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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 .  

A G-$1.9 ~ C PBSt 7 ~ ~ 2 . 1  
, i i,i i i 

~-~ ....... ~ - i -- . ~ ~ J DOPA G H I [O.4mV ~ L 

ID.SmV 

]0msec l+10msec 

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  

I j .  ALTMAN, J. COUlIL Neurol. 119, 77 (196'2). 
2 C. U. A. KAPPERS, G. C. HVBER, and E. C. CROSBV, in Comparative 

Anatomy o] the Nervous System o] Vertebrates, Inthtding Man 
(Hafuer, New York 1960), p. 979. 
F. I). ANDERSON and C. M. BERRY, J. comp. Neurol. I11, 195 
(1959), 

4 W. T. NIEMER and J. JIMENEZ-CASTELLANOS, J. eomp. Neurol. 93, 
m t  (1950). 

'-' S. SHANZER and S. DUMONT-TYc, J. Physiol. (Paris) 53, 47q (1961). 
6 F, BREMER, in Some Problems in Neurophysiology (University of 

London 1953), p. 79. 
7 R. JUNG, H. H. KORNHUBER, and J. S. DA FONSECA, ill Inter- 

national Colloquium on Specific and Unspeci/ie Mechanisms o/ 
Sensory-Motor Integration, Pisa (1961), (l 'lsevier Puhl. Co., in 
press). 

s R. F. THOMPSON and R. M. SINDBER6, J. Neurophysiol. 23, 87 
(1960). 

9 A. FOragES and R. S. MomsoN, J. Neurophysiol. 2, l l 2  (|939). 
1:~ D. P. PUIZeVRA, J. NeurophysioL t8, 246 (1955). 
u p. BUSER and P. BORENSTEIS, Electroenceph. clin. Neurophysiol., 

Suppl. 6, 89 (1957). 
12 j ,  ALTMAN and I.. 1. MAHS, Exper. Neurol. 5, '233 (196~2). 



(056 Br~ves communications - Kurze Mitteilungen EXPERIEN'rlA XIX]12 

and  acoustic  responses,  whereas  the shor t - l a t ency  somes-  
the t ic  and  acoust ic  responses,  as well as the  visual ones, 
persist .  

The topical  appl icat ion of po tass ium chloride (3M) on 
the  s t r ia te  area is known to  suppress  the  evoked po ten-  
tials of this  area. Wi th  this t r e a t m e n t ,  s imilar  resul ts  to 
those of abla t ion  are ob ta ined ,  so far as somes the t i c  and  
acoust ic  responses  are concerned.  There  is in th is  case a 
comple te  d i sappearance  of the  long- la tency responses,  
whereas  the  shor t - l a t ency  responses  are no t  modi f ied  
(Figure). Fur the rmore ,  the ampl i tude  of the  visual 
response of the  colliculus d iminishes  progress ive ly  as the  
cort ical  visual po ten t ia l  fades out ,  unt i l  it  reaches  a new 
stable  value (Figure). 

The cortical  appl icat ion of s t rychn ine  (1%) produces  
opposi te  resul ts :  the  shor t - l a t ency  acoust ic  and  somes the -  
tic responses  are again not  modif ied ; bu t  the  long- la tency  
acoustic  and somes the t ic  responses,  as well as the  visual  
response  (Figure), are now enhanced .  

These resul ts  indicate  t h a t  the  sho r t - l a t ency  responses  
of the  deep layers of the  colliculus are i n d e p e n d e n t  of the  
visual cor tex,  since they  are  no t  a f fec ted  by  cort ical  
modif icat ions.  On the  o the r  hand ,  the  comple te  disap-  
pearance  of the  long- la tency responses,  following depres-  
sion or des t ruc t ion  of the  visual cor tex,  suggests  t h a t  these  
responses are normal ly  r eve rbe ra t ed  f rom the  co r t ex  to 
the colliculus. 

The in t e rp re t a t ion  of the  changes  of the  visual response  
is more difficult.  The fact  t h a t  the  responses  do no t  disap- 
pear  af ter  des t ruc t ion  of the  visual cor tex  shows t h a t  t h e y  
can be med ia t ed  by a subcor t ica l  sys tem.  On the  o the r  
hand,  t hey  are under  the  par t ia l  cont ro l  of the  visual cor- 
tex,  as shown by topical  appl ica t ion  of s t r ychn ine  and 
KC1 on the  cortex.  

BUSER et  al. ,a have observed  in var ious  s t ruc tures ,  such 
as the  ret icular  format ion ,  the  media l  t ha lamus ,  the  cau- 
da te  nucleus, the  pyramida l  t r a c t  and the  sp ina l  cord,  
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visual responses  very similar  to  the  collicular ones. These 
visual responses  were  sensi t ive  to  pharmacolog ica l  agen t s  
ac t ing  on the  visual cor tex  bu t  r e s i s t an t  to the  ab la t ion  
of the  cor tex .  The  authors1* have  sugges ted  the  conver-  
gence on a subcor t ica l  cen t re  of impulses  which  are 
med i a t ed  d i rec t ly  by  a subcor t ica l  p a t h w a y  and  indi rec t ly  
r eve rbe ra t ed  f rom the  visual  cortex.  However ,  there  was 
l i t t le ana tomica l  ev idence  ot these  connect ions .  

In  the  case of the  visual  response  of the  colliculus, a 
s imi lar  hypo thes i s  can be used and,  for the  f i rs t  t ime,  
s u p p o r t e d  by ana tomica l  evidence.  The visual response  of 
the  colliculus would have  two c o m p o n e n t s :  one resul t ing  
f rom the  ac t i v i t y  of the  d i rec t  re t ino-col l icular  p a t h w a y ,  
t he  o t h e r  co r respond ing  to  the  r eve rbe ra t ion  f rom the  visual 
cor tex  of impulses  re layed by  the  la teral  geniculate.  Since 
BISHOP and  CLARE lfi have  shown t h a t  m o s t  of t he  re t ino-  
coll icutar fibres are of smal l  d i a m e t e r  wi th  ve ry  slow con- 
duc t ion  rate,  this  could expla in  w h y  fas te r  t ravel l ing im- 
pulses re layed by  the  la tera l  genicula te  reach  the  visual  
cor tex  before the  arr ival  a t  the  co]liculus of the  impulses  
coming  d i rec t ly  f rom the  re t ina  '2 and  ' ca tch  up '  w i th  
these  impulses  in the  collieulus. On this  basis,  one could 
expla in  t h a t  the  two  c o m p o n e n t s  have  the  same la tency.  

Finally,  the  super ior  colliculus has numerous  projec-  
t ions  t o w a r d  the  re t icular  fo rma t ion  and  the  t h a l a m u s  ~. 
The m a n y  observa t ions ,  showing  t h a t  the  visual responses  
in these  s t ruc tu res  are unde r  cort ical  cont ro l  '~, could be 
expla ined  by  assuming  t h a t  the  colticulus is a re lay  for 
e n t r y  of visual  impulses  into these  non-specif ic  s t ruc-  
tures  ~' 

Rdsumd. A la s t imula t ion  p6riph6rique on enregis t re  
dans  le colliculus sup6r ieur  du c h a t  anesth6si6 au chlora-  
lose, trois types  de r6ponses:  r6ponse A la lumi6re, rd'- 
ponses  somes th6s iques  e t  acous t iques  de cour te  la tence  et  
r6ponses somes th6s iques  e t  acous t iques  de longue latence.  
Les r6ponses somesth6s iques  e t  acous t iques  de longue 
la tence son t  sous le contr61e du co r t ex  visuel  t and i s  que  
les r4ponses  somesth6s iques  e t  acous t iques  de cour te  la- 
t ence  ne d 6 p e n d e n t  pas de ce t te  r6gion corticale.  La  r6- 
ponse  "k la lumi6re semble  cor respondre  ~ une  d6charge  
complexe ,  c o m p r e n a n t  l ' a c t i va t ion  de deux  sys t6mes:  un 
sys t6me direct  r6t ino-coll iculaire et  un sys t6me indi rec t  
r6t ino-cort ico-coll iculaire.  
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Upper row traces: Responses of right superior colliculus (superficial 
layers) recorded with a bipolar concentric electrode (upper beam) and 
right visual cortex (lower beam) to different peripheral stimuli (L: 
light; Sore: contralateral forelimb; Ac: acoustic). Second row traces: 
The same responses after topical application of strychnine 1% on the 
visual cortex. Third row traces: Modification of the responses after 
topical application of a 3 M solution of KC1 on the visual cortex. 
Lower row traces: Recuperation of the original responses after 

30 min (see text). 
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