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Abstract

The effect of (S)-5-[3-[(1,4-benzodioxan-2-ylmethyl)amino]propoxy]-1,3-benzodioxole HCl (MKC-242), a 5-HT, 5 receptor agonist, on
mouse behavior was examined in the elevated plus-maze. MKC-242 significantly increased the percentage of open-arm entries and the
percentage of open-arm time, indices of anxiety reduction, while it did not increase the enclosed-arm entries and time spent in enclosed arms.
The effect of MKC-242 was antagonized by a low dose of the 5-HT 4 receptor antagonist N-[2-[4-(2-methoxyphenyl)-1-piperazinyl]ethyl]-
N-(2-pyridinyl)cyclohexanecarboxamide which alone did not affect the behavior. These findings suggest that MKC-242 increases the

exploratory activity of mice in the elevated plus-maze via activation of 5-HT; receptors, probably the presynaptic autoreceptors.

© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

5-HT o receptors are considered target molecules for the
treatment of anxiety (De Vry, 1995). Although the elevated
plus-maze is a well-established setup for studies of anxiety
(Lister, 1987; Hoggs, 1996), this test has yielded incon-
sistent effects with 5-HT; 5 receptor agonists (Setem et al.,
1999). This may be due to a lack of selectivity for 5-HT 4
receptors of the ligands used in the previous studies includ-
ing 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT)
(Hamon et al., 1988). We previously reported that (S)-5-
[3-[(1,4-benzodioxan-2-ylmethyl)amino]propoxy]-1,3-ben-
zodioxole HCl (MKC-242) is a potent and selective 5-HT 5
receptor agonist (Matsuda et al., 1995). This compound has
an anxiolytic-like effect in the water-lick conflict and social
interaction tests (Abe et al., 1996), but this effect has not
been studied in the elevated plus-maze test. We now
examined the effect of MKC-242 on mouse behavior in
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the elevated plus-maze and whether this effect is blocked by
the specific 5-HT 4 receptor antagonist, N-[2-[4-(2-methox-
yphenyl)-1-piperazinyl]ethyl]-N-(2-pyridinyl)cyclohexane-
carboxamide (WAY100635).

2. Materials and methods
2.1. Animals and drugs

Four-week-old male ddY mice were maintained under
controlled environmental conditions (22 +1 °C; 12-12 h
light/dark cycle, lights on at 08:00 h; food and water ad
libitum) for at least 1 week before being used in the
experiments. All mice were experimentally naive. Proce-
dures involving animals and their care were conducted
according to the Guiding Principles for the Care and Use
of Laboratory Animals approved by the Japanese Pharma-
cological Society. MKC-242 and WAY 100635 were gifts
from Mitsubishi Pharma (Yokohama, Japan). MKC-242 and
diazepam were suspended (10 ml/kg) in 0.5% w/v carbox-
ymethylcellulose (CMC), and WAY100635 was dissolved
in saline. All drugs were freshly prepared.
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2.2. Elevated plus-maze test

The plus-maze was made of white-colored wood and
consisted of two open arms (30 X 5 cm) and two enclosed
arms (30 X 5 X 20 cm). The open arms did not have a lip
around the edge. The arms extended from a central platform
(5 x5 cm). The open arms, the central platform, and the
floor of the closed arms were made of white wood. The
apparatus was mounted on a wood base, raising it 40 cm
above the floor. The maze was placed in a dark room, and
the open arms were illuminated using dim red light (2 x 40
W). A mouse (5—6 weeks old) was placed in the center of
the plus-maze facing the open arm. Entry of the mouse into
open and enclosed arms of the maze and time spent in the
open arms, enclosed arms and platform were assessed for 5
min using a video tracking system (AXIS-90, Neuroscience,
Osaka, Japan). Arm entries were defined as entry of all four
paws into an arm.

2.3. Locomotor activity
The locomotor activity of the mouse was measured with
a Supermex (Muromachi Kikai, Tokyo). A mouse was

placed in a clear plastic cage (24 X 17 X 12 cm) for a
habituation period and then injected with CMC or MKC-

Table 1

242. The locomotor activity in each 5-min period was
measured for 90 min after administration of the drug.

2.4. Statistics

Data from the elevated plus-maze test were analyzed
using two-way analysis of variance (ANOVA) followed by
the Tukey—Kramer test, or one-way ANOVA followed by
the Dunnett test. Data from locomotor activity testing were
analyzed using repeated two-way ANOVA for treatment as
between-subjects factor and repeated measures with time as
within-subject factor. Statistical analyses were performed
using a software package (Stat View 5.0) for the Apple
Macintosh computer. P values of 5% or less were consid-
ered statistically significant.

3. Results

We first examined the effect of diazepam on mouse
behavior in the elevated plus-maze (Table 1A). Although
diazepam at 0.5—1.0 mg/kg increased the open-arm entries,
it did not affect the percentage of open-arm entries. Dia-
zepam at 2.0 mg/kg increased the two indices of anxiety
reduction, that is, the percentage of open-arm entries, and

Effects of diazepam and MKC-242 on the behavior of mice in the elevated plus-maze test

(A) Diazepam

Vehicle 0.5 mg/kg 1.0 mg/kg 2.0 mg/kg F-values P-values
Arm entries
Open arms 29+08 44+08 6.2+0.7° 72+ 1.1° F(3,63)=4.627 P=0.0056
Enclosed arms 128+ 1.2 19.9+1.9° 228+ 1.5° 163 +£2.6 F(3,63)=5.304 P=0.0026
Total 157+ 1.7 243 +2.4° 289+ 1.8° 234+3.0 F(3,63)=5.663 P=0.0017
% Open arm entries 16.8 £3.3 17.0 £2.1 21.8+2.5 324+52° F(3,63)=4.401 P=0.0073
Time spent
Open arms 193 +6.5 264 +5.0 333+5.0 512+ 12,17 F(3,63)=3.159 P=0.0311
Enclosed arms 1949 +11.4 186.7 £ 6.9 173.8 +7.7 1747+ 17.6 F(3,63)=0.750 NS
Platform 85.8+7.6 86.9+3.2 928 +7.6 74.1 £13.7 F(3,63)=0.783 NS
% Time spent in open arms 9.6+33 126 +2.5 16.0+2.3 25.6 +5.9° F(3,63)=3.410 P=0.0231
(B) MKC-242

Vehicle 0.1 mg/kg 0.3 mg/kg 1.0 mg/kg F-values P-values
Arm entries
Open arms 14403 3.1+03% 46+0.6° 44+05° F(3,65)=11.077 P<0.0001
Enclosed arms 11.0+ 1.1 132+ 0.6 122+ 1.0 121+1.2 F(3,65)=0.847 NS
Total 124+13 16.4+0.7* 16.8 +1.1* 16.5+1.5% F(3,65)=3.288 P=0.0264
% Open arm entries 103+2.1 189+ 1.7 273+3.1° 27.8+2.9° F(3,65)=11.188 P<0.0001
Time spent
Open arms 9.6+33 16.9+2.7 357+ 6.8° 37.1+6.0° F(3,65)=17.760 P=0.0002
Enclosed arms 229.4+17.7 203.1+7.4 186.6 +9.5° 189.3 + 8.6° F(3,65)=5.647 P=0.0017
Platform 61.0+ 6.6 80.0 £ 6.1 77.7+4.9 73.7+6.1 F(3,65)=2.072 NS
% Time spent in open arms 41+13 8.0+ 1.4 16.5+3.4° 16.6 £2.7° F(3,65)=7.183 P=0.0003

Results are means + S.E.M. for 16—17 mice. Diazepam (i.p.) and MKC-242 (p.o.) were administered 30 and 60 min before the experiment, respectively.

? P<0.05, compared with vehicle-treated group.
® P<0.01, compared with vehicle-treated group.
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Table 2
Effect of WAY 100635 on the activity of MKC-242 in the elevated plus-maze test

Saline/CMC Saline/MKC-242 WAY100635/CMC WAY100635/MKC-242 F-values P-values
Arm entries
Open arms 14+0.3 4.6 +0.6° 25+0.6 1.9+ 0.5¢ F(1,65)=12.748 P=0.0007
Enclosed arms 102+14 10.5+£1.0 114+13 11.2+1.4 F(1,65)=0.027 NS
Total 11.6 +£1.7 151+13 139+1.5 13.1+1.6 F(1,65)=1.914 NS
% Open arm entries 12.0+33 30.9 +3.37 16.3+4.8 11.4+3.0° F(1,65)=10.628 P=0.0018
Time spent
Open arms 9.6 £3.7 542 +8.7° 174 +£54 20.6 +9.0° F(1,65)=8.292 P=0.0055
Enclosed arms 236.7+ 79 171.6 £ 14.6" 218.1£10.4 2113+ 11.1° F(1,65)=6.531 P=0.0131
Platform 53.7+£63 742 +8.7 64.4+72 68.0+7.4 F(1,65)=1.285 NS
% Time spent in open arms 40x15 26.1 £5.2° 75+25 8.8+3.7° F(1,65)=8.684 P=0.0045

Results are means + S.E.M. for 16—17 mice. WAY 100635 (i.p.) and MKC-242 (p.o.) were administered 90 and 60 min before the experiment, respectively.

#P<0.01, compared with saline/CMC-treated group.
® P<0.05.
€ P<0.01, compared with saline/MKC-242-treated group.

the time spent in the open arms expressed as a percentage of
the total time spent in either type of arm, while it did not
affect the enclosed-arm entries and enclosed arm time. This
result suggests that this model is sensitive to diazepam as
previously reported (Moser, 1989). Then, we examined the
effect of MKC-242 at different doses on mouse behavior in
the elevated plus-maze (Table 1B). MKC-242 at 0.3 and 1.0
mg/kg significantly increased open-arm entries and the total
number of entries, but not enclosed-arm entries. MKC-242
also increased the time spent in open arms, but instead
decreased the time spent in enclosed arms. MKC-242
increased the two indices of anxiety-reduction. MKC-242
(0.1, 0.3 and 1.0 mg/kg) did not affect spontaneous loco-
motor activity (n=7-8; F(51,539)=1.199, P=0.1732)
(data not shown). The effects of MKC-242 on the percent-
age of open-arm entries and the percentage of open time
were not observed in mice pretreated with WAY 100635
(Table 2).

4. Discussion

The percentage of open-arm entries and the time spent in
the open arms expressed as a percentage of the total time
spent in either type of arm are generally used as indices of
anxiety reduction in the elevated plus-maze test. The present
study showed that MK C-242 at 0.3—1.0 mg/kg significantly
increased both the number of open-arm entries and the time
spent in the open arms. However, it did not affect the
number of enclosed-arm entries and it decreased the time
spent in the enclosed arms. In addition, we observed that
MKC-242 did not have any effect on spontaneous activity.
These findings suggest that the effect of MKC-242 to
increase the number of open-arm entries and the time spent
in the open arms is not secondary to non-specific stimula-
tory actions. A number of previous studies have shown that
5-HT, receptor agonists have inconsistent effects in the
elevated plus-maze. In this connection, File et al. (1996)
provided evidence that stimulation of presynaptic receptors

results in anxiolysis, whereas the postsynaptic receptors are
anxiogenic. The opposition of pre- and postsynaptic recep-
tors may explain the relatively weak anxiolytic profile seen
with systemic administration of 5-HT; receptor agonists.
MKC-242 is a full agonist for presynaptic 5-HT; 5 receptors
and a partial agonist for postsynaptic 5-HT;, receptors
(Matsuda et al., 1995). These properties of MKC-242 may
be responsible for the anxiolytic-like effect in the plus-maze.
In contrast to MKC-242, buspirone, a partial agonist for 5-
HT) 4 receptors, has inconsistent effects in the elevated plus-
maze (Handley and McBlane, 1993). This may be due not
only to a difference in the experimental conditions, but also
to a lack of specificity of buspirone for 5-HT ;A receptors
(Cole and Rodgers, 1994; Collinson and Dawson, 1997). It
should be noted that MKC-242 and 8-OH-DPAT affect
cholinergic neurons in the rat cerebral cortex via different
mechanisms (Somboonthum et al., 1997).

We also observed that the effects of MKC-242 in the
maze were fully reversed by a 0.1 mg/kg dose of the 5-
HT, 5 receptor antagonist, WAY100635. The finding sug-
gests that the anxiolytic-like effect of MKC-242 is medi-
ated by activation of 5-HT;, receptors. 5-HT;, receptors
are not only localized on serotonergic neurons as presy-
naptic autoreceptors but also on other neurons as postsy-
naptic receptors. Previous studies in rats have shown that a
low dose of WAY 100635 blocked the presynaptic, but not
the postsynaptic, 5-HT;, receptor-mediated responses
(Romero et al., 1996; Dawson et al., 1999; Hajos-Korcsok
et al., 1999). In a separate experiment, we also found that,
in mice, presynaptic and postsynaptic 5-HT;, receptors
differ in sensitivity to WAY 100635 (unpublished): a low
dose of WAY100635 blocked the MKC-242-induced
decrease in cortical 5-HT release, a presynaptic 5-HT;a
receptor-mediated response, but not the MKC-242-induced
increase in the dopamine release, a postsynaptic 5-HT
receptor-mediated response (Sakaue et al., 2000). Taken
together, the present findings suggest that presynaptic 5-
HT, 5 receptors play a key role in the anxiolytic-like effect
of MKC-242.



144 M. Sakaue et al. / European Journal of Pharmacology 458 (2003) 141-144

Acknowledgements

This work was supported by grants from the Ministry of
Education, Science, Sports, and Culture of Japan and
Mitsubishi Pharma (Yokohama, Japan). We would also like
to thank Mitsubishi Pharma for the generous supply of
MKC-242 and WAY100635.

References

Abe, M., Tabata, R., Saito, K., Matsuda, T., Baba, A., Egawa, M., 1996.
Novel benzodioxan derivative, 5-[3-[((25)-1,4-benzodioxan-2-ylmethyl)
amino]propoxy|-1,3-benzodioxole HCl (MK C-242), with anxiolytic-like
and antidepressant-like effects in animal models. J. Pharmacol. Exp.
Ther. 278, 898—-905.

Cole, J.C., Rodgers, R.J., 1994. Ethological evaluation of the effects of
acute and chronic buspirone treatment in the murine elevated plus-maze
test: comparison with haloperidol. Psychopharmacology 114, 288—296.

Collinson, N., Dawson, G.R., 1997. On the elevated plus-maze the anxio-
lytic-like effects of the 5-HT;, agonist, 8-OH-DPAT, but not the an-
xiogenic-like effects of the 5-HT; partial agonist, buspirone, are
blocked by the 5-HT) o antagonist, WAY 100635. Psychopharmacology
132, 35-43.

Dawson, L.A., Nguyen, H.Q., Geiger, A., 1999. Effects of venlafaxine on
extracellular concentrations of 5-HT and noradrenaline in the rat frontal
cortex: augmentation via 5-HT, 4 receptor antagonism. Neuropharma-
cology 38, 1153—1163.

De Vry, J., 1995. 5-HT 4 receptor agonists: recent developments and con-
troversial issues. Psychopharmacology 121, 1-16.

File, S.E., Gonzalez, L.E., Andrews, N., 1996. Comparative study of pre-
and postsynaptic 5-HT; 5 receptor modulation of anxiety in two etho-
logical animal tests. J. Neurosci. 16, 4810—4815.

Hajos-Korcsok, E., McQuade, R., Sharp, T., 1999. Influence of 5-HT
receptors on central noradrenergic activity: microdialysis studies using

(£)-MDL 73005EF and its enantiomers. Neuropharmacology 38,
299-306.

Hamon, M., Fattaccini, C.M., Adrien, J., Gallissot, M.C., Martin, P., Goz-
lan, H., 1988. Alterations of central serotonin and dopamine turnover in
rats treated with ipsapirone and other 5-hydroxytryptamine,, ago-
nists with potential anxiolytic properties. J. Pharmcol. Exp. Ther.
246, 745-752.

Handley, S.L., McBlane, J.W., 1993. SHT drugs in animal models of an-
xiety. Psychopharmacology 112, 13—-20.

Hoggs, S., 1996. A review of the validity and variability of the elevated
plus-maze as an animal model of anxiety. Pharmacol. Biochem. Behav.
54, 21-30.

Lister, R.G., 1987. The use of the plus-maze to measure anxiety in the
mouse. Psychopharmacology 92, 180—185.

Matsuda, T., Yoshikawa, T., Suzuki, M., Asano, S., Somboonthum, P.,
Takuma, K., Nakano, Y., Morita, T., Nakasu, Y., Kim, H.S., Egawa,
M., Tobe, A., Baba, A., 1995. Novel benzodioxanderivative, 5-(3-
[((25)-1,4-benzodioxan-2-ylmethyl)amino]propoxy)-1,3-benzodioxole
HCl (MKC-242), with a highly potent and selective agonist activity
at rat central serotonin; 5 receptors. Jpn. J. Pharmacol. 69, 357-366.

Moser, P.C., 1989. An evaluation of the elevated plus-maze test using the
novel anxiolytic buspirone. Psychopharmacology 99, 48—53.

Romero, L., Hervas, 1., Artigas, F., 1996. The 5-HT,, antagonist WAY-
100635 selectively potentiates the presynaptic effects of serotonergic
antidepressants in rat brain. Neurosci. Lett. 219, 123—126.

Sakaue, M., Somboonthum, P., Nishihara, B., Koyama, Y., Hashimoto, H.,
Baba, A., Matsuda, T., 2000. Postsynaptic 5-hydroxytryptamine;, re-
ceptor activation increases in vivo dopamine release in rat prefrontal
cortex. Br. J. Pharmacol. 129, 1028 -1034.

Setem, J., Pinheiro, A.P., Motta, V.A., Morato, S., Cruz, A.P.M., 1999.
Ethopharmacological analysis of 5-HT ligands on the rat elevated
plus-maze. Pharmacol. Biochem. Behav. 62, 515—-521.

Somboonthum, P., Matsuda, T., Asano, S., Sakaue, M., Baba, A., 1997.
MKC-242, a novel 5-HT o receptor agonist, facilitates cortical acetyl-
choline release by a mechanism different from that of 8-OH-DPAT in
awake rats. Neuropharmacology 36, 1733—1739.



	Introduction
	Materials and methods
	Animals and drugs
	Elevated plus-maze test
	Locomotor activity
	Statistics

	Results
	Discussion
	Acknowledgements
	References

