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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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Introduction 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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Materialss 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. 

-32--32-



AttenuationAttenuation of venous thrombus growth by an oral thrombin inhibitor 

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. 

-34--34-
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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, 

-37--37-



ChapterChapter 3 

V) V) 

25 5 

20 0 

15 5 

10 0 

1200 minutes 

40 0 

35 5 

30 0 

25 5 

20 0 

15 5 

10 0 

5 5 

--

--

--

--

1800 minutes 

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. 

•41-•41-
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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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