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Environmental modification of laboratory animals is an im-
portant means of improving their quality of life. Accordingly, 
recent recommendations strongly emphasize the inclusion of 
enrichment in the cage environment of laboratory rodents.7 In 
the literature, there is much experimental support for beneficial 
effects of enrichment. These include increased play and socio-
positive behaviour,20 reduction of stereotypies,39 and increased 
locomotory and exploratory behavior.26 Quite often, moreover, 
no differences have been found in the physiologic or behavioral 
parameters followed in animals housed with or without various 
modifications.1,24,34 This lack of effect is regarded as a positive 
sign: environmental modification does not interfere with ani-
mal experiments. In male mice, a typical negative consequence 
of modification is increased aggressiveness, which has occurred 
in several studies.13,20,38 As another negative consequence, envi-
ronmental modification has been thought to increase variation 
among laboratory animals and therefore variation in experimen-
tal results, leading to the need to increase the number of animals 
used experimentally. That environmental modification leads to 
increased variation, decreased variation, and no effect on varia-
tion have all been reported.1,21,31,32,36

The literature clearly shows how variable the consequences 
of environmental modifications may be. In male mice, increased 
aggressiveness may lead to serious problems in their wellbeing, 
and these problems may also affect their responses in experimen-
tal settings. The aim of the present study was to investigate the 
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Outbred NIH/S male mice were housed from weaning in groups of 4 without enrichment (control) or with nesting material
(nest), nesting material and a box (nest-and-box), or nesting material and a tube (nest-and-tube) as environmental modification.
The aim of the study was to investigate effects of widely recommended nesting material and additional shelters on male mice.
The aggressiveness of the mice in their home cages clearly increased in the nest group, as assessed by the number of wounds. In
the nest group, fighting was a stressful situation for the mice, leading to changes in weight gain and in the weights of the thymus,
adrenals, spleen, and epididymal adipose tissue. Moreover, the agonistic behavior of these mice toward an intruder was increased
both in individual tests (an intruder with the individual mouse) and group tests (an intruder with a group of mice). The provision of
a box or tube as a shelter, in addition to nesting material, prevented intracage fighting and did not lead to alterations in the weight
gain or organ weights of the mice. However, the agonistic behavior of mice with shelters was slightly increased in behavioral tests.
Anxiety in the elevated plus-maze was not affected by any of the housing systems. In conclusion, the agonistic behavior of NIH/S
mice, an aggressive strain, seemed to be easily enhanced by these environmental modifications. The suitability of any enrichment
should be carefully evaluated, especially when highly aggressive mice are used.

Abbreviations: GI test, group intruder test; GLM, general linear model; RI test, resident intruder test 

effects of nesting material and additional modification (a tube or 
box) on intermale aggression among aggressive, outbred NIH/S 
mice. Growth, food intake, and organ weights of animals were 
measured, as well as behavioral variables (agonistic behavior in 
the home cage, group intruder test, resident–intruder test, and the 
elevated plus-maze test) in 4 groups of male mice (control, nest, 
nest-and-box, and nest-and-tube). The effects of housing environ-
ment on the within-group variation were evaluated also. 

Materials and Methods
Animals and environment. The study was approved by the Ani-

mal Care and Use Committee of the University of Kuopio (Fin-
land). All the procedures were performed in agreement with the 
European Convention for the Protection of Vertebrate Animals 
used for Experimental and Other Scientific Purposes.10

We used 128 (64 resident, 64 intruder) male, outbred NIH/S 
mice from the SPF barrier colony of the National Public Health 
Institute (Kuopio, Finland). Animals were housed from weaning 
in stainless steel, solid-bottom cages (42  25  15 cm) with aspen 
bedding (Tapvei Oy, Kaavi, Finland) in groups of littermates un-
til the beginning of the experiment (at 5 wk of age). Cages were 
changed once a week. From weaning and during the experiment, 
mice were housed in a cubicle of a conventional animal room, at 
an ambient temperature of 21  0.5 C and relative humidity of 
46%  1.4%. The light:dark cycle of the animal room was 12:12-h, 
with lights off at 1200; the light:dark cycle was changed to enable 
us to perform the behavioral tests during the animals’ active time. 
Pelleted rat and mouse food (R36, Lactamin AB, Stockholm, Swe-
den) and tap water were available ad libitum. The health status 
of animals in barrier and conventional facilities were controlled 
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twice a year for the pathogens listed by the Federation of Europe-
an Laboratory Animal Science Associations,11 and animals were 
free from all these pathogens. 

Experimental procedures. At the age of 5 wk, animals were al-
located randomly into 4 groups, with 16 mice in each group and 
4 animals per cage. Three environmental enrichment procedures 
were used (Figure 1): aspen wood-wool (Tapvei Oy, Kaavi, Fin-
land) as nesting material (about 6 g per cage; nest group); nesting 
material and a transparent, plastic box (polyvinyl chloride, 11 
8  7 cm; nest-and-box group); and nesting material and a tube (a 
polycarbonate water bottle with its bottom removed, 7  10 cm; 
nest-and-tube group). Control animals had only bedding material 
in their cages. The bottles and boxes were washed and new nest-
ing material was provided at each cage change. The experiment 
lasted for 8 wk, when the animals were 5 to 13 wk of age. 

The health and welfare of the animals was checked daily. We as-
sessed the body weight of each animal and the food intake per cage 
by weekly weighing, that is weight gain (g) per wk and food con-
sumed per cage per wk. The animals were closely inspected once 
weekly, and the number, size, and severity of wounds in the tail, 
back, and ventral side were monitored. The wounds found were 
typically small (1 to 3 mm), well-healed scabs or 1 or 2 larger (4 to 
7 mm) areas with healed scabs. However, 2 experimental groups 
had to be euthanized 2 wk after the experiment started (Figure 2), 
because of more serious wounding of several cagemates. 

During the study, each cage of the experimental groups was 
video recorded once (S-VHS LC295SN video camera, Grundig, 
Germany) to obtain data on the general behavior of animals with 
the enrichment objects. Video recording started when the lights 
went off at 1200 and was done using a time-lapse recording sys-
tem at 1-s/min intervals (time-lapse system takes a 1 s recording 
every min) for 9 h. Three red-painted 25-W lamps were used dur-
ing the recording. From the videotapes, the number of animals 
inside, on, or beside the enrichment items, on the cage lid, and 
elsewhere in the cage (540 observations per cage every 9 h) was 
monitored using an instantaneous sampling method at 1-min 
intervals.

Behavioral parameters. Elevated plus-maze test. A 5-min ele-
vated plus-maze test was conducted for each animal at the age 
of 12 wk. This test is used widely in pharmacologic research to 
analyze exploration and anxiety in mice, and it is based on the 
naturalistic conflict between the tendency of mice to explore a 
novel environment and the aversive properties of a brightly lit, 
open area.15,19,27 The test apparatus had 2 open arms and 2 closed 
arms (111  10 cm). The closed arms had 25-cm high walls, which 
were covered with black plastic. The plus-maze was elevated 53 
cm above the floor. The tests were run between 0830 and 1130 on 
2 successive days. Each mouse was placed in the middle of the 
apparatus with its head facing an open arm, and its behavior was 
video recorded. The arms of the plus-maze were wiped with mild 
detergent (Hytox-21, Leverindus, Turku, Finland) after contact 
with each animal. The total numbers and durations of entries into 
closed and open arms, latency to the 1st entry into closed and 
open arms, rearing and grooming behaviors, and the number of 
stretch-attended postures were analyzed using The Observer soft-
ware (version 3.0 for Windows, Noldus Information Technology, 
Wageningen, Netherlands). 

Group intruder test. The aggressive behavior of groups of mice 
was evaluated by using group intruder (GI) tests,17 modified from 
the standard opponent method.5 A 10-min group intruder test 
was performed with the mice at 12 wk of age. The test was done 

between 0815 and 0915 by placing 1 unfamiliar naive male mouse 
of about the same age as the test mice into the home cage of the 
test animals and video recording the behavior of the animals. Ex-
perimental animals were marked with dye on their backs, and the 
intruder mouse lacked such marking. Nesting material, bottles, 
and boxes were removed from the cages for the period of test-
ing. From the videotape, the latency, number, and duration of 
aggressive interactions (biting, fighting, and wrestling) against 
the intruder and between cagemates were analyzed.

Resident intruder test. A 5-min individual intruder test was 
performed after the group intruder test, between 0930 and 1215. 
Each mouse was placed into a small individual mouse cage (30 

 15  10 cm, 450 cm2) immediately after the group intruder test 
and kept there about 1 h before the resident intruder (RI) test was 
performed. The RI test is a modification of the standard opponent 
test5 and isolation-induced fighting test,8 in which a standard op-
ponent test is conducted in the home cage of the test mouse. In 
this experiment, an intruder male mouse (a different opponent 
than in the GI test) of about the same age as the test mouse, was 
placed into the cage of the test mouse, and the behavior of the 
animals was video recorded. Test animals were marked with dye 
(the same mark as used in the GI test); the intruder mouse lacked 
such marking. The number, duration, and latency of introduc-
tory behavior towards the intruder or resident mice (following, 
stretched attention, sniffing, or grooming), aggressive behavior 
against an intruder or resident (aggressive grooming, tail rattling, 
biting, fighting, or offensive upright postures), and investigation 
of the environment were analyzed using The Observer software 
(Noldus Information Technology). The video recordings of 5 test 
mice were lost due to technical problems.

Euthanasia. Animals were euthanized at 13 wk of age over 3 
successive days between 1000 and 1500. After anesthesia of the 
mice with 70% CO2: 30% O2, death was ensured by cervical dis-
location. Final body weights as well as the weights of the adre-
nal glands, spleen, testis, and epididymal adipose tissue were 
recorded.

Variation in data. The variation in the data is expressed as a 
coefficient of variance percentage (CV%; [standard deviation/
mean]  100%). 

Statistical analysis. Statistical analyses were carried out using 
the SPSS/PC  for Windows statistical package (release 6.1.4, 
SPSS, Chicago, IL). The normality of the data was tested by group 

Figure 1. Environmental enrichments used: aspen wood-wool, polyvinyl 
chloride box, and water bottle without its bottom.
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with Kolmogorov–Smirnov tests. The statistical analyses used 
for normally distributed data were analysis of variance (general 
linear model [GLM] univariate), multivariate analysis of vari-
ance with (GLM repeated measures) or without repeated mea-
sures (GLM), and 1-way analysis of variance with Dunnett pair 
comparison (GLM univariate  Dunnett). Kruskal–Wallis 1-way 
analysis of variance and multiple comparisons between groups 
were used when data was not normally distributed. Chi-square 
and Fisher’s exact tests were used for class variables. 

Results
Wounds. The occurrence of wounded animals indicated the 

amount of fighting in groups of mice. In general, aggressiveness 
between cagemates remained low (Figure 2). The exception was 
the nest group, in which every cage contained wounded mice. In 
this group, the animals from 1 cage had to be euthanized at the 
beginning of the study, because of seriously wounded cagemates. 
By the end of the study, 7 of the 9 (78%) wounded animals were 
from the nest group. In addition, 1 cage with excessive fighting 
was found in the nest-and-tube group, and these animals had to 
be euthanized 2 wk after the start of the study. 

Growth and organ weights. The weight gain of animals was 
the only parameter with interaction between housing environ-
ment and wounds (P  0.042, GLM multivariate; Table 1). Both 
housing environment and wounding of animals had an effect on 
weight gain (P  0.014 and 0.03, respectively, GLM univariate). 
When separately analyzed, a significant difference for housing 
was found between the control and nest groups (P  0.012, GLM 

univariate  Dunnett). The animals in the nest group also had 
enlarged adrenals (P  0.009, GLM multivariate) and reduced 
epididymal adipose tissue (P  0.03, GLM multivariate), when 
compared with the animals in the control group. 

The data from wounded and unwounded animals is present-
ed in Table 2. Wounds clearly inhibited growth: the weight gain 
in wounded animals was 53% from the initial body weight and 
69% in animals without wounding. Wounding also resulted in 
increased spleen weight (P  0.000, GLM multivariate) and de-
creased epididymal adipose tissue weight (P  0.010, GLM mul-
tivariate). The adrenals, however, were not enlarged significantly 
due to wounding (P  0.414, GLM multivariate). Nearly all the 
wounded animals were in the nest group, in which the weight 
gain of wounded mice (n  7) was 10.2  2.8 g and that of un-
wounded mice (n  5) was 13.2  2.3 g. 

Behavioral parameters. General behavior in home cage with en-
richment items. Animals in the nest group spent less of their time 
(24%  20%) in contact with their enrichment items than did ani-
mals in the nest-and-tube (63%  10%) and nest-and-box (52% 
17%) groups (intergroup differences, P  0.05; GLM multivariate; 
data not shown). The cage lid was used regularly for climbing, 
with the average time spent in that activity being 7% to 13% of 
total time (difference between groups not significant, GLM mul-
tivariate). When the animals were in contact with the items, they 
typically were inside the tube (90% of the contact time) or box 
(85% of the contact time). The rest of the time, they were beside 
or on top of the items. 

Elevated plus-maze test. Neither the environmental enrichment 

Figure 2. The number of wounded (gray) and nonwounded (white) animals in the 4 groups during the 2nd and 8th wk of the study. The animals from 
1 cage each in the nest and nest-and-tube groups had to be euthanized during the 3rd wk of the study because of wounding. 
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nor the occurrence of wounds had any effect on the behavior of 
animals in the elevated plus-maze test (data not shown), nor did 
these 2 parameters interact. 

GI test. In the GI test, control animals did not show any ag-
gressiveness toward an intruder or each other, despite the ago-
nistic behavior of the intruders (Table 3). The enrichment items, 
however, seemed to induce aggressiveness towards a strange in-
truder: in all 3 groups, there were from 1 to 4 cages that contained 
individuals that showed aggression toward the intruder. A statis-
tically significant difference in GI test performance occurred only 
between the nest-and-box and control groups (P  0.014, Fisher’s 
exact test), where fighting occurred in all 4 cages. Fighting be-
tween cagemates occurred occasionally in all groups with modi-
fications but not in control group (difference not significant). 

RI test. In individual RI tests, control animals showed only low 
aggression toward intruders: only 2 mice attacked their intruder 
(Table 4). In contrast, mice with housing modification showed 
variable aggression in this test (5 to 9 animals/group; intergroup 
difference [chi square test], P  0.045). However, the aggressive-
ness of mice from modified housing was also quite low in this 
test. Only the animals in the nest group showed pronounced 
aggressiveness toward intruders, with shorter latency time and 
increased number of attacks (P  0.044, Kruskal–Wallis analysis 
of variance, but post hoc testing did not find significant differ-
ences between the groups). No differences were found between 
the housing environments in the amount of social contact or de-
fensive behavior in this test, nor had wounds any influence on 
aggressiveness or the other behaviors measured. 

Variation in data. The variation in the measured parameters ex-
pressed within experimental cages is shown as coefficient of vari-
ance percentages (CV%) in Table 5. Depending on the parameter, 
the CV% of body and organ weights was typically 10% to 50%. 
CV%’s of final body weight, weight gain, and adrenal weight 
were not affected by the housing environments or wounding. 
Epididymal adipose tissue and spleen weights were, however, 
sensitive to the changes in housing environment (the effect of 
group P  0.02 and P  0.06, GLM multivariate analyses, respec-
tively). The greatest variation in both parameters was in the nest 
group (epididymal adipose tissue, 53%  16%; spleen, 59%  6%) 
but was statistically significant in post hoc testing only for the 
spleen CV% (Dunnett T3, P  0.05) in comparison with the nest-
and-tube group (spleen, 15%  6%). Wounding had significant ef-
fect on the CV% of spleen (P  0.001, GLM multivariate analysis). 
From the parameters measured in the elevated plus-maze test, the 
time spent in open arms showed the greatest variation. However, 
there was no statistical difference in CV% that was due to housing 
modifications or wounding. CV%’s for parameters of the GI or RI 

Table 1. Weight gain and weights of organs (mean  1 SD) in mice housed in various environments

Control
(n  16)

Nest
(n  12)

Nest  box
(n  16)

Nest  tube
(n  12)

General linear model, P

Housing Wounds

Initial body weight (g) 19.8 2.9 20.2  2.7 19.7  2.9 19.5  2.7 0.903 0.835

Final body weight (g) 33.9 3.4 31.7  2.2 32.4  2.4 33.9  2.6 0.659 0.415

Weight gain (g) 14.0 2.2 11.4  2.9c 12.7  2.7 14.4  1.6 housing  wounds: 0.042b

Adrenals (mg)a 2.9  0.88 4.3  0.95d 3.0  0.54 3.3  0.49 0.009 0.414

Spleen (mg)a 99 37 193  134 101  46 81  13 0.626 0.000

Testis (mg)a 185  15 180  15 193  14 187  12 0.172 0.438

Epididymal adipose tissue (mg)a 678  319 312  192e 526  238 547  150 0.030 0.010
aFinal body weight taken as a covariate. This covariate had a significant effect on epididymal adipose tissue (P  0.000) and testis (P  0.013). 
bFor housing, P  0.014; for wounds, P  0.03.
cP  0.012 (Dunnett test) versus value for control group.
dP  0.000 (Dunnett test) versus value for control group.
eP  0.001 (Dunnett test versus value for control group.

Table 2. Weight gain and organ data (mean  1 SD) for mice with or 
without wounds

Wounds
(n  9)

No wounds
(n  47)

Initial body weight (g) 20.4  2.3 19.7  2.8

Final body weight (g) 31.4  2.3 33.3  2.8

Total weight gain (g) 10.9  3.2a 13.6  2.6

Adrenals (mg) 4.2  1.2 3.1  0.7

Spleen (mg) 249  124a 90  26

Testis (mg) 186  13 187  15

Epididymal adipose tissue (mg) 245  124a 582  254
aP  0.05 (general linear model; multivariate); see Table 1.

Table 3. Results of group intruder tests 

Residents
against
intruder

Residents
between cage 

mates

Intruder 
against

residents

Control (4 cages)

Cages/animals 0/0 0/0 2/8

No. of attacks (duration) 0 (0) 0 (0) 23 (35)

Nest (3 cages)

Cages/animals 2/3 2 / 3 2/2

No. of attacks (duration) 19 (36) 18 (22) 3 (4)

Nest  box (4 cages)

Cages/animals 4a/6 1/2 4/12

No. of attacks (duration) 16 (29) 4 (3) 27 (67)

Nest  tube (3 cages)

Cages/animals 1/2 1/3 0/0

No. of attacks (duration) 20 (27) 23 (32) 0 (0)

An intruder mouse was placed in the home cage of resident mice for 10 
min. The total number of cages/number of animals in each group with 
attacks and the total number of attacks (and duration [in s]) are shown.
aP  0.014 (Fisher’s exact test) compared with value for control group

Environmental modification and aggressive behavior in NIH/S mice
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tests were not calculated because of the nonparametric nature of 
the data. 

Discussion
Research in the field of environmental enrichment has focused 

on effects on animal physiology and behavior due to environmen-
tal modifications. The recent review by Olsson and Dahlborn24

reviewed 40 studies carried out from 1987 to 2000 and showed the 
great variability in experimental settings and parameters moni-
tored in the research on enrichment and laboratory mice. The 
main conclusions of the authors were that mice prefer a more 
complex cage to the standard cage and that mice should have 
access to nesting material (examples of nesting materials in refer-
ence 33). No negative consequences on behavior or physiology 
had been found to result from the provision of nesting material 
for mice. In our present study with NIH/S mice, however, nesting 
material in the absence of other modifications clearly enhanced 
fighting in groups of mice (Figure 2). 

Increased aggressiveness has occurred frequently in male mice 
when environmental modifications with complex cage structures 
have been studied.13,20,37 The reactions of animals to cage modifi-
cations are known to depend on strain.6,23,35 The outbred NIH/S 
strain, originating from the Swiss mouse, is very aggressive.14

Aggression among mice of this strain may be sensitive to environ-
mental modifications. In our previous study with inbred BALB/c 
and C57BL/6J mice, provision of the same nesting material in 
similar housing systems did not affect intracage aggressiveness, 
as monitored by the number of wounds.9

Strain differences in reactions to enrichment have recently also 
been demonstrated by Marashi and colleagues:20 enrichment in-
duced aggressive behavior in the home cage of CS mice, together 
with elevated levels of stress hormones (corticosterone and tyro-
sine hydroxylase). In docile ABG mice, however, similar housing 
with enrichment did not affect these parameters.21 With both of 
these strains, increased play behavior and activity were found 
as positive effects. The authors conclude that environmental en-
richment, and nesting material, is recommended for most mouse 

strains. With mouse strains that are known to be aggressive, how-
ever, the suitability of enrichment should be carefully evaluated 
and different solutions should be considered. 

In our study, provision of a tube or box in addition to the nest-
ing material prevented fighting. Both of these items presumably 
served as shelters for the mice. Van de Weerd and coworkers36

concluded that the design of a shelter should be appropriate for 
each species in order to minimize aggression. In our study, the 
tube (an old water bottle from which the bottom was removed) 
seemed to be used frequently by the mice. It prevented the in-
creased aggression induced by the nesting material, and the 
variations in the data measured were, in most cases, the lowest 
found. Overall, the box seemed to be equally as effective as the 
tube in preventing negative effects on organ weights and fighting. 
However, in GI test the mice in the nest-and-box group showed 
increased aggressiveness. 

In regard to animal maintenance, tube use is practical, eco-
nomical, and environmentally friendly, because it recycles readily 
available broken water bottles, which otherwise would be thrown 
away. The bottom of each bottle was removed to allow animals to 
run through it. No one mouse can ‘own’ the bottle and guard it 
from cagemates. The box we used was not as practical, because it 
was made of softer plastic and was not as durable as water bot-
tles. However, durable nest boxes, which may be as practical as 
the water bottle, are commercially available. 

The sensitivity of NIH/S mice to responding aggressively to 
environmental changes was seen also in their reactions during be-
havioral tests in which individual aggressiveness was measured: 
living in groups with fighting (that is, the nest group) increased 
the aggressiveness of the animals in the RI test (Table 4). In addi-
tion, the other environmental modifications seemed to increase 
aggressiveness in the behavioral tests: animals from enriched 
groups displayed aggressive reactions in GI tests, in contrast to 
control animals. In the individual RI test, the number of animals 
with aggressive behavior was greater in enriched groups than 
in the control groups. The presence of resources (nesting mate-
rial and shelters) appears to have made the mice more territorial. 

Table 4. Results of 5-min resident intruder tests at the age of 12 weeks

Control
(n  12)

Nest
(n  11)

Nest  box
(n  12)

Nest  tube
(n  16) Housinga Woundsa

No. of aggressive mice 2 8 9 5 0.045 0.578

Aggression

Latency (s) 253  86 132  114b 218  89 212  113 0.044 0.187

No. of events 1  2 9  8b 5  7 3  6 0.044 0.160

Time (%) 3  8 15  16 11  16 8  16 0.081 0.133

Social contact

No. of events 10  4 12  3 9  3 10  4 0.206 0.548

Time (%) 41  18 37  11 41  21 29  10 0.294 0.517

Defense

No. of events 4  6 1  3 1 1 1 1 0.915 0.170

Time (%) 18  38 5  10 2  4 3  6 0.940 0.157

Data are shown as mean  1 SD.
aValues presented are the results of Kruskall–Wallis analysis of variance, with the exception of those for number of aggressive mice, which arose from 
chi-square analysis.
bP  0.056 (Dunnett T3) relative to control value.
cP  0.064 (Dunnett T3) relative to control value.
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Therefore environmental modification may affect the reactions of 
animals in experimental settings, with potential effects on experi-
mental results. 

Aggressive interactions in a mouse group can be assumed to 
cause stress for the group members. Indeed, social stress induced 
by social defeat experiences or social hierarchy is widely used as 
a model for psychosocial stress.3,30 In the social hierarchy model, 
establishing and maintaining dominance in a group setting is en-
hanced by experimental settings, and it is thought to be psycho-
logically and physically stressful for all parties, including both the 
dominant and subordinate animals. From this research, several 
consequences of social stress on both the behavior and physiol-
ogy of rodents have been reported. These include reduced weight 
gain; decreased epididymal fat or adipose tissue, thymus, and 
testes weights; and increases in the weights of the adrenals and 
spleen.3,30 In our study, living with nesting material as enrichment 
resulted in reduced weight gain and epididymal adipose tissue 
weight and in larger adrenals than in control animals (Table 1), 
all of which are indicators of stress. Moreover, wounding clearly 
affected these parameters of animals: wounded animals had de-
creased weight gain, reduced epididymal adipose tissue weight, 
and enlarged spleens as a result (Table 2). The other housing 
modifications, however, did not induce stress-related changes. 
Therefore, the stress induced by nesting material was reduced 
by the provision of a box or tube as shelter in the cage environ-
ment. In related work, Marashi and colleagues20 reported that 
enrichment increased the number of agonistic interactions and 
serum levels of corticosterone and adrenal tyrosine hydroxylase 
in male mice. However, the stressfulness of the enriched housing 
was unclear, because enriched housing conditions also were as-
sociated with increased play behavior and general activity, which 
were regarded as positive signs of welfare and might explain the 
elevated hormonal levels. Moreover, neither the size of enriched 
cages nor degree of enrichment affected the agonistic behavior. 
More recently, it has been stated that male mice without general 
aggressiveness can be housed using half of the space recommend-
ed in the ILAR Guide16 without harmful effects.29 Moreover, the 
aggressiveness of the FVB male mice in that study (which did 
fight) was not dependent on their housing density or the floor 
space available.29 

Social stress has been reported to increase anxiety.2,4 Moreover, 

aggression and anxiety in male mice are thought to be associ-
ated: highly aggressive strains (Wild, Swiss-CD1) had lower lev-
els of anxiety than did less aggressive (DBA/2 and C57BL/6N) 
strains.25 Highly aggressive dominant male mice displayed higher 
levels of anxiety in the elevated plus-maze than did subordinate 
mice.12 In mice of the CBA/Lac strain, which display low aggres-
sion and high emotionality, repeated positive fighting experiences 
led to increased plus-maze anxiety and aggressive behavioral 
reactivity toward conspecifics.18 In our study, however, anxiety 
in the elevated plus-maze was similar in all test groups, despite 
the increased aggressiveness of mice in the nest group (Table 3). 
Moreover, wounding did not affect behavior in the plus maze. 
Therefore, the sensitivity to induced anxiety in NIH/S mice was 
not as great as the sensitivity to increased aggressiveness. 

Improvement of the housing environment by enrichment might 
affect the anxiety or emotionality of animals. When housed in 
enriched environments, anxiety during the elevated plus-maze 
test and free exploration were reduced in BALB/C and C57BL/6 
mice, as indicated by shortened latency and more time spent in 
open arms.6 In a 2nd study by the same research group, how-
ever, these effects were not confirmed: the BALB/C mice were 
reported to be more active in the elevated plus-maze, but their 
general anxiety was not affected.28 Similarly, another study1 us-
ing a light–dark test with BALB/c and C57BL/6J found no effect 
on anxiety. As with aggressiveness, the sensitivity to changes in 
anxiety in different environments seems to be strain- and context-
dependent. 

Finally, the variability of experimental results is an important 
concern in scientific research. Modifications of the housing envi-
ronment have frequently been reported to increase the variation 
in various experimental results, although no effect or the opposite 
effect have also been found.1,22,31,32 We found large differences in 
coefficients of variation, especially regarding the weights of epi-
didymal adipose tissue and spleen. These were the variables most 
affected by housing conditions; therefore, they in general seem to 
be sensitive to environmental (or other) factors. Here again, the 
sensitivity to changes may vary among strains and depend on 
the measurement used.1,31 In data from elevated plus-maze tests, 
the CV%’s were not affected remarkably by the different housing 
environments, indicating the low sensitivity of NIH/S mice to 
changes in anxiety. 

Table 5. Coefficient of variance percentage (%) for various parameters 

Control
(n 4 cages)

Nest
(n 3 cages)

Nest  box
(n 4 cages)

Nest  tube
(n  3 cages)

Pa

Housing Wounds

Final body weight (g) 7  5.3 7  0.6 7  3.8 7  0.3 0.711 0.477

Weight gain (g) 17  2.3 27  1.8 16  13.0 12  3.3 0.169 0.434

Adrenals (mg) 27  9.6 21  10.4 27  34.3 16  0.4 0.303 0.862

Spleen (mg) 24  23.6 59  5.9b 32  21.0 15  6.0b 0.060 0.001

Epididymal adipose tissue (mg) 25  11.9 53  16.2 42  3.3 27  8.4 0.020 0.107

Elevated plus maze

Time in open (%) 70  24.0 37  1.6 55  10.4 53  22.2 0.127 0.134

Total no. of entries 27  3.8 28  8.5 32  8.0 26  26.1 0.816 0.727

No. of stretch-attended postures 20  7.2 21  10.6 14  2.8 26  15.1 0.347 0.715

Data presented as mean  1 SD.
aAll values presented for wounds are the results of multivariate general linear model tests, as are those for housing, with the exception of those for 
spleen and epidiymal adipose tissue, which are the results of Kruskal–Wallis tests.
bP  0.05 (Dunnett T3) between groups.

Environmental modification and aggressive behavior in NIH/S mice
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