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The present study investigated the influence of BM-78, BM-121 (�-aminobutyric acid
amide derivatives) and BM-42, BM-43 (phthalimide precursors of BM-78 and BM-121)
on the spontaneous locomotor activity and on the picrotoxin-induced seizures. Results of
pharmacological in vivo examination of the effects of new �-aminobutyric acid amide de-
rivatives and its phthalimide precursors (compounds BM-78, BM-121, BM-42, BM-43),
presented in this paper showed that all the compounds had different but clear influence on
CNS in mice.
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INTRODUCTION

4-Aminobutyric acid (GABA) is the principal
inhibitory neurotransmitter involved in the control
of neuronal activity in the mammalian central nerv-
ous system (CSN) and in the regulation of many
physiological mechanisms [1, 6]. It has been esti-
mated that, depending on the brain area, GABA-

ergic synapses make 20–50% of all synapses present
in the CNS, and that the concentration of this acid
is 200–1000 times as high as the concentration of
other neurotransmitters [10, 11, 13]. A deficiency
in GABA has been further implicated in epilepsy,
schizophrenia and Huntington’s and Parkinson’s
diseases. Several current hypotheses about the me-
chanisms of epilepsy suggest that enhancing the func-
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tion of inhibitory GABA neurons may be an impor-

tant factor in controlling many seizures [1, 6, 7].
The mechanism of action of anticonvulsants in-

cludes potentiation of inhibitory mechanisms (pre-

dominantly the GABA system) by affecting the in-

hibitory synaptic processes, and inhibition of exci-

tatory mechanisms (predominantly the glutamate

system) and ionic channels by inhibiting excessive

neuronal firing (modulation of membrane cation

conductance via sodium, calcium or potassium

channels) [1, 3, 4, 12]. GABA plays an important

role in the etiology and control of epilepsy by me-

diating the inhibitory processes. Recent data have

suggested that the inhibitory action of GABA me-

diated by low-affinity receptors could involve a re-

gulation of the activity of voltage-gated calcium

channels [10].

Better understanding of seizure pathophysiolo-

gy led to the development of newer generation of

antiepileptic drugs (AEDs) (felbamate, fospheny-

toin, gabapentin, lamotrigine, oxcarbazepine, tiaga-

bine, topiramate, vigabatrin, zonisamide). Gaba-

pentin, tiagabine, vigabatrin act by potentiation of

GABAergic transmission, as gabapentin increases

brain GABA synthesis, tiagabine blocks the GAT-1

transporter and consequently inhibits synaptic

GABA reuptake, while vigabatrin irreversibly

inhibits GABA transaminase. Other new AEDs,

whose main mechanism of action relates to the in-

hibition of sustained repetitive firing, through the

blockade of voltage-dependent sodium channels

and consequent inhibition of the release of excita-

tory neurotransmitters, also act by potention of

GABAergic transmission (topiramate), by potentia-

tion of postsynaptic GABA responses (felbamate),

or by an increase in brain GABA and taurine levels

(lamotrigine) [1, 4].
In search for the new anticonvulsants, we deci-

ded to examine the new �-aminobutyric acid amide

derivatives, i.e.: N-(4-fluorobenzylamide)-2-(4-phe-

nylpiperazin-1-yl)-4-aminobutyric acid (BM-78),

N-(4-methylbenzylamide)-2-(4-phenylpiperazin-1-

-yl)-4-aminobutyric acid (BM-121) and its phthal-

imide precursors, i.e.: N-(4-fluorobenzylamide) of

2-(4-phenylpiperazine)-4-phthalimidobutyric acid

(BM-42), N-(4-methylbenzylamide) of 2-(4-phe-

nylpiperazine)-4-phthalimidobutyric acid (BM-43),

focusing on their pharmacological effects on CNS.

Compounds BM-42 and BM-43 possess the phthal-

imide pharmacophore which has been reported to

be applied for the fruitful design of several new and
potent aniconvulsant compounds [2, 14].

Preliminary pharmacological tests on the syn-
thesized compounds have been conducted in the
framework of the Antiepileptic Drug Development
(ADD) Program, Epilepsy Branch, Neurological
Disorders Program, National Institutes of Neuro-
logical and Communicative Disorders and Stroke
(NINCDS), in Bethesda, USA. Phase I. Studies of
the investigated compounds involved three tests:
maximal electroshock seizure (MES), subcutane-
ous pentetrazole (scMet) and neurologic toxity
(Tox). All of the investigated compounds showed
protection against MES and/or scMet seizures in
mice [8, 9].

We attempted to investigate the influence of
BM-78, BM-121, BM-42 and BM-43 on spontane-
ous locomotor activity and convulsions induced by
picrotoxin. All tests were conducted in mice. Inves-
tigations of the effect of the compounds BM-42 and
BM-43 on the spontaneous motor activity and
picrotoxin-induced seizures were carried out 45 min
and 3 h after po administration.

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 light/dark cycle (light on from 7 a.m.
to 7 p.m.), and had free access to food (standard
laboratory pellets; Bacutil, Motycz, Poland) and
water before the experiments. Each experimental
group consisted of 6–12 animals/dose, and all the
animals were used only once. The experiments were
performed between 8 a.m. and 3 p.m.

Drugs

BM-78, BM-121, BM-42 and BM-43 (synthe-
sized at the Department of Pharmaceutical Chemi-
stry, Jagiellonian University, Medical College in
Kraków) were suspended in 0.5% methylcellulose.
Picrotoxin (Fluka Chemie AG), and strychnine
were dissolved in natrium chloride (Rhone-Poulenc
Rorer). Compounds BM-78, BM-121, BM-42 and
BM-43 and were given po, while picrotoxin was
administered sc. Control animals were given appro-
priate amounts of the vehicle.
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Spontaneous locomotor activity

The spontaneous locomotor activity of indivi-
dual mice was measured in photoresistor actome-
ters (circular cages, 30 cm in diameter, provided
with two photocells, and connected to the impulse
counter), in 30-min sessions. BM-78, BM-121,
BM-42, BM-43 were administered 45 min and
BM-42, BM-43 3 h before the test.

Picrotoxin-induced convulsions

Groups of 6–8 mice were treated orally with the
test compound in the form of suspension in 0.5%
methylcellulose. Forty five minutes after oral admi-
nistration of �-aminobutyric acid amide derivatives
(BM-78, BM-121) or 3 h after oral administration
of its phthalimide precursors (BM-42, BM-43) the
animals were injected sc with 3.2 mg/kg of picro-
toxin. This dose produced convulsions in 100% of
non-pretreated animals.

During the next 90 min, the animals were ob-
served for the following symptoms: clonic seizures,
tonic seizures, and death. Times of onset of sei-
zures and time to death have been recorded.

Statistical analysis

U-Mann-Witney test (for analyzing the data
concerning number of seizures) or Student’s t-test
(for analyzing the data concerning time of onset of
seizures and the data from Table 1) were used to
determine the statistical significance of differences
between the control and treatment groups. Differ-
ences were considered significant when p < 0.05.

RESULTS and DISSCUSION

Investigations of the effects of the compounds
BM-78, BM-121, BM-42 and BM-43 on the spon-
taneous motor activity in mice showed that, in
comparison with the control group, the compounds
BM-78 at a dose of 30 mg/kg and BM-121 at doses
of 30 mg/kg and 300 mg/kg significantly increased
locomotor activity in mice (Tab. 1). On the other
hand, BM-121 at a dose of 100 mg/kg significantly
decreased motor activity in animals. BM-42 was
practically inactive 45 min after administration.
BM-43 at all doses increased mice’s spontaneous
movement 45 min after the administration, but 3 h
after drug administration at doses of 30 mg/kg and
100 mg/kg it decreased spontaneous locomotor ac-
tivity in mice (Tab. 1).
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Investigations of the effect of the compounds
BM-78, BM-121, BM-43 and BM-42 on the pi-
crotoxin-induced seizures in mice showed that, in
comparison with the control groups, the compounds
BM-121, BM-78 and BM-43 extended time of onset
of convulsions. The last compound, BM-42, was
practically inactive, but to some extent it affected
number of seizures.
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Compound BM-78 at doses of 30 mg/kg and
300 mg/kg reduced the number of seizures too.
Compound BM-121 was practically inactive but at
a dose of 30 mg/kg it insignificantly increased this
parameter. Compound BM-43 had practically no
influence on number of seizures. All these results
are not statistically significant (Tab. 2).
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Results of in vivo pharmacological examination
of the effects of new �-aminobutyric acid amide de-

rivatives and its phthalimide precursors (compounds
BM-78, BM-121, BM-42, BM-43), presented in
this paper showed that all the compounds had dif-
ferent but clear influence on CNS in mice.

Compounds BM-42 and BM-43 (derivatives of
�-phthalimidobutyric acid) were more active in the
tests conducted 3 h after their po administration.
This confirms the results obtained in preliminary
investigations in Bethesda. It is possible that the ac-
tivity of BM-42 and BM-43 depends on their de-
composition products such as derivatives of �-ami-
nobutyric acid [5, 6]. BM-42 showed high activity
in picrotoxin-induced seizures. The lack of influ-
ence on locomotor activity in mice is consistent
with its anticonvulsant activity [5].

In the test of picrotoxin-induced seizures the
compound BM-78 was also active. It lengthened
the time of onset of seizures and markedly de-
creased the number of seizures, particularly when
given at a dose of 30 mg/kg. But its influence on
the locomotor activity in mice was rather unclear
and inconsistent with the anticonvulsant activity.
The compound BM-121 had statistically signifi-
cant, but ambiguous influence on the spontaneous
locomotor activity in animals.

In summary, we can conclude that all obtained
data are preliminary ones and we are still carrying
out further experiments, which will help us to esti-
mate the real value of the GABA analogues and
their derivatives.
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