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Chronic pancreatitis (CP) is a progressive fibro-inflammatory syndrome. The damage of
acinar cells is the main cause of inflammation and the activation of pancreatic stellate cells
(PSCs), which can thereby possibly further aggravate the apoptosis of more acinar cells.
Saikosaponind (SSd), a major active ingredient derived from Chinese medicinal herb
bupleurum falcatum, which exerted multiple pharmacological effects. However, it is not
clear whether SSd protects pancreatic injury of CP via regulating the apoptosis of
pancreatic acinar cells. This study systematically investigated the effect of SSd on
pancreatic injury of CP in vivo and in vitro. The results revealed that SSd attenuate
pancreatic damage, decrease the apoptosis and suppress the phosphorylation level of
MAPK family proteins (JNK1/2, ERK1/2, and p38MAPK) significantly in the pancreas of CP
rats. In addition, SSd markedly reduced the apoptosis and inflammation of pancreatic
acinar AR42J cells induced by cerulein, a drug induced CP, or Conditioned Medium from
PSCs (PSCs-CM) or the combination of PSCs-CM and cerulein. Moreover, SSd
significantly inhibited the activated phosphorylation of JNK1/2, ERK1/2, and p38
MAPK induced by cerulein or the combination of PSCs-CM and cerulein in AR42J
cells. Furthermore, SSd treatment markedly decreased the protein levels of p-JNK and
p-p38 MAPK caused by PSCs-CM alone. In conclusion, SSd ameliorated pancreatic
injury, suppressed AR42J inflammation and apoptosis induced by cerulein, interrupted the
effect of PSCs-CM on AR42J cells inflammation and apoptosis, possibly through MAPK
pathway.
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INTRODUCTION

Pancreatitis is an inflammatory disease of the pancreas and divided into acute and chronic
pancreatitis. Chronic pancreatitis (CP) is characterized by irreversible inflammatory disorders
that leading to fibrotic destruction of pancreatic parenchyma, endocrine, and exocrine
dysfunction (Sheth et al., 2017). CP develops due to repeated episodes of acute pancreatitis (AP)
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resulting in the activation of pancreatic stellate cells (PSCs); thus
fibrosis (Beyer et al., 2020). There is no specific treatment for CP.
Elucidation to the new targets of the injured pancreas and the
interplay with the cells will help identify potential therapies.

Previous studies on CP focuses on pancreatic stellate cells
(PSCs), which majorly involved in the process of fibrosis. Acinar
cell injury is the central to AP. However, the role of acinar cells in
CP was less studied. It was well accepted that the process of
cellular apoptosis of acinar cells was observed during the course
of CP and the acinar cell apoptosis index was higher in CP than
controls (Su et al., 2001; Bateman et al., 2002). In the early stage of
CP, acinar cells were firstly damaged and initiated a cascade of
pancreatic autodigestion and inflammation. The acinar cell injury
involves acinar cell release of inflammatory mediators, activation
of PSCs and recruitment of various immune cells (Patel Fine.,
2005). The activated PSCs ultimately produce excessive
extracellular matrix (ECM), manifested as pancreatic fibrosis
(Chen et al., 2012; Erkan et al., 2012). In turn, the activated
PSCs secret kinds of cytokines and chemokines that further
facilitate the apoptosis of acinar cells (Xia et al., 2018).
Therefore, preventing or suppressing the injury of acinar cells
might be an efficacious therapeutic strategy for CP.

Matsushita et al. found that the apoptosis of pancreatic acinar
cells was increased in a dibutyltin dichloride (DBTC) induced CP
model (Matsushita et al., 2012). Apoptosis refers to a programmed
form of cell death after being subjected to various stimuli (D’Arcy
2019). The role of the pro-apoptotic protein Bax and the anti-
apoptotic protein Bcl-2 in regulating apoptosis are mainly to
change the mitochondria Permeation of the outer membrane
and regulate the release of cytochrome C. Then cytochrome C
activates Caspase-9 and effector apoptotic protease Caspase-3.
Afterwards, activated Caspase-3 trigger the cascade of apoptosis,
and eventually lead to apoptosis (Jia et al., 2012). TheMAPK family
includes three members: p38 MAPK, c-Jun N-terminal kinase
(JNK) and extracellular signal-regulated kinase 1 and 2 (ERK1/
2). ERK, JNK, and p38 MAPK have been reported increased in
mice CP model (Xu et al., 2018). Moreover, growing evidence
demonstrated that the activation ofMAPK cascades promoting cell
apoptosis (Liu et al., 2018; Zakki et al., 2018).

Saikosaponin d (SSd) is a triterpenoid saponin compound derived
from the plant Bupleurum falcatum. SSd has been reported to
exert multiple pharmacological effects, including anti-inflammation
activity (Wang et al., 2015). Recently, our previous study suggested
that SSd inhibited autophagy of PSCs through PI3K/Akt/mTOR
pathway, thus ameliorated pancreatic fibrosis (Cui et al., 2019),
However, it is not clear whether SSd protect pancreatic injury of
CP via regulating the apoptosis of pancreatic acinar cells.

In the present study, we measured the effects of SSd on DBTC
induced pancreatic injury in vivo, and investigated the regulation
of SSd on the cell apoptosis in AR42J cells in vitro. We found that
SSd notably ameliorated pancreatic injury through reduced the
number of apoptotic pancreatic acinar cells via inhibiting MAPK
pathway. Furthermore, SSd protected the cerulein-induced injury
of AR42J cells through suppressing MAPK pathway. Meanwhile,
further exploration suggested that SSd interrupted the effects of
PSCs-CM and the combination of PSCs-CM and cerulein on
AR42J cells apoptosis through MAPK pathway. Thus, our

findings might help to comprehensively elucidate the role of
SSd in protecting pancreatic injury in CP.

METHODS

Materials and Reagents
Saikosaponin d (SSd) was purchased from Beijing Shenzhou
Kechuang chemical technology research institute (purity>98%;
Beijing, China). Its chemical structure is shown in the Figure 1A.
GAPDH (#5174), Bax (#2772), Bcl-2 (#2876), Caspase-3
(#14220), Cleaved-caspase-3 (#9664), Caspase-9 (#9508),
Phospho-p38 MAPK (#9211), p-JNK (#9255), JNK (#9252),
and p-ERK1/2 (#8544) antibodies were obtained from Cell
Signalling Technologies (Beverly, MA, United States). Cerulein
(HY-A0190) were purchased from Med Chem Express
(Shanghai, China).

Animals and CP Model
Male Wistar rats (weighting, 150–170 g) were purchased from
Beijing Huafukang Biotechnology Co., Ltd (Beijing, China). All
experiments were conducted in accordance with the ChineseGuide
for the Care and Use of Laboratory Animals as well as the methods
for themanagement of experimental animals. All experiments were
approved by the Medicine Ethical Committee of Tianjin Nankai
hospital. All animals were randomly assigned into three groups
including the control group, the CP group and the CP treated with
SSd group (eight mice for each group) according to the
experimental design outlined in Figure 1B.

The rat model of CP was induced by caudal vein injection of
7 mg/kg DBTC (Sigma Aldrich, United States) (Cui et al.,
2019). Briefly, DBTC (Sigma-Aldrich, China) was dissolved
in 100% ethanol first (one part), mixed with glycerol (two
parts) and finally mixed with DMSO (two parts). The
proportion of three solutions was 1:2:2. The CP group and
SSd group were injected DBTC solution (7 mg/kg body weight)
into the caudal vein. (Inoue et al., 2002). For the control group,
the rats were injected with vehicle (ethanol:glycerol:DMSO, 1:
2:2) only. The day after DBTC induction, the rats were orally
administered with normal saline (with 0.5% carboxymethyl
cellulose, (Na-CMC)) or 1 mg/kg/d SSd in 1.0 ml saline (with
0.5% Na-CMC). Rats were euthanized and analyzed after
4 weeks.

Histological Examinations
Haematoxylin and eosin (H and E) staining was used to explore the
changes of histology in the pancreas. Pancreas was rapidly removed
and immediately fixed in 4% paraformaldehyde solution. Fixed
tissues were cut into 5 μm sections and used for H and E staining.
The pancreatic histopathology scores were calculated by evaluating
the following criteria: edema, acinar vacuolization and necrosis,
and proinflammatory cell infiltration, in accordance with previous
reports (Niina, et al., 2014) (0 is normal and 4 is severe).

Serum Parameters
Serum amylase and lipase activities were measured by using assay
kits (C016-1, A054-2, Nanjing Jiancheng Bioengineering Institute,
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Nanjing, China) with spectrophotometric determination according
to the manufacturer’s protocols.

ELISA
The inflammatory factors IL-6, TNFα, and IL-1β in serum and
pancreatic tissue were estimated by using assay kits (CSB-E04640r,
CSB-E11987r, CSB-E08055r, CusaBio, Wuhan, China) according
to the manufacturer’s protocols.

In Situ TUNEL Fluorescence Staining Assay
A TdT-mediated dUTP nick-end labeling (TUNEL) assay
(Promega, Wisconsin, United States) was performed to identify
the apoptotic cell in situ. Briefly, the paraffined pancreatic sections

were dewaxed to hydrate, covered with protease K for 30 min at
37°C. The slides were washed by PBS and then incubated with
TUNEL reaction mixed solution at 37°C for 1 h. For analysis, the
images were captured with fluorescence microscope (Leica,
German) and the apoptotic cells were stained green. To avoid
histological differences between the samples, five visual fields were
randomly selected for each slice (six rats per group, n � 6). The
Image Pro Plus 6.0 software were used to analyzed the percentage
of TUNEL-positive cells (%) in the pancreas.

Cell Lines and Culture Conditions
Rat pancreatic acinar AR42J cells were obtained from ProCell
(CL-0025, Wuhan, Hubei, China) and cultured in Ham’s Fe12 K

FIGURE 1 | Effects of SSd on the histological changes, serum amylase and lipase in DBTC-induced CP (A) The chemical structure of SSd (B) Schematic of in vivo
experiment design. (C) The pathological score of H and E staining (original magnification, ×200). (D) Serum amylase levels. (E) Serum lipase levels. (F) The levels of IL-6,
TNF-α, and IL-1β in serum. (G) The levels of IL-6, TNF-α, and IL-1β in pancreatic tissue. (n � 6–8, pp < 0.05 vs. Sham group; #p < 0.05 vs. CP group).
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medium containing 20% fetal bovine serum and 1% penicillin/
streptomycin.

Cell Viability Assay
AR42J were seeded in 96-well plate with 5 × 103 cells/well. Cells
were treated with different concentrations of SSd (0, 1, 10, 20, 30,
40 or 50 μM) for 24 h, then added 10 μl Cell Counting Kit-8
solution (Beyotime, Shanghai, China) to each well. After
incubation for another 4 h, the absorbance at 450 nm was
determined by microplate reader. The percentage of viable
cells was calculated using the following formula: Cell viability
(%) � [(A450 treated-A450blank)/(A450 control-
A450blank)] × 100.

Isolation, Identification and Culture of Rat
PSCs
The primary PSCs were isolated from rat pancreas using
Nycodenz (Axis-Shield, Norway) density gradient
centrifugation as reported previously (Li, et al., 2018). Then
PSCs were cultured in DMEM (Gibco) supplemented with
10% fetal bovine serum and 1% antibiotics (penicillin/
streptomycin). The third to fifth generation of PSCs were used
for experiments.

Preparation of Conditioned Medium From
PSCs (PSCs-CM)
PSCs (passage 3) were seeded at 5 × 105 cells per 10-cm plate in
DMEM medium. PSCs reached 80% confluence and then placed
in serum-free medium for 24 h. The medium was then collected
for in vitro experiments.

Reverse Transcription Quantitative
Polymerase Chain Reaction (RT-qPCR)
Total RNA was isolated by Trizol (Takara, China) according
to the manufacturer’s protocol. Total RNA (1 μg) of each sample
was reverse-transcribed into cDNA using Revert Aid First
Strand cDNA Synthesis Kit (K1622, Thermo, United States).
qPCR was performed to quantify gene expression levels by
using Go Taq® Qpcr Master Mix Kit (cat.no. A6001, Promega,
Wisconsin, United States). Primer sequences are listed in
Table 1. The results were quantified as 2-△△Ct. The relative
mRNA expression data are shown as the relative fold change
normalized to GAPDH.

Western Blot Analysis
Rat pancreas tissue samples and cell were lysed using Protein
lysates RIPA buffer (Solarbio, Beijing, China). BCA protein assay
Kit (Thermo, United States) was used to measure the protein
concentrations. Protein samples were separated by SDS-PAGE
and subsequently transferred to the PVDF membrane (Millipore,
United States). After blocking with 5% non-fat milk, the
membranes were probed with primary antibodies at 4°C
overnight, followed by incubation with secondary antibodies
(1:50,000) for 2 h at room temperature. The proteins were
visualized using the Chemiluminescent Substrate Kit (Affinity
Biosciences, United States) and calculated using the Chemidoc
XRS System (Bio-Rad, United States).

Apoptosis Analysis
Annexin V-FITC/PI apoptosis detection kit (Sungene Biotech,
Tianjin, China) was used to detect the effect of SSd on AR42J
apoptosis according to the manufacturer’s instruction. The
samples were measured by a FACScan flow cytometer
(Beckman, CA, United States) as previously described (Cui,
et al., 2020).

Statistical Analyses
Results were presented as Mean ± SD. Data were analyzed via
one-way ANOVA (multiple groups) and GraphPad Prism
software 6. p value <0.05 was considered as statistically
significant.

RESULTS

SSd Attenuates Pancreatic Injury in
DBTC-Induced CP
In CP, due to the long-term injury of acinar cells resulting the
atrophy of acinar cells and dysfunction of pancreas. To
investigate the protective effect of SSd on pancreatic injury of
CP, we comprehensively evaluated the pancreatic function of
each group. As shown in Figure 1C, H and E staining indicated
that SSd alleviated pancreatic injury in DBTC-induced CP rats.
Pancreatic pathology score revealed that SSd effectively reduced
pancreatic injury of CP (p < 0.05, Figure 1B). However, as shown
in Figures 1D,E, the activities of serum amylase and lipase were
no statistical significance in DBTC-induced rats. Additionally, we
detected the expression of several key inflammatory factors in the
CP model. We observed a gradual increase of the levels of IL-6,
TNF-α, and IL-1β in serum and pancreatic tissues in DBTC-

TABLE 1 | Primers used for RT-qPCR analysis.

Primers Forward sequence 59-39 Reverse sequence 59-39

Bax TTGCTACAGGGTTTCATCCAG TGTTGTTGTCCAGTTCATCG
Bcl-2 GGGGCTACGAGTGGGATACT GACGGTAGCGACGAGAGAAG
IL-6 GTTGCCTTCTTGGGACTGATG TATATACTGGTCTGTTGTGGGTGGT
TNF-α CTTCTCATTCCCGCTCGTG CAGCTGCTCCTCTGCTTGGTGGTTT
IL-1β AGGCTGACAGACCCCAAAAG CTCCACGGGCAAGACATAGG
GAPDH AGATGGTGAAGGTCGGTGTG CTGGAAGATGGTGATGGGTT
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induced CP rats. Importantly, SSd treatment substantially
decreased the expression of these inflammatory factors
(Figures 1F,G).

SSd Alleviates the Apoptosis of Pancreatic
Cells in DBTC-Induced CP
The development of CP was also accompanied by apoptosis and
necrosis of pancreatic cells and it is a strategy to mitigate the
pancreatic tissue damage by suppressing excessive apoptosis and
necrosis (Erkan et al., 2012). TUNEL staining and western blot
were used to investigate whether SSd can alleviate the apoptosis of
pancreatic cells in CP rats. As shown in Figure 2A, the number of
TUNEL-positive pancreatic cells was markedly elevated in
DBTC-induced CP rats, While SSd notably decreased the
number of TUNEL-positive pancreatic cells. Subsequently,
western blot results suggested that the protein levels of pro-
apoptotic protein Bax, cleaved caspase-9, and the cleaved caspase-
3 were significantly increased whereas the expression of anti-
apoptotic protein Bcl-2, Pro-caspase-9, and Pro-cspase-3 were

reduced in DBTC-induced CP rats (p < 0.05). SSd treatment
significantly inhibited the protein levels of Bax, Cleaved-caspase-
9, and Cleaved-caspase-3, while increased the expression of Bcl-2,
Pro-caspase-9 and Pro-caspase-3 (Figures 2B,C). These
observations suggested that SSd administration suppressed the
apoptosis of pancreatic cells caused by CP.

SSd Treatment Suppressed MAPK
Cascades in DBTC-Induced CP
We analyzed the expression of the MAPK pathway in
pancreatic tissues. The expression of p-JNK, p-ERK1/2,
and p-p38 MAPK were significantly increased in the
DBTC-induced CP group compared with the normal
control group while SSd treatment notably decreased the
levels of the p-JNK, p-ERK1/2 and p-p38 MAPK compared
with the DBTC-induced CP group (Figure 3). Therefore, SSd
could alleviate the pancreatic injury and inflammation in vivo
maybe through suppressing the phosphorylation of MAPK
pathway.

FIGURE 2 | SSd alleviates pancreatic injury in DBTC-induced CP. (A) Apoptosis of pancreatic cells were detected by TUNEL staining. (B)Western blot analysis of
BAX, Bcl-2 in the pancreas. (C) Western blot analysis of apoptotic proteins Pro-caspase-3, Cleaved-caspase-3, Pro-caspase-9, and Cleaved-caspase-9 in the
pancreas. Data are shown as the mean ± SEM of at least three independent experiments. (n � 6–8, pp < 0.05 vs. Sham group; #p < 0.05 vs. CP group).
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SSd Attenuated Apoptosis and
Inflammation of AR42J Cells Induced by
Cerulein
Firstly, Cell viability of AR42J treated with different doses of SSd
for 24 h was detected by CCK8. As shown in Figure 4A, the
viability of AR42J gradually decreased in a dose-dependent
manner with SSd administrated. Therefore, we choose 2.5 and
5 μM SSd (relevant cell viability was not affected) in following
experiments. We next detected the protective role of SSd against
cerulein-induced AR42J cells apoptosis, we measured cell
apoptosis by staining the cells with Annexin V-FITC/PI. As
shown in Figure 4B, cerulein (10 nM) significantly induced
both early and late apoptosis of AR42J cells. Meanwhile, the
mRNA transcription and protein levels of the Bax was
significantly increased while Bcl-2 was markedly decreased
induced by cerulein (Figure 4C). Western blot results
indicated that cerulein significantly decreased the protein
levels of the Pro-caspase-9 and the Pro-caspase-3 and
increased the levels of the Cleaved-caspase-9 and the Cleaved-
caspase-3 (Figures 4D,E). On the contrary, SSd treatment
markedly suppressed the apoptotic events in AR42J cells pre-
incubated with cerulein. Besides, we also found that SSd
treatment notably decreased the levels of IL-6, TNF-α, and IL-
1β in AR42J cells induced by cerulein (Figure 4C). Taken
together, these findings suggested that SSd administration
protected AR42J cells from apoptosis and inflammation
induced by cerulein.

SSd Reduced Apoptosis and Inflammation
of AR42J Cells Induced by PSCs-CM or
PSCs-CM and Cerulein Combination
In a previous study, Xia et al. found that the CM from LTC-14 PSCs
instigated apoptosis in the AR42J cells (Xia, et al., 2018). In our co-
culturing experiments, we detected the co-culturing effects of the
CM from PSCs on the apoptosis and inflammation of AR42J cells.
Consistent with previous finding, we found that the PSCs-CM could
also induce the apoptosis and inflammation of AR42J. As shown in
Figure 5A, PSCs-CM significantly promoted the apoptotic ratio of
AR42J. PSCs-CM also markedly increased the mRNA levels of IL-6,

TNF-α, IL-1β, and Bax while decreased the level of Bcl-2
(Figure 5B). Moreover, Western blotting result showed that the
protein levels of Bax, Cleaved-caspase-3, and Cleaved-caspase-9
were significantly increased whereas the expression of Bcl-2 and
Pro-caspase-9 decreased with PSCs-CM treatment (Figures 5C,D).
But such detrimental effects of PSCs-CMwere markedly declined by
SSd treatment at 5 μM (Figures 5A–D).

Then, to analyze whether PSCs-CM and cerulein combination
enhance the apoptosis of AR42J, AR42J was pretreated with
cerulein for 1 h prior of PSCs-CM treatment. As expected, we
observed that PSCs-CM and cerulein combination greatly
induced the apoptosis ratio and the inflammation of AR42J
compared with PSCs-CM treatment alone (Figures 5A,B).
Additionally, PSCs-CM and cerulein combination substantially
decreased the expression of Pro-caspase-3 while increased the
protein level of Cleaved-caspase-3 compared with PSCs-CM
treatment alone, but there was no significant difference in the
Bax, Bcl-2, Pro-caspase-9, and Cleaved-caspase-9 between the
PSCs-CM and cerulein combination group and the PSCs-CM
treatment alone group. (Figures 5C,D). However, such apoptotic
events were inhibited by the SSd administration at 5 μM (Figures
5A–D). In summary, these in vitro results showed that the
inflammation and acinar cell apoptosis caused by PSCs-CM
alone or PSCs-CM and cerulein combination were
substantially supressed by SSd treatment.

SSd Inhibited the Activity of MAPK
Cascades in AR42J
To further explore mechanism of the protective effects of SSd on
the cerulein-induced apoptosis of AR42J, we detected the
expression of MAPK pathway. As shown in Figure 6A, the
increase in p-JNK, p-ERK1/2, and p-p38 MAPK expressions
in AR42J cells induced by cerulein were greatly suppressed by
SSd administration.

Moreover, the western blot results also showed that PSCs-CM
significantly increased the expression of p-JNK and p-p38MAPK,
but had no effect on the expression of p-ERK while SSd treatment
markedly decreased the protein levels of p-JNK and p-p38MAPK
(Figure 6B). Additionally, PSCs-CM and cerulein combination
notably increased the phosphorylation of JNK1/2, ERK1/2, and

FIGURE 3 | SSd inhibited the phosphorylation activation of MAPK family proteins in DBTC-induced CP. Western blot analysis of p-JNK, p-ERK 1/2, and p-p38
MAPK. (n � 6–8, p p < 0.05 vs. Sham group; #p < 0.05 vs. CP group).
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p38 MAPK compared with PSCs-CM treatment alone, and SSd
could significantly inhibit their phosphorylation levels
(Figure 6B). These data demonstrated that the protection of
SSd on the apoptosis and inflammation of AR42J cells is through
down-regulated the phosphorylation of JNK1/2, ERK1/2, and p38
MAPK. Although exact molecular mechanisms of such an
interplay remain to be investigated.

DISCUSSION

In the present study, to further confirm whether SSd could
alleviate pancreatic injury during the development of CP, we

using a DBTC-induced CP model. The results revealed that SSd
attenuate pancreatic damage, decrease the apoptosis and suppress
the phosphorylation level of MAPK family proteins (JNK1/2,
ERK1/2, and p38 MAPK) significantly in the pancreas of CP rats.
The in vitro studies have shown that SSd attenuated the apoptosis
of AR42J induced by cerulein or PSCs-CM or the combination of
PSCs-CM and cerulein through significantly inhibited the
activated phosphorylation of JNK1/2 and p38 MAPK.

CP is characterized by inflammation and fibrosis. The injury of
pancreatic acinar cells caused the inflammation and the excessive
activation of PSCs induced the fibrosis. Recently, our previous
study demonstrated that SSd inhibited autophagy of PSCs, thus
ameliorated pancreatic fibrosis (Cui et al., 2019). The current

FIGURE 4 | SSd attenuated apoptosis and inflammation of AR42J cells induced by cerulein. (A) CCK8 assay detected the cell viability of AR42J after SSd
treatment. (B) Flow cytometry analysis of apoptosis of AR42J. AR42J were pre-treated with cerulein 10 nM for 1 h, then incubated with or without 2.5 μM or 5 μM SSd
for 24 h. (C) RT-PCR analysis of Bax, Bcl-2, IL-6, TNF-α, and IL-1β. (D)Western blot analysis of Bax and Bcl-2. (E)Western blot analysis of C Pro-caspase-3, Cleaved-
caspase-3, Pro-caspase-9, and Cleaved-caspase-9. Data are shown as the mean ± SEM of at least three independent experiments (*p < 0.05 compared with the
control group, #p < 0.05 compared with the cerulein induced group).
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study is the first study to investigate the effects of SSd treatment
on the pancreatic injury and inflammation of CP via regulating
the apoptosis of pancreatic acinar cells. Pancreatic acinar cells
play a key role in the initiation of pancreatitis. Brigitte et al.
reported that during the development of DBTC-induced CP in
rats, there were distinct parenchymal cell damage, which
characterized by a significant increase in serum amylase and

lipase activities during the early period upon DBTC exposure.
however, the activities returned to normal levels at days 28
(Glawe et al., 2005). In the present study, we used a rat
experimental DBTC-induced CP model and also found that
the activities of serum amylase and lipase were no statistical
significance in DBTC-induced rats at days 28. Furthermore,
Norio et al. reported that the apoptotic index of pancreatic

FIGURE 5 | SSd reduced apoptosis and inflammation of AR42J cells induced by PSCs-CM or PSCs-CM and cerulein combination. AR42J cells were pre-treated
with PSCs-CM with 5 μM SSd or 10 nM cerulein or 10 nM cerulein and 5 μM SSd for 24 h. (A) Flow cytometry analysis of apoptosis of AR42J. (B) RT-PCR analysis of
Bax, Bcl-2, IL-6, TNF-α, and IL-1β. (C) Western blot analysis of Bax and Bcl-2. (D) Western blot analysis of Pro-caspase-3, Cleaved-caspase-3, Pro-caspase-9, and
Cleaved-caspase-9. Data are shown as the mean ± SEM of at least three independent experiments. (*p < 0.05 compared with the control group, #p < 0.05
compared with the PSCs-CM group, and p < 0.05 compared with PSCs-CM + cerulein group).
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acinar cells in DBTC administered rats were significantly
increased (Matsushita et al., 2012). In this study, the results
indicated that DBTC strikingly increased the number of
apoptotic pancreatic acinar cells and the Western blot results
of apoptotic-related protein levels of Bax, Bcl-2, Pro-caspase-9,
Cleaved-caspase-9, Pro-caspase-3, and Cleaved-caspase-3 further
confirmed this. Whereas SSd administration significantly
reduced the apoptosis of acinar cells. MAPKs regulate many
cellular processes, including growth, differentiation, survival,
and apoptosis, as well as cytokine production, and have been
reported increased in mice CP model (Lee et al., 2003). Our study
indicated that SSd markedly inhibited the phosphorylation
of JNK, ERK1/2, and p38 MAPK in DBTC-induced CP
model.

Previous studies revealed that cerulein-stimulated apoptosis of
AR42J cells via up-regulation of IL-6 (Yu et al., 2005). It is worth
mentioning that SSd possesses anti-inflammatory activity. SSd
suppresses pro-inflammatory cytokines including TNF-α, IL-6
(Lu, et al., 2012). In this study, we treated AR42J cells with 10 nM
cerulein for 24 h in vitro. Similar to these aforementioned
findings, our results showed that cerulein increased cytokines
expression (including IL-6,TNF-α and IL-1β) and the apoptosis
of AR42J cells. Whereas SSd could protect the pancreatic acinar
cells from injury not only by decreased the expressions of IL-6
and TNF-α but also inhibited the apoptosis of AR42J cells. An
increasing evidence demonstrated that initial damage to the
acinar cells induced the activation of PSCs, which can thereby

possibly further aggravate the destruction and apoptosis of more
acinar cells, generating a vicious circle (Gryshchenko et al., 2018;
Xia et al., 2018). Therefore, we also evaluated the impact of SSd on
the inflammation and apoptosis induced by PSCs-CM or the
combination of PSCs-CM and cerulein in AR42J cells. The results
indicated that the CM from primary PSCs, is similar to cerulein,
could also increase the mRNA levels of IL-6,TNF-α and IL-1β,
and promote the apoptosis of AR42J cells. Then, SSd treatment
reduced the apoptosis of AR42J cells induced by PSCs-CM.
Furthermore, PSCs-CM and cerulein combination greatly
induced the apoptosis and inflammation of AR42J compared
with PSCs-CM treatment alone, but such detrimental effects were
also markedly reduced by SSd administration. However, we don’t
know that how many pro-inflammatory cytokines are contained
in PSCs-CM and which cytokines of PSCs-CM are essential for
inducing the apoptosis of AR42J. Interestingly, activation of PSCs
can occur by both autocrine and paracrine mechanisms. Among
them, autocrine cytokines include IL-1, IL-6, interleukin-8 (IL-8),
TNF-α, transforming growth factor-beta1 (TGF-β1), platelet
derived growth factor (PDGF), monocyte chemoattractant
protein-1 (MCP-1) and so on (Bynigeri et al., 2017). Several
studies showed SSd decreased the expression of pro-
inflammatory cytokines including IL-6, TNF-α, and IL-1β
(Wang et al., 2015; Ma et al., 2015). Therefore, we speculated
that SSd exerts its anti-inflammatory effect by neutralizing the
proinflammatory cytokines IL-6, TNF-α, and IL-1β contained in
PSCs-CM. We will perform a large-scale cytokine analysis (or

FIGURE 6 | Effect of SSd on AR42J apoptosis and inflammation through the MAPK pathway. (A)Western blot analysis of p-JNK, p-ERK 1/2, and p-p38 MAPK.
AR42J were pre-treated with cerulein 10 nM for 1h, then incubated with or without 5 μM or 10 μM SSd for 24 h. (B) Western blot analysis of p-JNK, p-ERK 1/2, and
p-p38 MAPK. AR42J cells were pre-treated with PSCs-CM with 5 μM SSd or 10 nM cerulein or 10 nM cerulein and 5 μM SSd for 24 h. Data are shown as the mean ±
SEM of at least three independent experiments. (*p < 0.05 compared with the control group, #p < 0.05 compared with the cerulein induced group, p̂ < 0.05
compared with the PSCs-CM group, and p < 0.05 compared with PSCs-CM + cerulein group).
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transcriptome analysis) to seek the essential cytokines in our
future work.

We further investigated molecules that regulate apoptosis and
inflammation after treatment with SSd. Cerulein induces cytokine
expression and apoptotic cell death may be regulated byMAPK in
pancreatic acinar cells (Lee et al., 2003). Lin, et al. reported SSd
reduces HO-induced PC12 cell apoptosis by blocking MAPK-
dependent oxidative damage (Lin et al., 2016). In order to explore
the mechanisms, we detected the expression of the
phosphorylation of JNK, ERK1/2, and p38 MAPK upon SSd
treatment in vitro. The results indicated that SSd could reduce
cerulein induced AR42J apoptosis via suppressing the MAPK
signaling pathways. Moreover, we also found that PSCs-CM
could significantly increase the protein levels of p-p38 and
p-JNK, but there was no obvious alteration of p-ERK1/2.
Additionally, PSCs-CM and cerulein combination notably
increased the phosphorylation of JNK1/2, ERK1/2, and p38
MAPK compared with PSCs-CM treatment alone. Our study
also demonstrated SSd strikingly suppressed the phosphorylation
of JNK and p38 MAPK in both PSCs-CM alone and the
combination of PSCs-CM and cerulein treatment in AR42J
cells. A diverse set of transcription factors implicated in
MAPK-induced apoptosis have been identified and validated
(Cuenda et al., 2007; Zeke et al., 2016). Activator protein 1
(AP-1) and p53 were regulated by JNK and p38, which result
in increased expression of pro-apoptotic proteins and decreased
expression of anti-apoptotic proteins (Wang et al., 2021; Lu et al.,
2020) and have been reported to be elevated in the apoptosis of
pancreatic acinar cells (Lee et al., 2003; Tan et al., 2020).
Therefore, we suspect that SSd regulate the apoptosis of AR42J
cells induced by cerulein or PSCs-CM through AP-1 or p53
pathway. We need to verify it in our future work.

Of course, there are still several limitations exist in this study.
Although we have shown the protective role of SSd from the
pancreatic injury in DBTC-induced rats CP, we only measured
the effect of a single dose of SSd. The dose-response effect of SSd
in experimental CP remains unknown. So, we will confirm the
optimal dosage of SSd in our future works. More importantly, we
only measure the effects of PSCs-CM on the apoptosis of AR42J
cells, but the effects of AR42J cells on the activation and apoptosis
of PSCs were not detected. Besides, detailed mechanism of SSd on
the effects of a crosstalk between PSCs and AR42J cells were not
fully explain, which deserves further investigation.

In conclusion, the current study systematically explored the
role of SSd in alleviating pancreatic injury in vivo and in vitro.
Mechanistically, SSd exerted a marked protective effect on the
inflammation and apoptosis of AR42J cells induced by cerulein

via MAPK pathway. Furthermore, SSd interrupted the effects of
PSCs-CM alone and the combination of PSCs-CM and cerulein
on AR42J cells inflammation and apoptosis through MAPK
pathway. Collectively, these results suggested that SSd could be
a potential therapeutic agent for the clinical management of CP.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by the Medicine
Ethical Committee of Tianjin Nankai hospital.

AUTHOR CONTRIBUTIONS

C-XL: data curation and analyzed, methodology, and writing the
original draft. C-XL, L-HC, and S-KZ participated in
experimental design. L-QZ, LY, Y-ZZ, and JC performed the
experiments. All authors gave final approval for the submitted
version.

FUNDING

This work was supported by the Scientific Research Project of
Integrated Traditional Chinese and Western Medicine of Tianjin
Municipal Health Committee (2019037), the Scientific Research
Projects in Key Areas of Traditional Chinese Medicine of Tianjin
Municipal Health Committee (2019004), the National Natural
Science Foundation of China (82004147), the Scientific and
Technological Personnel Training Project of Tianjin Municipal
Health Committee (RC20142), and the Chen Xiao-ping
Foundation for the Development of Science and Technology
of Hubei Province (CXPJJH12000001-2020335).

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2021.735079/
full#supplementary-material

REFERENCES

Bateman, A. C., Turner, S. M., Thomas, K. S., McCrudden, P. R., Fine, D. R., and
Johnson, P. A. (2002). Apoptosis and Proliferation of Acinar and Islet Cells in
Chronic Pancreatitis: Evidence for Differential Cell Loss Mediating
Preservation of Islet Function. Gut 50, 542–548. doi:10.1136/gut.50.4.542

Beyer, G., Habtezion, A., Werner, J., Lerch, M. M., and Mayerle, J. (2020). Chronic
Pancreatitis. The Lancet 396, 499–512. doi:10.1016/s0140-6736(20)31318-0

Bynigeri, R. R., Jakkampudi, A., Jangala, R., Subramanyam, C., Sasikala, M., Rao, G.
V., et al. (2017). Pancreatic Stellate Cell: Pandora’s Box for Pancreatic Disease
Biology. World J. Gastroenterol. 23 (3), 382–405. doi:10.3748/wjg.v23.i3.382

Chen, J. M., and Férec, C. (2012). Genetics and Pathogenesis of Chronic
Pancreatitis: The 2012 Update. Clin. Res. Hepatol. Gastroenterol. 36,
334–340. doi:10.1016/j.clinre.2012.05.003

Cuenda, A., and Rousseau, S. (2007). p38 MAP-Kinases Pathway Regulation,
Function and Role in Human Diseases. Biochim. Biophys. Acta. 1773 (8),
1358–1375. doi:10.1016/j.bbamcr.2007.03.010

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 73507910

Li et al. SSd Attenuates CP Pancreatic Injury

https://www.frontiersin.org/articles/10.3389/fphar.2021.735079/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2021.735079/full#supplementary-material
https://doi.org/10.1136/gut.50.4.542
https://doi.org/10.1016/s0140-6736(20)31318-0
https://doi.org/10.3748/wjg.v23.i3.382
https://doi.org/10.1016/j.clinre.2012.05.003
https://doi.org/10.1016/j.bbamcr.2007.03.010
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Cui, L. H., Li, C. X., Zhuo, Y. Z., Yang, L., Cui, N. Q., and Zhang, S. K. (2019).
Saikosaponin D Ameliorates Pancreatic Fibrosis by Inhibiting Autophagy
of Pancreatic Stellate Cells via PI3K/Akt/mTOR Pathway. Chem. Biol.
Interact. Chemico-biological Interactions. 300, 18–26. doi:10.1016/
j.cbi.2019.01.005

D’Arcy, M. S. (2019). Cell Death: a Review of the Major Forms of Apoptosis,
Necrosis and Autophagy. Cell Biol Int. 43 (6), 582–592. doi:10.1002/
cbin.11137

Erkan, M., Adler, G., Apte, M. V., Bachem, M. G., Buchholz, M., Detlefsen, S., et al.
(2012). StellaTUM: Current Consensus and Discussion on Pancreatic Stellate
Cell Research. Gut 61, 172–178. doi:10.1136/gutjnl-2011-301220

Glawe, C., Emmrich, J., Sparmann, G., and Vollmar, B. (2005). In Vivo
characterization of Developing Chronic Pancreatitis in Rats. Lab. Invest. 85
(2), 193–204. doi:10.1038/labinvest.3700212

Gryshchenko, O., Gerasimenko, J. V., Peng, S., Gerasimenko, O. V., and Petersen,
O. H. (2018). Calcium Signalling in the Acinar Environment of the Exocrine
Pancreas: Physiology and Pathophysiology. J. Physiol. 596 (14), 2663–2678.
doi:10.1113/JP275395

Inoue, M., Ino, Y., Gibo, J., Ito, T., Hisano, T., and Arita, Y. (2002). The Role of
Monocyte Chemoattractant Protein-1 in Experimental Chronic Pancreatitis
Model Induced by Dibutyltin Dichloride in Rats. Pancreas 25 (4), e64–e70.
doi:10.1097/00006676-200211000-00023

Jia, L. T., Chen, S. Y., and Yang, A. G. (2012). Cancer Gene Therapy Targeting
Cellular Apoptosis Machinery. Cancer Treat. Rev. 38 (7), 868–876. doi:10.1016/
j.ctrv.2012.06.008

Lee, J., Seo, J., Kim, H., Chung, J. B., and Kim, K. H. (2003). Signal Transduction of
Cerulein Induced Cytokine Expression and Apoptosis Pancreatic Acinar Cells.
Ann. NY Acad. Sci. 1010, 104–108. doi:10.1196/annals.1299.017

Li, C. X., Cui, L. H., Zhuo, Y. Z., Hu, J. G., Cui, N. Q., and Zhang, S. K. (2018).
Inhibiting Autophagy Promotes Collagen Degradation by Regulating Matrix
Metalloproteinases in Pancreatic Stellate Cells. Life Sci. 208, 276–283.
doi:10.1016/j.lfs.2018.07.049

Lin, X., Wu, S., Wang, Q., Shi, Y., Liu, G., Zhi, J., et al. (2016). Saikosaponin-D
Reduces H2O2-Induced PC12 Cell Apoptosis by Removing ROS and Blocking
MAPK-dependent Oxidative Damage. Cell Mol Neurobiol. 36 (8), 1365–1375.
doi:10.1007/s10571-016-0336-5

Liu, W., Xu, C., Ran, D., Wang, Y., Zhao, H., Gu, J., et al. (2018). CaMKⅡMediates
Cadmium Induced Apoptosis in Rat Primary Osteoblasts through MAPK
Activation and Endoplasmic Reticulum Stress. Toxicology 406-407, 70–80.
doi:10.1016/j.tox.2018.06.002

Lu, C. N., Yuan, Z. G., Zhang, X. L., Yan, R., Zhao, Y. Q., Liao, M., et al. (2012).
Saikosaponin a and its Epimer Saikosaponin D Exhibit Anti-inflammatory
Activity by Suppressing Activation of NF-Κb Signaling Pathway. Int.
Immunopharmacol. 14 (1), 121–126. doi:10.1016/j.intimp.2012.06.010

Lu, L., Ma, J., Sun, M., Wang, X., Gao, E., Lu, L., et al. (2020). Melatonin
Ameliorates MI-Induced Cardiac Remodeling and Apoptosis through a
JNK/p53-Dependent Mechanism in Diabetes Mellitus. Oxid Med. Cel
Longev. 2020, 1535201. doi:10.1155/2020/1535201

Ma, X., Dang, C., Kang, H., Dai, Z., Lin, S., Guan, H., et al. (2015). Saikosaponin-D
Reduces Cisplatin-Induced Nephrotoxicity by Repressing ROS-Mediated
Activation of MAPK and NF-Κb Signalling Pathways. Int.
Immunopharmacol. 28 (1), 399–408. doi:10.1016/j.intimp.2015.06.020

Matsushita, K., Mizushima, T., Shirahige, A., Tanioka, H., Sawa, K., Ochi, K., et al.
(2012). Effect of Taurine on Acinar Cell Apoptosis and Pancreatic Fibrosis in
Dibutyltin Dichloride-Induced Chronic Pancreatitis. Acta Med. Okayama. 66
(4), 329–334. doi:10.18926/AMO/48687

Niina, Y., Ito, T., Oono, T., Nakamura, T., Fujimori, N., Igarashi, H., et al. (2014). A
Sustained Prostacyclin Analog, ONO-1301, Attenuates Pancreatic Fibrosis in
Experimental Chronic Pancreatitis Induced by Dibutyltin Dichloride in Rats.
Pancreatology. 14 (3), 201–210. doi:10.1016/j.pan.2014.02.009

Patel, M., and Fine, D. R. (2005). Fibrogenesis in the Pancreas after Acinar Cell
Injury. Scand. J. Surg. 94 (2), 108–111. doi:10.1177/145749690509400205

Sheth, S. G., Conwell, D. L., Whitcomb, D. C., Alsante, M., Anderson, M. A.,
Barkin, J., et al. (2017). Academic Pancreas Centers of Excellence:
Guidance from a Multidisciplinary Chronic Pancreatitis Working
Group at PancreasFest. Pancreatology 17 (3), 419–430. doi:10.1016/
j.pan.2017.02.015

Su, S. B., Motoo, Y., Xie, M. J., and Sawabu, N. (2001). Apoptosis in Rat
Spontaneous Chronic Pancreatitis: Role of the Fas and Fas Ligand System.
Dig. Dis. Sci. 46, 166–175. doi:10.1023/a:1005537218459

Tan, J. H., Cao, R. C., Zhou, L., Zhou, Z. T., Chen, H. J., Xu, J., et al. (2020). ATF6
Aggravates Acinar Cell Apoptosis and Injury by Regulating p53/AIFM2
Transcription in Severe Acute Pancreatitis. Theranostics 10 (18), 8298–8314.
doi:10.7150/thno.46934

Wang, H. W., Liu, M., Zhong, T. D., and Fang, X. M. (2015). Saikosaponin-d
Attenuates Ventilator-Induced Lung Injury in Rats. Int. J. Clin. Exp. Med. 8 (9),
15137–15145. PMID: 26628997; PMCID: PMC4658886.

Wang, L., Yang, Y. F., Chen, L., He, Z. Q., Bi, D. Y., Zhang, L., et al. (2021).
Compound Dihuang Granule Inhibits Nigrostriatal Pathway Apoptosis in
Parkinson’s Disease by Suppressing the JNK/AP-1 Pathway. Front.
Pharmacol. 12, 621359. doi:10.3389/fphar.2021.621359

Xia, Y., Xiao, H. T., Liu, K., Zhang, H. J., and Tsang, S. W. (2018). Resveratrol
Ameliorates the Severity of Fibrogenesis in Mice with Experimental Chronic
Pancreatitis. Mol. Nutr. Food Res. 62 (16), e1700561. doi:10.1002/
mnfr.201700561

Xu, X. F., Liu, F., Xin, J. Q., Fan, J. W., Wu, N., Zhu, L. J., et al. (2018). Respective
Roles of the Mitogen-Activated Protein Kinase (MAPK) Family Members in
Pancreatic Stellate Cell Activation Induced by Transforming Growth Factor-
Beta1 (TGF-Beta1). Biochem. Biophys. Res. Commun. 501 (2), 365–373.
doi:10.1016/j.bbrc.2018.04.176

Yu, J. H., Lim, J. W., Kim, H., and Kim, K. H. (2005). NADPH Oxidase
Mediates Interleukin-6 Expression in Cerulein-Stimulated Pancreatic
Acinar Cells. Int. J. Biochem. Cel Biol. 37 (7), 1458–1469. doi:10.1016/
j.biocel.2005.02.004

Zakki, S. A., Cui, Z. G., Sun, L., Feng, Q. W., Li, M. L., and Inadera, H. (2018).
Baicalin Augments Hyperthermia-Induced Apoptosis in U937 Cells and
Modulates the MAPK Pathway via ROS Generation. Cell Physiol Biochem.
45 (6), 2444–2460. doi:10.1159/000488263

Zeke, A., Misheva, M., Reményi, A., and Bogoyevitch, M. A. (2016). JNK
Signaling: Regulation and Functions Based on Complex Protein-Protein
Partnerships. Microbiol. Mol. Biol. Rev. 80 (3), 793–835. doi:10.1128/
MMBR.00043-14

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Li, Cui, Zhang, Yang, Zhuo, Cui, Cui and Zhang. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 73507911

Li et al. SSd Attenuates CP Pancreatic Injury

https://doi.org/10.1016/j.cbi.2019.01.005
https://doi.org/10.1016/j.cbi.2019.01.005
https://doi.org/10.1002/cbin.11137
https://doi.org/10.1002/cbin.11137
https://doi.org/10.1136/gutjnl-2011-301220
https://doi.org/10.1038/labinvest.3700212
https://doi.org/10.1113/JP275395
https://doi.org/10.1097/00006676-200211000-00023
https://doi.org/10.1016/j.ctrv.2012.06.008
https://doi.org/10.1016/j.ctrv.2012.06.008
https://doi.org/10.1196/annals.1299.017
https://doi.org/10.1016/j.lfs.2018.07.049
https://doi.org/10.1007/s10571-016-0336-5
https://doi.org/10.1016/j.tox.2018.06.002
https://doi.org/10.1016/j.intimp.2012.06.010
https://doi.org/10.1155/2020/1535201
https://doi.org/10.1016/j.intimp.2015.06.020
https://doi.org/10.18926/AMO/48687
https://doi.org/10.1016/j.pan.2014.02.009
https://doi.org/10.1177/145749690509400205
https://doi.org/10.1016/j.pan.2017.02.015
https://doi.org/10.1016/j.pan.2017.02.015
https://doi.org/10.1023/a:1005537218459
https://doi.org/10.7150/thno.46934
https://doi.org/10.3389/fphar.2021.621359
https://doi.org/10.1002/mnfr.201700561
https://doi.org/10.1002/mnfr.201700561
https://doi.org/10.1016/j.bbrc.2018.04.176
https://doi.org/10.1016/j.biocel.2005.02.004
https://doi.org/10.1016/j.biocel.2005.02.004
https://doi.org/10.1159/000488263
https://doi.org/10.1128/MMBR.00043-14
https://doi.org/10.1128/MMBR.00043-14
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Saikosaponin D Attenuates Pancreatic Injury Through Suppressing the Apoptosis of Acinar Cell via Modulation of the MAPK Sig ...
	Introduction
	Methods
	Materials and Reagents
	Animals and CP Model
	Histological Examinations
	Serum Parameters
	ELISA
	In Situ TUNEL Fluorescence Staining Assay
	Cell Lines and Culture Conditions
	Cell Viability Assay
	Isolation, Identification and Culture of Rat PSCs
	Preparation of Conditioned Medium From PSCs (PSCs-CM)
	Reverse Transcription Quantitative Polymerase Chain Reaction (RT-qPCR)
	Western Blot Analysis
	Apoptosis Analysis
	Statistical Analyses

	Results
	SSd Attenuates Pancreatic Injury in DBTC-Induced CP
	SSd Alleviates the Apoptosis of Pancreatic Cells in DBTC-Induced CP
	SSd Treatment Suppressed MAPK Cascades in DBTC-Induced CP
	SSd Attenuated Apoptosis and Inflammation of AR42J Cells Induced by Cerulein
	SSd Reduced Apoptosis and Inflammation of AR42J Cells Induced by PSCs-CM or PSCs-CM and Cerulein Combination
	SSd Inhibited the Activity of MAPK Cascades in AR42J

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


