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LOSCHER, W Development of tolerance to the anttconvulsant effect of GABAmtmetw drugs m genettcally epdepsy- 
prone gerbds PHARMACOL BIOCHEM BEHAV 24(4) 1007-1013. 1986--Three drugs wtuch increase GABA-med~ated 
mlub~tory neurotransmtss~on m the brmn, namely the GABA degradanon mh~b~tors ammooxyacetac acid (AOAA) and 
3,-acetylemc GABA (GAG), and the GABA receptor agomst THIP (gaboxadol), were adm~mstered to epdepsy-prone 
gerbds vm subcutaneously implanted osmonc mtmpumps for 2 weeks The ant~epdepttc drugs valpro~c acid (VPA) and 
dmzepam were also included m the experiments After one day of constant rate apphcataon, all GABArmmet~cs markedly 
suppressed seizure a~tav~ty reduced m the gerbds by mr blast st~mulatmn, but anttconvulsant efficacy of the drugs was lost 
after 8 and 14 days of treatment With VPA, only moderate annconvulsant effects were found because only sub-therapeutic 
drug levels (about 40 ~g/ml plasma) were reached vm mm~pump admmtstratmn The experiments w~th dtazepam could only 
be evaluated m part because of mstabdRy of the drug m aqueous solution Determination of brmn GABA metabohsm m the 
gerbds indicated that reductmn of GABA synthes~s may be responsible, at least m part, for development of tolerance to the 
ant~convulsant effects of AOAA and GAG 

GABAm~menc drugs Valpro~c actd D m z e p a m  Epdepsy-prone gerbds A~r blast sttmulanon 
Osmotmc mtmpumps Ant~convulsant effects Tolerance GABA metabohsm 

DESPITE innumerable studies on the primary mechanisms 
underlying epileptic phenomena, the neurochem~cal and 
electrophys~ological processes that cause and mamtmn 
epilepsy in humans are still unknown. The Mongolian gerbd 
(Mer~ones unguiculatus) offers a unique model for the inves- 
tlganon of the role of neurotransmitters in the genes~s and 
maintenance of epileptic actlvRy because ~t represents a 
mammalian nervous system with a genetic disorder of brain 
excitabd~ty (cf. [20]). Epilepsy-prone gerbds display 
paroxysmal electroencephalograph~c and motor activity in 
response to various external st~muh, including change m en- 
vironment [28], handhng [ 12], and exposure of the ammals to 
a blast of compressed a~r [7]. Studies m epdeptic gerbils on 
various drugs which selectively modify the activity of excita- 
tory and inhibitory neurotransmitters m the brain have 
shown that seizures in gerbds are strikingly sensitive to 
GABAm~met~c drugs, i.e., compounds that selectively in- 
crease GABA-med~ated inhibitory neurotransmlsslon 
[21,27]. Accordingly, two recent neurochemlcal reports ~ndt- 
cate that alterations in GABAerglc neurotransm~sslon may 
be Involved in the seizure-prone state in this species [31,35]. 
In view of the fact that several GABAmimenc drugs are 
currently undergoing clinical trials in a number of neurolog- 
ical disease states, including epdepsy [2, 13, 33, 36], we felt ~t 
important to study the effects of prolonged treatment w~th 

such drugs on seizure behavlour in epdepsy-prone gerbds. 
The following drugs were included in this study: 
amlnooxyacetic acid (AOAA) and ~/-acetylemc GABA 
(GAG), which increase brain GABA concentranons by irre- 
versible inhibition of GABA degradation [16], THIP (4, 5, 6, 
7-tetrahydroisoxazolo [5,4-c] pyridin-3-ol; gaboxadol), a 
selective and potent GABA receptor agonist [13], and val- 
pro~c acid (VPA), a climcally established antiepileptic drug 
which increases central GABA concentrations m different 
speoes, including humans, by a yet unsettled effect on 
GABA metabohsm [22]. Drugs were administered in gerbils 
vm subcutaneously implanted osmotic mimpumps which de- 
livered respective drug solunons continuously at a constant 
rate for two weeks, and effects on seizure behaviour and 
GABA metabohsm were studied. S~mdar experiments car- 
ned out with the antlepdept~c drug dmzepam could only be 
evaluated in part because of drug instability dunng the ad- 
ministration period. 

METHOD 

Ammals 

Randomly bred gerbils of both sexes were provided by 
Bundesgesundheitsamt (Federal Bureau of Health, Berlin) or 
purchased from Hoechst AG (Frankfurt, F.R.G.) The 
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TABLE 1 

EFFECT OF PROLONGED TREATMENT WITH THIP, AOAA, GAG AND VPA ON GABA METABOLISM 
IN EPILEPTIC GERBILS 

Body weight Brain GABA metabohsm 
after 14 days of treatment 

after 14 
Dally dose No of before days of GABA GAD GABA-T 

Drug (mg/kg) gerbils treatment treatment (~tmol/g) ( /~mol/g/h)  (~tmol/g/h) 

None - -  10 7 0 ± 6 3  72_+52 2 2 - + 0 3  20-+56 44-+34 
THIP 30 ± 1 7 8 74 _+ 6 1 77 -+ 4 9 1 9 -+ 0 7 16 -+ 0 8 41 _+ 8 7 
AOAA 87-+ 09 8 69-+ 70 68 -+ 54 43 _+ 1 3:~ 15 _+ 23" 28-+ 10~: 
GAG 79-+ 06 8§ 75-+ 67 77_ 6 1 29_+ 08"t 14 ~ I 7-t 37 -+ 36-~ 
VPA 480-+ 35 8 65-+ 39 67 _+ 23 23 _+ 04 16 -+ 3 3 49-+ 72 

Drugs were administered via osmotic m~nlpumps for 14 days, in control ammals sahne-filled pumps were implanted 
subcutaneously For each animal, the dally dose of drug was calculated by determining the d~fference between the Initial 
loading of the pump and the amount of drug solution remaining in the pump after the 14 day treatment period Data for 
dally dose, body weight and GABA metabohsm g~ven In the table are means _-+ S D of the number ofgerbds indicated 

*p<0 05. +p<0 01, ~p<0 001. §1 ammal died after 13 days of treatment (not ~ncluded ~n data for dady dose. body 
weight and GABA metabolism) 

ammals were housed singly ~n plastic cages at constant tem- 
perature (24-26°C) and controlled humidity (50%) w~th a 
12-hr hght cycle begmmng at 7:00 a.m. and were supplied 
w~th food (Altrom~n 1324 standard d~et; Altromm, Lage, 
F R G ) and water ad hb The gerbds were stimulated once 
weekly in the mornmg by exposure to a blast of  compressed 
a~r (average pressure 5 bars) a~med at the back of  the ammals 
for 15 sec m a separate empty plastic cage. Details of  th~s 
techmque and classification of  seizures stimulated thereby 
have been described elsewhere [8,24] F~fty ammals which 
had shown reproducible grade 5 seizures (generahzed 
tomc-clomc seizures w~th loss of  righting reflexes) ~n re- 
sponse to mr blast for at least 4 consecutive weeks were used 
for the present experiments. Gerbds showing seizures ~n re- 
sponse to change in enwronment or handling (< 10% of the 
ammals of our colony) were not ~ncluded 

Implantation of Osmotic Mmtpumps 

Gerbds were anesthetized by methohex~tal (Brev~mytal, 
35 mg/kg IP) and osmotic mm~pumps capable of con- 
t~nuously delivering drug solutions for 2 weeks (series 2ML2, 
Alza C o ,  Palo Alto, CA) were implanted subcutaneously 
into the back of the antmals In each gerbd, one pump was 
placed mto a pocket which was opened after a small mos~on 
had been made m the pelvic region. The pump was inserted 
with the flow moderator pointing away from the mc~s~on. 
The mmipump consisted of an impermeable flexible drug 
reservoir surrounded by a thin sleeve of osmotic agent which 
was encapsuled by a senupermeable membrane The drug 
reservoir was f'dled with aqueous solutions of  VPA (250 mg 
of the sodmm salt per ml), AOAA (5 mg of the hydrochlor- 
~de per ml, adjusted to pH 6 by ddute NaOH), GAG (5 
mg/ml) and THIP (17.5 mg of the hydrate per ml), respec- 
tively Net weight of the solution loaded into each pump was 
determined by the difference tn weight between the empty 
and f'dled pump. Fill volumes varied between 1.9-2 4 g and 
care was taken that these volumes were always over 90% of 
the reservoir volumes specified by the manufacturer for the 
~ndtv~dual pumps. The concentrations of  drug solutions were 
chosen on the basts of  previous experiments m gerbds on the 

ant~convulsant and pharmacok~net~c charactenst~cs of the 
respective drugs after acute administration [7,27] to g~ve 
dady doses of  about 500 mg/kg VPA, 10 mg/kg AOAA or 
GAG and 35 mg/kg THIP, taking ~nto account the mean 
pumpmg rates given by the manufacturer of the pumps. All 
ammals received bolus ~nject~ons of the different drugs ~m- 
mediately after implantation of  the pumps (100 mg/kg VPA, 2 
mg/kg AOAA, GAG or THIP) in a volume of 5 mi/kg IP 
Eight ammals were used for each drug Experiments were 
also carried out w~th dtazepam (2.5 ml per ml, brought into 
solution by ddute HCI; bolus injection w~th I mg/kg IP), but 
this drug turned out to be not stable m the pumps during the 
admmtstrat~on period (see below) Ten control gerbils were 
implanted w~th sahne-filled m~mpumps and received a bolus 
~njection of 5 ml/kg saline After ~mplantatton of the pumps, 
the incisions were closed by sutures. The pumps were ac- 
tivated by water ~mbibed by the osmotic agent through the 
semipermeable membrane The ~mbtbed water caused swell- 
~ng of  the osmotic agent which forced the drug solution out of 
the reservoir through the flow moderator into the subcutane- 
ous area in a continuous and controlled manner The pump- 
ing rates were determined by the difference between fill vol- 
ume and volume remmning in the pump reservoirs after 14 
days, and these figures were used for calculation of the dady 
doses of drugs per kg of  body weight (see Table I). Pumping 
rates thus determined varied between 4 3 and 5 8 ~1 of drug 
solution per hour, which corresponded very well to the 
pumping rates g~ven by the manufacturer, ~nd~cat~ng that all 
50 mm~pumps had worked w~th suffioent accuracy 

Seizure Testing 

Previous experiments with the gerbils of  our colony have 
shown that, once developed, grade 5 seizures can be evoked 
in most animals very reproducibly for months or even years 
provided 1 week elapses between each sttmulatton. If the 
interval between 2 stimulations ~s less than 4 days, seizure 
severity ~s decreased or even no seizures can be reduced, 
indicating a very long lasting refractory period after each 
seizure (unpublished experiments). Thus, for the present ex- 
periments, intervals between sttmulations of  6-7 days were 
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FIG 1 Effect of chromc treatment w~th THIP, AOAA and GAG on 
seizure seventy m epdepsy-prone gerbds wRh grade 5 (generaltzed 
tomc-clomc) seizures m response to a~r blast sttmulaUon Drugs 
were adm~mstered m groups of 8 gerbds vm osmotic m~mpumps for 
14 days (for detmled dady doses see Table I). A group of 10 gerbds 
w~th saline-filled mtmpumps served as controls. For each group, the 
day on which control experiments were performed prior to ~mplan- 
tat~on of mm~pumps ~s indicated on the absctssa by "0;" the arrows 
indicate the tmme of pump tmplantatmn Data are means±S E ,  
absence of S E indicates that all ammals had ~dent~cal seizure 
scores S~gmficance of dd]'erences between treated groups and the 
control group ts marked by asterisks (*p<0 01, **p<0 001) 

used. Osmotic m]mpumps were tmplanted in seizure-prone 
gerbils 6 days after the last control stimulation by air blast. 
One day after the implantation, i.e., 7 days after the control 
stimulation, gerbils were stimulated m the mormng by com- 
pressed a~r and seizure response was graded according to the 
scale descnbed by Loskota et al. [28]. This procedure was 
repeated 8 and 14 days following implantation of the 
mimpumps. During all stimulatmns, the experimenter was 
not aware of which ammals were treated and which were 
controls. Sigmficance of differences in mean seizure scores 
between control ammals and treated ones was calculated for 
each experimental day by Student 's t-test. 

Drug Determmattons 

In the VPA and dmzepam treated groups, blood was sam- 
pled by orbital puncture for drug analysis in plasma. For this 
purpose, 4 animals of each group were punctured 1 day al~er 
implantation of the minipumps and 4 other animals after 7 
days of drug administration. 0.5 ml blood was withdrawn 
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FIG 2 Effect of chrome treatment wtth VPA on setzure seventy tn 
epdepsy-prone gerbds wtth grade 5 (generaltzed tomc-clomc) set- 
zures m response to a~r blast sUmulation. VPA was admmtstered to 8 
gerbds vm osmottc mtmpumps for 14 days (for detaded dmly dose 
see Table 1). The day on whtch control expenments were performed 
prior to tmplantation of numpumps ts mdtcated on the abscissa by 
"0;" the arrow mdtcates the t~me of pump tmplantatton. Data for 
semzure seventy ((3---~) are means±S E of the 8 ammals, absence 
of S.E. mdtcates that ammals had tdentacal readings. Mean setzure 
scores dunng VPA treatment d~d not stgmticantly differ from those 
determmed m control ammals (See F~g 1) Plasma levels of VPA 
(A--A) are means-+S E of 4-8 ammals 

from each gerbil Foflowing 14 days of treatment, all ammals 
were killed by decapitation and blood was collected from the 
VPA and dtazepam treated groups for drug analys~s. VPA 
was measured in plasma by gas chromatography with flame 
iomsation detection [14], and diazepam and its metabolites 
desmethyldiazepam and oxazepam were analyzed by gas 
chromatography wRh electron capture detection [16]. The 
same analytical methods were also used to determme stabil- 
ity of the aqueous VPA and diazepam solutions loaded into 
the osmotic minipumps by companng drug concentrations in 
the imtial loading and m the residual volume remaining m the 
pump after the 14 days of the experiment. Stabihty of 
AOAA, GAG and THIP in aqueous solutions at body tem- 
perature was examined by drug determination after denva- 
twe formation using a newly developed gas chromatographic 
method. Briefly, small aliquots of the respective aqueous 
drug solutions were placed into 2-ml glass vials and evaporated 
to dryness by a steam of mtrogen. To the drug residue were 
added 25 mg of anhydrous potassmm carbonate and 0.5 ml of 
a 0.4% solution of pentafluorobenzyl bromide (Fluka AG, 
Buchs, F.R.G.). The vials were sealed, heated at 60°C for l 
hr, and the content then evaporated to dryness by nitrogen. 
To the dried residue was added 0 5 ml of distilled water, 
which was shaken for 5 min. Then, 0.5 ml of hexane was 
added and the mixture was shaken for 10 rain. 5/~i-aliquots 
of the hexane layer were directly rejected into a Varian 3700 
gas chromatograph eqmpped with a flame ionisat]on detec- 
tor. The column was a sdanized 6-ft glass tubing with 2-ram 
inner diameter packed wRh 3% SP-2250 on Supelcoport 
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100-120 mesh N~trogen was used as career  gas at a flow rate 
of 40 ml/min The analys~s was camed out at an ~mt~al col- 
umn temperature of ! 10°C for 1 m~n, which was ratsed by 
40°/m~n to 270 ° and mmntmned at th~s temperature for 5 mln 
The temperatures of tnjector and detector were at 300 ° and 
350°C, respectively. Under these conditions, AOAA, GAG 
and THIP appeared as sharp, symmetrical peaks w~th reten- 
tion t~mes of 3 8, 4 8 and 7 5 min, respectively. Known 
amounts of AOAA were used as internal standard for quan- 
tification of GAG and THIP, whereas GAG was used as 
internal standard for determination of AOAA 

Neurochemu al Determlnallons 

After the last mr blast stimulation, ~ e., 14 days following 
~mplantat~on of the pumps, all gerbds were kdled by decapi- 
tation and the brmns were rapidly removed, d~v~ded by a 
sag~ttai section ~n the mldhne ~nto two equal portions and 
weighed. One brmn half was ~mmed~ately homogemzed ~n 
80% ethanol for determination of GABA, whereas the other 
half was homogemzed ~n d~stllled water (contmnmg 0.05% 
Triton X-100, 1 mM 2-mercaptoethanol and 0 I mM 
pyndoxal phosphate) for determination of the GABA synthe- 
sizing enzyme glutam~c acid decarboxylase (GAD, EC 
4 I 1 15) and the GABA degradtng enzyme GABA am~no- 
transferase (GABA-T, EC 2 6 I. 19). GABA was determined 
by the enzymatic " 'GABAase" method and GAD and 
GABA-T by f luonmetnc techmques as prewously described 
for gerbil brmn [27] Arithmetical means and S D are g~ven 
for the neurochem~cal determinations S~gmficance of d~ffer- 
ences between treated groups and controls was calculated by 
Student 's t-test 

Drags 

VPA, used as the sodium salt, was a g~ft from Des~tm- 
Werk Carl Khnke (Hamburg, F R.G.) D~azepam was ob- 
tinned from Hoffmann-La Roche (Grenzach/Whylen, F R G ) 
THIP H~O was k~ndly prowded by H Lundbeck & Co A/S 
(Copenhagen, Denmark) and GAG by Centre de Recherche 
Men-ell International (Strasbourg, France). AOAA hem~hy- 
drochlonde was purchased from S~gma (Mumch, F R G ) 
Drugs were dissolved ~n sahne except d~azepam, which was 
d~ssolved ~n d~stdled water by means of ddute HCI 

RESULTS 

Drug Stabthty 

In order to be sure that alterations m drug efficacy dunng 
constant-rate apphcat~on of aqueous drug solutions vma os- 
motic mlmpumps was not secondary due to mstabihty of 
drug solutions at body temperature, drug concentrations 
were determined m the solutions by gas chromatography. 
The results showed that VPA, AOAA, GAG and THIP were 
stable in aqueous solutions at body temperature for 14 days, 
whereas diazepam concentrations decreased by about 70% 
Because of th~s mstabd~ty, the experiments on d~azepam 
could only be evaluated ~n part (see below). 

General Behavtour of the Gerbtls Dunng Prolonged Drag 
mdmtnlslratton 

Following ~mplantat~on of osmotic m~mpumps, ammals 
recovered rapidly and no marked changes in general be- 
haviour were noted one day after the surgery During the 

14-day treatment periods w~th the d~fferent drugs, all ammals 
except one (see below) behaved normally, showed their 
usual exploratory activity, and no alterations ~n body weight 
were noted (see Table I) Only one gerbd of the group 
treated w~th GAG progressively lost wetght, showed a 
marked decrease m body temperature, proses, atax~a and 
d~ed after 13 days of treatment 

Setzure Behavtour of the Gerbtls During Prolonged Drag 
mdmlnt ~'tratton 

Results are shown ~n F~g 1 and 2 In controls, the mean 
seizure score was not altered stgmficantly by ~mplantat~on of 
the mlmpumps dunng the course of the experiment, although 
a moderate decrease m seizure seventy was noted (F~g I) 
In the gerbds treated w~th THIP, AOAA and GAG, seizure 
seventy was decreased s~gmficantly "after 1 day of constant- 
rate apphcat~on (F~g 1) In fact, 5 ammals were completely 
protected from seizures by AOAA and GAG and 3 ammais 
by THIP, and most of the remmmng gerbds exhibited only 
grade I-2 seizures However, after 8 and 14 days of treat- 
ment, th~s marked ant~convulsant effect of the GABAm~me- 
t~cs had d~saplgeared, thus ~nd~cat~ng development of 
tolerance 

During treatment with VPA IF~g 2), only moderate. 
non-significant decreases in seizure severity were ob- 
ate. however, m contrast to the GABAmlmet~c drugs, the 
moderate ant~convulsant effect of VPA seemed to increase 
w~th t~me, 2 of the 8 ammals becoming seizure-free after 14 
days of treatment. Average plasma concentrations of VPA 
remained very stable dunng the treatment period, ranging 
between 37 and 40 ~g/ml 

After one day of treatment w~th d~azepam, mean seizure 
score was decreased from 5 to 3 1 (2 ammals became 
seizure-free) which, however, was not s~gmficantly d~fferent 
from controls (not dlustrated) Average plasma concentra- 
tions of dtazepam and ~ts metabohtes desmethyld~azepam 
and oxazepam were 41, 5 and 19 ng/ml, respectively Drug 
concentrations ~n plasma and the effect on seizure seventy 
were reduced at the subsequent experimental days, wh,ch 
was certainly due to the ~nstabd~ty of d~azepam solution m 
the m~ntpumps (see above), although tolerance to dtazepam 
may also have been involved ~n the loss of efficacy 

Bram GABA Metabohsm tn Gerbtls During Prolonged Drug 
Admtnl.~ tratum 

Brmn GABA concentrations as well as GAD and 
GABA-T activities m controls and drug-treated gerbds after 
the 14-day treatment period are shown ~n Table I In gerbds 
on treatment w~th AOAA and, less marked, GAG, GABA 
concentrations were ~ncreased s~gmficantly as a result of 
s~gmficant ~nh~bmon of GABA-T However, m both groups 
the act~wty of GAD was also decreased s~gmficantly Fol- 
lowing THIP and VPA, no s~gmficant changes ~n GABA me- 
tabohsm were determined The d~azepam treated group was 
also not d~fferent from controls m th~s respect (not dlus- 
trated) 

DISCUSSION 

The present study demonstrates that tolerance develops 
to the ant~convulsant effect of d~fferent GABAm~met~c drugs 
~n seizure-prone gerbds, thus confirming previous studies 
w~th GABAm~metlcs m m~ce [ 19] In fact, dunng treatment of 
m~ce w~th the GABA-T mh~b~tors GAG, y-v~nyi GABA 



GABAMIMETICS IN GERBILS 101! 

(GVG) and ethanolam~ne-O-sulphate (EOS) v~a the dnnk~ng 
water for 12 days,  there was a sigmficant ~ncrease in the 
threshold for maximal (tonic extension) electroconvulsions 
after 4 days,  but this ant~convulsant effect was reduced or 
lost after 8 and 12 days in spite of further accumulation of 
brmn GABA [19]. Similarly, Sykes et  a l  [38] found no effect 
on electroshock convulsions ~n rats treated with EOS for 7, 
14 and 24 days despite large increases in brain GABA con- 
centrations. In agreement w~th these reports,  the present 
data m gerbils show that the GABA-T inhibitors AOAA and 
GAG had lost their anticonvulsant effect after 8 and 14 days 
of continuous administration despite GABA concentrations 
in the brain were s~gnificantly increased. Whereas different 
studies thus suggest that, at least m rats, mice and gerbils, 
the anticonvulsant action of GABA-T inhibltors is reduced 
or lost during prolonged treatment,  the present experiments 
~nd~cate for the first t~me that tolerance also develops to the 
anttconvulsant effect of  GABA receptor agomsts, such as 
THIP. 

The mechamsms underlying the development of tolerance 
to the anticonvulsant effect of different categories of 
GABAm~metic drugs seem to differ. For  both GABA-T m- 
hlbltors and THIP, there ms no evidence for metabohc 
tolerance, L e ,  enhanced metabohc inactivation of the drugs 
that leads to progressively lower drug levels dunng chrome 
treatment [6, 13, 19]. For  comparison, admmtstration of the 
antiepllept~c drug phenobarbttal via osmotic minipumps m 
gerbds was found to result in marked induction of m~croso- 
real hver enzymes so that tt was not possible to mmntam 
acttve drug levels dunng treatment [8] Studies wRh 
GABA-T mhibitors m mice have shown that the loss in antt- 
convulsant activity of these drugs during continued treat- 
ment is paralleled by s~gmficant reductions m brain GAD 
activity, Le., the enzyme that catalyses the formation of 
GABA [19] GAD ms thought to exert direct control over the 
GABA pool revolved ~n neurotransmlsslon and reduced ac- 
tivity of  th~s enzyme might actually lower the amounts of 
GABA avadable for release into the synapt~c cleft, even 
though overall brain GABA content is elevated I l l  Indeed, 
tn the present experiments with AOAA and GAG m gerbds, 
s~gmficant reductions m GAD achv~ty were found after the 
14-day treatment period. GAG ms known to exert a d~rect 
mhibRory effect on GAD act~vtty after administration m ro- 
dents, including gerbds [I l, 17, 27], whereas AOAA does not 
seem to ~nhlb~t the enzyme d~rectly in v tvo[17,23]  In fact, 
reduction of GAD act~wty dunng prolonged admmtstration 
of GABA-T lnh~bRors whtch do not d~rectly mhibtt GAD in 
VlVO (AOAA, EOS, GVG) ~s thought to reflect a feedback 
repression o f  de  n o v o  synthesis of GAD by the accumulation 
of  brain GABA [6, 19, 37] Alternatively, reduction of GAD 
activity m the presence of elevated GABA levels could also 
relate to the recent finding that GABA ~s capable of inactivat- 
ing GAD by converting mt to the apoenzyme [34] Besides 
possible feedback effects of htghly elevated GABA levels on 
GAD, there ~s considerable evidence for the presence of pre- 
synapt~caily located GABA autoreceptors whtch, when ac- 
tivated, inhibit GABA release from GABAerg~c nerve termi- 
nals [3,30]. Some degree of decrease of GAD activity and/or 
GABA release may thus be an inevitable consequence of 
elevating brain GABA concentrations over a cnaca l  value, 
which clearly limits the anticonvulsant effectiveness of 
GABA-T mhib~tors 

A further explanation for progressive reduction tn antl- 
convulsant activity m spite of h~gh GABA levels m the brain 
would be an alteration in the sensitivity of postsynapt~c 

GABA receptors. Studies on GABA-T mh~bitors in this re- 
spect are controversial. Chrome elevation of brain GABA by 
AOAA or GAG in rats was found to lead to subsensitivtty of 
GABA receptors in the corpus striatum, whereas receptor  
sensitlwty remained unchanged m frontal cortex, h~ppocam- 
pus and cerebellum [4,5]. It ~s not clear why only the stnatal  
GABA receptors were desensitized since GABA levels are 
increased in all regions ob the brain following treatment wRh 
AOAA and GAG [10,26], but alterations in dopammerg~c 
acttvRy m the stnatum may have been involved In contrast  
to the findings w~th AOAA and GAG, prolonged treatment 
wroth EOS increased GABA binding tn rat cortex, due to an 
increase m the number of  GABA binding sRes [38]. One 
possible explanatton for increased GABA binding after EOS 
ms that this compound, m contrast to other GABA-T ln- 
hibttors, exerts weak direct agonist~c action at GABA recep- 
tors [15,32] wluch in case of high receptor  occupancy may 
lead to a compensatory up-regulation of these receptors [38]. 
Chrome elevation of brmn GABA by GVG had no significant 
effect on GABA bindmg in the cerebral cortex of  rats, but 
other brain regions were not examined [9]. 

In contrast to AOAA and GAG,  no alterations m GABA 
metabolism were observed following prolonged administra- 
tion of THIP in gerbils. The most hkely explanation for de- 
velopment of tolerance to the anttconvulsant effect of  th~s 
potent GABA agonist would be a down-regulation of GABA 
receptors. In fact, prolonged admintstration of THIP in m~ce 
at daily doses of  5 mg/kg for 14 days has recently been shown 
to result in a decrease in the binding sttes for GABA m the 
cortex and h~ppocampus [37]. AIternattvely, a reduction of 
GABA release may be revolved m the loss of  ant~convulsant 
efficacy, since THIP had been shown to inhibit GABA re- 
lease from rat cortical synaptosomes,  most probably wa an 
effect on presynapt~c autoreceptors for GABA [3]. Irrespec- 
tive of the mechanisms responsible for the marked tolerance 
observed in gerbds, tt appears from the present data that 
THIP ms not a valuable new drug for treatment of  epilepsy. In 
fact, m a preliminary chnical study m which THIP was ad- 
ministered to 9 epdepttc patients for 6 months, no s~gnlficant 
ant~epdeptlc effect could be determined [33]. 

Whereas the present experiments indtcated that 
constant-rate application of drugs via osmotic mmipumps in 
epilepsy-prone gerbils is a valuable means for determinatmon 
of the long-term efficacy of anticonvulsant drugs, the draw- 
backs of this method also became apparent. W~th valpro~c 
a o d ,  only sub-therapeutic plasma levels were reached and 
maintained (" therapeut ic"  plasma concentration range ~n 
humans is 50--100 ~.g/ml; [22]) although daffy doses of about 
500 mg/kg were admimstered. Simdar findings were reported 
for adm~mstration of VPA wa osmotic mimpumps in rats [25] 
which demonstrates that these devices are less stated for the 
prolonged admtmstratton of drugs, such as VPA, w~th very 
short half-hves (half-hfe of VPA in gerbils is 0 7 hr, [7]). and 
low antmconvulsant potency, because preparation of suffi- 
ciently high concentrated drug solutions to reach effective 
levels mn the ammal is limited by the solubility of the respec- 
tive drug The present lack of significant effects of  VPA on 
semzure seventy and GABA metabohsm in gerbils can be 
explained m th~s way. For comparison, in acute experiments 
VPA was shown to block semzures in gerbds with an ED 50 of 
70 mg/kg IP [27], which gives VPA plasma concentrations of 
about 200 ~.g/ml at the tmme of  testmng (unpublished experi- 
ments) 

Another important hmRat~on of administration of  drugs 
wa mmmpumps was demonstrated by the experiments with 
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d tazepam,  which  p roved  to be  not  s table  in a q u e o u s  solut ion 
at  body  t e m p e r a t u r e  Thus ,  de t e rmina t i on  o f  d rug  stabd~ty 
should  p r ecede  or  a c c o m p a n y  e x p e r i m e n t s  in which  drugs  
are admin i s t e r ed  for  longer  t~me per iods  via osmot ic  
m~mpumps  before  def imte  conc lus ions  abou t  the  long- te rm 
eff icacy o f  drugs  adm i n i s t e r ed  ~n this  way can  be d rawn  

In conc lus ion ,  re fu t ing  a r ecen t  repor t  ~n ge rbds  [29], the  
p r e sen t  e x p e r i m e n t s  show tha t  se i zu re -p rone  gerbi ls  are a 
va luab le  na tura l  model  o f  epdeps y  for  long- te rm invest iga-  
t ion o f  a n t t c o n v u l s a n t  drugs  p rov ided  the  pharmacok~net~cs  
o f  the  d rugs  and  the i r  stabd~ty ts t aken  into cons ide ra t ion  
The  p r e sen t  da ta  on  c o n t m u e d  t r e a t m e n t  of  e p d e p s y - p r o n e  
gerbi ls  w~th GABAm~met~c drugs  conf i rm p rev ious  exper i -  
men t s  m m~ce and  ra ts  ~n tha t  to l e rance  deve lops  to the  
an t~convulsan t  effect  o f  drugs  which  ~nduce large ~ncreases 
~n braan G A B A  levels  by ~rreverstble inhibi t ion of  G A B A - T  
F u r t h e r m o r e ,  the  da ta  p rov ide  ev idence  that  the  an t t convu l -  
sant  effect  o f  the  po ten t  G A B A  agonts t  T H I P  ts a lso lost  
d u n n g  p ro longed  t r e a t m e n t ,  ind ica t ing  tha t  d e v e l o p m e n t  of  
to l e rance  ts not  res t r ic ted  to one  c lass  of  G A BAmtme t~c  
drugs  T o l e r a n c e  to the  an t~convuisan t  effect  of  
GABAm~met~c drugs  ~s mos t  hkely  caused  by the deve lop-  

men t  of  c o m p e n s a t o r y  m e c h a n i s m s  within the G A B A  sys- 
t em.  such  as reduc t ion  o f  G A B A  syn thes i s  and  re lease ,  and 
desens i t i za t ion  of  pos t synap t t c  G A B A  recep to r s  Induc t ion  
o f  such  negat ive  f eedback  effects  may  be less marked  with 
drugs ,  such  as VPA and the  G A B A  recep to r  agon.s t  
p rogab lde ,  wh ich  are  much  weake r  m the i r  GABAmtmet~c  
ac t ion  than  drugs  such  as T H I P .  G A G  or  A O A A  In fact.  
wi th  VPA and p rogab tde  no  to le rancc  to the  an t t convu l san t  
effect  seems  to deve lop  m epi lept ic  pa t i en t s  [2.22] The  pres- 
ent  f indings  may be of  r e l evance  for the poss ib le  the rapeu t i c  
potent ia l  of  d i f ferent  G A B A - T  mhtb t to r s  and  G A B A  
agoms t s ,  especia l ly  m view of  the fact tha t  at p resen t  the 
e f fec t iveness  of  such  drugs  in pa t i en t s  w~th epdepsy  ts a 
ma t t e r  of  c o n t r o v e r s y  [2. 13 .33 .  36] 
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