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Abstract. The effects of bicuculline (0.25 mg/kg i.p.) and AP-7 (5 nmols icv)
on the processes of retrieval, consolidation of conditioned reflexes, object
recognition and locomotor activity were tested in rats. Neither AP-7, nor
bicuculline nor AP-7 with bicuculline changed locomotor and exploratory
activity in the open field test. Coadministration of AP-7 with bicuculline
however, facilitated retrieval of passive avoidance in rats, but was without
effect on consolidation in this test. Also neither AP-7 nor bicuculline when
were given alone had an effect on influenced consolidation. We found no
differences in effects of either AP-7 or bicuculline on object recognition
regardless whether administered alone or in combination.
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Neuronal excitability, and synaptic plasticity, cogni-
tive performance, learning and memory are frequently
the function of the balance of GAB Aergic inhibitory and
glutaminergic excitatory inputs (Stephens 1995).
Manipulations leading to increased inhibition can be ex-
pected, to have similar consequences to those reducing
excitation (glutaminergic antagonists). On the other
hand, several lines of evidence suggest a clear metabolic
interaction between GABA and glutamate (Simantov
1990). The GABAA receptor belongs to the group of li-
gand-gated receptors such as the glycine receptor, and
glutamate receptor (Betz 1990).

The N-metyl-D-aspartate (NMDA) receptor subtype
of excitatory the amino acids (EAA) receptor system has
been proposed to play a role in synaptic plasticity, cog-
nitive performance (Morris 1989), and learning and
memory (Collingridge and Singer 1990). First sugges-
tions that glutamate was involved in learning were made
over 30 years ago (Vogel et al. 1966). The evolution of
the working hypothesis has paralleled the induction of
selective glutamate receptor antagonists (Watkins and
Evans 1981), and the development of our knowledge of
long-term potentiation (LTP), which is believed to re-
semble some elementary features of memory forma-
tion at the neuronal level (Collingridge and Singer
1990).

GABA is released in different brain areas during
learning of different tasks and after the induction of LTP.
GABA\, antagonist facilitates LTP (Brioni 1993).

The purpose of the present study was to investigate the
effect of the antagonist of the GABA4 receptor and the
antagonist of the NMDA receptor on behavioral activity
in rats. Electrophysiological and biochemical studies
demonstrated that bicuculline is a specific GABAA re-
ceptor antagonist (Kardos et al. 1984), and 2 amino-7-
phosphonoheptanoic acid (AP-7) is a competitive
antagonist of the NMDA receptor.

These antagonists were used to estimate the role of
NMDA and GABAA receptors in behavioral tests.

Subjects were white, male Wistar rats weighing 160-
180 g (n = 264). The animals were fed on a standard diet
and housed in group cages in an air-conditioned room
with a 12 h light/ 12 h dark cycle beginning at 7 a.m.

Bicuculline was administered intraperitonelly (i.p.) in
the dose of 0.25 mg/kg (Car et al. 1996).

AP-7 was administered into the lateral ventricle of the
brain (icv) (Herman 1970) in a dose of 5 nmols icv (Car
et al. 1996). Two days before behavioral tests, under
ether anesthesia, a burr hole of 0.5 mm in diameter was

drilled in the rats skull, 2.5 mm laterally and 1 mm cau-
dally from the point of intersection of bregma and the su-
perior sagittal suture on the right side of the head. Icv
injection was made to a depth of 4.5 mm with a Hamilton
microsyringe (Herman 1970). After termination of each
experiment, all animals were killed by decapitation, their
brains were removed and the site of injection was veri-
fied macroscopically. Animals with inappropriate injec-
tion sites were deleted from the calculations.

The open field test was used for estimation of locomo-
tor and exploratory activity of rats. The apparatus con-
sisted of a square (100 cm x 100 cm) of white floor which
was divided by 8 lines into 25 equal squares, and sur-
rounded by white walls, 47 cm high. Four plastic bars,
20 cm high, were located at 4 different line crossings in
the central area of the floor. A single rat was placed in-
side the apparatus for 1 min of adaptation. Subsequently,
crossings, rearings and bar approaches were counted
manually during 5 min. AP-7 and bicuculline were ad-
ministered 30 min before the test.

The passive avoidance response was induced using
the one trial learning method of Ader et al. (1972). 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 of 3 mm in
diameter, spaced at 1 cm. The investigation took advant-
age of the natural preference of rats to stay in dark com-
partments. The test lasted for 3 days. On the 1st day, after
2 min of habituation in the dark compartment, they were
immediately removed. Two similar trials, at an interval
of 2 min, were carried out on the 2nd day. After the first
trial the rats were allowed to stay in the dark compart-
ment for 10-15s. In the second trial when the 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 the cut time of 300 s. To determine the effect of AP-7
and bicuculline on consolidation according to the proto-
col proposed by Matthies (1980), the drugs were admin-
istered on the 2nd day immediately after the completion
of induction of passive avoidance and on the 3rd day
time to enter the dark compartment was measured as
consolidation. To determine the effect of AP-7 and bicu-
culline on retrieval these substances were administered
on the 3rd day, 30 min before the test for preservation of
the passive avoidance response.



The apparatus used for object recognition test was a
plastic box 62 cm long, 38 cm wide and 20 cm high
covered with a wire mesh lid. Objects for discrimination
test were made of glass or porcelain and existed in du-
plicate. Clearly they had no natural significance for rats
and they had never been associated with reinforcement.
Their weight was such that they could not be displaced
by rats.

The behavioral procedure was similar to that de-
scribed by Ennaceur and Delacour (1987) and Cavoy and
Delacour (1993) with some modifications by Braszko et al.
(1995).

It may be summarized as follows: all rats were sub-
mitted to two habituation sessions at an interval of 60 min,
in which they were allowed 3 min to explore the appara-
tus. Twenty four hours later testing began. Each session
consisted of two trials each lasting 3 min and separated
by 60 min period. In the first trial (T1) rats were exposed
to two identical objects which constituted samples "a"
and "b". The objects were 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 = 13), AP-7
(n =15), bicuculline (n = 15) or a combination: AP-7 +
bicuculline (n=13) as anicv orip injection. After 60 min
rats were returned to the apparatus. In the second trial
(T2) rats were exposed to two objects which were intro-
duced 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 duplicate of the
sample presented in T1 in order to avoid olfactory trails.
From rat to rat, the role (familiar or new object) as well
as the relative position of the two objects were counter-
balanced and randomly permuted.

The time of each object exploration by rats was re-
corded. Exploration 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 variables were defined: A - the
time spent on exploring object "a" and "b" in T1; A’ and
B - the time spent in exploring the familiar and the new
object in T2 respectively.

Object recognition was measured by the variable B-A’
(discrimination beetwen the new object "b" and the fam-
iliar one "a"). As B-A’ time may be biased by differences
in overall levels of exploration, the total exploration in T2
expressedasB+A’and B- A’/B + A’ were also computed.

Behavioral tests was conducted on different groups of
rats. This allows to exclude commulative effects of
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drugs. In each test we used control group of rats which
received only saline.

The experiments were conducted in the same room as
passive avoidance testing as well locomotor and explor-
atory activity tests.

The statistical significance of the results was com-
puted by analysis of variance (ANOVA) followed by
modified 7 statistics and Benferroni’s procedure (Wallenstein
et al. 1980) when multiple means were to be compared.

The effect of AP-7, bicuculline and AP-7 with bicu-
culline on locomotor and exploratory activity of rats in
the open field test is shown in Fig. 1.

Neither AP-7, nor bicuculline, nor AP-7 together with
bicuculline changed the mobility inrats, estimated on the
basis of the number of fields crossed, rearings and bar ap-
proaches. F(3.54) =2.84, F (crossings) = 1.993854, df =
42, F (rearings) = 0.84966211, df = 42, F (bar ap-
proaches) = 1.918677, df = 42.

The effect of AP-7, bicuculline and AP-7 with bicu-
culline on retrieval of passive avoidance in rats is shown
in Fig. 2A.

Neither AP-7 in adose of 5 nmols (icv) nor bicuculline
(0.25 mg/kg i.p.) changed the latency in rats. Coadmin-
istration AP-7 and bicuculline significantly prolonged the
latency to enter the dark compartment. P <0.001, F (3.52)
=2.76, F =22.07406, df=51.

The effect of AP-7, bicuculline and AP-7 with bicu-
culline on consolidation of passive avoidance in rats is
shown in Fig. 2B.

Neither AP-7, nor bicuculline, nor AP-7 with bicucul-
line changed the latency in rats, i.e. they did not change
consolidation of passive avoidance. F'(3.51) =2.75, F =
0.28889109, df = 51.

The effect of AP-7, bicuculline and AP-7 with bicu-
culline on object recognition in rats is shown in Table I.

The time spent in exploring object "a" in T1 (variable
A) was comparable in all groups. Object recognition
memory measure B - A’ was not significantly different
between the groups. The total time spent on exploring
object "b" and "a" in T2 (B + A’) was similar in all groups.
The variable B - A’ /B + A’ in different groups were at
the same level. This shows that object recognition scores
were not biased by differences in overall levels of ex-
ploration. F(B-A’)=0.2116453, F (3.51)=2.76,df=50;
F(B-A’/B+A’) = 0.78129519, F(3.41) = 2.37, df = 78;
F(B+A’)=0.5735284, F(3.41) =2.37,df =78.

In the present experiments we did not observe signi-
ficant changes in the locomotor activity after inhibition
of GABA-A receptor by administration of bicuculline or
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Fig. 1. The effect of AP-7, bicuculline and AP-7 with bicuculline on the number of crossings, rearings and bar approaches in
the open field. Columns represent means + SEM of the number of animals indicated in the columns. 1. saline 5 pl icv and saline
0.1 ml/100g i.p. 2. AP-7 5 nmols icv and saline i.p. 3. saline icv and bicuculline 0.25 mg/kg i.p. 4. AP-7 icv and bicuculline
ip. F(3.54) = 2.84 F(crossings) = 1.9938354, df = 42; F( rearings) = 0.84966211, df = 42; F(bar approaches) = 1.918677, df = 42.

after inhibition of NMDA receptor by administration of
A B AP-7, alone or in combination.

250 45 7 The competitive NMDA antagonist weakly or innef-
vor fectively produce an increase in dopamine turnover in
limbic structures and can enhance locomotor activity

407 (Hirammatsu et al. 1989, Danysz et al. 1994).
It is an interesting fact, that inhibition of both the ex-
citatory and the inhibitory receptor types enhance the re-
trieval process. We suggest some interpretation of this
effect. The role of nonspecific ( non-associative) effects
30 + of the NMDA receptor antagonists on learning is diffi-
cult to eliminate. It is possible that anxiolytic effects that
are also seen with NMDA receptor antagonists (Stephens
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Fig. 2. A, the effect of AP-7, bicuculline and AP-7 with bicu-
20 + culline on retrieval in the passive avoidance situation in rats.
Columns represent means + SEM of the number of animals in-
dicated in the columns. 1. saline Sulicv and saline 0.1 m1/100g
15 + i.p. 2. AP-7 5 nmols icv and saline i.p. 3. saline icv and bicu-
culline 0.25 mg/kg i.p. 4. AP-7 icv and bicuculline i.p. F(3.52) =
2.76, F=22.07406, df= 51 *** P(1-4)<0.001, *** P(2-4)<0.001
10 + ( filled squares), **® P(3-4)<0.001 (filled circules). B, the ef-
50 T fect of AP-7, bicuculline and AP-7 with bicuculline on con-
solidation in the passive avoidance situation in rats. Columns
5+ represent means = SEM of the number of animals indicated in
| the columns. 1. saline 5l icv and saline 0.1 ml/100 g i.p. 2.
AP-7 5 nmols icv and saline i.p. 3. saline icv and bicuculline
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TABLE I

The rats were treated icv with 5 nmols of AP-7, and i.p. 0.25 mg/kg of bicuculline. For further details see text. Variables (in
seconds) describing object recognition (see text). Values are means from 13-15 subjects and = SEM (in parentheses). F(B-A)
=0.2116453, F(3.51) =2.76, df = 50; F(B-A/B+A) = 0.78129519, F(3.41) = 2.37, df = 78; F(B+A) = 0.5735284, F(3.41) =

2.37,df="78
Object recognition

Variables Treatment

Saline AP7 Bic AP7+Bic
B-A’ 0.85 (1.02) 0.8(0.4) 0.38 (0.54) 0.23 (0.57)
A 13.92 (1.26) 16.33 (1.88) 14.76 (2.16) 17.46 (1.9)
B+A’ 8.54 (1.05) 8.0(1.23) 9.31(1.46) 6.46 (1.17)
B-A’/B+A’ -0.018 (0.1) 0.25 (0.086) 0.034 (0.096) -0.028 (0.071)

et al. 1986) are responsible for observed retention defi-
cits. Also GABAa receptor antagonists has the
anxiogenic properties (Brioni 1993). The inhibition of
the GABAA receptors by bicuculline can enhance this
anxiolytic effects evoked by AP-7. On the other hand,
modulatory compounds of NMDA receptors, like anta-
gonists, may be more beneficial as one could modulate
the effect of high glutamate concentrations in brain. Palmer
etal. (1989) showed that chemical stimulation of the ne-
ocortex of anaesthetized rats with NMDA, in combina-
tion with a various GABA antagonists, increased the
extracellular concentration of glutamate and aspartate in
the striatum. The antagonist of GABAA4 receptor used in
these study probably promote the effect of AP-7 on re-
trieval in the passive avoidance situation.

In our study AP-7 and bicuculline, when given alone
or in combination, did not influence memory consolida-
tion. Results obtained from the majority of studies show
no effect of post-training injection of NMDA receptor
antagonists and they suggest that there is no clear indi-
cation of NMDA receptor involvement in memory con-
solidation (Danysz et al. 1995). It is possible that NMDA
receptors are involved in the early stages of memory con-
solidation that already take place during acquisition
(Danysz et al. 1995). The effect of bicuculline on con-
solidation processes is dose-dependent (Brioni and
McGough 1988) and the dose used in our study was
lower than that inducing memory consolidation. We sug-
gest independent influence of AP-7 and bicuculline on
the consolidation of memory storage.

The object recognition test was used to estimate the
working memory (Ennaceur and Delacour 1987). In the

present study we observed no changes in object recog-
nition in rats after administration of AP-7 and bicucul-
line neither alone nor in combination. Pharmacological
studies of the influence of NMDA receptor antagonist on
working memory are unequivocal. In most studies, spe-
cific impairing effect of NMDA receptor antagonists on
this kind of memory is restricted to a narrow dose range
and is easily confounded by non-associative factors
(Danysz et al. 1995). To our knowledge there is no data on
the effects of the GAB A4 receptor antagonists on work-
ing memory. However, further studies are needed to
determine the precise modulatory effects of GABAa and
NMDA receptors on memory and learning processes.

The authors thank J. Ropelewska and L. Stalenczyk
for technical assistance.

AderR., Weijnen J.A.W.M., Maleman P. (1972) Retention of
apassive avoidance responses as a function of the intensity
and duration of electric shock. Psychon. Sci. 26: 125-132.

Betz H. (1990) Ligand-gated ion channels in the brain: the
amino acid receptor superfamily. Neuron 5: 383-392.

Braszko J.J., Kulakowska A., Wisniewski K. (1995) An-
giotensin II and its fragment improve recognition but not
spatial memory in rats. Brain Res. Bull. 37: 627-631.

BrioniJ.D.,McGaughJ.L. (1988) Post-training administration
of GABAergic antagonists enhances retention of aversively
motivated tasks. Psychopharmacology 96: 505-510.

BrioniJ.D. (1993) Role of GABA during the multiple consoli-
dation of memory. Drug Dev. Res. 28: 3-27.

Car H., Kuziemka-Eeska M., Wisniewski K. (1996) The
NMDA and GABA-A receptors in behavioral activity in
rats. Acta Physiol. Hung. 84: 269-270.



164 H. Car et al.

Cavoy A., Delacour J. (1993) Spatial but not object recogni-
tion is impaired by aging in rats. Physiol. Behav. 53: 527-
530.

Collingridge G.L., Singer W. (1990) Excitatory amino acid re-
ceptors and synaptic plasticity. TIPS 11: 290-296.

Danysz W., Zajaczkowski W., Parsons C.G. (1995) Modula-
tion of learning processes by ionotropic glutamate receptor
ligands. Behav. Pharmacol. 6: 455-474.

Danysz W., Essmann U., Bresink 1., Wilke R. (1994) Gluta-
mate antagonists have different effects on spontaneous lo-
comotor activity in rats. Pharmacol. Biochem. Behav. 48:
111-118.

Ennaceur A., Delacour J. (1987) Effect of combined or sep-
arate administration of piracetam and choline on learning
and memory in the rat. Psychopharmacology 92: 58-67.

Herman Z.S. (1970) The effect of noradrenaline on rats beha-
viour. Psychopharmacology 16: 396-374.

Hirammatsu M., Cho A.K., Nabeshima T. (1989) Comparison
of the behavioural and biochemical effects of the NMDA
receptor antagonist, MK-801 and phencyclidyne. Eur. J.
Pharmacol. 166: 359-366.

Kardos J., Blasko G., Kerekes P., Kovacs I., Simonyi M.
(1984) Inhibition of 3H-GABA binding by bicuculline re-
lated alkaloids. Biochem. Pharmacol. 33: 3537-3545.

Matthies H. (1980) Pharmacology of learning and memory.
Trends. Biochem. Sci. 1: 333-337.

Morris R.G.M. (1989) Synaptic plasticity and learning: selec-
tive impairment of learning in rats and blocade of long-term
potentiation in vivo by the N-methyl-D-aspartate receptor
antagonist AP5. J. Neurosci. 9: 3040-3057.

Palmer A .M., Hutson P.H., Lowe S.L., Bowden D.M. (1989)
Extracellular concentrations of aspartate and glutamate in
rat neostriatum following chemical stimulation of frontal
cortex. Exp. Brain Res. 75: 659-663.

Simantov R. (1990) y-aminobutyric acid (GABA) enhances
glutamate cytotoxicity in a cerebellar cell line. Brain Res.
Bull. 24: 711-715.

Stephens D.N., Meldrum B.S., Weidmann R., Schneider C.,
Grutzner M. (1986) Does the excitatory amino acid recep-
tor antagonist 2-APH exhibit anxiolytic activity? Psycho-
pharmacology 90: 166-169.

Stephens D.N. (1995) A glutamatergic hypothesis of drug de-
pendence: extrapolations from benzodiazepine receptor li-
gands. Behav. Pharmacol. 6: 425-446.

Vogel W., Broverman D.M., Draguns J.G. (1966) The role of glu-
tamic acid in cognitive behaviors. Psychol. Bull. 65: 367-382.

Wallenstein S., Zucker C.L., Floiss J.L. (1980) Some statistical
methods useful in circulation research. Circ. Res. 47: 1-9.

Watkins J.C., Evans R.H. (1981) Excitatory amino acid trans-
mitters. Annu. Rev. Pharmacol. Toxicol. 21: 165-204.

Received 10 July 1996, accepted 10 February 1998



