
World Journal of
Gastroenterology

World J Gastroenterol  2019 November 7; 25(41): 6172-6288

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

Published by Baishideng Publishing Group Inc



W J G World Journal of
Gastroenterology

Contents Weekly  Volume 25  Number 41  November 7, 2019

REVIEW
6172 Disease monitoring strategies in inflammatory bowel diseases: What do we mean by “tight control”?

Gonczi L, Bessissow T, Lakatos PL

ORIGINAL ARTICLE

Basic Study

6190 Therapeutic potential of menstrual blood stem cells in treating acute liver failure
Cen PP, Fan LX, Wang J, Chen JJ, Li LJ

6205 Yinchenhao decoction attenuates obstructive jaundice-induced liver injury and hepatocyte apoptosis by

suppressing protein kinase RNA-like endoplasmic reticulum kinase-induced pathway
Wu YL, Li ZL, Zhang XB, Liu H

6222 MiR-32-5p aggravates intestinal epithelial cell injury in pediatric enteritis induced by Helicobacter pylori
Feng J, Guo J, Wang JP, Chai BF

Retrospective Study

6238 Bacterobilia in pancreatic surgery-conclusions for perioperative antibiotic prophylaxis
Krüger CM, Adam U, Adam T, Kramer A, Heidecke CD, Makowiec F, Riediger H

6248 Tumor-infiltrating  platelets  predict  postoperative  recurrence  and  survival  in  resectable  pancreatic

neuroendocrine tumor
Xu SS, Xu HX, Wang WQ, Li S, Li H, Li TJ, Zhang WH, Liu L, Yu XJ

6258 Blood parameters score predicts long-term outcomes in stage II-III gastric cancer patients
Lin JX, Tang YH, Wang JB, Lu J, Chen QY, Cao LL, Lin M, Tu RH, Huang CM, Li P, Zheng CH, Xie JW

Observational Study

6273 Increased circulating circular RNA_103516 is a novel biomarker for inflammatory bowel disease in adult

patients
Ye YL, Yin J, Hu T, Zhang LP, Wu LY, Pang Z

WJG https://www.wjgnet.com November 7, 2019 Volume 25 Issue 41I

https://www.wjgnet.com


Contents
World Journal of Gastroenterology

Volume 25  Number 41  November 7, 2019

ABOUT COVER Editorial board member of World Journal of Gastroenterology, Wan-Long
Chuang, MD, PhD, Doctor, Professor, Hepatobiliary Division, Department
of Internal Medicine, Kaohsiung Medical University Hospital, Kaohsiung
Medical University, Kaohsiung 807, Taiwan.

AIMS AND SCOPE The primary aim of World Journal of Gastroenterology (WJG, World J
Gastroenterol) is to provide scholars and readers from various fields of
gastroenterology and hepatology with a platform to publish high-quality
basic and clinical research articles and communicate their research findings
online.
  WJG mainly publishes articles reporting research results and findings
obtained in the field of gastroenterology and hepatology and covering a
wide range of topics including gastroenterology, hepatology,
gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING The 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 Scopus. The 2019 edition of

Journal Citation Report® cites the 2018 impact factor for WJG as 3.411 (5-year impact

factor: 3.579), ranking WJG as 35th among 84 journals in gastroenterology and

hepatology (quartile in category Q2). CiteScore (2018): 3.43.

RESPONSIBLE EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Yu-Jie Ma

Proofing Production Department Director: Yun-Xiaojian Wu

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
Subrata Ghosh, Andrzej S Tarnawski

EDITORIAL BOARD MEMBERS
http://www.wjgnet.com/1007-9327/editorialboard.htm

EDITORIAL OFFICE
Ze-Mao Gong, Director

PUBLICATION DATE
November 7, 2019

COPYRIGHT
© 2019 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS
https://www.wjgnet.com/bpg/GerInfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https://www.wjgnet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT
https://www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE
https://www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS
https://www.wjgnet.com/bpg/GerInfo/239

ONLINE SUBMISSION
https://www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

WJG https://www.wjgnet.com November 7, 2019 Volume 25 Issue 41II

mailto:bpgoffice@wjgnet.com


W J G World Journal of
Gastroenterology

Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol  2019 November 7; 25(41): 6205-6221

DOI: 10.3748/wjg.v25.i41.6205 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Basic Study

Yinchenhao decoction attenuates obstructive jaundice-induced liver
injury and hepatocyte apoptosis by suppressing protein kinase
RNA-like endoplasmic reticulum kinase-induced pathway

Yan-Li Wu, Zhong-Lian Li, Xi-Bo Zhang, Hao Liu

ORCID number: Yan-Li Wu
(0000-0001-6560-0443); Zhong-Lian
Li (0000-0001-5211-7612); Xi-Bo
Zhang (0000-0003-4153-6445); Hao
Liu (0000-0002-6062-1656).

Author contributions: Wu YL and
Li ZL designed the research; Wu
YL and Liu H performed the
research; Wu YL and Zhang XB
analyzed the data; Wu YL and Li
ZL composed the paper.

Supported by the National Natural
Science Foundation of China, No.
81273952.

Institutional animal care and use
committee statement: The
experimental protocol was
approved by the Animal Research
Committee of Tianjin Nankai
Hospital.

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

Data sharing statement: No
additional data are available.

ARRIVE guidelines statement: The
authors have read the ARRIVE
guidelines and prepared the
manuscript accordingly.

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

Yan-Li Wu, Graduate School of Tianjin Medical University, Tianjin 300070, China

Zhong-Lian Li, Xi-Bo Zhang, Department of Hepatobiliary and Pancreatic Surgery, Tianjin
Nankai Hospital, Tianjin 300100, China

Hao Liu, Graduate School of Tianjin Medical University, Tianjin 300070, China.

Corresponding author: Zhong-Lian Li, MD, PhD, Chief Doctor, Doctor, Professor, Surgeon,
Department of Hepatobiliary and Pancreatic Surgery, Tianjin Nankai Hospital, No. 6,
Changjiang Street, Nankai District, Tianjin 300100, China. nkyylzl@163.com
Telephone: +86-22-27435237
Fax: +86-22-27435237

Abstract
BACKGROUND
Chronic biliary obstruction results in ischemia and hypoxia of hepatocytes, and
leads to apoptosis. Apoptosis is very important in regulating the homeostasis of
the hepatobiliary system. Endoplasmic reticulum (ER) stress is one of the
signaling pathways that induce apoptosis. Moreover, the protein kinase RNA-like
endoplasmic reticulum kinase (PERK)-induced apoptotic pathway is the main
way; but its role in liver injury remains unclear. Yinchenhao decoction (YCHD) is
a traditional Chinese medicine formula that alleviates liver injury and apoptosis,
yet its mechanism is unknown. We undertook this study to investigate the effects
of YCHD on the expression of ER stress proteins and hepatocyte apoptosis in rats
with obstructive jaundice (OJ).

AIM
To investigate whether YCHD can attenuate OJ-induced liver injury and
hepatocyte apoptosis by inhibiting the PERK-CCAAT/enhancer-binding protein
homologous protein (CHOP)-growth arrest and DNA damage-inducible protein
34 (GADD34) pathway and B cell lymphoma/leukemia-2 related X protein
(Bax)/B cell lymphoma/leukemia-2 (Bcl-2) ratio.

METHODS
For in vivo experiments, 30 rats were divided into three groups: control group, OJ
model group, and YCHD-treated group. Blood was collected to detect the
indicators of liver function, and liver tissues were used for histological analysis.
For in vitro experiments, 30 rats were divided into three groups: G1, G2, and G3.
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The rats in group G1 had their bile duct exposed without ligation, the rats in
group G2 underwent total bile duct ligation, and the rats in group G3 were given
a gavage of YCHD. According to the serum pharmacology, serum was extracted
and centrifuged from the rat blood to cultivate the BRL-3A cells. Terminal
deoxynucleotidyl transferase mediated dUTP nick end-labelling (TUNEL) assay
was used to detect BRL-3A hepatocyte apoptosis. Alanine aminotransferase
(ALT) and aspartate transaminase (AST) levels in the medium were detected.
Western blot and quantitative real-time polymerase chain reaction (qRT-PCR)
analyses were used to detect protein and gene expression levels of PERK, CHOP,
GADD34, Bax, and Bcl-2 in the liver tissues and BRL-3A cells.

RESULTS
Biochemical assays and haematoxylin and eosin staining suggested severe liver
function injury and liver tissue structure damage in the OJ model group. The
TUNEL assay showed that massive BRL-3A rat hepatocyte apoptosis was
induced by OJ. Elevated ALT and AST levels in the medium also demonstrated
that hepatocytes could be destroyed by OJ. Western blot or qRT-PCR analyses
showed that the protein and mRNA expression levels of PERK, CHOP, and
GADD34 were significantly increased both in the rat liver tissue and BRL-3A rat
hepatocytes by OJ. The Bax and Bcl-2 levels were increased, and the Bax/Bcl-2
ratio was also increased. When YCHD was used, the PERK, CHOP, GADD34,
and Bax levels quickly decreased, while the Bcl-2 levels increased, and the
Bax/Bcl-2 ratio decreased.

CONCLUSION
OJ-induced liver injury and hepatocyte apoptosis are associated with the
activation of the PERK-CHOP-GADD34 pathway and increased Bax/Bcl-2 ratio.
YCHD can attenuate these changes.

Key words: Yinchenhao decoction; Obstructive jaundice; Liver injury; Apoptosis; Protein
kinase RNA-like endoplasmic reticulum kinase; CCAAT/enhancer-binding protein
homologous protein; Growth arrest and DNA damage-inducible protein 34; B cell
lymphoma/leukemia-2 gene; B cell lymphoma/leukemia-2 gene related X protein

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Chronic biliary obstruction results in ischaemia and hypoxia of hepatocytes and
leads to apoptosis. The protein kinase RNA-like endoplasmic reticulum kinase (PERK)-
induced apoptotic pathway is the main and important way, however, its role in liver
injury and hepatocyte apoptosis remains unclear. Yinchenhao decoction (YCHD) can
alleviate liver injury and apoptosis, but whether YCHD can attenuates obstructive
jaundice (OJ)-induced liver injury and hepatocyte apoptosis by inhibiting the PERK-
induced pathway is still unknown. In this research study, we found that OJ induced liver
injury and hepatocyte apoptosis by activating the PERK- CCAAT/enhancer-binding
protein homologous protein (CHOP)-growth arrest and DNA damage-inducible protein
34 (GADD34) pathway and upregulating the B cell lymphoma/leukemia-2 related X
protein (Bax)/ B cell lymphoma/leukemia-2 (Bcl-2) ratio. YCHD attenuated these
changes by inhibiting the PERK-CHOP-GADD34 pathway and Bax/Bcl-2 ratio.

Citation: Wu YL, Li ZL, Zhang XB, Liu H. Yinchenhao decoction attenuates obstructive
jaundice-induced liver injury and hepatocyte apoptosis by suppressing protein kinase RNA-
like endoplasmic reticulum kinase-induced pathway. World J Gastroenterol 2019; 25(41):
6205-6221
URL: https://www.wjgnet.com/1007-9327/full/v25/i41/6205.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i41.6205

INTRODUCTION
Obstructive  jaundice  (OJ)  is  defined  by  evaluated  serum  bilirubin  levels  and
characterized  by  increased  conjugated  bilirubin  levels  without  influencing
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unconjugated bilirubin levels[1]. Biliary obstruction can cause damage to all organs of
the body, especially the liver. OJ affects tissues by releasing various inflammatory
mediators that stimulate the inflammatory response and cytokine cascades. This can
lead  to  reduced  clearance  of  endotoxin,  decreased  immune  function,  vascular
dysfunction, coagulation disorders, and even disseminated intravascular coagulation,
impaired gastrointestinal mucosal barrier, damaged hepatic sinusoidal endothelium,
and injured liver  function[2,3],  which eventually  can cause  hepatocyte  ischaemia,
hypoxia, and acidosis.

Apoptosis  is  a  programmed  mechanism  of  cell  death  caused  by  various
physiological and pathological conditions characterized by DNA damage[4]. In 2014,
Kosar et al[5] confirmed that serious cellular damage occurs in hepatocytes during OJ.
If DNA damage in a cell cannot be resolved, apoptotic signaling mechanisms can be
activated, forcing the cell to self-destruct[6]. There are three main apoptotic signaling
pathways:  The  death  receptor  pathway,  the  mitochondrial  pathway,  and  the
endoplasmic reticulum (ER) stress pathway. The ER stress pathway, which is a newly
characterized  apoptotic  signaling  pathway,  is  considered  a  supplement  of  the
mitochondrial pathway and is a research hotspot[7,8]. However, there are few studies
on liver injury and hepatocyte apoptosis induced by OJ through activating the ER
stress pathway.

The ER has three transmembrane receptors, inositol-requiring protein 1 (IRE1),
protein  kinase  RNA-like  endoplasmic  reticulum  kinase  (PERK),  and  activating
transcription factor 6 (ATF6), which collectively monitor the functions of the ER[9].
These three receptors  represent  three classical  unfolded protein response (UPR)
signaling pathways: The IRE1-XBP1 pathway, the PERK-eIF2 pathway, and the ATF6
pathway[10,11]. Cellular ischaemia and hypoxia can induce ER stress and activate the
UPR to restore normal physiological function to the ER[12]. It is known that the UPR is
a  pro-survival  response  by  reducing  gene  transcription,  attenuating  protein
translation, enhancing protein folding, and promoting ER-associated degradation of
misfolded proteins to resist ER stress and restore ER homeostasis[13]. However, if the
ER stress is too prolonged or too severe, the UPR fails to control ER stress, resulting in
a  change  from  pro-survival  to  pro-apoptotic  signaling  and,  eventually,  cell
apoptosis[14].

However, these three signaling pathways do not directly induce apoptosis but
activate apoptotic signaling molecules, including CCAAT/enhancer-binding protein
homologous protein (CHOP), c-Jun NH2 terminal kinase (JNK), and caspases. There
are three apoptotic pathways induced by the UPR: The IRE1-ASK-JNK pathway, the
PERK-eIF2-CHOP signaling pathway, and the caspase-12 pathway[15]. The expression
of CHOP has significant importance in inducing pro-survival to pro-apoptosis[11].
CHOP interacts with other transcription regulators, including growth arrest and DNA
damage-inducible protein 34 (GADD34), the B cell lymphoma/leukemia-2 (Bcl-2)
family,  endoplasmic  reticulum oxidoreductase  1,  and Tribbles-related protein  3
pseudokinase,  to  induce  apoptosis  changes[16].  The  Bcl-2  family  is  not  only  an
important regulator of cell apoptosis, but it is also the most important regulator of the
mitochondrial apoptosis pathway.

Yinchenhao  decoction  (YCHD)  is  used  as  a  complementary  and  alternative
treatment  to  ameliorate  clinical  symptoms,  improve  liver  function,  reduce  liver
inflammation and fibrosis, and improve patient quality of life with a high degree of
safety,  few  side  effects,  and  low  toxicity[17].  Liu  et  al[18]  compared  five  types  of
traditional  Chinese  medicine  (TCM)  and  showed  that  YCHD  exerted  the  most
significant  therapeutic  effect  in  improving  liver  function  in  patients  with  liver
cirrhosis. YCHD has been used for more than a thousand years to treat patients with
viral hepatitis, cholestasis, primary biliary cirrhosis, and liver fibrosis[19]. Additionally,
YCHD has been shown to inhibit hepatocyte apoptosis and promote the secretion and
excretion  of  bile,  which  alleviates  icterus[20].  YCHD  consists  of  three  herbal
components: Artemisia capillaris Thunb (Herba Artemisiae Capillaris, Yin-Chen-Hao),
Gardenia jasminoides Ellis (Fructus Gardeniae, Zhi-zi), and Rheum officinale Baill (Radix
Rhei  Officinalis,  Da-huang)  with  a  ratio  of  3:2:1  in  weight.  Its  major  bioactive
ingredients are geniposide, capillin, capilene, capillarisin, and rhein[17,21]. The YCHD
components exert their effects on liver disease in a synergistic manner. For instance,
capillarisin also acts as a choleretic[17]. Rhein has been shown to inhibit hepatic stellate
cell activation and reverse liver fibrosis[22]. Many experiments have confirmed that the
main YCHD components alleviate liver damage and inhibit apoptosis, but the main
mechanism of YCHD has not been clarified.

The pharmacological evaluation of serum, which was first proposed by Iwama
Hiroko in 1987[23], has become an important method to study the mechanisms of TCM.
The core concept of serum pharmacology is to collect animal blood and to obtain
serum  after  administering  a  TCM  by  gavage  at  defined  times,  followed  by  the
addition  of  the  serum  to  an  in  vitro  tissue  or  cell  system  to  study  the
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pharmacodynamics and mechanism of TCM. This method prevents interference of the
in vitro  experiment from the physical and chemical properties of crude TCM and
allows the study of the metabolized pharmacologically active products, following the
process of digestion and absorption of the TCM and its biological transformation in
the gastrointestinal tract. Collectively, these features allow us to evaluate the true
pharmacological effects of TCMs[24]. Compared with the evaluation of TCMs directly
added in in vitro studies, the results of in vitro studies evaluating the pharmacological
effects  in  serum,  derived  from  an  animal  model,  may  be  more  reliable  and
representative of the true in vivo effects of the TCM compound being investigated.

Therefore, the aim of this study was to determine the role of the PERK-induced ER
stress pathways in liver injury and hepatocyte apoptosis,  and the mechanism by
which YCHD alleviates apoptosis and improves liver injury.

MATERIALS AND METHODS

YCHD
According  to  the  current  version  of  the  “Synopsis  of  Prescriptions  of  the  Golden
Chamber”[25], the YCHD formula consists of 120 g of Artemisia capillaris Thunb (Herba
Artemisiae Capillaris,  Yin-Chen-Hao),  80 g of  Gardenia  jasminoides  Ellis  (Fructus
Gardeniae,  Zhi-zi),  and 40 g of  Rheum officinale  Baill  (Radix Rhei Officinalis,  Da-
huang), all of which were purchased from Tianjin Nankai Hospital. These herbals
were  mixed  in  water,  decocted  for  45  min  and  30  min,  successively,  and  then
concentrated to  240 mL.  As such,  every 1  mL of  liquid contains  1  g  YCHD. The
concentrated form of YCHD was stored at 4 °C.

Rat model of OJ
Sixty male Wistar rats weighing 250-270 g were obtained from the Institute of the
Environmental  Medicine  of  the  Chinese  People’s  Liberation  Army Academy of
Military  Medical  Sciences.  The  rats  were  housed  under  standard  laboratory
conditions, and provided with ad libitum food and water, with a 12-hour light/dark
cycle, a mean humidity of 50 ± 5%, a mean temperature of 25 ± 2 °C, and external
noise controlled to within 60 dB. The rats had one week of environmental adaptation.

Surgical common bile duct ligation is one of the most commonly used methods for
the creation of an OJ animal model. In 2016, Aoki et al[26] showed that although total
ligation of the bile duct resulted in a high mortality, this model also resulted in the
conspicuous symptoms of jaundice and was suitable for short-term research studies.
Tarcin et al[27] further showed that serum levels of alanine aminotransferase (ALT),
aspartate  transaminase  (AST),  alkaline  phosphatase  (ALP),  gamma-glutamyl
transpeptidase (GGT), and total bilirubin (TBIL), and direct bilirubin (DBIL) rose and
peaked at day 7 after bile duct ligation before they began to decline. Therefore, in the
current experiment, total bile duct ligation was selected as the surgical method, and
all rats were sacrificed on day 7.

Animals and treatment
Thirty rats were randomly selected and divided into three groups: A, control group (n
= 10); B, OJ model group (n = 10); and C, YCHD-treated group (n = 10). The rats in
group A had their bile duct exposed without ligation. The rats in groups B and C
underwent total bile duct ligation. One hour after operation, the rats in group C were
given a gavage of 1 mL of YCHD per 100 g body weight for 7 d. Blood samples of all
rats  were  collected  on  day  7  from  the  abdominal  aorta  and  were  tested  for
biochemical parameters. Liver tissues were quickly dissected and rinsed in ice-cold
saline, frozen in liquid nitrogen, and stored at -80 °C for histopathology, Western blot,
and quantitative real-time polymerase chain reaction (qRT-PCR) analyses. Samples
from the group C rats were collected one hour after gavage.

The remaining 30 rats were randomly divided into three groups on average: G1,
G2, and G3. On the day of surgery, the rats in group G1 had their bile duct exposed
without ligation, and the rats in group G2 underwent total bile duct ligation, and the
rats in group G3 were just given a gavage of 1 mL of YCHD per 100 g body weight
every  day  for  7  d.  Blood  samples  of  all  rats  were  collected  on  day  7  from  the
abdominal aorta and centrifuged. Plasma was retained and stored at 80 °C for cell
study use.

Liver function test
The rat blood was collected and centrifuged at 300 g for 10 min at 20 °C, and the
supernatants were collected. ALT, AST, TBIL, DBIL, GGT, and ALP levels were then
measured using an automatic clinical analyser (ACA).
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Histopathology analysis
Liver tissues were fixed in 5% formaldehyde solution, embedded in paraffin, and
sliced into 5-micron sections. Haematoxylin and eosin staining was performed to
observe  the  histopathologic  changes.  Histological  features  were  observed  and
captured with a light microscope.

Culture of BRL-3A rat hepatocytes
BRL-3A rat hepatocytes were purchased from the Cell Bank of the Chinese Academy
of Sciences and cultured in Dulbecco’s modified Eagle’s medium (DMEM) (Gibco,
United States) supplemented with 10% foetal bovine serum (Gibco, United States) and
1% penicillin-streptomycin solution (HyClone, United States) at 37 °C in a humidified
atmosphere containing 5% CO2. The culture medium was replaced every 2 d. BRL-3A
cells were divided into three groups: S, O, and M. In group S, BRL-3A cells were
cultured in  DMEM medium containing  10% serum from the  G1  group with  1%
penicillin-streptomycin solution. In group O, BRL-3A cells were cultured in DMEM
medium containing 10% serum from the G2 group with 1% penicillin-streptomycin
solution. In group M, BRL-3A cells were cultured in DMEM medium containing 10%
serum from the G2 group and 10% serum from the G3 group with 1% penicillin-
streptomycin solution. Cells were cultured for 6 h, 24 h, and 48 h. At each time point,
cell culture medium was collected to detect the ALT and AST levels, and cultured
BRL-3A cells were frozen in liquid nitrogen and stored at 80 °C for TUNEL assay,
Western blot, and qRT-PCR analyses.

ALT and AST levels in cell culture medium
ALT and AST levels in the cell culture medium were measured using an ACA.

Terminal deoxynucleotidyl transferase mediated dUTP nick end-labelling (TUNEL)
assay
BRL-3A cell apoptosis was detected by using an In-Situ Cell Death Detection Kit,
Fluorescein (Roche-11684795910) (Sigma-Aldrich, United States) to perform TUNEL
assay, according to the manufacturer’s protocol. Biotinylated nucleotides detected
DNA  fragments  through  terminal  deoxynucleotidyl  transferase.  Biotinylated
nucleotides were detected by TACS Blue Label (Trevigen, United States). Following
TUNEL  staining,  the  BRL-3A  cells  were  counterstained  with  4’-6-diamidino-2-
phenylindole to detect the nuclei, as shown by blue staining. TUNEL-positive cells
were defined as cells with green staining (wavelength, 488 nm).

Quantitative real-time PCR (qRT-PCR)
qRT-PCR was performed to detect the mRNA expression levels of PERK, CHOP,
GADD34, B cell lymphoma/leukemia-2 related X protein (Bax), and Bcl-2 both in rat
liver tissues and BRL-3A rat hepatocytes. Total RNA was extracted from cells using
TRIzol reagent (Invitrogen, United States) to detect the mRNA expression levels.
cDNA was synthesized from RNA through reverse transcription (RT) by using the
SuperScript III RT kit following the manufacturer’s instructions. The RT conditions for
each cDNA amplification were 42 °C for 60 min and 85 °C for 10 min, and then the
cDNA was stored in a -20 °C freezer. qRT-PCR was performed in triplicate with SYBR
qPCR mix (Invitrogen, United States) in a total volume of 20 µL on the 7900 HT Fast
Real-Time PCR System (Applied Biosystems,  United States)  using the following
cycling parameters: 95 °C for 2 min and 40 cycles of 94 °C for 20 s, 60 °C for 20 s, and
72 °C for 30 s. The primer sequences used are shown in Tables 1 and 2. β-actin and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were used as the reference
genes. Experiments were repeated at least three times for each group.

Western blot analysis
Western blot analysis was performed to detect the protein expression levels of PERK,
CHOP, GADD34, Bax, and Bcl-2 both in rat liver tissues and BRL-3A rat hepatocytes.
Total protein was obtained from cells using protein extraction solution and quantified
using a BCA Protein Assay kit (ThermoFisher Scientific, United States). Proteins were
separated  by  10%  sodium  dodecyl  sulfate-polyacrylamide  gel  electrophoresis.
Following electrophoresis, proteins were transferred onto polyvinylidene difluoride
membranes (Millipore, United States). After blocking with 5% blocking buffer, the
membranes were incubated overnight at 4 °C with primary antibodies against β-actin
(1:1000),  GAPDH (1:1000),  PERK (1:1000),  CHOP (1:1000),  GADD34 (1:1000),  Bax
(1:1000),  and Bcl-2  (1:1000).  After  washing,  the membranes were incubated with
horseradish  peroxidase-conjugated  secondary  antibody  for  1  h.  The  immune
complexes were detected by the enhanced chemiluminescence method, and Western
blots  were  measured with  the  ChemiDoc  MP Imaging System (Bio-Rad,  United
States). Each experiment was repeated at least three times for each group.
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Table 1  Primer sequences used for quantitative real-time polymerase chain reaction for rat liver
tissue

Gene Forward primer (5’-3’) Reverse primer (5’-3’)

β-actin GTTACCAGGGCTGCCTTCTC GGGTTTCCCGTTGATGACC

PERK GTTCATGGAGAATGGCGCTT GACACTTTGCACACCAGGTT

CHOP ACACCACCACACCTGAAAGC TGGACACTGTCTCAAAGGCG

GADD34 GTTTGCACGAGATCGAAGCC CCCTGAAAGCAGGGGTAAGG

Bax CCGAAATGTTTGCTGACG AGCCGATCTCGAAGGAAGT

Bcl-2 ACCTGAATGACCACCTAGAGC TCCGACTGAAGAGCGAAC

PERK:  Endoplasmic  reticulum-resident  protein  kinase;  CHOP:  CCAAT/enhancer-binding  protein
homologous  protein;  GADD34:  Growth  arrest-  and  DNA  damage-inducible  gene  34;  Bcl-2:  B  cell
lymphoma/leukemia-2 gene; Bax: Bcl-2 related X protein.

Statistical analysis
Data are presented as the mean ± standard deviation. Statistical differences among
multiple groups were compared by one-way analysis of variance (ANOVA) using
SPSS version 21.0. P < 0.05 was considered statistically significant.

RESULTS

YCHD attenuates liver tissue injury induced by OJ
Liver histopathologic changes were detected to investigate the effects of YCHD on
liver tissue injury. As shown in Figure 1, there were no abnormal liver tissue structure
in the control  group.  The liver  tissue in the OJ model  group showed an unclear
texture, the hepatic sinusoids were narrowed and congestive, and the hepatic lobule
structures  were  disordered.  Moreover,  cholestasis,  liver  cell  swelling,  fatty
degeneration and necrosis, cytoplasmic shrinkage, and hyperchromatic, inflammatory
cell infiltration were observed. However, the histopathologic changes in the liver
tissues were substantially ameliorated in the YCHD-treated group.

YCHD attenuates liver function injury induced by OJ
We detected liver function by measuring serum TBIL, DBIL, ALT, AST, GGT, and
ALP levels. As shown in Figure 2, compared with the control group, these levels were
remarkably  increased  in  the  OJ  model  group,  but  they  decreased  quickly  after
treatment with YCHD.

Effect  of  YCHD  on  the  protein  and  mRNA  expression  levels  of  PERK,  CHOP,
GADD34, Bax, and Bcl-2 in rat liver tissue
To investigate the mechanisms of YCHD in improving liver injury induced by OJ,
both the protein and mRNA levels of PERK, CHOP, GADD34, Bax, and Bcl-2 in liver
tissues were detected. As shown in Figure 3, compared with the control group, the
protein  and  mRNA  expression  levels  of  PERK,  CHOP,  and  GADD34  were
upregulated. Additionally, the Bax and Bcl-2 levels were increased, and the Bax/Bcl-2
ratio was also increased. However, after treatment with YCHD, the PERK, CHOP,
GADD34, and Bax levels were downregulated and the Bcl-2 levels were upregulated;
however, the Bax/Bcl-2 ratio decreased.

Effect of YCHD on ALT and AST levels in cell culture medium
ALT and AST changes reflect hepatocyte injury. As shown in Figure 4, the ALT and
AST levels were increased in group O compared with group S, but they decreased
quickly after YCHD treatment.

Effect of YCHD on BRL-3A rat hepatocytes apoptosis
TUNEL assay was utilized to detect the cells apoptosis, and the results are shown in
Figure 5A. Normal cells are shown in blue, and TUNEL positive cells are shown in
green. Quantitative results, using the apoptosis index, are shown in Figure 5B. It is
clear that the green staining and the apoptosis index increased significantly in group
O; however, the green staining and apoptosis index decreased in group M.

Effect  of  YCHD  on  the  protein  and  mRNA  expression  levels  of  PERK,  CHOP,
GADD34, Bax, and Bcl-2 in BRL-3A rat hepatocytes
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Table 2  Primer sequences used for quantitative real-time polymerase chain reaction for BCL-3A
rat hepatocytes

Gene Forward primer (5’-3’) Reverse primer (5’-3’)

GADPH GTTACCAGGGCTGCCTTCTC GGGTTTCCCGTTGATGACC

PERK GCTTGCTCCCACATCGGATA CTAAGGACCTGCCGCGAG

CHOP GATACTCGCTCTCCGCTCCA CTTCCTTCTGGAACACTCTCTCC

GADD34 TTACCTGGACAGAAGCCAGC AGTGCACCTTTCTACCCTTCAG

Bax TTGCTACAGGGTTTCATCCAGG CACTCGCTCAGCTTCTTGGT

Bcl-2 AGGATAACGGAGGCTGGGATG CTCACTTGTGGCCCAGGTAT

GADPH: Glyceraldehyde 3-phosphate dehydrogenase;  PERK: Endoplasmic reticulum-resident protein
kinase; CHOP: CCAAT/enhancer-binding protein homologous protein; GADD34: Growth arrest- and DNA
damage-inducible gene 34; Bcl-2: B cell lymphoma/leukemia-2 gene; Bax: B cell lymphoma/leukemia-2 gene
related X protein.

Next, we evaluated the roles of YCHD in inhibiting hepatocyte apoptosis induced by
OJ  by  examining  changes  in  the  protein  and mRNA expression  levels  of  PERK,
CHOP,  GADD34,  Bax,  and  Bcl-2  in  BRL-3A  rat  hepatocytes.  In  BRL-3A  rat
hepatocytes that were cultured with OJ rat serum for 6 h, 24 h and 48 h, both the
protein  and  mRNA  levels  of  PERK,  CHOP,  and  GADD34  were  upregulated.
Additionally, the Bax and Bcl-2 levels were increased, and the Bax/Bcl-2 ratio was
also increased. In contrast, the BRL-3A rat hepatocytes cultured with OJ rat serum and
rat serum containing YCHD for 6 h, 24 h and 48 h, the protein and mRNA expression
levels of PERK, CHOP, GADD34, and Bax were downregulated, the Bcl-2 levels were
upregulated, and the Bax/Bcl-2 ratio also decreased (Figure 6).

DISCUSSION
OJ has several causes, including biliary atresia, cholangiolithiasis, pancreatic tumours,
cholangiocarcinoma, gallbladder carcinoma, and liver tumours, which can lead to bile
decrease or cessation[28]. Chronic biliary obstruction can lead to a dramatic increase in
biliary pressure, which results in increased portal vein and hepatic sinus pressure,
causing further reduction in liver blood perfusion. Ischaemia and hypoxia in liver
cells cause hepatocyte damage, resulting in the release of intracellular liver enzymes,
including ALT and AST, which are released into the blood. In the present study, TBIL,
DBIL,  ALT,  AST,  GGT,  and ALP levels  were  all  obviously  elevated  in  group B.
Additionally, the rat liver structure in group B was seriously damaged. The above
experiments demonstrated that OJ can seriously influence liver morphology and
function.

The  ER  is  essential  for  secretion  and  synthesis  of  membrane  proteins,  post-
translational modification, protein folding, and oligomerization[29].  Therefore, it is
necessary  for  the  ER  to  maintain  homeostasis  to  perform  normal  physiological
functions.  Ischaemia,  hypoxia,  acidosis,  disorders  of  calcium  metabolism,  and
oxidative stress result in unfolded or misfolded protein accumulation, which can
cause ER stress. The ability of cells to deal with this disturbance is a critical factor in
cell survival[30].

IRE1, PERK, and ATF6 activate a series of downstream signaling proteins that resist
ER stress. Under normal physiological conditions, all three transducers are bound to
an ER-resident chaperone, an immunoglobulin binding protein (Bip) also known as
glucose regulating protein 78 (Grp78). When ER stress occurs, each transducer is
activated  and  triggers  downstream  signaling  cascades  following  Grp78/Bip
dissociation to restore ER homeostasis[31,32].  However, if ER stress is prolonged or
unresolved, cells become apoptotic. PERK is the key regulator of the response to ER
stress[33]. PERK is a type I transmembrane protein with an ER luminal sensor and a
cytoplasmic domain with Ser/Thr kinase activity. When dissociated from Grp78/Bip,
PERK is  activated by dimerization and autophosphorylation.  Active  PERK then
phosphorylates a downstream factor, eukaryotic initiation factor 2α (eIF2α) at Ser51[34].
In the initiation of protein synthesis, translation of eIF2α combines with methionyl-
tRNA to form a ternary complex, eIF2-GTP-tRNAmet, to recognize AUG start codons.
Inactive eIF2-GDP is then converted to active eIF2-GTP that requires the guanine
nucleotide exchange factor, eIF2B[32]. When ER stress occurs, phosphorylated eIF2α,
which is activated by PERK, inhibits eIF2B translation of eIF2-GDP into eIF2-GTP,
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Figure 1

Figure 1  Yinchenhao decoction improves the obstructive jaundice induced histopathological changes in liver tissue. The liver tissue in group B showed an
unclear texture, and the hepatic lobule structures were disordered. Moreover, cholestasis and fatty degeneration were observed. Group A: Control group; Group B:
Obstructive jaundice model group; Group C: Yinchenhao decoction-treated group.

thereby reducing  protein  synthesis[35].  At  the  same time,  specific  genes,  such  as
activating transcription factor 4 (ATF4), contain small non-coding upstream open
reading frames in their 5’ untranslated region, which can bypass the eIF2α-dependent
translation  block,  and  express  increasingly  through  phosphorylated  eIF2α[36,37].
Fawcett et al showed that ATF4 could activate the downstream transcription factor,
CHOP, in vivo[38].  CHOP is known as a key apoptosis factor, and the PERK-eIF2α-
ATF4 pathway is most important for CHOP activation in the three arms of the UPR.
GADD34 has a catalytic subunit, protein phosphatase 1, which can dephosphorylate
eIF2α to restore the function of general Cap-dependent protein translation to resume
protein synthesis and suppress ATF4 translation[39-41]. If the UPR fails in restoring ER
homeostasis, increased protein synthesis leading to ATP depletion, oxidative stress,
and cell death can occur (Han et al[42], 2013). The expression of GADD34 is related to
cell apoptosis, and its overexpression can initiate or enhance the cell apoptosis[43].

CHOP  can  also  induce  apoptosis  by  regulating  Bcl-2  family  proteins.  CHOP
induces  apoptosis  by  enhancing  the  expression  of  pro-apoptotic  proteins  and
suppressing anti-apoptotic proteins. Bcl-2 and Bax are the most important and typical
anti-apoptotic and pro-apoptotic proteins in the Bcl-2 family, respectively[44].  The
Bax/Bcl-2  ratio  plays  a  decisive  role  in  the  fate  of  cells.  Bax  and Bcl-2  regulate
apoptosis by forming homodimers or heterodimers. Apoptotic signals activate Bax,
which is  transferred from the cytoplasm to the mitochondrial  membrane.  Bax is
increased, and Bax/Bax homodimers promote cell apoptosis. When Bcl-2 is increased,
Bcl-2/Bax heterodimers are formed, and the apoptosis trend is weakened; therefore, a
function of Bcl-2 is to inhibit apoptosis[45,46].

In the present study, the TUNEL assay showed that apoptotic cells in group O were
more frequent, and the levels of ALT and AST in cell culture medium were increased,
which indicated that liver cells could be destroyed by OJ. The Western blot and qRT-
PCR analyses showed that the protein and mRNA expression of PERK, CHOP, and
GADD34 both in group B rat liver tissues and BRL-3A rat liver cells of group O were
increased significantly. Additionally, the protein and mRNA levels of Bax and Bcl-2
increased, and the Bax/Bcl-2 ratio also went up, which indicated that the Bax increase
dominated. These results indicated that OJ could injure liver tissues and promote
hepatocyte  apoptosis  by  activating  the  PERK-CHOP-GADD34  pathways  and
upregulating the Bax/Bcl-2 ratio.

YCHD has a recognized role in increasing bile secretion and excretion, enhancing
bile flow, treating inflammation, and promoting diuresis[47-49]. YCHD is not only used
for  treating  jaundice  and  liver  disorders  but  also  for  inhibiting  hepatic  cell
apoptosis[19-21,50,51].  In the present study, after the YCHD treatment, the liver tissue
structure, liver function, and hepatocytes apoptosis indices were obviously improved.
Additionally, the protein and mRNA expression levels of PERK, CHOP, GADD34,
and Bax both in the rat liver tissues and BRL-3A cells were downregulated; however,
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Figure 2

Figure 2  Yinchenhao decoction relieves the hepatic injury induced by obstructive jaundice. A: Total bilirubin levels in the serum; B: Direct bilirubin levels in the
serum; C: Alanine aminotransferase levels in the serum; D: Aspartate transaminase levels in the serum; E: Gamma-glutamyl transpeptidase levels in the serum; F:
Alkaline phosphatase levels in the serum. Group A: Control group; Group B: Obstructive jaundice model group; Group C: Yinchenhao decoction;-treated group. aP <
0.05, bP < 0.01, cP < 0.001. TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Alanine aminotransferase; AST: Aspartate transaminase; GGT: Gamma-glutamyl
transpeptidase; ALP: Alkaline phosphatase.

the protein and mRNA levels of Bcl-2 increased, while the Bax/Bcl-2 ratio decreased,
indicating that the Bcl-2 levels dominated. These results further supported that YCHD
could suppress liver injury, improve liver function, and alleviate hepatocyte apoptosis
by inhibiting the PERK-CHOP-GADD34 pathways and downregulating the Bax/Bcl-2
ratio.

In conclusion, OJ can induce liver damage and hepatocyte apoptosis by activating
the  PERK-CHOP-GADD34  pathways  and  upregulating  the  Bax/Bcl-2  ratio.
Additionally, YCHD can improve liver function and reduce hepatocyte apoptosis by
inhibiting the activation of the PERK-CHOP-GADD34 pathways and downregulating
the Bax/Bcl-2 ratio.
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Figure 3

Figure 3  Yinchanhao decoction regulates the protein kinase RNA-like endoplasmic reticulum kinase-induced apoptotic signaling pathway in rat liver
tissue. A: Representative Western blot images of protein kinase RNA-like endoplasmic reticulum kinase (PERK), CCAAT/enhancer-binding protein homologous
protein (CHOP), growth arrest and DNA damage-inducible protein 34 (GADD34), B cell lymphoma/leukemia-2 gene related X protein (Bax), and B cell
lymphoma/leukemia-2 gene (Bcl-2) proteins; B: The protein expression levels of PERK, CHOP, GADD34, Bax, and Bcl-2; C: The gene expression levels of PERK,
CHOP, GADD34, Bax, and Bcl-2. The mRNA levels were normalized to β-actin expression. Group A: Control group; Group B: Obstructive jaundice model group;
Group C: Yinchenhao decoction-treated group. aP < 0.05, bP < 0.01, cP < 0.001. PERK: Protein kinase RNA (PKR)-like endoplasmic reticulum kinase; CHOP:
CCAAT/enhancer-binding protein homologous protein; GADD34: Growth arrest and DNA damage-inducible protein 34; Bcl-2: B cell lymphoma/leukemia-2 gene; Bax:
Bcl-2 related X protein. 
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Figure 4

Figure 4  Yinchenhao decoction alleviates BRL-3A rat hepatocyte injury. A: Alanine aminotransferase levels in cell culture medium; B: Aspartate transaminase
levels in cell culture medium. Group S: BCL-3A rat hepatocytes incubated in rat serum of the G1 group; group O: BCL-3A rat hepatocytes incubated in rat serum of
the G2 group; group M: BCL-3A rat hepatocytes incubated in rat serum of the G2 + G3 group. aP < 0.05, bP < 0.01, cP < 0.001. ALT: Alanine aminotransferase; AST:
Aspartate transaminase.
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Figure 5

Figure 5  Yinchenhao decoction inhibits BRL-3A rat hepatocyte apoptosis. A: TUNEL results of each group; B: Apoptosis index of each group at 6 h, 24 h, and
48 h. Group S: BCL-3A rat hepatocytes incubated in rat serum of the G1 group; group O: BCL-3A rat hepatocytes incubated in rat serum of the G2 group; group M:
BCL-3A rat hepatocytes incubated in rat serum of the G2 + G3 group. aP < 0.05, bP < 0.01, cP < 0.001.
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Figure 6
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Figure 6  Yinchanhao decoction regulates the protein kinase RNA-like endoplasmic reticulum kinase-induced apoptotic signaling pathway in BRL-3A rat
hepatocytes. A: Representative Western blots of protein kinase RNA-like endoplasmic reticulum kinase, CCAAT/enhancer-binding protein homologous protein,
growth arrest and DNA damage-inducible protein 34, B cell lymphoma/leukemia-2 gene related X protein, and B cell lymphoma/leukemia-2 gene proteins at 6 h, 24 h,
and 48 h; B: Expression levels of the above proteins at 6 h; C: Expression levels of the corresponding genes at 6 h; D: Expression levels of the above proteins at 24 h;
E: Expression levels of the corresponding genes at 24 h; F: Expression levels of the above proteins at 48 h; G: Expression levels of the corresponding genes at 48 h.
The mRNA levels were normalized to GAPDH expression. Group S: BCL-3A rat hepatocytes incubated in rat serum of the G1 group; group O: BCL-3A rat hepatocytes
incubated in rat serum of the G2 group; group M: BCL-3A rat hepatocytes incubated in rat serum of the G2 + G3 group. aP < 0.05, bP < 0.01, cP < 0.001. GADPH:
Glyceraldehyde 3-phosphate dehydrogenase; PERK: Protein kinase RNA (PKR)-like endoplasmic reticulum kinase; CHOP: CCAAT/enhancer-binding protein
homologous protein; GADD34: Growth arrest and DNA damage-inducible protein 34; Bcl-2: B cell lymphoma/leukemia-2 gene; Bax: B cell lymphoma/leukemia-2 gene
related X protein.

ARTICLE HIGHLIGHTS
Research background
Biliary obstruction can cause damage to all organs of the body, especially the liver. Chronic
biliary obstruction results in ischaemia and hypoxia of hepatocytes and leads to apoptosis.
Apoptosis  is  very  important  in  regulating  the  homeostasis  of  the  hepatobiliary  system.
Endoplasmic  reticulum  (ER)  stress  induced  apoptosis  is  a  hot  research  topic  worldwide.
However, there are few studies on liver injury and hepatocyte apoptosis induced by obstructive
jaundice (OJ) through activating the ER stress pathway. Previous studies have confirmed that
Yinchenhao decoction (YCHD) can effectively alleviate liver function injury and inhibit liver cell
apoptosis, but the main mechanism of YCHD has not been clarified.

Research motivation
To provide scientific evidence for clinical application of YCHD in OJ treatment.

Research objectives
This study aimed to clarify the molecular mechanism of YCHD in alleviating OJ-induced liver
injury and hepatocyte apoptosis.

Research methods
In this study, the expression levels of protein kinase RNA-like endoplasmic reticulum-resident
protein kinase (PERK), CCAAT/enhancer-binding protein homologous protein (CHOP), growth
arrest- and DNA damage-inducible gene 34 (GADD34), B cell lymphoma/leukemia-2 gene (Bcl-
2), and Bcl-2 related X protein (Bax) were detected in rats and BRL-3A rat hepatocytes, and the
changes of PERK, CHOP, GADD34, Bax, and Bcl-2 were detected after the application of YCHD.

Research results
We found that OJ induced liver injury and hepatocyte apoptosis by activating the PERK-CHOP-
GADD34 pathways and upregulating Bax/Bcl-2 ratio, and YCHD attenuated these changes by
inhibiting the PERK-CHOP-GADD34 pathways and downregulating Bax/Bcl-2 ratio.

Research conclusions
YCHD can attenuate OJ-induced liver injury and hepatocyte apoptosis by inhibiting the PERK-
CHOP-GADD34 pathways and downregulating Bax/Bcl-2 ratio. These findings support the
clinical use of YCHD for OJ treatment.

Research perspectives
YCHD is a traditional Chinese medicine (TCM) formula that has thousands of years of history
for OJ treatment. The combination of TCM and modern medicine can effectively treat OJ.
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