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On the role of metabotropic glutamate receptors in the mechanism of ac-
tion of antidepressants. A. PA£UCHA, A. PILC. Pol. J. Pharmacol., 2002,
54, 581–586.

Most conventional antidepressant drugs influence serotoninergic, adren-
ergic, and/or dopaminergic systems, increasing serotonin, norepinephrine
and dopamine synaptic availability. More recently attention has focused on
glutamatergic system. Both preclinical and clinical studies, showing antide-
pressant-like actions of compounds which reduce transmission at N-methyl-
D-aspartate (NMDA) receptors, indicate possible involvement of glutama-
tergic system in the etiology of depression. Since glutamatergic transmission
is controlled not only by ionotropic but also by metabotropic glutamate re-
ceptors (mGluR), their involvement in the etiology and the therapy of de-
pression was also postulated. Recent studies, showing that antidepressant
treatment may influence mGlu receptors, together with the findings that
group I mGluR antagonists, may possess antidepressant-like action, support
this hypothesis.
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INTRODUCTION

Several lines of evidence indicate that almost
all neurotransmitters are implicated in the patho-
physiology of depression and/or in the mechanism
of action of antidepressant drugs [20, 24, 26, 40].
Compounds that influence monoaminergic systems
(i.e. serotonin, norepinephrine, and dopamine) have
been used to treat depression for more than 40
years. However, the mechanism of therapeutic ac-
tion of antidepressant drugs that inhibit the re-
uptake and/or metabolism of biogenic amines re-
mains unknown and the monoaminergic theory of
depression no longer provides explanation of the
mode of action of all antidepressant drugs. More
recently, attention has focused on glutamate, which
is the major excitatory neurotransmitter in the
brain, and as such, it is involved in several physio-
logical and pathological conditions [50]. The data
showing the adaptation of NMDA receptor com-
plex after antidepressant treatment, together with
the findings that functional NMDA receptor an-
tagonists (e.g. dizocilpine, memantine, ACPC) pos-
sess antidepressant-like actions indicate the possi-
ble involvement of glutamatergic system in the etio-
logy of depression [42].

Physiological functions of glutamate are media-
ted not only by ionotropic (iGluR), but also by me-
tabotropic glutamate receptors (mGluR). mGluRs
are a family of eight G-protein-coupled receptors,
which are classified into three groups according to
their sequence homology, effector coupling and
agonist selectivity. Group I mGluRs (mGlu1 and
mGlu5) are coupled to phosphatidylinositol hy-
drolysis/Ca�0 signal transduction pathway. Group
II mGluRs and group III mGluRs are both coupled
in an inhibitory manner to adenylyl cyclase [10].
Activation of mGlu receptors leads to a variety of
cellular responses, including the inhibition of cal-
cium and potassium currents, presynaptic modula-
tion of synaptic transmission, and postsynaptic in-
teraction with ionotropic glutamate receptors [1, 5,
18, 39]. Although all three groups of mGluRs play
roles in the regulation of brain function, group I
mGluRs are especially important for the regulation
of neuronal excitability [1]. Generally, it has been
shown that the activation of group I receptors en-
hances or facilitates the excitatory effects of gluta-
mate by modulation of ion channels activity [3, 13,
37]. Antagonists of group I mGlu receptors have
been proposed to exhibit potential positive thera-

peutic effects in CNS disorders related to excessive
excitatory neurotransmission such as epilepsy, is-
chemia and pain [29]. On the grounds of the data
showing an important role of glutamate in depres-
sion [11, 43], an involvement of group I mGlu re-
ceptors in the etiology and the therapy of depres-
sion may also be suggested. Recent studies, show-
ing that antidepressant treatment may influence
group I mGlu receptors, together with the findings
that group I mGluR antagonists, may possess
antidepressant-like action, support this hypothesis.

Depression is a disorder of the expression and
regulation of mood and emotions, and as such is ac-
companied with abnormalities in the structure and
function of limbic system structures, including the
hippocampus. Thus, research on the hippocampus
is given special attention in this review and the
changes in this structure are discussed in detail.

ANTIDEPRESSANT TREATMENT

MODIFIES THE RESPONSIVENESS

OF mGlu RECEPTORS

In order to investigate whether antidepressant
treatment influences the sensitivity of group I mGlu
receptors, an extracellularly recorded population
spike in the rat hippocampal slices was measured.
It has been shown that the activation of group I
mGluRs in the CA1 region of the hippocampus is
responsible for depolarization of the pyramidal
neurons [12], probably as a result of inhibition of
potassium channels [39]. Such an effect contributes
to the increase in the amplitude of the population
spike evoked by a nonselective group I mGluRs
agonist (1S,3R)-ACPD, as well as by a selective
group I mGluRs agonists (R,S)-3,5-DHPG. This in-
crease was markedly attenuated by both repeated
imipramine and electroconvulsive shock treatment.
Since the effects were observed 48 h after chronic
drug administration (i.e. when imipramine is not
detected in the brain) and were not observed after
single imipramine injection, it can be attributed to
the long-term effects of antidepressant treatment.
These results suggest that antidepressive therapy
alters the sensitivity of hippocampal neurons to
group I mGluR agonists [31, 34]. Interestingly, an-
tidepressant treatment induced subsensitivity of
CA1 cells to the activation of other types of recep-
tors (e.g. 5-HT!� �-adrenoceptors), which inhibit K0

conductances via intracellular second messengers
[6, 7]. Such an effect may suggest changes in post-
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receptor transduction signals evoked by antidepres-
sant treatment.

In order to compare electrophysiological stu-
dies with biochemical ones, an influence of antide-
pressant drugs on different effects of mGluR acti-
vation on second messengers was investigated.
Since group I mGlu receptors are coupled to phos-
phatidylinositol hydrolysis/Ca�0 signal transduc-
tion pathway, their activation leads to the produc-
tion of two second messengers, diacylglycerol and
inositol trisphosphate. Therefore, an increase in
inositol phosphate accumulation observed after
mGluR activation can be attributed to the stimula-
tion of group I mGluR receptors [36]. Nonetheless,
neither repeated imipramine administration nor
electroconvulsive shock treatment significantly in-
fluenced the effects of (1S,3R)-ACPD on inositol
phosphate accumulation [34]. The discrepancy be-
tween biochemical and electrophysiological re-
sponses induced by the stimulation of mGlu recep-
tors may be due to the involvement of different
subtypes of receptors in both responses or may re-
sult from diverse postreceptor effects of antidepres-
sant drugs on G proteins or protein kinase C.

In spite of being coupled to phosphatidylinosi-
tol hydrolysis/Ca�0 signal transduction pathway
mGluRs play also a distinct role in cyclic AMP
generation, elevating its level. Several lines of evi-
dence suggest that group I mGlu receptors are par-
ticularly responsible for these effects [2, 22, 41].
Therefore, it was justified to investigate whether
prolonged antidepressant treatment influences ef-
fects of mGluR agonists on cyclic AMP accumula-
tion. The studies showed that the repeated imi-
pramine or electroconvulsive shock treatment re-
sulted in attenuation of the ibotenate-stimulated
increase in cyclic AMP accumulation [35]. Since
these experiments were performed by using an-
tagonists of ionotropic glutamate receptors, which
may also be activated by ibotenic acid, it was clear
that the increase in cyclic AMP accumulation re-
sulted from the activation of mGluRs. This obser-
vation seems to confirm the results of electro-
physiological studies, which indicated decreased
responsiveness of mGluRs after repeated imi-
pramine or electroconvulsive shock treatment. It
must be emphasized that the increase in ibotenate-
stimulated cyclic AMP formation may stem from
the activation of not only group I but also groups II
and III mGluRs [30]. Thus, the effects of antide-
pressants on ibotenate-induced cyclic AMP accu-

mulation may be mediated by several types of
mGlu receptors.

ANTIDEPRESSANT TREATMENT

ALTERS THE EXPRESSION OF mGlu

RECEPTORS IMMUNOREACTIVITY

It was of interest to establish whether altera-
tions in the responsiveness of mGluRs observed af-
ter chronic antidepressant treatment were accompa-
nied with the changes in expression of the recep-
tors. Since electrophysiological studies indicated
the subsensitivity of group I mGlu receptors, the in-
vestigations focused on the influence of repeated
antidepressant treatment on the expression of group
I mGluRs in the rat hippocampus. Both mGluR1
and mGluR5 receptors, belonging to the group I
mGluRs, are located postsynaptically on hippo-
campal neurons. mGlu1 receptors are distributed in
the nerve cell bodies, especially interneurons, and
mGlu 5 receptors have been detected mainly on
dendrites of principal hippocampal neurons [27,
28]. It was found that chronic imipramine, as well
as electroconvulsive shock treatment led to the in-
crease in the expression of mGluR1a and/or
mGluR5a immunoreactivity in the rat hippocampus
[4, 45]. The changes were demonstrated using both
immunohistochemical method for mGluR1a and
Western blot analysis for mGluR5a, and suggested
the increase in the level of receptor protein. Taking
into account the results of electrophysiological
studies, suggesting subsensitivity of group I mGluRs
resulting from antidepressant action, it may be
speculated that the increase in the protein level of
group I mGlu receptors might be a compensatory
mechanism developing as a result of that subsensi-
tivity.

POTENTIAL ANTIDEPRESSANT-LIKE

EFFECTS OF mGlu RECEPTOR

LIGANDS

Both preclinical and recent clinical studies indi-
cate that compounds which reduce transmission at
N-methyl-D-aspartate (NMDA) receptors, belong-
ing to iGlu receptors, are antidepressants [42].
Since the involvement of group I mGlu receptors
in depression has been found, it was of interest
whether group I mGluR antagonists possess an
antidepressant-like action.
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Preliminary studies had to use the compounds
which exhibited only limited selectivity for mGluR
subtypes and which did not penetrate into the brain
[32]. The results have shown that an antagonist of
group I mGluRs, AIDA [(R,S)-1-aminoindan-1,5-
dicarboxylic acid] exerts an antidepressant-like ef-
fect after intraventricular injections in behavioral
despair test in rats (unpublished). Recent finding of
a novel, selective and systemically active mGluR5
antagonist, MPEP (2-methyl-6-[phenylethynyl]-py-
ridine) [15], allowed to perform further studies using
several methods, including the behavioral despair
test (Porsolt’s test) in rats [38], the tail suspension
test in mice [44] and the olfactory bulbectomy
model of depression in rats [17, 21].

Although MPEP was not active in the beha-
vioral despair test, it did exhibit an antidepressant-
like activity in the tail suspension test [46], which
is known to possess a higher predictive validity for
identifying potentially useful pharmacotherapies
for depression, compared to the Porsolt’s test [33].
In order to confirm these data, the olfactory bulbec-
tomy model of depression was used to evaluate
whether MPEP evokes an antidepressant-like ac-
tion. It is well known that bilateral olfactory bul-
bectomy in rats is associated with neurochemical,
physiological and behavioral changes, including
deficit in passive-avoidance learning [23, 47],
which is reversed by chronic, but not acute, treat-
ment with antidepressant drugs [9, 19, 25]. Pro-
longed (but not acute) treatment with MPEP re-
stored the deficit in passive-avoidance learning in
a manner similar to the classical antidepressant
drug, desipramine, used as a positive control [49].
The results indicate that the prolonged blockade of
mGlu5 receptors exerts antidepressant-like effects
in rats.

The mechanism of antidepressant action of
MPEP is not known, but some hypotheses can be
discussed on the grounds of the data concerning
NMDA receptor functions. It is well known that
compounds which reduce transmission at NMDA
receptors behave like antidepressants. On the other
hand, glutamatergic transmission via the stimula-
tion of group I mGlu receptors has been shown to
potentiate the ionotropic glutamate responses in
various preparations [8, 16], including potentiation
of NMDA currents [14, 48] . Therefore, the block-
ade of group I mGlu receptors by MPEP may lead
to a decrease in NMDA-receptor-mediated neuro-
transmission and might contribute to the antide-

pressant-like effect of MPEP. It is of interest that
MPEP which neither causes sedation nor does it
disturb the rota-rod performance [46], might be
free of side effects produced by antagonists of
NMDA receptors.
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