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Abstract

AIM

To investigate the mechanisms by which Sheng-jiang
powder (SJP) ameliorates obesity-induced pancreatic
inflammatory injury.
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METHODS

Sprague-Dawley rats were randomized into three groups:
normal group (NG), obese group (HLG), or SJP treatment
group (HSG). Obesity was induced by feeding a high-fat
diet in the HLG and HSG, while the NG received standard
chow. Rats were euthanized after 12 wk, and blood and
pancreatic tissues were collected for histopathological
analyses. Nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-xB) and transforming growth
factor beta (TGF-B) expression, serum triglyceride and
adiponectin levels, and apoptosis in pancreatic acinar
cells were assessed. A high-fat AR42] acinar cell injury
model was established using very low-density lipoprotein
(VLDL). AR42] acinar cell culture supernatant, treated
with different interventions, was applied to seven groups
of pancreatic stellate cells (PSCs). The proliferation
of PSCs and the expression of fibronectin and type I
collagenase were assessed.

RESULTS

Compared with the NG, we found higher pathological
scores for pancreatic tissues, lower serum adiponectin
levels, higher expression levels of NF-xB in pancreatic
tissues and TGF-B in pancreatic inflammatory cells,
and increased apoptosis among pancreatic acinar cells
for the HLG (P < 0.05). Compared with the HLG, we
found reduced body weight, Lee’s index scores, serum
triglyceride levels, and pathological scores for pancreatic
tissues; higher serum adiponectin levels; and lower
expression levels of NF-«xB, in pancreatic tissue and
TGF-B in pancreatic inflammatory cells for the HSG (P
< 0.05). The /n vitro studies showed enhanced PSC
activation and increased expression levels of fibronectin
and type I collagenase after SIP treatment. An
adenosine 5'-monophosphate-activated protein kinase
(AMPK) inhibitor inhibited PSC activation.

CONCLUSION

SJP may ameliorate obesity-induced pancreatic inflam-
matory injury in rats by regulating key molecules of the
adiponectin-AMPK signalling pathway.

Key words: Obesity; Sheng-jiang powder; Adiponectin;
Adenosine 5-monophosphate-activated protein kinase;
Pancreatic inflammatory injury

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Obesity is a risk factor for non-alcoholic fatty
pancreas disease and induces pancreatic inflammatory
injury. Sheng-jiang powder (SJP) can ameliorate obesity-
induced pancreatic inflammatory injury; however, the
specific mechanisms remain unclear. This study demon-
strates that SJP may inhibit the inflammatory response,
prevent pancreatic fibrosis, promote pancreatic acinar
cell repair, and ultimately ameliorate obesity-induced
pancreatic inflammatory injury in rats by regulating the key
molecules of the AMPK signalling pathway.
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INTRODUCTION

Obesity rates have increased sharply over the past
40 years, creating a global public health crisis™.
According to the results of the Global Burden of
Disease Study 2013, the number of overweight and
obese individuals increased to 2.1 billion worldwide in
2013, which is 2.28 times more than that in 1980,
Obesity or excess weight can lead to high morbidity
for many noncommunicable diseases, including 75%
of hypertension, 44% of the diabetes burden, 23%
of ischaemic heart disease, and 7%-41% of certain
cancers?®. Additionally, the prevalence of non-alcoholic
fatty pancreas disease (NAFPD), which is characterized
by pancreatic fat infiltration due to obesity, ranges
from 16% to 35% in Asian populations™*. In addition,
NAFPD may play an important role in the development
of type 2 diabetes (T2DM), acute pancreatitis, and even
pancreatic cancer”. As a result, obesity- and excess
weight-related complications have led to a considerable
burden on patients and the society. Withrow and Alter
(2011)"! indicated that obesity accounted for between
0.7% and 2.8% of the total healthcare costs of a
country. Therefore, due to the side effects of the current
treatments for obesity and the lack of specific drugs,
people have gradually begun to focus on interventions
using traditional Chinese medicine (TCM), such as
Sheng-jiang powder (SJP)>7,

The pathogenesis of obesity-induced tissue injury
is complex and diverse. The most common pathoge-
neses are endoplasmic reticulum (ER) stress and the
inflammatory response™®. According to experimental
reports, maternal obesity and postnatal obesogenic diets
can result in NAFPD because of an ER imbalance and
an alteration in circadian metabolic patterns®. Obesity-
induced inflammation is a chronic and low-grade form
of inflammation, which starts in adipose tissue, with
abundant macrophage infiltration, followed by the
increased secretion of pro-inflammatory cytokines, such
as tumour necrosis factor alpha (TNF-a), interleukin
6 (IL-6), and C-reactive protein, while the production
of anti-inflammatory cytokines, such as interleukin 10
(IL-10) and adiponectin, drastically decreases!'”. Gotoh
et al™ found that obesity reduced the production of
spleen-derived IL-10, which can protect against the
development of NAFPD. In addition, insulin resistance (IR)
and B-cell dysfunction also play important roles™?. IR
decreases the inhibitory activity of insulin on peripheral
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lipolysis, leading to an increase in circulating free
fatty acids (FFAs). The chronic exposure of B-cells to
elevated FFAs results in B-cell dysfunction and creates
a vicious cycle resulting in the continuous deterioration
of the glucometabolic state**, Although obesity-
induced pancreatic injury is known to be related to
the inflammatory response!”’, the specific and detailed
mechanisms involved remain unclear.

According to the TCM theory, obesity belongs to the
category of “Turbidity”, which is primarily caused by the
“ascending and descending dysfunction” of the spleen**.
As a classic representative formula for ascending
lucidity and descending turbidity, SJP originates from
a Nei-Fu-Xian-Fang decoction in Wanbing Huichun,
which was compiled by Ting-Xian Gong during the
Ming dynasty in China and is composed of Jiangchan
(Bombyx Batryticatus), Chantui (Periostracum cicada),
Jianghuang (Curcuma longa L.), and Dahuang (Rheum
palmatum L.)"**). Several dlinical studies have confirmed
that SJP is effective in regulating lipid metabolism and
improving IR, and SJP is widely used to treat obesity-
related diseases, such as hyperlipidaemia, fatty liver, and
diabetes!'®*®l, Our previous studies have demonstrated
that SJP can ameliorate the inflammatory response
and histopathological lesions in the pancreas of obese
rats””. However, the specific mechanisms underlying the
amelioration of obesity-induced pancreatic inflammatory
injury by SJP are far from being sufficiently understood.
Therefore, we designed this study to further investigate
the specific mechanisms of SJP on obesity-induced
pancreatic inflammatory injury.

MATERIALS AND METHODS

Preparation of SJP for oral administration to rats

The spray-dried drug particles of SJP ingredients,
including Dahuang (batch No. 16110150), Jianghuang
(batch No. 16080008), Jiangcan (batch No. 16100147),
and Chantui (batch No. 16080020), were purchased
from the Affiliated Hospital of Chengdu University of
TCM (Chengdu, China) and authenticated by Professor
Wang WM (Department of Herbal Pharmacy, West
China Hospital, Sichuan University, China), according to
the Chinese Pharmacopoeia (The Pharmacopoeia Com-
mission of People’s Republic of China, 2010). Voucher
specimens were deposited at our laboratory. The spray-
dried drug particles were mixed in the proportions
of 4:3:2:1, according to Ting-Xian Gong’s Wanbing
Huichun, a famous, classic TCM book from the Ming
dynasty™, and they were completely reconstituted with
sterile double-distilled water (concentration: 1 g/mL).
This SIP solution was stored at 4 “C until ready for use,
and it was administered orally to the rats at a dose of 5
mL/kg of body weight (BW).

Preparation of SJP for cell treatment
Our previous study determined that the serum peak
concentration of rhein in the plasma of rats that received
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orally administered SJP (Dahuang, Jianghuang, Jiangcan,
and Chantui proportions: 12:9:6:3) was 4388 + 957
ug/L; thus, for convenience, we used 5000 nug/L for
calculations!*®!. According to the above concentration
and the content of rhein in the SJP compound formula
(Dahuang, Jianghuang, Jiangcan, and Chantui proportions:
12:9:6:3; the ratio of rhein to the SJP compound formula
was 0.5 mg/g)™®, we calculated the compound dosage for
cell treatments as follows: 1 g of SJP compound formula
was added to 100 mL of PBS (SH30256.01B, HyClone,
Logan, UT, United States) to dilute to a 1 x working
concentration. In this study, 1 mL of the above 1 g/mL SIP
solution for rat oral administration was diluted to 100 Xx,
filtered, and sterilized to prepare the highest concentration
of the compound for in vitro use.

Preparation of adenosine 5’-monophosphate-
activated protein kinase inhibitor Compound C

One gram of Compound C (171260, Merck KGaA,
Darmstadt, Hessen, Germany) was dissolved in 1000
mL of phosphate buffer solution (PBS), and the mixture
was diluted to a 2.5 mmol/L stock solution (100 x),
sterilized by filtration, and stored at -20 C. Before use,
the appropriate amount of the above stock solution was
diluted 100 x, for a final working concentration of 25
pumol/L.

Induction of obesity, animal treatments, and
sample collection

The protocol was reviewed and approved by the
Institutional Animal Care and Use Committee of West
China Hospital of Sichuan University. Twenty-four
male Sprague-Dawley rats, weighing 60-80 g, were
purchased from Chengdu Dashuo Experimental Animal
Co., Ltd. (Chengdu, China). The protocol was designed
to minimize the pain and discomfort of the rats. All
rats were acclimatized to laboratory conditions (22 +
2T, 65% *= 10% relative humidity, 12-h light/12-h
dark cycle, ad libitum access to water and food) for
one week prior to the special feeding. Special feeding
meant that the rats had free access to a high-fat diet
(HFD; 60% of calories derived from fat; TP23300;
Trophic Animal Feed High-tech Co., Ltd., Nantong,
China) to induce obesity, or to a control diet (16.7% of
calories derived from fat; LAD3001G; Trophic Animal
Feed High-tech Co., Ltd., Nantong, China).

All rats were randomly divided into a normal group
(NG, control diet), an obese group (HLG, HFD), or an
SJP treatment group (HSG, HFD plus SJP), with 8 rats
in each group. The whole study lasted for 12 wk. Rats in
the HSG were intragastrically administered with SJP (5
g/kg) once daily, beginning in the third week, while the
rats in the other two groups were instead administered
with equal volumes of normal saline. Food intake was
monitored daily. After 12 wk of feeding, the rats were
anesthetized (2% sodium pentobarbital, intraperitoneal
injection, 40 mg/kg of BW), heart blood samples were
taken to test the levels of triglyceride and adiponectin,
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and the BW and naso-anal length were measured for
Lee's index calculations, using the following formula®":
Lee’s index = m x 103 /naso — anal length(cm) .
Pancreatic tissue samples were obtained for histo-
pathological analyses, immunohistochemistry tests for
nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-xB) and transforming growth factor-g (TGF-B),
and terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labelling (TUNEL). Then, all rats were
euthanized with a 2% sodium pentobarbital overdose
(intraperitoneal injection, 200 mg/kg of BW).

Measurement of serum triglyceride and adiponectin
levels

The blood samples were centrifuged at 1000 r/min for
5 min to collect supernatants for analysis. The levels of
triglyceride were measured with a HITACHI automatic
biochemical analyser (7170A, HITACHI, Tokyo, Japan),
and the levels of adiponectin were measured with ELISA
kits (EKT246253, eBio, Wuhan, China). According to the
manufacturer’s protocol, absorbance was measured at
450 nm with a High Throughput Universal Microplate
Assay. The sample values were then read off the
standard curve, and the relative concentrations were
calculated.

Histopathological analysis of pancreatic tissues
Fresh pancreatic tissue samples were fixed with 40 g/L
paraformaldehyde (AR1068, BOSTER, Wuhan, China),
embedded in paraffin, sectioned into 5 um sections, and
stained with haematoxylin and eosin. All histopathological
sections were observed and scored in a blinded manner
by two independent pathologists using the scoring
system described by Kusske et a/'*? (0-4 points:
oedema, inflammation, haemorrhage, and necrosis). The
total histopathology score is the mean of the combined
scores for each parameter from both investigators.

Immunohistochemistry

Paraffin-embedded pancreatic samples were depar-
affinized and then rehydrated. Endogenous peroxidase
was quenched for 10 min with 30 g/L H202 and washed
three times with distilled water. Sections were immersed
in 0.01 mol/L citric acid buffer (pH 6.0), heated in a
microwave oven until they were boiled, and then de-
energized; the process was repeated 5 min later.
After a wash with PBS, the sections were blocked
with 5% bovine serum albumin (BSA) confining liquid
(AR0004, BOSTER, Wuhan, China) for 10 min, at room
temperature, and then excess liquids were removed.
Sections were incubated overnight at 4 ‘C with primary
antibody against NF-xB p65 (sc-8008, Santa Cruz
Biotechnology, Santa Cruz, CA, United States; 1:200
dilution) or TGF-B (sc-146, Santa Cruz Biotechnology,
Santa Cruz, CA, United States; 1:100 dilution). After
washing with PBS, the sections were incubated with
biotinylated goat-anti-mouse or goat-anti-rabbit IgG
(SA2010, BOSTER, Wuhan, China) at 37 'C for 30 min
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and then incubated with a SABC-POD Kit (SA2010,
BOSTER, Wuhan, China) for 30 min at 37 °C. Finally, the
sections were stained with a DAB-kit (AR1022, BOSTER,
Wuhan, China) for 20 min. The sections were rinsed
in tap water and counterstained with haematoxylin.
Immunohistochemistry sections were observed and
scored in a blinded manner by specialists, using the
scoring system described by Xu et al*l. Briefly, the
evaluation of the nuclear or cytoplasmic staining reaction
was performed in accordance with the immunoreactive
score (IRS): IRS = staining intensity (SI) x percentage
of positive cells (PP). SI was determined as follows: 0,
colourless; 1, light yellow; 2, brownish yellow; and 3,
brown. PP was defined as follows: 0, negative; 1, 10%
positive cells; 2, 11%-50% positive cells; 3, 51%-75%
positive cells; and 4, 75% positive cells. Ten visual fields
from different areas of each pancreatic section were used
for the IRS evaluation, using the average for statistical
analysis.

TUNEL assay for apoptotic cells in pancreatic tissues
The levels of apoptotic cells in pancreatic tissue samples
were analysed using a TUNEL detection kit (14590900,
Roche, San Francisco, CA, United States), following the
manufacturer’s instructions. Briefly, the pancreatic tissue
sections were covered with proteinase K solution (20
ug/mL proteinase K + 0.01 mol/L Tris/HCL, pH 7-8.0)
at room temperature for 15 min before the addition of
50 ulL of the TUNEL reaction mixture. After incubation in
a humid chamber in the dark for 1 h, the sections were
incubated with 50 pL of converter-POD solution at 37 'C
for 30 min, followed by a final PBS wash. Next, 100 uL
of DAB solution (5 uL 20 x DAB + 1 pL 300 g/L H202 +
94 uL PBS) was added for 10 min at room temperature
to develop the slides, followed by three washes with PBS
and haematoxylin counterstaining for 2 min. Images
were captured using a fluorescence microscope (AX10
imager A2/AX10 cam HRC, Carl Zeiss Jena, Oberkochen,
Germany), and the apoptotic index was calculated as the
number of apoptotic cells/total number of cells x 100%.

Cell culture

Rat pancreatic acinar AR42] cells (CRL-1492, ATCC,
Manassas, VA, United States) were maintained at 37 'C
in DMEM/F12 medium (SH30023.01B, HyClone, Logan,
UT, United States) supplemented with 10% foetal bovine
serum (FBS; 16000044, Gibco, Waltham, MA United
States), 100 IU penicillin, and 100 ug/mL streptomycin
(SV30010, HyClone, Logan, UT, United States) in a
50 mL/L CO: atmosphere. Prior to stimulation, cells in
the logarithmic growth phase were seeded at 1 x 10°
cells/well in 6-well plates and incubated until completely
adherent.

Rat pancreatic stellate cells (PSCs; RAT-iCell-g003,
Shanghai Deyu Bio-tech Co., Ltd, Shanghai, China)
were cultured under the same conditions described
above, but the culture medium was changed to 90%
RPMI 1640 (SH30809.01B, HyClone, Logan, UT, United
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States) supplemented with 10% FBS, 100 IU penicillin,
and 100 pg/mL streptomycin. PSCs in the logarithmic
growth phase were seeded on polylysine-treated slides
to perform cell-climbing. After the PSCs covered the
slides, they were treated according to the following
experimental design.

Induction of a cell model and stimulation

A high-fat AR42] acinar cell injury model was established
by stimulation with 0.06 mg/mL of very low-density
lipoprotein (VLDL; LP1, Merck-Millipore, Billerica, MA,
United States)*, AR42J cells were divided into five
groups: normal group (AR42] cells + culture medium),
model group (AR42] cells + VLDL), SJP group (AR42]
cells + VLDL + SJP), VLDL + Compound C group (AR42]
cells + VLDL + Compound C), and SJP + Compound
C group (AR42] cells + VLDL + SJP + Compound C).
After the AR42] cells were completely adherent, 0.5
mL of medium (80% DMEM/F12 + 20% FBS + 100 IU
penicillin + 100 ug/mL streptomycin) was added to the
normal group and the model group; 0.25 mL of medium
and 0.25 mL of SJP were added to the SJP group; 0.25
mL of medium and 0.25 mL of Compound C were added
to the VLDL + Compound C group; and 0.25 mL of SJP
and 0.25 mL of Compound C were added to the SIP +
Compound C group. Thirty minutes later, 30 uL of culture
medium was added to the normal group, and 30 pL
of VLDL (5 mg/mL) was added to the other groups for
model induction. Culture supernatants were collected
24 h after treatment administration to treat the PSCs,
according to the following experimental design.

PSCs that covered the slides were divided into seven
groups: A, normal PSCs (VLDL-, culture supernatants-);
B, PSCs stimulated directly with VLDL (VLDL+, culture
supernatant-); C, PSCs stimulated with normal acinar
cell culture supernatant (VLDL-, culture supernatant+);
D, PSCs stimulated with acinar cell culture supernatant
treated with VLDL (VLDL+, culture supernatant+); E,
PSCs stimulated with acinar cell culture supernatant
treated with SJP (VLDL+, culture supermatant+, SIP+);
F, PSCs stimulated with acinar cell culture supernatant
treated with Compound C (VLDL+, culture supernatant+,
Compound C+); G, PSCs stimulated with acinar cell
culture supernatant treated with Compound C and SJP
(VLDL+, culture supernatant+, SJP+, Compound C+).
The culture medium was added to group A, diluted VLDL
(30 pL VLDL + 2.5 mL medium) was added to group B,
and the appropriate acinar cell culture supernatants, as
described above, were added to each of the remaining
five groups for 6 h, according to a ratio of 100 pl/mL.
Then, the slides were collected for immunofluorescence
analysis of the expression of fibronectin and type I
collagenase.

Immunofluorescence

Slides were fixed in 40 g/L paraformaldehyde for 30
min and rinsed with PBS three times (10 min each
time). Slides were permeabilized with 1% Triton X-100
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(Sigma, Saint Louis, MO, United States) for 30 min
and rinsed with PBS three times (10 min each time).
Slides were blocked with 10% goat serum (AR00Q9,
BOSTER, Wuhan, China) at 37 °C for 2 h. Anti-collagen
I antibody (ab34710, Abcam, Cambridge, MA, United
States) and anti-fibronectin antibody (ab6328, Abcam,
Cambridge, MA, United States) were added separately
and incubated overnight at 4 C. After washing with
PBS, the secondary antibodies, goat anti-rabbit IgG H&L
(Alexa Fluor® 488) (ab150077, Abcam, Cambridge,
MA, United States) and goat anti-mouse IgG H&L (Alexa
Fluor® 488) (ab150113, Abcam, Cambridge, MA,
United States), were added separately and protected
against light for 2 h at room temperature. The nucleus
was stained with DAPI, and the sections were sealed
with glycerine. A fluorescence microscope (AX10 imager
A2/AX10 cam HRC, Carl Zeiss Jena, Oberkochen,
Germany) was used for observation.

Statistical analysis

The statistical methods of this study were reviewed
by Dr. Hai Niu from College of Mathematics, Sichuan
University. All values are expressed as the mean =+
standard deviation. GraphPad Prism 6.01 software
(GraphPad Prism 6.01 software Inc., San Diego, CA,
United States) was used for statistical analyses. For each
test, the experimental unit was an individual animal.
Normality was assessed by the Shapiro-Wilk normality
test, and homogeneity of variance was assessed by
the Bartlett’s test. If data were normally distributed
and the variances of three experimental groups were
equal, one-way analysis of variance was used for multi-
group comparisons, and Dunnett-t test was used for
comparisons of two groups. Statistical significance is
expressed as °P < 0.05 vs NG or °P < 0.05 vs HLG.

RESULTS

SJP reduces BW, Lee’s index, and serum triglyceride
levels of obese rats

After 12 wk of experimental diet consumption, BW, Lee’
s index, which is a rapid means of determining obesity,
and the levels of serum triglyceride of the rats in the
HLG were significantly higher than those of the rats in
the NG (P < 0.05; Table 1). Conversely, the above three
parameters of the HSG were significantly lower than
those of the HLG (P < 0.05; Table 1). However, food
intake did not differ significantly among the experimental
groups.

SJP relieves the pathological damage to pancreatic
tissues in obese rats

The histopathological evaluation results showed signi-
ficantly higher pathological scores for pancreatic tissues
from rats in the HLG than for those in the NG (P < 0.05;
Figure 1A). Conversely, SJP treatment distinctly lowered
the pathological scores of the pancreas, with reduced
inflammatory cell infiltration, mild tissue oedema, and
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Table 1 Body weight, Lee's index, serum triglyceride levels, and dairy food intake of rats in the three experimental groups

Parameter NG HLG HSG
Initial body weight (g) 69+4 70+5 69+8
Final body weight (g) 461 +56 537 + 46" 467 £ 49"
Lee’s index 3.13 +0.07 343 +0.16° 312013
Triglyceride (mmol/L) 1.57 +0.46 3.24 +1.48° 1.39 £0.41°
Food intake (g/d) 19.57 £0.87 18.91+£1.12 18.01 £0.77

The results are presented as the mean + SD, n = 8 for each group. *P < 0.05 vs NG; "P < 0.05 vs HLG. NG: Normal group; HLG: High-fat diet group; HSG:

High-fat diet group treated with Sheng-jiang powder.

Histopathological scores
Py D
o o

N
o

NG HLG  HSG

Figure 1 Histological images and pathologic scores of pancreatic tissues from the three experimental groups. A: Pathological images of the pancreatic
tissues (x 200); B: Histological scores of the pancreatic tissues. The results are presented as the mean + SD. °P < 0.05 vs NG; "P < 0.05 vs HLG. NG: Normal group;
HLG: High-fat diet group; HSG: High-fat diet group treated with Sheng-jiang powder.

reduced cell necrosis (Figure 1A and B).

SJP stimulates the expression of serum adiponectin in
obese rats

Adiponectin is an adipokine with anti-inflammatory, anti-
oxidant, anti-atherogenic, pro-angiogenic, vasoprotective,
and insulin-sensitizing properties, which is markedly
decreased in obesity™®®!. Thus, we determined the
levels of adiponectin in serum after SJP administration.
Adiponectin levels were significantly reduced in the HLG (P
< 0.05; Figure 2), whereas they were absent in the NG.
After SJP administration, adiponectin levels were much
higher in rats in the HSG than in rats in the HLG (P < 0.05;

Baishidenge ~ WJG | www.wjgnet.com

Figure 2).

Effect of SJP on the expression levels of NF-kB and
TGF- in pancreatic acinar cells and inflammatory cells
from obese rats

As shown in Figure 3A, the expression levels of NF-«B in
both pancreatic acinar cells and inflammatory cells from
rats were higher in the HLG than in the NG (P < 0.05).
After SJP administration, the expression of NF-xB in both
types of cells was inhibited. Although no differences were
found in TGF-B expression levels among the groups in
the pancreatic acinar cells, an expression pattern similar
to that of NF-xB was observed in inflammatory cells,
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Figure 2 Levels of serum adiponectin. The results are presented as the
mean + SD. °P < 0.05 vs NG; °P < 0.05 vs HLG. NG: Normal group; HLG: High-
fat diet group; HSG: High-fat diet group treated with Sheng-jiang powder.

where TGF-p expression was stimulated by HFD and
inhibited by SJP administration (Figure 3A).

Effects of SJP on apoptosis of pancreatic acinar
cells in obese rats

Apoptosis of pancreatic acinar cells was significantly
higher in the HLG than in the NG (P < 0.05; Figure 4).
Although we found no significant differences in apoptosis
following treatment with SJP, we found a downward
trend in the HSG (Figure 4).

SJP promotes PSC activation

To explore whether the repair effects of SJP on
pancreatic acinar cell damage occur through adenosine
5'-monophosphate-activated protein kinase (AMPK)
signalling, we performed cellular tests of AR42] cells
and PSCs. The results showed that the expression of
fibronectin and type I collagenase was weak in normal
PSCs (Figure 5A). After stimulation with VLDL or normal
acinar cell culture supernatant, the expression of
fibronectin and type I collagenase increased (Figure 5B
and C). The supernatant of VLDL-treated AR42] cells
stimulated PSCs to trigger increased expression levels
of fibronectin and type I collagenase (Figure 5D), and
the expression of these two proteins was enhanced
after stimulation with acinar cell culture supernatant
treated with SJP (Figure 5E). The fibronectin and type I
collagenase expression levels were reduced (Figure 5F
and G) in the two groups of PSCs treated with the AMPK
inhibitor.

DISCUSSION

In the present study, HFD successfully induced an
obese rat model, as in our previous study'”’. Our results
showed significantly higher BW, Lee’s index scores,
and serum triglyceride levels, lower serum adiponectin
levels, higher expression levels of NF-kB in pancreatic
tissues, and increased apoptosis of pancreatic acinar
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cells in obese rats, while SJP effectively reduced BW, Lee’
s index scores, and serum triglyceride levels, stimulated
the expression of serum adiponectin, and inhibited the
expression of NF-xB in pancreatic tissues. In addition,
the expression levels of TGF- in inflammatory cells
of the pancreas were significantly higher in obese
rats, while SIP could reduce the expression of TGF-B
in inflammatory cells but had no influence in acinar
cells. The in vitro studies have shown that the culture
supernatant from AR42] acinar cells that were incubated
with VLDL stimulated the proliferation and matrix
synthesis of PSCs. After SIP treatment, PSC activation
was enhanced, and the expression of fibronectin and
type I collagenase was further increased. Interestingly,
AMPK inhibitors inhibited the PSC activation process
described above.

Adipose tissue is considered to be an endocrine
organ with an important role in local and systemic
homeostasis. It has been demonstrated that adipose
is responsible for the production and release of many
potent signalling molecules, including adipokines,
lipokines, and inflammatory mediators'®*. Adiponectin
is a well-known adipokine that promotes insulin
sensitivity and has an anti-inflammatory effect, and its
production becomes blunted as adiposity increases®!.
Generally, obesity in humans is a symptom of energy
imbalance, where energy intake exceeds energy output,
while AMPK plays a key role in controlling energy
homeostasis'?”\. Importantly, adiponectin can regulate
energy intake and consumption by stimulating the
phosphorylation of AMPK; adiponectin phosphorylates
and subsequently inhibits acetyl-CoA carboxylase and
inhibits malonyl-CoA synthesis, thereby decreasing
the inhibitory effect of carnitine acyltransferase 1 (the
key enzyme required for activated fatty acid entry into
the mitochondria) and leading to increased fatty acid
oxidation and glucose uptake®!. Therefore, with the
long-term intake of HFD, the decrease in adiponectin
observed in obese rats may affect the energy imbalance
and promote fat infiltration or accumulation; in turn, fat
accumulation may affect the expression of adiponectin,
which leads to a vicious cycle.

In addition to its effect on controlling glucose and
lipid metabolism, adiponectin can also inhibit lipo-
polysaccharide (LPS)-primed inflammasome activa-
tion in macrophages via AMPK signalling-dependent
mechanisms®®, while adiponectin-AMPK signalling can
be inhibited during chronic low-grade inflammatory
responses, including obesity, non-alcoholic fatty liver
disease, atherosclerosis, IR, and T2DM"". Therefore,
the decrease in adiponectin observed in obese rats may
reduce its inhibitory effect on inflammasome activation
and promote the inflammatory response. In our study,
SJP ameliorated the expression of adiponectin in rats
with obesity induced with an HFD. Similarly, some studies
showed that SJP could significantly increase serum
adiponectin levels in obesity-related glomerulopathy
patients and T2DM patients with dyslipidaemia™®*".. As a
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Figure 3 Nuclear factor kappa-light-chain-enhancer of activated B cells and transforming growth factor beta expression in pancreatic tissues. A: Nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-xB) and transforming growth factor beta (TGF-B) expression in pancreatic acinar cells and inflammatory
cells; B: Immunohistochemistry assay for NF-kB expression; C: Immunohistochemistry assay for TGF-B expression. Negative: Blue; Positive: Yellow-brown.
The results are presented as the mean + SD. °P < 0.05 vs NG; °P < 0.05 vs HLG. NF-kB: Nuclear factor kappa-light-chain-enhancer of activated B cells; TGF-B:
Transforming growth factor beta; NG: Normal group; HLG: High-fat diet group; HSG: High-fat diet group treated with Sheng-jiang powder; N/P ratio: Nuclear/

cytoplasmic ratio; AC: Acinar cells; IC: Inflammatory cells.

component of Curcuma longa, curcumin could attenuate
HFD-induced hepatic steatosis by regulating hepatic
lipid metabolism via AMPK activation®. Thus, combined
with the anti-inflammatory effect of SJP, we speculate
that SJP may reduce the suppressive effect of obesity
on the adiponectin-AMPK signalling pathway, which may
contribute to energy consumption and further inhibit
the inflammatory response, eventually regulating lipid
metabolism in obese rats.

In addition to the aforementioned decrease in
adiponectin levels associated with the inflammatory
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response in obese rats, the NF-«B signalling pathway
and ER stress are two other important mechanisms of
the obesity-induced inflammatory response. As adiposity
increases, the balance between pro-inflammatory and
anti-inflammatory cytokines secreted by adipocytes
gradually becomes deregulated. In addition, those
unbalanced inflammatory cytokines can activate
macrophages via the Toll-like receptor 4 signalling
pathways, whereas the binding of TNF-a released by
macrophages to TNF-o receptors on adipocytes activates
the NF-xB signalling pathway®® and promotes the
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Figure 4 Results of terminal deoxynucleotidyl transferase-mediated dUTP nick-end labelling staining of pancreatic acinar cells. A: TUNEL staining images of
pancreatic acinar cells; B: Apoptotic index of pancreatic acinar cells. Negative: blue; positive: yellow-brown. The results are presented as the mean + SD. °P < 0.05 vs
NG. TUNEL: Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labelling; NG: Normal group; HLG: High-fat diet group; HSG: High-fat diet group treated

with Sheng-jiang powder group; CON: Negative staining control group.

amplification of inflammatory responses. In addition, ER
stress is currently recognized to be a mechanism of the
obesity-induced inflammatory response. Obesity-induced
ER stress primarily manifests itself in the activation
of two classic signalling pathways: The nuclear factor
of kappa light polypeptide gene enhancer in B cells
inhibitor (IxB)/NF-«xB signalling pathway and the c-Jun
N-terminal kinase (JNK) signalling pathway™***. The
phosphorylation of IxB and JNK triggers the activation
of transcription factors, such as NF-«B, that are closely
related to the inflammatory response downstream,
thereby promoting the development of inflammatory
responses”®. We know that SIP was effective for anti-
inflammation and could significantly downregulate the
expression of NF-«B in inflammatory diseases, such as
acute lung injury and glomerulonephritis™”*®), This study
also confirmed that SJP reduced the expression of NF-
kB in pancreatic tissues. Therefore, SJP may reduce the
inflammatory response in the pancreas of obese rats via
the NF-«B signalling pathway.

TGF-B is a regulatory molecule with pleiotropic
effects on cell proliferation, differentiation, migration,
and survival and affects multiple biological processes,
including development, carcinogenesis, fibrosis, wound
healing, and immune responses™. Although TGF-g is an
important cytokine that regulates tissue inflammation
and repair, its overexpression induces fibrosis, and
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[40,41]

the inhibition of TGF-B improves fibrotic disorder
Matsuda et a** found that, in Zucker diabetic fatty rats
fed a chronic HFD, fat could accumulate in pancreatic
acinar cells, which was related to subsequent pancrea-
tic fibrosis and acinar cell injury. Similarly, Yoshikawa
et al* demonstrated that TGF-B1 could extend from peri-
islets to the exocrine pancreas to become involved in
pancreatic fibrosis in Otsuka Long-Evans Tokushima
fatty rats, a model of naturally occurring obesity-related
diabetes.

In our study, the expression of TGF-B in pancreatic
acinar cells was rarely increased after 12 wk of HFD
intake, but it was highly expressed in pancreatic
inflammatory cells. Therefore, we speculate that obesity,
a persistent chronic injury with an accompanying
inflammatory response, may result in pancreatic fibrosis.
Interestingly, after SJIP treatment, the expression of
TGF-B in pancreatic inflammatory cells was significantly
decreased with a dramatic reduction in NF-xB and an
increase in adiponectin. Thus, given the common use of
anti-inflammatory drugs in the treatment of fibrosis!*”!
and the anti-inflammatory effect of SIP, we speculate
that SIP may prevent pancreatic fibrosis by inhibiting the
inflammatory response in the pancreas of obese rats.

It has been well established that brain, liver, and heart
cells undergo apoptosis under obesity conditions****, To
confirm whether obesity induces pancreatic acinar cell
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Figure 5 Immunofluorescence results of fibronectin and type | collagenase expression in cells growing on glass coverslips from each group. I: Nuclear
staining of rat pancreatic stellate cells (blue fluorescence); II: Fibronectin staining (green fluorescence); lll: Type | collagenase staining (red fluorescence). A:
Normal PSC (VLDL-, culture supernatant-); B: PSC stimulated directly with VLDL (VLDL+, culture supernatant-); C: PSC stimulated with normal acinar cell culture
supernatants (VLDL-, culture supernatant+); D: PSC stimulated with acinar cell culture supernatant treated with VLDL (VLDL+, culture supernatant+); E: PSC
stimulated with acinar cell culture supernatant treated with SJP (VLDL+, culture supernatant+, SJP+); F: PSC stimulated with acinar cell culture supernatant treated
with Compound C (VLDL+, culture supernatant+, Compound C+); G: PSC stimulated with acinar cell culture supernatant treated with Compound C and SJP (VLDL+,
culture supernatant+, SJP+, Compound C+). PSC: Pancreatic stellate cell; VLDL: Very low-density lipoprotein; SJP: Sheng-jiang powder.

apoptosis, we performed TUNEL staining. The results
showed that obesity could induce apoptosis of pancreatic
acinar cells. Moreover, one study has shown that the
phosphorylation of AMPK induced by adiponectin could
block interleukin 8-mediated endothelial cell death and
exert an anti-apoptotic effect!””’. Considering the fact
that SJP increased the levels of serum adiponectin in our
study and that curcumin effectively reduced apoptosis
of pancreatic acinar cells caused by the long-term
intake of alcohol and different amounts of proteins™®,
we speculated that SJP might play a role in the obesity-
induced apoptosis of pancreatic acinar cells. However,
there was no significant difference in the amount of
apoptosis in acinar cells after SJP treatment in this study.
A possible explanation for this finding might be that a
single dose or the dosing concentration was insufficient.
To the best of our knowledge, only one study has
demonstrated that SJP inhibited the apoptosis of brain
cells in rats with vascular dementia, and its administration
method was intravenous drip at 10 mL/kg of BW SIP*.,
Almost immediately, from the start of injury, multiple
types of cells participate in the process of exocrine
pancreas repair and regeneration. These cells include
not only acinar cells, which are both villains and victims
in pancreatic injury, but also ductal epithelial cells,
inflammatory cells of the immune system, and PSCs"”.
Given the importance of epithelial-mesenchymal
interactions during pancreas development™", interactions
between parenchymal cells and PSCs are almost
certain to be important for proper pancreatic repair.
Under physiological conditions, PSCs are at rest. In
the presence of profibrogenic mediators, such as
inflammatory cytokines and oxidative stress, PSCs are
activated™, Activated PSCs produce large amounts of
a-smooth muscle actin and extracellular matrix proteins,
particularly fibronectin and type I collagenase, to achieve
the replacement of inflammatory infiltrates and the
repair or regeneration of tissue injuries™. On the basis of
the in vivo data, under obesity conditions, inflammation
occurred in pancreatic tissues, and subsequently, acinar
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cell injury arose. Furthermore, culture media treated with
fat could stimulate acinar cells to produced profibrogenic
mediators. In addition, the supernatants collected from
acinar cells stimulated the proliferation of PSCs and the
synthesis of extracellular matrix proteins, particularly
fibronectin and type I collagenase. After treatment with
the AMPK inhibitor, the expression levels of fibronectin
and type I collagenase were reduced. For the first time,
we found that the inhibition of the AMPK signalling
pathway could impair the therapeutic effects of SJP by
diminishing the expression of fibronectin and type I
collagenase. Therefore, we boldly speculate that SIP may
promote acinar cell injury repair through the activation of
the AMPK signalling pathway.

This study expanded on the research from our
previous study”. However, some limitations exist.
First, in the in vivo experiment, no critical upstream or
downstream factors were detected in the adiponectin-
AMPK pathway in pancreatic tissue other than serum
adiponectin. Second, the relationship between dose or
dose frequency and the concentration effect requires
further study. Finally, the specific effective monomer
components of SJP should be taken under consideration.

In conclusion, we demonstrated that obesity exa-
cerbates pancreatic inflammatory injury in rats and
promotes the apoptosis of pancreatic acinar cells.
SJP can inhibit the inflammatory response, prevent
pancreatic fibrosis, and promote pancreatic acinar cell
repair, through the regulation of key molecules of the
adiponectin-AMPK signalling pathway, and eventually
ameliorate obesity-induced pancreatic inflammatory
injury in rats.

ARTICLE HIGHLIGHTS

Research background

Obesity is a risk factor for non-alcoholic fatty pancreas disease and induces
pancreatic inflammatory injury. Sheng-jiang powder (SJP) can ameliorate
obesity-induced pancreatic inflammatory injury, but the specific mechanisms
remain unclear. Therefore, the investigation of the specific mechanisms
underlying the SJP amelioration of obesity-induced pancreatic inflammatory
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injury is urgently required.

Research motivation

Our previous studies have demonstrated that SJP can ameliorate the
inflammatory response and histopathological lesions in the pancreas of obese
rats. However, the specific mechanisms underlying ameliorating effects of
SJP on obesity-induced pancreatic inflammatory injury are far from sufficiently
understood. Therefore, this study aimed to further explore the specific
mechanisms of SJP on obesity-induced pancreatic inflammatory injury, to
provide evidence for its clinical application in the future.

Research objectives
This study aimed to investigate the specific mechanisms by which SJP can
ameliorate obesity-induced pancreatic inflammatory injury.

Research methods

In the in vivo study, an obese rat model was induced by high-fat diet feeding,
which is widely accepted and used for the induction of obesity in rats. The
serum adiponectin levels were measured by enzyme-linked immunosorbent
assay (ELISA), which is a simple, rapid, accurate, and sensitive method. The
expression levels of nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-xB) and transforming growth factor beta (TGF-p) in pancreatic
tissues were measured by immunohistochemistry. The levels of apoptotic
cells in pancreatic tissue samples were analysed by terminal deoxynucleotidyl
transferase-mediated dUTP nick-end labelling (TUNEL) assay.

In the in vitro study, a high-fat AR42J acinar cell injury model was
established with very low-density lipoprotein (VLDL), and the AR42J acinar
cell culture supernatants, treated with different interventions, were applied to
pancreatic stellate cells (PSCs). The proliferation of PSCs and the expression
of fibronectin and type | collagenase were measured by immunofluorescence
analysis.

All statistical analyses were performed with GraphPad Prism 6.01
software. Quantitative data are expressed as the mean + standard deviation
when normally distributed. One-way analysis of variance followed by multiple
pair-wise comparisons using Dunnett-t test was used to detect differences
among the above parameters.

Research results

In the in vivo study, compared to the obese group (HLG), we found reduced
body weight, Lee’s index scores, serum triglyceride levels, and pathological
scores of pancreatic tissues; higher serum adiponectin levels; and lower
expression levels of NF-kB in pancreatic tissue and TGF-$ in the inflammatory
cells of the pancreas in the SJP treatment group (HSG) (P < 0.05). In the in vitro
study, PSC activation was enhanced after SJP treatment, and the expression
levels of fibronectin and type | collagenase were increased after SJP treatment.
An adenosine 5-monophosphate-activated protein kinase (AMPK) inhibitor
inhibited the PSC activation process described above.

What remains to be determined is the relationship between dose or dose
frequency and the concentration effect. Furthermore, the specific effective
monomer components of SJP should be taken under consideration to provide
more systematic and comprehensive evidence for the clinical application of this
Chinese decoction.

Research conclusions

This study demonstrates, for the first time, that obesity exacerbates pancreatic
inflammatory injury in rats and promotes apoptosis in pancreatic acinar cells. In
addition, SJP can inhibit the inflammatory response, prevent pancreatic fibrosis,
promote pancreatic acinar cell repair, through the regulation of key molecules
of the adiponectin-AMPK signalling pathway, and eventually ameliorate obesity-
induced pancreatic inflammatory injury in rats. Therefore, our study provides
molecular mechanisms as evidence for the clinical application of SJP.

Research perspectives

As we have found that SJP may ameliorate obesity-induced pancreatic
inflammatory injury in rats by regulating key molecules of the adiponectin-
AMPK signalling pathway, further investigation regarding the potential active
components of SJP and the interactions among these components is urgently

Baishidenge ~ WJG | www.wjgnet.com

required to provide evidence for wider clinical usage and to optimize and
simplify the formula.
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