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Abstract

The effect of the benzodiazepine receptor antagonist flumazenil was examined on an antiaggressive effect of (S)-5-[3-[(1,4-benzodioxan-

2-ylmethyl)amino]propoxy]-1,3- benzodioxole HCl (MKC-242), a 5-HT1A receptor agonist. MKC-242 (0.1–1.0 mg/kg, p.o.) selectively

reduced isolation-induced aggressive behavior in a dose-dependent manner. Flumazenil (10 mg/kg, i.p.) antagonized the antiaggressive

effects of MKC-242 and diazepam, although it alone did not affect the behaviors of isolated mice. These findings suggest that a g-
aminobutyric acidA (GABAA) receptor system is involved in the antiaggressive effect by 5-HT1A receptor activation. D 2001 Elsevier

Science B.V. All rights reserved.
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1. Introduction

Since 5-HT1A receptor agonists reduce aggressive behav-

ior in isolated male mice (Olivier et al., 1989; White et al.,

1991; Sánchez et al., 1993; Schreiber and De Vry, 1993),

isolation-induced aggression is proposed to be useful as an

animal model for assessing nonbenzodiazepine anxiolytic

activity. It was also shown that (S )-5-[3-[(1,4-benzodioxan-

2-ylmethyl) amino] propoxy]-1,3- benzodioxole HCl (MK-

C-242), a potent and selective 5-HT1A receptor agonist

(Matsuda et al., 1995b), has anxiolytic-like and antidepres-

sant-like effects (Matsuda et al., 1995a; Abe et al., 1996,

1998). This compound also inhibited mouse aggressive

behavior induced by foot shock and isolation (Abe et al.,

1998). The exact mechanism of the antiaggressive effect of

5-HT1A receptor agonists is not known. On the other hand,

there is much evidence suggesting that there is a functional

relationship between the g-aminobutyric acid (GABA)/ben-

zodiazepine and the 5-HT systems in the brain (Fernandez

Guasti and Lopez Rubalcava, 1998; Lista et al., 1990; Lopez

Rubalcava et al., 1992; Söderpalm et al., 1997). The present

study aims to examine the possible involvement of the

GABA system in the antiaggressive effect of 5-HT1A recep-

tor activation in isolated mice. The selective 5-HT1A receptor

agonist MKC-242 is shown to be a highly potent inhibitor of

isolation-induced aggressive behavior, and we provide evi-

dence to show that benzodiazepine receptor binding sites are

involved in the mechanisms underlying the antiaggressive

effect of MKC-242.

2. Materials and methods

2.1. Animals

Male ddY mice (4 weeks old) were either housed in

groups of five to six/cage (24� 17� 12 cm) or isolated in

the same size cage for more than 6 weeks before experi-

ments under controlled environmental conditions (22 ± 1 �C;
12–12 light–dark cycle, lights on at 08:00 h, food and

water ad libitum). Procedures involving animals and their

care were conducted according to the Guiding Principles for
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the Care and Use of Laboratory Animals approved by the

Japanese Pharmacological Society.

2.2. Measurement of aggressive and non-aggressive behav-

ior

The isolated mice were prescreened for aggressive be-

havior 1 day before the experiment. An intruder mouse was

introduced into the isolated mouse’s home cage for 3 min,

and the isolated mice showing biting attacks were used for

the experiments of drug test on the following day. Two

isolated mice that were pretreated with drugs were placed in

a neutral cage, which was the same size as their home cages

as previously reported (Ojima et al., 1995), and their behav-

iors were videotaped for 20 min. Aggressive behaviors

(biting attacks, wrestling, lateral threat and tail rattle) of

two isolated mice for 20 min were assessed as total fighting

time according to the method of Ojima et al. (1995). Non-

aggressive behaviors (walking, rearing, self-grooming and

social sniffing) of two isolated mice for 20 min were coun-

ted for frequency. In this study, we used isolated mice as

opponents instead of an intruder mouse in the drug test

session, because two isolated mice showed higher aggres-

sive score. We confirmed using this method that serotoner-

gic drugs were effective in reducing aggressive behavior:

fluoxetine (30 mg/kg, p.o.), buspirone (10, 30 mg/kg, p.o.)

and tandospirone (10, 30 mg/kg, p.o.) significantly reduced

total fighting time (data not shown).

2.3. Drugs

The following drugs were used: MKC-242 and N-[2-[4-

(2-methoxyphenyl)-1-piperazinyl]ethyl]-N-(2-pyridinyl)cy-

clohexanecarboxamide (WAY100635) (Mitsubishi-Tokyo

Pharmaceuticals, Yokohama, Japan); flumazenil (Nippon

Roche, Kamakura, Japan). All other chemicals used were

of the highest commercially available purity. All drugs were

freshly prepared. MKC-242 and diazepam for oral admin-

istration (10 ml/kg) were suspended in 0.5% w/v carbox-

ymethylcellulose (CMC). Flumazenil was dissolved in 0.1%

Tween-80.

2.4. Statistics

Statistical analyses were conducted by one-way analysis

of variance followed by Dunnett test, and Kruskal–Wallis

followed by Mann–Whitney U test. P values of 5% or less

were considered statistically significant.

3. Results

Fig. 1 shows the effect of MKC-242 on behaviors of two

isolated mice. MKC-242 significantly reduced total fighting

time in a dose-dependent manner (0.1–1.0 mg/kg, p.o.). On

the other hand, MKC-242 did not affect walking, rearing,

and grooming behaviors. MKC-242 inhibited sniffing, but

the effect was not dose dependent. In addition, MKC-242 at

the doses used here did not affect spontaneous locomotor

activity (data not shown), which is in agreement with the

previous report that it did not have a sedative effect

(Matsuda et al., 1995a; Abe et al., 1998). The antiaggressive

effect of MKC-242 was observed to be antagonized by

pretreatment with the 5-HT1A receptor antagonist WAY

100635 (1.0 mg/kg, i.p.) (data not shown).

Fig. 2 shows the effect of flumazenil on the antiaggres-

sive effects of MKC-242 and diazepam. In contrast to

MKC-242, diazepam at a dose that has a sedative effect

(data not shown) has an antiaggressive effect. Flumazenil at

a dose that completely blocked the effect of diazepam

Fig. 1. Effect of MKC-242 on the aggressive and non-aggressive behaviors in isolated mice. Drugs were p.o. administered to the paired mice 1 h before the

experiments. Results are means ± S.E.M. of 15–28 pairs of isolated mice. *P < 0.05, * *P< 0.01, compared with the control (Dunnett test).
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prevented the antiaggressive effect of MKC-242. Flumaze-

nil alone had no effect on the aggressive (Fig. 2) and non-

aggressive behaviors of the isolated mice (data not shown).

4. Discussion

The present study demonstrates that MKC-242 selec-

tively reduces isolation-induced aggressive behavior in mice

via an activation of 5-HT1A receptors. The importance of 5-

HT1A receptors for the antiaggressive effect of 5-HT1A

receptor agonists is also reported (Millan et al., 1997; De

Boer et al., 1999; Mendoza et al., 1999). The minimum ef-

fective dose (0.1 mg/kg, p.o.) for the antiaggressive effect

of MKC-242 reported here was the same as that for the

anxiolytic effect reported previously (Abe et al., 1996). It

should be noted that MKC-242 was more potent in reduc-

ing isolation-induced aggression than other 5-HT1A receptor

agonists such as 8-hydroxy-2-(di-n-propylamino)tetralin

(8-OH-DPAT), decahydro-3-[4-[4-(2-pyrimidinyl)-1-pipera-

zinyl]butyl]-1,5-methano-6,7,9-metheno-2H-pentaleno

[1,2-d]azepine-2,4(3H)-dione dihydrochloride (Wy-487-

23),8-[2-[4-[2-methoxyphenyl]-1-piperazinyl]ethyl]-8-azas-

piron[4,5]decane-7,9-dione dihydrochloride (BMY-7378),

azapirones and 4-(benzodioxan-5-yl)1-(indan-2-yl) pipera-

zine (S 15535) (White et al., 1991; Millan et al., 1997).

Lopez Rubalcava et al. (1992) reported that the anxio-

lytic-like effects of some 5-HT1A receptor agonists might be

counteracted by the benzodiazepine receptor antagonist

flumazenil. The finding suggests that the anxiolytic-like

effect of 5-HT1A receptor agonists may involve an activa-

tion of GABAA–benzodiazepine receptor complexes. The

present study showed that the antiaggressive effect of MKC-

242 was blocked by flumazenil. This finding suggests that

benzodiazepine binding sites are involved in the antiaggres-

sive effect of MKC-242. We also found that WAY100635

(1.0 mg/kg, i.p.) did not influence the effect of diazepam on

spontaneous locomotor activity (data not shown). This im-

plies that the GABA system is downstream of the 5-HT

system in the expression of the behavioral effect of MKC-

242. In this line, Söderpalm et al. (1997) have recently

shown that in vivo administration of 8-OH-DPAT enhances

the function of corticohippocampal GABAA–benzodiaze-

pine receptor complexes. They suggest that the anxiolytic-

like action of 8-OH-DPAT may be explained by modulation

of GABAA–benzodiazepine receptor complexes. Further-

more, Stutzmann and LeDoux (1999) reported that 5-HT

inhibits glutamatergic excitation via activation of GABAer-

gic interneurons. The exact synaptic relationship between 5-

HT1A and GABAA receptors is not known.

In conclusion, MKC-242 selectively inhibited isolation-

induced aggressive behavior in isolated mice via an activa-

tion of 5-HT1A receptors. This effect is mediated by a

functional interaction with the GABAA–benzodiazepine

receptor complexes.
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