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The role of 5-HT receptor subtypes in the anxiolytic effects of
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Abstract We evaluated whether the anxiolytic e¤ects of
selective serotonin reuptake inhibitors (SSRIs) in the
rat ultrasonic vocalization (USV) test are preferen-
tially mediated by (indirect) activation of 5-HT1A,
5-HT1B/1D, 5-HT2A, 5-HT3 or 5-HT4 receptors. The
SSRIs, paroxetine (ED50 in mg/kg, IP: 6.9), citalo-
pram (6.5), ßuvoxamine (11.7) and ßuoxetine (> 30),
dose dependently reduced shock-induced USV. The
e¤ects of paroxetine (3.0 mg/kg, IP) were not blocked
by the selective 5-HT1A receptor antagonist, WAY-
100635 (3.0 mg/kg, IP), the 5-HT1B/1D receptor antag-
onist, GR 127935 (30 mg/kg, IP), the nonselective
5-HT2A receptor antagonists, ritanserin (3.0 mg/kg,
IP) and ketanserin (1.0 mg/kg, IP), the 5-HT3 recep-
tor antagonist, ondansetron (0.1 mg/kg, IP), or the 
5-HT4 receptor antagonist, GR 125487D (3.0 mg/kg,
SC). In contrast, the selective 5-HT2A receptor antag-
onist, MDL 100,907 (0.1 mg/kg, IP), completely pre-
vented the paroxetine-induced reduction of USV.
Under similar conditions, WAY-100635 blocked the
anxiolytic-like e¤ects of the selective 5-HT1A receptor
agonist, 8-OH-DPAT [(±)-8-hydroxy-2-(di-n-propyl-
amino)tetralin, 1.0 mg/kg, IP], and ritanserin,
ketanserin, and MDL 100,907 blocked the anxiolytic-
like e¤ects of the mixed 5-HT2A/2C receptor agonist,
DOI [1-(2,5-dimethoxy-4-iodophenyl)-2-aminoprop-
ane, 3.0 mg/kg, IP]. WAY-100635 (1.0 mg/kg, IP) in
combination with ritanserin (3.0 mg/kg, IP), but not
ondansetron (0.1 mg/kg, IP), GR 125487D (3.0 mg/
kg, SC), or GR 127935 (30 mg/kg, IP), attenuated the

USV reducing e¤ects of paroxetine. Although the
results suggest that selective stimulation of 5-HT1A and
5-HT2A receptors produces a decrease of USV, we pos-
tulate that only 5-HT2A receptors play a pivotal role in
the e¤ects of SSRIs in this model of anxiety.

Key words 5-HT1A receptors · 5-HT2A receptors ·
Anxiety · Paroxetine

Introduction

Although it is now well established that selective sero-
tonin (5-HT) reuptake inhibitors (SSRIs) possess anti-
depressive and anxiolytic properties, their underlying
neuropharmacological mechanism of action is still not
understood (for discussion, see De Vry 1996). Owing
to their 5-HT reuptake-inhibiting e¤ects, SSRIs
increase synaptic levels of 5-HT (e.g., Bel and Artigas
1993; Kreiss and Lucki 1995), leading to increased acti-
vation of a variety of 5-HT receptor subtypes. However,
it is not yet known which 5-HT receptor subtypes medi-
ate the therapeutic e¤ects of SSRIs and whether
di¤erent 5-HT receptor subtypes are involved in their
antidepressive and anxiolytic e¤ects. In addition to
their well characterized e¤ects on 5-HT reuptake, some
SSRIs inhibit the reuptake of other neurotransmitters,
such as dopamine and noradrenaline (e.g., Gobert
et al. 1996; Stanford 1996), and it is unclear whether
these properties contribute to the therapeutic e¦cacy
of SSRIs.

The recent availability of 5-HT receptor agonists and
antagonists with a high degree of selectivity for par-
ticular 5-HT receptor subtypes has made it possible to
characterize the 5-HT receptor subtypes involved in the
e¤ects of SSRIs in animal models of depression and
anxiety (e.g., De Vry et al. 1995; Sanchez and Meier
1997, for review, see De Vry 1996). Thus, it has been
suggested that the 5-HT1A receptor subtype is critically
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involved in the antidepressive properties of SSRIs
(Detke et al. 1995; De Vry 1996), although a con-
tributing role of other 5-HT receptor subtypes cannot
be excluded.

The exact role of 5-HT receptor subtypes in the anx-
iolytic e¤ects of SSRIs is also unclear (Murphy and
Pigott 1990). The results of preclinical studies suggest
that stimulation of 5-HT1A, 5-HT1B/1D and 5-HT2A/2C
receptors results in anxiolysis. Thus, in the adult rat
ultrasonic vocalization (USV) test of conditioned anx-
iety, the 5-HT1A receptor agonists, 8-OH-DPAT [(±)-
8-hydroxy-2-(di-n-propylamino)tetralin], ipsapirone
and buspirone, the 5-HT1B/1D receptor agonist,
TFMPP [1-(3-trißuoromethylphenyl)piperazine], and
the 5-HT2A/2C receptor agonist, DOI [1-(2,
5-dimethoxy-4-iodophenyl)-2-aminopropane], were
found to reduce USV, whereas the 5-HT3 receptor ago-
nist, mCPBG (m-chlorophenylbiguanadine), was inac-
tive. Selective blockade of 5-HT receptors with either
the 5-HT1A receptor antagonist, WAY-100635, the 5-
HT2A/2C receptor antagonist, ritanserin, the 5-HT3
receptor antagonists, ondansetron and ICS 205-930, 
or the 5-HT4 receptor antagonist, SB 204070, did not
a¤ect USV (Winslow and Insel 1991a,b; De Vry et al.
1993,1995; Sanchez 1993; Molewijk et al. 1995; Maurel
Remy et al. 1996; Schreiber et al. 1996). Although such
studies may indicate that particular 5-HT receptor sub-
types are possibly involved in the mechanism of action
of SSRIs, they do not provide direct evidence for such
a role. The very few studies that have used a more direct
approach, which assessed whether the anxiolytic e¤ect
of a SSRI is a¤ected by co-treatment with a 5-HT recep-
tor subtype-selective compound (either agonist or
antagonist), have produced less consistent results. Thus,
antagonism as well as potentiation of the anxiolytic
e¤ects of SSRIs following treatment with 5-HT1A
receptor antagonists has been reported, and ritanserin
was found not to antagonize the e¤ects of an SSRI
(Njung�e and Handley 1991; Ichimaru et al. 1995;
McNicoll et al. 1995). However, it should be realized
that these studies generally used 5-HT receptor antag-
onists with a limited degree of selectivity. A detailed,
comparative evaluation of the role of 5-HT receptors
in the anxiolytic e¤ects of SSRIs, using a broad range
of selective 5-HT receptor ligands has not been
reported.

In this study, we evaluated the contribution of par-
ticular 5-HT receptor subtypes to the anxiolytic actions
of SSRIs in a more systematic manner. We chose the
USV test of conditioned anxiety because it reliably
detects the anxiolytic properties of a variety of SSRIs,
including ßuoxetine, paroxetine, sertraline, ßuvoxamine
and citalopram (Winslow and Insel 1991a; however, see
also Bartoszyk et al. 1997; De Vry et al. 1993; Molewijk
et al. 1995; Sanchez and Meier 1997). We performed
antagonism experiments to determine the role of par-
ticular 5-HT receptor subtypes in the e¤ects of an SSRI,
by combining antagonists selective for particular 5-HT

receptor subtypes with a Þxed dose of paroxetine. The
antagonists used were the 5-HT1A receptor antagonist,
WAY-100635 (Fletcher et al. 1996), the 5-HT1B/1D
receptor antagonist, GR 127935 (Skingle et al. 1993),
the 5-HT2A receptor antagonists, ritanserin, ketanserin
and MDL 100,907 (Sorensen et al. 1993; Marwood
1994; Kehne et al. 1996), the 5-HT3 receptor antago-
nist, ondansetron, and the 5-HT4 receptor antagonist,
GR 125487D (Gale et al. 1994). The doses of the antag-
onists were selected as being those doses that blocked
the anxiolytic e¤ects induced by an agonist selective for
that receptor. Finally, in order to evaluate whether com-
bined activation of particular 5-HT receptor subtypes
underlies the anxiolytic e¤ects of an SSRI, we com-
pared the e¤ectiveness of combined treatment with the
5-HT1A receptor antagonist, WAY-100635, and GR
127935, ritanserin, ondansetron, or GR 125487D with
the e¤ectiveness of either treatment administered alone.

Materials and methods

Animals

Male Wistar rats (Harlan-Winkelmann, Borchen, Germany), weigh-
ing 180�200 g at the beginning of the experiment, were housed in
groups of four in standard Makrolon cages (45 × 30 × 30 cm) with
free access to food and water. Animals were kept under a 12-h light-
dark cycle (lights on from 7:00 a.m.). Temperature and humidity
were held constant at 21 ± 1°C and 60 ± 5%, respectively. All exper-
iments were carried out in conformity with the ethical rules of the
German Law on the Protection of Animals.

Materials and procedures

The details of the anxiety test have been described previously (De
Vry et al. 1993). In short, experiments were performed in standard,
sound-proof chambers (Coulbourn Instruments, Lehigh Valley)
equipped with an electriÞable grid and a microphone for the regis-
tration of USV in the range of 17�29 kHz (threshold level at 
35 dB). On day 1 of the experiment, naive rats were put into 
operant chambers and during a 23 min session they received 20
inescapable footshocks (0.6 mA scrambled shocks of 2 s duration
each). Daily training sessions continued until day 4. On days 5 and
6, rats were tested in a separate, sound-proof chamber. A test ses-
sion started with a series of Þve shocks and immediately thereafter
the total duration of USV was measured for 5 min. Animals emit-
ting at least 150 s of USV during both sessions were selected for
further experiments. Before each test, animals were randomly allo-
cated to one of four groups (n = 8�10 per group), receiving either
vehicle or drug(s). As USV responding remained stable for at least
3 months, rats were repeatedly tested, with wash-out periods of at
least 48 h.

Drugs

All compounds were dissolved in vehicle (0.9% NaCl); if necessary,
acetic acid (2 N) was added and the pH was adjusted with sodium
hydroxide (2 N). The following drugs were tested: (±)-8-OH-DPAT
[(±)-8-hydroxy-2-(di-n-propylamino)tetralin], DOI [1-(2, 5-dimethoxy-
4-iodophenyl)-2-aminopropane], mCPP-2HCl (m-chlorophenylpiper-
azine), mCPBG (m-chlorophenylbiguanadine), ketanserin and
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TFMPP [1-(3-trißuorometylphenyl)piperazine), (RBI, Natick,
Mass, USA); WAY-100635, ondansetron, GR 127935 and MDL
100,907 (synthesized by the Bayer Chemistry Department,
Wuppertal, Germany); paroxetine and SB 200,646 (SmithKline
Beecham Pharmaceuticals, Welwyn, UK), citalopram-HBr
(Lundbeck, Copenhagen, Denmark), GR 125487D (Glaxo
Wellcome, Stevenage, UK), ritanserin (Janssen Pharmaceutica,
Beerse, Belgium), ßuvoxamine-maleate (Solvay-Duphar, Weesp,
The Netherlands), and ßuoxetine-HCl (Sigma, St Louis, Mo., USA).
Drugs were given intraperitoneally (IP) or subcutaneously (SC) in
a volume of 1 ml/kg body weight. Orally (PO) administered drugs
were given in a volume of 10 ml/kg. In the dose-response studies,
all SSRIs were injected 60 min before testing. In antagonism stud-
ies, the SSRI or 5-HT agonist was injected 60 min before testing
and the antagonist (or combination of antagonists) was injected
30 min before testing.

Statistics

Results are expressed as the duration of USV (in seconds). Means
and SEMs were calculated for all groups. ED50 values and 95%
conÞdence limits were calculated after log-probit transformation of
the percent inhibition of USV (as compared to vehicle control) and
calculation of the best Þt regression line. A one-way ANOVA was
used to analyse the dose-response data and a two-way ANOVA
[factors Agonist (either 5-HT receptor agonist or SSRI), Antagonist
and Interaction] was used to analyse the data obtained from antag-
onism studies. Following ANOVA, a Tukey post-hoc analysis was
performed. Antagonism was considered to be complete if (1) the
di¤erence between agonist × antagonist- and agonist × vehicle-
treated groups was statistically signiÞcant, (2) the di¤erence between
agonist × antagonist � and vehicle x vehicle-treated groups was not
statistically signiÞcant, and (3) the mean values (in seconds) for
USV indicated that the levels of USV were virtually identical
between the agonist × antagonist � and the vehicle × vehicle-treated
groups. If the Þrst two criteria only were fulÞlled, antagonist treat-
ment was considered only to attenuate the agonist-induced reduc-
tion of USV.

Results

E¤ects of SSRIs upon USV (Fig. 1)

A dose-dependent reduction of USV was obtained with
paroxetine [F(3,71) = 11.80, P < 0.001, ED50 (95%
conÞdence limits in mg/kg, IP) : 6.9 (2.3�20.3)], citalo-
pram [F(3,35) = 9.03, P < 0.001, ED50: 6.5 (2.8�14.7)],
ßuvoxamine [F(4,43) = 13.00, P < 0.001, ED50: 11.7
(2.7�50.9)] and ßuoxetine [F(2,29) = 7.99, P < 0.01,
ED50: not computable; Fig. 1]. Whereas paroxetine
caused a marked decrease in USV, ßuoxetine had only
a weak e¤ect at a dose of 30 mg/kg. Paroxetine
(3.0 mg/kg) was therefore selected for further antago-
nism testing.

Single antagonist treatment (Figs. 2 and 3, Table 1)

Doses of the 5-HT1A receptor agonist, 8-OH-DPAT,
the 5-HT1B/1D receptor agonist, TFMPP, the 5-
HT2A/2C receptor agonist, DOI, and the 5-HT2C recep-
tor agonist, mCPP, which induced an approximately

50% reduction of USV (as compared with vehicle treat-
ment) were selected from previous studies (De Vry
et al. 1993). The appropriate dose of the antagonist
was selected by testing whether the respective antago-
nist was able to block the e¤ects of the selected ago-
nist. Thus, the following combinations were tested:
WAY-100635 versus 8-OH-DPAT (5-HT1A receptor),
GR 127935 versus TFMPP (5-HT1B/1D receptor) and
ritanserin, ketanserin and MDL 100,907 versus DOI
(5-HT2A receptor). This approach could not be applied
for the 5-HT3 receptor antagonist, ondansetron, and
the 5-HT4 receptor antagonist, GR 125487D, because
the 5-HT3 receptor agonist, mCPBG, failed to reduce
USV (maximal e¤ect : +12% at 30 mg/kg, IP, data not
shown) and a selective 5-HT4 receptor agonist is not
currently available. As a consequence, in the studies
aimed at antagonizing the e¤ects of paroxetine, high
doses of ondansetron and GR 125487D were used to
obtain full blockade of 5-HT3 and 5-HT4 receptors,
respectively.

WAY-100635 completely antagonized the 8-OH-
DPAT-induced reduction of USV (Fig. 2, upper panel).
ANOVA revealed a signiÞcant e¤ect for AGONIST
[F(1,33) = 10.49, P < 0.01], Antagonist [F(1,33) =
25.94, P < 0.001] and Interaction [F(1,33) = 8.30,
P < 0.01]. Post-hoc analysis showed a signiÞcant di¤er-
ence between the 8-OH-DPAT × vehicle-treated group,
and the vehicle × vehicle- and 8-OH-DPAT × WAY-
100635-treated groups. A lower dose of WAY-100635
(0.3 mg/kg, IP) was not e¤ective against the 8-OH-
DPAT-induced reduction of USV (data not shown).
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Fig. 1 E¤ects of the selective serotonin reuptake inhibitors, parox-
etine, citalopram, ßuvoxamine and ßuoxetine, on shock-induced
ultrasonic vocalization (USV) in young adult rats. n = 8�10 per
dose, all drugs injected 60 min before testing. *P < 0.05 as com-
pared to vehicle × vehicle treatment. d Paroxetine, j citalopram,
m ßuvoxamine, r ßuoxetine



GR 127935 (30 mg/kg, IP) tended to attenuate the
anxiolytic e¤ect of TFMPP (5 mg/kg, IP), but the e¤ect
failed to reach statistical signiÞcance (vehicle × vehicle :
150 ± 17 s, TFMPP × vehicle : 21 ± 10 s, vehicle × GR
127935: 157 ± 13 s, and TFMPP × GR 127935: 86 ±
23 s; Agonist [F(1,34) = 35.78, P < 0.001]; Antagonist
[F(1, 34) = 4.64, P < 0.05]; Interaction [F(1, 34) =
2.96, P = 0.09]). Post-hoc analysis revealed a signiÞ-
cant di¤erence between the TFMPP × vehicle-treated
group and both the vehicle × vehicle-treated group
and the TFMPP × GR 127935 � treated group. 
The vehicle × vehicle-treated group and the TFMPP ×
GR 127935 � treated group were also signiÞcantly
di¤erent.

The USV-reducing e¤ects of the 5-HT2C receptor
agonist, mCPP (2.0 mg/kg, IP), were not a¤ected by
the 5-HT2C receptor antagonist, SB 200,646 (20 mg/kg,
PO; vehicle × vehicle : 158 ± 10 s, mCPP × vehicle :
91 ± 24 s, vehicle × SB 200,646: 149 ± 19 s, and mCPP
× SB 200,646: 67 ± 26 s). ANOVA revealed only a
signiÞcant e¤ect for the main factor AGONIST
[F(1,31) = 14.92, P < 0.01]. In view of the inactivity of
SB 200,646 against mCPP, SB 200,646 was not tested
further against paroxetine.

The 5-HT2A receptor antagonists, ritanserin and
MDL 100,907, abolished the USV reducing actions of
DOI. For ritanserin, a signiÞcant e¤ect for Agonist
[F(1,55) = 20.26, P < 0.001], Antagonist [F(1, 55) =
5.11, P < 0.05] and Interaction [F(1,55) = 13.54, P <
0.001] was obtained (Fig. 2, middle panel). Post-hoc
analysis showed a signiÞcant di¤erence between the
DOI × vehicle-treated group and the vehicle × vehicle-
and DOI × ritanserin-treated groups. A signiÞcant
e¤ect for Agonist [F(1,36) = 16.72, P < 0.001],
Antagonist [F(1, 36) = 5.63, P < 0.05] and Interaction
[F(1,36) = 5.77, P < 0.05] was also obtained for MDL
100,907 (Fig. 2, lower panel). Post-hoc analysis again
showed a signiÞcant di¤erence between the DOI × vehi-
cle-treated group and the vehicle × vehicle- and
DOI × MDL 100,907 -treated groups. Lower doses of
ritanserin (1.0 mg/kg, IP) and MDL 100,907
(0.01 mg/kg, IP) were not e¤ective against the DOI-
induced reduction in USV (data not shown). For
ketanserin (1.0 mg/kg, IP; vehicle × vehicle : 119 ±
15 s, DOI × vehicle : 55 ± 17 s, vehicle × ketanserin:
146 ± 6.9 s, and DOI × ketanserin: 107 ± 14 s) signiÞ-
cant e¤ects were obtained for Agonist [F(1,35) = 13.45,
P < 0.001] and Antagonist [F(1,35) = 7.94, P < 0.01].
Although the interaction between both main factors
failed to reach signiÞcance, comparison of the magni-
tude of the USV reducing e¤ects of treatment with 
DOI alone (% reduction of USV as compared to
vehicle × vehicle-treatment: 54%) and DOI × ketan-
serin (10%) showed that ketanserin attenuated the
e¤ects of DOI.

In the next series of experiments, we tested whether
5-HT receptor antagonists were able to block the anx-
iolytic e¤ects of paroxetine (3.0 mg/kg, IP). The

5-HT1A receptor antagonist, WAY-100635, failed to
block the actions of paroxetine [Agonist: F(1,32) =
23.63, P < 0.001]. When the 5-HT1B/1D receptor antag-
onist, GR 127935, was tested against paroxetine, a
signiÞcant e¤ect was only obtained for the factor
Agonist [F(1,32) = 14.40, P < 0.001], suggesting that
GR 127935 did not block the actions of paroxetine
(Table 1).

Ritanserin did not antagonize the paroxetine-
induced reduction of USV. A signiÞcant e¤ect was only
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Fig. 2 Antagonism of the anxiolytic e¤ects of selective 5-HT recep-
tor agonists (t-60 min) by selective 5-HT receptor antagonists (t-
30 min) in the shock-induced ultrasonic vocalization (USV) test in
young adult rats. Upper panel : Antagonism of the USV-reducing
e¤ect of the 5-HT1A receptor agonist, 8-OH-DPAT, by the 5-HT1A
receptor antagonist, WAY-100635. Middle panel : Antagonism of
the USV-reducing e¤ect of the 5-HT2A/2C receptor agonist, DOI,
by the 5-HT2A/2C receptor antagonist, ritanserin. Lower panel:
Antagonism of the USV-reducing e¤ect of the 5-HT2A/2C receptor
agonist, DOI, by the 5-HT2A receptor antagonist, MDL 100,907.
n = 7�15 per group. *P < 0.05 as compared to vehicle × vehicle
treatment



obtained for the factor Agonist [F(1,32) = 21.21,
P < 0.001, Table 2]. Ketanserin (1.0 mg/kg, IP) was
also inactive against paroxetine (vehicle × vehicle :
164 ± 13 s, paroxetine × vehicle : 108 ± 26 s, vehicle ×
ketanserin : 135 ± 17 s and paroxetine × ketanserin:
85 ± 20 s). ANOVA again revealed only a signiÞcant
e¤ect for the factor Agonist [F(1,28) = 8.32, P < 0.01].
When tested alone, higher doses of ketanserin
signiÞcantly decreased USV (3.0 mg/kg, IP, data not
shown).

In contrast to the negative Þndings for the non-
selective 5-HT2A receptor antagonists, ritanserin and
ketanserin, the selective 5-HT2A receptor antagonist,
MDL 100,907, completely blocked the USV reducing
activity of paroxetine [Agonist: F(1,36) = 9.14,
P < 0.01; Antagonist: F(1,36) = 8.06, P < 0.01, and
Intraction: F(1, 36) = 4.89, P < 0.05]. Post-hoc analy-
sis revealed signiÞcant di¤erences between the paroxe-
tine × vehicle-treated group and both the vehicle x
vehicle- and paroxetine × MDL 100,907-treated groups
(Fig. 3, higher panel).

Although the 5-HT3 receptor antagonist,
ondansetron, tended to partially antagonize the parox-
etine-induced reduction of USV, this e¤ect failed to
reach statistical signiÞcance and only a main e¤ect for
the factor Agonist [F(1,35) = 8.22, P < 0.01] was
obtained. Likewise, the 5-HT4 receptor antagonist, GR
125487D, did not antagonize the e¤ects of paroxetine
[Agonist: F(1,33) = 34.39, P < 0.001, Table 1].
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Table 1 E¤ects of 5-HT1A, 5-HT1B/1D, 5-HT2A/2C, 5-HT3 and 5-HT4
receptor antagonists on the anxiolytic activity of paroxetine in the
shock-induced ultrasonic vocalization test in rats

Antagonist SSRI

Vehicle Paroxetine
(Dose in mg/kg, IP) mean ± SEM (s) mean ± SEM (s)

Vehicle 182 ± 9 129 ± 16
WAY-100635 (3.0) 193 ± 11 120 ± 13

Vehicle 179 ± 15 144 ± 12
GR 127935 (30) 195 ± 8 141 ± 13

Vehicle 173 ± 14 112 ± 15
Ritanserin (3.0) 187 ± 13 103 ± 19

Vehicle 168 ± 10 114 ± 18
Ondansetron (0.1) 161 ± 12 139 ± 15

Vehicle 168 ± 10 94 ± 20
GR 125487D (3.0)a 173 ± 10 86 ± 15

a SC injection. Paroxetine was tested at a dose of 3.0 mg/kg, IP,
t-60 min. Antagonists were administered 30 min before testing

Table 2 E¤ects of combined treatment with the selective 5-HT1A
receptor antagonist, WAY-100635, and the 5-HT1B/1D receptor
antagonist, GR 127935, the 5-HT3 receptor antagonist, ondan-
setron, or the 5-HT4 receptor antagonist, GR 125487D, on the anx-
iolytic e¤ects of paroxetine on shock-induced ultrasonic
vocalization in rats

Antagonist combination SSRI

Vehicle Paroxetine
(Dose in mg/kg, IP) mean ± SEM (s) mean ± SEM (s)

Vehicle 151 ± 10 85 ± 22
WAY-100635 (1.0) + 213 ± 5 46 ± 22

GR 127935 (30)

Vehicle 172 ± 11 107 ± 18
WAY-100635 (1.0) + 194 ± 5 124 ± 25

ondansetron (0.1)

Vehicle 171 ± 11 78 ± 15
WAY-100635 (1.0) + 168 ± 12 128 ± 22

GR 125487D (3.0)a

a SC injection. Paroxetine was tested at a dose of 3.0 mg/kg, IP, 
t-60 min. Antagonists were administered 30 min before testing

Fig. 3 E¤ects of (combined) treatment with di¤erent 5-HT recep-
tor antagonists (t-30 min) on the anxiolytic e¤ects of paroxetine 
(t-60 min) in the shock-induced ultrasonic vocalization (USV) test
in young adult rats. Upper panel : Antagonism of the USV-reduc-
ing e¤ect of paroxetine by the 5-HT2A receptor antagonist, MDL
100,907. Lower panel : E¤ects of combined treatment with the 5-
HT1A receptor antagonist, WAY-100635, and the mixed 5-HT2A/2C
receptor antagonist, ritanserin, on the USV-reducing e¤ect of
paroxetine. n = 8�10 per group. *P < 0.05 as compared to vehi-
cle × vehicle treatment



Combined antagonist treatment (Fig. 3, Table 2)

In the Þnal series of experiments, we tested whether
combined treatment with WAY-100635 and either GR
127935, ritanserin, ondansetron, or GR 125487D
resulted in a more pronounced blockade of the parox-
etine-induced reduction of USV than treatment with
either antagonist alone. Combined treatment with
WAY-100635 and GR 127935 did not a¤ect the actions
of paroxetine. A signiÞcant e¤ect was obtained for
the factors Agonist [F(1,34) = 55.15, P < 0.001]
and Interaction [F(1,34) = 10.38, P < 0.01]. Post-hoc
analysis showed a signiÞcant di¤erence between the
paroxetine × vehicle-, paroxetine × WAY-100635/GR
127935- and vehicle × WAY-100635/GR 127935-treated
groups, as compared with the vehicle × vehicle-treated
control group.

For the combination WAY-100635 and ritanserin, a
signiÞcant e¤ect was obtained for the factors Agonist
[F(1,36) = 43.16, P < 0.001] and Antagonist
[F(1,36) = 8.26, P < 0.01], whereas Interaction was
almost signiÞcant [F(1,36) = 3.39, P = 0.07; Fig. 3,
lower panel]. Post-hoc analysis showed a signiÞcant
di¤erence between the paroxetine × vehicle-treated
group, and both the paroxetine × WAY-100635/
ritanserin- and vehicle × vehicle-treated groups.
However, although combined treatment with WAY-
100635 and ritanserin signiÞcantly attenuated the
e¤ects of paroxetine, the blockade was not complete.

Combination of WAY-100635 with the 5-HT3 recep-
tor antagonist, ondansetron, or the 5-HT4 receptor
antagonist, GR 125487D, did not block the USV-
reducing e¤ects of paroxetine. ANOVA revealed a
signiÞcant e¤ect for the factor Agonist [F(1,34) =
17.00, P < 0.001 and F(1,33) = 19.75, P < 0.001, for
ondansetron and GR 125487D, respectively].

Discussion

In the present study, the SSRIs, paroxetine, citalopram,
ßuvoxamine and ßuoxetine dose dependently reduced
USV, the order of potency being similar to that found
in other USV experiments with adult rats or rat pups
(Mos and Olivier 1989; Winslow and Insel 1991a;
Sanchez 1993; Sanchez and Meier 1997). Moreover, as
this order of potency correlates with the inhibitory
e¤ect of these compounds on 5-HT reuptake in vitro
(Stanford 1996 and references therein; Thomas et al.
1987), it appears that the anxiolytic activity of these
SSRIs, as assessed in the USV test, is predominantly
mediated by inhibition of 5-HT reuptake. In the rat
elevated plus-maze, however, the anxiolytic e¤ects of
the SSRIs, ßuoxetine, paroxetine, ßuvoxamine and ser-
traline, could not be directly correlated with their inhi-
bition of 5-HT reuptake in vitro or in vivo (Jackson
et al. 1994). This discrepancy may involve the di¤erent

proÞle of ßuvoxamine in the elevated plus-maze and
the USV test. Fluvoxamine was more potent in the ele-
vated plus-maze than in the USV test and did not
inhibit 5-HT reuptake at doses a¤ecting open arm
entries.

Di¤erent classes of 5-HT1A receptor agonists show
robust anxiolytic e¤ects in a variety of USV paradigms
(e.g., Winslow and Insel 1991b; De Vry et al. 1993;
Sanchez 1993; Molewijk et al. 1995). Thus it can be
postulated that indirect activation of 5-HT1A receptors,
as a result of an increased availability of 5-HT, may
contribute to the USV-reducing activity of SSRIs.
However, the 5-HT1A receptor antagonist, WAY-
100635 (Fletcher et al. 1996), did not block the parox-
etine-induced reduction of USV in rats at doses e¤ective
against the 5-HT1A receptor agonist, 8-OH-DPAT, as
assessed under similar experimental conditions (this
study; Maurel Remy et al. 1996; Bartoszyk et al. 1997).
This Þnding suggests that 5-HT1A receptors may not
be critically involved in the USV-reducing e¤ects of
paroxetine. Interestingly, WAY-100635 attenuates the
antidepressant-like e¤ects of ßuoxetine in the rat forced
swimming test, suggesting that, in contrast to the anx-
iolytic e¤ects, the antidepressive e¤ects of SSRIs require
stimulation of 5-HT1A receptors (De Vry 1996). In a
further series of experiments, the ability of combined
blockade of 5-HT1A receptors and either 5-HT1B/1D,
5-HT2A/2C, 5-HT3 or 5-HT4 receptors to attenuate
more e¤ectively the anxiolytic e¤ects of paroxetine than
selective blockade of either receptor subtype alone was
tested. A marked attenuation of the e¤ects of paroxe-
tine was induced only by combined treatment with
WAY-100635 and the mixed 5-HT2A/2C receptor antag-
onist, ritanserin. This Þnding suggests that simultane-
ous stimulation of 5-HT1A and 5-HT2A and/or 5-HT2C
receptors contributes to the USV-reducing activity of
paroxetine. Therefore, we tested the possibility that
combined treatment with 5-HT1A and 5-HT2A/2C
receptor agonists would result in a more pronounced
anxiolytic e¤ect as compared to single treatment with
either agonist. However, preliminary data do not sup-
port this hypothesis, because USV was reduced to a
similar extent by simultaneous injection of 8-OH-
DPAT and DOI (3.0 and 0.3 mg/kg, IP, respectively)
and single injection of either drug alone (data not
shown).

By analogy to the e¤ects of 5-HT1A receptor ago-
nists in the USV test, the fact that 5-HT1B/1D receptor
agonists such as TFMPP reduce USV in both adult
rats (Mos and Olivier 1989; De Vry et al. 1993) and
mice (Nastiti et al. 1991) suggests that 5-HT1B/1D recep-
tors could contribute to the USV-reducing activity of
paroxetine. In the present study, the 5-HT1B/1D recep-
tor antagonist, GR 127935 (Skingle et al. 1993), failed
to modify the e¤ects of paroxetine. However, it cannot
be concluded that 5-HT1B/1D receptors are not criti-
cally involved in the anxiolytic e¤ects of paroxetine
because the reversal of the USV reducing e¤ects of
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TFMPP by GR 127935 was incomplete. Indeed, at the
(high) dose of GR 127935 tested, its partial agonist
activity at 5-HT1B/1D receptors may have confounded
a full blockade of the e¤ects of TFMPP. Furthermore,
TFMPP is a equipotent agonist at 5-HT1B/1D and 5-
HT2A/2C receptors (Schoe¤ter and Hoyer 1989). The
reduction of USV found with the 5-HT2A/2C receptor
agonist, DOI, suggests that agonist activity at
5-HT2A/2C receptors may contribute to the actions of
TFMPP under the present conditions. The role of the
latter mechanisms can be evaluated by testing GR
127935 against more potent and selective 5-HT1B/1D
receptor agonists.

Combined injection of WAY-100635 and GR 127935
increased USV, suggesting that simultaneous blockade
of 5-HT1A and 5-HT1B/1D receptors induces an anx-
iogenic e¤ect. This appears paradoxical, because antag-
onism of presynaptic 5-HT1A and 5-HT1B/1D receptors
has been shown to increase brain 5-HT levels (Millan
et al. 1997), and this augmentation of serotonergic
neurotransmission is thought to underlie the anxiolytic
e¤ects of SSRIs. However, the di¤erence between the
two treatments is the presumed additional blockade of
postsynaptic 5-HT1A and 5-HT1B/1D receptors by the
combined injection of the antagonists. Therefore, a pos-
sible, but highly speculative, explanation for this para-
doxical Þnding may involve particular interactions of
postsynaptic 5-HT receptors in the control of anxiety.
Thus activation of an as yet unidentiÞed 5-HT recep-
tor subtype induces an anxiogenic e¤ect which may be
counteracted by activation of postsynaptic 5-HT1A and
5-HT1B/1D receptors. However, if 5-HT levels are
increased in the presence of a blockade of postsynap-
tic 5-HT1A and 5-HT1B/1D receptors, the counteract-
ing e¤ect produced by the latter receptors would be
suppressed, and activation of the putative �anxiogenic�
5-HT receptor(s) would lead to an increase in USV.
Further testing of this hypothesis may lead to
identiÞcation of the putative �anxiogenic� 5-HT recep-
tor(s) and to the development of new anxiolytics act-
ing as antagonists at this (these) receptor(s).

We tested whether the USV-reducing activity of
SSRIs is due to increased activation of 5-HT2A recep-
tors by carrying out antagonism experiments with the
mixed 5-HT2A/2C receptor antagonist, ritanserin, the
mixed 5-HT2A/a1 adrenergic receptor antagonist,
ketanserin (Marwood 1994), and the selective 5-HT2A
receptor antagonist, MDL 100,907 (Sorensen et al.
1993). Although these antagonists blocked the USV
reducing e¤ects of the mixed 5-HT2A/2C receptor
agonist, DOI, only MDL 100,907 abolished the parox-
etine-induced reduction of USV. As ritanserin,
ketanserin, and MDL 100,907 all possess potent
5-HT2A receptor antagonist activity in vivo (Schreiber
et al. 1994, 1995; Kehne et al. 1996), we have no expla-
nation why only MDL 100,907 was e¤ective against
paroxetine in the present paradigm. It is possible that
the non-selective nature of ketanserin and ritanserin

masks their 5-HT2A receptor antagonist activity when
tested against paroxetine. For example, ritanserin, but
not MDL 100,907, has marked antagonist activity at
5-HT2C receptors (e.g., Kehne et al. 1996), and a poten-
tial involvement of 5-HT2C receptors in the behavioural
e¤ects of SSRIs is suggested by the functional down-
regulation of both 5-HT2A and 5-HT2C receptors upon
repeated administration of paroxetine in rats (Kennett
et al. 1994b; Bijak et al. 1996). However, the existence
and functional relevance of such a putative interaction
between 5-HT2A and 5-HT2C receptors in the anxiolytic
e¤ects of paroxetine in the USV test remains to be
demonstrated. Interestingly, we failed to block the USV
reducing e¤ects of the 5-HT2C receptor agonist, mCPP,
with the 5-HT2C receptor antagonist, SB 200,646
(Kennett et al. 1994a). However, SB 200,646 and mCPP
may be of limited value as pharmacological tools for
studying 5-HT2C receptors because the a¦nity of SB
200,646 for 5-HT2C receptors is relatively low and the
5-HT2C/5-HT2A selectivity ratio of SB 200,646 is less
than 2 orders of magnitude (Kennett et al. 1994a).
mCPP, in contrast, has a¦nity for 5-HT2A and 5-
HT1B/1D receptors, and the activity of mCPP at the
latter receptors may underlie its anxiolytic-like e¤ects,
as assessed in a conßict test in rats (Chojnacka-Wojcik
and Klodzinska 1992). Notwithstanding the need for
further characterization of the precise role of 5-HT2C
receptors in the anxiolytic e¤ects of SSRIs and mCPP,
our results with MDL 100,907 strongly suggest that
activation of 5-HT2A receptors is critically involved in
the anxiolytic activity of paroxetine.

In line with the apparent insensitivity of the USV
paradigm towards 5-HT3 receptor ligands (De Vry
et al. 1993; Sanchez 1993; Molewijk et al. 1995), we
found that the 5-HT3 receptor antagonist, ondansetron,
did not abolish the anxiety-reducing e¤ects of paroxe-
tine. Similarly, the 5-HT4 receptor antagonist, GR
125487D, was inactive against paroxetine. Although we
used high doses of ondansetron and GR 125487D that
were presumably adequate to block 5-HT3 and 5-HT4
receptors in vivo, respectively, we could not verify their
antagonist e¦cacy in our experimental paradigm
because the 5-HT3 receptor agonist, mCPBG, was inac-
tive (see also: Molewijk et al. 1995) and no selective
agonists for the 5-HT4 receptor were available.
Nevertheless, it appears that 5-HT3 and 5-HT4 recep-
tors are not critically involved in the anxiolytic e¤ects
of paroxetine.

To conclude, our results suggest that 5-HT2A recep-
tors are predominantly involved in the anxiety reduc-
ing e¤ects of paroxetine in the rat USV test. Although
the precise role of 5-HT1B/1D, 5-HT2C, 5-HT3, and
5-HT4 receptors remains to be elucidated, we postu-
lated that the latter receptor subtypes are not critically
involved in the USV reducing e¤ects of SSRIs.
Although it also seems unlikely that the 5-HT1A recep-
tor is of critical importance, our results suggest that
simultaneous activation of 5-HT1A and 5-HT2A and/or
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5-HT2C receptors contributes to the anxiolytic e¦cacy
of SSRIs. Since 5-HT2A receptors are probably not crit-
ically involved in the antidepressive e¤ects of SSRIs, as
assessed in the rat forced swimming test (De Vry 1996
and unpublished data), di¤erent 5-HT receptor sub-
types are probably involved in the antidepressive and
anxiolytic e¤ects of SSRIs. However, as full expression
of the clinical e¦cacy of SSRIs requires at least 3�4
weeks of treatment, experiments with a repeated treat-
ment regimen, as well as other SSRIs, should be per-
formed before deÞnite conclusions can be drawn about
the role of 5-HT receptor subtypes in the therapeutic
e¤ects of SSRIs.
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