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Abstract:

Treatment with most antidepressants induces expression of the gene coding for brain-derived neurotrophic factor (BDNF) in the

hippocampus (and cerebral cortex). Recent data indicate antidepressant-like activity of group I mGlu receptor (mGluR1 and

mGluR5) antagonists in animal tests/models. We now report that chronic treatment with 2-methyl-6-(phenylethynyl)-pyridine

(MPEP), a selective mGlu5 receptor antagonist, increased hippocampal but reduced cortical BDNF mRNA level (Northern blot).

Desipramine, a classic antidepressant, increased BDNF mRNA level in both examined brain regions. This is the first demonstration

that an antagonist of mGlu5 receptors, like a majority of well-established antidepressants, induces hippocampal BDNF gene

expression. A significance of MPEP ability to reduce cortical BDNF needs further study. Nevertheless, this observation further

indicates a potential antidepressant activity of the group I mGlu receptor antagonists in human depression.
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Introduction

Antagonism of glutamatergic system may be impli-

cated in the mechanism(s) underlying efficient ther-

apy of depression [10, 11]. Agents, which reduce ac-

tivity of ionotropic N-methyl-D-aspartic acid (NMDA)

receptors as well as group I metabotropic glutamate

(mGlu) receptors exhibit antidepressant-like effects in

animal tests and models (for review see [12]). 2-

Methyl-6-(phenylethynyl)-pyridine (MPEP) is one of

the most potent and selective, brain-penetrable an-

tagonists of mGlu5 receptors, which possesses

antidepressant-like activity after acute (tail suspen-

sion test) and chronic treatment (olfactory bulbec-

tomy) in animal paradigms [11, 16].

Preclinical and clinical studies have provided evi-

dence for a neurotrophic hypothesis of depression

which has been formulated based on the trophic ac-

tion of brain-derived neurotrophic factor (BDNF) [4],

antidepressant-like effects of BDNF in behavioral

models of depression [15] and regulation of BDNF by
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several different classes of antidepressant drugs [9] or

their combined treatment with other compounds

showing antidepressant-like activity [13]. Recent data

on transgenic mice with reduced BDNF signaling in

the brain demonstrated that these animals were insen-

sitive to antidepressants in behavioral tests [14]. Phar-

macological agents that elevate hippocampal BDNF

or influence the BDNF signaling pathways could act

as antidepressants or might be useful in treating de-

pressive symptoms.

Because the effects of prolonged treatment with an-

tidepressants on BDNF gene expression are the best-

characterized, in the present study, we investigated

the effect of chronic (14-day) treatment with MPEP

on BDNF mRNA level in the rat hippocampus and

cerebral cortex. To control experimental conditions,

we also determined the effect of 14-day treatment

with a classic antidepressant drug, desipramine on

mRNA level of BDNF in both brain regions.

Materials and Methods

All procedures complied with the guidelines of the

National Institutes of Health Animal Care and Use

Committee and were approved by the Ethics Commit-

tee of the Institute of Pharmacology, Kraków.

Animals

The experiments were carried out on male Wistar rats

(180–220 g). The animals were kept under a natural

day-night cycle with free access to food and water.

MPEP (Tocris) at a dose of 10 mg/kg, desipramine

(Sigma, USA) at a dose of 10 mg/kg or vehicle (0.9%

sodium chloride) were administrated ip once a day for

14 days. Twenty-four hours after the last treatment,

the animals were decapitated, their cerebral cortices

(neocortex) and hippocampi were dissected and im-

mediately frozen.

Determination of BDNF mRNA

The procedure for determination of BDNF mRNA

levels was performed according to Legutko et al. [7].

Briefly, total RNA was extracted using TRIzol Rea-

gent (Life Technologies) following manufacturer’s

protocol. Northern blot analysis was performed with

10 µg of total RNA, separated on 1% denaturing

agarose-formaldehyde gel, transfered subsequently to

nylon membrane (Nytran, Schleicher and Schuell)

and immobilized by ultraviolet (UV) radiation. A probe

for rat BDNF was generated by polymerase chain reac-

tion (PCR) from cDNA, using primers: 5’-ACT-

CTG-GAG-AGC-GTG-AAT-GG-3’ and 5’-CAG-CCT-

TCC-TTC-GTG-TAA-CC-3’, the 470 bp product was

cloned into pCRII TA cloning vector. The insert cut

with enzyme EcoRI was a random primer-labeled

with �-[P32]dCTP, and purified (Prime-It RmT,

Stratagene). Hybridization was performed in Church’s

buffer at 65°C overnight. Hybridized filters were

washed for 30 min in 2 × saline-sodium citrate (SSC)

buffer/0.1% sodium dodecyl sulfate (SDS) at room

temperature and 30 min. in 0.1 × SSC/0.1% SDS at

55°C and exposed to X-ray screen (Fuji). Following

the exposure, the same filters stripped off BNDF

probe (washed 3 times in 0.1 × SSC/0.1% SDS at

100°C for 10 min), were re-hybridized for �-actin

cDNA probe (Clontech) to normalize RNA loading.

Northern blots were quantified using a digitalized

autoradiographs (PhosphorImager, Image Gauge 4.0,

Fuji).

Data analysis

Each experiment was performed on two groups of

animals and the data were analyzed by Student’s

t-test, with significance set at the p < 0.05 level.

Results

BDNF mRNA was examined by Northern blot using

a riboprobe recognizing transcripts encoding exon 5.

The values for the 4.2 and 1.8 kb BDNF transcripts

were combined for analysis. Chronic treatment with

MPEP significantly increased the induction of BDNF

mRNA in the hippocampus by ~20% (Fig. 1A), simi-

larly as desipramine (Fig. 1B). However, MPEP de-

creased the transcript levels in the cerebral cortex by

~30% (Fig. 2A) in contrast to desipramine which in-

duced an increase in BDNF mRNA by ~60% (Fig.

2B).
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Discussion

Adaptive changes induced by antidepressant drugs

seem to be involved in the mechanism(s) of therapeu-

tic action of these agents. Many adaptive changes

have been proposed to be “responsible” for neuro-

chemical mechanisms underlying antidepressant drug

action, including those affecting modulation of gluta-

matergic system (for review see [10]). Recent hy-

pothesis of the mechanism of antidepressant action

has indicated that the cAMP signaling pathway, and

its downstream modulator, a neurotrophic factor

BDNF, is the major target of conventional antidepres-

sants [4, 9]. In the present paper, we report that

chronic treatment with MPEP increased level of

BDNF mRNA in the rat hippocampus; desipramine,

the classical tricyclic antidepressant drug acted in the

same manner, confirming the earlier data of Nibuya et

al. [9]. There are several possible mechanisms charac-

teristic of classic antidepressants by which also MPEP

could regulate the induction of BDNF mRNA. For ex-

ample, Heidbreder et al. [6] have demonstrated that

MPEP may act as an inhibitor of the norepinephrine

transporter in vitro and in vivo, thus, like desipramine,

it can increase norepinephrine level via blockade of

monoamine reuptake, can activate CREB (cAMP re-

sponse element binding protein) and expression of

BDNF. It was demonstrated that an NMDA receptor

antagonist, memantine activated BDNF gene expres-

sion in the rat brain [8]. As there are certain reciprocal

interactions between group I mGluRs and NMDA re-

ceptors [1] and mGluR5 antagonists inhibit NMDA

receptor-mediated neurotransmission, the blockade of

mGlu5 receptors may elevate BDNF expression via

reduction of glutamatergic neurotransmission.

This study also demonstrated that chronic admini-

stration of MPEP decreased level of BDNF mRNA in

the rat cerebral cortex. The observation that MPEP in-
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duced opposite effects in the cortex and hippocampus

suggests that two different mechanisms of BDNF

gene regulation are active in these structures. Recent

evidence indicates that the location of an NMDA re-

ceptor, which is actually activated or inhibited, is

a critical factor in determining the synaptic effects [5].

Activation of intrasynaptic NMDA receptors strongly

activates CREB, however, activation of extrasynaptic

NMDA receptor initiates a dephosphorylation path-

way, which results in inactivation of CREB and

blocking the induction of BDNF expression [5].

Therefore, the regulation by MPEP of different sets of

NMDA receptors may lead to mutually opposite ef-

fects. Moreover, the mechanism underlying MPEP’s

ability to influence BDNF mRNA regulation may also

depend on the treatment/withdrawal time [2] and dif-

ferential regulation of distinct BDNF transcripts

(I–IV) in a brain region-specific manner [3] as was

demonstrated after treatment with various antidepres-

sants. Thus, the mechanism(s) of MPEP-induced al-

terations in BDNF mRNAs expression is at present

unclear and requires further studies.

Summarizing, this is the first demonstration that an

antagonist of mGlu5 receptors increases the BDNF

gene expression in the hippocampus, which is the ef-

fect similar to that elicited by most clinically effective

antidepressants. This finding suggests that mGluR5

blockade may have therapeutic potential in the treat-

ment of depressive disorders.
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