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MYSLOBODSKY, M. S., R. F. ACKERMANN AND J. ENGEL, JR. Effects of y-acetylenic GABA and y-vinyl GABA on
metrazol-activated, and kindled seizures. PHARMAC. BIOCHEM. BEHAYV. 11(3) 265-271, 1979.—Pretreatment of adult
male Sprague-Dawley rats with a single dose of y-vinyl GABA (GVG) (1200 mg/kg, IP) or y-acetylenic GABA (GAG) (100
mg/kg, 1P) did not affect the threshold of metrazol-activated generalized seizures, but increased their duration to the point
of status epilepticus. In rats with epilepsy kindled by amygdaloid stimulation, a single dose of GVG (800 mg/kg, IP) and five
subsequent daily administrations of GAG (80 mg/kg, IP) tended to reduce the motor manifestations of seizures leaving
unaffected their electrographic pattern. The effects of GVG and GAG are attributed in part to decreased arousal. Practical

implications of these findings are discussed.

GABA-T inhibitors Metrazol Kindled epilepsy

Wave-spike discharges

THE GABA system is commonly regarded as a major appa-
ratus directly or indirectly involved in control of epileptiform
activity [20,35]. Evidence for this view has derived largely
from the fact that GABA is a major brain inhibitory transmit-
ter [17] and that a variety of GABA-mimetics have proved to
be effective anticonvulsants (see [35] for review), while
GABA antagonists are known to increase brain excitability
[17]. Correspondingly, an increase in brain GABA concent-
ration has been found to protect against seizures while its
depletion is accompanied by an increase in seizure suscepti-
bility [21]. Potentiation of GABA’s effects can be achieved
via inhibition of its degrading enzyme, GABA-transaminase
(GABA-T). In agreement with the above observations,
GABA-T inhibitors have been shown to have antiepileptic
properties both in animals [31,32] and in humans [6]. How-
ever, at least one GABA-T inhibitor, amino-oxyacetic acid
has reportedly induced convulsions in animals [18], and inan
experiment recently conducted in our laboratory (in prep-
aration) we found that GABA-T inhibitors can greatly in-
crease the duration of anesthesia induced by ketamine,
which some writers believe is a mild convulsant [38].
Ketamine anesthesia is accompanied by electrographic pat-
terns resembling ‘slow wave—sharp wave’ complexes
[26,38]. GABA-T inhibitors may potentiate ketamine anes-
thesia indirectly by reducing arousal; if this assumption is
correct, it could be expected that certain arousal-sensitive
epileptic fits [25] would be facilitated rather than alleviated
by compounds inhibiting GABA-T.

The present study was designed to test this implication
with two GABA-T inhibitors y-viny]l GABA (GVG) and
v-acetylenic GABA (GAG) which have previously been
shown to possess anticonvulsive properties in the audiogenic
[31,32] and photosensitive epilepsy [24] models. In the pre-
sent study, two models of epilepsy were employed: acute
petit mal and grand mal seizures were produced by metrazol
administration (metrazol is believed [12] not to act via the
GABA system in the cerebral cortex), and chronic brain
epileptisation was modelled by kindling epilepsy. ‘Kindling’
is a term describing the progressive development of general-
ized behavioral seizures in response to initially ineffective
electrical stimulation applied repetitively to the amygdala or
other brain regions (11)

METHOD
Subjects

Naive, male Sprague-Dawley rats (Simonsen) weighing
400-550 g were maintained in a standard laboratory en-
vironment with water and food ad lib. Normal day-night
cycle (12 hr light/12 hr darkness) was maintained by artificial
lighting. Animals were randomly assigned to three groups:
(1) control (saline pretreatment); (2) y-vinyl GABA (GVG)
pretreatment. and (3) y-acetylenic GABA (GAG) pretreat-
ment (both substances were supplied by Merrell). Metrazol
effects were assessed in all three groups. In a separate fourth
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group, epilepsy was kindled with electrical stimulation of the
amygdala.

Surgery

Animals in all three groups were implanted with elec-
trodes 7-8 days prior to experiments.

Rats were anesthetized with ketamine (Ketalar, Parke-
Davis) (100 mg/kg, IP) followed by xylazine (Haver-
Lockhard) (20 mg/kg, IM) and placed in a Kopf stereotaxic
instrument. Four holes for recording electrodes, located
over symmetrical points of the visual cortex and sen-
sorimotor cortex, were drilled with precautions taken to
avoid dura damage. Two holes for anchoring stainless steel
jeweler’s screws were drilled on the midline over the frontal
cortex and over the cerebellum. An additional hole for an
indifferent electrode was drilled over the cerebellum on the
midline. The cortical and indifferent electrodes were silver
balls presoldered to Amphenol microminiature pins.

In some of the kindled animals cortical electrodes were
located over the symmetrical points of only the visual cor-
tex, and in all kindled animals the depth electrode was
stereotaxically positioned into either the left or the right
amygdala. The coordinates were A - 1.5, L - 3.5, D - 8.9,
incisor bar: - 3.5 mm. The subcortical electrode consisted of
two 0.25 mm twisted enamel-coated nichrome wires with the
tips separated by the thickness of the insulation. The elec-
trodes were attached to a S-contact Amphenol plug which
was fixed to the skull with dental acrylic and two jeweler’s
screws.

Procedure and Apparatus

1. Metrazol-induced seizures. Metrazol injections began
4 hr after pretreatment of animals with a single dose of either
GVG (1200 mg/kg, IP) or GAG (100 mg/kg, IP). The dose and
the time between pretreatment and metrazol challenge were
chosen on the basis of Schechter ef al. [31,32) findings. In-
jections of metrazol (10-12 mg/kg) were repeated every S min
until the development of generalized convulsions.

The experiment with the GVG group was conducted in a
Plexiglas testing chamber. EEG (Grass, Model 8) recordings
were obtained both before and after metrazol injections.
GAG-pretreated animals were observed in the testing
chamber and in rotometer bowls.

The control group was pretreated with saline (0.9%, |
ml’kg) 4 hr prior to metrazol challenge and also observed in
rotometers. The number and duration of seizures were
noted.

2. Kindling. Kindling stimulation consisted of 1 sec 60
Hz, 25-200 p A, electrical current given once per day. Cur-
rent was continuously monitored on an oscilloscope. Current
intensity was determined individually beginning from 25 ©A
until the development of the first self-sustained afterdis-
charge. Stimulation at the threshold intensity (for the after-
discharge generation) was subsequently repeated each day
and the gradual development of motor seizures was rated
according to the scale of Racine [29]: (1) facial movements
only; (2) facial movements and head nodding; (3) facial
movement, head nodding and contralateral forelimb clonus;
(4) stage 3 components followed by bilateral forelimb clonus
and rearing; (5) stage 4 components and loss of axial postural
tonus. Animals were considered fully kindled upon attaining
stage 5 seizures on three consecutive days. EEG records
were taken several minutes before and after the stimulation.
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Eight animals with stage 5 kindled seizures were selected
for further study with GABA-T inhibitor pretreatment.

Animals were pretreated with 800 mg/kg of GVG and
electrically stimulated in the observation chamber as de-
scribed above between 4-5 hr after the pretreatment. The
animals’ EEG and behavioral response to a single dose of
GVG, and any changes in seizure threshold were noted. All
the animals were then given GAG once a day at a dose 80
mg/kg, IP for 5 successive days. EEG and behavior were
compared with that before GVG and GAG administration.

3. Behavioral observations. A series of behavioral tests
were administered to rats before and 4-6 hr after GAG and
GVG administration. The test included the following: (a)
handling; (b) reaction to tail-pinch: (c) walking on the narrow
(25 mm) path; (d) movement in the observation cage. The
behavior categories noted were walking., rearing with
forepaws touching a wall, rearing with forepaws hanging
free, grooming, attending to auditory and photic stimuli. (e)
postural changes were evaluated by qualitative assessment
of postural asymmetry created by the attempt of the rat,
lifted for 10-15 sec by its tail, to restore normal head posi-
tion.

RESULTS
Behavior

Both agents caused similar reduction in exploratory be-
havior and diminished responsiveness to photic and auditory
stimuli. A decreased sensitivity to tail-pinch and passive be-
havior during handling were also noted. There were periods
of muscular relaxation suggested by stretched out forelimbs
with the head resting on the floor. That notwithstanding, the
ability of the rats to walk on a narrow path was not impaired.
In addition all the rats lifted by the tail for 10-15 sec gener-
ated a predrug effort in order to restore normal head posi-
tion.

Twenty-four hours after GVG and GAG administration
rats performed normally in the observation cage but seemed
to be hyperactive during handling.

EEG Response

In four out of five GVG-pretreated (single dose, 1200
mg/kg) rats, and in four out of five GAG-pretreated (single
dose, 100 mg/kg) rats, EEG became hypersynchronized with
slow waves and wave-spikes (3-5 Hz) occurring in bursts of
1-3 per min (Fig. 1a). This effect was virtually identical in
GVG- and GAG-pretreated animals, and, unlike behavioral
changes, lasted over 24 hr in both groups. On no occasion
was such a pattern observed in untreated rats or in undrug-
ged kindled rats.

Metrazol Activation

Hypersynchronous activity was potentiated with Met-
razol (Fig. 1B-E).

Table 1 summarizes Metrazol effects across the three ex-
perimental groups. The most remarkable result was unusu-
ally lengthy and violent first convulsions and repetitive
(multiple) convulsions which occurred 15-40 min postinjec-
tion. Postictal depression was virtually absent. Rather, the
animals were motionless for 30-120 min with EEG displaying
continuous 1 Hz discharges of the sharp wave-slow wave
type in all leads (Fig. 2). These convulsive behavioral
phenomena together with continuous EEG discharges re-
sembled status epilepticus which led to death in most GVG-
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FIG. 1. Effect of metrazol in a GVG-pretreated rat. A: Regular hypersynchronous

W-S activity occurring 4 hr after a single dose of GVG (1200 mg/kg, IP). B-D:

Buildup of EEG hypersynchrony after repeated metrazol injections. Each EEG

fragment (B, C, D) reflects the effect of a successive dose of metrazol (10 mg/kg,

IP) administered every S min. Abbreviations: SR, SL—Right, and left somatosen-
sory cortex. VR, VL—Right, and left visual cortex.

pretreated animals. The condition of status epilepticus also
occurred in GAG-pretreated animals, but 100 mg/kg of GAG
was less potent than 1200 mg/kg of GVG and most of the
GAG-pretreated animals eventually recovered.

Kindling

An initial dose of GVG (800 mg/kg) resulted in a pro-
nounced decrement in the severity of electrically-induced
motor seizures in four of eight kindled rats. Under the influ-
ence of GVG, there was a high incidence of ‘uncoupled’
seizures, i.e., electrographically typical afterdischarges with
the usual motor concomitants noticeably diminished or ab-

sent altogether. In contrast to unkindled animals, only two of
the eight kindled animals displayed spontaneous EEG
hypersynchrony following the initial dose of GVG, indicating
that GVG-induced hypersynchrony is not a necessary con-
dition for the afterdischarge-behavior uncoupling observed
in kindled animals. With repeated daily administration of
GAG, seven of the kindled animals subsequently developed
hypersynchronous EEG together with a continuation of an
unusually high incidence of uncoupled or noticeably di-
minished motor seizures. Uncoupling was still evident three
days after the last drug administration; the seizures had re-
turned to their normal severity in a post-drug retest con-
ducted two weeks after the last drug administration.



268 MYSLOBODSKY, ACKERMANN AND ENGEL

TABLE 1

METRAZOL-INDUCED SEIZURES IN CONTROL AND
GVG AND GAG PRETREATED RATS (MEANS + SEM)*

Pretreatment N Metrazol Duration of Ist No. of muitiple Mortality
(dose) threshold (mg/kg) seizure (sec) seizures
Saline 8 56.3 = 4.5 35.6 = 9.4+ 1.0 £ 0.42 1/8
GVG S 70.0 = 5.6% 76.2 ~ 93.7% status 4/5
(1200 mg/kg)
GAG 6 50.0 = 3.5 283.3 = 166.7% status 2/6
(100 mg/kg)
*Note:

+Significantly different from GAG but not from saline at p<0.0S
iSignificantly different from saline at p<0.05
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FIG. 2. Samples of EEG tracings obtained during *‘status’’ in a GVG-pretreated

(1200 mg/kg, IP) rat. A: A sample taken during a generalized seizure. B: Con-

tinuation of A. C: A sample taken 3 min later. D: A sample taken 13 min after

metrazol injection. E: A sample taken 36 min after metrazol injection, 5 min

before death. Throughout B-E, the animal was immobile except for short periods

of mild behavioral seizure indicated by arrow heads. Note that in B-E the gain is
reduced. Abbreviation as in Fig. 1.
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DISCUSSION

In order to consider the possible significance of the ob-
servations reported, the following set of axiomatic state-
ments are proposed and discussed:

A. The effect of GAG and GVG could in part be attrib-
uted to a decrease in arousal. Tt has been found that
endogenous GABA leakage from the cerebral cortex is
greater during sleep than during wakefulness [14], and
arousal created by stimulation of the reticular formation is
accompanied by reduced GABA output [15]). Therefore, a
profound and long-lasting inhibition of GABA-T by GVG
and GAG with a corresponding increase of the brain GABA
content [27] could mimic a decrease of dopamine-meditated
component of arousal produced by other means. In fact,
there was a decrease in orienting responses and exploratory
behavior at the initial stage of GVG and GAG effects, as well
as EEG synchronization and hypersynchronization, which
seem to suggest an arousal decrement. Similar behavioral
and electrophysiological phenomena have previously
been produced with muscimol, baclofen and sodium
y-hydroxybutyrate [33] which have been classified as con-
vulsant anesthetics similar to a-chloralose. Drowsiness was
also reported in patients with Huntington's Chorea treated
with B-parachlorophenyl GABA, a lipophilic derivative of
GABA [1]. Imidazole-4-acetic acid, a GABA agonist, has a
pharmacologic profile resembling that of a minor tranquilizer
[30).

Although intraperitoneal injection of GVG and GAG
could have augmented GABA content throughout the brain
thereby facilitating GABA-mediated EEG synchronization,
a more localized effect is not excluded. Palfreyman et al. [27]
have recently reported a decrease in homovanillic acid in the
striatum, but not in the nucleus accumbens following admin-
istration of 100 mg/kg of GAG, suggesting that GAG de-
creases striatal dopamine turnover. One could assume that
GABA-carrying pallidonigral and striatonigral neuronal
pathways [16,22] exert inhibitory control over nigrostriatal
and mesolimbic dopamine neurons [5] which are involved in
arousal control. The simplicity of this idea makes it attrac-
tive but it has one limitation: striatonigral GABA containing
fibers may not be involved in the control of dopamine turn-
over [37].

B. GVG and GAG may aggravate metrazol-induced sei-
zures. The mechanism of aggravation of epileptic seizures
and the development of repeated convulsions observed in
the present study in supposedly protected animals is not
clear. The ability of GABA to cause a suppression of
dopamine turnover may be a factor contributing to seizures;
dopamine has been implicated in seizure control [8,23].
However, lesions which interrupt the striatonigral GABA-
containing pathways in the rat have been shown not to influ-
ence normal striatal dopamine turnover or its neuroleptic-
induced enhancement [37]. Nevertheless, the ability of in-
creased brain GABA to affect catecholamine levels cannot
be ignored. Intraperitoneal and intracarotid injections of
GABA results in a significant reduction of brain norepineph-
rine [40] which many writers report is important in control-
ling susceptibility to seizures [4,19]. In fact, there is some
commonality between 6-OHDA pretreated (19] and GVG
and GAG protected animals in the present study: both have
multiple seizures. The human analog to these initial multiple
seizures seems to be status epilepticus or, considering sub-
sequent prolonged immobility of the rats accompanied by

269

cortical seizure manifestations, electrical status epilepticus
[28].

The mechanism of these prolonged seizures remains un-
clear. There are at least two known mechanisms of seizure
cessation. One involves active suppression of epileptic dis-
charges by pre- and postsynaptic influences. The other is
created by ‘exhaustion’ of epileptic neurons which cease to
generate discharge when a critical number of elements are
inactivated by hyperdepolarization (see [25] for review). It is
conceivable that increased potency of synchronization in-
duced by GVG and GAG pretreatment signals the recruit-
ment of additional elements into a seizure which otherwise
would have remained uninvolved. The increased potency of
hyperpolarization would also facilitate the repolarization of
those active cells which otherwise would have ceased to
convulse due to Vvedensky inhibition, i.e., the inactivation
of the soma impulse-generating mechanism [34]. The disap-
pearance or reduction of postictal depression in GVG and
GAG pretreated animals suggests that both mechanisms may
contribute to the observed increase in seizure duration.
Anecdotal evidence also indicates that increased brain
GABA may in fact be associated with seizures which are
unresponsive to anticonvulsants [13].

C. In kindled animals GVG and GAG alleviate behav-
ioral seizures without affecting the threshold, duration and
complexity of the seizure afterdischarge. At first glance the
relative paucity of behavioral events during EEG seizures in
GVG and GAG pretreated kindled animals may seem to be
related to tranquilizing properties of GABA agonists and
their ability to exert myotonolytic effects {3,10]. However, it
is recognized that changes of duration and threshold of af-
terdischarges are poorly related to the development of motor
seizures in the process of kindling [29] or to their severity in
kindled animals [9]. Therefore, the uncoupling may be a
non-specific phenomenon which can be produced in a vari-
ety of ways and with a multitude of chemical compounds.
Indeed, diazepam, phenobarbital [39] and atropine {2] are
known to preferentially block motor ictal manifestation
without affecting electrographic seizures in kindled animals.

The mild protective action of GAG and GVG in kindled
epilepsy contrasts their potentially harmful effects in
metrazol-induced epilepsy. The processes underlying these
differences are not clear. They may be associated with
differences in the procedure of the treatment (i.e., a single
dose vs chronic treatment) or reflect differences between the
sensitivity of the two types of epilepsy to GABA-T in-
hibitors.

D. The practical application of GABA-T inhibitors in
epilepsy may depend on the particular form and char-
acteristics of the type of epileptic abnormality. GABA-T in-
hibitors are considered to be potential anticonvulsant sub-
stances. Although GVG and GAG alleviated kindled sei-
zures, they aggravated metrazol-induced epilepsy. The abil-
ity of GABA-T inhibitors to decrease alertness and produce
synchronization in the EEG thetaband may create favorable
conditions for the development of wave-spike discharges
[33] and aggravate the state of petit mal patients, as was
postulated elsewhere [25]. Therefore, enthusiastic reports of
the ability of certain GABA-T inhibitors like di-n-
propylacetate to prevent petit mal attacks [6] should be taken
with caution, especially in view of the observations [7] that
B-parachlorophenyl GABA may exacerbate EEG abnor-
malities.

Theoretically there is always a risk of a prolonged seizure
(status) generated by protected neurons in response to an
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epileptiform challenge powerful enough to overcome higher
thresholds. The other potentially harmful effect of these
substances is their ability to reduce arousal (in doses em-
ployed) and to synchronize EEG to the extent that the bene-
fit of their antiepileptic action might be infinitesimal com-
pared to the harm caused by their interference with au-
tonomic functions and behavior. Indeed, clinical trials with
B-parachlorophenyl GABA [1] and di-n-propylacetate {6] have
demonstrated somnolence [1,6] and vomiting [6]. On the
other hand, the same substances have been demonstrated to
alleviate audiogenic epilepsy ([31,32] and photosensitive
epilepsy (24], and they reduced the behavioral manifesta-
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tions of the kindled seizures in the present study. A special
analysis of the benefit/risk ratio of GABA-T inhibitors is
required with different doses and chronic administration in
various models of epilepsy.
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