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Trans-4-aminocrotonic acid (TACA), a potent

agonist of GABAA and GABAC receptors, shows

a proconvulsant action in the electroconvulsive

threshold test in mice

Kinga K. Borowicz1, Marek Zadro¿niak1, Stanis³aw J. Czuczwar1,2
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Abstract:

In the present study, we evaluated TACA (a potent agonist of GABA� and GABA� receptors) in the electroconvulsive threshold test

in mice. Surprisingly, TACA (at 15 and 25 mg/kg) significantly decreased the threshold. The highest ineffective dose of TACA was

estimated as 10 mg/kg. The obtained results indicate that the drug enhancing GABAergic transmission may possess proconvulsant

properties in the electroconvulsive test. Such effect was completely opposite to our primary assumption and expectance.
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Introduction

The inhibitory neurotransmitter, GABA, activates at

least three populations of receptors in the central

nervous system. GABAA receptors are ligand-gated

Cl– channels forming a heteropentameric structure.

Metabotropic GABAB receptors couple to Ca2+ and

K+ channels via G proteins. In contrast to the former

receptor subtype, they are insensitive to the antago-

nistic action of bicuculline, but sensitive to stimula-

tion by baclofen [2].

GABAC receptors, discovered more than a decade

ago in retina, appear to be homooligomeric ligand-

gated Cl– channels composed of three known

� -subunits [2]. Their highest extraretinal expression

levels were found in the superior colliculus [1].

Moreover, there is evidence for the existence of

GABAC receptors in cerebellum and spinal cord. The

presence of �2-subunits may be detected in all brain

regions. Nevertheless, the importance of functional

GABAC receptors outside the retina has not been yet

established. Compared with GABAA receptors, they

are about 10-fold more sensitive than the physiologi-

cal agonist. Muscimol also activates GABAC recep-

tors, however its potency is much lower than that of

GABA. On the contrary, muscimol has 2–10-fold

higher affinity than GABA for GABAA receptors [9].

An important characteristic of GABAC receptors is

their insensitivity to bicuculline, a competitive an-

tagonist of GABAA receptors. On the other hand, pi-
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crotoxin is capable of blocking only their � 1-homo-

oligomeric forms. Moreover, GABAC receptors are

not modulated by barbiturates, benzodiazepines or

neurosteroids, and are less liable to desensitization.

The most extensively studied function of GABAC re-

ceptors is regulation of neurotransmitter release in ret-

ina [9]. GABAA and GABAC receptors display differ-

ent affinities and kinetics with respect to their

function. Effects mediated by GABAA receptors are

rapid and transient. The response of GABAC recep-

tors is sustained but slower in onset [9]. However, the

respective time constants may vary among � 1, � 2,

and � 3 subunits [2].

Among GABAC receptor agonists, CACA (cis-4-

aminocrotonic acid) is more selective than TACA

(trans-4-aminocrotonic acid). On the other hand,

TACA is considered as the most potent agonist, being

even 120 times more potent than CACA. It might sug-

gest that the trans stereoisomer of GABA binds pref-

erentially to GABAC receptors. In fact, data obtained

from the structure-activity relationship analysis indi-

cate that GABAA and GABAC receptors are activated

by GABA in, respectively, partially extended and

partially folded conformation [9].

It is worth mentioning that the amino acid residues

responsible for GABA binding are conserved among

GABAC and GABAA receptor subunits. Thus, these

residues alone cannot explain, for instance, signifi-

cantly greater sensitivity of GABAC receptors to

GABA. Furthermore, although the estimated pore size

of GABAC receptors is similar to that of GABAA re-

ceptor, the single channel conductance of the GABAC

receptors is much smaller [9].

Bearing it all in mind, one may speculate that the

two subtypes of GABA receptors present complemen-

tary electrophysiological properties, like another pair

of glutamate ionotropic receptors – NMDA and

AMPA/kainate ones. This prompted us to investigate

the effect of TACA on electrically induced seizures in

mice.

Materials and Methods

The experiments were conducted on male Albino

Swiss mice weighing 20–25 g (authorized breeder: T.

Górzkowska, Warszawa, Poland). The animals were

housed in colony cages with free access to food (chow

pellets) and tap water. The temperature was kept at

21 ± 1°C and mice were on a natural light-dark cycle.

The experimental groups, consisting of 8 mice, were

chosen by means of a randomized schedule. All ex-

periments were carried out between 10.00 a.m. and

2.00 p.m. to minimize the influence of circadian

rhythms. The animal procedures were performed in

accordance with the regulations of the Bioethical

Committee of Lublin, Poland.

TACA (Tocris Cookson Ltd., Bristol, UK) was dis-

solved in distilled water and administered ip, in

a volume of 10 ml/kg, 30 min prior to electroconvul-

sive threshold seizure test.

Electroconvulsions were produced with the help of

ear-clip electrodes and alternating current delivered

by a Hugo Sachs (Type 221, Freiburg, Germany) gen-

erator. The stimulus duration was 0.2 s. Full tonic ex-

tension of both hind limbs was taken as the endpoint.

The convulsive threshold was evaluated as CS50,

which is the current strength (in mA) required to pro-

duce tonic hindlimb extension in 50% of the tested

animals. In order to calculate the convulsive thresh-

old, at least three groups of mice (consisting of at

least 8 animals per group) were challenged with elec-

troshocks of various intensities. An intensity-response

curve was calculated with a computer, taking into con-

sideration the percentage of animals convulsing [3].

CS50 values and statistical analysis of the results

obtained in the electroconvulsive test were calculated

by computer probit analysis, according to Litchfield

and Wilcoxon [6].
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Teatment (mg/kg) CS
��

(mA)

control-1 5.6 (4.7–6.4)

TACA (25) 4.3 (3.6–5.0)**

control-2 5.4 (4.8–6.0)

TACA (15) 4.5 (4.0–5.1)*

TACA (10) 5.0 (4.6–5.4)

-���� ���� ��� �������� � .�
��
����� /��� ������� ������� ���"

������ ����� �������� �0������ �� &!1 �	 ��� ������2 ���� #&1 ���"
	������ �����( ���������� ������ �	 ��� �������� ����� �� ����
��������� �� �����	���� ��� 3����0�� 456( 7� 8 !(!&� 77� 8 !(!9 ��( ���
��������� ������� �����



Results

TACA at 25 mg/kg decreased the electroconvulsive

threshold from 5.6 to 4.3 mA. Similarly, TACA at

15 mg/kg significantly decreased the threshold from

5.4 to 4.5 mA. The drug administered at the dose of

10 mg/kg was ineffective in changing electroconvul-

sive threshold (Tab. 1).

Discussion

Studying pharmacological properties of TACA, an

agonist of both ionotropic GABAA and GABAC re-

ceptors, we expected rather its anticonvulsant action

against electroconvulsions in mice. In contrast, sig-

nificant proconvulsant activity was found. In our

opinion, it can be hardly assumed that TACA de-

creased the electroconvulsive threshold through

mechanisms mediated by activation of GABAA recep-

tors. Literature data convince that agonists (musci-

mol) and positive modulators (benzodiazepines, bar-

biturates, neurosteroids) of this receptor exhibit

clear-cut anticonvulsant effects. In addition, the pro-

convulsant activity of bicuculline results mainly from

the blockade of GABAA receptors. However, it seems

worth mentioning that the action of GABAA receptor

ligands may depend on the route of administration.

Czuczwar et al. [4] reported that, in contrast to intra-

ventricular injection, intraperitoneal administration of

muscimol did not affect the electroconvulsive thresh-

old in mice. On the other hand, microinjection of

bicuculline methiodide into the rat striatum [8], sub-

stantia nigra pars reticulata [5], or superior colliculus

[7] resulted in the antiseizure effect. This phenome-

non may be associated with bicuculline-evoked inac-

tivation of the GABAergic nigrotectal pathway pro-

jecting from substantia nigra to superior colliculus

[7]. In accordance with this idea, TACA-induced

stimulation of GABAC receptors, highly expressed in

superior colliculus [1], may lead to the proconvulsant

action. Nevertheless, it is too early to conclude that

the evaluated effects of TACA are associated only

with agonistic interaction at GABAC receptors. Fur-

ther studies should follow, including experiments with

CACA, the less potent although more selective

GABAC receptor agonist. We will also try to reverse

the action of TACA with low doses of bicuculline and

(1,2,5,6-tetrahydropyridin-4-yl)methylphosphonic acid

(TPMPA), the selective antagonists of GABAC recep-

tors, respectively.
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