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RASTOGI, S K AND M. K. TICKU Involvement of a GABAergw mechamsm m the ant,convulsant effect of pentobarbt- 
tal against max,mal electroshock-mduced se,zures m rats PHARMACOL BIOCHEM BEHAV 22(1) 141-146, 1985.--The 
interact,on between pentobarbRal and other modulators of GABAerglc transm,sslon (dmzepam, ethanol and progablde) 
was invest,gated on max,real electroshcok seizures and on the loss of righting reflexes m rats. Pentobarbltal, dmzepam and 
ethanol produced a dose-dependent protection agmnst electroshock seizures, with pentobarbltal bemg more potent (3- and 
50-times) than dmzepam and ethanol Progablde neither prov,ded protection nor caused loss of nghtmg reflex. Subprotect- 
~ve doses of pentobarbRal and dtazepam, together or when combined with a single meffectzve dose of ethanol or progabtde, 
caused protection against seizures and loss of righting reflex for vanable durattons, while ethanol and progablde combma- 
t,on did not prov,de protect,on The protective effect ofdmzepam was antagomzed by RO15-1788, p~crotoxm and blcucul- 
hne pretreatments The antagomsm of pentobarbltal protect,on by a specific GABA receptor antagomst, b~cuculline 
suggests involvement of the GABAerglc system in the antlconvulsant effect of pentobarbttal These results indicate that, 
lake dmzepam, the ant,convulsant effect of pentobarbltal appears to be medmted through a GABAerglc mechantsm 

Max,mal electroshock se,zures AnUconvulsants 
Benzodmzepmes Agomsts/antagomsts 

Modulators GABA receptor complex PentobarbRal 

CHANGES in the functional status of GABAerg~c neurons 
have been implicated in a variety of experimental seizures, 
as well as in the mechanism of action of various antiepdept~c 
agents There is ewdence that the ant~convulsant activity of 
benzodiazepines is primarily mediated by an enhancement of 
ongoing GABAerglc activity [11,30]. Various biochemical, 
electrophyslologlcal and hlstochemical studies support the 
notion that benzodmzepme receptors are assocmted with 
GABAerglc synapses [2, 3, 5, 12, 16]. It is widely recognized 
that barbiturates also faohtate GABAerglc transmission and 
have a pharamcolog~cal profile slmdar to benzodlazepmes 
[10, 14, 15, 19] However, the exact relat~onshlp of this 
facd~tatory effect to the antlconvulsant effect is far from 
clear. Hence, It was thought worthwhde to elucidate the 
mechanism of anticonvulsant effect of pentobarb~tal on the 
controversml (but most w~dely accepted) ammal model of 
epilepsy, the maximal electroshock seizures pattern test 

Recently, Sackesm et al. [17] have hypothesized that con- 
vulsant properties of maximal electroshock seizures are 
hkely to be medmted wa GABAerglc mechamsms. Further, 
the doses of barbiturates used to prevent seizure patterns are 

not s~gnLficantly d~fferent from those effective against 
chemoconvulsants, which are GABA antagomsts, whereas 
benzodiazepines reqmre considerably higher doses to pre- 
vent electroshock seizures than chemically-reduced convul- 
sions [4]. 

In order to establish a direct functional link between the 
antlconvulsant action, benzodtazepme receptors and 
GABAerglc transmission, the present study compared the 
ant~convulsant effect of pentobarbital alone and m combina- 
tion w~th known modulators of GABAerg~c transmission on 
the max,mal electroshock seizure (tomc-clomc) pattern test 
The interaction of pentobarbRal was also studied after pre- 
treatment with antagonists of GABA and benzodiazepine re- 
ceptors. Also, an attempt was made to correlate the t~me- 
course of the antl-convulsant and hypnotic effects m the 
drugs 

METHOD 

Male Sprague-Dawley rats, weighing 100-120 g, were 
used. The animals were kept under conditions of constant 
temperature (25°C), a 12 hour hght-dark cycle (hght on at 

'Requests for repnnts should be addressed to M K Tlcku, Department of Pharmacology, Division of Molecular Pharmacology, The 
Umvers,ty of Texas Health Science Center at San Antomo, 7703 Floyd Curl Drive, San Antomo, TX 78284. 
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TABLE 1 

PROTOCOL FOR DRUG ADMINISTRATION 

Dose-Response 
of Individual Drugs 
(mg/kg or g/kg* IP) 

Drug-Interactions 
(mg/kg or g/kg* IP) 

Agomst-Antagonlst 
Interaction 

(mg/kg) 

Pentobarbltal, 10, 20, 30, 40 

Dlazepam 20, 40, 80, 120 

Pentobarbltal 
5, 10, 20 + Dlazepam (40) 

+ *Ethanol (0 5) 
+ *Progablde (1200) 

Dlazepam 
20, 40, 80 + Pentobarbttal (10) 

+ *Ethanol (0 5) 
+ Progablde (1200) 

Progablde 400, 800, 1200 0 

*Ethanol 0 5, 1, 2, 4, 0 

Pentobarbltal 
40 + Blcuculllne (2 0) 

+[hcrotoxln (5 0) 
+ RO15-1788 (50, 100, 200) 

Dmzepam 
120 + Bicuculhne (2 0) 

+ PIcrotoxm (5 0) 
+ RO15-1788 (50, 100, 200) 

7 00 a m ) and had free access to water and food, except 
during the actual experiments All animals were used only 
once in the experiments 

Maximal Ele~ troshoc k Se:zures 

The antlconvulsant activity was studied according to the 
method of Woodbury and Davenport [31] Tome seizures of 
the hind limbs were induced by passing an alternating elec- 
trical current (150 mV, 50 pulses/sec, 0 2 sec) via ear clip 
electrodes Control animals responded with a tomc seizure 
(characterized by extension of  the hind limbs), followed by 
clonlc seizures Protection was defined as the suppression of 
the hind limb extension beyond 90 ° [7,20] The animals were 
not used for assay purposes until they were exposed to 2 or 3 
control supramaxlmal electroshock at 24 hour intervals to 
establish the reproduclblhty of their shock seizure pattern 
Prior to application of ear chp electrodes, a local anesthetic 
electrode cream was routinely applied to the ear 

Effec t~ on Sleeping Time 

The loss of  nghtmg reflex was taken as a criteria for hyp- 
notic activity. The end-point of the test was the ablhty of the 
animals to right themselves within 30 sec when placed on 
their back on a flat surface 

Drug-lnterat non Studte3 

In order to study the interaction between pentobarbltal 
and various modulators of  GABAerglc transmission, three 
different doses of pentobarbltal (doses that had no or partial 
antlconvulsant effect) were combined with specific GABA 
mimetic agents (single dose which, by itself, did not produce 
protection against electroshock) Simdar comparative drug- 
interaction studies were also done with prototypes of GABA 
mimetic agents, like dlazepam 

For the antagonlst-agonist Interaction study, the 100% 
protective dose of  pentobarbital or dlazepam was combined 
with subconvulslve doses of  GABA receptor antagomsts, 
blcuculhne or plcrotoxln and various doses of RO15-1788, a 
benzodlazepme antagonist The protocol for drug adminis- 
tration ~s described m Table 1 

Animal and human research has shown that electroshock 
results in increased seizure threshold [27], which return to 
basehne within 24 hours following electroshock exposure 
[28] In order to avoid this effect, different groups of animals 
pretreated with the same dose were exposed to electric 
shock at 30, 60, 90 and 120 mln, to assess the duration of 
protection afforded by drug alone or m combination against 
electroshock-induced seizures 

Materials 

Pentobarbltal sodium and plcrotoxln were purchased 
from Sigma Chemical (St Lores, MO) and blcucuihne from 
Pierce Chemicals (St Louis, MO) Benzodiazepmes were a 
gift from Hoffman-LaRoche (Nutley, N J) and Progablde 
from Synthelabo (Pans, France) 

Plcrotoxln, progablde and RO15-1788 were dissolved in 
dimethylsulphoxtde (DMSO) Bicuculhne was dissolved in a 
few drops of  0 1 M HCI, after which the final volume was 
made up with 0.9% NaCI Ethanol was given as a 20% (w/v) 
solution made of  95% ethanol and distilled water Dlazepam 
was dissolved m propylene glycol All drugs were adminis- 
tered intraperitoneally (IP), in a volume of 1 ml/kg body 
weight, w~th the exception of  ethanol, which was given m a 
volume of 20 mg/kg body weight All drugs except progablde 
(60 mln before) were injected 30 minutes prior to elec- 
troshock exposure The animals were observed for recovery 
from drug effects every 30 mm for 120 mln 

Data and Statl~tu al Analysts 

Experiments evaluating the effects of  drugs on the maxi- 
mal electroshock seizures were analyzed by Fisher Exact 
Probability Test (one-tailed) for companng the degree of 
significance from the control Data are expressed as a fre- 
quency of  occurrence 

Sleep time data are expressed as the mean_+S D of the 
number of  ammals in each group Statistical analysis was 
performed using a one-way analysis of variance with a mul- 
tiple range analysis test, the Student Newman-Keuls proce- 
dure A value of  p < 0  05 was considered statistically signifi- 
cant 
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FIG l Effects of varymg doses of pentobarb~tal, dmzepam, ethanol 
and progabide on seizures reduced by electroshock (upper panel) 
and loss of righting reflexes (lower panel) m rats Pentobarb|tal, 
dmzepam and ethanol were admmtstered IP (30 mm), progablde (60 
mm) pnor to electroshock The recovery from the drug effect was 
observed at 60 mm (©), 90 mln (O) and 120 mm (~) Sleep ttme was 
recorded as the duration between loss and recovery of the righting 
reflex The results are shown as the mean_+S D of onset and re- 
covery of the nghtmg reflex of 3-5 ammals, m minutes *p<0 05, 
**p<0 001, as compared to vehicle- (sahne, d~methyl sulfoxlde 
(DMSO) or propylene glycol) treated group, by F~sher exact 
probabthty test (upper panel) *p<0 05, **p<0 01, ***p<0 001, as 
compared to pentobarbttal (20 mg/kg) by Student Newman-Keuls 
procedure (lower panel) 

RESULTS 

Effe, t~ of Pentobarbltal, Dlazepam and Ethanol on Maxtmal 
Ele( trosho~k Setzures 

The effects of  pentobarbltal, dlazepam and ethanol on 
maximal electroshock seizures are shown m Fig. 1. Prelimi- 
nary dose-response studies showed that pentobarbltal (20 
mg/kg), dmzepam (80 mg/kg) and ethanol (1 g/kg), adminis- 
tered IP 30 mm prior to electroshock exposure, were approx- 
imately eqm-effectlve with regard to their anticonvulsant 
properties. When gwen in these doses, ethanol did not cause 
loss of  righting reflex, whereas pentobarbltal and dmzepam 
reduced sleep for a shorter durauon. The recovery of righting 
reflex was earher than the recovery of the ant~convulsant 
effect. In fact, higher doses of ethanol (>2 g/kg), pentobarbi- 
tal and dmzepam (40 and 120 mg/kg, respectwely), admlms- 
tered IP 30 mm pnor to electroshock, caused pronounced 
ant~convulsant effect for 90, 120 and 150 mm duration, re- 
spectwely, with impairment of righting reflex. In contrast to 
previous observauons in mice [29], progablde (400-1200 
mg/kg, 60 mm prior to electroshock) dtd not produce anti- 
convulsant effect nor cause loss of  righting reflex The ve- 
hicles used (saline, dimethyl sulphox~de, propylene glycol) 

Pentvborb~l Diozepom 
* * *  * * *  * * *  * * *  

oo 1,11 ,IJ 80 • Upper 

0 ~ -  Recovery  

RKovecy (rain) o • A o • ~ o At 6Omm 
• At 9Om,I  
A At 120ram 

,~ I o o 7  *'-" *-* . . . .  

EII~nol M,ddle 

0 A 
0 0 A 

Reco~r y (mm) 

IO0- 

.E 80- 
E 

15 
40 

0 
Rlco.,Ir y (min) 

Lower 

Penloborl~tol(mglkg) ~ 5.0 
IO0 

~ I  2t~O 
D1ozepom ( m g l k g )  ~ 200  

t~'J 4 0 0  
r ,~  e o o  

Efaonol ( g l k g )  ~ 0.,5 
ProgabKle ( m g l k g )  r ' n  1200 

FIG 2 Effectsofsubprotectlvedosesofpentobarbttal(leftpanel)or 
dlazepam (nght panel) in combination with a single subeffectwe 
dose of vanous GABA-mlmetic agents on the antlconvulsant effects 
in rats Pentobarbltal (5. 10 and 20 mg/kg) rejected IP stmui- 
taneously with single dose of diazepam (40 mg/kg, left upper 
panel), ethanol (0 5 g/kg, left middle panel) and progablde (1200 
mg/kg, left lower panel) or different doses of dlazepam (20, 40, 80 
mg/kg) injected simultaneously with a single dose of pentobarbltal 
(10 mg/kg, nght upper panel), ethanol (0 5 g/kg, nght middle panel) 
and progablde (1200 mg/kg, nght lower panel) 30 mm (except 
probag~de, 60 ram) pnor to electroshock The results were obtmned 
from 5-7 an|mals *p<0 05, **p<0 00l. ***p<0 01, as compared to 
control values by Rsher exact proabthty test Note that the antlcon- 
vulsant effects of progablde appeared at higher doses of pentobarbl- 
tal and dmzepam Also no satisfactory correlation was observed 
w~th the ant]convulsant (Fig 1) and the hypnotic action (thts figure) 
of these drugs 

d~d not produce any significant ant~convulsant or hypnotic 
effects on their own. 

Interactton of Pentobarbttal or Dlazepam with Smgle 
lneffecttve Doses of Dtazeparn. Pentobarbttal 
and Progabtde 

In contrast to hypnoUc and antlconvulsant effects re- 
duced by higher doses of pentobarbltal (Fig 2), combined 
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treatment of subprotectlve doses (which had no or mlmmal 
anticonvulsant effect), together with subeffectIve doses of 
GABAerg~c modulators (a dose w~th no or mlmmal antlcon- 
vulsant or hypnotic actw~ty) caused protection against elec- 
troshock seizures Figure 2 shows that pentobarbltal (5, l0 
and 20 mg/kg), combined with dmzepam and ethanol (40 
mg/kg and 0 5 g/kg, respectwely), s~multaneously (30 min 
prior to electroshock) provided 20 and 80% protection 
against seizures, respectively. These treatments also 
produced a slgmficant increase m the sleep t~me (Fig 3) 
Conversely, GABA agomst progablde, at h~gher doses (1200 
mg/kg, 60 mln prior to electroshock), produced antlconvul- 
sant effect only when combined with pentobarb~tal (20 
mg/kg, 30 mln before electroshock) The recovery of the 
anticonvulsant effect was later (120 min) than the recovery of 
sleep time. 

Similarly, subprotectlve doses of dmzepam potentiated 
the effect of a single subeffect~ve dose of pentobarbital, 
ethanol and progab~de As seen in F~g. 2, dmzepam (20, 40 
and 80 mg/kg, IP), when combined with pentobarbltal (10 
mg/kg), progabide (1200 mg/kg) and ethanol (0 5/g/kg), pro- 
vlded significant protection against electroshock seizures 
Figure 3 shows that the recovery of sleep time with these 
drugs d~d not correlate with the recovery of antlconvulsant 
effects. Control animals were always run with each experi- 
ment for comparison 

Effe(ts ofR015-1788, Ptcrotoxm and Btcuculhne on 
Antt(onvulsant Effects of  Pentobarbttal and Dmzepam 

Administration of the benzodIazepine receptor 
antagomst, RO15-1788 (50, 100, 200 mg/kg, IP 60 mm prior to 
electroshock), when combined with pentobarbltal (40 mg/kg, 
30 mln prior to electroshock), produced 10, 40 and 100% 
antagomsm of pentobarb~tal ant~convulsant effects, and the 
sleep time was also increased (Fig 4) 

Administration of the specific GABA receptor antagomst 
blcuculhne (2 0 mg/kg, 60 rain pnor  to electroshock) caused 
complete antagomsm of the anticonvulsant effect of pen- 
tobarb~tal (40 mg/kg) Plcrotoxm (5.0 mg/kg, 60 mm prior to 
electroshock) d~d not protect against the antlconvulsant ef- 
fect of pentobarbital. H~gher doses of p~crotoxln were not 
used, since they produce convulsant actwity Moreover, 
bicuculhne and plcrotoxm, at the doses listed above, d~d not 
affect pentobarb~tal's sleep time 

Bicuculline, plcrotoxm and RO 15-1788 caused significant 
antagonism of anuconvulsant  and sleep time induced by 
d~azepam (120 mg/kg) 

DISCUSSION 

The present study was an attempt to establish a dEect 
functional link between the GABAerglc system and the anu- 
convulsant effect of pentobarbital in a maximal electric 
shock-reduced ammal model of epilepsy The GABA recep- 
tor complex with which various drugs interact is an 
ollgomeric complex with multiple sites It is widely accepted 
that GABA agonlsts and blcuclihne bind to GABA recep- 
tors, benzodlazeplne agonIsts/antagonists bind to the 
benzodlazeplne receptors, whereas picrotoxm and re- 
lated cage convulsants bind to the plcrotoxin site of this 
complex [16,24]. Recent eqmhbrlum and dlssocmUon studies 
with [~S]t-butylblcyclophosphorothlonate (TBPT) from our 
laboratory have shown that depressant barbiturates bind to a 
distinct allostenc (depressant) site, which is coupled to 
GABA and plcrotoxln sites of the benzodmzepine GABA 
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FIG 3 Effectsofsubprotectlvedosesofpentobarbltal(leftpanel)or 
dlazepam (right panel) in combination with single Ineffective dose of 
various GABA-mlmetlcs on the loss of righting reflex in rats Pen- 
tobarbltal (5, l0 and 20 mg/kg) was administered simultaneously 
with single dose of dlazepam (40 mg/kg, left upper panel), ethanol 
(0 5 g/kg, left middle panel) and progablde (1200 mg/kg, left lower 
panel) or different doses of dlazepam (20, 40 and 80 mg/kg) rejected 
with a single dose of pentobarbltal (10 mg/kg, nght upper panel), 
ethanol (0 5 g/kg, right middle panel), progablde (1200 mg/kg, right 
lower panel) admlmstered 30 mln pnor to pentobarbltal or dmzepam 
treatment Sleep time was recorded as the duration between loss and 
recovery of nghtmg reflex The onset and recovery of the righting 
reflexes are shown as mean_+S D of 5-7 animals in minutes 
*p<0 05, **p<0 01, **p<0 001, as compared to control values of 
pentobarbltal (20 mg/kg, left panel) and dlazepam (40 mg/kg, nght 
panel) by a one-way analysis of variance using the Student 
Newman-Keuls procedure Note that the pentobarbltal produced a 
higher degree of potentmtlon m combination with GABA mod- 
ulators, as compared to dlazepam 



GABAERGIC MECHANISMS IN SEIZURES 145 

I00- 

"2 80- 

2 0  

o. 0 

Upper 

i 
8 

0 

50- 
1- 

60- 

.~ 90- 
el- 

_.~ 120- 

150 ~ 

180 

(m~/kg) 

5 0  
2O 
50 
I00  
200 

Lower 

I i  Pmroloxin + PilmoborbltOl i m  
E::] Bicucullme + (40mo/IR) 
I ~  RO 15-1"/'88 + or 

+ Otozeparn m'~ 
+ (12om~/ko) 

FIG 4. Effects of GABA (ptcrotoxm and blcuculhne) and ben- 
zodmzepme (RO15-1788) antagomsts on the antlconvulsant (upper 
panel) or dmzepam (right panel) m rats lhcrotoxm (5 mg/kg), 
blcuculhne (2 mg/kg) and RO15-1788 (50, 100 and 200 mg/kg) were 
administered IP 60 mln, whereas pentobarbltal (40 mg/kg) or 
dmzepam (120 mg/kg) 30 mm prior to exposure of electroshock. The 
duratmn of onset and recovery of the nghtlng reflexes are shown as 
mean+S D. of 5--7 animals m minutes Fisher exact proablhty test 
shows that the anUconvulsant effect of G A B A  and benzodtazepme 
antagomsts m combmatmn with pentobarbltal (40 mg/kg, left upper 
panel) or dmzepam (120 mg/kg, right upper panel) differ from control 
rats (1 e ,  pentobarbRal or dmzepam) *p<0 05, **p<0 001 Sleep- 
ume data reveal that the rats treated with G A B A  or benzodmzeplne 
antagomsts, m combmatmn with pentobarbltal (40 mg/kg, lower left 
panel) or dmzepam (120 mg/kg, lower right panel) differ from control 
(1 e ,  pentobarbttal or dmzepam) at *p <0.05, **/7<0 01, as compared 
by Student Newman-Keuls procedure 

receptorqonophore complex [25,26]. In  v i t ro  studies have 
also demonstrated that pentobarbRal, while inlubitmg the 
binding of  [~S]TBPT [24,26], enhance the binding of 
[~H]GABA and [~H]-benzodiazepine agomsts to brain mem- 
branes [8, 11, 18, 21, 22] 

Despite differences m dosages of  diazepam and ethanol 
(more than 3 and 50 times, respectwely) in comparison to 
pentobarbital,  a significantly high correlation was found with 
regard to their antlconvulsant activity These results are 

consistent with the hypothesis that barbiturates and ben- 
zodiazepines may mediate their effects through facilitation of  
GABAergic transmission. A considerable body of  evidence 
indicates that the mechanism of  action of  the ben- 
zodiazepmes is closely associated with GABAergic function 
[2-5, 16]. The potentiation of  GABA-medtated transmission 
by benzodmzepmes at both electrophysiological [4,19] and 
behavioral levels [2,5] suggest that the benzodiazepines may 
potentaate the synaptlc actions of  GABA. Neurophys-  
~ological evidence also supports the concept that barbstu- 
rates mediate their effects via GABAergic  mechanisms [10, 
14, 15] Recent receptor binding studies have shown that 
pentobarbital  not only increases GABA and benzodiazepme 
receptor binding [8, 16, 18, 21, 22, 24, 29], hut also poten- 
tiates the ability of  GABA to enhance benzodlazepine blnd- 
mg [18]. Likewise,  ethanol has been shown to facilitate 
GABAerglc transmission [ 1,13] and to interact with GABA- 
benzodlazepme receptor  complex [23]. 

Further,  evidence that pentobarbRal acts by enhancing 
central GABA-ergm transmission comes from the drug- 
interaction studies In this report, we show that the com- 
bined treatment of acute low doses of  pentobarbitai (a dose 
without an anticonvulsant effect), with sub-effective doses of 
various modulators of  GABAergic transmission (diazepam, 
ethanol and a GABA receptor agonist progabide, which had 
insignificant effect by themselves) resulted m a prolonged 
protection against electroshock-reduced seizures. These re- 
sults are also in line with the notion that these depressant and 
anticonvulsant drugs mediate their effects by facilitating 
GABA-ergic transmission in the CNS [1--4, 8, 10, 13-19, 21- 
24]. The most likely result of  a generalized enhancement of 
GABAergic transmission would be an inhibition of  neuronal 
firing throughout the neuroaxis, thus reducing the 
probabihty of  seizures Progabide is a pro-GABA drug and 
has been reported to possess anticonvulsant activity [32] 
The reason for the lack of  anticonvulsant effect of progablde 
in our study is not clear. Differences in species, duration and 
mtensRy of  current could be some of  the posmble factors 
mvolved in the lack of progablde 's  action [9,32]. 

The agonist/antagonist results also support the notion that 
pentobarbRal 's  antlconvulsant effect could be due to an m- 
teracuon w~th GABAerg~c system through a b~cuculllne- 
sensitive mechamsm The ability of bicuculline to block the 
effect of  pentobarbRal is consistent wRh the role of 
GABAergic system in the ant~convulsant action of pen- 
tobarbltal. The lack of antagonism of pentobarbital 's  anti- 
convulsant effect by plcrotoxln could be due to the use of  
sub-convulsive doses of  plcrotoxm in the present study. One 
may argue that it is not a fair comparison of  picrotoxm and 
bscuculhne doses for the antagomsm of anticonvulsant ef- 
fect, but the hmRation with these agents in behaworal  exper- 
iments is that one cannot push the dose up very much, smce 
the animals develop convulsions and subsequent death 

The antlconvulsant effect of  dmzepam ts apparently 
mediated by the benzodlazepme receptors,  since it was an- 
tagonized by RO 15-1788. The antlconvulsant actwity of pen- 
tobarbital was also antagonized by RO15-1788, albeit at high 
doses,  suggesting that actlvatmn of  the benzodiazepme re- 
ceptors may be necessary for the anttconvulsant effect of 
pentobarbltal.  These results are m argeement with tn v i t ro  
binding studies that show pentobarbltal does indeed m- 
crease the binding of  GABA and benzodiazepine agonists to 
their receptor  sites [8, 18, 21, 22]. 

The hypnotic effect of  pentobarbital  and other facilitators 
of  GABAerglc transmission have been well reported. It ts 
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mte re s tmg  to note  that  the t ime o f  peak  effect  for  pen tobarb l -  
tal, m lower  doses ,  was  di f ferent  for  hypnot ic  than  for  sei- 
zure  p ro tec t ion  H o w e v e r ,  at h igher  dose ,  no charac ter l s t tc  
d ts t lnct ion could be made  The durat ion o f  s leep t ime of  drug 
alone or  in combina t ion  was  less than when  seizure protec-  
t ton was  maximal  (Figs. 2 and 3) G A B A  antagonis ts  (plc- 
ro toxin  and btcuculhne)  did not  affect  pentobarb l ta l  s leep 
t ime,  howeve r ,  they  caused  a stgnificant an tagonism of  
d l azepam effects .  Converse ly ,  RO15-1788 causes  comple te  
an t agomsm o f  d lazepam s leep t tme,  while pen tobarb l t a l ' s  
s leep t tme was  po ten t ia ted  The  ability o f  RO15-1788 to m -  

c r e a s e  pen tobarb t t a l ' s  s leep t ime suggests  that  it may  have  a 
benzod iazepme- l ike  act ion at high doses  The prec ise  mech-  

anlsm of  hypnot ic  c o m p o n e n t s  o f  pentobarbl ta l  is not  yet  
fully unde r s tood  

In conc lus ton ,  our  data are in agreement  with the general  
hypo thes i s  that  e n h a n c e m e n t  o f  GABAerg lc  t ransmiss ion  
may be critical for  the an t tconvulsan t  act ton of  pentobarbl -  
tal Fu r the rmore ,  the results  also suggest  that  hypnot tc  ac- 
t ion p robab ly  does  not  play a role m the an t tconvulsan t  ac- 
t ion of  pentobarbl ta l  
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