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Abstract

Severity assessment for experiments conducted with laboratory animals is still based mainly on subjective
evaluations; evidence-based methods are scarce. Objective measures, amongst which determination of the
concentrations of stress hormones, can be used to aid severity assessment. Short-term increases in gluco-
corticoid concentrations generally reflect healthy responses to stressors, but prolonged increases may indicate
impaired welfare. As mice are the most commonly used laboratory animal species, we performed a systematic
mapping review of corticosterone measurements in Mus musculus, to provide a full overview of specimen types
(e.g. blood, urine, hair, saliva, and milk) and analysis techniques. In this publication, we share our protocol and
search strategy, and our rationale for performing this systematic analysis to advance severity assessment. So far,
we have screened 13,520 references, and included 5337 on primary studies with measurements of endogenous
corticosterone in M. musculus. Data extraction is currently in progress. When finished, this mapping review will
be a valuable resource for scientists interested in corticosterone measurements to aid severity assessment. We
plan to present the data in a publication and a searchable database, which will allow for even easier retrieval of
the relevant literature. These resources will aid implementation of objective measures into severity assessment.
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Severity assessment is an integral part of all animal ‘“‘non-recovery”, “mild”, ‘“moderate” or ‘severe”.

experiments performed within the European Union,
as prescribed by article 15(1) from directive 2010/63/
EU. The assessed severity can be categorised as
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While the directive and supplementary materials pro-
vide a basis to estimate severity, the actual assessment
process is still based mainly on subjective evaluations
by individual scientists; evidence-based methods to
grade severity are scarce.'

Several objective measures can be considered to aid
severity assessment. These measures comprise three
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main categories: behaviour (spontaneous behaviours
such as vocalisations and locomotion, nesting and
burrowing, but also choices in preference tests),” physi-
ology (e.g. heart rate, respiration, body weight) and
biochemistry (stress hormones).®® Biochemical meas-
ures do not seem to be the most popular for severity
assessment, possibly because several can only be made
post-mortem. However, hormones that fluctuate with
experienced stress, e.g. glucocorticoids, can be mea-
sured in vivo to provide an indirect indication of the
actual severity experienced by the animal, and these
measurements are not necessarily invasive.

While the glucocorticoid stress response usually
reflects a healthy reaction to stressors, the prolonged
activation of the hypothalamic-pituitary-adrenal-axis
generally is a reason for concern.® Therefore, measuring
glucocorticoids can be used to evaluate animal welfare,
and thereby severity.” '! It is still common to sample
corticosteroids from blood.'*!* For sampling blood,
the number of repeated measurements from one
animal is limited by the maximum volume of blood
that can be withdrawn. Besides, most blood sampling
procedures are invasive. Microdialysis allows for
repeated measurements over several days, on a time
scale of minutes to hours.'*'® However, it is technically
challenging, and while the measurements themselves
are not invasive, the animal needs to undergo surgery
to implant a probe or guide canula. Particularly for
welfare-related studies, refined methods for specimens
that can be collected less invasively, such as urine, hair,
saliva and milk are preferred.'>!317-19

Corticosterone can be measured using several tech-
niques, e.g. gas chromatography/mass spectrometry,
high-performance liquid chromatography and several
types of immunoassays. While the chromatography-
based techniques are technically challenging, they are
the most specific. Immunoassays are based on anti-
body-binding and are therefore generally less specific.
However, they are easier to perform and can provide
useful results depending on the species and specimen
type under investigation.?%?!

Mice are the main species used in laboratory animal
sciences; in 2011, 61% of all animals used for scientific
purposes within the European Union (EU) were mice.*
In 2017, in Germany the percentage was 66% (Www.
bmel.de, “Tierschutz in der Forschung”, accessed 31
January 2019). Therefore, objective measures to aid
severity assessment in mice are imperative. In mice, cor-
ticosterone is the main glucocorticoid.?****

With the number of new scientific publications
increasing daily, the need for objective literature
reviews rises. Unfortunately, most reviews still do not
implement an explicit methodology, resulting in poten-
tial bias of the presented results that cannot be esti-
mated by the scientists reading the review. One type

of review explicitly describing the review methods is
the mapping review.”> Mapping reviews comprise a
comprehensive search of a wide field and present their
results in a user-friendly format.?*2” The objective of a
mapping review is wider and more descriptive than
answering a specific research question, as is common
in systematic reviews. Data extraction is thus limited,
and assessment of the risk of bias in the included stu-
dies is optional. A mapping review will identify evi-
dence clusters and evidence gaps. Systematic mapping
of animal studies has started only recently.”® While sev-
eral important narrative reviews on corticosterone in
mice have recently been published,”° no systematic
overview of all available work on corticosterone in
mice is available to date.

It is becoming more common to publish review proto-
cols for animal studies (refer to Pires et al.*! as an exam-
ple). Protocols are published to benefit from peer review
to optimise the review process, to make comprehensive
search strings available to other reviewers and to share
information on the ongoing effort with the scientific
community before publication of the results. In line
with this practice, we present the protocol of our system-
atic mapping review on corticosterone in mice in this
publication. We have thus far completed the screening
phase for inclusion of the relevant references and are in
the midst of data extraction.

Protocol/methods

For transparent research practices, a non-narrative ver-
sion of this protocol was posted online before we started
screening the literature on the Open Science Framework
(www.osf.i0; 23 February 2018). To increase the chances
of the protocol being found by those interested, it was
furthermore posted on the Systematic Review Facility
(http://syrf.org.uk/; 14 January 2019).

Research question

Because this is a mapping review it does not follow the
standard PICO-format for the research question
(Population, Intervention, Comparison, Outcome).
We defined only the population (Mus musculus) and
outcome (endogenous corticosterone concentration).
This mapping review thus gathers all literature on cor-
ticosterone measurements in mice indexed up to 7
February 2018. Besides, it will answer two main questions.

1. Which specimen types and methods of detection
have been used for corticosterone measurement in
mice?; and

2. In which fields of research (animal welfare-, inflam-
mation-, neuroscience-, pain-, and stress-research)
have these measurements been performed?.


www.bmel.de
www.bmel.de
http://www.osf.io
http://syrf.org.uk/;
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Search strategy

Two literature databases were searched on 7 February
2018: PubMed and Embase. Both are comprehensive
databases that have indexed all included references
using an internal thesaurus (MeSH for PubMed,
Emtree for Embase). We used the MeSH and Emtree
terms besides searching for author-defined keywords
and title, and abstract text words to retrieve all relevant
references.

The search strings consist of the two elements mice
and corticosterone, which were combined with
“AND”. The search string comprised the appropriate
index terms and an extensive set of synonyms, alterna-
tive spellings and related terms. The full search strategy
is provided in Table 1.

Study selection

To optimize the work flow, a non-standard approach
for reference screening in a single phase was used.
Inclusion or exclusion was based only on the title
and abstract. If this information was not sufficient
to determine if the inclusion criteria had been
met, the full text was immediately consulted. If the
full text could not be retrieved online, the reference
received the label “To be determined on full text”.

Table 1. Search strategies.

References in this latter category were ordered via the
library of the Hannover Medical School for further
analysis.

All references were screened independently by at
least two reviewers. In case of discrepancies the
reviewers reread and discussed the reference until con-
sensus had been reached.

Inclusion and exclusion criteria

The following three inclusion criteria were used:
first, the reference had to describe a primary study;
second, the study had to be done in the house mouse
(M. musculus), and third, the study had to measure
endogenous corticosterone. Thus, non-primary studies,
reviews without new data, studies that did not measure
corticosterone, and studies that measured cortico-
sterone only after exogenous administration were
excluded. There were no restrictions on publication
date or language of the references.

Data extraction

The data to be extracted were subdivided into three
domains: bibliographic data, animal model characteris-
tics, and outcome measures. We extract the following

Search string

Database element Search string

Pubmed Mice

(mice[mesh] OR miceltiab] OR musltiab] OR mouse[tiab] OR murineltiab])

Pubmed Corticosterone

Embase Mice

Embase Corticosterone

(corticosterone[mesh] OR corticosterone[tiab] OR corticocorticosterone

[tiab] OR corticocosteroidltiab] OR corticorterone[tiab] OR
corticoserone[tiab] OR corticostcroneltiab] OR corticosteone[tiab] OR
corticoster[tiab] OR corticostereneltiab] OR corticostereone[tiab] OR
corticosteron[tiab] OR cortikosterone[tiab] OR cortikosteron[tiabl]

OR kortikosterone[tiab] OR kortikosteron[tiab] OR ‘kendall compound
b’[tiab] OR ‘reichstein substance h’[tiab] OR corticoesterone[tiab] OR
cortecosterone(tiab] OR corticossteroneltiab] OR cortcosteroneltiab])

(‘mouse’/exp OR mouse:ab,kw,ti OR mice:ab,kw,ti OR mus:ab,kw,ti OR

musculus:ab,kw,ti OR murine:ab,kw,ti)

(‘corticosterone’/de OR ‘corticosterone blood level’/de OR ‘cortico-

sterone release’/de OR ‘corticosterone’:ab,kw,ti OR
‘corticocorticosterone’:ab,kw,ti OR ‘corticocosteroid:ab,kw,ti OR
‘corticorterone’:ab,kw,ti OR ‘corticoserone’:ab,kw,ti OR
‘corticostcrone’:ab,kw,ti OR ‘corticosteone’:ab,kw,ti OR
‘corticoster’:ab,kw,ti OR ‘corticosterene’:ab,kw,ti OR
‘corticostereone’:ab,kw,ti OR ‘corticosteron’:ab,kw,ti OR
‘cortikosterone’:ab,kw,ti OR ‘cortikosteron’:ab,kw,ti OR
‘kortikosterone’:ab,kw,ti OR ‘kortikosteron’:ab,kw,ti OR

‘kendall compound b":ab,kw,ti OR ‘reichstein substance h’:ab,kw,ti OR
‘cortcosterone’:ab,kw,ti OR ‘corticoesterone’:ab,kw,ti OR
‘corticostron’:ab,kw,ti OR ‘cortocosterone’:ab,kw,ti)
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bibliographic data to identify references: authors, year
of publication, title, journal, issue, page number, and
language. The animal model characteristics we extract
are: mouse strain, sex, and whether the mice were used
as an animal model for a specific human disease.

The outcome measures to be analysed in the
mapping are: specimen type (i.e. specimen wherein cor-
ticosterone was measured, e.g. serum), quantifica-
tion technique (e.g. radio-immunoassay), and whether
the study was related to animal welfare, inflammation,
neuroscience, pain, or stress. It is possible for a
study to relate to multiple or none of the research
fields of interest (e.g. a study analysing the effect
of repeated mild stress on neurogenesis in the hippo-
campus would qualify as related to neuroscience
and stress).

For data extraction, the references are distributed
amongst the reviewers. Data from each reference is
extracted by a single reviewer. For quality control, at
least 5% of all references are randomly selected and
checked by a second reviewer for errors and
inconsistencies.

All data are being extracted using a standardized
sheet in Excel. To prevent variability between reviewers,
pre-specified lists of answers are used where possible.
For example, for sex the options are: M (male), F
(female), B (both), or U (unknown or not given).

Data synthesis and risk of bias analysis

The extracted data will be tabulated and summarised in
figures. These will show frequency of mouse strains
used, sex, corticosterone quantification method, etc.
For this mapping review, no quantitative outcome
values (e.g. concentrations) will be extracted, thus no
meta-analyses will be performed.

Due to the scope of this mapping review, a full risk
of bias assessment is not viable. To provide a rough
indication of the reporting quality of the included
studies, reporting frequencies will be analysed for
mouse strain, sex, specimen type and quantification
technique.

Preliminary results

Our search in Pubmed retrieved 6046 references, that in
Embase 7474. After duplicate removal, 8075 references
were imported into EROS (Early Review Organising
Software), a web-based application, for screening. For
3382 references, the full-text had to be consulted to
decide on inclusion. We included 5337 references into
our mapping review. The flow of references is provided
in Figure 1.

Data extraction from these 5337 references is cur-
rently in progress. We anticipate analysing the results

PubMed
N =6.046

Embase
N=7.474

Total References
Retrieved
N =13.520

3 Duplicates
N =5.445
Total Unique
Excluded
4 (Not Relevant)
N=2.738

References
N = 8.075

Total Studies

Included
N =5.337

Figure 1. Flow of references.

mid-2019. Around halfway through the data extraction,
4.4% of the included references were on an animal wel-
fare-related topics.

Besides crude numbers and percentages, we will ana-
lyse changes in research practices and research fields
over time based on publication dates. For example,
the methods used for corticosterone measurements are
expected to change over time, with radio-immunoas-
says being replaced by other immunoassays and high-
performance liquid chromatography. Furthermore, we
plan to make the data from the 5337 included refer-
ences available in a searchable database.

Discussion

This mapping review will be an accessible resource for
scientists interested in corticosterone measurements in
mice. The publication will show which techniques have
been used to measure corticosterone in different speci-
men types over time. The database will allow scientists
to easily retrieve the relevant literature as a background
for their experiments. Both resources will aid imple-
mentation of objective measures into severity assess-
ment in at least three manners. First, future study
planning will benefit from improved estimation of the
value and limitations of integrating corticosterone
measurements. Second, the collated evidence will aid
elucidating the biological meaning of corticosterone
concentrations for severity assessment. Third, selection
of the most appropriate animal model will benefit from
knowing the relevance of corticosterone measurement.

A limitation of our database will be that our map-
ping review was restricted to corticosterone itself.



Leenaars et al.

We excluded the corticosterone metabolites from our
mapping review, because preliminary searches for the
metabolites indicated that the amount of literature
retrieved would become unmanageable. As most rele-
vant papers on measurements of corticosterone metab-
olites will mention the word ‘‘corticosterone” in the
title, abstract or keywords, they will have been retrieved
by our search. During the screening phase, we added
labels to the papers stating that they measured cortico-
sterone metabolites. We plan a separate review of these
papers (protocol under development).

A general limitation of mapping reviews is that the
amount of data extracted, and therefore the conclu-
sions that can be drawn based on them, is limited.?> >’
This is inevitable to keep the mapping review process
manageable. Our mapping review is, however, an excel-
lent starting point for further in-depth reviews, as all
the relevant literature up to 7 February 2018 will
already be gathered. As corticosterone is the most
common stress hormone analysed in relation to severity
assessment, our comprehensive analysis of the relevant
literature, and its accessibility in a database, will benefit
and support the implementation of more objective
severity assessment strategies.
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Résumé

Les évaluations de la gravité liées aux expériences menées sur des animaux de laboratoire restent princi-
palement basées sur des évaluations subjectives; les méthodes fondées sur les faits sont peu nombreuses.
Des mesures objectives, parmi lesquelles la détermination des concentrations d’hormones de stress, peuvent
aider a évaluer la gravité. Une breve augmentation des concentrations de glucocorticoides indique générale-
ment une réponse saine aux facteurs de stress, tandis qu’une augmentation prolongée peut indiquer un bien-
étre compromis.

Les souris étant les espéces animales les plus communément utilisées dans les laboratoires, nous avons
mené un examen cartographique systématique des dosages de corticostérone chez les souris Mus musculus,
afin de fournir un apercu complet des types d’échantillons utilisés (c.-a-d. sang, urine, poil, salive et lait) et
des techniques d'analyse. Dans cette publication, nous partageons notre protocole et notre stratégie de
recherche ainsi que nos raisons pour effectuer cette analyse systématique afin de faire avancer les évalu-
ations de la gravité.

A ce jour, nous avons analysés 13520 références, et inclus 5337 concernant des études primaires avec des
dosages de la corticostérone endogéne chez les souris Mus musculus. L'extraction des données est actuelle-
ment en cours. Lorsque nous aurons terminé, cette analyse cartographique sera une ressource utile aux
scientifiques intéressés par le dosage de la corticostérone pour aider a évaluer la gravité. Nous prévoyons de
présenter ces données dans une publication ainsi que dans une base de données consultable, ce qui permet-
tra de trouver encore plus facilement la littérature pertinente. Ces ressources aideront a mettre en place des
mesures objectives pour évaluer la gravité.

Abstract

Die Bewertung der Belastung fiir Versuchstiere basiert nach wie vor hauptsachlich auf subjektiven
Beurteilungen; evidenzbasierte Methoden sind selten. Objektive Messungen, unter anderem die
Bestimmung der Konzentration von Stresshormonen, kdnnen zur Unterstiitzung der Belastungsbewertung
herangezogen werden. Kurzfristige Erhhungen der Glukokortikoidkonzentrationen spiegeln im Allgemeinen
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gesunde Reaktionen auf Stressoren wider, aber anhaltende Erhdhungen kdnnen auf ein beeintrachtigtes
Wohlbefinden hinweisen.

Da Mause die am haufigsten verwendete Versuchstierart sind, fihren wir eine systematische Mapping-
Review der Kortikosteronmessungen in Mus musculus durch, um einen vollstindigen Uberblick iber
Probenarten (z. B. Blut, Urin, Haare, Speichel und Milch) und Analysetechniken zu erhalten. In dieser
Veroffentlichung teilen wir unsere Protokoll- und Recherchestrategie sowie unsere Begriindung fir die
Durchfiihrung dieser systematischen Analyse, um die Belastungsgradbewertung voranzutreiben.

Bislang haben wir 13.520 Referenzen geprift und 5.337 in Primarstudien mit Messungen von endogenem
Corticosteron in Mus musculus aufgenommen. Die Datenextraktion ist derzeit im Gange. Diese Mapping-
Review wird nach ihrem Abschluss eine wertvolle Ressource fiir Wissenschaftler sein, die sich fir
Kortikosteronmessungen zur Unterstiitzung der Belastungsbewertung interessieren. Wir planen, die Daten
in einer Publikation und einer durchsuchbaren Datenbank zu prasentieren, was den Zugriff auf die relevante
Literatur noch einfacher machen dirfte. Diese Ressourcen werden der Einfiihrung objektiver Messungen fiir
die Bewertung von Belastungsgraden dienen.

Resumen

La evaluacion de gravedad de experimentos llevados a cabo con animales de laboratorio se basa principal-
mente todavia en evaluaciones subjetivas; los métodos basados en pruebas son escasos. Se pueden usar
medidas objetivas, entre las que se encuentran la determinacién de las concentraciones de hormonas del
estrés, para ayudar a evaluar situaciones de gravedad. Unos aumentos a corto plazo en las concentraciones
de glucocorticoides generalmente reflejan respuestas saludables a factores de estrés, pero unos aumentos
prolongados pueden indicar un deterioro del bienestar.

Ya que los roedores son la especie animal mas utilizada en laboratorios, estamos realizando un estudio de
revision sistematico de las mediciones de corticosterona en Mus musculus, a fin de ofrecer una visién general
de los tipos de especies [p. ej., sangre, orina, pelo, saliva y leche) y técnicas de anélisis. En esta publicacidn,
compartimos nuestra estrategia de investigacion y protocolo, asi como nuestro razonamiento para realizar
este analisis sistematico para mejorar la evaluacién de las situaciones de gravedad.

Hasta la fecha, hemos evaluado 13.520 referencias que incluian 5.337 sobre estudios principales con
mediciones de la corticosterona enddégena en Mus musculus. La extraccidon de datos estd actualmente en
curso. Cuando finalice, este estudio de andlisis serd una fuente valiosa para los cientificos interesados en las
mediciones de la corticosterona para ayudar a evaluar las situaciones de gravedad. Tenemos pensado pre-
sentar los datos en una publicaciéon y una base de dates que podra consultarse, lo cual permitird hacer
blusquedas mas sencillas de toda la informacidn disponible. Estos recursos ayudaran en la implementacion
de medidas objetivas sobre la evaluacién de situaciones de gravedad.



