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D i f f e r e n t i a l  A m i n e  D e p l e t i o n  f r o m  C a r d i a c  
A d r e n e r ~ i c  N e r v e s  b y  S e ~ o n t i n  

Segontin (N-(3'-phenyl-propyl-(2~)-l ,  1-diphenyl-pro- 
pyl-(3)-amine) (Hoechst) markedly reduces the nor- 
adrenalin content of peripheral adrenergic tissues ~,~, 
probably by interfering with the amine uptake mecha- 
nism in the storage granules in a way similar to that  of 
reserpine ~. However, even large doses of Segontin s.c. do 
not reduce cardiac noradrenalin by  more than about 60%, 
as measured 4 h to 7 days after the injection x. Using the 
fluorescence microscopic method of FALCK and' HIL- 
LAap~-~, the cellular localization of the residual nor- 
adrenalin was presently studied after the administration 
of various doses of Segontin. 

Materials and methods. Albino mice of either sex, weigh- 
ing about 20 g, were used. Groups of animals (6--8 in each 
group) were given Segontin s.c. in single doses of 10, 20, 
40, 60, 80, and 100 mg/kg body weight. All  animals were 
killed 24 h later and the hearts were taken out. The hearts 
from 10 untreated controls were also analyzed. The atria 
and the ventricles were then frozen separately to the tem- 
perature of liquid nitrogen, freeze-dried, treated in form- 
aldehyde gas at + 80°C for I h, sectioned (6 p), and 
prepared for fluorescence microscopic analysis, M1 ac- 
cording to FALCK and OWMA~ s. Under the conditions 
described, the primary catecholamines emit a green to 
sometimes yellow-green fluorescence, whose intensity, 
within certain limits, corresponds to the amine content ~. 

In order to exclude the possibility of any fluorescence 
of Segontin interfering with the fluorescence of the cate- 
cholamines in the heart, 2 different model experiments 
were performed. A solution of Segontin or noradrenalin 
(Nor-Exadrin concentratum, Astra) was added to a 1% 
aqueous solution of human albumin (Kabi) until the final 
concentration of the drug was 1 mg/ml. Spots (1 ~1) of 
the 2 final mixtures, and of albumin alone, were placed 
o n  s l ide s ,  d r i e d  a t  r o o m  t e m p e r a t u r e  a n d  , t r ea ted  for 20,  
40, or 60 rain in formaldehyde gas at + 80 °C for fluores- 
cence m i c r o s c o p i c  a n a l y s i s  s. I n  a n o t h e r  e x p e r i m e n t ,  a 
small amount of Segontin solution (50 rag/rot or 0.5 
mg/ml) was deposited in pieces of fresh ventricular muscle 
tissue or cerebellar parenchyma from mice. The specimens 
were freeze-dried and subsequently processed for fluores- 
cence m i c r o s c o p y  in  t h e  s a m e  w a y  as  t h e  a b o v e - m e n t i o n e d  
tissue preparations. 

Results. Fluorescence microscopy of-the atrial and ven- 
tricular portions of the normal mouse heart revealed sys- 
tems of intensely green-fluorescent adrenergic nerve ter- 
minals ~0-x~. In the atria the adrenergic nerves were fairly 
numerous, less so in the right ventricle, and comparatively 
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sparse in the left ventricle. The terminals were arranged 
both around blood vessels and in intimate contact with 
t h e  c a r d i a c  m u s c l e  c e l l s  in  a w a y  s u g g e s t i n g  i n n e r v a t i o n  
of both components (Figure la). In favorable sections, the 
nerves also in the heart muscles were seen to form a 
characteristic ground-plexus. No fluorescent perikarya 
were present at any  site in the heart; however, large 
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:Fig. 1. Fluorescence photomicrographs of heart ventricles. Nor- 
adrenalin in fluorescent nerves. Small, autofluorescent pigment 
granules may  be seen in the muscles. × 140. (a) Untreated; 
fluorescent nerve terminals to both vessels and muscles. (b) Segontin 
20 mg/kg; same arrangement and intensity of nerves as in (a). 
(c) Segontin 60 mg/kg; fluorescent terminals with slightly reduced 

intensity only to vessels (arrows). 
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c lus te rs  of non- f luorescen t ,  p r o b a b l y  chol inergic ,  ne rve -  
cell bodies  were loca ted  nea r  t he  p e r i c a r d i u m  of  the  r i g h t  
a t r i um.  

A d m i n i s t r a t i o n  of 10 m g / k g  or  20 m g / k g  of Segon t in  
h a d  no ove r t  effect  on  t he  n u m b e r  or  f luorescence  i n t e n -  
s i ty  of t he  ca rd iac  ad rene rg ic  ne rves  (Figure  lb ) .  I n j e c t i o n  
of h ighe r  doses of Segon t in  caused  a d i s t i nc t  r e d u c t i o n  in 
t he  n e r v e  f luorescence,  t h e  r e d u c t i o n  be ing  equa l  in  t h e  
a t r i a l  a n d  v e n t r i c u l a r  por t ions .  T h e  f ind ings  are  sum-  
mar i zed  in  F igu re  2. Thus ,  a t  40 m g / k g  t h e  n u m b e r  of 
f l uo rescen t  m u s c u l a r  n e r v e s  was  s o m e w h a t  reduced ,  a n d  
t h e i r  i n t e n s i t y  was  d i s t i n c t l y  w e a k e r  t h a n  in  t h e  controls .  
However ,  t he  n u m b e r  of va scu l a r  n e r v e s  was  unaf fec ted ,  
a l t h o u g h t  in  some a n i m a l s  t h e y  f luoresced s o m e w h a t  less 
i n t ense ly  t h a n  in t he  u n t r e a t e d  con t r o l  an ima l s .  

A sl ight ,  b u t  c lear ly  visible,  r e d u c t i o n  in t h e  n u m b e r  of 
f luo rescen t  v a s c u l a r  n e r v e s  was n o t e d  a t  t h e  60 m g / k g  
level  ; t h e i r  f luorescence i n t e n s i t y  was mode ra t e .  Th i s  dose 
of S e g o n t i n  u sua l ly  abo l i shed  all  t h e  f luorescence  of t h e  
ad rene rg ic  n e r v e s  to  t h e  h e a r t  musc le  (F igure  le) .  I n  on ly  
a few a n i m a l s  d id  a n y  f luo rescen t  m u s c u l a r  n e r v e s  pers i s t ;  
t h e y  were  sparse ,  however ,  a n d  e m i t t e d  o n l y  a f a i n t  l ight .  
A f u r t h e r  s l igh t  r e d u c t i o n  in  t he  n u m b e r  a n d  f luorescence  
of t h e  ad rene rg ic  n e r v e s  i n n e r v a t i n g  t h e  ca rd iac  b lood  
vessels  was  seen a t  80 mg/kg .  E s s en t i a l l y  t h e  s ame  n e t  
r e su l t  was  o b t a i n e d  w i t h  100 m g / k g  of Segont in .  No 
f luo rescen t  n e r v e s  were d e m o n s t r a b l e  in  t h e  ca rd iac  
muscle  t i ssue  a f t e r  a d m i n i s t r a t i o n  of t he se  2 l a rger  doses. 

I n  n e i t h e r  of t h e  mode l  e x p e r i m e n t s  d id  Segon t in  de-  
ve lop  a n y  f luorescence  b e y o n d  t h e  s l igh t  unspeci f ic  
f luorescence  of t h e  b a c k g r o u n d ,  whi le  n o r a d r e n a l i n  (in 
t h e  n e r v e s  or  in  -the a l b u m i n  spot )  e x h i b i t e d  a n  i n t ense  
g reen  to  ye l low-green  l ight .  

Discussion. T h e  n u m b e r  a n d  f luorescence  i n t e n s i t y  of 
t h e  ca rd i ac  ad rene rg ic  ne rves  f o u n d  in  n o r m a l  an i ma l s  
a n d  a f t e r  a d m i n i s t r a t i o n  of v a r y i n g  doses of Segon t in  is 
in  qu i t e  good a g r e e m e n t  w i t h  t he  levels  of ca rd iac  nor-  
a d r e n a l i n  m e a s u r e d  f luo r ime t r i ca l ly  in  co r r e spond ing  ex- 
p e r i m e n t s  in  r a t s  x. I n  none  of t h e  mode l  e x p e r i m e n t s  d id  
Segon t in  deve lop  a n y  f luorescence  u p o n  f o r m a l d e h y d e  
t r e a t m e n t .  Thus ,  t h e  g reen  f luorescence  in  t h e  ne rves  of 
t h e  mouse  h e a r t  in  t he  va r ious  e x p e r i m e n t s  seems to  
ref lec t  t h e  p resence  of a p r i m a r y  c a t e c h o l a m i n e  s, p r o b -  
a b l y  n o r a d r e n a l i n .  

T h e  p r e s e n t  d a t a  sugges t  t h a t  t h e  bu lk ,  if n o t  all, of t h e  
n o r a d r e n a l i n  pe r s i s t i ng  in t h e  h e a r t  a f t e r  t h e  i n j e c t i o n  of 

c e r t a i n  doses of S e g o n t i n  1,~,1s occurs  in  t h e  adrenerg ic  
n e r v e s  to  t h e  b lood  vessels  r a t h e r  t h a n  to  t h e  muscle  
t i ssue  of t h e  hea r t .  Th i s  d i s t r i b u t i o n  of t r a n s m i t t e r  m i g h t  
ref lec t  a d i f f e ren t  s e n s i t i v i t y  of t h e  v a s c u l a r  a n d  m u s c u l a r  
ad rene rg ic  ne rves  to  Segont in ,  or  d i f f e ren t  bas ic  p roper -  
t ies  of the  "-Lerves 14, such  as a lower  r a t e  of t u r n o v e r  ~ in 
t h e  v a s c u l a r  ne rves  as c o m p a r e d  w i t h  t h e  muscu l a r  
ad rene rg ic  ne rves  of t h e  hea r t .  One m e c h a n i s m  b y  
w h i c h  Segon t in  c a n  re l ieve  a n g i n a  pec tor i s  18 could  hence  
be  t h e  c o m b i n e d  ef fec t  of a p r e s e r v e d  phys io logic  vase-  
d i l a t a t i o n  in  t h e  ca rd i ac  v a s c u l a r  b e d  in  r e sponse  to  t he  
release of t r a n s m i t t e r  f r o m  t h e  v a s c u l a r  ad rene rg ic  
nerves ,  a n d  of a r educed  m y o c a r d i a l  m e t a b o l i s m  t~ due  to 
p rev ious  ' chemica l  d e n e r v a t i o n '  of t he  h e a r t  musc le  b y  
Segont in .  

Segon t in  is c u r r e n t l y  used in a t t e m p t s  to  con t ro l  ven -  
t r i cu l a r  f ib r i l l a t ion  d u r i n g  i nduced  h y p o t h e r m i a  : F luores-  
cence mic roscopy  revea led  t h a t  in a h i b e r n a t i n g  a n i m a l  
(hedgehog)  t h e  ca rd i ac  ad rene rg ic  ne rves  are  d i s t r i b u t e d  
m a i n l y  a r o u n d  t h e  b lood  vessels,  whereas  few, if any ,  
ad rene rg ic  n e r v e s  occur  in  r e l a t i o n  to  t h e  musc le  f ibers  ~8. 
O n  t h e  bas is  of these  a n d  t h e  p r e s e n t  f indings ,  Segon t in  
(60 m g / k g  s.c.) was  i n j ec t ed  i n to  ca t s  in  o rde r  to  o b t a i n  a 
s imi la r  d i s t r i b u t i o n  of t r a n s m i t t e r  in  t h e  ca t  h e a r t  as t h a t  
in  t h e  h e d g e h o g  h e a r t .  T h u s  p r e t r e a t e d ,  t h e  ca t s  cou ld  be  
cooled to  17.8-17.2 °C, a n d  s u b s e q u e n t l y  r e w a r m e d ,  w i th -  
o u t  deve lop ing  v e n t r i c u l a r  f ib r i l l a t ion  ~8, t h e  m a j o r  com- 
p l i c a t i on  d u r i n g  i nduced  deep  h y p o t h e r m i a .  

Conclusion. The  res idua l  n o r a d r e n a l i n  k n o w n  to  pe r s i s t  
in  t h e  h e a r t  a f t e r  S e g o n t i n  a d m i n i s t r a t i o n  seems to  be  
loca ted  in  t h e  v a s c u l a r  ad rene rg ic  nerves ,  whe reas  t h e  
m u s c u l a r  ne rves  a re  dep le ted  of t h e i r  t r a n s m i t t e r .  T h e  
s igni f icance  of t h e  f ind ings  is d iscussedl% 

Zusammen/assung. Selbs t  be;  h o h e n  Dosen  yon  Segon-  
t i n  wi rd  eine b e a c h t l i c h e  Menge y o n  N o r a d r e n a l i n  i m  
Herz  zur i i ckgeha l ten .  F l u o r e s z e n z h i s t o c h e m i s c h e  U n t e r -  
s u c h u n g e n  n a c h  v e r s c h i e d e n e n  Dosen  y o n  Segon t in  ma -  
c h e n  wahrsche in l i ch ,  dass  d ieser  A m i n r e s t  in  den  Gefgss-  
n e r v e n  e n t h a l t e n  ;st ,  w ~ h r e n d  de r  vol ls t i indige  S c h w u n d  
de r  U b e r t r g g e r s u b s t a n z  in  d e n  M u s k e l n e r v e n  b e o b a c h t e t  
wird.  

K.  C. NIELSEN a n d  CH. OWMAN 
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Fig. 2. Changes in number and fluorescence intensity of muscular 
and vascular adrenergic nerves of the mouse heart after various doses 
of Segontin. Number (ordinate) and fluorescence intensity {at each 
reading in the 2 curves) is arbitrarily expressed from 0 tb + + + 
(maximal number or intensity). Each value is the mean of a survey 
of the atria and ventricles from all animals in the different groups. 
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