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  It is hypothesized that a number of environmental factors affect animals’ behavior. Without 
controlling these variables, it is very hard for researchers to get not only reliable, but replicable data 
from various behavioral experiments testing animals’ cognitive as well as emotional functions. For 
example, laboratory mice which had restricted environment showed different synaptic potentiation 
properties with wild mice (Zhao MG et al., 2009). While performing behavioral experiments, however, 
it is sometimes inevitable that the researcher changes the animals’ environments, as by switching 
the cages in which experimental animals are housed and separating animals raised together into small 
experimental groups. In this study, we investigated the effect of environmental changes on mice’s 
emotional behaviors by socially isolating them or reducing the size of their cage. We found that social 
isolation selectively increases the animals' levels of anxiety, while leaving depression-like behaviors 
unchanged. On the other hand, alteration of the housing dimensions affected neither their anxiety 
levels nor their depression-like behaviors. These results suggest that environmental variables may have 
a prominent impact on experimental animals’ emotional behaviors and possibly their psychological 
states, leading to bias in the behavioral data produced from experiments. 
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INTRODUCTION

  Environmental conditions that experimental animals are 
exposed to have been thought to affect various aspects of 
their behavior (Deacon, 2006). Previous studies have re-
ported that enriched environments can improve ex-
perimental animals’ cognitive functions, such as learning 
and memory, whereas either acute or chronic exposure to 
stressful events impairs their cognitive functions, causing 
abnormal behaviors. Therefore, housing experimental ani-
mals in well-controlled and stable conditions is one of the 
indispensable prerequisites for beginning any behavioral 
experiment, because environmental factors may alter both 
cognitive and emotional brain functions in the animals. 
  To get reliable and replicable result from behavioral ex-
periments, researchers always try to keep animals’ housing 
environment stable and controlled. Stable housing con-
ditions are achieved by raising animals in constant circa-
dian rhythm, proper temperature and humidity, uniform 
cage, with consistent cohabitants as possible.

  As an experiment goes on, however, experimenters some-
times cannot help changing the animals’ external environ-
ments. For example, researchers may sort animals that 
have been raised together into small experimental groups 
for different treatments during the experimental period. 
Such sorting is likely to result in the alteration of social 
interactions; the animals lose old cohabitants or get new 
cohabitants. These changes may cause stress. In addition, 
a variety of housing conditions, such as bedding, circadian 
cycle, temperature, and the size of the cage may be changed 
during an experiment. The cages housing experimental ani-
mals are altered during cage-cleaning and replacement of 
the soiled bedding with fresh. The size of the cage is often 
altered during an experiment as well. Even though these 
environmental changes seem mild, and harmless to the ani-
mals, it is not certain whether these kinds of changes affect 
animals’ cognitive and emotional functions.
  Until now, a vast number of studies have focused on the 
effects of relatively strong, stressful environmental changes, 
such as postnatal maternal separation and swim stress, on 
animals’ cognitive and emotional behaviors (Malberg and 
Duman, 2003; Hattori et al., 2007; Kirby et al., 2007; Mill-
stein and Holmes, 2007). Nevertheless, there have been few 
studies on whether and how somewhat mild environmental 
alterations in housing conditions affect experimental ani-
mals’ behaviors. 
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Fig. 1. Experimental design. (A) 
Procedure of behavior experiment. 
(B) Experimental groups. LtL, large 
to large cage; LtS, large to small 
cage; StS, small to small cage; LtiS, 
large to small cage, isolated; StiS, 
small to small cage, isolated.

  Here, we examined the effects of mild changes in housing 
environments on experimental animals’ behavior, using the 
mouse as a model system. Social isolation selectively ele-
vated the animals' anxiety levels without affecting depres-
sion-like behaviors. In the case of changes in cage di-
mensions, both anxiety level and depression-like behavior 
were unaffected, demonstrating the specific impact of social 
isolation on emotional behavior.

METHODS

Animals and rearing environment

  The mice used in this study were the C57BL/6J (B6) 
(ORIENT). The temperatures for rearing the mice and for 
the behavioral experiments were the same, 22∼24oC. The 
environmental light levels were controlled, bright, 9 a.m. 
to 9 p.m., dark, 9 p.m. to 9 a.m. 

Open field test and analysis

  The open field test (OF) was carried out in an acrylic 
cube (40×40×40 cm). The starting position within the acryl-
ic cubic was the same for all mice. Subjects' open field ex-
posure time was 15 minutes. We measured the time, in sec-
onds, that each subject spent in the central, 20×20 cm area 
of the open field.
  For this test, the quantitative analysis was carried out 
by means of a computer program (EthoVision). 

Tail suspension test, forces swim test, and analysis

  The tail suspension test (TST) and forced swim test (FST) 
were carried out using the same acrylic cube used in the 

OF. During the 6-minute TST, the mice were suspended 
by their tails from a steel bar. The distance between floor 
and tail was about 30 cm. 
  The FST was performed 1 day after the TST, to reduce 
the stress caused by the TST. The cylinder used in FST 
was transparent, and it had a diameter of 14 cm and height 
of 25 cm. The entire duration of the FST was 6 minutes. 
  In the TST, when the mice hung suspended from the bar 
with no active escape response, this was counted as im-
mobility time. For the FST, we counted as immobility time 
when the mice just floated on the water, showing no active 
escape response. We performed all such counting blind. 
Also, we excluded all TST data from those cases where the 
mice fell from the bar because of their strong escape 
movements.

RESULTS

Procedure of behavioral experiments 

  All the behavioral experiments were conducted as illus-
trated in Fig. 1A. The mice were reared in an initial envi-
ronment for one month. After that month, the mice were 
exposed to one of two types of environmental changes. One 
was social isolation, in which a single mouse was separated 
from the original colony and housed alone. The other was 
a change in cage dimensions, where the mice were trans-
ferred to a smaller cage. After giving the subjects one week 
of habituation in their new environments, we performed be-
havioral experiments to examine whether the animals’ be-
haviors were affected by these changes. 
  On the first day of experimentation, we exposed the mice 
to the open field and observed their locomotive behavior 
(OF test). One day after the OF test, we performed the tail 
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Fig. 3. In the tail suspension test 
(TST) and forced swim test (FST), 
groups didn’t show notably different 
levels of depression-like behavior 
among groups (TST: LtL, 160.33±
7.38 s, n=6; LtS, 160.20±17.32 s, n=5; 
LtiS, 134.00±18.59 s, n=6; StS, 185.00±
9.10 s; StiS, 146.11±15.21 s, n=9; one- 
way ANOVA, p=0.3152. FST: LtL, 
197.50±23.42 s, n=6; LtS, 184.16±
21.94 s; LtiS, 189.67±28.00 s, n=6; 
StS, 176.17±22.65 s, n=6; StiS, 171.33±
11.85 s, n=9; one-way ANOVA, p= 
0.8973). 

Fig. 2. (A) The result of the open 
field (OF) test indicates that social 
isolation induced increasing anxiety 
levels (LtS vs. LtiS; LtS, 94.73±10.37
s, n=6; LtiS, 63.37±14.15 s, n=6; 
unpaired t-test, #p= 0.1041; StS vs. 
StiS; StS, 90.70±10.55 s, n=9; StiS, 
52.53±11.03 s, n=6; unpaired t-test, 
*p=0.0317). (B) Not all mice showed 
different locomotion activity levels 
(one-way ANOVA, p=0.5529). 

suspension test (TST) to observe the depression-like behav-
ior in each group. After a day period to recover from the 
TST, each mouse was placed in a columnar plastic contain-
er filled with water to become habituated to this environ-
ment. On the following day, we carried out the forced swim 
test (FST). The experimental groups are shown in Fig. 1B. 

Effect of environmental changes on anxiety related 
behavior

  To examine anxiety levels in the mice, we conducted open 
field tests (Prut and Belzung, 2003). After placing the mice 
in the open field, we measured their movements into the 
field's center area. First, to check the effect of cage size 
on anxiety level, we compared the levels of movement into 
the center region among the LtL, LtS, and StS. We could 
not observe any notable difference in central movements 
among these groups (Fig 2A, p=0.7537, one-way ANOVA 
test), indicating that a reduction in cage dimensions had 
nothing to do with anxiety levels. In addition, the size of 
cage area itself didn’t affect anxiety levels of the mice. 
These results suggest that both the size of cage and the 
change in cage dimensions have no effect on anxiety-related 
behavior in mice (Fig 2A, p=0.7537, one-way ANOVA). 
  Next, to assess the effect of social isolation on anxiety-re-
lated behavior, we examined mice that we isolated, housing 
each mouse individually, apart from its cohabitants. 
According to a previous study (Chourbaji et al., 2005), social 
isolation elevates anxiety levels of experimental animals. 

When the mice were so isolated, the size of their cage was 
either reduced from large cage to small cage (LtiS) or pre-
served (StiS). 
  The LtiS group did not differ in anxiety level from the 
LtS group (#p=0.1041, unpaired t-test). Mice in this group 
experienced social isolation accompanied by a reduction in 
cage size. In the StiS group, where each mouse was socially 
isolated without any change in cage size, anxiety levels in-
creased significantly compared to the StS group (*p= 
0.0317, unpaired t-test). Mice in the StiS group showed sig-
nificantly decreased movements into the center area of the 
open field. However, there was no marked difference in the 
distance moved between the StS and StiS groups (Fig. 2B). 
This result implies that social isolation might elevate anxi-
ety levels in mice. 

Effect of environmental changes on depression-like 
behavior of mice

  After the OF test, we performed the tail suspension test 
and forced swim test to determine whether environmental 
changes affect depression-like behavior in mice. Both of the 
tests are well-established behavioral paradigms for examin-
ing the depression-like behavior of mice or rats (Porsolt et 
al., 1978; Steru et al., 1985). The more depressed mice are, 
the less they show active escaping behavior. In these ex-
periments, we could not observe any difference among any 
of the groups (Fig. 3. TST, p=0.3152; FST, p=0.8973; 
one-way ANOVA). Therefore, at least in our experimental 
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condition, the environmental changes social isolation and 
change in cage dimension had no effect on depression-like 
behavior in mice. 

DISCUSSION

  In the present study, we found that social isolation elevated 
the anxiety levels of mice, whereas a reduction in cage size 
had no effect on anxiety level. In the other behavioral tests, 
we found that depression-like behavior was not affected by 
social isolation or by a reduction in cage dimensions. Thus, 
it seems that the "downsizing" of a cage where mice are 
housed is not such a significant modification; it does not 
affect the animals’ emotional behavior as much as social 
isolation appears to. 
  Mice in the StiS group showed significantly increased 
levels of anxiety, while the LtiS group did not show notable 
differences in anxiety level when compared to LtS group 
(Fig. 2A). This finding suggests that a reduction in cage 
size might relieve the negative effects of social isolation. 
How might this be possible? One possibility is that the re-
duction of individual living space due to a diminution in 
cage size may lead to elevated social interactions among 
the animals. As the size of a cage decreases, the average 
distance between any two mice in that cage is reduced in 
parallel, possibly causing the probability of interactions be-
tween the animals to increase. This means that the smaller 
the cage size that a group of mice has, the more social inter-
action those mice might have. Therefore, social isolation's 
negative effect on emotional behavior could be greater in 
the StiS group than in the LtiS group, which would explain 
why StiS mice showed significantly increased levels of anxi-
ety, while anxiety levels increased just slightly in the LtiS 
group. If the size of the cage area has an effect on social 
interaction of mice, then the anxiety level of the LtS group 
might be lower than that of the LtL group. Nonetheless, 
there was no notable change in anxiety level. This indicates 
that, in the absence of social isolation, a reduction in cage 
size is too mild to influence the anxiety levels of animals, 
in our experimental conditions. At least, in our ex-
perimental system, social isolation seemed to be the only 
environmental alteration that influenced anxiety level of 
the animals.
  The findings of the present study are partly in agreement 
with results from a previous study (Chourbaji et al., 2005). 
In our conditions, social isolation elevated anxiety levels 
without making the mice depressed. However, Chourbaji 
et al. (2005) found social isolation increased not only anxiety 
levels but also depression-like behavior. This disagreement 
can be explained in several ways. First, the earlier re-
searchers did not alter the environmental conditions for 
breeding. The mice that they used were reared in the same 
environmental conditions throughout their experiments. In 
our experiment, however, we changed rearing conditions 
during the experiment. Second, to evaluate depression-like 
behavior, we made use of the TST and FST, while Chourbaji 
et al. (2005) used the learned-helplessness paradigm. Accor-
dingly, different types of behavioral experiments might pro-
duce different resolutions, to the extent that only a certain 
sort of behavioral paradigm can reveal whether animals’ 
cognitive or emotional behaviors are affected by an ex-
perimental treatment.
  There is also a study reporting behavioral results (Karo-
lewicz and Paul, 2001) contradictory to our result. In this 

study, group housing of the mice elevated their anxiety 
levels. Group housing is the opposite of the social isolation 
used in the present study. This inconsistency demonstrates 
that not only social isolation but group housing may affect 
animals’ emotional behavior. Therefore, social isolation is 
not the only such factor that elevates anxiety levels. Rather, 
it seems that improper levels of social interaction may in-
fluence experimental animals’ cognitive and emotional 
behaviors. 
  To sum up, our study revealed that environmental changes 
such as social isolation can selectively affect certain types 
of emotional functions. In our study, subjects' anxiety levels 
were elevated, while their depression-like behavior was 
unchanged. Therefore, various factors inherent in housing 
environments may play a crucial role in shaping animals’ 
emotional behaviors. Also, it is necessary for researchers 
to pay attention to the environmental conditions to which 
experimental animals are exposed throughout their experi-
ments in order to test their hypotheses while excluding the 
non-specific effects caused by certain conditions. 
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