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T h e  Effect  of  D r u g s  I n h i b i t i n g  the  U p t a k e  of  
B i o g e n i c  A m i n e s  o n  A d r e n a l i n  I n d u c e d  P l a t e l e t  

A g g r e g a t i o n  

F r o m  o t h e r  a u t h o r s '  e x p e r i m e n t s  we k n o w  t h a t  a d r e n a -  
l in s h o r t e n s  t h e  b l e e d i n g - t i m e  a n d  the  hMf- t ime  of  t h r o m -  
b o c y t e  s u r v i v a U  -4 a n d  t h a t ,  like an  i n j u r y  of t h e  vesse l  o r  
a n  in j ec t ion  of choles te ro l ,  i t  r educes  t h e  n u m b e r  of  c i rcu-  
l a t i ng  t h r o m b o c y t e s ,  p r o b a b l y  b y  m e a n s  of t h e  o b s e r v e d  
m i c r o t h r o m b i  f o r m a t i o n  5. R e c e n t l y  O'BRIEN, MITCHELL, 
a n d  SHARP h a v e  s h o w n  t h a t  a d r e n a l i n  i nduces  p l a t e l e t  
a g g r e g a t i o n  in v i t r o  6,7. 

A d r e n a l i n  is p r e s u m e d  to  i nduce  p l a t e l e t  a g g r e g a t i o n  
in p e n e t r a t i n g  in to  t h r o m b o c y t e s  a n d  in l i b e r a t i n g  A T P " .  
A T P  is i m m e d i a t e l y  d e c o m p o s e d  in to  A D P ,  w h i c h  is p re -  
s u m e d  to  be  t h e  p r o p e r  a g g r e g a t i o n  fac tor .  W e r e  t h i s  
t rue ,  t h e  s u b s t a n c e s  i n h i b i t i n g  a d r e n a l i n  u p t a k e  w o u l d  
neces sa r i l y  b lock  p l a t e l e t  a g g r e g a t i o n  as  well. I f  t h e y  
were  n o t  ab le  to  b lock  p l a t e l e t  agg rega t i on ,  we w o u l d  
h a v e  to  s u p p o s e  t h a t  a d r e n a l i n  ac t s  d i r ec t ly  in t h e  cell 
m e m b r a n e  o r  t h a t  i t  i n t e r f e r e s  w i t h  t h e  c lo t t ab le  p ro t e in .  
F o r  t h i s  s t u d y  we  chose  a n t i d e p r e s s i v e  d r u g s  of i m i p r a -  
m i n e  t ype ,  i.e. i m i p r a m i n e  ( IP) ,  n o r i m i p r a m i n e  (NI P ) ,  
p r o p a z e p i n  (P), a m i t r i p t y l i n e  (AT) a n d  n o r t r i p t y l i n e  
(NT).  T h e i r  chemica l  s t r u c t u r e s  are  g iven  in F i g u r e  1. 
T h e s e  d r u g s  b lock  t h e  u p t a k e  of b iogen ic  amines ,  inc lud-  
ing  a d r e n a l i n  S; t h e y  p o s s e s s  no  m a r k e d  a d r e n o l y t i c  
p o t e n c y ,  b u t  r a t h e r  e n h a n c e  t h e  p e r i p h e r i c  n e r v o u s  effect  
of  a d r e n a l i n  8,9. 

W e  used  p l a t e l e t - r i ch  h u m a n  p l a s m a  p r e p a r e d  accord-  
ing  to  BORN ~~ T h e  m e a s u r e m e n t  i tse l f  w a s  p e r f o r m e d  
a c c o r d i n g  t o  O ' B m E N  6 w i t h  a s l i gh t  m o d i f i c a t i o n :  a p a r t  
f r o m  t h e  c o n t i n u o u s  d r o p  of  e x t i n c t i o n ,  we  f o u n d  a n o t h e r  
one  a f t e r  240 sec fo l lowing  a n  a d d i t i o n a l  1 m i n  c e n t r i f u g a -  
t i o n  a t  25 r p m .  D u r i n g  t h e  p r o c e d u r e  t h e r e  a p p e a r e d  on ly  

t i n y  f lakes ;  t h e i r  d i m e n s i o n s  exc luded  a n y  in f luence  of  
p l a s m a  v i s c o s i t y  u p o n  t h e i r  s e d i m e n t a t i o n  a n d  we  ob-  
t a i n e d  m o r e  c o n s i s t e n t  resu l t s .  T h e  a g g r e g a t i o n  d a t a  a re  
g iven  in %.  T h e  e x t i n c t i o n  d r o p  fo l lowing  a d d i t i o n  of  
a d r e n a l i n  in a 5 . 1 0 - 5 M  c o n c e n t r a t i o n  w a s  t a k e n  as  
100% a g g r e g a t i o n .  

T h e  r e su l t s  are  s u m m a r i z e d  in F i g u r e  2. I t s  u p p e r ,  
midd le  a n d  l o w e r  p a r t s  s h o w  t h e  effects  of  t he  d r u g s  m e n -  
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Fig. 1 

Action of investigated compounds (5 �9 10-4M concentration) on 
adrenalin induced platelet aggregation (A in 5.10 .5 M concentration) : 
Imipramine (IP) = --0.62%, s = 7.16, n = 6; Norimipramine 
(NIP) = + 1.51%, s = 13.50, n = 8; Propazepin (P) = + 5.85%, 
s = 11.94, n = 6; Amitriptyline ( A T ) = -  1.39%, s = 10.83, 

n = 4; Nortriptyline (NT) = -- 4.41%, s = 4.91, n = 10. 
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Action of investigated compounds (5 �9 10-5M concentration): Imi- 
~ pramine (IP) = + 54.36%, S = 35.56, n = 15; t (IP: A1) ~ 4.365456, 

P < 0.001. Norimipramine (NIP) = + 47.08%, s = 7.71, n = 8; 
t (NIP: A1) = 10.163437, P ~ 0.001. Propazepin (P) = + 54.71%, 
s = 29.14, n = 12; t (P: A1) = 5.044609, P % 0.001. Amitriptyline 

Concentration5,104/,/ (AT) = + 58.31%, s = 29.22, n = 10; t (AT: A1) = 4.534528, 
P < 0.001. Nortriptyline (NT) = + 36.12%, s = 28.68, n = 11; 

AT NT t (NT: A1) = 7.182532, P % 0.001. 
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Action of investigated compounds (5 �9 10-6M concentration): Imi- 
pramine (IP) = + 97.10%, s = 14.99, n = 10; t (IP: A1) = 0.485998, 
P ~ 0.7. Norimipramine (NIP) = -I- 91.19%, s = 6.50, n = 7; 
t (NIP: A1) = 1.630334, P ~ 0.2. Propazepin (P) = + 99.04%, 
s = 12.63, n = 10; t (P: A1) = 0.174495, P ~ 0.9. Amitriptyline 
(AT) = + 100.98%, s - 19.40, n = 10; t (AT: AI) = 0.144246, 
P ~ 0.9. Nortriptyline (NT) = + 95.62%, s = 13.16, n = 10; 

t (NT: A1) = 0.780488, P ~ 0.5. 

Fig. 2. Adrenalin (A1) 5 �9 10-aM = 100%, s = 16.19, n = 14; Adrenalin (A2)'5 �9 10-6M = 50,2%, s = 19.31, n = 22. 
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t ioned  in 5 . 1 0 - 4 A [ ,  5 - 1 0  5AI and 5 .  10 ~2~I concen-  
t ra t ions .  

As we can see f rom the  graph,  these drugs  inh ib i t  the  
adrenal in  induced p la te le t  aggregat ion comple te ly  in the  
5 �9 10-4M concent ra t ion .  In  the  5 �9 t 0 - S M  concen t ra t ion  
th is  inhib i t ion  is still  s ta t i s t ica l ly  significant ,  bu t  there  
is prac t ica l ly  no effect  in the  5 .  10-62~1 concent ra t ion .  
There  are no s ta t i s t ica l ly  s ignif icant  differences be tween  
the  respect ive  drugs,  ye t  nor t r ip ty l ine  and nor imi-  
p ramine  seem to be the  mos t  po ten t .  Thei r  h igher  effec- 
t iveness  is in keeping wi th  the  fact  t h a t  nor t r ip ty l ine  and  
nor imipramine  are t he  mos t  po t en t  inhib i tors  of adrenal in  
up take  as well~,n. 

As can be seen f rom our results ,  the  inves t iga ted  drugs  
in the  concen t ra t ion  of 5 �9 10-~M reduce the  act ion of 
adrenal in  to 1/10 of its real  concen t ra t ion  (Figure 2, middle  
part) .  

The fac t  t h a t  t he  drugs used inh ib i t  the  adrenal in  in- 
duced p la te le t  aggregat ion  proves  t h a t  adrenal in  acts  in 
keeping wi th  O'BRIEN'S theory6:  it  pene t r a t e s  the  cells 
and  l iberates  A T P  f rom platelets ,  A T P  conver t s  into 
A D P  which  is t he  p rope r  aggregat ion  factor.  

Zusammen/assung .  Ant i -Depress iva  v o m  Imip ramin -  
Typ,  die die A u f n a h m e  der  b iogenen Amine  blockieren,  
h e m m e n  auch gleichzei t ig die durch  Adrenal in  bewi rk te  
Thrombozy ten -Aggrega t ion .  Dieser Befund  un te r s t t i t z t  
die Theorie  des Mechan i smus  der  Thrombozy ten -Aggrega -  
t ion durch  Adrenal in :  Adrenal in  d r ing t  in die Zellen ein 

und  se tz t  A T P  aus den T h r o m b o z y t e n  frei, das sofort  in 
A D P  - den  e igent l ichen Aggrega t ions fak tor  - umgewan-  
del t  wird. 
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B a l a n c e  S t u d i e s  on  F r e e  and B o u n d  P a n t o t h e n i c  
A c i d  in  H u m a n s  a f ter  A d m i n i s t r a t i o n  of C a l c i u m  

P a n t o t h e n a t e  o r  C o e n z y m e  A 

Introduction.  Infus ions  conta in ing  coenzyme A, ~-lipoic 
acid and  d iphosphopyr id ine  nucleot ide have  been ad- 
minis te red  in t r avenous ly  to pa t i en t s  wi th  hepat ic  coma.  
Dur ing  t h e r a p y  the  s t a t e  of consciousness was improved  
and a decrease of blood pyruv ic  acid and  the  f rac t ion 
acetoin  and 2 ,3-buty lene  glycol towaxds normal  values  
could of ten  be obse rved  ~,2. I t  is assumed t h a t  these effects  
migh t  be at  least  pa r t l y  due to coenzyme A a, which  is 
involved in the  ox ida t ive  b reakdown  of p y r u v a t e  (syn- 
thesis  of acetyl  coenzyme  A) and acts  as an acyl carr ier  
in me tabo l i sm (e.g. in vivo fo rmat ion  of acetylcholine) .  

No th ing  is known  abou t  the  fate of coenzyme A af ter  
in t ravenous  infusion (oxidation,  b reakdown,  pene t r a t i on  
into cells, excret ion).  In  the  p resen t  s tudy ,  blood and 
ur inary  concen t ra t ions  of free and of bound  p a n t o t h e n a t e  
(= coenzyme A) have  been  de t e rmined  before, during,  
and  af ter  admin i s t r a t i on  of coenzyme A. Similar  ba lance  
s tudies  have  been m a d e  a f te r  infusion of calcium p a n t o -  
thena te .  

Methods.  (a) L a b o r a t o r y  inves t iga t ions :  In  blood and  
urine, free p a n t o t h e n i c  acid and  coenzyme A (= bound  
pan to thena t e )  were  de t e rmined  microbiological ly  wi th  
Lactobacillus p lan tarum (ATCC 17-5 8014) according to 
the  m e thod  of SKEGGS and  WRIGHt 4, coenzyme A af te r  
previous degrada t ion  to pan to then i c  acid wi th  alkaline 
phospha t a se  and pigeon l iver  pep t idase  as p roposed  b y  
L1PMANN 5. 

(b) Infusions:  Coenzyme A or calc ium p a n t o t h e n a t e  
was admin i s t e red  in t r avenous ly  to  convalescent  p a t i en t s  
wi th  normal  g lomerular  f i l t ra t ion  rates.  The infusions 
conta ined  250 # ~ /  coenzyme A (Farmochimica  Cutolo- 
Calosi, Naples,  I taly)  or 2 5 0 / ,M D-panto thenic  acid in the  
form of the  calcium salt  (F. H o f f m a n n - L a  Roche  Inc. ,  
Basel, Switzer land)  dissolved in isotonic glucose or saline 
(240 ml) and were given at  a r a te  of 1 ml /min  for 4 h. The 
coenzyme A co n t en t  of each p r epa ra t i on  was de te rmined  
microbiologically.  The coenzyme A was fu r the r  charac-  
ter ized wi th  the  phospho- t r ansace ty l a se - t e s t  and the  
h y d r o x y a c y l - c o e n z y m e - A - d e h y d r o g e u a s e - t e s t  6. 

(c) Collection of blood and  urine samples :  Before, 
during,  and  af ter  admin i s t r a t i on  of coenzyme A or cal- 
c ium p an t o t h en a t e ,  the  blood level and  the dai ly  u r inary  
excre t ion  of coenzyme A and  pan to then i c  acid were 
checked.  Venous blood samples  were d rawn  immed ia t e ly  
before and 2, 4, 81/2 and 24 h (1 case), 2, 4 and 24 h (1 
case), 24 h (1 case) or 24 and  72 h (3 cases) af ter  the  
beginning of the  infusion. 
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