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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. 



AA novel direct thrombin inhibitor (S 18326) attenuates thrombus growth 

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. 

-60--60-



AA novel direct thrombin inhibitor (S 18326) attenuates thrombus growth 

4000 r 

311 ii i 

: I . IO O 

100 0 

3D D 6( ( 90 0 

Timee (minutes) 

120 0 15i i 

30 0 

240 0 

200 0 

160 0 

120 0 

80 0 

40 0 

0 0 

** * 

T T 

1 1 
/ / 

// ** 

// T 

// A- ̂ ^^ 

ii  i 

* * * * 

** * 

"T"\ ^ ^ 
"̂"̂̂ ^^  ** 

^ ~ ^ - ^ 7 " " 

—_ —_ 

** * * * 

-—--.__! ! * * 

i i 

60 0 90 0 

Timee (minutes) 

12ii i 150 0 

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 

-62--62-
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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. 
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