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Supplementary Material

Castration of adult male C57BL/6JRj mice 
allows for resocialization and social housing 
of previously single-housed males: 
a harm-benefit analysis

Katharina Hohlbaum, Charlotte Leidinger, Rupert Palme, Nancy Ann Erickson, 
Nicole Kemper, Nadine Baumgart, Jan Baumgart, Christa Thöne-Reineke

Material and Methods (Supplementary)

Ethics statement
The study was performed according to the German Ani-
mal Welfare Act and the Directive 2010/63/EU for the 
protection of animals used for scientific purposes. Ani-
mal housing and husbandry were approved by the Berlin 
State Authority (Landesamt für Gesundheit und Soziales, 
permit number: G 0053/15). Mice had been previously 
used in an experiment classified as “mild” with regards to 
animal suffering as defined by current EU regulations on 
severity classification of animal studies. After castration 
and resocialization in groups of three to four, the mice 
were rehomed.

Animals and housing
19 male C57BL/6JRj mice from Janvier Labs (Saint-
Berthevin Cedex, France) aged 18 to 42 weeks had previ-
ously been used in an experiment, which did not neces-
sitate killing of the animals. Due to aggressive behaviour, 
the mice had been individually housed for 6 to 32 weeks. 
All 19 mice were castrated and subsequently resocialized 
in groups of three to four animals. 

Since sample size depended on the number of male 
mice in our previous experiment, power analysis based 
on the faecal corticosterone metabolites (FCM) concen-
trations was performed after the study was carried out 
(Geisser-Greenhouse Corrected F Test; power = 0,9989).

All mice had been single-housed in Makrolon type III 
open top cages (42×26×15  cm) for 6 to 32 weeks. 
Their cages contained fine wooden bedding material 
(LIGNOCEL® 3-4 S, J. Rettenmaier & Söhne GmbH + 
Co. KG, Rosenberg, Germany), cotton nestlets (Ancare, 
UK agents, Lillico, United Kingdom), cocoons (ZOON-
LAB GmbH, Castrop-Rauxel, Germany), one red plastic 
house (length: 100 mm, width: 90 mm, height: 55 mm; 
ZOONLAB GmbH, Castrop-Rauxel, Germany), and two 
tunnels (metal; length: 125 mm, diameter: 50 mm).

Thirty-five to 36 days after castration, the mice were 
resocialized in groups of three to four in cages of the 
same type, also containing the cage enrichment men-
tioned above, except from a plastic house. The ani-
mals were maintained under standard conditions (room 
temperature 22±2  °C; relative humidity 55±10%) on a 
light:dark cycle of 12:12 hours of artificial light with a 
5 min twilight transition phase (lights on from 6:00 a.m. 
to 6:00  p.m.). The mice were fed pelleted mouse diet 

ad libitum (Ssniff rat/mouse maintenance, Spezialdiäten 
GmbH, Soest, Germany) and had free access to tap 
water. After surgery, all mice received food pellets soaked 
in water for five days.

In order to prevent any stress-related influence caused 
by male persons (Sorge et al. 2014), both the techni-
cian and veterinarian were female. Mice were handled 
using a combination of tunnel and cup handling which 
is known to induce less stress than tail handling (Hurst 
and West 2010).

Surgery, anaesthesia, and analgesia
Anaesthesia was induced with 4% isoflurane in 100% 
oxygen in an induction chamber and maintained with 
1.5–2.5% isoflurane via nose cone. During anaesthe-
sia and surgery, mice were warmed with a heating 
pad. Eye ointment was used to prevent dehydration 
of the eyes. After induction of anaesthesia, systemic 
analgesia was provided by meloxicam (1  mg/kg body 
weight, s.c.; Metacam 2  mg/ml injection solution for 
cats, Boehringer Ingelheim Vetmedica GmbH, Ingel-
heim, Germany), a long-acting non-steroidal anti-
inflammatory drug (NSAID) which requires a single 
dose per day (Tubbs et al. 2011). This pain manage-
ment protocol was based on recommendations by the 
German Society for Laboratory Animal Science which 
suggests the use of NSAIDs for one day following 
castration if no complication or severe swelling occurs 
(Henke et al. 2015). Lidocaine/prilocaine was used as 
topical local anaesthetic for the scrotum (Emla Creme, 
AstraZeneca GmbH, Wedel, Germany: 1  g contain-
ing 25  mg lidocaine and 25  mg prilocaine). Surgical 
castration was performed according to Behringer et al. 
(2014) using the scrotal approach. Mice were placed in 
supine position and the scrotum was disinfected. Both 
testicles were pushed into the scrotal sacs by gently 
applying pressure to the abdomen. Then, an incision 
of approximately 1 cm was made through the skin at a 
right angle to the midline of the scrotal sac. The testes 
were removed one by one. The membrane covering 
the testicle was incised and the testicle was carefully 
pushed out. The Vas deferens including its blood vessels 
was clamped with two artery forceps. Ligation between 
the two forceps was performed using absorbable suture 
material (3–0). After removal of the forceps, the testicles 
were each dissected from the fat pad and removed. The 
skin was stitched with a single button suture.
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Test schedule
The test schedule can be divided into two parts: well-
being of mice was assessed 1) post-castration (until day 
14 post-surgery) and 2) post-resocialization (day 35 until 
day 56 post-surgery). The test schedule is outlined in 
Figure 1 of the main article and all time points of testing 
are listed.

Post-castration
In order to recognize and alleviate post-operative pain, 
a clinical score sheet was used before surgery, at 30 min, 
150 min, and 300 min after surgery as well as on days 
one to seven after surgery (Supplementary Table 1). The 
Mouse Grimace Scale (MGS) (Langford et al. 2010) was 
applied before surgery, 30 min, 150 min, and 300 min as 
well as on day one, two, and three after surgery. On day 
one after surgery, burrowing behaviour was monitored 
(Deacon 2006). On the following day, nesting (Gaskill 
et al. 2013) was evaluated and the time-to-integrate-
to-nest test (TINT) (Rock et al. 2014) was conducted. 
Faecal samples for corticosterone metabolite analysis 
were collected over a period of 24 hours prior to surgery 
(i.e. between day 2 and day 1 prior to castration) as well 
as on days two and 14 after surgery. Mice were weighed 
regularly during the entire study period. In the event of 
any signs of pain, mice were treated with meloxicam 
(1 mg/kg body weight, s.c.) once daily.

Post-resocialization
Approximately a week post-castration and 28 days prior 
to resocialization, mice were habituated to the odour of 
their future group members by distributing nest material 
among all group members every three to four days. Nest 
material frequently contains pheromones originating 
from plantar and other body glands, which have been 
shown to exert an aggression-inhibiting effect (Mugford 
1973, Van Loo et al. 2003). On day 35 or day 36 post-
castration, mice were resocialized in groups of three or 
four. All mice of a group were transferred to a Makrolon 
type III cage with new bedding and nesting material of 
20  cocoons, as well as two tunnels. Immediately after 
resocialization, group interaction was video-recorded 
and monitored live by the experimenter for three 
hours in order to terminate the experiment if an end-
point criterion was reached. Fights lasting longer than 
10 min or the occurrence of open wounds were defined 
as endpoint criteria, i.e. mice had to be separated again. 
On day one and eight after resocialization, the group 
nests of the mice were scored and the TINT was carried 
out. All mice were examined daily for lesions resulting 
from fights. Mice were regularly weighed over the entire 
study period.

Clinical score sheet
A clinical score sheet (Supplementary  Table  1) was 
applied prior to surgery, at 30 min, 150 min, and 300 min 
after surgery as well as on days one to seven after sur-
gery. To examine the animals, they were observed in 
their home cage and then transferred to the hand using 
a tunnel. In addition, a separate score sheet was used 
covering the time period of three weeks after post-reso-
cialization. Apart from the scores evaluated after castra-
tion, it also included scores for fight-associated lesions 
(instead of scores for the castration wound). During the 
post-resocialization phase, the animals were examined 
daily (Monday to Friday by a veterinarian using the 

SUPPLEMENTARY TABLE 1: Clinical Score Sheet
Criteria Action accor-

ding to Ullmann 
et al. (2018)

Definition

Body posture

Sitting upright, uninhibited 
movement, rearing

A Unsteady, careful gait, and 
reduced rearing

B Reduced forward move-
ment, hunched back, 
sunken flanks

Coat condition

Smooth, shiny

A Dull, slightly unkempt

B Dirty, unkempt, prolonged 
piloerection, sticky or wet

Audible 
vocalisation

None

B Present

Respiration

Smooth, regular

B Hypoventilation/hyper-
ventilation

C Dyspnoea, breathing noi-
ses, oral respiration

Pain behaviour

None

A Staggering

B Flinching and/or abdominal 
press

Diarrhoea
None

B Present

Castration wound

Dry, not swollen, not 
reddened

A Exuding, swollen, reddened 
to a mild degree

B Exuding, swollen, reddened 
to a higher degree

Fight-associated 
lesions (resociali-
zation process)

No presence of fight-associ-
ated wounds

B Fight-associated wounds 
are present

Eye closure

Open

B Eye lids partially closed 
with more than 50% of the 
eye visible

B Less than 50% of the eye 
visible up to eye lids being 
tightly closed; wrinkles 
or dirty/wet coat may be 
visible around the eye

clinical score sheet, Saturday and Sunday by an animal 
care technician, who was instructed to immediately call 
the veterinarian if the well-being of a mouse was com-
promised).

Mouse Grimace Scale
MGS scores according to Langford et al. (2010) were 
obtained as described in our previous studies (Hohlbaum 
et al. 2017, 2018). Mice were transferred to photography 
cube (22×29×39 cm, with three white walls and one clear 
wall, and 0.5 cm of bedding material) and approximately 
20–40 photographs from each mouse were taken for 
each time point using a high definition camera (Canon 
EOS 350D, Canon Inc., Tokyo, Japan). After selecting all 
sharp frontal or lateral photographs, one photograph 
was selected for each time point and for each mouse by 
simple randomization. Two blinded individuals indepen-
dently analysed the photographs according to Langford 
et al. (2010): the five facial action units (i.e. orbital tight-
ening, nose bulge, cheek bulge, ear position, and whisker 



Berliner und Münchener Tierärztliche Wochenschrift 2020, DOI 10.2376/0005-9366-190553/4

©
 S

ch
lü

te
rs

ch
e 

Ve
rl

ag
sg

es
el

ls
ch

af
t 

m
b

H
 &

 C
o.

 K
G

change) were scored on a scale from 0 to 2 (0 = not pre-
sent, 1 = moderately present, 2 = obviously present). For 
each scorer, the mean of the five facial action units was 
calculated. Mean MGS scores of the two observers were 
averaged for each mouse for further statistical analysis 
(Hohlbaum et al. 2017, 2018).

Burrowing behaviour
For burrowing behaviour analysis (Deacon 2006, Deacon 
et al. 2001) we modified a protocol by Jirkof et al. (2010). 
A standard opaque plastic water bottle served as burrow 
(250 ml, 150 mm length, 55 mm diameter, 45 mm dia-
meter of bottle neck). Three days prior to testing the bur-
row – filled with food pellets normally supplied as diet 
– was placed in the home cage for habituation (Jirkof et 
al. 2010). For the test it was filled with 140±2 g food pel-
lets (Jirkof et al. 2010) and placed in parallel to the right 
long wall of the home cage. After 2 hours the weight of 
food pellets removed from the burrow relative to the 
initial weight was calculated (%). If the general condition 
of a mouse is impaired post-surgery, for instance due to 
post-operative pain, the mouse will remove less pellets 
from the burrow when compared to baseline (Arras et al. 
2007, Jirkof et al. 2010).

Nest building
Ten cocoons (nest of a single mouse) or 20  cocoons 
(group nest) (ZOONLAB GmbH, Castrop-Rauxel, Ger-
many) were provided as nest material. In the morn-
ing of the following day two individuals independently 
assessed the nests using the protocol by Hess et al. 
(2008). In short, if no nest site was to be identified, the 
nest score is 0 (undisturbed: mice did not move the 
material, interact with or manipulate it) or 1 (disturbed: 
mice interacted with the material but did not use it for 
nest building). If a nest site was present, the nest was 
considered to be composed of four parts which were 
scored individually (i.e. 2 = flat nest, 3 = cup, 4 = incom-
plete dome, 5  =  dome) (Hess et al. 2008). For further 
statistical analysis the scores obtained by the two scorers 
were averaged for each mouse.

Time-to-integrate-to-nest test (TINT)
The time-to-integrate-to-nest test by Rock et al. (2014) 
was slightly modified. The home cage of the animals 
was removed from the rack and placed on a table. 
A cocoon piece of 2  cm in length was placed on the 
opposite side of the cage from the main nest site. The 
mice were monitored for 10 min and the latency to first 
interaction with novel material as well as the latency 
to integrate novel material into the present nest were 
manually recorded.

Behavioural analysis of group interaction
Group interaction was video-recorded for 3  hours 
(180  min). Minutes 1–10, 60–65, and 120–125 were 
manually analysed using the video material. For each 
mouse, the number of occurrences of following behav-
ioural parameters was counted: aggressive behaviour 
(i.e. chasing, attacking, fighting, biting), body sniffing, 
ano-genital sniffing, social groom, social interaction in 
the nest site (i.e. nest-building while sitting in the nest, 
grooming, resting next to each other). An occurrence 
ended when the particular behaviour was interrupted by 
another behaviour.

Analysis of faecal corticosterone metabolites
FCMs were analysed as stress indicators (Palme 2019) by 
using an assay employing an antibody directed against 
5M-pregnane-3N,11N,21-triol-20-one. Faecal samples 
were collected over a period of 24 hours, as described 
previously (Hohlbaum et al. 2017, 2018). Mice were 
moved to a new cage for the testing period. Distress 
caused by the new cage was minimized by scattering 
soiled bedding material without faeces from their home 
cage on top of the new bedding. At the end of the test-
ing period, all dry faecal pellets were collected using 
forceps whilst wet pellets contaminated with urine were 
eliminated. 

FCMs were extracted from the 24-h-bulk samples 
according to Palme et al. (2013). Briefly, faecal sam-
ples were dried at 60–70  °C and homogenized in a 
mortar. An aliquot of 0.05  g was suspended in 1  ml 
of 80% methanol for 30  min on a multi-vortex. After 
centrifugation (2500 g, 15 min), 0.5 ml of supernatant 
was pipetted in an Eppendorf tube. Before and after 
extraction, the samples were stored at -80  °C. The 
samples were analysed for corticosterone metabolites 
using a 5M-pregnane-3N,11N,21-triol-20-one enzyme 
immunoassay as described and validated for mice by 
Touma et al. (2003, 2004). 

Statistical analysis
Statistical analysis was performed with IBM SPSS Ver-
sion 23 (IBM Corporation, Armonk, NY, USA). Explora-
tive data analysis and tests for normality were performed 
for each parameter. Data were analysed using the respec-
tive test indicated in the results section (related sam-
ples Friedman’s two-way analysis of variance by ranks, 
related samples Wilcoxon signed rank test, repeated 
measures ANOVA). Differences were considered signifi-
cant at p < 0.05.

Since this case report did not include a control group, 
experimenters could not be blinded in the following 
examinations and tests: clinical score sheet, burrowing 
behaviour, nest building, time-to-integrate-to-nest test, 
and behavioural analysis of group interaction. 
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