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The "kindling" phenomenon is widely used at the p re sen t  t ime in expe r imen t s  to study the m e c h a n i s m s  
of format ion  of se izure  s ta tes  and in the search  for  anticonvulsar/t  drugs.  Behaviora l  e f fec ts  induced by "kin- 
dling" a re  due to a se lec t ive  inc rease  in the eff ic iency of conduction in synapses  located at the p resynap t ic  
level  [13]. An impor tant  role  in the fo rmat ion  of the 'Vkindling" phenomenon is asc r ibed  to d i s tu rbance  of the 
balance between the var ious  med ia to r  s y s t e m s  [6, 10, 14], and also to chol inergic  mechan i sms ,  espec ia l ly  
musca r in ic  chol inergic ,  for  d i r ec t  s t imulat ion of the amygdala  by physost igmine,  carbachol ,  and musca r ine  
and its agonists  induces ep i lep t i form convuls ions in animals ,  like those obse rved  in r e sponse  to i ts  e l ec t r i ca l  
st imulation,  and the i r  effects  are  blocked by atropine and scopolamine.  Injection of m u s c a r i n o m i m e t r i c s  into 
the l imbic s t ruc tu r e s  of the brain  also cons iderably  fac i l i ta tes  production of the "kindling" phenomenon by 
e lec t r i ca l  s t imulat ion [11, 12, 15]. It is cons idered  [11] that faci l i tat ion of "kindling" is based  on an inc rease  
in the sensi t iv i ty  of musca r ln ic  r e c e p t o r s  or  a dec rea se  in acetylcholine inactivation by ace ty lcho l ines te rase  
(AchE). More recent  exper imenta l  data have shown that many ant iconvulsants ,  which have proved  t h e m s e l v e s  
cl inically effect ive,  have a nicotinic cholinelytic action [2]. 

The aim of this investigation was to study the role  not only of muscar in ic ,  but also of nicotinic cholin- 
e rg ic  m e c h a n i s m s  in the format ion  of the "kindling" phenomenon in the cat  amygdala .  

EXPERIMENTAL METHOD 

The "kindling" phenomenon was c rea ted  in ca ts  with bipolar  Nichrome e lec t rodes  implanted into the 
baso la te ra l  region of the amygdala~ under chronic  exper imen ta l  conditions by daily (once or  twice a day) e lec -  
t r ica l  s t imulation ofthe amygdala  by a cu r r en t  of amplitude (%10 V, 0.5 msec ,  60 p u l s e s / s e c ,  for  15 see) suf- 
f icient to always evoke a m a j o r  se i zu re  ~. After  10-13 days the latent  pe r iods  (LP) of onset  of s e i zu res  and 
also threshold values of the cu r ren t  became  stabil ized. The "kindling" phenomenon was cons idered  to have 
ended when the animal  responded a lways in a stable manne r  to the same threshold cu r r en t  of the se izure  which 
usually began with cont rac t ions  of the jaw m u s c l e s  (the equivalent  of a minor  fit), changing into a genera l  clon- 
icotonic fit, which lasted 45-55 sec, and ended in dyspnea,  with the animal  in a mot ion less  state for  up to 2-3 
rain. The animal  then stood up on its l imbs  and began to respond to the external  situation and to the exper i -  
mente r .  Arecol ine  and nicotine were  injected in t raper i tonea l ly  4 rain, and galanthamine,  e terophen,  gangleron,* 
and methyldiazine  15-20 min before  the beginning of test ing of the "kindling" phenomenon of the amygdala .  
The numer ica l  r e s u l t s  were  subjected to s ta t i s t ica l  ana lys is  by Student 's  t e s t  at the P = 0.05 level .  

EXPERIMENTAL RESULTS 

The musea r in i c  chol inomimet ic  a recol ine  (0.3 mg/kg) ,  the AChE inhibitor galanthamine (1 mg/kg) ,  and 
the nicotinic cholinolyt ics e terophen (5 mg/kg)  and gangleron (0.5 mg/kg)  cons iderab ly  reduced the duration 
and intensi ty of the elontcotonic convulsions (Table 1). Arecol ine also reduced the duration of s e i zu r e s  of the 
jaw musc les .  Arecol ine,  like eterophen,  also lengthened the latent  p e r i o d -  the t ime  f rom the beginning of 

* 1,2- Dimethyl-  3- diethylam inopropyl -p-  i sobutoxygenzoate hydrochIor ide .  
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T A B L E  1. E f f e c t  o f  C h o l i n o m i m e t i c  and C h o l i n o l y t i c  D r u g s  and T h e i r  C o m b i n a t i o n s  of  " K i n -  

d i i n g "  of  the  A m y g d a l a  in C a t s  

Doses,  

Drugs mg/kg 
seizures of  

jaw 2:scles,  

Temporal characteristics of seizure 

durati~ ;iLP until tonicCl~176176 o f, ei_ ' deloa$i:nei- 

seiZllre, zure$, s e c  Zll re$ 

duration o fside 
position after intensity 
seizures i seizures 

Control - -  63,3• 66,5• 51,2• --- 160,2• +@.@ 

Arecoline 
Eterophen 
Arecoline + eterophen 
Eterophen 
Galanthamine 
Galanthamine + eterophen 
Galanthamine 
Gangle~on 
Gal~nthamine + gangleron 
Gangleron 
Gal~ntharnine + gangleron 
Nicotine 
Methyldiazine 
Nicotine + methyldiazine 

Methyldiazine 

Galanthamine + methyldi, 
azlne 

0,3 
5 

0,3+5 
10 

1 
I§ 

3 
0,36 

1+0,36 
3,5 

1+1,5 
0,5 
0,5 

0,5~0,5 

i 

I+0,5 

26,7• 90,2• 
61,7__+11,3 90,8-+-6,5 

60,7• 13,7 78,4• 
18,2• 
67,0• 15,0 
62,5• 13,5 62,5+ 13,5 
16,5--+4,9 
50,3_+ 13,7 --  

53,0_~11,8 53,0~11,8 
63,3• 11,2 66,5-+ 11,0 

Seizure 
at once 

21,0• 21,0-+5,7 

Seizure 
at once 

20,2• 
18,5• 

29,7+_---4,8 

22,2~5,4 

51,5• 
80,8• 12,0 

92,0• 10,8 

123,7_+7,0 

F 

62,7• 

46,7+--6 

16 ,2•  

51,2• 18,3 sec ' 
51,8• 18,7 sec  

119,5+4,5~sec : 

120,8_+4,3 sec 

61,576,1 sec 
157,5• sec 

20,7--+3,2 rain 

31,2• rain 

32,0-+ 6, I rain 

of 

§ 
§ 

+~+ 
+++ 

+++++ 

+ 
+++++ 

+++ 
+++++ 

Legend. - )  Complete suppression of manifestations of kindling phenomenon, LP) time from 
beginning of electrical stimulation of amygdala to appearance of clonicotonie convulsions. 

stimulation to the onset of clonicotonic convulsions. If arecoline or galanthamine was used in c o n j u n c t i o n  with 
eterophen or gangleron in the same doses, all manifestations of the "kindling" phenomenon were completely 
suppressed. Eterophen in a dose of 10 mg/kg and gangleron in a dose of 3.5 mg/kg also were very effective 
in this respect. 

Nicotine and the muscarinic cholinolytic methyldiazine had quite the opposite action on the kindling phe- 
nomenon. Nicotine, in a dose of 0.5 mg/kg, inhibited the tonic, but considerably potentiated the clonic compo- 
nent of the epileptiform response due to the "kindling" phenomenon. Methyldiazine, in a dose of 0.5 mg/kg, 
has no significant effect on the kindling phenomenon, but if given in the same dose in conjunction with nicotine 
(0.5 mg/kg) or galanthamine (1 mg/kg), it led to marked potentiation and a considerable increase in the sev- 
erity of virtually all manifestations of the epileptiform response of this type. Methyldiazine in a dose of 
1 mg/kg had a similar effect. 

It is an important fact that the seizure in intact animals could not be reproduced again by threshold elec- 
trical stimulation until 2-3 h after the first seizure. The use of nicotinic cholinolytics, alone or together with 
muscarinic cholinomimetics, lengthened this time to 2-3 days. Conversely, after the use of methyldiazine, a 
seizure could be reproduced whenever the animal stood up on its limbs and began to react to the surrounding 
situation and to the experimenter. 

The results of the present investigation and also data in the literature [9, 14] are evidence that effects 
of systematic injection of muscarinic eholinomimetics and muscarinic cholinolytics are opposite to the effects 
of their direct application to the structure concerned. The apparent disagreement between the results of our 
own experiments and the investigations of Fitz and McNamara [9, 14], on the one hand, and those of Arnold [8] 
and A[bright [7], on the other hand, showing that repeated [ntraperitoneal injection of atropine in a dose of 25 
mg/kg, 1 h before the experiment, delayed the formation of the kindling phenomenon, can be explained on the 
grounds that, in this ease, the process took place against the background of blockade of the ascending reticular 
activating system (ARAS) by atropine, which impeded the formation of a memory trace, i,e., of a pathological 
stable state, namely kindling. This view is in agreement with the opinion [13] that seizure activity is based on 
pathological hyperfunction of the same mechanism as that which is responsible for learning. The present 
writers, and others [9] used muscarinic cholinolytics and muscarinic eholinomimeties to act on the kindling 
phenomenon when already formed in the amygdala, when the matrix of thi s stable pathologic al state of kindling 
has already been formed [1] in long-term memory. Under these experimental conditions muscarin[c cholin- 
olyties evidently are unable to destabilize and abolish this state, or even to prevent extinction of the kindling 
phenomenon when formed. It can be tentatively suggested that this is why muscarinie eholinomimetics and, 
in particular, physostigmine when administered systematically, inhibit the kindling phenomenon in the amygdala. 
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The absence of synerg ism and of s imilar i ty  of direction of the individual effects of physostigmine with a t ro-  
pine, descr ibed in [9], and the presence  of antagonism alone is evidently due to the fact that, as P rozorsk i i  [5] 
observed,  physost igmine has not only an ant[cholinesterase action, but also a muscar in[c  cholinosensitizing 
and muscar in ic  cholinomimetic action, whereas  galanthamine charac te r i s t ica l ly  has muscar inic  cholinomim- 
etic and nicotinic cholinomimetic actions of equal strength. No reference  to exper iments  with the systemic 
use of nicotinic eholinolyties as anticonvulsants in the presence  of a definitely formed kindling phenomenon in 
the amygdala could be found in the accessible l i terature.  

All the facts  descr ibed above are evidence that, besides muscar inic  cholinergic mechanisms,  an impor-  
tant role in the formation of the kindling phenomenon in the amygdala is played also by nicotinic cholinergic 
mechanisms,  for  the effects of muscar in ic  cholinomlmetics  and of nicotinic cholinolytics are synergic in this 
tes t  and are  considerably potentiated as a result  of their  combined use. Consequently, in addition to existing 
modern methods of t rea tment  of epilepsy in man, the use of substances with a marked central  nicotinic cho- 
linolytic action also is evidently indicated, and in o rder  to make them more  effective, they should be combined 
with muscar in ic  cholinomimetics .  

Considering the rec iproc i ty  of interaction between muscar in ic  and nicotinic cholinergic mechanisms 
within a single chol~inergic system [3, 4], it can be postulated that blocking muscar in ic  acetylcholine recep tors  
of the ARAS by methyldiazine depresses  its activity effect on the cerebra l  cortex and thereby weakens the in- 
hibitory tonic effect of the lat ter  on deep brain formations,  which leads to facilitation of the spread of excita- 
tion f rom the focus of epileptiform activity and to an increase in severi ty  of the seizures.  
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