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Abstract
AIM: To investigate the effect of sodium pentobarbitone 
(SP) or ketamine/xylazine (KX) anesthetics on acute 
gastric injury. 

METHODS: Portal hypertension was induced by bile 
duct ligation (BDL) or portal vein stenosis (PVS). Ethanol 
(EtOH)-induced gastric damage was assessed using ex 
vivo gastric chamber experiments. Gastric blood flow 
(GBF) was also measured by laser doppler flowmetry. 

RESULTS: EtOH-induced gastric damage was reduced 
in BDL rats under KX anesthesia in comparison to those 
under SP anesthesia. GBF dysfunction in fasted BDL rats 
was partially restored under KX anesthesia. In contrast, 
in fasted PVS rats, EtOH-induced gastric damage was 

increased under KX anesthesia while GBF was reduced. 

CONCLUSION: The use of KX anesthesia in experim
ental procedures involving cirrhotic rats (but not those 
with pure portal hypertension) is preferable to SP anest
hesia.

© 2010 Baishideng. All rights reserved.

Key words: Sodium pentobarbitone; Portal hypertension; 
Cirrhosis; Gastric damage; Ketamine/xylazine
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INTRODUCTION
The use of  anesthetics can differentially affect a number 
of  physiological parameters (cardiovascular, metabolic and 
hemodynamic) in experimental models[1-3]. As such, the use 
of  certain anesthetics can affect the outcome of  studies and 
different therapeutic interventions may be influenced by 
different anesthetic approaches. Ketamine is usually used as 
a short-acting anesthetic and analgesic agent that induces a 
trance-like anesthetic state known as dissociative anesthesia 
in both animals and humans[4]. Xylazine is considered safe 
when used alone or in combination with other anesthetics 
and analgesics such as ketamine or isoflurane in animal 
research. Co-administration of  ketamine with xylazine (KX) 
is a routine anesthetic regimen for domestic and laboratory 
animals including mice and rats[5]. The sedative and muscle-
relaxing properties of  xylazine are beneficial in reducing side 

Online Submissions: http://www.wjgnet.com/2150-5349office
wjgpt@wjgnet.com
doi:10.4292/wjgpt.v1.i4.81
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effects of  ketamine such as tremor and muscle rigidity[6,7]. 
Recent research has revealed that KX may influence some 
physiological responses to surgical procedures or drug 
effects in small laboratory animals. In comparison to other 
anesthetics, it has been reported that KX increases the 
infarct size in cerebral ischemia[8], induces hyperglycemia 
in fed rodents[9], reduces TNF-α expression in rat spleen[10] 
and influences lipopolysaccharide-induced endotoxemia[11]. 
Some anesthetics have cardio- or renoprotective effects 
which may be relevant to designing ischemia-reperfusion 
protocols[12,13]. They can affect the systemic hemodynamic[14] 
and may induce moderate to severe tissue damage[15].

The laboratorial use of  anesthetic agents such as ke
tamine associated with xylazine (KX) and sodium pent
obarbitone (SP) could induce alterations of  gastric blood 
flow (GBF) in portal hypertensive rats. In addition, special 
attention to GBF during anesthesia in the cirrhotic rats’ 
model could be important since the anesthetic agents 
could be worsening the gastric mucosa damage. This study 
aimed to evaluate the KX and SP anesthetic effects on 
GBF and ethanol (EtOH)-induced gastric damage in portal 
hypertensive rats.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats (200-250 g) provided by the 
Animal House of  the State University of  Campinas were 
used in all experiments. They were housed in plastic cages 
and had free access to water and standard pellet chow. 
The experimental protocols were approved by the Ethical 
Principles in Animal Research adopted by the Brazilian 
College for Animal Experimentation. 

Induction of portal hypertension 
Portal hypertension was induced in male Sprague-
Dawley rats anesthetized with either a mix of  ketamine 
plus xylazine (100:10 mg/kg; ip) or SP (25-50 mg/kg; 
ip) using two procedures. Prehepatic portal hypertension 
was provoked by portal vein stenosis (PVS) according 
to Chojkier et al[16] (1981). The portal vein was isolated 
and a stenosis created by placing a single ligature of  a 3-0 
silk around both the portal vein and a 20-gauge blunt-
tipped needle. The needle was then removed from the 
ligature, creating a calibrated constriction of  the portal 
vein. In another experimental group, biliary cirrhosis with 
intrahepatic portal hypertension was induced by common 
bile duct ligation (BDL) as described by Lee et al[17] (1986). 
Briefly, BDL was performed by isolating the common bile 
duct and placing two 4-0 sutures proximal/distal to the 
porta hepatis. Next, a 5-10 mm segment between ligatures 
was resected. The abdomen was then sutured with 4-0 silk 
and the animals were allowed to recover. Controls had a 
sham operation. Experiments were performed 2[16] or 4[17] 
wk following surgery when pure portal hypertension and 
liver cirrhosis were established respectively.

Ethanol-induced gastric damage
Gastric resistance to a 40% EtOH-induced injury was 

investigated using an ex vivo gastric chamber preparation. 
Rats were fasted for 16 h prior to the procedure. Rats were 
anesthetized by SP or ketamine plus xylazine and placed 
over a heating pad connected to a rectal probe (Harvard 
Apparatus, Holliston, MS) to maintain body temperature 
at 37℃. The stomach was exposed following a midline 
laparotomy and opened with an incision along the greater 
curvature. It was pinned over a plexiglass platform and 
clamped with a plexiglass cylinder. The experiments 
consisted of  six periods of  10 min each. The mucosa was 
bathed with phosphate buffered saline for two periods 
followed by 40% ethanol for one period and then HCl at 
pH 1.5 for three periods. All solutions were at 37℃ when 
added to the chamber and continuously stirred at 200 r/m. 
The stomach was photographed at the end of  experiments 
and damage (percent total glandular mucosa) analyzed using 
computerized planimetry by an observer blinded to the 
different treatment groups[18].

Gastric blood flow measurement
GBF was measured using laser-Doppler flowmetry and the 
ex vivo gastric chamber preparation[18]. A pencil probe (type 
N, penetration 1 mm, Transonic, Ithaca, NY) connected to 
a flowmeter (BLF 21D, Transonic, Ithaca, NY) was placed 
over the corpus. The preparation was equilibrated for 5 
min. Basal GBF was then recorded for 5 min and experi-
ments performed according to the protocol described pre-
viously[17]. GBF was recorded throughout the 60 min and 
maximum changes in flow were expressed as percentage 
change over basal[19].

Drugs/chemicals
All drugs were of  analytical grade. SP (Hypnol®, Cristalia), 
Xylazine (Rompun®, Bayer) and ketamine (Ketalar®, 
Parke-Davis) were used as clinically available preparations. 

Statistical analysis
Data are expressed as mean ± SEM and comparisons 
among groups (n = 5) were analyzed by one-way ANOVA 
followed by the Student’s Newman-Keul’s test for multiple 
comparisons. Statistical significance was considered when 
P < 0.05.

RESULTS
Effects of anesthetics on ethanol-induced injury in rats 
with portal hypertension
In control animals under SP or KX anesthesia, topical 
application of  ethanol produced minimal gastric damage 
(20% ± 3%; n = 5, Figure 1). This was associated with a 
reduction in GBF followed by a hyperemic response when 
the mucosa was bathed with HCl (Figure 2A). 

In BDL rats under SP anesthesia, the EtOH-induced 
damage increased over the control value to 76% ± 4%  
(n = 5; Figure 1). However significant (P < 0.001) protec-
tion in gastric damage was obtained when BDL rats were 
anesthetized with KX (50% ± 6%; n = 5; Figure 1). This 
was associated with the development of  a hyperemic re-
sponse to ethanol in BDL.
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In contrast to SP anesthesia, higher EtOH-induced 
gastric damage was observed in PVS rats under KX anes
thesia (16% ± 3% for KX vs 5% ± 2 % for SP; n = 5; 
Figure 1).

Effects of anesthetics on gastric blood flow
The effects of  anesthetics on GBF responses submitted 
to 40% EtOH-induced injury were investigated in control 
and portal hypertensive rats. Control animals under SP 
or KX anesthesia did not show a difference in hyperemic 
responses (n = 5, Figure 2A). In BDL rats under SP ane
sthesia, any changes in GBF were observed throughout the 
experiments. On the other hand, KX anesthesia partially 
restored GBF dysfunction in BDL rats, contributing to the 
reduced gastric damage observed (n = 5, Figure 2B).

In contrast, KX anesthesia lowered GBF in PVS rats. 
This was associated with reduced hyperemic response to 
topical application of  40% ethanol over the gastric mucosa. 
However, under SP anesthesia GBF was increased in PVS 
rats (n = 5, Figure 2C). 

DISCUSSION
This study demonstrates that sodium pentobarbitone (SP) 
and Ketamine/Xylazine (KX) anesthetics have significantly 
different effects on GBF in fasted portal hypertensive 
rats. The cirrhotic rats (e.g. BDL rats) treated under KX 
anesthesia had less gastric mucosal damage from ethanol 
stimulus. While the specific process by which KX anesthet-
ics affect GBF is unknown, previous studies demonstrate 
that glucose levels are improved under treatment with KX 
anesthetics via α2- adrenoreceptor activation[19] and in turn 
the glucose acts to impair vagal activity in the stomach[20]. 
Therefore, it suggests that the increase of  glucose serves to 
increase the pressure of  GBF. 

Physiological changes in the blood glucose concentration 
have been reported to modulate gastrointestinal motor 
function[21,22], particularly stomach motor function[20]. For 
example, hyperglycemia has been documented to exert an 

inhibitory effect on gastric function under a number of  
experimental conditions and in a wide range of  species.

The mechanism responsible for hyperglycemia-induced 
inhibition of  gastric motility remains unclear. In terms 
of  mechanism, it has been proposed by several investiga-
tors that glucose acts to impair vagal activity to the stom-
ach[23-25]. In addition, there are some studies showing that 
systemically administered glucose produces a decrease in 
efferent activity of  the gastric vagus nerve[20,26,27]. Moreover, 
it has been proposed that glucose acts in the hepatic portal 
area to inhibit hepatic afferent nerve traffic to the brain 
which results in a reflex reduction in efferent activity of  
the gastric vagus nerve[26,28]. It has also been proposed that 
glucose acts in the brain to alter control of  vagal mediated 
gastric motility[25,27,29,30].

Xylazine is analogue of  clonidine and its effect as a 
α2-adrenergic agonist is known. It has been reported that 
activation of  α2-adrenoceptor can increase, decrease or 
not change the levels of  glucagon. Increased glucagon 
levels associated with decreased insulin levels may account 
for hyperglycemic effect of  α2-adrenoceptor agonist[31,32]. 
In rats, xylazine increases urine flow rate by activating of  
the α2-adrenergic receptors in hypothalamic paraventricu-
lar nucleus which in turn decreases vasopressin release[33]. 
Saha et al[9] (2005) demonstrated that KX anesthetic in-
creases blood glucose in fasted rats. It suggests that the 
acute hyperglycemia effect of  KX reflects, in part, α2-
adrenoceptor-dependent changes of  glucoregulatory hor-
mones including insulin, growth hormone, adrenocortico-
trophic hormone and corticosterone[34,35]. Ketamine also 
induces changes in GBF. Rodrigues et al[36] (2006) demon-
strated that KX anesthesia reduced the constrictor effect 
of  noradrenaline in mesenteric arterioles when compared 
to chloral hydrate anesthesia. The reduction may be ex-
plained by a direct effect of  ketamine on vascular smooth 
muscle cells causing relaxation[37,38]. Hence, this inhibition 
of  contraction can be caused by agonists. It has been 
demonstrated in isolated aorta[39] and in the mesenteric 
artery[40]. These effects are primarily caused by the reduc-
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Figure 1  Gastric damage in control and portal hypertensive rats. Ethanol (EtOH)-induced gastric damage was significantly increased in cirrhotic bile duct ligation (BDL) 
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the portal hypertensive gastric mucosa to ethanol-induced damage. An inverse effect was obtained from KX and SP anesthetics in portal vein stenosis rats. Asterisks denote 
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tion of  calcium flow into cells by the inhibition of  voltage 
dependent L-type calcium channels[41]. Besides, the effect 
of  ketamine reduces the endothelial release of  nitric oxide 
(NO)[42]. Despite noradrenaline promoting vasoconstric-
tion, this effect was reduced in the KX-anesthetized rats. It 
occurred independent of  the NO release reduction that it 
promoted by ketamine[36].

The data of  the research suggest that administration 
of  KX in BDL rats partially restored the hyperemic gas-
tric response to topical ethanol administration. In con-
trast, when SP was administered in BDL rats, any changes 
in hyporesponsive GBF followed topical ethanol adminis-

tration was observed. 
The gastric mucosa of  the PVS rats group responded 

differently to anesthetic treatments. Naturally, the PVS 
rats group has elevated GBF because of  the presence of  
excessive vasoactive mediators[43]. However, under KX 
anesthesia it was observed that the GBF is reduced in PVS 
rats whereas the high GBF of  PVS rats under SP anesthe-
sia was not altered. The high GBF protected the gastric 
mucosa from damage stimulus caused by topical ethanol 
administration.

PVS and common BDL are models used to evaluate 
portal hypertension in rats. However, the effects of  ethanol 
on portal hypertensive gastric mucosa are different between 
these models. GBF differs between the models under SP 
anesthesia. Thus it is suspected that links exist between 
liver damage, the pentobarbital administration and levels of  
vasodilator mediators. Pentobarbital has important vascular 
effects in rats with portal hypertension and cirrhosis.

Studies have shown different results under the two 
models of  portal hypertensive gastropathy: in the BDL 
model there is evidence of  alterations of  basal hemody-
namic parameters which augment the gastric lesions[17,19,44]; 
these lesions were reduced in the PVS model. The low 
damage resistance in the BDL group could be due to the 
fact that, at the same time, the liver is involved and the 
pentobarbital anesthesia was used.

In animal models, it is generally assumed that the physi-
ological parameters under general anesthesia represent 
the basal state of  the animal (before institution of  the 
disease model). However, the anesthetic category can vari-
ably affect cardiovascular, neurohumoral and behavioral 
parameters. Similarly, if  the fed and fasted states of  ani-
mals are chosen arbitrarily, it may cause several changes in 
physiological parameters. Therefore, it is possible that the 
anesthetic category agents and/or fed and fasted states of  
animals used in the studies with different therapeutic inter-
ventions can influence the results. 

This study suggests that are significant differences in 
the GBF and gastric damage after intraperitoneal injection 
of  the anesthetic agents between PVS and common BDL 
models. In the latter model, the rats under SP anesthesia 
did not show any changes in GBF although it increased 
gastric damage. On the other hand, ketamine associated 
with xilazine (KX) anesthesia was able to partially restore 
GBF dysfunction in BDL rats, contributing to the reduced 
gastric damage.

The use of  KX anesthesia in BDL model should be 
preferred to SP anesthesia, demonstrating that the choice 
of  appropriate anesthetics should avoid misleading inter-
pretation of  experimental data.

Data from this research suggest that the choice of  ap-
propriate anesthetics in experimental models of  portal hy-
pertension present extreme relevance and should be taken 
in to consideration before the completion of  these studies 
in order to avoid misleading interpretation of  the data.

COMMENTS
Background
Portal vein obstruction can cause portal hypertension and other clinical disorders 
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Figure 2  Gastric blood flow responses by topical application of ethanol 
(40%) in control (A), bile duct ligation (B) and portal vein stenosis (C) rats. 
A: Under both sodium pentobarbitone and ketamine/xylazine anesthesia, a 
reduction in gastric blood flow (GBF) was observed in control rats followed by 
hyperemic response of the gastric microcirculation (n = 5); B: GBF responses 
were absent in bile duct ligation rats under sodium pentobarbitone anesthesia 
whereas ketamine/xylazine anesthesia partially restored GBF responses to 
ethanol (n = 5); C: GBF rates increased in portal vein stenosis rats under 
sodium pentobarbitone anesthesia while under ketamine/xylazine anesthesia 
was reduced (n = 5).
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such as severe hemorrhage. So, it is very important to prevent hemorrhages 
in gastrointestinal surgical procedures. In addition, many kinds of drugs have 
vasoactive actions such as vasodilatation or vasoconstriction. Anesthetics 
are vasoactive drugs and should be used carefully in gastrointestinal surgical 
procedures due to side effects on gastric mucosal blood flow. In this work, the better 
anesthetic to use in surgery of the gastric mucosa of portal hypertensive rats was 
suggested.
Research frontiers
Ketamine/xylazine (KX) and sodium pentobarbitone (SP) are two anesthetics for 
experimental and medical use. In the area of preventing gastric hemorrhage and 
simultaneously reduce gastric damage, the effects of these anesthetics on gastric 
blood flow (GBF) response to 40% ethanol-induced injury were investigated in 
control and portal hypertensive rats using laser doppler flowmetry and gastric 
chamber techniques.
Innovations and breakthroughs
In order to reduce gastric damage and improve GBF from portal hypertensive 
rats, the rat gastric mucosa was submitted to ethanol stimulus under two different 
kinds of anesthetics. Bleeding and gastric damage in bile duct ligation (BDL) rats 
were reduced under KX anesthesia but not in pure portal hypertension. On the 
other hand, bleeding and gastric damage were increased in BDL rats under SP 
anesthesia while the GBF was reduced. The present study shows that the use of 
inappropriate anesthetic can aggravate gastric damage in portal hypertensive rats.
Applications
The results of this study suggest that the use of KX in experimental procedures 
involving cirrhotic rats is preferable to SP anesthesia, demonstrating that the 
choice of appropriate anesthetics should avoid misleading interpretations of 
experimental data.
Terminology
Portal Hypertensive Gastropathy (PHG) is a subclinical entity from portal 
hypertension and it can cause severe hemorrhage. BDL and portal vein stenosis 
are two experimental models to induce portal hypertension in rats. KX and SP are 
two anesthetics for experimental and medical use.
Peer review
This is a good descriptive study in which the authors analyze the effect of two 
different kinds of anesthetic drugs on gastric damage induced by ethanol in rats. 
The results are interesting and suggest that KX is a potential anesthetic that could 
be the better choice to reduce gastric hemorrhage in surgical procedures in PHG.
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Instructions to authors

GENERAL INFORMATION
World Journal of Gastrointestinal Pharmacology and Therapeutics (World J 
Gastrointest Pharmacol Ther, WJGPT, online ISSN 2150-5349, DOI: 
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communication of  scientific research results. The open access model 
has been proven to be a true approach that may achieve the ultimate 
goal of  the journals, i.e. the maximization of  the value to the readers, 
authors and society.
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levels of  a country, a university, a center, a department, and even 
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of  readers: Readers can read or use, free of  charge, high-quality 
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solid evidence and correct conclusion; and (4) Maximization of  the 
benefits of  employees: It is an iron law that a first-class journal is 
unable to exist without first-class editors, and only first-class editors 
can create a first-class academic journal. We insist on strengthening 
our team cultivation and construction so that every employee, in 
an open, fair and transparent environment, could contribute their 

wisdom to edit and publish high-quality articles, thereby realizing 
the maximization of  the personal benefits of  editorial board 
members, authors and readers, and yielding the greatest social and 
economic benefits.

The major task of  WJGPT is to rapidly report the most recent 
results in basic and clinical research on gastrointestinal pharmacology 
& therapeutics, including the effects of  drugs on the gastrointestinal, 
pancreatic and hepatobiliary systems, particularly with relevance to 
clinical practice. WJGPT accepts papers on the following aspects 
related to gastroenterology or hepatology: (1) Clinical pharmacological 
research articles on specific drugs, concerning with pharmacodynamics, 
pharmacokinetics, toxicology, clinical trial, drug reactions, drug 
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Guidelines of  clinical trial. Specifically, this journal welcome research 
and review articles associated with both Western medicine and Chinese 
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in the issues of  WJGPT will include: (1) Editorial: To introduce and 
comment on major advances and developments in the field; (2) 
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state of  current research, and propose directions for future research; 
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(A) 10 invited review articles on a hot topic, (B) a commentary on 
common issues of  this hot topic, and (C) a commentary on the 10 
individual articles; (4) Observation: To update the development of  
old and new questions, highlight unsolved problems, and provide 
strategies on how to solve the questions; (5) Guidelines for Basic 
Research: To provide guidelines for basic research; (6) Guidelines 
for Clinical Practice: To provide guidelines for clinical diagnosis and 
treatment; (7) Review: To review systemically progress and unresolved 
problems in the field, comment on the state of  current research, and 
make suggestions for future work; (8) Original Articles: To report 
innovative and original findings in gastrointestinal pharmacology 
& therapeutics; (9) Brief  Articles: To briefly report the novel and 
innovative findings in gastrointestinal pharmacology & therapeutics; 
(10) Case Report: To report a rare or typical case; (11) Letters to the 
Editor: To discuss and make reply to the contributions published in 
WJGPT, or to introduce and comment on a controversial issue of  
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quality monographs of  gastrointestinal pharmacology & therapeutics; 
and (13) Guidelines: To introduce consensuses and guidelines reached 
by international and national academic authorities worldwide on the 
research in gastrointestinal pharmacology & therapeutics.
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TO AUTHORS (http://www.wjgnet.com/2150-5349/g_ 
info_20100315084234.htm) before attempting to submit online. For 
assistance, authors encountering problems with the Online Submission 
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wjgnet.com, or by telephone: +86-10-85381891. If  you submit your 
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submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
information for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; (2) 
drafting the article or revising it critically for important intellectual 
content; and (3) final approval of  the version to be published. 
Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde Medical 
College, Chengde 067000, Hebei Province, China. One author may 
be represented from two institutions, for example, George Sgourakis, 
Department of  General, Visceral, and Transplantation Surgery, 
Essen 45122, Germany; George Sgourakis, 2nd Surgical Department, 
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Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 

data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-59080039  Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJGPT, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan 
University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. Please 
write the aim as the form of  “To investigate/study/…; MATERIALS 
AND METHODS (no more than 140 words); RESULTS (no more 
than 294 words): You should present P values where appropriate and 
must provide relevant data to illustrate how they were obtained, e.g. 6.92 
± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no more than 26 
words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communication 
and case reports, the main text should be structured into the 
following sections: INTRODUCTION, MATERIALS AND 
METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in the 
main text or in Figures and Tables, but not in both. The main text 
format of  these sections, editorial, topic highlight, case report, letters 
to the editors, can be found at: http://www.wjgnet.com/2150-5349/
g_info_20100315085528.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
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This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf ; ht tp ://www.wjgnet .com/1007-9327/13/4554.pdf ; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet .com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should 
be used rather than magnification factors, with the length 
of  the bar def ined in the legend rather than on the bar 
itself. File names should identify the figure and panel. Avoid 
layering type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1 
Pathological changes in atrophic gastritis after treatment. A: ...; B: 
...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle to publish high 
resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.
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Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.
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Statistical data
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Express t test as t (in italics), F test as F (in italics), chi square 
test as χ2 (in Greek), related coefficient as r (in italics), degree 
of  freedom as υ (in Greek), sample number as n (in italics), and 
probability as P (in italics).

Units
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pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 
96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; 
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L 
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. 
Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2150-5349/
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Standard abbreviations should be defined in the abstract and 
on first mention in the text. In general, terms should not be 
abbreviated unless they are used repeatedly and the abbreviation 
is helpful to the reader. Permissible abbreviations are listed in 
Units, Symbols and Abbreviations: A Guide for Biological and 
Medical Editors and Authors (Ed. Baron DN, 1988) published by 
The Royal Society of  Medicine, London. Certain commonly used 
abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG, 
WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, 
can be used directly without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
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Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor 
language polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
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Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2150-5349/
g_info_20100315090255.htm.
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manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers,  
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Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released 
rapidly at EurekAlert/AAAS (http://www.eurekalert.org). The 
title for news items should be less than 90 characters; the summary 
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your original content with an attractive title and interesting pictures.
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