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The effect of plasmin and trypsin on the activation of phospholipase and the action of phospholipase 
A (cobra venom) on the response  of liberation and aggregation of red cells and platelets were 
studied. Trypsin and fibrinolysin activate phospholipase, and this is accompanied by the accumu- 
lation of nonesterif ied fatty acids in the blood serum. Phospholipase A induces l iberation of 
thromboplast ic  factor  f rom red cells  and platelets and also their  aggregation. Aggregation is 
inhibited by albumin and EDTA. It is postulated that the action of proteolytic enzymes on the 
blood cells is mediated through activation of phospholipase. 
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Several pathological s tates accompanied by marked features of hypoxia, acidosis,  and hyperadrenal inemia 
(shock, terminal  states,  acute card iovascular  failure, etc.), are accompanied by significant activation of pro-  
teolysis and by thromboembolic  complicat ions [ 3J. Trypsin  and fibrinolysin have been shown to potentiate the 
liberation of platelets and their  aggregation and to change their shape [8, 10]. Meanwhile, their action on red 
cells has been inadequately studied [ 1, 2]. The urgency of these investigations is also determined by the fact 
that proteolytic enzymes are  widely used clinically for the t reatment  of thrombosis .  

An essential  factor  in the mechanism of action of proteolytic enzymes on blood cells could be phospholi- 
pase activation. It has been shown, in par t icular ,  the trypsin activates prophospholipase,  which is present  in 
the se rum and in membranes  of red cells [6, 11]. Activation of phospholipase causes  hydrolysis  of the mem-  
brane phospholipids of platelets and their  aggregation [4]. Treat ing red cells with phospholipase A modifies 
the surface layers  of the membrane  and includes the polar  lipids within the hydrophobic lipid region [ 14]. 

The object of the investigation descr ibed below was to study the action of proteolytic enzymes (plasmin, 
trypsin) on phospholipase ana the effect of the lat ter  on the liberation ana aggregation of red cells  and platelets. 

EXPERIMENTAL METHOD 

Phospholipase activity was estimated from the accumulation of nonesterified fatty acids (NEFA) in the 
serum [5] after its incubation for 45 min at 37~ with trypsin (0.5 mg/ml) or fibrinolysin (i000 units/ml). 
Aggregation of platelets (in platelet-enriched plasma, with a mean concentration of 200,000-300,000/ram 3) was 
studied photometrically in an aggregometer. The degree of aggregation was estimated from the maximal am- 
plitude of the aggregation curve (MA) and its rate from the time required to reach the maximal amplitude (T). 
Aggregation of red cells also was investigated in an aggregometer. Washed red ceils, diluted with physiologi- 
cal saline in the ratio of 1:400, were used. The source of phospholipase A was the venom of the cobra Naja naja 
(33 # g/ml), preliminarily heated to 90~ for I0 rain to inactivate proteolytic enzymes. The inhibitors of ag- 
gregation were albumin (10-20 mg/ml) and EDTA (2 mg/ml). The reaction of liberation of thromboplastic 
factor was studied with the aid of Lebetox (venom of the viper Vipera lebetina). For this purpose, a suspension 
of washed red cells (I ml) and platelet-enriched plasma (0.8 ml) was first incubated with phospholipase A for 
40 rain at 37~ The platelets and red ceils were then washed twice, resuspended in 0.3 ml physiological saline, 
and disintegrated by repeated freezing and thawing. 
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E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

U n d e r  the in f luence  of t r y p s i n  and f i b r o l y s i n  N E F A  a c c u m u l a t e d  in the s e r u m ,  e v i d e n c e  of the a c t i v a t i n g  
ac t ion  of t h e s e  e n z y m e s  on p h o s p h o l i p a s e .  Wi th  an i n c r e a s e  in the  c a l c i u m  c o n c e n t r a t i o n  in the incuba t ion  
m e d i u m  th i s  e f fec t  i n c r e a s e d  (Tab le  1). 

Add i t ion  of p h o s p h o l i p a s e  to p l a t e l e t - e n r i e h e d  p l a s m a  o r  to the r e d  c e l l  s u s p e n s i o n  led to s i g n i f i c a n t  
a g g r e g a t i o n  of t h e  blood c e i l s .  EDTA and a l b u m i n  inh ib i t ed  a g g r e g a t i o n  of both  p l a t e l e t s  and r e d  c e l l s ,  
s t i m u l a t e d  b y  p h o s p h o ! i p a s e  A (Tab le  2). 

P h o s p h o l i p a s e  A a l so  c a u s e d  l i b e r a t i o n  of t h r o m b o p l a s t i c  f a c t o r  f r o m  r e d  c e l l s  and p l a t e l e t s  (Table  3). 

A c t i v a t i o n  of p r o t e o l y s i s  was  thus  a c c o m p a n i e d  by an i n c r e a s e  in p h o s p h o l i p a s e  ac t iv i ty .  T h i s ,  in turn ,  
c a u s e d  a g g r e g a t i o n  of  the b lood c e i l s .  The  a g g r e g a t i n g  ac t ion  of p h o s p h o l i p a s e  A was  b locked  by s u b s t a n c e s  
b ind ing  c a l c i u m  (in t h e s e  e x p e r i m e n t s ,  EDTA).  

The  m e c h a n i s m  of the a g g r e g a t i n g  ac t i on  of p h o s p h o l i p a s e  has  not  been  exp la ined .  A c c o r d i n g  to Gleen  
e t  al .  [ 7 ] ,  the add i t i on  of p h o s p h o l i p a s e  to p l a t e l e t s  s t i m u l a t e s  p r o s t a g l a n d i n  s y n t h e s i s .  T h e  c y c l i c  e n d o p e r o x -  
i d e s  f o r m e d  u n d e r  t h e s e  c i r c u m s t a n c e s  a r e  at p r e s e n t  a s c r i b e d  an i m p o r t a n t  r o l e  in the 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  [ 9] .  The p r e s e n t  r e s u l t s  s u g g e s t  tha t  p r o s t a g l a n d i n  s y n t h e s i s  i s  not  the d e c i s i v e  f a c t o r  in the a c -  
t ion of p h o s p h o l i p a s e  on a g g r e g a t i o n ,  fo r  i t  a g g r e g a t e s  both  p l a t e l e t s  and r e d  c e l l s  equa l ly .  Two f a c t o r s  m a y  
p l ay  the m a i n  r o l e  in the m e c h a n i s m  of i t s  ac t ion  on the blood c e i l s .  F i r s t ,  p h o s p h o l i p a s e  A c a u s e s  h y d r o l y s i s  
of the l i p i d s  which a r e  the  m a i n  c o m p o n e n t s  of the  m e m b r a n e .  The  l i b e r a t i o n  r e a c t i o n  t a k e s  p l a c e  as  soon as  
l e s s  than 5% of  the m e m b r a n e  p h o s p h o l i p i d s  have  been  h y d r o l y z e d  [ 13] .  The  a l t e r a t i o n  of the m e m b r a n e  
s t r u c t u r e  l e a d s  to the a p p e a r a n c e  of " n e e d l e "  o r  " s p i n o u s "  f o r m s  of c e l l s  which,  in tu rn ,  p r o m o t e s  a g g r e g a -  
t ion of the r e d  c e i l s  and p l a t e l e t s .  Second ,  h y d r o l y s i s  of m e m b r a n e  p h o s p h o l i p i d s  by p h o s p h o l i p a s e  A c a u s e s  
the  a p p e a r a n c e  of l y s o  f r a c t i o n s :  l y s o t e c i t h i n  and l y s o p h o s p h a t i d y l e t h a n o l a m i n e .  T h e s e  h y d r o l y s i s  p r o d u c t s  

T A B L E  1. E f f e c t  of T r y p s i n  and F i b r i n o l y s i n  on NEFA C o n c e n t r a t i o n  ( i n / z e q / m l )  in 
Blood S e r u m  (M • m) 

Incubation with trypsin Incubation with Incubation with fibrino- 
leveIInitial Incubation with trypsin and calcium fibrinolysin lysin and calcium 

0,46-+0,02 
P 

I 
0,76--- + 0,02 ] 1,04-- 0,04 

<0,001 I <0,001 
0,83-+0,02 

<0,001 
1,13-+0,03 

<0,001 

T A B L E  2. E f f e c t  of P h o s p h o l i p a s e  A on A g g r e g a t i o n  of P l a t e l e t e s  a n d R e d  C e l l s  (M~-m) 

I Platelet-enriched ~lasma Suspension of washed red cells 
Substances added MA, mm T, rain MA, mm T, men 

Phospholipase 
Phospholip ase + EDTA 

P 
Phospholipase § albumin 

P 

39,8 -+- 1,36 
2,1+---0,67 
<0,001 
5,5-'- 1,37 
<0,001 

18,8-----0,84 
10,1-----3,00 
<0,01 

11,3• 2,89 <0,01 

38,0-- + 1,36 
3,7+--- 1,86 
<0,001 
3,8-+ 1,08 
<0,001 

22,2-----0,90 
5,0------2,51 
<0,001 

11,9 + 2,68 
>0,1 

T A B L E  3. C o n c e n t r a t i o n  of T h r o m b o p l a s t i c  
F a c t o r  in Red C e l l s  and P l a t e l e t s  a f t e r  
T h e i r  Incuba t ion  wi th  P h o s p h o l i p a s e  A 
(M • m) 

Activity of thromboplastic 
Time of factor, % 
testing platelet-enriched I suspension of 

plasma : washed red ceils 

I' 
Before incubation 100 10(1 
After incuba- 

73,6"-2,0 75,2~2,2 tion P <0,001 <0,001 
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also promote aggregation, changes in the membrane structure of the cells, and hemolysin of red cells [ 12]. 
This mechanism is evidently fundamental to the action of phospholipase, for aggregation was inhibited by 
albumin, which binds the hydrolysis products of phospholipids. 
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