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HYDE, J. F. AND T. P. JERUSSI. Sexual dimorphism in rats with respect to locomotor activity and circling behavior. 
PHARMACOL BIOCHEM BEHAV 18(5) 725-729, 1983.--Male and female rats were tested for locomotor activity and 
spontaneous circling (rotation) at 4, 6, 8, 11, 13 and 15 weeks of age. Locomotor activity of females increased with age, and 
significant intersex differences which became apparent by 8 weeks of age were attributed to the greater perseverative 
tendency of the females. Spontaneous rotation, on the other hand, did not change with age and significant intersex 
differences were not evident. Moreover, locomotor activity and rotation were not correlated at any age. In contrast to 
spontaneous rotation, amphetamine induced significantly more rotation in older (18 week) than in younger (5 week) females 
and males of both ages. Apomorphine, on the other hand, also elicited more rotation in older than in younger females, but 
not in males. In addition, intersex differences were not evident in younger animals tested with either drug. These data 
suggested that the greater perseverative tendency and lateralization of females compared to males may be related to 
bilateral functional imbalances in nigrostriatal activity. 

Laterality Rotation Circling behavior Locomotor activity Sexual dimorphism Ontogenesis 
Habituation Perseveration Amphetamine Apomorphine 

THE relationship of  sex and age to open field behavior in 
rats has been extensively investigated. Females have been 
reported to locomote more than males [2, 5, 24, 25, 28, 30, 
34], and older animals show equal or less general activity 
than younger rats of  either sex [4, 9, 29, 30, 32]. Devel- 
opmentally,  sex differences in locomotor activity appear  
near the onset of  sexual maturity [30] and various manipula- 
tions of  gonadal steroids appear  to confirm these observa- 
tions [1,25]. 

Differences between the sexes have also been reported in 
drug-induced circling behavior (rotation) in normal  rats 
[3,22]. It appears that normal surgically intact female rats 
rotate more than their male counterparts when challenged 
with amphetamine. Moreover,  this behavior is also subject 
to modification by gonadal hormones [8,12]. Normal rats will 
also show significant rotation without any drug when tested 
for extended periods of  time, especially during the dark 
phase of  their diurnal cycle [10,13]. And similar to the rota- 
tion induced by drugs, both the direction and magnitude of  
spontaneous nocturnal rotation are consistent between test 
sessions. However ,  in contrast  to the studies on locomotor 
activity, ontogenetic differences between the sexes with re- 
spect to circling behavior have not yet been established. 

Although locomotor activity appears to be neurochemi- 
ta l ly  mediated, in part,  by dopamine [7], most agree that 
circling behavior is primarily an expression of  dopaminergic 
function. A bilateral imbalance in nigrostriatal dopaminergic 
activity biases the animal to rotate or  turn in a dominant or 
"pre fe r red"  direction [6, 14, 22, 26, 27]. However ,  some 
suggest that the dopamine imbalance between the left and 
right corpora striata accounts for only the asymmetry of  

posture,  whereas the general level of  activity produces the 
"d r ive"  necessary to induce circling in the biased direction 
[ 15,20]. Because of the apparent  relationship among locomo- 
tor activity, circling behavior and dopaminergic-hormonal 
function, the ontogenesis of  these behaviors in both male and 
female rats was investigated. 

METHOD 

Ten male and ten female four week old Sprague-Dawley 
rats (Blue Spruce Farms,  Inc.,  Al tamont ,  NY) weighing be- 
tween 60-100 g were separated by sex and maintained five 
per cage on a 12 hr diurnal cycle (1830-0630 hr for the dark 
phase). Food and water were available ad lib except during 
testing. 

Locomotor  activity and circling behavior (rotation) were 
measured at 4, 6, 8, 11, 13 and 15 weeks of  age. Males and 
females were transported from their home cages to the test- 
ing area in separate holding cages approximately 30 minutes 
prior to testing. Animals were placed in the center of  an 
activity meter (33×43 cm, Model " E C O , "  Columbus In- 
struments, Columbus, OH; with a cover,  26×30.5×43 cm) at 
the beginning of  each test session. Locomotor  activity 
counts were obtained in the dark, each minute, for 14 min- 
utes between 1700-1800 hr. Between each test session the 
apparatus was cleaned with distilled water until it appeared 
odor free. Males and females were alternately tested and the 
order of  testing was the same each week. Immediately fol- 
lowing the locomotor activity test,  the animals were tested 
for spontaneous circling behavior in a rotometer  previously 
described [13]. Following a short period (15-20 rain) of  ac- 
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climation to the apparatus,  rotations were automatically re- 
corded between 1830--0630 hr, during the dark phase of the 
animals '  diurnal cycle. 

At 18 and 19 weeks of  age, all rats (except 3 males which 
had died) were tested for drug-induced rotation between 
1500-1800 hr with doses of  d-amphetamine sulphate (1.0 
mg/kg) and apomorphine hydrochloride (10.0 mg/kg), re- 
spectively, which have been shown to induce optimal rota- 
tion in normal rats [ 14]. Fifteen minutes after the animals had 
been placed in the rotometers they were injected intraperito- 
neally (IP) with drug. Rotations were then recorded for one 
hour. Subsequent to these experiments,  another group of 
normal rats (10 male, l0 female) were tested for drug- 
induced rotation under similar conditions at 5 and 6 weeks of 
age with d-amphetamine (1.0 mg/kg) and apomorphine (10.0 
mg/kg), respectively. For  each test of rotation, full rotations 
(360 degrees) to the right and left were separately totalled 
and then net rotations (i.e., rotations to the left minus rota- 
tions to the right) were determined. 

Rotations and locomotor activity counts were compared 
by linear regression analysis and independently analyzed by 
analyses of variance followed by multiple comparisons, 
using the Newman-Keuls procedure for tests on means [33]. 

RESULTS 

Figure 1 illustrates the development of locomotor activity 
in males and females from 4 to 15 weeks of age. Three-way 
analysis of variance ( sex×agext ime)  with repeated meas- 
ures over age and time (i.e., the 14 minutes of testing) indi- 
cated significant main effects of  sex, F(1,18)=4.84, p<0.05,  
age, F(5,90)=11.19, p<0.01,  and time, F(13,234)=33.03, 
p<0.01.  There were also significant sexxage ,  F(5,90)=4.23, 
p<0.05,  and sexxt ime,  F(13,234)=2.23, p<0.05,  interac- 
tions. Multiple comparisons indicated that the locomotor ac- 
tivity of  the males did not differ significantly over the six 
weeks of  testing. In contrast,  the locomotor activity of the 
females significantly increased at week 11 and remained ele- 
vated thereafter. Moreover,  beginning at 8 and continuing to 
15 weeks of age, significant differences in locomotor activity 
were apparent between the sexes (see Fig. 1). 

For  both sexes, locomotor activity declined significantly 
within each test session. Multiple comparisons indicated that 
the decline occurred primarily during the first seven minutes 
of the test session and locomotor activity between the sexes 
was not significantly different during this time interval (see 
Fig. 2). By contrast, multiple comparisons indicated that the 
significant sexx t ime  interaction could be attributed to the 
latter half (8--14 min) of  the test session (see Fig. 3). Although 
significant sex differences were apparent only during the lat- 
ter half of  the test session, generally age-related changes, 
illustrated in Figs. 2 and 3, were not markedly different 
within a test session. A significant change in locomotor ac- 
tivity during the first but not the second half of the test 
session was evident in males only at 13 weeks of age, but 
from 11-15 weeks postnatally females showed similar signif- 
icant age-related increases for both halves of  the test session. 

Figure 4 illustrates rotational behavior over the ages 
tested. Although female rats appear to show greater net ro- 
tations than males, two-way analysis of  variance failed to 
indicate any significant effect of sex, F(1,18)= 1.48, p>0.25,  
age, F(5,90)=2.04, p>0.10,  or a s exxage  interaction, 
F(5,90)=1.37, p>0.25.  Similarly, significant differences 
were not found for total rotations (data not shown). In addi- 
tion, total and net nocturnal rotations for each sex were not 
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FIG. 1. Mean (_ SE) locomotor activity (LMA) counts during the 14 
minute test sessions for males and females 4-15 weeks of age. *Sig- 
nificantly greater than postnatal week 4 (p<0.01; Newman-Keuls). 
**Females significantly greater than males (p<0.01; Newman- 
Keuls) of the same age. 

significantly correlated ( r=-0 .53246 to 0.53588) with loco- 
motor activity at any age. 

A three-way analysis of  variance (sex x age x drug) of the 
data in Table 1 indicated that there were significant main 
effects of  sex, F(1,18)=6.70, p<0.01,  and age, 
F(1,18)=30.16, p<0.01,  and a significant sexxage  interac- 
tion, F(I ,18)= 10.64, p<0.01.  The effect of drug was not sig- 
nificant, F(I,18)=0.04, p>0.25.  Multiple comparisons 
showed that older females tested at 18 weeks with am- 
phetamine rotated significantly more than their male coun- 
terparts.  This was not the case when they were retested at 19 
weeks of  age with apomorphine. In contrast,  younger rats 
tested at 5 and 6 weeks with amphetamine and apomorphine, 
respectively, did not show any significant intersex differ- 
ences in rotation. However,  the rotation induced by either 
amphetamine or apomorphine in older females was signifi- 
cantly greater than the drug-elicited rotation in the younger 
female rats. 

DISCUSSION 

From the results it can be seen that the female rats loco- 
mote more than the males. Although this phenomenon has 
been observed by others [2, 5, 24, 25, 28, 30, 34], in this 
report  significant increases in locomotor activity became 
evident as the females grew older. Males, on the other hand, 
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FIG. 2. Mean (-+SE) locomotor activity (LMA) coumts during min- 
utes 1-7 of the 14 minute test sessions for males and females 4-15 
weeks of age. *Significantly greater than postnatal week 4; females 
(p<0.01; Newman-Keuls); males (p<0.05; Newman-Keuls). Differ- 
ences between males and females of the same age were not statisti- 
cally significant. 

did not show similar age-related changes. These findings are 
in contrast  to reports [9, 29, 32] demonstrat ing a significant 
decrease in older rats. Yet other studies [1, 2, 5] indicate that 
aging rats show increases in locomotor activity. This dis- 
crepancy arises because the terms "young"  and " o l d "  are 
not used consistently to refer to rats of  specific age groups. A 
review of the literature indicates that male rats show little if 
any change in locomotor activity up to about 13 weeks of  
age, after which their locomotor activity begins to decrease 
[4, 9, 29, 32]. The locomotor activity of  females, on the other 
hand, increases significantly [I, 2, 5] until about the 16th 
week postnatally; then it too declines. Eventually, no inter- 
sex difference or only a small one is observed [4,32]. 

In this present  study, significant differences between the 
sexes were apparent  only during the last seven minutes of  
the test session. Frequently,  rats are tested for shorter 
periods of  time, ranging from 2 to 5 minutes [1, 2, 4, 5, 9, 
30-32], and therefore, the way the two sexes differentially 
adapt to the test situation is not readily apparent.  The pres- 
ent data  indicate that males habituate more rapidly than 
females with respect  to locomotor activity. As a result, sig- 
nificant intersex differences are evident during the latter half 
of  the test session. 

The greater locomotor activity of female rats compared to 
males has been proposed as a way to increase the frequency 

6 0 0 ,  

(0  
500, 

z 

0 
o 
,< 
:E 
. J  

Z 
,,<, 400,  
=E 

300, 

• ' ma les  / s s * *  

- -  f e m a l e s  

I 
I 

I 
I 'I/' 

o 

t 
t 

l / '  . 
I...> 

"Y/ ~ ~ i 1"1 l"s 1"5 - 
POSTNATAL WEEKS 

FIG. 3. (Mean (-+SE) locomotor activity (LMA) counts during min- 
utes 8-14 of the 14 minute test sessions for males and females 4-15 
weeks of age. *Significantly greater than postnatal week 4 (p <0.01; 
Newman-Keuls). **Females significantly greater than males 
(o<0.01; Newman-Keuls) of the same age. 
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FIG. 4. Mean ( - S E )  net night rotations for males and females 4--15 
weeks of age. Differences between males and females of the same 
age were not statistically significant. 
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TABLE 1 
EFFECTS OF SEX AND AGE ON DRUG-INDUCED CIRCLING 

Mean Net Rotations/Hour ± SD 

Older Rats Younger Rats 

Males Females Males Females 
(N =7) (N = 10) (N = 10) (N = 10) 

d-Amphetamine 21.0 ± 22.7 102.4 --- 77.5* 12.0 ± 18.6 10.6 ± 14.5 

Apomorphine 36.3 ± 25.6 54.4 ± 47.0t 28.2 +_ 28.1 21.4 ± 16.3 

*Significantly greater than older amphetamine-treated males and younger 
amphetamine-treated males and females (p<0.01; Newman-Keuls). 

tSignificantly greater than younger apomorphine-treated females (p<0.01; Newman- 
Keuls). 

of  finding a mate [23]. Moreover,  because the onset of pu- 
berty in females occurs weeks before that of males [21], we 
propose that the greater activity of the females coupled with 
their tendency to perseverate at this behavior increases the 
probability of  the female leaving the nest or home territory 
and mating with sexually mature males from other litters. As 
a result, inbreeding between littermates is reduced. 

Although females were significantly more active than 
males with respect to locomotor activity, this was not the 
case for spontaneous circling behavior. Females generally 
displayed more net and total rotations than males across 
ages, but these apparent differences were not statistically 
significant possibly due to the large variability of  the 
females'  circling behavior. In addition, for each sex at all 
ages investigated, significant correlations were not observed 
between locomotor activity and circling behavior. There- 
fore, although a certain amount of locomotion is necessary to 
produce circling in the dominant direction, the lack of  any 
significant correlation indicates that these behaviors are in- 
dependent of  one another and that the magnitude of rotation 
cannot be attributed solely to an animal 's  tendency to spon- 
taneously ambulate. 

Younger rats tested for rotation with either amphetamine 
or  apomorphine did not show any intersex differences. In 
contrast,  differences between the sexes were apparent in the 
older animals. Older females rotated significantly more with 
amphetamine than younger females and males of both ages. 
Therefore, these data indicate that younger male and female 
rats are equally insensitive to the rotation-augmenting effects 
of the two drugs. As the animals get older, however,  the 
females become significantly more sensitive to amphetamine 
than the males. Since amphetamine- or apomorphine- 
induced rotation involves predominantly pre- or postsynap- 
tic elements, respectively, the differential sensitivity be- 
tween the sexes could occur if older females were more 
lateralized than males with respect to the presynaptic con- 
centration of  striatal dopamine, as some neurochemical data  
appear  to indicate [22]. Others have shown that by 4 weeks 
of age, aH-haloperidol binding to striatal dopamine "recep-  
tors"  has reached peak values [18]. Whereas even at 6 to 8 
weeks of  age the biosynthetic enzymes for dopamine are 
only 75 to 80 percent of  their adult activities, and dopamine 
concentration in septum-caudate is not quite 70 percent of 
maximum [19]. Therefore with age, presynaptic dopamine 
concentrations increase into adulthood. 

From the results of  this present study there is also some 
evidence of  an increase in the postsynaptic sensitivity of the 
older females, in contrast to a recent report  finding 
Sprague-Dawley males more sensitive than females to the 
rotation-stimulating effects of apomorphine [3]. However,  in 
agreement with others [22], our data indicates that the pri- 
mary difference between males and females with respect to 
circling behavior appears to be presynaptic and not 
postsynaptic.  Spontaneous rotation presumably reflects the 
combined and possibly equivalent effects of  pre- and 
postsynaptic nigrostriatal activity. Therefore, the presynap- 
tic intersex difference in striatal dopamine is not fully ex- 
pressed during spontaneous rotation. H o w e v e r ,  this 
threshold or " la ten t"  tendency of  the females to rotate more 
than males may be unmasked when the animals are tested 
with amphetamine. 

Although previous work demonstrated that amphetamine 
was not asymmetrically distributed between the two halves 
of  the brain [14], others report  that brain concentrations of 
the drug are higher in female than in male rats [11,17]. How- 
ever, cerebral drug levels, per se, cannot account for the 
amphetamine-induced intersex differences in rotation be- 
cause it has been shown that these differences still persist 
even when males are given a much larger dose than their 
female counterparts [3]. 

Amphetamine increases arousal and perseveration [7,16]. 
Locomotor  activity and rotation involve nigrostriatal func- 
tion and are repetitive, stereotyped, and perseverative be- 
haviors which are also augmented by amphetamine. There- 
fore, we propose that the greater nigrostriatal lateralization 
of  the females is expressed behaviorally as a reduced capac- 
ity to habituate. It is this greater perseverative tendency of 
females that is unmasked by amphetamine and causes them 
to rotate more than males. 
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