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Morphine conditioned reward is inhibited by MPEP, the mGluR5
antagonist
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Abstract

In the present study we examined the effect of MPEP [2-methyl-6-(phenylethynyl)-pyridine] a potent, selective and systemically
active metabotropic glutamate receptor (mGluR) type I (subtype mGluR5) antagonist on conditioned morphine reward in mice. In
an unbiased version of conditioned place preference (CPP) paradigm, single conditioning with 10 mg/kg of morphine produced
reliable place preference. MPEP at 30, but not 10 mg/kg significantly inhibited the acquisition as well as expression of morphine-
induced CPP, but it neither produced place preference or aversion, nor affected locomotor activity of mice. Effects of MPEP on
learning and memory were studied in the elevated plus maze model of spatial learning. In contrast to 0.1 mg/kg of MK-801, which
inhibited the acquisition of this task, 30 mg/kg of MPEP affected neither learning nor memory retrieval. These data suggest that
mGluR5 may be involved in conditioned morphine reward.
 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Glutamate, the major neurotransmitter of the central
nervous system is involved in a number of physiological
and pathological processes and its receptors belong to
two major groups, including ionotropic and metabotropic
(Conn and Pin, 1997; Parsons et al., 1998). Converging
lines of evidence indicate an involvement of ionotropic
glutamate receptors, in particular theN-methyl-d-aspart-
ate (NMDA) receptors in the processes associated with
the rewarding properties of drugs of abuse (see (Bisaga
and Popik, 2000) for recent review). Among several
available methods, the conditioned place preference
(CPP) paradigm provides reliable measure for assessing
the rewarding effects of pharmacological treatments and
natural events including food and sexual interaction.
During the acquisition phase of CPP, distinctive cues of
one environment are paired with the rewarding event and
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distinctive cues of another environment are paired with
non-rewarding event. During the post-conditioning test,
an increase in time spent in an environment associated
with the rewarding event reflects its positive reinforcing
properties (Carr et al., 1989; Bardo and Bevins, 2000).

As early as in 1994, Bespalov et al. demonstrated that
the non-selective ionotropic glutamate receptor antagon-
ist, kynurenic acid attenuated the acquisition and
expression of CPP produced by morphine (Bespalov et
al., 1994). Similar effects were reported for dizocilpine
(MK-801), an uncompetitive NMDA receptor antagonist
(Tzschentke and Schmidt, 1995) and memantine, the low
affinity and clinically available uncompetitive NMDA
receptor antagonist (Popik and Danysz, 1997); (for
review see (Bisaga and Popik, 2000)). However, the use
of NMDA receptor antagonists as potential “anti-
addictive” therapeutics is limited because these com-
pounds produce a wide range of undesired effects in pre-
clinical studies (Parsons et al., 1998).

The role of metabotropic glutamate receptors
(mGluR) in opioid reward (and other phenomena related
to drug addiction) were not so intensely investigated due
to the lack of specific pharmacological tools, however,
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early studies with the use of relatively nonselective
mGluR antagonists (of group I and II) demonstrated
attenuation of morphine withdrawal symptoms in rats
(Fundytus and Coderre, 1994; Fundytus et al., 1997).
The recent availability of brain-penetrating ligands act-
ing at well-defined groups of mGluRs (Spooren et al.,
2001) allows investigation of the role of mGluRs in drug
addiction phenomena. For instance, the availability of
centrally active after peripheral administration agonist of
mGluR II (mGluR2 and 3), LY 354740, that inhibits glu-
tamate transmission by stimulation of presynaptic auto-
receptors (Lovinger and McCool, 1995) allowed
investigating its inhibitory effects on opioid (Vandergriff
and Rasmussen, 1999; Klodzinska et al., 1999) and nic-
otine withdrawal (Helton et al., 1997). Independent data
from our laboratory indicate that this compound pre-
vented the development of morphine tolerance in mice
(Popik et al., 2000).

Metabotropic GluRs of group I (mGluR1 and
mGluR5) are coupled positively to phosphoinositide (PI)
system and constitute promising target for drug develop-
ment (Conn and Pin, 1997). With the exception of one
recent study (Chiamulera et al., 2001), the effects of
antagonists of this receptor in animal models of drug
addiction were not investigated. Chiamulera et al. dem-
onstrated that in both mice lacking mGluR5 gene and in
mice treated with mGluR5 antagonist, the self-adminis-
tration of cocaine is attenuated, suggesting that this
receptor might be involved in the rewarding effects of
cocaine. Therefore, the present study evaluated the
effects of mGluR5 inhibition on acquisition and
expression of morphine-induced CPP in mice. For this
purpose we used 6-methyl-2-(phenylethynyl)-pyridine
(MPEP), a potent (IC50 � 36 nM), selective and sys-
temically active mGluR5 noncompetitive antagonist
(Gasparini et al., 1999; Spooren et al., 2001). MPEP is
behaviorally active as it produces neuroprotective (Rao
et al., 2000) and “anxiolytic” and “antidepressant”
(Spooren et al., 2000; Tatarczynska et al., 2001) effects.

It is known that the acquisition of drug-induced CPP
represents a form of associative learning (White and
Carr, 1985; Mucha et al., 1982; Barr et al., 1985). To
check if its effects on conditioned reward might be due
to altered cognitive functions, the influence of MPEP on
learning and memory was investigated in a simple learn-
ing procedure, that is, the elevated plus maze model of
spatial learning (Itoh et al., 1991). Mice placed at the
end of one “open arm” of the apparatus escape from it
into the “enclosed” arm because they apparently avoid
bright and heightened places. The time in which the
mouse moves from the open arm to the enclosed arm
(transfer latency) is considerably shorter after the
repeated exposure to the apparatus (Itoh et al., 1990),
indicating a form of associative learning. It was demon-
strated that a variety of amnestic treatments impair learn-
ing and memory in this task (see Discussion section).

2. Methods

2.1. Subjects

Male C57BL/6J/Han/Imp mice (IMP, Lodz, Poland)
weighing 20–27 g were used for all experiments. The
animals were housed in groups of five in standard plastic
cages in the temperature controlled (21±1 °C) animal
colony with an automatic 12 h light/dark cycle (lights
on: 07:00, off: 19:00). Food and water were available ad
libitum. Each experimental group consisted of 7–45 mice
per treatment. All mice were used only once.

2.2. Apparatus for experiment 1 (effects of MPEP on
morphine conditioned reward)

The conditioned place preference apparatus consisted
of three rectangular arms (30 × 15 × 20 cm) spaced at
120 ° from each other, which were all accessible from
a triangular (central) platform (Stinus et al., 1990; Hein-
richs et al., 1995). The apparatus was made of Metaplex
and the three arms differed in distinctive visual, tactile
and olfactory cues. Thus, the white arm had a black floor
with small holes in it and its distal end was marked with
1–2 drops of undiluted peppermint oil odor NDC-0395-
1913-91 (Humco, TX, USA). The one black arm with
white rough floor was marked similarly with undiluted
anise oil odor NDC-0395-2015-91 (Humco, TX, USA)
and another black arm with plain white floor had no
odor. These distinct cues served as conditioned stimuli
(CS). The use of distinct colors, odors, and tactile texture
floor cues allowed mice to be in direct contact with CS
to experience its conditioned effect during preference
testing (Mucha et al., 1982; Barr et al., 1985). The
guillotine doors, made with the color corresponding to
the respective wall colors, were inserted during con-
ditioning sessions and were removed during the pre-test
and post-test. The ceiling of the three arms was made
of transparent Plexiglass. During testing, the location of
a mouse was monitored through a closed circuit TV
camera positioned directly above the apparatus. The test-
ing room had dim indirect lighting, comprising two 15
W bulbs positioned about 1 m above the apparatus; a
loud speaker delivered white noise. The apparatus was
kept free of urine and faeces; the floors were washed
and dried and the odors were applied daily.

2.3. Apparatus for experiment 2 (effects of MPEP on
learning and memory retrieval)

The elevated plus maze (Lister, 1987) made of black
painted plywood and consisting of two open arms (
5 × 30 cm) and two enclosed arms (5 × 30 × 15 cm) was
used to study the effect of MPEP on learning and mem-
ory retrieval in mice. The arms extended from a central
platform (5 × 5 cm). The apparatus was elevated to a



1212 P. Popik, M. Wróbel / Neuropharmacology 43 (2002) 1210–1217

height of 50 cm above the floor. The open arms were
illuminated with two bright lamps. Testing was carried
out in an experimental room supplied with a white noise.

2.4. Experimental design

The experiments were carried out between 09:00 and
17:00 h. Mice were tested in an order counterbalanced
for the treatment conditions. There were 7–45 mice in
each group. Experimenter was blind to the treatment
conditions.

2.5. Effects of MPEP on acquisition and expression of
conditioned morphine reward (Experiment 1)

The experiment was carried out according to an
unbiased procedure and consisted of five phases (days):
1) adaptation, 2) pre-test, 3) conditioning with 10 mg/kg
of morphine, 4) conditioning with placebo, and, 5) post-
test. During the adaptation, mice were carried into the
testing room, weighed and handled by experimenter by
moving animals from one standard home cage to another
in the proximity of the apparatus. This adaptation phase
was intended to reduce the novelty and stress associated
with handling, injections and exposure to the apparatus.
During the pre-test, mice were placed individually on
the central triangular platform of the apparatus with free
access to all three arms for 20 min. The time spent in
each arm and the number of entries into arms was
recorded. For each mouse, the two arms registering the
most similar preferences were identified and one arm
was chosen to be paired with 10 mg/kg of morphine and
the other with placebo. After assigning the arms, there
were no significant differences between time spent in
the “ to-be” morphine-paired and in the “ to-be” placebo-
paired arms during the pre-test. This is an important step
in the experimental procedure that avoids any preference
bias before conditioning (Manzanedo et al., 2001). Mice
were randomly assigned to the treatment groups.

During conditionings, mice were pretreated with pla-
cebo or MPEP (to investigate its effect on acquisition
of morphine-induced CPP), 20 min before morphine or
placebo injection, and then they were confined to
respective arms for 45 min. The post-test was carried
out similarly to the pre-test, with mice being placed indi-
vidually on the central triangular platform of the appar-
atus with free access to all arms for 20 min. The time
spent in each arm and the number of entries into arms
were recorded. The third arm was visited only during
the pre-test and post-test (Mucha and Iversen, 1984).
Twenty min before the post-test, subjects were treated
with placebo or MPEP (to investigate its effect on the
expression of morphine-induced CPP). Thus, to investi-
gate the effects of MPEP on acquisition and expression
of CPP, mice pretreated with MPEP before both con-
ditionings were pretreated with placebo before the post-

test, and mice pretreated with MPEP before the post-test
were pretreated with placebo before both conditionings,
respectively. Control mice received an equal number of
saline injections.

2.6. Effects of MPEP on acquisition and retrieval of
memory (Experiment 2)

The procedure was similar to that described by Itoh
et al., (1991). On the first test, mice were individually
placed at the end of one open arm facing away from the
central platform. The latency the mouse needed to find
and enter with four paws one of enclosed arms was mea-
sured (transfer latency 1 [TL#1]). In the rare cases the
mouse did not enter enclosed arm within 90 s, the animal
was pushed gently into the enclosed arm and the TL#1
was assigned to 90 s. Mice were allowed to explore
freely the apparatus for the following 10 s. Twenty-four
hours later, the second test was carried out. Like on the
first test, mice were individually placed at the end of one
open arms, facing away from the central platform, and
the latency needed to enter one of enclosed arm was
measured again (TL#2). After each mouse, the apparatus
was cleaned and dried.

To investigate the effects on acquisition of learning,
mice were pretreated with placebo, 30 mg/kg of MPEP
or 0.1 mg/kg of MK-801 (a “positive control” ), 20 min
before the first test. To evaluate the effects on memory
retrieval, mice were treated with MPEP (30 mg/kg) 20
min before the second test. This closely mimicked the
CPP procedure (see above). To keep the number and
sequence of injections equal among various groups, con-
trol mice were treated with a placebo instead of active
compounds.

2.7. Drugs

Morphine HCl (Polfa, Krakow) and dizocilpine (MK-
801) (Sigma-Aldrich St. Louis, MO, USA) were dis-
solved in sterile physiological saline that served as a pla-
cebo. MPEP (6-methyl-2-(phenylethynyl)-pyridine,
Novartis, Switzerland) was suspended in 1% Tween 80
by homogenization and neutralized with 1 N NaOH to
achieve pH ~ 6. The choice of doses and time of admin-
istration of MPEP was based on earlier reports (Spooren
et al., 2000; Tatarczynska et al., 2001; Schulz et al.,
2001) and our earlier unpublished observations. All
drugs were made fresh the day before experiment and
stored at 4 °C in the refrigerator. The dose of morphine
(10 mg/kg) is expressed as the base, the doses of all
other compounds as the respective salts. All compounds
were administered intraperitoneally in the volume of
10 ml/kg.
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2.8. Data presentation and statistics

For experiment 1 (effects of MPEP on acquisition and
expression of morphine-induced conditioned place
preference), data are presented as mean ± SEM times
spent in the rewarded arm before and after conditioning
(Stinus et al., 1990; Heinrichs et al., 1995). In addition,
this difference is expressed as post-test–pre-test [delta]
times spent in rewarded arms. Statistical analysis
involved a series of two-way, mixed design ANOVAs
with TREATMENT [morphine and another treatment]
as the between factor and TEST [pre-test and post-test]
as the repeated factor performed on pre-test and post-test
times spent in the rewarded arm. Significant interaction
between morphine/another treatment X pre-test/post-test
indicates the effects of treatment on place preference.
The statistical analysis involved also direct comparison
of the delta times spent in rewarded arms among groups
with one-way ANOVA. In addition, to ensure equal
chances among groups to demonstrate place preference,
the times mice spent in the rewarded arm on pre-test
were compared with the use of one-way ANOVA. One-
way ANOVA was also used to evaluate the effect of
treatments on the number of entrances (a raw measure
of locomotor activity) during the post-test.

For experiment 2 (the effects of MPEP on acquisition
and retrieval of memory), data are presented as mean ±
SEM latencies needed to enter the enclosed arm recorded
on first and second tests. In addition, this difference is
expressed as TL#1–TL#2 [delta] latencies. Statistical
analysis involved a series of two-way, mixed design
ANOVAs with TREATMENT [placebo and another
treatment] as the between factor and TEST [first test and
second test] as the repeated factor. Significant interaction
between placebo/another treatment X test number indi-
cates the effects of treatment on learning or memory.
The statistical analysis involved also a direct comparison
of TL#1–TL#2 [delta] latencies needed to enter the
enclosed arm among groups with one-way ANOVA. In
addition, to ensure equal chances among groups to dem-
onstrate change in learning/memory, the latencies mice
needed to enter enclosed arm on the first test were com-
pared with the use of one-way ANOVA.

2.9. Ethics

All experiments were carried out according to the
National Institutes of Health Guide for Care and Use of
Laboratory Animals (publication No. 85-23, revised
1985) and were approved by the Institute of Pharma-
cology Animal Care and Use Bioethics Commission.

3. Results

3.1. Effects of MPEP on conditioned reward produced
by morphine (Experiment 1).

There were no significant differences among groups
in the time spent in the “ to-be rewarded” arm during
the pre-test. Control mice that received a placebo during
conditioning did not change their preferences to the
“ rewarded-like” arms. Morphine produced robust prefer-
ence toward morphine-associated arm. MPEP at 30 (but
not 10 mg/kg) inhibited the acquisition of morphine-
induced CPP. Similarly, one-way ANOVA carried out
on DELTA data indicate that MPEP at 30 (but not 10
mg/kg) inhibited the expression of morphine-induced
CPP (the effect of 10 mg/kg appeared significant when
two-way, mixed design ANOVA was used). When used
instead of morphine, MPEP appeared not to produce
conditioned place preference or aversion, see Table 1.

There was no effect of treatment on the number of
arm entrances during the post-test.

3.2. Effects of MPEP on learning and memory
(Experiment 2).

There were no significant differences among groups
in transfer latencies #1. Mice treated with a placebo
before the first and second tests (controls) as well as
mice treated with 30 mg/kg of MPEP before the first test
(effects on acquisition) and before the second test
(effects on retrieval) demonstrated significantly shorter
transfer latency #2. In contrast, mice treated with 0.1
mg/kg of MK-801 did not show significant shortening
of transfer latency #2, see Table 2.

4. Discussion

The present data indicate that in the unbiased version
of the CPP test in mice, morphine produced marked con-
ditioned preference for morphine-associated compart-
ment and that group I mGluRs selective antagonist
MPEP attenuated both acquisition and expression of
conditioned morphine reward. The control experiments
indicate that an effective dose of MPEP (30 mg/kg): a)
did not produce an aversive or rewarding effect by itself,
b) did not change the locomotor activity and, c) that 30
mg/kg of MPEP did not impair acquisition of a learning
task or memory retrieval.

We used an unbiased procedure of CPP in which for
all mice, the two compartments of the apparatus regis-
tering the most similar preferences were identified, and
one was chosen to be paired with morphine, and another
with placebo administration (Stinus et al., 1990). In our
study, only one conditioning with morphine in the com-
partment distinguished by visual, tactile and olfactory
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Table 1
Effects of MPEP on acquisition and expression of morphine-induced conditioned place preferencea

Treatment / dose / N Pre-test Post-test Delta Effect Number of arm
phase entrances during the

post-test

Morphine 45 236±8.89 377±12.5 140.2±14.41 29.7±1.1
Placebo 42 264±7.78 275±9.20 10.93±10.04∗∗∗ F(1,85)=52.81, P�0.001 30.1±1.6
MPEP 10/Acqisition 9 241±21.5 379±21.4 138.3±17.09 F(1,52)�1, NS 29.7±3.2
MPEP 30/ Acquisition 14 250±14.2 310±16.4 60.43±21.62∗ F(1,57)=7.81, P�0.01 25.4±1.4
MPEP 10/Expression 18 254±13.4 337±19.1 82.83±17.00 F(1,61)=5.17, P�0.05 28.8±1.8
MPEP 30/ Expression 23 264±10.2 310±15.6 46.13±15.13∗∗ F(1,66)=16.88, P�0.001 31.5±2.2
MPEP 30 only 10 274±10.4 286±10.3 11.60±11.50∗∗∗ F(1,53)=16.96, P�0.001 28.6±2.2
ANOVA: F(6,154)= 1.51, NS 13.06, P�0.001 0.813, NS

aPresented are mean±SEM times [sec] spent in morphine-associated arm of the apparatus before (pre-test) and after (post-test) conditioning as well
as the difference between these times for each group (Delta). Mice were conditioned to the effects of morphine (10 mg/kg) and treated with MPEP
(0, 10 or 30 mg/kg) during conditionings, or before the post-test to investigate the effects on acquisition and expression, respectively. Group “MPEP
30 only” was treated with 30 mg/kg of MPEP instead of morphine, to evaluate the rewarding or aversive effects of this compound. Statistical
analyses involved one-way ANOVA performed on Delta values, and series of two-way, mixed design ANOVAs with TREATMENT as the between
factor and TEST NUMBER as the repeated factor. For the first analysis, significant differences toward “Morphine” treatment are indicated as ∗
P�0.05; ∗∗ P�0.01; ∗∗∗ P�0.001 (Newman-Keul’s test). For the second analysis, significant interaction between morphine/another treatment
X pre-test/post-test indicates the Effects of treatment on place preference. The last column of the Table shows the number of arm entrances during
the post-test (a raw measure of locomotor activity).

Table 2
Effects of MPEP on acquisition and retrieval of memory in the elevated plus mazea

Treatment / dose / phase N TL#1 (sec) TL#2 (sec) Delta (sec) Effect

Placebo 16 48.56±4.92 14.44±2.01 34.13±4.27
MPEP 30/Acquisition 8 41.63±7.68 9.63±2.33 32.00±6.58 F(1,22) �1, NS
MPEP 30/Retrieval 7 50.71±10.59 11.00±4.34 39.71±11.97 F(1,21)�1, NS
MK-801 0.1/Acquisition 9 44.89±9.26 40.67±10.16 4.22±11.46 ∗ F(1,23)=8,55, P�0.01
ANOVA: F(3,36)= 0.24, NS 3,649, P�0.05

aPresented are mean±SEM latencies [sec] to enter the enclosed arm of the apparatus during the first (transfer latency 1 [TL#1]) and second (transfer
latency 2 [TL#2]) tests, as well as the difference between these times for each group (Delta). To investigate the effects on acquisition of a learning
task, mice were placed at the end of an open arm of the elevated plus maze 20 minutes after injection of placebo, MPEP (30 mg/kg) or MK-801
(0.1 mg/kg, a “positive control” ). The latency to enter the enclosed arm was recorded. Twenty-four hours later, mice were injected with placebo
or MPEP (30 mg/kg, to investigate the effects on memory retrieval), and the latency to enter the enclosed arm was recorded again. Statistical
analyses involved one-way ANOVA performed on Delta values, and the series of two-way, mixed design ANOVAs with TREATMENT as the
between factor and TEST NUMBER as the repeated factor, performed on TL values. For the first analysis, significant difference toward “Placebo”
treatment is indicated as ∗ P�0.05; Newman-Keul’s test. For the second analysis, significant interaction between placebo/another treatment X
TL#1/TL#2 indicates the effects of treatment on the learning and/or memory and is shown in the last column of the Table.

cues was sufficient to induce significant preference to
this compartment, as was reported earlier by other inves-
tigators (Mucha et al., 1982; Bardo and Neisewander,
1986). It was demonstrated that use of multiple stimuli
as the cues in the CPP procedure produces stronger con-
ditioning, as opposed to the procedure based on single
modality stimulus (Mucha et al., 1982; Barr et al., 1985).
The effectiveness of CPP procedure with only one drug
pairing corresponds perhaps better to the human litera-
ture indicating that the initial drug experience is an
important factor contributing to the later drug use

(Haertzen et al., 1983). Moreover, it eliminates other
possible confounding factors like tolerance to the
rewarding effect of morphine (Shippenberg et al., 1988).

Our procedure of place preference conditioning
involved recording of the number of visits to arms (a
rough measurement of locomotor activity). We found
that MPEP did not change locomotor activity, which
agrees with earlier reports (Spooren et al., 2000). The
unaffected locomotion following MPEP administration
is an important issue in interpreting its effects on
expression of morphine-induced CPP. This assures that
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MPEP-treated mice did not simply enter one of compart-
ments and remained there because the locomotor func-
tions were impaired.

Another important issue in research on pharmacologi-
cal modulation of conditioned reward is the motivational
effect of a compound that is to change CPP produced
by a rewarding event. It has been suggested that if a
compound by itself produces conditioned aversion, it
may attenuate CPP not due to the specific effect on con-
ditioned reward, but because subjects may associate an
aversive state with the rewarded arm of the apparatus
(Carr et al., 1989). In this regard, data of Experiment 1
demonstrate that an effective dose of MPEP (30 mg/kg)
did not produce any aversive or rewarding effect by itself
when given 20 min before conditioning.

Cognitive effects of the compound that modulates
conditioned reward should also be carefully considered.
For instance, if a compound produced learning or mem-
ory impairment, its inhibitory effects on conditioned
drug reward would be considered unspecific. This issue
was frequently raised for the effects of NMDA receptor
antagonists. To assess the effects of MPEP on acqui-
sition and/or retrieval of memory we used the elevated
plus maze model of spatial learning in mice (Itoh et al.,
1991). This paradigm is sensitive for amnestic effects of
post-training administration of scopolamine or electro-
convulsive shock (Itoh et al., 1990), pre-training effects
of scopolamine, MK-801 and diazepam (Itoh et al.,
1991) and pre-test effects of MK-801 and scopolamine
(Hlinak and Krejci, 2000). For these reasons, we used
MK-801 as a “positive” control. Results of Experiment
2 demonstrating amnestic effects of MK-801 confirm
earlier observations (Itoh et al., 1991). However, we
found that in contrast to MK-801, 30 mg/kg of MPEP
affected neither learning nor retrieval of memory. The
effects of MPEP in various learning and memory para-
digms were not extensively assessed, and the previous
reports are somewhat contradictory as to its effect on
cognitive functions. For example, it was reported that
intracerebroventricular administration of MPEP to rats
markedly improved motor recovery and reduced deficits
of spatial learning after traumatic brain injury
(Movsesyan et al., 2001), however this effect can rather
be attributed to the attenuation of brain trauma and/or
improvement of motor functions. In contrast, Schulz et
al., reported that MPEP impaired the acquisition and
retrieval of conditioned fear in rats in the fear-
potentiated startle paradigm (Schulz et al., 2001) that
would also indicate an anxiolytic, rather than cognitive
effect. Thus, systematic studies on the cognitive effects
of mGluR5 antagonists are necessary, but the data from
Experiment 2 suggest that the inhibitory effect of MPEP
on acquisition and expression of conditioned morphine
reward were not due to its effects on remembering or
retrieval of information.

A number of hypotheses can be evoked to explain the

inhibitory effect of MPEP on conditioned morphine
reward. Activation of metabotropic receptors of group I
(including mGluR5) produces phosphoinositide (PI)
hydrolysis, a metabolic process leading to mobilization
of intracellular Ca++ and activation of protein kinase C
(PKC) as a result of inositol-1,4,5-triphosphate and
diacylglycerol formation, respectively (Bordi and Ugol-
ini, 1999). Both PKC and Ca++ play crucial role in mor-
phine conditioned reward. Thus, intracerebroventricular
administration of calphostin C, a specific PKC inhibitor,
produce dose-dependent reduction of morphine-induced
place preference, and PKC-gamma knockout mice did
not demonstrate significant morphine-induced CPP
(Narita et al., 2001). Similarly, both voltage-dependent
L-type Ca++ channel antagonist (Kuzmin et al., 1992) as
well as ligand-gated NMDA channel antagonists
(Tzschentke and Schmidt, 1995; Popik and Danysz,
1997) inhibit conditioned reward produced by morphine
(for review see (Bisaga and Popik, 2000)). It is thus
likely that MPEP, the mGluR5 antagonist that inhibits
PI pathway, might inhibit conditioned morphine reward
by inhibiting PKC, intracellular Ca++ mobilization or
both. The inhibitory effects of MPEP on morphine con-
ditioned reward are in accord with data demonstrating
that mGluR5 are highly expressed in the nucleus accum-
bens (Tallaksen-Greene et al., 1998), the brain area
implicated in reinforcing effects of drugs of abuse
(White and Kalivas, 1998) and sensitive to the inhibitory
effect of glutamate antagonist on conditioned morphine
reward (Popik and Kolasiewicz, 1999).

Acknowledgements

Supported by KBN grant 4 P05A 095 19 to M.W.
and KBN grant 4 P05A 042-17 to PP. Authors want to
acknowledge the supply of MPEP from Dr Rainer Kuhn,
Pharma Novartis, Switzerland and thank Professor
Andrzej Pilc, Institute of Pharmacology, Polish Acad-
emy of Sciences for his help in conducting these experi-
ments.

References

Bardo, M.T., Bevins, R.A., 2000. Conditioned place preference: what
does it add to our preclinical understanding of drug reward? Psych-
opharmacology 153, 31–43.

Bardo, M.T., Neisewander, J.L., 1986. Single-trial conditioned place
preference using intravenous morphine. Pharmacology Biochemis-
try and Behavior 25, 1101–1105.

Barr, G.A., Paredes, W., Bridger, W.H., 1985. Place conditioning with
morphine and phencyclidine: dose dependent effects. Life Sciences
36, 363–368.

Bespalov, A., Dumpis, M., Piotrovsky, L., Zvartau, E., 1994. Excit-
atory amino acid receptor antagonist kynurenic acid attenuates
rewarding potential of morphine. European Journal of Pharma-
cology 264, 233–239.
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