Gastroenterology

ﬁn..u‘.”z |

z::::nuxﬂ Mg

SRR ,..k.wa‘w%x S
NP NN NN

Baishideng Publishing Group Inc



/{/ (]‘ World Journal of
Gastroenterology

Contents Weekly Volume 23 Number 47 December 21, 2017

REVIEW
8263  Clinical epidemiology and disease burden of nonalcoholic fatty liver disease
Perumpail BJ, Khan MA, Yoo ER, Cholankeril G, Kim D, Ahmed A

MINIREVIEWS
8277  Obese children with fatty liver: Between reality and disease mongering

Ranucci G, Spagnuolo MI, lorio R

8283  Procalcitonin in inflammatory bowel disease: Drawbacks and opportunities

Lippi G, Sanchis-Gomar F

ORIGINAL ARTICLE
Basic Study

8291 Gene mutations in stool from gastric and colorectal neoplasia patients by next-generation sequencing
Youssef O, Sarhadi V, Ehsan H, Bohling T, Carpelan-Holmstrom M, Koskensalo S, Puolakkainen P, Kokkola A, Knuutila S

8300 Polymorphisms in oxidative pathway related genes and susceptibility to inflammatory bowel disease
Senhaji N, Nadifi S, Zaid Y, Serrano A, Rodriguez DAL, Serbati N, Karkouri M, Badre W, Martin J

8308 Effects of initiating time and dosage of Panax notoginseng on mucosal microvascular injury in
experimental colitis
Wang SY, Tao P, Hu HY, Yuan JY, Zhao L, Sun BY, Zhang WJ, Lin J

8321 Fructo-oligosaccharide intensifies visceral hypersensitivity and intestinal inflammation in a stress-induced
irritable bowel syndrome mouse model
Chen BR, Du LJ, He HQ, Kim JJ, Zhao Y, Zhang YW, Luo L, Dai N

8334  Morin enhances hepatic Nrf2 expression in a liver fibrosis rat model
Sang L, Wang XM, Xu DY, Sang LX, Han Y, Jiang LY

8345  Circular RNA circ-LDLRAD3 as a biomarker in diagnosis of pancreatic cancer
Yang F, Liu DY, Guo JT, Ge N, Zhu P, Liu X, Wang S, Wang GX, Sun SY

Case Control Study

8355 Rifaximin ameliorates hepatic encephalopathy and endotoxemia without affecting the gut microbiome
diversity
Kaji K, Takaya H, Saikawa S, Furukawa M, Sato S, Kawaratani H, Kitade M, Moriya K, Namisaki T, Akahane T, Mitoro A,

Yoshiji H

Raishidenge ~ WJG | www.wjgnet.com 1 December 21, 2017 | Volume 23 | Issue 47 |



World Journal of Gastroenterology

Contents Volume 23 Number 47 December 21, 2017

Retrospective Study

8367 Association between white opaque substance under magnifying colonoscopy and lipid droplets in
colorectal epithelial neoplasms
Kawasaki K, Eizuka M, Nakamura S, Endo M, Yanai S, Akasaka R, Toya Y, Fujita Y, Uesugi N, Ishida K, Sugai T, Matsumoto T

8376 Nomogram based on tumor-associated neutrophil-to-lymphocyte ratio to predict survival of patients with
gastric neuroendocrine neoplasms
Cao LL, Lu J, Lin JX, Zheng CH, Li P, Xie JW, Wang JB, Chen QY, Lin M, Tu RH, Huang CM

8387 Impact of cigarette smoking on recurrence of hyperlipidemic acute pancreatitis
Xiang JX, Hu LS, Liu P, Tian BY, Su Q, Ji YC, Zhang XF, Liu XM, Wu Z, Lv Y

Clinical Trials Study
8395  First-week clinical responses to dexlansoprazole 60 mg and esomeprazole 40 mg for the treatment of grades
A and B gastroesophageal reflux disease
Liang CM, Kuo MT, Hsu PI, Kuo CH, Tai WC, Yang SC, Wu KL, Wang HM, Yao CC, Tsai CE, Wang YK, Wang JW,
Huang CE, Wu DC, Chuah SK; Taiwan Acid-Related Disease Study Group

Observational Study

8405 Rate of adverse events of gastroduodenal snare polypectomy for non-flat polyp is low: A prospective and
multicenter study
Cordova H, Argiiello L, Loras C, Naranjo Rodriguez A, Riu Pons F, Gornals JB, Nicolas-Pérez D, Andujar Murcia X,
Herndndez L, Santolaria S, Leal C, Pons C, Pérez-Cuadrado-Robles E, Garcia-Bosch O, Papo Berger M, Ulla Rocha JL,

Sanchez-Montes C, Fernandez-Esparrach G

META-ANALYSIS

8415  Chronic kidney disease severely deteriorates the outcome of gastrointestinal bleeding: A meta-analysis
Hdagendorn R, Farkas N, Vincze A, Gyongyi Z, Csupor D, Bajor J, Erdss B, Csécsei P, Vasas A, Szakdcs Z, Szapary L,
Hegyi P, Miko A

CASE REPORT

8426 Disabling portosystemic encephalopathy in a non-cirrhotic patient: Successful endovascular treatment of a
giant inferior mesenteric-caval shunt via the left internal iliac vein
de Martinis L, Groppelli G, Corti R, Moramarco LP, Quaretti P, De Cata P, Rotondi M, Chiovato L

8432  Wernicke encephalopathy in a patient after liver transplantation: A case report
Xie B, Si ZZ, Tang WT, Qi HZ, Li T

LETTERS TO THE EDITOR
8437  Silymarin: An option to treat non-alcoholic fatty liver disease
Colica C, Boccuto L, Abenavoli L

Raishidenge ~ WJG | www.wjgnet.com I December 21, 2017 | Volume 23 | Issue 47 |



Contents

World Journal of Gastroenterology
Volume 23 Number 47 December 21, 2017

ABOUT COVER

Editorial board member of World Journal of Gastroenterology, Yoshihisa
Takahashi, MD, Associate Professor, Department of Pathology, Teikyo University
School of Medicine, Tokyo 173-8605, Japan

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. WG was estab-
lished on October 1, 1995. It is published weekly on the 7" 14th, 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. WJG 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 WJG as 3.365 (5-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: Yan Huang
Proofing Editor-in-Chief: Lian-Sheng Ma

Responsible Assistant Editor: Xiang Li

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 Sur-
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 http:/ /www.wjgnet.com

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wignet.com/1007-9327/editorialboard.htm

PUBLICATION DATE
December 21, 2017

COPYRIGHT

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@wijgnet.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@wignet.com

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

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

1

December 21,2017 | Volume 23 | Issue 47 |




W J

World Journal of
Gastroenterology

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

DOI: 10.3748 / wjg.v23.i47 8334

World | Gastroenterol 2017 December 21; 23(47): 8334-8344

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

ORIGINAL ARTICLE

Basic Study
Morin enhances hepatic Nrf2 expression in a liver fibrosis
rat model

Liang Sang, Xue-Mei Wang, Dong-Yang Xu, Li-Xuan Sang, Yang Han, Long-Yang Jiang

Liang Sang, Xue-Mei Wang, Dong-Yang Xu, Department of
Ultrasound, The First Hospital of China Medical University,
Shenyang 110001, Liaoning Province, China

Li-Xuan Sang, Department of Geriatrics, The First Hospital of
China Medical University, Shenyang 110001, Liaoning Province,
China

Yang Han, Department of Pathology, China Medical University,
Shenyang 110001, Liaoning Province, China

Long-Yang Jiang, Pharmacy College, China Medical University,
Shenyang 110001, Liaoning Province, China

ORCID number: Liang Sang (0000-0002-9331-0985); Xue-Mei
Wang (0000-0002-4477-1865); Dong-Yang Xu (0000-0001-8317
-1718); Li-Xuan Sang (0000-0002-4562-0022); Yang Han (0000
-0003-4133-6929); Long-Yang Jiang (0000-0002-8409-7043).

Author contributions: Sang L, Wang XM and Sang LX con-
ceived and designed the experiments; Sang L, Han Y and Jiang
LY performed the experiments; Sang L and Xu DY analyzed the
data; Sang L wrote the paper; all authors agreed and approved the
final version of the manuscript.

Institutional animal care and use committee statement: This
study was performed in accordance with the Guide for Care and
Use of Laboratory Animals published by the National Institutes
of Health of China (1996), and was approved by Animal Care
and Use Committee of the China Medical University (2015038R).

Conflict-of-interest statement: The authors declare no conflict
of interest.

Data sharing statement: No additional data are available.

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

Baishidenge ~ WJG | www.wjgnet.com

the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Xue-Mei Wang, MD, Professor, De-
partment of Ultrasound, The First Hospital of China Medical
University, No. 155, Nanjing North Street, Shenyang 110001,
Liaoning Province, China. wangxuemei@cmulh.com
Telephone: +86-24-83282998

Fax: +86-24-83282998

Received: September 21, 2017
Peer-review started: September 22, 2017
First decision: October 10, 2017
Revised: October 20, 2017

Accepted: November 14, 2017

Article in press: November 14, 2017
Published online: December 21, 2017

Abstract

AIM

To investigate whether morin can reduce hepatic fi-
brosis by activating the NF-E2-related factor 2 (Nrf2)
signaling pathway.

METHODS

Twenty male Sprague-Dawley rats were randomly
divided into four groups: control group, morin group,
carbon tetrachloride (CCls) group, and morin + CCl4
group. Rats in both the CCls and morin + CCls groups
were injected intraperitoneally with CCl4 at a dose of 2
mL/kg twice a week. Rats in both the morin and morin
+ CCls groups were treated orally with morin at a dose
of 50 mg/kg twice a week. Control rats were treated
with vehicle only twice a week. At the end-point of
the 8 wk of the experimental period, serum AST, ALT,
and ALP were measured, and the liver specimens
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were obtained for pathological assessment. Real-time
PCR and Western blot methods were used to analyze
the expression of a-smooth muscle actin (a-SMA),
collagen I, collagen 1, Nrf2, heme oxygenase (HO-1),
and quinone oxidoreductase 1 (NQO1) using frozen
liver specimens.

RESULTS

Morin-treated rats in the morin + CCls group had less
hyperplasia of fiber tissue, minimal inflammatory cells,
and less body weight loss with favorable liver enzyme
measurements compared to rats treated with CCl4 only.
Additionally, morin-treated rats had significantly lower
mRNA and protein expression of a-SMA, collagen I,
and collagen I, but significantly higher mRNA and
protein expression of Nrf2, HO-1, and NQO1 compared
to rats treated with CCls only (P < 0.05).

CONCLUSION

Morin could play a protective role by inducing the
expression of Nrf2 and its downstream antioxidant
factors (HO-1 and NQO1) and reducing the expression
of a-SMA, collagen I, and collagen I in CCls-induced
liver fibrosis rats.

Key words: Liver fibrosis; Rat; Morin; Nrf2

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

Core tip: We constructed a liver fibrosis rat model
with carbon tetrachloride (CCls). The Sprague-Dawley
rats were randomly divided into four groups: control
group, morin group, CCls group, and morin + CCl4
group. a-SMA, collagen I, collagen I, NF-E2-related
factor 2 (Nrf2), heme oxygenase (HO-1), and quinone
oxidoreductase 1 (NQO1) were analyzed by real-
time PCR and Western blot methods using frozen liver
specimens. We found that morin could reduce hepatic
fibrosis by inducing the expression of Nrf2 and its
downstream antioxidant factors in the CCls-induced rat
liver fibrosis model.

Sang L, Wang XM, Xu DY, Sang LX, Han, Jiang LY. Morin
enhances hepatic Nrf2 expression in a liver fibrosis rat model.
World J Gastroenterol 2017; 23(47): 8334-8344 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i47/8334.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.147.8334

INTRODUCTION

Hepatic fibrosis refers to a series of pathogenic factors
and pathological changes in the pathogenesis of a
variety of liver diseases with liver extracellular matrix
(ECM) metabolic abnormalities™. Previous studies
have found that the development and progression
of liver fibrosis are significantly related to oxidative
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stress in which a large number of free radicals lead to
cell metabolic disorders and subsequent destruction
of normal liver cells'”®. Although there is currently
no effective therapy for curing liver fibrosis, previous
studies showed that the pathological changes in liver
fibrosis could be reversed®”.

Oxidative stress is closely related to the occurrence
of liver disease'®. A large number of studies have
shown that oxidative stress may promote the acti-
vation of hepatic satellate cells (HSCs) and increase
collagen production®. In the past decade, numerous
studies proved that NF-E2-related factor 2 (Nrf2)
plays a role as an important transcription factor in
normal liver cells, and its activation could increase
the expression of the downstream specific genes,
such as the quinone oxidoreductase 1 (NQO1), heme
oxygenase (HO-1), and glutathione, which play a role
against oxidative stress!'®'!, Studies have shown that
Nrf2 activation could resist oxidative stress caused by
hepatic ischemia and injury, liver fibrosis, and drug-
induced liver damage!****,

Flavonoids are rich in a variety of fruits, vegetables,
and components of herbal-containing dietary agents
and play an important role in preventing many kinds
of diseases. Morin (3, 5, 7, 2/, 4'-pentahydroxyflavone)
is a kind of flavonoid that consists of a yellowish
pigment found in onion and apple!®, almond (P.
guajava L.)""", fig (Chlorophora tinctoria)™*®, and other
moraceae, including in food and herbal medicines™
(Figure 1). It has been shown that morin possesses
biological properties, including antioxidant®*!!, anti-
inflammatory*?, anti-apoptosis®**, and anticancer™
activities. Morin also protects various human cells, such
as myoblasts®®”!, hepatocytes'®, and erythrocytes,
against oxidative damages™”.

Carbon tetrachloride (CCls) intraperitoneal injection
is a classical method for establishing an animal model
of hepatic fibrosis, and the toxicity of CCls leads to
liver cell necrosis and mitochondrial damage along
with aggravating oxidative stress. In addition, the
abundant release of inflammatory and fibrogenic
cytokines induced by CCls could further augment the
degree of hepatic fibrosis®®!. A previous study dem-
onstrated that morin protected against acute liver
damage™ and ameliorated liver fibrosis®” induced by
CCls4, where morin inhibited proliferation and induced
apoptosis of activated HSCs by suppressing the Wnt/
B-catenin and NF-kB signaling pathways. However,
there is no molecular evidence of the effects of morin
on the Nrf2 signaling pathway. To our knowledge, in
vivo investigation of the effect of morin on the Nrf2
signaling pathway and Nrf2 expression in the CCls-
induced liver fibrosis model has not been reported.
The purpose of this study was to investigate whether
morin could reduce hepatic fibrosis by inducing the
expression of Nrf2 and its downstream antioxidant
enzymes using pathology as a gold standard in a rat
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Figure 1 Chemical structure of morin. (https://pubchem.ncbi.nim.nih.gov/
compound/morin).

model of CCls-induced hepatic fibrosis.

MATERIALS AND METHODS

Chemicals and reagents

The chemical agents used in this study included CCl4
and olive oil (Sinopharm Chemical Reagent Co., Ltd,
Shanghai, China) as well as morin (Sigma Chemical
Co., St Louis, MO, United States). Serum aspartate
transaminase (AST), alanine transaminase (ALT), and
alkaline phosphatase (ALP) assay kits were purchased
from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China). The antibodies against Nrf-2, HO-1,
NQO1, collagen1, collagen I, and o-SMA were
obtained from Proteintech Group Inc. (Chicago, IL,
United States). All other reagents used were in the
purest form available commercially.

Animals and experimental design

This study was performed in accordance with the Guide
for Care and Use of Laboratory Animals published by
the National Institutes of Health of China (Guide for
the Care and Use of Laboratory Animals, 1996) and
was approved by the Animal Care and Use Committee
of China Medical University. Twenty male Sprague-
Dawley rats with an average body weight of 200-220 g
(Changsheng Biotechnology Co., Ltd, Liaoning, China)
were used in this study. All rats were fed a stand-
ard laboratory diet for a week at room temperature
(20-22 C) with a light/dark cycle of 12 h. Then, the
rats were randomly divided into four groups of five
rats each, i.e., control group, morin group, CCls group,
and morin + CCls group. The control rats were treated
with vehicle only (olive oil) equivalent to the treatment
group. The rats in the morin group were treated with
morin at a dose of 50 mg/kg (suspended in water as
previously described®®) by oral administration and
2 mL/kg of olive oil by intraperitoneal injection twice
a week. The rats in the CCls group were injected
intraperitoneally with CCls at a dose of 2 mL/kg [mixed
with olive oil (40%, V/V)] twice a week. The rats in the
morin + CCls group were treated with the same doses
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of morin and CCls via the same routes as the morin
group and the CCls group. Body weights of animals
were recorded twice per week. After 8 wk of treatment,
animals were kept fasting for 24 h. Under 10% chloral
hydrate anesthesia, the following procedures were
performed, including obtaining blood samples from the
heart for biochemical tests and resecting the liver and
spleen for histopathological analysis. Liver tissues were
weighted and cut in 10 mm x 10 mm x 3 mm pieces.
Half of the specimen was fixed in 10% formaldehyde
for histopathology and the other half was immediately
frozen in -80 'C for PCR and Western blot tests.

Biochemical analysis

The blood samples were centrifuged at 3000 g for 10
min at 20 C, and the serum was collected from the
supernatant. The values of AST, ALT, and ALP were
measured using commercial assay kits according to
the manufacturer’s protocols.

Histopathological assessment

Specimens of the liver were embedded in paraffin
and cut into 5-um-thick sections after 24 h of fixation.
Then, the samples were stained with hematoxylin and
eosin (HE). The degree of liver fibrosis was analyzed
and determined by an experienced pathologist. The
liver fibrosis was categorized into five degrees, i.e.,
FO = no fibrosis, F1 = portal fibrosis without septa,
F2 = portal fibrosis with rare septa, F3 = numerous
septa without cirrhosis, and F4 = cirrhosis according to
reference criteria™".

Quantitative real-time PCR

Total cellular RNA was extracted from tissues using
TRIzol (Invitrogen). Reverse transcription of 1 ug of
RNA was done using RT regents (TAKARA) following
the manufacturer’s instructions. Quantitative real-
time PCR was done using SYBR Green PCR master
mix (Applied Biosystems) in a total volume of 20 uL
on the 7900HT fast Real-time PCR system (Applied
Biosystems) using the following cycling parameters:
50 °C for 2 min, 95 °C for 10 min, and 40 cycles of 95 C
for 15 s and 60 C for 60 s. A dissociation procedure
was performed to generate a melting curve for
confirmation of amplification specificity. GAPDH was
used as the reference gene. The relative levels of gene
expression were represented as ACt = Ctgene - Ctreference,
and the fold change of gene expression was calculated
by the 2 method. Experiments were repeated in
triplicate. The primer sequences are listed in Table 1.

Western blot analysis

Total proteins from tissues were extracted in lysis
buffer (Pierce, United States) and quantified using
the Bradford method. A total of 40 ug of protein were
separated using 10% SDS-PAGE (80 V -120 V) and then
electrophoretically transferred to a PVDF membrane
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Table 1 Primer sequences

Name Primer sequence

5-ACTGGTACATCAGCCCAAACCC-3'
5-GGAATCCATCGGTCATGCTCT-3'
5'-GAGACTCCCCATCATAGATATCGC-3'
5-AGCAAACAGGGCCAATGTCC-3'

Rat Collagen / for
Rat Collagen I rev
Rat Collagen I for
Rat Collagen Il rev

Rat o-SMA for 5'-GCTATGCTCTGCCTCATGCC-3'
Rat a-SMA rev 5'-CACGCTCAGCAGTAGTCACGAA-3'
Rat Nrf2 for 5'-ACACAGCATAGCCCATCTCGT-3'
Rat Nrf2 rev 5'-ACCAACCTGGATGAGCGACAC-3'

5'-CCACGCAGAGAGGACATCATT-3'
5'-TTCGACCACCTCCCATCCTT-3'

Rat NQO1 for
Rat NQO1 rev

Rat HO-1 for 5'-CTTCCCGAGCATCGACAAC-3'
Rat HO-1 rev 5'-CTGTCACCCTGTGCTTGACC-3'
Rat Gapdh for 5'-GCTGGTCATCAACGGGAAA-3'
Rat Gapdh rev 5'-CGCCAGTAGACTCCACGACAT-3'
500 -~
L -&- Control
400 - Morin
— L CCla
2 )
& 300 Morin + CCls
=y t
[
2 200
>
he) L
o
D 100 |-
0 | | ]
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Figure 2 Changes in body weight among different groups. Body weight
increased observably in the control and morin groups. The CCls group had slow
weight growth, but morin treatment was associated with increased body weight.

(80 V 100 min) (Millipore, Bedford, MA, United
States). The membrane was blocked with 5% dry
milk and incubated overnight at 4 °C with antibodies
against HO-1 (1:800; Proteintech), NQO-1 (1:1000;
Proteintech), Nrf2 (1:800; Proteintch), collagen I
(1:800, Proteintech), collagen I (1:1000, Proteintech),
o-SMA (1:1000, Proteintch), and GAPDH (1:4000,
Proteintech). After washing, the membrane was
incubated with a horseradish peroxidase-conjugated
secondary antibody (Santa Cruz Biotechnology)
at 37 °C for 2 h. Protein bands were visualized by
enhanced chemiluminescence (Pierce) and detected
using Biolmaging Systems (UVP, Upland, CA, United
States). The relative protein levels were calculated
based on GAPDH protein as a loading control. Western
blot images were measured with Image] software,
and the relative gray values of protein expression were
analyzed semi-quantitatively.

Statistical analysis

The experimental data are expressed as the mean %
SD. Statistical analyses were performed using one-
way analysis of variance (ANOVA) between groups,
and unpaired comparisons were analyzed using the
least significant difference method LSD t-test. A P-value
of 0.05 or less was considered statistically significant.

Baishidenge ~ WJG | www.wjgnet.com

Sang L et a/. Morin enhances hepatic Nrf2 expression

All analyses were conducted using SPSS version 17.0
(SPSS, Inc., Chicago, IL, United States) and Prism
GraphPad software Version 6.01 (GraphPad Software
Inc., San Diego, CA, United States).

RESULTS

General observation

A total of four rats died before the end-point of the
study, including two in the CCls group, one in the
morin + CCls group, and one in the morin group. All
animals in the control group survived. Normal diet and
daily activities were recorded in the control and morin
groups, with body weight increasing rapidly. The CCls
group presented poor feeding and daily activities with
slow weight growth. The morin + CCls group presented
milder symptoms compared with the CCls group, with
increased body weight, which was, however, lower
than that in the control and morin groups (Figure 2).

Histological changes in the liver

The results of HE staining showed that the liver cells
appeared with a normal morphology and regular
lobular structure in the control and morin groups. The
liver tissue of CCls group rats showed inflammatory cell
infiltration, with portal and central veins surrounded
by fibrous tissue accompanied by fibrous septa. The
lobular structure was fuzzy with clearly visible false
lobules. In the morin + CCl4 group, the liver tissue
demonstrated less hyperplasia of fiber tissue and
minimal inflammatory cells compared to the CCl4
group (Figure 3A-D).

Liver-spleen ratio and liver weight index

Both the CCls+ and morin + CCl4 groups had increased
liver-spleen ratio (LSR) and liver weight index (LWI)
compared with the control and morin groups (P <
0.05). The LWI between the CCl+ and morin + CCl4
groups showed a significant difference (P < 0.05),
while no statistically significant difference was found
for LSR (P > 0.05) (Table 2).

Biochemical findings

The CCls and morin + CCls groups had increased ALT,
AST, and ALP levels compared to the control and morin
groups (P < 0.05), and CCls without morin treatment
dramatically increased ALT, AST, and ALP values (Table 3).

mRNA expression of o.-SMA, collagen / , collagen I/,
Nrf2, HO-1, and NQO1
Compared with the control and morin groups, signi-
ficantly higher mRNA expression of a-SMA, collagen /7,
and collagen Il was observed in liver tissues in the
CCls and morin + CCls groups (P < 0.05). However, the
mRNA expression of these molecules in the morin +
CCls group was significantly less than that in the CCls
group (P < 0.05) (Figure 4).

In the CCls and morin + CCls groups, mRNA expression
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Figure 3 Histological changes of liver samples. A: Control group: treated with vehicle only; B: Morin group: treated with morin at a dose of 50 mg/kg twice a week;
C: CCls group: injected with CCls at a dose of 2 mL/kg twice a week; D: Morin + CCls group: treated with the same volume of morin and CCls as the morin and CCla
groups. Liver tissues were stained with H&E (x 100).

Table 2 Comparison of liver-spleen ratio and liver weight index among different groups

Control Morin CCl4 Morin + CCl+ F P value
(n =5) n=4) (n=3) n=4)
LSR 12.27 £1.92 12.67 £ 1.60 16.43 +£1.37 15.11 £1.99* 4.668 0.022
LWI% 2.78 £0.25 2.80+0.27 4.77 £0.47° 417 £0.39™ 32.345 <0.001

P < 0.05 vs control group, ‘P < 0.05 vs morin group, ‘P < 0.05 vs CCls group. Liver-spleen ratio (LSR): Liver wet weight/spleen wet weight; liver weight
index (LWI): (Liver wet weight/body weight) x 100%.

Table 3 Serum parameters among different groups

Control Morin CCls Morin + CCI4 F P value
(n =5) n =4) n =3) n=4)
ALT (IU/L) 101.75 + 15.46 108.00 + 48.72 493.33 +199.38™ 291.50 + 111.92*¢ 11.403 0.001
AST (IU/L) 339.25 + 72.59 257.80 + 98.22 1027.67 + 206.60™ 585.50 + 131.85™ 26.280 <0.001
ALP (IU/L) 137.75 + 29.75 160.80 + 40.90 377.67 +41.07* 266.50 + 58.90™ 22.093 <0.001

*P < 0.05 vs control group, ‘P < 0.05 vs morin group, °P < 0.05 vs CCls group.

values of NQO1, HO-1, and Nrf2 were significantly  Protein expression of o.-SMA, collagen / , collagen /77,
higher than those in the control and morin groups (P Nrf2, HO-1, and NQO1

< 0.05), while these mRNA values of the morin + CCls Compared with the control and morin groups, high
rats were significantly different compared to those of expression of protein of a-SMA, collagen I, and
the CCls group (P < 0.05) (Figure 5). collagen 1I in liver tissues in the CCls and morin +
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Figure 4 The mRNA expression of a-SMA, collagen 7, and collagen 7. °P < 0.05 vs control group, °P < 0.05 vs morin group, °P < 0.05 vs CCls group. In the
control and morin groups, there was only minimal expression. The CCls and morin + CCls groups showed significantly increased expression (P < 0.05), while the
expression levels in the morin + CCls group were lower than those of the CCls group (P < 0.05).

CCls groups had a statistically significant difference (P
< 0.05). However, the morin + CCls group had less
expression of these protein factors compared to the
CCls group (P < 0.05) (Figure 6).

In the CCl+ and morin + CCls groups, the protein
expression of Nrf2, HO-1, and NQO1 was statistically
higher than that in the control and morin groups (P <
0.05), while these protein factors of the morin + CCl4
rats had more expression compared to the CCls group
(P < 0.05) (Figure 7).

DISCUSSION

Liver fibrosis is a process of continuous damage to
the liver blood vessels and hepatic cells with nodule
formation, which may develop into cirrhosis and can-
cerous lesions. Research of fibrosis at the cellular
and molecular levels suggested that the progression
of liver injury was closely related to oxidative stress
and lipid peroxidation®>*¥, leading to cell destruction
and inducing hepatic fibrosis. HSCs can be activated
by lipid peroxides acting as products of cell damage.
After HSC activation, lipid droplets and vitamin A in
the cytoplasm could be reduced or exhausted with
a-SMA expression, accompanied by liver structural and
functional changes resulting from redundant secretion
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of ECMP*, However, it is possible to reverse liver
fibrosis and early cirrhosis with effective interventions.
Previous studies have shown that antioxidants have a
protective effect by inhibiting the expression of a-SMA
in HSCP*!, thus, inhibition of oxidative stress in the
liver may reduce and even reverse liver fibrosis®®,
Pathological features of liver fibrosis are reflected
by fibrous tissue hyperplasia around the portal area
and central vein and forming an interval of destruction
of the lobular structure, accompanied by regenerative
nodules and even early cirrhosis®®”). The pathological
findings in this study showed that liver tissue in the CCls
group had liver cell necrosis, fibrous tissue hyperplasia,
interval widening, and pseudolobuli replacing normal
lobular architecture. In the morin + CCls group, the liver
tissue showed minimal cell necrosis with less interstitial
collagen fibers and lobular structure damage compared
with the CCls group. Thus, morin could effectively
protect the liver tissue by reducing inflammation and
inhibiting collagen deposition and fiber hyperplasia.
There are various enzymes that take part in liver
metabolism. The damaged liver cells by pathogenic
factors will produce free enzymes that are released
into the bloodstream™. Liver function and status
could be assessed by assaying the contents of serum
enzymes. Aminotransferases play an important role in
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Figure 5 The mRNA expression of HO-1, NQO1, and Nrf2. °P < 0.05 vs control group, “P < 0.05 vs morin group, °P < 0.05 vs CCls group. The expression was
increased obviously in the CCls and morin + CCls groups compared to the control and morin groups (P < 0.05). The expression levels in the morin + CCl« group were

significantly higher than those of the CCls group (P < 0.05).

hepatic metabolism. When the liver cells are damaged,
the serum ALT and AST levels as well as ALP level
will be increased™, In this study, in the CCls-induced
liver fibrosis rat model, the values of serum ALT, AST,
and ALP were reduced with morin administration,
which implied that morin can reduce liver cell injury
and thus prevent liver fibrosis. This also gives support
for morin being able to condition the hepatocytes,
protect against membrane frailty, and decrease the
outflow of enzymes into circulation. These results are
in accordance with previous studies that showed the
ability of morin to inhibit hepatotoxicity™>*°.

The amount of collagen accounts for 5%-10% of
the total protein in human liver tissue. If the liver injury
leads to fibrosis, the collagen content in the liver protein
will be significantly increased up to approximately 50%,
becoming an important component of ECM“*! and
ultimately leading to irreversible cirrhosis changes!*?.
Liver fibrosis is a common histological change in liver
disease, which is mainly manifested by excessive
deposition of ECM, such as typel and type Il
collagen, and the expression of a-SMA™. At present,
it is believed that the ECM actively participates in the
occurrence and development of fibrosis, which has a
great influence on HSC activation!** . Both in vitro
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and in vivo experiments found that ECM synthesis was
increased when liver tissue was damaged and further
caused the activation of HSCs, which was based on
the secretion of type I and II collagen™”™*, ultimately
promoting the occurrence of liver fibrosis. In our study,
using both real-time PCR and Western blot methods,
it was found that the control and morin groups had
only minimal expression of collagen I, collagen I,
and o-SMA, which may represent normal physiological
function of the liver, while their expression in the
CCls group was significantly increased and had great
relevance to the severity of liver fibrosis. With morin
intervention reducing the expression of collagenI,
collagen I, and a-SMA, the degree of liver fibrosis was
relieved, which was evidenced by liver histopathology
and serum measurements. All these results suggested
that the anti-fibrotic effect of morin may be related to
the down-regulation of the expression of collagen,
collagen III, and a-SMA.

Nrf2 is a key nuclear transcription factor in the
oxidative stress of various cells®®. Under normal
circumstances, Nrf2 and Keapl are in a binding state
in the cytoplasm®™; they will appear dissociated
when oxidative stress is occurring® and combine
with antioxidant components as dimers, which are
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Figure 6 The protein expression of o-SMA, collagen III, and collagen I . (1, 2) control group, (3, 4) morin group, (5, 6) CCls group, (7, 8) morin + CCls group. °P
< 0.05 vs control group, °P < 0.05 vs morin group, °P < 0.05 vs CCls group. The CCls and morin + CCls groups showed significantly increased expression compared to
the control and morin groups (P < 0.05), and the expression levels in the morin + CCls group were lower than those in the CCls group (P < 0.05).

involved in the synthesis of antioxidase and phase 1
detoxification enzymes and prevent the occurrence of
liver fibrosis by improving the antioxidant capacity of
the liver®. HO-1 and NQO-1 are well characterized
Nrf2-dependent antioxidant defense genes. Studies
have suggested that Nrf2 and its downstream anti-
oxidant factors HO-1 and NQO1 may contribute to
improvement of liver fibrosis™. It has been reported
that morin could promote the nuclear translocation
of Nrf2 in order to play its biological role and be used
as an exogenous agonist of Nrf2®°, In this study, a
CCls induced liver fibrosis model, along with morin as
an intervention, was used to observe the expression
of Nrf2 and its downstream products NQO1 and
HO-1 in different groups. The results showed that
the expression of Nrf2, NQO1, and HO-1 was slightly
increased in the CCl4 group compared with the control
and morin groups (P < 0.05). This might be due to
Nrf2 activation acting as a cellular adaptive response
against CCls-induced toxicity. Nrf2 activation was
initiated as soon as the subjects were challenged
by CCls-induced oxidative stress. However, it was
unable to completely overcome the toxicity, while the
adaptively stimulated Nrf2 might alleviate or delay
the deleterious effects of CCls. The expression of
Nrf2 and its downstream products NQO1 and HO-1
was evidently increased in the morin-treated group,
indicating that morin administration could enhance
this effect. Additionally, this supports morin playing an
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important role in the prevention and treatment of liver
fibrosis via the Nrf2 pathway.

This study has several limitations. First, the sa-
mple size was small, which easily led to individual
differences and statistical error between the groups.
Second, the anti-fibrotic mechanism of morin may be
related to activation of the Nrf2 antioxidant pathway
and expression of its downstream antioxidases.
Further experiments are needed to confirm the specific
mechanism of the morin intervention.

In summary, our current study showed that morin
could play a protective role by inducing the expression
of Nrf2 and its downstream antioxidant factors (HO-1
and NQO1) and reducing the expression of a-SMA,
collagen I, and collagen 1T in a rat model of CCls-
induced hepatic fibrosis. Although further studies are
required, our study demonstrated that morin could
effectively alleviate chronic liver damage by activation
of the Nrf2 pathway.

ARTICLE HIGHLIGHTS

Research background

Previous studies have shown that the pathological changes of liver fibrosis,
which refer to a series of pathogenic factors and pathological changes in the
pathogenesis of a variety of liver diseases, could be reversed. In the past
decade, numerous studies demonstrated that NF-E2-related factor 2 (Nrf2)
as a transcription factor plays as an important role against oxidative stress in
normal liver cells. Morin possesses biological properties, including antioxidant,
anti-inflammatory, anti-apoptosis, and anticancer activities. To our knowledge,
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Figure 7 The protein expression of Nrf2, HO-1, and NQO1. (1, 2) control group, (3, 4) morin group, (5, 6) CCl+ group, (7, 8) morin + CCl+ group. °P < 0.05 vs
control group, °P < 0.05 vs morin group, °P < 0.05 vs CCls group. In the CCls and morin + CCls groups, the protein expression was increased compared to the control
and morin groups (P < 0.05); the morin + CCls group had a more significant change compared to the CCls group (P < 0.05).

in vivo investigation of the effect of morin on the Nrf2 signaling pathway and
Nrf2 expression in a CCls-induced liver fibrosis model has not been reported
previously.

Research motivation

Previous studies demonstrated that morin protected acute liver damage and
ameliorated liver fibrosis induced by CCls, and morin inhibited proliferation and
induced apoptosis of activated hepatic satellate cells by suppressing the Wnt/
B-catenin and the NF-kB signaling pathways. However, there is no molecular
evidence about the effects of morin on the Nrf2 signaling pathway.

Research objectives

The purpose of this study was to investigate whether morin can reduce hepatic
fibrosis by inducing the expression of Nrf2 and its downstream antioxidant
enzymes in a rat model of CCle-induced hepatic fibrosis.

Research methods

Twenty male Sprague-Dawley rats were randomly divided into four groups:
control group, morin group, carbon tetrachloride (CCls) group, and morin +
CCls group. At the end-point of the experimental period, serum AST, ALT, and
ALP were measured, and the liver specimens were obtained for pathological
assessment. a-SMA, collagen I, collagen III, NF-E2-related factor 2 (Nrf2),
heme oxygenase (HO-1), and quinone oxidoreductase 1 (NQO1) were analyzed
by real-time PCR and Western blot methods using frozen liver specimens.

Research results

Rats in the morin + CCls group had less hyperplasia of fiber tissues, minimal
inflammatory cells, and less body weight loss with favorable liver enzyme
measurements compared to rats treated with CCls only. Additionally, morin-
treated rats had significantly lower mRNA and protein expression of a.-SMA,
collagen 1, and collagen III, but significantly higher mRNA and protein
expression of Nrf2, HO-1, and NQO1 compared to rats treated with CCls only (P
<0.05).

JBaishideng®
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Research conclusions

Our study showed that morin could play a protective role by inducing the
expression of Nrf2 and its downstream antioxidant factors (HO-1 and NQO1)
and reducing the expression of a.-SMA, collagen I, and collagen 1Il in a rat
model of CCls-induced hepatic fibrosis.

Research perspectives
Although further studies are required, out study demonstrated that morin could
effectively alleviate chronic liver damage by activation of the Nrf2 pathway.
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