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Abstract-Mice were treated with different doses of the GABA aminotransferase (GABA-T) inhibitors 
aminooxyacetic acid, y-acetylenic acid, y-vinyl GABA and ethanolamine-O-sulphate via the drinking 
water for periods of 1-12 days. All drugs caused marked elevations of whole brain GABA concentrations 
within 4 days of treatment which were associated with increases in the electroconvulsive threshold. 
However, the effect on seizure threshold could not be enhanced by an increase in the daily dosage of 
the GABA-T inhibitors and, especially with higher doses, tolerance to the anticonvulsant effect 
developed. At least in part, this finding may be attributed to a decrease in the activity of glutamic acid 
decarboxylase (GAD), the enzyme responsible for GABA synthesis. On the other hand, with valproic 
acid (VPA) no tendency towards a reduced anticonvulsant effectiveness during medication was observed. 
VPA caused only non-significant increases in cerebral GABA levels but elevated brain GAD activity 
significantly. No behavioral changes were seen following subchronic administration of GABA-T inhibi- 
tors and VPA except in cases where the daily fluid intake was markedly reduced. Our data suggest that 
the anticonvulsant efficacy of long term treatment with GABA-T inhibitors is limited by the development 
of compensatory mechanisms, such as reduction of GAD activity, which in turn reduce the amount of 
GABA available for synaptic transmission, though overall GABA concentrations in the brain are highly 
elevated. Drugs such as VPA which cause only moderate effects on GABA metabolism seem superior 
in this respect. 

Over the past few years, evidence has accumulated 1 to 12 days. During this period, the animals were 
which strongly suggests that an impairment of the studied for changes in brain GABA metabolism, 
central GABA system is involved in the pathophys- seizure excitability in terms of the electroconvulsive 
iology and phenomenology of epilepsy [l-3]. There- threshold, and general behaviour. Valproic acid 
fore, it was repeatedly proposed that increasing brain (VPA), a clinically useful antiepileptic drug also 
GABA or administration of a centrally active thought to act via the GABA system, was included 
GABA-mimetic agent may be a specific and effi- in the study as a reference standard. 
cacious therapeutic approach. Brain GABA con- 
centrations can be increased by inhibiting GABA- MATERIALS AND METHODS 
m-oxoglutarate aminotransferase (EC 2.6.1.19; 
GABA-T), the enzyme primarily responsible for Materiuls 
GABA catabolism, and inhibitors of this enzyme y-Acetylenic GABA and y-vinyl GABA were 
have been shown to exhibit anticonvulsant properties kindly provided by Centre de Recherche Merrell 
in various experimental models of epilepsy (for International (Strasbourg, France). Valproic acid 
review, see [4]). If efforts are to be made to activate (VPA), used as the sodium salt, was a kind gift from 
the GABA-ergic system in patients with epilepsy, Desitin-Werk Carl Klinke (Hamburg, West Ger- 
it is important to determine the long-term neuro- many). Aminooxyacetic acid hemihydrochloride 
chemical, anticonvulsant and toxic effects of (AOAA) was purchased from Ferak (Berlin, West 
GABA-mimetic drugs. In this respect, recent reports Germany) and ethanolamine-0-sulphate (EOS) 
have shown that subchronic administration of irre- from Fluka AG (Buchs, Switzerland). The latter 
versible inhibitors of GABA-T in low doses by the drug was cleaned by activated charcoal and recrys- 
oral route was an effective method to elevate sub- tallized before use. 
stantially whole brain GABA content in rodents 
without producing evident toxic effects [5-71. How- Methods 

ever, the anticonvulsant efficacy of continued oral Animals. Male mice of the NMRI-strain (WIGA 
treatment with such drugs has so far only been stud- Versuchstierzuchtanstalt, Sulzfeld, West Germany), 
ied for isoniazid [8]. In the present paper, mice were weighing 24_3Og, were used throughout these 
treated with different doses of the GABA-T inhibi- experiments. They were kept in groups of 10 in 
tors aminooxyacetic acid (AOAA) , y-acetylenic Makrolon cages at constant temperature (24-26”) 
GABA, y-vinyl GABA and ethanolamine-O-sul- and controlled humidity (approx. 50%) with a 12 hr 
phate (EOS) via the drinking water for periods from light circle beginning at 7 a.m. Food (Altromin stan- 
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dard food, Altrogge, Lage, West Germany) and 
water were given ad i~bifu~. 

The drugs under study were administered via the 
drinking water for periods of 1, 4, 8 and 12 days, 
each drug being tested at 1-3 concentrations. The 
drug concentrations were chosen on the basis of 
previous experiments on the acute anticonvulsant 
and biochemical effects of the compo~~ds [9], taking 
into account a daily water consumption of 210- 
230ml/kg. Control mice were supplied in parallel 
with normal drinking water. Every day at 8 a.m. 
both the bottles and the mice were weighed and the 
daily drug intake was calculatedin m&kg. The bottles 
were then emptied and re-filled with freshly prepared 
drinking solutions. For each period of treatment and 
drug concentration, respectively, 20 mice were used 
for the determination of the electroconvulsive 
threshold and further 10 mice for the biochemical 
dete~inations. 

~Iecfroc~~va~sive threshold. After periods of 1, 
4, 8 and 12 days the anticonvulsant efficacy of the 
medication was studied in groups of 20 mice by 
determination of the electroconvulsive threshold 
using a Lafayette A-625 B shocker. Determinations 
were carried out at 8~30 a.m. Stimufation was 
through eye electrodes for 0.2 set, the serial resist- 
ance of the apparatus was set to 10 kS2. The extension 
of the hind limbs was taken as the endpoint. The 
threshold was calculated with the “up and down” 
method of Kimball et al, [HI] and is given as the 
voitage inducing the extensor phase in 50% of the 
mice (EVsa). All ex~rimental groups were used for 
only one threshold determination. 

Biochemical determinations. GABA concentra- 
tions and the activities of CABA-o-oxoglutarate 
aminotransferase (GABA-T; EC 2.6.2.19) and glu- 
tamic acid decarboxylase (GAD; EC 4.1.1.15) were 
assayed in homogenates of whole brain. Mice were 
sacriftced at 8:30 a.m. on the respective experi- 
mental days, For the determination of GABA, 5 
mice were decapitated and their brains homogenized 
within 30 set in 2 ml 80% ethanol (tubes immersed 
in a bath of methanol at -30”). After centrifugation 
at 4000 rpm for 10 min at --So, 300 ~1 of the super- 
natant was evaporated to dryness by a stream of 
nitrogen. The residue was dissolved in 300 $ pyro- 
phosphate buffer (O..l M, #I 8.3) and GABA was 
measured in aliquots of 100 ~1 by the enzymatic 
“GABAase” method as described by Baxter [ll]. 
For the determination of GAD and GABA-T, the 
brains of 5 mice were immediately homogenized in 
4 ml ice cold water. GABA-T activity was measured 
by the method of Satvador and Albers [ 121 and GAD 
activity by the method of Lowe efaf. [I31 as described 
[9]. Untreated controls were used for each experi- 
mental day. 

Side effects. Besides observation of general behav- 
iour, prior to the determinations of the eiectrocon- 
vnfsive threshold groups of 10 mice were tested for 
neurotoxic side effects by the chimney test of Boissier 
efai. [14]. In this test, neurological deficit is indicated 
by the inability of the mice to climb up backwards 
in a glass tube of 25 cm length within 30 sec. 

Statistics. Arithmetical means and S.D. are given 
for the biochemical determinations. Significance of 
differences was calculated by comparing each treated 

group with the control group of the same day by the 
unpaired f-test. 

RESULTS 

The time course of the changes in seizure threshold 
and the concentration of GABA and GAD and 
GABA-T activities produced by su~hronic admin- 
istration of y-vinyl GABA, y-acetylenic GABA, 
EOS, AOAA and VPA is shown in Figs. l-5. 

y-Vinyl GABA (Fig. 1) was administered in the 
drinking water at concentrations of 0.043 and 0.13%. 
Both concentrations reduced the daily hquid con- 
sumption by 20 and 40%, respectively, The daily 
drug intake calculated for the lower drug concen- 
tration was 70-80 mg/kg whereas in the case of the 
higher concentration the drug intake declined during 
the period of treatment from 17~2~mg/kg to 
150-170 n&kg. Within one day of medication with 
y-vinyl GABA the activity of GABA-T was dose- 
dependently decreased to 40-60% of control and 
GABA levels were correspondingly increased. In 
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Fig. 1. Effect of continuous treatment with y-vi@ GABA 
via the drinking water on whole brain GABA metabolism 
and the electroconvulsive threshold in mice. The concen- 
trations of y-vinyl GABA in drinking water were 0.043% 
(o--O) and0.13% (0- - -0) respectively. For GABA, 
GAD and GABA-T the mean It S.D. of 5-10 determina- 
tions is shown. Control enzyme activities (n = 115) were: 
GAD, 14.2 rt 1.14 j8mdesig/hr and GABA-T, 38.9 4 
3.1 ~oies/~. The seizure threshold is given as the volt- 
age inducing an extension of the hind limbs in 50% of the 
mice (Eva). The vertical bars represent the confidence 
limits for 9S% probability; 20 mice were used for each 
dete~nation. Control values represent mean and confi- 
dence limits of 80 determinations. Significance of differ- 
ences (P < 0.05) to control determinations of the same day 

is marked by fitled symbols, 
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Fig. 2. Effect of continuous treatment with y-acetylenic 
GABA via the drinking water on whole brain GABA 
metabolism and the electroconvulsive threshold in mice. 
The concentrations of y-acetylenic GABA in drinking water 
were 0.0043 (cr-0) and 0.0086% (O- - 4). respec- 

tively. For further details see legend to Fig. 1. 
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Fig. 3. Effects of continuous treatment with EOS via the 
drinking water on whole brain GABA metabolism and the 
electroconvulsive threshold in mice. The concentrations of 
EOS in the drinking water were 0.043 (0-----O) and 0.13% 
(0- - -O), respectively. For further explanation see legend 

to Fig. 1. 

addition, following both drug concentrations a slow 
decrease of GAD activity occurred after 4, 8 and 12 
days of treatment. As regards the seizure threshold, 
a significant elevation was determined after 4 days 
of treatment with the 0.043% solution and the 
threshold was maintained elevated for the rest of the 
medication period. However, with the higher drug 
concentration a significant increase was only 
observed after 8 days and thereafter the threshold 
returned to controls though GABA levels remained 
markedly elevated. After 12 days of treatment with 
the 0.13% solution the body weight of the animals 
was reduced by 25% as compared to controls and 
the mice appeared sedated and in the chimney test 
the ability of 50% of the mice to climb up in the 
glass-tube was impaired. However, these symptoms 
could probably be explained by the reduced fluid 
intake. 

y-Acetylenic GABA was tested in a 0.0043 and 
0.0086% solution (Fig. 2). From the lower drug 
concentration the average daily intake amounted to 
8-10 mg/kg, whereas with the higher concentration, 
on account of a reduction in daily water consumption 
by about 20%, the drug intake decreased from 
20 m~k~day on the first days to 14 m~kg/day. This 
prohibited the use of higher concentrations, e.g. by 
the use of a 0.013% solution (not shown in Fig. 2) 
the water consumption was reduced by 80% and 
subsequently several mice died after 4-8 days of 
treatment. In the doses shown in Fig. 2, y-acetylenic 
GABA caused a progressive inhibition of GABA- 
T, and GABA levels rose si~i~cantly. During the 
first 8 days both effects were more pronounced with 
the 0.0086% solution, however, after 12 days of 
administration both solutions gave rise to similar 
effects on GABA-T and GABA. The activity of 
GAD was dose-dependently reduced parallel to 
GABA-T activity and remained so for the duration 
of treatment. The electroconvulsive threshold was 
significantly elevated after 4 days of treatment, how- 
ever, no difference could be determined between 
both drug solutions and the threshold increase 
declined towards controls on day 12 of drug admin- 
istration. During the 12 days of treatment no obvious 
behavioural differences between controls and the 
y-acetylenic GABA treated animals were observed. 
With the higher drug concentration a loss in body 
weight of about 5% was noted. 

EOS (Fig. 3) was administered in a 0.043 and 
0.086% solution. The daily water intake was not 
changed during treatment and the drug intake 
amounted to 80-100 and 230-300 m~k~day, respec- 
tively. With both drug concentrations a slow dose- 
dependent decline in GABA-T activity occurred, 
subsequently followed by an increase in cerebral 
GABA levels. A small but significant decrease in 
GAD activity was determined at day 1 and day 4 of 
treatment. With both drug solutions, the electro- 
convulsive threshold increased to a similar extent 
after 4 days but thereafter decreased towards control 
in spite of a further increment of GABA concentra- 
tions in the brain. No side effects were observed 
during the EOS administration and the body weight 
was not affected. 

AOAA was tested at concentrations in the drink- 
ing water of 0.0022, 0.0043 and 0.0086%. With the 
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Fig. 4. Effect of continuous treatment with AOAA via the 
drinking water on whole brain GABA metabolism and the 
electroconvulsive threshold in mice. The concentrations of 
AOAA in drinking water were 0.0043 (m) and 
0.0086% (C- - -O), respectively. For further explanation 

see legend to Fig. 1. 
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Fig. 5. Effect of continuous treatment with VPA via the 
drinking water on whole brain GABA metabolism and the 
electroconvulsive threshold in mice. The concentration of 
VPA in the drinking water was 0.26%. The treatment was 
terminated on day 12 after which the mice received drug- 
free water for further 6 days. For further explanation see 

legend to Fig. 1. 

0.0022% solution the daily drug intake was 4- 
5 mg/kg, however, in this dose AOAA exerted no 
effects on GABA-T activity and GABA concentra- 
tions within 12 days of treatment. Thus, only the 
experiments with the two higher drug concentrations 
are shown in Fig. 4. With both drug solutions the 
daily water consumption was not affected and a drug 
intake of 9-11 and 19-23 mg/kg per day, respec- 
tively, was attained. The activity of GABA-T was 
significantly lowered within l-4 days of medication 
and GABA levels raised moderately. A significant 
inhibition of GAD was only observed after 12 days 
of administration of the 0.0086% solution of AOAA. 
In both concentrations AOAA raised the threshold 
to a similar extent on day 4 and this effect was 
maintained over the period of treatment. No effects 
on behaviour and body weight were observed. 

VPA (Fig. 5) was administered in the drinking 
water at a concentration of 0.26% with an average 
daily drug intake of between 500-580 mg/kg. By this 
concentration the daily water consumption of the 
animals was only reduced by an average of 10%. 
Over the period of treatment a slight non-significant 
increase in GABA concentrations was determined. 
The activity of GABA-T was not affected by VPA, 
but GAD activity rose significantly by 20-30%. Par- 
allel to GAD increase an elevation of the electro- 
convulsive threshold took place within 4 days and 
this increase remained stable for the duration of 
treatment. After administration of VPA was ter- 
minated on day 12, some groups of mice were studied 
for carry-over effects. Two days after the cessation 
of medication the threshold was still significantly 
increased whereas after 6 days it had returned to 
control values. During administration of VPA no 
side effects or decreases in body weight were 
observed. 

DISCUSSION 

As recently shown for EOS in rats [7], chronic 
administration of irreversible inhibitors of GABA- 
T via the drinking water was found to be an effective 
method of producing marked elevation of whole 
brain GABA content in mice. With EOS, y-vinyl 
GABA and y-acetylenic GABA due to the cumu- 
lative effects on GABA degradation much lower 
doses were sufficient to increase GABA levels as 
compared to single dose experiments with these 
drugs [9,15,16]. AOAA proved relatively weak by 
the oral route in comparison to parenteral routes of 
administration [5]. The changes in GABA levels 
brought about by the inhibitors of GABA-T were 
accompanied by significant elevations of the electro- 
convulsive threshold. However, this effect could not 
be enhanced by an increase in the daily dosage 
contrary-to the clear dose-response relations in terms 
of threshold elevations reported for acute experi- 
ments with these drugs [9]. Moreover, except in the 
case of AOAA, our experiments pointed to the 
development of tolerance to the anticonvulsant 
action of GABA-T inhibitors. This was most pro- 
nounced with EOS medication during which a sig- 
nificant elevation in seizure threshold was only 
obtained after 4 days and thereafter the threshold 
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returned to control values though brain GABA con- 
centrations still increased. 

To date, there have been only few reports con- 
cerning the anticonvulsant action of in~bitors of 
GABA degradation during continuous administra- 
tion. Schechter etal. [15,16] reported that repetetive 
intraperitoneal doses of y-vinyl GABA and y-ace- 
tylenic GABA showed cumulative effects with 
regard to audiogenic seizure protection in mice but 
they treated the animals only for 2 days. Adminis- 
tration of isoniazid with the drinking water for 
periods of 4 and 7 days led to significant increases 
in cerebral GABA levels but did not change the 
thresholds for electro- and chemoconvulsions in mice 
[9]. In acute experiments, however, similar doses of 
isoniazid exerted clear anticonvulsant effects [ 171. 

With respect to clinically established antiepileptic 
drugs such as phenobarbital and phenytoin the 
development of tolerance is a well-known phenom- 
enon and has been explained by both an acceleration 
of drug metabolism and a central adaptation to the 
permanent presence of the respective drugs [18]. As 
regards the present experiments, the question arises 
why in the course of treatment with GABA-T inhibi- 
tors the anticonvulsant efficacy could decrease 
despite GABA concentrations were maintained 
highly elevated or even further increased. One 
explanation would be that increases in electrocon- 
vulsive thresholds brought about by GABA-T inhibi- 
tors are not related to changes in whole brain GABA 
levels but rather to changes within the small GABA 
compa~ment localized in nerve terminals which is 
associated with GABA-ergic transmission. How- 
ever, following acute administration of EOS, 
AOAA, gabaculine, y-acetylenic GABA, y-vinyl 
GABA and VPA, a fairly good correlation between 
the time course of the induced elevation of electro- 
convulsive threshold and the time course of the 
increase in whole brain GABA concentrations has 
recently been demonstrated [19]. Furthermore, at 
the time of maximum anticonvulsant effect of the 
respective drugs, a close relationship was observed 
between the changes in GABA content of the whole 
brain and brain nerve endings (synaptosomes) [20]. 

A further explanation for decreasing anticonvul- 
sant activity in spite of high GABA concen~ations 
in the brain may lie in the reduction of GAD activity 
observed, i.e. the enzyme which catalyses the for- 
mation of GABA. GAD is thought to exert direct 
control over the GABA pool involved in neurotrans- 
mission and inhibition of this enzyme might actually 
lower the amounts of GABA available for release 
into the synaptic cleft even though overall brain 
GABA content is elevated [21]. Especially in the 
case of EOS and y-vinyl GABA, which, contrary to 
AOAA and y-acetylenic GABA, do not inhibit 
GAD in vitro [22,23], one may attribute the decrease 
in GAD activity during chronic medication to a 
feedback effect of high brain GABA levels, most 
probably repression of GAD synthesis as outlined 
previously 1241. Some degree of reduction of GAD 
activity may therefore be an inevitable consequence 
of chronically elevating brain GABA concentrations 
and this is supported by recent studies [7,24-261. 
Decrease of GAD activity either by a feedback 
mechanism or by the drug itself would also explain 

the narrow anticonvulsant dose-response of 
GABA-T inhibitors during long-term medication as 
found in the present experiments. Evidence for feed- 
back repression of GAD synthesis by high GABA 
levels has also been provided by acute experiments 
with GABA-T inhibitors, in which the decline in 
GAD activity was associated with a decrease of 
anticonvulsant effect [ 191. 

Besides possible feedback effects of highly elev- 
ated GABA levels on GAD there is evidence for 
another ~mpensato~ mechanism in that GABA 
retease can be inhibited via autoreceptors 1271. This 
would also limit the efficacy of drugs which exert 
their pharmacological effects through pronounced 
elevations of GABA concentrations. Furthermore, 
recent neurophysiological studies suggest that fol- 
lowing direct microiontophoretic application of 
GABA to neurons, a loss of efficacy even occurs 
after the first administration and is probably caused 
by desensitization at the receptor level [28]. In this 
respect, the “acute tolerance” reported for the 
antiepileptic effects of benzodiazepines, drugs which 
are also thought to act via GABA-ergic mechanisms 
[29], seems of interest. 

With VPA, in contrast to the inhibitors of 
GABA-T tested, no tendency towards a reduced 
anticonvulsant effectiveness during treatment was 
noted. However, whole brain GABA levels were 
only non-significantly increased by VPA though 
GAD activity was significantly increased. It has been 
shown recently that following single intraperitoneal 
doses VPA increased central GABA concentrations 
predominantiy in nerve terminals [30,31] and this 
effect could be attributed to an increase in GABA 
synthesis relative to degradation [31]. Therefore, the 
increment of whole brain GAD activity observed 
during subchronic treatment may point to an elev- 
ation of synaptosoma1 GABA levels. Since VPA is 
eliminated with a half-life of less than 1 hr in mice 
[32] it was rather unexpected to find that anticon- 
vulsant and biochemical effects were maintained 
during continued treatment with this drug. More- 
over, after cessation of treatment the seizure 
threshoId was still significantly elevated 2 days later. 
Similar carryover effects in terms of the anticonvul- 
sant activity of VPA have been reported for monkeys 
and man [33,34] and may point to the existence of 
active metabolites which accumulate during treat- 
ment. In fact, first pharmacological studies on several 
VPA metabolites have shown that some of these 
compounds exert anticonvulsant activity and raise 
GABA concentrations in the brain and brain nerve 
endings [35,36]. 

Chronic administration of GAB A-T inhibitors and 
VPA was found not to produce any changes in gen- 
eral behaviour of the animals except in the experi- 
ments with y-vinyl GABA and y-acetylenic GABA 
in which the daily fluid consumption was greatly 
reduced. High, acute doses of GABA-T inhibitors 
produce a characteristic syndrome the major symp- 
toms of which are general sedation, ataxia, impaired 
motor coordination, hunched posture and hypoth- 
ermia [9,37]. Furthermore, AOAA and y-acetylenic 
GABA may cause excitation and convulsions during 
acute and chronic administration [9,37,38]. Most 
of these symptoms have been ascribed to the increase 
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of GABA levels to values in excess of those attained 14. J.-R. Boissier, J. Tardy and J.-C. Diverres, Med. Exp. 
by our chronic treatment. (Basel) 3, 81 (1960). 

To summarize, brain GABA levels can be elevated 
substantially by continued oral administration of 
relatively low, untoxic doses of GABA-T inhibitors. 
However, the anticonvulsant efficacy of such treat- 
ment is uncertain and seems to be limited by the 
development of compensatory mechanisms within 
the GABA system. Drugs such as VPA which cause 
only moderate changes in GABA metabolism seem 
superior in this respect and this is supported by a 
recent comparison on the acute anticonvulsant 
effects of GABA-T inhibitors and VPA [9]. 

15. P. J. Schechter, Y. Tranier, M. J. Jung and P. Bohlen, 
Eur. J. Pharmac. 45, 319 (1977). 

16. P. J. Schechter, Y. Tranier. M. J. Jung and A. 
Sjoersma, J. Pharmac. exp. Ther. 201, 606 11977). 

17. J. D. Wood and S. J. Peesker. Can. J. Phvsiol. Phar- 
mat. 51, 959 (1973). 

18. H.-H. Frey and E. Kampmann, Acta Pharmac. 22,159 
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19. W. Loscher, Neurochem. In?. (in press). 
20. W. L&cher, Naunyn-Schmiedebergs Arch. Pharmac. 

317, 131 (1981). 

Acknowledgements-The skilful technical assistance of Mr. 
F. Miiller and Mrs. Jutta Konheiser is gratefully acknowl- 
edged. The study was supported by a grant from Deutsche 
Forschungsgemeinschaft (Research in Epilepsy program). 

21. M. Abe and M. Matsuda, J. Biochem. 82, 195 (1977). 
22. M. J. Jung, in Enzyme-Activated Irreoersible Inhibitors 

(Eds N. Seiler, M. J. Jung and J. Koch-Weser), p. 135. 
Elsevier, Amsterdam (1978). 

23. W. Loscher, J. Neurochem. 34, 1603 (1980). 
24. P. Y. Sze and R. A. Lovell. J. Neurochem. 17, 1657 

(1970). 
REFERENCES 

1. J. H. Wood, T. A. Hare, B. S. Glaeser, J. C. Ballenger 
and R. M. Post, Neurology 29, 1203 (1979). 

2. K. G. Lloyd, C. Munari, L. Bossi, J. Bancaud, J. 
Tailarach and P. L. Morselli, in Neurotransmitters, 
Seizures and Epilepsy (Eds. P. L. Morselli, K. G. 
Lloyd, W. Liischer, B. S. Meldrum and E. H. Rey- 
nolds). Raven Press, New York (in press). 

3. W. Loscher, D. Rating and H. Siemes, Epilepsia (in 

25. M. J. Jung, B. Lippert, B. W. Metcalf, P. Bohlen and 
P. J. Schechter,J. Neurochem. 29, 797 (1977). 

26. T. L. Perry, S. J. Kish and S. Hansen, J. Neurochem. 
32, 1641 (i979). 

27. P. R. Mitchell and I. L. Martin, Nature, Lond. 274, 
904 (1978). 

28. Y. Ben-Ari and K. Krnjevic, in Neurotransmitters, Sei- 
zures and Epilepsy (Eds P. L. Morselli, K. G. Lloyd, 
W. Loscher, B. 8. ‘Meldrum and E. H. Reynolds). 
Raven Press, New York (in press). 

29. E. Costa, Trena!s pharmac. Sci. 1, 41 (1979). 
30. M. J. Iadarola and K. Gale, Eur. J. Phamac. 59, 125 

(1979). 

press). 
4. M. G. Palfreyman, P. J. Schechter, W. R. Buckett, G. 

P. Tell and J. Koch-Weser. Biochem. Pharmac. 30, 
817 (1981). 

5. T. L. Perry and S. Hansen, J. Neurochem. 21, 1167 
(1973). 

6. T. L. Perry and S. Hansen, J. Neurochem. 30, 679 
(1978). 

7. A. Fletcher and L. J. Fowler, Biochem. Pharmac. 29, 
1451 (1980). 

8. H.-H. Frey, Biochem. Pharmac. 25, 1216 (1976). 
9. W. Ldscher, Naunyn-Schmiedebergs Arch. Pharmac. 

315, 119 (1980). 
10. A. W. Kimball, W. T. Burnett and D. G. Doherty, 

Radiat. Res. I, 1 (1957). 
11. C. F. Baxter, in Methods of Neurochemistry (Ed. R. 

Fried), Vol. 3, p. 1. Marcel Dekker, New York (1972). 
12. R. A. Salvador and R. W. Albers, J. biol. Chem. 234, 

922 (1959). 
13. I. P. Lowe, E. Robins and G. S. Eyerman, J. Neuro- 

them. 3, 8 (1958). 

31. W. Loscher, Biochem. Pharmac. 30, 1364 (1981). 
32. W. L&cher and H. Esenwein, Arzneim. Forsch. 28, 

782 (1978). 
33. J. S. Lockard and R. H. Levy, Epilepsia 17,477 (1976). 
34. A. Rowan, C. Binnie, N. de Beer-Pawlikowski, D. 

Goedhart, T. Gutter, J. van Parijs, H. Meinardi and 
J. Meyer, in Aduances in Epileptology (Eds H. Mei- 
nardi and A. Rowan), p. 255. Swets and Zeitlinger, 
Amsterdam (1977). 

35. W. Loscher, Arch. in?. Pharmacodyn. 249, 158 (1981). 
36. W. Loscher, G. Bohme, H. Schafer and W. Kochen. 

Neuropharmacology (in press). 
37. P. J. Schechter and Y. Tranier. in Enzvme-Activated 

Irreversible Inhibitors (Eds N. Seiler, M. J. Jung and 
J. Koch-Weser), p. 149. Elsevier, Amsterdam (1978). 

38. J.-F. Rumienv. M. Maitre. M. Recasens. J.-M. Blin- 
Y ,I 

dermann and P. Mandel, Biochem. Pharmac. 30, 305 
(1981). 


