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Ametropic Efficiency of Visual Pathway Neurons 

E m p h a s i s  is now c o m m o n l y  p laced  on  respons iveness  to  
' t r igger  fea tures ' ,  i.e., d i s t i nc t i ve  c o m b i n a t i o n s  a n d / o r  
sequences  of s t imu lus  events ,  to  descr ibe  t he  ope ra t ive  
miss ions  of v i sua l  p a t h w a y  neu rons  ~, 2. 

B u t  how d e p e n d e n t  is t r igger  f ea tu re  t u n i n g  on  o p t i m u m  
s t imu lus  cond i t ions  ? Here,  t he  effects  of one c o m m o n  
class of s t imu lus  degrada t ions ,  t he  a m e t r o p i a s  (i.e., 
r e f rac t ive  errors) ,  is used to  exp lore  t h a t  ques t ion .  

E x a m p l e s  c i ted  are f rom a m o n g s t  a c u m m u l a t i v e  
s ample  of nea r ly  300 neu rons  w i t h i n  t h e  r a b b i t  mesen-  
cepha lon  now s tud ied ,  The  a n i m a l s  were m a i n t a i n e d  
u n d e r  l igh t  u r e t h a n e  anes thes i a  (5.5 m l / k g  b o d y  we igh t  
of a 20% so lu t ion  in saline,  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 ive-  
ness t h a n  ' e n c @ h a l e  isol6' t echniques) .  Th i s  was  sup-  
p l e m e n t e d  w i t h  3.3 m g / k g  b o d y  wt . / 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  t h a t  period.  

The  an ima l s  were s u p p o r t e d  s te reo tax ica l ly ,  t he  s t im-  
u l a t e d  eye in each  case be ing  r e f r ac t ed  a n d  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  a n d  to 
b r ing  t he  r e t i n a  in to  con jugacy  w i t h  t he  l m  d i s t a n t  
t e s t i ng  plane.  S ta in less  s teel  mic roe lec t rodes  (average 
res is tance,  40 megohms)  were i n t r o d u c e d  in to  t he  super ior  
coll iculus t r o u g h  a n  aga r  sealed skul l  ape r tu re .  

Once local ized in v i sua l  space, t he  recep t ive  field of 
each  cell was  m a p p e d  t h r o u g h  t he  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  space, us ing  t he  mos t  c o m m o n l y  
o p t i m a l  s t imulus  cond i t ions  (a f l ash ing  1 sec on, 1 sec off 
1/2 ~ d i a m e t e r  4.1 c d / m  ~ l igh t  spo t  aga ins t  a 0.03 c d / m  ~ 
background) .  Occasional ly ,  w h e n  as descr ibed  in t h e  
results ,  a cell r e sponded  bes t  to  o t h e r  s t imul i ,  e.g., 

m o v e m e n t  of an  edge, those  more  o p t i m a l  s t imul i  were 
used to  m a p  t he  field. The  r ecep t ive  field was t h e n  
r e p l o t t e d  for each  of a series of spher ica l  (plus power  to 
induce  m y o p i a ;  m i n u s  power  to  induce  hyperop ia )  refrac-  
t ive  errors  b y  cen t e r i ng  t he  i nduc ing  lenses on  t he  
recep t ive  field axis. 

Record ing  si tes w i t h i n  t he  super ior  coll iculus were 
l a t e r  conf i rmed  b y  P r u s s i a n  b lue  m a r k s  local ized in 
f rozen sect ions  m a d e  of each  bra in .  

The  F igure  shows examples  of 4 c o m m o n  responses  
(measured  for t h e  m o s t  r e spons ive  cen te r  of each  field) 
to  d iop t r i ca l ly  i nduced  s t imulus  deg rada t ion .  The  per-  
cen tage  changes  of t he  o rd ina t e  scales are spike c o u n t  
m e a n s  of 6 d e t e r m i n a t i o n s  m a d e  pe r  d iop t r i c  condi t ion ,  
as s u m m e d  b y  a B e c k m a n  mode l  6240 E P U T m e t e r .  

The  Tab le  s u m m a r i z e s  t he  changes  in response  effi- 
c iency  of 20 sample  cells, inc lud ing  u n i f o r m  on, un i fo rm  
off, m o v e m e n t  respons ive  (only), as well  as severa l  t ypes  
of concen t r i c  field geometr ies .  The  effect  of i nduc ing  one 
d iop te r  of r e f rac t ive  error  (averaged  for h y p e r o p i a  a n d  
myopia)  was found  to reduce  t he  pe r cen t  respons iveness  
of these  ceils b y  as l i t t l e  as 13% up to  as m u c h  as 76%, 
t he  mode  va lue  ly ing  in t he  20 to 30% range.  Occas ional ly  
(see example  2 of t he  Table) ,  w h e n  spike n u m b e r s  are  
small ,  t h e  s ca t t e r  of l igh t  b y  b lu r r i ng  appea r s  to  h a v e  a 
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Percent change of spike response per sec with induced refractive error, relative to the spike response produced with zero refractive error. 
Each point is the mean of 6 or more observations at that refractive condition. Filled circles represent off responses; open circles represent 
on responses. 
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Change of spike response induced by Refractive Error 
Average for refactive errors of plus and minus 1 diopter 
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Example No. Field type Spike change Response change Example No. Field type Spike change Response 
per diopter per diopter (%) ~ per diopter change per diopter (%) 

1 on 1.5 --15 12 
2 on 2.0 +28 13 
3 on- 0 0 14 

off b 4.0 --27 
4 on- 0 0 15 

off e 2.7 -- 17 
5 off 2.0 --28 " 16 
6 on- 0 0 17 

off 1.0 --25 
7 on- 0 0 18 

off 3.5 --37 
8 off ~ 2.3 --24 19 

9 on- 0 0 20 
off b 0.7 --23 

10 off a 1.8 --20 
11 off 7.0 --58 

off 0.6 - -22 
on 10.0 --  76 
off~ 1.7 --16 

on- 0 0 
off 0 0 
off a 8.5 --30 
on- 5.0 --40 
off 0 0 
on- 0 0 
off 2.5 --21 
on- 2.5 --  13 
off f 0 0 
on- 1.2 --17 
off 0.8 --  16 

A (+)  sign indicates an irmrease in spike frequency, a (--) sign indicates a decrease, b These fields were giving on-off responses uniformaIly 
throughout,  c This field had an on-off center and an off surround, a Response to an encroaching black edge only. ~ This field had an off center 
and an on-off surround. ~ This field had an on-off center and an off surround. 

r e c r u i t i n g  e f f ec t  o n  t h e  n e a r - b y  s u r r o u n d ;  m o s t  c o m m o -  
ly,  h o w e v e r  (all  o t h e r  c a s e s  s h o w n  ill t h e  T a b l e ) t h e  
o p p o s i t e  is t r u e ,  s u g g e s t i n g  t h a t  s u r r o u n d  i n h i b i t i o n  is 
b e i n g  a c t i v a t e d  b y  t h e  e n l a r g i n g  b l u r  circle ,  in  c o m b i -  
n a t i o n  w i t h  a l ess  s t r o n g l y  s t i m u l a t e d  c e n t e r  a rea .  

D i o p t r i c  d e g r a d a t i o n  of  t h e  r e t i n a l  i m a g e  t h e n  c a n  h a v e  
a s i g n i f i c a n t  d e t r i m e n t a l  e t f e c t  o n  t h e  r e s p o n s i v e n e s s  of  
i n d i v i d u a l  v i s u a l  p a t h w a y  n e u r o n s  a n d  s u c h  e f f ec t s  c a n  
v a r y  o v e r  a w i d e  r a n g e  d e p e n d i n g  o n  t h e  p a r t i c u l a r  cell.  
Also ,  i t  s h o u l d  b e  n o t e d  t h a t  o n  a n d  of f  r e s p o n s e  m e c h a -  
n i s m s  of  a cel l  c a n  lose t h e i r  r e s p o n s e  e f f i c i enc ies  i n d e p e n -  
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d e n t l y  of  o n e  a n o t h e r ,  s u g g e s t i n g  c o n t r o l l e d  b l u r  as  o n e  
p o s s i b l e  m e a n s  of  i s o l a t i n g  t h e  r e s p o n s e s  of  t h e  t w o ,  a n d  
p e r h a p s  more c l e a r l y  i d e n t i f y i n g  t h e  i n d i v i d u a l  m i s s i o n s  
of  e ach .  

Zusammen/assung. B e s t i m m u n g  d e r  A u s w i r k u n g  y o n  
a r t e f i z i e l l e n  R e f r a k t i o n s a n o m a l i e n  a u f  d ie  Ak t iv i t~ t t  y o n  
N e u r e n  in  p r i m / i r e n  S e h z e n t r e n .  
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E l e c t r i c a l  R e s p o n s e s  o f  C a r d i a c  M u s c l e  i n  N a - F r e e  

F r o g  a t r i a l  m u s c l e  i m m e r s e d  in  N a - f r e e  h i g h  Ca s o l u t i o n  
r e l a x e s  c o m p l e t e l y  a f t e r  a t r a n s i e n t  c o n t r a c t u r e  a n d  t h e n  
r e s p o n d s  t o  e l e c t r i c a l  s t i m u l i  w i t h  s t r o n g  t w i t c h e s ,  w h i c h  
m a y  b e  ' a l l  or  n o n e '  (BozL~RI) .  I n  t h e  p r e s e n t  w o r k  t h e  
c h a n g e s  in  t h e  m e m b r a n e  p o t e n t i a l  a s s o c i a t e d  w i t h  t h e s e  
t w i t c h e s  w e r e  r e c o r d e d  u s i n g  g l a s s  m i c r o e l e c t r o d e s .  M o d i -  
f i ed  R i n g e r  s o l u t i o n  c o n t a i n e d  in  r a M :  NaC1 115;  KC1 3; 
CaCle 1.5; Tris c h l o r i d e  ( p i t  7.2) 2. I n  N a - f r e e  h i g h - C a  
s o l u t i o n ,  a l l  N a  w a s  r e p l a c e d  b y  83 m M  Ca.  R i n g s  of  t h e  
a t r i u m  of  t h e  f r o g  (Rana pipiens) w e r e  u s e d .  

I n  t h e  N a - f r e e  H i g h - C a  s o l u t i o n  c o n d u c t e d  a c t i o n  po -  
t e n t i a l s  c o u l d  be  o b t a i n e d ,  m o s t  r e a d i l y  a f t e r  e p i n e p h r i n e  
(5 .10-GM) w a s  a d d e d .  T h e s e  a c t i o n  p o t e n t i a l s  h a v e  a l a r g e  
o v e r s h o o t  ( m e m b r a n e  p o t e n t i a l  r e v e r s a l ) ,  r e a c h i n g  a n  
a m p l i t u d e  o f  65 t o  90 m V ,  as  c o m p a r e d  to  2 5 - 3 0  m V  in  
R i n g e r  s o l u t i o n .  I n c l u d i n g  t h e  r e s t i n g  p o t e n t i a l ,  w h i c h  
w a s  i n c r e a s e d  b y  t h e  s o l u t i o n  u s e d ,  t h e  t o t a l  d e p o l a r i z a -  
t i o n  w a s  a s  l a r g e  as  185 m V .  T h e  p o t e n t i a l s  w e r e  n o t  i n -  
f l u e n c e d  b y  T T X  (10 -v g / m l )  a n d  t h e i r  d u r a t i o n  w a s  a b o u t  
h a l f  of  t h a t  i n  R i n g e r  s o l u t i o n .  I n  t h e  a b s e n c e  of e p i n e -  

H i g h - C a  S o l u t i o n  

p h r i n e  r e s p o n s e s  w e r e  g e n e r a l l y  local .  I f  t h e y  w e r e  c o n -  
d u c t e d ,  t h e  d r u g  i n c r e a s e d  t h e  a m p l i t u d e  a n d  t h e  d u r a t i o n  
of  t h e  p l a t e a u .  

T h e s e  r e s u l t s  s t r o n g l y  s u p p o r t  v i e w s  r e g a r d i n g  t h e  ro le  
of  Ca  in  c a r d i a c  a c t i v i t y  b a s e d  o n  r e c e n t  e l e c t ro  p h y s i o -  
log ica l  s t u d i e s .  V o l t a g e  c l a m p  e x p e r i m e n t s  h a v e  i n d i c a t e d  
a n  i n f l u x  of  Ca  d u r i n g  t h e  c a r d i a c  a c t i o n  p o t e n t i a l  ( R ~ u -  
TER e' a, ROUGIER e t  al.a), a l t h o u g h  t h e s e  r e s u l t s  h a v e  b e e n  
q u e s t i o n e d  b y  JOHNSOI~ a n d  LtEBERMAN 5. T h e  a c t i o n  po -  
t e n t i a l s  in N a - f r e e  s o l u t i o n  r e p o r t e d  h e r e  c l e a r l y  d e m o n -  
s t r a t e  all  i n f l u x  o f  Ca  d u r i n g  r e s p o n s e s  of  c a r d i a c  m u s c l e  
a n d  s h o w  t h a t  t h e  i n f l u x  c a n  be  s t r o n g  e n o u g h  fo r  con -  
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