
15.9. 1969 Specialia 923 

Different Localization of Reserpine and Tyramine within the 5-Hydroxytryptamine  Or~anelles of 
Blood Platelets 

Rese rp ine  and  t y r a m i n e  l i be ra t e  endogenous  a r o m a t i c  
monoamines ,  e.g. no rep inephr ine ,  f rom s y m p a t h e t i c  
n e r v e  end ings  and  5 - h y d r o x y t r y p t a m i n e  f rom b lood  
p la t e l e t s  ~,2. B o t h  drugs  are t h o u g h t  to  a f fec t  t h e  in t r a -  
cel lular  s to rage  of t he  am i nes ;  t he i r  m o d e  of act ion,  how- 
ever,  seems to be  di f ferent .  I n  i so la ted  b lood  pla te le ts ,  
for ins tance ,  reserp ine  ac t s  in  c o n c e n t r a t i o n s  as low as 
1 0 - 6 M  a n d  less, whereas  t y r a m i n e  is equief fec t ive  in a t  
leas t  1000 t i m e s  h ighe r  concen t r a t i ons .  The reby ,  one 
molecule  of r ese rp ine  t a k e n  up  b y  t he  in t r ace l lu l a r  s torage  
organel les  ~ replaces  severa l  t h o u s a n d  molecules  of l iber-  
a t ed  5 - h y d r o x y t r y p t a m i n e ,  b u t  i molecule  t y r a m i n e  on ly  
a few molecules  of 5 - h y d r o x y t r y p t a m i n e  *. 

I n  th i s  paper ,  t he  subce l lu la r  loca l iza t ion  of reserp ine  
a n d  t y r a m i n e  in b lood p la t e i e t s  has  been  compared .  

Experimental.  Blood  p la te le t s  of r a b b i t s  h a v e  been  
i so la ted  as p rev ious ly  descr ibed  5. I n  t h e  in  v ivo  exper i -  
men t s ,  t he  a n i m a l s  rece ived  1 m g / k g  3H-reserpine  (me thy l -  
o[3, 4, 5 - t r ime thoxybenzoy l -2 ,  6-3H~]reserpate) 6 (spec. act .  
1.85 mC/mg)  i.p. or  400 ~g/kg tyramine-~A~C (HC1) (spec. 
act .  68 ~C/mg) i.v. 16 a n d  1 h resp. before  ex s angu i na t i on .  
I n  t he  in v i t ro  expe r imen t s ,  i so la ted  p la te le t s  of u n t r e a t e d  
a n i m a l s  were  i n c u b a t e d  a t  37 ~ for 1 h in p l a s m a  sup-  
p l e m e n t e d  w i t h  2 ~zg/cm 3 3H-reserpine  (spec. act .  1.03 
mC/mg)  or 350 ~zg/cm a ~ C - t y r a m i n e  (HC1) (spec. act.  
0.86 v~C/mg). The  i so la ted  p la t e l e t s  were t h e n  h o m o -  
genized a n d  sub jec t ed  to dens i t y  g r a d i e n t  c en t r i f uga t i on  
as descr ibed  ear l ier  7, w h e r e b y  t he  5 - h y d r o x y t r y p t a m i n e  
organel les  s e d i m e n t a t e d  in v i r t u a l l y  p u r e  fo rm in t he  
b o t t o m  layer  ( f rac t ion 9 of t he  Figure) .  T he  isola ted 
organel les  (0.5-2 Vd) were t a k e n  up  in 0.5 ml  dis t i l led 
water ,  sub j ec t ed  to  f reezing a n d  t h a w i n g  a n d  t h e r e a f t e r  
to  u l t r a cen t r i f uga t i on .  B y  th i s  procedure ,  t he  c o n t e n t  of 
t h e  organel les  could be  s e p a r a t e d  f rom t h e i r  m e m b r a n e s ,  
s ince v i r t u a l l y  all t h e  5 - h y d r o x y t r y p t a m i n e  a n d  adeno-  
s i n e - t r i p h o s p h a t e  (97-99%)  were found  in t he  super-  
n a t a n t .  I n  t he  m e m b r a n e  s e d i m e n t  as well  as in  the  
s u p e r n a t a n t ,  t h e  t o t a l  r a d i o a c t i v i t y  was d e t e r m i n e d  w i t h  
a l iqu id  sc in t i l l a t ion  counter .  F u r t h e r m o r e ,  e s t i m a t i ons  
of t h e  t o t a l  r ad ioac t i v i t y ,  t he  endogenous  5 -hydroxy-  
t r y p t a m i n e  s, a n d  in  some ins t ances  t he  p r o t e i n  a n d  
a d e n o s i n e - t r i p h o s p h a t e  c o n t e n t  9, ~0 were car r ied  ou t  in  
t he  i so la ted  i n t a c t  organel les  as well  as in  va r ious  o the r  
f rac t ions  of t h e  dens i t y  g rad ien t .  T h i n  layer  c h r o m a t o -  
g r a p h y  of t h e  organel les  (dissolved in a b o u t  0.1 ml  H~O) 
f rom t h e  rese rp ine  e x p e r i m e n t s  (silicagel F 254, Merck;  
ch lo ro fo rm : ace tone  : d i e t h y l a m i n e  50 : 40 : 10) and  p a p e r  
c h r o m a t o g r a p h y  f rom t he  t y r a m i n e  e x p e r i m e n t s  (Wha t -  
m a n  no. 1; i sopropano l :  H~O:NH~,  80: 18:2) showed  
t h a t  t h e  r a d i o a c t i v i t y  cons is ted  in pr inc ip le  of u n c h a n g e d  
~H-reserpine  a n d  ~*C- tyramine  respect ive ly .  

Results and discussion. T he  subce l lu la r  d i s t r i b u t i o n  
s tud ies  d e m o n s t r a t e  t h a t  w i t h i n  t he  p la te le t s  ~ C - t y r a m i n e  
like a l l - rese rp ine  ~x is m a i n l y  c o n c e n t r a t e d  in t h e  5-hydro-  
x y t r y p t a m i n e  organel les  (Figure) .  Th i s  s t rong ly  suppo r t s  
t he  h y p o t h e s i s  t h a t  a t  leas t  in  t he  p la t e l e t s  b o t h  sub-  
s t ances  ac t  a t  t he  level  of t he  i n t r ace l lu l a r  s to rage  orga-  
nelles. T h e i r  d i s t r i b u t i o n  w i t h i n  t he  organel les  differs,  
however ,  m a r k e d l y .  Thus ,  t he  in  v i t ro  as well  as t he  in  
v ivo  e x p e r i m e n t s  show t h a t  t h e  b u l k  of ~ C - t y r a m i n e  is 
local ized in t he  s u p e r n a t a n t  (Table).  S imi la r  resu l t s  are  
o b t a i n e d  if t he  p la te le t s  h a v e  been  i n c u b a t e d  w i t h  
10 ~g/ml  i n s t ead  of 350 ~zg/ml ~ C - t y r a m i n e  (HC1). I n  
con t ras t ,  a l m o s t  all  t h e  3H-reserpine  r e m a i n s  in  t he  m e m -  
b r a n e s  of t he  oTganelles (Table) f rom wh ich  i t  c a n n o t  
easi ly be  r emoved .  Thus ,  a f t e r  3 wash ings  (each w i t h  

0.5 ml  H~O) only  a b o u t  1/3 of t he  r a d i o a c t i v i t y  has  dis- 
a p p e a r e d  f rom t h e  m e m b r a n e  f rac t ion.  If, however ,  
i sola ted m e m b r a n e s  of organel tes  of u n t r e a t e d  p la te le t s  
are i n c u b a t e d  for 1 h a t  37~ w i t h  smal l  a m o u n t s  of 
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Subcellular distribution of 3H-reserpine and 14C-tyramine in blood 
platelets of rabbits in comparison with the endogenous 5-hydroxy- 
tryptamine. 14C-tyramine and 8H-reserpine were injected 1 and 16 h 
resp. before exsanguination. The endogenous 5-hydroxytryptamine 
as well as the radioactivity were calculated in v~g/~zg proteins and 
are indicated in percent of the respective values found in the orga- 
nelles (= 100 %). Fraction 9 represents the pure 5-hydroxytryptamine 
organelles. Each point of each curve represents an average with 
S.E. of 2-4 experimental values. --, radioactive substances; ..., 
endogenous 5-hydroxytryptamine. 

Distribution of 8H-reserpine and l~C-tyramine in isolated 5-hydroxy- 
tryptamine organdies of rabbit platelets 

Drugs Membrane Supernatallt 

in vitro Reserpine 76.0 4- 4.8 24.0 d- 4.8 
Tyramine 3.0 • 0.8 97.0 4- 0.8 

in vivo Reserpine 91.5 -4- 1.1 8.5 • 1.1 
Tyramine 1.8 d- 0.2 98.2 4- 0.2 

In the in vitro experiments, isolated platelets were incubated with 
these drugs for 1 h in plasma at 37 ~ In the in vivo experiment, 
l~C-tyramine and ~H-reserpine were injected 1 and 16 h resp. before 
exsanguination. The figures represent averages with S.E. of 3-4 
experiments a n d  are  indicated in percentage of the radioactivity 
contained in the whole organelles. 
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a l l - rese rp ine  (cor responding  to those  t a k e n  up  b y  t he  
m e m b r a n e s  of i n t a c t  organelles) ,  on ly  a b o u t  30% of t h e  
d rug  go to t he  m e m b r a n e ,  whereas  70% r e m a i n  in t h e  
s u p e r n a t a n t .  The  d i f fe ren t  d i s t r i b u t i o n  of ~H-reserpine 
a n d  l~C-tyramine  w i t h i n  t he  5 - h y d r o x y t r y p t a m i n e  orga- 
nelles of p la t e t e t s  sub jec t ed  to  t he  drugs  in v i t ro  and  in  
v ivo  m i g h t  the re fo re  i nd i ca t e  t h a t  reserp ine  acts  m a i n l y  
a t  t he  level  of t he  m e m b r a n e  a n d  t y r a m i n e  p re fe ren t i a l ly  
in t he  in te r io r  of the  5 - h y d r o x y t r y p t a m i n e  organelles.  

Accord ing  to  r ecen t  f ind ings  19, 5 - h y d r o x y t r y p t a m i n e  
a n d  a d e n o s i n e - t r i p h o s p h a t e  of t he  organel les  of p la te le t s  
fo rm mixed  micelles of h igh  molecu la r  weight .  T y r a m i n e  
m i g h t  replace  t he  5 - h y d r o x y t r y p t a m i n e  of these  micelles.  
Reserpine ,  in  con t ras t ,  poss ib ly  ac ts  b y  a l t e r ing  t he  
m e m b r a n e  of t he  organelles.  T he  n a t u r e  of th i s  p o s t u l a t e d  
change  as well  as i ts  possible  consequences  w i t h  r ega rd  
to t he  s t ab i l i t y  of t he  5 - h y d r o x y t r y p t a m i n e - a d e n o s i n e -  
t r i p h o s p h a t e  micelles r e m a i n s  to  be  inves t iga ted .  U p  to  
now, no  ev idence  exis ts  t h a t  t he  s torage  of 5 -hydroxy-  
t r y p t a m i n e  is a process  d e p e n d i n g  on  a n  ac t ive  (i.e. 
ene rgy -dependen t )  t r a n s p o r t  t h r o u g h  t he  m e m b r a n e  of 
t he  organel les  wh ich  would  be  i m p a i r e d  b y  reserp ine  13,14. 

I n  conclusion,  t he  e x p e r i m e n t s  w i t h  subce l lu la r  frac- 
t i o n a t i o n  of b lood p la te le t s  show t h a t  reserp ine  p r o b a b l y  
ac ts  a t  t h e  level  of t h e  m e m b r a n e ,  whereas  t y r a m i n e  seems 

tO h a v e  i t s  s i te  of ac t ion  in the  in te r io r  of t h e  5 -hydroxy-  
t r y p t a m i n e  organelles .  

Zusammen/assung. Die subzel lu l~re  Loka l i sa t ion  v o n  
Rese rp in  u n d  T y r a m i n  in B l u t p l ~ t t c h e n  yon  K a n i n c h e n  
erfolgt  in  v i t ro  u n d  in v ivo  gr6ss ten te i l s  in  den  5-Hy-  
d r o x y t r y p t a m i n  (5HT)-Organel len .  D a b e i  r e i che r t  s ich 
1Reserpin vo rwiegend  in der  M e m b r a n ,  T y r a m i n  h a u p t -  
sgchl ich  im I n n e r e n  der  Organe l l en  an. Es  wi rd  v e r m u t e t ,  
dass  1Reserpin in bezug  auf  5 H T - F r e i s e t z u n g  a n  der  
M e m b r a n  u n d  T y r a m i n  im I n n e r e n  der  5HT-Organe l l en  
angre i f t .  
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Calcification in Implants of Tendon 

I n  v i t ro  s tud ies  1-~, c o n d u c t e d  over  a decade  ago, 
d e m o n s t r a t e  t h a t  calf  t a i l  t e n d o n  a n d  r e c o n s t i t u t e d  
col lagen f ibers  could nuc lea te  a n d  crys ta l l ize  minera l ,  
chemica l ly  a n d  r ad iog raph ica l ly  s imi la r  to  b o n e  salt ,  
f r om m e t a s t a b l e  so lu t ions  of ca lc ium and  p h o s p h a t e  ions. 
W h e n  nucle i  are presen t ,  s e c o n d a r y  nuc l ea t i on  a n d  
c rys ta l  g r o w t h  follows, even  a t  ca lc ium a n d  p h o s p h a t e  
ion c o n c e n t r a t i o n s  nea r ly  as low as in  n o r m a l  b lood  
se rum 6,7. The  t h e o r y  is t h a t  t he  f o r m a t i o n  of c rys ta l s  
of h y d r o x y a p a t i t e  occurs  b y  he t e rogeneous  n u c l e a t i o n  1-9, 
b u t  t h e  ques t ion  w h e t h e r  a col lagen-calc ium,  or a col lagen- 
p h o s p h a t e ,  or a co l l agen -ca l c ium-phospha te  complex,  or 
col lagen i tself  is t he  nuc l ea t i on  si te  c a n n o t  be  answered  
b y  e x p e r i m e n t s  w i t h  so lu t ions  c o n t a i n i n g  b o t h  ca lc ium 
a n d  p h o s p h a t e  ions in  sys t ems  free of i nh ib i t o r s  in  v i t ro .  

Some of t he  ob jec t ions  to  in v i t r o  m e t h o d s  can  be  
ove rcome  b y  e x p e r i m e n t s  on  ca lc i f ica t ion  of i m p l a n t s  of 
n o r m a l  t e n d o n  in r a t s  w i t h  n o r m a l  b o d y  f luid organic  
c o n s t i t u e n t s  a n d  ion c o n c e n t r a t i o n s  of ca lc ium a n d  
p h o s p h a t e  of on ly  1 mmole/1. I m p l a n t s  of KCl -ex t r ac t ed  
t e n d o n  a n d  va r ious  fo rms  of r e c o n s t i t u t e d  t e n d o n  col- 
lagen do n o t  calcify w i t h  a n y  degree of cons is tency,  or  
to  a n y  apprec iab le  ex ten t ,  u n d e r  these  cond i t ions  in  vivo.  
I m p l a n t s  of t e n d o n  calcify cons i s t en t ly  w h e n  i m p l a n t e d  
in t h e  an t e r i o r  eye  c h a m b e r  of t he  r a t  a f t e r  t h e y  are  
exposed  to  so lu t ions  c o n t a i n i n g  25 mmoles  Ca++/1, b u t  
no t  a f t e r  exposure  to  p h o s p h a t e  ion c o n c e n t r a t i o n s  even  
as h i g h  as 5 0 0 m m o l e s / l l ~  These  obs e r va t i ons  on  
ca lc i f ica t ion in i m p l a n t s  of c a l c i um - t r ea t ed  t e n d o n  in v ivo  
are  co r robo ra t ed  b y  WADKINS la in  a r ecen t  r e p o r t  of 
e x p e r i m e n t s  on  ca lc i f ica t ion  in vi t ro .  

To q u a n t i t a t e  t he  process  of calcif icat ion,  e x p e r i m e n t s  
were pe r fo rmed  to  d e t e r m i n e  t h e  re la t ive  a m o u n t  of 
m ine ra l  pe r  t o t a l  mass  of t e n d o n  depos i t ed  in uncalcif ied,  
pa r t i a l l y  calcified, a n d  comple t e ly  calcified i m p l a n t s  a f t e r  
per iods  as long  as 35 days.  I n  addi t ion ,  e x p e r i m e n t s  were 
also pe r fo rmed  to  d e t e r m i n e  t he  effect  of nuclei  of 

a p a t i t e  p roduced  in v i t ro  u p o n  t h e  q u a n t i t y  of m i n e r a l  
depos i t ed  in v ivo  in t e n d o n  over  a s imi la r ly  long per iod  
of t ime.  

Samples  of Achil les  t e n d o n  of y o u n g  New Zea land  
r a b b i t s  were cu t  in to  segments ,  a b o u t  1 cm in  length ,  
a n d  equ i l i b r a t ed  a t  2~ (a) in  1.5, 5.0, 10.0 a n d  15.0 
m m o l a r  so lu t ions  of ca lc ium for 10 h, or (b) in nuc l ea t i ng  
and  p r e c i p i t a t i n g  m i x t u r e s  of ca lc ium a n d  p h o s p h a t e  
ions, p i t  7.4 and  ionic s t r e n g t h  0.16, for 10 days.  Nuclea-  
t i on  a n d  p r e c i p i t a t i o n  were assessed b y  m e t h o d s  p r e sen t ed  
in p rev ious  pub l i c a t i ons  9,4. E x p e r i m e n t a l  a n d  con t ro l  
(0.9% NaCl- t rea ted)  p r e p a r a t i o n s  of t e n d o n  were asept ic -  
al ly i m p l a n t e d  in to  pouches  in t he  an t e r i o r  a b d o m i n a l  
wal l  muscles  of a l logeneic  r a b b i t s  as p rev ious ly  de- 
scr ibed 14. I m p l a n t s  were recovered  a t  5-7  weeks a f t e r  
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