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

Kastration von adulten männlichen C57BL/6JRj Mäusen 
ermöglicht Vergesellschaftung und Gruppenhaltung von 
zuvor einzeln gehaltenen Männchen: eine Harm-Benefit-
Analyse
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Summary Veterinary ethics play a critical role in animal research since veterinarians practic-
ing in laboratory animal facilities face ethical dilemmas every day, such as the 
animal welfare issues that come along with standard laboratory housing. It is a 
common code of practice to keep mice in single-sex groups, although housing 
males together can result in stress or fatal injuries due to aggressive territorial 
and resource-related behaviour. However, if they are separated, social isolation 
also reduces their welfare. To eliminate aggression, 19 adult male C57BL/6JRj 
mice, which had been individually housed for up to 32 weeks, were castrated and 
resocialized in groups in this case report. Surgical intervention increased Mouse 
Grimace Scale scores for up to 150 min post-castration and concentrations of 
faecal corticosterone metabolites on day 2 post-castration when compared to 
baseline but did not affect burrowing and nesting, suggesting short-term stress 
and pain. Mice gained body weight within the following two weeks. After mice 
were resocialized in groups, a transient loss in body weight followed by weight 
gain reflected the process of habituation. The lack of fight-associated lesions and 
the high nest building performance provided evidence that the new groups were 
stable. Our investigation demonstrates that harmonious group-housing of cas-
trated adult male C57BL/6JRj mice is possible. In terms of a lifetime harm-benefit 
analysis for the individual animal in this case report, the short-term post-surgical 
stress and pain may outweigh the long-lasting negative effects of single housing. 
Scientific data on the well-being of the mice provided the basis of the harm-
benefit analysis.

Keywords: laboratory mice, social isolation, single housing, stress hormones

Zusammenfassung Die tiermedizinische Ethik spielt eine wichtige Rolle in der tierexperimentellen 
Forschung, da Tierärztinnen und Tierärzte in Versuchstierhaltungen täglich mit 
ethischen Dilemmata konfrontiert werden. Dazu zählen auch die tierschutzrele-
vanten Probleme, die auf die standardisierte Haltung der Versuchstiere zurückzu-
führen sind. Eine gängige Praxis ist die Haltung von Mäusen in gleichgeschlecht-
lichen Gruppen, obwohl Gruppenhaltung männlicher Mäuse aufgrund von 
aggressivem Territorialverhalten und Ressourcenkonflikten zu Stress bis hin zu 
lebensbedrohlichen Verletzungen führen kann. Werden sie separiert, beeinträch-
tigt die soziale Isolation ihr Wohlbefinden jedoch ebenfalls. Um das aggressive 
Verhalten zu reduzieren, wurden in diesem Fallbericht 19 adulte männliche 
C57BL/6JRj Mäuse, die bis zu 32 Wochen einzeln gehalten wurden, kastriert und 
in Gruppen resozialisiert. Der chirurgische Eingriff erhöhte die Mouse Grimace 
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Scale Scores bis zu 150 Minuten und die Konzentration der fäkalen Kortikoste-
ronmetabolite am Tag 2 nach Kastration im Vergleich zur Baseline, beeinflusste 
aber Wühl- und Nestbauverhalten nicht, was auf kurzfristigen Stress und Schmerz 
hindeutete. Die Mäuse nahmen innerhalb der darauffolgenden zwei Wochen an 
Körpergewicht zu. Nachdem die Tiere in Gruppen resozialisiert wurden, spie-
gelte sich die Habituation in einem vorübergehenden Verlust, gefolgt von einer 
Zunahme an Körpergewicht wider. Die Abwesenheit kampfassoziierter Läsionen 
und die hohe Nestbau-Performance indizierten, dass die neuen Gruppen stabil 
waren. Unsere Untersuchung zeigt, dass eine harmonische Gruppenhaltung von 
kastrierten adulten männlichen C57BL/6JRj Mäusen möglich ist. Hinsichtlich der 
Harm-Benefit-Analyse, bezogen auf das Gesamtleben eines Einzeltieres dieses 
Fallberichts, können die vorübergehenden postoperativen Schmerzen sowie 
Stress im Vergleich zu den langfristigen, negativen Effekten der Einzelhaltung 
toleriert werden. Die wissenschaftlich ermittelten Daten zum Wohlbefinden der 
Mäuse dienten als Basis der Harm-Benefit-Analyse.

Schlüsselwörter: Labormäuse, soziale Isolation, Einzelhaltung, Stresshormone

Introduction

Laboratory animal science has always been an important 
field in veterinary ethics (Grimm et al. 2018). Proce-
dures on animals causing pain, suffering, and distress 
raise difficult ethical and moral issues. Therefore, in a 
harm-benefit analysis, the benefits of the outcome are 
weighed against the harm the animal will experience 
(Grimm 2014, Grimm et al. 2019). This is required by 
law for animal experimentation (Directive 2010/63/EU), 
but is also applicable to housing, husbandry, and routine 
procedures diminishing the well-being of the animal. 
Veterinarians play a crucial role in this process because 
their expertise allows them to thoroughly evaluate the 
well-being of an animal. Accordingly, in the present case 
report, scientifically valid information obtained by veteri-
narians provided the basis of the harm-benefit analysis 
concerning a central issue in laboratory animal science. 

Throughout the world, laboratory animal facilities are 
facing animal welfare issues that come along with hous-
ing mice under unnatural conditions. Standard labora-
tory housing does not reflect social structures of free-liv-
ing mice, which are comprised of a dominant male, 
subordinate males, females, and their offspring (Hurst et 
al. 1993, van Zegeren 1979). A common code of housing 
practice requires mice to be kept in single-sex groups 
with few, clearly-defined exceptions, e.g. in the occur-
rence of deleterious effects due to social incompatibility, 
veterinary needs, and scientific justification which require 
single-housing (Kappel et al. 2017, National Research 
Council (US) 2001). However, group-housing of male 
mice can cause serious welfare issues. Aggressive territo-
rial and resource-related behaviour among conspecifics 
leads to stress due to repeated social defeat and subordi-
nation and may result in injuries or death (Van Loo et al. 
2003, Weber et al. 2017). Since mice are unlikely to adapt 
to these social stressors, chronic exposure may translate 
the stress-response into pathological conditions such as 
immune disorders and increased disease susceptibility 
(Bartolomucci 2007). When an unacceptable level of 
aggression is reached (e.g. fights, wounds, body weight 
loss), male mice are separated and housed individually, 
which, in turn, diminishes welfare. Deleterious con-
sequences of lack of social contact include increased 
anxiety- and depression-like behaviours, stress-related 
corticosterone concentrations, adrenal-body weight-ra-

tios and reduced concentrations of brain-derived neu-
rotropic factor (BDNF) compared to group-housed mice 
(Berry et al. 2012). The depressive state is accompanied 
by effects on the serotonergic system (Kalliokoski et al. 
2014). Valzelli summarized the changes in behavioural 
and neurochemical functions of socially deprived male 
mice under the term “isolation syndrome” (Valzelli 1973). 

In the scope of the 3Rs (replace, reduce, refine) by 
Russel and Burch (Russel and Burch 1959), any contri-
bution to refinement of male mice housing improves 
welfare (Lloyd et al. 2008). One strategy of eliminating 
aggression among males is castration. However, the 
German Animal Welfare Act prohibits the total or partial 
removal of body parts or the total or partial removal 
or destruction of organs or tissues of a vertebrate (§  6 
Abs. 1 TierSchG). This prohibition does not apply if the 
intervention is necessary in individual cases according to 
veterinary indications and also if sterilisation is carried 
out in order to prevent uncontrolled reproduction or – 
unless veterinary considerations prevent it – to continue 
using or keeping the animal (§  6 Abs.  1 Nr.  1a, Nr.  5 
TierSchG).

The usability of castrated male mice is limited but par-
tial solutions have been implemented by a few laboratory 
animal facilities, in which castrated male mice are used 
as sentinels in health-surveillance programs (Lofgren 
et al. 2012) or for educational purposes (Vaughan et al. 
2014) in order to reduce the number of surplus animals. 

Only a few studies have examined the benefits of cas-
tration in terms of refinement. Castration of CD1 mice 
at the age of three to four weeks reduced the prevalence 
of fighting in comparison to intact males from 64 to 
0% (Lofgren et al. 2012). Similarly, male outbred Swiss 
ARC;ARC(S) mice castrated at the age of six to nine 
weeks showed less agonistic and defensive behaviour 
compared to intact males and bite injuries were reduced 
to zero (Vaughan et al. 2014). Common denominators of 
these studies, however, were the time-point of castra-
tion – which was performed at an early age when group 
housing is still possible (i.e. the level of aggression of 
the intact males had not required their separation yet) – 
and the absence of prolonged separation (i.e. mice were 
group-housed before and after castration). This raises 
the question whether male mice of an advanced age of 
more than nine weeks and which had been separated for 
a prolonged period of time can be resocialized in stable 
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Description of the case

19 male C57BL/6JRj mice from Janvier Labs (Saint-
Berthevin Cedex, France) aged 18 to 42 weeks had been 
used in an experiment which did not necessitate the kill-
ing of the animals and their general state of health and 
well-being had been fully restored. Therefore, humane 
killing of the mice was not justified. However, the mice 
had been individually housed for 6 to 32 weeks due to 
aggressive behaviour. Since long-term individual hous-
ing is accompanied by negative effects, the veterinary 
indication of castration with subsequent resocializa-
tion in groups was given. A week post-castration and 
28  days prior to resocialization, mice were habituated 
to the odour of their future group members by distrib-
uting nest material among all group members every 
three to four days. The newly formed groups were 
comprised of three to four animals. To investigate the 
impact of surgery on their well-being and whether 
castration allows for resocialization in stable groups, 
we analysed two separate time-frames: post-castration 
and post-resocialization (Fig. 1). First, the well-being 
of the individual mice post-castration was objectively 
evaluated by employing behavioural parameters, such as 
the Mouse Grimace Scale, nest building and burrowing 
behaviour, biochemical parameters, i.e. concentrations of 
faecal corticosterone metabolites (FCMs), and changes 
in body weight. Analgesia was provided by meloxicam 
(1 mg/kg body weight, s.c. after anaesthesia induction) 
(Henke et al. 2015) and lidocaine/prilocaine cream (topi-
cally applied onto the scrotum). Secondly, the process of 
resocialization after rehousing in groups of three to four 
animals at day 35 or day 36 post-castration was carefully 
analysed. Besides group interaction, group nests and the 
course of body weight were evaluated in order to assess 
group stability. Our analyses provided strong indicators 
of well-being assessment and allowed for a retrospective 
harm-benefit analysis of castration and resocialization 
for the 19 mice of this study. A detailed description of 
materials and methods can be found online (supple-
mentary material).

The authors decided to omit a control group, i.e. 
resocialization of intact male mice, due to animal wel-
fare reasons and the lack of ethical justification of their 
expected suffering. 

groups after castration. This issue may be especially rel-
evant in scenarios in which a study has been completed 
and the animal’s general state of health and well-being 
have been fully restored. If mice are reused (e.g. for edu-
cational purposes) in additional research studies or kept 
as sentinels for a prolonged period of time, castration 
and resocialization may improve their well-being com-
pared to long-term individual housing.

FIGURE 1: Flow chart  
of test schedule.  
Time-to-integrate-to-nest 
test (TNT) (Graphic: 
Katharina Hohlbaum).

FIGURE 2: Mouse Grimace Scale (MGS). The MGS is a tool to identify 
acute pain from the facial expressions of mice (Langford et al. 2010). 
MGS scores of the facial action units range from 0 to 2 (0 = not present, 
1 = moderately present, 2 = obviously present). First, MGS scores of the 
five facial action units were averaged for each scorer and, secondly, mean 
MGS scores of the two observers were averaged. 
Baseline scores were obtained two days prior to castration. Data are 
presented as boxplot diagrams (n = 19). Dots are outliers with values 
between 1.5–3.0 × interquartile range (IQR). Positive signs (+) are 
outliers with values greater than 3.0 × IQR. Data were analysed using 
related samples Friedman’s two-way analysis of variance by ranks with 
post-hoc Dunn-Bonferroni test: * p < 0.05, *** p < 0.001 versus baseline; 
# p < 0.05, ## p < 0.01, ### p < 0.001 versus 30 min after castration. 
Data presented in this figure were also used to develop an automated 
facial expression recognition software for mice using deep learning 
(Andresen et al. 2019).

www.svg.to/Hohlbaum
www.svg.to/Hohlbaum
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Assessment of well-being after castration
Mouse Grimace Scale (MGS)
The five facial action units (i.e. orbital tightening, nose 
bulge, cheek bulge, ear position, and whisker change) 
described in the MGS (Langford et al. 2010) were scored 
on a scale from 0 to 2 (0 = not present, 1 = moderately 
present, 2 = obviously present) and, for each scorer, the 
mean of the five facial action units was calculated. Then 
mean MGS scores of the two observers were averaged 
for each mouse for further statistical analysis (Hohlbaum 
et al. 2017, 2018)

A Pearson correlation was run to determine the rela-
tionship between the MGS scores obtained by the two 
scorers. According to Landis and Koch (1977), there was 
an almost perfect correlation, which was statistically signif-
icant (r = 0.773, p < 0.001, n = 133, data of 19 mice obtained 
at seven time points were included in the analysis).

Friedman’s two-way analysis of variance by ranks indi-
cated significant differences between mean MGS scores 
obtained at the different time points (Chi2  =  53.206, 
df = 6, p < 0.001, n = 19; Fig. 2). The post-hoc Dunn-Bon-
ferroni test revealed increased mean MGS scores at 30 
min (p  <  0.001) and 150 min (p  =  0.017) after surgery 
compared to baseline (i.e. before surgery). Furthermore, 
mean MGS scores were significantly elevated at 30  min 
after surgery in comparison to 150 min (p  =  0.030), 
300 min (p = 0.002), day 1 (p < 0.001), day 2 (p = 0.001), 
and day 3 (p < 0.001) after surgery. Data of this figure 
were reused for another project titled “Towards a fully 
automated surveillance of well-being status in labo-
ratory mice using deep learning”, which has not been 
published yet.

Burrowing behaviour
For burrowing behaviour analysis (Deacon 2006, Deacon 
et al. 2001, Jirkof et al. 2010), a standard opaque plastic 
water bottle was filled with food pellets and placed in the 
home cage of the animals. After 2 h, the weight of food 
pellets removed from the burrow relative to the initial 
weight was calculated (%). 

Overall, on day one after castration, burrowing 
behaviour was not reduced compared to baseline 
(related samples Wilcoxon signed rank test: z = −0.443, 
p = 0.658; Fig. 3). At baseline, one mouse did not show 
burrowing behaviour (0 %) but removed approximately 
89 % of the food pellets from the burrow at day one 
after castration. Two mice showed poorer burrowing 
performance on day one than at baseline (3 % versus 
88 %, 6 % versus 90 %). 

Nest building and time-to-integrate-to-nest test (TINT)
Nests were scored on a scale from 0 to 5. In 
brief, if no nest site was to be identified, the nest 
score was 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 = incomplete dome, 
5 = dome) (Hess et al. 2008).

A Pearson correlation was run to determine the 
relationship between the nest scores obtained by 
the two scorers. According to Landis and Koch 
(1977), there was an almost perfect correlation, 
which was statistically significant (r  =  0.817, 

FIGURE 3: Burrowing behaviour after castration.  
A plastic bottle filled with food pellets was placed in the 
home cage and after two hours the weight of food pellets 
removed from the burrow relative to the initial weight 
was calculated (%). Baseline data were obtained two 
days prior to castration. Data are presented as boxplot 
diagrams (n = 19). Dots are outliers with values between 
1.5–3.0 × interquartile range (IQR). Positive signs (+) 
are outliers with values greater than 3.0 × IQR. Data 
were analysed using related samples Wilcoxon signed 
rank test.

p < 0.001, n = 38, data of 19 mice obtained at two time 
points were included in the analysis).

Nest scores obtained at baseline and two days after 
castration did not significantly differ from each other 
(related samples Wilcoxon signed rank test: z  =  0.240, 
p = 0.810, Table 1).

A cocoon nestlet piece was placed on the opposite side 
of the cage from the main nest site and the mice were 
monitored for 10 min (Rock et al. 2014). The latency to 
first interaction with novel material as well as the latency 
to integrate novel material into the present nest were 
manually recorded.

Wilcoxon signed rank test neither revealed significant 
differences in the latency to first interaction with the novel 
material (z = 1.489, p = 0.136), nor in the latency to inte-
grate the novel material to the nest (z = 1.161, p = 0.245) 
between baseline and day two after castration (Table 1).

TABLE 1: Nest building and time-to-integrate-to-nest test (TINT) after 
castration

Time

Nest building1 Time-to-integrate-to-nest test (TINT)2

Nest scores
Latency to first 
interaction with 
novel material [s]

Latency to  
integrate novel 
material to nest [s]

M IQR M IQR M IQR
Baseline 4.75 4.13–4.88 47 19–81 373 159–600
2 days after castration 4.63 4.13–5.00 71 21–199 555 312–600

1 Nest building: Nests were scored on a scale from 0 to 5 (0 = mice did not move the material, interact with 
or manipulate it, 1 = mice interacted with the material but did not use it for nest building), 2 = flat nest, 
3 = cup-shaped nest, = 4 nest with incomplete dome, 5 = nest with dome (Hess et al. 2008). 
2 TINT: A cocoon nestlet piece was placed on the opposite side of the cage from the main nest site and the 
mice were monitored for 10 min (Rock et al. 2014). Data are given as median (M) and interquartile range 
(IQR). Baseline values were obtained one day prior to castration. Data were analysed using related samples 
Wilcoxon signed rank test (n = 5, nest scores: p = 0.810, latency to first interaction with novel material: 
p = 0.136, latency to integrate the novel material to the nest: p = 0.245).
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Thirty minutes after surgery, 14 out of 19 mice showed 
an unsteady, careful gait and reduced rearing, five mice 
showed reduced forward movement and a hunched pos-
ture, and seven mice staggered when moving forward. 
Furthermore, the coat of 18 mice was slightly unkempt. 
Two hours later, three mice showed an unsteady, careful 
gait, as well as reduced rearing and two mice showed a 
reduced forward movement, whilst two mice still showed 
staggering and three had a slightly unkempt coat. 300 min 
after surgery, staggering was no longer observed, how-
ever, five mice still showed an impaired body posture (one 
mouse: slightly unsteady, careful gait, as well as slightly 
reduced rearing; two mice: unsteady, careful gait, as well 
as reduced rearing; one mouse: slightly reduced forward 
movement, slightly hunched back and sunken flanks; one 
mouse: reduced forward movement, hunched back and 
sunken flanks) and one mouse had a slightly unkempt 
coat. On day one after surgery, two mice showed an 
unsteady, careful gait, as well as reduced rearing and one 
mouse was dull and slightly unkempt. Audible vocaliza-
tion, diarrhoea or impaired respiration were not observed 
at any time point.

Two weeks after surgery, two out of 19 mice devel-
oped an inguinal abscess. The abscess was incised, 
drained, and rinsed with iodine solution under isoflu-
rane anaesthesia. One mouse underwent this proce-

Faecal corticosterone metabolites (FCMs)
Using an ANOVA with repeated measures and a Green-
house-Geisser correction, the mean values of faecal 
corticosterone metabolites (FCMs) differed significantly 
[F (1.324, 23.824)  =  15.135, p  <  0.001; Fig. 4]. Pairwise 
comparison using Bonferroni post-hoc test revealed sig-
nificantly elevated FCM concentrations on day two after 
castration compared to baseline (p  =  0.010). Further-
more, FCM concentrations on day 14 after castration 
were significantly lower than at baseline (p = 0.011) and 
on day two (p = 0.001).

Body weight
Mice had lost approximately 1.76 g of total body weight 
on average after surgery on day zero) (Fig. 5), of which 
0.48 ± 0.11 g (mean ± standard deviation) are attributed 
to the tissue removed during surgery. Hence, 1.28 ± 0.95 g 
of body weight were lost due to post-surgical and/or 
post-anaesthetic pain and/or distress. Between day zero 
and day 14, ANOVA with repeated measure and a Green-
house-Geisser correction revealed a significant gain in 
body weight [F(3.745, 67.409) = 6.613, p < 0.001]. Pairwise 
comparison by Bonferroni post-hoc indicated significantly 
higher body weight on day 14 compared to day  one to 
eight after castration (day 1: p = 0.037; day 2: p = 0.001, 
day 3: p = 0.006, day 4: p = 0.010, day 5: p =0.001, day 6: 
p = 0.001, day 7: p < 0.001, day 8: p < 0.001). 

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 through seven 
after surgery. It included body posture, coat condition, 
respiration (pattern), as well as the presence of audible 
vocalization, pain behaviour, eye closure, diarrhoea, and 
the condition of the castration wound. 

FIGURE 4: Faecal corticosterone metabolites (FCMs) 
after castration. Baseline values were obtained bet-
ween day two and day one prior to castration. Data are 
presented as boxplot diagrams (n = 19). Dots indicate 
outliers with values between 1.5–3.0 × interquartile 
range (IQR). Data were analysed using an ANOVA with 
repeated measures: * p < 0.05, ** p < 0.01.

FIGURE 5: Body weight after castration. Data are 
presented as mean (n = 19) and were analysed using 
an ANOVA with repeated measures and a Greenhouse-
Geisser correction: p < 0.001. Pairwise comparison by 
Bonferroni post-hoc indicated significantly higher body 
weight on day 14 compared to day 1–8 after castration 
(day 1: p = 0.037, day 2: p = 0.001, day 3: p = 0.006, 
day 4: p = 0.010, day 5: p =0.001, day 6: p = 0.001, day 
7: p < 0.001, day 8: p < 0.001).
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dure only once and was injected subcutaneously (s.c.) 
with enrofloxacin (10 mg/kg) and meloxicam (1 mg/kg) 
for five days. For the other mouse, this procedure had 
to be repeated on four consecutive days. It was injected 
subcutaneously with enrofloxacin and meloxicam for 
seven days.

FIGURE 6: Behavioural analysis of group interaction after resocializa-
tion. Group interaction was video-recorded for 3 hours. The number of 
occurrences of following behavioural parameters was manually counted 
during minutes 1–10, 60–65, as well as 120–125 by analysing the videos 
for each mouse and added: 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). Data are presented as boxplot dia-
grams (n = 19).

Assessment of well-being post-resocialization
Behavioural analysis of group interaction and lesions result-
ing from fights
Group interaction was video-recorded for 3 hours. The 
number of occurrences of behavioural parameters was 
manually counted during minutes 1–10, 60–65, as well as 
120–125 by analysing the videos for each mouse.

No aggressive behaviour (i.e. chasing, attacking, fight-
ing, biting) was observed during the observation period 
(i.e. in minutes 1–10, 60–65, and 120–125 after resociali-
zation) (Fig. 6). 18 mice showed body sniffing, eight mice 
ano-genital sniffing, 16 mice social groom, and 15 mice 
social interaction in the nest site. The number of occur-
rences of each behaviour is shown in Fig. 6. No lesions 
resulting from fights were found during the daily inspec-
tion of the mice.

Nest building and time-to-integrate-to-nest test (TINT)
A Pearson correlation was run to determine the rela-
tionship between the nest scores obtained by the two 
scorers. According to Landis and Koch (1977), there was 
an almost perfect correlation, which was statistically 
significant (r = 0.709, p = 0.022, n = 10, data of 5 mouse 
groups obtained at two time points were included in the 
analysis).

After resocialization, mice built high and complex 
nests in which they were found to be resting together 
(Fig. 7). The group nest scores did not significantly dif-
fer between day one and day eight after resocialization 
(related samples Wilcoxon signed rank test: z = −0.944, 
p = 0.345) (Table 2). On both days and in all five groups, 
at least one mouse interacted with the novel mate-
rial and integrated it into the nest. Statistical analysis 
showed no differences in the latency to first interaction 
with novel material (related samples Wilcoxon signed 
rank test: z = −1.753, p = 0.080) and the latency to inte-
grate novel material to nest (related samples Wilcoxon 
signed rank test: z = −1.214, p = 0.225) between day one 
and day eight (Table 2).

Body weight after resocialization
Using ANOVA with repeated measures, a significant 
difference in body weight over time [F(4, 72) = 21.999, 
p  <  0.001, Fig. 8] was observed. Pairwise comparison 
using Bonferroni post-hoc test revealed an increase in 
body weight at day three (day 0 versus day 3: p = 0.022) 
and a loss between day three and 17 after resocialization 
(day 3 versus day 10: p  =  0.025; day 3 versus day 17: 
p  <  0.001; day 10 versus day 17: p  <  0.001). Between 
day 17 and 31 (end of the study), body weight increased 
again (p = 0.009). 

Discussion

Our observations revealed that resocialization of adult 
male C57BL/6JRj mice, which had been individually 
housed for a prolonged period of time of up to 32 weeks, 
is possible after castration. We closely monitored the 
phases 1) post-castration (day zero to day 14 post-sur-
gery) and 2) post-resocialization (day 35 to day 56 post-
surgery) and used this scientifically sound information 
as a basis of the harm-benefit analysis, which weighed 
the benefits of housing castrated male mice in groups 
against the harm of castration and stressful process of 
resocialization.

TABLE 2: Nest building and time-to-integrate-to-nest test (TINT) in 
the group after resocialization

Time
Group of 
castrated 
male mice

Nest buil-
ding1

Time-to-integrate-to-nest test 
(TINT)2

Nest 
scores

Latency to first 
interaction 
with novel 
material [s]

Latency to 
integrate novel 
material to 
nest [s]

1 day after  
resocialization

1 4.6250 56.0 80.0
2 4.2500 60.0 123.0
3 4.8750 220.0 225.0
4 4.1250 145.0 147.0
5 4.1250 10.0 13.0

8 days after  
resocialization

1 4.0000 10.0 86.0
2 4.0625 11.0 15.0
3 4.625 91.0 99.0
4 4.5625 61.0 65.0
5 3.8125 50.0 57.0

1 Nest building: Nests were scored on a scale from 0 to 5 (0 = mice did not move the material, interact with 
or manipulate it, 1 = mice interacted with the material but did not use it for nest building), 2 = flat nest, 
3 = cup-shaped nest, = 4 nest with incomplete dome, 5 = nest with dome (Hess et al. 2008).  
2 TINT: A cocoon nestlet piece was placed on the opposite side of the cage from the main nest site and the 
mice were monitored for 10 min (Rock et al. 2014). The latency to first interaction with novel material as well 
as the latency to integrate novel material into the present nest were manually recorded. Data of the five 
groups of castrated male mice are given. Data were analysed using related samples Wilcoxon signed rank test 
(n = 5, nest scores: p = 0.345, latency to first interaction with novel material: p = 0.080, latency to integrate 
novel material to nest: p = 0.225).
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gery (i.e. 30 min after mice woke up from anaesthesia 
and showed first forward movements) and resulted 
in increased MGS scores which, in turn, decreased at 
150 min post-surgery but were still elevated compared 
to baseline. We assumed that the MGS scores reflected 
the sole impact of post-surgical pain, i.e. excluding 
effects of isoflurane at this later time point. At 300 min 
post-surgery, MGS scores were no longer significantly 
elevated. Overall, however, the MGS scores indicated 
an ineffectiveness of pain management with standard 
systemic 1 mg/kg of meloxicam (Henke et al. 2015) and 
topical lidocaine/prilocaine in male C57BL/6JRj mice 
undergoing castration via scrotal approach. Furthermore, 
our observations support the assertion by Miller et al. 
that “the most critical time period for the provision of 
analgesia to mice is in the first few hours immediately 
post-surgery” (Miller et al. 2016). Therefore, the animal 
should be closely monitored during this period.

Nest building and burrowing behaviour can be impaired 
by pain or distress (Arras et al. 2007, Jirkof et al. 2010). 
The high burrowing performance on day one and the 
construction of complex nests on day two after castration 
suggest the mice may had already recovered from surgery 
except for two out of 19 mice. These two mice removed 
less pellets from the burrow than at baseline, one of which 
also displayed an increased clinical body posture score (i.e. 
unsteady, careful gait, as well as reduced rearing), point-
ing towards the presence of post-surgical pain. Therefore, 
both mice were additionally treated with one dose of 
1  mg/kg meloxicam s.c. on day one. Their burrowing 
performance was not impaired the following day and the 
clinical score of the one individual was no longer elevated. 
It is important to note that these mice are the ones that 
developed an inguinal abscess two weeks after surgery.

Although the increase in both, the latency to inter-
act with novel material and to integrate it to the nest 
(TINT), was not statistically significant on day two after 
castration, it is notable that both parameters were ele-
vated by approximately 1.5 fold when compared to 
baseline. Whether the parameters obtained by the TINT 
reflect pain itself or rather non-pain-associated distress 
remains debatable since the TINT may be affected by 
diverse negative experiences (Rock et al. 2014). Further-
more, previous studies reported that single housing can 
lead to inconsistencies in these parameters (Häger et al. 
2015, Rock et al. 2014).

FCM concentrations are effective stress markers 
(Palme 2019) and were assessed by a group-specific 
enzyme immunoassay validated for mice (Touma et 
al. 2003, 2004). Since FCM excretion is influenced by 
the circadian rhythm (Touma et al. 2003, 2004), faecal 
samples were collected over a period of 24 hours. In 
the present study, FCM concentrations revealed an ele-
vated HPA-axis activity pointing to post-surgical stress 
on day two after castration compared to baseline. Using 
a commercial enzyme immunoassay kit, Wright-Wil-
liams et al. (2007) also found elevated FCM concentra-
tions post-vasectomy in male C57BL/6JCrl mice treated 
either with saline, 5 or 10 mg/kg of meloxicam. Only at 
a higher dose of 20  mg/kg FCM concentrations were 
similar to those in untreated animals (Wright-Williams 
et al. 2007).

Considering the presence of pain-related behaviour 
assessed by the clinical score sheets, increased MGS 
scores, and elevated FCM levels during the post-surgical 
period in our study, pain management by 1 mg/kg meloxi-

Post-castration
The efficacy of pain management was assessed by the 
MGS (Langford et al. 2010), a clinical score sheet, bur-
rowing performance, and nesting behaviour. Further-
more, body weight and FCM concentrations were meas-
ured as indicators of post-surgical stress. 

The MGS scores following castration need to be inter-
preted with caution since the inhalation anaesthetic 
isoflurane itself is capable of elevating MGS scores at 30 
min post-anaesthesia, whereas its effects are negligible 
at 150 min (Hohlbaum et al. 2017, Miller et al. 2015). 
Therefore, the effects of both isoflurane and post-sur-
gical pain may have accumulated at 30  min post-sur-

FIGURE 8: Body weight after resocialization. Data are pre-
sented as mean (n = 19) and were analysed using an ANOVA 
with repeated measures with a Greenhouse-Geisser correction: 
p < 0.001. Pairwise comparison using Bonferroni post-hoc test 
revealed an increase in body weight at day three (day 0 versus 
day 3: p = 0.022) and a loss between day 3 and 17 after resoci-
alization (day 3 versus day 10: p = 0.025, day 3 versus day 17: 
p < 0.001, day 10 versus day 17: p < 0.001). Between day 17 and 
31 (end of the study), body weight increased again (p = 0.009).

FIGURE 7: Male mice resting together after resocialization 
(Photo: Katharina Hohlbaum)
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cam (Henke et al. 2015) and EMLA cream administered 
after anaesthesia induction appears not to be sufficiently 
effective in male C57BL/6JRj mice. It may be improved 
by a subcutaneous injection of lidocaine/bupivacaine at 
the incision site before the first cut is made. This should 
replace the use of EMLA cream, of which onset and dura-
tion of action is unclear in mice. Moreover, an intratestic-
ular and/or intrafunicular injection of a local anaesthetic 
may improve analgesia in mice. This approach has been 
discussed for the castration of piglets (CASTRUM con-
sortium 2006) in which tearing or cutting the spermatic 
cord is the most painful procedure of castration (Haga 
and Ranheim 2005, Taylor and Weary 2000, White et al. 
1995). However, the risk of systemic effects following the 
absorption of high concentrations of local anaesthetics 
from the injection site into the blood stream must also be 
considered (Becker and Reed 2012) and should be fur-
ther investigated. If the improved local anaesthesia does 
not decrease post-surgical pain and distress, the dose of 
meloxicam may be increased (Wright-Williams et al. 2007) 
(e.g. 5 mg/kg) and injected every 12 hours. Another option 
may be the combination of a non-steroidal anti-inflam-
matory drug (NSAID) with buprenorphine (Wright-Wil-
liams et al. 2013). Preemptive analgesia could be provided 
by voluntary oral administration of buprenorphine or a 
NSAID, e.g. via (sweetened) drinking water (Jirkof et al. 
2019) in the dark phase prior to surgery. To ensure ade-
quate intake of analgesics, the mixture of analgesics and 
sweetened drinking water can alternatively be offered in 
a syringe for voluntary consumption (Lang 2016). More-
over, analgesics can be mixed with flavoured jelly (Liles 
et al. 1998) or nut paste (Abelson et al. 2012). However, 
voluntary oral administration requires the habituation of 
the mice to the novel food before the procedure in order 
to prevent neophobia. 

Interestingly, FCM levels were lower at day 14 after 
castration compared to day two post-surgery and also 
to baseline which may be caused by the lack of endoge-
nous, testicular testosterone due to the removal of both 
testes and associated changes in the endocrine system. 
Faecal testosterone metabolites were already decreased 
on day 2 after castration (Auer et al. 2020). It had pre-
viously been shown that castration increased adrenal 
4α-reductase activity which resulted in a reduction of 
corticosterone and an increase of adrenal corticosterone 
metabolites (Colby and Kitay 1972). In contrast, Kalil et 
al. (2013) demonstrated that orchiectomy did not alter 
basal or stress-induced blood corticosterone concentra-
tions in male Wistar rats on day 11 after castration. How-
ever, our FCM analysis showed a decrease in HPA-axis 
activity 14 days after castration and suggests decreased 
stress levels in mice following castration. Stress levels of 
intact male mice can be triggered by several factors such 
as the presence of androgen-dependent pheromones 
in the urine of other male mice, increasing aggressive 
behaviour (Chamero et al. 2007, Lee and Wilson 2012, 
Mugford and Nowell 1970). The mice in the present 
study were kept under housing conditions permitting 
continuous exposure to the odours of intact males, 
which may have resulted in higher stress levels. Cas-
trated male mice do not produce such pheromones and, 
therefore, fail to induce aggressive behaviour (Mugford 
and Nowell 1970). This is in line with the reduced FCM 
excretion in castrated mice of our study.

The increase in body weight supports our hypothesis 
that the stress levels began decreasing two weeks after 

castration, but it remains to be clarified whether the 
increase may also be explained by the continuous weight 
gain over time until mice reach advanced age (Fahlström 
et al. 2011). In C57BL/6NJ mice, it was shown that body 
weight increased until 15–20 months of age (Fahlström 
et al. 2011). However, another study reported that cas-
trated C57BL/6J mice gain less weight over time than 
intact mice since calorie intake (i.e. food intake) declines 
whereas cumulated feed efficiency (body weight gain/
calorie intake) is unaltered (Harada et al. 2016).

All in all, our investigations conducted post-castration 
indicate that surgical intervention caused short-term 
pain (i.e. until at least 150 min post-surgery) and stress 
(until at least 2 days post-surgery), except in the two 
mice that developed an inguinal abscess and had to be 
treated accordingly. An improved analgesic regimen may 
ameliorate the degree of stress and pain the mice experi-
enced during the early post-surgical period.

Post-resocialization
We demonstrate that castrated male C57BL/6JRj mice 
can be resocialized in same-sex groups of three to four 
mice. Neither signs of aggressive behaviour during the 
observation period immediately after resocialization nor 
fight-associated lesions during the entire observation 
period of three weeks after resocialization occurred. It 
should be noted that mice were habituated to the odour 
of their future group members by distributing nest mate-
rial among all group members every three to four days, 
beginning approximately a week post-castration.

On day one as well as on day eight, all groups built 
high and complex nests indicative of group stability 
(Hayes 2000, Van Loo et al. 2003) since instability triggers 
fighting which, in turn, leads to nests of poorer quality 
and/or destruction of nests. Further, novel nest material 
was integrated into the nest within approximately 2 min 
on day one and more quickly, i.e. 1  min, on day eight 
after resocialization, which reflects the effort of the mice 
to build complex group nests and is mirrored by the 
higher nest complexity scores.

Body weight decreased within the first two weeks 
after resocialization and increased within the following 
two weeks. The course of body weight may reflect the 
process of habituation to the new group, which initially 
may have caused stress influencing body weight. For a 
deeper insight into the actual stress levels, FCM should 
be analysed at several time points after resocialization in 
future studies.

Our study is based on two previous investigations 
in which castration of male CD1 mice three to four 
weeks of age (Lofgren et al. 2012) and outbred Swiss 
ARC;ARC(S) mice six to nine weeks of age (Vaughan et 
al. 2014) reduced aggressive behaviour and improved 
group-housing. It is important to note that both stud-
ies evaluated the effects of castration in group-housed 
male mice of up to nine weeks of age. Age and (group) 
housing conditions are the major aspects in which 
our study design differs from Lofgren et al. (2012) 
and Vaughan et al. (2014): the C57BL/6JRj mice in our 
study were 18–42 weeks of age and had been indi-
vidually housed for a prolonged period of time of up to  
32 weeks due to conspecific aggressive behaviour.  
Nevertheless, our findings demonstrate that resociali-
zation in stable groups without the occurrence of 
fight-associated lesions due to aggressive behaviour is 
possible after castration.
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Harm-benefit analysis
Within the framework of the Netzwerk Tiermedizinis-
che Ethik (Network of Veterinary Ethics), which combines 
ethics and veterinary medicine and aims to establish 
the research field of veterinary ethics (Weich 2019), 
the authors discussed the present dilemma: The harm-
benefit analysis focuses on the dilemma whether it is 
favourable to single-house or castrate aggressive male 
mice, by which latter allows for resocialization and 
harmonious group housing. The benefits resulting from 
castration and resocialization only become relevant if 
the improvement of well-being outweighs the harm 
incurred by surgery.

Co-housing intact males can result in deleterious con-
sequences due to aggressive territorial and resource-re-
lated behaviour, leading to stress or even fatal painful 
injuries. This diminishes and, hence, does not seem to 
comply with animal welfare. In order to protect the mice 
from these deleterious consequences, they are often 
housed individually, although the lack of social contact 
can increase distress and anxiety and depression-like 
behaviours (Berry et al. 2012, Kalliokoski et al. 2014, 
Valzelli 1973). Taken together, well-being of intact male 
mice can be significantly impaired by both group- and 
single-housing.

Castration is accompanied by short-term pain and 
distress, as demonstrated by our investigations con-
ducted post-castration. The degree of pain and distress 
found in the present case report may be ameliorated by 
improved analgesic regimen. If complications occur after 
surgery (i.e. inguinal abscesses), the degree and duration 
of pain and distress will increase and impair the welfare 
of the respective animal. Thorough post-surgical care 
and observation of species-specific pain behaviour is 
required to identify these animals and treat them appro-
priately. However, these treatments may also cause addi-
tional stress, which can be minimized by using the route 
of application that induces as little stress as possible (e.g. 
voluntary oral intake, sustained release formulations). 
Castration can also cause long-term impairment due 
to elimination of male sex hormones (Ayaz et al. 2019) 
despite allowing for prolonged housing in stable sin-
gle-sex male groups. Moreover, the habituation phase to 
the new group can represent a stressor itself.

Regarding legal terms and definitions, the German 
Animal Welfare Act generally prohibits the removal 
of organs of vertebrates. However, a legal exemption 
is provided for procedures which are based on veteri-
nary indication and is not limited to curative treatment 
of physical pathologies (§  6 Abs.  1 Nr.  1a TierSchG). 
Another exemption is sterilisation in order to pre-
vent uncontrolled reproduction or to continue using 
or keeping the animal (§ 6 Abs. 1 Nr. 5 TierSchG). In 
the case of male mice showing aggressive behaviour, 
which is likely caused by sexual hormones and can 
lead to physi cal or mental suffering, castration may 
be an option, provided that a competent veterinary 
assessment has been made. The Tierärztliche Vereinigung 
für Tierschutz e.V. (TVT, Veterinary Association for the 
Protection of Animals) published a guideline on the 
castration of cats and dogs which states castration as 
appropriate measure for shelters in maintaining male 
dogs in harmonious groups (TVT 2011). Extrapolation 
of this guideline to laboratory animal facilities which 
are explicitly requested to house mice in social groups 
may therefore even imply a demand for castrating male 

mice. However, as previously described in detail by 
Palmer et al. (2012), routine castration is not morally 
justified. 

From a veterinary perspective, considering that the 
author’s moral perspective cannot be disregarded, cas-
tration of male mice may be the most favourable option 
in resolving the present ethical dilemma, provided that 
the principles of good veterinary practice are adhered 
to. In terms of a lifetime harm-benefit analysis for the 
individual animal, the short-term post-surgical pain and 
stress may outweigh the long-lasting negative effects 
of aggression occurring in single-sex male group-hous-
ing for a prolonged period of time and also to the 
consequences of social isolation associated with long-
term individual housing. To prevent any surgical com-
plications, that may increase the degree and duration of 
post-surgical pain and stress, proper pain treatment and 
thorough post-surgical care must be ensured. Moreover, 
observation of species-specific pain behaviour up to sev-
eral weeks after castration is absolutely essential.

The authors do not suggest castration of aggressive 
male mice as routine treatment but rather focus on the 
circumstances present in this particular case, which may 
be extrapolated to cases of similar nature. Castrated and 
resocialized mice may be (re)used for educational pur-
poses or as sentinels. With some caution, it may also be 
considered to use them as social partners for intact or 
vasectomized mice, though the authors have no experi-
ences with these group compositions. Moreover, it may 
be discussed to use castrated male mice in long-term 
studies, in which the animals would otherwise have to 
be kept socially isolated due to aggression. However, 
the impact of the altered hormone balance on the study 
results is a highly relevant issue to discuss and must be 
considered. Another option applying to the mice in the 
present case report is rehoming. However, rehoming in 
a husbandry system suitable for the species can only be 
considered if the health state of the animals allows for it, 
the animals do not pose a risk to the health of humans 
or other animals or to the environment, and appropriate 
measures have been taken to ensure the welfare of the 
animals (§ 10 Abs. 1 TierSchVersV). Moreover, it has to 
be ensured that the animals to be rehomed undergo a 
habituation process (§  10 Abs.  2 TierSchVersV). These 
requirements were met for the mice of the present 
case report, which had been previously used in an 
experiment classified as “mild” with regards to Directive 
2010/63/EU. The experiment did not necessitate the 
death of the animals for further investigations. Their 
general state of health had not been impaired by the 
previous experiment and their well-being had been 
fully restored when the study was completed. Due to 
the previous study, including an extensive behavioural 
test battery, the mice were habituated to the interac-
tion with humans. Since they had been handled by a 
combination of tunnel and cup method, anxiety-related 
behaviour in anticipation of handling was assumed to 
be very low (Hurst and West 2010). A great benefit was 
the opportunity to cooperate with an animal welfare 
organization, which supports rehoming of laboratory 
animals (e.g. contact with potential new animal owner, 
inspection or assessment of husbandry systems, trans-
port, etc.). As these requirements are often not met and 
there are probably only few persons willing to keep lab-
oratory mice as pets, rehoming may only be considered 
in individual cases.
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Taken together, the requirements that need to be 
observed when castrating male mice and the limitations 
in the use of castrated male mice emphasize that the 
harm-benefit analysis must be carried out on a case-by-
case basis.

Conclusion

Adult male C57BL/6JRj mice, which had been indi-
vidually housed for a prolonged period of time due 
to aggressive behaviour towards their conspecifics, can 
be resocialized and form stable groups of three to four 
animals after castration. The surgical intervention causes 
short-term stress and pain, which may be ameliorated by 
an improved analgesic regimen. 

The surgical intervention creates ethical and animal 
welfare issues which need to be addressed in vet-
erinary ethics and considered on a case-by-case basis. 
Taking into account the lifetime experience of the 
individual animal in this case report, the short-term 
post-surgical stress and pain may be preferential to 
the longer lasting negative effects caused by single-
housing. Although usability of castrated mice is lim-
ited, hygiene monitoring or educational purposes may 
pose options to reduce the number of surplus animals 
being humanely killed. In individual cases, it may be 
considered to rehome or use castrated male mice in 
long-term studies.
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