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Compute r  evaluat ion of the s ta te  of c e r e b r a l  cor t ica l  function in rabbi t s  on the bas i s  of EEG 
data enabled i ts  p a r t i c u l a r  f ea tu res  to be dis t inguished during dark  and light adaptation of 
va r i ed  durat ion and during the action of pentobarbi ta l ,  and also revea led  individual d i f fe rences  
in cor t ica l  act ivi ty of di f ferent  rabbi t s .  A s y s t e m  for  au tomat ic  convers ion ,  recording,  and 
p roces s ing  of mu l t i p roces s  informat ion (the APROMIN sys tem)  and a compute r  diagnostic  s y s t e m  
were  used in combinat ion fo r  mul t i s tage  p roces s ing  of mu l t i p roces s  information.  The final r e -  
sul ts  we re  p re sen t ed  as a two-d imens iona l  dot display,  ref lec t ing  mul t id imensional  dynamic 
pa t t e rn s  of the s ta te  of cor t i ca l  function in rabbi t s .  KEY WORDS: e lect rophysiology;  diagnosis;  
compu te r s .  

F o r  an object ive evaluat ion of the s ta te  of c e r e b r a l  cor t i ca l  function (CCF) e lec t roencepha lographic  (EEG} 
data a r e  widely used [9]. Modern methods of automat ion and compute r s  a r e  being used increas ingly  frequent ly  
for  e lec t roencepha lograph ic  r e s e a r c h  [1, 3]. The use of c o m m e r c i a l  un iversa l  compute r s  makes  it poss ib le  to 
take advantage of the fac i l i t ies  of ma thema t i ca l  ana lys i s .  

In this  invest igat ion an a t tempt  was made to find a single quanti tat ive method of a s s e s s i n g  the functional 
s ta te  of the an imal  as a whole or  of i ts  individual s y s t e m s ,  on the bas i s  of as wide a range  as poss ib le  of di- 
agnost ic  indices,  by taking as the example  the compute r  evaluat ion of the CCF of rabbi t s  on the ba s i s  of EEG 
data.  

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

Expe r imen t s  were  c a r r i e d o u t  on six rabbi t s  weighing 2.5-3.5 kg. The fundamentals  of the method were  
desc r ibed  prev ious ly  [3]. The EEG was r eco rded  on an e lec t roencepha lograph  and on the magnet ic  tape of a 
mu l t i p roces s  informat ion  conve r t e r  of APROMIN-16 type [2]. The a r r a n g e m e n t  of the eight act ive record ing  
e l ec t rodes  is i l lus t ra ted  in Fig. 1. Monopolar  record ing  was used (the r e f e r e n c e  e lec t rodes  were  place  on the 
nasa l  bones) o r  the EEG was r eco rded  f r o m  zones  of equal a r e a  (in this case  the common pass ive  point was a 
s y s t e m  of 15 grounded auxi l lary  e l ec t rodes ,  indicated in Fig. 1). 

The encoded data f r o m  the magnet ic  tape were  led into the m e m o r y  of a Minsk-32 compu te r  and processe(  
in accordance  with a complex p r o g r a m  desc r ibed  p rev ious ly  [1, 4]. The resu l t ing  bank of secondary  in fo rma-  
tion with the r e su l t s  of f requency,  ampli tude,  cor re la t ion ,  and s ta t i s t i ca l  ana lys i s  fo r  each 30 - sec  cut of the 
EEG (about 200 indices) s e rved  as the ba s i s  fo r  the individual diagnostic  chart~ To identify the CCF of the 
rabbi t s  a compute r  diagnost ic  s y s t e m  developed in the Insti tute of Exper imenta l  Medicine, Academy of Medical  
Sciences of the USSR, was used [5-8]. In this s y s t e m  the r e su l t s  of diagnosis  a re  obta inedin  the f o r m  of loga- 
r i t hms  of probabi l i ty  (in a supp lementa ry  code) fo r  each of the f o r m s  which the compute r  has  been taught to 
recognize .  The final r e su l t  of this mul t i s tage  compute r  ana lys i s  of the rabbi t  EEG is p re sen ted  as a two-di -  
mens iona l  dot display ref lec t ing mul t id imens iona l  pa t t e rns  of rabbi t  CCF based  on EEG indices.  

In the compute r  diagnost ic  s y s t e m  of the Inst i tute of Expe r imen ta l  Medicine, Academy of Medical  Sci- 
ences  of the USSR, the whole range  of changes in the value of each index is divided into seven gradat ions .  The 
digit 1 codes the values  of indices c h a r a c t e r i s t i c  of the no rma l  s ta te  of the t e s t  object ,  the digit 2 a ve ry  smal l  
deviat ion of the value of the index below no rma l  and digit  5 a s i m i l a r  deviat ion above normal .  Digits  3 and 6 
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Fig. I. Computer diagnosis of CCF of rabbits. AB, BC - conventional lines separating 
functional states. On the right of line AB - dark adaptation for 3 min; on left- light 
adaptation for 3 rain; above line BC -- dark adaptation for 30 min. Dots denote data ob- 
tained for rabbit No. I, crosses data for rabbit No. 2, asterisks data for rabbit No. 3. 
Bottom right- scheme showing arrangement of recording electrodes. Active electrodes 
shown by l a rge r  dots with numbers .  Ordinate, logar i thm of probabil i ty fo r  dark  adapta- 
tion; absc issa ,  logar i thm of probabi l i ty  fo r  light adaptation. 

Fig.  2. Dynamics  of CCF l e v e l  of rabbi t  rece iv ing  pentobarbi tal .  Points 1-10 denote ini- 
t ial  state {10 r e c o r d s  at in tervals  of 3 min); points 11-20 r e p r e s e n t  r e co rd  obtained 10 
min a f t e r  injection of pentobarbi ta l  (10 r eco rd s  at in tervals  of 3 min); points 21-33 r ep -  
r e sen t  next r e c o r d  at in tervals  of 10 min. A B - c o n v e n t i o n a l  line of separat ion.  Dose of 
pentobarbi ta l  0.01 g / k g .  Remainder  of legend as in Fig.  1. 

code average  deviations f r o m  normal ,  and digits 4 and 7 considerable  deviations; 0 indicates absence of informa-  
t ion on the value of the index in the given investigation. Only these  code numbers  can be foundin the computer  
diagnostic char t .  With this s t r i c t  formal iza t ion  of the initial data independence o f  the type of tes t  object and the 
c h a r a c t e r  of the indices is ensured  and a purely fo rmal  compiling of d iagnost ic  char t s  for  ar t i f ic ia l  (model) 
s ta tes  of the object  becomes  possible .  An advantage of such models is that they can be reproduced  in any di- 

agnos t i c  sys tem and sca les  of functional s ta tes  can be c rea ted  with fixed r e f e r en ce  points for  ex t r eme  and in- 
t e rmed ia t e  model  si tuations.  

If the values  of the indices fo r  the normal  s tate  a re  unknown, the r an g e  of changes of values is divided 
pure ly  fo rmal ly  into gradat ions .  It was in this  way that  the EEG data were  coded. However,  in this case  inves-  
t iga t ions  a re  c a r r i e d  out only on the compara t ive  plane, and the ar t i f ic ia l  char ts  in these compar isons  play a 
secondary  role .  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

As a f i r s t  step the CCF of the rabbi ts  was invest igated during dark adaptation of two different  durations:  
3 and 30 rain. F r o m  the r e su l t s  of computer  p rocess ing  of each r e c o r d  computer  ca rds  were  compiled ~0 
ca rds  f o r  each state).  Similar  ca rds  were  compiled for  rabbi ts  kept in an il luminated room (lit by an opal 
100-W e lec t r i c  lamp at a height of 1 m above the rabbi t ' s  head). F o r  learning purposes  20 cards  were  used 
only fo r  3 -min  dark  adaptation and light adaptation, together  with ar t i f ic ia l ly  compiled ca rds .  The resu l t s  of 
computer  diagnosis of the ca rds  used for  learning in the case  of rabbi t  No. 1 are  shown in Fig. 1, which demon- 
s t r a t e s  sufficiently c lea r ly  the spatial  separa t ion  of the ca rds  belonging to different  f o rm s  of CCF in rabbit  No. 
1. The resu l t s  of separa t ion  of the ca rds  of th ree  different  rabbi ts  kept under identical  conditions a re  shown in 
the same f igure.  This spatial  separa t ion  of the ca rds  may be cons idered  to be due to individual d i f ferences  in 
the cor t ica l  activitY of these rabbi ts .  Cards of rabbi t  No. 1, re la t ing to dark adaptation for  30 rain, a re  shown 
in Fig.  1, but these  ca rds  we re  not used in the learning set .  Never the less ,  spatial  separat ion was observed:  
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Fig. 3. Compute r  evaluat ion of CCF based  on 
ar t i f ic ia l  diagnost ic  f o r m s .  Points  1 - 1 0 -  ini-  
t ial  s ta te  (10 r e c o r d s  at in te rva ls  of 3 min); 
points 1 1 - 2 0 -  r e c o r d  10 rain a f t e r  injection of 
pentobarbi ta l  (10 r e c o r d s  at in te rva ls  of 3 min); 
points 21-33 - next r e c o r d s  at in te rva ls  of 10 
min.  A B -  conventional  line of separa t ion .  
Dose of pentobarb i ta l  0.04 g / k g .  Ordinate,  
logar i thms  of p robabi l i t i es  fo r  single a r t i f i c ia l  
form;  absc i s sa ,  logar i thm of probabi l i ty  fo r  
a r t i f ic ia l  f o r m  f r o m  se ts  of four .  

points ref lec t ing  the CCF of rabbi t  No. 1 with marked  inhibition and excitat ion lay on different  s ides  of the ave-  
rage  s ta te  of r e s t .  In the w r i t e r s '  opinion, l a t e r  in this way it will be poss ib le  to make a quanti tat ive a s s e s s -  
ment  of the level  of CCF and of the body as a whole by the use of appropr i a t e  mu l t ip roces s  information.  

Cards  cor responding  to dark  adaptat ion of r abb i t s  fo r  3, 9, and 15 min were  re l i ab ly  separa ted .  This 
high sens i t iv i ty  b e c a m e  poss ib le  as a r e su l t  of graphic  (spatial) r ep re sen t a t i on  of the r e su l t s  of the inves t iga-  
tion. A two- and t h r ee -d imens iona l  space  (or m o r e  - depending on the number  of f o r m s  of learning) enables  
the separa t ion  of c lose ly  s i m i l a r  functional s t a t e s  to be c l ea r ly  p resen ted  and obse rved  even when such s e p a r a -  
t ion would be difficult  onthe  ba s i s  of the s ame  numer i ca l  data, but p re sen ted  in t abu la r  fo rm.  

To study changes  in the dynamics  of the CCF of rabbi t  No. 1 pentobarb i ta l  was injected int ravenously  in 
a d o s e  of 0.01 g / k g  body weight. The r e su l t s  of mul t i s tage  compute r  p roces s ing  of the expe r imen ta l  data a re  
shown in Fig.  2. Points  1-10, cha rac t e r i z ing  the CCF before  admin is t ra t ion  of pentobarbi ta l ,  r e f l ec t  the zone 
of initial  CCF. Points  11-20, cha rac t e r i z ing  the dynamics  of the CCF levels  under the influence of pentobarb i -  
ta l ,  f o r m  another  zone which can be s epa ra t ed  conventionally f r o m  the zone of initial s t a tes  by the line of sepa-  
ra t ion  AB. Points  21-33 show theg radua l  r e tu rn  of CCF to the zone of the initial s ta te .  The effect  of pen tobar -  
b i ta l  on the cor tex  las ted  about 1 h. Ca rds  1-33 did not par t i c ipa te  in the learning set ,  but separa t ion  was 
c a r r i e d  out on the bas i s  of rea l  f o r m s  of 3 - m i n  dark  and light adaptation (Fig. 1). 

The r e su l t s  of inves t igat ion of the dynamics  of CCF of rabbi t  No. 5 before  and a f t e r  injection of pen tobar -  
bi ta l  in a dose of 0.04 g / k g  a r e  shown in Fig.  3. The EEG was r eco rded  with a pas s ive  point f r o m  15 grounded 
auxi l iary  e l ec t rodes .  Points  1-10, fo rming  mul t id imens iona l  pa t t e rns  of CCF before  injection of pentobarbi ta l ,  
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were  located on the left  of the conventional ve r t i ca l  line of separa t ion  AB. Under the influence of pentobarbi tal  
the CCF changed suddenly and the points were  shifted appreciably to the r ight  of line AB. Only about 3 h la te r  
did the CCF of rabbi t  No. 5 r e tu rn  in a complex manner  to the zone of the initial level  (points 32-33). 

On the bas is  of these r e su l t s  it can confidently be said that the use of computer  diagnostic sys tems  for  
the a s s e s s m e n t  of the functional state,  not only of animals  but also of man, on the bas is  of as wide a group of 
diagnostic indices as p o s s i b l e -  genera l  clinical,  b iochemical ,  e lect rophysiological ,  hematological ,  etc. ,  is 
both prac t icab le  and promis ing .  

The use of a r t i f ic ia l  s tandards  fo r  different  levels  of functional state affords new opportunit ies fo r  the 
compara t ive  quantitative eValuation of the functional state of heterogeneous  tes t  objects ,  even in the absence 
of the ne c e s sa r y  set  of rea l  ca rds  f o r  learning.  

It has become possible  to obtain resu l t s  such as those descr ibed  above mainly through the use of multi-  
stage p rocess ing  of much l a rge r  banks of informat ion than were  used previously .  
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