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Unit  R e s p o n s e s  and In terac t ions  at S u p e r i o r  Col l i cu lus  F irs t  S tage  of Input  R e c e p t i o n  . 

Ret ina l  and cort ical  projec t ions  to  the  superior  collicu- 
lus (SC) have  been ana tomica l ly  d e m o n s t r a t e d  1-4. 
Recen t ly  some of the i r  funct ions  were definedS-9. I t  was 
revealed t h a t  the  cort ical  visual  areas p ro jec t  to the  same 
SC regions as the  optic  t r ac t  10,11. Consequent ly  response 
character is t ics  of the  ca t  SC neurones  to  opt ical  s t imul i  
were found to  depend  on the  in tegr i ty  of the  cort ical  
visual  areas 8,12-17. A s t u d y  was, therefore,  u n d e r t a k e n  
on the  responses  to and on the  in te rac t ions  of inputs  
or ig inat ing in the  visual  cort ical  areas 17 and 18, and  in 
the  opt ic  t r a c t  a t  SC first  s tages  of recept ion.  Because of 
its two way  connec t iv i ty  w i th  SC is, the  pu lv inar  nucleus 
was included for comparison.  
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Fig: 1. Extracellularily recorded unitary responses (U) of neurones 
located at the superficial layers of SC evoked by ~ingle pulse stimula- 
tion of the cortical visual areas 18 (V2), 17 (V1) and of the pulvinar 
nucleus (P). The response of the same unit to each of the three 
iIhlstrates the convergence of their inputs to the same SC cells. Note 
differences in response pattern of the visual areas as compared to the 
pulvinar nucleus. Stimulation parameters: 25 volt intensity, 0.15 
mseo pulse duration; 1 pulse per 2 see. 

Methods .  The s tudies  were conduc ted  on 11 adu l t  
female and  male  cats, anes the t ized  wi th  p en t o b a rb i t a l  
sodium (25-30 mg/kg,  i.v.), and  paral ized wi th  Gallamine,  
under  art if icial  respira t ion.  The m e t h o d s  used in micro-  
electrode recordings,  in s t imula t ion ,  and in the  de te rmin-  
a t ion  of ac tual  e lectrode p l acemen t s  were previous ly  
r epor ted  19. S t imula t ion  si tes included the  cort ical  visual 
areas 17 and  18 e0, the  opt ic  t r ac t  and  the  pu lv inar  nucleus. 
Ext race l lu la r  un i t a ry  responses  were  recorded f rom SC 
by  means  of t u n g s t e n  microelectrodes.  A physiological  
solut ion of dext rose  was in jec ted  in to  the  animals  every  
few hours  for nour i shment .  The s tab i l i ty  of the  un i t a ry  
records was achieved by  pe r fo rming  a p n e u m o t h o r a x  and 
by  keeping the  exposed bra in  unde r  a 3 -5% agar  gel. 

Resu l t s .  Numerous  neurones  in the  superficial  layers 
of SC were evoked by  s t imula t ion  of the  cort ical  visual  
areas 17 and  18. These were charac ter i s t ica l ly  composed  
of long burs t s  (Figure 1). The same uni ts  were somet imes  
dr iven  also by  tile pu lv ina r  nucleus bu t  wi th  a response  
composed  of a few shor t  burs t s  (Figure 1). The latencies  
for dr iv ing such uni ts  were usual ly longer and more  
var iable  in the  case of area 17. However ,  uni ts  dr iven  by  
e i ther  one of these  sites, showed proper t ies  of monosy-  
nap t ic  dr iv ing:  cons tancy  of the  uni t  response  and  of its 
l a tency  and  cons t ancy  of phase  re la t ionships  of un i t a ry  
responses  to  local field potent ia ls .  Whi le  some divergence 
of inpu t s  f rom these  si tes to d i f fe rent  SC layers is has  been  
observed,  convergence  of these  to  neu r~  of SC superfi-  
cial layers is i l lus t ra ted  in Figure  1. 

Monosynapt ic  dr iv ing  of un i t s  was ob ta ined  in the  
superficial  SC layers also following s t imula t ion  of the  
opt ic  t r ac t  (Figure 2). Some of these  consis ted of a single 
spike response which  repea ted  i tself  a t  re la t ive ly  long 
intervals .  This occurred possibly due to  the  convergence  of 
opt ic  t r ac t  f ibers which  var ied grea t ly  in the i r  th ickness .  
Other  such responses  consis ted of burs t s  of 2 or 3 spikes. 
Similari ly to  the  response  i l lus t ra ted  in Figure  3A of ten  
these  responses  showed an ou t s t and ing  cons t ancy  of 
p a t t e r n :  each bu r s t  response  consis t ing of the  same 
n u mb er  of spikes. These were p r e sumab ly  ob ta ined  at  the  
f i rs t  s tage of SC recept ion  of t he  opt ic  t r ac t  inpu t s  since 
t h e y  showed proper t ies  of m o n o s y n a p t i c  driving.  Thei r  
invar iable  pa t t e rn ,  consis t ing in t he  sample  i l lus t ra ted  of 
a 3 spike burst ,  suggested an encoding process.  A pre-  
condi t ioning t ra in  s t imulus  which  was del ivered to  t he  
cort ical  visual  area 18 was shown to modi fy  the  response.  
As i s  shown in the  figure i t  cur ta i led  the  last  spike in 
mos t  of the  burs t  responses  of t he  uni t  i l lus t ra ted  (Figu- 
re 3]3). On the  o ther  hand,  the  pre -condi t ion ing  s t imulus  
del ivered by  itself caused no th ing  b u t  an increase in 
fir ing ra te  (Figure 3C). This effect  was no t  mani fes ted  by  
a s imilar  s t imula t ion  of e i ther  area 17 or the  pu lv inar  
nucleus. 
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Fig. 2. Samples of uni tary responses (A, B, C and D) recorded from 
SC superficial layers following single pulse stimulation of the optic 
tract, and which show properties of monosynaptic driving. Parame- 
ters of stimulation: 9v (0.15 mAmp) intensity, 1.0 msec pulse dura- 
tion; 1 pulse per 2 sec. 
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Fig. 3. Extracellularily-reeorded SC units evoked by stimulation of 
the optic tract - i t s  modification by preconditioning stimuli delivered 
to V S. A) An invariable three-spike response of an SC unit to a single 
pulse stimulation of the optic tract. B) The curtailment of the 3rd 
spike in 11 out of 13 burst  responses to optical tract stimulation under 
the influence of a train st imulus pre-eonditioning delivered to V v 
C) Control responses obtained with the pre-conditioning stimulation 
delivered by itself. Stimulation parameters : Test st imulus to the op- 
tic tract - 15 volts (0.25 mAmp) intensity, 0.2 msec pulse duration, 1 
pulse per 2 see. Pre-eonditioning stimulus - a train of 40 msee duration 
of pulses at 200/see rate, 0.2 msec pulse duration, and 20 volts in- 
tensity. Interval between test and pre-conditioning stimuli: 20 msee. 

Discussion. I n  SC s u p e r f i c i a l  l a y e r s  u n i t a r y  r e s p o n s e s  
w e r e  o b t a i n e d  f r o m  c o m m o n  n e u r o n e s  f o l l o w i n g  s t i m u -  
l a t i o n  o f  c o r t i c a l  v i s u a l  a r e a s  17 a n d  18 a n d  of  t h e  p u l v i n a r  
n u c l e u s .  T h e s e  r e s p o n s e s  v a r i e d ,  in  p a t t e r n .  S o m e  of  
t h e m  s h o w e d  c h a r a c t e r i s t i c s  of  m o n o s y n a p t i c  d r i v i n g .  
T h e  l a t t e r  t y p e  of  r e s p o n s e  w a s  a l so  o b t a i n e d  f r o m  
n e u r o n e s  of  t h e  s a m e  r e g i o n  f o l l o w i n g  s t i m u l a t i o n  of  t h e  
o p t i c  t r a c t .  T h e  l a t t e r  o f t e n  s h o w e d  g r e a t  c o n s t a n c y  of  
t h e  n u m b e r  o f  s p i k e s  p e r  b u r s t  r e s p o n s e ,  s u g g e s t i n g  a n  
e n c o d i n g  p r o c e s s .  P r e c o n d i t i o n i n g  s t i m u l i  d e l i v e r e d  t o  
a r e a  18 a t  1 0 - 1 5  m s e c  i n t e r v a l s  p r i o r  t o  t h e  t e s t  s t i m u l i  
m o d i f i e d  s u c h  r e s p o n s e s  t o  t h e  o p t i c  t r a c t :  e a c h  b u r s t  
w a s  s h o r t e n e d  in  a c o n s t a n t  m a n n e r .  T h i s  o b s e r v a t i o n  
s u p p o r t e d  t h e  c o n t e n t i o n  of  a n  e n c o d i n g  p r o c e s s  for  v i s u a l  
s i g n a l s  a t  SC l eve l  a n d  fo r  t h e  p o t e n t i a l i t y  of  v i s u a l  a r e a  
18 t o  c o n t r o l  s u c h  p r o c e s s e s .  E v i d e n c e  w a s  t h u s  p r o v i d e d  
t h a t  SC, b e s i d e s  i t s  f u n c t i o n  i n  v i s u o m o t o r  a c t i o n ,  m i g h t  
a l so  p l a y  a ro le  in  t h e  c o r t i c o p e t a l  f o r e w a r d i n g  of  v i s u a l  
s i g n a l s .  T h i s  a c t i o n  is p e r h a p s  p e r f o r m e d  b y  SC in  
p a r a l l e l  to  a n d  in  c o n j u n c t i o n  w i t h  t h e  l a t e r a l  g e n i c u l a t e  
nuc le i .  

Zusammen/assung. D u r c h  S t i m u l a t i o n  d e r  v i s u e l l e n  
c o r t i c a l e n  Z o n e  17 u n d  18 de s  P u l v i n a r n u k l e u s  u n d  de s  

t r a c t u s  o p t i c u s  w u r d e n  R e i z - P o t e n t i a l e  y o n  S C - N e u r o n e n  
a b g e l e i t e t .  D ie  p r / i k o n d i t i o n i e r t e  S t i m u l a t i o n  de s  v i s u e l -  
l en  c o r t i c a l e n  Z o n e  18 e r g a b  e in  k o n s t a n t e s  R e i z - M u s t e r .  
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