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MATSUMOTO, K., K. OJIMA, H. OHTA AND H. WATANABE. /~2- but not [31-adrenoceptors are involved in desi- 
pramine enhancement of aggressive behavior in long-term isolated mice. PHARMACOL BIOCHEM BEHAV 49(1) 13-18, 
1994.-The effects of several /~-adrenoceptor antagonists on the desipramine-induced increase in aggressive behavior in 
long-term isolated mice were examined. Desipramine HCI (10 mg/kg, IP) significantly increased the duration of aggressive 
behavior in isolated mice but did not significantly change the latency to the first attack consistent with our previous reports. 
Intraperitoneal administration of ( + )propranolol H C1 (2.5-10 mg/kg), a nonselective/3-adrenoceptor antagonist, dose depen- 
dently attenuated the desipramine-induced enhancement of aggressive behavior without significantly affecting the basal 
aggressive responses. ICI118,551 HC1 (1.25-5 mg/kg, IP), a selective/32-adrenoceptor antagonist, also blocked the desipra- 
mine-induced enhancement of aggressive behavior in a dose-dependent manner, whereas metoprolol tartrate (5-20 mg/kg, 
IP), a selective/~,-adrenoceptor antagonist, did not affect it. Moreover, clenhuterol HCl (0.1-0.5 mg/kg, IP), a lipophilic 
/32-adrenoceptor agonist, significantly increased the duration of basal aggressive behavior. Taken together with our previous 
finding that the desipramine-induced enhancement of aggressive behavior can be blocked by yohimbine, an c~2-adrenoceptor 
antagonist, the present results indicate that not only ct2- but also /32-adrenoceptor stimulation plays important roles in 
modulation of aggressive behavior in long-term isolated mice. 

Mice Aggressive behavior Isolation Desipramine Noradrenaline Propranolol /~-Adrenoceptors 
/32-Adrenoceptors Metoprolol ICIl18,551 Clenhuterol 

LONG-TERM social isolation can induce aggressive behavior 
in nonaggressive laboratory mice (2,25). Such behavioral 
changes in mice have been extensively studied and used as an 
animal model to elucidate drug actions on aggression and/or 
social behavioral deficits (10,23). We have previously reported 
that antidepressant drugs with the ability to inhibit noradrena- 
line uptake increase aggressive behavior in socially isolated 
mice and that these effects can be modulated by drugs acting 
on 0/2- but not cq-adrenoceptors (5,15). These data suggest 
that functional changes in the central noradrenergic system, 
especially changes in the sensitivity of ct2-adrenoceptors, may 

be induced in mice by long-term social isolation, and that such 
plastic changes in the central noradrenergic system may be 
closely related to the antidepressant-induced enhancement of 
aggressive behavior in isolated mice (5,15). 

Recent studies have shown that central /3-adrenoceptor 
stimulation exhibits properties related to antidepressant effect 
in animal models (8,29). For example, downregulation of/3- 
adrenoceptors by chronic antidepressant drug administration 
appears to play an important role in antidepressant drug effi- 
cacy (1,3). So far, however, enhancement of aggressive behav- 
ior by/3-adrenoceptor stimulation has not been demonstrated. 
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In the present study, to clarify the involvement of the 15- 
noradrenergic system in the desipramine-induced enhance- 
ment of aggressive behavior in socially isolated mice, we ex- 
amined the effects of several 3-adrenoceptor antagonists with 
different selectivity against 3~- and 32-adrenoceptor subtypes. 
We also tested whether clenbuterol, a lipophilic /52-adren- 
oceptor agonist that penetrates the blood-brain barrier to in- 
teract with central 32-adrenoceptors, enhances isolation- 
induced aggressive behavior or not. 

METHOD 

Isolated Housing 

Animals were housed in isolation as described in our pre- 
vious report (5,15). Briefly, male ddY mice, weighing ap- 
proximately 18-20 g (SLC Co., Shizuoka, Japan) were ob- 
tained at the age of 28 days. Mice were isolated in 24 x 17 
x 12 cm cages for 6-7 weeks before the experiments. Our 
preliminary data indicated that this isolation period induces 
a stable aggressive behavior in nonaggressive ddY strain 
mice. Housing conditions were thermostatically maintained 
at 24 _+ I°C, with a 12L : 12D cycle. Food and water were 
given ad lib. 

Measurement of Aggressive Responses 

When testing aggressive behavior between isolated mice, 
two isolated mice were placed in a neutral cage (24 × 17 × 
12 cm) of the same size as their home cages. The total duration 
of biting attacks, wrestling, or both observed during a 20-min 
period was measured. The latency to the first attack was also 
recorded using an event recorder connected to a computer 
(PC 9801NS, NEC). Aggressive behavior was also videotape- 
recorded (camera and videorecorder, National, Japan) for 
later analysis. 

Drugs 

When testing the aggressive behavior, drugs were intraperi- 
toneally injected at a constant volume (0.01 ml/g body weight) 
60 rain before the experiments. The two isolated mice in the 
same pair received the same drug. The test drugs were dis- 
solved in saline just before the experiments. Drugs used were 
as follows: desipramine HCI, (_+)-propranolol HC1, meto- 
prolol tartrate, clenbuterol HC1 (Sigma, St. Louis, MO), 
and ICIl18,551 (Cambridge Research Biochemicals, Wil- 
mington, DE). 
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FIG. 1. Effects of ( :t: )-propranolol on basal aggressive behavior (A) and desipramine-induced increase in aggressive behavior 
(B) in isolated mice. (A) Either saline or (:t:)-propranolol HCl was injected (IP) 60 rain before the experiments. (B) Either 
saline or desipramine HC1 (10 mg/kg, IP) was injected 60 min before the experiments. (:t:)-Propranolol HC1 or saline was 
injected (IP) immediately after desipramine. Dotted columns represent the animals injected 10 mg/kg desipramine. Each 
datum represents the mean of seven to eight pairs of animals, with SEM indicated. **p < 0.01 compared to animals given 
saline alone. #p < 0.05 and ##p < 0.01 compared to animals given desipramine alone. 



/$2-ADRENOCEPTOR MODULATION OF AGGRESSIVE BEHAVIOR 15 

Statistics 

Nonparametric data were analyzed with the Kruskal-Wal- 
lis analysis of variance followed by the Mann-Whitney U-test 
for multiple comparisons between groups. Differences with p 
< 0.05 were considered statistically significant. 

R E S U L T S  

Effects o f  #-Adrenoceptor Antagonists on 
Desipramine-Induced Enhancement of  Aggressive Behavior 
in Isolated Mice 

Intraperitoneal administration of 10 mg/kg desipramine 
significantly increased the duration of aggressive behavior in 
isolated mice (U = 1, p < 0.01). Consistent with our previ- 
ous data, the desipramine-induced increase in the duration of  
aggressive behavior did not accompany significant changes 
in the latency to the first attack. (_+)-Propranolol did not 
significantly change these parameters at doses of 2.5 to 10 mg 
(Fig. 1A). However, when coadministered with desipramine 
(10 mg/kg,  IP), (_+)-propranolol at doses of  5 and 10 mg/kg 
decreased the duration of aggressive behavior increased by 
desipramine in a dose-dependent manner (U = 5, p < 0.05; 
U = 0, p < 0.01, respectively). This antagonist significantly 
prolonged the latency to the first attack at a dose of 10 mg/kg 
(U = 0, p < 0.01)(Fig. 1B). 

As shown in Fig. 2, a selective/3radrenoceptor antagonist, 
metoprolol,  at doses of 5-20 mg/kg,  did not significantly af- 
fect the duration of aggressive behavior prolonged by 10 rag/ 
kg desipramine. On the other hand, ICIl18,551 (1.25-5 mg/  
kg, IP), a selective ~2-adrenoceptor antagonist, significantly 
and dose dependently decreased the duration of aggressive 
behavior prolonged by 10 mg/kg desipramine without affect- 
ing the latency to the first attack (U = 10, p < 0.05; U = 
10, p < 0.05; U = 5, p < 0.01, respectively) (Fig. 3B). This 
antagonist did not change these parameters by itself, at doses 
of  1.25 to 5 mg/kg (Fig. 3A). 

Effects o f  Clenbuterol, a ~2-Adrenoceptor Agonist, on 
Isolation-Induced Aggressive Behavior in Mice 

To further confirm whether /32-adrenoceptor stimulation 
causes an enhancement of aggressive behavior or not, we ex- 
amined effect of clenbuterol, a selective ~2-adrenoceptor ago- 
nist, on isolation-induced aggressive behavior. As shown in 
Fig. 4, clenbuterol, at 0.1 and 0.5 but not 0.02 mg/kg,  signifi- 
cantly increased the basal duration of aggressive behavior in 
isolated mice ( U =  0, p < 0.05; U =  0, p < 0.05; U =  
27.5,p > 0.05, respectively). 

D I S C U S S I O N  

We previously found that desipramine administration in- 
creased the duration of aggressive behavior but did not signifi- 
cantly change the latency to the first attack in socially isolated 
mice (15,16). This increase in aggressive behavior caused by 
desipramine has been shown to be sensitively blocked by yo- 
himbine, an CtE-adrenoceptor antagonist (15). The present 
findings further support the hypothesis that the adrenergic 
system is involved in the desipramine-induced increase in ag- 
gressive behavior, and provide strong evidence that the /32- 
adrenoceptor as well as c~2-adrenoceptor participates in the 
effect of desipramine on aggressive behavior. 

In the present study, (_+)-propranolol dose dependently 
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FIG. 2. Effects of metoprolol, a selective/3~ adrenoceptor antago- 
nist, on desipramine-induced increase in aggressive behavior in iso- 
lated mice. Either saline or desipramine HC1 (10 mg/kg, IP) was 
injected into isolated animals 60 min before the experiments. Meto- 
prolol tartrate was injected (lp) immediately after desipramine. Dot- 
ted columns represent the animals injected with l0 mg/kg desipra- 
mine. Each datum represents the mean of seven to eight pairs of 
animals, with SEM indicated. **p < 0.01 compared to animals given 
saline alone. 

attenuated desipramine-induced increase in aggressive behav- 
ior without significantly affecting the basal aggressive re- 
sponses, suggesting that noradrenaline stimulation of /3- 
adrenoceptors is involved in the desipramine-induced increase 
in aggressive behavior in socially isolated mice. However, pre- 
vious in vivo and in vitro studies have shown that (_+)- 
propranolol acts not only as a/~-adrenoceptor antagonist but 
also as a 5-HT receptor antagonist (17,22,26). Moreover, in 
vivo administration of desipramine, a selective noradrenaline 
uptake blocker, also has some ability to inhibit 5-HT uptake 
into brain synaptosomes (14,27). Therefore, it is possible that 
serotonergic systems play a role in the antagonism between 
desipramine and (_+)-propranolol in isolation-induced aggres- 
sive behavior. This possibility, however, is unlikely, since our 
preliminary data demonstrated that DSP-4-induced lesion of 
noradrenergic terminals projecting mainly from the locus 
coeruleus almost completely attenuated the desipramine- 
induced enhancement of aggressive behavior in isolated 
mice (16). 
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FIG. 3. Effects of ICil18,551, a selective/~2 adrenoceptor antagonist, on basal aggressive behavior (A) and desipramine- 
induced increase in aggressive behavior (B) in isolated mice. (A) ICI118,551 HCl or saline was intraperitoneally injected 
60 min before the experiments. (B) Either saline or desipramine HC1 (10 mg/kg, IP) was injected 60 min before the experi- 
ments. ICI 118,551 HCI was intraperitoneally injected immediately after desipramine. Dotted columns represent the animals 
injected with l0 mg/kg desipramine. Each datum represents the mean of six to eight pairs of animals, with SEM indicated. 
**p < 0.01 compared to animals given saline alone. #p < 0.05 and ##p < 0.01 compared to animals given desipramine 
alone. 

Metoprolol and ICI118,551 have been used as highly selec- 
tive and specific antagonists for the central fl]- and fl2-adren- 
oceptor, respectively (4,6,21). Moreover, (_+)-propranolol is 
known to interact with ill- and fl2-adrenoceptors with equal 
affinity. In the present study, ICIl18,551 and (+_)-propra- 
nolol both attenuated the desipramine-induced enhancement 
of  aggressive behavior in a dose-dependent manner without 
changing the basal aggressive response, whereas metoprolol 
did not affect it. Taken together, these results indicate that of 
the two fl-adrenoceptor subtypes, BE subtype of  adrenoceptor, 
in particular, participates in the desipramine-induced increase 
in aggressive behavior in socially isolated mice. The fl2-adreno- 
ceptor-mediated modulation of  aggressive behavior is further 
supported by the fact that clenbuterol, a lipophilic flE-adreno- 
ceptor agonist, significantly increased the basal duration of  
aggressive behavior in isolated mice. The effect of clenbuterol 
was relatively smaller than that of  desipramine. The reason 
for this difference remains unclear but both fiE- and a2-adreno- 
ceptor stimulation may be necessary to full enhancement of 
aggressive behavior in isolated mice. Nevertheless, the present 
finding suggests that long-term social isolation of mice induces 

functional changes in fl2-adrenoceptor as well as a2-adrenocep- 
tot (5,15). This speculation is supported by the finding that 
isolated-housing increases the effect of  fl-adrenoceptor stimu- 
lation on hypothermia induced by oxotremorine and apomor- 
phine in mice (9). 

It is of interest that isolation-induced aggressive behavior 
could be enhanced by f12- but not fll-adrenoceptor stimulation, 
because most of the adaptive changes of fl-adrenoceptors fol- 
lowing chronic administration of antidepressant drugs and 
chemical denervation with 6-hydroxydopamine have been as- 
cribed to changes in the ill- but not the flE-adrenoceptor sub- 
type (1,7,18). Involvement of different fl-adrenoceptor sub- 
types has also been reported in other behavioral models such 
as corticotropin releasing factor-induced defensive with- 
drawal, which can be modulated by fit- but not fl2-adrenocep- 
tot subtype, and 5-hydroxytryptophane-induced head twitch 
behavior, which can be modulated by both flz- and BE- 
adrenoceptor subtypes (11,28). Moreover, quantitative auto- 
radiographic studies have revealed a marked difference in the 
ratio of  f i r  to flE-adrenoceptors among different brain regions 
(12,21). Therefore, the present results give further evidence 
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FIG. 4. Effects of clenbuterol on basal aggressive behavior in iso- 
lated mice. Either saline or clenbuterol HC1 (0.02-0.5 mg/kg) was 
intraperitoneally injected into isolated animals 60 min before the ex- 
periments. Each datum represents the mean of nine pairs of animals, 
with SEM indicated. *p < 0.05 compared to salin e control. 

that /3-adrenergic subtypes may play different roles in neu- 
ronal  function (21). 

Because /~2-adrenoceptor is more sensitive to adrenaline 
than to noradrenaline (19), it is unclear whether /32-adreno- 
ceptor-mediated modulat ion of  aggressive behavior is due 
to direct stimulation of  /32-adrenoceptor by noradrenaline.  
In the peripheral nervous system, adrenaline stimulation of  
presynaptic ~2-adrenoceptor facilitates noradrenaline release 
f rom nerve terminals (13). Such presynaptic B2-adrenocep- 
tors also have been demonstrated in the central nervous 
system (20,24). Therefore,  it can be speculated that stimula- 
tion of  presynaptic ~2-adrenoceptors by clenbuterol may en- 
hance noradrenaline release, resulting in an enhancement of  
aggressive behavior as desipramine does, and that blocking 
of  such receptors by ICI118,551 may decrease noradrenaline 
release, producing an apparent antagonistic effect on desipra- 
mine-induced enhancement of  aggressive behavior in isolated 
mice. The exact mechanism of  ~2-adrenoceptor-mediated 
modulat ion of  aggressive behavior in isolated mice remains to 
be clarified. 
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