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Emodin attenuated severe acute pancreatitis via the
P2X ligand-gated ion channel 7/ NOD-like
receptor protein 3 signaling pathway
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Abstract. Acute pancreatitis (AP) is an aseptic inflammation
characterized with an annual incidence rate, and ~20% patients
progressing to severe AP (SAP) with a high mortality rate.
Although Qingyi decoction has been frequently used for SAP
treatment over the past 3 decades in clinic, the actual mecha-
nism of its protective effects remains unknown. As the major
active ingredient of Qingyi decoction, emodin was selected in
the present study to investigate the effect of emodin against
severe acute pancreatitis (SAP) in rats through NOD-like
receptor protein 3 (NLRP3) inflammasomes. The rats were
randomly divided into a sham operation group, an SAP model
group induced by a standard retrograde infusion of 5.0%
sodium taurocholate into the biliopancreatic duct, and low-dose
(30 mg/kg) and high-dose (60 mg/kg) emodin-treated groups.
At 12 h after the event, the plasma amylase, lipase, interleukin
(IL)-1p, IL-18 and myeloperoxidase (MPO) activities were
examined. Furthermore, the pathological scores of pancre-
ases were evaluated by hematoxylin and eosin staining. The
expression levels of P2X ligand-gated ion channel 7 (P2X7),
NLRP3, apoptosis-associated speck-like protein containing a
C-terminal caspase recruitment domain and caspase-1 were
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also analyzed by western blot analysis. The data demonstrated
that, compared with the SAP group, emodin could signifi-
cantly relieve the pancreatic histopathology and acinar cellular
structure injury, and notably downregulate the plasma amylase
and lipase levels, as well as the MPO activities in pancreatic
tissues, in a dose-dependent manner. Furthermore, emodin
inhibited the P2X7/NLRP3 signaling pathway followed by the
decrease of pro-inflammatory factors, and the latter is benefi-
cial for the recovery of SAP. Collectively, the data indicated
that emodin may be an efficient candidate natural product for
SAP treatment.

Introduction

As one of the most common gastrointestinal diseases, acute
pancreatitis (AP) frequently occurs due to gallstones and
alcohol abuse, with an annual incidence rate of 13-45/100,000
in USA in 2011 (1). Although 80% of patients with AP exhibit
mild symptoms, including abdominal pain, fever, nausea
and vomiting, ~20% of patients with AP progress to severe
AP (SAP), which has a mortality rate of 20-40% in USA in
2005 (2,3). Furthermore, patients with SAP frequently develop
specific chronic diseases following being discharged from
hospital, including prediabetes, diabetes, chronic pancreatitis
and pancreatic cancer (4,5). At present, the primary treatment
for SAP is limited to supportive care and treatment of compli-
cations (2). However, there are only a limited number of drugs
available, and the efficiency is not satisfactory (6,7). Therefore,
the investigation of an effective drug or other therapeutic
options is critical for the treatment of SAP in clinic.

SAP begins with premature activation of digestive enzymes
within the pancreatic acinar cell, which can cause acinar cell
necrosis and subsequent activation of the pro-inflammatory
cascade, resulting in systemic inflammatory response
syndrome as well as multiple organ dysfunctions (1,8).
Numerous studies demonstrated that the extent of inflam-
matory response positively associates with disease severity;
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however, the detailed molecular mechanisms remain
unclear (9,10). Proinflammatory cytokines from activated
monocytes and macrophages, including interleukin (IL)-18 and
IL-18, are hypothesized to have an important function in this
cascade (11). Thus, an improved understanding of IL-1f3 and
IL-18 synthesis and secretion is beneficial for the development
of novel anti-SAP drugs. Recent studies have been directed
to the purinergic receptor P2X ligand-gated ion channel 7
(P2X7), which serves a key role in the maturation of IL-1$
and IL-18 through the recruitment of the NOD-like receptor
protein 3 (NLRP3) inflammasome-caspase-1 complex (12-14).
The positive association between the severity of SAP and
pro-inflammatory cascade indicates that the P2X7/NLRP3
signaling pathway could be a reliable therapeutic target for
SAP (9).

Emodin is a natural anthraquinone compound from
the oriental herb Rheum officinale Baill, which has various
physiological effects, particularly its anti-inflammatory
properties (15). It is also the primary active ingredient of
Dachengqi decoction and Qingyi decoction that have been
frequently used for SAP treatment (16-19). However, the
potential therapeutic mechanism is not fully understood.
Previous studies provide evidence for a novel role of emodin as
an antagonist of P2X7R, which can inhibit ATP-induced IL-18
secretion from rat peritoneal macrophages through the inhibi-
tion of P2X7R activation (20-22). Han et al (23) determined
the effects of emodin on inflammation-associated disorders,
including endotoxemia, Alzheimer's disease, obesity and
fibromyalgia through the regulation of NLRP3 inflammasome
activation (25,26). In the present study, the effects of emodin
on regulating the P2X7/NLRP3 signaling pathway whilst the
SAP rat model was induced by intraductal infusion of 5.0%
sodium taurocholate, and the functions and mechanisms for its
protective effects were investigated.

Materials and methods

Reagents and materials. Emodin (cat. no. IE0070) and
sodium taurocholate (cat. no. T8510) was obtained from
Solarbio Science & Technology Co., Ltd. (Beijing, China).
Rat IL-18 ELISA kit (cat. no. ab213909), rat IL-1p ELISA
kit (cat. no. abl00768), rat Pancreatic Amylase ELISA kit
(cat.no. ab137969) and rat Lipase ELISA kit (cat. no. ab102524)
were obtained from Shanghai Lengton Bioscience Co., Ltd.
(Shanghai, China). The Power Vision Two-Step histo-staining
reagent (cat. no. 1003-1) was purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China). A
BCA protein assay kit (cat. no. PO010S) was purchased from
Beyotime Institute of Biotechnology (Shanghai, China). Rabbit
anti-P2X7 (1:1,000, cat. no. 1114-1-AP), caspase-1 (1:1,000,
cat. no. 22915-1-AP) and myeloperoxidase (MPO; 1:100,
cat. no. 22225-1-AP), GAPDH-conjugated Affinipure IgG
(1:800, cat. no. 10494-1-AP), horseradish peroxidase-conju-
gated goat anti-rabbit IgG (1:300, cat. no. SA00001-2) and
tetramethylrhodamine (TRITC)-conjugated goat anti-rabbit
IgG (H+L) (1:300, cat. no. SA00007-2) were purchased from
Proteintech Group, Inc. (Chicago,IL,USA).Rabbit anti-NLRP3
(1:1,000, cat. no. bs-6655R) and rabbit anti-apoptosis-asso-
ciated speck-like protein containing a C-terminal caspase
recruitment domain (ASC) (1:1,000, cat. no. bs-6741R) were
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purchased from Biosynthesis Biotechnology Co., Ltd. (Beijing,
China). All antibodies were diluted in TBST buffer (20 mM
Tris-HCl, 500 mM NaCl and 0.05% Tween-20; pH 7.5).

Experimental animals. A total of 48 male Sprague-Dawley
(SD) rats with body weight 250+20 g were obtained from the
Experimental Animal Center of Dalian Medical University
(Dalian, China). SD rats were kept at 21+2°C with 50+10% rela-
tive humidity and a 12/12 h light/dark cycle, with free access to
standard laboratory feed and water. The experimental protocol
was approved by the Ethical Committee for Laboratory
Animal Care and Use of Dalian Medical University.

Animal model. SD rats were randomly divided into 4 groups
(n=12), including: Sham operation (SO); SAP model
(SAP); and low-dose (30 mg/kg) and high-dose (60 mg/kg)
emodin-treated groups. SAP was induced according to our
previously described method (19). Briefly, rats were anesthe-
tized with 2.5% sevoflurane in an induction chamber following
fasting for 12 h. Subsequently, the pancreas was exposed along
a midline incision. The biliopancreatic duct was cannulated
through the duodenum, and the hepatic duct was closed by a
microvascular clamp, temporarily. Following this, SAP was
induced by a standard retrograde infusion of 5.0% sodium
taurocholate (0.1 m1/100 g body weight) into the biliopancre-
atic duct. Finally, the pancreas was carefully replaced and the
abdomen was closed. The SO group was administered with
sterile saline. Additionally, emodin was suspended in 0.5%
sodium carboxymethylcellulose (CMC-Na). Emodin was
intra-gastrically applied to the rats immediately and at 6 h
after the administration of sodium taurocholate. The SO and
SAP groups were administered with 0.5% CMC-Na of equiva-
lent volume. Samples were obtained at 12 h after the model
was established. Blood samples were obtained for biochemical
analyses. The pancreatic head was fixed with 10% formalin for
24 h at room temperature and embedded in paraffin for histo-
pathological examination. For western blot analyses, pancreas
samples were immediately frozen and maintained at -80°C.

Plasma amylase and lipase assays. Plasma amylase and lipase
levels were assayed with commercially available rat Pancreatic
Amylase ELISA kit and rat Lipase ELISA kit, according to
the manufacturer's protocols. The absorbance at 450 nm repre-
senting the relative level of amylase and lipase in each well
was measured by a microplate reader purchased from Thermo
Fisher Scientific, Inc. (Waltham, MA, USA).

Histopathological examination. Formalin-fixed tissue
samples from each group were sliced (5 ym), dewaxed and
stained with hematoxylin and eosin (H&E) for histological
examination (hematoxylin for 5 min and 0.5% eosin for
3 min) at 37°C. Images were captured using a light microscope
(Leica DM4000B; Leica Microsystems GmbH, Wetzlar,
Germany) at x200 magnification. The pathological scores were
evaluated based on the scoring system detailed in Table I (16).

Transmission electron microscope assay. A small portion of
pancreas (<1 mm?) were fixed overnight at 4°C in 2% glutar-
aldehyde, followed by postfixed with 1% osmium tetroxide
for 2 h at 4°C after washing 3 times (15 min/time) in 0.1 M
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Table I. Histological scoring for acute pancreatitis.
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Condition Score Description
0 Absent
1 Focally increased between lobules (localized enlargement of the pancreas secondary to
interstitial or inflammatory edema without necrosis)
Edema 2 Diffusely increased between lobules
3 Acini disrupted and separated
4 3 + diffuse expansion in intercellular septas
0 Absent
1 Around ductal margin
Inflammation 2 In parenchyma (<50% of lobules)
3 In parenchyma (51-75% of lobules)
4 In parenchyma (>75% of lobules)
Vacuolization 0 Absent
1 Periductal (<5%)
2 Focal (5-20%)
3 Diffuse (21-50%)
4 Severe (>50%)

The samples were evaluated by a pathologist blind to the study groups under a light microscopy. Edema, inflammation, and vacuolization in

pancreatic tissue were scored between 0 and 4.

sodium cacodylate buffer (cat. no. 97068, Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany). Subsequently, tissues
were dehydrated in 50, 70, 95 and 100% ethanol solutions
(15 min per concentration) and embedded in epoxyresin.
Ultrathin sections were sliced (70 nm) and collected on
copper grids. The obtained sections were stained with uranyl
acetate (2 h at room temperature) and lead citrate (5 min at
room temperature), and then observed using a JE-2000EX
transmission electron microscope (JEOL Ltd, Tokyo, Japan) at
x12,000 magnification.

Immunohistochemical detection of MPO. The Power Vision
Two-Step Histo-staining Reagent was used to determine the
MPO expression in the pancreas. Briefly, at room temperature,
tissue sections (5 ym) of 10% formalin-fixed samples in each
group were dewaxed in xylene (10 min) and 50, 70, 95 and
100% ethanol (5 min each) and washed 3 times in tap water.
Endogenous peroxidase activity was blocked with 3% (v/v)
H,0,, and the sections were incubated with 5% bovine serum
albumin for 10 min at room temperature. Rabbit polyclonal
anti-MPO antibody (1:100) was incubated overnight at 4°C.
Subsequently, sections were washed with PBS 3 times for
15 min and incubated with horseradish peroxidase-conjugated
goat anti-rabbit IgG (1:300) for 1 h at 37°C. Images were
captured with a light microscope (Leica DM4000B) at
x200 magnification. Integral optic density (IOD) of the images
was counted using Image Pro Plus 6.0 software (Media
Cybernetics, Inc., Rockville, MD, USA).

Immunofluorescence detection of MPO. Immunofluorescence
staining of MPO was performed with pancreas sections as
described by Liu et al (20). The sections were dewaxed in a

gradient of ethanol (50, 70, 95 and 100%; 5 min per concentra-
tion) at room temperature, and blocked with 5% bovine serum
albumin for 20 min at room temperature following washing
3 times with PBS (5 min/time). Subsequently, the slides were
treated with rabbit polyclonal anti-MPO antibodies (1:100)
at 37°C for 2 h, and then incubated with TRITC-conjugated
goat anti-rabbit IgG (H+L) (1:300) for 1 h at room temperature
in the dark. Digital images were captured with an Olympus
BX63 fluorescent microscope (Olympus BX63; Olympus
Corporation, Tokyo, Japan) at X200 magnification. Fluorescent
intensity of the images was calculated using Image Pro Plus 6.0
software.

Western blotting assay. Total protein was extracted from the
pancreas tissues in different groups using a whole protein
extraction kit (Nanjing KeyGen Biotech Co., Ltd., Nanjing,
China), and the protein concentration was assayed using a
BCA protein assay kit. Samples (50 pg) were separated by
10% SDS-PAGE and transferred onto polyvinylidene fluoride
membranes. The blots were blocked with 5% non-fat milk
at room temperature for 3 h, and then incubated overnight
at 4°C with the primary antibodies against P2X7, NLRP3,
ASC and caspase-1 (1:1,000 dilution). Subsequently, the blots
were incubated with the horseradish peroxidase-conjugated
goat anti-rabbit IgG (1:1,000) for 4 h at room temperature.
Proteins were detected by BeyoECL Plus enhanced chemilu-
minescence substrate (cat. no. PO018; from Beyotime Institute
of Biotechnology). Protein bands were visualized with a
ChemiDoc XRS bioimaging system (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). Bands were normalized with
GAPDH (1:800 dilution with TBST buffer) as an internal
control.
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Figure 1. Emodin alleviates pancreatic injury in SAP rats. (A) Effects of emodin on hematoxylin and eosin staining of the pancreas in SAP rats. Images are
depicted at x200 magnification (n=3). (B) The histological scores of the pancreases in SAP rats. (C) Effects of emodin on the plasma levels of amylase in SAP
rats. (D) Effects of emodin on the plasma levels of lipase in SAP rats. The data are presented as the mean + standard deviation, n=12. “P<0.01 vs. SO; “P<0.05
vs. SAP and #P<0.01 vs. SAP. SAP, severe acute pancreatitis; SO, sham operation.

Plasma IL-13 and IL-18 assay. Plasma IL-1p and IL-18
levels were detected by Rat IL-18 ELISA kit and rat IL-1p
ELISA kit (cat. no. abl00768), according to the manufac-
turer's protocols. Briefly, the plasma in each group was
transferred into a 96-well plate with a coating layer of IL-1f
and IL-18 antibodies, and incubated at 37°C for 60 min.
Following this, the plate was washed 5 times with diluted
washing solution. Subsequently, the chromogen solution and
stop solution was sequentially added into each well for incu-
bation of 10 min at room temperature in the dark. Finally,
the absorbance at 450 nm in each well was measured by a
microplate reader (Thermo Fisher Scientific Inc.). The stan-
dard curve was established to calculate the concentration of
IL-1P and IL-18.

Statistical analysis. All statistical analyses were performed
using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA).
Data are expressed as the mean + standard deviation. The
differences between the groups were analyzed using one-way
analysis of variance with the least significance difference test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Emodin alleviates pancreatic injury in SAP rats. As depicted
in Fig. 1A and B, there were no distinct pathological changes
in the SO group, whereas H&E staining results revealed that
pancreatic injury in SAP rats contained large areas of tissue
edema, together with leukocyte infiltration, acinar cell vacuol-
ization, necrosis and hemorrhage, and the histological scores
were significantly increased (P<0.01, SAP vs. SO). However,
alleviated pancreatic injury and decreased pancreatic histo-
logical scores were observed in the emodin-treated groups,
particularly in the high-dose (60 mg/kg) group (P<0.01;
Emodin 60 mg/kg vs. SAP).

To examine the effect of emodin on the severity of SAP,
the activities of plasma amylase and lipase were examined
using ELISA kits. The results confirmed that the plasma
amylase and lipase levels in the SAP group were 2-fold
increased, compared with the SO group (P<0.01). However,
the application of emodin notably downregulated these
elevations in a dose-dependent manner (Fig. 1C and D;
P<0.01, Emodin 60 mg/kg vs. SAP). These results indicated
the beneficial effects of emodin on pancreatic injury in SAP
rats.

Emodin attenuates acinar cellular structure injury in SAP
rats. The detailed characterization of ultrastructural changes
in rat pancreatic acinar cells following SAP injury was
observed with transmission electron microscope technology
at x12,000 magnification. Electron micrography of acinar
cells in the SO group demonstrated a regular cellular struc-
ture with a rough endoplasmic reticulum (RER)-rich basal
region (Fig. 2A). However, in the SAP group, focal dilation
and degranulation of RER was observed in acinar cells, with
an accumulation of autophagic vacuoles and dense materials.
Additionally, notable damage to the solitary mitochondria and
widespread blebbing of the cytoplasm were observed in the
basal zones of acinar cells (Fig. 2B; black arrow). Treatment
with emodin notably ameliorated acinar cellular structure
injury in a dose-dependent manner (Fig. 2D and C). These
results further demonstrated that emodin possessed a potent
protective effect on the ultrastructure of acinar cells following
inducing SAP damage.

Emodin downregulates the expression levels of MPO in the
pancreatic tissue of SAP rats. MPO content is considered as
the indicator of local neutrophil sequestration in the pancreas
following inducing SAP (21). In the present study, the images
of immunohistochemical analysis indicated that the rats in the
SAP group exhibited an increased MPO-positive area in the
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Figure 2. Emodin attenuates acinar cellular structure injury in SAP rats. Representative images of cell ultrastructure in the (A) SO, (B) SAP, (C) high-dose
emodin-treated (60 mg/kg) and (D) low-dose emodin-treated groups. Images were depicted at x12,000 magnification, n=3. Black arrow indicate granular
cytoplasmic reticulum, and adverse changes in the solitary mitochondria and cytoplasmic vacuoles in acinar cells. SAP, severe acute pancreatitis; SO, sham

operation.

pancreas, compared with the SO group. Following emodin
treatment, the protein expression of MPO was significantly
decreased [P<0.01, Emodin (60 or 30 mg/kg) vs. SAP;
P<0.05, Emodin 30 mg/kg vs. SAP], thereby downregulating
IOD in a dose-dependent manner, compared with the SAP
group (Fig. 3A and B).

Furthermore, immunofluorescence indicated that MPO
activity was significantly increased following the induction
of SAP. Emodin administration could notably downregulate
pancreatic MPO expression, as manifested by the reduced
fluorescence intensity, compared with the SAP group
[Fig. 3C and D; P<0.01, Emodin (60 or 30 mg/kg) vs. SAP].
These data indicated that emodin could decrease neutrophil
infiltration into the pancreas and block the inflammation
cascade.

Emodin inhibits the expression of P2X7/NLRP3 pathway-
associated proteins in pancreatic tissues. In the present study,
whether the P2X7/NLRP3 signaling pathway is involved in
the protective effects of emodin on SAP in rats was investi-
gated. As depicted in Fig. 4A-D, the expression levels of P2X7,
NLRP3, ASC and caspase-1 in the pancreatic tissue were

significantly increased (P<0.01, SAP vs. SO) Furthermore,
treatment with emodin (30 mg/kg) inhibited the expression
levels of P2X7, NLRP3, ASC and caspase-1, but the difference
was not statistically significant (P>0.05, Emodin 30 mg/kg
vs. SAP). However, these inhibitions were significant in the
high-dose emodin-treated (60 mg/kg) group (P<0.01, Emodin
60 mg/kg vs. SAP). The western blot results indicated that
emodin inhibited the P2X7/NLRP3-mediated signaling
pathway.

Emodin reduces the plasma concentrations of IL-13 and IL-18.
The in vivo effects of emodin on IL-1f and IL-18 release was
also investigated. As depicted in Fig. 5SA and B, compared with
the SO group, the plasma levels of the IL-1f and IL-18 were
significantly increased following the SAP event (P<0.01, SAP
vs. SO), which were reduced when emodin (60 mg/kg) was
administered (P<0.01, Emodin 60 mg/kg vs. SAP). The levels
of these 2 pro-inflammatory cytokines were reduced in the
low-dose emodin-treated group, but this was not statistically
significant, while this reduction was significantly decreased
in the high-dose emodin-treated group (P<0.01, Emodin
60 mg/kg vs. SAP).
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Figure 4. Emodin inhibits the expression of P2X7 and NLRP3 in the pancreatic tissues. (A) Effects of emodin on the protein expression of P2X7, NLRP3, ASC
and caspase-1 in SAP rats. (B) Statistical analysis of the effects of emodin on proteins expression levels (n=3). The data are presented as the mean + standard
deviation, “P<0.01 vs. SO, P<0.05 vs. SAP and *P<0.01 vs. SAP. SAP, severe acute pancreatitis; SO, sham operation; P2X7, P2X ligand-gated ion channel 7,
NLRP3, NOD-like receptor protein 3; ASC, apoptosis-associated speck-like protein containing a C-terminal caspase recruitment domain.

Discussion

SAP is a common clinical condition with high incidence of
morbidity and mortality due to the lack of effective medi-
cine against this disease (1,2). Therefore, novel drugs with
high efficacy and minimal side effects are vital for SAP
treatment. Studies have indicated that emodin is a potential
candidate in the treatment of clinical and experimental SAP,
but the underlying mechanisms by which emodin performs its

pharmacological activities, particularly on anti-inflammatory
effects during SAP, remain unknown (18,19,27).

Pancreatic histopathological alterations, including
interstitial edema, inflammatory cell infiltration and acinar
cell vacuolization, are the crucial alterations for evaluating
pancreatic damage (19). In the present experiments, the
classic rat model of SAP induced by intraductal infusion of
5.0% sodium taurocholate was used and it was demonstrated
that emodin may improve SAP-induced histopathological
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and ultrastructural alterations in a dose-dependent manner.
According to the Atlanta classification and definitions, pancre-
atic digestive enzymes, including amylase and/or lipase,
are the most common biochemical hallmarks of SAP (8).
Additionally, treatment with emodin may decrease plasma
amylase and lipase levels as well as MPO activities in pancre-
atic tissues of SAP rats.

SAP is an aseptic inflammation characterized by a
large number of pro-inflammatory cytokines released
from damaged acinar cells (11). P2X7, as a member of the
P2X family of ATP-gated cation channels, is an important

molecule in inflammation (28). It has a long (250 amino
acid) intracellular C-terminal domain, which enables the
coupling of channel activation to a complex and diverse
downstream signaling cascade (12). The activation of P2X7
stimulates multiple signaling pathways, including reactive
oxygen species (ROS) and mitogen-activated protein kinase,
and nuclear factor (NF)-kB transcription factors, with the
latter producing a large number of inflammatory media-
tors (29-31). Recent studies demonstrated that P2X7 activation
is one of the most effective stimuli for NLRP3 inflammasome
activation (12,32,33). The NLRP3 inflammasome is a macro-
molecular multiprotein complex with a molecular weight of
~700 kDa, which composes of NLRP3, adaptor protein ASC
and effector protein caspase-1 (34). NLRP3 is one of the
members of the NOD-like receptor family of cytoplasmic
recognition receptors that recognizes intrinsic hazards and
external stress signals, including ATP and ROS (35). As a
core protein, activated NLRP3 recruits downstream proteins
ASC and caspase-1 to form the NLRP3 inflammasome (36).
Following the assembly, the inactive caspase-1 precursor is
activated into caspase-1, which promotes cleavage, matura-
tion and release of inactivated pro-IL-1f3 and pro-IL-18, and
induces the inflammatory cascade (37). Studies demonstrated
that NLRP3 can also increase the expression of IL-1f precursor
by activating the NF-kB signaling pathway and further
enhance the effect of the NLRP3 inflammasome (21,22,38). To
investigate whether the protective functions of emodin admin-
istration derived from the P2X7/NLRP3 signaling pathway,
the expression levels of P2X7, NLRP3, ASC and caspase-1 in
pancreatic tissues were examined. It was determined that all
4 protein expression levels were significantly enhanced in the
SAP group, compared with the SO group, indicating that the
P2X7/NLRP3 signaling pathway-associated proteins partici-
pated in SAP, while the expression levels of these 4 proteins
were decreased following emodin administration (vs. SAP).
This indicated that the protective effects of emodin against
SAP may be partially through inhibiting the activation of P2X7
and NLRP3 inflammasome. Numerous studies demonstrated
that P2X7R is primarily expressed in rodent duct cells in the
pancreas, which regulates calcium signaling and ion trans-
port (13,14,39). Notably, Novak et al (40) demonstrated that
the P2X7 receptors are also expressed in exocrine glands. The
acini in the pancreas exhibits low functionality of purinergic
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receptor signaling and apparent lack of P2X7 receptors, but
the pancreatic duct cells highly expressed various P2 recep-
tors, particularly P2X7 receptors (40). Additionally, the initial
injury in SAP is characteristically sterile, which results in
acinar cells necrosis (41). Furthermore, the sterile inflamma-
tory response mediated through damage associated molecular
patterns (DAMPs) released from necrotic acinar cells serve a
vital role in the process of pancreatic injury, which functions
through the plasma membrane P2X7 receptor (42). Further
studies will focus on the regulating effect of emodin on the
DAMPs system in SAP. Additionally, based on the present
data, the P2X7/NLRP3 mediated inflammatory signaling
pathway was activated at 12 h after the event. However, inflam-
mation primarily depends on the time-course, which indicated
that P2X7 induction would be associated with the severity of
pancreatitis. This is an notable expectation for P2X7 research
in pancreatitis in the future.IL-1p and IL-18 are impor-
tant pro-inflammatory cytokines regulated by the NLRP3
inflammasome, and serve a central role in the regulation of
inflammation and innate immune system during inflammatory
diseases, including Crohn's disease and Blau syndrome (12,43).
IL-1pB is considered to be one of the earliest and most potent
pro-inflammatory factors synthesized and released in response
to infectious and injuries, and therefore it is significant to
septic and sterile inflammation (11,44). Previous studies
demonstrated that IL-1f is associated with the severity of
SAP, and inhibition of IL-1f can relieve SAP (45,46). Mature
IL-1p binds to IL-1p receptors to regulate the modification
and activation of proinflammatory cytokines, including tumor
necrosis factor (TNF)-a, IL-8 and IL-17 (47). IL-18 is a novel
pro-inflammatory cytokine with a similar structure and func-
tion to IL-1p (48). Recently, numerous studies focused on the
important roles that IL-18 serves in the synthesis and secre-
tion of IL-1, TNF-a and other chemokines (12,23). Therefore,
blocking the overproduction of these proinflammatory factors
indicates a potential efficient route for SAP therapy.

In the present study, the levels of plasma IL-1{ and IL-18
following emodin treatment were analyzed. Results demon-
strated that the levels of IL-1{3 and IL-18 in the SAP group were
significantly increased, compared with the SO group, while
they were slightly reduced in the low-dose emodin-treated
group, but notably decreased in the high-dose emodin-treated
group. This indicated a potential suppression function of
emodin on the P2X7/NLRP3 signaling pathway. The rat
model that was used in the present study is a typical model
of SAP (24). According to our previous studies, at 6 h after
the induction, the rat exhibited a notable increase of inflam-
matory level, which could mimic the clinic characteristics of
patients with SAP. Therefore, using the 6 h time point for the
administration of emodin would provide the highest beneficial
effects (24,49). In conclusion, the anti-inflammatory effect of
emodin on SAP rats may reduce the concentration of IL-1p
and IL-18 in plasma by inhibiting the P2X7/NLRP3 signaling
pathway, thereby delaying the progress of SAP and improving
the systemic inflammatory status (Fig. 6). Therefore, emodin
is expected to be one of the emerging and efficient candidate
natural products for SAP treatment. However, it requires
further clinical investigations on the positive effects of emodin
based on routine treatment and to determine how to inhibit
inflammatory responses in the early stages of SAP.
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