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1 This study compared the e�ects of ¯ibanserin, a novel 5-HT1A agonist/5-HT2A antagonist;
diazepam, a traditional anxiolytic; and imipramine, a traditional antidepressant, on separation-
induced ultrasonic vocalizations (USVs), locomotor behaviour, negative geotaxis and body
temperature of 7 ± 8-day-old rat pups.

2 Flibanserin (5, 10, 25 and 50 mg kg71 s.c.) reduced USVs but had no e�ects on locomotor
behaviour or negative geotaxis. Lower doses of ¯ibanserin (0.5, 1, 2 and 4 mg kg71 s.c.) had no
e�ect on any behaviour. Diazepam (0.25, 0.5, 1 and 2 mg kg71 s.c.) not only reduced the USVs but
also increased rolling and increased the latency of the negative geotaxic response. Imipramine (10,
15, 20 and 30 mg kg71 s.c.) reduced USVs, increased total locomotor activity and rolling but had no
e�ect on negative geotaxis. None of the drugs altered body temperature.

3 Our data showed that ¯ibanserin is as e�ective in reducing the USVs as diazepam and
imipramine but has a lower incidence of motor side e�ects. This suggests that ¯ibanserin might be
e�ective for the treatment of mood disturbances such as anxiety.
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Introduction

Anxiety often occurs with depression and is treated with
anxiolytics, antidepressants, or both (Casacalenda & Boulen-
ger, 1998; Stahl 1999). The most common anxiolytics,

benzodiazepines (BZs), act via central GABAA/benzodiazepine
receptors. Although BZs produce a fast relief of anxiety, they
possess unwanted side e�ects such as sedation, muscle
relaxation, synergism with alcohol, and development of

tolerance and dependence (Woods et al., 1987; 1995).
Buspirone is a clinically available non-benzodiazepine anxio-
lytic that exerts its action via 5-HT1A receptors (Glennon 1990;

Goa & Ward, 1986). Although buspirone lacks the side e�ects
of the benzodiazepines, its clinical use is limited because of its
slow onset of action, i.e., treatment for several weeks is

necessary to reach the therapeutic e�ect (Feighner & Boyer,
1989; Rickels 1990). Similarly, traditional antidepressants that
block re-uptake of serotonin either speci®cally (SSRIs) or non-

speci®cally (tricyclic antidepressants) have a slow onset of
action and, therefore, their use for fast relief of anxiety is
restricted (Schreiber et al., 1998).

The side e�ects of benzodiazepines and the slow onset of

action of clinically available serotonergic therapeutics have
stimulated the search for new anxiolytics that are fast acting
and free from the unwanted side e�ects of traditional

benzodiazepines (Kunovac & Stahl, 1995; Mosconi et al.,
1993). The search for such drugs has focused on serotonin
receptor subtypes. Both 5-HT1A agonist and 5-HT2A antago-

nist drugs possess anxiolytic properties in clinical studies
(Gardner 1988; Taylor 1990) although they sometimes fail to
produce an anxiolytic e�ect in animal models of anxiety (Cole

& Rodgers, 1994; Griebel et al., 1997a; Wada & Fukuda,
1991). Drugs that act as both 5-HT1A agonists and 5-HT2A

antagonists, however, have been shown to produce potent

anxiolytic-like e�ects in animal models of anxiety (Albinsson et
al., 1994; Kunovac & Stahl, 1995). Flibanserin (BIMT-17) is a
novel drug that acts as a 5-HT1A agonist and a 5-HT2A

antagonist in the frontal cortex (Borsini et al., 1998). It has
been shown to have antidepressant properties in animal
models such as the forced swimming test, learned helplessness
paradigm, mild chronic stress test and in the test of ambulation

following olfactory bulbectomy (Borsini et al., 1997; Cesana et
al., 1995; D'Aquila et al., 1997). Flibanserin has a faster onset
of action than the classic antidepressants, as its e�ect is

achieved after a single administration (Borsini et al., 1997;
1998; D'Aquila et al., 1997). Given its unique pharmacological
actions on 5-HT1A and 5-HT2A receptors and its fast onset of

action, it has been hypothesized that ¯ibanserin might also
possess anxiolytic properties. This hypothesis is supported by
the ®ndings of Borsini et al. (1999) who found that ¯ibanserin

has anxiolytic e�ects in the light/dark transition box and
stress-induced hyperthermia models of anxiety.

The isolation-induced ultrasonic vocalizations (USVs) in
infant rodents that are evoked by transient separation from

mother and littermates, provide a model for testing the
anxiolytic properties of novel psychotropic drugs (Gardner,
1985). Ultrasonic vocalizations are decreased after acute

treatment with anxiolytics such as diazepam and chlordiazep-
oxide (Nastiti et al., 1991) and buspirone (Kramer et al., 1998)
as well as with antidepressants such as ¯uvoxamine,

imipramine or clomipramine (Kramer et al., 1998; Olivier et
al., 1994; 1998; Winslow & Insel, 1990). Moreover, the side
e�ect pro®le of putative therapeutic agents can be obtained

during tests for USVs by concomitant recording of locomotor
behaviours, geotaxic response and neuromuscular re¯exes.

The present study examined the e�ects of ¯ibanserin on the
emission of ultrasonic vocalizations, locomotor activity,

negative geotaxic response and body temperature in 7 ± 8-day-
old rat pups. To test our hypothesis that ¯ibanserin might have*Author for correspondence; E-mail: podhorna@is.dal.ca

British Journal of Pharmacology (2000) 130, 739 ± 746 ã 2000 Macmillan Publishers Ltd All rights reserved 0007 ± 1188/00 $15.00

www.nature.com/bjp



anxiolytic properties, its e�ects were compared to those of a
traditional benzodiazepine anxiolytic, diazepam. Since previous
studies with ¯ibanserin have shown that it acts as an

antidepressant (Borsini et al., 1997; 1998; Cesana et al., 1995),
we also compared the e�ects of ¯ibanserin with those of a
traditional antidepressant, imipramine. Because there are
individual di�erences in the frequency of ultrasonic vocaliza-

tions emitted by rat pups during baseline tests (Podhorna &
Brown, 1999; Winslow et al., 1990), some investigators pre-test
pups and then exclude non-vocalizing pups from their

experiment (Podhorna & Brown, 1999; Vivian et al., 1997;
Winslow et al., 1990). We, however, decided to use all pups in
order to determine whether the pups that vocalize at high or low

rates in the pre-test have a di�erent reactivity to pharmacolo-
gical treatments. Thus, we pre-tested pups and divided them into
high- and low-vocalizing groups based on the results of this

screening test. High-vocalizing (HV) pups were those that
emitted 20 or more ultrasonic calls during the 1-min screening
period while low-vocalizing (LV) pups emitted 19 or fewer calls.

Methods

The welfare of the animals as well as the procedure used in this
study were under approval of the Dalhousie University Animal
Care Committee protocol number 98-054.

Subjects

The o�spring of mated pairs of Long-Evans hooded rats
originally purchased from Charles River, Canada (St.
Constant, Quebec) and bred in the Psychology Department,
Dalhousie University were used as subjects. The adults were

housed in standard Plexiglas cages (23645625 cm) in a
vivarium with constant room temperature (22+18C). They
were kept under a reversed 12 : 12 light : dark cycle with lights

on from 2100 h to 0900 h 2 weeks prior to mating and
throughout the experiment. Pairs of rats were mated for 10
days and then the male was removed. Purina rat chow and

water were available ad libitum.
Following birth, each litter was housed with its mother in a

Plexiglas cage with wood shavings for bedding and shredded
paper for nesting material. Bedding material was not changed

from the time of birth until the day after the testing. Litters
were culled to 10 pups on day 4 (parturition as day 0) and 28
litters were used for the experiment. All pups were tested once

during the dark phase of the light : dark cycle when they were
7 ± 8 days of age. The mean+s.e.mean weight of pups, when
tested, was 16.71+0.13 g.

Apparatus

Testing for ultrasonic vocalizations and locomotor behaviour
took place in a Plexiglas chamber (26615612 cm) with lines
at the bottom that divided the ¯oor into eight rectangles
(6.567.5 cm). To facilitate emission of ultrasonic vocaliza-

tions by rat pups, the room temperature was lowered to
20+18C (Okon 1970; Olivier et al., 1998). Ultrasonic
vocalizations were recorded via an ultrasonic microphone

connected to an SM2 bat detector (Ultrasound Advice, U.K.).
The broadband output of the bat detector was fed into a
custom-built four-channel digitizer based on that designed by

Harrison & Holman (1978). This digitizer contained four
variable band pass ®lters that were set to 28, 36, 44 and
52 kHz. When input was detected at one of these frequencies,
the digitizer produced a pulse for the duration of the signal.

The output of the digitizer was connected via a terminal panel
and interface card (Strawberry Tree, Sunnyvale, CA, U.S.A.)
to a Macintosh 2cx computer on which a custom program

written using the Strawberry Tree Workbench Mac software
(McGregor, 1996) recorded the occurrence of each ultrasonic
vocalization on a minute-by-minute basis.

Procedure

The procedure was similar to that used by Dastur et al. (1999).

On the experimental day, pups were transported together with
their mother in their home cages to the experimental room and
left undisturbed for at least 15 min. Each pup was then

weighed, marked with a nontoxic permanent marker and
individually placed into the test chamber where its ultrasonic
vocalizations were recorded for a 1-min baseline screening

period. After all pups from one litter were screened, they were
assigned to a treatment, using a split-litter design (one to two
pups per litter for each treatment group). Pups were then taken
individually from the home cage and their basal temperature

(pre-treatment temperature) was measured. This was done by
placing a thermocouple, connected to a Physitemp Model B
Thermometer, in the left armpit and keeping it there until the

temperature on the digital display stabilized. Each pup was
then injected with the vehicle or one of the drug doses. After
injections, pups were returned to their home cages with their

mother and littermates for 30 min.
After the 30 min post-injection interval, pups were removed

from their home cage and their temperature was measured a

second time (post-treatment temperature). Pups were then
individually placed in the centre of the test chamber for 3 min
and the number of ultrasonic vocalizations emitted was
automatically recorded. Locomotor behaviours were recorded

by an observer sitting quietly in the testing room. The
behaviours scored were the number of lines crossed (de®ned
as any traversing of a line by a half of the pup's body), rearing

(climbing walls of the chamber with front paws on the wall),
head raising (raising the head from the horizontal position to
an angle of 308), and rolling (each time a pup rolled onto its

back with all four paws up). The total activity score was
calculated as the sum of line crossing, rearing and head raising.
The frequency of rolling in the 3-min test was used as a
measure of ataxia.

At the end of the 3-min test, each pup was removed from
the test chamber and tested for the negative geotaxic response.
This was done by placing the pup head-down on a wire-mesh

covered Plexiglas inclined plane (308 angle). The median
latency to turn around in a head-up (+108) position obtained
from ®ve consecutive trials was taken as a measure of the

geotaxic response. Pups were tested for a maximum of 60 s and
those which failed to show the negative geotaxic response or
who fell o� of the inclined plane were given this maximum

score.

Drugs

Flibanserin (BIMT-17; a gift of Boehringer Ingelheim, Milano,
Italy) was dissolved in a solution of 1 N HCl (2.5%), propylene
glycol (50%) and distilled water (47.5%). Diazepam (Ho�-

mann-LaRoche, VALIUM 10 Roche, 5 mg kg71) was dis-
solved in a solution of propylene glycol and distilled water
(1 : 1). Imipramine (Sigma) was dissolved in saline. All drugs

were injected subcutaneously in a volume of 2 ml kg71 30 min
prior to testing. Control groups were treated with the vehicle
for the appropriate drug. Each experimental group consisted
of 13 ± 15 pups.
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The study was done in four experiments. In experiment 1,
¯ibanserin (5, 10, 25 and 50 mg kg71) was tested at three doses
that were previously found to be e�ective in antidepressant

tests (Borsini et al., 1997; D'Aquila et al., 1997), and one high
dose (50 mg kg71) to examine the side e�ect pro®le. A dose of
64 mg kg71 results in serotonergic syndrome (Borsini et al.,
1998). Since this wide range of doses produced almost identical

e�ects on behavioural measures, experiment 2 examined e�ects
of lower doses of ¯ibanserin (0.5, 1, 2 and 4 mg kg71).
Diazepam (0.25, 0.5, 1 and 2 mg kg71) was studied in

experiment 3 and imipramine (10, 15, 20 and 30 mg kg71) in
experiment 4.

Data analysis

Data sets that met the criterion for homogeneity of variance

were analysed using one-way ANOVA, and non-homogenous
data were transformed using the square root transformation
before analysis. Data that still did not meet the criteria for
parametric statistics were analysed using a non-parametric

Kruskal-Wallis (H) test. Post-hoc comparisons between
vehicle- and drug-treated groups were carried out using
parametric or non-parametric versions of Bonferroni's test

(Glantz, 1992). Changes in body temperature for each drug
dose were analysed using a paired t-test.

For each experiment, data from all subjects were ®rst

analysed and then the data were separated into two groups
based on the number of vocalizations of each pup in the 1-min
screening test. Pups that emitted 20 or more ultrasonic calls

during the screening period were classi®ed as `high-vocalizing'
(HV)while pups emitting 19 or fewer calls were classi®ed as `low-
vocalizing' (LV). Data from each of these two sub-groups of
pupswas analysedusing the statisticalmethods described above.

Results

Screening responding

From a total of 273 pups tested in the 1-min-screening period,
159 were classi®ed as high-vocalizing while the other 114 pups
were classi®ed as low-vocalizing. The mean+s.e.mean number

of ultrasonic vocalizations emitted during the screening period
by all pups was 43.50+2.60, by high-vocalizing pups was
68.20+3.18 and by low-vocalizing pups was 8.03+0.55.

Vehicle treated rat pups emitted a mean of 56.45
ultrasounds during the 1-min screening period and a mean of
169.8 ultrasounds during the 3-min test period. There was no
signi®cant di�erence between the ultrasonic vocalization from

the screening period (multiplied by 3) and the ultrasonic
vocalization from the test period in vehicle treated rat pups
(P=0.51; Wilcoxon test).

Experiment 1

Flibanserin At the doses used in this experiment (5, 10, 25 and
50 mg kg71), ¯ibanserin had no e�ect on body temperature
(Table 1A). Flibanserin suppressed the number of ultrasonic

vocalizations (H(4)=20.56, P50.001; Figure 1A) without
a�ecting total activity (F(4, 62)=1.23, NS) or latency to show
the geotaxic response (F(4, 62)=1.71, NS; Figure 1A). There
was no e�ect of ¯ibanserin on the frequency of rolling

(H(4)=0.32, NS; Table 2A).
Thee�ectsof¯ibanserinonthebehaviouralmeasureswere the

sameinbothhigh-vocalizing(HV)andlow-vocalizing(LV)pups.

Thus, ¯ibanserin at doses of 5, 10, 25 and 50 mg kg71 decreased
ultrasonic vocalizations in both HV (F(4, 27)=12.376,
P50.0001; Figure 1B) and LV rat pups (H(4)=11.53, P50.01;

Figure1C)buthadnoe�ectontotal locomotoractivity (HV:F(4,
27)=0.41,NS;LV:F(4, 29)=1.08,NS) or on the latency to show
thenegativegeotaxic response (HV:F(4, 27)=1.53,NS;LV:F(4,

29)=1.39,NS) ineithergroupofpups (Figure1B,C).Flibanserin
had no signi®cant e�ect on the frequency of rolling (HV:
H(4)=0.97, NS; LV: H(4)=2.36, NS; Table 2A).

Experiment 2

Lower doses of ¯ibanserin Over all pups, the lower doses of

¯ibanserin (0.5, 1, 2 and 4 mg kg71) had no signi®cant e�ect
on body temperature (Table 1B), ultrasonic vocalizations
(Htransformation: F(4, 63)=2.27, P=0.07; Figure 2A), total

activity (F(4, 63)=0.49, NS; Figure 2A), the latency to show
the geotaxic response (F(4, 63)=0.88, NS; Figure 2A) or the
frequency of rolling (H(4)=0.53, NS; Table 2B).

Table 1 Pre- and post-treatment body temperature (mean 8C+s.e.mean) of rat pups following vehicle (V) or drug treatment

Drug Dose (mg kg71) n
Pre-treatment

temperature (8C)
Post-treatment
temperature (8C)

(A) Flibanserin (intermediate ± high doses) V
5
10
25
50

13
13
14
13
14

35.10+0.21
35.44+0.16
35.59+0.14
35.56+0.18
35.37+0.18

35.26+0.28
35.37+0.16
35.50+0.20
35.40+0.13
35.29+0.13

(B) Flibanserin (lower doses) V
0.5
1
2
4

14
13
14
14
13

36.04+0.11
35.88+0.11
35.70+0.16
35.80+0.16
35.95+0.12

35.83+0.11
35.92+0.15
35.96+0.08
35.79+0.15
35.75+0.14

(C) Diazepam V
0.25
0.5
1
2

13
14
15
13
13

35.59+0.15
35.54+0.13
35.88+0.15
35.85+0.23
35.65+0.19

35.91+0.14
35.89+0.18
35.87+0.23
35.92+0.22
35.34+0.30

(D) Imipramine V
10
15
20
30

14
14
14
13
13

35.39+0.14
35.57+0.17
35.45+0.17
35.32+0.22
35.43+0.17

35.48+0.10
35.71+0.09
35.44+0.12
35.37+0.17
35.53+0.08
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In HV pups, one-way ANOVA revealed a signi®cant e�ect
of ¯ibanserin on the number of ultrasonic vocalizations (F(4,
41)=4.44, P50.01; Figure 2B). However, post-hoc compar-

isons (Bonferroni) showed that the signi®cant di�erence was
found between the 1, 2 and 4 mg kg71 versus 0.5 mg kg71 but
not versus the vehicle treated group (Figure 1B). There was no
e�ect of ¯ibanserin on ultrasonic vocalization in LV rat pups.

The doses of ¯ibanserin used in this experiment had no e�ect
on total activity levels or the latency to show the geotaxic
response in HV or LV pups (Figure 2B,C), nor did ¯ibanserin

a�ect the frequency of rolling (Table 2B).

Experiment 3

Diazepam There was no e�ect of diazepam (0.25, 0.5, 1 and
2 mg kg71) on body temperature in rat pups (Table 1C).

Diazepam produced a dose-dependent decrease in the number
of ultrasonic vocalizations (H(4)=33.92, P50.0001; Figure
3A) but had no signi®cant e�ect on total activity (F(4,
63)=0.38, NS; Figure 3A). Diazepam did, however, increase

the latency to show the geotaxic response and this e�ect was
evident at the lowest dose (0.25 mg kg71) in all pups
(H(4)=33.9, P50.0001, Figure 3A). When individual loco-

motor behaviours were examined, diazepam had no signi®cant
e�ect on the frequency of line crossing (H(4)=6.14, NS) or
rearing (H(4)=0.83, NS) but decreased the frequency of head

raising (H(4)=17.78, P50.0001). The three highest doses of
diazepam also signi®cantly increased the frequency of rolling
(H(4)=45.61, P50.0001; Table 2C).

In high-vocalizing (HV) rat pups, diazepam produced a
dose-dependent decrease of USVs (H(4)=32.43, P50.0001;
Figure 3B), prolonged latency to show the geotaxic response
(H(4)=24.9, P50.0001, Figure 3B), and an increased

frequency of rolling (H(4)=29.25, P50.0001, Table 2C), with
no change in total activity (F(4, 39)=1.72, NS; Figure 3B). In
LV pups, diazepam also reduced the number of USVs emitted

(F(4, 19)=5.06, P50.01; Figure 3C) and increased the latency
of the geotaxic response (F(4, 19)=7.38, P50.001; Figure 3C)
without altering total activity of pups (F(4, 19)=1.11, NS;

Figure 3C). The frequency of rolling was also increased by the
two highest doses of diazepam in LV pups (F(4, 19)=11.48,
P50.0001; Table 2C).

Figure 1 Mean+s.e.mean number of ultrasonic vocalizations
(USVs), total activity score (Activity) and the latency to show the
geotaxic response in seconds (Geotaxis) in (A) all pups, (B) high-
vocalizing pups and (C) low-vocalizing pups 30 min following
¯ibanserin injections (5, 10, 25 and 50 mg kg71). The number of
animals (n) in each group is shown in Table 2A. *P50.05 in
comparison with vehicle-treated group (V).

Table 2 Mean+s.e.mean frequency of rolling following drug treatment in rat pups

Drug
Dose

(mg kg71)
All pups

(n)
High-vocalizing

pups (n)
Low-vocalizing

pups (n)

(A) Flibanserin (intermediate ± high doses) V
5
10
25
50

0.46+0.18 (13)
0.46+0.22 (13)
0.64+0.27 (14)
0.62+0.27 (13)
0.57+0.20 (14)

0.67+0.33 (6)
0.83+0.40 (6)
0.86+0.46 (7)
0.33+0.21 (6)
0.57+0.30 (7)

0.29+0.18 (7)
0.14+0.14 (7)
0.43+0.30 (7)
0.86+0.46 (7)
0.57+0.30 (7)

(B) Flibanserin (lower doses) V
0.5
1
2
4

0.43+0.25 (14)
0.46+0.18 (13)
0.86+0.47 (14)
0.36+0.20 (14)
0.77+0.50 (13)

0.60+0.34 (10)
0.56+0.24 (9)
1.0+0.71 (9)
0.22+0.22 (9)
0.44+0.34 (9)

0.0+0.00 (4)
0.25+0.25 (4)
0.60+0.40 (5)
0.60+0.40 (5)
1.50+1.50 (4)

(C) Diazepam V
0.25
0.5
1
2

0.38+0.18 (13)
1.07+0.32 (14)
3.33+0.57* (15)
6.46+0.76* (13)
7.62+0.99* (13)

0.50+0.27 (8)
0.78+0.28 (9)
3.67+0.75 (9)
7.22+0.98* (9)
7.00+1.17* (9)

0.20+0.20 (5)
1.60+0.75 (5)
2.83+0.91 (6)
4.75+0.48* (4)
9.00+1.91* (4)

(D) Imipramine V
10
15
20
30

0.21+0.11 (15)
0.50+0.25 (14)
1.57+0.57 (14)
3.00+0.47* (13)
2.92+0.94* (13)

0.25+0.16 (8)
0.75+0.41 (8)
1.25+0.86 (8)
3.00+0.68* (6)
1.71+0.57 (7)

0.14+0.14 (7)
0.17+0.17 (6)
2.00+0.73 (6)
3.00+0.69* (7)
4.33+1.84* (6)

Numbers in brackets indicate n for the particular group. *P50.05 versus vehicle-treated group (V)
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Experiment 4

Imipramine Imipramine had no e�ect on body temperature at
any dose used (Table 1D). Imipramine decreased the number
of USVs emitted (H(4)=20.4, P50.001; Figure 4A) but

increased the frequency of locomotor activity (F(4,
63)=4.63, P50.01; Figure 4A) without a�ecting the latency
to show the geotaxic response (F(4, 63)=0.68, NS; Figure 4A).
In particular, imipramine increased the frequency of line

crossing (F(4, 63)=4.41, P50.01). At the two highest doses,
imipramine also increased the frequency of rolling
(H(4)=21.46, P50.0001, Table 2D).

In high-vocalizing (HV) pups, imipramine reduced the
number of USVs (F(4, 32)=6.44, P50.001; Figure 4B)
without a�ecting the latency to show the geotaxic response

(F(4, 32)=0.82, NS; Figure 4B). Although imipramine
increased activity levels in HV pups, this e�ect did not reach
signi®cance (F(4, 32)=2.29, NS; Figure 4B). Imipramine
(20 mg kg71) increased the frequency of rolling (F(4,

32)=3.05, P50.05; Table 2D) in HV pups. In low-vocalizing
(LV) pups, imipramine decreased the number of USVs (F(4,
27)=5.26, P50.01; Figure 4C), and increased total activity

(H(4)=10.6, P50.05; Figure 4C) with no signi®cant e�ect on

the latency to show the geotaxic response (F(4, 26)=0.32, NS;
Figure 4C). The frequency of rolling was also increased in LV

pups at the two highest doses of imipramine (H(4)=16.1,
P50.01; Table 2D).

Discussion

Psychotropic drugs that alleviate symptoms of anxiety and

depression in humans suppress the emission of separation-
induced ultrasonic vocalizations in rodent pups (Gardner
1985; Kramer et al., 1998; Olivier et al., 1998; Winslow & Insel,

1991). Concomitant recording of locomotor behaviour, the
latency to show the geotaxic response and changes in body
temperature provides information on the side e�ects of

psychotropic drugs tested in this model. Our results show that
intermediate to high doses of the novel 5-HT1A agonist/5-HT2A

antagonist, ¯ibanserin, reduced ultrasonic vocalizations in rat
pups and that this e�ect was not due to changes in body

temperature, and did not result in concomitant changes in
activity or ataxia. The e�ect of ¯ibanserin on the USVs was
comparable to that of the clinically used anxiolytic, diazepam,

and the antidepressant, imipramine. While diazepam and

Figure 2 Mean+s.e.mean number of ultrasonic vocalizations
(USVs), total activity score (Activity) and the latency to show the
geotaxic response in seconds (Geotaxis) in (A) all pups, (B) high-
vocalizing pups and (C) low-vocalizing pups 30 min following
¯ibanserin injections (0.5, 1, 2 and 4 mg kg71). The number of
animals (n) in each group is shown in Table 2B. {P50.05 in
comparison with lowest dose of ¯ibanserin (0.5 mg kg71).

Figure 3 Mean+s.e.mean number of ultrasonic vocalizations
(USVs), total activity score (Activity) and the latency to show the
geotaxic response in seconds (Geotaxis) in (A) all pups, (B) high-
vocalizing pups and (C) low-vocalizing pups 30 min following
diazepam injections (0.25, 0.5, 1 and 2 mg kg71). The number of
animals (n) in each group is shown in Table 2C. *P50.05 in
comparison with vehicle-treated group (V).
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imipramine both produced motor impairment, ¯ibanserin
showed no apparent sedative, muscle relaxant or ataxic e�ects

at any dose.
Flibanserin reduced ultrasonic vocalizations in an `all-or-

none' way, presumably due to its action as a mixed 5-HT1A

agonist/5-HT2A antagonist (Borsini et al., 1998). Both 5-HT1A

agonists, such as buspirone, gepirone and ipsapirone, and 5-
HT2 antagonists, such as ritanserin, show anxiolytic e�ects in
clinical studies (Gardner, 1988; Taylor, 1990) but produce

inconsistent e�ects in animal models of anxiety. For example,
the 5-HT1A agonist buspirone showed anxiolytic-like e�ects in
the T-maze (Grae� et al., 1998) and in the operant con¯ict

paradigm (Kleven & Koek, 1996) but not in the elevated plus-
maze (Cole & Rodgers, 1994; Wada & Fukuda, 1991). The 5-
HT2 antagonists show either a weak anxiolytic e�ect in the

elevated plus maze (Griebel et al., 1997b), are ine�ective in the
light/dark transition box and the Vogel punished drinking
paradigm (Griebel et al., 1997a) or even anxiogenic in the
infant rodent ultrasonic vocalization model of anxiety (Olivier

et al., 1998). The mixed 5-HT1A agonist/5-HT2A antagonist
FG5983 produced a potent anxiolytic-like e�ect in the
separation-induced ultrasonic vocalization model of anxiety

(Albinsson et al., 1994) which is in agreement with our results.

Although we cannot rule out the possibility that the anxiolytic
e�ect of mixed 5-HT1A agonists/5-HT2A antagonists is due to
the predominant e�ect on 5-HT1A receptors, we hypothesize

that the interaction between the two receptors plays a role in
this phenomenon. With regard to our hypothesis, it is
interesting that a low active dose of the 5-HT2 antagonist,
ritanserin, enhanced the anticon¯ict e�ects of the 5-HT1A

agonists, 8-OH-DPAT and buspirone in the operant con¯ict
paradigm (Kleven & Koek, 1996). Moreover, it has been
proposed that simultaneous targeting both 5-HT1A and 5-HT2A

receptors produces fast and robust anxiolytic e�ect (Kunovac
& Stahl, 1995).

The ®nding that diazepam dose-dependently decreased the

number of USVs in rat pups con®rmed previous ®ndings from
other studies using rat pups (Gardner, 1985; Klint &
Andersson, 1994; Vivian et al., 1997), guinea-pig pups (Kramer

et al., 1998) and mouse pups (Nastiti et al., 1991). Diazepam
also increased the latency to show the negative geotaxic
response and increased the frequency of rolling, demonstrating
its well-documented muscle relaxant and ataxic properties

(Gardner, 1985; Nastiti et al., 1991). We did not observe any
sedation caused by diazepam at the doses used in our
experiment, as spontaneous locomotion (line crossing) was

not signi®cantly decreased by up to 2 mg kg71 diazepam. Our
results are in agreement with those of Vivian et al. (1997) who
found that up to 3 mg kg71, diazepam had no e�ect on line

crossing in rat pups. None of the doses of diazepam tested in
our study altered armpit temperature of rat pups although
some authors have reported decreased rectal temperature in

rodent pups after diazepam treatment (Nastiti et al., 1991;
Vivian et al., 1997). The di�erent methods of measuring body
temperature may explain this discrepancy. We used armpit
temperature to eliminate the stress caused by measuring rectal

temperature (van der Heyden et al., 1997).
Imipramine (10 ± 30 mg kg71), the non-selective serotonin

and noradrenaline re-uptake inhibitor, reduced the number of

USVs in 7 ± 8-day-old rat pups. Olivier et al. (1998) found that
imipramine reduced USVs in 9 ± 11-day-old rat pups at low
doses (1 and 3 mg kg71) but not at a dose of 10 mg kg71,

which was the highest dose they used. Imipramine also
decreased ultrasonic calls in guinea-pig pups (Kramer et al.,
1998) and produced a trend toward decreased USVs in mouse
pups (Benton & Nastiti, 1988). In contrast to other studies

using adult rodents (de Angelis, 1996; Merlo Pich & Samanin,
1989; Mogensen et al., 1994), we found increased activity (line
crossing) in rat pups after treatment with imipramine. At

higher doses (20 and 30 mg kg71), imipramine produced
motor impairment as it increased the frequency of rolling,
although not as much as diazepam. In agreement with our

results, acute and chronic imipramine treatment has been
shown to produce motor impairment as it reduced rearing
behaviour in the open ®eld (de Angelis 1996; Mogensen et al.,

1994) and in the plus maze tests (Cole & Rodgers, 1995).
The variability between and within litters in the number of

USVs emitted by rodent pups is a well-known phenomenon
(Olivier et al., 1998; Vivian et al., 1997; Winslow et al., 1990).

Some researchers overcome this problem by screening for
USVs prior to experimental manipulations, and eliminate low-
vocalizing pups from their studies (Podhorna & Brown, 1999;

Vivian et al., 1997; Winslow et al., 1990). In our experiment,
we compared the e�ects of drugs on behavioural measures in
low- and high-vocalizing rat pups and found virtually no

di�erence in the e�ects of drugs on the USVs in LV and HV rat
pups. Dose-response curves for the number of USVs in LV and
HV pups did not di�er, although the mean number of USVs
emitted was higher in HV pups than in LV pups. In general,

Figure 4 Mean+s.e.mean number of ultrasonic vocalizations
(USVs), total activity score (Activity) and the latency to show the
geotaxic response in seconds (Geotaxis) in (A) all pups, (B) high-
vocalizing pups and (C) low-vocalizing pups 30 min following
imipramine injections (10, 15, 20 and 30 mg kg71). The number of
animals (n) in each group is shown in Table 2D. *P50.05 in
comparison with vehicle-treated group (V).
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the e�ects of drugs on locomotor behaviours and negative
geotaxis in LV and HV rat pups did not di�er, except for
imipramine which increased the frequency of line crossing in

LV pups but not in HV pups.
The e�ect of the 5-HT1A agonist/5-HT2A antagonist,

¯ibanserin, in the rat pup ultrasonic vocalization model of
anxiety supports the hypothesis that, in addition to its putative

antidepressant e�ects (Borsini et al., 1997; Cesana et al., 1995;
D'Aquila et al., 1997), ¯ibanserin might also have anxiolytic
e�ects. The anxiolytic e�ects of ¯ibanserin are not restricted to

the ultrasonic vocalization model as ¯ibanserin also produced
anxiolytic e�ects in the light/dark transition and stress-induced
hyperthermia models of anxiety (Borsini et al., 1999). Our

results con®rm the ®ndings of other investigators (Borsini et

al., 1997; 1998; 1999; Cesana et al., 1995) that ¯ibanserin is
e�ective within 30 min and has no severe locomotor side
e�ects at active doses. Since FG5983, another mixed 5-HT1A

agonist/5-HT2A antagonist, has also shown potent anxiolytic-
like e�ects in rats (Albinsson et al., 1994), it appears that drugs
with mixed 5-HT1A agonistic/5-HT2A antagonistic actions
might be e�ective for the treatment of anxiety disorders.

This research was supported by an NSERC of Canada research
grant to Richard E. Brown. We would like to thank Dr M. Turconi
(Boehringer Ingelheim, Italy) for the gift of ¯ibanserin and Lesley
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