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A b s t r a c t .  Experiments were done t o  t e s t  t h e  hypo thes is  t h a t  aggre- 
g a t i o n  o f  human p l a t e l e t s  induced by p l a t e l e t  a c t i v a t i n g  f a c t o r  
( PAF) may be mediated by c a l  modul i n-dependent processes. W-7 [N- (6 -  
aminohexyl )-5-chloro-1-naphthalene s u l  fonamide], a p o t e n t  calmodul i n  
a n t a g o n i s t ,  caused dose-dependent i n h i b i t i o n  o f  PAF induced aggrega- 
t i o n  o f  human p l a t e l e t s  i n  v i t r o .  The EDs0 f o r  W-7 was 51.5 + 9.5 
pM (mean + SEM). T h i s  c o n c e n t r a t i o n  i s  known t o  be p l a t e l e t  calmo- 
d u l i n - s p e c i f i c .  These da ta  a r e  c o n s i s t e n t  w i t h  t h e  hypo thes is .  

I n t r o d u c t i o n  - P l a t e 1  e t  a c t i v a t i n g  fac -  
t o r  (PAF o r  PAF-acether) i s  a phospho- 
1 i p i d  (1-0-a1 k y l - 2 - a c e t y l  - s n - g l y c e r y l - 3 -  
phosphoryl  cho l  i ne)  , re1 eased from a v a r i  - 
e t y  o f  c e l l s ,  which i s  capable o f  caus- 
i n g  aggrega t ion  o f  p l a t e l e t s  f rom c e r t a i n  
spec ies (1,2), i n c l  u d i n g  humans (2,3) .  
PAF-induced aggrega t ion  appears t o  b e i n -  
dependent o f  p roduc ts  o f  a r a c h i d o n i c  a c i d  
However, c a l c i u m  p l a y s  a key r o l e  i n  me- 
d i a t i n g  PAF e f f e c t s  ( 2 ) .  The e x a c t  mech- 
anism o f  a c t i o n  o f  PAF remains t o  be 
determined. 

I n  t h i s  r e p o r t ,  exper iments  a r e  des- 
c r i b e d  examin ing t h e  hypo thes is  t h a t  PAF 
a c t i v a t i o n  and aggrega t ion  o f  human 
p l a t e l e t s  i s  ca lmodul in-dependent .  Cal-  
modul i n  i s  recogn ized  as p l a y i n g  a v i t a l  
r o l e  i n  p l a t e l e t  f u n c t i o n  ( 4 ) ,  s i n c e  i t  
modulates d i v e r s e  enzymes such as phos- 
phodiesterase,  ATPase, p r o t e i n  k inase  
and phosphol i pase A2 ( 5 ) .  

Methods - P l a t e l e t  r i c h  plasma (PRP) 
w a s r e d  f rom c i  t r a t e d  whole b l o o d  
o b t a i n e d  f rom normal human male vo lun-  
t e e r s  (22-54 y e a r s ) .  B lood  was c o l l  ec ted  
by venepuncture o f  an a n t e c u b i t a l  v e i n  
w i t h  a 19 gauge b u t t e r f l y  needle ( A b b o t t  
L a b o r a t o r i e s ) .  B lood was a l l owed  t o  
f low i n t o  a p l a s t i c  tube  c o n t a i n i n g  3.8% 
sodium c i t r a t e  ( 9  p a r t s  b lood;  1 p a r t  
c i t r a t e ) .  B lood was c e n t r i f u g e d  a t  room 
temperature a t  9009 f o r  1 0  minutes.  The 
PRP o b t a i n e d  was p laced  i n t o  aggrego- 
meter  tubes (0.45 ml ) and a1 lowed t o  
s t a b i l i z e  f o r  30 minutes p r i o r  t o  study. 
PRP tubes were capped t o  m in im ize  pH 

changes. Aggrega t ion  o f  PRP was meas- 
u r e d  w i t h  a Chronolog Aggregometer, 
s t i r r i n g  t h e  PRP c o n s t a n t l y  a t  37°C. 
Whole b lood  p l a t e l e t  counts  were i n  t h e  
normal range (250,000-300,000 mm3). 

P l a t e l e t  a c t i v a t i n g  f a c t o r  was ob- 
t a i  ned from Cal biochem (La J o l  1 a )  o r  
f rom Dr. J.  G o d f r o i d  ( p a r i s ) .  The mate- 
r i a l  was d i  sso l  ved i n  e i t h e r  60% e thano l  
o r  i n  80% c h l o r o f o r m  and 20% methanol.  
I n  t h e  volumes used (1-5 p1/0.45 ml 
PRP), t h e  s o l v e n t s  d i d  n o t  promote de- 
t e c t a b l e  aggrega t ion  o f  t h e  PRP. 

The calmodul i n  a n t a g o n i s t  W-7 [N-(6-  
ami nohexy1)-5-chl oro-1-?4aphtal ene 
s u l  fonamide] was purchased f rom R i  kaken 
Co., Nagoya, Japan. T h i s  compound i s  a 
p o t e n t  and s p e c i f i c  calmodul i n  antago- 
n i s t  ( 4 ) .  It was d i s s o l v e d  i n  d i s t i l l e d  
wa te r  and k e p t  a t  4°C. D i l u t i o n s  o f t h e  
s t o c k  s o l u t i o n  were made f r e s h  d a i l y .  
Exposure o f  t h e  PRP t o  t h e  s o l v e n t  i n  
volumes used i n  W-7 exper iments  (1-10 
~ 1 )  n e i t h e r  produced d e t e c t a b l  e aggre- 
g a t i o n ,  n o r  d i d  i t  a l t e r  t h e  normal ag- 
g r e g a t i o n  response t o  PAF. PRP samples 
were t r e a t e d  w i t h  W-7 f o r  5 minutes a t  
37°C i n  t h e  aggregometer p r i o r  t o  add i -  
t i o n  o f  PAF. The e f f e c t  o f  W-7 on PAF- 
induced aggrega t ion  was expressed as 
pe rcen t  i n h i b i t i o n  o f  t h e  response t o  
PAF o b t a i n e d  i n  t h e  absence o f  t h e a n t a -  
goni  s t  . 

R e s u l t s  - I n  c o n c e n t r a t i o n s  o f  6.0 - 
7 . ~ P A F  produced submaximal aggre- 
g a t i o n  o f  normal PRP, compared t o  t h e  
c o n s i s t e n t  maximum response seen w i t h  
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Fig. 1.  Typical dose-response curves f o r  i n h i b i t i o n  o f  PAF-induced 
aggregation o f  human p la te le ts  i n  v i t r o  produced by the calmodulin 
antagonist W-7. Each curve represents the response obtained from 
samples of  each o f  three normal subjects. 

3.4 pM ADP. Th is  c o n c e n t r a t i o n  o f  PAF 
i s  h i g h e r  than  t h a t  r e p o r t e d  t o  cause 
near maximum aggrega t ion  o f  washed rab -  
b i t  o r  guinea p i g  p l a t e l e t s  i n  v i t r o  
(1,2) o r  human PRP t e s t e d  under d i f f e r -  
e n t  c o n d i t i o n s  ( 3 ) .  

P re t rea tment  o f  t h e  PRP w i t h  W-7 f o r  
5  minutes p r i o r  t o  c h a l l e n g e  w i t h  PAF 
produced a  dose-dependent i n h i b i t i o n  o f  
t h e  normal PAF-induced aggrega t ion .  
F i g u r e  1  shows t h r e e  t y p i c a l  dose-res- 
ponse curves o b t a i n e d  on PRP samples 
from t h r e e  s u b j e c t s .  Under t h e  cond i -  
t i o n s  o f  these  exper iments ,  t h e  ED5, f o r  
t h i s  i n h i b i t o r y  e f f e c t  o f  W-7 ranged 
f rom 37.5 t o  32 uM. The mean ( +  SEM) 
va lue  f o r  f i v e  normal s u b j e c t s  t e s t e d  
was 51.5 + 9.5 pM. Complete i n h i b i t i o n  
was noted i n  a  c o n c e n t r a t i o n  o f  100 pM 

i n  t h e  samples t e s t e d .  

D iscuss ion  - The r e s u l t s  i n d i c a t e  t h a t  
PAF-induced aggrega t ion  o f  human PRP i s  
i n h i b i t e d  by c o n c e n t r a t i o n  o f  W-7 known 
t o  be s p e c i f i c  f o r  c a l  modul i n  i n t e r -  
a c t i o n  ( 4 ) .  

The ED5, f o r  W-7 i n h i b i t i o n  o f  human 
PRP aggrega t ion  induced by PAF i s  con- 
s i s t e n t  w i t h  t h e  n o t i o n  t h a t  PAF a c t i o n  
i s  dependent on ca lmodul in-mediated pro-  
cesses. It has been shown p r e v i o u s l y  
( 4 )  t h a t  W-7 i s  an e f f e c t i v e  a n t a g o n i s t  
o f  human p l a t e l e t  ca lmodu l in  dependent 
processes i n  t h e  c o n c e n t r a t i o n  range 
examined i n  t h e  p resen t  s tudy.  Thedrug  
a l s o  i s  capable o f  i n h i b i t i n g  p l a t e l e t  
aggrega t ion  induced by thrombin,  ADP and 
c o l l  agen ( 4 ) .  

W-7 i s  c h e m i c a l l y  u n r e l a t e d  t o  t h e  l o -  
c a l  a n e s t h e t i c s  and pheno th iaz ines ,  
which a1 so can i n h i b i t  calmodul in-depen- 
dent  processes (6 ,7) .  There i s  ev idence 
t h a t  W-7 b inds  t o  t h e  c a l c i u m  modulator  
p r o t e i n  complex w i t h  h i g h  a f f i n i t y  (KD= 
11 pM) ( 8 ) .  Compared t o  o t h e r  calmodu- 
l i n - i n t e r a c t i n g  drugs, W-7 appears t o  be 
t h e  most p o t e n t  i n  i t s  e f f e c t s  on p l a t e -  
l e t  aggrega t ion .  However, t h e  f a c t  t h a t  
W-7 a l s o  can i n h i b i t  aggrega t ion  induced 
by a  v a r i e t y  o f  s t i m u l a n t s  (e.g.,  ADP, 
thrombin,  c o l l  agen) ( 4 )  bes ides PAF sug- 
ges ts  i t  i s  n o t  a c t i n g  as a  s p e c i f i c  
" r e c e p t o r "  a n t a g o n i s t .  

The r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  a r e  
consonant w i t h  t h e  hypo thes is  t h a t  PAF 
aggrega t ion  o f  human p l a t e l e t s ,  i n  p a r t ,  
i s  calmodul i n-dependent. T h i s  adds f u r -  
t h e r  ev idence p o i n t i n g  t o  a  c r i t i c a l  
r o l e  o f  c a l c i u m  i n  m e d i a t i n g  t h e  e f f e c t s  
o f  PAF on p l a t e l e t  f u n c t i o n .  
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