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t i o n  s t a t e  of t h e  r e t i n a  is s t ud i ed  in de ta i l  on  t he  E R G  
of t h e  i so l a t ed  f rog ' s  r e t i n a  u s ing  s t a t i s t i c a l  m e t h o d s L  
Fo r  t h e  m a m m a l i a n  r e t i n a  t h e  r e d u c t i o n  of t h e  d a r k  
a d a p t e d  b -wave  caused  b y  s t r y c h n i n e - c o n c e n t r a t i o n s  
7 × 10-~-7 x 10-~M/I  is s ign i f i can t  w i t h  p <: 0.025 (n = 6, 
• ~-y~ ~ 19% a n d  N 9 5 % )  t e s t ed  b y  t he  s ign tes t .  The  
t r a n s i t o r y  increase  of t h e  b-wave el ic i ted b y  s t r y c h n i n e -  
c o n c e n t r a t i o n s  3 × 10-~-3.5 × 10-~M/1 is s ign i f i can t  w i t h  
p < 0 . 0 2 5  (n = 6, xn-yn>~10% a n d  --<107%). I n  the  
l a s t  case t h e  r e t i n a  was  s l igh t ly  l i gh t  a d a p t e d  b y  r e p e a t i n g  
t h e  s t i m u l u s  e v e r y  10 or  20 sec. 

T h e  a l t e r a t i o n  of t h e  E R G s  of f rog 's  a n d  m a m m a l i a n  
r e t i n a  b y  s t r y c h n i n e  m e a n s  t h a t  s t r y c h n i n e  a l r e a d y  ac t s  
on  t h e  second  n e u r o n  because  m o s t  c o m p o n e n t s  of t he  
E R G  or ig ina te  the reS ,L  F r o m  t h i s  t h e  conc lus ion  m a y  
be  d r a w n  t h a t  t he  effect  is caused  b y  a l t e r a t i o n  of a n  
i n h i b i t i o n  m e c h a n i s m  in t he  l aye r  of t h e  second neuron .  
T h e  lack  of in f luence  of s t r y c h n i n e  on  t h e  E R G  in 
t he  e x p e r i m e n t s  of WOHLZOO~:~ a n d  DANm a,~ m a y  
p e r h a p s  be  e x p l a i n e d  b y  t h e  b a r b i t u r a t e  a n a e s t h e s i a  of 
t h e  a n i m a l s  in  t h e i r  e x p e r i m e n t s .  I n  t h e  c l inic  of s t r ych -  
n ine  i n tox i ca t i on ,  a b a r b i t u r a t e  a n t a g o n i s m  is known,  

Zusamrnen~assung. S t r y c h n i n  in  e ine r  K o n z e n t r a t i o n  
v o n  3 × 10 -" b is  3,5 × 10-~M]I  v e r u r s a c h t  e ine  vor i iber -  

gehende  Verg r6sse rung  de r  b-~,Velle des E R G  der  i so l ie r ten  
K a n i n e h e n n e t z h a u t ,  in  e iner  K o n z e n t r a t i o n  yon  7 × 10 -s 
bis  7×10-~2~r/1 v e r k l e i n e r t  es d ie  b-~,Vetle. Aus  den  
E r g e b n i s s e n  wi rd  geschlossen,  dass  die S u b s t a n z  z u m i n -  
des t  te i lweise  s c h o n  auf  die Sch i ch t  des zwei ten  N e u r o n s  
wirkt .  
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Autoradiographic 
Adrenergic Nerves 

6 - H y d r o x y d o p a m i n e  (6-OH-DA) causes  a l ong- l a s t ing  
dep l e t i on  of t h e  n o r a d r e n a l i n e  (NA) c o n t e n t  in  v a r i o u s  
s y m p a t h e t i c a l l y  i n n e r v a t e d  o rgans  a n d  a f u n c t i o n a l  
fa i lure  of t r a n s m i s s i o n  a t  t h e  s y m p a t h e t i c  n e r v e  end-  
ings  ~-4. The  r ea son  for t h i s  has  been  shown  to  be  due  
to  6 - O H - D A  i n d u c i n g  a se lec t ive  d e g e n e r a t i o n  of t h e  
ad rene rg ic  ne rves  5-s. There fore  t h i s  c o m p o u n d  ha s  
a t t r a c t e d  g r ea t e s t  i n t e r e s t  above  a l l  as a d e n e r v a t i o n  
toot  b o t h  in t h e  cen t r a l  9,~° a n d  p e r i p h e r a l  n e r v o u s  
s y s t e m  s,n,z~. 

T h e  m e c h a n i s m  b y  w h i c h  6 - O H - D A  p roduces  i t s  
ef fects  is n o t  q u i t e  clear,  b u t  d e n e r v a t i o n  a n d  p h a r -  
maco log ica l  e x p e r i m e n t s  h a v e  disclosed t h a t  6 - O H - D A  
in al l  p r o b a b i l i t y  ha s  to  be  t a k e n  u p  a n d  a c c u m u l a t e d  
in t h e  ad rene rg ic  ne rves  ;,z~. I n  o rder  to  p rove  th i s  in  

Demonstration of Uptake and Accumulation of 3H-6-Hydroxydopamine in 

a more  d i r ec t  m a n n e r  t h e  a u t o r a d i o g r a p h i c  loca l i za t ion  
of ~H-6 -OH-DA has  been  i n v e s t i g a t e d  in m o u s e  i r is  
a f t e r  i n c u b a t i o n  of t h e  t i s sue  in v i t r o  in a phys io log ica l  
m e d i u m  c o n t a i n i n g  ~H-6-OH-DA.  

Methods. Alb ino  mice  (N.M.R.I . ,  25-30 g) were  used 
in  t h e  e x p e r i m e n t s .  The  mice  were sacr i f iced u n d e r  
l i gh t  e t h e r  a n a e s t h e s i a  a n d  t h e  i r ides were d i ssec ted  o u t  
a n d  t r a n s f e r r e d  to  i n c u b a t i o n  f lasks  c o n t a i n i n g  Krebs -  
R i n g e r  b i c a r b o n a t e  buf fe r  p H  7.4 (2 m l  bu f f e r  pe r  2 
ir ides) w i t h  a n d  w i t h o u t  a H - 6 - O H - D A ' H B r  (12.4 mCi /  
mmole) ,  Some  i r ides  used  were  s y m p a t h e t i c a l l y  dener -  
v a t e d  b y  r e m o v a l  of t h e  super io r  ce rv ica l  gang l ion  48 h 
before  t h e  e x p e r i m e n t  or  b y  i n j ec t i on  of 2 × 50 m g / k g  
6 -OH-DA'HC1  i.v. (2 h, 16 h in te rva l ) .  The  i n c u b a t i o n s  
were  p e r f o r m e d  a t  + 37°C us ing  a m e t a b o l i c  shaker .  
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Fig. 1. In vitro uptake of aH-6-OH-DA in intact  and denervated 
mouse irides, Each column represents the mean -4-S.E.M. of 6 
determinations and is expressed as percent of the radioactivity taken 
up and accumulated in the intact  organ. Uptake in intact  irides 
(cpm]iris) ; 10-~M 141 q- 3, 10-SM 565 ~: 15, 
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Af te r  t e r m i n a t i o n  of  t he  incuba t ion ,  t he  ir ides were  
r e - incuba ted  in f resh  buffer  for  10 rain a t  ~ 37°C and  
the rea f t e r  p r epa red  as whole  mount s ,  dr ied  and  exposed  
to  f o r m a l d e h y d e  gas of o p t i m u m  h u m i d i t y  for t h e  his to-  
chemica l  d e m o n s t r a t i o n  of N A  accord ing  to  t he  m e t h o d  
of FALCK and  HILLARP 14'15, 

The ir ides were  examined  in a f luorescence microscope,  
p h o t o g r a p h e d  and  covered  w i t h  l l fo rd  L4 emuls ion  
(Ilford, L td . ,  Essex,  Eng land)  w i t h  t h e  he lp  of  a loop 
technique16,1L Af te r  exposure  for 2-8 weeks  the  ir ides 
were  deve loped  (Kodak  D 19 B), f ixed (Kodak  X - r a y  
F ixe r  and  Replenisher)  and  e x a m i n e d  in a Lei tz  Or thop l an  
l igh t  microscope.  

In  one series of e x p e r i m e n t s  t he  ir ides were, a f te r  
t he  r e incuba t ion  in f resh  buffer ,  d i sso lved  in 0.5 ml  
SolueneTM-100 (Packard  Ins t r .  Co., Inc.) .  10 ml  to luene  
sc int i l la t ion solut ion was  a d d e d  and  r ad ioac t iv i ty  de- 
t e r m i n e d  in a Packa rd  Model  3320 Tri-Carb Liqu id  
Scint i l la t ion  Spec t romete r .  

Results .  S y m p a t h e t i c  d e n e r v a t i o n  s t rong ly  reduces  t he  
up t ake  and  accumula t ion  of r ad ioac t iv i ty  in ir ides 

i ncuba t ed  for 60 min  in a m e d i u m  con ta in ing  10-~M or  
10 -5M SH-6-OH-DA (Figure 1). The  r educ t i on  of u p t a k e  
is s o m e w h a t  more  p ronounced  w h e n  using t h e  lower  
m e d i u m  concen t r a t i on  of SH-6-OH-DA. This  is in accord-  
ance  wi th  resul ts  o b t a i n ed  f rom mouse  a t r i a  13. The  
incuba t ion  in 10 -6M 3H-6-OH-DA did  n o t  cause a n y  
not iceable  changes  in t he  f luorescence morphologica l  
appea rance  of t h e  adrenerg ic  nerves,  whi le  10-SM 
resul ted  in a p a t c h y  d i s appea rance  of  t h e  f luorescen t  
nerves.  In  a p rev ious  c o m m u n i c a t i o n  a3 i t  was  shown  
t h a t  i ncuba t ion  in 5 × 1 0 - b M  or 10-~M 6-OH-DA for 
30 rain gave  a co mp l e t e  d i sappea rance  of t he  f luorescent  
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Figs. 2 and 4. Autoradiographs of stretch 
preparation of mouse iris, incubated with 
3H-6-OH-DA (10-~M, 60min). Grains are 
concentrated in fiber-like strands often with 
a beaded appearance (arrows}. A comparati- 
vely low activity is found between these 
strands. Magnifications: × 160 and × 500 
respectively. 
Figs. 3 and 5. Fluorescence micrographs of 
stretch preparation of mouse iris. The adren- 
ergic nerve terminals form a dense ground- 
plexus often consisting of single axons (cf. rat 
iris14). The NA is localized in especially high 
amounts in regularly spaced axonal enlarge- 
ments, the so-called varicosities. Note the 
close similarity between the NA containing 
nerves (as seen in fluorescence micrographs) 
and the localization of SH-6-OH-DA (as seen 
in autoradiographs). Magnifications: × 160 
and × 500 respectively. 
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adrenergic nerves. 6-OH-DA itself does not give rise 
to any formaldehyde-induced fluorescence xs. 

The autoradiographs (Figures 2 and 4) showed, after 
incubation of intact irides in 10-SM 8H-6-OH-DA, an 
accumulation of grains in a pat tern very closely resembling 
the morphology and distribution of the adrenergic nerves 
as demonstrated histochemically (Figures 3 and 5). 
Denervated irides did not  disclose this accumulation but 
just a diffuse distribution of grains in a number similar 
to tha t  observed between the accumulations of grains 
in the intact  irides. I t  was not  possible to demonstrate 
any accumulations of grains after incubation in 10-SM 
stt-6-OH-DA probably due to the low specific act ivi ty  
of the 8H-6-OH-DA used. Occasionally, accumulations 
of grains were observed in structures possibly representing 
mast cells. 

Discussion. The results presented show that  6-OH-DA 
can be taken up and accumulated in adrenergic nerves. 
The evidence comes from the observations that  after 
incubation in 3H-6-OH-DA the accumulation of grains 
have a distribution practically identical with tha t  of the 
adrenergic nerves as revealed by fluorescence histo- 
chemistry. Furthermore,  this accumulation can be pre- 
vented by sympathetic  denervation. The grains observed 
spread diffusely in between the network represents the 
extraneuronal uptake of 6-OH-DA. At least part  of the 
extraneuronal uptake might, however, also be localized 
in mast  cells. 6-OH-DA in all probabili ty uses the very 
efficient axonal 'membrane pump'  for its inward trans- 
port  and accumulation in the adrenergic neuron, since 
blockade of this uptake-accumulation mechanism either 
by desipramine or by incubation the tissue at  0 °C strongly 
reduces 6-OH-DA uptake la and prevents degenera- 
tion 7,13,x8. This property of 6-OH-DA certainly explains 
the fact tha t  it produces a selective destruction of the 

adrenergic nerves e,s. Although it has been shown that  
6-OH-DA can be taken up in the amine-storage granules 
intraneuronally, this does not seem to be a prerequisite 
for inducing degeneration 13, is, 1, 

Zusammen]assung. Die Regenbogenhaut der Maus 
wurde in einer physiologischen Pufferl6sung mit  radio- 
akt ivem 6-Hydroxydopamin (SH-6-OH-DA) inkubiert. 
Mit Hitfe autoradiographischer und fluoreszenz-histo- 
chemischer Untersuchungen konnte gezeigt werden, dass 
3H-6-OH-DA in die adrenergischen Nervenfasern der 
Regenbogenhaut aufgenommen und gespeichert wird. 
Dieser Befund bringt die direkte ErklArung der dutch 
6-Hydroxydopamin induzierten Degeneration der adre- 
nergen Fasern. 
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Influence of Coronary Dilators on the Uptake of Serotonin by Human Platelets and Adrenaline by 
Chromaffine Granules 

Many drugs with different chemical structures have 
been used in the t reatment  of angina pectoris. Whereas 
their  therapeutic value appears to be l imited 1, there is 
no doubt about the ability of some of these compounds 
to interfere with adrenergic mechanisms 2, especially with 
the transport  of catecholamines through subcellular and 
cellular membranes 3-s. Since the membrane of human 
blood platelets shares certain properties with the axo- 
plasma membrane of the adrenergic neuron, e.g., the 
active transport  of biogenic amines ~, this model was 
chosen to investigate the effect of the 4 coronary dilators 
(see formula) prenylamine (Segontin®), oxyfedrine (Ilda- 
men@}, verapamil  (Isoptin®) and carbochromenum (In- 
tensain®) on the uptake of serotonin by human platelets. 
For  comparison, the influence of these compounds on 
the uptake of adrenaline by chromaffine granules was 
examined. 

Materials and methods. 1. Uptake of SH-serotonin by 
human platelets. Blood was obtained from healthy donors 
by venous puncture with a plastic-syringe containing 
1 ml 3.8% sodium citrate per 10 ml blood. Platelet-rich 
plasma was prepared as described by ZIEVE et al. s. 
Samples of 0.2 ml platelet-rich plasma containing about 
4-6 ×10 T platelets were incubated at  37°C with 0.1 ml 
(1 txC) of 3H-serotonin (8.6 C/mM; Radiochem. Ceutre, 
Amersham) and 0.7 ml Krebs-Ringer-bicarbonate buffer 
(without Ca++ and Mg ++) pH 7.4. The drugs were dissolved 

in buffer. Control samples were prepared by addition of 
8H-serotonin to the platelets at  4 °C immediately before 
centrifugation. After incubation, the platelets were 
sedimented at  1200×g for 20 min and supernatants 
decanted. The sediments were lysed in 1 ml 0.01 n HC1 at 
37°C with shaking. Radioact ivi ty  was determined as 
previously described 3. 

2. Uptake of 14C-adrenaline by chromaffine granules. 
Granules from bovine adrenal medulla were prepared 
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