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Acute pancreatitis (AP), an inflammatory disorder of the pancreas, can cause systemic inflammatory responses. Escin Sodium
(ES), a natural mixture of triterpene saponins extracted from the dry ripe fruit of Fructus Aesculi or horse chestnut crude, has
been demonstrated to have antiedematous, anti-inflammatory, and antiexudative effects. We here aim to investigate the effects
of ES pretreatment on AP in vivo and in vitro and explore its potential molecular mechanism. In the present study, we
demonstrated that ES pretreatment could apparently decrease amylase and lipase, downregulate inflammatory cytokines,
and attenuate pancreatic damage. Additionally, the increased expression of apoptotic-related proteins and the results of
flow cytometry demonstrated the effects of ES on promoting apoptosis in acinar cells. Moreover, ES could enhance
mitochondrial membrane potential (MMP, A¥m) and reactive oxygen species (ROS) level and reduce intracellular calcium
concentration, which are closely related to mitochondrial-mediated death. The effect of ES pretreatment on acinar cell
apoptosis was furtherly confirmed by the regulatory pathway of the ERK/STAT3 axis. These results suggest that ES
attenuates the severity of AP by enhancing cell apoptosis via suppressing the ERK/STAT3 signaling pathway. These
findings provide evidence for ES which is treated as a novel and potent therapeutic for the treatment of AP.

1. Introduction gastrointestinal disorders in many countries [1] and has

become an economic burden to patients and health care sys-
Acute pancreatitis (AP)—an inflammatory disorder of the tem [2]. According to the revision of the Atlanta (2012) [3],
pancreas—is the leading cause of admission to hospital for  the classification of AP defines three degrees of severity: mild
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acute pancreatitis, moderately severe acute pancreatitis, and
severe acute pancreatitis (SAP). SAP is characterized by per-
sistent organ failure that results in multiple organ dysfunc-
tion syndrome (MODS) and systemic inflammatory
response syndrome (SIRS) by activation of cytokine cascades
during the early phase [4-7]. Patients who develop MODS or
SIRS within the first few days are suffering from the increased
risk of death, with mortality reported to be as great as 36—
50% [4, 5, 7]. At present, many theories such as pancreatic
self-digestion, inflammatory responses, oxidative stress, and
calcium overloaded and cell apoptosis are supposed to
explain the underlying mechanism of AP. However, the path-
ogenesis of AP is complicated and has not been elucidated
completely yet.

The outcome of AP is determined by the type of acinar
cell death. The type of cell death is as follows: apoptosis,
necrosis, autophagy, necroptosis, pyroptosis, etc. [8]. As
studies showing, the severity of acute pancreatitis is corre-
lated with necrosis and inversely with apoptosis [9]. A shift
of necrosis to apoptosis can ameliorate the prognosis of acute
pancreatitis. The management of AP covers supportive care
(e.g., isotonic intravenous fluids and pain control) and nutri-
tion [10]. Although researchers have made great efforts in
acute pancreatitis, there is still no specific drug for it.

Active compounds of many plants are used for medical
demands and provide additional therapeutic effects for mod-
ern medicine [11]. Many agents currently used in the clinic
are from natural plants widely, such as artemisinin, aspirin,
taxanes, and Vinca alkaloids. Escin Sodium (ES),
C55H83Na023 (Figure 1), a natural mixture of triterpene
saponins extracted from the dry ripe fruit of Fructus Aesculi
or horse chestnut crude [12-15], was used as medicine for
centuries. ES has been demonstrated to have antiedematous,
anti-inflammatory, and antiexudative effects [12, 15], having
shown excellent tolerability [15]. Recent studies have identi-
fied that ES can induce apoptosis in various diseases, such as
human osteosarcoma [16], renal cancer cells [17], human
acute leukemia Jurkat T cells [15], and hepatocellular carci-
noma [13]. However, the role of ES on AP and relevant
mechanism still remains unclear.

ERK—an important molecule in the classical MAPK cas-
cade pathway, regulating many cell functions, including apo-
ptosis, proliferation, and migration [18, 19]—can widely
activate downstream molecules. STAT3 (signal transducer
and activator of transcription), one of the downstream of
ERK, is also linked with survival [20]. Studies have shown
that phosphorylation of ERK can drive phosphorylation of
STAT3 [21]. But it is still unknown whether ERK/STATS3
gets involved in the process of AP.

In this study, we demonstrated that ES can optimize the
prognosis of acute pancreatitis. We furtherly explored the
underlying mechanisms and acquired the results indicating
that ES promotes apoptosis in STC-induced acute pancreati-
tis via downregulating the ERK/STAT3 signaling pathway.

2. Materials and Methods

2.1. Reagents. Escin Sodium was purchased from Shandong
Luye Pharmaceutical Co., Ltd. (Yantai, China), registration
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F1GUre 1: Chemical structure of Escin Sodium.

number: H200003239. Sodium taurocholate was purchased
from Solarbio Science & Technology Co., Ltd. (Beijing,
China). PD98059 (ERK1/2 inhibitor) were purchased from
MCE (USA). Pentobarbital sodium was purchased from
Nanjing Sunshine Biotechnology Co., Ltd. (Nanjing, China).

2.2. Animal Experiments. Adult male Sprague Dawley (SD)
rats (250-300 g) were purchased from Jinan Pengyue Labora-
tory Animal Co., Ltd. (Jinan, China). Animal experiments
were approved by the Animal Care and Use Committee of
the First Affiliated Hospital of Shandong First Medical Uni-
versity (Jinan, China) according to the National Institutes
of Health Guidelines for the Care and Use of Laboratory Ani-
mals. Rats were housed at room temperature (25°C approxi-
mately) with a 12h light/12h dark cycle and humidity of
50%. Food and water were provided ad libitum.

A total of 50 male SD rats were randomly divided into 5
groups: control (Con) group treated with 0.9% saline solu-
tion, AP group (model group), and 3 groups pretreated with
different concentrations of Escin Sodium (1 mg/kg, 3 mg/kg,
and 6mg/kg). Escin Sodium was dissolved in 0.9% saline
solution and was intraperitoneally injected 1 h before model-
ing. Referring to the modeling method of Li et al. [22], rats
were anesthetized with 3% pentobarbital sodium and the sur-
gical field was completely exposed. The proximal bile duct
was occluded at the hepatic portal by a vascular clamp tem-
porarily, followed by retrograde injection of 5% sodium taur-
ocholate (1 mg/kg body weight) in the distal end of the
biliary-pancreatic duct. Changes in pancreatic tissues includ-
ing edema, hemorrhage, and congestion were observed for 5
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minutes. Subsequently, the vascular clamp was removed and
sutured the incision. Rats in the control group were anesthe-
tized in the same manner, and 0.9% saline solution was
injected into the distal end of the biliary-pancreatic duct.
Animals were sacrificed at 24h after injection of 5%
sodium taurocholate. Blood samples were collected to deter-
mine serum digestive enzymes. The pancreatic tissues were
removed immediately and washed with cold 0.9% saline solu-
tion injection 3 times. Then, the tissues were divided into 3
sections randomly for morphological examination, Western
blotting, and real-time reverse transcription (RT) PCR.

2.3. Cell Culture and Interventions. AR42], rat exocrine pan-
creas cells, were purchased from the Institute of Shanghai
Fuheng Cell Biology (Shanghai, China) and were cultured
in High-Glucose DMEM (Meilunbio, Dalian, China) con-
taining 20% fetal bovine serum (FBS) (Gibco, United States)
and 1% 100 U/mL penicillin and 100 yg/mL streptomycin
P/S (Invitrogen, Carlsbad, CA, USA), in a humidified incuba-
tor at 37°C with an atmosphere of 5% CO,. The AR42] cells
(1x10°% cells/well approximately) were seeded in 6-well
plates and washed with D-PBS (PBS without calcium and
magnesium) every 48h before the medium changed. Two
hours before intervention, the cells were incubated in a
High-Glucose DMEM without FBS and P/S.

ARA42] cells were randomly divided into different groups,
respectively, as follows:

Control group: cultured with a 2mL High-Glucose
DMEM.

AP group: cultured with a 2mL High-Glucose DMEM
with the concentration of 390 uM STC for 4h and 8h,
respectively.

AP+Escin Sodium group: cultured with a 2mL High-
Glucose DMEM with the concentration of 10 ug/mL,
20 ug/mL, and 30 ug/mL Escin Sodium for 1h and then
followed by 390 uM STC for 4h and 8h, respectively.

AP+PD98059 group: cultured with a 2 mL High-Glucose
DMEM with the concentration of 10 uM PD98059 (an inhib-
itor of ERK1/2 signal) for 1h and then followed by 390 uM
STC for 4h and 8h, respectively.

AP+Escin Sodium+PD98059 group: cultured with a 2 mL
High-Glucose DMEM with the concentration of 10uM
PD98059 and 20 ug/mL Escin Sodium for 1h, then followed
by 390 uM STC for 4h and 8h, respectively.

2.4. Histological Analysis and Immunohistochemistry. One
portion of pancreatic tissue was selected randomly and fixed
in 10% neutral-buffered formalin for 48 h, then embedded in
paraffin. The tissues were cut into 4 ym thick sections and
stained with hematoxylin and eosin. The assessment of
edema, inflammation, vacuolization, and necrosis was per-
formed according to Schmidt et al. [23-25] (Table 1). For
immunohistochemistry, paraffin-embedded pancreas sec-
tions (4 um) were heated at 70°C for 2h and rehydrated by
xylene and different concentrations of alcohol. Antigen was
retrieved by pressure cooker in 0.01 mol/L citrate buffer at
constant 100°C for 2 minutes, then cooled in cold water for
2 hours. Endogenous peroxidase activity was blocked by 3%
H,0, for 20 min. Having been washed by PBS 5 min/3 times,

sections were blocked by 5% normal goat serum for 45 min at
room temperature and incubated with rabbit antibodies
against MPO (1: 400, Proteintech Group Inc., Wuhan,
China), NLRP3 (1:50, Proteintech Group Inc., Wuhan,
China), GSDMD (1:100, Proteintech Group Inc., Wuhan,
China), and caspase-1 (1:100, Proteintech Group Inc.,
Wuhan, China) in 4°C overnight. The sections were washed
in PBS 5min/3 times and incubated with a secondary anti-
body for 1 hour. Then, DAB working solution (Boster Bio-
logical Technology Co., Ltd, Wuhan, China) was dropped
on the slides and incubated at room temperature for 1 min.
Redyeing with hematoxylin was performed for 10 seconds
and washing with tap water for 1 min. Finally, all sections
were dehydrated and sealed with neutral resin. The slides
were observed under a light microscope (x200). Data were
analyzed using Image-Pro Plus software 6.0 (Media Cyber-
netics, Silver Spring, MD, USA).

2.5. Biochemical Analysis. Blood samples and cell superna-
tant were obtained to determine amylase and lipase levels
after induction of acute pancreatitis with STC. The serum
was centrifuged at 3000g for 10 min at 4°C. The levels of amy-
lase and lipase were analyzed by a colorimetric method using
a commercial kit for amylase or lipase (Jiancheng Co., Nan-
jing, China).

2.6. Reverse Transcription- (RT-) PCR and Real-Time- (g-)
PCR. Real-time RT-PCR (qRT-PCR) was used to analyze
mRNA transcripts in rat pancreas and AR42J cells. The Tri-
zol reagent (Invitrogen, California, USA) was used to isolated
total RNA from the pancreas and AR42] cells following the
manufacturer’s protocol, then converted to cDNA according
to the manufacturer’s instructions (Vazyme Biotech Co., Ltd,
Nanjing, China). Quantitative real-time polymerase chain
reaction (PCR) was performed by using SYBR Green Super-
Mix (Vazyme Biotech Co., Ltd, Nanjing, China) in the
CEFX96™ Real-time System (Bio-Rad, United States). The
primer sequences were as follows:

TNF-a: Forward: 5'-GGCGTGTTCATCCGTTCTC-3'

Reverse: 5 -CTTCAGCGTCTCGTGTGTTTCT-3'

IL-6: Forward: 5 -ATTGTATGAACAGCGATGATG
CAC-3'

Reverse: 5'-CCAGGTAGAAACGGAACTCCAGA-3'

IL-10: Forward: 5'-CAGACCCACATGCTCCGAGA-3’

Reverse: 5 -CAAGGCTTGGCAACCCAAGTA-3’

IL-1B3: Forward: 5'-CCCTGAACTCAACTGTGAAAT
AGCA-3'

Reverse: 5/ -CCCAAGTCAAGGGCTTGGAA-3'

IL-18: Forward: 5'-GACTGGCTGTGACCCTATCTG
TGA-3'

Reverse: 5 -TTGTGTCCTGGCACACGTTTC-3'

GAPDH: Forward: 5 -GGCACAGTCAAGGCTGAGA
ATG-3'

Reverse: 5 -ATGGTGGTGAAGACGCCAGTA-3'

Relative mRNA levels were normalized to GAPDH

mRNA, and all reactions were performed in triplicate. Melt-
ing curve analysis was performed to ensure the specificity of
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TaBLE 1: Histological scoring for acute pancreatitis.

Condition Score

Description

0

Edema

Absent
Diffuse expansion of interlobular septa
1+ diffuse expansion of interlobular septa
2+ diffuse expansion of interlobular septa

3+ diffuse expansion of intercellular septa

Inflammation (%)

Absent
Around ductal margin
In parenchyma (<50 of lobules)
In parenchyma (51-75 of lobules)
In parenchyma (>75 of lobules)

Vacuolization (%)

Absent
Periductal (<5)
Focal (5-20)
Diffuse (21-50)
Severe (>50)

Cell necrosis

B W N = O W N = O RWwW N = O [ RrWND =

Absent
<10% necrosis
<40% necrosis
>40%necrosis

>60%necrosis

quantitative PCR. Data was performed using the 244"

method for analysis.

2.7. Western Blotting. Total protein was extracted from the
pancreas and AR42] cells using RIPA (Beyotime, Shanghai,
China): cocktail (MCE, USA): phosphatase inhibitors(
ApexBIO, Houston, USA) =100 : 1 : 1(v/v/v). Extraction of
cytoplasmic and nuclear protein using the Cytoplasmic &
Nuclear protein extraction Kit (Beyotime, Shanghai, China).
BCA assay kits (Beyotime, Shanghai, China) were used to
detect the concentration of extracted proteins. An equal
amount of protein (30 pug) was loaded in each lane and sepa-
rated by 12.5% (or 10%) sodium dodecyl sulfate-
polyacrylamide gel (Epizyme, Shanghai, China). Aim pro-
teins were transferred to PVDF membranes (Millipore,
USA) and blocked in 5% nonfat milk for 1h at room temper-
ature. Having been washed by TBS-T for 5min/3 times,
membranes were probed with the appropriate primary anti-
bodies overnight at 4°C. The primary antibodies were pur-
chased from CST (Cell Signaling Technology, Danvers,
MA, USA), including antibodies against phosphor-STAT3
(Tyr705,1:2000), STAT3 (1:2000), and histone H3
(1:1000). Antibodies against Bax (1:5000), cleaved
caspase-3 (1:1000), Bcl-2 (1:1000), caspase-1 (1:1000),
P53 (1:1000), and GAPDH (1:8000) were from Proteintech
(Proteintech Group Inc., Wuhan, China). Antibodies against
NLRP3 (1:1000), GSDMD (1:1000), Anti-ERK1 (phosphor
T202)+ERK2 (phosphorT185, 1:1000), and ERK (1:10000)
were from Abcam (UK). Enhanced chemiluminescence
reagents (Millipore, USA) were used to detect the bands.

The strength was quantified by Image ] software, and data
analysis was used by GraphPad Prism software 8.0.

2.8. Apoptosis Quantified by Flow Cytometry. Cell apoptosis
was quantified by the Annexin-V-FITC/PI Apoptosis Detec-
tion Kit (Meilunbio, Dalian, China). After the intervention,
AR42J cells were digested in Accutase (Mutisciences, Hang-
zhou, China) and collected subsequently. Having been
washed by D-PBS and resuspend in the Annexin V Binding
Buffer, 100 uL of cell suspension was transferred into the test
tube for staining. 5uL of Annexin-V-FITC and 5uL of PI
solution were added to each sample, then incubated for
15 min at room temperature in the dark. Having been added
400 uL Annexin V binding buffer to the test tube, cell suspen-
sion was texted by the flow cytometry (BD FACSAria™ II
Sorter, USA). The results were quantified by FlowJo-V10.0
software.

2.9. Hoechst33342 and MitoTracker Red CMXRos Staining.
Hoechst33342 and MitoTracker Red CMXRos staining were
purchased from Beyotime (Shanghai, China). After interven-
tion, AR42J cells were incubated in a 2mL High-Glucose
DMEM with 20uL Hoechst33342(10 ymol/L) and 2uL
MitoTracker Red CMXRos staining (200 nmol/L) in each
plate for 15min at 37°C as ordered by the manufacturer’s
instructions. 2mL of complete medium was supplemented
after being washed twice with D-PBS. The cells were visual-
ized under a Leica confocal laser scanning microscope
(EL6000, Wetzlar, Germany). Hoechst33342 was monitored
at an excitation wavelength of 346 nm, and MitoTracker
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Red was monitored at an excitation wavelength of 579 nm to
locate nuclear and mitochondria, respectively.

2.10. Measure of Intracellular ROS Levels and Calcium
Concentration. Levels of intracellular ROS in AR42] cells
were detected using ROS assay Kkits, a chemical fluorescence
method (2,7-dichlorodi-hydrofluorescein diacetate, DCFH-
DA, Beyotime, Shanghai, China). After the intervention,
AR42] cells were incubated in a 2 mL High-Glucose DMEM
with 2yl DCFH-DA (10 ymol/L) for 30min at 37°C and
washed twice in a High-Glucose DMEM, and then 2mL of
complete medium was supplemented. Cells were visualized
under a Leica confocal laser scanning microscope (EL6000,
Wetzlar, Germany). ROS was monitored at an excitation
wavelength of 488 nm to locate reactive oxygen.

Fluo-4-AM was used to detect intracellular calcium con-
centration (Beyotime, Shanghai, China). After the interven-
tion, AR42] cells were washed 3 times with D-PBS. Then,
cells were incubated in 2mL D-PBS with 1 uL Fluo-4-AM
(0.5 umol/L) for 20 min at 37°C. After being washed by D-
PBS, cells were visualized under a Leica confocal laser scan-
ning microscope (EL6000, Wetzlar, Germany). Calcium con-
centration was monitored at an excitation wavelength of
488 nm to locate.

3. Statistical Analysis

The experiments were performed in triplicates and repeated
at least three times. Data are analyzed using GraphPad Prism
statistical software (version 8, GraphPad Software, Inc., San
Diego, CA). Data are represented as means + standard
deviation (SD). Unpaired Student’s t-test was used to evalu-
ate the significance between 2 groups. For comparison of
more than three groups, one-way analysis of variance
(ANOVA) was applied. P < 0.05 was considered statistically
significant.

4. Results

4.1. Escin Sodium Inhibits Amylase, Lipase, and
Inflammatory Cytokines in STC-Induced Acute Pancreatitis.
Elevation of serum amylase and/or lipase levels to at least 3
times the upper limit of normal is a key component of diag-
nosing acute pancreatitis [26]. To access the effects of ES pre-
treatment on AP, we measured amylase, lipase, and
inflammatory cytokines both in vivo and in vitro. As shown
in Figures 2(a) and 2(b), ES remarkably downregulated
serum amylase, lipase in vivo. Amylase of cell supernatant
decreased significantly in ES pretreatment groups
(Figures 2(c) and 2(e)); in contrast, there was no significant
change in lipase (Figures 2(d) and 2(f)).

The process of acute pancreatitis is closely related to the
release of inflammatory cytokines. We investigated the
inflammatory cytokines by RT-qPCR to determine whether
pretreated with ES could downregulate the expression of
inflammatory cytokines in AP. TNF-a, IL-6, IL-1f3, and IL-
18 increased significantly in AP groups while ES pretreated
groups attenuated production of TNF-«, IL-6, IL-1p, and
IL-18 both in vivo and in vitro (Figures 3(a)-3(d), 4(a)-

4(d), and 5(a)-5(d)). IL-10, an inhibitor of inflammatory
response, decreased in the AP group in vivo but increased
significantly in the ES (3mg/kg) pretreatment group
(Figure 3(e)). However, there were no obvious changes in cell
experiments stimulated for 4 hours, but it decreased signifi-
cantly in the AP group stimulated for 8 hours (Figures 4(e)
and 5(e)).

These results demonstrate that ES pretreatment can
effectively reduce the production of lipase, amylase, and
inflammatory cytokines in STC-induced acute pancreatitis.

4.2. Escin Sodium Pretreatment Ameliorates Acinar Cell
Injury in STC-Induced Acute Pancreatitis. To control the
quality of modeling, pancreatic tissues with 0.9% saline solu-
tion were used as contrast during the operation (Figure 6(a)).
When edema and ischemia appeared in the tissues as shown
in Figure 6(b), we thought the modeling was successful. 24
hours after the operation, we observed the pancreas. In the
AP group, pancreatic tissues showed ischemic necrosis and
bloody ascites in the abdominal cavity. However, the condi-
tion of the pancreas improved in ES pretreated groups com-
pared with the AP group. As shown in Figure 7, the tissues
suffered from less hemorrhage, necrosis, and bloody ascites
in ES pretreatment groups. In the ES (3 mg/kg) pretreatment
group, pancreatic tissues were mainly characterized by inter-
stitial edema in contrast with ES (1 mg/kg, 6 mg/kg) pretreat-
ment groups.

We assessed the HE staining score of tissues to determine
whether ES pretreatment could ameliorate STC-induced AP
in histomorphology. As shown in Figure 8(a), the histological
features in the control group were normal, while in the AP
group, histological features were characterized by edema,
inflammatory cell infiltration, and necrosis, and the patho-
logical score was significantly higher. However, compared
with the AP group, characteristics of ES pretreated groups
(1, 3, or 6 mg/kg) were mainly interstitial edema, with less
necrosis and less infiltration of inflammatory cells, and the
obviously lower pathological score. These results indicated
that ES pretreatment could reduce the severity of acute pan-
creatitis induced by STC. Moreover, the ES (3 mg/kg) pre-
treatment group was more effective than the other two ES
pretreated groups.

As a biomarker of activated neutrophils, MPO (myelo-
peroxidase) could be universally applied to evaluate the infil-
tration of neutrophils [27]. We furtherly evaluated MPO
expression by immunohistochemical staining. In the control
group, MPO was not detected while intense MPO immuno-
staining was shown in pancreatic acinar cells in the AP
group, whereas pretreatment with different concentrations
of ES could obviously downregulate the MPO levels
(Figure 8(b)). In addition, the ES (3mg/kg) pretreatment
group had a better effect of reducing MPO level in contrast
with the other two ES pretreated groups. These results were
consistent with the HE staining. All these findings indicated
that ES could ameliorate acinar cell injury in STC-induced
acute pancreatitis.

4.3. Escin Sodium Promotes Acinar Cell Apoptosis but Not
Pyroptosis in STC-Induced AP. The type of acinar cell death,
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<0.01, and ***P < 0.001 versus the AP group).

like apoptosis, necrosis, and pyroptosis, will determine the
prognosis of acute pancreatitis. Generally, it is believed that
apoptosis is beneficial when acute pancreatitis onsets, as it
cannot trigger the inflammatory cascade reaction. In con-
trast, necrosis or pyroptosis was understood as upregulators
to damage response [8]. All the above results indicated that
the ES pretreatment had protection effects in acute pancrea-
titis induced by STC, and we explored whether it was related
to promoting apoptosis subsequently. We investigated the
expression of cleaved caspase-3, Bcl-2, and Bax—biomarkers
of apoptosis by Western blotting in vivo. Bcl-2 is an antia-
poptotic marker. Bax, one of the members of the Bcl-2 family,
is a proapoptotic effector protein that regulates the intrinsic

pathway of apoptosis. The ratio of Bcl-2/Bax determines
whether the cells are apoptotic or not. When the ratio is
downregulated, apoptosis plays a crucial role and vice versa.
As shown in Figure 9(a), the ratio of Bcl-2/Bax significantly
decreased and cleaved caspase-3 evidently increased in the
ES (3 mg/kg) pretreated group. P53 is a transcription factor
that regulates the expression of essential apoptogenic factors,
which cover both extrinsic and intrinsic apoptosis pathways
[28, 29]. It is also directly interacted with Bcl-2 family
members in a transcription-independent manner [30]. As
shown in Figure 9(b), P53 was significantly upregulated
in the ES (3mg/kg) pretreatment group compared with
the AP group.
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F1GURE 3: Effects of ES on inflammatory cytokines in vivo. The data were presented as the mean + SD of three replicate experiments. (a—d)
Serum levels of TNF-a, IL-6, IL-1, and IL-18 in the AP group were higher than those in the control group, and ES pretreated with
different concentrations decreased them significantly. (e) IL-10 decreased obviously in the AP group but increased in the ES (3 mg/kg)
pretreatment group (*P <0.05, P <0.01, and **P < 0.001 versus the CON group, *P <0.05, **P <0.01, and ***P < 0.001 versus the AP

group).
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FIGURE 4: ES pretreatment inhibits inflammatory cytokines in vitro. AR42] cells were pretreated with different concentrations of ES for 1h,
then stimulated with STC for 4 h or 8 h. The data were presented as the mean + SD of three replicate experiments. (a-d) Levels of TNF-a, IL-6,
IL-1p3, and IL-18 increased significantly in the AP group, and ES with different concentrations could downregulate them. (e) There was no
significant change in IL-10 in each group stimulated for 4h (*P < 0.05, **P < 0.01, and ***P < 0.001 versus the CON group, *P < 0.05, **P
<0.01, and ***P < 0.001 versus the AP group).
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FIGURE 5: ES pretreatment inhibits inflammatory cytokines in vitro. AR42] cells were pretreated with different concentrations of ES for 1 h,
then stimulated with STC for 4 h or 8 h. The data were presented as the mean + SD of three replicate experiments. (a-d) Levels of TNF-a, IL-6,
IL-1p, and IL-18 increased significantly in the AP group, and ES with different concentrations could downregulate them. (e) IL-10 decreased
obviously in the AP group stimulated for 8 h, and ES pretreatment had no effect on it (*P < 0.05, **P < 0.01, and ***P < 0.001 versus the CON
group, *P <0.05, **P < 0.01, and ***P < 0.001 versus the AP group).
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(b)

FiGure 6: Morphological changes of the pancreas before and after modeling. (a) Shows a normal pancreas. (b) Shows the state after STC
stimulation within 5 minutes; the pancreas indicated by the cotton swab presents ischemic necrosis.

AP+ES (6 mg/kg)

AP+ES (3 mg/kg)

AP+ES (1 mg/kg)

FIGURE 7: ES pretreatment alleviated pancreatic tissue injury in visual. The pancreas of the control group was almost normal. Ischemic
necrosis and bloody ascites were shown in the AP group. The blue arrows indicate typical pancreatic tissue. The ES (3 mg/kg)
pretreatment group was characterized by edema. The other ES pretreated groups (1 mg/kg and 6 mg/kg) had different degrees of tissue

necrosis.

To examine the promoting apoptotic effects of ES pre-
treatment on STC-induced AP, AR42] cells were pretreated
with ES (10 yg/mL, 20 yug/mL, and 30 ug/mL) for 1h, and
then STC was added for another 4 or 8 hours, respectively.
We explored the apoptotic effect by flow cytometric analysis
in vitro. As shown in Figures 9(c) and 9(d), the early apopto-
sis got increased in the ES (20 yg/mL, 30 ug/mL) pretreated
group compared with the AP group. These results verified
our hypothesis that ES pretreatment could ameliorate the
prognosis of acinar cells in STC-induced AP by promoting
apoptosis.

Pyroptosis is one of programmed cell death that has
received increased attention recently [31]. Studies have iden-
tified that caspase-1 is a mediator of pyroptosis and gasder-
min D (GSDMD) is the executioner [32]. To determine
whether pyroptosis is responsible for STC-induced acute
pancreatitis, we detected NLRP3 (inflammasome sensor),
caspase-1, and GSDMD expression by Western blotting
in vivo and in vitro. We subsequently explored NLRP3, cas-
pase-1, and GSDMD expressions by immunohistochemistry
to further identify. As indicated in Figures 10(a) and 10(b),

Western blotting analysis showed that there was no signifi-
cant difference in pyroptosis proteins in each group, both
in vivo and in vitro. What is more, the results of immunobhis-
tochemistry also verified these results (Figures 10(c)-10(e))
However, we observed the upregulation of pyroptosis pro-
teins in individual cells by immunohistochemistry, even
though it is not statistically significant.

4.4. Escin Sodium Plays a Protective Role by Upregulating
Mitochondrial Membrane Potential and ROS Activity but
Downregulating Intracellular Calcium Concentration. Mito-
chondria provide cellular energy and play a central role in
regulating cell survival. Mitochondria are involved in cellular
Ca®* homeostasis and are a major source of ROS (reactive
oxygen species) [33]. Mitochondrial membrane perme-
abilization (MMP, A¥m) is a universal trigger of both necro-
sis and apoptosis. Loss of A¥m leads to ATP (adenosine
triphosphate—cell energy) depletion, ultimately leading to
necrosis [34, 35]. The accumulation of MitoTracker Red
CMXRos in the mitochondria depends on the A¥m, so it is
an indicator probe for the A¥m. ROS usually play an
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Score of HE

AP+ES (3 mg/kg) AP+ES (6 mg/kg)

MPO activity

AP+ES (3 mg/kg) AP+ES (6 mg/kg)

(b)

FIGURE 8: ES pretreatment effectively inhibits the acinar cell necrosis and reduces inflammatory cell infiltration and MPO level in vivo. (a) HE
staining was used to evaluate the pancreatic pathological scores. Representative pictures from each group and quantitative analyses of
histology score were shown. (b) The levels of MPO were further examined by immunohistochemistry. Representative images from each
group and quantitative analyses of MPO were shown (original magnification, x200) (*P < 0.05, **P < 0.01, and ***P < 0.001 versus the

CON group, *P < 0.05, **P < 0.01, and ***P < 0.001 versus the AP group).
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FiGure 9: Effects of ES pretreatment on STC-induced apoptosis both in vivo and in vitro. (a, b) The expression of apoptotic-related proteins in
different groups was determined by Western blotting: cleaved caspase-3, Bcl-2, Bax, and P53 in vivo. (¢, d) Apoptosis of AR42] cells pretreated
with different concentrations of ES for 1 h and then stimulated with STC for 4 h or 8 h, then examined using the Annexin-V-FITC/PI assay kit
by flow cytometry. The ratio of early apoptosis (lower right quadrant) in different groups was quantified by FlowJo-V10 software (“P < 0.05,
*P <0.01, and "*P < 0.001 versus the CON group, *P < 0.05, **P < 0.01, and ***P < 0.001 versus the AP group).

important role in regulating apoptosis and critically regulate
mitochondrial function and dysfunction [33, 36]. Ca*tis a
major regulator of the acinar cell function, but an abnormal
(global and sustained) increase in cytosolic Ca** is a key
pathologic signal associated with pancreatitis [37]. Abnormal
Ca®" signal promotes acinar cell necrosis through mitochon-
drial depolarization and subsequent ATP drop. To access
apoptosis, mitochondrial function, ROS activity, and intra-
cellular calcium concentration, Hoechst33342 staining,
MitoTracker Red CMXRos staining, DCFH-DA, and Fluo-
4-AM were used, respectively.

The fluorescence intensity of Hoechst33342 in ES pre-
treated groups was significantly higher than the AP group
at 4h and 8h after stimulation (Figures 11(a) and 11(b)). It
indicated that more apoptotic events occurred after ES pre-
treatment. A¥m also increased significantly after ES pre-
treatment which was consistent with the results of
Hoechst33342. However, compared with the control group,
the fluorescence signals of Hoechst33342 and A¥m in the
AP group were downregulated.

To clarify whether the protective effect of ES pretreat-
ment is related to ROS and DCFH-DA, they were loaded to
ARA42] cells. As shown in Figures 12(a) and 12(b), in the con-
trol group, AR42] cells grew well without obvious green fluo-
rescence. However, although there was no obvious
fluorescence in the AP group, the cells showed lysis in BF
(bright field), whereas ES pretreatment groups showed
strong fluorescence signal no matter they were stimulated
for 4 hours or 8 hours, and the difference was statistically sig-
nificant. Interestingly, the level of ROS is positively correlated
with change of A¥m.

And then, we furtherly explored intracellular calcium
concentration by Fluo-4-AM working solution. As shown
in Figures 12(c), strong fluorescence signals in the AP group
were detected compared with the control group. However, ES
pretreatment could downregulate the fluorescence signal
intensity. The results suggested that intracellular calcium
overloaded in the AP group, and ES pretreatment can down-
regulate intracellular calcium concentration, which is oppo-
site to ROS and A¥Ym.
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Figure 10: Continued.
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AP+ES (1 mg/kg)

GSDMD activity

CON
AP

AP+ES (1 mg/kg)
AP+ES (3 mg/kg) -
AP+ES (6 mg/kg)

Groups

F1GUrEe 10: Expression of pyroptosis-related proteins in acinar cells in acute pancreatitis induced by STC in vivo and in vitro. (a, b) The
expression of pyroptosis-related proteins: NLRP3, GSDMD, and caspase-1 were determined by Western blotting, and there was no
significant difference in each group both in vivo and in vitro. (c-e) Levels of NLRP3, caspase-1, and GSDMD were examined by
immunohistochemistry and showed no significant statistical difference, which further identified the Western blotting results.
Representative pictures from each group and quantitative analyses of protein expression were shown (original magnification, x200)
(*P<0.05, P <0.01, and **P < 0.001 versus the CON group, *P < 0.05, **P <0.01, and ***P < 0.001 versus the AP group).

4.5. Escin Sodium Promotes Acinar Cell Apoptosis via
Downregulating ERK/STAT3 Phosphorylation. The above
results suggested that ES pretreatment could maintain a
higher level of A¥m and ROS, downregulate intracellular
calcium concentration, and promote early apoptosis in
STC-induced acute pancreatitis. To elucidate the mechanism
of ES promoting apoptosis in AP induced by STC, we
hypothesized that it is related to ERK/STAT3/Bcl-2 axis. To
verify our hypothesis, we first analyzed p-ERK/ERK and p-
STAT3/STAT3 in vivo by Western blotting. As shown in
Figure 13(a), ES pretreated groups (1 mg/kg, 3 mg/kg) dra-
matically downregulated the expressions of p-ERK and p-
STAT3. We then extracted the cytoplasmic and nuclear pro-
teins from the tissue and found that the nuclear expression of
p-STAT3 was increased in the AP group, while decreased
obviously in ES pretreatment groups. Interestingly, however,
there was no significant change in the expression of p-STAT3
in the cytoplasm (Figure 13(b)).

We further tested with pathway inhibitor—PD98059
in vitro. According to the above results, compared with the
ES (10 pg/mL, 30 ug/mL) pretreated groups, ES (20 pg/mL)
pretreatment has more advantages in promoting apoptosis.
We then divided AR42] cells into 5 groups: control group,
AP group, AP+ES (20ug/mL) group, AP+PD98059
(10uM) group, and AP+PD98059(10 uM)+ES (20 pug/mL)

group (combined group). We detected relevant cellular sig-
naling pathway proteins by Western blotting. In the AP
group, p-ERK and p-STAT3 were activated in contrast with
the control group (Figures 13(c) and 13(d)). However, ERK
phosphorylation was significantly downregulated after ES
pretreatment and the same trend also appeared in STAT3
phosphorylation. We then extracted the cytoplasmic and
nuclear proteins from the cells and found that p-STAT3 in
the nucleus was increased considerably in the AP group
and decreased obviously in the ES pretreated group. But there
was still no apparent change in p-STAT3 in the cytoplasm.
This was synchronized with the results of ERK inhibitors.
Moreover, the results were consistent no matter whether
the stimulation lasted for 4 hours or 8 hours (Figures 13(e)
and 13(f)).

To further clarify the mechanisms of the ERK/STAT3
pathway and apoptosis, we then measured the expression of
apoptotic-related proteins—Bcl-2, Bax, cleaved caspase-3,
and P53. The early apoptosis of AR42] cells in each group
was detected again by flow cytometry. As shown in
Figures 14(a)-14(d), cleaved caspase-3 and P53 were upregu-
lated apparently in ES (20 pug/mL), PD98059, and combined
groups and were statistical significant in contrast with the
AP group. Moreover, the ratio of Bcl-2/Bax showed the
opposite trend. Flow cytometry analysis showed that the ES
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FiGUrg 11: ES pretreatment induces apoptosis and increases mitochondrial membrane potential (MMP, A¥m) in STC-induced acute
pancreatitis. (a, b) AR42] cells were pretreated with different concentrations of ES for 1h and then stimulated by STC for 4h or 8h,
respectively. The fluorescence intensity was observed by fluorescence microscopy, and representative images are presented. Scale bar,
250 um. IF (intensity of fluorescence) was measured by ImageJ 6 times at different points randomly, then Origin2018 was used to show
the IF, blue represents Hoechst32242, and red represents MitoTracker. BF: bright field; Hoechst: apoptosis staining; MitoTracker: A¥m
staining; merge: state after images overlay.
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FIGURE 12: ES pretreatment triggered ROS generation in STC-induced acute pancreatitis. (a, b) AR42] cells were pretreated with different
concentrations of ES for 1h and then stimulated by STC for 4h and 8h, respectively. ROS generation was observed by fluorescence
microscopy; representative images are presented. Scale bar, 250 ym. BF: bright field; merge: state after images overlay. (c) Intracellular
calcium concentration was observed by fluorescence microscopy, and representative images are presented. Scale bar, 100 um (*P < 0.05,
#P <0.01, and "*P < 0.001 versus the CON group, *P <0.05, **P <0.01, and ***P < 0.001 versus the AP group).
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FIGURE 13: Roles of the ERK/STAT3 signaling pathway in STC-induced acute pancreatitis. (a) The expression levels of p-ERK, ERK, p-
STAT3, and STAT3 were analyzed by Western blotting in vivo. (b) The expression of p-STAT3 in nuclears of the AP group was increased,
while it was decreased after pretreatment with ES. However, there was no significant change in p-STAT3 in the cytoplasm. (c, d) Cells
were pretreated with ES (20 ug/mL), ERK inhibitor PD98059 (10 M), and ES (20 pg/mL)+ PD98059 (10 M) for 1h, then stimulated by
STC for 4h or 8h, respectively. The expression levels of p-ERK, ERK, p-STAT3, and STAT3 were analyzed by western blotting in vitro.
ES could significantly downregulate the ERK/STAT3 signaling pathway. (e, f) The expression of p-STAT?3 in nuclears of the AP group was
increased, while it was decreased after pretreatment with ES, PD98059, and ES+PD98059. However, there was no significant change in p-
STATS3 in the cytoplasm in each group (*P <0.05, P < 0.01, and ***P < 0.001 versus the CON group, *P <0.05, **P<0.01, and ***P <
0.001 versus the AP group).
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FIGURE 14: ES promotes apoptosis in STC-induced acute pancreatitis via downregulating the ERK/STAT3 pathway. (a-d) AR42]J cells were
pretreated with ES (20 yg/mL), ERK inhibitor PD98059 (10 4uM), and ES (20 ug/mL)+ PD98059 (10 4uM) for 1h, then stimulated by STC
for 4h or 8h, respectively. The expression levels of cleaved caspase-3, Bcl-2, Bax, and P53 were analyzed by Western blotting. (e, f)
Apoptosis of AR42] cells in each group was examined using the Annexin-V-FITC/PI assay kit by flow cytometry. The ratio of early
apoptosis (lower right quadrant) in different groups was quantified by FlowJo-V10 software ("P < 0.05, P < 0.01, and **P < 0.001 versus
the CON group, *P < 0.05, **P < 0.01, and ***P < 0.001 versus the AP group).
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pretreatment group could promote early apoptosis as well as
the PD98059 group. Moreover, the combined group showed a
better trend of promoting apoptosis (Figures 14(e) and 14(f)).
Taken all the results into consideration, we deduced that ES
promotes acinar cell apoptosis via downregulating ERK and
STATS3 phosphorylation.

5. Discussion

Escin Sodium (ES) has been commonly used in clinical, as its
anti-inflammatory and antiedematous properties make it a
choice of therapy for chronic venous insufficiency. Nowa-
days, ES has also been investigated against diverse cancers
[38]. However, only little is known about the effect of ES on
acute pancreatitis, and the corresponding mechanism
remains obscure.

In this study, we confirmed that ES exerts a protective
effect in STC-induced AP by promoting apoptosis through
the inactivation of the ERK/STAT3 signaling pathway. AP
induced by STC is a reliable and reproducible model with a
short duration. When acute pancreatitis onsets, the increased
permeability of acinar cells produces serum amylase and
lipase that release to circulation at high levels [2]. The prac-
tice guidelines released by the ACG (American College of
Gastroenterology) suggested that both serum amylase and
lipase could be applied for the diagnosis of AP [39]. Our
study demonstrated that STC significantly increased serum
amylase and lipase, whereas ES pretreatment showed con-
versed outcomes dramatically in vivo. In vitro study, STC
only increased amylase in cell supernatant rather than lipase.
We do not know why there is no obvious change in lipase,
which needs further study. However, amylase decreased sig-
nificantly after ES pretreatment in vitro.

As mentioned above, acute pancreatitis not only causes
local inflammations but also causes systemic inflammatory
responses, which can induce serious complications such as

MODS or SIRS. Various pathological factors that lead to aci-
nar cell injury stimulate inflammatory responses (infiltration
of neutrophils, release of cytokines TNF-a and IL-6, etc.)
[40]. Suppression of proinflammatory cytokines could ame-
liorate the severity of pancreatitis. Our study has shown that
TNF-a, IL-6, IL-1f3, and IL-18 decreased significantly after
ES pretreatment both in vivo and in vitro. IL-10 has been
considered as an anti-inflammatory cytokine which contrib-
utes to the maintenance of immune homeostasis [41]. We
explored whether the function of ES is related to the increase
of IL-10. The results indicated that IL-10 in the AP group was
significantly lower than in the control group, whereas ES
(3 mg/kg) pretreatment could increase it obviously. In vitro
study, there was no significant change in IL-10 in each group
stimulated for 4 hours, but with the extension of stimulation
(8 hours), the level of IL-10 in the AP group decreased signif-
icantly. It was not completely consistent in vivo and in vitro
experiments. Based on this phenomenon, we hold the opin-
ion that the environment of the body is complex, and cells
in vitro cannot be fully simulated.

To further assess the effects of ES pretreatment on path-
ological features in STC-induced acute pancreatitis, HE
staining and MPO activity were used for evaluation. The
results suggested that ES could alleviate acinar cell damage,
reduce inflammatory cell infiltration, and downregulate the
expression of MPO.

Apoptosis, a pattern of programmed cell death, is consid-
ered to be a benefit to the prognosis of acute pancreatitis. In
our study, we found that ES pretreatment activated apoptotic
relevant proteins in rats, and then we detected apoptosis by
flow cytometry in AR42] cells. As indicated by our results,
ES pretreatment promoted early apoptosis. Pyroptosis,
another pattern of programmed cell death, is considered to
be involved in the process of acute pancreatitis. In the present
study, we first identified pyroptosis-related proteins in the
pancreas and in AR42] cells. NLRP3/caspase-1/GSDMD
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were detected by Western blotting and immunohistochemis-
try. According to the above results, both the Western blotting
and the immunohistochemical results suggested that there
was no significant difference in pyroptosis-related proteins.
However, it was worth noting that high expression of pyrop-
tosis proteins was found in individual cell by immunohisto-
chemistry. Hence, we deduce that pyroptosis does exist
when acute pancreatitis onsets, but it is not the main way
of death in acinar cells induced by STC.

Mitochondria, positioned at the heart of cellular metabo-
lism [34], and MMP (A¥m) play a decisive role in determin-
ing the way of cell death. Loss of AYm leads to ATP
depletion, unable to maintain ionic gradients across the
plasma membrane, causing necrosis finally. Mitochondria
also commit the apoptotic pathway by releasing the resident
protein cytochrome ¢ and lead to the downstream apoptotic
events [33, 35, 42]. All the above results have identified the
effect of ES pretreatment on promoting apoptosis; we then
further explored the mitochondrial function and ROS activ-
ity to fully understand its apoptotic-related events. In the
present study, we found that STC caused the loss of A¥m,
whereas ES pretreatment enhanced it. The fluorescence
intensity of Hoechst32242 was attenuated in the AP group
but increased in ES pretreatment groups, which were consis-
tent with the changes of A¥m. Therefore, we speculate that
ES pretreatment promoted apoptosis by changing the mito-
chondrial membrane potential.

ROS mainly originate from mitochondria, but little was
known about its properties and their role in cell death in
acute pancreatitis. We next detected ROS activity in
AR42] cells. As shown in the above results, ES pretreat-
ment can increase ROS activity, which is consistent with
the changes of AYm and Hoechst32242. A study [43] by
Booth et al. has proved that ROS exert its protective effect
in acinar cells, which is different from many other cell
types. As for why ROS are harmful to other cells (e.g.,
liver cells) and beneficial to pancreatic acinar cells, we
are still uninformed.

In pancreatic mitochondria, supramaximal CCK, ceru-
lein, or TLC-S cause Ca>"-dependent loss of A¥m. A¥m loss
caused by abnormal Ca" signal not only promotes necrosis
but also inhibits apoptosis by limiting cytochrome c release
[44]. Our results showed that intracellular calcium over-
loaded in the AP group, which was consistent with the liter-
atures [45]. However, the group pretreated with different
concentrations of ES could reduce the intracellular calcium
concentration in different degrees. Generally, the decrease
of A¥m and ROS and the increase of calcium concentration
exist at the same time when acute pancreatitis onsets, which
can be reversed by ES pretreatment. However, the relation-
ships between calcium concentration, ROS, and A¥m in aci-
nar cells are interesting and blurred and need further
exploration.

Apoptosis preserves the plasma membrane integrity and
is thus considered to be immunologically silent. This is essen-
tially different from cell necrosis. Necrotic cell suffers from
serious cell membrane rupture, causing inflammatory cas-
cade reactions [46]. The expression of Bcl-2 and Bax is essen-
tial for A¥m changes, and P53 can move to mitochondria
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which directly promotes MOMP (mitochondrial outer mem-
brane permeabilization), inducing apoptosis. Hu et al.
showed that transcriptional activity of p53 was impaired,
which explained the apoptosis silencing during AP [29].
Our results show that ES pretreatment can induce apoptosis
in AP by activating caspase-3 and P53 and downregulating
the Bcl-2/Bax ratio. Taken all the results into consideration,
we suppose that ES may regulate A¥m by changing Bcl-
2/Bax and P53, thus promoting apoptosis. But this mecha-
nism is complicated, appealing for deeper research.

To elucidate the upstream of ES on apoptotic pathways,
we furtherly explored a potential one—ERK/STAT3—which
might be involved in this process. In the classic MAPK cas-
cade activation pathway, ERK plays an important role and
its phosphorylation can affect many cellular functions,
including apoptosis [21, 47]. STAT3 (signal transducer and
activator of transcription 3) has also been linked with sur-
vival, proliferation, etc. [20]. P-ERK (phosphorylation of
ERK) is closely related to p-STAT3 (phosphorylation of
STATS3) [21], while Bcl-2, one of the STAT3 target genes, is
involved in mitochondrial-related cell death. We first found
that ES could reduce the level of p-ERK and p-STAT3 consis-
tently in vivo in STC-induced acute pancreatitis. Then, we
blocked the activation of ERK with PD98059 in AR42] cells
to further confirm the relationship between ERK/STAT3
and apoptosis. As shown in the above results, the ES
(20 pg/mL) pretreatment group could significantly downreg-
ulate p-ERK and p-STAT3 simultaneously with PD98059,
but when used in combination, it did not further reduce.
Activation of caspase-3 and Bax are positively correlated with
apoptosis [48], while the ratio of Bcl-2/Bax is negatively cor-
related with it. We next found that both ES (20 ug/mL) and
PD98059 could upregulate cleaved caspase-3 and P53 and
downregulate the Bcl-2/Bax ratio apparently. What is more,
when applied in combination, they furtherly promoted apo-
ptosis. The results of flow cytometry are also consistent with
those of Western blotting.

6. Conclusion

In summary, Escin Sodium pretreatment improves the prog-
nosis of acute pancreatitis induced by STC via inducing apo-
ptosis mediated by the ERK/STAT3 signaling pathway
(Figure 15). The results of this study provide new insight into
the potential efficacy of Escin Sodium in the treatment of
acute pancreatitis.

Abbreviations
AP: Acute pancreatitis
ES: Escin Sodium

MMP, AYm: Mitochondrial membrane potential

ROS: Reactive oxygen species

SAP: Severe acute pancreatitis

MODS: Multiple organ dysfunction syndrome

SIRS: Systemic inflammatory response syndrome

STAT3: Signal transducer and activator of
transcription

ERK: Extracellular regulated protein kinases



Oxidative Medicine and Cellular Longevity

FBS: Fetal bovine serum

PBS: Phosphate buffered saline

Bcl-2: B-cell lymphoma 2

Bax: Bcl2-associated X protein

Caspase-3:  Cysteine aspartic acid protease 3

MOMP: Mitochondrial outer membrane
permeabilization.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

There are no conflicts of interest.

Acknowledgments

This work was supported by the Medical Technology Inno-
vation Plan of Jinan City (201805033) and the Science and
Technology Development Plan of Shandong Province
(ZR2019MH116).

Supplementary Materials

Concise supplementary material description: (a) modeling
method. (b) The state of rats in the model group after model-
ing. (c) The state of rats in the ES pretreated group after
modeling. (d) Ascites status of model group. (e-g) Ascites
status of ES pretreated groups (1mg/kg, 3mg/kg, and
6 mg/kg). (Supplementary Materials)

References

[1] P.G. Lankisch, M. Apte, and P. A. Banks, “Acute pancreatitis,”
The Lancet, vol. 386, no. 9988, pp. 85-96, 2015.

[2] O.Z.Ismail and V. Bhayana, “Lipase or amylase for the diag-
nosis of acute pancreatitis?,” Clinical Biochemistry, vol. 50,
no. 18, pp. 1275-1280, 2017.

[3] P. A. Banks, T. L. Bollen, C. Dervenis et al., “Classification of
acute pancreatitis—2012: revision of the Atlanta classification
and definitions by international consensus,” Gut, vol. 62,
no. 1, pp. 102-111, 2013.

[4] A.Buter, C. W. Imrie, C. R. Carter, S. Evans, and C. J. McKay,
“Dynamic nature of early organ dysfunction determines out-
come in acute pancreatitis,” The British Journal of Surgery,
vol. 89, no. 3, pp- 298-302, 2002.

[5] C.D.Johnsonand M. Abu-Hilal, “Persistent organ failure dur-
ing the first week as a marker of fatal outcome in acute pancre-
atitis,” Gut, vol. 53, no. 9, pp. 1340-1344, 2004.

[6] D.J. Muckart and S. Bhagwanjee, “American College of Chest
Physicians/Society of Critical Care Medicine Consensus Con-
ference definitions of the systemic inflammatory response syn-
drome and allied disorders in relation to critically injured
patients,” Critical Care Medicine, vol. 25, no. 11, pp. 1789-
1795, 1997.

[7] R. Mofidi, M. D. Duff, S. J. Wigmore, K. K. Madhavan, O. J.
Garden, and R. W. Parks, “Association between early systemic
inflammatory response, severity of multiorgan dysfunction

(8]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

[19]

(20]

(21]

25

and death in acute pancreatitis,” The British Journal of Surgery,
vol. 93, no. 6, pp. 738-744, 2006.

J. Mayerle, M. Sendler, E. Hegyi, G. Beyer, M. M. Lerch, and
M. Sahin-Toth, “Genetics, cell biology, and pathophysiology
of pancreatitis,” vol. 156, no. 7, pp. 1951-1968.el, 2019.

A.S. Gukovskaya and I. Gukovsky, “Which way to die: the reg-
ulation of acinar cell death in pancreatitis by mitochondria,
calcium, and reactive oxygen species,” Gastroenterology,
vol. 140, no. 7, pp. 1876-1880, 2011.

J. A. Greenberg, J. Hsu, M. Bawazeer et al., “Clinical practice
guideline: management of acute pancreatitis,” Canadian Jour-
nal of Surgery, vol. 59, no. 2, pp. 128-140, 2016.

A. Rimmon, A. Vexler, L. Berkovich, G. Earon, I. Ron, and
S. Lev-Ari, “Escin chemosensitizes human pancreatic cancer
cells and inhibits the nuclear factor-kappaB signaling path-
way,” Biochemistry Research International, vol. 2013, Article
1D 251752, 9 pages, 2013.

C. R. Sirtori, “Aescin: pharmacology, pharmacokinetics and
therapeutic profile,” Pharmacological Research, vol. 44, no. 3,
pp. 183-193, 2001.

X.Y. Zhou, F. H. Fu, Z. Li, Q. J. Dong, J. He, and C. H. Wang,
“Escin, a natural mixture of triterpene saponins, exhibits anti-
tumor activity against hepatocellular carcinoma,” Planta Med-
ica, vol. 75, no. 15, pp. 1580-1585, 2009.

F.Fu, Y. Hou, W. Jiang, R. Wang, and K. Liu, “Escin: inhibiting
inflammation and promoting gastrointestinal transit to atten-
uate formation of postoperative adhesions,” World Journal of
Surgery, vol. 29, no. 12, pp. 1614-1620, 2005, discussion
1621-1612.

Z.Zhang, J. Gao, X. Cai et al., “Escin sodium induces apoptosis
of human acute leukemia Jurkat T cells,” Phytotherapy
Research, vol. 25, no. 12, pp. 1747-1755, 2011.

J. Zhu, W. Yu, B. Liu et al., “Escin induces caspase-dependent
apoptosis and autophagy through the ROS/p38 MAPK signal-
ling pathway in human osteosarcoma cells in vitro and
in vivo,” vol. 8, no. 10, Article ID 3113, 2017.

S.Y. Yuan, C. L. Cheng, S. S. Wang et al., “Escin induces apo-
ptosis in human renal cancer cells through G2/M arrest and
reactive oxygen species-modulated mitochondrial pathways,”
Oncology Reports, vol. 37, no. 2, pp. 1002-1010, 2017.

C. Wang, Z. Li, F. Shao et al., “High expression of collagen tri-
ple helix repeat containing 1 (CTHRC1) facilitates progression
of oesophageal squamous cell carcinoma through MAPK/ME-
K/ERK/FRA-1 activation,” Journal of Experimental & Clinical
Cancer Research, vol. 36, no. 1, p. 84, 2017.

D. Qin, L. Zhang, X. Jin, Z. Zhao, Y. Jiang, and Z. Meng, “Effect
of endothelin-1 on proliferation, migration and fibrogenic
gene expression in human RPE cells,” Peptides, vol. 94,
pp. 43-48, 2017.

S. M. Tan, F. Li, P. Rajendran, A. P. Kumar, K. M. Hui, and
G. Sethi, “Identification of f-escin as a novel inhibitor of signal
transducer and activator of transcription 3/Janus-activated
kinase 2 signaling pathway that suppresses proliferation and
induces apoptosis in human hepatocellular carcinoma cells,”
The Journal of Pharmacology and Experimental Therapeutics,
vol. 334, no. 1, pp. 285-293, 2010.

M. Zaugg, P. H. Lou, E. Lucchinetti, M. Gandhi, and A. S. Cla-
nachan, “Postconditioning with Intralipid emulsion protects
against reperfusion injury in post-infarct remodeled rat hearts
by activation of ROS-Akt/Erk signaling,” Translational
Research, vol. 186, no. 36-51, article e32, pp. 36-51.€2, 2017.


https://downloads.hindawi.com/journals/omcl/2021/9921839.f1.zip

26

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

S. Li, H. Z. Cui, C. M. Xu, Z. W. Sun, Z. K. Tang, and H. L.
Chen, “RUNX3 protects against acute lung injury by inhibiting
the JAK2/STAT3 pathway in rats with severe acute pancreati-
tis,” European Review for Medical and Pharmacological Sci-
ences, vol. 23, no. 12, pp. 5382-5391, 2019.

C. M. Ryan, J. Schmidt, K. Lewandrowski et al., “Gut macro-
molecular permeability in pancreatitis correlates with severity
of disease in rats,” Gastroenterology, vol. 104, no. 3, pp. 890-
895, 1993.

X. M. Xia, B. K. Li, S. M. Xing, and H. L. Ruan, “Emodin pro-
moted pancreatic claudin-5 and occludin expression in exper-
imental acute pancreatitis rats,” World Journal of
Gastroenterology, vol. 18, no. 17, pp. 2132-2139, 2012.

J. Schmidt, D. W. Rattner, K. Lewandrowski et al., “A better
model of acute pancreatitis for evaluating therapy,” Annals of
Surgery, vol. 215, no. 1, pp. 44-56, 1992.

T. B. Gardner, “Acute pancreatitis,” Annals of Internal Medi-
cine, vol. 174, no. 2, pp. ITC17-1TC32, 2021.

Y. Aratani, “Myeloperoxidase: its role for host defense, inflam-
mation, and neutrophil function,” Archives of Biochemistry
and Biophysics, vol. 640, pp. 47-52, 2018.

H. Ehrhardt, S. Hicker, S. Wittmann et al., “Cytotoxic drug-
induced, p53-mediated upregulation of caspase-8 in tumor
cells,” Oncogene, vol. 27, no. 6, pp. 783-793, 2008.

Y. Hu, J. Dai, G. Zong et al., “Restoration of p53 acetylation by
HDAC inhibition permits the necrosis/apoptosis switch of
pancreatic ainar cell during experimental pancreatitis in mice,”
Journal of Cellular Physiology, vol. 234, no. 12, pp. 21988-
21998, 2019.

D. Speidel, “Transcription-independent p53 apoptosis: an
alternative route to death,” Trends in Cell Biology, vol. 20,
no. 1, pp. 14-24, 2010.

S. B. Kovacs and E. A. Miao, “Gasdermins: effectors of pyrop-
tosis,” Trends in Cell Biology, vol. 27, no. 9, pp. 673-684, 2017.
J. Shi, W. Gao, and F. Shao, “Pyroptosis: gasdermin-mediated
programmed necrotic cell death,” Trends in Biochemical Sci-
ences, vol. 42, no. 4, pp. 245-254, 2017.

M. P. Manns, “Autoimmune hepatitis: the dilemma of rare dis-
eases,” Gastroenterology, vol. 140, no. 7, pp. 1874-1876, 2011.
F. J. Bock and S. W. G. Tait, “Mitochondria as multifaceted
regulators of cell death,” Nature Reviews Molecular Cell Biol-
ogy, vol. 21, no. 2, pp. 85-100, 2020.

L. Galluzzi, M. C. Maiuri, I. Vitale et al., “Cell death modalities:
classification and pathophysiological implications,” Cell Death
and Differentiation, vol. 14, no. 7, pp. 1237-1243, 2007.
P.S.Leungand Y. C. Chan, “Role of oxidative stress in pancre-
atic inflammation,” Antioxidants & Redox Signaling, vol. 11,
no. 1, pp. 135-166, 2009.

D. N. Criddle, E. McLaughlin, J. A. Murphy, O. H. Petersen,
and R. Sutton, “The pancreas misled: signals to pancreatitis,”
Pancreatology, vol. 7, no. 5-6, pp. 436-446, 2007.

D. H. J. Cheong, F. Arfuso, G. Sethi et al., “Molecular targets
and anti-cancer potential of escin,” Cancer Letters, vol. 422,
pp. 1-8, 2018.

S. Tenner, J. Baillie, J. DeWitt, and S. S. Vege, “American Col-
lege of Gastroenterology guideline: management of acute pan-
creatitis,” The American Journal of Gastroenterology, vol. 108,
no. 9, pp. 1400-1415, 2013.

L. Boxhoorn, R. P. Voermans, S. A. Bouwense et al., “Acute
pancreatitis,” The Lancet, vol. 396, no. 10252, pp. 726-734,
2020.

(41]

(42]

(43]

[44]

(45]

[46]

(47]

(48]

Oxidative Medicine and Cellular Longevity

T. Bedke, F. Muscate, S. Soukou, N. Gagliani, and S. Huber,
“IL-10-producing T cells and their dual functions,” Seminars
in Immunology, vol. 44, article 101335, 2019.

G. Kroemer, L. Galluzzi, and C. Brenner, “Mitochondrial
membrane permeabilization in cell death,” Physiological
Reviews, vol. 87, no. 1, pp. 99-163, 2007.

D. M. Booth, J. A. Murphy, R. Mukherjee et al., “Reactive oxy-
gen species induced by bile acid induce apoptosis and protect
against necrosis in pancreatic acinar cells,” Gastroenterology,
vol. 140, no. 7, pp. 2116-2125, 2011.

L. V. Odinokova, K. F. Sung, O. A. Mareninova et al., “Mecha-
nisms regulating cytochrome c release in pancreatic mitochon-
dria,” Gut, vol. 58, no. 3, pp. 431-442, 2009.

O. H. Petersen, J. Gerasimenko, O. V. Gerasimenko,
O. Gryshchenko, and S. Peng, “The roles of calcium and
ATP in the physiology and pathology of the exocrine pan-
creas,” Physiological Reviews, 2021.

R. Kang, M. T. Lotze, H. J. Zeh, T. R. Billiar, and D. Tang, “Cell
death and DAMPs in acute pancreatitis,” Molecular Medicine,
vol. 20, no. 1, pp. 466-477, 2014.

X. Han, H. Shi, Y. Sun et al., “CXCR2 expression on granulo-
cyte and macrophage progenitors under tumor conditions
contributes to mo-MDSC generation via SAPI18/ERK/-
STAT3,” Cell Death & Disease, vol. 10, no. 8, p. 598, 2019.

M. C. Wei, W. X. Zong, E. H. Cheng et al., “Proapoptotic BAX
and BAK: a requisite gateway to mitochondrial dysfunction
and death,” Science, vol. 292, no. 5517, pp. 727-730, 2001.



	Escin Sodium Improves the Prognosis of Acute Pancreatitis via Promoting Cell Apoptosis by Suppression of the ERK/STAT3 Signaling Pathway
	1. Introduction
	2. Materials and Methods
	2.1. Reagents
	2.2. Animal Experiments
	2.3. Cell Culture and Interventions
	2.4. Histological Analysis and Immunohistochemistry
	2.5. Biochemical Analysis
	2.6. Reverse Transcription- (RT-) PCR and Real-Time- (q-) PCR
	2.7. Western Blotting
	2.8. Apoptosis Quantified by Flow Cytometry
	2.9. Hoechst33342 and MitoTracker Red CMXRos Staining
	2.10. Measure of Intracellular ROS Levels and Calcium Concentration

	3. Statistical Analysis
	4. Results
	4.1. Escin Sodium Inhibits Amylase, Lipase, and Inflammatory Cytokines in STC-Induced Acute Pancreatitis
	4.2. Escin Sodium Pretreatment Ameliorates Acinar Cell Injury in STC-Induced Acute Pancreatitis
	4.3. Escin Sodium Promotes Acinar Cell Apoptosis but Not Pyroptosis in STC-Induced AP
	4.4. Escin Sodium Plays a Protective Role by Upregulating Mitochondrial Membrane Potential and ROS Activity but Downregulating Intracellular Calcium Concentration
	4.5. Escin Sodium Promotes Acinar Cell Apoptosis via Downregulating ERK/STAT3 Phosphorylation
	4.5. Escin Sodium Promotes Acinar Cell Apoptosis via Downregulating ERK/STAT3 Phosphorylation

	5. Discussion
	6. Conclusion
	Abbreviations
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials

