats were 
administered orally with or without GLPG at 1000 mg/kg and 3000 mg/kg. The 
increment of SOD activities was 57.2 % and 70.6 %, respectively.

Figure 4  Histological changes (marked by arrows) of CCl4-induced hepatic injury 
in the presence or absence of GLPG in mice by hematoxylin-eosin (H&E) staining 
in control group (A), GLPG group (B), and CCl4-induced liver injury group (C-J) 24 
and 72 h after GLPG pretreatment at different doses(0, 300, 600 and 900 mg/kg).
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DISCUSSION
Rapid lipid peroxidation of  the membrane structural 
lipids has been proposed as the basis of CCl4 liver toxicity[34-35]. 
In fact the first step in liver injury induced by CCl4 is the 
formation of  reactive oxygen species (ROS) that may 
further lead to membrane peroxidation or cell injury. 
There is evidence that Kupffer cells as well as hepatocytes 
have inducible cytochrome P-450 and are capable of  
metabolizing CCl4 or other toxic species[36]. Moreover, 
it was reported that Kupffer cell activation is a crucial 
step in hepatocyte injury induced by CCl4 or other toxic 
agents[37-38]. Transition metal ions like Cu+2 and Fe+3 play 
an important role as components of  proteins essential 
for biological functions. However, these metals can also 
initiate Haber-Weis and Fenton reactions where superoxide 
anions are transformed into detrimental hydroxyl radicals 
which are in turn responsible for attack of  the membrane 
polyunsaturated fatty acids[15]. The use of  metal chelating 
agents may have therapeutic effect by reducing the 
oxidative burst and the consequent membrane lipid 
peroxidation[39-40]. Previous findings have shown that 
transition metals can mediate free radical production after 
CCl4 administration in rats[16, 41-42]. Treatment of  these 
animals with agents capable of  chelating these metal 
ions can protect hepatocytes against damage by reducing 
oxidative burst and lipid peroxidation[16, 41-42].
    In this study, a water soluble substance, Ganoderma lu-
cidum proteoglycan was isolated from mycelia of  Ganoderma 
lucidum by EtOH precipitation and DEAD-cellulose col-
umn chromatography. GLPG is a proteoglycan consisting 
of  about 86.4 % carbohydrates and has antioxidant activity 
against CCl4-induced liver injury. Treatment with GLPG 
could ameliorate hepatic injury induced by CCl4. Adminis-
tration of  GLPG significantly decreased ALT and AST ac-
tivities in CCl4-induced liver injury in vivo and in vitro (Table 
2 and Figure 2). Histological changes observed in GLPG-
pretreatment groups were less than in CCl4-induced group. 
Some histological changes, such as hemorrhage, inflam-
matory infiltration and necrosis in hepatic tissue, were 
simultaneously improved after pretreatment with GLPG. 
These results suggested that the hepatic protective activity 
of  GLPG against CCl4-induced liver injury was in a dose-
dependent manner.
    Though the scavenging effect of  Ganoderma lucidum 
polysaccharide (Gl-PS) has been reported [25, 43-46], no report 
is availabe about the hepatic protective activity of  GLPG. 
In our study, the activity of  SOD after pretreatment with 
GLPG increased significantly in the serum of  rats, while 
SOD could eliminate peroxide in vivo, suggesting that 
GLPG might scavenge the free radicals induced by CCl4.
    Although it is generally believed that the hepatic protec-
tive activity of  GLPG is mainly due to its ability to scav-
enge free radicals induced by CCl4. However, there may be 
other mechanisms. A large amount of  this cytokine may be 
interpreted as a progression of  hepatic damage[47]. TNF-
α induced by CCl4 may contribute to cellular damage in 
liver injury. The antioxidant activity of  GLPG can reduce 
TNF-α level in the plasma of  mice, thus inhibit inflamma-
tion occurrence. Though the mechanism of  GLPG down-
regulates CCl4-induced TNF-α level in vivo in mice remains 

unknown, the suppression of  GLPG on TNF-α level 
might play an important role in its hepatic protective activ-
ity against CCl4-induced liver injury. 
      In conclusion, GLPG exhibits strong hepatic protec-
tive activity against CCl4-induced liver injury both in vivo 
and in vitro. And the possible anti-hepatotoxic mechanisms 
may be related to the suppression of  TNF-α level and the 
free radical scavenging activity. 
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