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stimulation of Deiters'  nucleus, which increased the de- 
cerebrate rigidity of the fore-limbs, was completely ineffec- 
tive on the electrically induced hind-limb reflexes. 

The present experiments show that  the striking aboli- 
t ion of the proprioceptive reflexes occurring during de- 
synchronized sleep cannot be explained simply with a 
withdrawal of a facilitatory influence descending frorn the 
the brain s tem since (i) this effect could still be observed 
when the spinal section affected the dorsolateral and the 
ventral  funiculi of both sides, as soon as the effects of the 
spinal shock had disappeared, and (if) no appreciable 
manifestation of spinal shock occurred when a complete 
section of the spinal cord was later carried out. The experi- 
mental  evidence suggests, therefore, that  the abolition of 
the spinal reflexes during the episodes of deep sleep is due 
to descending inhibitory volleys impingeing upon the pro- 
prioceptive reflex arcs. These suppressive influences orig- 

inate from supraspinal structures, localized probably 
within the inhibitory regions of the brain stem reticular 
formation; they descend mainly, although probably not 
exclusively, along the ventral  half of the lateral funiculi. 

Riassunto. La scomparsa di riflesi spinali mono- e poti- 
sinaptici nel corse del sonno desincronizzato b tegata a 
meccanismi inibitori esercitantesi sugli archi riflessi spi- 
nali. Questa azione di controllo viene trasmessa da centri 
sopraspinali al midollo spinale attraverso vie che decor- 
rono principalmente, per quanto non esclusivamente, nei 
funicoti ventro-laterali.  
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G e n e r a l i z e d  I n h i b i t i o n  of Sp ina l  R e f l e x e s  
Induced  by  C u t a n e o u s  N e r v e  S t i m u l a t i o n  

in U n r e s t r a i n e d  Cats~ 

I t  was previously reported that  low rate stimulation of 
group I I  cutaneous afferents, performed in unrestrained 
unanaesthetized cats, produces E E G  synchronization and 
behavioural sleepL On the other hand, high rate stimula- 
tion of group I I  and low or high rate stimulation of group 
I I I  cutaneous afferents produces EEG desynchronization 
and behavioural arousal2. A study of the spinal reflexes 
during sleep and wakefulness has shown, moreover, tha t  
in normal, unanaesthetized animal monosynaptic (MR) 
and polysynaptic (PR) spinal reflexes are completely 
abolished during deep, desynchronized sleep 3, an effect 
due to tonic inhibition from supraspinal structures*. 

The present experiments show that  the generalized in- 
hibition of spinal reflexes which characterizes episodes of 
deep sleep may be reproduced by low rate stimulation of 
the lower threshold cutaneous afferents. 

The experiments have been performed on unrestrained, 
unanaesthetized cats with chronically implanted elec- 
trodes (see ~). EEG cortical electrodes, EMG electrodes 
recording from the extensor neck muscles, and stimulating 
electrodes applied on the superficial radial nerve of one or 
both the sides were implanted under barbiturate anaes- 
thesia. EMG electrodes were also applied to the lateral 
gastrocnemius and tibialis anterior muscles of one side, 
in order to record respectively the monosynaptic and 
polysynaptic reflex responses to graduated st imulation of 
the central s tump of the ipsilateral medial gastrocnemius 
nerve, following a technique which has been previously 
described 3. In order to avoid irritation, the recording ses- 
sions never started before the third or fourth day following 
the chronic implantat ion of the electrodes. The following 
results have been obtained. 

(1) Low rate stimulation (from 1 to 10/see, 0.05 msec 
pulse duration) of the superficial radial nerve, for stimu- 
lus intensities capable of activating only the group I I  
cutaneous afferents, does not produce any change in 
postural tonus when performed on a background of strong 
arousal. However, when performed on a background of 
relaxed wakefulnes or of light synchronized sleep, the 
same stimulation is followed (i) by a decrease of the tonus 
of the neck musculature and of the lateral gastrocnemius 
(antigravity muscles), and ( if)by a reduction or abolition 
of the after-discharge of the tibialis anterior (flexor 

muscle) following stimulation of the flexion reflex af- 
ferents (FRAs) of the medial gastrocnemius nerve. Within 
the range of 1 to 10/see, the effects reported above in- 
crease in intensity and occur earlier when the rate of stim- 
ulation is increased. However, when the rate is raised to 
20/see, the initial decrease in the tonus of the neck muscles 
is followed by marked enhancement,  while at 100/see only 
an increase of the electromyographic act ivi ty  of neck 
muscles is observed. 

(2) The effects on postural tonus may be accompanied 
by E E G  synchronization, but  they can be observed inde- 
pendently from it. The synchronized response actually oc- 
curs only when the stimulation of the superficial radial 
nerve is performed on a proper background of E E G  
act ivi ty  ~. 

(3) Low rate stimulation of group II  cutaneous afferents 
reduces (Figure, A), or abolishes (Figure, B) the MR pro- 
duced by stimulating the medial gastrocnemius nerve at 
100/see with stimulus intensities ranging from 1.0 to 1.2 
times the threshold for the MR. This effect may also out- 
last the stimulus (Figure, C, D). I t  is particularly striking 
when the stimulus applied to the muscular nerve is just 
supraliminal for the MR, is increased by raising from 1 to 
10/sec the rate of stimulation of the superficial radial 
nerve as well as its intensity, provided the stimulus re- 
mains subliminal for group I I I  cutaneous afferents. The 
reduction or the abolition of the MR are scarcely evident 
in the aroused animal. They may be accompanied by in- 
duced E E G  synchronization, but  the relationship be- 
tween EEG and spinal effects is not  constant. 

(4) The abolition of the MR produced by low rate stim- 
ulation of group I I  cutaneous afferents is the consequence 
of an inhibitory process which does not depend upon 
mechanisms of reciprocal innervation, since (i) it is ob- 
served by st imulating both the ipsilateral and the contra- 
lateral superficial radial nerve, while (if) the reduction of 
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t he  t o n u s  and  the  decrease  of the  m o n o s y n a p t i c  response  
of t he  a n t i g r a v i t y  muscles  are  no t  a c c o m p a n i e d  b y  reci- 
p roca l  effects  on  the  an t agon i s t i c  f lexor  muscles .  T he  usual  
p a t t e r n s  of rec iprocal  i n n e r v a t i o n  a p p e a r  on ly  w h e n  
group  I I I  c u t a n e o u s  a f fe ren ts  are co - s t imu la t ed  
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(5) W h e n  n o t  on ly  t he  M R  b u t  also t he  P R  is el ic i ted b y  
s t i m u l a t i n g  t he  m e d i a l  g a s t r o c n e m i u s  ne rve  w i t h  in tens i -  
t ies  s u p r a - t h r e s h o l d  for t h e  F R A s ,  low r a t e  s t i m u l a t i o n  of 
c u t a n e o u s  g roup  I I  f ibres  i nh ib i t s  b o t h  reflexes.  On ly  
w h e n  c u t a n e o u s  g roup  I I I  f ibres  are  co - s t imu la t ed  is t he  
f lexor response  el ic i ted b y  exc i t ing  the  h i g h  t h r e s h o l d  
m u s c u l a r  a f fe ren t s  e n h a n c e d ,  whi le  t h e  M R  is st i l l  de-  
creased.  T h i s  f lexor  r e sponse  is a c c o m p a n i e d  b y  a n  in-  
c reased  a c t i v i t y  in  t he  cerv ica l  E M G  (or ien t ing  reac t ion)  
a n d  b y  E E G  d e s y n c h r o n i z a t i o n .  

(6) W h e n  low r a t e  s t i m u l a t i o n  of g roup  I I  c u t a n e o u s  
a f fe ren t s  is app l ied  d u r i n g  t he  s tage  which  precedes  t h e  
a p p e a r a n c e  of a n  episode  of deep  sleep (as shown  b y  t h e  
s p o n t a n e o u s l y  occur r ing  g r a d u a l  r e d u c t i o n  of the  cerv ica l  
EMG),  t he  E M G  a n d  b e h a v i o u r a l  p a t t e r n s  of deep  s leep 
are p rec ip i t a t ed .  In  t he se  ins tances ,  low r a t e  s t i m u l a t i o n  
of g roup  I I  c u t a n e o u s  f ibres does no t  p roduce  E E G  syn-  
ch ron i za t i on ,  b u t  on ly  f l a t t e n i n g  of the  E E G  a n d  E M G  
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Aboliton of the monosynaptie reflex by low frequency stimulation of 
group II cutaneous afferents. Unrestrained, unanaesthetized eat. 
Experiment made 3 days after the implantation of the electrodes. 
(1) Stimulation of the left medial gastrocnemius nerve at lO0/see, 
0.05 msee pulse duration, 1.2 times the threshold for the monosynap- 
tie reflex. The nerve was crushed and ligated distally to the stimu- 
lating electrode. (2) Stimulation of the left superficial radial nerve 
at 3]see, 0.05 msee pulse duration, 0.4 V. (3) Left lateral gastro- 
enemius muscle. (4) Left tiblalis anterior muscle. (5) Left fronto- 
temporal; (6) Right fronto-temporal. (7) Posterior cervical muscles. - 
Reduction (A) and abolition (B, C, D) of the monosynaptie reflex by 
low Irequency stimulation of the lower threshold cutaneous afferents. 
This effect may outlast the stimulus (C, D). - Note also the decrease 
of the tonus of the posterior cervical muscles and of the tibialis 
anterior (flexor muscle). These effects are accompanied by induced 
EEG synchronization. Calibration of 100 txV is referred to channels 

3, 4 and 7. 

. . . . . . . .  silence. 
I t  is conc luded  t h a t  low r a t e  s t i m u l a t i o n  of g roup  I I  

c u t a n e o u s  a f fe ren t s  per f l ) rmed in u n r e s t r a i n e d ,  u n a n a e s -  
t he t i z ed  ca t s  p roduces  a p a r t i a l  i n h i b i t i o n  of b o t h  spon-  
t a n e o u s  a n d  ref lex m u s c u l a r  ac t iv i t ies .  Th i s  p h e n o m e n o n  is 
a genera l ized  one a n d  affects  b o t h  f lexor a n d  e x t e n s o r  mus-  
cles, as well as m o n o s y n a p t i c  a n d  p o l y s y n a p t i c  sp ina l  re- 
flexes. The  induced  p a t t e r n  of genera l ized  i n h i b i t i o n  of t he  
sp ina l  ref lex  a c t i v i t y  is s o m e t i m e s  a c c o m p a n i e d  b y  a n  
e lec t rocor t i ea l  s y n c h r o n i z a t i o n  as p r ev ious ly  desc r ibed  ~; 
however ,  i t  does  no t  necessar i ly  depend  upon  it. U n d e r  
c e r t a i n  c i r cums tances ,  low r a t e  s t i m u l a t i o n  of g roup  I I  
c u t a n e o u s  a f f e ren t s  m a y  also p r ec ip i t a t e  t h e  p a t t e r n  of 
deep  sleep. 

Riassun to .  N e l l ' a n i m a l e  i n t eg ro  n o n  a n e s t e t i z z a t o  la 
s t imolaz ione  a b a s s a  f r e q u e n z a  delle f ibre c u t a n e e  del  
g ruppo  I I  p roduce  u n a  r iduz ione  gene ra l i zza t a  del t ono  
p o s t u r a l e  e dei riflessi sp ina l i  m o n o -  e po l i s inapt ic i ,  che  si 
a c c o m p a g n a  d i  solito,  m a  n o n  neces sa r i amen te ,  a d  u n  
q u a d r o  di  s inc ron izzaz ione  e l e t t roence fa logra f i ca  e. I n  par -  
t i co la r i  condiz ioni  s p e r i m e n t a l i  la s t imo laz ione  c u t a n e a  
s u d d e t t a  pu6  a n c h e  p rec ip i t a r e  il q u a d r o  di sonno  desin-  
c ronizza to .  
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The Effect of D O P A  on Spinal  Ref lexes  
f rom the FRA (Flexor Reflex Afferents)  

R e c e n t  b iochemica l  a n d  h i s t ochemica l  i n v e s t i g a t i o n s  
m a k e  i t  l ikely t h a t  the re  are descend ing  p a t h w a y s  w i t h  
noradrenerg ic  synap t i c  t e r m i n a l s  in  t he  sp ina l  cord1. In  
acu te  sp ina l  ca t s  L-DOPA (L-3, 4 - d i h y d r o x y p h e n y l a l a n i n e ,  
p recursor  of t he  ca t echo tamines  dopamine ,  n o r a d r e n a l i n e  
and  adrenal ine)  gives a p r o n o u n c e d  increase  of t he  f lexor  
ref lex evoked  b y  p inch ing  t he  skin.  An e lec t rophys io-  
logical  ana lys is  ha s  now been  m a d e  of t he  effect  of L- 
D O P A  on  t r ansmis s ion  f rom t he  F R A  (flexor ref lex af- 
ferents)  to  e -motoneurones ,  a scend ing  p a t h w a y s  a n d  
p r i m a r y  afferents .  I t  h a s  been  a c o n s t a n t  f ind ing  t h a t  t he  
D R P  (dorsal  roo t  po ten t ia l s ) ,  w h i c h  are caused  b y  pr i -  
m a r y  depo la r i za t ion  in the  F R A  ~, are  m a r k e d l y  r educed  
a f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n  of L-DOPA (67 mg/kg) .  
The  F igure  shows th i s  for t he  effects f rom h i g h  t h r e s h o l d  

muscle  a f fe ren t s  (B, D, H, J).  T h e r e  is no  effect  on  t he  
D R P  evoked  f rom group  1 muscle  a f fe ren t s  (E a n d  K). 
T h e  effect  is c o m p l e t e l y  r eve r s ib l e  w i t h i n  1-2  h a n d  effec- 
t ive ly  a n t a g o n i z e d  b y  t h e  ad rene rg i c  b locker  P h e n o x y -  
b e n z a m i n e .  I n  a d d i t i o n  D O P A  reduces  e x c i t a t o r y  a n d  in-  
h i b i t o r y  ac t ions  f rom the  F R A  to  m o t o n e u r o n e s  a n d  to  
a s c e n d i n g  p a t h w a y s ,  b u t  in  t h e  F igu re  t h e  r e d u c t i o n  in  
t he  v e n t r a t  roo t  d i scha rge  caused  b y  h i g h  t h r e s h o l d  
musc le  a f fe ren t s  is smal l  (F  a n d  L). 

The  f ind ing  t h a t  D O P A  increases  t h e  f lexor ref lex in 
t he  acu t e  sp ina l  ca t  is poss ib ly  a c c o u n t e d  for b y  t h e  more  
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