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Abstract
AIM: To investigate the effect of glycyrrhizic acid (GA) 
on carbon tetrachloride (CCl4)-induced hepatocyte apo-
ptosis in rats via  a p53-dependent mitochondrial path-
way.

METHODS: Forty-five male Sprague-Dawley rats were 
randomly and equally divided into three groups, the 
control group, the CCl4 group, and the GA treatment 
group. To induce liver fibrosis in this model, rats were 
given a subcutaneous injection of a 40% solution of 
CCl4 in olive oil at a dose of 0.3 mL/100 g body weight 
biweekly for 8 wk, while controls received the same 
isovolumetric dose of olive oil by hypodermic injection, 
with an initial double-dose injection. In the GA group, 

rats were also treated with a 40% solution of CCl4 
plus 0.2% GA solution in double distilled water by the 
intraperitoneal injection of 3 mL per rat three times a 
week from the first week following previously published 
methods, with modifications. Controls were given the 
same isovolumetric dose of double distilled water. Liver 
function parameters, such as alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) were de-
termined. Pathologic changes in the liver were detected 
by hematoxylin and eosin staining. Collagen fibers were 
evaluated by Sirius red staining. Hepatocyte apoptosis 
was investigated using the terminal deoxynucleotidyl 
transferase-mediated deoxyuridine 5-triphosphate nick 
end labeling (TUNEL) assay and the cleaved caspase-3 
immunohistochemistry assay. The expression levels of 
p53 and apoptosis-related proteins were evaluated by 
immunohistochemistry or Western blotting analysis.

RESULTS: After 8 wk of treatment, GA significantly re-
duced serum activity of ALT (from 526.7 ± 57.2 to 342 
± 44.8, P  < 0.05) and AST (from 640 ± 33.7 to 462.8 
± 30.6, P  < 0.05), attenuated the changes in liver his-
topathology and reduced the staging score (from 3.53 
± 0.74 to 3.00 ± 0.76, P  < 0.05) in CCl4-treated rats. 
GA markedly reduced the positive area of Sirius red 
and the ratio of the hepatic fibrotic region (from 7.87% 
± 0.66% to 3.68% ± 0.32%, P  < 0.05) compared with 
the CCl4 group. GA also decreased the expression level 
of cleaved caspase-3 compared to the CCl4 group. TU-
NEL assay indicated that GA significantly diminished 
the number of TUNEL-positive cells compared with the 
CCl4 group (P  < 0.05). GA treatment clearly decreased 
the level of p53 (P  < 0.05) detected by immunohis-
tochemistry and Western blotting analysis. Compared 
with the CCl4 group, we also found that GA reduced the 
Bax/Bcl-2 ratio (P  < 0.05), the expression of cleaved 
caspase-3 (P  < 0.05), cleaved caspase-9 (P  < 0.05), 
and inhibited cytochrome C and second mitochondria-
derived activator of caspases (Smac) release from mito-
chondria to cytoplasm, i.e. , GA reduced the expression 
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level of Smac, which inhibited c-IAP1 activity (P  < 0.05), 
ultimately inhibiting the activity of caspase-3, according 
to Western blotting analysis. As a result, GA suppressed 
activation of the caspase cascades and prevented he-
patocyte apoptosis.

CONCLUSION: GA can inhibit CCl4-induced hepatocyte 
apoptosis via  a p53-dependent mitochondrial pathway 
to retard the progress of liver fibrosis in rats.

Key words: P53; Apoptosis; Liver fibrosis; Glycyrrhizic 
acid; Mitochondria

Core tip: This study is the first to investigate the effects 
of glycyrrhizic acid (GA) on p53-dependent apoptosis 
in carbon tetrachloride (CCl4)-induced hepatic injury. 
The results indicated that GA can attenuate hepatocyte 
apoptosis via  a p53-mediated mitochondrial pathway 
and retard the progression of liver fibrosis induced by 
CCl4 in rats.
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INTRODUCTION
Liver fibrosis, induced by various pathological factors, is 
a common outcome in many chronic liver diseases, and 
is a serious threat to human health. It is known that the 
foundation of  liver fibrosis is the imbalance between syn-
thesis and degradation of  extracellular matrix (including 
collagen, glycoproteins, polysaccharides, amines, etc.).

It has been shown that hepatocyte apoptosis can in-
duce liver fibrosis[1-3]. Hepatocyte apoptosis is a major 
form of  cell death which is primarily triggered by activa-
tion of  the caspase family of  cysteine proteases during 
the progression of  chronic liver disease[4]. Many reports 
have shown that p53 is accumulated in hepatocytes in 
several fibrotic liver diseases[5-7]. The protein p53 can lead 
to apoptosis predominantly through p53-regulated genes 
such as P21, PUMA, NOXA and Bax[8]. The intensity of  
inflammation induces pro-apoptotic protein p53 with in-
hibition of  anti-apoptotic Bcl-2 in non-alcoholic fatty liver 
disease[5]. Thioacetamide activates p53, increases caspase-3, 
Bax and Bad protein contents, and possibly causes the re-
lease of  cytochrome C from mitochondria and the disinte-
gration of  membranes, eventually leading to apoptosis of  
cells in thioacetamide (TAA)-induced liver fibrosis and cir-
rhosis[9]. The pro-apoptotic protein, Bax, is a positive regu-
lator and the anti-apoptotic protein, Bcl-xL, is a negative 
regulator that regulates the release of  cytochrome C from 
mitochondria to the cytoplasm[10,11]. The presence of  Bax 
protein is a direct result of  the release of  cytochrome C 
from mitochondria and activation of  caspase-9[12]. Inhibi-

tors of  apoptosis proteins (IAPs), which regulate apop-
tosis through various factors, play a vital role in inhibition 
of  the apoptotic process[13]. c-IAP1, c-IAP2 and Survivin, 
as key members of  IAPs, can inhibit the activity of  cas-
pase-3 and -7, thus blocking cell apoptosis[14,15]. During the 
apoptotic process, second mitochondria-derived activator 
of  caspases (Smac), released from mitochondria into the 
cytoplasm, bind and antagonize IAPs, subsequently reduc-
ing the inhibition of  caspases by IAPs resulting in apopto-
sis[16-18]. p53 activation enhances X-IAP inhibition-induced 
cell death by promoting mitochondrial release of  Smac[19]. 
Therefore, inhibiting p53-dependent hepatocyte apoptosis 
may be an effective therapeutic strategy for the treatment 
and prevention of  hepatic fibrosis.

Chinese herbal medicine has been widely used to 
cure diseases for thousands of  years in China, especially 
chronic liver diseases. In recent years, the efficacy of  
Chinese herbal medicine has been appraised by modern 
biological technology[20,21]. Glycyrrhizic acid (GA), also 
known as Glycyrrhizin[22], is the major bioactive compo-
nent of  licorice root extract. GA, a glycosylated saponin, 
which has one molecule of  glycyrrhetinic acid and two 
molecules of  glucuronic acid, has adrenal cortex hor-
mone-like effects[23,24]. GA has numerous pharmacologic 
effects, such as anti-inflammatory, anti-viral, anti-tumor 
and hepatoprotective activities[25]. GA also exerts an anti-
apoptotic effect through the inhibition of  hepatocyte 
apoptosis[26,27]. Recent findings indicate that GA signifi-
cantly inhibits hepatocyte apoptosis by down-regulating 
the expression of  caspase-3 and inhibiting the release of  
cytochrome C from mitochondria into the cytoplasm[28].

It has been reported that carbon tetrachloride (CCl4) 
can induce hepatocyte apoptosis and liver fibrosis in ani-
mal models[29-33]. The damage responses, induced by CCl4 
injection in rat and mouse models, are similar to liver 
cirrhosis in humans[34]. Thus, we presumed here that GA 
treatment started from the early stage of  chronic liver dis-
ease could effectively attenuate hepatocyte apoptosis, con-
sequently inhibit liver fibrosis and retard disease progres-
sion in rats. This study sought to investigate the effects of  
GA on p53-dependent apoptosis in CCl4-induced hepatic 
injury.

MATERIALS AND METHODS
Materials
GA was purchased from Sigma (St Louis, MO, United 
States). Anti-caspase-3, anti-caspase-9, anti-c-IAP1, anti-cy-
tochrome C, anti-Smac, anti-Bcl-2, anti-Bax and anti-COX-
IV antibodies were purchased from Cell Signaling Tech-
nology (Beverly, MA, United States). Anti-GADPH and 
anti-p53 antibodies were bought from Abcam (Cambridge, 
United Kingdom), horseradish peroxidase-conjugated anti-
mouse and anti-rabbit immunoglobin G antibodies were 
purchased from Cell Signaling Technology. The chemilu-
minescence reaction kit (ECL Plus) was purchased from 
Millipore (Billerica, MA, United States). Anti-cleaved-
caspase-3 antibody and the mitochondria/cytoplasm 
fractionation kit were purchased from Beyotime Biotech-
nology (Haimen, Jiangsu Province, China).
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Animal model of liver fibrosis and treatment
Male SD rats weighing 150-200 g were purchased from 
the Experimental Animal Center of  Zhongshan Hospi-
tal, Fudan University. Rats were kept in a temperature-
controlled room with an alternating 12-h dark and light 
cycle. Forty-five rats were randomly and equally divided 
into three groups, the control group, the CCl4 group, and 
the GA treatment group. To induce liver fibrosis in this 
model, rats were given a subcutaneous injection of  a 40% 
solution of  CCl4 (Wako Pure Chemical, Osaka, Japan) in 
olive oil at a dose of  0.3 mL/100 g body weight biweekly 
for 8 wk, while controls received the same isovolumetric 
dose of  olive oil by hypodermic injection, with an initial 
double-dose injection. In the GA group, rats were also 
treated with a 40% solution of  CCl4 plus 0.2% GA solu-
tion in double distilled water by the intraperitoneal injec-
tion of  3 mL per rat three times a week from the first 
week following previously published methods[35,36], with 
modifications. Controls were given the same isovolumet-
ric dose of  double distilled water. Animals were sacrificed 
24 h after the last injection. Blood was obtained from the 
left ventricular apex for measurements of  aminotransfer-
ases and the samples were stored at -20 ℃. The liver was 
removed and rinsed with 0.9% saline, some liver sections 
were fixed in 10% buffered formaldehyde and embed-
ded in paraffin for, and the remaining liver was stored at 
-70 ℃ for protein experiments.

Liver function
Blood was centrifuged at 3500 g at 4 ℃ for 10 min to sepa-
rate the plasma. The activity of  aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) were detected 
using a Siemens Advia 1650 automatic analyzer.

Sirius-red and hematoxylin and eosin staining
The thick sections (5 μm) were stained with hematoxylin 
and eosin (HE) and Sirius-red. HE staining was perform-
ed to assess pathologic changes in the liver. The standard 
of  pathological grade was according to consensus on 
evaluation of  the diagnosis and severity of  hepatic fibro-
sis[37]. Sirius-red staining was performed to detect hepatic 
fibrosis. The Sirius red-positive areas were assessed in four 
different fields for each section by Image J Software (Na-
tional Institutes of  Health, Bethesda, MD, United States) 
and were in accordance with the following expression 
(collagen area/total area-vascular lumen area) × 100[38].

Immunohistochemical staining
Liver tissue sections were subjected to dewaxing, hydra-
tion and thermal induction antigen retrieval. Slices were 
blocked and incubated with anti-p53 antibody (1:50) and 
anti-cleaved-caspase-3 antibody (1:100) which were dilut-
ed in TBS-5% bovine serum albumin (BSA) at 4 ℃ over-
night. Negative-control antibody was species-matched. 
The following day, the slices were washed and incubated 
with secondary antibodies. The slices were then incubated 
with 3, 3’-diaminobenzidine tetrachloride for 5-10 min to 
develop the color, and staining was observed under light 
microscopy (Olympus, Japan). 

Terminal deoxynucleotidyl transferase-mediated 
deoxyuridine 5-triphosphate nick end labeling assay
The terminal deoxynucleotidyl transferase-mediated de-
oxyuridine 5-triphosphate nick end labeling (TUNEL) 
assay (Roche, Germany) was performed in accordance 
with the manufacturer’s protocol. Nuclei were redyed 
with 4,6-diamidino-2-phenylindole (DAPI) staining. Cells 
marked by TUNEL were evaluated using fluorescence 
microscopy (Olympus, Japan).

Protein preparation
Mitochondria were isolated with a tissue mitochondria 
isolation kit according to the manufacturer’s instructions. 
During mitochondria preparation, all samples were placed 
on ice. Eighty mg liver tissue was cut into pieces, tissue 
mitochondria isolation reagent A with phenylmethylsul-
fonyl fluoride (PMSF) was added, and then homogenized 
in an ice bath approximately 10 times. The homogenate 
was centrifuged at 600 rpm at 4 ℃ for 5 min. The super-
natant was then collected and centrifuged at 11000 g at 
4 ℃ for 10 min. The supernatant contained the cytoplas-
mic protein, and the precipitate contained the mitochon-
dria. The cytoplasmic and mitochondrial fractions of  the 
lysate were estimated by Western blotting. Liver tissues 
were homogenized in RIPA Lysis Buffer with PMSF and 
then centrifuged at 12000 g for 15 min at 4 ℃, and the 
supernatant was the total protein.

Western blotting analysis
Proteins were separated by 10% or 12% sodium dodecyl 
sulfate polyacrylamide gel electrophoresis and then trans-
ferred to polyvinylidene difluoride membranes (Millipore). 
The membranes were blocked with 5% BSA for 2 h, 
and then incubated overnight at 4 ℃ with rabbit anti-
caspase-9, anti-caspase-3, anti-Smac, anti-cytochrome C, 
anti-c-IAP1, anti-Bcl-2, anti-Bax antibodies and mouse 
anti-p53, anti-GAPDH and anti-COXIV antibodies. The 
membranes were then incubated with HRP-conjugated 
goat anti-rabbit IgG and goat anti-mouse IgG (1:5000, 
diluted) at room temperature for 2 h, and then washed 
again and detected by the enhanced chemiluminescence 
(ECL) reaction. The intensities of  the bands were ana-
lyzed by Image J software.

Statistical analysis
Each experiment was repeated at least 3 times. Data were 
estimated using analysis of  variance and all values are ex-
pressed as mean ± SD. A P value < 0.05 was considered sig-
nificant. All analyses in the study were implemented by SPSS 
11.5 software for Windows (Chicago, IL, United States).

RESULTS
Function of GA on serum parameters of hepatic fibrosis 
induced by CCl4

The activities of  ALT and AST were significantly in-
creased in the CCl4 treated group compared with those in 
the control group (P < 0.05). In the GA group, the activi-
ties of  ALT and AST were markedly decreased compared 
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Role of GA in the improvement of liver fibrosis induced 
by CCl4

After 8 wk of  CCl4 administration, liver histopathology 
was significantly changed in the CCl4 group. The livers, in 
the control group, showed an integrated lobular structure 
with central venous and hepatic cord radiation (Figure 1). 
The staging score was 0 (Table 2). The positive area of  
Sirius red staining in the control group was around the 
central vein rather than in the hepatic parenchyma. There 
were numerous Steatosis and ballooning of  hepatocytes 
in the GA and CCl4 groups. In the CCl4 group, the liver 
showed fibrous connective tissue proliferation, fiber in-
terval formation which was associated with disorder of  
lobular structure in the portal area, and most rat livers 
appeared to have pseudo lobules (Figure 1). The score of  
hepatic fibrosis in the CCl4 group increased to 3.53 ± 0.74 
(Table 2). The positive areas of  Sirius red staining in the 
CCl4 group were in the boundaries of  the hepatic lobules 
and the ratio of  the hepatic fibrotic region was 7.87% ± 
0.66%. In the GA group, livers appeared to have fibrous 
connective tissue proliferation, the formation of  a few fi-
ber intervals in the portal area, and the occasional pseudo 
lobule (Figure 1). The score was 3.00 ± 0.76 (P < 0.05) in 
the GA group (Table 2). The positive area of  Sirius red 
staining in the GA group was decreased, and the ratio 
of  the hepatic fibrotic region (3.68% ± 0.32%, P < 0.05) 
was reduced compared with the CCl4 group (Figure 1). 

Impact of GA on hepatic apoptosis induced by CCl4 

The expression level of  cleaved caspase-3 was high in the 
livers of  rats in the CCl4 group. Interestingly, this level 
was reduced in the GA-treated group as detected by im-
munohistochemistry (Figure 2A). Under fluorescence 
microscopy, the TUNEL assays showed no stain and non-
apoptotic nuclei in the normal liver tissue. High quantities 
of  TUNEL cells were observed in the livers of  the CCl4 

group and numerous condensed and fragmented nuclei. 
with those in rats with liver fibrosis not treated with GA  
(P < 0.05) (Table 1).

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

  Control 42.4 ± 6.0 70.2 ± 2.3
  CCl4 526.7 ± 57.2    640 ± 33.7
  GA     342 ± 44.8a  462.8 ± 30.6a

Table 1  Effect of glycyrrhizic acid on plasma alanine 
aminotransferase and aspartate aminotransferase activity in 
CCl4-induced rats 

aP < 0.05 vs the carbon tetrachloride (CCl4) group. GA: Glycyrrhizic acid; 
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase. 

  Group n 0 + 1 + 2 + 3 + 4 Staging scores 

  Control 15 15   0 0   0   0     0
  CCl4 15   0   0 2   3 10 3.53 ± 0.74
  GA 15   0 10 1 10   3  3.00 ± 0.76a

Table 2  Histopathological semiquantitative scores in the liver

aP < 0.05 vs the carbon tetrachloride (CCl4) group. GA: Glycyrrhizic acid.

A Hematoxylin and eosinSirius red

Co
nt

ro
l

CC
l4

G
A

Figure 1  Histological examination of liver by hematoxylin and eosin and 
Sirius red staining. A: Histological examination. Rats were treated with carbon 
tetrachloride (CCl4) and/or glycyrrhizic acid (GA). Liver tissue sections were 
stained with hematoxylin and eosin or Sirius red (original magnification, × 100); 
B: Quantitative analysis of liver fibrosis by Sirius red staining. Results are rep-
resented as fibrotic area (%), which signifies the proportion of area stained red/
area of total area-vascular lumen. Values are mean ± SD. aP < 0.05 vs CCl4.
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In the GA-treated group, there were few TUNEL cells, 
and less DAPI staining was observed in the same slice. 
The merged images indicated that TUNEL-positive cells 
were different, as numerous fused cells were observed in 
the CCl4 group, while a significant reduction in these cells 
was detected in the GA-treated group (Figure 2B). Over-
all, these findings indicated that GA reduced apoptosis in 
liver lesion progression.

Effect of GA on the level of proteins induced by CCl4 

The level of  p53 was significantly higher in the livers 
of  rats in the CCl4 group than in the other two groups 
as detected by immunohistochemical staining, while in 
the GA group, the expression level of  p53 was reduced  
(Figure 3A). This is consistent with the Western blotting 
analysis (Figure 3B) which showed that p53 was activated 
in the CCl4 group and clearly reduced in the GA group. 

We examined the impact of  GA on Bcl-2 and Bax 
protein expression in CCl4-induced liver injury by West-
ern blot analysis. As shown in Figure 4A, the expression 
level of  the anti-apoptotic protein, Bcl-2, was decreased, 
while the expression of  the pro-apoptotic protein, Bax, 
was increased in mitochondrial fraction of  CCl4-induced 
hepatic injury, and the Bax/Bcl-2 ratio was elevated in 
the CCl4 group. In contrast, GA reversed the expression 
levels of  Bcl-2 and Bax, and improved the Bax/Bcl-2 
ratio. Both pro- and anti-apoptotic Bcl-2 proteins regu-
late cytochrome C from mitochondria to cytoplasm. The 
cytoplasmic fraction in the control group contained a neg-
ligible amount of  cytochrome C. However, cytochrome 
C accumulated in the cytoplasm of  liver tissue in the CCl4 
group, and GA inhibited the release of  cytochrome C 
(Figure 4B). Caspase activation plays an important role in 
apoptosis, and caspase-3 cleavage is a typical feature of  
apoptosis[39]. In the current study, we found that there was 
increased cleavage of  caspase-9 (37 kDa) and caspase-3 
(17 kDa) in the CCl4 group, suggesting severe apoptosis. 
Intriguingly, the levels of  caspase-9 and caspase-3 cleavage 
diminished in the GA group (Figure 4C and D). 

We also found that the cytoplasmic fraction in the 
control group contained a negligible amount of  Smac. 
However, Smac accumulated in the cytoplasm of  livers in 
rats exposed to CCl4. GA treatment significantly inhibited 
the release of  Smac induced by CCl4 (Figure 4E). The ex-
pression level of  c-IAP1 corresponded to the decreased 
expression of  Smac in the GA-treated group compared 
with the CCl4 group (Figure 4F), and the consequence 
was in accordance with the view that Smac has an antergic 
effect on c-IAP1 activity which can inhibit the activity of  
caspases[16-18]. These results indicated that GA could pre-
vent CCl4-induced apoptosis by suppressing the activation 
of  upstream caspase-3. GA treatment ameliorated CCl4-
induced hepatic injury, and indicated the involvement of  
the p53 pathway in CCl4-induced hepatocyte apoptosis. 

DISCUSSION
Liver fibrosis is a common outcome in many chronic liver 
diseases. Liver fibrosis and cirrhosis, as shown in recent 

studies, are reversible processes[40,41]. However, there have 
been few effective therapies for the treatment of  hepatic 
fibrosis in recent years[42]. There is an urgent need to in-
vestigate the effect of  innocuous anti-fibrotic agents[43]. 
CCl4-induced liver injury is one of  the best-characterized 
models of  hepatotoxicity, and can be used in the clinic 
to examine anti-hepatotoxic and/or hepatoprotective 
drugs[44].

GA, used in the treatment and control of  chronic 
viral hepatitis, is now routinely used in Japan, due to its 
well-recognized transaminase-lowering effect in clini-
cal applications[25,45,46]. Neominophagen C is a Japanese 
preparation containing 0.2% glycyrrhizin, 0.1% cysteine, 
and 2% glyceine, and mainly acts as an anti-inflammatory 
or cytoprotective drug rather than an antiviral. It can im-
prove mortality in patients with subacute liver failure and 
ameliorate liver function in patients with subacute hepatic 
failure, chronic hepatitis, and cirrhosis[47].

Apoptosis is one of  the events involved in the process 
of  liver fibrosis. Thus, factors that affect apoptosis may be 
used to modulate liver fibrosis[33]. A line of  evidence has 
shown that loss of  p53 function is a common and con-
siderable occurrence in the development of  many human 
malignancies. In unstressed cells, expression of  p53 is 
regulated and maintained at a low level through the ubiq-
uitin/proteasome pathway[48]. Endogenous p53 activation 
in hepatocytes causes spontaneous liver fibrosis in double 
minute 2-knockout mice[3]. It also appears to modulate 
ethanol-induced hepatocyte apoptosis, since it was com-
pletely abrogated in mice with a p53 null background[49]. 
Mitochondria react to different cytotoxic stimuli, are cen-
tral death regulators and play a vital role in p53-dependent 
death, in other words, the p53-dependent signal induces 
cell death through the mitochondrial pathway[50,51]. When 
the death signal is conducted to the mitochondria, the cell 
membrane permeability is increased and apoptosis-related 
proteins are released[52].

Many reports have demonstrated that drugs can 
ameliorate CCl4-mediated hepatic apoptosis in rats, such 
as branched-chain amino acids[32] and the water-soluble 
extract of  Salvia miltiorrhiza[33]. GA has an anti-apoptotic 
effect through the inhibition of  hepatic apoptosis[26,27]. 
It significantly inhibited hepatocyte apoptosis by down-
regulating the expression of  caspase-3 and inhibiting the 
release of  cytochrome C from mitochondria into the 
cytoplasm[28]. GA can alter Kaposi sarcoma-associated 
herpesvirus latency by triggering p53-mediated apopto-
sis[53]. Here we demonstrated that intervention with GA 
from the early stage of  chronic liver disease effectively 
attenuated p53-dependent hepatocyte apoptosis and liver 
fibrosis, thus retarding disease progression in rats.

Apoptosis and necrosis contribute to the process of  
liver fibrosis[29,33]. Whether necrotic liver injury or apop-
tosis is dominant in CCl4-induced liver injury models 
remains controversial. A previous study showed that 
CCl4 can induce acute hepatocellular damage which is 
characterized by necrotic cell death[54], while another 
study indicated that a substantial number of  hepatocytes 
undergo apoptosis in the acute stage after CCl4 adminis-
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Figure 2  Impact of glycyrrhizic acid treatment on hepatic apoptosis induced by carbon tetrachloride in rats. A: Liver tissue sections from the different groups 
were subjected to immunohistochemistry to determine the expression level of cleaved caspase-3 (original magnification, × 400); B: Fluorescence microscopy image 
showing terminal deoxynucleotidyl transferase-mediated deoxyuridine 5-triphosphate nick end labeling (TUNEL) stain (dashed arrows), and the same tissue slices 
were respectively counterstained with 4’6-diamidino-2-phenylindole (DAPI) to localize the nuclei (arrows). Images of combined with DAPI, indicated TUNEL-positive 
cells (arrow heads) (original magnification, × 200). GA: Glycyrrhizic acid; CCl4: Carbon tetrachloride.
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tration[29]. In the present study, we found both apoptosis 
and necrosis occurred in the CCl4-induced chronic liver 
injury model. These results were consistent with other 
reports[32,33]. Discrepancies may be attributed to the time 
points of  observation. 

Steatosis and ballooning of  hepatocytes are the earli-
est, most frequent, and most striking pathological changes 
observed in CCl4-induced liver injury[29,55,56], and we found 
this pathological change using H and E staining. Accord-
ing to immunohistochemical staining, p53 expression 
level was significantly increased in the CCl4 group com-
pared with the GA group. Western blot analysis showed 
that p53 was sharply up-regulated in the CCl4 group 
compared to the GA group. This indicated that p53 was 
activated after CCl4 administration, however, GA reduced 
the expression level of  p53.

To date, TUNEL assay[27], cleaved caspase-3 immu-
nohistochemical staining[57] and serum CK18 fragment[58] 
have been identified as the markers of  apoptosis. In the 
study we first detected DNA fragmentation of  hepato-
cytes using the TUNEL assay. TUNEL-positive cells in 
the CCl4 group were significantly increased compared 
with the GA group. GA reduced the number of  TU-
NEL-labeled cells[27]. However, the TUNEL assay is not a 
specific marker of  apoptosis, thus we performed cleaved 
caspase-3 immunohistochemical staining. The results 
coincided with those from the TUNEL assay. Apoptosis, 
a form of  cell death, is principally caused by activation 
of  the caspase family of  cysteine proteases[4]. In accor-
dance with Western blotting analysis, accompanied by 
the reduction in p53, the expression level of  Bcl-2 was 

sharply decreased and the expression level of  Bax was 
obviously increased in the mitochondrial fraction of  the 
CCl4 group, and the Bax/Bcl-2 ratio was elevated, while 
this tendency was reversed in the GA-treated group. Our 
results demonstrated that GA suppressed p53 activity, 
resulting in an increase in Bcl-2 and a decrease in Bax. In 
addition, GA inhibited the release of  cytochrome C into 
the cytoplasm from mitochondria, and then inactivated 
caspase-9 and caspase-3. GA also reduced the expres-
sion of  Smac, which was released from mitochondria, 
and bound to and antagonized c-IAP1, subsequently in-
creased the inhibitory effect of  c-IAP1 on caspase-3 and 
finally suppressed hepatocyte apoptosis. The degree of  
hepatic injury was associated with a substantial number 
of  hepatocytes undergoing apoptosis[27]. The results also 
demonstrated that hepatic injury in the CCl4 group was 
more serious than that in the GA group on the basis of  
histological observation, Sirius red staining assay, serum 
transaminase and TUNEL analyses. To our knowledge, 
these findings were to report that the effects of  GA on 
p53-mediated activity in hepatocyte apoptosis in the liver 
of  CCl4-treated rats. Whether other mechanisms or path-
ways are involved in liver fibrosis requires further explo-
ration.

In summary, our findings showed that GA exerted 
anti-apoptotic effects via a p53-dependent mitochondrial 
pathway (Figure 5). GA protected against CCl4-induced 
hepatocyte apoptosis by regulating the Bcl-2 family of  
proteins, expression of  Smac and caspase cleavage. These 
anti-apoptotic effects were related to decreases in the 
expression of  pro-apoptotic proteins in the cytoplasm 
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Figure 3  Effect of glycyrrhizic acid treatment on the expression level of p53 in the livers of rats injured by carbon tetrachloride. A: Liver tissue slices from 
the different groups were subjected to immunohistochemistry (original magnification, × 400). B: Total protein fractions prepared from livers were analyzed by Western 
blotting to assess the expression level of p53 and GAPDH to confirm the same sample loading. The results of Western blotting analysis were similar in at least three 
replicate independent experiments. All values are presented as mean ± SD. Statistical significance was defined as follows: aP < 0.05 vs the carbon tetrachloride (CCl4) 
group. GA: Glycyrrhizic acid.
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Figure 4  Impact of glycyrrhizic acid on CCl4-treated hepatocyte apoptosis signal cascades. Protein extracts from livers in the different groups were subjected 
to Western blotting. A: Expression levels of Bax and Bcl-2 in the mitochondria; B: Expression levels of cytochrome C (Cyt.c) in the cytoplasm and mitochondria; C: 
Expression level of caspase-9 in the total protein; D: Expression level of caspase-3 in the total protein; E: Expression level of Smac in the cytoplasm; F: Expression 
level of c-IAP1 the total protein. In all these experiments glyceraldehyde-3-phosphate dehydrogenase (GAPDH), COXIV were used to ensure equal sample loading. 
The Western blotting results represent three independent tests. The bar graph represents the value of in the different proteins via the density of bands from at least 
three independent tests. All values are presented as mean ± SD. Statistical significant was defined as follows: aP < 0.05 vs the CCl4 group. GA: Glycyrrhizic acid; CCl4: 

Carbon tetrachloride.
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and the inhibition of  proteins associated with apoptosis 
in the mitochondria. These findings suggest that GA can 
attenuate CCl4-induced hepatocyte apoptosis via a p53-
mediated mitochondrial pathway and can retard the pro-
gression of  liver fibrosis induced by CCl4 in rats.
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