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Abstract

The aim of this work was to evaluate the effects RIf1-567 (N-pentyl-N'-[(2-cyclohexylamino-5-
nitrobenzene)sulfonyllurea), a torasemide deriegtion both thromboxane ,ATXA,) receptors (TP) and
thromboxane synthase of human platelets. The dfirgtaffor TP receptors of human washed platelets theen
determined. In this test, BM-567 showed a highntifi (ICso: 1.1+0.1 nM) for the TP receptors in comparison
with BM-531 (IGy 7.8 +0.7 nM) and sulotroban (@€ 931+85 nM), two TXA antagonists. We also
demonstrated that BM-567 prevented platelet ag¢icmginduced by arachidonic acid (AA) (600 uM) (BP
0.20 = 0.10 uM), U-46619, a stable TXAgonist (1 uM) (ER;: 0.30 + 0.04 pM) and collagen (1 ugh(% of
inhibition: 44.3 £ 4.3% at 10 uM) and inhibited tbecond wave of ADP (2 uM). Moreover, when BM-568sw
incubated in whole blood from healthy donors, thesare time measured by the Platelet Function aealy
(PFA-100®) was significantly prolonged (closure ¢in215 + 21 s) by using collagen/epinephrine agts.
Finally, at the concentration of 1 uM, BM-567 coetely reduced the TXBoroduction from human platelets
stimulated with AA (600 uM). These results indictitat BM-567 is a novel combined TXAeceptor antagonist
and thromboxane synthase inhibitor characterizea pgwerful antiplatelet potency.

1. INTRODUCTION

Platelet activation and vasoconstriction are intétya involved in thrombus formation. In particular,
thromboxane A (TXA,), which causes platelet aggregation and vasodatistr, plays an important role in the
process of vascular thrombosis [1-6].

TXA, is a biologically potent arachidonate metaboliggived from the cyclo-oxygenase pathway [7]. Indeed
TXA, is formed by the action of thromboxane synthas¢hemrostaglandin endoperoxide (RGH,) [8] mainly

in activated platelets and macrophages [9,10]ialhit there was a great interest in the potenigd of TXA
receptor (TP) antagonists such as sulotroban. Hemyealiese compounds were too selective to completel
inhibit platelet aggregation. In general, interleas switched to agents which are combined recepi@gonists
and thromboxane synthase inhibitors such as ritlagfehe rationale behind this is that the TP receptor
antagonist activity can block the aggregatory aasloeonstrictor actions of PGHccumulating after inhibition

of thromboxane synthesis and that this endoperadaiebe converted to either prostaglandi®GD,) by the
platelets or prostacyclin (PGlby the vessel wall, both of which increase pkitelyclic AMP levels to inhibit
platelet activation [5] (Fig. 1).

According to the observation that the pyridinicfsoylurea torasemide, a high ceiling loop diureti@as able to
induce a concentration-dependent relaxation of ¢hreine coronary artery precontracted with the stabl
carboxylic TXA, [11], we designed and synthesized a series afeitivatives. Among these drugs, BM-500
isopropytN'-[(2-metatoluytamino-5-nitrobenzene)sulfonyllurea) emerged as ohdhe most potent TXA
receptor antagonists of this generation [12]tet,awe developed BM-531N¢tert-butyl-N'-[(2-
cyclohexylamino-5-nitrobenzene) sulfonyllurea) whievas demonstrated to be a stronger JXAceptor
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antagonist than BM-500 and to combine a thromboxyn¢hase inhibitory activity [13,14]. These encaimg
results led us to design a new generation of dévies chemically related to BM-531. Therefore, wiested
BM-567 and examined its effects on TP receptors taremboxane synthase of human platelets (Fig.tg). |
affinity for TXA ,receptors has been determined and its antiaggrggaitency has been evaluated by its ability
to prevent human platelet aggregation induced bghadonic acid (AA), U-46619, a stable TXAgonist, ADP
and collagen. Moreover, we measured the activitthisf drug on primary hemostasis measured by thtelet
Function Analyzer (PFA-100®). Finally, we examirtbeé effects of BM-567 on TXBproduction from platelets
stimulated with AA in order to evaluate the thromboe synthase inhibitory potency.

Fig. 1. Prostaglandins and thromboxane biosynthesis.
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2. MATERIALSAND METHODS
2.1. Drugsand chemicals

Drugs were synthesized according to general syintipatthways previously described [12,15]. Drug neoth
solutions were prepared in dimethylsulfoxide (DMST)e final concentration of DMSO did not exceedf, &
concentration which did not affect the parameteesasnred. Stock solutions of sodium arachidonateM5m
Sigma, Belgium) were prepared in water. U-46619y(@an Chemical, Ann Arbor, MI) supplied in ethanolic
solution was diluted with the incubation buffer. - 29648 was purchased from RBI (Bioblock, lllkir¢france)
and sulotroban was synthesized according to a gepescedure previously described [16]. The solutidn
collagen was provided by Horm (France) and [5jf8Q-29548 (46 Ci mmd) was obtained from NEN
Products (Brussels, Belgium).
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Fig. 2. Chemical structures of torasemide, BM-500, BM-53d4 BM-567.
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2.2. Phar macology

Platelet binding.The binding test realized on human washed platelatsperformed according to a previously
described method [13,14]. Human platelet-rich plagRPRP) was provided by the Belgian Red Cross tibrex
(10 ml) of this plasma were centrifuged for 10 rain1000 g(4°C). The supernatant was discarded, the pellet
resuspended in NaCl (0.2%, 5 ml), mixed for 20d then diluted with NaCl (1.6%, 5 ml). The suspensi@s
centrifuged again for 5min at 10@P(4°C). The supernatant was removed and the pebet suspended in
calcium- and magnesium-free Tyrode-Hepes buffer (MdCl 137, KCI 2.7, NakPQ, 0.4, NaHCQ 12, D-
glucose 5, Hepes q.s. ad pH 7.4) to a concentratiod x 16 cells mi*. Freshly prepared samples of this
suspension (500 pl) were incubated with [5:6SQ-29548 (5nM final concentration, 100pl) for Grat 25°C.
The displacement was initiated by addition of thedgtd ligand dissolved in the same buffer (400Afer
incubation (30min, 25°C), ice-cold Tris-HCI buffe&fd(mM, pH 7.4; 4ml) was added and the sample waidlya
filtered through a glass-fiber filter (Whatman GF&hd the tube was rinsed twice with ice-cold hutfe ml).
The filters were then placed in plastic scintillatigials containing an emulsion-type scintillatioixtare (4 ml)
and the radioactivity was counted. The amount @-{B]SQ-29548 specifically bound to the human plat&lRt
receptors (B %) was calculated:

Bs= 100 x B-NSB)/(B-NSB) (1)

whereB; (total binding) and NSB (non-specific binding) #ne radioactivity of [5,6H]SQ-29548 (5 nM) bound
to the platelets incubated in the absence of ampeting ligand and in the presence of unlabelleeRSg48 (50
1M), respectivelyB is the radioactivity of the filtered platelets ifaied with [5,6°H]SQ-29548 (5 nM) and the
studied compound at a fixed concentration 6fNMQor at concentrations ranging from 1 10'°M. In each
experiment, NSB varied between 5% and 7%BpfFor the most potent drugs, three concentrationeresp
curves were measured in triplicate using concdatratranging from 1®to 10 M. The concentration of drug,
which reduced the amount of specifically bound {5$SQ-29548 by 50% (1), was determined for each drug
by non-linear regression analysis (GraphPad Pridtware). The results are expressed as mean + SDM.

Platelet aggregationThe antiplatelet potency was determined according previously described method [13].
Briefly, blood was collected by venipuncture fromlunteers reported to be free from medication fdeast 10
days and diluted (9:1) with trisodium citrate (3.8%w) in a polypropylene tube. The PRP was obtaifnech

the supernatant fraction after centrifugation fomdh at 90 g(25°C). The remaining blood was centrifuged at
2000 gfor 5min (25°C) and the supernatant gave the miamdor plasma (PPP). The platelet concentration of
PRP was adjusted to 3 x®ells mi* by dilution with PPP. Aggregation tests were perfed according to
Born's turbidimetric method [19] by means of twanhel aggregometer (Chrono-log®). PPP was usedjtsta
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the photometric measurement to the minimum optleakity. PRP (225 ul) was added in a silanized ttenaand
stirred (1100 rev mify. Drug solution (20 pl) was then added and thetuméwas incubated at 37°C for 3min.
Platelet aggregation was initiated by addition ®fu() AA (600 puM final), U-46619 (I uM final) ADP2(puM
final) and collagen (I pg rlfinal). To evaluate platelet aggregation, the mmaxh increase in light transmission
was determined from the aggregation curve 6minr adiddition of the inducer. The drug concentration
preventing 100% of the platelet aggregation indulegdAA (ED;oq) was measured and expressed as mean *
SDM (n = 3). The drug concentration reducing 50% of tteghét aggregation induced by U-46619 {FDvas
calculated by non-linear regression analysis froneast three dose-response curves. The resulsxaressed

as mean + SDM.

PFA-100.The PFA-100 system® (Dade Behring International@} bbeen described elsewhere in detail [17].
The system consists of an instrument and a dispegabt cartridge where primary hemostasis is sétedl|
Briefly, the system monitors platelet aggregationaocollagen-epinephrine-coated membrane as wHotml b
sample is aspirated under controlled flow condgitimough a microscopic aperture cut into the membrThe
time required for the platelet plug to occlude #perture is indicative of the platelet functiontire sample.
Blood samples collected by venipuncture from foemlthy volunteers reported to be free from medicator at
least 10 days and diluted (9:1) with trisodiumatir(3.8% w/w) in a polypropylene tube were incatdawith or
without the drug (10 pM) prior to test at room tergiure typically for 5min with occasional mixing bentle
inversion. Then, the blood sample is added to #mepde reservoir, and the test cartridge is addedtire PFA-
100® and incubated at 37°C. The sample is aspittiitedigh a central aperture (150 uM diam.) cut i@
membrane under steady vacuum created by displateshdhe piston of a syringe pump connected to the
vacuum chuck. Platelet activation and aggregatioous at the area surrounding the aperture duéedo t
presence of agonists and local shear conditiorentaslly leading to complete occlusion of the apert The
instrument monitors blood flow through the apertangl reports the time required for occlusion of dberture

by the platelet plug, thus defining the closureeti(@T). The CT measured are expressed as mean +(BBM
4).

Thromboxane synthase activity)RP preparation is identical to that described tfar platelet aggregation
experiments. Each drug was dissolved in dimethydside (DMSO) and diluted with a Tyrode-Hepes buffer
(mM: NaCl 137, KC1 2.7, NayPO,-H,o 0.4,D-glucose 5, NaHCO12, Hepes; pH 7.4). To 900 ml of PRP, 50
ml NaCl, 0.9% and 10 ml of drug solution were add&fter 6min incubation at 37°C under stirring (6G0n),
aggregation was induced by 40 ml sodium arachidgo(@6 mM). After 4min, the reaction was stopped by
adding 50 ml of indomethacin (0.02 M in ethanoheTsample was immediately centrifuged (17 500 dLéos)
and the supernatant was removed and frozen (-7@&itil)assayed for TXB Basal and maximal production of
TXB, was estimated in the absence and in the presémok, sespectively. Thromboxane synthase activityswa
expressed as the TXBroduction, which was measured by using a conipeténzyme immunoassay (TXB
EIA Kit, Cayman Chemical Company).

3.RESULTS

In a first experimentation, we evaluated the affiif BM-567 for human platelet TP receptors. Thgrebe
measured the capacity of our drug to displace J8]6Q-29548, a potent competitive ligand of TP récegp
from its binding site on human washed platelets.ré&dized concentration-response curves and cédtll&s
values, which represent the drug concentrationjeéo displace 50% of [53%4]SQ-29548 from TP receptors.
Table 1 shows that BM-567 (¢ 1.1+0.1 nM) is characterized by a higher affirtthgn sulotroban (1§ 931 +
85nM), BM-500 (IGo: 79 + 7.9nM) and BM-531 (I&: 7.8 £ 0.7nM).

In a second step, we determined the property of 3VIto prevent human platelet aggregation induged/A
(600 pM), U-46619 (1 pM), ADP (2 pM) and collagdpgml™®). When AA was used as inducer, BM-567
totally prevented the aggregation at the lower dufs@.20 + 0.10 uM (ERy)- Compared to the other TXA
receptor antagonists referenced in Table 1, BM-56% much more active than both sulotroban(gM0.2 +
2.1 uM) and BM-500 (ERq 14.0 £ 2.3uM) and no significant difference wasarfd in comparison with BM-
531 (EDgs 0.125 + 0.015 uM). When the TXAtable agonist U-46619 was used as platelet agimggegent,
BM-567 (ED;y: 0.30 + 0.04 pM) was slightly more active than B8 in terms of ER, which correspond to
the concentration required preventing 50% of thgreggtion. It was nevertheless much more potemt Bid-
500 and sulotroban (BB 9.5 = 2.4 and 11.3 = 4.1 uM, respectively). Thmaaanking can be made when
collagen was used as platelet aggregating ageteeth at the concentration of 10 uM, BM-567 and 5345
respectively, prevented 44.3 + 4.3% and 42.9 = 49%latelet aggregation while BM-500 and sulotrolaere
not active. Finally, when ADP was used as inducene of the tested drugs prevented the initial @has
aggregation. On the other hand, BM-500 and sulammqiO uM) weakly prevented the second wave otldat



Published in : Prostaglandins Leukotrienes and BfakFatty Acids (2003), vol.68, iss.1, pp.49-54
Status: Postprint (Author’s version)

aggregation while at the same concentration both38¥ and BM-531 completely inhibited this secondary
phase of ADP-induced aggregation. In this aggreggn&udy, torasemide (100 uM) was inactive, irextjve
of the inducer used (Table 1).

The antiplatelet potency of BM-567 has been confitroe human whole blood by measuring with the péatel
function analyzer (PFA-100®). In this study, we exaed the effects of BM-567 on primary hemostasis.
Compared to reference values (CT: 110£10 s), toraeeBM-500 and sulotroban did not modify closureet

of the central aperture of a membrane coated wittixture of collagen and epinephrine (CT: 108 + 94 % 8;
11245 s, respectively) while both BM-531 and BM-5i@nificantly prolonged CT (CT: 175 + 24 and 2151 2
s, respectively).

Finally, we examined the effects of BM-567 on themboxane synthase activity from human platekstshe
concentrations of 10 and 1 uM, BM-567 totally preteel the production of TXBby human platelets activated
by AA (600 uM). At the same dosage, the thromboxamghase inhibitor furegrelate reduced the pradoatf
TXB, from 67.52% while torasemide and BM-500 showedmninibitory potency. At lower concentration (0.1
p1M), BM-567 did not inhibit the production of TXBnymore. In this test, BM-531 showed the samebitdry
profile as BM-567 (Fig. 3).

4. DISCUSSION AND CONCLUSIONS

In 1992, Uchida et al. [11] demonstrated that temsise elicited a dose-dependent vasodilating agtiote
isolated canine coronary arteries contracted byénbocyclic thromboxane ACTA;), a stable analogue of the
potent coronary vasoconstrictor TXAvhereas indapamide or furosemide had little éffecthis preparation.
Nevertheless, these effects were observed at raghutic doses. In a previous work, we confirmteat t
torasemide possessed a weak affinity for TXéceptor of human washed platelets and that tiesngy was not
strong enough to prevent platelet aggregation iedlmy AA, U-46619, collagen and ADP, even at theedof
100 uM. Thereby, we synthesized and developediessgfrits derivatives.

Table 1
Drugs Binding® (IC50, nM) Aggregometry PFA-100
AAP U-46619 Collager
(ED1oo, UM)  (EDsp, UM) (%)
Sulotroban 931 + 85 10.2+2.1 11.3+4.1 NI 112 +5
Torasemide 2691+ 72 > 100 >100 NI 108 £ 9
BM-500 79+7.9 14+23 95+24 NI 114+ 8
BM-531 7.8+0.7 0.125+0.0150.48 £0.09 429+49 175+24
BM-567 1.1+£0.1 0.20+0.10 0.30+0.04 443+43 215x21

2 Drug affinity for TXA, receptor of human platelet: dCrepresents the drug concentrations needed toadisf0% of [5,6H]SQ-29548
from TXA; receptor of human washed platelets.

®Drug concentrations required preventing 100% ofplagelet aggregation induced by 600 uM of AA.

°Drug concentrations required preventing 50% ofla¢elet aggregation induced by 1 uM of U-46619.

4 Inhibition percentage of platelet aggregation wetliby collagen with a 10 uM drug prevention (Nigsinhibition).

¢ Closure times measured by PFA-100® (with drugsl asel0 uM) compared to reference value (110 +)1Ba&sults are expressed as mean
+ SDM (r=3).



Published in : Prostaglandins Leukotrienes and BfakFatty Acids (2003), vol.68, iss.1, pp.49-54
Status: Postprint (Author’s version)

Fig. 3. Effects of furegrelate and BM-567 on thromboxanep®duction induced by human platelets which
expresses the thromboxane synthase inhibitoryigctiv
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This work led to a first generation of TXAeceptor antagonist of which BM-500 was the masiva. These
encouraging results led us to design and synthesigeries of torasemide derivatives of second gépar
represented by BM-531, which was demonstrated aditst combined thromboxane receptor antagonidt an
thromboxane synthase inhibitor belonging to thdosylurea class. Finally, with the aim of improvirige
pharmacological profile of BM-531, we designed &iént other derivatives of which BM-567 emergedekd,
we demonstrated that BM-567 strongly displaced-fBf5Q-29548 from TXA receptor of human washed
platelets with a higher potency than BM-500, BM-%81d sulotroban. We also confirmed its powerful TXA
antagonism and antiplatelet potency using standagdregometric techniques and the recentlyldped
platelet function analyzer (PFA-100®). In thesddeBM-567 was at least as active as BM-531, wisN&-500
and sulotroban were less potent. Finally, we cordit that BM-567 also reduced the production of 7XB
human platelets. This effect cannot be attributed tyclo-oxygenase inhibition since we demondirétat BM-
567 did not prevent the prostaglandin @GE) production induced by both ovine COX-1 and COX-2
separately incubated with AA. This result confirthe thromboxane synthase inhibitory activity of E@7.
This has the advantage that other AA metabolitestiibe produced. Thus, in the setting of plateleivation,
as would occur locally at a vascular injury sitee platelet-produced endoperoxides can be takdnyugher
cells (smooth muscle cells, endothelial cells aridtevblood cells) which can then produce P@&hd other
antithrombotic prostanoids [18,19]. Therefore, &mithrombotic effect due to the presence of lgcpibduced
prostacyclin could exceed that expected by onlchig TP receptors. Additionally, the conversiontbé
endoperoxides to E-type prostaglandins could helpetluce thrombus formation due to their vasodijato
action. A variety of compounds with both activitibave been reported. Ridogrel was the first puatival
inhibitor of TXA, to be tested clinically, but it yielded disappaigtclinical results because its receptor affinity
(ICs0: 1.7 uM) was demonstrated too weak in regardsstthromboxane inhibitory (I 0.004 uM) effects to
adequately qualify as a compound with a dual mddaction [20]. This is not the case with BM-567 whic
exhibits a combined activity on both TP receptord timomboxane synthase at a similar concentratoge.
BM-567 was found slightly more active than BM-53iLgreventing platelet aggregation induced by U-£661
and prolonging closure time with collagen-epinepércartridges from PFA-100®. From a structural poih
view, both drugs feature an acidic sulfonylurea ehoiwhich appears to mimic the carboxylic acid tioc
found in all prostanoids and the majority of thglirarmacological modulators [21]. In conclusionstiiork led

to the discovery of BM-567, an original, well-batad non-carboxylic TXA receptor antagonist and
thromboxane synthase inhibitor. This compound hasnbselected for furthein vivo experiments as
antithrombotic agent.
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