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Recent years have seen an increased focus on animal welfare 
in scientific research. Reduction of pain, distress, and suffering 
is a part of the regulations in most countries, and researchers 
are required to make efforts to assess the level of discomfort and 
harm inflicted by experiments.11 However, assessing pain and 
discomfort in mice is challenging. As prey animals, mice hide 
signs of pain and suffering to avoid becoming a target for preda-
tors and typically display only subtle (and retrospective) signs 
of suffering and pain, such as decreased body weight.22,28,32,35 
Two promising and simple approaches to assess subtle changes 
in mice are the assessment of changes in nest-building activity 
(NBA) and burrowing behavior.8-10,19 These are spontaneous, 
highly motivated and species-specific behaviors that can be 
observed noninvasively.16 NBA and burrowing have been rec-
ommended as noninvasive tools in the assessment of welfare 
in mice and therefore potentially can be useful measures of 
welfare, when combined with other welfare parameters, such 
as body weight and fecal corticosterone metabolites. Burrowing 
is reduced after exposure to pain and restored after analgesia in 
both mice and rats.1,5-7,17,19,34 Similarly, NBA has been shown to 
be affected by pain, stress, and the administration of psychoac-
tive drugs, as examples.2,18,29-31 In a previous study,12 we showed 
that burrowing decreased after exposure to 24 h of grid-floor 
housing, a stress-inducing element when introduced into the 
animals’ environment.13,21 Furthermore, in our previous study,12 
we also found that NBA decreased after a single exposure to 
15 min of isoflurane anesthesia, whereas NBA was not altered 

by repeated intraperitoneal injections of saline.12 Isoflurane 
has been reported as aversive and stressful,23,41 whereas in-
traperitoneal injections—particularly repeated intraperitoneal 
injections—are stressful for the animals involved, although 
experimental evidence supporting this statement is sparse.27 
Therefore, in the current study, we aimed at investigating the 
reproducibility of our previous results while also assessing the 
effect of repeated exposure to isoflurane anesthesia and intra-
peritoneal injections of saline, which are commonly used in our 
unit. First, we aimed at establishing the limits of agreement of 
a refined scoring method of NBA. Second, we investigated the 
effect of exposure to isoflurane on NBA, fecal corticosterone me-
tabolites (FCM), body weight, fur status, and sucrose preference. 
Third, we evaluated the effect of grid-floor housing and repeated 
exposure to isoflurane and intraperitoneal injections on bur-
rowing, FCM, body weight, fur status, and sucrose preference.

We hypothesized that burrowing and NBA would decrease 
after exposure to any of the 3 chosen stressors: grid-floor 
housing, anesthesia with isoflurane, and intraperitoneal saline 
injections. We also hypothesized that these decreases in bur-
rowing and NBA would be mirrored in FCM, body weight, fur 
status, and sucrose preference. Finally, we hypothesized that the 
refined scoring of NBA would prove to have good agreement 
between observers.

Materials and Methods
The experimental procedures were all carried out in accord-

ance with EU Directives11 and approved by the Danish Animal 
Experiments Inspectorate under the Ministry of Environment 
and Food in Denmark (license number, 2016-15-0201-00871). 
Reporting of the study follows the ARRIVE guidelines for 
reporting animal research.20
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Animals and housing. SPF C57BL/6NTac female mice (n = 27; 
age, 6 wk at arrival; Taconic, Silkebourg, Denmark) were housed 
in 9 cages in groups of 3. The C57BL/6 strain was chosen because 
of its vast use in research.38 All cages were transparent standard 
Makrolon type 4 cages (540 × 320 × 180 mm; Tecniplast, Buggia-
tate, Italy) with a 70-mm raised lid. Individually ventilated racks 
containing 16 cages each were used, and each cage contained 
Aspen bedding (LBS Biotechnology, Horley, United Kingdom), 
a handful of Enviro-Dri paper nesting material (LBS Biotechnol-
ogy), 2 biting blocks (50 × 10 × 10 mm) in aspen wood (Tapvei, 
Paekcneak, Estonia), a dark colored acrylic shelter (Bach Vent, 
Denmark), a cardboard tube (LBS serving Biotechnology) and a 
hemp rope (length, 30 cm; diameter, 6mm) hanging from the lid 
in the center of the cage (Fyns Kran Udstyr, Odense, Denmark). 
The mice were kept at 20 to 22 °C, 45% to 65% humidity, under 
a 12:12-h dark:light cycle (lights on, 0600) and had unlimited 
access to both chow (type 1324, Maintenance Diet Rats/Mice, 
Altromin, Lage, Germany) and tap water in water bottles. The 
mice were monitored daily both by male and female animal 
caretakers, and the cages were changed once weekly during 
assessments. The cardboard tubes from each cage were used 
for handling mice during cage changes. All experimental as-
sessments were made by female observers.

Timeline. The study consisted of 3 phases: 1) burrowing after 
exposure to grid-floor housing; 2) burrowing after subjection 
to isoflurane and intraperitoneal injections; and 3) NBA after 
exposure to isoflurane (Figure 1).

At arrival, the mice were randomly allocated into 9 cages with 
3 mice in each cage. All 9 cages were tested in a randomized 
order throughout the study. After one week of acclimation (week 
1), all 3 mice in each cage were ear marked for identification and 
left in the cage for another week (week 2). In the beginning of 
phase 1 (week 3), all mice were habituated to a sucrose prefer-
ence test (SPT) and a burrowing tube before baseline values of 
burrowing and SPT were assessed (week 3 to 4). In addition, 24 
h of fecal boli were collected for baseline values of FCM (bFCM). 
Burrowing baseline values (bBUR) consisted of an average of 2 
baseline values assessed with 3 d between assessments. In week 
4 (day 5), all mice were exposed to 24 h of grid-floor housing. 
Hereafter, the mice were transferred to a new clean cage for as-
sessment of burrowing (BURgrid, day 6), SPT (SPT[BURgrid]) 
and collection of feces for FCM (FCM[BURgrid]).

After 2 wk of rest, phase 2 began in week 7, with mice being 
exposed, one cage at a time, to 15 min of anesthesia with iso-
flurane (IsoFlovet 100%, Zoetis Finland, Oy, Finland) on days 1 
and 4. On both days, burrowing (BURiso1 and BURiso2), SPT 
(SPT[BURiso1] and SPT[BURiso2]), and FCM (FCM[BURiso1] 
and FCM[BURiso2]) were assessed. In week 8, the mice were 
subjected to a daily injection of 0.2 mL 0.9% isotonic saline 
with a 27 gauge needle for 3 d on day 2, 3 and 4 (by 3 different 
technicians) followed by assessment of burrowing (BURip), SPT 
(SPT[BURip]), and FCM (FCM[BURip]). Phase 3 began after an-
other 2 wk of rest, and baseline values of NBA were assessed on 
day 1 and 4 (week 11) by 2 independent observers—the primary 
observer and an animal technician—for a limit-of-agreement cal-
culation. NBA baseline values (bNBA) consisted of an average of 
the 2 baseline values made by the primary observer. Blinding of 
the observers was not possible given that all mice were exposed 
to the same stressors simultaneously. In week 12, the mice were 
exposed to 15 min of isoflurane anesthesia on days 2 and 6. 
Subsequently, the mice were transferred to a new clean cage, 
and NBA was assessed (NBAiso3 and NBAiso4) by the primary 
observer. On both days, this event was followed by assessments 
of SPT (SPT[NBAiso3] and SPT[NBAiso4]), and collection of 

feces for FCM (FCM[NBAiso3]) and FCM[NBAiso4]). Testing 
took place in the home cage at all times. Assessments of body 
weight and fur status were performed before and after exposure 
to a stressor and twice weekly in resting periods. The mice (age, 
18 wk) were euthanized by using carbon dioxide in week 13.

Stressors. Grid-flood housing, anesthesia with isoflurane, 
and intraperitoneal injections were used as stressors. The grid 
floor consisted of round grids (diameter, 1.1 mm) placed 8 
mm apart vertically, intersecting with similar grids placed 3 
cm apart horizontally. The isoflurane (IsoFlovet 100%, Zoetis 
Finland) was mixed with oxygen (3 L/min) and nitrous oxide 
(0.7 L/min) at a concentration of 4% to 5% during induction 
and 2% during maintenance. All 3 mice from each cage were 
anesthetized at the same time in a chamber designed for that 
purpose. Intraperitoneal injections were performed by using 
27-gauge needles.

Burrowing. Because of the learning element in the behavior,6 
the mice were habituated to the burrowing tube overnight at 
48 h before baseline assessment. Baseline values were assessed 
twice with 3 d between assessments, and the mean of the base-
line values was used as a reference for experimental values. 
Immediately after exposure to the stressor (grid-floor housing, 
isoflurane, and intraperitoneal injections), the test was initiated 
(at 1100 each time).

For each burrowing assessment, nesting material and the 
acrylic shelter were replaced with a nontransparent burrowing 
tube (length, 20 cm; diameter, 6.8 cm; closed at one end and 
raised 3 cm at the other end) filled with 90 g aspen bedding 
material (Tapvei). The tube was placed in the back left corner 
of the cage. After 2 h (at 1300), the content remaining in the 
tube was weighed and the amount burrowed calculated. Cages 
with mice not displaying burrowing behavior at any time were 
excluded from all analyses.

NBA. Baseline values for NBA were assessed with 3 d between 
assessments, and a mean therefore was used as the reference. 
All 3 mice from the same cage were exposed to isoflurane at 
the same time, and NBA evaluation was initiated immediately 
afterward. Specifically, at 1400, the nesting material in the cage 
was replaced with 45 g of new nesting material loosely spread 
in the back half of the cage. The shelter and cardboard tube 
were removed, whereas the other enrichment items (gnawing 
sticks and hemp rope) remained in the cage. Scoring by the 
primary investigator occurred 24 h later. All nests were scored 
by combining a previously described the scoring system14 with 
a score of the nest’s height, which involved using a knitting 
needle that was converted into a ruler with 0.5-cm intervals. 
The nests were given a score of 0 for undisturbed nesting mate-
rial (nesting material had not been moved nor manipulated), 
a score of 1 for disturbed nesting material (evident interaction 
with nesting material) that had not been assembled to form a 
nest site, and a score of 2 when the nesting material has been 
assembled to form a nest site.14 For each nest site (score, 2), the 
ruler was used as a supplementary scoring tool. Each side of 
the nest (when considering the nest site as a square with sides 
parallel to the cage) was measured by using the ruler and an 
average of the 4 sides was calculated and used as the overall 
score for height. The ruler was used on the highest spot of the 
nest, and the height of the nests measured from the base of the 
bedding upward (Figure 2) The ruler score was added to the 
total nest score: for example, a score of 2 was given for forma-
tion of a nest, and if the height measured by the ruler was an 
average of 2 cm, the total nest score would be 4. Cages with 
mice not displaying NBA behavior at any time were excluded 
from all analyses.
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At baseline, 2 independent observers (the primary investi-
gator and an observer not otherwise involved in the study) 
scored all nests by using the refined method, and the limits of 
agreement were calculated. Due to high interobserver reliabil-
ity, it was considered sufficient that the primary investigator 
performed nest scorings at all other times.

FCM. FCM were measured to avoid invasive handling pro-
cedures related to corticosterone measured in serum or urine.39 
During the study, 24 h of feces were collected 7 times per cage 
(Figure 1). For each collection, the mice were transferred to 
clean cages twice, with 24 h between, allowing for a 24-h feces 
sample. Each sample was sorted for fecal boli and stored at –20 
°C for later analysis. FCM concentration was quantified (catalog 
no. EIA-4164, Corticosterone [competitive] ELISA, DRG Instru-
ments, Marburg, Germany) as described previously,37 (with the 
exception of samples being evaporated and dissolved in buffer 
after extraction instead of being diluted in ethanol) and accord-
ing to the manufacturer’s instructions.

SPT. To avoid variation in sucrose consumption on the very 
first exposure to the sucrose solution, the mice were habituated 

to drinking a 2.0% sucrose solution from a water bottle for 2 h 
(1800 to 2000) on the day before assessment of baseline values 
of SPT (bSPT).36 The following day, the mice underwent a 24-h 
choice test, initiated at 1800, with continuous access to food and 
2 water bottles (one containing tap water and one containing 
2% sucrose). No food or water deprivation was applied before 
the test. After 12 h, the bottles were carefully switched, while 
avoiding potential leakage from the bottles, to avoid side pref-
erence in drinking behavior. After 24 h, the test was stopped. 
All bottles were weighed before and after the test, and sucrose 
preference calculated as a percentage of the consumed sucrose 
solution from the total amount of liquid consumed. This pro-
cedure was performed for every assessment of SPT.

Body weight and fur condition assessments. Assessments of 
body weight and fur condition were conducted the day before 
collection of feces for bFCM, before assessing values for baseline 
burrowing, before exposure to each of the stressors, and on the 
day after assessments of burrowing and NBA (Figure 1). The 
mice were weighed, and the fur condition of the mice was as-
sessed according to a 4-point scale: 1, generally well-groomed 

Figure 1. Schematic timeline of the experimental period. Phase 1: burrowing behavior test (BUR) used to assess the effect of grid floor housing 
(BURgrid); Phase 2: burrowing used to assess the effect of repeated exposure to isoflurane anesthesia (BURiso1 and BURiso2) and repeated 
intraperitoneal injections (BURip); Phase 3: nest-building activity (NBA) used to assess the effect of repeated exposure to isoflurane anesthesia 
(NBAiso3 and NBAiso4). A1–22, assessment of body weight and fur status; bBUR, baseline burrowing test; BURgrid, burrowing test after expo-
sure to grid-floor housing; BURip, burrowing after repeated intraperitoneal injections; BURiso1, burrowing after the 1st exposure to isoflurane; 
BURiso2, burrowing after the 2nd exposure to isoflurane; bNBA, baseline nest building activity test; collection of feces for fecal corticosterone 
metabolites; GRID, grid-floor housing; intraperitoneal injections; Iso, isoflurane; NBAiso3, nest-building activity after the 3th exposure to isoflu-
rane; NBAiso4, nest-building activity after the 4th exposure to isoflurane; sucrose preference test.

Figure 2. Scoring of nests. Scoring sites for the nest building activity test are marked with a red cross, and the outer and inner walls of the nest 
are marked with black circles (A). The nest is considered a square with sides parallel to the walls of the cage. The scoring sites represent the 
highest point between the inner and outer wall of the nest at each of the 4 sides. (B) The height of these points are measured by using the ruler.
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fur and body; 2, slightly fluffy fur with some spiky patches; 
3, fluffy fur on most of the body; and 4, fluffy, stained, dirty 
fur, possibly with some bald patches.26 The assessments were 
performed as quickly as possible to minimize disturbance of 
the cage.

Statistical analyses. The number of mice was based on our 
previous study,13 where 8 cages with 3 mice in each were used. 
In the current study, we added one more cage to compensate 
for a possible lack of burrowing or NBA behavior. Therefore, 9 
cages with 3 mice in each cage were used. Statistical analyses 
were performed by using SAS 9.3 (SAS Institute, Cary, NC) with 
a 1% significance level to compensate for multiple comparisons. 
A repeated-measures analysis using the SAS procedure PROC 
MIXED was used to compare baseline values with experimental 
values in burrowing, NBA, FCM, SPT, and body weight, with 
cage set as a random effect. Goodness of fit (linearity, variance 
homogeneity, and normal distribution of residuals) was inves-
tigated by visual inspection of plots and normality was met in 
every comparison. Cage was the unit of treatment, except for 
assessment of body weight (by mouse). Two different observ-
ers each scored all baseline values of NBA, and the agreement 
between observers was established by calculating Bland–Alt-
man limits of agreement.

Results
An overview of all results is given in Figure 3. One cage of 

mice did not display burrowing behavior at any time point 
during the study and was excluded from all analyses regarding 
burrowing. Therefore, 8 cages were included in the analysis of 
burrowing, whereas 9 cages were included in the analysis of 
NBA, FCM, SPT, body weight, and fur status. Baseline assess-
ments of burrowing and NBA were performed twice, and the 
results are based on an average thereof.

Burrowing behavior (phases 1 and 2). At baseline (bBUR), the 
mice burrowed 48.64 ± 5.25 g (mean ± SEM). The mice burrowed 
47.34 ± 6.88 g after 24 h on grid floor housing (BURgrid), 50.48 
± 8.50 g after the 1st exposure to anesthesia with isoflurane 
(BURiso1), 49.46 ± 7.82 g after the 2nd exposure to anesthesia 
with isoflurane (BURiso2), and 65.03 ± 8.15 g after 1 daily 
intraperitoneal injection of saline for 3 d (BURip), respectively. 
bBUR did not differ from BURgrid, BURiso1, or BURiso2. A sig-
nificant difference was found between bBUR and BURip (mean 
difference, 16.38 g; 95% CI, 5.68 to 27.08; SE = 5.22; P = 0.004).

NBA (phase 3). At baseline, the nests were scored by 2 dif-
ferent observers, and the limits of agreement between these 2 
scorings were calculated to a difference of ±0.25 cm. At baseline 
(bNBA), the mice made nests with a score of 5.24 ± 0.11 (mean 
± SEM). After the 3rd exposure to anesthesia with isoflurane 
(NBAiso3), the mice made nests with an average nest score of 
4.53 ± 0.07, and after the 4th exposure to isoflurane (NBAiso4), 
the mice made nests with an average score of 4.78 ± 0.23. After 
the 3rd exposure to isoflurane (NBAiso3), the total nest score 
was significantly different from baseline (mean difference, –0.71; 
95% CI, –1.09 to –0.33; SE, 0.18; P = 0.001). However, this was 
not the case for NBAiso4 (mean difference, –0.46, 95% CI, –0.84 
to –0.08; SE, 0.18; P = 0.02; Figure 4).

FCM (phases 1, 2, and 3). At baseline (bFCM), the level of 
FCM was found to be 0.24 nmol corticosterone excreted over 
24 h. The only significant effect of treatment was an increase 
in FCM after the 1st exposure to isoflurane during burrowing 
assessment (FCM[BURiso1]: mean difference, 0.06 nmol; 95% 
CI, 0.02 to 0.10; SE, 0.02; P = 0.006).

SPT (phases 1, 2, and 3). A significant decrease in sucrose 
preference was found between baseline (bSPT) and after 

the 1st exposure to isoflurane during burrowing assessment 
(SPT[BURiso1]: mean difference, –5.51 g; 95% CI, –8.21 to –2.80; 
SE, 1.34; P = 0.0002), after repeated intraperitoneal injections 
(SPT[BURip]: mean difference, –4.59 g, 95% CI, –7.24 to –1.83; SE, 
1.34: P = 0.002), and after the 2nd exposure to isoflurane during 
NBA assessment (SPT[NBAiso3]: mean difference, –5.39 g; 95% 
CI, –8.10 to –2.69; SE, 1.34; P = 0.0002; Figure 5).

Body condition assessments (phases 1, 2, and 3). Throughout 
the study, all mice were weighed and the condition of the fur 
assessed. None of the stressors applied caused a decrease in 
body weight nor did the fur condition of the mice change dur-
ing the study. All mice were well-groomed and had nonsoiled 
fur at all assessments.

Discussion
This study used a refined scoring method for the complex-

ity of nests as a measure of nest building activity; the test had 
good inter observer agreement. This refined method revealed a 
decrease in NBA and sucrose preference after a single exposure 
to isoflurane anesthesia. However, nest building activity was 
not altered by a second exposure to anesthesia with isoflurane. 
In addition, we were unable to reproduce our previous results 
of reduced burrowing activity after exposure to grid-floor hous-
ing,12 nor did we see reduced burrowing activity after repeated 
exposure to isoflurane anesthesia or intraperitoneal injections. 
However, intraperitoneal injections were followed by a decrease 
in sucrose preference.

The combined purpose of our current and previous studies12 
was to establish reproducible welfare assessment tests—based 
on innate, natural, and highly motivated behaviors—that could 
be carried out inside the home cage and that were simple to per-
form, thus enabling testing during working hours throughout 
the year. The tests should be able to detect very subtle nega-
tive effects on animal welfare, given that most animals in our 
facilities are primarily exposed to stressors that are considered 
to be mild. Our previous study12 showed promising results for 
using the NBA test as a tool in the welfare assessment of mice. 
However, we experienced difficulties in keeping the scoring 
objective and consistent, even though all nests were scored by 
the same observer. Nest scoring was performed as described 
previously,14 where the height of the nest domes is evaluated 
and scored accordingly. Although this method is indeed useful, 
it requires a skilled observer. Therefore, in the current study, we 
investigated the limits of agreement of a refined scoring method 
for NBA and incorporated a ruler to measure the heights of the 
nest walls. This scoring method proved to be objective, because 
2 independent observers scored the same nest within ± 0.25 cm. 
Therefore, the combination of the previous scoring method14 
and the ruler designed in the current study makes the NBA test 
more objective than our previous method,12 with good agree-
ment between 2 independent observers.

In the present study, the NBA test was performed inside the 
home cage to minimize stress and unwanted effects caused 
by moving the animals to an external experimental setup.16 
In accordance with our first study, a single exposure to iso-
flurane led to a decrease in nest building activity alongside a 
decrease in sucrose preference.12 However, a second exposure 
to isoflurane was not followed by a decrease in NBA, thus 
indicating a limitation to the ability of the NBA test to detect 
subtle changes in welfare. This result might also indicate that 
mice adapted to isoflurane exposure, even though isoflurane 
has been shown to be aversive to mice and rats.4,24,41 In contrast 
to our current study, another recent study showed that neither 
single nor repeated exposure to isoflurane influenced NBA.15 
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One possible explanation for this contrast could be that the 
scoring method used by the other authors is a modified version 
of another previously described method,8 which perhaps is not 
sufficiently sensitive to subtle changes. However, comparison 
between this previous study15 and our current study should 
be made with caution, as many differences exist. For example, 
the previous authors15 measured nest building on individual 
level, exposed the mice to 45 min of anesthesia, and used 
cotton squares as nesting material, whereas we tested on the 
group level, exposed the mice to 15 min of anesthesia, and used 
Enviro-Dri nesting material. The previous study15 also showed 
a decrease in burrowing after repeated exposure to isoflurane; 
this was not the case in our current study. One explanation 
could be differences in methodology during burrowing as-
sessment. In contrast to our study, the previous study15 used 
a water bottle lying on the bottom of the cage as a burrowing 
tube, with food pellets as burrowing substrate. Comparison 
between studies lacking consistency in methodology should 
be made with caution.

Like the NBA test, the burrowing test was performed in the 
home cage. In addition, regular bedding from our animal facili-
ties was used to simplify the test setup. Our previous study12 
showed that the burrowing test could detect an effect caused 
by exposure to grid-floor housing and that no difference existed 
between performing the test just prior to the dark phase (after 
working hours) and performing it from 1100 to 1300 (during 
normal working hours). In the current and our previous study, 
the mice burrowed the same amount of bedding (approximately 
48 g during 2 h) during baseline assessment in both the dark 
phase and during working hours. These results demonstrate 
that performing the test during working hours (light phase) 
provides similar results as when performing the test during the 
dark phase, as originally intended6—at least during baseline 
assessments. Unfortunately, in the current study, we were un-
able to reproduce the effect of exposure to grid-floor housing 
on burrowing when performed during working hours, even 
though we used mice of the same strain, sex, and age and 
kept external influences—such as climate, daily routines, and 

feeding regimen—the same. However, although differences in 
external influences between the 2 studies cannot be ruled out 
completely, we do not believe that any potential differences 
would have profound effects and thereby explain the lack of 
reproducibility of burrowing.

Furthermore, the burrowing test did not detect an effect of 
either single or repeated exposure to isoflurane anesthesia. 
These results are in contrast to one previous study,17 showing 
that burrowing decreases after subjection to anesthesia with 
sevoflurane in an induction chamber, as well as another,15 show-
ing that burrowing decreases after repeated isoflurane exposure. 
Furthermore, one previous study15 showed that corticosterone 
levels were not influenced by anesthesia, in contrast to our 
results showing that the 1st exposure to isoflurane caused a 
rise in FCM as well as a drop in sucrose preference. These find-
ings indicate that the 1st exposure to isoflurane is stressful and 
induces anhedonic-like behavior,25,36 but the effect of exposure 
is not measureable by using the burrowing test. The conditions 
in the 3 studies are slightly different, for example the length 
of exposure to anesthesia, the type of burrowing tube used, 
and the time during the light dark cycle, and these differences 
should be taken into consideration when comparing the studies. 
However, whether these variations are the reason for the differ-
ences between our current study and the previous ones15,17 as 
well as the difference between our own 2 studies is unknown. 
One explanation could be the greater variance seen within the 
group after subjection to a stressor than at baseline. Neverthe-
less, these differences raise the question of reproducibility and 
of whether the burrowing test should be developed for use as 
a standard welfare measure.

 Burrowing has been shown to decrease after postsurgical 
pain and nerve injuries5,17—effects that are considered not 
more severe than intraperitoneal injections and exposure to 
grid-floor housing.11 Therefore, the burrowing test seems to 
be useful for detecting more stressful stimuli than those we 
used in the present study, but there is a limit to how sensitive 
the test is. Exposure to grid-floor housing for 24 h, 2 rounds of 
isoflurane anesthesia, and 3 daily intraperitoneal injections of 

Figure 3. Overview of results.
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saline are likely too mild as stressors to evoke a change in the 
burrowing test.

Throughout the study, the mice were used as their own con-
trols, by comparing experimental values with baseline values. 
However, this method can be considered a limitation to the 
study. Having a control group that was not exposed to stress-
ors over time would have been advantageous. Furthermore, a 
crossover design would have been advantageous by making it 
possible for mice to be naïve to isoflurane exposure during NBA 
assessment. These caveats should be taken into consideration 
when interpreting the results from this study. In addition, only 
female mice were used in the study, due to the aggression that 

is commonly observed in group-housed males.40 No empirical 
evidence exists to indicate that female mice show more variation 
than males.3,33 However, the exclusion of male mice is a major 
limitation to our study. Therefore, an important study would be 
needed to investigate whether the refined nest building scoring 
we used in this study can be used in male mice as well.

This study tested the use of nest-building activity and burrow-
ing tests to detect changes in welfare induced by mild stressors 
in female B6 mice. By using a refined scoring method developed 
for this study, the nest-building activity test proved objective 
and sensitive to the effect of a single exposure to anesthesia 
with isoflurane. However, the burrowing test was unable to 
detect the effect of repeated exposure to isoflurane anesthesia, 
raising the question of the applicability of the test in welfare 
assessment of mice.
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