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The behavioral activity of 2-methyl-6-(phenylethynyl)-pyridine (MPEP),
a selective antagonist of metabotropic glutamate receptor subtype 5 (mGluR

�
),

was assesed in control groups of rats and in rats that underwent short-term
hypoxia. MPEP applied intravenously (iv) at the dose of 1 mg/kg was tested
using the open field test, the passive avoidance test and the elevated “plus”
maze test.

MPEP significantly increased the number of crossings, rearings and bar
approaches in the open field test. It improved the consolidation and retrieval
in the passive avoidance situation and did not produce any significant effects
in control rats in the elevated “plus” maze test.

Hypoxia (2% O
�
, 98% N

�
) significantly inhibited locomotor and ex-

ploratory activity of rats and also impaired consolidation and retrieval pro-
cesses, but it did not evoke any changes in the elevated “plus” maze test.

MPEP in hypoxia-exposed groups of rats inhibited locomotor and ex-
ploratory activity in comparison with MPEP-treated control group. Hypoxia
significantly diminished beneficial effect of MPEP on consolidation. In spite
of experimental conditions of hypoxia, the effect of MPEP on retrieval was
preserved. MPEP used before hypoxia did not significantly influence all pa-
rameters of the elevated “plus” maze test. In conclusion, MPEP had benefi-
cial effect on retrieval in hypoxia.
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INTRODUCTION

Glutamate plays the principal role in excitatory
transmission in mammalian central nervous system
(CNS). It acts on two major classes of receptors:
ionotropic (iGluRs) and metabotropic (mGluRs)
[14, 34]. mGluRs are G-protein-coupled receptors
that influence neuronal excitability and synaptic
plasticity through the activation of second messen-
ger cascades [16, 20, 24]. mGluRs are involved in
a variety of CNS functions: learning and memory
processes and neuronal degeneration. These receptors
may be able to control the balance between physio-
logical and pathological neuronal activity [20].

The superfamily of mGluRs can be divided into
three groups on the basis of amino acid sequence
homology, signal transduction pathways and phar-
macological specifity [27]. Group I mGluRs local-
ized mostly in the hippocampus and cerebellum, in-
clude mGluR� and mGluR�, which via G protein
are positively coupled to phospholipase C [14].
mGluR� exhibits 60% sequence homology with
mGluR�. It is specifically localized in pyramidal
cells in CA1-CA4 areas of the hippocampus and
granule cells of the dentate gyrus [34].

MPEP (2-methyl-6-(phenylethynyl)-pyridine) is
a potent, selective, non-competitive and systemi-
cally active antagonist of the mGluR� [18, 19].
Schoepp et al. [35] reported that MPEP acted in
a non-competitive fashion by reducing the efficacy
of glutamate-stimulated phosphoinositide hydroly-
sis without affecting the EC�! of glutamate or the
Hill coefficient. It was determined that MPEP, in-
teracted with the C-terminal part of the mGlu�� re-
ceptor containing transmembrane segments II–VII
by the formation of chimeric constructs. MPEP as
the selective non-competitive antagonist of mGlu�

receptors, is likely to be a useful pharmacological
tool to probe the physiological roles of group I
mGluRs.

Literature data have shown that the blockade of
group I mGluRs elicits short-term memory im-
provement and long-term memory impairment in
a spatial task in rats [12, 13]. MPEP influences
acute nociceptive transmission [5], exhibits dose-
dependent anxiolytic-like effects [38], it could be
neuroprotective [6] and it protects rat hepatocytes
against hypoxic damage [39]. Non-selective anta-
gonists of group I mGluRs could reduce neuronal
death in in vitro models of cerebral ischemia [26].

It was shown that mGluR� expression in CA1 py-
ramidal neurons was higher than that of mGluR�,
which suggested that mGluR� might be more in-
volved in ischemic brain injury than mGluR� [30].

Hypoxic/ischemic brain injury is a serious clini-
cal problem. Hypoxia disturbs glutaminergic trans-
mission. Our previous studies have proved that hy-
poxia impaired retrieval and consolidation pro-
cesses in the passive avoidance situation. The exact
role of group I mGluRs in causing postischemic in-
jury is not yet clear [26]. In our earlier study under
hypoxic conditions, AIDA, an antagonist of group I
mGluRs, enhanced reduction of locomotor activity
and produced anxiolytic effect in the elevated
“plus” maze test, but had no effect on consolidation
and retrieval in the passive avoidance situation [10].

We decided to differentiate the behavioral ef-
fects mediated by receptors belonging to the group
I mGluRs. The aim of this study was to investigate
the influence of MPEP, the selective antagonist of
mGluR�, on some behaviors in rats subjected to hy-
poxia.

MATERIALS 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.

Drug administration

2-methyl-6-(phenylethynyl)-pyridine (MPEP,
Tocris Cookson, UK) was administered intrave-
nously (iv) through the tail vein at the dose of
1 mg/kg [5]. Control rats received saline (0.9%
NaCl, Polfa, Poznañ) 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 N� [2]
till the respiratory arrest, after which they were im-
mediately transferred to air. The hypoxia was in-
duced 20 min before placing animals in the open
field test and elevated “plus” maze. In the passive
avoidance situation, hypoxia was induced on the
second day immediately after completion of train-
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ing, or 20 min before it on the third day, when we
determined the effect of hypoxia on consolidation
or retrieval, respectively.

Behavioral tests

Passive avoidance response training

The response was induced using the one-trial-
learning method of Ader et al. [1]. The apparatus
consisted of a 6 × 25 cm platform illuminated with
a 25 W electric bulb, connected through a 6 × 6 cm
opening with a dark compartment (40 × 40 × 40
cm). The floor of the cage was made of metal rods
3 mm in diameter, spaced at 1 cm. The investiga-
tion 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 com-
partment 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 illu-
minated platform once more and the latency to en-
ter the dark compartment was measured, with the
cutoff time of 300 s. To determine the effect of drug
treatment on retrieval, according to the protocol
proposed by Matthies [21], MPEP was adminis-
tered on the third day 20 min before retention test.
To determine MPEP effect on consolidation, the
drug was given immediately after the completion
of induction of passive avoidance on the second
day.

Locomotor and exploratory activity

The open field test was used for estimation of
locomotor activity of rats. The apparatus consisted
of a square with 100 × 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.

Elevated “plus” maze test

The maze (constructed of grey colored wooden
planks) consisted of two open arms measuring
50 cm (length) × 10 cm (width) and two closed
arms, 50 cm (length) × 10 cm (width) × 40 cm
(height), covered with a removable lid, such that
the open or closed arms were opposite to each
other. The maze was elevated to a height of 50 cm
from the floor. Fifteen minutes after the injection,
a naive rat was placed for 5 min in a pretest arena
(60 × 60 × 35 cm, constructed from the same mate-
rial) prior to exposure to the maze. This step allows
the facilitation of exploratory behavior. The experi-
mental procedure was similar to that described by
Pellow et al. [28]. Immediately after the pretest ex-
posure, the rats were placed in the centre of the ele-
vated “plus” maze facing one of the open arms.
During the 5 min test period, the following meas-
urements were taken: the number of entries into the
open and closed arms and the time spent in the
open and closed arms. An entry was defined as
moving with all four feet into one arm. An increase
in open arm entries and increase in time spent in
open arms is indicative of potential anxiolytic ac-
tivity, as rats naturally prefer the closed arms.
MPEP was given 15 min before pretest.

Statistical analysis

The statistical significance of the results was
computed by one-way analysis of variance (ANOVA)
followed by Student’s t-test and by Newman-Keuls
tests, except for passive avoidance behavior which
was assessed with Mann-Whitney ranking test. F-ra-
tions, 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.

RESULTS

The effect of MPEP on locomotor and

exploratory activity of control and

hypoxia-exposed rats in the open-field test

MPEP significantly increased the number of
crossings, rearings and bar approaches. Rats sub-
jected to hypoxia exhibited the decrease in cross-
ings and rearings. MPEP in hypoxia-treated group
inhibited locomotor and exploratory activity vs
MPEP-treated control group (Fig. 1).
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The effect of MPEP on consolidation

of passive avoidance in control and

hypoxia-exposed rats

MPEP significantly prolonged the latency of
entering the dark compartment in rats. The latency
was shortened in rats after hypoxia. Hypoxia sig-
nificantly diminished the effect of MPEP on con-
solidation (Tab. 1).

The effect of MPEP on retrieval of passive

avoidance in control and hypoxia-exposed

rats

MPEP prolonged the time spent on the plat-
form. Hypoxia shortened the latency of entering the
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Fig. 1. The effect of MPEP on number of crossings, rearings bar approaches in the open field in control (groups 1–2), and hypoxia-
-treated rats (group 3–4). Columns represent means ±SEM of the values obtained from 10–12 animals. 1) saline (0.1 ml/100g iv);
2) MPEP (1 mg/kg iv); 3) saline (0.1 ml/100g iv) and hypoxia; 4) MPEP (1 mg/kg iv) and hypoxia. Crossings F(3.42) = 37.611;
*** p(1–2) < 0.001; *** p(1–3) < 0.001; ��� p(2–4) < 0.001. Rearings F(3.42) = 27.920; *** p(1–2) < 0.001; *** p(1–3) < 0.001;
��� p(2–4) < 0.001. Bar approaches F(3.42) = 12.395 * p(1–2) < 0.05; ��� p(2–4) < 0.001 (ANOVA, Newman-Keuls tests)

Table 1. The effects of MPEP on consolidation of passive
avoidance in control and hypoxia-exposed rats. The rats were
treated iv with saline (0.1 mg/kg) or MPEP (1 mg/kg) and were
subjected to hypoxia. For further details see text. Median laten-
cies are given, with the 25–75 percentiles in parenthesis.
* p < 0.05, *** p < 0.001 as compared with saline-treated con-
trol group, ��� p < 0.001 as compared with MPEP-treated con-
trol group (Mann-Whitney test)

Treatment n Re-entry latency (s)

Saline

MPEP

Saline + hypoxia

MPEP + hypoxia

14

13

10

11

51.00 (17–91)

170.46 (20–300)*

11.50 (3–35)***

16.73 (6–63)���



dark compartment in rats, but this effect was re-
versed by the administration of MPEP (Tab. 2).

The effect of MPEP on the activity of

control and hypoxia-exposed rats in

the elevated “plus” maze

MPEP did not significantly change the time
spent in the open and closed arms and the number
of entries into the open and closed arms. Hypoxia
and MPEP used before hypoxia did not signifi-
cantly influence all parameters of the elevated
“plus” maze test (Fig. 2A,B, Fig. 3A,B).
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Fig. 2. The effects of saline (1), MPEP (2) and saline + hypoxia
(3) and MPEP + hypoxia (4), on the time spent in closed and
open arms in the elevated “plus” maze. For further details see
text. Columns represent means ±SEM of the values obtained
from 10–19 animals. Closed arms F(3.54) = 0.074; open arms
F(3.54) = 0.853 (ANOVA, Newman-Keuls tests)
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Fig. 3. The effect of saline (1), MPEP (2) and saline + hypoxia
(3) and MPEP + hypoxia (4), on the number of entries into
closed and open arms in the elevated “plus” maze. For further
details see text. Columns represent means ±SEM of the values
obtained from 10–19 animals. Closed arms: F(3.54) = 1.277;
open arms: F(3.54) = 1.799; (ANOVA, Newman-Keuls tests)

Table 2. The effects of MPEP on retrieval of passive avoidance
in control and hypoxia-exposed rats. The rats were treated iv
with saline (0.1 mg/kg) or MPEP (1 mg/kg) and were subjected
to hypoxia. For further details see text. Median latencies are
given, with the 25–75 percentiles in parenthesis. * p < 0.05 as
compared with saline-treated control group, �� p < 0.01 as com-
pared with saline + hypoxia group (Mann-Whitney test)

Treatment n Re-entry latency (s)

Saline

MPEP

Saline + hypoxia

MPEP + hypoxia

12

14

11

14

27.17 (9–65)

57.57 (18–143)*

11.64 (5–23)*

32.21 (8–74)� �



DISCUSSION

The most interesting finding of our present ex-
periment is demonstration that the blockade of
mGluR� by MPEP improved retrieval and consoli-
dation in the passive avoidance situation. MPEP
also attenuated hypoxia-induced impairment of re-
trieval, but not consolidation deficit in the passive
avoidance situation.

The anatomical localization of mGlu� receptors
may indicate that mGluRs� are involved in memory
process [25, 31]. mGluRs� are found most abun-
dantly throughout the hippocampus, cerebral cor-
tex, basal ganglia and some parts of the spinal cord
[37].

Long-term potentiation (LTP) and long-term
depression (LTD) are key aspects of synaptic plas-
ticity and a cellular basis of learning and memory
processes. Blockade of mGluRs can result in reduc-
tion of LTP and LTD induction [20]. Antagonists of
the metabotropic glutamate receptor do not prevent
induction of LTP in the dentate gyrus of rats [4].
The systemic blockade of class I mGluRs may en-
hance short-term memory under certain conditions
[13].

In our previous study, a selective antagonist of I
mGluRs, AIDA improved consolidation, but had
no effect an retrieval in the passive avoidance situa-
tion [9, 10]. Our earlier and present experiments
showed that the blockade of group I mGluRs, espe-
cially mGluR�, facilitated the consolidation process.

In the present and earlier studies, hypoxia im-
paired the memory process [7, 8, 11]. The mecha-
nisms of hypoxia-induced impairment of memory
described in the literature are unclear. Hypoxia dis-
turbs balance between many neurotransmitter sys-
tems. Hypoxia is accompanied by an increase in the
level of extracellular glutamate, increase in a Ca�4-
-dependent and Ca�4-independent liberation of glu-
tamate, decrease in reuptake of glutamate, and inhi-
bition of glutamate metabolism in astrocytes. The
high concentrations of excitatory amino acids and
produced free radicals are neurotoxic, and contri-
bute to neuronal death during hypoxia [3, 15, 33].
Hypoxia causes functional injury of the hippocam-
pus which is particularly important for learning and
memory processes [29, 32]. Selective blockade of
mGluR� is neuroprotective. Neuroprotection by
mGluR� antagonist, MPEP, was observed in corti-
cal cultures challenged with a toxic concentration
of �-amyloid peptide [6].

MPEP showed significant neuroprotective ef-
fects in rat cortical neuronal cultures subjected to
mechanical injury. Intracerebroventricular admini-
stration of MPEP to rats markedly improved motor
recovery and reduced deficits of spatial learning af-
ter lateral fluid percussion-induced traumatic brain
injury. Lesion volume was also substantially re-
duced by MPEP treatment [23].

Drug-induced changes in locomotor activity
and nociception may affect the results obtained in
aversively motivated experiments, like the passive
avoidance test. Some literature data showed that
the group I mGluRs are involved in nociceptive
processes [17]. The blockade of the mGluR� by
MPEP inhibited responses to noxious stimulation
in a dose-dependent and reversible manner [5].
However, the nociceptive effect of MPEP could
not interfere with the results obtained in a passive
avoidance paradigm, because the memory-impro-
ving effect was demonstrated, when MPEP was
given after the learning trial. Therefore, the rats
were free of the compound during footshock expe-
rienced in the dark compartment.

We could exclude the influence of the drug-
evoked changes in animals’ locomotion on the re-
sults in the passive avoidance test in our study.
MPEP significantly enhanced locomotor and ex-
ploratory activity in rats. Hypoxia inhibited this ac-
tivity in spite of MPEP administration in the open
field test. AIDA (100 nmol) used in our previous
study had opposite effect on locomotion as it inhib-
ited motility of rats [9]. There are some literature
data describing the influence of the blockade of
mGluR� by MPEP on locomotor activity in ani-
mals. Spooren et al. [38] showed that activity of
MPEP was dependent on a dose. MPEP given po at
0.01, 0.1, 1.0, 10 and 100 mg/kg was ineffective in
influencing horizontal activity in mice and only
a dose of 100 mg/kg significantly reduced vertical
activity, but at doses of 30 and 100 mg/kg MPEP
inhibited spontaneous locomotor activity.

The observed inhibition of locomotor and ex-
ploratory activity in hypoxia-exposed groups of
rats results probably from hypoxia influence on do-
paminergic system. Miwa et al. [22] suggested that
hypoxia inhibited the biosynthesis and the turnover
rate of dopamine in CNS. Also MPEP at the doses
of 7.5, 15 or 30 mg/kg po was found to signifi-
cantly inhibit dopamine receptor agonists (apomor-
phine, D-amphetamine)-mediated rotational re-
sponses, and in the 6-OHDA rat rotation model, the
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same doses of MPEP induced a dose-dependent
ipsilateral rotational response. MPEP injected at
a dose of 30 mg/kg also inhibited the rotational re-
sponse induced by L-DOPA [36].

Anxiety may influence aversively motivated
behavior, especially retrieval in passive avoidance,
and because of the high expression of mGluR� in
the limbic forebrain regions, we decided to evalu-
ate the anxiolytic potential of MPEP on rats sub-
jected to hypoxia in the elevated “plus” maze test.
We did not observe any significant changes in the
time spent in the open or closed arms and the
number of entries into the open or closed arms in
rats treated with MPEP and exposed to hypoxia.
MPEP itself given iv at the dose of 1mg/kg did not
exhibit activity in the elevated “plus” maze test.
Spooren et al. [38] indicated that MPEP had a po-
tential axiolytic properties, when it was applied per
os at different doses and tested in procedure measu-
ring anxiety other than described by Pellow et al.
[28].

In summary, hypoxia profoundly impaired the
consolidation and retrieval process in passive
avoidance situation, and it reduced the locomotor
and exploratory activity. MPEP, the selective anta-
gonist of mGluR�, improved consolidation and re-
trieval processes and enhanced locomotor and ex-
ploratory activity. In rats subjected to hypoxia, it
exhibited the beneficial activity on retrieval in the
passive avoidance paradigm.

It may be concluded that MPEP administered
intravenously at the dose of 1 mg/kg can attenuate
hypoxia-induced retrieval deficit in the passive
avoidance test. It could be taken into consideration
in the studies with compounds potentially protec-
tive against hypoxic damage. MPEP may have
therapeutic potential in brain injury, although its
mechanism of neuroprotective action is still un-
clear.
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