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(3) 685–689, 1998.—Synaptic plasticity, cognitive performance, learning, and memory appear to be deter-
mined by the balance between GABAergic inhibitory and glutaminergic excitatory amino acids (EAA). To evaluate this role
of amino acids the effects of baclofen (0.5 mg/kg IP), GABA-B receptor agonist and AP-7 (5 nmol ICV)–NMDA (

 

N

 

-metyl-

 

D

 

-aspartate) receptor antagonist on the processes of retrieval, consolidation of conditioned reflexes, object recognition, and
locomotor activity were tested in rats. Neither AP-7 nor baclofen alone changed locomotor activity, but coadministration of
AP-7 and baclofen significantly decreased this activity in the open-field test. Neither AP-7 nor baclofen influenced retrieval
or consolidation in the passive avoidance situation when administred alone. Significantly prolonged retrieval and consolida-
tion were observed when AP-7 and baclofen were given together. We did not find differences in effects of either AP-7 or ba-
clofen on object recognition, regardless whether administered alone or in combination. © 1998 Elsevier Science Inc.
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TWO distinct types of amino acids can mediate synaptic trans-
mission in the central neurvous system: inhibitory (GABA-
ergic) and excitatory glutaminergic (EAA) (20).

Research indicates interaction between these two systems.
Metabolic interaction: tight relationship between GABA and
glutamate biosyntesis, uptake systems (17), GABA can in-
hibit the neuronal release of 

 

L

 

-glutamate (23).

 

Electrophysiological interaction: 

 

inhibitory postsynaptic po-
tentials (IPSPs) mediated by GABA receptors are followed
by excitatory postsynaptic potentials (EPSPs) mediated by
glutaminergic receptors (14), administration of GABA or bac-
lofen also depresses EPSPs and IPSPs in the hippocampus via
presynaptic receptors (19) and GABA and EAA are impor-
tant in induction of LTP (long-term potentiation) (3,5). All
these effects are mediated by receptors of GABAergic and
glutaminergic systems. Some structural similarities between
the two receptors types have been found (6).

In previous research we attempted to find interaction be-
tween activation of GABA-A receptors and inhibition of
NMDA receptors in rats. In our studies we used behavioral
tests. No interaction was found (unpublished data).

In the present study we tested whether activation of
GABA-B receptors by agonist baclofen-influenced effects of

selective, competitive antagonist of NMDA receptors—DL-2-
amino-7-phosphono-heptanoate (AP-7).

 

METHOD

 

Animals

 

Subjects were white, male Wistar rats weighing 160–180 g.
The animals were fed standard diet and housed in group cages
in an air-conditioned room with a 12 L:12 D cycle beginning
at 0700 h. All experiments were carried out between 0800 and
1200 h.

 

Drug Administration

 

DL-2-Amino-7-phosphono-heptanoic acid (AP-7), Sigma,
was administered into the lateral ventricle of the brain (ICV)
(10) in a dose 5 nmol/10 

 

m

 

l (22). Two days before behavioral
tests, a burr hole of 0.5 mm in diameter was drilled in the rat’s
skull, 2.5 mm laterally and 1 mm caudally from the point of in-
tersection of bregma and the superior sagittal suture on the
right side of the head. Ether anesthesia was used.

ICV injection was made to a depth of 4.5 mm with a
Hamilton microsyringe. After termination of each experi-
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ment, all animals were killed by decapitation, their brains
were removed, and the site of injection was verified macro-
scopically. Animals with inappropriate injection sites were
not considered for analysis.

(

 

2

 

) Baclofen, Polfa Starogard, was administered intraperi-
tonelly (IP) in a dose 0.5 mg/kg (18).

Saline (0.9% NaCl) (Polfa Pozna ) was administered ICV
in a volume of 5 

 

m

 

l or IP in a dose of 0.1 ml/kg (10).

 

Behavioral Tests

Object recognition.  

 

Apparatus: a plastic box 62 cm long, 38
cm wide, and 20 cm high covered with a wire mesh lid was
used. Objects for discrimination test were made of glass or
porcelain and existed in duplicate. Apparently they had no
natural significance for rats and they have never been associ-
ated with reinforcement. Their weight was such that they
could not be displaced by rats.

The experiments were conducted in the same room as pas-
sive avoidance test as well as locomotor and exploratory activ-
ity tests.

Behavioral testing: the procedure was similar to that de-
scribed by Ennaceur and Delacour (9) and Cavoy and Dela-
cour (4) with some modifications by Braszko (2). It may be
summarized as follows: all rats were submitted to two habitu-
ation sessions at an interval of 60 min, in which they were al-
lowed 3 min to explore the apparatus. Twenty-four hours
later testing began. Each session was made of two trials each
lasting 3 min and separated by a 60-min period. In the first
trial (T1) rats were exposed to two identical objects that con-
stituted samples “a” and “b” placed in the two back corners of
the box. The time of each object exploration by the rats was
recorded. Immediately after T1 the rat was removed, and
received one of the following: saline (

 

n

 

 

 

5

 

 13), AP-7 (

 

n

 

 

 

5

 

 15),
baclofen (

 

n

 

 

 

5

 

 15), or a combination: AP-7 

 

1

 

 baclofen (

 

n

 

 

 

5

 

 13)
as an ICV or IP injection. After 60 min rats were returned to the
apparatus. In the second trial (T2) rats were exposed to two ob-
jects that were introduced into the apparatus: the familiar object
“a” and a new object “b” placed in the same positions as during
T1. The object “a” presented during T2 was a duplicate of the
sample presented in T1 to avoid olfactory trails. For each ani-
mal, the role (familiarity or new object) as well as the relative
position of the two objects were randomly permuted.

The time of each object exploration was recorded. Explo-
ration of an object was defined as touching it with the nose.
Turning around or sitting on the object was not considered as
exploratory behavior. From this measure the following vari-
ables were defined: A—the time spent on exploring object
“a” and “b” in T1; A

 

9

 

 and B—the time spent on exploring the
familiar and the new object in T2, respectively.

Object recognition was measured by the B-A

 

9

 

 variable
(discrimination beetwen the new object “b” and the familiar
one “a”). As this time may be biased by differences in overall
levels of exploration, the total exploration (in T2 by B 

 

1

 

 A

 

9

 

and B 

 

2

 

 A

 

9

 

/B 

 

1

 

 A

 

9

 

) were also computed.

 

Passive avoidance response training.  

 

The response was in-
duced using the one-trial-learning method of Ader (1). The
apparatus consisted of a 6 

 

3

 

 25 cm platform illuminated with
a 25 W electric bulb connected through a 6 

 

3

 

 6 cm opening
with a dark compartment (40 

 

3

 

 40 

 

3

 

 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 prefer-
ence 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, they were immediately removed. Two similar

ń

 

trials, at an interval of 2 min, were carried out on the second
day. After the first trial rats were allowed to stay in the dark
compartment for 10–15 s. In the second trial when a rat en-
tered 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. Rats were
placed on the illuminated platform once more and the latency
to enter the dark compartment was measured, with the cut
time of 300 s. To determine their effect on consolidation, ac-
cording to the protocol proposed by Matthies (13), AP-7 and
baclofen were administered on the second day immediately
after the completion of induction of passive avoidance. To de-
termine their effect on retrieval, the substances were adminis-
tered on the third day, 30 min before the test for preservation
of the passive avoidance response.

 

Locomotor and exploratory activity.  

 

The open-field test was
used for estimation of locomotor activity of rats. The appara-
tus consisted of a square of 100 

 

3

 

 100 cm white floor, which
was divided by 8 lines into 25 equal squares, and surrounded
by white walls, 47 cm high. Four plastic bars, 20 cm high, were
located in 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. AP-7 and
baclofen were administered 30 min before the test.

 

Statistical Analysis

 

The statistical significance of the results was computed by
analysis of variance (ANOVA) followed by modified 

 

t

 

-statis-
tics (21) when multiple means were to be compared.

 

RESULTS

 

The Effect of AP-7, Baclofen, and AP-7 With Baclofen on 
Object Recognition in Rats (Table 1)

 

The time spent on exploring object “a” in T1 (variable A)
was comparable in all groups. Object recognition memory
measure (B 

 

2

 

 A

 

9

 

) was not significantly different between the
groups. Comparisons made with the ANOVA test revealed a
weaker object recognition memory in rats treated with ba-
clofen and with AP-7 alone compared with the saline, or AP-7
with baclofen-treated groups. The total time spent on explor-
ing object “b” and “a”; in T2 (B 

 

1

 

 A

 

9

 

) was decreased in ba-
clofen-treated rats. Changes in the B 

 

2

 

 A

 

9

 

/B 

 

1

 

 A

 

9

 

 variable in
AP-7 and baclofen-treated rats were comparable. Value of
this variable, however, was lower than in saline and AP-7 with
baclofen-treated rats. The tendencies were not significant.

 

The Effect of AP-7, Baclofen, and AP-7 With Baclofen on 
Retrieval of Passive Avoidance in Rats (Fig. 1)

 

Neither AP-7 in a dose of 5 nmol (ICV) nor baclofen (0.5
mg/kg IP) changed the latency in rats. Coadministration of
AP-7 and baclofen significantly prolonged the latency to enter
the dark compartment.

 

The Effect of AP-7, Baclofen, and AP-7 With Baclofen on 
Consolidation of Passive Avoidance in Rats (Fig. 2)

 

Neither AP-7 nor baclofen changed the latency in rats, i.e.,
they did not change consolidation of passive avoidance, but
coadministration of AP-7 with baclofen prolonged the time
spent on the platform, i.e., enhanced consolidation.
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The Effect of AP-7, Baclofen, and AP-7 With Baclofen on 
Locomotor and Exploratory Activity of Rats in the 
Open-Field Test (Fig. 3)

 

Neither AP-7 nor baclofen produced significant changes
estimated on the basis of the number of crossed fields, rear-
ings, and bar approaches throughout the observation period.
Significant decrease in mobility was observed in rats treated
with both AP-7 and baclofen.

 

DISCUSSION

 

In the present experiments, stimulation of the GABA-B
receptor by baclofen (0.5 mg/kg IP) did not change locomotor
activity in the open-field test.

Similar result was obtained after inhibition of the NMDA
receptor by AP-7. Baclofen and AP-7, when used in combina-
tion, caused reduction of mobility in rats. Baclofen is a widely
used antispastic drug and its effect is due to influence on

TABLE 1

 

Object Recognition

Variables

Treatment

Saline AP7 Baclofen AP-7

 

1

 

Baclofen

 

B-A

 

9

 

1.73 (1.12)

 

2

 

0.083 (0.67)

 

2

 

0.875 (0.44) 1.75 (1.43)
A 15.45 (2.59) 18.83 (2.59) 14.125 (2.79) 14.5 (3.5)
B

 

1

 

A

 

9

 

8.45 (2.23) 9.42 (2.38) 0.87 (0.44) 9 (1.92)
B-A

 

9

 

/B

 

1

 

A

 

9

 

0.149 (0.11)

 

2

 

1.152 (0.1)

 

2

 

0.5 (0.26) 0.07 (0.22)

The rats were treated ICV with 5 nmol of AP-7, and IP 0.5 mg/kg of baclofen, or ICV and IP saline. See
text for further details. Variables (in seconds) describing object recognition (see text). Values are means
from 13–15 subjects and 

 

6

 

SEM (in parentheses).

FIG. 1. The effect of AP-7, baclofen, and AP-7 with baclofen on
retrieval in the passive avoidance situation in rats. Columns represent
means 6 SEM of the number of animals indicated in the columns. 1)
Saline 5 ml ICV and saline 0.1 ml/100 g IP (39.67 6 6.55); 2) AP-7 5
nmol ICV and saline IP (50.47 6 7.4); 3) saline ICV and baclofen 0.5
mg/kg IP (38.73 6 6.52); 4) AP-7 ICV and baclofen IP (144.53 6
28.46). ***p(1–4) , 0.001,nnnp(2–4) , 0.001, sssp(3–4) , 0.001,
F(3, 63) 5 12.02, p , 0.001.

FIG. 2. The effect of AP-7, baclofen, and AP-7 with baclofen on
consolidation in the passive avoidance situation in rats. Columns
represent means 6 SEM of the number of animals indicated in the
columns. 1) Saline 5 ml ICV and saline 0.1 ml/100 g IP (34.35 6 6.24);
2) AP-7 5 nmol ICV and saline IP (38.65 6 7.05); 3) saline ICV and
baclofen 0.5 mg/kg IP (68.0 6 10.05); 4) AP-7 ICV and baclofen IP
(163.25 6 27.95). ***p(1–4) , 0.001, nnnp(2–4) , 0.001, sssp(3–
4) , 0.001, F(3, 67) 5 11.9, p , 0.001.
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GABA-B receptors (12) causing reduction of glutamate re-
lease in the spinal cord (14). On the other hand, a biphasic ac-
tion of GABA agonist (muscimol, progabide, baclofen) can
be observed: potentiation of behavior related to nigrostriatal
dopamine neuron activity at very low doses of agonists, in
contrast to the inhibition of dopamine neuron activity and re-
ceptor-mediated behavior at somewhat higher doses (12).
AP-7, the competitive NMDA receptor antagonist, produces
weak increases of dopamine turnover in limbic structures and
can enhance locomotor activity (7,8,11).

Literature data indicate that baclofen impairs memory in
humans (16). When injected (10 mg/kg IP) immediately after
training it impaired posttraining of inhibitory avoidance in
rats (3). In our experiments, we observed no effect of baclofen
on retrieval in passive avoidance situation. We used a low
dose of baclofen (0.5 mg/kg IP), and injection was given on
the third day, before a single trial of retrieval.

In addition, baclofen, a selective GABA-B receptor ago-
nist, has a pre- and postsynaptic effect. Presynaptically it re-
duces the release of excitatory and inhibitory transmitters
(14). Moreover, baclofen can produce dose-dependent anti-
nociception, reduces muscle tone, and may be involved in an-
tidepressant action (20). All these effects can contribute to
the retrieval in passive avoidance test and influence results.

Similarily, no change of retrieval in this test was obtained
after administration of AP-7. The passive avoidance proce-
dure was used to study the disruptive effects of glutamate an-
tagonists on learning (7). NMDA receptor antagonists given
systemically impair retention only if given before training,
and not if administered even shortly afferwards (7,8,15). It is
possible that the dose of 5 nmol of AP-7 given intracere-
broventricularily and time of injection on the third day of

training before measuring of retention did not influence this
parameter of passive avoidance situation.

Unfortunately the nonspecific (nonassociative) effects of
the NMDA receptor antagonist on learning is difficult to elim-
inate (15). Anxiolytic effects also seen with NMDA receptor
antagonist are responsible for retention changes (15). In our
study we obtained the facilitation of retrieval in passive avoid-
ance test after administration of AP-7 and baclofen together.

First, we can notice a connection between the reduction of
locomotor activity in the open-field test after coadministra-
tion of AP-7 and baclofen, and prolonged time of retrieval in
the passive avoidance in the same groups of rats. Secondly,
AP-7 and baclofen given together in one rat can decrease the
level of glutamate in synapses.

On the other hand, the nonspecific effects of AP-7 can play
a role (14). Administration of AP-7 or baclofen immediately
after training on the second day (13) can influence consolida-
tion in the passive avoidance situation. Similar to the retrieval
process, we did not observe changes of consolidation after us-
ing AP-7 or baclofen. Literature data give no clear indication
that NMDA or GABA-B receptors are involved in memory
consolidation (7,8,15).

The enhancement of consolidation in the passive avoid-
ance test, after coadministration of AP-7 and baclofen, was
unexpected. The time of injection of these substances during
the test (see above) excludes the possibility of their influence
on locomotor activity as well as any anxiolytic effects. Proba-
bly these “beneficial” results depend on changes in concentra-
tion of glutamate after using AP-7 and baclofen (14).

The intensification of consolidation is the main point of in-
teraction between AP-7 and baclofen. Unfortunately, we do
not have sufficient data to explain this result. 

FIG. 3. The effect of AP-7, baclofen, and AP-7 with baclofen on the number of crossings, rearings, and bar approaches in the open field.
Columns represent means 6 SEM of the number of animals indicated in the columns. 1) saline 5 ml ICV and saline 0.1 ml/100 g IP, crossings
(35.55 6 4.98), rearings (10.11 6 1.63), bar approaches (2.05 6 0.43); 2) AP-7 5 nmol ICV and saline IP, crossings (49.09 6 5.7), rearings (13.52 6
1.73), bar approaches (2.78 6 0.58); 3) saline ICV and baclofen 0.5 mg/kg IP, crossings (43.42 6 6.69), rearings (10.85 6 1.89), bar approaches
(2.5 6 0.53); 4) AP-7 ICV and baclofen IP, crossings (24.0 6 4.54), rearings (5.64 6 1.07), bar approaches (0.92 6 0.33). nnp(2–4) , 0.001,
dp(3–4) , 0.05; crossings, F(3. 61) 5 6.81, NS; rearings F(3. 61) 5 3.79, p , 0.02; bar approaches, F(3. 61) 5 2.49, NS.
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The object recognition test was used to estimate the work-
ing memory (9). In the present study we did not observe
changes in object recognition in rats after administration of
AP-7 and baclofen either alone or in combination.

Pharmacological studies on the influence of NMDA recep-
tor antagonist on working memory are rather confusing. In
most studies, specific impairing effect of NMDA receptor an-
tagonists on this kind of memory is restricted to a narrow dose
range and is easily confounded by nonassociative factors (8).
To our knowledge, there are no data on the effects of the
GABA receptor agonist on working memory. 

These results support our hypothesis about an interaction
between the GABAergic and the glutaminergic systems. The

main conclusion is that baclofen as a GABA-B receptor ago-
nist modulates the effects of AP-7, selective NMDA receptor
antagonist, on locomotor activity in the open-field test and on
retrieval and consolidation in the passive avoidance test.
However, more specific studies are needed to determine the
precise mechanism of effects of baclofen and AP-7 on mem-
ory and learning processes.
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