
8089 July 14, 2015|Volume 21|Issue 26|WJG|www.wjgnet.com

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i26.8089

World J Gastroenterol  2015 July 14; 21(26): 8089-8095
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

Yan-Chang Lei, Department of Infectious Diseases, Zhejiang 
Hospital, Hangzhou 310013, Zhejiang Province, China

Wen Li, Pan Luo, Infectious Diseases Hospital of Nanchang 
University, Nanchang 330006, Jiangxi Province, China

Author contributions: Lei YC designed this research; Lei YC, 
Li W and Luo P performed this research and analyzed the data; 
and Lei YC wrote the paper.

Institutional review board statement: The study was reviewed 
and approved by the Zhejiang Hospital Institutional Review Board.

Conflict-of-interest statement: The authors declare that there 
are no conflicts of interest to disclose.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Yan-Chang Lei, Chief Physician, 
Department of Infectious Diseases, Zhejiang Hospital, No. 12 
Lingyin Road, Hangzhou 310013, Zhejiang Province, 
China. ycleihust@sina.com
Telephone: +86-571-81595081
Fax: +86-571-87980175

Received: November 30, 2014
Peer-review started: November 30, 2014
First decision: January 8, 2015
Revised: February 4, 2015
Accepted: March 30, 2015
Article in press: March 31, 2015
Published online: July 14, 2015

Abstract
AIM: To explore the mechanism of protection against 
acetaminophen-induced acute liver injury by Liuwei
wuling tablets.

METHODS: Intraperitoneal injections of acetamino
phen (250 mg/kg) were used to induce acute liver 
injury in male C57BL/6 mice. A total of 24 healthy 
mice were randomly assigned to two groups: an acute 
liver injury group (control group) and a Liuweiwuling 
tablet group. Mice were given Liuweiwuling tablets or 
a vehicle (PBS) orally prior to the administration of 
acetaminophen. Serum alanine aminotransferase (ALT) 
and aspartate aminotransaminase (AST) levels were 
measured at different time points within one week, 
and pathological examinations of liver tissues were 
performed 36 h after induction of acute liver injury. 
Serum inflammatory cytokines, such as high mobility 
group box protein B1 (HMGB1), tumor necrosis factor 
(TNF)-α and interleukin IL-1b, were detected using 
an ELISA method according to the manufacturer’s in
structions. Hepatic morphological changes at 36 h 
were assessed by hematoxylin and eosin staining. 
Expression of proliferating cell nuclear antigen (PCNA) 
in liver tissue was determined by Western blot analysis. 
The mRNA levels of hepatocyte proliferation markers 
(PCNA, CyclinD1 and p21) were detected by real-time 
quantitative reverse transcription-polymerase chain 
reaction.

RESULTS: The levels of ALT/AST in the Liuweiwuling 
tablet group were decreased significantly at 6, 12 and 
24 h compared to that of the control group (654.38 
± 120.87 vs  1566.17 ± 421.64, 1154.18 ± 477.72 vs  
4654.84 ± 913.71 and 935.13 ± 252.34 vs  4553.75 ± 
727.37, P < 0.01). Serum HMGB1 levels at 6 and 12 
h for the Liuweiwuling tablet group were significantly 
lower than those of the control group (23.49 ± 3.89 vs  
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58.6 ± 3.65, 61.62 ± 13.07 vs  27.32 ± 5.97, P < 0.01). 
Furthermore, serum TNF-α and IL-1b levels at 12 h in 
the Liuweiwuling tablet group were also significantly 
lower than those of the control group (299.35 ± 50.61 
vs  439.03 ± 63.59, 57.42 ± 12.98 vs  160.07 ± 49.87, 
P < 0.01). Centrilobular necrosis was evident in liver 
tissue of mice with acetaminophen-induced acute liver 
injury, but was almost abolished in the Liuweiwuling 
tablet group. The expression levels of PCNA and 
CyclinD1 were up-regulated in liver tissue in the 
Liuweiwuling tablet group (321.08 ± 32.87 vs  157.91 
± 21.52, 196.37 ± 25.39 vs  68.72 ± 11.27, P < 0.01); 
however, expression of p21 in liver tissue was down-
regulated compared to that of the control group (40.26 
± 9.97 vs  138.24 ± 13.66, P < 0.01).

CONCLUSION: Liuweiwuling tablets can attenuate 
acute liver injury by decreasing inflammatory cytokine 
(HMGB1, TNF-α and IL-1b) levels and promoting liver 
regeneration.

Key words: Acute liver injury; Acetaminophen; Liuwei
wuling tablets; Inflammatory cytokine; Liver regeneration
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Core tip: Clinical studies have shown that Liuweiwuling 
tablets are effective against a variety of liver injuries; 
however, its mechanism has not been established, 
especially for drug-induced liver injury. In this study, 
we found that Liuweiwuling tablets can attenuate 
acetaminophen-induced acute liver injury by decreasing 
inflammatory cytokine levels and promoting liver 
regeneration. Our results provide direct evidence for 
the effective therapy of liver damage with Liuweiwuling 
tablets and their value in clinical applications. Moreover, 
this is the first report showing that Liuweiwuling tablets 
can promote liver regeneration.
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INTRODUCTION
China’s ageing population is growing, and consequently, 
the medical demand is increasing. The irrational use 
of medicines and health products (including traditional 
Chinese medicine) and the incidence of drug-induced 
liver injury are also increasing. Therefore, it is impor
tant that better treatments are found to combat this 
disease. Clinical studies have demonstrated that 
Liuweiwuling tablets are effective against a variety of 
acute or chronic liver injuries that are caused by drugs, 

viruses and alcohol. Furthermore, they are also effective 
in preventing the progression of hepatic fibrosis and 
cirrhosis, and when combined with antivirals, may 
produce improved clinical effects[1-4]. However, the 
mechanism of the effect of Liuweiwuling tablets in the 
treatment of liver injury has not been established, 
especially for drug-induced liver injury. Research has 
shown that Liuweiwuling tablets can decrease alkaline 
phosphatase levels in mice with acetaminophen (APAP)-
induced liver injury. The purpose of this study was to 
provide a better understanding of the mechanism of 
Liuweiwuling tablets in protecting hepatocytes from 
liver injury. By using an APAP-induced liver injury 
mouse model, we showed that Liuweiwuling tablets 
can protect hepatocytes from liver injury by decreasing 
the release of inflammatory cytokines, such as high 
mobility group box protein B1 (HMGB1), tumor necrosis 
factor (TNF)-α and interleukin IL-1b, and promoting 
liver regeneration.

MATERIALS AND METHODS
Materials
Six- to eight-week-old male C57BL/6 mice (weighing 
20 ± 0.5 g) were purchased from Hunan Slack King 
of Laboratory Animal Co. Ltd (Changsha, China). 
The mice were maintained in a specific pathogen-
free facility under controlled laboratory conditions 
(23 ℃, 12 h light/12 h dark cycle, 50% humidity, ad 
libitum access to food and water) for two weeks prior 
to experimentation and were treated humanely. All 
animal-related procedures were performed in the 
animal experiment center of Nanchang University and 
approved by the animal care and use committee of 
the Zhejiang Hospital. Animal breeding and processing 
were all in strict accordance with the laboratory 
animal breeding and user guide issued by the National 
Institutes of Health (NIH). Intragastric gavage was 
performed on conscious animals using straight gavage 
needles that were appropriate for the animal size 
(20 g body weight: 22 gauge, 1 inch length, 1.25 
mm ball diameter). Reagents used included APAP 
(Sigma, United States), Trizol reagent (Invitrogen, 
United States) and rabbit anti-mouse PCNA polyclonal 
antibody (ABGENT, United States). 

Animal models and grouping
A total of 24 male C57BL/6 mice were subjected to 
12 h of fasting, but were permitted to drink water 
before the trial commenced. The mice were randomly 
assigned to two groups, an acute liver injury group 
(control group) and a Liuweiwuling tablet group. Each 
group consisted of 12 mice. The acute liver injury 
group was administered APAP 250 mg/kg, by an 
intraperitoneal injection, and the Liuweiwuling tablet 
group was given Liuweiwuling tablets (10.0 g/kg, 
2 times per day by lavage) three days before the 
intraperitoneal injections of APAP. The acute liver injury 
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group was given an equivalent amount of PBS by 
lavage in a corresponding time frame.

Specimen collection
Mice were anesthetized thoroughly with ether, and 
orbital blood was collected at 6, 12, 24, and 48 h and 
at one week after intraperitoneal injections of APAP. 
Serum was collected and stored at -80 ℃. Some 
animals were sacrificed and their liver tissues used 
for reverse transcription-polymerase chain reaction 
(RT-PCR) and immunoblotting assays at 36 and 48 
h. The specimens were fixed with neutral buffered 
10% formalin and subjected to hematoxylin and eosin 
(HE) staining and immunohistochemical detection. All 
animals were euthanized by a barbiturate overdose 
(intravenous injection, 150 mg/kg pentobarbital 
sodium) for tissue collection.

Serum biochemical and cytokine detection
Alanine aminotransferase (ALT) and aspartate 
aminotransaminase (AST) levels were measured with 
an automatic biochemical analyzer, while HMGB1, 
TNF-α and IL-1b were determined using an ELISA 
according to the manufacturer’s instructions. Results 
were calculated based on a standard curve.

RNA extraction and quantitative RT-PCR
Hepatic tissue mRNA expression levels were detected by 
quantitative RT-PCR among those mice with acute liver 
failure at 36 h. Total RNA extraction was conducted using 
Trizol reagent (Invitrogen, United States) in accordance 
with the instructions provided with the reagent. RT-
PCR primer sequences were as follows: PCNA: forward, 
5’-AGCCACATTGGAGATGCTGTAGCCGTATTCA-3’, 
reverse, 5’-AAGTTCCCATTGCCAAGCTCTCC-3’; CyclinD1: 
forward, 5’-GCTGCAAATGGAACTGCTTCTGGT-3’, 
reverse, 5’-TACCATGGAGGGTGGGTTGGAAAT-3’; 
GAPDH, forward, 5’-GTTGTCTCCTGCGACTTCA-3’, 
reverse, 5’-GGTGGTCCAGGGTTTCTTA-3’. A real-time 
quantitative PCR detection system (produced by Roche) 
was used to construct a standard curve. Results were 
standardized using GAPDH, and relative amounts were 
then calculated according to the 2ΔΔCT method[5].

Western blot analysis
Hepatic tissue (0.5 g) was ground to provide a 1 mL 
homogenate (including a protease inhibitor cocktail), 
which was diluted 20-fold with the RIPA efficient 
cracking liquid and then transferred to a nitrocellulose 
membrane after polyacrylamide gel electrophoresis. 
After blocking overnight with 10% BSA at 4 ℃, the 

Figure 1  Liuweiwuling tablets significantly decrease serum alanine aminotransferase/aspartate aminotransaminase levels in mice with acetaminophen-
induced acute liver injury. A: The levels of alanine aminotransferase (ALT) in the Liuweiwuling tablet group were decreased significantly at 6, 12 and 24 h compared 
with the control group (t = 8.20, 15.89 and 16.76, respectively; bP < 0.01 vs control); B: The levels of aspartate aminotransaminase (AST) in the Liuweiwuling tablet 
group were also decreased significantly at 6, 12 and 24 h compared with the control group (t = 7.09, 11.75 and 16.28, respectively; bP < 0.01 vs control). The above 
experiments were repeated more than 3 times.
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membrane was incubated with primary antibodies for 
2 h at 37 ℃, then with sheep anti-rabbit IgG antibody 
conjugated with horseradish peroxidase for 0.5 h at 
37 ℃. Finally, the target proteins were detected using 
a chemiluminescence method, and analysis of the grey 
levels was performed using the Quantity One software. 

Statistical analysis 
All data were statistically analyzed using the SPSS 
18.0 software. Data are expressed as the mean ± SD, 
and the comparisons between the two groups were 
conducted by an independent sample t-test. A P-value 

less than 0.05 was considered significantly different.

RESULTS
Liuweiwuling tablets decrease serum ALT/AST levels in 
mice with APAP-induced acute liver injury
Serum levels of ALT/AST in mice with APAP-induced 
acute liver injury began to increase at 6 h, reached 
a peak at 12 h and then recovered gradually at 48 
h. The levels of ALT/AST in the Liuweiwuling tablets 
group were decreased significantly at 6, 12 and 24 
h compared to those in the control group (P < 0.01) 

Figure 2  Influence of Liuweiwuling tablets on the central necrosis of hepatic lobules in mice with acute liver injury (magnification, × 10 and × 100, 
respectively). A: Normal mice; B: Evident necrosis in the central hepatic lobule in the acute liver injury group; C: Slight necrosis in liver tissue in the Liuweiwuling 
tablet group.
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(Figure 1A and B).

Liuweiwuling tablets decrease the central necrosis of 
hepatic lobules in mice with APAP-induced acute liver 
injury
Compared to the normal mice, the extent of the central 
necrosis of hepatic lobules in the acute liver injury group 
was greater, as a significant amount of necrosis was 
observed (Figure 2A and B), while less necrosis was 
observed in the liver tissue of the Liuweiwuling tablet 
group (Figure 2C).

Liuweiwuling tablets decrease the levels of HMGB1, 
TNF-α and IL-1b in mice with APAP-induced acute liver 
injury
Recently, HMGB1 has been shown to play an important 
role in the acute inflammation of the liver. Serum 
levels of HMGB1 in mice with APAP-induced acute liver 
injury began to increase at 6 h, reached a peak at 12 
h and then declined at 24 h. Serum levels of HMGB1 
at 6 and 12 h in the Liuweiwuling tablet group were all 
significantly lower than those in the control group (P < 
0.01) (Figure 3A). In addition, the levels of TNF-α and 

IL-1b in the Liuweiwuling tablet group at 12 h were 
also significantly lower than those in the control group 
(P < 0.01) (Figure 3B).

Liuweiwuling tablets accelerate liver regeneration in 
mice with APAP-induced acute liver injury
To observe the influence of Liuweiwuling tablets on 
liver regeneration in mice with APAP-induced acute 
liver injury, immunoblotting assays were used to detect 
the expression of PCNA. The results demonstrated 
that the expression of PCNA in the Liuweiwuling tablet 
group was increased at 48 h compared to the control 
group (Figure 4A). The real-time quantitative RT-
PCR detection of liver tissue mRNA expression levels 
showed that the levels of PCNA and CyclinD1 that 
promote liver cell regeneration in the Liuweiwuling 
tablet group were up-regulated 3.4-fold and 2.1-fold, 
respectively, while the level of p21 that inhibits liver 
cell regeneration was down-regulated 2.9-fold. These 
differences were significant when compared with the 
control group (P < 0.01) (Figure 4B).

DISCUSSION
The acute liver injury model produced by intra
peritoneal injection of APAP in mice is a good 
simulation of drug-induced liver injury and is presently 
a mature model[6-8]. This study shows that male mice 
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Figure 3  Liuweiwuling tablets decrease the level of high mobility group 
box protein B1, tumor necrosis factor-α and interleukin-1b in mice with 
acetaminophen-induced acute liver injury. A: There is a significant difference 
between the Liuweiwuling tablet group and the control group in HMGB1 levels 
at 6 and 12 h (t = 22.82 and 8.29, respectively; bP < 0.01 vs control); B: The 
levels of TNF-α and IL-1b between the two groups were also significantly 
different at 12 h (t = 5.99 and 6.88, respectively; bP < 0.01 vs control). The 
above experiments were repeated more than 3 times.
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(C57BL/6) at the age of 6-8 wk and with weights 
of 20 ± 0.5 g are more ideal compared with female 
C57BL/6 and BALb/c mice. Under the experimental 
conditions of this study, serum ALT/AST levels in mice 
with APAP-induced acute liver injury began to increase 
at 6 h, reached a peak at 12-24 h, and then recovered 
gradually at 48 h. HE staining at 36 h indicated 
necrosis in the central hepatic lobule in the acute liver 
injury group, which is in accordance with domestic and 
foreign research[9-11].

Recent studies indicate that HMGB1 plays a very 
important role in the inflammatory response of acute 
liver injury[12-16]. In this study, serum HMGB1 levels 
in mice with APAP-induced acute liver injury began 
to increase at 6 h, reached a peak at 12 h and then 
declined at 24 h. The serum HMGB1 levels at 6 
and 12 h in the Liuweiwuling tablet group were all 
significantly lower than those of the control group. As 
observed with the HMGB1 levels, the levels of TNF-α, 
IL-1b and IL-6 in the Liuweiwuling tablet group were 
all significantly lower than those of the control group. 
The inflammatory factor HMGB1 can be released by 
stimulation of activated monocytes, macrophages, 
neutrophils and endothelial cells and can be passively 
released by necrotic cells[17-20]. HMGB1 can directly 
promote the release of inflammatory factors such as 
TNF-α and IL-1b. Furthermore, it can also promote 
the production of chemotactic factors that are released 
by peripheral blood mononuclear cells[21-23], increase 
the number of inflammatory cells and amplify the 
inflammatory response to aggravate liver damage. 
Recent studies indicate that TNF-α and IL-1b play an 
important role in APAP-induced acute liver injury[24-27]. 
Therapy with Liuweiwuling tablets inhibits the 
inflammatory response and liver tissue damage by 
decreasing the levels of HMGB1 and inflammatory 
factors TNF-α and IL-1b, leading to a decline of ALT/
AST levels and an alleviation of liver inflammatory 
necrosis.

Modern pharmacological studies have shown that 
Schisandra chinensis, which is an ingredient in the 
Liuweiwuling tablet, is effective in reducing enzymes 
and in protecting the liver from chronic liver injury; 
fructus ligustri lucidi, forsythia and endives have 
a positive effect on reducing heat and removing 
toxicity for the liver; rhizoma zedoariae can desilt the 
extravasated blood and promote microcirculation; 
and ganoderma lucidum spore powder can enhance 
immunity and promote tissue repair. Therefore, we 
speculate that Liuweiwuling tablets can promote the 
regeneration of liver cells in acute liver injury. Previous 
studies have indicated that PCNA and CyclinD1 play 
important roles in liver cell regeneration; however, p21 
inhibits liver cell regeneration[28-30]. This study shows 
that the expression of PCNA in the Liuweiwuling tablet 
group was increased at 48 h compared to a control 
group and that the levels of PCNA and CyclinD1 that 
promote liver cell regeneration in the Liuweiwuling 

tablet group were up-regulated 3.4-fold and 2.1-fold 
respectively, while the level of p21 that inhibits liver 
cell regeneration was down-regulated 2.9-fold. All of 
the above findings suggest that Liuweiwuling tablets 
can accelerate the regeneration of liver cells.

In conclusion, Liuweiwuling tablets can decrease 
the levels of ALT/AST and inflammatory factors (such 
as HMGB1, TNF-α and IL-1b) and promote liver regene
ration. This may be one of the mechanisms involved in 
the treatment of acute liver damage. The above results 
regarding the effect of Liuweiwuling tablets on liver 
damage provide a new theoretical understanding and 
have important theoretical and application values.
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