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80 m m  H g  ~ n d e r t  s ich  das  B i ld  (F igur  c) : es ge l ing t  nun ,  
Sauer s to f f  sowohl  y o n  aussen  d u t c h  A n b t a s e n  m i t  r e i n e m  
Sauers to f f  als  a u c h  y o n  i n n e n  d u r c h  p O , - E r h 6 h u n g  i m  
B l u r  zuzuf i ih ren .  Dieses  u n t e r s c h i e d l i c h e  V e r h a l t e n  k6n -  
nen  w i r  n o c h  n i c h t  deu ten .  Vie l l e i ch t  k o m m t  es d u r c h  
den  e r h 6 h t e n  D r u c k  zu e i n e m  zus~itzl ichen Fl i i ss igkei ts -  
t r a n s p o r t  in  de r  A r t e r i e n w a n d .  E s  k S n n t e n  a u c h  die  
v a s a  v a s o r u m  eine Rol le  spielen,  w e n n  diese bei  n i ed r igem 
B l u t d r u c k  n i c h t  m e h r  p e r f u n d i e r t  werden .  H i e r  sol len  
wei te re  Ver suche  Kl~lrung schaffen .  

Summary. B y  m e a n s  of local  pO~ m e a s u r e m e n t s  w i t h  
P t - n e e d l e  e lec t rodes  a n  o x y g e n  i m p e r m e a b l e  zone  in t h e  
a r t e r i a  ca ro t i s  of t h e  c a t  h a s  b e e n  found .  
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T h e  M o d e  o f  A c t i o n  o f  I n s u l i n  u p o n  t h e  E l e c t r i c a l  A c t i v i t y  o f  M a m m a l i a n  R e t i n a s  i n  v i t r o  

I n s u l i n  h a s  b e e n  k n o w n  to  a f fec t  b lood  glucose con-  
c e n t r a t i o n  in a dec reas ing  m a n n e r  w h e n  a d m i n i s t e r e d  i,v. 
B u t  r ecen t  e lec t rophys io log ica l  s tud ies  on  t h i s  p o l y p e p t i d e  
h a v e  p r o v e d  t h a t  insu l in  a f fec ts  r e s t i ng  m e m b r a n e  p o t e n -  
t i a l  of o t h e r  k i n d s  of cells r a t h e r  t h a n  r e t i na l  x-7 Th i s  
s t u d y  i n v o l v e d  t h e  d i r ec t  a c t i o n  of insu l in  u p o n  t h e  
r e t i n a  e m p l o y i n g  t h e  r ecen t l y  deve loped  pe r fus ion  
m e t h o d s  of keep ing  u p  t h e  h i g h  a c t i v i t y  of m a m m a l i a n  
r e t i n a s  in  v i t ro ,  n o t  t h e  insu l in  ef fec t  u p o n  t h e  r e t i n a  
t h r o u g h  i t s  i n d u c i n g  h y p o g l y c e m i a .  I n  t h i s  s t u d y  t h e  
a-, b -waves  a n d  osc i l l a to ry  p o t e n t i a l  of e l e c t r o r e t i n o g r a m  
(ERG)  were  used  as  i nd i ca to r s  of  r e t i na l  a c t i v i t y .  

Materials and methods. T h e  r e t i na s  of w h i t e  r a b b i t s  
we igh ing  a b o u t  2 kg  each  were  used  as e x p e r i m e n t a l  
mate r ia l s .  T h e  excis ion t e c h n i q u e s  a n d  pe r fus ion  m e t h o d s  
of t h e  r a b b i t s '  r e t i n a s  h a v e  a l r eady  b e e n  p r e s e n t e d  in  
d e t a i l  in  ou r  p r ev ious  r e p o r t s  s-x°. 0 

As a n  i n c u b a t i n g  m e d i u m ,  t he  A m e s  so lu t ion  n,12 was  
used.  

As  a n  insu l in  source  insu l in  regular ,  I sz i l in  ( T akeda  1 
P h a r m a c e u t i c a l  Co. L td . ,  J a p a n ) ,  was  used.  Bes ides  
pu r i f i ed  insu l in  e x t r a c t e d  f r o m  cow p a n c r e a s  a n d  c rys t a l -  
l ized, t h i s  r e a g e n t  c o n t a i n s  0.2 w / v / t 0 0  m l  of t r i c reso l  5 
(orth-: 33.3%, meta-: 33.3%,  para-: 33.3%) for keep ing  
i t  f r om bac t e r i a l  c o n t a m i n a t i o n  a n d  1.6 w/v /100  m l  of 
g lycer in  as a s t ab i l i z ing  so lven t .  T he  insu l in  crys ta l ,  1 0 
whose  b io logica l  a c t i v i t y  was p r o v e d  to  be  40 U n i t / m g ,  
was  d isso lved  in to  t h i s  r e a g e n t  a t  t h e  r a t i o  of 1 m g  of 
c ry s t a l  to  1 m l  of so lven t .  3 0 

T h e  c o n c e n t r a t i o n  of i n su l in  in  t h e  i n c u b a t i n g  m e d i u m  
was  r e g u l a t e d  b y  m i x i n g  t h i s  r e a g e n t  w i t h  t h e  pu re  Ames  
so lu t ion  in v a r i o u s  v o l u m e  ra t ios .  Fo r  example ,  in  t h e  6 0  
case of  F igu re  1, t h e  r a t i o  of t h e  i n su l in  so lu t ion  t o  t h e  
Ames  s o l u t i o n  was  1:20,  a n d  in  t h e  case of  F igu re  3, i t  
was  1 :200.  Accord ingly ,  t h e  m i x e d  i n c u b a t i n g  m e d i u m  
c o n t a i n e d  a v e r y  low c o n c e n t r a t i o n  of  t r icresol  a n d  9 0  
g lycer in  ca r r i ed  f r o m  t h e  in su l in  so lu t ion ,  min 

Results and discussion. T h e  t r aces  in  F i g u r e  1 r e p r e s e n t  
t y p i c a l  changes  w h i c h  the  a d m i n i s t r a t i o n  of 2.0 U / m l  of 
insu l in  induced .  The  b-wave a n d  t h e  osc i l l a to ry  p o t e n t i a l  
in  t h i s  f igure  show a t e n d e n c y  to  inc rease  in a m p l i t u d e  
w i t h  t he  lapse  of t ime .  Af ter  a d m i n i s t r a t i o n  a n  osc i l l a to ry  
p o t e n t i a l  of more  t h a n  10 p e a k s  a p p e a r e d  (F igure  2) 
whi l e  t h e  r e t i n a l  p r e p a r a t i o n  i n c u b a t e d  in  t h e  p u r e  A m e s  
so lu t i on  usua l ly  r evea l s  t h e  osc i l l a to ry  p o t e n t i a l  of 5 t o  
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Fig. 1. The effects of 2.0 U/ml of insulin upon the action potential 
of a rabbit retina in vitro are illustrated with a series of photographs 
obtained from a typical case. The numbers on the left represent 
the time in minutes which elapsed after the start of incubation with 
the Ames solution containing insulin. Accordingly, the traces at 
zero time were photographed immediately before the pure Ames 
solution was substituted for the mixed solution. The numbers at 
the top of each column represent relative numbers of stimulus 
intensities in the logarithmic scale. See our previous reports s'9 about 
their absolute numbers. The sweep speed of each tracing is identical, 
and the time marks on the bottom are 100 c/sec. The time constant 
of the amplifier was 0.03 see. The positivity of the active electrode 
which was placed on the vitreous side of the retina was recorded 
as an upward deflection. The upward deflection on the second 
lower trace represents duration of photo-stimulus, 10 msec. 
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Fig. 2. The accelerating effect of insulin upon 
the appearance of the oscillatory potential is 
emphatically illustrated. More than 10 peaks 
can be observed in this ease. The time con- 
stant of the amplifier was 0.03 sec. This 
photograph was obtained 30 rain after the 
incubation with the Ames solution con- 
talning 1.0 U/ml of Insulin. The photo- 
stimulus intensity, log I, was 2.5, and the 
photo-stimulus duration was 10 msec. 
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Fig. S. The effects of 0.2 U/ml of Insulin upon the action potential 
of a rabbit retina in vitro are illustrated. The accelerating effects 
of insulin upon the appearance of the b-wave and the oscillatory 
potential were inconsiderable at this concentration and were not 
traceable at lower ones. The time constant of the amplifier was 
0.3 sec. 

The  acce le ra t ing  effect  of insu l in  p r e s e n t e d  here  is 
v e r y  i n t e r e s t i n g  w h e n  cons ide red  in  c o m p a r i s o n  w i t h  t h e  
fac t  t h a t  t h e  osc i l l a to ry  p o t e n t i a l  h a s  been  p r o v e d  to  
decrease  in  a m p l i t u d e  a n d  n u m b e r  in  d i a b e t i c  r e t i no -  
p a t h y  I~-IL I t  is conce ivab le  t h a t  t h e  dec reas ing  t e n d e n c y  
of t h e  osc i l l a to ry  p o t e n t i a l  in  d i abe t i c  r e t i n o p a t h y  m a y  
r e su l t  f r o m  t h e  lowered  c o n c e n t r a t i o n  of insu l in  w i t h i n  
t h e  re t ina .  

Th i s  conc lus ion  agrees  w i t h  t h e  r e su l t s  of r e c e n t  cl inical  
s tud ies  on  d i abe t i c  r e t i n o p a t h y  where  local ly  a d m i n i s t e r e d  
insu l in  was  o b s e r v e d  to  c o n t r i b u t e  t o w a r d s  ceas ing  t h e  
progress  of d i a b e t i c  r e t i n o p a t h y  18, x0 

T h e  glucose p e r m e a b i l i t y  a n d  ion t r a n s p o r t ,  especia l ly  
p o t a s s i u m  ion t r a n s p o r t ,  t h r o u g h  cell  m e m b r a n e s  h a v e  
a l r eady  b e e n  cons ide red  to  be  a f fec ted  b y  insu l in  w i t h  
o t h e r  k i n d s  of  cells r a t h e r  t h a n  r e t i n a H ,  2°. I t  c a n  be  
p roposed  t h a t  t h e  e lec t r ica l  a c t i v i t y  of a n y  k i n d  of 
r e t i na l  cells is also a f fec ted  b y  t h e  local  a p p l i c a t i o n  of 
insu l in  ~i 

7 peaks .  T h e  a -wave  r e m a i n e d  unaf fec ted ,  e v e n  a f t e r  t h e  
a d m i n i s t r a t i o n .  A sporad ic  ef fec t  of i n su l in  was s h o w n  
w h e n  t h i s  p o l y p e p t i d e  was  app l ied  in  a c o n c e n t r a t i o n  of 
0.2 U / m l  (F igure  3). Smal l e r  c o n c e n t r a t i o n s  of insu l in  
t h a n  t h i s  r e s u l t e d  in  no  recogn izab le  inc rease  of t h e  
b -wave  a n d  t h e  osc i l l a to ry  po ten t i a l .  

T h e  m i n i m a l  c o n c e n t r a t i o n  of insu l in  w h i c h  r evea l ed  
t h e  acce le ra t ing  ef fec t  u p o n  t he  a p p e a r a n c e  of b o t h  
waves ,  a p p r o x i m a t e d  t h e  c o n c e n t r a t i o n  w h i c h  was  p r o v e d  
e f fec t ive ly  to  increase  t h e  r e s t i ng  m e m b r a n e  p o t e n t i a l  
of some  k i n d s  of celts o t h e r  t h a n  r e t i na l  1-8. However ,  
t h e  m i n i m a l  c o n c e n t r a t i o n s  of e f fec t ive  doses s h o w n  here  
are  h ighe r  t h a n  t h a t  p r o v e d  w i t h  ske le ta l  musc le  f rom 
h y p o p h y s e c t o m i z e d  r a t s  (0.01 U /ml )  ~, a n d  t h a n  t h a t  
d e m o n s t r a t e d  w i t h  r a t  e p i d i d y m a l  ad ipose  t i s sue  (1 × t 0  -6 
U /ml )  ~,~. I n  con t r a s t ,  dea l ing  w i t h  ca rp  r e t i na s  in  v i t ro ,  
MITARAI et  al. 13,14 h a v e  r e p o r t e d  t h a t  t h e  m i n i m a l  dose 
of insu l in  a f fec t ing  t h e  S - p o t e n t i a l  of co ld -b looded  r e t i na s  
was  2.0 U /ml .  Th i s  v a l u e  is h i g h e r  t h a n  o u r  m i n i m a l  
c o n c e n t r a t i o n .  

As t h e  glucose c o n c e n t r a t i o n  of Ames  so lu t ion  (10 raM/ l )  
was  cons ide red  to  be  s t r o n g  e n o u g h  to  s u p p o r t  t h e  r e t i n a l  
m e t a b o l i s m  of m a m m a l s  n, l~,  a n d  was  n o t  a l t e r ed  before  
a n d  a f t e r  t h e  a d m i n i s t r a t i o n  of insu l in  w i t h  v e r y  l imi t ed  
d i l u t i ng  effects  b y  insu l in  reagen t ,  t h i s  effect  u p o n  t h e  
in v i t r o  p r e p a r a t i o n  of m a m m a l i a n  r e t i n a s  m i g h t  r e su l t  
f rom the  d i r e c t  a c t i o n  of  insu l in  u p o n  some  .kinds of  
r e t i na l  cells. 

Zusammen/assung. Die W i r k u n g  des In su l i n s  au f  das  
E l e k t r o r e t i n o g r a m m  de r  in  v i t r o  f i be r l ebenden  K a n i n -  
c h e n n e t z h a u t  e r g i b t  e ine  V e r m e h r u n g  d e r  Z a h l  a n d  
A m p l i t u d e  de r  b-Wellen,  e in  Ef fek t ,  we lche r  yon  de r  
d i r e k t e n  W i r k u n g  des In su l in s  au f  die N e t z h a u t z e l l e n  
a b h ~ n g i g  ist .  
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