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R O L E  O F  I N T E R M E D I A T E  P R O D U C T S  O F  P R O T H R O M B I N  

P R O T E O L Y S I S  BY T H R O M B I N  IN S T I M U L A T I O N  O F  T H E  

A N T I C L O T T I N G  S Y S T E M  

B~ A .  K u d r y a s h o v ,  So Me S t r u k o v a ,  
A .  So O r l o v a ,  a n d  L .  A o L y a p i n a  

UDC 612.115.3:612.111 

Two components  were  isolated f rom the products  of pro teolys is  of pro thrombin  by immobi l ized 
thrombin:  in te rmedia te  product  1 (Pl)  which, under suitable conditions, can be t r a n s f o r m e d  into 
thrombin,  and product  2 (P2), which does not have this proper ty .  After  intravenous injection of 
P1 into r a t s  the total  clott ing t ime  and the p lasma  reca lc i f ica t ion  t ime  were  lengthened. The to-  
tal  f ibrinolyt ic  act ivi ty (TFA) and the level  of f ibrinogen degradat ion products  were  ra i sed ,  the 
f ibrinogen concentra t ion was lowered,  and the degree  of nonenzymic f ibr inolys is  and its con t r i -  
bution to TFA r o s e  sharply .  Mobilization of the anticoagulant and fibrinolytic potential of the 
body was due to the r e sponse  of the second anticlott ing sys t em.  Intravenous injection of P2 or 
p ro thrombin  into r a t s  did not s t imula te  this sys t em.  
KEY WORDS: pro thrombin;  in te rmedia te  products  1 and 2; second anticlott ing sys tem.  

The pr incipal  agent s t imulat ing the function of the second anticlott ing sy s t em (SAS) is th rombin  [3]. 
Thrombin  p repa ra t ions ,  which differ in the i r  degree  of purif icat ion but possess  equal clott ing activi ty by their  
d i r ec t  action on ch em orecep t o r  zones or a f ter  intravenous injection, evoke a r e sponse  f rom the body which may 
va ry  in degree  [1, 2]~ The s t ronges t  effect  is obse rved  a f te r  injection of unpurified, c rude  th rombin  p r e p a r a -  
t ions,  In this connection the question a r i s e s  of the ro le  of in te rmedia te  products  of pro thrombin  act ivat ion in 
s t imulat ing the function of SAS. P roduc t s  of p ro teo lys i s  of p ro thrombin  by immobi l ized thrombin were  obtained 
in a previous  investigation [5]: ' in te rmedia te  product  1 (P1) and product  2 (P2). In te rmedia te  product 1 (mol. 
wt. 50,000) was slowly conver ted  into thrombin  in vi t ro  under the influence of act ive factor  X or t rypsin ,  but the 
r a t e  of thrombin  generat ion inc reased  when a re la t ive  excess  of fac tor  Y, thromboplas t in ,  and Ca ions was 
added. Before  P1 can exhibit  clott ing activi ty it had to shed a f r agment  with molecu la r  weight of 13,000 and one 
additional peptide bond ( A r g - I l e )  in the molecule  had to be ruptured .  Unlike the P l  f ragment ,  P2 is not a 
th rombin  p r e c u r s o r  [5, 9]. 

In this  invest igat ion the ro le  of these  products  of pro thrombin  p ro teo lys i s  in act ivat ion of the SAS was 
studied. 
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t ic le  submit ted  J anua ry  14, 1975. 
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E X P E R I M E N T A L  M E T H O D  

Pro thrombin  obtained by the method descr ibed previously [5] was homogeneous on e leet rophores is  in 
polyacrylamide gel and had an activity of 1500 Ng-I uni t s /mg protein. Pro thrombin  was activated by thrombin 
immobilized on Sepharose 4B, and P1 and P2 were  isolated from the proteolysis  products by chromatography 
on DEAE-cel lulose  [5]~ Neither P l  n o r P 2 p o s s e s s e d  clotting or es te rase  activity and they were homogeneous 
on e lec t rophores is  in polyacrylamide gel in the presence of sodium dodecylst~lfate. The preparat ions for tes t -  
ing were injected into the jugular vein of male albino ra ts  weighing 180-200 g. Before,  and at various time in- 
tervals  after injection,blood samples were taken and the total clotting time, plasma recalci f icat ion time, and 
thrombin t ime were  measured  by the usual methods, the fibrinogen concentrat ion determined as in [7], the l e w  
el of fibrinogen degradation products as in [8], fibrinolytic activiW as in [6], and total fibrinolytic activity (TFA) 
and nonenzymic fibrinolysis (NF) as in [4]. Physiological  saline was injected into the control  animals. 

E X P E R I M E N T A L  R E S U L T S  

Addition of P l  to plasma in a final concentrat ion of 1o4 ~ 10-~-8.0 �9 10 -s M in vitro did not cause it to clot. 
No change took place either in the plasma TFA and NFo 

Five minutes after intravenous injection of P1 in a dose of 2.5 mg/kg body weight (final concentration 
1 .4 .10 -~ M) the total clotting t ime was lengthened f r o m  69 to 136 sec (P < 0.001) and the thrombin time from 40 
to 75 sec (P < 0.001); the plasma recalc i f icat ion time increased from 98 to 155 sec (P < 0.001). In addition, 
there was a small  (by 20%) but s tat is t ical ly significant (P < 0o001) decrease  in the fibrinogen concentration 5 
and 15 min after injection of P1, which disappeared after 60 min. The concentration of fibrinogen degradation 
products rose  from 156 to 278 mg ~c (P < 0~ 5 rain after injection of P l ,  and it still remained high after  15 
rain (234 mg %; P < 0o001). The appearance of P l  in the blood s t ream led to a rapid and considerable increase  
in TFA (Table 1), which ref lec ts  the activity of plasmin, plasminogen act ivators ,  and complexes of heparin with 
proteins in the blood and with biogenic amines~ Nonenzymic fibrinolysis also was increased by three to five 
t imes .  Whereas the contribution of NF to TFA in the control was about 30~c, in the experimental  ser ies  it was 
increased to 60-70~c. This effect is evidence of considerable activation of the SAS. A high level of fibrinolytie 
activity still pers is ted  15 rain after injection of P1, but it re turned to normal  after 60 min. 

Intravenous injection of prothrombin in a dose of 2.5 mg/kg body weight or of P2 in a dose of 1.5 mg/kg 
body weight caused no significant change in the state of the clotting and anticlotting sys tems (Table 2). 

Since the prothrombin P l  f ragment  in vitro is not a fibrinolytic agent and cannot cause clot formation 
because of the absence of active factor  X in the plasma, mobilization of the anticoagulant and fibrinolytic poten- 
tial of the body following intravenous injection of P l  is due to activation of the SAS. Whether this effect takes 
place in response  to the direct  action of P l  on the chemoreceptor  zones or indirectly through the rapid genera-  
tion of thrombin only further investigations will show. The f i rs t  hypothesis seems the more likely. 
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