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S t o r a g e  of  5 - H y d r o x y t r y p t a m i n e  in  H u m a n  B l o o d  P l a t e l e t s  

I t  has  been  shown b y  c o m b i n e d  b iochemica l  and  
e lec t ron  microscopic  t echn iques  t h a t  t he  5 -hydroxy-  
t r y p t a m i n e  (5 HT)  of b lood  p la t e l e t s  of r a b b i t s  and  guinea-  
pigs is s tored  t o g e t h e r  w i t h  5 ' -phosphonuc leo t ides  (espe- 
cial ly a d e n o s i n e - 5 ' - t r i p h o s p h a t e  (ATP)) in  specific sub- 
cel lular  organel les  a,~. The  mode  of s torage  of 5 H T  in 
h u m a n  b lood  p la t e l e t s  is no t  clear.  Some au t ho r s  c la im 
t h a t  t he  a m i n e  is no t  pa r t i c l e - bound  3,4, whereas  o the r s  
pos tu l a t e  a loca l iza t ion  of 5 H T  in 'Bu l l ' s  eye '  c~-granules 5 
or in  specific organel les  wh ich  are said  to  be  v e r y  ra re  1, 6 
or qu i t e  numerous~.  

I n  t he  p r e s e n t  work,  a n  a t t e m p t  was m a d e  to i so la te  
and  charac te r i ze  specific subce l lu la r  organel les  s tor ing  
5 H T  a n d  nuc leo t ides  in  h u m a n  b lood  p la te le t s .  , 

I so la t ed  h u m a n  p la t e l e t s  h a v e  been  hom ogen i zed  b y  
u l t r a son ica t i on  a n d  s u b m i t t e d  to u l t r a c e n t r i f u g a t i o n  in a 
con t inuous  Urog ra f in  | g r a d i e n t  ~. The  va r ious  f rac t ions  
were ana lyzed  for t h e i r  c o n t e n t  of 5 H T  9, A T P  1~ and  
p ro t e ins  ~ or s u b m i t t e d  to e lec t ron  mic roscopy  us ing  
g l u t a r a l d e h y d e  a n d  o s m i u m  t e t r o x i d e  as f ixa t ives  ~. The  
same  procedures  were appl ied  to i so la ted  h u m a n  p la t e l e t s  
p r e i n c u b a t e d  in p l a s m a  c o n t a i n i n g  500 ~g 5 H T / m l  for 
1 h a t  37 ~ 

The  h ighes t  c o n c e n t r a t i o n  of 5 H T  a n d  A T P  (per ~g 
pro te in)  was p re sen t  in a f ine layer  a t t a c h e d  to t he  b o t t o m  
of t he  cen t r i f uga t i on  tube .  T h e  c o n c e n t r a t i o n  of 5 H T  in 
t he  b o t t o m  laye r  was  more  t h a n  100 t i m e s  t h a t  in  t h e  
whole  p la te le t s  (Table),  a n d  a s imi la r  di f ference exis ted  
for  A T P  (19.3 ~ 3.7 • 10 -~ a n d  27.5 -4- 1.4 • 10 -s ~moles  
A T P / ~ g  p ro t e in  in o r g a n d i e s  a n d  whole  pla te le ts ,  re- 
spect ively) .  The  o the r  f rac t ions  (e.g. those  cons i s t ing  of 
pu re  ~-grannles  and  mi tochondr i a )  d id  no t  exh i b i t  r e l e v a n t  
c o n c e n t r a t i o n s  of t he  a m i n e  (Figure 1). On e lec t ron  
microscopy  t h e  b o t t o m  layer  c o n t a i n e d  vesicle-l ike organ-  
elles of d i f fe ren t  shape  w i t h  m i n o r  a m o u n t s  of c o n t a m i n -  
ants ,  e.g. m i tochondr i a ,  c~-granules and  glycogen.  The  
vesicles were e i the r  e m p t y  or filled to  v a r y i n g  degrees 
w i t h  e lec t ron  dense  mate r ia l .  P a r t  of these  e x h i b i t e d  an  
e x t r e m e l y  h i g h  e lec t ron  dens i t y  (Figure  3A). 

The  fol lowing f ind ings  i nd ica t e  t h a t  t he  h igh ly  e lec t ron-  
dense  organel les  found  in t h e  b o t t o m  Iayer  r e p r e s e n t  
specific s torage  si tes for  endogenous  and  exogenous  5 H T  : 

1, The  b o t t o m  layer  e x h i b i t e d  b y  far  t he  h ighes t  con- 
t e n t  of endogenous  5 H T  wtlen c o m p a r e d  to  t he  o the r  
subce l lu la r  f rac t ions ,  e.g. t he  g-granules  (Figure 1). 

2. The  h igh ly  osmiophi l ic  organel les  were found  ex- 
c lus ively  in t he  b o t t o m  layer.  The  s t rong  osmioph i ly  of 
these  organel les  is p r o b a b l y  due  to a n  a c c u m u l a t i o n  of 
5HT,  since o the r  c o n s t i t u e n t s  of t he  organel les ,  e.g. 
nucleot ides ,  h i s t a m i n e  a n d  pro te in ,  d id  no t  show an  
in tense  osmiophi l ic  r eac t ion  u n d e r  t he  p r e sen t  experi-  
m e n t a l  cond i t ions  ~. 

3. The  h igh ly  osmiophi l i c  organel les  seen in t he  i n t a c t  
p l a t e l e t s  as wel t  as in  t h e  b o t t o m  layer  d i f fered d i s t i n c t l y  
in  t h e i r  u l t r a s t r u c t u r e  f r o m  o the r  subce l lu la r  o r g a n d i e s  
such  as t he  c~-granules (Figures  2A and  3A). 

4. The  bo t tOm layer  o b t a i n e d  f rom h u m a n  p la t e l e t s  
was  s imi la r  to  t h a t  i so la ted  f rom p la te le t s  of o t h e r  species 
( r abb i t s  and  guinea-pigs)  w i t h  r ega rd  to  5 H T  c o n t e n t  a n d  
presence  of h i g h l y  osmiophi l ic  organelles.  I n  t he  an ima l s  
i t  has  been  d e m o n s t r a t e d  t h a t  these  organel les  r ep re sen t  
5 H T  s torage  si tes ~, =, ~. 

5. Af te r  i n c u b a t i o n  of t he  p l a t e l e t - r i ch  p l a s m a  w i t h  
5 H T  the  c o n t e n t  of th i s  a m i n e  in t he  p la t e l e t s  as well  as in  
t he  b o t t o m  layer  increased  b y  more  t h a n  10 t i m e s  (Table).  
S imul taneous ly ,  t he  n u m b e r  of t h e  h igh ly  osmiophi l ic  
o r g a n d i e s  in  t he  p la t e l e t s  as wel l  as in t he  b o t t o m  layer  
rose cons ide r ab ly  (Figures  2 a n d  3). T h e  e lec t ron  d e n s i t y  
of t he  o the r  subce l lu la r  o r g a n d i e s  of t h e  p la te le t s ,  e.g. t h e  
classical  ~-granules  as well  as t he  ~-granules  w i t h  a dense  
pole  ( 'Bul l ' s  eye '  ~-granules)  was no t  enhanced .  

I t  can  the re fo re  be  conc luded  t h a t  in p l a t e l e t s  of m a n  
as in those  of o the r  species a t  leas t  p a r t  of t h e  5 H T  is 
s tored  t o g e t h e r  w i t h  A T P  in specific organelles .  F u r t h e r -  
more,  t he  p re sen t  resu l t s  as well  as ear l ier  f ind ings  w i t h  
a n i m a l  p la t e l e t s  and  m e g a k a r y o c y t e s  1~ ind ica t e  t h a t  t he  
5 H T - s t o r i n g  organel les  are p r o b a b l y  no t  de r ived  f rom 
m-granules as p roposed  ear l ier  7. 

W h e t h e r  t h e  m a j o r i t y  of t he  p l a t e l e t  5 H T  is local ized 
in t he  h igh ly  osmiophi l ic  organel les  r ema ins  to  be  proven .  
Up  to  now, on ly  a b o u t  15% of t he  t o t a l  p l a t e l e t  5 H T  
could be  recovered  in t he se  organel les .  I t  may ,  however ,  
be a s sumed  t h a t  w i t h  f u r t h e r  i m p r o v e m e n t  of t h e  isola- 
t ion  t e c h n i q u e  t h i s  r ecove ry  can  be  s u b s t a n t i a l l y  increased.  
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Fig. 1. Distribution of endogenous 5tlT in various subcellular 
fractions of human platelets. The values have been calculated in 
p.moles 5HT/Ixg protein and are indicated in percent of the value 
found in the bottom layer (BL = 100%) containing the 5HT 
organelles. Fractions 6 and 8 contain the~-granules and mitoehondria, 
respectively. Typical experiment. 
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Fig. 2. Isolated human platelets. A) normal; B) after incubation in 
5HT-rich human plasma (500 ~xg/ml for 60 min). The arrows point 
to the very electron-dense 5HT organelles. Some classical co-granules 
and or-granules with a dense pole ('Bull's eye' a-granules) are labeled 
with*. G, glycogen particules. Glutaraldehyde, OsQ fixation; lead 
citrate stain. • 11,500. 

Fig. 3. Electron micrographs of the bottom layer rich in 5HT of the 
human platelets represented in Figure 2. A) from normal platelets; 
B) from platelets incubated with 5HT. Arrows point to some typical 
very dense 5HT organelles. Glutaraldehyde, OsO 4 fixation; lead 
citrate stain. • 11,500. 

In  r abb i t  and  guinea-pig  platelets ,  for ins tance,  the  
pe rcen tage  a m o u n t  of the  to ta l  p la te le t  5 H T  found in t he  
h ighly  osmiophi l ic  organelles  rose f rom 5 to  50% wi th  the  
i m p r o v e m e n t  of the  isolat ion technique .  

The b o t t o m  layer  ob ta ined  af ter  dens i ty  g rad ien t  
cen t r i fuga t ion  of homogena t e s  of h u m a n  p la te le t s  shows 
a re la t ive ly  low absolu te  5 H T  con ten t  (2.45 9- 0.45 • 10 .4 
~moles/~g proteins) ,  b u t  a cons iderab ly  h igher  A T P  con- 
cen t ra t ion  (19.3 q- 3.7 • 10 .4 [zmoles/~zg pro te ins  (p < 
0.01)). In  ag reemen t  w i th  the  low 5 H T  conten t ,  the  
p ropor t ion  of h igh ly  osmiophi l ic  versus  e m p t y  orga- 
nelles is also small,  can, however ,  be  marked ly  increased 
by  incuba t ion  of the  p la te le t s  w i th  exogenous 5 H T  
(Figure 3). One m i g h t  there fore  specula te  tha t ,  as in 
guinea-pigs,  the  non-osmiophi l ic  vesicles represen t  ATP-  
conta in ing  'precursors '  which  m a y  be t r ans fo rmed  into  
typ ica l  5 H T  organel les when  exposed  to  suff ic ient  a m o u n t s  
of 5HT.  In  t h e  i n t ac t  p la te le t s  these  precursor  vesicles 
canno t  be d is t inguished  on e lec t ron microscopy f rom 
vacuole-l ike s t ruc tures  of o the r  na ture ,  since the  e lectron 

Concentration of 5HT in ~moles/lxg protein of whole human blood 
platelets and isolated 5HT storage organelles of human platelets 

Platelets Organelles 

Normal 2.43 ~ 0.21 X 10 ~ (11) 2.45 • 0.54 X 10 .4 (7) 

5HT incubation 2.50 i 0.38 x 10 -s (6) 2.95 • 0.24 x 10 3 (2) 

Means with standard error. Number of experiments in parentheses. 

dens i ty  Of the  5 H T  organelles is due to the  presence of 
5 HT and no t  of ATP.  This hypo thes i s  would explain  w h y  
in t ac t  h u m a n  p la te le t s  show only very  few 5 t-IT organelles 
which  become cons iderably  more  numerous  upon ex- 
posure of the  p la te le t s  to  5HT,  e.g. in the  carcinoid 
syndrome14,15 or af ter  incuba t ion  wi th  exogenous 5 H T  
(Figure 2). 

Zusammenfassung. Menschl iche B lu tp l~ t t chen  zeigten 
die h6chs te  5 - H y d r o x y t r y p t a m i n  (5HT)- und  Adenosin-  
5 ' -Tr iphospha t  (ATP) -Konzen t r a t ion  in einer subzellu- 
lgren Frakt ion ,  die e lek t ronenopt i sch  aus Vesikeln yon  
unterschied l icher  Dichte  bes tand .  Diese waren  deut l ich  
verschieden yon anderen  subzel lulgren Organellen, z.B. 
den ~-Granula. I n k u b a t i o n  der  Pl~tttchen mi t  5 H T  
erh6hte  die E l ek t ronend ich t e  und  den 5 t i T - G e h a l t  der  
Vesikel,  ver~knderte abe t  die a-Granula  nicht .  Es  wird  
geschlossen, dass  in menschl ichen  B l u t p l g t t ch en  ein Tell 
des 5 H T  zu s ammen  mi t  A T P  in spezif ischen subzellul~Lren 
Organel len gespeicher t  ist. 
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