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E lec t r i ca l  act ivi ty of  the neuronal ly  i so la ted  cor tex  during waking and the onset  of sleep 
was invest igated in exper iments  on f r ee ly  behaving ca t s .  The t rans i t ion  f r o m  wakefulness  
to sleep is  accompanied  in the i so la ted  co r t ex  by the appearance  of a s tage  of d rows iness ,  
accompanied  by corresponding changes in the e l e e t r o c o r t i c o g r a m  of the i so la ted  hemisphe re .  
The  e lec t rograph ic  manifes ta t ion  of the s tage of d rows iness  in the isola ted cor tex  depends on 
the t ime  elapsing a f te r  the opera t ion  and it is mos t  m a r k e d  in the late per iod  af ter  i sola t ion of  
the Cortex. 
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The p r o c e s s  of going to sleep,  no rma l ly  taking p lace  rapidly ,  is  noteworthy not only because  it has 
rece ived  l i t t le  study but also becaus e  i t s  elucidation could provide  the key to the understanding of s eve ra l  
p r o b l e m s  connected with the m e c h a n i s m s  of onset  of n o r m a l  and pathological  s leep.  One such p r o b l e m  is  
that  of the p r i m a r y  component  in the s y s t e m  of b ra in  s t r u c t u r e s  involved in "s leep"  act ivat ion,  i .e . ,  those 
s t r u c t u r e s  that a r e  the f i r s t  to mani fes t  act ivi ty usual ly r egarded  as the ref lec t ion of s leep p r o c e s s e s .  

A number  of invest igat ions of this p r o b l e m  have a l ready been made ,  including some based on r e c o r d -  
ing b ra in  e l ec t r i ca l  act ivi ty [1-5, 7], but in those  invest igat ions potent ia ls  of d i f ferent  s t r u c t u r e s  w e r e  r e -  
corded with all conducting s y s t e m s  of the bra in  intact ,  i .e . ,  under  conditions that did not p e r m i t  u n r e s e r v e d  
conclusions to be drawn regard ing  the p r i m a c y  of the b ra in  s t ruc tu r e s  involved in the p r o c e s s  of  s leeping.  
This  c r i t i c i s m  appl ies  comple te ly  also to r e su l t s  obtained by the invest igat ion of cor t ica l  e l ec t r i ca l  act ivi ty .  
Never the les s ,  the study of this p rob l em  in the neuronal ly  isola ted co r t ex  p rov ides  additional opportuni t ies  
f o r  r emoving  the uncer ta in t ies  mentioned above.  

The object  of this invest igat ion was to study e lec t r i ca l  activity of the cor tex ,  isolated f r o m  subcor t ica l  
nervous  inf luences ,  in the p r o c e s s  of s leep in an imals .  

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

Sixteen cats  of both  sexes  weighing 3-4.2 kg, with the cor tex  isola ted,  were  used.  Four  intact  cats 
weighing 3.2-3.9 kg acted as the control .  The  opera t ion of cor t ica l  isolat ion was  p e r f o r m e d  in one hemi -  
sphere  by Khananashvi l i ' s  method [7]. Simultaneously with the opera t ion mentioned above, b ipo la r  Nichrome 
e lec t rodes  100 p in d i a m e t e r ,  in g l a s s  insulat ion,  were  implanted.  In some cases  (5 cats) s ta in less  s teel  
Screws,  inse r t ed  into the an i m a l ' s  skull ,  were  used as e l ec t rodes ,  Both types of e lec t rodes  were  located 
above the m o t o r  a r e a ,  pa r i e t a l  region,  and v isua l  a r ea  of the isolated co r t ex  and intact hemisphe re .  The 
r e f e r ence  e lec t rode  was secured  into bones  above the frontal  s inus.  The  e l e c t r o - o c u l o g r a m  was r eco rded  
by means  of s teel  needle e lec t rodes  inser ted  into the an imals '  o rb i t s .  Act ivi ty  of the neck  m u s c l e s  was 
recorded  by e lec t rodes  consis t ing of  Niehrome wi res ,  30 m m  long and 100 # in d i a m e t e r .  

The exper imen t s  s t a r t ed  on the f i r s t  day a f t e r  isolat ion of the cor tex  and continued until 10 months 
a f te r  the operat ion.  The e l e c t r o c o r t i e o g r a m  (ECoG) of the sleeping an imals  was r eco rded  continuously for 
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Fig. 1. E lee t rographio  manifes ta t ion  of waking and d rows iness  and per iods  of  i soe lee t r i c  
s i lence in isola ted cor tex .  A and B) Pe r iods  of waking and drowsiness  r e spec t ive ly  (third 
week a f t e r  operation}; C and D) per iods  of i soe lee t r i c  s i lence at  moment s  of waking and 
d rows iness  r e spec t ive ly  (f irs t  week a f te r  operat ion) .  Regions of isolated cor tex:  1) moto r ,  
2) pa r i e t a l ,  3) v i sua l  a r e a  of intact  cor tex;  4) moto r  a r ea .  Cal ibrat ion:  50#V, 1 sec.  

3-4 h on the "Orion" 8-channel  e lec t roencepha lographic  sys t em.  During the exper imen t s  the animals  could 
move about f ree ly  in the exper imenta l  box, which had t r anspa ren t  walls and m e a s u r e d  60 x 50 • 40 cm. 
The sleep of each cat was r eco rded  4 to 6 t imes  at in terva ls  of 1-5 days .  The s tages  of the an imals '  sleep 
were  identified f r o m  their  e l ec t rograph ic  manifes ta t ion in the cor tex  of the intact  hemisphe re  in accordance  
with the accepted  c lass i f ica t ion  [9]. 

Data  re la t ing  only to those an imals  in which the comple teness  of cor t ica l  isolat ion was conf i rmed by a 
morphologica l  control  were  used for  ana lys i s .  Data  obtained by a f requency in tegra to r  were  subjected to 
s ta t i s t i ca l  ana lys i s  with the use  of  Student 's  t c r i t e r ion .  The  " P r o m i n t - 2 "  compute r  was used fo r  all these 

calcula t ions .  

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  

Spontaneous act ivi ty of the isolated cor tex  in the waking animal  dur ing the f i r s t  3 weeks a f t e r  isolat ion 
consisted of two main types:  1) s low-wave  polymorphic  act ivi ty with an ampli tude of 100-200 ~V and a 
frequency of 0.5-5 waves / see ;  2) act ivi ty consis t ing of per iods  of ~bursts"  (2-4 high-vol tage slow waves  up 
to 300 pV in ampli tude and 50-130 m s e c  in duration) and per iods  of i soe l ec t r i e  s i lence last ing about 0.8 see .  

During the t rans i t ion f r o m  waking to s leep,  in the s tage of d rows ines s  the ECoG of the isolated cor tex  
began to be dominated by  r egu la r  h igh-ampl i tude  s tow-wave activi ty composed of waves  with a frequency of 
3 / s ec  and an ampli tude of 200-250 pV (Fig. 1). Fas t  low-ampl i tude  waves  superposed  on the slow waves and 
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Fig. 2. E lec t rograph ie  manifes ta t ion  of waking (A) and d rows ines s  (B) in i so la ted  
cor tex  10 m s e c  a f t e r  opera t ion.  Legend and cal ibrat ion as in Fig, 1 o 
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Fig. 3. Frequency dis t r ibut ion of  e l ec t r i ca l  
ac t iv i ty  in isola ted co r t ex  1 (I) and 10 (II) 
months a f t e r  operat ion:  A) waking, B) d rows i -  
nes s .  Absc i s sa ,  f requency bands;  ordinate ,  
e l ec t r i ca l  act ivi ty (in pV). 

observed  during waking d isppeared .  The  spindles cha rac t e r i s t i c  of this s tage of s leep in intact  an imals  
were  not found in the isolated cor tex.  

Pe r iods  of i soe l ec t r i e  s i lence in the isolated cor tex  were  l e s s  marked  in the an imals  going to sleep:  
The in terva l  between groups  of slow waves  was shortened,  the in te rva l  i t se l f  was filled with low-ampl i tude 
act ivi ty,  and the n u m b e r  of per iods  of s i lence d e c r e a s e d  (Fig. 2). 

With an i nc rea se  in the per iod af ter  isolat ion of the co r t ex  i ts  spontaneous act ivi ty gradual ly  r ecove red  
but did not r each  the no rm a l  level  c h a r a c t e r i s t i c  of  the intact  hemisphe re ,  and a f te r  the fifth to sixth months 
it  r emained  vi r tual ly  unchanged. The  spontaneous ECoG of an imals  in a waking s tate  at this t ime consisted 
of fas t  activity (10-16 w a v e s / s e e ;  50-100 #V), with low-voltage potent ia ls  superposed  on it (5-10 pV; 40 /see) .  
The pe r iods  of i soe lec t r i c  s i lence d i sappeared  comple te ly  by the third month a f te r  isolation.  

During the development  of d rowsiness ,  slow waves of i nc reased  ampli tude appeared  in all leads in the 
isolated cor tex .  The t rans i t ion  to a drowsy s tage of s leep occupied 2-6 sec in d i f ferent  an imals .  The in-  
c r ease  in ampli tude during the f i r s t  few seconds of d rows iness  compared  with the waking stage amounted to 
20%, but during development  of the s tage  of d rows iness  it  was 60%. The per iod of the ECoG dominated by 
slow waves  was followed by a per iod of waves  with lower  ampli tude,  r ecorded  at once in all three leads.  
This  pa t t e rn  was repea ted  seve ra l  t imes  be fo re  the next stage of sleep (slow-wave) took p lace .  DurJ_ug the 
development  of d rows iness ,  the fas t  waves became  p r o g r e s s i v e l y  sma l l e r  and the slow, high-vol tage waves 
p r o g r e s s i v e l y  g r e a t e r .  



In some animals during the 2-3 sec before  the onset  of d 'rowsiness,  a d e c r e a s e  in amplitude of the 
waves was observed to 10-15 #V although they retained thei r  f requency.  

Analysis of the ECoG showed that throughout the per iod of observat ion a f te r  isolat ion of the cortex,  
i .e. ,  until the end of 10 months,  the grea tes t  activity during the development of drowsiness  was recorded  in 
the A and O bands.  The his tograms show that in the late stages a f te r  isolation the relat ive proport ion of 
fast  waves was somewhat increased  (Fig. 3). 

The resuRs descr ibed  above indicate that e lec t rographic  manifestat ions of sleeping a re  c lear ly  r e -  
corded in the isolated cor tex,  especial ly  in the late stages a f te r  the isolat ion operat ion.  The absence of 
~spindles'  in the ECoG of the isolated co r t exd u r in g  development of drowsiness  can be explained by the 
complete isolation of the cor tex  f rom subeort ical  s t ruc tures  and, i n p a r t i c u t a r ,  f rom the nuclei of the tha lam-  
ic sys tem which, as is now accepted,  a re  responsible  for  their  behavior  [1, 4], 

Since the circulat ion in the cat ce reb ra l  cor tex  is unchanged by the onset  of sleep [7], it must  be 
assumed that the nervou s sys tem of the pial vesse l s  has no essent ia l  role  to play in this stage of sleep.  
Allowing for this and also for the fact that the signs of sleep a re  manifested simultaneously in both hemi -  
spheres ,  t h e w r i t e r  suggests that the development of drowsiness  is determined pr incipal ly  by humoral  influ- 
ences.  

The fact that "sleep" potentials  appear  simultaneously in the intact and isolated hemispheres  seems 
to give g rea te r  support to the hypothesis of the cort ical  origin of the drowsy stage of sleep.  The fact that 
e lec t r ica l  activity during drowsiness  is not induced by subcort ical  s t ruc tures  but is activity of t ruly cor t ica l  
origin,  is also shown by the infilling of the intervals  in the per iods  of s i lence between groups of slow waves,  
which is observed in the isolated cor tex  during the onset of sleep. 

During the t ransi t ion f rom waking to sleep in animals corresponding changes are thus observed in the 
isolated cor tex .  The e lec t rographic  manifestat ion of the stage of drowsiness  in the isolated cor tex depends 
on the t imes elapsing af te r  the operat ion and is most  marked in the late per iod af te r  cor t ica l  isolation.  
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