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Changes in the expression of metabotropic glutamate receptor 5 (mGluR5) in the
rat hippocampus in an animal model of depression. J.M. WIEROÑSKA, P. BRAÑSKI,
B. SZEWCZYK, A. PA£UCHA, M. PAPP, P. GRUCA, E. MORYL, A. PILC. Pol. J.
Pharmacol., 2001, 53, 659–662.

The aim of our study was to investigate the level of metabotropic glutamate receptors
(mGluRs) in the brains of rats after chronic mild stress. Using Western blotting procedure
we showed that the level of mGluR5 receptor protein was increased in CA1 and de-
creased in CA3 region of the hippocampus. Our results indicate that mGluR5 can possi-
bly be engaged in the mechanism of depression.
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Abbreviations: ACPC – 1-aminocyclopropane-
carboxylic acid, CMS – chronic mild stress,
5,7-DCKA – 5,7-dichlorokynurenic acid, DG –
dentate gyrus, mGluR – metabotropic glutamate
receptor, MK-801 – (5R,10S)-(+)-5-methyl-10,11-
-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine,
MPEP – 2-methyl-6-(phenylethynyl)-pyridine,
NMDA – N-methyl-D-aspartic acid, SDS – sodium
dodecyl sulphate, TBS – Tris-buffered saline

Glutamate is the main excitatory neurotransmit-
ter in the brain [5]. It interacts with two kinds of
receptors, the ionotropic and the metabotropic glu-
tamate receptors (mGluRs). The latter are a rela-
tively new group of receptors identified in the last
years. Receptors belonging to this group are coupled
with G-proteins and comprise eight receptor types
(mGluR1-8) which have been clasified into three
groups according to their sequence homology, effec-
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tor coupling and pharmacology. Group I mGluRs
(mGluR1 and mGluR5) are positively coupled to
phospholipase C; group II (mGluR2 and mGluR3)
and group III (mGluR4, mGluR6, mGluR7 and
mGluR8) are negatively coupled to adenylyl cy-
clase [3]. It has been shown that stimulation of
group I mGluRs enhances or facilitates excitatory
effect of glutamate [2].

The hippocampal formation is a limbic struc-
ture engaged in a number of functions, such as epi-
leptic activity, memory and affective disorders.
Glutamate is the main neurotransmitter in the hip-
pocampal neuronal circuits. Some data suggest the
role of glutamatergic transmission in the patho-
physiology of depression and in the action of the
antidepressant drugs, since the adaptive changes
in the N-methyl-D-aspartic acid (NMDA) receptor
complex were found after antidepressant treatment.
Additionally, the NMDA receptor antagonists show
some antidepressant-like actions in animal models
of depression [12].

Chronic mild stress (CMS) seems to be one of
the best validated animal models of depression be-
cause it induces behavioral abnormalities that re-
semble the symptoms of human depression. One of
the core symptoms of human major depression is
anhedonia. In stressed rats, anhedonia is measured
as a decrease in consumption of a 1% sucrose solu-
tion and this effect is reversed by chronic treatment
with imipramine [9, 10].

Our previous studies on the CMS model showed
the antidepressant-like effect of chronic treatment
with competitive and non-competitive NMDA re-
ceptor antagonists (MK-801, ACPC, CGP 37849,
D-cycloserine) [9, 10]. We also showed the invol-
vement of the NMDA receptor complex in CMS
model of depression as CMS increased the potency
of glycine to displace [3H]5,7-DCKA binding to
glycine/NMDA sites, and we observed a reduction
of the specific [3H]5,7-DCKA binding [8].

A specific modulation of NMDA-related respon-
ses by mGluR activation has been demonstrated in
a number of brain areas. Recent data indicated that
mGluR ligand, mGluR5 antagonist MPEP, proba-
bly had an antidepressant-like properties in animal
screening tests [13].

Therefore, in the present study we investigated
the effect of CMS procedure on the expression of
mGluR5 receptor protein in the rat hippocampus.

We used adult male Wistar rats in our research.
The animals were singly housed in plastic cages

(40 × 25 × 15 cm) with free access to food and wa-
ter and were maintained under a 12/12 h light/dark
cycle at a temperature of 22 ± 2°C. Animals were
first trained to consume 1% sucrose solution. Su-
crose consumption was monitored at weekly inter-
vals throughout the experiment. On the basis of su-
crose consumption, the animals were divided into
two groups. One group was subjected to the CMS
procedure for a period of 9 consecutive weeks. The
following stressors have been used: food or water
deprivation, 45° cage tilt, intermittent illumination,
soiled cage, paired housing and low intensity stro-
boscopic illumination. Stressors were 12–14 h in
duration and were applied individually and con-
tinuously, day and night. The second group served
as the control and was not exposed to stress.

At the end of the experiment, rat hippocampal
regions CA1, CA3 and DG were dissected (Fig. 1)
and homogenized at 4°C in 1 ml of homogenizing
buffer (2% SDS) using a teflon/glass homogenizer.
The homogenized samples were boiled at 100°C
and centrifuged at 1000 × g for 10 min at 4°C in
order to remove any unhomogenized residual tis-
sue. Electrophoresis and Western blot procedures
were described previously [6]. Briefly, the samples
of brain homogenate were diluted with sample
buffer according to Laemmli and they were electro-
phoresed on 10% SDS-poliacrylamide gel and then
blotted to nitrocellulose membrane (Schleicher &
Schuell, Germany). In the case of CA1 and DG re-
gions, 10 �g protein per well were loaded, and in
the case of CA3 protein content was 30 �g per
well. The membrane was incubated in TBS with
0.5% Tween 20 and 1% blocking reagent for 2 h at
room temperature to block non-specific binding
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sites. The membrane was incubated for 1 h with
rabbit polyclonal anti-mGluR5 antibody (generous
gift from Dr. Kuhn, Novartis, Switzerland), diluted
1:5000 in TBS containing 0.5% blocking reagent,
and was processed according to standard Lumi
Light Western blotting kit protocol (Roche Molecu-
lar Biochemicals, Germany). The mGluR5 bands
were detected with FujiLas1000 (Fuji Photo Film
Co., Ltd., Japan) and processed by ImageGauge
version 3.11 (Fuji Photo Film Co., Ltd., Japan).

We observed an increase in mGluR5 receptor
protein level in CA1 and decrease in CA3 region of
the hippocampus in stressed animals comparing to
respective controls. The changes in mGluR5 pro-
tein level between control and stressed animals
were not observed in dentate gyrus (DG) region of
the hippocampus (Fig. 2).

Our earlier (unpublished) immunohistochemi-
cal data showed, that mGluR5 were localized on
dendrites. It was shown by others that both chronic
social stress and repeated restraint stress led to
a decrease in the number of branch points and total
dendritic length in the apical dendritic trees of CA3
pyramidal neurons. This may explain a decrease in
mGluR5 protein level in CA3 region in CMS
treated rats. We can suspect that one of the reasons
responsible for dendritic remodelling in CA3 py-
ramidal neurons were stress-induced changes in

glucocorticoids. The apical dendritic atrophy of
pyramidal cells of the hippocampus is connected
with an increase in corticosterone level in plasma
[4, 7]. The data indicate an increase in corticoster-
one level after CMS procedure [1] what may sug-
gest the atrophy of apical dendrites of hippocampal
pyramidal neurons in CMS.

We can assume that the increase in mGluR5
protein level in CA1 region of hippocampus is the
compensative reaction to a decrease in mGluR5
protein level in CA3. Besides, numerous data show
an increase in mGluR5 protein level in CA1 region
of the hippocampus after stress [11]. Taken together
we can speculate that the changes in mGluR5 pro-
tein level may be involved in the pathophysiology
of depression.
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