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NMDA receptor antagonists change behavioral activity of rats treated
with (S)-4CPG. H. CAR, R. OKSZTEL, A. NADLEWSKA, K. WIŒNIEW-
SKI. Pol. J. Pharmacol., 2001, 53, 331–339.

The effect of (S)-4CPG [(S)-4-carboxyphenylglycine] (25, 50, 100 nmol
icv) and the effect of AP-7 (5 nmol icv) or MK-801 (5 nmol icv) on the pro-
cesses of acquisition, consolidation of conditioned reflexes and locomotor
activity were tested in rats. Neither AP-7, MK-801 nor (S)-4CPG given
alone changed locomotor activity. MK-801 significantly increased the ef-
fects of (S)-4CPG: on crossings at all applied doses, on rearings at 100 nmol,
and on bar approaches at 50 nmol of (S)-4CPG. AP-7 enhanced the effects of
50 and 100 nmols of (S)-4CPG on crossings, 100 nmol of (S)-4CPG on rear-
ings in the open field test. Neither AP-7, MK-801 nor (S)-4CPG at doses of
50 and 100 nmols influenced acquisition, but (S)-4CPG given alone at a dose
of 25 nmol impaired acquisition. MK-801 impaired the action of 50 and
100 nmols of (S)-4CPG on acquisition. AP-7 only at a dose of 100 nmol in-
hibited (S)-4CPG-induced acquisition. Neither AP-7, MK-801 nor (S)-4CPG
given alone changed consolidation in passive avoidance situation while co-
-administration of AP-7 and (S)-4CPG at the doses of 50 and 100 nmols, af-
fected this process.

The obtained results support our hypothesis concerning the co-operation
between group I mGluRs and NMDA receptors in some behavioral tests and
the modulating effect of group I mGluRs antagonist on central action of
NMDA receptor antagonists.
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INTRODUCTION

Glutamate is the most prominent excitatory neu-
rotransmitter in the mammalian brain. Glutamate
receptors are widely distributed throughout differ-
ent regions of the brain and can be divided into two
major types: ionotropic and metabotropic [36, 43].
Ionotropic glutamate receptors (iGluRs) are intrin-
sic ligand-gated ion channels for sodium and cal-
cium cations whereas metabotropic glutamate re-
ceptors (mGluRs) are coupled to intracellular sig-
nal transduction pathways via membrane bound G
proteins. Glutamate receptors are important for the
induction of LTP (long-term potentation) in the
hippocampus in rats. The hippocampus has been
implicated in memory processes fear [40]. Antago-
nists of N-methyl-D-aspartate (NMDA) receptors,
a class of iGluRs, impair both the formation of LTP
[30, 35] and the acquisition of fear conditioning
[23], leaving the expression of both intact [4].
Other studies have shown that NMDA receptor ac-
tivation alone is not sufficient for LTP production
in the CA1 [24] or CA3 regions of the hippocam-
pus [17] and does not play a role in the mainte-
nance of LTP or fear conditioning. Therefore, it
is important to examine other processes that may
contribute to neural plasticity and learning. One
potential process involves mGluRs. mGluRs have
been implicated in the acquisition of LTP, learning
and memory [4]. Reymann and Matthies [39] have
found that co-activation of NMDA receptors and
mGluRs is required for the induction of robust LTP
using normal tetanization procedures. Bortolotto
et al. [4] have revealed that the mGluR antagonist
blocks tetanus-induced LTP in the hippocampal
CA1 slices when the pathway under investigation
has not previously experienced LTP. In addition,
some researches have examined the action of mGluR
antagonists on LTP in behavioral studies [4, 43].

The identification of carboxyphenylglycine com-
pounds as competitive antagonists of metabotropic
receptors had a significant contribution to the prog-
ress in pharmacology of mGluRs [41, 44, 45, 49].
(S)-4CPG acts as antagonist for group I mGluRs [8,
21, 22], with selectivity for mGluR� [18, 25, 46].
Conflicting data exist on the action of (S)-4CPG on
mGluR�, either weak agonist [18] or weak antago-
nist [46] activity being reported. Brise et al. [5],
Eaton et al. [12] have established that the S forms
possess the mGlu receptor antagonist activity and
exert no effect on iGluRs. The finding obtained by

Manahan-Vaughan et al. [27–29] that (S)-4CPG is
effective in blocking of NMDAR-dependent LTP
may indicate that these forms of LTP share some
common induction pathways which involve mGluRs.

We decided to study the influence of NMDA re-
ceptor antagonists, MK-801 and AP-7, on behavio-
ral effects of (S)-4CPG.

MATERIALS and METHODS

Subjects

This study was conducted on male Wistar rats
weighing 160–180 g. The animals were fed standard
diet and housed in plastic cages (50 × 40 × 20 cm),
10 animals per cage, in an air-conditioned and tem-
perature-controlled (22°C) room under a 12 h light/
dark cycle beginning at 7.00 h. Food and water were
freely available. All experiments were carried out
in a quiet, diffusely lit room (25 W bulb, 2 m away
from an animal, indirect light) between 8.00 h and
12.00 h.

Surgery

Under light ether anesthesia, a round piece of
skin, 7 mm in diameter, was cut off the rat head and
the underlying skull surface was cleaned off the
soft tissue. Two burr holes 0.5 mm in diameter
were drilled in the rat skull, 2.5 mm laterally and
1 mm caudally from the point of intersection of
bregma and the superior sagittal suture on both
sites of the head [19]. After 48 h of recovery, the
wound was completely dry and the animal behaved
normally. The intracerebroventricular (icv) injec-
tions of MK-801, AP-7 and (S)-4CPG were given
freehand into the lateral cerebral ventricles with
a 10 �l Hamilton syringe, using a removable KF 730
needle 4.5 mm long, 0.5 mm in diameter. This pro-
cedure allowed lowering the tip of the needle about
0.5 mm below the ceiling of the lateral cerebral
ventricle. It was relatively nontraumatic as the ani-
mal, gently fixed in the left hand of the experi-
menter, was usually quiet and no vocalization oc-
curred. The injection volume was 5 �l administered
over 1 min. After termination of each experiment,
all animals were sacrificed, their brains were re-
moved, and the sites of injection were verified
macroscopically after brain sectioning. Animals
with inappropriate injection sites were not used for
analysis.
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Drug administration

DL-2-Amino-7-phosphono-heptanoic acid (AP-7,
Sigma) and dizocilpine – (+)-5-methyl-10,11-dihydro-
-5H-dibenzo[a,d]cyclohepten-5,10-imine (MK-801,
RBI) were dissolved in 0.9 % NaCl (pH 7.4) and
administered into the lateral ventricle of the brain
(icv) [19] at a dose of 5 nmol per rat in the volume
of 5 �l [2, 6, 50], 30 min before placing animals in
the open field and learning session when the acqui-
sition was examined, but immediately after the
learning trial when the consolidation was tested.

(S)-4-carboxyphenylglycine [(S)-4CPG, Tocris
Cookson] was dissolved in 0.9% NaCl (pH 7.4) and
given icv at doses of 25, 50, 100 nmols per rat in the
volume of 5 �l [27], 10 min after administration of
AP-7 or MK-801 and 20 min before placing animals
in the open field test and learning session when the
acquisition was examined, and immediately after
the learning trial when the consolidation was tested
[32]. Saline (0.9 % NaCl, Polfa, Poznañ) was ad-
ministered icv in the volume of 5 �l at the same
time as (S)-4CPG or AP-7, or MK-801, and ani-
mals’ behavior was examined in the open field and
the passive avoidance tests, 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 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 com-
partment, the rats were placed on an illuminated
platform and allowed to enter the dark compartment,
from which they 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. At the end of the second trial, when a rat
entered the dark compartment it received an ines-
capable footshock (0.25 mA, 3 s) delivered through
the grill floor of the dark compartment (learning
trial). Retention of passive avoidance was checked
24 h later by measuring the latency to re-enter the
dark compartment up to a maximum of 300 s.

To determine the effect of drug treatments on
acquisition, according to the protocol proposed by
Matthies [32], (S)-4CPG, AP-7, MK-801 were gi-
ven on the second day before induction of passive
avoidance. To determine the effect of the tested
drugs on consolidation, they were administered on
the second day immediately after completion of in-
duction of passive avoidance.

Locomotor and exploratory activity

The open field test was used to estimate the lo-
comotor (crossings) and exploratory (rearings, bar
approaches) activity of rats. The apparatus con-
sisted of a square 100 × 100 cm white floor, which
was divided by 8 lines into 25 equal squares, and
surrounded by white walls, 47 cm high. Four plas-
tic bars (designed as objects of possible interest),
20 cm high, were located at four different line
crossings in the central area of the floor. A single
rat was placed in the center of the floor and follow-
ing 1 min of adaptation, crossings, rearings, and bar
approaches were counted manually for 5 min. The
crossings of the square were counted when the ani-
mal crossed the line with all four paws and the bar
approaches were considered when the rat directed
its head toward the bar, approached and touched it
with its nose.

Statistical analysis

The statistical significance of the results was
computed by one-way analysis of variance (ANOVA)
followed by Newman-Keuls test, except for passive
avoidance behavior which was assessed with Mann-
-Whitney ranking test. F-rations, degrees of free-
dom and p-values were reported only for signifi-
cant differences. In all comparisons between par-
ticular groups, a probability of 0.05 or less was
considered significant.

This work was approved by the Ethics Commit-
tee of Medical Academy in Bia³ystok.

RESULTS

The effect of (S)-4CPG, AP-7, and

(S)-4CPG with AP-7 on acqusition

of passive avoidance in rats

Neither AP-7 nor (S)-4CPG used at doses of 50
and 100 nmols changed the latency in rats, only
(S)-4CPG at a dose of 25 nmol shortened the time
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spent on the illuminated platform. AP-7 given with
(S)-4CPG (at all doses used) significantly decreased
the latency to enter the dark compartment in com-
parison with saline-, AP-7- and with (S)-4CPG-
-treated group of rats (100 nmol only) (Tab. 1).

Table 1. The effect of (S)-4CPG, AP-7, and (S)-4CPG with
AP-7 on acquisition in the passive avoidance situation in rats.
The rats were given icv 25, 50, 100 nmols of (S)-4CPG and
5 nmol of AP-7. The volume of injections was 5 �l. For further
details see text. Median latencies are given, with the 25–75 per-
centiles in parenthesis. ** p < 0.02, *** p < 0.001 as compared
with saline-treated group; �� p < 0.02, ��� p < 0.001 as com-
pared with AP-7-treated group; �� p < 0.02 as compared with
100 nmol of (S)-4CPG (Mann-Whitney test)

Treatment n Re-entry latency (s)

Saline

AP7

25 (S)4CPG

25 (S)4CPG + AP7

50 (S)4CPG

50 (S)4CPG + AP7

100 (S)4CPG

100 (S)4CPG + AP7

12

13

13

11

12

12

11

10

32.42 (10–55)

31.15 (10–62)

8.77 (4–30) *** ���

11.91 (5–27) *** ���

39.50 (5–115)

18.50 (5–105) ** ��

38.73 (5–94)

9.40 (6–18) *** �� ���

The effect of (S)-4CPG, MK-801, and

(S)-4CPG with MK-801 on acqusition

of passive avoidance in rats

Neither MK-801 nor (S)-4CPG used at doses of
50 nmol and 100 nmol changed the latency in rats,
only (S)-4CPG at a dose of 25 nmol shortened the
time spent on the illuminated platform. Co-admi-
nistration of MK-801 with (S)-4CPG (at all doses
used) significantly decreased the latency to enter
the dark compartment in comparsion with saline-,
MK-801- and (S)-4CPG-treated groups of rats (at
doses of 50 and 100 nmols, Tab. 2).

The effect of (S)-4CPG, AP-7, and

(S)-4CPG with AP-7 on consolidation

of passive avoidance in rats

Neither AP-7 nor (S)-4CPG (at all doses used)
significantly changed the latency in rats. AP-7 gi-
ven with (S)-4CPG at doses of 50 and 100 nmols
significantly prolonged the latency to enter the dark
compartment in comparison with saline- and AP-7-
-treated groups of rats (Tab. 3).

Table 2. The effect of (S)-4CPG, MK-801, and (S)-4CPG with
MK-801 on acquisition in the passive avoidance situation
in rats. The rats received icv 25, 50, 100 nmols of (S)-4CPG and
5 nmol of MK-801. The volume of injections was 5 �l. For
further details see text. Median latencies are given, with the
25–75 percentiles in parenthesis. *** p < 0.001 as compared
with saline-treated group; ��� p < 0.001 as compared with
MK-801-treated group; �� p < 0.02, ��� p < 0.001 as compared
with 100 and 50 nmols of (S)-4CPG, respectively. (Mann-
-Whitney test)

Treatment n Re-entry latency (s)

Saline

MK-801

25 (S)4CPG

25 (S)4CPG + MK-801

50 (S)4CPG

50 (S)4CPG + MK-801

100 (S)4CPG

100 (S)4CPG + MK-801

10

12

13

11

12

12

11

12

36.10 (18–65)

23.25 (6–71)

8.77 (4–30) *** ���

9.27 (4–23) *** ���

39.50 (5–115)

7.42 (4–20) *** ��� ���

38.73 (5–94)

12.92 (5–78) *** �� ���

Table 3. The effect of (S)-4CPG, AP-7, and (S)-4CPG with
AP-7 on consolidation in the passive avoidance situation in rats.
The rats were given icv 25, 50, 100 nmols of (S)-4CPG and
5 nmol of AP-7. Median latencies are given, with the 25–75
percentiles in parenthesis. *** p < 0.001 as compared with
saline-treated group; �� p < 0.02; ��� p < 0.001 as compared
with AP-7-treated group (Mann-Whitney test)

Treatment n Re-entry latency (s)

Saline

AP7

25 (S)4CPG

25 (S)4CPG + AP7

50 (S)4CPG

50 (S)4CPG + AP7

100 (S)4CPG

100 (S)4CPG + AP7

13

13

12

16

12

18

13

12

30.00 (7–62)

33.76 (10–69)

67.25 (8–300)

79.94 (10–300)

93.17 (10–300)

178.39 (14–300) *** ���

126.61 (10–300)

162.50 (15–300) *** ��

The effect of (S)-4CPG, MK-801, and

(S)-4CPG with MK-801 on consolidation

of passive avoidance in rats

Neither MK-801 nor (S)-4CPG (at all doses
used) significantly changed the latency of rats. Co-
administration of MK-801 with (S)-4CPG did not
significantly change the latency to enter the dark
compartment (Tab. 4).
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Table 4. The effects of (S)-4CPG, MK-801 and (S)-4CPG with
MK-801 on consolidation in passive avoidance situation in rats.
The rats received icv 25, 50, 100 nmols of (S)-4CPG and 5 nmol
of MK-801. Median latencies are given, with the 25–75 percen-
tiles in parenthesis (Mann-Whitney test)

Treatment N Re-entry latency (s)

Saline

MK-801

25 (S)4CPG

25 (S)4CPG + MK-801

50 (S)4CPG

50 (S)4CPG + MK-801

100 (S)4CPG

100 (S)4CPG + MK-801

10

12

12

14

12

12

13

14

32.70 (18–74)

35.42 (7–75)

67.25 (8–300)

98.86 (6–300)

93.17 (10–300)

81.08 (8–300)

126.62 (10–300)

54.93 (10–300)

The effect (S)-4CPG, AP-7, and (S)-4CPG

with AP-7 on locomotor and exploratory

activity of rats in the open field test

Neither AP-7 nor (S)-4CPG produced signifi-
cant changes, which was estimated on the basis of
the number of crossed fields, rearings, and bar ap-
proaches throughout the observation period. AP-7
given with (S)-4CPG (at all doses used) signifi-
cantly increased the number of crossed fields vs
control, AP-7 and (S)-4CPG-treated groups, and
(S)-4CPG given at a dose of 100 nmol significantly
enhanced the number of rearings in comparsion
with control and the group treated with (S)-4CPG
alone at a dose of 100 nmol (Fig. 1).
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Fig. 1. The effect of 25 (3), 50 (5), 100 (7) nmols of (S)-4CPG, 5 nmols of AP-7 (2) given icv or both in combination: 25 nmol of
(S)-4CPG with AP-7 (4), 50 nmol of (S)-4CPG with AP-7 (6), 100 nmol of (S)-4CPG with AP-7 (8), on the number of crossings, rear-
ings and bar approaches in the open field test. Control rats (1) received 0.9 % NaCl icv. Columns represent means ± SEM of the values
obtained from 11–15 subjects. Crossing, F (7.96) = 12.319, * p (1–4) < 0.05, ** p (1–6,8) < 0.02, � p (2–6) < 0.05, �� p (2–8) < 0.05,
�� p (5–6, 7–8) < 0.02; Rearings, F (7.96) = 5.355, ** p (1–8) < 0.02, �� p (7–8) < 0.05 (ANOVA and Newman-Keuls tests)



The effect (S)-4CPG, MK-801, and

(S)-4CPG with MK-801 on locomotor

and exploratory activity of rats in the

open field test

MK-801 and (S)-4CPG given alone did not
change the locomotor activity in rats. Co-adminis-
tration of MK-801 with (S)-4CPG (at all doses
used) significantly increased the number of crossed
fields vs control, MK-801 and (S)-4CPG-treated
groups (at doses of 50 and 100 nmols), and signifi-
cantly enhanced the number of rearings in compar-

sion with control, MK-801-treated groups, and vs
the group treated with (S)-4CPG alone at 100 nmol.
MK-801 given with (S)-4CPG at the dose of 50
nmol significantly increased the number of bar ap-
proaches vs control, MK-801- and (S)-4CPG (50
nmol)-treated groups (Fig. 2).

DISCUSSION

The obtained results show that competitive
(AP-7) and non-competitive (MK-801) antagonists
of NMDA receptor influence central activity of
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Fig. 2. The effect of 25 (3), 50 (5), 100 (7) nmols of (S)-4CPG, 5 nmol of MK-801 (2) given icv or both in combination: 25 nmol of
(S)-4CPG with MK-801 (4), 50 nmol of (S)-4CPG with MK-801 (6), 100 nmol of (S)-4CPG with MK-801 (8) on the number of
crossing, rearings and bar approaches in the open field test. Control rats (1) received 0.9 % NaCl icv. Columns represent means
± SEM of the value obtained from 12–15 subjects. Crossings, F (7.96) = 12.6, *** p (1–4, 6,8) < 0.001, � p (2–6) < 0.05, �� p (2–4,
2–8) < 0.02, ��� p (3–4, 5–6, 7–8) < 0.001. Rearings, F (7.96) = 5.184, ** p (1–6) < 0.02 , *** p (1–8) < 0.001, � p (2–6, 8) < 0.05,
�� p (7–8) < 0.02. Bar approaches, F (7.96) = 9.524, ** p (1–6) < 0.02, � p (2–6) < 0.05, � p (5–6) < 0.05 (ANOVA and Newman-
-Keuls tests)



(S)-4CPG, a competitive group I mGlu receptor an-
tagonist. This influence was generally stimulatory
on locomotor activity, inhibitory on acquisition
process, while AP-7 given jointly with (S)-4CPG
used at doses 50 nmol, 100 nmol, enhanced con-
solidation of conditioned reflexes.

None of the compounds applied alone changed
the motor and exploratory activity of rats in the
open field test, but MK-801 given before (S)-4CPG
caused that the number of crossed fields was sig-
nificantly bigger compared with control, MK-801-
or (S)-4CPG-treated groups. MK-801 also enhanced
the effect of 100 nmol of (S)-4CPG on rearings and
of 50 nmol of (S)-4CPG on bar approaches in this
test.

MK-801 is known to possess its own activity
[51]. It may interact with dopaminergic system and
causes hyperactivity of animals at lower doses (up
to 0.1 mg/kg) [31, 51]. Carey et al. [7] have noticed
that MK-801 at doses < or = 0.1 mg/kg had no ef-
fect upon locomotor activity.

AP-7 used before (S)-4CPG causes similar ef-
fects on crossed fields and rearings as MK-801.
AP-7, the competitive NMDA receptor antagonist,
induces a slight increase in dopamine turnover in
limbic structures and can enhance locomotor acti-
vity in a dose-dependent manner [10, 11, 20].

Most of NMDA receptor antagonists, especially
the non-competitive ones, increase the locomotor
activity of animals [9, 42]. The doses of drugs cho-
sen in the present study did not change the motor
activity of rats in previously conducted open field
tests.

More recently an increasingly important role of
mGluRs in the production of motor behavior has
begun to emerge. Vezina and Kim [48] have re-
ported that mGluRs contribute significantly to the
generation of locomotor activity and do so in a do-
pamine-dependent manner. (S)-4CPG potentiates
the depression of monosynaptic excitation in rat
motoneurons [36, 37].

The enhancement of locomotor activity ob-
tained after co-administration of the antagonists of
both groups of receptors is probably the result of
their influence on dopaminergic system.

In our study, (S)-4CPG used at a dose of 25 nmol
significantly depressed the acquisition of conditio-
ned reflexes.

MK-801 given alone did not influence learning
in the passive avoidance situation, but significantly
diminished the effect of (S)-4CPG (50 and 100

nmols) on acquisition in this test. AP-7 did not
evoke significant effects on acquisition in the pas-
sive avoidance situation when was given alone, but
reduced the effect of 100 nmol of (S)-4CPG on this
process also.

Co-administration of both types of group I
mGlu and NMDA receptor antagonists produced
the impairment of conditioned response acquisi-
tion. The results of Balschum and Wetzel [3] indi-
cated a particular importance of group I mGluRs in
memory formation. (S)-4CPG given to animals
prior to learning in Y-maze spatial alternation had
no effect on performance in the training session,
but in the memory retention test, performance of
those animals was strongly impaired in comparison
with the control [3]. Mandadori et al. [34] have re-
ported that NMDA receptor antagonists can en-
hance or impair learning in animals. Morris et al.
[35] have found that NMDA receptor antagonist
also impairs learning in water-maze test.

A role of group I mGluRs in the enhancement
of NMDA responses has already been described in
the rat hippocampus [16, 26, 27]. Pisani et al. [38]
have supported a permissive role exerted by group I
mGluRs on the NMDA-induced response. Ugolini
et al. [47] have suggested that the group I mGluRs-
-induced potentiation of NMDA responses may be
important in modulating various forms of synaptic
plasticity. The importance of mGluRs and iGluRs
in LTP has been reported [33]. (S)-4CPG was ef-
fective in blocking NMDA-dependent LTP [28].
Furthermore, evidence suggests that mGluR/iGluR
interaction mediates persistent nociceptive respon-
ses in rats [13–15].

It should be noted that this effect and enhance-
ment of group I mGluR-mediated locomotor activi-
ty by NMDA receptor antagonists may contribute
to acquisition in the passive avoidance situation.
The enhancement of consolidation in the passive
avoidance test, after co-administration of AP-7 and
(S)-4CPG at doses of 50 and 100 nmols was unex-
pected. The time of injection of these substances
during the test excludes the possibility of their in-
fluence on locomotor as well as on nociception ac-
tivity. We do not have sufficient data to explain
these results.

The obtained results support our hypothesis
concerning the cooperation between group I mGluRs
and NMDA receptors in some behavioral tests and
the modulating effect of group I mGluRs antagonist
on central action of NMDA receptor antagonists.
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