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Prev ious  work  f rom our  l a b o r a t o r y  6, 7 has  s h o w n  t h a t  a 
h igh  p la t e l e t  agg rega t ion  va lue  is genera l ly  assoc ia ted  
w i t h  ce r t a in  s t ress  condi t ions .  The  r a t e  was high,  15-18,  
in  m y o c a r d i a l  infarc t ion ,  m o d e r a t e l y  high,  13-18, in cere- 
b rovascu l a r  disease, a n d  s l igh t ly  e leva ted ,  11-14, in  cases 
of d iabe tes  mel l i tus .  

The  f ind ing  t h a t  b r o m e l a i n  s ign i f i can t ly  reduces  h igh  
p la te le t  agg rega t ion  va lues  of i nd iv idua l s  has  i m p o r t a n t  
cl inical  impl ica t ions .  Our  p rev ious  s tud ies  4 i n d i c a t e d  t h a t  
b r o m e l a i n  ( admin i s t e red  as A n a n a s e  | d id  no t  signifi-  
c a n t l y  af fec t  a n y  of t h e  n o r m a l l y  m e a s u r e d  cl inical  pa ra -  
meters .  Also in i ts  cl inical  use over  a pe r iod  of more  t h a n  
10 years,  t he re  h a v e  been  no  repor t s  of s ign i f ican t  undes i r -  
able  side effects. Th i s  d rug  would  t h e n  seem to  be  w o r t h y  
of t e s t i ng  as a long t e r m  m a i n t e n a n c e  d rug  for those  indi-  
v idua l s  who  h a v e  p r o b l e m s  w i t h  e n h a n c e d  p l a t e l e t  aggre-  
ga t ion  rates .  

Zusammen/assung. Die orale  V e r a b r e i c h u n g  von  B r o m e -  
la in  in  F o r m  yon  2 A n a n a s e  |  a n  freiwillige 
V e r s u e h s p e r s o n e n  v e r m i n d e r t e  bei  diesen die Empf / ing-  
l i ehke i t  ftir die d u r c h  A D P  induz ie r t e  Aggrega t ion  de r  
Blutpl~Lttchen. 
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Cyclic AMP of Blood Platelets: Accumulation in Organelles Storing 5-Hydroxytryptamine and ATP 

Cyclic Y, 5 ' - adenos ine  m o n o p h o s p h a t e  (cAMP) a n d  
p r o s t a g l a n d i n - a c t i v a t e d  a d e n y l  cyclase occur  in h u m a n  
blood pla te le ts ,  b u t  t h e i r  subce l lu la r  loca l iza t ion  is no t  
knownl -~ .  I n  p la t e l e t s  of r abb i t s ,  guinea-pigs,  and  p rob-  
ab ly  man ,  non-cycl ic  phos phonuc l eo t i de s  (e.g. adenos ine-  
5 ' - t r i phospha t e ,  ATP)  h a v e  r ecen t l y  been  shown  to  
a c c m n u l a t e  in  subce l lu la r  organel les  which  also s tore  
5 - h y d r o x y t r y p t a m i n e  (5HT) ~-7. I t  was  the re fo re  of 
i n t e r e s t  to  i nves t i ga t e  w h e t h e r  c A M P  shows a s imi la r  sub-  
cel lular  loca l iza t ion  as i ts  p recurso r  ATP .  

Materials and met,~ods. Blood p la t e l e t s  of r a b b i t s a n d  
guinea-pigs  were homogen ized  b y  u l t r a son ica t ion ,  a n d  
t h e r e a f t e r  t he  p a r t i c u l a t e  m a t t e r  (mi tochondr ia ,  a- 
granules,  5HT-nuc leo t ide  s torage  organelles ,  etc.) was  
sub jec t ed  to  u l t r a c e n t r i f u g a t i o n  in a c o n t i n u o u s  Uro-  
graf in  | dens i ty  g r a d i e n t  as p rev ious ly  descr ibed  5. The  
l iquid  c o n t e n t  of t h e  cen t r i f uga t i on  t u b e  was d iv ided  in to  
5 equa l  par t s .  F r a c t i o n s  3 a n d  4 cons is ted  m a i n l y  of 
m i t o c h o n d r i a  a n d  e-granules  respec t ive ly .  The  f r ac t ion  
c o n t a i n i n g  t he  organel les  s to r ing  5 H T  a n d  nuc leo t ides  
was localized as a f ine f i lm a t  t he  b o t t o m  of t he  t u b e  

( f ract ion 6). I t  showed  v i r t u a l l y  no  c o n t a m i n a t i o n  w i t h  
o the r  subce l lu la r  par t ic les  as j u d g e d  b y  e lec t ron  micro-  
scopy 7. The  level  of c A M P  in  t he  h o m o g e n a t e s  of whole  
pta te le ts ,  in  t he  i so la ted  s torage  organel les  as well  as in  
t he  o t h e r  subce l lu la r  f rac t ions  (of r a b b i t  p l a t e l e t s  only) 
was  d e t e r m i n e d  b y  a s a t u r a t i o n  m e t h o d  s and  b y  a radio-  
i m m u n o - a s s a y 9  a n d  re l a t ed  to  t he  a m o u n t s  of protein1~ 
I n  some expe r imen t s ,  t h e  t o t a l  nuc leo t ide  e x t r a c t  of 
s to rage  organel les  was  s u b m i t t e d  to c h r o m a t o g r a p h y  on  
Dowex  A G 5 0  W X 4 ,  200-400 mesh.  The  c A M P  of t he  
e lua te  was assayedS before a n d  a f t e r  i n c u b a t i o n  a t  37~ 
for 15 m i n  w i t h  Y, 5 '-cyclic nuc leo t ide  phosphod ie s t e r a se  
i so la ted  f rom r a t  b r a i n  n.  

Results and discussion. The  c A M P  in t he  va r ious  sub-  
cel lular  f rac t ions  of r a b b i t  p la te le t s  showed  a s imi la r  
d i s t r i b u t i o n  to t h a t  p rev ious ly  r epo r t ed  for  A T P  a n d  
5 H T  7,12. Tile c o n c e n t r a t i o n  of c A M P  (in pmoles/mg 
pro te in)  in  t he  pu re  5HT-nuc leo t ide  s to rage  organel les  
m a r k e d l y  exceeded t h a t  in  t he  o the r  subce l lu la r  f rac t ions  
(Figure).  I t  was  more  t h a n  100 t imes  h igher  t h a n  in 
h o m o g e n a t e s  of whole p la te le t s  (Table).  I n  guinea-pigs,  
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Subcellular distribution of cyclic AMP (cA~c[P) in the particulate 
matter of blood platelets of rabbits determined by the saturation 
method. The values indicate the cAMP content in pmoles]mg protein 
and are expressed in percentages of the values found in fraction 6, i.e. 
the pure storage organelles (= 100). Averages with S.E. of 8 experi- 
ments. 
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too, t he  c o n c e n t r a t i o n  of c A M P  m e a s u r e d  w i t h  b o t h  
m e t h o d s  in t he  i so la ted  s torage  organel les  exceeded t h a t  
in the  whole p la te le t s  b y  more  t h a n  100 t imes.  

The  i d e n t i t y  of t he  c A M P  in t he  s torage  organel les  was 
s u b s t a n t i a t e d  b y  the  f ind ings  t h a t  a) t he  values  d e t e r m i n e d  
w i t h  the  s a t u r a t i o n  m e t h o d  were no t  s ign i f ican t ly  d i f fe ren t  
(p > 0.05) f rom those  o b t a i n e d  w i t h  t he  r a d i o i m m u n e -  
assay  (Table) a n d  b) no c A M P  could be  de tec ted  b y  e i the r  
m e t h o d  a f te r  i n c u b a t i o n  of t h e  nuc leo t ide  ex t r ac t s  w i t h  
phosphodies te rase .  F u r t h e r m o r e ,  t he  cAMP was p r o b a b l y  
no t  fo rmed  f rom A T P  dur ing  t he  p r ec ip i t a t i on  p rocedure  
(with ZnSOa + B a  (OH)2) used for the  s a t u r a t i o n  m e t h -  
od s,~a. Thus ,  t he  c A M P  values  showed no difference 
w h e t h e r  t he  A T P  h a d  been  r e m o v e d  b y  p rec ip i t a t i on  or b y  
abso rp t ion  on  Dowex AG50 W X 4 .  A r educ t i on  b y  t he  
u l t r a son ica t ion  of t he  e x t r a g r a n u l a r  c A M P  is un l ike ly  
since p la te le t s  homogen ized  b y  f reezing a n d  t h a w i n g  
exh ib i t ed  the  same  c A M P  c o n t e n t  as those  sub jec ted  to 
u l t r a son ica t ion .  

These  resul t s  ind ica te  t h a t  c A M P  accumula t e s  t oge the r  
w i t h  5 ' -phosphonuc leo t ides  l ike A T P  and  a biogenic  amine  
(5HT) in subce l lu la r  s torage  organelles .  Thereby ,  t he  
c o n c e n t r a t i o n  of t he  cyclic nuc leo t ide  is a b o u t  4000 t imes  
lower t h a n  t h a t  of A T P  (8.5 • 106 p m o l e s / m g  pro te in)  5. 
According  to p r e l i m i n a r y  resul t s  w i t h  r a b b i t  p la te le ts ,  no 
m e a s u r a b l e  adeny l  cyclase a c t i v i t y  (using e-82P-ATP as a 
subs t ra t e )  1~ could  be de tec ted  in t he  i so la ted  s torage  
organel les  or in  t he i r  m e m b r a n e s ,  even  in t he  presence  of 
N a F  or p r o s t a g l a n d i n  E t  ~5. I n  the  i so la ted  c y t o p l a s m a t i c  
m e m b r a n e s ,  however ,  adeny l  cyclase a c t i v i t y  was p r e sen t  
and  m a r k e d l y  a c t i v a t e d  b y  N a F  as well  as p r o s t a g l a n d i n  

Et .  Therefore,  t h e  s i te  of f o r m a t i o n  of t he  c A M P  found  
in t he  s torage  organel les  is n o t  ye t  clear.  

c A M P  poss ib ly  has  an  inf luence  on  p l a t e l e t  func t ion ,  
e.g. in  p la t e l e t  aggregat ion ,  b u t  i ts  phys io logica l  a n d  
pa thophys io log ica l  role is s t i l l  u n s e t t l e d  4,1G-20. S torage  in 
subcel lu lar  organel les  m i g h t  resu l t  in  biological  i nac t iva -  
t ion  of t he  cyclic nucleot ide .  Therefore ,  t he  organelles,  due  
to t h e i r  c apac i t y  of a c c u m u l a t i n g  a n d  poss ib ly  re leas ing 
cAMP, m a y  be p a r t  of a s y s t e m  con t ro l l ing  the  biological  
a c t i v i t y  of t he  cyclic nuc leo t ide  in t he  pla te le ts .  I t  r ema ins  
to  be  e luc ida ted  w h e t h e r  o the r  t ypes  of organelles ,  e.g. t he  
vesicles s tor ing  A T P  and  ca t echo l amines  in s y m p a t h e t i c  
ne rve  endings  or bra in ,  b e h a v e  l ike p l a t e l e t  o r g a n d i e s  
w i t h  r ega rd  to  cAMP, and  if so, w h e t h e r  t he  p r e synap t i c -  
al ly s tored  c A M P  has  a func t ion  in n e n r o h u m o r a l  t r ans -  
mission.  

Zusammen/assung. Die subzel luUiren Organel len,  welche 
in Blu tp l~ i t t chen  yon  R a t t e n  u n d  Meerschweinchen  
5 - H y d r o x y t r y p t a m i n  u n d  A d e n o s i n - 5 ' - t r i p h o s p h a t  spei- 
chern,  e n t h a l t e n  bis  fiber 100 Mal m e h r  cycl isches Adeno-  
s i n - 5 ' - m o n o p h o s p h a t  (cAMP) als die ganzen  P l ~ t t c h e n  u n d  
die i ibr igen subzel luHiren F r a k t i o n e n .  D u r c h  die Speiche-  
rung  in subzellul~iren Organe l l en  k o m m t  es m6gl icherweise  
zu e iner  b io logischen  I n a k t i v i v i e r u n g  v o n  c A M P  in  den  
Pl~it tchen.  
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Content of cyclic AMP in isolated blood platelets and storage orga- 
nelles of rabbits 

Method Blood platelets Storage organelles 
Saturation assay 24 -4- 5 (10) 2501 i 640 (8) 
Immunological assay 9 -4- 1 (8) 1975 ~= 293 (7) 

The values represent averages with S.E. and are expressed in pmoles/ 
mg protein. Number of experiments in parentheses. 

la W. H. COOK, D. LIPKIN and R. MARKHAM, J. Am. chem. Soc. 79, 
3607 (1957). 

14 J. RAMACHANDRAN, Analyt. Bioeheul. 43, 227 (1971). 
15 M. DA PRADA and A. PLETSCHER, in preparation. 
16 N. R. MARQUIS, R. L. VIGDAHL and P. A. TAVOR~INA, Bioehem. 

Biophys. Res. Commun. 36, 965 (1969). 
17 G. A. ROBISON, A. ARNOLD, B. COLE and R. HART~Ar~N, Ann. N.Y. 

Acad. Sci. 180, 324 (1971). 
18 G. BALL, G. BRERETO•, M. FULWOOD, D. IV[. IRELAND and P. YATES, 

Biochem. J. 720, 709 (1970). 
19 R. J. HASLA~I and A. TAYLOR, Bioehem. J. T25, 377 (1971). 
s0 M. J. DROLLER and S. M. WOLFE, Blood 38, 791 (1971). 

Cyclic AMP: its Effect on an E s t r o g e n - S e n s i t i v e  Ant igen in Organ Cultures of the Cervicovaginal  
Ep i the l ium f r o m  Neonata l  Mice 1 

Cyclic A M P  is k n o w n  to  regu la te  i m p o r t a n t  ac t iv i t i es  in  
several  d i f fe ren t  cells and  to be  essent ia l  in  t he  ac t ion  of 
m a n y  hormones .  I t s  role for t he  express ion  of t h e  sex 
s tero id  effects has  r ecen t ly  been  dea l t  w i t h  ~, 3. 

I m m u n o f l u o r e s c e n c e  s tudies  h a v e  shown  t h a t  t he  
ce rv icovag ina l  ep i the l i um of n e o n a t a l  and  a d u l t  mice 
con ta ins  an t igen ic  mater ia l (s )  (CVA) specific for th i s  
ep i the l ium.  An t ibod ie s  aga ins t  CVA do no t  cross- react  
w i t h  a n y  a n t i g e n  in severa l  t i ssues  t e s t ed  (uterus,  k idney,  
in tes t ine ,  s u b m a x i l l a r y  g land  etc.)~. I n  es t rad io l  in jec ted  
animals ,  t he  a m o u n t  of CVA is cons ide rab ly  increased  b u t  
st i l l  r e s t r i c t ed  to t he  ce rv icovag ina l  ep i the l ium.  W h e n  t he  
u te r ine  ce rv ix  f rom n e o n a t a l  mice  was  cu l tu red  in v i t ro  in  
a m e d i u m  c o n t a i n i n g  cyclic AMP,  t he  a m o u n t  of CVA 
was l ikewise increased  c o m p a r e d  w i t h  t he  cont ro l s  5. 

I n  o rgan  cu l tu res  of t h e  n e o n a t a l  u t e r i ne  cervix,  t he  
cyclic A M P  induced  CVA was local ized to t h e  m o s t  ap ica l  

p a r t  of t he  ep i the l ia l  ceils and  to t he  lumen .  Th i s  p r o m p t e d  
an  u l t r a s t u c t u r a t  s t u d y  on t h e  r e l a t i on  be tween  CVA and  
t he  cell surface. 
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