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Brief introduction :

Adrian Smith is a British veterinarian, born in 1955. He obtained his degree in Veterinary Medicine at Cambridge University in 1979.

¢

After a year in mixed veterinary practice in England, he emigrated to Norway in 1980. He took his doctoral degree on the “seasonal
changes in testicular activity in the blue fox ( Alopexlagopus)”and was appointed Professor in the health of furbearing animals and labo-
ratory animals in 1988.

From 1991 to 2009 ,He was employed at the Norwegian School of Veterinary Science in a range of positions, all related to the use
of animals in research.

He was a Diplomate of ECLAM ( European Collegeof Laboratory Animal Medicine ) from 2003 until he left the Veterinary School in
2011. He has collaborated closely with the Norwegian authorities, including development of national requirements for education and
training in laboratory animal science ;co-authorship of the draft of Norways current Regulation on animal experimentation; participation
in the creation of a course for the training of veterinary nurses;and the development of a national consensus — platform for the 3Rs.

He led the work of a temporary 3R — platform in 2005 — 2006 and became secretary of the permanent platform, Norecopa (www.
norecopa. no) , when it was established in 2007.
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[ Abstract] Although the publication of peer-reviewed scientific papers is the major way in which scientists communicate with one
another, these papers often lack essential information about the conditions under which the animals lived and how they were treated during
the experiments. Without this information it may be impossible to evaluate the studies, replicate them in another laboratory, or use them
to advance the 3Rs in other animal experiments. This paper gives some advice on how the reporting of animal research can be improved.
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Introduction

Good reporting of animal research is an essential
part of the quality control of the use of laboratory ani-
mals ( Figure. 1). Without it, researchers planning
new experiments will not be able to discover experi-
ments which have already been performed, and there-
fore risk using animals unnecessarily.

Despite that fact that it is in researchers’ own in-
terests to report experiments clearly, there is plenty of
evidence that this is not the case.

Jane Smith and coworkers''! examined 149 papers
published in 8 journals from 1990 — 1991. Among the
parameters not mentioned in these papers were

® Number of animals: 30%

® Number of animals per cage: 73%

® Sex of the animals; 28%

® Age of the animals; 52%

® Weight of the animals: 71%

® Source of the animals; 53%

® Room temperature: 72%

® Relative humidity in the room: 89%

® Daylength in the animal room; 72%

® How the animals were killed: 45%

Whereas there were often detailed descriptions of
the chemicals and equipment used and treatments per-
formed, little was written about the animals themselves
(where the greatest source of variability lies) , inclu-
ding choice of sample size and whether the animals
were randomised to the treatment groups or not. Many
of these omissions make it more difficult to advance the
3Rs, since practical techniques such as methods of
drug administration, blood sampling, anaesthesia, an-
algesia and humane endpoints all play important roles
in defining how much suffering the animal is subjected
to. Knowledge of the methods used may also be essen-
tial if the experiment is to be reproduced in another la-
boratory. Kilkenny and coworkers'> found similar re-
sults in 271 papers, mostly published in 2003 —2005.

Bearing in mind that large bibliographic databases
may only cite the title and abstract of an article, it is
crucial that these are used actively to promote any ad-

vances in the 3Rs which the paper may describe. Of-

ten, however, these are rather uninformative. All re-
searchers should be aware of the responsibility which
they have to disseminate information about new 3R
techniques, and should write their papers accordingly.

For example, the first paper which described the
use of the saphenous vein for blood sampling in mice
did not mention the technique in the title or abstract. It
was not until a separate paper was written with the title
Saphenous wvein puncture for blood sampling of the
mouse, rat, hamster, gerbil, guinea-pig, ferret and
mink that this technique became widely known'>'. This
paper has for many years been the second or third most
cited publication in the journal Laboratory Animals™*’.

Publication of a new 3R technique does not have
to be done in a high-impact journal. The most impor-
tant aspect is to make sure it is indeed published, so it
can be found by search engines and cited.

Ideally, the Materials & Methods section of a pa-
per should be so detailed that it is possible to repro-
duce the study in another laboratory. However, this in-
formation takes space. There are two solutions to this
challenge :

1. The first is to avoid all unnecessary or mean-
ingless words in the text in the journal, e.g. °drink-
ing’ water, ‘farm’ pigs, ‘standard conditions’.

2. The second solution is to publish the remaining
information elsewhere. Many journals now offer supple-
mentary online space ( which is generally unlimited )
where more information about the methods and results
can be posted. Failing that, most research institutions
have access to a website where this information can be
placed and referred to in the paper.

Increasing attention is now being focused on the
fact that negative results are not published as frequently
as positive ones. This automatically causes an incorrect
bias in the literature towards positive results. Negative
results may be just as important for the scientific com-
munity, even if they are less newsworthy. To counter
this, many medical journals require registration of trials
before they start, to prevent the under-reporting of neg-
ative results”). There are also now a number of jour-
nals dedicated to reporting negative results, such as;.

® the Journal of Negative Results'®’
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® the Journal of Negative Results in Biomedi-
cine'”
® the Journal of Pharmaceutical Negative Re-
sults'®

® The All Results Journals'®’.

Guidelines for standardised reporting

Good reporting helps researchers better plan their
own experiments to identify and ensure the quality of
the critical points which may fail if these are not suffi-
ciently attended to. Identification of the most critical
points in an experiment should be performed both for
animal welfare reasons and to ensure the scientific val-
ue of the experiment. When these points have been i-
dentified, sufficient resources can be allocated to pre-
vent failure.

Standardised reporting and increased implementa-
tion of the 3Rs is also dependent upon a culture of care
among staff at all levels of the animal facility. Quality
assurance can be achieved by putting in place a num-
ber of procedures at different levels in the system

® Standard Operating Procedures ( SOPs) which
describe how to perform the techniques

® Education and training in these procedures, to
ensure competence

® A checklist describing all the parameters to be
reported in the scientific paper. This checklist can then
used on a daily basis by all those involved in the exper-
iment. It can also serve as a contract between the re-
searcher and the facility, so that nothing is forgotten
and no doubt exists as to who has responsibility for
measuring parameters at the various stages of the stud-
y.

® A description of the operation of the facility.
The AAALAC Program Description template'®’ can be
very useful for this purpose, even if AAALAC accredi-
tation is not being applied for, because it covers all
four major areas of the operation of facility .

® [nstitutional policies on animal care and use

® Animal environment, housing and management

® Veterinary care

® Physical plant

® Finally, a Master Plan should be written, de-

scribing tasks which need to be performed during the
year and which otherwise easily get forgotten, particu-
larly if they are not performed often, such as service of
equipment.

In addition to these checklists, there now exist
several guidelines on how to report animal experi-
ments, to ensure that essential information is not for-
gotten. The most well-known ones are the ARRIVE

") which also are available in Mandarin'"’

guidelines!
and which have been adopted by many scientific jour-
nals. Among other similar guidelines is the Gold Stand-
ard Publication Checklist'”®’, the authors of which

have published a comparison with ARRIVE'"'.

Use of the Internet to find 3R re-
sources

With the free availability of information on the In-
ternet, it may be tempting to assume that literature
searching skills are no longer needed. The very oppo-
site is true, if relevant papers are to be located among
millions of other texts. Indeed, a quick glance at the
Internet shows that papers describing 3R advances are
not easy to locate.

The World Wide Web consists of two parts, that
have been called The Surface Web and The Deep Web.
The Surface Web, which is that part searched by the
search engines, is useful for locating a specific docu-
ment which the researcher knows exists, or for looking
for a starting-point for information on a specific topic.
Likewise , it is useful for finding so-called “grey litera-
ture” , such as reports which are not published in the
scientific literature but which may be available on, for
example, institutional websites. These reports may be
just as valuable scientifically as published papers at
some stages when planning experiments.

The Deep Web is several orders of magnitude lar-
ger than the Surface Web. The reasons why this mate-
rial is less accessible include:

® The use of encryption

® Password-protected sites requiring registration
or subscription

® Material which is not formatted for standard
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search engines, such as text in images or video files.
It should therefore be clear that scientists need ac-
cess to specialist sources of information if they are to

locate the resources they need to advance the 3Rs.

Databases, guidelines, information
centres, journals and discussion
groups

The fact that scientists all too rarely use 3R terms
in the titles, keywords or abstracts of their papers, is
made worse by the fact that many are not aware of the
many specialist databases, which should be searched
as well as the better known and larger bibliographic da-
tabases such as MEDLINE. There is also relatively
poor overlapping between these databases, so one
search in a large database, even if it returns thousands
of hits (many of which will prove to be irrelevant) , is
not sufficient. Neither do we have one “Journal of Al-
ternatives to Animal Experiments” to search in: the
advances that have been made in the 3Rs are published
alongside papers on very different topics.

In addition, the growth of the Internet has resul-
ted in an enormous number of websites containing in-
formation of relevance to the 3Rs and a large number of
specialist databases. Many laboratory animal facilities
have their own lists of resources, but these are often
rather random, infrequently updated and not particular-
ly comprehensive.

In 2005, Smith and Allen published a paper giv-
ing a global overview of available databases, informa-
tion centres and guidelines which may be of use when

[15] In

planning research that may involve animals
2014 this information was updated and transferred to a
database :

® 3R Guide'"'; information on approx. 320
guidelines, databases, information centres, journals
and discussions groups of relevance to the 3Rs ( hit-
tp://www. 3RGuide. info).

The 3R Guide database supplements two other da-
tabases hosted by Norecopa :

e NORINA'".

audiovisual products which can be used as alternatives

information on approx. 3, 600

or supplements to the use of animals in education and
training ( http ://oslovet. norecopa. no/ NORINA )

® TextBase''™

. information on approx. 1,600
textbooks and other literature within Laboratory Animal
Science and the 3Rs ( http://oslovet. norecopa. no/

Textbase )

All these three databases can be searched using
an intelligent search engine at http;//search. noreco-
pa. no.

World Congresses on the 3Rs

Another important source of information on the
3Rs, and a driving force for their implementation, is
the series of World Congresses on Alternatives and Ani-
mal Use in the Life Sciences which have been held ev-
ery 2 — 3 years since 1993. The most recent of these
was the 9th Congress in Prague in 2014'") where
there were over 890 abstracts and 1000 participants
from 49 countries. The next Congress is to be held in
Seattle in 2017.

National 3R Centres

Many national 3R centres now exist, such as the
NC3Rs in the UK'™ and the National Consensus Plat-
forms that are members of the European Consensus-
Platform on Alternatives, ECOPA"™".

welfare organisations have also scientific departments

Several animal

performing valuable tasks related to the 3Rs, and these
should also be consulted when planning a literature
search. These include UFAW'?! | FRAME'®! and the
RSPCA"™ in the UK.

Discussion Groups

The ease in which electronic discussion groups
can now be set up, using email, has led to a large
number of groups of relevance to the 3Rs. These may
be a useful starting point if an initial literature search is
fruitless. One of the largest and oldest is CompMed
( Comparative Medicine List) '*’.

be found in the 3R Guide database'*’.

Journals

More examples may

Likewise, there is a now a large number of jour-
nals of relevance to laboratory animal science and the
3Rs. Not all of these are well-known to scientists. A-

gain, the 3R Guide database provides a list, sorted by
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scientific discipline'”’” .

Many of these have published
theme numbers. The papers in these may be a good
starting-point for a literature search, even if they are a
few years old, because they help to identify key institu-
tions and researchers within the field. These can then
be contacted to access the latest knowledge in that are-
a.

Guidelines

Scientific papers which refer to guidelines on the
care and use of animals in research will indirectly con-
tribute to the advancement of the 3Rs by signalling to
other researchers that there are standards to follow.
Many guidelines have been produced locally, for exam-
ple by the institutional care and use committee, but an
increasing number have been produced by specially ap-
pointed working groups and are published in peer-re-
viewed journals. A search should always be made,
when planning an experiment, for relevant guidelines
for the various stages of the study. A global collection
of guidelines is available in the 3R Guide database ™’ .

Consensus meetings on areas of animal use may
also be useful sources of guidance for future research,
since these often discuss problem areas and suggest so-
lutions. For example, Norecopa has arranged interna-
tional consensus meetings on harmonisation of the care
and use of fish, wildlife and agricultural animals. All
presentations from these meetings are available on the
internet, where they function as a lasting resource, al-
so for those who did not attend. At these meetings, the
participants also wrote consensus statements describing
the strengths, weaknesses and challenges within each
area. Such documents are a good way of highlighting
areas of concern so that others can take up the chal-
lenge and work to solve the issues raised. A similar set
of meetings is being arranged in the UK.

At the 2nd World Congress in Utrecht in 1996, an
initiative was taken to form what became Aliweb ( Al-
ternatives to animals on the web) ™" in 1997. Altweb
is now one of several websites offering comprehensive
information on the 3Rs and a search guide. Similar

search guides have been produced by others, including

the Canadian Council on Animal Care (CCAC) """ .

Guidelines for good literature searches

Good reporting is valueless if literature searches
are not performed correctly. These are therefore an es-
sential part of the work to advance the 3Rs. Many sci-
entists need professional help to construct an adequate
search and advice on which specialist databases they
should use.

When performing a search, it can be equally frus-
trating to retrieve too few hits as it is to retrieve many
thousand. A combination of search efficiency ( mini-
mising the number of irrelevant or poor-quality results)
and search effectivity ( maximising the number of high-
quality results) must be sought after. Writing one long
search string into an Internet search engine will not
produce this result.

As a general principle, the following basic search
strategies should be followed :

® Define the search as well as possible

® Identify synonyms and 3R terms

® Remember the differences between British and
American English

® Use several databases (there is often little o-
verlapping)

® [earn the differences between the search en-
gines and their default settings

® Get used to using Boolean operators to expand
or narrow a search, and check which terms are suppor-
ted by the search engine

® Look for core articles and key authors

® Use the possibilities on the Internet to get in
touch with key research labs

Knowledge of which Boolean operators (e. g. the
terms AND, OR, NOT) and other commands are sup-
ported by the search engine in question is essential.
Truncation of search terms using wildcards (for exam-
ple ? or * ) may be a good way to increase hits, but
this may also lead to unwanted results. Time should be
taken to read the user manual before attempting a
search using any search engine.

Identifying suitable search terms may be a prob-
lem, particularly if the scientist is unfamiliar with the

field or has a poor grasp of the English language. In
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these cases a thesaurus or synonym list will be helpful.
A thesaurus is a closed list of terms used to index and
search databases. A synonym list is a collection of
words with similar meanings (e. g. “heart“and “cardi-
ac” ). Tt is often a good idea to start a literature search
with a database that uses a thesaurus. Examples of the-
saurl are:

® the MeSH ( Medical Subject Headings) used
by PubMed at the US National Library of Medicine,
where “animal use alternatives” is one search term'*’

® the US National Agricultural Library’ s thesau-
rus for alternatives to animals'*’

® EURL ECVAM’ s thesaurus within in vitro tox-
icology'**'

The Animal Welfare Information Center ( AWIC)
at the US Department of Agriculture has also made
some sample searches available for guidance'*’

In addition to these principles, the search itself
should be performed in several parts, and only after
this has been done should the individual parts be com-

d. By doing this, it is easier to refine ( in-

bine
crease or decrease) the hits obtained for each part of
the search. A typical research study involves three as-
pects:

® The animal model

® The intervention to be carried out on that ani-
mal model

® The disease or condition which comprises the
research interest

In many studies there is also a fourth component
the disease or condition in the target species (often hu-
mans) which the animal model is trying to provide in-
formation about. This is not always mentioned in the ti-
tle/abstract of relevant papers and it is therefore not al-
ways a good idea to add this component. *’

For example, in the following study there are four
Search Components (SC) :

The effect of (SC1) group-housing on ( SC2)
blood pressure in (SC3) rats used in (SC4) diabetes
research

Separate literature searches should be performed
for the components before they are combined into one

search string. By doing this, the search terms and re-

sulting number of hits for each component can be eval-
uated and adjusted before this information is pooled in
the final search ( SC1 AND SC2 AND SC3 ( AND
SC4)). This is explained in much more detail in a pa-

per by Leenaars et al. , 20127,

Search Guides

There are a number of good guides to literature
searching available. They include

® The EURL ECVAM Search Guide'”"’

® CCAC Three Rs Search Guide'*

® AltWeb: A step-by-step approach to an alter-
natives search'*’

® UC Davis guide to bibliographic databases for
alternatives searching'*"’
® [MPI I3R working party report on Searching for

3Rs Information - Published Literature Sources *"

The EURL ECVAM Search Guide

The EU Joint Research Centre’ s Reference Labo-
ratory for the validation of alternative methods, EURL-
ECVAM'* | has produced an excellent Search Guide,
single copies of which may be obtained free of charge
from the EU Bookshop®. The Guide includes

® Data sheets on

® Journals

® Databases

® Open Access resources

® Organisations

® [nternet search engines

® Data Retrieval Procedures

® A Check-list for searching for information on
alternative methods

® Tables comparing the features of

® Databases

® Journals

® Organisations

The Guide also contains Seven Golden Steps to
Successful Searching ;

1. Clearly define and be aware of your specific in-
formation need

2. Identify the fundamental components of your
scientific approach

3. Choose the most appropriate information re-
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sources

4. Compile relevant and necessary search terms

5. Start your search with a simple query in a 3Rs
specific context

6. Limit search results from more extensive re-
sources

7. Broaden the search horizon

A useful summary of how to approach the planning
of an experiment which may involve animals is provid-
ed by a flow diagram from the consortium of UK animal
welfare organisations Focus on Alternatives (FoA). It
may be downloaded free of charge from the inter-

[43)

net' ) | together with a worked example'**'.

Systematic reviews

Systematic Reviews are methodical and standard-
ised literature searches, as opposed to less rigorous
Narrative Reviews which are more frequently carried
out by researchers and are less comprehensive, and are
more likely to be influenced by the writer’ s knowledge
or interest in an area.

The great advantage of systematic reviews over
narrative reviews is that they make it possible to con-
duct Synthesis of Evidence by meta-analysis of the pa-
pers found in the literature. This is the use of statisti-
cal methods to summarize the results of independent
studies. In this way, new results can be obtained from
animal experiments which have already been carried
out, and which would not have been obvious unless a
comprehensive search and analysis of the literature had
been performed. This is clearly an important way of
advancing the 3Rs. Guidelines for systematic reviews

are available! %

Conclusions

The importance of ensuring that scientific experi-
ments are reported in sufficient detail and in accessible
sources is often underestimated. Without good repor-
ting it is difficult to analyse the scientific literature and
plan future studies where the 3Rs are given sufficient
attention. Guidelines for standardised reporting should
be adopted on a greater scale. To fully advance the

3Rs, it is also equally important that scientists are giv-

en sufficient assistance to conduct thorough searches of

the literature.

Acknowledgements

The author wishes to thank all those who have
contributed to the work of Norecopa:

® Norwegian Research Council

® Ministries of Agriculture and Fisheries

® Laboratory Animals Ltd.

® Dag S. Stiansen Foundation

Scottish Accreditation Board

and those who have funded the NORINA data-
base

Nordic Society Against Painful Experiments, Dag
S. Stiansen Foundation, The Norwegian Research
Council, the Norwegian School of Veterinary Science,
Laboratory Animals Ltd. , RSPCA, UFAW, AstraZen-
eca, Solvay Pharmaceuticals, the Swedish Fund for
Research without Animal Experiments, Norwegian Fed-
eration for Animal Protection, Allkopi, The Humane
Andrew Animal

Society of the United States, St.
Fund, Microsurgical Developments Foundation, AAA-

LAC International, LASA, NEAVS, Amersham
Health.

7~ Literature

‘ search

Reporting

_[?

N ;4
___| Research <i

A high standard of reporting advances the 3Rs be-

Planning

cause it facilitates the discovery of relevant literature
when performing a literature search, which is an essen-
tial step when planning studies that might involve the

use of animals.

& % x o

[ 1] Smith JA, Birke L, Sadler D. Reporting animal use in scientific
papers| J |. Lab Animals, 1997, 31 312 -317.



550

rf [ SZEG Sh AR 2015 4E 10 A %523 5455 ] Acta Lab Anim Sci Sin, October 2015, Vol. 23. No. 5

(3]

[14]

Kilkenny C, Parsons N, Kadyszewski E, et al. Survey of the
quality of experimental design, statistical analysis and reporting of
research using animals[ J]. PLoS ONE 2009, 4 (11). €7824.
doi:10. 1371/journal. pone. 0007824.
Hem A, Smith AJ, Solberg P. (1998) : Saphenous vein punc-
ture for blood sampling of the mouse, rat, hamster, gerbil,
guinea-pig, ferret and mink [J]. Lab Animals, 1998, 32 364 —
368. hitp://lan. sagepub. com/ content/32/4/364. full. pdf.
http://lan. sagepub. com/reports/most — cited.
http://www. icmje. org/recommendations/browse/publishing —
and — editorial — issues/clinical — trial - registration. html.
http://www. jnr — eeb. org/index. php/jnr.
http://www. jnrbm. com.
http : //www. pnrjournal. com.
http : //www. arjournals. com/ojs.
https : //www. aaalac. org/programdesc/index. cfm.
https://www. nc3rs. org. uk/arrive — guidelines.

https://www. nc3rs. org. uk/sites/default/files/documents/
Guidelines/ARRIVE in mandarin v3. pdf.
Hooijmans CR, Leenaars M, Ritskes-Hoitinga M. A gold stand-
ard publication checklist to improve the quality of animal studies,
to fully integrate the three Rs, and to make systematic reviews
more feasible [ J]. Altern Lab Animals, 2010, 38. 167 —182.
Hooijmans C, de Vries R, Leenaars M, et al. The Gold Standard
Publication Checklist for improved design, reporting and scientif-
ic quality of animal studies. Lab Animals, 2011, 45 .61.
Smith AJ, Allen T. The use of databases, information centres and
guidelines when planning research that may involve animals [ J].
Animal Welfare,2005, 14 (4): 347 —359. http://www. nal.
usda. gov/awic/newsletters/v13n3/AWICBulletinV13N3. pdf
http ://www. 3RGuide. info.
http :// oslovet. norecopa. no/NORINA.

http : // oslovet. norecopa. no/textbase.
http :// www. we9prague. org.
http ://NC3Rs. org. uk.
http ://www. ecopa. eu.
http ://www. UFAW. org. uk.
http ://www. FRAME. org. uk.

http ://www. rspca. org. uk/sciencegroup/researchanimals.

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]

[36]

[37]

[38]
[39]
[40]

[41]
[42]
[43]
[44]
[45]

[46]

https://www. aalas. org/get — involved/listservs/compmed - .
VZztemC5tn8.

http://oslovet. norecopa. no/3R/produkter. aspx? type = 68 _
Discussion forums.

http ://oslovet. norecopa. no/3R/produkter. aspx? type = 69 _
Journals.

http ://oslovet. norecopa. no/3R/produkter. aspx? type = 66 _
Guidelines.
http : //norecopa. no/ consensus — meetings.
http : //altweb. jhsph. edu.
http ://www. ccac. ca.
https : //www. nlm. nih. gov/mesh.

http://www. nal. usda. gov/awic/alternatives/alternativeani-
malusethesaurus. htm.
http ://ecvam — dbalm. jrc. ec. europa. eu/f_main. ¢fm? idmm =
7.
http://awic. nal. usda. gov/literature — searching — and - data-
bases/sample — searches.
Leenaars M, Hooijmans CR, van Veggel N, et al. A step-by-step
guide to systematically identify all relevant animal studies [ J].
Lab Animals, 2012, 46 . 24 -31.
http : //bookshop. europa. eu/en/the — eurl — ecvam — search —
guide — ppLBN124391.
http://3rs. ccac. ca/en/searches — and — animal — index/guide.
http : //altweb. jhsph. edu/resources/searchalt/index. html.

http://lib. ucdavis. edu/dept/animalalternatives/databaseap-
proach. php.
http ://www. impi. org. uk/i3r_v2_jul2002. pdf.

https://eurl — ecvam. jrc. ec. europa. eu.

http : // oslovet. norecopa. no/EarlyPlanningPoster. pdf.

http : // oslovet. norecopa. no/ InvestigationPoster. pdf.

de Vries RBM, Hooijmans CR, Langendam MW, et al. A proto-
col format for the preparation, registration and publication of sys-
tematic reviews of animal intervention studies [ J]. Evidence-
Based Preclin Med, 2015, 1 (1): 1 - 9. e00007, DOI;
10. 1002/ ebm2. 7.

http://3rs. ccac. ca/en/research/systematic — reviews. html.

[WFEEHEA] 2015-07-10



