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A B S T R A C T

According to current guidelines on animal experiments, a prospective assessment of the severity of each pro-
cedure is mandatory. However, so far, the classification of procedures into different severity categories mainly
relies on theoretic considerations, since it is not entirely clear which of the various procedures compromise the
welfare of animals, or, to what extent. Against this background, a systematic empirical investigation of the
impact of each procedure, including behavioral testing, seems essential. Therefore, the present study was de-
signed to elucidate the effects of repeated versus single testing on mouse welfare, using one of the most com-
monly used paradigms for behavioral phenotyping in behavioral neuroscience, the open-field test. In an in-
dependent groups design, laboratory mice (Mus musculus f. domestica) experienced either repeated, single, or no
open-field testing – procedures that are assigned to different severity categories. Interestingly, testing experi-
ences did not affect fecal corticosterone metabolites, body weights, elevated plus-maze or home cage behavior
differentially. Thus, with respect to the assessed endocrinological, physical, and behavioral outcome measures,
no signs of compromised welfare could be detected in mice that were tested in the open-field repeatedly, once,
or, not at all. These findings challenge current classification guidelines and may, furthermore, stimulate sys-
tematic research on the severity of single procedures involving living animals.

1. Introduction

For many years, ethical concerns have been raised regarding the use
of animals for research purposes [1]. In particular, the conflict between
the need for animal welfare, on the one hand, and the desire for new
scientific insights, on the other, have led the debate. In this context,
estimating the severity of a procedure involving animals is one of the
most important, but also one of the most difficult tasks that experi-
menters have to face when balancing harm and benefits of an experi-
ment [2]. The classification of procedures according to their severity is
therefore an important tool to ensure effective prediction and mini-
mization of animal suffering. Meanwhile, such classification guidelines
have become an integral part of legislation on animal research in many
countries, although it remains difficult to measure and objectively
quantify severity in living animals. The current Directive regulating
animal use within the European Union (2010), for example, requires all
procedures to be assigned to a severity category, ranging from “mild”
through “moderate” and “severe” to “non recovery” [3]. However, the

classification into different categories so far mainly relies on theoretic
considerations, highlighting the increasing demand for a systematic and
evidence-based severity assessment (e.g., see [4]). Only in this way will
it be possible to identify and define clear criteria that reflect the actual
severity of a specific procedure [1].

Over the past years, a tremendous number of mutant lines have
been generated, with particular emphasis on transgenic and knockout
laboratory mice (Mus musculus f. domestica). As robust mouse pheno-
types hold great promise as translational tools for discovering effective
treatments for a variety of human diseases, a systematic characteriza-
tion of behavioral traits becomes increasingly important. Especially in
neurological and psychiatric research, there is a growing demand for
high-throughput techniques to comprehensively characterize mouse
behavior. Given that most studies in the field of behavioral phenotyping
therefore involve several behavioral paradigms, the question arises how
severe these standard procedures are and to what extent they com-
promise animal welfare.

According to the European Commission Working Group report on
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severity classification [5], the application of a single behavioral test is
considered below the threshold for regulation, whereas a combination
or accumulation of more than one behavioral test is classified as a
procedure of “mild” severity [3]. As the combination of three or more
complementary tests is strongly recommended for a systematic identi-
fication of behavioral phenotypes as well as for the sake of reproduci-
bility [6–10], most behavioral phenotyping studies currently fall at
least into the “mild” severity category.

Officially, the statistics on the severity of procedures reveal that
most procedures used in animal experiments have been categorized as
“mild”, while smaller proportions of experiments have been classified
as “moderate”, “severe”, or “non recovery” (e.g., statistics on the se-
verity of procedures in Germany, 2015, “mild”: 60%, “moderate”: 24%,
“severe”: 5%, “non recovery”: 11%, [11]). However, as inferred from
Annex VIII of the European guidelines, this “mild” category subsumes a
striking variety of different procedures of heterogeneous application
areas, including, for example, the induction of tumors with no detect-
able clinical adverse effects as well as short-term deprivation of social
partners. With respect to behavioral procedures, it is explicitly stated
that the “combination or accumulation of open-field testing”, also falls
into this severity category [3].

The open-field (OF) test is one of the most common tests used in
behavioral phenotyping studies [12,13]. It was originally described by
Hall [14] for the study of emotionality in laboratory rats (Rattus nor-
vegicus f. domestica) and subjects an animal for a certain period of time
to an unknown, illuminated arena with surrounding walls [15]. Dif-
ferent versions exist, differing, for example, in shape of the arena
(circular, square or rectangular), size, color as well as illumination level
(for reviews see [13,15,16]). The test has been shown to be sensitive to
the anxiolytic-like effects of classical benzodiazepines and 5-HT1A re-
ceptor agonists and is therefore a validated procedure to assess anxiety-
like behavior in rodents (for a review see [13]). Apart from this, many
researchers use repeated OF testing to study the habituation processes
to a novel environment [17]. Although physiological changes during
single OF testing have been assessed via infrared thermography [18], as
far as we know, no experiments have been conducted that system-
atically investigated acute and long-term effects of the exposure to re-
peated versus single OF testing on the welfare of laboratory animals.

Therefore, the present study aimed at studying the impact of re-
peated versus single OF testing on welfare-related parameters in mice.
In particular, we studied corticosterone metabolite concentrations in
the feces, body weights, anxiety-like as well as home cage behavior to
gain as comprehensive a picture as possible of the individuals’ welfare.
Both the activity of the hypothalamic-pituitary-adrenal (HPA) axis (for
a review see [19]) as well as changes in body weight [20–22] have
previously been utilized as highly sensitive indicators for assessing the
degree of stress. Also behavioral measures, such as spontaneous beha-
vior in the home cage (e.g. activity, play, stereotypic behavior) as well
as the performance in specific behavioral paradigms (e.g. elevated plus-
maze), have frequently been assessed to study welfare-related questions
(e.g. [23]). In an independent groups design, C57BL/6J mice of two
experimental groups performed the OF test either repeatedly or once,
while mice of two control groups were either exposed to a novel en-
vironment or received no specific treatment. By systematically in-
vestigating the aforementioned welfare-related measures prior to and
after the treatments we sought to test the hypothesis that mice exposed
to single or repeated OF testing differ in endocrinological, physical, as
well as behavioral measures.

2. Animals and methods

2.1. Animals and housing conditions

In the present study, 48 male mice of the C57BL/6J strain were
used, which were provided by Charles River Laboratories (Research
Models and Services, Germany GmbH, Sulzfeld). This inbred strain was

selected because of its widespread use in neurobehavioral studies. Since
the experiment was conducted in two independent batches at an in-
terval of two weeks, mice were aged either 3 or 5 weeks at delivery. To
avoid any effects of age-dependent previous experiences, mice of each
batch were counterbalanced with respect to the four treatment groups
(see Section 2.3). Upon arrival at our institute, mice were housed in an
open cage system in groups of four individuals until postnatal day
(PND) 55. From then on, mice were kept individually to exclude ag-
gressive interactions. All cages (transparent Makrolon type III; dimen-
sions: 38 cm× 23 cm× 15 cm) contained wood shavings (Allspan,
Höveler GmbH&Co.KG, Langenfeld, Germany) as bedding material and
a paper towel as nesting material. Furthermore, a transparent red
plastic mouse house (Mouse House™, Tecniplast Deutschland GmbH,
Hohenpeißenberg, Germany) and a wooden stick (approximately
1.5 cm × 1.5 cm× 10 cm) were provided for each cage. Food pellets
(Altromin 1324, Altromin Spezialfutter GmbH&Co. KG, Lage, Ger-
many) and tap water were provided ad libitum. Housing rooms were
maintained at a 12/12 h light/dark cycle with lights off at 9:00 a.m., a
temperature of about 22 °C, and a relative humidity of about 50%.

2.2. Ethics statement

All procedures complied with the regulations covering animal ex-
perimentation within the EU (European Communities Council
DIRECTIVE 2010/63/EU) and were approved by the national and local
authorities (Landesamt für Natur, Umwelt und Verbraucherschutz
Nordrhein-Westfalen “LANUV NRW”, reference number: 84-
02.04.2015.A245). Our study involved behavioral testing only and did
not cause any distress or pain to the animals. After the study, the ani-
mals remained in the animal facility of the institute for further beha-
vioral studies.

2.3. Experimental design

The whole experiment was divided into three experimental phases:
a pre-treatment phase, a treatment phase, and a post-treatment phase
(Fig. 1). The treatment phase comprised three treatment days, during
which mice experienced a specific treatment depending on their group.
Allocation to one of the following four groups (n = 12/group) was
randomized: repeated open-field testing (RT), single open-field testing
(ST), control group 1 (C1), and control group 2 (C2; Fig. 2). The pre-
and post-treatment phase served to assess a series of different welfare-
related measures to investigate the effects of repeated versus single
behavioral testing on the welfare of laboratory mice.

All treatments, behavioral tests, observations, and collections of
feces were performed during the dark phase. The sequence of animals
during these procedures was pseudo-randomized. The experimenter
was blind to the treatments at any time during the pre- and post-
treatment phase.

2.4. Procedures during the treatment phase

During the treatment phase, mice of the two experimental groups
were exposed to the OF either three times (RT: PND 76, 78, and 80) or
once (ST: PND 80; see Fig. 2). According to the European Commission
Working Group report on severity classification [5], RT would reflect an
accumulation of behavioral tests, and thus, a procedure of mild se-
verity, whereas ST would fall below the threshold for regulation.
Testing the animals in the OF [16] was thus part of the experimental
treatment. The OF consisted of a white square arena
(80 cm × 80 cm× 42 cm) and was illuminated with an intensity of
40 lx. The test was performed in a testing room a few meters away from
the housing room. During the transport, the home cage was protected
from light. Before the test, each mouse was placed individually inside a
cylinder (11 cm diameter, 20 cm high) in one corner of the OF appa-
ratus. After 1 min the cylinder was lifted and the mouse was allowed to
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freely explore the arena for 15 min. The test equipment was thoroughly
cleaned with 70% ethanol and dried between subjects.

Mice of control group C1 were transferred to a new cage on the
three treatment days, while mice of group C2 received no specific
treatment on these days (PND 76, 78, and 80; see Fig. 2). The transfer to
the new cage not only reflected a routine cage cleaning process, but also
confronted the animals with a new environment. During this procedure,
mice were placed in a new Makrolon type III cage with fresh wood
shavings and a fresh paper towel. The cage enrichment (mouse house
and the wooden stick) was transferred from the previous to the new
cage and thus remained the same during the complete treatment phase.
Animals stayed in the new cage until the next treatment day or until the
next cage cleaning. Mice of group C2 experienced no specific treatment,
but were handled on the three treatment days to rule out any effects
possibly induced by the handling itself. The handling here simulated a
standard weighing procedure, during which the animal was picked up,

placed in an empty plastic box positioned on a digital scale, and put
back in the home cage immediately afterwards.

2.5. Assessment of welfare indicators

As welfare indicators, corticosterone metabolite concentrations in
the feces, body weights, anxiety-like as well as home cage behavior
were assessed.

2.5.1. Corticosterone metabolite concentrations
The stress hormone level of mice was monitored non-invasively by

measuring fecal corticosterone metabolites (FCM) at three time points
[24–26]. Previous studies have shown that variations in FCM reliably
reflect effects of external stimuli, such as housing conditions, social
interactions, and even unfamiliar bedding [27–30]. Both the short-term
(PND 80: FCM2) and long-term response (PND 86: FCM3) to the
treatment phase were analyzed during the post-treatment phase (see
Fig. 1). Additionally, a reference baseline level was assessed during the
pre-treatment phase (PND 70: FCM1; see Fig. 1). Since Touma and
colleagues [25] demonstrated that, during the dark phase, a peak of
FCM can be found in the feces 4–6 h after the exposure to a stressor,
treatment-response fecal samples were collected 3.5–6.5 h after the
beginning of the treatment. Thereby, it was ensured that feces com-
prised only FCM as a response to the treatment but not to the sampling
procedure. Feces for the baseline measurement and the long-term re-
sponse were collected at the same time without prior treatment. For the
sample collection, mice of all groups were placed individually in
Makrolon cages type III equipped with a thin layer of wood shavings, a
paper towel, mouse house, wooden stick, and food and water ad libitum.
After the expiration of the 3 h sampling period, each mouse was
transferred back to its individual home cage. Subsequently, all feces
defecated during the 3 h were collected and frozen at −20 °C. Samples
were dried and homogenized, and aliquots of 0.05 g were extracted
with 1 ml of 80% methanol. For the analysis of the samples, a 5α-
pregnane-3β,11β,21-triol-20-one enzyme immunoassay was used,
which was established and successfully validated to measure FCM in
mice (for details see [25,26]). Intra- and inter-assay coefficients of
variation were below 10% and 12%, respectively.

2.5.2. Body weights
Measuring the development of body weights allows for the detection

of welfare-related effects [20]. Therefore, each mouse was weighed
repeatedly over the course of the pre-treatment (PND 55, 62, 70;
Weight 1–3) and the post-treatment phase (PND 83, 86, 90, 97; Weight
4–7; see Fig. 1) using a digital scale (accuracy: 0.1 g; CM 150-1N, Kern,
Ballingen, Germany).

2.5.3. Anxiety-like and exploratory behavior on the elevated plus-maze
To assess anxiety-like and exploratory behavior, the elevated plus-

maze (EPM) [31] test was performed on PND 83 during the post-

Fig. 1. Time-line diagram.
The experiment was divided into three phases: The pre-treatment phase (postnatal day
(PND) 55–75), the treatment phase (PND 76–80), and the post-treatment phase (PND
80–97). FCM = Fecal corticosterone metabolite measurements; FCM1 = Baseline level,
FCM2 = Short-term response to treatment, FCM3 = Long-term response to treatment,
EPM = elevated plus-maze test.

Fig. 2. Schematic overview of the two experimental and the
two control groups and their treatments on three treatment
days.
Between the three treatment days, there were time intervals of
48 h. Groups RT and ST served as experimental groups. While
mice of group RT performed the OF three times, mice of group
ST went through the OF only once. Groups C1 and C2 served
as controls. Mice of these groups either experienced repeated
exposure to a novel environment (C1) or no specific treatment
(C2). For details of C1 and C2 see Section 2.4.
T1–T3 = Treatment days.
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treatment phase (see Fig. 1). The plus-shaped apparatus was elevated
50 cm above the ground. It consisted of two opposing open arms
(30 cm× 5 cm) and two opposing closed arms (30 cm × 5 cm) with
20 cm high walls that extended from a central square (5 cm × 5 cm).
The two open arms were surrounded by a small lip (4 mm) preventing
the mice from falling off. Illumination intensity was 25 lx. The test was
performed at the beginning of the dark phase in a testing room a few
meters away from the housing room. During the transport, the home
cage was protected from light. After spending 1 min in an empty cage,
each mouse was individually placed on the central platform facing a
closed arm and allowed to freely explore the apparatus for 5 min. The
parameters measured were the percentage of time spent on the open
arms, the percentage of entries into the open arms, and the percentage
of distance traveled on the open arms to assess anxiety-like behavior.
The sum of entries into the open and closed arms as well as the total
distance were assessed as indicators of exploratory locomotion. The
apparatus was thoroughly cleaned with 70% ethanol and dried between
subjects. The animal’s movements were recorded by a webcam
(Webcam Pro 9000, Logitech, Europe S.A., Lausanne, Switzerland) and
analyzed by the video tracking system ANY-maze (Version 4.99,
Stoelting Co., Wood Dale, USA).

2.5.4. Home cage behavior
Observations of home cage behaviors were performed in the

housing room at two time points, during the pre-treatment phase (PND
72 and 73: Home cage behavior 1) and during the post-treatment phase
(PND 84 and 85: Home cage behavior 2; see Fig. 1). The observations
were conducted over the course of the whole dark phase under red light
conditions by an experienced observer (S.S.). Altogether, the behavior
of each mouse was observed 40 times during the pre-treatment phase
and 40 times during the post-treatment phase. One-zero sampling was
performed to record home cage behaviors (Table 1). Observation in-
tervals for each mouse (focal animal sampling) lasted 20 s [32,33]. At
the end of the 20 s intervals, the general activity of the mouse at this
particular time point was recorded using instantaneous sampling [33]
(Table 1). The order in which the mice were observed was pseudo-
randomized. For data analysis, the percentage of scans or intervals,
respectively, in which each behavior occurred were calculated. For
definitions of observed behaviors see Table 1.

2.6. Statistics

The group size was set to n = 12, based on previous studies and
recommendations for behavioral phenotyping experiments [9].

Analyses of variance (ANOVAs) were used to analyze corticosterone
metabolite concentrations, body weights, and anxiety-like as well as
exploratory behaviors on the EPM. To meet the assumptions of para-
metric analysis, residuals were graphically examined for homo-
scedasticity and outliers and the Lilliefors corrected Kolmogorov-
Smirnov Test was applied. In particular, univariate ANOVA was used to
analyze several dependent variables (FCM, anxiety-like and exploratory
behaviors on the EPM) with fixed between-subject factor ‘group’.
ANOVA with repeated measures (RM ANOVA) was performed for the
analysis of body weight with within-subjects factor ‘time’ (PND), fixed
between-subject factor ‘group’, and the interaction of ‘group’ and ‘time’.
In order to account for possible violations to sphericity, the Green-
house-Geisser or Huynh-Feldt correction was applied. Furthermore, to
present the magnitude of the reported effects in a standardized metric,
effect sizes were calculated as partial eta squared (η2p) [35], and all raw
data were summarized as means with standard deviations in Supple-
mentary Table S1. Since not all home cage behavior data were normally
distributed, non-parametric statistics was applied (Kruskal-Wallis Test).
All main effects and interaction terms were tested on local significance
level alpha = 0.05, respectively. Data are presented either as bars with
means and standard error (SEM) or box plots with medians, 10th, 25th,
75th and 90th percentiles.

All statistical analyses were conducted using the statistical software
IBM SPSS Statistics (IBM Version 23, Release 2015). Graphs were cre-
ated using the software SigmaPlot 12.5 for Windows (Build 12.5.0.38,
Systat Software, Inc. 2011).

3. Results

3.1. Fecal corticosterone metabolites

The statistical analysis of fecal corticosterone metabolite (FCM)
concentrations did not reveal a significant main effect of group within
any sampling point (FCM1: F(3,44) = 1.203, p = 0.320, η2p = 0.076;
FCM2: F(3,44) = 1.021, p = 0.392, η2p = 0.065; FCM3: F(3,44) = 0.935,
p = 0.432, η2p = 0.060; Fig. 3). Thus, the four groups did neither differ
significantly in FCM concentrations before the treatment-phase, nor in

Table 1
Definitions of home cage behaviors.

General activity (Instantaneous sampling)
Active The mouse is active when it is not inactive.
Inactive The mouse is lying or sitting motionlessly, except for tiny

whisker, ear or tail movements.

Home cage behaviors (One-zero sampling)
Stereotypic behaviora

Circling Climbing in tight circles at the cage lid.

Exploratory behaviors
Climbing on lid The mouse does not touch the ground with any paws and

holds to the cage lid. The tail can still touch the ground.
Rearing A mouse raises itself on its hindpaws and stretches its snout

into the air.

Maintenance behaviors
Drinking A mouse nibbles at a water bottle.
Feeding A mouse ingests food.
Self-grooming A mouse scratches, grooms or licks its own body.

Definitions of behaviors are based on previous publications [32,34].
a In mice, different forms of stereotypic behaviors exist, but in our study only circling

was observed in considerable quantities.

Fig. 3. Fecal corticosterone metabolite concentrations over the course of the experiment.
Baseline FCM levels were assessed during the pre-treatment phase (PND 70), while short-
term (PND 80) and long-term (PND 86) responses to the treatment phase were assessed
subsequently to the third treatment or one week later, respectively. During the treatment
phase, mice performed the OF either three times (RT), once (ST), or not at all, but were
transferred to a new cage (C1) or received no specific treatment (C2). Data are presented
as bars with mean and SEM. Statistics: ANOVA; for details see Section 2.6. Sample size:
n = 12/group. There were no significant main effects of group within baseline, short-
term and long-term response.
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their short-term and long-term responses after the treatment.

3.2. Body weights

Repeated measures ANOVA was performed for both the pre- and the
post-treatment phase. Both analyses detected a significant main effect
of time, with weights increasing over time (pre-treatment phase:
F(1.4,60.3) = 101.033, p < 0.001; post-treatment phase:
F(2.6,112.8) = 97.607, p < 0.001). Neither during the pre-
(F(3,44) = 1.057, p = 0.377, η2p = 0.067) nor during the post-treat-
ment phase (F(3,44) = 1.714, p = 0.178, η2p = 0.105), was a difference
in body weight between the groups found (Fig. 4). There were also no
significant group-by-time interactions during the pre-
(F(4.1,60.3) = 0.294, p = 0.885, η2p = 0.020) and post-treatment phase
(F(7.7,112.8) = 1.624, p = 0.129, η2p = 0.100).

3.3. Anxiety-like and exploratory behavior

The groups did not differ significantly concerning both anxiety-like
behavior and exploratory locomotion on the EPM (anxiety-like beha-
vior: percentage of time on open arms: F(3,44) = 1.134, p = 0.346,
η2p = 0.072; Fig. 5A; percentage of entries into open arms:
F(3,44) = 2.463, p = 0.075, η2p = 0.144; Fig. 5B; percentage of distance
traveled on open arms: F(3,44) = 0.997, p = 0.403, η2p = 0.064; ex-
ploratory locomotion: sum of entries: F(3,44) = 0.807, p = 0.497,
η2p = 0.052; Fig. 5C; total distance traveled: F(3,44) = 2.273,
p = 0.093, η2p = 0.134; Fig. 5D).

3.4. Home cage behavior

Both during the pre- and post-treatment phase, the four groups did
not differ significantly in their general activity (active: pre-treatment:
χ2
(3) = 6.711, p = 0.082; post-treatment: χ2

(3) = 5.251, p = 0.154;
Fig. 6), stereotypic behavior (circling: pre-treatment: χ2

(3) = 2.047,
p = 0.563; post-treatment: χ2

(3) = 4.278, p = 0.233; Fig. S1A), ex-
ploratory behaviors (climbing on lid: pre-treatment: χ2

(3) = 1.864,
p = 0.601; post-treatment: χ2

(3) = 0.402, p = 0.940; Fig. S1B; rearing:
pre-treatment: χ2

(3) = 1.083, p = 0.781, post-treatment: χ2
(3) = 1.615,

p = 0.656; Fig. S1C), and maintenance behaviors (drinking: pre-

treatment: χ2
(3) = 0.994, p = 0.803, post-treatment: χ2

(3) = 4.564,
p = 0.207; feeding: pre-treatment: χ2

(3) = 6.492, p = 0.090, post-
treatment: χ2

(3) = 3.461, p = 0.326; self-grooming: pre-treatment:
χ2
(3) = 2.354, p = 0.502, post-treatment: χ2

(3) = 5.493, p = 0.139; Fig.
S1D).

4. Discussion

For the purpose of refining animal experiments, a prospective as-
sessment of the severity of each procedure is mandatory. Since there are
growing concerns on the severity of less invasive studies, a systematic
investigation of the impact of repeated behavioral testing is necessary
and, so far, widely missing. Here, we concentrated on one of the most
frequently used tests in behavioral phenotyping, the open-field (OF).
The aim of the present study was to elucidate whether repeated OF
testing has any effects on the welfare of laboratory mice compared to
single OF testing. For a comprehensive picture of the animals’ welfare,
we measured several established welfare indicators (for a review see
[36]), including physiological, physical, and behavioral measures in
C57BL/6J mice, the most widely used laboratory strain. Overall, we did
not detect significant differences between mice that performed the OF
three times, once or not at all in any of the 13 welfare-related measures.
With respect to our hypothesis, there is thus no evidence that group
differences were not due to chance.

A widely used and highly sensitive indicator for the degree of stress
is the activity of the hypothalamic-pituitary-adrenal (HPA) axis (for a
review see [19]). In the present study, we performed a non-invasive
method using fecal samples, from which corticosterone metabolites
were extracted [24–26]. By applying this technique, previous studies
have shown that slight environmental manipulations cause significant
variations in fecal corticosterone metabolites (FCM) in mice. More
specifically, exposure of pregnant females to unfamiliar males’ soiled
bedding induced a significantly higher increase in FCM compared to
fresh bedding [29]. Furthermore, increased housing density as well as
social defeat profoundly elevated FCM levels [28,30]. The impact on
FCM was also demonstrated for more invasive procedures, such as
intra-bone marrow transplantation, which caused significantly in-
creased FCM values [37]. Notably, such variations in HPA axis activity
are often reflected by changes in body weight. A stress-induced increase
in corticosterone levels thereby frequently correlates with a decrease in
body weight [20–22]. In contrast to these examples, no differences
between the four groups were detected with respect to FCM and body
weights in the present study. Thus, neither single nor repeated OF
testing was found to cause an acute or long-term activation of the
adrenocortical system. Given that FCM measurement has been proven
to be a sensitive method to detect even minor treatment effects, these
findings underline the assumption that the treatments did not affect the
animals’ physiological state, although we cannot prove a null effect on
the basis of this study. With respect to the EU guidelines, this may
question the classification of repeated versus single testing in two dif-
ferent severity categories (i.e., mild versus below threshold).

Elevated levels of corticosterone are commonly regarded as evi-
dence for compromised welfare. There are, however, limitations to this
interpretation as levels do not only rise in response to adverse experi-
ences but also to positive experiences, such as sexual activity or an-
ticipation of a reward [23,36,38,39]. Therefore, a comprehensive
welfare assessment should also consider behavioral measures, including
the observation of spontaneous behavior in the home cage as well as the
performance in welfare-related behavioral paradigms [23]. One fre-
quently used behavioral test for assessing state anxiety in mice is the
elevated plus-maze (EPM) test [31]. The EPM is not only pharmacolo-
gically validated and sensitive in the acquisition of anxiety-like beha-
vior, but also known for the detection of subtle welfare-related changes.
For example, it is well documented that environmental enrichment
influences the animals’ behavior in the EPM in an anxiolytic way
[40–43]. Also social experiences are well-known for their impact on

Fig. 4. Body weights during the pre- and post-treatment phase.
Body weights were measured repeatedly over the course of the pre-treatment (PND 55,
62, 70; Weight 1–3) and the post-treatment phase (PND 83, 86, 90, 97; Weight 4–7). Over
the course of the treatment phase, mice of group RT performed the OF three times, while
mice of group ST performed the OF only once. Mice of control group C1 were exposed to a
new cage, whereas mice of control group C2 received no specific treatment. Data are
shown as mean + SEM. Statistics: RM ANOVA; for details see Section 2.6. Sample size:
n = 12/group. There were neither significant main effects of group within the pre-
treatment or post-treatment phase nor group-by-time interactions.
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EPM performance, with, for example, social defeat causing increased
levels of anxiety-like behavior [28]. Furthermore, even the way of
handling the animals has an effect on the behavior in the EPM [44,45].
In the present study, however, no significant differences in anxiety-like
behavior on the EPM were detected between the four groups, arguing
against any treatment-specific changes in emotionality.

The observation of spontaneous behavior in the familiar home cage
yields further insights into animal welfare. In this context, stereotypies

are widely discussed. Defined as repetitive, invariant behavior patterns
without any obvious goal or function, they are indicative of impaired
welfare and should therefore be taken seriously as a warning signal of
potential suffering [46,47]. With estimated prevalence rates of 50%,
mice develop several different types of stereotypy under laboratory
conditions, including repetitive bar-mouthing or repetitive jumping
[47]. Similarly, compromised welfare can be indicated by fluctuations
in the activity pattern, since low frequencies and durations of sleep
behavior were found to correlate with indicators of elevated physiolo-
gical and physical stress (e.g., rats [48]). Also, a high amount of sta-
tionary behavior (awake but inactive) was shown to be indicative of
poor welfare [42]. In the present study, the overall level of stereotypies
was remarkably low. Furthermore, none of the home cage behaviors,
including stereotypic behavior and activity level, were significantly
influenced by repeated or single OF testing or control procedures. While
these findings do not prove equality of treatment groups, they blend in
perfectly with the overall picture.

Taken together, testing male C57BL/6J mice in an OF either once or
repeatedly may be regarded as a humane behavioral procedure. Before
drawing general conclusions, however, results should be confirmed in
females as well as in other strains and species (e.g., see [49,50]). From a
broader perspective, these findings are not only important for the
classification of procedures in behavioral phenotyping studies, but also
underline the fundamental need for a systematic and evidence-based
severity assessment of any procedures involving living animals. Many of
the opinions concerning the classification of standard techniques are
not based upon an objective and reproducible assessment of welfare,
but upon a subjective evaluation. With respect to the 3R-concept (see
[51]), such studies also provide the basis of refinement approaches.

Fig. 5. Anxiety-like behavior and exploratory locomotion measured in the elevated plus-maze.
(A) Percentage of time on open arms, (B) Percentage of entries into open arms, (C) Sum of entries into open and closed arms, and (D) Total distance traveled. Mice of the RT group
performed the OF three times, while mice of the ST group performed the OF only once. Mice of control group C1 were transferred to a new cage on each treatment day, while mice of
control group C2 received no specific treatment. Data are presented as bars with mean and SEM. Statistics: ANOVA; for details see Section 2.6. Sample size: n = 12/group. There were no
significant main effects of group.

Fig. 6. Home cage activity during the pre- and post-treatment phase.
Percentage of scans in which mice were active. Over the course of the treatment phase,
mice performed the OF either three times (RT), once (ST) or not at all, but were trans-
ferred to a new cage (C1) or received no specific treatment (C2). Data are shown as box
plots with median, 10th, 25th, 75th and 90th percentiles. Statistics: Kruskal-Wallis Test;
for details see Section 2.6. Sample size: n = 12/group. There were no significant main
effects of group within the pre- and post-treatment phase.
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Only when it is clear, how severe a procedure is, can refinements be
addressed that reduce the degree of pain, suffering, distress or lasting
harm in an experiment. Furthermore, since data quality can be sig-
nificantly impaired by poor welfare, refining animal experiments would
also improve the scientific validity [52].
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