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ABSTRACT

Purpose: The influence of the selective antagonism of metabotropic glutamate receptor subtype 5 (mGIuR;) by MPEP
(2-methyl-6-(phenylethynyl)-pyridine) on some behaviors was tested in control groups of rats and in rats exposed to short-term
hypoxia once or to repeated episodes of hypoxia.

Material and Methods: We used the following methods: the open field test, the passive avoidance test and the object recognition
test. Experimental hypoxia was produced by placing rats in a glass chamber flushed with a mixture of 2% O, in N,.

Results: MPEP applied intravenously (IV) at the dose of 1 mg kg significantly enhanced locomotor and exploratory activity,
impaired acquisition, but improved consolidation and retrieval in the passive avoidance situation and did not alter rats’ activity
in the object recognition test. The single short-term hypoxia significantly inhibited motility of rats and profoundly impaired
acquisition, consolidation and retrieval processes, but the positive effect of MPEP on retrieval was preserved. Hypoxia also did
not influence the activity of rats in the object recognition object. The repeated episodes of short-term hypoxia were induced for
five consecutive days and it also inhibited motility of rats, but did not change consolidation and retrieval processes. The episodes
of hypoxia significantly diminished the beneficial effect of MPEP on consolidation and retrieval, and also the enhancement of
locomotor and exploratory activity. MPEP, used in rats subjected to the single or the repeated episodes of short-term hypoxia,
did not change recognition memory.

Conclusion: MPEP used before the single episode of hypoxia only, had beneficial effect on retrieval.
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INTRODUCTION

Pharmacological evidence implicates that glutamatergic
transmission plays a major role in biochemical events
underlying learning and memory processing. mGluRs are
strongly involved in synaptic plasticity of various brain

The major excitatory neurotransmitter glutamate acts by
stimulation both ionotropic (iGluRs) and metabotropic

receptors (mGluRs). mGluRs linked to G-proteins are
classified in three distinct groups (I, II and III) on the basis of
their sequence homology, effector coupling and pharmacology.
Group I mGluRs include the mGluR, and mGluR; subtypes,
which are positively coupled to phospholipase C and
phosphoinositol hydrolysis [1]. mGluR, is generally located
postsynaptically in the striatum, nucleus accumbens, olfactory
tubercle, hippocampus and cerebral cortex. mGluR; is
specifically expressed in pyramidal cells in CA1-CA4 areas of
the hippocampus and granule cells of the dentate gyrus [2].

structures, and mGluRs are very important in some learning
and memory processes [3].

MPEP (2-methyl-6-(phenylethynyl)-pyridine) is a potent,
selective, non-competitive and systemically active antagonist
of the mGluR, [4]. Literature data have shown that MPEP
influences acute nociceptive transmission [5], exhibits dose-
dependent anxiolytic-like effects [6], is neuroprotective [7]
and also protects rat hepatocytes against hypoxic damage [8].

A number of mGIluR antagonists have been tested in
models of focal or global ischemia with the aim of reducing
post-ischemic neuronal damage [9]. Non-selective antagonists
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of group I mGluRs could reduce neuronal death in in vitro Behavioral tests: Passive avoidance response
models of cerebral ischemia [10]. training.

Hypoxic/ischemic brain injury is a serious clinical problem.
Hypoxia produces disturbances in excitatory and inhibitory
neurotransmission. Our previous studies have proved that
short-term hypoxia impaired retrieval and consolidation
processes in the passive avoidance situation. In our earlier
study under hypoxic conditions, MPEP, had beneficial effect
on retrieval in the passive avoidance situation [11].

The aim of this study was to investigate the influence of
MPEP, the selective antagonist of mGIuR, on some behaviors
in rats subjected to experimental repeated episodes of
hypoxia.

MATERIAL AND METHODS

Animals

The study was conducted on white, male Wistar rats weighing
160-180 g. The animals were fed on “Murigran” standard
diet and housed in group cages in an air-conditioned room
(humidity 50-60%) under 12h light/ 12h dark cycle beginning
at 7.00 h. All experiments were carried out between 8.00 h
and 12.00 h. It was from 9-12 animals in each experimental
group.

The experimental procedures applied in this study
were in compliance with the Board for Ethical Affairs and
Supervisions over Research on Animals and Individuals,
Medical University of Biatystok.

Drug administration

MPEP (Tocris Cookson, UK) was IV administered through
the tail vein at the dose of 1mg kg™' [5]. Control rats received
saline (0.9% NaCl, Polfa Poznan) iv at the dose of 1ml kg
Hypoxia induction

Hypoxia was produced by placing rats in a glass chamber
flushed with a mixture of 2% O in N7 [12] until respiratory
arrest, after which they were immediately transferred to
atmospheric air.

Single short-term hypoxia was induced 20 min before
placing animals in the open field test and 20 min before the
first trial (T1) in the object recognition test. In the passive
avoidance situation, hypoxia was induced on the second day
20 min before training, or immediately after completion of
training, or 20 min before on the third day, when we determined
the effect of hypoxia on acquisition, consolidation or retrieval,
respectively.

The repeated episodes of hypoxia were induced every day
for five consecutive days and after two days without hypoxia
MPEP was administrated and tests were performed.

The response was induced using the one-trial-learning method
of Ader et al. [13]. The apparatus consisted of a 6 x 25 cm
platform illuminated with a 25 W electric bulb, connected
through a 6 x 6 cm opening with a dark compartment (40 x 40
x 40 cm). The floor of the cage was made of metal rods 3 mm
in diameter, spaced at 1 cm. The investigation took advantage
of the natural preference of rats to stay in dark compartments.
The test lasted 3 days. On the first day, after 2 min of habituation
in the dark compartment, the rats were immediately removed.
Two similar trials, at an interval of 2 min, were carried out on
the second day. After the first trial, the rats were allowed to
stay in the dark compartment for 10-15 s. In the second trial,
when a rat entered the dark compartment it received a foot
shock (0.25 mA, 3 s) delivered through the metal rods. The
presence of the passive avoidance was checked 24 h later. The
rats were placed on the illuminated platform once more and the
latency to enter the dark compartment was measured, with a
cut off time of 300 s. To determine the effect of drug treatment
on retrieval, MPEP was administered on the third day 20 min
before retention test. MPEP was given either immediately
after the completion of induction of passive avoidance on the
second day in order to test an effect on consolidation or 20
min before training to determine an effect on acquisition.

Locomotor and exploratory activity

The open field test was used for estimation of locomotor
activity of rats. The apparatus consisted of a square with a 100
x 100 cm white floor, which was divided by 8 lines into 25
equal squares, and surrounded by white wall, 47 cm high. Four
plastic bars, 20 cm high, were located at four different line
crossings in the central area of the floor. A single rat was placed
inside the apparatus for 1 min of adaptation. Subsequently,
crossings, rearings, and bar approaches were counted manually
for 5 min. MPEP was given 20 min before the test.

Object recognition test:

The apparatus was a wooden box (65 x 45 x 45cm) placed
in a sound-isolated room. The procedure was similar to
that described by Ennaceur and Delacour [14] and may be
summarized as follows. A day before testing rats were allowed
to explore the apparatus for 2 min. The experimental session
comprised two trials. In the first trial (T1), two identical objects
(A1 and A2), were positioned in two adjacent corners, 5 cm
from the walls. During the second trial (T2) again two objects
were presented, the object A’ was a duplicate of the sample
presented in T1 (A1) (in order to avoid olfactory traces) and
one novel object (B). The novel object was placed in 50% trials
in the right side and 50% trials in the left side of the box. The
respective duration of T1 and T2 was 5 and 3 min. T2 started
an hour after T1 trials. The basic measure was the time spent
by rats in exploring objects during T1 and T2 trials. From this
measure, the following variables were defined: A was the time
spent exploring the objects Al and A2 during T1. (B+A’) was
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Figure 1. The effect of MPEP on number of crossings, rearings bar
approaches in the open field in control and hypoxia-treated rats.
Columns represent means = SEM of the values obtained from
10-12 animals.
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the time spent exploring the objects B and A’ during T2. Object
recognition was measured by the variable B-A’. Since B-A’
may be biased by differences in overall levels of exploration,
the variable B-A’/ B+A’ was also computed. MPEP was given
20 min before the first trial T1.

Statistical analysis

The statistical significance of the results was computed by one-
way analysis of variance (ANOVA) followed by Newman—
Keuls tests, except for passive avoidance behavior which was
assessed with Mann-Whitney ranking test. F - ratios, degrees
of freedom and p - values are reported only for significant
differences. In all comparisons between particular groups a
probability of 0.05 or less was considered significant. Statistical
analyses were carried out using Statistica 6 software.

Figure 2. The effects of MPEP on acquisition of passive avoidance
in control and hypoxia-exposed rats. Columns represent means +
SEM of the values obtained from 9-12 animals.
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RESULTS

The effect of MPEP on locomotor and exploratory activity of
control and hypoxia-treated rats in the open-field test (Fig. 1)

The single and repeated hypoxia significantly decreased
the number of crossings, rearings and bar approaches. MPEP
significantly enhanced locomotor and exploratory activity, but
both hypoxia diminished the beneficial effect of MPEP.

The effect of MPEP on acquisition of passive avoidance in
control and hypoxia-treated rats (Fig. 2)

The single hypoxia significantly shortened the latency of
entering the dark compartment in rats but repeated episodes of
hypoxia did not influence the latency. MPEP also shortened
the time spent on the illuminated platform. MPEP in hypoxia-
treated rats did not change the latency.

The effect of MPEP on consolidation of passive avoidance
in control and hypoxia-treated rats (Fig. 3)

The single hypoxia significantly shortened the latency in
rats but repeated episodes of hypoxia did not influence on the
latency. MPEP prolonged the time spent on the platform, but
hypoxia diminished this effect of MPEP.

The effect of MPEP on retrieval of passive avoidance in
control and hypoxia-treated rats (Fig. 4)

The single hypoxia significantly shortened the time before
entrance into the dark compartment, but repeated episodes
of hypoxia did not influence this time. MPEP significantly
prolonged the latency and this effect was preserved after the
single hypoxia.

The effect of MPEP on recognition memory in control and
hypoxia-treated rats (7ab. 1)

In the object recognition test, the was no significant
difference among all experimental groups in any computed
variables, indicating that MPEP and hypoxia had no effect on
recognition memory.
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Figure 3. The effects of MPEP on consolidation of passive avoidance
in control and hypoxia-exposed rats. Columns represent means +
SEM of the values obtained from 9-12 animals.
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Table 1. Effect of MPEP on object recognition memory.

Figure 4. The effects of MPEP on retrieval of passive avoidance
in control and hypoxia-exposed rats. Columns represent means +
SEM of the values obtained from 9-12 animals.
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Treatment
Variable (s) Control Single hypoxia Repeated hypoxia
NaCl MPEP NaCl MPEP NaCl MPEP
B-A 11.0(3.485) 11.7(2.261) 3.5(3.219) 0.9(0.640) 12.4(2.809) 2.4(1.424)
A 26.0(6.27) 31.9(3.96) 36.7(6.37) 30.2(2.85) 45.8(9.55) 29.7(4.40)
B+A 22.0(3.73) 23.5(4.29) 27.3(4.92) 6.1(3.55) 24.6(4.29) 17.2(4.06)
B-A’/ B+A’ 0.44(0.09) 0.53(0.08) 0.16(0.14) 0.25(0.28) 0.51(0.05) 0.22(0.18)
Table presents means + SEM (in parentheses) of the values obtained from 9-10 rats of each experimental group (ANOVA and Newman-
Keuls).
influenced memory and learning processes very differently in
DISCUSSION various behavioral task [19,20]. It could depend on the time

In our present experiments, we observed that MPEP, the
selective antagonist of mGluR,, administrated 7v at the dose of
1 mg kg! impaired acquisition, improved consolidation and
retrieval in the passive avoidance situation. The single short-
term hypoxia, but not repeated episodes of hypoxia impaired
memory processes. MPEP attenuated a retrieval deficit induced
by hypoxia and had no effect on hypoxia—evoked impairment
of consolidation. MPEP in hypoxia-treated rats did not change
the acquisition in passive avoidance.

According to some data, the inhibition of I mGIuR
blocks induction of hippocampal LTP (long-term potentiation)
and learning in various experimental models [15]. mGIuR
knockout mice exhibited inhibition of LTP in CA1 and dentate
gyrus, and they showed impairment of acquisition. The
systemic blockade of class I mGluRs may also enhance short-
term memory [16].

The exact role of mGluR, in memory is not well known.
Literature data indicated effects of mGluR, antagonists that
are task-specific, vary in sensitivity to the dose, vary with
the type of animals used in the studies [17,18]. MPEP have

of injection of MPEP (pre-training or after training). MPEP
injection into the lateral amygdale blocked the acquisition but
not the consolidation and expression of conditioned fear in the
same task [21]. In our experiments, low dose antagonism of
mGIuR, by MPEP exhibited different influences on various
phases of memory formation in passive avoidance test. In
previous studies we demonstrated that the administration of
an antagonist of group I mGluRs, AIDA (1-aminoindan-1,5-
dicarboxylicacid), or the selective antagonist of mGIluR ; MPEP,
improved the consolidation process in a passive avoidance
situation, but impaired acquisition [11]. This suggests that the
antagonists of mGluR have a beneficial effect on consolidation
process, but negatively affect the acquisition process. MPEP
may exert antinociceptive activity [5]. The effect of MPEP
could interfere with the results obtained in a passive avoidance
situation, especially in acquisition process. Therefore, MPEP
was administered before the learning trial and the rats were
under the influence of the compound during footshock
experienced in dark compartment. The antinociceptive effect
of MPEP could be the reason of impairment of aquisition
process.
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In our study short-term hypoxia induced by 2% O, and
98% N, impaired acquisition, consolidation and retrieval in
a passive avoidance paradigm [11]. It is unclear so far why
hypoxia inhibited memory processes. Hypoxia disturbs the
homeostasis between neurotransmitter systems [10,22].
There was an increase of the extracellular level of glutamate
during hypoxia [22]. Neurotoxic effects induced by the high
extracellular concentration of excitatory amino acids and
free radicals lead to neuronal death. Among various regions
of the brain, hippocampus, which plays a very important role
in memory formation, is particularly sensitive to ischeamia
and hypoxia. [22,23]. In the present our study, the repeated
episodes of hypoxia did not significantly change memory and
learning in the passive avoidance task. This could be due to
short lasting changes in neurotransmitter systems, because
our experiments had been performed two days after the last
hypoxia. Maybe our experiment with repeated episodes
of hypoxia is similar to a pre-conditioning phenomenon:
Repeated exposure to a hypoxic environment leads to structural
and functional adaptations in the rat brain. There are lots of
acute effects of hypoxia on CNS, for example hemoglobin
disoxygenation, increased cerebral blood volume and flow,
faster capillary mean transit time, increased cerebral metabolic
rate for glucose [24].

Selective blockade of mGIuR; is neuroprotective. MPEP
might protect erythrocytes and liver tissue against oxidative
stress, it also has neuroprotective effect in cortical cultures
challenged with a toxic concentration of B-amyloid peptide
[7,25]. A neuroprotective potential of mGIuR, antagonists has
also been proved in experimental ischemic models [26].

The drug-evoked changes of locomotor activity in rats
could influence the results in the passive avoidance test in our
study. MPEP significantly enhanced locomotor and exploratory
activity in rats. The single and repeated episodes of hypoxia
inhibited this activity and diminished the enhancing effect of
MPEP on locomotion in the open field test. According to some
studies, effects of blockade of mGIuR by MPEP on locomotor
activity in animals were dependent on the dose [6,27].

In this study we also investigated the influence of
MPEP on performance in the object recognition test of rats
subjected to single and repeated episodes of hypoxia. In
all experimental groups of rats, there was lack of effect of
MPEP and hypoxia on recognition memory. There is a model
of recognition memory suggesting that information about
previously encountered items is stored in a dynamic pattern
of neural activity and not in a localized representation. These
patterns operate in distributed neuronal networks and different
networks may process different forms of recognition memory
[28]. These studies indicated that two parallel-distributed
neuronal networks are essential for the processing of spatial
and non-spatial recognition memory in rats. There are a lot
of neuroanatomical systems involved in the mediation of
recognition memory. The present results demonstrated that low
dose antagonism of mGIuRS and hypoxia did not significantly
change recognition memory in rats.

CONCLUSIONS

In summary, episodes of hypoxia significantly diminished a
beneficial effect of MPEP on consolidation and retrieval as
well as an enhancement of and locomotor and exploratory
activity. MPEP used in rats subjected to single or repeated
episodes of short-term hypoxia, did not change the acquisition
process. Single and repeated hypoxia blocks the negative
effects of MPEP on acquisition. MPEP used before the single
episode of hypoxia had a beneficial effect on retrieval.

ACKNOWLEDGMENTS

This work was supported by grant No. 3-10549 L from the
State Committee for Scientific Research, Warszawa, Poland.

REFERENCES

1. Conn PJ, Pin JP. Pharmacology and functions of
metabotropic glutamate receptors. Annu Rev Pharmacol
Toxicol. 1997;37:205-37.

2. Schoepp DD, Conn PJ. Metabotropic glutamate
receptors in brain function and pathology. Trends Pharmacol
Sci. 1993 Jan;14(1):13-20.

3. Riedel G, Reymann KG. Metabotropic glutamate
receptors in hippocampal long-term potentiation and learning
and memory. Acta Physiol Scand. 1996 May;157(1):1-19.

4. Gasparini F, Lingenhohl K, Stoehr N, Flor PJ,
Heinrich M, Vranesic I, Biollaz M, Allgeier H, Heckendorn
R, Urwyler S, Varney MA, Johnson EC, Hess SD, Rao SP,
Sacaan Al, Santori EM, Veligelebi G, Kuhn R. 2-Methyl-
6-(phenylethynyl)-pyridine (MPEP), a potent,
and systemically active mGlu5 receptor
Neuropharmacology. 1999 Oct;38(10):1493-503.

5. Bordi F, Ugolini A. Involvement of mGIuR(5)
on acute nociceptive transmission. Brain Res. 2000 Jul
21;871(2):223-33.

6. Spooren WP, Vassout A, Neijt HC, Kuhn R,
Gasparini F, Roux S, Porsolt RD, Gentsch C. Anxiolytic-like
effects of the prototypical metabotropic glutamate receptor 5

selective
antagonist.

antagonist 2-methyl-6-(phenylethynyl)pyridine in rodents. J
Pharmacol Exp Ther. 2000 Dec;295(3):1267-75.

7. Bruno V, Ksiazek 1, Battaglia G, Lukic S,
Leonhardt T, Sauer D, Gasparini F, Kuhn R, Nicoletti F, Flor
PJ. Selective blockade of metabotropic glutamate receptor
subtype 5 is neuroprotective. Neuropharmacology. 2000
Sep;39(12):2223-30.

8. Storto M, Battaglia G, Gradini R, Bruno V, Nicoletti
F, Vairetti M. Mouse hepatocytes lacking mGlu5 metabotropic
glutamate receptors are less sensitive to hypoxic damage. Eur
J Pharmacol. 2004 Aug 16;497(1):25-7.

9. Moroni F, Attucci S, Cozzi A, Meli E, Picca R,
Scheideler MA, Pellicciari R, Noe C, Sarichelou I, Pellegrini-
Giampietro DE. The novel and systemically active metabotropic

281



282

Effect of MPEP on rat’s behavioral activity in experimental episodes of hypoxia

glutamate 1 (mGlul) receptor antagonist 3-MATIDA reduces
post-ischemic neuronal death. Neuropharmacology. 2002
May;42(6):741-51.

10.  Pellegrini-Giampietro DE, Cozzi A, Peruginelli F,
Leonardi P, Meli E, Pellicciari R, Moroni F. 1-Aminoindan-
1,5-dicarboxylic acid and (S)-(+)-2-(3’-carboxybicyclo[1.1.1]
pentyl)-glycine, two mGlul receptor-preferring antagonists,
reduce neuronal death in in vitro and in vivo models of cerebral
ischaemia. Eur J Neurosci. 1999 Oct;11(10):3637-47.

11.  Nadlewska A, Car H, Wisniewska RJ, Wisniewski
K. Behavioral effects of the selective blockade of metabotropic
glutamate receptor subtype 5 in experimental hypoxia. Pol J
Pharmacol. 2002 Mar-Apr;54(2):95-102.

12.  Allweis C, Gibbs ME, Ng KT, Hodge RJ. Effects of
hypoxiaonmemory consolidation: implications foramultistage
model of memory. Behav Brain Res. 1984 Feb;11(2):117-21.

13.  Ader R, Weijnen JAWM, Maleman P. Retention of
a passive avoidance response as a function of the intensity
and duration of the electric shock. Psychonomy Sci. 1972;
26:125-32.

14.  Ennaceur A, Delacour J. A new one-trial test for
neurobiological studies of memory in rats. 1: Behavioral data.
Behav Brain Res. 1988 Nov 1;31(1):47-59.

15. Balschun D, Wetzel W. Inhibition of mGIluR5
blocks hippocampal LTP in vivo and spatial learning in rats.
Pharmacol Biochem Behav. 2002 Sep;73(2):375-80.

16. Christoffersen GR, Christensen LH, Hammer
P, Vang M. The class I metabotropic glutamate receptor
antagonist, AIDA, improves short-term and impairs long-term
memory in a spatial task for rats. Neuropharmacology. 1999
Jun;38(6):817-23.

17.  Christoffersen GR, Simonyi A, Schachtman TR,
Clausen B, Clement D, Bjerre VK, Mark LT, Reinholdt M,
Schmith-Rasmussen K, Zink LV. MGlu5 antagonism impairs
exploration and memory of spatial and non-spatial stimuli in
rats. Behav Brain Res. 2008 Aug 22;191(2):235-45.

18. Simonyi A, Serfozo P, Shelat PB, Dopheide
MM, Coulibaly AP, Schachtman TR. Differential roles of
hippocampal metabotropic glutamate receptors 1 and 5 in
inhibitory avoidance learning. Neurobiol Learn Mem. 2007
Oct;88(3):305-11.

19. Bills C, Schachtman TR, Serfozo P, Spooren WP,
Gasparini F, Simonyi A. Effects of metabotropic glutamate
receptor 5 on latent inhibition in conditioned taste aversion.
Behav Brain Res. 2005 Feb 10;157(1):71-8.

20. Francesconi W, Cammalleri M, Sanna PP. The
metabotropic glutamate receptor 5 is necessary for late-phase
long-term potentiation in the hippocampal CA1 region. Brain
Res. 2004 Oct 1;1022(1-2):12-8.

21. Fendt M, Schmid S. Metabotropic glutamate
receptors are involved in amygdaloid plasticity. Eur J Neurosci.
2002 May;15(9):1535-41.

22. Saransaari P, Oja SS. Release of endogenous
glutamate, aspartate, GABA, and taurine from hippocampal
slices from adult and developing mice under cell-damaging
conditions. Neurochem Res. 1998 Apr;23(4):563-70.

23. Abramov AY, Scorziello A, Duchen MR. Three
distinct mechanisms generate oxygen free radicals in neurons
and contribute to cell death during anoxia and reoxygenation.
J Neurosci. 2007 Jan 31;27(5):1129-38.

24. LaManna JC, Chavez JC, Pichiule P. Structural and
functional adaptation to hypoxia in the rat brain. J Exp Biol.
2004 Aug;207(Pt 18):3163-9.

25. Akbas SH, Yegin A, Ozben T. Effect of
pentylenetetrazol-induced epileptic seizure on the antioxidant
enzyme activities, glutathione and lipid peroxidation levels
in rat erythrocytes and liver tissues. Clin Biochem. 2005
Nov;38(11):1009-14.

26. Makarewicz D, Duszczyk M, Gadamski R, Danysz
W, Lazarewicz JW. Neuroprotective potential of group I
metabotropic glutamate receptor antagonists in two ischemic
models. Neurochem Int. 2006 May-Jun;48(6-7):485-90.

27. Henry SA, Lehmann-Masten V, Gasparini F, Geyer
MA, Markou A. The mGluRS5 antagonist MPEP, but not the
mGluR2/3 agonistLY314582,augments PCPeffectsonprepulse
inhibition and locomotor activity. Neuropharmacology. 2002
Dec;43(8):1199-209.

28.  Steckler T, Drinkenburg WH, Sahgal A, Aggleton JP.
Recognition memory in rats--1I. Neuroanatomical substrates.
Prog Neurobiol. 1998 Feb;54(3):313-32.



