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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  

1 T, MAGNUSSON and E. 14.OSENGREN, Exper. 19, 229 (1963). - A. 
CARLSSON, B. FALCK, K. TCXE, and N. A. }tlLLARP, Acta physiol. 
scand., in press. 

2 j .  C. ECCLES, P.  G.  KOSTYUK, a n d  R.  F. SCHMIDT, J. Physiol. 161, 
258 (1962). 
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e f f e c t i v e  a c t i o n  o n  t r a n s m i s s i o n  t o  p r i n a a r y  a f f e r e n t s  t h a n  
to  f l e x o r  m o t o n e u r o n e s .  I f  so,  t h e  i m p o r t a n c e  o f  p r e -  
s y n a p t i c  i n h i b i t i o n  o f  c e n t r a l  a c t i o n s  f r o m  t h e  F R A  is 
wel t  i l l u s t r a t e d .  
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The dorsal root potentials (DRP) in the upper traces of A E and 
G - K  were recorded from a dorsal root fi lament in lower IN. The fila- 
ment  was cut  15 mm from the entry into the cord and placed on two 
electrodes, one close to the entry  zone and the other at  the cut  end; 
an upwards deflection signals negativity of the central electrode. 
Upper traces in F and L are L7 ventral root recordings. Lower traces 
in all records are from the cord dorsum in L7. Records A F were 
taken before and the corresponding lower records G-L  after intra- 
venous injection of DOPA (67 mg/kg). The nerve from gastrocnemius- 
soleus (G-S) was st imulated in A, B, G, H and the nerve from 
posterior biceps-semitendinosus (PBSt) in C-F and I-L.  Stimulus 
strengths are indicated in multiples of threshold strengths,  those in 
A,G and E, K being just  maximal  for group I afferents of the G-S and 
PBSt nerves respectively. F and L were taken at  fast speed and the 
other records at slow speed. All records except F and L consist of 

superimposed traces. Acute spinal unanaesthetized cat. 

T h e r e  a r e  p o w e r f u l  d e s c e n d i n g  i n h i b i t o r y  p a t h w a y s  
c o n t r o l l i n g  t r a n s m i s s i o n  f r o m  t h e  F R A  to  m o t o n e u r o n e s ,  
a s c e n d i n g  p a t h w a y s  a n d  p r i m a r y  a f f e r e n t s  3. A t t e n t i o n  
m u s t  be  g i v e n  to  t h e  p o s s i b i l i t y  t h a t  d e s c e n d i n g  p a t h w a y s  
wi t t l  t h i s  f u n c t i o n  m a y  be  n o r a d r e n e r g i c  a n d  t h a t  1 ) O P A  
a c t s  o n  s p i n a l  r e f l e x e s  b y  i n d u c i n g  s y n t h e s i s  a n d  o v e r f l o w  
of  c a t e c h o l a m i n e s  f r o m  t h e i r  s y n a p t i c  t e r m i n a l s .  

Z u s a m m e n f a s s u n g .  I ) O P A  h e m m t  d ie  ( ) b e r l e i t u n g  y o n  
A f f e r e n z e n  d e s  F l e x o r r e f l e x e s  zu  d e n  p r i m / i r e n  Af f e -  
r e n z e n ,  V o r d e r h o r n z e l l e n  u n d  a u f s t e i g e n d e n  B a h n e n .  E s  
s t e i g e r t  d e n  F l e x o r r e f l e x ,  v i e l l e i c h t  d a d u r c h ,  d a s s  es  
d ie  ( ~ b e r t r a g u n g  zu d e n  p r i m / i r e n  A f f e r e n z e n  s t a r k e r  
b e e i n f l u s s t  a l s  zu  d e n  V o r d e r h o r n z e l l e n .  M 6 g l i c h e r w e i s e  
i s t  e i n e  a b s t e i g e n d e  B a h n ,  w e l c h e  d ie  l ~ b e r t r a g u n g  v (m  
F l e x o r r e f l e x - A f f e r e n z e n  h e m m t ,  n o r a d r e n e r g i s c h .  
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S o m e  R e s p o n s e s  of  t h e  S u p e r i o r  C o l l i c u l u s  of  
the  Cat  and  t h e i r  C o n t r o l  b y  the  

V i s u a l  C o r t e x  

T h a t  t h c  s u p e r i o r  c o l l i c u l u s  m a y  h a v e  f u n c t i o n s  o t h e r  
t h a n  v i s u a l  is s u g g e s t e d  b y  a n a t o m i c a l  d a t a  c o n c e r n i n g  
a f f e r e n t  p a t h w a y s  I a i n d i c a t i n g  t h e  e x i s t e n c e  o f  s o m e s -  
t h e t i c  a n d  a c o u s t i c  a f f e r e n t s ,  in  a d d i t i o n  t o  t h e  o p t i c  
f ib res .  

O n  t h e  o t h e r  h a n d ,  p r o j e c t i o n s  f r o m  t h e  s t r i a t e  c o r t e x  
t o  t h e  s u p e r i o r  c o l l i c u l u s  h a v e  b e e n  d e s c r i b e d  ~ a n d  c o n -  
f i r m e d  b y  s t i m u l a t i o n  e x p e r i m e n t s  4,~. S ince  t h e  v i s u a l  
c o r t e x  c a n  be  a c t i v a t e d  b y  n o n - v i s u a l  a s  wel l  a s  v i s u a l  
s t i m u l i  6 - n ,  t h e  c o r t i c o - c o l l i c u l a r  p r o j e c t i o n s  m a y  r e p r e -  
s e n t  a n  a d d i t i o n a l  p a t h w a y  t o  t h e  co l l i cu lus  of  v i s u a l  a n d  
n o n - v i s u a l  i m p u l s e s .  

T h e  r e s u l t s  p r e s e n t e d  b e l o w  s h o w  t h a t  in t h e  c a t ,  u n d e r  
c h l o r a l o s e  a n a e s t h e s i a ,  r e s p o n s e s  a r e  e v o k e d  in  t h e  s u -  
p e r i o r  c o l l i c u l u s  b y  v i s u a l ,  s o m e s t h e t i c  a n d  a c o u s t i c  s t i m -  
uli ,  a n d  t h a t  t h e  c o r t i c o - c o l l i c u l a r  p a t h w a y  p l a y s  a d i f f e r -  
e n t  ro le  a c c o r d i n g  to  t h e  t y p e  o f  r e s p o n s e .  M o r e  p r e c i s e l y ,  
t h r e e  t y p e s  of  r e s p o n s e s  m a y  be  d i s t i n g u i s h e d :  ( 1 ) V i s u a l  
r e s p o n s e s  t h a t  a r e  r e c o r d e d  t h r o u g h o u t  t h e  w h o l e  col l i -  
c u l u s .  I n  o u r  e x p e r i m e n t a l  c o n d i t i o n s ,  t h e  l a t e n c y  of  t h e s e  
r e s p o n s e s  is  2 5 ±  5 m s e c .  (2) L o n g - l a t e n c y  s o m e s t h e t i c  a n d  
a c o u s t i c  r e s p o n s e s  t h a t  a r e  r e c o r d e d  in  t h e  s u p e r f i c i a l  
l a y e r s  o f  t h e  co l l i cu lus .  S t i m u l a t i o n  of  a n y  of  t h e  f o u r  l egs  
is e f f e c t i v e  in  e v o k i n g  a r e s p o n s e  in  t h e  co l l i cu lus .  F o r  t h e  
a n t e r i o r  legs ,  t h e  l a t e n c y  is a b o u t  60 m s e c .  T h e  a c o u s t i c  
r e s p o n s e  t o  a c l i ck  h a s  a l a t e n c y  o f  a b o u t  70 m s e c .  (3) 
S h o r t - l a t e n c y  s o m e s t h e t i c  a n d  a c o u s t i c  r e s p o n s e s  ( 8 - 1 0  
m s e c )  t h a t  a r e  r e c o r d e d  in  t h e  d e e p e r  l a y e r s  o f  t h e c o l l i c u l u s .  

T h e  p e r i p h e r a l  s t i m u l i  w h i c h  e v o k e  c o l l i c u l a r  r e s p o n s e s  
a l so  e v o k e  c o r t i c a l  r e s p o n s e s  in  t h e  s t r i a t e  a r e a .  A s  ALT- 
MAN a n d  MALLS 12 h a v e  a l r e a d y  o b s e r v e d ,  t h e  l a t e n c y  of  

t h e  c o r t i c a l  v i s u a l  p o t e n t i a l  is a l w a y s  s h o r t e r  t h a n  t h a t  o f  
t h e  c o l l i c u l a r  p o t e n t i a l ;  t h e  d i f f e r e n c e  a p p e a r s  to  be  c o n -  
s t a n t - - . 5  t o  10 m s e c - - r c g a r d l e s s  o f  t h e  a b s o l u t e  v a l u e s  o f  
t h e  l a t e n c i e s .  W e  were  ab l e  to  r e p e a t  t h i s  o b s e r v a t i o n  a n d  
e x t e n d  i t  t o  t h e  h ) n g - l a t e n c y  s o m e s t h e t i c  a n d  a c o u s t i c  
r e s p o n s e s .  T h e  l o n g - l a t e n c y  c o l l i c u l a r  r e s p o n s e s  a r e  c o n s i s -  
t e n t l y  p r e c e d e d  b y  r e s p o n s e s  o f  t h e  v i s u a l  c o r t e x ,  i.e. t h e  
l a t e n c y  o f  t h e  n o n - v i s u a l  r e s p o n s e s  is 5 t o  10 m s e c  s h o r t e r  
for  t h e  c o r t e x  t h a n  for  t h e  e o t l i c u l u s .  

W e  n e x t  i n v e s t i g a t e d  t h e  ro le  of  t h e  v i s u a l  c o r t e x  in  t h e  
t h r e e  t y p e s  of  r e s p o n s e s .  S u r g i c a l  a b l a t i o n  o f  s t r i a t e  a n d  
p e r i s t r i a t e  a r e a s  s u p p r e s s e s  t h e  l o n g - l a t e n c y  s o m e s t h e t i c  
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