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RASTOGI, S. K. AND M. K. TICKU. A possible role of a GABAergic mechanism in the convulsant action ofR05-4864. 
PHARMACOL BIOCHEM BEHAV 23(2) 285-288, 1985.--The purpose of the present investigation was to determine the 
possible role of GABAergic mechanism in the convulsant action of RO5-4864. Benzodiazepines (BZ) and other agents 
which facilitate central GABAergic transmission delayed the onset of facial and forelimb clonus, whereas tonic hind limb 
extension was blocked in a dose-dependent manner. RO5-4864-induced convulsions were blocked by diazepam, 
clonazepam, pentobarbital, ethanol and amino-oxyacetic acid (AOAA). RO5-4864-induced convulsions were not blocked 
by the BZ antagonist RO15-1788. Specifically, RO15-1788 caused a decrease in the onset of severity component of tonic 
seizures, which tended to become generalized and precipitated in a tonic extension of the hindlimbs. Further, subconvul- 
sive doses of a direct GABA receptor antagonist, bicuculline, enhanced the proconvulsant action of RO5-4864, indicating 
thereby a potential antagonism of the central GABAergic transmission. These observations strongly suggest that RO5-4864 
probably elicits convulsions by selective impairment of the GABAergic transmission. 
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A number of experimental studies have shown that ben- 
zodiazepines (BZ) and drugs which modulate GABAergic 
transmission are effective in antagonizing a variety of 
chemo-convulsants by interacting with one of the sites of the 
GABA-BZ ionophore complex [3,15]. RO5-4864, a 1,4 ben- 
zodiazepine, has been reported to possess several phar- 
macological effects, including sedative, anxiogenic, convui- 
sant and anticonvuisant (for review, see [11]). Despite con- 
troversy regarding the mechanisms by which RO5-4864 
produce these effects, it is known that BZs protect against 
RO5-4864 convulsions [6,18]. There is also evidence indicat- 
ing that RO5-4864 has a behavioral profile similar to BZ and 
GABA antagonists [4,5]. Recent electrophysiological studies 
provided convincing data for a central site of action for 
RO5-4864 [9,17]. Furthermore, radioligand binding data from 
our laboratory have demonstrated that RO5-4864 competi- 
tively inhibits the binding of [3~S]t-butylbicyclophosphoro- 
thionate (TBPT) [16], a ligand which binds to a convulsant 
site present in the GABA receptor complex. 

The present investigation was carried out to determine 
the mechanism of convulsant action of RO5-4864 by using 
drugs which modify GABA functions. An attempt was also 
made to assess the proconvulsant component in RO5-4864, 
by combining it with the chemo-convulsants which bring 
about seizures by inhibiting GABAergic transmission. 

METHOD 

Male Sprague-Dawley rats weighing 100-150 g, were used 
in the present study. They were maintained under identical 

conditions with free access to food and water. Individual 
rats, at least five in each group, were tested in a completely 
randomized schedule. 

RO5-4864-1nduced Seizures 

The onset of initial clonic component of seizures 
produced by RO5-4864 were characterized by bursts of 
motor activity, facial twitching, piloerection, rearing and 
clonic forelimb convulsions. The appearance of myoclonic 
jerks or tonic hind limb extensions were recorded as the 
severity component of the seizures. Each animal was ob- 
served individually for the onset of clonic component, onset 
of severity component and total seizure latency (i.e., the 
duration between the first appearance of clonic or tonic 
component to a point when the animal died or recovered 
from convulsions in a 60 min test session). Protection against 
tonic seizures and extension of the hind limb was considered 
as a protective response of the drugs. The control group of 
animals were always tested at the beginning and at the end of 
each test session. 

Initial dose-response studies demonstrated that RO5-4864 
(10 mg/kg) produced forelimb convulsions for a shorter du- 
ration with no mortality, while higher doses (40 mg/kg) 
caused both tonic and clonic convulsions and mortality in 
80% of rats. 

For drug-interaction studies, drugs were injected intra- 
peritoneally (IP) 30 min prior to the challenge dose of RO5- 
4864 (40 mg/kg). The animals were assumed protected if no 
convulsion had developed within 60 min after challenge of 
RO5-4864. 

~Requests for reprints should be addressed to M. K. Ticku, Ph.D., Department of Pharmacology, Division of Molecular Pharmacology, The 
University of Texas Health Science Center at San Antonio, 7703 Floyd Curl Drive, San Antonio, TX 78284. 
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FIG. 1. Dose-response relationship of RO5-4864 alone or in combi- 
nation with a single subconvulsive dose of bicuculline. Ordinate: 
Seizure time-course. Abscissa: Dose mg/kg. Each point is the 
mean_+S.D, of five animals in each group. The onset (clonic seizure 
component O), severity (tonic seizure component, O) and total sei- 
zure latency A) were recorded in a 60 min test session at each dose 
level of RO5-4864. Interaction with bicuculline is represented by 
x=bicuculline alone (2 mg/kg); 12=onset; I=sever i ty ;  and •= to ta l  
seizure latency following simultaneous administration of RO5-4864 
(10 mg/kg) and bicuculline (2 mg/kg). Values in parentheses repre- 
sent the percentage mortality. (Note: Subconvulsive dose of 
bicuculline produced only facial twitching. However, in combina- 
tion with RO5-4864 (a dose which produced only clonic seizures), it 
caused facilitation of each other's effects and resulted in both clonic 
and tonic seizures. The mortality of this dose-combination is equiv- 
alent to a dose of 40 mg/kg of RO5-4864.) 

T A B L E  1 

THE PROTECTIVE EFFECTS OF DRUGS ON 
RO5-4864-1NDUCED CONVULSIONS 

Convulsions (min _+ S.D.) 

Treatment Onset Severity Total Seizure 
(IP) (Clonic) (Tonic) Duration 

RO5-4864 + Vehicle 
40(mg/kg) 3.0 + 0.7 6.5 + 1.3 16.5 _+ 4.2 (80) 

Diazepam (mg/kg) 
0.5 6.8 +_ 0.8§ * 35.0 _+ 4.2 (10)§ 
2.0 9.8 _+ 2.0§ * 30.0 + 3.6 (0)§ 
4.0 5.2 _+ 0.4+ * 26.0 + 4.2 (0)t 
8.0 * * * 

Clonazepam (mg/kg) 
0.5 4.8 _+ 0.4 * 13.0 _+ 2.3 (0) 
2.0 4.8 _+ 0.4 * 17.0 _+ 2.7 (0) 
4.0 5.6 _+ 0.55 * 9.2 +_ 0.8 (0) 
8.0 * * * 

Pentobarbital (mg/kg) 
5.0 3.2 +_ 0.4 6.8 +_ 0.8 47.0 _+ 5.7 (0)§ 

10.0 4.4 + 1.1 * 39.0 _+ 2.2 (0)§ 
20.0 4.6 + 1.1 * 45.0 _+ 3.6 (0)§ 
40.0 * * * 

AOAA (mg/kg) 
10.0 2.6 _+ 0.5 4.0 _+ 0.75 12.0 +_ 3.4 (100) 
25.0 6.4 _+ 3.0 * 24.0 +_ 9.0 (40) 
50.0 * * * 

Ethanol (g/kg) 
1.0 3.6 _+ 0.5 6.0 _+ 1.0 41.0 _+ 9.6 (100)§ 
2.0 4.6 ÷ 0.5 13.4 _+ 1.3:[: 54.0 _+ 4.2 (10)§ 
4.0 9.2 _+ 1.7§ * 19.0 _+ 3.9 (0) 

RO 15-1788 (mg/kg) 
20.0 2.2 _+ 0.4 4.4 _+ 0.55 30.0 +_ 7.6 (100)§ 
40.0 2.4 _+ 0.5 3.8 _+ 0.45 19.0 _+ 1.5 (100) 
80.0 2.2 _+ 0.4 3.6 _+ 0.5~ 13.0 _+ 1.9 (100) 

RO5-4864 was injected 30 min (60 min AOAA) after drug treat- 
ment. Data are shown as means -+ S.D. of 5 animals (in min). Values 
in ( ) represent % mortality; *indicates no convulsions; tp<0.05; 
~tp<0.01; §p<0.001, compared to RO5-4864 (40 mg/kg) by the Stu- 
dent Newman-Keul's Procedure. 

Fo r  p roconvu l san t  s tudy,  a subconvuls ive  dose  of  
bicucul l ine,  p ic ro toxin  or s t rychnine  (dose wi th  no convul-  
sive effects)  was  combined  s imul taneous ly  wi th  RO5-4864 
(10 mg/kg). The rats were  obse rved  for  the occu r rence  of  
clonic and tonic  convuls ions .  

Drug Administration 

Drugs were  ob ta ined  f rom the following sources :  RO5- 
4864, RO15-1788, d iazepam,  c lonazepam f rom Hof fman  
L a R o c h e ,  Inc.  (Nut ley,  N J), sodium pentobarbi ta l ,  
aminoxyace t i c  acid (AOAA),  bicucull ine,  p icro toxin  and 
s t rychnine  f rom Sigma (St. Louis ,  MO). 

RO5-4864, RO15-1788 and p icro toxin  were  d isso lved  in 
d imethylsu l foxide  (DMSO),  whereas  d iazepam and 

c lonazepam were  d isso lved  in p ropy lene  glycol.  Ethanol  was 
given as 50% w/v solution made  of  95% ethanol  and distilled 
water .  Bicuculline was d isso lved  in 0.1 N HCI and adjus ted  
to pH 5 with 0.1 N a O H .  Drugs were  injected IP 30 min 
(excep t  A O A A ,  60 rain) prior  to RO5-4864 challenge.  Con- 
trol animals  t rea ted  e i ther  with saline or  vehicle (DMSO or 
p ropy lene  glycol) were  a lways run for a compar i son  with 
drug under  test .  

Data Analysis 

Data  were  calculated for each drug dose  or drug combi-  
nat ion by one -way  analysis  o f  variance.  The degree  of  signif- 
icance f rom control  was  de te rmined  by the S tudent  
N e w m a n - K e u l ' s  p rocedure .  
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RESULTS 

RO5-4864-lnduced Seizures 

RO5-4864 produced seizures in a dose-dependent manner 
in rats. Lower doses (10-20 mg/kg) caused facial twitching, 
generalized bursts of  hyperactivity with face and forelimbs in 
clonus with no mortality. At higher doses (40 mg/kg), RO5- 
4864, in addition, produced myoclonic jerks and tonic sei- 
zures and extension of hind limbs. Figure 1 shows that this 
dose also resulted in 80% mortality in rats. Doses higher than 
80 mg/kg caused early onset of forelimb convulsions, fol- 
lowed by violent clonic and tonic convulsions of hind limbs 
and decreased the total seizure latency (i.e., the duration 
between the first onset of clonic convulsions to a point of 
recovery from convulsions or death of  the animal), and mor- 
tality of all the animals. 

Lffect o f  Drugs on RO5-4864-1nduced Seizures 

Table 1 summarizes the effects of  various drugs on the 
different components of RO5-4864-induced seizures in rats. 
In drug-interaction studies, 40 mg/kg of RO5-4864 (IP) was 
used as a challenge dose. Table 1 shows that all animals 
challenged with this dose of  the drug had convulsions, irre- 
spective of  the vehicle pretreatment. Diazepam (0.5-4 
mg/kg) delayed the onset of hyperactivity, facial twitching, 
piloerection and forelimbs seizures, while clonazepam was 
less effective in blocking the clonic component. Both 
diazepam and clonazepam, in equi-effective doses, blocked 
the myoclonic jerks and tonic seizures of hind limbs of 
RO5-4864. Seizure latency was significantly increased with 
diazepam, while clonazepam did not alter the seizure la- 
tency. Pentobarbital (10-40 mg/kg), like diazepam, blocked 
tonic component and enhanced the seizure latency. Adminis- 
tration of  RO15-1788, 30 min prior to RO5-4864 challenge, 
was ineffective in antagonizing RO5-4864-induced convul- 
sions; however, the onset of tonic seizures was significantly 
reduced. All the animals died with this treatment without 
affecting the duration of the seizures. These results indicate 
that RO15-1788 may possess proconvulsant action. 

In the presence of AOAA (25 mg/kg), a GABAminergic 
agent, 60 rain prior to RO5-4864, the onset of  forelimb con- 
vulsions was delayed and the severity of tonic component in 
two of five animals tested was blocked. Table 1 also shows 
that at higher dose, AOAA (50 mg/kg) caused protection 
against either component of the seizure and mortality was 
significantly reduced. Similar modification in the convulsive 
pattern following ethanol was also observed (Table 1). At 2 
g/kg, ethanol delayed the onset of  tonic hindlimbs convul- 
sions and reduced the mortality. However, at higher doses (4 
g/kg), prominent facial and forelimb clonus was not reduced, 
while hindlimbs clonus and myoclonic jerks were blocked. 

Effect o f  Subconvulsive Dose o f  GABA Antagonists on 
RO5-4864-1ndueed Convulsions 

Administration of  RO5-4864 (10 mg/kg) in combination 
with bicuculline (a dose which produced mild forelimbs 
twitching; 2 mg/kg) did not change the onset of  clonic con- 
vulsions, but caused violent clonic and tonic extension of 
hind limbs. This drug combination produced a mortality of 
8(1%. As shown in Fig. 1, the response of  RO5-4864, at this 
dose (10 mg/kg) and in combination with bicuculline (2 
mg/kg), was equivalent to that produced by 40 mg/kg of  
RO5-4864. Similarly, the same dose of RO5-4864, when 
combined with subconvulsive doses of  picrotoxin (4 mg/kg) 

produced a proconvulsant action (data not shown). In con- 
trast, no potentiation of  proconvulsant actions of RO5-4864 
was observed in combination with subconvulsive doses of 
strychnine (1 mg/kg) in rats. 

DISCUSSION 

Several studies have attempted to determine the potential 
mechanism(s) by which RO5-4864 produces its pharmacolog- 
ical effects. However, no concensus appears to have 
emerged. Specific binding sites for [3H]RO5-4864 in periph- 
eral tissues and CNS have been demonstrated [10,14]. 
Moreover, the pharmacological specificity of these sites is 
different from the central BZ sites, which are coupled to the 
GABA receptor complex [10,14]. While previous studies 
ruled out the involvement of GABAergic transmission in the 
actions of RO5-4864, some recent studies have suggested 
such a possibility. Thus, RO5-4864 decreases presynaptic 
inhibition and dorsal root reflexes in cat spinal neurons, an 
effect opposite to that of  BZs [17]. MacNeil et al. [9] re- 
ported that RO5-4864 inhibited the enhancement of 
[:3H]diazepam binding by GABA. Further, opposite effects of 
RO5-4864 and BZs were observed in the substantia nigra 
zona reticulata in rats [18]. The proconvulsant effect of 
RO5-4864 has also been reported [6] and its convulsant ef- 
fects are blocked by diazepam, pentobarbital and muscimol 
[4-6, 17, 18]. Thus, many drugs that facilitate GABAergic 
transmission block the convulsant effects of RO5-4864. How- 
ever, contradictory results have been reported with pheny- 
toin and RO15-1788 [18]. The ability ofPK11195, a ligand for 
the peripheral BZ site [8], to block RO5-4864-induced con- 
vulsions, does suggest the involvement of this site. How- 
ever, it may be pointed out that the complete pharmacologi- 
cal profile of PK11195, including its effects on GABAergic 
transmission, have yet to be elucidated. 

Our study demonstrates that RO5-4864 produces a 
proconvulsant effect with specific GABA antagonists, 
bicuculline (Fig. 1) and picrotoxin (data not shown). In con- 
trast, proconvulsant effect was not observed in combination 
with glycine antagonist strychnine. BZs like clonazepam and 
diazepam were effective blockers of  RO5-4864 convulsions. 
It is not clear why clonazepam, in contrast to diazepam, was 
a relatively poor antagonist of the initial clonic component of 
RO5-4864 convulsions. This indicates that some other mech- 
anisms might also be responsible for the complete convul- 
sant profile of RO5-4864. Since clonazepam does not bind to 
the peripheral BZ binding sites, these results suggest the role 
of central mechanisms in some, if not all, the components 
involved in the convulsant action of RO5-4864. This is 
further substantiated by the findings that several other 
facilitators of GABAergic transmission, including pentobar- 
bital and ethanol, provided protection against RO5-4864- 
induced convulsions. General activation of GABA receptors 
by AOAA, a GABA-T inhibitor (this study), or the adminis- 
tration of  a GABA agonist [18], muscimol, protects the 
animals from RO5-4864-induced seizures. These data indi- 
cate that selective stimulation of the GABA receptors of the 
GABA-BZ receptor complex does play a role in the preven- 
tion of RO5-4864 convulsions. TBPT (picrotoxin) sites are 
also potential sites of action for GABA antagonists and con- 
vulsants like picrotoxin, bicyclophosphate esters and tet- 
razoles [13, 15, 16]. The ability of RO5-4864 to inhibit 
[3~S]TBFF binding competitively to rat brain membranes 
further suggests the involvement of GABA-BZ-receptor 
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ionophore  complex  in the convulsant  act ion of  RO5-4864 
[16]. The  inability o f  central  BZ antagonist  RO15-1788 to 
p reven t  RO5-4864 convuls ions  also suggests a different  site 
of  act ion than the central  BZ recogni t ion site for RO5-4864- 
induced convuls ions .  H o w e v e r ,  others  have  repor ted  that 
RO15-1788 reverses  some of  the behavioral  effects  of  RO5- 
4864 [5]. It may be pointed out that RO15-1788 possesses  
ant iconvulsant  act ivi ty  [7] and that the reversa l  may  be due 
to this phenomenon .  Our results with RO15-1788 indicate 

that it may have some proconvulsant  action. A similar 
p roconvulsan t  effect  of  RO15-1788 was observed  by Corda  
et al. [2] in isoniazid- induced convuls ions .  

Our behaviora l  data, together  with neurochemica l  and 
e lect rophysiological  results  f rom other  laboratories  [4-6, 9, 
12, 13, 15, 16] support  the conjec ture  that a significant aspect  
of  convulsant  act ions of  RO5-4864 is of  central  origin, and 
the most  likely site appears  to be the picrotoxin site of  the 
G A B A - B Z  receptor  complex .  
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