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Abstract

The effects of 5-HT receptor antagonists on antidepressant effects of imipramine were investigated in the forced swimming test.2

Imipramine induced anti-immobility effects in mice dose dependently. Pretreatment with the 5-HT receptor antagonist,2Ar2Br2C
Ž . w x Ž4-isopropyl-7-methyl-9- 2-hydroxy-1-methyl-propoxycarbonyl -4,6 A,7,8,9,10,10 A-octahydro-indolo 4,3-FG quinolone maleate LY

.53857 significantly enhanced the anti-immobility effects of imipramine. The 5-HT receptor antagonist, N-3-pyridinyl-3,5-dihydro-2Cr2B
w X x Ž . Ž .5-methyl-benzo 1,2-b:4,5-b dipyrrole-1 2 H -carboxamide SB 206553 , also enhanced, while the 5-HT receptor antagonist, ke-2A

tanserin, was without effect. These results suggest that blockade of the 5-HT receptor leads to potentiation of the antidepressant2Cr2B

effects of imipramine. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

It is recognized that the pathogenesis of depression is
closely related to the monoaminergic system, particularly
noradrenergic and serotonergic mechanisms. Drugs affect-

Žing neurotransmission of serotonin 5-hydroxytryptamine,
.5-HT such as those inhibiting 5-HT reuptake at nerve

Žterminals, or inhibiting 5-HT metabolism monamine oxi-
. Ždase inhibitors , are effective in depression Montgomery,

.1990; Siever et al., 1991; Briley and Moret, 1993 . In
addition, the activation of postsynaptic 5-HT receptors1A

improves depression. The 5-HT receptor partial agonists,1A

buspirone or tandospirone, induce antidepressant effects
ŽCervo et al., 1988; Chojnacka-Wojcik et al., 1991; Deakin,

.1993; Borsini, 1995 .
Imipramine is a tricyclic antidepressant and is widely

used as therapy for depression. Imipramine shows antide-
pressant effects by inhibiting the reuptake of both 5-HT

Ž .and noradrenaline Briley and Moret, 1993 . The forced
swimming test is commonly used to evaluate antidepres-
sants, and many antidepressants show the anti-immobility

Ž .effects Porsolt et al., 1977; Borsini, 1995 . Several reports
indicated that a single administration of imipramine re-
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Žduces immobility in the forced swimming test Porsolt et
.al., 1977; Borsini et al., 1991; Redrobe and Bourin, 1997 .

Although antidepressant effects of imipramine are con-
nected with 5-HT, the involvement of the 5-HT receptor
subtypes in the anti-immobility effects of imipramine is
not fully understood. It was reported that imipramine has
an affinity with 5-HT receptors and that this receptor may2

be involved in the antidepressant effects of imipramine
Ž .Hyttel, 1994; Palvimaki et al., 1996 . However, it is not
clear whether the 5-HT receptor antagonists inhibit or2

enhance the antidepressant effects of imipramine. Borsini
Ž .et al. 1991 reported that mesulergine, which has an

affinity with 5-HT receptors, can inhibit the anti-immo-2C

bility effects of imipramine at a high dose. On the con-
Ž .trary, Redrobe and Bourin 1997 showed that combined

treatment with 5-HT receptor antagonists and imipramine2

at a sub-active dose induces apparent anti-immobility ef-
fects. Therefore, in this study, we investigated the influ-
ences of 5-HT receptor antagonists on the effects of2

several doses of imipramine in the forced swimming test.

2. Materials and methods

2.1. Animals

Male ddY mice weighing 25–30 g were purchased from
Ž .SLC Japan Japan . The mice were given free access to
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food and water and were housed under a controlled 12-
Žhr12-h light–dark cycle light from 7:00 a.m. to 7:00

.p.m. , with room temperature 23"1 8C and humidity
55"5%.

2.2. Drug treatment

Imipramine HCl was obtained from Nacalai Tesque
Ž . ŽJapan . 4-Isopropyl-7-methyl-9- 2-hydroxy-1-methyl-pro-

. wpoxycarbonyl - 4, 6 A,7,8,9,10, 10 A - octahydro - indolo 4,
x Ž .3-FG quinolone maleate LY 53857 , N-3-pyridinyl-3,5-

w X x Ž .dihydro-5-methyl-benzo 1,2-b:4,5-b dipyrrole-1 2 H -car-
Ž .boxamide HCl SB 206553 , and ketanserin tartrate were

Ž .obtained from Research Biochemicals USA . 5-HT re-2

ceptor antagonists were administered 30 min before the
injection of imipramine

2.3. Forced swimming test

The forced swimming test was performed according to
Ž .the methods described by Porsolt et al. 1977 . Each

Žmouse was placed in a 25-cm glass cylinder 10 cm
.diameter containing 15 cm of water maintained at 23"1

8C. Immobility was recorded during a 6-min swimming
test.

2.4. Measurement of locomotor actiÕity

Locomotor activity for 10 min was measured by a
Ždigital counter with an infrared sensor Neuroscience,

.Japan 30 min after the injection of 5-HT receptor antago-2

nists. The apparatus detects and records a digital count of
the horizontal movements of animals.

Fig. 1. Effects of imipramine on immobility in forced swimming test and effects of LY 53857, ketanserin and SB 206553 on anti-immobility effects of
Ž . Ž .imipramine in mice. A Effects of imipramine on immobility in forced swimming test. Results are shown as means"S.E. Ns7–9 . Imipramine was

)) Ž . Ž .given i.p. P-0.01. B Effects of LY 53857 on anti-immobility effects of imipramine in mice. Results are shown as means"S.E. Ns6–10 .
Imipramine was given i.p. LY 53857 at 5 mgrkg was injected i.p. 30 min before imipramine. )P-0.05, )))P-0.0001 vs. respective saline-pretreated

Ž .group. aaP-0.01 vs. salineqsaline-treated group. C Effects of ketanserin on anti-immobility effects of imipramine in mice Results are shown as
Ž .means"S.E. Ns7–8 . Imipramine was given i.p. Ketanserin at 5 mgrkg was injected i.p. 30 min before imipramine. aP-0.05, aaP-0.01 vs.

Ž . Ž .salineqsaline-treated group. D Effects of SB 206553 on anti-immobility effects of imipramine in mice. Results are shown as means"S.E. Ns7–9 .
Imipramine was given i.p. SB 206553 at 5 mgrkg was injected i.p. 30 min before imipramine. )P-0.05, )))P-0.0001 vs. respective saline-pretreated
group. aaP-0.01, aaaP-0.001 vs. salineqsaline-treated group.
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2.5. Statistics

Dose-related effects of imipramine on immobility were
Ž .evaluated by one-way analysis of variance ANOVA fol-

lowed by Dunnett’s test. Other results were analyzed by
two-way ANOVA followed by Tukey’s test.

3. Results

3.1. Effects of imipramine on immobility in forced swim-
ming test

Fig. 1A shows that imipramine dose dependently re-
duced immobility in mice.

3.2. Effects of 5-HT receptor antagonists on anti-immo-2

bility effects of imipramine

Fig. 1B shows the immobility after the co-administra-
tion of various doses of imipramine and the 5-HT2Ar2Br2C

receptor antagonist, LY 53857. Apparent anti-immobility
was observed following the administration of LY 53857 at

Ž .5 mgrkg and a sub-active dose of imipramine 5 mgrkg .
LY 53857 significantly enhanced the anti-immobility ef-
fects of imipramine at doses of 10 and 20 mgrkg.

Effects of imipramine and the 5-HT receptor antago-2A
Ž .nist, ketanserin 5 mgrkg , on immobility are shown in

Fig. 1C. Ketanserin did not change the duration of immo-
bility due to imipramine at any dose.

Fig. 1D shows the effects of the 5-HT receptor2Cr2B
Ž .antagonist, SB 206553 5 mgrkg , on the duration of

immobility in imipramine-treated mice. Pretreatment with
SB 206553 at 5 mgrkg significantly reduced immobility

Ž .in imipramine 5–20 mgrkg -treated mice.
LY 53857, ketanserin and SB 206553 alone did not

affect immobility.

Fig. 2. Effects of LY 53857, ketanserin and SB 206553 on locomotor
Ž .activity in mice. Results are shown as means"S.E. Ns5–7 . Locomo-

tor activity was measured for 10 min. LY 53857 at 5 mgrkg, ketanserin 5
mgrkg and SB 206553 at 5 mgrkg was injected i.p. 30 min before
measurement of locomotor activity.

3.3. Effects of 5-HT receptor antagonists on locomotor2

actiÕity

Ž . ŽAs shown in Fig. 2, LY 53857 5 mgrkg , ketanserin 5
. Ž .mgrkg and SB 206553 5 mgrkg were without effect on

locomotor activity.

4. Discussion

It has been reported that, in mice and rats, the tricyclic
antidepressant imipramine reduces immobility in the forced

Žswimming test Porsolt et al., 1977; Borsini et al., 1991;
.Borsini, 1995; Redrobe and Bourin, 1997 . As shown in

Results, imipramine induced dose-dependent anti-immobil-
ity effects in mice, which is consistent with previous
findings. Differential effects of 5-HT receptor antagonists2

on the duration of immobility in imipramine-treated mice
have been reported. Although anti-immobility effects of
imipramine at an active dose are antagonized by mesu-
lergine, co-administration of a sub-active dose of imipra-
mine with the 5-HT receptor antagonist, ritanserin or2

ketanserin, induces an apparent anti-immobility effect
Ž .Borsini et al., 1991; Redrobe and Bourin, 1997 . This
discrepancy may be explained by differences in the imipra-
mine dosages used. However, there is no report on the
combined effects of the 5-HT receptor antagonists and2

imipramine at various doses in the forced swimming test.
Our results indicated that the anti-immobility effects of

imipramine were significantly enhanced by pretreatment
with the non-selective 5-HT receptor antagonist, LY2

53857. LY 53857 reduced the duration of immobility in
mice treated with all doses of imipramine, that is, sub-ac-
tive and active doses. It has been reported that LY 53857
has a high affinity with the 5-HT receptor sub-2Ar2Br2C

Ž .types Baxter et al., 1995 . The dose of LY 53857 in the
present study was that inhibiting 5-HT and 5-HT2A 2C

receptor-mediated head shake responses and hypophagia
Ž .Kennett and Curzon, 1991 , although it is not clear whether
LY 53857 inhibits 5-HT receptor-related effects in vivo.2B

Ž .Redrobe and Bourin 1997 reported that ritanserin, an-
other 5-HT receptor antagonist, enhances anti-im-2Ar2Br2C

mobility effects of imipramine at a sub-active dose in
mice, which is consistent with our results. Therefore, it
indicates that blockade of 5-HT receptors potentiates2

anti-immobility effects of imipramine.
We further examined which 5-HT receptor subtypes2

are involved in the effects of imipramine. As shown in
ŽResults, the 5-HT receptor antagonist, ketanserin 52A

.mgrkg , did not affect the duration of immobility in mice
treated with imipramine, regardless of the dose of
imipramine. The anti-immobility effect of imipramine was
not affected by ketanserin at the same doses as LY 53857.
In contrast, the 5-HT receptor antagonist, SB 206553,2Cr2B

augmented the anti-immobility effects of imipramine and
was effective at both sub-active and active doses of
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imipramine. It was reported that SB 206553 at the dose
used in the present study can block the hyperphagia elicited
by the 5-HT receptor agonist, BW 723C86, and the2B

hypolocomotion elicited by activation of the 5-HT recep-2C
Ž .tor Kennett et al., 1996, 1997 . This finding suggests that

inhibition of the 5-HT receptor, but not of the 5-HT2Cr2B 2A

receptor, enhances the anti-immobility effects of
imipramine.

Ketanserin has a higher affinity for 5-HT receptors2A
Žthan for other 5-HT receptor subtypes Baxter et al.,2

.1995 . The dose of ketanserin used in the present study
was higher than those inhibiting the 5-HT receptor-2A

mediated hyperglycemia induced by the 5-HT receptor2A

agonist or head shake responses elicited by 5-hydroxytryp-
Ž .tophan Kennett and Curzon, 1991; Sugimoto et al., 1996 .

Therefore, it is suggested that the 5-HT receptor is not2A

related to enhancement of the effects of LY 53857 on
anti-immobility. A previous report indicated that adminis-
tration of imipramine at a sub-active dose along with

Ž .ketanserin 8 mgrkg showed anti-immobility effects.
Ž .However, the dosage of ketanserin 8 mgrkg used was

higher than that in the present study. Ketanserin has lower
affinity for the 5-HT receptor than for the 5-HT2C 2A

receptor. However, at high doses, ketanserin can block the
5-HT receptor-mediated hypophagia elicited by mCPP,2C

Žalthough its effects are not strong Kennett and Curzon,
.1991 . Therefore, a high-dose treatment with ketanserin

may block the 5-HT receptor and enhance the anti-im-2C

mobility effects of imipramine.
Ž .Borsini et al. 1991 reported that mesulergine, the

5-HT receptor antagonist inhibited the anti-immobility2C

effects of imipramine. However, in their study, ritanserin,
which blocks the 5-HT receptor, did not affect the2C

anti-immobility effects of imipramine. In addition, the
authors demonstrated that the dopamine D receptor antag-2

onist, sulpiride, also antagonized some effects of
Ž .imipramine Borsini et al., 1991 . Recently, it was reported

that antisense of dopamine D receptor antagonizes the2
Žanti-immobility effects of imipramine in rats Dziedzicka-

.Wasylewska et al., 2000 . Since mesulergine has an affin-
Ž .ity for the dopamine D receptor Leysen et al., 1981 , this2

D receptor may be related to effects of mesulergine.2

The blockade of 5-HT receptor increases nor-2Cr2B

adrenaline or dopamine release in the brain, as measured
Žby microdialysis in rats Di Matteo et al., 1998; Millan et

.al., 1998 . This raises the possibility that the amplifying
effects of the 5-HT receptor blocker, SB 206553, on2Cr2B

anti-immobility effects of imipramine are mediated by
increasing noradrenaline or dopamine release. It was re-
ported that, in a receptor binding assay, imipramine has an

Žaffinity with the 5-HT receptor Hyttel, 1994; Palvimaki2C
.et al., 1996 . Together, these findings indicate that the

5-HT receptor may be related to the antidepressant2C

effects of imipramine. The involvement of the 5-HT2B

receptor in depression remains unclear and further studies
are required.

Since drugs increasing locomotor activity may diminish
immobility in the forced swimming test, this effect may be
related to the effects of 5-HT receptor antagonists on2

anti-immobility effects. However, our results indicate that
LY 53857, ketanserin or SB 206553 did not influence
locomotor activity. Therefore, the effects of these antago-
nists on anti-immobility effects are not related to locomo-
tor activity.

In summary, our present results indicate that the anti-
immobility effects of imipramine were enhanced by pre-
treatment with the LY 53857 and SB 206553, which have
an affinity with 5-HT receptors. Recently, it was2Cr2B

suggested that the 5-HT receptor inverse agonist may be2C
Ž .useful for therapy of depression Bromidge et al., 2000 .

Thus, the 5-HT receptor antagonists may potentiate ef-2C

fects of antidepressants.
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