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Abstract. Dysregulation of inflammatory cytokines and 
liver injury are associated with the pathogenesis of sepsis. 
Xuebijing injection, a Chinese herbal medicine, has been used 
in the treatment of sepsis and can contribute to the improve-
ment of patients' health. However, the underlying molecular 
mechanisms are not yet clearly illuminated. In the present 
study, a septic rat model with liver injury was established by 
the cecal ligation and puncture (CLP) method. Histological 
alterations to the liver, activities of alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST), levels of inflam-
matory cytokine secretion and the expression of suppressors 
of cytokine signaling 1 (SOCS-1) in the CLP model rats 
with and without Xuebijing treatment were determined. The 
results showed that Xuebijing injection ameliorated the patho-
logical changes in liver tissues caused by sepsis, and reduced 
the sepsis-induced elevation in serum ALT and AST levels. 
Furthermore, Xuebijing injection markedly downregulated the 
expression of tumor necrosis factor α and interleukin (IL)-6, 

and upregulated the expression of IL-10. More importantly, 
SOCS1 expression levels at the protein and mRNA levels were 
further increased by Xuebijing. These findings demonstrate 
that Xuebijing injection can significantly alleviate liver injury 
in CLP‑induced septic rats via the regulation of inflammatory 
cytokine secretion and the promotion of SOCS1 expression. 
The protective effects of Xuebijing injection suggest its 
therapeutic potential in the treatment of CLP-induced liver 
injury.

Introduction

Sepsis is a serious systemic inflammatory response syndrome 
(SIRS) caused by infection with bacteria, fungi, viruses or 
parasites (1). The pathogenesis of sepsis is associated with 
disorder of whole‑body inflammatory reaction networks (2). 
When the immune system becomes overactivated in response 
to an existing infection, the inflammatory response may lead 
to dysfunction of vital organs, such as the lung, heart, kidney 
and liver (3). The liver plays a critical role in the host defense 
mechanism (4), and is one of the organs most frequently 
affected by organ dysfunction in sepsis (5). The liver modu-
lates inflammatory processes, and produces and releases high 
amounts of various cytokines (6), which play an important role 
in the regulation and transduction of inflammatory signals (7). 
During sepsis, pro‑inflammatory cytokines, including tumor 
necrosis factor (TNF)-α and interleukin (IL)-6, have a crucial 
effect on the initiation of the inflammatory process (8). 
Anti‑inflammatory cytokines, such as IL‑10, are also found to 
be extensively released in septic patients (9). Moreover, cyto-
kines mediate and amplify inflammatory signals through the 
Janus kinase-signal transducer and activator of transcription 
JAK-STAT pathway in a number of diseases (10). A recent 
study has revealed that suppressors of cytokine signaling 
(SOCS) are able to suppress cytokine-mediated inflam-
matory signaling as feedback regulators in the JAK-STAT 
pathway (11). SOCS-1, a member of the SOCS family, has been 
experimentally demonstrated to be effective in reducing the 
inflammatory response in inflammatory diseases (12,13). Mice 
deficient in SOCS‑1 have exhibited liver degeneration and 
lymphoid deficiencies (14). Furthermore, a previous study has 
shown that sepsis induces SOCS-1 expression in rat liver and 

Xuebijing injection alleviates cytokine‑induced inflammatory  
liver injury in CLP‑induced septic rats through induction  

of suppressor of cytokine signaling 1
AILIN LI1*,  JING LI2*,  YUHUA BAO1,  DINGSHAN YUAN1  and  ZHONGWEI HUANG1

1Department of Emergency Medicine, The Affiliated Hospital of Nantong University, Nantong, Jiangsu 226001, P.R. China;   
2Department of Genetics and Biochemistry, Clemson University, Clemson, SC 29634, USA

Received November 3, 2015;  Accepted June 8, 2016

DOI: 10.3892/etm.2016.3476

Correspondence to: Dr Dingshan Yuan or Professor Zhongwei 
Huang, Department of Emergency Medicine, The Affiliated Hospital 
of Nantong University, 20 Xisi Road, Nantong, Jiangsu 226001,  
P.R. China
E-mail: dingshanyuan@sina.com
E-mail: tdfyhuangzw@163.com

*Contributed equally

Abbreviations: SOCS, suppressors of cytokine signaling; 
TNF-α, tumor necrosis factor-α; NF‑κB, nuclear factor κB; IL‑6, 
interleukin‑6; IL‑10, interleukin‑10; SIRS, systemic inflammatory 
response syndrome; CLP, cecal ligation and puncture; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; RT‑qPCR, 
reverse transcription‑quantitative polymerase chain reaction; 
ELISA, enzyme‑linked immunosorbent assay; JAK‑STAT, janus 
kinase‑signal transducer and activator of transcription; LPS‑NF‑κB, 
lipopolysaccharide-nuclear factor-κB

Key words: Xuebijing injection, sepsis, SOCS-1



LI et al:  XUEBIJING INJECTION ALLEVIATES INFLAMMATION IN CLP-INDUCED SEPTIC RATS1532

muscle (15), and it has been recognized that SOCS1 plays an 
important role in LPS-induced liver injury. Therefore, SOCS-1 
may be involved in the pathogenesis of liver injury in cecal 
ligation and puncture (CLP)-induced septic rats.

Xuebijing injection is a newly developed Chinese herbal 
injection consisting of Chuangxiong Rhizoma (the dried 
rhizome of Ligusticum chuanxiong Hort.), Paeoniae Radix 
Rubra (the dried roots of Paeonia lactiflora Pall.), Salviae 
Miltiorrhizae Radix et Rhizoma (the dried roots and rhizome 
of Salvia miltiorrhiza Bge.) and Carthami Flos (the dried 
flower of Carthamus tinctorius L.). It has anti‑inflammatory 
and anti-endotoxic effects in the treatment of sepsis (16). 
Experimental and clinical studies have revealed that Xuebijing 
injection is effective for the treatment of SIRS, pyemia and 
multiple organ dysfunction syndrome (17-19). In addition, 
Xuebijing injection has been formally approved by the State 
Food and Drug Administration of China for use in clinical 
practice and is widely used to treat sepsis in China. However, 
the underlying molecular mechanisms of Xuebijing injec-
tion remain unclear. Thus, the aim of the present study was 
to investigate the effect of Xuebijing injection on liver injury 
in CLP-induced septic rats and to explore the underlying 
mechanism. In particular, the study aimed to focus on the 
effect of Xuebijing injection on hepatic inflammatory cytokine 
secretion and SOCS1 expression in rats with sepsis-induced 
liver injury.

Materials and methods

Chemicals and antibodies. Xuebijing injection was supplied 
by Tianjin Chase Sun Pharmaceutical Co., Ltd. (Tianjin, 
China; lot no. Z20070410). Antibodies targeting SOCS‑1 
(sc-9021) and β-actin (sc-130656) were purchased from Santa 
Cruz Biotechnology, Inc. (Dallas, TX, USA). Horseradish 
peroxidase (HRP)-conjugated anti-rabbit IgG antibody 
(RPN4301) for the western blotting assay was purchased 
from Amersham (GE Healthcare Life Sciences, Piscataway, 
NJ, USA). Enzyme-linked immunosorbent assay (ELISA) 
kits for TNF-α, IL-6 and IL-10 were purchased from R&D 
Systems, Inc. (Minneapolis, MN, USA). The ABI StepOnePlus 
Real-Time PCR System was purchased from Applied 
Biosystems (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). All other chemicals used were of analytical grade.

Animals. Male Sprague-Dawley (SD) rats, weighing 240-280 g, 
were provided by the Experimental Animal Center of Nantong 
University (Nantong, China) and housed in a temperature- 
and humidity-controlled environment with a 12-h light-dark 
cycle. The animals had access to food and water ad libitum. 
The study protocol was approved by the ethics committee 
(Institutional Review Board) of Nantong University.

Animal model and treatment. A total of 72 rats were divided 
into three experimental groups: Control group, CLP group and 
Xuebijing injection-treated (XT) group. The rats in the latter 
group were treated with 10 mg/kg Xuebijing injection, intra-
peritoneally, i.p. Each group contained 24 rats. The septic rat 
model was induced by CLP as previously described (20). Briefly, 
all rats underwent fasting for 12 h and water deprivation for 
6 h prior to undergoing CLP surgery. Following pentobarbital 

sodium anesthesia (45 mg/kg, i.p.), the abdominal region was 
disinfected with iodophor and a 2-cm incision was made, the 
cecum was then gently isolated with tight ligation and punc-
tured twice with an 18-gauge needle. Thereafter, the cecum 
was repositioned, and the abdomen was subsequently closed. 
For the control group alone, rats underwent the same surgical 
procedures, but the cecum was neither ligated nor punctured. 
Saline (50 ml/kg body weight) was administered subcutane-
ously to the rats for fluid resuscitation. For the TX group, 
rats received an intraperitoneal administration of Xuebijing 
injection (10 ml/kg body weight) twice per day after CLP 
surgery for 3 consecutive days. Rats in the control and CLP 
groups were administered equal volumes of saline instead.

Alanine aminot ransferase (A LT) and aspar ta te 
aminotransferase (AST) activity measurements. To measure 
ALT and AST activities, 5-ml blood samples were obtained 
from the aorta abdominalis of rats in different groups at 6, 
12, 24 and 24 h after CLP surgery. The ALT and AST activi-
ties were then measured using a Hitachi 7600-020 Automatic 
Analyzer (Hitachi High-Technologies Corporation, Tokyo, 
Japan).

ELISA analysis of TNF‑α, IL‑6, and IL‑10. Homogenized liver 
samples (0.5‑1 g; 10%) from the different groups, sampled at 6, 
12, 24 and 24 h after CLP surgery, were centrifuged at 1,500 x g 
for 15 min at 4˚C) to obtain a supernatant. The amounts of 
TNF-α, IL-6 and IL-10 in the liver tissue homogenates were 
analyzed using commercial ELISA kits specific for rats 
according to the manufacturer's protocol. Cytokine levels are 
expressed in units of pg/ml.

Histological examination. The liver tissues from rats in each 
group were collected at 6 and 48 h after CLP surgery. The 
tissue samples were fixed in 10% formalin solution, embedded 
in paraffin, and sectioned. The tissue sections were then 
stained with hematoxylin and eosin reagent according to 
standard protocols and observed using light microscopy.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). To determine the mRNA level of SOCS-1, 
RT‑qPCR analysis was performed. Briefly, liver tissues samples 
(50-100 mg) were collected from rats in the various groups at 
6, 12, 24 and 48 h after surgery. Total RNA was then extracted 
from homogenized liver samples using TRIzol reagent (Gibco 
Life Technologies; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. Total RNAs were treated with 
DNase I (Fermentas; Thermo Fisher Scientific, Inc.) to remove 
any contaminating DNA at 37˚C for 30 min, followed by 
deactivation at 65˚C for 10 min. The RNA was then reverse 
transcribed into cDNA using an M-MLV reverse transcription 
kit (Takara Biotechnology Co., Ltd., Dalian, China) according 
to the manufacturer's protocol with the ABI StepOnePlus 
Real-Time PCR system. Following the reverse transcription, 
fluorescence qPCR was performed using SYBR Green I dye 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) according 
to the manufacturer's protocol. The following primers were 
used: SOCS-1 forward, 5'-CCG CTC CCA CTC TGA TTA 
CC‑3' and reverse, 5'‑CCC GAA GCC ATC TTC ACG‑3'; β-actin 
forward, 5'-CGG TTC CGA TGC CCT GAG GCA CTT-3' and 
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reverse, 5'-CGT CAC ACT TCA TGA TGG AAT TGA-3'. The 
samples for RT-qPCR analysis were evaluated using a single 
predominant peak as a quality control. The comparative Ct 
(2‑∆∆Ct) method (21) was used to analyze the relative expression 
levels of SOCS1 mRNA, which were normalized to β-actin.

Western blot analysis. Western blot analysis was performed 
using a similar method to that previously described (22). 
Briefly, homogenized liver tissues from different groups, 
sampled at 12 and 48 h, were centrifuged at 13,000 x g for 
30 min at 4˚C to generate a supernatant containing the 
extracted protein. The protein concentration was measured 
using a bicinchoninic acid (BCA) protein assay kit as previ-
ously described (23,24). A 50 µg portion of each sample was 
electrophoresed on polyacrylamide gel (10%) and transferred 
onto a polyvinylidene difluoride membrane (EMD Millipore, 
Bedford, MA, USA). After blocking with blocking buffer, 
the blots were incubated 2 h at 4˚C with diluted primary 
antibodies against SOCS-1 (1:200). The membrane was then 
washed three times in Tris-buffered saline with Tween-20 
(0.1%) and incubated with HRP‑conjugated anti‑rabbit IgG 
antibody (dilution, 1:2,500) for 1.5 h at room temperature. The 
membrane was again washed three times for 10 min each time, 
and finally the immunoreactive proteins were detected using 
an enhanced chemiluminescence Western blotting detection 
kit. The β-actin protein served as an internal control.

Statistical analysis. The data were analyzed using STATA 
version 10.0 (StataCorp LP, College Station, TX, USA). 
One-way analysis of variance (ANOVA) was used to analyze 
the significant differences among different groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Xuebijing injection ameliorates sepsis‑induced histological 
liver injury in rats. Hematoxylin and eosin staining clearly 
revealed liver injury characterized by edema, ballooning 
degeneration, fatty degeneration, thrombosis and infiltration of 
inflammatory cells in the liver tissues at 6 h after CLP surgery 
(Fig. 1). When examined at 48 h after CLP surgery, hepatic 
cords were largely broken and all liver injury symptoms 
become much more severe. However, these histological altera-
tions induced by CLP surgery were ameliorated by Xuebijing 
injection treatment (Fig. 1).

Xuebijing injection decreases ALT and AST levels in rats with 
septic liver injury. ALT and AST levels of rats from different 
groups were measured at 6, 12, 24 and 24 h after CLP surgery. 
Sepsis induced an increase of serum ALT and AST levels in 
rats in comparison with those in the control group (P<0.05), 
which was indicative of liver injury. However, as shown 
in Fig. 2, treatment with Xuebijing injection significantly 
decreased ALT and AST levels in this model (P<0.05).

Xuebijing injection regulates the secretion of inflammatory 
cytokines in CLP‑induced septic rats. Sepsis is characterized 
by the uncontrollable release of pro-inflammatory and 
anti‑inflammatory cytokines (25). In the present study, two 
pro-inflammatory cytokines, TNF-α and IL-6, and one 

anti‑inflammatory cytokine, IL‑10 were detected at 6, 12, 24 
and 24 h after CLP surgery using ELISA kits. The results in 
Fig. 3 show that hepatic TNF-α, IL-6 and IL-10 levels were 
significantly elevated in CLP‑induced septic rats in comparison 
with those in the control group (P<0.05). However, Xuebijing 
injection treatment significantly downregulated hepatic TNF‑α 
and IL-6 levels, while upregulating hepatic IL-10 levels in 
CLP‑induced septic rats (P<0.05 for each).

Figure 2. Effects of Xuebijing injection on the levels of (A) ALT and (B) AST 
in CLP‑induced septic rats. ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; Con group, control group; CLP group, cecal ligation and 
puncture group; XT group, CLP surgery plus Xuebijing injection treatment. 
Data are expressed as the mean ± standard deviation (n=6). *P<0.05 vs. the 
Con group; #P<0.05 vs. the CLP group.

Figure 1. Effects of Xuebijing injection on CLP-induced histological liver 
injury in CLP‑induced septic rats. Con group, control group; CLP group, 
cecal ligation and puncture group; XT group, CLP surgery plus Xuebijing 
injection treatment. Liver sections with hematoxylin and eosin staining 
(magnification, x200).
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Xuebijing injection elevates the expression of SOCS‑1 in 
CLP‑induced septic rats. Numerous studies have found 
that SOCS proteins are negative-feedback regulators in the 
JAK-STAT pathway (11). In the present study, the expression 
of SOCS-1 was analyzed by RT-qPCR and western blotting. 
As shown in Fig. 4, elevated SOCS-1 mRNA and protein 
expression levels were observed in CLP-induced septic rats 
(P<0.05 for mRNA), and the increases were further increased 
by the Xuebijing injection treatment (Fig. 4).

Discussion

In the present study, it was demonstrated that Xuebijing 
injection treatment attenuated liver injury induced by sepsis. 

Furthermore, the results showed that Xuebijing injection 
treatment downregulated TNF-α and IL-6 levels, and 
upregulated IL-10 levels in the livers of septic rats, which 
was associated with the expression of SOCS1. Therefore, 
the present study suggests that Xuebijing injection protects 
against sepsis-induced liver injury by regulating the secretion 
of inflammatory cytokines and increasing the expression of 
SOCS1 in the livers of septic rats.

A previous clinicopathological study reported that patients 
dying from sepsis typically had inflammation and necrosis 
in the liver; increased levels of markers of abnormal liver 
biochemistry, including ALT and AST, were also observed 
in septic patients prior to death (26). In the present study, 
CLP‑induced sepsis caused an inflammatory response and 
damage in the liver, which was characterized both histo-
logically and biochemically. The treatment with Xuebijing 
injection ameliorated the pathological changes in liver tissues 
caused by sepsis, and also decreased ALT and AST levels in 
the rats with septic liver injury.

Evidence indicates that inflammatory cytokines play an 
important role in sepsis; pro‑inflammatory cytokines and 
anti‑inflammatory cytokines counteract each other and reach 
an immunological equilibrium, which leads to various types 
of tissue damage and organ injury (8). In the present study, 
elevated TNF-α, IL-6 and IL-10 levels were observed in the 
livers of rats in the CLP group in comparison with those in the 
control group, which is consistent with previous studies (27,28). 
Moreover, Xuebijing injection has been found to reduce the 
secretion of TNF-α and IL-6 by Kupffer cells in livers of rats 

Figure 4. Effects of Xuebijing injection on the expression of SOCS-1 in 
CLP-induced septic rats. (A) SOCS-1 mRNA expression levels determined 
by reverse transcription-quantitative polymerase chain reaction. Values are 
expressed as the mean ± standard deviation of 6 rats in each group. *P<0.05 
vs. the Con group; #P<0.05 vs. the CLP group. (B) A representative Western 
blot from three experiments is shown; β-actin was used as a loading control. 
SOCS, suppressors of cytokine signaling; Con group, control group; CLP 
group, cecal ligation and puncture surgery group; XT group, CLP surgery 
plus Xuebijing injection treatment.

Figure 3. Effects of Xuebijing injection on the secretion of inflammatory cyto-
kines in CLP-induced septic rats. Expression levels of (A) TNF-α, (B) IL-6 
and (C) IL‑10 were determined. TNF, tumor necrosis factor; IL, interleukin; 
Con group, control group; CLP group, cecal ligation and puncture group; XT 
group, CLP surgery plus Xuebijing injection treatment. Values are expressed 
as the mean ± standard deviation (n=6). *P<0.05 vs. the Con group; #P<0.05 
vs. the CLP group.
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with heart stroke (29), and promote IL-10 expression in rabbits 
with oleic acid-induced acute lung injury (30). The present 
study found that Xuebijing injection significantly downregu-
lated pro‑inflammatory cytokine levels, specifically TNF‑α 
and IL‑6, while upregulating the levels of the anti‑inflamma-
tory cytokine IL-10 in rats with septic liver injury. These data 
suggest that the protective effects of Xuebijing injection on 
septic liver injury may occur via the regulation of the secretion 
of inflammatory cytokines.

Cytokine signaling induces SOCS1, a protein that can inhibit 
the signaling pathways that stimulated its production (31,32). 
SOCS-1 is a negative-feedback regulator not only in the 
JAK-STAT pathway but also in the lipopolysaccharide-nuclear 
factor-κB (LPS-NF-κB) signaling pathway (33). SOCS-1 has 
been found to inhibit cytokine signaling in all systems tested, 
including TNF-α and IL-6 (34). TNF-α-mediated inflam-
matory signals can be transduced through the JAK-STAT 
pathway (35,36). The results of the present study demon-
strated that SOCS-1 expression was upregulated by Xuebijing 
injection, which corresponded with its relieving effects on 
inflammatory response and liver injury. Collectively, those 
results indicate that Xuebijing injection ameliorates liver injury 
in CLP-induced septic rats by promoting SOCS-1 expression 
at the protein and mRNA levels.

In summary, the present study demonstrated that Xuebijing 
injection can effectively alleviate liver injury in a rat model 
of CLP-induced sepsis. The protective effects of Xuebijing 
injection on septic liver injury are associated with the regula-
tion of inflammatory cytokine secretions and the promotion of 
SOCS1 expression. This study provides valuable insights into 
the role of Xuebijing injection in septic liver injury, and reveals 
its therapeutic potential in CLP-induced liver injury treatment.
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