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F O R M A T I O N  OF C O M P L E X E S  OF E P I L E P T I C  A C T I V I T Y  

IN THE CEREBRAL CORTEX UNDER THE INFLUENCE 

OF A DETERMINANT FOCUS INDUCED 

BY ACETYLCHOLINE 

G.  N.  K r y z h a n o v s k i i , *  R .  F .  M a k u l ' k i n ,  
A.  A .  S h a n d r a ,  and  N.  E .  O k h t i s h k i n  

UDC 616.831.31- 009.24- 031. 
84-02:577.175.822 

Foci of enhanced excitability, with independent discharge patterns,  were created by means of 
weak solutions of strychnine and penicillin in cats.  The creation of a hyperactive focus by 
means of acetylchoiine {ACh) and neostigmine ted initial{y to an increase i~ the amplitude and 
frequency of the paroxysmal discharges in the nearest  foci of activity, and later in foci remote 
from the hyperactive focus. Qualitative changes subsequently developed in the pattern of activity 
of the strychnine and penicillin foci (with the appearance of ACh-activity in them) and a single 
functional complex of foci with the same discharge pattern as the ACh-focus was formed. The 
latter thus plays the role  of determinant s t ructure .  Inhibition of the activity of the determinant 
focus was followed by disappearance of ACh-activity in the other foci, restorat ion of original 
(penicillin or strychnine) activity in them, and destruction of the epileptic complex. 

KEY WORDS: determinant focus; epileptic complex; neocor.tex; strychnine; penicillin; 
acetylcholine. 

Previous investigations showed [3-6] that a focus of powerful excitation created in the orbital or temporal  
region of the cerebra l  cor tex can play the role of a determinant s tructure [1,2], i . e . ,  one which determines the 
character  of activity of other separate foe[ of paroxysmal activity, strengthens excitation in them, unites them 
into a single functional complex, and determines the behavior of the complex as a whole. Such a complex 
could be destroyed by inhibiting the action of the determinant focus, whereas disconnection of the other foci 
forming the complex had no significant effect on its behavior.  In the investigations cited above a focus created 
by means of strychnine and penicillin, which disturbed various types of inhibition [7-11 ], possessed de termi-  
nant propert ies .  

In the present  investigation acetyicholine (riCh) was used to create the determinant focus. 

The use of ACh is interesting from several  points of view. It is known to cause direct  depolarization of 
neurons [12,13]; the mechanisms of formation and the functional s tructure of the focus of activity arising 
under the influence of ACh differ from those produced by the action of strychnine and penicillin; the character  
of activity in an ACh-focus is also different in principle.  The question arose whether such a focus could play 
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Fig .  1. Effect  of de te rminan t  ACh-focus  on c h a r a c t e r  of act ivi ty of foci of epileptic  c o m -  
plex.  A) F o r m a t i o n  of foci of enhanced exci tabi l i ty  in zones 2 and 3: 0.5% penicil l in applied 
to zone 2, 0.1% s t rychnine  to zone 3; appl icat ion of subs tances  stopped a f te r  appearance  of 
epi lept ic  act ivi ty;  B) f i r s t  s tage (lst  minute) of fo rmat ion  of de te rminan t  s t ruc tu re  in zone 1 
by appl icat ion of 0.5% neost igmine and 10% ACh; C) second stage of fo rmat ion  of de te rminan t  
focus (3 min a f te r  appl icat ion of ACh to zone 1); D) 2 min  a f te r  applicat ion of 6% pen tobarb i -  
ta[ to zone 1. Here  and in Fig.  2: 1) orbi ta l  co r tex ,  2) co rona ry  cor tex ,  3) p o s t e r i o r  s igmoid 
gy rus ,  4) an t e r io r  s igmotd g y r u s .  Cal ibra t ion ,  500 pV; t ime  m a r k e r ,  1 s e c .  

the roLe of a de te rminan t  focus .  The qual i tat ively different  pa t t e rn  of act ivi ty  in an ACh-focus  would make its 
effect  as a de t e rminan t  s t ruc tu re  on other foci (strychnine and penicill in) pa r t i cu l a r ly  demons t r a t i ve .  

EXPERIMENTAL METHOD 

Acute expe r imen t s  were  ca r r i ed  out on ca t s .  Under pentobarbi ta l  anes thes ia  (30-40 mg /kg ,  i n t r a p e r i -  
toneaHy) the skin and subcutaneous a r e o l a r  t i ssue  were divided by a midiine incis ion f r o m  the nasa l  bones to 
the occiput .  The eye was dra ined .  Trephining the c rania l  bones and orbi t  provided wide acces s  to the var ious  
pa r t s  of the f rontal  and par ie to-occipi taL regions of the neocor tex  of one h e m i s p h e r e .  Separa te  foci of p a r o x y s -  
ma l  act ivi ty  were  c rea ted  by applicat ion of f i l ter  paper  (2 m m  2) soaked in 0,1-0.5% s t rychnine  n i t ra te  or  in 0.3- 
0.8% of the sodium sa l t  of penici l l in .  Foci  of this  so r t  were  c rea ted  in different  pa r t s  of the co rona ry ,  pos -  
t e r i o r  s igmold ,  and la te ra l  gyr i .  A focus of powerful epiLeptiform act ivi ty  was c rea ted  in the orbi ta l  cor tex  
by appl icat ion of 0.5-10% ACh af ter  p r e l i m i n a r y  t r e a t m e n t  of that pa r t  of the cor tex  with 0.1-0.5% n e o s t i g m i n e .  
The foci were  inactivated by Local appl icat ion of 6% pentobarbi ta[ .  Potent ials  were  r eco rded  by a monopolar  
technique;  the r e f e r e n c e  e lec t rode  was fixed in the nasal  bones and the act ive e lec t rodes  consis ted of cotton 
th reads  soaked in R inge r ' s  solut ion.  The potentials  were  r eco rded  on a 4 - E E G - 3  ink-wri t ing e l ec t roe n cep h a -  
lograph.  

EXPERIMENTAL RESULTS 

Between 40 and 50 sec after application of 0.5% penicillin solution to the coronary gyrus slow waves 

appeared  at the s i te  of appl icat ion,  1-3 rain l a te r  monophasic  spike d i scha rges  vary ing  in ampli tude and 

93 



A �84 

1500 ~V 

B 

Fig.  2. Changes in pa t tern  of activity of "s t rychnine"  foci of complex under influence of 
de te rminant  ACh-focus ,  A) Activity of foci 2 rain, B) 3 min af ter  c rea t ion  of de terminant  
focus in zone 1 by means of 0.5% ACh and 0.5% neost igmine .  Foci  in zones 2 and 3 crea ted  
by application of 0.1% s t rychnine .  

f requency were observed,  and a few minutes Later sti l l  these gave way to high-amplitude negative paroxysmal  
potent ials .  Simultaneously with the penicil l in focus,  a s t rychnine focus of epileptic activity was formed in the 
pos te r io r  sigmoid gyrus ,  in which monophasic negative d ischarges  of var ied amplitude were recorded  f i r s t ,  
followed by cha rac t e r i s t i c  t r iphas ic  potent ia ls .  At ~he stage when the two foci genera ted  asynchronous shor t  
(30-40 msec)  paroxysmal  potentials (Fig. 1A, zones 2 and 3), varying in amplitude and frequency,  neost igmine 
with ACh was applied to the rostraL par t  of the orbital  cor tex .  Between 2 and 4 min af te r  application of neo-  
st igmine and ACh, an increase  in the amplitude and frequency of the epileptic d ischarges  was observed in the 
penicil l in and s t rychnine foci .  Another few minutes a f te r  application of ACh, negative spike potentials appeared 
in the orbital  cor tex ,  followed by cha rac te r i s t i c  regu la r  epileptic d ischarges  consist ing of a high-amplitude 
posi t ive-negat ive spike and a f t e r -d i scha rge  (Fig. 1D, zone 1). In the course  of format ion  of the ACh-foeus 
and the increase  in the Level of its activity a sharp  increase  in the number  of paroxysmal  d ischarges  was ob- 
se rved  in the focus in the coronary  gyrus ,  synchronous with the rhythm of the a f t e r -d i scha rges  of the ACh- 
focus (Fig. 1B, zone 2). During this per iod epileptic d ischarges  cha rac t e r i s t i c  of the penicil l in focus (the 
initial par t  of the discharge},  were sti l l  r eco rded  in this zone, together  with rhythmic low-amplitude d ischarges  
synchronized with those of the ACh-focus .  In a zone of the pos t e r io r  sigmoid gyrus  more  distant f rom the o r -  
bital  cor tex  t r iphas ic  s t rychnine d i scharges  continued to be r eco rded ,  although the i r  number was sharply in-  
c reased ,  and grouped d ischarges  appeared at ce r t a in  periods (Fig. 1B, zone 3). In the an te r io r  s igmoid gyrus ,  
which was not t rea ted  with any convulsants ,  at this  t ime and la ter  as a rule  no epileptic  d ischarges  were  p r e s -  
ent, o r  only single d i scharges  of Low amplitude were r eco rded .  

Regular  epileptic d ischarges  synchronized with d ischarges  of the ACh-focus  in the orbital  cor tex  also 
were  genera ted  in the pos te r io r  sigmoid gyrus  (zone 3) 3-10 min af te r  c rea t ion  of the ACh-focus.  At this 
stage both the s t rychnine and the penicil l in foci genera ted  act ivi ty cha rac t e r i s t i c  of the ACh-focus (Fig. 1C)o 
A single functional complex consist ing of three  loci of epileptic act ivi ty,  with a d ischarge  pat tern  imposed by 
the ACh hyperact ive  focus in the orbital  cor tex ,  thus appeared.  It is important  that the ACh-focus modified 
the cha rac t e r  of activity of the penicil l in and s trychnine foci not only quantitat ively,  but also quali tat ively to a 
significant degree .  These changes are  c lea r ly  visible also in Fig.  2, which shows the resul ts  of an exper iment  
in which foci were c rea ted  in zones 2 and 3 by means  of 0.1% st rychnine and a focus in zone 1 by application of 
0.5% neost igmine and 0.5% ACh. In the functional complex thus formed the foci in zones 2 and 3 consti tuted a 
heterogeneous  functional format ion:  Immediately a f te r  a hypersynchronized  biphasic spike,  cha rac t e r i s t i c  of 
ACh-focus (zone 1) paroxysmal  potentials followed, with a positive deflect ion cha rac t e r i s t i c  of s t rychnine 
spikes;  the amplitude of the posit ive wave then diminished gradual ly and it could become ill defined (as in the 
ACh-focus) and the amplitude of the negative waves increased .  This pa t te rn  of activity was more  marked in 
the focus c lose r  to ACh (zone 2) and less marked in the distant focus (zone 3). Biphasie epileptic d ischarges  
with a marked  negative wave, cha rac te r i s t i c  of s t rychnine foci,  were  recorded  in the Latter. Meanwhile the 
second posit ive wave, following the negative wave and also cha rac t e r i s t i c  of the typical  s t rychnine d ischarge ,  
was absent  in this focus as in the r e s t .  The d ischarge  f requency in foci 2 and 3 was the same as in the ACh- 
focus.  
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As the data given above show, under the influence of the de te rminan t  ACh-focus something r e sembl ing  
hybridizat ion of act ivi ty took place  in the other  foci of the complex ,  in which act ivi ty  c h a r a c t e r i s t i c  of the ACh- 
focus and of the other  foct  was re f l ec ted .  This "hybridizat ion"  was pa r t i cu la r ly  c h a r a c t e r i s t i c  of the t r a n s i -  
t ion s tage in the development  of the complex .  This  was followed by the appearance  of comple te  imposi t ion of 
A Ch-ac t iv i ty  on all foci of the complex .  Somet imes ,  however ,  this  "hybrid" act ivi ty could p e r s i s t  as the 
apparent  end r e su l t .  

Af ter  e s t ab l i shment  of a s table  rhy thm of synchronized act ivi ty  in all  the foci the f i l te r  paper  with ACh 
was removed  f rom the orbi ta l  co r t ex  and the loci  continued to genera te  synchronized d i s c h a r g e s .  L a t e r  a 
d e c r e a s e  was observed  in the ampl i tude,  f requency,  and durat ion of the ep i lep t i fo rm d i scharges  in all the foci,  
the s t rychnine and penici l l in d i scha rges  were  r e s t o r e d  in the foci,  and they then d i sappea red .  

To make su re  that  it was in fact  the ACh-focus  in zone 1 that  was the de te rminan t  s t r u c t u r e  respons ib le  
for  the c h a r a c t e r  of act ivi ty  on the other  foci of the complex ,  exper imen t s  with pharmaco log ica l  inhibition of 
act ivi ty of each of the foci were  c a r r i e d  out. Af ter  appl icat ion of pentobarbi ta l  solution to the reg ion  of the 
hyperac t ive  focus in the orb i ta l  co r t ex  (at the s tage when all foci  of the complex  had the s a m e  synchronized  
d ischarge  pat tern)  ep i l ep t i fo rm act ivi ty  in this focus diminished sharp ly  a f te r  a few minutes .  The ace ty lcho-  
line c h a r a c t e r  of act ivi ty  in the other  foci (zones 2 and 3) d i sappeared  and epileptic d i scha rges  typical  of pen i -  
cil l in and s t rychnine  appea red .  Each of the foci genera ted  asynchronous ,  independent d i scha rges  (Fig. 1D), 
i . e . ,  the complex  d is in tegra ted  and the res idua l  foci in zones 2 and 3 became autonomous,  as they had been 
before  the fo rmat ion  of the complex under  the influence of the de te rminan t  focus (Fig. 1A). Applicat ion of 
pentobarbi ta l  to the other  foci in the co rona ry  or p o s t e r i o r  s igmoid gyrus  ted to inhibition of act ivi ty  only in 
that  s a m e  focus;  the remain ing  loci  continued to give synchronized d i scharges  as be fo r e .  

The invest igat ions thus showed that  a focus of hyperac t iv i ty  induced by means  of ACh can play the role  
of a de te rminan t  focus .  These  r e s u l t s ,  together  with those of previous  invest igat ions [1-6], are  evidence that 
the fac tor  respons ib le  for  the de te rminan t  p rope r t i e s  of the focus is the power of the functional vol ley which 
they gene ra t e .  The functional vol ley f r o m  the de t e rminan t  focus does not s imply  intensify the act ivi ty of the 
dependent loci ,  but it can a l so  induce complex  quali tat ive changes in the c h a r a c t e r  of the i r  ac t iv i ty .  Under 
the influence of impulses  f r o m  the de te rminan t  focus,  the intr insic  act ivi ty  of the dependent  foci may be sup-  
p r e s sed  and then t r a n s f o r m e d  to co r respond  to the c h a r a c t e r  of epi lept ic  act ivi ty  of the de te rminan t  focus .  

These expe r imen t s  a l so  showed the complex  c h a r a c t e r  of re la t ions  between the de te rminan t s  and depen-  
dent foci .  These  re la t ions  were  de te rmined  p r i m a r i l y  by the level of ac t iv i ty  of the de te rminan t s  and depen-  
dent foci .  On the c rea t ion  of s epa ra t e  foci by appl icat ion of s t rychnine  solut ions of d i f ferent  concentra t ions  
the ACh-focus imposed the c h a r a c t e r  of its own act ivi ty  p r i m a r i l y  on foci with epi lept ic  potent ials  of low a m -  
plitude, whereas  the other  loci  continued to genera te  typical  s t rychnine d i s c h a r g e s .  The re la t ions  between the 
foci a lso  depended on the d is tance  between the de te rminan t s  and other  loci .  The m o r e  dis tant  foci did not con-  
fo rm to the c h a r a c t e r  of act iv i ty  of the ACh-focus until much l a te r  (Fig. 1B, zone 3), and s o m e t i m e s  not at 
a l l .  Neve r the l e s s ,  the dependent foci  a re  not pass ive  s t r u c t u r e s  which s imply  submi t  to the influence of the 
de te rminan t  f a c to r s .  In some  e x p e r i m e n t s ,  in the init ial  s tages  of fo rmat ion  of the ACh-foeus ,  when the e x c i -  
tabi l i ty  of this pa r t  of the co r t ex  had just s t a r t ed  to inc rease  and the level  of its act ivi ty  was lower than in the 
s t rychnine foci,  it was noted that  the la t ter  could induce potentiat ion of p a r o x y s m a l  act ivi ty  in the ACh-foeus .  
Somet imes ,  evidently in those cases  when the re la t ive  s t reng ths  of act ivi ty  of the foci r ema ined  the s a m e ,  
this potentiat ion of act ivi ty  in the ACh-focus r ema ined  and its d i scharges  conformed to the fea tu res  of act ivi ty  
of s t rychnine or penici l l in foci .  In m o s t  expe r imen t s ,  however ,  as the ampli tude and f requency of the potentials  
in the ACh-focus inc reased ,  the la t te r  imposed the c h a r a c t e r  of its own act ivi ty  on the s t rychnine  and peni -  
cil l in foci,  which became  dependent loc i .  On the whole, the invest igat ions conf i rm,  with a new model ,  the 
ro le  of de te rminan t  s t r u c t u r e s  in the act ivi ty  of the nervous  s y s t e m .  
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E F F E C T  OF H Y P E R B A R I C  H Y P E R O X I A  ON HUMAN P L A S M A  

E R Y T H I ~ O P O I E S I S  I N H I B I T O t l  S 

V.  I .  V o i t k e v i c h ,  A .  M. V o l z h s k a y a ,  
and  L .  A.  K o r c h i n s k i i  

UDC 612.111.3-06:612.273.1 

In persons unadapted to hyperbaric hyperoxia, 24 h after exposure in a pressure  chamber to an 
increased pressure corresponding to a depth of 63 m (with 25% 02 in the inspired air),  e ry thro-  
poietins completely disappeared from the plasma, but erythropoiesis inhibitors appeared in- 
stead. 

KEY WORDS: hyperbaric hyperoxia; erythropoiesis inhibitor; erythropoietin; erythropoiesis .  

Few investigations have been undertaken of the action of hyperbaric hyperoxia on erythropoietic activity 
of the blood in various species of animals [3,10,13]. The answer to the question of how hyperbaric hyperoxia 
affects the erythropoietie propert ies of human plasma is not only of theoretical ,  but also of great  practical im- 
portance, for nowadays man frequently has to stay and work under conditions of increased partial oxygen pres -  
sure both under water and elsewhere.  

The object of this investigation was to study the erythropoietic propert ies of the plasma and composition 
of the peripheral  red blood in persons exposed for the f irs t  time to the action of hyperbaric hyperoxia. 

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

Tests were carr ied out on ten healthy male students aged 18-19 years  before and 24 h after a stay in a 
continous-flow decompression chamber under a pressure of 7.3 kgf/cm 2, equivalent to a depth of 63 m. 
During their stay at this "depth"the subjects breathed (by means of a special breathing apparatus) an atmos- 
phere consisting of 25% oxygen, 15% helium, and 60% nitrogen. The pressure  in the chamber was raised 
from 1 to 7.3 kgf/cm 2 in the course of 5 min (the partial oxygen p r e s s u r e - p O  z - r o s e  to 1.83 kgf/cm 2, 
i.e., about 1400 mm Hg). The subjects remained under these conditions for 10  min. Pressure  in the 
chamber was then lowered to 2.6 kgf/cm z and the subjects started to breathe almost pure oxygen-98% 
02 (pO 2 2.5 kgf/cm2), while decompression continued. The whole "lifting" of the subjects from a "depth" 
of 63 m to sea level occupied about 40 rain. None of the subjects had ever previously been exposed to either 
hyperbaric conditions or hyperoxia. 

The erythropoietic activity of the plasma and the hemoglobin concentration, erythrocyte count, and hemat- 
ocri t  index of the peripheral  blood were determined before and 24 h after the beginning of the experiment.  
Erythropoietic factor was determined by studying the mitotic activity of a bone marrow culture in liquid medi- 
um in the presence of colchicine [8,11] (from the difference between the stathmokinetic indices of the ery thro-  
blasts after addition of the test  plasma and of Hanks' solution to the culture) and expressed in conventional 
units. 

I, P. Pav[ov Institute of Physiology, Academy of Sciences of the USSR, Leningrad. (Presented by 
Academician V. N. Chernigovskii.) Translated from Byulleten' Eksperimental 'noi Biologii i Meditsiny, Vol. 
87, No, 2, pp. 122-123, February,  1979. Original article submitted April 11, 1978. 
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