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HARA, T., 1. USH1JIMA, S. KAWAZAWA, Y. MIZUK1 AND M. YAMADA. Benzodiazepines increase tonic compo- 
nent ofpostdecapitation convulsions in mice. PHARMACOL BIOCHEM BEHAV 30(4) 1001-1006, 1988.--The effects of 
benzodiazepines (BDZs) and GABA system on tonic and clonic component of postdecapitation convulsion (PDC) were 
studied in mice. Mice decapitated at the occipito-cervical junction, exerted biphasic convulsions, i.e., initially tonic and 
subsequently clonic convulsions. BDZs such as diazepam or clonazepam increased tonic and clonic components of PDC. 
These effects were not antagonized by Ro 15-1788, a benzodiazepine receptor antagonist. The increased tonic component 
was antagonized by the GABA receptor antagonists, bicuculline and picrotoxin, whereas the clonic component was 
augmented by them. Aminooxyacetic acid, which increases the endogenous GABA content by inhibiting the GABA- 
transaminase, increased the tonic component significantly; this increase was antagonized by both bicuculline and picrotox- 
in. Muscimol, a GABA agonist, however did not affect the tonic components but rather augmented the clonic component. 
Bicuculline and picrotoxin did not antagonize this effect of muscimol. These results indicate that endogenous GABA may 
play a crucial role in mediating the tonic component of PDC and the facilitation of this component by BDZs may also be due 
to the activation of GABA in the spinal cord. Furthermore, the mechanisms of the tonic component may be different from 
that of the clonic component. 

Postdecapitation convulsions Tonic Clonic Benzodiazepine GABA AOAA Mice 

TRANSECTION of the cervical spine produces violent gen- 
eralized convulsions in the rat, mouse and rabbit [6]. The 
mouse displays vigorous tail lifting followed by tonic exten- 
sion of the hind limbs and subsequently, their violent, coor- 
dinated flexions and extensions. This phenomenon is called 
the postdecapitation reflex or postdecapitation convulsions 
(PDC), which include tonic and clonic components. PDC 
may be a model of spinal seizures because the spinal cord is 
the highest center of the motor system in the beheaded 
animals and the likelihood of epileptiform activation is 
greatest at this point and progressively decreases towards 
the periphery of the involved area [11]. 

The observation that an injection of the direct-acting 
5-hydroxytryptamine (5-HT) receptor agonist, 5-methoxy-n, 
n-dimethyltryptamine, in rats prolongs the latency to onset 
and the duration of clonic PDCs indicates that inhibitory 
5-HT receptors are involved in the initiation of PDC [2] 
which are totally dependent on an intact noradrenergic sys- 
tem in the spinal cord [15]. Although it is obvious that there 
are tonic and clonic components to this phenomenon in the 
mouse, previous reports have been only concerned with the 
clonic phase [7, 10, 12, 15]. If PDC originates at the spinal 
cord, it is of interest to study the effect of benzodiazepines 
(BDZs) on PDC because diazepam has been shown to aug- 

ment spinal myoclonus in photosensitive and nonphotosen- 
sitive baboons [17]. It is generally accepted that BDZs exert 
the majority of their pharmacological effects by enhancing 
GABA neurotransmission and that [all] BDZ binding is en- 
hanced by the presence of GABA [16]. Therefore, we pur- 
sued a series of experiments aimed at examining the effect of 
BDZs and GABAergic drugs on the tonic and clonic compo- 
nents of PDC in mice. 

METHOD 

Animals 

Healthy male albino mice of the ddY strain, weighing 
28-35 g at 6 weeks old were obtained from Kyudo Animal 
Laboratory (Kumamoto, Japan) and housed ten to fifteen per 
cage for one week before the experiment in an animal room 
with light-dark cycle of 12-12 hours. Commercial food (MF, 
Oriental Yeast Ltd.) and tap water were available ad lib. The 
animals fasted three hours before the administration of 
drugs. All experiments were performed at an environmental 
temperature of 23-+ I°C. 

Drugs 

Diazepam provided by Takeda (Osaka, Japan), clon- 
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T A B L E  1 

EFFECTS OF DIAZEPAM AND CLONAZEPAM ON THE TONIC AND THE CLONIC COMPONENTS OF THE 
POSTDECAPITATION CONVULSIONS AT VARIOUS DOSES 

Dose Onset Tonic Clonic 
(mg/kg) Sec Sec Sec N umber Frequency 

Control n=33 2.4 + 0.1 3.6 ± 0.4 13.6 _+ 0.5 17.6 + 0.6 1.31 ± 0.03 
Diazepam (2.5) n= 10 2.5 + 0.1 4.8 ± 0.6 13.8 _+ 1.2 19.0 + 1.5 1.40 _+ 0.06 
Diazepam (5) n=15 2.5 + 0.2 5.0 ± 0.5* 14.4 _+ 0.8 21.3 ± l . l t  1.50 + 0.06t 
Diazepam (10) n=25 2.3 + 0.1 5.5 + 0.6t 15.3 + 0.7 21.8 ± 0.95 1.45 _+ 0.04t 
Diazepam (20) n=10 2.3 + 0.1 7.3 ± 0.45 12.4 _+ 1.0 17.8 ± 1.6 1.44 + 0.06* 
Clonazepam (0.1) n= 5 2 . 2 ± 0 . 1  2.7_+0.8 14.5_+ 1.9 18.6_ + 1.5 1 .33+0.11 
Clonazepam (0.2) n= 4 2.6 + 0.3 3.6 _+ 1.0 14.7 _+ 0.7 22.0 _+ 0.7* 1.52 + 0.11" 
Clonazepam (0.5) n= 10 2.2 + 0.1 7.1 + 0.55 12.9 _+ 0.5 22.0 _+ 0.65 1.72 + 0.065 
CIonazepam (l) n=10 2.0 + 0.2 6.9 + 0.65 15.2 _+ 1.0 20.7 _+ 1.6" 1.38 + 0.08* 

Results are shown as mean _+ SEM. Animals were decapitated 30 min after administration of the drugs. 
Tonic: the duration of the tonic component (sec); clonic: the duration of the clonic phase (sec); number: the 
number of clonic convulsions; frequency: the frequency of clonic convulsions. *p<0.05, +p<0.01, 5p<0.001, 
significant difference from control, determined by analysis of variance and subsequent t-test or Welch's 
method. 

T A B L E  2 

EFFECTS OF TIME AFTER ADMINISTRATION OF DIAZEPAM (10 mg/kgl ON TONIC AND CLON1C 
COMPONENTS OF THE POSTDECAPITATION CONVULSIONS 

Onset Tonic CIonic 
Time Sec Sec Sec Number Frequency 

Control n - 3 3  2.4 _+ 0.1 3.6 _+ 0.4 13.6 -+ 0.5 17.6 + 0.6 1.31 _+ 0.03 
15 min n=10 2.2 + 0.2 4.7 _+ 0.5 15.9 _+ 0.6* 21.3 -+ 0.7+ 1.36 ± 0.08 
30 min n - 2 5  2.3 _+ 0.1 5.5 ± 0.6+ 15.3 ± 0.7 21.8 + 0.95 1.45 _+ 0.04 
60 min n - 1 0  2.0 ± 0.2 5.3 + 0.9 16.7 + I . l t  22.6 _+ 1.9" 1.35 + 0.05 

120min n 10 1 . 9 + 0 . 2  7 . 2 + 0 . 5 5  13.1 ± 1.0 1 8 . 3 -  + 1.2 1 .42±0 .06  

Results are shown as mean _+ SEM. Time: the time between administration of the drug and the 
decapitation of the animal; tonic: the duration of the tonic component (sec): clonic: the duration of the 
clonic component (sec); number: the number of the clonic convulsions; frequency: the frequency of 
the clonic convulsions. *p<0.05, tp<0.01, Sp<0.001, significant difference from control, determined 
by analysis of variance and subsequent t-test or Welch's method. 

a z e p a m  and Ro 15-1788 prov ided  by H o f f m a n n  La R o c h e  
(Basel ,  Swi tzer land)  and  a m i n o o x y a c e t i c  acid ( A O A A )  f rom 
S igma  (St. Lo u i s ,  MO) were  d i s so lved  in sal ine with 3% 
T w e e n  80. Bicucul l ine  and  p ic ro tox in  ob ta ined  f rom Sigma 
(St. Lou i s ,  MO) were  d i s so lved  in saline with 3% T w e e n  80 
and  a drop o f  0.2 N HCI. M u s c i m o l  f rom Sigma (St. Lou i s ,  
MO) w a s  d i s so lved  in sal ine.  Drugs  were  a d m i n i s t e r e d  intra-  
per i tonea l ly  in sal ine so lu t ion  or s u s p e n s i o n  wi th  3% T w e e n  
80 su ch  tha t  the v o l u m e  in jected was  0.1 ml/10 g body  
weight .  Con t ro l s  were  g iven  an equal  v o l u m e  of  sal ine o r  
vehic le .  A n t a g o n i s t s  were  in jected 40 min  pr ior  to decapi ta -  
t ion. A O A A  was  injected 6 h r  before  decap i ta t ion .  

Experimental Procedure 

Thi r ty  m i n u t e s  af ter  the admin i s t r a t i on  of  an agonis t ,  
mice  were  decap i t a t ed  by sc i s so r s  at  the occ ip i to-cerv ica l  
j u n c t i o n  and  the  body  immedia t e ly  p laced  feet  d o w n w a r d s  
on a r u b b e r  pad in a sink. T h e  l a t ency  o f  onse t  o f  a tonic  
c o n v u l s i o n  and  the  dura t ion  o f  tonic  and  clonic c o n v u l s i o n s  

were  r ecorded  by m e a n s  o f  two digital s t o p w a t c h e s  (CITI-  
Z E N ,  L S W  9102) wh ich  m e a s u r e d  the  lap t ime and  are 
g r a d u a t e d  in h u n d r e d t h s  o f  a s econd .  The  s t o p w a t c h  in the 
left ha nd  w a s  s ta r ted  at the t ime  of  decap i t a t ion  and  tha t  in 
the  right ha nd  s ta r ted  at the  o n s e t  of  tonic  c o n v u l s i o n s  wh ich  
w a s  def ined as the  s tar t  o f  tail lifting. The  lap t ime was  re- 
c o rde d  at the  onse t  of  tonic  c o n v u l s i o n s  by the  s t o p w a t c h  in 
the  left hand ;  this  t ime w a s  t aken  as  the  l a t ency  o f  onse t .  The  
s t o p w a t c h  in the  right ha nd  w a s  s topped  at the  s tar t  o f  bi- 
c lonal  k icks .  This  t ime w a s  r eco rded  as  the  dura t ion  of  tonic  
c o n v u l s i o n s .  The  s t o p w a t c h  in the  left hand  was  s topped  at 
the  end  o f  the  biclonal  k icks .  The  d i f fe rence  b e t w e e n  this  
t ime and the s u m  of  the l a t ency  and  the dura t ion  o f  the  tonic  
pha se  w a s  t aken  as  the  dura t ion  o f  the c lonic  phase .  The  
n u m b e r  o f  vo l leys  of  c lonic  c o n v u l s i o n s  w a s  c o u n t e d  by an-  
o the r  e x p e r i m e n t e r  wi th  a digital coun te r .  All o b s e r v a t i o n s  
were  m a d e  by the  s a m e  indiv iduals  to avoid  p e r s o n a l  dif- 
f e r e n c e s  in record ings .  To  e l imina te  e x p e r i m e n t e r  bias  the  
individual  r e spons ib le  for  a dmin i s t r a t i on  and  g roup  al loca- 
t ion w a s  not  involved  in the  t ime-keep ing .  Da ta  were  eval-  
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TABLE 3 
EFFECTS OF BDZs AND GABA AGONISTS ON TONIC AND CLONIC COMPONENTS OF THE 

POSTDECAPITATION CONVULSIONS 

Dose Onset Tonic Clonic 
(mg/kg) Sec Sec Sec Number Frequency 

Control n=33 2.4 _+ 0.1 3.6 +_ 0.4 13.6 _+ 0.5 17.6 _+ 0.6 1.31 _+ 0.03 
Diazepam (10) n=25 2.3 _+ 0.1 5.5 _+ 0.6? 15.3 _+ 0.7 21.8 _+ 0.9~: 1.45 _+ 0.04? 
Clonazepam (1) n=10 2.0 _+ 0.2 6.9 _+ 0.6~ 15.2 _+ 1.0 20.7 _+ 1.6" 1.38 _+ 0.08* 
Muscimol (2) n=10 3.1 _+ 0.4 2.6 _+ 0.6 15.3 +_ 1.0 23.9 +_ 1.3:~ 1.59 _+ 0.09* 
AOAA (30) n=10 1.9 _+ 0.2* 6.8 _+ 0.9:1: 15.3 _+ 1.3 20.5 _+ 1.0" 1.56 _+ 0.055 
Baclofen (8) n=20 4.1 _+ 0.2:]: 4.5 _+ 0.6 15.6 _+ 1.0 20.6 _+ 1.3~ 1.36 _+ 0.07 

Results are shown as mean _+ SEM. Tonic: the duration of the tonic component (sec); clonic: the duration 
of the clonic phase (sec); number: the number of the clonic convulsions; frequency: the frequency of the 
clonic convulsions. *p<0.05, ?p<0.01, Sp<0.001, significant difference from control, determined by analysis 
of variance and subsequent t-test or Welch's method. 

uated by analysis of variance followed by test of Welch's 
method. 

RESULTS 

Decapitation of mice precipitated tonic convulsions fol- 
lowed by clonic convulsions in 100% of the trials. In the 
control group, latencies to the onset of tonic convulsions was 
2.4_+0.1 sec (mean-+SEM). The duration of the tonic phase 
was 3.6_+0.4 sec. The duration of clonic phase was 13.6+-0.5 
sec. The number of volleys of clonic convulsions was 
17.6-+0.6 and the frequency of clonic convulsions, i.e., the 
ratio of the number of volleys of clonic convulsions to the 
duration of clonic phase was 1.31-+0.03 (Table 1). These pa- 
rameters were all normally distributed. 

Table 1 shows the effects of diazepam and clonazepam on 
tonic and clonic components of PDC at various doses. Doses 
of 10 mg/kg diazepam and 1 mg/kg clonazepam were most 
effective in prolonging the duration of both tonic and clonic 
components. These doses were active for mice which be- 
came calm and ataxic within 15 min of administration of 
drugs. Table 2 shows the effect of time after administration 
of diazepam (10 mg/kg) on tonic and clonic components of 
PDC. Times of thirty minutes or sixty minutes between ad- 
ministration of the drug and the decapitation of the animal 
appeared to be most effective in prolonging the duration of 
both tonic and clonic component of PDC. 

Diazepam (10 mg/kg) prolonged the period of tonic con- 
vulsions to 5.5-+0.6 sec (0<0.01) and substantially increased 
the duration of clonic convulsions (Table 1). Furthermore, it 
increased the number of volleys of clonic convulsions and 
the frequency of clonic convulsions to 21.8+0.9 and 
1.45+0.04, respectively (0<0.001, p<0.01) (Table 1). 
Clonazepam (1 mg/kg), which is a more potent anticonvul- 
sant than diazepam on a mg/mg basis, also increased the 
duration of the tonic phase and the number of the clonic 
volleys to 6.9+_0.6 sec and 20.7_+ 1.6, respectively (0<0.001, 
p<0.05). At 1 mg/kg, it also increased the frequency of clonic 
convulsions to 1.38-+0.08 (0<0.05) and substantially in- 
creased the duration of clonic convulsions (Table 1). 

In the next set of experiments we attempted to reverse the 
effects of BDZs on the tonic and clonic components of PDC 
by administering the benzodiazepine antagonist Ro 15-1788 
and the GABA antagonists, bicuculline and picrotoxin (Ta- 
ble 4). The Ro 15-1788 treatment, however, did not eliminate 

the effects of BDZs on the convulsions. On the other hand, 
bicucuiline (4 mg/kg) treatment significantly reduced the ef- 
fects of BDZs on the duration of tonic convulsions (0<0.05 
for diazepam and p <0.01 for clonazepam) and the frequency 
of clonic convulsions (0<0.01 for diazepam and p<0.05 for 
clonazepam). It did not eliminate the effect of BDZs on the 
duration of clonic convulsions or the number of volleys of 
clonic convulsions; rather, it augmented them (Table 4). 
Bicuculline (4 mg/kg) itself did not decrease the duration of 
the tonic component of PDC but rather prolonged it 
(0<0.05). Combined treatment with picrotoxin then induced 
the prolongation of the latency to the onset of tonic convul- 
sions (0 <0.05 for diazepam and p <0.01 for clonazepam) and 
a decrease in the duration of the tonic component of PDC 
(0<0.05 for clonazepam) and the frequency of clonic con- 
vulsions (0 <0.001 for diazepam and p <0.1 for clonazepam). 
It increased the effect of BDZs on the duration of the clonic 
phase (0<0.05 for diazepam) (Table 4). A dose of 3 mg/kg of 
picrotoxin alone shortened the duration of tonic convulsions 
and increased the duration of clonic convulsions and the 
number of volleys of clonic convulsions. 

Muscimol (2 mg/kg), a GABA-receptor agonist, did not 
affect the tonic phase (Table 5). It increased the number of 
volleys of clonic convulsions and the frequency of clonic 
convulsions to 23.9+0.8 sec (0<0.001) and 1.59_+0.09 
(p <0.05), respectively. Bicuculline antagonized the effect of 
muscimol on the number and the frequency of clonic con- 
vulsions (0<0.05 and p<0.01, respectively) (Table 5). The 
tonic phase was significantly shortened with a combined 
treatment of bicuculline and muscimol (0<0.001). 

AOAA (30 mg/kg) treatment significantly shortened the 
latency of onset (p <0.05) and increased the duration of tonic 
convulsions, the number of volleys of clonic convulsions and 
the frequency of clonic convulsions to 6.8_+0.9 (p<0.001), 
20.5_+1.0 (p<0.05) and 1.56_+0.05 (0<0.001), respectively, 
Table 3). Bicuculline antagonized the effect of AOAA on the 
duration of the tonic phase, the number of volleys and clonic 
convulsions and the frequency of clonic convulsions (0<0.1, 
p<0.05 and p<0.001, respectively). It did not antagonize the 
effect of AOAA on the latency and the duration of the clonic 
phase (Table 5). Picrotoxin antagonized the effect of AOAA on 
the latency, the duration of the tonic phase and the frequency of 
clonic convulsions (p<0.05, p<0.05 and p<0.001, respec- 
tively) (Table 5). 
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T A B L E  4 

ANTAGONISM FOR THE EFFECT OF BDZs ON THE PDC BY Ro 15-1788, BICUCULLINE AND P1CROTOXIN 

Dose Onset Tonic Clonic 
(mg/kg) Sec Sec Sec Number Frequency 

Control n - 3 3  2.4 + 0.1 3.6 _+ 0.4 13.6 _+ 0.5 17.6 _+ 0.6 1.31 _+ 0.03 
Diazepam (10) n=25 2.3 _+ 0. I 5.5 + 0.6t 15.3 _+ 0.7 21.8 _+ 0.95 1.45 + 0.04? 
Clonazepam (1) n=10 2.0 _+ 0.2 6.9 + 0.62 15.2 _+ 1.0 20.7 + [.6* 1.38 + 0.08 
Ro 15-1788 (15) + n=10 2.0 _+ 0.2 5.6 _+ 0.7* 15.4 _+ 0.8 20.9 _+ 0.9* 1.37 _+ 0.06 

diazepam (T0) 
Ro 15-1788(10) + n=10 2.7"+0.2** 6.0 + 0.6t 13.3-+ 1.0 18.8-+ 1.2 1.42-+0.04 

clonazepam ( 1 ) 
Bicuculline (4) + n=10 2.1 -+ 0.1 3.2 -+ 0.8§ 19.5 "+ 1.72 24.0 "+ 1.52 1.25 "+ 0.04t 

diazepam (10) 
Picrotoxin (3) + n= T0 2.9 "+ 0.2*§ 4.2 "+ 0.8 19.4 "+ 1.52§ 19.4 _+ 1.1 1.03 "+ 0.05:]:# 

diazepam (10) 
Bicuculline (4) + n - 1 0  2.0 _+ 0.2 3.9 _+ 0.6+? 17.2 + 1.17 20.0 + 1.1" 1.17 + 0.05*.** 

clonazepam ( 1 ) 
Picrotoxin (2) + n=10 2.8 "+ 0.2-? 5.1 "+ 0.4".** 17.3 "+ 0.9+ 20.5 "+ 1.5 1.19 "+ 0.06* 

clonazepam (1) 
Ro 15-1788(10) n=10 2.0"+0.2 4 . 8 + 0 . 7  1 1 . 2 -  + 1.3" 17.3"+ 1.2 1 .62+0.092 
Bicuculline (4) n=10 2.4 "+ 0.2 5.2 + 0.6* 11.0 "+ 0.7* 15.1 _+ 0.9 1.38 _+ 0.07 
Picrotoxin (2) n=10 2.4 -+ 0.2 4.4 _+ 0.6 14.0 -+ 0.6 18.0 -+ 0.6 1.29 "+ 0.04 
Picrotoxin (3) n=10 2.3 +- 0.1 1.9 -+ 0.5* 16.6 -+ 0.8~- 21.0 -+ 1.0" 1.27 -+ 0.04 

Results are shown as mean _+ SEM. Tonic: the duration of the tonic component (sec); clonic: the duration of the clonic phase 
(sec); number: the number of clonic convulsions; frequency: the frequency of clonic convulsions. *p<0.05, +p<0.01, :[:p<0.001, 
significant difference from control; §p<0.05, ¶p<0.01, #p<O.O01, significant difference from diazepam; **p<0.05, ?5"p<0.01, 
significant difference from clonazepam, determined by analysis of variance and subsequent t-test or Welch's method. 

Bac lo fen  ( /3 - (p-ch lorophenyl ) -GABA) (8 mg/kg) signifi- 
cant ly  inc reased  the  l a tency  to the  onse t  of  tonic  convu l s i ons  
to 4. !_+0.2 sec (p<0 .001)  and  20.6_+ !.3 (p<0 .01)  r e spec t ive ly  
(Table  3). 

DISCUSSION 

B e n z o d i a z e p i n e s  (BDZs)  such  as  d i azepam or  
c l o n a z e p a m  inc reased  the  dura t ion  of  the  ton ic  and  clonic 
c o m p o n e n t s  of  pos tdecap i ta t ion  convuls ions  (PDC) and also 
the n u m b e r  and  the  f r equency  of  clonic convu l s ions  of  PDC in 
mice.  T h e y  faci l i ta ted PDC,  w he r ea s  they are  an t i convu l -  
san ts  in epi lepsy  [8]. Thus ,  the  m e c h a n i s m s  of  PDC would 
a p p e a r  to be  d i f ferent  t h a n  those  for  the  c o n v u l s i o n s  originat-  
ing f rom the  cor t ices .  

D iazepam ne i t he r  r educes  n o r  ob l i t e ra tes  spinal  myo-  
c lonus  in h u m a n s  [9] and  it has  been  shown to augmen t  spinal 
m y o c l o n u s  in p h o t o s e n s i t i v e  and  n o n p h o t o s e n s i t i v e  b a b o o n s  
[17]. Thus ,  the  m e c h a n i s m s  in PDC could  be  s imilar  to those  
of  spinal  m y o c l o n u s  r a t h e r  than  epi leps ies  with  a cor t ical  
origin.  

The  s t imula tory  ef fec ts  of  B D Z s  on  PDC were  not  antag-  
on ized  by  Ro 15-1788, a b e n z o d i a z e p i n e - r e c e p t o r  an tagonis t .  
B D Z s  were  ac t ive  at  t he se  doses  becaus e  mice  b e c a m e  calm 
and  a taxic  wi th in  15 min  of  admin i s t r a t i on  of  drugs.  It s eems  
tha t  the  B D Z  recep to r  i tse l f  does  not  med ia te  the  p h e n o m -  
e n o n  but  r a the r  m o d u l a t e s  it. It is genera l ly  accep t ed  tha t  
B D Z s  exer t  the  major i ty  of  the i r  pha rmaco log ica l  ef fects  by  
e n h a n c i n g  G A B A  n e u r o t r a n s m i s s i o n  and  tha t  [3H] B D Z  
b ind ing  is e n h a n c e d  by  the  p r e s e n c e  of  G A B A  [16]. We  
the re fo re  a t t e m p t e d  to r eve r s e  the  effects  of  B D Z s  on  PDC 

t imes  by admin i s t e r ing  the  G A B A  recep to r  an tagon i s t s ,  
b icucul l ine  or  p r ico tox in .  

Bicucul l ine  t r e a t m e n t  s ignif icant ly  e l imina ted  the effect  of  
BDZs  on  the  dura t ion  o f  tonic  convu l s i ons  and  the  f r equency  
of  clonic c o n v u l s i o n s  (Table  4). It did not  e l imina te  the  effect  
of  B D Z s  on the  du ra t ion  of  c lonic  convu l s i ons  or  the  n u m b e r  
of  vol leys  of  c lonic  convu l s i ons ,  bu t  r a the r  a u g m e n t e d  them.  
In addi t ion ,  b icucul l ine  i tself  did not  reduce  the  dura t ion  of  
the  tonic  c o m p o n e n t  of  PDC but  r a t h e r  p ro longed  it. Fur-  
t h e r m o r e ,  it dec r ea sed  the dura t ion  of  the c lonic  c o m p o n e n t  
o f  PDC. Thus ,  the  a p p a r e n t  b lockade  o f  the  effect  of  B D Z s  
on  the tonic c o m p o n e n t  seen af ter  bicucul l ine could not  be the 
result  of  combined  drug effects.  The  appa ren t  augmenta-  
t ion of  the  c lonic  c o m p o n e n t  of  PDC by c o m b i n a t i o n  of  
BDZs  and bicucull ine also could not  be due to the combined  
drug  effects .  Thus ,  as far  as B D Z s  are c o n c e r n e d ,  the  tonic  
phase  could be a b icucu l l ine - sens i t ive  p h e n o m e n o n  involv-  
ing the  GABAA recep tor .  A u g m e n t a t i o n  of  the  c lonic  phase  
by  a c o m b i n a t i o n  of  B D Z  and  b icucul l ine  implied tha t  
GABAA may  not  play the  ma jo r  role in media t ing  the c lonic  
c o m p o n e n t  of  this  p h e n o m e n o n .  

On the  o t h e r  hand ,  in c o m b i n e d  t r e a t m e n t  with B D Z s ,  
p ic ro tox in  inc reased  the  l a tency  of  onse t  and  had  a t e n d e n c y  
to an t agon ize  the  dura t ion  of  the  tonic  c o m p o n e n t  and  the  
f r equency  o f  c lonic  convu l s ions .  It did not  an tagon ize  the  
dura t ion  of  the  c lonic  c o m p o n e n t  or  the  n u m b e r  of  the c lonic  
convu l s ions ,  bu t  r a t h e r  a u g m e n t e d  them.  P ic ro tox in  (3 
mg/kg) a lone  s h o r t e n e d  the  du ra t ion  o f  the  tonic  phase  and  
inc reased  the  dura t ion  of  the  c lonic  p h a s e  of  PDC signifi- 
cant ly .  Thus  the  a p p a r e n t  b lockade  o f  the tonic  phase  or  
a u g m e n t a t i o n  of  the  c lonic  phase  by c o m b i n a t i o n s  o f  B D Z s  
wi th  p ic ro tox in  could be  due to the  addi t iv i ty  of  drug effects.  
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T A B L E  5 

ANTAGONISM FOR THE EFFECT OF GABA AGONISTS ON THE PDC BY BICUCULLINE, PICROTOXIN AND Ro 15-1788 

Dose Onset Tonic Clonic 
(mg/kg) Sec Sec Sec Number Frequency 

Control n=33 2.4 ± 0.1 3.6 ± 0.4 13.6 ± 0.5 17.6 ± 0.6 1.31 ± 0.03 
AOAA (30) n=10 1.9 ± 0.2* 6.8 _+ 0.95 15.3 ± 1.3 20.5 ± 1.0* 1.56 ± 0.055 
Muscimol (2) n=10 3.1 ± OAt 2.6 ± 0.6 15.3 ± 1.0 23.9 _+ 1.35 1.59 ± 0.09 
AOAA (30) + n=10 2.2 _+ 0.2 4.4 ± 0.8 13.9 ± 0.9 16.5 ± 1.3 1.20 ± 0.05# 

bicuculline (4) 
AOAA (30) + n=10 2.5 ± 0.2t 4.0 ± 0.6§ 16.0 _+ 1.0" 19.1 ± 0.9 1.21 ± 0.04# 

picrotoxin (2) 
Bicuculline (4) + n=10 2.8 _+ 0.1 0.7 ± 0.25** 16.5 ± OAt 20.4 ± 0.7+** 1.24 ± 0.03tt  

muscimol (2) 
Ro 15-1788 (15) + n=10 2.6 ± 0.1 1.0 ± 0.55 16.6 ± 0.9+ 21.0 ± 0.9t 1.28 ± 0.04 

muscimol (2) 
Ro 15-1788 (10) n=10 2.0 ± 0.2 4.8 ± 0.7 11.2 ± 1.3" 17.3 ± 1.2 1.62 ± 0.095 
Bicuculline (4) n=10 2.4 ± 0.2 5.2 ± 0.6* 11.0 ± 0.7* 15.1 ± 0.9* 1.38 ± 0.07 
Picrotoxin (2) n=10 2.4 _ 0.2 4.4 ± 0.6 14.0 ± 0.6 18.0 ± 0.6 1.29 ± 0.04 
Picrotoxin (3) n=10 2.3 _+ 0.1 1.9 ± 0.5* 16.6 ± 0.8t 21.0 ± 1.0" 1.27 ± 0.04 

Results are shown as mean _+ SEM. Tonic: the duration of the tonic component (sec); clonic: the duration of the clonic 
component (sec); number: the number of the clonic convulsions; frequency: the frequency of the clonic convulsions. 
*p <0.05, tp<0.01, ~:p<0.001, significant difference from control; §p <0.05, ~<0 .01 ,  #p<0.001, significant difference from 
AOAA; **p<0.05, #tp<0.01, significant difference from muscimol, determined by analysis of variance and subsequent 
t-test or Welch's method. 

The  d i f fe rences  b e t w e e n  b icucul l ine  and  p ic ro tox in  might  be 
due  to the  fac t  tha t  the  inhib i t ion  of  G A B A  by bicucul l ine  is 
compe t i t i ve  and  se lec t ive  for  the  GABAA recep to r  whereas  
p ic ro tox in  is n o n c o m p e t i t i v e  and  nonspec i f ic  [1,3]. 

F u r t h e r m o r e ,  A O A A  which  inc reases  e n d o g e n o u s  G A B A  
c o n t e n t  by  inhib i ted  G A B A - t r a n s a m i n a s e  [18], inc reased  the  
tonic  phase  s ignif icant ly  (p<0.001) .  A G A B A  recep to r  
agonis t  musc imol ,  h o w e v e r ,  did not  affect  the  tonic  phase  
bu t  inc reased  the  n u m b e r  of  vol leys in the  c lonic  phase  
(p<0.001) .  This  d i s c r epancy  b e t w e e n  A O A A  and  musc imol  
may  be  a t t r ibu ted  to the  di f ferent  ac t ions  of  the  two com- 
pounds .  One  inc reases  the  level  of  the  e n d o g e n o u s  G A B A  
which  acts  on  all c lasses  o f  G A B A  recep to r s ,  des igna ted  
G A B A  A, G A B A ~ ,  and  G A B A c  [5], whi le  the  o the r  ac ts  ex- 
ogenously  and for only a class of  receptors ,  i.e., GABAA [19]. 

Final ly ,  the  effect  o f  A O A A  on the  tonic  phase  was an- 

t agon ized  by  b icucul l ine  (p<0 .1 )  and p ic ro tox in  (/9<0.05). 
Thus ,  as far  as the  tonic  phase  was  c o n c e r n e d ,  e n d o g e n o u s  
G A B A  may  play a crucia l  role in media t ing  the  tonic  compo-  
nen t  o f  PDC,  and  the  GABAA recep to r  may  be  impl ica ted  in 
the  e n h a n c e m e n t  of  the  tonic  c o m p o n e n t  by BDZ in mice.  
F u r t h e r m o r e ,  B D Z  (d iazepam)  also e l eva tes  the  level  of  en-  
d o g e n o u s  G A B A  in the  cat  spinal  cord  [13] and  in the  m o u s e  
bra in  [14]. Thus ,  the  effect  of  B D Z  on PDC and especia l ly  
the  tonic  c o m p o n e n t  may  be  due to G A B A e r g i c  ac t iva t ion  in 
the  spinal  cord.  The  r ea son  why  e n d o g e n o u s  G A B A ,  the  
inhib i tory  t r an smi t t e r  in the  C N S ,  exer ted  exc i t a to ry  effects  
on  PDC is u n k n o w n  but  it is specu la ted  tha t  it might  have  
bo th  inhib i tory  and  exc i t a to ry  ac t ions  in the  spinal  cord  be- 
cause  its d i rec t  appl ica t ion  to spinal  co rd  cell cu l tu res  
p roduces  depolar iz ing  r e s p o n s e s  assoc ia ted  with a m a r k e d  
increase  in m e m b r a n e  c o n d u c t a n c e  [4]. 
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