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The Release of Platelet Factor 4 During Platelet Aggregat ion  and the Possible  S i g n i f i c a n c e  o f  this  
Reaction in Hemostas i s  

P l a t e l e t  f ac to r  4 (PF~) was  o r ig ina l ly  desc r ibed  as a n  
a n t i h e p a r i n  f ac to r  ~. NIEWlAROWSKI e t  al. ~ d e m o n s t r a t e d  
t h a t  t h i s  factor ,  o b t a i n e d  f rom pig  p la t e l e t s  in  a pur i f ied  
form,  neu t r a l i ze s  t h e  a n t i c l o t t i n g  ac t iv i t i e s  of f i b r inogen  
b r e a k d o w n  p r o d u c t s  ( a n t i t h r o m b i n  VI) .  F u r t h e r  inves t i -  
ga t i ons  s h a v e  s h o w n  t h a t  pu r i f i ed  PFa  is a p o t e n t  p a r e -  
c o a g u l a t i n g  agen t .  I t  induces ,  as  does  p r o t a m i n e  s u l p h a t e  
(PS),  n o n - e n z y m a t i c  c l o t t i n g  of so luble  f i b r in  m o n o m e r s  
complexes  w i t h  f ib r in  d e g r a d a t i o n  p roduc t s .  These  com-  
plexes  a re  i n t e r m e d i a t e  p r o d u c t s  of f ib r in  c lot  proteolys is .  
A m e t h o d  for  t h e  d e t e r m i n a t i o n  of PF~ based  u p o n  i ts  
p a r a c o a g u l a t i n g  ac t iv i ty ,  ha s  also been  descr ibed.  F i n a l l y  
i t  h a s  b e e n  o b s e r v e d  t h a t  b o t h  t h e  a n t i h e p a r i n  a n d  pa;ra- 
coagu l a t i ng  ac t iv i t i e s  of PF~ are  re leased  d u r i n g  aggrega-  
t ion.  i n d u c e d  b y  A D P ,  t h r o m b i n ,  col lagen,  s e ro ton in  a n d  
a d r e n a l i n e  a 

Moreover ,  we h a v e  i n v e s t i g a t e d  t h e  k ine t ics  of  t h e  
re lease  of P F t  d u r i n g  p l a t e l e t  agg r ega t i on  b y  A D P  a n d  
a d r e n a l i n e  (Figures  1 a n d  2). T h e  e x p e r i m e n t s  were per-  
f o r m e d  b y  a d d i n g  3.6 ml  of p l a t e l e t - r i ch  p l a s m a  ( P R P )  
a n d  0.4 m l  of t h e  a g g r e g a t i n g  a g e n t  to  t h e  p h o t o m e t e r  
cell. T h e  m i x t u r e  was  c o n s t a n t l y  s t i r red .  T h e  decrease  in 
op t i ca l  d e n s i t y  (O.D.) ~ a n d  increase  in  t h e  a n t i h e p a r i n  
a c t i v i t y  ~ were  r eco rded  a t  t h e  s a m e  t ime .  I t  c a n  b e  seen  
t h a t  t h e  re lease  of PF~ b y  A D P  a n d  b y  h i g h e r  a d r e n a l i n e  
c o n c e n t r a t i o n s  occurs  a t  t h e  m o m e n t  of v is ib le  agg rega t e  
fo rma t ion .  T h e  f ina l  a m o u n t s  of PF~ re leased  d e p e n d s  
u p o n  t h e  dose of A D P  or  ad rena l ine .  I t  c an  be  no t i ced  
t h a t  smal l  c o n c e n t r a t i o n s  of a d r e n a l i n e  (10-VM) do n o t  
re lease  s ign i f i can t  a m o u n t s  of PF~ whi le  p r o d u c i n g  f ine  
p l a t e l e t  aggrega tes .  

PF~, re leased  d u r i n g  aggrega t ion ,  is n o t  b o u n d  to  
p l a t e l e t  m e m b r a n e s  a n d  i t  is c o m p l e t e l y  r ecove red  in  t h e  
s u p e r n a t a n t  p l a s m a  a f t e r  c e n t r i f u g a t i o n  of a g g r e g a t e d  
p la te le t s .  T h e  T a b l e  shows a co r re l a t ion  b e t w e e n  t h e  
a n t i h e p a r i n  a n d  p a r a c o a g u l a t i n g  ac t iv i t i e s  t e s t e d  in t h e  

s u p e r n a t a n t  p l a s m a  a f t e r  p l a t e l e t  aggrega t ion .  
I t  is t h o u g h t  t h a t  PF~ m a y  p l a y  a doub le  role in  t he  

m e c h a n i s m  of p l a t e l e t  aggrega t ion .  
T h e  re lease  of PFa,  w h i c h  seems to  be  a bas ic  p ro t e in ,  

m a y  c h a n g e  t h e  sur face  p rope r t i e s  of p l a t e l e t  m e m b r a n e s .  
T h i s  f ac t  m a y  c o n t r i b u t e  to  t h e  c o m p l e x  m e c h a n i s m  of  
p l a t e l e t  a g g r e g a t i o n  a n d  to  t h e  m od i f i c a t i on  of t h e  
e lec t rok ine t i c  r e sponse  of p l a t e l e t s  to  agg r ega t i on  agen ts" .  
P F ,  is re leased  in al l  t y p e s  of a g g r e g a t i o n  excep t  those  in-  
d u c e d  b y  smal l  c o n c e n t r a t i o n s  of ad rena l ine .  T h e  l a t t e r  

t y p e  of a g g r e g a t i o n  ha s  also o t h e r  pecu l i a r  f ea tu re s  : t h e r e  
is no  re lease  of A D P  ~ a n d  no  c h a n g e  of p l a t e l e t  s h a p e  or  of 
p l a t e l e t  v o l u m e  s. 
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Release of PF 4 as measured in heparin - thrombin time and in 
paraeoagulation tests ~ 

Substance Aggregation Heparin Paraeoag- 
added to rate decrease thrombin ulation 
PRP in O.D. after time, sec O.D, units 

5 min 

Saline 0.00 32 0 

ADP 10-eM 0.50 15 27 
2 x t0 -7 M 0.40 18 20 
2 x 10-am 0.02 30 7 

Adrenaline 
2 x 10-~M 0.75 15 33 
2 x 10-SM 0.63 20 27 
2 x 10-7M 0.50 22 15 
2 x 10-SM 0.38 30 4 

"To test the paracoagulating activity of PF 4 in plasma, PRP was 
centrifuged to remove platelets, heated at 60°C for 10 min and 
dialyzed overnight against saline to remove citrate. The test was 
performed by mixing 0.1 ml of the dialyzate with 0.4 ml of fibrin 
lysate. O.D. changes were recorded after 2 min. Details of the 
method will be reported clsewhere 3. 
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Fig. 1.[Release of PF, during platelet aggre- 
gation by ADP (aggregation indicated by the 
arrows), o . . . .  o PRP + saline, + ~ +  PRP + 
ADP 3 x 10-7M, ~lL------h, PRP + ADP X 
10-8M, e ~ o  PRP + ADP × 10-SM. 
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Fig. 2. Release of PF, during platelet aggre- 
gation by adrenaline (aggregation indicated 
by the arrows), o . . . .  o PRP + saline, + - - +  
PRP + adrenaline 10-~M, ~lk . . . .  ~ PRP + 
adrenaline 10*M, o - - e  PRP + adrenaline 
10-¢M. 

T h e  second  poss ible  e x p l a n a t i o n  is t h a t  P F  4 m a y  in-  
duce  p a r a c o a g u l a t i o n  of so luble  f ibr in  m o n o m e r  com- 
p lexes  occur r ing  in t h e  p l a t e l e t  a t m o s p h e r e .  F o r m a t i o n  
of f ib r in  t h r e a d s  b e t w e e n  p l a t e l e t s  m a y  cause  t h e i r  
m u t u a l  a t t a c h m e n t .  I n  s u p p o r t  of these  d a t a  we m a y  
q u o t e  microscopic  o b s e r v a t i o n s  showing  p la t e l e t s  as 
cen t r e s  of f ib r in  t h r e a d  f o r m a t i o n  in t h e  h e m o s t a t i c  plug,  
a n d  SOLUM'S f ind ings"  on  t he  i n d u c t i o n  of p l a t e l e t  
a g g r e g a t i o n  b y  f ib r in  o l igomers .  

Rdsumd. N o u s  a v o n s  c o n s t a t 6  q u e  le f a c t eu r  p l a q u e t -  
t a i r e  4 es t  l ib6r6 au  d 6 b u t  d e l ' agg r6ga t ion  des  p l a q u e t t e s  
p a r  I ' A D P  e t  l ' ad r6na l ine .  Ce p h 6 n o m ~ n e  a pu  6t re  mis  en  
6v idence  e n  6 t u d i a n t  l ' a c t iv i t6  a n t i h ~ p a r i n i q u e  e t  l ' ac t i -  

v i t6  p a r a c o a g u l a n t e  (coagu la t ion  n o n  e n z y m a t i q u e  de 
complexes  solubles  de  m o n o m ~ r e s  de f ibr ine)  du  f ac t eu r  
p l a q u e t t a i r e  4. 
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P h o t o s y n t h e s i s  a n d  R e s p i r a t i o n  I I .  Ef fec t  of  3 - ( 3 , 4 - D i c h l o r o p h e n y l ) - l ,  1 - D i m e t h y l u r e a  a n d  of  P a r t i a l  
P r e s s u r e  of O x y g e n  on  the  R a t e s  of  C a r b o n  D i o x i d e  E x c h a n g e  in Light  and  in D a r k n e s s  of  D e t a c h e d  
W h e a t  L e a v e s  

I n  ou r  p r e v i o u s  work  1, we found  en t i r e ly  d i f f e ren t  
effects  of va r ious  m e t a b o l i c  i n h i b i t o r s  on  t h e  r a t e s  of CO s 
e v o l u t i o n  in  l i gh t  a n d  in  da rkness .  I t  is k n o w n  z t h a t  CO s 
e v o l u t i o n  in l i g h t  or  p h o t o r e s p i r a t i o n  is g r ea t l y  d e p e n d e n t  
on  t h e  o x y g e n  c o n c e n t r a t i o n  in a m b i e n t  a i r  ( s t imula t ion)  
whe rea s  d a r k  r e sp i r a t i o n  was  p rac t i ca l l y  u n a f f e c t e d  b y  
a n  o x y g e n  c o n c e n t r a t i o n  as low as 1%.  

The  p r e s e n t  s t u d y  was des igned  to  i n v e s t i g a t e  t h e  
s i m u l t a n e o u s  a c t i o n  of 3 - (3 ,4 -d ich lo ropheny l ) - l ,  1-di- 
m e t h y l u r e a  (DCMU) a n d  of p a r t i a l  p ressure  of o x y g e n  
on  t he  r a t e s  of COz e x c h a n g e  in l i gh t  a n d  in  d a r k n e s s  of 
d e t a c h e d  w h e a t  leaves.  D C M U  is a n  e x t r e m e l y  specific 
i n h i b i t o r  of p h o t o s y n t h e s i s  8 w h i c h  does n o t  in t e r fe re  w i t h  
t he  d a r k  r e sp i r a t i on  or  f e r m e n t a t i o n .  Therefore ,  us ing  t h e  
DCMU, one  c a n  e x p e c t  t h a t  a f t e r  su spens ion  of CO s up-  
t a k e  in  l ight ,  t h e  r a t e s  of CO s e v o l u t i o n  in l i gh t  or  in  
d a r k n e s s  m u s t  be  s imi la r  if t he se  2 processes  a re  ident ica l .  
Moreover ,  u s ing  o x y g e n  as  a s t i m u l a t i n g  f a c t o r  of CO s 
o u t p u t  in  l ight ,  we c an  obs e r ve  t h e  ef fec t  of p a r t i a l  
p ressu re  of o x y g e n  on  r e s p i r a t i on  b o t h  in  l i gh t  a n d  in  
d a r k n e s s  in  t h e  absence  of p h o t o s y n t h e s i s .  

D e t a c h e d  w h e a t  leaves  (Triticum vulgare Viii.  var .  
T h a t c h e r )  t a k e n  f rom 1 - m o n t h - o l d  p l a n t s  were used  as 
e x p e r i m e n t a l  ma te r i a l .  Measu r ing  t he  c a r b o n  d iox ide  ex- 
c h a n g e  ra t e s  b o t h  in l igh t  a n d  in da rkness ,  t he  app l i c a t i on  

of D C M U  to  t he  leaves  a n d  o t h e r  de ta i l s  of t h e  m e t h o d s  
used  in  t h e  p r e s e n t  s t u d y  were  iden t i ca l  to  t hose  desc r ibed  
in ou r  p r ev ious  p u b l i c a t i o n  1 

T h e  T a b l e  shows  t h e  s i m u l t a n e o u s  effect  of 10 -~ a n d  
1 0 - ~ M  of D C M U  a n d  1 a n d  100% of o x y g e n  o n  t h e  r a t e s  
of CO s e x c h a n g e  of w h e a t  leaves.  T h e  r a t e s  of a p p a r e n t  
p h o t o s y n t h e s i s  (APS) in a n  a t m o s p h e r e  of 100% o x y g e n  
were  a b o u t  80% lower  as c o m p a r e d  w i t h  those  in 1% 
oxygen .  The  r a t e s  of d a r k  r e sp i r a t i on  in b o t h  a t m o s p h e r e s  
of o x y g e n  were  s imilar ,  However ,  t h e  r a t e s  of p h o t o -  
r e sp i r a t i on  (PR)  were  v e r y  low in  1% Oz a n d  were  a b o u t  
30 t imes  h ighe r  in  100% O z. DCMU in  app l i ed  c o n c e n t r a -  
t ions  i n h i b i t e d  t he  r a t e s  of a p p a r e n t  p h o t o s y n t h e s i s  in  a n  
a t m o s p h e r e  of 1% 02 b y  a b o u t  90% as c o m p a r e d  w i t h  
t hose  in cont ro l ,  a n d  c o m p l e t e l y  in  t h e  p u r e  oxygen• T h e  
ra t e s  of d a r k  r e sp i r a t i on  (DR) were  p rac t i ca l l y  t h e  s a m e  
in  t h e  p resence  or  ab sense  of DCMU.  Af te r  i n h i b i t i o n  of 
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