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emodin against severe acute pancreatitis in rats†

Hong Xiang,ab Qingkai Zhang,c Danqi Wang,d Shilin Xia,d Guijun Wang,e

Guixin Zhang,c Hailong Chen,c Yingjie Wuab and Dong Shang*ac

In the present work, we investigated the action of emodin against rats with severe acute pancreatitis (SAP)

induced by administering 5% sodium taurocholate. The results demonstrated that emodin markedly

decreased plasma amylase, lipase, IL-1b, IL-6 and TNF-a activities. Immunohistochemistry and

immunofluorescence results indicated that emodin down-regulated MPO protein expression. Meanwhile,

emodin improved pancreatic histopathology and acinous cell ultrastructure. In addition, real-time PCR

results also proved that emodin significantly inhibited IL-1b, IL-6 and TNF-a mRNA expression. Finally,

a total of 32 differentially expressed proteins from rat pancreas in response to stimulus were discovered

by using iTRAQ-based quantitative proteomic analysis. These proteins were related to each other and

involved in different biological processes. Among them, a new biomarker, HTRA1, was found to associate

with SAP, which was validated by western blot. Further work found, for the first time, that proteins in the

HTRA1/TGF-b1 signaling cascade including HTRA1, TGF-b1, IL-33, MyD88, TRAF6 and NF-kB were

involved in the mechanisms of emodin against SAP. Ultimately, our results suggested that emodin had

potent actions against SAP injury by inhibiting the HTRA1/TGF-b1 signaling pathway and subsequent

inflammatory responses. These findings provide new insights that will aid in illuminating the action of

emodin against SAP insult.
Introduction

Severe acute pancreatitis (SAP) is an inammatory disease
induced by aberrant activation of trypsin.1,2 The excessive
release of inammatory mediators spreads to multiple organs
in the body and triggers a cascade of reactions. Ultimately,
systemic inammatory response syndrome (SIRS) causes
multiple organ dysfunction syndromes (MODS) and even
death.3,4 SAP is the most common gastrointestinal disorder that
results in hospital admission.5 Recent work indicates that the
incidence of SAP varies between 4.9 and 73.4 cases per 100 000
people worldwide and is still increasing.6 In recent years, biliary
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disease is the main pathogenic factor of SAP in our country,
accounting for approximately 50–60%, and the incidence of SAP
caused by drinking and hyperlipidemia has been signicantly
increasing with the improvement of people's living standard
and the change of eating habits.7

At present, many drugs, including somatostatin and ulinas-
tatin, show poor efficacy for the treatment of SAP in clinical
trials because of its complex pathogenesis.8–10 Thus, investi-
gating the underlying mechanisms of SAP is urgently needed in
order to develop effective therapies for this disease.

Proteomic analysis has emerged as a powerful tool for high-
throughput and simultaneous detection of proteins in biolog-
ical samples.11 This technology also provides a large amount of
information regarding the characteristic and specic changes
in chemical and biochemical proles caused by many diseases
at reduced time and cost. It can reveal diagnostic biomarkers of
diseases for early diagnosis and prognosis of diseases.12,13

Quantitative proteomics has become an indispensable analyt-
ical strategy for nding biomarkers in diseases in the past
decade.14 However, many previous studies rely on two-
dimensional differential in-gel electrophoresis (2D-DIGE),
which does not effectively identify proteins of low abundance,
of low (<15 kDa) or high (>150 kDa) molecular weight, and those
that are excessively acidic or basic.15 A mass spectrometry-based
proteomics technique, isobaric tag for relative and absolute
RSC Adv., 2016, 6, 72447–72457 | 72447
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quantitation (iTRAQ), overcomes these drawbacks. This tech-
nique has been routinely used to detect candidate biomarkers
and therapeutic drugs.16–18 In this study, the iTRAQ method was
used to identify the central organelle subproteome in the SAP
pathogenesis that was induced by administering 5% sodium
taurocholate through the biliopancreatic duct in rats.

Emodin, an anthraquinone derivative from turkey rhubarb
(Rheum palmatum L.), has been reported to possess anti-
inammatory, lipid-lowering and anti-cancer activities.19–21

Previous studies have revealed that emodin plays an optimal
pharmacological role in pancreatitis. However, the underlying
mechanisms and drug targets remain unknown.22,23 Recent
studies have been focused on blood and pancreatic juice in
humans, but animal model studies for comparison and mech-
anistic understanding are rare.24 Therefore, in this study, we
examine the effects, signicant biomarkers and possible
mechanisms of emodin against SAP.
Results and discussion
Emodin alleviated injury and inammatory response of SAP
rats

Experimental and clinical studies have indicated that numerous
factors are involved in the local and systemic complications of
SAP, including SIRS, which could result in MODS and pancre-
atic necrosis.25,26 Emodin is a well-known natural product that
Fig. 1 Emodin alleviated injury and inflammatory response of SAP rats. Eff
IL-6 (D) and TNF-a (E) in SAP rats. The data are presented as the mean� S
SAP.

72448 | RSC Adv., 2016, 6, 72447–72457
has various biological activities to prevent and treat disease.19–21

Therefore, this paper investigated the protective effects of
emodin against SAP that was caused by taurocholate retrograde
administered into the pancreatic duct in rats. In Atlanta clas-
sication, pancreatic digestive enzymes including amylase and
lipase are the most usually obtained as biochemical markers of
pancreatic disease, especially SAP.27 In this paper, we detected
activities of these two enzymes by enzyme-linked immunosor-
bent assay (ELISA) and found that emodin (60, 30 and 15 mg
kg�1) decreased amylase and lipase levels in plasma compared
with the SAP group (Fig. 1A–B). The results indicated emodin
could alleviate SAP injury in rats.

In addition, inammatory response activated by over-
producing proinammatory factors and by trypsin-mediated
pancreatic autodigestion is a critical risk factor.28–30 Blocking
these pathogenetic chains is an important therapy for SAP.
Interleukin-1b (IL-1b) and interleukin-6 (IL-6) are the main
mediators in the regulation of inammation and immunological
reaction, and in the synthesis of acute-phase proteins.31 Further-
more, tumor necrosis factor-alpha (TNF-a) is a critical cytokine
initiator in the inammatory cascade.32 As shown in Fig. 1C–E,
our results proved that the plasma levels of the IL-1b, IL-6 and
TNF-a in SAP group were markedly increased compared with the
sham operation (SO) group, which were reversed by emodin (60,
30 and 15 mg kg�1). The ELISA results proved that emodin
markedly decreased SAP induced-inammatory response.
ects of emodin on the plasma levels of amylase (A), lipase (B), IL-1b (C),
D, n ¼ 6. **P < 0.01 versus SO; #P < 0.05 versus SAP, ##P < 0.01 versus

This journal is © The Royal Society of Chemistry 2016
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Emodin down-regulated the myeloperoxidase (MPO) protein
expression in pancreas of SAP rats

MPO level was determined as the indicator of neutrophil
sequestration in the pancreas aer SAP damage.32 As shown in
Fig. 2A, the representative images of immunohistochemical
analysis revealed the protein expression of MPO was consid-
erably up-regulated in the SAP group. However, emodin
signicantly down-regulated MPO expression (brown area),
thereby decreasing integrated option density (IOD) compared
with the SAP group. Furthermore, as shown in Fig. 2B,
immunouorescence analysis also indicated that emodin
notably decreased MPO expression (red area), thus decreasing
uorescence intensity compared with the SAP group. These
results indicated that emodin could decrease neutrophil
sequestration and the inammatory reaction.
Fig. 2 Emodin down-regulated the MPO protein expression in pancreas
staining of pancreatic tissue in SAP rats by immunohistochemical detecti
pancreatic tissue in SAP rats by immunofluorescence detection. Images
mean � SD, n ¼ 6. **P < 0.01 versus SO; #P < 0.05 versus SAP, ##P < 0

This journal is © The Royal Society of Chemistry 2016
Emodin improved pancreatic histopathology of SAP rats

The histopathological changes such as acinar cell vacuolization
and interstitial edema in the pancreas are the most crucial
alterations for evaluating pancreatic insult.33 Herein,
hematoxylin/eosin (H&E) staining results indicated that
pancreatic injury in SAP rats was characterized by tissue edema,
leukocyte inltration, vacuolization, acinar cell necrosis and
hemorrhage, and the histological scores were signicantly
elevated compared with the SO group. Treatment with emodin
(60, 30 and 15 mg kg�1) alleviated pancreatic injury and
decreased pancreatic histological scores compared with the SAP
group in a dose-dependent manner (Fig. 3).
Emodin attenuated cellular structure changes in pancreas of rats

Acinar cell vacuolization is the important alteration in pancreas
of rats aer SAP injury.33 In this work, we adopted transmission
of SAP rats. (A) Effect of emodin on MPO-immunopositive area (brown)
on. (B) Effect of emodin on MPO-immunopositive area (red) staining of
are presented at 200� magnification. The data are presented as the

.01 versus SAP.

RSC Adv., 2016, 6, 72447–72457 | 72449
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Fig. 3 Emodin improved pancreatic histopathology of SAP rats. Effect of emodin on H&E staining of pancreatic tissue in SAP rats. Images are
presented at 200�magnification. The data are presented as the mean� SD, n ¼ 6. **P < 0.01 versus SO; #P < 0.05 versus SAP, ##P < 0.01 versus
SAP.
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electron microscopy (TEM) technology in order to clearly
observe the ultrastructure of acinar cells. As shown in Fig. 4A–E,
acinar cells in the SO group showed regular ultrastructure with
a slightly dilated endoplasmic reticulum (ER). Nevertheless,
acinar cells' ER was dilated in SAP rats, with accumulation of
autophagic vacuoles and dense materials. Treatment with
emodin (60, 30 and 15 mg kg�1) signicantly attenuated these
cellular structure changes in a dose-dependent manner. These
results further proved emodin possess potent protective actions
on ultrastructure of acinar cells aer SAP damage.
Fig. 4 Emodin attenuated cellular structure changes in pancreas of SAP r
(B), 60 mg kg�1 emodin (C), 30 mg kg�1 emodin (D) and 15 mg kg�1 em

72450 | RSC Adv., 2016, 6, 72447–72457
Emodin attenuated IL-1b, IL-6 and TNF-a mRNA in pancreas
of rats

In the present study, higher levels of IL-1b, IL-6 and TNF-
a mRNA in SAP rats were found. In addition, emodin obviously
decreased the mRNA levels of IL-1b, IL-6 and TNF-a (Fig. 5A–C),
which suggested emodin could decrease the production of these
inammatory mediators through suppressing their mRNA
expression levels in the pancreas of rats.
ats. Representative images of the cells' ultrastructure in the SO (A), SAP
odin (E) groups. Images are presented at 25 000� magnification.

This journal is © The Royal Society of Chemistry 2016
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Fig. 5 The effects of emodin on IL-1b, IL-6 and TNF-a mRNA in pancreas and the potent markers of emodin against SAP in rats. Effects of
emodin on the protein levels of the inflammatory mediators IL-1b (A), IL-6 (B) and TNF-a (C) in SAP rats. (D) Effects of emodin on the 32
differentially expressed proteins in SAP rats.
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Differentially expressed proteome in SAP rats

The potential molecular mechanisms underlying SAP initiation
and progression are poorly understood owing to the complexity
of these biological processes. However, the illuminations of
molecular events occurring are necessary steps toward a deeper
understanding of SAP as well as the development of effective
therapeutic strategies for this disease. Proteomics analysis is
a powerful tool for identifying biological markers and estimating
the complex pathogenesis and biological networks of SAP.34–36 In
the present study, an iTRAQ-based proteomics method was
deployed to analyze the molecular targets of emodin against
SAP. A total of 10 392 distinct peptides and 2974 proteins were
identied (peptide FDR # 0.01) in two biological replicates.
Finally, a total of 355 quantied proteins were manually selected
with P < 0.05 and an expression change of higher than 1.50-fold
or lower than 0.67-fold in the SAP group compared with the SO
group (ESI Table S1†). At the same time, 165 quantied proteins
were manually selected from emodin (60 mg kg�1) treated group
(ESI Table S2†). Accordingly, we found that 32 proteins might be
the potent markers of emodin against SAP. Among these
proteins, 17 and 15 proteins were signicantly up- and down-
regulated by emodin, respectively (Table 1 and Fig. 5D).

Classication of differentially expressed proteins

Functional classication of the 32 proteins identied above is
detailed in Fig. 6. Proteins were categorized according to
This journal is © The Royal Society of Chemistry 2016
biological process (BP), cellular component (CC) and molecular
function (MF) according to the GO database. As shown in
Fig. 6A–B, the proteins involved in BP were distributed as
following: metabolic process (56.3%), cellular process (31.3%),
biological regulation (12.5%), cellular component organization
or biogenesis (6.3%), developmental process (6.3%), localiza-
tion (6.3%), multicellular organismal process (6.3%), and
reproduction (6.3%). In addition, as shown in Fig. 6C–D, the
CC-identied proteins were distributed as following: cell part
(31.3%), membrane (31.3%) and cell (31.3%). Furthermore, as
shown in Fig. 6E–F, MF of the proteins were classied, and the
major groups were found to be binding (31.3%), catalytic
activity (31.3%), structural molecule activity (12.5%), nucleic
acid binding transcription factor activity (6.3%), protein
binding transcription factor activity (6.3%), and transporter
activity (6.3%).
Emodin inhibited the HTRA1/TGF-b mediated signaling
pathway

Among the 32 proteins, we found that emodin signicantly
down-regulated the expression of high-temperature require-
ment A1 (HTRA1) (P ¼ 2.23 � 10�3). As far as we know, HTRA
family proteins feature a highly conserved protease domain and
one or more C-terminal PDZ protein-interaction domains.37

HTRA1, a member of this family, is a secreted serine protease
reported to inuence many biological processes and is involved
RSC Adv., 2016, 6, 72447–72457 | 72451
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Table 1 The differentially expressed proteins from rat pancreas identified by proteomics

No. Protein name Gene name
Ratioa

(SAP vs. SO) Pb value
Ratio
(emodin vs. SAP) P value

1 Metallothionein Mt1m 3.35 6.34 � 10�7 0.48 3.71 � 10�7

2 Glucagon Gcg 2.89 1.17 � 10�5 0.48 2.34 � 10�7

3 Serine protease HTRA1 Htra1 2.75 2.97 � 10�5 0.65 2.23 � 10�3

4 Aldehyde dehydrogenase (NAD), cytosolic
(fragments)

2.32 4.93 � 10�4 0.64 1.86 � 10�3

5 Protein Dpy19l2 Dpy19l2 2.30 5.68 � 10�4 0.33 1.67 � 10�14

6 Serum albumin Alb 2.25 7.98 � 10�4 0.29 1.33 � 10�17

7 Cct-5 protein (fragment) Cct5 2.24 8.52 � 10�4 0.32 3.12 � 10�15

8 Creatine kinase M-type Ckm 2.21 1.00 � 10�3 0.51 1.95 � 10�6

9 Protein Edrf1 Edrf1 1.92 6.76 � 10�3 0.59 2.58 � 10�4

10 Protein Sh3d19 Sh3d19 1.91 7.09 � 10�3 0.66 3.63 � 10�3

11 Protein Cobll1 Cobll1 1.85 1.04 � 10�2 0.66 4.15 � 10�3

12 Charged multivesicular body protein 4c Chmp4c 1.82 1.26 � 10�2 0.57 1.04 � 10�4

13 Protein Myh1 Myh1 1.77 1.75 � 10�2 0.59 2.58 � 10�4

14 Beta-enolase Eno3 1.74 2.08 � 10�2 0.49 7.80 � 10�7

15 Platelet glycoprotein Ib beta chain Sept5 1.61 4.73 � 10�2 0.66 3.51 � 10�3

16 Protein LOC684681 LOC684681 0.65 4.06 � 10�2 2.76 1.81 � 10�9

17 Protein LOC681918 LOC686074 0.63 2.77 � 10�2 2.38 2.95 � 10�7

18 60S ribosomal protein L29 Rpl29 0.63 2.77 � 10�2 2.11 9.37 � 10�6

19 40S ribosomal protein S30 Fau 0.60 1.48 � 10�2 1.74 1.04 � 10�3

20 Protein LOC684828 LOC684828 0.59 1.22 � 10�2 2.01 3.46 � 10�5

21 Protein Mms19 Mms19 0.58 9.45 � 10�3 1.59 6.53 � 10�3

22 Ena/VASP-like protein Evl 0.57 8.78 � 10�3 2.60 1.53 � 10�8

23 Dynein heavy chain 12, axonemal Dnah12 0.57 7.16 � 10�3 2.99 8.76 � 10�11

24 Hematological and neurological
expressed 1 protein

Hn1 0.56 5.65 � 10�3 1.53 1.17 � 10�2

25 Trefoil factor 2 Tff2 0.54 3.18 � 10�3 2.65 8.09 � 10�9

26 GIMAP4 Gimap4 0.49 7.20 � 10�4 3.16 9.69 � 10�12

27 Uncharacterized protein 0.47 3.64 � 10�4 1.70 1.62 � 10�3

28 Transcriptional activator protein Pur-
beta

Purb 0.47 3.57 � 10�4 1.72 1.30 � 10�3

29 PR domain zinc nger protein 2 Prdm2 0.37 1.71 � 10�6 1.65 2.92 � 10�3

30 Epidermal growth factor receptor
pathway substrate 15 isoform B

Eps15 0.30 7.58 � 10�9 1.57 8.17 � 10�3

31 Protein Slc37a1 Slc37a1 0.25 6.28 � 10�11 3.87 1.10 � 10�15

32 Protein Kel Kel 0.22 2.07 � 10�13 8.22 9.19 � 10�36

a Ratio > 1.50 or <0.67. b P value < 0.05.
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in the process of cell signaling, skeletal development, osteo-
genesis and organization of the extracellular matrix.38–40 In
addition, the serine protease activity of HTRA1 is need for the
inhibition of TGF-b family signaling. Previous researches also
proved that HTRA1 could prevent pro-TGF-b1 from maturing
into TGF-b1.41 Meanwhile, TGF-b1 has multiple biological
effects and serves an important role in limiting intestinal
inammation through suppression of IL-33.42,43 In detail, IL-33
binding by the ST2 receptor causes the activation and recruit-
ment of the myeloid differentiation primary response gene (88)
(MyD88) adapter protein along with TNF receptor-associated
factor 6 (TRAF6). The signaling cascade further results in the
activation of transcription factor NF-kB and the release of
inammatory mediators such as IL-1b, IL-6 and TNF-a.44–47 In
this research, we detected whether these signal molecules
involve in the protective effects of emodin on SAP in rats. As
shown in Fig. 7A–F, the levels of HTRA1, IL-33, MyD88, TRAF6
and NF-kB in the pancreatic tissue were signicantly increased,
72452 | RSC Adv., 2016, 6, 72447–72457
and TGF-b1 was markedly decreased compared with the SO
group (P < 0.01). In addition, pretreatment with emodin mark-
edly decreased the levels of HTRA1, IL-33, MyD88, TRAF6 and
NF-kB and increased the level of anti-inammatory cytokine
TGF-b1 in pancreatic tissue. The western blotting results indi-
cated that emodin inhibited the HTRA1/TGF-b1-mediated
signaling pathway.
Experimental
Reagents and materials

Emodin was purchased from Solarbio Science & Technology Co
(Beijing, China), which was suspended in 0.5% sodium
carboxymethylcellulose (CMC-Na) before the animal experi-
ment. Sodium taurocholate was obtained from Sigma Chemical
Co. (St. Louis, MO, USA). Amylase, lipase, IL-6, IL-1b and TNF-
a enzyme-linked ELISA kits were obtained from Langdun
Biotech (Shanghai, China). The Power Vision Two-Step
This journal is © The Royal Society of Chemistry 2016
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Fig. 6 Functional classification of the 32 identified proteins. Proteins were categorized according to BP (A and B), CC (C and D) and MF (E and F)
by the GO database.
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Histostaining Reagent was obtained from the Nanjing Jian-
cheng Institute of Biotechnology (Nanjing, China). RNAiso Plus
reagent, PrimeScript®RT reagent and SYBR® PremixEx Taq™II
(Tli RNaseH Plus) were purchased from TaKaRa Biotechnology
Co., Ltd. (Dalian, China). Rabbit anti-HTRA1, TGF-b1, IL-33,
MyD88, TRAF-6 and NF-kB, horseradish peroxidase-
conjugated goat anti-rabbit IgG, and TRITC-conjugated goat
anti-rabbit IgG (H + L) were purchased from Proteintech Group
(Chicago, USA).
Animals

Sprague-Dawley (SD) rats weighing 250–300 g were provided by
the Experimental Animal Center of Dalian Medical University
This journal is © The Royal Society of Chemistry 2016
with a 12 hour light–dark cycle and free access to standard
laboratory feed and water. The animal experiments were
approved by the ethical committee for Laboratory Animal Care
and Use of Dalian Medical University, and all experimental
procedures were conducted in compliance with the National
Institutes of Health Criteria.
Pharmacological treatments and SAP

SD rats were randomly divided into ve groups (n ¼ 10 for each
group): group I, sham operation group (SO); group II, SAPmodel
group (SAP); groups III–V, emodin treated groups, in which the
rats were administered emodin at the doses of 60, 30 and 15 mg
kg�1, respectively. Both the SO and SAP groups were
RSC Adv., 2016, 6, 72447–72457 | 72453
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Fig. 7 Emodin inhibited the HTRA1/TGF-b1 mediated signaling pathway in pancreas of SAP rats. Effects of emodin on the HTRA1 (A), TGF-b1 (B),
IL-33 (C), MyD88 (D), TRAF6 (E), and NF-kB (F) proteins expression in SAP rats. The data are presented as the mean� SD, n ¼ 3. **P < 0.01 versus
SO; #P < 0.05 versus SAP, ##P < 0.01 versus SAP.
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administered 0.5% (CMC-Na) of equivalent volume. Aer
establishing the animal model, emodin was intragastrically
administered to the rats in the emodin groups immediately and
at the sixth hour. SAP models were carried out as previously
reported.48 Briey, animals were anesthetized with 10% chloral
hydrate (0.3 ml/100 g body weight), and then SAP was induced
by retrograde injection of 5.0% sodium taurocholate (0.1 ml/100
g body weight) into the biliopancreatic duct. Samples were ob-
tained aer 12 hours of duct infusion. Blood samples were
obtained for biochemical analyses. A portion of pancreas
samples were immediately frozen and maintained at �80 �C for
real-time PCR, western blotting and iTRAQ analyses. The others
were xed in 10% buffered formalin and embedded in paraffin
for histopathological examination and immunohistochemical
detection. A small portion (<1 mm3) of tissue was excised from
the pancreas and xed in 2% glutaraldehyde for TEM assay.
Plasma amylase and inammatory cytokine assays

The plasma was collected aer the experiments. Amylase,
lipase, IL-1b, IL-6 and TNF-a levels in plasma were assayed with
ELISA kits according to the manufacturer's instructions.
72454 | RSC Adv., 2016, 6, 72447–72457
Immunohistochemical and immunouorescence detections
of MPO

The Power Vision Two-Step Histostaining Reagent was used to
detect the MPO immunohistochemical results. Briey, pancreas
sections (4 mm) were dewaxed in graded alcohol and nally
washed in tap water. Endogenous peroxidase activity was
blocked by 3% (v/v) H2O2, and the antigen was retrieved by
microwave in 0.01mol L�1 citrate buffer. The sections were then
washed in phosphate-buffered saline (PBS, 0.1 mol L�1). Rabbit
anti-rat MPO polyclonal antibody was applied at 1 : 100 and
incubated overnight at 4 �C. These sections were washed in PBS
three times for 15 minutes. Eventually, the slides were incu-
bated with biotin labeled goat anti-rabbit IgG, horseradish
peroxidase-conjugated streptavidin and DAB solution for 10
min at 37 �C. The images were acquired by a light microscope
(Leica DM4000B, Germany) with 200� magnication.

Immunouorescence localization of MPO was performed
with pancreas sections using the methods just described. Aer
the slides were treated with diluted MPO antibodies (1 : 100),
they were incubated with TRITC-conjugated goat anti-rat IgG
(H + L) for 1 h at 37 �C. Digital images were collected with an
This journal is © The Royal Society of Chemistry 2016
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Olympus BX63 uorescent microscope (Olympus BX63, Japan)
with 200� magnication.

IOD and uorescent intensity of the images were calculated
using image-Pro Plus 6.0 soware (Media Cybernetics, USA).
Histopathological examination

Formalin-xed tissue samples from each group were stained
with H&E and examined with light microscopy (Leica DM4000B,
Germany) with 200� magnication. The sample images were
taken, and the effects of emodin on pancreatic edema, inam-
mation and vacuolization were evaluated.49 We applied the
scoring system as shown in ESI Table S3.†
TEM assay

The pancreas samples were harvested and xed overnight at 4
�C in 2% glutaraldehyde. Aer washing three times (each for 15
min) in 0.1 M sodium cacodylate buffer, the cells were xed in
1% osmium tetroxide for 2 h. The samples were dehydrated in
gradient ethanol solutions and then treated as previously
described.49 The pretreated samples were used for ultrami-
crotomy and collected on copper grids. The obtained sections
were then stained and observed using a TEM (JEM-2000EX,
JEDL, Japan) with 25 000� magnication.
Quantitative real-time PCR analysis for IL-1b, IL-6 and TNF-a

Total RNA from pancreas was extracted using RNAiso Plus
reagent following the manufacturer's protocol. RNA (1 mg) was
reverse-transcribed using a PrimeScript®RT reagent Kit in a TC-
512 PCR system (TECHNE, UK), and single-stranded cDNA was
quantied using real-time PCR with SYBR® PremixEx Taq™II
(TliRNaseH Plus) in an ABI 7500 Real-Time PCR System
(Applied Biosystems, USA). The primers used in the present
work are listed in ESI Table S4.† A no-template control was
analyzed in parallel with each gene, and the GAPDH gene was
used as the housekeeping gene in our study. All gene expression
levels were normalized to GAPDH, and the fold changes
between the different groups were calculated using the 2�DDCt

method.
Protein preparation and iTRAQ isobaric labeling

The tissue samples of the different groups were collected and
mixed with lysis buffer including 100mMTris–HCl (pH¼ 8.0), 8
M urea, 10 mM DTT and 1X protease inhibitor. Then, the ob-
tained supernatant protein was quantied using the Bradford
Assay Kit (Bio-Rad, Hercules, CA). The proteins were reduced,
alkylated, and digested by trypsin according to the protocol
provided by the manufacturer (Applied Biosystems, Foster City,
CA, USA). A standard pool comprising a mixture of equal
amounts of protein derived from all samples including SO, SAP
and emodin (60 mg kg�1) groups served as an internal control.
The samples were labeled with iTRAQ reagents as follows: SO,
iTRAQ reagent 114; SAP, iTRAQ reagent 115; emodin (60 mg
kg�1), iTRAQ reagent 116; mixture, iTRAQ reagent 117 with two
biological replicates.
This journal is © The Royal Society of Chemistry 2016
Strong cation exchange chromatography separation

The labeled peptides were fractionated by strong cation
exchange chromatography (SCX), and 10 fractionations were
collected. The peptides were separated on a polysulfoethyl
column (4.6 � 100 mm, i.d., 5 mm, 200 Å pore size) (PolyLCInc.,
Maryland, U.S.A.) using an AKTA Purier 100 unit (GE Health-
care, Niskayuna, NY, USA) system. The mobile phase consisting
of buffer A (10 mM KH2PO4, 25% CAN and pH ¼ 3.0) and buffer
B (10mMKH2PO4, 25% CAN, 500mMKCl and pH¼ 3.0) was set
at a ow rate of 1 ml min�1 with gradient elution. Then,
a second dimension separation was performed on a nanoscale
HPLC system (EASY-nLC from Proxeon Biosystems, Odense,
Denmark) coupled with a Q-Exactive (Thermo Fisher Scientic,
MA, USA) for online mass spectrometric (MS) analysis.
Mass spectrometry analysis

Further separation of the samples was achieved by Nano-HPLC
EASY-nLC system (AB SCIEX, Concord, Canada). Briey,
samples were loaded onto a Thermo scientic EASY column (2
cm � 100 mm 5 mm-C18) from an autosampler. Aer washing
with 95% A liquid (0.1% formic acid in HPLC grade water), the
system was switched into line with a analytical column (Thermo
scientic EASY column, 75 mm � 100 mm 3 mm-C18). The
mobile phase used for this separation was 0.1% formic acid (A)
and 84% acetonitrile with 0.1% formic acid (B) and eluted at
a ow rate of 250 ml min�1 using the following gradient: 0–85
min, linear gradient from 100 : 0 to 60 : 40 (A : B); 85–88 min,
linear gradient from 60 : 40 to 0 : 100 (A : B); 88–90 min, 0 : 100
(A : B).

Aer separating, each samples were analysed by a mass
spectrometer (Q-Exactive, Thermo Finnigan). The parameters of
this mass spectrometer were as follows: parsing time, 90 min;
detection mode, positive ion; parent ion scanning range, 300–
1800 m/z; rst order mass spectrometer resolution, 70 000 at m/
z 200; AGC target, 3 � 106; rst order maximum IT, 10 ms;
number of scan ranges, 1; dynamic exclusion, 40.0 s. The mass
charge ratio of polypeptide and polypeptide fragments are
collected by the following methods: 10 fragments were collected
aer each full scan; MS2 activation type, HCD; isolation
window, 2 m/z; secondary mass spectrometer resolution, 17 500
at m/z 200; microscans, 1; secondary maximum IT, 60 ms;
normalized collision energy, 30 eV; underll ratio, 0.1%.
Database search and iTRAQ quantication

Protein identication were performed with Mascot 2.2 soware
and the database of “uniprot_rat_147897_20150902.fasta”. The
peak intensity of the peptide reports were searched for protein
quantication using Proteome Discoverer1.4 soware. Finally,
the expression was modied (fold change > 1.50 or <0.67-fold)
with a P-value < 0.05 selected as statistically signicance.
Western blotting assay

Total protein was extracted from the pancreas tissues using an
appropriate cold lysis buffer supplemented with 1 mM phe-
nylmethylsulfonyl uoride (PMSF), and the protein
RSC Adv., 2016, 6, 72447–72457 | 72455
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Fig. 8 Proposed model for the protective effects of emodin against SAP. Emodin inhibits the HTRA1 signal and subsequently increases TGF-b1
release to ameliorate inflammation and SAP.
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concentration was determined using a BCA protein assay kit
(Beyotime Biotechnology, China). Samples were subjected to
SDS-PAGE (10–15%) and transferred onto a PVDF membrane
(Millipore, USA). Membranes were blocked and incubated
overnight at 4 �C with the primary antibodies including HTRA1,
TGF-b1, IL-33, MyD88, TRAF-6, and NF-kB. Membranes were
incubated at room temperature with an appropriate secondary
antibody, and proteins were detected using an enhanced
chemiluminescence (ECL) method. Protein bands were imaged
using a ChemiDoc XRS bioimaging system (Bio-Rad, USA).
Bands were normalized with GAPDH as an internal control.

Statistical analysis

The results are expressed as the mean � SD. One-way repeated-
measures ANOVA was used for the analysis of the differences
between the groups. All statistical analyses were carried out
using SPSS 18.0 soware with statistical signicance set at P <
0.05 or P < 0.01.

Conclusions

In summary, emodin conferred direct protective effects on SAP
by inhibiting the HTRA1/TGF-b1-mediated signaling pathway
and the subsequent inammatory responses (Fig. 8). Accord-
ingly, these ndings provide new insights that will aid in illu-
minating the action of emodin against SAP insult and support
the development of emodin as a potential treatment for SAP.
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