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Introduction
Several studies have reported diff erences in nonsexu-
al behaviour between male and female mammals.  In 
particular, diff erences in emotional behaviour have 
been frequently observed in rodents.  Valle (1970) 
reported that female rats were generally more active 
than male rats in the open fi eld.  Masur (1972) found 
that male rats displayed more defecation and less 
ambulatory behaviour than female rats in the open 
fi eld.  Archer (1974, 1977) reported a lower latency 
time and more stationary sniffi  ng among male rats 
and mice compared with those in female rats and 
mice.  Archer (1975) suggested that male rats typi-
cally showed more defecation behaviour than female 
rats in the open fi eld.  However, among mice, neither 
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Summary
Sex diff erences in exploratory behaviour were investigated in 120 litters of control CD-1 mice in 
two-generation toxicity studies over a 13-year period.  Exploratory behaviour of F1-generation 
mice was investigated at 3 weeks of age during the lactation period and at 8 weeks of age aft er 
weaning.  In the F1 generation, at 3 weeks of age, female off spring showed less activity in terms 
of the number of movements, movement time, number of vertical activities and vertical time 
than male off spring.  Longitudinal analysis showed that these variables were parallel in males 
and females during the 10-minute observation period.  At 8 weeks of age, female off spring in 
the F1 generation showed less activity with respect to the number of movements, movement 
time, average distance, number of vertical activities and vertical time but showed more hori-
zontal activities than male off spring.  Th e number of movements, movement time and verti-
cal time were not parallel in longitudinal analysis; however, all other variables were parallel.  
Sex diff erences in exploratory behaviour of immature mice showed quantitative changes only.  
In adult mice, variables for rearing excluding vertical time showed quantitative changes only; 
however, variables for ambulation and vertical time showed quantitative and qualitative chang-
es.  From these results, it appears that female CD-1 mice display less exploratory behaviour 
than male CD-1 mice and that these sex diff erences in exploratory behaviour occur from the 
prepubertal period.

sex can be said to typically defecate more than the 
other.  In general, in both rats and mice, males show 
fewer ambulatory movements than females in open-
fi eld tests; however, there have also been several cases 
where no signifi cant between-sex diff erences have 
been observed.  Gray (1979) suggested that similar 
to outbred rat strains, outbred mice strains exhibit 
the typical rat pattern of greater defecation and less 
activity among males.  Nevertheless, few studies have 
examined sex diff erences in exploratory behaviour of 
outbred mice.

In reproductive and developmental toxicity stud-
ies, exploratory behaviour is usually measured as a 
neurobehavioural parameter, and it is an important 
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variable for detecting neurobehavioural toxicity.  At 
the Tokyo Metropolitan Institute of Public Health, 
several reproductive and neurobehavioural toxicity 
studies of food additives have been performed on 
CD-1 (ICR) mice (Mus musculus), and their results 
have been evaluated.  Exploratory behaviour, motor 
activity in a novel environment including ambula-
tory and rearing movements, has been analysed in 
immature and adult F1-generation mice.  Chemical 
eff ects at times result in diff erent patterns of explor-
atory behaviour in both sexes.  However, there have 
been very few reports on exploratory behaviour of 
control mice, in particular, in terms of sex-related 
diff erences.  Th is study deals with sex diff erences in 
exploratory behaviour of control CD-1 (ICR) mice in 
two-generation toxicity studies under similar condi-
tions over a 13-year-period.

Materials and methods
Animals and maintenance
Male and female mice (Crj: CD-1, 4 weeks old) were 
purchased from Charles River Japan Inc., Kana-
gawa, Japan, for each study over a 13-year-period.  
Th ey were housed individually in polycarbonate sol-
id-fl oored cages with wood fl akes (prepared from 
beech and cedar; Nihon Clea, Tokyo, Japan) and were 
kept in a temperature-controlled room maintained 
at 24°C ± 1°C with a relative humidity of 55% ± 5% 
under a 12-h light/12-h dark cycle.  Th ey were given 
a controlled basal diet (CE-2; Nihon Clea) and water 
ad libitum.

Th e present study was conducted under guidelines 
set by the National Research Council (1996) and the 
Science Council of Japan (2006).  Animal experi-
ments conformed with the following Japanese laws 
and relevant regulations: ‘Act on Welfare and Man-
agement of Animals’ (Act No. 105 of 1 October 1973, 
revised on 22 June 2005); Notice No. 88 of 28 April 
2006 of the Ministry of the Environment of Japan 
‘Standards Relating to the Care and Management of 
Laboratory Animals and Relief of Pain’; and Notifi ca-
tion of 1 June 2006 of the Ministry of Health, Labour 
and Welfare of Japan ‘Fundamental Guidelines for 
Proper Conduct of Animal Experiments and Related 
Activities in Research Institutions under the jurisdic-
tion of the Ministry of Health, Labour and Welfare’.

Reproductive procedure
In 14 reproductive and neurobehavioural toxici-
ty studies (1993–2005), male and female mice (n = 
10 per study) were used as a control group. F0 gen-
eration mice were 5 weeks old at the start of the 
study.  At 9 weeks of age, each female mouse was 
paired with a male from the control group.  Aft er 5 
days, the males were removed and the females were 
allowed to carry their litters to term, deliver and rear 
their off spring.  Off spring were weaned at 4 weeks 
of age, and one male and one female mouse were 
randomly selected from each litter for the remain-
ing experiment.  Th ey were housed individually in 
polycarbonate solid-fl oored cages with wood fl akes 
aft er weaning.  Th ese procedures were the same in 
each study.  A total of 1,594 off spring were born in 
126 litters.  Aft er the lactation period, 120 litters were 
weaned at 4 weeks of age.

Exploratory behaviour
Exploratory behaviour of the mice was measured 
using an animal movement analyzing system (ANI-
MATE AT-420; Toyo Sangyo Co., Ltd., Toyama, 
Japan) at 3 and 8 weeks of age in the F1 generation.  
Th is system consisted of a doughnut-shaped cage 
made from acrylate resins with 36 near-infrared pho-
tosensors used to measure spontaneous motor activi-
ty (Matsumoto et al., 1990a, b).  Behavioural variables 
were recorded for 10 min at 1-min intervals for one 
male and one female randomly selected from each 
litter at 3 weeks of age and for all animals (one male 
and one female per litter) at 8 weeks of age in the F1 
generation.  Th ese procedures were the same in each 
study.  Th e measured variables were as detailed below 
(Tanaka, 2010):
1. Number of movements: Frequency of changes in 

location information.
2. Movement time (s): Total time for which the 

animal was moving.
3. Number of horizontal activities: Frequency at 

which the animal began moving from a station-
ary position.

4. Total distance (cm): Total distance covered by the 
animal aft er it moved from the central position.

5. Number of vertical activities: Frequency of rear-
ing (including jumping).

6. Vertical time (s): Total rearing time.
7. Number of turns: Frequency at which the direc-

tion of movement changed by 45° or more.
8. Average distance (cm): (total distance/number of 

horizontal activities).
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et al., 2008).  Diff erences between sexes at diff erent 
time points were assessed using the Steel–Dwass test 
(Martin & Bateson, 1990).

Results
At 3 weeks of age, exploratory behaviour of 112 male 
and 111 female off spring was examined.  Female off -
spring showed less activity than male off spring in 
terms of the following variables: number of move-
ments, movement time(s), number of vertical activ-
ities and vertical time(s) (Table 1).  Th ese variables 
were parallel in longitudinal analysis in male and 
female off spring (Table 2), and the distances between 
the lines were signifi cantly diff erent (P < 0.001, 
0.05, 0.05 and 0.05, respectively).  Th e number of 
movements was signifi cantly diff erent at 1, 2 and 4 
min between male and female off spring (Fig. 1).  
Th e other variables were not signifi cantly diff erent 
between male and female off spring (Table 1).

9. Average speed (cm/s): (total distance/movement 
time).

10. Number of defecations: number of faecal pellets.
11. Average movement time (s): (movement time/

number of horizontal activities).
12. Average rearing time (s): (vertical time/number 

of vertical activities).

Statistical analysis
Movement activity data related to exploratory behav-
iour of male and female mice were compared using 
the Wilcoxon test (Martin & Bateson, 1990).  Dif-
ferences in the longitudinal patterns (during the 
10-minute observation period) of exploratory behav-
iour between sexes were assessed using profi le analy-
sis (test for equality of mean vectors, test for equality 
of covariance matrices and the parallelism hypothe-
sis test). Th is longitudinal analysis is appropriate for 
a study that involves repeated observations of the 
same variables over long periods of time (Fujikoshi 

Table 1. Summary of diff erences in exploratory behaviour between male and female F1-generation mice during 
the 10-minute observation period.

Male Female
At 3 weeks of age
No. of mice 112      111
No. of movements c 1357.5 ± 325.00 1173.7 ± 290.76
Movement time (s) a 438.54 ± 72.851 419.20 ± 73.427
No. of horizontal activities 49.5 ± 13.10 49.5 ± 12.56
Total distance (cm) 2220.52 ± 759.493 2135.63 ± 761.777
Average distance (cm) 51.22 ± 31.076 47.98 ± 27.024
Average speed (cm/s) 4.96 ± 1.096 4.99 ± 1.083
No. of vertical activities a 145.7 ± 40.62 133.5 ± 34.00
Vertical time (s) b 112.18 ± 35.769 99.69 ± 34.865
No. of turnings 50.6 ± 19.81 47.2 ± 17.04
No. of defecations 6.55 ± 2.503 6.59 ± 2.466
Average movement time (s) 9.67 ± 3.776 9.08 ± 3.137
Average rearing time (s) 0.78 ± 0.202 0.75 ± 0.208
At 8 weeks of age
No. of mice 113      112
No. of movements c 2147.6 ± 265.53 1787.8 ± 324.32
Movement time (s) c 508.02 ± 39.894 484.80 ± 56.414
No. of horizontal activities c 48.6 ± 11.595 55.7 ± 14.779
Total distance (cm) 2801.36 ± 609.771 2717.99 ± 1051.993
Average distance (cm) b 65.59 ± 47.483 61.68 ± 65.563
Average speed (cm/s) 5.48 ± 0.929 5.50 ± 1.610
No. of vertical activities a 149.6 ± 28.26 141.4 ± 27.42
Vertical time (s) c 228.79 ± 40.566 180.68 ± 36.497
No. of turnings 54.1 ± 14.61 52.5 ± 17.52
No. of defecations 5.51 ± 3.185 5.37 ± 3.454
Average movement time (s) c 11.42 ± 5.172 9.88 ± 5.277
Average rearing time (s) c 1.55 ± 0.247 1.30 ± 0.251

Each value represents the mean ± SD.  Signifi cant diff erences between male and female off spring: aP < 0.05, bP < 0.01, cP < 
0.001.
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At 8 weeks of age, exploratory behaviour of 113 males 
and 112 females was examined.  Females showed less 
activity than males in terms of the following varia-
bles: number of movements, movement time (s), 
average distance (cm), number of vertical activities 
and vertical time (s).  Th ese observations were sim-
ilar to those at 3 weeks of age (Table 1).  Females dis-
played more horizontal activities than males (Table 
1); however, the average movement time (s) and 
average rearing time (s) were less in females than in 
males (Table 1).

At 8 weeks of age, the number of movements, move-
ment time (s) and vertical time(s) were not paral-
lel (diff erent longitudinal pattern with qualitative 
change) according to longitudinal analysis in males 
and females (Table 2); however, all other variables 
were parallel (similar longitudinal pattern without 
qualitative changes), and the distances between the 
two lines were signifi cantly diff erent for the number 
of vertical activities, vertical time, number of hori-
zontal activities, movement time, number of move-

ments (P < 0.05 or 0.001).  Th e average movement 
time was not parallel in longitudinal analysis (Table 
2); however, the average rearing time was parallel, 
and the distance between the two lines was statisti-
cally signifi cant (P < 0.001).
At 8 weeks of age, the number of movements was 
signifi cantly diff erent between male and female mice 
during the study period (Fig. 2).  Th e movement 
time (s) was signifi cantly diff erent between males 
and females at 1, 4 and 5 min.  Th e number of hori-
zontal activities and average distance (cm) were sig-
nifi cantly diff erent between the sexes at 7 min.  Th e 
number of vertical activities was signifi cantly diff er-
ent between the sexes at 1 min.  Between-sex diff er-
ences in vertical time (s) were signifi cant throughout 
the measuring period, except at 7 and 9 min.  Th e 
average movement time (s) was signifi cantly diff erent 
between the sexes at 7 min (Fig. 2), and the average 
rearing time (s) was also diff erent between the sexes 
at all time points.  No signifi cant diff erence between 
males and females was observed for any other varia-
ble (Table 1).

Figure 1. Longitudinal pattern of sex diff erences in exploratory behaviour at 3 weeks of age in F1-generation mice. Each 
value represents the mean ± SE. Signifi cant diff erences between sexes at diff erent time points: aP < 0.05.
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Figure 2. Longitudinal pattern of sex differences in exploratory behaviour at 8 weeks of age in F1-generation mice. Each 
value represents the mean ± SE. Signifi cant differences between sexes at different time points: 
aP < 0.05, bP < 0.01, cP < 0.001.
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Th e dispersion (extent of variation) of most vari-
ables, except for number of vertical activities, was 
similar between the sexes at 3 weeks of age (Table 1).  
At 8 weeks of age, the dispersion of most variables 
was greater in females than in males, in particular, in 
terms of total distance (cm) and average speed (cm/s) 
(Table 1).  Female adult mice tended to show extreme 
values compared with male adult mice.  In total, 8.8% 
and 15.2% of male and female mice, respectively, 
were hyperactive (determined by the total distance 
moved, >3500 cm).  An average speed >7.0 cm/s 
was observed in 3.5% and 14.3% of male and female 
mice, respectively.

Discussion
In this study, female mice showed lower activity levels 
in terms of ambulation (including number of move-
ments and movement time) and rearing (includ-
ing number of vertical activities and vertical time) 

than male mice at 3 and 8 weeks of age.  In addi-
tion, female adult mice showed shorter durations of 
ambulation and rearing than male adult mice.  Th ese 
eff ects were not observed in immature mice before 
weaning.  Sex diff erences in exploratory behaviour 
of immature mice showed quantitative changes only.  
In adult mice, variables for rearing excluding rearing 
time showed quantitative changes only; however, var-
iables for ambulation and rearing time showed both 
quantitative and qualitative (with diff erent longitudi-
nal pattern) changes.  Since the results are based on 
data collected over 13 years, the genetic drift  over 
generations might infl uence the results.  Neverthe-
less, it seems that genetic drift  had little infl uence on 
the results because the mice were purchased from the 
same major supplier for each study.

Th e diff erences reported in the present study might 
be infl uenced by/due to chronic psychosocial stress-
or (individual housing) exposure of the females.  

2014, Volume 40, Number 9

Table 2. Summary comparing longitudinal profi le analysis of exploratory behaviour in male and female F1-gener-
ation mice during the 10-minute observation period.

P-value
Equality of 

mean vectors
Equality of 
covariance

Parallelism Distance 
between lines

At 3 weeks of age
No. of movements < 0.001 0.218 0.471 < 0.001
Movement time (s) < 0.001 0.401 0.527 0.0289 
No. of horizontal activities  < 0.001 0.260 0.117 0.953 
Total distance (cm) < 0.001 0.775 0.216 0.612 
Average distance (cm) < 0.001 < 0.001 0.233 0.768 
Average speed (cm/s) < 0.001 0.051 0.138 0.797 
No. of vertical activities < 0.001 0.898 0.301 0.0296 
Vertical time (s) < 0.001 0.127 0.559 0.0148 
No. of turnings < 0.001 0.0116 0.486 0.183 
Average movement time (s) < 0.001 < 0.001 0.411 0.246 
Average rearing time (s) < 0.001 0.0022 0.831 0.484 
At 8 weeks of age
No. of movements < 0.001 0.0075 0.0118 < 0.001
Movement time (s) < 0.001 < 0.001 0.0115 < 0.001
No. of horizontal activities < 0.001 0.354 0.457 < 0.001
Total distance (cm) < 0.001 < 0.001 0.561 0.700 
Average distance (cm) < 0.001 < 0.001 0.113 0.602 
Average speed (cm/s) < 0.001 < 0.001 0.943 0.848 
No. of vertical activities < 0.001 0.534 0.063 0.0228 
Vertical time (s) < 0.001 0.0055 0.0410 < 0.001
No. of turnings < 0.001 0.061 0.382 0.393 
Average movement time (s) < 0.001 < 0.001 0.0305 0.064 
Average rearing time (s) < 0.001 0.067 0.428 < 0.001
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Numerous studies (Baer, 1971; Brain, 1975) have 
suggested that individually housed rodents, includ-
ing mice, may exhibit physiological and behaviour-
al changes when compared with their group-housed 
counterparts (ARRP, 2012). Nevertheless, several 
studies have reported  no eff ects of individual hous-
ing on behavioural activities in mice (Arndt et al, 
2009; Bartolomucci et al, 2009).  It is also known 
that male and female off spring are diff erently aff ect-
ed when the dam is stressed prenatally (Archer & 
Blackman, 1971; Weinstock, 2007).  In the present 
study, it seems that few eff ects of individual housing 
on exploratory behaviour were found between sexes 
since the number of defecations, indicative of emo-
tionality, showed no diff erences between sexes in 
immature and adult mice.

Because the body size of mice is characterized by 
sexual dimorphism (Korkman, 1951; Eisen & Han-
rahan, 1972), these changes in exploratory behav-
iour may be caused by diff erences in the body weight 
between the sexes.  Wirth-Dzieciolowska et al. (2005) 
reported that selection for body weight induced dif-
ferences in exploratory behaviour of mice.  Th ey 
found that the lighter group displayed a steady 
increase in behavioural activity during three sessions 
in an open-fi eld test but displayed lower activity 
during the entire session than the other groups.  Nev-
ertheless, Tanaka (2010) reported that few variables 
associated with exploratory behaviour, except for 
rearing time in immature females, were infl uenced 
by the body weight of mice under natural conditions.  
Th e body weight of mice is not reported for the pres-
ent study because the data are included in the pre-
vious study (Tanaka, 2010).  Th erefore, it seems that 
these changes in exploratory behaviour are caused by 
sex diff erences.

Valle (1970) reported that female rats were generally 
more active than male rats; however, the pattern of 
their activities did not diff er from that of male rats 
in the open fi eld.  Masur (1972) found that male 
Wistar rats displayed more defecation and less ambu-
latory behaviour than female rats in the open fi eld.  
Archer (1974) also reported that male Sprague–
Dawley rats showed a lower latency time and more 
stationary sniffi  ng than female rats.  In mice, Archer 
(1977) found that males showed a lower latency time 
(C57BL and BALB/c) and more stationary sniffi  ng 
(C57BL) than females.  Archer (1975) suggested that 
male rats typically showed more defecation behav-
iour than female rats.  However, in mice, neither sex 
typically shows more defecation behaviour than the 

other (Archer, 1975).  In general, males display less 
ambulatory activity than females in both rats and 
mice.  However, many studies have also reported no 
signifi cant diff erences between the sexes.

Gray (1971) suggested that the uncertainty relating to 
sex diff erences in exploratory behaviour in mice may 
be caused by the predominant use of inbred strains 
in studies of these species.  However, according to 
Beatty (1979), whether diff erences in the degree of 
inbreeding can explain this discrepancy remains 
unclear.  Lightfoot (2008) reported female rodent 
daily activity levels that were 20% to more than 50% 
higher than those of males.  Bronstein et al. (1975) 
observed that female Sprague–Dawley rats traversed 
a signifi cantly greater distance during open-fi eld test-
ing than male rats, regardless of whether the animals 
had been handled or not.  Gray (1979) suggested that 
similar to outbred rat strains, outbred mice strains 
exhibited the typical rat pattern of higher defecation 
rates and lower activity among males.  Nevertheless, 
the results of the present study show the reverse in 
terms of ambulation and rearing in CD-1 (ICR) mice.

Valle & Bols (1976) found that male and female rats 
did not diff er in their open-fi eld behaviour at 30 days 
of age and that females showed more ambulation 
and rearing than males at 120 days of age.  In addi-
tion, Beatty & Fessler (1976) reported that weanling 
male and female rats did not diff er in terms of open-
fi eld activity; however, sex diff erences in all meas-
ures (ambulation, rearing and defecation) emerged 
by 50 days of age and persisted thereaft er.  Masur et 
al. (1980) reported that levels of defecation, ambu-
lation and rearing were similar between male and 
female rats in the open fi eld before 45 days of age.  
Aft er 60 days of age, male rats showed more defe-
cation and lower ambulation and rearing activity 
than female rats.  Lynn & Brown (2009) found that 
male and female rats did not diff er in terms of open-
fi eld activity as early (22–24 days of age) and middle 
(38–40 days of age) adolescents; however, sex diff er-
ences emerged by late adolescence (52–54 days of 
age).  Slob et al. (1986) observed that intact female 
rats were more active than their male counterparts in 
the open fi eld at 77 days of age but not at an earli-
er age.  Nevertheless, the sex diff erence in adulthood 
failed to occur in animals gonadectomised at 1 or 21 
days of age.  It therefore seems that sex diff erences in 
open-fi eld activity occur in rats aft er puberty.  In this 
study, sex diff erences were observed in exploratory 
behaviour of mice at 3 and 8 weeks of age (approxi-
mately 21 and 56 days of age, respectively).  It there-
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fore seems that sex diff erentiation in exploratory 
behaviour occurs in mice at an earlier age than that 
in rats.

Broida & Svare (1984) reported that intact females 
were more active than their male counterparts and 
that although gonadectomy in adulthood reduces 
behavioural levels in both the sexes, it does not elim-
inate sex diff erences in spontaneous behaviour in 
Rockland–Swiss albino mice.  Guttman et al. (1975) 
found that motor activity in the barrier apparatus, as 
measured by jumping, reached a peak during oestrus 
and decreased between metoestrus and dioestrus 
in female mice.  Palanza et al. (2001) reported that 
proestrus mice were less sensitive to the decrease in 
exploratory propensity induced by individual hous-
ing than oestrus and dioestrus mice.  It seems, there-
fore, that gonadal hormones and the oestrous cycle 
infl uence activity levels in female mice.

In the present study, sex diff erences in variables 
related to ambulation in adult mice showed quan-
titative and qualitative changes.  Female adult mice 
tended to show extremes of movement compared 
with male adult mice.  Th erefore, it is possible that 
oestrous females displayed such extreme activities, 
even though female mice were not examined for oes-
trous cycle at behavioural testing in the present study.  
Even though the ‘female’ group included animals that 
showed extremes in terms of movements, the group 
as a whole still showed lower activity in terms of 
exploratory behaviour than males.  It seems, there-
fore, that in CD-1 mice, nonoestrus females probably 
display less exploratory behaviour than males.  From 
the results of this study, it appears that female CD-1 
mice display less exploratory behaviour than males 
and that these sex diff erences in exploratory behav-
iour occur from the prepubertal period.
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