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Abstract

AIM: To contrast the effects of various modifications
of body fluid volumes on thirst as reported by healthy
volunteers.

METHODS: Ten male volunteers aged between 19
and 37 years (mean 22 years) underwent four experi-
ments each, which comprised infusion of 400-800 mL
of acetated Ringer’s solution and intake of 600 mL of
tap water. Half of the experiments were preceded by
volume depletion (median 1.7 L) with furosemide. A
visual analogue scale (0-100 mm) was used to assess
perceived thirst during each experiment.

RESULTS: Volume depletion (P < 0.001) and tap water
(P < 0.03) both affected thirst by 13 mm per L of fluid,
whereas spontaneous diuresis and infusion of Ringer’s
acetate did not significantly change the thirst rating
(multiple regressions). More detailed analyses showed
that the volume depletion increased the median (25th-
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75th percentiles) thirst rating from 28 mm (21-43) to
59 mm (46-72, P < 0.001) while no change occurred in
those who were only slightly thirsty (< 30 mm) before
the volume depletion began. Ringer’s solution allevi-
ated thirst in those who were very thirsty, but tended
to increase thirst in the volunteers who were not thirsty
before the infusion. Similarly, hydration with tap water
decreased thirst (by 24 mm, P < 0.04) in those who
were thirsty (> 60 mm) while the others reported no
change.

CONCLUSION: The change in thirst rating during vol-
ume depletion, administration of Ringer’s acetate, and
ingestion of tap water were all dependent on the thirst
rating obtained when the manipulation of the body fluid
volume was initiated.

© 2012 Baishideng. All rights reserved.

Key words: Thirst perception; Body fluid; Homeostasis;
Volume depletion

Peer reviewer: Moses Elisaf, Professor, Department of Internal
Medicine, University of loannina, Medical School, 451 10 Ioan-
nina, Greece
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Available from: URL: http://www.wjgnet.com/2220-315X/full/v2/
il/1.htm DOTL: http://dx.doi.org/10.5493/wjem.v2.i1.1

INTRODUCTION

Thirst can be defined as a subjective perception and a
deep-seated sensation or desire that causes a power-
ful behavioral drive to drink water. Stimuli that increase
thirst include dryness of mouth, increased angiotensin
I concentration and osmolality, and decreased blood
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volume and arterial pressure. Changes of these factors
in the opposite direction decrease thirst, which does also
distention of the stomach!”. However, how these factors
interact when combined is poorly known.

The present study quantifies and contrasts the ef-
fects of vatious modifications of body fluid volumes on
thirst as reported by healthy volunteers. Such knowledge
is of value for further studies of thirst in disease, which
is apparently changed in, for example, congestive heart
failure”. Therefore, this study examined combinations of
treatments commonly given to modify fluid balance, such
as the administration of electrolyte solution and tap water
as well as spontaneous and furosemide-induced urinary
excretion.

MATERIALS AND METHODS
Subjects

Ten healthy male volunteers with a mean age of 22 years
(range 19-37 years) and with a body weight of 80 kg
(75-100 kg) underwent 4 experiments each. The protocol
was approved by the Ethics Committee of Linkoping
University (Ref. M114-09, ClinicalTrials.gov Indentifier
NCT01062776). Each volunteer gave his consent for
participation after being informed about the study both
orally and in writing,

On the days of the experiments, the volunteers fasted
after midnight but drank 800 mL of water at 6:00 AM.
By allowing 2 h to excrete excess fluid we regarded that
the volunteer would have arrived at their optimal degree
of hydration when the experiments started at 8 AM in
the Department of Intensive Care at Linképing Univer-
sity Hospital.

Study arms

The study was designed to challenge whether changes in
thirst during administration of tap water and various vol-
umes of electrolyte-containing fluid would be different if
performed in a setting of euhydration or volume deple-
tion.

All 10 volunteers underwent the 4 experiments in ran-
dom order, determined by the sealed envelope method,
and the experiments were separated by at least 2 d.

The layout consisted of 2 arms, one being determined
by whether the infused volume of Ringet’s was 5 mL/kg
or 10 mL/kg body weight and the other whether or not
the infusion was preceded by a volume depletion proce-
dure. Hence, the 4 experiments included: (1) 5 mL/kg of
acetated Ringer’s followed by 600 mL of tap water; (2)
volume depletion, 5 mL/kg of acetated Ringer’s followed
by 600 mL tap water; (3) 10 mL/kg of acetated Ringet’s
solution followed by 600 mL of tap water; and (4) volume
depletion, 10 mL/kg of acetated Ringet’s followed by
600 mL of tap water.

Fluid infusions and volume depletion
The volunteers were placed in the lying position on bed
and a cannula was placed in the cubital vein. Thirty min-
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utes of rest was allowed before the experiments started.

In the half of the experiments where volume deple-
tion was to be induced, repeated intravenous doses of
5 mg of furosemide (Furix 10 mg/ml., Nycomed, Stock-
holm, Sweden) were given until diutresis of between 1.5
and 2.0 L had been achieved. For this purpose, 25 (range
15-35) mg of furosemide was required. Sixty minutes
clapsed between the last dose of furosemide and the
subsequent infusion of the Ringer’s solution, and the
complete volume depletion procedure required approxi-
mately 2 h.

Plasma volume expansion was achieved by infusing
acetated Ringer’s solution (Baxter Medical AB, Kista,
Sweden; sodium 130, chloride 110, acetate 30, potassium
4, calcium 2, magnesium 1 mmol/L) over 15 min with
the aid of an infusion pump. The fluid bag was kept 1 m
above the bed on a radiant warmer to have a temperature
of 27-30 ‘C when entering the volunteer. During and for
90 min after the infusion, venous blood samples up to a
total of 40 mL were withdrawn and analyzed as present-
ed elsewhere!”.

The urinary excretion resulting from the infusion of
acetated Ringer’s was collected and measured 2 h after
the infusion started.

Thereafter, the volunteer drank 600 mL of tap water.

In the half of the experiments that did not include a
volume depletion procedure, the infusion of Ringer’s ac-
etate solution was initiated after the initial resting period.

Assessment of thirst

A visual analogue scale (VAS) was used to assess perceived
thirst. For this purpose, the study participants were asked
to mark with a cross on a 100 mm line to rate their thirst
from none (0 mm) to worst possible thirst (100 mm). The
VAS scale is commonly used to estimate pain and quality
of life", and to evaluate thirst in patients with cancer, with
renal or heart failure, and in patients during trauma resus-
citation”™. However, the scale has not been used previ-
ously to grade thirst in volunteers subjected to controlled
alterations of the fluid balance.

The rating of thirst on the VAS scale was done in the
beginning of each experiment, approximately 2 h after the
volume depletion procedure was started (if any), 2 h after
the infusion of Ringer’s had been initiated, and 30 min
after rehydration with tap water.

In total, 3 thirst ratings were performed in Experi-
ments 1 and 3 (without volume depletion), and 4 thirst
ratings were recorded in Experiments 2 and 4 (with vol-
ume depletion). Data were missing or rendered invalid on
7 of these 140 occasions, which was usually due to diffi-
culties in obtaining a urine collection in close connection
with the thirst rating,

Urinary excretion

The volunteers were asked to void just before each thirst
rating was made, but they were allowed to void freely in a
plastic urine bag without rising up from the bed. The vol-
ume of the collected utine was recorded on admission to

February 20, 2012 | Volume 2 | Issuel |



the hospital, after the 2-h volume depletion period, 2 h af-
ter the infusion of Ringer’s had been initiated, and exactly
30 min after the tap water was ingested.

The urine collection made at admission to the hospi-
tal was tested for color according to a standardized eight-
graded scale as described elsewhere™. Urine colors 1-3
indicate that an otherwise healthy human is well hydrated,
4-5 the existence of moderate volume depletion, and 6-8

severe volume depletionm.

Statistical analysis

The results are given as medians (25th-75th percentiles)
due to the frequent occurrence skewed distributions.
Changes were examined by the Wilcoxon matched-pair
test and differences between groups by the Mann-Whit-
ney U test. Simple and multiple linear regression analysis
evaluated correlations. P < 0.05 was considered statisti-
cally significant.

RESULTS

Thirst ratings

The thirst rating at baseline for all 40 experiments was 27
(17-39). The systolic arterial pressure was 120 (112-122)
mmHg and the diastolic pressure 65 (55-67) mmHg. The
urine collections made at baseline all showed color grades
1, 2 or 3. Hence, all volunteers could be considered to be
“well hydrated” when the experiments begun[()].

In the 50% of the experiments that started with vol-
ume depletion, the furosemide induced diuresis amount-
ing to 1.7 (1.5-1.8) L, which increased the thirst rating
from 28 (21-43) to 59 (46-72, P < 0.001; » = 20; Figure 1
top). During the volume depletion process, the diastolic
pressure increased by 9% (P < 0.02) whereas the systolic
pressure did not change.

There was no overall statistically significant change in
thirst due to the infusion of Ringer’s solution.

Before drinking tap water, overall thirst rating was
45 (32-60) and after drinking, it was 37 (27-55, P < 0.10;
Figure 1, bottom).

Spontaneous diuresis during the experiments amount-

ed t0 0.7 (0.4-1.0) L.

Multiple regression analysis

A single multiple regression analysis was made based
on all 133 valid thirst ratings obtained during the ex-
periments. The result showed that both furosemide-
induced diuresis and ingestion of tap water significantly
and independently modified thirst intensity (P < 0.001
and P < 0.03, respectively) whereas Ringer’s acetate and
spontaneous diuresis did not. The degree of change was
quite similar - one liter of furosemide-induced urinary
excretion increased the thirst rating by 13% and one liter
of tap water decreased thirst by 13%. In this analysis, the
urinary excretion was set to zero for the baseline thirst
rating. The furosemide-induced diuresis was set to the
voided volume when volume depletion was performed
and to zero when volume depletion was not performed.
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Figure 1 Thirst ratings by volunteers before and after volume depletion
by 1.7 L (top) and before and after intake of 600 mL of tap water (bottom).
Previous volume depletion with diuretics did not statistically affect the thirst re-
sponse to the intake of tap water. Median values are marked. Volume depletion
was only performed in half of the experiments.

Change vs baseline thirst

The change in thirst rating in the individual volunteers
during volume depletion, administration of Ringet’s ac-
etate, and ingestion of tap water were all dependent on
the thirst rating obtained when the change in body fluid
volume was initiated (Figure 2).

Hence, there was a statistically significant linear rela-
tionship between the change in thirst rating and the value
recorded before furosemide was given (r = -0.68, P <
0.002). A plot of the data rather revealed a sigmoid curve
(Figure 2, left). Volunteers scoring more than 30 mm at
baseline reported an 11 mm (-2 to 15) higher thirst rate
after volume depletion, whereas the others reported a
change of 31 (25-59) (group difference, P < 0.002). The
change in thirst also correlated independently and signifi-
cantly with the furosemide-induced voiding volume (P <
0.02).

Although there was no overall significant change in
thirst due to Ringer’s solution, volunteers with a low thirst
score were likely to have an increase in thirst (Figure 2,
middle). Hence, when thirst had not been induced by fu-
rosemide, the thirst rating changed from 21 (14-35) to 37
(22-54, P < 0.02). When furosemide had been given, the
rating hardly changed at all - from 59 (45-72) to 57 (45-74).

Finally, there was a statistically significant relationship
between the change in thirst rating and the value record-
ed before tap water was ingested (r = -0.52, P < 0.004;
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Figure 2 Volume depletion by furosemide increased thirst only in volunteers who were thirsty before volume depletion was initiated (left); conversely,
intravenous infusion of Ringer’s acetate solution (middle) and ingestion of tap water (right) decreased thirst only in those who were thirsty before the re-

spective provocation (challenge) of the fluid balance.

Figure 2, right) whereas the previous use of furosemide
(from which residual volume depletion was still present)
had no statistically significant influence (Figure 1, bot-
tom). Hence, water reduced thirst only in those who were
already thirsty; volunteers scoring less than 60 had their
thirst changed by -2 mm (-15 to +9) whereas those with a
thirst rating of 60 or more reported a change by -24 (-44
to +1) (group difference, P < 0.046).

DISCUSSION

Being a component of the regulatory mechanism that
maintains body fluid homeostasis, thirst might arise
from deficits in either intracellular or extracellular fluid
volume!”. High osmolality is a well-known signal for
thirst""'? while the relative contribution of other mecha-
nisms, such as hypovolemia and angiotensin II release,
are less well quantified.

How these factors interact when combined is even
less well known. The present study illustrates that their
contributions to the thirst experience as reported on a
VAS scale are dependent on the starting point. It was dif-
ficult to aggravate thirst in those who were already thirsty,
while those who were not thirsty indicated a markedly
increased thirst from the same stimulus. Therefore, thirst
experience seems to be saturable and only a relative
measure of fluid balance disturbances. The signal may
become blunted when adding a fluid balance alteration
upon another, although that alteration would be expected
aggravate or alleviate pre-existing thirst. Therefore, the
responses expected from the medical textbooks cannot
always be taken for granted when stimuli are combined.

General observations include that furosemide but not
spontaneous diuresis induced thirst. Furosemide dehy-
drated the volunteers by 1.7 L, which doubled the inten-
sity of the thirst sensation (Figure 1, top). Hence, only
the urinary excretion that makes the body deviate from
its optimal volume status seemed to stimulate this signal.
Moreovert, tap water decreased thirst whereas an intrave-
nous infusion of an electrolyte solution did not.
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The strength of the overall influence of furosemide-
induced diuresis and ingestion of tap water on thirst
was further quantified by means of a multiple regression
analysis. Their influence appeared to be of quite similar
magnitude, although acting in opposite directions. How-
evet, the effect of volume depletion was easier to discern
since the starting point, being the first thirst rating in the
experiment, showed less scattering. Moreover, the furo-
semide-induced diuresis was almost 3 times greater than
the intake of tap water.

The relative nature of the changes of thirst intensity
to manipulations of the fluid balance become apparent
when considering whether the volunteers reported none,
little or severe thirst before the manipulation was initi-
ated. Volume depletion induced thirst primarily in those
volunteers who had a low thirst rating before the diuretic
was given. Infusion of Ringer’s acetate induced thirst in
the volunteers who were not thirsty. On the other hand,
the Ringer’s solution did alleviate thirst in those who were
very thirsty before the infusion (Figure 2, middle). Finally,
tap water, which is grossly hypo-osmotic due to lack of
electrolytes, only relieved thirst in those who reported
intense thirst (ratings = 60) before they drank the water.

The thirst response to volume depletion described a
sigmoid function, showing the greatest change when the
starting point was 30-45 mm, while the corresponding
relationships for Ringet’s and tap water described zero-
order linear relationships (Figure 2).

Shirreffs e /" found a gradually increased thirst when
dehydration was induced by water deprivation amount-
ing to 1%, 2% and 3% of the body weight in volunteers.
The mechanism inducing such thirst is thought to be
hyperosmolahty“‘”. Loss of cell water is detected by os-
moreceptors located in the hypothalamus and this gives
tise to thirst'”. However, furosemide induces diuresis by
inhibiting sodium reabsorption, but the urinary sodium
concentration is still lower than in plasma. The thirst sen-
sation recorded in our study might therefore be the result
of hyperosmolality but also of mild hypovolemia, which
activates components of the endocrine and autonomic
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nervous systems. Such activation is evidenced by the rise
in diastolic arterial pressure that followed upon volume
depletion. Circulating angiotensin II, which is a part of
the endoctine response to reduced blood flow, might be
the direct mediator of hypovolemic thirst"’
why spontaneous diuresis did not stimulate thirst is prob-

. The reason

ably that hypovolemia was absent in that situation. How-
ever, these mechanisms are speculative as no measure-
ments of the sodium concentration or of the osmolality
were made.

Infusion of hypertonic saline stimulates thirst"? while
rehydration with 0.45% saline decreased thirst significant-
ly in young athletes"”. In the present study, we infused
Ringert’s acetate solution that has a sodium concentration
and osmolality slightly below that of extracellular body
fluid. Despite its composition, increasing the extracellular
fluid volume by an electrolyte solution induced thirst in
those who were not thirsty. This response might seem
unphysiological, but normovolemic volunteers show a
rise in serum sodium after having received Ringet’s ac-
etate due to excretion of hypotonic urine
blood samples amounting to 40 mL were withdrawn dur-
ing the period between the fluid infusion and its distribu-
tion to the extracellular fluid volume. Finally, no water
was allowed by mouth duting the 2-h period between the
thirst ratings. Still, when entering all fluid volume changes
in an overall regression analysis, the conclusion is that
Ringer’s acetate did not influence the thirst intensity.

Oral intake of water reduces thirst!"""” which differs
in composition from Ringet’s solution by being almost
completely devoid of electrolytes. However, an effect on
thirst can be discerned even before plasma osmolality
decreases''”. Further, gargling with tap water for 2 min
relieves thirst'”. In the present study, the overall effect of
tap water on thirst was statistically significant and had the
same strength as furosemide-induced diuresis. Again, the
effectiveness of tap water was greatly dependent on the
thirst grading reported when drinking began.

The thirst response to volume depletion followed the
sigmoid form that is typical of saturable receptor mecha-
nisms. On the other hand, the linear relationship between
the change in thirst rating resulting from the intake of
tap suggests that the mechanism here is a different one.
The authors hypothesize that the first one is the result of
angiotensin Il stimulation while the second is an effect
of osmolality.

Limitations of the present study include the use of
various time periods between the induction of the fluid
balance change and the assessment of thirst. With re-
gard to volume depletion, 2 h passed until the volume
depletion procedure was completed. Ringer’s solution
requires 25-30 min to distribute in the extracellular fluid
volume™, but an additional 75 min elapsed before the as-
sessment of thirst because urine is usually not passed un-
til that time. Finally, thirst was assessed 30 min after the
ingestion of tap water because the water was expected to
have a rapid turnover and pethaps to be voided early.

In conclusion, thirst is stimulated by volume deple-

8]
1. Morteover,

(49

TR
Jaishideng®

WJEM | www.wjgnet.com

Li YH et a/. Effects of fluids and furosemide on thirst

tion and relieved by tap water but the response is greatly
dependent on whether thirst is present before the fluid
challenge. Only those individuals who reported interme-
diately severe thirst, the range being from approximately
30 to 60 mm, were clearly susceptible to stimuli that ei-
ther increased or decreased thirst. Spontaneous diuresis
and infusion of Ringer’s acetate solution did not signifi-
cantly affect thirst.
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GENERAL INFORMATION

World Journal of Experimental Medicine (World | Exp Med, W]EM, on-
line ISSN 2220-315X, DOI: 10.5493) is a bimonthly peer-reviewed,
online, open-access (OA), journal supported by an editorial board
consisting of 104 experts in experimental medicine from 30 coun-
tries.

The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and 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.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of the publica-
tion of scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views,
as well as promoting the application of scientific achievements, but
also in formally recognizing the "priority" and "copyright" of in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes
of WJEM and create a well-recognized journal, the following four
types of personal benefits should be maximized. The maximization
of personal benefits refers to the pursuit of the maximum personal
benefits in a well-considered optimal manner without violation of
the laws, ethical rules and the benefits of others. (1) Maximization
of the benefits of editorial board members: The primary task of
editorial board members is to give a peer review of an unpublished
scientific article via online office system to evaluate its innovative-
ness, scientific and practical values and determine whether it should
be published or not. During peer review, editorial board members
can also obtain cutting-edge information in that field at first hand.
As leaders in their field, they have priority to be invited to write
articles and publish commentary articles. We will put peer review-
ers’ names and affiliations along with the article they reviewed in
the journal to acknowledge their contribution; (2) Maximization
of the benefits of authors: Since IWJEM is an open-access journal,
readers around the wortld can immediately download and read, free
of charge, high-quality, peer-reviewed articles from WJEM official
website, thereby realizing the goals and significance of the com-
munication between authors and peers as well as public reading; (3)
Maximization of the benefits of readers: Readers can read or use,
free of charge, high-quality peer-reviewed articles without any lim-
its, and cite the arguments, viewpoints, concepts, theories, methods,
results, conclusion or facts and data of pertinent literature so as to
validate the innovativeness, scientific and practical values of their
own research achievements, thus ensuring that their articles have
novel arguments ot viewpoints, solid evidence and correct conclu-
sion; 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 con-
struction so that every employee, in an open, fair and transparent
environment, could contribute their wisdom to edit and publish
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high-quality articles, thereby realizing the maximization of the per-
sonal benefits of editorial board members, authors and readers, and
yielding the greatest social and economic benefits.

Aims and scope

WJEM aims to rapidly report rapidly new theories, methods and
techniques for prevention, diagnosis, treatment, rehabilitation and
nursing in the field of experimental medicine. WJEM covers topics
concerning clinical laboratory medicine (applied and basic research
in hematology, body fluid examination, cytomorphology, genetic
diagnosis of hematological disorders, thrombosis and hemostasis,
and blood typing and transfusion), biochemical examination (ap-
plied and basic research in laboratory automation and information
system, biochemical methodology, and biochemical diagnostics),
clinical microbiology (microbiological laboratory quality control
and management; microbiological specimen collection and its influ-
encing factors; conventional, automatic or molecular detection of
clinical microorganisms; monitoring of bacterial and fungal drug
resistance, drug resistance mechanisms, and rational application of
antibiotics; monitoring and control of nosocomial infections), im-
munodiagnostics (laboratory diagnosis of infectious diseases, tumor
markers and their application, laboratory diagnosis of autoimmune
diseases, and immunotechnology), clinical laboratory management
(laboratory quality control and management, traceability and calibra-
tion, information management system and laboratory automation,
and laboratory biosafety management), and experimental medicine-
related traditional medicine, and integrated Chinese and Western
medicine. The journal also publishes original articles and reviews
that report the results of experimental medicine-related applied and
basic research in fields such as immunology, physiopathology, cell
biology, pharmacology, medical genetics, and pharmacology of Chi-
nese herbs.

Columns

The columns in the issues of WJEM will include: (1) Editorial: To in-
troduce and comment on the substantial advance and its importance
in the fast-developing areas; (2) Frontier: To teview the most repre-
sentative achievements and comment on the current research status
in the important fields, and propose directions for the future research;
(3) Topic Highlight: This column consists of three formats, includ-
ing (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 Clinical
Practice: To provide guidelines for clinical diagnosis and treatment; (6)
Review: To systemically review the most representative progress and
unsolved problems in the major scientific disciplines, comment on
the current research status, and make suggestions on the future work;
(7) Original Articles: To originally report the innovative and valuable
findings in experimental medicine; (8) Brief Articles: To briefly report
the novel and innovative findings in experimental medicine; (9) Case
Report: To report a rare or typical case; (10) Letters to the Editor: To
discuss and make reply to the contributions published in WJEM, or
to introduce and comment on a controversial issue of general inter-
est; (11) Book Reviews: To introduce and comment on quality mono-
graphs of experimental medicine; and (12) Guidelines: To introduce
consensuses and guidelines reached by international and national
academic authorities worldwide on the research in experimental
medicine.
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try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 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
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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 IPJR, reviewers of
accepted manuscripts will be announced by publishing the name,
title/position and institution of the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, 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 Univer-
sity, 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 val-
ues where appropriate and must provide relevant data to illustrate
how they were obtained, e.g. 6.92 = 3.86 »s 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 and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, 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:/ /wwwwignet.com/2220-315x/g_info_20100725072755.htm.

Hlustrations

Figures should be numbered as 1, 2, 3, ex., and mentioned cleatly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.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 defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..; B .5 G De s Er s Bl Gr Lt Tt s our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., 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 hotizontal line under the title, a
second under column heads, and a third below the Table, above any
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footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of P values can be expressed as °P < 0.05 and P < 0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, °F; 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 @, o, m, 0, A, /\, ez, in a certain se-
quence.
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tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.
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Statistical data
Write as mean * SD or mean * SE.

Statistical expression

Express 7 test as 7 (in italics), I test as I (in italics), chi squate test as
x’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, efe. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wijgnet.com/2220-315x/
g info_20100725073806.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated 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,
CSFE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: # time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRl, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.
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072232.htm
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/ g _info_20100725072344.htm

Guidelines for clinical practice: http:/ /wwwwijgnet.com/2220-315
x/ g _info_20100725072543.htm

Review: http:/ /wwwwignet.com/2220-315x/g_info_201007250726
56.htm

Original articles: http:/ /wwwwijgnet.com/2220-315x/g_info_2010
0725072755.htm

Brief atticles: http://wwwwjgnet.com/2220-315x/g_info_2010072
5072920.htm

Case report: http:/ /www.wignet.com/2220-315x/g_info_20100725
073015.htm
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Book reviews: http://wwwwignet.com/2220-315x/g_info_2010072
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Guidelines: http:/ /www.wjgnet.com/2220-315x/g_info_201007250
73300.htm

SUBMISSION OF THE REVISED MANU-
SCRIPTS AFTER ACCEPTED

Please revise your article according to the revision policies of
WJEM. The revised version including manuscript and high-reso-
lution image figures (if any) should be te-submited online (http://
www.wjgnet.com/2220-315xoffice/). The author should send the
copytight transfer letter, responses to the reviewers, English lan-
guage Grade B certificate (for non-native speakers of English) and
final manusctipt checklist to wjem@wijgnet.com.

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 lan-
guage 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.
wjgnet.com/2220-315X/¢g_info_20100725073726.htm.

Responses to reviewers

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/2220-315X/
g _info_20100725073445.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Links to documents related to the manuscript

WJEM will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
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,
and the revised manuscript. We hope that authors will benefit from
this feedback and be able to revise the manuscript accordingly in a
timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.cutrekalert.org). The tte for
news items should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.

Publication fee

WJEM is an international, peer-reviewed, Open-Access, online
journal. Articles published by this 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.
Authors of accepted articles must pay a publication fee. The related
standards are as follows. Publication fee: 1300 USD per article. Edi-
torial, topic highlights, original articles, brief articles, book reviews
and letters to the editor are published free of charge.
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