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Summory

we studied in lilro thc anripla(eler xcri!ìl! ol a.cw.itftxlei
!aÌi!e chemically rehred to acetllsalicrlic acìd 2 acetoriybenzoate

2 [] njrorr meÌh]ll phenvl cner l\CX ,1016). in order to ìdendl,m\
elfects due to rhe release ol nitrlc oxide and the blockade of *clo-

The dfeo! of scrler doses ol NCX 101 6 on the early phase ol plate

ht lcrivàtion, pìaleler aggregador nrd rhromboxane Ar producilon

rere lnvestrgated. \\e obsesed inhibitory eltìc$ ol NCX 1016 o.
plalelet adheiion (lc.r=7 3 r 10 

j11). 
plateler cyl o solic calciumcon-

centrÀtion, assayed by fluore!0entliobe Fùm 2, and the exp.ession of
gllcopmrein Ilbflla (CDl1 / oL 6PJ llci, = 3.1 r l0 : N'l) and P-selec'

dn (CD62 / GMP-la0l (lc,i = 1.9 x 10 
j 

N{) melsuled by lo( 0yt0

neu' \C\rnl'ol op'"."edÈ orbiLrd.r..dpìr"e q8-f- r
(lC,o = 3.9 x llrs NI). None of rhese parimeien sere a lcled by

acetrlsalicÌlìc acid These inhibiiory acttr ltie\ of NCX 4016 werc abol'
i\hed bv o{lhaemoglobin and merh}hne bìue. Inracellulù c}clìc
GvP obse eddudrgrhrombin induced asEegaiion Ba\ nrueased br
ìncubadon $irh NCX 4016 ftese resuìts appear ro be atribukble Io

dre release ol nit c oxide. trhich lctivates \oluble platelet gumylrl
c),clÀe and promors inmccllular crclìc GvPincrease. NCX 1016 al-

mosr completely inhìbired plarelet rhromboMne Ar producdon anC,

arachidonì0 acid inducedplutelet aggregattu. This rlso occuned in the

p.e\ence of oxrhrcnoglobin and nethylene blue. indicaring ùat ih
andpÌale]et acliv it] can be attributed not only nr nitdc oxide relea\ebut

d o,oc).ìo-o\\rer".. r'b ioì

lnkoducllon

In liiro and in vilo studres concerning rhe effecrs ol nilrodedvadve

cornpoùnd\ on pìatcler lunclio. h:ì!c give. conlicting .esul1!: the

efficacy as antiasgregaling drugs ls. therefore, still a malter of debare

fl.2l, and cond.ùes to elìcn con sìderab le inrerèsl.

A ne\l class ol nxroderivatrve non-sleroidal and-inflammalory

drugs has b.en recer(l! srnrhesized ill. These compoùnds exibrt duxl

antrdatelet functionallty br- acdng tlnough cvclo-oriygenase (Cox)
and nitdc oxide (N0) delendenl mecha.iim!. In a pEvious nud]. we

Lolted the andaggregaring aclirity of one ol these conpounds, $hich
ras chemic ly related ro acetlhalì$lic acid (No-aspinn, NCX 1215)
(1,51. confiming its dual mechanism ofacri0n. The aim ol the presenr

study uas 10 characlerize in lrtro the aotivity ol a nev lomìulà ol
N0 aspirln. by dcfinjng both i1s olerall andaggrdgaring activlty and rhe

Ielerani mechanlsms ofacdon. The nrolecule concemed rs :l acetoxy

benzoale 2-ll-nitrcxy nreùyll-phenyl esrer (NCX 4016, M.W. 335.3i
NICOX. London, UKl. rìth the lollowing formula (Fig 1):

Li..nrlo- d-00tu'.rooeorporì, jr ." ùrere. rr.e ro
independenr bui !lnersisric anrjplatelet activiries are combined in lhe

same molecule Therelìre, xe soughr ro idendi) !n) effect due io N0,
§hth acls on rhe earlv phrse of platelet actjladon. and an) ellecÌ mù
diated by the blockade olplareletCOX. §t resred the effecls on phte-
iet adhesion and aggregatjon as \leLL as inùacelluÌar lree calcium

llca:-1,) and alteradons ir clcìic CMP (ccNtP) levels induced by

ùrombi.. lince concentradons ol rhese inr&ellular mediators are

modified b) NO donoh and endorhellum-denled NO Studl, paranre-

teiì al\o included the expressio. olglvcoprcrein llb[ÌÌa (inregrin) and

P selecdn (CD62 /GNIP-1401. usìng flo]l cyromeq (6) afier srimulus

$lrh llgoni( linallr. re soughr ro invrsdgate shetherNCX 4016 had

antiplalelet aclivides \imilar to those of acetyhalicrlic acìd (ASAI ùnd,

ìn pa icular. il ii could ireve$ìbh, inhibrr rhromboxane Ar GXA,
production The.eforc, we sudied the invitro inhibrtion by \CX 4016

ofmaximalh sdmulared TXA. prcductNn, compared xith ihar induced

òI ASA

l otèriols ond Melhods

\tnous blood snples i4| ml)\rre collccled nlm l0heùlthl rdultlolun
reùs trh. hld nor lEvioNll been olirg anl dtugs lù al hÀt I seks. Acìd
onale deffose6ixruretllnl,lsodiumcihre. 11.8o\'l.nncrid, t8mM
dextde, À'ldck. DùNadl, G) $as u!e/ as an anticoaguhnr agqn \\ Nhed

fladers ivùe obrained, h! iidho ùntdtueaion (7r]l g lor 15 niil. lmh
plueht'nch pltrjùa. This trN pepùed à.ùrdiig r. Hallan 17) usine lo$-

o:to"Cooeslonderce to Dr C Lerhi,lstituù diChimi.ae iv1ìùos«ìpià Clìnici.
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ol these a-qenh to coùpensale lor pNsible changes ii ligh ttusnission (16).

we rned rhe efièd\ .l scahr dors ol NCX 1(116 on pklehr a$egùrion
xnd ùe duadon ol rhe lag ph8e ìndrel by ùachidoiìr acid I x l0 J N{

'\lend'.1-e'.e.1 A.o,n''.\r.. 1.0. er rro,$pe'i Ér...se
evalùnèd the dle.6 oforyhdnoglobii aid neth)"lene blue.

liDall), to erclude lhc po$ible elieù ol NCX 1016 on plùteh NO sln
rhar, pLàcleN 1kr ii.ùbaled lor Ì h lr3?! C ùirh I x l0r Nl L-No mono-

merhil ù-qiniie (L NIMA. Sigma. Sr. Louis. \1O. USA). a conpè ivè ìdhib'

ior ofNO synrhAe

MeotùEi a1t af Platekt TX"\ ) Ptudùniat

The rcliviry olNCX4016 onphteìet TXAr sinthesìs ws studied in lito
ard compared with ùat ÒIASA (l x lùi I x l0-M).byeralùadn!thèpio'
dudion ol TX!. ìn whole blood This \16 m*$red s a Eflùtio! ol maxìnat

ìi srimulatedCOX EtirilyotphkHbr endogÈnoNlr fom]ed thrombm (17).

Whole blood xlìqùors stre Len ro clor ,17' C lor 60 hin md ùei Èiriiugùr
ed ar l,0m rpù lor l! min SeLum §6 colbclcd liom the eff lr I aliquo$

.0..- è,-Y / f\. .d.of-\8.I
metabolile olTXA.. {s dertrnìned bI dìoinnnunossy in dilured Mnples
sìig .onndcial mtisùa (Biomol. Pllmoùth. PA. LlSAl.

In order to voifj" the rnew6lble Ìnhibnion oragsrrgation.l0 Dlolwhole
blood trùeincùb ed wiù NCX4016 1 x 10- Iland ùù ùe plaÈhs w4e
iolated to te$ achÌdonn acidrndufd aegregatlon .

MeasÌenau afPlatekt Ctclit GMP

The inrÌaphÉlel cGyP con€ntmlion {as der.rmiDed undfl $e sanecoD.

dìd.6 as lhon in shich Fhleler aggregadon {N 6MIed Wshèd plarehts

(2xl0rphr.k nrll {se pEinlubaEd tu 2 min with sNP I x ll]i11$d
I x ltÉ M and l0ninpiù NCX 1016 L x l0 r. 5 x 10 I and I x lllrl,{ and

rhù nimùaièd wirh ùmtobii (0.1 U/nL). Alù I /.hinandlr/jfrìi ic*cold
ethanol (ro Bi\r 55+ elhùol) ! 6 added Mie Sanphs \rre enrilu-saled ir
2000 g lir 15 rnm ar l'C and Ih. spematanr lvas dried undo nilrcgen ar

1l' C in a !&ùùn o!ù. lhe dded èrtncts \rr dnsol\td ii a I ml bùffèr

Concenlrations ol llareìer CGNIP x{e nEdured ùsin-q a conmercialndioin
muioÀsy kit (Aùfrshxfr, LK) A1l dètemìidions Nùe perlomed Ening

du!ìicaB oi two allquor! ol edr emlk

Dara ùe errEsed À Veri t Slàidùd Eror Òl ùe vem\ (SENI) Nlèds

nEe compùed Ning Srdenas I rer lor paired dah. Unpaired dam riallsis
ùas somelims ufdund P r3lu.s <0 05 lveÉ rikÈn a5 signifiùnr The mem ol
ùe diffeenes obseNed in some sody end poirÌs and rhe 95t conlidene
.'.,.. l. .', ,''l r.dl.,,Ji.'kJ.r d.l tr.d e.'' o

.et. q.ob'è.or lr.'prs L,r.ÙP\DlPo \.,D'.90 l.\

Resulls

tllc. oJ \i x ,4,6 o. '.,. L Pù 4P.,." 1,. o.t.

Tlùonbin (0.05 U/ml)-sdmulated plarelet adhesion on fibnnogen

Nas.educed by NCX4016 !t concenmtion! runging ftom I x lGr lo
I x lùr14 (IC:0 = 1.3 x 10 5 U). The efecrs of all resled concentra-

lions of NCX 4016, Ò(cepl 5 x l0r À,1, wùe stadsticalil, significant

ivhen comparedrobasal raÌues (n= 5;P<0002lor all the rested con-

centation, (Ii-s 2).

TXe increase ol lnracelhlm free calcium induced by thrombin

(0.06 U/lln), measuEd by fluorescenl lrobe Fu.a 2 AM. uas dose'

dependently reduced by NCX 4016 in a concenration range ftom

2.5 x lN10 I xjl0-rM. hiswas assessedbr lirear rcgrEssion anal
vsis of tle means, bothinrhe presence G: -0.894. n= 7 P <0.01)and

absence G ='0.968. i = 4. P <0.05) of exùaceìlular calcium (Fig. 3).

d?

ftx
!

B ro-s l0-.
NCX 4016 nol/I

F,8 , Inhibnioi oi ùtutubir (0 05 U/ml)-indEed platehr adh$ion by in
ù*sii8 coi€nrBtjons ol\CX:1016. PlaÈlèll were treaEd wi$ ASA 3 x
Itrr y. For all comeiraùois tested, except 5 x lOj Mr P < 0m2 vùsus
baal valùs (n = 5) Mqn i Sllvl

l0-3

\4ean lalues of lcar'l determined wirh and wiÌhoul extracellular cal-

cìum in the medium were aho conelated (r = 0.929. n:5. ? <0.05).In
. eprerenreoreÀrrc.e. (ldrccl. Lr..re'edù.ro,ol cJ..urrc.pon.e
to ùrombln at dilferent concentBlions ofNCX 4016 is closely cofielaÈ
ed lo the inhibjiion olaggrcgatio.lr = 0.92?. n = 8. P <0 001)

Surface expreslion of the adhesion molecules glycoprctèin Ilb/lIIa
(CD4lidBllJ and P selectin (CD62/GMP-140) on thrcmbin
(0 05 U/nrl)-slimularedplatelers $as inhibrted by NCX 4016 ar concen-

ttutions Énging ftom 2 5 x liP to 2.5 x 10r I,l (Fì9. 4). IC$ were

respednelv 3.1 x l0-j M and 4.9 r 10 iM.
The inhibilon efièct of NCX 1016 betseen I x l(t5 and I x 10r M

on CPIb,{lla and P lelectjn Èxpressionwas compìetely emoled by tte

Iit. J Effen ol diffèrnt coicennadons of NCX 4016 oi ttuombii (0.06

Lvnl)-indulodplaÌelet [Ca]l,inùus in!reFre olexùrcelluldcahiùm (a)
and absn@ of exùaÉliùItu mlciun (C). Plachrs $ùe neatd with ASA 3 x
l0 I M For each cÒieitatìoi! of the drug at h6Ì ,1 expeiments wm pù
lomed in dupliùte Mmn: SIM
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o GP IIb/III.

Fio.r ElfecB oliDcrèasing concenrÀdois olNCXl016 onù' exFe§ionof

ad;sion rìohcùk§ on plùelets ninuìared eith ttulmbìn (0 05 I r/mll PlakÈts

;.Ìe rarèd Nnh ASA I x l0r M. Foi erch conÉnfùdons ol ih' dng at hsl

Ò ep.,ìea ,4" \'o'- ''\l P 000'

] p.00t P < 0.02 \eaus bAiÌ 1dlùeò

"dd,L 
on ol o\\\demoP oorn 2 ' ln ' M Tle e'o-e '01 ol P_eÉ'l'l

decredeo ro r8:,rFlr=4i r \e pE\.1ce ol \Ctr r0 6<

l0r M. with the additior of olvhemoglobin i! increased to 4041

0.88 F (n = 4iP lol Ìrnpalred data <0.00ì)' A similar pheromenon ra!
.hseN-ed when GP IIb/llIa was §tudìed.

r,p i !.hc.. ol Llfon b" 000 I - mdùed D 0'ee' rsFegsro 
' 
br r '

. er. ,- coTe., ,Òi. ot NC\40',ÒP',..ekrve,eF".eo.nqs\l
rft'Al.fo,m.l.or( ùar.on'ù'.e.rBart!r- le{ -r' rerper

lomed ii duplicate. )'lem I SEM. * P<0.0 L vefus bael valus

194

Ellects ol NCX 4016 Ò]t Platelet qsruiation

Tluombin-induced aggrcgatìon of plateler\, lreaed vith ASA 3 x
I ù5 M io plerent TXA, producdon. qàs tested after 10 mii iicùbadon

wirh NCr40ì6 al37'4. Plarelel aggegaiion Nas almosttotallv inhib-

fted hv NCX 4016 at concentntions ranging fton 2.5 x 10 ' to 5 x

,0 V IC-o-.1" 0 V 'Fir 
('arer nrr. or rrclo.,'onrr

ll7 L. \[, oo.er'.0 ..À \.\ d0 , d d ì.r r ec pLre e ' spegn 0n'

§hen added al lh€ same tìme ol the agonìsl.

When the incrbarion dmes {ere prolonged, adne-depeident Pduc-

r,on ir \( el "c.' o \.\ +1'o or 'on o 
' 

:ra i'eo 'gpresr' or rd'

obsenedr rhe ìnean oi the diference in plarelet aggregarion wrth and

widrour NCX 4016 at rhe dose ol5 x lùj M §a! 1017d at 10 min

(g5r,| Cl = 19.6i 71.lt n = 1P <0.001),-52.2{. at i0 min (957'

òI= -lli-i3 3in = 5:P <0 002).-21s. ar 60 nin (95L Cl='17 2:-6 7i

n =:l:P <0.051.

The inhibilory effech of luueasing doses oINCX 1016 on the ìag

ph".. rd \eagrrcturor r.dr.eoor ,.h'!""'d'o' onpJ'0n''

"",. "r",r-.r-b, 
r:f ,,. .n , . I f.ol. ' \r -o' P 

'rro'lr '' o

.^ 0 and( t0 \,\.tr 0.oJ.p.r.Jr.,br..rlehe.....nr
lù to ASÀ. $hile at concenùalion§ ol2 5 x l0 I and I x ll:ìjtr'l had

signilicafii] less eficch fian acetr-lsallc-vlic acid on lag phase and

'Th; 
inelersibilitY ol rhe effen on anchidonic a'ìd-induced platelet

"".0 
o' *o' I " o ' I l0 \l o''e",' 'o

^i". t 
*" "..'.. .,' e sre-e. o- or \-n'd pL'('( oord'' eJ



ùon ùe same samplr. A complete inhibition ol aggregation was ob-
served (070 aggregation ln aìl tesN. n = 7).

A differenr NO donor. SNP. tested for compa son a1 rhe concentra-

tions from I x 1ù3to I x loi M signjficandl, inhibjted both lhe
aggregaiion induced bt lhrombin in AsArreated plaleleh and that

inducedby arachidonic acid (Table 2).

Etrects d NCX 4016 Metliated b\ NO Attitìn, E\aninedas FoLLa s:

(l) The possible release of N0 hy NCX 4016 I x 10r and 1 x
l0- M was asserised bl, measuring nirat€ynirrires concenration in tlre

ned'tr A, n-'e,.e r ri"d rritr'e "a, oorefled: rh

observedwhenNCX40l6(l x l0rM)$asincubatedfor l0minwirh
both washed plareler\ (lrom ì.4 x l0r M to 2 x 1fr. M) and PPP

(frcm 1.9 x l0 5M ro 2 6 x 10 
j 

M). Nitnre/nltEte concenration did

nol change in ùe prcsence of rhe buffer alone (<2 x ll]i M irith and

illrhour \CX,,0l6l
(ll) To test whether []e eflects ofNCX 1016 on thrombin-induced

plalelet aggregalion rere No-m.diared. oxyhaemoglobin 2 x 10 
j 

NI

was added ro the phtelet suspension I min belore rhrombin. The inhr-

bitio. of thrcmbin-induced plarelet aggrcgdion by NCX 4016 5 x
10 s M Ras lor the most pal1 remoled. .{ggregation ! ues ùerei in the

presence of NCX 1016 7f. 10.9, wrrh NCX 10Ì6 + orrhaemoglobin
62.5td i0.9: the nean oirhedifièrences wa§ +55.5% (95.1CI = +50.6:

+60.4i n = 4:P <0.001j.

Orltaemoglobin I x l0r À,1\ìas aho ableto Educe [re inlibition
o .'rcfido,.' . J 'JLred JgcreEn'0. Droor.e0 or rc.ea. rE.o'
centutio. ol NCX 4016 (n = 4){Flg.6).

(lll)Incubalìon ofthe platelers in lhe prcsence ol scalaj concentra

rio.s of NCX 4016 significantly increased the i.traplatele1 concentra-

llo. of CGMP. Thc vrlue\ of CGMP conceniration were 0.ll t
0.005 pmoylOs plarelers (n=1) in basalcondjtions.0.l: È 0.006 pmol

xid 0 1l i 0.006 (l /. min ard 3r/, min respectivelyl. after srimulus

noi/l
IA / lifec$ ol saltu dNer ol NCX 4016 (ICjo - 1.9 x tù5 M) nid ASA
(lC.L,l.l x loj lvll on seùm IXA. conceimtion. expesed as pùe ofin-
hibidon ol serum TXB. co.cenÌstions Mem r SEM. t ? tor unpaired dara
<0.001 (NCX40l6vossASA)

vith thrombin.ln the prcsence of NCX 4016 I x 10r M, CCMP con-
centrarion was 0. i9 r 0.017 pmol/103 plat€leis 114 min aft€r rhrombin
(P <0.02 \,s ihrombin alone) and 0.21 r 0.004 pmol afÌer 3r/: nln
(P <0.02). With lowù concentnlions of NCX 4016 rle increase
in CCMP was minor. SNP I x 10-6 and 1 x 10j M induied a dose,
detendent inùease in CCMP concenrarion, .anging from 1.98 10

4 76 pnol/l03 plareleh.

(IV) Methl lene blue I x 10j M significandy decreased rhe ej,tect of
NCX 1016 5 x 10'j I{ onùrombi. induced platetet aggregalion. The
mean ofthe obsen ed differcnces in ljghtrransmission withandwithout
nethylene blue rvas +28.37. (959. CI = +8.4; +48.2i n = ?iP <0.02).

Medìylene blue did nor jnhilil ùe efticts of the hlghest Ìested doses
of the drug (5 , 2.5 and I x I 0., M) on arachidonic ac id,induced aggre-
gaiioni methylene blue removed th€ efiecrs of NCx 4016 (t x I 0{ M)
only when the inhìbilion in plareler aggEgarion was panìaL.

(V) Tre jnhibirion ol thrcmbin-induced platelet aggregaiion by
NCX 1016 5 x I ù, NI sas not modlfied by the presence of L-NMMA
3 x lùr M NCX 4016 19 8% r 6.8. NCX 4016 + L-NMMA 14.69. r
6.7:n:5;Pn.s.).

Effects ol NCX 1016 an Pktelet TX-{ Praductìon

fte 'e e".e o TXA bJ plaÉ|e1. e,a.cled b) ìea.Jnng \e-u r
Tnr concenlration, was reduced by boù NCX 40t6 oqo = 1.9 x
ll}5 M) and ,{SA (IC50 = ?.3 x 10j M). Compared to coiìrol values.
tlÌese inhibitory efiech were staristically significant at ùe doses of
2.5 x 1ù5 and 1 X I0r M (P <0.01). The efiect of NCX 4016 I x
10r M was low€r lhan rhar of ASA I x 10r M (p <0.001) (Fjs. 7).

Discussion

The elfect of organìc nirrat€s on platelet firncrion ]s complex, and
probably djfieff accordlng 10 the compound concemed (1, 2, 18). Ir
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Nid (1 x lfr. M) i.dùùd platelet aggregation by ìnd{sing corcnrations of
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vir.o studies hale conshtentì] demonstfted that nilroglycerine (19)

and sodium nilrop sside (20) have an anriagglegadng effect, ùhiÌe hu-

man studies in vilo have given les§ conclusive lesults (21). Slanlelel

al. (22) repofi thal intravenous nilrogllcerine. at hemodvnamically

effective doses, does not allect plaleìet aggrcgrtion by ADP ex vi!o.

Diodatiet al. (23) sho$ed thal platelet agglegrtion is attenuated in pa

tients receiving intralenous nitrcglycerine only if immediatel) meas_

ured in whole blood. However. a recenlly synthesized No_donor'

S-ni(os0gl0tathione. has been shorrn to have a lrefelenlial action on

platelets and 10 inhibit in !ìvo the exFe§sion ol G? llbrlll] and P \elec-

tin after coronary angioplasty (24)

In a prel iou§ repod 14.5), we studied ùe etfects on plateleÌ aggre-

gation ofa compound (NCX 4215)beionging to anew cìass oldrugs,

iheoreticrlly endoNed with a dual mechanism ol action The aim ol the

Dresent sud! i! to evaluate the andag$egatory actìvìry ofamorc recenl

n;uoaerivative of the acetylsalcI]ic acid (NCx4016), focusing on ih

in vitrc efficacy and nechrnisn of action. Given that this molecule

ùìay have $o phtumacologically actìve site§ llhen it reaches ùe taig€l

celis. ir may act borh thrcugh cyclo oxvgenase blockade and tlìrough

NO-mediated intracellular soluble gxanylyl'cyclase !ctivarion' For lhis

0.lp. .e, re r\e.I:gJreo \e elle.t. \CX l0'Ò on \3r:or' 0L''"1

;c,.r.r .",., -clrdi,c.oÌe'prcif . orhe'.rd' o' \o-oe!'roen

The mechanisÌìs fi$t explored in this slud). which ale il\ohed ìr

h" etu r pr:.e o 'ellr'ar ac ro,.oFrP. r'r."' e r'1

cytosolic caìcium, platelel adhesion and expre§sion ofmembrane gly'

coo-ore'n. (o^e e.nn a 
'o 

CP llbl ld T\'e dre '0".ifi.a l' 'r'JPo-
nr,ed br lrO rn ous' .oe -. r ...,oì ol\0't o,e Era') lr l c).lde ':5''

It is now recogiiserl ùat the activaÌion of soluble guanvhl cyclase

by NO o. No-donors detemines an increase in intracellular cclvlP

which, in tum, stimulates the calcium efllux thlough the membrane cal-

cium-ATPase and calciùmuplake by intracellulal stores. The nàin ac_

tion of CGMP is the inlibition ol pho§pholipase C. ùus decleasìng prc

duction oldiacylglycerol and ìnosilol tisphosphate. The net ovÙaÌl re_

sult is a decpase in plotein hnase C activity and ICa:'lL reduclion (18.

26). In Ìhe present snìdy we obse €d that in lhe prelence of ertracellu'

lar calciun. NCx 4016 dose-dependendv rcduces the inclease in

rlnombin induced lca:'1, and thù calcjum nobilizaaon iiom intracel'

lular sbres rs aho reduced in the ab§ence ol exracellular calciun

slnce these calcium movements are not alÈcted bv ASA, the hypolhe_

sis thal NCX 1016-induced inhibilion depends on the released NO is

strengthened. Incrcase h lcar'l is not completelv prelenred hv NCX

40l6tthis coùld depend on stlmulaied calcium influn, paftly occulring

tlrrcugh No-insensitìve mechaiisms (2?, l8).

ne r0hib,ior ol lhrorb'r_'l'n r'a ed phleì'aore' I cPà'l

dose dependentr the ìnhìbition curve is lery sleep at drug concenÙa_

dons ranging ftom L x 10j ro I x 10 5 M, and foms a plateau at

highe. concentrations. Con§i§tenl withlhis finding, the §urlace expres_

sion of the glycoproieìn lbÀlla and P-selectin on thombin sdmulated

pllreÌe1s was also inlibited by NCX40l6. Prewnrion ofùe inhibìlory

effect of NCX 4016 by oxvhaemoglobin shows thal lhi§ dlect is

N0 dependeni.

Platelet s0rlace expression of adle§ìon molecules is consideled an

lndex of plalelet acÌilation. I_sel€ctin. an o-gnnule prolein expressed

on the surface olplatelets only aftel aclivalion. mediates ùe adlerence

of neulrophih and monocyies lo aclivated pìateÌeh in a calcium_delen-

denr mannel (29). The bindlng of fibrinogen to gl:'coprotein lh'illlà Ìs

a major pathvay in platelel agglegation (30). The eflect oiNCX40l6

on tca:-} inùease and the expression of adhesion mol{uìe§ seenìs 10

be due to tle inhihillon by NO of the tlassic" signal [ansducdon.
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nìediated by soluble agomst§ (ll. 32). These agomsls plobablr do not

act direot\ on rhe inregnns, but bind to acellulalreceptorleadingiothe

engagement of lhe signal tnnsductìon §ystem HoN€veI, some of the

inhibilory effects ofNCX 4016 on plateler actvation oorLld he dne to

dire( ìnlenction ol lhe leha§ed NO with surfiìce receplo$ and ad_

hesion nolecules. lhrough a reaction Nilh ceil-surface thìoh (33).

We obse ed antiaggregalory effecrs of NCX 1016 on thrcmbin

induced and arachidonic acid-induced aggEgation. Both the§e tesls of

plalelet aggregarion are se.sìtive lo lhe activity ofNO donoff. as $e

also obsened sludying SNP. The inhibirory effect of NCX 1016 i§ ev1-

denl ody aftel incubation of platelets wilh ùe drug lor 10 nìn àr 3?" Cl

thh incubation period rs probably necessary for No release (11). when

rhe incubatron dnìe is longer.lhe anliaggregatory effecr oINCX 4016

on lÌnombin induced aggregatio n decreases This could be due to ìnac-

rilarion ofNO. once released ftom lhe molecuìe. The efiecrs ofNCX
:1016 on lhrombin-induced plaielet aggregatìon werc s rdied in co.di

rions of cycìo-oxygena\e blockade in order to prelenl TXA: produc_

tion. The inhibitory eftect oINCX'1016 i§ the.eforc attriburable ro a

Cox-indepondent mechanìsm: the renoval of thìs effeù br o\vhae-

moglobìn confirms rhal rI depends on N0 relea§e (35) These e\pen

menis also sùggest thel lhe sludieddrug spontaneoush reìease! No ln

rhe extracelÌular nìedium qhere it can be c,rptured b\ oxvhaemoglobin

The lelelse ol\0 is confìrmed by lhe inùease in nifae/nirite con_

cenmtion alìer l0 mif,-incubation ol NCX 4016 qilh Ba\hed pìatelets

a.d PPP. but.ot with bulfer alone.

The efiech of o\lhrcmorlobin on lhe i.hibilon actirit\ of NCX

4016 on aruchidonic acid inducedplatehr aggrcgation sho§rhedouble

action mechanhm ol lhis drug. Pan ollhrs elfect seem§ lo be dependent

on NO rclease since oxyhremogi0bìn, as melhvlene blue. can redùce

rhls ìnhibùion by shifting lhe do§e rcsponse cune ro rhe ight. Ho{'
ever. il does nol ppvent the elfecrr of hlgh doses of NCX 4016.In rhese

conditions rhe adviry of\Cx {016 appe,rrs ro depend marnì\ on the

inhibition ol plarelet CoX.

The expedmen§ caried oùr rirh merhrlene blue (16r \ùgsesr that

lhe efects of NCX 4016 ale medialcd by the nimuhlion of phtelel

guan.\ìyl-qclase. ln fact. nethllene blùe rs able to preveir rhe inhibf

lion of thrombin-jnduced platelet aggregaiìon by \CX'10ì6. Ileasure'

ments ol ùe inrn-platelet concenùation of CGMP funhel confirm a

guanylllcÌclase dependenl mechani§nr incubation ol NCX 4016 is

accorÌpanied by a hìghel intlaplareler concentradon ol cGlvIP Thìs in

lrease. ùoug h rarher loB er than that ind uced by SNP. rs snrìilarto ùal

obsened vhen plareler aggr€gation is inhibftd by N0 released Irom

endoùeli{l cells stìmùlared vith thronbìn (37)

The \O-mediared acdvrrl ofNCX40l6 seems. therelore. to invohe

guanyLyl'clclase stimuìàtion. HoBcler. at least ùeoreticall). N0 mav

dirccdy affect platelet CoX activily lia binding to i§ heme moiet]

(38) Hose!Òr. qujte conflicting resrhs hale so lar been oltained on

possible interaction bellleen prcdùcts ofNO slnùase and COx acdv-

iry 139-42). In our erperinle1]Gl condiions lhe antiaggregating etrecrs

of \.'O may irdtreclì) contribùte to lhe observed reduction h plalele!

TxAr produclìon caused by NCX 4016: rhis is suggested br the con-

panson ol lhe dose-response cune of ASA and NCx 4016 ohtained

measudng serum TXBr concentÈtion.

A diren effecl ol NCX .1016 on platelet NO rynthase can be erclud

ed since the plesence ofL-NMMA, a competrtile inhibilol ofNo-syn-

thase, doe s not influenc e ùe efÈct§ of the dru g on platelet aggleg ation

The experiments described in ùis study aho Fovlde evidence con-

ceming the effecl of NCX 4016 on plarelel COX. For this lurpose,

NCX 4016 was lesred on anchldonic acid-induced aggregation, $hich'

hovever. could noi sl,]]c1ly be a§sùmed as a specific tesl for COx acti!



iry, since ir can be ìnhiblled by N0.'Itre dircci effech ofNCX40t6 and

ASA on COX were rherelore resled by measudng siimulared TXA.
ploducton as concenlration ol TXB? in shole blood The inhibitor)
LJD1,i.r ol \( \ rnr- tro\ed.oue. rlo' l-o, o' aS\.,r!ge L! a

lowe ffinrt) lo the active sile ol plrteler CoX I Hoy,e! er. rhe inhibi
tion of arachidonic acid induced aggregaiion remains fioun afrer rhe

removal ofNCX 4016lrom the nredium. thus demo.srrudng thar borh

drugs can ifieveffib]y inhibit pìalelet CoX actillty. This rcsult is in
ag.eemml with rhe observation thar in rars. o.ally tleated wirh NCX
t016. pletelrt TXA, !rcducljon iras almost conplereh inhibited elen
18 h a1ìer 1he lasr drug adminnhar n 143).

T\e JJ," '. n .. rd' .ho\ ,,h.. \.tr rnl- -J. .ig , i- . 1l r-

aggregarory acti!ìly in lilro.ll cxhibrt§ ! dual mechanlsm olacrion on

pìàtelet lunction by acring via COX and N0 dependent paihwals.
Hoseveritis less pote.tthan aspìin and Sl{Pwìthrespect to COX ìn
l-,b ro. - o ]0 e eof .pè. ' ' \[:,e :(.e,1" rrp ,- dsg eodr

ingrctivit)- ol rhis drug desenes lurrher crponmental sùd1 ìn \ivo.
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