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Foci of enhanced excitability, with independent discharge pat terns,  were created by subcon- 
vulsive stryehninization in experiments on cats. A focus of more powerful excitation created 
with the same strychnine played the role of determinant  despatch station (DDS). Its impor-  
tance is that it determines  the charac te r  of activity of the other foci of excitation, strengthens 
excitation in them, combines them into a single functional complex, and determines  the cha r -  
ac te r  of activity of the whole complex. This complex can be destroyed by suppressing the DDS 
with pentobarbital.  Blocking individual destination stations included in the complex does not 
lead to its destruction. 
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epileptogenic focus; determinant.  

Determinant  despatch stations (DDS) or  determinants  are s t ruc tures  of the central  nervous sys tem 
(CNS) which form a functional volley, determine the charac te r  of activity of par ts  of the CNS to which this vol- 
ley is despatched, and so determine the behavior of the whole system. Hyperactive DDS, ar is ing under patho- 
logical conditions when inhibitory mechanisms are  disturbed, form a pathologically enhanced functional volley; 
when created in different par ts  of the CNS they disturb the activity of the corresponding physiological system, 
endow them with a pathological charac te r ,  make them hyperactive,  and so evoke the appearance of co r respond-  
ing neuropathological syndromes  [ 1-5]. 

It was accordingly interest ing to study the relationship between a hyperactive DDS and foci of enhanced 
functional activity in the cortex,  simulating situations charac te r i s t ic  of multifocal epilepsy. It might be ex- 
pected that a focus of powerful excitation ar is ing following the disturbance of inhibitory p rocesses  and a lower-  
ing of the threshold of excitability of neurons would play the role of a DDS with respec t  to other loci of en- 
hanced activity. Such a focus was created by application of strychnine, one of the most  adequate models of the 
epileptogenic focus [ 11]. 

EXPERIMENTAL METHOD 

Acute experiments  were performed on 46 cats.  Under pentobarbital anesthesia (25-35 mg/kg, in t ra -  
peritoneally) the skin and subcutaneous cel lular  t issue were divided by a midline incision running from the 
nasal bone to the occiput. The eyeball was drained. Trephining the bones of the cranial  vault and orbit gave 
wide access  to the Various par ts  of the frontal cortex. Weak strychninizat ion of a reas  of the cortex was pro-  
duced by application of fil ter paper (2 • 2 ram) soaked in a 0.01-0.05% solution of strychnine nitrate and 
squeezed dry. As soon as the f i rs t  se izure  potentials appeared, the paper with the strychnine was removed. 
A focus of powerful activity was created by application of a 3% solution or c rys ta l  of strychnine to the orbital 
zone of the orbitofrontal  cortex. This cor t ica l  zone was chosen because of the presence of well-defined 
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Fig. 1. Synchronization of se izure  activity in disconnected loci of excitation in cat c e r e -  
bral  cor tex under the influence of DDS (determinants):  A) formation of foci of increased 
excitability in a reas  2 and 3 by subconvulsive strychninization (0.01% solution); B) ap- 
plication of strychnine to a reas  2 and 3 stopped (paper soaked in strychnine removed), 
s trychnine crys ta l  applied to area 1; initial stage of DDS formation; activity in areas  2 
and 3 not yet subordinated to activity in 1; C, D) later  stages of DDS formation in 1; ac-  
tivity in foci 2 and 3 increased under the influence of DDS and is synchronized with ac-  
tivity in 1. Calibration: 500 u V; time marker  1 sec; 1) orbital, 2) coronary  cortex, 
3) pos ter ior ,  4) anter ior  sigmoid gyrus.  

af ferent-efferent  connections with other parts  of the neocortex [7, 9, 10] and also the role played by the pre-  
frontal cortex in the generalization of epileptic activity [ 9]. Pharmacological  depression of the foci of activity 
was achieved by local application of fil ter paper (2 x 2 ram) soaked in 6% solution of peatobarbital.  Biopoten- 
tials in the areas  of strychninization (orbital, coronary,  anter ior  and pos te r io r  sigmoid gy r i )we re  derived by 
monopolar and bipolar methods and recorded on the 4-]~l~G-3 ink-writ ing electroencephalograph.  

E X P E R I M E N T A L  R E S U L T S  

Application of strychnine in a weak concentration (0.01-0.05% solution) to the coronary and posterior 
sigmoid gyri led to the appearance of strychnine potentials of different magnitude, not exceeding 400 ~V in 
amplitude (Fig. IA). The strychnine spikes in these loci were unsynehronized. Application of the 3% solution 
or crystal of strychnine to the orbital cortex under these conditions led to the appearance of characteristic 
t r iphasic strychnine potentials, with an amplitude of 1.5-2.0 mV, at the site of strychninization. Initially the 
d ischarges  in all stimulated par ts  of the cor tex a rose  asynchronously and independently of each other.  Later ,  
with enhancement of the strychnine potentials in the orbital cortex, a gradual increase  in spike amplitude was 
observed in the coronary  and sigmoid gyri  (Fig. 1B, C). This was followed by synchronization of the rhythms 
of spike activity of the hyperactive focus in the orbi tal  cor tex  and the other foci; synchronous discharges  ap- 
peared f i rs t  in the co ronary  gyrus,  in a situation c loser  to the orbital cortex; at this time discharges  in the 
pos te r ior  sigmoid gyrus still continued to be generated asynchronously (Fig. 18). Synchronization of spike ac-  
tivity in the orbital cortex and in the pos ter ior  sigmoid gyrus,  more remote  f rom it than the coronary  cortex, 
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Fig. 2. Behavior of DDS--DS complex on application of 6% pentobarbital solution to 
region of DDS: A) 15 sec, B) 10 min, C) 15 rain, D) 20 rain after application of 6% 
pentobarbital solution. Remainder of legend as in Fig. 1. 

appeared later. At the height of development of the process  (Fig. 1D) all foci of excitation were firing syn- 
chronously,  with the same pattern,  determined by the firing pattern of the hyperact ive focus in the orbital c o r -  
tex. Besides synchronization of activity there was also an increase  in amplitude of the spike potentials in the 
co ronary  and pos ter ior  sigmoid gyri  (Fig. 1D). Meanwhile, in the anter ior  sigmoid gyrus,  which was not sub- 
jected to pre l iminary  strychninization, no spike activity developed and only isolated potentials of low amplitude 

appeared sporadical ly in it (Fig. 1C, D). 

Removal of strychnine f rom the area  in the orbital  cortex and subsequent r insing of this a rea  with 
physiological saline led to a gradual decrease  in the discharges  not only in the orbital gyrus,  but also in the 
coronary  and pos ter ior  sigmoid gyri. Soon after,  d ischarges  in the latter began to ar ise  asynchronously with 
the d ischarges  in the orbital  cortex; the focus far thest  f rom the orbital cor tex in the pos ter ior  sigmoid gyrus 
acquired this "independence" sooner,  followed by the focus in the coronary  cortex. If, after removal  of the 
strychnine f rom the orbital cortex and the development of asynchronous activity of the other foci, strychnine 
was reapplied to the orbital cortex,  a gradual increase  in amplitude of the discharges  was observed in the de- 
pendent foci, activity of which was subordinated to that of the hyperactive focus in the orbital cortex. 

To discover  whether the hyperact ive focus does in fact play a determinant  role in shaping the charac te r  
of activity of the other foci, experiments  were  car r ied  out in which each of those foci was blocked pha rma-  
cologically. After application of fi l ter  paper  soaked in a 6% solution of pentobarbital  to the region of a hyper-  
active focus in the orbital  cor tex  (after r insing to remove strychnine in the stage when all loci were working 
according to the same synchronized pattern), the activity in that focus diminished sharply in the course  of 
10-30 sec (Fig. 2A). During that period, high-amplitude synchronized d ischarges  continued to be recorded in 
the other two foei (Fig. 2A). Later ,  10-15 rain after  the application of pentobarbital to the orbital cortex,  the 
amplitude of d ischarges  in the coronary  and pos te r ior  sigmoid gyri  was reduced and each of them began to 
fire autonomously and independently of the other (Fig. 2B, C). After the complete suppression of activity in 
the hyperactive focus in'the orbital cortex,  complete desynchronizat ion of activity was observed in the other 
loci (Fig. 2D). Application of pentobarbital  to the other foci (coronary or  pos te r io r  sigmoid gyri) led to 
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Fig .  3. Ef fec t  of inh ib i t ion  of focus of exc i t a t ion  p laying  the ro le  of DS on ac t iv i ty  
of DDS and o ther  DS: A) 20 rain af ter  beg inn ing  of fo rma t ion  of DDS in a r e a  1; 
s y n c h r o n i z a t i o n  of spike ac t iv i ty  in a r e a s  2 and 3 with ac t iv i ty  in 1; B) 2 min  a f te r  
app l ica t ion  of 6~ pen toba rb i t a l  so lu t ion  to DS in  a r e a  3. R e m a i n d e r  of legend as in  
Fig.  1. 

inh ib i t ion  of ac t iv i ty  in that s a m e  focus only and the o ther  loci cont inued to f i re  in acco rdance  with the p r ev ious  
synchronized pattern (Fig. 3). 

These experiments thus confirmed the initial hypothesis that a hyperactive focus in the cerebral cortex 

can play the role of a DDS. The importance of this fact is that it determines the character of activity of other 
loci of excitation, enhances the excitation in them, unites them into a single functional complex, and determines 
the character of activity of the complex as a whole. Such a complex is thus converted into what amounts to a 

single epileptic focus, in which the leading role is played by the DDS (determinant). 

The behavior of the independent loci which act as "destination stations '~ (DS) for the functional volleys 
formed by the DDS deserves attention. It is evident that the DS do not behave as passive structures, simply 
reproducing the functional volley from DDS and obeying it~ In cases when the DS preserve their own auto- 

nomous control systems, the functional volley from DDS can be damped and suppressed in DS. This is clear 

from the example of behavior of the structures in the anterior sigmoid gyrus, not receiving preliminary 
stryehninization, where induced spike activity was virtually absent or of negligible intensity. Only after the 

creation of very powerful foal of excitation did induced paroxysmal activity arise in intact areas of the cortex 
also. The functional volley from DDS was effective in DS, where the thresholds of excitability of the neurons 

were lowered and inhibitory mechanisms disturbed, as a result of preliminary treatment of these areas of the 

cortex with a weak solution of strychnine. On the other hand, in some experiments it was observed that the 

gi~eater the initial activity in DS (the higher the amplitude of its spikes), the stronger the DDS activity had to 
be in order to be able to "impose" the character of its own.activity on DS, and the longer the time required 
for this effect to be achieved. So that the DDS could exert its effect sufficiently completely, the relations be- 

tween the intensity of the volley from DDS and the state of preparedness of DS is thus essential, and a very 

important role in this situation is played by mechanisms of autoregulation and, in particular, inhibitory mech- 

anisms in DS and the level of excitability of their neurons. The example of the disintegration of the functional 



complex  a f te r  blocking of the hyperac t ive  DDS, when the DS become " a u t o n o m o u s "  genera to r s ,  also r evea l s  

their  role  as functionally independent s t ruc tu res .  

These  invest igat ions show that not every  focus of excitat ion acqui res  the function of a DDS; only a 
s t ruc tu re  which f o r m s  a functional volley of sufficient intensi ty can do so. Resul ts  of the invest igat ion revea l  
evident d i f fe rences  between the DDS and the dominant focus: Unlike the DDS, the dominant does not potentiate 
excitat ion in other  foci and does not de te rmine  their  behavior ,  but d e p r e s s e s  their  act ivi ty [6]. Coordinated 
inhibition of act ivi ty of other  cen te r s  and of other  reac t ions  is  an essent ia l  fea ture  of the dominant both as a 
focus of excitat ion and as a pr inciple  of nervous activity.  When defining the leading focus in epi lepsy it is thus 
des i rab le  and more  c o r r e c t  to speak of a " d e t e r m i n a n t  focus"  and not of a "dominan t  focus . "  The inves t iga-  
tions descr ibed  above may help to shed light on the pathogenic s t ruc tu re  of many f o r m s  of CNS pathology and, 
in pa r t i cu la r ,  of epilepsy.  
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A cl inical  and e lec t rophys io logica l  invest igat ion on 33 rabbi t s  with exper imenta l  herpet ic  en-  
cephal i t is  revea led  changes in bra in  e lec t r i ca l  act ivi ty co r re l a t ing  with the cl inical  p ic ture  of 
the d isease .  In the acute per iod of encephal i t is  diffuse slowing of the bra in  potentials  was ac-  
companied by p a r o x y s m a l  act ivi ty of two types:  pa roxysma l  per iodic  complexes  and " s p i k e  + 
slow wave"  complexes  at the r a t e  of three  per  second. 
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Valuable data cha rac t e r i z ing  the dynamics  of the pathological  p roce s s  in the CNS can be obtained by the 
use of exper imenta l  models  of herpet ic  encephal i t is .  Work so far  published deals  mainly  with the invest igat ion 
of cl inical  and morphologica l  changes in an imals  with herpet ic  encephal i t is  [2, 9] and there  a re  only isolated 
r e f e r e n c e s  to the study of bra in  e lec t r i ca l  act ivi ty [6].  

Sc ien t i f i c -Resea rch  Insti tute of Chi ldren ' s  Infections,  Leningrad.  (Presented  by Academic ian  V. N. 
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