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PRELIMINARY COMMUNICATION
SELECTIVE mGlu5 RECEPTOR ANTAGONIST MTEP
ATTENUATES NALOXONE-INDUCED MORPHINE
WITHDRAWAL SYMPTOMS
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Several lines of evidence suggest a crucial involvement of glutamate in the mechanism of drug addiction. The involvement of group I mGlu receptors in the mechanism of
addiction has also been proposed. Given the recent discovery of selective and brain penetrable mGlu5 receptor antagonists, the effects of 3-[(2-methyl-1,3-thiazol-4-yl)ethynyl]-pyridine (MTEP) were evaluated in the naloxone-precipitated morphine withdrawal
model. Experiments were performed on male C57BL/6J (20–25 g) mice. Mice were rendered morphine-dependent and withdrawal was precipitated with naloxone. Two hours
and 15 min after the last dose of morphine, mice were injected with a mGlu5 receptor antagonist. MTEP (1–10 mg/kg) in a dose-dependent manner inhibited the naloxoneinduced symptoms of morphine withdrawal in morphine-dependent mice, remaining
without any effect on the locomotor activity of mice. The data suggest that selective
mGlu5 receptor antagonists may play a role in the therapy of drug-dependence states.
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INTRODUCTION
Glutamate acts by stimulating ionotropic and
metabotropic glutamate receptors (mGluRs) [10],
and seems to play a major role in both physiology
and pathophysiology of the central nervous system
(CNS). mGluRs are a family of eight G-protein
coupled receptors, which are classified into three
groups according to their sequence homology, effector coupling and pharmacology. Group I mGluRs
(mGluR1 and mGluR5) are positively coupled to
phospholipase C, while group II mGluRs (mGluR2
and mGluR3) and group III mGluRs (mGluR4,
mGluR6, mGluR7 and mGluR8) are negatively
coupled to adenylate cyclase [2].
Converging lines of evidence indicate crucial
involvement of glutamate receptors in the phenomena related to drug-seeking behavior [13]. The
early data of Fundytus et al. [5, 6] demonstrated
that chronic inhibition of group I mGluRs by intracerebroventricular administration of (S)-4-carboxyphenylglycine resulted in the diminished severity of naloxone-precipitated withdrawal symptoms in morphine-dependent rats. Up to recent
years, studies concerning involvement of group I
mGluRs in CNS functions were largely based on
compounds which had only limited selectivity between mGluRl and mGluR5 subtypes and which
did not penetrate into the brain. The discovery of 2methyl-6-(phenylethynyl)-pyridine (MPEP), a selective and systemically active compound [17] which
is a potent non-competitive mGluR5 antagonist, led
to further experiments showing that MPEP ameliorated symptoms of morphine tolerance [9] and acquisition as well as expression of morphine-induced conditioned place preference [11] in rats. The
present study was aimed to investigate whether
3-[(2-methyl-1,3-thiazol-4-yl)ethynyl]-pyridine
(MTEP), which retains the in vitro potency of
MPEP but has superior selectivity and reduced
off-target liabilities [3], reduces the effect of
naloxone-induced morphine withdrawal in mice.

MATERIALS and METHODS
All experiments were performed on male
C57BL/6J (20–25 g) mice. The animals were kept
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on a natural day-night cycle at a room temperature
of 19–21°C, with free access to food and tap water
before the experiment. Each experimental group
consisted of 8–10 animals/dose, the total number of
animals was 80. All injections were made in a volume of 10 ml/kg. The experiments were performed
by an observer unaware of the treatment. All experimental procedures were approved by Animal
Care and Use Committee at the Institute of Pharmacology, Polish Academy of Sciences in Kraków.
Mice were treated with morphine (30 mg/kg, ip
twice daily) for 3 days, an additional dose was administered in the morning of the fourth test day.
Two hours and 15 min after the last dose of morphine, the mice were injected with MTEP or saline.
The animals were challenged with naloxone
(4 mg/kg) 45 min after administration of MTEP
and placed immediately in transparent glass beakers (volume of 10 l). The number of jumps was recorded during a 10-minute test period. The
morphine-dependent mice treated with naloxone
were used as a control group. Our previous studies
[8] demonstrate that this schedule of injections provided the most optimal means for investigating
morphine dependence in mice.
The spontaneous locomotor activity of mice
was measured in photoresistor actometers (circular
cages, 25 cm in diameter, 15 cm high, two light
sources, two photoresistors), where the animals
were placed individually 1 h after injection of
MTEP solution. The number of crossings of light
beams was measured within 30 min of experimental session. First measurement was performed
6 min after placing animals in actometers. The obtained data, presented as means ± SEM, were
evaluated by a one-way analysis of variance, followed by Dunnett’s multiple comparison test,
where p < 0.05 was considered significant.
MTEP was suspended in a 1% aqueous solution
of Tween 80. Morphine hydrochloride (Polfa,
Kraków, Poland), naloxone (RBI, Natick, MA,
USA) were dissolved in saline. All the compounds
were administered ip.

RESULTS and DISCUSSION
The morphine-dependent mice treated with naloxone demonstrated a pronounced withdrawal
syndrome, which was manifested by vertical jumping. Jumping was not observed in vehicle-treated
mice challenged with naloxone or in morphine-
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ANTI-ADDICTIVE EFFECTS OF MTEP

Fig. 1. Effect of MTEP on naloxone-induced jumping in 3 days
morphine-dependent mice. Naloxone (4 mg/kg, ip) was administered 45 min after MTEP. Values represent the means ± SEM
of the number of jumps during a 10 min experimental session, n
= 6–10, * p < 0.05, *** p < 0.01 vs. control group

dependent mice challenged with vehicle (0 jumps per
10 min period). A novel mGluR5 antagonist,
MTEP, produced a dose-dependent reduction in
naloxone-induced jumping. The 10 mg/kg, ip dose
of MTEP, decreased jumping by 60% (F(3,44) =
6.754, p < 0.001) (Fig. 1). At the same dose MTEP
was without any effect on the locomotor activity of
mice (Tab. 1).
Table 1. Effect of MTEP on the locomotor activity of mice
Compound

n

Dose
(mg/kg)

Number of crossings
6 min

30 min

Vehicle

9



66 ± 11

162 ± 15

MTEP

8

1

73 ± 8

158 ± 18

8

10

81 ± 6

183 ± 23

MTEP was administered ip, 1 h before the test. Values are expressed as means ± SEM, n is the number of mice per group

Our results extend the data which showed that
MPEP blocked symptoms of morphine tolerance
[9], demonstrating that treatment with MPEP leads
to a decrease in symptoms of morphine withdrawal
in mice. A number of hypotheses may explain a potential effect of MTEP on physical symptoms of
morphine withdrawal. The majority of group I
mGluRs are located postsynaptically [12], however
MPEP has recently been reported to inhibit glutamate release by presynaptically located mGluR5
[15]. This mimics the function of group II mGluR,
which are predominantly located presynaptically
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and in this way modulate glutamate release [12]. It
has been shown previously that the agonist of
group II of mGluR (LY354740) inhibited the naloxone/naltrexone-induced abstinence syndrome
[8, 16], which suggests that a decrease in glutamate
release, and in consequence blockade of glutamate-induced hyperexcitability may be involved in
inhibition of morphine tolerance. Compounds,
which reduce transmission at NMDA receptors, are
known to attenuate symptoms of naloxoneprecipitated opioid withdrawal [7]. Glutamatergic
transmission, mediated by the stimulation of group
I mGluRs, has also been shown to potentiate responses of ionotropic GluRs in various brain structures, including potentiation of NMDA currents
[4]. On the contrary, several data indicate that
mGluR5 antagonists reduce NMDA receptor activity in several brain areas [1, 14]. Therefore, the inhibition of group I mGluRs may lead to a decrease
in NMDA-receptor-mediated neurotransmission,
thus, contributing to the attenuation of morphinewithdrawal effects. It can be speculated that
mGluR5 antagonists, which did not cause sedation
or disturb the rota-rod performance, might play
a role in the therapy of physical withdrawal symptoms, being free of the adverse effects produced by
NMDA receptor antagonists.
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