
[15. I. 1958] Kurze Mitteihmgen -Br ief  Reports ] 3 

Nachweis  einer p h y s i o l o g i s c h e n  Spontanaktivitf i t  
in Einze l fasern des  N.  opt icus  der Katze 

Die m i t  M a k r o e l e k t r o d e n  yon  v e r s c h i e d e n e n  Ste l len 
des v isue l len  S y s t e m s  a b l e i t b a r e n  P o t e n t i a l s c h w a n k u n -  
gen r ep r / i s en t i e r en  die S u m m e  v o n  r a s e h e n  Aktivi t~t ts-  
~inderungen,  wie sic in  z a h l r e i c h e n  E i n h e i t e n  bei pl6tz-  
l icher  A n d e r u n g  de r  r e t i n a l e n  B e l e u c h t u n g  e i n t r e t e n  
(on- bzw. of f -Ef fek te ) .  E i n e  S p o n t a n a k t i v i t a t  im Sinne  
e iner  d a u e r n d e n  I m p u l s e n t l a d u n g  bei v o l l k o m m e n e r  
D u n k e l h e i t  k a n n  d a g e g e n  n u r  m i t  M i k r o e l e k t r o d e n  
reg is t r i e r t  werden .  D e r a r t i g e  S p o n t a n e n t l a d u n g e n  wur-  
den  sowohl  bei  r e t i n a l e n  Gang l i enze l l en  (GtaANIT ~, 
KUFFLER e) als  a u c h  bei  Gang l i enze l l en  des  v isue l len  
Cortex (JuNG 3) n a c h g e w i e s e n  u n d  w a r e n  im Z u s a m m e n -  
h a n g  m i t  P r o b l e m e n  des  r e t i n a l e n  ~,Eigenlichts,, Gegen-  
s t a n d  e i n g e h e n d e r  t h e o r e t i s c h e r  B e t r a c h t u n g e n  (t:IAR- 
LOW4). Die R e g i s t r i e r u n g  de r  S p o n t a n a k t i v i t A t  r e t i na l e r  
bzw. k o r t i k a l e r  G a n g l i e n z e l l e n  s e t z t  w)raus ,  dass  die 
Mik r6e l ek t rode  in  das  b e t r e f f e n d e  Gewebe  e inges tochen  
und  m 6 g l i c h s t  n a h e  a n  die zu u n t e r s u c h e n d e  Zelle ge- 
b r a c h t  wird.  I m  H i n b l i c k  au f  den  d a d u r c h  b e d i n g t e n  
Insu l t  is t  die MOgl ichkei t  n i c h t  auszusch l i e s sen ,  dass  
lokale E f f ek t e  a n  de r  r e g i s t r i e r t e n  A k t i v i t t i t  be te i l ig t  
sind. Bei den  in v o r l i e g e n d e n  U n t e r s u c h u n g e n  regis t r ie r -  
t en  S p o n t a n e n t l a d u n g e n  v o n  E i nze l f a s e r n  des  N. op t i cus  
k o n n t e  dieser  E i n w a n d  wide r l eg t  u n d  d a m i t  die phys io-  
logische N a t u r  de r  v i sue l l en  S p o n t a n a k t i v i t ~ i t  bewiesen  
werden.  

Die U n t e r s u c h u n g e n  w u r d e n  a m  ,~h~ingenden Gehirn,,  
nach  SCHUBERT 5 d u r c h g e f i i h r t ,  d a  bei d iese r  P r / i p a r a -  
t ion  d a n k  E r h a l t u n g  e iner  n o r m a l e n  B l u t v e r s o r g u n g  
des S e h n e r v e n  s t ab i l e  V e r s u c h s b e d i n g u n g e n  gew/ihr-  
le is te t  s ind.  E n t s p r e e h e n d  den  E r f a h r u n g e n  w m  
THOMSON ~ w u r d e n  zur  A b l e i t u n g  v o n  S p i k e - P o t e n t i a l e n  
M e t a l l m i k r o e l e k t r o d e n  v o n  3-7  l, l ) u r c h m e s s e r  ve r w en -  
det ;  e l e k t r o l y t i s c h  z u g e s p i t z t e r  S i l b e r d r a h t  (BuRTT u n d  
CATTON 7) w u r d e  u n t e r  m i k r o s k o p i s c h e r  Kon t ro l l e  in 
M i k r o p i p e t t e n  e ingeschmol zen ,  die n a c h  d e m  V e r f a h r e n  
von  WEALE s h e r g e s t e l l t  w u r d e n .  Die Mi k r oe l ek t r ode  
wurde  m i t t e l s  Zei t3schem M i k r o m a n i p u l a t o r  in den  
N. op t icus  k n a p p  vo r  d e m  C h i a s m a  e inges tochen ,  Be- 
zugs- u n d  E r d e l e k t r o d e  b e f a n d e n  s ich  a m  R a n d  tier 
O p e r a t i o n s w u n d e  bzw.  a m  Schei te l .  V e r s t / i r k u n g  u n d  
Reg i s t r i e rung  e r fo lg te  m i t  Grass  P r e - a m p l i f i e r  P-4 (mi t  
v o r g e s e h a l t e t e r  K a t h o d e n f o l g e r s t u f e ) ,  K a t h o d e n s t r a h l -  
oszi l lograph Ph i l i p s  GM 3156 ( Z e i t k o n s t a n t e  au f  1 ms 
he rabgese t z t )  u n d  P h o t o k y m o g r a p h i o n .  E i n  e in faches  
Ger/it  e rmOgl ich te  die E r z e u g u n g  v o n  L i ch t r e i zen  va r i a -  
bler  I n t e n s i t / i t  u n d  D a u e r  (Reizfe ld  3 0 c m  vor  dem  Auge, 
3 cm N;  L e u c h t d i c h t e  m a x i m a l  80000  asb,  a b s t u f b a r  
d u t c h  N e u t r a l f i l t e r ;  R e i z z e i t b e g r e n z u n g  m i t t e l s  Com- 
purve r sch luss ) .  De r  i n t r a o k u l a r e  D r u c k  k o n n t e  d u r c h  
eine in die V o r d e r k a m m e r  e i n g e l i i h r t e  L e b e r s c h e  Kant i le  
m i t  a n g e s c h l o s s e n e r  D r u c k e i n r i c h t u n g  (Mar io t t e sche  
F lasche  m i t  H e p a r i n - R i n g e r - L 6 s u n g ,  H g - M a n o m e t e r )  
k o n t r o l l i e r t  bzw.  v a r i i e r t  werden .  

Mi t  de r  a n g e w a n d t e n  M e t h o d e  ge l ang  es, I m p u l s e  v o m  
i n t r a k r a n i e l l e n  A b s c h n i t t  des N. op t i cus  abzu l e i t en ,  wo- 
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bei die R e t i n a  v o l l k o m m e n  i n t a k t  bl ieb.  H i n s i c h t l i c h  
F o r m  und  l ' o l a r i t / t t  g l i chen  die a b g e l e i t e t e n  I m p u l s e  
w e i t g e h e n d  den  von  THOS~SON 6 im S e h n e r v e n  des Ka-  
n i n c h e n s  n a c h g e w i e s e n e n  Spikes.  l ) u r c h  s t u f enwe i se s  
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Abb. I. Aktionspotcntiale einer |:asereinhcit im intrakranielh'n 
Absehnitt des N. opticus dec Katze, ()n-I';ffekt bei Ihdichttmg tier 
Retina (A). Die nach eiast~indiger l)mll<eladaptation rcgistricrtc 
Spontanaktivit~it (B) wird dutch eine t;o s dauertule rctinalc Isch/i- 
mie ausgel6scht (C) und ist 5 rain mu'h l,;nde tlt,r intrarctinahq~ 
Blockade wieder im urspriinglichen Aus.ma~;s nachwei~bar (I)). 

Zeitmarlderung: 50 llz. 

V e r s c h i e b e n  tier Mik roe l ek t rode  k o n n t e n  die E n t l a d u n -  
gen e inze lner  E i n h e i t e n  isoliert  und  bei g t i n s t i g e n  Ver-  
s u c h s b e d i n g u n g e n  s t u n d e n l a n g  b e o b a c h t e t  werden ,  l ) ie  
R e a k t i o n  der  v e r s c h i e d e n e n  F a s e r e i n h e i t e n  au f  IAcht-  
reize zeigte die fiir r e t ina le  N e u r o n e  c h a r a l d e r i s t i s c h e n  
T y p e n u n t e r s c h i e d e  ({m- bzw. o f f - E n t l a d u n g e n ) .  
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Abb. o. Hiiufigkeitsverteihmg der Spontanfrequenzen run 12 l:ascv- 
einheiten des N. opticus nach cin~tiintliger l)unl~chulal~tation. 

G e m e i n s a m e s  M e r k m a l  a l lcr  u n t e r s u c h t e r  Fase r -  
e i n h e i t e n  war  e ine  a u s g e p r ~ g t e  S p o n t a n a k t i v i t / i t ,  die  
sich in d a u e r n d e n  l m p u l s e n t l a d u n g e n  bei  k o m p l e t t e r  
l ) u n k e l h e i t  man i f e s t i e r t e ,  l ) a s s  diese Akt iv i t~ t t  n i c h t  
d u r c h  die A n w e s e n h e i t  der  M i k r o e l e k t r o d e  im N e r v  be-  
d ing t  war ,  zeigte ih r  r a sches  V e r s c h w i n d e n  bei  E r z e u -  
gung  e iner  r e t i n a l e n  l sch / imie  d u r c h  p l6 t z l i che  Ste ige-  
r u n g  tics i n t r a o k u l a r e n  l ) r u c k e s  au f  200 m m  Fig. l ) iese  
U n t e r d r i i c k u n g  de r  S p o n t a n a k t i v i t ~ i t  wa r  bei  k u r z e r  
l ) a u e r  tier r e t i n a l e n  l s c h a m i e  w ) l l k o m m e n  r eve r s ibe l  
u n d  bel iebig  of t  w i e d e r h o l b a r  (Abb.  1). l:~ber l ( inze l  - 
h e i t e n  tier E r s c h e i n u n g  (L / i hmungs -  u n d  F ; rhohmgs-  
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ze i ten)  w i rd  g e s o n d e r t  b e r i c h t e t  werden .  F i i r  die vor -  
l i egende  F r a g e s t e l l u n g  i s t  l ed ig l ich  die T a t s a c h e  en t -  
sche idend ,  dass  die n a h e  d e m  C h i a s m a  a b g e l e i t e t e  Spon-  
t a n a k t i v i t ~ t t  des  N. op t i cus  d u r c h  i sch / imische  B l o c k a d e  
de r  i n t r a r e t i n a l e n  S t r ecke  des  N e u r o n s  bzw.  se iner  pr~-  
s y n a p t i s c h e n  V e r b i n d u n g e n  ausge lSsch t  wi rd  u n d  d a h e r  
n a c h w e i s l i c h  n i c h t  a n  d e r  Ab le i t s t e l l e  e n t s t e h t .  

Die  F r e q u e n z  de r  S p o n t a n e n t l a d u n g e n  ze ig te  e ine  
b e m e r k e n s w e r t e  V a r i a n z .  Bei  12 e i n w a n d f r e i  i so l i e r t en  
E i n h e i t e n  w u r d e n  n a c h  jewei ls  e i n s t i i n d i g e r  D u n k e l -  
a d a p t a t i o n  die in  A b b i l d u n g  2 d a r g e s t e l l t e n  I m p u l s -  
f r e q u e n z e n  g e m e s s e n  (M i t t e l w e r t  + S t a n d a r d a b w e i -  
c h u n g  22 4=_ 11 I m p u l s e / s ) .  Sic s t i m m e n  g r 6 s s eno r d -  
nungsmtkss ig  m i t  d e n  be i  r e t i n a l e n  n n d  k o r t i k a I e n  
G a n g l i e n z e l l e n  b e o b a c h t e t e n  S p o n t a n f r e q u e n z e n  g u t  
i ibe re in  ( re t ina le  S p o n t a n f r e q u e n z  e t w a  20=30/s n a c h  
K U F F L E R  2, V a r i a t i o n s b r e i t e  de r  S p o n t a n f r e q u e n z  l ich t -  
a k t i v i e r t e r  k o r t i k a l e r  E i n h e i t e n  2-40/s  n a c h  J u N o  u n d  
t~AUMGARTNERg), 

Der  e i n d e u t i g e  N a c h w e i s  e ine r  p h y s i o l o g i s c h e n  N a t u r  
de r  S p o n t a n a k t i v i t X t  im N, op t i cu s  e r s c h e i n t  i n so fe rn  
y o n  In t e re s se ,  als dieses P h ~ i n o m e n  grunds~i tz l ich  bei  
j ede r  S e h t h e o r i e  b e r t i c k s i c h t i g t  w e r d e n  muss .  

H. BORNSCHEIN 

Phys io logisches  I n s t i t u t  der Universi t i i t  W i e n ,  den 
28. September  1957. 

S u m m a r y  

Spike  p o t e n t i a l s  were  r e c o r d e d  w i t h  m e t a l  mic ro -  
e l ec t rodes  f rom s ingle  f ibe rs  in  t h e  i n t r a c r a n i a l  p a r t  of 
t h e  c a t ' s  op t i c  n e r v e  w i t h  t he  r e t i n a  le f t  c o m p l e t e l y  in-  
t a c t .  All  u n i t s  s t u d i e d  as ye t  s h o w e d  a m a r k e d  s p o n t a n e -  
ous  a c t i v i t y  i r r e s p e c t i v e  of d i l f e rences  in  t h e i r  r e sponse  
t o  l i g h t  s t imu l i .  T h e  s p o n t a n e o u s  a c t i v i t y  in  t h e  i n t r a -  
c r a n i a l  p a r t  of t h e  op t i c  n e r v e  cou ld  be  s u p p r e s s e d  re-  
v e r s i b l y  b y  i n c r e a s i n g  t h e  i n t r a o c u l a r  p re s su re  u p  t o  
200 m m  Hg.  T h u s  s p o n t a n e o u s  a c t i v i t y  h a s  b e e n  ve r i f i ed  
as a n o r m a l  f e a t u r e  of t h e  r e t i na .  A s p o n t a n e o u s  f i r ing  
r a t e  of 22 _t: l l / s  a f t e r  1 h d a r k  a d a p t a t i o n  was f o u n d  in  
a l t o g e t h e r  12 wel l - i so la ted  f iber  un i t s .  

9 R. JUNG und G. t~AUMGARTNER, Pfltigers Arch. ges. Physiol. 
261, 434 (1955). 

Studies  of the Dif ferences  of O s m o t i c  Pres sure  
be tween  the A q u e o u s  H u m o r  and the S e r u m  

in s o m e  Spec ies  of A n i m a l s  

T h e  f i r s t  a t t e m p t s  to  m e a s u r e  d i f fe rences  in  o s m o t i c  
p r e s su re  b e t w e e n  t h e  p l a s m a  a n d  t h e  a q u e o u s  h u m o r  
were  m a d e  in  1927 b y  DYKE ELDER~; he  d e t e r m i u e d  t h e  
m o d i f i c a t i o n s  of e lec t r i ca l  c o n d u c t i v i t y  of t h e  t w o  f lu ids  
s e p a r a t e d  b y  a co l lod ion  m e m b r a n e ,  a n d  s t a t e d  a t  t h e  
t i m e  t h a t  t h e y  were  in o s m o t i c  e q u i l i b r i u m .  H o w e v e r ,  
s u b s e q u e n t  i n v e s t i g a t i o n s ,  b y  GILMA~N a n d  YUDKIN ~ 
a n d  b y  BENHAM et al. ~, led t o  t h e  de f in i t e  conc lus ion  t h a t  
a q u e o u s  h u m o r  is h y p e r t o n i c  to  s e r u m ,  w i t h  a d i f fe rence  
of 5 m M  NaC1. 
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The findings have since been confirmed by ROEPKE 
a n d  HETHERINGTON 4, BARANY 5, ~ INSEY 6, a n d  SCHAEF- 
FER 7, a n d  a t  t h e  p r e s e n t  t i m e  i t  is gene ra l l y  a c c e p t e d  t h a t  
s t a b i l i z a t i o n  of t h i s  o smo t i c  g r a d i e n t  is of cons iderab le  
i m p o r t a n c e  in t h e  m e c h a n i s m  of i n t r a o c u l a r  p ressure .  

A l t h o u g h  now seve ra l  a u t h o r s  h a v e  a b u n d a n t l y  p roved  
t h a t  t h e  o s m o t i c  p re s su re  of t h e  a q u e o u s  h u m o r  is h igher  
t h a n  t h a t  of t h e  p l a s m a  in  m a n ,  r a b b i t s ,  dogs,  a n d  cats  
b y  some  2 - 4 % ,  a n d  e q u i v a l e n t  to  a h y d r o s t a t i c  pressure  
of some  90 -180  m m H g ,  a n d  n o r m a l  i n t r a o c u l a r  p ressure  
is o n l y  20-25  m m H g ,  t h e  h y d r o s t a t i c  p o t e n t i a l  of th is  
d i f fe rence  in  o smo t i c  p r e s su re  does  n o t  m a n i f e s t  i tself ,  and 
as  t h i n g s  s t a n d  now,  no  s a t i s f a c t o r y  e x p l a n a t i o n  of th is  
c a n  b e  g iven .  HARRIS s is v e r y  p r o b a b l y  r i g h t  in  his 
a s s u m p t i o n  t h a t  t h e  f low of a q u e o u s  h u m o r  in  t h e  eye is 
so r a p i d  that i  o s m o t i c  a n d  h y d r o s t a t i c  b a l a n c i n g  does  not  
t a k e  place.  

DUKE ELDER 1, ROEPKE 4, BARANY 5, a n d  KINSEY 6 Car- 
r i ed  o u t  t h e i r  o b s e r v a t i o n s  u s ing  t he  t h e r m o - e l e c t r i c  
m e t h o d  of BALDES, w h i c h  m e a s u r e s  t he  d e p r e s s i o n  of 
t h e  w a t e r  v a p o u r  in t h e  f lu ids  u n d e r  s t u d y ;  a la te r  
m o d i f i c a t i o n  b y  KINSEV ~ of t h i s  m e t h o d ,  e l i m i n a t i n g  
some d i s a d v a n t a g e s  of t h e  t h e r m o - c o u p l e s ,  was  used  to 
s t u d y  m o d i f i c a t i o n s  of t h e  o smot i c  p re s su re  u n d e r  some 
e x p e r i m e n t a l  cond i t i ons .  I~OEPKE a n d  HETHERINGTON 4 
d id  n o t  f ind  a n y  d i f fe rences  of t h e  m o l a r  c o n c e n t r a t i o n  
of t he  a q u e o u s  h u m o r  in s u b j e c t s  w i t h  g l a u c o m a  s imp lex ;  
BARANY 5 found  no  d i f fe rences  of o smo t i c  p re s su re  in  the  
a q u e o u s  h u m o r  of r a b b i t s  a f t e r  u n i l a t e r a l  l i ga t i on  of the  
ca ro t id ,  a l t h o u g h  he  saw a dec rease  of a scorb ic  acid and  
a n  inc rease  of l ac t i c  ac id  a n d  CO~. T h e  s a m e  a u t h o r  
o b s e r v e d  a s l i gh t  dec rease  of o s m o t i c  p r e s su re  a f t e r  
i n s t i l l a t i o n  of eser ine  a n d  a t r o p i n e .  

More  r e c e n t l y ,  SCHAEFFER 7 m a d e  some  s t u d i e s  of the  
o s m o t i c  p r e s s u r e  of t i le  l a c r i m a l  f luid,  in  w h i c h  he  ap- 
p l ied  a v e r y  s i m p l e  m e t h o d  for  w h i c h  n o  c o m p l i c a t e d  
a p p a r a t u s  is n e e d e d  a n d  w h i c h  m a k e s  i t  poss ib le  to  ca r ry  
o u t  d e t e r m i n a t i o n s  e v e n  in  q u a n t i t i e s  of f lu id  of less t h a n  
0.1 m l  w i t h  a p rec i s ion  of ± 0.01 M.  I n  a n  a t t e m p t  to  
c o n t r i b u t e  to  t i le  so lu t i on  of t h i s  i n t e r e s t i n g  p r o b l e m  of 
t h e  poss ib le  m o d i f i c a t i o n s  of t h e  o smo t i c  p re s su re  u n d e r  
n o r m a l  a n d  p a t h o l o g i c a l  cond i t i ons ,  I h a v e  s t a r t e d  
p r e l i m i n a r y  s tud ies  of t h e  a q u e o u s  h u m o r  a n d  s e r u m  of 
v a r i o u s  species  of an ima l s ,  a n d  of t he  a q u e o u s  h u m o r  
a n d  s e r u m  of m a n  u n d e r  n o r m a l  cond i t ions .  

E x p e r i m e n t a l  Part .  --  The  m e t h o d  used,  a mod i f i c a t i on  
b y  I~IEDERL a n d  LEVY 9 of t he  w e l l - k n o w n  m e t h o d  of 
]3ARGER, is b a s e d  on  t h e  f ac t  t h a t  in  a c losed s y s t e m ,  in 
w h i c h  t w o  f lu ids  c o n t a i n e d  in  c a p i l l a r y  t u b e s  are  com- 
pa red ,  a m o d i f i c a t i o n  of t h e  p r o p o r t i o n  of t h e  v o l u m e s  
is due  to a d i f fe rence  in  t h e  d i s t r i b u t i o n  of t h e  w a t e r  
v a p o u r  in  t h e  two  so lu t ions .  T h e  t e n d e n c y  of t h e  s y s t e m  
is t o w a r d s  o s m o t i c  e q u i l i b r i u m ,  a n d  t i le  so lu t i on  wi th  
t h e  h i g h e s t  m o l a r i t y  will inc rease  in  v o l u m e  a n d  t h a t  
w i t h  t h e  Iowes t  m o l a r i t y  will dec rease  in v o l u m e  un t i l  
a n  e q u i l i b r i u m  is a t t a i n e d .  

W h e n  t h i s  m e t h o d  is used,  t w o  c a p i l l a r y  t u b e s  are 
f i l led w i t h  t h e  so lu t i ons  in  q u e s t i o n ,  c losed  a t  one  end 
a n d  p l aced  in  a n  o u t e r  t u b e  in  s u c h  a w a y  t h a t  t h e  two 
men i sc i  a re  a t  t h e  s a m e  leve l ;  t h e  p re s su re  in  t h e  ou t e r  
t u b e  is dec rea sed  b y  some  15 m m H g ,  a f t e r  w h i c h  the  
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