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Abstract:

Several lines of evidence suggest an antidepressant-like activity for 3-[(methyl-1,3-thiazol-4-yl)ethynyl]-pyridine (MTEP), a highly

selective, non-competitive antagonist of metabotropic glutamate receptors subtype 5 (mGluR�). This effect has been observed fol-

lowing both acute and chronic MTEP treatments in behavioral tests and experimental models of depression, such as the forced swim

test (FST), the tail suspension test, and the olfactory bulbectomy model of depression. However, the mechanism of action for

mGluR� antagonists remains unclear.

The aim of this study was to investigate whether the antidepressant-like action of MTEP is dependent on ionotropic glutamatergic re-

ceptors. Male Albino Swiss mice were used, and antidepressant-like activity was evaluated using the FST. The antidepressant-like

effect of MTEP (0.3 mg/kg) was significantly antagonized by pre-treatment with the NMDA receptor agonist N-methyl-D-aspartic

acid (NMDA, 75 mg/kg, ip). The AMPA receptor antagonist NBQX (10 mg/kg, ip) did not affect the MTEP activity. Our results indi-

cate that the antidepressant-like activity of MTEP in the FST involves NMDA but not AMPA receptors and suggest that the interac-

tion between mGluR� and NMDA receptors plays an important role in the underlying antidepressant mechanism(s).
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Introduction

The most abundant excitatory neurotransmitter in the

brain is glutamate (Glu). It acts by activating two

types of receptors: ionotropic receptors (NMDA,

AMPA, and kainate) and metabotropic receptors

(mGluR���). Glutamate has been shown to play an im-

portant role in pathological conditions, such as de-

pression and anxiety [3, 16]. Ligands that block the
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NMDA complex exhibit an antidepressant-like activ-

ity in animal tests and depression models [12, 17].

The potential clinical use of NMDA receptor antago-

nists has been limited due to adverse side-effects, in-

cluding ataxia, amnesia, psychomimetic properties, and

loss of muscle tone [3]. However, ketamine, an NMDA

receptor antagonist, produced remarkable antidepressant

effects, strongly supporting the view that NMDA recep-

tor blockade can induce rapid, long lasting antidepres-

sant effects in deeply depressed patients [20]. Recent

clinical reports have shown antidepressant activity for

a specific NR2B NMDA subunit antagonist [16].

The discovery of the antidepressant-like activity of

NMDA antagonists prompted further investigations

into the role of metabotropic glutamate receptors,

which play a modulatory role in the central nervous

system and do not cause dramatic adverse effects in-

duced by ionotropic receptor ligands (see [9] for dis-

cussion). Eight different subtypes of mGluR have

been cloned thus far. Metabotropic glutamate recep-

tors are divided into three groups based on their

amino acid sequence homology, selectivity for ago-

nists and mechanisms of signal transduction. Group I

mGluRs (mGluR1 and mGluR5), located primarily on

postsynaptic excitatory synapses, are coupled to phos-

pholipase C through Gq/11 proteins and induce the

phosphoinositide hydrolysis/Ca2+ signal transduction

pathway, while group II (mGluR2 and mGluR3) and

group III (mGluR4, mGluR6, mGluR7, mGluR8) are

both negatively coupled to adenylyl cyclase [9].

Numerous studies have indicated that mGluR5 an-

tagonists are effective in some tests and animal mod-

els that are predictive of antidepressant-like activity,

such as the forced swim test (FST), the tail suspension

test, and the olfactory bulbectomy model of depres-

sion [9]. mGluR5s are primarily postsynaptic, al-

though presynaptic localization has also been reported

[9]. They are located in the central area of the synapse

around ionotropic receptors and are functionally

linked with NMDA receptors by the homer family of

proteins (homer 1–3; for review see [6]) The activa-

tion of group I mGluRs leads to the activation of

NMDA receptors and to an enhancement of NMDA-

evoked responses [9]. In addition, mGluR5 antago-

nists reduce NMDA receptor activity in several brain

areas [9]. The mechanism of action for mGluR5 an-

tagonists is not known, and the possibility exists that

the antidepressant-like activity of mGluR5 antagonist

occurs via interactions with NMDA receptors. We

tested this hypothesis using NMDA, an agonist of the

NMDA receptor type, and the interaction with AMPA

receptors was also investigated.

Materials and Methods

Animals

The experiments were carried out using male Albino

Swiss mice (25–30 g). The animals were kept on

a normal day-night cycle at 22–24°C with free access

to food and water. The injection volume was 10 ml/kg.

Experiments were carried out between 9:00 a.m. and

2:00 p.m. All procedures were approved by the Ethi-

cal Committee of the Jagiellonian University Colle-

gium Medicum, Kraków.

Drug administration

The following drugs were used: 3-[(2-methyl-1,3-

thiazol-4-yl)ethynyl]-pyridine (MTEP; 0.3 mg/kg, ip;

Merck Research Laboratories, San Diego, USA), NMDA

(75 mg/kg, ip; Sigma), and NBQX (10 mg/kg, ip;

Tocris House, Bristol, UK). MTEP was dissolved in

DMSO/0.9% NaCl (1:1600), and NMDA and NBQX

were dissolved in 0.9% NaCl. MTEP was adminis-

trated 45 min before the test, while NMDA and

NBQX were injected 1 h before the test.

Forced swim test

The test was performed according to the slightly

modified method outlined by Porsolt et al. [15]. Mice

were placed individually in glass cylinders (25 cm

high, 10 cm in diameter) containing 10 cm of water

maintained at 25°C. The animals were left in the cyl-

inder for 6 min. The total duration of immobility was

measured during the last 4 min. The animals were

considered to be immobile when they floated pas-

sively in the water.

Spontaneous locomotor activity

Mice were transferred to the experimental room for

acclimation 24 h before the start of the experiment.

Spontaneous locomotor activity was detected with

circular aluminium actometers (25 cm in diameter,

10 cm high; two photoresistors and two light sources

set so that the beams crossed at the center). The con-
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struction of the apparatus allowed for the collection of

gross movement data only. Mice were placed indi-

vidually in an actometer for 30 min. Activity was

measured after 2, 4, 6, 10, 15, 20 and 30 min. The

number of times the animals crossed the light beams

was recorded as the spontaneous locomotor activity.

Analysis of the data

The statistical significance of the results was evalu-

ated using a two-way analysis of variance (ANOVA)

followed by the Bonferroni’s Multiple Comparison

Test or Dunnett Test (locomotor activity). A p < 0.05

was considered significant.

Results

We chose a 0.3-mg/kg dose of MTEP because, in our

previous studies, we found a robust (~30%, similar to

imipramine) reduction in immobility time in the FST

evoked by this dose, while a higher dose (1 mg/kg) of

MTEP was ineffective (unpublished results).

Effect of NMDA on the antidepressant-like

effects of MTEP (FST)

The effect of MTEP (0.3 mg/kg, ip) on the total dura-

tion of immobility and the influence of pre-treatment

with NMDA (75 mg/kg, ip) in FST are shown in Fig-

ure 1A. A two-way ANOVA revealed a significant ef-

fect of MTEP [F(1,28) = 13.09, p = 0.0012], a signifi-

cant effect of NMDA [F(1,28) = 20.754, p = 0.0007] and

a significant interaction [F(1,28) = 20.75, p = 0.0001].

The MTEP-induced reduction in immobility time was

significantly antagonized by pre-treatment with NMDA.

Effect of NBQX on the antidepressant-like

effects of MTEP (FST)

The effect of MTEP (0.3 mg/kg, ip) and pre-treatment

with NBQX (10 mg/kg, ip) on the total duration of

immobility is shown in Figure 1B. A two-way ANOVA

revealed a significant effect of MTEP [F(1,25) =

60.87, p < 0.0001], no significant effect of NBQX [F(1,37)

= 1.85, p = 0.1864] and no interaction [F(1,37) = 0.02,

p = 0.8772]. MTEP administration significantly de-

creased immobility time by 35% and this effect was

not significantly altered by pre-treatment with NBQX

(39%).

Effect of the combined administration of MTEP

and NMDA or NBQX on locomotor activity in mice

The effect of MTEP (0.3 mg/kg, ip) and pre-treatment

with either NMDA (75 mg/kg, ip) or NBQX (10 mg/kg,

ip) on locomotor activity is shown in Table 1. MTEP,

NMDA or NBQX administrated either alone or in

combination had no effect on locomotor activity.

Discussion

FST is a relatively simple paradigm with high predic-

tive validity for identifying potentially useful pharma-

cotherapies for depression. FST detects the effects of
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Fig. 1. Effect of MTEP and pre-treatment with NMDA (A) or NBQX (B)
on the total duration of immobility in the FST in mice. The values rep-
resent the mean ± SEM (n = 5–8 per group). * p < 0.01, ** p < 0.001
vs. vehicle (veh), � p < 0.001 vs. MTEP (Bonferroni’s Multiple Com-
parison Test)



almost all of antidepressants following both acute and

chronic administration [2, 15]. Previous studies with

mGluR� antagonists (MTEP and MPEP) indicated an

antidepressant-like activity in the tail suspension test,

olfactory bulbectomy and FST [7, 9]. Our present re-

sults support these findings.

Involvement of the NMDA receptor complex

in the antidepressant-like activity of MTEP

In the present study, we examined the involvement of

the NMDA receptor complex in the antidepressant

mechanism of MTEP. We confirmed that NMDA at

a dose of 75 mg/kg (ip) did not change immobility

time in the FST [13]; however, pre-treatment with

NMDA blocked the antidepressant-like activity of

MTEP. Because neither compound alone or in combi-

nation influenced the spontaneous locomotor activity

in mice, the specificity of the antidepressant-like ac-

tion of MTEP and of the NMDA-induced blockade of

that effect is obvious. Our results suggest consider-

able participation of the NMDA complex receptor in

the antidepressant-like activity of MTEP. It was previ-

ously reported that NMDA administration blocks the

antidepressant effect of the selective NMDA receptor

complex antagonists CGP 37849 and L-701,324 [13],

magnesium [14], zinc [18] and chromium [11]. It is

logical to hypothesize that the antidepressant-like ef-

fect of mGluR� antagonists occurs via the inhibition

of NMDA receptor function. Therefore, if these re-

ceptors are activated, the effect of blockade is attenu-

ated/antagonized, and the antidepressant-like effect is

blocked.

The interaction between mGluR5 and NMDA re-

ceptors has been described in various diseases, such

as schizophrenia, Huntington’s disease, and Parkin-

son’s disease [19], and our results suggest that it may

be also true for the mechanisms underlying depression.

The repeated administration of MTEP induces

a significant reduction in the expression of the mRNA

encoding the NR1 subunit of the NMDA receptor in

the cingulate cortex and piriform cortex. In line with

this, blockade of mGluR5 leads to a decrease in

NMDA activity and activates the expression of brain

derived neurotrophic factor, which is believed to pro-

duce an antidepressant effect [10]. The mechanism of

the acute antidepressant-like activity of MTEP in the

FST may be related to a similar pathway.

Involvement of the AMPA receptor complex

in the antidepressant-like activity of MTEP

Several studies have indicated that AMPA receptors

may be involved in the therapeutic activity of antide-

pressant drugs [8, 9]. The highest density of AMPA

receptors are found in the prefrontal cortex and hippo-

campus, structures that are responsible for mood

regulation and that are thought to be important in de-

pression [1]. Antidepressants, like monoamine reup-

take inhibitors, lithium and electroconvulsive shock,
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Tab. 1. Effect of MTEP and NMDA or NBQX pre-treatment on locomotor activity in mice

Treatment and dose (mg/kg)
Activity counts (mean ± SEM)

2 min 4 min 6 min 15 min 30 min

A

Vehicle + vehicle

Vehicle + MTEP (0.3)

NMDA (75) + MTEP (0.3)

NMDA (75) + vehicle

58 ± 16

46 ± 15

55 ± 8

54 ± 12

96 ± 29

96 ± 21

113 ± 16

94 ± 28

127 ± 32

139 ± 29

153 ± 24

125 ± 39

237 ± 84

298 ± 63

243 ± 54

198 ± 80

387 ± 155

418 ± 118

363 ± 75

302 ± 139

B

Vehicle + vehicle

Vehicle + MTEP (0.3)

NBQX (10) + MTEP (0.3)

NBQX (10) + vehicle

58 ± 7

50 ± 5

54 ± 10

51 ± 10

100 ± 14

82 ± 16

89 ± 12

96 ± 24

137 ± 21

118 ± 24

122 ± 23

133 ± 33

220 ± 38

214 ± 38

258 ± 89

200 ± 72

295 ± 10

324 ± 46

389 ± 161

213 ± 110

Values are expressed as the mean ± SEM, n = 6



increase the expression of AMPA receptor proteins

[8]. Freed et al. [5] reported a pronounced increase in

total AMPA binding in the caudate nucleus of subjects

that had committed suicide. Because the antidepres-

sant-like effects of ketamine, MK-801, zinc and chro-

mium are prevented by pre-treatment with the AMPA

receptor antagonist NBQX [8, 11], we tested whether

the same mechanism was involved for MTEP. In the

present study, we observed no inhibition of the

antidepressant-like effect of MTEP by pre-treatment

with NBQX. Similar results were reported for the ef-

fects of CGP37849, the NMDA receptor antagonist

[4], and the conventional antidepressant imipramine

[10]. Some antidepressants influence the AMPA re-

ceptor. For example, fluoxetine administration in-

creases the phosphorylation of AMPA subunits [10],

and desipramine and paroxetine influence the expres-

sion of AMPA subunits in the hippocampus and fron-

tal cortex [8].

In conclusion, the antidepressant-like activity of

MTEP was antagonized by the activation of NMDA

but was not influenced by AMPA receptors. Based on

these results, we hypothesize that an interaction be-

tween mGluR5 and NMDA receptors plays an impor-

tant role in the antidepressant mechanism(s) of MTEP.
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