World Journal c

World | Gastroenterol 2017 December 14; 23(46): 8109

~hah F
) - ————
Adult Adull uli
and and m
Dediuinc Pediatn s
5 Uroloyy Urology . Urolc

o o Cialad
e T

potlimuena mdoasosdoT

Baishideng Publishing Group Inc



/{/ (]‘ World Journal of
Gastroenterology

Contents Weekly Volume 23 Number 46 December 14, 2017

REVIEW
8109 Relation of the IGF/IGF1R system to autophagy in colitis and colorectal cancer
Sipos F, Székely H, Kis ID, Tulassay Z, Miizes G

MINIREVIEWS
8120 Retreatment of patients with treatment failure of directacting antivirals: Focus on hepatitis C virus
genotype 1b

Kanda T, Nirei K, Matsumoto N, Higuchi T, Nakamura H, Yamagami H, Matsuoka S, Moriyama M

ORIGINAL ARTICLE
Basic Study

8128  Structural shift of gut microbiota during chemo-preventive effects of epigallocatechin gallate on colorectal
carcinogenesis in mice

Wang X, Ye T, Chen WJ, Lv Y, Hao Z, Chen J, Zhao JY, Wang HP, Cai YK

8140 miR-192-5p regulates lipid synthesis in non-alcoholic fatty liver disease through SCD-1
Liu XL, Cao HX, Wang BC, Xin FZ, Zhang RN, Zhou D, Yang RY, Zhao ZH, Pan Q, Fan JG

8152  In vivo hepatic differentiation potential of human umbilical cord-derived mesenchymal stem cells:
Therapeutic effect on liver fibrosis/cirrhosis
Zhang GZ, Sun HC, Zheng LB, Guo JB, Zhang XL

8169  Pharmacokinetics and pharmacodynamics of Shengjiang decoction in rats with acute pancreatitis for
protecting against multiple organ injury
Zhu L, Li JY, Zhang YM, Kang HX, Chen H, Su H, Li J, Tang WF

Retrospective Cohort Study

8182  Prevalence of- and risk factors for work disability in Dutch patients with inflammatory bowel disease
Spekhorst LM, Oldenburg B, van Bodegraven AA, de Jong DJ, Imhann F, van der Meulen-de Jong AE, Pierik MJ, van der
Woude JC, Dijkstra G, D’Haens G, Lowenberg M, Weersma RK, Festen EAM; Parelsnoer Institute and the Dutch Initiative

on Crohn and Coliti

Retrospective Study
8193  Endoscopic ultrasound staging for early esophageal cancer: Are we denying patients neoadjuvant chemo-
radiation?

Luu C, Amaral M, Klapman J, Harris C, Almhanna K, Hoffe S, Frakes J, Pimiento JM, Fontaine JP

Raishidenge ~ WJG | www.wjgnet.com 1 December 14, 2017 | Volume 23 | Issue 46 |



World Journal of Gastroenterology

Contents Volume 23 Number 46 December 14, 2017

8200 Early gastric cancer frequently has high expression of KK-LC-1, a cancer-testis antigen

Futawatari N, Fukuyama T, Yamamura R, Shida A, Takahashi Y, Nishi Y, Ichiki Y, Kobayashi N, Yamazaki H, Watanabe M

8207 Diagnostic classification of endosonography for differentiating colorectal ulcerative diseases: A new
statistical method

Qiu EQ, Guo W, Cheng TM, Yao YL, Zhu W, Liu SD, Zhi FC

Clinical Trial Study

8217  Characteristics of fecal microbial communities in patients with non-anastomotic biliary strictures after liver
transplantation
Zhang J, Ren FG, Liu P, Zhang HK, Zhu HY, Feng Z, Zhang XF, Wang B, Liu XM, Zhang XG, Wu RQ, Lv Y

Observational Study
8227  Balloon dilatation for treatment of hepatic venous outflow obstruction following pediatric liver transplantation

Zhang ZY, Jin L, Chen G, Su TH, Zhu ZJ, Sun LY, Wang ZC, Xiao GW

Prospective Study

8235 Efficacy of noninvasive evaluations in monitoring inflammatory bowel disease activity: A prospective study in
China
Chen JM, Liu T, Gao S, Tong XD, Deng FH, Nie B

CASE REPORT
8248  Are liver nested stromal epithelial tumors always low aggressive?
Meletani T, Cantini L, Lanese A, Nicolini D, Cimadamore A, Agostini A, Ricci G, Antognoli S, Mandolesi A, Guido M,

Alaggio R, Giuseppetti GM, Scarpelli M, Vivarelli M, Berardi R

8256  Combined thoracoscopic and endoscopic surgery for a large esophageal schwannoma

Onodera Y, Nakano T, Takeyama D, Maruyama S, Taniyama Y, Sakurai T, Heishi T, Sato C, Kumagai T, Kamei T

LETTER TO THE EDITOR
8261 Extended pelvic side wall excision for locally advanced rectal cancers

Shaikh IA, Jenkins JT

Raishidenge ~ WJG | www.wjgnet.com I December 14, 2017 | Volume 23 | Issue 46 |



Contents

World Journal of Gastroenterology
Volume 23 Number 46 December 14, 2017

ABOUT COVER

Editorial board member of World Journal of Gastroenterology, Antonio Macri,
MD, Associate Professor, Department of Human Pathology, University of
Messina, Messina 98125, Italy

AIMS AND SCOPE

World Journal of Gastroenterology (World | Gastroenterol, WJ]G, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. ]G was estab-
lished on October 1, 1995. It is published weekly on the 7" 14“1, 21, and 28" each month.
The WJ]G Editorial Board consists of 1375 experts in gastroenterology and hepatology
from 68 countries.

The primary task of ]G is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

Waorld Journal of Gastroenterolagy (WJG) is now indexed in Current Contents®/Clinical Medicine,
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports”, Index
Medicus, MEDLINE, PubMed, PubMed Central and Directory of Open Access Journals. The
2017 edition of Journal Citation Reports” cites the 2016 impact factor for ]G as 3.365 (3-year
impact factor: 3.176), ranking ]G as 29" among 79 journals in gastroenterology and hepatol-

ogy (quartile in category Q2).

FLYLEAF I-IX

Editorial Board

EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Yi-Jie Ma
Proofing Editor-in-Chief: Lian-Sheng Ma

Responsible Assistant Editor: Xiang i

Responsible Science Editor: Ze-Mao Gong
Proofing Editorial Office Director: Jin-Iei Wang

NAME OF JOURNAL
World Journal of Gastroenterology

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF

Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Sut-
gery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med),
Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach,

CA 90822, United States PUBLICATION DATE

December 14, 2017
EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://

www.wignet.com/1007-9327/editorialboard.htm COPYRIGHT

© 2017 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Non-

EDITORIAL OFFICE
Jin-Lei Wang, Director

Ze-Mao Gong, Vice Director

World Journal of Gastroenterology

Baishideng Publishing Group Inc

7901 Stoneridge Drive, Suite 501,

Pleasanton, CA 94588, USA

Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: editorialoffice@wjgnet.com

Help Desk: http://www.f6publishing.com/helpdesk
http:/ /www.wjgnet.com

PUBLISHER

Baishideng Publishing Group Inc

7901 Stoneridge Drive, Suite 501,

Pleasanton, CA 94588, USA

Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: bpgoffice@wjgnet.com

Help Desk: http:/ /swww.f6publishing.com/helpdesk
http:/ /www.wjgnet.com

commercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.

SPECIAL STATEMENT

All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opin-
ions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wignet.com/bpg/gerinfo/204

ONLINE SUBMISSION
http:/ /www.f6publishing.com

JRaishideng®

WIJG | www.wjgnet.com

1T

December 14, 2017 | Volume 23 | Issue 46 |




wJ

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v23.i46.8169

World | Gastroenterol 2017 December 14; 23(46): 8169-8181

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Basic Study
Pharmacokinetics and pharmacodynamics of Shengjiang
decoction in rats with acute pancreatitis for protecting
against multiple organ injury

Lv Zhu, Jun-Yi Li, Yu-Mei Zhang, Hong-Xin Kang, Huan Chen, Hang Su, Juan Li, Wen-Fu Tang

Lv Zhu, Yu-Mei Zhang, Hong-Xin Kang, Huan Chen, Hang
Su, Juan Li, Wen-Fu Tang, Sichuan Provincial Pancreatitis
Center, Department of Integrative Medicine, West China Hospital,
Sichuan University, Chengdu 610041, Sichuan Province, China

Jun-Yi Li, Department of Traditional Chinese Medicine, Wuhan
Union Hospital, Wuhan 430000, Hubei Province, China

ORCID number: Lv Zhu (0000-0002-4302-3339); Jun-Yi Li
(0000-0003-2599-2889); Yu-Mei Zhang (0000-0001-9802-776X);
Hong-Xin Kang (0000-0001-8212-0134); Huan Chen (0000-0002
-4763-6730); Hang Su (0000-0003-2468-557X); Juan Li
(0000-0002-5775-9355); Wen-Fu Tang (0000-0001-9294-6634).

Author contributions: Zhu L and Li JY contributed equally to
this work; Tang WF designed the research; Zhu L, Li JY, Zhang
YM, Kang HX and Chen H performed the study; Su H and Li J
analyzed the data; Zhu L and Li JY wrote the paper; Tang WF
was responsible for the critical revision of the paper.

Supported by the National Natural Science Foundation of
China, No. 81603519, No. 81573857, and No. 8§1374042.

Institutional review board statement: The study was approved
by the Animal Ethics Committee of the Animal Facility of West
China Hospital (Chengdu, China).

Institutional animal care and use committee statement:
All procedure involving animals were reviewed and approved by
the Animal Ethics Committee of the Animal Facility of the West
China Hospital (protocol number: 2017052A, Chengdu, China),
and performed according to the Guide for the Care and Use of
Laboratory Animals of Sichuan University.

Conflict-of-interest statement: The authors declare that they
have no conflicts of interest to this work.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was

Baishidenge ~ WJG | www.wjgnet.com

selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Wen-Fu Tang, PhD, Professor, Sichuan
Provincial Pancreatitis Center, Department of Integrative Medicine,
West China Hospital, Sichuan University, No. 37, Guoxue Alley,
Chengdu 610041, Sichuan Province,

China. tangwf@scu.edu.cn

Telephone: +86-28-85423546

Fax: +86-28-85423373

Received: September 19, 2017
Peer-review started: September 20, 2017
First decision: October 10, 2017
Revised: October 24, 2017

Accepted: November 14, 2017

Article in press: November 14, 2017
Published online: December 14, 2017

Abstract

AIM

To explore the pharmacokinetics and pharmacody-
namics of Shengjiang decoction (SID) in rats with acute
pancreatitis (AP) for protecting against multiple organ
injury.

METHODS
An AP model was established by retrograde perfusion
of 3.5% sodium taurocholate into the biliopancreatic
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duct, and a control group (CG) received 0.9% sodium
chloride instead. Twelve male Sprague-Dawley rats
were randomly divided into a CG treated with SID
(CG + SID) and a model group treated with SID (MG
+ SID), both of which were orally administered with
SID (5 g/kg) 2 h after surgery. Blood samples were
collected via the tail vein at 10, 20, and 40 min and
1,2, 3,4, 6,8, and 12 h after a single dose of SID to
detect its main components using high-performance
liquid chromatography-tandem mass spectrometry.
The pharmacokinetic parameters were compared. In
the pharmacodynamic experiment, 18 male Sprague-
Dawley rats were randomly divided into a CG, an
AP model group (MG), and an SID treated AP group
(SIDG). Serum amylase, lipase, and inflammatory
cytokines were measured, and heart, lung, liver, spleen,
pancreas, kidney, and intestine tissues were collected
for pathological examination.

RESULTS

The MG + SID displayed significantly shorter mean
residence time (MRT) and higher clearance (CL) for
emodin and aloe-emodin; significantly shorter time
of maximum concentration and T2 and a lower area
under curve (AUC) for aloe-emodin; a significantly
higher AUC and lower CL for rhein; and longer MRT and
lower CL for chrysophanol than the CG + SID. In the
pharmacodynamic experiment, the amylase, interleukin
(IL)-6, IL-10, and tumor necrosis factor (TNF)-a levels
in the MG were higher than those in the CG (P < 0.05).
After the herbal decoction treatment, the SIDG had
higher IL-10 and lower TNF-a levels than the MG (P <
0.05). The MG had the highest pathological scores, and
the pathological scores of the lung, pancreas, kidney,
and intestine in the SIDG were significantly lower than
those in the MG (P < 0.05).

CONCLUSION

AP may have varying effects on the pharmacokinetics of
the major SJD components in rats. SID might alleviate
pathological injuries of the lung, pancreas, kidney, and
intestine in rats with AP via regulating pro- and anti-
inflammatory responses, which might guide the clinical
application of SID for AP treatment.

Key words: Pancreatic distribution; Pharmacodynamics;
Shengjiang decoction; Pharmacokinetics; Acute pancreatitis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Shengjiang decoction (SJD) has been identified
to be effective in treating acute pancreatitis (AP) in
both /n vivo and in vitro tests. We report the metabolic
processes of major components of SID /n vivo and the
pharmacodynamic mechanism of SID in relieving AP.
This study demonstrated that AP may have varying
effects on the pharmacokinetics of the major SID
components in rats. Rhein and bisdemethoxycurcumin
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may be potential active components for the treatment
of AP based on the hypothesis of tissue pharmacology
of herbal recipe. SJD may attenuate AP by regulating
inflammatory responses to protect against multiple
organ injury.

Zhu L, Li JY, Zhang YM, Kang HX, Chen H, Su H, Li J, Tang
WEF. Pharmacokinetics and pharmacodynamics of Shengjiang
decoction in rats with acute pancreatitis for protecting against
multiple organ injury. World J Gastroenterol 2017; 23(46):
8169-8181 Available from: URL: http://www.wjgnet.
com/1007-9327/tull/v23/i46/8169.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i46.8169

INTRODUCTION

Acute pancreatitis (AP) is an acute inflammatory
disorder of the pancreas and the surrounding tissues
caused by pancreatic digestive enzymes due to various
aetiological factors', The overall mortality of AP is
currently approximately 2%, but it approaches
30%-56% among patients with severe acute pa-
ncreatitis (SAP), which is characterized by persistent
systemic inflammatory response syndrome (SIRS) and
persistent organ failure®>!. Mortality associated with
AP has decreased over time due to the widespread
application of Chinese medicines, including traditional
Chinese decoctions and acupuncture!®®!,

Shengjiang decoction (SID), a classical traditional
Chinese herbal formula, was recorded in Shanghan
Wenyi Tiaobian by Li-Shan Yang, a well-known heat
disease specialist in the Qing Dynasty. Composed
of Rhei Radix et Rhizoma B. (rhubarb root and
rhizome), Curcumae Longae Rhizoma L. (turmeric),
Bombyx Batryticatus L. (stiff silkworm), and Cicadae
Periostracum F. (cicada slough), SID has been a
prestigious prescription for the treatment of various
heat diseases or syndromes for hundreds of years. Rhei
Radix et Rhizoma B. is recorded in Shennong’s Classic
of Materia Medica and is reported to expel pathogens
by purgation, clearing heat-fire, and removing stasis.
It has also been declared to be effective in reducing
injuries of the gastrointestinal tract, lung, and liver
induced by sepsis via reducing oxidative stress and
inflammation, ameliorating microcirculatory disturbances,
and maintaining the immune balance'®'". Curcumae
Longae Rhizoma L. promotes Qi and activates blood
circulation. Moreover, curcumin, demethoxycurcumin,
and bidemethoxycurcumin, which are extracted from
Curcumae Longae Rhizoma L., have been shown to
regulate anti-inflammatory responses and prevent
systemic complications in AP associated with cytokine
damage'**, Both Bombyx Batryticatus L. and
Cicadae Periostracum F. dispel wind and have an anti-
inflammatory effect.

December 14, 2017 | Volume 23 | Issue 46 |



Zhu L et al. Pharmacokinetics and pharmacodynamics of Shengjiang decoction in AP

Notably, an increasing number of clinical and experi-
mental studies have reported that SID is effective for
the treatment of AP, especially in individuals with fever
or severe infections, which could be differentiated as
heat syndrome. SID, in combination with conventional
Western medicine, markedly reduced the APACHE II
score, multiple organ dysfunction syndrome (MODS)
severity score, and intra-abdominal pressure in pa-
tients with SIRS/MODS compared to Western medical
treatment alone™. SID can significantly reduce the
inflammatory response and improve the clinical
symptoms and prognosis'™® in early sepsis patients®.
Moreover, it also plays a protective role against gastric
mucosal damage by weakening aggressive factors
and strengthening protective factors™”! in SIRS via
regulation of pro- and anti-inflammatory responses®,
SID can also protect against nonalcoholic fatty liver
disease associated with metabolic syndrome!®, Our
previous study has demonstrated that SID ameliorates
inflammation of the systemic microenvironment,
reduces apoptosis of pancreatic acinar cells, and
promotes repair of the pancreas in rats with AP,

Indisputably, SID is an effective prescription for the
treatment of AP, but the exact active components are
not clear. Little is known about the in vivo metabolic
process of SID. Full elucidation of the pharmacoki-
netic and pharmacodynamic mechanisms of SID
associated with the amelioration of AP is urgently
needed. Therefore, this study aimed to explore the
pharmacokinetics, pharmacodynamics, and pancreatic
distribution of the main components of SID in rats with
AP to provide pharmacokinetic and pharmacodynamic
evidence for its clinical application for the treatment of
AP.

MATERIALS AND METHODS

Animals

Male clean-grade, healthy Sprague-Dawley rats (body
weight: 300 £ 20 g; age: 75 £ 5 d) were used in
the study [Certification No. 0000589-SCXK (Chuan)
2013-24]. The rats were housed, fed, and handled
according to the University Guidelines and Animal
Ethics Committee Guidelines of the Animal Facility of
the West China Hospital (protocol number: 2017052A,
Chengdu, China). Animals were maintained in air-
conditioned animal quarters under the following
conditions: temperature, 22 = 2 C; relative humidity,
65% = 10%; free access to water; and fed laboratory
rodent chow (Chengdu, China). The animal were
acclimatized to the facilities for one week and fasted
for 12 h prior to the experiment.

Preparation of SJD

Spray dried particles of SID ingredients including
Rhei Radix et Rhizoma B. (batch No. 16110150),
Curcumae Longae Rhizoma L. (batch No. 16080008 ),
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Bombyx Batryticatus L. (batch No. 16100147), and
Cicadae Periostracum F. (batch No. 16080020) were
all purchased from the Affiliated Hospital of Chengdu
University of Traditional Chinese Medicine (Chengdu,
China) and authenticated by Professor WM Wang
(Department of Herbal Pharmacy, West China Hospital,
Sichuan University, China) according to the Chinese
Pharmacopoeia (The Pharmacopoeia Commission of
PRC, 2010). Voucher specimens were deposited at our
laboratory. The spray dried particles were mixed and
reconstituted with sterile distilled water (proportions:
4:3:2:1; concentration: 0.5 g/mL).

High-performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS) and fingerprint analysis
The components of SID were determined by HPLC,
with an ultimate XB-C18 column (5 pm, 50 mm x 4.6
mm) with methanol-water (92:8, v/v) at a flow rate
of 0.5 mL/min with the column temperature set at
40 C. The liquid chromatography mass spectrometry
(LC/MS) system was operated under the multiple
reaction monitoring mode using electrospray ionization
in the negative ion mode. The ion pairs were emodin
269.0 — 241.2 (m/z), aloe-emodin 269.0 — 239.9
(m/z), rhein 283.2 — 238.8 (m/z), chrysophanol
253.2 - 224.7 (m/z), curcumin 366.6 — 216.9
(m/z), demethoxycurcumin 336.7 — 216.9 (m/z),
bidemethoxycurcumin 306.7 — 186.8 (m/z), and inner
standard ibuprofen 205.1 — 160.9 (m/z).

Animal models and treatment with SJD
In the pharmacokinetic experiment, male Sprague-
Dawley rats were randomly divided into a control
group (CG) that received SID (CG + SID) (n = 6) and
a model group that received SID (MG + SID) (n = 6).
The AP model was established by retrograde perfusion
of 3.5% sodium taurocholate (Sigma, St. Louis,
MO, United States) into the biliopancreatic duct (1
mL/kg body weight) at a rate of 6 mL/h with a micro-
infusion pump after intraperitoneal injection with 10%
chloral hydrate (3 mL/kg body weight) for anesthesia,
while the CG received 0.9% sodium chloride instead
of sodium taurocholate. Both groups were orally
administered with SID (5 g/kg) 2 h after the operation.
In the pharmacodynamic experiment, male
Sprague-Dawley rats were randomly divided into a CG
(n = 6), an AP model group (MG) (n = 6), and an SID
treated AP group (SIDG) (n = 6). Model induction was
identical to the procedure used in the pharmacokinetic
experiment, and the SIDG was orally administered
with SID (5 g/kg) 2 h after the operation.

Collection and measurement of serum and tissue
samples

In the pharmacokinetic experiment, after admini-
stration of a single dose of SJD, a 0.5 mL blood sample
was collected via the tail vein at 10, 20, and 40 min
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Figure 1 Chemical structure of the major components of Shengjiang decoction detected in the serum and pancreas. A: Emodin; B: Aloe-emodin; C: Rhein; D:

Chrysophano; E: Curcumin; F: Demethoxycurcumin; G: Bisdemethoxycurcumin.

and 1, 2, 3, 4, 6, 8, and 12 h. After centrifugation
at 3000 r/min for 7 min, the serum samples were
stored at -80 C for detection by HPLC-MS/MS. The
rats were sacrificed 12 h after administration of SID;
pancreatic tissue samples were homogenized and the
supernatants were obtained after centrifugation at
3000 r/min for 7 min and stored at -80 C for detection.

In the pharmacodynamic experiment, the rats
were sacrificed 12 h after administration of SID.
Blood samples (5 mL) were collected to obtain serum
samples to measure amylase and lipase, using an
Automatic Biochemical Analyzer (AU5400, SIEMENS,
Munich, Germany), and to measure interleukin (IL)-6,
IL-10, and tumor necrosis factor (TNF)-a levels using a
Milliplex MAP Rat Cytokine/Chemokine magnetic bead
immunoassay kit (Millipore Corporation, Billerica, MA,
United States). Heart, lung, liver, spleen, pancreas,
kidney, and intestine tissue samples were collected for
pathological examination.

Data collection and analysis

The concentrations of the main components of SID
in serum were measured by HPLC-MS/MS. Analyst
1.4.2 software for HPLC-MS/MS was used for data
collection, peak integration, and calibration. The
concentrations of the quality control and unknown
samples were measured by interpolation from the
calibration curves. Drug and statistics software
programmed by the Chinese Pharmacological Society
(DAS 2.0) was used to process the serum concentration
data and for compartment model fitting; then, all
pharmacokinetic parameters were determined.
The following pharmacokinetic parameters were ca-
Iculated: maximum concentration, time of maximum
concentration (Tmax), area under the curve (AUC)
(0-t), half-life (T2), mean residence time (MRT), and
clearance (CL).

All statistical analyses were performed with
PEMS3.1 statistical software for windows. Quantitative
data are expressed as the mean + standard deviation
when normally distributed. Comparisons of the
pharmacokinetic parameters between the CG + SID
and MG + SJD were performed by Student’s t-test.
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One-way repeated-measures ANOVA followed by
multiple pair-wise comparisons using the Student-
Newman-Keuls test was used to detect differences
among the CG, MG, and SIDG. The level of statistical
significance was set at P < 0.05.

RESULTS

Components of SJD detected in the serum and pancreas
of the rats

In the study, seven components, emodin, aloe-emodin,
rhein, chrysophanol, curcumin, demethoxycurcumin,
and bisdemethoxycurcumin, were detected in the
serum and pancreas in the CG + SID and the MG
+ SID by HPLC-MS/MS. The structural formula and
HPLC chromatogram of each component are shown in
Figures 1 and 2, respectively.

Pharmacokinetics of major components of SJD
Both emodin and aloe-emodin displayed significantly
shorter MRT and higher CL in the MG + SID than in
the CG + SID (P < 0.05, Table 1), while aloe-emodin
had significantly shorter Tmax and T2 and a lower
AUC in the MG + SID (P < 0.05, Table 1). The AUC of
rhein was significantly higher and the CL was lower in
the MG + SID than in the CG + SID (P < 0.05, Table
1). The MRT of chrysophanol was longer and the CL of
chrysophanol was lower in the MG + SID than in the
CG + SID (P < 0.05, Table 1). The pharmacokinetic
parameters of curcumin, demethoxycurcumin, and
bisdemethoxycurcumin were not significantly different
between the two groups (P > 0.05, Table 1).
According to the estimated concentration-time
curve (Figure 3) and the pharmacokinetic values in
Table 1, the concentration of emodin absorbed into
the rat serum was similar between the two groups.
However, the serum concentration of rhein was
considerably higher in the MG + SJD during the first
12 h, which was in sharp contrast to curcumin and
bisdemethoxycurcumin, which displayed lower serum
concentrations in the MG + SJD than in the CG +
SJID during the first 12 h. Both aloe-emodin and
demethoxycurcumin showed a greater increase in
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Table 1 Pharmacokinetic parameters of the seven components of Shengjiang decoction

Component Group Tmax (h) T2 (h) MRT (0-t) (h) CL (L/h/kg) Cmax (ug/L) AUC (0-t)( ng/L/h)
Emodin CG +SJD 0.56 + 0.27 0.85+1.09 413 +041 396 + 147 16.23 £4.11 4478 +18.87
MG + SJD 0.50 £ 0.28 0.26 +0.12 3.08 + 0.48" 619 +193" 16.47 +7.35 34.34 +14.78
ALEM CG +SJD 3.89+2.12 4.15+2.08 4.77 + 0.40 261 +97 17.88 £ 5.90 80.61 + 23.75
MG + SJD 0.83 +£0.62" 0.46 +0.49" 3.18 + 0.45 564 + 209" 13.77 £3.00 38.51 +16.63"
Rhein CG +SJD 0.44 +0.18 0.71 £ 0.65 2.32+0.40 3.07 £ 0.39 4388 + 957 6136.71 + 816.0
MG + SJD 0.39+0.14 0.82+0.57 219+0.21 2.41+0.35" 5206 + 1703 8025.27 + 1074.26"
CHRY CG +SJD 0.50 £ 0.19 1.02+1.63 293 +0.57 411 £ 118 22.46+7.78 39.12+5.9
MG + SJD 0.56 + 0.27 0.96 £ 0.66 4.04 +0.63° 271 +76° 1744 £3.71 58.90 + 23.74
Curcumin CG +SJD 0.44 +£0.18 0.71+£0.27 4.60 £1.26 15957 + 8161 0.93 £1.42 1.01 £ 0.86
MG + SJD 0.52 £ 0.08 0.69 £ 0.43 5.38 £0.71 25172 £ 11861 0.18 £ 0.04 0.56 £ 0.23
DEME CG +SJD 0.89 +0.27 0.60 £ 0.49 4.90 + 0.58 1518 + 944 2.08 £0.37 10.62 +£3.41
MG + SJD 0.50 £ 0.19 0.36 £ 0.45 5.83 £ 0.91 1064 + 717 1.99 £ 0.91 8.60 £ 1.90
BISD CG +SJD 0.50 + 0.28 3.18 £0.30 444 +0.46 4117 £ 677 1.03 £0.27 3.97 £0.52
MG + SJD 0.61 £ 0.55 2.99+0.14 3.93+1.34 5159 £ 1829 0.83 £ 0.09 3.28 £ 047

P < 0.05 vs CG + SJD. ALEM: Aloe-emodin; CHRY: Chrysophanol; DEME: Demethoxycurcumin; BISD: Bisdemethoxycurcumin; Cmax: Maximum
concentration; Tmax: Time of maximum concentration; MRT: Mean residence time.
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Figure 2 HPLC chromatograms of the major components of Shengjiang decoction detected in the serum and pancreas. A: Emodin; B: Aloe-emodin; C:
Rhein; D: Chrysophanol; E: Curcumin; F: Demethoxycurcumin; G: Bisdemethoxycurcumin; H: Internal standard (1.S.).

serum concentrations during the early phase in the MG
+ SID than in the CG + SJD, which was opposite to the
trend of chrysophanol.

Pancreatic distribution of major components of SJD

Regarding the distribution in the pancreas, although
the concentration of rhein in the MG + SJID was
significantly lower than that in the CG + SID (P
< 0.05, Table 2), it was notable among all compo-
nents. Bisdemethoxycurcumin showed a drastically
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higher pancreatic distribution in the MG + SID
(P < 0.05, Table 2). No significant difference was
observed between the two groups for the remaining
components.

SJD regulates the inflammatory response in rats with AP
The serum amylase level was higher in the MG than
in the CG (P < 0.05, Figure 4), which showed that
the AP model was established successfully, while the
lipase level in the two groups showed no significant
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Table 2 Component concentrations of Shengjiang decoction in the pancreas (ng/mL) (7 = 6)

Group Emodin ALEM Rhein CHRY Curcumin DEME BISD
CG +SJD 0.79+£0.38 0.29+0.15 96.52 + 31.35 0.54 £0.37 4.64+274 0.22+0.12 0.14 £ 0.03
MG + SJD 1.08 £ 0.30 0.26 £0.10 31.41 +13.27° 0.58 £0.22 6.08 £2.77 0.20 £0.05 0.59 +0.22°
P < 0.05 vs CG + SJD. ALEM: Aloe-emodin; CHRY: Chrysophanol; DEME: Demethoxycurcumin; BISD: Bisdemethoxycurcumin.
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Figure 3 Estimated concentration-time curves of seven components in the two groups. Twelve male Sprague-Dawley rats were randomly divided into a control
group treated with SJD (CG + SJD) and a model group treated with SID (MG + SJD), both of which were orally administered with SJD (5 g/kg) 2 h after surgery. Blood
samples were collected via the tail vein at 10, 20, and 40 min and 1, 2, 3, 4, 6, 8, and 12 h after a single dose of SJD to detect its main components.

difference. The IL-6, IL-10, and TNF-a levels in the MG
were significantly higher than those in the CG (P < 0.05,
Figure 5). Compared to the MG, the SIDG exhibited a
significantly higher IL-10 level and a lower TNF-o. level
(P < 0.05, Figure 5).

SJD ameliorates multiple organ injury in rats with AP

The CG showed no significant signs of edema,
hemorrhage, inflammatory cell infiltration, or necrosis
in the heart, lung, liver, spleen, pancreas, kidney,
and intestine tissues. However, the MG exhibited
a characteristic feature of pancreatitis. Pancreatic
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tissues showed interstitial congestion, edema, inflamm-
atory cell infiltration, focal or confluent necrosis and
hemorrhage. The pathological images indicated obvious
edema in the alveolar space and lung interstitium,
broadened alveolar wall, inflammatory cell infiltration,
telangiectasia, congestion, focal or flake hemorrhage
and necrosis. The kidney samples exhibited edema and
inflammatory cell infiltration in the renal interstitium,
blurry boundaries in renal tubule epithelial cells,
and stenosis or atresia in the lumens. The intestinal
mucosa showed inflammatory cell infiltration in various
mucosal layers, broadened intervillous lacunae,
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Figure 4 Amylase and lipase concentrations of the control group, model
group, and Shengjiang decoction group. Rats were randomly divided into
a control group (CG), an AP model group (MG), and an SJD treated AP group
(SJDG) (n = 6 per group). The rats were sacrificed 12 h after administration
of SJD. Blood samples were collected to obtain serum samples to measure
amylase and lipase. Data are expressed as mean + SD. °P < 0.05 vs CG.
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Figure 5 Serum concentrations of IL-6, IL-10, and TNF-c. in the control
group, model group, and Shengjiang decoction group. Rats were randomly
divided into a control group (CG), an AP model group (MG), and an SJD
treated AP group (SJDG) (n = 6 per group). The rats were sacrificed 12 h after
administration of SJD. Blood samples were collected to obtain serum samples
to measure IL-6, IL-10, and TNF-c.. Data are expressed as mean + SD. °P < 0.01
vs CG; °P<0.01 vs MG.

decreased beaker cells, and atrophic mucosa. Organic
damage was also found in the heart, liver, and spleen
of rats in the MG.

The MG had higher pathological scores than the
CG for each organ tested (P < 0.05, Figure 6). After
treatment with SJD, the pathological scores of the
lung, pancreas, kidney, and intestine in the SIDG were
significantly lower than those in the MG (P < 0.05,
Figure 6). The pathological images of the seven organs
are shown in Figure 7.

DISCUSSION

We performed pharmacokinetic research to study
the effect of AP on the metabolic processes of SID
in vivo and found that AP had varying effects on
the pharmacokinetics of different components of
SJID. In addition to the pharmacodynamic study,
we further assessed the therapeutic properties and
mechanisms of SID involved in attenuating AP through
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the regulation of inflammatory responses to protect
against multiple organ injury.

Our previous study has established a quantita-
tive method to determine 10 major components
from Chinese Herbal Dachenggi Decoction (DCQD)
simultaneously in rats and dogs™'??), Using the
established method of HPLC-MS/MS, the main absorbed
components including emodin, aloe-emodin, rhein,
chrysophanol, curcumin, demethoxycurcumin, and
bisdemethoxycurcumin in rats after administration of
SID were detected. The study confirmed that the seven
major components of SID could be absorbed into rat
serum and pancreas through oral administration.

The pharmacokinetic parameters showed that
AP had varying effects on different components of
SJD. This study indicated that AP could promote
the pharmacokinetic processes of emodin and aloe-
emodin in rats, which is consistent with our previous
studies®***, thus demonstrating that AP could lower
the blood concentration and accelerate the process of
elimination of aloe-emodin.

However, the clearly higher AUC and lower CL
values of rhein in the MG + SJID indicate that rhein
could be better absorbed in rats with AP. This finding
is in sharp contrast with the results regarding rhein
from the DCQD study, which presented a lower AUC
and higher pancreatic distribution in the AP group'®.
One possible explanation may be that concentrations
of absorbed components may be associated with the
effects of the Chinese herbal formula and the complex
interactions among different components®?®!, Inter-
estingly, although the concentration of rhein in the
pancreas in the MG + SID was lower than that in the
CG + SID, it was highest among other components
in the pancreas (Table 2). This is consistent with the
results of the DQCD study, which provides evidence
that rhein may be the potential active component of
pancreas-targeted treatment in rats with AP®",

Furthermore, this study found that AP could
slow the pharmacokinetic process of chrysophanol.
In addition, AP had almost no influence on the
pharmacokinetics of curcumin, demethoxycurcumin,
and bisdemethoxycurcumin. Nevertheless, due to its
higher concentration in the pancreas than in the CG +
SID, bisdemethoxycurcumin may be another potential
active component of SID for the treatment of AP.

Other studies have also revealed the effectiveness of
rhein and bisdemethoxycurcumin in anti-inflammation
in AP. Liu et a®® demonstrated that rhein glucoside,
rhein isomer methylation, and emodin glucuronide
conjugation were the main anti-AP components in
Da-Huang-Fu-Zi-Tang. It has been reported that
rhein attenuates inflammation via inhibition of NF-
xB and NALP3 inflammasome pathways in vivo and
in vitroP", In order to reach sufficient therapeutic
accumulation in the pancreas to inhibit both the local
and systemic complications with AP, the inflammatory
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Figure 6 Pathological scores of multiple organs in the control group, model group, and Shengjiang decoction group. Rats were randomly divided into a
control group (CG), an AP model group (MG), and an SJD treated AP group (SJDG) (n = 6 per group). The rats were sacrificed 12 h after administration of SJD.
Tissue samples were collected for pathological examination. Data are expressed as mean + SD. °P < 0.05 vs CG; "P < 0.01 vs CG; °P < 0.05 vs MG; *P < 0.01 vs

MG.

compound rhein has been tailored as dual pancreas-
and lung-targeting therapy mediated by a phenolic
propanediamine moiety"*”.

Bisdemethoxycurcumin has been demonstrated to
exhibit anti-oxidative and anti-inflammatory activities
such as inhibiting NO production and COX-2 and
iNOS expression and suppressing LPS-induced IkB-a
phosphorylation™***!, promote apoptosis through
a GRP78-dependent pathway and mitochondrial
dysfunctions, and potentiate the antitumor effect of
gemcitabine in human pancreatic cancer cells®,

Cytokines play major roles in the pathogenesis
of AP, including underlying systemic inflammatory
responses, tissue damage, and organ dysfunction.
Due to the release of pancreatin and activation of
mononuclear macrophages, the excess neutrophilic
leukocytes may produce or release substantial in-
flammatory mediators that form a network to cause
inflammatory “cascade effects”, which manifest
clinically as SIRSP® in AP. When SIRS is persistent,
there is an increased risk of developing multiple organ
failure®”). TNF-a, an early onset pro-inflammatory
cytokine, directly injures the cells of multiple organs,
causes ischemia, hemorrhage, necrosis, inflammation,
and edema, and even triggers the synthesis of a wide
range of other pro-inflammatory mediators such as
IL-6 and IL-17®. IL-6, which produces extensive pro-
inflammatory effects that cause tissue damage, has
been identified as an early biomarker of severe organ
failure and mortality'***®), Moreover, IL-6 may induce
the release of TNF-a in a positive feedback pattern,
leading to a vicious cycle!*!. Notably, the elevated
IL-10 level, which may inhibit and reduce the synthesis
and release of pro-inflammatory cytokines and colony
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stimulating factor, signifies a pro-inflammatory state in
SAP that is associated with an early anti-inflammatory
response!*?. In this study, the MG showed higher
TNF-a, IL-6, and IL-10 levels than the CG, indicating
that AP could result in an inflammatory imbalance at
the very beginning of the disease.

The imbalance of inflammatory mediators in
circulation and target tissues may aggravate the
progression of AP, Moreover, the time courses of
serum pro-inflammatory cytokine levels and anti-
inflammatory cytokine levels differ, resulting in immune
dysregulation, which leads to multisystem organ
failure, mortality, and secondary infection. Thus,
varying degrees of pathological injuries in the heart,
lung, liver, spleen, pancreas, kidney, and intestine
were observed microscopically, which implies that SAP
exhibits systemic involvement.

These pathological injuries may also explain the
differences in pharmacokinetics between the CG
+ SJD and MG + SJID. Hypoperfusion of organs is
common during shock and peripheral circulatory
failure in SAP. When gastrointestinal disorders such
as gastrointestinal mucosa ischemia and enteroplegia
are present, they will have a detrimental impact on
the absorption of the decoction'. Undermined by the
initial local inflammatory reaction and microcirculation
disturbance, the distortion of the blood-pancreas
barrier may accelerate or inhibit the absorption of
certain components into the pancreas®®. Additionally,
the initiation of organ failure in the hepatic and renal
systems (such as the decreased serum albumin
concentration and glomerular filtration rate), where
most drugs are metabolized and eliminated, may
also contribute to the changes in the pharmacokinetic
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Figure 7 Pathological images of multiple organs from the control group, model group, and Shengjiang decoction group. Pathological images of the heart (HE,
x 200), lung (HE, x 200), liver (HE, x 100), spleen (HE, x 100), pancreas (HE, x 200), kidney (HE, x 200), and intestine (HE, x 100) in the CG, MG, and SJDG. CG:

Control group; MG: AP model group; SJDG: SJD treated AP group.

parameters of SID in rats with AP’*8], Moreover, other
factors that may influence the pharmacokinetics of
different components of Chinese herb prescriptions
are associated with physical and chemical properties
of the components, including the molecular size, lipid
solubility, charge, and protein binding rate as well as
methods of application™’.

Notably, after treatment with SJD, the SIDG
displayed a lower TNF-a level and a higher IL-10 level
than the MG, indicating that SID could regulate the
balance of pro- and anti- inflammatory responses in
AP. By decreasing pro-inflammatory cytokines and
elevating anti-inflammatory cytokines, SJD could
reduce inflammatory reactions, thus ameliorating the
severity of AP induced by inflammatory responses.
Moreover, SID was effective in relieving injuries of the
lung, kidney, intestine, and pancreas, which provided
basic evidence of the effectiveness of SID for its clinical
application in the treatment of AP.

Apart from the pharmacokinetic and pharma-
codynamic parameters as well as the distribution of
the major components of SID, the distribution of the
effective components to other target tissues should be
tested to provide more systematic and comprehensive
evidence for the Chinese decoction, thus allowing
more effective clinical application. Furthermore, the
specific molecular mechanism of how the potential
active components alleviate the disease needs to
be investigated to optimize herbal formulations and
therapies.

In conclusion, AP may have varying effects on the
pharmacokinetics of the major components of SID in
rats. AP could accelerate the pharmacokinetic process

Baishidenge ~ WJG | www.wjgnet.com

of emodin and aloe-emodin and slow that of rhein and
chrysophanol. Rhein and bisdemethoxycurcumin may
be potential active components for the treatment of
AP. SID may attenuate AP by regulating inflammatory
responses to protect against multiple organ injury.

ARTICLE HIGHLIGHTS

Research background

Acute pancreatitis (AP) is one of the most common gastrointestinal disorders
associated with a mortality rate up to 30%-56% among severe cases with
systemic inflammatory response syndrome. Shengjiang decoction (SJD) is an
effective prescription for the treatment of AP, but the exact active components
are not clear. Little is known about the in vivo metabolic process of SJD.
Therefore, full elucidation of the pharmacokinetic and pharmacodynamic
mechanisms of SJD associated with the amelioration of AP is urgently needed.

Research motivation

This study aimed to explore the pharmacokinetics, pharmacodynamics, and
pancreatic distribution of the main components of SJD in rats with AP to provide
pharmacokinetic and pharmacodynamic evidence for its clinical application for
the treatment of AP in the future.

Research objectives
This study aimed to explore the pharmacokinetics and pharmacodynamics of
SJD in rats with AP for protecting against multiple organ injury.

Research methods

The AP model was established by retrograde perfusion of 3.5% sodium
taurocholate into the biliopancreatic duct, which was widely accepted and used
in the induction of AP in rats.

The concentrations of the main components of SJD in serum were
measured by HPLC-MS/MS, which is a simple, rapid, accurate, and sensitive
way to detect the components in serum and tissues of SJD. Analyst 1.4.2
software for HPLC-MS/MS was used for data collection.

All statistical analyses were performed with PEMS3.1 statistical software
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for windows. Quantitative data are expressed as the mean + standard deviation
when normally distributed. Comparisons of the pharmacokinetic parameters
were performed by Student’s t-test. One-way repeated-measures ANOVA
followed by multiple pair-wise comparisons using the Student-Newman-Keuls
test was used to detect differences of the pharmacodynamic parameters.

Research results

In the pharmacokinetic experiment, the MG + SJD displayed significantly
shorter mean residence time (MRT) and higher clearance (CL) for emodin
and aloe-emodin; significantly shorter Tmax and T1/2 and a lower area under
curve (AUC) for aloe-emodin; an apparently higher AUC and lower CL for
rhein; and longer MRT and lower CL for chrysophanol than the CG + SJD. In
the pharmacodynamic experiment, the amylase, IL-6, IL-10, and TNF-a. levels
in MG were higher than those in the CG (P < 0.05). After the herbal decoction
treatment, the SJDG had higher IL-10 and lower TNF-o. levels than the MG (P <
0.05). The MG had the highest pathological scores, and the pathological scores
of the lung, pancreas, kidney, and intestine in the SIDG were significantly lower
than those in the MG (P < 0.05). The results revealed metabolic process of
the major components of SJD absorbed in serum and pancreas as well as the
possible mechanism of SJD in alleviating AP.

What remains to be solved is that the distribution of the effective
components to other target tissues to provide more systematic and
comprehensive evidence for the clinical application of Chinese decoction.
Furthermore, the specific molecular mechanism of how the potential active
components alleviate the disease needs to be investigated to optimize herbal
formulations and therapies.

Research conclusions

In the study, we found that AP may have varying effects on the pharmacokinetics
of the major SJD components in rats, rhein and bisdemethoxycurcumin may be
potential active components for the treatment of AP, and SJD might alleviate
pathological injuries of the lung, pancreas, kidney, and intestine in rats with
AP via regulating pro- and anti- inflammatory responses. The conclusions are
based on our previous theory of ‘tissue pharmacology of recipe’, and are in
accordance with the clinical and experiment results available that SJD is an
effective way to alleviate AP.

We report the metabolic processes of major components of SJD in vivo
and the pharmacodynamic mechanism of SJD in relieving AP. The study
indicated that diseased condition of the body as well as formula composition
may have certain effect on the metabolic process of different components in
decoctions. As AP involves systemic inflammatory responses, based on the
findings above, the mechanism for SJD to attenuate AP may be through the
regulation of inflammatory responses to protect against multiple organ injury.

Research perspectives

As we have found the potential components of SJD in alleviating AP, further
investigation about the interaction of these components is urgently needed to
provide evidence for optimizing and simplifying the formula. Moreover, more in-
depth studies about the molecular mechanism of SJD in alleviating AP should
be explored to have a deeper and more comprehensive understanding of SJD
in treating AP.
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