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Khlomooypéin: Hopdayovreg mov
Emmpealovy mn Apdon g

Ev0dog-Xrvgidov Fapouir!, Evdyyehog Kagaiic?, Indvva Avdgeddov’

Mepiinyn

H «homdoypén eivor évo  avTOOTETAALO-
KO (QAPUOKO TOL OVOCTEAAEL LN OVOCTPEYILO TOV
P2Y12 vmodoyéa TG S®GEOPIKAG 0OEVOGIVIG
(ADP) ota aipometdiia, YEYovog Tov EYEL MG OITO-
TELEOUO, TNV TOPEUTOSION TNG TPOKOAOVUEVTG AT
170 ADP cveodpevong tov aiponetoriov. Eival éva
avevepyd mpogdppako wov petaforiletar and to
GLGTN LA TOL KVTOYp®duaTog P450 6to fmap mpog to
dpaotikd petafoAritn. Xtnv mapodoa gpyocio pere-
TOVTOL 0L TOPAYOVTEG IOV emnpedlovv T dpdon ¢
KAOTISOYPEANC. ZVYKEKPLUEVQ, OVAADOVTOL Ol GAAN-
AETOPACELC LE PAPAKD, OTMG TOVG AVOOTOAELS TNG
avtMog TpoTovimy Kot Tig ototives. Emiong, e€etdle-
TOL 1 GAANAETI PO TNG KAOTLOOYPEANG LE TV abv-
MK 0AKOOAT, 0 PONOG TMV YEVETIKOV TOPOYOVI®V,
Kkabmg kat n petafintotnTo g dpdong g KAomdo-
YPéANG o€ dlapntikovg Kot vrépPapovs aobeveic. H
KAOTISOYPEAN (P CLLOTOLEITOL GNUEPQ Y10, LU0 CELPE
evoeifenv og acbeveig e ypovieg katl o&eieg Kapdi-
ayyelakég modnoeic. Emopévac, mpokeyévov n Aqyn
NG VO, GLVOSEVETAL OO TNV AOPAITNTN ACQAAELL
KO OTOTELEGLOTIKOTNTO €IVl GNUAVTIKO VO, YivOuv
TAMPOS KOTOvoNTol o1 mopdyovieg mov ennpedlovv
™ dpdon .

1. Evcayoyn
1.1 T'eviké — Mnyoviopog Apaong

H xhomdoypéhn eivor pio Bgievomopidivr mov
OVOOTEAAEL LT OVAGTPEYLLLO, TOV VTTOS0YEN TNG SLO®-
o@optkng adevooivng (ADP) ota arponetdia. Etot
eumodiletarl  evepyomoincn TV YAVKOTPOTEIVIKGV
vrodoyéwv IIb/Illa, mov eivar avaykaio yo v pmo-
pPOLV Vo 0EGUEVCOVV TO. QUUOTETAALN TO V®OS0YOVO

I Touéag @Paguaxevtixijc Xnueiag,
Tunua Paguaxevrinis, Havemiorijuio AOnvav,
Havemorquiovmodn, 157 71 Zwyodgov, Abrva

2 Egyaotijoto Biopaguaxevtixijc — Paguaxoxivytixij,

Twijuo Paguaxevtinijs, [avemioriuio AGnvav,
Havemorquiovmodn, 157 71 Zwyodgov, Abnva

N GAlo oupometdAtio. Avtd Exel MG AMOTELESLO, TNV
napeunddion g mpokarodpevns and to ADP cvo-
ocwpevong TV aponeTtaiiov. H khomdoypéin etvan
éval avevepyd mpogdppoko wov petafolriletar amd
70 GVOTNUO TOV KVTOXp®patog P450 oto fmap oto
dpaotikd petaforitn o mocootd 15%.'2 H Be1din
TOV OpaoTikoy HeToforitn oynuotilel SiIooVAPIOKN
YéQupa UE éva 1| TEPLOGOTEPO. KATAAOUTO KVGTEIVIG
tov P2Y | vodoyéa ue amotélespia T un ovTioTpE-
7T AVOGTOAN Yio OAN T dudpketo (NG TOV apLome-
Tokiov.?

Zynipa 1. H ynuuxn doun tg kAomidoypéing.

Agdopévov 0Tt 1 dpactikn popen (Beddn) eivar
OVETOPK®OG KaBOPIoUEVT, a0TOONG Kot dSVGKOAO Vo
petpn0et, ot poapprokoroykég perétec Pocilovtat gite
TN UETPNOT NG CLYKEVIPMOOTG TOV OVEVEPYOD LlE-
taPoiitn (kapPoluiikd 0&D), eite ot péTpnon e
UNTPIKNG 0vGiag 6To TAGoHa 1 610 fobpov g ava-
GTOANG TNG GLGGMPEVOTG TV AHOTETAAMWV.!

H evepyomoinon and ADP (Sipwopopikn adevo-
oivr)) odnyel 6€ AMOPOGPOPLAI®ON NG TPOTEIVIG
intraplatelet vasodilator-stimulated phosphoprotein
(VASP). 'Etot, 1 pétpnon g VASP mopéyet o pé-
TpNon g OpacTKOTTAG TOV aiponetoriov. Oco
VYNAGTEPOG gtvat 0 SeIKTNG SPACTIKOTNTOS TOV OILLO-

ArMnroyoapio lodvva Avdgeddov e-mail:jandread @pharm.uoa.gr



netaAiov (PRI) 1660 o cuyva epeavifetal Opoppo-
on. Q¢ €K ToVTOV, 01 YPNoTEG KAOTIOOYPEANG B Tpé-
neL va £xovv younidtepa emnineda VASP oe ohykpion
ue gkeivovg mov de Aappdvoovy kKhomdoypéin.*

1.2 Evocigerg

H «homdoypédn ypnoipomoteitan GIpePO Yol o
oepd evoeilewv oe acbeveic pe ypovieg kot oeieg
Kopdloyyelokég T e, Kol G€ oUTODG TOL VLTO-
BaAlovtar o€ oTePOviaio ayyeloTAACTIKY TapEPoon
(Percutaneous Coronary Intervention, PCI). X¢ ac0e-
veig pe otabepn omOayyn, cLVIGTATOL 1| YOPNYNoN
KAOTOOYPEMNG, EVD 68 05D EULPPAYLLL TOV HLOKAPST-
oV, Y10, Tovg acbeveic mov £yovy voPAndel oe dloyvo-
oTIKO KOPOOKO KOOETNPIIGHO KoL Y0 TOVG 0T0iovg
&yel mpoypappatiotel PCL 1 khomidoypéin Bo mpémet
vo. apyicetl va yopnyeitot Kot vo cuveyiletot yio TOLAG-
yotov 1 unvo PeTd Ty ELEVTEVON YOLUVOD HETUAAKOD
otevt (bare metal stent) KoL Y10, 0pKeETOVG UNVES (£mG
Kot 12) petd v epeUTEVON GTEVT OV UTOOECUEOVV
eappaxo (drug-eluting stent) og acbeveig mov d¢ Ppi-
OKOVTOL GE LYNAO KiVOLVO Yio aproppayio. Xe acOeveig
pe aoctabn ombayym, n xoprynon kiomdoypéing o
TPEMEL VO, APYICEL OUECOG KO VOL GUVELGTEL Y10 TOLAGL-
yotov 1 kot éog 9 pveg. Emiong, otovg acbeveic mov
vropAOnkav oe PCI 1 cuyyopnynon g aompivng He
KAOTIOOYPERT Eivat LTTOYPEMTIKN.!

1.3 AvemB0Ounteg Evépyereg

2T1G KupLOTEPEG AVEMBOUNTEG EVEPYELEG TOVL QOP-
paxov mepthapavovral ) ovdetepomevia, 1 OpopPfo-
TIK)/Bpopfomevikn Topevpa Kot ot aopparyies (yo-
OTPEVIEPIKES, EYKEPUMKES, LETEYYELPNTIKES).

1.4 ®oppoxoKivnTIKN

H amoppoéenon g xhomdoypéing dev elvar
YV®oTd 0Tl eMMpedleTal CNUOVIIKE OO TNV TOPOL-
ola Tpoeng N ™V NAkia. Ta emineda Tov TAAGHOTOG
ovoyetifovtat pe ) 066M Tov AapPdvetot HeETd ond
OV oTOUATOG YOpNyNoN. Qo10G60, Yevetikol mapd-
yovteg Om®wG 1 petofantoétmrta oto yovidio human
multidrug-resistance 1 (MDR1) mov kwdwonotet v
evtepikn P-yAvkompoteivi-petapopéa, Bewpeitat 61t
oLUPaAAEL GTN SLKVUOVOT] TNG OmOPPOPNONG TNG
KAomdoypéing.!

H Bropetatponn g kKhomidoypéAng umopet va. dt-
axpiBet og 2 oTadwL:

A) Zmv o&eidwon mpog t 2-0EokAomidoypEin
ov kataAvetol and ta kvtoypopata (CYP)
CYP1A2, CYP2C19, CYP2B6 kot

B) Zmv vdpdéivon tov daktuAiov g y-Oeto-
Bovtuporaxtdvng mpog T dpacTiky Og1OAN,

oL koToAveTan arnd too CYP2C19, CYP2C9,
CYP2B6 kau CYP3A.

Ye mpoceatn perétn vrootnpiletal, TG To 581~
Tep0 Ppa, Tov amoterEl Kot To KaBoploTikd oTASI0
kartaAvetat and tig eotepdoeg PONT kot PON3. TIpé-
neL va onpelmdet 6t o pebviectépag oe OAES TIG LOp-
PEC NG KAOTIS0YPEANG, VOPOADETAL TPOG TO AVEVEPYO
kapPo&uiikd 0D and Tig kapPosviectepdoec-1 Kot -
2 ko amd TN Povtupvroyoivestepdon (Zynua 2). 3¢

Zynua 2. H wopeio petaffoliouod e klomidoypeing.

H «homidoypén cvvdéetar 1oyvpd He TpmTetveg
(6mog kot 0 evepydg petaforitng g), anekkpiveTot
1600 pe ta Kompava (46%) 660 kot pe to ovpa (50%)
Kot €yel KaTd TpocEyylon ypdvo nulmns 8 dpeg, pe
xpOVO péytotng dpdong t pia dpo.’

Eivor onpavtikd va avaeepdel 6tL 1 kKhomdoypé-
An, Aoy Tov petaforiopod g amd o CYP cvompa
umopel OempnTikd vo aAANAETIOPACEL e TOALY Qap-
paka o oot petaforifovrat and ta id1a tooévivpa,
Ommg pawvutoivn, tapolipaivn, Bapeapivn, toAPov-
Topidn k.o.? Qotodco, n mapodoo epyacio eoTidlel
€ CLYKEKPLLEVEG KOTNYOPleS QapUiK®V TOV GUYYO-
pnyovvTal ApKETA GLYVA Le TV KAOTO0YpEAT (ovar-



oToAelg avthiog TpmToviey, oToTiveg), Kabdg Kot o
YEVETIKOVG KOl GAAOVG TTOPAYOVTES TOL GLVVTAPYOVY
oLVNO®G LE TN ANYT| TOL GLYKEKPILEVOL QOPLLAKOV.

2. AlMnlemidopaocn pe tovg AvooTtoreis Avriiog
Mpotoviov
2.1 Ewooyoyn

O Evponaikdés Opyovicpdg @appakov (EMA)
e&édwoe 10 2009 o dnpdcla avakoivoorn GYeTIKA
pe po mbavy oAdnienidpaon petald kromdoypé-
ANG Kat ovaGTOAE®V TNG avTAiog Tpotovimv (Protein
Pump Inhibitors, PPIs) kot cuvéotnoe ot mAnpogo-
pieg OAOV TOV QAPUAK®OV TOV TEPIEYOVY TNV KAOTL-
doypéin va tpomomombodv dote vo amobappovetat
1 TALTOYPOVN XPNON TOV OVOCTOAE®V avTAiaG Tpm-
Toviev gdv dev givar anoldtog anapaitmm.”® Toapd-
pota odnyia exd6OnKke ko and tov Opyavioud Tpo-
oipov kot Doppakov (FDA) tov Hvouévov Ioit-
TEWDV vopitepa 10 1510 £10g 00V avEQepe 0Tt ot PPIs
EVOEYETAL VO EMNPEAGOVY TNV OTOTELEGLOTIKOTITO
™G KAOTOOYPEANG Kat OTL Ot KAVIKol oTpol Tpémet
va a&loA0YHCOLY €K VEOL TNV évopén M TN CLvEYL-
on g ayoyns pe PPIs og acBeveig mov Aappdavouv
Khomidoypéhn. Qotdéco, morhol edkol e&éppacav
v Gmoym o6tL éxel dobel vrepPolikn onuacio otV
oA AeTtidpacn KAOTISOYPEANG - OVACTOAE®V OVTAL-
ag tpotovimv.”

H ovyyopriynon xromdoypéing ko PPIs pmopet
va cvoyeTiobel pe avénpévn mbavotnta avemfoun-
TOV KOTOGTAGEDY Y10 TOLG €5NG AGYOVG: ) Kot 01 500
petapoiilovrot amd mapdpota 160EVEDIN TOL GLOTI-
potog tov Kutoxpouatog P450, B) evdeyouévamg ot
PPIs va av&dvouv ta kapdtaryyelokd mepioToTiKa ove-
EGptnta oo TNV KAOTIO0YPEAN Kot y) 1 GLYYOPyNon
PPIs &lvatr cuyvotepn oe dtopa pe mOAAATAODS ol
PAYOVTEG VOO POTNTOG, Ta OToin eivat mhavdTepo v
TOPOVGLAGOVY KapSlayyELlokd TpoPfAnpota, onAad”
TO GTOopOL AVTA amAd Toyaivel va Aappavoovy PPIs kot
dev amoteAel aitio TV avemBOUNTOV TEPIGTATIKMV 1
ouyyopfynon tovg pe kKhomdoypéin. Epyaotnprarég
peléteg detyvouv otL ot PPIs umopet va peidcovv
dpaomn g KAOTIO0YPEANG. e HELETEG, emioNG, £XOVV
napatnpnel vymAodTEPO ENimEdD GLGCHOPEVONG Ol
pometoriomv dtav cuyyopnyovvtor PPIs. Qotoco and
TIG KMVIKES peréteg mov eEetdlovv 1o Bépa avtod, o
KIVOUVOG TTOL €L TPOKVYEL OO TN GLYYXOPTYN O TV
Vo pappakov givar yevikd younioc.*1°

2.2 Ab6yog ovyyopnynons KLOTd0YpEANG KOL OV~
OTOLEMV OVTALOG TPOTOVI®V

Evd n avtiaponetodokn Oepoaneion €xel capn
OOTEAEGHATIKOTNTO 0T Uelworn Tov Kopdiayyeto-
KoV enelcodiov oe achevelg pe Kapdlayyelokn voco,

&xel emiong TN YVOOTH avemBOunTn evépyeto g ol-
Loppayiog TOV YOSTPEVTEPLKOV GLOTNATOC. Ot ava-
OTOAELG TNG AVTALOG TTPOTOVIOV EIVOIL ATTOTEAEGLOTIKA
eapuoko t6co ot Bepameion 6G0 Kot 6TV TPOANYN
TOV EAKOVG TOV OVOTEPOL YOOTPEVTEPIKOV. ¢ €K
T00TOL, LILdpPYoVV GTorKEin OTL N ¥pnomn twv PPIs ce
avtoponeToakn Oepameio etvor pio amotelesio-
TIKN oTpatnyky yio v tpoéAnyn UGIB, kot wpo-
opateg peléteg detyvouv 0Tt 1 otouvg 3 émg 1 otovg
5 aoBeveic 6TOVG 0TOIOVE YOPMYEITOL AVTIOLOTETO
Mokn Bepameio petd and o&H otepaviaio chvopopo
(ACS) happavovv eniong PPIs.

Mopd to mOove 0péAn omd T0 GLVOLAGUO TNG
KAOTIOOYPEANG KOl AVOGTOAEW®V TNG AVTALNG TPOTO-
viov yo v tpoinyn UGIB, apketég onpociedoelg
€YOUV EKQPACEL avNOLYIEG OYETIKA Ue po mhavn
QOPUOKOAOYIKT oAANAeidpacn peta&y PPIs ko
Khomidoypéne. Xvykekpipéva, ot PPIs, uropodv va
LEWOGOLY TNV OVTIOLLOTETAALOKN ATAVTNON TNG KAO-
TO0YPEANG, e GUVETELD T pelmon TG Kapdtompo-
OTOTEVTIKNG TNG OMOTEAECUATIKOTNTOG.

2.3 Meraforopog PPIs

O1 PPIs gival ovotaoticd Tpo@appLoke., Tov HeTo-
tpémovtat o€ 0o mepBaAlov, un eVOLHOTIKA, TPOG
TOL OPOCTIKA TAPAYMOYO, TO OTOi0. GUVOEOVTOL OLOL0-
moMKd. pe v ovthia mpwtoviov (H/K*-ATPase).!
MetafoAilovtot amd T0 GUGTNO TOV KUTOYPMOLLUTOS
P450 kot ta kopa 160€viupo mov GUUUETEXOLY &l
vatr T CYP2C19 kot CYP3A4. T mopddetypa, to
CYP2C19 givor vrevbuvo yia to 80% tov petafort-
OHOV NG openpalOANG.

Q¢ ek tovToV, BempnTiKd, N ypron tov PPIs cg
oLVOLOCUO pe KAOTdOYpEAN Bo pumopovoe vo pet-
MGCEL TN HETOTPOTY| TNG KAOTOOYPEANG GTOV EvEPYD
HeTAPOALT] NG HEC® OCULVOYOVIGTIKNG OVOGTOANG
tov CYP2C19, kot va peidost £tot to, Oepamevtikd
amoteAéopato TG KAOmdoypéAng. Mio AN mlhavn
aAnAentidpaon givar 6t1 ot PPIs pnopei va tpomomot-
Noovv to gvdoyaotpikd pH Kat wg ek TovTov, Vo £nn-
PEACOLY TNV ATOPPOPNOT| THG KAOTISOYPEANG.*

2.4 Yrapyel 01akpion peTasd Tov pehdv e Taéng
TV PPIs;

E@’6c0v vrapyet oyéon peta&d g Khomidoypé-
Ang kot tov PPIs, éva dAlo Bépa mov mpénet va e&e-
taoTtel eival katd técov | oAAnienidpacn oyetiletan
pe ovykekpévoug PPIs. Evad ou meprocotepor PPIs
petaforilovion kKupimwg amd T0 GLGTNIO KUTOYPMLLO-
t0¢ P450, ko eldwcdtepa omd ta tooévivpa CYP2C19
kot CYP3A4, n mavtonpaldin €xet pukpodtepn cuyyé-
Vel yio, ovtd To 160éviupa kot petafoAiletol omd
covApotpavopepdon ektdg tov CYP cvompatoc.



Meréteg mov mpoypoatonomdnkay, £de&ov TG T
amoteAécaTo TOV 0ofevdv mov eAdupavoy TovTo-
TPalOAN OV NTOV GTUTIGTIKG GTLLOVTIKG O10POPETIKA
anmd ovtd Tov acbevav Tov Edapav dilovg PPIs.'>13
Qg ek TOVTOV, EAAYIOTO GTOLYEIDL VITAPYOVY TOVL VO
vrootnpilovy 0Tt £vag avaoTOAENS OVTALNG TPMTOVI-
@v givar "ac@aréotepog” amd Kamoov AoV, dTav
TPOKELTAL Y10, TOOVEG AAANAETIOPACELS [E KAOTIOO-

ypéan.*

2.5 TopmepdopoTo.

Toco 1 Khomdoypéin 660 kot ot PPIs cvvtayo-
ypapovvtal evpémg and atpovs. Ot PPIs cuvtayo-
YPOPOUVTOL GUYVEL Y10 GUUTTOUOTIKY OVOKOV(IGT
N YW TV TPOTOYEVT] TPOANYN Kot Oyt LOVO Yio T
Oepomeia pog emPeforwpévne tepintmong TenTIKOD
€Aoug M Yo devtepoyevn TPOANYN oe acbeveic pe
yvootd mentikd €kog. H evpeia ypnon avtdv tov
QOPUAK®V KAVEL EMLTAKTIKN TNV OVAYKT TNG KOAVTE-
PNG KOTAVON GG TNG EMKLVOLVOTNTOG MLOG EVOEXOULE-
yng aAnienidpacng. Ot vrdpyovoeg evdeitels eyei-
povv avnovyies, ®oTdc0, TO OTOJEKTIKE oTOLYEl €1
VOl TEPLOPIGUEVA KOl EIVOL AOYIKO VO, GOUTEPOIVETOL
ot enl Tov mapovtog O ypedletal oAhayn ot GVL-
VTayoypaenon HEXPL Vo GLYKEVTP®OOHV TEPIGGOTEPQ
otolyeia. Q61000, gival oNUAVTIKO Vo ETaveEETAOTEL
N KAMVIKY avayKkn, Kobmg evogyolévmg va. Vol KO-
TO VO CTOPOTAGEL 1] XOPNYNON TS KAOTIO0YPEANG
N TOV OVACTOAL®V TNG AVTAING TPOTOVI®MV. AV Kol Ta
Vo pappaka givarl KAk evoedetyéva Kot o 1aTpog
1 0 acBevig avnoLyoVV GYETIKA e Thav aAANAETi-
dpaon, 10te pnopei va d00<i To Eva PapLaKo TO TP®I
Kot To GAX0 To Bpddv kabmg Kot ot dVo ovoisg Exovv
ppod xpdvo Nulong Kot autdg o TPOTOG XOPNYNoNg,
Bepntikd, Ba mpémel va amotpéyel TV aAAnAemni-
dpaon.H!

3. AMMnAemidopaon pe XraTiveg
3.1 Ewcoyoyn

Ot ototiveg (1] AVOOTOAELG TG OVOY®OYAONG TOV
3-vdpo&v-3-pebuicuvevibpov A, HMGCoA) ypnot-
LLOTTOL00VTOL EVPEMG Y10, TNV AVTILETOTION TadcE@V
OV KLUOAVOVTOL OO TNV LITEPYOANCTEPOLALLLIL £WG
T1G Kapdlayyelakés vocouc. H KAk onpocio Toug
Vroypoppiletal TdG0 0md TN GYETIKT ACOAILELL GE GV-
YKpLon HE GALOVG TOPAyoVTEG LEIDONG TOV EMTESOV
YOANGTEPOANG OGO KOl 0O TO OETIKG OMOTELECUOTA
TOVG GTNV KOTOTOAEUNGN TG VOGN POTNTOG KOl TNG
OvnoldmTog 1810iTePO 6TO YOPO TV KAPSIOYYEL-
akav voonudtov. IIpéceata vaple Swapdym ot
Broypapio oyetikd pe mbovég aAnAemdpdocelg
petald oTATVAV KOl TNG OVTI-OLILOTETOAOKNG Oete-
vomupdivng, kKhomdoypéine. H khomdoypéin kot ot

oTativeg GUYVE YPNOUYOTOLOVVTOL TOLTOYPOVO, KoL
®¢ €K T0VTOV omotdnmote ThavY aAANAEmidopoon,
givan Tyn avnovyiog.!

3.2 Xrativeg

O1 otativeg LELOVOLV TO. EMITESD TNG YOANCTEPO-
¢ avactéAlovtag cuvaymviotikd Ty HMG-CoA
avaywydon, yeyovog mov mepopilet tn PlochvOeon
™G YoANGTEPOANG, eumodilovtag Ty Tpocacn Tov
VIOGTPAOUOTOG OTIS EVEPYEG OEoEIC TOV gvDpOV.

AgdOUEVIG NG OYETIKG €0IKNG OVOGTOAG TNG
avoyoyaons HMG-CoA, orotadnmote aAinieniopa-
G1) TOV GTOTVAV LE GAAN QUPUOKO GE POPHAKOSVLVOL-
pikd eminedo givar pdArov amifavn. Mall pe tig dopt-
KEC OLOPOPES, ONUAVTIKEG PAPLLOKOKIVITIKEG OLOPOPES
vEapyovy petald TV otatvdv. Oleg ol otatives,
ektog amd v mpafactativy, veictaviol deEodikd
petaPoMopd mpd™E 81050V oTo NIap, KuBOS peTa-
BoAilovton amd v opdda v evivpwyv CYP450.1

3.3 ®appoxokivTikég aAiniemopdoelg
Kromooypéing kou Zrativdv

Agdopévov 01t 160 1 KAomdoypEAN OGO Kal Ot
otativeg petaporilovron and ta éviopo CYP oto
Nmap, He TNV TPATN VO EVEPYOTOLEiTaL GTHV 0EEd®-
HEVI LOPON TNG KoL TIG TEAELTOLEG VO OPAVOTOLOV-
vtal o€ peydAo Pabuod, avamtoydnke avnovyio yuo
TO €VOEYOUEVO HIOG OMUOVTIKAG (QOPHOKOKIVITIKNG
aAnienidpaong. E&attiog g evpémg dtadedopéving
GLYYOPNYNONG CVTOV TOV QOPUIK®OV OPKETEG KAL-
VIKEG LEAETEG TTPOCTAON GOV VA EKTIUNGOVY TOOVEG
dvuooimveg cuvémeleg aVTNG NG dAAAETIdpaoNG oL
PEYOVTOGC, TEMKA, GTOLXELD Y10l T1) CTLLOVTIKY] QOO
KOKWWNTIKT] OAANAETIOpaon.

Ot Clarke kon Waskell'* tpoonddnocav vo tpocdi-
opicovv eoéviupa mov ftav vevBvva yiao To petafo-
Mopd ™G KAOTO0YPEANG GTOV AvOP®TO LEAETOVTOG
10 dwgpopetikd woéviopa CYP. H alinienidpoon
peta&d KAomdoypEAng kot atopPactativig dlepevviy-
Onke akolovB®G pe T pétpnomn tov Paduov g oel-
dmong ™ Khomdoypéing amd to CYP3A4, pe ava-
vopeves 06oelg atorvastatin lactone kot atorvastatin
acid. H mpdt Mtav o mo oyupds avacsToréas g
o&eidmwong g KAomSoypEANG, WOGTOGO Kot T0  0&D
avéoTELE €mioNg TO TOCOGTO NG 0&Eidmong g
Khomidoypéing, enttvyydvovtag 80% avacstoin otav
xopnyeitar oe vymAn 66om. Ilapduowo katdotacn
napatnpndnke 6tav a&loAoyndnke 1o T060oTo 0el-
dmong g Khomdoypéing amd to CYP3AS. Avtd
T 6TOlXElD. VTOJEIKVOOLY Lol SVVNTIKG GTLLOVTIKY
(POPLOKOKIVITIKT] OVOGTOAN, TOV UETAROMGHOD TNG
KAOTISOYPEANGC LLE GUVOAYMVIGTIKY] OVOGTOAN TOL
CYP3A4 ka1 CYP3AS and atopPactativn.



H npodt khvikn perétn yo ) digpgvvnon g
mOavig oAnAenidpaong petald TV OTATIVOV Kol
g KAOTId0YpEANG, dnpoctevdnke omd tovg Lau kot
ouvv.'” H Mo @ian otativn atopPaoctativy, aAld oyt
VOPOQPIAN otativn Tpafactativr, LeEldoE GNUAVTIKG
TNV OVOGTOAN TNG CLGCMPEVONG TOV ULLOTETOAMMV
TIOV TPOKOAEITOL OO TNV KAOTIO0YPEAN e docoesap-
TONEVO TPOTO, G€ 24 mpeg. O1 cuyypapeic vToosTpt-
Eav OTL 0 PUNYOVIOUOG GVTNG TNG OVOGTOANG TAY TO
CUVOYOVIGTIKO OTOTEAECUO TNG MTOPIANG OTOTIVIG
o010 CYP3A4, 10 omoio petatpénet MmdQILes EVOGELG
o€ VOPOPIAL TPOTOVTO, Y10, VO, S1ELKOAVVOEL 1] VEQPPIKT
OMEKKPLOT] TOVG.

Ot Serebruany kot owv'® gktélecav o ovo-
dpopkn avaivon g SoKNG Helwong eLQaviong
véov OpouPov and 1o Plavix® (Reduction of New
Thrombus Occurrence, PRONTO) ywo va e&gtdoovv
TIG EMATMOGELS TNG TPONYOVUEVNG YPNONG OTATIVOV
OTNV OVTWHOTETAAOKNY dpdon TG KAOTOOYPEANG.
H mpokarodpevn amd to ADP cucompevon tov ot-
pometoriomv, 1o poplo mpockdAInons-1 (PECAM-1)
OLLOTETOM®V-EVO0ONAMOKOY  KUTTAP®V Kot 1 €K-
epaon ¢ yAvkonpmteivng IIb / Illa a&loloynnkav
Katd v évapén, Hetd amo 2 Kol 5 nuépeg Hetd
Oepomeia pe KAomdoypéA. Aev domioTtddnKe onpo-
VTIKN S10QOopd GTNV OVTIUUOTETAALOKY] dpAon TNg
KAomidoypéAng petald g Opadog e oTaTiveg Kot
™G OpadaG YwPic GTOTIVEG.

e o GAAN pedétn, ot Neubauer kot cuv' a&i-
oAdyNGav T SpacTNPLOTNTO TOV CUUOTETOAIOV LE
HETPNON TG EKPPOCTG OTNV EMQAveLD TG P-cehe-
KTivNg [LE KVTTOpOUETpio pong HETE amtd ex vivo dié-
vepon twv oponetoMov pe ADP. H pedétn avépepe
ONUOVTIKT OVOOTOATIKY €midpact g atopPaoctarti-
VNG OTNV OVTIUOTETOAAKY dpdon g KAOTLO0YpE-
NG 5 dpeg petd t yopnynom g d0ong POV NG
KAOTIS0YPEANC. AVTH 1] AVOCTOATIKY dPAoT TOPATH-
pnbnke emiong petd and 48 dpeg, oAAA 1| £KTAON TNG
EMIOPOONG NTAV LELOUEVT.

O1 Muller xat cuv® pedétnoav Ty exidpaocn g
VYNANG 600mg epddov g Khomdoypéing (600 mg)
0€ GLVOLOOUO LLE TIG OTOTIVEG GTN] GLGCMPEVOT| TOV
alpomeToMmV ex vivo. Agv mopoatnpnbnke kapio on-
HOVTIKY €TOPOOT] OTNV OVTIIOHOTETOAMOKY dpdon
™G KAomdoypéANG elte 2, gite 4 dpeg PeTd omd
yxopnynot tmg. Opme, HEOVEKTNUATE OVTHG TNG HE-
AETNG ATOV TO TPAOLLO XPOVIKA GTHELD TOV XPNGLLO-
momBnkav yo ™ derypatoinyia aipotog, kabdg o
TG0 KPS YPOVIKO SLACTNLO TO PAPLLOKO OEV EYOVV
0Bdcel oe enineda otabeprg katdotaonc. A&ilel va
onuelwbel OTL G€ GLYKPIOT LE TIG TPOTYOVLEVES |LE-
Aétec, onV TOpovoa YOPNYNONKE OTLOVTIKA VYNAO-
tepm d0om €9ddov (LD) khomidoypéing.

O1Mach kot ovv?! anédeiav pe ex vivo dokipocio
TOV OLUOTETOAM®V OTL OEV AVOGTELAOLY OAEG OL GTOL-
tiveg to petaforlopd g Khomdoypéing. 21 vyieic
ebehoviég EhaPav Oepameio pe kKhomdoypéin 75 mg
a6 10 oTOpo NUEPNGimg Yo 10 efdopddes. Metd v
TpmTN EfSOUAd yopyNoNg LOVO KAOTIS0YPEANG, OL
ebedoviéc éhafav amd tov otdpatog d6celg and S5
drapopetikég otatives (pocovPactativy, oypacta-
tivn, eAovPactativn, Tpofactativy kot atopfacta-
tivn) v 1 efdopado v kobepio, pe evoldecn ot-
axomn piag efdopddag avdipeoa oty kabe crativn.
Ot epguvnTég anédet&av Ot petd amd 1 efdondada tng
dumAng Bepamneiog, n ex vivo ADP-pecolofodpevn
oLvaOpOIoT TV ALUOTETOAM®Y TEPLOPIOTNKE LOVO
oe acbeveig mov élofav Oepancio pe cyPactativn
N erlovPactotivn.

Ot Ayalasomayajula kat cvv? a&loldynoav v
eMidpaon ™G YOPYNONG KAOTOOYPEANG OTNV KIVI)-
TIKN TG otabepnc katdotaong g eAovPactativig,
n onoia petaforiletor and o CYP2CY ot0o Mmap.
MetpnOnke m ovykévipoon g AovPactativing
Kot pe ex vivo dokiun ehéyxnke m dpactnpotnta
Tov aponetodiov. H Boown mapatipnon frav o1t
oe acbBevelg mov élafoav Khomdoypéin emitedydn-
KE VYNAOTEPT CLYKEVIP®OGON QAOVLPACTOUTIVIIG GTO
TAGGHO. GUYKPLTIKG e ekeivovg mov EAafav povo
eArovPactativn. Agv vapye opddo eAEYYOL TOL Va
Aoppavel povo KAOTISOYPEAN TNV TAPOVGH LEAETT,
®GTOC0, 0L cLYYpaPeis avépepay 6Tt 0 Padudc g
OVOGTOANG TNG OVTIMUOTETAALOKNG SpacTNPLOTNTOG
otovg acbeveic e elovPaoctativn dev NTOV oM~
VTIKG S1PopeTikds amd GAAES LEAETEG GTIC OTTOTES Ol
acOeveig Ehafav Oepomeio LOVO pe KAOTOOYPET.

H pelét oAinkenidpaonc® cuvékpive Tig mdpa-
OELG GTN AELTOVPYIO TOV AHOTETUA®V TV TAPUKAT®
BepomevtiK®V oynuatov: Oepameio e KAOTIOOYPEAN
Kot atopPactativr, KAOTS0YpEAN Kol GALEG oTOTIVEG
N HOVO KLOTISOYPEAN, LETE OTTO CTEPAVIOIN ELPVTED-
on stent. Metd and 4 kot 24 dpeg g Oepanciog pe
KAomidoypéAN dev VIAPENY OTUOVTIKES OLOPOPES |LE-
Ta&D TOV ORAd®V Gg OAES TIC TOPAUETPOVS EKTOS OO
m peimon mg ékppaong PAR-1 (G-protein coupled
Protease-Activated thrombin Receptor-1) tov at-
pometalmv oe acBevelg mov €lafav Oepameio pe
omowdnmote otativ. H peioon avt) Ba pmopovce
VO OVTOVOKAG [0l VEQL OVTL-OLOTIETAALOKT) ETOPOCT)
OV ALOKOVV 01 GTATIVEG.

YVVOMK(E, Ol TOPOTAV® HEAETEG Elyav GTOYXO TNV
a&loroynon tov enmtdcenv tov CYP3A4-ctatvéav
OTNV AVTIOHOTETAALOKT dpdion TG kKhomdoypéine. H
Tapovcio evog aptipov peodoroyIKOY TEPLOPIGUMV
éxavav anibavo ke kabopiotikd cuumépacpo. Emt-
TAEOV, AOY® TOV TEYVIKOV SLGKOMOV oTn UETPNoN



TOV €vePyol pPeTAPOAITN TG KAOTIOOYPEANG, TV TE-
pl0d0 TOV TPUYUATOTOWONKAY OVTEG Ol LEAETES, MG
JelkTNG TV eMMES®V KAOTOOYPEANG Yo TV EE0yYN
(QOPUOKOKIVITIKOV GUUTEPUGUATOV XPNGLOTOMON-
KE 1] AVOGTOAN TG CLGCOPEVLGNG TOV AUUOTETAAIWDV.
Nedtepeg e&eli&elg Tdpa ENLTPETOVY TNV GLECT OELY-
poToANyicn Kot TN HETPNON TG CLYKEVIPMOONG GTO
TAdopo Tov petafoltdv e kKhomdoypéing. ‘Etot,
W10 TPOGEKTIKG oxedtocévn pedétn Bo propovoe va
npocbéoel nepiocdtepo aflomiota oToygio.!

3.4 Khvikn onpoocio g aAlnieniopoong
KALOTTLO0YPEANS-GTATIVOV

Apxetég peléteg mpoonabnoay vo e£ETGGOuY TNV
emidpacn piog QopUOKOKIYITIKNG OAANAETIOpaoNG,
peTa&d KAOTOOYPEANG KOl OTATIVAV, GE EVOEXOLEVEG
KMVIKEG GUVETELEG.

H eridpoomn g atopPactotivng 10 mg vs. 40 mg
OTNV OVTIGTAGT OTIV KAOTIO0YPEAT Kol GTIG KAVIKEG
EKONADGELS, LETE 0o oTEPAVINIO Stenting cuyKPiON-
ke o€ acbeveic pe 0&0 otepaviaio cvvdpopo (ACS).
H ovoodpevon tov aiponetoriov petpndnke mpwv
amod Tn yopnynon kAomdoypéAng kot og 4 dpeg, 24
®pec, 5 nuépeg, Kot 8 unveg apyotepa, og 130 acbe-
velg pe ACS. To ocvumépacpa, TG GUYKEKPLUEVNS
perétng eivar 6t n atopPactativy 10 mg 1 40 mg,
ovyyopnyovuevn pe kKAomdoypéAn yuo 8 pnveg, dev
emnpedlel TV OVTIOLULOTETOAOKT OPAGTIKOTITO TNG
KAOTIS0YPEANG KOl OEV TAPOVCIAGTNKOY CNUOVTIKES
dtapopég oTig KAMVIKEG ekdnimaoelg otovg ACS aobe-
veic.

g o €K TOV VOTEPOV AVAAVOT| TG SOKLUNG TNG
KAOTS0YPEANG Yo TNV HEI®ON T®V GUUPAVI®OV KOTA
™ Suapkela tng Tapatnpnong (CREDO), ot epguvn-
téc a&loroynoav 1,001 acBeveig mov erdpPavav cto-
tiveg CYP3A4 «on 158 acBeveic mov eAdpfavav un
CYP3A4 otativeg Kot dtamiotdOnke 0T dgv vIapyet
ONUOVTIKY dtopopd oto 1° €tog 6T0 ohHvOETO TEAMKD
onueio tov Bavatov, ELEPAYUATOS TOV HLOKOPSIoL
KOl €YKEPOAKOD.

H avdAivon tov dedopévav amd ta untpdo. dvo
nohvkevipikdv, GRACE kot MITRA PLUS, eniong
dev €de1&e KMviKmg duapevn ékPoom og acbeveic pe
ovyyopniynon otativov CYP3A4 kot khomdoypé-
nG.2%* H perém and tovg epevvntég GRACE agio-
AOYNoE 15,693 acbeveic mov giyav mapovcldcel non-
ST éuepaypo tov pookapdiov 1) actadn otBayyn. H
avaivon Kaplan-Meier mov tpaypatomomdnke 6toug
6 pnveg Kotéderge 0pelog emPinong oe acbeveic Tov
éaPav Bepomeia pe aompiv, KLomdoypén kot oTo-
tivn o€ cUyKplon e aomipivn Kot oTativr Hovo.

H peiétn mov exmovinOnice amd v opdda MITRA
PLUS avéhlvoe ototyeio and 2,086 acheveic mov gp-

oavioav ACS. Aev vrfp&e onpavTikn S1opopd LeToEd
TOV OpAd®V 6T0 cHVOETO TEMKO onpeio TG LOKPAG
dtbpkelog BvnooTNTOG KOl TOL EYKEPOAKOD ETEL-
codiov. Enedn Mmdeiheg otativeg yopnynnkov kot
oTLg 600 opddeg perétng, n egoymyn a&ohoywv ov-
UTEPOCUATOV GYETIKA e TO OEpa oG EVOEXOIEVIG
KAMVIKG oNovTIKNG oA AETidpaong HeTa&h MmodQL-
AOV GTATIVOV Kot KAOTLOOYPEANG Ta SVGYEPTC.

Ot Mukherjee ka1 cvv?® mpaypatonoincav pio
npoorntikny perétn oe 1,651 acbeveig pe ACS. Xe
OUTN TN UEAETT), OEV VTINPYE ONLOVTIKT] S0POPA 6T
Ovnowomto 1 ota coPfapd averBvUMNTH KOPSOKA
emelco0dta og acbeveig mov Elafov pio CYP3A4-cta-
Tivn Kot KAOTO0YPEAT|, GE GVYKPLOT LLE EKEIVOVG TTOVL
éapav un CYP3A4-ctotivn kot kKAomidoypéin.

Ot Schmidt kot oV mpaypotonoinoay pic peié-
T pe otoyo va e&etaotel katd tocov o CYP3A4—pe-
TaPOMOUOG TV oTaTVOVY ennpedlet tn oyéon Hetold
¢ KAomdoYpEANG Kot TV peilovov avembopntmv
kapdiayyelokdv coppaviov (MACE) petd and ote-
eaviaio gpevtevon stent. Eedppoocav pia ypovikd
petafarlopevn €kBecn 6TO EAPHOKO KOt TPOEKVYE
WG 1 TOPUTPOVUEVT] OAANAETIOpOGT TV dVO POp-
péxwv dev oyetiCetat pe avénpévo 1060t avETIV-
UNTOV KOPIYYEIWKDY GUUBAVTIOV.

Ot Serrano kot ovv*® ékavav pio peétn og 68
acbBeveig pe otabepr oOayyn Le Tponyobuevn xpn-
on owPactativng, atopPactativng, 1 Tov dev glyav
AGPet atativn (opada AEYYOV), KOL TOL ETLPOKELTO VO
vroPAnbodv oe otepoviaio mapéuPacn. H evepyo-
TOINGoT TOV AUOTETOA®V avaAvdnKe pe T pétpnon
TOVL 0pOOD TV OUOTETOM®Y, TOV EMTES®V TG P-
oehektivig Kot ¢ yAvkompmteivng 1Ib / ITla (pe ko
xopig diéyepon tov ADP) pe kvttapopetpio pong.
IIpoékvye, OTL M evepyomoinon T®V OUOTETOAM®V
HEWDVETOL HE TN YOPNYNoM G KAOTOOYPEANG Kot
TOG 1) OVTIOLLOTETOMOKT dpAoT TG KAOTIO0YPEANG
d¢ pewdvetal pe v mopovsia g oppfactativig 1
atopPocToTivig.

Ot Wenaweser kot ouv?! mpaypotonoinoav pio
perétn pe okomd va kKafopicovv TNV OVOGTUATIKY
emidpaon g aropPactativing kot eAovPactotivig
oTN OUAY] OVTIHOTETAALOKY] Oy®YN He oompivn
kot KhomdoypéAn. To cuopmépaciia Nt Tog 00TE N
atopPactativn (40 mg nuepnoing), ovte 1 eAovPa-
otativn (80 mg nuepnoimg), e cuVOVOGUO pE TNV
Kabepopévn AN ovTIpoTETOAOKY  Ogpameio
petd and epebdtevon drug-eluting stent, enmpedlet
GNUOVTIKG TNV OVTIGLYKOAANTIKY| EXOPOOT TNG 0LOTTL-
pivng Kot ™G KAOTOoypEANG.

Ot Brophy xat cuv*? gktipnoav ek Tov VoTépOV
2,927 acBeveic o1 omolot Eafav KAomdoypEAN eVTOg
5 nuepadv mpwv vrofAnbovv ce PCIL. And avtoig, ot



727 acbeveig éhaPav atopPoactotivi kot poévo To
55.2% g opddag eréyyov Ehafe o 6TOTIVY, TOL
nepehdpupave t6co CYP3A 6co kot pun CYP3A
otoTiveg. Avt) N perétn damictmoe 0Tt ot acbeveig
mov €hofav atopPactativn Kot KAOTIOOYpEAN giyav
oxedov 000 Popéc avénuévo kivduvo GoPapadv ave-
moduNTOV evepyeldv og 30 nuépeg og cOyKplon e
ekeivovg mov Erafav povo kKAomdoypéin. EmmAéov,
N Kobvotépnon ot Ay ™G KAOTIS0YPEANG KaL 1
AMyn GAAOV QOPUAK®OV T 0TT010L EIVOL VTOGTPMOLOTO
tov CYP3A4 avénoav emiong onpovtikd tny mbovo-
mra evog avemBountov coppdvroc. H pedétn ovt
TPOTEIVEL pra TPdTH POPa. o, KAMVIKG GYETIKN oA~
MnAemidpaon peta&d CYP3A4-ctotvedv kot KAomt-
doypéAng. QoT0GO, VITAPYEL L0 GEPH TEPLOPIGULAV,
OTMC 0 EK TV VOTEPOV GYESIAGHOG TNG HEAETIG KO 1|
EALelyn ool El®V GYETIKA LE TIG OGELS KOl TI GV~
LOpQmoT TV achevdv pe T AYN TOV QUPUAK®V,
KoO®OG Kot 0 OTOKAEIOUOS TOV NAMKIOUEVOV 000E-
VOV.

H peyolotepn xhvikny peié yo v e&étaon
g mlovng KAMVIKNG aAAnAenidpaong peto&d tov
OTOTIVOV Kol TNG KAOTOOYpEANG NTav pio €K TV
VOTEPMV aVOIALGT NG HEAETNG TG YPNoNG KAomi-
doypéANG Yo vYNAO Kivovvo abnpobpdppoong Kot
Yok otabepomoinon, dlayeipton Kol omoeLYN
(CHARISMA). H peiétn CHARISMA «kotéveie
toyaio 15,604 acbeveig site pe Khvikég evoei&elg 1
He Topayovteg KvohVou Yo Kopdloyyewkyn vOoco,
glte og Mymn pdévo aomipivig N aomipivng Kot Kro-
mooypéAng. H evdidpeon maparkorovdnon dipkece
28 pnvec. Mio Gyetikn €K TV VOTEPOV AVAAVGT TNG
perétng CHARISMA® kot emikevpdbnke og acbe-
veig mov ehdpfovay otativeg katd v Evapén. Agv
VINPYE OLOPOPE OTO TPMTEVOV TEAKO onpeio petaln
TOV OLLAS®V, YEYOVOS TTOL VITOSNADVEL LT OTLOVTIKES
oAMAemdpaoetg peta&h Tov TOTOL GTATIVNG KOl TNG
MYNG KAOT0YPEANG.

3.5 Xvunepaopato

Yrdpyovv opiopéva ototyeio mov otnpilovv o
mlavny QoppakokiynTiky oAANAEmidpacn peTa&d
oToTVOV Kot Khomdoypéing. Ewwodtepa, €xet mpo-
tafel 0TL N oAANAenidpaon avt givan o Thavy e
MmoQleg otativeg Tov potpdlovtot to ido CYP450
petafoikd wwoévivpo. QoT060, 1) ACVUPOVIL LETO-
&L TV ex vivo 3edoUEVOV TOV TAGGOVTUL VITEP TNG
oAMAeTidpaoNG Kot TNG TAELOYNPIOG TOV AVOTEP®
KAMVIKOV PEAETOV TTOL OTETVYOV VO AVIXVEDGOLV pio
KAMVIKG oNUOVTIKY EMIOPOOT), TPEMEL VO OVALYVOPL-
oTel, VO oVYYPOVHS gyeipet opiopéva Tnpata.

Apykd, tieTon Vo apEIePTNoN N EpUNVELR Kot
eneENynon tov ex vivo SOKIU®V TG dpacTNPLOTITOG

TOV OUOTETOAIDV Kol OPICUEVOL E101KOL VITOGTNPi-
Covv OTL 1oL GLVOAIKY EKTIUNON TNG OPOUCTNPLOTTOG
TOV UOTETOM®V omottel TNV a&loldynomn TpLdv ye-
yovotov: evepyomoinon (activation), TpooKOAANON
(adhesion) kol cvocmpevon (aggregation). Eniong,
KATWOLEG in Vvitro SOKWWEG OV YPTCLULOTOLOVVTOL Y10
TOV TPOGOLOPICUO POPLOKOKIVIITIKOV OAANAETIOPG-
CEMV UTOPEL VO NV aVTAVOKAOVY GAAOVG in Vivo Un)-
XOVIopoOG oV Bo uTopoHoaV Vo «avTIGTAOIGOUVY
TNV 0VOGTOAN TG HETABOAIKNG SPUGTNPLOTNTOG EVOG
tooev{pov. Avtd umopel va givar Wiaitepo onpavTi-
K0 ylo mapdadeypa o acbeveig pe yopmin CYP3A4
dpaoctikdmta. Télog, oplopéveg KAVIKEG HENETEG
napovatalovy pia cepd pebodoroyikdv ntnudtoy,
CLUTEPIAALUPAVOLEV®V GYESIMV EK TOV VOTEP®V, EA-
Aenym mopovcioons g 06ong N T un vTooAr ex0é-
GEMV Y10, T1 GNUAGI0 TNG CUUUOPPOOTNG TV OUAO®V
EAEYYOV. ZVYYpOVMG KATOLES 0l QVTEG OVAPEPOVTUL
og éva oOvleto TeMKO onpeio, OnmMG ELEPAYLLO TOL
pookapdiov Kot aipoppayic, To omoio dev ek@palet
OTTOKAEIOTIKA KOl GUEGO TNV VIOTIOEUEVT 0Py TOL
UNYAVIGHOD OAANAETIOPOOTG OTATIVOV-KAOTIO0YPE-
NG, ONAGS TNV OVOGTOAN TNG OVTI-OLULOTTETOAMOKNG
dpaong g KhomdoypéAng.!

4. AMnieniopaon pe alfvikn aAKooAn

H «homdoypéin mepiéyetl pio eotepopddo Kot m
VOPOILGN TG 0ONYEL GE HELOUEVT] OVTIOLLOTETAALO-
k1 dpdon. Ot kapPoéuriestepdoeg HCEL ko HCE2
AVTITPOSONEVOVV OV0 GNUAVTIKEG VOPOAAGEG TTOL
elvar vevBuveg yuo 10 HETAPOMOUO PAPUAK®OV KOt
A @V EEVOV TTPOG TOV OPYOVIGUO OVCLOV. XTO NITop
exppalovtol ce apbBovia Kot ot dvo THmot KapPodv-
AECTEPUCHOV EVD GTI YOOTPEVTEPIKT 000 eKQpaleTal
katd Kopo Adyo 1 HCE2. H khomdoypéin amotelel
vrndotpopa e HCEL ko propel vo vrootel 1660
VOPOILGN OGO KO PLETEGTEPOTOINGT AVAAOYQ LLE TNV
mapovsia 1 Oyt abvAkng aAkodAns. Extog amd v
HCEI ka1 n vépordon A €xet amoderydel og Kotohv-
NG LETEGTEPOTOINOTG.

Khlvuen pedétn €deige 6t - abuiikry odkodin
av&Avel TV KuTTapoToéiky dpdoT TG KAOTdoYpE-
NG, vrodewvbovtag evioyvuévn Ploroyikn dpaoTti-
KOTNTO. ATO TV GAAN TALPAE, 1 0lBVAIKT] CAKOOAN
TopoTEiVEL TNV TOPOLGIN TOV PUNTPKOV QUPLAEKOL,
YEYOVOG TTOL UITOPEL VOL EYEL CNUOVTIKES POPLOKOAO-
yikég ovvémelec. Me Baon Tig Tyég g Cmax, 1 ov-
YKEVTIP®OT TG KAOTOOYPEANG (UNTPIKOD QOPLLAKOD)
elvar 4 popég peyaidtepn amd tov evepyd petoforitn
(o&edopévn KhomdoypéAT)), KOL 1] GUYKEVIPMGT TOVL
voporvpévou petaforitn (kapPo&uiikd o&d) esivan
nepimov 10,000 popég peyordtepn amd v 0&edm-
HEVT KAOTIOOYPEAN. TUVETMG, 1| TOPATETAUEVT] GL-



Zyipa 3. Meteareporoinon kot vopolvon
¢ KAOTIO0YPEANG.3

vomapEn g KAOTOOoYPEANG He aBVvAIKT) oAKOOAN
Qaivetal vo emtpénel oty o&eldmaon vo Tpoxwpnoet
TePLGGOTEPO. AToTELES O Elval Vo avEdveTaL 1) pap-
HOKOAOYIKT| dpdion, wilaitepa OTav 1 alBLAIKT 0AKOO-
M KoTavoA@veTol pue pétpo.

5. Khomdoypéin Kot moAopoperopidg
5.1. IoAvpoperopds Tov CYP3A4

Amo 1o évlopa CYP, ta évlopo CYP3A eivon ta
O KOTAAAN AL Yo perétn, kabmg Kotailvovv to 20%
TOV GLVOLOVL TV AVTIOPACEMV PAonG I 610 NIap Kot
petaforilovv mepiocdtepo amd to 50% tv eopud-
kov. 337 H petaforn dpactpiotta tov CYP3A4,
OV EUTAEKETOAL GTNV EVEPYOTOINGT TNG KAOTOOYPE-
NG elvar yevetikd ereyyOpevn. Ze HeAETn Tov £ywve
e&etdoOnke 1o Kotd OGO EnNPedlovV 01 TOAVLOPPL-
GLOL TOV TNV OMOTEAEGLOTIKOTITO TOV QOPUAKOL KOt
TPOEKLYE TG 0 TOALUOPPIoUOG Tov CYP3A4 pub-
pilet v evepyomoinomn TV ALOTETOAIOV G€ ac0e-
veig mov Aappavovv KAOTSOYpEA Kol EVOEYETOL
vo cUUPAAEL GTn PETAPANTOTNTO TG ATAVTNONG GTO
@appoKo.*

5.2. MMo)vpop@iopoc tov CYP3AS

To CYP3AS exepdletar moALOPOIKAE KOl To-
povctilel onuavtikég deBvikég dtapopéc. Ot Suh
Kot oV Ipaypatomoinoay HEAETN Y0 TOV Kivouvo

afnpobpouPotikdv eneGOdi®V G€ GTOWO TOV Aoy~
Bavovv Khomidoypérn. O crondg ftav va eEetdoovy
eav n CYP3AS peiopévn dpoactnpiotta, 1 omoio
opeidetatl oty oAMAeTidpacn peTo&d Qapudkov 1
G€ YEVETIKOUG TOALOPPLGHOVG, GYeTIleTOl e KAVL-
KGO OTUOVTIKY HEI®GN TNG OTOTEAEGLOTIKOTNTOS TNG
KAomidoypéing.

¥t @don 1 g pnerétng, n avactoin tov CYP3A4
oo rtpakovaloAn, ota dropo mov Eheute 1o CYP3AS
GLOYETICTNKE LE CTLOVTIKT HEIDOT TNG OPACTIKOTI-
TOG NG KAOTOOYPEANG, EVD KATOW0, OPACTIKOTNTO
(mepimov 25%) datnpnonke o€ AVTA e TO YOVOTLTTO
expressor CYP3AS.

¥t edon 2 g perétng toug, ot Suh kot cuv’
TOPATAPNCOV T cLYVOTNTA TOV 0ONpodpopfmTiKdV
emelc0dinV (Kapdlokodg Oavatog, EHEPayLE TOV HVO-
KOPSIov KoL [N GUHOPPOYIKO EYKEPUAIKO EMEIGOOL0)
og mepiodo 6 pnvov moapokoiovdnong petafd 348
acBevadv mov vroPAndnkav oe otepaviaio oyyeto-
TAOGTIKN UE EUQVTEVGT Stent Kol OVTIOLULOTETOALO
k1 Oepameio pe kKhomdoypéin. Alamictocov OTL Ta
YEYOVOTO OVTE TOPOVCIACTNKAY TTO GLYVE HETAED
Tov acbevov mov giyav CYP3AS un -ekppacpévo
yovétumo and 6,1t petald ekeivov pe eKPPUcUEVO
YOVOTLTO.

Amoteléopato amd TIg 000 QACELS TNG HEAETNG
tovg deiyvouv 6t 1 CYP3AS peiwpévn dpactmpt-
otnto. odNynoe o€ peiowon tov petafoMopod g
KAOTIBOYPEANG GTNV €VEPYO LOPON TG, YEYOVOS TTOL
oyetiletol pe PetdpEVT] KAVIKY OTOTEAECUOTIKOTITO
TOV QOPUAKOL.

5.3. IoiAvpoperopoc tov CYP2C19

Ye peAéTn mov TpaypaToTomOnKe Yo tov €ley-
XO TNG EMIOPOONS TNG UELOUEVNG dPUGTNPLOTNTAS TOV
CYP2C19 ot dpdon ¢ KAOTIOOYPEANG, Omodel-
xOnke otL M peimon g Aettovpyiag oo CYP2C19
LEWDVEL TO CYNUOTICUO TOVL gvEPYOV pPETABOAITN TNg
KAOTISOYPEANG, LE OMOTELEGILO YOUNAOTEPT] OVOGTO-
M g evepyomoinong tov arponetalimv.?® A&ilet va
onpewwbel 6TL VT M YEVETIKY emidpacon NTavV EUPa-
VNG akOpa Kol HeTd TV LYnAOTEPT 8001 KAOTLdO0-
vYpéANg 600 mg (doom £pddov) Kot cuveyicTnke Ko
'0AN ™ edon 75 mg (5601 cvvinpnong). Eniong, to
CYP2C19 2 oAANAOLOPPO GLUGYETIOTNKE LE PEYOAD-
TEPN W1 OVTIOPAON TOV OUUOTETOAM®V 0TV KAOTL-
doypéAn, KATL IOV £xel cuvdebel pe v emdeivoon
TOV KAVIKOD OTOTEAECUOTOC LETO OO OTEPAVINIO
stenting.

e pio GAAN pedétn, egetdobnike edv o duthacio-
GpoG TG 060MG KAOTSOYPEANG Eival amoTeEAECOTL
KOG 6g aobeveic, mov AaUPAvovy Kavovikh dOoN Kot
epeavifouv VYN JPOUCTIKOTNTO TMOV OULOTETOAL-



Hivoxrag 1.  [ToQotnOUUEVOL YOVATUITOL %O OVTIOTOLYEC AELTOVQYIXES ROTIYOQIES

(mpoPhemduevor pavotumor)®

Tovidro IpoPreropevog ®arvéTvTog Mapatnpodpevor FovoTomor Clopidogrel (n, %)
EM 1A/1A, 1A/1D, 1A/1E, 1D/1D, 1D/1E 45 (96)
CYPIA2 RM 1C/1D 1(2)
EM 17/17, 1A/17, 1A/1A 37(79)
CYP2C19 RM 1A2A, 1A/8,2A2A 9(19)
Uncertain functional status |[2A/17 1(2)
EM 1A/1A, 1A/1C, 1C/1C 29 (62)
CYP2B6 RM 1A/9, 1C/9, 9/9 17 (36)
EM 1A/1A, 1A2A, 1A/12 40 (85)
CYP2C9 RM 1A/3A, 2A2A, 2A/3A 7 (15)
CYP3A4 EM 1A/1A 47 (100)
EM 1A/1A, 1A/3A 11 (23)
CYP3AS RM 3A/3A 35(74)

n, Ap1uog Acbevav, CYP, Kvtoypwua P450; EM, Exteviic Metofoiiouos; RM, Meiwuévog Metafoliouog.

wv.* To counépacud tng NTov Tmg N avénon g 80-
ong g KhomdoypéAng amod 75 og 150 mg nuepnoiog
peimoe T SpacTIKOTNTA TOV AULOTETOA®Y, OALA dev
VINpEe GNUAVTIKT S1OPOPE GTNV CVTIOLOTETOALOKT
dpaon oe oxéon pe 10 CYP2C19. Qo1600, 1 peimon
oTN SPUCTIKOTNTO NTOV EAAYIOTN OTO KPS apldud
acBevov mov Ntov opodlvyotl Yo To GAANAOLOPP
OV GUVETAYOVTOL OTTMAELD, AELTOVPYIOG.

AVt T0 ATOTEAEGLOTO. TPOKAAOVV KOOl GVY-
yoon, 010Tt dev emPePfarddnie n vedOeomn O6TL O U
eopelg Tov yovidiov andrelag Aettovpyias Bo emmpe-
hodvtay TEPIGGOTEPO OO TNV awénon tng dOoNg o€
oyéon pe tovg popeic. Ocov aPopd T0 GVVOLO TOV
acBevov, 0 SIMAAGLOCIAG TG dOONG elye EVEPYETIKA
OTOTEAEGLOTO, TTEPITTOV GTOVG UIGOVG,.

H enidpaon g Saxduavong g Aesttovpyiog
tov CYP2C19 omyv avtondkpion oty KAOTS0YpE-
A mepumdékel ™ xopnynon tg. H ocvyvémra tov
CYP2C19 yovotomwv RM delyvetr peydin ouiett-
K1 dtakvpaveon, kabmg kopaivovtor and 20-30% oe
Kavkdoovg, oe 35-45% oe Appo-Apepikovoig Kot
50-65% oty Avatolkn Acia. To o kowd glatto-
patikd aAiniopopeo, CYP2C19 2, avtimpocmneet
10 75-85% tov CYP2C19 aAniopoppwv vrevdo-
vov ywo. RMs og Kavkdoiovg kot otny AvatoAkn
Acia. H guietikn drakvpaven tov CYP2C19 2 ei-
vat Tavov €vag omd Toug AOYOULS Yol TOVG 0Toiovg
HETAED TMV d1pdpov €BvVOTHTOV VITAPYOLY dLUPOPES
TNV QOPLOKOKIVITIKN TOV S10POPOV POPLAK®V TOV
givar vrootpdpata tov CYP2C19 kot emiong deiyvet
OTL 1 amdvInoT oTNV KAOTOoypéAN pmopel va dtopé-
pet e Paomn v ebvikoda.®

5.4. ITolvpop@iopdc tng Paraoxonase-1

H pro-evepyomoinon g «lomidoypéing oto-
kpivetal o€ 2 otdda: o) oty o&eidmon mpog T 2-
o&oxhomidoypéin mov KataAdETAL 0o TO 160EVEV LN
OV KLTOYP®HOTOG P450 kot B) oty vopdAven Tov
daktuAiov g Y-OetofovTvporartdvng TPog T dpa-
otikr] 0goAn. To devtepo Ppa, mov amoterel To
kaboplotikd 6téod10, KataAvetal amd to P450 wou
am6 v paraoxonasel (PON1). Yrdpyovv 600 mohv-
popoicpol Tov yovidiov mov kmdtkomotel to évivpo,
Q192R kot L55M. Otav ot 0éon 192 vrdpyet Arg, 1
KOvOTNTO, LOPOAVONG Elvar PEYOADTEPT GE GUYKPLoN
pe GIn192. Avtifeta ot obykpion Met55 pe LeuS5
dev mapaTNPOVVTOL SLOPOPEC.

Ye perétn mov Se&nydn, dtopa pe oteQOvidio
v660 Tov vroAnOnkav og PCI élafov kKhomidoypéin
yia 6-12 pnveg. Xe oykpion pe dropa eite pe RR192
PONI1 1 QR192 yovotumo, ta QQ192 opdluya dro-
Ho oV GuYVOTEPD TNV Opada stent Bpoufmong oe
oyxéon pe v opdda eréyyov. EmumAéov, n ypryopn
stent OpouPoon (evtdg 30 nuepdv) NTav TO cLYVA
a6 TV apyn N oAb apyn stent OpduPoon (> 30 nué-
peg) o QQ192 dropa oe cuykpion pe QR192 etepod-
Cuya kot RR opdluya dropa.

Metd ) yopfynon g d6ong KAomdoypéing 600
mg, To ATopa TOL giyav VITocTel un Bavoeopo stent
OpouPmon katd T didpkele TG TopaKorovLONGNG
£0et&av YOUNAGTEPN GLYKEVTPMGN GTO TAGGLO TOV
evepyol petafolritn g kKhomdoypéing. Eniong, &i-
YAV Lo, VYNAOTEPT] GLYKEVTP®GT) TOV 2-0&0-peTafo-
AT, oo vymAdtepn avaroyia 2-0£okAomd0YPEANG
TPOG €veEPYO HETAPOAITN Kot YOUNAOTEPN OVOGTOAN



NG CLGOMPEVLONG TOV CHOTETAAIOV G CVYKPIoN
HE TOVG GLUUETEYOVTEG YWpig stent BpduPoon. Ot
GULYKEVIPAOOELS TNG UNTPIKNAG KAOTIO0YPEANG KOl TOL
adpovovg petafolritn (kKoppoboikod 0&E0g), Kabmg
KOLL 1] 0PYLKT) GUGCMOPEVCT TOV OUUOTETAAIDV gV d1€-
QEPOV HETOED TV OULAdMV.

Hopapetpot mov avtikatontpilovy T SpacTiKd-
mra ™G KAOT0YPEANG (SpacTikdTnTa paraoxonase
07O TAGGLOL, 1] LEYLOTT] GVYKEVTPMGT] 6TO TAGGLLO TOL
evepyol HETABOAITN KOL 1) LEYIOTH OVOGTOAN TOV Ol
pometalmv) frav e&icov 1yvpoi deikTeg [IE TO YOVO-
tomo PON1 Q192R yua tov kivévvo stent Bpopfmong
oe HoVOUETAPANTEG Kol TOAVUETAPANTEG aVOADGELG
nodlwvdpounong (Cox regression analysis). Xtabepd,
o PONI1 QI92R yovotumog ftav o povog mopdyo-
VTOG TOV GYETIGTIKE ONLOVTIKA LLE TN OPOOTNPLOTTA
paraoxonase (PON) ct0 mAdopa, tn HEYloTn cLYKE-
VIp®ON GTO TAGGLO, TOV gvePYoL peTafoAitn g
KAOTIOOYPEANG KOl TG OVOGTOANG TG CLGCMPEVCNG
TOV OUOTETOA®V GE LOVOUETOPANTE KO TOAVETO
BANTé ypoppikd poviéle moAtvopounong. Ymmpye
EMIONG OTEVI] CLGYETION UETAEL TNG OPUCTIKOTITOG
NG paraoxonase Kol TG GLYKEVIPMOGNG TOV EVEPYOL
petafoiitn, OTmMG Kot TNG AVOGTOANG TOV OLOTETO-
Mov. ZUTEPUCUATIKA, 1| TPOPAETTIKN SOV TOV
MUOYPUPIKADV, KAIVIKOV KOl GAA®V YEVETIKOV To-
payovVTOV, BEATIOVETAL GNUOVTIKG e TNV €vTagT| TOL
yovotumov PONI.

INo v mepatépo a&oAdYNoN TS GLGYETIONG
g PONI pe v KAvikh] avtamokpion oty KAomL-
doypéAn, mpaypotomomdnke o peAETr oe opdda
1,982 atépwv pe o&éo otepaviaio. cvvdpopa. Ta
amoteréopato emPefaimcay ta mopicpato TG Tpo-
nyoovuevng perétme. H adidopbotn avaroyio kivdv-
vovu Bavateopov kat un Bovatnedpov stent OpoOLL-
Boong oe oxéon ne PONI QQ192 vs RR192 nrav
10,20. Atydtepo ONUOVTIKEG GUGYETIGELS KIVOUVOL
Bpédnkav emiong pe to o TOAVTAOKN OTIOAOYIKA,
dEVTEPEVLOVTO TEAKG GNUELD TOV EULPPAYLLOTOS TOVL
pokapdiov kot to cHvOeTo TOL ayyelokoD BaviTtov,
i BavaTneopov EUEPAYLLOTOS TOV HVOKOPSIon Kot
un BovatneOpoL IGYULKOD EYKEPAMKOD EMELGODI-
0V, YEYOVOS TTOL LTOSNAMVEL OTL Ol U1 UETPNLLEVEG
ovppetafintég eEacbevodv  oyxéon pe tov PON1
yovétumo. O PON1 yovotumog dg cuoyetiotnke e
TOV KIVOLVO IGYOKOD £YKEQPUAIKOD ETEIGOGI0V 1 UN
ayyelokod Bavatov, KATL IOV GUUEMVEL pe TV EA-
AEWYT| OTTOTEAEGLATIKOTNTOG TG KAOTOOYPEANG Yol
EYKEPOAKO EMEICOSI0 KOL U1 ayyElOKO BAvato oTig
KAvikég dokipés. Ta QQ192 oudluya dropa moapov-
clacav yopmAotepo Kivovvo coPfapng aipoppayiog
7oV Ba LITopovoE VoL GYETIOTEL [ Lo AyOTEPO OToTE-
AECUATIKY VOGTOAN TV oiponeTorimv. Tlapdpoteg

10

EKTIUNOELS KIVODVOL EA@ONGay yio Tr dpacTIKOTNTO
g paraoxonase 610 TAAGHO. Ta dTopo TOV GLLLE-
Telyov 0 O1EPepav Ge dNUOYPAPIKE Kol KAVIKE Yol
POKTNPIOTIKAL.

10 GOVOAD TOVG, QVTEC Ot PLoyMUKES, KAVIKEG
Ko EMONUOAOYIKEG peAETeG delyvouv OTL 1| AetTovp-
yun maparroyr| Tov yovidiov PONT Q192R amotehel
ATOPOCLIOTIKO TOPAYOVTO TNG POPLLOKOKIVITIKNG Ko
POPUOKOSVVOIKNG OVTOTOKPIGNG GTNV KAOTIO0YPE-
AN Kol GtV KAMVIKT] OTOTEAECUOATIKOTITO TOV (QOp-
pékov.

5.5. Tlohvpop@ropéc Tov ADP-Yrodoyéa P2Y ,

O dpaotikdg petaforitng g KAOTSOYPEANS
umhokapel Toug vodoyeig P2Y , oty empdvela tomv
apometaM@y, YeYOvOs OV AVOCTEALEL TN UEGOAQ-
Bovpevn and v ADP cvocdpevon. Qg ek tovTOL,
petairdéelg oto yovidio P2Y,, pmopovv emiong va
e&nynoovv ) UHETOPANTOTNTA TNG OTOTEAEGLOTIKO-
rog g kKAlomidoypéing. Xto yovidwo P2Y . éxovv
kabopiotel dvo tomot: ot acbeveic pe H2 tomo £yovv
Bpebei va eppavifoov avénuévn HEYIOTN CLCCDPEL-
on TV aponetaiiov o andvinon oto ADP kot ev-
SEYOUEVMG, 0L YOUNAOTEPT] AVTATOKPLOT GTO PAp-
HOKO, OGS 1) KAOTLOOYPERT.

H owynA dpoactikdmta Ttev  opometaiinv
(HTPR) petd amd 66om epddov 600 mg wlomido-
vYpEANG oyetiletan pe vynid kivévvo Bpopfotikdv
emelcodiov petd and PCI. H HTPR 8o propovoe va
OVTILETOTIOTEL, GTNV TAELOVOTNTO TOV TEPITTOCEMY,
YPNOOTOIMVTOG TTpocapioyn ¢ LD pe omotéle-
opa ) Pertimon g KAvikng ékPfaocnc. Qotéc0, 1
GTPATNYIKY aVT améTuye o€ 6yedov 10% tov aobe-
vov pe HTPR. Ztoy0og pHeEAETNG TTOVL TPOYLATOTOW)-
Onke Ntav va kabopiotel edv ot ToAvpOpEIGLOL TV
P2Y , ADP-vnodoyémv cuvdéoval pe v omotvyio
™mg mposoppoyng g d6ong. To cuumépacpa mov
TPOEKLYE NTAV OPVNTIKO pe BAOT) TNV TOPAKOAOVON-
o1 NG dPUCTIKOTNTOG TOV OUOTETAAIWDVY.*

5.6. ITolvpop@iopos Tov ABCB1

To yovidio ABCBI (yvwoto ko wg MDR1) ko-
dwomotel v P-yhokompwteivn mov dadpaparilet
ONUOVTIKO POAO GTNV amoppOPNGT), UETAPOPE KoL
amofoAr] ¢ KhomdoypéAng. Ot ToAvpopPIGHOT TOV
yovidiov (cuykexpyéva o 3435C—T) pmopovv va
EMNPEAGOVV TNV OTOTEAECUATIKOTITA TOV QAPUAKOV.
MehetOnke 1 enidpaor Tov TOAVUOPPIGHOD, HEHO-
VOUEVO KO GE GUVOLAGUO [LE TN AELTOVPYIKOTNTO TOV
CYP2C19, og kopdlayyelokd meploTtatike acbevov
ov eAduPavay KLomdoypéAN, KabMG Kol Gg VYIS



TPOKELEVOD VO LEAETNOOVV POPUOKOKIVITIKEG KoL
QOPLOKOSVVOUIKES 1O10TITEG TOV Pappdkov. !

Metd omd 15unvn maparxorovdnon Ppédnke ot

*  Xg acBeveig mov édaPav Bepameia pe KAomdoypé-
An, o ABCBI1 3435C —T yovotomog cyetiotnke
ONUOVTIKG e ToV Kivduvo kapdtoyysiakov Boavd-
TOV, EUEPAYLOTOS TOV HLOoKaPdiov, 1 EYKEPOAL-
ko0 enelcodiov.

* Ot TT opoluydteg eiyav 72% avénpévo kivov-
VO GTO TPAOTEHOV TEMKO GNUEIO GE GUYKPIOT| LE
CT/ CC dropa.

*  OryovorvmotABCBI 3435C — Txot CYP2C19
NTov onuovtikoi,  ave&ApTnTol  TPOYVOGTIKOL
TOPAYOVTEG TOV  TPOTAPYIKOD TEAKOV OTUEL-
ov, ka1 47% tev acBevdv mov eAdppavav Kio-
TO0YPEAN, TOV €lte elyav  pet@pévn Aettovpyia
tov CYP2C19, gite ntov ABCB1 3435 TT opolv-
YOTEG, | KOt T dV0 eiyayv avénuévo kivévuvo tov
TPOTEVOVTOG KOTOANKTIKOD GMUELOV.

*  X10VC VYElc CUUUETEYOVTEG, | LEl®ON TG UéYL-
GG GLGGMOPEVOTG TOV OLULOTETAM®MY LLE TNV KAO-
mdoypéAn otovg TT 3435 opoluydteg rav 7.3
Qopég kpotepn o oyéon pe ta CT / CC dropo.

Xoungpdopora: To dropo pe 10 yovoTLTO
ABCBI 3435 TT epgavilouv pEl@UEV) OVOGTOAN
TOV AUUOTETAAIDV Kol 0LENUEVO KIVOLVO VEDV 1GY 0L
KGOV enelc0dimv Kotd ) Oepaneio pe Khomdoypé-
An. Xe acbeveig pe o&0 Euepaypo Tov PLoKapdiov
nov €yovv vroPAndeil oe PCI, dtav Angbel vtoyn o
ouvdvacpog ABCBI kot CYP2C19, tdte oyeddv o
Hoog TANBvoUdC EpEL v YovOTLTTO TTOL GYeTileTal
pe ovénuévo Kivouvo KapdlayyENKOY EMEIGOSIMV
Katd ™ SbpKelo. 6TabepdY 600EMY KAOTIO0YPEANG.

Y& GAAN pedétn mov ywve ot [addio Tpoékvye
eniong mmg o yovotvmog ABCBI1 3435 TT cvvdéetan
ue mpmwun stent Opoppoon.*

5.7. Moivpop@eiopdc Tov ITGB3

To ITGB3 &ivat to yovidio mov kmdikomotel T b
vropovada g ylvkorpateivng IIb/la. IMpoypoto-
nomonke pedétn,* omov ovppeteiyav 2,208 acbeveic
a6 oA ) ToAlia yuo vo @ovel €4v ot ToAvHOPOL-
opoi Tov yovidtov oyetilovtatl pe TNV anoTEAECLOTL
KON TO TG KAomdoypéAng. Ta amoteréopata £det&av
TG T0 Yovidto de oyetiletar pe v ékPoon aTOUmV
pe o0&y Epepoaypa Tov pokapdiov Tov erdpfovay to
QAPLLOKO.

e GAAn pedém mov éywve ot oddio couykpion-
kav 123 acbévelg mov vropndnkav ce PCI ko &i-
yav Tpoun stent Opoppwon kot Stobéoipa deiypota
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DNA, pe opdda eréyyov 246 atdéumv mov dev giyav
Opoupwon.* MekethOnKoy TOAHOPPIGHOL S1UPOPp®V
yovidiov kot Bpédnke petald dAlov 6t to ITGB3
PLA2 givor amo@aciotikdg mopdyov otny Tpmiun
stent OpouPmon.

6. Khomooypéin kot dwafitng
6.1. Ewcayoy

H 6wt avtiopometoloxn Oepameio pe kho-
TOOYPEAN KOt aomipivn €xel amoderydel Tl peldvel
ONUOVTIKG TO IOXOUIKG ETEIGOdI0 08 0c0gvelg TOV
vrofairovtol og ayyetomhaotiky (PCI) kot tomobé-
o stent. [lapd 1o amodedetyptévo 6QEL0G VTG TNG
Oepomeiag, ot dapntikol acbeveic eEakorovbovv va
Bpiokovtatr e avénuévo kivovvo emavorapfovopie-
VOV IGYOUIKOV YEYOVOT®V, GE GUYKPLON LE TOLG LN
drafntikode.

[poéceata otoyeio deiyvouv Ot Ot drafnrucol
acbeveic eivol avOektikol 1 &v UEPEL LOVO OVTOTO-
Kkpivovton otig Oepaneieg pe SUTAN OVTIHOTETOALOKY
dpaon (kvuping 6Gov apopd TV KAOTIO0YPEAT), YEYO-
VoG oL oyetileTan He Goynpo KAVIKG 0TOTEAECILOTO,
onwg stent OpouPmon kar erovarapPovopeva abnpo-
Opoppatikd mepiotatikd. [ ™ yopmAn avtamdkpion
oV KlomdoypéAn &yl BempnBel vevbuvn 1 vrep-
yhvkaupiio, 1 un COPHOPEMOT e T ANy TOL PaPHA-
KOV, 1] 0VTOY1 0TIV WVGOVAIVY (LETAPOAKO GUVOPOLO),
1 OAANAETOPOCT] TOV QUPUAK®OV KoL 1] TPOG TO TAVED
pv0uon (up-regulation) tov vwodoyéa P2Y 12 mov €xet
napatnpnBei o draPnricovg tomov I 444

6.2. OePOTEVTIKI AVTIHETOMTLON

Ot Yang kot ouv* avaeépovv 0Tt 1 TP avTl-
alpometolokn Oepameion (SUTAN OVTIOLOTETOAOKY
kot cilostazol) éyet ¢ duvatd amotélecua pio mo
wyvpn] avactoln) g ADP pecoAafovpevng cvo-
OMOPELONG TOV AUOTETAAIDV GUYKPLTIKA LLE TN SITAN
avtaponeTolakn Bepaneio og acheveig pe dofnm
Kot gepevtevon drug-eluting stent (DES). To omotelé-
opata avtd delyvouv OTL 1) TPUTAN OVTLOLOTETOALOKY|
Oepomeia elvat pro Oepamevtiky exthoyn yo tn Pelti-
@G NG YOUNANG AVTATOKPLONG OTNV KAOTIOOYPEAN
oe aoBeveic pe caxyapddn dapnn.

Agv €yovv ovapepBel péypt ofUEPO ATOAVTMG
amoterecOTIKES Bepameieg TNG YOUUNANG OVTOTOKPL-
ong oV Klomidoypéhn g cakyapddn dwfntm. Eni
TOV TTOPOVTOG, Ol GTPOTNYIKEG VIO TNV OVILETMOTION
™G YOUNANG OVTOTOKPIONG TOV JofNTiK®OV otV
KAomidoypéin, mepthapfavouv:

e Xuyyopnynon cilostazol. To cilostazol avactéliet
EKAEKTIKG T Qwoodieatepdon I avEdvovtag
ta eminedo Tov gvdokvtTéptov cAMP ota aiplo-



TMETAALO, QTOTPEMOVTIOG £TGL TNV EVEPYOTOINGN
TOLC.

*  Av&nom g d00NG TOV UVILOLOTETOANK®OVY oL
pPaYOVTOV.

*  Xpfon vE®V QupUiK®V, OT®MG TPAcoVYPEAT (LN
OVTIOTPENTOS OVAIGTOAENS TOL vrodoyea P2Y12
tov ADP ota arpometdha) 1) ticagrelor (avootéd-
AEL OVTIGTPENTO UEC® OAALOCTEPIKOD OVTOYMVL-
opov tov P2Y 12 vrodoyéa).

e Zvuyyoprynon yarrtolovav.

Ot mopandve otpotnykés ypnlovv mepottépm
pelétg oto uéddov. Emiong, n e€atopukevpévn kot
MO €MOETIKY OVTIOHOTETOAOKY Ogpomeion Tpémet
va €EETAOTEL Y10 VO TPOGTATEVGEL TOVG SN TIKOVG
acbeveic Tov Bpiokovtor o€ LYNAO Kivdvvo.*4

7. Khomdoypéln ko dgiktng palog oco-
RaTog
7.1. Kivikég peréreg

H 660om gpddov 300 mg khomdoypéing xpnot-
LOTOLEITOL EVPEMG OC CUUTANPOUOTIKY OVTIOpOLL-
Botikn aymyn yio va pelwdei o kivovvog epeaviong
BpoupoTiK®V eMEICOdiMV AUEGMS HETE TNV TOMO-
0émmon otepaviaiov stent (CS). AvtibBpoupotikd
(QAPLOKEA TOV YPNCLULOTOLOVVTAL GUVIHOWOE KUTd TN
duapkela otepaviaiov tapeppdoemv, 6nTmg N Nropi-
V1 KOt 01 avaeTtoAglg tng yAvkompateivig 11b / Ila,
wpocappolovral avaroyo pe to Pépog. Qotdco d¢
ovppaivet to idto pe ™ d60M €POSOV TG KAOTLS0-
YpEANG Kot Alya StaBéaiia oTotyeia vITAPYOVVY Yid TO
mota gival 1 mo amoterecspatikiy LD tov @appdkov
avTo.

O deikng palog oopatog (BMI) opiletar og
0 AdYog tov Papovg o kg mpog 10 TETPAY®VO TOL
Vyovg o€ m. Xt0 TAAIGLO OVTO TPOAYLLOTOTOO1KE
uerét? mpoxeévov va a&loloynbei katd mdécov
o BMI emnpedlet v omdvinon TV oponeToAiov
omv LD khomidoypéing oe acbeveig mov vroBairo-
vtat og CS. H mpoxarodpevn and v ADP cucco-
pevon Tov aponetoAiov agloloyndnke oe 48 ache-
veig vo Oepaneio pe aomipivn mov vofdilovtal
oe CS kot Aapfavovv 300 mg kromdoypéing (LD)
katd v enépPoon. H ocvecdpevon tov aiponeta-
Maov (PA) a&oloyndnke oty apyn g Bepomeiog
Kot €0¢ kot 24 ®peg petd v enéppaon. Ot ache-
veig yopiotnkav o€ 2 opddeg avaroya pe tov BMI:
vrépPapor (BMI > 25 kg / m?, 29 acBeveic) kot Ko-
vovikd Bapog (BMI <25 kg / m?, 19 acbBeveic). H
PA Atov onpavtikd vyniotepn atovg vépPapoug
amd 6Tl 6ToVg acbeveic pe kavovikd Bapog KTl TV
évapén, og 24 dpeg Kol KOTA TN GUVOAKT dldpKeELo
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g perémg. To mocootd ™ avactoAng g PA 24
®peg petd v LD khomdoypéAng NTov avemopkég
(< 40%) ot0 59% TV vIépPapav Kat 6to 26% TtV
acBevav pe kavovikd Bapog. O avEnuévog Agiktng
Maog ZOHOTOC NTOV 0 LOVOG 0VEEAPTNTOG TTPOYV®-
OTIKOG OEIKTNG YO TNV EAUTTOUEVT] OTOKPLOT TOV
OLLOTTETOAM®V.

Mia dAAn perén emyeipnoe va ehéyEet v idwa
vofeon.*® 217 acbeveig vmopAndnkay oe tomobén-
O EYKEQOMKOV ayYELOKOD Stent 1| G& OVTIUETOTION
avevpiopatos. Ot acBeveig mov vrofdailoviav oe
TavTdyYpovn Oepameia e dAAOVG avTiOpopP@Ticong
mapdyovteg omokieiomnkav. Orot ot acbevelg éla-
Bav khomdoypéin 300mg 1o mponyovuevo Ppddv
Ko to Tpwi g dadikaciog. H oyéon petalh AME
KOl TNG CLGCMPEVONG TOV ALUOTETAAI®V a&LOAOYT-
Onkav otoatiotikd. To GLUTEPAGHO TOL TPOEKLYE
elval TG dev LILAPYEL ONUOVTIKY GLGYETION HETAED
T0v AMEX Kot TG avTamOKpIoNG TOV ALILOTETAAIMV
STV KAOTIO0YPEAT Kot TG TPEMEL VoL Aapfdvovton
VIOYN GALOL TOPAYOVTIEG OTMG GLVVTAPYOVIES T~
payovteg Bvntomntag, m xpHon GAA®V QOPUAK®OV
(6TOGC AVTUCTAUIVIK®V) KOL Ol YEVETIKOL TOAVLOP-
¢opol.

Mio tpitn perétn mov mpoypotomowOnke,*
emPefordvel To amoteréopata TG OeVTEPNG. ZV-
ykekpipéva, 251 acbeveic vmofAndnkov ce dokiun
NG OPUCTIKOTNTOG TOV OLOTETAM®V 6 £m¢ 24 dpeg
petd omd PCI kot 10 GOUTEPAGLO TOV TWG VITAPYEL
TOAD Yo cvoyétion peta&d tov BMI kot g 61-
NG Oepaneiag pe aomipivn Kot KAOTISOYPEAT.

7.2. Zoprnepdopota

To dedopéva oL TPOKVITOLY ATd TIG TAPATAVD
peAéTeS elvat avTIKPOVOUEVH. ATOITOOVTOL ETOUEVOG
npocbeta arotyeia yio vo dtomiotmdel edv o delkng
pélag ochpatog emnpedlet MV OMTOTELEGULOTIKOTNTO
™G KAOTS0YPEANC.

8. Emi)oyoc

H xhomdoypéin eivar éva evpémg ocuvtayoypo-
(POVLEVO QAPLOKO. ALGPOPO GKELAGUATA TTOV Sloi-
tifevtatl amd to poappokeion TEPLEYOLY MG dPUGTIKN
ovcia Vv Klomdoypén. H perétn tov arinient-
Ophoemv pe GAho eapuoKo, Kodmg Kol TmV VTOAoi-
MOV TOPayOVTOV Tov ennpedlovy T dpdon g eivat
GYETIKA TPOCOATY KOl OT®G EYVE AVTIANTTO Ao TNV
TOPATAVED OVAALGT), VIAPYOLV TOAAG oneio TOL
OTTOLTOVV EKTEVEGTEPT] EPELVO. ZOPYT| CLUTEPOCLLOL-
TO. TPENEL OMMOGONTOTE VO TPOKVYOLV OGOV 0pOPa
™V OAMNAETIOPAOT e TOVG AVOGTOAELG TNG avTAlOG
TPOTOVIWV KOl TIG OTATIVEG, 0OV 1) GLYXOPNYNOT TNG



KAOTISOYPEANG LLE PAPUAKO, OVTDOV TOV KATNYOPLDV
elvan Waitepa ouyvo eawopevo. Eniong, ota mhai-
ol TNG TPOOTADELNG YO [0l CTOYXEVHUEVT], OTOMIKY|
OepomevtiKng gival avaykoio vo TpocdloploTEL v TO
dropo mov AapPaverl KAOTSOYpEAT, OVIWG OVTOTO-
Kpivetal ot dpdon g Kot dev mapovotdlet avtiota-
on. Awapopetikn Bepaneio evdeyopévas va amotteitot
og dtafmnTiKong Kot vIEPPapovg OTmG TPOKHTTEL Old
TIG AVAOTEP® TOPOVCIALOUEVEG LEAETEG.
ZOUTEPOUCUATIKG, TPOKEWEVOL 1 ANYT KAOTL-
doypéNG amd Tov achevi) Vo GLVOSEVETOL OO TV
OmoPaiTNTN AGQPAAELN KO OTOTEAEGUOTIKOTITO, OLTTOLL-
TOOVTOL TEPULTEP® UEAETES OO TOVG EPEVVITEC, OTTMOC
KoL vTEVBVVEG Kol EVOUVEIONTEG AMOPAGELS OO TOVG
0PYOVICLOVE POPUAK®OV, ®OTE oV KPOel avarykaio, vo
Yivouv o1 KOTAAAMAEG GVOTAGELS GE 10TPOVS, POPLLOL-
KOTo10Vg Kot acOeveic yioo aAlayég 6TOV TPOTO YOPN-

YNONG TOV PAPHAKOL.

Clopidogrel: Factors
that affect its action.
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Abstract

Clopidogrel is an antiplatelet drug that
irreversibly inhibits the P2Y12 ADP receptor on
platelets, which results in the inhibition of the
ADP-induced platelet aggregation. It is an inactive
pro-drug which is metabolized by the cytochrome
P450 in the liver to the active metabolite. This paper
studies the factors affecting the action of clopidogrel.
Specifically, the interactions with drugs such as
proton pump inhibitors and statins are analyzed.
Furthermore, the interaction with ethyl alcohol,
various genetic factors as well as the variability of
action of clopidogrel in diabetic and overweight
are examined. Clopidogrel is currently used for
a number of indications in patients with chronic
and acute cardiovascular disorders. Therefore,
it is important to fully understand the factors that
affect its action, so that the use of this drug can be
accompanied by the necessary safety and efficacy.
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Summary

Pollution from Pharmaceutical and Personal
Care Products (PPCPs) in the aquatic environment is
recognized as an important “emerging” environmental
problem. Scientists have developed in the last decade
an extensive area of research for analysis, chemical
identification, and quantitative measurements in
the aquatic environment of PPCPs. Additionally,
research elucidated the transformation pathways
when present in wastewater-treatment plants or
in environmental matrices. The development and
application of advanced treatment processes for
their removal and/or mineralization have been
advanced to minimize their environmental impact.
Toxicological and ecotoxicological studies were
advanced for environmental risk assessment and their
potential biological effects in living organisms and
ecosystems. Some of PPCPs are a unique category
of micropollutants, because of their special chemical
degradation characteristics. Residues of PPCPs
were identified in municipal sewage treatment
plant discharges, river and stream waters in many
industrialised countries. In the last decade these
chemicals are considered as “emerging” or “new”
contaminants in the aquatic environment and were
included in a priority list of hazardous substances.

This review tries to present the knowledge that
is currently available with regard to the occurrence
of pharmaceutical residues in aquatic matrices,
the progress made during the last several years on
identification of such compounds down to trace levels,
and of new, previously unidentified, pharmaceuticals.
Pharmaceutical ~ chemicals include medicinal
drugs (including antibiotics, steroids, analgetics,
anticancer), veterinary drugs, materials for hygiene,
diagnostic agents, nutraceuticals (from nutrition +
pharmaceuticals, e.g. vitamins, dietary supplements,
polyphenols,  herbal  extracts), disinfectants,

antioxidants and their packaging materials. Personal
care products include lotions, skin creams, shampoos,
soaps, cosmetics, toothpastes, and sunscreen creams
and a variety of hygiene items. These PPCPs,
degradation products and metabolites have been found
at worrying concentrations in municipal wastewater.
Recent studies of pharmaceutical residues and PCPs
in wastewater and the aquatic environment in Greece
are also presented.

Introduction: Are pharmaceuticals and
personal care products “emerging”
pollutants for the 21st century?

In the last decades the production and consumption
of Pharmaceutical substances and Personal Care
Products (PPCPs) in the developed countries increased
substantially. According to international statistics the
global pharmaceutical market was estimated to have
produced drugs valued at 956 $ billion in 2011 and
it is estimated to increase to 1.2 $ trillion in 2015.
The worldwide pharmaceutical market is growing
in the last decade at a 5-8% rate. Only in the USA
it is estimated that there were 4 billion prescriptions
of drugs in 2009 (sales at 300 $ billion). Also, in the
USA it is estimated that there are 100,000 over-the-
counter drugs which do not need prescription. The
world pharmaceutical market sales by region was:
USA 36%, Europe 31.5%, Japan 11.3%, Asia (India,
China, S, Korea), Africa (South Africa, Nigeria, etc),
Australia 12.7%, Latin America (Brazil, Argentina,
etc) 5.7% and Canada 2.8%."2

In the last decades Personal care products is
another sector of manufacturing providing a great
variety of consumer and hygiene items (lotions,
hand cream, hygiene, toothpaste, lotions, sun-screen
oils, diagnostic agents, menstrual cycle hygiene
products, disinfectants, insect repellent) for every
day consumption. Additionally, Nutraceuticals, for
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example vitamins, antioxidants, dietary supplements,
plant polyphenols, herbal extracts, etc, is a another
fast expanding sector of health and diet products.®*

The manufacturers of pharmaceuticals and
personal care products may accidentally spill or
purposefully dump harmful byproducts directly into
the environment. Drug users also introduce these
substances into the environment when handling drugs
and when the substances pass through their bodies
and into a septic tank or sewage system. Also, their
plastic packaging materials are discarded as garbage.
Pharmaceutical chemicals and personal care products
can be found in municipal wastewater, in soil matrices
(from municipal waste sites) and in as marine litter.
Because PPCPs tend to dissolve relatively easily and
do not evaporate at normal temperatures, they often
end up in soil and water bodies.

Figure 1. Personal care products and pharmaceutical
substances are the “emerging” pollutants of the 21st
century. Residues and their metabolites were detected
in municipal and industrial effluents and in biosolids.

Source and detection of PPCPs in the
aquatic environment and waste water
treatment plants

One of the initial analytical studies for PPCPs
was carried out in Germany in the 1990s It found
residues belonging to 32 different medicinal
classes (antiphlogistics, lipid regulators, psychiatric
drugs, antiepileptic drugs, beta-blockers and g, -
sympathomimetics as well as five metabolites) in
German municipal sewage treatment plant discharges,
river and stream waters. Mainly acidic drugs like
the lipid regulators bezafibrate, gemfibrozil, the
antiphlogistics diclofenac, ibuprofen, indometacine,
naproxen, phenazone and the metabolites clofibric
acid, fenofibric acid and salicylic acid as well as
neutral or weak basic drugs like the beta-blockers
metoprolol, propranolol and the antiepileptic drug
carbamazepine were found to be ubiquitously present
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in the rivers and streams, mostly in the ng 1"'-range.
Due to their wide-spread presence in the aquatic
environment many of these drugs have to be classified
as relevant environmental pollutants.®

A study by the U.S. Geological Survey (USGS)
report published in 2002 found detectable quantities
of PPCPs in 80% of a sampling of 139 susceptible
streams in 30 states of the USA. The most common
pharmaceuticals detected were steroids and
nonprescription drugs; detergents, fire retardants,
pesticides, natural and synthetic hormones, and an
assortment of antibiotics and prescription medications
were also found The most frequently detected
chemicals (found in more than half of the streams)
were coprostanol (fecal steroid), cholesterol (plant
and animal steroid), N-N-dicthyltoluamide (insect
repellent),caffeine(stimulant), triclosan (antimicrobial
disinfectant),  tri(2-chloroethyl)phosphate  (fire
retardant), and 4-nonylphenol (non-ionic detergent
metabolite). Steroids, non-prescription drugs, and
insect repellent were the chemical groups most
frequently detected.®’

In 2000, USGS scientists collected samples
from 47 ambient ground-water sites (not drinking-

Figure 2. Detectable quantities of various

pharmaceutical substances and their metabolites are

found in the municipal wastewater and in the aquatic
environment of industrialized countries.

water wells) in 18 states and analyzed for 65 organic
wastewater contaminants. In the summer of 2001,
samples were collected from 74 sources of raw,
untreated, drinking water in 25 states and analyzed
for 100 organic wastewater contaminants. The five
most frequently detected compounds in samples
collected from ambient ground-water sites were N,N-
diethyltoluamide (35%, insect repellent), Bisphenol
A (30% plastic and epoxy-manufacturing ingredient),
tri(2-chloroethy) phosphate (30%, fire retardant),
sulfamethoxazole (23%, veterinary and human



antibiotic), and 4-octylphenol monoethoxylate (19%,
detergent metabolite).®?

The U.S. Geological Survey focused on .detectable
concentrations of pharmaceutical compounds in
sewage treatment plant effluents, surface water,
and sediment in various states of the U.S.A. These
studies found that the most important pharmaceutical
classes included antibiotics, analgesics and anti-
inflammatories, lipid regulators, beta-blockers, anti-
epileptics, and steroid hormones. Although most
chemical concentrations were detected at low levels
(nano-grams/Liter (ng/L)), there are uncertainties
that remain regarding the levels at which toxicity
occurs and the risks of bioaccumulation of these
pharmaceutical compounds. In a study of 2011,
pharmaceutical compounds were detected at
low concentrations in 2.3% of 1231 samples of
groundwater (median depth wells=61m) used for
public drinking-water supply in California. Of 14
pharmaceutical compounds analyzed, 7 were detected
at concentrations greater than or equal to method
detection limits: acetaminophen (analgesic, maximum
concentration 1.89 pg/L), caffeine (stimulant, 0.29
pg/L), carbamazepine (mood stabilizer, 0.42 pg/L),
codeine (opioid analgesic, 0.214 ng/L), p-xanthine
(caffeine metabolite, 0.12 pg/L), sulfamethoxazole
(antibiotic, 0.17 pg/L), and trimethoprim (antibiotic,
0.018 pg/L). Median detected concentration of
pharmaceutical compounds was similar to those of
volatile organic compounds, and higher than that of
pesticides.’

“Emerging” pollutants in municipal
and industrial effluents in industrialized
countries

Scientists in the European Union countries
addressed in the last decade the hot issue of the
so-called "emerging" or "new" contaminants (i.e.
pharmaceuticals, personal care products, human and
veterinary drugs, surfactants, textile dyes, etc). The
scientific projects focused on one hand on the tracing
of “emerging” pollutants in industrial and municipal
effluents and on the other in the active removal of
organic pollutants by advanced water treatment
technologies.!* !!

These “emerging” pollutants are at present at low
concentrations but it is suspected that their interactions
and synergy may cause adverse effects in humans and
wildlife. The emerging classes of chemical compound
are:

Pharmaceuticals analgesics and anti-inflam-
matory drugs (codein, ibuprofen, acetaminophen,
acetylsalicilyc acid, dichlofenac), psychiatric drugs
(diazepam), b-blockers (Metoprolol, Timolol),
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steroids  (estradiol, estrone), lipid regulators,
hormones, sulphonamides (human and veterinary
drugs), tetracyclines (human and veterinary drugs).

Personal care products (toothpaste, shampoo,
skin crémes, etc), Fragrances (nitro, polycyclic
and macrocyclic musks), Sun-screen agents
(benzophenone,  methylbenzylidene  camphor),
Insect repellent (N,N-diethyltoluamide), Antiseptics
(Triclosan, Chlorophene), etc, Surfactants,
Alkylphenol and Alkylphenol Ethoxylates (APES)
(alkylphenol ethoxylates,4-nonylphenol carboxylates,
octylphenol ethoxycarboxylate), Flame retardants,
polymer additives: polybrominated diphenyl ethers,
PBDEs, tetrabromo bisphenol A, Bisphenol A (BPA,
4, 4-isopropylidenediphenol), Chloroalkanes, Tris (2-
chloroethyl) phosphate.

A research project initiated in 2004 (Western
Balkan and EU countries, abbreviated as EMCO,
9 partners, FP6, 2004-2007) focused in tracing
emerging chemicals and their removal in industrial
and municipal effluents by advanced treatment
technologies. The 1st EMCO workshop entitled
"Analysis and removal of contaminants from
wastewaters for the implementation of the Water
Framework Directive (WFD)" was organized in
Dubrovnik, Croatia on October 20-21, 2005. A 2nd
EMCO workshop entitled "Emerging contaminants
in waste waters: Monitoring tools and treatment
technologies" was organized in Belgrade, Serbia on
April 26-27,2007 (www.cid.csic.es/ emco/home.htm)
supported financially by the European Union EMCO
project and by the Spanish Ministry of Education and
Science project EVITA 1.1

Pollution data on “emerging”
contaminants in the aquatic environment
and wastewater treatment plants

The scientific literature contains numerous papers
ontheidentification, analysis of “emerging” pollutants,
pharmaceuticals and personal care products in rivers,
groundwater, biosolids and surface water in a number
of industrialized countries.

A survey in Southern California of raw and
treated drinking water from four filtration plants in
San Diego Country showed the occurrence of several
pharmaceutical substances and PCPs. These included
phthalate esters, sunscreens, clofibrate, clofribric
acid, ibuprofen, triclosan, and DEET. Also, several
of these (ibuprofen, triclosan) were found at low
concentrations in the finished water.'*

Scientists in  Switzerland evaluated the
ecotoxicological potential of the 100 pharmaceuticals
expected to occur in high concentrations in the



wastewater of a general hospital and a psychiatric
centre in Switzerland. Researchers related the toxicity
datatopredicted concentrations indifferent wastewater
streams to assess the overall risk potential for different
scenarios, including conventional biological pre-
treatment in the hospital and urine source separation.
The concentrations in wastewater were estimated
with pharmaceutical usage information provided by
the hospitals and literature data on human excretion
into feces and urine. Environmental concentrations in
the effluents of the exposure scenarios were predicted
by estimating dilution in sewers and with literature
data on elimination during wastewater treatment.'®

Japan and other economically emerging Asian

countries (India, China, Indonesia, etc) have very high
consumer rates and extensive use of pharmaceuticals
and personal care products. In recent years, scientists
are concerned for their environmental consequences
in the aquatic environment, especially rivers and
drinking water sources. A recent review refers
to Southern China problems for these particular
contaminants, raising concerns amongst chemists
and toxicologists. In China, scientists started to get
concerned by the large amounts of pharmaceutical
metabolites in wastewater. Particular emphasis was
placed to the enormous production and widespread use
of pharmaceuticals and particularly antibiotics utilised
in human and veterinary medicine applications. '
A recent study by the UK Environment Agency’s
collected data on pollution problems of groundwater
sources from ‘“‘emerging” organic groundwater
contaminants (EGCs). Most of these chemicals
were agricultural chemicals but also nanomaterials,
pharmaceuticals, personal care products, fragrances,
water treatment by-products, flame retardants and
surfactants, as well as caffeine and nicotine, Some
of the pharmaceutical substances detected were
carbamazepine and triclosan, nicotine, food additives
and alkyl phosphates. The report presented the routes
by which these compounds enter groundwater, their
toxicity and potential risks to drinking water and
the environment. The report identifies challenges
that need to be met in the future to minimise risk to
drinking water and ecosystems.”

In [Italy, scientists reviewed the state of
environmental pollution by pharmaceutical substances
and the relevant papers with the aim to provide a
comprehensive view on a national scale. Their review
included papers on analysis, occurrence, monitoring,
modelling, treatment, control of the emissions, and
ecotoxicological effects of pharmaceutical substances
in the environment. Pharmaceutical metabolites
in Italy are widespread contaminants, entering the
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aquatic environment from a myriad of scattered
points. Priority pharmaceuticals, were measured in
waste and surface water by liquid chromatography-
tandem mass spectrometry (LC-TMS), and the loads
detected are generally comparable to the predicted
ones. The sewage system is an important point in
the control of pollution, but sewage treatment plants
are not able efficiently to abate a substantial part
of water-borne pharmaceuticals. Scientists suggest
that specifically adjusted waste water treatment can
improve the efficiency of drug abatement, mitigating
potential environmental hazards.'®

In Spain, scientists evaluated the occurrence and

persistence of a group of 100 organic compounds in
five municipal sewage treatment plants in various
parts of Spain. The pollutants belonged to several
chemical groups (pharmaceuticals, personal care
products, pesticides and metabolites). The study also
identified 20 of the mostly detected and persistent
compounds in wastewater effluent, of which
hydrochlorothiazide, atenolol, gemfibrozil, galaxolide
and three metabolites [(fenofibric acid, N-Acetyl-4-
amino-antipyrine(4-AAA) and N-Formyl-4-amino-
antipyrine(4-FAA)], presented the highest average
contribution percentages, in relation to the total load
of contaminants."
A review for emerging contaminants focused in the
Llobregat River (North-East Spain) which is the most
important drinking water source for Barcelona and its
surrounding area. As one of the only water sources
in the area the river water have been overexploited
and effluents from more than 30 urban wastewater
treatment plants have been discharged into the river.
Surfactants, estrogens, pharmaceuticals, personal
care products, pesticides, and even abuse drugs were
the main groups detected in different studies. The
information collected provided an overview of the
river status according to the EU Water Framework
Directive (WFD, 2000/60/EC). %

The same river delta was used for a monitoring
survey of “emerging organic pollutants in the
tertiary wastewater treatment plant of Depurbaix
(Spain). The presence of 170 pharmaceuticals,
personal care products, priority substances according
to the 2008/105/EU Directive and four metals (Cd,
Ni, Hg, Pb) have been investigated at the Llobregat
delta, south of Barcelona (Spain). The concentrations
of most pharmaceutical group of chemical substances
detected rarely exceeding a few mug/L. Caffeine,
Nicotine and galaxolide (musk fragrance) were
found to be present in more than 60% of the samples.
Diuron was the only priority substance detected. The
study found that after the waste water treatment the



majority of organic contaminants were removed from
tertiary treated wastewater and their concentration
was reduced below 0.1mug/L. Monitoring revealed
a widespread occurrence of analysed compounds
in groundwater. Among them Codeine (analgesic),
Ibuprofen (anti-inflammatory), lopamidol, lopromide
(contrast agent) and paraxanthine (metabolite of
caffeine) have only been detected in groundwater. 2!

Pharmaceuticals and personal care products as
micropollutantswereinvestigatedinriversofRomania.
The river Somes (Transylvania) was the subject of
these studies and GC/MS analysis was performed.
The concentrations for 15 chemical micropollutants
(drugs, such as analgesics, antiepileptics, psychiatric,
stimulants, anticoagulants, antineoplastic, their
metabolites, musk fragrances, disinfectants, etc) were
in the range of 30 ng/l to 10 pg/l. 2

Another study was contacted in two South
Wales (UK) rivers. The presence and fate of 56
pharmaceuticals, personal care products, endocrine
disruptors and illicit drugs were investigated in river
Taff and river Ely which were monitored for a period
of 10 months. The majority of concentrations of
micropollutants were in the range of 1-9 ug L™ and
their levels dependent on the extent of water dilution
(rainfall). Discharge of treated wastewater effluent into
theriver course was found to be the main cause of water
contamination with PPCPs. These drugs were mainly
antibacterial drugs (trimethoprim, erythromycin-H,0
and amoxicillin), anti-inflammatories and analgesics
drugs (paracetamol, tramadol, codeine, naproxen,
ibuprofen and diclofenac) and antiepileptic drugs
(carbamazepine and gabapentin).?

Pharmaceuticals and pesticide residues were
measured upstream and downstream two wastewater
treatment plant outlets in a Mediterranean river basin
in the Arc river, Aix en Provence of France. The most
important drugs detected were antiphlogistics, lipid
regulators and carbamazepine. Pesticide pollution
occurred through a high pollution peak in spring, while
pharmaceuticals were continuously infused into the
river via wastewater effluents. Carbamazepine and
bezafibrate were detected in almost all samples at
concentration levels ranging from ng/L to microg/L.**

An extensive study in South Korea investigated
the presence and distribution of 15 pharmaceutical
residues in municipal wastewater treatment
plants (WWTPs), livestock farms, hospitals, and
pharmaceutical manufacturers. The effluents had
different patterns of pharmaceuticals than their
corresponding influents because of the different fate
of each compound in the WWTPs. Non-steroidal
anti-inflammatory drugs were the most dominant
micropollutants, while antibiotics were dominantly
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detected in the wastewater of livestock farms. The
distribution of pharmaceuticals in the effluents varied
with sampling sites and periods.?

PPCPs and endocrine disrupting chemicals were
detected in sludge from five wastewater treatment
plants in southern California. Paracetamol, naproxen
and ibuprofen were the dominant compounds, with
mean concentrations of 41.7, 35.7 and 22.3ug/L,
respectively. Concentration were significantly higher
in winter than in the summer, which is attributed to
more human consumption of pharmaceuticals during
winter and faster degradation of the compounds in
summer. The highest concentrations of triclosan
and octylphenol were detected in sewage sludge,
with mean concentrations of 1505 and 1179ng/g,
respectively.?

Studies on PPCPs were contacted in China due
to substantial increase of new hospitals and the
expanding urban areas. Scientists analysed 13 target
pharmaceuticals in different water samples from
the Hangzhou metropolitan area and Linan County,
Southeast China. Sampling was conducted in five
hospitals, two wastewater treatment plants (WWTPs),
and in the Qiantang River. Trimethoprim, erythromycin
A dihydrate, norfloxacin, ofloxacin, diclofenac
sodium, and atenolol were the most frequently
detected pharmaceuticals in hospital effluents. Results
indicated that hospitals are more concentrated sources
of pharmaceuticals than WWTPs.?

Three very informative reviews have been
published in recent years concerning pharmaceutical
residues, personal care products and organic micro-
contaminants in environmental waters and wastewater
plants. The first review presented the knowledge that
is currently available with regard to the occurrence
of pharmaceutical residues in aquatic matrices and
the identification of such compounds down to trace
levels. Also, recent findings are presented in respect
of the capacity of various treatment technologies to
remove these contaminants.?

The second review summarised major categories
of organic micropollutants (pharmaceuticals, personal
care products, sun-screen agents, etc) that have been
detected in wastewaters. The review presented also
studies on the fate of micropollutants during the
wastewater treatment process.”

The third review-survey covered the 15 years
scientific papers and research projects connected with
the elucidation of the effects and risks of PPCPs in the
environment and to identify key outstanding issues
regarding the effects of PPCPs on human and ecological
health. The researchers promoted an international
experts workshop to discuss the top priorities and issues.
The top 20 priority questions fell into seven categories:



a) prioritization of substances for assessment, b)
pathways of exposure, ¢) bioavailability and uptake,
d) effects characterization, e) risk and relative risk,
f) antibiotic resistance, and g) risk management. This
exercise prioritized the most critical questions to aid in
development of future research programs on the topic
of organic micropollutants.*

Monitoring and  scientific  research  on
pharmaceutical residues and Personal Care Products
(PCPs) in wastewater treatment plants, rivers, ground
and drinking water, has been carried in the last
decade in Greece. A number of acidic pharmaceutical
residues (ibuprofen, naproxen, ketoprofen), other
commercial drugs (clofibric, diclofenac, phenazone,
polyphenazone, 2,4-dichlorobenzoin acid), personal
care materials and endocrine disrupting chemicalshave
been determined by gas or liquid chromatography-
mass spectrometry. The selected areas of studies were
municipal and hospital wastewater treatment plants,
sewage sludge, rivers, ground and drinking water.
Concentrations in the influent and effluents varied
and the removal efficiency ranged from 15-80%. 313

Conclusions

The detection of “emerging” chemical
micropollutants and pharmaceutical residues in
surface water, groundwater and drinking water
raised considerable public concern in the last decade
Scientists initiated studies to identify, analyse and
evaluate their toxicological importance for a variety
of emerging contaminants relevant to the drinking
water and the ecological water cycle. The maximum
concentration levels reported in surface waters,
groundwater and/or drinking water were below the
margin of safety. But these micropollutants can act
synergistically or their metabolites many be more
toxic. While it is clear that a large amount of excellent
research has been conducted to date, it is equally
evident that there is still much to be done to assess
the toxicological effects of emerging mixtures of
chemicals and how best to regulate these chemicals
in the water industry. Wastewater treatment methods
have been improved substantially in recent years to
deal with the removal of these emerging pollutants.*
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KUPLOTEPEG OVGIEG MG PHTTOL GTO VIATIKO TEPPAALOV
evaL: Ol PUPLOKEVTIKEG OVGIES, OTMS TOL AVTIBLOTL-
K@, TO. GTEPOELDN, TO AVOAYNTIKG KOl TO, OVTIKOPKL-
VIKG QAPLLOKEL, TOL KTNVIOTPUKE GAPLLOIKE, TO VALK
VYLEWNG, TO SlOyVOOTIKG VAIKA, ot Brrapives, ta dt-
ATPOPIKE GLUTANPOHOTE, TO EKYLAIGHATO BOTAVOV,
TOL OTOAVLLOVTIKG DVAIKG, Ol OVTIOEEWMTIKEG 0VOIEG
Kot Ol GVoKeLOGieG Tovg. Emiong, vdpyovv kot gv-
POTOTO YPNCULOTOLOVUEVA TTPOTOVTO OTLMG TOL OPADLLOL-
TOl, Ol OEPUATIKES OAOLPEG, TO GOTOVVLO, Ol 030VTO-
TOGTEG, TO AVTIMALOKE EAOMON VAWK K.Am. [ToAAég
amd OVTEG TIC YNUKES OVGIEG KO TOPUCKEVAGLLOTOL
&yovv Ppebel o€ VYNAEG GLYKEVTPDOGELS GTO OOTIKG,
ocvotpato kabapiopobd vypav arnofintwyv. Emiong,
TOPOVSIALOVTOL TPOGPUTEG EPEVVES Y10l POPLLOKEVTL-
K&G ovolec Kot TPOTOVIO TPOCOTIKNG PPOVTIONG G
EYKOTOOTAGELS VYPOV OTOPANTOV Kol TOV VIATIVOL
nepdirovtog otnv EALGS.

AMmroyoagia: Ao. Owuais Bhayoyidvvy e-mail:
thvlach@chem.uoa.gr, vlachogianni@mio-ecsde.com
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Abstract

In recent years it has been observed worldwide
a striking increase of cases of diabetes mellitus,
which tend to attain an epidemic prevalence. Aldose
reductase (ALR2, AR, AKRIBI, EC 1.1.1.21)
belongs to the aldoketoreductase superfamily. It
is the first enzyme of the polyol pathway, which
converts glucose to sorbitol. The physiological role
of ALR2 is detoxifying and regulating, but in cases of
diabetes and/or hyperglycemia, glucose is converted
rapidly to sorbitol, which tends to concentrate into
the cells, damaging them in many tissues. Therefore,
ALR2 was proposed responsible for the long term
complications of diabetes, such as neuropathy,
nephropathy, retinopathy and cataract. Aldehyde
reductase (ALR1, AKR1A1, EC 1.1.1.2) belongs also
to the ketoreductase superfamily. The major role of
ALRI is also the detoxification of toxic aldehydes.
The two enzymes exhibit 65% sequence, as well as
structural homology. Thus, simultaneous inhibition of
both enzymes could cause unwanted effects, due to
deteriorated detoxification.

The fifteen compounds of this study (Figure
1) have been previously synthesized in our lab and
their inhibitory activity in ALR2 and ALR1 has been
tested in vitro. We have tried to correlate statistically
pIC, *"** and selectivity index (IC, A" /IC, A2, ST)
with various calculated physicochemical properties of
the molecules, such as lipophilicity, pKa, MR, TPSA,
atomic and electronic spatial parameters, as well as
the energies of HOMO and LUMO.

We have found out, from the best equation, that
pIC,****depends on the distance between the carbonyl
oxygen and the phenolic oxygen (D)), the energy of
HOMO (E,,,,) and the dihedral angle between the
pyrrolyl ring and the aroyl substituent (A):

pIC, A**=-0.18(+0.07)D ,+0.014(+0.006)A-
39.03(£15.76)E ,\,o-5-84(£5.39)

n=15, ’=0.647, s =0.313, MAE=0.200

We have also found out that the selectivity index
(SI) depends on the distance of the aromatic centre
of the molecule to the phenolic oxygen (D,), coupled
with lipophilicity (calculated as S+logP):

S1=-33.06(£10.42)D +67.00(+18.74)logP-
39.94(£73.41)

n=14, ’=0.583, s=43.467, MAE=32.519

1. Introduction
1.1. Aldose Reductase (ALR2) and Aldehyde
Reductase (ALR1)

Diabetes mellitus is a complex metabolic disorder
that is characterized by abnormal metabolism of
carbohydrates, proteins and lipids, as a result of
lack of insulin production or insulin resistance'.
Unfortunately, during the 20" century diabetes
acquired an epidemic prevalence and from the
beginning of the 21% century it is developing into
pandemic phenomenon. In 2011, 366 million people
were suffering from the disease, while by 2030 the
number is estimated to elevate up to 522 million
patients, with frequency of prevalence 7.7%? In
addition, according to epidemiologic studies, it was
found out that diabetes is not exclusively a disease
of the developed world, since it appears in very
high rate in some developing countries of Asia and
Latin America, while in some developed countries
of Central Europe (e.g. Holland, Austria) it appears
in unexpectedly low rates’. Diabetes is closely
associated with high morbidity and mortality due to
its chronic complications that develop over the years
because of systematic insufficient glycemic control?,
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which in chronic bases affects the patients’ health and
quality of life. Among these chronic complications are
angiopathy and cardiovascular diseases, neuropathy,
nephropathy, retinopathy and cataract’.

The enzyme that is considered responsible for
diabetes’ chronic complications is aldose reductase
(ALR2, AR, AKRIBI, EC 1.1.1.21), a cytosolic
enzyme, member of the aldo-ketoreductase
superfamily®. Aldoketoreductases are ancient proteins,
that share a common structure of a conversed (/o)
barrel and a conserved pyridine nucleotide binding
site’. ALR?2 is responsible for a series of physiologic
functions, suchastheregulationofthe proinflammatory
response via the reduction of aldehyde phospholipids,
the synthesis of metabolically vital compounds such as
prostaglandins, and the modulation and modification
of steroids in vivo®. It is the first enzyme of the polyol
pathway, which converts glucose into sorbitol using
NADPH as a co-factor. Sorbitol is slowly converted
into fructose by the second enzyme of the pathway,
sorbitol dehydrogenase (SDH), which uses NAD" as
a co-factor®.

In case glucose’s levels in the blood are normal,
the polyol pathway possesses only a small part
in the metabolism of glucose, because ALR2 has
a low affinity to glucose. However, in case of
hyperglycaemia, glucose is rapidly converted by the
polyol pathway to sorbitol, which cannot easily cross
cell membranes and accumulates into cells, causing
swelling, as well as cell and tissue disfunction’.
Additionally, the exhaustion of NADPH results in the
deactivation of glutathione (GSH) reductase and NO
synthase, that leads to the exhaustion of GSH and NO
and production of ROS (reactive oxygen species).
These effects, in combination with the disturbance
of NADH/NAD" ratio (pseudohypoxia), can cause
oxidative stress, which is additionally related to
diabetic chronic complications® '%!2, Furthermore,
fructose, the last product of the polyol pathway,
via oxidation, gives intermediates that can lead to
AGEs (advanced glycation end products), which
are also considered responsible for diabetes’ chronic
complications' 13,

Finally, recent studies have shown that ALR2
is related to prostaglandin-F (PGF) synthase
activity, which is highly connected to ischemic and
inflammatory pathologic conditions," ' as well as
to other inflammatory factors™ ', while is related
to some particular types of cancer, such as in liver,
lungs, breast, ovaries, cervix and rectum® '3,

All the above evidence point out that ALR2 is an
important pharmacological target and its inhibition
could be the key to many pathological conditions. Of
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course, this means that there is a continuously rising
need for new and effective aldose reductase inhibitors
(ARlIs), since today only epalrestat is on the market
and only in Japan. Even though many active ALR2
inhibitors have been synthesized over the years, most
of them are derivatives of the carboxylic acid or the
hydantoin moiety, which have proved to have either
poor bioavailability or serious adverse effects'.

Aldehyde reductase (ALR1, AKRI1Al, EC
1.1.1.2,) is a cytosolic enzyme, member of the
aldoketoredouctase superfamily, like aldose reductase
(ALR2). It also catalyzes several physiological
functions, among them, detoxification of toxic
aldehydes’ ' '8, In addition, the two enzymes share
a high level of sequence (~ 65%) and structural
homology,® as well as common physical and chemical
properties'®. This has as a result the increased tendency
of many substrates or ligands to bind with both ALR1
and ALR2 and complicates the development of novel
ARIs'" 2. This happens because the inhibition of both
of the enzymes is thought to lead to toxic phenomena®,
due to insufficient detoxification capacity of the living
cell. However it has been indicated that there are other
available enzymes for the aldehydes’ detoxification,
in case of parallel inhibition of ALR2 and ALR1%, but
this matter needs further investigation.

In order to overcome the problematic
pharmacokinetic profile of carboxylic acids, novel
bioisosteric approaches have been implemented,
as for example with the trifluoromethyl ketone
substituted ARIs?'. In previous work, and in
continuation of searching for new ARI chemotypes*
22 we have prepared and in vitro tested a series of
keto-pyrrolyl-difluorophenol derivatives (Figure 1).
In these molecules 2,6-difluorophenol was used as a
non-classical bioisosteric replacement of the acetic
acid moiety'8, while the pyrrole ring was substituted
by different keto-groups. The synthesized compounds
were tested regarding their ALR2 inhibitory activity
(IC,*®), as well as their selectivity (Selectivity
Index, SI=IC, A™YVIC, A*?). In order to explain
the potency and the selectivity of this series of 15
synthesized compounds (Figure 1), we conducted
a QSAR study with various molecular descriptors,
which include lipophilicity, spatial disposition of
key moieties and quantum chemical properties. The
results of this study were also expected to help us
with the extraction of useful conclusions about the
design of future ARIs.

1.2. QSAR main points

Generally, QSAR is the key for understanding
the effect of a molecular structure to a biological



system and use this knowledge to our advantage, in
order to develop predictive models®*. A QSAR model
establishes a statistical relationship between the
biological activity exerted by a series of compounds
and a set of parameters determined from the structures
of the compounds. The central assumption of a QSAR
model is that the numerical value of a specified
biological activity measured for a set of molecules
depends on the structure of these molecules®. Thus, if
we take a series of chemical structures and try to form
a quantitative relationship between the biological
effects (i.e. the activity) and the chemical structures,
then we are able to form a quantitative structure-
activity relationship or QSAR.

In case the data are less complex or non
quantitatively parametrised, i.e. while trying to
understand the effect of a sub-structure in a certain
activity, we simply use the term structure-activity
relationship or SAR. Together QSARs and SARs
can be reported as (Q)SARs and belong to a series
of techniques that are called in silico approaches. In
general, even though there is no formal definition, in
silico includes both SARs and QSARs, as well as the
use of databases, category formation and read across.
It also borders into various areas of cheminformatics
and bioinformatics. Basically a (Q)SAR is consisted
of three parts: 1) the (activity) data to be modelled and
therefore predicted, ii) data with which to model and
iii) a method to form the model.

There are many practical reasons for using QSAR
and these techniques are utilized in several situations.
The basic purposes for using QSAR are to predict the
biological activity and physico-chemical properties
by rational means, as well as to comprehend and
rationalize the mechanisms of action within a series
of chemical compounds.

Underlying these aims, the reasons for wishing to
develop these models include:

* Reduction in the cost of the product development
(e.g. in the pharmaceutical, pesticide, personal
products, etc. areas).

e Predictions could reduce the requirement for
lengthy and expensive animal tests.

* Reduction (and even, in some cases, replacement)
of animal tests, thus minimizing animal use and
obviously pain and discomfort to animals.

e Other areas of promoting green or/and greener
chemistry to increase efficiency and to eliminate
waste by not following leads unlikely to be
successful.

The reason these models can be valuable in the
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development of drugs or other chemicals is more than
obvious, and numerous applications can be found in
literature® .

Classical QSAR involving data of a response
variable (Y-variable), a pool of descriptors (X-
matrix) and a statistical technique to link these types
of information constitutes a 2-D methodology. 3-
D QSAR or higher dimensional QSAR requires
molecular modeling / docking techniques and
structure alignment with most favorable approaches
CoMFA and CoMSIA?>%, Nevertheless, 3-D features
can be incorporated in 2-D QSAR as well, though
implementation of 3-D descriptors calculated by
relevant techniques. In each case energy minimization
and conformational search is required. In the present
study the Monte-Carlo approach and ab initio Hartree-
Fock approximation were used to calculate spatial and
electronic 3-D descriptors, to be used in modeling our
compounds (Figure 1). A brief description of Monte-
Carlo algorithm and Hartree-Fock method is given
below under 1.3 and 1.4.

1.3. The Monte Carlo method in conformer
search

The Monte Carlo algorithm in computational
chemistry”” is based on the Metropolis criterion
(MMC) and uses the van der Waals potential energy
term of the MMFF94 force field for the evaluation
of the Boltzmann factor, as well as a SMARTS
expression recognition procedure to detect the
degrees of freedom of the treated molecules (rotatable
bonds + non-planar trigonal nitrogen). The main core
of the MMC algorithm is processed as follows: (1)
a rotatable bond or a trigonal non-planar nitrogen is
chosen randomly; (2) if a rotatable bond has been
chosen, then an angle of rotation is selected randomly
from a list of dihedral variation, starting from 30
degrees to 180 degrees with intervals of 30 degrees;
(3) the geometric transformation is applied, that is,
either a dihedral rotation with the selected angle on
the selected rotatable bond or the nitrogen inversion;
(4) the van der Waals (VDW) MMFF94 energy term
is evaluated and compared to the VDW energy of the
previous MMC step; (5) if the energy difference is
negative or if the Boltzmann factor (BF) is satisfactory
(Metropolis criterion), then the new conformation is
accepted. If not, a new conformation is generated
from the previously accepted conformation, and the
global procedure goes on until the number of Monte
Carlo cycles is reached. The simulation temperature
used for the evaluation of the Boltzmann factor is
recommended to be set to 1200 K, as it has proven to
give a higher conformational diversity.



The global procedure consists of a defined number
of Monte Carlo cycles and steps (e.g., 10 cycles of
2000 steps), with each cycle starting with a new seed
but from the same initial conformation. After the
global number of Monte Carlo cycles is reached, a
procedure follows which ensures conformational
diversity within the defined energy window (e.g. 5
kcal/mol). Unlike the evaluation of the Boltzmann
factor, the potential energy term calculated during
the energy window calibration is not restrained to
the sole van der Waals term, as it also evaluates the
torsional term, in order to eliminate conformations
with too high torsional strain energy. The procedure
that ensures conformational diversity is based on a
two-step procedure. First, a pair-wise torsion angle
RMSD calculation is applied on all the generated
conformations, using one referenced dihedral angle
for each of the rotatable bonds, with a threshold
usually of 5 degrees. Once this first diversity filter is
applied, a standard pair-wise Cartesian RMSD based
filter is applied to ensure conformational diversity
with a pre-defined threshold value (e.g. 0.25 A).

A general rule of thumb concerning the CPU time
required on a processor of 2.4 GHz with 2 GB memory
to generate one conformer ensemble is on average
40-80 s from 1 to 8 rotatable bonds in a compound,
and increases quadratically for compounds with more
than 8 rotatable bonds.

1.4. Quantum mechanics considerations

The starting point of any discussion into
quantum mechanics®® is always the time-independent
Schrodinger equation (1):

Hy = Ey (1)

where H is the Hamiltonian operator, E is the
energy of the molecule and v is the wavefunction
which is a function of the position of the electrons
and nuclei within the molecule. A number of solutions
exist for Eq. (1), with each one representing a
different electronic state of the molecule. Importantly
the lowest energy solution represents the ground
state. It is worth stating that the Schrédinger equation
is an eigenvalue equation, which in mathematical
terms means that the equation contains an operator
acting upon a function that produces a multiple of the
function itself as the result [Eq. (2)]:

2

InEq.(1)the wavefunction (y)canbeapproximated
to the electronic state, this being the configuration
of the electrons in a series of molecular orbitals.
It is then possible to evaluate differing electronic

Operator*function = constant*function
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configurations of the wavefunction in terms of their
energies, with the lowest energy configuration being
the ground state. It is the ground state energy that
corresponds to the ground state geometry of a given
molecule. For a given wavefunction the associated
Hamiltonian is calculated according to Eq. (3):

H=KE_ +PE 3)

where KE_ = total kinetic energy = }(coulomb
repulsion between each pair of charged entities)

PE_,, = total potential energy = }’(electron-nuclei
attraction) + > (electron— electron repulsion) +
> (nuclei—nuclei repulsion).

In order to evaluate the components of Eq. (3), a
number of approximations is required, as for example
the Hatree-Fock self-consistent field method for ab
initio calculations.

Generally, the first step towards obtaining an
optimised electronic structure (i.e. the ground state)
for a molecule is to consider the wavefunction as a
series of molecular orbitals with differing electronic
occupations. One of these sets of molecular orbitals
will correspond to the ground state and hence have the
lowest energy. Approximating the wavefunction to a
series of molecular orbitals allows the substitution of
the wavefunction in Eq. (1) with Eq. (4) resulting in
Eq. (5) (both Egs. (4) and (5) are simplified to illustrate
the important conceptual idea that in Hartree—Fock
theory the wavefunction is represented by a series of
molecular orbitals).

total

(4)
)

V=0,0,0,...0,
H(0,0,0; - .. ¢0)=E(©,0,0,...¢,)

where @_is the n™ molecular orbital.

Having broken down the electronic wavefunction
into aseries of molecular orbitals, Hartree—Fock theory
then makes use of so-called “basis functions”. These
functions are a series of one-electron mathematical
representations that are localised on individual
atoms, which can be thought of as representing the
atomic orbitals. The more basis functions included in
the molecular orbital calculation, the more accurate
the final representation. A further approximation is
often used®. If a system has a multiplicity of zero,
which means that all the electrons are paired, then
the electrons may be restricted to moving in pairs.
This is called restricted Hartree-Fock (RHF), and
is the best method for closed-shell molecules as the
wavefunction is for singlet spin states. For open-
shell molecules where unpaired electrons are present,
unrestricted Hatree-Fock (UHF) must be used as the
wavefunction is for non-singlet spin states; UHF can
also be used for singlet states. Finally, when evaluating



the energy of the wavefunction within Hartree—Fock
theory, correlation effects (i.e. interactions between
pairs of electrons with opposing spins) are completely
neglected.

Initially, the usage of Hartree-Fock theory
was limited to very small systems for which the
iterative process of locating the lowest energy
wavefunction was amenable to early computers.
Such limitations led to the development of so-called
semi-empirical quantum mechanics methods, with
the aim of allowing chemically meaningful systems
to be investigated. As would be expected, one of
the most time-consuming steps in the Hartree—Fock
optimisation procedure is the manipulation of the
mathematical representations of the molecular
orbitals. In contrast, the semi empirical Austin
Method 1 (AMI1) deals only with the valence
electrons, thus significantly reducing the complexity
and hence time of one of the most computationally
expensive steps. Additional computational savings
are made in the use of parameterised functions
for some of the terms in the Hamiltonian. These
functions are developed using experimental data
such as heats of formation, the aim being that
the functions are optimised (often manually)
until the resulting calculations can reproduce a
series of experimental molecular properties. Such
approximations obviously reduce the accuracy of

N
O N
F F F /©\ F
OH OH
1a-f 2a-f
@)
/7 \\ CFj
N N

B
—
X
o
e
S5
= @)
vy
SO0 OoOOTO

the AM1 method (and semi empirical methods in
general), which is considered as the major limitation.
Semi-empirical methods generally perform well for
calculations upon molecular systems for which the
basis functions were optimised (for example, heats
of formations are frequently well reproduced).
However (and as might be expected) calculations
into systems for which no experimental data existed
(or was used) in the parameterisation procedure
often perform poorly. The significant advantage
of the computational efficiency resulting from the
various approximations in the AM1 methodology
is that it allows for a high number of chemicals to
be investigated in a reasonable timeframe, and for
calculations upon large molecular systems?'.

2. Experimental
2.1. Spatial and electronic properties

A low conformation of the studied compounds
(Figure 1) was attained with Spartan®. Energy
minimization with the semi empirical AM1 method
was applied for every compound, followed by Monte
Carlo conformational analysis, using force field
MMFF9%4, in order to calculate the lowest energy
conformation. The lowest energy conformations of
the molecules were subject to ab initio calculations
with the restricted Hartree-Fock (RHF) level of theory
using the 3-21G(*) basic set.

. R1:CGH5, R2:H, R3:H
. R1:Br, R2:F, R3:H

. R1:OCF3! RZZH, R3:H
. R1:H, R2:H, R3:H

. R1:OCH3‘ R2:H, R3:H
H R1:H, R2:H, RSZOCHg

Figure 1: Compounds used in the computational study.



Table 1: Biological data and the most important descriptors of the compounds for the computational study.

Compound | IC_A"®* | pIC AY | IC A | SIP Di1¢ D2¢ A¢ E, om0 S+logPs®
(M) (M) A | A [@eg | (V)
1a 0.51 6.292 121 238 | 7.2941 5.0537 65.4 -0.317998 5.567
2a 2.31 5.638 4.32 1.87 | 9.1951 9.2995 53.2 -0.316763 5.672
1b 0.19 6.721 0.19 6.7872 | 5.9089 71.2 -0.319653 4.468
2b 0.40 6.398 5.64 14.1 | 6.7905 | 7.0726 57.4 -0.324797 4.815
1c 0.52 6.238 16.2 31.2 | 7.2874 | 4.8465 65.6 -0.325463 3.956
2¢ 0.75 6.125 13.1 17.5 | 9.1959 | 7.0691 52.9 -0.328033 4.166
3 0.93 6.032 18.9 20.3 | 59968 | 4.5925 0.0! -0.331283 3.091
1d 1.06 5.975 4.56 43 | 7.2924 | 4.8463 65.5 -0.320497 3.652
2d 0.40 6.398 13.4 33.5| 9.1950 | 7.0663 53.4 -0.323498 3.829
le 0.39 6.409 27.8 71.3 | 6.1373 | 5.8735 63.0 -0.317559 3.773
2e 2.49 5.604 9.96 4 9.1952 | 7.0686 52.7 -0.319807 3.981
1f 1.18 5.928 235 19.9 | 7.3141 | 4.8222 63.7 -0.318547 3.600
2f 9.93 5.003 51.6 52 | 9.1922 | 7.0678 52.3 -0.318244 3.792
4 5.90 5.230 h - 9.1960 | 8.9532 53.1 -0.304102 4.099
5 1.26 5.900 1.61 1.28 | 9.0381 6.2917 52.9 -0.319083 3.765

a pICSOALRZZ _logICSOALRZ

® SI(Selectivity Index)=IC, A"®!/IC, A2

¢ D1: the distance between the carbonyl oxygen and
the phenolic oxygen

4 D2: the distance between the aromatic centre of the
molecule and the phenolic oxygen

¢ A: the angle between the pyrrole ring and the aroyl
substituent

2.2. Calculation of physicochemical properties
and statistical analysis

The calculation of lipophilicity according to
Hansch and Leo was conducted with the ClogP
program®. The calculation of S+logP, S+logD &
MlogP, as alternative lipophilicity descriptors, and
TPSA (Topological Polar Surface Area) was conducted
with MedChem Designer*. The calculation of pK_
was conducted by ACD/ChemSketch®. In Table

Figure 2: The lowest energy conformation of 1b. The

pink cross stands for the centre of the total aromatic

area of the molecule. The pink disks stand for the
planes of the aromatic rings.
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"E, omo: the energy of HOMO
¢ S+logP: expression of lipophilicity, where logP is
calculated through a non-linear model, by neural

networks, where the atomic contributions of
Moriguchi are used
" : not determined

I : no aroyl substituent present

1, only the descriptors utilized in the final models
are included. Finally, with the software package
Statistica-Axa*® we explored equations, describing
correlations of pIC, A*** or SI with the calculated
molecular descriptors

Figure 3: HOMO (left) and LUMO (right) energy
maps of compound la.



3. Results and Discussion

Compounds 1a-¢, 2a-¢ & 3%, 1d-f, 2d-f & 5* as
well as 4°7 (Figure 1) were previously synthesized
in our laboratory and their biological profile has
been evaluated in vitro, regarding their inhibitory
activity on enzymes ALR2 and ALRI. In this study,
we present quantitative correlations of pIC, *"** and
selectivity index (SI, IC, A™®' /IC, A'**) with a number
of calculated molecular descriptors, for these compou
nds. These descriptors include lipophilicity, spatial
disposition of key moieties and quantum chemical
properties.

The biological data of the compounds, as well as
the most important calculated molecular descriptors,
are shown in Table 1. An example (compound 1b) of a
low energy conformation is shown in Figure 2, along
with a visualization of point and spatial disposition.
In Figure 3, the HOMO and the LUMO energy maps
for compound 1a are depicted.

After the statistical correlation of the calculated
molecular descriptors with pIC, *"** and SI, we ended
up to two plausible equations, one regarding pIC, *"**
(equ. 6) and one SI (equ. 7):

pIC_ AtR2=.0.18(+0.07)D1+0.014(=0.006) A-
39.03(£15.76)E, . -5.84(+5.39)
n=15, ’=0.647, s =0.313, MAE=0.200  (6)

ST=-33.06(+10.42)D2+67.00(+18.74)logP-
39.94(£73.41)

n=14, r’=0.583, s=43.467, MAE=32.519 (7)

According to the equation (6), the distance
between the carbonyl and the phenolic oxygen affects
negatively the biological activity of the compounds,
while an angular disposition of the pyrrolyl and the
aroyl ring has a positive effect on inhibitory activity.
Thus, we could state that an overall folded spatial
conformation favors ligand-enzyme interaction.

A simple linear regression between ARI activity
and LUMO has been previously described in a series
of chromenone ARIs, which was explained on the
basis of a charge transfer interaction®®. Another QSAR
study in a series of benzimidazole derivatives pointed
out that the biological activity is negatively affected
by logP, steric energy and LUMO?¥. Implication of
LUMO is also noticed in a series of pyrrol-1-yl-acetic
acid derivatives*, where it was showed a negative
contribution of LUMO. In the present series of
difluorophenol ARIs, the negative sign on the HOMO
energy coefficient in the equation (1) points out to the
importance of the role of an ionic or/and hydrogen
bond formation during the ligand-enzyme interaction.
It should be noted that an anion binding pocket has
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been identified in the active site of ALR2*!. Regarding
lipophilicity, we didn’t come up to a quantitative
relation between any logP descriptor and biological
activity; however it seems that it may be implicated in
molecules’ selectivity (as we will discuss below).

According to equation (7), the selectivity index is
affected in a negative way by the distance between the
centre of the total aromatic area of the molecules and
their phenolic oxygen, which shows that an extended
molecular conformation does not favor selectivity. On
the contrary, molecules, in order to be selective, should
be more compact. In addition, lipophilicity, expressed
as S+logP, positively affects selectivity, which implies
that molecular obesity may not favor ligand promiscuity
in this series of ARIs, and non specific entropy- driven
binding seems to be more critical for ALR2.

From the above findings, regarding that a folded/
compact structure favors both high ARI activity
and selectivity, we can propose [1,1'-biphenyl]-2-
yl(1-(3,5-difluoro-4-hydroxyphenyl)-1H-pyrrol-
2-yl)methanone as a potential active and selective
ARI, but this matter, of course, needs further
investigation.

4. Conclusions

Summarizing, in the present work, after finding
the lowest energy conformations for a series of
15 aldose reductase inhibitors, analogues of 2,6-
difluoro-4-pyrrol-1-yl-phenol and calculating various
electronic and spatial parameters, we ended up in two
meaningful equations, 6 and 7, describing structure-
activity relations.

According to these equations, it was shown
that ARI activity is favoured i) by a non-extended
molecular conformation, ii) by the presence of a
dihedral angle between the pyrrolyl ring and the
aroyl substituent, and iii) by a low HOMO energy.
Regarding the selectivity index, it was recognised
that a folded molecular conformation and a high
lipophilicity, have a positive effect on its expression.

The different effect on selectivity observed
with the C-a substitution of biphenylcarbonyl
versus bromofluorobenzoyl could be the result of
a combination of physicochemical properties and
spatial disposition. For example, 1a is more lipophilic
than 1b (S+logP: 5.6 and 4.5 respectively) and adapts
a more folded conformation (e.g. the intramolecular
distance in the lowest energy conformation, from
Monte Carlo simulation, between the phenolic oxygen
and the centre of the total aromatic area in 1a is 5.1
A while in 1b is 5.9 A). However, this needs further
investigation by preparing/testing an appropriately
targeted series of compounds.



Yyéoerg Aopnc-ApaoTiKOTNTOG-
Exhektikotrag oto Aopukd YaopaOpo
g Keto-ITupporvio-ArpBopoparvoing,
Avootorémv ™S Avayoydong g ALoinG

EALévn Kotoopmaodxrov xar Baoilng I. Anpéroviog
Touéag Paguaxevtixis Xnueias, Tujua Paoua-
xevuxijs, Aototoréleio Havemiotijuio Osaoalovixng,
Ocooalovixng 54124, EAdoa

Hepiinyn
To televtaio  ypovia  €xet  mapornpnOel
maykoopuiog  pe  oApoTddng  avénon  ota

KpoOouato  GaKyop®oovg Swafntn, mov Telvet
TAEOV VO OTOKTNOEL emdNuKd yapoktipoe. H
avayoydon g ardoling (ALR2, AR, AKRIBI,
EC 1.1.1.21) avrket oty evEDUIKT DTEPOLKOYEVELD
TV aldoketoavayoyacov. Eivatl to mpdto éviuvpo
™m¢g petafoMkng 0600 TV TOAVOAGDYV, TO 0Omoio
petatpénel Ty YALKOL o€ copPirtoin. Pucloloyikd,
€xel amotofvotikd Kot puuotikd porlo oTov
0pYaVIGHO, ®OTOCO, GE MEPIMTAOGELS dLafnTn KoV 1
vrEpyALKALIOG, 1N YALKOD) petoTpémetar paydaio
€ 0opPrtoAn, n omoio. GLGCOPEVETAL GTO KOTTOPO
TPOKOAMVTOG 1OTIKEG Kot Kuttapkés PAaPec. 't
avTd TO AOY0 M ovay®ydon TS aAdOing Bewpeitan
vevbovn  TOV  SPNTIKOV  EMTAOKADV, OTOG
veppomdBetog, petvomdOerag kot katappaktn. H
avayoydon tov ordsbdov (ALR1, AKR1AL, EC
1.1.1.2) avnkel emiong oTNV LIEPOLKOYEVELD TOV
ardoketoovaymyasov. O kvprog porog g ALRI
glvar emiong vo amotoEvdveL TOV OpyavIGHO omd
To&kéc aAdehdes. Ta dvo avtd Evivpa mapovstdlovv
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June 12-15, 2013, Athens, Greece

MEDICTA 2013, 11th Mediterranean
Conference on Calorimetry
and Thermal Analysis
http://www.hsta.gr/medicta2013/
organized by: Hellenic Society of Thermal Analysis
Contact person: Vicky Delidimitriou
tel: (+30) 210 2715032 - fax: (+30) 210 27114437
Email: vicky@kprovoli.gr,
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June 23-26, 2013 San Francisco, US
Frontiers in Medicinal Chemistry

http://wizard.musc.edu/frontiers2013.html
Co-organised by the European Federation for
Medicinal Chemistry and the Division of Medicinal
Chemistry of ACS.

Organizing Committee:

Jeff Zablocki, Ph.D. (USA)
Patrick M. Woster, Ph.D. (USA)
Koen Augustyns, Ph.D. (Belgium)
Anders Karlen (Sweden)

Ulrich Stilz (Germany)
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June 30 - July 3, 2013 Bologna, Italy

24th International Symposium
on Pharmaceutical and Biomedical Analysis
(PBA 2013)

http://www.pba2013.org

Contact person:

Carlo Bertucci (Chairman)
Tel: +39 051 209 97 31

Fax: +39 051 209 97 34
Email: carlo.bertucci@unibo.it

Organized by:
Dipartimento di Farmacia e Biotecnologie,
Universita di Bologna

Organised by:

Division of Medicinal Chemistry of the Italian

Chemical Society (Societa Chimica Italiana) (Italy)
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June 30 - July 4, 2013 Lublin, Poland
VIIIth Joint Meeting
on Medicinal Chemistry

Organized by:

The Polish Society of Medicinal Chemistry
and Prof. Dariusz Matosiuk Chairman of the
Organizing Committee

Contact person:

Prof. Dariusz Matosiuk

Tel: +48 81 535 73 55

Fax: +48 81 535 73 55

Email: darek.matosiuk@am.lublin.pl

Organised by:
Polish Society of Medicinal Chemistry (Poland)
%k 3k

September 26-28 2013, Athens, Greece

5th BBBB International Conference
www.bbbb-eufeps.org

Organized by:
EUFEPS, Hellenic Society of Medicinal
Chemistry, Hellenic Pharmaceutical Society

Contact person:

Prof. Panos Macheras,

Tel: =30 210 7274026

Fax: +30 210 7274027

e-mail: macheras@pharm.uoa.gr
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Eg@appoyn Open PHACTS

A6Onke ot dnuocidtta Kot eivar EAevBepn 610 S1adTKTLO JOKIHOCTIKG 1 epapuoyn Open
PHACTS Explorer. H dwdwctvokny avt) gpoapuoyn Onmpovpyndnke oto mAaiclo g
npotofovAiag IMI (Innovative Medicines Initiative) ®g amotéAeG L0 TOL TPLETOVS TPOYPALLLLATOG
pe TANpn TitAo ‘An open, integrated and sustainable chemistry, biology and pharmacology
knowledge resource for drug discovery’, To mpdypappo avtd ocToyeLEL GTN ONUIOLPYiL
TAateopuag vrofondnong yw v avakdioyn véov eappakov- Open PHACTS discovery
platform. H Swdwctvoky epappoyn Open PHACTS Explorer enttpénet m cuvovacuévn
avalTnom EOPUOKOAOYIKAOV KoL ¥NHK®V /QUCIKOYNIKOV dedopévav and 9 Bdoeig dedopévav
ocounepthappavopévov tov ChEBI, ChREMBL, ACD Labs/ChemSpider, DrugBank, Enzyme,
SwissProt kot GeneOntology, LeudvovTag Toug @Poryrovg GTNV TANPOPOPic Kot YEQUPMVOVTOG
TIG TPOOTAOELEG TNG POPUAKEVTIKNG PLopmyaviog Kot ToV oKOONUATKOD YDPOV GTNV 0VOKAADY
VE®V KOWVOTOU®V QOPUAK®OV. ZTO TPOYPOULO CUUUETEXOVY 28 gTaipot amd v Propnyavia, Tov
KOO UOTKO YDPO, MKPOUEGOIES EMLYEIPNOELS KOl ETIGTNUOVIKEG ETALPEIES.

Aentopepeig mANpoeopieg yia TN S1dIKTLOKY £Qapuroyn kot o tpoypaupo Open PHACTS
VILdpyoLvV 6TV 10T0GEAMO0. www.openphacts.org/explorer

2UVIGTATOL 1] EYYPOPY] TOL YPNOTN TPV TN XPNOLOTOINGT TS OUSIKTVOKNG EQPOPUOYNG Yo
TPAOTY POPA.
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