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Foei of inc reased  excitabil i ty,  functioning independently, were  c rea ted  in the neuronal ly  isolated 
cor tex  of cats  by means  of weak s t rychnine solutions.  The c rea t ion  of a hyperac t ive  focus by 
appl icat ion of concentra ted solutions or  c ry s t a l s  of s t rychnine led to an i nc rea se  of ampli tude 
and d i scharge  f requency in other  foci,  synchronizat ion of the d i scharges  in these  foci, and the i r  
combinat ion into a single functional complex of foci dr iven by the hyperac t ive  focus.  T h e l a t t e r  
thus played the ro le  of de te rminan t  s t ruc tu re .  Marked genera l iza t ion  of pa roxysma l  act ivi ty  
a lso  took place  under the influence of the de te rminant  focus and was mani fes ted  as the spread  
of epileptic d i scharges  to a r ea s  of cor tex  untreated with s t rychnine .  The resu l t s  indicate that 
re la t ions  es tabl ished between hyperac t ive  loci in the cor tex  and the effects  of the de terminant  
s t ruc tu re  can be brought about through pure ly  cor t ica l  m e c h a n i s m s .  
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Prev ious  invest igat ions [2-6] have shown that a focus of powerful  exci tat ion crea ted  in the cor tex  by 
means  of s t rychnine can play the ro le  of a de te rminan t  s t ruc tu re  [1], which de t e rmines  the c h a r a c t e r  of ac -  
t ivity of other  sca t t e red  loci of epileptic  act ivi ty,  enhances exci tat ion in them,  unites them into a single func- 
t ional  complex,  and de t e rmines  the behav ior  of the complex as a whole. Such a comple•  of foei can be de-  
s t royed by suppress ing  the act ivi ty of the de te rminan t  focus; blocking of the other  foci included in the c o m -  
plex has no significant effect  on the behavior  of the complex i tself .  In the invest igat ions cited above complexes  
of epileptic act ivi ty  were  c rea ted  in different  pa r t s  of the intact neoeor tex .  The next step was to study the 
rote  of subcor t ica l  s t r u c t u r e s  and cor t ica l  s t r uc tu r e s  p r o p e r  in the m e c h a n i s m  of the re la t ions  between these  
loci.  The a im of the p re sen t  invest igat ion was to study functional re la t ions  between foci with different  levels  
of pa roxysma l  act ivi ty  c rea ted  in the c e r e b r a l  cor tex  isolated f rom subjacent  s t r uc tu r e s .  

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

Ten cats we re  used. The cor tex  was isolated by Khananashvi l i ' s  method [7] as follows. Under pen tobar -  
bital anes thes ia  (30-40 m g / kg ,  in t raper i toneal ly)  a piece of bone (20-10 ram) above the an te r io r  pa r t  of the 
l a t e ra l  gyrus  was removed  by means  of a saw. After  the dura  had been opened a longitudinal incision was 
made in the cor tex  of this gyrus  in the an t e ropos t e r i o r  d i rect ion 10-15 m m  long, and was ca r r i ed  down as fa r  
as the la te ra l  vent r ic le .  The la t te r  was opened to revea l  Ammon ' s  horn, cover ing the cor t ica l  p ro jec t ion  path-  
ways (corona radiata)  in the region of the i r  max ima l  concentrat ion.  By an incision running in the an te ropos te -  
r i o t  d i rec t ion  along the l a t e ra l  su r face  of the caudate nucleus and l a te ra l  b o r d e r  of Ammon ' s  horn, all  pa th-  
ways connecting the neocor tex  with the basa l  s t r uc tu r e s  and pathways running in the opposite d i rec t ion were  
divided. The operat ion was p e r f o r m e d  on one hemisphe re ,  so that  it was poss ib le  to isola te  the cor tex  of the 
other hemisphe re  while keeping the pro jec t ion  pathways intact for  control  expe r imen t s .  

Immedia te ly  a f t e r  this operat ion (acute isolation) or  a f t e r  an in terval  of 3-10 days (chronic isolation) 
exper imen t s  we re  c a r r i e d  out to study in teract ion between loci of epileptic  act ivi ty  in the c e r e b r a l  cor tex .  
Fo r  this  purpose  the skull was t rephined under e ther  or  pentobarbi ta l  anes thes ia .  Foei of p a r o x y s m a l  act ivi ty  
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Fig.  1. Format ion  of an epileptic complex under  the influence of a de te rminan t  
focus in the cor tex  isol6. A) 1 rain a f te r  applicat ion of s t rychnine c rys t a l  t o a r e a  
1. Independent foei of p a r o x y s m a l  act ivi ty were  c rea ted  beforehand in a r e a s  2 
and 3 by applicat ion of 0.1% st rychnine solution; a f te r  the appearance  of s t r y c h -  
nine d i scharges  the applicat ion of s t rychnine was stopped. B) 10 min  a f te r  A; 
synchronizat ion of d i scharges  in all  loci and fo rmat ion  of a complex of epileptic 
act ivi ty;  s t rychnine r emoved  f rom a r e a  I and r insed off with physiological  sal ine;  
C) 35 rain a f t e r  B; D) repea ted  fo rmat ion  of de te rminan t  focus in a r e a  1 by appl i -  
cat ion of s t rychnine c r y s t a l  and repeated  fo rmat ion  of complex (enhancement and 
synchronizat ion  of epi lept ic  act ivi ty  in all  foci). E) 14 rain a f te r  D; fu r the r  evolu- 
t ion of complex with fo rmat ion  of act ivi ty r e sembl ing  acetylcholine d i scharges ;  
F) 70 sec a f t e r  E.  Exper imen t  c a r r i e d  out 3 days a f te r  isolat ion of cor tex .  1) 
Orbital  cor tex;  2) co rona ry  cortex;  3) an te r io r  ec tosylv ian  gyrus ;  4) an te r io r  
s igmoid gyrus .  Cal ibrat ion,  500 t~V, t ime m a r k e r  1 sec .  

were  c rea ted  by applicat ion of a piece of f i l te r  p a p e r  (2 m m  2) soaked in 0.1-0.570 s t rychnine solution in d i f fer -  
ent pa r t s  of the coronary ,  ectosylvian,  an t e r io r  and p o s t e r i o r  sigmoid,  and orbi ta l  gyr i .  A focus of powerful  
p a r o x y s m a l  act ivi ty was c rea ted  by applicat ion of 1-3% st rychhine solution or a s t rychnine c ry s t a l  to the orbi ta l  
or  co rona ry  gyrus .  The foci were  blocked by local  applicat ion of 670 pentobarbi ta l  solution. Potent ials  were  
recorded  by a monopola r  technique and the r e f e r e n c e  e lec t rode  was secured  in the nasal  bones.  The comple te -  
ness  of the sect ions  was ver i f ied his tological ly .  

EXPERIMENTAL RESULTS 

P a r o x y s m a l  d i scharges  appeared 2-3 rain af ter  applicat ion of 0.1% st rychnine solution to the co rona ry  
(area 2) and ec tosylv ian  (area 3) gyr i  of one hemisphe re  (3 days  a f t e r  isolation of the neocortex)  in a r e a  2 only. 
Discharges  did not appea r  in a r e a  3 until 5-6 rain a f te r  applicat ion of s t rychnine .  After  the fo rmat ion  of the 
sca t te red  foei the f i l t e r  p a p e r  with s t rychnine  was removed  and an applicat ion of a 3% solution or c ry s t a l  of 
s t rychnine was made to the orbi ta l  cor tex  (area  1). In the f i r s t  s tages  of fo rmat ion  of the new focus unsyn-  
chronized d i scharges  began to appea r  in all foci independently of one another  (Fig. 1A). La te r  (10-15 m i n a f t e r  
applicat ion of the 3~0 solution or  c rys t a l  of s t rychnine to a r e a  1) synchronizat ion of the d i scharges  was ob- 
se rved  in all loci with the d i scharges  in the new focus (Fig. 1B). After  the fo rmat ion  of the epileptic complex,  

1123 



A B C 

i I~ l 1 

b E 

Fig. 2. Role of de te rminant  focus in organizat ion of epileptic  complex and onset of gen-  
e ra l i za t ion  of epileptic act ivi ty in cor tex  isol~. A) Focus of p a r o x y s m a l  act ivi ty  c rea ted  
in a r e a  1 by applicat ion of 0.1% st rychnine solution; appl icat ion of s t rychnine stopped a f te r  
appearance  of spike d i scha rges .  Determinant  focus c rea ted  in a r e a  2 by lq0 s t rychnine 
solution. Genera l iza t ion  of act ivi ty  occur red  1 rain a f te r  fo rmat ion  of de te rminan t  focus,  
involving a r ea s  3 and 4; B) 3 rain a f te r  A; a r r o w  indicates  beginning of effect  of appl ica-  
tion of 6% pentobarbi ta l  solution to region of de te rminan t  focus; C) 4 rain a f t e r  applicat ion 
of pentobarbi taI  to a r e a  1, des t ruc t ion  of complex;  D) r e - c r e a t i o n  of complex:  0.2% s t r y c h -  
nine solution applied to a r ea s  1 and 3, s t rychnine c r y s t a l  to a r e a  2; E) 5 sec ,  and F) 1rain 
a f te r  appl icat ion of 6% pentobarbi ta l  solution to dependent focus in a r e a  3. 1) Corona ry  
cortex;  2) orbi ta l  cortex;  3) an te r io r  and 4) p o s t e r i o r  sigmoid gyr i .  Cal ibrat ion:  500 #V, 
t ime  m a r k e r  1 sec.  

s t rychnine was removed  f rom the region of the hyperac t ive  focus and the region i tse l f  was r insed with phys io-  
logical  sal ine.  A dec r ea s e  in ampli tude of the d i scharges  in the dependent and de te rminant  foci took place 
20-30 rain a f te r  r emova l  of the s t rychnine .  At that per iod synchronous d i scharges  were  sti l l  r ecorded  in all  
loci;  a fu r the r  dec r ea s e  in the ampli tude and f requency of the d i scharges  in all loci and dis t rubance of syn-  
chronizat ion of the d i scharges  were  observed  30-40 rain a f te r  r emova l  of the s t rychnine (Fig. 1C). If the 
c rys ta l  of s t rychnine was again applied at this s tage to the orbi tal  c o r t e x  (area 1) the ampli tude and f requency 
of the d ischarges  in a r ea s  2 and 3 inc reased  again and they became  synchronized with d i scharges  in the orbi tal  
cor tex  (Fig. 1D). A new complex of epileptic act ivi ty was thus fo rmed and its d i scharge  pa t t e rn  was d e t e r -  
mined by the newly act ivated de te rminant  focus.  If the applicat ion of s t rychnine  was repeated  (and the s t r y ch -  
nine not removed)  the fu r the r  evolution of the complex and de terminant  focus could be observed:  Activity r e -  
corded during this per iod differed f rom typical  s t rychnine spikes and r e sembled  in its e l ec t r i ca l  c h a r a c t e r -  
[s t ics  p a r o x y s m a l  d i scharges  of the s p i k e - a f t e r - d i s c h a r g e  type (Fig. 1E). T h e s e  potent ia ls  a re  c h a r a c t e r -  
ist ic of the effect  of acetylchol ine  [6, 8-10]. Meanwhile, bes ides  the d i scharges  mentioned above,  p a r o x y s m a l  
potent ia ls  typical  of s t rychnine also appeared .  A few minutes  a f t e r  the onset of this act ivi ty  the number  of 
p a r o x y s m a l  d i scharges  dec reased  in all foci and the complex continued to genera te  p a r o x y s m a l  d i scharges  
cha rac t e r i s t i c  of s t rychnine (Fig. 1F). 

In other  exper imen t s  a focus of re la t ive ly  weak exci ta t ion was c rea ted  (0.1% st rychnine solution) in a r ea  
1 (coronary cor tex) .  After it had appeared,  a m o r e  powerful focus (1% st rychnine solution) was formed in a r ea  
2 (orbital cor tex) .  The crea t ion  of this focus led to the fo rmat ion  of an epileptic  complex consis t ing of two loci,  
and generat ing synchronous d i scha rges .  In a r e a s  not subjected to p r e l i m i n a r y  s t rychninizat ion,  pa roxysma l  
d i scharges  were  absent in the initial per iod  (Fig. 2A, initial  f ragment ) .  This was followed by a sudden inc rease  
in the d ischarge  f requency in both foci up to 5-10 Hz; in the hypoactive focus in a r e a  2, ep i l ep t iod i soharges  ~vith 
a h igher  f requency than in the dependent focus (area 1) were  recorded  initially.  In regions  of the cor tex  not 
t r ea t ed  with s t rychnine (areas 3 and 4) p a r o x y s m a l  d i scharges  synchronized with those in a r e a  2 appeared  in 
this per iod,  ref lect ing genera l iza t ion  of p a r o x y s m a l  act ivi ty f rom the focus in a r e a  2. Discharges  of this type 
appeared  f i r s t  in a r e a  3 (which was nea re r ) ,  and l a t e r  in a r e a  4 (more r emo te  f rom the de te rminan t  focus 
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in a r e a  2). These  genera l ized  bu r s t s  of p a r o x y s m a l  act ivi ty  could las t  between 1-2 and 6 rain, and then they 
suddenly ceased ,  so  tha t  only single epileptic  d i scha rges  remained  or  the original  background act ivi ty  was 
r e s to r ed .  

Whereas  at the genera l ized  d ischarge  s tage act ivi ty of the de te rminan t  focus was suppres sed  by pento-  
barb i ta l ,  a f te r  a few seconds the d i scharges  in it were  r e v e r s e d  and the level  of epileptic act ivi ty lowered;  
meanwhile  the re  was a m a r k e d  dec r ea s e  in the ampli tude and f requency of d i scharges  in the dependent loci 
(zones 1, 3, and 4) and a change in the po la r i ty  of the potent ia ls .  Activity in the foci then d isappeared  (Fig. 2C). 

On repeated  applicat ion of 0.2% st rychnine solution to the co rona ry  (area 1) and an te r io r  s igmoid (area 3) 
gyr i  and also of a s t rychnine  c rys t a l  to the orbi ta l  gyrus  (area 2), alongside the a r e a  in which a focus had p r e -  
viously been supp re s sed  by applicat ion of pentobarbi ta l ,  a new epileptic complex was fo rmed  (Fig. 2D) with 
synchronized d i scharges  in all its foci; the complex  included an intact  a r e a  of cor tex,  not t r ea ted  with s t r y ch -  
nine, which demons t ra ted  genera l iza t ion  of the p r o c e s s .  If the act ivi ty of one of the dependent loci was sup- 
p r e s s e d  at this  s tage by appl icat ion of pentobarbi ta l ,  genera l iza t ion  of epi lept ic  act iv i ty  stil l  continued and 
the complex continued to d i scharge  by the same  pa t t e rn  as before  (Fig. 2F). 

It is imposs ib le  in this pape r  to desc r ibe  many  of the other  fea tu res  distinguishing re la t ions  between 
the foci thus c rea ted  (this will be done in a specia l  publication),  and all that can be said is that in some cases  
a c t i v i t y w a s  dep res sed  in the p r i m a r y  foci a f te r  the fo rmat ion  of a new powerful focus.  This phenomenon ex- 
p r e s s e d  es sen t i a l ly  the dominance of the m o r e  powerful  focus.  S imi lar  re la t ions  could a r i s e  in the ea r ly  s tages  
of format ion  of the complex and a l te rnated  with the mani fes ta t ion  of de te rminance  of the hyperac t ive  focus. 
Dominan t -de te rminan t  re la t ionships  of this kind, incidentally,  have been observed by the w r i t e r s  in whole bra in  
p repa ra t ions  also.  

The s ame  re la t ions  between foci of inc reased  activi ty a re  thus found in the isolated cor tex  as in the c o r -  
tex of the intact  b ra in  [2-6]. In pr inciple ,  the s a m e  re la t ionships  a re  fo rmed between the de te rminant  and de- 
pendent foci,  and the fo rmat ion  of a single complex,  whose pa t t e rn  of act ivi ty  is de te rmined  by the de terminant  
focus, takes  place in the same  way. The de te rminan t  pr inciple  is thus rea l ized  in the cor tex  isol~ also.  What 
this means  is that these  re la t ions  between loci of hyperac t iv i ty  a re  achieved through internal  cor t ica l  m e c h -  
anism s. 

Meanwhile,  the complex is fo rmed  m o r e  rapidly  in the isolated cor tex  and genera l iza t ion  of the p ro ce s s  
is m o r e  marked ,  as is re f lec ted  in the sp read  of p a r o x y s m a l  act ivi ty to unaffected regions  of the cor tex .  As 
a rule  this phenomenon is not found in the intact  cor tex .  It can the re fo re  be supposed that the basa l  s t ruc tu re s  
have a modulat ing effect  on the p r o c e s s e s  of fo rmat ion  of functional complexes  in the cor tex .  It is an i n t e r e s t -  
ing fact  that  a f t e r  reappl ica t ion  of s t rychnine to a quiescent  de te rminan t  focus, produced in the same  way by 
s t rychnine,  the newly a r i s ing  act ivi ty  m a y  r e s e m b l e  acetylchol ine d i s c h a r g e s  in its c h a r a c t e r .  According to 
Ferguson  and J a s p e r  [10], the sp ike-wave  and a f t e r - e f f ec t  a r e  genera ted  by neurons in different  l aye r s  of the 
cor tex ,  if this conclusion is c o r r e c t ,  it can be postulated that genera l iza t ion  of exci tat ion consis t ing of a sp ike-  
wave and a f t e r - d i s c h a r g e  f rom the de te rminan t  focus can take place horizontal ly ,  spreading  along separa te  
neuronal  l aye r s .  The spread  of d i scharges  of r e v e r s e d  fo rm f rom the de te rminant  focus a f te r  appl icat ion of 
pentobarbi ta l  to it can be examined f rom the s ame  standpoint.  This phenomenon also  was observed in the intact 
bra in ,  when acetylchol ine was used to fo rm a de te rminan t  focus [6]. in these  s ame  expe r imen t s  s t rychnine 
evoked ace ty lchol ine- l ike  act ivi ty .  It can be tenta t ively  suggested that under cor tex  isol6 conditions the r e -  
cruit ing of neurons in different  l aye r s  of the cor tex  and the sp read  of excitat ion are  faci l i tated.  
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