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Effec t  of B r o m e l a i n  ( A n a n a s e  | on  H u m a n  P l a t e l e t  A g g r e g a t i o n  I 

Bromela in ,  a p ro tease  m i x t u r e  p r e p a r e d  f rom t h e  s tems  
of m a t u r e  p ineapp le  p l a n t s  ~, has  been  used cl inical ly  for 
t h e  r educ t i on  of i n f l a m m a t i o n  3. I n  sp i te  of i ts  widespread  
use, t he  p h a r m a c o d y n a m i c s  of b r o m e l a i n  are st i l l  un-  
known.  I n  a r ecen t  p a p e r  ~ we r epo r t ed  t h a t  oral  inges t ion  
of 100 m g  of en te r ic  coa ted  b r o m e l a i n  ne i t he r  caused a n y  
s igni f icant  change  in a n y  of t he  s t a n d a r d  m e a s u r e m e n t s  of 
cl inical  l a b o r a t o r y  tests ,  no r  af fected t he  s e rum level  of 
an t i t r yps in ,  a n t i c h y m o t r y p s i n  or an t i su l fhydry lp ro t ease .  
These  a n t i e n z y m a t i c  subs t ances  m i g h t  be  expec ted  to re- 
duce i n f l a m m a t i o n  b y  i n h i b i t i n g  t h e  lysosomal  pro teases  
which  are re leased a t  t he  si te  of i n j u r y  5. 

P rev ious  s tudies  a t  t h i s  l a b o r a t o r y  6, 7 showed  t h a t  t he  
p la t e l e t  aggrega t ion  r a t e  for p a t i e n t s  w i t h  t h r o m b o e m -  
bolic diseases was s ign i f i can t ly  h igher  t h a n  i t  was for a 
c o m p a r a b l e  n o r m a l  age group.  T he  a im of t h i s  s t u d y  was 
to measure  t he  effect  of en te r ic  coa ted  b romela in ,  ora l ly  
inges ted  b y  vo lun teers ,  on t h e  s ens i t i v i t y  of p la te le t s  to  
adenos ine  d i p h o s p h a f e  (ADP) induced  aggregat ion .  

Mater ials  and methods. T he  p l a t e l e t  agg rega t ion  t e s t  
followed t he  m e t h o d  descr ibed b y  YAMAKIDO et  al. * and  
SANO et  al.L 8% sod ium c i t r a t e  was  used as a n  an t icoa-  
g u l a n t  a t  t h e  ra t io  of one p a r t  of c i t r a t e  so lu t ion  to n ine  
p a r t s  of blood. The  m i x t u r e  was cen t r i fuged  a t  170 g for 
10 m i n  to  o b t a i n  a p la t e l e t  r i ch  p l a s m a  (PRP) .  

S tock  adenos ine  d i p h o s p h a t e  (ADP) so lu t ions  were 
p r epa red  b y  dissolving 10 m g  A D P  (Calbiochem, Los An- 
geles, Calif. 90054) in  10 ml  of 0.05 M t r i s h y d r o x y l m e t h y l  
a m i n o m e t h a n e  (Tris)  buffer .  The  s tock  A D P  so lu t ion  was 
t h e n  d i lu ted  b y  a serial  two-fo ld  d i lu t ion  sys tem.  One drop  
of each  of t h e  A D P  d i lu t ions  and  i d rop  of P R P  were mixed  
in a p las t ic  t u b e  which  was s h a k e n  for 1 m i n  on  a V o r t e x  
mixer .  

The  p la t e l e t  agg rega t ion  p a t t e r n s  in  each  of t h e  A D P  
d i lu t ions  were obse rved  u n d e r  a microscope  a t  400 • 
magni f i ca t ion .  The  aggrega t ion  p a t t e r n s  were classified 
in to  6 grades  as p rev ious ly  described6,  v. Grade  0: no  
c lumping  of p la te le t s  ; Grade  I : smal l  c lumps  of 3 to  5 pla-  
te le ts  s ca t t e r ed  a m o n g  free p la t e l e t s ;  Grade  I I :  sma l l  
masses  of t h e  c lumps  seen in g rade  I s ca t t e r ed  a m o n g  free 
p la te le t s :  Grade  I I I :  s imi la r  masses  w i t h  on ly  a few free 
p la te le t s ;  Grade  IV:  large masses  of p la te le t s  w i t h o u t  a 
c i rcumscr ib ing  m a r g i n a l  l ine ; Grade  V : large p la t e l e t  mas -  
ses w i t h  a m a r g i n a l  line. Grade  0 a n d  I were cons idered  as 
nega t ive  whi le  g rade  I I  a n d  above  were t a k e n  as posi t ive.  
The  abso lu te  va lue  of t he  e x p o n e n t  of t he  m i n i m u m  A D P  

c o n c e n t r a t i o n  (2 -n m g A D P / m l )  requ i red  to induce  aggre-  
ga t ion  ( tube  n u m b e r ,  n, cor responded  to  th i s  value)  was  
t a k e n  as t he  va lue  of p l a t e l e t  sens i t iv i ty .  For  example ,  
w h e n  t h e  e n d p o i n t  was 2 -la mg/ml ,  t he  s ens i t i v i t y  was 
expressed as 13. 

Most  of t he  vo lun t ee r s  w i t h  h igh  aggrega t ion  va lues  
were selected f rom blood b a n k  donors  who h a d  been  pre-  
v ious ly  t e s t ed  for p la t e l e t  sens i t iv i ty .  I n  add i t i on  t h e  t e s t  
i nc luded  severa l  p a t i e n t s  who  h a d  m y o c a r d i a l  i n fa rc t ion  
or s t roke  w i t h i n  t he  pa s t  year .  

A b lood  sample  was t a k e n  f rom each  v o l u n t e e r  before  
a n d  2 h a f t e r  t he  oral  a d m i n i s t r a t i o n  of 2 A n a n a s e  | '100 '  
t ab le t s .  I n  a few p i lo t  s tudies ,  a 3rd b lood  sample  was also 
t a k e n  f rom t h e  sub jec t s  5 h a f te r  t h e  d rug  a d m i n i s t r a t i o n .  

A n a n a s e  | '100 '  t a b l e t s  were p u r c h a s e d  f rom Wi l l i am  
H. Rore r  Co., F o r t  W a s h i n g t o n ,  Pa.  E a c h  t a b l e t  is s t an -  
da rd ized  to con t a in  a specific a m o u n t  of p ro t ease  ac t iv i ty .  

Results  and discussion. Accord ing  to  our  p rev ious  s tu-  
dies a, 7 t h e  p l a t e l e t  agg rega t ion  va lue  for ' n o r m a l '  indiv i -  
duals  r anged  f rom 8 to  13. I n  our  p r e s e n t  s tudy ,  approx i -  
m a t e l y  5 % of t he  r a n d o m  donors  h a d  aggrega t ion  va lues  
h igher  t h a n  13 (Figure 1). Donors  w i t h  h igh  aggrega t ion  
va lues  were chosen  for t he  s t u d y  of t he  effect  of b r o m e l a i n  
on  p la te le t  sens i t iv i ty .  However ,  d u r i n g  t h e  i n t e rva l  be- 
tween  t he  or ig ina l  p l a t e l e t  agg rega t ion  s u r v e y  and  t he  bro-  
me la in  test ,  wh ich  a m o u n t e d  in some ins tances  to  2 m o n t h s ,  
a d rop  in aggrega t ion  va lues  occur red  in some indiv idua ls .  

Oral  a d m i n i s t r a t i o n  of 2 b r o m e l a i n  t a b l e t s  r ap id ly  a n d  
s ign i f ican t ly  r educed  t he  p la t e l e t  s ens i t i v i ty  to  A D P  in- 
duced  aggrega t ion  (Figure 2). The  f igure shows a m a r k e d  
r educ t i on  of aggrega t ion  va lues  in  those  ind iv idua l s  who  
in i t i a l ly  h a d  t h e  h igher  values.  

1 This work was supported by the Honolulu Chamber of Commerce 
research grants. 

s R.M. HEINCKE and W. A. GORTN~R, Econ. Bot. 11,225 (1957). 
8 j .N.  Moss, C. V. FRAZIER and G. S. MARTIN, Arcbs. int. Pharmaeo- 

dyn. Thfir. IriS, 166 (1963). 
4 R. M. HEINICKE, T. ITO, L, McCARTHY and M. YOKOYAMA, Jap. 

Heart. J., in press. 
5 H .  } { A Y A S H I ,  M .  KONO, M .  Y O S H I N A G A  a n d  M ,  MUTO, Int. Symp. 

Corn�9 Italy 1968. Excerpta med. int. Cong. Ser. 188, 34 (1968). 
M. YA•AKIDO, N. OISHI and M. Yot<oYAra% Hawaii reed. J. 29, 1 
(1970). 

14 

13 

~= 12 

E 

g 

�9 o �9  �9 �9 �9 �9 �9 

0 ~  ooeeQeo 0 0  �9 �9 

�9 o G e o o � 9  o o e e e � 9  Do �9 � 9 1 4 9  o � 9  �9 

e � 9  �9 �9 �9 �9 

i n r n i n 

~'0 aO gO 50 6'0 
Age of subjects 

Fig. 1. Distribution of platelet sentitivity rate to ADP in different age 
groups of the subjects screened for this study. Most of the subjects 
were volunteer blood donors. 
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Fig. 2. Change of platelet aggregation rate after oral administration 
of Ananase v '100' tablets. The solid bar represents the aggregation 
rate 2 h after the drug ingestion and the discontinuous bar indicates 
the decrease of the rate from the initial value. 
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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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