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During growth of an expe r imen ta l  bra in  tumor  (as t rocytoma)  gene ra l  and local  changes in 
the EEG i nc r ea s e  in intensity.  During the development  of a super f ic ia l  tumor  there  is a 
dec r ea se  in ampli tude of the potent ials  and dominance of the EEG by the the ta - rhy thm;  no 
c lea r  local  d i s tu rbances  of the potent ials  were  detected. During the development  of an in t ra -  
c e r e b r a l  t umor  t h r ee  s tages  of changes were  dist inguished in the dynamics  of the EEG: I) 
absence  of local  d i s tu rbances ,  p re sence  of diffuse A-ac t iv i ty  and epiact ivi ty ;  II) the appea r -  
ance of i n t e r h e m i s p h e r i c  a s y m m e t r y  with a focus of pathological  e l ec t r i ca l  act ivi ty;  and 
III) sha rp  inhibition of rhy thmic  act ivi ty  in a l l  reg ions .  Corresponding  with the seve r i ty  of 
the changes  in the EEG, changes were  a lso  obse rved  in unit activity~ a dec rea se  in the num- 
ber  of spontaneously  act ive neurons and a dec r ea se  in the m e a n  f requency  of spontaneous 
unit d i scha rges  on account  of the predominance  of s low-f i r ing  neurons.  

Inves t iga t ions  [1, 5, 9, 12] have demons t ra ted  the g rea t  impor tance  of the EEG in the diagnosis  of 
local  les ions  of the human bra in .  However ,  despite extensive clinical  use of the EEG, it  is e x t r e m e l y  dif- 
ficult to follow the dynamics  of e l ec t r i ca l  phenomena in pat ients  during the development  of a tumor .  Des -  
c r ip t ions  of individual inves t igat ions  of b ra in  act ivi ty  during the development  of expe r imen ta l  t umor s  have 
been given in the l i t e r a tu r e  [2, 3, 11] but only changes in the EEG are  mentioned.  By the study of ex p e r i -  
menta l  t umor s  not  only can  the dynamics  of the changes in bra in  act ivi ty  be invest igated,  but some of the 
m e c h a n i s m s  at  the bas i s  of those changes can be elucidated.  A prQmis ings tep  toward the solution of this 
p rob lem is the s tudy of co r r e l a t i on  between the EEG and single unit act ivi ty.  

The object  of  the invest igat ion descr ibed  below was to examine the dynamics  of the EEG and of c o r -  
t ica l  unit ac t iv i ty  a t  va r ious  s tages  of growth of an expe r imen ta l  tumor  (as t rocytoma)  in rabbi t s .  

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

A dedif ferent ia ted  a s t r o c y t o m a  obtained by L. Ya. Yablonovskaya and A. P.  Avtsyn in 1963 was t r a n s -  
planted into the b ra in  of expe r imen ta l  rabbi t s .  The tumor  cel ls  were  t ransp lan ted  in the l abo ra to ry  of ex-  
pe r imen ta l  his topathology,  Inst i tute of Human Morphology,  Academy of Medical  Sciences of the USSR by the 
method desc r ibed  by  Yablonovskaya [8]. The tumor  was t ransp lan ted  into the r igh t  pa r i e t a l  region of 3 or  
4 an ima l s  at  a t ime .  E lec t rophys io log ica l  phenomena were  r e c o r d e d  f rom the 25th to the 85th day a f te r  
t ransp la ta t ion  of the t u m o r  cel ls  at in te rva l s  of 2-3 days.  To de te rmine  the c h a r a c t e r  of the morphologica l  
changes the b r a i n s  of the  rabb i t s ,  ki l led at  the end of the exper iment ,  were  inves t iga tedhis to logica l ly .  Rab-  
bits  in which the tumor  did not develop were  used  as the controls .  During the expe r imen t s  the EEG and 
s ingle  unit ac t iv i ty  we re  r e c o r d e d  s imul taneously .  E lec t rodes  for  r ecord ing  were  located at s y m m e t r i c a l  
points of the af fec ted  and heal thy h e m i s p h e r e s  ove r  the sensomoto r  and visual  a r e a s .  The r e f e r e n c e  e lec -  
t rode  was fixed to the ea r .  Unit act ivi ty in the visual  co r t ex  was r eco rded  with g lass  m i c r o e l e c t r o d e s  fil led 
with 3M KC1 or  4M NaC1. The record ing  technique was desc r ibed  in g r e a t e r  detail  p rev ious ly  [4]. Alto-  

L a b o r a t o r y  of Neurophysiology,  Insti tute of Neu rosu rge ry ,  Academy of Medical  Sciences of the USSR, 
Moscow. L a b o r a t o r y  of Expe r imen ta l  Histopathology,  Insti tute of Human Morphology,  Academy of Medical  
Sciences  of the USSR, Moscow. (Presen ted  by Academic ian  of the Academy of Medical  Sciences of theUSSR 
A. P. Avtsyn.)  T r a n s l a t e d  f rom Byul le ten '  ]~ksper imental 'noi  Biologii  i Meditsiny,  Vol. 76, No. 7, pp. 17-20, 
July,  1973. Or ig inal  a r t i c l e  submit ted October 25, 1971. 

O 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 gIest q7th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

752 



I7- reference 
electrode 

A 
1-17 

9=17 

3-17 

11-17 

S'/7 

/3-/7 

B c 
~7 /- /7 

13-17 . . . . . . . .  

5.7 

5C pV ~j~sec EMG " 
Light .. ..... 

Sound 

Fig. 1. I nc rea se  in genera l  and local  changes  in EEG of a r abb i t  
during development  of expe r imen ta l  b ra in  tumor .  Top left  - gen-  
e r a l  view of r a b b i t ' s  b ra in  with tumor .  Unsta ined p repara t ion .  
A la rge  tumor  showing the r igh t  l a t e r a l  vent r ic le  and inf i l t ra t ing 
the een t rum semiova le ,  h ippoeampus ,  and p a r t  of the t e m p o r a l  
cor tex ,  was  found in the ~)rain 88 days a f t e r  t ransplanta t ion  of the 
tumor .  Bra in  stem s eve re ly  c o m p r e s s e d  and shif ted to the left .  
A) EEG' 22 days a f t e r  t ransplanta t ion  of tumor ;  B) EEG 39 days 
a f te r  t ransplanta t ion  of tumor ;  C) 83rd day a f te r  t ransp lan ta t ion  
of tumor .  

gerber  72 exper imen t s  we re  p e r f o r m e d  on 25 rabbi t s .  Activi ty of 324 neurons  was recorded .  The t u m o r  
took success fu l ly  in 19 of the 25 rabbi t s .  Activi ty of 198 neurons  was r e c o r d e d  in the rabb i t s  with t u m o r s .  

EXPERIMENTAL RESULTS 

In the analysis of the material, two groups of observations could be clearly distinguished. Group I 
were made on three rabbits with superficial tumors located epidurally and not invading the cortex, or af- 
fecting only its first and second layers in a few cases. Group 2 were made on 16 rabbits with intracerebral 
tumors of different sizes and in different places. 

The EEG of the rabbits of group i, tested between the 42nd and 67th days after transplantation of the 
tumor cells, showed a decrease in amplitude of the potentials, fast waves with preservation of regional dif- 
ferences, and a stable theta-rhythm. A superficial structure, even if of considerable size, as a rule pro- 
duced no clear local disturbances of the EEG. A stable theta-rhythm on the rabbit EEG is known to be 
characteristic of the response to stress [6]. This state of increased excitability was also manifested by the 
appearance of reflex movements to inadequate stimuli (photic, acoustic). Eleetrophysiological investigation 
of the rabbits of group 2 (with intracerebral tumors) showed three stages of the EEG changes. In stage I 
the local changes in the biopotentials were not yet clearly marked; individual A-waves and pointed waves of 
epileptoid character were recorded diffusely (Fig. IA). Evoked potentials to photie stimulation at sym- 
metrical points of the affected and intact hemispheres were similar in shape and amplitude. Rhythm binding 
to flashes appeared mainly at frequencies of 3-5 flashes/sec. Stage II of the EEG changes was character- 

753 



% 
1~, 
12 
IO 
.8 
:5 

2 

%02 ~. 5 8 101214'16 18 20 22 2~, 26 28 30 32 3~' 36 38 ~'0 ~2 ~'~ ~'6 
/~, pu l se s / s ee  

l0 
8 6 
2 

o 2 ~, 6 s z a / e / o  16 Is 2o 2z 2~ e6 es so s~ st  ae se t6 o2 ~ ~6 
pulse~/see 

Fig. 2. Relat ive  dis t r ibut ion of neurons  by 
mean  f i r ing  r a t e  in the p r e s e n c e  of a focus 
of  pathological  act iv i ty  (A) and in the normal  
cor tex  (B). Absc i s sa ,  m e a n  spontaneous 
f i r ing  ra t e  of neurons ;  ordinate ,  number  of 
neurons  (in %). 

ized by the appearance  of i n t e rhemisphe r i c  a s y m m e t r y  
with a focus of pathological  act ivi ty  in the zone of growth 
of the tumor  (Fig. 1B). In the reg ion  of the cor tex  su r -  
rounding the tumor  unstable slow waves ,  increas ing  in 
r e sponse  to a f fe ren t  s t imulat ion,  were  recorded .  At the 
same t ime  the la tent  per iod of the evoked potential  to 
photie s t imulat ion was inc reased ,  as also was the duration 
of i ts  pos i t ive-nega t ive  complex.  In r e sponse  to r epea ted  
a f fe ren t  s t imulat ion,  the local d i s turbances  of the poten- 
t ia ls  against  the background of genera l  act ivat ion were  
l e s s  well  defined. In stage III of the e lec t roencepha lo-  
graphic  mani fes ta t ions  of tumor  development  a genera l ized  
dec r ea se  in ampli tude of the potent ials  and slowing of the 
cor t i ca l  rhy thm were  observed .  The act ivat ion r e sp o n se  
to a f fe ren t  s t imulat ion was weak. Evoked potentials ,  like 
the rhy thm-bind ing  r e sponse ,  e i ther  were  absent  or  were  
seen e x t r e m e l y  i r r egu l a r l y ,  and in a reduced  fo rm(F ig .  1C). 
These  changes in the EEG were  stable and i r r e v e r s i b l e  
during function t e s t s .  The changes in unit act ivi ty c o r r e -  
sponded in seve r i ty  to the changes in the EEG. 

In this invest igat ion only the spontaneous unit ac t iv i ty  was considered.  During an inc rease  in s e v e r i -  
ty of the pathological  changes  in the EEG, the number  of spontaneously act ive neurons  diminished.  In four 
r abb i t s  in which growth changes were  obse rved  in the EEG potent ials ,  unit ac t iv i ty  could not be r e c o r d e d  
at all  (in these r abb i t s  the tumor  invaded the occipi tal  cortex) .  P a r a l l e l  with the dec r ea se  in the number  
of spontaneously  act ive neurons ,  a dec r ea s e  in the mean  spontaneous f i r ing  ra t e  of the neurons  was ob- 
se rved .  In the contro l  r abb i t s  the mean  spontaneous f i r ing ra t e  of the neurons of the visual  cor tex  under  
the expe r imen ta l  conditions was 10 .6 /see .  In the rabb i t s  with t umors ,  in the p re sence  of m a r k e d  slow ac-  
t ivi ty (s tages II and III) i t  was 7 .3 / sec .  The dec r ea se  in the mean  spontaneous f i r ing  ra te  occu r r ed  on ac-  
count of the p redominance  of cel ls  d ischarging at low frequency.  As Fig. 2A shows, in r abb i t s  with t u m o r s  
about 50% of neurons  d i scharged  at a f requency below 5 / sec ;  in the control  an imals  (Fig. 2B) this f i r ing  
ra t e  was obse rved  in 30% of neurons .  In the no rma l  visual  cor tex  12% of neurons d i scharged  at  f requencies  
higher  than 2 0 / s e c ,  while in the p re sence  of a t umor  and against  the background of slow pathological  ac-  
t ivi ty,  only 4.6% of neurons  d ischarged  at this f requency.  

C o m p a r i s o n  of the e lec t rophys io log ica lda ta  with the r e su l t s  of morphologica l  examinat ion of the b ra in  
r e v e a l e d  c o r r e l a t i o n  between the degree  of development  of the t umor  and the d i s tu rbances  of e l ec t r i ca l  ac -  
t ivi ty  of the b ra in .  Stage I of the e lec t rophys io logica l  changes was obse rved  in rabb i t s  with a smal l  tumor  
located deep in the h e m i s p h e r e  or  on i ts  sur face .  Stage II  of the EEG changes co r re sponded  to the p re sence  
of a l a rge  and extensive  t u m o r  invading the walls  of the l a t e ra l  ventr ic le  and c o m p r e s s i n g  the basa l  ganglia. 
Marked  genera l i zed  changes in the potent ials  (stage I1D were  c h a r a c t e r i s t i c  of a t umor  in the late per iods  
of its development ,  when it  occupied a l m os t  the whole hemisphe re ,  caused  s eve re  c o m p r e s s i o n  of the bra in  
s tem,  and invaded the opposi te  hemisphe re .  Under  these  c i r cums tances ,  pa r t i a l  degenerat ion of the af-  
fe ren t  f ibe r s  running to wide a r e a s  of the cor tex ,  including those invest igated,  was observed.  The dec rea se  
in the mean  spontaneous f i r ing  ra t e  of the neurons  d i scovered  in these  expe r imen t s  co r r e sponds  to that  
detected in p r e p a r a t i o n s  of the neuronal ly  isola ted cor tex  [7]. The hypothesis  that  subco r t i co -co r t i ca l  con- 
nect ions play an impor t an t  ro le  in the maintenance of spontaneous cor t i ca l  act iv i ty  was thus conf i rmed.  
However ,  be s ides  the deafferenta t ion factor ,  a ro le  in the genesis  of the d i s tu rbances  of the EEG and single 
unit ac t iv i ty  cannot  be ru led  out for  changes in the bra in  t i s sue  due to dis turbance of the c i rculat ion,  edema,  
and compress ions  and a l so  for  changes in the no rma l  r a t io  between glia and neurons,  leading to changes in 
the m e t a b o l i s m  of the n e r v e  t i s sue  [10]. 

1. 
2. 
3. 

L I T E R A T U R E  C I T E D  

N. P. Bekh te reva ,  C e r e b r a l  Biopotent ials  in Supra tentor ia l  T u m o r s  [in Russian] ,  Leningrad (1960). 
I. N. Dimant ,  Expe r imen ta l  T u m o r s  of the Cent ra l  Nervous  Sys tem [in Russian] ,  Tashken t  (1966). 
B. N. I samukhamedov ,  The Study of the Dynamics  of the EEG during Development  of a Glial T u m o r  
T r a n s p l a n t e d  into the Bra in  and at the Stages of Radiat ion-Induced Carc inogenes i s  in the CNS. 
Author ' s  a b s t r a c t  of candida te ' s  d i sser ta t ion ,  Tashkent  (1969). 

754 



4. V.E.  Maiorchik and N. A. Arkhipova, Fiziol~ Zh. SSSR, No. 8, 793 (1969). 
5. V.E.  Maiorchik, Clinical Electrocorticography [in Russian], Leningrad (1964). 
6. L .A .  Novikova and D. A. Farber,  Fiziol. Zh. SSSR, No. 11, 1293 (19591 '. 
7. M.M.  Khananashvili and ]~. G. Zarkeshev, Fiziol. Zh. SSSR, No. 10, 1329 (1970). 
8. L~ Ya. Yablonovskaya, Experimental Brain Tumors Obtained by Heterotransplantation and Induction 

[in Russian], Leningrad (1967). 
9. Y . H . A .  van der Drift, The Significance of Electroencephalography for the Diagnosis and Localiza- 

tion of Cerebral Tumors,  Leiden (1957), p. 1. 
10. Y. Herzog, W. A. Levy, and L. C. Schenberg, J. Neuropath. Exp. Neurol., 24, 153 (1965). 
11. Y. Tomka, A. Sarcadi, and S. Zettner, tdeggyogy~szati, Szemle, 23, 4 (1970). 
12. W.G. Walter, Lancet, 231, 305 (1936). 

755 


