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Special Information
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computational studies from human and model systems to link genes and pathways to
physiological functions. The Journal encourages the submission of research utilizing
genomics, epigenomics, proteomics, metabolomics, and other systems approaches together with novel technologies linking genes to the function of complex biological
pathways.
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be cross-referenced. Identical subject, animal, and sample numbers should be
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Peer Review Policy
Manuscripts are refereed critically by two or more reviewers. Acceptance of manuscripts is based on scientific content and presentation of the
material; membership in the Society is not a prerequisite for publication. The
Editor/Associate Editor selects the reviewers, corresponds with the author,
and makes the final decision on the acceptance or rejection of the manuscript.
If a manuscript is submitted by an Editor of the Journal, another Editor
handles that manuscript. The APS Peer Review office helps ensure confidentiality by blinding records in the APSCentral system to be used for this purpose.

Disclaimer
The statements and opinions contained in the articles of the APS journals
are solely those of the individual authors and contributors and not of the
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Copyright and Permissions
The Mandatory Submission Form serves as the Society’s official
copyright transfer form. (Forms customized to your manuscript are
available on completion of the submission process; check the Info
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http://www.the-aps.org/publications/journals/index.htm.) The APS Journals are copyrighted for the protection of authors and the Society.
Author Rights
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Cost of color
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terms for color figure publication.
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will be charged the low subsidized rate of $400 per color figure.
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At proof stage, if the author requests a color Iris proof copy of his/her
figure(s), a service charge of $75 per figure will be added to the article
publication fees.
Reprint services
The APS provides high-quality reprints to its authors. Please order
reprints when you receive the electronic or mailed proof of your article. The
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note that the articles containing color can ONLY be ordered at proof stage.
If your article has color figures, there is an additional press charge of
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your online published article to a URL you specify. Readers accessing your
article from this URL can do so without a subscription to the journal. The
per-article cost is $150 ($250 for articles in Physiological Reviews) and can
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published elsewhere. For the APS guidelines regarding duplicate and/or prior
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• Have ALL authors sign it.
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Any changes to authorship can only be made through a corrigendum to
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Use of Previously Published Illustrations
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prints of the previously published illustrations. These are best obtained from the
original publisher or original author. Previously published images downloaded
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Ethical Policies
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Use of Humans and/or Animals in Experiments

Changes to authorship are handled differently depending on when the error
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volunteers, must adhere to the principles of the Declaration of Helsinki
(see http://www.wma.net/e/policy/b3.htm), as well as in Title 45, US
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these principles, and that a statement of protocol approval from an IRB
or IACUC or equivalent is included in the methods section of the paper.
In describing surgical procedures, the type and dosage of the anesthetic
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were used, evidence must be provided that anesthesia of suitable grade
and duration was employed. Manuscripts reporting the results of experiments on human subjects, including healthy volunteers, must include a
statement that informed consent was obtained. Editors/Associate Editors
are expected to refuse papers in which evidence of the adherence to these
principles is not apparent. They reserve the right to judge the appropriateness of the use of animals and humans in experiments published in the
journals. Differences of opinion will be adjudicated by the Publications
Committee.
Registering of clinical trials is a requirement for peer review and
publication for any study that uses clinical trials. There must be a statement
in the Methods section that states where the clinical trial was registered (for
example, see the registration site sponsored by the United States National
Library of Medicine, at http://www.clinicaltrials.gov).

After Submission but Before Acceptance
If you realize that changes to authorship (e.g., altering the order of
authorship or adding/removing a name) are needed, please follow these steps:
• Download the Change of Authorship Form (at http://www.the-aps.
org/publications/journals/pub_author_form.pdf).
• Have ALL authors sign it.
• Fax, mail, or e-mail the signed form to the APS Peer Review office
(301-634-7243).
After Publication in Articles in PresS
If you have realized that an author’s name was misspelled in such way
as to affect finding the article in PubMed or through other searches, notify the
Peer Review office so that the article can be fixed by amending the Articles
in PresS edition. Please note: this is the ONLY case when the Articles in
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During Production of the Final Print and Online Editions
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production. You will need to follow these steps:
• Download the Change of Authorship Form (at http://www.the-aps.org/
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Fetal Tissue Research
The American Physiological Society Publications require all papers
submitted to any of the APS Journals and involving the use of human
fetuses, fetal tissue, embryos, and embryonic cells to adhere to the US
Public Law 103-41, effective August 1991. Please read the APS Policy
Regarding Publication of Research on Human Fetuses, Fetal Tissue,
Embryos, and Embryonic Cells (see http://www.the-aps.org/publications/
journals/fetal_tissue_policy.htm) and the criteria that must be met by all
researchers submitting their work to the APS Journals.

Conflict of Interest
Authors of research and other articles are required at the time of
submission to disclose to the APS Publications Office any potential conflict
of interest (e.g., consultancies, stock ownership, equity interests, patentlicensing arrangements, lack of access to data, or lack of control of the
decision to publish). In such cases, the author(s) will be asked to fill out a
Conflict of Interest Disclosure form. The information provided in the form,
unless already disclosed in the submitted article, will be held in confidence
while the paper is under review. If the article is accepted for publication,
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Standards
All authors of articles submitted to APS journals should submit their
relevant data to all appropriate data repositories, such as the National
Center for Biotechnology Information (NCBI) and the European Bioinformatics Institute (EBI).

MIAME Standard for Microarray Data
The American Physiological Society has adopted the microarray data
standard developed by the Microarray Gene Expression Data society
(MGED; http://www.mged.org) and requests that all authors using microarray data analysis in their research submit a complete data set to one
of three databases prior to manuscripts submission: the NCBI Gene
Expression Omnibus (GEO; http://www.ncbi.nlm.nih.gov/projects/geo); the
EMBL-EBI ArrayExpress repository (http://www.ebi.ac.uk/arrayexpress); or
the Center for Information Biology Gene Expression (CIBEX) database
(http://cibex.nig.ac.jp/index.jsp). Also, provide the setof login credentials
(user name and password) that will let referees access the data set during
review, if it is set up as a private resource.

HUGO Gene Nomenclature
In accordance with the HUGO Gene Nomenclature Committee
(HGNC), the APS requests that authors obtain approval for new human
and mouse gene symbols by contacting either Dr. Elspeth Bruford for
human genes (e-mail: hgnc@genenames.org) or Lois Maltais for mouse
genes (e-mail: nomen@informatics.jax.org). Additional information on
gene nomenclature guidelines is available from the HGNC (http://www.
gene.ucl.ac.uk/nomenclature/).

Technical Requirements
File Formats for Online Submission and Print
Please submit a Microsoft Word (.doc) file or a Rich Text Format (.rtf) file
to APS Central (http://www.apscentral.org). Separate files must be submitted for
all discrete elements of the manuscript [e.g., separate files for each figure and
table, a separate file for the complete text of the manuscript (including abstract,
all main text, bibliography, figure legends and table legends, etc.)].
The APSCentral system will concatenate the various files into a single
document for review. If the paper is accepted, the separate files will be
moved forward into the final print production process.

Organization of the Manuscript
APS accepts manuscripts in one of two formats: double-spaced in
wide, one-column format, or single-spaced in two-column format. If you
choose two-column format and wish to embed the figures into the text,
please also include separate figure files for production (see sections on
Figures, below).

The pages should be numbered in the upper right-hand corner
(beginning with the first page of text).
Arrange as follows (all should begin on separate pages):
• title page
• abstract and keywords on the same page
• main text (introduction; Materials and/or Methods, or Experimental
Procedures; Results; Discussion, with conclusions)
• text footnotes
• acknowledgments
• references
• figure legends
• tables
Be sure the text is clear and concise, conforming to accepted standards of
American English style and usage. Avoid jargon, clichés, and laboratory slang.
See Manuscript Sections, below, for further description.

Abbreviations, Symbols, and Terminology
All abbreviations must be explicitly defined at first usage. However,
internationally accepted biochemical abbreviations such as ADP, NADH,
and Pi do not need to be defined; other abbreviations need only be defined at
first mention. Please consult the list of accepted abbreviations for our
journals (http://www.the-aps.org/publications/journals/abbrv.pdf). Other abbreviations need only be defined at first mention. For word usage, symbols,
etc., authors are referred to Scientific Style and Format: The CBE Manual for
Authors, Editors, and Publishers (6th ed., 1994). For chemical and biochemical terms and abbreviations, consult the recommendations of the IUPACIUB Combined Commission on Biochemical Nomenclature. Isotope specification must conform to the IUPAC system. Authors are referred to the
following articles for style in specialized fields: “Glossary on respiration and
gas exchange” (J Appl Physiol 34: 549–558, 1973); and “Glossary of terms
for thermal physiology” (J Appl Physiol 35: 941–961, 1973).

Special Symbols
For special characters not available on the standard 104-key keyboard (e.g.,
Greek characters, mathematical symbols, figure symbols), use the Symbol font
or use the “Insert Symbol” function in Microsoft Word; do not use math font or
image files (e.g., GIF) within the text for special characters or text constructions.
Please also note that we cannot process files prepared in LaTex.

Spelling and Compounding
Authors should follow Webster’s Third New International Dictionary or
Merriam Webster’s Collegiate Dictionary, 11th edition, for spelling and
compounding. The APS Journals use American English rules for spelling.

Citing Unpublished Observations and Personal
Communications
Citations of submitted papers still in preparation, in peer review, or of
other unpublished materials cannot be included in the reference list, which
may only list published work. Such citations can, however, be provided in
parentheses in text as “unpublished observations” (e.g., “J. M. K. Smith,
unpublished observations”). The APS Journals discourage the use of personal communications. However, if they are used, the author(s) must have in
their file a letter granting permission from the communicant and stating that
the person whose opinion is cited has seen and approved the actual wording
of the citation. If requested, the author will send the letter to the APS
Publications office. For both unpublished observations and personal communications provide the cited person’s last name and all initials.

Drugs, Chemicals, and Trade Names
Proprietary (trademarked) names should be capitalized, with the spelling carefully checked. The chemical or generic name should precede the
trade name or abbreviation of a drug the first time it appears.

Cell Lines and Reagents
The source of cells utilized (species, sex, strain, race, age of donor, whether
primary or established) should be clearly indicated. The source of reagents
should be stated (name, city, and state within parentheses) when first cited. If
tests to rule out the presence of mycoplasmal contamination were not performed,
this fact should be clearly stated. Other data relating to unique biological,
biochemical, and/or immunological markers should also be included if available,
with their source identified. Publication of results is based on the principle that
results must be independently verifiable. Authors are expected to make unique

reagents available to qualified investigators either directly or through a recognized distributor. See also Unique Materials and Data Banks (below) and
Ethical Policies and Standards (above) for other requirements.

Unique Materials and Data Banks
Work published in the APS Journals must necessarily be independently
verifiable. Authors describing results derived from the use of antibodies, recombinant plasmids and cloned DNAs, mutant cell lines or viruses, and other
similarly unique materials are expected to make such materials available to
qualified investigators on request. Authors should also submit published nucleic
acid/amino acid sequences to a widely accessible data bank. Sequence data for
the United Protein Database (UniProt) should be submitted directly to UniProt
using SPIN, a new web-based tool for submitting protein sequences (see
http://www.pir.uniprot.org/). Also, for other special types of submissions (e.g.,
genomes, bulk submissions), additional submission protocols are available from
the following organizations:
DDBJ: Center for Information Biology and DNA Data
Bank of Japan
National Institute of Genetics
1111 Yata
Mishima, Shizuoka 411-8540
Japan
Tel: ⫹81 559 81 6853
Fax: ⫹81 559 81 6849
http://www.ddbj.nig.ac.jp/
EMBL: EMBL Nucleotide Sequence Submissions
European Bioinformatics Institute
Wellcome Trust Genome Campus
Hinxton, Cambridge CB10 1SD
UK
Tel: ⫹44 1223 494444
Fax: ⫹44 1223 494468
http://www.ebi.ac.uk/support/GenBank: National Center for Biotechnology Information
National Library of Medicine
Bldg. 38A, Rm. 8N-803
Bethesda, MD 20894
Tel: 301-496-2475
Fax: 301-480-9241
info@ncbi.nlm.nih.gov
See also MIAME Standard for Microarray Data (above) and Data Supplements (below).

Manuscript Sections
Title Page
All submissions must contain a title page, however brief the article may
be. The title page must contain the title of the article; author(s) name(s); all
departments and institutions in which the work was done; an abbreviated title
for the running head; the name, e-mail address, and address for correspondence.
Title
Make the title informative. Avoid unnecessary words like “Studies in
. . . .” The title must not exceed 160 characters, including spaces between
words.
Authors
List all authors’ names and their first names or initials exactly as they
should be known, in the order of importance of their contribution to the
study. Do not include any specific titles (e.g., PhD, MD, and Prof. are not
needed). “Group authorship” is allowed, with the name of a group (such as
a consortium or program) to be listed as an author, with members of the
group listed in the Acknowledgments section; however, the Program Director of the named group must be the one who signs for the group when the
group’s “author” signature is needed, i.e., on a Mandatory Submission form
or a Change of Authorship form.
Affiliation
List all departments and institutions in which the work was done, with
city and state or country. Identify each author’s affiliation by superscript
numbers matched to the appropriate institution. Affiliation must reflect the
organization(s) supporting the author(s) while the work was done. This may
differ from the current affiliations of the author(s), which will be listed in

such cases in the Acknowledgments section as the present addresses of the
authors.
Running head
The running head is an abbreviated version of the title, which will
appear at the top of every page subsequent to the first page. Running heads
must not exceed 55 characters including spaces between words.
Contact information
A full address for correspondence will be published and must be
included, with a current, valid e-mail address for the corresponding author.
This address will be published on the title page. Please note that a valid
e-mail address is essential to participate in the APS electronic proofing
service called “Rapid Proof.” Also, provide phone and fax numbers for use
while your article is in production. If the contact information to be used
during production differs from that to be included in the final article, indicate
this explicitly. To contact APS during the submission and peer review and/or
during production after acceptance, go to the APS website (www.theaps.org) and choose the appropriate journal’s web page.

Abstract
An informative one-paragraph abstract of not more than 250 words
must accompany each manuscript. It must state concisely what was done and
why (including species and state of anesthesia), what was found (in terms of
data, if space allows), and what was concluded. Note that longer abstracts are
usually cutoff at the end when displayed on Medline.

Keywords
Include three to five words or short phrases, relevant to the article, that
do not appear in the title or running head. (NOTE: Authors submitting to the
Journal of Neurophysiology are not required to provide keywords.)

Introduction
Provide a brief overview of the scope and relevance of the study,
especially with regard to previous advancements in related fields.

Materials and Methods
(Sometimes called “Experimental Procedures”). Describe techniques, cell/
animal models used, and lists of reagents, chemicals, and equipment, as well as the
names of manufacturers and suppliers, so that your study can be most easily
replicated by others. Also in this section, describe the statistical methods that were
used to evaluate the data. If your research involved the use of microarrays, see
MIAME Standard for Microarray Data (above), and insert in this section the URL
pointing to your microarray data. If clinical trials were used, a statement of
registration is required; also, for all investigations involving humans or animals, a
statement of protocol approval from an IRB or IACUC, or an equivalent statement,
must be included (see Use of Humans and/or Animals in Experiments above). See
Abbreviations, Symbols, and Terminology (above) for style information.

Results
Provide the experimental data and results as well as the particular
statistical significance of the data. Regarding the use of statistics, including
reporting standard error (SE) and standard deviation (SD) values, an Editorial (“Guidelines for reporting statistics in journals published by the American Physiological Society”) was published in all August 2004 issues of the
APS Journals. The Editorial is freely available (see, for example, http://
physiolgenomics.physiology.org/cgi/content/full/18/3/249), and the authors
are encouraged to consult it.

Discussion
(Sometimes combined with the results in a section called “Results and
Discussion”). Explain your interpretation of the data, especially compared
with previously published material cited in the References.
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List the people indirectly involved with the research whom you may
wish to thank. This is also the appropriate place to thank anyone for technical
assistance. Also, current addresses of authors (which may differ from those
in the affiliation line) may be included here.
Do not include “promissory notes.” APS Journal policy is against inclusion
of implicit or explicit promises that future work will be published.
Do not include dedications. Dedications of articles are not permitted.

Grants
List the grants, fellowships, and donations that funded (partially or
completely) the research. However, industry sponsored grants should be
listed under Disclosures.

Disclosures
Authors of research articles are required at the time of submission to
disclose to the APS Publications Office any potential conflict of interest
(e.g., consultancies, stock ownership, equity interests, patent-licensing
arrangements, lack of access to data, or lack of control of the decision to
publish). In such cases, the author(s) will be asked to fill out a Conflict
of Interest Disclosure form. The information provided in the form, unless
already disclosed in the submitted article, will be held in confidence while
the paper is under review. If the article is accepted for publication,
information on the potential conflict of interest—including a lack of
control of the decision to publish—will be included in the Disclosures
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Figures should be generated at the size they are to appear in the journal
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way to show results and only with the approval of the Editor.
For a
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Color figures are subsidized by APS at a cost to authors of only $400 per
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standing when the paper is accepted. For more information, see Cost of
Publication (near the top of this document).

Use of Animals in Photographs
• Photographs of animals may be published when scientifically necessary to illustrate a setup or convey the findings of the paper.
• When a diagram is preferable to illustrate a setup, if it is not possible
to obtain a drawing, the author should describe the setup in the
methods section of the paper.
• Photographs to convey findings may be published when the data are
conveyed in the image as in developmental biology or genetic
modifications where such photographs are standard practice.
• With respect to other areas, the decision whether to publish a
photograph will be based upon the editor’s determination whether the
photograph is scientifically necessary.
• The journals should avoid publishing photographs that might be
perceived as raising animal welfare concerns. For example, it is
preferable to show only the relevant portion of the animal, photographs should not show blood or people handling the animals except
close-ups where only gloved hands are seen.

Graphs
Electrocardiograms, kymograms, and oscillograms should be prepared
so that the crosshatched background is eliminated. To avoid problems in
processing, use non-photo blue-ruled instead of black-ruled recording paper
for the originals.

Tables
Whenever possible, authors are encouraged to submit figures rather
than tables. Statistical summary tables should be submitted when possible, rather than tables with many lines of individual values. Lengthy
tables of data, on the Editor’s recommendation and with the approval of
the author, will be deposited by the APS Publications (see Data Supplements, below).
Submitted tables should adhere to the following guidelines:
• Each table should appear on a separate page of the manuscript.
• Tables must not duplicate material in text or figures.
• Tables should be numbered consecutively with Arabic numerals and
prepared with the size of the journal page in mind: 3.5 in. wide, single
column; 7 in. wide, double column.
• Each table should be double-spaced.
• Each table should have a brief title; explanatory notes should be in the
legend, not in the title.
• Horizontal and vertical rules should be omitted.
• Nonsignificant decimal places in tabular data should be omitted.
• Short or abbreviated column heads should be used and explained if
necessary in the legend.
• Statistical measures of variations, SD, SE, etc., must be identified.
(Example: “Values are means ⫾ SE.”)
• Table footnotes should be listed in order of their appearance and
identified by standard symbols: *, †, ‡, § for four or fewer; for five or
more, consecutive superior lowercase letters should be used.

Mathematical Equations and Modeling
Mathematical aspects of articles normally should be addressed to the
many readers of the Journal who are not mathematicians. The presentation
should include the mathematical strategy, the assumptions on which the
mathematics are based, and a summary of the meaning of the final mathematical statement and its limitations.

Equations
Mathematical equations should be simplified as much as possible and
carefully checked.

Use the slant line (/) for simple fractions (a ⫹ b)/(x ⫹ y) in the text
a⫹b
, which should only be used if the
rather than the built-up fraction
x⫹y
equation is offset from the text.
Use subscripts or superscripts wherever feasible and appropriate, because they often simplify the equations by eliminating the need for extraneous operations: RA/RD instead of RA䡠RD or (RA)(RD).
Use circles for pools in compartmental or flow-type models and whole
arrows for interconnections or flows (not arrows with half-heads, as in
reversible chemical equations).
Do not use nonstandard mathematical notations; e.g., do not use computer
symbols in equations (* for multiplication or ** for exponentiation).
Use lowercase letters for time-varying symbols in compartmental model
equations, preferably q(t) for masses, c(t) for concentrations, with subscripts as
needed.
Our convention for numerical subscripts for rate constants (k21) is the
same as that used in most life sciences but opposite to that currently used in
pharmacokinetics; i.e., our kij is the fractional rate of transfer from compartment j to compartment i (or to compartment i from compartment j, if you
prefer). Our notation is consistent with standard nomenclature in applied
mathematics for matrices and matrix manipulation algorithms in commercial
software packages for scientific/mathematical computations involving matrices. However, the author(s) may use a different convention if it is clearly
defined in the manuscript.
Symbols should be defined as they first appear in the text, and a
Glossary should also be included in articles with many different symbols,
specifying theunits (dimensions) as well as each definition. The Glossary will
usually precede the Methods section.
APS style allows punctuation in displayed equations.

Mathematical Models
Presentation of the model(s) must be sufficiently clear to allow physiologists with limited experience in modeling to follow the model development, limitations, and physiological relevance. Assumptions concerning the
importance of physiological processes included in the model should be
clearly stated.
If the model equation(s) require solution, the method of solution should be
described in sufficient detail to permit readers to duplicate the solution in their
own laboratories. Algorithms from commercial software libraries should be so
identified. Details of the solution strategy may be summarized in an Appendix
(for an example, see http://jap.physiology.org/cgi/reprint/96/1/65.pdf).
For simulations, sources or estimation methods for all parameter values
should be presented and the numerical values given in the text or a table. A
sensitivity analysis must be performed for important parameters (covering
ranges of values relevant to the manuscript) to determine how the model
predictions are affected by numerical parameter values.
If the model is used to estimate parameter values, measures of the uncertainties associated with the estimated parameter values should be presented.
For models intended for use in a predictive setting, validation of the model
with a data set not used for model parameter estimation (i.e., cross-validation) is
recommended. Sensitivity analysis or parameter uncertainty determination is an

important component of modern modeling practice that allows assessment of the
validity of a model.
Results obtained with the model(s) should be compared with appropriate
physiological data, either from literature or from new experiments. Simulation
results may be examined for prediction of changes or trends in physiological
variables similar to those reported for in vitro or in vivo studies. The discussion
should include information on the physiological significance of the model study,
limitations of the model, and suggestions for new modeling and/or experimental
studies.

Data Supplements
Video files, extensive tables of data, and other supplemental material
that cannot be feasibly published in the printed journal may be submitted for
inclusion in the online journal (without charge to the author). Such material
must be submitted for peer review along with the finished manuscript and
must meet the approval of the journal Editor.
Questions regarding data supplements may be directed to the Web Copy
Editor (mgentry@the-aps.org). For microarray data deposits, see above
(MIAME Standard for Microarray Data).

Video
Authors are responsible for compiling their own digital video. Files
should be in MPEG or Quicktime format and should be no more than 10
megs in size. Authors may be requested to resubmit their videos with shorter
running time, smaller frame size, or lower resolution in order to conform to
the recommended file size. Authors should include a written caption with
each video file, explaining what is happening in the video.
Contact the Web Copy Editor (mgentry@the-aps.org) for further assistance or questions.

Long Data Tables
Long data tables should be submitted in Microsoft Excel or in Microsoft
Word table format. Each table should include a title explaining what the table
shows. Tables published online may look different than how they were
originally submitted due to the limits of the HTML format.

Microfiche
At the author’s request, supplemental material may be submitted for
deposition at:
National Auxiliary Publications Service (NAPS)
c/o Microfiche Publications
P. O. Box 3513, Grand Central Station
New York, NY 10017
A footnote will be inserted noting the availability of the material on
microfiche and giving the NAPS Document Number.

GUIDING PRINCIPLES FOR RESEARCH INVOLVING
ANIMALS AND HUMAN BEINGS
The research described in papers submitted to any of the APS publications that
involve the use of human beings must adhere to the principles of the Declaration of
Helsinki and Title 45, U.S. Code of Federal Regulations, Part 46, Protection of Human
Subjects, Revised November 13, 2001, effective December 13, 2001 (http://www.hhs.gov/
ohrp/humansubjects/guidance/45cfr46.htm). Research involving animals must adhere to
APS’s Guiding Principles in the Care and Use of Animals. APS insists that all investigations involving humans or animals reported in its publications be conducted in
conformity with these principles and that a statement of protocol approval from an IRB
or IACUC or equivalent is included in the methods section of the paper. In describing
surgical procedures, the type and dosage of the anesthetic agent should be specified.
Curarizing agents are not anesthetics; if these are used, evidence must be provided that
anesthesia of suitable grade and duration was employed. Editors/Associate Editors are
expected to refuse papers in which evidence of the adherence to these principles is not
apparent. They reserve the right to judge the appropriateness of the use of animals and
humans in experiments published in the journals. Differences of opinion will be adjudicated by the Publications Committee.

WORLD MEDICAL ASSOCIATION
DECLARATION OF HELSINKI
Ethical Principles for Medical Research
Involving Human Subjects1
A. Introduction
1. The World Medical Association has developed the Declaration of
Helsinki as a statement of ethical principles to provide guidance to physicians
and other participants in medical research involving human subjects. Medical
research involving human subjects includes research on identifiable human
material or identifiable data.
2. It is the duty of the physician to promote and safeguard the health of
the people. The physician’s knowledge and conscience are dedicated to the
fulfillment of this duty.
3. The Declaration of Geneva of the World Medical Association binds
the physician with the words, “The health of my patient will be my first
consideration,” and the International Code of Medical Ethics declares that,
“A physician shall act only in the patient’s interest when providing medical
care which might have the effect of weakening the physical and mental
condition of the patient.”
4. Medical progress is based on research which ultimately must rest in
part on experimentation involving human subjects.
5. In medical research on human subjects, considerations related to the
well-being of the human subject should take precedence over the interests of
science and society.
6. The primary purpose of medical research involving human subjects
is to improve prophylactic, diagnostic and therapeutic procedures and the
understanding of the aetiology and pathogenesis of disease. Even the best
proven prophylactic, diagnostic, and therapeutic methods must continuously
be challenged through research for their effectiveness, efficiency, accessibility and quality.
7. In current medical practice and in medical research, most prophylactic, diagnostic and therapeutic procedures involve risks and burdens.

1 The Declaration of Helsinki (Document 17.C) is an official policy document of the
World Medical Association (WMA), the global representative body for physicians. It was
first adopted by the 18th WMA General Assembly, Helsinki, Finland, June 1964, and
amended by the 29th WMA General Assembly, Tokyo, Japan, October 1975; 35th WMA
General Assembly, Venice, Italy, October 1983; 41st WMA General Assembly, Hong
Kong, September 1989; 48th WMA General Assembly, Somerset West, Republic of South
Africa, October 1996; and the 52nd WMA General Assembly, Edinburgh, Scotland,
October 2000. Note of Clarification on Paragraph 29 added by the WMA General
Assembly, Washington 2002. Note of Clarification on Paragraph 30 added by the WMA
General Assembly, Tokyo 2004.

See http://www.wma.net/e/policy/b3.htm.

8. Medical research is subject to ethical standards that promote respect
for all human beings and protect their health and rights. Some research
populations are vulnerable and need special protection. The particular needs
of the economically and medically disadvantaged must be recognized.
Special attention is also required for those who cannot give or refuse consent
for themselves, for those who may be subject to giving consent under duress,
for those who will not benefit personally from the research and for those for
whom the research is combined with care.
9. Research Investigators should be aware of the ethical, legal and
regulatory requirements for research on human subjects in their own countries as well as applicable international requirements. No national ethical,
legal or regulatory requirement should be allowed to reduce or eliminate any
of the protections for human subjects set forth in this Declaration.
B. Basic Principles for All Medical Research
10. It is the duty of the physician in medical research to protect the life,
health, privacy, and dignity of the human subject.
11. Medical research involving human subjects must conform to generally accepted scientific principles, be based on a thorough knowledge of the
scientific literature, other relevant sources of information, and on adequate
laboratory and, where appropriate, animal experimentation.
12. Appropriate caution must be exercised in the conduct of research
which may affect the environment, and the welfare of animals used for
research must be respected.
13. The design and performance of each experimental procedure involving
human subjects should be clearly formulated in an experimental protocol. This
protocol should be submitted for consideration, comment, guidance, and where
appropriate, approval to a specially appointed ethical review committee, which
must be independent of the investigator, the sponsor or any other kind of undue
influence. This independent committee should be in conformity with the laws
and regulations of the country in which the research experiment is performed.
The committee has the right to monitor ongoing trials. The researcher has the
obligation to provide monitoring information to the committee, especially any
serious adverse events. The researcher should also submit to the committee, for
review, information regarding funding, sponsors, institutional affiliations, other
potential conflicts of interest and incentives for subjects.
14. The research protocol should always contain a statement of the ethical
considerations involved and should indicate that there is compliance with the
principles enunciated in this Declaration.
15. Medical research involving human subjects should be conducted
only by scientifically qualified persons and under the supervision of a
clinically competent medical person. The responsibility for the human
subject must always rest with a medically qualified person and never rest on
the subject of the research, even though the subject has given consent.
16. Every medical research project involving human subjects should be
preceded by careful assessment of predictable risks and burdens in compar-

ison with foreseeable benefits to the subject or to others. This does notpreclude the participation of healthy volunteers in medical research. The design
of all studies should be publicly available.
17. Physicians should abstain from engaging in research projects involving
human subjects unless they are confident that the risks involved have been
adequately assessed and can be satisfactorily managed. Physicians should cease
any investigation if the risks are found to outweigh the potential benefits or if
there is conclusive proof of positive and beneficial results.
18. Medical research involving human subjects should only be conducted
if the importance of the objective outweighs the inherent risks and burdens to the
subject. This is especially important when the human subjects are healthy
volunteers.
19. Medical research is only justified if there is a reasonable likelihood that
the populations in which the research is carried out stand to benefit from the
results of the research.
20. The subjects must be volunteers and informed participants in the
research project.
21. The right of research subjects to safeguard their integrity must always
be respected. Every precaution should be taken to respect the privacy of the
subject, the confidentiality of the patient’s information and to minimize the
impact of the study on the subject’s physical and mental integrity and on the
personality of the subject.
22. In any research on human beings, each potential subject must be
adequately informed of the aims, methods, sources of funding, any possible
conflicts of interest, institutional affiliations of the researcher, the anticipated
benefits and potential risks of the study and the discomfort it may entail. The
subject should be informed of the right to abstain from participation in the study
or to withdraw consent to participate at any time without reprisal. After ensuring
that the subject has understood the information, the physician should then obtain
the subject’s freely-given informed consent, preferably in writing. If the consent
cannot be obtained in writing, the non-written consent must be formally documented and witnessed.
23. When obtaining informed consent for the research project the physician should be particularly cautious if the subject is in a dependent relationship
with the physician or may consent under duress. In that case the informed
consent should be obtained by a well-informed physician who is not engaged in
the investigation and who is completely independent of this relationship.
24. For a research subject who is legally incompetent, physically or mentally
incapable of giving consent or is a legally incompetent minor, the investigator must
obtain informed consent from the legally authorized representative in accordance
with applicable law. These groups should not be included in research unless the
research is necessary to promote the health of the population represented and this
research cannot instead be performed on legally competent persons.
25. When a subject deemed legally incompetent, such as a minor child, is
able to give assent to decisions about participation in research, the investigator
must obtain that assent in addition to the consent of the legally authorized
representative.
26. Research on individuals from whom it is not possible to obtain consent,
including proxy or advance consent, should be done only if the physical/mental
condition that prevents obtaining informed consent is a necessary characteristic of the
research population. The specific reasons for involving research subjects with a
condition that renders them unable to give informed consent should be stated in the
experimental protocol for consideration and approval of the review committee. The
protocol should state that consent to remain in the research should be obtained as
soon as possible from the individual or a legally authorized surrogate.
27. Both authors and publishers have ethical obligations. In publication of the
results of research, the investigators are obliged to preserve the accuracy of the
results. Negative as well as positive results should be published or otherwise publicly
available. Sources of funding, institutional affiliations and any possible conflicts of
interest should be declared in the publication. Reports of experimentation not in
accordance with the principles laid down in this Declaration should not be accepted
for publication.
C. Additional Principles for Medical Research
Combined with Medical Care
28. The physician may combine medical research with medical care,
only to the extent that the research is justified by its potential prophylactic,
diagnostic or therapeutic value. When medical research is combined with
medical care, additional standards apply to protect the patients who are
research subjects.
29. The benefits, risks, burdens and effectiveness of a new method
should be tested against those of the best current prophylactic, diagnostic,
and therapeutic methods. This does not exclude the use of placebo, or no

treatment, in studies where no proven prophylactic, diagnostic or therapeutic
method exists. Note of clarification on paragraph 29 of the WMA Declaration of Helsinki: The WMA hereby reaffirms its position that extreme care
must be taken in making use of a placebo-controlled trial and that in general
this methodology should only be used in the absence of existing proven therapy.
However, a placebo-controlled trial may be ethically acceptable, even if
proven therapy is available, under the following circumstances: Where for
compelling and scientifically sound methodological reasons its use is necessary to determine the efficacy or safety of a prophylactic, diagnostic or
therapeutic method; or Where a prophylactic, diagnostic or therapeutic
method is being investigated for a minor condition and the patients who
receive placebo will not be subject to any additional risk of serious or
irreversible harm. All other provisions of the Declaration of Helsinki must be
adhered to, especially the need for appropriate ethical and scientific review.
30. At the conclusion of the study, every patient entered into the study
should be assured of access to the best proven prophylactic, diagnostic and
therapeutic methods identified by the study. Note of clarification on paragraph 30 of the WMA Declaration of Helsinki: The WMA hereby reaffirms
its position that it is necessary during the study planning process to identify
post-trial access by study participants to prophylactic, diagnostic and therapeutic procedures identified as beneficial in the study or access to other
appropriate care. Post-trial access arrangements or other care must be
described in the study protocol so the ethical review committee may consider
such arrangements during its review.
31. The physician should fully inform the patient which aspects of the
care are related to the research. The refusal of a patient to participate in a
study must never interfere with the patient-physician relationship.
32. In the treatment of a patient, where proven prophylactic, diagnostic and
therapeutic methods do not exist or have been ineffective, the physician, with
informed consent from the patient, must be free to use unproven or new
prophylactic, diagnostic and therapeutic measures, if in the physician’s judgement it offers hope of saving life, re-establishing health or alleviating suffering.
Where possible, these measures should be made the object of research, designed
to evaluate their safety and efficacy. In all cases, new information should be
recorded and, where appropriate, published. The other relevant guidelines of this
Declaration should be followed.

APS GUIDING PRINCIPLES IN THE
CARE AND USE OF ANIMALS2
Animal experiments are to be undertaken only with the purpose of
advancing knowledge. Consideration should be given to the appropriateness
of experimental procedures, species of animals used, and number of animals
required.
Only animals that are lawfully acquired shall be used in the laboratory,
and their retention and use shall be in every case in compliance with federal,
state and local laws and regulations, and in accordance with the Institute for
Laboratory Animal Research (ILAR) Guide for Care and Use of Laboratory
Animals.3
Animals used in research and education must receive every consideration for their comfort; they must be properly housed, fed, and their
surroundings kept in a sanitary condition.
The use of animals must be in accordance with the ILAR Guide for Care
and Use of Laboratory Animals. Appropriate anesthetics must be used to
eliminate sensibility to pain during all surgical procedures. Drugs that produce
muscle paralysis are not anesthetics, and they must not be used alone for surgical
restraint, but may be used in conjunction with drugs known to produce adequate
anesthesia. The care and use of animals shall be such as to minimize discomfort
and pain. All measures to minimize pain and distress that would not compromise
experimental results may be employed.
If the study requires the death of an animal, the most humane euthanasia
method consistent with the study must be used.
When animals are used by students for their education or the advancement of science, such work shall be under the direct supervision of an
experienced teacher or investigator.
2 Based on principles formulated in 1909 by Walter B. Cannon. APS Council first
adopted the Guiding Principles in 1953. Latest revision approved July 2000. Reviewed
and approved 2006.
3 Institute for Laboratory Animal Research. National Research Council. Guide for
the Care and Use of Laboratory Animals. Washington, DC: National Academy Press,
1996.

Ethical Policies and Procedures
Authorship
The Editors of the journals of the American Physiological
Society (APS) expect each author to have made an important
scientific contribution to the study and to be thoroughly familiar
with the original data. The Editors also expect each author to have
read the complete manuscript and to take responsibility for the
content and completeness of the manuscript and to understand that
if the paper, or part of the paper, is found to be faulty or fraudulent,
that he/she shares responsibility with his/her coauthors. The Mandatory Submission Form, which is published in the journals,
should be signed by each author. In cases in which obtaining a
signature from each author would delay publication, the corresponding author’s signature is sufficient provided that the corresponding author understands that he or she signs on behalf of the
other authors who have not signed the form. An author’s name can
be removed only at his/her request, but all coauthors must sign a
change of authorship agreement for any change in authorship
(additions, removals, or change of order) to be made.

Author Conflict of Interest
Authors of research and other articles are required at the time of
submission to disclose to the APS Publications Office any potential conflict of interest (e.g., consultancies, stock ownership, equity
interests, patent-licensing arrangements) and that they accept full
responsibility for the conduct of the study, had full access to all the
data, and controlled the decision to publish. Failure to do so may
jeopardize eventual publication. If disclosures are to be made, the
author(s) will be asked to fill out a Conflict of Interest Disclosure
form. The information provided in the form, unless already disclosed in the submitted article, will be held in confidence while the
paper is under review. If the article is accepted for publication,
information on the potential conflict of interest—including a lack
of control of the decision to publish—will be included in the
Disclosures section, following the Acknowledgments section.

Editor and Reviewer Conflict of Interest
Editors and Reviewers should avoid making decisions on papers for which they may have a personal or financial conflict of
interest. Reviewers who are collaborating with the author, or who
are working on very similar research, should recuse themselves
from reviewing a paper for which they have a conflict. An Editor
in Chief should have a Consulting Editor or Associate Editor make
a decision on a paper for which he or she has a conflict. When an
Editor in Chief submits a paper to his or her journal, the paper is
automatically assigned to a Guest Editor, a Consulting Editor, or an
Associate Editor, who will handle all aspects of the peer review of the
paper. The reviews are handled outside the web-based peer review
system, so that the Editor in Chief will not have access to them.

Duplicate Publication, Plagiarism, Falsification
The journals of the APS accept only papers that are original
work, no part of which has been submitted for publication elsewhere except as brief abstracts. When submitting a paper, the
corresponding author should include copies of related manuscripts
submitted or in press elsewhere. Taking material from another’s
work and submitting it as one’s own is considered plagiarism.
Taking material (including tables, figures, and data; or extended
text passages), from the author’s own prior publications is considered redundant publication or self-plagiarism, and is not permitted. Fabricating a report of research or suppressing or altering
data to agree with one’s conclusions is considered fraud. This
includes altering figures in such a way as to obscure, move,
remove, or introduce information or features.

Prior Publication
Material published by the author before submission in the
following categories is considered prior publication: 1) articles

published in any publication, even online-only, non-peer reviewed
publications, such as Nature Precedings or the physics arXiv;
2) articles, book chapters, and long abstracts containing original
data in figures and tables, especially in proceedings publications;
3) widely circulated, copyrighted, or archival reports, such as the
technical reports of IBM, the preliminary reports of MIT, the
institute reports of the US Army, or the internal reports of NASA.
Doctoral dissertations that are made available by UMI/Proquest
or institutional repositories are not considered prior publication.
Data portions of submitted papers that have appeared on web site
will be permitted, with the proviso that the author inform the
Editor at the time of the submission that such material exists so
that the Editor can determine the suitability of such material for
publication. Failure to do so will result in an automatic rejection of
the manuscript. Examples of such work include, but are not
limited to, immunofluorescence micrographs and/or animated gif/
video files posted on a web site, or NIH-mandated posting of DNA
microarray data. After the article is published in a journal of the
American Physiological Society, the data should be removed from
the author’s web site.
Authors with concerns about possible prior publication that
does not fall clearly into one of these categories should contact the
Director of Publications and forward the material for examination.

Experiments Involving Animals or Humans
Authors using humans, animals, or fetal tissue in their experiments should refer to APS’s policies on those subjects. Links to
these policies can be found at http://www.the-aps.org/publications/
i4a/policies.htm.

Ethical Procedure
APS reviewers have a responsibility to report suspected duplicate publication, fraud, plagiarism, or concerns about animal or
human experimentation to the Editor. A reviewer may recognize
and report that he/she is refereeing, or has recently refereed, a
similar or identical paper for another journal by the same author(s).
Readers may report that they have seen the same article elsewhere,
or authors may see their own published work being plagiarized. In
all cases the first action of the journal Editor is to inform the
Publications Committee Chair through the Director of Publications by supplying copies of 1) the relevant material and 2) a draft
letter to the corresponding author asking for an explanation in a
nonjudgmental manner. The Publications Committee Chair must
approve any correspondence with the author before it is sent to the
author. If the author’s explanation is unacceptable and it seems
that serious unethical conduct has taken place, the matter is
referred to the Publications Committee. After deliberation, a decision is made whether the case is serious enough to warrant a ban
on future submissions and/or if the offending author’s institution
should be informed. The decision has to be approved by the
Executive Cabinet of the APS Council, and the author has the right
to appeal a sanction, with the opportunity to present his/her
position, to the Publications Committee and the full APS Council.
If the infraction is less severe, the Editor, upon the advice of the
Publications Chair, sends the author a letter of reprimand and
reminds the author of APS publication policies; if the manuscript
has been published, the Editor may require the author to publish an
apology in the journal to correct the record. If, through the author’s
actions, APS has violated the copyright of another journal, the
Publications Chair writes a letter of apology to the other journal.
In serious cases of fraud that result in retraction of the article, a
retraction notice will be published in the journal and will be linked
to the article in the online version. The online version will also be
marked “retracted” with the retraction date.
Updated April 2008.
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