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Effect  of  C o c a i n e  and  T y r a m i n e  o n  N o r a d r e n a l i n e  
R e l e a s e  a n d  U p t a k e  in I s o l a t e d  N e r v e  V e s i c l e s  

I s o l a t e d  n o r a d r e n a l i n e  (NA) vesicles  f rom s y m p a t h e t i c  
n e u r o n s  a n d  t h e i r  end ings  ~ release N A  a t  a r a p i d  r a t e  on  
i n c u b a t i o n  in  p h o s p h a t e  buf fe r  a t  20-37°C.  P r e v i o u s l y  
dep le t ed  vesicles t a k e  u p  N A  a n d  va r ious  r e l a t ed  amines .  
These  bas ic  p rope r t i e s  of t h e  vesicles ~ exp la in  t he  r a p i d  
a m i n e  e x c h a n g e  w h i c h  occurs  w h e n  t h e  a m i n e  p a t t e r n  is 
a l t e red  in  t h e  m e d i u m .  Th i s  is r ead i ly  d e m o n s t r a t e d  w i t h  
t he  a id  of labe l led  a m i n e s  ~. 

T h e  re lease  a n d  u p t a k e  is in f luenced  b y  a v a r i e t y  of 
drugs,  some of w h i c h  h a v e  cha l l enged  p h a r m a c o l o g i s t s  for 
long as to  t h e  m e c h a n i s m  of t h e i r  ac t ion ,  such  as cocaine  
a n d  t y r a m i n e .  Since b o t h  of t he se  h a v e  i n t i m a t e  r e l a t ion -  
sh ips  w i t h  t h e  s y m p a t h e t i c  sys tem,  i t  a p p e a r e d  of i n t e r e s t  
to  s t u d y  t h e i r  ac t ion  on  t h e  re lease  a n d  u p t a k e  of ca te -  
c h o l a m i n e s  in  i so la ted  N A  vesicles.  

Cocaine  i n h i b i t s  t h e  u p t a k e  a n d / o r  r e t e n t i o n  of N A  in 
o rgans  in  v i v o  a n d  in v i t r o  *,~. SAMORAJSKI, MARKS, a n d  
~vV~BSTER 6 found  a de l ayed  u p t a k e  of l abe l led  N A  in  
ad rene rg ic  n e u r o n s  of mice  a t  t h e  2 ra in  i n t e r v a l  b u t  
n o r m a l  s to rage  2 h a f t e r  cocaine.  

Some  e x p e r i m e n t s  a re  r e p o r t e d  he re  on  t h e  a c t i o n  of 
coca ine  a n d  t y r a m i n e  on  t h e  re /ease  a n d  u p t a k e  of N A  in 
b o v i n e  n e r v e  vesicles  p r e p a r e d  acco rd ing  to  EULER a n d  
LISHAJKO z. T h e  n e r v e  vesicles  were  i n c u b a t e d  in  0 . 1 3 M  
K - p h o s p h a t e  a t  p H  6.7 a t  20 °, 

T h e  effect  of cocaine,  t e t r a ca i ne ,  p roca ine  a n d  l idoca ine  
o n  t h e  re lease  r a t e  of N A  f rom i so la ted  sp len ic  n e r v e  
vesicles  is sho~-n in  F i g u r e  1. T h e  re lease  r a t e  is  ca l cu la t ed  
as the  rec ip roca l  v a l u e  of t h e  ha l f - t ime .  

F r o m  F i g u r e  1 i t  is seen  t h a t  coca ine  a n d  i ts  t h r e e  con-  
geners  al l  i n h i b i t e d  t h e  N A  release f rom i so la ted  t r a n s -  
m i t t e r  vesic les  b u t  on ly  in  r e l a t ive ly  h i g h  c o n c e n t r a t i o n s .  
I n  o rde r  to  lower  t h e  release r a t e  to  one  ha l f  of t h a t  of t he  
con t ro l ,  a coca ine  c o n c e n t r a t i o n  of 3 . 1 0 - 3 M  was re- 
qu i red .  These  resu l t s  m a k e  i t  d o u b t f u l  w h e t h e r  t h e  co- 
ca ine  ef fec t  o b s e r v e d  ha s  a n y  g r ea t e r  phys io log ica l  s igni-  
f icance,  X y l o c a i n e  was  s imi la r  in  ac t ion  to cocaine,  whi le  
p roca ine  a n d  p a r t i c u l a r l y  t e t r a c a i n e  were  ac t ive  in lower  
concen t r a t i ons .  

I n c u b a t i o n  of n e r v e  vesicles w i t h  AT]? in t h e  p resence  
of N A  in  c o n c e n t r a t i o n s  of 1 0 - ~ M  or h i g h e r  p r e v e n t s  or 
r e t a r d s  t he  n e t  toss of N A  w h i c h  o the rwise  occurs,  pre-  
s u m a b l y  b y  e n h a n c i n g  a s i m u l t a n e o u s  up t ake .  Th i s  pro-  
cess is o n l y  s l igh t ly  i n h i b i t e d  b y  coca ine  10 -~ M (Figure  2). 
T h e  ' p r o t e c t i v e '  e f fec t  of N A  10 /zg/ml o n  t he  vesicles  is 
in f luenced  in  a s imi la r  way.  Moreover ,  t h e  u p t a k e  of N A  

in  p a r t i a l l y  dep l e t ed  vesicles,  w i t h  or  w i t h o u t  a d d e d  
AT]?, is on ly  s l igh t ly  i n h i b i t e d  b y  coca ine  10 -3M.  

W e  h a v e  also t e s t e d  w h e t h e r  t h e  p h a r m a c o d y n a m i c  
a n t a g o n i s m  b e t w e e n  cocaine a n d  t y r a m i n e  is re f lec ted  a t  
t h e  t r a n s m i t t e r  vesicle level.  As s h o w n  in  F igu re  3 t he  
e n h a n c i n g  ac t ion  of t y r a m i n e  on  t h e  N A  release f rom 
n e r v e  vesicles c an  be c o m p l e t e l y  supp re s sed  b y  coca ine  
a n d  i ts  congeners .  T h e  coca ine  c o n c e n t r a t i o n  r e q u i r e d  is 
h i g h e r  t h a n  10 -aM,  however .  E v e n  if t h i s  effect  c a n n o t  
exp l a in  t h e  c o c a i n e - t y r a m i n e  a n t a g o n i s m ,  i t  suggests  
t h a t  a n  ac t ion  of t h i s  k i n d  could  occur  u n d e r  c e r t a i n  con-  
d i t ions .  I n  t h e  e x p e r i m e n t s  of LINDMAR a n d  MUSCHOLL ~, 
on  t h e  o t h e r  h a n d ,  the  NA-re l eas ing  effect  of t y r a m i n e  on  
t h e  i so la ted  pe r fu sed  r a b b i t ' s  h e a r t  was  i n h i b i t e d  b y  
coca ine  in  c o n c e n t r a t i o n s  less t h a n  10-4M.  

F r o m  o u r  r e su l t s  i t  is seen t h a t  coca ine  i n  a c o n c e n t r a -  
t i o n  of 1 0 - ~ M  h a s  on ly  a negl ig ib le  effect  o n  t h e  spon-  
t a n e o u s  release a n d  u p t a k e  of N A  in  i so la t ed  n e r v e  

I00 

==: 

. E  

0 

sprenic nerve vesicles 

t tI11 
- + + + + + Insubgli0~ B0min ~0 ° 
- - + + + + ATP 3mh/ 
- - - 10 -~ h/ lO-S/v/ 3~10-3h'/ Cooaine 

Fig. 2. Effect of cocaine on the NA content in isolated bovine nerve 
vesicles before and after incubation for 60 rain at 20 ° in phosphate 
buffer pH 7.0 and in the presence of ATP (3 raM) and NA (6/*M). 
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Fig. 1. Effect of cocaine, tetraeaine, xylocalne and procaine on NA 
content in isolated bovine nerve vesicles after incubation for 60 mitt 

at  20 ° in phosphate buffer pH 6.7. 

Fig. 3. Inhibitory effect of cocaine, tetracaine, xylocaine and procaine 
on the NA-release from isolated bovine nerve vesicles, incubated for 
60 min at 20 ° in phosphate buffer pH 6.7 with tyramine 10/tg]mI. 
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vesicles. On ly  w h e n  t h e  cocaine c o n c e n t r a t i o n  is increased  
to 10-SM,  is t h e  u p t a k e  (and  exchange)  s l ight ly  or  
m o d e r a t e l y  inh ib i t ed .  I t  is h a r d  to conceive  t h a t  a n  effect  
r equ i r ing  a c o n c e n t r a t i o n  of t h a t  o rder  shouId be of pha r -  
macolog ica l  s ignif icance in vivo,  cons ider ing  t h e  doses 
w h i c h  el ic i t  cha rac t e r i s t i c  effects. T he  weak  effect  of co- 
ca ine  o n  t h e  re lease  a n d  u p t a k e  m e c h a n i s m s  in s torage  
vesicles is in  keep ing  w i t h  t he  obs e r va t i ons  of BLAKELEY, 
BROWN, a n d  FERRY 8 t h a t  cocaine d id  no t  a l t e r  t he  N A  
ou t f low f rom t h e  c a t  sp leen  on repea ted  s t i m u l a t i on  of i t s  
nerves .  T h e  i n h i b i t i o n  of N A  u p t a k e  observed  in v ivo  a n d  
in  v i t r o  b y  m a n y  a u t h o r s  is the re fore  p r o b a b l y  due  to  
cocaine  ac t ions  a t  o t h e r  t h a n  t he  specific s torage  sites. 
Since coca ine  is a m e m b r a n e  s tabi l izer  i t  appea r s  l ikely 
t h a t  i t s  ac t ion  is on  a x o n  m e m b r a n e s ,  t h e r e b y  reduc ing  
t h e  passage  of N A  in to  t he  specific axon  s toresL 

Zusammen]assung. Die Ergebn i s se  sp rechen  n i c h t  daffir ,  
dass  die d u r c h  Cocain bed ing t e  H e m m u n g  de r  Nor -  
a d r e n a l i n a u f n a h m e  a n  die G r a n u l a  g e b u n d e n  ist. Es  i s t  
a n z u n e h m e n ,  dass  diese v i e l m e h r  a n  die A x o n m e m b r a n e  
ver leg t  ist. 
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M o d i f i c a t i o n s  de l a  g l i c 6 m i e  et  des  g r o u p e m e n t s  
- S H  d u  s a n g  d e s  L a p i n s  d u r a n t  l e  r e f l e x e  de 

l ' o r i e n t a t i o n  

On  sa l t  que  l ' o rgan i sme  a n i m a l  r6pond  aux  ac t ions  des 
f ac teu r s  e n v i r o n n a n t s ,  n o n  s e u l e m e n t  p a r  des r~act ions 
sp6cifiques,  m a i s  auss i  p a r  des  r6ac t ions  g6n6rales. Ces 
dernibres  s o n t  de  n a t u r e  m ~ t abo l i que  e t  son t  provoqu6es  
p a r  le sys t~me  n e r v e u x  v6ge t a t i f  I,~. El les  a s su ren t  la base  
t r o p h i q u e  de  ces r6ac t ions  e t  p e u v e n t  ~tre englob6es dans  
la n o t i o n  c lass ique  du  s y n d r o m e  a d a p t a t i f  de SELV~ 8, qu i  
peu t  6 t re  consid6r6 c o m m e  l ' express ion  du  refiexe d 'or ien-  
ta t ion ,  l a r g e m e n t  6 tudi6  p a r  les neurologis tes .  

SOUTHWICK ~', GOLLENDER, LAW e t  JAKSON 5 c o n s t a t e n t  
q u ' u n  s imple  c h a n g e m e n t  du  mil ieu a m b i a n t  p rovoque  
une  baisse  ~v iden te  des 6osinophiles  sanguines.  IvEs  e t  
DACK 6 m o n t r e n t  une  leuco- e t  une  l ymphocy tose  e t  
USlEVlTCH 7 une  hyperg l ic6mie  du  sang  des chiens simple-  
m e n t  i n t r o d u i t s  d a n s  la c h a m b r e  d 'exp6riences .  WELT- 
MANN 8, T A P P e t  MARKOWITZ 9 s ignalent ,  apr~s des mani -  
pu la t ions  r6pet6es  des r a t s  d u r a n t  t ro is  roofs, une augmen-  
t a t i o n  du  po ids  du  corps,  du  cerveau ,  des surr6nales  e t  de 
la ra te ,  a ins i  q u ' u n e  baisse  de  l ' ac t iv i t6e  cholinest6rasique. 
BLOCK 1° m o n t r e  des m o d i f i c a t i o n s  essentiel les dans  la 
compos i t i on  c a t h i o n i q u e  du p lasma ,  aprbs  l ' immobi l i sa t ion  
des ch~vres.  KRAMOVA e t  VOROBIOVA 11, a, la su i te  des re-  
flexes cond i t i onn6s  d 6 m o n t r e n t  une  hyp6rexc i tab i l i t6  cor- 
t icale  e n v e r s  des  doses  m i n i m a l e s  de  ce r t a ines  subs tances .  

Nous  a v o n s  d6 t e rmin6es  la  gl ic6mie e t  les g r o u p e m e n t s  
- S H  du  sang,  chez  des  l ap ins  p e n d a n t  l ' i n s t a l l a t ion  e t  
p e n d a n t  la  d i s p a r i t i o n  du  ref iexe & o r i e n t a t i o n  ~. une  
nouvel le  a m b i a n c e  e t  au  son.  L a  nouvel le  a m b i a n c e  6 taf t  
la cage de  l ' a c t o g r a p h e  s i tu6e  d a n s  Ie labora to i re ,  au-  
quel  nous  a v i o n s  d6j~ a c c o u t u m 6  l ' an imaI .  Le son 6 taf t  
p rovoqu6  p a r  u n e  s imple  sonner i e  6tectr ique.  An  pr6alable  
nous  a v o n s  fa i t  des  ana lyses  du  s a n g p a r  des prises effec- 
tu6es ~. des i n t e rva l l e s  de 45 mil l  e t  s eu lemen t  q u a n d  les 
r~sul ta ts  6 t a l e n t  c o n s t a n t s ,  nous  a v o n s  pass6 h la p roduc-  
t ion du  ref lexe d ' o r i e n t a t i o n  p r o p r e m e n t  di te  en in t ro -  
du i san t  l ' a n i m a l  d a n s  la cage. Nous  avons  fa i t  58 exp6- 
r iences e t  les r6 su l t a t s  o u t  6t6 s t a t i s t i q u e m e n t  calculus. 
La  F igure  r ep r6sen te  la  m o y e n n e  de ces r6sul ta ts .  

L ' i n t r o d u c t i o n  de l ' a n i m a l  dans  sa nouvel le  amb iance  
d~termine  une  a u g m e n t a t i o n  s igni f ica t ive  de la glyc6- 

mie ( +  27%)  e t  des g r o u p e m e n t s  - S H  non -p ro t6 iques  
(+ 10,4%), mais  une  baisse des g r o u p e m e n t s  - S H  t o t a u x  
e t  pro t6 iques  du  sang  (-- 4 ~ - 6 ,5%).  

L ' e x c i t a n t  sonore  p r o v o q u e  des modi f i ca t ions  s em-  
b lab les  de la glyc6mie e t  des  g r o u p e m e n t s  - S H  n o n -  
pro t6 iques  ma i s  de mo ind re  ampl i t ude ,  t a n d i s  que  la  
baisse des g r o u p e m e n t s  - S H  t o t a u x  e t  p ro t6 iques  es t  p lus  
grande .  
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Les variations en % de la glyedmie (eta noir), des groupements -SH 
non-protdiqucs (pointill6s), -SH total (hachures horizontales) et -SH 
prottiques (entrccroisds) dans le sang des lapins pendant l'installation 
du reflcxe d'orientatiou provoqu6 par une nouvelle ambiance (AMB), 
ou par une sonncrie {SON) et apr~s l'aceoutumance de l'animal (ACC). 
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