
D Y N A M I C S  OF N E U R O N  A S S E M B L I E S  IN T H E  V I S U A L  

C O R T E X  O F  R A T S  D U R I N G  E V O K E D  P A R O X Y S M A L  D I S C H A R G E S  
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Severa l  ro les  of neurons  in epi lept i form act ivi ty  have been dist inguished. During p a r o x y s m a l  
d i scharges  cons iderable  changes take p lace  in in terneuronal  re la t ionships .  The re la t ionship 
between exc i ta tory  and inhibi tory r e sponses  to a photic s t imulus is a l tered .  Two poss ib le  
f o r m s  of interact ion between neurons  during epi lept i form act ivi ty a r e  examined: s t r i c t ly  
fixed and s tochas t ic .  

Some of the resu l t s  [2, 5-71 obtained by the study of neuron a s s e m b l i e s  in s ta tes  of inc reased  cor t ica l  
exci tabi l i ty  suggest  that m o r e  r igidly fixed f o r m s  of in terac t ion  a r e  the decis ive  e lements  of functional o r -  
ganization at this t ime .  The p a r a m e t e r s  of the neuronal  a s s e m b l i e s  a r e  a l te red  under these  conditions. To 
de te rmine  the c h a r a c t e r  of the i r  dynamics  and the pr inciples  governing them,  the wr i t e r  invest igated the 
re la t ionships  between unit activity,  using a specif ic  s t imulus for  that pa r t i cu la r  cor t ica l  region,  during n o r -  
ma l  bra in  function and also during epi lept i form fi ts .  

E X P E R I M E N T A L  M E T H O D  

Albino ra t s  were  immobi l ized  with D- tubocurar ine .  Unit act ivi ty  was r eco rded  ex t race l lu la r ly  in the 
v isual  cor tex  s imul taneous ly  by two or  th ree  mic roe l ec t rodes l  The dis tance between the mic roe l ec t rodes  

was 100-250-500 #. The ECoG was r eco rded  concurrent ly .  
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F!g.  1. Types  of ro le  of v isual  eor t ica l  
neuron in epileptiform activity:  A) type  
1; B) type 2; C) type 3. F r o m t o p t o b o t -  
tom:  unit act ivi ty  and ECoG. 

F l a shes  were  used as the adequate s t imulus .  To evoke epi -  
lep t i form activity,  s e r i e s  of square  pulses  (20 V, 0.1 m s e c ,  
10/sec)  were  applied f rom a type G ~ F I - 3 - B U  s t imula tor .  Bi -  
polar  s t imulat ing e lec t rodes  were  located around the edges 
of a hole cut in the c ran ia l  bones for  inser ta t ion  of the m i c r o -  
e lec t rodes .  The dis tance between the s t imulat ing e lec t rodes  
was 3 m m .  Recordings were  made on a type 4-EEG e l ec t ro -  
encepholograph with t r i g g e r  a t tachment  for  convert ing spikes 
into pulses  of cur ren t  for  pen record ing .  

EXPERIMENTAL RESULTS 

AND DISCUSSION 

The genera l ized  epi lept i form fit  was cha r ac t e r i z ed  by 
the appearance  of typica l  h igh-vol tage spike d i scharges  on the 
ECoG. Th ree  types  of ro le  of the neurons in p a r o x y s m a l  ac -  
t ivi ty were  dist inguished.  Type 1 consis ted of neurons  r e -  
sponding by inc reased  act ivi ty  during the epi lept i form spikes  
on the ECoG, and ceasing to d ischarge  during the in terva ls  
between the spikes .  Neurons of the second (inhibitory) type 
were  cha rac t e r i zed  by the opposi te  relat ionship:  inhibition 
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TABLE 1. Changes in Types of Unit Responses in the Visual Cortex 
to Photic Stimulation during Epileptiform Activity 

normal  

N 
N 
N 
A 
A 
A 
I 
I 
I 

Response to light 

epileptiform 
activity 

N 
I 
A 
A 
I 
N 
I 
A 
N 

Percentage of 
neurons with given 
type of response 

86.6 
4.8 
8.6 

57.7 
0 

42.3 
23.6 

7.2 
69.2 
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Fig. 2 .  Evoked activity during epileptiform fit: A) act iva-  
tion in response  to photic stimulation during epileptiform 
spikes; B) activation in response  to photir stimulation dur -  
ing a period of "si lence";  C) inhibition in response  to photic 
stimulation during epileptiform activity. Arrow marks  s t imu-  
lation. F rom top to bottom: ECoG and unit activity. 

of activity during spike discharges  and res tora t ion  of activity during periods of "si lence" on the ECoG. The 
neurons on the third (mixed) type showed no visible corre la t ion of their  activity with the dynamics of the 
ECoG, although changes in the i r  activity by compar ison with the background level were c lear ly  visible (Fig. 
17. Most neurons in the visual cortex were of type 1 (57.5%). The number of neurons of types 2 and 3 was 
17.2 and 25.2% respect ively .  In more  than 90% of cases  the unit activity showed charac te r i s t i c  changes 
during the epileptiform fit. 

If photic stimulation was applied during an epileptiform fit, in 23% of cases  it evoked changes in unit 
activity consist ing of either an increase  in amplitude or  dec rease  in f requency of the activity. As a rule 
the response was independent of the t ime of stimulation, whether during the epileptiform spikes or  during 
periods of "si lence" on the ECoG (Fig. 27. The ratio between the number  of excitatory and inhibitory r e -  
sponses of the neurons to the photic stimulus was changed. Whereas under normal  conditions the number 
of nonresponding neurons (type N7 was 64.5%, the number of activated neurons (type A) 14.0%, and the num- 
ber  of inhibitory neurons (type I) 21.5%, during the paroxysmal  discharges  the numbers  were 77, 15.6, and 
7.4% respect ively.  The changes in the types of response  of different groups of neurons a re  shown in Table 
1. Most responses  to photic stimulation during epileptiform activity were obtained f rom neurons not ex- 
hibiting a very  high f i r ing rate  during the paroxysmal  d ischarges .  The charac te r i s t i c  features  of the ECoG 
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during epi lept i form act ivi ty in the p re sen t  exper iments  were  in genera l  ag reemen t  with those obtained by 
other  inves t iga tors  [4, 5, 8-10, 12, 13, 16]. It  is in teres t ing  to analyze the r e su l t s  obtained by photic s t imu-  
lation of the animal  during p a r o x y s m a l  d i scha rges .  The resu l t s  of the p resen t  exper iment  show that  during 
an epi lept i form fit a f ferent  s t imul i  r each  the cor tex and evoke an inc reased  s t rength  or  reduced f requency 
of act ivi ty analogous to the no rm a l  adequate  r e sponse  to light. However,  despi te  the relative" i nc rea se  
in the number  of spontaneously act ive neurons in the cor tex  during the epi lept i form fit  [13-15], the number  
of cel ls  responding to pe r iphe ra l  s t imuli  is reduced [15]. The recept ion of afferent  s t imuli  is m o r e  diffi-  
cult during this per iod and they a r e  l ess  effect ive.  Most neurons cannot d i scharge  at f requencies  exceeding 
500-1000/sec [4, 9, 12]. A fu r the r  inc rease  in the f i r ing ra t e  during the action of exciting afferent  s t imul i  
is imposs ib le  for  these  neurons ,  lust  as inhibitory effects  cannot suppress  act ivi ty f rom the focus of ex-  
citation. Prac t ica l ly  all  spontaneously act ive cor t ica l  neurons  a r e  involved in the epileptoid p roce s s  [5, 
11]. However ,  the degree  of involvement  of neurons ,  even if located ve ry  c lose  together ,  in p a r o x y s m a l  
act ivi ty va r i e s  ve ry  considerably .  Accordingly,  two ca tegor ies  of neurons can be dist inguished.  The f i r s t  
ca tegory  contains neurons whose act ivi ty  is definitely co r r e l a t ed  with the ECoG and which exhibit a high 
f i r ing ra t e  during p a r o x y s m a l  d i scharges .  These  neurons  consti tute the ma jo r i ty  (mainly neurons of types  
1 and 2),and m o r e  r igidly fixed f o r m s  of in teract ion play a dec is ive  ro le  in the i r  organizat ion.  The second 
ca tegory  consis ts  of neurons  not exhibiting a high f i r ing ra t e  during epi lept i form act ivi ty and remain ing  
capable  of conducting afferent  s t imuli  (some neurons of types  1 and 2, and neurons of type 3). These  neu-  
rons  p r e s e r v e  the basic  fea tu res  of functional organizat ion p o s s e s s e d  by the cor tex  under no rma l  conditions, 
and they may  play a specia l  ro le  in the compensa to ry  mechan i sms  of the bra in  s t ruc tu re s .  The function of 
this group of neurons is based  on the s tochast ic  pr inciple  of organizat ion of its e lements  [1]. The inc rease  
in exci tabi l i ty of the cor t ica l  neurons  during epi lept i form act ivi ty [8, 13, 16] may  contr ibute  to the sp r ead -  
ing of the exc i ta tory  nucleus of the neuronal  a s s emb ly  [3, 7] on account of a reduction in s ize  of the in-  
h ibi tory zones,  corresponding to a ce r ta in  inc rease  in the number  of neurons of type A and a d e c r e a s e  in 
the number  of neurons  of type I in the p r e s e n t  exper iments .  Changes in the fo rm of the r e s p o n s e s  to light 
(Table 1) also ref lec t  adaptive changes in the cor tex  during p a r o x y s m a l  s ta tes .  

The fact  will be noted that the ra t io  between the numbers  of excited and inhibited neurons  during photic 
s t imulat ion at a t ime  of epi lept i form activi ty was 2 : 1. This is fu r the r  confirmat ion of the hypothesis  [2, 5] 
that  this ra t io  r e f l ec t s  one of the genera l  p r inc ip les  of the dynamic s t ruc tu re  of the act ivi ty of cor t ica l  m e -  
chanism.  
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