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Metabotropic glutamate receptors of the subtype 5 (mGluR5) are located in brain regions implicated in
schizophrenia such as the cerebral cortex or the nucleus accumbens. They may therefore provide an
interesting target for the treatment of psychoses. Currently available agonists of mGluR5 are not selective, do
not penetrate the brain and induce a tonic activation resulting in a rapid desensitization. Therefore, the
research focus was shifted to positive allosteric modulators (PAMs). Subsequently several mGluR5 PAMs
have been discovered, e.g. ADX47273 (S-(4-fluoro-phenyl)-{3-[3-(4-fluoro-phenyl)-[1,2,4]oxadiazol-5-yl]-
piperidin-1-yl}-methanone). In the present study, effects of ADX47273 (1–100 mg/kg) were evaluated in rat
models used for detecting antipsychotic-like activity: the conditioned avoidance response (CAR) and the
phencyclidine (PCP)-induced hyperlocomotion models. Furthermore, the cataleptogenic potential of
ADX47273 was compared to that of haloperidol.
ADX47273 (100 mg/kg) and various clinically used neuroleptics (haloperidol, olanzapine, and aripiprazole)
attenuated CAR behaviour in rats. However, ADX47273 and aripiprazole failed to reduce the PCP-induced
hyperlocomotion, whereas olanzapine and haloperidol diminished it. In contrast to haloperidol, ADX47273
(100 mg/kg) failed to induce consistent catalepsy in rats. In conclusion, ADX47273 shows promising
antipsychotic activity in some tests which require future investigation.
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1. Introduction

The glutamate theory of schizophrenia is supported by preclinical
evidence and results of post-mortem studies demonstrating altera-
tions in the density of N-methyl-D-aspartate (NMDA) receptors in the
cerebral cortices, striata and hippocampi of schizophrenia patients
(for review see Meador-Woodruff and Healy, 2000). This theory
actually emerged following observation that uncompetitive NMDA
receptor antagonists such as, e.g., phencyclidine (PCP) or ketamine
induce psychotic symptoms in healthy individuals and exacerbate
psychotic symptoms in patients (Krystal et al., 1994; Luby et al., 1959;
Malhotra et al., 1997). Both agents have been shown to produce
positive and negative symptoms as well as to induce cognitive
impairments in humans (Krystal et al., 1994; Luby et al., 1959).
Therefore, compounds of this class have been utilized to model
schizophrenia symptoms in animals. Indeed, uncompetitive NMDA
receptor antagonists increase locomotor activity and induce stereo-
typy in animals (Danysz et al., 1994; Takahata and Moghaddam,
2003), and these effects are attenuated by both typical and atypical
antipsychotic drugs (Maurel-Remy et al., 1995; Nordquist et al., 2008;
Ogren and Goldstein, 1994).

Recently, it has also been shown that activation or positive
allosteric modulation of mGluR5 can alleviate such behavioural
alterations (Chan et al., 2008; Homayoun and Moghaddam, 2008;
Liu et al., 2008). Since the stimulation of mGluR5 potentiates the
function of NMDA receptors in brain regions relevant for schizophre-
nia e.g. in the hippocampus, the prefrontal cortex (PFC) and the
striatum, this phenomenon has been proposed as a putative
mechanism of action of positive allosteric modulators (PAMs) of
mGluR5 (Doherty et al., 1997; Homayoun and Moghaddam, 2006;
Homayoun et al., 2004; Pisani et al., 2001). Additional support for the
mGluR5 being a putative target for schizophrenia therapy comes from
the observation of an upregulation of mGluR5 mRNA in the PFC of
schizophrenic patients (Ohnuma et al., 1998). Furthermore, intrace-
rebrally administered mGluR5 agonists, e.g., CHPG ((RS)-2-chloro-5-
hydroxyphenylglycine), exerted antipsychotic-like effective in some
rodent models of schizophrenia (Chan et al., 2008; Kinney et al.,
2003). However, administration of mGluR5 agonists desensitises the
receptor, precluding application of the substances in in vivo studies
(Aronica et al., 1993; Gereau and Heinemann, 1998; Lefkowitz, 1993).
More recently, mGluR5 receptor PAMs have been discovered (O'Brien
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et al., 2003). Such PAMs do not activate the receptor directly but
potentiate the responses to its activation by agonists (Conn et al.,
2009). Furthermore, mGluR5 PAMs potentiate enhancement of NMDA
receptor currents by mGluR5 agonists (Liu et al., 2006) and display
antipsychotic-like activity in animal models of schizophrenia
(Epping-Jordan et al., 2005; Lindsley et al., 2004). Homayoun
and Moghaddam (2008) demonstrated that the mGluR5 PAM,
CDPPB (3-cyano-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide), re-
versed MK-801- or amphetamine-induced stereotypies and excessive
firing rates in the orbitofrontal cortex. Similarly, CDPPB reversed
hyperlocomotion and prepulse inhibition deficits evoked by amphet-
amine in rodents (Kinney et al., 2005). Moreover, another mGluR5

PAM, ADX47273 (S-(4-Fluoro-phenyl)-{3-[3-(4-fluoro-phenyl)-
[1,2,4]oxadiazol-5-yl]-piperidin-1-yl}-methanone), attenuated PCP-,
amphetamine- or apomorphine-induced hyperlocomotion in mice
and dose-dependently reduced conditioned avoidance responding
(CAR) in rats (Liu et al., 2008). This evidence suggests that mGluR5

PAMs are able to reduce both NMDA antagonist and dopamine agonist
induced behaviours (Kinney et al., 2005; Lecourtier et al., 2007).

The aim of the present study was to evaluate the effects of the
mGluR5 PAM ADX47273 in animal models relevant for schizophrenia,
including CAR and PCP-induced hyperlocomotion, with comparisons
made to clinically used neuroleptics. The CAR performance is
inhibited by both typical and atypical neuroleptics, and is considered
to be highly predictive for antipsychotic activity (Wadenberg and
Hicks, 1999). Hyperlocomotion induced by NMDA antagonists
represents a common method used to assess possible atypical
antipsychotic effects. Finally, ADX47273 was compared to haloperidol
in a catalepsy test in order to assess its potential to produce
extrapyramidal side effects.

As compared to a previous paper on ADX47273 (Liu et al., 2008),
the novelty aspect is enhanced by use of rats instead of mice and also
direct comparison with selected neuroleptics (reference agents).

2. Materials and methods

2.1. Animals

Male Sprague–Dawley rats (Élevage Janvier; Le Genest Saint Isle,
France) weighing 200 g at arrival were used in all experiments. The rats
were allowed to acclimatise for oneweek prior to the experiments. The
animals were kept in groups of 4–5 individuals, in cages provided with
bedding, paper cloth and a red tunnel, under standard conditions (21±
1 °C, 60±3%, tap water and chow pellets ad libitum), at 12/12 h light–
dark cycle (lights on at 7 a.m.). Experiments were carried out between
9 a.m. and 6 p.m. The rats were acclimatised to the experimental rooms
for at least 30 min before all experiments. Separate batches of rats were
used for each type of experiment, i.e. for CAR, locomotor activity, and
catalepsy experiments. For each drug, different sets of animals were
used in locomotor activity and catalepsy experiments, and the animals
were randomly allotted to the treatment groups. For CAR, animals
received more than one type of drug treatment, but were assigned
treatments in a pseudorandom order (see below in the CAR section).

All studies were approved by a local Ethical Committee (Regier-
ungspraesidium Darmstadt, Hessen) and were performed in accor-
dance with the recommendations and policies of the U.S. National
Institutes of Health Guidelines for the Use of Animals.

2.2. CAR

Training and testing was performed in two GEMINI set-ups (San
Diego Instruments, San Diego, CA, USA). Each set-up was subdivided
in two connected boxes (21 cm×24 cm×17.5 cm) via an aperture
(8.5 cm×7.2 cm) in the middle wall (two-way avoidance paradigm).
The animals could move freely from one compartment to the other at
any time. The position of the animals was tracked by 8 photocells in
each of the boxes. A cue light was situated on the wall opposing the
compartment entry. A session started with a 3 minute habituation
followed by 20 trials. The cue light was switched on at the start of a
trial, and after 10 s, it was combined with a scrambled, 0.3 mA foot
shock for 10 further seconds. If the animal changed the compartment
in less than 10 s after the start of the cue light, an avoided trial was
counted. An escape response was recorded if the rat moved into the
opposite compartment during light and foot shock presentation. If a
rat did not respond to the foot shock, an escape failure was noted. The
intertrial interval was randomly assigned between 20 and 30 s and
maximal duration of a daily session was 20 min. Animals were trained
5 days/week until they reached a stable avoidance of above 75%/day
on two subsequent days. Before each drug test, a drug-free pre-test
was performed. The presented test data are shown as % avoidance
values and were compared to the % avoidance values of the pre-test.

Injections were made 30 min before the start of a session on a test
day, and testing was done at 30 and 90 min post-injection. Animals
were used several timeswith 1 week drug-free interval between tests,
and treatment was assigned to the groups in a pseudorandom order.
Before each test, animals' performance was verified on two subse-
quent days. Additionally, following a publication of Liu et al. (2008),
we decided to test ADX47273 at the dose of 100 mg/kg in CAR in a
subset of animals.

2.3. Locomotor activity

For the measurement of locomotor activity, Perspex® boxes (ENV-
515-16, 43.2×43.2×30 cm, Med Associates Inc., St Albans, VT, USA)
were used. The boxes were placed in noise-proof chambers equipped
with a ventilator and a source of white light (5.6 W) 55 cm above a
white floor (Med Associates Inc., St Albans, VT, USA). Four arrays of 16
infrared photo beams placed 3 cm above the floor measured
horizontal activity. For the measurement of vertical activity, 2
additional sets of 16 photo beams were placed 15 cm above the
floor. The output from the counters was integrated and analyzed by a
PC computer. Distance travelled (in cm) and vertical movements
(counts) were assessed in further analysis as measures of locomotion
and rearing, respectively. After the injections with ADX47273 or
antipsychotics, animals were placed in the open field for 30 min.
Subsequently, PCP was injected and the recording was started and
continued for a total of 120 min. For testing ADX47273 alone, it was
injected in the home cage. Thirty minutes later, animals were put into
the activity boxes and their behaviour was measured for 30 min. A
maximum of eight rats from different groups were tested simulta-
neously in 8 open-field boxes in a pseudorandom order.

2.4. Catalepsy

Before catalepsy experiments, rats were handled for 4 days
(5 min/day). Rats were tested on the 5th day at two different place-
ments: placing both front paws on a horizontal bar elevated 9 cm
above the floor (bar test) or placing the rat on a vertical wire mesh
(grid test). Time to voluntary descending of a paw from the horizontal
bar or directed movement on the vertical wire mesh was considered
to be the endpoint of cataleptic behaviour (descent latency). Cut-off
time for both tests was set to 180 s. The animals were first tested on
the horizontal bar immediately followed by the vertical grid. Tests
were performed at 30, 60 and 90 min post-injections of ADX47273 or
haloperidol.

2.5. Drugs

ADX47273, synthesized byMerz Pharmaceuticals GmbH (Frankfurt
am Main, Germany), was dissolved in 70% dimethyl sulfoxide: 30%
polyethylene glycol 400. PCP (phencyclidine hydrochloride) was
purchased from Sigma-Aldrich, Taufkirchen, Germany, and was
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dissolved in saline. Olanzapine (Sequoia Research Products Ltd.,
Pangbourne, UK) was dissolved in a small amount of 1 N HCl and
diluted to thefinal concentrationwithwater. pHwas adjusted to 6with
1 N NaOH. Aripiprazole (Sequoia Research Products Ltd., Pangbourne,
UK) was suspended in water containing Tween 80 (10%). Haloperidol
(Haldol-Janssen®, Janssen-Cilag, Beerse, Belgium, ampoules à 5 mg/
1 ml solution)was diluted to thefinal concentrationwith physiological
saline. All substances were injected i.p. in a volume of 1 ml/kg except
for aripiprazolewhichwas used in a 2 ml/kg volume. Doses refer to the
salt form of the given substance. Injection time point for ADX47273
was chosen based on our previous publication showing high plasma
and brain concentrations 30 min after i.p. administration (Schlumber-
ger et al., 2009).

2.6. Data analysis and statistics

2.6.1. CAR
Percent avoidance response was calculated as (number of avoided

trials /number of trials)×100. For each rat, the percent avoidances
from the test were divided by the percent avoidances from the pre-
test andmultiplied by 100 and the subsequently obtained values were
taken for both analysis and graphic presentation.

Analysis of normalized percent avoidance levels was done by using
two-way repeated-measures ANOVA (with treatment and time as
variables) followed, if significant, by Duncan's test. Analysis of the
percent escape failures was calculated by Kruskal–Wallis ANOVA on
ranks followed by Mann–Whitney test for pairwise comparisons for
30 and 90 min time points separately.

2.6.2. Locomotor activity
Locomotion distances and rearing counts were expressed as mean±

SEM. The time course of interactions between ADX47273 and all
antipsychotics effect on PCP-induced hyperlocomotion was analyzed via
two-way repeated-measures ANOVA followed, if significant, by Duncan's
test. The influence of ADX47273 or all antipsychotics on PCP-induced
changes of vertical locomotion (rearing), measured by recording the total
rearing counts, was analyzed by one-way ANOVA followed, if significant,
by Duncan's test (data not shown). The influence of ADX47273 on
spontaneous horizontal locomotion (the total distance travelled), or on
vertical activity (rearing) was analyzed by one-way ANOVA followed by
Duncan's test.

2.6.3. Catalepsy
Results from the catalepsy tests were expressed as medians and

quartiles (Q1:Q3) and analyzed by the Kruskal–Wallis ANOVA on
ranks followed by Mann–Whitney test for pairwise comparisons at
each time point and test quality separately.

3. Results

3.1. CAR

ADX47273 at 100 mg/kg significantly decreased CAR at 30 and
90 min post-injection [3 and 10 mg/kg: F(2,43)=0.895; p=0.067;
for 100 mg/kg: F(1,15)=21.822; pb0.001; Fig. 1A] having no effect
on escape failures at any time point [3 and 10 mg/kg at 30 min: H=0;
pN0.1, df=2; 3 and 10 mg/kg at 90 min: H=0.895; pN0.1, df=2; for
100 mg/kg at 30 min: T=81.00; pN0.1; for 100 mg/kg at 90 min:
T=76.50; pN0.1; Table 1].

At both 30 and 90 min, 0.1 mg/kg haloperidol lowered CAR
[F(2,19)=6.291;p=0.008; Fig. 1B]while it failed to affect escape failures
[30 min:H=0; pN0.1; df=2; 90 min:H=3.397; pN0.1; df=2; Table 1].
Both 1.25 and 2.5 mg/kg olanzapine reduced CAR [F(2,22)=42.883;
pb0.001; Fig. 1C]. However, only the effect of the dose of 1.25 mg/kg was
specific as at 2.5 mg/kg, olanzapine induced significant escape response
failures at both time points [30 min:H=6.789;p=0.034;df=2; 90 min:
H=10.737; p=0.005; df=2; Table 1].

Aripiprazole at doses 5 and 10 mg/kg at 30 min and at 2.5–10 mg/kg
at 90min reduced CAR [F(4,35)=11.389; pb0.001; Fig. 1D] with no
increase in response failures at any time [30 min: H=7.987; p=0.092;
df=4; 90 min: H=7.147; pN0.1; df=4; Table 1].

3.2. Locomotor activity

PCP dose-dependently induced hyperlocomotion in rats [F(3,140)=
9.899; pb0.001, Fig. 2A]. The effect of PCP was inhibited by haloperidol
but only at the highest dose tested (0.4 mg/kg) [F(4,160)=3.049;
p=0.031, Fig. 2B]. Also, olanzapine dose-dependently attenuated PCP-
induced hyperlocomotion [F(3,140)=24.843; pb0.001, Fig. 2C]. In
contrast, aripiprazole showed only a tendency to inhibit PCP-hyperlo-
comotion which failed to reach statistical significance [F(4,275)=
2.392; p=0.062; Fig. 2D]. ADX47273 had no effect on PCP-induced
hyperlocomotion at any dose tested (1–100 mg/kg i.p.) [F(3,130)=
1.074; pN0.1, Fig. 2E, F(2,105)=1.554; pN0.1, Fig. 2F].

PCP had no effect on rearings in habituated rats [F(3,28)=1.468;
pN0.1; data not shown]. Rearings in PCP-treated animals were
not changed by aripiprazole [F(4,55)=1.027; pN0.1] and olanzapine
[F(3,28)=0.380; pN0.1; data not shown]. ADX47273 [F(3,26)=
0.562; pN0.1, for 1–10 mg/kg ADX47273; F(2,21)=3.213; p=0.061,
for 30 and 100 mg/kg ADX47273, data not shown] showed at the
highest dose a tendency to increase rearings in PCP-treated animals.
In contrast, inhibition was seen following haloperidol at all tested
doses [F(4,32)=4.319; p=0.007; data not shown].

ADX47273 at 30 and 100 mg/kg did not influence the spontaneous
locomotion [F(2,21)=1.331; pN0.1, Fig. 3A], but decreased rearings
[F(2,21)=4.827; p=0.019; Fig. 3B].

3.3. Catalepsy

Haloperidol (0.025–0.6 mg/kg) dose-dependently induced catalepsy
with a significant effect observed in rats at doses of 0.4 and 0.6 mg/kg
i.p. on the bar test [30 min: H=27.471; p≤0.001, df=4; 60 min:
H=28.105; p≤0.001, df=4; data not shown] as well as on the grid test
[30 min: H=27.188; p≤0.001, df=4; 60 min: H=28.228; p≤0.001,
df=4; data not shown]. According to this study, the dose of 0.4 mg/kg
haloperidol was selected as the positive control for further tests.

In the second experiment, the effect of ADX47273 (30 and
100 mg/kg) was compared to that of haloperidol (0.4 mg/kg) [Fig. 4].
Kruskal–Wallis ANOVAon ranks yielded a significant difference for both
endpoints and at all time points [bar descent time: 30 min:H=15.269;
p=0.002, df=3; 60 min: H=14.013; p=0.003, df=3; 90 min:
H=13.483, p=0.004, df=3; grid descent time: 30 min: H=13.292,
p=0.004, df=3; 60 min: H=13.834, p=0.003, df=3; 90 min:
H=18.299, p≤0.001, df=3; Fig. 4]. Post-hoc analysis revealed that
haloperidol increased both bar and grid descent latencies at any time
point (all time points and descent yielded each p=0.002 by Mann–
Whitney U-tests), while 100 mg/kg ADX47273 induced only mild
prolongation of the grid descent latency 90 min post-injection
[p=0.008].

4. Discussion

In the present study, the CAR test revealed that ADX47273,
haloperidol, olanzapine and aripiprazole decreased avoidance levels
being indicative for antipsychotic activity. All these substances had a
specific effect in CAR in contrast to the high-dose olanzapine which
also induced significant increase in escape failures. In spontaneous
locomotor activity test, ADX47273 at high doses of 30 and 100 mg/kg
decreased rearings but not horizontal locomotion. ADX47273 failed
to attenuate PCP-induced hyperlocomotion. In contrast, typical
(haloperidol) and some atypical neuroleptics (olanzapine but not



Fig. 1. The effect of ADX47273 (A), haloperidol (B), olanzapine (C) and aripiprazole (D) on CAR levels. Rats were administered 30 min before the test with ADX47273 or any
neuroleptic and re-tested 90 min post-injection. Data are shown as % avoidance values andwere compared to the % avoidance values of the pre-test. Results are expressed asmean±
SEM. Data were analyzed by two-way ANOVA on repeated measurements followed by Duncan's tests, *pb0.05 vs vehicle, n=6–10 per group except ADX47273 (3 and 10 mg/kg)
with n=14–16.
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aripiprazole) were able to reverse PCP-induced hyperlocomotion.
Additionally, only haloperidol decreased vertical activity (rearings) in
PCP-treated animals at all doses tested. Finally, haloperidol and to a
milder extent also ADX47273 induced cataleptic behaviour.
Table 1
The effect of ADX47273, haloperidol, aripiprazole and olanzapine on escape failure of
CAR. Rats were administered 30 min before the test with ADX47273 or any neuroleptic
and re-tested 90 min post-injection. Values are expressed as mean±SEM, and
represent the percentage of escape failures in relation to all trials of one session. Data
were analyzed by one-way ANOVA followed by Duncan's test, *pb0.05 vs vehicle,
n=6–10 per group except ADX47273 (3 and 10 mg/kg) with n=14–16.

Substance
(mg/kg)

% escape failure (mean±SEM)

30 min 90 min

ADX47273
0 0±0 0.31±0.31
3 0±0 0.31±0.31
10 0±0 0±0
0 0±0 0±0
100 1.25±0.82 1.25±1.25

Haloperidol
0 0±0 0.71±0.71
0.05 0±0 0.71±0.71
0.1 0±0 7.50±5.43

Olanzapine
0 0±0 0±0
1.25 6.59±4.47 1.67±0.83
2.5 11.88±4.53 * 9.38 ± 2.74 *

Aripiprazole
0 0±0 0±0
1.25 0.71±0.71 2.86±1.49
2.5 0±0 2.14±1.49
5 2.00±0.82 3.50±1.30
10 5.00±3.16 5.00±2.86
4.1. CAR

Suppression of CAR is widely used as a model for the detection of
potential antipsychotic drugs (Wadenberg and Hicks, 1999). Both
typical and atypical neuroleptics inhibit CAR at doses which are not
associated with response failures (Courvoisier, 1956; Wadenberg
et al., 1990; Wadenberg and Hicks, 1999). This test was shown to
mainly detect antipsychotic-like effects of substances with a D2

receptor antagonistic activity (Seiden and Carlsson, 1963; Ahlenius
and Engel, 1971). On the anatomical level, a role of the nucleus
accumbens has been implicated in the CAR test due to its motivation-
al drive on locomotion (Salamone et al., 1997). A reduction of CAR
was seen after bilateral infusion of the D2 receptor antagonist (−)-
sulpiride in this structure (Wadenberg et al., 1990). In our study,
haloperidol decreased CAR at a dose of 0.1 mg/kg without any effect
on escape failures, which remains in accordance with literature data
(Davidson and Weidley, 1976; Ugale et al., 2004; Wadenberg et al.,
2001).

Interestingly, as shown previously, administration of 5-HT2A
receptor antagonist MDL 100,907 potentiated the effect of a
subthreshold dose of the dopamine D2 receptor antagonist raclopride
in the CAR (Wadenberg et al., 1998) opening the possibility that
atypical neuroleptics might modulate the CAR performance also via
this receptor. The atypical neuroleptic olanzapine is an antagonist at
5-HT2A and D2 receptors (Horacek et al., 2006). Accordingly, in the
present study olanzapine reduced CAR at both doses tested (1.25 and
2.5 mg/kg) as shown previously (Li et al., 2007; Ugale et al., 2004;
Wadenberg et al., 2001). However, the highest dose of olanzapine
used in our experiments induced escape failures thus showing that its
effect on CAR at this dose was not selective.

Aripiprazole has a different pharmacological profile than olanzapine.
Although both the compounds share the antagonism at 5-HT2A



Fig. 2. The effect of PCP on locomotion in rats (A) and the combination with neuroleptics haloperidol (B), olanzapine (C) or aripiprazole (D) andmGluR5 PAMADX47273 (1–10 mg/kg in
(E); 30 and 100 mg/kg in (F)) plotted as a time course over the travelled distance. Rats were administered ADX47273 or antipsychotics and placed in activity chambers for 30 min before
startingmeasurement. After this period, phencyclidinewas injected andmeasurement started. Results are expressed asmean±SEM. Datawere analyzedby two-wayANOVAon repeated
measurements followed by Duncan's test, *pb0.05 vs vehicle (A) or *pb0.05 vs vehicle — phencyclidine (B–F), n=7–8 per group except aripiprazole with n=12.
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receptors, aripiprazole is a partial agonist of D2 receptor (Burris et al.,
2002; Horacek et al., 2006). In schizophrenic patients, this compound
has an antipsychotic efficacy while inducing no or only very mild
extrapyramidal side effects (de Oliveira et al., 2009; Poyurovsky et al.,
2008). These clinical observations have been replicated in animal
models of schizophrenia. Aripiprazole was effective in models for
schizophrenia symptomssuchas theCAR(Natesanet al., 2007, 2006and
present study) and amphetamine-induced locomotor activity (Nord-
quist et al., 2008). Interestingly, even at the doses that produce more
that 80% occupancy of dopamine D2 receptors in the striatum, this
compound did not produce catalepsy in animals (Natesan et al., 2006).

The putative neuroleptic ADX47273 reduced the CAR at a dose of
100 mg/kg in rats. Previously Liu et al. (2008) found a CAR
impairment starting from 30 mg/kg of ADX47273. As mentioned
above, effects of neuroleptics on D2 transmission have been believed
to be a prerequisite for an effect in the CAR. ADX47273 also reduced
the amphetamine-induced hyperlocomotion (Liu et al., 2008;
Schlumberger et al., 2009) suggesting a potential of ADX47273 to
indirectly modulate dopaminergic transmission.

As our animals were trained without the influence of neuroleptics,
a contribution of the state-dependent learning cannot be ruled out.
However, as shown previously, state dependence does not play a role
in the action of pimozide (Beninger et al., 1980). Moreover, ADX47273
(1–10 mg/kg)didnot impair context fear conditioningwhengiveneither
before testing (expression) or before training (acquisition) indicating a
lack of state dependency (A. Gravius, unpublished observations).

4.2. Locomotor activity

Administration of NMDA receptor antagonists, e.g. PCP, induces
schizophrenia-like symptoms in humans (Luby et al., 1959). In
rodents, such antagonists produce an enhancement of locomotor
activity and induce stereotypies, believed to be animal behavioural
expression of the positive symptoms (Maurel-Remy et al., 1995;
Moghaddam and Adams, 1998; Ogren and Goldstein, 1994). The effect
of NMDA receptor antagonists can be reversed by both typical and
atypical neuroleptics (Maurel-Remy et al., 1995; Nordquist et al.,
2008; Ogren and Goldstein, 1994). However, it has been found that
atypical neuroleptics, e.g. olanzapine, are more effective in this test
than typical ones (e.g. haloperidol), and the present study is in line
with that observation (Maurel-Remy et al., 1995).

Changes in the dopaminergic transmission may to some extent
contribute to thehyperlocomotionevokedbyNMDAreceptor antagonists.
For example PCP increases dopamine levels in the nucleus accumbens,
both after a systemic administration and following direct injections into
this structure (McCulloughandSalamone, 1992;MoghaddamandAdams,



Fig. 3. The effect of ADX47273 (30 and 100 mg/kg) on spontaneous locomotion
(A) plotted as total distance travelled and vertical exploration (rearings) (B) in rats
plotted as total counts of rearings during time of measurement. Rats were administered
with ADX47273, 30 min later they were placed in the activity chambers and the
measurement started. Results are expressed as mean±SEM. Data were analyzed by
one-way ANOVA followed by Duncan's test, *pb0.05 vs vehicle, n=8 per group.
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1998). Moreover, PCP-induced hyperlocomotion can be partly antago-
nizedby6-hydroxydopamine lesionsof thenucleusaccumbens (Frenchet
al., 1985; French and Vantini, 1984; Steinpreis and Salamone, 1993).

The group of Takahata andMoghaddam (2003) suggested that also
the PFC may be involved in the enhancing effect of PCP on the
locomotor activity because dopamine levels in the PFC corresponds to
Fig. 4. The effect of ADX47273 and haloperidol on catalepsy in rats. Resul
behavioural activation. The enhancement of a locomotion produced
by PCP was attenuated by typical neuroleptics with a high affinity to
block dopamine D2 receptors (e.g. haloperidol) (Maurel-Remy et al.,
1995 and present study). In the present study, haloperidol dose-
dependently inhibited the PCP-induced hyperlocomotion. It has to be
mentioned, however, that a significant effect was observed only
at very high doses, which produced catalepsy in rats (see below)
suggesting that this effect might be unspecific.

The atypical neuroleptic olanzapine was the most effective
neuroleptic against the PCP-induced hyperlocomotion in the present
study. Additional to the D2 antagonism, this effect may be mediated
via blockade of 5-HT2A receptors. Indeed, selective 5-HT2A receptor
antagonists were shown to be able to reverse the locomotor activity
evoked by PCP (Maurel-Remy et al., 1995).

Previous publications showed that aripiprazole attenuated MK-
801- or ketamine-induced hyperlocomotion in mice (Leite et al.,
2008) or PCP-induced hyperlocomotion in rats (Nordquist et al.,
2008). In the present study, aripiprazole only tended to reverse the
effect of PCP; the effect, however, did not reach statistical significance
(the effect of treatment in 2-way repeated-measures ANOVA:
p=0.062). In our previous study, this neuroleptic was shown
effective at even lower doses against amphetamine-induced hyperlo-
comotion (Schlumberger et al., 2009).

There are many hints that an interaction between mGlu5 and NMDA
receptors may be crucial for the modulation of psychotic-like symptoms
(Doherty et al., 1997; Homayoun and Moghaddam, 2006; Homayoun
et al., 2004; Pisani et al., 2001). mGluR5 receptor antagonists such as
MPEP or MTEP potentiated both the locomotor activity and the deficit of
prepulse inhibition evoked by PCP or MK-801 in animals (Henry et al.,
2002;Pietraszeket al., 2005). Sucheffectsmaybemediatedbyan indirect
inhibition of NMDA receptor function by mGluR5 receptor antagonists.
Electrophysiological studies showed that stimulating mGluR5 positively
modulates function of NMDA receptors in brain regions relevant for
schizophrenia and that such effects are inhibited by mGluR5 antag-
onists (Doherty et al., 1997; Pisani et al., 2001). Since hypofunction of
NMDA receptors may contribute to psychotic symptoms in schizo-
phrenia patients, stimulation of mGluR5 can be expected to produce
antipsychotic effects. In animals, mGluR5 PAM CDPPB blocked MK-801-
induced excessive firing in neurones of orbitofrontal and prefrontal
cortices in rats (Homayoun and Moghaddam, 2008; Lecourtier et al.,
2007). Moreover, similar to neuroleptics, CDPPB attenuated the MK-
801-induced stereotypy (Homayoun and Moghaddam, 2008). Also,
ts are expressed as median levels±Q1 or Q3, n=6–8 rats per group.
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intracerebroventricular administration of amGluR5 agonist CHPGor an
mGluR5 PAM DFB reduced ketamine-induced hyperlocomotion and
impairment of rotarod performance in mice (Chan et al., 2008).
Likewise, Liu et al. (2008) showed recently that the substance used in
this study, ADX47273, was able to reverse the PCP (1 mg/kg)-induced
hyperlocomotion in mice, however this effect was very weak. In
contrast, in our study, ADX47273 (1–100 mg/kg) had no effect on the
PCP (5 mg/kg i.p.)-induced hyperlocomotion in rats. In another
experiment ADX47273 (30 and 100 mg/kg) also failed to affect the
hyperlocomotion produced by lower dose of PCP (3 instead of 5 mg/kg
i.p.; data not shown). Thus, it is possible that this apparent discrepancy
in the effects of ADX47273 results from different species used (i.e. rats
vs mice). It also cannot be excluded that in some conditions, the
positivemodulation ofmGluR5 receptorsmay enhanceNMDA receptor
blocked by the channel blockers and in turn also behavioural effects of
such. Noteworthy, an enhancement of MK-801 binding to NMDA
receptors in vivo has previously been shown following treatment with
glycine B site agonists (Murray et al., 2000). It should be stressed that
ADX47273 alone, at 30 mg/kg failed to affect locomotion up to 140 min
after administration (unpublished own data).

4.3. Catalepsy

Catalepsy testing consists of putting a rodent in an unusual,
superimposed posture and measuring the time needed for the animal
to initiate the movement (Sanberg et al., 1988; Wadenberg, 1996). In
rodents, catalepsy is apparentwith typical neuroleptics and less obvious
with atypical antipsychotics (Arnt and Skarsfeldt, 1998; Natesan et al.,
2006). The catalepsy test is often employed to assess a potential of a
compound to induce extrapyramidal side effects in humans (Sanberg
et al., 1988; Wadenberg, 1996). It has been proposed that catalepsy
results from an excessive (N80%) blockade of dopamine D2 receptors in
the striatum (Ezrin-Waters and Seeman, 1977; Meltzer, 1991; Natesan
et al., 2006; Ossowska et al., 1990).

In the present study, haloperidol used as a positive control pro-
duced catalepsy starting at a dose of 0.4 mg/kg. ADX47273 produced a
very mild catalepsy at high dose only which was evidenced by the
increased descent time in the grid test at 90 but not 30 or 60 min. In
another study, the compoundproducedmild cataleptic behaviour only
at the dose of 300 mg/kg in mice (Liu et al., 2008).

5. Conclusions

Present results confirm that ADX47273 may exert antipsychotic-
like effects in some tests for positive symptoms of schizophrenia as
published previously, possibly with a low propensity to produce
extrapyramidal side effects (Liu et al., 2008; Schlumberger et al.,
2009). Further studies are needed to verify the efficacy of ADX47273 in
animal models of schizophrenia, in order to fully assess its benefits as
compared to currently used therapies in particular where the highest
medical need exists i.e. negative symptoms and cognitive impairment.
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