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The morphological  d i s turbances  of the neurons  in the cen t ra l  por t ion of a neuronal ly isolated 
s t r ip  of rabb i t  cor tex  were  shown to be r e v e r s i b l e  and functional in c h a r a c t e r  up to the second 
day a f te r  operat ion.  Twenty days af ter  isolation degenera t ive  changes appeared  in some neurons  
of the s t r ip .  The number  of a s t rocy te s  stained with s i lve r  inc reased  cons iderably  in the s t r ip  
f rom the second day a f t e r  isolat ion.  The isolated cor t ica l  s t r ip  p o s s e s s e s  slow e lec t r i ca l  
act ivi ty  and spontaneous d i scharges  can be r eco rded  in its neurons ,  but this act ivi ty  di f fers  
f rom the cor responding  indices for  the intact cor tex .  

Some work e r s  [13, 17] have not found spontaneous e lec t r i ca l  act ivi ty in the isola ted cor tex .  M o s t w o r k -  
e r s  [2-4, 8-11, 15], on the other hand, have recorded  activi ty of th i s type .  The his tological  changes in the 
s t r ip  have rece ived  inadequate study [7, 14]. 

The object  of this invest igat ion was to de te rmine  the morphological  c h a r a c t e r i s t i c s  of a neuronal ly  
isolated s t r ip  of cor tex  2 h and 2 and 20 days af ter  i ts  isolat ion.  

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

Neuronal ly isolated s t r ips  (15 m m  long, 5 m m  wide, about 3 m m  deep) of the c e r e b r a l  cor tex  of unanes-  
thetized,  unimmobi l ized rabbi t s  were  invest igated.  The method of isolat ion and record ing  of slow and spike 
activity was descr ibed  e a r l i e r  [10, 11]. 

The rabbi t s  were  killed by a i r  embol i sm.  The nerve  ce l l s  were  stained by N i s s l ' s  method and a s t r o -  
cytes  by Ca ja l ' s  method.  At l e a s t  3 rabbi t s  were  used at each t ime  in the pos topera t ive  per iod.  No e l e c t r o -  
physiological  expe r imen t s  were  c a r r i e d  out on these  animals .  The cen t ra l  p a r t  of the isolated cor tex  and 
the s y m m e t r i c a l  a r e a  of the opposite hemisphe re  were  studied. The technique of cutting the sect ions  and 
de termining  the s ize  of the nucleus and cy top lasm of the neurons  is desc r ibed  e l sewhere  [5]. Glial ce l l s  
were  counted by the method descr ibed  previous ly  [1]. 

EXPERIMENTAL R E S U L T S  

The sections show (Fig. i) that isolation of the strip was complete. Two days after the operation there 
were fewer neurons in the center of the strip than in the symmetrical area of the opposite cortex. Micro- 
electrode studies showed that the number of spontaneously firing neurons in the strip was reduced by 3-4 
times compared with the intact cortex. 

The mean a r e a  of the nucleus of the neurons  in the control  sect ions  was 30.0~1.0~ (Table 1). The 
mean dimensions  of the nucleus of the neurons  2 h a f te r  the operat ion were  ve ry  slightly reduced both inthe 
s t r ip  and at the s y m m e t r i c a l  point of the opposite hemisphe re .  However,  this  i nc rea se  did not continue p r o -  
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TABLE 1. Mean Area  of Nucleus and Cytoplasm of Neurons (in #~) 
and Mean Number of Ast rocytes  in an Area  of 30,720 p2 of a Frontal  
Section through the Isolated Strip of Rabbit Cortex and at the Sym- 
met r ica l  Point of the Opposite Hemisphere  in the Ear ly  after  
Operation 

Time after Nucleus of neuron Cytoplasm of neuron Number of astrocytes 
symmetti- Isymmetri- 

isolation strip cal point strip cal point 

.~ days 46,5-----3,6 50,7--+-3,2 15,4--+0,4 18,8•  
!0 days 35,1-----1,3 56,l~-3,0 19,5• 12,7+-0,5 

Intact  co r -  
tex  . . . . .  o . 

s y m m e t r i -  
strip ca l  point  

24,1• 25,0•  
26 ,9•  26 ,3•  
23 ,8•  26,1~1,1 

30 ,0•  1,0 52,9•  9 ,0•  

..... ,,,,~ ...................... ~, ~ ?  

Fig. 1~ Fig. 2 

Fig. 1. Neuronally isolated str ip of ce reb ra l  cor tex of a rabbit  2 h (a) and 2 (b) 
and 20 (c) days after  isolation,._ Nissl,  15 • o 

Fig. 2. Neurons in isolated str ip of cor tex  20 days after isolation (a) and at sym-  
met r ica l  point of opposite hemisphere  (b)o Nis s l ' s  stain, 400 • 

g ress ive ly  with an increase  in the postoperat ive period. The observed decrease  in size of the nucleus of 
these neurons was evidently a nonspecific react ion of the whole brain to mechanical  t rauma.  

The mean a rea  of cytoplasm of the neuron in this s t r ip  decreased  p rogress ive ly  with an increase  in 
the postoperat ive period although the difference compared with the intact brain was not s tat is t ical ly signifi-  
cant until 20 days (P< 0.01) after  isolation. At the symmet r ica l  point of the opposite hemisphere  the dyna-  
mics  at this period was reversed .  

The histological picture of the changes in the neurons in the central  par t  of the isolated str ip was r e -  
vers ible  in cha rac t e r  2 h and 2 days after  isolation and cor responded to that associated with functional 
changes (Fig. 2). 

The changes in the cel ls  after 20 days were of a different charac te r ,  associated with karyocytolys is ,  
with a dec rease  in the size of the cytoplasm and shrinkage of the cell,  although in the cent ra l  pa r t  of the 
str ip many neurons still remained intact. 

The resul t s  of electrophysiological  experiments  demonstra ted that the basic p roper t i es  of the neurons 
were still intact 2 h and 2 days after neuronal isolation of the cor t ica l  strip. This applies in par t icu lar  to 
spontaneous unit activity. Recordings of spike and slow elec t r ica l  activity of the str ip and intact cor tex are 
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Fig. 3. SIow (a) and spike (b) act ivi ty of intact  co r t ex  (I) and of 
intact  cor tex  (I) and of isolated cor t i ca l  s t r ip  3 af ter  isolat ion (II). 

given in Fig. 3. Clear ly  the neurons of the strip d ischarged  m o r e  frequently (about 5 t imes)  with vol leys  of 
spikes.  The in tegra l  e l ec t r i ca l  activity of the s t r ip  was dist inguished by predominance  of slow waves  and by 
the p re sence  of "per iods  of s i lence."  These  fea tu res  were  cha r ac t e r i s t i c  only of the s t r ip  soon af ter  i so la -  
tion. With an i nc rea se  in the pos topera t ive  per iod the e l e c t r o c o r t i c o g r a m s  (ECoGs) gradual ly  came  to r e -  
semble  the ECoG of the intact  cor tex  although comple te  identity was not obse rved  for s eve ra l  months a f te r  
the operat ion.  The ECoG of the s t r ip  was cons iderably  inhibited a f te r  adminis t ra t ion  of genera l  anes the t ics  
or  musc le  re laxan t s  and also af ter  var ious  additional bra in  sect ions  [10]. 

The appearance  of slow components  in the EEG is nowadays often connected with functional activation 
of the glial  e l ements  of the bra in  [6]. It  was the re fo re  decided to examine the c h a r a c t e r  of the changes in 
the glial ce l ls .  As Table  1 shows, 2 h af ter  the operat ion the number  of stained a s t rocy te s  in the s t r ip  was 
increased  only ve ry  slightly. This i nc rease  became  s ta t i s t ica l ly  significant a f te r  2 days  (1~< 0.01), and 
20 days a f te r  isolat ion the or ig inal  number  was m o r e  than doubled. Some inc rease  in the number  of a s t r o -  
cytes  was observed  at the s y m m e t r i c a l  point of the opposite h e m i s p h e r e  2 h a f t e r  isolat ion,  but a f t e r  2 days 
this inc rease  was no longer  v is ib le ,  and a f t e r  20 days a slight i nc rea se  in the number  of  a s t rocy tes  com-  
pared  with the intact  co r t ex  was again d i scerned .  

Other w o r k e r s  [17] also have observed  an inc rease  in the number  of glial e l ements  in the neuronal ly 
isolated s t r ip  of cor tex .  In the p r e s en t  expe r imen t s  no vascu l a r  changes  e i ther  in the s t r ip  or  at the s y m -  
me t r i ca l  point of the opposite hemisphe re  were  observed  2 h af ter  isolation; hype rp l a s i a  of v e s s e l s  of a v e r -  
age ca l ibe r  and of the p r ecap i l l a r i e s ,  toge ther  with mani fes ta t ions  of pe r ivenous  edema,  were  obse rved  in 
the s t r ip  2 days  a f te r  isolat ion;  no such changes  in the va scu l a r  sy s t em could be found a f te r  20 days.  Ac-  
cording to data in the l i t e r a tu r e  the ECoG of the s t r ip  is l a rge ly  dependent on i ts  blood supply [15, 16]. 

After  neuronal  isolat ion of a s t r ip  of the r a b b i t ' s  cor tex  mos t  of the neurons  in i ts  cen te r  thus r e m a i n  
intact  a f ter  2 h and 2 days .  The slight dec rea se  in s ize of the nucleus immedia te ly  a f te r  isolat ion and the 
dec rea se  in a r e a  of the cy top lasm only in the late  s tages  af ter  isolat ion a re  evidence of functional changes 
in unit act ivi ty.  The number  of a s t rocy t e s  is c l ea r ly  inc reased  af ter  2 days.  This  may poss ib ly  affect  the 
ECoG of the s t r ip  (predominance of slow components)  and also the spontaneous spike act ivi ty of single neurons  
(predominance of grouped d ischarges) .  Whatever  the case ,  it can be concluded f rom the morphologica l  in-  
tegr i ty  of the neurons  and the exis tence  of spontaneous (both slow and spike) act ivi ty that  the neuronal ly  
isolated s t r ip  of cor tex  of unanesthet ized and unimmobi l ized animals  is a convenient  model with which to 
study many neurophysiological  p r o b l e m s .  

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

1. M . M .  Aleksandrovskaya  and R. A. Chizhenkova, Fiziol .  Zh. SSSR, No. 3, 312 (1970). 
2. M . M .  Bogoslovskii ,  E lec t r i ca l  Activity of the Cor tex  Isolated F r o m  Subcort ical  Nervous  Influences 

in Acute and Chronic Exper imen t s  on Cats.  Candidate ' s  Disser ta t ion ,  Leningrad (1968). 
3. E . G .  Zarkeshev ,  Unit Activity in the Cor tex  Isolated f rom Subcort ical  Nervous  Influences in Acute 

and Chronic Expe r imen t s  on Cats.  Author ' s  Abs t rac t  of Candidate ' s  Disser ta t ion ,  Leningrad (1970). 
4. I . N .  Krondra t ' eva ,  in" P r o b l e m s  in Neurocyberne t i c s  [in Russian],  Ros tov-on-Don (1969), p. 59. 
5. V . N .  Mats, V. N. Lar ina ,  and Yu. Ya. Geinisman,  Tsi tologiya,  12, 737 (1970). 
6. A. L Roitbak, in: Cur ren t  P r o b l e m s  in Activity and Structure  of the Centra l  Nervous  System [in 

Russian] ,  Tbi l is i  (1965), p. 67. 
7. J .  Szentagothal,  in: Structure  and Function of the Nervous  Sys tem [in Russian] ,  Moscow (1962), p. 6. 
8. V . D .  Taranenko,  E lec t r i ca l  Activity of the Neuronal ly Isola ted Strip of Ce reb ra l  Cor tex .  Candidate ' s  

Disser ta t ion ,  Odessa  (1966). 

748 



9. M.M.  Khananashvii, The Neuronally Isolated Cortex [in Russian], Leningrad (1971). 
10o Yu~ A. Kholodov, Effect  of Elect romagnet ic  and Magnetic Fields on the Central  Nervous System [in 

Russian], Moscow (1966). 
11. G.A.  ~l 'kina, in: TheOrganizat ion of Interneuronal Connections [in Russian], Moscow (1967), p. 134. 
12. G .A.  ]~l'kina and Yu. A. Kholodov, in: Investigation of the Organization of Unit Activity in the Cerebra l  

Cortex [in Russian],  Moscow (1971), p. 14. 
13. B . D .  Burns,  The Mannalian Cerebra l  Cortex,  London (1958). 
14. M.R .  Collonnier,  Brain and Conscious Exper ience ,  Berl in (1966). 
15. D .H.  Ingvar, Acta Physiol .  Scand. ,  33, 151 (1955). 
16. K. Kris t iansen and G. Courtois,  Electroenceph.  Clin. Neurophysiol . ,  1, 26 (1949). 
17. I~ Krnjevic, R. Reiffenstein,  and A. Silver, Elect roencepb.  Clin. Neurophysiol . ,  29, 269 (1970). 

749 


