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WILMOT, C. A., T. A. FICO, C. VANDERWENDE AND M. T. SPOERLEIN. Dopamine autoreceptor agonists attenuate 
spontaneous motor activity but not spontaneous fighting in individuaUy-housed mice. PHARMACOL BIOCHEM BEHAV 33(2) 
387-391, 1989.--The present study was conducted to determine whether or not two behavioral characteristics of individually-housed 
mice, hyperactivity in a novel environment and intermale fighting, are attenuated by the dopamine (DA) agonists, apomorphine, (+)- 
and ( - )-3-(3-hydroxyphenyl)-N-n-propylpiperidine (3-PPP). Autoreceptor-activating doses of these drugs which reduced spontane- 
ous activity in a novel environment did not inhibit spontaneous fighting with conspecific olfactory bulbectomized males. 
Individually-housed mice were more active in a novel environment and showed a significant reduction of activity at lower doses of 
apornorphine, ( + )- and ( - )-3-PPP than group-housed mice. However, the EDso'S for the inhibition of spontaneous activity in a novel 
environment in group- and individually-housed mice were similar: apomorphine, 0.02 vs. 0.012 mg/kg, SC; (+)-3-PPP, 0.50 vs. 0.51 
mg/kg, SC; and ( - )-3-PPP, 1.0 vs. 0.56 mg/kg, SC, for group- and individually-housed mice respectively. A significant proportion 
of individually-housed mice, but not group-housed mice, displayed catalepsy in response to high doses of ( - )-3-PPP. These data 
suggest that DA autoreceptor agonists can modulate the hyperactivity syndrome but not spontaneous fighting behavior in 
individually-housed mice. 

Differential housing Motor activity Isolation-induced fighting Dopamine autoreceptors Apomorphine 3-PPP 

DIFFERENTIAL housing of male mice, i.e., housed singly or in 
groups, produces differences in the behavioral responses to a novel 
environment and to dopamine (DA) agonists (4, 24, 32, 36-38). 
Upon exposure to a novel environment or participation in fighting, 
the turnover of brain DA, norepinephrine (NE) and serotonin 
(5-HT) is significantly greater in individually-housed (IH) mice 
and rats compared to those group-housed (GH) (11, 15, 21, 22, 
31, 33). Footshock stress also produces a greater acceleration of 
mesocortical DA turnover in IH rats compared to GH rats (3). In 
addition to changes in presynaptic neuronal activity in IH mice, 
there is behavioral evidence for an increased postsynaptic DA 
receptor sensitivity, although changes in the number or affinity of 
DA (De) receptors are not detectable (38). Whether or not there is 
a causal relationship between the increased sensitivity of dopa- 
minergic systems, hyperactivity in a novel environment and 
fighting is not known. 

Low doses of DA agonists inhibit spontaneous and amphet- 
amine-induced motor activity and decrease the rate of DA synthe- 

sis and DA cell fLring via a postulated interaction with DA 
autoreceptors (2, 6, 8, 9, 12, 13, 18, 19, 40). The objectives of the 
present study were 1) to determine if low doses of the DA 
agonists, apomorphine, (+)-  and (-)-3-(3-hydroxyphenyl)-N- 
n-propylpiperidine (3-PPP) would inhibit spontaneous fighting in 
IH mice and 2) to compare the potency of these compounds for 
inhibiting spontaneous activity in both GH and IH mice. Higher 
doses of ( - ) -3 -PPP  produce behavioral and biochemical effects 
resembling DA antagonists but have not been shown to produce 
catalepsy (1, 13, 23, 25). Initial observations of IH mice treated 
with high doses of ( - ) -3 -PPP  noted catalepsy which was not 
observed in GH mice. A subsequent experiment was conducted to 
compare the response of IH and GH mice to high doses of 
( - ) -3-PPP.  

MErHOD 
Differential Housing 

CF-1 male mice were obtained from Charles River Breeding 

tPresent address: Hoeohst-Roussel Pharmaceuticals, Inc., Department of Biological Research, Rte. 202-206, P.O. Box 2500, Somerville, NI 
08876q258. 

2Present address: FMC Corporation, Chemical Research and Development Center, Box 8, Princeton, NJ 08543. 
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Laboratory, Wilmington, MA, at 28 days of age and housed in 
groups of 15. At 34-38 days of age, the mice were either 
individually housed in a separate isolation room in cages measur- 
ing 28 x 12.5 × 14 cm or maintained grouped (15 per cage) in the 
colony room in cages measuring 45 x 27 x 14 cm. Food and water 
were continuously available. Housing conditions were maintained 
at 23-2°C,  30--60% humidity and a 12-hr light-dark cycle with 
lights on at 6 a.m. After 4-5 weeks of differential housing, all 
behavioral testing occurred in the isolation room. Within their 
home cage, the group-housed mice were adapted to the isolation 
room for a minimum of 1 hour. 

Fighting Test 

IH mice were observed for fighting with an age-matched 
conspecific olfactory-bulbectomized male (stimulus mouse) as 
previously described (39), following the protocol of Gandelman et 
al. (10,35). Mice were tested 7 minutes following treatment with 
apomorphine, SC, or 15 minutes following (+)- or (-)-3-PPP, 
SC. These pretreatment times were selected so that the time 
interval for the fighting test coincided with the time of the maximal 
effects for reducing motor activity. Following the placement of the 
stimulus mouse in the home cage of the test mouse, the latency in 
seconds to the first fight and the total time spent fighting in 
seconds were recorded. The mice were observed for 5 minutes 
following the first fight or, if no fight occurred, for a total of 15 
minutes. The first fight was defined by a bout of persistent biting 
with a minimum duration of 5 seconds. Fighting was initiated and 
terminated by the test mouse only. Each test mouse was subjected 
to only one fighting test. Stimulus mice were used repeatedly, 
provided their gross physical appearance and behavior appeared 
normal following a minimum of 1 day for recovery. Olfactory- 
bulbectomized stimulus mice have been shown to elicit fighting 
reliably with single or repeated use, but do not initiate a fight or 
retaliate (7). Fighting tests were conducted between 10 a.m. and 
3 p.m. 

Motor Activity 

The effects of the test compounds on motor activity were 
assessed in separate groups of mice from those used in the fighting 
tests. Mice were placed individually into the center of a circular 
glass jar (8" diameter) on electromagnetic activity meters (Colum- 
bus Instruments, Model S, calibrated to give equal sensitivity). 
Counts were recorded from 5 to 20 minutes after apomorphine or 
for 5 to 35 minutes after ( - ) -  or (+)-3-PPP. Different time 
intervals for recording activity counts after apomorphine or 3-PPP 
were selected since low doses of apomorphine had a shorter 
duration of action for reducing spontaneous motor activity than 
(+)- or (-)-3-PPP. Mice from both housing conditions were 
tested on the same days, between 9 a.m. and 5 p.m., with dose and 
housing condition randomized over time. For the determination of 
EDso for reducing motor activity, quantai data were obtained by 
calculating the percentage of mice in each dosage group which had 
cumulative activity counts less than one-half the mean activity 
counts for the respective group- or individually-housed control 
(vehicle) group. Thus, the EDso for the reduction of motor activity 
represents that dose which reduces motor activity to one-half the 
activity counts of control groups in 50% of the mice tested. 

Catalepsy 

Mice were differentially housed for 4-5 weeks. Testing for 
catalepsy commenced 5 minutes after treatment with (-)-3-PPP 
and was repeated every 5 minutes for 30 minutes for a total of six 
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FIG. 1. Motor activity responses of differentially-housed mice to (+)- 
3-PPP. Mice were either group- or individually-housed for 4-5 weeks. 
Activity counts were recorded for 30 minutes, starting 5 minutes after 
injection. Mean_+S.E. (n=8-15) tp<0.05, significantly lower than 
respective control *p<0.05, significantly different from group-housed, 
*p<0.05, significant increase above activity at dose producing maximal 
reduction. 

observations. The animal's hind paws were placed on a block 1.3 
cm in height. A positive response was recorded if this posture was 
maintained for 30 seconds. Animals were given three trials before 
a negative score was recorded for that observation. Mice with two 
or more positive scores over the six observation times were 
recorded as cataleptic. Testing was conducted in an isolation room 
between 9 a.m. and 3 p.m. 

Drugs 

Apomorphine HC1 (Sigma Chemical Corp., St. Louis, MO) 
was prepared with 0.9% saline containing 0.1% ascorbic acid. The 
enantiomers of 3-PPP HC1 (Dr. H. Wikstr6m, Department of 
Pharmacology, Organic Chemistry Unit, University of G6teborg, 
Sweden) were dissolved in 0.9% saline. Doses in mg/kg refer to 
the respective salt. 

Statistics 

Statistics were calculated with the Statistical Analysis System 
(SAS, Version 82.4) produced by the SAS Institute, Cary, NC. 
The General Linear Model Procedure (PRO(2 GLM) was used for 
either a 2-way or 3-way analysis of variance (ANOVA) for the 
main effects of housing (GH vs. IH), dose and isomer, (+)- or 
(-)-3-PPP, followed by Newman-Keuls multiple range test. 
Chi-square tests were used to compare the proportion of fighters 
and nonfighters in control and drug-treated groups and the pro- 
portion of mice displaying catalepsy. The accepted level for 
significance was p<0.05. 

RESULTS 

Motor Activity Responses in Differentially.Housed Mice 

Differential housing produced a significant effect on the motor 
activity response to (+)- and (-)-3-PPP, as shown in Figs. 1 and 
2. By 3-way A_NOVA of the activity counts following (+)- or 
( - )-3-PPP, the main effects of housing and dose were significant, 
F(1,316)=23.79, p<0.0001; and, F(7,316)=69.20, p<0.0001, 
respectively, but not isomer, F(1,316)=0.82, p<0.3659. There 
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FIG. 2. Motor activity responses of differentially-housed mice to 
(-)-3-PPP. Mice were either group- or individually-housed for 4--5 
weeks. Activity counts were recorded for 30 minutes, starting 5 minutes 
after injection. Mean ± S.E. (n= 8-15) tp<0.05, significantly lower than 
respective control, */7<0.05, significantly different from group-housed. 

were no significant interactions between housing condition, dose 
or isomer. IH mice showed higher levels of spontaneous activity 
than GH mice in a novel environment (activity meter), as has been 
previously reported. In response to (+)-3-PPP (Fig. 1), to 
(-)-3-PPP (Fig. 2) and, as previously reported (38), to apomor- 
phine, IH mice were more sensitive to the activity-reducing effects 
of DA agonists than GH mice, i.e., significant decreases in 
activity counts from the respective control groups were found with 
lower doses of ( - ) -  and (+)-3-PPP in IH mice than in GH mice. 
The fast doses at which activity counts were significantly lower 
than control groups were: (+)-3-PPP, 0.17 vs. 0.35 mg/kg; and 
(-)-3-PPP, 0.35 vs. 0.70 mg/kg, for IH and GH mice respec- 
tively. Both (+)- and ( -)-3-PPP reduced activity counts to similar 
levels in GH and IH mice. The EDsa's of these compounds to 
reduce motor activity in GH vs. IH mice were not significantly 
different (Table 1). 

The ascending portion of the biphasic activity response curve to 
(+)-3-PPP appeared at lower doses in IH mice than in GH mice, 
with significant increases above the respective nadir at the doses of 
4 and 12 mg/kg for IH and GH mice respectively. These results 
with (+)-3-PPP resemble the pattern seen with apomorphine (38). 
Both GH and IH mice had a monophasic activity response to 
(-)-3-PPP. 

Fighting by Individually-Housed Mice 

Table 2 summarizes the effects of apomorphine, (+)- and 

TABLE 1 

F~TIMATED EDso AND 95% CONFIDENCE LIMITS (mg/kg) FOR 
INHIBITION OF SPONTANEOUS MOTOR ACTIVITY IN GROUP- AND 

INDIVIDUALLY-HOUSED MICE 

Group-Housed Individually-Housed 

Apomorphine 0.018(0.009--0.036) 0.012 (0.005-0.030) 
(+)-3-PPP 0.50 (0.26--0.94) 0.51 (0.29-0.84) 
(-)-3-PPP 1.00 (0.51-1.95) 0.56 (0.27-1.16) 

TABLE 2 

EFFECTS OF AI~MORPHINE. HALOPI~RIDOL. (+)- OR (-)-3-PPP ON 
THE FIGHTING OF INDIVIDUALLY-HOUSED MICE 

Latency Total 
to Fighting 

Dose Number Number Percent Fight* Time* 
mg/kg Tested Fighting Fighting (see) (sec) 

Apomorphine 
Vehicle 12 9 75.0 201 ± 65 41.9 - 8.5 
0.018 12 6 50.0 220---53 39.5- + 8.1 
0.038 12 7 58.3 151-+78 25.1__. 3.1 
0.075 12 5 41.7 123---56 30.7-* 9.2 
0.15 8 2 25.0 295 31.7 

(+)-3-PPP 
Vehicle 19 13 68.4 173±35 36.3± 6.4 
0.7 11 5 45.5 345±39 25.1_+13.3 
1.3 10 5 50.0 227±39 17.2--- 3.1 
2.4 10 6 60.0 158--.32 24.6 + - 4.9 
4.0 10 4 40.0 255+-47 25.9--- 5.3 

12.0 9 3 33.3 139-83 55.7__.34.8 
( - )-3-PPP 

0.7 11 5 45.5 160__.78 24.4+- 6.6 
1.3 10 4 40.0 421"81 27.3_+13.9 
2.4 9 2 22.2 351 24.4 
4.0 10 3 30.0 261+-111 16.6± 8.4 

12.0 10 2 20.0 102 11.6 

*Mean __. S.E. from fighters. 
Mice individually housed for 4--5 weeks were tested for fighting after 

pretreatment as described in the Method section. Control groups received 
the corresponding vehicle. Both isomers of 3-PPP were compared to the 
same control group. 

(-)-3-PPP on spontaneous fighting by mice individually housed 
for 4-5 weeks. There were no significant drug effects on the 
number of mice fighting with respect to control groups. However, 
there was a trend to a smaller number of fighters at 0.15 mg/kg 
apomorphine and 12 mg/kg (+)-3-PPP, doses which are associ- 
ated with the onset of effects at postsynaptic DA receptors (9,13). 
Among those mice fighting, there were no effects of any drug on 
the latency to fight or the total fighting time (Table 2). 

The EDso'S for the inhibition of spontaneous activity in 
individually-housed mice, i.e., apomorphine, 0.012 mg/kg; (+)- 
3-PPP, 0.51 mg/kg; and (-)-3-PPP, 0.56 mg/kg, are ineffective 
doses for the inhibition of spontaneous fighting. Doses of the DA 
agonists which decreased activity counts to less than one-half the 
counts of the control group in 100% of the mice tested, i.e., 1.3 
mg/kg (+)- or ( - )-3-PPP and 0.075 mg/kg apomorphine, also did 
not have a significant effect on the number of mice fighting. 
Relative to the number of mice fighting in the respective control 
groups, it can be estimated that the EDso'S for the inhibition of 
fighting would be greater than 0.075 mg/kg apomorphine, 12 
mg/kg (+)-3-PPP and 2-4 mg/kg (-)-3-PPP. Although ( - ) -  and 
(+)-3-PPP were equipotent in reducing motor activity, the ( - )  
isomer appeared to be slightly more potent than the (+) isomer for 
inhibiting fighting. However, there is insufficient data to deter- 
mine whether or not there is a significant difference between (+)- 
and (-)-3-PPP on fighting. 

Induction of Catalepsy by ( -)-3-PPP 

Over the dose range of 12-24 mg/kg, (-)-3-PPP produced 
catalepsy in a significant proportion of IH mice, 45-75% (X2= 
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TABLE 3 

(-)-3-PPP-INDUCED CATALEPSY IN GROUP-HOUSED AND 
INDWIDUALLY-HOUSED MICE 

% Cataleptic 

Dose Group- Individually- 
mg/kg Housed Housed 

Control 0 (12) 0 (12) 
12.0 33.3 (12) 50.0* (12) 
18.0 33.3 (12) 75.0* (12) 
24.0 25.0 (12) 45.4* (11) 
36.0 16.7 (12) 25.0 (12) 

Mice were group- or individually-housed for 4--5 weeks. The number of 
animals tested is indicated in parentheses. 

*p<0.05, with respect to control, Chi-Square test. 

16.003, p<0.05), whereas only 25-33% of the GH mice were 
scored cataleptic (×2= 5.688, p>0.05) (Table 3). At 36 mg/kg, 
sedative effects were apparent and the percentage of mice scored 
positive for catalepsy was reduced. The mice that met the criteria 
were akinetic and maintained an abnormal posture for a minimum 
of 30 seconds in at least two observations over a 30-minute test 
period. In both groups of mice the quality of the cataleptic state 
resembled that seen with haloperidol, and not the rigid catatonia 
induced by morphine, as described by VanderWende and Spoer- 
lein (34). 

DISCUSSION 

The present study demonstrates that although individually- 
housed mice are equally or slightly more sensitive than group- 
housed mice to the attenuation of spontaneous motor activity by 
autoreceptor-activating doses of DA agonists, this pharmacologi- 
cal treatment is insufficient to inhibit spontaneous fighting. These 
two behaviors of the "isolation syndrome," the hyperactivity in a 
novel environment and intermale fighting, have been associated 
with increased reactivity of monoaminergic systems relative to 
group-housed mice (4, 5, 15, 29, 32, 36). Low doses of DA 
agonists attenuate spontaneous activity, decrease the rate of DA 
cell body firing and decrease the rate of DA synthesis via 
interactions with DA autoreceptors (2, 6, 9, 12, 18, 19, 40). In a 
previous study we reported that group- and individually-housed 
mice differ in the motor activity response to a novel environment 
and to amphetamine but do not differ in a biochemical measure of 
DA autoreceptor sensitivity, the antagonism by apomorphine of 
GBL (gamma butyrolactone)-induced increases in DOPA accumu- 
lation (38), suggesting that the hyperactivity of individually- 
housed mice in a novel environment and the increased sensitivity 
to the motor stimulating effects of amphetamine are not due to 
subsensitivity of DA autoreceptors relative to group-housed mice. 
For each of the DA agonists tested in the present study, significant 
reductions of spontaneous activity were achieved at doses associ- 
ated with effects on DA autoreceptors but without significant 
effects on fighting. As the doses of these drugs were increased to 
the range associated with the stimulation of postsynaptic DA 
receptors, there was a trend toward fewer mice fighting which may 

be a nonspecific effect due to response incompatibility with other 
behaviors induced in that dose range. A reduction in the preference 
for novelty by mice has also been associated with higher doses of 
apomorphine, whereas doses in the range of autoreceptor activity 
were ineffective (20). 

In addition to the well-establisbed behavioral and biochemical 
effects of (+)-3-PPP on dopaminergic function, recent data from 
in vitro binding experiments have shown a high affinity for sigma 
binding sites (16). However, functional correlates for sigma site 
interaction remain to be established. The in vivo effects of 
(+)-3-PPP on DA synthesis, DA cell firing and motor activity 
appear to be mediated by D 2 and not sigma receptor interactions, 
as demonstrated by the antagonism of these effects with the D 2 
antagonist d-butaclamol but not 1-butaclamol, the sigma selective 
isomer (14). The effects of (+)-3-PPP on motor activity and 
fighting in the present study resemble apomorphine, which is 
inactive or a very weak inhibitor in sigma binding assays (28,30). 
In contrast to the lack of a significant effect of (+)-3-PPP on 
fighting in the present study, phencyclidine (PCP) produces 
significant increases in spontaneous fighting by naive individually- 
housed mice (39). PCP and sigma site interactions have been 
shown to be distinct in in vitro binding assays (17,27), supporting 
the proposed nomenclature for separate PCP and sigma sites (26). 

Previous reports have indicated that ( - )-3-PPP is a partial DA 
agonist with properties of a DA antagonist at doses higher than 
those with autoreceptor agonist activity. However, ( - )-3-PPP did 
not induce catalepsy or potentiate catalepsy induced by neurolep- 
tics in rats (1,13). An unexpected finding of the present study was 
that catalepsy was present in a significant proportion of individu- 
ally-housed but not group-housed mice. Individually-housed mice 
have also been shown to be more sensitive to the cataleptic effects 
of haloperidol (41). We have previously shown that individually- 
housed mice are more sensitive to the motor stimulant effects of 
apomorphine following reserpine treatment, an in vivo model of 
postsynaptic DA receptor sensitivity (38). These results suggest 
that individually-housed mice may be a more sensitive animal 
model for testing neuroleptic-induced catalepsy to assess the 
liability of these drugs for extrapyramidal side effects. The 
neurochemical mechanisms underlying the differential sensitivity 
of group- and individually-housed mice to catalepsy are not 
known. 

In summary, the present study demonstrates that individually- 
housed mice are equally or slightly more sensitive than group- 
housed mice to the modulation of spontaneous motor activity by 
autoreceptor-activating doses of DA agonists. However, autore- 
ceptor-activating effects of DA agonists are insufficient to inhibit 
fighting. Thus, two behavioral characteristics of individually- 
housed mice, hyperactivity in a novel environment and aggressive 
behavior, may be mediated by different neurochemical mecha- 
nisms. 
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