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piperazineethanesulfonic acid; HSA, human serum albumin; i.v., intravenous; i.p., 

intraperitoneal. 
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ABSTRACT 

 

EP224283 combines in a single molecule idraparinux and tirofiban which allows 

obtaining a predictable and sustained antiplatelet effect through the transfer of the 

pharmacokinetics properties of idraparinux to the anti αIIbβ3 antagonist. The activity 

can be instantaneously neutralized by injection of avidin, a specific antidote. We have 

tested the effects of this new profile anticoagulant in various thrombosis models. The 

antithrombotic effect of EP224283 was compared to those of the parent compounds 

used alone or in association at doses achieving low to moderate inhibition of platelet 

aggregation ex vivo. In a model of systemic thromboembolism independent of 

thrombin generation, tirofiban and EP224283 had similar effects at equimolar doses. 

On the other hand, EP224283 was more potent than tirofiban or idraparinux under 

thrombin-dependent conditions. In a FeCl3-induced thrombosis model, EP224283 

was more potent than either parent compound or their combination. Similar results 

were obtained after atherosclerotic plaque rupture in ApoE-/- mice. Thus, the dual 

action of EP224283 exceeds that of the parent compounds used in combination. A 

possible explanation is that EP224283 could concentrate antithrombin inside the 

thrombus by binding to αIIbβ3 through the tirofiban moiety, as shown by 

immunolabeling of the occluded vessel. No prolongation of the bleeding time was 

observed at doses achieving strong antithrombotic effects, suggesting that low to 

moderate αIIbβ3 inhibition combined with FXa inhibition minimizes the bleeding risk.  

The favorable antithrombotic profile of EP224283 together with its possible 

neutralization by avidin makes it an interesting drug candidate for the treatment and 

prevention of acute ischemic events. 
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INTRODUCTION 

 

Arterial thrombosis results from combined platelet activation and blood coagulation at 

sites of vascular injury (Mackman, 2008; Michelson, 2010). In acute ischemic events, 

the cornerstone of treatment is the association of antiplatelet drugs with 

anticoagulants. Most often the association is dual antiplatelet therapy with low dose 

aspirin and clopidogrel and low molecular weight heparin (LMWH) or FXa inhibitors 

such as fondaparinux (Blick et al., 2008; Bonaca et al., 2009; Kushner et al., 2009). 

After the acute phase, the vast majority of patients is treated by dual antiplatelet 

therapy for several months. Many however may require anticoagulants in addition 

either because they suffer from atrial fibrillation (AF) or present a risk for venous 

thromboembolism. The major undesired side effect of any antithrombotic treatment is 

bleeding which can be fatal and attempts to optimize the management of arterial 

thrombosis is challenging as increased antithrombotic efficacy is associated with 

increased bleeding risk (Diez and Cohen, 2009; Schulman and Spencer, 2010). 

Another requirement for up to date management of ischemic diseases is the fast 

onset of action and, depending on chronic or acute nature of the treatment, one may 

want to have a very rapid offset of action which could be achieved either with a drug 

having a very short half life or with a drug that could be neutralized.  

We report here the antithrombotic profile of a new synthetic compound, EP224283 

(Figure 1), which displays both antiplatelet and anticoagulant properties as it is 

composed of the αIIbβ3 inhibitor tirofiban (Patrono et al., 2008) and the antithrombin 

(AT) binding Factor Xa (FXa) inhibitor idraparinux (Herbert et al., 1998; Petitou and 

van Boeckel, 2004; Prandoni et al., 2008; Harenberg, 2009). In addition, a biotin 

moiety in its structure makes EP224283 neutralizable by avidin, as already reported 

for other antithrombotics (Savi et al., 2008). The pharmacological profile of EP224283 
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has been presented elsewhere (Gérard M.T. Vogel and M.P., unpublished data, 

2011). In the present study we compared the pharmacological properties of 

EP224283 to each of its parent compound and to their co-administration in various 

thrombosis models in mice at doses with low to moderate impact on platelet 

aggregation. Overall, a general trend was that EP224283 was more potent not only 

as compared to each parent compound, but also to their co-administration, 

suggesting that colocalisation of antiplatelet and anticoagulant activities is 

advantageous.  
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MATERIALS AND METHODS 

 

Materials 

ADP was from Sigma (Saint Quentin-Fallavier, France). PAR-4 agonist peptide was 

from Polypeptide Laboratories (Strasbourg, France). EP224283 was provided by 

Endotis Pharma (Romainville, France) and Tirofiban by Alsachim (Illkirch, France). 

Idraparinux was a generous gift from Sanofi (Toulouse, France). 3,3’-

dihexylcarbocyanine iodide (DIOC6) and fibrinogen labeled with Alexa Fluor 488 were 

provided by Invitrogen (Cergy Pontoise, France). The anesthetic drugs xylazine 

(Rompun) and ketamine (Imalgene 1000) were from Bayer (Puteaux, France) and 

Mérial (Lyon, France), respectively.  

 

Mice 

WT and Apolipoprotein E-deficient (ApoE-/-) mice were of pure C57BL/6 genetic 

background and were maintained in the animal facilities of the Etablissement 

Français du Sang-Alsace. The mice were fed standard mouse chow containing 3% 

fat (Safe, Augy, France). All procedures for animal experiments were performed in 

accordance with the guide for care and use of laboratory animals as defined by the 

European laws.  

 

Drug administration 

Male mice weighing 20-25 g were anesthetized by i.p. injection of 150 µL of 0.2% 

xylazine base and 1% ketamine. For bolus i.v. injection, the jugular vein was exposed 

surgically and the various compounds were injected at the indicated doses within an 

infusion time frame of 3-4 s. For i.v. continuous infusion, a silastic catheter 
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(FunnelCath™ tapered PU cath, Instech Solomon, Plymouth Meeting, PA) was 

implanted in the jugular vein and connected to a syringe pump (PHD 22/2000 

Harvard, Holliston, MA). 

 

Measurement of the binding of Alexa-488-labeled fibrinogen to platelets 

Whole blood (5 µL) drawn from the mouse tail was diluted 1 to 10 in Tyrode's buffer 

(137 mM NaCl, 2 mM KCl, 12 mM NaHCO3, 0.3 mM NaH2PO4, 1 mM MgCl2, 2 mM 

CaCl2, 5.5 mM glucose, 5 mM HEPES, pH 7.3) containing 0.35% HSA and hirudin 

(100 U/mL) and incubated with an Alexa-647-conjugated rat monoclonal antibody 

against mouse GPIbβ (RAM.1) (2 µg/mL) (Perrault et al., 2003) and Alexa-488-

conjugated fibrinogen (20 µg/mL) for 10 min at 37°C, in the presence of either PAR-4 

peptide (1 mM) or vehicle (plain Tyrode's buffer). Samples were then fixed for 20 min 

in plain Tyrode's buffer containing 2% paraformaldehyde. Treated cells were 

analyzed by flow cytometry and fibrinogen binding was measured by recording a total 

of 10,000 events in the platelet population (GPIbβ positive) and results were 

expressed as the mean fluorescence intensity (MFI). Alexa-488- and Alexa-647-

conjugated isotype controls were used to quantify background labeling.  

 

Measurement of anti Factor Xa activity 

Anti Factor Xa activity was measured in mouse citrated plasma, prepared by 

centrifugation of citrated blood (3.15%) twice at 6,000 and 12,000 g at 4°C, using the 

Stachrom Heparin® kit (Stago Diagnostics, Asnières, France) and the FlexStation® 

(Molecular Devices, Sunnyvale, CA). Inhibitory activity of the test compound was 

calculated on the initial reaction velocity in comparison with a control containing no 
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test compound. The IC50 value was obtained by plotting the inhibitor concentrations 

against the anti-FXa activity. 

 

Ex vivo platelet aggregation 

Platelet-rich-plasma (PRP) was prepared from citrate anticoagulated blood (3.15%) 

drawn from the mouse abdominal aorta (Cazenave et al., 2004). The platelet count 

was adjusted to 400 x 103 platelets/µL using a Scil Vet ABC automatic cell counter 

(Scil Animal Care Company, Holtzheim, France) set to murine parameters. 

Aggregation was measured at 37°C by a turbidimetric method in a Carat TX4 

aggregometer (Entec GmbH, Ilmenau, Germany). The extent of aggregation was 

quantified by measuring the maximum curve height above baseline.  

 

In vivo models of thrombosis 

Acute systemic thromboembolism 

Acute systemic thromboembolism was induced by infusion of a mixture of collagen 

and adrenaline or tissue factor as described (DiMinno and Silver, 1983; Léon et al., 

1999; Léon et al., 2001; Hechler et al., 2006). Male mice (8-10 weeks old) were 

anesthetized and the jugular veins were exposed surgically. EP224283, tirofiban, 

idraparinux or saline were injected into the jugular vein before injecting a mixture of 

collagen (0.17 mg/kg) and adrenaline (60 µg/kg) or human thromboplastin 

(Thromborel® S) (135 µL/kg, Dade Behring, Liederbach, Germany). Two minutes 

later, blood was drawn from the abdominal aorta into EDTA anticoagulant (6 mM) 

and platelets were automatically counted (Scil Animal Care Company) to determine 

platelet consumption. 
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FeCl3-induced thrombosis of mouse carotid artery 

FeCl3-induced thrombosis was performed as previously described (Kurz et al., 1990; 

Leon et al., 2007; Eckly et al., 2011) with some modifications. Briefly, anesthetized 

male mice (8- to 10-week-old) were injected into the right jugular vein with saline, 

EP224283, tirofiban or idraparinux. The left common carotid artery was injured by 

lateral application of FeCl3-soaked patch for 2.5 min (3MM Whatman filter, 3 mm 

length, 1 mm width, 1.7 µL 7.5% FeCl3).  

 

Injury of an atherosclerotic plaque with a suture needle 

ApoE-/- mice (45-weeks old) were anesthetized and their common carotid arteries 

were exposed surgically. All the procedure was performed under a light microscope 

(x20) (stereomicroscope MZ6, Leica, Evry, France). Atherosclerotic plaque lesion 

was induced with a suture needle (3/8 circle taper point 5 mm x 100 µm, Covidien, 

Dublin 2, Ireland) guided with a needle holder (Fine Science Tools, Heidelberg, 

Germany), inserted downstream from the plaque, at a distance of about 1 mm 

downstream of the site that will be injured. Injury was performed at the upstream site 

of the plaque, by moving the needle back and forth until plaque rupture was observed 

under the light microscope.  

 

Recording of thrombus formation 

In both models, DIOC6 (5 µL of a 100 µM solution/g of body weight) was injected into 

the jugular vein prior to injury. Thrombus formation was visualized in real-time under 

a fluorescent microscope (Macrofluo®, objective 5.0X/0.5 NA, Leica Microsystems, 

Rueil-Malmaison, France). Fluorescent images were acquired sequentially (2 

image/s) for 20 min using a CoolSNAP HQ2 camera (Roper Scientific, Evry, France) 
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controlled by Metaview software (version 7, Universal Imaging, Ypsilanti, MI). The 

thrombus surface was quantified at each time point using Metamorph software and 

the area under curve calculated with Graphpad software (Prism 5.0) was expressed 

in µm2 x min.  

 

Immunofluorescence analysis of carotid thrombosis 

At the indicated times after FeCl3 injury, the mice were perfused with 4% 

paraformaldehyde via cardiac puncture in the left ventricle using a 5 mL syringe with 

a 25-gauge needle. An incision in the right atrium allowed removal of blood, saline 

and fixative. Vessel segments were dissected and post-fixed in 4% 

paraformaldehyde overnight. The fixed carotids were washed in PBS, snap-frozen in 

optimal cutting temperature (OCT) embedding medium and cross-sectioned. 

Cryosections (5 µm) were stained for antithrombin with a sheep anti-human 

antithrombin antibody (10 µg/mL, GeneTex, Euromedex, Mundolsheim, France) and 

for EP224283 with a goat anti-biotin antibody (20 µg/mL, Abnova, Tebu-Bio, Le 

Perray en Yvelines, France). Antibodies were revealed with an appropriate 

fluorescently labeled secondary antibody and irrelevant immunoglobulins were used 

as negative controls.  

 

Bleeding time 

EP224283, tirofiban or idraparinux were injected into the jugular vein of 8-week-old 

anesthetized male mice, before severing the tail 3 mm from the distal end. The tail 

was immediately immersed in normal saline (37°C) and the time to cessation of 

bleeding was recorded. If the blood flow did not cease after 30 min, the tail was 

cauterized and the bleeding time set at >1,800 s. 
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Statistical analyses 

Statistical analyses were performed with GraphPad software (Prism 5.0). All data 

were reported as the mean ± SEM and were analyzed by 1-way ANOVA, followed by 

a Bonferroni correction posthoc test. A value of p < 0.05 was considered to be 

statistically significant. 
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RESULTS 

 

In vitro effects of EP224283 compared to its parent compounds  

ADP-induced platelet aggregation was inhibited by EP224283 in a concentration-

dependent manner with an IC50 of 1.20 ± 0.08 µM (n = 3) which was very similar to 

that of tirofiban (IC50 of 8.2 ± 0.3 µM, n = 3). Similarly, FXa inhibitory activity of 

EP224283 was in the range of that of idraparinux (IC50 of 12 ± 4 nM and 15 ± 6 nM, 

respectively, n= 6) (data not shown). 

 

Ex vivo antiplatelet and anti FXa activities of EP224283 

The ex vivo effects of EP224283 and tirofiban on PAR-4-induced fibrinogen binding 

to platelets were compared after intravenous bolus injection into mice. As shown in 

Figure 2A, EP224283 (0.05, 0.15, 0.5 µmoL/kg) displayed dose-dependent inhibition 

(10 to 30%) as compared to the control for up to 60 min after injection. Tirofiban was 

administered by continuous intravenous infusion in order to achieve stable inhibition 

in view of its short half-life (Supplementary Figure I). Under these conditions, tirofiban 

dose-dependently inhibited fibrinogen binding (Figure 2B) with an IC50 of 19 ± 5 

µmoL/kg/h corresponding to 9 ± 2 mg/kg/h.  

The effects of EP224283 and idraparinux (0.05, 0.15, 0.5 µmoL/kg) on FXa activity 

were measured ex vivo after bolus injection. The two compounds inhibited FXa 

activity to similar levels at equimolar doses (Figure 2C, D).  

From these experiments, equivalent doses of EP224283, tirofiban, idraparinux and 

their combination were selected for in vivo evaluation in thrombosis models. These 

doses were selected to result in 10%, 20% and 30% inhibition of PAR-4 agonist 
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peptide-induced fibrinogen binding (EP224283 and tirofiban) and the corresponding 

doses of idraparinux (Table I).  

 

Antithrombotic effect of EP224283 in systemic thromboembolism 

To evaluate EP224283 in thrombin-independent and -dependent models, systemic 

thromboembolism was induced by intravenous infusion of a mixture of collagen + 

adrenaline and tissue factor (TF), respectively (DiMinno and Silver, 1983; Léon et al., 

2001). When thromboembolism was induced by collagen (0.17 mg/kg) and 

adrenaline (60 µg/kg), mice receiving tirofiban at a dose that inhibited fibrinogen 

binding by 30% displayed reduced platelet consumption as compared to mice 

injected with saline (42 ± 4% versus 70 ± 4%) (n = 5, p < 0.001), while those injected 

with idraparinux displayed no reduction in platelet consumption (69 ± 4%), in 

accordance with the fact that this model does not involve thrombin generation. In 

mice receiving co-injection of tirofiban and idraparinux, platelet consumption was not 

further decreased as compared to mice receiving  tirofiban alone (42 ± 3%) and was 

comparable to that in mice receiving EP224283 (39 ± 3%) (Figure 3A). The same 

was true at doses of EP224283 inhibiting fibrinogen binding by 10 or 20% (data not 

shown). Thus, combining anti-FXa activity to platelet inhibition was without added 

advantage in this thrombin-independent model. In contrast, when thromboembolism 

was induced by TF (135 µL/kg), although mice receiving the lowest doses of tirofiban 

or idraparinux displayed no reduction in platelet consumption, their combined 

injection decreased platelet consumption from 74 ± 5% to 51 ± 5% (p < 0.01, n = 10) 

confirming the dual mechanism of thrombus formation. Moreover, under these 

conditions, EP224283 further prevented platelet consumption as compared to co-

injection of tirofiban and idraparinux (28 ± 5% versus 51 ± 5%, p < 0.01, n = 10) 
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(Figure 3B), indicating that covalent association of tirofiban and idraparinux increased 

efficacy as compared to co-administration of the single compounds in this model. 

 

Antithrombotic effect of EP224283 in FeCl3-induced carotid artery thrombosis 

FeCl3-induced thrombosis involves simultaneous platelet activation, thrombin 

generation and coagulation (Day et al., 2004; Westrick et al., 2007; Eckly et al., 2011) 

and is therefore suited for the evaluation of EP224283. At the dose inhibiting 

fibrinogen binding by 10%, where tirofiban minimally affected thrombus formation 

(28% inhibition of the area of the thrombus during 20 min) and idraparinux inhibited 

thrombus formation by 48%, EP224283 inhibited thrombus formation by 78%, which 

was more than the co-administration of tirofiban and idraparinux (63% inhibition) 

(Figure 4A). This again suggested that combining antiplatelet and anticoagulant 

activities in a single molecule increased efficacy. At higher doses, i.e. those reaching 

20% and 30% inhibition of fibrinogen binding (Figure 4B, C), tirofiban itself decreased 

thrombus formation by 68% and 60%, respectively, and idraparinux, at the 

corresponding doses (Table I) by 64% and 56%, respectively. A similar trend for a 

more potent effect of EP224283 (respectively 90% and 99% inhibition) as compared 

to the co-administration of tirofiban and idraparinux (respectively 81% and 93% 

inhibition) was observed although statistical significance was not reached by 

including 5 mice per treatment group (Figure 4B, C). Overall, these results showed a 

dose-dependent potent antithrombotic effect of EP224283 in a model where both 

platelet activation and blood coagulation are involved with a trend for better efficacy 

of EP224293 as compared to the co-administration of idraparinux and tirofiban. 
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Antithrombotic effect of EP224283 in a murine model of plaque rupture-induced 

thrombosis 

In humans, arterial thrombosis occurs at sites of ruptured or eroded atherosclerotic 

lesions (Libby, 2008). To mimick this situation, arterial thrombosis was evaluated in 

ApoE-/- mice aged 45 weeks, which displayed atherosclerotic plaques in their carotids 

by rupturing the plaques with a suture needle. This model is highly sensitive to both 

inhibition of thrombin as well as platelet aggregation and may be more relevant to the 

human disease (Hechler and Gachet, 2011). Using EP224283 and tirofiban at doses 

reaching 10% inhibition of fibrinogen binding and idraparinux at the corresponding 

dose (Table I), a moderate effect of both tirofiban (32% inhibition) and idraparinux 

(41% inhibition) alone was observed (Figure 5). Their co-administration resulted in 

59% inhibition, while EP224283 had a stronger effect (83% inhibition) (Figure 5). 

Thus, again, a trend for a better efficacy of EP224283 as compared to the 

combination of its parent compounds was obtained. Similar results were obtained 

with higher doses of EP224283 (data not shown). 

 

Antithrombin and EP224283 localization in the thrombus after FeCl3-induced 

carotid injury  

EP224283 being tagged with biotin, histological immuno-labeling was performed 

using a goat anti-biotin antibody to visualize its localization within the thrombus and a 

sheep anti-human antithrombin antibody to visualize antithrombin. When present, 

EP224283 was observed in the entire thrombus, where it colocalized with 

antithrombin (Figure 6). In contrast, in control mice, or mice receiving tirofiban and 

idraparinux, antithrombin labeling was localized near the vessel wall, where thrombin 

is generated and platelets are maximally activated (Figure 6). These results indicate 
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that EP224283, which displays high affinity for plasma antithrombin through the 

idraparinux moiety, targets antithrombin to the entire thrombus through platelet 

αIIbβ3 integrin binding of the tirofiban moiety.  

 

Effect of EP224283 on bleeding 

To evaluate its influence on hemostasis, tail bleeding assays were performed in mice 

treated by EP224283 and the combination at equivalent doses of tirofiban and 

idraparinux. Remarkably, doses of EP224283 with strong antithrombotic efficacy 

(0.05 or 0.15 µmoL/kg) did not prolong the bleeding time (Figure 7A). The same was 

true for the co-administration of tirofiban and idraparinux at the corresponding doses 

(Figure 7B). However, at the highest dose tested (0.5 µmoL/kg), the bleeding time 

was dramatically prolonged (> 30 min) (data not shown). These results suggest that 

strong antithrombotic efficacy could be achieved without a prolongation of the 

bleeding time when the antiplatelet component is low to moderate. 
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DISCUSSION 

 

The present study reveals that combining anti-αIIbβ3 and -FXa activities in a single 

molecule could be a promising approach to treat and prevent arterial thrombosis. 

There was indeed a general trend in both of the thrombosis models tested that use of 

the bifunctional molecule was better than association of the two parent compounds. 

One exception was systemic thromboembolism induced by a mixture of collagen and 

adrenaline, which is independent of thrombin generation.  

Several factors could contribute to this added benefit of the bifunctional compound. 

Firstly, EP224283 has a stabilizing effect on the tirofiban moiety, which otherwise has 

a very short half-life and hence cannot be used for outpatients (Barrett et al., 1994). 

Secondly, this pharmacokinetic advantage could be augmented by the co-localization 

at the site of injury of convergent inhibitory properties. Histological examination 

revealed that EP224283, which displays high affinity for antithrombin, is able to 

distribute this endogenous inhibitor throughout the whole thrombus, probably through 

binding to the αIIbβ3 platelet integrin. Injection of a fluorescent anti-biotin antibody to 

visualize the EP224283 molecule during thrombosis fully restored thrombus 

formation, probably through neutralization of the avidin-tagged EP compound (data 

not shown). This observation confirms the possibility of counteracting the effects of 

EP224283 by targeting the biotin moiety in its structure. Added to the fast clearance 

of the EP224283-avidin complex (Gérard M.T. Vogel and M.P., unpublished data, 

2011), this validates the avidin strategy as a means of neutralizing EP224283, further 

enhancing the safety profile of the compound.  

Independently of the possibility of neutralizing EP224283, better hemostatic safety 

was indicated by the normal tail bleeding times using doses which strongly inhibited 
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thrombosis. Antithrombotic activity was achieved with low to moderate inhibition of 

platelet aggregation and FXa inhibition. In fact, one of the main drawbacks of the 

profound inhibition of platelet aggregation induced by many αIIbβ3 antagonists and 

P2Y12 inhibitors including clopidogrel, prasugrel and ticagrelor is the major bleeding 

(Angiolillo et al., 2009; Bhatt, 2009; Sakhuja et al., 2010). Similarly, in patients 

requiring both antiplatelet and anticoagulant therapy, the limitation is the bleeding risk 

(Schulman and Spencer, 2010). EP224283 could thus provide a new therapeutic 

strategy for an improved benefit/risk ratio in patients requiring multiple antithrombotic 

drugs. The entry into clinical trials of such compounds should be accelerated as 

compared to newly developed drugs when the parent molecules are already 

administered to humans, which is the case for both idraparinux and tirofiban 

(Prandoni et al., 2008). The indications of these compounds could be broad as most 

thrombotic diseases involve to various degrees both platelet activation and thrombin 

generation. 
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FIGURE LEGENDS 

 

Figure 1: Chemical structure of EP224283. 

 

Figure 2: Ex vivo antiplatelet and anti-FXa effects of EP224283. 

A, B. Effect of EP224283 (A) or tirofiban (B) on Alexa-488-fibrinogen binding to 

platelets in response to the PAR-4 peptide. EP224283 (0.05, 0.15 or 0.5 µmoL/kg, 

i.v. bolus injection) or tirofiban (3.6 to 120 µmoL/kg/h, i.v. continuous infusion) was 

injected into the jugular vein of anesthetized mice, and blood was drawn at various 

time (5, 15, 30 and 60 min) from the tail vein into citrate (3.15%) anticoagulant. Blood 

was incubated with PAR-4 (1 mM) and binding of Alexa-488-labeled fibrinogen to 

platelets was detected by flow cytometry. C, D. Effect of EP224283 (C) or idraparinux 

(D) on anti-FXa activity. EP224283 (0.05, 0.15 or 0.5 µmoL/kg) or idraparinux (0.05, 

0.15 or 0.5 µmoL/kg) was injected as a bolus into the jugular vein of anesthetized 

mice, and blood was drawn at various time (5, 15, 30 and 60 min) from the tail vein 

into citrate (3.15%) anticoagulant. Plasma was prepared and anti-FXa activity was 

measured using the Stachrom Heparin® kit. Results are the mean values ± SEM from 

3 separate experiments. 

 

Figure 3: Antithrombotic effect of EP224283 in systemic thromboembolism. 

A, B. Thromboembolism was induced by intravenous injection of a mixture of 

collagen (0.17 mg/kg) and adrenaline (60 µg/kg) (A) or TF (135 µL/kg) (B). A. Mice 

were injected with tirofiban (36 µmoL/kg/h), idraparinux (0.5 µmoL/kg), a combination 

of tirofiban (36 µmoL/kg/h) and idraparinux (0.5 µmoL/kg), EP224283 (0.5 µmoL/kg) 

or saline into the jugular vein 15 min before injection of collagen and adrenaline. B. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 28, 2011 as DOI: 10.1124/jpet.111.181321

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #181321 
 

27 
 

Mice were injected with tirofiban (3.6 µmoL/kg/h), idraparinux (0.05 µmoL/kg), a 

combination of tirofiban (3.6 µmoL/kg/h) and idraparinux (0.05 µmoL/kg), EP224283 

(0.05 µmoL/kg) or saline into the jugular vein 5 min before injection of TF. Two 

minutes later, blood was drawn from the abdominal aorta into EDTA anticoagulant (6 

mM) and platelets were automatically counted (Scil Animal Care Company) to 

determine platelet consumption. C: control, T: tirofiban, I: Idraparinux, T+I: 

combination of tirofiban and idraparinux, EP: EP224283. n = 5 mice in each group 

(A) and n = 10 mice in each group (B).**p < 0.01; ***p < 0.001. 

 

Figure 4: Antithrombotic effect of EP224283 in FeCl3-induced carotid artery 

thrombosis.  

The area of the thrombus during 20 min is presented as the area under curve (AUC). 

Thrombosis experiments were performed at doses of EP224283 and equivalent 

doses of tirofiban and idraparinux in terms of antiplatelet and anticoagulant effect, 

resulting in 10% (A), 20% (B) and 30% (C) inhibition of PAR-4 agonist peptide-

induced fibrinogen binding. A. 10%. Mice were injected with tirofiban (3.6 

µmoL/kg/h), idraparinux (0.05 µmoL/kg), a combination of tirofiban (3.6 µmoL/kg/h) 

and idraparinux (0.05 µmoL/kg), EP224283 (0.05 µmoL/kg) or saline into the jugular 

vein, 5 min before injury. B. 20%. Mice were injected with tirofiban (18 µmoL/kg/h), 

idraparinux (0.15 µmoL/kg), a combination of tirofiban (18 µmoL/kg/h) and 

idraparinux (0.15 µmoL/kg), EP224283 (0.15 µmoL/kg) or saline into the jugular vein, 

5 min before injury. C. 30%. Mice were injected with tirofiban (36 µmoL/kg/h), 

idraparinux (0.5 µmoL/kg), a combination of tirofiban (36 µmoL/kg/h) and idraparinux 

(0.5 µmoL/kg), EP224283 (0.5 µmoL/kg) or saline into the jugular vein, 15 min before 

injury. Carotid artery was injured by lateral application of FeCl3 (7.5%) for 2.5 min and 
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thrombus growth was monitored for 20 min. DIOC6 (5 µL of a 100 µM solution/g of 

body weight) was injected into the jugular vein prior to injury to allow visualization of 

the thrombus. C: control, T: tirofiban, I: Idraparinux, T+I: combination of tirofiban and 

idraparinux, EP: EP224283. n = 5 mice in each group. 

 

Figure 5: Antithrombotic effect of EP224283 in thrombosis induced by plaque 

rupture in ApoE-/- mice.  

Kinetic of thrombus formation (upper panel) and area of the thrombus during 20 min 

represented as the area under curve (AUC, lower panel) in mice injected 5 min 

before injury with tirofiban (3.6 µmoL/kg/h), idraparinux (0.05 µmoL/kg), a 

combination of tirofiban (3.6 µmoL/kg/h) and idraparinux (0.05 µmoL/kg), EP224283 

(0.05 µmoL/kg) or saline into the jugular vein to produce 10% inhibition of fibrinogen 

binding. Upper panel depicts the mean thrombus surface area as a function of time 

and the dotted lines represent the SEM at each point (0.5 s intervals). Atherosclerotic 

plaque in the carotid artery was ruptured with a suture needle and thrombus growth 

was monitored for 20 min. C: control, T: tirofiban, I: Idraparinux, T+I: combination of 

tirofiban and idraparinux, EP: EP224283. n = 5 mice in each group.**p < 0.01; ***p < 

0.001. 

 

Figure 6: Antithrombin and EP224283 localization in the thrombus after FeCl3-

induced carotid injury.  

Fluorescence microscopic images of the thrombus 10 min after FeCl3-induced carotid 

injury in control mice or in mice receiving a combination of tirofiban and idraparinux or 

EP224283 (tirofiban 3.6 µmoL/kg/h, EP224283 0.05 µmoL/kg or idraparinux 0.05 

µmoL/kg). Antithrombin (AT) was detected with a sheep anti-human antithrombin 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 28, 2011 as DOI: 10.1124/jpet.111.181321

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #181321 
 

29 
 

antibody and Alexa-647-labeled donkey anti-sheep IgG (red pseudocolour), 

biotinylated EP224283 with a goat anti-biotin antibody followed by a Dylight-488-

labelled mouse anti-goat IgG (green pseudocolour). The merging of antithrombin and 

biotin gives a yellow pseudocolour. Data are from one experiment representative of 

two independent experiments giving identical results. T+I: combination of tirofiban 

and idraparinux. Bar: 100 µm. 

 

Figure 7: Effect of EP224283 on bleeding. 

A. Effect of EP224283 (0.05 or 0.15 µmoL/kg) on bleeding time. The bleeding time, 

as measured by tail trans-section 5 min after injection of the compounds, was not 

changed in mice injected with EP224283 (0.05 or 0.15 µmoL/kg) as compared to 

mice injected with saline. B. Effect of EP224283 (0.15 µmoL/kg) or a combination of 

tirofiban (18 µmoL/kg/h) and idraparinux (0.15 µmoL/kg) on bleeding time. 
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Table I: Selected doses of EP224283, tirofiban, idraparinux and their combination for 

in vivo evaluation in thrombosis models. These doses were selected to result in 10%, 

20% and 30% inhibition of PAR-4 agonist peptide-induced fibrinogen binding 

(EP224283 and tirofiban) and the corresponding doses of idraparinux.  

 

 
Inhibition of 
fibrinogen 

binding 
(%) 

 
EP224283 

 
µmoL/kg        mg/kg 

 
Tirofiban 

 
µmoL/kg/h      mg/kg/h 

 
10 

 
0.05 0.15 3.6 1.7 

 
20 

 
0.15 0.46 18 8.6 

 
30 

 
0.5 1.6 36 17.2 

 

 
 

Idraparinux 
 

µmoL/kg         mg/kg 
 

 
0.05 

 
0.09 

 
0.15 

 
0.26 

 
0.5 

 
0.87 
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