
World Journal of 
Gastroenterology
World J Gastroenterol  2018 February 7; 24(5): 549-656

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

Published by Baishideng Publishing Group Inc



S

REVIEW
549	 Behind the curtain of non-coding RNAs; long non-coding RNAs regulating hepatocarcinogenesis

El Khodiry A, Afify M, El Tayebi HM

ORIGINAL ARTICLE
Basic Study

573	 Hsa-miR-202-3p, up-regulated in type 1 gastric neuroendocrine neoplasms, may target DUSP1

Dou D, Shi YF, Liu Q, Luo J, Liu JX, Liu M, Liu YY, Li YL, Qiu XD, Tan HY

583	 Enteral nutrition combined with glutamine promotes recovery after ileal pouch-anal anastomosis in rats

Xu YY, He AQ, Liu G, Li KY, Liu J, Liu T

593	 Promotion of Sema4D expression by tumor-associated macrophages: Significance in gastric carcinoma

Li H, Wang JS, Mu LJ, Shan KS, Li LP, Zhou YB

Case Control Study

602	 Impact of SNP-SNP interactions of DNA repair gene ERCC5 and metabolic gene GSTP1  on gastric cancer/

atrophic gastritis risk in a Chinese population

Sang L, Lv Z, Sun LP, Xu Q, Yuan Y

Retrospective Cohort Study

613	 Incidence of hepatocellular carcinoma in patients with chronic liver disease due to hepatitis B or C and 

coinfected with the human immunodeficiency virus: A retrospective cohort study

Marcon PS, Tovo CV, Kliemann DA, Fisch P, de Mattos AA

Retrospective Study

623	 Impaired granulocyte-macrophage colony-stimulating factor bioactivity accelerates surgical recurrence in 

ileal Crohn’s disease

Gathungu G, Zhang Y, Tian X, Bonkowski E, Rowehl L, Krumsiek J, Nix B, Chalk C, Trapnell B, Zhu W, Newberry R, 

Denson L, Li E

631	 PIK3CA and TP53  mutations predict overall survival of stage Ⅱ/Ⅲ colorectal cancer patients

Li AJ, Li HG, Tang EJ, Wu W, Chen Y, Jiang HH, Lin MB, Yin L

Observational Study

641	 Faecal calprotectin and magnetic resonance imaging in detecting Crohn’s disease endoscopic postoperative 

recurrence

Baillet P, Cadiot G, Goutte M, Goutorbe F, Brixi H, Hoeffel C, Allimant C, Reymond M, Obritin-Guilhen H, Magnin B, 

Bommelaer G, Pereira B, Hordonneau C, Buisson A

Contents Weekly  Volume 24  Number 5  February 7, 2018

� February 7, 2018|Volume 24|Issue 5|WJG|www.wjgnet.com



Contents
World Journal of Gastroenterology

Volume 24  Number 5  February 7, 2018

CASE REPORT
651	 Sequential spinal and intracranial dural metastases in gastric adenocarcinoma: A case report

Kim H, Yi KS, Kim WD, Son SM, Yang Y, Kwon J, Han HS

II February 7, 2018|Volume 24|Issue 5|WJG|www.wjgnet.com



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

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

EDITORIAL OFFICE
Ze-Mao Gong, 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://www.f6publishing.com/helpdesk
http://www.wjgnet.com

Contents

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                      Responsible Science Editor: Ze-Mao Gong
Responsible Electronic Editor: Yan Huang	       Proofing Editorial Office Director: Jin-Lei Wang
Proofing Editor-in-Chief: Lian-Sheng Ma

PUBLICATION DATE
February 7, 2018

COPYRIGHT
© 2018 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.
wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION
http://www.f6publishing.com

World Journal of Gastroenterology
Volume 24  Number 5  February 7, 2018

Editorial board member of World Journal of Gastroenterology , George P 
Karamanolis, PhD, Assistant Professor, Academic Gastroenterology Department, 
Medical School, National and Kapodistrian University Of Athens, Athens 11527, 
Greece

World Journal of  Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online 
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was estab-
lished on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month. 
The WJG Editorial Board consists of  642 experts in gastroenterology and hepatology from 
59 countries.
    The primary task of  WJG 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.

World Journal of  Gastroenterology (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 WJG as 29th among 79 journals in gastroenterology and hepatol-
ogy (quartile in category Q2). 

ABOUT COVER

INDEXING/ABSTRACTING

AIMS AND SCOPE

III February 7, 2018|Volume 24|Issue 5|WJG|www.wjgnet.com



Yan-Yan Xu, An-Qi He, Gang Liu, Kai-Yu Li, Jian Liu, Tong 
Liu, Department of General Surgery, Tianjin Medical University 
General Hospital, Tianjin 300052, China

ORCID number: Yan-Yan Xu (0000-0002-4890-3685); An-Qi He 
(0000-0001-7378-2363); Gang Liu (0000-0002-6560-3457); Kai-
Yu Li (0000-0002-1733-7668); Jian Liu (0000-0002-7468-3663); 
Tong Liu (0000-0002-7519-1169).

Author contributions: Xu YY and He AQ collected the data; 
Liu G conceived and designed the study; Li KY and He AQ 
contributed to the data analysis; Xu YY contributed to the 
interpretation of the data; Liu G participated in streamlining the 
study protocol; Xu YY, He AQ, Li KY, Liu J and Liu T proofread 
the study protocol; Li KY supervised the data collection process; 
Xu YY, He AQ, Liu G, Li KY, Liu J and Liu T contributed to 
drafting the manuscript; all authors contributed to the revision of 
the manuscript and approved the final version.

Supported by Li Jie-Shou Gut Barrier Foundation, No. 
LJS_201008.

Institutional review board statement: The study was reviewed 
and approved by Tianjin Medical University General Hospital 
Institutional Review Board.

Institutional animal care and use committee statement: 
Animal care and experiments were conducted according to the 
international guidelines on animal research and ethics.

Conflict-of-interest statement: The authors have no financial 
or other conflicts of interest to disclose.

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

Manuscript source: Unsolicited manuscript

Correspondence to: Gang Liu, MD, PhD, Professor, Surgeon, 
Department of General Surgery, Tianjin Medical University 
General Hospital, No. 154, Anshan Road, Heping District, Tianjin 
300052, China. landmark1059@163.com
Telephone: +86-22-60362365
Fax: +86-22-60362365

Received: November 15, 2017
Peer-review started: November 15, 2017
First decision: December 3, 2017
Revised: December 10, 2017
Accepted: December 26, 2017  
Article in press: December 26, 2017
Published online: February 7, 2018 

Abstract
AIM
To assess the effect of enteral nutrition (EN) supple
mented with glutamine on recovery after ileal pouch-anal 
anastomosis (IPAA) in rats, to provide an experimental 
basis for nutritional support in patients with ulcerative 
colitis (UC) after IPAA. 

METHODS
Male Sprague-Dawley (SD) rats were randomly divided 
into three groups (n  = 8) after IPAA operation using a 
microsurgical technique. From the third postoperative 
day, rats in the control group, EN group, and immune 
nutrition (IN) group were fed standard rat chow, short 
peptide EN, and short peptide EN combined with 
glutamine ad libitum , respectively. The rats’ general 
condition was observed throughout the study. Serum 
levels of total protein (TP), albumin (ALB), prealbumin 
(PA), and transferrin (TF) were detected on the 30th 
postoperative day, using an automatic biochemical 
analyzer. The ileal pouch mucosa was stained with 
hematoxylin and eosin (HE), and occludin protein levels 
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were detected by immunohistochemistry.

RESULTS
The body weight of rats in the EN group (359.20 ± 
10.06 g) was significantly higher than that in the control 
group (344.00 ± 9.66 g) (P  < 0.05) and lower than that 
in the IN group (373.60 ± 9.86 g) (P  < 0.05) on the 
30th postoperative day. The levels of serum TP, ALB, 
PA, and TF in the EN group were significantly higher 
than those in the control group (P  < 0.01 for all) and 
lower than those in the IN group (P  < 0.05 for all). 
Histopathological score (EN: 0.80 ± 0.37; IN: 0.60 ± 
0.40; control group: 2.29 ± 0.18) and expression level 
of occludin protein (EN: 0.182 ± 0.054; IN: 0.188 ± 
0.048; control group: 0.127 ± 0.032) were significantly 
lower in the control group compared with the EN and IN 
groups (P < 0.05 for all), but there were no significant differ
ences between the latter two groups (P  > 0.05 for all). 

CONCLUSION
EN combined with glutamine may effectively improve 
nutritional status after IPAA. Our results suggest a 
benefit of glutamine supplementation in EN for UC 
patients undergoing IPAA, although human studies are 
required to confirm this finding.

Key words: Enteral nutrition; Glutamine; Ileal pouch-
anal anastomosis; Nutritional status; Recovery 

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

Core tip: We assessed the effect of enteral nutrition 
(EN) supplemented with glutamine on recovery after 
ileal pouch-anal anastomosis (IPAA) in rats, to provide 
an experimental basis for nutritional support in patients 
with ulcerative colitis after IPAA. Male Sprague-Dawley 
rats underwent IPAA and were then fed standard 
rat chow, short peptide EN, or short peptide EN com
bined with glutamine from postoperative day 3. The 
rats’ general condition was observed throughout the 
study, and serum levels of total protein, albumin, 
prealbumin, and transferrin were measured on the 30th 
postoperative day. The ileal pouch mucosa was stained 
with hematoxylin and eosin and occludin protein levels 
were measured by immunohistochemistry.

Xu YY, He AQ, Liu G, Li KY, Liu J, Liu T. Enteral nutrition 
combined with glutamine promotes recovery after ileal 
pouch-anal anastomosis in rats. World J Gastroenterol 2018; 
24(5): 583-592  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i5/583.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i5.583

INTRODUCTION
Proctocolectomy with ileal pouch-anal anastomosis 
(IPAA) has become the gold-standard surgical treatment 

for ulcerative colitis (UC)[1]. However, studies have 
shown that some patients who have undergone IPAA 
still have postoperative problems, such as malnutrition, 
frequent defecation, and severe pouchitis[2], which 
can cause surgical failure if the pouch needs to be 
discarded. Therefore, ways of providing nutrition and 
energy, promoting early recovery of patients, and 
maintaining the integrity of the pouch mucosa barrier 
and function have thus become key considerations for 
surgical treatment of UC. 

In recent years, the IPAA rat model established by 
Chen et al[3] has shown many characteristics similar 
to human IPAA, and has become an effective and 
important in vivo model for the study of recovery and 
defense as well as immune mechanisms after IPAA. 

Nutritional support includes parenteral nutrition 
(PN) and enteral nutrition (EN). At present, numerous 
studies have reported that giving EN to patients at an 
early stage following surgery or severe trauma can 
rapidly restore the integrity of the digestive tract. This 
prevents intestinal mucosal atrophy, enhances intestinal 
barrier function, promotes rehabilitation, and reduces 
complications and mortality[4,5]. In addition, enteric 
bacteria and endotoxins are prone to translocation if 
patients fast too long postoperatively[6]. Early EN is 
therefore recommended in patients with IPAA. However, 
general EN may lack certain specific nutrients and its 
ability to regulate immune function is thus limited, and 
the supplementation of nutritional therapy with specific 
nutrients with certain pharmacological effects may 
improve the patient’s nutritional status, while protecting 
the integrity of mucosal barrier function.

Glutamine is a non-essential amino acid that can 
act as an energy source for the proliferation of intestinal 
lymphocytes, mucosal cells, and fibroblasts[7]. It also 
has many important physiological properties, including 
restoring intestinal permeability, preventing intestinal 
mucosal atrophy, protecting the barrier function of the 
intestinal mucosa, and improving nitrogen balance. 
Glutamine can also stimulate immune cells in a specific 
way, enhance immune function, and maintain a moderate 
immune response, which is therefore referred to as 
‘immune nutrition’. Li et al[8] reported that glutamine may 
be an effective intestinal mucosal protective agent when 
supplemented into EN. Rogero et al[9] also suggested 
that glutamine plays an important role in maintaining 
the integrity of the intestinal epithelial structure. Fujita 
et al[10] found that glutamine-supplemented EN reduced 
the translocation of bacteria in the intestinal contents and 
enhanced the barrier function of the intestinal mucosa in 
a pig model. 

Clinical research into nutritional support for UC 
patients after IPAA is currently lacking; however, it 
is important to explore appropriate postoperative 
nutritional support to address the issue of postoperative 
malnutrition. The purpose of this study was to investi
gate the effects of EN supplemented with different 
nutrients on recovery, nutritional status, and mucosal 
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barrier function of the ileal pouch in IPAA rats. These 
results will provide an experimental basis for nutritional 
treatment of UC patients after IPAA.

MATERIALS AND METHODS
Animals
Specific pathogen-free (SPF) male Sprague-Dawley 
(SD) rats aged 10-12 wk and weighing 320-350 g were 
purchased from the Laboratory Animal Center of the 
Military Medical Science Academy of the Chinese People’
s Liberation Army. They were housed in controlled 
environmental conditions of ventilation (wind speed, 
0.1-0.2 m/s), room temperature (20-25 ℃), and 
humidity (40%-70%) for 1 wk. Rats had access to 
natural light and were provided with standard rat chow 
and running water ad libitum prior to surgery. The 
animal use protocol was reviewed and approved by the 
Animal Ethical and Welfare Committee.

Rat model 
All rats underwent IPAA using a microsurgical technique. 
They were then divided into three groups (n = 8 each): 
a control group fed standard rat chow and tap water 
(The detailed compositions of standard rat chow were 
rice, bran, corn, soybean cake, vitamins, minerals, 
salt, etc), an EN group fed short peptide EN (Milupa 
GmbH, Germany), and an IN group fed short peptide 
EN combined with 0.4 g/(kg/d) glutamine (YaoYou 
Pharmaceutical Co., Ltd, ChongQing, China), ad libitum. 
All groups were given from the third postoperative day.

General condition 
The rats’ general status was observed and recorded 
daily from the first to the 30th postoperative day. 
Observations included mental state (burnout, laziness, 
and/or irritability) and fur condition (glossiness and 
messiness). Body weight was measured at 10 am 
every day to produce a weight-change curve. Stool 
characteristics were evaluated and feces were scored 
using the Bristol Stool Form Scale[11]: type 1, separate 
hard lumps, like nuts; type 2, sausage-shaped but 
lumpy; type 3, like a sausage or snake but with cracks 
on its surface; type 4, like a sausage or snake, smooth 
and soft; type 5, soft blobs with clear-cut edges; type 
6, fluffy pieces with ragged edges, a mushy stool; and 
type 7, watery, no solid pieces. The fecal score was 
summarized every 5 d. 

Sample collection and tissue processing
Ileal pouch tissue was harvested from rats under 
anesthesia on the 30th postoperative day, with speci
mens taken from the same location in the pouches 
in all rats. Specimens were rinsed with ice-cold saline 
and then fixed in 4% neutral formalin solution (Jiayu 
Chemical Co. Ltd, Jinan, China). Blood samples (3 
mL) were taken from the abdominal aorta using a 5 

mL syringe, placed in an anticoagulant biochemical 
tube, reversed, and mixed. After centrifugation, the 
supernatant was collected, packed separately, and 
stored at -20 ℃ in a refrigerator for cryopreservation. 

Nutritional parameters
Serum levels of total protein (TP), albumin (ALB), 
prealbumin (PA), and transferrin (TF) were detected in 
defrosted blood samples using an automatic biochemical 
analyzer (Johnson and Johnson, United States).

Pathology scores
Histological scoring was performed by hematoxylin 
and eosin (HE) staining. Tissues previously fixed in 
formaldehyde solution were cut into 0.5 cm pieces, 
dehydrated in graded ethanol solutions, embedded in 
paraffin, and stained with HE. The ileal pouch tissue 
was then evaluated according to the histopathological 
scoring criteria described by Shebani et al[12] (Table 1).  

Expression level of occludin protein
Occludin protein in the ileal pouch mucosa was detected 
by immunohistochemical staining. Paraffin sections 
(approximately 5 µm thick) were dewaxed, hydrated, 
and immersed in boiling citrate buffer (Scientan, 
Beijing, China; 0.01 mol/L, pH 6.0) for thermal antigen 
repair. They were then cooled and washed twice with 
phosphate buffered solution (PBS; Scientan, Beijing, 
China; 0.01 mol/L, pH 7.4). Sections were immersed 
in 5% bovine serum albumin and then incubated with 
rabbit anti-occludin antibody (bs-10011R; Bioss, Beijing, 
China), followed by incubation with biotinylated goat 
anti-mouse IgG. A DAB kit (AR1022; Boster, Wuhan, 
China) was used for color rendering, and sections were 
lightly stained with hematoxylin (Hua Liang, Fushan, 
China) and finally observed under a microscope. 

The optical density of the immunohistochemical im
ages was measured using Image-Pro Plus 6.0 software, 
according to the Chinese reference guidelines. The 
‘irregular’ tool was used to delineate the measuring 
area, and the results were then calculated and analyzed. 

Statistical analysis 
All statistical analyses were performed using SPSS 
19.0. Measurement data are presented as mean ± SD. 
Data analysis was carried out using one-way ANOVA, 
and comparisons between two among the three 
groups were made using the Student-Newman-Keuls 
method. A P-value < 0.05 was considered statistically 
significant. 

RESULTS
General condition  
Rats in all groups responded well to surgery, with no 
signs of burnout, laziness, or irritability (Figure 1A-C). 
The time to first defecation in the control, EN, and IN 
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term decrease postoperatively. The lowest body weight 
was reached at 9.43 ± 1.81, 7.80 ± 0.84, and 4.60 
± 1.71 d postoperatively in the control, EN, and IN 
groups, respectively (F = 20.98, P < 0.01), and the 
weight decreases were 81.29 ± 12.30, 59.81 ± 4.15, 
and 26.26 ± 8.04 g, respectively (F = 79.18, P < 0.01). 
The time to the lowest body weight and body weight 
decrease were both greater in the control compared 
with the EN (P < 0.05) and IN (P < 0.05) groups, 
and were both greater in the EN compared with the 
IN group (P < 0.05) (Figure 2B and C). Body weights 
of rats in the control, EN, and IN groups recovered to 
344.00 ± 9.66, 359.20 ± 10.06, and 373.60 ± 9.86 g, 
respectively, on the 30th day postoperatively (F = 

groups was 2.43 ± 0.53, 2.40 ± 0.55, and 2.60 ± 0.54 d 
after IPAA, respectively. There was no significant di
fference in the first defecation time among the three 
groups (F = 0.32, P = 0.73) (Figure 2D). The fecal 
scores in the EN and IN groups were significantly 
higher than those in the control group at 5, 10, 15, 
20, 25, and 30 d postoperatively (P < 0.05 for all), 
but there were no differences between the EN and IN 
groups (P > 0.05 for all). 

Nutritional status  
There were no significant differences in body weight 
among the three groups pre-operatively (F = 0.57, P 
= 0.57) (Figure 2A), but body weight showed a short-

Table 1  Histological scoring criteria

Score Erosion Ulceration Villous atrophy Edema in the lamina propria 

0 Negative None None None
1 Focal erosion Focal ulceration of the mucosa at 

½ superficial regions
Mild Positive

2 Erosion is observed In many regions Total mucosal ulceration at multiple foci Moderate
3 Extensive erosion Extensive mucosal ulceration extending 

to muscularis mucosa or beyond
Severe, villous flattening

Intra-epithelial inflammation was evaluated by counting the lymphocytes in 100 epithelial cells at the tips of the villi. Abscess formation and submucosal 
inflammation were also evaluated.
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18.02, P < 0.01). Body weight was significantly lower 
in the control group than in the EN an IN groups (P < 
0.05), and in the EN group than in the IN group (P < 
0.05) (Figure 2D). 

Serum levels of TP, ALB, PA, and TF were signi
ficantly different among the three groups (F = 13.51, 
P < 0.01; F = 17.25, P < 0.01; F = 37.98, P < 0.01; F 
= 36.41, P < 0.01, respectively). Levels in the control 

group were significantly higher than those in the EN (P 
< 0.05 for all) and IN (P < 0.05 for all) groups, while 
levels in the EN group were higher than those in the IN 
group (P < 0.05 for all) (Figure 3).
 
Mucosal barrier function of the ileal pouch 
HE staining showed that the integrity of the mucosal villi 
in the ileal pouch was disrupted in the control group. 
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significantly lower compared with the IN group (P < 0.05); E: Weight-change curve for rats over 30 d postoperatively. Bars represent mean ± SD, n = 8. EN: Enteral 
nutrition; IN: Immune nutrition. 
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The villus stroma was loose and irregular, and the villus 
epithelium showed necrosis, shedding, and atrophy, as 
well as edema in the lamina propria (Figure 4A). The 
morphology of the pouch mucosa in the EN (Figure 4B) 
and IN (Figure 4C) groups was largely normal: the villus 
structure was intact and its arrangement was neat, the 
epithelial cells were arranged regularly, and there was 
occasional interstitial edema. The pathological scores 
in the EN (0.80 ± 0.37) and IN (0.60 ± 0.40) groups 
were significantly higher than that in the control group 
(2.29 ± 0.18, F = 62.15, P < 0.01) (P < 0.05 for both). 
However, there was no significant difference between 
the EN and IN groups (P > 0.05) (Figure 4D). 

Immunohistochemical staining revealed that ex
pression levels of occludin protein in the ileal pouch 
mucosa in the EN (0.182 ± 0.054) and IN (0.188 ± 
0.048) groups were significantly higher than that in the 
control group (0.127 ± 0.032, F = 4.34, P = 0.02) (P < 
0.05 for both), but there was no significant difference 
between the EN and IN groups (P > 0.05) (Figure 5).

DISCUSSION
UC patients lose nutrition because of the nature of 

the disease and its related clinical manifestations. In 
addition, restrictions on the types of food that can be 
eaten safely can result in food intolerances. As a result, 
about 23.4% of UC patients are malnourished[13]. 
During IPAA, the colon and rectum are removed and 
the ileal pouch is connected to the anus[3]. However, 
although the digestive tract is reconstructed, its 
digestive and absorptive functions are impaired, while 
the patient’s nutritional status is further worsened 
by stress caused by the surgery and anesthesia[14]. 
Effective means of providing nutritional support for UC 
patients and thus accelerating their recovery after IPAA 
have thus become an important question. The current 
study, based on a stable model of IPAA in rats fed 
different EN diets, showed that short peptide EN and 
glutamine could effectively improve nutritional status, 
protect the mucosal barrier of the ileal pouch, and 
accelerate the recovery of rats after IPAA operation. 

The results of this study showed that the time 
to first defecation and mental state of rats fed short 
peptide EN with different nutrients after IPAA were 
similar to those of control rats, but the fecal scores 
were higher. This effect may be associated with 
the increased absorption efficiency of short peptide 
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Figure 3  Changes in serum protein levels. A: Serum TP level was significantly higher in the EN group compared with the control group (P < 0.05) and significantly 
lower compared with the IN group (P < 0.05); B: Serum ALB level was significantly higher in the EN group compared with the control group (P < 0.05) and significantly 
lower compared with the IN group (P < 0.05); C: Serum PA level was significantly higher in the EN group compared with the control group (P < 0.05) and significantly 
lower compared with the IN group (P < 0.05); D: Serum TF level was significantly higher in the EN group compared with the control group (P < 0.05) and significantly 
lower compared with the IN group (P <  0.05). Bars represent mean ± SD, n = 8. EN: Enteral nutrition; IN: Immune nutrition; TP: Total protein; ALB: Albumin; PA: 
Prealbumin; TF: Transferrin.
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nutrients in the small intestine[15]. Glutamine can serve 
as an energy source for intestinal epithelial cells and 
provide nutrients[7], while short peptide nutrition has 
the characteristics of low residue, defecation balance, 
and a low need for digestive juices[16].

The levels of plasma proteins play an important 
role in the assessment of nutrition[17]. The main indices 
include TP, ALB, and protein A/G; however, progress 
in the development of detection technologies means 
that other visceral proteins, such as PA and TF, have 
also emerged as candidates for assessing nutritional 
status[18]. TP can reflect malnutrition caused by chronic 
disease, while ALB is an important indicator of nutritional 
status that can effectively reflect disease severity and 
the relationship between protein consumption and 
intake. PA is a relatively sensitive indicator of acute 
changes in nutritional status in the short term, and is 
the gold standard for monitoring and evaluating the 
nutritional status of patients[19,20]. TF often falls along 
with decreases in PA and ALB in the acute reaction 
phase, and can be used as an indicator of nutritional 
status[21,22].

The results of this study showed that serum levels 
of TP, PA, ALB, and TF were significantly improved 
in the IN group postoperatively, compared with the 

control and EN groups. Changes in body weight, 
which is another indicator of nutritional status, are 
consistent with serum protein levels. These findings 
demonstrated that glutamine could effectively improve 
nutritional status after IPAA in rats. Glutamine is a non-
essential amino acid in the body in the stress state; it 
can prevent the excessive decomposition of muscle, 
promote protein synthesis, and protect the intestinal 
mucosa. After IPAA, the rats were stressed and the 
demand for nutrients was thus greatly increased, but 
the synthesis of nutrients could not meet their needs. 
EN and postoperative diets generally have a lack of 
glutamine, and supplementing the diet with glutamine 
after IPAA could increase the synthesis of tissue 
proteins, meet the nutritional needs, and improve nutri
tional status. Liu et al[23] found that glutamine supple
mentation improved the nutritional status of patients 
with acute pancreatitis, while Wischmeyer et al[24] 
also reported that glutamine had a positive effect on 
recovery after IPAA. Our results are consistent with 
these previous reports.

In addition to the functions of digestion, absorption, 
and peristalsis, the intestinal tract is also involved in 
immune regulation[25,26], hormone secretion[27], and 
mucosal barrier function. The intestinal barrier plays an 
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Figure 4  Hematoxylin and eosin staining of the ileal pouch mucosa. A: The integrity of the pouch’s mucosal villi was disrupted in the control group. The villus 
stroma was loose and irregular, and the villus epithelium showed necrosis, shedding, and atrophy, as well as edema in the lamina propria. The morphology of the 
pouch mucosa in the (B) EN and (C) IN groups was largely normal; the villus structure was intact and its arrangement was neat, the epithelial cells were arranged 
regularly, and there was occasional interstitial edema; D: Pathological scores were higher in the EN and IN groups compared with the control group (P < 0.05 for both). 
However, there was no significant difference between the EN and IN groups (P > 0.05 for both). Bars represent mean ± SD, n = 8. EN: Enteral nutrition; IN: Immune 
nutrition. 
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important role in the maintenance of intestinal function[28]. 
Occludin is an intercellular tight junction protein, and 
numerous studies have shown that occludin plays an 
important role in the intestinal mucosal barrier[29,30] and 
can be used as an indicator of mucosal barrier function 
in the ileal pouch[31]. In our study, occludin levels were 
higher in the EN and IN groups compared with the control 
group, suggesting that short peptide EN and glutamine 
could enhance the mucosal barrier function of the ileal 
pouch by increasing the expression of occludin. 

In addition, the histological score and occludin level 
in the IN group were higher than those in the EN group, 
indicating that glutamine could increase the expression 
level of occludin. Numerous animal experiments have de
monstrated that glutamine supplementation can prevent 
intestinal mucosal atrophy, as well as restore intestinal 
villus height and crypt depth. Wang et al[7] reported that 
glutamine could regulate the expression of tight junction 
proteins. A possible mechanism for this is as follows: (1) 
glutamine can supply energy for the proliferation and 
differentiation of intestinal epithelial cells[32]; (2) stimulate 
heat shock proteins and thus promote cell growth[33]; and 
(3) promote cell proliferation by regulating the ERK1 and 
the JNK signaling pathways[34]. 

In conclusion, feeding short peptide EN supplemented 
with glutamine can accelerate postoperative recovery 

after IPAA in rats. It can also improve nutritional status, 
which has important implications for the nutritional 
support of patients with UC after IPAA. In terms of 
nutritional support, EN can be used in patients with UC 
at the early postoperative stage, and glutamine may be 
added as appropriate to improve the nutritional status of 
patients and speed up their recovery. 

ARTICLE HIGHLIGHTS
Research background
Glutamine is a nutrient active in the immune system, and may influence 
recovery after surgery. However, clinical research into nutritional support for 
ulcerative colitis (UC) patients after ileal pouch-anal anastomosis (IPAA) is 
currently lacking. Therefore, it is important to explore appropriate postoperative 
nutritional support to address the issue of postoperative malnutrition.

Research motivation
The purpose of this study was to investigate the effects of enteral nutrition 
(EN) supplemented with different nutrients on recovery, nutritional status, 
and mucosal barrier function of the ileal pouch in IPAA rats. These results will 
provide an experimental basis for nutritional treatment of ulcerative colitis (UC) 
patients after IPAA.

Research objectives
To assess the effect of EN supplemented with glutamine on recovery after IPAA 
in rats, to provide an experimental basis for nutritional support in patients with 
UC after IPAA.
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Figure 5  Immunohistochemical staining of the ileal pouch mucosa. Immunohistochemical staining in the (A) control, (B) EN, and (C) IN groups are shown. 
D: Expression levels of occludin protein in the EN and IN groups were significantly higher compared with the control group (P < 0.05 for both), but there was no 
significant difference between the EN and IN groups (P > 0.05 for both). Bars represent mean ± SD, n = 8. EN: Enteral nutrition; IN: Immune nutrition. 
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Research methods
Male Sprague-Dawley (SD) rats were randomly divided into three groups (n 
= 8) after IPAA operation using a microsurgical technique. From the third day 
postoperatively, rats in the control group, EN group, and immune nutrition (IN) 
group were fed standard rat chow, short peptide EN, and short peptide EN 
combined with glutamine ad libitum, respectively. The rats’ general condition 
was observed throughout the study. Serum levels of total protein, albumin, 
prealbumin, and transferrin were detected on the 30th day postoperatively, 
using an automatic biochemical analyzer. The ileal pouch mucosa was stained 
with hematoxylin and eosin, and occludin protein levels were detected by 
immunohistochemistry.

Research results
The body weight of rats in the EN group was significantly higher than that in the 
control group (P < 0.05) and lower than that in the IN group (P < 0.05) on the 
30th day postoperatively. The levels of serum TP, ALB, PA, and TF in the EN 
group were significantly higher than those in the control group (P < 0.01 for all) 
and lower than those in the IN group (P < 0.05 for all). Histopathological scores 
and expression levels of occludin protein were significantly lower in the control 
group compared with the EN and IN groups (P < 0.05 for all), but there were no 
significant differences between the latter two groups (P > 0.05 for all).

Research conclusions
Feeding short peptide EN supplemented with glutamine can accelerate 
postoperative recovery after IPAA in rats. It can also improve nutritional status, 
which has important implications for the nutritional support of patients with UC 
after IPAA. In terms of nutritional support, EN can be used in patients with UC 
at the early postoperative stage, and glutamine may be added as appropriate to 
improve the nutritional status of patients and speed up their recovery.

Research perspectives
In the future, we will further study on the nutritional support following IPAA 
procedure, such as enteral nutrition supplemented with probiotics, to improve 
the postoperative life quality.
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