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a  b  s  t  r  a  c  t

Anaesthesia  and  analgesia  are  used  frequently  in laboratory  routine  to ensure  animal
welfare  and  good  scientific  outcomes  in experiments  that may  elicit  pain  or  require  immo-
bilisation of the  animal.  However,  there  is  concern  regarding  the  effect  of these  procedures
on  animal  behaviour  in  subsequent  experiments.  Our study  determined  the  impact  of  short
inhalation anaesthesia  (sevoflurane,  15  min,  4.9%)  and  minor  surgery  (one-sided  sham
embryo  transfer  in  females,  one-sided  sham  vasectomy  in males)  with  or  without  pain
treatment  (carprofen,  5 mg/kg,  bid)  on  spontaneous  species-specific  home  cage  behaviours
in inbred  mice.  Analysis  of  18-h  continuous  video  recordings  showed  clear  post-procedural
changes  in  spontaneous  home  cage  behaviours,  with  changes  of  a moderate  level  after
anaesthesia  being  marked  after  surgery.  Self-grooming,  resting  and  locomotion  were  the
most  important  behaviours  for group  separation.  Analysis  of  the  temporal  distribution  of
behavioural  changes  revealed  that resting  behaviour  was  altered  contradictory  to its circa-
dian  rhythm  as  it was  decreased  in the  light  phase  and  increased  in  the  dark  phase.  Also,
locomotion  was  decreased  in  the  dark phase  at 12  to  18 h  after  surgery  and  anaesthesia.  In
contrast,  self-grooming  was  increased  independently  of  circadian  rhythm,  being  increased
for up to 18 h  after  surgery  and  anaesthesia.  Following  surgery,  there  was  no significant
difference  in  duration  of behaviours  between  animals  that  were  treated  with  carprofen
or  left  without  pain  relief.  In  conclusion,  it can  be  assumed  that  the  changes  observed  in
home cage  behaviours  hint at  reduced  animal  well-being.  However,  pain  or the  efficacy
of  post-operative  pain  treatment  could  not  be discriminated  reliably  from  the impact  of
the surgical  procedure  including  inhalation  anaesthesia  by observing  animals’  home  cage
behaviour.  However  for  the  interpretation  of behavioural  research  data,  the distinct  impact

of  anaesthesia,  surgery,  pain  treatment  and  other  experimental  procedures  has  to  be  con-
sidered. Our  results  highlight  the  requirement  for knowledge  of  species-specific  circadian
rhythms  of  behaviours  as  well  as  the importance  of  determining  the appropriate  time  of
day for  behavioural  and  welfare  assessment.
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1. Introduction
Laboratory mice are currently the most widely used
mammal  species in biomedical research (Baumanns, 2004).
Due to their manageable size, a wealth of inbred or
genetically modified strains and plenitude of established
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experimental protocols, mice are used increasingly in
complex investigations. These often require induction
of general anaesthesia for performing special diagnostic
manipulations (e.g., imaging procedures, endoscopy, blood
collection), or surgical procedures that in turn require peri-
and/or post-operative pain treatment. Analgesic treat-
ment would seem necessary after invasive procedures
like laparotomy, but has been omitted frequently in the
past (Richardson and Flecknell, 2006; Stokes et al., 2009).
Reasons may  vary from concern that analgesic use may
compromise the data obtained from the proven model
to the difficulties of detecting and interpreting signs of
pain after minor surgery in mice (Richardson and Flecknell,
2006).

In contrast to most physiological and clinical parame-
ters, behaviour can be recorded easily in a non-invasive
manner and can provide a sensitive correlate of the inter-
nal state of an animal. Alterations in the frequency of, or
in the latency to display, spontaneous and species-specific
behaviours, like rearing, sniffing, walking or burrowing
behaviour (Roughan et al., 2009; Jirkof et al., 2010), as well
as the quality of nest construction and structuring of cage
territory (Arras et al., 2007; Jirkof et al., 2013b) are recent
examples of behavioural indicators of well-being or dis-
tress and also pain in mice. Thus, behavioural indicators are
frequently used not only in the clinical assessment of lab-
oratory animal well-being but also in basic pain research.

Recently, it has become apparent that the physiological
and behavioural changes induced by minor to moder-
ate surgery can last up to 24–48 h (Arras et al., 2007;
Matsumiya et al., 2012). Moreover, it has been shown
that changes induced by anaesthesia, and possibly also
by treatment-related procedures (e.g., handling, transport
to operating theatre etc.), may  affect physiology and ani-
mal  well-being for several hours (Cesarovic et al., 2010;
Jirkof et al., 2013b). It can be assumed that, in some situa-
tions, the effects of anaesthesia may  overlap and to some
extent mask the post-operative effects of pain and/or anal-
gesic treatment. In addition, although the impact of volatile
anaesthetic agents on learning, memory, solving of spatial
tasks and activity has been studied recently (Petrenko et al.,
2008; Valentim et al., 2008; Mena et al., 2010), the effects
of anaesthesia, as an integral part of standard surgical pro-
cedures, on spontaneous home cage behaviours have been
described only rarely.

Thus this study aimed to deepen the knowledge on
mouse behaviour in the period following short anaesthesia
or minor surgical procedure.

Further, there is concern regarding not only animal wel-
fare but also the reliability of data obtained from research
using animals that have undergone procedures that may
elicit pain and/or involve analgesic and/or anaesthetic
treatment. In some areas of biomedical research like in
sepsis or acute brain injury models experimental read-out
is recorded shortly post-procedural (Baracchi et al., 2011;
Khatibi et al., 2011; Kuroki et al., 2013). For such procedures
inhalation anaesthesia seems to be the protocol of choice.

Hence, questions regarding the duration and persistence
of long-lasting anaesthetic or procedural effects are rising
into focus not only in behavioural welfare assessment but
also basic and preclinical research (Stokes et al., 2009).
iour Science 157 (2014) 137–145

To our knowledge there is only one publication pre-
senting changes in home cage behaviours after surgery
and anaesthesia over a period of 24 h in rats (Roughan
and Flecknell, 2000), while in mice observations of natu-
ral home cage behaviour after surgery and / or anaesthesia
have been recorded for periods of less than 1 to 6 h only
(Wright-Williams et al., 2007; Jacobsen et al., 2012; Jirkof
et al., 2012, 2013a; Leach et al., 2012).

Therefore, this study aimed to determine the effects of
minor surgery (one-sided sham embryo transfer in females,
one-sided sham vasectomy in males) with or without pain
treatment, as well as the impact of standard, short inhala-
tion anaesthesia alone on spontaneous and species-specific
home cage behaviours in two  common inbred mice strains.
To this end, the overall temporal distribution of the ani-
mals’ natural behaviours was investigated according to
their circadian rhythmicity in order to identify whether
specific behaviours are altered significantly after surgery
or inhalation anaesthesia.

2. Methods

2.1. Ethics statement

The animal housing and experimental protocols were
approved by the Cantonal Veterinary Department, Zurich,
Switzerland, under license no. ZH 120/2008, and were in
accordance with Swiss Animal Protection Law. Housing and
experimental procedures also conform to European Direc-
tive 2010/63/EU of the European Parliament and of the
Council on the Protection of Animals used for Scientific
Purposes and to the Guide for the Care and Use of Labo-
ratory Animals (Institute of Laboratory Animal Resources,
National Research Council, National Academy of Sciences,
2011).

2.2. Animals

A total of 64 C57BL/6J and DBA/2J mice of both sexes
were obtained from our in-house breeding facility at the
age of six to eight weeks. The health status of the animals
was  monitored by a health surveillance program accord-
ing to FELASA guidelines throughout the experiments. The
mice were free of all viral, bacterial, and parasitic pathogens
listed in FELASA recommendations (Nicklas et al., 2002),
except for Helicobacter species.

All animals were housed in groups of three to eight ani-
mals of the same sex for at least three weeks prior to testing
in our animal room. Animals were kept in type 3 clear-
transparent plastic cages (425 mm × 266 mm × 155 mm)
with autoclaved dust-free sawdust bedding and two
nestletsTM (each 5 cm × 5 cm)  consisting of cotton fibres
(Indulab AG, Gams, Switzerland) as nesting material. Addi-
tionally, animals were provided with a transparent plastic
shelter (Mouse houseTM, Indulab, Gams, Switzerland). They
were fed a pelleted and extruded mouse diet (Kliba No.
3436, Provimi Kliba, Kaiseraugst, Switzerland) ad libitum

(provided in the food hopper continuously throughout
the entire duration of the experiment) and had unres-
tricted access to sterilised drinking water. The light/dark
cycle in the room consisted of 12/12 h with artificial light
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Table 1
Ethogram of home cage behaviours according to Van Oortmerssen (1970).

Home cage behaviours

Resting Motionless state, no activity (sitting or lying
flat, sometimes with the eyes closed or nearly
closed, includes sleeping)

Locomotion Oriented movement including walking,
running, jumping and climbing at the cage grid

Self  grooming Wiping, licking and nibbling the fur with
forepaws and tongue, but also scratching and
claw cleaning

Eating Consumption of food
N. Cesarovic et al. / Applied Anima

approximately 40 lx in the cage). The temperature was
1 ± 1 ◦C, with a relative humidity of 55 ± 10%, and the air
ressure was controlled at 50 Pa with 15 complete changes
f filtered air per hour (HEPA H 14 filter). The animal room
as insulated to prevent electronic and other noise. Distur-

ances, e.g., visitors or unrelated experimental procedures,
ere not allowed.

.3. Experimental groups

In order to distinguish between the effects of inhala-
ion anaesthesia and surgery with or without analgesic
reatment, 64 animals (four per sex and strain) were allo-
ated randomly to one of four treatment groups: (1) the
anaesthesia” group (A), which received inhalation anaes-
hesia only; (2) the “surgery + anaesthesia + analgesia”
roup (S+), which underwent inhalation anaesthesia
nd minor surgery with analgesic treatment; (3) the
surgery + anaesthesia” group (S−),  which underwent
naesthesia and minor surgery without analgesic treat-
ent; and (4) a control group, which received no treatment

no anaesthesia, analgesia or surgery) and remained in their
ome cages throughout the study (C).

.4. Experimental treatments and data recording

For acclimatisation, animals were housed individually
or three days as described in detail above. The exper-
mental treatment began 2 h before light phase with a
ubcutaneous injection of 2 �l/g body weight of phosphate
uffered saline (PBS) for groups S+ and S−, and A. In the
+ group, 5 mg/kg body weight of the non-steroidal anti-
nflammatory drug (NSAID) carprofen (RimadylTM, Pfizer
nc., NY, USA) was diluted in PBS and injected as 2 �l/g
ody weight. Forty-five minutes later, the animals were
ransferred in individual transport cages to the operating
heatre, which was located nearby. Mice were anesthetised
ith sevoflurane (SevoraneTM, Abbott, Baar, Switzerland)

s a mono-anaesthesia. The anaesthetic gas was provided
ith a rodent inhalation anaesthesia apparatus (Provet,

yssach, Switzerland); oxygen (100%) was used as carrier
as. After induction of anaesthesia in a Perspex induction
hamber (8% sevoflurane, 600 ml/min gas flow) for two
inutes, animals were transferred to a warming mat  (Gay-
ar, TP500, Orchard Park, NY, USA) set at 39◦ ± 1 ◦C to

nsure constant body temperature, and anaesthesia was
aintained via a nose mask (4.9% sevoflurane, 600 ml/min

xygen flow). The fur was clipped and the operating field
isinfected with ethanol in all animals. Male and female
ice of both surgery groups underwent a one-side sham

asectomy or a one-side sham embryo transfer, respec-
ively. The incision in the abdominal muscle wall was
losed with absorbable sutures (VicrylTM, 6/0 polyglactin
10, Ethicon Ltd., Norderstedt, Germany) and the skin was
losed using skin staples (PreciseTM, 3 M Health Care, St
aul, MN,  USA). Surgery was completed within 6–8 min  in
oth surgery groups. Anaesthesia lasted 14–16 min  in all

hree treatment groups. Animals were allowed to recover
or 15–20 min  on the warming mat  before being transferred
ack to the animal room for subsequent video recording. All
xperimental and control recordings began at the start of
Drinking Consumption of water from the water bottle
Nest building Carrying and shredding of the nestlet,

arrangement of cotton fibres, creation of a nest

the light phase shortly after returning the mouse from its
transport cage to its home cage.

2.5. Behavioural analysis

Behaviour was  recorded digitally in the absence of a
human observer with infrared sensitive cameras (Ikegami).
Each cage was recorded with one camera, respectively;
cameras and infrared light sources were attached 1.5 m
above the cages. The recorded material (18 h of con-
tinuous footage) was subsequently analysed by trained
and trial-blinded personnel using ObserverXTTM software
(Noldus, Wageningen, The Netherlands). The duration of
locomotion, self-grooming, resting, eating, drinking and
nest building behaviour was  measured (Table 1, (Van
Oortmerssen, 1970)).

Data were initially summed for the whole 18-h
period. In order to determine the temporal distribution of
behavioural changes, the 18 h were divided into three con-
secutive 6-h periods according to the light-dark cycle in
the animal room. Data were summed and analysed for the
following time frames: 0–6 h (light phase), 6–12 h (light
phase), and 12–18 h (dark phase).

2.6. Statistical analysis

Statistical analyses were performed with SPSS 20.0 soft-
ware (IBM, Armonk, USA). All data were tested for normal
distribution and homogeneity of variance. If necessary,
data were log (X + 1) transformed to meet the assumptions
of statistical tests.

No significant effect of animal sex was  detected with any
of the measures. Therefore, a combined data set of males
and females was  used.

Mean and standard deviation (SD) of total durations of
home cage behaviours were calculated.

Discriminant analysis was  used to determine the effects
of surgery, anaesthesia and analgesic treatment on home
cage behaviour; behaviours mainly responsible for group
separation were determined. The total durations of deter-
mined behaviours were further analysed using a univariate
general linear model (GLM) with experimental group as

a fixed factor. Post hoc tests (Bonferroni) were used for
comparisons between experimental groups.

Significance for all statistical tests was  established at
p ≤ 0.05.
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Table 2
Results of GLM analyses with experimental group as fixed factor for res-
ting,  locomotion and self-grooming duration.

Behaviour Observation duration

Resting 18 h:
F = 2.015;
p = 0.121

0–6 h: F = 6.202;
p = 0.001
6–12 h: F = 3.652;
p = 0.017
12–18 h: F = 9.984;
p  ≤ 0.0001

Locomotion 18 h:
F = 23.658;
p ≤ 0.0001

0–6 h: F = 3.344;
p = 0.025
6–12 h: F = 2.760;
p = 0.050
12–18 h: F = 21.826;
p  ≤ 0.0001

Self grooming 18 h:
F = 38.162;
p ≤ 0.0001

0–6 h: F = 27.845;
p ≤ 0.0001
6–12 h: F = 5.105;
p = 0.003
12–18 h: F = 11.273;
p  ≤ 0.0001

were able to analyse each animal’s behaviour continu-
ously for 18 h following experimental treatments. The
3. Results

Contribution to group separation was analysed with
discriminant analysis of the summed data, initially for
the whole 18 h observation period and subsequently for
the three 6-h periods; 0–6 h; 6–12 h; 12–18 h (Fig. 1).
Behaviours that contributed most to group separa-
tions were locomotion, self-grooming and resting. These
behaviours also represented the largest part of the over-
all behavioural time-budgets. Based on this observation,
only the results for locomotion, self-grooming and resting
behaviour were analysed with a GLM (experimental group
as fixed factor, Table 2). In the case of significance post
hoc tests (Bonferroni) were used for comparisons between
experimental groups; these results are presented in further
detail (Fig. 2).

3.1. Effects of treatment on analysed behaviours: Total
18-h observations

During the total 18-h observation period, the con-
trol group (C) and the anaesthesia group (A) displayed
significantly (p ≤ 0.0001, each comparison) longer dura-
tions of locomotion compared to animals that underwent
surgery with (S+) and without (S−)  pain treatment
(Fig. 2A1).

Self grooming behaviour was prolonged significantly
after all experimental procedures compared with the
untreated C group ranging from a high level in group
S− (p ≤ 0.0001) to an intermediate level in group S+
(p ≤ 0.0001), with the shortest durations in group A
(p = 0.002). Additionally, significant differences between
the anaesthesia and surgery groups were seen: S−
(p ≤ 0.0001) and S+ (p = 0.004) (Fig. 2A2).
No significant differences in resting durations were
observed between any treatments (Fig. 2A3).
iour Science 157 (2014) 137–145

3.2. Effects of treatment on analysed behaviours:
Six-hour observations

By dividing the observations into 6-h sequences,
circadian differences in the effects became apparent
(Fig. 2B1–3).

During the first 6 h observation period (0–6 h), loco-
motion durations did not show any significant differences
between groups S−, S+, A and C. Between 6 and 12 h post
treatment, groups S−, S+ and A displayed no significant
differences when compared to group C, while locomo-
tion duration of S+ was significantly shorter than that of
group A (p = 0.036). In the last observation period (12–18 h),
corresponding to the first 6 h of dark phase, all groups
showed significantly shorter durations of locomotion com-
pared to the untreated group C: S− group (p ≤ 0.0001), S+
(p ≤ 0.0001) and A (p = 0.006). Further, duration of locomo-
tion was  significantly shorter (p = 0.001) in group S− than
in group A.

Total duration of self grooming during the first 6 h
observation period (0–6 h) was  significantly longer in
experimental groups S− (p ≤ 0.0001), S+ (p ≤ 0.0001) and A
(p ≤ 0.0001) compared to the control group. Additionally,
there was a significant difference between groups S− and
A (p = 0.001). A comparable tendency was seen in the sec-
ond time period (6–12 h). Animals that underwent surgery
groomed themselves for significantly longer in groups S−
(p = 0.004) and S+ (p = 0.042), compared to group C, while
in group A self-grooming was prolonged only insignifi-
cantly. In the last observation period (12–18 h), animals
that received surgery without pain treatment (S−)  spent
the most time grooming (p ≤ 0.0001) followed by animals
that received surgery with pain treatment S+ (p = 0.014).
Compared to the untreated group C, differences were sig-
nificant (80 min  ± 25). Animals that received anaesthesia
only (A) showed significantly shorter grooming durations
compared to group S− (p ≤ 0.0001).

Animals that underwent anaesthesia or surgery spent
significantly less time resting in the first observation period
(0–6 h) compared to the untreated group C: S− (p = 0.002),
S+ (p = 0.013) and group A (p = 0.006).

In the second observation period (6–12 h), resting dura-
tion was  significantly shorter in group S− (p = 0.011)
compared to the untreated group C, with somewhat
shorter resting duration in groups S+ and A. Animals
that underwent surgery and anaesthesia spent signifi-
cantly more time resting compared to untreated controls
in the last observation period (12–18 h): S− (p ≤ 0.0001),
S+ (p ≤ 0.0001) and A (p = 0.045).

4. Discussion

To assess the impact of inhalation anaesthesia and
surgery with or without pain treatment in mice, we  used
non-invasive behavioural recordings that can be applied
in the animals’ home cage without disturbing the ani-
mal  or provoking additional stress. Using this system we
results of our study showed that minor surgery with
short inhalation anaesthesia, either with or without pain
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elf-grooming and resting contributed significantly to group separation d

reatment, induced alterations in spontaneous home cage
ehaviours such as self-grooming, resting and locomotion.
hese changes persisted for up to 18 h.

When interpreting the data summed over the whole
8-h observation period, we found that locomotion and
elf-grooming behaviours were most affected by the exper-
mental procedures. After surgery, animals displayed a

arked decrease in locomotion and a strong increase
n self-grooming. Self-grooming showed a clear stepwise
ncrease from baseline over anaesthesia only, to surgery

ith pain treatment, to surgery without pain treatment.
n contrast to locomotion and self-grooming, there was  no

ffect on the overall duration of resting behaviour if the
8-h post treatment period was observed as a whole.

Pain treatment with carprofen had no significant
ffect on spontaneous home cage behaviours. However,
d. Duration of self grooming and locomotion behaviour contributed most
ent) locomotion and self-grooming behaviour were mainly responsible

 behaviour was mainly responsible for group separation. (D) Locomotion,
e 12–18 h post-treatment observation period.

animals that received pain treatment during surgery
readily reached intermediate levels of locomotion and self-
grooming compared to the group in which pain treatment
was not administered during surgery. Therefore, it could
be speculated that some, but not complete, amelioration of
post-operative pain is achieved by administering the non-
steroidal anti-inflammatory drug (NSAID) carprofen at a
dosage of 5 mg/kg body weight. However, previous studies
using physiological investigations and behavioural test-
ing demonstrated that carprofen provided sufficient relief
from post-operative pain (Arras et al., 2007; Jirkof et al.,
2010). Thus, it might be that the alterations of spontaneous

home cage behaviours analysed in this study are not ideal
parameters for estimating pain alleviation by NSAIDs.

When dividing the observation period into three con-
secutive 6-h-long time segments according to the light
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ycle in the animal room, circadian-dependent display pat-
erns could be observed. For the first 12 h after treatment

 corresponding to the complete light phase in the ani-
al  room – all animals displayed general low levels of

ocomotor activity, as expected for mice (Kramer et al.,
001). No difference could be observed between treated
nd untreated groups regarding this behaviour. However,
n post-treatment hours 12–18 (first 6 h of the dark phase)
ocomotion of both surgery groups was reduced by 75%
nd that of the anaesthesia group by 35% compared to that
f the control group. Reduced activity after surgery has
een observed in mice for example also after hepatectomy
s well as telemetry transponder implantation (Blaha and
eon, 2008; Tubbs et al., 2011).

In contrast, the duration of self-grooming behaviour
as influenced strongly by treatment in all three time seg-
ents, showing a marked increase in treated animals as

ompared to the untreated control group. Even though,
elf-grooming behaviour is known to have a circadian
hythm with a frequency peak shortly before dark phase
n healthy mice (Poirel, 1988), treatment effects on dura-
ion of self grooming seemed not to be influenced by the
ight–dark cycle in the animal room in our study. Self-
rooming can be displayed as displacement or adjunctive
ehaviour in rodents (Spruijt et al., 1992). Stressors like
ovelty and handling can elicit grooming behaviour in
ats (Bindra and Spinner, 1958; Colbern et al., 1978) and
ncreased grooming is known to occur after surgery in

ice (Van Loo et al., 2007; Jirkof et al., 2012, 2013a; Leach
t al., 2012). While no correlation with indicators of anx-
ety were found, it seems that grooming coincides better

ith the period after arousal and rather reflects the process
f habituation to a stressful situation (Spruijt et al., 1992).
oreover, central dopaminergic activation, most likely via

he D1 receptor, was reported to induce intense groom-
ng behaviour (Toyoshi et al., 1992; Stoessl, 1994; Marin
t al., 1996; Imaizumi et al., 2000). Interestingly, it has
een shown that a D1 receptor-mediated arousal mecha-
ism likely plays also an important role in emergence from
eneral anaesthesia (Taylor et al., 2013).

The duration of resting behaviour, which displayed no
ifferences between groups in the summed 18-h analysis
eriod, showed clear and gradual treatment-related effects
hen analysed according to the time progression, i.e. in

eparate 6-h periods. Effects were most significant during
he first 6 h after treatment, when resting decreased, and
t 12–18 h after treatment, when it increased markedly in
omparison to control animals. Healthy mice mostly rest
uring the light phase and show a stable circadian rhythm;
isruption of this rhythm as observed in this study might

ndicate impaired wellbeing (Landis et al., 1988; Jirkof et al.,
012, 2013a).

In recent years, volatile anaesthetics (e.g., sevoflurane,
soflurane) have been used increasingly in laboratory ani-

al  practice due to their safety and association with
apid recovery. Further, inhalation anaesthesia is used in
iverse procedures, including research in which animals

re studied subsequently in behavioural tests and where
heir performance may  be influenced by the persistent
ffects of anaesthetic drugs (Valentim et al., 2008). Previ-
us studies have demonstrated that inhalation anaesthesia
iour Science 157 (2014) 137–145 143

can induce changes in heart rate, core body temperature
and faecal corticosterone levels that last for several hours
after treatment (Wright-Williams et al., 2007; Cesarovic
et al., 2010). In this study, we have shown that non-
painful, short (15 min) sevoflurane inhalation anaesthesia
can cause post-anaesthetic alterations in locomotion, self-
grooming and resting behaviours that are noticeable for up
to 18 h after treatment. Therefore, for accurate interpre-
tation of behavioural research data the distinct individual
impacts of anaesthesia, surgery, pain treatment and other
experimental procedures have to be considered. However,
as our study protocol did not determine the extent of effects
caused by treatment-related actions (like transport, hand-
ling etc.), this question requires further investigation.

Studying behaviour in sufficient detail to detect post-
surgery-related changes in spontaneous, home cage based
behaviour patterns, and the effects of drugs upon such
behaviours, is quite tedious and time consuming, thus stud-
ies are often confined to analysing only a limited range
of behaviours or performing assessments only over a very
short time frame (Roughan et al., 2009). Determining an
optimal observation time-point is one of the major diffi-
culties in behavioural research. For example, the display
of signs of pain as well as pain tolerance itself is depend-
ent on circadian rhythm, and thus the need to determine
the appropriate time of day for observations (Chassard and
Bruguerolle, 2004; Oishi et al., 2007; Matsumiya et al.,
2012) renders post-operative pain assessment even more
challenging in mice. In this study, we  were able to show
that all three behaviours studied in detail (locomotion,
self-grooming and resting) displayed different temporal
effect patterns. Whereas the effects on self-grooming were
distributed evenly over the whole period analysed, loco-
motion was  changed only during ‘dark’ and resting first
decreased and then increased markedly in treated groups.
We believe that these data suggest strongly that the effects
on spontaneous, home cage based behaviours caused by
anaesthesia and minor surgery are not displayed uniformly
throughout the day. However due to the experimental
design it is not possible to determine to which extend
the differences observed between the observation phases
were linked to circadian effects or time since experimen-
tal manipulation or if interactions between these factors
occurred. Nevertheless, our results highlight the require-
ment for knowledge of species-specific circadian rhythms
of behaviours as well as the importance of determining
the appropriate time of day for behavioural and welfare
assessment.

5. Conclusion

Spontaneous home cage behaviours, locomotion, self-
grooming and resting, differed between untreated control,
anesthesia and surgery groups for up to 18 h post
treatment. Short inhalation anesthesia induced moderate
changes whereas the impact of surgery was  considerable.
Thus it can be assumed that the observed changes in home

cage behaviours hint at reduced animal well-being. Pain
therapy only partially ameliorated the aforementioned
effects, leading to the conclusion that either the chosen
dosage was  too low or that alterations in the spontaneous
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home cage behaviours analysed in this study do not allow
NSAID efficiency to be estimated reliably.

While self grooming behaviour changed post experi-
mentally independently of circadian rhythm, changes in
locomotion and resting behaviour were distinctly affected
by the time of day.

In conclusion, for proper interpretation of behavioural
research data, the distinct impacts of anaesthesia, surgery,
pain treatment and other experimental procedures have
to be considered. Our results highlight the requirement
for knowledge of species-specific circadian rhythms of
behaviours as well as the importance of determining the
appropriate time of day for behavioural and welfare assess-
ment.
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