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Corticospinal Influences on Primary Afferents 
During Sleep and Wakefulness 

The increase in py ramida l  d ischarge which  occurs dur -  
ing desynchron ized  sleep * is re la ted  in t ime  w i t h  t he  
burs t s  of rapid  eye m o v e m e n t s  (REM)3. This  effect  is 
due in pa r t  to cort icofugal  volleys arising f rom the  m o t o r  
cor tex  because it can still  be observed  a f t e r  b i la tera l  
ab la t ion  of the  sensory  cort ical  areas SI and  SII. 

The cort icospinal  fibres, however ,  are no t  exclus ively  
concerned wi th  the  t r ansmiss ion  to  ~ -motoneurones  of 
volleys arising f rom the  m o t o r  cor tex.  S t imu la t ion  of t he  
sensory-motor  cor tex  of t he  ca t  is also followed b y  de-  
polar izat ion of the  cent ra l  t e rmina l s  of the  f lexion ref lex 
afferents  ~,3. As a result ,  t he  a f ferents  invo lved  in t he  
po lysynapt ic  flexion ref lex can be inh ib i ted  p re synap-  
tically~. The precruc ia te  gyrus  depolar izes  these  p r i m a r y  
af ferents  only  t h r o u g h  synap t i c  ac t iva t ion  of neurones  in 
the pos tcrucia te  cor tex  3. 

The presen t  expe r imen t s  were made  to  de t e rmine  (i) 
w h e t h e r  the  phasic  e n h a n c e m e n t  in t he  p y r a m i d a l  ac- 
t iv i ty  occurr ing dur ing  the  bu r s t s  of R E M  could stil l  be  
observed a f te r  uni la tera l  ab la t ion  of t he  m o t o r  co r t ex ;  
and  (if) whe ther ,  in t he  same animal ,  p r i m a r y  a f fe ren t  
depolar iza t ion  could still  be  p roduced  b y  p y r a m i d a l  
s t imula t ion  following degenera t ion  of the  cor t icospinal  
motor  fibres. 

AZ,¢:;~;,:.~,,:: .:::;: :~: :;': ~; ":,'..~":7"..~f:::'~. ~.'~ .'.~2:~ : =.:: .; 7=; ;: ::-~.=",~: ::-~'~,-7::;.3 

A~ ~ , '" 

_~L*LIL { [ l L I UI I ,  t i t . .  ( I i i i i  i ] i i i  i 7,, , , ~  L 2 , ~1,, , 

..+.,< 

: . . . . .  - - " ' . . . . . . . . . . . . .  2 0 O / . I V l  

. . . . .  " - - - - - - " - - " - ~ -  ' "  - ~ ' ~  5 0 0 t s v  I 

lOsec- 

Fig. 1, Pyramidal discharge originating from the sensory cortical 
areas SI-SII during sleep. Unrestrained unanaesthetized cat, with 
chronic (48 days) ablation of left precruciate and rostral postcruciate 
(motor) cortex. 1, left parieto-occipital; 2, right parieto-occipital; 3, 
posterior cervical muscles; 4, ocular movements; 5, integrated record 
from the left pyramid above the decussatio pyramidum. A, during 
synchronized sleep the pyramidal activity increases synchronously 
with the LEG spindles and decreases during the interspindle lulls. 
B, C, phasic enhancements of the pyramidal activity during the 
REM periods of desynchronized sleep. D, control taken 18 sec after 

tl-e end of the episode of desynchronized sleep. 

M e t h o d s .  The  e x p e r i m e n t s  were pe r fo rmed  on 8 unre- 
s t ra ined,  unanaes the t i zed  cats,  p rev ious ly  submi t t ed  to 
uni la tera l  ab la t ion  of the  precruc ia te  and  ros t ra l  post- 
crucia te  (motor) cor tex .  E lec t rodes  for recording the 
L E G ,  the  E M G  of t h e  pos te r io r  cervical  muscles,  the 
ocular  m o v e m e n t s  a n d  the  p y r a m i d a l  ac t iv i ty  were im- 
p l a n t e d  chronical ly .  The  in t eg ra ted  p y r a m i d a l  discharge 
was recorded wi th  a t echn ique  descr ibed  elsewhere 3. Fol- 
lowing chronic  degenera t ion  of t he  cor t icospinal  fibres 
s t e m m i n g  f rom the  m o t o r  cor tex ,  the  an imals  were de- 
ce rebra ted ,  pa ra lysed  wi th  f laxedi l  and  art if icial ly respi- 
ra ted .  In  these  an imals  t he  v e n t r a l  root  d ischarge  and the 
dorsal  roo t  po ten t i a l s  el ici ted by  shor t - las t ing  repet i t ive 
s t imula t ion  of t he  py ramida l  t rac ts ,  were recorded  respec- 
t ive ly  f rom the  ven t r a l  roots  L7-S1  and  a dorsal  root 
f i l amen t  of lower L6 or upper  L7 and  were  c o mp a r e d  with 
s imi lar  responses  el ici ted in ca t s  w i t h  m o t o r  co r t ex  intact .  

R e s u l t s .  Afte r  ab la t ion  of t he  m o t o r  cor tex ,  the  pyra-  
mida l  d ischarge  increased phas ica l ly  w h e n  movement s  
were induced  by  arous ing  st imuli ,  b u t  g radua l ly  decreased 
a t  t h e  t r ans i t ion  f rom quie t  wak ing  to  drowsiness.  In 
synchron ized  sleep the  p y r a m i d a l  ac t iv i ty  showed  irregu- 
lar  oscil lat ions.  In  pa r t i cu la r  t h e  p y r a m i d a l  ac t iv i ty  fell 
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Fig. 2. Dorsal root potentials and ventral root discharges evoked by 
pyranfidal stimulation. The upper traces were recorded from a dorsal 
root filament in upper L7 on the right side. ]?he filaulent was cut 
15 mm from the dorsal root entry zone and placed on two electrodes, 
one close to the entry zone and the other on the cut end. Upward 
deflection denotes negativity of the central electrode. The lower 
traces were recorded from ventral roots L7-S1 on the right side. 
A, records taken from cat with sensory-motor cortex intact, B, 
records taken from another cat with chronic (49 days) ablation of 
the left precruciate and rostral postcruciate (motor) cortex. Same 
cat as in Figure 1. The first two records were obtained by repetitive 
stimulation of the left pyramid at medullary level above the decus- 
satin, with a train of 10 shocks at 440/sec, 1.0 msec pulse duration 
and 3 times the threshold for the dorsal root potentials. The last 
record was taken during single shock stimulation of the right com- 
mon peroneal nerve, with single shock of 0.5 mscc, 4 times the 
threshold for the monosynaptic reflex, to prove that segmental 
stimulation was equally effective in both animals. The cats were 
anaesthetized with Nembutal, paralised with flaxedil, and arti- 

ficially respirated. 
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to  a m i n i m u m  in the  in terspindle  lulls and reached a 
m a x i m u m  dur ing the  spindles. W h e n  synchronized  sleep 
was replaced by  the  desynchronized  phase,  the  peaks in 
the  py ramida l  record d isappeared;  and the  cort icospinal  
a c t i v i t y  became  s tabi l ized to  a level  s imilar  to t h a t  
reached dur ing  the  in terspindle  lulls, provided t he  R E M  
were absent .  As soon as these ocular  p h e n o m e n a  occurred,  
the  py ramida l  ac t iv i ty  increased phasical ly  and reached a 
level  much  higher  t h a n  t h a t  seen dur ing the spindle 
t ra ins  (Figure 1). These exper iments ,  toge ther  wi th  the  
demons t r a t ion  t h a t  the  ab la t ion  of bo th  the  mo to r  and 
sensory areas  of t h e  co r t ex  p reven ted  the  appearance  of 
changes in p y r a m i d a l  a c t i v i t y  re la ted wi th  the  d i f ferent  
s ta tes  of sleep and wakefulness,  indicate  t h a t  dur ing  de- 
synchronized  sleep there  is a phasic increase in the  cort ico- 
fugal  discharge which  also originates f rom the somato-  
sensory areas of the  cor tex  (SI and SII). 

I n  the  decerebra te  cats  s t imula t ion  of the  py ramida l  
t r a c t  as long as 49 days  a f te r  ab la t ion  of the  moto r  cor tex,  
i.e. when  the  cor t icofugal  fibres or ig inat ing f rom the  
moto r  cor tex  had  degenerated  and could no longer  be 
exci ted,  produced a ven t ra l  root  discharge which was 
s t r ik ingly  reduced wi th  respect  to  controls  t aken  in the  
i n t ac t  animal .  The  dorsal  root  po ten t ia l s  el ici ted by  pyra -  
mida l  s t imula t ion ,  on the  o the r  hand,  resembled those  
obta ined  in the  control  expe r imen t  in bo th  size and shape 
(Figure 2). The  fact  t ha t  ou tburs t s  of pyramida l  a c t i v i t y  
stil l  occur  synchronous ly  wi th  the  R E M  af ter  degenera-  

t ion of the  cor t icospinal  fibres arising in the  mo to r  cor tex,  
suggests  t h a t  p resynap t ic  inh ib i to ry  vol leys  or iginate  f rom 
the  sensory areas S[ and SH dur ing the  R E M  periods of 
desynchronized  sleep. They  m a y  a t  least  con t r ibu te  to the 
phasic  depression of the  polysynapt ic  ref lex t h a t  occurs a t  
the  t ime  of  t he  burs ts  of R E M  L 

Riassunlo. Nel sonno desincronizzato si osserva un 
a u m e n t o  del la  scarica p i ramidale  or iginante  dalle aree 
somato-sensor ia l i  del la  cor teccia  in corr ispondenza dei 
R E M .  Queste  scariche p i ramidal i  depolar izzano le fibre 
afferent i  p r imar ie  del la  v ia  riflessa flessoria e verosimil-  
mente  cont r ibuiscono atla depressione fasica dei  riflessi 
pol is inaptici  che si mani fes t s  du ran te  i REM.  
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O n  the  P o s s i b i l i t y  that  T h y m u s - M e d i a t e d  
A l l o a n t i g e n i c  S t i m u l a t i o n  R e s u l t s  in T o l e r a n c e  

R e s p o n s e  

I t  now seems f i rmly establ ished t h a t  t h y m u s  occupies a 
pr ivi leged posi t ion among  o the r  l ympho id  organs (MILLER 
et  al.~). The  var ious  hypotheses  as to whe ther  t h y m u s  is 
an  essential  source of cells for o ther  lymphoid  organs  or 
provides  a humora l  factor  or  a local e n v i r o n m e n t  required 
for funct ional  ma tu r a t i on  of cells or ig inat ing elsewhere ~-7 
m a y  be c o m p l e m e n t a r y  r a the r  t h a n  contradictor)- .  

One of the  features  dis t inguishing t h y m u s  f rom o the r  
l ympho id  organs is t he  absence of an t ibody  format ion  and 
of morphologica l  s y m p t o m s  of ac t iva t ion  s-a0 which char-  
acter izes the  response to ant igenic  s t imula t ion  in spleen 
and l y m p h  nodes. This  migh t  s imply  be due  to some sort  
of af ferent  b lood- thymus  ba r  which  p reven t s  extr ins ic  
an t igens  f rom en t ry  in to  the  in t ac t  organ  n , ,2  Especial ly ,  
this  charac ter i s t ic  of t h y m u s  led BURNET 2 to place in it  
a hypo the t i ca l  mechan i sm which would ensure immuno-  
logical to lerance to ' self-ant igens ' .  I t  was assumed t h a t  
in lmunotogical  to lerance resul ts  f rom a collision of an im- 
m a t u r e  lympho id  cell w i th  the  appropr ia te  an t igen  XS,14; 
if the  ' vu lnerab le '  phase of  d e v e l o p m e n t  of lymphoid  ceils 
coincided wi th  thei r  sojourn in thymus ,  where only  au to-  
ant igens  seem to be avai lable,  the  po ten t ia l ly  self-react ive 
clones migh t  there  be au tomat i ca l ly  f i l tered off and pre- 
ven ted  f rom fur ther  deve lopmen t  to  reac t iv i ty .  Pa tho-  
logical changes  of  an  a u t o i m m u n e  na tu re  fol lowing 
t h y m e c t o m y  a~,~a, and some d a t a  on the  role of t h y m u s  in 
a u t o i m m u n e  condi t ions  x7,~8, m a y  be in te rpre ted  in favour  
of this  concept  even  though  a different  exp lana t ion  of 
some of the findings m a y  be preferred 19. 

We wished to check this hypothesis  by  assuming t h a t  
the  respect ive  mechan ism migh t  be 'misused '  for non-self- 
ant igens  if these were ar t i f ic ial ly  in t roduced  into the  
t h y m u s  of adu l t  animals.  However ,  the  cell popula t ion  in 
an adul t  t h y m u s  seems to  involve  also a p ropor t ion  of 
funct ional ly  ma tu re  cells, as indica ted  by  the  f indings of  
an t ibody  format ion  in t h y m u s  in jec ted  with  var ious 
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