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I n f l u e n c e  o f  P h e n y l e p h r i n e  a n d  O r c i p r e n a l i n e  o n  

Severa l  a - r e c e p t o r - s t i m u l a n t  drugs,  inc lud ing  noradre -  
nal ine ,  d i m i n i s h  t h e  release of n o r a d r e n a l i n e  f rom sym-  
p a t h e t i c  neu rones  in  response  to  n e r v e  impulses  1-*. 
T h e y  p r o b a b l y  ac t  on  a - receptors  w h i c h  m a y  be  local ized 
in t h e  n e r v e  t e r m i n a l s  a n d  s om ehow  inf luence  t he  release 
process.  L i b e r a t e d  ex t race l lu la r  n o r a d r e n a l i n e  will  t h u s  
i n h i b i t  t h e  secre t ion  of n o r a d r e n a l i n e  d u r i n g  s u b s e q u e n t  
impulses .  I n  t h e  p r e s e n t  p a p e r  t he  effects  of 2 f u r t h e r  
s y m p a t h o m i m e t i c  agen t s  on  t he  secre tory  response  to  
s y m p a t h e t i c  n e r v e  s t i m u l a t i o n  are  descr ibed :  pheny l -  
ephr ine ,  w h i c h  ac t s  p r e d o m i n a n t l y  on  a-receptors ,  a n d  
orc iprena l ine ,  wh ich  ac t s  p r e d o m i n a n t l y  on  fl-receptors.  
Moreover ,  t h e  i n t e r a c t i o n  of e i the r  d rug  w i t h  h i g h  concen-  
t r a t i o n s  of t he  a - ad reno ly t i c  agent ,  p h e n o x y b e n z a m i n e ,  
a n d  t h e  f l -adrenoly t ic  agent ,  p ropranolo l ,  h a s  been  tes ted .  

Methods. The  e x p e r i m e n t s  were done  in i so la ted  per fused  
r a b b i t  hea r t s .  The  ca rd iac  n o r a d r e n a l i n e  s tores  were 
labe l led  b y  15 ra in  pe r fus ion  w i t h  50 n g / m l  of (:k)-fi-14C- 
no rad rena l ine ,  s.c. 44 Ci/mole.  S t a r t i n g  20 m i n  later ,  t h e  
ca rd iac  s y m p a t h e t i c  ne rves  ~ were s t i m u l a t e d  3 t imes  for  
1 ra in  w i t h  i n t e rva l s  of 15 ra in  (3 msec, 8 mA).  In  general ,  
t h e  s t i m u l a t i o n  f r equency  was  5 H z ;  however ,  i t  was  
r educed  to  2.5 Hz  in p h e n o x y b e n z a m i n e  experiments ,  
because  p h e n o x y b e n z a m i n e  g rea t ly  e l eva tes  t he  s t imula -  
t i o n - e v o k e d  release o f  no rad rena l ine ,  and  because  a large  
re lease  of n o r a d r e n a l i n e  pe r  se decreases  t he  i n h i b i t o r y  
effect  of s y m p a t h o m i m e t i c  d rugs  4. I n  t he  venous  eff luent ,  
~4C-noradrenal ine a n d  t o t a l  r a d i o a c t i v i t y  were de t e r m i ned .  
The  s t i m u l a t i o n - i ~ d u c e d  overf low of r ad i oac t i ve  m a t e r i a l  
was  ca lcu la ted  as t h e  d i f ference  be t w een  t he  overf low 
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Influence of phenylephrine and orciprenaline on the stimulation- 
evoked overflow of 14C-noradrenaline from isolated rabbit hearts 
pre-perfused with (:k)-14C-noradrenaline. The sympathetic cardiac 
nerves were stimulated 3 times for 1 min with intervals of 15 min 
(S1-$3). Cocaine (left-hand group of columns), or cocaine + pro- 
pranolol (middle group of columns), or cocaine + phenoxybenzalnine 
(right-hand group of columns) were infused from 8 rain before Se, and 
phenylephrine (a) or orciprenaline (b) were infused from 8 rain before 
S n until the end of the experiment. Resultsare expressed as the ratio 
between the overflow of z4C-noradrenaline induced by S e (in the 
presence of the sympathomimetic drugs) and that induced by S 2 
(before the infusion of the sympathomimetic drugs). Each column is 
the mean :k S.E.M. of 4 experiments. Significant differences from 
corresponding controls (sympathomimetic drug concentration = 0) : 
* P < 0.05; ~ P < 0.02. 

t h e  R e l e a s e  o f  N o r a d r e n a l i n e  

d u r i n g  a n d  plus  t he  f i rs t  3 m i n  a f t e r  s t imu la t i on ,  a n d  t i le  
overf low d u r i n g  t he  4 ra in  before  s t imu la t i on .  On ly  t h e  
ou t f low of l*C,noradrenal ine  is r e p o r t e d  l lere;  however ,  
a n  e v a l u a t i o n  of t h e  out f low of t o t a l  r a d i o a c t i v i t y  gave  
ana logous  resul ts .  Fo r  de ta i l s  of me thods ,  see 5. 

Results. I n  p r e l i m i n a r y  e x p e r i m e n t s  i t  was  found  t h a t  
pheny l eph r ine ,  even  a t  t he  lowest  c o n c e n t r a t i o n  t e s t ed  
(30 ng/ml) ,  acce le ra ted  t he  s p o n t a n e o u s  eff lux of 14C- 
n o r a d r e n a l i n e  (i.e., in  t h e  absence  of n e r v e  impulses ,  cf.S). 
I n  al l  s u b s e q u e n t  expe r imen t s ,  coca ine  was infused 16 ra in  
p r io r  to a n d  d u r i n g  t h e  in fus ion  of p h e n y l e p h r i n e  a t  a 
c o n c e n t r a t i o n  suff ic ient  to  p r e v e n t  th i s  ' i nd i r ec t  s y m p a -  
t h o m i m e t i c '  re lease of no rad rena l ine .  O r c i p r e n a l i n e  in 
c o n c e n t r a t i o n s  of up  to  3 ~g /ml  d id  n o t  a u g m e n t  t he  
s p o n t a n e o u s  ou t f low of z4C-noradrenaline.  Never the less ,  
cocaine  was also infused in o rc ip rena l ine  e x p e r i m e n t s  in  
order  to  o b t a i n  ana logous  condi t ions .  

The  inf luence  of p h e n y l e p h r i n e  a n d  o rc ip rena l ine  on  t he  
response  to  s t i m u l a t i o n  is i l l u s t r a t ed  in t h e  Figure .  I n  
t he  absence  of ad reno ly t i c  d rugs  ( l e f t -hand  group  of 
co lumns) ,  p h e n y l e p h r i n e  depressed  t he  s t i m u l a t i o n -  
i nduced  overf low of 14C-noradrenal ine a l r e ady  a t  a con-  
c e n t r a t i o n  of 0.3 ~g/ml.  The  i n h i b i t o r y  effect  was  n o t  
p r e v e n t e d  b y  p re - in fus ion  of p rop rano lo l  (middle  g roup  
of columns) ,  b u t  was  b locked  b y  p re - in fus ibn  of p h e n o x y -  
b e n z a m i n e  ( r i gh t -hand  group  of columns) .  I n  c o n t r a s t  to  
pheny lephr ine ,  o rc ip rena l ine  d i m i n i s h e d  t he  s t i m u l a t i o n -  
induced  overf low only  a t  t he  h i g h  c o n c e n t r a t i o n  of 
3 ~g /ml  ( l e f t -hand  group  of columns) .  Again ,  t h e  effect  
was  b locked  b y  p h e n o x y b e n z a m i n e ,  b u t  no t  b y  p rop ra -  
nolol.  

Discussion. A t  a p p r o p r i a t e  c o n c e n t r a t i o n s  b o t h  p h e n y l ,  
eph r ine  a n d  o rc ip rena l ine  depress  t h e  overf low of 14C- 
n o r a d r e n a l i n e  (and t o t a l  r ad ioac t iv i ty ,  no t  shown) in 
response  to  s y m p a t h e t i c  ne rve  s t imu la t i on .  I t  is un l ike ly  
t h a t  t he  d rugs  increase  t h e  r e t e n t i o n  of l i b e r a t e d  noradre -  
na l ine  w i t h i n  t h e  h e a r t ;  therefore ,  i t  can  be  a s sumed  t h a t  
t h e y  depress  t he  overf low of 14C-noradrenal ine b y  
decreas ing  i ts  re lease f rom the  n e r v e  t e rmina l s .  

Th i s  decrease  is o b t a i n e d  at: a low c o n c e n t r a t i o n  of 
pheny l eph r ine ,  b u t  on ly  a t  a h i g h  c o n c e n t r a t i o n  of orci- 
p r e n a l i n e ;  moreover ,  i t  can  be  b locked  b y  a n  a -adrenoly t ic ,  
b u t  no t  b y  a f l -adrenolyt ic  drug.  Thus ,  t he  i n h i b i t i o n  
seems to be  m e d i a t e d  b y  s t r u c t u r e s  s imi la r  to  t he  a- 
r ecep tors  of effector  cells. The  r e l a t ive ly  w e a k  effect  of 
o rc ip rena l ine  m a y  be due  to  some i n h e r e n t  a - receptor -  
s t i m u l a n t  ac t iv i ty .  The  resu l t s  are in  accord  w i t h  t h e  idea  
t h a t  t he  s t i m u l a t i o n  evoked  l i be ra t i on  of t he  adrenerg ic  
t r a n s m i t t e r  can  be  m o d u l a t e d  v ia  a- receptors ,  and  is 
f eed-back  i n h i b i t e d  b y  l i be ra t ed  no rad rena l ine .  
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Zusammen/assung .  Die Wi rkung  von  P h e n y l e p h r i n  und  
Orciprenal in  auf die Fre i se tzung  yon  Noradrena l in  wurde  
an isolierten, pe r fund ie r t en  Kan inchenhe rzen  mi t  ~*C- 
mark ie r t en  Noradrenalin-VorrS~ten un te rsuch t .  Beide 
Stoffe ve rminde r t en  d i eAbgabe  yon  14C-Noradrenalin bet  

9 The skilful technical assistance of Mrs. Ch. ARTS, Miss B. PIEL and 
Mr. E. HAGELSRAMP is gratefully acknowledged. 

Sympath icusre izung .  Diese H e m m w i r k u n g  wirde durch  
Vorinfusion yon  P h e n o x y b e n z a m i n ,  n ich t  abe t  durch 
Vor infus ion yon  Propranolo l  verh inder t .  

K. STARKE 9 

Pharmahologisches Ins t i tu t ,  K l i n i k u m  Essen,  
Hu~elandstr. 55, D - 4 3 0 0  Essen  (Germany), 
7 December 1972. 

On the  O r i g i n  of S m a l l  A d r e n e r g i c  S t o r a g e  Ves ic les :  Ev idence  for Local  F o r m a t i o n  in N e r v e  E n d i n g s  
after Chronic  R e s e r p i n e  T r e a t m e n t  

The axonal  en la rgements  (varicosities, nerve  endings) 
of per iphera l  au tonomic  nerves  conta in  large amoun t s  of 
vesicles supposed  to represen t  the  in t raneurona l  s torage 
sites for the  t r a n s m i t t e r  subs tance  ~. In  th is  pape r  some 
pre l iminary  f indings are presented ,  demons t r a t i ng  t h a t  
chronic t r e a t m e n t  w i th  reserpine,  a drug  known  to  
deple te  m o n o a m i n e  stores in t he  per iphera l  and  cent ra l  
nervous  sys t em ~, causes ce r ta in  fine s t ruc tu ra l  changes  in 
per iphera l  adrenergic  nerve  endings  in the  d i la tor  muscle 
of the  ra t  iris. These changes  are discussed in re la t ion to  
the  fo rma t ion  of s torage vesicles. 

Mater ia l  and methods. Ten male albino ra ts  (Sprague- 
Dawley,  b. wt.  200 g) were used, 8 of which  received 1 
dai ly dose  of reserpine (Serpasil  | I mg/kg  i.p.) for 6 days.  
4 ra ts  were sacrificed 24 h and 4 ra t s  72 h af ter  t he  last  
injection.  2 un t r ea t ed  ra ts  served as controls.  The irides 
were f ixed in ice cold 3% po ta s s ium p e r m a n g a n a t e  
(t(3/[nO4) ~ and  processed for e lectron microscopy as 
previous ly  descr ibed 4. 

Results  and discussion. Two types  of axons  were seen in 
un t r ea t ed  rats ,  adrenergic  and p re sumab ly  chotinergic,  
charac te r ized  respec t ive ly  by  the i r  con ten t  of granular  
(vesicles w i th  an electron dense core) (DCV) and  agranular  
vesicles (Figure 1) w i th  a spherical  or s l ight ly  f l a t t ened  
shape and a d iamete r  main ly  of abou t  500 A. In  addi t ion,  
b o t h  types  of varicosi t ies  conta in  mi tochondr i a  and a few 
tubu la r  or irreguIar m e m b r a n e  s t ruc tures  p robab l y  
belonging to  the  axonic  smoo th  endoplasmic  re t icu lum 
(ASER) (Figure 1). 

B o t h  24 and  72 h af ter  the  last  in ject ion of reserpine,  
several  var icosi t ies  are seen conta in ing  m a n y  'e longated  
vesicles 'a, t ubu la r  and /or  s l ight ly  hour-glass  formed 
m e m b r a n e  s t ruc tures  ( thickness abou t  150-300 A) 
(Figures 2 and  3) f rom which  vesicles occasionally seem 
to bud  off. Somet imes  an electron dense prec ip i ta te  is 
found wi th in  these  s t ruc tures  (Figure 3). Such vari-  
cosities conta in  in add i t ion  ' normal '  spherical  vesicles, 
some of which  m a y  have  an electron dense core (Figure 2). 
Other  varicosi t ies  have  a lmos t  exclusively spherical  
vesicles m a n y  of which  m a y  conta in  an electron dense 
core, especial ly 72 h af ter  the  last  reserpine injection.  The 
presence of DCV s t rongly  suggests  t h a t  these  nerve  
endings  belong to  adrenergic  neurons  (for reI. see6). In  
varicosi t ies  w i th  m a n y  tubu la r  s t ruc tures  and ' e longated  
vesicles '  t he  p ropor t ion  of spherical  DCV is low. Since the  
n u m b e r  and  p ropor t ion  of DCV probab ly  paral lel  t he  
recovery  of NA levels af ter  the  reserpine  t r e a t m e n t ,  i t  m a y  
be assumed t h a t  such nerve  endings  are in an early phase  
of recovery.  Fu r the r  varicosi t ies  conta in  vesicles only of 
the  agranular  t y p e  and  are indis t inguishable  f rom those  
p resen t  in un t r ea t ed  ra ts  and  p resumed  to belong to  
cholinergic neurons.  No obvious  increase in the  n u m b e r  of 
t ubu la r  s t ruc tures  and  ' e longated  vesicles '  was found  

in this  t y p e  of var icosi ty ,  ind ica t ing  t h a t  reserpine causes 
such changes  only in adrenergic  neurons.  

Al though  several  exp lana t ions  m a y  be advanced  we 
would like to  discuss, hypothe t ica l ly ,  the  p resen t  resul ts  
in re la t ion to  the  fo rmat ion  of s torage vesicles. Almos t  all 
componen t s  of the  neuron have  been p roposed  as the  
origin of the  synap t ic  vesicles:  Mi tochondr ia  ~, micro- 
tubules  s, nerve  cell m e m b r a n e  and  complex  vesicles 9-Is, 
large granular  vesicles 1~, the  Golgi appa ra tus  15 and f inal ly 
the  A S E R  ~5-~9. For  an extens ive  discussion and fu r ther  
ref. see 1% 

Fla t  vesicles have  previously  been descr ibed ' in  normal  e0 
and reserpine t r ea t ed  2i animals.  In  t he  p resen t  s tudy  an 
increase in t he  n u m b e r  of ' e longated  vesicles '  and tubu la r  
s t ruc tures  p robab ly  belonging to  the  A S E R  was observed 
specifically in adrenergic  nerve  t e rmina l s  24 and 72 h af ter  
chronic t r e a t m e n t  wi th  reserpine,  a drug which  is known 
to cause a long-last ing deple t ion  of amine  levels. Since th is  
deple t ion  p robab ly  is due to an irreversible des t ruc t ion  
of t he  Mg++-ATP d e p e n d e n t  s torage mechanism,  the  
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