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M o d u l a t i o n  D u r i n g  S l e e p  of the  S p i n o - C e r e b e l l a r  
E v o k e d  P o t e n t i a l s  1 

Dur ing  t he  r ap id  eye m o v e m e n t s  (REM),  wh ich  charac-  
ter ize  t he  desynchron ized  phase  of sleep, t he  soma to -  
sensory  i n p u t  is a c t i ve ly  b locked  a t  t he  level  of t he  dorsa l  
co lumn  nuclei  b y  m e c h a n i s m s  of p r e s y n a p t i c  and  pos t -  
synap t i c  i n h i b i t i o n  2. The  a im of the  p r e sen t  e x p e r i m e n t s  
was  to f ind  ou t  w h e t h e r  t he  t r a n s m i s s i o n  of ex te rocep t ive  
a n d  p rop r iocep t ive  vol leys  t h r o u g h  t he  sp ino-cerebe l la r  
p a t h w a y s  is a t fec ted  b y  sleep, as ha s  been  found  for t h e  
t r an smi s s ion  of s o m a t o s e n s o r y  vol leys  t h r o u g h  t he  lem- 
niscal  p a t h w a y .  

Methods. The  m o d u l a t i o n  d u r i n g  physio logica l  sleep of 
t he  ce rebe l la r -evoked  p o t e n t i a l s  el ici ted b y  single shock  
s t imu la t i on  of h i n d l i m b  ne rves  was i n v e s t i g a t e d  in 12 un-  
res t ra ined ,  u n a n e s t h e t i z e d  cats.  The  e lec t roencepha lo-  
g r a m  (EEG),  t he  e l e c t r o m y o g r a m  of t he  pos te r io r  cerv ica l  
muscles  (EMG), a n d  t he  e lec t ro -ocu logram (EOG) were 
recorded  t h r o u g h  chron ica l ly  i m p l a n t e d  electrodes.  Collar- 
t y p e  e lect rodes  were appl ied  to t he  gas t rocnemius  ne rves  
or to  t he  t ib ia l  a n d / o r  t he  deep pe ronea l  ne rve  of b o t h  
sides. The  nerves  were t ied d i s ta l ly  to  t he  s t i m u l a t i n g  
electrodes,  while  a b ipo la r  record ing  e lec t rode  was in t ro -  
duced in the  h i n d l i m b  region of t he  ce rebe l la r  cor tex  of 
t he  a n t e r i o r  lobe, b e t w e e n  t he  v e r m a l  and  t he  i n t e rme-  
d ia te  regions. The  e x p e r i m e n t s  s t a r t e d  1-2 days  a f te r  the  
i m p l a n t a t i o n  of t he  electrodes.  The  h i n d l i m b  nerves  were 
s t i m u l a t e d  w i th  single r e c t a n g u l a r  pulses, 0.05-0.2 msec in 
du ra t ion ,  a t  t he  r epe t i t i on  ra t e  of 1 eve ry  1.5-2.0 sec. The  
cereb? l la r -evoked  p o t e n t i a l s  were t h e n  recorded  d u r i n g  
d i f fe ren t  episodes of sleep and  wakefulness .  

Results. P r e l i m i n a r y  o b s e r v a t i o n s  o b t a i n e d  b y  record-  
ing t he  ingoing vol ley  h a v e  shown t h a t  t he  pos i t ive-  
nega t ive  evoked  p o t e n t i a l s  el ici ted f rom the  cerebel la r  
cor tex  of the  a n t e r i o r  lobe on  single shock  s t i m u l a t i o n  of 
pe r iphe ra l  ne rves  are due  to s t i m u l a t i o n  of g roup  I I  an d  
I I I  muscu l a r  and  c u t a n e o u s  afferents .  The  c o n t r i b u t i o n  
of the  group Ia  m u s c u l a r  a f fe ren t  volleys to  the  pos i t ive  
wave  is a lmos t  negligible 3. 

The  po t en t i a l s  recorded  f rom the  cerebel lar  cor tex  of 
the  an t e r i o r  lobe on  s t imu la t i on  of h i n d l i m b  nerves  were 
no t  modif ied  d u r i n g  t r a n s i t i o n  f rom re laxed  wakefu lness  
to  synchron ized  sleep, no r  was  a n y  s ign i f ican t  difference 
obse rved  be tween  spindles  and  in te r sp ind le  lulls. D u r i n g  
desynchron ized  sleep, t he  a m p l i t u d e  of t he  cerebel lar-  
evoked  po t en t i a l s  was  also no t  affected w h e n  ocu la r  
m o v e m e n t s  were absen t .  A s t r ik ing  depress ion  of t h e  
cerebe l la r -evoked  p o t e n t i a l s  occurred  w h e n  t he  bu r s t s  of 
R E M  were in tense ,  and  ac tua l ly  du r ing  large b u r s t s  of 
R E M  the  cerebe l la r -evoked  po t en t i a l s  were comple t e ly  
abol i shed  (Figure).  W h e n  t he  b u r s t s  of R E M  were small ,  
indeed  even  w h e n  t h e y  were r ep resen ted  b y  isola ted ocu- 
lar  m o v e m e n t s ,  t he  sp ino-cerebel la r  po t en t i a l s  a p p e a r e d  
c lear ly  reduced  in ampl i t ude .  

The  p r e sen t  e x p e r i m e n t s  show t h a t  d u r i n g  the  desyn-  
chron ized  phase  of sleep t he re  is a s t r ik ing  depress ion  of 
the  cerebe l la r -evoked  poten t ia l s .  Th i s  depression,  s imi la r  
to  t h a t  wh ich  invo lves  the  o r t h o d r o m i c  lemnisca l  re- 
sponse on  s t i m u l a t i o n  of pe r iphe ra l  nerves ,  is r e l a t ed  to 
t he  m e c h a n i s m s  wh ich  are also respons ib le  for the  ocular  
m o v e m e n t s .  The  a m o u n t  of th i s  depression,  however ,  is 
g r ea t e r  t h a n  t h a t  a f fec t ing  t he  lemniscal  response,  since 
(1) the  ce rebe l la r -evoked  p o t e n t i a l s  are comple t e ly  
abo l i shed  dur ing  t he  large  b u r s t s  of R E M  a n d  no t  s imp ly  
reduced  in ampl i t ude ,  as found  for the  lemnisca l  re- 
sponses 2, and  (2) t he  sp ino-cerebel la r  evoked  p o t e n t i a l s  
are c lear ly  depressed  even  d u r i n g  t he  i so la ted  ocular  
m o v e m e n t s ,  while  t he  o r t h o d r o m i c  lemnisca l  response  is 
no t  changed  in th i s  condi t ion .  

The  m o d u l a t i o n  of t h e  ce rebe l la r -evoked  p o t e n t i a l s  
d u r i n g  de synch ron i zed  sleep is p r o b a b l y  due  to  a phas ic  
i n h i b i t o r y  con t ro l  of t r a n s m i s s i o n  of g roup  I I  a n d  I I I  
a f fe ren t  vol leys  t h r o u g h  the  c h a n n e l s  wh ich  t r a n s m i t  t he  
sp ina l  i n f o r m a t i o n  f rom t h e  h i n d l i m b  to t h e  cerebel lum.  
T h e  dorsa l  a n d  v e n t r a l  sp ino-cerebe l la r  p a t h w a y s  are the  
m a i n  b u t  n o t  t h e  exclusive  p a t h w a y s  i n v o l v e d  in t he  
responses.  

Phasic depression of the spino-cerebellar evoked potentials elicited 
by hindlimb nerve stimulation during a burst of REM of desynchro- 
lfized sleep. (a) Signals of stilnuli applied to the left tibial nerve 
(0.2 msee duration, 8 times the threshold for the cerebellar evoked 
potential); (b) EOG; (c) EEG; (d) EMG of the posterior cervical 
muscles (inkwriter). The 15 CRO responses of the left eerebellar 
verlnis of the anterior lobe to shocks applied to the ipsilateral tibial 
nerve were recorded before (1 5), during (6 10) and after (1 15) 
the outburst of REM. The responses 8 and 9 recorded during and 

soon after the outburst are completely abolished. 

Riassunto. Nel sonno des inc ron izza to  si osserva  u n a  
depress ione  fasica delle r i spos te  cerebel lar i  evoca t e  da l la  
s t imolaz ione  di ne rv i  de l l ' a r to  pos ter iore .  Ques ta  depres-  
sione ipn ica  del la  r i spos ta  sp ina le  cerebel lare  ~ c o m p l e t a  
d u r a n t e  i IREM, m a  si man i fes t a ,  sia pure  pa rz i a lmen te ,  
d u r a n t e  i m o v i m e n t i  ocular i  isolat i  che compa iono  negli  
i n t e rva l l i  t r a  i t ipici  REM.  
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