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F15063, a compound with D,/D3 antagonist, 5-HT
agonist and D4 partial agonist properties: (II) Activity
in models of positive symptoms of schizophrenia

R Depoortére!, L Bardin®, AL Auclair!, MS Kleven'*, E Prinssen'®, F Colpaert?, B Vacher®
and A Newman-Tancredi!

Division of Neurobiology 2, Centre de Recherche Pierre Fabre, Castres, France; 2Research Management, Centre de Recherche Pierre
Fabre, Castres, France and *Medical Chemistry Division 1, Centre de Recherche Pierre Fabre, Castres, France

Background and purpose: F15063 is a high affinity D,/D3 antagonist, D4 partial agonist, and high efficacy 5-HT; agonist,
with little affinity (40-fold lower than for D, receptors) at other central targets. Here, the profile of F15063 was evaluated
in models of positive symptoms of schizophrenia and motor side-effects.

Experimental approach: Rodent behavioural tests were based on reversal of hyperactivity induced by psychostimulants and
on measures of induction of catalepsy and ‘serotonin syndrome’.

Key results: F15063 potently (EDses: 0.23 to 1.10 mg kg~ i.p.) reversed methylphenidate-induced stereotyped behaviors,
blocked d-amphetamine and ketamine hyperlocomotion, attenuated apomorphine-induced prepulse inhibition (PPI) deficits,
and was active in the conditioned avoidance test. In mice, it reversed apomorphine-induced climbing (EDsq = 0.30 mg kg™
i.p.). F15063, owing to its 5-HT; 5 agonism, did not produce (EDso > 40 mg kg~ i.p.) catalepsy in rats and mice, a behavior
predictive of occurrence of extra-pyramidal syndrome (EPS) in man. This absence of cataleptogenic activity was maintained
upon sub-chronic treatment of rats for 5 days at 40 mg kg~' p.o. Furthermore, F15063 did not induce the ‘serotonin
syndrome’ in rats (flat body posture and forepaw treading: EDsq >32 mg kg~ i.p.).

Conclusions and implications: F15063 conformed to the profile of an atypical antipsychotic, with potent actions in models of
hyperdopaminergic activity but without inducing catalepsy. These data suggest that F15063 may display potent antipsychotic
actions with low EPS liability. This profile is complemented by a favourable profile in rodent models of negative symptoms and
cognitive deficits of schizophrenia (companion paper).
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Abbreviations: CAR, conditioned avoidance response; CLP, crossed-legs position; EDs, effective dose for 50% response; EFR,
escape failure response; EPS, extrapyramidal syndrome; FPT, forepaw treading; FBP, flat body posture; i.p.,
intraperitoneal; LLR, lower lip retraction; MPD, methylphenidate; NP, no pulse; PA, pulse alone; PCP,
phencyclidine; p.o., per os; pp, prepulse; PPI, prepulse inhibition; ppP, prepulse-pulse; s.c., subcutaneous

Introduction

Schizophrenia is a disease with non-pathognomic symptoms,
characterized by a multitude of facets, most notably psychosis,
negative symptoms and cognitive deficits. Currently available
antipsychotics alleviate the positive symptoms of psychosis
and, to a more limited extent, also improve the negative signs
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(Tandon et al., 1993; Breier et al., 1994; Buchanan et al., 1998;
Rosenheck et al., 1999). This limited spectrum of efficacy is, in
turn, thought to hamper proper societal functioning of
patients and their re-insertion into society (Freedman, 2003;
Green et al., 2004). Beneficial effects on psychosis are
considered to result from blockade of dopamine D, receptors
(Kapur and Remington, 2001). Unfortunately, this blockade
also gives rise to troublesome motor side effects, clustered
under the name of extrapyramidal syndrome (EPS). Adding to
antagonism at dopamine D, receptors an additional property
that would minimize EPS and afford therapeutic activity
against negative symptoms and cognitive dysfunction would
thus constitute a definite advantage.
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There is ample evidence that agonist activity at the 5-HT; 4
receptor offers the possibility of controlling EPS associated
with blockade of dopamine D, receptors. 8-OH-DPAT, the
prototypical 5-HT;n receptor agonist, blocked catalepsy
produced by haloperidol (Broekkamp et al., 1988; Invernizzi
et al., 1988) and reduced dyskinesia in monkeys chronically
treated with dopamine D, receptor antagonists (Liebman
et al., 1989; Christoffersen and Meltzer, 1998). In the clinic,
buspirone and tandospirone, two partial agonists at the
5-HT 4 receptor, have been shown to decrease parkinsonian
signs or tardive dyskinesia in schizophrenic patients treated
with antipsychotics (Goff et al., 1991; Moss et al., 1993;
Yoshida et al., 1998).

Combining a 5-HT;a receptor agonist with dopamine D,
antagonist activity is anticipated to bring additional benefits:
5-HT; 4 receptor activation increases dopamine release in rat
prefrontal cortex (Rollema et al., 1997, 2000; Millan et al.,
1998; Sprouse et al., 1999; Ichikawa and Meltzer, 2000; Diaz-
Mataix et al., 2005), indicative of beneficial activity against
negative symptoms and cognitive disturbances of schizophre-
nia (Kapur and Remington, 1996). Also, it has been reported
that buspirone and tandospirone substantially ameliorate
cognitive performance in schizophrenic patients treated with
haloperidol (Sumiyoshi et al., 2000, 2001). Lastly, 5-HTja
receptor agonists exert antidepressant- and anxiolytic-like
properties (Blier and Ward, 2003; Celada et al., 2004), of
particular interest to schizophrenic patients, an appreciable
proportion of whom suffer from co-morbid anxiety and/or
depression (Buchanan et al., 2002). Thus, combined 5-HT;5
agonist and D, antagonist properties would be expected to
have a wider spectrum of activity than currently used
antipsychotics and, in particular, exhibit greater efficacy
against negative/cognitive symptoms with reduced EPS liabi-
lity (Millan, 2000; Bantick et al., 2001; Ichikawa et al., 2001).

These considerations have led to the hypothesis that a dual
dopamine D, antagonist/5-HT;, agonist could represent a
new therapeutic approach for the treatment of schizophrenia.
Indeed, several new third generation compounds in develop-
ment conform to this profile: bifeprunox (Feenstra et al.,
2001; Wolf, 2003), SSR181507 (Claustre et al., 2003; Depoor-
tere et al., 2003; Boulay et al., 2004; Terranova et al., 2005),
SLV313 (Feenstra et al., 2002; McCreary et al., 2002) and
sarizotan (now developed as an anti-dyskinetic: Bibbiani et al.,
2001; Rabiner et al., 2002; Bartoszyk et al., 2004).

In a companion paper (Newman-Tancredi et al., 2007, and
in abstract form: Newman-Tancredi et al., 2006), we have
reported on the binding and neurochemical profiles of
F15063 (N-[(2,2-dimethyl-2,3-dihydro-benzofuran-7-yloxy)
ethyl]-3-(cyclopent-1-enyl)-benzylamine; = mono-tartrate),
synthesized by the Medicinal Chemistry department of
Pierre Fabre Recherche (Vacher et al., 2002). This compound
presents a marked affinity for human dopamine Dy
(pK1:944), DZS (pK1:925), D3 (pK1:895) and D4
(pKi=8.81) receptors, and a somewhat lesser affinity for
5-HT;4 receptors (pK;=8.37). It presents low affinity at a
multitude of other receptors, including 5-HT,, and 5-HT,c,
op and o, adrenoceptors, muscarine M; and histamine H;
receptors. In functional in vitro tests, it behaves as an
antagonist at dopamine D, receptors (contrary to other
preferential D,/5-HT;, antipsychotics such as bifeprunox
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and SSR181507 that act as partial agonists at these receptors:
Bruins Slot et al., 2006; Cosi et al., 2006), and as a partial
agonist at D4 and agonist at 5-HT; A receptors.

The present set of experiments assessed the behavioural
profile of F15063 in tests considered to be predictive of
antipsychotic activity in mice (apomorphine-induced climb-
ing/sniffing behaviours) and in rats (methylphenidate
(MPD)-induced stereotypies, hyperlocomotion produced by
d-amphetamine or ketamine, active avoidance and deficit of
apomorphine-induced prepulse inhibition (PPI) of the startle
reflex). Finally, F15063 was evaluated in models predictive of
unwanted side effects, such as the catalepsy test in mice and
rats (predictive of occurrence of EPS in humans) and the
induction of the serotoninergic syndrome in rats. Compara-
tive data on a series of reference antipsychotics have been
presented elsewhere (Bardin et al., 2006a,b, and in press).
The behavioural profile of F15063 in tests indicative of
activity against negative symptoms and cognitive deficits
of schizophrenia, reflecting agonist activity at 5-HT;, and
dopamine D, receptors, is the subject of a separate paper
(Depoortere et al., 2007), but has been reported in an abstract
form (Depoortere et al., 2006).

Materials and methods

Animals

Male Sprague-Dawley rats and NMRI mice (180-200 and 20—
24 g at the start of the experiments) were supplied by Iffa-
Credo (Les Oncins, France). Animals were kept in tempera-
ture- and humidity-controlled rooms (21+1°C, relative
humidity: 55+5%) on a 12:12h light:dark cycle (lights on
at 0700 hours). Food (standard AO4 rodent chow; Animal
Food and Engineering, Epinay sur Orge, France) and filtered
water (0.22um pore diameter) were available ad libitum.
Animals were handled and cared for in accordance with the
Guide for the Care and Use of Laboratory Animals (National
Institutes of Health, Bethesda, ML, USA) and the European
Directive 86/609. In addition, the protocols were carried out
in compliance with French regulations and the local ethical
committee guidelines for animal research.

Apomorphine-induced climbing and sniffing behaviours in mice
A detailed description is given by Bardin et al. (2006a).
Briefly, mice were injected with F15063 or saline (intraper-
itoneal (i.p.) or per os (p.o.)), followed 45min later by
subcutaneous (s.c.) injection of apomorphine (2.5mgkg ')
or vehicle. They were then placed into cylindrical wire-mesh
cages and observed (55-65 min after the first injection) for
10s every minute for the presence or absence of climbing
(i.e., all four paws on the cage, above the floor). Mice were
injected and tested on a single occasion. Sniffing was scored
when the animal showed uninterrupted sniffing for at least
3s during these 10s sampling periods. Thus, the score for
climbing or sniffing could vary from O to 10 for the entire
observation period.

Data (climbing and sniffing scores) were analysed with a
one-way analysis of variance (ANOVA) with the treatment
dose as the between-subjects factor, followed by post hoc
comparisons with the control group using Bonferroni'’s tests.



MPD-induced behaviours in rats

A detailed description of these methods is given by Koek and
Colpaert (1993). Briefly, rats were treated twice, first with
F15063 or vehicle (i.p.), followed 30min later by MPD
(40mgkg™", i.p.) or saline. Observations were made during a
10min period starting 30min after the second injection.
Every minute, rats were observed sequentially during a 10s
period for the presence or absence of:

e locomotion (all four limbs moving);

e rearing (standing on hindlimbs, body fully extended);

¢ sniffing;

e gnawing (the cage or body);

e licking (the cage).

A behaviour was considered present if the animal showed
uninterrupted signs of it for at least 3.

This cycle of observation was repeated 10 times during this
10 min period; thus, the incidence of a particular behaviour
could vary from O to 10 for the entire observation period.
Data are expressed as the percentage of animals showing a
reduction of gnawing and normalization of behaviour (see
Koek and Colpaert, 1993 for in-depth definition of terms and
discussion of methodology). Effective dose for 50% response
(EDsp) values and their associated confidence limits were
calculated with the Litchfield and Wilcoxon probit analysis
procedure (Tallarida and Murray, 1987).

Conditioned avoidance response in rats

Rats were trained to avoid delivery of an electric foot-shock
(0.8mA, 33Hz) using a two-compartment shuttle box
apparatus (MED Associates, East Fairfield, VI, USA). During
training sessions, the rat was required to avoid the shocks
delivered through the grid floor of the compartment in
which it was present by moving to the other ‘safe’
compartment, in response to the illumination of a cue light
(conditioned stimulus). Training sessions consisted of 30
trials with an interval of 40 s between the start of each trial.
A trial began with the illumination of the cue light for a
maximum period of 10s. A conditioned avoidance response
(CAR) was recorded if the rat moved to the ‘safe’ compart-
ment during the illumination of the cue light, but before
shock delivery. If the animal did not move to the other
compartment during this period, an electric shock was
delivered to the floor of the compartment in which the
animal was present, for a maximal duration of 10s. In that
case, an avoidance failure was recorded: this parameter is not
reported, as it is the difference between the number of CARs
and the number of escape failure responses (EFRs; see below).
If the animal remained in the electrified compartment after
the end of this 10s period, an EFR was recorded. On a test
day, animals were injected with F15063 or vehicle (i.p.)
60 min before the start of the session.

Data (number of CARs and of EFRs) were analysed with a
one-way ANOVA with the treatment dose as the between-
subjects factor, followed by post hoc Bonferroni’s tests with
the vehicle-injected group as the control.

In order to investigate the modulatory influence of the
5-HT 4 receptor agonist component of F15063 on conditioned
avoidance, the 5-HT;, receptor antagonist WAY100,635
(0.63 mgkg™") or saline were administered s.c., 15 min before
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F15063, that is, 75min before the start of the experiment.
Data were analysed with a two-way ANOVA, with the
pretreatment (WAY100,635 or vehicle) and the dose of
F15063 as the between-subjects factor, followed by a
Newman-Keuls post hoc test.

d-Amphetamine or ketamine-induced locomotor activity in rats
Rats were treated twice, first with F15063 or vehicle (i.p.),
followed 45 min later by saline (for recording of spontaneous
locomotor activity), d-amphetamine (0.63mgkg™", s.c.) or
ketamine (40mgkg !, s.c.). After the second injection, the
home cage was placed in an automated animal activity
monitor (Multi-Varimex, Columbus Instruments, Columbus,
OH, USA) and infrared light beams interruptions were
counted for 1h (between 16 and 75 min).

Data (number of beam breaks) were analysed with a one-
way ANOVA with the treatment dose as the between-subjects
factor, followed by post hoc Bonferroni's tests for comparison
with the vehicle/saline vehicle/d-amphetamine or vehicle/
ketamine groups.

Deficit of PPI of the startle reflex induced by apomorphine in rats
A full description is given by Auclair et al. (2006a). Rats were
pre-tested in startle chambers (SR LAB, San Diego Instru-
ments, San Diego, CA, USA) 1h 45 min before the pharma-
cological challenge (test) session. This pre-test session was
used to accustom rats to the procedure. Three different trial
types were presented against a continuous 70 dB background
noise: no pulse (NP), 118 dB pulse (pulse alone; PA) and 78 dB
prepulse (pp) followed by a 118dB pulse (prepulse-pulse;
ppP). The PA duration was 40 ms, the pp duration 20 ms, and
the interval between the end of the pp and the onset of the
PA is 80 ms. Sessions started with a 5-min adaptation period
after which the animals were exposed to 10 PA (included to
induce habituation to startle, such that habituation during
the following PPI assessment would be minimized: these
trials were not used for data analysis). These 10 PA trials were
followed by 10 PA, 10 ppP and three NP trials presented in
a pseudo-random order. The interval between trials was
variable but with a median of 15s.

At the end of the pre-test session, animals were treated i.p.
with F15063 or its vehicle, and 45 min later with apomor-
phine (0.63mgkg™") or saline s.c. They were then 15min
later subjected to a test session, in all respect similar to the
pre-test session (vide supra).

For each test session, the median of the amplitude of the
startle responses for the last 10 PA trials and for the 10 ppP
was calculated. The percentage PPI was calculated as follows:

(median PA amplitude — median ppP amplitude)x 100
(median PA amplitude)

Data (percentage PPI) were analysed with a one-way ANOVA
with the treatment dose as the between-subjects factor,
followed by a Dunnett’s post hoc test for comparison with the
vehicle/apomorphine group.

Induction of catalepsy in rats
A detailed description is given by Kleven et al. (2005). Rats
were injected i.p. or p.o. with F15063 or vehicle 60min
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before measuring catalepsy, first in the crossed-legs position
(CLP) and immediately thereafter in the bar test. In the CLP
test, each hindlimb was placed over its ipsilateral forelimb
by the experimenter, and the time during which the animal
remained in this position was determined up to a maximum
of 30s. In the bar test, forelimbs were placed on a horizontal,
cylindrical metal bar, and the time during which both
forelimbs remained on the bar was determined up to a
maximum of 30s. Both tests were repeated 3 and 6 min later;
between each trial, the animal was returned to its home cage.

Involvement of the 5-HT;, receptor agonist component
of F15063 in catalepsy was assessed by pretreatment with
WAY100,635 (0.63mg kg’l, or saline as a control), adminis-
tered s.c., 15min before F15063, that is, 75min before
recording catalepsy. Data (mean time spent in catalepsy for
the three trials) were analysed with a two-way ANOVA, with
the pretretatment (WAY100,635 or vehicle) and the dose
of F15063 as the between-subjects factor, followed by a
Newman-Keuls post hoc test.

To assess if catalepsy develops following repeated admin-
istration, F15063 (40mgkg~') or saline were administered
p-o. daily for 4 consecutive days. On the 5th day, 60 min after
an acute challenge with the same dose of F15063, rats were
tested for catalepsy, first in the CLP test, and immedia-
tely thereafter in the bar test. A separate group of rats
received a pretreatment with either saline or WAY100,635
(0.63mgkg !, s.c.) 15 min before administration of the acute
challenge with F15063 on day 5. Data (mean time spent in
catalepsy for the three trials) were analysed with a two-way
ANOVA, with the chronic treatment (saline or F15063)
and the acute pretreatment (WAY100,635 or vehicle) as
the between-subjects factor, followed by a Newman-Keuls
post hoc test.

Induction of catalepsy in mice

A detailed description is given in Bardin ef al. (2006a). Mice
were injected with F15063 or saline (i.p.) 60min before
measurement of catalepsy. Forelimbs were placed on a
cylindrical metal bar and the time during which both
forelimbs remained on the bar was recorded up to a
maximum of 30s. The test was repeated three times (inter-
trial interval: 1 min). In order to investigate the effects of
5-HT; 5 receptors on catalepsy, WAY100,635 (2.5mgkg ') or
saline was administered s.c., 15 min before F15063, that is,
75 min before recording catalepsy. Data (mean time spent in
catalepsy for the three trials) were analysed with a two-way
ANOVA, with the pretreatment (WAY 100,635 or vehicle) and
the dose of F15063 as the between-subjects factor, followed
by a Newman-Keuls post hoc test.

Induction of the serotonin syndrome in rats

Rats were treated i.p. or p.o. with F15063 or its vehicle.
Behavioural observations were made at two time points,
from 10 to 20 min or from 55 to 65 min post-injection for i.p.
and p.o. administration, respectively. Four animals were
observed individually during each 10min period; the four
rats were observed in turn, every 15s with a period of 10s of
observation per animal. During each of these observation
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periods, the presence (1), or absence (0) of forepaw treading
(FPT) and lower lip retraction (LLR) was recorded. The
studied behaviour was considered present if the animal
showed uninterrupted signs for at least 3s. This cycle was
repeated 10 times during a 10min period; thus, the
incidence of a particular behaviour could vary from 0 to 10
for any observation period. Flat body posture (FBP) was
scored present (1) if it occurred during the entire observation
period, otherwise, the score was 0. Data are presented as the
percentage of rats presenting FPT, LLR and FBP.

Effects on plasma prolactin levels in rats

Plasma prolactin levels were assessed as described in detail by
Cosi et al. (2006). Briefly, rats were treated p.o. with F15063
or its vehicle 60 min before killing by decapitation. Prolactin
levels were assessed with a commercially available radio-
immunoassay kit (Rat Prolactin ['2°I] Biotrak Assay System
with Magnetic Separation, RPA553; Amersham Biosciences,
Little Chalfont, UK).

Statistical analyses

Results were analysed by ANOVA (one- or two-way) with
appropriate post hoc tests (Dunnett’s, Bonferroni or New-
man-Keuls). The details of the statistical treatment of each
data set are given at the end of the description of the
methods used to generate the data.

Drugs

F15063 ((N-[(2,2-dimethyl-2,3-dihydro-benzofuran-7-yloxy)
ethyl]-3-(cyclopent-1-enyl)-benzylamine; mono-tartrate) and
methylphenidate HCl were synthesized by Bernard Vacher/
Stephane Cuisat and Jean Louis Maurel, respectively (Medic-
inal Chemistry, Centre de Recherche Pierre Fabre, Castres,
France). Ketamine HCl and apomorphine were purchased
from Sigma RBI (St Quentin Fallavier, France) and
d-amphetamine HCI from Calaire Chimie (Calais, France).
d-Amphetamine, ketamine, methylphenidate and apomor-
phine were dissolved in distilled water and administered s.c.
or i.p. (methylphenidate) at a volume of 10mlkg~"'. F15063
was administered at a volume of 10mlkg ' in distilled
water + Tween 80 (0.1% v/v) for both routes of administra-
tion. Doses refer to the weight of the free base.

Results

Antagonism of apomorphine-induced climbing and sniffing in
mice

In a model considered to detect of antipsychotic activity,
using a direct dopaminergic receptor agonist, F15063
dose-dependently and significantly reduced both climbing
scores in mice injected with apomorphine (Figure 1), with
EDs values of 0.30 and 0.37mgkg ! i.p. for climbing and
sniffing, respectively.

Normalization of methylphenidate-induced behaviours in rats
Following i.p. administration, F15063 dose-dependently
(Figure 2a) increased the percentage of animals free from
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Figure 1 Antagonism by F15063 of climbing and sniffing beha-

viours induced by apomorphine in mice. Each symbol represents the
mean behavioural score (+s.e.m.) obtained during observation
periods (10s every min, from 55 to 65 min after F15063 adminis-
tration). Apomorphine (2.5mgkg™1 s.c.) was injected 45 min after
F15063. **P<0.01, compared with the vehicle/apomorphine group
(scores were 9.45+0.2 and 9.94+0.04 for climbing and sniffing,
respectively, n=84), Bonferroni’s post hoc tests following significant
one-way ANOVA (climbing (F(5,123)=139.6, P<0.0001)) and
sniffing (F(5,123) = 600.6, P<0.0001). N=7 mice per group.
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Figure 2 Antagonism by F15063 of stereotypies induced by
methylphenidate in rats after i.p. (a) or p.o. (b) administration.
Each symbol represents the percentage of rats showing a gnawing
score less than 9, or a complete normalization of stereotyped
behaviour induced by 40mgkg~" i.p. methylphenidate, adminis-
tered 30 min after F15063 or vehicle. For both panels, N=7 rats per

group.

gnawing (EDso: 0.24mgkg ') and presenting a complete
normalization of behaviours induced by the dopamine
releaser methylphenidate (EDsg: 1.10mgkg’1), a model
of antipsychotic activity using an indirect dopaminergic
receptor agonist.

F15063 was also found to be active via the p.o. route
(Figure 2b), with EDs, values of 0.93 and 2.5mgkg ' for
gnawing inhibition and normalization of behaviour, respec-
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Figure 3 Reduction by F15063 of two-way active avoidance
behaviour in rats. Each symbol represents the mean (+s.e.m.)
number of CARs (out of a maximum of 30) or EFRs. F15063 or
vehicle was administered 60 min before the start of the session.
**P<0.01, compared with the vehicle-treated group (mean repre-
sented by the upper dotted line) for CAR; **P<0.01, compared with
the vehicle-treated group (mean represented by the lower dotted
line) for EFR, Bonferroni’s post hoc tests following significant one-way
ANOVA (CAR (F(4,52)=90.8, P<0.0001); EFR (F(4,52)=25.2,
P<0.0001)). N=7 rats per group.

tively, yielding p.o./i.p. ratios of ~4 and ~2 for gnawing
and normalization of behaviour, respectively.

Antagonism of CAR in rats

In a classical model of antipsychotic-like activity, F15063
reduced the number of CARs in a dose-dependent and
significant manner, with a minimal effective dose
(MED)=0.63mgkg ' i.p. (Figure 3). Although the com-
pound also increased the number of EFRs, it did so less
potently (MED =2.5 mgkg'). This was further confirmed by
an almost threefold difference in the EDsq values for CARs
(0.33mgkg™!) and EFRs (0.96 mgkg ).

In a separate experiment, pretreatment with the 5-HTa
receptor antagonist WAY100,635 (0.63mgkg ') did not
influence the potency of F15063 to either decrease the
number of CARs or to augment the number of EFRs (Table 1).
This was confirmed by the statistical analysis, with a
significant F15063 dose factor but nonsignificant pretreat-
ment and interaction factors.

Reversal of locomotor hyperactivity induced by d-amphetamine
or ketamine in rats

F15063 was active in two models of rat hyperactivity induced
by psychotomimetic agents. First, animals injected with
d-amphetamine (0.63mgkg ! s.c.) showed a large increase
in the number of infrared beam breaks (105.4+6.0 versus
13.54+1.3 for vehicle/vehicle-treated rats, dotted lines in
Figure 4a). F15063 dose-dependently and significantly
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Table 1 The potency of F15063 in the conditioned avoidance response
model is not influenced by pretreatment with the 5-HT;o receptor
antagonist WAY100,635 (0.63mgkg ™" s.c.)

Pretreatment F15063 (mgkg™ ' i.p.) CAR EFR

Vehicle 0.63 14.6+3.1 53+3.3
1.25 3.3+2.6 14.1+3.5
2.50 1.3+1.1 16.6+3.5

WAY100,635 0.63 15.7+4.2 1.6+1.3
1.25 5.0+2.1 7.7+2.5
2.50 0.13+0.2 19.3+2.7

Abbreviations: ANOVA, analysis of variance; CAR, conditioned avoidance
response; EFR, escape failure response; s.c., subcutaneous.

Results shown are the means+s.e.m.

Significant ANOVA, dose of F15063 versus number of CARs, F(2,36)=12.5,
P<0.001, and versus EFRs, F(2,36)=16.6, P<0.001.
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Figure 4 Reversal by F15063 of hyperlocomotor activity induced
by d-amphetamine (a) or ketamine (b) in rats. Each symbol
represents the mean (+s.e.m.) number of infrared beam interrup-
tions recorded 16-75 min following an s.c. injection of d-ampheta-
mine (0.63mgkg™") or ketamine (40mgkg~"). Bottom and top
dotted lines represent the average locomotor score for vehicle- and
psychotomimetic-injected rats, respectively. ®P=0.05, **P<0.01,
compared with the vehicle/d-amphetamine group, ®P=0.06,
##P<0.01, compared with the vehicle/ketamine group, Bonferroni’s
post hoc tests following significant one-way ANOVA (versus
amphetamine (F(4,133)=10.6, P<0.0001); versus ketamine
(F(4,137)=4.3, P<0.001)). N=7 rats per group.
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antagonized this d-amphetamine-induced hypermotility,
with the level of motility at 0.63 and 2.5mgkg ! being
close to that obtained in vehicle/vehicle-injected control
rats. The EDsq value for reversal of d-amphetamine-induced
hyperactivity was 0.23mgkg™" i.p., that is, 4-5 times less
than the EDgo for inhibition of spontaneous locomotor
activity (1.08 (0.34-3.46)mgkg ' i.p., with: 94.1+4.5,
97.9415.8, 82.3+10.1, 45.34+9.2 and 15.6+2.9, for vehicle,
0.04, 0.16, 0.63 and 2.5mg kg’1 F15063, respectively),
suggesting that antagonism of d-amphetamine effects was
distinct from nonspecific motor and/or sedating effects.
F15063 was also active via the p.o. route, reducing
d-amphetamine-induced hyperlocomotion with an EDs, of
1.66 mgkg~!, thus giving a p.o./i.p. ratio of about 7.

Rats treated with ketamine (40 mgkg’l, s.c.) also showed
a marked hyperlocomotor activity (162.3+10.0 versus
13.5+1.3 for control rats, Figure 4b), which was similarly
dose-dependently and significantly attenuated by F15063,
with an EDsq of 0.96 mgkg™" i.p.

Diminution of deficit of PPI of the startle reflex induced by
apomorphine in rats

In a rodent model of sensory-motor gating deficit, control
animals presented a PPI of about 60% (veh/veh, Figure 5),
which was reduced to a 10th of this control value by
treatment with apomorphine (leftmost square, Figure 5).
F15063 attenuated this deficit, with the first significant dose
being 0.16 mgkg .

Lack of cataleptogenic potential of F15063 is due to its 5-HT 14
receptor agonist activity: interaction with the 5-HT ;4 receptor
antagonist WAY100,635

In a measure predictive of induction of EPS in rodents,
F15063, up to a dose of 40mgkg~! i.p., did not produce
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Figure 5 Diminution by F15063 of a deficit of the PPI of the startle
reflex induced by apomorphine in rats. Each symbol represents the
mean (ts.e.m.) percentage of PPIl, recorded 60min after i.p.
injection of F15063 or vehicle. Apomorphine (0.63mgkg~" s.c.)
was administered 15min pre-test. **P<0.01, compared with the
vehicle/apomorphine vehicle control group, Dunnett’s post hoc tests
following significant one-way ANOVA (F(6,231)=5.9, P<0.001).
N=13 rats per group.
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Figure 6 Lack of cataleptogenic activity of F15063 in rats and mice is due to activation of 5-HT;a receptors: Interaction with the 5-HT5
receptor antagonist WAY100,635. Each symbol represents the mean (+s.e.m.) time spent in a cataleptic position in the CLP (a) and in the bar
test in rats (b) and mice (c), measured 60 min post F15063 administration. WAY100,635 (WAY) was injected s.c. (0.63 mg kg”) 15 min before
F15063. **P<0.01, compared with the vehicle (Veh)/F15063 group at the corresponding dose of F15063, Bonferroni’s post hoc tests following
significant two-way ANOVA (significant treatment, pretreatment and interaction factors: all F's>5.9, all P's<0.0001). N=7 rats or mice

per group.

notable catalepsy in rats, whether tested in the CLP or the
bar test (open squares, Figure 6a and b). However, when rats
were pretreated with the 5-HT;, receptor antagonist
WAY100,635 (0.63mgkg~! s.c.), a marked cataleptogenic
activity was observed: at 2.5, 10 and 40 mgkg ' i.p. catalepsy
scores were above 24s. Under these conditions, EDsq for
induction of catalepsy was 1.20 (0.55-2.80)mgkg~!, very
similar to that observed for normalization of MPD-induced
behaviours (1.10mgkg !, see above). Statistical analysis
showed that there were significant effects of treatment (dose
of F15063), pretreatment (WAY100,635) and interaction for
both catalepsy tests. Likewise, in both tests, there was
minimal catalepsy following p.o. administration of F15063
(from 0.840.6 to 8.2+3.15).

A similar pattern was observed in the bar test in mice, with
F15063 being devoid of cataleptogenic activity of its own
(Figure 6¢). Again, following pretreatment with 2.5 mgkg ™!
s.c. of WAY100,635, there was a gradual dose-dependent
augmentation of the time spent in a cataleptic position
(EDso: 2.00 (0.55-2.80) mgkg ™).

Lack of cataleptogenic potential of F15063 is preserved following
semichronic treatment: interaction with the 5-HT 4 receptor
antagonist WAY100,635
Following treatment with 40mgkg ' p.o. of F15063 once a
day for 4 days, the same dose of F15063 given acutely on day
5 did not produce more catalepsy than in control groups of
rats chronically treated with vehicle. Statistical analysis
showed that there was a just significant chronic treatment
effect (two-way ANOVA: F(1,19)=4.5, P=0.05) for the CLP
test only. Indeed, rats chronically treated with F15063
showed a level of catalepsy lower than that of rats treated
with vehicle (first versus second bar, starting from the left,
Figure 7a), although this difference was not significant.
However, as was observed in the acute experiment above,
pretreatment with 0.63mgkg ™' s.c. of the 5-HT;, receptor
antagonist WAY100,635 resulted in an increased amount of
time spent in a cataleptic position (first versus third bar, and
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Figure 7 Lack of cataleptogenic activity of F15063 in rats is
preserved following repeated treatment. Interaction with the 5-HTy
receptor antagonist WAY100,635. Each symbol represents the
mean (+s.e.m.) time spent in a cataleptic position in the CLP (a)
and in the bar test (b) in rats. F15063 (40 mg kgfl) or vehicle were
administered p.o. daily for 4 consecutive days and, on the 5th day all
rats received an acute challenge with the same dose of F15063
60 min before testing. Vehicle or WAY100,635 (0.63mgkg™" s.c.)
were administered 15 min before the acute challenge with F15063.
*P<0.01, Newman—Keuls post hoc test following significant
two-way ANOVA (CLP (F(1,19)=19.1, P<0.001); bar test
(F(1,19)=21.6, P<0.001)). N=7 rats per group.

second versus fourth bar, starting from the left, Figure 7a and
b). Statistical analysis showed that, for both tests, there were
significant effects of the pretreatment.
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F15063, at ‘therapeutically relevant’ doses does not induce the
serotonin syndrome in rats

F15063, up to 40mgkg ' i.p., produced no FPT (Figure 8a).
At the highest doses tested (10 and 40 mgkg ' i.p., i.e., doses
at least 10-40 times higher than those active in models
predictive of antipsychotic-like efficacy), F15063 only pro-
duced LLR and FBP (Figure 8b and c). Given p.o. (triangles
in Figure 8), none of the doses tested induced any sign of
the serotonergic syndrome. The prototypical 5-HT; s receptor
agonist 8-OH-DPAT was more potent than F15063 in
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Figure 8 F15063 does not produce the serotonin syndrome in rats
at ‘therapeutically relevant’ doses. Each symbol represents the
percentage of rats showing FPT (a), LLR (b) and FBP (c). Behavioural
observations were made from 10 to 20 min and from 55 to 65 min
post i.p. or p.o. administration of F15063. N=>5 rats per group. (H)
Data for 8-OH-DPAT (p.o. administration), from Koek et al. (1998).

British Journal of Pharmacology (2007) 151 253-265

producing LLR and FBP (maximal effect at 0.63mgkg !
p-0.), and contrary to the latter, produced FPT in all animals
tested at 2.5mgkg ™" p.o. (filled squares, Figure 8).

Effects on plasma prolactin levels in rats

F15063, administered p.o., produced a significant (Kruskal-
Wallis: H=37.84, P<0.001) increase in prolactin plasma
levels, with a MED of 0.63mgkg™' (4.6+1.0, 17.0+4.3,
34.44+10.6, 56.24+10.0, 68.9+14.7, 61.0+6.9 and
91.4+9.2ng/ml, for vehicle, 0.04, 0.16, 0.63, 2.5, 10 and
40mgkg ' F15063, respectively).

Table 2 summarizes the pharmacological activity of
F15063 in tests predictive of activity against the positive
symptomatology of schizophrenia. It can be observed that
EDso values following i.p. administration are around or
below 1mgkg !, indicating that the compound is a potent
in vivo dopamine D, receptor blocker. It also shows that the
compound is active orally at an EDs, 3-5 times higher than
the corresponding EDs, via the i.p. route. By contrast, the
EDso for activity of F15063 in test predictive of occurrence
of side effects (EPS and serotonin syndrome, Table 3) are
well above those reported in Table 2, suggesting that at
therapeutically meaningful doses, F15063 should be free
of these side effects.

Discussion

The main findings can be summarized as follows: (1) F15063
induced behavioural effects consistent with dopamine D,
receptor blockade and agonist activity at the 5-HTi,
receptor; (2) a well-balanced combination of dopamine D,
receptor antagonism and 5-HT;, receptor agonism confers
a favourable behavioural profile on F15063, characterized
by efficacy in models predictive of antipsychotic activity
(dopamine D, receptor antagonism), together with a lack of
cataleptogenic activity (5-HT;a receptor activation) or ser-
otonin syndrome induction (partial agonism at 5-HT;,
receptor combined with dopamine D, receptor blockade).

F15063 is active in models predictive of activity against positive
symptomatology of schizophrenia

F15063 had clear antagonist activity in rat behavioural
models used to detect antipsychotic potential: it dose-
dependently diminished d-amphetamine-induced hyper-
locomotor activity, fully normalized at higher doses stereo-
typed behaviours produced by methylphenidate, and
reduced CAR. In a parallel study that compared a dozen
reference or putative antipsychotics (Bardin et al., in press),
it was found that there was a positive correlation between the
potency of compounds in these three tests and their affinity
at dopamine D, receptors. F15063 was active in these tests at
fairly low doses (EDsg ranged from 0.23 to 1.10mgkg ! i.p.),
similar to those of other potent reference or putative
antipsychotics such as risperidone, bifeprunox and SLV313.
This shows that F15063 has potent in vivo dopamine D,
receptor blocking activity. Likewise, F15063 blocked keta-
mine-induced hyperactivity; however, we found that there
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Table 2 Summary of pharmacological activity of F15063 in models predictive of activity against positive symptoms of schizophrenia

Species Model Route Response Parameter Dose (mgkg™')

Rat Methylphenidate-induced behaviours i.p. Blocks gnawing EDso 0.24 (0.14-0.41)

Normalizes behaviour EDsg 1.10 (0.70-1.80)

p.o. Blocks gnawing EDsq 0.93 (0.66-1.30)

Normalizes behaviour EDso 2.50 (1.00-6.20)

Amphetamine hyperlocomotion i.p. Blocks hyperlocomotion EDso 0.23 (0.15-0.31)

p.o. Blocks hyperlocomotion EDso 1.66 (0.56-4.93)

Ketamine hyperlocomotion i.p. Blocks hyperlocomotion EDso 0.96 (0.28-3.30)

Conditioned avoidance i.p. Blocks behaviour EDso 0.33 (0.19-0.55)
Apomorphine-induced PPI deficit i.p. Attenuates deficit MED 0.16

Mouse Apomorphine stereotypies i.p. Blocks climbing EDso 0.30 (0.14-0.63)

Blocks sniffing EDso 0.37 (0.18-0.75)

Abbreviations: EDso, dose (mg kg”) producing a significant difference from control in 50% of the animals tested; i.p., intraperitoneal; MED, minimal effective dose;

p.o., per os.
Confidence intervals are given in parentheses.

Table 3 Summary of pharmacological activity of F15063 in models predictive of side effects relevant to antipsychotic treatment

Symptoms Species Model Route Response Parameter Dose (mgkg™')
EPS Rat Catalepsy i.p. Absence of catalepsy EDso >40
p.o. Absence of catalepsy EDso >40
Catalepsy after 4 day treatment p.o. Absence of catalepsy 40/day
Mouse Catalepsy i.p. Absence of catalepsy EDso >40
Serotonin syndrome Rat Characteristic behaviours p.o. All signs EDso >40
i.p. Lower lip retraction EDso 7 (2-30)
Flat body posture EDsq 32 (10-102)
Forepaw treading EDso >40

Abbreviations: EDs, dose producing a significant difference from control in 50% of the animals tested; i.p., intraperitoneal; p.o., per os.

Confidence intervals are given in parentheses.

was no correlation between the ability of antipsychotics to
antagonize ketamine-induced hyperlocomotion and their
affinity at either dopamine D, or 5-HT,, rat receptors,
suggesting that interaction with other receptors is necessary
(Bardin et al., in press). Some reports suggest that the 5-HT,4
antagonist activity of some antipsychotics is responsible for
the blockade of N-methyl-D-aspartate antagonist-induced
hypermotility (Gleason and Shannon, 1997; Martin et al.,
1997; Millan et al., 1999). However, F15063 has no appreci-
able affinity for rat 5-HT,, receptors (pK; ~6.6, Newman-
Tancredi et al., 2007), and antagonizes DOI-induced head-
twitches in mice only at high doses (MED: 10mgkg ! p.o.,
unpublished data). The neurochemical characteristics that
underlie the activity of F15063 against ketamine-induced
hyperlocomotor activity remain to be explored.

Similarly, F15063 potently (EDs, ~0.30mgkg™' i.p.)
antagonized apomorphine-induced climbing and sniffing
in mice, again with a potency comparable to that of
haloperidol, risperidone, and greater than that of olanza-
pine, clozapine and ziprasidone (Bardin et al., 2006a). These
in vivo results are in line with central dopamine D, receptor
occupancy data in mice (Assie et al., 2006), in which F15063
displaced [*H]nemonapride binding, with an EDs, of
0.55mgkg " i.p. at 1 h post-injection. In a further model of
antipsychotic-like activity, F15063, like haloperidol, risper-
idone, clozapine and olanzapine (Auclair et al., 2006a),
attenuated apomorphine-induced PPI disruption, a model of

gating deficits observed in schizophrenic patients (Swerdlow
et al., 1986). To summarize, all these findings suggest that
F15063, because of its potent in vivo dopamine D, receptor
blocking profile, should control positive symptoms of
schizophrenia.

Activity of F15063 in this model of apomorphine-induced
PPI disruption is most likely to be related to the dopamine
D, receptor antagonist properties of F15063 and contrasts
with the effects of aripiprazole and ziprasidone, which were
minimal in this model (Auclair et al., 2006a). Selective
dopamine D,/5-HT;, compounds exhibiting marked 5-HT; 5
receptor agonist properties, such as sarizotan, SSR181507
and SLV313, failed to reverse apomorphine-induced PPI
disruption, because of their marked 5-HT;, agonist actions.
In effect, SSR181507 and SLV313 were able to reverse
apomorphine-induced deficit in the presence of a selective
5-HT; 5 receptor antagonist (Auclair et al., 2006a), suggesting
that the precise balance of D, antagonism versus 5-HTja
agonism is a key element in the pharmacological activity
of new generation antipsychotics targeting both of these
receptors.

Further, sarizotan, SSR181507, bifeprunox, and to a lesser
extent SLV313, were found to have robust PPI-disrupting
effects of their own, because of their marked agonist activity
at 5-HT; receptors (Auclair et al., 2006b). Such a disruption
is potentially problematic, considering that schizophrenic
patients already suffer from diminished basal PPI levels (Braff
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et al., 1978; for a review, Swerdlow et al., 2000), and it would
thus be desirable for an antipsychotic not to further affect
basal PPI. Interestingly although, F15063, over a wide dose-
range (0.01-10mgkg~! i.p.), did not modify basal PPI level
(Depoortere et al., 2007). This is thought to be related to the
preferential affinity of F15063 for dopamine D, over 5-HT5
receptors, as well as to an antagonistic activity at the former.
This again emphasizes the importance of the balance
between dopamine D, blocking properties and S5-HTia
receptor agonist activity.

However, several reports have highlighted either the
neutral (Depoortére et al.,, 2003; present results) or the
positive influence (Wadenberg and Ahlenius, 1991; Prinssen
et al., 1996) of activating 5-HT;, receptors in a model
predictive of antipsychotic activity (conditioned avoidance).
In mice, the coadministration of the S5-HT;, receptor
antagonist SL88.0338 with SSR181507 did not modify the
activity of the latter (Depoortere et al., 2003). On the other
hand, some authors (Wadenberg and Ahlenius, 1991;
Prinssen et al., 1996) have reported that the 5-HT, 4 receptor
agonist 8-OH-DPAT potentiated the action of dopamine D,
receptor blockers such as haloperidol or raclopride. Thus,
these interaction studies with the conditioned avoidance
model highlight the notion that a 5-HT;, receptor agonist
activity does not seem to interfere with the desired
therapeutic effects of dopamine D, receptor blockade.

F15063 is not cataleptogenic, indicating a low propensity for EPS
in the clinic

Up to a dose (40 mg kg~!) that was between 35 and 200 times
higher than the EDs in tests predictive of activity against
positive symptoms, F15063 did not induce catalepsy in
either rats or mice. Among other reference antipsychotics
tested under the same experimental conditions, such a wide
margin was only found with SSR181507, SLV313, bifeprunox
and aripiprazole, the former three compounds belonging to
the new generation of dopamine D,/5-HT;, antipsychotics
(Bardin et al., 2006a). Other atypical antipsychotics, with
more moderate or no agonist activity at 5-HT, 5 receptors had
a lower margin, especially when taking into account the CLP
test of catalepsy. Indeed, the cataleptogenic properties of
antipsychotics in the CLP test, but less so in the bar test, was
inversely correlated (r=0.75, P<0.01) with their affinities at
rat 5-HT; 5 receptors (Bardin et al., in press).

At 40 mgkg™!, occupation of dopamine D, receptors in the
striatum by F15063 is probably maximal (Assie et al., 2006),
and in the case of selective dopamine D, antagonists this
level of occupancy would translate into catalepsy, which is
thought to occur when striatal occupancy is greater than
80% (Wadenberg et al., 2000). The involvement of 5-HT;a
agonist activity in this lack of catalepsy is demonstrated by
the observation that co-treatment of F15063 with the 5-HT,
receptor antagonist WAY100,635 produced catalepsy, in both
species and in both tests in rat, consistent with previous
interaction studies with dopamine D,/5-HT; 5 antipsychotics
and WAY100,635 (Kleven et al., 2005; Bardin et al., 2006a).
Expression of agonist activity at 5-HT,;4 receptors in an in
vivo model is in line with neurochemical data showing that
F15063 reduced 5-HT release in rat hippocampus (Newman-
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Tancredi et al., 2006) and reversed phencyclidine (PCP)-
induced social interaction deficits between a dyad of adult
rats, because of its 5-HT;, agonist component (Depoortéere
et al., 2007). It is also in agreement with reports that
activation of the 5-HT;, receptor with full or partial agonists
opposes catalepsy produced by various dopamine D, recep-
tor blockers (Broekkamp et al., 1988; Invernizzi et al., 1988).
Interestingly, in the presence of WAY100,635, acute treat-
ment with F15063 induced catalepsy with an i.p. EDsg
(1.20mgkg ') very close to that observed for normalization
of MPD-induced behaviours (1.10mgkg~!). This indicates
that the absence of cataleptogenic activity at ‘therapeutically
relevant’ doses is attributable to its agonist activity at
5-HT;a receptors. The experiment in which blockade of
5-HT 4 receptors with WAY 100,635 on day S of the sub-chronic
regimen produced catalepsy, shows that absence of catalepsy
after several days of treatment with F15063 does not result
from a diminished antagonist activity at dopamine D,
receptors, but from a persistent activation of 5-HTju
receptors that prevents the deleterious effects of potent
blockade of the former.

Catalepsy is an animal model considered to be predictive
of occurrence of extra-pyramidal signs (EPS), and the absence
of catalepsy with F15063 suggests that this compound
should be free from such motor side effects in patients.
Indeed, clinical data have shown that augmentation of
antipsychotic therapy with the S5-HT;, receptor partial
agonists buspirone (Goff et al., 1991; Moss et al., 1993) and
tandospirone (Yoshida et al., 1998) decreased EPS and/or
akathisia and/or tardive dyskinesia scores.

F15063 does not produce the serotonin syndrome at
‘therapeutically relevant’ doses

Acute activation of 5-HT;, receptors has been generally
associated with occurrence of the serotonin syndrome (FPT
and FBP) as well as other signs such as LLR in rats, seen
following treatment with full or partial agonists at 5-HT;a
receptors, such as 8-OH-DPAT and buspirone (Goodwin et al.,
1986; Koek et al., 1998). It should be emphasized, though,
that tachyphylaxis rapidly develops to the serotonin syn-
drome (see DeVry, 1995 for a review, Prinssen et al., 2000).
F15063, given acutely at doses active in models predictive of
therapeutic efficacy, did not give rise to this syndrome and
only produced some behavioural signs at much higher (10-
40 times) doses. The absence of FBP at low doses is likely to
result from its partial agonist activity at 5-HT;, receptor,
combined with its dopamine D, receptor blocking proper-
ties. Indeed, it has been shown that other 5-HT,4 receptor
partial agonists such as SSR181507 produce minimal seroto-
nin syndrome (Depoortere et al., 2003), and that dopamine
D, receptor antagonists such as spiperone block this 8-OH-
DPAT-induced behaviour (Berendsen et al., 1990). Although
not very common, the serotonin syndrome has been
described in the clinic (restlessness, myoclonus, hyperten-
sion, shivering, etc.: see review by Gillman, 1999), and can
be observed with a wide variety of drugs affecting the central
5-HT system. However, the present data suggest that F15063
has low or negligible liability to produce the serotonin
syndrome.



Other effects of F15063

F15063, at doses active in the various antipsychotic tests
(0.01-2.5mgkg™" i.p.), was free from deleterious effects in
the elevated plus maze (data not shown), indicating a lack of
anxiogenic potential. In a rotarod task in rats, F15063 started
to significantly decrease the drop-off time at 2.5mgkg " p.o.
only, indicating that, at therapeutically active doses, it
should not produce significant sedation and/or myorelaxa-
tion (data not shown). The compound augmented plasma
prolactin levels, a classical effect resulting from blockade
of dopamine D, receptors located on the pituitary gland
(prolactin release is tonically inhibited by dopamine acting
on its D, receptors: Ben-Jonathan, 1985). This effect is
observed with all potent antipsychotics (Cosi et al., 2006).
Finally, F15063 is devoid of affinity (Newman-Tancredi et al.,
2007) at a variety of receptors thought to mediate adverse
effects (Richelson, 1999) such as 5-HT,. receptors (possibly
responsible for body weight gain associated with some newer
antipsychotics: Reynolds et al., 2005), «; adrenoceptors
and histaminergic H; receptors (implicated in sedation), o,
adrenoceptors (responsible for autonomic effects) and at
muscarinic M; receptors (whose blockade exerts deleterious
effects on memory). This suggests that F15063 exhibits low
liability for giving rise to troublesome side effects that are
thought to contribute to poor compliance.

Additional properties of F15063

Present data indicate a favourable profile for antipsychotic-
like versus cataleptogenic potential, but this favourable
balance of dopamine D,/5-HT; properties also extends to
other activities of F15063. In fact, F15063 was, among several
reference antipsychotics including clozapine, the only one
found to be active in each of three different models of
cognitive impairment: PCP-induced working and reference
memory deficits in the hole-board spatial memory task,
scopolamine-induced social memory deficits in the adult/
juvenile social recognition model and PCP-induced memory
reacquisition deficit in a ‘reversal learning’ operant con-
ditioning paradigm (active doses: 0.04-0.63mgkg™' i.p.:
Bardin et al., 2006b; Depoortére et al., 2006, 2007). Similarly,
F15063 alleviated (MED: 0.04 mgkg ! i.p.), through 5-HT;,
receptors activation, PCP-induced deficit of social interac-
tion between adult rats. This result, in conjunction with the
increase in dopamine in prefrontal cortex of rats (Newman-
Tancredi et al., 2006), underlines the potential of F15063
to combat negative symptoms of schizophrenia. Of further
interest was the observation that in each of these behaviour-
al tests, F15063 exhibited activity at doses overlapping with
those efficacious in tests predictive for activity against
positive symptoms (this paper).

Conclusions

F15063 was highly active and potent in preclinical models of
antipsychotic activity, and showed an innovative receptor
affinity profile, characterized by selective dopamine D,/D3
receptor antagonism, and partial agonism at dopamine D4
and 5-HT;, receptors. F15063 was also active in diverse
models of negative and cognitive symptoms of schizophre-
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nia (Depoortere et al., 2006, 2007), at dose-ranges over-
lapping with those in tests predictive of activity against
positive signs. In addition, F15063 did not induce catalepsy,
a model predictive of EPS liability, and did not induce signs
of the serotonin syndrome at ‘antipsychotic’ doses. These
data provide compelling evidence that F15063 possesses a
profile that distinguishes it from currently commercialized
antipsychotic drugs, with a well-balanced profile of affinity/
activity at D, and 5-HT;, receptors, consistent with potent
antipsychotic-like properties and low side effect liability.
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