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Summary


Factor V activation is a critical step preceding prothrombinase formation. This study determined the contributions of factor Xa and thrombin, which activate purified factor V with similar catalytic efficiency, to plasma factor V activation during coagulation. Prothrombin activation began without a lag phase after a suspension of coagulant phospholipids, CaCl2, and factor Xa was added to factor X-depleted plasma. Hirudin, a potent thrombin inhibitor, abrogated prothrombin activation initiated with 0.5 and 1.0 nM factor Xa, but not with 5 nM factor Xa. In contrast, hirudin did not abrogate prothrombin activation in plasmas pre-incubated with 0.5,1.0 or 5 nM α-thrombin for 10 s followed by the coagulant suspension containing 0.5 nM factor Xa. Thus, thrombin activates plasma factor V more efficiently than factor Xa. At concentrations which doubled the clotting time of contact-activated normal plasma, heparin and three low Mr heparins also abrogated prothrombin activation initiated with 0.5 nM factor Xa, but not with 5 nM factor Xa. If factor V in the factor X-depleted plasma was activated (by pre-incubation with 10 nM a-thrombin for 60 s) before adding 0.5,1.0, or 5 nM factor Xa, neither hirudin nor the heparins altered the rates of prothrombin activation. Thus, none of the five anticoagulants inactivates prothrombinase. When 5 or 10 pM relipidated r-human tissue factor and CaCl2 were added to normal plasma, heparin and the three low Mr heparins delayed the onset of prothrombin activation until the concentration of factor Xa generated exceeded 1 nM, and they subsequently inhibited prothrombin activation to the same extent. Thus, hirudin, heparin and low Mr heparins suppress prothrombin activation solely by inhibiting prothrombinase formation.






 

[bookmark: ]

[bookmark: N10A54]
	
References


	
[bookmark: JR_1]1 

            Hirsh J. 
          
Heparin. N Engl J Med 1991; 324: 1565-1574 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_2]2 

            Hirsh J, 
          

            Levine MN. 
          
Low molecular weight heparin. Blood 1992; 79: 1-17 





PubMedGoogle Scholar





	
[bookmark: JR_3]3 

            Hull RD, 
          

            Raskob GE, 
          

            Pineo GF, 
          

            Green D, 
          

            Trowbridge AA, 
          

            Elliot CG, 
          

            Lerner RG, 
          

            Norton J, 
          

            Carter CJ, 
          

            George R, 
          

            Merli G, 
          

            Ward J, 
          

            Mayo W, 
          

            Rosenbloom D, 
          

            Brant R. 
          
Subcutaneous low-molecular-weight heparin compared with continuous intravenous heparin in the treatment of proximalvein thrombosis. N Engl J Med 1992; 326: 975-982 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_4]4 

            Prandoni P, 
          

            Lensing AWA, 
          

            Buller HR, 
          

            Carta M, 
          

            Cogo A, 
          

            Vigo M, 
          

            Casara D, 
          

            Roul A, 
          

            ten Cate JW. 
          
Comparison of subcutaneous low-molecular-weight heparin with intravenous standard heparin in proximal deep-vein thrombosis. Lancet 1992; 339: 441-445 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_5]5 

            Estivals M, 
          

            Pelzer H, 
          

            Sié P, 
          

            Pichon J, 
          

            Boccalon P, 
          

            Boneu B. 
          
Prothrombin fragment 1+2, thrombin-antithrombin III complexes and D-dimers in acute deep vein thrombosis: effects of heparin treatment. Br J Haematol 1991; 78: 421-424 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_6]6 

            Ofosu FA, 
          

            Leclerc J, 
          

            Delorme F, 
          

            Craven S, 
          

            Shafai S, 
          

            Frewin L, 
          

            Blajchman MA. 
          
The low molecular weight heparin Enoxaparin inhibits the consumption of factor VII and prothrombin activation in vivo associated with elective knee replacement surgery. Br J Haematol 1992; 82: 391-399 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_7]7 

            Ofosu FA, 
          

            Sié P, 
          

            Modi J, 
          

            Hirsh J, 
          

            Fernandez F, 
          

            Buchanan MR, 
          

            Blajchman MA, 
          

            Hirsh J. 
          
The inhibition of thrombin-dependent positive-feedback reactions is critical to the expression of the anticoagulant effect of heparin. Biochem J 1987; 243: 579-588 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_8]8 

            Beguin S, 
          

            Lindhout R, 
          

            Hemker HC. 
          
The mode of action of heparin plasma. Thromb Haemost 1988; 60: 457-462 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR_9]9 

            Ofosu FA, 
          

            Hirsh J, 
          

            Esmon CT, 
          

            Modi GJ, 
          

            Smith LM, 
          

            Anvari N, 
          

            Buchanan MR, 
          

            Fenton IIJW, 
          

            Blajchman MA. 
          
Unfractionated heparin inhibits thrombin-catalysed amplification reactions of coagulation more efficiently than those catalysed by factor Xa. Biochem J 1989; 257: 143-150 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_10]10 

            Yang X, 
          

            Blajchman MA, 
          

            Craven S, 
          

            Smith LM, 
          

            Anvari N, 
          

            Ofosu FA. 
          
Activation of factor V during intrinsic and extrinsic coagulation. Biochem J 1990; 272: 399-406 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_11]11 

            Béguin S, 
          

            Dol F, 
          

            Hemker HC. 
          
Factor IXa inhibition contributes to the heparin effect. Thromb Haemost 1991; 66: 306-309 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR_12]12 

            Bauer KA, 
          

            Kass BL, 
          

            ten Cate H, 
          

            Hawiger JJ, 
          

            Rosenberg RD. 
          
Factor IX is activated in vivo by the tissue factor mechanism. Blood 1990; 76: 731-736 





PubMedGoogle Scholar





	
[bookmark: JR_13]13 

            Davie E, 
          

            Fujikawa K, 
          

            KiSiél W. 
          
The coagulation cascade: initiation maintenance, and regulation. Biochemistry 1991; 130: 10363-10370 





PubMedGoogle Scholar





	
[bookmark: JR_14]14 

            Jesty J, 
          

            Silverberg SA. 
          
Activation of coagulation factors IX and X in a bovine plasma system. J Biol Chem 1979; 254: 12337-12345 





PubMedGoogle Scholar





	
[bookmark: JR_15]15 

            Monkovic DD, 
          

            Tracy PB. 
          
Activation of human factor V by factor Xa and thrombin. Biochemistry 1990; 29: 1118-1128 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_16]16 

            Rao LVM, 
          

            Rapaport SI, 
          

            Hoang AD. 
          
Binding of factor Vila to tissue factor permits rapid antithrombin III/heparin inhibition of factor Vila. Blood 1993; 81: 2600-2607 





PubMedGoogle Scholar





	
[bookmark: JR_17]17 

            Modi GJ, 
          

            Blajchman MA, 
          

            Ofosu FA. 
          
The isolation of prothrombin, factor IX and factor X from human factor IX concentrates. Thromb Res 1984; 36: 537-547 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_18]18 

            Jesty J, 
          

            Nemerson Y. 
          
The activation of bovine coagulation factor X. Methods Enzymol 1976; XLV Part B 95-107 





PubMedGoogle Scholar





	
[bookmark: JR_19]19 

            Pelzer H, 
          

            Schwartz A, 
          

            Stuber W. 
          
Determination of human prothrombin activation fragment 1+2 in plasma with an antibody against a synthetic peptide. Thromb Haemost 1991; 65: 153-159 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR_20]20 

            Ofosu FA, 
          

            Smith LM, 
          

            Anvari N, 
          

            Blajchman MA. 
          
An approach to assigning in vitro potency to unfractionated and low molecular weight heparins based on the inhibition of prothrombin activation and catalysis of thrombin inhibition. Thromb Haemost 1988; 60: 193-198 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR_21]21 

            Ofosu FA. 
          
In vitro and ex vivo activities of CY216: comparison with other low molecular weight heparins. Haemostasis 1990; 20: 180-192 





PubMedGoogle Scholar





	
[bookmark: JR_22]22 

            Ofosu FA, 
          

            Fenton II JW, 
          

            Maraganore J, 
          

            Blajchman MA, 
          

            Yang X, 
          

            Smith LM, 
          

            Anvari N, 
          

            Buchanan MR, 
          

            Hirsh J. 
          
Inhibition of the amplification reactions of blood coagulation by site-specific inhibitors of α-thrombin. Biochem J 1992; 283: 893-897 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_23]23 

            Ofosu FA, 
          

            Choay J, 
          

            Anvari N, 
          

            Smith LM, 
          

            Blajchman MA. 
          
Inhibition of factor X and factor V activation by dermatan sulfate and the synthetic pentasaccharide with high affinity to antithrombin III. Eur J Biochem 1990; 193: 485-493 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_24]24 

            Peiters J, 
          

            Lindhout T. 
          
The limited importance of factor Xa inhibition to the anticoagulant property of heparin in thromboplastin-activated plasma. Blood 1988; 72: 2048-2052 





PubMedGoogle Scholar





	
[bookmark: JR_25]25 

            Béguin S, 
          

            Mardiguian J, 
          

            Hemker HC. 
          
The mode of action of low molecular weight heparin^preparation (PK1069) and two of its major components on thrombin generation in plasma. Thromb Haemost 1989; 61: 30-34 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR_26]26 

            Ellis V, 
          

            Scully MF, 
          

            Kakkar VV. 
          
The acceleration of the inhibition of platelet prothrombinase complex by heparin. Biochem J 1986; 233: 161-165 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_27]27 

            Barrowcliffe TW, 
          

            Havercroft SJ, 
          

            Kemball-Cook G, 
          

            Lindahl U. 
          
The effect of Ca2+, phospholipid and factor V on the anti-(factor Xa) activity of heparin and its high-affinity oligosaccharides. Biochem J 1987; 243: 31-37 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR_28]28 

            Schoen P, 
          

            Lindhout T, 
          

            Willems G, 
          

            Hemker HC. 
          
Anti thrombin III-dependent antiprothrombinase activity of heparin and heparin fragments. J Biol Chem 1989; 264: 10002-10007 





PubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 54.145.170.113
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  