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Gamma-aminobutyric acid (GABA), a nor-
mal constituent of the brain, has been re-
ported to exert an inhibitory action in the
central nervous system(1).

During chemically-induced seizures the con-
centration of GABA in the brain decreases
(2) whereas increasing the concentration of
GABA in the brain protects against chemi-
cally-induced seizures(3).

Intraventricular injection of tubocurarine
has been shown to cause convulsive move-
ments which closely resemble epileptic sei-
zures in humans(4). Hence, it was thought to
be of interest to explore whether GABA could
antagonize the convulsive effect of tubocura-
rine injected intraventricularly.

Methods and material. Cats weighing 2-4
kg were anesthetized with pentobarbital sodi-
um 35 mg/kg i.p. A Collison intraventricular
cannula was implanted aseptically in the lat-
eral cerebral ventricle(5). An artificial cere-
brospinal fluid (CSF)(6) was gassed with an
02:CO; mixture (95:5) for 15 minutes. The
pH of the resultant solution was 7.35. This
solution was used to dissolve the drugs for
intraventricular injection. The volume in-
jected did not exceed 0.1 ml. This was fol-
lowed by 0.1 ml of artificial CSF. All of the
solutions used were sterilized.

The drugs used were tubocurarine chloride
and gamma-aminobutyric acid. The behavior-
al effects in 3 unanesthetized cats were ob-
served for 3-4 hours following intraventricu-
lar injections of these drugs.

For the drug interaction studies usually the
GABA and tubocurarine were injected to-
gether. In a few experiments the tubocurarine
was injected 10 minutes after injection of
GABA. An interval of one week passed be-
tween experiments. In the succeeding weeks
the tubocurarine or GABA was injected alone
and the drug combination was also repeated.
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dress: Dept. of Pharmacology, S. S. Medical College,
" Rewa (M.P.), India.

Results. Tubocurarine. The results of the
intraventricular administration are listed un-
der Experiment 1 in Table I. The convulsions
occurred 30-40 minutes after the injection,
then periodically for the next 45 minutes.

During the recovery period there were oc-
casional bouts of loud calling and twitching of
the facial muscles, grooming and scratching.
These observations are in agreement with
those of Feldberg and Sherwood(4). If the
animal had received GABA or the combina-
tion of GABA and tubocurarine the week be-
fore, no preconvulsive phase or convulsions
were seen when tubocurarine was adminis-
tered (Table I, Exp. 2).

GABA. Although a cat which had received
an intraventricular injection of 5 mg of GABA
appeared to be sedated and apathetic (Table
1, Exp. 3), it still responded to tactile stimuli.
Doses of 10 and 15 mg GABA caused a greater
degree of sedation and catatonia plus respira-
tory depression as has been previously de-
scribed by John et af(7).

GABA plus tubocurarine. In Exp. 4-6 of
Table I the drug combination was given. In
each case the 5 mg of GABA delayed the onset
of effects seen with tubocurarine. It also pre-
vented the preconvulsive phase and convul-
sions in animals which had received no drug
or GABA the week before. Prior administra-
tion of a 10 mg dose of GABA gave the same
results. It was necessary to give a 15 mg dose
of GABA 10 minutes prior to tubocurarine
administration to abolish all signs caused by
the latter drug.

Discussion. The loud calling by the cat fol-
lowing intraventricular injection of tubocura-
rine was more prominent and consistent in
the present experiments than those of Feld-
berg and Sherwood(4). With doses of 5 or 10
mg GABA the onset of the calling was always
delayed, but never abolished.

The marked sedation and catatonia follow-
ing GABA administration are consistent with
the concept of GABA having a depressant role
in the CNS. However, Feldberg and Sherwood
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TABLE I. Summary of Effects of Intraventricular Injection of Tubocurarine and GABA in Cats.

Behavioral effects

Drug Drug treatment of
Exp administered previous week
1 Tubocurarine* —
2 » GABAt or GABA -+ tubo-
curarine
3 GABA Nothing ; tubocurarine; or

tubocurarine + GABA

4 GABA - tubo-
curarine

Idem
6 »

Tubocurarine
GABA

Loud calling, urination, defecation, panting, saliva-
tion, mydriasis, fine tremors, inereased motor activ-
ity, preconvulsive phase of twitching of facial mus-
cles, salivation, collection of froth around the
mouth, snapping shut of the jaws and finally
clonic-tonie convulsions.

As in 1 above but with no preconvulsive phase or
convulsions.

Sedation, apathy, hypotonia, seratehing movements,
catatonia, defecation, urination and lachrymation.

Asg in 1 above with the effects of tubocurarine de-
layed and attenuated; the preconvulsive phase and
convulsions absent.

As in 1 above with onset of effects delayed.

As in 4 above with less frequent restlessness and
more frequent seratching movements.

* All doses of tubocurarine were 40 ug.

(4) showed that many other pharmacological-
ly unrelated substances also have a CNS de-
pressant effect when injected intraventricu-
larly in cats. Therefore, a strict pharmaco-
logical specificity cannot be assigned to this
response.

Behavioral responses of the cats injected
with a combination of GABA and tubocura-
rine varied in different experiments depending
upon the drug which had been administered
‘the week before. In all of the experiments
GABA delayed the onset of the signs caused
by tubocurarine and attenuated its effects,
i.e., GABA blocked the convulsive seizures
produced by tubocurarine. This observation
is consistent with that of other workers(8,9)
who have reported the inhibitory effect of
GABA on other types of experimentally-in-
duced seizures. The drug combination given
to a cat which had received an injection of
tubocurarine a week before resulted in sei-
zures. Also, tubocurarine failed to cause con-
vulsions in cats which had received an intra-
ventricular injection of GABA the week be-
fore. These observations may be due to the
effect of GABA being dependent on its intra-
cellular level in the brain and less on the pres-
ence of GABA in the CSF(1). However,
GABA did antagonize, to some extent, the
effect of tubocurarine when it delayed the on-
set of, and attenuated, the signs following
intraventricular tubocurarine.

t All doses of GABA were 5 mg.

As reported previously antagonism between
GABA and tubocurarine is short-lasting and
reversible(10). This has been found also to
be the case in the present studies. This tran-
sient effect of GABA may be ascribed to its
rapid metabolism in the brain or to its inabil-
ity to build and maintain effective intracellu-
lar concentrations -during the period when
both GABA and tubocurarine are in the ven-
tricles. .

It has been shown that some convulsants
cause a reduction in the brain content of
GABA(2,11). Administration of agents which
increase the content of brain GABA protect
the animals from experimentally-induced sei-
zures(3). Hence, it is possible that tubocura-
rine-induced convulsions also cause a diminu-
tion in the brain GABA content and that this
renders the animal more susceptible to sei-
zures. This may be the reason why cats which
had been treated with tubocurarine the week
before developed convulsions when adminis-
tered the GABA-tubocurarine combination,
whereas those animals which had received
GABA in the first week did not exhibit con-
vulsions when administered the combination
or the tubocurarine alone the second week.
Presumably, in the cat previously exposed
to the tubocurarine the concentration of
GABA in the brain was decreased, and it
may have been increased in the animals which
had received the GABA the week before.
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These results indicate that the acute effect
of GABA administered intraventricularly in
cats is to cause sedation and catatonia, and
that there is also a longer-lasting anticon-
vulsive effect which had been demonstrated
in these experiments.

Summary. 1. The effects of intraventricu-
lar injections of tubocurarine, GABA and the
interaction of these 2 drugs on the behavior
of cats had been studied. 2. GABA delayed
the onset and attenuated the effect of intra-
ventricularly-injected tubocurarine. The ulti-
mate effect of the combination of GABA and
tubocurarine depended upon the drug which
had been administered the week before. If it
was GABA, no convulsions occurred. If it
was tubocurarine, convulsions occurred only
after a delay.
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It has been known for some time that
fasted animals produce elevated glycogen con-
centrations in the heart(5). More recently
Adrouny and Russell demonstrated that when
glycogen was separated into trichloroacetic
acid-soluble (TCA) and residual fractions, the
greatest change in the fasting animal occur-
red in the TCA fraction(1). These fractions
have been so named because of the method
used to isolate glycogen from the tissue. The
tissue is homogenized in a trichloroacetic acid
medium and then centrifuged. The glycogen
in the resulting supernatant is called TCA
glycogen and is assumed to be originally free
from protein affiliation. The glycogen remain-
ing in the protein residue is called residual
glycogen and is thought to be bound to pro-
tein.

* This investigation was supported by USPHS Re-
search Grant HE 06747,

Previous investigation has revealed that
fasted and nonfasted animals display different
degrees of glycogenolysis in TCA and residual
fractions when forced to exercise by swimming
(3,4). Experimentation in our laboratory has
demonstrated that diet as well as fasting in-
fluences the glycogen levels of the heart (un-
published results). In the present experiment
cardiac glycogen fractions were studied not
only in fasted and nonfasted rats with a
history of ad libitum feeding, but also in
animals whose intake had been restricted so
that their weights remained constant for 6
months. Animals with these dietary experi-
ences were exercised by swimming so that
cardiac glycogen mobility could be studied.

Methods and materials. The cardiac gly-
cogen fractions (TCA and residual) were
studied in 2 groups of animals: those on an
ad libitum diet of Purina Laboratory Chow



