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Abstract—Current evidence shows that the majority of the damage induced during sepsis is pursuant to
induction and overproduction of endogenous cytokines. Embelin has been reported to suppress cytokine
expressions in inflammatory disorders. The present study was designed to investigate the effects of e-
mbelin on cecal and ligation and puncture (CLP)-induced rat sepsis. Single-dose administration of
embelin 1 h after surgery significantly improved survival of rats with CLP-induced sepsis. In addition,
embelin treatment reduced the serum levels of pro-inflammatory cytokines including tumor necrosis
factor (TNF)-α, interleukin (IL)-1β, and IL-6 and decreased organ inflammation and injuries.Moreover,
embelin suppressed the activation of p65 subunit of nuclear factor-kappa B (NF-κB) and signal
transducers and activators of transcription 3 (STAT3). Collectively, these results indicated that embelin
ameliorates sepsis in rats through suppressing STAT3 and NF-κB pathways.
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INTRODUCTION

Sepsis remains a critical health problem and a major
cause of death even in many modern intensive care units
(ICU) [1, 2]. This complex syndrome is characterized by an
imbalance between pro-inflammatory and anti-
inflammatory response to pathogens [3]. Current evidence
implies that the problem of sepsis was directly related to the
exuberant production of pro-inflammatory molecules [3].
High circulating concentrations of these cytokines, such as
tumor necrosis factor (TNF)-α and interleukin (IL)-1β, may
indicate an increased risk of mortality [4]. Previous studies
suggested that the treatments antagonizing the activities of
these cytokines sometimes improve the survival in sepsis [5,
6]. In addition, the systemic inflammatory cascade in sepsis
generally results in neutrophil sequestration in various

organs [7]. The extravasation of neutrophils may lead to
vascular dysfunction and parenchymal cell dysfunction [8].
The inappropriate activation and positioning of neutrophils
also contribute to the pathological manifestations ofmultiple
organ failure (MOF) following sepsis [9].

Embelin (2,5-dihydroxy-3-undecyl-1,4-benzoqui-
none), a major constituent of Embelia ribes Burm, is report-
ed to possess antioxidant [10], antibacterial [11], and anti-
inflammatory [12] activities. Previous study suggested that
embelin has anti-inflammatory activities in irritant contact
dermatitis due to the inhibition of inflammatory cytokines
and the subsequent blockade of leukocyte accumulation
[13]. Embelin was also found to lower myeloperoxidase
(MPO) activities accompanied by reduced expression of
TNF-α, IL-1β, and IL-6 in isolated colon tissue from dex-
tran sulfate sodium-induced colitis in rats [14]. In addition,
embelin has been reported to inhibit the activation of nuclear
factor-kappa B (NF-κB) and signal transducers and activa-
tors of transcription 3 (STAT3) [15, 16], which mediated the
expression of several important pro-inflammatory cytokines
including TNF-α, IL-1β, and IL-6 during sepsis [17, 18].

However, so far, embelin has not been tested for its
protective action against sepsis through its anti-
inflammatory activities. Hence, the aim of the present study
was to investigate the effect of embelin on pro-inflammatory
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cytokine expression and neutrophil infiltration in cecal and
ligation and puncture (CLP)-induced rat sepsis.

METHODS AND MATERIALS

Animals

Specific pathogen-free (SPF) male Sprague-Dawley
(SD) rats weighing 220–280 g were purchased from the
Center for Animal Experiment of Wuhan University (Wu-
han, Hubei, China). This study was approved by the Insti-
tution Animal Care and Use Committee of Wuhan Univer-
sity. All experiments were conducted in accordance with
the guidelines of Animal Use and Care Committee of
Wuhan University. Animals were maintained in individual
ventilated cages under SPF conditions in the animal facility
of Wuhan University.

Animal Model and Experimental Design

Rats were divided into three major groups: (1) sham
group (n=20): animals received only sham operations; (2)
CLP group (n=20): animals underwent CLP; and (3) embelin
groups (3 subgroups, n=20 in each subgroup): animals
underwent CLP received an intraperitoneal injection of
embelin. Polymicrobial sepsis was induced by CLP as previ-
ously described [19]. Briefly, rats were anesthetized with
sodium pentobarbital (50 mg/kg, i.p., Sigma Chem Co., St.
Louis, MO, USA) before the surgical procedure. A midline
incision about 2 cm was made on the anterior abdomen. The
cecum was isolated and the distal was ligated. Then, the
cecum was punctured twice with a sterile 20-G needle and
was squeezed to extrude the fecal material from the wounds.
The cecum was placed back and the abdominal was closed.
Animals in the sham group received a midline incision with-
out cecal ligation and puncture. Each animal received a
subcutaneous injection of 1 ml normal saline after surgery.

Rats were given an intraperitoneal injection of
embelin (1, 10, and 100 mg/kg in subgroups 1–3, respec-
tively; dissolved in dimethyl sulfoxide (DMSO); pur-
chased from Selleck, Shanghai, China) 1 h after CLP under
sterile conditions in the embelin groups, while rats in the
sham group and CLP group were given intraperitoneal
injection of DMSO (Sigma Chem Co., St. Louis, MO,
USA). Liver tissue samples of five rats in each group were
collected at 5 h after intraperitoneal injection of embelin or
DMSO (6 h after CLP) for the measurement of p-p65 and
p-STAT3. Blood and organ samples of another five rats in
each group were collected at 20 h after CLP for biochem-
ical analysis and histological evaluation. In each group, ten

rats were taken for survival observation. Survival of rats
was monitored at intervals of 12 h for 7 days after surgery.

Serum TNF-α, IL-1β, and IL-6 Measurement

In the present study, we measured the serum levels of
TNF-α, IL-1β, and IL-6 at 20 h after CLP. Briefly, hepa-
rinized blood samples were centrifuged at 3000 rpm for
10 min at 4 °C. Thereafter, supernatants were stored at
−80 °C until measurements. Plasma cytokines including
TNF-α, IL-1β, and IL-6 were measured using commercial
enzyme-linked immunosorbent assay (ELISA) kits (R&D
System Inc., Minneapolis, MN, USA) according to the
manufacturer’s protocols.

Organ Injury Assessment

Plasma levels of lactate, cardiac troponin I (cTnI), urea
nitrogen (BUN), and creatinine (Cr) were measured with an
i-STAT 1 Analyzer (Abbott, Kyoto, Japan). Plasma levels of
aspartate transaminase (AST), alanine transaminase (ALT),
and lactate dehydrogenase (LDH) were determined using a
TBA-2000FR System (TOSHIBA, Tokyo, Japan).

Myeloperoxidase Assay

The method of measuring MPO activity in organs was
modified from that previously described [20]. Frozen tissues
were homogenized in 50 mM of potassium phosphate
buffer (pH 6.0) and centrifuged at 20,000g at 4 °C
for 15 min. The supernatant was then discarded, and the
pellet was resuspended in 50 mM acetic acid with 0.5 %
hexadecyltrimethylammonium hydroxide detergent. After
freezing and thawing for three cycles, samples were cen-
trifuged at 20,000g for 15 min. Aliquots (0.3 ml) were
added to 2.3 ml of the reaction mixture. Absorbance at
460 nm was measured immediately, and the rate of change
in absorbance was used to calculate the activity of MPO.
MPO activities are presented as units per milligram of
tissue protein.

Western Blotting Analysis

Tissues were collected at 5 h after CLP and stored in
liquid nitrogen until analysis. Proteins were extracted in
lysis buffer. The concentrations of proteins were deter-
mined with a BCA protein assay kit (Pierce, Rockford,
IL, USA). Proteins were then separated by SDS-PAGE and
electrophoretically transferred onto membranes. The mem-
brane was blocked with 5 % nonfat milk for 2 h at room
temperature (RT) followed by the incubation with primary
antibodies against p-p65 (ab119664) and p-STAT3
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(ab76315) (Abcam, Shanghai, China) overnight at 4 °C
and then incubated with secondary antibody (Boster, Wu-
han, China). Protein bands were visualized with an ECL
luminescence kit. The β-actin protein was used as an
internal control.

Histological Investigation

Tissue samples were excised and fixed in 10 %
neutral-buffered formalin, embedded in paraffin, cut into
sections 5 μm in thickness, stained with hematoxylin-
eosin, and examined under a light microscope. The histo-
logical evaluation was carried out by an expert pathologist
who was blinded to the experimental details.

Statistical Analysis

Data are expressed as percentage, number, or mean
±SD. Comparison of several means was performed using
one-way and repeated measure two-way analysis of vari-
ance followed by the Tukey-Kramer test to identify signif-
icant difference between groups. The overall difference in
survival rate of septic rats was determined by survival
analysis, and p values were determined by the log-rank
test. All p values were two-tailed, and a p value of less than
0.05 was considered significant. All data were processed
by the statistical analysis software SPSS version 18.0
(SPSS Inc., Chicago, IL, USA).

RESULTS

Embelin Decreased Serum Levels of Pro-inflammatory
Cytokines in Septic Rats

Expression of inflammatory cytokines, such as TNF-
α, IL-1β, and IL-6, is known to be induced by CLP. As
shown in Fig. 1, serum levels of pro-inflammatory cyto-
kines including TNF-α, IL-1β, and IL-6 showed a marked

rise in septic rats as compared with sham-control animals
(p<0.05, resp.). To investigate whether embelin suppresses
CLP-induced overexpression of cytokines in vivo, embelin
was administrated (1, 10, or 100 mg/kg body weight, i.p.)
1 h after CLP surgery. Compared to the CLP group,
embelin significantly reduced the serum levels of TNF-α,
IL-1β, and IL-6 in a dose-dependent manner at 20 h after
surgery (p<0.05, resp.).

Embelin Prevents Multi-organ Dysfunction

Embelin has been shown to prevent organ dysfunc-
tions. As seen in Table 1, plasma levels of cTnI, AST, and
ALT were significantly lower than those obtained from
CLP rats (p<0.05, resp.). Plasma levels of BUN and Cr
also significantly decreased in the embelin group compared
to the CLP group (p<0.05, resp.). In addition, embelin
treatment appeared to protect the microcirculation; plasma
lactate and LDH were significantly lower in embelin-
treated rats than in untreated CLP rats (p<0.05, resp.).

Effects of Embelin on MPO Activities in Organs

As reported previously [21], organ MPO activities
were increased in septic rats. In the present study, organ
MPO activities in septic rats were significantly increased at
20 h after CLP (p<0.05, resp.). Compared to the CLP
group, treatment with embelin significantly reduced organ
MPO activities in the embelin groups (p<0.05, resp.)
(Fig. 2). These results suggested that embelin reduced organ
neutrophil infiltration in rats with CLP-induced sepsis.

Embelin Reduced CLP-Induced Activations of STAT3
and NF-κB Signaling in the Liver

In the present study, we detected NF-κB and STAT3
activations in the liver (Fig. 3). Our results showed that
CLP led to significantly increased activations of NF-κB
and STAT3, while treatment with embelin markedly

Fig. 1. Serum levels of pro-inflammatory cytokines in septic rats treated with or without embelin. Serum levels of TNF-α, IL-1β, and IL-6 were significantly
increased in septic rats as compared with sham-control animals. Treatment with embelin reduced serum levels of pro-inflammatory cytokines in a dose-
dependent manner. Compared to other groups, *p<0.05, **p<0.01; compared to the CLP group, #p<0.05, ##p<0.01.
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reduced the phosphorylation of NF-κB and STAT3 in the
injured liver of septic rats (p<0.05, resp.). Besides,
embelin inhibited the phosphorylation of NF-κB and
STAT3 in a dose-dependent manner.

Effects of Embelin on Organ Histological Changes

As seen in Fig. 4, distal ileum, lung, and liver were
collected for histopathologic evaluation. On the basis of
histological investigation, embelin was found to prevent
the CLP-induced intestinal mucosal damage with reduced
neutrophil infiltration and improved villous height. Sepsis
also led to pulmonary and hepatic injuries 20 h after CLP
surgery, and septic organ injuries were associated with
increased neutrophil infiltration. Those injuries were sig-
nificantly improved in septic animals treated with embelin.

Effects of Embelin on the Survival Rate of Septic Rats

To examine whether embelin could prevent CLP-
induced death, a 7-day survival observation was carried
out. As seen in Fig. 5, nine of ten rats (90 %) in the CLP
group died within 1–5 days after surgery, while seven of
ten (70 %) rats, four of ten (40 %) rats, and two of ten

(20 %) rats died in the embelin subgroup 1–3, respectively.
All rats survived in the sham-control group. The overall
difference in survival rate between rats treated with or
without embelin was significant (p<0.05, resp.).

DISCUSSION

Various animal models have been used to investigate
the pathophysiology of sepsis and to test potential therapeu-
tics. Among those models, CLP-induced sepsis model is
currently considered as gold standard in experimental sepsis
studies [17, 18]. In this study, we used a rat CLP model to
investigate the protective effects of embelin in sepsis. CLP-
induced sepsis provoked systemic release of pro-
inflammatory cytokines and neutrophil infiltrations in major
organs. The injection of embelin resulted in significant de-
crease of serum pro-inflammatory cytokines, reduced neu-
trophil infiltration and NF-κB expression in organs, and
improved morphology. In addition, treatment with embelin
improves the survival rate of rats that underwent sepsis.

The inflammatory response that characterizes sepsis
results from excessive pro-inflammatory cytokines, while

Table 1. Evaluation of Organ Injuries in Septic Rats Treated With or Without Embelin (mean±SD)

Sham (n=5) CLP (n=5) Embelin (mg/kg BW)

1 (n=5) 10 (n=5) 100 (n=5)

cTnI (ng/ml) 1.42±0.22** 6.72±0.82 5.42±0.45## 4.56±0.44##* 2.34±0.28##

BUN (mmol/l) 8.6±2.2** 24.2±8.3 20.4±5.3# 16.0±4.2##* 10.1±3.2##

Cr (μmol/l) 27.4±6.2** 58.4±11.6 50.5±9.8# 39.5±7.3##** 29.4±8.2##

AST (U/l) 112.2±24.3** 202.4±45.2 180.3±38.4## 165.2±23.2##** 125.0±22.1##

ALT (U/l) 42.4±12.0** 84.4±22.0 75.2±9.5# 65.2±8.4##** 52.4±10.4##

LDH (U/l) 162.5±29.2** 505.2±98.8 437.3±101.2## 286.5±79.1##** 185.2±60.2##

Lactate (mg/dl) 15.4±3.2** 26.3±4.4 18.6±3.2# 15.3±2.1##* 12.4±2.1##

Embelin prevents multi-organ dysfunction
cTnI cardiac troponin I, BUN urea nitrogen, Cr creatinine, AST aspartate transaminase, ALT alanine transaminase, LDH lactate dehydrogenase
*p<0.05, **p<0.01, compared to other groups; # p<0.05, ## p<0.01, compared to the CLP group.

Fig. 2. Effects of embelin on organ MPO activities of septic rats. Organ MPO activities were increased at 20 h after CLP. MPO activities in lung, liver, and
ileum were reduced in rats treated with embelin. Compared to other groups, *p<0.05, **p<0.01; compared to the CLP group, #p<0.05, ##p<0.01.

Zhou, Huang, and Cao



the anti-inflammatory reaction fails to cause adequate im-
munosuppression [22]. Excessive production and release of
pro-inflammatory cytokines during sepsis are associated
with the uncontrolled inflammatory responses, which are
attributed to tissue damage and multiple organ failure
(MOF). Numerous anti-inflammatory agents have been
used to prevent tissue or organ damage induced by abundant
inflammatory cytokines in sepsis [23–25]. The results of
those studies suggested that the anti-inflammatory agents
could protect animals from septic injuries and improve

survival. Embelin was also found to reduce inflammatory
cytokine expressions and to inhibit neutrophil accumulation
in experimental colitis and irritant contact dermatitis [13,
14]. In this study, to investigate the protective effects of
embelin on CLP-induced rat sepsis, a single dose of embelin
was administrated 1 h after CLP surgery. Our results showed
that embelin treatment reduced serum levels of pro-
inflammatory cytokines including TNF-α, IL-1β, and IL-
6. In addition, treatment with embelin resulted in decreased
neutrophil infiltration and improved organ morphology.

Fig. 3. Embelin reduced CLP-induced activations of NF-κB and STAT3 in septic rats. The protein levels of p-p65 and p-STAT3 were determined using
Western blot assay at 6 h after CLP. Embelin significantly decreased the phosphorylation of NF-κB p65 and STAT3 in the injured liver of septic rats.
Compared to other groups, **p<0.01; compared to the CLP group, #p<0.05, ##p<0.01.

Fig. 4. Histological evaluation of distal ileum, lung, and liver. CLP led to organ injuries with increased neutrophil infiltration. Embelin treatment resulted in
improved morphology in ileum, lung, and liver with reduced neutrophil infiltration (H&E stain, ×200).
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The activation of the NF-κB plays a central role in
inflammation through its ability to induce transcription of
pro-inflammatory genes [26]. The pathophysiology of sep-
sis involves complex inflammatory mediator networks, and
NF-κB activation is a central event leading to the activation
of these networks [27]. In addition, NF-κB activation results
in increased gene expression and biosynthesis of pro-
inflammatory cytokines in sepsis [28]. Previous studies
suggested that suppression of NF-κB activation resulted in
improved prognosis of sepsis [29, 30]. Embelin is known to
suppress the activation of NF-κB induced by inflammatory
and carcinogenic agents [15]. Therefore, it is possible that
embelin reveals its protective effects on sepsis via inhibiting
the activation of NF-κB. To test this hypothesis, we detected
organ NF-κB activities in this study. Our results showed that
embelin reduced organ NF-κB activities of septic rats.

STAT3, a member of the STAT family, is another
important transcriptional factor mediating cytokine signal-
ing during sepsis and septic shock. Riley et al. reported that
STAT3 deficiency in neutrophils and macrophages fails to
respond to IL-10 and that high levels of TNF-α are secret-
ed after inflammatory stimuli [31]. The conditional
STAT3−/− mice exhibited an increased lethality with
hepatic and renal injuries in CLP-induced sepsis [32].
Those results suggested that STAT3 is crucial in regulating
systemic inflammation. In addition, unphosphorylated
STAT3 has been reported to mediate the anti-
inflammatory pathway of alpha7nAChR and inhibit cyto-
kine production in sepsis [33]. Moreover, inhibition of
STAT3 phosphorylation is able to ameliorate sepsis in mice
[34]. Our results showed that embelin significantly
inhibited the phosphorylation of STAT3 in CLP-induced

sepsis. Thus, it is possible that embelin ameliorated rat
sepsis via downregulating the STAT3 pathway.

CONCLUSION

Our results indicate that embelin may have beneficial
effects in a rat model of sepsis that mimics the systemic
release of pro-inflammatory cytokines, organ inflamma-
tion, and injuries via suppressing the activation of NF-κB
p65 and STAT3. Thus, the treatment with embelin may be
effective in improving the prognosis of sepsis.
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