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conc lus ion  of th i s  a n d  o the r  e x p e r i m e n t s  r epo r t ed  re- 
cen t ly  ~ is t h a t  ca t echo la ra ines  s t i m u l a t e  t h e  secret ion 
of lu te in iz ing  h o r m o n e  a n d  i n h i b i t  l u t eo t roph in .  

Resumen. La a d m i n i s t r a c i 6 n  c o n t i n u a d a  de :~-mefil 
para-tirosina, un  i n h i b i d o r  de la  sfntesis  de ca teco lami-  
nas,  fmpide  la h ipe r t r o f i a  c o m p e n s a d o r a  del ovar io  en  
r a t a s .  E s t e  efecto es p r e v e n i d o  p o t  la  s i m u l t s  inj eccidn 
de D O P A ,  u n  p recurso r  de las ca teco laminas .  E1 grado  
de la h ipe r t r o f i a  c o m p e n s a d o r a  del ovar io  no fue modif i -  
cado po r  la p -c loro- fen i la lan ina ,  u n  i nh iMdor  de la sin- 
tesis  de se ro ton ina .  E1 es tnd io  his toldgico de los ovar ios  
de los an ima te s  t r a t a d o s  con M P T  sugiere  que 6sta  

b loquea  la ovulacidn,  no  mod i f i cando  a p a r e n t e m e n t e  la 
secrecidn tdn ica  de tas  g0nado t ro f i na s  F S K  y I ,H.  
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A c c u m u l a t i o n  of 5 - H y d r o x y d o p a m i n e  in 5 - H T  S t o r a g e  O r g a n e l l e s  of  Cat P la te l e t s  and C o n c o m i t a n t  
C h a n g e s  in P late le t  A g g r e g a t i o n  

P r e t r e a t m e n t  of ca ts  w i t h  5 - h y d r o x y d o p a m i n e  (5-HO- 
I)A), a n  a m i n e  a c t i n g  as a ' fa lse '  s y m p a t h e t i c  t r a n s m i t -  
t e r L  leads  to t he  a c c u m u l a t i o n  of a h igh ly  osmiophi l ic  
s u b s t a n c e  in t h e  vesicles 0f adrenerg ic  n e r v e  t e r m i n a l s  2 
r e p r e s e n t i n g  5- ] IO-DA a n d  poss ib ly  i ts f l -hydroxy la ted  
a n d / o r  O - m e t h y l a t e d  m e t a b o l i t e s  ~, ~. I n  b lood  p la te le t s  of 
d i f fe ren t  species 5 - h y d r o x y t r y p t a m i n e  (5-H:r) is m a i n l y  
local ized in specific subce l lu la r  organel les  a n d  can  be  
v isua l ized  b y  e lec t ron  mic roscopy  as a h igh ly  osmio- 
phi l ic  m a t e r i a l  a-5. 

I n  p la t e l e t s  of ca ts  p r e t r e a t e d  w i t h  5-HO-DA,  t he  
5 -HT s torage  o r g a n d i e s  a p p e a r e d  to  c o n t a i n  m u c h  more  
osmiophi l ic  ma te r i a l  t h a n  u n d e r  n o r m a l  condi t ions .  I t  
seemed the re fo re  t o  be  of i n t e r e s t  w h e t h e r  5 -HO-DA 
is a c c u m u l a t e d  in p l a t e l e t s  and  w h e t h e r  i t  d isplaces  5 -HT 
f rom t h e  s to rage  organel les  as i t  d isplaces  n o r e p i n e p h r m e  
f rom t h e  vesicles of adrenerg ic  n e r v e  end ings  1,e. I n  
f u r t h e r  e x p e r i m e n t s  we s tud ied  w h e t h e r  t he  a c c u m u l a t i o n  
of 5 -HO-DA in p la t e l e t s  i nh ib i t s  t h e i r  aggrega t ion  as is 
t he  case a f t e r  a c c u m u l a t i o n  of 5-IKI "~. 

Cats  of e i t he r  sex were a n a e s t h e t i z e d  w i t h  40 m g / k g  
of sod ium p e n t o b a r b i t o n e  a n d  20-30 ml  of b lood  were 
col lected f rom t h e  f emora l  a r t e r y  in to  c i t r a t e  as  descr ibed  
previous ly% After  th i s  f i rs t  b lood  col lec t ion 20 m g / k g  of 
I P - 5 - I I O - D A  (labelled a t  t he  c~- a n d  fl-C-atom of t h e  
side chain ,  specific a c t i v i t y  0.158 mC/mg)  were in jec ted  
i.v. a n d  f u r t h e r  b lood  samples  were col lected 30 a n d  
60 ra in  la ter .  E a c h  b lood  sample  was cen t r i fuged  w i t h  
175 g for  10 m i n  a t  20-25~ T he  s u p e r n a t a n t  p la te le t -  
r i ch  p l a s m a  was used to  d e t e r m i n e  (1) p l a t e l e t  n u m b e r  
a n d  p l a t e l e t  v o l u m e  w i t h  a Cou l t e r  Counter~ ;  (2) t h e  
5-t:IT c o n t e n t  in  i sola ted p la te le tsS;  (3) p l a t e l e t  aggrega-  
t i on  p roduced  b y  adenos ine  d i p h o s p h a t e  (ADP) and  5- I IT 
m e a s u r e d  b y  a t u r b i d i m e t r i c  m e t h o d  9,~~ (4) the  rad io-  
a c t i v i t y  of 5 - I IO-DA a n d  i ts  m e t a b o l i t e s  in isi)late(t 
p l a t e l e t s  ( cen t r i fuga t ion  of p l a t e l e t - r i ch  p l a s m a  w i t h  
3200 g for 15 min)  a n d  p l a t e l e t -poor  s u p e r n a t a n t  p la sma .  
Af te r  d e p r o t e i n i z a t i o n  wi th  0.4 n HC10 4 t he  r a d i o a c t i v i t y  
p r e sen t  in  p la te le t s  a n d  p l a t e l e t -poor  p l a s m a  was sepa-  
r a t e d  in to  acidic and  a lka l ine  (amine)  f rac t ions  on  Dowex  
50 ~VX-4 columns.  Af te r  ace ty l a t i on  t he  a m i n e s  were 
f u r t h e r  ana lyzed  b y  p a p e r  c h r o m a t o g r a p h y  as descr ibed  
p rev ious ly  ~. I n  2 e x p e r i m e n t s  t h e  p la te le t s  i sola ted before  
a n d  a f t e r  t r e a t m e n t  w i t h  5 - I IO-DA were p r e p a r e d  for 
e l ec t ron  mic roscopy  as descr ibed  p rev ious ly  '~. 

F ine  s t r u c t u r a l  i nves t iga t ions  of b lood  p la t e l e t s  of 
5 - I IO-DA p r e t r e a t e d  an i m a l s  r evea led  n o t a b l e  changes  
in t h e  a spec t  of t he  5 -HT organelles .  T he  dense  osmio-  
phi l ic  core of these  organel les  a p p e a r e d  to  be  on  ave rage  

m u c h  larger  t h a n  those  of p la te le t s  in  con t ro l  an imals .  I n  
m o s t  i n s t ances  the dense  core  now fil led t he  organel le  
comple te ly ,  whe reas  in  cont ro l s  on ly  a p a r t i a l  fi l l ing is 
obse rved  (compare  F igure  1 w i t h  2). I n  add i t ion ,  a f t e r  
t r e a t m e n t  w i t h  5 -HO-I )A  m a n y  5 -HT organel les  pos-  
sessed a worm-l ike ,  s t rong ly  osmiophi l ic  a p p e n d i x  wh ich  
s o m e t i m e s  s u r r o u n d e d  an  a d j a c e n t  c lear  vacuole  (Figures 
2b to f). An  ana logous  a spec t  occur red  in con t ro l  p l a t e l e t s  
also, a l t h o u g h  th i s  was  except ional .  T h e  n u m b e r  of t h e  
5 -HT organelles,  coun ted  in  u l t r a t h i n  sec t ions  '~ was, if 
a t  all, on ly  s l igh t ly  inc reased :  116.5 :i: 4 .8% in. p l a t e l e t s  
of an ima l s  1 h a f t e r  t r e a t m e n t  w i th  5 - I IO-DA c o m p a r e d  
to 100 :J: 5.5% in controls .  W i t h  t he  excep t ion  of t he  
5 -HT organel les  no  o t h e r  :fine s t r u c t u r a l  changes  could 
be  de tec ted  in t h e  p la te le t s  a f t e r  5-HO-1)A a d m i n i s t r a t i o n .  

Uptake into blood platelets of 5-hydroxydopalninc (5-IIO-DA) 
injected i.v. in relation to the 5-hydroxytryptamine (5-IIT) content 
of the platelets 

5-ItO-DA 5-HT 
~g/108 plate.lets i.tg/10s platelets 
(mean :!:: S.E.) (mean 4- S.E.) 

Before 5-IIO-DA - 1.47 • 0.30 
30 min after 5-HOtDA 2.36 4- 0.58 1.31 ~ 0.25 
60 inin after 5-tIO-DA 2.02 :k_ 0.55 1.25 :iz 0.22 

20 mg/kg 5-hydroxydopamine (1/10 as 3, 4, 5-Trihydroxyphenethyl- 
amine-cq/~-3H~) was injected i.v. into 6 eats after a first blood col- 
lection. More blood was collected 30 and 60 rain after this injection. 
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30ra in  af ter  the  admin i s t r a t ion  of H3-5-HO-DA, 
93.0 • 1.5% of the  to ta l  r ad ioac t iv i ty  p resen t  in p la te le ts  
consis ted of HS-amines, whereas  in the  p lasma  this  frac- 
t ion a m o u n t e d  only to  8.9 ~ 3.0%. In  con t r a s t  to  sym-  

pa the t ica l ly  i nne rva t ed  organs i no f i -hydroxyla ted  pro-  
ducts  of 5-HO-DA could be detec ted .  The re la t ive ly  
small  H3-amine f rac t ion  of the  p lasma consis ted ma in ly  
of 5-HO-DA and  of vary ing  amoun t s  of its O-methy la t ed  

Fig. 1. (a) Electron-micrograph of platelets from an untreated cat. 
• 14,000; (b) to (f) Some representative aspects of the dense osmio- 
philic 5-HT storage organelles at higher magnification. • 55,000; 

Fig. 2. (a) Electron-mierograph of platelets from the same cat 1 h 
after the administration of 5-HO-DA. • 14,000. (b) to (f) Various 
aspects of the 5-HT storage organelles at higher magnification. 
x 55,000. 
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or f l -hydroxyla ted  metabol i tes .  Bo th  the  to ta l  radio- 
ac t iv i ty  present  in p lasma and platelets~ and the  rat io  
be tween  Ha-amines and acidic metabol i tes  was v i r tua l ly  
the  same 30 and 60 min  af ter  adminis t ra t ion  of Ha-5 ~ 
HO-DA.  

30 rain af ter  the  i.v. in ject ion of H3-5-HO-DA the  con- 
t en t  of this amine  amoun ted  to 2.36 ~z 0.58 ,~g/108 pla- 
telets.  This  represents  a 5 -HO-DA concent ra t ion  in the  
pla te le ts  of 12 m M  considering the  vo lume  of a p la te le t  
of 11.0 -b 1.5 F 3 before and 11.7 -b 1.3 tz a 30 min af ter  the  
in jec t ion  of 5-HO-DA. Since the  concent ra t ion  of H8-5 - 
HO-DA in the  p lasma was only 2.6 ~M, the  concentra-  
t ion gradient  be tween  platelets  and p lasma amounted  
to about  5000: 1. The  calcula t ion of this gradient  assumes 
an equal  d is t r ibut ion  a t  5 -HO-DA wi th in  the  platelets.  
There  is, however ,  s t rong evidence  t h a t  5 -HO-DA is 
preferent ia l ly  accumula ted  in the  5-HT storage organelles 
as indicated by  the  marked  increase of osmiophil ic  
mater ia l  af ter  adminis t ra t ion  of 5 -HO-DA (Figure 2). 

and af ter  the  in ject ion of 5 - t lO-DA was similar, wi th  
t he  only  difference t h a t  A D P  induced a two-phase  ag- 
gregat ion before and a one-phase aggregat ion af ter  pre- 
t r e a t m e n t  wi th  5-HO-DA. 

The 5-HT induced p la te le t  aggregat ion is possibly 
media ted  by  A D P  which migh t  be formed by  the  break-  
down of A T P  connected to the  t ransfer  of 5-HT th rough  
the  p la te le t  membrane  ~,12. The  lack of p la te le t  aggrega- 
t ion by  5-t{O-I)A added to  platelet-r ich p lasma migh t  
be taken  to indicate  t h a t  the  t ransfer  of 5 -HO-DA through  
the  p la te le t  membrane  is not  l inked to the  format ion  of 
ADP,  i.e. b reakdown of ATP.  

Never theless  5 -HO-DA was ve ry  eff iciently accumu-  
la ted by the  platelets  indicat ing tha t  i t  has a high aff in i ty  
to the  5-HT storage sites. The  occupat ion  of cr i t ical ly  
located 5-HT storage sites m igh t  p r even t  a fur ther  up take  
of 5-HT. Since the  up take  of 5 -HT is assumed to be 
l inked wi th  ti le fo rmat ion  of ADP,  this would also explai l i  
the  blockade of the  5-HT induced aggregation.  

30 min after the i,v.in e~tion of 
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Fig. 3. Platelet aggregation brought about by 5-hydroxytryptamine (5-HT) and adenosinediphosphate (ADP). Before (left) and 30 min 
after the injection of 5-hydroxydopamine into eats (right). Typical of 10 experiments. 

Admin is t ra t ion  of 20 mg/kg  of 5 - t IO-DA i .v .  reduced 
the  norepinephr ine  con ten t  of sympathe t i ca l ly  innerva ted  
organs of the  cat, such as spleen and heart ,  to, abou t  
10%. In  cont ras t  t he  present  exper iments  revealed t h a t  
the  5 -HT con ten t  of the  p la te le ts  was reduced by  only 
11% and 15% 30 and 6 0 m i n  respect ively af ter  the  
in ject ion of 5 -HO-DA (Table). I t  seems t h a t  the  s torage 
capac i ty  of the  blood pla te le ts  for 5 -HT is far f rom being 
comple te ly  filled up under  normal  condit ions a. I t  there-  
fore seems plausible t h a t  5 -HO-DA occupies vacan t  stor- 
age sites w i thou t  displacing 5-HT. 

In  previous exper iments  i t  has been shown that ,  in 
h u m a n  as well as in rabb i t  platelets,  5 -HT produces a 
reversible aggregat ion ~,10, n i r respect ive of the  dose 
used. In  cont ras t  wi th  platelets  of cats, 5-HT in concen- 
t ra t ions  higher  t han  1-5 FM always caused irreversible 
aggregat ion  in 2 phases (Figure 3). P la te le ts  sa tu ra ted  
wi th  5-HT are no longer  aggregated  by  this  amine,  
whether  the  sa tura t ion  is effected in v ivo  or  in v i t ro  6, ~. 
Af te r  p r e t r ea tmen t  of cats wi th  5 -HO-DA aggregat ion 
by  5-t-IT was also abolished, whereas  the  e x t e n t  and 
ve loc i ty  of aggregat ion b rought  abou t  by  A D P  before 

Zusammen/assung. 5-HO-DA, das in den Vesikeln der 
per ipheren adrenergen Nervenendigungen  gespeichert  und 
als falscher Transmi t t e r  freigesetzt  wird, wird auch in 
den Serotonin-Speicher-Granula  der  T h r o m b o z y t e n  hoch-  
gradig angereicherL ohne jedoch das endogene Serotonin 
freizusetzen. Gleichzeit ig wird die durch  Serotonin hervor-i 
gerufene Thrombozy tenaggrega t ion  blockiert .  
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