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CAI, B., K. MATSUMOTO, H. OHTA AND H. WATANABE. Biphasic effects of typical antidepressants and mians- 
erin, an atypical antidepressant, on aggressive behavior in socially isolated mice. PHARMACOL BIOCHEM BEHAV 
44(3) 519-525, 1993. - Effects of several typical antidepressants and of an atypical antidepressant, mianserin, on the aggressive 
behavior (AGB) in long-term isolated mice were examined. IP administration of maprotiline (2.5 and 5 mg/kg), amitriptyline 
(5 and 10 mg/kg), clomipramine (2.5 and 5 mg/kg), and mianserin (5 mg/kg) significantly increased the duration of AGB. 
However, at higher doses (maprotiline, 10 mg/kg; amitriptyline, 20 mg/kg; clomipramine, 10 and 20 mg/kg; mianserin, 10 
and 20 mg/kg) these antidepressants either did not affect AGB or inhibited it. Amitriptyline (20 mg/kg) and mianserin (10 
mg/kg) but not maprotiline (10 mg/kg) or clomipramine (20 mg/kg) decreased spontaneous motor activity in isolated mice. 
Yohimbine (0.5 mg/kg, IP), an a2-antagonist, changed the antidepressant-induced enhancement of AGB into inhibition 
without affecting the basal aggressive responses. Prazosin (0.3 mg/kg, IP), an cq-antagonist, did not affect either maprotiline- 
or clomipramine-induced enhancement of AGB, but it changed the mianscrin-induced enhancement of AGB into inhibition. 
These results indicate that antidepressants that inhibit noradrenaline uptake and/or stimulate noradrenaline output from 
nerve terminals have biphasic effects on AGB in isolated mice and that the antidepressant-induced enhancement of AGB is 
mediated by noradrenergic stimulation of a2-adrenoceptors, whereas the antidepressant-induced inhibition of AGB may be 
mediated by non-cq-adrenoceptors or by nonadrenergic system(s). 

Aggressive behavior Isolation Antidepressants Noradrenaline cq-Adrenoceptors 
cq-Adrenoceptors Mice 

AGGRESSIVE behavior (AGB) in laboratory animals can be 
induced by a variety of methods that include lesion of the 
brain, isolated housing, aversive stimuli such as foot-shock, 
etc. (2). Isolation-induced behavioral changes in mice have 
been extensively studied and used to test the effects of drugs 
on aggression or social behavioral deficits or both (6,21, 
26,27). Several neuronal pathways, including the catechol- 
aminergic, serotonergic, and GABAergic systems, appear to 
be involved in aggression (9,17,21,23). In particular, central 
catecholaminergic systems relate to various forms of animal 
aggression (2,4). For example, Eichelman and Barchas (5) re- 
ported that antidepressant medication facilitates foot-shock- 
induced aggression through a noradrenergic rather than a ser- 
otonergic system. Moreover, we previously reported that 
desipramine, a selective noradrenaline (NA) reuptake blocker, 

increases AGB in isolated mice and that this effect can be 
modulated by drugs acting on ct 2- but not eq-adrenoceptors 
(16). These observations suggest that functional changes in 
the central noradrenergic system, especially changes in the 
sensitivity of u2-adrenoceptors, may be induced in mice by 
long-term social isolation and seem to be closely related to the 
data that the rate of NA synthesis in the brain tissue of iso- 
lated animals is reported to be lower than that in group- 
housed animals (18,27-29). 

In the present study, to determine whether the increase 
in NA in the brain modulates the AGB in isolated mice by 
interacting with c~2-adrenoceptors we examined the effects of 
several NA reuptake blockers with different abilities to block 
5-hydroxytryptamine (5-HT) reuptake on isolation-induced 
AGB. We also studied the effect of an atypical antidepressant, 

Requests for reprints should be addressed to K. Matsumoto, Ph.D., Section of Pharmacology, Research Institute for Wakan-Yaku, Toyama 
Medical and Pharmaceutical University, 2630 Sugitani, Toyama-shi, 930-01 Toyama, Japan. 

519 



520 CAI ET AL. 

mianserin, which can interact with c¢2-autoreceptors and 5- 
HT 2 receptors (7,20,22) and weakly inhibits NA uptake (1). 

M E T H O D  

Isolated Housing 

Animals were housed in isolation as described in our previ- 
ous report (16). Briefly, male ddY mice, weighing approxi- 
mately 18-20 g (SLC Co., Shizuoka, Japan), were obtained at 
the age of 28 days. Mice were either housed in groups of five 
in 24 x 17 × 12-cm cages or isolated in the same size cage 
for 6-7 weeks. Housing conditions were thermostatically 
maintained at 22 + I°C,  with a 12 L : 12 D cycle. Food and 
water were given ad lib. 

Measurement of  Aggressive Responses 

To test AGB between isolated mice, one isolated mouse 
was placed in the home cage (24 x 17 x 12 cm) of  another. 
In the case of group-housed mice, each pair of  animals was 
placed in a clear plastic cage of the same size as their home 
cage. The duration of biting attacks, wrestling, or both ob- 
served during a 20-min period was measured. In some experi- 
ments, the latency to the first attack was also recorded using 
an event recorder connected with a computer (PC 9801NS, 
NEC). Effects of  drugs on AGB were evaluated using six to 
nine pairs of mice per group. 

Measurement of  Spontaneous Motor Activity 

Spontaneous motor activity was measured with a system 
described in detail in our previous reports (13,15) or with 
ANIMATE (MATYS, Toyama, Japan), mechanically the 
same as ours (14,16). Briefly, 60 min after administration of 
test drugs mice were placed into doughnut-shaped cages and 
changes in locomotor activity were measured and recorded 
over 20 min. Movements were detected by scanning 36 photo- 
sensor units that were radially arranged from the center of  the 
cage. 

Drugs 

Drugs were IP injected 60 min before each experiment ex- 
cept as otherwise stated. The drugs used were: clomipramine 
HCI, mianserin HCI, amitriptyline HCI, maprotiline HCI, 
prazosin HCI (Sigma Chemical Co., St. Louis, MO) and yo- 
himbine HCI (Nacalai Tesque, Inc., Kyoto, Japan). 

Statistics 

Nonparametric data were analyzed with the Kruskal-Wal- 
lis analysis of variance (ANOVA) followed by the Mann-  
Whitney U-test for multiple comparisons between groups. 
Parametric data were analyzed with one-way ANOVA fol- 
lowed by Duncan's multiple-range test. Differences with p < 
0.05 were considered statistically significant. 

R E S U L T S  

Effects of  Antidepressants on Aggressive Behavior 

Maprotiline at 2.5 and 5 mg/kg significantly and dose- 
dependently increased the duration of AGB in isolated mice 
(Fig. 1A) without affecting the latency to the first attack (Fig. 
IB). However, 10 mg/kg maprotiline did not increase the du- 
ration of AGB but significantly prolonged the latency to the 
first attack. 
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FIG. 1. Maprotiline modulation of aggressive behavior in socially 
isolated mice. Maprotiline HC1 (2.5-10 mg/kg) or saline was IP in- 
jected 60 min before the experiments. Duration (A) and the latency to 
the first attack (B) were measured as described in the text. Each datum 
represents the mean + SEM from nine pairs of animals. *p < 0.05 
and **p < 0.01 compared to the respective saline control values 
(Mann-Whitney U-test). 

Amitriptyline, a mixed NA and 5-HT uptake blocker, had 
a biphasic effect on AGB, that is, at 5 and 10 mg/kg it dose- 
dependently increased the duration of  AGB but at 20 mg/kg 
it almost completely eliminated AGB (Fig. 2). As shown in 
Fig. 3, clomipramine, a selective 5-HT uptake blocker, had a 
similar effect. It dose-dependently increased the duration of 
AGB at 2.5 and 5 mg/kg without significantly affecting the 
latency to the first attack. In contrast, at doses over 10 mg/kg 
it significantly decreased the duration of  AGB and prolonged 
the latency to the first attack (Figs. 3A and 3B). 

Mianserin, an atypical antidepressant that can interact with 
NA t~2-autoreceptors and with 5-HT2 receptors, significantly 
increased the duration of  AGB at 5 mg/kg (Fig. 4). However, 
at higher doses (10 and 20 mg/kg) mianserin decreased AGB 
in a dose-dependent manner. 

Effects of  Yohimbine and Prazosin on 
Antidepressant-induced Increase in Aggressive Behavior 

Yohimbine (0.5 mg/kg,  IP), an c~2-adrenoceptor antago- 
nist, did not affect the duration of AGB when administered 
alone (Fig. 5) but significantly decreased the duration of AGB 
after 5 mg/kg maprotiline (Fig. 5), 5 mg/kg clomipramine 
(Fig. 6A), and 5 mg/kg mianserin (Fig. 6B) to below the sa- 
line-treated control level. In contrast, prazosin, an cq- 
adrenoceptor antagonist, slightly but not significantly de- 
creased maprotiline (5 mg/kg)- and clomipramine (5 mg/  
kg)-induced increase in AGB. Prazosin significantly decreased 
the duration of  AGB after 5 mg/kg mianserin to below the 
control level (Fig. 6B). 
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FIG. 2. Amitriptyline modulation of aggressive behavior in socially 
isolated mice. Amitriptyline HCI (5-20 mg/kg) or saline was IP in- 
jected 60 min before the experiments. Duration of aggressive behavior 
during a 20-min observation period was measured. Each point and 
bar represents a mean + SEM from seven to nine pairs of animals. 
*p < 0.05 and **p < 0.01 compared to the saline control value 
(Mann-Whitney U-test). 
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FIG. 4. Mianserin modulation of aggressive behavior in socially iso- 
lated mice. Mianserin HCI (5-20 mg/kg) or saline was IP injected 60 
rain before the experiments. The total duration of aggressive behavior 
during a 20-min observation period was measured. Each point and 
bar represents a mean + SEM from seven to nine pairs of animals. 
*p < 0.05 and **p < 0.01 compared to the saline control value 
(Mann-Whitney U-test). 
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FIG. 3. Clomipramine modulation of aggressive behavior in socially 
isolated mice. Clomipramine HCI (2.5-20 mg/kg) or saline was IP 
injected 60 min before the experiments. Duration (A) and the latency 
to the first attack (B) were measured as described in the text. Each 
datum represents a mean ± SEM from seven pairs of animals. 
*p < 0.05 and **p < 0.01 compared to the respective saline control 
values (Mann-Whitney U-test). 
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FIG. 5. Effect of yohimbine and prazosin on maprotiline-induced 
increase in aggressive behavior in isolated mice. Maprotiline HC1 (5 
mg/kg, IP) or saline was injected 60 rain before the experiments. 
Yohimbine HC1 (0.5 mg/kg, IP) or saline was injected 40 rain after 
maprotiline. Prazosin HC1 (0.3 mg/kg, IP) but not saline was injected 
immediately after maprotiline. The total duration of aggressive behav- 
ior during a 20-rain observation period was measured. Each bar height 
represents a mean ± SEM of six to seven pairs of mice. *p < 0.05, 
**p < 0.01 compared to control animals given saline alone. ##,0 < 
0.01 compared to animals given maprotiline alone (Mann-Whitney 
U-test). 
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FIG. 6. Effect of yohimbine and prazosin on clomipramine (5 mg/kg)- and mianserin (5 mg/ 
kg)-induced increases in aggressive behavior in socially isolated mice. Clomipramine HCI (CLM, 
5 mg/kg, IP) (A), mianserin HC1 (MIAN, 5 mg/kg) (B), or saline was injected 60 rain before 
the experiments. Yohimbine HC1 (YOH, 0.5 mg/kg) or saline was IP injected 40 rain after the 
antidepressant. Prazosin HC1 (PRZ, 0.3 mg/kg, IP) but not saline was injected immediately 
after the antidepressant. The total duration of aggressive behavior during a 20-min observation 
period was measured. Each bar height represents a mean ± SEM of seven pairs of mice. *p < 
0.05, **p < 0.01 compared to control animals. ##p < 0.01 compared to animals given either 
clomipramine or mianserin alone (Mann-Whitney U). 

Effects of Antidepressants on Spontaneous Motor Activity 

Consistent with our previous report, the level of spontane- 
ous motor activity in isolated mice was higher than that in 
group-housed animals (Fig. 7). Amitriptyline significantly de- ( x 10 
creased spontaneous motor activity in isolated animals at 20 s o  

mg/kg, a dose that almost completely eliminated AGB. In -~ 
addition, as summarized in Table 1, when mianserin (20 mg/ "E 50 
kg), maprotiline (10 mg/kg), and clomipramine (20 mg/kg) 

o were given at doses that either decreased or had no effect e~ 
on AGB only mianserin significantly decreased spontaneous E 40 
motor activity in isolated mice. Neither mianserin (5 mg/kg), 
yohimbine (0.5 mg/kg), nor prazosin (0.3 mg/kg) affected ~, 
spontaneous motor activity in isolated animals. However, the "~ 3o 
spontaneous motor activity in animals treated with prazo- 

U sin plus mianserin, but not yohimbine plus mianserin, was sig- 
nificantly lower than in those given 5 mg/kg mianserin alone 2 0  

(Fig. 8). 
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DISCUSSION 

The present data clearly show that three typical antidepres- 
sants, maprotiline, amitriptyline, and clomipramine, and an 
atypical antidepressant, mianserin, have biphasic effects on 
AGB in isolated mice, that is, they can increase and decrease 
AGB. They also show that increase in aggression caused by 
these drugs is mediated by NA stimulation of ~2-adrenocep- 
tors, whereas the inhibition may be mediated by non-c~2- 
adrenoceptors or by nonadrenergic system(s). 

We measured two parameters, the duration of AGB and 
the latency to the first attack. The latency to the first attack 
was variable and seemed to be prolonged only in parallel with 
decreases in the duration of AGB. These observations indicate 
that the duration of AGB is more sensitive than the latency to 
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FIG. 7. Effect of amitriptyline on spontaneous motor activity in so- 
cially isolated mice. Amitriptyline HCI (10-20 mg/kg) or saline was 
IP injected into mice that were isolated for 6-7 weeks. Sixty minutes 
after injection, the mouse was placed in a doughnut-shaped cage and 
changes in locomotor activity were measured for 20 rain. Each bar 
height represents a mean value ± SEM of 10 mice. *p < 0.05 com- 
pared to group-housed animals. ##p < 0.01 compared to isolated 
animals given saline (Duncan's multiple-range test). 
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TABLE 1 
EFFECTS OF HIGH DOSES OF MAPROTILINE, 

CLOMIPRAMINE AND MIANSERIN, ON 
LOCOMOTOR ACTIVITY IN ISOLATED MICE 

Dose Locomotor Activity 
Drug (mg/kg) (°/e control) 

Saline (control) 100.0 + 15.5 
Maprotiline 10 81.6 + 15.1 
Clomipramine 20 81.4 + 20.8 
Mianserin 20 24.7 + 4.1" 

Maprotiline HC1 (10 mg/kg), clomipramine HCI 
(20 mg/kg), or mianserin HC1 (20 mg/kg) was IP 
injected into isolated mice. After 60 min, each 
mouse was placed in a doughnut-shaped cage and 
changes in locomotor activity were measured for 20 
min. Each datum is a mean value obtained from 10 
mice. The SEM is also indicated. 
*p < 0.01 compared to the saline-treated control. 

the first attack to the effects of  drugs on AGB in isolated 
mice. 

Maprotiline, amitriptyline, and clomipramine are known 
to selectively antagonize NA uptake in the following order: 
maprotiline > amitriptyline > clomipramine (1,12,24,25, 
31). However, despite this difference all these antidepressants 
had biphasic effects on AGB in isolated mice. These data 
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FIG. 8. Effects of coadministration of mianserin with prazosin and 
yohimbine on spontaneous motor activity in socially isolated mice. 
Mianserin HC1 (5 mg/kg) or saline was IP injected into isolated mice 
60 min before the experiments. Yohimbine HCI (0.5 mg/kg, IP) or 
saline was injected 40 rain after mianserin. Prazosin HCI (0.3 mg/kg, 
IP) but not saline was injected immediately after mianserin. Each 
mouse was placed in a doughnut-shaped cage and changes in locomo- 
tor activity were measured for 20 rain. The mean of locomotor activity 
in the group given saline was expressed as 100%. Each bar height 
represents a mean + SEM of 10 mice. **p < 0.01 compared to the 
group given saline. ##/7 < 0.01 compared to the group given mians- 
erin alone (Duncan's multiple-range test). 

suggest that these antidepressants share a common mechanism 
responsible for their effects on AGB in isolated animals. 

Yohimbine, a specific ct2-adrenoceptor antagonist, but not 
prazosin, a specific ~xl-adrenoceptor antagonist, blocked the 
maprotiline-induced increase in AGB, which indicates that c~ 2- 
adrenoceptor stimulation by NA is involved in the increase in 
AGB caused by maprotiline (5 mg/kg) in isolated mice. These 
observations are consistent with our previous report that the 
increase in AGB caused by desipramine, an NA uptake 
blocker, is mediated by a2- not t~l-adrenoceptors. Long-term 
isolation has been reported to decrease NA synthesis in the 
brain (18,28). Our previous report (16) suggested the possibili- 
ties that decrease in NA synthesis during the isolation period 
may induce a supersensitive state of  a2-adrenoceptor and that 
these plastic changes in noradrenergic transmission may relate 
to desipramine enhancement of AGB. The present findings 
also support such possibilities. Further, it is noteworthy that 
despite the more selective blocking effect on 5-HT rather than 
on NA uptake in vitro (24,25) the clomipramine (5 mg/kg)- 
induced increase in AGB was clearly blocked by yohimbine 
but not by prazosin. This effect of  yohimbine in isolated ani- 
mals indicates that the increase in aggression caused by clomi- 
pramine is mediated by NA rather than by 5-HT, also true of  
maprotiline. The present results do not completely exclude the 
possibility that 5-HT may be involved in the clomipramine 
enhancement of  aggressive behavior because yohimbine is also 
thought to be an antagonist of  5-HT (10). However, the 
involvement of  NA in the effect of  clomipramine is also indi- 
cated by previous data that shows administration of  clomi- 
pramine in vivo can inhibit both NA and 5-HT uptake into 
brain synaptosomes in vitro (12). 

Our previous data (16) show that both desipramine and 
imipramine increase AGB in isolated mice at 5-20 and 10-20 
mg/kg,  respectively. However, all the antidepressants tested 
in the present study decreased the duration of  AGB in isolated 
mice at high doses, although there were some differences in 
potency of  these effects. Several factors may explain the inhib- 
itory effects of these antidepressant drugs on AGB in isolated 
mice. First, a nonspecific sedative action could decrease the 
duration of  AGB. Amitriptyline and mianserin significantly 
decreased spontaneous motor activity in isolated animals at 
the same doses that decreased AGB. Second, other neuronal 
mechanisms could be involved in this effect. This is supported 
by the findings that 10 mg/kg maprotiline and 20 mg/kg clom- 
ipramine not only decreased the duration of  AGB but also 
significantly increased the first attack latency without affect- 
ing spontaneous motor activity in isolated mice. These typical 
antidepressant drugs have been shown to partially block 5-HT 
uptake mechanisms and cholinergic activity in addition to in- 
hibiting NA uptake (3,12,19,24,25). Therefore, serotonergic 
or cholinergic systems, or both, may be involved in the de- 
crease in AGB. Indeed, recent data reported by White et al. 
(30) show that both the 5-HT 2 antagonist ritanserin and sero- 
tonergic drugs that are active at the 5-HT1A receptor selectively 
antagonize isolation-induced AGB in mice at doses below 
those that produce debilitation in the rotarod motor coordina- 
tion test. Further, anticholinergic drugs have been shown to 
inhibit isolation-induced AGB in mice (8). 

Yohimbine (0.5 mg/kg,  IP) completely blocked the in- 
crease in aggression caused by maprotiline (5 mg/kg) and 
clomipramine (5 mg/kg) and decreased the duration of  AGB 
to below the control level without affecting the basal level of  
AGB. This indicates that t~2-adrenoceptors mediate increases 
in AGB but other receptors mediate inhibition of  AGB and 
that t~2-adrenoceptor-mediated increase in AGB may mask the 
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inhibitory effects of antidepressant drugs on aggression. These 
different neuronal mechanisms may underlie the biphasic ef- 
fects of  the three typical antidepressants tested. 

The atypical antidepressant mianserin had biphasic effects 
on AGB that were similar to those of amitriptyline, a typical 
antidepressant. The increase in AGB caused by a low dose of  
mianserin is in contrast to the inhibitory effect of clonidine, 
an o~2-autoreceptor agonist, in isolated mice (16) and seems to 
be closely related to its antagonistic action at tx2-autoreceptors 
(11). In the present study, the increase in aggression caused 
by mianserin (5 mg/kg) was blocked by yohimbine, an ct 2- 
receptor antagonist. The exact mechanisms of  interaction be- 
tween these two a2-antagonists on the isolation-induced ag- 
gressive behavior remain unclear. However, recent study using 
brain microdialysis technique (11) has shown that yohim- 
bine increases NA release at doses higher than that used in 
the present study. Further, yohimbine stimulation of  NA re- 
lease accompanies the increase in 3,4-dihydroxyphenylethyl- 
eneglycol (DOPEG), one of  the major metabolites of  NA, 
whereas mianserin stimulation of  NA release either does not 
affect DOPEG level or accompanies the decrease of DOPEG. 

Together, the present data suggest that the sites sensitive to 
yohimbine in vivo are not always the same as those sensitive 
to mianserin and clonidine (16). 

In contrast to its effects on maprotiline- and clomipramine- 
induced increases in AGB, prazosin significantly decreased the 
mianserin-induced increase in the duration of AGB to below 
the control level, also an effect of yohimbine. However, this 
apparent antagonism between mianserin and prazosin does 
not seem to reflect txl-adrenoceptor involvement in the mians- 
erin-induced increase in AGB but rather is due to prazosin 
enhancement of  the sedative action of mianserin because pra- 
zosin but not yohimbine further reduced the locomotor activ- 
ity decreased by mianserin. Nevertheless, the exact mecha- 
nisms underlying the apparent antagonism between prazosin 
and mianserin in isolation-induced AGB require further study. 
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