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Objective: To study agomelatine (S 20098), a potent agonist at melatonin receptors and antagonist at
serotonin-2C (5-HT2C) receptors, in an animal model of depression, namely, the rodent forced swimming
test (FST). Methods: The effects of acute and repeated administration of S 20098 were compared with
those of melatonin (4, 8, 16, 32, 64 mg/kg intraperitoneally [IP] for mice), imipramine (64 mg/kg orally for
rats, 8 mg/kg IP for mice) and fluoxetine (16 mg/kg IP for mice). The influence of the pretreatments with
5-HT1A or 5-HT1B receptor agonists (8-OH-DPAT, anpirtoline) and 5-HT1A/1B, 5-HT2A/2C or 5-HT3 antago-
nists (pindolol, ritanserin, ondansetron) on the effects of S 20098 or melatonin were compared with
imipramine and fluoxetine in mice. Results: Acute or repeated (13 days) administration of S 20098 or
imipramine in rats significantly decreased the duration of immobility during the FST at all doses. A dose-
dependent effect was observed after the repeated treatment with S 20098. When given for 10 days to
mice in the evening, S 20098 was active on the FST at doses of 4, 16 and 32 mg/kg, whereas the acute ad-
ministration of S 20098 (in the morning and evening) was without any significant effect. Acute or repeated
administration of S 20098 did not modify the locomotor activity of mice. The combination of S 20098
with the above-mentioned pretreatments enhanced the effects of S 20098, given alone, on the duration of
immobility. By comparison, acute melatonin was inactive in the FST and only pretreatment with 8-OH-
DPAT or pindolol revealed an anti-immobility effect. A pretreatment with 8-OH-DPAT also induced anti-
immobility effects with imipramine, but not fluoxetine, whereas pindolol exerted additive effects with flu-
oxetine but not imipramine. Conclusion: These results demonstrate the antidepressant-like activity of
repeated administration of S 20098 in the FST. Moreover, the combination of 5-HT agonists and antago-
nists leads to more powerful effects with S 20098 than with melatonin, thereby emphasizing the contribu-
tion of 5-HT receptors to the antidepressant activity of S 20098. Compared with imipramine and fluoxe-
tine, the 5-HT receptor subtypes that may be involved in the antidepressant-like activity of S 20098 are
not similar. Indeed, when considering the binding properties of S 20098, the 5-HT2C receptor subtype ap-
pears to be the most attractive candidate. It is concluded that the antidepressant-like activity of S 20098
in this model most probably involves a combination of both its melatonin agonist and 5-HT2C receptor an-
tagonist properties.
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Objectif : Étudier l’activité d’agomélatine (S 20098), un puissant agoniste des récepteurs de la mélatonine
et antagoniste des récepteurs de la sérotonine-2C (5-HT2C), dans un modèle animal de la dépression : le
test de la nage forcée. Méthodes : Les effets de l’administration aiguë et répétée d’agomélatine ont été
comparés à ceux de l’administration de mélatonine (4, 8, 16, 32, 64 mg/kg par voie intrapéritonéale [i.p.]
chez la souris), d’imipramine (64 mg/kg par voie orale [p.o.] chez le rat, 8 mg/kg i.p. chez la souris) et de
fluoxétine (16 mg/kg i.p. chez la souris). L’influence de prétraitements aux agonistes des récepteurs 5-
HT1A ou 5-HT1B (8-OH-DPAT, anpirtoline) et des antagonistes des récepteurs 5-HT1A/1B, 5-HT2A/2C ou 5-
HT3 (pindolol, ritansérine, ondansétron) sur les effets de l’agomélatine ou de la mélatonine ont été com-
parés chez la souris avec les effets de l’imipramine et de la fluoxétine. Résultats : L’administration aiguë
ou répétée (13 jours) d’agomélatine ou d’imipramine chez le rat diminue significativement le temps d’im-
mobilité au cours du test de la nage forcée à toutes les doses étudiées. Une relation dose/effet a été ob-
servée après administration répétée d’agomélatine. Chez la souris, l’agomélatine agit sur le test de la nage
forcée aux doses de 4, 16, et 32 mg/kg après une administration répétée de 10 jours le soir, alors qu’une
administration aiguë d’agomélatine (le matin et le soir) n’a pas eu d’effet significatif. Par ailleurs, l’adminis-
tration aiguë ou répétée d’agomélatine ne modifie pas l’activité motrice chez la souris. L’association des
traitements précités avec l’agomélatine potentialise les effets de celle-ci sur le temps d’immobilité, par
rapport à l’administration d’agomélatine seule. À titre de comparaison, l’administration aiguë de mélato-
nine n’a pas eu d’effet sur le test de la nage forcée, et seul le prétraitement au 8-OH-DPAT ou au pin-
dolol a produit un effet anti-immobilité. Le prétraitement au 8-OH-DPAT a aussi produit un effet anti-
immobilité en association avec l’imipramine, mais pas avec la fluoxétine, tandis que le pindolol a potentia-
lisé l’activité de la fluoxétine mais non celle de l’imipramine. Conclusion : Ces résultats démontrent l’ac-
tivité de nature antidépressive de l’administration répétée de S 20098 dans le test de la nage forcée. De
plus, l’association d’agonistes et d’antagonistes des récepteurs 5-HT produit des effets plus puissants avec
l’agomélatine qu’avec la mélatonine, soulignant ainsi la contribution de récepteurs sérotoninergiques à
l’activité antidépressive de l’agomélatine. En comparaison avec l’imipramine et la fluoxétine, les sous-types
du récepteur 5-HT susceptibles d’intervenir dans l’activité de nature antidépressive de l’agomélatine ne
sont pas les mêmes. En fait, vu les propriétés de fixation de l’agomélatine, le candidat le plus intéressant
semblerait être le récepteur de sous-type 5-HT2C. En conclusion, il est suggéré que l’activité de nature an-
tidépressive de S 20098 dans ce modèle met fort probablement en cause une combinaison de ses pro-
priétés agonistes mélatoninergiques et antagonistes des récepteurs 5-HT2C.

Introduction

Agomelatine (S 20098, N-[2-(7-methoxy-1-
naphthyl)ethyl] acetamide) is a potent agonist at mela-
toninergic receptors.1–3 S 20098 shows a high affinity for
cloned human melatonin receptor MT1 and MT2 sub-
types (Ki = 6.15 × 10–11 mol/L and 2.68 × 10–10 mol/L,
respectively). The affinity of S 20098 at melatonin re-
ceptors is comparable to that of melatonin (Ki = 8.52 ×
10–11 mol/L and 2.63 × 10–10 mol/L, respectively) and,
in line with this, S 20098 displaces iodomelatonin from
its binding sites in the suprachiasmatic nucleus of the
hypothalamus, that is, the brain region involved in the
mechanism of the endogenous biological clock.4

S 20098 functions as an agonist in that it mimics the ef-
fects of melatonin on several systems.2,5–10 S 20098 also
shows a high affinity (IC50 = 2.7 × 10–7 mol/L) for hu-
man cloned serotonin-2C (5-HT2C) receptors, and acts
as an antagonist at this receptor subtype.11,12 Only very
low affinities of S 20098 for a number of other types of
receptors have been obtained.13

Preclinical studies have suggested that S 20098 may

induce antidepressant-like effects in several animal
models such as the learned helplessness test,14 chronic
mild stress15 and in a transgenic mouse model of de-
pression.16

In the present study, the antidepressant-like activity
associated with the acute and repeated administration
of a wide range of doses of S 20098 was assessed in an-
other animal model of depression, namely, the forced
swimming test (FST).17,18 In this model, rodents forced
to swim in a situation from which they cannot escape
rapidly become immobile, floating in an upright posi-
tion and making only small movements to keep their
heads above water. The FST is a validated test of anti-
depressant activity, because the immobility of animals
can be reversed by many different classes of antide-
pressant.18,19 Moreover, antidepressant-like effects of
melatonin have been reported in the FST.20–22 As S 20098
possesses chronobiotic properties, which can be shown
in the chronic mild stress model of depression,15 the
present experiments were carried out to see if there is a
difference in the activity of S 20098 between morning
and evening testing.



It has been recently demonstrated that pretreatment
with the 5-HT1A receptor agonist 8-OH-DPAT or the 5-
HT2A/2C receptor antagonist ritanserin enhances the anti-
immobility effects of a normally subactive dose of sev-
eral tricyclic antidepressants.23 On the other hand,
pretreatment with a 5-HT1A autoreceptor antagonist
(pindolol), 5-HT1B receptor agonist (anpirtoline) or
5-HT3 receptor antagonist (ondansetron) enhances
the antidepressant-like activity of selective serotonin
reuptake inhibitors (SSRIs)24 in the mouse FST. More re-
cently, it has been demonstrated that the anti-
immobility effects of subactive doses of the
serotonin–noradrenaline reuptake inhibitor venlafaxine
are enhanced by drugs acting at all these receptor sub-
types.25 These results suggest that these compounds can
be used to separate different classes of antidepressant
drugs and that these receptor systems are implicated in
the mechanism of action of the drugs tested. This exper-
imental approach has been used here to investigate the
receptors involved in the possible antidepressant-like
activity of S 20098 in the FST, namely, the 5-HT1A, 5-
HT1B, 5-HT2 and 5-HT3 receptor subtypes. The effects of
S 20098 were compared with those of melatonin,
imipramine as the most representative of tricyclic anti-
depressants and fluoxetine as representative of SSRIs.

Methods

Following a 5-day acclimatization period, male Swiss
mice (n = 10/group, weight range 22–24 g, 4 weeks
old; Elevage Janvier, Le Genest, France) or Wistar rats
(n = 6/group, weight range 224–278 g; Elevage Jan-
vier) were used. Animals were maintained in cages
under light/dark 12/12 illumination (light on at 7 am
and 8 am for mice and rats, respectively) at stable am-
bient temperature (mean 20°C, standard deviation
2°C) and relative humidity 50%, with free access to
food and tap water until tested. All the experiments
were carried out in accordance with international
guidelines for animal experimentation.

S 20098 was administered to rats orally (PO) and
mice intraperitoneally (IP) 1 hour and 30 minutes, re-
spectively, before the FST. The effects of S 20098 were
compared with those of melatonin, imipramine and
fluoxetine according to the doses listed in Table 1.

In mice, acute administrations of S 20098, melatonin,
imipramine and fluoxetine were performed either in
the morning (between 8 am and 1 pm) or in the evening
(at 5 pm). The repeated treatment (10 days) with
S 20098 was administered in the evening (at 5 pm).

In rats, acute and repeated (13 days) treatments were
administered during the artificial lighting period.

S 20098 or melatonin (4, 16, 64 mg/kg) were injected
as part of the acute treatment into the mice in the
evening, either alone or in combination with 8-OH-
DPAT (1 mg/kg), anpirtoline (1 mg/kg), pindolol
(32 mg/kg), ritanserin (4 mg/kg) or ondansetron
(0.01 µg/kg). The influence of these pretreatments on
the effects of S 20098 or melatonin were compared with
the tricyclic antidepressant imipramine (8 mg/kg IP)
and the SSRI fluoxetine (16 mg/kg IP) alone or in com-
bination with 8-OH-DPAT or pindolol. All drugs were
dissolved in distilled water with the exception of
S 20098 and melatonin, which were homogeneously
suspended in a 1% solution of hydroxyethylcellulose,
and pindolol and ritanserin, which were dissolved in a
1% aqueous solution of Tween 80. Drugs were adminis-
tered in a constant volume of 0.5 mL/20 g body weight,
and doses used refer to the salt form of the drug.

S 20098 or the vehicle was injected into mice 30 min-
utes before the measurement of the spontaneous loco-
motor activity.26 The animals were placed in activity
monitors with photoelectric cells, and locomotor activ-
ity was recorded over a 10-minute testing period.

S 20098 was injected 1 hour before testing. The FST
employed was essentially similar to that described
elsewhere.17,18 Briefly, rodents were dropped individu-
ally into glass cylinders (mice: height 25 cm, diameter
10 cm; rats: height 35 cm, diameter 24 cm) containing
10–13.5 cm of water, maintained at 23°C–25°C, and left
there for 5 minutes (rats) or 6 minutes (mice). In such a
situation, from which they cannot escape, animals
rapidly became immobile, that is, floating in an upright
position and making only small movements to keep
their heads above water. The duration of immobility
was recorded for 5 minutes in rats and during the last
4 minutes of the 6-minute testing period in mice.

All results for locomotor activity and the FST were
expressed as mean (and standard error of the mean).
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Table 1: Treatments (mg/kg) administered to rodents
in the study

Rodent S 20098 Melatonin Imipramine Fluoxetine

Mice* 4, 8, 16, 32, 64 4, 8, 16, 32, 64 xxxx8 16x
Rats† 2, 10, 50 xxx64

*Treatment administered intraperitoneally.
†Treatment administered orally.
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For the interaction studies with agonists and antago-
nists in the FST, the mean immobility time of the com-
bined treatment group is also expressed as the percent-
age of the score obtained with the appropriate drug
alone.

For each group, normality of distribution was first
examined using the nonparametric Kolmogorov–
Smirnov test. Data were then subjected to an analysis
of variance (ANOVA) according to the homogeneity of
variances. Only 1 ANOVA was performed for all the
data obtained with the rat FST (acute and repeated ad-
ministration). A nonparametric test was performed
when the homogeneity of variances did not permit a
direct ANOVA. Additional parametric post hoc tests
were performed for comparison between independent
groups, that is, drug per se and distilled water control,
using the Dunnett t test, and for comparison between
interaction groups using the a posteriori Sidak test.27

Results were considered significant at p < 0.05.

Results

Acute administration of S 20098 significantly decreased
the duration of immobility in rats at all doses tested.
The effect was not dose-dependent (Fig. 1). Imipramine
(64 mg/kg PO) administered under the same condi-
tions, clearly decreased the duration of immobility
(F8,45 = 28.26, p ≤ 0.001).

On the other hand, in mice, acute administration of
S 20098 did not induce any significant changes in the
FST or locomotor activity at any dose or time (F5,54 =
9.65, p ≤ 0.06 and F5,54 = 1.12, p ≤ 0.36 for FST and loco-

motor activity, respectively, for the morning and F5,54 =
2.33, p = 0.06 and F5,54 = 1.48, p = 0.21 for FST and loco-
motor activity, respectively, for the evening).

In mice, acute administration of melatonin (4, 8, 16,
32, 64 mg/kg) was inactive in the FST for all the doses
tested (F5,54 = 0.0, p ≤ 0.005).

Acute melatonin in the morning induced a slight
change in locomotor activity from 4 mg/kg, and a
sedative effect was constant and significant for the
doses 8, 16, 32 mg/kg. A strong decrease in sponta-
neous locomotor activity was noted at the highest
tested dose (64 mg/kg; F5,54 = 12.84, p ≤ 0.001). 

The repeated administration of S 20098 moderately
decreased the duration of immobility in rats in a dose-
dependent manner. Imipramine (64 mg/kg) under the
same experimental conditions markedly decreased the
duration of immobility (Fig. 2; F8,45 = 28.26, p ≤ 0.001).

When given for 10 days to mice, S 20098 (adminis-
tered in the evening) was active in the FST at 4, 16 and
32 mg/kg and induced a weak but statistically signifi-
cant decrease in duration of immobility (Fig. 3; F5,54 =
5.55, p ≤ 0.005) but did not induce any statistically sig-
nificant changes in locomotor activity (F5,54 = 1.92, p ≤
0.11; data not shown).

Under the same experimental conditions (acute ad-
ministration in the morning), the combination of
S 20098 with 5-HT agonist or antagonist pretreatments
induced an anti-immobility effect in the mice FST
(Table 2). Thus, pretreatment with 8-OH-DPAT
(1 mg/kg) enhanced the anti-immobility effects of
S 20098 (8 and 32 mg/kg, p < 0.05) versus the S 20098
group without pretreatment (Kruskal–Wallis test
H11,108 = 29.45, p ≤ 0.001). The pindolol (32 mg/kg) and

Fig. 1: Effects of acute administration of S 20098 or
imipramine on the duration of immobility in the forced
swimming test (FST) in the rat. Results are expressed as
mean and standard error of the mean (SEM) (n = 6/group).
Dunnett’s t test, **p < 0.01.
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Fig. 2: Effects of repeated administration of S 20098 or
imipramine on duration of rat immobility in the FST. Re-
sults are expressed as mean and SEM (n = 6/group). Dun-
nett’s t test, *p < 0.05, **p < 0.01.
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ondansetron (0.01 µg/kg) pretreatments also enhanced
the anti-immobility activity of S 20098 at doses of 4, 16
and 64 mg/kg (p < 0.01 and p < 0.01, respectively; H7,72 =
57.28, p ≤ 0.001 for pindolol, H7,72 = 50.32, p ≤ 0.001 for
ondansetron). Pretreatment with anpirtoline (1 mg/kg)
and ritanserin (4 mg/kg) enhanced the effects of 16 and
64 mg/kg S 20098 in the FST (p < 0.05; H7,72 = 37.08, p ≤
0.001 for anpirtoline, and p < 0.05; H7,72 = 36.53, p ≤ 0.001
for ritanserin).

Moreover, whereas acute administration of mela-
tonin to mice was inactive in the FST, pretreatments
with 8-OH-DPAT or pindolol revealed an anti-
immobility effect (Table 3). Pretreatment with 8-OH-
DPAT enhanced significantly (p < 0.05) the antidepres-
sant-like activity of melatonin for only 4 mg/kg (F7,72 =
5.76, p ≤ 0.001). Pretreatment with pindolol induced an-
tidepressant-like activity when administered with
melatonin at 2 doses (4 and 16 mg/kg, p < 0.01; F7,72 =

Bourin et al
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Table 2: Reduction of immobility time in the forced swimming test (FST) with S 20098 alone or in interaction with serotonin
receptor agonists/antagonists in mice (n = 10/group) after acute administration

Treatment; mean reduction of immobility time (and SEM), s [and % of reduction compared with controls]
Mean immobility
time (and SEM), s

Treatment S 20098, 4 mg/kg S 20098, 8 mg/kg S 20098, 16 mg/kg S 20098, 32 mg/kg S 20098, 64 mg/kg Controls

S 20098 219 (17) 230 (6) 221x (6) 215 (17) 222 (13) 226 (12)
S 20098 +
8-OH-DPAT 208 (15) 202 (28) [13]* 202 (28) 195 (23) [9]* 217 (13) 226 (14)

S 20098 227 (11) NA 235x (2.3) NA 215 (15) 230x (6)
S 20098 +
pindolol 205 (16) [10]* NA 173 (18) [27]* NA 160 (22) [23]* 230x (8)
S 20098 +
anpirtoline 220 (14) NA 211 (19) [10]* NA 185 (20) [13]* 231x (5)

S 20098 234x (4) NA 229x (6) NA 227x (9) 232x (4)
S 20098 +
ritanserin 220 (10) NA 203 (21) [11]* NA 210 (13) [7]* 227 (14)
S 20098 +
ondansetron 192 (20) [18]* NA 174 (34) [24]* NA 204 (13) [10]* 224 (14)

Note SEM = standard error of the mean; NA = not assessed.
*Statistically significant data (nonparametric Kruskal–Wallis H test, post hoc Steel test).

Fig. 3: Effects of repeated administration of S 20098 on duration of immobility in the FST in mice. Results are ex-
pressed as mean and SEM (n = 10/group). Dunnett’s t test, *p < 0.05, **p < 0.01.
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10.60, p ≤ 0.001). Pretreatment with ritanserin induced
a decrease in duration of immobility only at the dose of
64 mg/kg (F7,72 = 5.52, p ≤ 0.001). Pretreatment with an-
pirtoline and ondansetron did not have any effect
(F7,72 = 1.39, p ≤ 0.22 and F7,72 = 4.24, p ≤ 0.001).

Finally, pretreatment with 8-OH-DPAT, but not with
pindolol, enhanced the antidepressant-like activity of
imipramine at the normally subactive dose of 8 mg/kg
(p ≤ 0.05). On the other hand, pindolol, but not 8-OH-
DPAT, enhanced the effect of fluoxetine in the FST, at a
normally subactive dose of 16 mg/kg (p ≤ 0.01; Table 4).

Discussion

The present study shows that, when administered re-
peatedly, S 20098 exerts an antidepressant-like activity
in the FST. Moreover, this antidepressant effect is ob-
served both in rats and mice, but is less marked in the
latter species.

Acute administration of S 20098 in rats is active and
repeated administration significantly decreases the du-
ration of immobility in a dose-dependent manner
when administered during the artificial lighting pe-
riod. In mice, repeated treatment in the evening is ac-
tive, and the combination of S 20098 with the 5-HT1A or
5-HT1B receptor agonists (8-OH-DPAT, anpirtoline) and
the 5-HT1A/1B, 5-HT2A/2C or 5-HT3 antagonists (pindolol,
ritanserin, ondansetron) enhances the morning effects
of S 20098 given alone. On the other hand, acute mela-
tonin alone is inactive in the FST, and only pretreat-
ments with 8-OH-DPAT or pindolol facilitate the anti-
immobility effect of the neurohormone. The 5-HT
receptor subtypes that may support the activity of

S 20098 in the FST differ from those of prototypical an-
tidepressants, because only 8-OH-DPAT and pindolol
can enhance the effects of imipramine and fluoxetine,
respectively.

In mice, repeated, but not acute, administration of
S 20098 induces antidepressant-like effects in the FST.
This effect is related neither to a change in locomotor
activity as demonstrated here, nor to a sedative effect
because no sedation is observed in mice with S 20098
up to the dose of 128 mg/kg (R.P., unpublished obser-
vations, 1989). These results are similar to those of
Raghavendra et al,21 who found that melatonin (2.5–
10 mg/kg) administered acutely to BALB/c and
C57BL/6J mice failed to induce any antidepressant ef-
fects, whereas its daily administration reversed the in-
crease in immobility period in the FST. Melatonin or

Table 3: Reduction of immobility time in the FST with melatonin alone or in interaction with serotonin
receptor agonists/antagonists in mice (n = 10/group) after acute administration

Treatment; mean reduction of immobility time (and SEM), s
[and % of reduction compared with controls]

Mean immobility
time (and SEM), s

Treatment Melatonin, 4 mg/kg Melatonin, 16 mg/kg Melatonin, 64 mg/kg Controls

Melatonin 231x (9) 226 (14) 228 (10) 232x (7)
Melatonin + 8-OH-DPAT 208 (23) [10]* 215x (8) 218 (16) 234x (7)
Melatonin + anpirtoline 225 (11) 223 (11) 228 (16) 232x (4)

Melatonin 231 (10) 226 (15) 216 (17) 236x (3)
Melatonin + pindolol 192 (33) [7]* 182 (37) [19]* 185 (28) 232x (3)

Melatonin 236x (3) 236x (6) 236x (3) 226 (16)
Melatonin + ritanserin 230x (6) 234x (7) 211 (16) [11]* 235 x(7)
Melatonin + ondansetron 231x (6.4) 229x (4.4) 227x (5.7) 232x (3.9)

Note: Data for 8 and 32 mg/kg were not assessed.
*Statistically significant data (ANOVA significant post hoc Sidak test).

Table 4: Reduction of immobility time in the FST with
imipramine, 8 mg/kg, or fluoxetine, 16 mg/kg, in interaction
with serotonin receptor agonists/antagonists in mice after
acute administration (n = 10/group)

Treatment

Mean immobility time
(and SEM), s

[and % of change from
drug alone]

Mean (and SEM)
immobility time
of distilled-water

controls, s

Imipramine +
pindolol

185 (11) [25] 227 (3)

Imipramine +
8-OH-DPAT

179 (20) [18]* 223 (5)

Fluoxetine +
pindolol

121 (14) [43]† 229 (3)

Fluoxetine +
8-OH-DPAT

219x (6)x [5] 234 (2)

*p ≤ 0.05 versus respective drug alone.
†p ≤ 0.01 versus respective drug alone.



certain melatonin agonists also reduce the immobility
of rats in the FST after repeated, but not acute, admin-
istration.20,22,28 Melatonin also shows antidepressant ac-
tivity in the mouse chronic mild stress model,29 al-
though with a less marked effect than fluoxetine.

Interestingly, the activity of S 20098 in the FST does
not depend on the time of the administration (morn-
ing or evening), which has been already shown in the
rat chronic mild stress test.15 This strongly suggests
that properties other than its chronobiotic ones5,8–10,30,31

may sustain the activity of S 20098 in the FST.
Raghavendra et al21 have also reported that circadian
variations (noon, early dark, midnight) do not influ-
ence the effect of melatonin treatment on the duration
of the immobility period in mice, which suggests that
the FST may be not sufficiently sensitive to appropri-
ately study compounds with chronobiotic properties
in this species.

In mice, the comparison of the efficacy of S 20098 and
melatonin was tested under the same conditions, but
S 20098 seemed to be more efficacious in the FST than
the endogenous ligand. This also suggests that the non-
melatoninergic (or nonchronobiotic) properties of
S 20098 are involved in its antidepressant activity. In
line with this, manipulation of several serotonergic re-
ceptor subtypes in mice can influence the antidepres-
sant-like effects of S 20098 and lead to more powerful
effects on the duration of immobility with S 20098 than
with melatonin. This indicates that the activity of
S 20098 is partly dependent on its interaction with the
serotonergic system. S 20098 possesses antagonistic ac-
tivity at 5-HT2C receptors11,12 that could explain, at least
partly, its efficacy in the FST. In line with this, the pre-
treatment with the 5-HT2A/2C antagonist ritanserin sig-
nificantly enhanced the effect of S 20098 at doses of
16 and 64 mg/kg. Although no study with specific an-
tagonists at the 5-HT2C receptor subtype has been per-
formed in the FST to our knowledge, clinically effective
antidepressants that exhibit 5-HT2C antagonist proper-
ties are active in the FST.18,19

The 5-HT1A agonist, 8-OH-DPAT, and ritanserin also
favour an antidepressant-like activity of melatonin,
suggesting that the potential antidepressant-like prop-
erty of melatonin can only be revealed in the FST fol-
lowing manipulation of the serotonergic system.

It has been shown that the 5-HT1A receptors that me-
diate increased mobility in the FST are located postsy-
naptically.32 The additive effects of 8-OH-DPAT with
S 20098 and imipramine suggest that postsynaptic 5-

HT1A receptors play a role in the ability of these drugs
to reduce immobility in the FST. The potentiating ef-
fects of pindolol with S 20098 also suggest that antago-
nism of presynaptic 5-HT1A receptors plays a role in the
ability of this compound to reduce immobility in the
FST, unlike imipramine, whose action seems to be me-
diated by postsynaptic 5-HT1A receptors. However, the
involvement of 5-HT1A receptors in the mechanism of
action of S 20098 is questionable, because it has been
demonstrated that this compound, as is the case for
melatonin, does not modify the 5-HT1A autoradi-
ographic signal, the guanosine-5′-O-(3-thiotriphos-
phate) (GTP-γ-S) labelling or the electrophysiologic
properties of dorsal raphe and CA1 neurons perfused
with 5-HT1A agonists (ipsapirone and 5-carboxamido-
tryptamine) or antagonist (WAY 100635).33

The present study also suggests that 5-HT1B and 5-
HT3 receptor subtypes may play a role in the activity of
S 20098 in the mouse FST and, indeed, there has been
some interest, for example, in the antidepressant-like
effects of 5-HT3 receptor antagonists.34 However, given
the absence of affinity of S 20098 for the 5-HT1B and 5-
HT3 receptors, the involvement of these subtypes in its
antidepressant effect appears rather unlikely.

Finally, the results of the present study suggest a role
for 5-HT2A/C and 5-HT3 receptors in the action of
imipramine and fluoxetine, respectively. Whereas the
antagonism of 5-HT2A/C receptors is important in the ac-
tion of tricyclic antidepressants in the FST, the antago-
nism of 5-HT3 receptors may play a partial role in the
anti-immobility effects of the SSRIs.23

In conclusion, repeated treatment with S 20098 exerts
an antidepressant-like activity in the FST both in rats
and mice, with a mechanism of action that differs from
that of traditional antidepressants.

The antidepressant-like effect of S 20098 depends, at
least partially, on its melatonin agonist properties. Fur-
thermore, manipulation of the serotonergic system can
influence its effects in the mouse FST and, by compari-
son, the weaker impact of melatonin in combination
with 5-HT agonists and antagonists indicates that the ac-
tivity of S 20098 is also based on its interaction with the
5-HT system. Finally, while exhibiting similar antide-
pressant-like effect in the FST, S 20098, imipramine and
fluoxetine have clearly distinct profiles regarding the 5-
HT receptor subtypes that may support this activity.

We suggest that the efficacy of S 20098 in the FST in-
volves a combination of both its melatonin agonist and
5-HT2c receptor antagonist properties.

Bourin et al
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