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Abstract:

The present study was designed to investigate the central nervous system activity of terpene GABA (and piracetam) derivatives

designated as BF-1, BF-2, BF-3, BF-4, BF-5, BF-6. We assessed their anticonvulsant activity in the two main mouse models of

seizures (MES-test, PTZ-test), an antidepressant-like effect in the forced swim test (FST), as well as an influence on spontaneous

locomotor activity. Our study demonstrated the strong anticonvulsant activity of (1S,3R,7R)-(–)-3,8,8-trimethyl-4-aza-

bicyclo[5.1.0]acetate-5-one hydrochloride (compound BF-2) in the PTZ-test. Activity of BF-2 was equipotent to ethosuximide (380

mg/kg, po) in the PTZ-test, when used at a dose of 100 mg/kg, po. No neurotoxic effects were demonstrated by administration of all

tested compounds. Moreover, BF-2, BF-3, BF-6 compounds significantly reduced the immobility time in FST at both doses (by

21–50%), while BF-5 induced a significant anti-immobility effect only when used at a dose of 100 mg/kg (by 39%). The compound

BF-6 used at the dose of 30 mg/kg was the most active (50% reduction), and the effect was similar to the result obtained with

classical antidepressant – imipramine. The motor stimulatory activity was demonstrated by BF-1 compound at the dose of

100 mg/kg with no effect at a lower (30 mg/kg) dose. On the other hand, the BF-3 at 30 mg/kg significantly decreased spontaneous

activity during 30 min observation period, while no alteration in this activity during 6-min observation was detected. At present, it is

not possible to indicate which mechanisms of novel, active terpene GABA derivatives are involved in the demonstrated

antidepressant-like activity. Although further studies are needed to solve this issue, these data suggest a potential value of the

examined terpene GABA derivatives.
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Introduction

�-Aminobutyric acid (GABA) is one of the most im-

portant inhibitory neurotransmitters in the central

nervous system (CNS). More than a third of the brain

neurons use GABA for synaptic communication. It is

estimated that the concentration of this acid is

200–1000 times as high as the concentration of other

neurotransmitters [17, 26, 31].

The GABAergic system is implicated in the

pathomechanism of many diseases of the CNS, e.g.

epilepsy or mood disorders. One of the theories that
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attempt to explain the main causes of epilepsy as-

sumes that this disorder may appear as a result of dis-

turbances of the naturally existing balance between

the concentrations of inhibitory and excitatory neuro-

transmitters in the CNS. The deficiency in the GABA

concentration may result in many pathological

changes in the brain and can be further implicated in

epilepsy. Therefore, enhancing the function of inhibi-

tory GABAergic neurons (potentiation of GABAergic

transmission, i.e. an increase of GABA synthesis,

block of the GAT-1 transporter and inhibition of syn-

aptic GABA reuptake, inhibition of GABA amino-

transferase or affecting GABAA receptor complex)

can be an important factor in controlling convulsions

[1, 17, 20]. Progress in our knowledge about the role

of GABA in the CNS has created the basis for the

search for agents, which may be useful in the treat-

ment of epilepsy. A number of GABA analogues have

been developed and therapeutically used [5, 20].

Since GABA was not a good candidate for an an-

tiepileptic drug because of the lack of the blood-

brain-barrier penetration [8], cyclization of this amino

acid was expected to generate a molecule, which

would penetrate into the brain and act there similarly

to GABA [17]. A cyclic derivative of GABA, pi-

racetam is the basis for the new group of drugs called

nootropic drugs. Pyrrolidinone-type cognition enhan-

cers as piracetam [11], are clinically used in the treat-

ment of behavioral and psychological symptoms of

dementia following stroke [23], in coma states, after

neurosurgical operations, or in the treatment of con-

sciousness impairments [17]. However, piracetam

does not influence the GABAergic transmission [10].

The lack of piracetam influence on convulsions in-

duced by pentetrazole (PTZ) or other agents has been

reported [11], although its analogue levetiracetam have

been successfully used in patients with myoclonic epilepsy

[12, 13]. Another analogue of GABA and piracetam, ani-

racetam possesses antidepressant-like activity. A placebo-

controlled double blind trial with aniracetam proved its ef-

ficiency in treating emotional disturbances (depressed

mood, anxiety and agitation) [24].

Biochemical theories of mood disorders have fo-

cused on the biogenic amines but also the importance

of GABA in the neurochemical pathophysiology of

depression has been demonstrated [26]. Animal mod-

els of depression show regional GABA deficits which

can be restored by antidepressant treatments, such as

electroconvulsive and antidepressant drug therapy

[26]. Clinical data also indicate that a decreased

GABA function accompanies depression. Compatible

with low GABA in depression, GABAA receptors are

up-regulated in the frontal cortex of brains from de-

pressed suicides [26, 27]. Although accumulating evi-

dence implicates a GABAergic dysfunction in depres-

sion, evidence for a specific role of GABAB receptors

in depression and in the mechanism of action of anti-

depressants is limited [22, 28].

Terpenes are known as useful chiral synthons in

syntheses of a variety of optically active compounds

[19] displaying interesting pharmacological proper-

ties, such as locally anesthetic [15, 16], analgesic and

anti-inflammatory [15], antiarrthythmic [18], as well

as anticonvulsive actions [17], which were confirmed

in our previous experiments [15–18]. Newly synthe-

sized compounds derived from two naturally occur-

ring terpenes: (+)-3-carene – a bicyclic hydrocarbon

and the monocyclic alcohol (–)-menthol. These new

compounds can be considered as structural analogues of

GABA and thus might affect GABAergic transmission.

Moreover, absolute configurations of the stereogenic cen-

ters (of great importance for receptor activity) of these

newly synthesized compounds are strictly fixed and de-

termined by the structure of the substrates, what was

proved by means of X-ray crystallographic studies [19].

In the present study, we examined the effect of six

new terpene GABA derivatives: (1S)-(–)-4-acetyl-

amino-8,8-dimethyl-4-azabicyclo[5.1.0]acetate hydro-

chloride (BF-1), (1S,3R,7R)-(–)-3,8,8-trimethyl-4-

azabicyclo[5.1.0]acetate-5-one hydrochloride (BF-2),

(1S,3R,7R)-(–)-4-benzoyl-3,8,8-trimethyl-4-aza bicy-

clo[5,1,0]acetate-3-one (BF-3), (2S,5R)-(–)-2-isopro-

pyl-5-methyl-1-azacycloheptan-7-one (BF-4), (2S,5R)-

(–)-1-benzoyl-2-isopropyl-5-methyl-1-azacycloheptan-7-

one (BF-5) and (2S,5R)-(–)-2-isopropyl-5-methyl-1-

azacycloheptan-7-one hydrochloride (BF-6), in two

rodents models of seizures (PTZ-test, MES-test) and

in the forced swim test (FST), to evaluate anticonvul-

sant and antidepressant activity.

Materials and Methods

Animals

The studies were carried out on male Albino Swiss

mice (18–24 g). The animals were kept in groups of 15

mice in type III-1290 cages (26.5 × 42.0 × 15.0 cm) at

a room temperature of 22 ± 2°C, under 12/12 h

�����������	��� 
������ ����� ��� �����	� 937

Anticonvulsant and antidepressant activity of terpene GABA derivatives
������ ��	�
�� �� ��



light/dark cycle (light on from 7 a.m. to 7 p.m.), and

had free access to water and food (standard laboratory

pellets; Bacutil, Motycz, Poland) before the experi-

ments. Each experimental group consisted of 6–8 ani-

mals/dose and all the animals were used only once.

Treatment of laboratory animals in the present study

was in full accordance with the respective Polish and

European regulations. All procedures were conducted

according to Animal Care and Use Committee guide-

lines, and approved by the Ethical Committee of

Jagiellonian University, Kraków.

Drugs

The tested compounds BF-1, BF-2, BF-3, BF-4,

BF-5, BF-6 (synthesized at the Institute of Organic

Chemistry, Biochemistry and Biotechnology, Wro-

claw University of Technology) were suspended in

0.5% methyl cellulose (Loba-Chemie, Germany) or

dissolved in 0.9% sodium chloride (Rhone-Poulenc

Rorer, France). Pentetrazole (Cefarm, Poland), imi-

pramine (imipraminum hydrochloricum, Polpharma,

Poland), ethosuximide (Ronton, ICN-Polfa Rzeszów,

Poland) were dissolved in 0.9% sodium chloride

(Rhone-Poulenc Rorer, France). Phenytoin (Phenhy-

dan, Desitin, Switzerland) – was used as a 5% solu-

tion. Appropriate amounts of the corresponding vehi-

cles were given to the control animals. The investi-

gated compounds BF-1–BF-6 were given orally (po):

BF-2, BF-4, dissolved in 0.9% sodium chloride

30 min before the experiments and BF-1, BF-3, BF-5,

BF-6 suspended in 0.5% methyl cellulose, 45 min be-

fore the experiments. Control animals received appro-

priate amounts of the vehicle po.

Pentetrazole (PTZ)-induced convulsions

Groups of 8 mice were treated po with the tested com-

pounds. A convulsant dose of PTZ (70 mg/kg) was in-

jected ip into mice 30 min after administration of

BF-2, BF-4 (dissolved in 0.9% sodium chloride) or

45 min after administration of BF-1, BF-3, BF-5,

BF-6 (suspended in 0.5% methyl cellulose). The ani-

mals were placed individually in cages and observed

for the next 30 min. The time of the onset of seizures,

the number of attacks and the mortality were assessed

[36]. Ethosuximide (380 mg/kg, po, administered

30 min before the test) was used as a reference com-

pound.

Maximal electroshock seizure (MES) model

Electroconvulsions were produced by means of an al-

ternating current (0.2 s stimulus duration, 50 Hz and

150 mA) delivered via ear-clip electrodes by a COTM

stimulator (Rodent Shocker, type GE-01, Bia³ystok,

Poland). The mice were divided into groups of eight.

A drop of 0.9% saline solution was poured into each

ear prior to placing the electrodes. The tested com-

pounds were administered orally po 30 min or 45 min

before the test, respectively. The animals were ob-

served closely for 2 min. Disappearance of the hind

leg extensor tonic convulsions, the percentage of inhi-

bition of seizure relative to control were recorded and

calculated [36]. Phenytoin (5 mg/kg) was used as

a reference drug.

Neurotoxicity

Neurotoxicity of the investigated compounds was as-

sessed by means of the chimney test. This test was

carried out 30 or 45 min, respectively, after po ad-

ministration of the tested compounds. The animals

were previously trained and selected. Then they were

placed in a 25 cm long and 3 cm in diameter horizon-

tally located tube which was reversed in such a way

that the mice were able to leave it only climbing back-

ward up as soon as they reached another end. The

ability of the mice to leave the tube within 1 min was

considered to indicate the lack of neurotoxic proper-

ties of the investigated compounds [2].

Forced swim test in mice

The experiment was carried out according to the

method of Porsolt et al. [29]. Mice were dropped indi-

vidually into glass cylinders (height 25 cm, diameter

10 cm) filled with water to a height of 10 cm (main-

tained at 23–25°C) and left there for 6 min. After an

initial 2-min period of vigorous activity, each animal

assumed an immobile posture. The total duration of

immobility was recorded during last 4 min of the

6-min testing period. Mice were judged to be immo-

bile when they remained floating passively in the wa-

ter, making only small movements to keep their heads

above the water. Imipramine (30 mg/kg, po, adminis-

tered 30 min before the test) was used as a reference

compound.
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Spontaneous locomotor activity

The spontaneous locomotor activity including differ-

ent types of movements such as locomotion, sniffing

and grooming of a single mouse was measured in cir-

cular photoresistor actometers (30 cm in diameter,

provided with two photocells, and connected to the

impulse electronic counter), in 30-min sessions. The

investigated compounds were administered po 30 min

(BF-2, BF-4, dissolved in 0.9% sodium chloride) or

45 min (BF-1, BF-3, BF-5, BF-6 suspended in 0.5%

methyl cellulose) before the experiment. Each cross-

ing of the light beam was recorded automatically.

Since compounds altering motor activity may give

false positive/negative effects in the FST, an addi-

tional measurement was carried out with the specific

aim of observing motor activity [37]. Spontaneous lo-

comotor activity was also evaluated during 6 min (i.e.

the time equivalent to the observation period in the

FST) in circular photoresistor actometers according to

the procedure described above.

Statistical analysis

The data are expressed as the means ± SEM. The data

were evaluated by one-way analysis of variance

(ANOVA) followed by Duncan test or Student’s t-test.

p < 0.05 was considered significant.

Results

The present study demonstrated that all the investi-

gated terpene derivatives administered orally revealed

diverse CNS activity.

In the PTZ-test, the investigated compounds

showed a different influence on convulsions (Tab.1).

Nearly no effect was seen with compounds BF-3 and

BF-5, whereas BF-4 even strengthened the activity of

PTZ when used at a dose of 100 mg/kg. Compound

BF-6 at the lower dose (30 mg/kg) decreased the

number of attacks (by 50%) and prolonged the latency
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Compound Dose
mg/kg

Latency of the first attack (s)
(mean ± SEM)

Number of attacks
(mean ± SEM)

Mortality
(%)

Control
BF-1

–
30

129.00 ± 7.00
167.00 ± 30.00

2.6 ± 0.42
1.6 ± 0.33

16.7
16.7

Control
BF-2

–
30
100

212.33 ± 56.54
1023.14 ± 276.32�

1385.71 ± 257.61�

F(2,17) = 6.18, p < 0.01

1.00 ± 0.00
0.62 ± 0.18
0.37 ± 0.18�

F(2,19) = 3.40, ns

16.7
0
0

Control
BF-3

–
30
100

260.12 ± 46.17
262.12 ± 47.86
241.00 ± 45.39
F(2,18) = 0.06, ns

1.00 ± 0.00
1.00 ± 0.00
0.87 ± 0.12
F(2.18) = 1.00, ns

0
0
0

Control
BF-4

–
30
100

217.83 ± 70.13
277.43 ± 63.85
77.62 ± 14.75
F(2,18) = 4.31, p < 0.05

1.00 ± 0.00
1.00 ± 0.00
2.37 ± 0.56�

F(2,18) = 4.71, p < 0.05

0
0
0

Control
BF-5

–
30
100

345.57 ± 69.78
346.42 ± 70.39
225.33 ± 59.80
F(2,17) = 1.00, ns

1.00 ± 0.00
1.00 ± 0.00
1.00 ± 0.00

0
0
0

Control
BF-6

–
30

321.40 ± 41.77
1103.75 ± 266.24�

1.00 ± 0.00
0.50 ± 0.18

0
0

Control
Ethosuximide

–
380

363.00 ± 49.00
1568.00 ± 163.00�

1.17 ± 0.17
0.25 ± 0.16�

0
0
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by 243%. BF-1 delayed the occurrence of the first

epileptic attack and reduced the number of attacks (by

38%) when used at a lower dose. Higher doses

(100 mg/kg) of BF-1 and BF-6 did not reveal a protec-

tive effect, increased mortality and were excluded from

evaluation (data not shown). Compound BF-2 demon-

strated the highest activity in PTZ-test. It delayed the

onset of seizures (by 382% and 552%) and reduced the

number of attacks (by 38% and 63%) at doses 30 and

100 mg/kg, respectively. The effects obtained for BF-2

were statistically significant and dose-dependent. Etho-

suximide prolonged the onset of seizures by 332% and

reduced the number of convulsive attacks by 78% at

a dose of 380 mg/kg. The most beneficial compound

BF-2 turned out to be equipotent to ethosuximide in the

PTZ-test, when used at a dose of 100 mg/kg, po (Tab.

1).

All investigated compounds were not able to pro-

tect animals from tonic seizures at the used doses of

30 and 100 mg/kg in the MES-test (data not shown).

No neurotoxic effects were demonstrated by ad-

ministration of all tested compounds; they had no im-

pact on motor coordination in the chimney test in

mice at the investigated doses. All animals were able

to leave the tube within 1 min.

Compounds BF-2, BF-3, BF-6 significantly re-

duced the immobility time in the FST at both doses

(by 21–50%), while BF-5 induced a significant anti-

immobility effect only when used at a dose of

100 mg/kg (by 39%) (Tab. 2). Compound BF-6 used at

dose of 30 mg/kg was the most active (50% reduction),

the effect was similar to the result obtained with classi-

cal antidepressant, imipramine (43%, Tab. 2).
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Compound Dose
mg/kg

Immobility time

Mean ± SEM (s) Comparison with the
control group (%)

Control
BF-1

–
30
100

143.50 ± 19,14
111.00 ± 24.40
98.83 ± 12.36

F(2,15) = 1.57, ns

–
–22.64
–31.13

Control
BF-2

–
30
100

159.00 ± 12.20
96.37 ± 10.54�

112.33 ± 13.21�

F(2,19) = 8.02, p < 0.01

–
–39.40
–29.35

Control
BF-3

–
30
100

83.71 ± 3.26
122.14 ± 11.87�

143.71 ± 11.11�

F(2,18) = 10.65, p < 0.001

–
–33.52
–21.7

Control
BF-4

–
30
100

151.00 ± 8.20
135.57 ± 7.83
137.28 ± 9.21

F(2,19) = 1.05, ns

–
–10.21
–9.08

Control
BF-5

–
30
100

159.00 ± 12.20
145.42 ± 10.57
97.57 ± 18.73�

F(2,19) = 5.19, p < 0.02

–
–8.5
–38.6

Control
BF-6

–
30
100

141.86 ± 7.39
71.28 ± 12.86�

98.43 ± 6.16�

F(2,18) = 14.74, p < 0.001

–
–49.75
–30.61

Control
Imipramine

–
30

151.00 ± 8.20
86.00 ± 13.56�

–
–43.04
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Only BF-1 and BF-3 compounds significantly in-

fluenced the spontaneous locomotor activity (Tab. 3).

BF-1 increased this activity at a dose of 100 mg/kg

with no effect at the lower dose within a whole period

of observation, by 37%, 56% and 73% after 6, 12 and

30 min, respectively. The BF-3, however, at 30 mg/kg

significantly decreased spontaneous activity by 31 and

44% after 12 and 30 min, with no effect at the higher

dose. BF-3 treatment caused no alteration in locomotor

activity during 6-min observation period (Tab. 3).

Discussion

The preliminary data of the central activity of com-

pounds BF-1–BF-6 were demonstrated previously

[14]. The present study demonstrated the potent anti-

convulsant activity of BF-2 compound in the PTZ-test

and the lack of its neurotoxicity. The BF-2 exhibits

similar or even better (regarding the onset of seizure)

result than that obtained with a classical anticonvul-
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Compound Dose
(mg/kg)

Locomotor activity (counts)

6 min 12 min 30 min

Mean ± SEM Comparison with
the control group

(% of change)

Mean ± SEM Comparison with
the control group

(% of change)

Mean ± SEM Comparison with
the control group

(% of change)

Control
BF-1

–
30
100

85.33 ± 10.05
90.50 ± 13.15
116.67 ± 14.84

F(2.15) = 1.71, ns

–
+ 6.06
+ 36.73

150.33 ± 18.46
139.83 ± 13.49
235.33 ± 24.92�

F(2.15) = 11.33, p < 0.001

–
– 6.98
+ 56.54

159.67 ± 17.97
161.16 ± 10.69
276.33 ± 27.36�

F(2.15) = 11.33, p < 0.001

–
+ 0.93
+ 73.07

Control
BF–2

–
30
100

144.67 ± 8.19
156.20 ± 7.68
125.40 ± 18.89

F(2.13) = 1.91, ns

–
+ 7.97

– 13.32

261.33 ± 18.11
249.40 ± 19.31
215.00 ± 29.03

F(2.13) = 1.17, ns

–
– 4.56
– 17.73

457.67 ± 37.85
390.20 ± 24.97
361.8 ± 80.82

F(2.13) = 0.94, ns

–
– 14.74
– 23.89

Control
BF–3

–
30
100

135.66 ± 8.84
128.86 ± 14.54
154.50 ± 15.31

F(2.16) = 0.98, ns

–
– 5.01
+ 13.88

244.66 ± 14.79
168.71 ± 17.61�

209.85 ± 28.01
F(2.17) = 3.04, ns

–
– 31.04
– 14.23

398.33 ± 42.54
220.57 ± 29.59�

392.00 ± 68.69
F(2.16) = 4.64, p < 0.05

–
– 44.62
– 1.60

Control
BF–4

–
30
100

135.66 ± 8.84
98.66 ± 15.81
121.71 ± 20.40

F(2.16) = 1.23, ns

–
– 27.27
– 10.28

244.66 ± 14.79
184.50 ± 34.06
201.00 ± 28.62

F(2.16) = 1.23, ns

–
– 25.58
– 17.84

398.33 ± 42.54
358.16 ± 67.19
378.43 ± 55.27

F(2.16) = 0.12, ns

–
–10.08
– 5.00

Control
BF-5

–
30
100

135.66 ± 8.84
110.71 ± 15.42
115.86 ± 9.46

F(2.17) = 1.16, ns

–
– 18.39
– 14.59

244.66 ± 14.79
221.43 ± 27.11
199.43 ± 26.52

F(2.17) = 0.84, ns

–
– 9.49
– 18.48

398.33 ± 42.54
397.57 ± 51.23
306.86 ± 32.55

F(2.17) = 1.53, ns

–
– 0.20
– 22.96

Control
BF–6

–
30
100

144.67 ± 8.19
113.67 ± 10.47
146.50 ± 15.42

F(2.15) = 2.46, ns

–
– 21.42
+ 1.26

261.33 ± 18.11
193.83 ± 19.90
274.00 ± 44.09

F(2.15) = 2.09, ns

–
– 25.83
+ 4.84

457.67 ± 37.85
395.67 ± 46.77
576.67 ± 67.45

F(2.15) = 3.11, ns

–
– 13.54
+26.00
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sant, ethosuximide in this test. However, BF-2 like

other derivatives, were not active in MES-test. On the

other hand, BF-4 compound demonstrated pro-convulsive

activity.

GABA derivatives demonstrate different activity

towards convulsion-like behavior. A GABA analogue,

tiagabine is a selective GAT-1 inhibitor that is ap-

proved for the use in epilepsy [9]. Vigabatrin, the

other GABA derivative, induces an increase in GABA

concentration in the brain [8]. Vigabatrin deteriorated

absence seizures in children. Since in absence epi-

lepsy, the activation of GABAB receptors should be

avoided [4], it is very likely that this proconvulsive ef-

fect of this GABA-mimetic drug may be related to

GABAB receptors [8]. Vigabatrin, tiagabine and di-

rectly acting agonist baclofen are contraindicated in

such patients. Furthermore, GABAB receptor antago-

nists have been considered primarily in the therapy of

absence epilepsy [4, 9, 33, 34].

Interestingly, gabapentin, a cyclic analogue of

GABA, although was designed as a GABA agonist,

no receptor activity of gabapentin was detected at the

GABAA receptor complex. This drug may increase

the synthesis of GABA apart from the blockade of the

specific subunit of the voltage-dependent calcium

channel [8]. It is known that some of the drugs, which

act by increasing GABA levels in the synaptic cleft,

represent effective treatments for partial seizures in

patients pharmacoresistant to the “old” drugs [6, 20,

30], but can produce tolerance and dependence, which

is well known from experience with barbiturates and

benzodiazepines [20].

The GABAergic system plays an important role in

pathophysiology and therapy of depression [26, 28].

Recent studies examined particularly the GABAB re-

ceptors [28]. It was demonstrated that GABAB(1)

subunit knockout mice displayed an antidepressant-

like activity in the FST. These effects were reiterated

in pharmacological studies of the GABAB receptor

antagonist CGP56433A in the mice FST [7, 22]. It

seems to be likely that a loss or blockade of the

GABAB receptor function produced antidepressant-

like effects, and several studies performed with an-

tagonists in a variety of animal models support this is-

sue [4, 25, 35]. It has been suggested that the antago-

nism of GABAB receptors may be a suitable target for

the development of antidepressant agents [22, 32].

It can be concluded that the majority of the investi-

gated terpene GABA derivatives exhibited an

antidepressant-like activity in (FST) comparable to

the result obtained with classical antidepressants as

imipramine.

It is well known that the antidepressant-like effect

in FST can also be evoked by drugs which induce hy-

peractivity [21], hence, the influence of all above

compounds on the locomotor activity was concur-

rently evaluated. Since there were no alterations in lo-

comotor activity following treatment with the FST-

active agents, the effect is not due to psychomotor

stimulation.

It has been well established that the shortening of

the immobility time in the FST depends on the en-

hancement of central monoamine neurotransmission

[3], primarily, on noradrenaline and also serotonin

neurotransmission [35]. It could be possible that their

antidepressant-like activity in the FST as well as anti-

convulsant activity of the BF-2 compound in the

PTZ-test is accomplished via GABAergic mecha-

nisms due to the structural similarity of the investi-

gated compounds and GABA. In a future study, this

direction should be explored (e.g. affinity for GABAA

receptor complex as well as GABAB receptor). On the

other hand, piracetam (a GABA analogue) and its de-

rivatives may not influence GABAergic transmission

[10], and no affinity for GABAA receptor complex

was found for gabapentin, which is also GABA ana-

logue [8].

At this stage, however, further experiments are

needed to elucidate the exact mechanism of the action

of these active compounds. Summing up, these pre-

liminary experiments demonstrated that the new ter-

pene GABA derivatives possess apparent pharmacol-

ogical activity deserving further investigations and

the obtained results justify their further examinations

to elucidate the exact mechanism of the

antidepressant-like activity of these active com-

pounds.
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