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A protective effect of the semialdehyde of succinic acid and of sodium y-hydroxybutyrate
against convulsions induced by thiosemicarbazide (TSC) and aminohydroxyacetic acid (AHA)
was demonstrated in experiments on mice. In addition, in TSC convulsions the lipophilic
derivative of GABA (its cetyl ester) also proved effective. It is postulated that despite dif-
ferences in the primary localization of action of TSC and AHA with respect to enzymes of
the "GABA shunt" both these compounds can induce similar secondary changes: deficient
formation of the semialdehyde of succinic acid and sodium y~-hydroxybutyrate., It is em-
phasized that for the normal excitability of the brain to be preserved the normal level not
only of GABA, but also of the two next metabolites of the shunt, must be maintained.

Thiosemicarbazide (TSC) is known to inhibit the decarboxylase of glutamic acid [9]. The deficiency
of y-aminobutyric acid (GABA) formation [6] and the disturbance of its compartmentalization [13] thus aris-
ing lead to increased readiness of the brain to produce convulsions; this fact can be fully explained from the
standpoint of the participation of GABA in inhibition. It is paradoxical, however, that aminohydroxy acetic
acid (AHA), a substance inducing the accumulation of GABA in the brain [15], and consequently, increasing
the threshold of the electroconvulsive fit [10], itself induces convulsions [3, 14). The question thus arises
whether other mechanisms not directly connected with GABA formation may be involved in the development
of the convulsant effects of TSC and AHA: in particular, a disturbance of the reactions of the "Roberts' cy-
cle," leading fo the formation of the semialdehyde of succinic acid [12] and sodium y-hydroxybutyrate [7].

To shed light on the validity of this hypothesis, the effect of succinic acid semialdehyde and sodium
v-hydroxybutyrate on the convulsant effects of TSC and AHA was studied.
EXPERIMENTAL METHOD

Experiments were carried out on male albino mice weighing 18-22 g, TSC and AHA* were injected in
doses of 15 and 150 mg/kg, respectively, inducing convulsions in 95% of mice, while succinic acid semial-
dehyde and y-hydroxybutyrate} were injected in a dose of 500 mg/kg. TSC was injected subcutaneously
and the other compounds intraperitoneally.

EXPERIMENTAL RESULTS AND DISCUSSION

When equieffective (95% of the convulsant) doses of TSC and AHA were used, the latent period of the

*Upjohn Company, USA.
T Both substances were synthesized in the Department of Organic Synthesis, Institute of Pharmacology,
Academy of Medical Sciences of the USSR [1, 5].
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clonico-tonic convulsions in the first case was 88-100 min and in the second 10.8-12.2 min. Even in a
100% lethal dose (25 mg/kg) CSC induced convulsions with a latent period of not less than 50min; a decrease
in the dose of AHA led to a decrease in the frequency of onset of the convulsions, but in animals in which
convulsions were observed their latent period did not exceed 20 min, Convulsions induced by TSC occurred
against the background of normal or even slightly increased motor activity, while convulsions induced by
AHA appeared against a background of depressed motor activity and catalepsy. This depression, charac-
teristic of the action of small doses of AHA (15-30 mg/kg), persisted after administration of large doses
(125-150 mg/kg); the difference was that in the latter case clonic convulsions developed against the back-
ground of depression.

Succinic semialdehyde lengthened the latent period of convulsions induced by TSC from 88-100 to 173-
199 min. If injected before AHA it completely prevented the development of convulsions in 85% of mice,
while in the rest it increased the latent period to 36-44 min. Sodium vy-hydroxybutyrate also lengthened
the latent period of convulsions induced by TSC (to 173-245 min)., If injected before AHA, y~hydroxybutyrate
completely prevented convulsions in 70% of mice, while in 30% it lengthened the latent period to 35 min.

In a dose of 500 mg/kg, GABA prevented none of the types of convulsions studied, evidently because
of its poor power of penetration into the brain. A lipophilic derivative of GABA, its cetyl ester, with dis-
tinct neurotropic activity when administered by extracerebral routes [4], had a protective action against
convulsions induced by TSC: no convulsions occured in 50% of mice, while in the rest the latent period was
lengthened to 105-~153 min, However, the cetyl ester of GABA was absolutely ineffective against convulsions
induced by AHA.

The effect of derivatives of the GABA shunt described above was evidently not due to their muscle-
relaxant action; muscular hypotonia of the same degree produced by chlorphromazine (4 mg/kg) did not
prevent the development of these convulsions.

Both TSC and AHA are known to depress different stages of the GABA shunt: the former depresses
the reaction leading to GABA formation while the second depresses the reaction responsible for its subse-
quent conversions. As a result, TSC leads to a deficiency while AHA leads to the accumulation of GABA.
This fact evidently explains the protective action of the cetyl ester of GABA against convulsions induced by
TSC, analogous to the action of GABA when injected into the brain. This same effect against convulsions
induced by TSC was also characteristic of AHA when injected in small doses, under the influence of which
GABA begins to accumulate. Possibly, however, with an increase in the dose of AHA, the results of block~
ing of the transamination of q-ketoglutarate with GABA were added to this effect; the deficient formation of
glutamic acid and of the semialdehyde of succinic acid.

Glutamic acid deficiency could hardly be the cause of the convulsions, for glutamic acid excites unit
activity [8]. In the present experiments, glutamic acid injected parenterally did not reduce the convulsant
effect of large doses of AHA. However, succinic acid semialdehyde proved highly effective in preventing
these convulsions. Since mutual conversion of succinic semialdehyde and y-hydroxybutyrate takes place in
the brain [7], if the formation of the semialdehyde of succinic acid was blocked by AHA, the formation of
v-hydroxybutyrate would be disturbed. This evidently explained the ability of y-hydroxybutyrate to diminish
the convulsant effect of AHA. When injected extracerebrally, succinic acid semialdehyde and y-hydroxybu-
tyrate showed a clearly defined neurotropic action [2, 11], suggesting that they penetrate freely into the
brain. Presumably their protective action against convulsions induced by AHA is based on compensation of
the deficiency of endogenous formation of these brain metabolites by the corresponding exogenous substance.
The presence of the protective effect of succinic acid semialdehyde and y-hydroxybutyrate against TSC con-
vulsions suggest that the deficiency of the metabolites may also arise under the influence of TSC. In fact,
by blocking GABA formation, TSC may thereby reduce the quantity of products of the further conversion of
this compound, namely succinic acid semialdehyde and y-hydroxybutyrate.

The protective effect of these substances against TSC and convulsions was evidently not due to the ac-
cumulation of GABA through a shift in the reversible transamination reaction toward GABA formation, for
in biochemical experiments no accumulation of GABA was found after administration of these products.
Meanwhile, after administration of, for example, y-hydroxybutyrate endogenous metabolites of GABA ac-
cumulate [7].

These results are evidence that the preservation of a certain level of GABA in the brain is not suffi-
cient to ensure maintenance of its normal excitability; the subsequent products of the shunt — succinic acid
semialdehyde and y-hydroxybutyrate — must also be formed in adequate amounts.

668



@RS O

Y ™
gk wbdHow

LITERATURE CITED

A. P. Arendaruk, A. P. Skoldinov, and L. M. Serebryakov, Med. Prom. SSSR, No. 5, 6 (1963).
R. U. Ostrovskaya, N, M. Tsybina, T, V. Protopopova, et al., Khim,-Farm. Zh., No, 12, 21 (1969).
R. U. Ostrovskaya, G. N. Artemenko, and K. S. Raevskii, Farmakol. i Toksikol., No. 2, 137 (1970).

R. U. Ostrovskaya, V. V. Parin, and N. M. Tsybina, Byul. Eksperim. Biol. i Med., No. 1, 51 (1972).

N. M. Tsybina, T. V. Protopova, and A. P. Skoldinov, Zh. Org. Khimii, 6, 269 (1970).
D. E. Abrahams and J. D. Wood. J. Neurochem., 17, 1197 (1970).

S. A. Bessman and W. W. Fishbein, Nature, 200, 1207 (1963).

D. R. Curtis and J. C. Watkins, Pharmacol. Rev., 17, 347 (1965).

K. F. Killan and J. A. Bain, J, Pharmacol. Exp, Ther., 119, 255 (1957).

K. Kuriyana, E. Roberts and M. Rubinstein, Biochem. Pharmacol., 15, 221 (1966).
H. Laborit, Int, J. Neuropharmacol., 3, 433 (1964).

R. Salvador and R. Albers, J. Biol. Chem., 201, 385 (1953).

P. Y. Sze and R. A, Lovell, Life Sci., 9, 889 (1970),

J. P. Da Vanzo, R. J. Matthews, and J. E, Stafford, Toxicol. Appl. Pharmacol., 6, 387 (1964).
D. P. Wallach, Biochem. Pharmacol., 10, 323 (1961).

669



