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Abstract: Data in literature that use methods for studying the learning and memory processes suggest
that GABA and especially GABAB receptor antagonists may be active against amnesia. The aim of our
study was to examine the effects of three new GABAB-antagonists on learning and memory processes.
Active and passive avoidance tests with negative reinforcement in rats were used. The rats treated
with different GABAB receptor antagonists showed improving effects in both tests (active and passive
avoidances) on learning as well as on memory retention. There are some differences in their activities,
probably due to its chemical structures. The phosphinic analogue CGP63360A is potent to the point
that the benzoic one CGP76290A and the left isomer of the benzoic analogue CGP76291A has no effect.
It may be concluded that the obtained results on the GABAB receptor antagonists could contribute to
their pharmacological characteristics and might be of interest for potential clinical implication.
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1 Introduction

In recent years, an increasing interest has been focused on the role of GABA in the

neurochemical mechanisms of cognition and especially in learning and memory processes.

This focus has been prompted by the revealing of differences in the functions of two GABA

receptor subtypes - GABAA and GABAB, which allows for the better understanding of

the diversity of GABA neurotransmission functions. In spite of the intensive studies of

the problem, many questions still remain unclear and others are contradicting.
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It is already known that GABAB antagonists can suppress late inhibitory postsynaptic

potentials and amplify the acetylcholine and quisqualate signals [1, 2]. Amplification of

neurotransmission might improve the signal-to-noise ratio, and thus also enhance mem-

ory processing. There are data in the literature showing that learning and retention

capacity of experimental animals in cognitive tests can be improved by blockade of the

GABAB receptors [3]. Some [4] pointed out, that after applying of GABAB receptor

antagonist CGP36742, mice performed better in an inhibitory avoidance test, rats did

likewise in a partner recognition test and rhesus monkey also in a conditional spatial

color task. Other [5] suggest that activation of GABAB receptors modulates intracranial

self-stimulation behavior.

Many effects observed in different spices and using methods for diverse manifestations

of learning and memory give the reason to hope that GABAB receptor antagonists may

be a useful against amnesia [6–8].

We have already published data for single dose administration of CGP36742, CGP56433

and CGP61334 [9] and for CGP71982, CGP62349 and CGP55845A over a dose of 0.01−1

mg/kg [10].

The aim of the present study was to examine the effects of three GABAB-antagonists

CGP63360, CGP76290A and CGP7691A on learning and memory processes using an

active and a passive avoidance paradigm in rats.

2 Statistical methods and Experimental Procedures

2.1 Animals

Male Wistar rats weighing 200 − 250 g were used. They were fed ad libitum and main-

tained on a 12-h light-dark cycle. Animals were housed in groups of eight each and

habituated for 5 min a day before each avoidance test.

2.2 Active avoidance test

Learning session:

Two-way active avoidance test was performed in a shuttle box (Ugo Basile). The

learning session consisted of a 5-day training test using the standard programme with

30 trainings per day. Every training session was 6 seconds light and buzzer (670 Hz, 70

dB), followed by 0.4 mA foot stimulation with 4 sec. duration and 12 sec. pause between

shocks.

The automatically counted parameters were: (1) number of aversive stimuli, i.e. avoid-

ances; (2) number of unconditioned stimuli, i.e. escapes; (3) number of intertrial crossings;

and, (4) latency of reaction in seconds.

Memory retention:

On the 5th week of the experiment a memory retention session was performed (7 days

after last training) using the same parameters, but without foot stimulation.
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2.3 Passive avoidance test

Step-through passive avoidance was also performed on the same groups of rats.

Learning session:

Rats were trained in a single session of 3 trials. Every trial consisted of 6 seconds

delay (closed door between light and dark chambers), before the door was opened for

12 s and the light stimuli was turned on. If the rat crossed the door and went into

the dark chamber, then the door closed automatically and the rat received 0.4 mA foot

shock for 9 sec. If the rat did not go into the dark chamber in 12 sec., then the counter

started to count the seconds until it went to the dark chamber. When the counter stopped

automatically, the rat received foot-shock. The maximum time spent in the light chamber

was 180 ± 2 s (3 min).

Memory retrieval:

24 hours and 7 days after the learning sessions a memory retention session of 3 trials

per session was performed. Every trial consisted of the same parameters without foot

shocks.

2.4 Drugs

The chemical structure of the compounds was:

CGP63360A: Cyclohexylmethyl-2-(S)-hydroxy-3-[(6-oxo-1,6-dihydro-pyridin-3-ylmethyl)-

amino]-propyl-phosphinic acid, hydrochloride.

CGP76290A: 3-[(3R,6R)-6-(Cyclohexylmethyl-hydroxy-phosphinoylmethyl)-morpholin-

3-yl]benzoic acid, di-sodium salt.

CGP76291A: 3-[(3-S, 6S) -6-(Cyclohexylmethyl-hydroxy-phosphinoylnethyl)-morpholin-

3-yl]benzoic acid, di-sodium salt.

The rats were divided into the groups (n = 8), injected with different doses of CGP

compounds or saline. All substances were applied for 15 days before starting the tests and

during them. The purpose was to establish their effects on formation and consolidation

of memory traces.

2.5 Statistical evaluation

A two way ANOVA for repeated measurements was used to compare the results from the

active avoidance test and a one way ANOVA was used to compare the results from the

passive avoidance test.
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3 Results

3.1 Effects of the GABAB receptor antagonist CGP63360A on learning

and memory processes in active avoidance test.

Control rats showed statistically significant increased number of conditioned stimuli (avoid-

ances) on 2nd (P < 0.05), 3rd, 4th and 5th days (P < 0.01) compared with 1st day

training (Fig. 1).

Learning session rats injected with the GABAB receptor antagonist CGP63360A at

a dose of 0.1 mg/kg showed statistically increased number of avoidances on 3rd, 4th

(P < 0.05), and 5th day (P < 0.01) compared with the respective controls as well as with

the 1st day training. Rats treated with 0.01 mg/kg CGP63360 also showed increased

number of avoidances on 4th and 5th days (P < 0.05) compared with the respective

controls. Rats injected with 0.001 mg/kg did not significantly change the number of

avoidances during learning session compared to the control (Fig. 1).

On memory retention test (12th day) control group also showed increased number

of avoidances (P < 0.01) compared with 1st day learning. On memory retention test

the number of avoidances was increased as well (P < 0.05) in rats treated with 0.1

mg/kg CGP63360A and did not change in the groups treated with 0.01 and 0.001 mg/kg

CGP63360A compared with the controls (Fig. 1).

Fig. 1 Effects of the GABAB receptor antagonist CGP63360A on learning and memory

processes in active avoidance test. Abscissa - days of testing; Ordinate - number of

conditioned stimuli (avoidances). oP < 0.05 and ooP < 0.01 compared to the 1st day

control. ∗P < 0.05 and ∗∗P < 0.01 compared to the respective controls.

Control rats (saline) did not change significantly the number of unconditioned stimuli

(escapes) on learning and memory retention test (Table 1). Rats injected with different

doses of CGP63360A also did not change the number of escapes during learning and

memory retention sessions compared with controls (Table 1).
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Table 1 Effects of CGP 63360 on active avoidance test.

DAY SALINE 0.1 MG/KG 0.01 MG/KG 0.001 MG/KG

1 15.37 ± 1.97 12.62 ± 1.79 12.00 ± 1.22 10.00 ± 1.44
2 14.00 ± 1.52 17.75 ± 2.29 15.00 ± 1.98 12.50 ± 1.79
3 12.50 ± 1.47 16.37 ± 1.01 14.62 ± 1.83 12.87 ± 1.77
4 13.37 ± 1.49 14.87 ± 1.98 15.37 ± 2.46 11.25 ± 1.05
5 12.00 ± 1.32 14.12 ± 1.66 19.50 ± 2.84 13.00 ± 1.78
12 12.50 ± 1.28 11.00 ± 1.46 14.50 ± 2.50 11.25 ± 1.81

Number of unconditioned stimuli (escapes) - mean ± SEM.

Control rats (saline) did not change significantly the number of intertrial crossings

on learning and memory retention test (Table 2). Rats injected with different doses of

CGP63360A also did not change the number of intertrial crossings during learning and

memory retention sessions compared with controls (Table 2).

Table 2 Effects of CGP 63360 on active avoidance test.

DAY SALINE 0.1 MG/KG 0.01 MG/KG 0.001 MG/KG

1 16.25 ± 2.68 17.25 ± 2.27 20.37 ± 3.02 14.50 ± 1.78
2 15.12 ± 2.57 20.50 ± 2.96 18.87 ± 2.16 12.12 ± 1.04
3 13.50 ± 1.05 17.00 ± 2.70 19.37 ± 3.29 14.62 ± 1.99
4 18.50 ± 2.79 19.12 ± 2.94 17.87 ± 2.28 20.25 ± 2.76
5 16.12 ± 2.87 19.06 ± 2.68 18.25 ± 2.25 15.37 ± 1.39
12 24.00 ± 3.29 24.25 ± 3.10 19.37 ± 3.84 14.87 ± 1.35

Number of intertrial crossings - mean ± SEM.

3.2 Effects of the GABAB receptor antagonist CGP76291 on learning and

memory processes in active avoidance test.

The same control group was used because of its randomized place between the three

selective GABAB receptor antagonists in this series of experiments. This gave the possi-

bility to compare the CGP compounds between themselves during learning and memory

retrieval and different tests - active and passive avoidances.

Control rats showed statistically significant increasing number of conditioned stimuli

(avoidances) on 2nd (P < 0.05), 3rd, 4th and 5th days (P < 0.01) compared with 1st day

training (Fig. 2).

On learning session rats, injected with different doses of the GABAB receptor antag-

onist CGP76291 did not significantly change the number of avoidances during learning

session compared to the control (Fig. 2).

On memory retention test (12th day) control group also showed increased number of

avoidances (P < 0.01) compared with 1st day learning. On memory retention test the
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number of avoidances did not change in rats treated with different doses of CGP76291

compared with the controls (Fig. 2).

Fig. 2 Effects of the GABAB receptor antagonist CGP76291 on learning and memory

processes in active avoidance test. Abscissa - days of testing; Ordinate - number of

conditioned stimuli (avoidances). oP < 0.05 and ooP < 0.01 compared to the 1st day

control. oP < 0.05 and ooP < 0.01 compared to the 1st day control.

As it was already shown control rats (saline) did not significantly change the number

of unconditioned stimuli (escapes) on learning and memory retention test (Table 3). Rats

injected with both doses of CGP76291 also did not change the number of escapes during

learning and memory retention sessions compared with controls (Table 3).

Table 3 Effects of CGP76291 on active avoidance test.

DAY SALINE 0.1 MG/KG 0.01 MG/KG

1 15.37 ± 1.97 7.37 ± 0.67 13.71 ± 1.67
2 14.00 ± 1.52 13.75 ± 1.08 15.57 ± 1.76
3 12.50 ± 1.47 10.87 ± 1.17 13.86 ± 1.77
4 13.37 ± 1.49 11.25 ± 1.12 13.43 ± 1.14
5 12.00 ± 1.32 10.50 ± 1.25 13.00 ± 1.82
12 12.50 ± 1.28 13.38 ± 1.25 13.57 ± 1.84

Number of unconditioned stimuli (escapes) - mean ± SEM.

Control rats (saline) did not change significantly the number of intertrial crossings

on learning and memory retention test (Table 4). Rats injected with both doses of

CGP76291 also did not change the number of intertrial crossings during learning and

memory retention sessions compared with controls (Table 4).
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Table 4 Effects of CGP76291 on active avoidance test.

DAY SALINE 0.1 MG/KG 0.01 MG/KG

1 16.25 ± 2.68 7.75 ± 0.92 14.71 ± 1.29
2 15.12 ± 2.57 8.50 ± 0.89 8.43 ± 0.70
3 13.50 ± 1.05 18.88 ± 1.25 18.28 ± 1.78
4 18.50 ± 2.79 15.25 ± 0.51 16.71 ± 1.80
5 16.12 ± 2.87 11.00 ± 0.78 12.28 ± 1.13
12 24.00 ± 3.29 18.75 ± 1.53 23.00 ± 2.75

Number of intertrial crossings - mean ± SEM.

3.3 Effects of the GABAB receptor antagonist CGP76290 on learning and

memory processes in active avoidance test.

The same control group was used for the purposes already mentioned. The experimental

procedures were the same as for CGP63360 and CGP76291. Thus, this gives us the

possibility to compare the effects of the CGP compounds studied.

Learning session rats injected with the GABAB receptor antagonist CGP76290 at

a dose of 0.1 mg/kg showed statistically increased number of avoidances on 3rd, 4th

(P < 0.05), and 5th day (P < 0.01) compared with the respective controls as well as

with the 1st day training. Rats treated with 0.01 mg/kg CGP76290 did not significantly

change the number of avoidances during learning session compared to the control (Fig. 3).

On memory retention test (12th day) control group also showed increased number

of avoidances (P < 0.01) compared with 1st day learning. On memory retention test

the number of avoidances was increased as well (P < 0.05) in rats treated with 0.1

mg/kg CGP76290 and did not change in the groups treated with 0.01 mg/kg CGP76290

compared with the controls (Fig. 3).

As it was already mentioned, the control rats did not showed significant changes in the

number of unconditioned stimuli (escapes) as during the learning session, as well as on

12th day (test for memory retrieval) (Table 5). Rats injected with both doses of CGP76290

also did not change the number of escapes during learning and memory retention sessions

compared with controls (Table 5). Rats injected with both doses of CGP76290 also

did not change the number of escapes during learning and memory retention sessions

compared with controls (Table 5).

Control rats (saline) did not change significantly the number of intertrial crossings

on learning and memory retention test (Table 6). Rats injected with both doses of

CGP76290 also did not change the number of intertrial crossings during learning and

memory retention sessions compared with controls (Table 6).
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Fig. 3 Effects of the GABAB receptor antagonist CGP76290 on learning and memory

processes in active avoidance test. Abscissa - days of testing; Ordinate - number of

conditioned stimuli (avoidances). oP < 0.05 and ooP < 0.01 compared to the 1st day

control. ∗P < 0.05 and ∗∗P < 0.01 compared to the respective controls.

Table 5 Effects of CGP76290 on active avoidance test.

DAY SALINE 0.1 MG/KG 0.01 MG/KG

1 15.37 ± 1.97 11.38 ± 0.75 8.00 ± 0.63
2 14.00 ± 1.52 15.75 ± 1.91 14.50 ± 1.82
3 12.50 ± 1.47 12.75 ± 1.31 12.50 ± 1.11
4 13.37 ± 1.49 13.00 ± 1.98 12.70 ± 0.80
5 12.00 ± 1.32 9.05 ± 1.20 13.12 ± 1.06
12 12.50 ± 1.28 11.50 ± 1.17 11.50 ± 1.87

Number of unconditioned stimuli (escapes) - mean ± SEM.

Table 6 Effects of CGP76291 on active avoidance test.

DAY SALINE 0.1 MG/KG 0.01 MG/KG

1 16.25 ± 2.68 11.50 ± 1.69 8.12 ± 1.82
2 15.12 ± 2.57 18.88 ± 1.31 15.50 ± 2.28
3 13.50 ± 2.05 19.62 ± 2.22 20.50 ± 2.59
4 18.50 ± 2.79 20.88 ± 2.80 18.12 ± 0.86
5 16.12 ± 2.87 18.50 ± 1.42 12.75 ± 1.50
12 24.00 ± 2.29 22.12 ± 2.44 18.00 ± 2.01

Number of intertrial crossings - mean ± SEM.
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3.4 Effects of the GABAB receptor antagonists CGP63360A, CGP76291

and CGP76290 on learning and memory processes in passive

avoidance test.

In passive avoidance test with negative reinforcement, step-through controls significantly

prolonged the time of staying in light compartment (P < 0.05) on 2nd day compared

with learning session (1st day), as well as in testing for long memory retention on 7th

day (Fig. 4). Rats with the GABAB receptor antagonist CGP63360A in both smaller

doses showed statistically significant prolongation of staying in the light compartment

(P < 0.05 and P < 0.01 respectively) during 1 day learning session compared with

controls. The time of staying is prolonged significantly also in short memory retention

tests in rats injected with smaller doses of CGP63360 (P < 0.05) compared to the control.

In long memory retention test all rats injected with CGP63360 fulfill the latency criterion

with maximum staying in the light compartment as controls (Fig. 4).

Fig. 4 Effects of GABAB receptor antagonist CGP63360A on learning and memory re-

tention in rats on passive avoidance test. Abscissa - days of testing; Ordinate - latency(s).
oP < 0.05 compared to the 1st day control. ∗P < 0.05 and ∗∗P < 0.01 compared to the

respective controls.

The experimental procedures were the same for CGP63360, CGP76291 and CGP76290.

Thus, this gives us the possibility to compared the effects of the CGP compounds studied.

It was used the same control group for the purposes already mentioned.

In learning session rats treated with a larger dose of CGP76291A (0.1 mg/kg), showed

statistically significant (P < 0.05) prolongation of latency in light compartment compared

with the controls. In the short memory retention test, the same group also showed

statistically significant (P < 0.05) prolonged the latency in light compartment compared

with the controls for the respective day. In the long memory retrieval test, rats injected

with CGP76291A, as well as the controls, did not differ significantly (Fig. 5).

In learning session rats treated with both doses of CGP76290A, showed statistically

significant (P < 0.05) prolongation of latency in light compartment compared with the
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controls. In the short memory retention test, the same groups also showed statistically

significant (P < 0.05) prolonged the latency in light compartment compared with the con-

trols for the respective day. In long memory retrieval test rats injected with CGP76290A

as well as the controls did not differ significantly, but fulfill the criterion for latency

(Fig. 6).

Fig. 5 Effects of GABAB receptor antagonist CGP76291A on learning and memory re-

tention in rats on passive avoidance test. Abscissa - days of testing; Ordinate - latency(s).
oP < 0.05 compared to the 1st day control. ∗P < 0.05 and ∗∗P < 0.01 compared to the

respective controls.

4 Discussion

The obtained results permitted us to summarize that control rats learned the tasks in

both active and passive avoidance tests. The rats treated with different GABAB recep-

tor antagonists showed improving effects in both tasks. There are some differences in

their activities, probably due to differences in its chemical structures. The most pro-

nounced effect showed CGP63360 on learning and memory processes probably because

it is phosphinic analogue. The other two CGP76290A and CGP76291A are benzoic acid

derivatives and isomers. Evidently the right isomer CGP76290A is more potent than the

left isomer CGP76291A.

Favorable effect on diverse manifestation of learning and memory of CGP36742

(the first orally active GABAB receptor antagonist) was demonstrated in different

species [4, 11–13]. Some data with models of retrograde amnesia and shuttle box and step-

down avoidance situation show, that this procedure impaired conditioning [14]. However,

it is remarkable that cognitive factors are not usually assessed.

The control rat had acquired the active avoidance under saline during learning session

and they displayed good memory on retrieval test. When the CGP compounds were

given before the test, the acquisition was significantly improved. These results were also

interesting, because it means that once acquired, the active avoidance behavior is possible
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to be improved by GABAB receptor antagonists.

Fig. 6 Effects of GABAB receptor antagonist CGP76290A on learning and memory re-

tention in rats on passive avoidance test. Abscissa - days of testing; Ordinate - latency(s).
oP < 0.05 compared to the 1st day control. ∗P < 0.05 and ∗∗P < 0.01 compared to the

respective controls.

There are data that, punishment or conflict models clearly involve learning and mem-

ory [15]. Indeed, active avoidance, especially shuttle box, is widely used task for studying

memory mechanisms [16]. CGP36742, which exhibits a wide range of memory enhancing

suggested facilitation the formation of long memory trace [17], because its improvement

in performance could be measured after period of 24h or longer.

In the active avoidance test, GABAB antagonist-treated groups showed improvement

in cognitive performance over the 5-day training period, which is well expressed in bigger

doses used for CGP63360A and CGP76290A. They produced a linear dose-response curve

on learning behavior. By contrast, CGP76291A did not influence it in all doses applied, it

had no improving effect on learning and memory retention. The compounds CGP63360A

and CGP76290A, at the doses of 0.1 mg/kg, improve memory storage on the 12th day of

testing.

Some experimental data suggests that memory storage can be altered by number of

treatments that affect different hormones and neurotransmitters [3]. Especially in rats,

GABA-ergic agonists impair memory and GABA-ergic antagonists improve it. Thus,

this could support the view that GABA-ergic system modulates memory through an

interaction with other transmitters. There are some contradictory data, showing that

GABA-ergic antagonists may cause amnesia and improvement of performance [18]. These

contradictory effects could be explained by the different procedure adapted for the training

sessions.

The rat had acquired the passive avoidance under saline and they displayed good

memory on short and long retrieval tests. When the CGP compounds were given before
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the test, the acquisition was significantly improved. These results were also interesting,

because it means that, once acquired the inhibitory avoidance behavior is possible to be

improved by GABAB receptor antagonists. There are data, that the GABAB receptor

antagonist CGP36742 facilitated the formation of long memory trace [17], because the ex-

act determination of the time-course of the drug effect is passive avoidance was detectable

at least 20h after the learning test and treatment.

Nevertheless, because CGP63360A and CGP76290A at doses 0.1 and 0.01 mg/kg

affected acquisition, the improvement of inhibitory avoidance in the test session was

not enough to be demonstrated in long memory retrieval during training. These results

also suggest that CGP63360A and CGP76290A affecting acquisition facilitate also the

short-memory traces. The lack of inhibitory avoidance retention presently observed after

treatment with CGP63360A and CGP76290A is due probably of the failed effect on

long memory trace retrieval. Indeed, the two doses (0.1 mg/kg and 0.01 mg/kg) of

CGP63360A and CGP76290A improved inhibitory avoidance in the learning session, but

did not significantly affect long memory trace retrieval on the 7th test day.

Therefore, the differences between CGP76290A and CGP76291A could only be quanti-

tative. To test this hypothesis we used 2 doses of both CGP76291A and CGP76290A. The

passive avoidance latency observed with CGP76290A compared to that of CGP76291A

was longer, and the dose of 0.01 mg/kg for CGP76291A was ineffective.

Some authors pointed out, that the inhibitory avoidance is different in the apparently

similar punishment, like passive avoidance or anxiety tests [15]. Similarly, one-way or

two-way escapes from foot shocks were not affected by the same doses of CGP76291A in

all tested doses.

One of the brain sites more directly related with learning and memory processes is the

hippocampus. In conscious mice it was observed the activity-dependent changes which

take place at the hippocampal CA3-CA1 synapse during the acquisition, extinction and

recall of an associative tasks [19].

It is well established that amygdala lesions attenuate the expression of emotional

behavior and memory, whereas its integrity does not seem to be required for other type

of memory [20]. Thus, one could argue that memory for active avoidance conditioning

is mediated with the participation of GABAB receptors sensitive brain areas, whereas

memory for passive escapes behavior is modulated by other brain regions, not quite

sensitive to GABAB influence.

Macey et al., [5] try to determine the role of GABAB receptor function on brain

stimulation reward using discrete-trial current-intensity threshold procedure and the ef-

fects of GABAB receptor antagonists CGP56433A and CGP51176. They found that

GABAB receptor antagonists induced a reward decrement when administered alone. In

addition, co-administration of either of the two GABAB receptor antagonists with GABA

agonist CGP44532 induced an additive effect on thresholds. They concluded that the ac-

tivation of GABAB receptor modulates intracranial self-stimulation behavior in a complex

fashion possibly through pre- and post-synaptic GABAB receptors.

There are evidence that improve or impair learning can facilitate or block ethanol tol-
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erance, respectively. Since GABAB receptors have been shown to be involved in processes

related to learning, it is possible that this system could play a role in the rapid toler-

ance to ethanol. Zalesky et al., [21] found that mice pretreated with GABAB receptor

antagonists CGP36742 or CGP56433 facilitate rapid tolerance in a dose-dependent way.

The blockade of rapid tolerance by baclofen was antagonized by previous administration

of GABAB antagonists. They concluded that rapid tolerance to ethanol is subject to

inhibition by GABA-ergic GABAB receptor-mediated system in the mouse.

In conclusion, the present comparative study of the effects on active and passive

avoidance situations of three new GABAB receptor antagonists shows that this class

of antagonists, especially phosphinic analogue may provide effective cognitive enhancing

agents. The exact brain structures involved still remain unclear.
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