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Abstract. Pien Tze Huang Gan Bao (PZH‑GB), a traditional 
Chinese medicine, has been used for thousands of years as 
a protective remedy effective against liver injury induced by 
excessive alcohol and smoking. The present study aimed to 
evaluate the protective effects and potential mechanisms of 
PZH‑GB against carbon tetrachloride (CCl4)‑induced hepatic 
injury. Rats were pre‑treated with silymarin (50 mg/kg) or 
different doses of PZH‑GB (150, 300 or 600 mg/kg) orally 
administered for 7 days. At the end of treatment, the rats were 
intraperitoneally injected with CCl4, or control rats received 
a corn oil injection. The lactate dehydrogenase (LDH) 
levels in serum were evaluated. Apoptosis was assessed 
via terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) staining. p53, B‑cell lymphoma 2 (Bcl‑2), 
B cell‑lymphoma 2‑associated X protein (Bax), cyclooxy-
genase‑2 (COX‑2), inducible nitric oxide synthase (iNOS) and 
cytochrome P450 family 2 subfamily E member 1 (CYP2E1) 
were measured by reverse transcription‑quantitative poly-
merase chain reaction and western blotting. The activity of 
caspase‑9 and caspase‑3 were measured by a colorimetric 
assay. The results indicated that silymarin and PZH‑GB 
prevented CCl4‑induced serum LDH elevations, and CCl4 
induced high levels of LDH. Compared with the CCl4 group, 
silymarin and PZH‑GB treatment significantly decreased 
LDH levels. Histopathological results revealed that silymarin 
and PZH‑GB ameliorated the CCl4‑induced liver histological 
alterations. The TUNEL results showed that compared with 
the control group, CCl4 induced liver cell apoptosis, while 
silymarin and PZH‑GB treatment inhibited apoptosis and 

the TUNEL‑positive cells. The elevated expression of Bax, 
p53, iNOS, COX‑2 and CYP2E1 were reduced by silymarin 
or PZH‑GB pretreatment, whereas reduced Bcl‑2 expression 
levels were increased. CCl4 increased the activity of caspase‑9 
and ‑3 by 6.86‑ and 7.42‑fold, respectively; however, silymarin 
and PZH‑GB ameliorated this effect. In conclusion, silymarin 
and PZH‑GB treatment prevented the deleterious effects on 
liver functions by attenuation of oxidative stress, inflammation 
and mitochondrial apoptosis via the p53 signaling pathway.

Introduction

The liver is a vital organ involved in regulating many 
important functions, including metabolism, secretion and 
storage. It serves a key role in regulating many physiological 
processes (1). Furthermore, it is involved in detoxification and 
biotransformation of drugs and xenobiotics; therefore, has 
demonstrated increased susceptibility to toxicity from these 
agents (2). Liver diseases have become a worldwide problem 
as a result of extremely poor prognoses and high mortality 
rates attributed to the lack of effective prevention methods or 
therapeutic drugs (3). As such, attempts are perpetually being 
made to discover novel treatments for liver diseases. The drug 
discovery process has paid great attention to the investigation 
of the efficacy of plant‑based drugs used in traditional medi-
cine, as they are cheaper and have fewer side effects. Natural 
products extracted from medicinal plants are considered to be 
an effective and safe alternative to conventional treatments 
for hepatotoxicity. Therefore, present study aimed to inves-
tigate the hepatoprotective activity of Pien Tze Huang Gan 
Bao (PZH‑GB) against carbon tetrachloride (CCl4)‑induced 
hepatotoxicity in rats. PZH‑GB, a classical traditional Chinese 
medicine, has been used as a protective remedy for thousands 
of years across China and Southeast Asian countries. PZH‑GB 
has demonstrated therapeutic effects against liver injury 
induced by excessive alcohol and smoking. To date, however, 
there are no studies available regarding the protective effect of 
PZH‑GB in response to chemical‑induced liver injury.

The present study investigated the protective effect of 
PZH‑GB against CCl4‑induced hepatotoxicity, and aimed to 
determine the mechanisms by which it may confer its protec-
tion on the rat liver against CCl4‑induced chemical damage. 
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The effect of PZH‑GB on liver injury was compared to that 
of silymarin treatment, a substance used clinically in Europe 
and Asia for the treatment of liver diseases. For evaluation of 
the hepatoprotective mechanisms of PZH‑GB, liver oxidative 
damage and anti‑oxidant defense potential, proinflammatory 
mediators including inducible nitric oxide synthase (iNOS) 
and cyclooxygenase‑2 (COX‑2), and apoptosis‑associated 
factors were determined.

Materials and methods

Reagents. PZH‑GB was obtained from and authenticated by the 
sole manufacturer Zhangzhou Pien Tze Huang Pharmaceutical 
Co., Ltd. (Chinese FDA approval no. HPK‑08411; Zhangzhou, 
China). A lactate dehydrogenase assay kit (cat no. 2P56‑21) 
was purchased from Abbott Pharmaceutical Co., Ltd. (Lake 
Bluff, IL, USA). TRIzol reagents were purchased from Thermo 
Fisher Scientific, Inc. (Waltham, MA, USA). A PrimeScript™ 
RT reagent kit with gDNA Eraser was purchased from Takara 
Bio, Inc. (Otsu, Japan). Caspase‑3 (cat no. KHZ0022) and ‑9 (cat 
no. KHZ0102) colorimetric protease assays were purchased 
from Invitrogen; Thermo Fisher Scientific, Inc. Rabbit mono-
clonal antibodies for COX‑2 (cat no. 12282S; 1:1,000 dilution) 
and GAPDH (cat no. 5174S; 1:1,000 dilution) were purchased 
from Cell Signaling Technology, Inc. (Danvers, MA, USA), 
and rabbit monoclonal antibodies for iNOS (cat no. ab3523), 
cytochrome P450 family 2 subfamily E member 1 (CYP2E1; 
cat no. ab151544), p53 (cat no. ab109396), B‑cell lymphoma 2 
(Bcl‑2; cat no. ab59348) and Bcl‑2 X‑associated protein (Bax; 
cat no. ab32503) were obtained from Abcam (1:1,000 dilution; 
Cambridge, MA, USA). Horseradish peroxidase‑conjugated 
secondary antibodies (cat no. ab205718) were purchased from 
Abcam (1:2,000 dilution). CCl4 was purchased from Shanghai 
Ling Feng Chemical Reagent Co., Ltd. (Shanghai, China).

Animals. Male Sprague‑Dawley rats (age, 8 weeks; weight, 
180‑200 g; n=60; Slike Co., Ltd., Shanghai, China), were 
housed five per cage in an environmentally‑controlled room at a 
temperature of 22±1˚C in a relative humidity 40‑60%. Animals 
were housed in an air ventilation setting of 12‑18 times/h and a 
12‑h light/dark cycle of 150‑300 lux conditions, with feed and 
water provided ad libitum for one week before the start of the 
experiments. The animal studies were approved by the Fujian 
Institute of Traditional Chinese Medicine Animal Ethics 
Committee (Fuzhou, China). The experimental procedures 
were carried out in accordance with the Guidelines for Animal 
Experimentation of Fujian University of Traditional Chinese 
Medicine (Fuzhou, China).

CCl4‑induced hepatotoxicity and experimental design. The 
rats were divided into six groups according to the following 
conditions: Group 1: control group (NO); group 2: CCl4 model 
group (vehicle); group 3 (SM+CCl4): silymarin treated CCl4 
group (pre‑treated with silymarin, 50  mg/kg), a positive 
control; group 4 (LoGB+CCl4): low dose PZH‑GB treat-
ment CCl4 group (pre‑treated with PZH‑GB, 150 mg/kg); 
group 5 (MeGB+CCl4): medium dose PZH‑GB treatment 
CCl4 group (pre‑treated with PZH‑GB, 300  mg/kg); and 
group 6 (HiGB+CCl4): high dose PZH‑GB treatment CCl4 
group (pre‑treated with PZH‑GB, 600 mg/kg). Each group 

contained 10 rats. Rats from groups 3 to 6 were administered 
an oral dose of either silymarin or PZH‑GB while the rats 
from control and CCl4 model groups were administered an 
oral dose of PBS for 7 days before initial CCl4 exposure. On 
the last day of pre‑treatment, rats in groups 2 to 6 were intra-
peritoneally (i.p.) injected with CCl4 at a dose of 2.0 ml/kg, 
provided as a 50% corn oil solution, while group 1 received 
2.0 ml/kg of corn oil. A total of 24 h after CCl4 administration, 
the animals were anesthetized (40 mg/kg pentobarbital i.p.; 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany), sacri-
ficed by cervical dislocation, and subjected to laparotomy, 
which involved opening the abdominal cavity and exposing 
the abdominal aorta. Blood (15 ml) was collected by aorta 
abdominalis into non‑heparinized tubes and centrifuged at 
980 x g at 4˚C for 10 min to obtain serum for biochemical 
tests. The livers were quickly excised and washed, and part of 
each liver was cut and fixed in formaldehyde saline (4%) solu-
tion for histological analysis; the remaining liver was snap 
frozen in liquid nitrogen and stored at ‑70˚C until required for 
molecular analysis.

Measurement of LDH. The quantification of LDH5 was 
achieved by using the pyruvate to lactate kinetic method, a 
two‑point colometric method for determination of LDH.

Histopathology. Liver samples were fixed in 10% buffered 
formalin for at least 48 h, processed and embedded in paraffin. 
Next, the paraffin sections were prepared using an automatic 
tissue processor and cut into 5‑µm thick sections by a rotary 
microtome. The sections were stained with hematoxylin 
and eosin (H&E) and mounted on slides for examination of 
histopathological changes. The results were recorded as photo-
micrographs using a Leica DMRB/E light microscope (Leica 
Microsystems GmbH, Wetzlar, Germany). A semi‑quantitative 
scoring system was used to assess the severity of the hepatic 
steatosis and inflammatory cell infiltration in 10 microscopic 
fields. In brief, the following criteria were used for scoring 
hepatic steatosis: grade 0 (‑), no inflammation or ballooning 
degeneration; grade 1 (+), inflammation or ballooning degen-
eration occupying 33% of the hepatic parenchyma; grade 2 
(++), inflammation or ballooning degeneration occupying 
33‑66% of the hepatic parenchyma; grade 3 (+++), inflam-
mation or ballooning degeneration occupying >66% of the 
hepatic parenchyma.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Total RNA from the remaining liver 
samples were isolated using TRIzol reagent. The isolation 
was performed according to the manufacturer's protocol, 
and RNA was subsequently quantified by measuring the 
absorbance of the preparation at a wavelength of 260 nm. 
cDNA synthesis was performed using the PrimeScript™ RT 
reagent kit according to the manufacturer's protocol. Total 
RNA (1.0 µg from each sample) was added to a mixture of 
4.0 µl 5X PrimeScript buffer, 1.0 µl PrimeScript RT enzyme 
mix I, 1.0 µl Oligo dT primer (50 µM), 1.0 µl random 6 mers 
(100 µM), and RNase‑free water was added to a final volume 
of 20 µl. The final reaction mixture was kept at 25˚C for 
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10 min, heated to 37˚C for 15 min, heated to 85˚C for 5 sec, 
and then cooled to 4˚C.

cDNA from the above preparation was subjected to PCR 
amplification using SYBR Premix Ex Taq I in an ABI 7500 
Fast instrument. mRNA expression values were determined 
using the 2‑∆∆Cq method (4). GAPDH served as an internal 
reference control. All qPCR reactions were conducted in 
triplicate. Primer sequences were as follows: Forward, GCA​
TCC​TGT​CCC​CAT​CAC​CA and reverse, CCC​AGC​AAC​
TAC​CAA​CCC​ATT​C for p52; forward, GAA​CTG​TAT​CCC​
GCC​CTG​CTG​GT and reverse, CTT​GCG​TTG​ATG​GTG​
GCT​GTC​TT for COX‑2; forward, CCT​CCT​TGT​TCA​ACT​
CAC​CTT​CG and reverse, ACC​TCT​GCC​TGT​GCG​TCT​
CTT​C for iNOS; forward, CCT​TTT​GAC​CCC​ACA​TTT​CTG​
AT and reverse, ATG​GCT​TCC​AGG​TAG​GTA​TCG​TAG for 
CYP2E1; forward, GTG​TAT​TTC​ACG​GGA​CCT​GGC​T and 
reverse, GAT​GCT​CTT​GAA​GGT​CTC​GTA​GGT for nuclear 
factor (NF)‑κB; forward, GCT​GAT​GGC​AAC​TTC​AAC​TGG​
G and reverse, TTC​TTC​CAG​ATG​GTG​AGC​GAG​G for Bax; 
forward, TAC​CGT​CGT​GAC​TTC​GCA​GAG​AT and reverse, 
AGG​AGA​AAT​CAA​ACA​GAG​GTC​GC for Bcl‑2; forward, 
CGG​TCA​GGT​CAT​CAC​TAT​CGG​C and reverse, GTG​TTG​
GCA​TAG​AGG​TCT​TTA​CGG for GAPDH.

Western blot analysis. Livers (n=4/group) were homogenized and 
total protein lysate was prepared in Radioimmunoprecipitation 
Assay Lysis and Extraction Buffer (Thermo Fisher Scientific, 
Inc.) containing protease and phosphatase inhibitor cock-
tails, which was followed by centrifugation at 12,000 x g for 
15 min at 4˚C. Protein concentrations were determined with 
Bicinchoninic Acid protein assay kit (Pierce; Thermo Fisher 
Scientific, Inc.). Protein samples (50  µg) were separated 
by 10% SDS‑PAGE and transferred onto polyvinylidene 
difluoride membranes (EMD Millipore, Billerica, MA, USA). 
Membranes were blocked with TBS overnight at 4˚C followed 
by incubation with primary rabbit monoclonal antibodies 
against COX‑2, iNOS, CYP2E1, p53, Bax, Bcl‑2 and GAPDH 
for 2 h at room temperature. After three washes in TBS with 
0.1% Tween‑20 (TBST), membranes were each probed with 
an anti‑rabbit horseradish peroxidase‑conjugated secondary 
antibody (1:2,000) for 1  h at room temperature, and the 
membranes were washed again in TBST followed by enhanced 
chemiluminescence detection using SuperSignal™ West Pico 
Chemiluminescent Substrate (Thermo Fisher Scientific, Inc.).

Analysis of caspase‑3 and ‑9 activation. The activities of 
caspase‑3 and ‑9 were determined by caspase‑3 and ‑9 colo-
rimetric activation kits following the manufacturer's protocol. 
Briefly, six liver tissues from each group were homogenized 
and lysed with lysis buffer for 30 min on ice. The lysed tissues 
were centrifuged at 16,000 x g for 10 min at 4˚C. The protein 
concentration of the clarified supernatant was determined 
and 100 µg protein was incubated with 50 µl colorimetric 
tetrapeptides, Asp‑Glue‑Val‑Asp (DEAD)‑p‑nitroaniline 
(pNA, specific substrate of caspase‑3) or Leu‑Glue‑His‑Asp 
(LEHD)‑pNA (specific substrate of caspase‑9) at 37˚C in the 
dark for 2 h. Samples were read at 405 nm on an ELISA plate 
reader (model ELX800; BioTek, Winooski, VT, USA). The 
data were normalized to caspase activity in control group liver 
tissue and are presented as a fold of control.

High performance liquid chromatography (HPLC). Samples 
were analyzed on an Agilent 1200 HPLC system (Agilent 
Technologies, Santa Clara, CA, USA) using a Welch Ultimate 
XB‑C18 (250x4.60 mm; 5 µm). The absorbance was measured 
at 274 nm. The mobile phase consisted of methanol and 0.1% 
phosphoric acid (45:55) at a flow rate of 0.9 ml/min with an 
injection volume of 5 µl. The column temperature was 20˚C. 
Baicalin (Sigma‑Aldrich; Merck KGaA) served as a positive 
control.

Statistical analysis. All data are expressed as the means ± stan-
dard deviation of three independent experiments. Data were 
analyzed using SPSS version 11.5 (SPSS, Inc., Chicago, 
IL, USA). Statistical analysis was performed by one‑way 
analysis of variance followed by a post hoc Fisher's least 
significant difference test, and qualitative data was analyzed 
by Chi‑squared test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Effect of PZH‑GB on serum LDH5. The effects of PZH‑GB on 
CCl4‑induced hepatotoxicity in rats was evaluated by changes 
in serum LDH5. The activities of LDH5 in control and all 
treated groups are presented in Fig. 1. The data demonstrated 
increased levels of serum LDH5 in the CCl4‑treated animals 
compared with the control group. This effect was reversed 
in the animal groups that were given PZH‑GB or silymarin 
pretreatment. Treatment with 150, 300 and 600  mg/kg 
PZH‑GB, and silymarin at a dose of 50 mg/kg, exhibited a 
reduction of 19.29, 20.46, 27.97 and 56.80% on LDH5 levels, 
respectively.

Effect of GB on histopathological changes. Histological 
analysis with H&E revealed advanced centrilobular necrosis, 
broad infiltration of inflammatory cells, ballooning degenera-
tion and the loss of cellular boundaries in liver sections of CCl4 
model rats. Both PZH‑GB and silymarin groups exhibited an 
apparent reversal of these histopathological effects, especially 

Figure 1. Effects of pre‑treatment of PZH‑GB and silymarin on serum LDH 
in CCl4‑intoxicated rats. Animals were pretreated with PZH‑GB (150, 300 
and 600 mg/kg), silymarin (50 mg/kg) or vehicle. Data are expressed as the 
mean ± standard deviation (n=10/group). #P<0.05 vs. control group; *P<0.05 
vs. CCl4‑exposed group. PZH‑GB, Pien Tze Huang Gan Bao; LDH, lactate 
dehydrogenase; CCl4, carbon tetrachloride; GB‑L, GB‑M, GB‑H, PZH‑GB 
low, medium and high‑dose treatment groups, respectively.

https://www.spandidos-publications.com/10.3892/mmr.2017.6936


ZHAO et al:  PZH-GB ATTENUATES HEPATOCYTE APOPTOSIS2614

PZH‑GB at the 600  mg/kg dose, as presented in  Fig.  2 
and Table I.

Effect of PZH‑GB on apoptosis. Cell apoptosis in liver 
tissues was determined via immunohistochemical staining 
for terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL). As presented in Fig. 3, the percentage 
of TUNEL‑positive cells in the CCl4 model group was 
86.33±15.62%, which was increased significantly compared 
with the control group (11.83±2.32%). Alternatively, the 
percentage of TUNEL‑positive cells in the silymarin and 

low‑, medium‑ and high‑PZH‑GB‑pretreated groups was 
66.67±18.19, 37.17±11.50, 41.00±3.03 and 36.33±14.46%, 
respectively. This reflected a significant decrease compared 
with the CCl4 untreated model group.

To identify the downstream effectors involved in the 
CCl4 apoptotic signaling pathway, the activation of caspase‑9 
and caspase‑3 was examined by a colorimetric assay using 
specific chromophores. Activation of caspase‑9 (Fig. 4A) and 
caspase‑3 (Fig. 4B) in the liver tissue was significantly induced 
by CCl4. Both PZH‑GB and silymarin treatment inhibited 
the activation of caspase‑9 and caspase‑3 (P<0.05 vs. model 
group).

To further investigate the mechanism by which PZH‑GB 
confers its anti‑apoptotic activity, RT‑qPCR and western blot 
analyses were performed to determine the mRNA and protein 
expression levels of p53, Bcl‑2 and Bax in liver tissue. As 
presented in Fig. 5A, the mRNA expression levels of p53 and 
Bax were upregulated in CCl4‑induced liver, whereas both 
PZH‑GB and silymarin treatment reversed the expression of 
p53, Bcl‑2 and Bax, albeit in slightly different patterns. The 
western blotting results were consistent with this (Fig. 5B). 
Collectively, these results suggested that CCl4 induced apop-
tosis of liver cells, whereas PZH‑GB and silymarin inhibited 
apoptosis by decreasing the expression of the Bax/Bcl‑2 ratio 
and p53.

Effect of PZH‑GB on oxidative stress and inflammation. The 
effect of PZH‑GB on iNOS, COX‑2 and CYP2E1 expression 
was examined by RT‑qPCR and western blotting. CCl4 upreg-
ulated the mRNA (Fig. 6A) and protein (Fig. 6B) expression 
levels of iNOS, COX‑2 and CYP2E1; however, pre‑treatment 
with PZH‑GB and silymarin ameliorated this effect for 
CYP2E1 and iNOS. Silymarin had no effect on COX‑2 
expression levels; however, 600 mg/kg PZH‑GB significantly 
reduced them.

Figure 2. Effects of PZH‑GB on histopathological changes induced by CCl4 in rats. The rats were pretreated with PZH‑GB (150, 300 and 600 mg/kg), silymarin 
(50 mg/kg) or vehicle for 7 days before administration of CCl4 (2 ml/kg body weight and 1:1 diluted in corn oil) to induce acute liver injury. Representative 
pictures of liver sections stained with hematoxylin and eosin (magnification, x200) are presented. (‑), no inflammation or ballooning degeneration; (+), inflam-
mation or ballooning degeneration occupying 33% of the hepatic parenchyma; (+++), inflammation or ballooning degeneration occupying >66% of the hepatic 
parenchyma. PZH‑GB, Pien Tze Huang Gan Bao; CCl4, carbon tetrachloride; GB, PZH‑GB.

Table I. Quantification analysis for histopathologic changes.

	 Liver injury
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 Rats (n)	‑	  +	 ++	 +++

Control	 10	 10	 0	 0	 0
Model	 10	   0	 0	 2	  8a

Silymarin	 10	   1	 3	 4	  2b

GB‑150 mg/kg	 10	   0	 4	 3	  3b

GB‑300 mg/kg	 10	   0	 4	 4	  2b

GB‑600 mg/kg	 10	   2	 4	 2	  2b

To evaluate the degree of necrosis after acute liver injury, an injury 
grading score based on severity of necrotic lesions in the liver paren-
chyma was created. Data were analyzed by Chi‑squared test. aP<0.05 
vs. control group; bP<0.05 vs. CCl4‑treated group. (‑), grade 0, no 
inflammation or ballooning degeneration; (+), grade 1, inflammation 
or ballooning degeneration occupying 33% of the hepatic parenchyma; 
(++), grade 2, inflammation or ballooning degeneration occupying 
33‑66% of the hepatic parenchyma; (+++), grade 3, inflammation or 
ballooning degeneration occupying >66% of the hepatic parenchyma.
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HPLC. Based on the fingerprint as presented in Fig. 7, an 
optimum and easily controlled procedure for preparing 
PZH‑GB was established, as mentioned above. The control 
sample was composed of baicalin.

Discussion

CCl4, a well‑known compound for producing chemical hepatic 
injury, is metabolized by the hepatic microsomal cytochrome 
P450 2E1 system  (5,6). During metabolism, an unstable 
trichloromethyl (CCl3) free radical is formed and rapidly 
converted to trichloromethyl peroxide (Cl3COO-) (3,7). This 

results in a large amount of reactive oxygen species (ROS) 
generation, which in turn may increase oxidative stress (8). 
Previous studies have revealed that the ROS accumulation 
can overwhelm the intrinsic antioxidant defense system and 
trigger oxidative stress representative of significant cytotoxic 
effects in liver and other tissues (9).

Mitochondria are the main organelles involved in intracel-
lular oxidation reactions and are also the main location for ROS 
production (10). During the CCl4 metabolism process, nico-
tinamide adenine dinucleotide (NAD) serves as a co‑enzyme 
in the presence of large free radical consumption, resulting 
in a reduction in the ratio of intracellular NAD/NADH. In 

Figure 4. Effect of Pien Tze Huang Gan Bao on the activity of caspases in carbon tetrachloride‑induced rats. (A) Caspase‑9 and (B) caspase‑3 activities were 
determined by a colorimetric assay. Data are presented as the mean ± standard deviation of three independent experiments. #P<0.05 vs. control group; *P<0.05 
vs. model group. GB, Pien Tze Huang Gan Bao.

Figure 3. Effect of Pien Tze Huang Gan Bao on apoptosis in carbon tetrachloride‑exposed rats. (A) Representative immunohistochemical images and (B) quan-
tification of TUNEL staining in liver tissues. Magnification, x400. Data are presented as the mean ± standard deviation (n=10/group). #P<0.05 vs. control group; 
*P<0.05 vs. model group. GB, Pien Tze Huang Gan Bao; L, low‑dose; M, medium‑dose; H, high‑dose.

https://www.spandidos-publications.com/10.3892/mmr.2017.6936
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turn, this event may promote mitochondrial respiratory chain 
circulation and generate excess ROS (11). When mitochondrial 
ROS generation occurs beyond the antioxidant capacity of 

scavengers, ROS can damage the mitochondria and over-
flow into the cytoplasm, leading to cellular damage  (12). 
Mitochondrial damage can then trigger the release of caspase‑3 

Figure 6. Effect of Pien Tze Huang Gan Bao on the expression of COX‑2, 
CYP2E1 and iNOS in carbon tetrachloride‑exposed rats. (A) mRNA and 
(B) protein expression levels of COX‑2, CYP2E1 and iNOS, as determined 
by reverse transcription‑quantitative polymerase chain reaction and western 
blotting, respectively. GAPDH served as the internal control. Data are 
presented as the mean ± standard deviation (n=3/group). #P<0.05 vs. control 
group; *P<0.05 vs. model group. COX‑2, cyclooxygenase 2; iNOS, inducible 
nitric oxide; CYP2E1, cytochrome P450 family 2 subfamily E member 1; 
GB, Pien Tze Huang Gan Bao; L, low‑dose; M, medium‑dose; H, high‑dose.

Figure 5. Effect of Pien Tze Huang Gan Bao on the expression of p53, 
Bax and Bcl‑2 in carbon tetrachloride‑exposed rats. (A)  mRNA and 
(B) protein expression levels of p53, Bcl‑2 and Bax, as determined by reverse 
transcription‑quantitative polymerase chain reaction and western blotting, 
respectively. GAPDH served as the internal control. Data are presented as the 
mean ± standard deviation (n=3/group). #P<0.05 vs. control group; *P<0.05 
vs. model group. Bax, B cell lymphoma‑2 X‑associated protein; Bcl‑2, B‑cell 
lymphoma 2; GB, Pien Tze Huang Gan Bao; L, low‑dose; M, medium‑dose; 
H, high‑dose.
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into the cytoplasm, which in turn signals the onset of apoptosis. 
A growing number of studies suggest that apoptosis serves 
an important role in liver disease etiology (13,14). The Bcl‑2 
family of proteins (including the anti‑apoptotic protein Bcl‑2 
and the pro‑apoptotic protein Bax) serve a key regulatory role 
in the apoptotic process. The ratio of Bax/Bcl‑2 represents the 
degree of apoptosis to a certain extent (15).

In the current study, evidence that pre‑treatment with 
PZH‑GB had a protective effect against CCl4‑induced hepatic 
apoptosis in rats was provided. It was demonstrated that 
PZH‑GB attenuates chemical‑induced liver injury, and that 
histopathological changes caused by CCl4, such as cellular 
ballooning, are clearly ameliorated by PZH‑GB. This finding 
was consistent with observed changes of liver enzyme levels, 
such as LDH5 (a LDH isoenzyme which is synthesized by 
the liver). LDH is a key enzyme marker associated with liver 
injury. Following liver injury, LDH levels were elevated. In the 
present study, increased LDH was induced by CCl4. PZH‑GB 
treatment could decrease the LDH level, but the LDH level 
of GB‑H group was lower than that of the control group. 
This result may indicate that GB‑H treatment can excessively 
reduce the stress response induced by CCl4. The anti‑apoptotic 
effect of PZH‑GB was further evidenced by the demonstra-
tion that PZH‑GB decreased the number of TUNEL‑positive 
hepatic cells, and reduced caspase‑3 activation. Steatosis and 
ballooning of hepatocytes are the earliest, most frequent and 
most striking pathological changes observed in CCl4‑induced 
liver injury (16,17). The present study confirmed this patholog-
ical change by H&E staining, and determined that PZH‑GB 
reversed this change.

Apoptosis of hepatocytes is a critical mechanism of liver 
injury (18). To date, the TUNEL assay had been used as a 
marker of apoptosis. In the present study, TUNEL‑positive 

cells in the CCl4 group were significantly increased compared 
with the control group. More importantly, PZH‑GB reduced 
the number of TUNEL‑labeled cells. However, the TUNEL 
assay is not a specific marker of apoptosis‑multiple factors 
activate apoptotic cascade proteins. Previous evidence supports 
the role of caspase‑3 as an executioner of apoptosis,  and it is 
understood that caspase‑3 serves a dominant role after hepatic 
injury (19). In addition, the Bcl‑2 family serves an important 
role in hepatocyte intrinsic apoptosis, particularly Bcl‑2 
and Bax. The Bcl‑2/Bax ratio is considered to determine cell 
fate after an apoptotic stimulus (20,21). The present study 
demonstrated that the caspase‑9 and ‑3 activity in the group 
treated with PZH‑GB was remarkably decreased compared 
with the untreated CCl4‑induced group. Furthermore, the 
PZH‑GB treated group exemplified a restored Bcl‑2/Bax ratio. 
These data collectively suggested that PZH‑GB alleviated 
CCl4‑induced hepatic injury by suppressing apoptosis and the 
associated members of the mitochondrial signaling pathway 
which confer this apoptotic stimulus.

It has been demonstrated that hepatocyte apoptosis can 
induce liver injury, and p53 is accumulated in hepatocytes in 
several liver diseases (22‑25). It has been reported that CCl4 
upregulates the p53 expression (26). Therefore, transcriptional 
mechanisms are indeed involved in p53 activation by CCl4. 
RT‑qPCR and western blot analysis further demonstrated that 
p53 was markedly upregulated in the CCl4 group compared with 
the control group. This indicated that p53 was activated after 
CCl4 administration, and that PZH‑GB was able to normalize 
that activation. However, the mRNA expression levels of p53, 
Bax and Bcl‑2 were increased in the GB‑M group compared 
with the GB‑L and GB‑H groups. These data indicated that 
the effect of PZH‑GB was unstable at the transcription level. 
These findings suggested that intervention of PZH‑GB along 

Figure 7. High performance liquid chromatography profiles of Pien Tze Huang Gan Bao and a control sample. The mobile phase consisted of methanol: 0.1% 
phosphoric acid=45:55. The control sample was composed of baicalin.

https://www.spandidos-publications.com/10.3892/mmr.2017.6936


ZHAO et al:  PZH-GB ATTENUATES HEPATOCYTE APOPTOSIS2618

the mitochondrial apoptotic pathway was p53‑mediated in a 
rat model of CCl4‑induced liver disease.

ROS formed during the biotransformation of CCl4 
are more reactive and toxic than the parental compound. 
Biotransformation of CCl4 occurs in the endoplasmic 
reticulum and the isoenzyme implicated in this process is 
CYP2E1 (27,28). Our preliminary studies have demonstrated 
that the rats exposed to CCl4 generated more oxidative 
products, including malondialdehyde (MDA) and TBARs 
thiobarbituric acid reactive substances, and PZH‑GB treatment 
could decrease the level of MDA and TBARs. In this study, the 
results revealed that the active free radical/intermediate CCl4 
caused a reduction in CYP2E1, which was markedly restored 
by PZH‑GB pre‑treatment. Taken together, this suggested that 
ROS was generated upon exposure to CCl4.

The liver is a major inflammatory organ, and inflam-
matory processes contribute to a number of pathological 
events following exposure to various hepatotoxins  (29). 
NO is a highly reactive oxidant that is produced via the 
action of iNOS, and serves important roles as a vasodilator 
and neurotransmitter, and in the immunological system as 
a defense against tumor cells, parasites and bacteria (30). 
However, there is evidence that excessive NO production 
by iNOS may also lead to hepatic damage (31,32). COX‑2 is 
the enzyme responsible for the catalysis of prostaglandin E2 
from arachidonic acid (33), and the induction of COX‑2 is 
closely associated with NO production (34). The current study 
confirmed that significant increases in hepatic iNOS and 
COX‑2 expression are exhibited after CCl4 administration. 
These alterations were attenuated by PZH‑GB pre‑treatment, 
which suggests that PZH‑GB suppressed iNOS and COX‑2 
protein secretion and/or enhanced the degradation of these 
proteins. Accordingly, at least one other potential mechanism 
of PZH‑GB protection against CCl4‑induced hepatotoxicity 
appears to be, at least in part, due to the suppression of 
inflammatory responses.

In conclusion, the results of the present study demonstrated 
that PZH‑GB exerted anti‑apoptotic effects via a p53‑dependent 
mitochondrial pathway. It also protected against CCl4‑induced 
hepatocyte apoptosis by regulating the Bcl‑2 family of proteins 
and caspase activity. These anti‑apoptotic effects were associ-
ated with decreases in the expression of pro‑apoptotic proteins 
in the cytoplasm and the inhibition of proteins associated 
with apoptosis in the mitochondria. Additionally, PZH‑GB 
exhibited a protective effect against CCl4‑induced acute histo-
logical liver injury, likely via the suppression of inflammatory 
responses. Coupled with an anti‑apoptotic capacity and its 
ability as a free radical scavenger, PZH‑GB has exhibited an 
effective therapeutic quality in a rat model of chemical‑induced 
liver disease that may be clinically useful as a safer alternative 
to present treatment options.
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