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Effect of carotid chemoreceptor stimulation on the cardiac sympathetic nerve discharge. At the signal 0.2 ml of a NaCN solution (50 ~zg/ml) 
was injected through the right thyroid artery. Cat: urethane (250 mg/kg) and chloralose (30 mg/kg) anaesthesia, open chest, artificial ventila- 
tion. A) control; B) heart electrically paced, blood pressure kept artificially'constant. Traces from above: arterial blood pressure (B.P.), 
mean arterial pressure (M.B.P.) heart rate in beats per min (H.R.), integrated discharge activity of the right cardiac sympathetic nerve 
(C.S.N.) and of the right phrenic nerve (Ph. N.). 

a n d  oppos i te -s ign  to  those  of t he  a r te r ia l  pressure .  W e  
bel ieve t he  f i rs t  a b r u p t  increase  of t he  s y m p a t h e t i c  dis- 
cha rge  was due to t he  effect  of t h e  chemorecep to r  s t imula -  
t i on ;  s u b s e q u e n t l y  such  a n  effect  was  h i d d e n  a n d  coun-  
t e r a c t e d  b y  t he  p ressorecep tor  inf luences,  eve ry  t ime  
the re  was  a change  in t h e  a r t e r i a l  sys temic  b lood  pressure  
level.  

I n  a successive t r ia l  (Figure  B), b o t h  t he  a r t e r i a l  b lood 
pressure  a n d  t he  h e a r t  f r e q u e n c y  were  k e p t  c o n s t a n t  (see 
methods)  in o rder  to  m a k e  ev iden t  t he  pure  effect  of t h e  
same  c h e m o r e c e p t o r  s t i m u l a t i o n  on  the  card iac  s y m p a -  
t h e t i c  ac t iv i ty .  I n  t h i s  s i tua t ion ,  t h e  s y m p a t h e t i c  d ischarge  
showed  a s ign i f ican t  increase,  l a s t ing  a p p r o x i m a t e l y  t h e  
same t i m e  as t he  r e sp i r a to ry  ac t iva t ion .  

The  compar i son  of t he  two t r ia ls  shows t h a t  t he  phase  
of b r a d y c a r d i a  shown  in F igure  A a n d  t he  increase  in sym-  
p a t h e t i c  n e r v e  d i scharge  obse rved  in B were b o t h  h a p p e n -  
ing a t  t he  same  l a t e n c y  f rom the  cyan ide  in jec t ion  a n d  
s y n c h r o n o u s l y  w i t h  t h e  increase  of the  phren ic  discharge.  

This  m e a n s  t h a t ,  du r ing  ca ro t id  chemorecep to r  s t imu la -  
t ion ,  b o t h  p a r a s y m p a t h e t i c  a n d  s y m p a t h e t i c  s u p p l y  to t h e  
h e a r t  were a c t i v a t e d  a t  t h e  same t ime.  

A t  t h e  end  of t h e  expe r imen t s ,  t h e  H e r i n g  ne rve  ipsi-  
l a te ra l  to  t h e  side of N a C N  in jec t ion  was cut .  B a r o c e p t o r  
a n d  c h e m o r e c e p t o r  a c t i v i t y  was recorded  f rom t h e  pe-  
r iphe ra l  end  of t h e  ne rve .  T h e  N a C N  a d m i n i s t r a t i o n  pro-  
duced  a c lear  increase  of c h e m o r e c e p t o r  a c t i v i t y  a n d  d id  
n o t  mod i fy  t h e  b a r o r e c e p t o r  d i scharge ;  t h e  same  injec-  
t ion  h a d  no  effect  w h a t s o e v e r  on  b lood  pressure ,  h e a r t  
r a t e  a n d  r e s p i r a t o ry  ac t iv i ty .  Th i s  p roves  t h a t  t h e  effects 
obse rved  on  these  p a r a m e t e r s  before  c u t t i n g  t h e  H e r i n g  
n e r v e  were due  to t h e  pu re  s t i m u l a t i o n  of ca ro t id  chemo-  
receptors ,  a n d  n e i t h e r  d i rec t  s t i m u l a t i o n  of cen t r a l  
s t r u c t u r e s  nor  of o t h e r  c h e m o r e c e p t o r  areas  was involved .  

These  d a t a  show clear ly  t h a t  ca ro t id  c h e m o r e c e p t o r  
s t i m u l a t i o n  p roduces  a genera l  a c t i v a t i o n  of b o t h  t he  
c a r d i o a c t i v a t o r y  a n d  t h e  c a r d i o i n h i b i t o r y  m e d u l l a r y  
centres .  
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Summary. The  responses  of ce r t a in  pho t i ca l l y  respons ive  cells of t h e  super ior  coll iculus were  found  acu te ly  d e p e n d e n t  
on  t he  focal cond i t i on  of t he  r e t i na l  image.  

A l t h o u g h  re f rac t ive  er rors  are b y  far  t h e  m o s t  c o m m o n  
anomal ie s  of t h e  v i sua l  s y s t e m  S, l i t t l e  is k n o w n  of t h e i r  
effects  d i r ec t ly  on  v i sua l  p a t h w a y  coding.  A n  a p p r o a c h  
exp lored  here  was  to  induce,  t h r o u g h  re f rac t ive  error,  
k n o w n  degrees  of r e t i na l  image  b lu r  and  to  c o m p a r e  t h e  
r e su l t i ng  p a t h w a y  responses  w i t h  those  assoc ia ted  w i t h  
op t i ca l ly  be s t  (i.e., no  r e f r ac t ive  error)  condi t ions .  

Material a~zd method. The  responses  c i ted are  f rom 
a m o n g  a c u m u l a t i v e  sample  of more  t h a n  300 n eu ro ns  
n o w  s tud ied  w i t h i n  t h e  r a b b i t  m e s e n c e p h a l o n  an d  v i sua l  
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cor tex.  The  an ima l s  were m a i n t a i n e d  u n d e r  l igh t  ure-  
t h a n e  anes thes i a  (6 m l / k g  b o d y  wt.  of a 20% solut ion,  a 
dosage level found  f rom earl ier  work  to be  no  more  
d e t r i m e n t a l  to  cell respons iveness  t h a n  ' encdpha le  isold' 
t echniques) .  Th i s  was  c o m m o n l y  s u p p l e m e n t e d  w i t h  
3.3 mg /kg  b o d y  w t . / h  of ga l l amine  t r i e th iod ide  to  p r e v e n t  
eye a n d  b o d y  m o v e m e n t s ,  t he  a n i m a l  be ing  ar t i f ic ia l ly  
r e sp i r a t ed  d u r i n g  such  periods.  

The  an ima l s  were s u p p o r t e d  s te reo tax ica l ly ,  t h e  
s t i m u l a t e d  eye in each  case be ing  f i t t ed  w i t h  a c o n t a c t  
lens to  p r o t e c t  t he  cornea  f rom d r y i n g  and  re f rac ted  (by 
re t inoscopy)  to  b r i n g  t he  r e t i na l  image  in to  c o n j u g a c y  
w i t h  t h e  57 c m  d i s t a n t  t e s t i n g  plane�9 S ta in less  s teel  
micro-e lec t rodes  were i n t r o d u c e d  in to  t he  super ior  colli- 
culus t h r o u g h  a n  aga r  sealed skul l  ape r tu re .  

Once localized, t he  r ecep t ive  field of each  cell was  m a p -  
ped  t h r o u g h  t h e  neu t r a l i z i ng  re f rac t ive  cor rec t ion  for t h a t  
axis  in  v i sua l  space, us ing  t h e  m o s t  c o m m o n l y  o p t i m a l  

75 

4, ~ 

30 

.~_ 
co 15 

:= 14 r  

10 
E -~ ~ s 

N ~  6 ~ g  

o g  

0 

A) B) 

= , - . 

45 

B . 3[  

4 6 8 o( 160 200 
Refractive error Retinal blur area 
(diopters) (sq.microns x 103) 

= D) C) o = 14 

g 10- 

.~_ o> 

( D - - ~  

Q r  o ~  
v 

i i i i i i i i i , i i 

2 4 6 8 100 200 

Refractive error Retinal blur area 
(diopters) (sq.microns ,103) 

Responsiveness of a midbrain cell to a light spot flashed at the most 
sensitive point within its receptive field: in A) showing its decreasing 
responsiveness to an initial flash when viewed through increasing steps 
of spherical refractive error; in B) those same responses when plotted 
against a linear scale of those blur areas constituting each point in 
the retinal image associated with each refractive error case in A (the 
open point and arrow pertain to an astigmatic case, see text) i in C) 
the rates of habituation (decreasing responsiveness to trains of flashes) 
of this cell associated with increasing steps of spherical refractive er- 
ror; and in D) those same responses plotted against a linear scale of 
those blur areas constituting each point in the retinal image for each 
refractive error case in C (the open circle and arrow pertain to an 
astigmatic case, see text). This cell was located in the superior eolli- 
eulus at the boundary of the stratum griseum and stratum optieum; 
its receptive field projected 14 ~ inferior and 34 ~ nasai to the optic 
axis, and it responded only to bright spot or bar stimuli, either stat- 
ically flashed or moving�9 

s t i m u l u s  cond i t ions  (a f lash ing  1 sec on, 1 sec off, 1 ~ 
d iamete r ,  40 c d / m  ~ l igh t  spo t  aga ins t  a 0.03 c d / m  2 
background) .  Occasional ly ,  w h e n  a cell was  found  to be  
more  respons ive  to  o t h e r  s t imul i ,  e.g., m o v e m e n t  of 
b r i g h t  edge aga ins t  t h a t  backg round ,  those  more  o p t i m a l  
s t imul i  were used. The  recep t ive  field was t h e n  r e p l o t t e d  
for each  of a series of (spherical :  p lus  power  to induce  
myopia ,  m i n u s  power, to  induce  h y p e r o p i a ;  or a s t i g m a t i c :  
e q u i v a l e n t  sphere  and  cy l inde r  c o m b i n a t i o n s  des igned  to  
pos i t ion  t he  m o s t  c o n t a i n e d  b lu r  a rea  of a n  a s t i g m a t i c  
focal i n t e r v a l  in t he  r e t ina l  plane)  r e f r ac t ive  errors  b y  
cen te r ing  t h e  i nduc ing  lenses on  t he  r ecep t i ve  f ield axis.  

Recording sites were later confirmed by Prussian blue 
reactions localized in frozen serial sections made of each 
brain. 

Resul ts  and  discussion.  As the  m i d b r a i n  is well  k n o w n  
to  c o n t a i n  h igh ly  deve loped  r e t i no top i c  m a p s  of v i sua l  
space 8, 4, i t  is n o t  su rpr iz ing  to  f ind  t h a t  t he  respons iveness  
of c e r t a i n  pho t i c  cells of t h e  super io r  coll iculus can  be  
acu te ly  d e p e n d e n t  on  t he  focal  q u a l i t y  of t he  r e t i na l  
image.  J u s t  how d e p e n d e n t  t h i s  can  be  is i l l u s t r a t ed  in A 
of t he  F igure  b y  t he  p rec ip i tous  decl ine of a n  'on '  cell 's  
r espons iveness  to  single l igh t  f lashes occur r ing  in i ts  
v i sua l  space, w h e n  'v iewed '  t h r o u g h  inc reas ing  s teps  of 
spher ica l  r e f r ac t ive  error.  Those  same  responses  p l o t t e d  
in r e l a t i on  to co r re spond ing  r e t i na l  image  b l u r  a reas  (as 
e s t i m a t e d  for  e ach  f in i te  p o i n t  compos ing  t h a t  r e t i n a l  
image,  ba sed  on  ca lcu la t ions  for t h e  s t a n d a r d  eye 5) are  
s h o w n  in B. The  open  p o i n t  response  on  t h a t  g r a p h  is to  
a n  a s t i gma t i ca l l y  i nduced  b lu r  a rea  e q u i v a l e n t  (wi th in  4 %) 
to t h a t  p roduced  b y  2 d iop te r s  of spher ica l ly  i nduced  
re f rac t ive  er ror  ( ind ica ted  b y  t h e  arrow)�9 Responses  for  
t h e  two cases were w i t h i n  6% of one ano the r .  

W h e n  sub j ec t ed  to t r a i n s  of s t imul i  (1.0 sec on, 1.0 sec 
off), p rogress ive ly  r educed  responses  resu l ted  f rom each  
f lash b e y o n d  t he  f i rs t  6. The  r a t e  a t  w h i c h  such  h a b i t u a t i o n  
t o o k  place  also a p p e a r e d  to  be  a func t i on  of such  r e t i na l  
image  q u a l i t y  as shown  in C a n d  D of t h e - F i g u r e .  The  
open  p o i n t  in  D is aga in  due  to  t h e  a s t i g m a t i c  s y s t e m  
descr ibed  a b o v e  a n d  should  be  compared ,  in  t e r m s  of 
e q u i v M e n t  r e t i na l  b l u r  area,  to  t h e  2 d iop t e r  spher ica l  
response  m a r k e d  he re  too  w i t h  an  arrow.  

A l t h o u g h  u n d e r l y i n g  neu ra l  m e c h a n i s m s  are sti l l  be ing  
inves t iga ted ,  t he  fol lowing o b s e r v a t i o n s  can  be  n o t e d  for  
such  ceils: 1st, t h a t  t h e i r  in i t ia l  r e spons iveness  can  be  
a l m o s t  l inea r ly  r e l a t ed  to  a d iop t r i c  scale of r e f rac t ive  
error,  b u t  appea r s  b e t t e r  descr ibed  b y  an  e x p o n e n t i a l  
f unc t i on  in r e l a t i on  to  those  co r re spond ing  areas  of b lu r  
compos ing  each  f in i te  p o i n t  in  t he  r e t i na l  image ;  2nd,  
t h a t  ra tes  of h a b i t u a t i o n  to  r e p e a t e d  s t imul i  will a p p e a r  
d e p e n d e n t  on  t he  focal s t a t e  of t he  r e t ina l  image,  as shou ld  
be  expected ,  since all  responses  f rom the  f i rs t  o n w a r d  will  
be  p ropo r t i ona l l y  smal le r  t h a n  u n d e r  bes t  focus cond i t ions  ; 
a n d  3rd, t h a t  e q u i v a l e n t  b lu r  areas  ( re la t ive  to  each  p o i n t  
in  t he  r e t i na l  image)  i nduced  b y  spher ica l  a n d  b y  as t ig-  
m a t i c  sys t ems  can  be  shown  to p roduce  n e a r l y  equa l  
responses.  
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