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Generall  Introduction and outline of the thesis 

NewNew insights on the coagulation cascade 

Recentt experimental and clinical studies have revealed new insights in the physiology and 

pathophysiologyy of the initiation of blood coagulation. The coagulation cascade 

predominantlyy proceeds by the tissue factor-factor Vil a pathway. ' Small amounts of 

activatedd serine protease factor VII (factor Vila) bind to tissue factor, exposed to the blood 

ass a consequence of vascular disruption or expressed on mononuclear cells during 

inflammatoryy challenge. The tissue factor-factor Vil a complex is able to generate factor 

Xaa via direct activation of factor X or indirectly following the activation of factor IX ' and 

subsequentt formation of the tenase complex with the activated co-factor factor VIII . 

Activatedd factor X forms a complex with activated factor V and calcium ions on a 

phospholipidd membrane surface. This complex (the so called prothrombinase-complex) 

catalyzess the conversion of prothrombin in thrombin. 

Duringg the final step in the coagulation cascade, thrombin converts fibrinogen into fibrin 

andd activates factor XII I which subsequently cross-links soluble fibrin monomers to form 

thee insoluble fibrin network. Furthermore, thrombin enhances its own generation by 

activatingg factors V, VII I and XI (Figure 1). These amplification loops are essential for the 

formationn of a stable fibrin clot. At the same time, the generation of thrombin initiates the 

dynamicc pathway of anticoagulation, in order to limit and localize the formation of the 

hemostaticc plug or thrombus at the site of vessel-wall disruption. 

Thee majority of the natural anticoagulants are directed against the formation or action of 

thrombinn and exert their function through various pathways. The first discovered 

thrombin-inhibitionn pathway consists of activation by thrombin of antithrombin, a serine 

proteasee that forms inhibitor complexes with thrombin and other serine proteases such as 

factorr IXa or factor Xa, thereby effectively scavenging the remaining protease activity and 

inactivatingg free coagulation factor activity. Another regulatory pathway is activated by 

complexx formation between thrombin and thrombomodulin, which activates plasma 

proteinn C to activated protein C (APC), which in the presence of its cofactor protein S 

proteolyticallyy cleaves and inactivates factor V(a) and factor Villa , thereby inhibiting 

thrombinn generation. Finally, the most recently unravelled anticoagulant pathway consists 

off  tissue factor pathway inhibitor (TFPI), which interacts rapidly with the tissue factor-

factorr Vila-factor Xa complex to block the tissue factor-initiated activation of both factors 

IXX and factor X. 

-2--
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Tissuee Factor 

+ + 

factorr Vil a 

factorr IX -**  factor X 

++ factor VII I 

factorr XI -* 

++ factor V 

Thrombin n 

Fibrin n 

FigureFigure 1. The revised model of the coagulation cascade 

TheThe fibrinolytic system 

Oncee the formation of a fibrin network is completed in order to recover integrity of the 

circulatoryy system, the vessel wall must resume its normal function. Hereafter, the stable 

plugg of polymerized fibrin has to be degraded into fibrin degradation products (FDP's) by 

aa process which is called fibrinolysis. Briefly, the pivotal step in the process of fibrinolysis 

iss the conversion of plasminogen into plasmin. This conversion is mediated by two 

physiologicall  plasminogen activators: tissue-type plasminogen activator (t-PA) and 

urokinase-typee plasminogen activator (u-PA), both synthesized and released from vascular 

endotheliall  cells. Tissue-type-PA has a weak affinity for plasminogen in the absence of 

fibri nn (Km = 65 fiM), but in the presence of fibrin, the affinity of t-PA for plasminogen is 

muchh higher with a Km between 0.15 and 1.5^iM, which facilitates the conversion of clot 

boundd plasminogen to plasmin and localizes the fibrinolyti c activity. ' 

Thee fibrinolyti c process is regulated by the protease inhibitors plasminogen activator 

inhibitorr type-1 (PAI-1) and a2-antiplasmin. PAI-1 is present in plasma, in endothelial cells 

and,, in large quantities, in a-granules of platelets and is released in plasma upon platelet 

activation.. PAI-1 binds to t-PA and u-PA, resulting in the formation of an inactive 

enzyme-inhibitorr complex. Moreover, PAI-1 is retained within a thrombus by binding to 

fibrin,, thereby protecting the clot against thrombolysis. Alpha-2-antiplasmin is a serine 
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proteasee inhibitor which is incorporated into a clot by thrombin-activated factor XIII . 

Thee serine protease inhibitor is the most important and rapid inhibitor of free plasmin in 

thee blood. If plasmin is bound to the fibrin surface, however, its inactivation by a.r 

antiplasminn is 50 times slower. 

Recentt in vitro studies have identified a third inhibitor of the fibrinolytic system: 

thrombin-activatablee fibrinolysis inhibitor (TAFI) or carboxypeptidase B, which is 

activatedd by thrombin and exerts its function by removing the C-terminal lysine binding 

sitess on various proteins in order to prevent binding to plasminogen. ' 

InterventionsInterventions in the coagulation and fibrinolytic system. 

Anticoagulantt therapy has been successfully used for more than 60 years in clinical 

practice.. Historically, three different approaches to inhibit coagulation have emerged: 1. 

selectivee and (in)direct inhibition of the different activated coagulation factors; 2. 

inhibitionn of the vitamin K-dependent synthesis of coagulation factors and 3. interventions 

aimedd at enhancement of the fibrinolytic system. On the other hand, much effort has been 

devotedd to develop safe and effective therapeutic strategies that can be applied in patients 

whoo experience (severe) bleeding. Two different approaches have been used: 1. suppletion 

off  different (recombinant) coagulation factors and/or platelets and 2. inhibition of the 

fibrinolyti cc system. 

Despitee their proven efficacy as therapy for thromboembolic disease and bleeding, the 

anticoagulantt and pro-hemostatic therapies that are currently used in clinical practice are 

relativelyy non-specific and frequently associated with adverse side-effects. Over the years, 

however,, different studies in animals and humans have enabled us to specifically assess the 

rolee of various coagulant or fibrinolytic activators and inhibitors in the pathophysiology 

off  various clinical conditions. Therefore, it has become possible to develop more specific 

interventionss in the systems of coagulation and fibrinolysis, which may result in the 

developmentt of more effective and specific therapy for clinical conditions in which 

coagulationn and/or fibrinolysis appear to be of importance. 

Thiss thesis describes studies that evaluate the efficacy and safety of novel pro-coagulant 

andd anticoagulant agents and strategies in animals, patients and healthy volunteers. 

OutlineOutline of the thesis 

Thee general aim of the studies reported in this thesis was to evaluate the effects of various 

interventionss on different steps in the coagulation system in order to enhance the current 

therapeuticc strategies in patients with hemostatic defects. Chapters two to seven are aimed 

att the evaluation of anticoagulant strategies, whereas chapters eight to thirteen are focussed 

onn pro-coagulant interventions. 
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Inn the first chapters, an in vivo rabbit venous thrombosis model was used to evaluate 

propertiess of new specific anticoagulant agents. Chapter  2 describes the sustained 

antithromboticc effect of several selective, antithrombin-independent thrombin inhibitors, 

suchh as CVS#995, hirudin and hirulog-1 and specific inhibitors of factor Xa. The 

antithromboticc properties of another direct thrombin inhibitor are described in Chapter 
3.. The agent S 18326 induces a greater reduction in thrombus growth as compared with 

LMWH .. One of the major disadvantages of all thrombin inhibitors that are currently 

available,, is the necessity of parenteral administration, due to the low and unpredictable 

bioavailabilityy after oral administration. This drawback obviously hampers the long-term 

treatmentt of patients with these compounds. Therefore, in Chapter  4, the properties of a 

directt thrombin inhibitor, BSF 208791 with a promising bioavailability after oral ingestion 

aree described. The agent showed a superior antithrombotic effect, compared with PEG-

Hirudinn and LMWH, without affecting the bleeding time. Moreover, BSF 208791 reduced 

thrombuss growth after oral administration, which makes the agent a promising candidate 

forr future oral antithrombotic therapy. Chapter  5 evaluates enhancement of fibrinolysis 

inducedd by an inhibitor of PAI-1 (XR5118). The agent binds to PAI-1 and reduces plasma 

PAI-11 activity levels. Moreover, XR5118 was shown to promote thrombolysis and inhibit 

thrombuss growth. The study confirms the hypothesis that thrombus growth can be 

reducedd by blocking PAI-1-induced fibrinolysis inhibition. In Chapter  6, the effects of 

recombinantt apolipoprotein (a) (r-apo(a)) on thrombolysis are described. The 

administrationn of r-apo(a), significantly reduced endogenous fibrinolysis, thereby 

providingg the "in vivo support" for the hypothesis that the atherothrombotic effect of 

Lp(a),, which contains apo(a), is partly caused by inhibition of fibrinolysis. The role of 

factorr XI as an anti-fibrinolytic factor was studied in Chapter  7. The in vivo study showed 

thatt inhibition of factor XI activity by specific anti-factor XI antibodies could enhance 

endogenouss thrombolysis in an experimental venous thrombosis model in rabbits, thereby 

demonstratingg an anti-fibrinolytic role of factor XI, most likely due to diminished 

activationn of TAFI. The results of this study help to understand the bleeding tendency 

observedd in factor XI-deficient patients. 

Thee coagulation system is a delicate physiological balance between coagulation and 

anticoagulation.. Under certain circumstances, however, the hemostatic system fails to 

arrestt bleeding, which might require therapeutic intervention with various exogenous pro-

hemostaticc products, such as platelets. To improve primary hemostasis, platelet 

transfusionss are frequently administered. The administration of platelet transfusions, 

however,, may be compromised by the occurrence of serious immunological or infectious 

complications.. Hence, artificial alternatives to platelet transfusion are currently being 
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developed.. Chapter  8 describes the properties of albumin-microcapsules coated with 

fibrinogenn (Synthocytes*). The microcapsules induced a correction of a prolongedd bleeding 

timee and reduced the volume of blood loss from surgical wounds in thrombocytopenic 

rabbits.. Synthocytes might be a promising alternative for platelet transfusion in the future. 

InIn view of the central role of the tissue factor-factor Vil a pathway in the initiation of 

bloodd coagulation, novel therapeutic strategies aimed at inhibiting this catalytic complex 

aree currently being evaluated. A limitation of this new class of anticoagulants may be the 

lackk of an appropriate strategy to reverse the effect if a bleeding event occurs. Chapter  9 
describess the in vivo potential of recombinant factor Vil a (rFVIIa) to induce thrombin 

generationn in healthy subjects pretreated with recombinant NAPc2 (rNAPc2), a specific 

inhibitorr of the tissue factor-factor Vil a complex, in a double-blind randomized cross-over 

study.. In Chapter  10, plasma samples from the same group of healthy volunteers 

describedd in chapter 9 were used to demonstrate for the first time an in vivo association 

betweenn activation of coagulation and inflammation. Administration of recombinant 

factorr Vil a resulted in increased plasma concentrations of Interleukin (IL)-6 and IL-8, 

indicatingg a small but evident pro-inflammatory response. Chapter  11 discusses the safety 

andd efficacy of the clinical use of rFVIIa and reviews the current insights in the mechanism 

off  action of recombinant factor Vila. In Chapter  12 the influence of a single bolus 

injectionn of recombinant factor Vil a on the volume of peri-operative blood loss and the 

numberr of blood transfusions in patients undergoing abdominal prostatectomy is 

described.. The study represents the first randomized clinical trial which evaluates safety 

andd efficacy of recombinant factor Vil a in patients without coagulation defects. Currently, 

rFVIIaa is exclusively registered for use in hemophilic patients. Chapter  13 describes a case-

reportt in which life-threatening bleeding in a patient with acquired von Willebrand's 

diseasee effectively was stopped by rFVIIa therapy, thereby illustrating that the indications 

forr use of rFVIIa may be extended to other coagulopathies. 
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Summary y 

Inn the pathogenesis of (recurrent) thrombosis, clot-associated thrombin appears to play an 

importantt role. Antithrombin-independent thrombin inhibitors have been shown to neutralize clot-

boundd thrombin effectively. We compared the sustained antithrombotic effects and the effects on 

endogenouss fibrinolysis of several of these agents with recombinant tick anticoagulant peptide 

(rTAP),, a selective factor Xa inhibitor, and low-molecular weight heparin (LMWH) in an 

experimentall  venous thrombosis model. 

Rabbitss received either: recombinant hirudin (r-Hir), Hirulog-1, CVS#995, r-TAP, LMWH or 

saline.. The effect on thrombus growth was assessed by measuring the accretion of  125I-labeled 

fibrinogenn onto preformed nonradioactive thrombi, and the effect on endogenous fibrinolysis was 

assessedd by measuring the decline in radioactivity of  I25I-labeled thrombi in rabbit jugular veins. All 

directt thrombin inhibitors induced a sustained antithrombotic effect as compared with either 

LMW HH and r-TAP. In addition, CVS#995 also further decreased thrombus size after stopping its 

infusion,, which was due to a significant enhancement of endogenous fibrinolysis. 

InIn conclusion, selective direct thrombin inhibition by r-Hir, Hirulog-1 or CVS#995 induces a 

sustainedd antithrombotic effect as compared with r-TAP and LMWH, which is most likely due to 

inhibitionn of clot-bound thrombin. CVS#995 was shown to also enhance the extent of endogenous 

fibrinolysiss to a greater degree as compared with r-Hir and might therefore be an interesting new 

antithromboticc agent for the treatment of venous and arterial thrombosis. 
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Introduction n 

Unfractionatedd heparin is the most commonly used anticoagulant drug in the treatment and 

preventionn of venous and arterial thromboembolic disorders.1 Heparin inhibits thrombin and 

activatedd factor X following complex formation with its natural serpin cofactor antithrombin HI, 

whichh dramatically enhances the affinity of antithrombin HI for both enzymes. 

Despitee the proven clinical efficacy of heparin in the treatment of venous thrombo-embolism, it 

hass been directly demonstrated by venography that there is a 20-30% extension of venous thrombi 

inn patients undergoing treatment with therapeutic doses of unfractionated heparin.2"6 It has been 

shownn that discontinuation of heparin therapy is complicated by recurrent venous thrombosis in 

approximatelyy 10% of the patients in the following 6 months.4 Furthermore, it has been shown that 

arteriall  thrombus formation at sites of vascular damage, such as atherosclerotic lesions in the 

coronaryy artery after angioplasty or thrombolysis, is not adequately prevented by the administration 

off  unfractionated heparin7. Therefore, it has been suggested that clot-bound thrombin, which is not 

effectivelyy inhibited by the heparin-antithrombin HI complex, might be at least partially responsible 

forr continuous fibrin formation and recurrent thrombosis.8 

Antithrombinn El-independent thrombin inhibitors, such as recombinant hirudin (r-Hir) and its 

analoguess have been shown to inhibit clot-bound thrombin more effectively than the heparin-

antithrombinn HI complexes by the formation of stable, non-covalent 1:1 stoichiometric complexes.9 

Clinicall  and experimental studies have confirmed that r-Hir is able to reduce thrombus extension 

moree efficiently than unfractionated heparin in a model of experimental venous thrombosis and 

showedd to prevent the formation of coronary thrombosis after angioplasty.7'1!>11 

Recently,, several new antithrombotic agents have been developed, such as Hirulog-1 and 

recombinantt tick anticoagulant peptide (r-TAP),12"14 which specifically and independent of plasma 

coo f actors inhibit thrombin and factor Xa, respectively. Hirulog-1 is a synthetic polypeptide, consis-

tingg of binding regions for the catalytic and exosite binding sites of thrombin.14 Hirulog-1 has been 

suggestedd to inhibit clot-bound thrombin more effective than hirudin, presumably due to its 

reducedd molecular size which facilitates access to this pool of thrombin.15 In clinical and experimen-

tall  studies, Hirulog-1 has been demonstrated to be a highly effective anticoagulant and antithrom-

boticc agent.lfr19 TAP is a novel serine protease inhibitor originally isolated from the tick Ornithidoros 

moubata}moubata}22 The recombinant form of TAP (r-TAP) has been shown to have a strong antithrombotic 

effectt in models of experimental arterial2*21 and venous thrombosis22 mediated though the inhibition 

off  de novo thrombin generation or prothrombinase function. Other than the specific and direct 

inhibitorss of thrombin or factor Xa inhibitors, there has been a great deal of research focused on 

optimizingg the pharmacological profile of standard heparin by fractionating the compound to lower 

molecularr weight fragments. These low molecular weight heparins (LMWH) and synthetic 

heparinoidss have been shown to have a more consistent anticoagulant effect and to induce less 
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bleedingg complications than unfractionated heparin in the prevention and treatment of venous 

thrombosis.23244 The improved pharmacological profile of the LMWH and heparinoids has been 

attributedd in large part to less protein binding, resulting in a better and more predictable 

pharmacokineticc profile. However, the mechanism of inhibition remains dependent on 

antithrombinn IQ. So far, no direct comparison between these new antithrombotic agents has been 

madee in a single experimental model. 

InIn the present study, we compared the antithrombotic effect of LMWH, recombinant hirudin (r-

Hir),, Hirulog-1 and recombinant TAP with a newly developed thrombin inhibitor, CVS#995, in a 

rabbitt jugular vein thrombosis model. In vitro, CVS#995 has been demonstrated to inhibit thrombin 

withh a higher affinity and is also less sensitive to proteolytic degradation than are similar-sized 

inhibitorss such as Hirulog-1. Because all these new agents have a relatively short half-life in vivo, we 

chosee to investigate the antithrombotic efficacy of each agent during a continuous infusion and after 

plasmaa levels have decreased. We focused on the comparison of the sustained antithrombotic 

capacityy of all these new direct thrombin inhibitors with LMWH and r-TAP. The effect on 

thrombuss growth was assessed directly after discontinuation of the study medication infusion and 1 

orr 2 hours afterward. In addition, the effects on endogenous fibrinolysis were compared in the same 

animall  model. 

Methods s 

ExperimentalExperimental preparation 

Neww Zealand white rabbits of approximately 2.5 kg were used for this study. Anesthesia was 

inducedd by the administration of 9 mg Ketamin (Aescoket, Boxtel, the Netherlands) and 0.5 ml 

Rompunn 2% (Bayer, Leverkusen, Germany). To maintain adequate anesthesia, intramuscular 

injectionss of Ketamin were given, repeatedly. The carotid artery and the jugular veins were exposed 

throughh a medial incision in the neck. The carotid artery was cleared and a cannula (Baby Feeding 

Tube,, 1.6 mm diameter) was introduced for the administration of the study medication and for 

bloodd sampling. The jugular veins were cleared over a distance of 2 cm and all small side branches 

weree ligated. The veins were clamped both proximally and distally. 

ThrombusThrombus growth model 

Non-radioactivee thrombi were formed in both jugular veins of the rabbit by injection of 150 ^L 

homologouss rabbit blood, aspirated in a 1 mL syringe containing 25 fxL human thrombin (Human 

Thrombinn T7009, Sigma Chemical Company, St. Louis, USA; 150 IU/ml) and 45 ̂ iL CaCl2 (0.25 

mol/L),, into the isolated venous segment. After 30 minutes of aging of the thrombus, the blood 

floww was restored by removing the vessel clamps and 100 JJLL '"^-radiolabeled human fibrinogen 

(Amersham,, Den Bosch, the Netherlands, approximately 2 ^Ci) was injected systemically, followed 
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immediatelyy by the administration of a loading dose and a 2 hour continuous infusion of the study 

compound.. Blood samples were taken every hour to calculate the mean plasma radioactivity per ml 

bloodd for each rabbit. One thrombus was removed at the end of the 2-hour infusion (t = 120), 

whereass the contralateral thrombus was removed 1 hour (t= 180) or 2 hours (t = 240) after 

discontinuationn of the study drug administration. Thrombus growth was assessed by measuring the 

accretionn of  i:5I-radiolabeled fibrinogen onto the preformed non-radioactive thrombi. Thrombus 

growthh was measured by calculating the blood volume accreted onto the clot by comparing 125I-

relatedd blood radioactivity to ''T-related thrombus radioactivity. Thrombus growth was expressed as 

percentagee of the initial thrombus volume. 

MeasurementMeasurement of endogenous fibrinolysis 

Too measure the extent of endogenous fibrinolysis, radiolabeled thrombi were formed in the jugular 

veinss of the rabbit, and the degree of fibrinolysis was determined by assessing the decline in initial 

radioactivityy of the preformed thrombus. Therefore, homologous blood was mixed with 125I-labeled 

fibrinogenn (final radioactivity approximately 10 /*Ci per mL). An aliquot of 150 fxL of this mixture 

wass then aspired in a 1 mL syringe containing 25 /xL thrombin (150 IU/mL) and 45 /xL CaCl2 (0.25 

mol/L)) and quickly injected into the isolated venous segment. After 30 minutes of aging, the vessel 

clampss were removed and the administration of a bolus injection study drug was given, followed by 

aa 2-hour continuous administration. One thrombus was removed directly after the 2-hour infusion 

andd the contralateral thrombus was removed 1 hour later. The extent of endogenous fibrinolysis 

wass assessed by measuring the remaining radioactivity of the thrombus at the end of the study as 

comparedd to the initial radioactivity and was expressed as percentage of the initial thrombus volume. 

TestTest compounds 

CVS#9955 is a synthetic peptide of 19 amino acids having the following structure: (CHjCHiCH^-

CHCO-D-P-R-a)-[COCO]-(G)5-N-G-D-F-(E)2-I-P-E-Y-C-OHH (Mr=2133).25 It contains an 

activatedd carbonyl transition state mimetric (oc-keto-amide), which serves to bridge the catalytic or 

activee site domain with another sequence that binds to anion binding exosite I of a-thrombin. 

Therefore,, CVS#995, is a synthetic thrombin inhibitor which couples the stability to proteolytic 

degradationn by the incorporation of the a-keto-amide functional group with excellent selectivity 

resultingg from the use of specific binding sequences forr the primary substrate or accessory site on a-

thrombin.. CVS#995 was synthesized using a combination of solid- and solution-phase chemistry 

andd was purified by RP-HPLC. The purity of CVS#995 was determined to be > 98% by a 

combinationn of analytical criteria that included reverse phase HPLC, FAB mass spectrometry and 

quantitativee amino acid analysis. The three-dimensional crystal structure of CVS#995 bound to 

humann a-thrombin confirms the multisite binding interactions of this inhibitor with the enzyme, 

showingg the interaction of the catalytic-site functionality, the tetrahedral transition state mimetic, 
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andd the binding of the carboxy-terminal sequence to the anion-binding exosite of thrombin 

(Tulinskyy A; unpublished observation). CVS#995, therefore, is a synthetic thrombin inhibitor that 

coupless the stability to proteolytic degradation by the potent transition state intermediate with the 

selectivityy resulting from the use of accessory binding sites on thrombin. CVS#995 is a potent 

inhibitorr of amidolytic substrate hydrolysis by a-thrombin (K,= 2 pmol/L) (Krishnan R et al, 

Proteinn Sci 1996; 5(3):422-33). It was shown that the thrombin-induced clotting of purified 

fibrinogenn could be blocked by CVS#995 in a dose-dependent fashion. In addition, the ability of 

CC VS#995 to inhibit fluid-phase and clot-associated thrombin activity was demonstrated in a system 

off  citrated plasma and thrombin-induced clot formation, as described previously.9 CVS#995 initially 

inhibitedd both inhibit fluid-phase and clot-associated thrombin activity in a dose-dependent fashion, 

followedd by a stable level of inhibition. Thrombin-induced platelet aggregation could be blocked by 

CVS#9955 at concentrations of 20 nmol/L or higher. As expected, CVS#995 was absolutely specific 

forr a-thrombin with no inhibition of plasmin, rTPA, or any other serine protease involved in blood 

coagulationn or fibrinolysis, seen at concentrations > 100 000-fold in excess of that required to fully 

inhibitt a-thrombin. 

Becausee our aim was to study the effect of CVS#995 in a rabbit model, we studied the effects of 

CVS#9955 on thrombin-induced formation of rabbit fibrin and aggregation of rabbit platelets. The 

resultss are provided in Table 1 and indicate that CVS#995 is also effective in inhibiting thrombin-

inducedd formation of fibrin and platelet aggregation in rabbits. 

Recombinantt hirudin (r-Hir; CGP 39393) with a specific activity of 115 000 antithrombin units 

(ATU)/mgg was kindly provided by dr. R.B. Wallis, CIBA-GEIGY, Horsham, UK, and obtained 

fromm CIBA-GEIGY, Basel, Switzerland. 

Hirulog-11 is a synthetic peptide14, that was produced by conventional solid-phase chemistry and 

characterizedd as described above for CVS#995. 

Recombinantt tick anticoagulant peptide (r-TAP) was also obtained from Corvas International, San 

Diego,, CA, USA and prepared as described previously.26 

Thee low molecular weight heparin (LMWH) used in this study was Fraxiparin, with a specific 

activityy of 25.000 aXa IU/mL , purchased from Sanofi, Paris, France. 

Al ll  study agents were dissolved in saline. 

TreatmentTreatment schedules 

Sevenn study groups consisting of eight rabbits per group were investigated. The seven study groups 

weree given either: 1) CVS#995 administered at a high dose of 1.0 mg/kg bolus injection followed 

byy the continuous infusion of 5 /xg/kg per minute; 2) CVS#995 administered at a median dose of 

0.55 mg/kg bolus injection followed by a continuous infusion of 5 jxg/kg per minute; 3) r-Hir at a 

dosee of 0.5 mg/kg bolus injection followed by a 5 /ig/kg per minute continuous infusion; 4) 

Hirulog-11 according to the same regimen as r-Hir; 5) r-TAP administrated according to the same 
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TableTable 1. Inhibition  by CVS#995 of tbrombin-induced formation of rabbit-fibrin and thrombin 

inducedinduced aggregation of rabbit platelets. 

Concentrationn CVS#995 Fibri n formation Platelet aggregation 
(nmol/L )) clotting time (sec) (% inhibition ) 

00 14.1 0 

55 35.3 3 

100 41.9 28 

155 55.0 56 

200 96.8 100 

255 > 120 100 

CC VSW95 w as pre in cu bated w ith ctthrombin over a concentration range from 0 to 25 nmol/L at 25 °Cin 300/xL ofbufferfor 

6060 minutes before the addition ofl OOJJL of purified rabbitfibrinogen.  ̂The clotting time of fibrinogen after the addition of the 

thrornhn/inbibitorthrornhn/inbibitor complex was rne ̂ coagulometer. Washedplatdets 

werewere prepared fromfreshly isolated venous blood from rabbits. The platelet suspension was counted, and the concentration was 

adjustedadjusted to 2.0x10n'plateletsper liter. CaCh (0.25 mol/L) and increasing concentrations ofCVS#995 were added to the 

prewarmedprewarmed wasbedplatelets in a siliconizedglass cuvette. After the addition ofa-thrombin (final concentration, 2 nmol/L), the 

extentextent of aggregation was measuredfor 15 minutes with the Cbronolog Whole BloodAggrometer. Results are expressed as 

inhibitioninhibition of platelet aggregation compared with the aggregation in the absence of the thrombin inhibitor. Values-represent the 

meanmean from three independent experiments. 

regimenn as r-Hir; 6) LMW H at a dose of 40 anti Xa U/kg bolus followed by a continuous infusion 

off  0.33 anti Xa U/kg per minute; or 7) saline control, also administered as a bolus injection and 

continuouss infusion. The animals received the loading dose followed by a continuous administration 

forr 2 hours via the carotid artery cannula. The dosages were selected, based on previous 

experiments,, for their comparable antithrombotic effect directly at the end of drug infusion. One of 

thee thrombi was removed and counted directly after the cessation of the continuous infusion, 

whereass the contralateral thrombus was taken out 1 hour after the infusion was stopped. In another 

sevenn study groups, treated according the same protocol but consisting of six animals per group, 

onee of the thrombi was again removed immediately after discontinuation of study medication but 

thee contralateral thrombi were taken out 2 hours after cessation of study drug infusion. 

Thee effect on the endogenous fibrinolysis was assessed in an additional experiment consisting of 

fourr groups (four rabbits each) treated with either: 1) CVS#995 at a high dose of 1.0 mg/kg bolus 

andd a continuous infusion of 5 Mg/kg per minute for 2 hours; 2) CVS#995 at a median dose (0.5 

mg/kgg bolus plus 5 ̂ g/kg per minute continuous infusion); 3)r-Hir (0.5 mg/kg bolus injection plus 
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/ig/kgg per minute continuous infusion or a dose of 5.0 mg/kg bolus injection plus 25 Mg/kg per 

minutee continuous infusion). The effect of these agents on endogenous fibrinolysis was assessed by 

removingg one thrombus directly after stopping the infusion and the contralateral thrombus 1 hour 

later.. Counting of the radioactivity of the thrombi to determine the effect on thrombus growth and 

fibrinolysiss was performed by a second independent investigator. 

BloodBlood sampling and plasma preparation 

Bloodd samples were drawn from the carotid cannula before the administration of the study 

medicationn and 60,120,180 minutes thereafter. Blood samples (9 volume) were collected in 3.2% 

citratee (1 volume) for determination of the activated partial thrombin time (aPTT), plasminogen 

activatorr (PA) activity and plasminogen activator inhibitor (PAI-1) activity. Platelet poor plasma was 

obtainedd by immediate centrifugation at 1600 x g for 20 min at 4°C and stored at -70°C until assay. 

Pharmacokinetics Pharmacokinetics 

Too allow us to assess the pharmacokinetics of CVS#995 and r-Hir, an additional six rabbits received 

ann intra-arterial bolus injection of either CVS#995 or r-Hir at a dose of 3 mg/kg, respectively, and a 

groupp of six rabbits received a bolus injection of one of these compounds at a dose of 1 mg/kg. 

Bloodd samples (9 volume) to assess plasma levels of CVS#995 or r-Hir were collected in 3.2% 

citratee (1 volume) that were drawn before and 2, 5, 10, 15, 20, 30, 40, 60, 120 and 240 minutes 

afterward.. Platelet poor plasma was obtained by centrifugation at 1600 x g for 20 minutes at 4°C. 

Plasmaa levels of CVS#995 and r-Hir were determined by measuring the inhibition of purified 

humann a-thrombin amidolytic activity in diluted samples of plasma. The plasma levels are expressed 

inn nmol/mL. 

Assays Assays 

Thee aPTT was determined by standard methods on a MLA 900C apparatus using Actin FS as a 

reagent.. Plasminogen activator activity was measured by amidolytic assay.27 Briefly, 25 \xh of plasma 

wass mixed to a final volume of 250 /xL with 0.1 mol/L Tris^HCL, pH 7.5, 0.1% (v/v) Tween-80, 

0.33 mmol/L S-2251 (Chromogenix, Mölndal, Sweden), 0.13 mol/L plasminogen (Chromogenix, 

Sweden)) and 0.12 mg/mL cyanogen bromide-digested (CNBr) fibrinogen fragments (TPA 

stimulator,, Chromogenix, Sweden). PA activity was assessed in these samples by spectro-

photometricc measurement. PAI-1 activity was measured with an amidolytic method, as described 

previously.288 Briefly, plasma samples were incubated with a fixed excess of TPA (40 IU/ml) for 10 

minn at room temperature. The residual TPA activity was determined by incubation with 0.13 

^tmol/LL plasminogen (Chromogenics, Sweden), 0.12 mg/mL) CNBr fragments of fibrinogen (t-PA 

stimulator,, Chromogenix, Sweden) and 0.1 raM S-2251 (Chromogenix, Sweden). The PAI-1 activity 

inn the sample was inversely proportional to the plasmin generated in the incubation mixture, 
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determinedd by the conversion of the chromogenic substrate. Results are expressed in international 

unitss (TU), where 1IU is the amount of PAI-1 that inhibits 1IU t-PA (first international standard of 

thee World Health Organisation). 

Too assess the plasma levels CVS#995 and r-Hir, a chromogenic assay was used, measuring the 

inhibitionn of purified human cc-thrombin in diluted samples of plasma. Briefly, the assay was 

conductedd by combining in appropriate wells of a Corning microtiter plate, 50 ytL of HBSA (10 mM 

HEPES,, pH 7.5, 150 mM sodium chloride, 0.1% bovine serum albumin), 50 fiL of the citrated 

plasmaa sample diluted 1/1000 in HBSA or standard inhibitor diluted in HBSA (or HBSA alone for 

V00 (uninhibited velocity) measurement), and 50 /u.1 of purified human thrombin (3000 U/mg specific 

activity;; Enzyme Research Laboratories, Inc.) diluted in HBSA. Following a 30 minute incubation at 

ambientt temperature (23°C), 50 fiL of the chromogenic substrate (Pefachrome TPA [CH3S02-D-

hexahydrotyrosine-glycyl-L-Arginine-/?-nitroaniline]]  reconstituted in deionized water before use; 

obtainedd from Pentapharm Ltd. was added to the wells yielding a concentration of 300 /imol/L (5-

timess K J and a final total volume of 200 /xL. The initial velocity of chromogenic substrate 

hydrolysiss was measured by the change in absorbance at 405 nm using a Thermo Max Kinetic 

Microplatee Reader (Molecular Devices) over a 5-minute period in which less than 5% of the added 

substratee was used. 

Thee plasma level of CVS#995 and r-Hir were calculated using a standard curve of purified and 

quantitatedd inhibitor made up in control, homologous citrated plasma covering abroad 

concentrationn range followed by dilution to 1/1000 with HBSA. Under these conditions the IC50 

forr inhibition of purified human a-thrombin (0.25 nmol/L final concentration) by the respective 

inhibitorr in diluted plasma was not significantly different from that in HBSA alone. The limit of 

inhibitorr detection in this assay is 75 nmol/L. 

StatisticalStatistical analysis 

ANOVAA (for repeated measures) followed by a Newman Keuls test was applied for statistical 

analysis.. AP-value < 0.05 was considered to be statistically significant. All values are expressed as 

meann  SD. 

EthicalEthical considerations: 
Alll  animal studies were approved by the Institutional Review Board for Animal Experiments and 

weree performed according to the guidelines of the American Physiological Society and the Dutch 

Laww for Animal Experiments. 
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Results s 

Thee effect of the different antithrombotic agents on thrombus growth is shown in figure 1. The 

administrationn of CVS#995 resulted in a dose-dependent reduction of thrombus growth as 

comparedd to saline control. CVS#995 administered at the high dose (1.0 mg/kg bolus plus 5 £tg/kg 

perr minute continuous infusion) resulted in the most pronounced antithrombotic effect, resulting in 

aa reduction in thrombus growth to 25.2  1.8%, whereas CVS#995 administered at the median 

dosee (0.5 mg/kg bolus plus 5 jwg/kg per minute continuous infusion) reduced thrombus growth to 

32.55  1.8% as compared to 47.9  2.9% thrombus growth in the saline control animals (p < 0.05). 

Thee antithrombotic effect of CVS#995 at the median dose was comparable to the antithrombotic 

effectofLMWHandr-TAP(thrombusgrowth:36.11  3.2%and35.3  3.0%,respectively,p=NS). 

r-Hirr and Hirulog-1 had an equal antithrombotic effect compared to CVS#995 administered at the 

mediann dose (thrombus growth: 29.8  5.6% and 31.0  2.5% versus 32.5  1.8%, respectively; 

PP = NS) but were slightly more effective in thrombus growth reduction directly after cessation of 

theirr administration than r-TAP and LMWH (P < 0.05; figure 1). No difference in bleeding from 

surgicall  wounds was observed between the various compounds, although this animal model has not 

beenn designed to assess the specific effect of antithrombotic agents on bleeding. 

Too assess the duration of the antithrombotic effect of these compounds, the extent of thrombus 

growthh was determined 1 and 2 hours after terminating the continuous infusion of the test 

compoundd (figure 1). Thrombus growth in the saline control group significantly increased over this 

periodd to 65.5  4.3% and 70.1  3.0%, respectively. The animals treated with LMWH (thrombus 

growth:: 45.7  2.3% and 57.4  3.3%, respectively), r-TAP (thrombus growth: 41.6  3.1% and 

47.77  2.7%, respectively), r-Hir (thrombus growth: 35.7  2.7% and 41.6  2.4%, respectively) and 

Hirulog-11 (thrombus growth: 37.9  2.1% and 37.2 + 2.3%, respectively) all demonstrated to have 

ann increased thrombus growth 1 and 2 hours after the end of the infusion, although, to a lesser 

extentt as compared to saline (figure 1). In accordance with earlier observations, r-Hir and Hirulog-1 

weree shown to have a significantly higher sustained antithrombotic effect after their discontinuation 

thann LMWH and r-TAP. In contrast, CVS#995 at both doses not only prevented thrombus growth 

completelyy after the end of its administration but also decreased the amount of labelled fibrinogen 

presentt at the preformed clot significantly. CVS#995 administered at median dose reduced the 

amountt of accreted fibrinogen from 32.5  1.8% at t= 120 to 27.8  2.9% and 27.3  2.3% at 

tt = 180 and t = 240, respectively (P< 0.05) whereas the higher dose was shown to have a similar 

thrombus-reducingg effect from 25.2  1.8% at t = 120 to 19.3  2.1% and 20.3  1.9 at t= 180 and 

tt = 240, respectively (P < 0.05). The effect on reducing thrombus size appeared to level off 1 hour 

afterr stopping the administration since the amount of accreted fibrinogen 2 hours after the end of 

thee infusion did not significantly differ from the amount measured 1 hour earlier. 
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00 60 120 180 

minutes s 

FigureFigure 1. Thrombus growth of thrombi, formed in the rabbit jugular veins directly and 1 hr and 2 

hrshrs after cessation of the continuous study medication administration. The rabbits were treated with either: 1) 

CVS§995CVS§995 at a high dose ofl. 0 mg/kg bolus and a continuous infusion of 5 fig/kgper minute for 2 hours, - O-); 2) 

CVS#995CVS#995 at a median dose (0.5 mg/kg bolus plus 5 (igAgper minute, - 0-); 3) r-Hir  (0.5 mg/kg bolus injection plus 5 

ixg/kgperixg/kgper minute;-A-); 4)Hirulog-l (0.5 mg/kgplus 5 fig/kgper minute,  A-); 5) rTAP(0.5 mg/kgplus 5 fig/kgper 

minute,-minute,- V-); 6) LMWH (40 aXalUAgplus 0.33 aXalU/kgper minute,- V-); or 7) saline (D). Thrombus growth is 

expressedexpressed as percentage (mean  SDJofthe initial thrombus volume. Statisticalsignificant difference (p<0.05)ascomparedto 

salinesaline alone is presented: *; as compared to saline and r-Hir:  * ,;; and as compared to saline, r-Hirand CVStt995 (median 

dose):dose): *** . 

Al ll  test compounds induced a very modest and comparable prolongation of the aPTT (Table 2), no 

significantt difference in prolongation between the different antithrombotic agents was observed. 

Sincee the administration of CVS#995 not only demonstrated to prevent thrombus growth 

completely,, but also reduced the amount of fibrinogen already accreted onto the clot, the effect of 

CVS#9955 on the endogenous fibrinolysis was assessed in an additional study. CVS#995, 

administeredd at the median dose, resulted in an enhanced endogenous fibrinolysis of 14.4 + 1.9% at 

t== 120 and 21.8  2.1% at t= 180 as compared to 6.9  1.2% and 10.6  1.1% for r-Hir and 3.6

1.4%% and 5.9  0.8% for saline, respectively (P<0.05; figure 2). CVS#995, administered at the 

higherr dose, did not improve the extent of endogenous fibrinolytic effect any further (thrombolysis: 

14.88  2.4% at t = 120 and 19.7  2.8% at t = 180; P = NS versus the median dose; figure 2), indicating 

thatt the thrombolytic effect of CVS#995 was already maximal at the median dose. To observe 

whetherr the administration of higher doses of r-Hir might result in a similar increase in endogenous 
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TableTable 2. aPTTMeasured before and 60,120, and 180 minutes after bolus administration and start of 

2-hour2-hour continuous infusion of different antithrombotic agents and control 

aPTT T 

Studyy compound baseline e 600 min 1200 min 1800 min 

CVS#9955 (high dose) 

CVS#9955 (median dose) 

rHir r 

Hirulog-1 1 

r-TAP P 

LMW H H 

Saline e 

18.55  2.2 

17.44  2.0 

16.88  1.8 

18.44  1.4 

17.22  2.4 

17.55  2.4 

16.77 + 6.1 

19.88  2.5 

19.44  2.3 

20.88  3.1 

21.33  3.7 

22.33  2.9 

19.55  3.5 

18.33 + 6.4 

20.22  3.7 

19.11  2.5 

19.99  2.4 

22.33  3.5 

24.00  5.6 

19.66  4.1 

18.88 + 7.0 

18.77  1.9 

18.66  2.9 

18.44  2.6 

19.00  2.8 

20.66  2.8 

19.33  5.3 

18.22 + 6.6 

TheThe rabbits received either: CVS#995 at a high dose of 1.0 mg/kg bolus and a continuous infusion of5 [ig/kgper minute for 
22 hours, CVS#995 at a median dose (0.5 mg/kg bolus plus 5 pig/kgper minute), r-Hir  (0.5 mg/kg bolus injectionplus 5 
Hg/kgperHg/kgper minute), Hirulog-1 (0.5 mg/kgplus ") ̂ .g/kgper minute), rTAP(0.5 mg/kgplus 5 \igAgper minute), LMWH 
(40(40 aXa IU/kgplus 0.33 aXa IU/kgper minute), or saline. All valuses are given as mean  SD. 

fibrinolysis,, an additional series of rabbits (n = 4) were studied. However, the administration of r-Hir 

att a dose of 1.0 mg/kg bolus plus 5 /xg/kg per minute or at a dose of 5.0 mg/kg bolus plus 25 

ttg/kgg per minute did not influence a further increase in thrombolysis (thrombolysis at t-120,6.5% 

andd 7.0%, respectively; thrombolysis at t= 180, 9.5% and 10.9%, respectively). 

Too assess whether the enhanced extent of endogenous fibrinolysis could be explained by a 

systemicc activation of the fibrinolytic system, the plasma levels of PA- and PAI-1 activity were 

determinedd in the animals treated with CVS#995, r-Hir and saline. PA activity levels remained 

beloww the detection limi t in all samples (data not shown), and although a statistically significant 

differencee in PAI-1 activity levels was found between the animals treated with either CVS#995 or r-

Hi rr as compared to the animals receiving saline 1 hour after the infusion was started, no difference 

inn PAI-1 levels was observed between the CVS#995 and r-Hir treated animals during the entire 

experimentt (Table 3). 

Too determine whether the difference in sustained antithrombotic effect between CVS#995 and r-

Hi rr could be explained by a difference in elimination, the half-life of both compounds was assessed 

inn an additional study. The results are presented in figure 3. No difference in half-life was observed 

betweenn the two compounds at a dose of 1 and 3 mg/kg, respectively. 
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FigureFigure 2. Endogenous thrombolysis of thrombi, formed in the rabbit jugular veins, directly arid 60 
minmin after discontinuation of the study medication administration. The rabbits were treated with either: 1) 
CVSH995CVSH995 at a high dose ofl. 0 mg/kg bolus and a continuous infusion of5 jig/kgper minute for 2 hours,- # ; 2) 
CVS#995CVS#995 at a median dose (0.5 mg/kg bolus plus 5 fig/kgper minute, - Of 3) r-Hir  (0.5 mg/kg bolus injection plus 5 
pg/kgperpg/kgper minute,-A) and 4) saline,-D. All values are given as mean  Thrombolysis is expressed as percentage (mean 

 SD) of the initial thrombus volume. StatistiailsignifTcantdifference(p<0.05)ascomparedtosalineispresented: '''andas 
comparedcompared to saline and r-Hir  **. 

TableTable 3. PAI-1 activity levels before bolus administration and start of 2-hour continuous infusion of 

studystudy medication and 60,120, and 180 minutes afterward 

Activit yy level (IU/mL ) 

Studyy compound Baseline e 600 min 1200 min 1800 min 

CVS#9955 (high dose) 27.5  2.1 27.6  0.2*  29.9  2.7 29.1  4.0 

CVS#9955 (median dose) 28.3 + 1.9 27.3  2.0*  28.2  3.7 31.5 + 5.5 

rHirr 26.4  2.5 26.3 + 3.0*  29.4  6.3 30.4  6.6 

Salinee 27.6  2.0 32.2  1.4 33.7  2.7 35.6  3.7 

RabbitsRabbits received either: CVS#995 at a high dose ofl. 0 mg/kg bolus and a continuous infusion of5 fig/kgper minute for 
22 hours, CVS#995 at a median dose (0.5 mg/kg bolus plus 5 fig/kg per minute), r-Hir  (0.5 mg/kg bolus injection plus 
55 ixg/kgper minute) or saline. All values are given as mean + SD. ''indicates statistically significantly different compared 
withwith saline control. 
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FigureFigure 3. Plasma concentration ofCVS#995 (- 0-) and r-Hir  (- O-) 2, 5, 10, 15, 20, 30, 40, 60, 120, and 
240240 minutes after the intra-arterial bolus administration. The rabbits were treated with either: 1) CVSH995 
administeredadministered as a bolus injection of 3 mg/kg or 2) r-Hir,  administered as a bolus injection at a dose of 3 mg/kg. 
AllAll  values are representedas mean  SD. 

Discussion n 

Clot-boundd thrombin, which has been shown to be inaccessible to the heparin-antithrombin III 

complex,, has been suggested to be partially responsible for recurrent thrombosis after discontinua-

tionn of heparin or LMW H treatment and the relative ineffectiveness of heparin in the prevention of 

rethrombosiss after thrombolytic therapy or angioplasty.4'7"8 Experimental and clinical studies with 

hirudinn and hirudin-analogues revealed that these antithrombin Ill-independent direct thrombin 

inhibitorss not only prevent rethrombosis after thrombolytic therapy and angioplasty more 

effectivelyy than heparin, but also showed to have a sustained antithrombotic effect after stopping its 

administrationn in a model of experimental venous thrombosis.71"" 172" In accordance with these 

earlierr observations, in the present study the antithrombin Ill-independent direct thrombin 

inhibitorss were shown to have a more intense and sustained antithrombotic effect than LMW H 

treatment.. Recent studies have suggested that Hirulog-1 is able to inhibit clot-bound thrombin more 

effectivelyy than r-Hir because of its greater accessibility to this pool of thrombin due to its smaller 

molecularr size15 but also showed that Hirulog-1 is cleared more rapidly from the circulation than r-
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Hirr because of its higher susceptibility to proteolytic degradation.l6 Despite these differences, in the 

presentt study both agents showed to have an equal antithrombotic effect during and following their 

administration.. Directly after cessation of its administration, CVS#995, at the median dose, 

appearedd to have a comparable antithrombotic effect to r-Hir and Hirulog-1, but had a significantly 

moree pronounced and sustained antithrombotic effect after cessation of the infusion. One hour 

afterr discontinuation of its administration CVS#995 not only completely blocked the accretion of 

radiolabeledd fibrinogen, but also significantly decreased thrombus size, suggesting a facilitated 

endogenouss fibrinolysis. In contrast, after the discontinuation of either r-Hir or Hirulog-1, a 

moderatee increase in fibrinogen accretion was demonstrated. Two hours after the cessation of the 

drugg administration no further change in thrombus size was observed in the CVS#995, r-Hir and 

Hirulog-11 treated animals. These observed differences between CVS#995 and the other direct 

thrombinn inhibitors are probably due to a combination of greater accessibility to clot-bound 

thrombinn as compared to r-Hir, and resistance to proteolytic in activation as compared to Hirulog-1. 

Itt should be noted that the pharmacokinetic properties of CVS#995 are similar to that of Hirulog-1 

andd that the circulating (3-phase elimination half-life of CVS#995 showed to be comparable to the 

half-lifee of r-Hir (Vlasuk GP, unpublished observation). In accordance, in the present study, no 

differencee in elimination half-life was observed between CVS#995 and r-Hir. Therefore, the 

differencee in pharmacological effect between CVS#995 and the other agents cannot explained by an 

extendedd half-life of this compound, resulting in a more prolonged maintenance of plasma levels. 

However,, a difference in tissue saturation between the two agents cannot be excluded despite the 

comparablee molecular size of these agents. r-TAP, which inhibits factor Xa independent of 

antithrombinn IQ, was more effective than LMWH in the prevention of thrombus growth after its 

discontinuationn but appeared not as effective as CVS#995, r-Hir or Hirulog-1 in the dosages 

studied.. Apparently, selective inhibition of factor Xa did not block fibrin deposition as efficiently as 

inhibitionn of thrombin. It should be realized, however, that the thrombin-induced clots in this 

modell  are relatively thrombin rich and could therefore be more sensitive to thrombin inhibition 

thann inhibition of factor Xa. In addition, careful and extensive comparisons between CVS#995 and 

otherr antithrombin agents at a wide range of doses should be made before final conclusions van be 

reached. . 

Thee experiments designed to measure the extent of endogenous fibrinolysis, suggested that 

thrombinn inhibition by either CVS#995 or r-Hir results in a significant enhancement of the endoge-

nouss fibrinolysis as compared to saline. CVS#995 appeared to induce a significantly stronger 

enhancementt of the extent of endogenous fibrinolysis than r-Hir, at least at the doses studied. This 

dataa appear to explain the observed reduction in thrombus size seen in the fibrin-accretion 

experimentss with CVS#995 compared to r-Hir. Experiments with higher doses of r-Hir revealed 

thatt this treatment did not induce an additional increase in endogenous thrombolysis. Although 

thesee observations suggest that stable thrombin inhibition enhances the endogenous fibrinolysis, the 
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mechanismm by which this effect is obtained remains unclear. In vitro experiments have demonstrated 

thatt incubation of endothelial cells with thrombin induce a significant elevation of PAI-1 antigen 

levelss in the supernatant and increase the PAI-1 mRNA levels in these cells.29'  ̂ Therefore, we 

hypothesizedd that firm thrombin inhibition might stimulate the endogenous fibrinolysis by lowering 

PAI-11 secretion of endothelial cells and possibly by inhibition of the release of PAI-1 from platelets. 

However,, other than a significant elevated PAI-1 level in the saline treated group 1 hour after 

startingg the infusion, no differences in PAI-1 activity levels were observed between the different 

groupss in the systemic circulation. The PA activity level remained below the detection limit in all 

samples.. These observations, however, do not rule out potential differences in PA and PAI-1 

activityy levels at the local level. As alternative explanations for the difference between CVS#995 and 

r-Hirr on endogenous fibrinolysis, it can be hypothesized that CVS#995 may exert some distinct, yet 

unidentifiedd effects on coagulation or fibrinolytic factors or may evoke a direct effect on endothelial 

cells.. Another possible mechanism by which thrombin inhibition could enhance the endogenous 

clott lysis might be the inhibition of fibrin cross-linking, which is necessary for stable clot formation. 

InIn vitro studies have demonstrated that, besides the fibrin-fibrin cross-linking, cross-linkmg of oc2-

antiplasminn to fibrin monomers is essential for thrombolysis-resistance of fibrin clots.3132 These 

processess are dependent on the activation of factor XII I to factor XTIIa by thrombin3334 and strong 

inhibitionn of thrombin might therefore attenuate this process, resulting in clot instability and 

enhancedd endogenous clot lysis. Another explanation for enhanced fibrinolysis is the inhibition of 

thrombuss growth though the stable attenuation of thrombin-mediated fibrin formation. This 

inhibitionn of clot extension might shift the hemostatic balance toward fibrinolysis, resulting in an 

overalll  reduction in clot size. 

Inn conclusion, the present study in a venous thrombus growth model in rabbits demonstrated that 

inn contrast to r-TAP and LMWH, selective thrombin inhibition induces a sustained antithrombotic 

effectt which is most likely explained by neutralization of clot-bound thrombin. Thrombin inhibition 

byy CVS#995 not only showed to have a strong sustained antithrombotic effect but also appeared to 

enhancee the endogenous fibrinolysis, and might therefore be an interesting antithrombotic agent for 

thee treatment of both venous and arterial thrombotic disorders. Although it has been shown that 

theree is good correlation between the results obtained in the rabbit jugular vein thrombosis model 

andd animal models of arterial thrombosis, it should be realized that the results in this study were 

obtainedd in a model of venous thrombosis. Therefore, additional comparative studies in different 

animall  models and with different doses of the various compounds need to be performed to further 

substantiatee differences within the growing group of new antithrombotics. 
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Summary y 

Currentt antithrombotic compounds have several limitations in clinical practice. The present 

studyy was designed to investigate a novel orally available direct thrombin inhibitor, BSF 208791. 

Intravenouss administration of BSF 208791 showed superior antithrombotic properties as 

comparedd with Polyethylenglycol-Hirudin (PEG-Hirudin) and low molecular weight heparin 

(LMWH)) in a model of venous thrombosis in rabbits. The thrombus growth was 22%, 30%, 

37%% and 50% after BSF 208791, PEG-Hirudin, LMWH, and saline administration, respectively. 

Moreover,, bleeding time was less affected after administration of BSF 208791 as compared with 

PEG-Hirudin.. The oral administration of BSF 208791 resulted in adequate bioavailability and 

significantlyy reduced venous thrombus growth to 36% as compared with 60% in the saline 

treatedd rabbits. The antithrombotic effect of BSF 208791 appears to be superior to PEG-

Hirudinn and LMWH without affecting the bleeding time. BSF 208791 is an orally available agent 

thatt might be a promising candidate for future antithrombotic therapy. 
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Introductio n n 

Thrombinn is one of the key enzymes in blood coagulation and plays a pivotal role in the 

pathogenesiss of thrombosis. Hence, inhibition of thrombin is thought to be an important 

approachh in the prevention and treatment of thrombotic disease. Currently available inhibitors of 

thrombin,, mainly heparins, are widely used as anticoagulantic agents, but they are insufficiently 

efficaciouss in some situations such as in patients with acute coronary syndromes.1"4 This might 

bee due to the mechanism of action of heparin, which is antithrombin-dependent and may 

thereforee be less effective towards surface-bound thrombin.59 

Recentt experimental and clinical studies indeed indicate that direct, antithrombin-independent, 

inhibitorss of thrombin (such as hirudin or hirudin analogues) may have a superior 

antithromboticc effect as compared with heparin or low-molecular-weight heparins.10"13 However, 

onee of the major disadvantages of all thrombin inhibitors available so far is the necessity of 

parenterall  administration, due to the low and unpredictable bioavailability after oral 

administration.. This drawback obviously hampers the long-term treatment of patients with these 

compounds.. Oral anticoagulation on the other hand, may be achieved by warfarin. However, this 

agentt causes a rather non-specific inhibition of coagulation by reducing the level of all vitamin 

K-dependentt coagulation factors, with a relatively small therapeutic range. A subtherapeutic level 

off  anticoagulation is associated with an increased recurrence rate of thromboembolic events, 

whereass a too high intensity enhances the risk of bleeding, which is the main adverse effect of 

long-termm treatment with warfarin.14"19 Moreover, this bleeding risk is further amplified by the 

highlyy variable action of warfarin, both inter- and intraindividually, which despite frequent 

laboratoryy monitoring renders many patients outside the therapeutic range for a considerable 

periodd of time.20 Hence, a specific thrombin inhibitor with a more constant bioavailability after 

orall  ingestion might theoretically provide an attractive alternative for patients who require 

anticoagulationn over a long period of time, such as patients with recurrent thromboembolic 

events,, atrial fibrillation or survivors of a myocardial infarction. 

Recently,, a novel low molecular weight peptidomimetic (BSF 208791) with potent thrombin 

inhibitingg properties and the potential for oral administration has been developed. 

Thee present study evaluates the antithrombotic properties and the effect on bleeding time and 

ex-vivoex-vivo clotting indices after intravenous administration and after oral ingestion of BSF 208791 in 

aa well-established rabbit venous thrombosis model. 
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Material ss and Methods 

RabbitRabbit jugular vein thrombosis model 

Alll  animal studies were approved by the Institutional Review Board for Animal Experiments at 

thee Academic Medical Center, Amsterdam, The Netherlands and were performed according to 

thee guidelines of the American Physiological Society and the Dutch Law for Animal Experi-

ments. . 

Neww Zealand white rabbits weighing approximately 2.5 kg were anesthetized with an 

intramuscularr injection of 9 mg ketamine (Aescoket-Plus, Aesculaap B.V., Boxtel, the Nether-

lands)) and 0.5 ml xylazine (Rompun 2%, Bayer A.G., Leverkussen, Germany). Anesthesia was 

maintainedd by repeated intravenous administration of bolus doses of 0.5-1.0 ml thiopental-

natriumm 10 mg/ml (Nesdonal, Rhöne-Poulenc Rorer B.V., Amstelveen, The Netherlands), when 

appropriate.. The carotid artery and both jugular veins were exposed by a median incision in the 

neck.. The carotid artery was dissected from surrounding tissue, and a cannula (Baby feeding 

tube,, diameter 1.6 mm) was introduced for the collection of blood samples. In the rabbits that 

weree assigned to the part of the study in which the study compound was administered orally, a 

plasticc tube (diameter 1.6 mm) was introduced via the oropharynx into the stomach of the rabbit 

forr the administration of the study compounds. 

Thee jugular veins were dissected from surrounding tissue on both sides for a distance of 2 cm, 

andd all side branches were ligated. The venous segments were isolated by application of vessel 

clampss proximally and distally. To assess the extent of thrombus growth, non-radiolabeled 

thrombi,, with a total volume of 200 uL per thrombus, were formed in both isolated jugular vein 

segmentss by injection of a mixture of 150 uL homologous rabbit blood, 25 \xh human thrombin 

(Enzymee Research Laboratories, Kordia B.V., Leiden, The Netherlands: 150 U/ml) and 45 uL 

CaCl22 (0.25 M) into the isolated venous segments. After 30 minutes of aging, blood flow was 

restoredd by removal of the vessel clamps and 100 uL  125I-radiolabeled fibrinogen (Amersham, 

Denn Bosch, the Netherlands, approximately 2 uCi) was injected systemically, followed 

immediatelyy by the intravenous or oral administration of the study compounds. At the end of the 

experimentt in the thrombosis model at 120 minutes after restoration of blood flow, the thrombi 

weree removed and the experiment was terminated. 

Thrombuss growth was determined by measuring the accretion of  125I-radiolabeled fibrinogen 

ontoo the preformed non-radioactive thrombi, as related to plasma radioactivity, as described 

previously.21'222 Thrombus growth reduction was expressed as percentage of the saline control 

thrombuss volume. 
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TestTest compounds and dose rationale 

BSFF 208791 is a D-Phe-Pro-Arg type tripeptidomimetic with a molecular mass of 525 kDa. The 

compoundd is a fast-binding competitive inhibitor of thrombin that inhibits thrombin at its active 

sitee in a reversible manner with a k; value of 1.1 nmol/1. BSF 208791 has a good selectivity as 

comparedd to most other serine proteases (in vitro > 100 fold higher k; values as compared to t-

PA,, plasmin, urokinase, activated protein C, plasma kallikrein, factors Xa, XIa and XTla; 8-fold k; 

valuess as compared to trypsin). BSF 208791 inhibits coagulation with EC ,x values of 23 nM for 

thrombinn time and 380 nM for aPTT in human plasma. The oral bioavailability in rats was 10 to 

20%% with a half-life of approximately 2.5 hours. 

Polyethylenglycoll  Hirudin (PEG-Hirudin) is a chemically defined conjugate of a recombinant 

hirudinn mutein (rm-hirudin) and two molecules of polyethylene glycol (PEG)-5000 with a mean 

molecularr mass of 17 kDa. The compound is chemically stable due to the urethane-like linkage 

betweenn the NH,-groups of rm-hirudin and activated PEG (23). The specific antithrombotic 

activityy was determined as 11.700 antithrombin units (ATU/mg) protein based on the WHO a-

thrombinn standard and was obtained from Knoll AG, Ludwigshafen, Germany. 

Thee LMWH used in the present study was nadroparin, with a specific activity of 9500 anti-

factorr Xa I.U./ml, (Sanofi Winthrop, Paris, France). 

Threee different doses of BSF 208791 and hirudin with a comparable in vitro anti-coagulant 

effectt were investigated. The dose rationale for PEG-Hirudin was based on previous human and 

animall  studies.23'25 The maintenance dose was adjusted for different pharmacokinetic profiles. 

Thee dose of nadroparin was based on the therapeutic level of this agent in patients treated for 

venouss thromboembolism and earlier experiments.26'30 

StudyStudy design 

Thee first part of the study comprised a comparative analysis of the effect on thrombus growth, 

bleedingg time and ex-vivo coagulation assays of BSF 208791, PEG-Hirudin and LMWH after 

intravenouss administration. In the second part of the study, the effects on the same parameters 

afterr the oral administration of BSF 208791 were investigated. 

Inn the intravenous study, the rabbits were allocated to 8 study groups and were treated with 

eitherr 1) a bolus dose of 0.1 mg/kg BSF 208791 intravenously, followed by a continuous 

infusionn of 0.1 mg/kg/hour over 2 hours (low dose); 2) a bolus dose of 0.215 mg/kg BSF 

2087911 intravenously, followed by a continuous infusion of 0.215 mg/kg/hour over 2 hours 

(mediumm dose); 3) a bolus dose of 0.464 mg/kg BSF 208791 intravenously, followed by a 

continuouss infusion of 0.464 mg/kg/hour over 2 hours (high dose); 4) a bolus dose of 0.1 

mg/kgg PEG-Hirudin intravenously, followed by a continuous infusion of 0.05 mg/kg/hr for 2 

hourss (low dose); 5) a bolus dose of 0.215 mg/kg PEG-Hirudin intravenously, followed by a 

continuouss infusion of 0.11 mg/kg/hr for 2 hours (medium dose); 6) a bolus dose of 0.464 
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mg/kgg PEG-Hirudin intravenously, followed by a continuous infusion of 0.23 mg/kg/hr for 2 

hourss (high dose); 7) a bolus dose of 40 aXa U/kg of LMWH intravenously, followed by a 

continuouss infusion of 19.8 aXa U/kg/hour for 2 hours and 8) a bolus dose of saline 

intravenously,, followed by an intravenous infusion of saline for 2 hours. In an additional 

experiment,, rabbits were treated with either a bolus dose of 20 aXa U/kg of LMWH 

intravenously,, followed by a continuous infusion of 10 aXa U/kg/hour for 2 hours (low dose) or 

aa bolus dose of 80 aXa U/kg of LMWH intravenously, followed by a continuous infusion of 20 

aXaa U/kg/hour for 2 hours (high dose). In each group, 8 thrombi were studied. Thrombus 

growthh was evaluated 2 hours after the start of the infusion of the study agents. 

Inn the oral part of the study, rabbits were allocated to 3 study groups. The rabbits in the first 

andd second group were treated with a single bolus dose by gavage of BSF 208791 at a dose of 10 

mg/kgg and at a dose of 20 mg/kg respectively. The third rabbit group received a single bolus 

dosee by gavage of water and formed the control group. In each group and at each time point, 8 

thrombii  were studied. Thrombus growth was studied at 2 and at 3 hours after the administration 

off  the study compounds. 

BloodBlood sampling and assays 

BloodBlood samples were collected before and at 30, 60 and 120 minutes after the start of the 

intravenouss administration or before and at 30, 60,90,150 and 210 minutes after start of the oral 

administrationn of the study compounds. Blood samples (9 vol, 4.5 ml) were collected in sodium 

citratee (3.2%, 1 vol, 0.5 ml) and plasma was obtained by centrifugation for 20 minutes at 2.000 x 

gg at 4°C and stored at -70°C until assayed. 

Thee ecarin clotting time (ECT) was measured by a one-stage clotting assay using ecarin reagent 

(Pentapharm,, Basle, Switzerland) as a reagent. The plasma activated partial thromboplastin time 

(aPTT)) was determined by standard methods on a MLA 900C apparatus using Actin" FS (Dade 

Internationall  Inc, Aguada, PR, U.S.A.) as a reagent. The ecarin clotting time is based on the 

principlee that ecarin converts prothrombin to meizothrombin, which can bind to direct thrombin 

inhibitorss with an affinity similar to a-thrombin.31'3" It has been shown that the meizothrombin 

concentration,, ultimately leading to clotting of the plasma, has an inverse linear relationship with the 

concentrationn of the thrombin inhibitor. Ecarin activates prothrombin in the absence of 

phospholipidss and calcium ions. The ECT assay recently showed to be sensitive to a series of direct 

thrombinn inhibitors in vitro, but not to heparin. 

Plasmaa anti-factor Ha assay was performed as described elsewhere.33 Briefly, plasma was 

preincubatedd with a reagent containing bovine thrombin, aprotinin (to prevent in vitro coagulation 

activation)) and EDTA. Then, chromogenic substrate S-2238 (Chromogenix AB, Mölndal, Sweden) 

wass added and the remaining thrombin was measured kinetically during a period of 60 seconds. 
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Thee chromogenic anti-factor Xa activity assay was performed using an EPOS 5060 analyser, as 

describedd previously 34 and calibrated against a nadroparin standard. 

BleedingBleeding time 

Determinationn of bleeding time in both the intravenously and orally treated rabbits was 

performedd by using a Surgicutt device (International Technidyne Corporation for Ortho 

Diagnosticc Systems, Edison, NJ, U.S.A.) as described previously.35 Briefly, the dorsal part of the 

rabbitt ear was shaved and a standardized incision was made at a site where no vessels were seen. 

Bloodd from the incision was removed every 15 seconds with a filter paper, until the bleeding had 

comee to a complete arrest. Bleeding time was recorded before the administration of the study 

compoundss and at 60 minutes after the start of the intravenous administration or at 180 minutes 

afterr the oral administration of the study compounds. 

MethodologyMethodology and statistical analysis 

Rabbitss were allocated to the various study groups by randomization and the study was 

performedd in a blinded fashion. An investigator who was not aware of the treatment assignment 

performedd counting of the thrombi radioactivity. Statistical analysis was performed by ANOVA 

andd Newman-Keuls tests. A P-value of 0.05 was considered statistically significant. All values are 

presentedd as mean + SD. 

Results s 

ThrombusThrombus growth after the intravenous administration of study agents 

Wee measured the effect of systemic administration of BSF 208791 versus other antithrombotic 

agentss at comparable doses on thrombus growth in a rabbit jugular vein thrombosis model after 

aa period of 120 minutes. The initial thrombus volume was 200 uL. Administration of BSF 

2087911 resulted in a dose-dependent reduction of thrombus growth (Fig 1, upper panel). The 

administrationn of the high dose BSF 208791 resulted in a reduction in thrombus growth of 55.6 

 1.7% as compared with the saline control animals (P< 0.001). Likewise, BSF 208791 

administeredd at medium and low doses reduced thrombus growth significantly as compared with 

thee saline controls: thrombus growth reduction 41.2  1.0% and 16.8  1.6% respectively (p < 

0.0011 and p < 0.05). The antithrombotic effect of BSF 208791 appeared to be significantly larger 

thann the antithrombotic effect of comparable doses of PEG-Hirudin, in particular at the medium 

andd higher doses (thrombus growth reduction: 39.6  1.3%; 26.7  1.4 and 9.1  1.8% in the 

high,, medium and low dose PEG-Hirudin groups respectively; p < 0.05 for the comparison with 

BSFF 208791). Reduction of thrombus growth in the medium and high dose BSF 208791 groups 

wass more reduced as compared with reduction of thrombus growth in the medium dose 
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FigureFigure 1 Thrombus growth reduction and change in bleeding tune after the intravenous administration of BSF'208791 
(high(high dose: black bar, medium dose: shaded bar, low dose: open bar); PEG-Hirudin (high dose: black bar, medium dose: 
shadedshaded bar, low dose: open bar); LMWH (black bar) and saline (shaded bar). Thrombus growth reduction (upper panel) 
waswas measured at 120 minutes after administration of the study compounds and is expressed as percentage of thrombus 
growthgrowth reduction in saline controls. Bleeding time was recorded before the administration of the study compounds (baseline) 
andand at 60 minutes after the start ofthe intravenous administration. Change in bleeding time (lowerpanel) is expressedin 
minutesminutes compared to baseline values. All values are mean  SD. Statistical significance as compared with saline (*: 
P<P< 0.05, **P<  0.01, ***ƒ> < 0.001)and between BSF 20879 land comparable doses ofPEG-Hirudin(#:P< 0.05)ts 
denoted.denoted. All values are mean + SD. 
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LMWH-treatedd rabbits (thrombus growth reduction: 25.7  2.9%; p < 0.01; Fig. 1, upper panel). 

Furthermore,, in additional experiments with LMWH, reduction of thrombus growth in the 

mediumm and high dose BSF 208791 groups was also larger as compared with the reduction of 

thrombuss growth in LMWH (27.5  2.5 and 14.5  4.0% in the high and low dose LMWH 

groupss respectively; p< 0.01; data not shown). 

BleedingBleeding time 

Thee mean baseline bleeding time in all intravenously treated groups was 3.4 (  0.6) minutes. 

Changee in bleeding time after intravenous administration of the study compounds are shown in 

Fig.. 1, lower panel. The high and medium dose of PEG-Hirudin caused a prolongation of the 

bleedingg time of 2.4 (+ 1.0) minutes and 1.3 (  0.5) minutes, respectively, whereas comparable 

dosess of BSF 208791 caused a more modest prolongation of the bleeding time of 1.1 (  0.1) 

minutess and 0.3 (  0.5) minutes, respectively. The bleeding time after the administration of 

mediumm and low dose BSF 208791, as well as after administration of low dose PEG-Hirudin and 

LMWHH remained virtually unchanged. BSF 208791 had significantly less effect on bleeding time 

thann comparable doses of PEG-Hirudin (P<Q.05). 

OralOral administration of study agents 

Att 2 hours after the oral ingestion of 20 mg/kg BSF 208791, thrombus growth was more 

reducedd as compared with the 10 mg/kg BSF 208791 group (24.6  2.0 versus 6.4  3.3%, 

respectively;; p<0.05, Fig. 2, upper panel). However, 3 hours after ingestion of the study 

compounds,, rabbits that were treated with BSF 208791 at both doses, showed a significant 

reductionn in thrombus growth as compared with the controls. After 3 hours, the thrombus 

growthh reduction in the 20 mg/kg and 10 mg/kg BSF 208791 treated groups was 37.4  2.7% 

andd 27.8  3.4% respectively as compared the vehicle controls (p < 0.01, Fig. 2, lower panel). 

BleedingBleeding time 

Thee results of the bleeding time in the rabbit ear after oral administration of the study 

compoundss after 3 hours are shown in Table 1. The mean baseline bleeding time was 2.9 (

0.53).. In the 20 mg/kg BSF 208791 group, a small prolongation of the bleeding time of 1.3 (

0.5)) minutes was observed after 3 hours. The bleeding time at 3 hours after ingestion of 

10mg/kgg BSF 208791 or saline did not differ significantly from baseline. 

Ex-vivoEx-vivo coagulation assays 

Intravenouss administration of the high dose of BSF 208791 caused a dose-dependent 

prolongationn of the aPTT, as shown in Table 2, which was more prolonged as compared with 

thee high dose of PEG-Hirudin at all time points. In rabbits treated with low dose BSF 208791, 
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FigureFigure 2 Thrombus growth reduction after oral ingestion of study compounds. Thrombus growth 

reductionreduction in rabbit jugular veins after oral ingestion of20 mg/kgand 10 mg/kgBSF'208791 (black and shaded bar, 

respectively),respectively), orafter ingestion of'saline(control, open bar) was measuredafter 120'minutes(upper'panel)'andafter 180 

minutesminutes (lower panel). Thrombus growth is expressed as percentage of thrombus growth reduction in saline controls. All 

valuesvalues are mean  SD. Statistical significant differences as compared with control (*:P<  0.05, **P<  0.01) are indicated 
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TableTable 1. Bleeding time measured before and 180 minutes after bolus administration of 
studystudy medication and control 

Bleedingg time 

Studyy Compound 

BSFF 208791 (high dose) 

BSFF 208791 (low dose) 

Controll  (saline) 

Baseline e 

2.88 (0.3) 

3.00 (0.4) 

2.99 (0.2) 

1800 min 

4.0 0 

3.4 4 

2.4 4 

Inert Inert asee / Decrease 

1.33 (0.5)* 

0.44 (0.2) 

-0.44 (0.3) 

BleedingBleeding time (n=4 per group) is expressed in minutes. Rabbits received orally either: BSF 208791 at a dose of20 mg/kg 

bolus,bolus, BSF'208791 at a dose of'10mg/kgbolus or saline. Values are given as mean  SD). ''The difference between 

BSFBSF 208791 at the high dose and control is statistically significant (P< 0.05). 

TableTable 2. Activated partial thromboplastin time values 

Studyy Compound 

BSFF 208791 (high dose) 

BSFF 208791 (med. dose) 

BSFF 208791 (low dose) 

PEG-Hirudinn (high dose) 

PEG-Hirudinn (med. dose) 

PEG-Hirudinn (low dose) 

LMW H H 

Controll  (saline) 

300 min 

29.99 7 

8.44 1 

8.99 5 

12.33 9 

9.33 0 

7.11 2 

3.33 8 

0.22 5 

Prolongationn of aPTT 

600 min 

56.44 4 

9.22 + 7.5 

5.33 2 

12.44 6 

10.22 + 3.2 

9.00 1 

1.99 + 0.7 

0.22 3 

1200 min 

43.33 6 

13.99 + 10.8 

5.44 7 

13.44 6 

8.88 5 

2.22 1 

1.1+0.9 9 

-0.11 4 

PlasmaPlasma aPTT(n=4 per group) is expressed as the increase as compared with the control value (14.3-18.6 sec.) in seconds. 

aPTTaPTT indicates activated partial thromboplastin time. LMWH indicates low molecular weight heparin of which only the 

valuesvalues of the medium dose are given, PEG-Hirudin indicates PolyetbylenglycolHirudm. med indicates median. Values are 

givengiven as mean  SD. 

mediumm or low dose PEG-Hirudin, the aPTT showed a small increase, without significant 

differencess between the study compounds. No prolongation in aPTT was seen in LMW H and 

salinee treated rabbits. 

AA more appropriate assessment of anticoagulant effect of direct thrombin inhibitors might be 

providedd by the ecarin clotting time. The results of the ecarin clotting time measurement after 

intravenouss administration of the study compounds are shown in Table 3. Intravenous 
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administrationn of high dose BSF 208791 or high dose PEG-Hirudin induced the most 

pronouncedd and a comparable prolongation of the ECT. Medium and low dose BSF 208791 

treatmentt resulted in a more moderate prolongation that also did not differ significantly from 

treatmentt with comparable doses of PEG-Hirudin. Since the ECT assay is only sensitive to 

directt thrombin inhibitors, no significant difference in ECT was seen during the entire 

experimentt in the animals that were treated with LMW H and saline. 

TableTable 3. Ecarin clotting time values 

Studyy Compound 

BSFF 208791 
(highh dose) 

BSFF 208791 
(med.. dose) 

BSFF 208791 

(loww dose) 

PEG-Hirudin n 

(highh dose) 

PEG-Hirudin n 

(mediumm dose) 

PEG-Hirudin n 

(loww dose) 

LMW H H 

Controll  (saline) 

ECTT measurement (intravenous study) 

Baseline e 300 min 600 min 

21.33 + 1.2 

21.33 3 

21.77 6 

23.66 4 

22.66 6 

21.88 6 

21.66 8 

22.22  1.2 

>800 0 

584.88  147.5 

277.33  134.7 

25.22  1.3 

22.44 1 

438.33 3 

169.88 2 

24.77 7 

22.33 8 

1200 min 

711.88 3 749.0 3 792.7 1 

205.33 5 341.3 5 280.6 6 

295.55 2 173.0 9 169.4 6 

795.11 8 771.4 0 

411.44 1 

168.44 2 

23.77 0 

22.77 6 

PlasmaPlasma ECT (n = 4 per group) is expressed in seconds. BSF208791 i.v. at a dose of'0.464 mg/kg bolus + 0.464 
mg/kg/hmg/kg/h over 2 hrs (high dose); BSF208791 i.v. at a dose ofO.215 mg/kg bolus + 0.215 mg/kg/b over 2 hrs (medium 
dose);dose); BSF208791 Lv.ata dose o/0.1 mg/kg bolus + 0.1 mg/kg/1) over 2 hrs (low dose); PEG-Hirudin i. v. at a dose 
ofof 0.464 mg/kg bolus + 0.23 mg/kg/b over 2 hrs (high dose); PEG-Hirudin i.v. at a dose of '0.215 mg/kg bolus + 
0.110.11 mg/kg/b over 2 hrs (median dose); PEG-Hirudin i. v. at a dose ofO. 1 mg/kg bolus + 0.05 mgAg/h over 2 hrs 
(low(low dose); LM WH: Nadropann, 40 aXa U/kg bolus, followed by 19.8 aXa UAg/h over 2 hours; Control: saline, 
bolusbolus i.v. followed by continuous i.v. over 2 hours, med. indicates medium. Values are given as mean  SD. 
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FigureFigure 3 Prolongation of aPTT and measurement of ECT after oral ingestion of study 

compounds.compounds. The prolongation of aPTT (upper panel) or absolute ECT values (lower panel) after oral ingestion of20 

mg/kgmg/kg BSF208791 (-A-), 10 tng/kgBSF 208791  O) or saline controls (O-)at various time points after start of 

thethe administration of the study compounds. All values are mean  SD. Statisticalsignificant differences as compared'with 

placeboplacebo (*:P<  0.05, **  P< 0.01) are indicated. 
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AA dose dependent prolongation of the aPTT and the ECT after oral ingestion of BSF 208791 in 

22 doses (10mg/kg per os and 20 mg/kg per os) was detectable from 60 minutes after the start of 

thee administration (Fig. 3). Statistically significant difference between BSF 208791 as compared 

withh saline controls was reached after 90 minutes (p < 0.05). 

PharmacokineticsPharmacokinetics of BSF 208791, anti-IIa and anti-Xa measurements 

Thee continuous intravenous administration of BSF 208791 resulted after 1 hour in stable plasma 

levelss of the compound of 2300 ng/ml in the high dose group, 750 ng/ml in the medium dose 

groupp and 450 ng/ml in the low dose group. At the various dose levels of PEG-Hirudin and 

BSFF 208791, comparable anti-IIa levels were seen (data not shown). Plasma anti-Xa levels were 

exclusivelyy measured in the LMWH group to check for a therapeutic dose level. LMWH 

treatmentt resulted in a stable anti-Xa level of 0.4  0.01 anti-Xa U/ml at the various time points 

duringg the experiment. 

Orall  ingestion of BSF 208791 resulted in a simultaneous and dose-dependent increase of 

plasmaa BSF 208791 (Fig. 4, upper panel), which at the 20 mg/kg dose was comparable with the 

mediumm intravenous dose. Additional information regarding the bioavailability of BSF 208791 

wass provided by comparing the area under the ecarin clotting time curve. The area under the 

ECTT curve after oral ingestion of 20 mg/kg BSF 208791 was 28000 and was comparable with 

thee area obtained when the drug was given intravenously at the medium dose that was 30000. 

Anti-II aa levels after oral administration followed a similar pattern as compared to the plasma 

levelss of BSF 208791 (Fig. 4, lower panel). 

Discussion n 

Inhibitionn of thrombin is of pivotal importance in the preventive and therapeutic management 

off  venous and arterial thrombosis. Therefore, current available thrombin inhibitors like heparin 

orr heparin derivatives and warfarin are frequently used. For both arterial and venous thrombosis, 

clinicall  studies have shown that prolonged anticoagulant treatment contributes to a favourable 

clinicall  outcome.3"9 The limitations, however, of the currently available thrombin inhibitors are 

theirr exclusively parenteral mode of administration and their limited efficacy towards clot bound 

thrombin.6,8'400 Hence, potential improvement in the treatment of thromboembolic disorders 

wouldd be the application of agents with a potent and specific direct thrombin-inhibiting effect 

andd with sufficient and predictable bioavailability after oral ingestion. In the present study, we 

havee assessed the properties of such a novel antithrombotic agent, BSF 208791, in a well-

establishedd in vivo rabbit thrombosis model. We have demonstrated that the compound has 

acceptablee and reproducible bioavailability after oral ingestion and reduces thrombus growth 
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FigureFigure 4 Plasma levels ofBSF208791 (upper panel)andanti-IIa plasma level measurement (lowerpanel) in rabbits 

afterafter oral administration of20 mg/kg (A) or lOmg/kg ( O) BSF 208791 or controls (O-). All values are mean

SD.SD. Statistical significant differences as compared with control (*:P<  0.05, **  P< 0.01) are indicated. 
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inin vivo. The potency of the agent was also demonstrated by intravenous administration, which 

resultedd in a significant stronger inhibition of thrombus growth, as compared with PEG-Hirudin 

att comparable doses, using ECT prolongation as the indicator. Since the issue of dosage of BSF 

2087911 is currently not completely clear, the antithrombotic in vivo activity of BSF 208791 as 

comparedd with PEG-Hirudin should be interpreted cautiously. The mean plasma levels of BSF 

2087911 and the extent of thrombus growth after the oral administration of BSF 208791 were 

comparablee with the systemic administration of the lower dose of BSF 208791. It should be 

noted,, however, that this is partly induced by the slower bioavailability after oral administration. 

Threee hours after oral administration, the plasma concentrations of BSF 208791 were still rising. 

Thiss indicates that during the first two hours the effect on thrombus growth is not completely 

established.. Hence, a more pronounced effect might be observed after a longer observation time 

andd after the administration of higher oral doses or alternatively when given earlier. 

Measurementt of antithrombotic properties during an extended observation time indeed is the 

subjectt of future studies. In addition, our experiments were executed in anesthetized animals and 

itt can be hypothesized that in conscious animals a more rapid gastrointestinal absorption may 

occur.. Both the aPTT and ECT were prolonged and increased beyond the end of our 

experimentt and of measurement of thrombus growth, suggesting a sustained effect after oral 

administration.. In this study, the administration of BSF 208791 resulted in a major 

antithromboticc effect at the expense of a mild effect on the bleeding time. Since the fragile 

balancee between adequate anticoagulation and the development of a bleeding episode during 

antithromboticc treatment is of great clinical importance, this may be an advantageous property of 

BSFF 208791. In contrast, the administration of hirudin was associated with a considerably greater 

effectt on the bleeding time. However, our findings should be interpreted carefully because 

measurementt of the bleeding time has proved to be of limited value for the prediction of major 

orr minor bleeding episodes in clinical practice.18'41 Furthermore, the method of bleeding time 

determination,, although it has been fairly standardized and accepted, may not be very exact.35,42 

Theree are initial reports, which describe the effects of other 'orally available' thrombin inhibitors 

onn thrombus growth and fibrinolysis.43'46 However, all these compounds are slow binding 

thrombinn inhibitors, which narrows their therapeutic intervals and therefore limits their potential 

clinicall  applicability. Furthermore, the compounds have been tested in animal models, which are 

differentt from the model we used. Therefore, the results cannot be compared with the results of 

thee present study. Our data suggest that compounds like BSF 208791 might facilitate a 

prolongedd and stable thrombin inhibition. There are several important clinical implications for 

orall  direct thrombin inhibiting anticoagulants. In particular in clinical situations, where sustained 

anticoagulationn is indicated in order to prevent rebound effects, such as in the sustained 

preventionn of reocclusion of coronary arteries after percutaneous transluminal coronary 

angioplastyy (PTC A) in patients with unstable coronary syndromes, these agents may be of value. 
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Furthermore,, orally available direct thrombin inhibitors might be applicable in clinical situations 

Inn which long term treatment with anticoagulants is indicated, such as in patients with an artificial 

heartt valve prosthesis, patients with atrial fibrillation or in patients with recurrent venous 

thromboembolism. . 

Wee do not know if oral thrombin inhibitors such as BSF 208791 might result in less inter- and 

intraa individual differences in the level of anticoagulation, and might warrant regular monitoring 

off  the anticoagulant status of the patients. This potential effect cannot be extracted from our 

data.. Clinical phase I and II studies in humans have recently been initiated and may provide an 

answerr to this issue. Furthermore, the oral absorption of BSF 208791 was sufficient to produce a 

subsequentt antithrombotic effect in rabbits. However, its absorption in non-human primates has 

yett to be established. Finally, study results obtained from animal models cannot be extrapolated 

too clinical practice before they have been verified during thorough pre-clinical studies in humans. 

Inn conclusion, this study shows the in vivo anticoagulant and antithrombotic effect of a novel 

thrombinn inhibitor BSF 208791, Also, an adequate bioavailability after oral ingestion, associated 

withh a reduction in thrombus growth, was demonstrated. We hypothesize that BSF 208791 

representss a class of agents that may combine the advantages of specific thrombin inhibition 

withh the possibility of oral administration. The compound may be a promising candidate for 

futuree antithrombotic therapy. 
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Summary y 

Currentt antithrombotic compounds have several limitations in clinical practice. Recent studies 

havee shown that direct, antithrombin-independent inhibitors of thrombin may have superior 

antithromboticc effects compared with conventional thrombin inhibitors. The present study was 

designedd to compare the ex vivo anticoagulant effects and the effects on thrombus growth and 

thrombolysiss in vivo of a novel direct thrombin inhibitor (S 18326), with low molecular weight 

heparinn (enoxaparin) and saline. 

Systemicc administration of S 18326 resulted in a dose-dependent plasma concentration with an 

eliminationn half-life of 80 minutes. The compound induced a dose-dependent prolongation of 

bothh the aPTT, thrombin time and increase in anti-factor Ha activity. The endogenous thrombin 

generationn potential (ETP) was determined to evaluate plasma coagulability and decreased 

significantlyy after systemic administration of S 18326. 

Thee ex vivo properties of S 18326 were confirmed in vivo by experiments with a model of venous 

thrombuss growth in rabbits. The thrombus growth was 31%, 43% and 65% at 2 hours after 

systemicc administration of S 18326, enoxaparin, and saline controls, respectively. Moreover 

endogenouss fibrinolysis in S 18326 treated rabbits was 5.8% at the high dose compared with 

3.5%% in the enoxaparin treated rabbits. 

Thee present study shows promising antithrombotic properties of S 18326 as a new direct 

inhibitorr of thrombin to an extent, which may be superior to the antithrombotic effects of low 

molecularr weight heparin. 
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Introductio n n 

Recentt experiments have indicated a pivotal role of thrombin in primary hemostasis and fibrin 

formation.. Hence, inhibition of thrombin is thought to be an important approach in treatment 

andd prevention of thrombotic disease.1 Conventional thrombin inhibitors, such as heparin and 

loww molecular weight heparins, are antithrombin-dependent, which appears to limit their efficacy 

towardss surface-bound thrombin.2 Subsequently, clot-bound thrombin might be, at least 

partially,, responsible for sustained thrombin and fibrin formation. Moreover, platelet-bound 

factorr Xa as well as thrombin bound to fibrin are protected from inhibition by the 

heparin/antithrombinn complex and may therefore be a predisposing factor for recurrent 

thrombosiss or arterial reocclusion.3'5 

Recentt experimental and clinical studies indeed indicate that direct, antithrombin-independent 

inhibitorss of thrombin (such as hirudin or hirudin analogues) are able to attenuate clot bound 

thrombinn and therefore may have a superior antithrombotic effect as compared with the 

conventional,, indirect inhibitors of thrombin.3,6Based on this knowledge, a novel low molecular 

weightt compound (S 18326) with a potent and specific antithrombin activity has recently been 

developed.. Preliminary in vivo studies in dogs, rats and rabbits have evaluated the pharmaco-

kineticss and plasma-anticoagulant effect relationship of S 18326. The compound showed a 

relativelyy high bioavailability after systemic and oral administration, without any toxic side 

effects.7,88 In this light, oral administration of compounds such as S 18326 might provide an 

attractivee alternative for other direct thrombin inhibitors that are in clinical use and have no 

bioavailabilityy after oral administration. 

Inn the present study, we evaluate the dose-anticoagulant effect relationship, the antithrombotic 

propertiess of S 18326 and the effect on thrombolysis as compared with a low molecular weight 

heparinn and saline controls in a well-established venous thrombosis model in rabbits. 

Methods s 

RabbitRabbit jugular vein thrombosis model 

Alll  animal studies were approved by the Institutional Review Board for Animal Experiments and 

weree performed according to guidelines of the American Physiological Society and Dutch Law 

forr Animal Experiments. 

Neww Zealand White rabbits of approximately 2.5 kg were anesthetized with an intramuscular 

injectionn of 9 mg ketamine (Aescoket-Plus, Aesculaap B. V., Boxtel, the Netherlands) and 0.5 ml 

xylazinee (Rompun 2%, Bayer AG, Leverkussen, Germany). Anesthesia was maintained by 

repeatedd intravenous administration of bolus doses of 0.5-1.0 ml thiopental-natrium 10 mg/ml 

(Nesdonal,, Rhöne-Poulenc Rorer B.V., Amstelveen, the Netherlands), when appropriate. The 
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carotidd artery and jugular veins were exposed by a medial incision in the neck The carotid artery 

wass cleared, and a cannula (Baby Feeding Tube, Ch 5; 1.6 mm diameter) was introduced for 

collectionn of blood samples. The jugular veins were cleared on both sides for a distance of 2 cm, 

andd all side branches were ligated. The venous segments were isolated by application of vessel 

clampss proximally and distally. 

Too asses the extent of thrombus growth, non-radioactive thrombi with a total volume of 200 

/xLL were formed in both isolated jugular vein segments by injection of a mixture of 150 fiL of 

homologouss rabbit blood which was aspirated in a 1 ml syringe containing 25 fxL human 

thrombinn (Enzyme Research Laboratories, Kordia B.V., Leiden, the Netherlands; 150 U/ml) and 

455 ixL CaCl2 (0.25 mol/L) into the isolated venous segments. After 30 minutes of thrombus 

aging,, the vessel clamps were removed and 100 /xL  12T-radiolabeled human fibrinogen 

(Amersham,, Den Bosch, the Netherlands, final radioactivity approximately 2 ^Ci/ml) was 

administeredd systematically, immediately followed by the intravenous administration of the study 

compounds.. At the end of the experiment in the thrombus growth model at 60, 120 and 180 

minutess after restoration of blood flow, respectively, thrombi were removed and the experiment 

wass terminated. Thrombus growth was assessed by measuring the accretion of  123I-radiolabeled 

humann fibrinogen onto the preformed nonradioactive thrombi as related to plasma radioactivity, 

ass described previously.9,10 Thrombus growth reduction was expressed as a percentage of the 

salinee control thrombus volume. 

Too assess the extent of fibrinolysis, ''T-radiolabeled thrombi were injected into the isolated 

venouss segments. The labeled thrombi were prepared by incubating homologous citrated rabbit 

bloodd with 125I-radiolabeled human fibrinogen (Amersham, Den Bosch, the Netherlands, final 

radioactivityy 2.5 /xCi/ml). An aliquot of 150 /il of this mixture was aspirated in a syringe 

containingg 25 jiL human thrombin (Enzyme Research Laboratories, Kordia B.V., Leiden, the 

Netherlands:: 150 U/ml) and 45 \x\ CaCl2 (0.25 mmol/l) directly followed by injection into the 

isolatedd venous segment. This procedure was repeated for the contralateral venous segment. To 

restoree blood flow, vessel clamps were removed after 30 minutes of thrombus aging, followed 

immediatelyy by administration of the study compound. One hour after termination of the 

infusionn of the study medication, both thrombi were removed. The extent of endogenous 

fibrinolysiss was assessed by measurement of the remaining radioactivity of the removed thrombi 

ass compared with the initial radioactivity and was expressed as a percentage of the initial 

thrombuss volume. 

TestTest compounds and dose rationale 

S183266 is a novel antithrombin-independent inhibitor of thrombin. The compound has a low 

molecularr weight with a molar mass of 524.9 Dalton and has a potent and selective anti-

thrombinn effect. The compound is a boronic acid with in the P2 position a N-cyclopentyl glycine 
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HCI I 

((1R)-{[A/-(A/-acetyl-D-phenylalanyl)-A/-cyclopentyl-glycyl]amino}-4--

guanidinobutyl)boronicc acid , hydrochloride 

Molarr mass 524.9 (488.4 + 36.5) 

FigureFigure 1 The molecular structure o/S 18326. 

residue,, resulting in the structure: ((lR)-{[N-(N-acelyl-D-phenylalanyl)-N-cyclopentyl-glycyl 

]amino}-4-guanidinobulyl)) boronic acid, hydrochloride (Fig. 1). S 18326 has shown a relatively 

highh bioavailability after oral ingestion in previous experiments in dogs and rats.7 The inhibition 

off  complement factor I, the regulator of the alternate pathway of the complement, seems to be 

responsiblee for the acute toxic effects of other boronic acids." New boronic acids without 

prolinee in the P2 position such as S 18326, have less effect on complement factor I.8 The dose of 

SS 18326 in the present study is based on a preliminary study in which pharmacodynamic 

parameterss of S 18326 administration in rabbits were estimated under similar experimental 

conditions,, (unpublished data, Institut de Recherche Serviër, France). 

Thee low molecular weight heparin (LMWH) used in the present study was enoxaparin, (Rhöne-

Poulencc Rorer, France) with a specific activity of 100 anti-factor Xa IU/mg. The dose rationale 

inn the present study was based on a comparative study in rabbits12 and has also been employed 

forr the prevention of venous thromboembolism in humans.13'3 

StudyStudy design 

Thee study comprises a comparative analysis of the effect on thrombus growth, thrombolysis and 

ex-vivoex-vivo coagulation assays of S 18326, LMW H and saline controls after intravenous admini-

stration. . 

Thrombuss growth part: Rabbits were allocated to four study groups and were treated with 

either:: 1) a bolus dose of 0.25 mg/kg S 18326 intravenously, followed by a continuous infusion 

off  1.02 mg/kg over 1 hour (high dose); 2) a bolus dose of 0.12 mg/kg S 18326 intravenously, 
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followedd by a continuous infusion of 0.51 mg/kg over 1 hour (low dose); 3) a bolus dose of 10 

aXaa U /kgLMWH ( enoxaparin) intravenously, followed by a continuous infusion of60aXa 

U/kg/hrr over 1 hour or 4) a bolus dose of saline control, followed by a continuous infusion 

overr 1 hour. In each group that consisted of 9 rabbits, thrombus growth of 6 thrombi was 

evaluatedd either: 1) at 1 hour after the start of the administration of the study agents; 2) at 1 hr 

afterr termination of the administration of the study agents and 3) at 2 hours after termination of 

thee infusion of the study agents. 

Thrombolysiss part: Rabbits were allocated to 3 different treatment groups and were given 

either:: 1) a bolus dose of 0.25 mg/kg S 18326 intravenously, followed by a continuous infusion 

off  1.02 mg/kg over 1 hour (high dose); 2) a bolus dose of 0.12 mg/kg S 18326 intravenously, 

followedd by a continuous infusion of 0.51 mg/kg over 1 hour (low dose); 3) a bolus dose of 10 

aXaa U/kgLMWH (enoxaparin ) intravenously, followed by a continuous infusion of 60 ocXa 

U/kg/hrr over 1 hour. All thrombi were analyzed at 1 hr after start of the administration of the 

studyy medication. 

BloodBlood Sampling and Assays 

BloodBlood samples were collected before and at 30, 60, 120 and 180 minutes after start of the 

systemicc administration of the study medication in the thrombus growth experiments and at 30 

andd 60 minutes in the thrombolysis experiments. Blood samples (9 vol) were collected in sodium 

citratee (3.2%, 1 vol) and plasma was obtained by centrifugation for 15 minutes at 900 x g at 15 

°CC for 15 minutes. Subsequently, samples were centrifuged at 1000 x g at 15 °C for 15 minutes. 

Hereafter,, the plasma samples were divided into 2 aliquots of at least 500 /xl of plasma for 

endogenouss thrombin potential (ETP) determination and the remaining plasma for measurement 

off  thrombin clotting time and anti-factor Ha or anti-factor Xa plasma levels. For the analysis of S 

18326,, blood samples of 2 ml were collected in tubes that contained lithium heparin and were 

subsequentlyy centrifuged at 1100 x g at 4 °C for 10 minutes immediately after collection. 

Hereafterr the samples were frozen and stored at approximately -80 °C in the absence of light 

untill  final analysis was performed. Plasma levels of S 18326 were determined by liquid chromato-

graphyy and mass spectrometric detection. 

Thee aPTT and thrombin time were determined to evaluate the ex vivo antithrombotic effects of 

studyy compounds and were determined by standard methods on a MLA 900C apparatus using 

Actinn FS (Dade International Inc, Aguada PR, U.S.A.) or thrombin (Dade International Inc, 

Aguadaa PR, U.S.A.) as a reagents, respectively. Results were expressed in seconds. 

Too evaluate the antithrombotic properties of the low molecular weight heparin, enoxaparin, the 

chromogenicc anti-factor Xa activity assay was performed using an EPOS 5060 analyzer, as 

describedd previously,16 and calibrated against an enoxaparin standard. 
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Thee plasma anti-factor Ha assay was performed to evaluate the antithrombotic effect of S 

183266 and was performed as described elsewhere.17 Briefly, plasma was be pre-incubated with a 

reagentt containing bovine thrombin, aprotinin (to prevent in vitro coagulation activation) and 

EDTA.. Then, chromogenic substrate 2-2238 (Chromogenix AB, Mölndal, Sweden) was added 

andd the remaining thrombin was measured kinetically during a period of 60 seconds. Results of 

anti-Xaa activity and anti-IIa activity were expressed in anti-Xa units/ml or anti-IIa units /ml, 

respectively.. In an additional experiment, the extrinsic and intrinsic ETP (endogenous thrombin 

generationn potential) was determined in six rabbits to evaluate the overall thrombin generation 

overr time accordingly to previously described methods.18 

MethodologyMethodology and statistical analysis 

Rabbitss were allocated to the various treatment groups by randomization and the study was 

performedd in a blinded fashion. Counting of the radioactivity of the thrombi to determine the 

effectt on thrombus growth and fibrinolysis was performed by a second independent investigator 

whoo was not informed of the assigned treatment assignment. Statistical analysis was performed 

byy (ANOVA) followed by a post-hoc test for multiple comparison (Newman Keuls test) using 

thee Number Cruncher Statistical Package (NCSS, Utah, USA). P-values below 0.05 were 

consideredd to be statistically significant. All values are presented as mean  SD. 

Results s 

ThrombusThrombus growth and thrombolysis after systemic administration of study agents 

Wee measured the effect of systemic administration of S 18326 versus low molecular weight 

heparinn and saline controls on thrombus growth and thrombolysis in a rabbit jugular vein 

thrombosiss model. The administration of S 18326 resulted after 60 minutes in a dose-dependent 

reductionn of thrombus growth that was statistically significant different as compared with saline 

controll  (Fig 2, p<0.05). S 18326 administered at the high dose (0.25 mg/kg bolus plus 1.02 

mg/kgg continuous infusion over 1 hour) attained the most pronounced antithrombotic effect 

andd reduced thrombus growth to 54  0.8%, whereas S 18326 administered at the low dose (0.12 

mg/kgg bolus plus 0.51 mg/kg continuous infusion over 1 hour) reduced thrombus growth to 69 

 2.0% as compared with thrombus growth in saline controls (p<0.05). LMWH was less 

effectivee in thrombus growth reduction than both doses of S 18326 (thrombus growth: 82

3.3%% as compared to saline controls, p <0.05 ). To assess the duration of the antithrombotic 

effectt of the study agents, the extent of thrombus growth was determined at 1 and 3 hours after 

startt of the systemic administration of the test compounds. Thrombus growth in the saline 

controll  group significantly increased over this period (p < 0.05). In contrast, the animals treated 

withh high dose S 18326 (thrombus growth: 48  1.9%), low dose S 18326 (thrombus growth: 60 
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1000 -

timee points (minutes 

FigureFigure 2 Thrombus growth after 60 minutes of intravenous administration ofS 18326 (high dose: black bars, low dose: 

shadedshaded bars); LMWH (crossed bars); saline (open bars). Thrombus growth was measured at the end of the infusion and at 

22 hours after the termination of the infusion of the study compounds and is expressed as percentage of thrombus growth in 

salinesaline controls. All values are mean + SD. Statistical significance as compared with saline (*:p<  0.01, **p  < 0.001)and 

betweenbetween S 18326 and comparable doses LMWH (§: p< 0.05) is denoted. All values are mean  SD. 

 1.9%) and LMW H (thrombus growth: 65  2.3%) all demonstrated a decreased thrombus 

growthh as compared to saline at 2 hours after cessation of the infusion of the study agents (Fig. 

2).. Again, the antithrombotic effect of LMW H was less effective in thrombus growth reduction 

thann both doses of S 18326 (Fig. 2). Thrombolysis was measured 60 minutes after start of the 

administrationn of the study compounds. Systemic infusion of S 18326 induced a dose-dependent 

increasee in thrombolysis. Administration of high and low dose S 18326 induced thrombolysis of 

66  2% and 4  0%, respectively after 60 minutes as compared to placebo. Administration of 

highh dose S 18326 increased thrombolysis to a larger extent as compared with LMW H (3  1%) 

Thiss difference, however, was not statistically significant. 
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FigureFigure 3 Plasma concentration after 60 minutes of intravenous administration ofS 18326 at a high dose: a bolus dose of 
0.250.25 mg/kg, followed by a continuous infusion ofl. 02 mg/kg over 1 hour  O-); or at a low dose: a bolus dose ofO. 12 
mg/kg,mg/kg, followed by a continuous infusion ofO. 51 mg/kg over 1 hourf- # j . All values are mean  SD. Statistical 
significantsignificant differences between high and low dose S 18326 (*:p < 0.05) are indicated. 

PharmacokineticsPharmacokinetics ofS 18326 

Intravenouss administration of S 18326 resulted after 30 minutes in stable plasma levels of 809

1622 Qig/L) in the high dose group and 323  67 (/*g/L) in the low dose group, respectively (Fig. 

3).. The calculated elimination half-life of S 18326 in this experiment was 80 minutes. 

Ex-vivoEx-vivo clotting assays 

Intravenouss administration of S 18326 resulted in a temporary prolongation of the activated 

partiall  thrombin time (aPTT). As shown in table 1, administration of S 18326 prolonged the 

aPTTT from 16.4 to 54.4 seconds and from 16.6 to 26.7 seconds in the high and low dose of S 

18326,, respectively. This effect was dose- and time dependent. Highest levels of aPTT were 
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TableTable 1. Activated Partial Thromboplastin Time Values 

Studyy compound 

SS 18326 (high dose) 

SS 18326 (low dose) 

LMW H H 

Controll  (saline) 

300 min 

38.1127.4 4 

10.112.8 8 

1.912.0 0 

0.22 1 1.2 

Prolongation n 

600 min 

16.6112.1 1 

7.11 13.2 

2.44 12.5 

0.88 + 0.8 

off  aPTT 

1200 min 

6.615.7 7 

0.88 12.5 

1.44 + 2.1 

-0.44 10.8 

1800 min 

4.212.4 4 

0.88 11.9 

0.66 + 2.1 

0.110.8 8 

PlasmaPlasma aPTT(mean values) is expressed as the increase as compared with the baseline values (15.4-17.4 sec) in seconds. 

aPTTindicatesaPTTindicates activatedpartialthromboplastin time IM\WHindicates lew molecular weight fjepann. Values are given as 

meanmean + SD. 

measuredd at 30 minutes after the start of the administrationn of study medication. At 180 minutes 

alll  aPTT levels decreased again. As expected, the aPTT in animals treated with LMW H or saline 

didd not alter during the entire experiment. 

Thee systemic administration of S 18326 induced a prolongation of the thrombin time that was 

statisticallyy significant different as compared with LMW H and saline controls (Fig 4, upper panel; 

pp < 0.05). Thrombin time at 30 minutes after intravenous administration of S 18326 was 258 and 

3000 seconds in the high and low dose groups, respectively. 

TheThe effects ofS 18326 on anti-factor Ha, anti-factor Xa measurements and ETP 

Similarr to the thrombin time, a dose dependent increase in anti-factor Ila activity was seen at 30 

minutess after respective administration of high and low dose of S 18326 to maximum levels of 

200++ 15 and 109  14 (nmol/1) (Fig. 4, lower panel). At the end of the experiment, the anti-

factorr Ila activity was 62  35 (nmol/L) and 22 + 5 (nmol/L) in the S 18326 high and low dose 

groups,, respectively. The LMW H induced a short lasting prolongation of thrombin time that was 

maximall  at 30 minutes (44 + 16 seconds) after start of the administration. Administration of 

salinee did not influence thrombin time. 

Plasmaa anti-Xa levels were exclusively measured in the LMW H group to check the therapeutic 

dosee level. LMW H treatment resulted in mean stable anti-Xa levels of 0.53  0.17 anti-Xa U/ml 

att the various timepoints during the experiment (data not shown). 

Thee endogenous thrombin generation potential (ETP) was determined in additional experiment 

too evaluate the overall thrombin generation and represents an index of possible thrombin-

formingg capacity (Table 2). Six rabbits were treated with an intravenous administration of a bolus 

dosee of 0.25 mg/kg S 18326, followed by a continuous infusion of 1.02 mg/kg over 1 hour. 

Thirtyy minutes after the start of systemic administration of S 18326, the extrinsic ETP showed a 

decreasee of 76% as compared to baseline levels. The decrease in intrinsic ETP after 30 minutes 

wass 60% compared with baseline levels. 
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FigureFigure 4 Thmmbin time and measuremmt of antifaaorUalevek after mtravemmadministrat 

ThrombintimeThrombintime (upperpanel) and anti-factor Ila levels (lower panel) after intravenous administration ofabolus dose of0.25 

mg/kgmg/kg S18326, followed by a continuous infusion ofl. 02 mg/kg over 1 hour: high dose (- 0-); a bolus dose ofO. 12 

mg/kgmg/kg S18326, followed by a continuous infusion ofO. 51 mg/kg over 1 hour: low dose( 0-);a bolus dose oflOaXa 

U/kgLMWH,followedbyaU/kgLMWH,followedbya continuous infusion of60aXa U/kg/hrover 1 hour(-A-);a bolus dose of saline control ( 

O)*atO)*at varioustime'pointsafterstart of theadministration ofthestudycompounds. Antifactor Ila levels were not measured 

inin rabbits treated with LMWH. A11 values are mean  SD. Statistical significant difference between high and low dose S 

1832618326 (*:  p<0.05) and between S 18326 and saline (**:  p<0.05) are indicated. 
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TableTable 2. The endogenous thrombin generation potential (ETP) 

Measurement t 

ETPP (extrinsic) 

ETPP (intrinsic) 

0 0 

100 0 

100 0 

15 5 

24 4 

53 3 

30 0 

24 4 

40 0 

Time e 

45 5 

24 4 

40 0 

(minutes) ) 

60 0 

75 5 

45 5 

90 0 

70 0 

85 5 

120 0 

89 9 

92 2 

180 0 

93 3 

91 1 

240 0 

80 0 

88 8 

MeanMean extrinsic and intrinsic ETPvalues expressed as percentage of initial thrombin generation after intravenous 
administrationadministration of a bolus dose ofO. 25 mg/kg S18326, followed by a continuous infusion of 1.02 mg/kg over 1 hour. 

Discussion n 

Thrombinn plays the key role in the pathogenesis of venous and arterial thrombosis. Therefore, 

inhibitionn of thrombin is of pivotal importance in the prevention and treatment of thrombosis. 

Forr both arterial and venous thrombosis, clinical studies have shown that prolonged 

anticoagulantt treatment contributes to a favourable clinical outcome.19 21 There are, however, 

somee limitations of the anticoagulant agents that are currently available. Unfractionated heparin 

andd LMW H exert their anticoagulant activity through an antithrombin-dependent mechanism, 

whichh has been shown to limi t its efficacy towards clot bound thrombin.U2,23 Furthermore, clot-

boundd thrombin as well as platelet-bound factor Xa are protected from inhibition by the 

heparin/anti thrombinn complex and might be, at least partially, responsible for sustained 

formationn of thrombin and fibrin after initiall y successful reperfusion. Resistance against 

inhibitionn by the heparin/antithrombin complex may therefore be a predisposing factor for 

recurrentt thrombosis or arterial reocclusion.3"5 Hence, potential improvement in the treatment of 

thromboembolicc disorders would be the application of antithrombotic agents with a potent and 

specificc direct thrombin-inhibiting effect. Experimental and clinical studies with direct 

antithrombin-independentt thrombin inhibitors indeed revealed that this class of agents do not 

onlyy prevent rethrombosis after thrombolytic therapy and angioplasty more effectively than 

heparin,, but also show to have a sustained antithrombotic effect after its cessation in a model of 

experimentall  venous thrombosis.6,24'28 

Inn the present study, we assessed the antithrombotic properties of a comparable novel 

antithrombin-independentt direct thrombin inhibitor (S 18326) in a well-established rabbit 

thrombosiss model. Previous studies have shown the utilit y of the model for the study of 

anticoagulant/antithromboticc agents in a standardized fashion and have provided consistent 

findingss with acceptable (biological) variation. 3'6'9'24'28 
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SS 18326 showed a reproducible bioavailability and elimination half-life after intravenous 

administrationn in rabbits. The antithrombotic potency of the agent was demonstrated by 

measurementt of ex vivo anticoagulant parameters after intravenous administration. Dose 

dependentt decrease in overall thrombin generation and plasma coagulability was observed after 

respectivee administration of high and low doses of S 18326 and was based on measurement of 

ann increase in anti-factor Ila activity levels, in combination with a sharp decrease in the 

endogenouss thrombin generation potential (ETP). 

Systemicc administration of S 18326 induced a dose related reduction in thrombus growth, that 

wass reflected by the pharmacokinetic experiments in which a proportional relationship was 

identifiedd between the reduction of the thrombus growth and plasma levels of S 18326. The 

reductionn of thrombus growth, induced by the systemic administration of S 18326, was 

statisticallyy significant larger as compared with thrombus reduction in rabbits that were treated 

withh LMWH or saline. We hypothesize, based on the pharmacokinetic results in this study, that 

thee difference between S 18326 and LMWH is most likely due to inhibition of clot-bound 

thrombin.. Furthermore, the antithrombotic potency of S 18326, as reflected by a sustained 

decreasee in thrombus growth, was present even after discontinuation of its systemic 

administrationn and disappearance from the circulation. 

Thesee results are in accordance with earlier observations that showed a more intense and 

sustainedd antithrombotic effect of antithrombin-independent direct inhibitors of thrombin as 

comparedd with LMWH.4'24'28 A key role in possible mechanism by which direct thrombin 

inhibitionn could enhance endogenous clot lysis might be played by factor XIII . Stable clot 

formationn is dependent on two processes: fibrin-fibri n cross-linking within the clot and 

resistancee to fibrinolysiss by cross-linking of a2- antiplasmin to fibrin monomers. Activation of 

factorr Xm by thrombin is essential for both processes and strong inhibition of thrombin might 

thereforee result in a decrease of activated factor XII I which subsequently leads to clot instability 

andd enhancement of endogenous clot lysis.6 Another explanation of sustained thrombus growth 

reductionn is based on alterations in the fibrinolytic system. Thrombin-activatable fibrinolysis 

inhibitorr (TAFI) is capable of attenuating fibrinolysis by activation of Factor XI.3u,J1 Since TAFI 

iss activated by thrombin or thrombin-thrombomodulin complexes, inhibition of thrombin might 

resultt in a decrease of TAFI-plasma levels. Subsequently, the attenuation of TAFI-dependent 

factorr XI mediated inhibition of fibrinolysis will result in sustained fibrinolysis . 

Previouss studies have revealed a relatively high bioavailability of S 18326 after oral ingestion in 

experimentall  animals. Therefore, it might be of particular interest to evaluate the antithrombotic 

propertiess of S 18326 after oral administration in an in vivo thrombosis study model. 

Measurementt of antithrombotic properties after oral administration of S 18326 indeed is the 

subjectt of future studies. Our data suggest that compounds like S 18326 might facilitate a 

prolongedd and stable thrombin inhibition. There are several important clinical implications for 
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directt thrombin inhibiting anticoagulants. In particular in clinical situations, where sustained 

anticoagulationn is indicated in order to prevent rebound effects, such as in the sustained 

preventionn of reocclusion of coronary arteries after percutaneous transluminal coronary 

angioplastyy (PTC A) in patients with unstable coronary syndromes, these agents may be of value. 

Theree are initial reports which describe the effects of other antithrombin-independent direct 

thrombinn inhibitors on thrombus growth and fibrinolysis.32"3' So far, all these compounds appear 

too be slow-binding thrombin inhibitors as compared to S 18326, which narrows their therapeutic 

intervalss and limits their potential clinical applicability. Furthermore, the compounds have been 

testedd in different animal models from the model we used. Therefore, the results cannot be 

comparedd with the results of the present study. Although study results obtained from animal 

modelss cannot be extrapolated to clinical practice before they have been verified during 

thoroughh pre-clinical studies in humans, we conclude that S 18326 might be a representative of 

promisingg antithrombotic agents with a novel mechanism of action. 

Acknowledgments Acknowledgments 

Marcell  Levi is a fellow of the Royal Dutch Academy of Arts and Sciences; Harry Biiller is an 

establishedd investigator of the Netherlands Heart Foundation and Philip Friederich is supported 

byy a grant from the Netherlands Organization for Scientific Research (NWO). 

•64-•64-



AA novel direct thrombin inhibitor (S 18326) attenuates attenuates thrombus growth 

References s 

1.. Weitz JI, Hudoba M, Massel D, Maraganore J, Hirsh J. Clot-bound thrombin is protected 

fromm inhibition by heparin-antithrombin III but is susceptible to inactivation by 

antithrombinn Ill-independent inhibitors. Journal of Clinical Investigation 1990; 

86(2):385-391. . 

2.. Heras M, Chesebro JH, Penny WJ, Bailey KR, Badimon L, Fuster V. Effects of thrombin 

inhibitionn on thee development of acute platelet-thrombus deposition during angioplasty 

inn pigs. Heparin versus recombinant hirudin, a specific thrombin inhibitor. Circulation 

1989;; 79(3):657-665. 

3.. Agnelli G, Renga C, Weitz JI, Nenci GG, Hirsh J. Sustained antithrombotic activity of 

hirudinn after its plasma clearance: comparison with heparin. Blood 1992; 80(4):960-965. 

4.. GISSI-2: a factorial randomised trial of alteplase versus streptokinase and heparin versus 

noo heparin among 12,490 patients with acute myocardial infarction. Gruppo Italiano per 

loo Studio della Soprawivenza nell'Infarto Miocardico. Lancet 1990; 336(8707):65-71. 

5.. Granger CB, Becker R, Tracy RP, Califf RM, Topoi EJ, Pieper KS, Ross, AM, Roth S, 

Lambreww C, Bovill EG. Thrombin generation, inhibition and clinical outcomes in 

patientss with acute myocardial infarction treated with thrombolytic therapy and heparin: 

resultss from the GUSTO-I Trial. GUSTO-I Hemostasis Substudy Group. Global 

Utilizationn of Streptokinase and TPA for Occluded Coronary Arteries. Journal of the 

Americann College of Cardiology 1998; 31(3):497-505. 

6.. Biemond BJ, Friederich PW, Levi M, Vlasuk GP, Buller HR, ten Cate JW. Comparison 

off  sustained antithrombotic effects of inhibitors of thrombin and factor Xa in 

experimentall  thrombosis. Circulation 1996; 93(1): 153-160. 

7.. Verbeuren TJ RASSVMNGd. Antithrombotic Properties of S18326, A New Potent 

Orallyy Active Tripeptidic Buronic Acid Thrombin Inhibitor. Thrombosis and 

Haemostasiss 1995; 73(6): 1310. 

8.. Rupin A, Mennecier P, Lila C, de Nanteuil G, Verbeuren TJ. Selection of SI8326 as a 

neww potent and selective boronic acid direct thrombin inhibitor. Thromb Haemost 1997; 

78(4):1221-1227. . 

--



ChapterChapter 4 

9.. Friederich PW, Levi M, Biemond BJ, Charlton P, Templeton D, van, Zonneveld AJ, 

Bevann P, Pannekoek H, ten Cate JW. Novel low-molecular-weight inhibitor of PAI-1 

(XR5118)) promotes endogenous fibrinolysis and reduces postthrombolysis thrombus 

growthh in rabbits. Circulation 1997; 96(3):916-921. 

10.. Biemond BJ, Friederich PW, Koschinsky ML, Levi M, Sangrar W, Xia J, Buller HR, ten 

Catee JW. Apolipoprotein(a) attenuates endogenous fibrinolysis in the rabbit jugular vein 

thrombosiss model in vivo. Circulation 1997; 96(5): 1612-1615. 

11.. Knabb RM, Luettgen JM, Laemy AW, Barbera FA, Kettner CA, Pangburn MJ, Thoolen 

MJ.. Acute toxicity of synthetic thrombin inhibitors caused by inhibition of complement 

factorr I. Circulation 2000; 94:1-696. 

12.. Bostwick J, Bentley R, Dunwiddie C, Leadley R. Inhibition of venous thrombus 

formationn in the rabbit by antithrombotic agents with different mechanisms of action. 

Thee FASEB Journal 1997; 11(3:A313). 

13.. Samama MM, Cohen AT, Darmon JY, Desjardins L, Eldor A, Janbon C, Leizorovicz A, 

Nguyenn H, Olsson CG, Turpie AG, Weisslinger N. A comparison of enoxaparin with 

placeboo for the prevention of venous thromboembolism in acutely ill medical patients. 

Prophylaxiss in Medical Patients with Enoxaparin Study Group. New England Journal of 

Medicinee 1999; 341(ll):793-800. 

14.. Gonzalez-Fajardo J A, Arreba E, Castrodeza J, Perez JL, Fernandez L, Agundez I, Mateo 

AM,, Carrera S, Gutierrez V, Vaquero C. Venographic comparison of subcutaneous low-

molecularr weight heparin with oral anticoagulant therapy in the long-term treatment of 

deepp venous thrombosis. Journal of Vascular Surgery 1999; 30(2):283-292. 

15.. Agnelli G, Piovella F, Buoncristiani P, Severi P, Pini M, D'Angelo A, Beltrametti C, 

Damianii  M, Andrioli GC, Pugliese R, Iorio A, Brambilla, G. Enoxaparin plus 

compressionn stockings compared with compression stockings alone in the prevention of 

venouss thromboembolism after elective neurosurgery. New England Journal of Medicine 

1998;; 339(2):80-85. 

16.. ten Cate H, Lamping RJ, Henny CP, Prins A, ten Cate JW. Automated amidolytic 

methodd for determining heparin, a heparinoid, and a low-Mr heparin fragment, based on 

theirr anti-Xa activity. Clinical Chemistry 1984; 30(6):860-864. 

17.. Nurmohamed MT, Berckmans RJ, Morrien-Salomons WM, Berends F, Hommes, DW, 

Rijniersee JJ, Sturk A. Monitoring anticoagulant therapy by activated partial 

thromboplastinn time: hirudin assessment. An evaluation of native blood and plasma 

assays.. Thromb Haemost 1994; 72(5):685-692. 

•66-•66-



AA novel direct thrombin inhibitor (S 18326) attenuates attenuates thrombus growth 

18.. Hemker HC, Beguin S. Thrombin generation in plasma: its assessment via the 

endogenouss thrombin potential. Thromb Haemost 1995; 74(1): 134-138. 

19.. Levine MN, Hirsh J, Gent M, Turpie AG, Weitz J, Ginsberg J, Geerts, LeClerc J, 

Neemehh J, Powers P. Optimal duration of oral anticoagulant therapy: a randomized trial 

comparingg four weeks with three months of warfarin in patients with proximal deep vein 

thrombosis.. Thromb Haemost 1995; 74(2):606-611. 

20.. Schulman S, Rhedin AS, Lindmarker P, Carlsson A, Larfars G, Nicol P, Loogna E, 

Svenssonn E, Ljungberg B, Walter H. A comparison of six weeks with six months of oral 

anticoagulantt therapy after a first episode of venous thromboembolism. Duration of 

Anticoagulationn Trial Study Group. New England Journal of Medicine 1995; 

332(25):1661-1665. . 

21.. Schulman S, Granqvist S, Holmstrom M, Carlsson A, Lindmarker P, Nicol, Eklund SG, 

Nordlanderr S, Larfars G, Leijd B, Linder O, Loogna E. The duration of oral 

anticoagulantt therapy after a second episode of venous thromboembolism. The Duration 

off  Anticoagulation Trial Study Group. New England Journal of Medicine 1997; 

336(6):393-398. . 

22.. Hogg PJ, Jackson CM. Fibrin monomer protects thrombin from inactivation by heparin-

antithrombinn HI: implications for heparin efficacy. Proceedings of the National Academy 

off  Sciences of the United States of America 1989; 86(10):3619-3623. 

23.. Li WX, Kaplan AV, Grant GW, Toole JJ, Leung LL. A novel nucleotide-based thrombin 

inhibitorr inhibits clot-bound thrombin and reduces arterial platelet thrombus formation. 

Bloodd 1994; 83(3):677-682. 

24.. Biemond BJ, Levi M, Nurmohamed MT, Buller HR, ten Cate JW. Additive effect of the 

combinedd administration of low molecular weight heparin and recombinant hirudin on 

thrombuss growth in a rabbit jugular vein thrombosis model. Thromb Haemost 1994; 

72(3):377-380. . 

25.. van den Bos AA, Deckers JW, Heyndrickx GR, Laarman GJ, Suryapranata H, Zijlstra F, 

Closee P, Rijnierse JJ, Buller HR, Serruys PW. Safety and efficacy of recombinant hirudin 

(CGPP 39 393) versus heparin in patients with stable angina undergoing coronary 

angioplasty.. Circulation 1993; 88(5 Pt l):2058-2066. 

26.. Yao SK, McNatt J, Anderson HV, Eidt J, Cui KX, Golino P, Glas-Greenwalt P, 

Maraganoree J, Buja LM, Willerson JT. Thrombin inhibition enhances tissue-type 

plasminogenn activator-induced thrombolysis and delays reocclusion. Am J Physiol 1992; 

262(2Pt2):H374-H379. . 

•67-•67-



ChapterChapter 4 

27.. Cannon CP, Maraganore JM, Loscalzo J, McAllister A, Eddings K, George, D, Selwyn 

AP,, Adelman B, Fox I, Braunwald E. Anticoagulant effects of hirulog, a novel thrombin 

inhibitor,, in patients with coronary artery disease. Am] Cardiol 1993; 71(10):778-782. 

28.. Klement P, Borm A, Hirsh J, Maraganore J, Wilson G, Weitz J. The effect of thrombin 

inhibitorss on tissue plasminogen activator induced thrombolysis in a rat model. Thromb 

Haemostt 1992; 68(l):64-68. 

29.. Levi M, Biemond BJ, van Zonneveld AJ, ten Cate JW, Pannekoek H. Inhibition of 

plasminogenn activator inhibitor-1 activity results in promotion of endogenous 

thrombolysiss and inhibition of thrombus extension in models of experimental 

thrombosis.. Circulation 1992; 85(1):305-312. 

30.. Minnema MC, Friederich PW, Levi M, dem Borne PA, Mosnier LO, Meijers JC, 

Biemondd BJ, Hack CE, Bouma BN, ten Cate H. Enhancement of rabbit jugular vein 

thrombolysiss by neutralization of factor XL In vivo evidence for a role of factor XI as an 

anti-- fibrinolytic factor [published erratum appears in J Clin Invest 1998 Feb 

15;101(4):917].. J Clin Invest 1998; 101(1):10-14. 

31.. von dem Borne PA, Bajzar L, Meijers JC, Nesheim ME, Bouma BN. Thrombin-

mediatedd activation of factor XI results in a thrombin- activatable fibrinolysis inhibitor-

dependentt inhibition of fibrinolysis. J Clin Invest 1997; 99(10):2323-2327. 

32.. Cousins GR, Friedrichs GS, Sudo Y, Rebello SS, Rote WE, Vlasuk GP, Nolan TG, 

Mendozaa C, Lucchesi BR. Orally effective CVS-1123 prevents coronary artery 

thrombosiss in the conscious dog. Circulation 1996; 94(7): 1705-1712. 

33.. Bagdy D, Szabo G, Barabas E, Bajusz S. Inhibition by D-MePhe-Pro-Arg-H {GYKI -

14766)) of thrombus growth in experimental models of thrombosis. Thromb Haemost 

1992;; 68(2):125-129. 

34.. Hussain MA, Knabb R, Aungst BJ, Kettner C. Anticoagulant activity of a peptide 

boronicc acid thrombin inhibitor by various routes of administration in rats. Peptides 

1991;; 12(5):1153-1154. 

35.. Mehta JL, Chen L, Nichols WW, Mattsson C, Gustafsson D, Saldeen TG. Melagatran, an 

orall  active-site inhibitor of thrombin, prevents or delays formation of electrically induced 

occlusivee thrombus in the canine coronary artery. Journal of Cardiovascular 

Pharmacologyy 1998; 31(3):345-351. 

•68-•68-



CHAPTERR 5 

AA NOVEL LOW MOLECULAR WEIGHT 
INHIBITO RR OF PAI-1 (XR5118) REDUCES POST-
THROMBOLYSISS THROMBUS GROWTH AND 

PROMOTESS ENDOGENOUS FIBRINOLYSIS 
INN RABBITS 

Philipp W. Friederich, Marcel Levi, Bart J. Biemond, Peter Charlton, David Templeton, 

Antonn Jan van Zonneveld, Paul Bevan, Hans Pannekoek, Jan W. ten Cate. 

CirculationCirculation 1997; 96: 916-21 



ChapterChapter 5 

Summary y 

Elevatedd levels of plasminogen activator inhibitor 1 (PAI-1) have been associated with the 

occurrencee of thrombotic disease and inhibition of PAI-1 activity in vivo resulted in enhanced 

thrombolysiss and a reduction in reocclusion. Besides monoclonal antibodies and peptides, no 

suitablee agents that are able to block PAI-1 activity are available to date. The present study 

wass designed to test the interaction between a non-antibody, non-peptide, diketopiperazine-

basedd inhibitor of PAI-1, XR5118, and PAI-1 and to assess the effect of XR5118 on PAI-1 

activityy in vitro and on in vivo thrombolysis and thrombus growth in an experimental 

thrombosiss model in rabbits. 

Thee binding site of XR5118 on the PAI-1 molecule was studied by competitive binding 

experimentss with mapped anti-PAI-1 monoclonal antibodies by using surface plasmon 

resonancee experiments. XR5118 selectively and competitively inhibited binding of the PAI-1 

inhibitingg monoclonal antibody CLB-2C8, indicating that binding of XR5118 to PAI-1 takes 

placee at the area between amino acid 110 and 145 of the PAI-1 molecule, which is known to 

bee involved with the binding of PAI-1 to t-PA. 

Incubationn of plasma or platelet releasate with XR5118 resulted in a dose-dependent 

inhibitionn of PAI-1 activity. Systemic infusion of XR5118 induced a significant reduction in 

plasmaa PAI-1 activity levels from 23.7  4.9 IU/ml to 10.9  3.4 IU/ml. 

Administrationn of XR5118 resulted in a significant two-fold increase in endogenous 

thrombolysiss as compared to the control. Thrombus growth in rabbits, receiving both 

XR51188 and r-tPA, was significantly attenuated as compared to rabbits receiving r-tPA alone 

(13.55  2.7% versus 19.9  3.8%, respectively). We conclude that XR5118 binds to PAI-1 and 

reducess plasma PAI-1 activity levels. Furthermore, XR5118 promotes endogenous thrombo-

lysiss and inhibits thrombus accretion and is the first non-peptide compound with significant 

anti-PAI-11 activity in vivo in these models. 
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Introduction n 

Recently,, clinical and experimental studies, including experiments in transgenic animals, have 

confirmedd the important regulatory role of plasminogen activator inhibitor type 1 (PAI-1) in 

thee endogenous fibrinolytic system and the pathogenesis of post-reperfusion reocclusion. This 

evidencee is based on observations that a genetically inherited deficiency of PAI-1 results in a 

mildd haemorrhagic diathesis.1"4 Moreover, PAI-1 deficient knock-out mice showed an 

enhancedd potency to dissolve induced pulmonary fibrin clots.5,6 In addition, administration of 

PAI-11 inhibiting monoclonal antibodies to rabbits and dogs resulted in an enhancement of 

endogenouss fibrinolysis and a reduction in post-thrombolysis thrombus growth.7'8 On the 

otherr hand, transgenic animals with very high plasma levels of PAI-1 developed thrombotic 

vascularr occlusions and it was shown in clinical studies that elevated levels of PAI-1 were 

associatedd with an increased risk for the development of myocardial infarction and post-

thrombolysiss reocclusion.' J 

Basedd on these observations it has been postulated that PAI-1, potentially released in high 

concentrationss from activated platelets and retained within a thrombus by binding to fibrin, 

mightt be functioning as an important mediator of early reocclusion after initially successful 

reperfusion.. This hypothesis was supported by results from experiments revealing that 

platelet-dependentt thrombolysis resistance was indeed dependent on PAI-1 activity and that 

thee PAI-1 concentration in reoccluding thrombi was high.13,14 Therefore, it became apparent 

thatt inhibition of PAI-1 activity could be a useful approach in strategies aimed at the pre-

ventionn of platelet-dependent reocclusion or, in general, at the enhancement of endogenous 

fibrinolyticc activity. Inhibition of PAI-activity may be achieved by monoclonal antibodies, 

however,, the therapeutic use of these agents in humans is limited by several factors, such as 

theirr potential immunogenicity. 

Recently,, a N-acetyl tetradecapeptide, corresponding to the P1-P14 amino-acid sequence of 

thee PAI-1 reactive center loop (corresponding to amino-acid residues 333-346 of the PAI-1 

molecule)) was shown to be able to rapidly inactivate PAI-1 and to enhance fibrinolysis in 

vitro.vitro. The in vivo activity of this peptide has, however, not been shown so far. 

InIn this study we present the effect of a non-protein low molecular weight PAI-1 inhibitor, 

XR5118,, on rabbit plasma and platelet PAI-1 activity, and on thrombolysis and thrombus 

growthh in an experimental thrombosis model, thereby providing the first in vivo data on the 

promotionn of thrombolysis and inhibition of thrombus accretion by a non-antibody, non-

peptidee molecule. With surface plasmon resonance experiments we were able to identify its 

mechanismm of action, which likely proceeds by competition for the binding site on PAI-1 for 

t-PA. . 
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Materiall  and methods 

CharacterizationCharacterization ofPAI-1 inhibitor XR5118 and measurement ofXR5118 in plasma. 

Wee have reported previously on the identification and evaluation of the diketopiperazine-

basedd compound XR334, originally isolated from the biomass of a fermentation of a 

Streptomycess species.'6 XR5118 [(3Z,6Z)-6-benzylidene-3-(5-(2-dimethylaminoethylthio)-2-

thienyl)) methyleen-2,5-piperazinedione,hydrochloride] (figure 1) is an analog of XR334 with a 

molecularr weight of 436 D and was prepared by chemical synthesis (Xenova Ltd, Slough, 

Berkshire,, United Kingdom). In an in vitro amidolytic assay (S2251), which measures tPA-

mediatedd plasmin generation, XR5118 inhibited human PAI-1 with an IC5o of 3.5 + 0.19 

fimol/LL (n = 7). 

/ / 
NN HCI 
\ \ 

0 0 

FigureFigure 1 The molecular structure ofXR.5118 (MW = 436) 

Thee plasma levels of XR5118 were determined by an HPLC method. Plasma samples were 

extractedd with methanol and chromatographed on an octadecyl silica cartridge eluted with a 

solventt gradient commencing at 60% acetonitrile (0.02 mol/L TEAA/40% water) and 

terminatingg at 100% acetonitrile (0.02 mol/L TEAA). 

DeterminationDetermination of the binding site ofXR5118 on PAI-1 

Too determine the binding site of XR5118 on the PAI-1 molecule, competitive binding 

experimentss were performed with monoclonal antibodies, of which the interaction site on 

PAI-11 has been mapped.18 Binding of active recombinant PAI-1 (generously provided by Dr. 

T.M.. Reilly, Dupont de Nemours, Wilmington, Del) to various monoclonal antibodies was 

determinedd by surface plasmon resonance measurement on a BIAcore ' 2000 (Pharmacia). 

Thiss technique is based on the immobilization of one of the interacting compounds on a 
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dextran-coatedd gold surface. The second interacting compound is then injected across the 

surfacee and the interaction of the soluble compound is observed continuously and directly. 

Thee optical phenomenon observed is expressed in resonance units, which is proportional to 

thee bound mass. A sensorgram is the representation of the changes in resonance units over 

time. . 

Variouss monoclonal anti-PAI-1 antibodies were immobilized on CM5 sensor chips 

(Pharmaciaa Biosensor AB), according to a standardized amine-coupling procedure.19 This 

impliess first activation of the dextran surface of the sensor chip, followed by coupling of the 

antibodiess to the surface, and finally deactivation of residual esters. The CM5 sensor chip was 

activatedd with 0.05 mol/L N-hydroxy-succinimide and 0.2 mol/L N-ethyl-iY-(3-dimethyl-

amino-propyl)) carbodiimide hydrochloride (both from Pharmacia Biosensor AB), followed 

byy immobilization of the protein ligand (i.e. the monoclonal antibodies). Finally, the chip was 

deactivatedd with 1 mol/L ethanolamine hydrochloride at pH 8.5. The immobilization buffer 

usedd for the antibodies was 10 mM sodium-acetate, pH 5.0. All measurements were performed 

inn 10 mmol/L HEPES, 150 mmol/L NaCl, 3,4 mmol/L EDTA and 0.05% (w/v) Tween 20. 

Afterr each measurement the chip was regenerated with 100 mmol/L phosphoric acid. 20 jd 

aliquotss of PAI-1 (250 nmol/L) in combination with increasing concentrations XR5118 were 

injectedd at a rate of 10 jd/min and at 25°C. Binding of PAI-1 to the sensor chip was expressed 

inn response units. For these experiments, anti-PAI-1 monoclonal antibodies CLB-2C8 

(bindingg to the t-PA-PAI-1 interaction site between amino-acid 110 and 145 on the PAI-1 

molecule),, MAI-12 (obtained from Biopool; binding to the t-PA-PAI-1 interaction site 

containingg the reactive center of PAI-1, i.e. between amino-acid 320 and 379) and CLB-1B10 

(bindingg to a conformation epitope of PAI-1) were used.18 

PAI-1PAI-1 activity in plasma and platelets 

Bloodd was obtained from 3 New Zealand white rabbits for the determination of the ex vivo 

effectt of XR5118 on PAI-1 activity in rabbit plasma and platelets. Also, blood samples were 

obtainedd from New Zealand white rabbits at various times during the thrombosis ex-

perimentss to assess the plasma PAI-1 activity. For measurement of plasma PAI-1 activity, 

bloodd was collected in plastic syringes containing 1 vol EDTA (270 mmol/L), Na2C03 

(1.9mmol/L),, prostaglandin El (282 nmol/L, Sigma Chemical Company, St Louis, USA) and 

theophylinee (30mM, Sigma Chemical Company, St Louis, USA). Platelet poor plasma was 

obtainedd by centrifuging the blood samples at 1600 x g for 30 minutes at 4°C. Plasma samples 

weree stored at -70°C until assayed. 

Platelett PAI-1 activity was measured in blood samples (9 volumes) obtained from rabbits in 

plasticc syringes preloaded with 1 volume of 3.6% (w/v) trisodium citrate. Platelets were 

isolatedd by gelfiltration of platelet-rich plasma, obtained by centrifugation at 180 x g for 10 
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minutess at room temperature, according to standard methods. The gel-filtered platelets were 

incubatedd with 1 U/ml human thrombin (Roche, the Netherlands) for 10 minutes at 37°C to 

inducee the release of the platelet components. Upon incubation and subsequent aggregation, 

thee mixture was centrifuged at 400 x g for 30 minutes at 4°C and the platelet supernatant was 

isolatedd and stored at -70°C until assayed. Previous experiments have shown that this method 

virtuallyy completely releases PAI-1, present in the «-granules. 

PAI-11 activity was measured with an amidolytic assay as described previously . Briefly, 

plasmaa and platelet supernatant were incubated with various concentrations of XR5118 (0-200 

^mol/1)) for 1 h at room temperature. Subsequently, the samples were incubated with a fixed 

excesss of t-PA (40 IU/ml) for 10 min at room temperature. The residual t-PA activity was 

determinedd by incubation with 0.13 JIM plasminogen (Chromogenix, Mölndal, Sweden), 0.12 

mg/mll  cyanogen bromide-digested fibrinogen fragments (t-PA stimulator, Chromogenix), and 

0.11 mmol/L chromogenic substrate S-2251 (Chromogenix) (total volume 250 jJ). The PAI-1 

activityy in the sample is inversely proportional to the plasmin generated in the incubation 

mixture,, determined by the conversion of the chromogenic substrate. Results are expressed in 

internationall  units (IU), where 1 IU is the amount of PAI-1 that inhibits 1 IU t-PA (first 

nationall  standard of the World Health Organization). 

RabbitRabbit jugular vein thrombosis model 

Neww Zealand white rabbits of approximately 2.5 kg were anesthesized with 9 mg Ketamin 

(Aescoket,, Boxtel, the Netherlands) and 0.5 ml Rompun 2% (Bayer, Leverkusen, Germany) 

intramuscularly.. Anesthesia was maintained by the repeated administrations of Ketamin when 

appropriate.. The carotid artery and jugular veins were exposed by a median incision in the 

neck.. The carotid artery was cleared and a cannula (Baby Feeding Tube, 1.6 mm diameter) 

wass introduced for the administration of anasthetics and the study compound. The jugular 

veinss were cleared on both sites for a distance of 2 cm and all side branches were ligated. The 

venouss segments were isolated by application of vessel clamps proximally and distally. 

Too assess the extent of thrombus growth, non-radiolabeled thrombi were formed in both 

isolatedd jugular vein segments by injection of 150/xl homologous rabbit blood, aspirated in a 1 

mll  syringe containing 25/j.l human thrombin (Human Thrombin T7009, Sigma Chemical 

Company,, St. Louis, USA; 150 U/ml) and 45/xl CaCl2, into the isolated venous segments. 

Afterr 30 minutes of ageing, the vessel clamps were removed and blood flow was restored by 

removingg the vessel clamps and 100̂ x1 125I-radiolabeled human fibrinogen (Amersham, Den 

Bosch,, the Netherlands, approximately 2 /xCi/ml) was injected systemically, followed 

immediatelyy by the administration of the study compounds. Thrombi were removed 1 hour 

afterr restoration of the blood flow and start of the study medication. Thrombus growth was 

assessedd by measuring the accretion of  125I-radiolabeled human fibrinogen onto the performed 
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non-radioactivee thrombi and was expressed as percentage of the initial thrombus volume. 

Too assess the extent of thrombolysis, " I-radiolabeled thrombi were injected into the isolated 

venouss segments. Therefore, homologous citrated rabbit blood was mixed with °I-labeled 

fibrinogenn (final radioactivity 10 /iCi/ml). An aliquot of 150 fxl of this mixture was aspirated 

inn a syringe containing 25 /d human thrombin (Human Thrombin T7009, Sigma Chemical 

Company,, St. Louis, USA; 150 U/ml), 45 ^1 CaCh (0.25 mol/1) and quickly injected into the 

isolatedd venous segment. The same procedure was repeated for the contralateral site. After 30 

minutesminutes of ageing, the vessel clamps were removed and blood flow was restored and infusion 

off  the study compound was started. One hour after start of the study medication, both 

thrombii  were removed and washed. The extent of thrombolysis was assessed by comparing 

thee remaining radioactivity of the thrombi at the end of the experiment with the initial 

radioactivityy of the pre-formed clots. Thrombolysis was expressed as a percentage of the initial 

thrombuss volume. 

Bloodd samples were collected before the induction of the thrombi, immediately before the 

administrationn of study medication and at 30 and 60 minutes after the start of the infusion of 

thee study medication. 

ExperimentalExperimental thrombosis studies 

Alll  animal studies were approved by the Institutional Review Board for Animal Experiments 

andd were performed according to the guidelines of the American Physiological Society and 

Dutchh Law for Animal Experiments. 

Thee rabbits were allocated to four groups. Rabbits in group 1 and 2 were treated with a 

boluss dose of 0.5 mg/kg rt-PA for the assessment of the effect of XR5118 on rt-PA induced 

thrombolysiss and thrombus growth. In addition to the rt-PA, rabbits in group 1 received 

XR51188 at a bolus dose of 5 mg/kg followed by a continuous infusion of 1 mg/kg/hr, starting 

immediatelyy after administration of rt-PA whereas the rabbits in group 2 received rt-PA in 

combinationn with saline at an equal volume (control group). Rabbits in group 3 and 4 did not 

receivee rt-PA to assess the effect of XR5118 on endogenous thrombolysis and thrombus 

growth.. Rabbits in group 3 received a bolus dose of 5 mg/kg XR5118 followed by a 

continuouss infusion of 1 mg/kg/hr XR5118, whereas rabbits in group 4 received saline at an 

equall  volume (control group). In each group 12 thrombi were studied. 

StatisticalStatistical analysis 

Countingg of the thrombi and calculation of thrombolysis and thrombus growth was 

performedd by a blinded second investigator. Statistical analysis was performed by ANOVA 

andd Newman-Keuls test. A p-value <0.05 was considered statistically significant. All values 

aree presented as mean  SD. 
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Results s 

BindingBinding ofXR5118 to PAI-1 

Ass shown in figure 2, increasing concentrations of XR5118 competitively inhibited binding of 

monoclonall  antibody CLB-2C8 to PAI-1, immobilized on the sensor chip of the BIAcore 

2000.. An approximately 50% reduction in binding of CLB-2C8 to PAI-1 was achieved at a 

XR51188 concentration of 10 ^mol/L. Higher concentrations of XR5118 could not be tested, 

becausee at these concentrations considerable interference of XR5118 with the BIAcore ' 

resonancee signal occurred, probably due to the physicochemical properties of XR5118. 

Bindingg of monoclonal antibodies MAI-12 and CLB-1B10 to PAI-1 was not significantly 

affectedd by XR5118. These results suggest that XR5118 inhibits PAI-1 by binding to the area 

betweenn amino acid 110 and 145 of the PAI-1 molecule, or at least affecting the accessibility to 

thiss regio, which contains a t-PA-PAI-1 interaction site. 

EffectEffect ofXR5118 on plasma and platelet PAI-1 activity 

Thee ex vivo incubation of rabbit plasma with increasing concentrations of XR5118 resulted in 

aa dose-dependent inhibition of PAI-1 activity, as shown in figure 3. Also, PAI-1 derived from 

activatedd platelets could be inhibited in a dose-dependent manner. A 50% reduction of PAI-1 

activityy in plasma and platelet releasate PAI-1 was reached at XR5118 concentrations of 

approximatelyy 75 ^mol/1. Theoretically, platelet PAI-1 may have contributed to the plasma 

PAI-11 activity, but since XR 5118 appeared to be equally effective in inhibiting both plasma 

andd platelet PAI-1, this would not have affected the results. 

TableTable 1. Plasma levels ofXR5118 (ng/ml) 

XR51188 alone 

XR51188 + rt-PA 

tt  = == 0 minutes 

N.D. . 

N.D. . 

tt = 30 minutes 

13388  418 

13899  697 

tt = 60 minutes 

6533  243 

8944  579 

TheThe plasma levels where measured before the administration of study medication and at 30 and 60 minutes 
afterafter start of the study medication. Results of rabbits receiving XR5118 (bolus dose 5 mg/kg, followed by 1 
mg/kg/hr)mg/kg/hr) alone (n - 6) or in combination with rt-PA (0.5 mg/kg) (n = 6) are given. (N.D.: not detectable) 

Thee plasma levels of XR5118 in rabbits at corresponding time points is given in table 1. 
Figuree 4 shows the effect of the administration of XR5118 to rabbits on plasma PAI-1 activity. 
Thee administration of XR5118 alone resulted in a significant reduction of PAI-1 activity that 
wass similar at 30 and 60 minutes after the start of the infusion. At 60 minutes after the start of 
thee infusion PAI-1 activity levels had decreased from 23.7  4.9 IU/ml to 10.9  3.4 IU/ml 
(pp < 0.05). In agreement with previous studies, the administration of rt-PA alone resulted in a 
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CLB-2c8 8 

500 100 150 200 250 

CLB-1b10 0 

3000 350 

FigureFigure 2 Binding of recombinant PAI-1 in combination with increasing concentrations of XR5118 to 
immobilizedimmobilized monoclonal antibodies directed against PAI-1 measured by surface plasmon resonance on a 
BIAcoreBIAcore 2000 instrument. Sensorgrams of binding of 250 nM PAI-1 in combination with XR5118 at a 
concentrationconcentration ofO (*), 0.5 (O), 5 (M) and 10 (Q ^mol/L to monoclonal antibody CLB-2C8 (upperpanel), 
MAI-12MAI-12 (middle panel) and CLB-1B10 (lower panel) are shown. The sensorgrams show association of PAI-1 to 
thethe sensor chip, which takes place during the injection between 115 and 235 sec, followed by the dissociation 
curvecurve after termination of the injection. 
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FigureFigure 3 Inhibition of PAI-1 activity in rabbit plasma (upper panel) and releasate from rabbit platelets (lower 

panel)panel) by XR5118 as compared to saline. Rabbit plasma or platelet releasate was incubated with increasing 

concentrationsconcentrations of XR5118 (O) or with PBS (O). PAI-1 activity is presented as a percentage of the PAI-1 

activityactivity in the absence ofXR5118. Mean values and SD are presented. 

reductionn of PAI-1 activity from 26.7  5.4 IU/ml to 17.3  2.0 IU/ml at 30 minutes 
(p<0.05)) after rt-PA administration, whereafter the PAI-1 levels gradually increased. The 
combinationn of XR5118 and r-tPA did not result in an additive PAI-1 inhibiting effect as 
comparedd to the administration of XR5118 alone: PAI-1 activity was reduced from 27.1 + 4.0 
IU/mll  to 8.0  2.2 IU/ml at 60 minutes (p<0.01) after the start of the infusion. In the 
controll  group receiving neither r-tPA nor XR5118, PAI-1 activity levels remained unchanged: 
24.88  8.0 IU/ml at baseline and 26.3  3.0 IU/ml at 60 minutes). 
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FigureFigure 4 Reduction in plasma PAI-1 activity levels by the administration ofXR5118 to rabbits. PAI-
11 plasma levels of rabbits that were treated with XR5118 alone (Ot n = 6), XR5118 in combination with rt-
PAPA (Ot n = 6j, r-tPA alone (A, n = 6) and neither rt-PA nor XR5118 (control, V, n = 6) are shown. PAI-1 
activityactivity is represented as mean + SD. 

Att 30 minutes after the start of the administration of XR5118 the plasma level of XR5118 was 

13900  698 ng/ml in the group receiving both rt-PA and XR5118 and 1338  418 ng/ml in 

thee XR5118 alone group. At 60 minutes after the start of the infusion these levels appeared to 

bee significantly lower, i.e. 894 + 579 ng/ml and 653  243 ng/ml, respectively (p<0.01), but 

thee difference between the two groups at 60 minutes was not statistically significant. This 

apparentt decline in XR5118 levels at 60 minutes, however, might be partly explained by the 

factt that the sample at 60 minutes was taken 1-2 minutes after termination of the infusion, and 

XR51188 appeared to have an extremely short elimination half-life. ' In the samples before 

thee start of the study medication and from rabbits that did not receive XR5118, plasma levels 

off  XR5118 were not detected. 
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FigureFigure 5 Endogenous thrombolysis and rt-PA induced thrombolysis of thrombi formed in 
rabbitrabbit jugular veins. The extent of thrombolysis in the clots after systemic administration of 
XR5118XR5118 (black bars), or after administration of saline (control, white bars) was measured after 60 
minutes.minutes. Thrombolysis is expressed as percentage of the initial thrombus volume. All values are 
presentedpresented as mean  SD. Statistical significance (p<0.05) is indicated (*). 

EffectEffect ofXR.5118 on thrombolysis 

Thee administration of XR5118, as shown in figure 5, resulted in a significant two-fold increase 

inn endogenous thrombolysis as compared to the control animals. Thrombolysis in rabbits 

whoo received XR5118 was 5.6  2.0% after 60 minutes as compared to 2.6  1.3% in the 

controll  group (p = 0.02). The rt-PA induced thrombolysis was, as might be expected from 

previouss studies, not enhanced by the simultaneous administration of XR5118. Rt-PA 

inducedd thrombolysis was 23.5  7.1% in the control group as compared to 25.3  6.5% in 

thee group receiving XR5118 (p = 0.6). 
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FigureFigure 6 Spontaneous growth or growth after rt-PA of thrombi formed in rabbit jugular 
veins.veins. The extent of thrombus growth in the clots after systemic administration ofXR5118 (black 
bars),bars), or after administration of saline (control, white bars) was measured after 60 minutes. Throm-
busbus growth is expressed as percentage of the initial thrombus volume. All values are presented as 
meanmean + SD. Statistical significance (p<0.05) is indicated (*). 

EffectEffect ofXR.5118 on thrombus growth 

Resultss of thrombus growth experiments are shown in figure 6. Thrombus growth in the 

rabbitss receiving rt-PA was significantly attenuated by simultaneous administration of 

XR51188 as compared to thrombus growth in rabbits receiving rt-PA alone. Post-thrombolysis 

thrombuss growth decreased from 19.9 + 3.8% in the group who received rt-PA alone to 13.5 

 2.7% in the group who received both r-tPA and XR5118 (p = 0.01). Also thrombus growth 

inn the absence of r-tPA was affected by the administration of XR5118: 24.4  3.7% as 

comparedd to 29.8  4.0% in the control group, however, this difference did not reach 

statisticall  significance: (p = 0.05). 
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Discussion n 

Cardiovascularr diseases, such as acute myocardial infarction, stroke, or peripheral arterial 

diseasee are the result of thromboembolic events, leading to the obstruction of critically 

situatedd blood vessels and to the loss of adequate blood supply to vital organs. At present the 

availablee therapeutic modalities are sometimes insufficiently effective, resulting in ongoing 

vascularr occlusion or the recurrence of disease. In addition, these treatments are associated 

withh serious adverse effects, i.e. bleeding. This lack of efficacy and safety is probably due to 

thee rather aspecific nature of the therapeutic regimens. To achieve more effective and safer 

treatmentt strategies, detailed insight is required into the contribution of various pathogenetic 

pathwayss involved in the development of thrombotic disease. This knowledge may then 

resultt in the development of novel, highly specific and therefore potentially more effective 

andd safe treatment strategies. 

Theree is mounting evidence indicating that platelets play an important role in the patho-

genesiss of arterial thrombosis, in the delay of reperfusion and in the occurrence of subsequent 

reocclusion.""  Clinical observations and studies with experimental animal models have 

demonstratedd that arterial thrombosis and reocclusion are associated with the local 

aggregationn of activated platelets at the site of vascular stenosis.'" Strong inhibition of platelet 

aggregationn by antibodies directed against platelet receptor complex glycoprotein nb/ITia 

largelyy prevented the occurrence of reocclusion in experimental animal models and was 

associatedd with a reduction in reocclusion in clinical studies with patients undergoing 

percutaneouss transluminal coronary angioplasty (PTCA).' " Furthermore, platelet inhibition 

withh aspirin in patients treated with thrombolytic agents reduces the frequency of reocclusion 

afterr initially successful reperfusion. 

Recentt studies have indicated that PAI-1, the fast-acting inhibitor of physiological 

plasminogenn activators, which is present in large quantities in the a-granules of platelets, plays 

ann important role in the pathogenesis of arterial thrombosis and reocclusion.' Inhibition of 

PAI-11 resulted in an acceleration of thrombolysis and a reduction of reocclusion. ' However, 

inn these studies inhibition of PAI-1 activity was achieved with monoclonal antibodies, of 

whichh the application in humans may be limited. 

Inn the present study, we show the effect of a new non-peptide low molecular weight anti-

PAI-11 agent, XR5118, on the inhibition of plasma and platelet PAI-1. XR5118 is a diketo-

piperazine-basedd inhibitor of PAI-1 derived from a template originally isolated from a 

StreptomycesStreptomyces species. Our experiments indicate that the mechanism of action of XR5118 is by 

bindingg to PAI-1 at the t-PA-PAI-1 interaction site between amino acid 110 and 145 of the 

PAI-11 molecule. Administration of this compound to rabbits resulted in a dose-dependent 

inhibitionn of plasma PAI-1 activity. The data suggest that XR5118 is less active against rabbit 
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plasmaa or platelet PAI-1 than human recombinant PAI-1. This apparent discrepancy might be 

duee to several factors, including species selectivity, protein binding and the probability that 

thee PAI-1 generated from rabbit plasma and platelets is already bound to vitronectin. Systemic 

administrationn of XR5118 significantly increased endogenous thrombolysis, but an additive 

increasee in thrombolysis by the administration of r-tPA was not seen, probably due to the 

vastt excess of r-tPA, which completely masks enhanced activity of endogenous plasminogen 

activationn induced by XR5118. The effect of XR5118 on endogenous thrombolysis was 

comparablee to the effect achieved in previous experiments with PAI-1 inhibiting monoclonal 

antibodies.. In addition, the administration of XR5118 also resulted in a reduction of 

thrombuss growth, both in the absence and in the presence of r-tPA. Previous experiments 

havee shown that reduction of post-thrombolysis thrombus accretion in this model accurately 

predictedd the effects on arterial thrombosis and reocclusion. 

Inn the present study, adverse effects of XR5118, bleeding in particular, were not investigated. 

Neverthelesss we have previously shown that XR5118 does not increase bleeding time in a rat 

taill  transection assay and has no effect on either human platelet aggregation and blood 

coagulationn tests in vitro. It remains to be investigated whether systemic inhibition of PAI-1 

byy XR5118 or related compounds leads to adverse effects, especially when combined with an 

adequatee level of anticoagulant and antiplatelet therapy. 

Inn conclusion, this study shows the first in vivo data concerning the effect of the low 

molecularr weight compound XR5118 on reduction of plasma PAI-1 activity levels, promotion 

off  thrombolysis and inhibition of thrombus accretion. Specific inhibition of PAI-1 activity 

mayy become a useful adjunctive strategy in clinical practice to prevent post-reperfusion 

reocclusion.. In order to create clinically applicable compounds XR5118 may serve as a 

templatee for the development of more potent anti-PAI-1 agents with acceptable pharmaco-

kineticc properties for clinical use. 
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Summary y 

Inn many case-control as well as epidemiological studies, increased lipoprotein (a) [Lp(a)] 

levelss are considered to constitute an independent risk factor for premature coronary 

arteryy and cerebrovascular disease. Lp(a) resembles an LDL particle with an additional 

linkedd protein [apolipoprotein (a)], whose molecular structure has been demonstrated to 

bee homologous to the fibrinolytic proenzyme plasminogen. 

Becausee of the high similarity between plasminogen and apo(a), apo(a) may potentially 

interferee in the fibrinolytic system by competing with plasminogen for fibrin binding 

sites.. In vitro studies have demonstrated that Lp(a) indeed competes with plasminogen 

bindingg to fibrin and inhibits tissue plasminogen activator (TPA)-mediated activation of 

plasminogen.. No direct in vivo studies to test this hypothesis have been performed. 

Too test this hypothesis, we studies the effect of a recombinant form of apo(a) on 

endogenouss and TPA-mediated thrombolysis in an in vivo model of experimental venous 

thrombosis.. Thrombi containing either 16 îg r-apo{a), 8/xg r-apo(a), or vehicle (HEPES-

bufferedd saline, control) were formed in the jugular veins of a rabbit and showed 

significantlyy reduced endogenous thrombolysis after 60 minutes in a dose-dependent 

fashion,, ID 2.7  0.9% and 4.6  1.8%, respectively, versus 7.4  1.6% of that of the 

control.. High concentrations of incorporated apo(a) significantly reduced TPA-induced 

thrombolysiss {12.2  2.5% versus 22.2  2.6% in the control thrombi), but no effect of 

lowerr concentrations of incorporated r-apo(a) was demonstrated on the exogenous TPA-

inducedd thrombolysis. 

Thee present study demonstrates the attenuation of endogenous fibrinolysis by apo(a) in 

ann in vivo model of experimental venous thrombosis, lending support to the proposed 

mechanismm of impaired fibrinolysis by which Lp(a) may contribute to atherothrombotic 

disorders. . 
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Introductio n n 

Numerouss case control studies and prospective epidemiological studies have shown that 

lipoproteinn (a) (Lp(a)) is an independent risk factor for premature coronary artery disease and 

cerebro-vascularr disease.1"3 Marked inherited variability has been observed in plasma Lp(a) 

levels,, which range from less than 1 mg/dL to greater than 100 mg/dL in the human 

population.. Approximately 25% of the population possesses Lp(a) levels greater than an 

apparentt threshold of 25 mg/dL, which more than doubles their risk of developing coronary 

heartt disease. However, littl e is known about how Lp(a) concentrations are regulated and 

howw Lp(a) exerts its pathogenic effects. 

Thee Lp(a) particle closely resembles low density lipoprotein (LDL) in both lipid composi-

tionn as well in the presence of apolipoprotein B-100 (apoB-100). Lp(a) is distinguishable 

fromm LDL by the presence of an additional protein moiety designated apolipoprotein (a) 

(apo(a)),, which is covalently linked to apoB-100 and likely renders the unique structure and 

functionall  properties attributed to Lp(a). It has recently been shown that the association of 

apo(a)) and apoB-100 to form Lp(a) particles occurs extracellularly in plasma. 

Apo(a)) is a large plasma glycoprotein (28% carbohydrate by weight5), and by comparative 

DNAA analysis, extensive homology has been demonstrated between apo(a) and the 

fibrinolyticc proenzyme plasminogen.6 Apo(a) contains multiple tandem repeats of a sequence 

closelyy resembling plasminogen kringle IV, which has an important role in the binding of 

plasminogenn to fibrin.7 Different-size apo(a) isoforms have been described with a molecular 

massess ranging between 300 and 700 kD, depending on the number of kringle IV repeats. 

Thee kringle IV sequences are followed by sequences corresponding to the kringle V and 

proteasee regions of plasminogen. However, because of a critical substitution of arginine with 

serinee at the equivalent activator site, the molecule is resistant to cleavage by plasminogen 

activators.66 It has been hypothesized that the high degree of structural similarity between 

apo(a)) and plasminogen may lead to interference of apo(a) with the activation of 

plasminogen.. This, in turn, may result in an overall antifibrinolytic effect that could help to 

explainn the atherothrombotic effects of elevated levels Lp(a) in vivo. In this context, it has 

beenn shown in vitro that Lp(a) can compete with plasminogen for substrates such as fibrino-

genn and fibrin9'10 and also for the binding of plasminogen to receptors present on endothelial 

cells,7'111 and platelets.12 Binding to each of these substrates is mediated by lysine affinity sites 

presentt in the kringle domains of apo(a) and plasminogen. Such effects, however, have not 

yett been established in vivo. 

Observationss in transgenic mice expressing human apo(a) revealed a reduction in r-TPA-

inducedd lysis of pulmonary emboli, indicating the relevance of the effect of apo(a) on 

fibrinolysiss in vivon 
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Recently,, a recombinant form of apo(a), [r-apo(a)] was generated, containing 17 kringle 

IVV repeats, as well as the kringle V and protease domains. This r-apo(a) was found to 

inhibitt TPA-mediated plasminogen activation as well as the degradation of fibrin by 

plasminn in vitro. Furthermore, it was shown, by an in vitro association assay that the 17 

kringlee r-apo(a) associates covalently with rabbit LDL to form Lp(a) complexes. On basis 

off  these findings, we designed a study of the effect of r-apo(a) on endogenous and TPA-

inducedd thrombolysis in an in vivo model of experimental thrombosis in the rabbit. 

Methods s 

ProductionProduction and purification of recombinant apolipoprotein(a) 

Thee expression, purification and characterization of recombinant apolipoprotein(a) has 

beenn described previously. Briefly, r-apo(a) consisting of 17 kringle IV like domains as 

welll  as the kringle V and protease-like domain, was assembled from the apo(a) cDNA 

cloness reported previously.6 The apo(a) cDNA bounded by £coRI sites was ligated into the 

pRK.55 expression vector containing the cytomegalovirus promotor. Human kidney (239) 

cellss were transfected by the method of calcium phosphate coprecipitation. Positive 

cloness were identified by immunoperoxidase staining with an apo(a) monoclonal antibody 

(2G7)) and apo(a) production was measured by ELISA. 

Apo(a)) was purified from roller bottle conditioned medium. Harvested media (2 L) were 

concentratedd 10-fold by ultrafiltration; concentrated media were treated with PMSF (1 

mmol/LL in ethanol), precipitated with 45% ammonium sulfate, and resuspended in 10 mL 

off  20 mmol/L HEPES (pH 7.4)/150 mmol NaCl (HBS) and chromatographed over Biogel 

1.55 mmol/L (Sigma). R-apo(a)-containing fractions were pooled and passed over a lysine-

sepharosee 4B column. The column was washed with 20 mmol/L HEPES (pH 7.4)/0.5 

mol/LL NaCl, and bound r-apo(a) was eluted with 20 mmol/L HEPES (pH 7.4)/1.0 mol/L 

NaCl/2000 mmol/L e-aminocaproic acid; eluted r-apo(a) was dialyzed at 4°C against HBS, 

analysedd by SDS-PAGE, and stored at -70°C. 

Measurementt  of endogenous and TPA-mediated thrombolysis 
ExperimentalExperimental preparation 

Neww Zealand white rabbits of approximately 2.5 kg were anesthesized with 9 mg Ketamin 

(Aescoket,, Boxtel, the Netherlands) and 0.5 ml Rompun 2% (Bayer, Leverkusen, Germa-

ny)) I.M. Anesthesia was maintained by the repeated administrations of Ketamin when 

appropriate.. The carotid artery and jugular veins were exposed by a median incision in the 

neck.. The carotid artery was cleared and a cannula (Baby Feeding Tube, 1.6 mm 0) was 

introducedd for the administration of anesthetics. The jugular veins were cleared on both 
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sitess for a distance ot 2 cm and all side branches were ligated. The venous segments were 

isolatedd by application of vessel clamps proximally and distally. 

Too assess the extent of thrombolysis, radiolabeled thrombi were injected into the isolated 

venouss segments. The decrease in the initial radioactivity of the preformed thrombi 

reflectedd the extent of thrombolysis. Therefore, homologous citrated rabbit blood was 

mixedd with 125I-labeled fibrinogen (final radioactivity 10 /xCi/mL). An aliquot of 150 jd of 

thiss mixture was aspirated in a syringe containing 25 fx\ human thrombin (Human 

Thrombinn T7009, Sigma Chemical Company, St. Louis, USA; 150 U/ml), 45 yiL CaCl2 

(0.255 mol/L) and 80 fiL r-apo(a) (0.20 mg/mL diluted in HBS) or 80 ^L HBS (control) and 

quicklyy injected in the isolated venous segment. The same procedure was repeated for the 

contralaterall  site. After 30 minutes of aging, the vessel clamps were removed and blood 

floww was restored. Thrombolysis was assessed by comparing the remaining radioactivity of 

thee thrombi at the end of the experiment with the initial radioactivity of the pre-formed 

clots.. Thrombolysis was expressed as a percentage of the initial thrombus volume (300 \iL). 

StudyStudy design 

Too assess the effect of apo(a) on the extent of endogenous thrombolysis, the rabbits 

receivedd clots containing either (1) 8 \i% r-apo(a) diluted in 80 fiL HBS [corresponding to 

6.77 mg/dL plasma Lp(a)], (2) 16 /zg r-apo(a) diluted in 80 /*L HBS [corresponding to 13.3 

mg/dLL plasma Lp(a)], (3) 32 /zg r-apo(a) diluted in 80 fiL HBS [corresponding to 26.6 

mg/dLL plasma Lp(a)], (4) 64 \i% r-apo(a) diluted in 80 \LL HBS [corresponding to 53.2 

mg/dLL plasma Lp(a)], or (5) 80 /xL HBS alone (vehicle, control). Each group consisted of 

eightt thrombi. 

Too assess the effect of apo(a) on TPA-mediated thrombolysis an additional series of 

rabbitss was assigned to receive either the incorporated r-apo(a) [16 /ig; final concentration 

Lp(a),, 13.3 mg/dL; or 64 /ig; final concentration Lp(a), 26.6 mg/dL 13.3 mg/dL) in 

combinationn with 0.25 mg/kg r-TPA IV(Actilyse, Boehringer Ingelheim, Germany) or the 

vehiclee (HBS) incorporated in the clot in an equal volume in combination with a bolus 

injectionn of 0.25 mg/kg r-TPA. Each group consisted of eight thrombi. The rt-PA was 

administeredd as a bolus injection immediately after the vessel clamps were removed and 

thee blood flow was restored. The effect on thrombolysis was assessed after 60 minutes, at 

whichh time the thrombi were counted blindly by a second investigator. 

StatisticalStatistical analysis 

Statisticall  analysis was performed by ANOVA and Newman-Keuls test. A value of P 

<0.055 was considered statistically significant. All values are presented as mean  SD. 
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EthicalEthical considerations 

Alll  animal studies were approved by the Institutional Review Board for Animal Experi-

mentss and were performed according to the guidelines of the American Physiological 

Societyy and Dutch Law for Animal Experiments. 

Results s 

Thee incorporation of apo(a) significantly attenuated the endogenous thrombolysis as 

comparedd with the control. In control animals an endogenous thrombolysis of 7.4 + 1.6% 

inn 60 minutes was observed. However, incorporation of apo(a) in to the thrombi resulted 

inn a dose-dependent reduction of endogenous thrombolysis. (Fig 1). The incorporation of 

increasingg doses of r-apo(a) in the clots [ranging from 8 to 64 ^g, corresponding to Lp(a) 

plasmaa concentrations of 6.7 to 53.2 mg/dL] resulted in a significantly reduced endogenous 

thrombolysis,, up to a 5.2-fold inhibition of thrombolysis of thrombi containing 64 /ig 

apo(a)) (thrombolysis, 1.4  0.8%; P< 0.001 compared with controls. Also, incorporation 

off  lower concentrations of apo(a) in the clots resulted in impaired thrombolysis: 4.6

1.8%% in the thrombi containing 8 /xg r-apo(a) (P<0.05 compared with controls), 2.7

0.9%% in thrombi containing 16 /xg r-apo(a) (P<0.01 compared with controls), and 2.2

1.1%% in thrombi containing 32 fig r-apo(a) (P<0.01 compared with the controls). 

InIn the animals receiving thrombolytic therapy (0.25 mg/kg TPA, no difference in the 

efficacyy of the TPA-induced thrombolysis was observed between the clots containing a 

concentrationn of 16 jxg r-apo(a) versus the control clots, but higher concentrations of 

apo(a)) significantly reduced TPA-induced thrombolysis (Fig 2). The administration of 0.25 

mg/kgg TPA induced a lysis of 22.2 + 2.6% of the clots containing 16 \xg r-apo(a) versus 

21.99  3.0% lysis in the control clots (P = 0.72). However, in thrombi containing much 

higherr concentrations of apo(a) (64 /ig/clot), TPA-induced thrombolysis was significantly 

reducedd to 12.2 + 2.5% (P<0.01 compared with control thrombi). 

Discussion n 

Manyy studies have implicated elevated Lp(a) in the pathogenesis of atherosclerosis. 

Specifically,, elevated Lp(a) levels have been associated with the extent of coronary artery 

andd cerebro- vascular disease, myocardial infarction and vascular graft stenosis. ' 

However,, the mechanism by which an elevated LP(a) level exerts its atherosclerotic effect 

hass not been clarified. Lp(a) is preferentially absorbed via the scavenger receptor and is a 

ligandd with a relatively lower affinity for the LDL receptor as compared with LDL itself'", 

providingg a possible mechanism for premature atherosclerosis by the formation of foam 
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FigureFigure 1 Endogenous thrombolysis thrombi formed in rabbit jugular veins. Extent of thrombolysis 

containingcontaining either increasing concentrations ofapo(a) (range, 8 to 64 [ig/200 jiL) or vehicle [0 \ig apo(a)], 

waswas measured after 60 minutes. Thrombolysis is expressed as percentage of the initial thrombus volume. 

ValuesValues mean + SD. *P<0.05, **P<0.01,***P<0.001. 

166 64 
Hgg apo(a) 

FigureFigure 2 Exogenous r-TPA-induced thrombolysis of thrombi formed in rabbit jugular veins. 

ExtentExtent of thrombolysis containing either apofajat a concentration of 16 to 64 fj.g/200 JXL or vehicle [HBS, 

00 p.g apo(a)], was measured after 60 minutes. Thrombolysis is expressed as percentage of the initial 

thrombusthrombus volume. Values mean + SD. *P<0.01. 
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cells.. This hypothesis is consistent with the observed unresponsiveness of elevated Lp(a) 

plasmaa levels to HMG-CoA reductase inhibitors and the additive effect of increased LDL 

levelss on the development of atherosclerosis in patients with elevated Lp(a) plasma 

levels// ' However, the extensive homology of the molecular structure of Lp(a) to 

plasminogenn is intriguing. Because of the high degree of similarity between the apo(a) part 

off  Lp(a) and plasminogen, elevated Lp(a) levels have been suggested to interfere with 

plasminogenn function, resulting in an overall antifibrinolytic effect that might explain the 

atherothromboticc effect of elevated Lp(a) levels. In the present study, incorporation of 

apo(a)) significantly attenuated the endogenous clot lysis in a dose-dependent fashion, 

demonstratingg the inhibitory effect of apo(a) on the fibrinolytic system. 

Interestingly,, our findings were similar to the results of a recent in vitro study in which 

thee effect of the same r-apo(a) was studied in a plasma-based clot lysis assay. In that study, 

thee incorporation of 0.14 and 0.27 jxmol/L r-apo(a) resulted in a clot lysis time 

prolongationn of 29% and 64%, respectively, whereas in our study the incorporation of 8 t̂g 

(0.111 ^imol/L) and 16 ^g (0.21 ^imol/L) r-apo(a) resulted in a reduction in endogenous 

thrombolysiss of 28% and 69%, respectively. In addition, in our study, clots containing 

evenn higher concentrations of apo(a) showed a further inhibition of endogenous 

thrombolysis.. In contrast to the diminished endogenous thrombolysis of the apo(a)-

containingg clots, no effect on clot lysis induced by exogenously administered TPA was 

observedd in our study when the thrombi contained 16 fxg r-apo(a). Apparently, the local 

inhibitoryy effect of apo(a) was overcome by the exogenous TPA administered. However, 

whenn clots were formed containing fourfold higher concentrations of Lp(a), TPA-induced 

thrombolysiss was significantly impaired. The results are in agreement with recent 

observationss in transgenic mice expressing the human apo(a) gene, although the clinical 

significancee of these findings has not yet been established." 

Severall  mechanisms by which apo(a) may interfere in the process of fibrinolysis have 

beenn suggested. In the presence of fibrin, plasminogen activation is facilitated by the initial 

formationn of a binary complex between fibrin and TPA, which subsequently forms a 

tenaryy complex with plasminogen, resulting in the generation of plasmin. Kinetic studies 

havee shown an enhanced catalytic efficiency of TPA-induced plasminogen activation in the 

presencee of fibrin. Lp(a) has demonstrated competition with plasminogen for lysine-

bindingg sites present on fibrin. ' Therefore, Lp(a) may interfere in the activation of 

plasminogenn by displacement of plasminogen from the TPA/fibrin complex or by 

inhibitionn of the formation of the initial TPA/fibrin complex by a direct interaction with 

TPA.. Many groups have described an inhibitory effect of Lp(a) on plasminogen binding 
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too fibrin and cellular receptors, resulting in reduced in vitro clot lysis, ' '' ' although 

nott all investigators could confirm these results. ' Although it has been shown that the 

recombinantt apo(a) used in our study binds to rabbit LDL, we cannot be sure whether 

thee observed effects are due to formed Lp(a) particles or to free apo(a). However, previous 

reportss suggest that the interference of Lp(a) with the fibrinolytic system is dependent on 

thee apo(a) moiety of the molecule, because apo(a) is the pivotal determinant of Lp(a) 

bindingg to fibrinogen and inhibition of fibrinolysis. 

Thee present in vivo results lend support to the concept that elevated Lp(a) levels do 

attenuatee fibrinolysis on a local level. Another mechanism by which Lp(a) may exert its 

prothromboticc effect is attenuation of the activation of transforming growth factor- (3 

(TGF-p)) by the inhibition of plasmin formation at the surface of endothelial cells. TGF-[3 

hass been shown to play an important role in the inhibition of smooth muscle cell 

migrationn and proliferation and is activated by local plasmin generation. ' These 

observationss indicate that the inhibition of plasmin generation by Lp(a) not only may 

resultt in a reduced resolution of fibrin depositions, as demonstrated in our study, but in 

factt also may induce smooth muscle cell migration and proliferation. 

InIn conclusion, in the present study the in vivo attenuation of endogenous thrombolysis 

byy apo(a) was demonstrated, indicating that one mechanism by which Lp(a) exerts its 

effectt on coronary and cerebrovascular disease is mediated by an impaired fibrinolytic 

process.. Although a good correlation has been shown between the results obtained in the 

rabbitt jugular vein thrombosis model and animal models of arterial thrombosis, it should 

bee realized that additional studies in humans are necessary to further elucidate the role of 

Lp(a)) in atherothrombotic disease. 
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Summary y 

Recentt in vitro studies have shown that fibrinolytic activity may be attenuated by a 

thrombin-activatablee fibrinolysis inhibitor (TAFI), which is activated by thrombin, 

generatedd via the intrinsic pathway of coagulation in a factor XI-dependent way. Thus 

factorr XI may play a role in the regulation of endogenous fibrinolysis. The aim of the 

presentt study was to investigate the effect of in vivo inhibition of factor XI and TAFI in an 

experimentall  thrombosis model in rabbits. 

Incorporationn of anti-factor XI antibodies in jugular vein thrombi resulted in an almost 

two-foldd increase in endogenous thrombolysis compared to a control antibody. A similar 

effectt was observed when the anti-factor XI antibody was administered systemically. 

Inhibitionn of TAFI activity also resulted in a two-fold increase in clot lysis whereas 

inhibitionn of both factor XI and TAFI activity had no additional effect. 

Thus,, we provide the first in vivo evidence for enhanced thrombolysis through 

inhibitionn of clotting factor XI, demonstrating a novel role for the intrinsic pathway of 

coagulation.. Furthermore we demonstrate that inhibition of TAFI had a similar effect on 

thrombolysis.. We postulate that inhibition of factor XI activity enhances thrombolysis 

duee to diminished indirect activation of TAFI. 



Anti-fibrinoiyticAnti-fibrinoiytic function offXI 

Introductio n n 

Activationn of coagulation in vivo predominantly proceeds by tissue factor/factor Vila-

mediatedd activation of clotting factors X and IX. ' Consequently, the role of the contact 

activationn system in the initiation of coagulation ("intrinsic pathway") for normal hemo-

stasiss is considered to be less important, although a role of this system in the activation of 

fibrinolysiss and in other regulatory processes has been postulated."' In this regard, the role 

off  factor XI, which is supposed to be the intermediate between the contact system and 

factorr IX, remains obscure. Patients with an inherited or acquired deficiency of factor XI 

doo show a bleeding tendency, which is variable in its expression and often mild regarding 

itss natural course. Recent studies have shown that factor XI is activated during blood 

coagulationn and that even small amounts of activated factor XI may induce the formation 

off  thrombin. ' This additional thrombin can protect a fibrin clot from fibrinolysis by 

activatingg a recently identified protein, the thrombin-activatable fibrinolysis inhibitor 

(TAFI).10,11 1 

Thereby,, factor XI may be important for clot stability since in vitro experiments 

demonstratedd that inhibition of factor XI activity resulted in enhanced fibrinolysis of 

fibrinn clots, indicating that factor XI may play a role as regulator of fibrinolysis during 

activationn of blood coagulation. In order to establish the significance of these observations 

forr fibrinolysis in vivo, we have studied the effect of the neutralization of factor XI 

activityy as compared to inhibition of TAFI activity on endogenous thrombolysis in an 

experimentall  thrombosis model in rabbits. 

Methods s 

InIn vitro inhibition of rabbit factor XI activity 

Normall  rabbit citrated plasma was diluted 1:3 with Imidazolcitrate buffer (0.05 M 

Imidazol,, 0.1 M NaCl, 0.06% citrate, pH 7.4) to the same level of clotting activity as 

humann factor XL Diluted rabbit plasma was incubated with increasing concentrations 

(rangee 0.005 - 0.5 mg/ml) of a polyclonal goat anti-rabbit factor XI antibody (IgG fraction, 

purifiedd by affinity chromatography (DEAE Affigel Blue)), generously supplied by Dr. S.I. 

Rapaport,, Department of Medicine, University of California, La Jolla, USA. Samples 

weree tested in a one stage clotting assay using human factor Xl-deficient plasma (DIAMED 

AG,, Cressier sur Morat, Switzerland). The inhibition of factor XI activity at different 

concentrationss of the antibody was expressed as percentage of factor XI activity in human 

plasma,, which was used as standard. 



ChapterChapter 7 

ClotClot lysis assay in clots formed from rabbit plasma 

Fibrinn clot lysis in vitro was studied by monitoring the decrease in turbidity at 405 nm in a 

microtiterr plate reader at 37°C as described.9 Experiments were performed in citrated 

rabbitt plasma recalcified with CaCl2 (17 mmol/1). A mixture of purified human thrombin 

(200 nmol/1, kindly supplied by Dr. W. Kisiel, University of Mexico, Albuquerque, USA) 

andd t-PA (20 U/ml, Chromogenix, Mölndal, Sweden) was added to plasma to initiate 

clottingg and subsequent lysis. The anti-factor XI antibodies were preincubated for 30 

minutess with the plasma at increasing concentrations (range 0.1 - 0.5 mg/ml). 

Inhibitionn of TAFI activity in the clot lysis assay was studied with a potato 

carboxypeptidasee inhibitor (PCI*, Calbiochem, La Jolla, CA) in increasing concentrations 

(rangee 1 - 20 /xg/ml). 

MeasurementMeasurement of plasma factor XI activity 

Bloodd samples were collected in vacutainer tubes containing sodium citrate (concentration 

0.1055 mol/1) via the carotid cannula at the start of the experiment (t = 0) and at 30, 60 and 

1200 minutes after the start of the infusion of the study medication. Platelet poor plasma 

wass obtained by centrifugation of the blood samples at 1.600 x g for 20 minutes at room 

temperature.. Plasma samples were stored at -70°C until assayed. Factor XI activity was 

measuredd in a one stage clotting assay using human factor XI deficient plasma and 

expressedd as percentage of factor XI activity in human plasma, which was used as 

standard. . 

RabbitRabbit jugular vein endogenous thrombolysis model 

Neww Zealand white rabbits (approximately 2.5 kg) were anesthetized with 9 mg Ketamin 

(Aescoket,, Boxtel, the Netherlands) and 0.5 ml Rompun 2% (Bayer, Leverkusen, 

Germany)) intramuscularly. Anesthesia was maintained by repeated administration of 

Ketamin.. The carotid artery and jugular veins were exposed by a median incision in the 

neck.. In the carotid artery a cannula (Baby Feeding Tube, 1.6 mm diameter) was 

introducedd for the administration of the study agents and collection of blood samples. The 

jugularr veins were exposed on both sides for a distance of 2 cm and all side branches were 

ligated.. The venous segments were isolated by application of vessel clamps proximally and 

distally. . 

Too assess the extent of thrombolysis, I-radiolabeled thrombi were injected into the 

isolatedd venous segments. The labeled thrombi were prepared by incubating homologous 

citratedd rabbit blood with 125I-radiolabeled human fibrinogen (Amersham, Den Bosch, the 

Netherlands,, final radioactivity 2.5 jxCi/ml). An aliquot of 150 /xl of this mixture was 

aspiratedd in a syringe containing 25 /xl thromboplastin (Thromboplastin IS, Baxter, 
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Maarssen,, the Netherlands), 45 /il CaCl2 (0.25 mmol/1) and either polyclonal goat anti-

rabbitt factor XI antibodies (0.1 mg/ml), PCI (20 jig/ml) or polyclonal goat anti-cerulo-

plasminn (0.1 mg/ml, control, CLB, Amsterdam, the Netherlands). Hereafter, the mixture 

wass quickly injected in the isolated venous segment. The procedure was repeated for the 

contralaterall  site. After 30 minutes of aging, the vessel clamps were removed, blood flow 

wass restored and a systemic injection of the anti-factor XI antibodies (0.1 or 0.01 mg/ml), 

controll  antibodies or no systemic injection was given. Two hours hereafter, both thrombi 

weree removed and washed. The extent of thrombolysis was assessed by comparing the 

remainingg radioactivity of the thrombi at the end of the experiment with the initial 

radioactivityy of the preformed clots. Thrombolysis was expressed as a percentage of the 

initiall  thrombus radioactivity. 

StudyStudy design 

Alll  animal studies were approved by the Institutional Review Board for Animal 

Experimentss and were performed according to the guidelines of the American Physio-

logicall  Society and Dutch Law for Animal Experiments. 

Inn the first series of experiments, the rabbits were randomly assigned to one of 6 groups, 

inn each group 6 thrombi were studied. In the first 3 groups, the anti-factor XI antibody 

(0.11 mg/ml) was incorporated in the preformed clot. In group 1, no systemic anti-factor XI 

wass given, whereas rabbits in group 2 and 3 were administered anti-factor XI antibodies 

systemically,, at a dose of 0.01 mg/ml and 0.1 mg/ml, respectively. Rabbits in group 4 and 

55 only received the anti-factor XI antibody systemically at a dose of 0.01 mg/ml and 0.1 

mg/ml,, respectively. In group 6, rabbits did not receive anti-factor XI antibody at all 

(controll  group). 

Inn the second series of experiments, the rabbits were randomly assigned to one of 4 

groups,, in each group 6 thrombi were studied. In group 7, again the anti-factor XI 

antibodiess (0.1 mg/ml) were incorporated in the preformed clots and in group 8 the PCI 

(200 ug/ml) was incorporated. In group 9 both anti-factor XI antibodies as well as PCI were 

incorporatedd and group 10 served as a control group, i.e. incorporation of control anti-

bodies.. No systemic injections were given. 

StatisticalStatistical analysis 

Countingg of the thrombi and calculation of the degree of clot lysis was performed by an 

independentt investigator, blinded for the group assignment. Statistical analysis was per-

formedd by ANOVA and Newman-Keuls test. A p-value <0.05 was considered statistically 

significant. . 

Al ll  values are presented as mean  SD. 
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FigureFigure 1 Inhibition of factor XI activity after in vitro incubation with anti-factor XI antibody. 
TheThe polyclonal anti-rabbit factor XI antibody was incubated with an equal volume of normal rabbit 
citratedcitrated plasma (1:3 diluted) for 2 hours at 37°C. Samples were tested in a one stage clotting assay to 
establishestablish the inhibition of factor XI activity at different concentrations of the antibody. 51% inhibition 
waswas demonstrated at a concentration of'0.05 mg/ml. 

Results s 

InIn vitro inhibition of rabbit factor XI coagulant activity 
Increasingg concentrations of the polyclonal anti-factor XI rabbit antibodies resulted in a 
dose-dependentt inhibition of rabbit plasma factor XI (figure 1). At concentrations of 0.25 
mg/mll  or higher, rabbit plasma factor XI activity was virtually completely blocked 

ClotClot lysis assay in clots formed from rabbit plasma 

Thee clot lysis of rabbit plasma in vitro could be enhanced by incorporation of anti-factor 

X II  antibodies in the clot (figure 2). To demonstrate that TAFI was involved, clot lysis was 

studiedd in the presence of PCI. Initial experiments (not shown) had demonstrated that 

incorporationn of more than 10 fig/ml of PCI in the clot resulted in maximally enhanced 

lysis.. The lysis in the presence of 20 ^ig/ml of PCI could not be further enhanced by the 
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FigureFigure 2. Lysis o f a thrombin induced clot in the presence or absence of anti-factor XI antibodies 
oror PCI. Rabbit plasma was incubated with buffer (- O-), anti-factor XI antibodies, 0.5 mg/ml, ( *-), 
PCI,PCI, 20 fig/ml, (-E*-), or both  Coagulation and subsequent fibrinolysis was initiated by adding 
calcium,calcium, thrombin (20 nmol/l), and t-PA (20 U/ml). Fibrinolysis was measured in time as the change in 
turbidityturbidity at 405 nm. 

additionn of anti-factor XI antibodies (figure 2) indicating that also in rabbit plasma, TAFI 

needss to be activated by thrombin in a factor-XI dependent manner via the intrinsic 

pathway. . 

InhibitionInhibition of plasma f actor XI activity after administration of the anti-factor XI antibody 

Ass shown in figure 3, the systemic administration of the anti-factor XI polyclonal anti-

bodiess to rabbits resulted in a significant decline in the plasma level of factor XI activity. 

Att 30 minutes after the bolus administration of the antibodies at a concentration of 0.01 

mg/ml,, plasma factor XI activity levels were decreased with 13.2%  4.9 (p<0.05 as 

comparedd with the control group). Levels remained decreased up to 2 hours after the 

administration,, with 9.8%  5.9 and 10.5%  12.4 at 60 and 120 minutes, respectively. The 

intravenouss bolus injection of the anti-factor XI antibodies at a concentration of 0.1 
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FigureFigure 3. Effect of a bolus injection of anti-factor XI antibody on plasma factor XI activity in 
rabbits.rabbits. Anti-factor XIantibodies or control antibodies were injected through a cannula in the carotid 
artery.artery. Blood samples were drawn before (t = 0) and after 30, 60, and 120 minutes in citrated vacutainer 
tubestubes and factor XI activity was measured as described. The mean and SD are plotted as percentile 
changechange of baseline levels of 3 rabbits in each group. Control antibody in clot and systemic (- 0.)-t anti-FXI 
antibodyantibody in clot (0.1 mg/ml), control antibody systemic (-0-); control antibody in clot, and anti-factor 
XIXI antibody systemic 0.01 mg/ml  or 0.1 mg/ml (-A-). Anti-FXI antibody in clot (0.1 mg/ml) and 
anti-factoranti-factor XI antibody systemic 0.01 mg/ml (-B) or 0.1 mg/ml (-A-). Statistical significant difference as 
comparedcompared with control antibody (*  P< 0.05, ''"''P<  0.001), is indicated. 

mg/mll  resulted in a further reduction of plasma factor XI activity. At 30 minutes after the 

injectionn factor XI activity was reduced by 90.0%  4.8 (p< 0.001 as compared with the 

controll  group), and remained depressed up to 2 hours. At 120 minutes after the bolus 

administration,, factor XI activity levels were still 70-80% lower than control values 

(p<0.005).. The plasma level of factor XI activity in the group receiving the control 

antibodyy remained stable during the experiment. The prior incorporation of anti-factor XI 

antibodiess in the thrombi did not affect plasma factor XI activity levels in either 

experimentall  group. 
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ThrombolysisThrombolysis of clots with incorporated anti-factor XI antibodies 

Thee incorporation of anti-factor XI antibodies in the thrombi resulted in an almost 2-fold 

increasee in endogenous thrombolysis (figure 4, upper panel). Clots that contained the anti-

factorr XI antibody showed 11.3%  0.9 thrombolysis after two hours as compared to 

6.3%%  0.6 in control thrombi (p< 0.001). Systemic administration of anti-factor XI anti-

bodiess at a dose of 0.01 mg/ml or 0.1 mg/ml resulted in a small increase in thrombolysis of 

thesee clots to 12.1%  0.8 and 15.3%  1.4, respectively. 

ThrombolyticThrombolytic effect of the systemic administration of anti-factor XI antibodies alone 

Thee lysis of thrombi not pre-incubated with anti-factor XI antibodies, could be increased 

byy the systemic administration of anti-factor XI antibodies only. As shown in figure 4, 

lowerr panel, the systemic administration of 0.01 mg/ml anti-factor XI antibodies to the 

rabbitss resulted in a 2-hours thrombolysis of 8.2%  0.5 (as compared to 6.3%  0.6 

thrombolysiss of control thrombi, p<0.05). Thrombolysis after administration of the 

higherr dose of 0.1 mg/ml anti-FXI antibodies was 12.2%  1.1 (p<0.01 as compared to 

thee control thrombi and p <0.05 as compared to the systemic dose of 0.01 mg/ml). 

ThrombolysisThrombolysis of clots with PCI 

Inn a second series of experiments the incorporation of anti-factor XI antibodies was repeated and 

comparedd with the effect of incorporation of PCI. As shown before, the incorporation of anti-

factorr XI antibodies resulted in enhanced lysis of clots compared to control thrombi (11.2%  1.6 

andd 6.7%  1.4, respectively, pO.001, figure 5). Inhibition of TAFI activity by PCI, 

incorporatedd in the clots, also resulted in enhanced clot lysis (14.7% , pO.001 as compared 

too control and anti-factor XI antibody thrombi). Incorporation of both the anti-factor XI 

antibodiess and PCI had no additional effect (14.9%  1.4) compared to PCI alone. 

Discussion n 

Recentt studies have revealed a novel role of factor XI during activation of blood 

coagulation.. These studies suggested that factor XI is an important mediator in the 

activationn of TAFI, via its potency to generate additional thrombin, rather acting as a 

fibrinolyti cc inhibitor than as a coagulation factor.9,11 TAFI is a plasma procarboxypeptidase 

which,, upon activation by thrombin or the thrombin-thrombomodulin complex, 

attenuatess fibrinolysis by removing the C-terminal lysine binding sites for plasminogen.15"18 

Inn the present study, we provide in vivo evidence for the anti-fibrinolytic effect of factor 

XII  and the anti-fibrinolytic potency of TAFI in a thrombosis model in rabbits. 

-107--107-
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FigureFigure 4. Effect of anti-factor XI antibody on endogenous thrombolysis. Upper panel: ena 

thrombolysisthrombolysis after incubation of the thrombi with the anti-factor XI antibody with or without systemic 

injectioninjection of anti-factor XI antibody. The white bar represents control antibody (in thrombi and 

systemic),systemic), the shaded bar incubation of 0.1 mg/ml anti-factor XI antibody in thrombi and control 

antibodyantibody systemic. The crossed bar represents 0.1 mg/ml anti-factor XI in thrombi and 0.01 mg/ml 

systemic;systemic; the black bar represents 0.1 mg/ml in thrombi and 0.1 mg/ml systemic. Lower panel: 

endogenousendogenous thrombolysis after systemic injection of the anti-factor XI antibody or a control antibody 

(white(white bar). The shaded bar represent systemic injection of 0.01 mg/ml anti-factor XI antibodies, the 

crossedcrossed bar represents systemic injection of 0.1 mg/ml. Thrombolysis is expressed as a percentage of the 

initialinitial  thrombus radioactivity. The mean and SD are given of six thrombi in each group. Statistically 

significantsignificant difference, as compared with control antibody (* P<0.05, **  P<0.01, ** *  P< 0.001), is 

indicated. indicated. 
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FigureFigure 5. Effect of PCI on endogenous fibrinolysis. Endogenous fibrinolysis after incubation of the 
thrombithrombi with the anti-factor XI antibodies and/or PCI. The white bar represents control antibody, 
thethe shaded bar represents incubation of 0.1 mg/ml anti-factor XI antibody, the crossed bar represents 
incubationincubation of '20 fJg/ml PCI, the black bar represents incubation of both the anti-factor XI antibodies 
andand PCI. Thrombolysis is expressed as a percentage of the initial thrombus activity. The mean and SD of 
sixsix thrombi are given in each group. Statistical difference as compared with control antibody (''"'"'' 
P<P< 0.001), is indicated. 

Clotss formed in blood in which factor XI activity was neutralized, showed an enhanced 

lysiss as compared to control clots. Also, clots formed in the presence of a potato carboxy-

peptidasee inhibitor demonstrated increased lysis. PCI is an inhibitor of carboxypeptidases 

andd TAFI is the only known carboxypeptidase capable of attenuating fibrinolysis.13 As 

shownn in the clot lysis assay with rabbit plasma, PCI had a maximal effect at a 

concentrationn of 20 ug/ml, while factor XI activity was not completely inhibited using the 

anti-factorr XI antibodies in a concentration of 0.1 mg/ml as shown in vitro (figure 1) and 

inin vivo (figure 3). This probably explains the more pronounced lysis of the fibrin clots 

withh the incorporation of PCI as compared to incorporation of the anti-factor XI 

antibodies. . 
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Clotss formed in blood with both PCI and the anti-factor XI antibodies showed no 

additionall  increment of fibrinolysis. This supports in vitro evidence that the anti-

fibrinolyti cc mechanism of factor XI is primarily TAFI dependent and not the result of an 

indirectt effect of the anti-factor XI antibodies on fibrin formation during aging of the 

clots. . 

Incorporationn of the anti-factor XI antibodies in the clot together with systemic 

neutralizationn of factor XI activity in the circulation, a situation best mimicking factor XI 

deficiency,, showed an additional enhancement of thrombolysis. In these experiments, a 2.4 

foldd increase in thrombolysis in our model was observed. Systemic neutralization of factor 

XII  activity alone resulted also in a similar increase in endogenous thrombolysis as 

comparedd to incorporation of the anti-factor XI antibodies in the fibrin clot. These results 

suggestt that thrombin generation continues in a factor XI-dependent way after initial clot 

formationn has taken place and that this thrombin is capable of activating TAFI. Clot-

boundd thrombin has been shown to be inaccessible to inhibition by the heparin-

antithrombinn complex and to retain its procoagulant activity on the surface of fibrin 

clots.. ' Furthermore, in vitro studies have shown that thrombin, bound to fibrin 

monomers,, can still activate factor XI. Thus, in a factor XI-deficient plasma milieu, the 

diminishedd presence of clot-bound thrombin may have facilitated enhanced fibrinolysis, 

becausee of a lower degree of activation of TAFI. Indeed, therapeutic strategies that 

inhibitedd the activity of clot-bound thrombin enhanced endogenous thrombolysis in an 

experimentall  rabbit thrombosis model. 

Thee importance of factor XI in thrombin-dependent inhibition of fibrinolysis can be 

explainedd by the amplification potential of the coagulation cascade. Upon formation of 

thrombin,, factor XI is activated, inducing further conversion of intrinsic coagulation 

proteins.. This process causes additional thrombin formation capable of inhibiting 

fibrinolysiss through activation of TAFI. 

Thesee findings place the role of factor XI in hemostasis in a new perspective. The 

importancee of factor XI for inhibition of fibrinolytic activity, and thereby clot stability, is 

illustratedd by the clinical expression of factor XI deficiency. Patients with a congenital 

factorr XI deficiency or acquired factor XI antibodies, show a variable bleeding tendency, 

predominantlyy localized at mucosal surfaces, in contrast to the clinical expression of 

deficienciess in other coagulation factors that play a role in thrombin generation and 

subsequentt conversion of fibrinogen to fibrin. ' ' Interestingly, mucosal surfaces usually 

possesss a high intrinsic fibrinolytic activity. It may be postulated that a deficiency of factor 

XII  results in impaired fibrinolytic inhibition at these sites and in bleeding. In accordance 

withh this hypothesis, bleeding in patients with factor XI deficiency can very often be 

managedd with the administration of anti-fibrinolytic agents, such as tranexamic acid.' 
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Inn conclusion, we have demonstrated in vivo, in an experimental thrombosis model, that 

inhibitionn of factor XI activity resulted in enhanced endogenous lysis of jugular vein clots in 

rabbits.. This effect is probably due to diminished activation of TAFI upon inhibition of factor XI 

activity,, given the comparable effects on clot lysis of inhibition of factor XI and TAFI. We 

proposee that this effect of factor XI explains in part the bleeding tendency of patients with factor 

XII  deficiency. 
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Summary y 

Severee thrombocytopenia frequently occurs in patients receiving chemotherapy or in 

patientss with auto-immune disorders. Thrombocytopenia is associated with bleeding, 

whichh may be serious and life threatening13. Current treatment strategies for thrombo-

cytopeniaa may require transfusion of allogeneic platelets, which is associated with 

importantt drawbacks4. These include the occurrence of anti-platelet antibodies, which may 

resultt in refractoriness to further platelet transfusions, and the potential risk of transfer of 

bloodd borne diseases ' . 

Therefore,, we have recently developed a platelet substitute product (Synthocytes™), 

whichh is composed of human albumin microcapsules with fibrinogen immobilized on 

theirr surface. Here, we show that the intravenous administration of these microcapsules 

nott only corrects the prolonged bleeding time in rabbits rendered thrombocytopenic 

eitherr by anti-platelet antibodies or by chemotherapy, but also reduces bleeding from 

surgicall  wounds inflicted in the abdominal skin and musculature. No potential systemic 

prothromboticc effect of the microcapsules was observed in a model of rabbit venous 

thrombosis. . 

Concerningg the mechanism of action, experiments with normal and thrombocytopenic 

humann blood in an endothelial cell matrix-coated perfusion chamber demonstrated an 

interactionn between the fibrinogen-coated albumin microcapsules and native platelets. It 

wass shown that the fibrinogen-coated albumin microcapsules could facilitate platelet 

adhesionn to endothelial cell matrix and correct the impaired formation of platelet 

aggregatess in relatively platelet-poor blood. 

Thee present study indicates that fibrinogen-coated albumin microcapsules can act to 

improvee primary hemostasis under thrombocytopenic conditions and may eventually be a 

promisingg agent for prophylaxis and treatment of bleeding in patients with severe 

thrombocytopenia. . 
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SynthocytesSynthocytes reduce bleeding in thrombocytopenic rabbits 

Introductio n n 

Too determine the effect of the fibrinogen-coated albumin microcapsules on thrombocytopenic 

bleeding,, we used models of immune thrombocytopenia and of chemotherapy-induced 

thrombocytopeniaa in rabbits. 

Inn rabbits that had received an intravenous bolus injection of goat anti-rabbit platelet 

antibodies,, a rapid and significant decline of the platelet count from 452 (  87) xlOVl to 30 (

13)) xlO /l was observed (figure la). The thrombocytopenia was associated with a substantial 

increasee in the ear template bleeding time from 1.7 (  0.4) minutes to 21.7 (  4.4) minutes 

(figuree lb). A subsequent intravenous bolus injection of fibrinogen-coated microcapsules at a 

dosee of 1.5x10 microcapsules/kg or 0.75x10 microcapsules/kg significantly shortened the 

prolongedd bleeding time to 5.2 (  1.7) minutes (p< 0.001) and 6.5 (  1.7) minutes (p< 0.001), 

respectively,, at 15 minutes after the injection. At 60 minutes, the correction of the bleeding 

timee was still apparent, although the bleeding time in the rabbits that were treated with the 

lowerr dose of Synthocytes was longer than in the rabbits that had received the higher dose of 

Synthocytess (8.8 ) minutes in the low dose group versus 4.3 (  0.8) minutes in the high 

dosee group, p<0.05). Two control groups of rabbits that had received saline or non-coated 

albuminn microcapsules did not show any change in the prolonged bleeding time throughout 

thee period of observation (figure lb). 

Inn a model of chemotherapy-induced thrombocytopenia produced by repeated busulfan 

administration,, a similar degree of thrombocytopenia was observed, without reduction of the 

hemoglobinn or white blood cell levels (table 1). Busulfan-treated rabbits with a mean platelet 

countt of 15 (  5.2) xlO /l had a prolonged ear template bleeding time of 18.6 (  2.1) minutes 

andd a blood loss from a standardized abdominal surgical incision of 2354 (  351) mg/5 

minutess (figure 2). The administration of the fibrinogen-coated albumin microcapsules 

(1.5x100 microcapsules/kg) resulted in a 3.5-fold shortening of the ear bleeding time to 5.3 (

2.7)) minutes and a 8.6-fold reduction of the blood loss from the surgical incision to 276 (  102) 

mg/55 minutes, which effect lasted for at least 3 hours. In rabbits treated with a lower dose of 

Synthocytess (0.75x10 microcapsules/kg) a similar effect was observed initially. Although at 2 

andd 3 hours after the bolus administration of the lower dose the shortening of the bleeding 

timee gradually lessened, both measures of hemostasis remained significantly improved. At 3 

hourss after the administration of the lower dose, the ear bleeding time was 12.5 (  2.5) 

minutesminutes and the blood loss from the surgical incision 923 (  121) mg/5 minutes, as compared 

withh 7.9 (  1.9) minutes and 400 (  61.9) mg/5 minutes in the rabbits that had received 1.5x10 

microcapsules/kgg (p<0.05). At 8 and 24 hours after administration of the fibrinogen-coated 

albuminn microcapsules, however, no significant reduction in ear bleeding time or surgical 

woundd bleeding remained detectable (figure 2). 
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FigureFigure 1 Effect of the bolus administration of goat-anti-rabbit platelet antibody and the subsequent 
administrationadministration of fibrinogen-coated albumin microcapsules (Synthocytes) or control agents (n = 6 per 
group). group). 
UpperUpper panel, platelet count before the administration of the anti-platelet antibody (t = -30) and throughout 
thethe experiment (A: Synthocytes 1.5x1(1/kg : Synthocytes 0.75xlu/kg : non-coated albumin microcapsules 
1.5xl(f/kg1.5xl(f/kg and V: saline). Platelet levels were not statistically significant between the groups. 
LowerLower panel, template ear bleeding time measurements at the start of the experiment (t=-30), 30 minutes 
afterafter the administration of the anti-platelet antibody but before the administration of the study agents (t=0) 
andand at 15 and 60 minutes after the administration of Synthocytes 1.5xlu/kg (f bar), Synthocytes 
0.75xl(f/kg0.75xl(f/kg (2nd bar), non-coated albumin microcapsules 1.5x101/kg (3r bar), and saline (4 bar). The 
administrationadministration of the fibrinogen-coated albumin microcapsules resulted in a statistically significant 
shorteningshortening of the prolonged bleeding time (*:  p< 0.001 as compared with saline or non-coated albumin 
microcapsules).microcapsules). At 60 minutes after the administration of the relatively lower dose of Synthocytes the bleeding 
timetime was less reduced as compared with the administration of the higher dose, but remained significantly 
shortershorter than the controls (#:p< 0.05). 
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TableTable 1 Blood cell counts before and after busulfan treatment in the four experimental groups. 

Treatmentt allocation platelet count hemoglobin leukocytes 

(xlOVl)) (mmol/1) (xlOVl) 

active e 
Synthocytes s 
(1.55 x 10 microcapsules/kg) 

Synthocytes s 
(0.755 x 10 microcapsules/kg) 

control l 
non-coatedd microcapsules 
(1.55 x 10 microcapsules/kg) 

saline e 

(control) ) 

beforebefore busulfan 

afterafter busulfan 

beforebefore busulfan 

afterafter busulfan 

beforebefore busulfan 

afterafter busulfan 

beforebefore busulfan 

afterafter busulfan 

4366 (  74.7) 

177 ) 

4666 ) 

166 (  7.3) 

4499 ) 

133 (  5.7) 

4200 (  36.3) 

155 (  5.3) 

7.99 (  0.6) 

7.77.7 ) 

8.11 ) 

7.77.7 (  0.9) 

7.88 (  0.5) 

7.66 (  0.8) 

8.00 (  0.7) 

7.88 (  0.8) 

6.88 (+ 0.5) 

6.11 ) 

5.77 {+ 0.7) 

5.00 (  0.9) 

5.99 (  0.6) 

7.88 (  1.2) 

5.44 (  0.3) 

5.22 {+ 0.9) 

Thrombuss growth in control animals, two hours after treatment with saline or non-coated 

albuminn microcapsules, was 46.6 (  4.5)% and 49.6 (  3.7)% of initial thrombus volume, 

respectively.. The administration of fibrinogen-coated microcapsules (1.5x10 microcap-

sules/kg)) did not significantly affect thrombus accretion (50.3 (  5.0)%, p = not significant as 

comparedd with controls). Similarly, at 4 hours after administration of the fibrinogen-coated 

microcapsuless or saline, there was no difference in thrombus growth between the groups (64.4 

(  7.1)% after fibrinogen-coated microcapsules and 69.8 (  6.6%) after saline administration, 

p== not significant). 

Singlee dose toxicity studies in rats and cynomolgus monkeys, specifically aimed at 

histologicall  analysis of the organs up to 15 days after dosing, did not reveal adverse effects 

fromm the administration of fibrinogen-coated albumin microcapsules at doses up to 7.5x10 

microcapsules/kg.. In addition, studies of cardiorespiratory function and pulmonary resistance 

andd compliance in rabbits and dogs did not show significant effects of the administration of 

fibrinogen-coatedd albumin microcapsules (at doses up to 7.5X109) on hemodynamics, heart 

ratee and rhythm, blood gases or other pulmonary parameters. 

Studies,, in which the tissue distribution and clearance from the blood of '" I-labelled 

fibrinogen-coatedd albumin microcapsules were investigated, showed that the amount of 

microcapsuless in the circulation initially rapidly declined to about 15% of the total injected at 

155 minutes after administration and thereafter more gradually disappeared. A rapid tissue 

distributionn of the albumin microcapsules was observed, with peak levels of radioactivity in 

lungss and liver (28.8% and 41.5% of the injected dose, respectively) occurring between 5 

minutess and 1 hour. Thereafter, levels of radioactivity gradually declined and were no longer 

detectablee at 24 to 72 hours after administration of the radiolabelled fibrinogen-coated 
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FigureFigure 2 Effect of the administration offibrinogen-coated microcapsules (Synthocytes 1.5x10 /kg (A), and 
SynthocytesSynthocytes 0.75xlff/kg 0), non-coated albumin microcapsules (1.5xlu /kg, ) , and saline (V) on the ear 
bleedingbleeding time (upper panel) and the 5 minutes blood loss from a standardized abdominal surgical incision 
(lower(lower panel) in busulfan-treated thrombocytopenic rabbits (n = 6 per group). Statistical significance as 
comparedcompared with saline or non-coated albumin microcapsules is indicated (*:  p < 0.001, **:  p < 0.01). At 120 
andand 180 minutes after the administration of Synthocytes the difference between the two doses of Synthocytes is 
statisticallystatistically significant (#: p<0.05). 
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albuminn microcapsules. 

Too elucidate the mechanism of action of the fibrinogen-coated albumin microcapsules and to 

investigatee whether they could also function in human blood, experiments were performed in 

whichh the microcapsules (40x10 /ul) were added to whole human blood and perfused over a 

PMA-stimulatedd endothelial cell matrix for 5 minutes at a shear rate of 300 s . When the 

fibrinogen-coatedd albumin microcapsules were added to relatively platelet-poor blood (40x10 

platelets/1)) the surface covered with aggregates increased from 4,6 (  0.9)% to 8.6 (  0.7)% 

(p<0.01).. The addition of the fibrinogen-coated albumin microcapsules to normal blood 

(containingg 160x10 platelets/1) resulted in an enhancement of the area covered with 

aggregatess from 12.0 (  0.8)% to 16.4 (  1.6)% (p<0.01). Addition of non-coated albumin 

microcapsuless (control) did not influence total aggregate formation in either normal or 

thrombocytopenicc blood. Incubation of blood with the potent and specific platelet inhibitor 

dRGDWW resulted in a complete prevention of fibrinogen-coated albumin microcapsule-

inducedd aggregate formation, whereas incubation with the thrombin inhibitor hirudin 

inhibitedd aggregate formation from 16.2 (  0.2)% to 10.4 (1.9)% (p<0.01). These results may 

suggestt a direct interaction between platelets and microcapsules and a partial role of 

thrombinn and fibrin strand formation in the action of the microcapsules. When the 

coverslipss were examined with scanning electron microscopy to visualize the interaction 

betweenn the fibrinogen-coated albumin microcapsules and platelets, combined aggregates of 

plateletss and microcapsules, with connecting fibrin fibers, were seen (figure 3). 

FigureFigure 3 Scanning electron microscope photograph showing the interaction of the fibrinogen-coated 
albuminalbumin microcapsules and platelet aggregates with connecting fibrin fibers. 
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FigureFigure 4 Electron microscope photograph of a biopsy from a bleeding time wound a rabbit 15 minutes after 
thethe administration of fibrinogen-coated albumin microcapsules (1.5x10 microcapsules/kg), showing the 
presencepresence of the microspheres at the site of the hemostatic plug mainly surrounded by degranulated platelets. 

Alsoo in biopsies taken from bleeding time wounds in the rabbit experiments, the presence of 

thee fibrinogen-coated albumin microcapsules, mainly surrounded by degranulated platelets, 

wass confirmed (figure 4). 

Inn summary, the administration of fibrinogen-coated albumin microcapsules results in a 

significantt reduction of enhanced bleeding in rabbits made thrombocytopenic with either 

platelett antiserum or with chemotherapy. These results are in agreement with preliminary 

observationss using another preparation of cross-linked human serum albumin spheres . The 

mechanismm of the Synthocytes-induced improvement of primary hemostasis appears to rely 

onn the facilitation of adhesion of the remaining platelets to the endothelium. A limitation of 

ourr observations may be that measurement of the bleeding time may represent a function of 

thee primary hemostatic system in vivo, but may poorly predict the occurrence of bleeding in 

clinicall  situations . Hence, studies in patients with severe thrombocytopenia are required to 

establishh a beneficial effect of this agent in the treatment or prevention of thrombocytopenic 

bleeding.. However, the present data suggest that fibrinogen-coated albumin microcapsules 

mayy be an effective and novel replacement therapy for platelet transfusion in the management 

off  thrombocytopenia. 

-122--122-



SynthocytesSynthocytes reduce bleeding in thrombocytopenic rabbits 

Methods s 

ProductionProduction and characterization of fibrinogen-coated microcapsules 

Humann albumin and human fibrinogen were recovered from large pools of human plasma by 

loww temperature controlled fractionation according to the Cohn process. Albumin 

microcapsuless were formed by spray drying a 10% w/v solution of human albumin. The 

albuminn was atomized with compressed air and the microcapsules were subsequently formed 

byy rapid drying of the droplets. Control of the pressure of the atomization air and the feed 

ratee defined the size and size distribution of the microcapsules to a median diameter of 3.5-4.5 

urn.. Less than 2% of the microcapsules were greater than 6 |im, in order to facilitate transit 

acrosss the pulmonary capillary bed. Fibrinogen was immobilized onto the surface of sterile 

albuminn microcapsules by incubation for up to 4 hours at a controlled ionic strength at a pH 

rangee of 6.0-6.5. Tangential flow microfiltration was used to remove unbound fibrinogen, and 

thee washed fibrinogen-coated microcapsules were suspended in 25 raM phosphate buffered 

isotonicc mannitol, to achieve a final concentration of 1.5x10 microcapsules/ml (total protein 

200 mg/ml). Fibrinogen bound to the microcapsules was determined by a sandwich ELISA 

usingg a polyclonal antibody to human fibrinogen to capture the immobilized fibrinogen. The 

fibrinogenn concentration represents less than 2% of the total protein of the microcapsules. 

Activityy of the immobilized fibrinogen was confirmed by measuring the rate of aggregation of 

thee fibrinogen-coated microcapsules following addition of thrombin. 

RabbitRabbit immune thrombocytopenia model and busulfan-induced thrombocytopenia model 

Thee studies were approved by the Institutional Animal Experiment Committee and were 

performedd according to the Dutch Law on Animal Experiments. New Zealand white rabbits 

(approximatelyy 2.5 kg) were anesthetized with an intramuscular cocktail of 9 mg Ketamin 

(Aescoket,, Boxtel, the Netherlands) and Rompun 2% (Bayer, Leverkusen, Germany) in 3 

versuss 1 volume units. To maintain adequate anesthesia, intramuscular injections of Ketamin 

weree repeated when appropriate. 

Too produce acute immune thrombocytopenia, the rabbits received a 5 minutes bolus 

infusionn of goat-anti-rabbit platelet polyclonal antibody (0.8 ml/rabbit), derived from goats 

thatt had been repeatedly immunized with washed rabbit platelets. The antiserum had been 

adsorbedd with washed rabbit red blood cells to remove anti-erythrocyte antibodies9,10 

AA busulfan-induced thrombocytopenia model was employed as described previously11. 

Briefly,, at day -12 and day -9, rabbits received a subcutaneous injection of busulfan (1,4 

butanedioll  dimethanesulfonate, Sigma, St Louis, MO; 15 mg/kg at day -12 and 10 mg/kg at 

dayy -9) in polyethylene glycol (average MW 400, Sigma). These injections invariably resulted 

inn a reduction of the platelet count on day 0 to 10-20xl09/l. 
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EarEar bleeding time and 5-minute blood loss 

Operatorss who were not aware of the treatment allocation of the rabbits performed bleeding 

timee and blood loss measurements in this controlled experiment. The template ear bleeding 

timee was measured using a Surgicutt device (International Technidyne Corporation, Edison, 

NJ).. The dorsal surface of the rabbit ear was shaved and a standardized incision was made at a 

sitee where no visible vessel was seen. Blood from the incision was carefully removed at exactly 

15-sec.. intervals with a filter paper, until bleeding had completely arrested J' \ 

Thee 5 minutes blood loss from a standardized surgical incision was measured as reported 

previously13.. Briefly, using a template, a standard 5 cm long and 0.5 cm deep surgical incision 

wass made in the anterior abdominal wall, incising the first layer of the anterior abdominal 

walll  muscles. A pre-weighed 5x5 cm gauze pad was placed in the incision and left in place for 

55 minutes. Then, the gauze pad was removed and its increase in weight was determined as an 

objectivee measure of blood loss (normal value 150-300 mg/5 minutes). 

Too examine the presence of the fibrinogen-coated albumin microcapsules at the site of the 

hemostaticc plug, biopsies were taken from bleeding time wounds that were made 15 minutes 

afterr injection of the fibrinogen-coated albumin microcapsules. The biopsies were 

immediatelyy immersed in 2% glutaraldehyde/3% paraformaldehyde in 0.1 M cacodylate 

buffer,, postfixed for 24 hours, dehydrated in methanol, and stained with May-Griinwald-

Giemsa. . 

ThrombusThrombus growth model 

Neww Zealand white rabbits (approximately 2.5 kg) were anesthetized as described above. The 

jugularr veins were exposed by a median incision in the neck and were cleared at both sites for 

aa distance of 2 cm; all side branches were ligated. The venous segments were isolated by 

applicationn of vessel clamps proximally and distally. To assess the extent of thrombus growth, 

non-radiolabeledd thrombi were formed in both isolated jugular vein segments by injection of 

1500 ul homologous rabbit blood, which had been previously aspirated into a 1 ml syringe 

containingg 25 p.1 human thrombin (Human Thrombin T7009, Sigma; 150 U/ml) and 45 ul 

0.255 MCaCl2, into the isolated venous segments14. After 30 minutes of aging, blood flow was 

restoredd by removing the vessel clamps, and 100 ul  u I-radiolabeled human fibrinogen 

(Amersham,, Den Bosch, the Netherlands, approximately 2 uCi/ml) was injected intra-

venously,, followed immediately by the i.v. administration of the study compounds. Thrombi 

weree removed 2 hours or 4 hours after restoration of the blood flow and administration of the 

studyy medication. Thrombus growth was assessed by measuring the accretion of I-radio-

labeledd human fibrinogen onto the preformed non-radioactive thrombi and was expressed as 

percentagee of the initial thrombus volume (200 ul). 
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I-labelledI-labelled fibrinogen-coated albumin microcapsules 

Fibrinogen-coatedd albumin microcapsules were radiolabelled with "'I, using the Iodogen 

method.. Stability of the label was confirmed by incubation in vitro in plasma for 72 hours. 

Ratss were injected with the radiolabelled microcapsules and tissue distribution of radioactivity 

wass measured in organs, tissues and body fluids at 5, 15, and 30 minutes, and 1, 6, 24 and 72 

hourss after the administration of the compound (n = 4 per time point). 

PerfusionPerfusion experiments 

Perfusionn experiments were carried out in a parallel perfusion chamber . Whole blood, 

obtainedd by venipuncture from healthy subjects taking no medication, was anticoagulated 

withh 1/10 (v/v) low molecular weight heparin (dalteparin, Pharmacia Upjohn, Stockholm, 

Sweden,, 50 U/ml). To vary the platelet count of the blood, platelets and red cells were 

separatedd from the blood and washed, and the blood was subsequently reconstituted to obtain 

aa hematocrit of 40% (v/v) and the desired platelet count . The fibrinogen-coated albumin 

microcapsuless or control non-coated albumin microcapsules (40x10 /ul) were added to the 

bloodd and the mixture was prewarmed at 37°C for 10 minutes. The perfusate was then 

recirculatedd though the perfusion chamber for 5 min at a wall shear rate of 300 s', over an 

endotheliall  cell matrix of endothelial cells stimulated with PMA (4-P-phorbol-12-myristate 13-

acetate,, Sigma, 20 ng/ml, 6 hours) After perfusion, the system was rinsed with HEPES-

bufferedd saline (10 mM HEPES, 150 mM NaCl, pH 7.4). The coverslips were removed, fixed 

inn 0.5% glutardialdehyde/PBS, dehydrated in methanol, and stained with May-Grünwald-

Giemsa.. The extent of platelet deposition was determined by light microscopy at a 

magnificationn of lOOOx using an image analyzer that was interfaced with the microscope. The 

resultss were expressed as the percentage surface covered with platelets. Similar experiments 

weree performed with platelets from blood that was pre-incubated with either the potent 

platelett inhibitor dRGDW (a synthetic RGD-containing peptide, Rhóne-Poulenc Rorer, 

Centree de Recherches de Vitry, France) or the thrombin inhibitor hirudin (30 U/ml, Ciba 

Geigy,, Horsham, United Kingdom). In addition, platelet-microcapsule interactions were 

examinedd using scanning electron microscopy. Coverslips from the perfusion chamber were 

fixedd in 2% glutardialdehyde for 1 hour, postfixed in 1% osmium tetroxide (Sigma) for 1 hour, 

andd then dehydrated through a graded ethanol series (50-100%). Samples were critical point 

dried,, sputtered with a thin layer of platinum, and examined with a scanning electron 

microscopee (Philips XL30, Eindhoven, the Netherlands). 

StatisticalStatistical analysis 

Statisticall  analysis was performed by ANOVA and the Newman-Keuls test. A p-value < 0.05 

wass considered statistically significant. All values are presented as mean  SD. 
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Summary y 

InIn view of the central role of the tissue factor-factor Vil a pathway in the initiation of 

bloodd coagulation, novel therapeutic strategies aimed at inhibiting this catalytic complex 

aree currently being evaluated. A limitation of this new class of anticoagulants may be the 

lackk of an appropriate strategy to reverse the effect if a bleeding event occurs. The aim of 

thee present study was to investigate the in vivo potential of recombinant factor Vil a 

(rVIIa)) to induce thrombin generation in healthy subjects pretreated with recombinant 

NAPc22 (rNAPc2), a specific inhibitor of the tissue factor-factor Vil a complex, in a double-

blindd randomized cross-over study. 

Administrationn of rNAPc2 (3.5 (J.g/kg, s.c.) caused a prolongation of the prothrombin 

timee (PT) from 13.7 (  0.6) to 16.9 (  1.2) sec. The subsequent injection of rVIIa (90 

ug/kg,, i.v.) resulted in an immediate and complete correction of the PT and a marked 

generationn of thrombin, reflected by increased levels of prothrombin activation fragment 

Fll  + 2 and thrombin-antithrombin (TAT) complexes from 0.75 (  0.64) to 3.29 (  6.3) 

nmol/11 and from 2.4 (  0.6) to 10.7 (  3.9) fig/ml, respectively. Additionally, analysis of 

factorr X and IX activation peptides showed a 3.5-fold and a 3.8-fold increase of both 

indicess following the administration of rVIIa in the presence of rNAPc2. 

Thesee results suggest that during treatment with an inhibitor of the tissue factor-factor 

Vil aa complex, the infusion of rVIIa resulted in thrombin generation. Our results indicate 

thatt rVII a may be a good candidate as an antidote for inhibitors of tissue factor. 
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Introduction n 

Recentt experimental and clinical studies have shown that under normal physiological 

conditionss the initiation of blood coagulation is catalyzed by the tissue factor-factor Vil a 

pathway.'' Small amounts of activated serine protease factor VII (factor Vila) binds to 

tissuee factor, exposed to the blood as a consequence of vascular disruption or expressed on 

mononuclearr or endothelial cells during inflammatory challenge. The tissue factor-factor 

Vil aa complex is able to generate factor Xa via direct activation of factor X or indirectly 

followingg the activation of factor IX and subsequent formation of the tenase complex with 

thee activated co-factor factor VIII . It is well established that tissue factor plays a crucial role 

inn the many disease processes resulting from the activation of the blood coagulation 

responsee or thrombosis. For example, the systemic activation of blood coagulation in 

sepsis,, ultimately resulting in disseminated intravascular coagulation, was shown to be 

completelyy dependent on tissue factor.4 In addition, the abundant presence of tissue factor 

inn the atherosclerotic plaque has linked pathological plaque rupture to the subsequent 

thromboticc occlusion of a coronary artery leading to acute coronary syndromes such as 

unstablee angina and myocardial infarction.316 

InIn view of this central role of tissue factor-factor Vil a in the activation of coagulation, 

novell  therapeutic strategies aimed at inhibiting this catalytic complex are currently being 

evaluatedd in clinical trials.7'9 One of these inhibitors is recombinant Nematode 

Anticoagulantt Protein c2 (rNAPc2), which has been shown to potently and selectively 

inhibitt the tissue factor-factor Vil a complex in the presence of factor Xa which serves as a 

co-factor.100 In two phase I clinical trials, rNAPc2 has been shown to produce a dose-

dependentt anticoagulant effect following subcutaneous administration in normal 

volunteerss with a systemic half-life of > 50 hours.9 

Thee clinical success of inhibitors of the tissue factor-factor Vil a complex like rNAPc2, 

withh long elimination half-lives, may be limited due to the lack of an appropriate strategy 

too reverse the effect of these anticoagulants if a serious bleeding event is encountered. 

Recentt repons from in vitro studies indicate that therapeutic doses of recombinant factor 

Vil aa (rVIIa) may be able to induce activation of coagulation resulting in subsequent 

thrombinn generation possibly independent of tissue factor activity." The relevance of this 

mechanismm in vivo has, however, not been confirmed thus far, although recombinant 

factorr Vil a has been shown to be an important agent in controlling bleeding episodes in 

variouss clinical scenarios. 

Iff  tissue factor-independent thrombin generation can be achieved, then the 

administrationn of recombinant factor Vil a might be a suitable antidote to the tissue factor-

factorr Vil a class of anticoagulant agents. Therefore, the aim of the present double-blind, 

-131--131-



ChapterChapter 9 

randomized,, placebo-controlled crossover study was to investigate the in vivo potential of 

recombinantt factor Vil a to induce thrombin generation in healthy subjects pretreated with 

rNAPc2. . 

Methods s 

SubjectsSubjects and study design 
Thee study was approved by the research and medical ethical committees of the Academic 

Medicall  Center, Amsterdam, the Netherlands and was performed under Good Clinical 

Practicee guidelines at a specially equipped and staffed research unit at the Academic 

Medicall  Center, Amsterdam. Written informed consent was obtained from all subjects. 

Thee study was designed as a single center, randomized, placebo-controlled multiple-period 

crossoverr study. Six healthy male volunteers (mean age 22, range 21-26 years) were en-

rolledd in the study. Medical history, physical examination, and screening hematology and 

biochemistryy laboratory tests were completely normal in all subjects. The subjects did not 

usee any medication and had no signs or symptoms of illness in the month preceding the 

startt of the study. The volunteers were screened within 14 days prior to the start of the 

firstt study period. Blood pressure, heart rate, EKG and oxygen saturation were measured 

att hourly intervals (Dinamap 1846 SX; Critikon, Tampa, FL). All subjects were tested at 

threee different occasions in a random order, separated by a wash-out period of at least 10 

days.. Treatment consisted of rNAPc2, a specific inhibitor of the tissue factor/factor VII 

complex,, either in combination with recombinant factor Vil a or in combination with 

placebo.. At a third occasion they received recombinant factor Vil a alone (control). 

StudyStudy agents 
Recombinantt Nematode Anticoagulant Protein c2 (rNAPc2, Corvas Inc, San Diego, CA) 

iss a small protein anticoagulant is derived from the family of Nematode Anticoagulant 

Proteinss (NAPs), which were originally isolated from hematophagous hookworm nema-

todess and is currently produced as a recombinant protein under Good Manufacturing 

Practicess established by the United States Food and Drug Administration. RNAPc2 forms 

aa ternary inhibitory complex with factor Vila/tissue factor following the binding to factor 

Xaa at a site that is distinct from the catalytic center.10'16 Previous studies have shown a 

bioavailabilityy of 90-100% after subcutaneous administration in animals and an apparent 

terminall  half-life of greater than 50 hours in humans following a single subcutaneous 

administration.99 After dilution in sterile phosphate-buffered saline (65 mM sodium 

phosphate,, 80 mM NaCl, pH 7.0), rNAPc2 was administered in a volume of 0.3 mL at a 

dosee of 3.5 ug/kg as a single subcutaneous injection in the abdomen at the start of the 
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study.. The rationale for the dose of rNAPc2 was based on previous phase-I studies in 

humann volunteers, in which rNAPc2 was shown to produce a dose-dependent anti-

coagulantt effect and was considered safe and well tolerated in doses up to 5 ug/kg. 

Recombinantt factor Vil a (rVIIa, NovoSeven, Novo Nordisk, Denmark) was admini-

steredd as an intravenous bolus injection at a dose of 90 ug/kg in 10 ml saline, four hours 

afterr the administration of rNAPc2. The dose rationale for rVIIa was based on the 

clinicallyy effective dose in patients with bleeding disorders and previous studies with rVIIa 

inn human individuals using acenocoumarol. In the study period in which rNAPc2 was 

givenn in combination with placebo, an intravenous injection with 0.15 ml/kg saline was 

administered.. In the study period that the study subjects received rVIIa alone, the injection 

off  rVIIa was preceded (4 hrs) by the administration of saline s.c. (instead of rNAPc2). 

BloodBlood collection and processing 
Bloodd was drawn from the forearm by separate venipunctures before the administration of 

rNAPc2,, 4 hours after the administration of rNAPc2 but immediately prior to admini-

strationn of rVIIa/placebo, and at 0.5, 1, 1.5, 2, 3, 4, 6 and 20 hours after the administration 

off  rVIIa or placebo. 

Bloodd samples for measurement of clotting times, prothrombin fragment Fl + 2, TAT 

complexes,, and plasma rNAPc2-levels were collected in tubes containing 3.2% (wt/vol) 

sodiumm citrate; the ratio of anticoagulant to blood was 1:9 (vol/vol). Blood for the 

measurementt of factor IX and X peptide was taken in a tube containing 38 mM citric acid, 

755 mM sodium citrate, 136 mM dextrose, 6 mM EDTA, 6 mM adenosine and 25 U/ml 

heparin;; the ratio of anticoagulant to blood was 1:5 (vol/vol). These samples were placed 

inn melting ice immediately and centrifuged at 2000 x g for 20 minutes at 4°C. For 

determinationn of plasma levels of factor Vila, blood was collected in tubes, containing a 

mixturee of 1 M benzamidine, 100 mM EDTA and 1 mg/ml soybean trypsin inhibitor; the 

ratioo of anticoagulant to blood was 1:9 (vol/vol). Plasma was obtained by centrifugation at 

roomm temperature for 20 minutes at 1600 x g. All plasma samples were stored at -70°C 

untill  assayed. 

Assays Assays 

Thee activated partial thromboplastin time (aPTT) and prothrombin time (PT) were 

determinedd by standard methods on a ML A 1600C apparatus using Actin FS (Dade 

Internationall  Inc, Aguada, PR) and Thromborel S (Behnng, Marburg, Germany), res-

pectively.. Thrombin generation was assessed by measuring the prothrombin activation 

fragmentt Fl + 2 and thrombin-antithrombin (TAT) complexes. Both parameters were 

assayedd by ELISA's (Behring, Marburg, Germany). 
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Forr measurement of factor IX and X activation, factor IX activation peptide and factor X 

activationn peptide were assayed by a radioimmunoassay, as previously described. ' 

Thee plasma levels of factor Vil a were determined by using a newly developed enzyme 

capturee assay for determining factor Vil a activity in human plasma, according to a previously 

describedd principle.20 Briefly, solid-phase bound monoclonal antibodies raised against 

recombinantt factor Vil a (rVIIa) enable capturing of rVIIa. In the next step, bound rVIIa is 

allowedd to convert a chromogenic substrate during incubation in TPJS-BSA buffer at pH 7.9. 

Lightt absorption at 405 nm minus 540 nm was shown to be linearly correlated with rVIIa 

concentrations/ / 

Thee plasma concentration of rNAPc2 was analyzed by sandwich ELISA. The assay used 

polyclonall  antibodies that were raised against rNAPc2 and affinity purified. The antibody 

wass immobilized on a 96-well microtiter plate and bound antigens present in the standards 

andd samples. The detector antibody was the same antibody conjugated to horseradish 

peroxidasee and bound to the immobilized antibody-antigen complex. TMB (tetramethyl-

benzidinee dihydrochloride hydrate) substrate (97%) was added which was converted to a blue 

coloredd product by the horseradish peroxidase. The reaction was stopped by sulfuric acid and 

thee resulting yellow coior was quantitated by reading absorbance at 450 nm minus 650 nm. A 

standardd curve was calculated by linear regression and used for quantitation of the controls 

andd samples. 

StatisticalStatistical analysis 

Statisticall  analysis was performed by ANOVA and subsequent Newman-Keuls tests. A p-

valuee of 0.05 was considered to represent a statistical significant difference. Values are 

presentedd as mean + SD (SEM in figures). 

Results s 

ClottingClotting times and factor Vila levels 

Thee administration of rNAPc2 caused a prolongation of the prothrombin time, which was 

similarr for all subjects in both study periods in which rNAPc2 was given. As shown in 

figuree la, the PT increased from 13.0  0.8 sec. at baseline to 15.4  1.2 sec. at 4 hours 

afterr administration of rNAPc2 (p<0.05). The subsequent injection of rVIIa resulted in an 

immediatee over-correction of the PT to 9.7  0.5 sec, which was significant as compared 

withh the sustained prolongation of the PT in the placebo controls (p< 0.001). Treatment 

withh rVIIa alone also depressed the PT from 12.0  0.8 sec. at baseline to a minimum of 

8.99 + 0.3 sec. 30 minutes after rVIIa administration. The difference in the shortening of 

thee PT between the rNAPc2 + rVIIa and rVIIa alone treatment groups was significant 
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(p<0.05).. The effect of rVII a administration on the PT gradually decreased after 4 hours, 

butt was still present at 6 hours after administration. The activated partial thromboplastin 

timee (aPTT) was not affected by the administration of rNAPc2 and was only slightly 

shortenedd in the rNAPc2 treated subjects after administration of rVII a (table 1). 

TableTable 1. Mean activated partial thromboplastin time (aPTT) of six healthy volunteers after the 
bolusbolus injection ofrNAPcl and/or rVIIa. 

Timee (h)*  rNAPc2 + placebo rNAPC2 + rVII a rVII a alone 

00 27.2  1.2 27.0  2.2 26.0  0.6 

0.55 27.0  1.2 24.7  2.1 24.8  0.8 

11 27.3  1.1 25.3  2.0 24.5  0.9 

1.55 27.3  1.1 25.2  1.8 24.3  0.8 

22 27.3  1.5 25.5  1.7 25.0  0.7 

33 27.0  1.2 25.3  2.1 25.0  0.7 

44 26.8  1.3 25.5  1.9 25.0  1.7 

66 26.8  1.1 25.5  1.0 25.5  0.7 

2020 26.7  1.1 27.3  1.9 25.3 + 1.3 

*):*):  time following administration ofrVJIa 

TreatmentTreatment consisted ofrNAPd at a s.c. bolus dose of 3.5 /Jg/kg in combination with rVIIa at an i.v. bolus 

dosedose of 90 /Jg/kg, or rNA Pc2 (3.5 /Jg/kg) in combination with placebo, or r Vila (90 /Jg/kg) alone. 

Ann identical decrease in aPTT was seen in the subjects who received rVII a alone, 

confirmingg that rNAPc2 is exclusively affecting the factor Vila/tissue factor-mediated 

initiatingg pathway at the dose used in this study. 

Thee plasma levels of factor Vil a were below the limi t of detection in the period prior to 

thee administration of rVII a (figure lb). The plasma levels increased sharply immediately 

followingg the administration of rVII a and reached peak values of 23.7 5 nmol/1 at 30 

minutess after administration. Hereafter, the levels gradually decreased and were below the 

limi tt of detection at 20 hours after administration. The calculated half-life of rVII a in this 

experimentt was approximately 120 minutes (which is slightly shorter than the reported 

halff  lif e of rVII a of 170 minutes in patients with hemophilia and acquired inhibitors to 

factorr VII I or IX).1 As shown in figure lb, the administration of rNAPc2 had no effect on 

thee plasma levels of factor Vila. 
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ThrombinThrombin generation 

Ass shown in figure 2, there was a non-significant trend towards lower levels of circulating 

markerss for thrombin generation (Fl + 2, TAT complexes) after injection of rNAPc2. 

Administrationn of rVIIa in subjects pretreated with rNAPc2 resulted in a marked increase 

inn thrombin generation, as reflected by a sharp rise in plasma levels of both Fl + 2 and 

TATT complexes, which reached a maximum 30 to 60 minutes following the administration 

off  rVIIa. Both Fl + 2 and TAT complexes showed a significant 3.6-fold and 4.5-fold 

increasee with peak levels of 3.2 (  1.5) nmol/1 and 10.7 (  1.6) ug/1, respectively, in 

responsee to rVIIa administration (figure 2). The injection of rVIIa alone resulted in an 

additionall  increase in thrombin generation of 25-40% over that observed in subjects 

receivingg both rNAPc2 and rVIIa, with Fl+2 and TAT complexes peak levels of 4.0 (

0.3)) nmol/1 and 14 (  1.3) ug/1, respectively (p<0.05). Therefore, these results suggest 

thatt rNAPc2 significantly blunted thrombin generation induced by rVIIa. 

Factorr IX and X activation 

Thee plasma levels of factor X activation peptide after the administration of rNAPc2 decreased 

graduallyy during the observation period, but this change was not statistically significant. As 

shownn in figure 3, the observed thrombin generation following the administration of rVIIa 

appearedd to be mediated by the activation of factor IX and X activation, as evidenced by the 

significantt increase in activation peptides derived from these zymogens. Maximal plasma levels 

off  factor FX and X activation peptides were reached between 60 and 90 minutes following the 

administrationn of rVIIa. Pre-treatment with rNAPc2 resulted in lower rVHa-induced peak 

levelss of factor X activation peptide and a trend toward lower rVIIa-induced peak levels of 

factorr FX activation peptide as compared with injection of rVIIa alone. Factor FX activation 

peptidee increased from 221 (  41}  pmol/1 to 839 (  157) pmol/1 following the administration 

off  rVIIa and pre-treatment with rNAPc2 as compared with a maximal level of 977 (  65) 

pmol/11 achieved after the administration of rVIIa alone (p = 0.07). Levels of factor X activation 

peptidee rose from 87 (  23) pmol/1 to 302 (+61) pmol/1 after injection of rVHa preceded by 

rNAPc22 and to 387 (  12) pmol/1 after the injection of rVIIa alone (p < 0.05). 

PlasmaPlasma levels ofrNAPd 

Maximumm plasma concentrations of rNAPc2 of 60.6 (  3.7) ng/ml for the rVIIa group and 

68.55 (  4.0) ng/ml for the placebo group occurred at 6.7 (  0.6) hours and at 8.5 (  3.1) 

hourss following the administration of rNAPc2, respectively. The area under the plasma 

concentration-timee curve (AUC 0-24) was comparable for each group; 1172 (  72) 

ng/hr/mll  for the rVIIa group versus 1298 (  100) ng/hr/ml for the placebo group. 

Estimationn of the apparent terminal half life (tw) was 72.6 ) hours for the rVIIa group 

andd 78.2 ) for the placebo group. (Data not shown). 
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FigureFigure 1 Effect of the administration of rNAPc2 and/or rVIIa on the prothrombin time and 
factorfactor Vila plasma levels in healthy volunteers. Healthy subjects (n = 6) received at t = -4 a s.c. 
injectioninjection ofrNAPd (3.5 /Jg/kg), followed after 4 hours by either rVIIa (90 /Jg/kg i.v.,  &-) or placebo
O-).O-). At a third occasion, no rNAPc-2 was given and 90 /Jg/kg rVIIa was administered at t = 0 (-A-). 
DataData represent mean  SD. Statistically significant differences (p<0.05) between treatment with 
rNAPc2/VllarNAPc2/Vlla and rNAPcl alone are indicated with * and between rNAPcl/VUa and rVJla alone are 
indicatedindicated with it. 
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FigureFigure 2 Effect of the administration of rNAPd and/or rVIIa on markers for thrombin 
generation.generation. Healthy subjects (n = 6) received at t=-4 as. c. injection of rNAPd (3.5 fjg/kg), followed after 
44 hours by either rVIIa (90 fJg/kg i.v., - *-) or placebo  O-). At a third occasion, no rNAPc-2 was given 
andand 90 /Jg/kg rVJla was administered at t = 0 (-A-). Data represent mean +SD. Statistically significant 
differencesdifferences (p < 0.05) between treatment with rNAPd/VlIa and rNAPd alone are indicated with # and 
betweenbetween rNAPcl/VIla and rVIIa alone are indicated with *. 
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FigureFigure 3 Effect of the administration of rNAPc2 and/or rVHa on activation peptides of factor IX 
andand X. Healthy subjects (n = 6) received at t=-4 a s.c. injection ofrNAPri (3.5 fJg/kg), followed after 4 
hourshours by either rVIIa (90 /Jg/kg i.v. , - 9-) or placebo (- O-). At a third occasion, no rNAPc-2 was given 
andand 90 /Jg/kg rVIIa was administered at t = 0 (-A-). Data represent mean  Statistically significant 
differencesdifferences (p < 0.05) between treatment with rNAPc2/VIIa and rVIIa alone are indicated with *. 
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Discussion n 

Thee physiological initiation of the blood coagulation response to vascular injury or 

inflammationn is exclusively mediated by the exposure of tissue factor to the serine protease 

factorr Vil a which circulates at low levels in the blood. The resulting factor Vila/tissue factor 

complexx catalyzes the proteolytic activation of zymogen factor X to the active protease factor 

Xa,, which is then incorporated into the prothrombinase complex on appropriate membrane 

surfacee with factor Va. The prothrombinase complex catalyzes the formation of thrombin 

throughh the proteolytic activation of circulating prothrombin. The tissue factor-factor VTia-

factorr Xa complex can also indirectly contribute to factor Xa generation through the 

activationn of zymogen factor IX to factor IXa, which when bound to factor Vill a on an 

appropriatee membrane surface forms the tenase complex, that generates additional factor Xa. 

Wee previously confirmed this pivotal role of tissue factor in the initiation of factor Xa- and 

factorr IXa-mediated thrombin generation in a chimpanzee model. 

Basedd on the notion of the essential role of the tissue factor-factor Vil a complex in the 

initiationn of coagulation, recombinant factor Vil a was developed and was indeed shown to be 

aa potent pro-hemostatic agent in patients with severe coagulation disorders.' Recent in vitro 

studies,, however, have questioned the tissue factor-dependency of coagulation activation, 

showingg generation of thrombin in the presence of relatively high concentrations of factor 

Vil aa and in the absence of tissue factor bearing cells. ' On the basis of these experiments, it 

wass hypothesized that factor Vil a might be able to contribute to thrombin generation by a 

tissuee factor-independent mechanism, although it was unclear whether this mechanism might 

playy a role in vivo. Our present experiments in human subjects demonstrate that during 

inhibitionn of the tissue factor-factor Vil a complex with rNAPc2, a potent inhibitor of the 

tissuee factor-factor Vita complex, the administration of factor Vil a is still able to induce 

thrombinn generation. In fact, the factor Vila-induced 4- to 5-fold elevation in markers for 

thrombinn generation is only about 25% blocked by pre-treatment with rNAPc2. 

Wee can provide a number of possible explanations for these observations. First, the dose 

off  rNAPc2 may not have been sufficient to completely block the amount of tissue factor-

factorr Vil a complex following the administration of recombinant factor Vila. This is 

supportedd by the fact that administration of a dose of 5 ug/kg in a previous study led to an 

increasee in the extent of PT elevation compared to what was observed using the 3.5 (ig/kg 

dosee used in this study. 

Therefore,, it is likely that the extent of factor Vila/tissue factor inhibition by rNAPc2, 

resultingg in the observed elevation of the PT in this study, is not maximal and thus there may 

bee additional capacity for further thrombin generation following the administration of rVIIa 

viaa a tissue factor-mediated pathway. An alternative explanation might be provided by the 
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hypothesiss that factor Vil a is able to overcome the inhibitory effect of factor VII on thrombin 

generation,, thereby displacing factor VII bound to tissue factor resulting in additional 

thrombinn generation. ' This mechanism may also explain why the plasma level of 

recombinantt factor VHa required for adequate hemostatic efficiency far exceeds the Kd for 

bindingg of factor Vil a to tissue factor.' Another explanation may be provided by recent 

studiess in a cell-based model of the coagulation system, demonstrating the ability of high 

concentrationss of factor Vil a to restore platelet surface-localized and prothrombinase-

mediatedd thrombin generation. Lastly, and partly in accordance with the previous 

explanation,, it has been shown in a model of thrombus formation on a collagen- coated glass 

slidee (i.e. in the absence of tissue factor-bearing cells) that tissue factor might still play a role in 

thee blood clot formation. 

Interestingly,, our present observations indicate that factor Vila-induced activation of 

factorr IX and X is sustained much longer than the effect on thrombin generation. In fact, 

att the time of the almost complete disappearance of the markers for thrombin generation, 

plasmaa levels of factor IX and factor X activation peptide are still very high. Since 

differencess in plasma elimination time of these molecular markers cannot explain this 

discrepancy,23'288 the most likely explanation for this phenomenon is the inhibition of 

thrombinn generation by physiological anticoagulant pathways, such as the protein C 

pathway.. Generated thrombin probably activates protein C, which in turn will effectively 

blockk thrombin generation upon factor IX and X activation by proteolytic degradation of 

factorss Va and Villa. Hence, it is likely that factor Vila-mediated thrombin generation is 

containedd by activation of physiological anticoagulant pathways. 

Thee ability of factor Vil a to produce thrombin generation during inhibition of tissue 

factorr activity is attractive in view of the upcoming introduction of pharmacological tissue 

factorr inhibitors. Because of the pivotal role of tissue factor in the initiation of blood 

coagulationn and the pathogenesis of thrombosis, it is quite understandable that a novel 

generationn of anticoagulant agents like rNAPc2 are being developed to interfere with this 

pathway.1;; Additionally, recombinant tissue factor pathway inhibitor (TFPI), which like 

rNAPc22 potently inhibits the factor Vila-tissue factor complex is being investigated in 

initiall  clinical trials. However, anticoagulant treatment with inhibitors of this type with 

prolongedd elimination half-lives may be associated with an enhanced risk of bleeding, 

whichh is currently being evaluated in ongoing clinical trials. The observation, however, 

thatt administration of factor Vil a is able to induce transient thrombin generation during 

thee partial inhibition of tissue factor-factor Vila, indicates that rVIIa may be an effective 

antidotee in this situation. 

Inn conclusion, we demonstrate the ability of factor Vil a to generate thrombin during 

inhibitionn of the tissue factor/factor Vil a complex in vivo. Recombinant factor Vil a may 
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thereforee be a suitable antidote if anti-tissue factor pathway-directed anticoagulant 
treatmentt is complicated by bleeding. 
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Summary y 

Activationn of coagulation has been shown to contribute to pro-inflammatory responses in 

animall  and in vitro experiments. In primate models of sepsis, specific inhibition of 

coagulationn attenuated the cytokine response and prevented death. We sought to 

determinee whether coagulation per se can also lead to a proinflammatory response in 

humanss in vivo. 

Sixx healthy human subjects were studied on two occasions in a randomized, controlled 

crossoverr study. They received a bolus injection of 90 £ig/kg recombinant factor Vil a 

(rVIIa)) to induce thrombin generation, 4 hr after pretreatment with either placebo or a 

subcutaneouss injection of 3.5 /Ag/kg of recombinant rNAPc2, a potent and specific 

inhibitorr of tissue factor. Administration of rVIIa resulted in a marked generation of 

thrombinn that was partly prevented by pretreatment with rNAPc2. Peak plasma levels of 

thrombin-antithrombinn complexes (TATc) were 10.7  1.5 and 14.0  1.3 pg/ml after 

rVIIa/rNAPc22 and rVIIa/placebo respectively, p<0.05); peak plasma levels of 

prothrombinn fragment F l+2 were 3.1  2.1 vs 4.0  0.3 nmol/L, p = NS). Activation of 

coagulationn resulted in increased plasma concentrations of interleukin (IL)-6 and IL-8 (IL-6: 

fromm < 1.2 to 5.5  2.5 pg/ml vs. from < 1.2 to 2.9  1.6 pg/ml, p = 0.05; IL-8: from <2 

too 8.3  3.3 vs. from <2 to 3.7  1.1 pg/ml, p<0.05 after rVIIa/placebo and rVIIa 

/rNAPc22 respectively). Plasma levels of tumor necrosis factor (TNF), soluble TNF 

receptorr type 1, interleukin-1 receptor antagonist and soluble E-selectin were not affected 

byy rVIIa or rVIIa/rNAPc2. We conclude that a modest activation of coagulation by 

administrationn of factor Vil a can elicit IL-6 and IL-8 release in healthy humans. 
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Introduction n 

Activationn of coagulation and inflammation during sepsis appear to be linked in a bimodal 

way.. While cytokines are involved in the procoagulam state that follows endotoxemia or 

severee infection, recent studies have shown that activated coagulation factors in turn are 

capablee of eliciting a proinflammatory response. Ex vivo clotting of human blood 

stimulatess interieukin-8 (IL-8) and IL-6 production by monocytes and endothelial cells; . 

Recentt in vitro studies have shown that several coagulation factors, like factor Vila, factor 

Xaa and thrombin can activate cells directly and provoke a variety of proinflammatory 

responsess . The in vivo relevance of this observation in humans has, however, not been 

demonstratedd yet. 

Inn this study we sought to determine whether activation of coagulation in vivo might 

elicitt a proinflammatory response. We therefore measured the cytokine response following 

thee generation of thrombin by intravenous administration of factor Vil a to healthy human 

subjects.. Previous studies have shown that infusion of factor Vil a leads to factor Xa-

dependentt thrombin formation in chimpanzees as well as in humans [Friederich PW et al, 

thiss thesis, Chapter 9]. 

Methods s 

Thee study was approved by the research and medical ethical committees of the Academic 

Medicall  Center, University of Amsterdam. Written informed consent was obtained from 

alll  subjects. The primary aim of this study was to investigate whether recombinant factor 

Vil aa might be able to overcome the anticoagulant response caused by the anti-tissue factor 

agentt rNAPc2. The coagulant responses to these treatments are described in detail in 

anotherr report [Friederich PW et al. this thesis, Chapter 9]. 

StudyStudy design 

Thee study was performed as a randomised, placebo-controlled crossover study. Six healthy 

malee volunteers (21-26 years of age) were enrolled in the study. Medical history, physical 

examination,, and screening hematology and biochemistry laboratory tests were 

completelyy normal in all subjects. The subjects did not use any medication and had no 

signss or symptoms of illness in the month preceding the start of the study. The volunteers 

weree screened within 14 days prior to the start of the first study period. The study was 

performedd under Good Clinical Practice guidelines in a specially equipped and staffed 

researchh unit in the Academic Medical Center, Amsterdam. Blood pressure, heart rate, 

EKGG and oxygen saturation were measured at hourly intervals (Dinamap 1846 SX; 
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Critikon,, Tampa, FL). Each subject was studied on two occasions at least six weeks apart. 

Treatmentt consisted of an intravenous bolus injection recombinant factor Vila, preceded 

byy either rNAPc2 or placebo. 

StudyStudy agents 

Recombinantt factor Vil a (rVIIa, NovoSeven, Novo Nordisk, Denmark) is a pro-

hemostaticc agent that is mainly used in the treatment of bleeding patients with severe 

coagulationn abnormalities such as patients with antibodies to factor VII I or IX. rVIIa was 

administeredd as an intravenous bolus injection at a dose of 90 fig/kg in 10 ml saline, four 

hourss after the administration of rNAPc2 or placebo. The dose rationale for rVIIa was 

basedd on the clinically effective dose in patients with bleeding disorders and previous 

studiess with rVIIa in human individuals using acenocoumarol.' In the study period in 

whichh rVIIa was given in combination with placebo, an intravenous injection with 0.15 

ml/kgg saline was administered. 

Recombinantt Nematode Anticoagulant Protein c2 (rNAPc2, Corvas Inc, San Diego, CA) 

formss a ternary inhibitory complex with factor Vila/tissue factor following the binding to 

factorr Xa at a site that is distinct from the catalytic center. This small protein anticoagulant 

iss derived from the family of Nematode Anticoagulant Proteins (NAPs), which were 

originallyy isolated from hematophagous hookworm nematodes and is currently produced 

ass a recombinant protein under Good Manufacturing Practices established by the United 

Statess Food and Drug Administration. ; Previous studies have shown a bioavailability of 

90-100%% after subcutaneous administration in animals and an apparent terminal half-life of 

greaterr than 50 hours in humans following a single subcutaneous administration. After 

dilutionn in sterile phosphate-buffered saline (65 mM sodium phosphate, 80 mM NaCl, pH 

7.0),, rNAPc2 was administered in a volume of 0.3 mL at a dose of 3.5 ug/kg as a single 

subcutaneouss injection in the abdomen at the start of the study. The rationale for the dose 

off  rNAPc2 was based on previous phase-I studies in human volunteers, in which rNAPc2 

wass considered to be safe and well tolerated in doses up to 5 ug/kg. 

BloodBlood collection 

Bloodd was drawn from the forearm by separate venipunctures before and at 0.5, 1, 1.5, 2, 

3,, 4, 6 and 9 hours after the administration of rVIIa. Blood for measurement of clotting 

times,, prothrombin fragment F1+2 and TAT complexes was collected in tubes containing 

3.2%% (wt/vol) sodium citrate; the ratio of anticoagulant to blood was 1:9 (vol/vol). Blood 

forr the measurement of factor IX and X activation peptide was taken in a tube containing 

388 mM citric acid, 75 mM sodium citrate, 136 mM dextrose, 6 mM EDTA, 6 mM 
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adenosinee and 25 U/ml heparin; the ratio of anticoagulant to blood was 1:5 (vol/vol). 

Thesee samples were placed in melting ice immediately and centrifuged at 2000 x g for 20 

minutess at 4°C. For determination of plasma levels of factor Vila, blood was collected in 

tubes,, containing a mixture of 1 M benzamidine, 100 mM EDTA and 1 mg/ml soybean 

trypsinn inhibitor; the ratio of anticoagulant to blood was 1:9 (vol/vol). Blood for cytokine 

assayss was collected in K3-EDTA-containing tubes. Plasma was obtained by centrifugation 

att room temperature for 20 minutes at 1600 x g. All plasma samples were stored at -70°C 

untill  assayed. 

Assays Assays 

Thrombinn generation was assessed by measuring the prothrombin activation fragment 

Fll  + 2 and thrombin-antithrombin (TAT) complexes. Both parameters were assayed by 

ELISA'ss (Behring, Marburg, Germany). For measurement of factor X activation, factor X 

activationn peptide was assayed by a radioimmunoassay, as previously described. ' 

Thee plasma levels of factor Vil a were determined by using a newly developed enzyme 

capturee assay for determining factor Vil a activity in human plasma, according to a 

previouslyy described principle. Briefly, solid-phase bound monoclonal antibodies raised 

againstt recombinant factor Vil a (rVIIa) enable capturing of rVIIa. In the next step, bound 

rVII aa is allowed to convert a chromogenic substrate during incubation in TRIS-BSA buffer 

att pH 7.9. Light absorption at 405 nm minus 540 nm was shown to be linearly correlated 

withh rVIIa concentrations. 

Tumorr necrosis factor (TNF), IL-6 and IL-8 were measured by ELISA according to the 

manufacturer'ss instructions (Central Laboratory of the Netherlands Red Cross Blood 

Trans-fusionn Service, Amsterdam, The Netherlands). Soluble TNF receptor type 1 was 

measuredd by an enzyme-linked immuno-bound assay produced by Hoffmann La Roche 

(Basel,, Switzerland) as described previously. IL-1 receptor antagonist (IL-lra) was 

measuredd by ELISA using mouse anti-human IL-lr a mAb (Antibody Solutions SARL, 

Illkirch ,, France) as coating antibody, biotinylated goat anti-human IL-lr a (R&D Systems, 

Abingdon,, United Kingdom) as detecting antibody, and recombinant human IL-lr a (R&D 

Systems)) as standard (detection limit 41 pg/ml). Antigenic levels of sE-selectin were 

measuredd by ELISA as described previously. 4 

StatisticalStatistical analysis 

Valuess are given as means + SEM. Differences in results between the two treatment 

groupss were tested by repeated measurements analysis of variance. A p-value < 0.05 was 

consideredd to represent a significant difference. 
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Results s 

PlasmaPlasma concentrations of factor Vila 

Thee plasma levels of factor Vil a were below the limit of detection prior to administration 

off  rVIIa. Peak plasma levels of 23.7  2.4 nmol/L were reached at 30 min after 

administration.. Pretreatment with rNAPc2 had no effect on the plasma levels of factor 

Vil aa (data not shown). 

ActivationActivation of coagulation 

Ass shown in figure 1, administration of rVIIa resulted in substantial activation of 

thrombinn generation, as reflected by increased levels of Fl + 2 (from 0.7 1 nmol/L at 

baselinee to 4.0  0.3 nmol/L at 60 min) and TATc (from 3.3  0.8 pg/ml at baseline to 

14.00  1.3 pg/ml at 90 min). Pretreatment with rNAPc2 attenuated the increase in Fl+2 

(fromm 0.8  0.2 to 3.1  2.1 nmol/L at 60 min, p = NS for difference between two 

treatmentt groups) and TATc (from 2.4  0.2 to 10.7  1.5 pg/ml at 90 min, p<0.05 for 

differencee between treatment groups). Maximal plasma levels of factor X activation 

peptidee were reached between at 60 minutes following the administration of rVIIa (figure 

2).. Pre-treatment with rNAPc2 resulted in lower rVIIa-induced peak levels of factor X 

activationn peptide as compared with injection of rVIIa alone (from 87 + 9 pmol/L to 302 

 25 pmol/L after rVIIa/placebo and from 116  6 to 387  6 pmol/L after rVIIa 

precededd by rNAPc2, p <0.05 for difference between treatment groups). 

InflammatoryInflammatory response 

TNFF levels were below the limit of detection (8.2 pg/ml) in both treatment groups 

throughoutt the experiment (figure 3). IL-6 plasma levels increased from below the limit of 

detectionn (1.2 pg/ml) at baseline to 5.5 + 2.5 pg/ml at 4 hr after administration of rVIIa 

andd to 2.9  1.6 pg/ml at 6 hr after rVIIa preceded by rNAPc2 (p = 0.05 for difference 

betweenn treatment groups). IL-8 levels increased from <2 pg/ml to 8.3  3.3 pg/ml at 6 

hrr after administration of rVIIa and to 3.7 + 1.1 pg/ml at 4 hr after rVIIa/rNAPc2 

(p<0.055 for difference between treatment groups). In contrast, the plasma levels of the 

cytokinee inhibitors sTNF-Rl and IL-lr a and of sE-selectin (marker for endothelial cell 

activation)) were not influenced by administration of rVIIa (data not shown). 
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FigureFigure 1 Effect of the administration of rNAPc2 and/or rVHa on markers for thrombin 

generation.generation. Healthy subjects (n = 6) received at t = -4 a s.c. injection ofrNAPd (3.5 /Jg/kg), followed after 

44 hours by either rVlla (90 /Jg/kg i.v., -  or placebo  O-). At a third occasion, no rNAPc-2 was given 

andand 90 /Jg/kg rVIIa was administered at t = 0 (-A-). Data represent mean +SD. Statistically significant 

differencesdifferences (p<0.05) between treatment with rNAPc2/VIIa and rNAPcl alone are indicated with # and 

betweenbetween rNAPcl/Vlla and rVIIa alone are indicated with *. 
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FigureFigure 2 Effect of the administration of rNAPc2 and/or rVIIa on activation peptides of factor IX 

andand X. Healthy subjects (n = 6) received at t = -4 a s.c. injection ofrNAPd (3.5 /ig/kg), followed after 4 hours 

byby either rVIIa (90 /Jg/kg i.v. , - * ) or placebo (-O-). At a third occasion, no rNAPc-2 was given and 90 

/JgAig/JgAig rVIIa was administered at t = 0 (-A-). Data represent mean +SD. Statistically significant differences 

(p<0.05)(p<0.05) between treatment with rNAPc2/VIIa and rVIIa alone are indicated with * 
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FigureFigure 3 Mean plasma concentrations of plasmalevels of Interleukin (ILJ-6 and IL-8 after the 

administrationadministration of recombinant factor Vila (rVIIa) and placebo (- O-) or rFIIa and recombinant NAPc2 (-

 P values indicate the differences in results of both treatment groups. 
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Discussion n 

InIn vitro and animal experiments have shown that the activation of coagulation may 

contributee to the induction of various inflammatory pathways. This is the first study to 

showw that the activation of coagulation can also induce release of cytokines in humans. We 

observedd an increase in plasma levels of IL-6 and IL-8 after administration of rVIIa-initiated 

thrombinn generation. TNF, sTNF-Rl and sE-selectin levels were not influenced by rVIIa 

administration.. Pre-treatment with the tissue factor inhibitor rNAPc2 decreased the rVIIa 

inducedd thrombin generation and prevented the increase in circulating IL-6 and IL-8. Our 

observationn that IL-6 and IL-8 release is stimulated by activation of coagulation is 

consistentt with in vitro studies with human whole blood also revealing that coagulation 

activationn stimulates IL-8 and to a lesser extent IL-6, but not TNF production.' 

Furthermore,, in primate models of sepsis IL-66 and IL-8, but not TNF levels were 

significantlyy attenuated by anticoagulant interventions with tissue factor pathway 

inhibitorr (TFPI) or antithrombin. 

Severall  coagulation factors could potentially contribute to the release of IL-6 and IL-8. 

rVII aa administration resulted in a marked thrombin generation as reflected by increased 

levelss of Fl + 2 and TATc. Thrombin has been shown to stimulate IL-1, IL-6, IL-8, TNF 

andd monocyte chemotactic protein-1 (MCP-1) release by monocytes and endothelial 

cells,3;17'222 probably mediated by thrombins catalytic activity, " and by the cleavage of cell 

surfacee protease activated receptors (PARs). Another candidate for eliciting an 

inflammatoryy response is factor Xa. Factor Xa, by binding to effector cell protease 

receptor-11 (EPR-1) and independent of thrombin, has been found to trigger acute 

inflammatoryy responses in animal experiments. Factor Xa was shown to stimulate 

culturedd human endothelial cells to produce IL-6, IL-8, MCP-1 and the adhesion molecules 

sE-selectin,, intercellular adhesion molecule (ICAM)-l and vascular cell adhesion molecule 

(VCAM)-l ,, by a mechanism independent of thrombin and EPR-1. Indeed, a prolonged 

increasee of factor X activation peptide was found following the administration of rVIIa. 

Finally,, factor Vil a itself could contribute to the observed increase in cytokine levels. It 

hass been shown that factor Vila, independent of other coagulation proteins, can induce 

proinflammatoryy changes in mononuclear cells, possibly by activation of protease-

activatedd receptor 2 (PAR 2) and to a lesser degree PAR 1. In the presence of factor Xa 

loww picomolar concentrations of factor Vil a caused robust signaling in cells expressing TF 

andd PAR 2.28 It is worth noting that these concentrations are much lower than the 

nanomolarr concentrations of factor Vil a that were measured in our experiments after 

administrationn of rVIIa. 

Ourr observations indicate that activation of coagulation in humans can elicit cytokine 

release.. Clearly, this inflammatory response is only small with IL-6 and IL-8 levels below 
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100 pg/ml. This limited response could be caused by the short-lasting and relatively modest 

effectt on thrombin generation by the intravenous bolus injection of rVIIa. A more pro-

longedd activation of coagulation could potentially have more influence on inflammatory 

responses.. Furthermore, coagulation could have a more profound effect on other inflam-

matoryy cascades when these are already activated to some extent by a common stimulus, 

suchh as bacterial infection or endotoxin. Alternatively, the limited effect of rVIIa on the 

cytokinee response could be explained by the absence of the expression of its cofactor TF 

onn circulating cells of healthy subjects. In situations with increased TF expression on 

circulatingg blood cells, like during severe sepsis, activation of coagulation could potentially 

inducee a larger proinflammatory response. However, in the mild inflammation model of 

endotoxemiaa in healthy humans, in which we prevented the endotoxin-induced activation 

off  coagulation in humans by tissue factor pathway inhibitor (TFPI) this inhibition of 

thrombinn generation did not affect the cytokine response." 

Inn conclusion, we demonstrate that the activation of coagulation by administration of 

factorr Vil a can elicit a IL-6 and IL-8 response in healthy human subjects. This cytokine 

responsee can be prevented by attenuating the activation of coagulation by the inhibitor of 

tissuee factor rNAPc2. More research is needed to determine whether this coagulation 

initiatedd inflammatory response may be quantitatively relevant in clinical situations like 

sepsiss with disseminated intravascular coagulation. 
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Introduction n 

Recentt insights in the mechanism of the coagulation cascade have revealed a pivotal role of 

thee complex formation between activated factor VII (FVIIa) and tissue factor (TF) in the 

initiationn of hemostasis. Tissue factor is expressed by various cell types that are localized 

inn the subendothelial space, such as adipocytes, epidermal keratinocytes, pericytes, 

fibroblasts,, and smooth muscle cells." Tissue factor normally not detectable in the 

circulation,, but after vascular injury, the molecule is exposed to the circulating blood and 

subsequentlyy forms a complex with circulating factor VII or factor Vil a a at the site of the 

bleeding,, resulting in further activation of factor VII to factor Vil a and factor X to factor 

Xa.. Hereafter, factor Xa converts prothrombin into thrombin by forming the prothrom-

binasee complex, which further consists of a phospholipid surface provided by factor V(a) 

andd calcium. Alternatively, the tissue factor/factor Vil a complex may activate factor IX to 

factorr IXa, which in conjunction with factor Vill a contributes to additional factor Xa 

generation.. As soon as FXa is activated and thrombin is generated, several negative feed-

backk mechanism starts to control the further generation of thrombin. Firstly, 

Antithrombinn inhibits thrombin and factor Xa. Secondly, generated thrombin binds to 

thrombomodulinn and this complex mediates activation of protein C. Activated protein C 

(APC)) and its co-factor protein S proteolytically degrade factors V and VIII . Lastly, tissue 

factorr pathway inhibitor (TFPI) is the major physiological inhibitor of the TF-FVIIa 

pathway.. In healthy persons, a continuous physiological low-grade activation of coagu-

lationn is present. The continuous TF-dependent activation of FIXa and FXa forms a nice 

equilibriumm with the continuous inhibition of thrombin and activation of fibrinolysis. 

Individualss suffering of a severe factor VII deficiency have substantially reduced levels of 

factorr X-activation peptides and prothrombin activation fragment Fl+2, which suggests a 

cruciall  role for factor VII in the continuous low-grade activation of coagulation. 

Bleedingg in patients with hemophilia A or B is normally treated by suppletion of factor 

VII II  or IX, respectively. However, in some patients, antibodies against factor VII I or factor 

FIXX abolish the hemostatic effect of the coagulation factor concentrates. In these patients, 

alternativee treatment is required. A similar situation occurs in previously healthy subjects 

whoo develop auto-antibodies towards factor VII I or another coagulation factor (acquired 

hemophilia).. Until recently, the treatment of bleeding in hemophiliacs with factor VII I or 

factorr IX antibody-tit res below 5-10 Bethesda units (BU)/ml basically consisted of 

overwhelmingg the inhibiting effect by increasing the dose of the coagulation factor 

concentrates,, although such treatment may also result in triggering additional antibody 

formationn anamnesis. ' Hemophiliacs with inhibitor titres > 10 BU/ml have also been 

treatedd with high-dose factor VII I infusions, ' but this treatment regimen, has only been 
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usedd to a limited extent due to the requirement of very large amounts of factor VII I 

concentratee and the consequent high costs. ' Another widely used treatment of 

hemophilicc patients with inhibitors includes infusion with concentrates containing 

purifiedd porcine FVIII.6,13'16 In a substantial number of patients treated with these 

concentrates,, however, cross-reactivity of the inhibitors occurs which causes rapid 

inactivationn of the infused product.1 'l Other alternative treatment strategies in 

hemophiliacss with inhibitors include plasmapheresis, plasma-exchange in combination 

withh immunosuppressive treatment and immuno-adsorption " Nonetheless, these 

proceduress are difficult to use in the management of acute bleeding episodes due to the 

requirementt of skilled personnel, sophisticated instrumentation and hours or days to 

achievee an adequate antibody reduction. Moreover, the efficacy of these methods tends to 

bee fluctuating. In order to find more convenient procedures to treat hemophilic patients 

withh inhibitors, agents that bypass factor VII I and factor IX have been developed. One of 

thee FVIII and FIX bypassing treatments that is able to induce hemostasis, consists of the 

administrationn of plasma preparations containing activated coagulation factors such as 

activatedd prothrombin complex concentrates (aPCCs). A frequently used aPCC for 

treatmentt of hemophilia patients with inhibitors is factor eight inhibitor by-passing agent 

(FEIBA)) or Autoplex . The compound has shown to be an effective treatment in 

approximatelyy half of the bleeding episodes but its use, albeit rarely, has been complicated 

byy unpredictable effects on hemostasis such as the development of venous thrombo-

embolismm and even disseminated intravascular coagulation. 3 Moreover, the effect of 

treatmentt with FEIBA or Autoplex cannot be monitored due to the absence of objective 

testss that can measure treatment-efficacy. Finally, patients who were treated with FEIBA 

havee occasionally been compromised by the development of serious immunological or 

infectiouss complications and even anaphylactic reactions. ' Although the mode of action 

off  aPCCs such as FEIBA has never been absolutely determined, most investigators are of 

thee opinion that it is one or more of the activated factors in the aPCCs that possesses 

inhibitorr bypassing activity. The possible adverse events and the unpredictable response 

uponn treatment with aPCCs of hemophiliacs with inhibitors have raised the need for new 

treatmentt modalities. Based on the present knowledge of the initiation of coagulation in 

vivo,, it seems logical that such strategies are aimed at factor Vila. The first evidence that 

factorr Vil a might actually play a key role in a new treatment strategy for hemophilic 

patientss with inhibitors, was provided in 1983 by Hedner et al. who demonstrated efficacy 

off  treatment with purified human FVIIa in two patients with hemophilia and a high-titer 

inhibitorr who experienced bleeding. 
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RecombinantRecombinant FVIIa in the treatment of hemophilia 

Thee introduction of rFVIIa resulted in a considerable improvement of treatment and 

clinicall  prospects of hemophilic patients with inhibitors. In 1988, a patient with severe 

hemophiliaa A with a high-titre inhibitor underwent an uncomplicated synovectomy of the 

kneee covered under rFVIIa, in combination with tranexamic acid. Since this first clinical 

use,, several clinical studies and case-reports have established the efficacy of rFVIIa for 

controll  of more than 2400 bleeding episodes from various sites in more than 500 patients 

withh hemophilia, most of whom had inhibitors to factors VII I or IX. In a randomized, 

double-blind,, multicenter dose-finding study, 78 patients received rFVIIa at two doses (35 

Mg/kgg or 70 /xg/kg) for 178 joint, muscle, and mucocutaneous bleeding episodes within 9 

hourss of the onset of bleeding. Although successful hemostasis was achieved in all 

patients,, no statistically significant difference was found between the two treatment-dose 

groupss in the mean number of injections required to control the bleedings. This absence of 

differencee in outcome might be explained by the delay up to 10 hours before the start of 

treatment,, especially since previous studies have demonstrated superior efficacy of 

immediatee treatment of bleeding in hemophiliacs versus delayed treatment in the 

preventionn of major hemarthrosis and subsequent development of synovitis and arthro-

pathy.44 '4 As in hemophilic patients without inhibitors, the introduction of home 

treatmentt with rFVIIa has resulted in decrease of the delay time between the onset of 

bleedingg and subsequent treatment in hemophilic patients with inhibitors. Since 1997, four 

clinicall  trials and at least one case report focusing on home treatment with rFVIIa have 

beenn published. (Table 1). Home treatment with rFVIIa was first described in a clinical 

triall  in which 21 hemophilic patients with a high-titre inhibitor were treated for 202 

bleedingg episodes, of which 158 episodes were treated at home. All first bleedings in this 

studyy were treated in the hospital in order to evaluate tolerability. Effective hemostasis 

wass obtained in 139 out of 158 bleedings (88%). Even better efficacy of rFVIIa treatment 

wass demonstrated in another trial in which a total of 614 bleeding episodes were treated in 

522 patients. The dose of rFVIIa was 90 ^g/kg at 3 hour intervals. u After a maximum of 

threee doses and one maintenance injection, effective hemostasis was obtained in 566 (92%) 

off  the 614 episodes with a mean of 2.2 doses. Recombinant FVIIa was partially effective or 

ineffectivee in 42 bleeding episodes (7%). The authors reported 32 (3.4%) adverse events 

duringg 937 rFVIIa infusions (serious: 7; non-serious: 25). All 7 serious adverse events were 

recurrentt bleedings, of which 5 occurred in a single patient. Similar results were found in a 

smallerr study in which 5 patients were treated with a fixed dose of 90 ^g/kg for 50 

bleedingg episodes. In 46 (92%) of the 50 episodes, effective hemostasis was achieved.4 

Nonee of the patients experienced adverse events. However, 4 bleeding episodes required 

hospitall  admittance because bleeding resulted from severe trauma or delay in start of 
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treatment.. The most recent trial reported effective hemostasis in 42 (79%) out of 53 

bleedingg episodes in 10 hemophilic patients with inhibitors.44 Compared with partially 

effectivee (11%) and ineffective treatments (10%), effective treatments started earlier and 

requiredd a smaller number of doses. These results clearly indicate that rFVII a can be 

effectivelyy used in hemophilic patients in the home-setting and again demonstrate that 

earlyy home treatment of bleeding compared to in hospital treatment in hemophilic 

patientss is probably associated with higher success rates, substantial decrease in damage to 

jointss and muscles and decrease in number of injections needed to achieve hemostasis. 

TableTable 1. Efficacy and safety of recombinant factor Vila in home treatment. 

Author r 

Key* * 
Ingerslev** * 
Laurian n 
Stewart t 
Santagostino o 

No. . 

cases s 

56 6 
5 5 

21 1 
1 1 
10 0 

No. . 

bleeds s 

614 4 
50 0 
158 8 
25 5 
53 3 

Dose e 

(Mg/kg) ) 

90 0 
90 0 
90 0 
90 0 
90 0 

Meann No. 
injections s 

2.2 2 
2.0 0 
3.8 8 
2.5 5 
2.0 0 

Duration n 
(days) ) 

0-2 2 
0-2 2 
0-2 2 
0-1 1 
0-2 2 

No.. cases with 
hemostasis s 

5666 (92%) 
466 (92%) 
1399 (88%) 
233 (92%) 
422 (79%) 

Adverse e 
events s 

322 (3.4%) 
00 (0.%) 
21(10%) ) 
22 (8%) 

33 (2.6%) 

*)*)  adverse events based on 937 treatment episodes (including intention-to-treat bleedings). 

**)**)  Four bleeding episodes required in hospital management because the bleeding resulted from severe 
traumatrauma or delay in start of treatment. 

***)***)  all adverse events were rebleedings. 

AcquiredAcquired hemophilia 

Acquiredd hemophilia, although classically associated with pregnancy, autoimmune diseases 

andd malignancy, arises most commonly as hemophilia A in elderly patients without any 

associatedd disease. " Bleeding episodes occur in up to 87% of the patients and tend to be 

moree severe as compared to patients with congenital hemophilia.45 This is most likely due 

too the location of bleeding. Bleeding in patients with congenital hemophilia is most 

frequentlyy located in the joints (hemarthrosis), whereas bleeding in acquired hemophilia 

havee a more variable presentation with manifestations in soft tissues, muscles and from 

mucosall  surfaces. Therapy of bleeding caused by acquired hemophilia consists of immune-

suppressionn or plasmapheresis. Since successful treatment of hemophilic patients with 

inhibitorss has been reported, rFVIIa has also been introduced as therapy for bleeding in 

patientss with acquired hemophilia. Efficacy of rFVIIa was evaluated in a trial by Hay et al. 

inn 1997. Thirty eight patients with acquired hemophilia were treated for 14 bleeding 
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episodess as first-line therapy and as salvage-therapy in 60 episodes. At a dose of 90 ^ig/kg 

withh a median of 28 doses given over a median period of 3.9 days, a good response was 

obtainedd in all 14 bleeds for which rFVIIa was used as first-line therapy. The response in 

thee rFVIIa as salvage-therapy for 60 bleeding episodes was good in 75%, partial in 17%, and 

poorr in 8% of theses cases. Three patients (8%) died from bleeding complications. An 

additionall  case report mentioned successful rFVIIa therapy in a patient with pregnancy 

relatedd acquired hemophilia. Given the historic mortality rate of 13 to 22% for patients 

receivingg littl e or no therapy, rFVIIa treatment appears to decrease the mortality rate in 

acquiredd hemophilia, in particular when given as first-line of therapy. 

VonVon Willebrand's disease 

Currently,, three types of von Willebrand's disease (vWD) are known. Bleeding in patients 

withh the first two types, I and Ila/IIb, can efficiently be treated with von Willebrand-factor 

(vWF)) containing concentrates. The most severe form of von Willebrand's disease, 

however,, is subtype III and is characterized by very low or absent von Willebrand protein 

plasmaa levels. Due to the absence of vWF, these patients can easily develop antibodies 

againstt the von Willebrand protein following therapy with vWF-containing concentrates. 

Currently,, only one report showed successful use of rFVIIa in three patients with type III 

vWDD who underwent dental surgery. The patients were treated with a bolus dose of 150-

2000 /ig/kg rFVIIa, followed by doses of 90 /xg/kg rFVIIa at two-hour intervals for 48 

hours.. Effective and safe hemostasis was achieved, but the administration of rFVIIa was 

combinedd with tranexamic acid and local application of fibrin glue. Therefore, the 

effectivee hemostasis cannot solely be attributed to rFVIIa. In a recent case report by our 

group,, we describe a patient with life-threatening hematuria and gastro-intestinal bleeding 

causedd by acquired von Willebrand's disease associated with monoclonal gammopathy of 

undeterminedd significance (MGUS). Standard therapy with desmopressin, von Willebrand 

factorr concentrates, tranexamic acid and immunoglobulin failed to achieve adequate 

hemostasis.. However, treatment with rFVIIa arrested the bleeding completely. Obviously, 

moree similar cases must be awaited in order to provide further evidence for rFVIIa in 

therapyy for type III von Willebrand's disease and acquired von Willebrand's disease. 

PlateletPlatelet disorders 

Onee of the hypotheses on the possible mechanism of action of rFVIIa is based on the 

observationn of rFVIIa induced FXa generation on the surface of activated platelets. 

Recombinantt factor Vil a thereby provides sufficient thrombin to achieve local fibrin 

formation,, even in the presence of only a small number of activated platelets. Based on 

thiss hypothesis, rFVIIa might also achieve hemostasis in patients with a low platelet count 
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orr impaired platelet function. The first clinical confirmation of this hypothesis dates from 

19966 in a report on the use of rFVIIa in a patient with a platelet-membrane disorder.52 A 

patientt with Glanzmann's thrombasthenia who had become resistant to platelet 

transfusionn was successfully treated for severe epistaxis with rFVIIa, after failure of local 

measuress and anti-fibrinolytic treatment. Hereafter, additional publications reported 

successfull  use of rFVIIa in patients with Glanzmann's thrombasthenia.53'35 The efficacy of 

rFVIIaa has also been demonstrated in a case series of 74 patients with thrombocytopenia, 

Bernard-Soulierr Syndrome, thrombocytopathy due to severe uremia and acquired platelet 

functionn disorder due to myelodysplastic syndrome. ° The dosing of rFVIIa in these 

patientss varied between 77 and 110 /xg/kg, and patients received one or more bolus 

injections.. . Obviously, these indications need further validation, since large properly 

controlledd clinical trials have not been conducted yet. 

FactorFactor VII deficiency 

Patientss with congenital or acquired factor VII deficiency with plasma levels of < 1% 

experiencee a severe bleeding tendency. In case of a congenital factor VII deficiency, 

bleedingg and peri-operative blood loss can be efficiently managed with human ultra-pure 

factorr VII concentrates. The treatment of bleeding in acquired factor VII deficiency, 

however,, is more difficult. Since most cases of acquired factor VII deficiency are associated 

withh impaired liver function, the deficiency of factor VII is often accompanied by 

decreasedd plasma levels of other vitamin K-dependent coagulation factors such as factor X, 

prothrombinn and, to a lesser extent, factor IX. The current treatment of bleeding in these 

patientss consists of the administration of plasma or Prothrombin Complex Concentrates 

(PCC's).. The use of plasma and PCC's, however, has important drawbacks: In order to 

achievee normal plasma levels of the decreased coagulation factors, large volumes of plasma 

aree required which may cause volume overload. Moreover, the use of PCC's has 

infrequentlyy been associated with the occurrence of serious immunological or infectious 

complications,, anaphylactic reactions and thromboembolic complications. The alternative 

treatmentt in patients with factor VII deficiency consists of rFVIIa and has already shown 

somee promising results, including treatment of spontaneous bleeding episodes, surgical 

bleedss and the prevention of bleeding following liver biopsy.6"63 Moreover rFVIIa was 

successfullyy used in the management of pulmonary hemorrhage secondary to aspergillus 

infectionn in a patient with leukemia and an acquired factor VII deficiency. 4 Substitution of 

thee missing FVII protein is sufficient in these patients, which implicates that relatively low 

dosess of 20-30 Mg/kg rFVIIa are required. In view of the low incidence of severe factor 

VIII  deficiency, a few repons on the use of rFVIIa in factor VII deficient patients and 

extrapolationn into general clinical practice is therefore difficult. 



ChapterChapter 11 

SurgerySurgery in patients with coagulation disorders 

Surgeryy in hemophiliacs with inhibitors has always been a therapeutic challenge due to the 

frequentt occurrence of uncontrollable bleeding. Not long ago, elective surgery was even 

consideredd contraindicated. Since the first successful surgical procedure covered under 

rFVIIaa in a hemophilic patient with a high-titer inhibitor in 1988, the possibility for 

essentiall  surgery in hemophilic patients with inhibitors has been improved considerably. 

Severall  clinical trials focusing on rFVIIa administration during surgery in hemophiliacs 

havee been reported (Table 2). In a prospective, double blind study rFVIIa at a dose of 35 

versusversus 90 ^g/kg was evaluated in the initiation and maintenance of hemostasis in 

hemophiliaa patients with inhibitors during and after elective surgery. Evaluation of 

efficacyy showed that twenty-three out of 29 patients successfully completed the study with 

satisfactoryy hemostasis. Five patients (all but one in the low-dose group) needed extra doses 

andd were regarded as treatment failures. One patient in the low-dose group developed 

thrombosiss of the right internal jugular vein following central venous catheter placement. 

Thee authors conclude that rFVIIa, administered at 90 Mg/kg, appears to be efficacious as 

first-linee treatment in both minor and major surgical procedures. These results are in 

accordancee with a smaller previous study that reported excellent or efficient hemostasis 

afterr treatment with rFVIIa (89 jig/kg to 118 ^g/kg, every 2 hours) in 12 out of 13 patients 

whoo underwent life-saving or essential surgical procedures. In one patient, the outcome of 

rFVIIaa treatment was not reported. These studies demonstrate that elective surgery in 

hemophilicc patients with inhibitors has become feasible by using rFVIIa. Several 

additionall  case repons have shown the efficacy of rFVIIa during surgery including a total 

kneee arthroplasty, multiple dental extraction and implantation of a central venous catheter 

andd treatment of spontaneous massive intra-abdominal bleeding. ' ' Recombinant FVIIa 

hass also been used during surgery in non- hemophilic patients who underwent orthotopic 

liverr transplantation. These operations are frequently complicated by considerable blood 

loss.. A single prophylactic dose of 80 /ug/kg rFVIIa significantly decreased blood loss and 

bloodd product requirements in these patients. With the more widespread use of rFVIIa 

duringg surgical interventions, individual cases of 
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TableTable 2. Efficacy and safety of recombinant Factor Vila during and after surgery 

Author r 

Ingerslev v 

Lusher r 

Shapiro o 

Shapiro o 

Morfini i 

Type e off  sur 

Majorr Minor 

13 3 

21 1 

5 5 

6 6 

2 2 

--

57 7 

10 0 

8 8 

--

gery y 

Oral l 

--

25 5 

--

--

1 1 

Dose e 

35 5 

35-90 0 

35 5 

90 0 

90-120 0 

Duration n 

(mean)* * 

5 -43 3 

UK K 

2-26 6 

(10) ) 

3-17 7 

(8) ) 

1-3 3 

Responsee to treatment 

(%) ) 

Major r 

92 2 

81 1 

Minor r 

--

86 6 

60-100 0 

83-100 0 

100 0 --

Oral l 

--

92 2 

--

--

100 0 

Adverse e 
events s 

UK K 

UK K 

5 5 

1 1 

UK K 

^Duration^Duration is expressed as number of days with rFVJIa treatment. 

UK:UK: unknown, data missing. 

-:-:  not measured 

unsuccessfull  hemostasis in surgery have also been reported. Failure of rFVIIa to achieve 

hemostasis,, however, was in one case probably due to the presence of DIC. DIC must be 

consideredd as an important contraindication for the use of rFVIIa. During DIC, the 

activationn of coagulation is completely dependent on tissue factor-factor Vil a and could 

thereforee strongly be stimulated by administration of additional factor Vila. In the other 

casee no undue bleeding was observed during the first 26 h after surgery. In the period 

hereafter,, sub-optimal continuous dosing of rFVIIa was started, upon which the patient 

developedd wound bleeding and hematomas. ' . Recently, a randomized double blinded 

studyy was started to evaluate safety and efficacy of administration of a single bolus dose of 

rFVIIaa in patients with an in principal normal hemostasis who experience blood loss 

duringg and after transabdominal prostatectomy. The outcome of this study wil l provide 

informationn about the usefulness of rFVIIa in patients with a normal hemostasis who 

undergoo surgery associated with (significant) blood loss. 

Dosing Dosing 

Severall  studies have focused on optimal dosing of rFVIIa. The agent can be administered 

byy intravenous bolus injections (17.5 - 120 /ig/kg) or as continuous intravenous infusion (6 

-- 30 /zg/kg/hour) . According to ample clinical experience with rFVIIa in acute bleedings 

andd in surgery in hemophilia patients, a dose of 90 /^g/kg given as a bolus every second 
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hourr for at least 24 hours appears to be most effective.39,67'" In the period hereafter, time-

intervalss between the bolus injections can be prolonged to 4 or 6 hours. The 

administrationn of bolus injections, however, is rather inconvenient when prolonged 

treatmentt is indicated. Moreover, a missed or delayed bolus injection might induce 

secondaryy bleeding.74 An alternative mode of administration, which has been adopted 

globallyy by an increasing number of hemophilia treatment centers, consists of continuous 

infusionn of rFVIIa. The method, generally administered at a dose of 17.5 /xg/kg/hour, has 

provedd to be cost-effective and more convenient compared to bolus administration. It 

hass been postulated, though not proven that continuous administration, may result in an 

insufficientt therapeutic effect in certain cases. A possible explanation might be the fact that 

duringg the first 48 hours following major surgery or serious bleeding, peak levels in 

thrombinn generation are required to prevent rebleeding. These peak-levels do not occur 

duringg continuous administration of recombinant factor Vila. The development of 

thrombophlebitis,, although only reported in uncontrolled case-reports, might be another 

drawbackk of continuous rFVIIa infusion.78 Additional strategies including direct infusion 

off  rFVIIa in a central vein or parallel infusion of dextrose or saline might be used as 

antiphlebiticc measure.74 Summarizing, dose and type of administration of rFVIIa during 

andd after surgery should be adjusted according to clinical response and the type of surgery. 

Inn individual situations where peaks in thrombin generation are required, temporary 

administrationn of bolus injections with rFVIIa might be more advantageous than 

continuouss infusion from a theoretical perspective. 

MechanismMechanism of action 

Thee mechanism of action of rFVIIa has been a matter of extensive debate over the last 

years.. Recent insights in the mechanism of the coagulation cascade have revealed that the 

processs of hemostasis is initiated by the complex formation between activated factor VII 

(FVIIa)) and tissue factor.1 Based on this new insight, two possible mechanisms of action of 

rFVIIaa have been proposed. The most widely accepted mechanism of action consists of 

complexx formation between tissue factor and recombinant FVIIa at sites where tissue 

factorr is exposed, such as damaged vessel walls during surgical procedures. Subsequently, 

thee tissue factor/rFVIIa-complex generates thrombin by activation of both factors X and 

IXX in the presence of activated platelets. This process appears to induce only local 

thrombinn generation, since TF and anionic phospholipids do not normally circulate in the 

plasma.. Moreover, the rFVIIa-mediated thrombin generation is probably short lasting due 

too the relatively short plasma-elimination half-life of rFVIIa. An alternative recently 

hypothesizedd mechanism of action of rFVIIa may be that the therapeutic efficacy of 

rFVIIaa is primarily based on the inhibitory effect of the zymogen factor VII on thrombin 
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generationn by competitive binding to tissue factor that is overcome by pharmacological 

dosess of activated factor VII . A third possible mechanism of action was first reported in 

19900 and consists of rFVIIa-mediated activation of FX and subsequent thrombin 

generationn independent of TF in the presence of sufficient phospholipid surface on 

activatedd platelets. " Additional evidence for this hypothesis was provided by 

demonstrationn of rFVIIa-induced activation of factor X on human monocytes lacking 

TF.. Similarly, another report showed tissue factor-independent thrombin generation 

afterr the infusion of rFVIIa on the surface of activated platelets.82,83 Either way, rFVIIa 

appearss to plays a key role in the initiation of coagulation, although its exact mechanism 

off  action still has to be elucidated in additional future studies. 

ClinicalClinical Safety of recombinant FVIIa 

Duee to the mechanism of action of rFVIIa, its administration or application might induce 

adverse,, coagulation-related events in clinical situations where there is exposure of tissue 

factorr to the circulation. Extensive tissue damage, sepsis or extensive atherosclerosis might 

predisposee to such events. During clinical development and in the period hereafter, 

differentt studies have been carried out to evaluate its safety. A dose dependent 

thrombogenicc potential of rFVIIa was shown in an in vivo rabbit jugular vein stasis model 

whenn rFVIIa was infused in combination with a high concentrations of recombinant 

solublee tissue factor. In another study, rabbits were treated with increasing doses of 

rFVIIaa and/or FEIBA. Both compounds caused clear thrombus formation after 30 minutes 

off  venous stasis, but only FEIBA induced a significant and dose-dependent decrease of 

platelett counts as well as plasma fibrinogen, and increase in activated partial 

thromboplastinn time (aPTT) at three hours after administration, indicating a general 

consumptionn of coagulation factors. 

Sincee large randomized controlled studies on efficacy have not yet been carried out, the 

safetyy of rFVIIa in humans, so far, is based on low-evidence case-reports reported in the 

literature.. Recently, all reported rFVIIa-related thromboembolic events up until April 

19988 were extensively discussed in three articles.86"88 Among more than 2400 bleeding 

episodess treated with rFVIIa, fourteen serious adverse events were reported (0.7%). These 

casess included venous thromboembolism (3 cases); acute myocardial infarction (2 cases); 

transientt ischaemic events (3 cases); symptoms of ataxia (1 case); "laboratory signs of 

DIC"(44 cases) and one patient had a clinical DIC.89 A critical analysis of these cases, 

however,, revealed that in most patients, the thromboembolic events occurred under 

"thrombogenicc circumstances", such as surgery, trauma or immobilization. More recently, 

aa case-report described acute myocardial infarction following administration of rFVIIa in a 

72-yearr old patient with severe hemophilia A and a high titer of antifactor VII I antibodies 
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off  40 Bethesda units. This patient received recombinant FVIIa immediately preceding a 

dentall  extraction and developed an acute anteroseptal myocardial infarction a few hours 

later.. The authors conclude that the myocardial infarction was probably caused by a 

combinationn of increased tissue factor concentration due to advanced atheromatous 

coronaryy disease and the infusion of rFVIIa. . 

Therefore,, these cases illustrate only a potential but not necessary relation between 

rFVIIaa treatment and the development of adverse thromboembolic events. In addition in 

19577 occasions of rFVIIa treatment, a total of 71 non-serious adverse events were recorded, 

consideredd possibly or probably related to treatment, including hypertension, skin 

reactions,, fever, headache, epistaxis, and decreased plasma fibrinogen. It is unclear to 

whichh extent publication bias contributes to the reported incidence of adverse events. 

Thee safety of rFVIIa has also been evaluated in healthy volunteers pretreated with 

Aceno-coumarol.91,922 Recombinant factor Vil a was administered in a dose range of 5 to 320 

/ig/kgg body weight in subjects with an INR of >2. In none of the subjects, adverse events 

occurred.911 In a trial that is currently ongoing, safety and efficacy of rFVIIa administration 

inn male patients without coagulation defects who undergo abdominal prostatectomy are 

studiedd (Friederich, P.W, this thesis, chapter 12). In this double-blind placebo controlled 

study,, a single bolus dose of rFVIIa is administered in a dose range of 20 to 40 ^g/kg body 

weight.. Until now, 30 patients have been enrolled in the study. In none of the patients 

clinicall  signs and symptoms as well as ultrasonography of the venous system of the legs 

weree suspected for venous thromboembolism and no other adverse reactions were 

encounteredd during the 10-day study period. Until additional clinical evidence comes 

available,, however, the use of rFVIIa in bleeding individuals or in clinical trials should be 

carriedd out with utmost caution with specific attention to signs and symptoms of 

thromboembolicc adverse events. 

Conclusion n 
Recombinantt FVIIa appears to be a relatively safe and efficient method to induce a pro-
hemostaticc effect in individuals with and without hemostatic disorders who experience 
severee bleedings. Future controlled clinical trials in larger number of patients, however, are 
requiredd to provide additional evidence for safety and efficacy of rFVIIa-treatment. 
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Summary y 
Transabdominall  retropubic prostatectomy is associated with significant peri-operative 

bloodd loss, often requiring blood transfusion. Several studies have indicated that systemic 

administrationn of recombinant activated factor VII (rFVIIa, NovoSeven) induces short-

termm local hemostasis. This study evaluates the safety and efficacy of rFVIIa on blood loss 

reductionn in patients with normal blood coagulation undergoing transabdominal 

prostatectomy.. Patients scheduled to undergo transabdominal prostatectomy were 

randomizedd to receive either rFVIIa as a single intravenous bolus dose or placebo during 

thee operation. The volume of peri-operative blood loss was assessed by measurement of 

blood-volumee in suction containers, weighed swabs and drains. Perioperative transfusion 

requirementt was monitored as well. To evaluate safety, physical examination, blood 

samplee analysis and electrocardiography were performed daily up to 10 days post-

operativelyy and ultrasonography of the legs was performed pre- and post-operatively. The 

dataa presented are based on the results of an interim analysis by an independent 

committee.. Thirty patients were enrolled in the study. The mean volume of blood loss 

wass 2450 (  350) in placebo-treated patients. Treatment with recombinant FVIIa resulted 

inn mean blood loss of 1400 ml (+ 190), a reduction of 45% (p = 0.007). Six out of ten 

placebo-treatedd patients (60%) required at least one red cell transfusion, compared to 3/8 

(38%)) patients that were treated with rFVIIa at a dose of 20 ^ig/kg. Treatment with rFVIIa 

att a dose of 40 /xg/kg completely prevented the need for red cell transfusion in all 12 

patients.. None of the patients developed venous thromboembolism or any other serious 

adversee event. A single bolus injection of rFVIIa appears to reduce peri-operative blood 

losss and requirement of blood transfusion in a safe and effective manner in patients 

withoutt coagulation defects undergoing transabdominal prostatectomy. Definite con-

clusions,, however, must await completion of subsequent larger studies . 
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Introduction n 

Retropubicc abdominal prostatectomy is a commonly performed surgical procedure for 

patientss with prostatic cancer or enlargement of the prostate due to other causes, such as 

benignn prostate hypertrophy that cannot be treated by a transurethral procedure.12 Despite 

refinementt in surgical operation techniques and increased surgical experience, abdominal 

prostatectomyy is still frequently complicated by significant bleeding. Considerable blood 

losss during retropubic prostatectomy is mainly due to the complicated anatomical 

localizationn of the prostate in a densely vascularized area, which may hamper adequate 

surgicall  hemostasis. This may result in diffuse bleeding over a large area and may 

necessitatee transfusion of red blood cells and other blood products during and after the 

operation.. Despite the important safety improvements that have been achieved, patients 

whoo receive allogeneic blood transfusions or other blood products may still be 

compromisedd by serious immunological or infectious complications.6'1' Hence, much 

effortt is devoted to reduce peri-operative blood loss and to minimize the need to use 

allogeneicc blood transfusions for which several strategies have been evaluated.12'14 

Thiss study presents a new concept to decrease peri-operative blood loss. Resent insights 

inn the mechanism of blood coagulation have revealed that the initiation of blood 

coagulationn proceeds primarily via the tissue factor-factor Vil a (TF-FVIIa)-complex-

mediatedd activation of factor X, which subsequently converts prothrombin into 

thrombin.. Based on this knowledge, recombinant activated factor VII (rFVIIa; 

NovoSevenn , Novo Nordisk, Bagsvaerd, Denmark) has been developed as a pro-hemostatic 

agent.. Animal studies with non-human primates and phase I/I I clinical trials in humans 

havee shown that infusion of rFVIIa results in a short-term, local generation of thrombin at 

sitess of tissue factor exposure. " Recombinant FVIIa has shown to be a highly potent 

prohemostaticc agent through the successful treatment of hemophilic patients with bleeding 

complications,, that failed to respond to other coagulation agents due to antibody for-

mationn against factors VII I or IX. More recently, several studies and case-reports have 

providedd data concerning successful treatment with rFVIIa of bleeding in patients with 

otherr coagulopathies such as factor VII deficiency,18,26'29 von Willebrand's disease,30"32 

thrombocytopeniaa ' or platelet function disorders.33"38 Recombinant FVIIa has also been 

usedd in patients with coagulation disorders due to liver cirrhosis, demonstrating correction 

off  prolonged clotting times, and was shown to significantly decrease blood loss and blood 

productt requirements in patients who underwent orthotopic liver transplantation.40 In 

summary,, several clinical trials and case-reports have evaluated the hemostatic effects of 

rFVIIaa in small series of patients with hemostatic abnormalities and bleeding. 
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Sincee the hemostatic effect of rFVIIa is immediate, short-lasting and apparently localized, 

thee compound might be beneficial to patients without pre-existing coagulation disorders 

whoo undergo surgical procedures that are associated with major blood loss. The present 

studyy was designed to provide the first "proof of concept" that administration of rFVIIa 

contributess to an efficient, safe and short-lasting hemostasis in bleeding individuals 

withoutt a known coagulation disorder. 

Methods s 

Patients Patients 

Patientss between the age of 18 and 85 years who were scheduled to undergo 

transabdominall  radical retropubic prostatectomy or prostatectomy according to Millin , 

weree eligible for the trial. Exclusion criteria for participation included treatment with any 

anti-hemostaticc agent within 48 hours pre-operatively or treatment with aspirin less than 7 

dayss before the operation, a known congenital or acquired hemostatic disorder, unstable 

coronaryy artery disease or angina pectoris class III/V I (classification NYHA) , a history of 

venouss thromboembolism or a known thrombophilic state, participation in any other 

trialss within 30 days prior to the operation, known (advanced) liver disease, liver cirrhosis 

orr acute hepatitis and the presence of any significant physical or psychosocial abnormality 

whichh would adversely impair the patient's ability to participate in the study. All study 

participantss were screened 24 hours before the operation. Medical history and physical 

examinationn were taken, and routine laboratory tests for hematology and biochemistry 

weree performed. Furthermore, the patients underwent an electrocardiogram and a venous 

ultrasoundd of the deep venous system of the legs was performed to screen for 

(asymptomatic)) venous thrombosis. 

Thee study protocol and consent procedure were approved by the research and medical 

ethicalethical committees of the Academic Medical Center, Amsterdam, the Netherlands. 

Writtenn informed consent was obtained from all study subjects, prior to study entry. 

StudyStudy design 
Thee study was performed as a randomized, double-blind, placebo-controlled, single-center 

trial. . 
Al ll  surgical interventions were performed by three urologists at the Academic Medical 
Centerr in Amsterdam, the Netherlands. Subsequent groups of 12 patients were 

randomizedd between rFVIIa treatment and placebo using a 2:1 randomization scheme (8 

patientss rFVIIa and 4 patients placebo). Recombinant FVIIa and placebo were provided in 

vialss containing an indistinguishable solution. The study was designed according to a dose 
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escalatingg protocol. In the first group of 12 patients, rFVIIa was given intravenously at a 

dosee of 20 ng/kg body weight, versus placebo. In the next group of 12 patients the dose of 

rFVIIaa was 40 /xg/kg body weight and the third group of patients was to receive rFVIIa at 

aa dose of 80 /xg/kg body weight. An independent safety committee performed an interim 

analysiss after inclusion of each group of 12 patients. It was decided at the start of the study 

thatt progression to a next dose level should not take place if one or more (serious) adverse 

eventsevents would have occurred at the previous dose level or if the efficacy was considered to 

bee optimal at the previous dose. In the latter case all further patients that were randomized 

forr rFVIIa would be treated with this dose. 

Thee study medication was administered during the operation as a single intravenous 

boluss dose, in case of radical prostatectomy after collection of lymph node biopsies or, in 

casee of prostatectomy according to Millin , after placement of guiding sutures. Primary 

outcomee parameters of the study were safety and efficacy in terms of reduction of peri-

operativee blood loss. 

Thee following parameters were measured during and after the operation: the total 

volumee of peri-operative blood loss up to 24 hours after surgery, estimated by measure-

mentt of blood volume that originated from the operation area and was collected in 

suction-containerss and wound-drains, blood volume in swabs that were used during the 

operationn and volume of additional blood loss, which included blood volume of operation-

cloths.. Furthermore, the duration of operation was measured and immediately after 

terminationn of the operation, the surgeon was asked to give subjective judgment on the 

qualityy of the hemostasis during surgery on a scale from 1-5 (where 1 represents excellent 

hemostasiss and 5 represents poor hemostasis). Up to 48 hrs after surgery and during 

admission,, the number of red cell transfusion requirements and requirement of other 

bloodd components were recorded. Efficacy of rFVIIa on hemostasis was also determined 

byy monitoring post-operative hemoglobin levels as related to pre-operative level directly 

andd at 1, 2, 3, 5 and 6 days after surgery. Post-operatively, patients were visited daily by a 

studyy physician assessment of any treatment-related side-effects which lasted up to 10 days 

post-operatively.. To exclude asymptomatic venous thrombosis in the legs, venous 

ultrasoundd of both legs was performed. An electrocardiogram was performed at 1,3,5 and 

77 days after the operation. 

Furtherr post-operative treatment of the patients was carried out according to standard 

care,, including the administration of low-molecular weight heparin at a prophylactic dose 

(nadroparinn once daily, 2850 aXa IU s.c), starting one day post-operatively. Red cell 

transfusionn or transfusion of other blood components were administered only if the 

hemoglobinn level was below 5.5 mmol/L or if the condition of the patient required a 

transfusion. . 
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Afterr discharge from the hospital, the total duration of hospital-admission was estimated 

forr each patient. 

StatisticalStatistical Analysis 

Al ll  data are expressed as mean + SEM. The volume of the peri-operative blood loss and 

thee number of units transfused were analyzed using analysis of variance and the Mann 

Whitneyy U-test. The proportion of patients needing any transfusion in each group was 

comparedd by calculating odds ratio's and 95% confidence intervals. 

Results s 

Patients,Patients, dose-escalation, and safety 

Thiss manuscript reports on the first 30 patients that were included in the study and of 

whichh the data have been analyzed. This patient sample comes from a group of 42 

consecutivee patients that were screened for participation in the study. Twelve patients 

weree not included in the study. Seven patients refused to participate in the study, one 

operationn was cancelled due to co-morbidity, two patients were excluded due to a recent 

historyy of angina pectoris, and one patient had metastasized prostatic carcinoma, which 

wass discovered immediately at the beginning of surgery (before randomization), upon 

whichh the procedure was aborted. The characteristics of the analyzed patients are given in 

tablee 1. 

Afterr termination of the first 12 patients (of whom 8 were randomized to rFVIIa at a 

dosee of 20 ftg/kg), the independent safety committee advised to proceed to the next dose 

stepp (i.e. rFVIIa at a dose of 40 /zg/kg). After inclusion of the next 12 patients, however, 

thee safety committee advised not to proceed to a higher dose group, but to complete the 

studyy with the rFVIIa dose of 40 /ig/kg instead. Hence, this analysis includes 8 patients 

thatt were treated with rFVIIa at a dose of 20 /^g/kg, 12 patients that were treated with 

rFVIIaa at a dose of 40 ^tg/kg, and 10 placebo-treated patients. All included patients 

completedd the study period without any adverse event. Repeated physical examination, 

laboratoryy testing, electrocardiogram, and duplex ultrasound of the venous system of the 

lowerr extremities up to 10 days after the operation did not reveal any abnormality. 

Peri-operativePeri-operative blood loss 

Totall  peri-operative blood loss was 2450 (  350) ml in placebo-treated patients. 

Peroperativee administration of rFVIIa (both doses) resulted in a 45% reduction of blood 

losss to 1400 (  190) ml (p = 0.007). The rFVIIa-induced reduction in perioperative blood 

losss appeared to be dose-dependent. Total blood loss in patients that were treated with 



RecombinantRecombinant factor Vila reduces perioperative bloodloss and transfusion requirement 

TableTable 1 Baseline characteristics of patients undergoing transabdominal prostatectomy. 

rFVIIaa Placebo 

200 Mg/kg 40 /xg/kg 

Demographic c 
profile e 
Patientss (n) 
Agee (years) 

Mean n 
Range e 

Bodyy weight (kg) 
Mean n 
Range e 

Typee of surgery (n) 
Radical l 

prostatectomy y 
Milli n n 

prostatectomy y 

rFVIIaa at a dose of 20 ^g/kg was 1600 (  400) ml (p = not significant as compared with 
placebo)) and in patients that received rFVIIa at a dose of 40 /xg/kg, total blood loss was 
12500 (  150) ml (p = 0.02 as compared with placebo). The subdivision of blood loss in 
swabs,, suction containers and drains, and additional blood loss for each dose-group is 
shownn in table 2. 

TransfusionTransfusion requirement 

Treatmentt with rFVIIa at a dose of 40 /xg/kg abolished the need for red cell transfusion in 

alll  patients in comparison to 6/10 (60%) placebo-treated patients that needed a transfusion 

(oddss ratio 0.06; 95% confidence interval 0.01-0.35). Of 8 patients that received rFVIIa at a 

dosee of 20 ng/kg, 3 patients (38%) were transfused (odds ratio versus placebo 0.4; 95% 

confidencee interval 0.07-2.6). The mean number of units transfused blood was 1.3 (  0.4) 

inn placebo-treated patients and 0.6 (  0.3) in patients that were treated with rFVIIa at a 

dosee of 20 jig/kg (table 2). None of the patients in the study received transfusion with 

otherr blood components, such as platelets or plasma. 

12 2 10 0 

68.0 0 

(49-76) ) 

76.8 8 

(66-87) ) 

4 4 

4 4 

67.0 0 
(55-79) ) 

83.2 2 

(60-105) ) 

5 5 

7 7 

62.6 6 

(50-79) ) 

82.6 6 
(67-101) ) 

5 5 

5 5 
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DurationDuration of operation and hospital stay. 

Thee average duration of operation in patients that were treated with placebo was 170 

minutes.. Treatment with rFVIIa decreased the operation time to 126 minutes (difference: 

444 minutes; 25%; p = not significant as compared with placebo) at a dose of 20 ^g/kg and 

too 110 minutes (difference: 60 minutes; 35%; p<0.05) at a dose of 40 Mg/kg . The average 

durationn of hospital stay in placebo-treated patients was 13 days (range 8-28 days), which 

wass identical to 13 days (range: 7-21 days) in patients that were treated with rFVIIa at both 

doses. . 

Discussion n 

Sincee the first demonstration of effective treatment of a severe coagulation disorder with 

recombinantt activated factor VII in 1988,4' the experience with the use of rFVIIa as pro-

hemostaticc agent has increased steadily. Several clinical studies and case-reports have 

establishedd the clinical efficacy of rFVIIa for successful control of more than 2400 bleeding 

episodess from various sites in more than 500 patients with haemophilia, most of whom 

hadd inhibitors to factors VII I or IX, and in patients with idiopathic acquired inhibitory 

antibodiess to factor VIII. 43 Recombinant FVIIa has also been reported to achieve 

hemostasiss of bleeding in several other coagulation disorders, including severe von 

Willebrand'ss disease and platelet disorders.30,32'34'36 Moreover, different groups have 

reportedd efficacy of rFVIIa in the correction of coagulopathies and bleeding due to liver 

diseasee or congenital deficiency of factor VII . The efficacy of rFVIIa in individuals without 

coagulationn disorders is far less evaluated and is based on anecdotal experiences with 

rFVIIaa for life-threatening bleeding.44 "" The present study represents the first randomized 

triall  in which rFVIIa is given to individuals without coagulation defects. The study 

evaluatess safety and efficacy of rFVIIa with respect to blood loss reduction and transfusion 

requirementt in patients undergoing transabdominal prostatectomy. The surgical procedure 

wass associated with a considerable mean blood loss volume of 2550 ml in placebo treated 

patients,, which is in accordance with results from earlier studies that reported an estimated 

bloodd loss associated with radical prostatectomy in the range of 200 to 4000 ml. 

Administrationn of a single bolus dose of rFVIIa (20-40 /xg/kg bodyweight) resulted in a 

statisticallyy significant 45% reduction in perioperative blood loss, compared to blood loss 

inn placebo-treated patients. Moreover, treatment with rFVIIa at a dose of 40 /ig/kg could 

preventt red cell transfusion in all patients, whereas 6 out of 10 placebo-treated patients 

neededd a transfusion. The difference in blood loss and number of transfusions needed 

betweenn the two rFVIIa treatment dose groups suggests a dose-dependent efficacy of 

rFVIIa.. Previous studies with hemophilic patients indeed demonstrated comparable 
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TableTable 2 Mean volume of blood loss and transfusion requirements in patients undergoing 
abdominalabdominal prostatectomy. 

Transabdominall  prostatectomy 

rFVIIaa 20/xg/kg rFVIIaa 40 ;xg/kg placebo o 

Totall  volume of 
bloodd loss 
Suction n 
containers s 

Weighedd swabs 

Additional l 

Blood d 
transfusions s 

16000 (  400) 

9600 (  200) 

4900 (  205) 

1500 (  31) 

3/88 (37%) 

12500 (  150) 

8500 (  116) 

3000 (  76) 

1000 (  14) 

0/122 (0%) 

24500 (  350) 

12600 (  201) 

10855 (  194) 

1055 (  21) 

6/100 (60%) 

TheThe mean volume of blood loss per treatment group is expressed in ml  SEM.; the number of blood 
transfusionstransfusions is expressed as number (and percentage) of patients per treatment group who received a blood 
transfusion. transfusion. 

findingss with respect to a dose-dependent efficacy of rFVIIa. In all studies, higher doses 

off  rFVII a resulted in superior efficacy as compared with lower doses in terms of 

achievementt of hemostasis. Moreover, the present study shows that treatment with rFVIIa 

resultss in shortening of duration of operation, compared with placebo. It is suggestive that 

thiss observation might be explained by better perioperative hemostasis. No correlation, 

however,, was found between treatment with study agents and duration of hospital 

admission.. A possible explanation could be the fact that duration of admission in surgical 

patientss is influenced by multiple factors, besides blood loss, that are not related to 

treatmentt with rFVIIa, such as wound healing, age, pre-operative physical condition and 

co-morbidityy of the patient. 

Thee mechanism of action of rFVIIa has been a matter of extensive debate over the last 

years.. Recent insights in the mechanism of the coagulation cascade have revealed that the 

processs of hemostasis is initiated by the complex formation between activated factor VI I 

(FVIIa)) and tissue factor. Based on this new insight, two possible mechanisms of action of 

rFVII aa have been proposed. The most widely accepted mechanism of action consists of 

complexx formation between tissue factor and recombinant FVIIa at sites where tissue 

factorr is exposed, such as damaged vessel walls during surgical procedures. Subsequently, 

thee tissue factor/rFVIIa-complex generates thrombin by activation of both factors X and 

IXX in the presence of activated platelets. This process appears to induce only local 

thrombinn generation, since TF and anionic phospholipids do not normally circulate in the 
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plasma.. Moreover, the rFVIIa-mediated thrombin generation is probably short lasting due 

too the relatively short plasma-elimination half-life of rFVIIa. An alternative recently 

hypothesizedd mechanism of action of rFVIIa may be that the therapeutic efficacy of 

rFVIIaa is primarily based on the inhibitory effect of the zymogen factor VII on thrombin 

generationn by competitive binding to tissue factor that is overcome by pharmacological 

dosess of activated factor VII . A third possible mechanism of action was first reported in 

19900 and consists of rFVIIa-mediated activation of FX and subsequent thrombin 

generationn independent of TF in the presence of sufficient phospholipid surface on 

activatedd platelets. ' Additional evidence for this hypothesis was provided by 

demonstrationn of rFVIIa-induced activation of factor X on human monocytes lacking 

TF.. Similarly, another report showed tissue factor-independent thrombin generation 

afterr the infusion of rFVIIa on the surface of activated platelets. '3 Either way, rFVIIa 

appearss to plays a key role in the initiation of coagulation, although its exact mechanism 

off  action still has to be elucidated in additional future studies. 

Extensivee use of rFVIIa has clearly demonstrated that the product is relatively safe in 

individualss with various coagulation disorders. Safety analyses have demonstrated that the 

usee of rFVIIa is associated with very few treatment related adverse events, with only 0.8% 

off  serious adverse events reported as possibly or probably related to rFVIIa treatment. ' 

Thee present study, however, represents the first randomized clinical trial in which rFVIIa 

iss administered to individuals without pre-existing coagulation defects. There are initial 

reportss in the literature that describe the use of rFVIIa in individuals with a normal 

coagulationn system, but these case-reports are all based on anecdotal experiences with 

patientss who encountered life-threatening bleeding that did not respond to conventional 

hemostaticc therapy. ' ' The design of the present study, in which rFVIIa is administered 

too individuals without coagulation defects, might raise the concern for the possibility of 

systemicc activation of coagulation with subsequent thrombo-embolic events. However, the 

weightt of the evidence so far indicates that rVIIa is only locally active at sites where tissue 

factorr is exposed or activated platelets are present, such as damaged vessel walls. 

Moreover,, the relatively short elimination half-life of rFVIIa (approximately 170 minutes) 

probablyy causes only short lasting activation of coagulation. This was clearly demonstrated 

inn a recent study from our group, in which the systemic administration of a bolus dose of 

900 jig/kg to healthy volunteers induced a marked increase in thrombin generation that was 

peakingg at 60 to 90 minutes after administration of rFVIIa and lasted only for 120 minutes. 

Indeed,, in the present study we did not encounter thrombo-embolic or other adverse 

eventsevents that could be associated with rFVIIa-treatment, although the size of the study does 

nott permit definitive conclusions. Despite the more widespread use of rFVIIa, reported 

safetyy analyses are still almost exclusively based on experience in patients with severe 
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hemophila.. The safety of rFVIIa in patients with other coagulopathies is only evaluated in 

aa small number of patients and is, therefore, less evidence based. Experience with rFVIIa in 

patientss without coagulation is even more scarce and is based on anecdotal treatment of 

patientss with life-threatening bleedings that did not respond to other hemostatic therapy. 

Obviously,, safety data from large controlled clinical trials with rFVIIa are required before 

resultss obtained from small studies and case-reports can be extrapolated to general clinical 
63 3 

practice. . 

Thee results of present study indicate that administration of rFVIIa in patients undergoing 

surgeryy associated with significant blood loss, appears to be safe and effective. However, 

bloodd loss does not exclusively depend on the coagulation system, because type and 

durationn of operation, individual patient characteristics, surgical skills and post-operative 

patient-caree are all factors that influence the ultimate volume of blood loss. Furthermore, 

thee presented findings are based on the results from a relatively small group of patients. 

Therefore,, future controlled clinical trials should be carried out in larger groups of various 

patientt categories to provide additional evidence for safety and efficacy of rFVIIa-

treatmentt for severe bleeding in individuals with and without hemostatic disorders. 

AA cknowledgments 

Marcell  Levi is an investigator of the Royal Netherlands Academy of Arts and Sciences; Harry 

Büllerr is an established investigator of the Netherlands Heart Foundation and Philip 

Friederichh is supported by a grant from the Netherlands Organization for Scientific Research 

(NWO). . 

Recombinantt factor Vil a and placebo were provided by Novo Nordisk, Bagsvaerd, 

Denmark k 

-191--191-



ChapterChapter 12 

References s 

1.. Andriole GL, Smith DS, Rao G, Goodnough L, Catalona WJ. Early complications of 

contemporaryy anatomical radical retropubic prostatectomy. Journal of Urology 1994; 

152(55 Pt 2):1858-1860. 

2.. Hautmann RE, Sauter TW, Wenderoth UK. Radical retropubic prostatectomy: 

morbidityy and urinary continence in 418 consecutive cases. Urology 1994; 43(2 

Suppl):47-51. . 

3.. Goh M, Kleer CG, Kielczewski P, Wojno KJ, Kim K, Oesterling JE. Autologous blood 

donationn prior to anatomical radical retropubic prostatectomy: is it necessary? 

Urologyy 1997; 49(4):569-573. 

4.. Goad JR, Eastham JA, Fitzgerald KB, Kattan MW, Collini MP, Yawn DH, Scardino 

PT.. Radical retropubic prostatectomy: limited benefit of autologous blood donation. 

Journall  of Urology 1995; 154(6):2103-2109. 

5.. Oefelein MG, Colangelo LA, Rademaker AW, McVary KT. Intraoperative blood loss 

andd prognosis in prostate cancer patients undergoing radical retropubic prostatectomy. 

Journall  of Urology 1995; 154(2 Pt l):442-447. 

6.. Koch MO, Smith JA, Jr. Blood loss during radical retropubic prostatectomy: is 

preoperativee autologous blood donation indicated? Journal of Urology 1996; 

156(3):: 1077-1079. 

7.. Nash PA, Schrepferman CG, Rowland RG, Young J, Foster RS, Birhle R, Donohue 

JP.. The impact of pre-donated autologous blood and intra-operative isovolaemic 

haemodilutionn on the outcome of transfusion in patients undergoing radical retropubic 

prostatectomy.. British Journal of Urology 1996; 77(6):856-860. 

8.. Monk TG, Goodnough LT, Birkmeyer JD, Brecher ME, Catalona WJ. Acute 

normovolemicc hemodilution is a cost-effective alternative to preoperative autologous 

bloodd donation by patients undergoing radical retropubic prostatectomy. Transfusion 

1995;; 35(7):559-565. 

9.. Slichter SJ. Principles of platelet transfusion. In: Hematology: basic principles and 

practice,, Hoffmann, R editor. New York: Churchill Livingstone, 1995: 419-421. 

10.. The Trial to Reduce Alloimmunization to Platelets Study Group. Leucocyte reduction 

andd ultraviolet B irradiation of platelets to prevent alloimmunization and refractoriness 

too platelet transfusions. N Engl J Med 1997; 337:1861-1869. 

-192--192-



RecombinantRecombinant factor Vila reduces perioperative bloodloss and transfusion requirement 

11.. Dodd RY. The risk of transfusion-transmitted infection. N Engl J Med 1992; 327:419-

421. . 

12.. Chun TY, Martin S, Lepor H. Preoperative recombinant human erythropoietin 

injectionn versus preoperative autologous blood donation in patients undergoing radical 

retropubicc prostatectomy. Urology 1997; 50{5):727-732. 

13.. Chiusano MA, Finkelstein LH, Mene M, Ginsberg PC. Use of predeposited autologous 

bloodd plus intraoperative autotransfusion compared with use of predeposited 

autologouss blood alone in radical retropubic prostatectomy. Journal of the American 

Osteopathicc Association 1996; 96(3): 160-164. 

14.. Ness PM, Bourke DL, Walsh PC. A randomized trial of perioperative hemodilution 

versuss transfusion of preoperatively deposited autologous blood in elective surgery. 

Transfusionn 1992; 32(3):226-230. 

15.. Hoffman M, Monroe DM, Oliver JA, Roberts HR. Factors IXa and Xa play distinct 

roless in tissue factor-dependent initiation of coagulation. Blood 1995; 86(5):1794-1801. 

16.. Weiss HJ, Lages B. Evidence for tissue factor-dependent activation of the classic 

extrinsicc coagulation mechanism in blood obtained from bleeding time wounds. Blood 

1988;; 71(3):629-635. 

17.. Diness V, Bregengaard C, Erhardtsen E, Hedner U. Recombinant human factor Vil a 

(rFVIIa)) in a rabbit stasis model. Thrombosis Research 1992; 67(2):233-241. 

18.. Molskov-Bech R, Nicolaisen EM, Andersen PM, Glazer S, Hedner U. Recombinant 

factorr Vil a for the treatment of congenital factor VII deficient patients. Thrombosis 

andd Haemostasis 1995; 73(6):983. 

19.. Erhardtsen E, Nony P, Dechavanne M, Ffrench P, Boissel JP, Hedner U. The effect of 

recombinantt factor Vil a (NovoSeven) in healthy volunteers receiving acenocoumarol 

too an International Normalized Ratio above 2.0. Blood, Coagulation and Fibrinolysis 

1998;; 9(8):741-748. 

20.. Hay CR, Negrier C, Ludlam CA. The treatment of bleeding in acquired haemophilia 

withh recombinant factor Vila: a multicentre study. Thrombosis and Haemostasis 1997; 

78(6):: 1463-1467. 



ChapterChapter 12 

21.. Kristensen J, Killander A, Hippe E, Helleberg C, Ellegard J, Holm M, Kutti J, 

Mellqvistt UH, Johansson JE, Glazer S, Hedner U. Clinical experience with 

recombinantt factor Vil a in patients with thrombocytopenia. Haemostasis 1996; 26 

Suppll  1:159-164. 

22.. Smith OP, Hann IM. rVIIa therapy to secure haemostasis during central line insertion 

inn children with high-responding FVIII inhibitors. British Journal of Haematology 

1996;; 92(4): 1002-1004. 

23.. Bech RM. Recombinant factor Vil a in joint and muscle bleeding episodes. Haemostasis 
1996;; 26 Suppl 1:135-138. 

24.. Laurian Y, Goudemand J, Negrier C, Vicariot M, Marques-Verdier A, Fonlupt J, 

Gaillardd S, Fressinaud E, Dirat G, Sultan Y, Faradji A, Clayessens S, Guerois C, Peynet 

J,, Bertrand MA. Use of NovoSeven(r) as first line therapy for bleeding episodes in 

hemophiliacss with factor VII I or IX inhibitors (Nosepac study). Thrombosis and 

Haemostasiss 1997; 77:85. 

25.. Lusher JM. Recombinant factor Vil a (NovoSeven) in the treatment of internal 
bleedingg in patients with factor VII I and IX inhibitors. Haemostasis 1996; 26 Suppl 
1:124-130. . 

26.. Rice KM, Savidge GF. NovoSeven (recombinant factor Vila) in central nervous 

systemss bleeds. Haemostasis 1996; 26 Suppl 1:131-134. 

27.. Ingerslev J, Freidman D, Gastineau D, Gilchrist G, Johnsson H, Lucas, McPherson J, 

Prestonn E, Scheibel E, Shuman M. Major surgery in haemophilic patients with 

inhibitorss using recombinant factor Vila. Haemostasis 1996; 26 Suppl 1:118-123. 

28.. Schulman S, Bech Jensen M., Varon D, Keller N, Gitel S, Horoszowski H, Heim M, 

Martinowitzz U. Feasibility of using recombinant factor Vil a in continuous infusion. 

Thrombosiss and Haemostasis 1996; 75(3):432-436. 

29.. White B, O'Connor H, Smith OP. Successful use of recombinant Vil a (Novoseven) 

andd endometrial ablation in a patient with intractable menorrhagia secondary to FVII 

deficiency.. Blood, Coagulation and Fibrinolysis 2000; 11(2):155-157. 

30.. Ciavarella N, Schiavoni M, Valenzano E, Mangini F, Inchingolo F. Use of 

recombinantt factor Vil a (NovoSeven) in the treatment of two patients with type III 

vonn Willebrand's disease and an inhibitor against von Willebrand factor. Haemostasis 

1996;; 26 Suppl 1:150-154. 

•194-•194-



RecombinantRecombinant factor Vila reduces perioperative bloodloss and transfusion requirement 

31.. Majumdar G, Phillips JK, Lavallee H, Savidge GF. Acquired haemophilia in association 

withh type III von Willebrand's disease: successful treatment with high purity von 

Willebrand'ss factor and recombinant factor Vila. Blood Coagulation and Fibrinolysis 

1993;; 4(6):1035-1037. 

32.. Schiavoni M, Valenzano E, Mangini F, Inchingolo F, Micelli M, Mascolo E, Ciavarella 

N,, Erhardtsen E, Hedner U. Efficacy of recombinant factor Vil a in patients affected 

byy von Willebrand disease type III with alloantibodies against von Willebrand factor in 

orall  surgery. Thrombosis and Haemostasis 1997; suppl:84-85. 

33.. Udvardy M. New possibilities in the management of hemorrhagic diathesis caused by 

factorr deficiency and thrombocytopenia: recombinant active factor VII concentrate. 

Orvosii  Hetilap 1998; 139(38):2255-2258. 

34.. Peters M, Heijboer H. Treatment of a patient with Bernard-Soulier syndrome and 

recurrentt nosebleeds with recombinant factor Vila. Thrombosis and Haemostasis 1998; 

80(2):352. . 

35.. Poon MC, Demers C, Jobin F, Wu JWY. Recombinant factor Vil a is effective for 

bleedingg and surgery in patients with Glanzmann thrombasthenia. Blood 1999; 

94(ll):3951-3953. . 

36.. Tengborn L, Petruson B. A patient with Glanzmann thrombasthenia and epistaxis 

successfullyy treated with recombinant factor Vila. Thrombosis and Haemostasis 1996; 

75(6):981-982. . 

37.. d'Oiron R, Menart C, Trzeciak MC, Nurden P, Fressinaud E, Dreyfus M, Laurian Y, 

Negrierr C. Recombinant factor Vil a in Glanzmann's thrombasthenia: A potential 

therapeuticc place. Thromb Haemost 2000; 83:644-647. 

38.. Chuansumrit A, Sangkapreecha C, Hathirat P. Successful epistaxis control in a patient 

withh Glanzmann thrombasthenia by increased bolus injection dose of recombinant 

factorr Vila. Thromb Haemost 1999; 82(6):1778. 

39.. Bernstein DE, Jeffers L, Erhardtsen E, Reddy KR, Glazer S, Squiban P, Bech R, 

Hednerr U, Schiff ER. Recombinant factor Vil a corrects prothrombin time in cirrhotic 

patients:: a preliminary study. Gastroenterology 1997; 113(6):1930-1937. 

40.. de Wolff JT, Hendriks HG, Meijer K, Klompmaker IJ, Hagenaars AA, Melsen T, 

Sloofff  MJ, van der Meer J. Impressive reduction of blood requirements in orthotopic 

liverr transplantation due to recombinant factor Vil a (RFVIIa, Novoseven). 

Transfusionn 1999; 39 (Supplement):87S. 



ChapterChapter 12 

41.. Milli n T, MacAlister CLO. Retropubic prostatectomy. Urology 1970; 3:2507. 

42.. Hedner U, Glazer S, Pingel K, Alberts KA, Blomback M, Schulman S, Johnsson H. 

Successfull  use of recombinant factor Vil a in patient with severe haemophilia A during 

synovectomy.. Lancet 1988; 2(8621): 1193. 

43.. Hedner U. NovoSeven® as a universall  haemostatic agent. Blood Coagul Fibrinolysis 

2000;; ll(suppll): 107-111. 

44.. White B, McHale J, Ravi N, Reynolds J, Stephens R, Moriarty J, Smith OP. Successful 

usee of recombinant FVIIa (Novoseven) in the management of intractable post-surgical 

intra-abdominall  haemorrhage. Br J Haematol 1999; 107(3):677-678. 

45.. Kenet G, Walden R, Eldad A, Martinowitz U. Treatment of traumatic bleeding with 

recombinantt factor Vila. Lancet 1999; 354(9193):1879. 

46.. Toy PT, Menozzi D, Strauss RG, Stehling LC, Kruskall M, Ahn DK. Efficacy of 

preoperativee donation of blood for autologous use in radical prostatectomy. 

Transfusionn 1993; 33(9):721-724. 

47.. Macik BG, Lindley CM, Lusher J, Sawyer WT, Bloom AL, Harrison JF, Baird-Cox K, 

Birchh K, Glazer S, Roberts HR. Safety and initial clinical efficacy of three dose levels of 

recombinantt activated factor VII (rFVIIa): results of a phase I study. Blood Coagulation 

andd Fibrinolysis 1993; 4(4):521-527. 

48.. Lusher JM, Roberts HR, Davignon G, Joist JH, Smith H, Shapiro A, Laurian Y, 

Kasperr CK, Mannucci PM. A randomized, double-blind comparison of two dosage 

levelss of recombinant factor Vil a in the treatment of joint, muscle and mucocutaneous 

haemorrhagess in persons with haemophilia A and B, with and without inhibitors. 

rFVIIaa Study Group. Haemophilia 1998; 4(6):790-798. 

49.. Shapiro AD, Gilchrist GS, Hoots WK, Cooper HA, Gastineau DA. Prospective, 

randomisedd trial of two doses of rFVIIa (NovoSeven) in haemophilia patients with 

inhibitorss undergoing surgery. Thrombosis and Haemostasis 1998; 80(5):773-778. 

50.. Rapaport SI, Rao LV. The tissue factor pathway: how it has become a "prima 

ballerina".. Thrombosis and Haemostasis 1995; 74(1):7-17. 

51.. van 't Veer C, Golden NJ, Mann KG. Inhibition of thrombin generation by the 

zymogenn factor VII : implications for the treatment of hemophilia A by factor Vila. 

BloodBlood 2000; 95(4):1330-1335. 

-196--196-



RecombinantRecombinant factor Vila reduces perioperative bloodloss and transfusion requirement 

52.. Rao LV, Rapaport SI. Factor Vila-catalyzed activation of factor X independent of 
tissuee factor: its possible significance for control of hemophilic bleeding by infused 
factorr Vila. Blood 1990; 75(5): 1069-1073. 

53.. Hoffman M, Monroe DM, Roberts HR. Human monocytes support factor X 

activationn by factor Vila, independent of tissue factor: implications for the therapeutic 

mechanismm of high-dose factor Vil a in hemophilia. Blood 1994; 83(l):38-42. 

54.. Monroe DM, Hoffman M, Oliver JA, Roberts HR. A possible mechanism of action of 
activatedd factor VII independent of tissue factor. Blood Coagulation and Fibrinolysis 
1998;; 9 Suppl 1:S15-S20. 

55.. Monroe DM, Hoffman M, Oliver JA, Roberts HR. Platelet activity of high-dose factor 
Vil aa is independent of tissue factor. British Journal of Haematology 1997; 99(3):542-
547. . 

56.. Lund-Hansen T. NovoSeven-virus safety. Haemostasis 1996; 26 Suppl 1:96-97. 

57.. Stewart AJ, Hanley JP, Ludlam CA. Safety, efficacy and cost-effectiveness of home 

therapyy with recombinant activated factor VII in a patient with severe haemophilia A 

andd an anti-factor VII I inhibitor. Blood Coagulation and Fibrinolysis 1998; 9 Suppl 

1:S93-S95. . 

58.. Schulman S. Safety, efficacy and lessons from continuous infusion with rFVIIa. rFVIIa-

CII  Group. Haemophilia 1998; 4(4):564-567. 

59.. Roberts HR. Clinical experience with activated factor VII : focus on safety aspects. 

Bloodd Coagulation and Fibrinolysis 1998; 9 Suppl 1:S115-S118. 

60.. Key NS, Aledort LM, Beardsley D, Cooper HA, Davignon G, Ewenstein BM, 

Gilchristt GS, Gill JC, Glader B, Hoots WK, Kisker CT, Lusher JM, Rosenfield CG, 

Shapiroo AD, Smith H, Taft E. Home treatment of mild to moderate bleeding episodes 

usingg recombinant factor Vil a (Novoseven) in haemophiliacs with inhibitors. 

Thrombosiss and Haemostasis 1998; 80(6):912-918. 

61.. Nicolaisen EM, Hansen LL, Poulsen F, Glazer S, Hedner U. Immunological aspects of 

recombinantt factor Vil a (rFVIIa) in clinical use. Thrombosis and Haemostasis 1996; 

76(2):200-204. . 

62.. Liem AK, Biesma DH, Ernst SM, Schepens AA. Recombinant activated factor VII for 

falsee aneurysms in patients with normal haemostatic mechanisms. Thrombosis and 

Haemostasiss 1999; 82(1): 150-151. 



ChapterChapter 12 

63.. Aledort LM. Recombinant Factor Vil a is a pan-hemostatic agent? Thrombosis and 

Haemostasiss 2000; 83:637-638. 

•• 198-



CHAPTERR 13 

SUCCESSFULL TREATMENT WITH RECOMBINANT 
FACTORR VIIA OF THERAPY-RESISTANT SEVERE 

BLEEDINGBLEEDING IN A PATIENT WITH ACQUIRED VON 
WILLEBRANDD DISEASE 

Philipp W. Friederich, Peter C. Wever, Ernest Briët, Cornells J. Doorenbos, Marcel Levi 

SubmSubm itted f or publication 



ChapterChapter 13 

Summary y 

Wee describe an elderly man who presented with life-threatening hematuria and gastro 

intestinall  bleeding caused by acquired von Willebrand disease associated with monoclonal 

gammopathyy of undetermined significance (MGUS). Standard therapy with desmopressin, 

vonn Willebrand factor-containing factor VII I concentrate, tranexamic acid and 

immunoglobulinn failed to achieve adequate hemostasis. However, treatment with 

recombinantt activated factor VII (rFVIIa) arrested the bleeding completely. Since acquired 

vonn Willebrand disease can lead to life-threatening hemorrhage, clinicians should consider 

rFVIIaa as an effective treatment option if standard therapy fails. 
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Introductio n n 

Acquiredd Von Willebrand disease (AvWD) is a relatively rare bleeding disorder that 

usuallyy occurs secondary to an autoimmune disorder or neoplastic disease. Since AvWD 

wass first described as a case report in a patient with systemic lupus erythematosus in 1968,1 

moree than 120 cases have been described and reviewed in the literature.2 Like congenital 

vonn Willebrand disease, AvWD is characterised by a defective primary hemostasis, with 

bleedingg as the presenting symptom. Laboratory studies usually show a normal 

prothrombinn time and a prolonged activated partial thromboplastin time, reduction of 

ristocetinn cofactor activity (vWF:RCoF), von Willebrand factor antigen levels (vWF:Ag), 

factorr VII I clotting activity, and a prolonged bleeding time.37 Treatment is generally aimed 

att raising von Willebrand factor levels (e.g. by desmopressin or von Willebrand factor 

concentrates)) or eradication of anti-von Willebrand factor antibodies by immuno-

modulatingg agents such as prednisone or immunoglobulin. We describe a patient with 

acquiredd von Willebrand disease associated with MGUS with severe therapy-resistant 

hemorrhagee who was successfully treated with recombinant factor Vila. 

CaseCase Report 

AA 73-year-old man was admitted with recurrent macroscopic hematuria without an 

apparentt cause. The patient had a history of benign prostatic hyperplasia, hypertension, 

anginaa pectoris and chronic obstructive pulmonary disease. Since one year, he had 

experiencedd subcutaneous hematoma and episodes of spontaneous hematuria. Cystoscopy 

didd not reveal any abnormality but was complicated by a sustained worsening of the 

hematuria.. Also, the patient had recently experienced an episode of rectal blood loss due to 

aa bleeding colon diverticulum. He did not use any medication known to affect the 

coagulationn system. Neither the patient nor his family was known with a history of 

bleedingg diathesis. 

Laboratoryy examination revealed anaemia (hemoglobin 5.8 mmol/L) despite multiple red 

celll  transfusions and a normal white blood cell count and platelet count. Coagulation tests 

showedd a normal prothrombin time but a severely prolonged activated partial 

thromboplastinn time (aPTT: 59 sec; normal value <28 sec). The prolongation of the aPTT 

appearedd to be due to low levels of factor VIIL C (3%; normal value >50%). Further 

examinationn showed the absence of anti-factor VII I antibodies but undetectable levels of 

vonn Willebrand factor (von Willebrand ristocetin cofactor activity < 10% and von 

Willebrandd antigen < 1%). Von Willebrand factor propeptide was normal (115%) 

indicatingg normal synthesis and release of von Willebrand factor. Based upon these results 

aa diagnosis of acquired von Willebrand disease was made, although circulating anti-von 
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Willebrandd factor antibodies could not be directly assessed, which is not uncommon in 

patientss with AvWD. Further testing revealed the presence of an IgG kappa paraprotein 

(7.22 g/L), but otherwise normal levels of immunoglobulin. A bone marrow aspirate 

showedd 0.9% plasma cells, and an X-ray series did not show any osteolytic lesions. Hence, 

thee diagnosis monoclonal gammopathy of undetermined significance (MGUS) was made, 

whichh indeed is known to be associated with acquired von Willebrand disease. ' 

Despitee therapy during ten weeks that included 82 transfusions with erythrocytes and 23 

unitss of fresh frozen plasma, multiple infusions with desmopressin and von Willebrand 

factor-containingg FVIII concentrates and tranexamic acid, adequate hemostasis was not 

achieved.. Also, prednisone (up to 60 mg/day) and human gammaglobulin were 

administeredd (25 g per day) without effect. Instead, the bleeding worsened and the patient 

wass transferred to the Academic Medical Centre for further treatment. At that time, the 

patientt was hemodynamically instable with a blood pressure of 80/40 mm Hg. He was 

treatedd with high dose von Willebrand factor-containing factor VII I concentrate (Humate-

P,, Centeon, Germany), but this was again not effective in controlling the bleeding. At 15 

andd 90 minutes after 3000 U of Humate-P, vWF RiCoF was 32% and < 5% respectively, 

indicatingg very rapid elimination of the von Willebrand concentrate. Because standard 

therapyy failed to arrest the bleeding, administration of recombinant activated factor VII 

(rFVIIa,, NovoSeven, NovoNordisk, Denmark) was started at a bolus dose of 90 jig/kg, 

followedd by a continuous infusion of 17.5 /xg/kg/hour for 6 days. Hereupon, the bleeding 

almostt immediately stopped and treatment was continued for 6 days. One week after 

cessationn of rFVIIa therapy, the patient produced large volumes of bloody stools. 

Endoscopyy of the colon revealed diverticulosis and three large superficial ulcers in the 

recto-sigmoidd without active bleeding. RFVIIa treatment was again instituted with a bolus 

dosee of 90 ^g/kg, followed by a continuous infusion of 17.5/xg/kg/hour in combination 

withh tranexamic acid at 4 g per day. Hereupon, the bleeding stopped, the hematochezia 

disappearedd and the rFVIIa treatment could be terminated after 4 days. Three weeks 

hereafter,, the hematuria recurred and was again immediately effectively arrested by 

administrationn of one single bolus dose of rFVIIa of 6 mg. Finally at 7 weeks after 

admittance,, the patient was discharged in a reasonable state and bleeding has not recurred 

everr since. 

Discussion n 

Acquiredd von Willebrand disease is a relatively rare bleeding disorder, that has been 

associatedd with the presence of several clinical conditions and disorders. Different 

treatmentt regimens of patients with AvWD have been reported, but the variety of 
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underlyingg disorders may explain the changing successes reported so far. Recently, a 

clinicall  cross-over trial compared the effects of intravenous immunoglobulin in the 

preventionn or treatment of bleeding episodes in patients with MGUS-related AvWD. In 

thiss trial, immunoglobulin was most effective.11 Other treatment options have been 

reportedd for AvWD disease such as desmopressin,12 plasma exchange,13 steroids14"16 and 

immunosuppressivee drugs,17,1S all with varying success. Since our patient did not respond 

too any of the treatment strategies suggested in the literature, we instituted an alternative 

hemostaticc intervention by administering rFVIIa. RFVIIa has been successfully used in the 

treatmentt of patients with antibodies to factor VII I and IX (hemophilia with antibody 

formationn to exogenic coagulation-factor concentrates or acquired hemophilia). Also, a 

limitedd number of patients with a variety of defects in the primary hemostasis have been 

successfullyy treated with rFVIIa.19"22 In vitro studies have shown that rFVIIa can activate 

coagulationn at platelet surfaces, which possibly leads to formation of a stable fibrin 

networkk even in the absence of an optimal initial platelet plug. This may explain the 

efficacyy of recombinant factor Vil a treatment in patients with defects in primary 

hemostasis.. The present case describes the use of rFVIIa in a patient with a defect in 

primaryy hemostasis who was challenged by life threatening bleeding due to AvWD. The 

patientt was successfully treated without the development of any side effects such as 

thromboembolicc events. We conclude that if standard therapy fails to control bleeding in a 

patientt with AvWD, clinicians should consider rFVIIa as an effective treatment option. 
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Antistollingsmedicijnenn worden al meer dan 60 jaar succesvol toegepast in de klinische 

praktijkk bij de behandeling van veneuze en arteriële tromboembolieën, Antistolling kan op 

verschillendee manieren worden bewerkstelligd: door selectieve en (in)directe remming van 

dee verschillende geactiveerde stollingsfactoren; door remming van de synthese van 

vitamine-KK afhankelijke stollingsfactoren en door interventies die gericht zijn op het 

bevorderenn van de fibrinolyse. Aan de andere kant is veel onderzoek verricht naar de 

ontwikkelingg van veilige en effectieve therapeutische strategieën die kunnen worden 

toegepastt bij patiënten met (ernstige) bloedingen, waarbij diverse (recombinante) 

bloedstollingsfactorenn en bloedplaatjes kunnen worden gesuppleerd of de fibrinolyse kan 

wordenn geremd. 

Dee antistollingsmedicijnen en stollingsbevorderende therapieën die op dit moment 

wereldwijdd worden toegepast, hebben ondanks de uitgebreide ervaring ermee en bewezen 

effectiviteitt ervan, in veel gevallen een vrij aspecifiek werkingsmechanisme en zijn bovendien 

niett zelden geassocieerd met het ontstaan van ongewenste bijwerkingen. In de afgelopen jaren 

zijnn echter verschillende onderzoeken verricht bij proefdieren en bij mensen, waarbij de 

specifiekee rol van de verschillende (antï)stollings factoren in de bloedstolling en de fibrinolyse 

onderr verschillende klinische omstandigheden is opgehelderd. Daardoor is het mogelijk 

gewordenn om zeer gerichte interventies in de cascade van de (anti)stolling te ontwikkelen. 

InIn dit proefschrift worden diverse studies beschreven, waarin effectiviteit en veiligheid van 

recentt ontwikkelde (anti)stollings medicijnen en strategieën zijn onderzocht bij dieren, 

patiëntenn en gezonde vrijwilligers. 

Hoofdstukkenn twee tot en met zeven zijn gericht op evaluatie van antistollings strategieën, 

terwijll  hoofdstuk acht tot en met dertien zijn toegespitsts op pro-coagulante interventies. 

InIn de eerste hoofdstukken is een in vivo veneus trombosemodel in konijnen gebruikt om 

dee eigenschappen te evalueren van nieuwe specifieke antistollings middelen. 

InIn Hoofdstuk 2 worden verschillende antitrombotische geneesmiddelen met elkaar 

vergelekenn ten aanzien van hun antitrombotische werking tijdens en na infusie. Selectieve, 

antitrombine-onafhankelijkee trombine remmers, zoals CVS#995, Hirudine en Hirulog-1 

blijkenn een sterkere aanhoudende antitrombotische capaciteit te bezitten, dan het 

antitrombine-onafhankelijkee laag moleculair gewicht heparine (LMWH) en de specifieke 

factorr Xa remmer, tick anticoagulant peptide (TAP). 

Dee antitrombotische eigenschappen van een andere directe trombine-remmer worden 

beschrevenn in Hoofdstuk 3. Het middel S 18326 veroorzaakt in vergelijking tot LMWH 
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eenn grotere afname van trombus-groei. 

Eenn van de belangrijkste nadelen van alle tromblne-remmers die op dit moment voor de 

kliniekk beschikbaar zijn, is het feit dat deze geneesmiddelen uitsluitend parenteraal kunnen 

wordenn toegediend. Dit wordt veroorzaakt door de geringe en onvoorspelbare biologische 

beschikbaarheidd na orale toediening van deze middelen. De parenterale toediening beperkt 

inn belangrijke mate het gebruik van deze geneesmiddelen bij patiënten die langdurig 

behandeldd moeten worden. Vandaar dat in Hoofdstuk 4 de eigenschappen worden 

beschrevenn van een directe trombine remmer, BSF 208791, die oraal kan worden 

toegediend.. Uit de studie blijkt dat het geneesmiddel na orale toediening bij konijnen in 

voldoendee mate biologisch beschikbaar is en dat het middel in staat is om een 

antitrombotischh effect te bewerkstelligen dat groter is in vergelijking tot PEG-Hirudine en 

LMWH ,, zonder dat de bloedingstijd wordt beïnvloed. Bovendien is BSF 208791 in staat 

omm de trombus-groei te beperken na orale toediening, waardoor het middel een 

veelbelovendee kandidaat is voor toekomstige antitrombotische therapieën. 

Hoofdstukk 5 evalueert verbetering van de fibrinolyse nadat een remmer van PAI-1 

(XR5118)) aan konijnen is toegediend. Het middel bindt aan PAI-1 en reduceert de plasma 

activiteitt van PAI-1. Bovendien demonstreert XR5118 een verbetering van de trombolyse 

enn een remming van de trombusgroei. De studie bevestigt de hypothese dat trombusgroei 

daadwerkelijkk beperkt kan worden door inhibitie van PAI-1-geinduceerde fibrinolyse 

remming. . 

Inn Hoofdstuk 6 worden de effecten van recombinant apolipoproteine (a) (r-apo(a)) op de 

endogenee en t-PA-geïnduceerde trombolyse in vivo beschreven. Apo(a) maakt onderdeel 

uitt van lipoproteïne(a) (Lp(a)), waarvan verhoogde spiegels een risicofactor zijn voor 

atherosclerosee van met name de coronair en cerebrovasculaire vaten. Recentelijk is 

aangetoondd dat de moleculaire structuur van apo(a) grote gelijkenis vertoont met 

plasminogeen.. Op grond hiervan is de hypothese gegenereerd dat de verhoogde spiegels 

vann Lp(a) zouden kunnen interfereren met het fibrinolytische systeem. In dit hoofdstuk 

wordtt uiteen gezet dat recombinant apo(a), waarvan is aangetoond dat het Lp(a) partikels 

kann vormen met LDL in het bloed van konijnen, de endogene fibrinolyse in konijnen 

remt.. Deze studie vormt het eerste in vivo bewijs voor de hypothese dat het 

atherotrombotischee effect van Lp(a) kan worden verklaard door remming van de endogene 

fibrinolyse. . 

Inn vitro studies hebben laten zien dat factor Xla een anti-fibrinolytische functie zou 

kunnenn hebben, omdat activatie van factor XI tot meer trombine vorming leidt, wat 
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vervolgenss een eiwit genaamd TAFI (thrombin-activatable fibrinolysis inhibitor) activeert, 

hetgeenn de fibrinolyse afremt. In Hoofdstuk 7 wordt een studie beschreven, waarbij met 

behulpp van een veneus trombose model in konijnen wordt aangetoond dat remming van 

factorr XI en/of TAFI tot een twee maal verhoogde afbraak van fibrine stolsels leidt. De 

resultatenn van deze studie demonstreren dat factor XI, waarschijnlijk via TAFI, inderdaad 

eenn anti-fibrinolytische rol heeft. Vooral voor het begrip van de verhoogde 

bloedingsneigingg bij patiënten met een factor XI deficiëntie zijn deze resultaten van belang. 

Hett stollingssysteem houdt een geraffineerd evenwicht tussen stolling en antistolling in 

staat,, waarbij de circulatie van bloed door de arteriële en veneuze bloedvaten wordt 

gewaarborgd.. Echter, onder bepaalde omstandigheden kan het hemostatische systeem een 

bloedingg niet of onvoldoende tot staan brengen. In dat geval zijn bepaalde therapeutische 

interventiess vereist, waarbij verschillende exogene hemostatica zoals humane bloedplasma-

produktenn en bloedplaatjes kunnen worden toegepast. Een transfusie van bloedplaatjes 

wordtt vaak gegeven om de primaire hemostase te verbeteren, maar dit kan echter gepaard 

gaann met het ontstaan van ernstige immunologische of infectieuze complicaties. Om deze 

complicatiess te voorkomen worden op dit moment (kunstmatige) alternatieven voor 

plaatjess transfusie ontwikkeld. Hoofdstuk 8 beschrijft de eigenschappen van een mogelijk 

alternatieff  voor humane plaatjes-transfusies: albumine-microcapsules, gecoat met 

fibrinogeenn (Synthosites ®). De microcapsules zijn in staat om in trombocytopenische 

konijnenn een verlengde bloedingstijd te corrigeren en het volume van bloedverlies uit 

chirurgischee wonden te verminderen. De studie suggereert dat de Synthosites in de 

toekomstt wellicht een veelbelovend alternatief kunnen gaan vormen voor plaatjes-

transfusies. . 

InIn het kader van de centrale rol van het tissue-factor-f actor Vila-complex in de initiatie van de 

bloedstolingss cascade worden op dit moment nieuwe therapeutische strategieën ontwikkeld en 

geëvalueerd,, die gericht zijn op dit catalytische complex. Een beperking van deze nieuwe 

klassee van antistollings medicijnen is wellicht het feit dat op dit moment een geschikte 

methodee ontbreekt om het antistollings effect te couperen indien er sprake zou zijn van een 

(ernstige)) bloeding. Hoofdstuk 9 beschrijft in dit kader een dubbelblind gerandomiseerde 

cross-overr studie, waarbij de mogelijkheid wordt beschreven om met behulp van recombinant 

factorr Vil a (rFVÏÏa) trombine te genereren in gezonde vrijwilligers, die behandeld zijn met een 

specifiekee remmer van het tissue-factor-factor Vüa-complex, recombinant NAPc2 (rNAPc2). 

Inn Hoofdstuk 10 zijn bloedplasma monsters van dezelfde groep vrijwilligers die in hoofdstuk 

99 werden beschreven, gebruikt om voor het eerst in vivo aan te tonen dat er een associatie 
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bestaatt tussen activatie van de bloedstolling en ontsteking. Het toedienen van recombinant 

factorr Vüa resulteert in een verhoging van plasma concentraties van Interleukine (IL)-6 en IL-

8,, wat duidt op een kleine, maar evidente pro-inflammatoire reactie. 

Hoofdstukk 11 geeft een up-to-date overzicht van de huidige inzichten over het 

werkingsmechanismee van recombinant factor Vüa en bespreekt de veiligheid en de 

effectiviteitt van het klinisch gebruik van rFVIIa. 

Inn Hoofdstuk 12 wordt het effect beschreven van een eenmalige bolus injectie van rFVIIa in 

vergelijkingg tot placebo op het peri-operatief bloedverlies volume en het aantal benodigde 

bloedtransfusiess bij patiënten zonder bloedstollingsstoornissen die een abdommale prostat-

ectomiee ondergaan. De studie vertegenwoordigt de eerste gerandomiseerde klinische trial, 

waarbijj  de veiligheid en effectiviteit van recombinant factor Vüa werd onderzocht bij 

patiëntenn zonder bloedstollings-stoornissen. Op dit moment is rFVIIa uitsluitend geregistreerd 

voorr gebruik bij patiënten met hemofilie. 

Hoofdstukk 13 beschrijft een case-report, waarbij een levensbedreigende bloeding bij een 

patiëntt met een verworven ziekte van von Willebrand succesvol tot staan werd gebracht door 

toedieningg van rFVIIa. De case illustreert dat toepassing van rFVIIa zou moeten worden 

overwogenn in situaties, waarbij een bloeding middels conventionele methoden gestelpt kan 

worden.. Een uitbreiding van de indicaties voor het gebruik van rFVIIa is voor een aantal 

(nood)) situaties wenselijk. 
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Onlangss verscheen in het toonaangevend tijdschrift AIR (Annals of Improbable 

Research)) een ovemch ts artikel over het fenomeen Proefschrift. Ken grootschalige 

enquêtee onder familieleden, kennissen, collegae en promotores van onlangs 

gepromoveerdee accademici bracht aan het licht dat een proefschrift in meer dan 90" o van 

dee gevallen op de volgende wijze gelezen wordt: 1) het kaft wordt beoordeeld. Orgineel 

ontwerpp en spannende kleuren scoren met name onder familieleden erg hoog. 2) Hierna 

vindtt een tweedeling plaats: collegae en kennissen lezen vrijwel altijd als eerst het 

dankwoord,, in de hoop met naam en, nog beter, met anekdote genoemd te worden. 

Ouderee collegae bekijken vervolgens of de promovendus zijn of haar gedachtengoed in 

correctee vakbladen heeft weten te publiceren, terwijl de jongere collegae snel naar het 

curr iculumm vitae doorbladeren om te beoordelen of zij zelf wel op schema liggen. 3) 

Alleenn directe vakbroeders scoren in 70-80° o van de gevallen het aantal artikelen, waarbij 

dee promovendus als eerste auteur wordt vermeld. (Om u de moeite te besparen, in dit 

proefschriftt 8 /13 = 61.54%). 4) De hoofdstukken zélf worden in de regel zeer sumier of 

zelfss geheel niet gelezen. Een uitzondering wordt gevormd door enkele naaste 

familieledenn (4.7%), die zich vol overgave op het meestal meer dan 170 bladzijden 

tellendee proefschrift storten, om vervolgens halverwege het tweede hoofdstuk 'de 

handoekk in de ring te gooien' wegens een stortvloed aan jargon, enge tabellen en 

onbegrijpelijkee staafdiagrammen. Verassend genoeg zijn het juist deze familieleden die 

unaniemm tot de conclusie komen dat het proefschrift van hoge kwaliteit is. 5) Na afloop van 

dee promot ie rest het proefschrift een droevig einde. Hen uitgebreide subanalyse van de 

enquêtee gegevens toont aan dat het proefschrift in 8 3% van de gevallen op een 

boekenplankk belandt te midden van een stoffig rijtj e andere proefschriften. In dat geval is 

dee kans bijzonder groot dat het proefschrift nooit meer wordt gelezen. De overige 7" n 

zijnn wat beter af. Deze pronken nog enkele weken op de salontafel van de ouders van de 

p romovenduss of worden door uitgevers of vormgevers gebruikt voor reklame 

doeleinden:: de aankomende promovendi moeten immers weten wat voor moois hen te 

wachtenn staat. 

Dee auteurs van het AIR-artikel trekken de volgende conclusies: 1. Hen proefschrift is 

overr het algemeen een lang leven beschoren, waarbij de aandacht voor het proefschrift 

slechtss kortdurend doch hevig van aard is. 2. De relatie van de lezer tot de promovendus 

iss van doorslaggevend belang voor de onderdelen van het proefschrift die daadwerkelijk 

gelezenn worden. 

Uiteraardd kan ik dit dankwoord niet besluiten zonder toch een aantal mensen te noemen 

diee een bijzondere rol hebben vervuld bij het tot stand komen van dit proefschrift. 
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Allereerstt wil ik alle patiënten en proefpersonen bedanken voor hun medewerking aan de 

verschillendee onderzoeken. Zonder julli e inzet komt de wetenschap geen stap verder. 

Professorr dr. Marcel Levi. De ütel Promotor is wederom een nieuwe toevoeging aan jouw 

inmiddelss indrukwekkende hoeveelheid verdiensten. Het is een terechte titel. Jouw 

positieff  denkende geest en n immer aflatend geduld om jonge onderzoekers intensief te 

begeleidenn bij hun metamorfose tot een volwaardig kritisch wetenschapper, zijn unieke 

karakterr eigenschappen. Ik beschouw het als een voorrecht om met jou samen te werken 

enn hoop dat je in de toekomst ook je uiteindelijke ambiues zult waarmaken, óf als 

voorzitterr van Ajax óf als Chef in je eigen restaurant. Ik hoop dat de heren in Stockholm 

geenn roet in het eten gaan gooien. Professor dr. Harry Büller, promotor. Er zijn weinig 

mensenn die jouw gave bezitten om zowel op schrift als tijdens voordrachten een taal te 

hanterenn die lezers en luisteraars uk alle windstreken vrijwel elke keer boeit. Mijns inziens 

benn jij als continue bron voor nieuwe studies en inzichten een van de oorzaken voor feit 

datt de afdeling Vasculaire Geneeskunde AM C op dit moment een van de top-instellingen 

terr wereld is. Dr Bart Biemond, co-promotor. Jij bent de persoon die feitelijk aan de basis 

heeftt gestaan van dit proefschrift door in 1993 aan mij te vragen om een dagje konijnen 

tee gaan 'opereren'. Het vervolg is bekend. Je bent in veel opzichten mijn voorbeeld. 

Drr Bernd-Jan Sanson, paranimf. Sinds 1990 zijn onze paden vrijwel parallel gelopen. We 

hebbenn in de afgelopen 10 jaar samen diverse unieke ervaringen opgedaan. Onze 

samenwerkingg bij het TACT-onderzoek, congres bezoeken en het maken van Sushi zijn 

slechtss een greep. Ik ben benieuwd wat de komende 10 jaar ons te bieden heeft. Gijs van 

Wermeskerken,, paranimf. Ook wij hebben veel overeenkomsten. Onze gemeenschap-

pelijkee hobby's en interessen hebben er voor gezorgd dat we elkaar door dik en dun 

hebbenn leren kennen. Je bent een koning. Binnen kort moeten we eindelijk weer eens 

gaann surfen. Collega stollingsartsen: Jeroen, Suzanne, Manje, Nick, Iwan en daarvoor ook 

Rodenk,, Simone, Rolinda, Rianne en Saskia, allen zeer veel dank voor de prettige en 

zinvollee samenwerking. Katinka Keijzers, zonder jou printer, levenswijsheden en snoep 

zouu dit proefschrift er heel anders hebben uitgezien. Tymen Keiler, ik beschouw jou als 

terechtee opvolger bij de dierexperimentele studies. Daan Breederveld en Mark Geerdink, 

julli ee bijdrage bij het uitvoeren van de verschillende projecten is van groot belang geweest 

voorr dit proefschrift. 

Pap,, Mam en Thijs, julli e onvoorwaardelijke steun, stimulatie en interesse zijn voor mij 

vann onschatbare waarde. 

Caroline,, mijn grote liefde, jouw aandeel in het tot stand komen van dit proefschrift is 

onbeschrijfelijk. . 

Eeniederr die niet met naam genoemd is, maar desondanks bi] het tot stand komen van 

ditt proefschrift betrokken is geweest, ben ik eveneens zeer veel dank verschuldigd. 





Curriculumm Vitae 

Dee schrijver van dit proefschrift werd geboren op 6 juni 1971 te Hilversum. Hij volgde 

zijnn middelbare schoolopleiding aan het Rijnlands Lvceum te Oegstgeest en behaalde in 

19900 het eindexamen VWO. In de periode tussen 1979 en 1995 is hij werkzaam geweest 

alss "medewerker team welzijn" in het psychiatrisch ziekenhuis l indegeest te Oegstgeest 

Inn 1990 werd de studie Geneeskunde aangevangen aan de Universiteit van Amsterdam. 

Hett doctoraal examen Geneeskunde werd behaald in 1995. Tijdens de doctoraal fase is 

hijj  tijdens een studentenstage voor het eerst in aanraking gekomen met wetenschappelijk 

onderzoekk in het algemeen en de afdeling Vasculaire Geneeskunde in het bijzonder. 

Sindsdienn is hij onder leiding van Prof.dr. J.W. ten Cate, Pro f. dr. H.R. Büller, Dr. M. 

Prins,, Dr. M.V. Huisman, Prof.dr. M. Levi en Dr. B.J. Biemond werkzaam als 

wetenschappeli jkk onderzoeker op de afdeling Vasculaire Geneeskunde. Het onderzoek, 

datt gecontinueerd werd gedurende de co-assistentschappen, heeft tot een aantal 

publicatiess geleid, waarvoor hij in 1997 de Hippocrates prijs mocht ontvangen. In 

oktoberr 1997 trad hij als arts-onderzoeker in dienst bij de afdeling Vasculaire 

geneeskundee onder leiding van Prof.dr. H.R. Büller, wat uiteindelijk onder supervisie van 

Prof.dr.. M. Levi heeft geleid tot het gereed komen van dit proefschrift. In september 

19988 is hem door het N W O een AGIKO-s t ipendum toegekend en zal hij vanaf eind 

septemberr 2000 werkzaam zijn als arts-assistent op de afdeling Interne Geneeskunde in 

hett Academisch Medisch Centrum te Amsterdam. 
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