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T h e  A c t i o n  of C a l c i u m  and  T h r o m b i n  on  I so la t ed  5 - H y d r o x y t r y p t a m i n e  O r g a n e l l e s  of  B l o o d  P l a t e l e t s  

I n  i so la ted  b lood p la te le t s ,  t h r o m b i n ,  especia l ly  in t h e  
p re sence  of ca lc ium,  causes  a m a r k e d  l i b e r a t i o n  of endo-  
genous  5 - h y d r o x y t r y p t a m i n e  (5HT)X-L B y  c o m b i n e d  
e l ec t ronmic roscop ic  a n d  b i ochem i ca l  s tudies ,  i t  h a s  
r e c e n t l y  been  d e m o n s t r a t e d  t h a t  t h e  5 H T  of t h e  p l a t e l e t s  
is m a i n l y  local ized in specific subce l lu la r  organel les  w h i c h  
also c o n t a i n  large  a m o u n t s  of a d e n o s i n e - t r i p h o s p h a t e  
(ATP).  These  organel les ,  w h i c h  are  s u r r o u n d e d  b y  a m e m -  
b r a n e  and  h a v e  a h igh ly  osmiophi l i c  c o n t e n t  ( p r o b a b l y  
due  to  5HT),  c an  be  i so la ted  in v i r t u a l l y  p u r e  fo rm b y  
d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  s-z°. Therefore ,  i t  was  of 
i n t e r e s t  to  c o m p a r e  t he  ac t ion  of t h r o m b i n  a n d  ca lc ium 
o n  i so la ted  organe l les  ve r sus  i n t a c t  p la te le t s .  

Exper imenta l .  R a b b i t s  of 2 -3  kg, f a s t ed  for 16 h, were  
b led  in e t h e r  a n a e s t h e s i a  t h r o u g h  a p o l y e t h y l e n e  c a n n u l a  
in  t h e  ca ro t i d  a r t e ry .  D i s o d i u m - e t h y l e n e - d i a m i n e - t e t r a -  
a c e t a t e  (1/10 vol. ,  5%)  was  a d d e d  to  t h e  b lood  in o rde r  to  
p r e v e n t  coagu la t ion .  P l a t e l e t s  were  i so la ted  as  p rev ious ly  
desc r ibed  11, homogen i zed  b y  u l t r a son ica t i on ,  a n d  sub-  
m i t t e d  to  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  in o rde r  to  
i so la te  t he  5 H T  organel les  ~2. 

I n  t he  con t ro l  expe r im en t s ,  i so la ted  i n t a c t  p la te le t s ,  
w a s h e d  once  w i t h  i n c u b a t i o n  m e d i u m  (see below),  or 5 H T  
organel les  were  i n c u b a t e d  a t  37 °C for  30 ra in  in  modi f i ed  
t y r o d e  so lu t ion  ( con t a in i ng  1°/0 b o v i n e  a l b u m i n  (F luka)  
b u t  no  calc ium).  I n  s imi l a r  e x p e r i m e n t s ,  t h e  t y r o d e  buf fe r  
was  s u p p l e m e n t e d  w i t h  v a r i o u s  a m o u n t s  of CaC1, or  
1 I U / m l  t h r o m b i n  (Roche) .  A t  t h e  end  of t h e  i n c u b a t i o n  
per iod ,  t h e  p l a t e l e t s  as  wel l  as t h e  organel les  were  separ -  
a t e d  b y  c e n t r i f u g a t i o n  a t  2 °C (p la te le t s  2710 g for  5 min ,  
organel les  44,000 g for  10 min) ,  a n d  t h e i r  5 H T  a n d  A T P  
c o n t e n t  was  m e a s u r e d  b y  p rev ious ly  descr ibed  m e t h o d s  13,14. 
F u r t h e r m o r e ,  i so la ted  5 H T  organel les ,  w h i c h  h a d  been  
exposed  to  ca lc ium,  were  e x a m i n e d  b y  e lec t ron  micro-  
scopy  10. 

Results .  (1) As desc r ibed  earl ier ,  in  t h e  con t r o l  exper i -  
m e n t s ,  t h e  p la t e l e t s  lose p rac t i ca l l y  no  5 H T  a n d  A T P  
d u r i n g  t h e  i n c u b a t i o n  per iod,  b u t  in  t h e  i so la ted  5 H T  
organe l les  t he se  c o n s t i t u e n t s  a re  d i m i n i s h e d  (in t h e  p r e s e n t  
e x p e r i m e n t s  b y  a b o u t  ~/5 a n d  1/5, r e spec t ive ly )  12,15. 
T h r o m b i n  causes  a m a r k e d  decrease  of 5 H T  a n d  A T P  in  
t h e  p la te le t s ,  some of w h i c h  a g g l u t i n a t e  w he r ea s  o t h e r s  
show a n o r m a l  a p p e a r a n c e  on  l i gh t  microscopy.  I n  t he  
i so la ted  organel les ,  however ,  t h e  s p o n t a n e o u s  l i b e r a t i o n  
of n e i t h e r  5 H T  n o r  A T P  is s ign i f i can t ly  e n h a n c e d  b y  
t h r o m b i n  (p > 0.05) (Table) .  

(2) Ca lc ium a lone  does n o t  m a r k e d l y  a f fec t  t h e  5 H T  
a n d  A T P  c o n t e n t  of t h e  i n t a c t  p la te le t s ,  e.g: c o n c e n t r a -  
t i ons  of 2.2 m M  ca lc ium (co r re spond ing  to  s u b n o r m a l  
p l a s m a  levels) dec rease  t h e  5 H T  a n d  A T P  b y  n o t  more  
t h a n  a b o u t  10%.  I n  c o n t r a s t ,  i so la ted  5 H T  organel les  
a re  v e r y  sens i t i ve  to  ca l c ium since c o n c e n t r a t i o n s  as  
low as 0.7 m M  ca l c ium d i m i n i s h  b o t h  5 H T  a n d  A T P  b y  
a b o u t  50% whereas  2.2 m M  ca lc ium reduce  these  con-  
s t i t u e n t s  b y  some 75% (Figure  1). 

(3) E l ec t ronmic roscop i ca l  p i c tu r e s  of t h e  i so la ted  orga-  
nel les  exposed  to  ca lc ium for  30 m i n  show m a i n l y  ghos t -  
l ike s t ruc tu res .  Most  of t h e  organel les  are  col lapsed,  h a v e  
no  osmiophi l i c  c o n t e n t  a n d  t h e i r  m e m b r a n e  e x h i b i t s  a n  
i r regular ,  i l l -defined s t ruc tu re .  Th i s  c o n t r a s t s  w i t h  t he  
organel les  n o t  exposed  to  ca l c ium m o s t  of wh ich  c o n t a i n  
osmiophi l i c  m a t e r i a l  a n d  which ,  e v e n  if e m p t y ,  a p p e a r  
spher i ca l  a n d  show a wel l -def ined m e m b r a n e  (F igure  2), 

Discussion.  Accord ing  to  t h e  p r e s e n t  resul ts ,  i so la ted  
5 H T  organel les  r eac t  d i f f e ren t ly  f rom i n t a c t  p l a t e l e t s  to  
t h r o m b i n  a n d  ca lc ium.  T he  5 H T  a n d  A T P  of t h e  orga-  
nelles are h igh ly  sens i t ive  to  ca lc ium,  b u t  l i t t le  in f luenced  

by  t h r o m b i n .  I n  con t r a s t ,  in t h e  i n t a c t  p la te le t s ,  t h r o m b i n  
ha s  a more  m a r k e d  ef fec t  t h a n  ca lc ium.  

Since t h e  5 H T  organe l les  in  i so la ted  fo rm seem to  b e  
s t r o n g l y  a l t e r ed  b y  ca l c ium (Figure  2), t h e y  a re  p r o b a b l y  

Effect of 1 IU/ml thrombin on the 5-hydroxytryptamine (5HT) and 
adenosine-triphosphate (ATP) content of isolated platelets and 
organelles incubated for 30 rain 
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ATP 24 :L 2 97 d= 8 

The values are indicated in % of those of controls incubated for 
30 min without thrombin. Each figure represents an average with 
S.E. of 4 experiments. 
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Fig. 1. l~ffeet of various concentrations of CaCls on the 5-hydroxy- 
tryptamine (5HT) and adenosine-triphosphate (ATP) content of 
isolated 5HT organelles and intact blood platelets of rabbits. 
Incubation time 30 min. Organelles and platelets incubated for 
30 rain without CaCI, served as controls (= 100). Each point repre- 
sents an average with S.E. of 5 experiments. 
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Fig. 2. Isolated 5-hydroxytryptamine organelles of rabbit platelets incubated for 30 rain in modified tyrode solution. (a) with 2.2 m M  
CaC12, (b) without CaCI 2. x 28,000. 

p ro tec ted  f rom the  ac t ion  of this  ca t ion  wi th in  the  cell. I t  
is also possible t h a t  ca lc ium added to  the  incuba t ion  
m e d i u m  canno t  pene t r a t e  in r e l evan t  a m o u n t s  to the  
organelles of the  in tac t  platelets .  T h r o m b i n  does no t  seem 
to  decrease the  5HT and A T P  con ten t  of the  in tac t  
p la te le ts  by  a direct  act ion on the  5HT organelles.  I t  
might ,  however ,  ac t  th rough  s t ruc tura l  changes of the  
p la te le t  m e m b r a n e  which  would  pe rmi t  a con tac t  be tween  
the  organelles and free calcium. Thus,  if p la te le ts  agglut i -  
na t e  as especial ly in t he  presence  of t h r o m b i n  plus 
ca lc ium 6, the  organelles are possibly d isconnected  or  ex-  
pelled in to to  f rom the  cell, b u t  subsequent  con tac t  wi th  
calc ium (e.g. of the  p lasma or the  platelets)  migh t  lead 
or  con t r ibu te  to the i r  a l t e ra t ion  and  to the  l ibera t ion of 
5HT and  ATP.  The  presence of rare ex t race l lu la r  5HT 
organelles  has  indeed been demons t r a t ed  in fresh experi-  
m e n t a l  p la te le t  clots in v ivo  is. 

Zusammen[assung. In  isolierten 5 - H y d r o x y t r y p t a m i n -  
(5HT)-Organel len aus BlutplAt tchen von  Kaninchen,  im 

Gegensa tz  zu in t ak ten  P1/ittchen, bewi rk t  T h r o m b i n  keine 
wesent l iche Fre i se tzung  yon 5 H T  und Adenos in-Tr i -  
phospha t  (ATP).  Andersei ts  erzeugen ger inge Konzen-  
t ra t ionen  yon Ka lz ium s tarke  Verminde rung  yon 5HT 
und A T P  in den Organellen,  h ingegen nicht  in i n t ak ten  
P1/ittchen. Nach  e lek t ronenmikroskopischen  Befunden  
ve ru r sach t  Ka lz ium hochgradige  morphologische  Ver- 
/ inderungen der  isolierten 5HT-Organel len .  
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D e t e r m i n a t i o n  of P l a s m a  V o l u m e  in the Mouse  wi th  Screened Iodine-Label led  Prote ins  

A blood sample  col lected a few minu tes  af ter  an  i.v. 
in jec t ion  of a labelled pro te in  is ut i l ized to ca lcula te  t he  
p lasma v o l u m e  (PV) f rom the  isotopic di lut ion.  Ev iden t ly ,  
th is  de t e rmina t ion  depends  upon  2 factors.  One  is the  
type  of prote in  used, e.g. a lbumin,  t ransferr in ,  T-globu- 
lins, etc. wi th  thei r  var ious  d is t r ibut ion  be tween  vascular  
and ex t ravascu la r  spaces. The  second is the  t ime  be tween  
inject ion and col lect ion of the  blood which differs f rom 

30 sec to 15 rain for the  ra t  1-3. In  this manner ,  diffusion 
f rom the  blood vessels will  occur  more  or less rapidly,  
depend ing  upon the  molecular  we igh t  and the  t i m e  
elapsed. 

A th i rd  factor  of ten no t  t aken  into account ,  m a y  how- 
ever  p lay  an i m p o r t a n t  role, i.e. the  degree of dena tu ra -  
t ion of the  protein.  As poin ted  ou t  by REEVE 4, REEVE 
a n d  FRANCKS ~, DEWEY e and others,  dena tu red  proteins  


