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The effect  of d i azepam (in a dose of 4 m g / k g  body weight) on the specif ic  and nonspecif ic  m e c h -  
an i sms  of fo rma t ion  of expe r imen ta l  photogenic ep i lepsy ,  produced by injection of tetanus toxin 
into the l a te ra l  geniculate  body (LGB), and the fo rmat ion  of a g e n e r a t o r  of pathological ly  en -  
hanced exci ta t ion (GPEE) in that  nucleus,  was studied in chronic  expe r imen t s  on r a t s .  In the 
above dose d iazepam was found to have a re la t ive ly  weak act ion on the degree  of pathological  
enhancement  of s e n s o r y  v isual  s t imul i  in LGB in which a GPEE was fo rmed ,  it faci l i ta ted the 
appearance  of focal  in ter ic ta l  d i scha rges  in LGB, and for  1 h it comple te ly  supp re s sed  gene ra l -  
ized epi lept ic  act iv i ty  in the expe r imen ta l  an ima l s .  
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The study of the pathogenesis  of expe r imen ta l  photogenic epi lepsy [5], a r i s ing  a f t e r  the fo rmat ion  of a 
g e n e r a t o r  of pathological ly enhanced exci ta t ion (GPEE) in the la te ra l  geniculate  body (LGB) [4] as a r e su l t  of 
local injection of tetanus toxin (TT) into that  nucleus,  has shown that  the fo rmat ion  of this syndrome  is based 
on two main  pathogenetic f ac to r s :  1) pathological  enhancement  of specif ic  s e n s o r y  exci ta t ion as it p a s se s  
through the tha lamic  r e l ay  nucleus;  2) d i s turbance  of the nonspecif ic  mechan i sms  of s tab i l iza t ion  of rhythmic  
b r a in  e l ec t r i c a l  ac t iv i ty .  The object  of the p re sen t  invest igat ion was to de t e rmine  the effect  of d iazepam --  one 
of the m o s t  act ive ant[epi lept ic  agents  - -  on speci f ic  and nonspecif ic  pathogenetic m e c h a n i s m s  of ep i lep togene-  
s is  in r a t s  with expe r imen ta l  photogenic ep i l epsy .  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on ma le  albino r a t s  weighing 250-300 g.  Photogenic epi lepsy  was induced 
in the an imals  by the fo rma t ion  of a GPEE in LGB.  F o r  this purpose  TT (specific toxici ty  5 .1  0 s mouse  MLD/  
ml) was injected s t e r eo tax ica l ly  in a volume of 0.2 �9 10 -a ml  into LGB. Subcort ical  (g lass- insula ted  n ichrome 
wire ,  100 ~ in d i ame te r )  and cor t i ca l  (s i lver  ball) e lec t rodes  were  implanted chronical ly  into LGB, the visual  
co r t ex  (VC) and s e n s o m o t o r  co r t ex  of both h e m i s p h e r e s  r e s p e c t i v e l y .  A monopolar  r ecord ing  technique was 
used:  The r e f e r e n c e  e lec t rode  was located on the boundary between the f rontal  and t empora l  lobes .  Muscular  
act ivi ty  was r eco rded  by a b ipolar  e lec t rode  f r o m  the ex tensor  musc les  of the a n i m a l ' s  hind l imb.  Through-  
out the expe r imen t  the r a t s  lay in a spec ia l  hammock ,  causing minima[  r e s t r a i n t .  In the var ious  phases  of 
photogenic ep i lepsy  the an imals  were  given i n t r amuscu l a r  injections of d iazepam (from Gedeon Rich te r ,  Hun- 
gary)  in a dose  of 4 m g / k g  body weight and the dynamics  of its act ion was s tudied.  Af ter  the expe r imen t s  the 
reg ion  of injection of TT and locat ion of the subcor t i ca l  e l ec t rodes  were  ver i f ied  morpholog ica l ly ,  

EXPERIMENTAL RESULTS 

Characteristic features of pathologically increased photoreactivity appeared in the animals, 5-7 h after 
local injection of TT into LGB, in the thalamocortical projection system on the site of injection of TT [3, 5]. 
One such feature was a marked increase in the primary evoked potential in the ipsilateral VCo Analysis of 
associated changes in evoked activity in LGB (after injection of TT into it) and the ipsilatera[ VC showed that 
the changes observed  in r eac t iv i ty  in VC were  due to pathological  enhancement  of spec i f ic  s e n s o r y  exci ta t ion 
in LGB as a r e su l t  of the fo rma t ion  of a GPEE in it [3]. Bes ides  the above-ment ioned  changes in pho to reac t iv -  
ity in the pro jec t ion  reg ion  of VC, 10-12 h a f t e r  injection of TT into LGB the an imals  developed c h a r a c t e r i s t i c  
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Fig.  1. Effect of d iazepam on evoked potentials  in VC of r a t s .  A) Control  (intact an i -  
maD;  B and C) 14 h a f te r  injection of TT into LGB; B) ips i - ,  C) con t ra l a t e ra l  s ide .  
Evoked r e s p o n s e s :  above a r row before ,  below a r row af ter  injection of d iazepam.  
Numbers  indicate t ime  (in h) a f ter  injection of d iazepam.  Each record  obtained by 
computer  averag ing  of 40 evoked potent ia ls .  Cal ibrat ion:  amplitude 100 t~V, t ime 50 
msec. 
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Fig.  2. Effect  of d iazepam on compuls ive  moto r  r e s p o n s e s .  Recording made 14 h 
a f t e r  injection of TT into r ight  LGB. A) Compuls ive  movements  before  injection of 
d iazepam;  B) 1 min,  C) 12 min,  D) 65 min a f te r  injection of d i azepam.  1) Myogram 
of ex tensor  of hind l imb;  2) s ensomoto r  cor tex ;  3) r ight  LGB; 4) r ight  VC; 5) [eft 
LGB; 6) left VC; 7) m a r k e r  of photic s t imulus .  Cal ibrat ion:  ampli tude 100 t~V, t ime  
I see .  

compuls ive  movemen t s  in r e sponse  to photic s t imula t ion .  These  compuls ive  movements  were  connected with 
pathological  enhancement  of exci ta t ion in LGB in the r a t s ,  for  the ven t ra l  pa r t  of LGB is a component  of the 
speci f ic  v i suomotor  pathway [7,11,14].  The f i r s t  epileptic fit occur red  in the r a t s  15-17 h af ter  injection of TT 
into LGB.  Usually the mos t  typical  f o r m  of p a r o x y s m a l  act ivi ty  consis ted of p r i m a r y  genera l ized  e lonieo-  
tonic convuls ions .  

A few tens of seconds a f te r  injection of d iazepam into the intact  (control) an imals ,  they developed a 
c h a r a c t e r i s t i c  dec r ea s e  in ampli tude of the negat ive components  of the evoked r e sponse  in VC (see a lso  [1]); 
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Fig.  3. Effect  of d iazepam on epi lept ic  ac t iv i ty .  Recording made 14.5 h a f te r  in jec -  
t ion of TT into r ight  LGB. A) Beginning and end of genera l ized  epi lept ic  a f t e r - d i s c h a r g e  
before  injection of d iazepam;  B) 5 rain af ter  injection of d iazepam;  C) in ter ic ta[  d i s -  
cha rges  in r ight  LGB 12 min  a f te r  injection of d iazepam;  D) epileptic  a f t e r - d i s c h a r g e  
70 min  a f t e r  injection of d i azepam.  1) Right s e n s o m o t o r  cor tex ;  2) r ight  LGB; 3) r ight  
VC; 4) left  LGB; 5) left VC. Cal ibrat ion:  ampli tude 200 #V, t ime  3 s ee .  

the ampli tude of both the p r i m a r y  negative wave and of the slow negative wave was reduced (Fig. 1A). C o m -  
plete r e c o v e r y  of the shape of the evoked potentials  in this ease  took place 1-5 h af ter  admin is t ra t ion  of the 
drug.  Inject ion of d iazepam into the exper imenta l  an imals  at d i f ferent  s tages  of fo rmat ion  of photogenic ep i -  
lepsy a lso  led to a d e c r e a s e  in amplitude of the e x t r e m e l y  augmented negat ive components  of the evoked r e -  
sponse in VC ips i l a te ra l  to the GPEE in LGB (Fig. 1B). However ,  the cor responding  potential  s t i l l  remained  
above n o r m a l .  Under the influence of d iazepam a dec rea se  in the voltage of the negative waves of the evoked 
potentials  a lso  was observed  in the eon t ra l a t e ra l  VC (Fig. 1C). Res tora t ion  of the p a r a m e t e r s  of the evoked 
potentials  in these cases  took 2-5 h. It can tentat ively be suggested that  the re la t ive  dec r ea se  in amplitude of 
the negative components  of the evoked potentials  in VC of the control  and exper imen ta l  animals  was due to the 
action of d iazepam on subcor t i ca l  [1] and cor t ica l  [2, 6] mechan i sms  of conduction of v isual  exci ta t ion and, to 
a l e s s e r  degree ,  to dep res s ion  of the pathologically enhanced exci ta t ion in LGB af te r  injection of TT into it 
and the fo rmat ion  of the GPEE.  

As was s ta ted above,  before  s y s t em i c  injection of  d iazepam each photic s t imulus  could induce shiver ing ,  
leaping, or  jumping in the animals  (see the co r r e l a t i on  between d i scharges  of musc le  act ivi ty of the an ima l ' s  
l imb and f lashes  in Fig.  2A). These r e sponses  d i sappeared  1 rain af ter  injection of d iazepam (Fig. 2B, C) 
and began to r e c o v e r  only af ter  1 h had elapsed (Fig. 2D). Since d iazepam did not comple te ly  suppres s  the 
pathological ly enhanced visual  signal on its way through the cor responding  LGB to the ips i l a te ra l  VC in the 
exper imen ta l  an imals ,  but comple te ly  abolished the compuls ive  movements  for  s eve ra l  tens of minutes ,  it 
can be postulated that dep re s s ion  of these  motor  r e sponses  to photic s t imulat ion was due to the s tabi l iz ing 
effect  of d iazepam on exci tabi l i ty  of the b r a i n - s t e m  cen te rs  of v i suomotor  coordinat ion,  connected anatomical ly  
with LGB [7,11,14].  

Epileptic  p a r o x y s m s  p rope r ,  manifes ted  both as convulsions and e lec t roencepha lographica t ly ,  were  c o m -  
pletely suppressed  1-2 rain a f te r  injection of the above dose of d iazepam for  1 h (Fig. 3B). 

Usual ly  in the absence  of d iazepam the onset of hypersynehronized  high-ampli tude act ivi ty in LGB af te r  
the fo rmat ion  of a GPEE in it was observed  during a period of genera l ized  epileptic  a f t e r - d i s c h a r g e s ,  and it 
was evidently the cause  of the i r  initiation (Fig. 3A, see a lso  [5]). This was respons ib le  for  the absence  of 
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focal interictal discharges in LGB of the animals after local injection of TT into that nucleus. However, 10- 
20 min after injection of diazepam, a character is t ic  focal pathological independent rhythm was observed in 
LGB on the side of the GPEE. Series of high-amplitude spikes, resembling intericta[ discharges in their 
course,  appeared sporadically in that nucleus (Fig. 3C). These ser ies  of spikes in LGB were regularly inter-  
rupted by a spontaneous generalized potential, after which they formed again. A gradual increase in ampli- 
tude of its component spikes was observed before the end of this interictal discharge (Fig. 3C). 

About 1 h after injection of diazepam individual features of photogenic epilepsy began to be restored in 
the animals.  The onset of the first  epileptic discharges in this period was linked with the strongest epileptic 
activity in LGB on the side of the GPEE (Fig. 3D). 

The results showed that when a GPEE is formed in LGB and the experimental animals develop a syndrome 
of photogenic epilepsy, diazepam in the dose mentioned is comparatively ineffective in suppressing the focal 
epileptic changes in that nucleus. Pathological enhancement of specific sensory excitation in the correspond- 
ing  LGB, leading to a marked increase in amplitude of the primary evoked potential in the ipsilateral VC, 
could not be completely abolished by injection of diazepam. Moreover, against the background of depression 
of the general predisposition of the animals to paroxysmal activity, focal epileptic discharges appeared in the 
corresponding LGB~ 

However, very soon after systemic administration of diazepam, the generalized electroencephalographic 
epileptic paroxysms and the convulsions themselves disappeared. 

These facts show that the main target  for the antiepileptie action of diazepam is not the activity of the 
GPEE in LGB, but the state of enhanced predisposition to paroxysmal activity induced by the formation of the 
GPEE in the thalamic relay nucleus. This abilit~ of diazepam to abolish the predisposition of the brain to 
generate epileptic discharges has also been demonstrated by experiments with metrazol  [8,13], with a model 
of amygdalar epilepsy [12], and in the clinical t reatment of fits of the "petit mal" type [9,10]. 

However, diazepam is less effective in its action on cortical epileptic foci [12,131. As the results de- 
scribed above show, it has no significant effect on a GPEE in LGB in animals with photogenic epilepsy. The 
latest research  in the wr i te rs '  laboratory, on a model of spinal myoelonia has shown that diazepam is re la -  
tively ineffective against a GPEE in the spinal cord, although it depresses the accompanying clinical manifes- 
tations of the syndrome. 

The therapeutic effect of diazepam is therefore connected primari ly with temporary stabilization of the 
nonspecific mechanisms of formation of the rhythmic electrical  activity of the brain and, to a lesser  degree, 
with depression of the activity of the GPEE in LGB as an epileptic focus. 
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