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Abstract:

The present investigation assessed the effects of 2-methyl-6-(phenylethynyl)-pyridine (MPEP) on acquisition and reference memory
in the Morris water maze in young adult rats aged 3-month and old rats aged 26-month.
MPEP reduced the swim speed of the young adult rats during acquisition, shortened the distance they covered and reduced their
swim speed in the probe trial. The untreated old rats had impaired acquisition of spatial learning, shortened distance and a lower
swim speed in the probe trial in comparison with young rats. MPEP did not influence the activity of the old rats in the water maze.
In summary, MPEP did not influence acquisition of spatial learning and reference memory in the young adult and old rats.
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Introduction

The Morris water maze is a convenient and standard
test of cognitive function in rodents [17]. It is com-
monly used in preclinical studies to assess the thera-
peutic potential of new treatments for age-related cog-
nitive deficits. The spatial memory formation and
age-related memory impairment are associated with
damage of the hippocampus. In aging rodents, the rate
of hippocampal neuron loss and dendritic branching
reduction is accelerated and hippocampal plasticity is
impaired [6]. The aged rats show deficits in perform-
ance of water maze tasks [11, 15]. The effects of ag-
ing on the excitatory amino acid neurotransmitter sys-
tem may contribute to age-related impairment of neu-
rological function.

Group I mGluRs localized mostly in the hippocam-
pus and cerebellum, including mGluR1 and mGluR5
which act via G protein, are positively coupled to

phospholipase C [8]. A growing body of evidence
suggests that group I mGluR receptors are involved in
different types of learning. The use of subtype-
selective antagonists or gene deletion has shown that
endogenous activation of mGluR1 or mGluR5 recep-
tors is required for spatial learning and contextual
conditioning [1, 3, 16, 21].

MPEP [2-methyl-6-(phenylethynyl)-pyridine] is
a potent, systemically active selective, non-competitive
antagonist of mGluR5 [13]. In our previous study, we
observed improvement of consolidation and retrieval
processes as well as reduction of retention deficit in-
duced by hypoxia in the passive avoidance test after
MPEP administration [18]. Some results indicate that
MPEP and its analog MTEP, have neuroprotective ac-
tivity against excitotoxic injury [5, 10].

The aim of this study was to investigate the influ-
ence of MPEP on spatial learning in young adult and
old rats, aged 3 and 26 months, respectively.
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Materials and Methods

Animals

Male Wistar rats of laboratory strain, weighing
160–180 g (3-month – adult) and 450–750 g (26-month
-old), were used. The animals were fed standard diet
and housed in plastic cages (50 × 40 × 20 cm), 5 ani-
mal per cage, in an air-conditioned and temperature-
controlled (22 ± 2°C) room under a 12 h light/ 12 h
dark cycle beginning at 7.00 h. Food and water were
freely available. All experiments were carried out in
a quiet, diffusely lit room between 8.00 h and 12.00 h.

The Ethics Commission of the Medical University
in Bia³ystok approved all the experimental protocols
used.

Drugs

2-Methyl-6-(phenylethynyl)-pyridine (MPEP, Tocris
Cookson, UK) was administered intravenously (iv)
through the tail vein at a dose of 1 mg/kg, 20 min be-
fore training in the water maze [18].

Saline (0.9% NaCl) (Polfa Poznañ) (control groups),
was administered iv as vehicle at 1 ml/kg per rat at the
same time as MPEP.

Behavioral task-Morris water maze

Apparatus
The apparatus consisted of a circular basin (diameter
= 210 cm, height = 40 cm) filled with opaque (with
powdered milk) water (approximately 22–24°C) to
a depth of 24 cm with an escape platform (diameter =
9 cm) placed 1 cm below the water surface. Many
extra-maze visual cues surrounding the maze were
available, and the observer remained in the same loca-
tion for each trial. The pool was illuminated by indi-
rect light (100 W). A video camera was placed above
the center of the pool for tracking the rat, and a video
tracking system (Video Mot 2, TSE-Systems, Ger-
many) with online digital output directly fed data into
a computer.

Procedure

The procedure was based on that described by Morris
[17]. The pool was divided into 4 quadrants: NW
(Northwest), NE (Northeast), SE (Southeast), SW

(Southwest). For the first 2 days of maze testing, the
training trials were carried out, in which the sub-
merged platform was placed in the center of the NW
quadrant (target quadrant). The rats were placed in the
water close to and facing the midpoint section of the
wall at one of three equally spaced locations: East (E),
South (S) and West (W). The rats were allowed to
swim freely until they found the platform on top of
which they could climb. If a rat failed to locate the
platform within 120 s, it was placed on the platform
where it remained for 15 s. Each rat was submitted to
2 sessions (3 trials each) per day and at each trial the
starting position was changed (starting on the E side,
followed by S and W sides in that order). The inter-
trial interval was 1 min between trials and 120 min
between sessions.

A free-swim trial was carried out 24 h after the 2-
day training period. The animals under no saline or
drug injection were released into the pool in the ab-
sence of the escape platform. The time of the probe
trial swim and speed, the distance and the time taken to
find the platform were recorded by TSE VideoMot 2.

Statistical analysis

The statistical significance of the latency, path length
and swim speed during training were computed by re-
peated measure analysis of variance (ANOVA) and by
two-way ANOVA (between groups). The data from
the probe trial parameters were analyzed by two-way
ANOVA. The Newmann-Keuls multiple comparison
test was used as the post-hoc test. A probability level
of less than p < 0.05 was accepted as significant. Sta-
tistical analyses were carried out using Statistica 6
software.

Results

ANOVA with repeated measures showed that the per-
formance (escape latency and distance) of the con-
trol/young adult rats during the training sessions was
better than in the first session (Fig. 1). After a single
administration of MPEP to the young adult rats, the
escape latency and the distance travelled did not
change but their swim speed was slower than that of
the control/young adult group of rats (Fig. 1A, B, C).

During all the training sessions, the 26-month-old
rats did not achieve the level of performance of the
young adult rats. On the first day of training, their es-
cape latency was significantly prolonged and their
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swim speed was slower in all the sessions vs. the con-
trol/young adult group of rats (Fig. 1A, C). The
ANOVA with repeated measure analysis showed
markedly shorter escape latencies and distance trav-
elled between sessions (Fig. 1A, B).

MPEP treatment of the old rats did not significantly
change acquisition. There was, however, a tendency
to enhance their ability to escape from the hidden
platform and to increase the distance travelled in the
fourth session as compared with the MPEP/young
adult group of rats (Fig. 1A, B).

The young adult rats spent about 42% of the time
in the target quadrant. MPEP did not affect the time
spent in the target quadrant but shortened the distance
travelled and reduced the swim speed of the young
adult rats in this quadrant in the probe trial. The old
rats swam slower, travelled a shorter distance in the
target quadrant in the probe trial than the young adult
rats and MPEP did not influence the activity of the old
rats (Fig. 2 A, B, C).

Discussion

The results of the present study show that MPEP, an
antagonist of mGluR5, used iv at the dose of 1 mg/kg,

did not influence acquisition of spatial learning of the

young adult rats, however, it did reduce their swim
speed during training and impaired the performance
of the previously acquired escape response, i.e. short-
ened the distance travelled and slowed down the swim
speed in the target quadrant. MPEP did not change the
impaired acquisition of spatial learning of the old rats.

In previous study, icv injection of MPEP prior to
acquisition did not affect learning, but resulted in a se-
vere retention deficit [3, 4]. Immediate post-training ad-
ministration of MPEP did not affect the spatial alter-
nation [4] but its pre-training infusion icv impaired
spatial learning in the spatial alternation test [3, 4].
The results obtained by Petersen et al. [20] showed
that pre-training ip administration of MPEP had no ef-
fect in the three choice maze, while Spooren et al.
[24] suggested that MPEP did not influence spatial
learning. Ballard et al. [2] found that MPEP adminis-
tered ip before the probe trial at a dose of 1 mg/kg
produced the same effect as in the control rats. It
seems that the effect of MPEP on spatial learning is
dependent on the dose, route of administration and
time of the injection and the paradigm of the test. On
the other hand, our earlier experiments showed that
MPEP significantly enhanced locomotor and explora-
tory activity in adult rats in the open field test [18].
Additionally, MPEP has an opposite effect on sponta-
neous motility measured in the open field test and
swim speed in the water maze. Further studies are
needed to clarify this effect. It seems that the influ-
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ence of MPEP on motility is strongly dependent on
the tests used.

However, fear and anxiety may also affect per-
formance in the Morris water maze [9], MPEP used at
the same doses as in the present study did not change
the activity of the young adult rats in the elevated plus
maze test [18].

The present results and those obtained by Brandeis
et al. [7] indicate that the old rats have impaired ac-
quisition of spatial learning, i.e. they required a longer
time to reach the submerged platform. The slower
swim speed is not a completely accurate measure of
cognitive function [15] but suggests that motility may
influence the escape latency. The performance in the
Morris water maze may be influenced by or related to
motor or motivational factors, and aging alters motil-
ity and emotional behavior. Motor function is signifi-
cantly impaired in aged rats compared with young rats
[12, 15]. Our previous study showed that 26-month-
old rats had a smaller number of crossings, rearings
and bar approaches in the open field test [25]. Aged
rats have a more variable performance, need longer
time to acquire spatial tasks, forget more quickly, and
are less likely to use a place learning strategy to solve
spatial tasks than young adult [11]. It seems that the
shorter distance and slower swimming speed in the
target quadrant in the probe trial are probably due to
age-related changes in swimming abilities, locomo-
tion and exploration. We did not observe age-related
reference memory impairment.

A number of authors have suggested that the age-
related decline in spatial learning abilities is the result
of changes in the function and morphology of the hip-
pocampal formation [11]. Rats’ age-related deficits in
spatial learning and memory are remarkably similar to
the deficits found after hippocampal damage [11] or
in animals without their hippocampus [17].

The group I mGluRs are particularly relevant in the
study of the hippocampus because they are located
postsynaptically on the granule cells of the dentate
gyrus and pyramidal neurons of Ammon’s horn [23].
Abundant expression of mGluR5 in the hippocampus
was described by Shigemoto et al. [22]. Nicolle et al.
[19] suggested that impairment of acquisition of spa-
tial learning correlated with reduced group I mGluR
activity in aged rats in the water maze test but the re-
sults of the study of Jouvenceau et al. [14] indicated
that the density and responsiveness of mGluR recep-
tors was not significantly affected in the aged rat hip-
pocampus. Our results seem to support this since we

did not observe any differences between the con-
trol/old and MPEP-treated/old rats.

In summary, MPEP (1 mg/kg, iv) did not influence
acquisition of spatial learning or reference memory in
the young adult rats in the water maze. MPEP did not
prevent age-related impairment of spatial and refer-
ence memory in the Morris maze test.
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