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Analys i s  of the L - T y p e  S -Potent ia l  by m e a n s  of the 

A t t e m p t s  h a v e  been  m a d e  to  re la te  t he  func t i on  of the  
l u m i n o s i t y  (L-type)  S-poten t ia l ,  wh ich  is p r e s u m a b l y  
g e n e r a t e d  b y  t h e  h o r i z o n t a l  cell of t he  re t ina ,  to  processes  
of l igh t  a n d  d a r k  a d a p t a t i o n  1,~. F o r  t h e  L - t y p e  S- 
p o t e n t i a l  to  be  f u n c t i o n a l  ill t h e  d a r k  a d a p t e d  s ta te ,  i t  is 
l ikely t h a t  t he  rod  p h o t o r e c e p t o r s  would p a r t i c i p a t e  in  i ts  
genera t ion .  However ,  t h e r e  is sti l l  some ques t ion  as to  
w h e t h e r  t h e  r e t i na l  rods  c o n t r i b u t e  to  t he  p r o d u c t i o n  of 
t he  L - t y p e  S-poten t ia l .  A n a t o m i c a l  evidence,  a l t h o u g h  
no t  conclusive,  ind ica tes  t h a t  t he  h o r i z o n t a l  cell on ly  
m a k e s  c o n t a c t  w i t h  t h e  cone p h o t o r e c e p t o r s  ~,4. I n  add i -  
t i on  to  t he  ques t ion  of t h e  rod  p h o t o r e c e p t o r  func t ion ,  t he  
c o n t r i b u t i o n  to  t h e  g e n e r a t i o n  of t he  L - t y p e  S -po ten t i a l  
b y  a class of cone p h o t o r e c e p t o r s  w i t h  a m a x i m u m  sensi- 
t i v i t y  in  t he  b lue  region of t he  s p e c t r u m  has  n o t  been  
def in i te ly  e s t ab l i shed  5. 

The  St i les-Crawford  effect  w h i c h  refers  to  t he  d i rec t iona l  
s ens i t i v i ty  of p h o t o r e c e p t o r s  to  t he  angle  of i nc iden t  illu- 
m i n a t i o n  p rov ides  a m e a n s  to d i s t i ngu i sh  b e t w e e n  t he  rod 
a n d  cone c o n t r i b u t i o n  to  t h e  p r o d u c t i o n  of t h e  L - t y p e  S- 
po ten t i a l .  The  rods  are  r e l a t ive ly  insens i t ive  to  t h e  angle  
of i n c i d e n t  l i gh t  whereas  t h e  cones r evea l  a m a r k e d  direc- 
t i ona l  sens i t iv i ty .  Therefore ,  b y  increas ing  t h e  angle  of in- 
c iden t  l igh t  t he  s ignal  s t r e n g t h  of t he  rod  recep to r  a c t i v i t y  
would  be  essent ia l ly  u n c h a n g e d  b u t  t h e  s ignals  gene ra t ed  
b y  t he  cones would  be  cons ide rab ly  d imin i shed .  The  
St i les-Crawford  effect  ha s  b e e n  emp loyed  w i t h  measure -  
m e n t s  a t  t h e  gang l ion  cell level  to  d i f f e ren t i a t e  t h e  r e l a t i ve  
p h o t o r e c e p t o r  ac t iv i t i e s  in  t h e  frog r e t i n a  6. I t  h a s  also 
b e e n  s h o w n  t h a t  t he  S - po t en t i a l  is a sens i t ive  i n d i c a n t  of 
t he  S t i les -Crawford  ef fec tL 

Method. I n  t h e  p r e s en t  s tudy ,  t h e  L - t y p e  S-po ten t i a l s  
were  recorded  f rom t h e  ca rp  re t ina .  Spec t ra l  response  
cu rves  of these  S -po ten t i a l s  were  o b t a i n e d  w i t h  t he  s t imu-  
l a t i n g  l igh t  i nc iden t  a t  angles  of 0 ~ a n d  37 ~ R e t i n a s  which  
h a d  a con t ro l led  h i s t o r y  of e i the r  l igh t  or  d a r k  a d a p t a t i o n  
were  employed .  The  p r e p a r a t i o n  was essent ia l ly  a semi-  
eyecup  in w h i c h  t h e  edges h a d  been  t r i m m e d  to  fo rm a 
r e a s o n a b l y  f l a t  surface.  T h e  spec t ra l  responses  were  ob- 
t a i n e d  in t he  sequence  of 0 ~ 37 ~ 0 ~ and  r epea t ed  as m a n y  
t i m e s  as possible  w i t h  a n y  one S-potent ia l .  Over  50 S- 
p o t e n t i a l s  were  s tudied .  T he  l igh t  was  led f rom a p h o t o -  
s t i m u l a t o r  b y  m e a n s  of f iber  opt ics  a n d  f ixed a t  0 o and  
37 ~ in a p l ane  p e r p e n d i c u l a r  to  t he  p r epa r a t i on .  T he  rays  
of l igh t  were  r e n d e r e d  n e a r l y  paral lel ,  b u t  no t  co l l imated ,  
b y  a lens sys tem.  The  i n t e n s i t y  was e q u a t e d  to w i t h i n  2% 
a t  the  s i te  of t h e  p r e p a r a t i o n  b y  m e a n s  of a n e u t r a l  dens i ty  
fi l ter.  The  l i gh t  emerg ing  f rom t he  f iber  opt ics  was  ad-  
j u s t e d  for equa l  q u a n t u m  b y  m e a n s  of a p rev ious ly  
c a l i b r a t e d  pho tod iode .  Mic rop ipe t t e s  w i t h  a t ip  d i a m e t e r  
of less t h a n  0.1 tx a n d  fil led w i t h  2 M  KC1 were used  as 
record ing  electrodes.  T h e  vis ible  s p e c t r u m  was s canned  
f rom 420 to  720 n m  in s teps  of 20 nm.  

Results.  As s h o w n  in t h e  F igure  A, t h e  S -po ten t i a l  f rom 
the  l igh t  a d a p t e d  r e t i n a  ha s  a m a x i m a l  response  a t  a b o u t  
600 n m  a n d  exh ib i t s  a genera l  r educ t i on  in a m p l i t u d e  
w h e n  t h e  angle  of s t i m u l a t i o n  is changed  f rom 0 ~ to  37 o. 
Most  S -po ten t i a l s  f rom t h e  d a r k  a d a p t e d  r e t i n a  h a v e  a 
m a x i m a l  response  in t h e  region of 530 rim. Since t h e  re- 
sponse  to  th i s  region of t he  s p e c t r u m  was r e l a t ive ly  in- 
sens i t ive  to  t he  angle  of incidence,  i t  is l ikely t h a t  t h e  rods  
a re  f u n c t i o n a l  in  t h e  p r o d u c t i o n  of t h e  S -po ten t i a l  in  t h e  
d a r k  a d a p t e d  condi t ion .  A l t h o u g h  spec t ra l  s ens i t i v i ty  
cu rves  h a v e  n o t  been  ob ta ined ,  t he  occur rence  of t h e  max i -  
m a l  response  in t he  region of 530 n m  would  a t  leas t  
be  c o n s i s t e n t  w i t h  t h e  a b s o r p t i o n  cha rac t e r i s t i c s  of 
the  p o r p h y r o p s i n  p i g m e n t  found  in t he  rods  of t he  
ca rp  r e t ina .  

St i l e s -Crawford  Effect in the Carp Ret ina 

I t  should  also be  n o t e d  t h a t  in t he  d a t a  p re sen ted  in t he  
F igure  B t he  g r ea t e s t  r educ t i on  in a m p l i t u d e  occurs  in 
response  to angu l a r  s t i m u l a t i o n  w i t h  w a v e l e n g t h s  f rom 
t h e  b lue  end  of t he  spec t rum.  This  conf i rms  t he  ex is tence  
of a class of b lue -sens i t ive  cones  whose  s ignals  a re  man i -  
fes t  in  t he  S -po ten t i a l  of t h e  d a r k  a d a p t e d  re t ina .  O t h e r  
S-po ten t i a l s  also e x h i b i t e d  a r e d u c t i o n  in a m p l i t u d e  in 
response  to s t i m u l a t i o n  b y  t he  longer  wave leng ths .  This  
v a r i a t i o n  p r o b a b l y  r ep re sen t s  a change  in t he  s t a t e  of 
a d a p t a t i o n  wh ich  occur red  d u r i n g  t he  p rob ing  for a n  S- 
p o t e n t i a l  a n d / o r  ref lects  a regional  d i f ference in t h e  recep-  
t ive  field o rgan iza t ion .  The  p o i n t  to  be  emphas ized ,  is 
t h a t  d i rec t iona l  s ens i t i v i t y  was  m o s t  a p p a r e n t  in response  
to  s t i m u l a t i o n  b y  t he  b lue  a n d  red  regions  of t he  s p e c t r u m  
whereas  t he  m a x i m a l  response,  wh ich  was el ici ted b y  
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Spectral response curves of L-type S-potentials found in the carp 
retina. The data is presented such that a point below the 0 baseline 
corresponds to a negative potential at the recording electrode. The 
amplitudes are plotted on an arbitrary scale. The solid dots represent 
responses obtained at a 0 ~ angle of stimulation. The circles correspond 
to the responses measured at a 37 ~ angle of stimulation. (A) Lumino- 
sity S-potential from a light adapted retina. The points represented 
by the solid dots are the average of 2 recordings taken before and 
after the angular stimulation. (B) Luminosity S-potential from a dark 
adapted retina. The points represented by the solid dots are an 
average of 3 recordings and the circles an average ol 2 recordings. 
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s t i m u l a t i o n  w i t h  w a v e l e n g t h s  in t he  region of 530 n m  of 
t he  s p e c t r u m ,  was  no t  s ign i f i can t ly  a l te red  by  t he  angle  of 
incidence.  

Since it  is k n o w n  t h a t  a class of cones  c o n t a i n i n g  a pig- 
m e n t  w i th  m a x i m u m  s e n s i t i v i t y  a t  540 n m  ex i s t s  in t he  
cyp r in idae  re t ina ,  it  could  be a rgued  t h a t  t h e y  are 
d o m i n a n t  in t h e  p r o d u c t i o n  of the  S -po ten t i a l  in t he  da rk  
a d a p t e d  s ta te .  For  th i s  to  be t rue ,  t he  class  of cones  in 
ques t i o n  would  h a v e  to be un ique  in t h a t  t h e y  did no t  
exh ib i t  a m a r k e d  d i rec t iona l  sens i t iv i ty .  

Conclusion. B y  m e a n s  of t he  St i les-Crawford  effect  i t  
h a s  been  poss ib le  to  d e m o n s t r a t e  t he  ex i s t ence  of a class 
of cones wh ich  are sens i t ive  to the  blue end  of t he  s p e c t r u m  
and  c o n t r i b u t e  to t he  S -po ten t i a l  m e a s u r e d  in t he  d a r k  
a d a p t e d  s ta te .  I t  h a s  also been  shown  t h a t  e i the r  t h e  rods  
are d o m i n a n t  in the  p r o d u c t i o n  of the  S -po ten t i a l  in t he  
da rk  a d a p t e d  r e t i n a  or t he re  ex is t s  a class of cones  w i th  a 
s imi la r  spec t ra l  s ens i t i v i t y  wh ich  are no t  d i rec t iona l ly  
sens i t ive  s. 

Zusammen/assung. Mit Hilfe  des  <~Stiles-Crawford~>- 
Ef fek te s  ge l ingt  es, die E x i s t e n z  b l a u -e mpf ind l i che r  
Z/ ipfchen in der  F i s c h r e t i n a  nachzuwe i sen ,  die tei lweise 
fiir die S -Po ten t i a l e  v e r a n t w o r t l i c h  sind.  
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Neuronal Properties of the Neurosecretory Cells 

N e u r o s e c r e t o r y  cells (NSC) are special ized n e u r o n s  
wh ich  f u n c t i o n  as endocr ine  g lands .  T h e y  r e t a in  t he  
genera l  m o r p h o l o g y  of neu rons ,  b u t  end  b l ind ly  in swollen 
t e r m i n i  se rv ing  as s to rage  a n d  release o rgans  for t he  hor-  
n lones  p r o d u c e d  in t h e  cell bodies.  In  severa l  poikilo- 
t h e r m s  t h e  NSC h a v e  been  found  to s p o n t a n e o u s l y  pro- 
duce  ac t ion  p o t en t i a l s  of long d u r a t i o n  1 7. However ,  de- 
spi te  m u c h  his to logical  a n d  endocr inologica l  i n t e r e s t  in 
the  n e u r o s e c r e t o r y  s y s t e m  in insec ts  s, 9 the re  ha s  appe a re d  
on ly  one r epo r t  of an  e lec t rophys io logica l  e x a m i n a t i o n  10. 

In  Sarcophaga t he  p e r i k a r y a  of the  p ro toce reb ra l  NSC 
are loca ted  j u s t  u n d e r  t he  n e u r i l e m m a  in the  dorsa l  mid -  
l ine of t h e  bra in .  The  a x o n s  decus sa t e  before l eav ing  t he  
b r a i n  pos te r io r ly  to end  in the  corpus  c a r d i a c u m  loca ted  
in t h e  neck  region.  To ga in  access to the  b ra in  t he  he a d  
capsu le  was  cu t  open  a n d  t he  2 large t r a chea l  b r a n c h e s  
wh ich  pass  over  the  b r a i n  were r emoved .  The  p e r i k a r y a  
of the  NSC a p p e a r  now as  2 sma l l  wh i t i sh  c lus te rs  of cells 
( s om a ta  20 bL in d iamete r )  on e i ther  side of t he  mid l ine  of 
the  b r a in  a t  the  base  of t he  ocellar nerve.  I n t r ace l lu l a r  re- 
cord ings  were m a d e  w i t h  3 M  KC1 filled m i c r o p i p e t t e s  
h a v i n g  res i s t ances  b e t w e e n  8 and  35 3/fD. A c t i v i t y  was  re- 
corded wi th  a Grass  P-6 ampl i f ie r  a t  u n i t y  ga in  and  
H e w l e t t  P a c k a r d  Model 132 oscil loscope d i rec t  coupled.  
In  all f igures,  un less  o the rwise  noted ,  u p w a r d  def lec t ions  
are posi t ive .  

T h e  res t ing  p o t e n t i a l s  of NSC recorded on ini t ia l  pene-  
t r a t i o n  var ied  f ro m 2 40 m V  (inside nega t ive)  b u t  m o s t l y  

in the Fly Sarcophaga bullata 

were a b o u t  20 inV. Ac t ion  p o t e n t i a l s  recorded f rom t h e  
p e r i k a r y a  va r ied  in a m p l i t u d e  f rom 1 40 m V  (Figure  1), 
b u t  were neve r  g rea t e r  in a m p l i t u d e  t h a n  t he  r e s t i ng  
po t e n t i a l  of t he  cell. I n  all excep t  a few cases  t h e  cells 
were e n d o g e n o u s l y  ac t ive .  Ac t ion  po t e n t i a l s  recorded  
f rom the  NSC cha rac t e r i s t i ca l ly  were of a d u r a t i o n  of 

1 M. V. L. BENNET and S. Fox, Gem comp. Endocrin. 2, 77 (1962). 
2 a .  ]~. COGGESHALL, E. R. KANDEL, I. KUPFERMANN and R. 

WAZlRI, J. Cell Biol. 31, 363 (1966). 
a I. M. COOKE, Am. Zool. 7, 732 (1967). 
4 T. ISIIIBASHI, Gen. eomp. Endoerin. 2, 415 (1962). 
'~ E. R. KANDEL, J. gem Physiol. 47, 691 (1964). 
6 H. MORITA, T. ISHIBASHI and S. YAMASmTA, Nature 191, 183 

(1%1). 
7 K. YAGI, H. A. BERN and I. R. HAC, ADORN, Gen. comp. Endoerin. 

3, 490 (1963). 
8 K. C. HIGIINAM, ZOOI. Jb.  Physiol .  71, 558 (196.5). 
,a j .  L. WILKENS, J. Insect Physiol. 15, 1015 (1969). 

I0 j .  L. GOSBEE, J.  V. MILLIGAN and B. N. S~IALLMAN, J. Insect 
Physiol. 14, 178.5 (1968). 

Fig. 1. Intracellular recordings of action potentials from the peri- 
karya of NSC. (A} to (C) show spikes rising from endogenous waves 
of depolarization and followed by negative afterpotentials. IPSP's 
(arrows) were frequently seen in these records. (D) Intracellular 
recording of low amphtude spikes showing no synaptic activity. 


