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SYNTETMHMENH NEPIAHWH TON XAPAKTHPISTIKON TOY NPOIONTOS: SILDENAFIL/PFIZER. ENIKAAYMMENA ME AENTO YMENIO AISKIA 25, 50 kar 100mg. GEPANEYTIKES ENAEIZEIZ: Sepaneia avipav pe duokeroupyia aTiang, 1)
0oToia gfvat 1) aviIkavoTTa va eTTUxel kat va dlamprioel ¢ aoBeviig enapki| oTiom WoTe va €xel kavorontik ae§ouakixi Souomptdmra. Ma va gépet anotéheoua To S'ldenafil/Plizer mpémel va undépyet gegouaAik Sieyeoon. ANTENAEIZEIZ:
Yrepeuaiobnaia 0T dpacTIkT) CUCIa 1} CE OMOLDANTIOTE ATI0 Ta £KDOXA. ZUNPWVA e TN YVWOT EMIdPAON Tou EMi TS HETIBOAKNS 600U JOVOEEIDICY TOU ALDTOU /KUKAIKIG HOVOPBCPEOIKAC Yauaveaivns (cGIMP), Tc sidena’l Sxet amodelyTei 0Tt
£VIOXUEL TC UTIOTACIKO QTIOTEAETHA TWV VITPLKAY KAl EMOMEVHS QVTEVDEIKVUTAL N GUYXOPIYNOT TOU U DOTEC HOVOEELDIOU TOU adwTou (6Mwg TC ITpwd=g apukio) f vtolkd ge orowdinote popan. Ta ¢deucka yia m Eepansia me duoketroupyias
atUong, ouprepthapBavopgveu Tou sildenafil, Sev mpénet va xpnotpornotolvrat and avdpeg 0Toug oroioug dev ouviaTdtal n oe5ouaiixr dpasmeidmra (Y. CoBevels e coPapeg Kapdlcayyelarkeg Slatapayes, onwg cotady amddyyn i oop
kapdiakn avendpkewa). To Sildenafil/Pfizer avievdeikvutal oe aoBevei pe andiela mg 6paong otov éva 0¢daAus A6yw pn-cpmo tdikig npdediag icxau<is onukig veupordbeiag (NAIDN), aveEaomta and 1o av 1o guppdy auto €xet
OUCYETIOBE( T} GX1 JE TIPOTYOUHEVT) XOPTIYNOT EVOG avaaToAéa G PDES (BAETE apdypago EWDIKES TPOEIBOMOMIEIS Kal MPOIUAATELS katd m xprian). H aopdAeta Tou s/idenafil dev €Xel LeAeBE( CTIS CKOACUBEC UMOKATYIPIES ATBEVHV Kal
emopEvIS avievdeikvutal ) xprion Tou oTouq acBeveiq autole: cofapr nratiki avendpkela, unétaan (apmptekn mison < $0/50 mmHg), Tp6aPato ‘oTopiKE eykepaA<ol emelgodiou 1 eHEPEYHATIC TCU LUIKEOBIOU KAt YWHCTES KANPCYOUIKES,
EKQUNIOTIKEG appIBANTTPOEBONABELES GG 1) LeAayXpmaTTKY aipBANaTpoedonaBela (Leloyneia Twv a0BevaY UTGY TapoudLi{euy YEVETIKES QVWHOAIES OTIC aUOBANOTROED KES (uIpadleatepddss). EIAIKEE MPOEIADMDIHEIEIT KAI NPO-
OYAAZEIZ KATA TH XPHZH: Mpéret va nponyeltat Ajyn 1atpikod 1oTtopikod Kal puatkr| eEETaom Tou acBevr), autwg dote va diayvecTeln dugierroupyia oTiong kat va kadopletolv Ta rudavé uroxeljieva aita, mpw e5e1aoTe! 1o eviexdjieva
XOPAYTONG GUPHAKEUTIKIG aywyng. O lWTpds MEmeL va kdvel exTinan mg kapdlayyelaxis kataotaans tou aobevols mpw my €vagdn crolaadiinate Bepansicg via m Sugheraupyla aT0ons, pdoov UNEexel KAMowa mBavaTTa ELPAvIONS
KapdIayyelaky enelgodinv oe JUOXETIONO [ie TV ae&ouahiki dpaampidmra. To sildenafil mapouatadet ayyelodiaaTaATikEg BICTNTES TOU TPOKAAOLV ritd xat apadii} Peiwan g apmplekng rieong. Mpw m guvtayaypdencn tou silcenafil,
0 leTpde mpémel va eEeTalet e ooy dv aoBeveic ue oplopgves UMokeilieveg véooug Ba pmopotaav va emmpeaddodv Jugpeving and epdpoia ayyelodiagtahTik] enidpaan Tou geppdkou Kat BIciTepa Ce GUOXETICUS e aeSauaNikn doa-
OoTPIOMTA. XT0Uq aoBevelc Le augnuevn eualodnala ota ayyelodagTaATika guprepiiapuBavovTal kat auTol Je anoPpakTikEg TTaBRJelg Tou xpou e&6dou TS apioTepdq KCNag (MY, OTEVWOT G COPTHG ¥ UTENTPODIKY] ATOPOAKTIKY UUOKAD-
Siomddeta) 1 ekeivol Ue TO oTdvio gUVSPOLO ATPePIag MOAATALY 0pYAVIK@Y CUTTNIATWY, TTOU Tiapoudia{ouy goBapr aduvailic autévouou eAEyXoU ™S apmplakns mieans. To Sildenafil/Pfizer evioyUel To UMOTROIKG AMOTEAETLA TWV VITOIKWY
(B\. mapdypaoo AvTeviEgels). MeTd my KUKAOPOP(a ToU TPOIdVTog oy ayopd avapepBnkav 0opapd kapdlayyelakd oupRavTa, ouoxeTiépeva e Tautdxoovn xprion Tou Siléenaf /Pfizer, guurepAauBavoLEVaV LOPAYUITCS TOY HUOXApdiou,
aotaBolg amBayxng, aipvidiou kapdiakol Bavdtou, kotiaxie appuBliag, ayyelakic eykepakikie apoppayiag, Tapodikd Wyatiks enelosddio, urépteong katunétacnc. Ot neptoadtenot, CANG oxt 0AaL, a6 Toug acBevels artolg elyay mpo-
Undpyovteg kapdiayyelakolg mapdyovies kvduvou. Mokd and Ta cuppavia avagépdnke 6T cuvéRnaav katd m didpkela mg oefoucAikig snaons 1 apéawg PeTa and auT Kat pepikd avagépbnke 6T cuvéBnaav uetd m xpron tou Sdenafil >fizer,
Xwpig oe§ouahikn dpaompiémra. Aev eivar duvatdv va mpoadieplobel edv Ta oupBdvta autd oucxeti{ovtal dueoa pe Toug mapdvovtes autoug 1 ke dhkoug Tephyovteg. Ta gappake yia v Bepaneia MG GUOASITOUDY A OTUONG, CUPTEPL-
Aappavopgvou tou sildenafil, TPEMEL va XpNOWOTOLOUVTAL PE TIPOOCKT 08 QOBEVELS [ avVATCHIKES BUTHOPPIES TOU TEOLS {OTWS ywviwon, (vwom Ty onpayywddv owudtey 1 ¥Goo Tou Peyronie) 1j o€ coBeveic mou n <atdoteor) 1oug Lnopel
Va TIPEDIABETEL YIG TIPIITIONO (0TS OE DPEMAVOKUTIAPIKT avaipia, TOARATAG pUEAwHA 1) Aeuxawia). H aopaAela kal  GeTEAETpaTKOTa Tou silcenafil, e ouvduaosd pe dhdes |.eB0dOUS FEIAMENC QUTAEITOUPYICS OTUANG, dEV EXOUY
uehemBel. Katd ouveneta n epappoyn TET0IWY ouvduaapu@y dev auviotatal. Exouv avagepBel dlatapaxgg me 6paome Kal MENMIHIELS U apmnpLtid KIg TPIoBICS (X aLKAG orTkAG veuporddetag ue m xop?yno™ Tau sildenafil kat twv GAawy
avaoToAéwv g PDES. O aoBevriq mipénet va evnpepdvetal 6Tt oe epimiwon awpvidiag diatapayng me dpaong, npénet va crapamieet m Andn tou Sildenafil/Pfizer kat va cupBeulsute dueca 1atod (BA. mapaypage Avievde&eg). Lev ouviotaral
n ouyxopriynon sildenafil pe prrevapipn (BX. mapaypago Avtevdeifels). Zuviatdtat mpoooxr, dtav To sildenafil xopnyeital oe aoeveic mou Aaupdvouy éva Gxoc-avaoToAéa, aeol 1 guyxopvnan unopel va onyjost Je JUNMTEUATIKY JNoTaT)
0¢€ 0pLopEva euradr dtopa. AUTA eivat meaveTepo va oupBel HEoa 0 DIATTNUA 4 WPWY HETA artd T Xoprivnaon Tou sildenafil. Mpo<eligvou va |elwdel 70 sveYGLeVo elpaviang 0pB00TATKNS UMITGING, 0l A0IEVEIS TIPEMEL va elval APodUYaLIKE
ctaBeponcmpévol o Bepaneia e GApa-avaoTodeig Tiptv and my €vapén Beparneiag e sildenafil. Oa mpénet va efetdletal To evieyouevo svapgne xoonynang Tou sildenefil 5t ddam ~wv 25 mg. EumAéov, o1 yiatpo’ B rpénet v GupBCUAzUoUY
Toug oBevelg Tt va kdvouv e Tep{mTwan Tou eppaviaTolv auprT@pata opBooTatikig undtaong. Mekéteg pe avBpomva aponetiha uvredekviouy 61t To sildenafil eviaylel Ty avTiouykoAATKN eMidpacn ToJ VITporpuaoikol vatpioJ in
vitro. Aev undpyouv atolyeia yla myv aopdAela am xprion, 6oov apopd atn xepriynon Tou sildenafil ce aoBeveig pe npopafuara apopocyiag i pe evepyd mentike €akog. Enouévwsg, to sildenafil mpemet va yopnyeltat oe cutols 1oug aotievei
MOVO LETA and TIPOUEKTIKT AEIOAGYION TWV QVAUEVOREVWY WPEAELWY UE TXEDT NPOS TOUG TBavoug Kvduvoug. To Aerté Upgvic Tou eukeAL et ta diokia Tou Sildenafil/Pfizer nepiéyet Aaxtodn. To Sildenafl/Pfizer Sev B npénet va xopnyeitar
o€ QvBpeg pe omavieg KANPOVORIKES duoavetieg o YaAAKToY. averdpkela mg Lapp Aaktaong 1) ducanopp6pnon YAU<OUIC-yaAektoqng. Lev evdeikvutal ) xprion tau Sildenafil/fizer and vuvaikes. TONIMOTHTA KYHZH KAl TANOYXIA: To
Sildenafil/Pfizer dev evdelkvutal yia xprion aTiq yuvaikes. Ze HEAETES avamapaywyng as apoupaious kat Kouvella, Hetd ams xoprynan sildenafil amd to atdpa, dev mapooiicmxay cxeTi3psveg e T pdpuaxo averipntes evéoysieq. ANE-
MIOYMHTEE ENEPTEIEX: To mpogik agpakeiag Tou Sildenafil/Pfizer Raailetal ae 8691 aaBeveig, oL omoiol EAaBav To guvicTdeva 30coMYKE 0jua 08 67, ENYXOREVEQ IS EIKIVIKO PAaPHAKD, KMVIKES PeAéTeq. Ot To guyvd avapenBeices
averBupnTeg evEpYeleq ae KAWVIKEG LeAETES ae aaBeveis umd Oepaneia pe sildenafil, fitav kepahahyla, Eayn, Suonelic, opBaru<ég SlatagayEs, pvic) aLupdpnon, Z4An <a: onT KA XpoUaTiK napaudpdear). diaverBipntes evéoyeles mod
TapamprenKav PETA ™V KUKAOQOP(T TOU GAPHAKOU 0TV ayopd €Xouv auyKevipwBel, KaAumtovtag pia mepiodo =>9 xp6via, kat' ekTiunan. Eretdn dev ave@encyTal SASG oL averuBuunTes svépyeteg atov Kdtexa Adeiag Kukiogoplag «at 82
cupmephapBavovtal dheq om Pdan dedouévwv copaAeiag, oL gUYVETTES QUTAV TwV guppapdtwv dev pmopouv va kadooicTedv e aglorioTia. Mapatdrw napatidevtar avé guyvmTa (Mol guxves (=1/10), guxveg (=1/1C0 gwug <1/19), 6x1
ouxveEg (=1/1.000 €wg <1/100), andvieg (=10.000 £wg <1/1.000), 6Aeq ot KAWIKADG ONUAVTIKES QVETUIBULNTEG EVEPVEIES, 01 OTo(Eq MapamPBNKaV g KAVIKES UEAETES, |ie eTiMTWoT HeYEAUTEPN AN QUTH TCU SIKOVIKAY QCppdKou.
Emnp6o8eTa, Kataypaeovial g jin YWROTEG, 01 CUXVETITES TV KAVIKDS OMUAVTIKEY QVETIBULNTWY EVENYELDY TTCU avapépdn«ay ard Ty eunelpia HeTd Ty KukAopeoia Tou mipoidviog amy avopd. KAIVIK@S anpavTIkEg avemBupnTeg evépyeiey
Tou ava@EpBnkav pe eNiNTwon peyoAiTepn an' 611 To SIKOVIKG PGPPAKD OF EAEYXOPEVES KAIVIKES PEAETES, KuBWS Kul PeETd TRV KukAD@opin Tou npoidvTog oty nyopd. MoAd ouxvés: Keguhohyia. Zuxvés: ZAAN, OMTIKES SlATAPTYES, CTTTIKT
XPWUATIKT TApaUGPQ®aN, £8ayn, Pk ouupdpnaon, duoreyia. ‘01 ouxves: YrvnAla, unaloBnala, HIATapayeg Tou emmepuxoTa, 0PBARKIKES dIATEPCXES, DIATAPAXES DCKPIPDOIAL, GAAES OPBAAIKES DIaTapayEs, yvog, ejROES, aigBja
nahpav, Tayukepdia, depuatikd e€avenua, puakyia, Bwpakiké dhyog, xdnwan, auEnuévog kapdlakdg pubpdg. Imdvieg: Aviidpdaelg urepsualofnaiag, cyyeleke eykepaniké emeiacdlo, CUYKET, X@Qwan, £uepeypa puokapdiou, keAmky
pappapuyn, unéptacn, undtaan, eniotagn, éuetog, vautie, Enpootopia. Mn yvwoeTés: Mapodikd WXAKG eNelaodlo, ETUANTTIKY Ko{on. uToTpem) eANMTIKAS koiong, un apmptmidki Mpdadia wyak apoiinatoceidonddea {NAION),
anogpadn twv ap@IBANCTPOEIKAY ayyeiwv, EAAetupa ortiked mediou, koiakr appuduia, aotadnig omBayyn, awpvidiog kapdlacdg davatog, alvopopo Stevens-Jehnsen, Tog<] sTdEDLIK] VERpOAUON, TPITUONSS, MapaTeTapsvn cTian.
KATOXOZ AAEIAZ KYKAO®OPIAZ/ Prizer Hellas A E, A.Megoyeiwv 243, 154 51 N. Wuxiko, EAGDa, TnA.: 210 6785800. APIBMOZ AAEIAZ KYKAO®OPIAZ: 25 mg: 21740/10/29-12-2011, 50 mg: 23252/10,29-12-2011, 100 my: 23253/10/29-
12-2011. AIANIKH TIMH: 4x25mg A.T.: 16,17 €, 4x50mg A.T.: 19,61 €, 4x100mg A.T.: 23,77 €. ®APMAKEYTIKO MPOION I'IA TO OMOI0 ANAITEITAT IATPIKH ZYNTAMH. HMEPOMHNIA (MEPIKHZ) ANABEQPHZHZ TOY KEIMENOY: 05,2012

T1A NAHPEIZ XYNTAFOMPAGIKEZ MAHPO®OPIEZ MAPAKAAEIZOE NA AMEYOYNGBEITE XTHN ETAIPIA.

IYNTETMHMENH NEPIAHWH TON XAPAKTHPIZTIKON TOY NPOIONTOZ VIAGRA (sildenafil). ENIKAAYMMENA ME AENTO YMENIO AIZKIA 25, 50 ka1 100 mg. OEPAMEYTIKEZ ENAEIZEIE: To VIAGRA evdekvutal 1ic evijMKEG QVAPEQ UE
OTUTIKY QUOAELTOUpY(a, 1) ooia eival 1 avikavotTa eniteuéng 1 dlatmpenong piag emapkodg TiomS Yia KavoromTkn oegounhikr dpaompiotrta. I.ava sival anoteAegpatiks 1 VIAGRA Tpgnet va Undpxe. 0s§ouchia digyeocn. ANTENAEIZEIZ:
Yrepeuaiobnoia o dpadTikr ouaia 1 oe onolodinoTe Ao ta £kdoxa. ZUPPWVA LE TI YVWOTES EMDPACELS TG £ TS HETARBOAKNAC 050U ToU HoveEetdiou 10U al@Tey/<UKAKIAC LOVIORCOCPIKNG Youavaoivig (cGMP), £xel Delxdel 6TLr aAv-
TevagAn eviayUel TIQ UTIOTAOIKES dpAoelg TWV VITPWAWY, Kat EMOpEVWS avievdelkvuTal n ouyyoprynan g ue dteq Lovogeidicu ToJ afwtou (Snwg To vitpwdeg apdla) fj Ta vitpwddn Je omotadimate popgr'. Ta edppake ya m 3esateia ms
OTUTIKG DUTAEITOUPVIUS, OULTEPINLBAvOUEVTS TG TIWVTEVAYIAIG, DeV PEMEL va XpnatponoloivTal g8 GvEpes aToug omoious Eev guviaTatal 1) os&ouchir) dpactnoomra (ry. acbevels pe aoPanés kapdlayvelakss SITepeyes, drug avtafy
omBayxn 1 oopapn kapdlakn averiapkela).To VIAGRA avievdeikvutal o€ a0BeVEi§ e anwAela me 6paang atov Eva 0PBIANG Acyw PMPITOKG RO IBIAC ICXCIUIKTS CITTIKNS veuponadeias (NAICN), avesdptrta ard 1o av 1o gJu3dy autd
€xel ouayetiaBei 1§ 6yt pe mponyoupewn xopmynan evég avaotoAéa me PDES (BA. napdvpago Eidikég mpoetdorooels kat mpoouAdgels katd m xorfion). H aceéheia e clkvtevagiAng dev éxet pehemPsi oTis arkéAculec umoxamvopies
«oBeviv Kal ETopEVeE avTEVdEKYUTAL N Xpron ™G oe: coap nratiki Suchertoupyia, undtacn (apmptakn mieon < 90/50 mmHg}), TeSopeTo 10TOPIKS eykepahikoU Telcodiou I* sQPAYICTCS TOU PUOKAPDIOU Kl YWROTEG KAPOVOIIKES, K-
QUNOTIKEG apPIBANOTPOEIONABELES, GG 1) HENAYXPWOTIKY aLPIBANTTPOEIdOMABEL (Hia |EIeVETNTA TWV A0BEVIV QUTDY TIaPOUTIGIOUY YEVETIKEG DIATaPIXES TwY aUQIBANITPOEID KOVPWIPIdIEaTepasey). EIAIKEZ TIPOEIADMOIHEZEIZ KAl
MPO®YAAZEIZ KATA TH XPHZH: Mpenet va riponyeitat Aijyn atpkou 0topiked kat guolki] eE€Tao tou aaBevr, oltwg Gote va SlayvwoTein otuti] duohettoupyia <a: ve kaBoptataly ta rbavé Lnokelueva aing, rpw ee1actel 1o evlexojeva
XOPRYNONG pappakeuTikig aywyns. Kapdayvelakol mapdyovteg xivdivou: Mpwv mv £vapén onolacdrinete Bepaneiag yia m gTuTki SLOAEITOUPYa, 0 YIeTRGQ TIpnel va kGvel EKTUNan TS kapdiayyelaktq kaTéotaomg Tou aoBevous, dedoucvol
61 1 ae&ouahiki dpacmpidmracuayeTifeTal pe eva Babud kapdiayyetaxod kvdivou. H atvtevapiln napouctdlel ayyeedlaotartiés (3I0mTeg, mou npokaolv Aria kat mapddikr peiwan mg apmpiexnig rieong. Tpw m guvtayeypdenan me
aihvtevapiAng, o ylatpdg Tpémel va e&sTalel pe mpoooyT edv oL acBeveig Tou Pe opiajiéveq UMokeilieveg voooug Ba pmapoloay va emmoeacBelv dUoPEVHS Cné Tig ayyStodIacTAATIKES ETUBNATEIS TOU PUPHAKIU, Kat IDICITEPT Ce GUTXETICUS
e  oetouaiikn dpacmpidmra. XToug aobevels j1e augnpévn euaiobnaia ota ayyelodlacTakTikE aupmepAapBAvovTaL Katl autol e QMogIakTIKES MaBnoets Tou X@pou e§G0oU TS aptatepdsg KOG (TLx. ©CT) TS A0pTAS 1 UNEPTROPIKT
QMOQPAKTIKT] HUOKCPDIONABEIT) 1] EKEVOI g TO OTIAVIO GUVIPOLIO ATPOPICS MONAQTAGY OPYAVIKWV UOTUAT®Y, TTOU MAPOUSIAZouv 00Baor BUTAETOUYIX AUTEVOHOU EAEYXOU TS GPTPIaKNG Tieans. Ta VIAGRA evigyUel TC UTOTAOKS anaTEAEO|D
TV ViTpwddv (BX. mapdypago Avtevdei€elg). Metd v kukAopopia Tou mpoidviog oy ayopd avapépBnkav coBapd kapdiayysiekd oupRavTa ougyeTiddisva Pe Tautéxeovn Xortan tou VIAGRA, gupmepthaufavopiévay euoadvuaTog 1o
Jwokapdiou, actaBolg omBdyxNg, apvidiou kapdiakol Bavdtou, kothiakig appuBjiac, ayyelakng eykepakikig ayoppayiag, rapodikey 1oxarikot eeigediou, unéptaang kai undtang. Ot epieadtepor, aAXd 6xt 6Aol, and Toug aoBevelg
qutoUg eiyav mpolnapxovTes kapdlayyelakeug mapdyovTes kivauvou. MoAd ané Ta ouppdva avagépBnke 6T guvERnoav katé T Sidokela e Je5oUanlkig emacis 1 Afvo petd ané aum kat pepié avaoéednke 6Tt suvéfnoay Aiyo HETE T
xprion tou VIAGRA, xwpig oggouahikr dpactmpiotmta. Aev gival duvatdv va npoodioploel eav Ta gupBdvia autd ouoxeTi{oviat GUETE PE TOUS TTAPAYOvVIES QUTOLG 1 0ug TEpGyovTeS. Mpamopss: Ta peppaka vic Ty Depaneia ms
OTUTIKTG SUOAEITOUPYIAG, OUNMEPIACHRAVOLENS TG OIAVTEVAQIANG, MPETEL VA XLNCIUCTIOUVTAL HE MPOCOYT) OE QOBEVEIG I QVATCUIKES OUOU0DP.EC TOU TIEOUS {0Tg Yaviwar, (vian Ty anpayywdwyv owpdtey i voto ToJ Peyronie} i a2
a0Beveig mou 1 katdaTaar) Toug Propel va npadaBETE yia MpIGTIapG (Snwe 1) dpemavokuTTapik avaiia, To moAAarmaly pushopa A n Asuxanie). Teutdypom yeton Le dAAes Bepaneiee M2 Buchemoupyiag ationg F ad
TEAEOPATIKOMTA MG TIAVTEVARIANG, 0€ ouvduaopd pe dAAeq peBodoug Beparneiag ™G oTUTIKNG duaAetteupyiag, dev €xauy pshemBsl. Katé auvenela n gpfon Ttalwy Juvduaaudyv dev guviotdral. Edotaeig omy dpacn:
QUBGPHNTa, MEPITTAOTELS SlaTapaydv TG Spacm§ Je  XOPIynon mg CAvTevapiing kat dMwv avaotoéwy mg PDES (BA. mapdyoao 4.3). ‘Exo.v avagepde’, auBopunta xat o Hid HEAETT TIapamipnansg, MepUTrdoe s pn apmprrdikig noéabiag
LOXAUMIKNG OTTTKTG VEUPOTIABELQS, JAC OTIAVIAS KATATTAONC, {E T XOPryNaT ™S OIAVTIEVAPIANG Kat dAwV avaoToAgwy g PLDES (BA. mepaypapo 4.8). O a0Ieveis TPEMEL va EVIHEWVOVTAL OTL 08 TIEQITTLeN agvidiag Statapayis mg 6pacng,
ipénel va otapamoouv ™ Agn Tou VIAGRA kat va oupBoukeutoly Gueoa yiatpd (BA. mapdypago 4.3). Tautéypovn xprion ue prrovaBipn. Aev Juvigtarel n guyxopnynen JivtevapAng pe prrovapion. Tautéypavn Xoran Le a-a00evepyikals
CMOKAEWITES: ZuvioTatal poaoyr, dtav n olvtevagiln xopnyeital oe aoBevelq mou hapBdvouv €vav a-adpevepyikd anckAelon®, cped n cuyxoprynon propel va odnyroet 0 CUUMTWHATIK UrdTaon oe opiopéva sumadn dropd. Autd sival -
Bavdtepo va cupBel pgoa oe dldompa 4 wpdv peté and m xopriynan mg cvievapiing. Mpokeévou va pelwdel 1o eveeys eleaviong opBoaTatikis unéTaang, ot aodevelg mpdnel va eivat aipoduvapikd ctadeportonpéval ot Esgarei
e 0-adpevepyIKo amokAEoTY TIpW and v €vapgn Beparnelag pe ovevagn. Oa rpenet va egeTaletal 10 evieyOpeyo Evapens xopTynong me JiwvtevapAng Jm d6o7 twy 25 mg. Eruméoy, ot viatpol 3a mpénet va oup3o Aeiouy Taug
€0Bevelg yla 1o TL péTel va kavouy oe Tep(rTwan Mo eppavioToly cuprTepata opboatatikig unétaong. Enidpaon omv a poppayia Meheteg L avBpdmva cionetahia uradetkviouy 0Tt n cvteve@in evioy0st TV avTouYKOANTIKY
enidpaom Tou vitpompaoaikel vatpiou in vitro. Asv undpyouv atolgein yia myv acpdieta Yopiynang me othvtevapiing ae acheveis pe ayoppayikég mabnoeig i pe evepyd memTikd £hkog. Emopéviag. n a'Avtevapiln mpenel va Yopnveitat as
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H cupfoAn twv “omics”
OTNV aVAKAAVYN VE®OV QAPULAK®DV

Natdooo intra kot Kootag Aspétloc*

Topéag Pappakevtikr|g Texyvoloyiag, Tprpa ®appaxevtikic Xnueiag, lavemiotuo ABnvov, llavemotovmoin Zwypdagov, 15784, Abrjva

Hepuanygm

Y& TAyKOo L0 ETITTESO, UTIAPXEL ETILTAKTIKY AVA-
YK YLO TNV aVATTUEN VEWV @APULAK®OV YLA Eva
gupL aocua cofapwyv Kal aviatwv voowv. Néa
@APUAKO ATIALTOVVTAL VLo TNV KATATOAEUN O
TOAAWV coBapwv voowv. H «cuatn ik mpocéy-
ylon» (“systems approach”) mpoteivetal wg pia
ETILOTNUOVIKY Bdom yia TV avakdAuvym Kot ava-
TTUEN VEWV TPOTIOTIOLNTIKWOV TAPAYOVIWV TG
VOGOV, SNAadN VEWV QAPUAKWY, ACQPAADV KoL

1. Ta véa 8e8opéva 6Tnv avamtuin @apudkwv

Y& TAyKOOULO ETITMESO, UTTAPXEL EMITAKTIKI] AVAYKT)
Yl TNV QVATITUEN VEWV QAPUAK®V YLla Eva VPV
@aopa cofapwv kat aviatwyv voowv. Ta Aotpuwdn
VOOT|LOTA ELVaL £VOG TIPWTAPYLKOG GTOXOG OE QUTIV
™V emitaktikn avaykn. H tayela avamtuén tng
AVOEKTIKOTNTAG 0TA AVTLRLOTIKA £X0UV 00N YNOEL
oTNV EAVTANON TWV ATMOTEAECUATIKMOV TIAPAYOVTWV
KL CUVETIWOG AOLLWOWV SLATApAX WDV ATTOTEAOVV
ONUAVTIKY amelAn Yo T Snuooia vyesio. H avénon
¢ avaioyiag Twv NAKLWUEVWY 0ToV TANBUGUO
TV SUTIKWV YwpwV WOEl ot pia peyddn emidpuvon
™m¢ Kowwviag og voooue.t? TMapadelypata xpoviwv
Tpoiovowv Slatapaywv mepLAapfdvouy:

KapSlayyelakég Tabnoelg

VEVPOEKPUALOTIKEG TTABN OELS (TT.X. VOO OG TOU

Alzheimer, vooog tou Parkinson)

Puylatpikés Statapay£s (Try. Slatapoayes dyxoug,

KataOAwm kat oxllo@pévela)

ATOTEAECUATIKWOV BACLOUEVWV GTO AvOpPWTIL-
vo yoviSiwpa. H mArpng oAokArpwaon tov 61o-
Xou tng Zuotnuikng BioAoyiag kat n avakaiuvym
KALWVOTOUWV QAPUAK®V [LE TIOAV@APLAKOAOYL-
K1) 6paon Ba emitpéPel Tov opBoAoyikd oxedia-
OMO TWV GLUVSVACTIKWY BEPATIELWVY TTOV ElvaL LKOL-
VEG KOL ATIOTEAECLATIKES YLOL TNV ATIOKATAGTOOT)
NG LooPPOTIaG o€ SlaTapayT| OV TPOKAAEL piot
VO00G.

vOo0ouGg Tou petaBoAlopol (cakyapwdng Saprtg

KL 0 TEOTIOPWOT))

Kapkivog

Néa @dappaka Tov amaltovvTalL EMEYOVTWE YLOL TNV
KATATIOAEUN O] TTOAAWY 60Bap®V VOGWVY GE AVATITUO-
oo6peves xwpes. Emmpoobeta, eppavifovtal yapaktn-
PLOTIKEG VOoOL IOV oxeTilovTal pe To xaunAd Blotiko
eminedo (poverty - related diseases). H ab&non tov Bi-
OTLKOU EMITTESOV £XEL ELOAYEL TO GaKYopwST SLafn)-
TN KoL Tov Kapkivo, wg vocoug umaol kivdvou Tov
Sev pmopovv e0KoAa va SLaXELPLOTOVV AGYW QVETIAP-
Kwv umodopwv. H tpéxovoa avakdAuvm @apuakopo-
plwv KaL épguva yla v avamtuél Toug eEakolovOel
VO ETIKEVTPWVETAL GTNV TIPOCEYYLON OTL «EVAL PAPUA-
KO» 0OAANAETISpA& pe «Evav oToXo» (dnAadt) oLepeuvn-
TIKOL TIPOGAVATOALGHOL TOV «EVOG PAPHAKOV YA EVOV
otoxo» / “single target-single drug” concept)."? Ztnv
TIAELOVOTNTA TWV TIEPITTTWOOEWV AUTA TA PAPUAKX Ei-
VoL LopLa Kkpov popakol Bapoug, tov Aapfavovtatl
LE XTUKN oVVOEDT) aKOUN KaL av TA BLO@APUAKEVTL-

* Tuyypa@iag vevOuvog yia Ty aAlndoypagia: demetzos@pharm.uoa.gr
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Meuppdvn kvttdpov

Kvttapomiaoua

MeuBpévn Muprjva

Meuppavn Muprjva

MeuBpdvn kvttdpov

Kvttapomiaoua ! g ‘

r MeuBpdvn Muprjva

Dynua 1: A. Zynuatiko Sixtvo Siaxivnons onudtwv B. Zynuatiké Sixtvo Stakivnons onudtwy
acBevdyv kuttdpwv kat I Zynuatikd Siktvo Stakivnong onudtwv mapovaia papudiov
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MaBnuatiké povréio

Zvuninpwpatikd epyalsia
ot Blodoyla
Twv ZvoTnudTev

Tpooopoiwon

Néa emotnuovikd dedopuéva

MaOnuatiko
Hovtédo

Yro60son

Heipapa

BloAoyiké @awviousvo

Yrapyovra
debouéva (mepapatikd
dsbopuéva, pLpAoypapia)

Epyalsia

KatamoAéunon
véowv

BromAnpopopikijc

I'vwon kat katavénon
Blodoyikwv Asttovpytav

YmoAoytoTikij
MovteAomoinon

Avadéunon
HOVOTIATLOV

Hepapatix
emPePaiwon

Zynua 2: Zuvumnpwuatikd epyadeia otn Biodoyia twv Zvotnudtwy

k& poiovta (bio-pharmaceutical products) Bpioko-
VTOL OTO ETKEVTPO TWV VEWV AVAKXAVPEWY KAL TWV
OTPATNYIK®WV avaTtuéng. Emmpoobeta, katd kavova
T @appaka auta StaBétouv evupl «BepamevTIKO TIA-
PGBLPO» (TA BEPATIEVTIKA ATIEXOVV ATIO TA TOEIKA ETT(-
TIESA TOU PAPUAKOUL), ETITPETOVTOG T XPriom TNG (BLag
8060om¢ amd 6Aovg Toug aoBevelg, ave§apnta and
YEVETIKT] TOUG TIOKIAOTN T, TNV NAKia, TO VA0, TN XO-
pNyNom AAAWY @apuaKwyv KATL («éva péyebog mou tat-
ptaleL og 6Aovg» / ‘one size fits all’).

Katd tig tedevtaleg Sexaetieg, n TpocéyyLon Tov
evdG PapUAKOL yla éva aTOX0 VTN PEE TIOAD YovIuY,
Slvovtag ta Aeyopeva block buster @dappaka.t?
H avakdAvym véwv @apuaKwy TOU TTPAYUATIKA
TpomoTolovv T Stadikaacio TG vocou (dnA. Spouv wg
TPOTIOTIOMTIKA TN G VOGOU TIEPLOCOTEPO GE GUYKPLOT)
pe ™ pelwon TWV cVPTTWRATWY) amoTeAel pia
HEYAAN emioTnHoVIKY TTpooéyylon. H Bepameia coBa-
PWV VOOV UTOPEL OPLWG VO ATALTEL TTOAVTIAOKEG TrOt-
peppaocels. M'ia Tapadetypua, oL eEATOUIKEVUEVEG De-
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PATEVTIKEG TApPEUPAOELS, e BAOT TO YOVOTUTILKO
XAPAKTNPLOUO TWV HELOVWUEVWV VOCWV UTIOPEL va
XPEWGTOVV YO TNV AVTIHETWTILON TNG LETAPBANTOTN-
TAG LETAED TWV ATOUWY otV TaBoAoyia, Kabwe Ko Tm
HETABANTOTNTA OTNV AVTATIOKPLOT 0T Bepameia o€ €L-
Sikég opddeg aoBevrv (Tratdid, nAtkiwpévol). Emumae-
0V, A0y NG MAACTIKOTNTAG TWV BLOAOYIKWV GLCTH-
natwv (plasticity of biological systems), opBoAoyukol
GUVSLAG Ol TWV PAPUAKWV UTTOPOVV VO ATIOUTOVVTAL.
T£)A0G, oL EyKALPES TIPOANTITIKEG TTOPEUBATELS, e BAoT
TI§ avTamokpioels Twv BlodelkTwv / Ta emimeSa Twv
Blodektwv ato MAGoua, BonBolv atov Kaboplopuo tou
BepamevTikov oxnpatog.3

Tétoleg TOAVTIAOKES TTAPEUPATELG TNV KALVIKT] TTpQ-
KTIKN HE Bdom Toug Blodeikteg TpoBAETOVTAL ATIO TN
LOVTEAOTIONOT) KOl TNV TTPOGOpOiwoT) TG Asrtoupyi-
ag tov Bloroyucov tepBdArovtog. H «ouotnpu po-
oéyylon» (“systems approach”) mov mpoteiveTal wg
ulo emoTnpoviky Bdon ya T avakdAuym Kol ava-
TTUEN VEWV TPOTIOMTIKWV TTAPAYOVTWV TNG VOCOU.
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Zynua 3: A. K\aookij Osdpnon tne Spdong tov papudkov. B. Osdpnon tng Spdons Tov papudkov uéow tne SvoThULkrg

®apuakodoyiag

AapBavovrtog vmoym Tig eEAIEeLs TNG EMOTAUNG YA
NV aVATITUEN TWV VEWV OTPATNYIK®V 0TV TIEPIBaA-
Pm, N @APHAKEVTIKY £pEVVA EPLPAVITETAL VO KATEXEL
KevTpikn Bgom petady BloAoylag, ynuelag, Uoikng, pa-
OMUATIKWV, QAPUAKEVTIKOV KL LATPLKWYV ETILOTIHLWOV
OAAG KO GAAWV ETUOTNHOVIKWV KAGSwV 0TIw TG Blo-
n0wng, ™s Kowwviodoyiag kot T Nopkrg.

2. H ovotnukn BroAoyia kain supfoin tg
oTNV AVaKAVYm @aApUAK®V

H cvot k) Blodoyia xeL To XapaKTNPLOTIKO TNG OU-
VEPYUOLOG EMATNUOVWY aTo Stapopa Tedia, Kabwg
ylatn 86unomn kat emaAn0gvon k&Be Bewpiog amaltov-
vtalyvwoelg and to medio g floAoyia, Ta pabnpatt-
K0, T1) (PUOLKT] KOL TNV ETILOTI T TG TIAT)POPOPLKT|G, KO-
Bwg kat dAAovg empépoug Topels (Zxynpata 1 kot 2). H
HEYAAN SlapopoToino, Slepeuvwvtag éva BLoAoyiko
ouppav amd TAEVPAES cuGTNULKNG Blodoyiag, £ykeltal
0TO OTL 8&V €XOVUE ATIAG UL GUOYETLOT CUUBAVTWV.
AvtiBeta, pe Bdon tig TAnpo@opies kat ta Sedopéva
TIoV Tap&yovtat, Sopeitat oAdKATpo To BloAoyko oU-
OTNUA. £TO CUOTNHA AUTO EAEYYETALT) ETIKOWVWVIA [LE-
To€) TWV PEPWV KABWG KAL TAL ATIOTEAEGLATA TIOV EXEL
€V TEAELT evepYyoTIOM O KAOE pHépous xwplotd.>*

H cuomukn BroAoyia Oa cupdret tdoo oy ava-
yvaplon mlavov otdxwyv yia ta @dppaka (drug
target prediction), 660 kat otnVv g€otkovounon xpn-
HATWV aTtO UN OTOXEVOUEVES £peLVEG. [TEpa amd TNV
Slaitepa epgavn onuacia g cuoTN KNG BloAoyiag

Hivakacg 1: Ot uéobot tn¢ Zvotnuikrc Biodoyiag

Mé£00801 TG BroAoyiag TV cuoTNUETOWVY

ToviSlopatikn

«AAAnAoVy oM YOVISLWUATWY
eMalikn avdAvon ék@pacng mRNA
e[eveTikég aAANAeTISpAoELg

Mpwteopkn

«Chips Tpwteivv
*YBpi8ikég avalvoelg
edaopatoypagio pdlog

Xnpucég BLBAtodnKeg

MetaBolopikn

Avddvon Sedopévav
*BlomAnpo@optkn/av&Auon pKposUoTOLYL®OVY

e Avaivon SiKTOwV Kat pabnpatikr povteAomoinon

otV Blopnxavio @opPAK®VY Yo TNV KATATIOAEUN 0N
VOO V. OTIWG 0 KAPKIVOG KAL T AUTOAVOCN VOO K-
TA, UTTAPYEL KL LEYGAO EVELAQEPOV YL TNV ATIOKPU-
TTOYPAPN 0T TWV AELTOUPYLWOV TWV KUTTAPWV KAL EV
TEAELTWV OPYAVIOUWOV. XPNCLLOTIOLWDVTOS TLG VEEG LA~
(ke peBOSoug peTpnong mpwtelvwv kat DNA, oLepev-
VNTESG SLBETOVY PEYAAN TTOGOTNTA SESOUEVWY, XAAG
KoL To epyaAeio, T cuouikn BloAoyia SnAady, v
Vo Ta a€LloTTo 60UV, ATIOKPUTITOYPAPWVTAS TIG 08006
SLddoong onpATWY 6TA KOTTAPA KOL TOV OPYAVIGHO
0AOKAN PO, LTIOPOVV OL EPEVVNTES Va TPOBAEY OV TNV
emidpaon Stapopwv ovolwv. EToL 600 o axpifn kot
a&lomoTa YivovTal Ta GUOTN KA HOVTEAQ, TOGO TILO
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Zynjua 4: Tumot Twv pedetdv Siktdwv oty ZvoThuiki
DPapuakoloyia. Ot ueAétes SIKTOWY 0TH ZVOTNULKT
Dapuakoloyia pmwopoiv va ouadomotnbovv oe TpeLg
gvpeies katnyoplies: (A) laykoouia peAéTeg Tov StkTUOU
TWV QAPUAKWY TIOU EVOWUATWVOVY TIANPOPOPIES

ytla moAAov¢ TUTTOUS papudkwy kat BLoAoytkwv
Sedouévwy, OTtws N aAAnAemibpaon mpwteivawv. Autég
0L LOLOTNTES TTAPEXOVY TIANPOPOPIES CYETIKA UE TIC
LOTOPLKEG TAOELG AVATITUENS PAPUIKWY KAl ¢ UTTOPEL

va mpoTeivouy ISIOTNTES TOU OYETI{OVTAL UE TO OTOXO
ToU papudkov. (B)AiKTvo UEAETWV OUYKEKPLUEVWY

VOO WYV TTOU YPNOLUOTIOLOUV TANPOPOPIES OYETIKA UE (LA
OUYKEKPLUEVN) AOOEVELA YL TOV EVTOTILOUO SUVITIKWV
VEWV QAPUAKWY OTOXWV KABWG Kat OspamevTIikaV
otpatnyikv. (T') MeAéTeg TOV EVOWUATWVOVY
TANPOPOPLES TYETIKM LUE TUYKEKPLUEVES VOOOUGS KaL TA
SikTva oV UToPOUY VA evtomicovy VEes evdeiéels yia ta
PapUaKa, dyvwoTous 0TOX0US TWV QAPUAKWY, Kal AAAa
SUVNTIKA EVOLAPEPOVOES VEES LOLOTNTES TWV PAPUAKWY
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KOVT& 0TV emiAvon SLoupdpwv BLOAOYIK®VY TTPoAN -
Twv B @Bavoupe. Emtiong, Oa pmopei va mpoBAe@Bel
KoL 1 enidpaon SLe@opwv EEWTEPIKWV TAPAYOVTWV
otV vyela pag, OTwe pUTIOLT EMEEEPYATUEVES YT ULKA
TPo@EC. Madl pe Ta TTapamavw, Hmopel Kaveis va oke-
OTEL KAVEIG TTOAAEG KO EQAPHOYEG TIOU B UTTOPOU-
oav va BEATILOE0LV T1 {wT] TOL avOp®TIOU.

To emikevtpo ™G Blodoykng épeuvag HETATOTICETAL
OTASLOKA AL TNV TIOLOTIKT) avdAveT) Twv BloAoyikwv
UNXOVIOHWVY GTOV TTOGOTIKO TTpoodloplopd 66ov
aQopa:

To ETITMES 0t EKPEPAGTG TOV YOVOTUTIOU EVOG

0pYQaVLGHOV

TOV TPOTIO e TOV OTIOl0 VTN 1) EKPpacT) pubpileTal

TLG CUVETIELEG TWV TIAPATIAV®W EVEPYELWV GTO ETTLTE-

50 NG TIPWTEIVIKN G EKEPAOTG KL

TOUG TPOTIOUG LLE TOUG OTIOI0UG OL TIPWTEIVEG Spouv
TAUTOXPOVA 1} GUVEPYATIKG O€ SLPOPETIKA BLoxmkd
pHovomatia, Ta omola SVvaTtal va 0pLoToUV WG
A£LITOVPYLIKA SIKTUA TTOU CUVTIPOVY KaL AVATITUGGOUV
BloAoyikég TANpo@oplies. XN BLoAoyikn €pevva £XEL
yiveL To TEpACHA ATTO TN YEVETIKI| 0TI YEVWHULKT] KoL
YEVIKOTEPU TNV ETOYXT] TwV -omics (-opkn), Snia-
61 xpNoLoToLoUVTAL TTAEOV OL OPOL YEVOULKY avTi
TNG YEVETIKNG, TPWTEOULKY QVTL TNG TPWTEIVIKTG,
netaforoptkn avtl e petaforkng (Mivakeg 1 kot
2). Mg GAAa AGYLa TO QVTIKEIPEVO PEAETNG TIAEOV El-
VAL 1] TOUTOXPOVN HEAETN OAWV TWV YOVISIWV, OAwV
TWV TPWTEVOV KAL OAWV TWV HETAPOALTWOV TOU KAOE
OUGTIATOG.

To Mpoypappa touv AvBpmmivou F'oviSiwpatog £xet
XOPTOYPAPTOEL TO GUVOAO 0XESOV TV YOVISIWV OV
mepLexovtaloto avBpwmivo DNA kat amotedei ) faom
Yl TN OUCXETLOT TOUG HE TNV TPpWTEIVOoUVOEDT, TN
HeTABOAKT pUBLULON KAL TIG (PUOLOAOYIKEG AELTOVPYI-
€6 aTov avOpwTo. Ews Twpa, n TPoodog yla Ty Ka-
TAVOT 0N TOU TPOTIOU LE TOV OTIOL0 TA CUYKEKPLUEVQL
aQUTA PEPT aAANAETISPOUV PeTAdY TOUG WOTE Vi Si-
AUOPP®VOUV CUOTNHHATA TIOV EKTEAOVV TOAUTIAO-
KeG Blodoyikég Aettovpyieg, akorlovBel Evav apyd
puBuo. H moAveminedn Bewpnon evdg cuoTHUATOG,
glval amapaltnm yla v Katavonon thg SUVOULKTG
TOAVTIAOKOTNTAG TTOVU UTIOKPUTITEL 1] UOLOAOY{X
TWV KAVOVIK®V KAl TWV TTAKBOA0YIKWOV KATACTACEWY
(ExMuata 3 ko 4).

H evtuntwotakr avantuén g poplakng BoAoyiag
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Mey£Buvon

Epikpuvon

Khvikoi Seiktegkan | Excinetn

Eninedo lotwy  Eninedo Evboxkutrapikol Moptakd
Kuttdpwv

AwTuou Exincbo |

AVOaAUOEL

Enineda ota onoia aAAnAemudpolv T cuOTHpaTa

Afgin pappdaxou

Qappaxoloyikr Apdon otov ZToX0

Khwvikr @povriba

\\ Zuotnuikn Qappakocloyia

Khuvikn Mpaén

Khwvikr Epeuva

Epyactnplaxn Epeuva

Zynua 5: Ané thv avaxdivpn eapudkwv otnv Zvothukn Sapuarxoloyia kat ot KAWVIKY Tpdén

€xeL 08dnynoeL ot Snpovpyia oG OAOKAN pWUEVNS
ATOTUTIWONG TNG XAPTOYPAPNONG TWV AELTOUPYLWOV
™G {wn¢. H emopevn mpodxAnon mov avadvetal eivatl
N Katavonon twv aAAnAemiSpaoewv peTadl TwV
avapiBunTwv VTOKVTTAPIKWY cUCTATIK®OV. H yvdon
T0V AvBpwmvou INoviStwpatog kat 1 Tpdo@EATN
mp60odog ota media ¢ [pwTteopkng, N yvwon dn-
Aad1) TG AELTOUPYLIKNG CUUTIEPLPOPAES KL TNG SOUNG
O AWV TWV TIPWTEIVWOV TTOV CUUUETEXOVV OE EVaL UTIO
HEAETN cVOTNUA, TNG AVAAVONG TWV HETABOAKWOV
SiktOwv (peTaBoAOMIKY) KL 6TV TEXVOAOYIX TV
pwpoovotolwv Tov DNA (yevopikn), 1 yvwon tou
TO0O0 KAl ol YoviSia utép- 1) vTtO- ek padovTal

AVASELKVUOUV TNV AVAYKALOTNTA TNG GUCTNULIKNG
EVOWUATWONG TWV SESOUEVWV TWV TIEPAUATWV KAL
™m¢ Bewpliag, wote va amokwdikomomOein Asttovpyia
™6 {wns. Ztn Blodoyia CLGTNUATWY, ETLGTNUOVIKA
media mov Sev cuvdéovtal petadV Toug, OTIWG N
xnueia, n Broynueia, n poprakn BloAoyia, ) KUTTAPLK
@uooAoyia kol 1 Aertovpyia TWV TOAVKUTTAPIK®OV
0PYAVIOU®V, EVOTIOLOVVTAL HEG® VTTOAOYLOTIK®WV
TPOTUTIWYV, HOVTEAWY, CUUP®VA UE TIG ApXES TNG
EPAPHOOUEVNG UMY AVIKTG.

Zto)X0 TNG cuoTNKAG 1 BloAoyiag cuoTnudTtwy
amoteAel N akpfng mpoPfAsdm kat o TpocSloplopos
NG CUUTIEPLPOPAS TWV BLOAOYIKWY cUGTNHATWY. To
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Mivakag 2: Opiouoi twv factkav dpwv e Zvatnuikic Papuarxoloyiag

'0pog 0pLopog
Ztoxog Dapudkouv Mia tpwteivn, TuTikd éva évlupo kat /évag Stapepfpavikos vodoxeag, otny omoia éva
Pappako Seopevetal Kot TPokaAel i aAdayn (Betikn 1§ apvntikn)) ™ §pdong tov.
Druggability H mi@avotnta tou emituyols oxedlacpov evog pikpol popiou 1 evag Blodoytkol popiov mov pmopet
va tapeppaivel ) va tpowOei t Spdom evdg Sedopévou 0TOXOL PE PAPUAKOAOYIKO ATIOTEAETHA.
ToviSiwpa To 6UVOALKO YEVETIKO VALKO £VOG 0pyaviopoU. AuTtd Tteptlapavel TtepLoxég

Kw8KOTI0INoNG KABWG Kt TEPLOXES PN KWwSLKOTONomG.

IMpwtéwpa (Proteome)

To 6UVoA0 TWV TPWTEV®OV IOV EKPPA{OVTAL ATIO TO YOVISiWwuA.

gical signaling network)

Druggome To 6UVOA0 TWV TIPWTEIVWDV TIOV EIVAL GTOXOL TWV PAPUAK®V.
Alktvo Bloloyknig 080l KUTTAPLKIG ONUATOSATNONG IOV AVATIAPIOTAVTAL WG AAANAETILEPATELS HETAED
Inuatoddtnong (Biolo- TWV CUOTATIK®V TOU GUOTHATOG WG AKUES KL KOPBOL AUTEG OL avaTIApAOTAOELG

LOG ETILTPETIOVY VA UTIOAOY{GOVLE TLG LLOTNTEG TOV GUOTH LALTOG.

Awepégyphpnpa
(Bipartite graph)

‘Eva yp&enpa-0ewpntikds 6pog mov Teptypa@et éva Siktuo 6mov oL koot Tov
TpoépyovTal amd 2 aveEdpTnTa oUVola (Tapadelypata Tov ava@épnkay 6To KEPEVO
€lvaL Ta CVVOAQ TWV PUPUAKWY KAL TWV QUPUAKEVTIKGOV OTOXWV 1) TWV YOVISiwV Kal Twv
voowv) kat kdBe akpr cuvdéet Evav kOpBo amd Ty TP@TH opada otV GAAN opada.
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K6pBot (Nodes) Mua avamapaotaon evog otolxeiov péoa o€ éva SikTuo oL TIA{PVEL HEPOG OE pLa
aAnAemiSpaon pe éva Ao cuotatikd oto Siktvo. Biodoykoi kopfot onpatoddtmong
ToL SiktVoL propei va eivat ta évlupa, oL TpwTEIVES, SiavAot LVTwV, VTTOSOXES,
TP&yovTEG HETAYPAPNG, TA YOViSia, Ta LOVTa, Ta pikpd pépia, 1 T Atidia.

Axpéc (Edges) Muwx avamapdotaon ™ aAANAeniSpaong LeTagl TV 2 ouaTATIKGOV (KOPPBWV) péoa
o€ éva BLodoyiko Siktvo onpatodotnong. Ot aKUEG AVTITIPOCWTEVOVV SECUEVTIKES
avtiSpaoets, Ek@paon yovidiov, 1} eviupHaTIKEG aVTLSPAOELS, OTIWG LETA-UETAPPACTIKEG
TPOTIOTIOM GELS, LOPLAKT] HETATPOTIES (SnAadT), Tou ATP oe cCAMP).

[Ip6TuTo Enpatodoaciag ‘Eva TtpdTuTIo ompatodotnong g pons péoa oe éva diktvo. Ta mpotua meptlapBavouvy

(Signaling motif) Bpoxovs avadpaong, Tpoodiag @opds Bpadyxous, kat bifan Bpdyxoug.

MMAedvaopa AikTOwY ‘Otav > 1 HOVOTIATIX GUUHETEXOVVY O onpatoddtnon, n pon

(Network redundancy) TV YEYOVOTWV 08NYel 0T0 (810 amoTéAeopa.

TAPATIAV® TIPOATIALTEL TNV LKAVOTITA TNG TIEPLY PPN
OAWV TwV aToKploEWVY TwV oTOoLXEIWV TTOV 0pileL TO
oVOTNUA XPNCLLOTIOLWDVTOG:

1. ZUOTNUIKES, YEVETIKEG Kol TEPLBAAAOVTIKES SLat-
TapaxEG EVOG TTPATUTIOU CUGTIATOG.

2. Tnvakpfn TapakoAovdnon 6Awv Twv amokpice-
WV TIOU CUVETIAYOVTOL Ol TTAPATIAV® SLATAPAXES
o€ EMMESO YOVISLOKO, TIPWTEIVLKO, TTAT|POPOPLUKD
yla ta SLe@opa TPOKVTITOVTA LOVOTIATIA KAB WG
KO (QULVOTUTILKO.

3. TNV evowUATWOoT AQUTWV TWV UETPTOEWY OF HLA
Suvapkn Soun AN po@oOpPLWOV.

4. Tn SatdTwoN Kal TOV EMAVUANTITIKO EAEYXO
TV LABNUATIKOV LOVTEAWY TIOU TIEPLYPAPOUV
T0 oVoTnua. AKOuT, Ta ZUyxpova AlayvwoTiKa
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Epyaldeia o8nyolv otn Suvatotnta mpo-
OUUTITWHOTIKWV EAEYY WV LLE TIPOQAVT] EVEPYETT]-
HaTa AGY TNG TPWLIUNG SLéyvwong 660V apopa
TOoV aoBevn).

3. 0L emoTHrovIKoi KAGSoL TV - omics
ko e€atopkevpévn Oepaneia

To yeyovdg ot opyaviopol Sev amotedovvTal amod
Hepovwpeva abpoiopata yovidiov, mpwteivoy,
HETABOALT®V 081 YNOE GTNV ELCAYWYT] TOU OPOV:
ovothukn Broroyia (Systems biology). H Blodoyia
OUOTNUATWV eTXEPEL va eEeTdOEL TA BlOAOYIKA GU-
OTIHATA GTNV OAOTNTA TOUG Aapfavovtag uToym Kat
TIG AAANAETUSPATELG HETAED TWV ETUTESWV TG KUTTA-
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Mivakag 3: MeAéteg Zvotnuikijs Blodoyiag, ot omoies Staoapnvidovv thv IlaBopuatodoyia kai th Papuakodoykn Apdon

Mz0oS8oAoyia

Heprypaen

ToviSlopartiki kot
MpwTteopk

MeyaAng kKA {HaKaG TIEPARATIKY AVAAVOT) TNG YOVISLAKIG EKQPAOTG, YEVWHIK®DV 1) ETILYEVETIKMOV
TUPAAAQYEG, LETA-HETAPPATTIKWDV TPOTIOTIO|CEWY TIOU TTPOKVTITOVV ATO SLUPOPETIKES
OUVONKEG, TEPAAUBAVEL PWOPOTIPWTEWLKT] KL TNV XN UK TpwTeW K. Ta kOTTapa ) Ta
Selypata totol, utdkewvtal o€ GUVOTIKES (T, PAPULAKEVTIKY AYWYT), CTPEGCOYOVEG KATAOTACEL,
TaBoA0YIKE EVAVTLTOU (PUGLKOV TUTIOV / KAVOVLKT) KAL TNV ATIOKPLOT IOV avaAVETAL O
olUykplon pe évav éleyxo. To emimedo TG Ek@paong, TG YEVETIKY TTaparlayns, TO QALVOUEVO TNG
OWOEOPUAWOTNG, KAl GAAEG HETA-UETAWYPAOCTIKESG TPOTIOTIOWOELG UTIOPEL v TTaepakoAovBovvTal.

MeyaAng KApLaKAG LopLakog
é\eyxoG6 kot avdivon
Soung @apudkov-cToxoL

[epapatikég kat VTTOAOYLOTIKEG LEBOSOL ATOKAAVTITOUV TOUG AyVWOTEG GTOXOVG Kat /M
™V TANB®PaA TWV @apRAK®Y. Ot avaAVOEL AUTEG PTTOPEL VAL ETILTPEWOUY TOV TIEPALTEPW
XOPOAKTNPLOWO TWV GTOXWV TTOU avacTEAAOVTAL ATO KOWE AappaKa, 1} Kat avtioTpo@a.

Avodvoeig shRNA/siRNA
(shRNA/siRNA screens)

M vPmAng amdSoong €kdoan TG adpavoToinong evog LepOVwLEVOU YOVISIoU Kot
avaAvovtag Ty emidpaon tov ota kuttapa. [IAnpo@opieg mov pokvTTTOUV PTopEl va
eknynoovv / poBAéPouy ™ Aettoupyia pag TPpwTeivG 6T VOGO 1) TO ATOTEAET U TNG
QAVAGTOANG TG TIPWTEIVNS WG Eva LEco agloAdynong g SpAaons @apprakov-cToXov.

Avdivon Awtiou kot
YmoAoylotég MéBodot (Ne-
twork analysis and com-
putational methods)

0 TTPOGSLOPLEUOG KAL) KATAVON 0T TWV SIKTUWV oL TEPLBEAAOLY £vav GTOX0 PAPUAKOV, GUXVA
Xpnopomotwvtag Snpoctevpéva Sedopéva amd vPmAng artdSoong peAéteg 1| Bdoels SeSopevwy.

Mivaxag 4: Zoykpion T Oepamevtiiic kat TG avemBuntns moAvgapuaxoloyiag (Comparison of therapeutic and adverse

polypharmacology)

TomoL TG
TOAV@appaKoAoyiag

Heprypagn

P6Aog ™G Zvotnuik g Blodoyiag

OepamevTIKNG
TOAV@ApPHAKOAOYIX

voowv Tov Bacilovtat yia v av&ivon
TV SIKTOWV TG ONUATOSOTNONG TNG
VOOOU KAL TA CUCTHHATA ETMUTES WV KAB MG
KALTWV EMTTOOEWY, SLAPOPPOVOVTAS
TOAAATIAOVG GTOXOUG TIPWTEIVNG HE

£va1] TTEPLOGOTEPX AP LOKAL.

H Bgpameia Twv TOAVYOVISLAK®V, TOAVTIAOK WV

Emuitpémnel to oxeSLao 1o QappaKwy pe
Bd&on Ta cuoTHHATA ETITIESOV YVWOOEWV:
meplhapfavel ™ Stapdppwon/oxedlacpuo
TV TOAAATAGOV KOpPBwV o€ évan
TEPLOGOTEPA PUBULOTIKG SiKTLA.

AvemBopuntng
ToAV@apuaKoloyiog
- oAvpappakia

H avemBbuntn @uololoywkr emidpaon
TIOU TtpoKaAELTAL ATIO TA PAPHAKA KATE
oUVSEDT LLE TOUG 0TOXOVG TPWTEIVEG TIANV
Tov BepamevTikoV 6TOXOL 1) GUVSEEDT LE TO

BepamevTtiKd 6TOXO OE Ut GTOXEVUEVO LOTO.

Emitpémel v katavonomn tov Suopevolg
YEYOVOTOG, GUUTIEPIAAUPBAVOLEVWY TWV
QATOTEAEOHATWV piag aAAnAemiSpacng

1E éva Un-0TOX0 KoL TG pUOULGTIKNG
81&Soong Tov SkTHOoL 1) 61| LAEVTOG TOU
KOVOovLoTIKoU StkT)ov Tov 081nyolv

O€ Pl SUCUEVEIG PALVOTUTIOVG.

PG Asrtovpyiag.’12 H emavaotacT TG GUCTI KIS
Blodoyiag £ywve Suvath HECW TNG AVATITUENG TWV
VYMAnG amtdSoong (-omics) TEXVIKWY oL GAAagav pL-
{ik& Tov TpOTIO e Tov oTtolo Ttpoceyyilovtal TpofAn-
LOTO OTLG EMOTNHEG (w16

Ev® n emavaotaon oto xwpo ™G BLoAoyiag
OVUOTNHATWY EeKivoe PE TNV avaATTUEN TG

yoviStopatikng (Genomics), Tnv avaAvon tou pe-
Taypa@kol TPoTUTOV UE pikpoovaoTtolyieg DNA
(Transcriptomics), KaL TNV TPWTEOWULKY TOU
ava@Epetal otnv VPNANG amdSoomng TOLOTIKY KAt
TOGOTIKN] AVAAVOT] TWV TPWTEIVWV, YIVETAL TILO
EekABaPO OTL 1) CUOTNULKT] HEAETT] TNG KUTTAPLKNG
Aertovpyiag amattel vPMAN G am6S00MG AVAAUOT) KoL
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TOU TeALKOU TPOIOVTOG VOGS BLOAOYIKOU GUGTHHATOS,
SnAadn tou petafoAriopov. H Metafoloukn epxetal,
Aolmdv va cuPTANpWoEL TIG VPNANG amtddoong
TEXVIKEG, YEQUPWVOVTAG TNV ATOCTACT UETAED
YEVOTUTIOU KOl (POLVOTUTIOU.

Me tov 6po MetafoAouikn (Metabolomics) ava-
PEPOLACTE OTOV TTOLOTIKO KL TTOGOTIKO TTpoaSLopt-
OUO TWV EMMESWV OAWV KUTTAPLKOV HETABOALTOV
(vépoyovavBpakeg, apwvoiea, cakyapa, ALapda
o&éa, opyavika o&éa, otepoeld, memtidia) evog Bi-
0A0YLKOU GUGTNHATOG TTOV TIAPATNPOVVTAL TNV O€-
SopévT XPOVIKY oTLyUn], EV® UE TOV Opo peTaBoAopa
010 oVUvolo Twv petafBoAittwv. 'ETol Aolmov
UTTOPOULE VA TIAPaKOAOVOT GOV UE TIG dAAAYEG TOUG
AOY®W QUOLOAOYLK®V 1 U1 TAPAYOVTWY HECW TOV
petaBoAkov potuTov (metabolic fingerprint).”8

H MetaBoAopikn meplapfavel 6Aa ta emimeda
KUTTAPLKNG pLOULoNG, dnAadn tnv pvBuLlen Tov
ouvteleital o€ emimeSo HETAYPAPNG, LETAPPAON
KOl HETA-HETAPPACTIKWV TpOoTOTOoewv. O
petafoAo oG amoTeAel TO TEALKO TIPOIGV TOU KUTTAPOU
Kot SelYveL TLTIpAY A TIKG GLUHUPAVEL GE U TO. AGYWw TOV
TOAUTIAOKOU HETAPBOALKOU SIKTUOU IOV ATIOTEAEITAL
ATt TOAAEG OTEVE GUVEESEUEVEG AQVTISPATELG AKOUN
KL EAGYLOTEG SLAPOPOTIOMOELS 6TO TIPWTEOHA (CAAXYT|
OTLG OUYKEVTPWOELG AlywVv €viupwyv) pmopolv va
08MY1O0LV G ONUAVTIKEG SLAPOPEG TTNV CUYKEVTPWOT)
TOAAWV petafBoAttwv. ESw Oa ipémel va onpelwbel
OTLoL oTATIOTIKEG pEBOSOL IOV XpPNoLHoTTOLOVVTAL YIX
™mv avaivon Sedopévwy eivat TOAVTAOKES Kal Sev
éxovuv BedtiotomomnBel axdun yla va Stakpivouv Tig
Stdpopeg attieg StakOpavong HETadL TwV SEYHATWY
KoL 0 aplOPOG TV SLAPOPETIKWV UETABOALTWOV lvat
TEPAOTLOG O€ GX£0N LE TOV aplOpd Twv BAoEWV 1] TwV
apwvoEéwv Kat oAAol elvat dyvwatol” 10

H MetaBoAkn Mnyavikn eivat n kateuBuvopevn
BeAtiwon Twv KUTTAPWVY WG TIPOG TO GXNUATIONO
TPOIOVTOG T TIG LBLOTNTEG TOUG, HEGM TG TPOTIOTIOMONG
OUYKEKPLUEVWV BLOXNUIKOV QVTISpACEWY 1] TNV
ELOAYWYT] VEWV HE TN XPNOTM TNG TEXYVoAoyiag
avaouvduacuevov DNA12

4. H Zvotukn @appakoroyia kat Navoiatpukn

Tuotnuikn @appakoioyia eivat pla avaduopevn me-
PLOXT] TNG PAPUAKOAOYING TTOVXPNOLUOTIOLEL 6TV
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avdAvon tou Siktov TG §pAoN G TWV PAPUAKWY
(Ewova 5).13 H Zuotnuikn @appakoloyia pmopet va
TPOCPEPEL VEEG TTPOCEYYITELS VLA TNV avaKAAL YT
PAPUAKWYV YA TTOAVTIAOKES VOGOUG KOl LAALOTO T VaL-
volatpkn KatéxeL kuplapyn 0€om otov Topéa auTto.t+
16 H oAokAnpwpévn TTpocEyyLor) TTov XpoLoToLelTal
otn Zvotpiky ®appakoroyia pmopei va emitpePel
™V €EETAOT TNG SPAON G TAUTOXPOVA OLWG LLE TNV €EE-
TaoT 0A0KANpov Tov YoviSiwpatog. Me Bdon o 6i-
KTULO, LEAETEG TIOV YivovTal, SLapop@®vouy oAoéva
KOlL L0 ONHOVTIKG gpyaAeio yia TV AN PN KATAVO-
10N TWV OXECELS LETAED TG SpdoN G TWV PAPUAKWY
KaL v evatoOnoia g vooou ot emimedo yoviSiwv
(Mivaxeg 3 xat 4). 0 TpdTOG avaAvong Twv Bloroyt-
KWV SIKTUWV GUVERAAE GTN YEVEDT] TG ZUOTNULKNG
dappakoloyiag kol AUTEG 0L HEAETEG £XOUV BEATLW-
OELTNV TIAYKOOULX KATAVOT|OT] TWV OTOXWV TWV PAp-
Hakwv. 0L TOTOL TWV AVOAVCEWV G€ ETTTESO SIKTVWV
umopoVv va 08Ny oeL o€ VEEG BEPATIEVTIKEG ETILAO-
YEG Kal TauTOXpOoVn BEATIWON TNG AOPAAELXG KAL TG
ATOTEAECUATIKOTNTAG TWV UTIAPYOVTWV/KUKAO@O-
POVVTWV PAPUAKWV.

‘000 peyaAlTEPT YIVETAL UTN 1) KATAVOTON KAl
1 KATAKTNON TG Yvwons o€ BloAoyiko eminedo,
TO0O0 peyaAvTepn elval n avaykn yla Tnv evowpa-
TWOT QUTHG TNG YVWONS Yl TNV EVIoXUOT TNG ava-
KAAUYTM VEWV @apudKwv. Evem To TpOTUTIO avaKa-
AVYMG VEWVY @ApUAKWVY £XOVV TIPOXWPT|CELTIPOG TNV
TAUTOTIO(NON TWV GTOXEVHEVWY BEPATIELWV, TA TIO-
000TA TAPAUEVOLY 08 VYMAAG eTTiTeS A, 18IWG Yl TLG
Bepameieg pe véoug unyaviopovs. H mpoomtikn tng
Tvotnuikng Blodoylag mapéyel i oAokANpwpé-
v Bdomn yla TNV KATavonon TV ToAVTIAOKWVY Un)-
XAVIOU®V TNG VOOOUL KAl OTOXEVUEVT SpdoT Yo T
Bepameiag.

5. Xvpnepdopata

KAeivovtag kat cuvoifovtag doa mpoava@épnkay,
1 TTANPNG OAOKANIPWON TOU GTOXOV TNG ZUGTNUIKNG
BloAoyiog kot 1 avakaAum KavoToUwY @apUaKwy
e TIoAvapakoloykn Spdon Ba emitpéPeL Tov op-
BoAoyikd oxedlaoud Twv cuvduacTikwy Bepatmet-
WV OV VAL LKAVEG KOl ATIOTEAECUATIKES YLt TNV
ATOKATACTOON TNG LOOPPOTILaG o€ Slatapayn Tov
mpokaAel pia vooog. Ot peBodoroyieg Tov avamtvo-
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oovTal kol 6Toug 8Uo Topelg Kat TTov pmopet va Bo-
nénoovv avty ™ Stadikacia katevBvveTal o1
Blo-vavoteyvoAoyia kat ota Blo-epmvevopéva (bio-
inspered) cuoTHATA LETAPOPAS PAPUAKWY, OTIWS
opiletat amod T cuoTNUIK TTPocEYyLom.t7 18 [
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Summary

Globally, there is an urgent need to develop new
drugs for a wide range of serious and incurable dis-
eases. New drugs needed to fight many serious dis-
eases. The “systems approach” is proposed as a sci-
entific basis for the discovery and development of
new modifiers agents of diseases, i.e.new medicines
safe and effective based on the human genome.
The full integration of the goal of Systems Biolo-
gy and the discovery of innovative medicines with
polypharmacology’s action will enable the ration-
al design of combination therapies that are capa-
ble and effective in restoring balance disorder that
causes a disease.
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Airborne Particulate Matter in Urban
Areas and Risk for Cardiopulmonary
Mortality and Lung Cancer

Dietary Antioxidants and Supplementation
for Prevention of Adverse Health Effects

Athanasios Valavanidis*, Thomais Vlachogianni, Konstantinos Fiotakis
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Summary

Air pollution in big citioes represent a substantial
health threat for premature morbidity and
mortality. Epidemiologists evaluating health ef-
fects of PM air pollution concluded that respirable
particles (with aerodynamic diameter 10 and 2.5
pum) are important contributing factors to increas-
ing respiratory diseases and premature mortality.
Adverse health effects include decreased lung func-
tion, increased hospitalizations from respiratory
ailments, increased risk for cardiovascular diseas-
es and premature deaths for cardiopulmonary dis-
eases and lung cancer. Epidemiological studies es-
tablished thatacute short-term and long-term PM, |
and PM, . exposures aggravated asthma attacks
and caused chronic respiratory diseases. Airborne

1. Introduction: Air pollution and airborne
particulate matter

Air pollution is a dangerous environmental health
problem affecting urban populations in developed
countries. From the 1960s scientific investigations
focused on gaseous air pollutants (sulphur dioxide,
S0,, nitrogen oxides, NOx, ozone, 0, and carbon

PM can cause oxidative stress, initiate pro-inflam-
matory injury and cause oxidative damage to pro-
teins, enzymes, membrane lipids and cellular DNA.
In this respect health specialists are proposing die-
tary antioxidants and vitamin supplementation as
a valuable tool to prevent adverse health effects,
like oxidative stress, in the respiratory and circula-
tory systems. This review includes the most recent
epidemiological studies for acute short-term and
long - term PM exposures and risk assessment for
cardiopulmonary and lung cancer morbidity and
mortality in population cohorts of urban inhabit-
ants. The review includes studies on antioxidant
supplementation and dietary practices to prevent
adverse health effects of air pollutants.

monoxide, CO) and black smoke for their associations
with adverse health effects on humans. But from the
1980’s air pollution studies shifted their attention
to adverse health effects of inhalable particulates.
Already, by the 1970s, a link had been established
between respiratory diseases and ambient particulate
matter (PM) and the level of damaging concentrations
was resolved by Holland and other researchers

*Corresponding author: Prof. Athanasios Valavanidis, E-mail: valavanidis@chem.uoa.gr
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reviewing studies in the period 1968-1977.1

Clinical and in vivo studies showed that airborne
PM can penetrate into the lungs’ alveoli carrying
highly toxic substances and depending from their
size can be trapped in the pulmonary parenchyma.
Scientific interest focused mainly on PM, (particles
with aerodynamic diameter 10 um, 1 pm=10"° m)
and other coarse particles of soot from vehicular
traffic and industrial air pollution in the urban areas
(especially in megacities) of the U.S.A. and developed
European countries.>*

World Health Organization (WHO) using large
epidemiological studies released global estimates
on indoor and outdoor air pollution and premature
deaths. It is estimated thatin 2012, around, 7 million
people died prematurely as a result of air pollution
exposure (mainly PM). 3.3 million deaths linked to
indoor air quality (smoke and soot from leaky coal
and wood cook stoves) and 2.6 million deaths related
to outdoor air pollution [http://www.who.int/
mediacentre/news/releases/2014/air-pollution/
en/,accessed 7.3.2014]. Analysis of data showed that
the main causes of these deaths were: lung cancers
(6%), heart diseases (40%), stroke (40%), Chronic
Obstructive Pulmonary Diseases (COPD) (11%) and
acute lower respiratory infections in children (3%). In
2014, WHO released a database containing results of
ambient (outdoor) air pollution monitoring in 1.600
cities in 91 countries. Measurements (2008-2013)
represented PM, and PM, ;. airborne particulate
matter. The world’s average PM, ; levels by region
ranged from 26 to 208 pg/m? with world’s average of
71 pg//m?3. There were substantial increases in PM
concentrations, compared to previous years. [http://
www.who.int/phe/health_topics/outdoorair/
databases/cities/en/, accessed 7.5.2014].

Investigations in big cities of the developed world
started accumulating evidence from time-series
and prospective cohort studies that gave a positive
association of increased morbidity and mortality
from acute and chronic exposures to airborne PM.
Epidemiological studies in many U.S. cities evaluating
health effects of particulate air pollution concluded
that respirable PM is an important contributing
factor to respiratory diseases. Health effects included
decreased lung function, increased hospitalizations,
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increased cardiovascular and lung cancer mortality.>®
Similar evaluations and epidemiological findings on
adverse health effects were established for PM air
pollution in urban areas of big European cities.**° The
Environmental Protection Agency (EPA) in the U.S.
promulgated tighter controls on PM air pollution as a
precautionary measure. The major revisions of Clean
Air Act (1977 and 1990) required EPA to set National
Ambient Air Quality Standards (NAAQS) for six criteria
pollutants; including PM. The maximum allowable
concentrations of Total Suspended Particulate
(TSP) was replaced in 1987 by a new standard for
particles smaller than 10 um diameter (PM, ) based
on dosimetric studies. Pressure was added by the
American Lung Association, which sued EPA at the
federal courtin 1994 to force the agency to review the
PM, standard. In 1997 the EPA promulgated a new
standard for PM, .. These new air pollution standards
initiated a scientific debate among scientists and air
pollution regulators, providing interesting lessons
on the use of epidemiological data in setting public
health policy issues.' The EPA reduced through the
years the PM primary (health) annual and 24 - h
standards for PM. The PM, primary standards for 24
-houris 150 pg/m3and the annual primary standard
50 pug/m? The PM, .annual primary standard from15
ug/m?3 (2006) it was proposed in 2013 to be revised
to 12 pg/m3.!2

Air quality standards in the European Union (EU)
were established in 2008 by the Directive on Ambient
Air Quality and Cleaner Air for Europe, 2008/50/EC).
The firstlimit value, a 24 - hour value to protect human
health, was set at 50 micrograms (ug) of PM, per m?
not be exceeded for more than 35 times a year. The
first daughter directive dates from 1999 (1999/30/
EC) and settled limit values for five substances
including PM, . It also made reference to PM, . and
instructed the member states to commission research
into these PM air pollutants. European standards
for PM, . were finally set out in the new Directive
AAQCAE. A general limit value (25 pg, of PM, . per m*
in 2015) started off as a target value in 2010."* Similar
air quality standards for PM have been established
in most advanced industrial countries. For example,
Japan (1970s, Basic Environmental Law) established
environmental standards according to the minimal
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requirement to protect human health, based on
evidence from epidemiological studies.™

The association of exposure to airborne PM
and increased morbidity and mortality needed
a large number of participants to establish the
epidemiological significance. But, for the first time
in 1974 the ‘Harvard Six Cities’ research project
produced enough data to reveal the relationship
between air pollution by PM and deaths from lung
cancer and cardiac and pulmonary diseases.'® Later,
Samet and co-workers in the U.S. showed that out
of the five potentially toxic substances in urban air
(PM, ozone, CO, SO, and NOZ) PM alone were clearly
to blame for extra mortality.!® In the last two decades
alarge number of in vivo and clinical studies focused
to the adverse health effects of airborne fine particles
penetrating deep into the lung alveoli. Many scientific
studies linked PM exposure for inhabitants of big cities
to a variety of health problems, including: premature
deaths from cardiovascular or pulmonary diseases,
including lung cancer,; aggravated asthma, and chronic
respiratory diseases (bronchitis, etc).!”* While other
epidemiologic studies (time - series and prospective)
examined the adverse health associations between
acute short-term and chronic exposure to PM,  and
PM, . air pollution in urban areas. Results showed that
there is a positive association and increased risk for
morbidity and mortality from cardiopulmonary and
cerebrovascular diseases.?%%3

2. Isrespirable particulate matter dangerous
like smoking to human health?

Research on morbidity and mortality of smokers
have established without doubt that tobacco
smoking is the world’s leading environmental cause
of premature morbidity and mortality, reflecting
the potent toxicity and carcinogenetic potential of
tobacco smoke in the respiratory system. Lung cancer
incident and mortality was an early sentinel of the
emergence of the still persisting epidemic of tobacco -
caused diseases.?* Tobacco smoke contains more than
4,000 hazardous substances, some of these chemicals
are extremely potent carcinogenic and mutagenic,
carcinogenic metals, oxidative persistent free radicals,
as well as radioactive compounds.?>?” Numerous
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epidemiological studies established beyond doubt
that lung cancer in humans is associated by 80-85%
with active and passive smoking.?8 %

There are many similarities of particles of tobacco
smoke and airborne respirable PM in urban areas,
especially from vehicular traffic emissions. Several
independent groups of investigators have shown
that the size of the airborne particles and their
porous surface area determine the potential to elicit
inflammatory injury (stimulation of proinflammatory
cytokine production), cellular oxidative damage
(lipids, proteins, nucleic acids), and other adverse
biological effects. Studies showed that PM, initiate
stimulation of mutagenic gene expression, induce
gene expression profile modulation and strand
breaks or additives (such as 8-OHdG) to cellular
DNA.30-32 These effects are stronger for fine and
ultrafine particles because they can penetrate
deeper into the airways of the respiratory tract and
can reach the alveoli in which 50% are retained by
the lung parenchyma.33-% Electronic microscopy data
showed that human lung parenchyma effectively
retains PM_ , establishing a permanent mechanism
of oxidative cellular and inflammatory effects leading
to chronic pulmonary damage. The oxidative effects
are increasing substantially for smokers because
chemicals in tobacco smoke act synergistically with
PM and play an important role in inhibiting clearance
of PM in lungs’ alveoli.?®* The major components of
PM are transition metals, sulphate and nitrate ions,
carcinogenic organic compound (polycyclicaromatic
hydrocarbons, PAH, nitro - PAHs), quinoid stable
radicals of carbonaceous material, minerals, reactive
volatile organic compounds and materials of biologic
origin. All these compounds are highly toxic, with
carcinogenic and mutagenic potential to pulmonary
cellular constituents.?”%°

3. Particulate matter: toxic and carcinogenic
mechanisms. Oxidative stress

Toxicological studies have shown that PM can initiate
and promote several mechanisms of adverse cellular
effects. The basic mechanism is cytotoxicity through
oxidative stress as a result of the production of oxygen
and nitrogen free radical and other oxidants, called
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reactive oxygen species and reactive nitrogen species
(ROS and RNS). ROS can reach vital components in
the cell and among others can cause DNA oxidative
damage, mutagenicity and stimulation of pro-
inflammatory factors.***! Also, ROS can cause lipid
peroxidation of cell membranes, damage to cellular
proteins and enzymes, and oxidative breaks to
mitochondrial and cellular DNA.#2-#

Human lungs are exposed daily to oxygen of the
air (0,), oxidants generated either endogenously or
exogenously (physiological oxygen metabolism, air
pollutants, cigarette smoke, etc). The physiological
ROS production and removal in aerobic organisms
is a complex and finely tuned phenomenon. An
extensive intracellular antioxidant network and
redox buffering systems prevent cellular oxidation
and maintain redox homeostasis during normal
metabolism.*>*® When this equilibrium between
oxidants and antioxidants is disrupted, tilting the
equilibrium toward an oxidized state produces
oxidative stress. Oxidative stress is involved in the
physiopathology of several diseases (cardiovascular
disease, cancer, diabetes, etc) and substantially with
initiation and progression mechanisms of cancer.*->°
Inhalable particles, mineral fibres, tobacco smoke
and oxidants in air pollution (such as ozone and NOx)
have the potential for the generation of ROS in the
lungs. Scientific evidence implicates very strongly
PM, and PM, as causing extensive oxidative stress
and oxidative damage to cellular lipids, proteins
and cellular DNA. All these airborne pollutants act
synergistically generating excessive amounts of ROS,
with high pulmonary inflammatory potential and
promote carcinogenic mechanisms.>!->3

4. PM and Adverse Health Effects. Acute
short term exposure and health risks and/or
premature death

The U.S. Health Effects Institute is a leading research
institution that started the Integrated National
Particle Component Toxicity Initiative. An extensive
program focusing on PM health effect studies. The
overall findings of these studies have demonstrated
the high toxicity of coarse, fine and superfine PM.
These are complex interactions depending on
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particle size range of pollution, geographiclocation,
source category and seasons. The responsible
components of PM and source categories vary
with the health-related endpoints being assessed.
Across all studies, fossil-fuel combustion was most
consistently associated with both short and long
- term adverse effects of PM, . exposure. The PM
chemical components that originate from residual
oil combustion and traffic source categories were
most closely associated with short - term effects.
Exposure to chemical substances in coal combustion
particles were more closely associated with long -
term adverse health effects on humans.*

Bell and co - workers published an extensive review
covering 108 scientific papers (1995-2013) and
summarized the epidemiologic evidence regarding
associations between short - term exposure to PM
and the risk of premature death or hospitalization.
A meta-analysis estimated mortality associations
by age and sex. From the results of these studies
there is consistent evidence of increasing risk for
hospitalization and death for short - term exposure to
PM. The meta - analysis showed a statistically higher
risk of death by 0.64% (95% confidence interval
(C1):0.50, 0.78) for older populations compared with
0.34% (95% CI: 0.25, 0.42) for younger populations
per 10 ug/m3 increase of PM, exposure.>> Exposure
and measurements from the EPA Chemical Speciation
Network Data were used in the first national U.S. study,
that was season - specific and region - specific. The
study investigated associations between mortality
and short-term exposure associations with PM, .
constituents (seven constituents that composed 80 -
85% of PM, . mass) across 72 urban U.S. communities
(2000-2005). The results showed that there are
positive associations with increased mortality. The
findings indicated that some constituents of PM,
are highly toxic causing extensive pulmonary cellular
damage.>®

In Japan there is also a systematic epidemiologic
investigation on PM adverse health effects and
mortality. Japanese scientists investigated the
evidence for short - term exposure to ambient PM
and hemorrhagic stroke, which was inconclusive from
previous epidemiological results. They evaluated the
effects of suspended PM on cardiovascular disease
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mortality in five selected prefectures of Western
Japan, focusing on types of stroke, (for the period
2005-2010). A multicity time - series analysis was
used and models were adjusted to take also into
account exposure to Asian dust (as a confounder).
The results showed that short - term exposure to a
10 pg/m? increase in suspended PM was positively
associated with stroke mortality (hemorrhagic stroke
as well as ischemic stroke mortality).5’

Scientists in the Scandinavian or North Europe
countries are very active in epidemiological
associations for airborne PM. In the Netherlands
researcher investigated the causes of specific
mortality associated with short term exposure to
PM  and PM, .. Daily concentrations of PM were
obtained from the Dutch National Ambient Air Quality
Monitoring Network. All cause and cause - specific
mortality rates in the Netherlands were collected from
national statistics for the period 2008-2009. PM,  and
PM, . levels were statistically significantly (p <0.05)
associated with all cause and cause - specific deaths. A
10 pg/m? increase (previous day) was associated with
0.8% excess risk in all cause mortality for PM, . and a
0.6% excess risk for PM, .*® A study in Finland found
that short-term exposure to ambient PM air pollution
is associated with increased cardiovascular mortality
and morbidity through acute systemic inflammatory
processes. PM, . and PM, were measured daily at
fixed outdoor measurement sites. Personal exposure
to PM, . was measured with portable photometers.
Average ambient PM, , concentration was 8.7ug/
m®. Findings showed that exposure to PM, . was
most strongly associated with increased levels of
inflammatory markers (C-reactive protein and IL-12
within a few days of exposure, and some evidence of
effects on fibrogen and myeloperoxidase). Scientists
suggest that their findings showed that even low
levels of PM air pollution from urban sources are
associated with acute systemic inflammation.>®

Global associations for air pollutants and risk to
heart failure was performed by collecting more than
a thousand papers (from five health databases) of
which around 200 papers were reviewed in-depth.
Acute exposure to gaseous pollutants (CO, SO,, NOx,
0,) and airborne particles PM, , and PM,  has been
investigated for their association with high risk of
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heart failure. A systematic review and meta - analysis
and random - effects model were applied to derive
overall risk estimates. Heart failure hospitalisation
or death was associated with increases in gaseous
pollutants but not for ozone. Increases in PM
concentration were associated with heart failure
hospitalisation or death. Especially, for PM, ; the
increase was 2.12% per 10 ug/m? and for PM
the increase was 1:63% per 10 pg/m?3. Strongest
associations were seen on the day of exposure for
PM, . °°
25

[talian scientists performed a time-stratified case-
crossover study in 9 [talian cities for the period 2001-
2005 aiming to estimate the short - term association
between PM,  and cardiac hospital admissions of
susceptible groups. 167,895 hospitalized subjects (=
65 years of age) were followed for 4 years for cardiac
diseases, acute coronary syndrome, arrhythmias and
conduction disorders, and heart failure. The increased
risk of cardiac admissions was 1.0% per 10 pg/m?
PM,,and slightly higher (1.4 and 1.8%) for heart
failure and acute coronary syndrome respectively.
Women were at higher risk of heart failure (2.0%)
and men were at higher risk of arrhythmias (1.9%)
Subjects aged 75 - 84 years were at higher risk of
admissions for coronary events (2.6%).%

The rapid economic development in China in
the last decade resulted in choking air pollution in
big cities on an unprecedented scale. In 2014 the
Chinese government announced incentives for heavy
polluters to reduce PM, and other gas pollutants
(reduction in coal use, improve vehicle fuel and limit
the number of cars in big cities).®? Some big cities
in China have the highest PM concentration levels
recorded in the developed world. The largest Chinese
epidemiologic study of short - term exposure to PM, |
and its association with increased daily mortality was
published recently. The averaged daily concentrations
of PM,, in 16 Chinese cities (1996-2008) ranged
from 52 pg/m?3to 156 pg/m3. The 16 - city combined
analysis showed significant associations of PM_  with
daily mortality: Two - stage Bayesian hierarchical
models were applied to obtain city-specific and
national average estimates. A 10 - pg/m?3 increase
in 2-day moving - average PM, jwas associated with
a 0.35% increase of total mortality, 0.44% increase
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of cardiovascular mortality, and 0.56% increase of
respiratory mortality. Females, older people, and
residents with low educational attainment appeared
to be more vulnerable to PM,  exposure.®* The short-
term association between PM, . exposure and daily
mortality in Xi’an, a heavily polluted Chinese city,
was established by an epidemiologic study in the
period (2004 - 2008). During the study period, the
mean daily average concentration of PM, . in Xi'an
was 182 pg/m?3. Results showed significant positive
associations of certain PM constituents (organic and
elemental carbon, nickel, ammonium, nitrate and
chlorine ions) with cardiovascular or respiratory
mortality, after adjustment for PM, . mass.**

A time series analysis, using generalized additive
modelling, determined the exposure - response
effect (daily mortality) from ambient ozone O, and
fine PM, ; concentrations in Lisbon (2004 - 2006).
The results for PM, . exposure showed that the
relative risk for cardiovascular mortality in the
population group 2 65 years was 2.39% for each 10
pg/m?increase. The ozone exposures were associated
with an increase of 1.11% for all - cause mortality in
the population group = 65 years and an increase of
0.96% for the general population.®® Another study
focused on the association of short-term exposure
to PM and exacerbation of pediatric asthma in Greek
children. Scientists investigated the short-term
exposure effects of PM, / (<10 pg/m?), SO,, NO, and
0, on pediatric asthma emergency admissions in
Athens (Greece) over the period 2001- 2004. Their
results showed thata 10 ug/m? increase in PM ; was
associated with a 2.54% increase in the number of
paediatric asthma hospital admissions, while the
same increase in SO, was associated with a 5.98%
increase. Exposure to O, was associated with a
statistically significant increase in asthma admissions
among older children in the summer, while there
was limited evidence of an association between NO,
exposure and asthma exacerbation.

A negative association (between PM, . and acute
ischemic stroke) was recorded in an epidemiological
study for 8 cities of Ontario, Canada. The study
followed 9,202 patients hospitalized with acute
ischemic stroke and residing within 50 km of a PM,
monitor. Scientists evaluated the risk of ischemic
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stroke onset associated with PM,  in each city, using
a time - stratified case - crossover design, matching
on day of week and time of day. They evaluated the
risk of ischemic stroke onset associated with PM,
by combining city - specific estimates using random -
effects meta - analysis techniques. PM, . exposure was
associated with a - 0.7% change in ischemic stroke
risk per 10-pg/m? increase. These overall negative
results were robust to a number of sensitivity analyses
and do not support the hypothesis that short - term
increases in PM,  levels are associated with ischemic
stroke risk overall.®’

5. Long - term exposure studies of PM and
adverse health effects

Epidemiological evidence showed that long - term
exposure to ambient air pollutants and especially
superfine, fine and coarse particles and NO, increases
rates of mortality from all - causes, but especially
cardiovascular and respiratory diseases. Recent
investigations on PM, . constituents’ effects for urban
residents have substantially enhanced scientific
knowledge on the impacts of specific chemical
components. Studies established the impact of
long-term PM, . exposure on cardiovascular disease
(CVD) effects. In this review we present the most
important studies published in the year 2013 and in
the beginning of 2014.8

The European Study of Cohorts for Air Pollution
Effects (ESCAPE) investigated through prospective
cohort studies and meta - analysis the results for
long-term exposure to airborne pollutants (PM, ,
PM, and NO ) on the incidence of acute coronary
events. Populations were from Finland, Sweden,
Denmark, Germany and Italy, a total of 100,166
people (1997 to 2007), was followed for an average of
11.5 years. Cohort specific hazard ratios (HRs) were
calculated for incidence of acute coronary events
(myocardial infarction and unstable angina) per
fixed increments of the pollutants, with adjustment
for socio-demographic and lifestyle risk factors.
5,157 participants experienced incident events. A 5
ug/m? increase in estimated annual mean PM, . was
associated with a 13% increased risk of coronary
events and a 10 ug/m? increase in mean PM was
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associated with a 12% increased risk of coronary
events. It was concluded thatlong - term exposure to
airborne PM is associated with incidence of coronary
events, and this association persists at levels of
exposure below the current European limit values.®’

Chinese epidemiologic studies establish long -
term exposure of inhalable PM at very high levels
and their association to adverse health effects. A 12-
year retrospective cohort study (39,054 subjects from
4 cities in northern China), recorded mortality of all
cause and specific cardiovascular diseases (1998 to
2009). Measurements of PM, were collected from
local environmental monitoring centres. The results
showed that for each 10 ug/m?® increase in PM_,
the relative risk ratios (RRs) of all - cause mortality,
cardiovascular disease mortality, ischemic heart
disease mortality, heart failure disease mortality,
and cerebrovascular disease mortality were 1.24,
1.23,1.37,1.11 and 1.23, respectively. Also, results
identified that cardiovascular mortality were more
pronounced in males, smokers and people with
a higher socioeconomic status.”” Another recent
Chinese study investigated the association between
urban residential long - term exposure to air
pollutants (PMm' S0, NO,, 03) and blood pressure and
hypertension (24,845 Chinese adults in 11 districts
of 3 north eastern cities from 2009 to 2010). The
results showed that the odds ratio for hypertension
increased by 1.12 per 19 pg/m3 increase in PM, , and
slightly smaller increases for the other pollutants. The
estimated increases in mean systolic and diastolic
blood pressure were 0.87 mm Hg and 0.32 mm Hg
per 19 yg/m’.interquartile increase in PM, . These
associations were only statistically significant in
men. Researchers concluded thatlong-term exposure
to PM,, SO,, and 0, was associated with increased
arterial blood pressure and hypertension.”*

A recent review (2013) identified a number of
research studies through the databases Medline
and Scopus on long - term air pollution exposure
and mortality, covering a wider geographic area,
including Asian countries. The results supported
associations found in previous cohort studies on
long-term effects and exposure to PM, .. The pooled
effect estimate expressed as excess risk per 10
ug/m?increase in PM, _ exposure was 6% for all -
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cause and 15% for cardiovascular mortality. Long
- term exposure to PM, . was more associated with
mortality from cardiovascular disease (particularly
ischemic heart disease) than from non - malignant
respiratory diseases (pooled estimate 3%).”?> Long-
term exposure to a range of air pollutants (PM,,
PM,, NO,, SOzand 03) was linked with causes of
death in a national English cohort study. A total
of 835,607 patients aged 40 - 89 years registered
with 205 general practices were followed from
2003 to 2007. Annual average concentrations
were estimated from emission - based models and
linked to residential postcode. Deaths (n = 83,103)
were ascertained from linkage to death certificates,
and hazard ratios (HRs) for all - and cause -
specific mortality were estimated for interquartile
pollutant changes from Cox models adjusting for
age, sex, smoking, body mass index, and area - level
socioeconomic status markers. Concentrations of
all pollutants, except O,, were positively associated
with all - cause mortality (HR, 1.02, 1.03, and 1.04
for PM, ., NO,, and SO,, respectively). Associations
for PM, ., NO,, and SO, were higher for respiratory
deaths (HR, 1.09 each) and lung cancer (HR, 1.02,
1.06, and 1.05 respectively). It was suggested that
these results strengthen the evidence linking long
- term ambient air pollution exposure to increased
all - cause mortality. But the stronger associations
with respiratory mortality were not consistent
with most U.S. studies, in which associations
with cardiovascular causes of death tend to
predominate.”

Also, the multicentre European Study ESCAPE
investigated the association between natural - cause
mortality and long - term exposure to several air
pollutants. The study used data from 22 European
cohort studies with residential exposure to PM
[PMZ.S, PM,. PMCOARSE) Also, the researchers included
in their investigations two traffic intensity variables,
vehicles on the nearest roads per day and total traffic
load on all major roads. The statistical analyses used
confounder models with increasing adjustment for
confounder variables. The total study population
consisted of 367,251 participants who contributed
5,118,039 person-years at risk with average follow-
up 13.9 years. Finally, 29,076 persons died from

2.5’
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a natural cause during follow-up. A significantly
increased hazard ratio (HR) for PM, ; of 1-07 per 5
pg/m?3 increase was recorded. The hazard ratio for
PM, . remained significantly raised even when the
researchers included only participants exposed to
pollutant concentrations lower than the European
annual mean limit value of 25 pg/m? or below 20
ug/m?®. Long - term exposure to PM, . is associated
with increased natural - cause mortality, even
within concentration ranges well below the present
European annual mean limit value.”*

In Italy, the largest recent study on long-term
exposure to PM and mortality focused on a population-
based cohort investigation. Scientists investigated the
effects of long - term exposure to both fine PM, .and
NO, on mortality of Rome residents (living in the city
for atleast 5 years). Researchers enrolled 1,265,058
subjects (= 30 years of age) from the Italian 2001
census, with 9 years of follow - up. They used Cox
regression models to estimate associations with
cause - specific mortality adjusted for individual (sex,
age, place of birth, residential history, marital status,
education, occupation) and area (socioeconomic
status, clustering) characteristics. Long - term
exposures to both NO, and PM, . were associated with
an increase in non accidental mortality [hazard ratio
(HR) = 1.03 per 10 - ug/m* NO,; HR = 1.04 per 10-
ug/m’PM, . The strongest association was found for
ischemic heart diseases followed by cardiovascular
diseases and lung cancer.”®

A cohort of 836,557 patients (40-88 years of age)
that were registered with English general practices
(2003) was investigated for the association between
exposure to ambient PM and gaseous air pollutants
and incident of myocardial infarction, stroke,
arrhythmia, and heart failure over a 5 - year period
(hospital admissions, death certificates). Annual
average concentrations for PMlO, PMz.s' NOZ, SO2
and O, were derived from emission-based models
and linked to residential postcode. Analyses were
performed adjusting for relevant confounders (e.g.
smoking, social and economic deprivation). Results
showed weak relationships for adverse health effects.
A hazard ratio (HR) for heart failure of 1.06 (95%
confidence interval =1.01 - 1.11) after adjustment for
confounders was found for PM, jand NO, increases.”
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A German study (North Rhine - Westphalia)
assessed the associations of long - term exposure
to PM,, and NO, with all - cause and cause-specific
mortality in a cohort of 4,800 women (55 years of
age) who were followed for 18 years. Geographic
Information System data were used to calculate
1 - year average PM,  and NO, levels using data
from the nearest air - monitoring station data to
the subjects’ residences. Results showed that an
increase of 7 ug/m? of PM, j was associated with an
increased HR=1.15 for all - cause mortality, HR=1.39
for cardiopulmonary mortality and HR=1.84 for
lung cancer mortality. An increase of 16 ug/m?® NO,
exposure was associated with HR=1.18 all - cause and
HR=1.55 cardiopulmonary mortality. Living close
to a major road was associated with an increased
relative risk for all - cause, cardiopulmonary
and respiratory mortality.”” A similar study in
U.S. investigated myocardial infarction and long-
term PM, . exposure as an ongoing community-
wide investigation (Worcester Heart Attack Study,
MA) examined changes over time in myocardial
infarction incidence with exposure to air pollution
PM, .. A number of 4,467 confirmed cases of acute
myocardial infarction (AMI) were diagnosed in the
period 1995 - 2003 and 9,072 matched controls
were selected from Massachusetts resident lists.
Satellite aerosol optical depth measurements were
used to generate exposure to PM, . in the area under
study. An increase in area PM, . (0.59 pg/m?®) was
associated with a 16% increase in the odds of AMI. 78

Similarly, a Japanese epidemiologic study
investigated the long - term exposure to PM and
increased risk for incident of Coronary Heart Disease
(CHD) in middle - aged Japanese men and women.
Scientists used data on 78,057 participants. Cox
models adjusted for age, sex, smoking, environmental
smoking, Body Mass Index, and alcohol consumption.
Further adjustments were performed for NO, and SO,
exposure, systolic blood pressure, total cholesterol,
and diabetes mellitus. Results showed increased
risk for men (especially smokers) with a HR= 1.39
for CHD per 10 ug/m? increase in PM and HR=1.52
for myocardial infraction (MI). Among women the
increased risk was HR=1.63 for CHD and HR=1.09 for
MI: The results showed no clear association between
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PM levels and lung cancer incidence and mortality.
The findings of this study suggested that women and
smokers are especially vulnerable to PM exposure.”®

Extensive and systematic epidemiologic studies in
the last two years showed that the long-term exposure
to PM (and other gaseous pollutants in urban areas)
are associated with increased risk for cardiovascular
and pulmonary morbidity and mortality. Smokers and
old aged urban dwellers are most vulnerable for PM
exposure and increased risk for pulmonary diseases.

6. Ambient PM and risk to lung cancer mortality

There is accumulating evidence that air pollution
causes lung cancer in humans. This is the result
of the presence of carcinogenic and mutagenic
compounds, as well as persistent free radicals in
PM. The most important study on the subject was
by Pope and co - workers, with the cooperation of
American Cancer Society which collected death
data as part of the Cancer Prevention II study. It
was a prospective mortality study, which enrolled
approximately 1.2 million adults in the USA from
1982. Participants completed a questionnaire
detailing individual confounding risk factor data
(age, sex, race, weight, height, smoking history,
education, marital status, diet, alcohol consumption,
and occupational exposures). The risk factor data for
approximately 500,000 adults were linked with air
pollution data for metropolitan areas throughout
the U.S. and combined with vital status and cause
of death data. Fine PM and SO, - related pollution
were associated with all - cause, lung cancer, and
cardiopulmonary mortality. Results showed that
for each 10-pg/m, increase in PM10 - PM, . was
associated with approximately a 4%, 6%, and 8%
increased risk of all - cause, cardiopulmonary, and
lung cancer mortality, respectively.'?

A number of European studies in the last decade
aimed to assess the association between long - term
exposure to ambient PM air pollution and lung cancer
incidence in European populations. The European
Study of Cohorts for Air Pollution Effects used data
from 17 cohort studies based in 9 European countries.
The study used regression models for PM of less
than 10 ym (PM, ), less than 2-:5 um (PM, ), and
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between 2-5 and 10 um (PM coarse), soot, nitrogen
oxides (NO ), and two traffic indicators. The total
population consisted of 312, 944 cohort members
who contributed 4,013, 131 person - years at risk
(follow - up, mean 12-8 years). Finally, 2,095 lung
cancer cases were recorded. The meta-analyses of
data showed a statistically significant association
between risk for lung cancer and PM, hazard ratio
(HR) 1:22 per 10 pg/m?. In the case of superfine
PM2-5 the HR was 1:18 per 5 pg/m?3. Similarly,
the same increases were associated with HRs for
adenocarcinomas of the lung (the most common
type of lung cancer in lifelong non - smokers and a
neoplasia of the epithelial tissues that has glandular
origin). The lung’s adenocarcinoma increase in HR is
1-51 (for PM, ) and 1-55 (for PM, ). An increase in
road traffic of 4,000 vehicle - km per day within 100
m of the residence was associated with an HR for lung
cancer of 1-:09 (0-99-1-21). No association between
lung cancer and NOx concentrations.?®

Lung cancer incidence in relation to long-term
exposure to PM, , NO, and O, ambient air pollutants
and proximity to major roads, was investigated
in Canada. Researchers used 2,390 histologically
confirmed lung cancer cases with 3,507 population
controls in 8 Canadian provinces (in the period
1994 to 1997). The annual residential exposure
measurements (for PM,_, NO, and 0,) were
established with spatiotemporal models for the
whole country. The increase in lung cancer incidence
(expressed as fully adjusted odds ratios, ORs) was 1.29
with a 10 ug/m*increase in PM, ., 1.11 with a 10 ppb
increase in NO2 (ppb), and 1.09 with a 10ppb increase
in 0,. Lung cancer incidence in this Canadian study
was increased most strongly with the combined NO,
and PM?* exposure (it is well known for synergistic
carcinogenic effects of the two pollutants).5!

Epidemiologists working on the association of
PMZ2® with cardiovascular and lung cancer mortality
raised concerns regarding the sensitivity of the
results for lower exposures and averaging time.
They used 11 additional years of follow - up of the
Harvard Six Cities study, incorporating recent lower
exposures. Also, researchers included time-varying
effects for smoking, sex, and education. Since 2001,
average PM?* levels, for all six cities, were < 18 pg/m?.
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Results showed that each 10 pg/m?® increase in PM,
was associated with an adjusted increased risk of all
- cause mortality of 14% (PM, . average on previous
year). Also, it was associated with a 26% increase in
cardiovascular mortality and a 37% increase in lung-
cancer mortality (PM2.5 average of three previous
years). The concentration - response relationship
was linear down to PM, , concentrations of 8 pg/m?®.
Mortality rate ratios for PM,  fluctuated over time.**
An ecologic study in North Carolina (U.S.) examined
the county - level associations between exposure to
PM, . (2002-2006) and lung cancer incidence and
mortality. Researchers took into account smoking.
The results showed that the relationship between
PM2.5 and lung cancer incidence was 1.26 and 0.73
for mortality per 1 ug/m?PM, .. These associations
were slightly strengthened with the inclusion of
variables representing socioeconomic status and
smoking. The importance of tobacco smoking in
increased risk was very prominent.?

Chronic exposure to airborne PM, . in developed
countries atlow concentrations (5 - 35 pg/m?®) and the
association for increased risk of lung cancer in never
- smokers was not very well established by previous
studies. In order to clarify the association a U.S. study
examined long - term ambient PM, . concentrations
and lung cancer mortality among 188,699 lifelong
never-smokers drawn from the nearly 1.2 million
Cancer Prevention Study - II participants enrolled by
the American Cancer Society in 1982 and followed
prospectively through 2008. A total of 1,100 lung
cancer deaths were observed during the 26 - year
follow - up period. Each 10 pg/m? increase in PM,
concentrations was associated with a 15 - 27%
increase in lung cancer mortality. The association
between PM, . and lung cancer mortality was similar
in men and women and across categories (age and
educational), but was stronger in those with a normal
body mass index and a history of chronic lung disease
at enrolment.?!

The strong relationship between cigarette smoking
and lung cancer risk (findings from past studies give a
risk of 80 - 85% for heavy smokers), is an important
confounder for the evidence of an association
between PM, . and lung cancer. Obviously, these
results are more convincing when observed among
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never-smokers, compared with current or former
smokers, because of possible residual confounding
by cigarette smoking.?##* The combined exposure
to inhalable PM, . and smoking (active and passive
smoking) is expected to show a steep increase in
risk for lung cancer and cardiovascular (CV) disease
mortality. Recent research (using the cohort data for
1.2 million adults of the Cancer Prevention Study II)
showed that excess risk for lung cancer rose nearly
linearly, reaching maximum relative risk (RR) > 40
among long-term heavy smokers. The exposure-
response relationship associated with PM, _ is
qualitatively different for lung cancer versus CV
mortality. At high levels of PM, ., lung cancer becomes
proportionately more important.®

The association of long - term exposure to PM,
and other air pollutants (NO,, SO,) and lung cancer
has been examined in a Japanese prospective cohort
study (1983 - 1985). Pollution measurements were
calculated for a 10-year average concentrations (1974
-1983):PM, . 16.8-41.9 ug/m* NO, 2.4 - 19.0 ppb, and
S0, 1.2-33.7 ppb (inter-area range). The prospective
cohort population was followed for 8.7 years. The study
recorded 6,687 deaths including 518 deaths from lung
cancer. The HR was 1.24 for lung cancer mortality
associated with a 10 pg/m3 increase in PM, , HR =
1.26 for an increase of 10 ppb of SO, and HR= 1.7 for
10 ppb increase of NO,. These findings were calculated
after adjustment for tobacco smoking and other
confounding factors. A significantincrease in risk was
observed for male smokers and female never smokers.
Respiratory diseases, particularly pneumonia, were
also significantly associated with exposure.®

7. Dietary antioxidant and vitamin
supplementation can modulate adverse health
effects from air pollutants

Scientific evidence suggests that oxidative stress
and oxygen free radical mechanisms are unifying
features underlying the toxic and carcinogenic actions
of particulate matter (PM) in the respiratory and
circulatory systems. For many years clinical findings
supported the hypothesis that dietary antioxidant
and supplements of vitamins may play a role in
respiratory health and that antioxidant vitamins E, C,
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retinol and carotenoids appear to positively influence
lung function and inflammatory effects.?”-#°

Many scientists and health professionals proposed
the protective role of dietary antioxidant and vitamin
supplementation as an effective protector from
oxidative stress caused by short and long-term
adverse effects of air pollutants in the respiratory
system. Lung function measurements in small
number of subjects were used in controlled air
pollutant exposure and ambient exposure in intact
humans. Also, epidemiological studies showed
that supplementation strategies with antioxidant
vitamins can play a preventive role of air - pollution-
related adverse oxidative effects in areas where
people are exposed for long periods of time.?%%!
Antioxidant supplementation could be naturally-
occurring (vitamin rich fruit, beans, vegetables, nuts,
etc) or use of supplement with synthetic polyvitamins
(vitamin C, vitamin E, f3 - carotene, etc), in any dose
and form of administration, taken individually or in
combination.®*?®

An authoritative review (2011) investigated 13
studies on the role of antioxidant supplementation
in attenuating adverse effects of air pollutants on
lung function. The investigation divided the studies
into two groups: a) lung function with controlled
air pollutant exposures in intact humans, and b)
lung function associated with ambient air pollutant
exposures in intact humans The review found that in
the first group in 5 of these studies pollutant - induced
airway hyper - responsiveness (oxidative stress) and
diminution in lung function measurements were
attenuated by antioxidant supplementation, and
3 studies failed to demonstrate such a moderating
effect of antioxidants. In the remaining 5 studies that
took place under ambient air pollution (uncontrolled)
exposures, antioxidant supplementations attenuate
the negative effects of urban air pollution on lung
function. The reviewers concluded that there is
growing evidence for the benefit of anti-oxidant
supplementation in moderating the oxidative effects
of air pollution on the respiratory system and might
decrease premature morbidity and mortality.*®

The fact that PM and air pollutants cause oxidative
stress, pulmonary inflammation and cellular damage,
scientists investigated whether individual plasma
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antioxidant concentrations (uric acid, vitamins
G, A, and E) and 10 antioxidant genes modify the
response to PM with respect to hospital admissions
for chronic obstructive pulmonary disease (COPD)
or asthma. The results of the study suggested that
the concentration of antioxidants in patients’ serum
modifies the short-term effects of PM,  on asthma and
COPD exacerbations.”” To test the hypothesis, dietary
antioxidants and vitamin supplementation were
used in children with asthma. The results showed
that supplementation with antioxidant vitamins
modulated the impact of ozone (which is a highly
oxidant pollutant like PM) on the small airways of
children.?® A review (2008) analysed data from clinical
and epidemiological studies investigating evidence
of air pollution exposure with increased pulmonary
oxidative stress. Most studies showed that dietary
supplementation play a modulating role on the acute
effect of air pollutants. *°

A recent (2013) study was performed with 184
asthmatic children from Taiwan exposed to high and
low concentrations of PM, . The children completed
records of dietary consumption (vitamins C and E).
Their daily peak expiratory flow rate (PEFR), and
daily respiratory symptoms for 1 week were recorded.
The risk of declining PEFR appeared to significantly
decrease for subjects with both high intake of vitamins
C and E and residing in area of low PM10 levels, as
compared with those with low intake of vitamins C
and E and residing in high - exposure area. Results
suggested that there is a beneficiary effect of vitamin
C and E intake on PEFR improvement for asthmatic
children.'®® Most of the clinical experimental results
showed positive results only on a long - term
antioxidant supplementation in line with a healthy
diet (containing fruit, vegetables, antioxidant
polyphenols and vitamins). But, there is limited
evidence that supports increased benefit from vitamin
and mineral and multivitamin supplementation for
the prevention of pulmonary cancer (especially for
smokers) or cardiovascular diseases.!!

Taken together, these data suggest that
supplementation with antioxidants such as vitamins C
and E and omega - 3 fatty acids, as well as vitamins B,
and B, and other antioxidant vitamins, can mitigate
selected cardiovascular and respiratory impacts of
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ozone and PM. Furthermore, alimited body of research
suggests that consuming omega - 3 fatty acids, reducing
salt intake, and having a predominantly vegetarian
diet can reduce the baseline risk for the development
of cardiovascular disease and could thereby reduce
susceptibility to air pollution. Individuals who are
considered at special risk of air pollution effects
and those who wish to take positive action should
be encouraged to follow more general dietary
recommendations and increase consumption of fruits
and vegetables.1%?

8. Conclusions

The original predictions, ten years ago, by WHO
Regional Office for Europe on adverse health health
aspects by short - and long-term exposure on ambient
air pollution: were confirmed with numerous new
epidemiological and clinical studies.'®® Results
showed that particulate air pollution, especially
coarse, fine and superfine particles that can get deep
into the human lungs are a serious cause for adverse
health effects and premature death. Numerous
scientific studies have linked PM pollution exposure
to increased risk for a variety of health problems,
such as premature death from cardiovascular
diseases and lung cancer in people with heart or lung
disease, nonfatal heart attacks, aggravated asthma,
hospitalization for decreased lung function, and
adverse respiratory symptoms. Smokers and +65
years old people are at greater risk. Recent estimates
from a substantial number of epidemiological studies
suggest that the disease burden to humans due to
air pollution is quite important. Especially from
exposures to ambient coarse, fine and superfine PM
(produced mainly from vehicular emissions, power
generation, industrial; processes and household
combustion, forest fires, etc).

Recent WHO estimates showed that air pollution
(gaseous pollutants and PM) have contributed to 3.2
million premature deaths worldwide in 2010. These
premature deaths were due largely to CVD diseases
and around a quarter of a million deaths from lung
cancer. The WHO has classified air pollution as a
human carcinogen (like tobacco smoke, asbestos and
arsenic) and is calling it a leading cause of cancer
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deaths globally. The mostimportant research data on
air pollution are included in the recent publication
of IARC “Air Pollution and Cancer”. The book is the
work of a multidisciplinary advisory group and
provides an updated state-of-the-art overviews
on air pollution exposure, potential toxicological
mechanisms and adverse health effects. The most
recent data indicate that in 2010, 223 000 deaths
from lung cancer worldwide resulted from air
pollution. [http://www.iarc.fr/en/media-centre/
iarcnews/ pdf/pr221_E.pdf].1** O

Awwpovpeva elovedueva
oWUATISLO OE AOTIKEG
TEPLOYES KAl KIVOUVOG
YLt KAPOLOTIVEV LOVIKT)
BvnooTnTa Kol Kapkivo
TOU TIVEVLOV

AVTI0EEIS WTIKG KAl QUUTIAN POUATA

Statpoiic yLa v mpoinym
TWV APV TIKAOV EMUTTOOEWY TNV VYEla

ABavdoro¢ BadaBavidnc*, Owpaic
BAayoyuavvn , Kovoetavtivog PLmtdkng
Tujpa Xnpeiag, Navemotipo ABnvov,
[avemiotptovmoin Zwypdeov, 15784 ABrva

Meptinym

H atpoo@atpikr pUTavon oTiG LEYAAEG TIOAELG
Bewpeital oNUavTIKOG Kivouvog yla TV vyeila
Tou avBpWTOL Kal ylax avinpévn mpdwpmn vo-
onpotnta kat Ovnopotnta. EménuioAoyikeg
£PEVVEG OL OTIOLEG EKTIUNOAV TLG EMITTWOELG
OTNV VYELQ TWV ALWPOVUEVWY, ELOTIVEOUEVWV
ocwpatiSiwv (particulate matter, PM) katéAn-
Eav 0TO CUUTIEPACHA OTL TA ELGTIVEOUEVA GW-
patidia (pe agpoduvapikn Stadpetpo 10 kot 2,5
WKPA, Lm) eVal ATIOTEAECULATIKOL TTOPAYOVTEG
oTNV AVENOT TWV KAPSLOTIVEULOVIKWV VOO LA~
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TWV KoL TPOWPN G Bvnopotntag. LTig aobevel-
£G TTEPLAAUBAVOVTAL HEIWOT) TNG TIVEVIOVLIKNG
Aettovpylag, avénuévn voookopelakn Tepiai-
Ym TveLpOVIKWV acBeveELWV, KIVEUVO YLa Kap-
Sloayyelakd voonuata, kat auénpévo kivéuvo
yla 6avato amd KapSLoTVEVLOVIKA VOO AT
Kal KapKivo Tov tvevpova. Ot emidnuioAoyt-
KEG Epevveg emPBeBaimwoav 0TL 0eleg, cVUVTO-
UNG XPOVLKNG KOl LEYAANG XPOVIKNG SLAPKEL-
ag exkBéoelg og PM  kat PM, . emavgdvouv Tig
ACOUATIKEG KPIOELG KAL TTPOKAAOUV XPOVLIEG
QVATIVEVOTIKEG TIVEUOVOTIAOELEG. T ELOTIVED-
peva PM tng atpoo@aipiknig pomavong, Aoyw
XNHUMG ovoTaong Kat peyéovg, elval yvw-
0TO OTL TIPOKAAOVV 0EELSWTIKO Stress, TPow-
00UV evdo-Aeypuovwdels BAaBes kot 0EeSw-
VOUV TPWTEIVEG, Evlupa, AtmtiSia pepfpavay
Kol To kuttapitkd DNA. Me Bdomn ta Sedopeva
QUTA OL ELSLKOL TNG TTPOANTITIKTG LATPLKNG TIPO-
Telvouv a’)énomn Twv avTLoEELSWTIKWVY TG SLa-
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[epiAnym

To WG, WG EVEPYELR, UTIOPEL KAl CUUUETEXEL GTOUG
UNXQVIOHOVG APKETWV XNUK®OV avTISpacewv. Ot
TEPLOGOTEPEG EMNPEALOVY AUECH 1] EUUEGA TNV
gvpuOuN Aettovpyia Tov AvBP®TIVOL OpYyaVL-
OUOV. XTO ETKEVTPO TOV EPEVVNTIKOV EVELAPEPO-
V106 BplokovTal Ta SpAcTIKA CUOTATIKA KAL PopP-
HLOKEVTIKA TIPOIOVTA, TWV OTOLWYV 1) PWTOXTLLKT
QTOLKOSOUN oM PTIOPEL S1OPOPOTIOOEL CUAVTIKA

1. Evépyela @wtewvi)g aktivoBoriag

To @wg elval évtovo, elval {woyovov, GUUPETEXEL
0TI @WTOOVVOEDT], OUCLAOTIKA OUWS Elval P pop-
N evépyelag. Elvain popen pe v omoia n evépyela
HETAPEPETAL GTO CUUTIAV, O TPOTIOG LLE TOV OTIO(0 M)
gvépyela autn @Bavel ot yn. To g elvatniektpo-
Hoyvn Tk aktivoBolia kat éva pépog Tou eival o
0pATO PWG IOV YIVETAL AVTIANTITO ATTO TA HATLAL.

To nALakd QWG elval Lo GUVEXTG PACTUATIKY KATA-
VouN UE SLAQOPETIKEG EVTIACELS KAl aTtoS(SEL TO OVU-
VOAO, TIOLOTIKG KOL TIOGOTIKQ, TNG EVEPYELAG TIOU WE-
TaPEPEL ZOp@WVA LE Eva TPOTIO TIEPLYPAPT)G TOU
PWTAOG, 1] EVEPYELA NUTT] LETAPEPETAL ATIO TA PWTO-
via KAt Elvat SLaQOPETIKT YA QWTOVLX TOU 0paTOV
Kot Tov vteptwdovg. H evépyela tov kabe pwTtovi-
oV xapaktnpiletal amod T GUYXVOTNTA KoL TEPLYP Q-
(PETAL ATIO PLX KUHOTOGUVAPTN OT). L€ KAOE Ttep(TTW-

TNV OTMOTEAECUATIKOT T KAL TNV AOQAAT] XOPT)-
YNoM TWV QAPUAKEVTIK®OV OKEVATUATWY. O TPO-
TOG EMIEPAONG TNG PWTEWVNG AKTIVOBOALAG KoL OL
TAPAUETPOL TIOV ETNPEALOVV TOV UNYAVIOUO TWV
OWTOXNULK®WV avTI8pdoewy StepevvmvTal Slap-
KWG TIEPLOCOTEPO, LLE CKOTIO TNV EVIOYLOT BETIKWOV
XOPOKTNPLOTLIKWOV KAL TOV TIEPLOPLOUS TWV APV TL-
KWV (PULVOUEV V.

o1 KOL OTIWG LoXVEL YL KAOE LOPP1] EVEPYELAG, TO PWG
Sev yavetal eite okedaleTal elTE ATOPPOPATAL KAL
OAAGLEL Lop ).

ATt ™) wtewn aktivoBoAia, ol aktivegy, TTov V-
VOVTOL VA TTPOKAAEGOUV OLOVTIKEG KATAOTPOPES O
Hoplakod emimedo, PEXPL KoL HEPOG TOV UTIEPLOSOUG
@wTOG (0AN 1 axtwvofBoAria UVC: 100-279 nm kot n
meploodtepn g UVB: 280-314 nm), amoppo@olvtat
aTO TNV AV TEPT ATHOCPALPA KAl 8 @BAvouV TNV
emupavetla ¢ yns. To i8to cupPalvel pe v vEpL-
Bpn aktvoBolia tov £xel kKupiwg Bepuavtikd amo-
TeEAéopHOTO KL LEPOG TG ATTOPPOPATAL ATLO TA AEPLAL
NG ATUOCPALPAS,.

H evépyela Tov 0patoL PWTOG LETATPETETAL CUVT-
Bwg o€ SOVNTIKN EVEPYELX TIOV ElVaL LKAV VO TIPOKX-
Aol oxaon xnukov 8eopol) v TO PHEPOG TOU UTIE-
PLOBEOVG PWTOG TIOU PTAVEL G YN SV QIATPApETAL
(UVA: 315-399 nm) elval vmevBuvo yla Ti§ TepLocod-

*Tuyypa@iag ywax aAinioypa@ia: Odya FadavotovAov, E-mail: o.galanopoulou@elpen.gr
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TEPEG PWTOXNUIKEG aAdolwaoelg. H umeplardng akti-
vofoAiia! xel HIKPOTEPO PNKOG KUPATOG KoL LEYOAV-
TEPT EVEPYELA ATIO TO OPATO PWG KAL AKOULA KL TO
TU U TNG IOV POAVEL TN YN, EMNPERTEL ONUAVTL-
KA TO avOp®TILVO WU KL UTTOPEL Vo TIPOKAAETEL
Kapkivo tov 8épuatog, katappaktn, eEacévnon Tou
AVOCOTIONTIKOU CUGTHLATOG, TTPOWPT YIPAVGT) TOU
Sépuatog.

H pwtoamowkodounon pmopel va oplotel wg 1
ATOLKOSOUN O TIOV VEIOTATAL EVA VALKO, HLa ov-
ola, WG ATOTEAEGHA TNG EKTIEUTIOUEVTG EVEPYELAG
mov AapPavet. Katd v IUPAC (International Union
of Pure and Applied Chemistry) ¢wTtoamotko8oun-
o1 ELVAL T @WTOYNULKN LETATPOT VOGS poplov og
Bpavopata PIKpOTEPOU popLakov Bapoug, Guvi)-
Bws péow pnxaviopov o&eidworn, KoL 0 opLopds av-
TOG XPNOUOTIOLEITAL GTNV KATAGTPOPN] PUTIWV HECW
UV axtwvoBoAiag.

H pedétn kat mapakoAoVOnon tng @wToxuL-
KNG amolkodopunong eival éva HEPog TG TayKOouL-
0G EPEVLVOG YL APKETA XPOVLY, UE Baoiko 6TOXO TN
yvwor mov Ba fonb1oeL TV AoPAAELX OTA OKEV Q-
OpATA OV TIEPLBAAAOVY, XPTCLUOTIOLOVVTAL, KATA-
vadwvovtal amd tov avBpwto. H wtoynuikn amot-
K086unon tov apvAov TpwtopeAeTONKe To 19483
EVW PKETA XpOVLa pag xwpilouv amd TI§ TPWTES
UEAETEG TOU UNYAVIGHOV KAl TNG PUGTG TWV TIPOTo-
VIwv Sldomaon s pLo@Aafivngt kat AAAwY @Aa-
Bwavs. Ot apyikéc peAETeG aopovoav OUCIES UE
XPWHOPOPES TTEPLOXES OTIOV OL LETAPBOAECE va TTapa-
MpoUvTaL TiLo EVKOAX Kal oNjepa BAVOUV va GU-
YKp{VOUV TOUG UNXAVIOUOUG XTUIKNG KL (P TOXM L
KNG ATolKoSOUnong.

[Tpémel va onpelwOEel TTwG TO PwG eV pa o€ OAES
TIG TIEPITITWOELG KATAOTPETTIKA AAAL PTTOPEl VO TEPO-
KkaAéoel avaoTpéPLes HETABOAEG GTN SOUT) HLXG OV-
olac. HiStdmta autr) peEAETATOL APKETA LE GTGXO TNV
OQUTOUATOTO(MON KoL 0PYAVWOT CUCTIUATWY, KO-
pa katin vivo, Tou va petaffdAAovrtal pe v emidpa-
on eWToG 78,

MeyaAo evBLa@Epov TAPOUCLALEL 1] PWTOXTULKY)|
ATOLKOSOUN O OVOLWV TIOV E(TE WG PUTIOL EITE WG
@UOIKA TpoldvTa BpiokovTal 6N PUOT KAl ATt TNV
QTTOLKOS O OT] TOUG EMNPEALETAL AUECA 1) ELUETA T
avBpwTog. Kdmoleg and tig peAéteg apopolv oty
EVEPYOTIOMOT TOAVWOV PUNYAVICUOV PWTOTOSIKO-
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™mtag’ AAAeS a@opolv ouoies Kot UTTOAE{LpaTa IOV
emBaplivouvv Tov udpo@dpo opllovTa KAl LTIOPOVV 1
TPEMEL VAL ATTOpaKkpUvovTal. 1

2. Zkevdopata - Papuakevtikég Ovoieg
koLt Pwtodlactacslg 112

‘Eva (apPaKeuTIKO cUOTATIKO 1 okeVaoua pumopel
va ektefoVV 0€ PUOLKO 1) TEXVNTO PWG KATA TN St-
APKELA TNG TTAPAYWYTG, TNG ATTOBKEVONG, TNG XOPN-
ynong N g xprions. H owtewvn aktwvoBoria pmopel
VO EVEPYOTIO OEL UNYAVLIOHOUG AVTISPATEWY IOV VX
EMMPEAGOVY TNV TTOLOTITA TOV OKEVAGHATOG KAL TNV
Q0 @AAELA OTT) XOPT)YTOT] TOV.

H o mpo@avng emiSpacm ¢ aktivooliiog o Eva
OKeVLAOUX KATA T @UAagN Tov eival 1 pelwon g
SPACTIKOTNTAG KL TOV BEPATIEVTIKOV ATIOTEAET -
TOG, AKOUA KAL AV TA TIPOLOVTA TTOV oynuatifovtal
Sev mapovoidlovv toéikdtnTa. H aAdolwon kamotlov
Q1o TA UTIOAOLTIA GUOTATIKA TOU OKEVACLATOG UTIO-
pel va emmpedcel TNV opyavoANTITIKY otabepdnTa
TOU OKELAOUATOG 1| elval TTIOAVE va AELTOUPYNOEL WG
PWTOELALGONTOTIOW TG YLK TO SPACTIKO GUCTATIKO.

ZTA TTOPEVTEPLIKA OKEVACHUATA, OL AVTISPACELG OE
Stadbpata Sla@épouv amo TS avTISPAoELS O OTE-
pEd okevAopaTA SLOTLT) ETEPACT) TOV PWTOG ElVaL
emupavelakn. [apdpeTpol OTWG 1 KPUOTAAALKOTY)-
TA KAL) EMPAVELX TWV KPUOTAAAWVY, 1] KV TIKO-
mTa Twv popiwv emnpealovv T otabepdTNTA TOV
OKEVAOUATOG. ZTU OKEVACHATA QUTA EVSEIKVUTALT
xprion exkdoxwv mov eite amodieyeipovy pe ac@a-
Aela Ta Sleyepuéva popLa Tou SPACTIKOV GUCTATL-
KOV (T avTLEpoUV LE TIG oYM UATI{OLEVES EAEVOEPES
PileG TPOOTATEVOVTAG TO SPACTIKO CUCTATIKO ATIO
auTéG. Mia oVyxpovn Tdom Tov aWopa T cuvon-
keg voonAeiag elvat ) a&lomoinom Tov @uoikov NAL-
aKoU PWTOG GTNV APYLTEKTOVLIKI] TWV VOGOKOEL-
OKWV YWPWV KAL fLa GAAN a@opa 0TV KAT 0lKov
voonAeia. Ot vo autég ouvbNKeg aVEAVOLV TIG TIL-
BavoTtnTeg €KBEON G TWV XOPNYOUUEVWY OKEVACUA-
TWV 0€ NALAKO QWG

YTdpyouv Opws Kal TEPLTTWOELS OKEVATHATWY
OV yla va evepyoTowmBel n §pdon toug eivat ama-
poin TN N @WTEWN akTvoBoAla (avTipetwmion Yw-
ploon g KatL Hop@EG Kapkivov).

TG TTAPAPETPOUG TIOU ETNPEATOVV T PWTOoTAOE-
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POTNTA EVOG OKEVATHATOG B TTpéTEL va GUNTIEPLAOLL-
Bavetal koL o TpwTOYEVNG TEPLEKTNG.13

3. Mapapetpol PwToXUIKNG ATTOLKOSOunoNG

H mopeia pLag wtoxnukng amotkoSopunong EeKva pe
To Selypa koL v uTIO PEAETN ovoia va ektiBevtal o
@wTewn aktvofoiia. Kamola amod ta popla mge ovoi-
06 ATOPPOPOVV PWTOVLA KATAAANANG EVEPYELXG KOl
uetapaivouv oe Sieyeppévn kataotaon. H Sieyepue-
VN KATAGTAOT £XELKATIOL0 XPOVO {wnG aAAd Sev elval
oTtaBepT] KoL TA SIEYEPUEVA LOPLA EXOUV CUYKEKPLUE-
veg Suvatdtteg. Kdmola amd avtd anodieyeipovrtatl
0TIV APYLKI] KATAOTHOT] ATTO TNV XAXUNAGTEPT) EVEPYEL-
aKa Sleyeppévn Katdotaon amof&AAovTag evEPYELQ,
PAVOUEVO YVWOTO w6 Boplonds. 'Eva pépog twv Ste-
YEPUEVWV poplwV v@IloTATAL SIACVG TN UKT] HETAROOT
0€ GAAN Sleyeppévn dAAG XN AGTEPT] EVEPYELOKN Ka-
TAOTAOT KALT) aToSIEYEPOT elvaL YVWOTH WG WG @O-
pLopog. ‘Eva pépog twv Sieyeppévmwy popilwv dev amo-
Steyelpetal aAAd akoAovBel kGmolov GAAo unxaviopd
IOV OAAGEL TN poplakn Sopn kot vt elvat 1 topeia
NG PWTOXNULKIG ATIOLKOSOUN oG,

H am68oon TG @WTOXNULKN G ATTOKOSOUNONG K-
EPATETAL WG 0 AGYOG TWV LopiwV IOV ATTOLKOSOLOV-
VTAL WG TIPOG TOV APLBNO TWV PWTOVIWY TOU €X0UV
amoppoenBel. H pétpnon twv gwtoviwv eivat Eupe-
o1 Kal LooVTAL PE TOV aplOpd Twv popiwv ov Bpioko-
VTOL 0T SLEYEPUEVT KATAGTAOT. G QUOLKOXTULKO
@aLVOUEVO, 0 AdY0G auTOG eEpTATAL ATTO TNV TTUKVO-
TNTA KL TN pOT} TWV ATOPPOPOVHEVWV QWTOVIWY,
v évtacon g mnyns, v FRET (Forster-resonance-
energy transfer) peta@opd evépyelag HeTaly Simo-
Awv, TNV am6doon TG amoppd@NoNG KAl TO @ACHA
TV SleyepUévwy popiwv.

H katavopr) Twv @wtoviwy eEapTtatal oo Ty Ty
TOL @WTHOG. H evépyela o ekmEUTIEL TO NALUKO QWG
Sev elvat otaBepn ko peTafAAAETOL KATA TN SLdpKeLa
S NUEPAG, 660 AAAALELT) BE0T TOU JALOU WG TIPOG TNV
Y- ZNUAVTIKEG SLAQOPOTIOMOELS GTO NALAKO PACUA
KOTAYPAQPOVTAL GE SLUPOPETIKES TIEPLOYES TOU TIAN-
VTN, avaAGY WG TNV ATTOCTAOT) OO TOV LONUEPLVO KAl
avaAdyws To vropetpo. H xpnomn texvntwv mywv
efaoaAilel oTaBEPATEPT KATOVOUT) EKTTEUTIOUEV WV
PwToviwy, 1 KaBe Ouws Ty pmopel va Exel T Stkn
™G @aopatiky katavour). Eivat onpoavtkni n yvwon
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TNG KATAVOUNG TOU (PACHATOG TNG TINYNG KL T) 0TAOE-
poTtNTa ™G H 0Uyypovn tdom elvat va xpnoLomoLlov-
VTl Auxvieg adoydvwy Tou TIpocopolalouy To nAla-
KO (WG KL CUYKEKPLUEVH AU Via TOEOU aepiov E€vov.

H po1] xat 1 StetoSutikdTTa Twv wtoviwy, ot
oTaBEPNG CUUTIEPLPOPAS TINYT PWTOG, ETINPEGIOVTAL
aTo TNV EMUPAVELX KaL TN @Uom Tov Selypatog, avti-
otolya. MeyaAUtepn empAveLa avTIOTOLXEL € pon
HEYOAUTEPOU aplO oV @wTOVIWVY Ve Setypa vmAng
TIVKVOTITAG, OTIWG E(VAL TX OTEPEQ, TTEPLOPileL TNV Si-
ELOSUTIKOTITA TWV QWTOVIWV.

IV TEPImMTWwon Twv SIOAVUATWY, TO PACUA TWV
Sieyeppévwv popiwv avtiotolyel 0to @aopa amop-
pPOENONG TNG 0VGIAG AAAG OGO 1) GUYKEVTPWOT AVER-
VELT KaTavoun Twv Sleyeppuévwv popiwv aAddlel. H
Tapovcia TEPLOGOTEPWV 1) GAAWV popiwv ato Sely-
Lo ETNPPERTEL TNV ATIOPPOPT 0T KAL AUTO KAAEITAL WG
PALVOUEVO E0WTEPLKOV @iAtpov (inner filter effect).

Ta Steddpata VPNA®Y CUYKEVTPWOoEWV apxilovv
vV TPOCOUOLAJOVUV T1] CUUTIEPLPOPA TWV OTEPEWY,
LELOVOVTAG TN SLATEPATOTNTA TNG AKTIVOB0oAlag
(apxn ameipov maxoug, infinite thickness law).

Tevikdtepa, N Tapovoia GAAwV popiwv etnppedlel
TNV @WTOXNULKY amolkodounon eite dueoa ite Eupe-
oa. H o ouviOng oxéPm a@opd otnv tapepumddion
NG ATOPPOPNONG TWV PWTOVIWY AKOUA KAL AVTa-
YWVIOTIK®, OUWG 1) TTapouoia GAAwY popiwv pmopel
VO AELTOUPYN CELKAL EVVOIKA YO TNV PWTOATIOKOSO-
unom. Yapxouv oL 0UGIES TTOL SPOUV WG PWTOEVAL-
oOnTomoMTEGH, IOV ATTIOPPOPOUVV EVEPYELD KUL KATA
NV amodIEyepon TOUG TNV HETAPEPOUVY GTA LOPLA TG
ovolag. Ymapyovv Opws kat ovcieg mov petafdAro-
vTag To TEPLBAAAOV TOU KUPLOU SPAOTIKO, VX ETIN PE-
Aalouv TNV ATOPPOPNTIKOTITA TOU O€ PWTOVLA, OTIWS
umopel va elvat ) mtapovoia tOvtwv, ardtwv’, to pH
TOU SLAVPaTOG KB WG Kol 0 (810G 0 SLaAVTNG, KAl va
EMMPPEATOVV TN PWTOATIOLKOSOUN O] TOV. Z€ KATIOLES
aTO TIG MEPLTTWOELS TG TIAPOVTLAG AAAWV popiwv
KOlL LE TOV KATOAANAO 0XESLAOUO TIEPAPATWY, ) ETTL-
Spaon Tov ecwTeEPLKOV PiATpov pmopel va petpnOel.

4. POTOMPOOSTAGLX UPUAKWY 1516
To SpaoTikd cvoTaTikd V@loTaTal akTvofoAia Kot
TapaKoAovBeiTaL 0 TBAVOG UNXAVIGHOG PWTOXT L

KNG amotka8oun o tov. Ta Tpoidvta Tou punxavicpon
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avtol xpnouotolovvtal padl pe Ta mhava Tpoiovta
o&eldwomng, vEpOoAVONG KaL BEPUIKNG ATTOLKOSOUN 0TS
yla TV TeEKUnplwon g KATaAANASG TN TOG TNG avaAv-
TN S peBdSov ov Ba TapakoAovBei T otabepdtnTa
TOU TEAMKOU OKEVAGHATOG. [0t TO PapUAKEVTIKO OKEV-
AoUO KoL 0Ty TO SpaoTikd cuoTatikd Exel amodetyOel
euTIadég otV WTEWN akTvofoAia, Ba tpémeL va Ttpo-
(PUAACOETALKATA TNV TApoywyLkn Stadikacia, kal Oa
TIPETEL VA TIPAYHATOTIOM B0V EAEy)XOL OE OAQ TA OTA-
St g ocuokeVAGiag TOV, SiXWE KAL LLE TOV TIPWTOYEVT|
TIEPLEKTT KAB WG KAl LE TOV TEALKO TiepLEKTT). O éAeyxog
Ba pémeLva Slapkéael 600 XPELATETAL VLA VO TEKUNPL-
wBeln ac@alrg cuokevacia TOLV CKELAGUATOSG.

ITa TApATIAV® TEPAUATA EVAL OTJULAVTIKT 1) TEK-
unplwon Tov xpovou £kBeomn G TWV SELYUATWY, 1) TIX-
pakoAovOnon mMBav®OV avTISpaoewv IOV o@eiAovTal
otn Bepuokpacia 1) 0€ KATOLO TAPATIPOIOV TTOL Spa
KATOAUTIKA Kat ouveyilovTal TapoAn tnv taon TG
EMISPAONG TOU PWTOHG, KAOMG KAL) AVTITIPOCWTIEVTL-
KN TAPAOCKELT] TWV SELYUATWV Yl aVAAVON).

5. AKTWVOUETPLKO GVOTNUX

H tekunpiwomn G Tpoc@ePOUEVNG EVEPYELXG TIPAY LA
ToToLElTaL, CURPWVA HE TIG SLEBVEIG TTpOSIaYPaPES, e
™ XP1 0T EVOG AKTLVOUETPLKOV GUOTILATOG. )G X LLLKO
OKTIVOUETPLKO CUCTNUA TIEPLYPAPETAL EVO XT|IUKO GU-
OTNUA YVWOTHG ATtO800NG, ETAVOAPIUNG (PWTOXM UL
K¢ oupmepLpopas. Eva mapadetypa eivatl to OEaAikod
Oupavito!” aAAd to TpoTeEVOUEVO SLEBVWG cVGTNUX
elvat auto ™G SdpkrG LEPOXAWPLKTS KIVivng.

To cOotnua ¢ SLHSPIKNG VEPOXAWPLKNG KLVi-
VNG £XEL LEAETNOEL ApKETA KAL ElVAL YVWOTN TTAEOV 1|
oTIOVSALOTNTA TNG CLYKEVTPWONGE g Beppokpaoci-
ag KoL Tov xpdvou amobnkevongl® otnv TapakoAov-
Bnon pog ewTtoxMuUkns amotkodounong. lapapévet,
TAPOAX AUTA, VX APKETA EVXPTOTO AKTIVOUETPLKO
OUOTNUA KAl AUTO OQEIAETAL GTNV ATIAT] AVOAVTLKY
nebodo mapakoAovbnong ¢ aktvofoiriag. Yoatikd
SLEAV O LETAPEPETAL OE KATAAANAO TIEPLEKTN KoL TTOL-
pakoAovBeital pe amAn pétpnomn UV n petafoin mg
amoppOENoNG Tov SLaAaTog TG SLOSpLKT S LEpo-
YAwpKNs kwivne. H evépyela tou amoppo@Bnke amd
Ta Selypata Bewpeltal tIKavoTomTiKy 4Tav 1) aTop-
popnomn €xeL petafAnOel katd oplopévn TocoHTNTA

H mpootacia Twv @appakwv and mlavég wto-
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XTNUKES aAAOLWOELS eivat §1eBVN ¢ amaitnon KaL amo-
TEAEL KOUUATL TNG AVATITUENG EVOG VEOU (PAPUAKED-
TIKOU OKEVAOUATOG. AQOop& TOGO GTOV £AEYXO TNG
MOV G PWTOATIOIKOSOUNOTG TOV SPACTIKOV GUGTA-
TkoV 660 KaL oV TEKUNPlwoT ™G pwTooTtabdepoT-
TG TOL OTOVUG TEPLEKTES TOV TEALKOU OKEVAOUATOG. [

Tunua tov Bswpntixod uépovg AtSakTopikiis
Atatpifiic ue titho «EniSpacn ekSdywv

Kat dAAwV Tapayoviwy oty otafepdtnta
KL PwT00TAOEPOTNTA SPACTIKWY EVHOTEWY
0€ SLaAVUATA KL O OTEPEES PAPUAKEVTIKES
noppéc» ¢ k. ‘OAyag reAdavomoviov’

Introduction to
Photochemical Degradation

Olga Galanopoulou'?¥,
Ekaterini Antoniadou-Vyza'

1Department of Pharmaceutical Chemistry,
School of Pharmacy, University of Athens,
Panepistimiopolis Zografou, Athens 15771, Greece

2R&D Department, ELPEN Pharmaceutical Co. Inc.,
95 Marathonos Av,, 19009 Pikermi, Attica, Greece

Summary

Light energy may participate in many chemical
reactions, most of which are involved in some
way with human organization. Bioactive
substances and pharmaceutical products are
in the center of photochemical research since
any chemical alteration of the drug product
may reduce the therapeutic activity or even
the treatment safety. The way light irradiation
is involved in photochemical reactions and the
investigation of the parameters that affect these
reactions, are the subject of many studies in our
time examining the possibity of supporting any
positive effect and of decreasing any unwanted
phenomena.

*Corresponding author: Olga Galanopoulou,
E-mail: o.galanopoulou@elpen.gr
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Ytn Mvnun tov BouiAn Kepaia

X ATTO KOVTA OGS EVAG EKAEKTOG GUVASEA-
@og evas atexaotog PlAog, Evag eEalpeTog
AvBpwmog, 0 BouAng ( @pacuBovirog ) KepaAdg.
TevvnOnke otnv ABNva to 1939, otovdace aTo
Tunua Papuakevtiknig tov Mavemiotnuiov Abn-
vov Kal édafe To 816akTtoplko Tov SimAwpa amo
10 (610 [Tavemotpio to 1974. Ao oAV veog, £p-
yaotnke otov O.H.E. (1970, 1974). AletéAece oup-
BovAog tou O.H.E. og B¢pata kavvafng amod to
1975 6mwg kat Médog tng Emitpomig Eldikwv tou
0.H.E. o€ B¢pata NapkoTIK®OV.
Mavemiomuiakdg, pe po SOGKOAN Kot o€ e€at-
peTIKA avTi§oeg ouvOnkeg mopela, Eexivnoe ™
otadlodpopia Tov wg Bonb6g oto Epyaotiplo
Avadvtiknig Xnuelag tov Tunpatog Xnueiag tov
[Mavemompiov ANy, cuvéyioe wg EmpeAntig
oto Epyaotrplo Biodoyikrig Xnueiag tns latpiknig
Zx0ANG tov Iavemiotnuiov ABNVWV Kat akoAov-
Bwg exAgynke koL epydobnke wg Emikovpog Ka-
Bnynms oto Tunpa NoonAgutkig tov [avemiot-
uiov ABnvwv. Y pée Mavemotnuiakos SaoKaAog
ue o@atpikn avtiAnym ™m¢ Emomung kat 8idate
e emituyia ylax ToAAG xpovia Avadutikr Xnueia,
dappakokvnTiky, Pappakodoyia, BoAoykn Xn-
peta, Fevikn Xnueila kabwg kol BEpata oxeTIKa
ue Yuxotpomes Ouoieg. AoxoAnOnke epeLVNTIKA
o0tovug Topelc AvaduTtikwv Texvikwy, Bloynuikng
dappakoAoyiag kat Bloteyvodoyiag dutwv. Aya-
mmnoe m Pappakevtiky Emotiun, énuoacisvoe
TIOAAQ eVOLA@PEPOVTA APOPA EVW CUUUETELYE EVEP-

Z TG 24 Noepufpiov 2014 £@uye avamavte-

Y& G€ GUVESPLA KOl O ETILOTNOVIKEG ETILTPOTIEG.
Y Sekaetio tov ‘80 v pée peAog tov A.X. g EA-
Anvuas Etapeiag dapuakoynpueiag, o€ pia emo-
x1 ov 1 Etaupeia Soxipals ta mpwta ¢ fripata.
A&LoG KoL oepvOG SNoolog Aettovpyos o Bovang
SleTéNeoe Tl 0ELPE ETWV AV TITPOESPOG ToL EOP
(1998-2001).

Y€ 0AeG TIG SPACTNPLOTNTEG TOU TOV SLEKPLVE LOL-
altepn evaloOnoia yla Ta KO wVIKA TpoAnpata.
Eixe v wavotnta va ap@iopntel, va mpofAnua-
TI(ETAL, VX CUUUETACYEL OTA KOWVA KAL TTAVTA TOV
SLEKPLVE TO BAPPOG EKPPACTG TNG TIPOCWTILKIG TOU
Yvoune. 'Htav SLaAAaKTIKOG KAl e TNV LkAVOTH-
T VO KATAVOEL KOL VAL GUUQIALOVEL TIG SLa@ope-
TG amoPels. ‘Oool elyape v TOYM va Staotov-
pwBove pue Tov BovAn otig Stadpopeg tng {wng
Sebnkape pe Babia @Atkn oxéon padl Tov ylatio
BoUAng eixe evouvaicOnomn, €epe va akoveL Tpo-
OEKTIKA KAL VX CUUTIAOXEL

H Zvvtaktikn Emitpomm ¢ Pappakeutiknig kat
OLUTIOYPAPOVTEG TPOCWTILKOL TOU PlAoL EKPpPA-
Coupe ™ BaBeld AVTN HAG Yot TNV ATIOAELL TOU
BovAn. Ag 6ex0oVv ta Bepud pag cLAAVTIN T PLA
KOl T1 CUUTIHPAOTACT] LAGT] OLKOYEVELX TOU, 1) OV-
Cuy66 TOV, 0L KOPEG TOL, TaL EYYOVLX TOV.

BoVAn Oa pag Asipetc.
Oua oc Bupopacte TavTa...

Twpyog Kapixag, llavayidtns Mayaipag,
Avva ToavtiAn-KakxovAidov, T{ovAia Atta-TloAitov
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Report on the 1st International Congress

From Drug Discovery to Drug Delivery
13-15 November, 2014, Royal Olympic Hotel, Athens, Greece

from drug discovery to drug delivery

he 1rst International Congress: From Drug
TDiscovery to Drug Delivery took place at

Royal Olympic Hotel in Athens, Greece, on 13-
15 November 2014. The Congress was co-organized
by the Hellenic Pharmaceutical Society (HPS), the
Hellenic Society of Medicinal Chemistry (HSMC)
and the International Liposome Society (ILS) and
was sponsored by EFMC and EUFEPS. Professor
Gregory Gregoriadis, President of ILS was the Chair
of the Congress.

The aim of the Congress was to bring together
scientists from different disciplines involved in
the research for novel medicines, considering that
Drug discovery through molecular design and
advanced drug delivery are the vanguard of modern
therapeutics.

The Congress was a very successful event. It was
attended by 175 participants from 18 countries
around the world.

The scientific program included 3 Plenary Lectures,
11 main lectures, 14 oral communications and 78
posters. The Congress started on Thursday 13, in the

I** International Congress:

13-15 November 2014

Athens, Greece

afternoon, with lectures on Emerging Technologies
in Drug Discovery presented by prominent scientists.
In the Welcome Reception at the same evening the
participants had the opportunity to discuss and
exchange ideas, while enjoying delicious food
and wine. Friday 14, had a full day program with
interesting lectures on Computational Techniques,
Polypharmacology, drug safety predictions,
therapeutic targets and mechanisms of actions
during the two morning sessions. After the poster
session, in the afternoon, Advanced Drug Delivery
Systems, liposomes technology and pharmaceutical
applications of nanoparticles were presented and
discussed. A joint session with the International
Society of Pharmacovigilance (ISoP) entitled ‘Drug
safety monitoring and beyond’ successfully closed
the second Symposium day. Saturday 15, was
devoted to optimization of drug delivery, regulatory
issues and nanocarriers for therapeutics.

The Symposium closed with short presentations of the
four best posters selected by an independent Scientific
Committee. The winners were Erofili Giannakopoulou,
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University of Athens, Greece, for the poster ‘Novel
Flutimide Analogues Targeting the Influenza Virus
PA Endonuclease’, Aristeidis Papagiannopoulos,
National Hellenic Research Foundation , Greece for
the poster ‘Lysozyme Complexation with Block
Polyelectrolyte Micellar Nanoparticles Probed by Small
Angle Neutron Scattering’, Georgios Paraskevopoulos,
Charles University, Czech Republic for the poster
‘Nitro-Substituted Salicylanilides:maintaining
Antitubercular Activity while Reducing Toxicity’ and
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Theodosia Vallianatou, Uppsala University, Sweden for
the poster ‘Blood-Brain Barrier Drug Targeting by Mass
Spectrometry Imaging in early ADME Profiling’.

It is in the intentions of the organizing Societies
to continue the efforts on such joint meetings and
we hope that the 1rstInternational Congress: From
Drug Discovery to Drug Delivery will initiate a new
series of events creating a tradition towards this
direction.
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EKAHAQZXEIX | MEETINGS

JANUARY 23-25,2015 PATRAS, GREECE
16th Hellenic Symposium on Medicinal Chemistry

Info: manolisf@upatras.gr

MAY 14-16, 2015 ATHENS, GREECE
21st Annual EAFP Conference

website: http://eafponline.eu/conferences/athens2015

MAY 27-28,2015 ATHENS, GREECE

1st International Congress of Controlled Release Society - Greek Local Chapter

Info: congress@afea.gr

JUNE 7-10, 2015 ATHENS, GREECE
IXth Joint Meeting on Medicinal Chemistry

L i e

JUNE 28 -JULY 1, 2015 PERUGIA, ITALY

Recent Developments in Pharmaceutical Analysis

Website: http://rdpa2015.chimfarm.unipg.it/

JUNE 28 - JULY 3, 2015 URBINO, ITALY
European School of Medicinal Chemistry (ESMEC)

Website:http://www.esmec.eu/
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EKAHAQZXEIX | MEETINGS

SEPTEMBER 10-12, 2015 HELSINKI, FINLAND

6th BBBB Conference on Pharmaceutical Sciences
STRATEGIES TO IMPROVE THE QUALITY AND PERFORMANCE OF MODERN DRUG DELIVERY SYSTEMS

Website: http://www.cvent.com/events/6th-bbbb-conference-on-pharmaceutical-sciences/event
summary-34ad92a70aeb402db0c8e9e3d6bf2efb.aspx

SEPTEMBER 14-16, 2015 ANTWERP, BELGIUM
FMC 2015 Frontiers in Medicinal Chemistry

Website: http://www.ldorganisation.com/v2/produits.
php?langue=english&cle_menus=1238915914&cle_data=1360153416

SEPTEMBER 17,2015 ANTWERP, BELGIUM
EFMC-YMCS 2015 2nd EFMC Young Medicinal Chemist Symposium

Website: www.efmc-ymcs.org

NOVEMBER 15-19, 2015 TEL AVIV, ISRAEL
6th EFMC International Symposium on Advances in Synthetic and Medicinal Chemistry (EFMC-ASMC’15)

Website: http://www.efmc-asmc2015.org
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NEA EZEAIZELY | NEWS &DEVELOPMENTS

Huepidec Empuoppwonc & Ekmaidsvoncg
dapuakomolwv Papuakeiov
ato v EAAnvikn @apuakevtikny Etatpeia

=5

1. 2. Kopwbiag, 30/03/2014, 2. .2. Kaotopidg, 06/04/2014, 3. @.5. Efpov, 11/05/2014, 4. .2, Tpikdrwv, 17/05/2014,

5. 3. AéoPov, 27/04/2014

vvexlotnkav pe emituyxia ot Empop@wtikég

Huepideg ®apuakomolwyv mov §Lopyavwaoe 1
EAAN vk ®appakevtikn Etapeia o ouvepyaoia
pe tomikovg dapuakevTIkovg TvAAdyous Kal
v vootnptén ¢ Etapeiag Zita Congress. H
mpwTtofBovAia avtn ¢ EPE evtdooetal ota
mAal{oL TWV GTOXWV TNG YL TNV uTTeEVOLYT Sla Bilov
Habnomn TV @ApUAKOTIOL®V KAl LSLaiTepa autwy
oV otnNpifouvv TV TPWTORAOULA EAPUAKEVTIKY
mepiBaiPn ™G xwpag peocw NG Aettoupyliag
PUPUAKEIWV VoL TWV 6TO Kowvo. ' HE1 oAokAnpwbnke
0 A KbkAog Emipoppwtikwv Huepidwv mov Eekivnoe

otV TpimoAn otig 23/2/2014. AkoAovBnoav
ot nuepideg otnv Kopotnvn otig 9/3/2014, oto
NavmAio otig 16/3/2014, oto BpaydttL otig
30/3/2014, otnv Kaoctopia otig 6/4/2014, ot
AéoBo otig27/4/2014, otnv AAe€avSpoumoAn oTig
11/5/2014, ota Tpikaia otig 17/5/2014 ko otov
BoAo otig 24/5/2014. Ztig nuepideg ovppeteiyav
(QAPHUAKOTIOLOL TTOU AELTOUPYOUV PAPUAKELD VoL TO
0TO KOWO KaBw¢ Kal GAAoL emayyeApaties vyeiag
oAAG KaLevpuTEPO KOO, Ol nuepideg mepleAdpBavay
KEVTPLKEG OULLALEG O€ ETTIKALPA POPUAKEVTIKA BEpaTA
KOL QAPHAKEVTIKO (PPOVTIOTIPLO ATIO KATAELWUEVOUG
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6. 2.2 Xaviwv, 21/09/2014, 7, 8. 2. Iwavvivwv, 05/10/2014, 9. Opyavwtiki vrtootrpién Zita Medical Management

ETILOTNHOVEG KABWGS Kol GUVTOUEG EVIULEPWTLKEG
OMALEG aTtd PAPUAKEVTIKEG ETALPIEG-XOPNYOUS TV
EKONAWOEWV.

Metd To é€vtovo evlila@épov Tov ekdnAwOnke
Ao TOUG PAPUAKEVTIKOVG CUAAGYOUG EEKIVOE O
B’ KukAog twv Emipoppwtikwv Huepldwv kat 116
mpaypatomomBnkav Svo Huepideg:

Huepida Xaviwv otig21/9/2014 o€ cuvSlopyavwon

pe toug PappakevTikoUs LVAAdyous Xaviwv &

PeBvpvng. Ta Bépata mov avamtixOnkav otig

KEVTPLKES OpUALEG TiTaY Ta €€N|G:

¢ Bloteyvoroywa ®apuaka, amo tov Kabnynt k. K.

Agpétlo
e JupmAnpopata Alatpo@ns oto Pappakeio &
MYZY®A, and mv Kabnyntpua k. I. Xjvou

Hupepida Iwavvivwv oe ocvvepyaocia pe to

DappakevTiko ZVAAoyo Iwavvivwv kat v e&ng

Bepatoloyia:

* Tlpoidévta dutikng Mpoéievong oto Papuakeio

- Ao@dlela otn Xpnon, amd tnv emikovpn
kaBnyntpla k. M Adlopn

¢ Oumio koweg AvemiBupuntes Evépyeleg kat o PoAog
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Tou PapuaKoToLoV, atmd ToV EapuaKotold K. I.
Mamaddmovlo.
Oa akoAovbnoovv 5 akoun nuepideg B’ KvkAov
OUHPWVA UE TO EENG TIPOYPOHUCL.
Kuplakn 12/10/2014, llatpa, o€ ouvepyaoia pe O.X.
Matpwv
TaBpato 1/11/2014, MecoAdyyy, o€ cuvepyacia e
DX, ArtwAoakapvaviog
TaBBato 8/11/2014, Léppeg, o€ ovvepyaoia pe D.E.
Teppwv
Kupuaxr) 23/11/2014, Képkupa, o€ ouvepyaoia pe
®Z. Képkupag
TaBBato 30/11/2014, Ocooarovikn, o€ cuvepyaoia
pe ®.X Oecoarovikng
Kuplaxn 14/12/2014, Adpioa, o€ cuvepyaoia pe O.X.
Adaploag

I omoladrmoTe MEPALTEPW TANpOPOPIA Yio TN
Bepatoroyia kot Tov xwpo Ste€aywyns kabe Huepidag
avévopd tapakoAolpe emikovwvrioete pe v K.PoiBn
KapaovAdavn oto ™A. 211 1001764 1 AEKTPOVIKA 0N
StevBuvon fkaraoulani@zitamanagement.com.
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H EAAnvikn Pappuakevtiki) Etapela suyaplotel Ogppd tig etaipeieg, oL omoieg
HEO® TG EVEPYOUE TAPOVGLAG KAl GUMUETOXT)G TOVUG 0TS Empop@wtikég
Hpuepideg g EPE cvpfairiovv oty powOnomn ¢ Emetnpovikng Fvwong

XPYXOI XOPHI'OI
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®poviiba yia tov avBpwno
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We’ ve made it a science!

ZITA

MEDICAL MANAGEMENT

from vision to reality...

® Sponsorship ® Scientific Journals
e Website & Digital Marketing e Financial
® Graphic Design ® Media Office

® Congress Organization ® Travel Services

www.zita-management.com
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Bye, bye xan!

Aivoupe TéAos oTo npoBAnua Tns karanoons

Siokiwv evid TauTdxpova NAPEXOUE
/‘/ , andAutn akpiBeia otn 66on.
N

O gappakonolds pnopei ebkoAa va napackeudoel néoiua
gvaliwphpaTa Pe Tn xphon agiénioTwy, NOIOTIKWV HECWV
KQl JE XaPNAS KOOTOS.
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XWpa npoéAeuons

pi HUMCO FlavorPlus™
| H.N.Aa

* |6aviké yla tn napackeun NOCIUwWY evat-

P | wpnpdtwy o€ ouvéuaopo pe to FlavorSweet™
Sy s * PuBuiopévo og 6€vo pH (3.5-4)
* YupBato pe ubpdpiies, udpdpoPes, oEedvioxes HPaoTKES ouaies
* KatdnAnAo yta xpnon ano diapntikous
* A€V NEPLEXEL XPWOTIKES Kal BeATIWTIKEG 0OpNS Kal yeUons

— HUMCO FlavorSweet™

* |6daviké yia tnv napaockeun Nocipwy dtaAupdtwy
* Y& guvbuaopo pe to péao evalwpnaons FlavorPlus™
o€ avanoyia 1:1 au§dvel tn uoikn otaBepdtnta Twv NOCIHWY
evalwpnpdtwy Kat npoodidel euxdplatn yeuon Kat dpwpa
e * YupBatd pe ubpo@iies, ubpdpoPfes, oEedvtoxes dpaatikés ouaies
L‘ * PuBuiopévo o 6€vo pH (4.5-5)
- * Mg guxdplotn yeuon KepAaot
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T: 21 0269 3600, E: info@syndesmossa.com, W: www.syndesmos.gr
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