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Meooyelakn avoyua (B-0aiacoaipia)
KL OEPATIEVTIKEG TIPOGEYYIGELC

EAfvn Bpovtakn?, Fewpyia Medaypakn?, Avtpiag Agavtityc?, Owpas Mavpopovotakog!

1Epyaotipio Opyavixijc Xnueias, Turjpa Xnueiag, Mavemotiijuio ABnvayv, Mavemotnuiovmoin Zwypdagpov, 15784, Abrva, EAMdda
2Turua Xnuetominpogopixric, NovaMechanics Ltd, Aevkwaia, Kimpog

[eptAnym

H pecoyelaxn avawpia (1 B-8adacoaipia) eivar pa
KON Slatapayt ToU aipaTog, oV LEWWVEL TNV TIO-
paywyn s atpoo@atpivns (Hb) kat eppavietat o
OAeg TIG TEPLoXEG TG venAiov. H @appakoAoykn
ETAVEVEPYOTIONOT TOV YOVISI0L TNG Y-0@alpivng yla
™V Tapaywyn g eupuikng aoo@atpivng (HbF)
QmoTEAEL [t TTOAAG VTTOoXOUEVT BepateuTiKy] 080
ywx ™ voco. H gpuBpoleuyaipikn avBpmmivny Kut-
Tapikn oelpd K562 éxel ) SuvatdTTo v EKPPATEL

™ Y- aAAda 6xL ™ B-o@aipivn. H Stagpopotoinon twv
apomomTiK®wy Kuttapwv K562 oxetileton pe mv
abinon oty £KEPaoT TV yoviSlwv TG eRBPLIKNGg
o@aipivng, OTWG TWV YoviSiwv ¢ {, €, Kal Y-0Qal-
pivng. AuTO TO XapPaKTPLOTIKO KaBloTd Ta KUTTA-
pa K562 éva eupéwg XprioLpto HOVTEAOD KUTTAPLKIG
OELPAG YL TN UEAETN EVWOEWV TIOV Elvatl SuvnTukol
EMAYWYELS TNG Y-o@aipivng otn Bepameia ¢ B-Ba-
Aaooatpiog.

AEZEIX KAEIAIA: Meooyswakn avaipia, epfpuikn awpoos@aipivny (HbF), y-c@aipivn,

enaywyeis HbF, kuttapa K562

1. Tevikd ywx ) B-0cdaccarpia

H peocoyelaxr) avapia 1 B-0cdacoapia?, 6w €xet
ETKPATNOEL VA OVOLAlETAL T TEAEVTAL XpOVIX OF
Stebvég emimedo, elval pa ko Statapaym Tov aipa-
TOG IOV ATAVTATAL € 6A0 TOV KOGpOo. Ta dtopa TTov
TAOoYOLV aTo TN vOco Sev pumopolv va cUVBEGOLY
™ @UGLOAOYIKY Hop@N NG atpoo@atpivig (Hb), 1
omola HETAPEPEL TO 0EVYOVO GTOUG LOTOVG KL XTTO-
TeAel faoikd ovoTatikd Tou alpatos. H guoloAoyik)
HOP@ET TNG ALHLOTQALPIVIG ATIOTEAE(TAL ATIO TECOEPLS
TOAVTIETTIS IKEG aAVGI8EG, SV0 o Kal §Vo B aAvoideg
(o@aipiveg) oe éva tetpapepes. OL TTAOXOVTEG ATIO

B-Badacoatpia Tapayouv petwpévn T B-o@aipivn.
[Tl ouykekpLuéva, N Slatapayn oUTH LELWVEL TV
Tapaywyn g atgoo@atpivng kat eivat eEeldikevpé-
VN o€ 6oBapEG KANPOVOULKEG LETAAAAEELS 0T Sopr)
™m¢ B-aAvoidag ¢ awpooaipivig, 1 oe Satapa-
X€G otn ovvBeon 2 Xe aoBeveis pe B-Oaiacoat-
pia, N avicoppotia otn oVvBeon Twv B-aAvciSwv
™G awpoo@alpivis odnyel oe kabilnon mepicoslag
adpavev a-aAvcidwv péoa ota epuBpoklTTAPQ, OE
onuelat 0TO EOWTEPIKO Kol EEWTEPLKO TOU HUEAOY,
EVW oxMpatifovtal pkpd, evalobnta epubpda atpo-
o@aipla IOV ASUVATOVV VA HETAPEPOVV ETTAPKWG
TO 0ELYOVO KAl KATtaoTpéPovTal eVKoAa (oyriua 1).

"Ye 1atpira PLPAia n Oaracoaiuia spupaviletal kat pe dAres ovouaoiss, 6mws f-oudlvyos Oaacoaiuia, B-pueilova Oaiao-

oawuia, ueooyeiaxn avauia 1j avawuia tov Cooley (Cooley’s anaemia, 1928).

*Tuyypa@iag ywax aAlndoypa@ia: EAévn Bpovtdxn, E-mail: evrontaki@chem.uoa.gr
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Qg ek ToUTOV, cupTEpAiveTal OTLT TTaBouaLlodoyia
™6 B-Ocdacoaipiag xet 500 okéAN: () TN LELWUEVT)
TANPWON TwV £PUOPOKVTTAPWY HE aLpoc@alpivn,
kat (B) ™ dnuovpyia TwV KATACTPOPIKWV EYKAE(-
OTWV amd TNV Tieplooela eAeVBepwy a-aAvGiSwv.
H vooog ta&wopeitar wg B° dtav n ovvBeon g
B-oc@apivng avactéAdetar odooyepws, B*, 6Tav N
ovvBeon pelwvetal cofapd kat B+, 6Tav n ovvOeon
pewwvetat ma. ‘Exouv meplypagel Tpelg kvplot to-
TOLTNG VOGOU: 1] EAGGOWV, 1 eVELAPED, KL T LEllwV.

XIMGSeg BpE@n HE HECOYELXKY avalpia YEVVIOU-
VTaLK&BOe xpOvo, KaB WG KANPOVOUEITAL KOl ATIO TOUG
8V0 yoveig Tov elval @opeig g vooou. H pecoyet-
akn avatlplo epgavifetal cuxvoTEPU 0 AVOPWTOUG
ato TI§ XWpes TG Meooyelov, T Bopela Appikr, T
Méon AvatoAn, tnv Ivéia, v Kevtpwkn kat t No-
ToavatoAkn Acla. Zmmv EAAGSa (kat kuplwg otnv
Kpnt) kot tv Kompo, Ta 10606 Td opEéwv NG vo-
oov givat amd ta vPMASdTEPA GTOV KOO0, KAL ETTO-
HEVWG 1) VOGOG CUYKATAAEYETAL WG GOBapd KALVIKO
TPOLANUa. YTodoyiletal, 0Tt 240 ekatoppvpla to-
po o€ 6A0 TOoV KOOHO elvat eTepOlUYA YIX LECOYELN-
K1 avatlpia, evo mepimov 200.000 etnoiwg eivat ot
opoluyWTES.

H vboog, xwpis pa auompn Bepamevtiky aywyn),
elvat Bavamn@opa kot LEXPL OTLYUNG aviatn, He egaipe-
o1 Alya ATopa Tov £x0VV LOTOCUURATO cuYYev 50T
QUULOTIOM TIKWV KUTTAPWY, WOTE VA UTIOPOVV VA ETIW-
@eAnBovv g petapdoyxevone H mapovoa aywyn
TIOU AKOAOUBEITAL EIVAL 1) TAKTIKI] HETAYYLON Q{UATOS
Kot 1 amoodrpwor), SnAadn n agaipeot tov o1dnpov
TIOU GUOCWPEVETAL ATIO TIG UETAYYIOELS, Kol pmopel
va BAael {wTikd opyava (kapdid, Nmap, eVEoKPLVELG
adéveg). MaAloTa, TToAaLdTEPA TO CUXVOTEPO aiTlo Ba-
VATOU 00wV £maoxay amd PECOYELOKT] avatpio Htav
N KapSIKN AVETAPKEIA (OYHUA 2), EVE® AVTIOWUO-
Ta Tov v ™G Nratitidag C égovv Bpebel o pueydro
T0G00TO TWV TOAVUETAYYL(OHEVWY acBevwvi4 Tlo
OUYKEKPLLEVQ, avTiowpata tov HCV éxouv Bpedel oe
T0600TO 85% TWV TMOAVUETAYYL{OUEVWV QCHEVWV e
B-BoAacoapia oy Itoia, 23% oto Hvwpévo Baoi-
A0, 35% otig Hvwpéveg TMoAtteieg, 34% otn FaAria
kot 21% oy Ivsiad. Autd to yeyovog opeidetal ato
OTL Ta TTOAVUETAYYL{OPEVA ATOPX ElVAL TILO ETILPPETM
O€ TETOLOV €(80VG LOYEVEIG AOLUWEELS, OTIWG GTOV 1O TNG
nratitidag B kot C, kat tov HIV. Ztnv EAA&Sa, Toviletan

APOPO EINIZKOITHXHY | REVIEW ARTICLE

Duaiohoyixd Me BaAooomipia
tpudpd Tapapoppupiva
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Zynua 1. H taBopuaoiodoyia tne f-Oadaooauuiag
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Zynua 2. Artisg Ovnowudtnras Oalaooaiuikay aocbsvav otnv
EMdda (EXMnviko E6viko Apyeio Kataypaprisc 2000-2010)*

TIWG 1 aaipean Tou atéripou pmopel va xapilel m Jwn,
QAL ev TOUTOLG TTAPAUEVEL pia SUOKOAN Kat Satavnpn
TexVIKT. (¢ €k TOUTOU, 1] AVAKAAUYM (PAPUAKEVTIKWV
popiwv evavTia o€ T TN VOGO KpIveTaL avaykaia.

2. O£pATEVTIKT] AVTLULETWOTILOT)
™G B-0ariacoaiog

Méyxpt onuepa, n B-Badacoapia Bepamedetal ev
HEPEL UE TAKTIKEG HETAYYIOELS a{pATOG, TNV ATIOCL-
SMpwor, KAl HE TNV AVTIHETWOTILON SEVTEPOYEVWOV
ovuttwpatwy. H petapdoyxevon puedov amoteAel
™ povadikn pLlikn Bepameia, evd n yoviSiakn Bepa-
Tela BploKeETAL AKOUA OE EPEVVNTIKO OTASLO.

2.1 Metayyioeig

0 Baokdg TPOTOG AVTIHETWTILONG TNG AVALUING &l-
val oL pHetayyloels aipatog (CUUTUKVWUEVWY EPU-
Bpwv). Meploodtepeg KaL O GUXVEG HETAYYIOELS
amoltovvtal 0T cofapés pHop@es B-Oaiacoatpi-
ag, mBavov kabe Alyeg efSopddes. AkOun, TaXTIKES
HETAYYIOELS ATTALTOVVTAL GE ATIOTOUT TITWOT] ALUO-
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Zynua 3. H e&ién otn bspaneia anootSripwons

o@ALPIVNG, OTIWG KATA TN SLAPKELX AOLUWEEWV, HETA
ATIO XEPOVPYLKEG ETIEUPATELS KL KATA TNV EYKUUO-
ovvn. Ilpw &exwvnoouvv ot petayyioelg, amapaitnto
elval va YIVEL EKTEVIG (PALVOTUTILKOG XAPAKTNPLOUOG
TV EPUOPOKVLTTAPWV.

2.2 Amrooitjpwon

Ot TOKTIKEG peTAYYIOELS {IATOG TIPOKAAOVY GUGOW-
pevon Tov owdnpov oto aipa (apootdpwon). Im
B-Bodacoapia Tapatnpeltal avinuévn amoppdenom
o181 pov KoL attd To TEMTIKO cLoTNHA. O 6ldnpog 0dn-
Yel oTadloKG oV KATAGTPOPY] TWV KUTTAPWY, UE
QATIOTEAEG A T AELTOUPYIKT) AVETTAPKELX {WTIKWV 0p-
Yavwv (6Tws kapSid, Hmap). AueTUX®G SEV LTTAPYOUV
(PUGCL0AOYIKOL Pnyaviopol yio v amofoAn tov oldn-
poUL 0To aipa, KLEToL T Bepameia pe xnAkoVg Tapayo-
v1eG SEGEVOTG TOV OLEN POV ATOTEAEL TN POV pebo-
S0 ywx va petwBei 1) va StatnpnOel otabepod to @optio
o181pov oToV 0pyaviaud acbevwv pe B-Oadacoatpia.
H Sepeplotapivn (Deferrioxamine 1 Desferal, DFO)
nTav n mTPWIN XNAKN ovcia Tov YpnolpoTmomdnke
Yl TNV amootd1pwoT Kot XeL Qapprooel yla pokpo
XPOVIKO Siaommua e@apudlovtag vmodopla £yxuor

110

ue xpnon edikng avtiiag. Mmopel va xpnouoTom el
Kot ev8o@AEPLa o€ LoxupdTEPEG 8OOELS. Efjpepa elvat
StaBéopol katl oL Sl TOU OTOHATOG YNAWKOL TTapa-
yovteg amoowdnpwong, de@epinpovn (Deferiprone,
Ferriprox)® kat Seepaoip6én (Deferasirox, Exjade)®’.
MdAota, 1 ouvduaoTiky Bepateia amooIdpwong ue
Sepeplofapivn kal Se@eptmpdvn e@apuroleTaL orpe-
pa wg N TAéov amotedeopatikn. H Seepimpdvn €xet
TNV IKAVOTNTA VA ATORAKPUVEL TOV 6idnpo Kuplwg
amo TV Kapdld, evw og cUVSVAGHO LE TN Se@EpLo-
Eapivn Spa cuvepykd kat amoBEAAEL Tov aldnpo Kat
amo ta A dpyava. H Se@pepacipdtn €xel eykplbel
WG povobepamela TPWTNG YPAUUNIG otn peilova Ba-
Aacoapuio og TeEPLOGOTEPEG amtd 70 XWPEG TTAYKO-
oplwg, ouvpmeptlapfBavopévwy Twv Hvwpévwv IMoAt-
Tewwv Apepknig (2005) kat g Evpwmaixkng ‘Evwong
(2006) (oxnua 3).

2.3 Emaywyeic tn¢ suPpvikijc apoopatpivig

H avBpwmivn epuBpodeuyatillkny KUTTAPLKY OEL-
pa& K562, mov amopovwbnke amd évav acBevn pe
Xpovix puedoyevn Aguxaipia (CML)2° o BAaotikn
kpion kat yapaktnpiomke and toug C.B Lozzio kat
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B.B Lozzio!?, £xel TV KavOTTA Vo VTIEPEKPPATEL
T0 Yovidio TG y- aAAd oxL tng B-o@atpivng. H Sua-
(POPOTIOMON TWV ALUOTIOMNTIKWY KUTTApwv K562
oxXeTileTAL e TNV AVENOT 0TV EKPPACT] TWV YOVL-
Slwv G guPpuikng apoo@alpivng, OTwS Twv yo-
visiwv ™G {-, €-, kal y-o@aipivngtl. Auto to yapa-
KINPLoTiko kKablotd ta kittapa K562 éva evpéwg
XPNOO HOVTEAO KUTTUPLKNAG GELPAG in Vitro ylo Tn
WEAETT EVWOEWV TIOV Elval SUVNTIKOL EMAYWYELS T™NG
Y-o@aipivng yla Xp1ion Toug 6T SPEMAVOKUTTAPLK)
v660 (SCD), KaBw¢ Kot yla Tr MEAETT TOU HOPLAKOV
unxaviopov(-wv) mov pubuilel v ék@pacn Twv
yoviSlwv g avBpoTivng epfpuikng atpoo@atpivng
ot B-Bcdacoaipial?.

H @appoakodoykn emavevepyoToinotn Tov Yovidi-
0V NG Y-0@aLpivng elval pla EAKVOTIKY BepaTeuTL-
K1 oTpaTnYIKn yia tn Oepameia g B-Oadacoatpiog
kattns SCD. H av&nuévn mapaywyr) tov yovidiov g
y-o@apivig pmopel va BEATIWHOEL T CUPTITOHATA
™G VOOOU e TN LElWOT TOU TIOAVUEPLOHOV TNG Spe-
mavokvuttapikns Hb (HbS) otnv SCD, kat ev pépeL tnv
UTIOKATAOTAON TOU I AELTOUPYLKOV YoviSiou g
B-ocpaipivng ot B-Badacoapia, amokabloTOVTAG
™MV ooppoTiar HETAED o KAl pn-a aAvaidwv o@at-
pivng3. Exel amodeiybel 4TI Tae pdpLa oL emdryouvv
™ SLaopPOToNoN TWV ALUOTIOWTIKOV KUTTAPWY
K562 elvalr ouxva oe B€om va evepyoTow|ocouvv thv
EK@paot NG y-o@aipivig oe epubpoeldn TpwToye-
V] KOTTOPQ TIOU ATIOHOVOVOVTAL oo aoBeveis pe
SCD 1) B-8aracoapia, Ta kOTTapa K562 Swagopo-
ToLoVVTAL HEXPLTO TEALKO 0TASL0 TNG WPIpAvVeN§ Kal
XAVOUV TNV IKAVOTITA TOUG VA TTOAAQTIAQGLAGTOUV.

H amokatdotaon g avicoppoTiiog TTapoywyns o-
TPOG UN-at AAVGIS WV TNG (PUGLOAOYIKIG ALLOCPALPIVIG
umopel va yivel pe avénom g mapaywyns e y-aAvoi-
Sact. Kuttapotolikd @apuoaka, Tapayovies avaTTu-
&G, KAl TapdyovTeg Tov mdyouv T SlapopoTomon
Elval YVWOTA WG OUASEG TIAPAyOVTWY TIOU AUEAVOUV
™MV Tapaywyn g euBpuiknig alpoo@apivig otov
avBpwmo®. H mokiAlt Twv QAPUAKOAOYIK®WV ETa-
YWYIKWOV THpayOvTwy opadoTolovvtal o€ SLapopes
Katnyopleg, oupmepiappavopévwy Twv epubpomom-
tiwng (EPO), Boutupikol vatpiov, 5-alakutiSivig kat
vdpouovplag (HU), BalSopidng k.. 131618

H v8pouovpla gival n o ocvxva xpnoLpuoTmolov-
pevn ovoia ywx v mapaywyn y-o@apivig, eva
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amoteAel @appako emAoyng ya v SCD, kat GAAEG
HLUEAKEG KakonBeleG KUplwG wg TapnyopnTiky Oe-
pamela yla Tov €Agyx0o Tov aplOpol TwV AEUKOKUT-
Tapwv. 'Exet SeiyBel dpwg dTL 1 pakpoyxpovia xpnon
NG UTTOPEL VA TIPOKAAECEL T OXETIKY ATIWAELA TNG
QAPXLKNG EVEPYETIKNG NG Spdonct. Akdun, adénon
™G EUPPUIKNG ALLOCEALPIVIG ETILITUYXAVETAL HE T
XpNon Twv Atmapwv oféwv Bpaxelag aAvoov, evm
emBuuntd amotedéopata eiyoav N 5-alakuTidivn
Kat 1 BaAlSopidn o222, Tia TV TEPALTEPW EVEPYO-
Toinon g gpubpomoinong Exovv xpnoipomon el
auénTikol TTapayovteg epuBpoToinong, OTIwS elvaLn
epuBpomomtivn katn SapPBomoetivn e,

[aporo Tov elval apKeETA YVWOTO OTL OL ETTAYW-
yeilg ¢ HbF pmopovv va xpnopomomBoiv we mba-
VA QAPHAKA YL TNV QapUaKOAoYIKY BepaTteia g
B-Badacoapiag, Ta TTpoava@EPOEVTA QAPUAKA TIOV
SlatiBevtal oNjUEPA YIX TOV OKOTIO aUTOV £X0OLV TiE-
ploplopévn e@apuoyn Aoy NG XAuUNAnG Toug aro-
TEAECUATIKOTNTAG Kal eEelSikevong, KaBws Kal Twv
Suvapel KUTTAPOTOEIKWV (KApKIVOYOVWVY) eTSpd-
OEWV TOVG. 1¢ EK TOUTOV, KPIVETAL AUEOTG AVAYKNG O
EVTOTILOUOG VEWVY TUTIWV TIHPAYOVTWY TTOU PTTOPOVV
va emayovv TV Tapaywyn tg HbF pe peyoadttepn
QATOTEAEOUATIKOTNTA KAl XAUNAOTEPT TOEIKOTNTA,
katl amotelel véo opilovta otn Bepameia g B-0a-
Aacooalpiag.

2.3.1. H kivaon BCR-ABL w¢ OspamevTikog oToxo
Yl T YpOvia HUEAOYEVY Asuyatuia

H mpoavagepBeioa kuttapikn oelpd K562 sival pua
Betua kutTapikn oepd g CML BCR-ABL kat xpn-
OLLOTIOLEITUL EVPEWG YLK TOV EVIOTIOUO LOYUPWV
avaoToAéwv ¢ kivaong BCR-ABL. H BCR-ABL eivat
pioe XIHatpkn TPWTEVN, HOVIHWS SpacTIKY TUPOGL-
VIKT KWVAGT TIOV TIPOdyeL TNV eMIPBiwon KAl TOV TTOA-
AXATAQOLAGHO OTUATWV PECW TOAAATA®WY BLoxmut-
K®V 0dwv Tov Bplokovtal katw amd avtr (.. Ras/
Raf/MEK/ERK, PI3K, JAK/STAT) kat oxeti{ovtat pe
TNV Tapaywyn AEVKWOV atpoo@atpinv?2?’, MetaAda-
KTIKN avdAuon amokGAue 4T 1 SpAoTIKOTNTA TNG
Klvaong elvat avaykaia yix Tov kakonon petaoyn-
patiopd, kablotwvtag v Kwdaon BCR-ABL évav
€EAKVOTIKO BEpATEVTIKO GTOXO YLa TN XPOVLIA HUEAO-
yevn Agvyopio®2,

Amotedel evSlaépov oty Ta BeTikd kOTTOHpa BCR-
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ABL @aivovtal va eival avBekTikd otnv andntw-
o1, cAAQ N pelwomn g SpAcTIKOTNTAG TNG KWVAOTG
TOUG Ta KaBloTd gvalocBnTa oTNV AMOTTWON TOU
emMayeTal amd xnuelobepamevtiko mapayovrodd.la
ToVv AGY0 QuTOV, TIPOCEPATEG WEAETEG TPOTE(VOLV
ouvvduacopévn xprion evog avaotoAéa tns BCR-ABL
HE £VaV AVTIKAPKLVIKO TlapayovTta yia T Bepameia
™G Xpoviag puedoyevols Asvyatpiag (CML)3Y 32 Mia
TETOLA CUVSVACTIKI (PAPUAKEVTIKI] AYWYT) TIPOCPE-
peL T SuvatdTnTa pelwaong TG §O0NG TWV XNUELO-
BEPATIEVTIKWOV PAPUAKWY, KAl WG EK TOUTOU, TUXOV
QVETILOVUNTEG EVEPYELEG TIOV GXETI(OVTAL UE TN XPN)-
o1 tovs. Avaotoleis TG BCR-ABL @aivetat tL prmo-
povV cLUBGAOVY KAl WG ETAYWYEIG TG EUPPUiKNG
alpoo@atpivng.

H pebavooovd@ovikyy wpatwipmn  (imatinib,
STI571, Gleevec, Novartis, oynfjua 4) elval o TipwTOG
Kat ToA) Yvwotdg, e8w kat SEka xpovia, TTpwTnG Ye-
V&g avaotoréag s BCR-ABL, 0 omoiog avtaywvi-
Cetal to ATP oto tunua g kwaong BCR-ABL 6mov
mpocdéveta®s. [lapoAo TOU 1) LLATIVIPTY, OTIWS ava-
@EpONKE, elval ) Bepameia TPWTNG YPAUUNG VI TLG
TEPLOGOTEPEG TIEPITITWOELG TNG CML, évag onuavtt-
KOG aplOuds acBevwv gp@avidouy avBekTikOTNTA
oto @apuako®t. H avBekTikdOtnTar aut o@eidetat
kuplwg oe pHeTAAAGEELG EVTOG TG BEOM G TTPOGSETG
Tou ATP o710 yoviSio tng BCR-ABL mov epmodiouvv
™MV AANAETIIS PO TNG LLATLVIUTING HE TNV TIEPLOXT|
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™G Kwdong BCR-ABL3*%, Ou avaotoAeis devtepng
yeviag ¢ BCR-ABL elval emiong avtaywvioTtég Twv
popiwv ATP kot Ba pmopovoav SuVNTIKA va TTpoL-
owlovv ta S mpofAquata, OTws N Bepameia pe
™MV atvipmn®. Emopévwg, ol Un-ovTaywvioTeS
Touv ATP pmopolv va elvat kaAvtepol vomeLa
@appoka yo ) Begpameio g CML.

I'a auTtov Tov AGY0 Lo TIPOCPATA, XPTOLULOTIOLOV-
VTOL 0L aVAOTOAELG SEVTEPTG YEVIAG TNG LLATLVIUTING,
ot vtacatwipmn (dasatinib,BMS-354825, Sprycel,
Bristol Myers Squibb, oyfjua 4) xat vidotwipmm
(nilotinib, AMN107, Tasigna, Novartis, oyfjua 4). Ot
avaoToAe(§ auTol elval §pacTikOTEPOL ATIO TNV LA~
TWIPT, €X0VV ep@aVicel TaYUTEPA ATTOTEAECUATA,
EV® OL QVETILIOVUNTEG EVEPYELEG ATIO TN XP1|OT TOUG
Sta@épouv amd auTEG TG LaTvipm ¢33, kal kata
OUVETIELQ, XPNOLLOTIOLOUVTAL LE ETTLTUY(N, OTAV 1) O€-
pateia pe Vv watwvipmn dev umopel va §o0el Adyw
QVETILOVUNTWV EVEPYELWDV.

2.4 YAnvektoun

0 omAvag VTEPTIAGCOETAL GTOUG oBeVE(G pe evdi-
aueon B-Boracoaipia (vtepomAnVIopnog). O vmep-
OTIANVIOUOG 0@EeideTal KUPIWG OTNV VUTEPAELTOVP-
yia Tov omAva Adyw NG KATACTPOENG HEYAAOL
apLOOV «EAATTWHATIKWV» EPUOPWV alLoc@ALpiwy,
EVW O€ APKETEG TIEPLTITWOELS, KUPIWG TA TAAALOTEPA
XPOvia, o@elAdTav o€ TANUpEAE(S petayyloels. Kata



®APMAKEYTIKH, 28, 111, 2016

PHARMAKEFTIK], 28, I1I, 2016

OUVETELD, Ol aoBevels TOAAEG @opEG pmopel va
xpelaotel va vofAnBolv o€ aaipeon Tov OTAN-
va (omAnvektopn). Meta TN oTANVEKTOUN, UTIAPXEL
BeAtiwon ¢ avalpiag yio apKeT& HEYAAO XPOVIKO
Stdotnpa. AeSopévou OpwG, OTL 1) OTIANVEKTOUN EXEL
oVOoXeTIO0El pe auEnuévn TBAVOTNTA ETUTTAOK®Y,
Omws BpopBoeuPolikd eMELGOSIA KOl TIVEVUOVIKY
UTEPTAOT), TIPETEL VA YIVETAL LETA aTtd 60fapd Tpo-
BAnpatiopnd kat €€AvtAnon GAAWVY EVOAAXKTIKGOV
TpOTIWV Bepameiag®.

2.5 MeTauooxsvon HUEAOD TWV 00TV

H petapdoysvon BAAOTIKOV KUTTApwY, 1| OTWG
ETILOTNUOVIKA OVOMPALeTAl 1) OAAOYEVNG UETAUO-
OXEVON AUOTIOMTIKWV KuTTApwv (MAK), pmopel
va xpnowomowmbOel oe cofapeg Kal EMIAEYUEVESG
TIEPLTITWOELG, ATIOTEAWVTAG TN HovaSIKY pLiikr| Oe-
pameia NG vooou. Ilpwv amd ™ petapdoxevon PAa-
OTIK®V KUTTApwV, TIPEMEL va Aapfavovtatl ToAl
VPMAEg 800ELG PapUAK®VY 1] akTvofoAlag yia Tnv
KOTAOTPOPT TOU TAB0A0YIKOU HUEAOU TWV OCGTWV.
1 ovvéxela, Aapavovtal eyxVoels BAACTOKVTTA-
pwv amd cuppatd §6tn. Qotdoo, eMELS AUTES oL
Stadikaoies éxovv coBapols KvdUvoug, cuuTEPL-
AapBavopévou tov Bavdatov, yevika poopilovtal
yla Tot ATOPA HE TNV TILo cofapn) LOP@T) TG VOGOU
Ta omola €xouv atn SudBeon Toug évav amoivta
TALPLACTO §OTN HUEAOD TWV 0GTWV - CLVNOWG EVay
aded@d 1 adedpn .

2.6 Tovi8ak) Oepameia
Q¢ peAdovtikdg otdxog yia ™ pulikn Bepameio g
B-BaAacoapuiag amoteAel 1 yoviSiakn Bepameia, yia

APOPO EINIZKOITHXHY | REVIEW ARTICLE

TNV ool YIVOVTaL GUVTOVIOUEVEG KAl EKTETAUEVES
mpoomaBetegtl.

3. Tupmepdopata

H mp6o8og ot ovuPatikn Oepameia exel BeATiw-
OEL ONUAVTIKE TNV eMLRIWOoTN TWV BXAAGOALUK®V
acBevwv. H Bepameia pe Tig petayyioeis kat
amooLdNpwor, TapdAAnAa e Slopkr ToAVTIHPA-
HETPLKO EAEYXO TWV AGOEVMOV EXOVV EAATTWOEL
™mv Bvnopdtnta og peyaro Babud tnv tedevtaia
Sexaetia. Ta kapSlakd aitia §ev amoTeAOVV TTAEOV
™mv KUpLa attia Bavatov, 6tav akoAovbeital ov-
OTNHATIKN KoL eAgyxopevn Bepameio amooldnpw-
onG. ' auto kat Sev otapatast n eE€AEn ot Oe-
pateio amooIdNPpwong TPog OA0 Kol LoXVPOTEPOUS
XNALKOUG TP AYOVTEG KAl KAAUTEPG EKTIUNONG
Tov @opTiov Tov GLdfipov oTo aipa.

H petapbdboysvon tou puedol eival ETITUXNG
0TouG veapoLg acbBeveis pe TANpws ocvufato ovy-
yevn 80T, evw 1 yoviSiakn Bepameio vtooyeTal
Aautpo péAdov. Tédog, n emaywyr ¢ HbF pe ve-
OTEPU ACPAAT) OCKEVAOUATH ATIOTEAEL EVOUAAAKTIKNY
oTOXELWEVN BepamevTiky Tpoceyylon. To onua-
VTIKOTEPO OUWG CUUTEPATHA EVAL OTL 1] ACPAANG
petayylon kat 1 Oepameia amoodnpwong mopa-
HEVOUV oL aKpoywviaiol Aol TNG AVTILETWTILONG
™m¢ Badaooalpiag. Qotdo0, n evBAappuLvon Kol gv-
aleONTOTOMON TNG KOV YVWUNG OXETIKA UE TOUG
Balaooatpikovs acheveic kat Ta TPORAUATAE TOUS
pumopel va aAAGEeL TNV apynTiky otdon amévavtt
0Tn V00O Kal va cuuPBaAAel oe onuavtikd Baduo
ot Ste§aywyn mpoyevvnTikoL eA€yyov. O
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Abstract

Beta-thalassaemia is a common blood disorder
spread worldwide, that reduces the production
of hemoglobin (Hb). Pharmacological reacti-
vation of the y-globin gene for the production

References

Thein S.L. Genetic insights into the clinical di-
versity of beta thalassaemia. Br. J. Haematol.
124, 264-74, 2004.

0ld ].M. Screening and genetic diagnosis of hae-
moglobin disorders. Blood Rev. 17, 43-53, 2003.
Borgna-Pignatti C., Cappellini M.D, De Stefano
P, Del Vecchio G.C., Forni G.L., Gamberini M.R.,
GhilardiR., Origa R., Piga A.,, Romeo M.A,, Zhao
H., Cnaan A. Survival and complications in thal-
assemia. Ann. N. Y. Acad. Sci.1054, 40-47, 2005.
Voskaridou E., Ladis V., Kattamis A., Hassapo-
poulou E., Economou M., Kourakli A, Marag-
kos K., Kontogianni K., Lafioniatis S., Vrettou E.,
Koutsouka F.,, Papadakis A., Mihos A., Eftihiadis
E., Farmaki K., Papageorgiou O., Tapaki G., Maili
P, Theohari M., Drosou M., Kartasis Z., Aggela-
ki M., Basileiadi A., Adamopoulos 1., Lafiatis I,
Galanopoulos A., Xanthopoulidis G., Dimitriadou
E., Mprimi A. Stamatopoulou M., Haile E.D.,
Tsironi M., Anastasiadis A., Kalmanti M., Papa-
dopouloumM.,, Panori E., DimoxenouP, TsirkaA.,
GeorgakopoulosD., DrandrakisP, Dionisopoulou
D., Ntalamaga A., Davros ., Karagiorga M. on be-

114

PHARMAKEFTIK], 28, 11, 2016

of fetal haemoglobin (HbF) is a very promis-
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K562 cells a widely useful model cell line for the
study of compounds that are potential y-globin
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inducers; K562 cell line

half of the Greek Haemoglobinopathies Study
Group. A national registry of haemoglobinopa-
thies in Greece: Deducted demographics, trends
in mortality and affected births. Ann. Hematol.
91, 1451-58,2012.

Pootrakul P, Sirankapracha P, Sankote ]., Kachin-
torn U., Maungsub W,, Sriphen K., Thakernpol K.,
Atisuk K., Fucharoen S., Chantraluksri U., Sha-
lev O., Hoffbrand A.V. Clinical trial of deferiprone
iron chelation therapy in beta-thalassaemia/
haemoglobin E patients in Thailand. Br. J. Hae-
matol. 122,305-10, 2003.

Voskaridou E., Plata E., Douskou M., Papadakis
M., Delaki E.E, Christoulas D., Terpos E. Treat-
ment, with deferasirox (Exjade) effectively
decreases iron burden in patients with thalas-
saemia intermedia: results of a pilot study. Br. J.
Haematol. 148,332-34, 2010.

Ladis V., Berdousi H., Gotsis E., Kattamis A. Def-
erasirox administration for the treatment of
non-transfusional iron overload in patients with
thalassaemia intermedia. Br. J. Haematol. 151,
504-508, 2010.



®APMAKEYTIKH, 28, 111, 2016

PHARMAKEFTIK], 28, I1I, 2016

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Deininger M.W,, Goldman ].M., Melo ].V. The mo-
lecular biology of chronic myeloid leukemia.
Blood 96, 3343-56, 2000.

Kurzrock R., Gutterman J.U., Talpaz M. The molec-
ular genetics of Philadelphia chromosome-posi-
tive leukemias. N. Engl. . Med.319, 990-98,1998.
Lozzio C.B., Lozzio B.B. Human chronic myelog-
enous leukemia cell-line with positive Philadel-
phia chromosome. Blood 45, 321-34, 1975.
Rutherford T.R., Clegg J.B., Weatherall D.J. K562
human leukaemic cells synthesise embryonic
haemoglobin in response to haemin. Nature 280,
164-65, 1979.

Rutherford T, Clegg J.B., Higgs D.R, Jones R.W,,
Thompson ]., Weatherall D.]. Embryonic eryth-
roid differentiation in the human leukemic cell
line K562. Proc. Natl Acad. Sci. US.A.78, 348-52,
1981.

Olivieri N.F, Weatherall D.J. The therapeutic re-
activation of fetal haemoglobin. Hum. Mol. Gen-
et.7,1655-58, 1998.

Gambari R., Fibach E. Medicinal chemistry of
fetal hemoglobin inducers for treatment of be-
ta-thalassemia.Curr. Med. Chem. 14, 199-212,
2007.

Taher A.T, MusallamK. M., Cappellini M.D,
Weatherall D.J. Optimal management of {3 thalas-
saemia intermedia. Br. J. Haematol. 152, 512-23,
2011.

Dover G.J., Brusilow S., Samid D. Increased fe-
tal haemoglobin in patients receiving sodium
4-phenylbutyrate. N. Engl. J. Med. 327, 569-70,
1992.

Fathallah H., Atweh G. Induction of fetal hemo-
globin in the treatment of sickle cell disease. Am.
Soc. Hematol. Educ. Program, 58-62, 2006.
Rodgers G.P, Dover G.J., Uyesaka N., Noguchi C.T,
Schechter A.N., Nienhuis A.W. Augmentation by
erythropoietin of fetal-hemoglobin response to
hydroxyurea in sickle cell disease. N. Engl. J. Med.
328, 73-80, 1993.

Rigano P, Pecoraro A., Calzolari R, Troia A,
Acuto S., Renda D., Pantalone G.R., Maggio A., Di
Marzo R. Desensitization to hydroxycarbamide
following long-term treatment of thalassaemia
intermedia as observed in vivo and in primary

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

APOPO EINIZKOITHXHY | REVIEW ARTICLE

erythroid cultures from treated patients. Br. J.
Haematol. 151, 509-15, 2010.

Weinberg R.S,, Ji X, Sutton M,, Perrine S., Galper-
inY, Li Q. Liebhaber S.A., Stamatoyannopoulos
G., Atweh G.F. Butyrate increases the efficiency
of translation of gammaglobin mRNA. Blood 105,
1807-9, 2005.

Masera N., Tavecchia L. Capra M. Cazzaniga
G., Vimercati C., Pozzi L., Biondi A., Masera G.
Optimal response to thalidomide in a patient
with thalassaemia major resistant to conven-
tional therapy. Blood Transfus. 8, 63-65, 2010.
Aguilar-Lopez L.B., Delgado-Lamas ].L., Ru-
bio-Jurado B., Perea EJ., Ibarra B. Thalidomide
therapy in a patient with thalassemia major.
Blood Cells Mol. Dis.41, 136-137, 2008.
Bourantas K., Economou G., Georgiou ]. Admin-
istration of high doses of recombinant human
erythropoietin to patients with beta-thalassem-
ia intermedia: a preliminary trial. Eur. J. Haema-
tol. 58, 22-25,1997.

Singer S.T, Vichinsky E.P, Sweeters N., Rachmile-
witz E. Darbepoetin alfa for the treatment of anae-
mia in alpha- or beta-thalassaemia intermedia
syndromes. Br. . Haematol. 154, 281-284, 2011.
Cowan-Jacob S.W.,, Guez V., Fendrich G., Grif-
fin ].D., Fabbro D., Furet P, Liebetanz J., Mestan
J., Manley P.W. Imatinib (STI571) resistance in
chronic myelogenous leukemia: molecular ba-
sis of the underlying mechanisms and potential
strategies for treatment. Mini Rev. Med. Chem. 4,
285-99, 2004.

Quintas-Cardama A., Cortes J. Molecular biology
of ber-abl1-positive chronic myeloid leukemia.
Blood 113, 1619-30, 2009.

Ren R. Mechanisms of BCR-ABL in the pathogen-
esis of chronic myelogenous leukaemia. Nat. Rev.
Cancer 5, 172-83, 2005.

Cortez D., Kadlec L., Pendergast A.M. Structural
and signaling requirements for BCR-ABL-medi-
ated transformation and inhibition of apoptosis.
Mol. Cell Biol. 5,5531-41, 1995.

Lugo T.G., Pendergast A.M., Muller A.]., Witte O.N.
Tyrosine kinase activity and transformation po-
tency of ber-abl oncogene products. Science 247,
1079-82, 1990.

115



$®APMAKEYTIKH, 28, 111, 2016

APOPO EINIZKOITHZHY | REVIEW ARTICLE

30.

31.

32.

33.

34.

35.

36.

116

McGahon AJ., Brown D.G., Martin S.J., Amar-
ante-Mendes G.P, Cotter T.G., Cohen G.M., Green
D.R. Downregulation of Bcr-Abl in K562 cells
restores susceptibility to apoptosis: characteri-
zation of the apoptotic death. Cell Death Differ.4,
95-104, 1997.

Gu ].J.,, Santiago L., Mitchell B.S. Synergy between
imatinib and mycophenolic acid in inducing ap-
optosis in cell lines expressing Bcr-Abl. Blood
105, 3270-77, 2005.

Jakubowska ]., Stasiak M., Szulawska A,
Bednarek A., Czyz M. Combined effects of dox-
orubicin and STI571 on growth, differentiation
and apoptosis of CML cell line K562. Acta Bio-
chim. Pol. 54, 839-46, 2007.

Schindler T, Bornmann W.,, Pellicena P.,, Miller
W.T, Clarkson B., Kuriyan ]. Structural mecha-
nism for STI-571 inhibition of abelson tyrosine
kinase. Science 289, 1938-42, 2000.

Shah N.P, Sawyers C.L. Mechanisms of resistance
to STI571 in Philadelphia chromosome-associ-
ated leukemias.Oncogene 22, 7389-95, 2003.
Sawyers C.L. Opportunities and challenges in the
development of kinase inhibitor therapy for can-
cer. Genes Dev. 17,2998-3010, 2003.

Reddy M.V, Pallela V.R. Cosenza S.C., Mallired-

37.

38.

39.

40.

41.

PHARMAKEFTIK], 28, 11, 2016

digari M.R,, Patti R., Bonagura M., Truongcao M.,
Akula B, Jatiani S.S., Reddy E.P. Design, synthe-
sis and evaluation of (E)-alpha-benzylthio chal-
cones as novel inhibitors of BCR-ABL kinase. Bi-
oorg. Med. Chem. 18, 2317-26, 2010.

Wei G., Rafiyath S., Liu D. First-line treatment for
chronic myeloid leukemia: dasatinib, nilotinib,
or imatinib. J. Hematol. Oncol. 3,47, 2010.
Weisberg E. Manley PW., Cowan-Jacob S.W,
Hochhaus A., Griffin J.D. Second generation in-
hibitors of BCR-ABL for the treatment of imati-
nib-resistant chronic myeloid leukaemia. Nat.
Rev. Cancer 7, 345-56, 2007.

Taher A., Khaled M.M,, Karimi M., El-Beshlawy A.,
Belhoul K., Daar S., Saned M.-S.E., El-Chafic A.-H.,
Fasulo M.R., Cappellini M.D. Overview on prac-
tices in thalassemia intermedia management
aiming for lowering complication rates across a
region of endemicity: the OPTIMAL CARE study:.
Blood 115, 1886-92, 2010.

Giardini C, Lucarelli G. Bone marrow transplan-
tation in the treatment of thalassemia. Curr.
Opin. Hematol. 1,170-6, 1994

Raja ]. V,, Rachchh M. A.,. Gokani R. H. Recent ad-
vances in gene therapy for thalassemia J. Pharm.
Bioallied. Sci. 4,194-201, 2012.



®APMAKEYTIKH, 28, 111, 2016

PHARMAKEFTIK], 28, I1I, 2016 APOPO EINIZKOITHXHY | REVIEW ARTICLE

Biocatalysis and Directed Evolution
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Developments for ‘Green’ Synthetic
Methods of High Value Pharmaceuticals
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Summary

The pharmaceutical industry embraced Green
Chemistry principles in the last decades for the de-
velopment of drugs with innovative green synthetic
methods. Biocatalysis has been adopted as the main
organic chemistry synthetic technology by the fine
chemicals and pharmaceutical industries. Heter-
ogeneously catalyzed processes using supported
metal or molecular catalysts are still an exception.
Since then, enzymes have assumed an increasing
importance in industrial processes that involve
organic chemical reactions. Although enzymes are
efficient for catalysis do not fulfill the requirements
for harsh industrial conditions. Optimization of
their catalytic efficiency is necessary to obtain a
suitable enzyme catalyst. The first approach is ra-
tional design, which targets specific residues of a
protein for mutagenesis to predetermined amino
acid mutations, and is only applicable when there
is detailed knowledge of the relationships between
the enzyme’s structure and biocatalytic mechanism.
The second method is the tailoring of an enzyme for
efficient catalysis by the new methodology of direct-

ed evolution. Directed evolution (DE) has been es-
tablished after many years of research as an experi-
mental method in protein engineering that mimics
the process of natural selection in living cells (bac-
teria or yeast). The first step is the generation of a
library of variant genes after directed mutagene-
sis. Then scientists apply error prone PCR on both
genes and subsequently screen the mutated librar-
ies. Screening thousands of the mutated clones from
the libraries some are selected which demonstrate
higher levels of catalytic activities or thermosta-
bility, as compared to the wild type enzyme. Many
recent advances in DE produced suitable protein-
enzymes with desirable catalytic function. These
enzymes had numerous successful applications in
the synthesis of pharmaceuticals. The method pro-
vides support to ‘green chemistry’ principles. This
review covers innovative biocatalytic methods and
directed evolution techniques in the pharmaceuti-
cal industry, as well as the fast advances of the last
years in the ‘green’ synthesis of well known drugs
with high market value.

KEYWORDS: Green Chemistry; green synthetic methods; biocatalysis; directed evolution;

enzyme engineering; new pharmaceuticals
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Figure 1. Manufacturing Chemist Designing enzyme-based platforms- biocatalysis [ http://www.manufacturingchemist.com/ |

1. Introduction: Green Chemistry, biocatalysis
and the pharmaceutical industry

In the last decades the pharmaceutical industry
embraced Green Chemistry principles in the devel-
opment of drugs with innovative green synthetic
methods. Now, new medical products are produced
mainly by processes which are using less toxic raw
materials, green solvents, energy efficiency and give
substantially less toxic waste!?3.

Biocatalysis has become the main Green Chem-
istry technology adopted by the fine chemicals and
pharmaceutical industries to manufacture chemicals
with higher yield. In addition, biocatalysis provides
processes which are shorter, produce less waste
and reduce manufacturing costs and environmental
impact. Heterogeneously catalyzed processes using
supported metal or molecular catalysts are nowa-
days an exception.

Early enzyme products developed for industri-
al applications were produced by native hosts via
fermentation and consisted of a complex mixture
of secreted enzymes produced at low yields. Now,
over 90% of industrial enzymes are produced re-
combinantly for maximal purity and productivity
(figure 1)*.

In the last decade biocatalysis, taking into account
the latest breakthroughs in genomics and proteom-
ics, rapidly evolved into a key synthetic technology
especially in the pharmaceutical industry. The rea-
sons are that the main synthetic problems in the
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pharmaceutical industry were high yielding chemo-,
regio-, and enantioselective reactions which could
be solved by special catalytic reactions. The fron-
tier subjects for research and development in these
fields were combinatorial biosynthesis, emerging
enzymes, metabolite profiling, metabolic engineer-
ing, and autonomous enzymes for the synthesis and
development of chiral molecules, drug metabolites,
and semi-synthetic medicinal compounds and natu-
ral product analogs®.

Enzymes are known to catalyze and regulate
chemical reactions in all living organisms. But at
the same time enzymes had from the past valuable
food applications, like the fermenting of wine and
brewing of beer. Since then, enzymes have assumed
an increasing importance in industrial processes
that involve organic chemical reactions. Although
enzymes are efficient for catalysis, naturally oc-
curring enzymes do not fulfill the requirements
for harsh industrial conditions, and optimization is
necessary to obtain a suitable enzyme catalyst. This
tailoring of enzymes can be accomplished through
two experimental routes. The first is rational de-
sign, which targets specific residues of a protein for
mutagenesis to predetermined amino acid muta-
tions, and is only applicable when there is detailed
knowledge of the relationships between the en-
zyme’s structure and biocatalytic mechanism. The
second method is the tailoring of an enzyme for ef-
ficient catalysis by the new methodology of direct-
ed evolution®’.
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Figure 2. Directed evolution. Schematic outline of typical experiment of directed evolution. In the light of directed evolution:
Pathways of adaptive protein evolution, Proceedings of National Academy of Sciences USA. [http://www.pnas.org/content/106/
Supplement_1/9995/F1.expansion.html | adapted from ref. PNAS, Vol. 106 (supplement 1): 16 June, 2009"

2. Directed evolution, protein engineering
and biocatalysis

Directed evolution (DE) has been established after
many years of research as an experimental meth-
od in protein engineering that mimics the process
of natural selection. The result is proteins or nucleic
acids leading finally to a selection of a suitable pro-
tein- enzyme with desirable catalytic function. The
method starts with subjecting a gene to iterative
rounds of mutagenesis (creating a library of vari-
ants), selection (expressing the variants and isolat-
ing members with the desired function), and ampli-
fication (generating a template for the next round).
It can be performed in vivo (in living cells), or in
vitro (free in solution or microdroplet). Directed
evolution is used both for protein engineering as an
alternative to rationally designing modified proteins,
as well as for studies of fundamental evolutionary
principles in a controlled, laboratory environment®.
Directed evolution looks like an iterative Darwini-
an optimization process, whereby the fittest variants

are selected from an ensemble of mutants and can
be used to target a number of enzymatic characteris-
tics, including activity, substrate specificity, thermal
and oxidative stability, enantioselectivity or enan-
tiospecificity, pH optima or range, and tolerance to
solvent®1?,

The well established methodology begins with the
gene for the parent protein which is randomly mu-
tagenized by using error-prone PCR. Error-prone
PCR (polymerase chain reaction) is a method by
which random mutants are inserted into any piece
of DNA. In error-prone PCR the fidelity of the Taq
DNA polymerase is modulated by alteration of the
composition of the reaction buffer. Taq is a thermo-
stable DNA polymerase named after the thermophil-
ic bacterium Thermus aquaticus which is frequently
used in the PCR for amplifying the quantity of short
segments of DNA. The library of mutant genes is
then used to produce mutant proteins. These pro-
teins are screened or selected for the desired target
property. For example, for improved enzymatic cat-
alytic activity or for increased stability in industrial
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reactions. Mutants that fail to show improvements in
the screening/selection process are discarded. The
genes of the improved mutants are used as the par-
ents for the next round of mutagenesis and screen-
ing. The procedure is repeated until the proteins that
are produced exhibit the desired level of the target
property (e.g. efficient enzymatic catalysis of a cer-
tain reaction) (figure 2).

Directed evolution has advanced very fast in the
last decade and is nowadays a widely used experi-
mental strategy for improving the catalytic activi-
ties and stabilities of proteins-enzymes by repeated
rounds of mutations and selection. This methodol-
ogy revealed that single amino acid mutations can
enhance catalytic properties of proteins and that
adaptation can be achieved through sequential ben-
eficial mutations. In this respect directed evolution
has rapidly emerged as a powerful new strategy
for improving the characteristics of enzymes in a
targeted manner. By coupling various protocols for
generating large variant libraries of genes, together
with high-throughput screens that select for specif-
ic properties of an enzyme, such as thermostability,
catalytic activity and substrate specificity, it is now
possible to optimize biocatalysts for specific applica-
tions (industrial biocatalysis)*2.

In May 2016, Prof. Frances Arnold an internation-
ally recognized American scientist (Prof. Chemi-
cal Engineering, Bioengineering and Biochemistry,
CalTech, USA) was awarded by the Technology Acad-
emy Finland the prestigious Millennium Technology
Prize (1 million Euros) for her pioneered methods of
directed evolution to create catalytic enzymes. She is
the first female winner of this award.

Stereo- and regioselective enzymes constitute a
highly desirable and prolific source of biocatalysts
for asymmetric transformations in organic chem-
istry and for the pharmaceutical industry. Directed
evolution emerged as a key methodology in achiev-
ing this target by saturation mutagenesis at sites
lining the binding pocket of enzymes, but uncertain-
ties in research in this field still persist despite the
innovative advances. Two new approaches promise
to beat the problem effectively. One utilizes a single
amino acid as building block for the randomization
of a 10-residue site, the other also employs only one
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but possibly different amino acid at each position of
a 9-residue site. The small but smart libraries pro-
vide highly enantioselective epoxide hydrolase or
lipase mutants, respectively.

The cytochrome P450-dependent monooxygen-
ases constitute the primary enzyme system respon-
sible for the oxidative metabolism of a variety of
xenobiotics and endogenous compounds including
drugs, carcinogens, fatty acids and hormones. The
catalytic properties of Cytochrome P450 enzyme
monooxygenases (CYP) are of considerable interest
for the synthesis of novel drugs and drug metabo-
lites, and targeted cancer gene therapy. However,
their applications to industrial drug synthesis are
limited because cytochrome P450 show a low turn-
over rate and stability!*. In recent years there has
been an increasing realization among scientists
of the power of CYP biocatalysts for the industrial
synthesis of bulk chemicals, pharmaceuticals, agro-
chemicals, and food ingredients, especially when
high regio- and stereoselective hydroxylation is re-
quired?®.

Directed evolution of the monooxygenase P450-
BM3 (Cytochrome P450 BM3 from the soil bacte-
rium Bacillus megaterium) utilizing saturation mu-
tagenesis at and near the binding site enables a high
degree of both regio- and enantioselectivity in the
oxidative hydroxylation of cyclohexene-1-carboxyl-
ic acid methyl ester. Mutants enabling R selectivity
(>95% ee, enantiomeric excess ) or S selectivity
(>95 % ee) were evolved, while reducing other ox-
idation products and thus maximizing regioselec-
tivity to >93 %. An E. coli strain capable of NADPH
regeneration was also engineered, simplifying di-
rected evolution of P450 enzymes in general. These
synthetic results set the stage for subsequent stere-
oselective and stereospecific chemical transforma-
tions to form more complex compounds®.

After a long period of research efforts for enzyme
engineering by directed evolution (which became
a rapidly emerging method of choice) in academic
laboratories there is now a vast array of biocatalysts
used in the production of a wide range of pharma-
ceutically important molecules, such as in the pro-
duction of precursors, intermediates, and complete
compounds of importance to the pharmaceutical
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industry, including polyketides, nonribosomal pep-
tides, steroids, vitamins, and unnatural amino acids.

3. Biocatalytic processes, directed evolution,
pharmaceutical synthesis

Biocatalysis has advanced into the pharmaceuticals
industry because of its advantages in accelerating re-
actions, lack of intermediates and less waste. But the
inherent complexity of natural biological systems
has restricted the generalized application of this ap-
proach in industrial processes. The biocatalytic prob-
lems have been solved to a great extent by ‘Directed
evolution’ that has allowed significant strides to be
made in the field of synthetic enzymes with desired
properties from large libraries of variants and their
application in a great variety of pharmaceuticals and
intermediate syntheses'”®, A book for the green syn-
thesis of drugs is edited by Zhang and Cue®.

Some typical examples in drug synthesis are given
in the following sections.

3.1. Sitagliptin, an antidiabetic drug

An interesting example of green chemistry synthe-
sis and directed evolution methodology is the drug
Sitagliptin (marketed under the trade name Januvia
by Merck & Co) an oral antihyperglycemic drug (an-
tidiabetic medicine) for treatment of diabetes mel-
litus type 2 (figure 3). The benefit of this medicine
is its fewer side effects (e.g., less hypoglycemia, less
weight gain) in the control of blood glucose values.
Sitagliptin is a well known antidiabetic drug, which
was synthesized at a large scale®’. In recent years the

F

HzPO4
NH,*

Sitagliptin Phosphate (Januvia)

Figure 3. Chemical structure of Sitagliptin
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large scale synthesis of Sitagliptin has been benefit-
ed substantially by an efficient biocatalytic process
that replaced the Rhodium-catalyzed asymmetric
enamine hydrogenation?’.

The biocatalytic synthesis starts from an enzyme
that had the catalytic machinery to perform the de-
sired chemistry but lacked any activity toward the
prositagliptin ketone. Scientists applied the muta-
tion approach to create a transaminase with mar-
ginal activity for the synthesis of the chiral amine,
this variant was then further engineered via directed
evolution for practical application in a manufactur-
ing setting. The resultant biocatalysts showed broad
applicability toward the synthesis of chiral amines.
This biocatalysis according to scientists underscores
the maturation of biocatalytic methods for efficiency,
environmental benign processes and manufactures
of pharmaceuticals?22,

3.2. Atorvastatin, a cholesterol-lowering drug
The cholesterol-lowering drug Atorvastatin (mar-
keted commercially as Lipitor), is another success-
ful example in the pharmaceutical synthetic process
where biocatalysis research and directed evolution
methodology have been applied extensively. The en-
zyme 2-deoxyribose-5-phosphate aldolase (DERA)
has been a target of directed evolution for the pro-
duction of atorvastatin intermediates®*2¢. Research-
ers used structure-based biocatalysis for mutagen-
esis in an attempt to expand the substrate specific-
ity of the native enzyme. The enzyme variants were
fully purified and assayed in vitro by monitoring the
decrease of NADH at 340 nm. One variant, S238D,
showed new activity towards 3-azidopropinalde-
hyde to form an azido pyranose which is an interme-
diate in atorvastatin synthesis**25,

Enzyme DERA catalyzes the reversible aldol re-
action between acetaldehyde and D-glyceralde-
hyde-3-phosphate to generate D-2-deoxyribose
-5-phosphate. This is unique catalytically among the
aldolases as it catalyzes the reversible asymmetric
aldol addition reaction of two aldehydes. In order
to expand the substrate scope and stereoselectivity
of DERA site-specific mutations has been investi-
gated and five site-directed mutants were designed
in order to improve its activity (the S238D variant
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exhibited a 2.5-fold improvement over the wild-type
enzyme). Interestingly, this S238D mutant enzyme
was shown to accept 3-azidopropinaldehyde as a
substrate in a sequential asymmetric aldol reaction
to form a deoxy-azidoethyl pyranose, precursor to
the corresponding lactone and the cholesterol-low-
ering agent Atorvastatin calcium (Lipitor™, Pfizer)..

Some other researchers applied gene site satura-
tion mutagenesis (GSSM) technology for the direct-
ed evolution of a nitrilase which effectively catalyz-
es the desymmetrization of the prochiral substrate
3-hydroxyglutaronitrile to afford (R)-4-cyano-3-hy-
droxybutyric acid, a precursor to the valuable cho-
lesterol-lowering drug Lipitor (figure 4). Through
GSSM, a mutagenesis technique, that effects the com-
binatorial saturation of each amino acid in the pro-
tein to each of the other 19 amino acids, combined
with a novel high-throughput mass spectroscopy as-
say, a number of improved variants were identified,
the best of which is the Ala190His mutant that yields
product enantiomeric excess of 98.5%2°.

GSSM is an invaluable technique for studying pro-
tein and gene function in molecular biology. The
method was applied in protein engineering fields
based on innovative gene synthesis and PCR tech-
nology with very interesting results.

Jennewein and co-workers studied this wild-type
enzyme, creating a library with error-prone PCR
and recombining positive mutants. By screening
mutants with a microplate reader or with gas chro-
matography, they managed to increase the synthesis
of the intermediate (3R,5S)-6-chloro-2,4,6-tride-
oxyhexapyranoside by 10-fold*. Aldolases are
emerging as powerful and cost efficient tools for
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the industrial synthesis of chiral molecules. They
catalyze enantioselective carbon-carbon bond for-
mations, generating up to two chiral centers under
mild reaction conditions. In this paper research-
ers applied directed evolution to optimize Escher-
ichia coli 2-deoxy-D-ribose 5-phosphate aldolase
(DERA) as biocatalyst for the industrial synthesis
of (3R,55)-6-chloro-2,4,6-trideoxyhexapyranoside.
This versatile chiral precursor for Vastatin drugs like
Lipitor (Atorvastatin) was synthesized by DERA in a
tandem-aldol reaction from chloroacetaldehyde and
two acetaldehyde equivalents. However, E. coli DERA
shows low affinity to chloroacetaldehyde and is rap-
idly inactivated at aldehyde concentrations useful
for biocatalysis. Using high-throughput screenings
for chloroacetaldehyde resistance and for higher
productivity, several improved variants have been
identified. By combination of the most beneficial
mutations scientists obtained a 10-fold improved
variant?®.

Codexis International Co. (U.S. Europe and India)
is a well known world leader in providing unique,
state-of-the-art enzyme optimization services and
developing biocatalyst products. Research teams
in Codexis accelerate the development of manufac-
turing processes for active pharmaceutical ingre-
dients (APIs), fine chemicals, agrochemicals, food
ingredients, detergents and biofuels. They also en-
able rapid transfer to commercial manufacturing
scale. Codexis scientists developed proprietary and
cutting-edge CodeEvolver® protein engineering
platform which allows rapid development of high-
ly optimized enzymes that are used in new, highly
efficient and environmentally friendly biocatalytic

OH S-selective OH R-selective OH
HOOC\/‘\,CwN nitrilase  NC \/'\/Cﬁ’N nitrilase NC \/'\,COOH
150 (. 155 (P). GSSMTG
N-(S)-2 N-(R)-1 (R)-2
m/z = 130 m/z =129
98.5% ee

Figure 4. Gene site saturation mutagenesis (GSSM) technology applied for the directed evolution of a nitrilase enzyme
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manufacturing processes. Codexis infrastructure is
such that it allows scale up of optimized enzymes in
a matter of weeks and full commercial production in
three months. Their expertise in directed evolution,
guided by proprietary software and bioinformat-
ic systems, including Mosaic® and Sage™ directed
evolution technology platforms, has resulted in the
creation of ready-to-access biocatalyst libraries of
enzymes with enhanced properties and features?”.

One Codexis team used this approach to create a
two-step, three-enzyme process to replace a mul-
tistep chemical process for making ethyl (R)-4-cy-
ano-3-hydroxybutyrate. This chemical, also known
as hydroxynitrile, is the key chiral building block
used to make Atorvastatin, the active ingredient
in Pfizer’s blockbuster cholesterol-lowering drug
Lipitor?,To achieve this, Codexis scientists modified
sections in the enzyme halohydrin dehalogenase to
optimize its structure for mediating one of the steps
to make hydroxynitrile (figure 5).

3.3 Cephalosporins antibiotics and directed
evolution

Cephalosporins, a class of 3-lactam antibiotics, de-
rived from the fungus Acremonium. Cephalospor-
ins were discovered in 1945 and were first sold in
1964 (figure 6). Third-generation cephalosporins
are broad-spectrum antimicrobial agents useful in
a variety of clinical situations. Cefotaxime and ceft-
izoxime have the best gram-positive coverage of the
third-generation agents. Ceftazidime and cefopera-
zone are the only third-generation drugs that provide
antipseudomonal coverage. The third-generation
cephalosporins except for cefoperazone penetrate

0 0 Thires OH O
T M T
oI ,U\',ILO,A\ e N I o
Hydroxynitrile
Ny 0 OH OH O
¥ S A
. ‘\‘(/\ e S M

Atorvastatin

Figure 5. A. Theribbon structure of a halohydrin dehalogenase
enzyme with sections modified by Codexis scientists in gray.
B. Codexis’ biocatalytic synthesis of Atorvastatin

APOPO EINIZKOITHXHY | REVIEW ARTICLE

cerebrospinal fluid and are indicated for the treat-
ment of bacterial meningitis. Their proven record
of clinical efficacy, favorable pharmacokinetics, and
low frequency of adverse effects make third-genera-
tion cephalosporins the preferred antibiotic in many
clinical situations?.

Studies on the biosynthetic pathways of Cephalo-
sporin C and the structurally related Cephamycin C,
revealed a common pathway including a step gov-
erned by deacetoxycephalosporin C synthase which
catalyses the ring-expansion of penicillin N to deace-
toxycephalosporin C. Because of the therapeutic im-
portance of cephalosporins, this enzyme has been
extensively studied for its ability to produce these
antibiotics. Earlier studies showed that its substrate
specificity was extremely narrow. But scientists with
relentless research efforts optimized the in vitro en-
zyme assay conditions and were able to convert a
wide range of penicillin substrates differing in their
side chains. With advances in technology, the genes
encoding this enzyme (2-oxoglutarate-dependent
dioxygenase protein family) have been cloned and
heterologously expressed for comparative analyses
and mutagenesis studies. A high level of recombinant
protein expression has also enabled crystallization of
this enzyme for enzyme for structure determination®’.

Semi-synthetic cephalosporin antibiotics belong
to the top 10 of most sold drugs, and are produced
from 7-aminodesacetoxycephalosporanic acid (7-
ADCA) which is produced by a novel fermentation
process. To complete the biosynthesis of 7-ADCA a
highly active adipyl acylase (enzyme) is needed for
deacylation of the adipyl derivative. The glutaryl ac-
ylase of Pseudomonas SY-77 was mutated in a first
round by exploration mutagenesis and mutants were
grown on an adipyl substrate. The residues that are
important to the adipyl acylase activity were identi-
fied, and in a second round saturation mutagenesis
of this selected stretch of residues yielded variants
with a 3-fold increased catalytic efficiency. The sub-
strate specificity of a dicarboxylic acid acylase was
shifted towards adipyl-7-ADCA by a two-step direct-
ed evolution strategy®!.

Directed evolution has been used to improve the
activity of cephalosporin acylases to produce these
intermediates from adipyl-7-ACA or cephalosporin
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Figure 6. Cephasporins antibiotics. Cephalosporins are indicated for treatment of infections caused by bacteria. First-generation
cephalosporins were active predominantly against Gram-positive bacteria, and successive generations have increased activity

against Gram-negative bacteria

C. Researchers using site-directed saturation mu-
tagenesis and a selection system whereby the E. coli
host is dependent on leucine liberated from deriva-
tives of the cephalosporin side-chains, a mutant was
found that increased the catalytic efficiency toward
adipyl-7-ADCA by 36-fold?2.

4. Polyketides for pharmaceuticals.
Combinatorial biosynthesis

Polyketides are a class of natural secondary metabo-
lites produced by certain living organisms. Many my-
cotoxins produced by fungi are polyketides. Polyket-
ides are complex organic compounds that are char-
acterized by more than two carbonyl groups, con-
nected by single intervening carbon atoms and they
are biologically highly active (figure 7). Many phar-
maceuticals are derived from or inspired by polyket-
ides. They constitute the basic chemical structure
of various anticancer, antifungal, and anticholester-
emic agents, antibiotics, parasiticides and immuno-
modulators. The most important antibiotics Doxycy-
cline and Erythromycin are polyketide derivatives.
The annual sales of pharmaceuticals derived from
polyketides routinely reach 20 billion $US.

Since the discovery of the antibiotic properties of
polyketides (i.e., streptomycin in 1950), the search
for new compounds has led pharmaceutical compa-
nies to isolate tens of millions of antibiotic producing
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strains though cultivable soil microorganisms remain
the main source of antibiotics. However, tradition-
al methods for searching new drugs, which involve
the cultivation of microorganisms isolated from soil,
are not so promising currently. As an alternative, an
emerging method for obtaining biomolecules with
new or improved pharmacological properties is the
direct study of genetic material from complex envi-
ronmental samples called Metagenomics. Metagen-
omics consists of extracting DNA directly from the
environment and constructing a genomic library from
this mixture. Then, these materials can be mining for
genes of biotechnological interest, both for genetic
homology as functional screening. This technique has
been the source of many new bioactive compounds;
among them we can cite psymberin, norcardamine,
violacein and turbomycin A343,

Scientists at commercial pharmaceutical companies
use a somewhat different approach to combinatorial
biosynthesis. They isolate DNA from microbes that are
difficult to cultivate and clone the DNA into E. coli and
yeast. Researchers gathered microbial populations
(in pools of as many as 1,000 species) from lichens,
deep-sea thermal vents, and rain forest soil samples
in a search for novel genes. Yeast and E. coli libraries
become permanent archives containing the biosyn-
thetic potential of entire microbial communities. En-
zymes expressed from the archived genes can be used
to produce libraries of novel compounds®’.
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Figure 7. Chemical structures of polyketide-based antibiotics Doxycycline and Erythomycin

The biotechnological company EnzyMed, Inc.
(Iowa City, 1A, USA), used enzymes and microbes for
the iterative derivatization of small-molecule lead
compounds. The technology combined iterative en-
zymatic and microbial reactions with organic syn-
thesis and screening expertise. This technological
approach optimized lead compounds regardless of
structural complexity. The technology used solu-
tion-phase reactions performed under mild condi-
tions and provided controllable regio- and enantio-
selectivity in synthetic reaction for drugs?.

The biosynthesis of the polyketide avermec-
tin-analog doramectin (commercially sold by Pfizer as
Dectomax) in a mutant Streptomyces avermitilis strain
was hampered by the product specificity of one of the
key intermediate enzymes, aveC, in the doramectin
production pathway. Although the particular function
of aveC was unknown, the occurrence of undesir-
able product CHC-B2 was found to be a result of its
dual-product specificity. In an effort to improve the
production ratio of doramectin: CHC-B2, site-specific
and error-prone mutagenesis libraries were screened
and resulted in several unrelated beneficial mutations
that improved the production ratio up to 4-fold*.

5. Directed evolution, combinatorial
biosynthesis and drug synthesis

In the last decade scientists concentrated on devel-

oping effective enzymatic systems for a variety of
synthetic medicinal purposes. Constructing novel bi-
ocatalytic systems that function in a robust and pre-
dictable manner requires better methods for discov-
ering new functional molecules. Directed evolution
has been proved a powerful complement to ‘rational’
engineering of enzymes.

Some enzymes require helpers to recognize a sub-
strate or complete a reaction. These helpers include
cofactors, coenzymes, and prosthetic groups. The
expense of the cofactors in enzymes requires in situ
cofactor regeneration for preparative applications.
Researchers attempted to develop an enzymatic
system based on phosphite dehydrogenase (PTDH)
from Pseudomonas stutzeri to regenerate the re-
duced nicotinamide cofactors NADH and NADPH.
They used directed evolution to address one of the
main limitations with the wild-type PTDH enzyme
and its low stability. After three rounds of random
mutagenesis and high-throughput screening, 12
thermostabilizing amino acid substitutions were
identified which were combined by site-directed
mutagenesis, resulting in a mutant whose T, is
20°C higher and half-life of thermal inactivation at
45°C is >7,000-fold greater than that of the parent
PTDH. In addition, its catalytic efficiency is slight-
ly higher than that of the parent PTDH. Various
mechanisms of thermostabilization were identified
using molecular modeling. The improved stability
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and effectiveness of the final mutant were shown
using the industrially important bioconversion of
trimethylpyruvate toL-tert-leucine. The engineered
PTDH will be useful in NAD(P)H regeneration for
industrial biocatalysis*.

Directed evolution was used for the improvement
of the activity of enzymatic function. One example is
chimeric Non-Ribisomal Peptide Synthases (NRPSs).
The experimental process involved various stages.
At first, a heterologous A domain is swapped into
an NRPS, typically resulting in a significant loss of
synthetase activity. Then, a library of chimeric syn-
thetase mutants is constructed in which the heter-
ologous A domain has been diversified (for example,
by error-prone PCR). The library is subjected to an in
vivo screen for production of the unnatural nonribo-
somal peptide derivative. Clones showing improved
production are characterized and subjected to fur-
ther rounds of diversification and screening. Direct-
ed enzyme evolution and high-throughput screen-
ing are too expensive to supply stoichiometrically.
Regeneration of the reduced cofactor form was ac-
complished by Woodyer et al. by linking an oxidore-
ductase reaction to phosphite dehydrogenase, an
enzyme that oxidizes inert phosphite to phosphate
with concomitant reduction of NAD(P) to NAD(P)
H. However, the wild-type enzyme had relatively
low activity. Through several rounds of random mu-
tagenesis, the activity of the wild-type enzyme was
improved by 6-fold*-*,

Directed evolution and combinatorial biosynthesis
in the last decade played an important role in over-
coming problems for the synthesis of natural prod-
ucts analogs. The extraordinary structural complexity
of natural products sometimes makes it challenging
for traditional chemical synthesis, which usually in-
volves multiple steps, harsh conditions, toxic organic
solvents, and byproduct wastes. In contrast, combi-
natorial biosynthesis and directed evolution exploit-
ed substrate promiscuity and employs engineered
enzymes and pathways to produce novel “unnatural”
natural products, substantially expanding the struc-
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tural diversity of natural products with potential
pharmaceutical value. Thus, combinatorial biosynthe-
sis provides an environmentally friendly way to pro-
duce natural product analogs. Efficient expression of
the combinatorial biosynthetic pathway in genetically
tractable heterologous hosts can increase the titer of
the compound, eventually resulting in less expensive
drugs. The major strategies for combinatorial bio-
synthesis are: a. precursor-directed biosynthesis; b.
enzyme-level modification, which includes swapping
of the entire domains, modules and subunits, site-spe-
cific mutagenesis, and directed evolution, and c. path-
way-level recombination. Recent examples of combi-
natorial biosynthesis employing these strategies have
been highlighted in a recent review*°.

6. Conclusions

In recent years, significant advances have been made
in the field of biocatalysis and directed evolution
methodology for the ‘green’ synthesis of pharma-
ceutical products. Biocatalysis in the pharmaceutical
and biotechnology industries applied a series of effi-
cient enzymatic catalysts which advanced the ‘green’
synthesis of complex molecules for drugs and chiral
intermediates. Enzymes exhibit higher enantioselec-
tivity, regioselectivity, substrate specificity, and sta-
bility. At the same time enzymes require mild con-
ditions, while prompting higher reaction efficiency
and product yields. In the last editions of specialized
books on biocatalysis, written by internationally rec-
ognized scientists, there are at least 60 brand-name
pharmaceuticals for a wide range of drug therapies
and treatments*’ 8,

Another dimension of successful biocatalysis are
methods employed by directed evolution. Directed
evolution has been established as a powerful syn-
thetic tool to bridge the present knowledge with in-
novative, efficient an stable enzymes. Directed evolu-
tion has found numerous applications at all levels of
biological complexity and will likely continue to do
so for many years to come**>°.[]
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BlokatdAvon kot
KatevBuvouevn EEEAMEN
otV PapUaKEVTIK
Blounxavio. Néeg EEeAiEelg
oe "[Ipacives” KatoaAuTikeg
ZuvBéoels YYmAng Atlag
DoappakeLTIKWV OVGLWV

ABavdoiog BadaBavidng
Tunua Xnueiag, lMavemotiiuio AGnvayy,
Tavemotnuiovmoin Zwypdagpov, 15784 Abva

Mepidnym

H @appoakeutikn Blounyxavia £xeL e@apuocet 8w
KoL TTOAAG Xpovia Tig apxés g [pdoivng Xnuelag
(Green chemistry) yi v avamtuén evoAAakti-
KWV OUVOETIKWOV TEXVIKWV 0TV cLVBeom @op-
LOKEVTIKWVY OUOLWV Kal evBlauEcwy evoewv. H
BlokatdAvon gival TAéov KaBlepwpévn opyavikn
OUVOETIKN TEXVIKI] Yl ONUAVTIKO aplOpd yvw-
OTWV KOL EUTIOPIKWV @apudakwv. H etepoyeviig
KATOAUTIKI] TEXVIKY LE TN XPNON HETCAAWV KAl
HOPLAK®WV KATAAUTWVY apyilel va yivetar 1 egaipe-
on. Ta évlupa €xouv kablepwBel wg TapayovTeg
HEYAANG 0TIOVSAUOTN TS GE BLOUNYAVIKES SlEpy Q-
olec. Av kot ta évQupa eival eEPETIKOl KATAAUTESG
Sev POpovUV v avTaTIOKPLOOVV GTIG ATIOLTI TIKES
ouvOnKeg ™G Blopnyxaviknig mapaywyns. H BeA-
TIOTOTIOMOT TG KATAAUTIKNG TOUG LKAVOTNTAG
elvat amapaitn yla va emtevyOel 1 KaTdAANAY
KATOAUTIKY] IKQVOTNTA. ATIO TEXVIKY ATtom, auTtd
umopel va emitevyxOel HOVo pe AoyIKO GYESLAGHO O
oTo(0G Ba aTOXEVEL O€ EEELSIKEVIEVEG TPOTIOTIOM]-
OELG TIPWTEVWV LE LETAAAAEOYEVEDT) OE TIPOGOLO-
PLOUEVA OLVOEEQR, KL EPAPUOTETAL OTAV VTIAP)XEL
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Meya-AgSopeva: O Neog Opilovtac yia
™V Kavotopta otic Ymnpeotieg Yystag kat
ot Papuakevtikn 'Epsvva. OuIIpokAnosig

otV Avakaivym Newv Pappuakwy

Avva Teavtidn - KakovAidov

Touéag Papuakxevtiic Xnueiag, Tunjua @apuaxevtirs, E.KILA. lavemiotnuomow, Zwypdpov, Abnva 157 71

epianynm

Toa peya dedopéva, Ta omola yapaktnpilovral amd
peyado 6yko, vmAn TaxVLTNTA Kat VPMAT TTOLKLIAO-
popoia, avapévetal va aAAdEouv Tov TpoTo {wNig
LOG TIG EMOUEVEG SEKAETIEG, EMPEPOVTAG EMAVA-
O0TAON OTNHV KAWOTOUIA TNV aVTOyWVIGTIKOTNTA
KOL TNV TIOPAYWYIKOTNTA 0€ TIOAAOUG TOUE(S, PeTa-
&0 GAAWV KoL 6TOV TOUER TG VYEIXG KAL TG QapHa-
KELTIKNG €pevvag. H mapovoa chvtoun emokom-
01 €0TLALEL OTIG TIPOOTITIKESG TIOU AVOLYOVTAL OGOV
a@opd otn BeAtiwomn ™G @povTidag vyelag, Kat

LATPLK®OV CPAAPATWY, TNV EE ATTOCTACEWS TIAPAKO-
AovB1oel TwV AoBEVOV Kal TV TTpoaywy| TG e€a-
Toplkevpévng Bepameiag. Ektevéotepn avapopa yi-
vetal ot Snuovpyla peya-edopévwv vimAng mo-
AVTIAOKOTNTAG YL XPT)OT) GTOV TOAVTIAPAYOVTLKO
oxeSLo PO VEWV VTIOYM @IV PAPUAK®WY KoL 0N
onuacio G 'Bepameiag’ Toug TPV TV avEAvan).
TéAog ylveTal [t GUVOTITIKY) QVOQOPA GTA OTATL-
OTIK& epyaleia OV £@apUOlovVTaL TNV aVAAUOT
HeEya-8eSoUEVWV.

KEYWORDS: Meya-8s8opéva, umtnpeoisg vyeiag, oxediaopnoc @appuakwyv, Ospancia Bacewv

Sedoptvmv

1. Elsaywyn

Tig tedevtaies Sekaetieg mapatnpeital wa paydaio
av&non oy Tapaywyn Kol Kataypagn Sedopévwy
o€ 6AoUG TOUG ToUE(G cupTIEpAAIBAVOEVWY TWV TO-
HEWV TIOV OXETIOVTAL [E TNV PAPUAKEVTIKY) EPEVVA
Kot v vyela yevikotepa. MéBodol kwdikomoinong
Twv dedopévwv kat 1 SuvatotnTa Ym@Lomoinong g
aTIoBMNKEVOTG £XEL STULOVPYTOEL OE TIOAU PEYAAES B~
oelg SeSouevwy, opllopeves ws Baoels puéya Sedopé-
vwv. Yrtapxouv moAdol oplopol Twv peya-8eSopévwv.
Toupwva pe tov oplopo g Wikipedia “Big Data” ei-

vat €vag 6pog Tov apopa Bacelg SeSopévwv Tov elvat
TOO0 PEYAAEG 1) TOGO TTOAVTIAOKES TIOU SEV ETIITPETOVV
™V ene€epyacia TOUGS yLo TNV GVTANGN TIANPOPOPLOY
HE TS oupPatikég uebodougt. O dykog Twv Pacewv
peya-8eSopévwv, ek@palopevos o bytes agopa oe
TEPAOTIO aplBpo dedopévwv Ty, o eVpog terabytes
(10'2), petabytes (10%°), hexabytes (10%) 1} ko peya-
Atepo. H tayxmta, SnAadn o pubudg avénong tov
6ykou ¢ mAnpoopiag, N oAl oto Badud Swa-
(popoTIoinong Twv SeSopuévwy Kat 1 HETABANTOTHTA
amoTteAoVV emiong mapdyovieg Tov Yapaktmpilovv
Ta peya dedopéva. ‘Evag Snpo@ing oplopdsg Twv pe-
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ya-8eSopévwv ou éxel tpotadel amod Tov Gartner Ba-
olletar ota “3V”: vPmASG 6ykog (high volume), vymAn
Toyvmra (high velocity) kat vymAn TowAopoppia
(high variety) kot otV amaitnon KavoTopwy, amo-
TEAECUATIKOV WG TPOG TO KOGTOG TEXVIKWV YA TNV
emeLepyaoia TOUG, PE OKOTIO TNV KATOVON O KAL TN
MU amo@acewv?:. EvoAAaKTIKA Ta peya Sedopéva
Ba pumopovoaV Vo XAPOKTNPLOTOVV a0 TOV UYPMAL
BaBud moAumAokdTnTAG IOV O8N YEL TIG CUUBATIKEG
uebddoug emegepyaciag o amotuyia.

Xt0 gynjua 1 ouvoyilovtal oL TaPAYOVTES TIOL GUU-
B&Aovv ot Snuovpyia Baoswv peya-dedopévwy. H
TIoKIAOpop@ia €xea TEpALTEPW aVOAVOEl o€ TToKIALY,
HETABANTOTNTA KAL TTOAUTIOAOKO TN TAL.

H avdvon peya-8edopévwv Bewpeital 0TL amoTeAel
TOV V€O 0ploVTa YLX TNV KXLVOTOUIX TNV avTOy VLo Tl
KOTNTA KAL TNV TIHPAywYIKOTNTA Kot )81 e@apuole-
Tl O€ TIOAAOUG TOUEIS SLAPOPETIKIG TIOAUTIAOKO TN TAS
amd ™ @uoky, ™ xnuelo, ™ Boroyia, Ty LaTpkn Kat
™mv @povtida vyelag (evidence based medicine) péxpt
™V owkovopia*®. Ortopeis avtoi aAAnAoovoyetifovtat
1 otkoSopovvTaL EMAAANAQ, LE TV PUOLKY) va Bploke-
Tl ot BAoM TOU OKOSOUNUATOG KAL TNV OlKovouia
oV kKopuen® (oxnua 2). H avayvwplon tov oxupov
Suvapkov ™G avaAveng peya Sedopévwv 0d1ynoe to
2012 tov [Ipdedpo twv Hvwpévwv MoArtewwv Obama
v avakowvmoeL ) Stabeon > 200 M $ yia to tpoypop-
pa Big Data Research and Development Initiative’, evw
QVTIOTO N TIPOYPAUHATH KAL CTPATIYIKEG avaTTVo-
oovtat kat otnv Evpwraikn ‘Evwon ota mlaiola tov
Horizon 20208,

MoAumAokotnta  Akpipeia

T e
7] 1] oo

Xnpeia

» W
o v

Zynua 2. Toueis avéavdusvng moAvmAokdtntas, pOivovoag
akpiBelag
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MoAumAokdtnre

Big Data

MetaBAntétnTa

Zynua 1. Xapaktnplotikd peya-6e50uévwy

2. E@appoyég g AvdAvong péya-8eSopévwv
otov Topéa TG Yyelag kat ¢ PappaKeVTIKG
£pguvag

H avaivon peya-Sedopévwv Pplokel e@appoyn o€
TIOAAOUG TOUE(G IOV oxeTilovVTaL e TNV UYela Kot T
PUPUAKEVTIKY €peuva. AVa@EpEeTal 1 onpacia g
0TO CUOTNHA PPOVTIBAG TNG LYElAS, oTNV KAWIKY
£pEVVA, OTNV LATPLKY KoL QapHaKoAoyia cuoTnua-
TV, oV TIPdLAEYM TG TOEIKOTNTAG, OTNV AVAAUGT
LTPIKWV SeS0PEVWY, OAAG Kol 0TOV OXESIAOUO KAl
NV avakGALYm VEwV @opuaKwv® e,

2.1 Ymmpeoisg Yyeiag
H avdAvon peya-6eSopévwv éxel TpokaAéael Toun
0TO GUOTNUA PPOVTISAG TNG VYElXG pe TNV adloTol-
101 CAANAOETKAAVTITOUEVWV TIPWTOYEVWVY SeELE-
vov. 0L KUPLOTEPEG TINYEG TIPWTOYEVWV SEEAPEVWOV
TEPAAUPAVOLV:

1) KAwvika SeSopéva amo tapdSovug vyeiag, Tty nAe-
KTPOVIKA LATPIKG Ap)ELQ, LATPIKES ATTELKOVIOELS

2) SeSopEVA PUAPUAKEVTIKIG EPELVAG KL AVATITU-
NG TIOV TIPOEPYOVTAL ATIO PAPUAKEVTIKEG ETALPELES
KL aKaSUalKA KEVTPA KAl apopovV OE TANPOPO-
pleg yla To umyaviopd Spdong, Ty mopeia Tov @op-
HLAKOU OTOV 0pYaVIGUO, AQVETIOVUNTESG EVEPYELES, TO-
EotnTaL

3) Afuiwoelg kat Sedopéva kOoTOUG ATtd TOUG TAPO-
XOUG KoL TI§ VTN peaies vyelag mov meptypd@ouy tv.
QTOTEAEGUATIKOTITA KAl TO KOOTOG NG Bepameiag
KO TTOMTIKES ool iwong
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4) ZupumepLpopd aoOeVWHV KAl GAAWY EVOLOPEPOLE-
VWV LEPWV EVTAG KL EKTOG TOVU GUOTIIATOG VYElQG.

‘Eva emtuymuévo mapddetypa cupBoAng Twv pe-
ya-8edopévwv otn @povtida vyeiag amoTeAel ) TPO-
BAeym yia v e€amiwon ¢ ypimmg to 2009, avaAv-
ovtag dedopéva amo v Google!. H Google amoteAsl
onfuepa TN HeyoAUuTepn PBdomn peya-Sedopévwv pe
Suvatomrta emefepyaciag mAnpogopiag peyeboug
mepimov 24 petabytes tnv nuépa.

H épeuva McKinsey Tou op@wvupov voTiTovTOoU
T0 2011 vmoompilel 6TL 11 av&Avor peya-SeSopé-
vwv ot HITA Ba pmopolios va HEWWOEL TO KOGTOG
¢ vyeiag mepimov katd 300 Sioekatoppvpla $ to
xpovo'2. EmmAéov, 1 avaivon peya-8eSopgévwv emt-
TpEMEL TV TIapakoAoVOnon achevwv €§ amootd-
OEWG EVW OUUPBAAAEL oNUAVTIKG 0TV pelwon Twv
LATPIKWV GPUAPATWY, SESO0UEVOL OTL OL ATIOPACELS
Aappavovtal pe aiyopiBuovg otn Bdon EumeElpwv
oLoTNUATWVE,

H 80vaun twv peya Sedopévmwv ExeLldn eumvevoeL
OPLOUEVEG ETALPEIEG VA AVATITUEOUV EQAPUOYESG HECW
KLWNTWV TNAEQWOV®V YA T @povTida vyelag.

lMNa mapaderypa, n etapeia Asthmapolis Ttapéyet
BeAtiwpéves vTMpesieg aToug TTAoXOVTES ATIO doBua
TPaKoAoVOWVTAG pe evowpatwpévo GPS otig ov-
OKEVEG ELOTIVONG TIOCES (POPES OL AoOEVE(S TIG XpMOL-
pototovv, evtoTifovtag mopdAAnAa v ToToBecio
Tov Pplokovtal Kot TV wpa G Nuépas. Katdmv
avaAuTtikiG emefepyaciog ot acBevels Aappdavouv
€EATOUKEVIEVEG OUUBOVALS, e aloToinon Twv Aoyt
opk®v i0S kat Android. ZxeTikeg peA€teg £xouv Sei€et
OTL EQAPLOYT QUTH LElWOE TOV aplOpo Twv pn eAgy-
XOUEVWV AoOUATIK®VY (TIOU XP1OLLOTIOLOVV GUOKEVES
elomvon|g) kata 50%. H etaipeia Gingerio mapéyet
o€ aoBevels pe Sl e@appoyn o€ Knto Tov Sivet
™M SuvatdTNTA TAPAKOAOVONONG TNG CUUTIEPLPOPAS
TOUG G€ GUVEVVON 0T LE TOUG BEPATIOVTEGLS.

2.2 dapuakevtikny épsvva
H avdivon peya-8edopévwv ivatl Suvatov va cup-
BdAeL o€ 5 AEOVEG TNG PAPUAKEVTIKNG EPEVVAS.

L. Zyediaouos véwv vmonelwv apudkwy, Hécw
UOVTEAWV TTPSPAEYNS

H avoxddudm véwv @apudkwv omd To oTadlo g

€PEVVAG WG TNV TEAIKT £YKPLON QTIO TIG PUOULOTIKES
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apx€s amoutel cUVOETES, HaKPOXPOVLES Kat Satavnpég
Stepyaoieg!®’. H éupaon oe povtéda pofiedms mg
SpAomg, TWV PAPUAKOKIVTIKWV SLOTHTWV, TWV QVE-
TUOVUNTWV EVEPYELWDV KAL TNG TOEKOTNTOG TIG TEAEL-
Taleg Sekaaeties oToyxeVel oTOV EYKALPO EVTOTILOUO
TWV ATOTUXLWV KL WG €K TOUTOU UEIWGT TOL XpOVOL
KOl TOU KOGTOUG GTNV aVOKAAUYM VEWV Ao QUAEoTE-
pwV @apuakwv?l, EKTIHdTot 0TL Ta povTéAa TIpoAe-
Ymg elvat Suvatov va HElwoouy Katd 3- 5 £t Tov xpo-
VO TIOU QTIALTELTAL VO UTIEL VAL (PAPHAKO OTNV QXY0opQ
Kot 0 0Ttoiog oLV BwS PBHAvel ota 13-15 €. ATd TV
GAAN 0 TIEPLOPLOUOS TWV AKPLBWV KAWVIKWV SOKIUL®DY
OTo LTIOYMPLA PAPUAKA UE TIG TIEPLOCOTEPESG EVKOL-
pleg empépel onpavTiky pLeiwon Tou k6oToug. I'a v
KATAOKEUTN LOVTEAWV TPORAeYMG amatteltal 1 amo-
TEAEGUATIKY OTATIOTIKN aloToinon oo To Suvatdv
HEYAAUTEPOL GYKOU TIPOKAVIK®V KAl KAWVIKWV §£80-
uévwv. H mpocéyylon autn €xel odnynoeL oty ava-
TITUEN EVOG VEOU ETILOTNOVIKOV TIES(OV, TNG PAPHAKO-
TIANPOPOPLKTG, 1) OTIola OTOXEVEL 0T Slaelplon OAwv
TV SLBECILWY TTANPOPOPLWV, OTIO TN GUYYEVELX UE
ToUG VTIOSOYXE(S, WG TA PAPUAKOKIVITIKA KL TOEKO-
AOYIKG amtoTEAéopATA??,

Emti mAfov €xeL emiong avayvwplotel 1 onuacio
TNG OLKOVOWULKNG BE®pPNONG 0TO GYESIAGHO Papud-
KWV, 8E50UEVOL OTL CUYVAE TIaLlEL CIILAVTLKO POAO Yo
™mv Topela TwV VITOYM@PIWV EAPUAKWY GTNV ayo-
pa. Q¢ gk ToUTOV TPAoPATA £xoVV apyioel va Sa-
nop@wvovtat [locotikég Tyéoelg Aoung-Okovopiag
(Quantitative Structure-Economics Relationships),
Baolopéves oe avdAvon peya-Sedopévwv Kot ot
0TI0(eG CUYXWVEVOUV XTIKEG HETABANTES LE OLKOVO-
UKoV Selkteg?.

I Mepapatikog oyedlaoUos TWV KAVIKWY SOKIUWV

H eappoyn otatiotikwv epyareiwv kot adyopiOuwy
Yl TEWPAUATIKO oxedlacpd ocupfdaidel o opBoTEPO
OXESLAGHO TWV KAWVIKWOV HEAETWV KAL 0TI OTPATOAO-
YNom Twv KATaAANAITEPWY EOEAOVTOV KATA TLG KAL-
VIKEG (PATELS TNG SLHSIKACING £PEVVAG KAL AVATITUENG.
[Ipocopowoels ya v BeAtiotomoinen Touv eVPoUG
TwV eVOelewV YA i GUYKEKPLUEVT SpaCTIKY ovaia
KOG KAl 0 GUVEVACHOG TIPOKAVIK®V KOL KAWVIKWOV
Sedopevmwy e epmopikeg TpoBAEPELS Kal LloTopLkO Se-
Sopgvwv amd puBULETIKEG apXES aLEAVOLY TIG TIBAVO-
TNTES EYKPLONG TNG VEAS EVWOT G,
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III. AvéAvon Sedouévawv KAVIKWY SOKILUWY - ETAVACTO-
XEVON PApUKWV

H avaivon twv Sedopévwv KAWVIKGOV SOKIUWV Kot
ava@opwv acbevwy, PETAED OAAWV Kol HECW NG
(PUPUAKOETIAYPUTIVIOTG, Elvatl SuvaTtov va GUPPBAAAEL
OTOV £YKOLPO EVTOTIOUO QVETIOOUNTWVY EVEPYELWVY,
WOTE TUXOV amdovupon va yivetal emiong éykatpa. Ei-
VoL GAPEG OTL ATTOCVPOT EVOG PAPLAKOU PAPUAKWY
OUYVA EXEL SPAPATIKA AMOTEAECUATA TOGO Yl TOV
TAnBuopd doo kat ywx v etapeia. To 2004 n amo-
oupomn Tou avodynTikov Vioxx kootioe mepimov $7
Stoekatoppvpla oty Merck, eva o81ynoe ag ToAAoUg
awpvidioug Bavatoug.

Ao ™V AdAAN, oL SlaToTOVNEVEG QVETIIOVUNTES
EVEPYELEG EVAL SUVATOV VA TAUTIOTOVV [E CUYKEKPL-
HEVOUG VTIOSOXEIS - OTOXOUG KAl va 08NY1|60UV 0TV
EMAVAGTOYEVOT] YVWOTWV PAPHAKWVZ,

IV, Eéatopukevuévn Oepameia

H avaivon g Baong peya-6edopgevwv tou yoviSim-

HOTOG QmOTEAEl TIOAAQ UTIOGYOUEVT] TEXVIKN Yl TNV

efatopikevon g Bepameiag. O 0TOXOG ALUTOV TOU

TopE elval 1 GLOXETION PETAED YEVETIKWV TIAPOAAQ-

YWV, TG TPoSIABEGNS Y TNV AVATITUEN GUYKEKPLUE-

VWV AGOEVELWDV KL TWV ATIOKPITEWY 0€ CUYKEKPLUEVX

PAPUAKA KOL 1] €LOTIOM 0T AUTWV TWV TAT|POQOPLDV

KAT& TNV avATTTUEN VEWV appdakwv. H e§atopkeupé-

vn Bepameia pmopel va cupdrel oy BeAtiowon tng

ppovTidag vyelag pe Tpelg TPOTOLG:

A) Eutpémer v éykaipn Sidyvwon g acBévelag
TIPLV 0 AGOEVNG EUPAVICEL CUUTITOUATAL

B) BeAtiwvel Ti§ amoteAeopatikég Oepateieg Sedopé-
VOU OTL KOTIYOPLOTIOLOUVTAL Ol AGOEVEIS WG TIPOG
™ HopLakt) Toug ‘Vtoypagn’ (€xet SlamiotwOel 6Tt
acBeveig pe v Sla acBevela ouxva Sev amokpi-
vovTal To (810 o€ pa Bepameio Adyw YEVETIKNG TTa-
paAiayng)

I') Emtpémel ) pUOuon g 560m¢g cVu@wva LE TO
HOPLAKO TIPOPIA TOU A0OEVT], WOTE VX EAAYLOTOTIOL-
NB0VV oL aQVETOVUNTEG EVEPYELEG KAL VAL LEYLOTO-
TomOei  amtokplon??’,

V. AvdAvon tov ‘uotifov’ twv acOeveliv

H avdAvon tou ‘potifov’ Twv acBevelnv kat Twv Slo-
(PAWVOUEVWV TACEWV ETUTPETEL TO GYXESLAOUO YLt HEA-
AOVTIKEG ATIAUTNOELS Kot KOOTN Bgpamelwv kat odnyel
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0E OTPATNYIKEG ATIOPATELS YLa ETIEVEVCELG OTNV £PEV-
VOUKOL aVATTTUEN VEWV @apudakwv. H avaivon oaut) Bo-
N0deL otV 0pBATEPN €TioGT NG EPELVHG KABWG KOt
OV VA TNOT TWV AVAAOYWV TTIOPWV KAl EEOTIALGHOV.

3. Meya-AsSopéva oty Papuakoympeio
KaLTOV IXeSL1ao 10 @appuakwv

0 XMUKOS XWPOG, 0 XWPOG SNAAST] IOV KOAUTITEL TIG TIL-
BavEG HOPLUKEG SOUES KL TIG LOPLAKEG TOUG LOLOTNTES
eivat TepAaoTog O PAPUAKEVTIKOG XWPOS -UTIOGUVOAO
1N VNoideg péoa 0To XMUIKO XWPO HOPIWwV TIOV EUPAVi-
TOUV PAPHOKOOHOLOTITA- AV KOL IKPOTEPOS EEAKOAOL-
Bel emiong va eivat oAU peydAog. Toco o ynpkog 6oo
KO(L O (PUPUAKEVTIKOG XWDPOG LTTOPOVV VA XWPLGTOVY GE
Svo katnyopies. Toug YWPOUG TWV VTIHPKTWV SOUWV
(factual chemical’space, FCS) 6mouv mepilappavovtat
EVWOELG TIOV €XOVV GLVTEDEL KAL TOUG XWPOUG TWV EL-
Kovikwv Sopwv (virtual CS, VCS) mov avtiotoyolv o€
mBavég Sopés. H vmmpeoia twv Chemical Abstracts
(Chemical Abstract Service (CAS) €xel kataywpnuéva
100 exatoupdpla (108) ek Twv omolwv Ta 75 ekatop-
Hopla £xouv mpootedel Ta tedeutaia 10 xpovia. Kata
uéco 0po n vrmpeoio CAS éxel kataypdel pa évwaon
KaBe 2,5 Aemtd ta teAevtaia 50 xpovios, O ekTUNoELg
YL TOV ELKOVIKO XTULKO XWPO TIOKIAAOUV pE aplBpoug
Tov kvpaivovtat armd 10%° £wg 10%°. Katd cuvémela
£VaL LKPO POVO TIOGOGTO TOU €V SUVAEL LOPLAKOV TIA-
Buopov éxel ouvteDe®.

[N ™ Staxeipion Kot amoBRKeLON TWV XNUKWV §0-
H®V 1] KOSIKOTIONoT) IOV XPNOLHOTIOLEITAL EVPEWS El-
vat 1 ypaen SMILES (Simplified Molecular Input Line
Entry System) 1 omola xpnoipomolel cupPoA0CELPES
ASCII (ASCII strings) yla va amoTumwoeL T SI8laota-
™ Soun o€ pa ypopup. Ta TteplocdTeEpa AOYLOUIKA
avayvwpi{ouv ToV GUVTAKTIKO TUTIO UECW TNG KWSL-
komoimong SMILES kat éxouv ) SuvatdtnTa va Tov
LETATPETOUV O€ TPLodlaoTat Soun.

KaBe Sopn| cuvodevetal amd Hoplakeg tBLOTNTES oL
oToieg peTpovvtalf umoAoyilovtal, SlevpvivovTag Tov
aplopo dedopévwy yOpw amd autiv. AG onpelwBel 0Tt
UTIAPYOUV AOYIOUIKG TIOU Y1 KABE pdpLo voAoyifouvv
Tavw amnd 4500 meprypapkés petafAntes®. EE dAdov
YLt UTTAPKTESG SOUES pia HETPT|OT) 08N YEl CLXVA OF EKa-
TOVTABEG amoTEAéoHATA, €V SUVAUEL OELOTIOWOLUA.
INa mapaderypa, éva @aopa NMR 1) palag pmopet va
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Mivakag 1. Baoeig (neya)-8£8opuévmv o Yp1oLLOTIOLOUVTAL 6TV AVAKGAVYT VE®V @APULAK®DV

Bdon '0Oykog 8edopévwv
Chemical Abstracts Service:
CAS REGISTRY.... AgSopévaywa 117 M
www.cas.org/content/ HKP& popLa
casdatabases
Tvuyxwvevbeioes aoelg Sedo-
Reaxys pévwv 9 M (Beilstein),
WWwWWw.reaxys.com 2.5 M (Gmellin) & Patents
chemistry

ZINC
zinc.docking.org

[Mévw amd 2,7 M epmopiké
SlaBéopeg evaoeLs.

ChEMBL Mopulakoi otoyou: 11.019;
European Evooeig ~ 2 M;
Bioinformatics Institute AgSopéva SpactikdTTAG:
www.ebi.ac.uk/chembl/ 13.967.816

Evwoeig 140 M
PubChem EAeyxBeloeg3 M

pubchem.ncbi.nlm.nih.gov BloAoyikd Sedopéva 226 M

Blodoykég pébodot 1 M.

Th i
erapeutic 2025 I'vwotol otoxoL @ap-

Ei{sjt/]ziézb:l?: e(;:]s); / HAKWV, Bloxnukd povomdtia
e 17.816 @dappaxa
1.350.749 melpapatikeg
lcl)tCtHsE'/M/ochem eu/home/ THEG YL 522 BLoTTES
ps: ’ (xupiwg ADMET culdeybeioeg
show.do

am6d 12473 yég

avaAvBEel WG TIPOG TO GUVOAO TWV GNUATWV.

Ot Sop£g, oL popLakég 1810t TeS, Ta SeSopéva Bloro-
YIKIG 8pAONG, TA ATIOTEAECUATA TIPOKAVIKWOV UEAE-
TWV, TA ATOTEAECUATH KAWVIKWV UEAETWV, OAAL KAl
Ta peta-dedopéva (Sedopéva mov Bacifovtal o Tpo-
nyoVpeva dedopéva, Ty dedopéva pHeTa-avaAloewv)
KAToypa@ovtal Kat amobnkevovtal o€ PeYaAes Ba-
oeig SeSopévav. Xtov Tiivaka 1 apovctalovtal opl-
opéveg Bhoelg peya-8eSopévwv TOU XPNOLULOTIOLOV-
VTaL EVPEWS 0T PAPLAKOXTUEI KoL TOV oXeSIAOUO
PUPUAKWV. ATIO QUTEG OPLOUEVES Elvat EAeVOEPES 0TO
SLadikTLO0, EVW AAAEG aTtatovv GuVSpouT).

0 6ykog FCS twv ynukwv/@appakeutikwyv Baoe-
wv avéavetal Spapatikd ta tedevtaia xpoviad. Emt
TIA0V, OL (PUPUAKEVTIKEG €TALPE(EG TUAAEYOLV Kol
Katoypd@ouvv Ta Sikd Toug dedopéva. Xta mAaiola
™G TIpooéyylong ‘open innovation’ kot LTIO TNV Tiieom
OLKOVOULIK®V SUGKOAMWVY £x0UV apyioel Ta TeEAevTalo
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TMowilopop@ia Sedopévwv

XN UG SOpES, XMILKEG OVopa-
oleg, mepapatikd SeSopéva,
UTIOAOYLOTIKEG TLUEG.

XN HIKEG KAl QUOLKES LBLOTN -

TeG, HEBOSOL TP aKEVTG, XML~
K1} oupTEPLPOPE/ avTidpaoTL-
KOTNTA-0XESLAGIOG 6VVOEDTG.

AA\a ool sia

BiBAwoypapia amd to 1800 FCS

10 M xnuikeg avTiSpacels kat
810N TES.

BiAoypapia amd to 1771.
kupiwg FCS

Aopég 3- D SpactikodTnTa,
TpégIC,  (edv Stabéopeg).

BlodpaotikdétnTa kat @uotko-
XNHKES LSLOTNTES.

EAe0gpn Bdom Sedopévwy ylo et-
KoViKT| Stoahoyn- utoBacel ava-
Aoy« e Tov popn vt 1 GAAX
kpLmnpla Ty @iAtpa VCS ka FCS

ApacticdTnTa kot TipégIC, FCS

FCS

Blodoykoi éAeyyol,
BlodtaoTikdTNTA, OTOXOL,
TIATEVTES

FCS

FCS

XPOVIX (PUPUAKEVTIKEG ETAULPEIEG KAl AKAST| LKA Ké-
vIpa va cuvepyddovtat Kat va potpalovtal SeSopéva
Snpovpywvtag Bacels dedopévwy Tov Pmopolv va
a&lomomBovv amd O6AOUG TOUG GUUUETEXOVTEG 1 El-
vat eEAevBepa TPooPAciEG 0TO KOWG323, TuvoAlkd o
aplBpog Twv kataxwproewv FCS og OAES TIG OYETIKES
Bdoelg kupaivetal oe €bpog Sloekatoppvpiov 107,
EVTUTIWOLAKOG KT apx1V, OXETIKA HKPOG woTOGO
OUYKPLTIKA pE GAAOVG TOLEIG, OTIOV OL KATOYWPT|OELG
ouYVa peTpwvTal o€ exabytes, 101832 (&€ ou kau 1 o
pévBeom oTov TitAo Tou Tivaka 1).

Qo1000 OTIWG avaepbnke kAbe Evwon ouvodev-
ETAL ATIO HOPLAKES LOLOTNTES, TEPLYPAPLKEG UETA-
BANTEG, HOPLOKA ATIOTUTIWHOTA, EVW TOAAQ Aoyl-
OUKA VTIOAOYIZOUV BLOAOYLKEG, (UPUAKOKIVITIKES,
TOELKOAOYIKEG LSLOTNTESG, [LE ATIOTEAEGUA O APLOPOG
TV §e80UEVWV 0AAG KoL 1] TOAVTTAOKOTNTA TOUG VA
AQUEAVEL SPAPATIKA, ATIOKTWOVTAS TIG TTPOVUTIO0ETELG
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Tov opifouv ta peya-6edopéval. ‘Evag Saitepa pe-
YaAog aplBpog mepLypa@Ikwy PeETafAnTwy dnuiovp-
yeltal pe tov vmodoylopd Moplakwv [Mediwv AAAR-
AemiSpacewv (Molecular Interaction Filed, MIF), ta
omola yla k&Be évwon ayyilovv tov aptBuo 1031 10%
'Etol, evw éva Tutikd povtédo CoMFA (Comparable
Molecular Field Analysis) avaAvel celpd evaoewv
™6 Tédéng 10% 1 otatioTikn emeepyacia mepLlAap-
Bével TOAU peyddo 6yko Sedopevwv®. Movtéda 3D-
7D QSAR eme€epydlovtal akoun peyaAVTePo apliud
SebopEvwy, eEAPTWHEVWY Kal oo ToV VTTOSoXEN®S.
AvtioTtoya, n poplakn Suvapikn, | HOPLAKT T(POGO-
poiwon KAT Snuovpyovv peydro 6yko SeSopevwv
TPOG avaAvorn. Oa Tpemel va emonpavOel 6TL Ta
Sdedopéva auta dev eival ‘mpaypatikd, aAAd vTo-
Aoyilovtal in silico am6 v TpSldotatn Soun Twv
popiwv kata T Stadikacia ¢ avaAvong Kot Sgv
amofnKevoOVTAL

3.1 Ospamncia twv Bdocwv (usya) - SeSopévwv.
Data Curation

‘Eva TpOANpa ov €xeL amaoyoAnoeL 8laiTepa ToUG

gpevvnTeg elvat N alomiotio Twv Paoewv peya-6edo-

pévwv. Mia épsuva 6 Bacewv dedopévwy (Suo eAey-

Bepwv Katl 4 EUTOPIKWV), XPNOLUOTIOLOVTAS TEXVIKEG

LOPLOK®V ATIOTUTIWUATWY, KATESELEE OTL TA TOCOCTA

ANOPAKPUVOT HELYHATWY, aQVOpyaviwy,
OPYOVORETAAALKWY

mamamsnanannndeans

L | S NibpBwon Sopwy, amopdkpuvon
ahdtwy
o | PR SR Kavovikomoinan ouykekpuiévwy
XNHELOTUILY
[ VO PO Enefepyacia tautopepuv
Hopdwv
EAeyyoc/anopdxpuvorn

................ EI.T(;\OEY\"F}(I{I)L;N

7 TR Tehwkog eleyyog

‘OEPANEYMENH’ ZEIPA ENOIEQN

Zynua 3. Awadikaoia Oepaneiag’ Baocwv SeSouévwv
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Twv Aabwv kupaivovtat amd 0,1 we 3,4-10 % avdoya
pe ™ Baom dedopgvwv®. Ta Aabn pmopel va agopovv
TOOO OTa XNUKA 600 Kot Ta BloAoyikd SedSopgva. Xta
XMua dedopéva AdO pmopovv va apopovv og Addn
oV (6la ™ Sopr}, TNV SLPOPETIKT KATAYPAPT] TOV-
TOUEPWYV, OTNV KATAYPAPN TNG OUSETEPNG UOPPNG
evw pmopel va givat GAag, ot pn cwoT TauTtomom-
oM HEYUATWY KATL XTa Blodoyikd Sedopéva iSaitepn
onuacio XL 1 OUOLOHOP@IA WG TIPOG TIG LOVASES Kot
TN HOPPT] TWV ATIOTEAECUATWY, 1] CWOTI TIANpO@opia
WG TIPOG TA TIPWTOKOAAQ, VW EXOLV TrapaTtnpN el Kot
A&Bo¢ TIES elte Adyw AavBaouévoy TEPGUATOS it
Kol amd tumoypa@iko o@oipa. H mapovoia Aabwv
OTLG BAoeLg SESOUEVV AVTAVAKAATAL TIPOPAVXG TNV
a&lomotio Twv HovTéAwv Tov e€dyovtal ¢ ek ToUTOV
Slapop@wvetal n avaykn ywa ‘Oepatmeia’ Twv facewv
Sedopévwy Tpv Vv avdAvor] Toug ¥, Xto oyrjua 3 ma-
poucotaovtal Ta Stadoxika Pripata Bepameiag Baong
Sedopévwv.

4. Awaxeiplon - eme€epyacia peya-8edopévwv
OTNV QAPUAKEVTIKT] £PEVVA KAL 6TO OXESLAONO
@APUAKWV

'0Tws NN avaEpdnke 6 dyKog kot 1) ToAVTTAOKOTTA
Twv Bdoewv peya-8eSopévwv Sev EMITPETOUV GUVN-
Bwe ™V emelepyacia pe ATAEG GTATIOTIKEG TEXVIKEG.
EE GAAou eival ca@ég 0TL Sev eivat 0Aeg oL TANpoPo-
PLEG XPNOLUESG 1] OYXETIKEG LLE TO UTIO HEAETT] (PULVOUEVO.
H ymueomAnpo@optki} Kat 1 XMUEOUETPia TTapEYOLV
OTATIOTIKA gpyOAEla TOGO Yot TNV OTITIKOTIOMOT Kot
Katnyoplomoinon twv SeSopeévwy 660 Kal Yoo T
efaywyn povtédwv TpofAeymg, agol amoppifyouv
Tov ‘B0puBo’ ™¢ TAnpoopiag®l. H omtikomoinon kot
Katnyoplomoinon amoteAsl onuavtikd Brpa kat emi-
TUYXAVETAL PE TNV TIPOBOAT] LEYGAWY TIANBLOUWY EV®-
OEWV OE YWPO HKPOTEPWV SLACTACEWV TIOV ETILTPETIEL
TOV OTTIKO €Aeyx0. AUTEG oL Texvikég BonBolv oty
€VPEOT) XNUKDV EVOCEWV LE KALVOTOHO XMIULKO OKEAE-
TO KL (PUOLKOXTUIKES IBLOTNTES KAL ETUTUYXAVOLV TO
oxedlaopd BPAONKWY evwoewv N T olykplon Pi-
BALOONKWV EVWOOEWV YLX TOV EVTOTIOUO TIEPLOXWV OTO
XNUKO XWPO TOU AVTATIOKPVOVTL GE GUYKEKPLUEVO
PUPUAKOAOYIKO TIPOPAY” H. XopaktnploTikég oTatl-
o0TWKEG Tpooeyyloels amoteAoVv 1 Avadvon Kuplwv Xvu-
viotwowv (Principle Component Analysis, PCA), Ia-
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IMivakag 2. ETATIOTIKA EpYAALLR, Yia LOVTEAQ TIPOBAEYTC 1) KATYOPLOTIOINOT) EVPEWG

XPNOLHOTIOLOVUEVH GTT) PAPUAKEVTIKT] EPEVVA

Tpappkn
avdivon
[MoAAamAn Fpappkr Avédvon MoAwSpdunong X
(MLR)/ 'evetikol AlydpiBpot
Avaivon Mepikav EAayiotwv Tetpayhvwyv (Partial X
Least Square/Projection latent Structures, PLS)
Avéivon Madwspopnong Kupiwv Zuviotwomv X
(Principal Component Regression, PCR)
Avéivon Kupiwv Zuviotwowv Principal Component
. X
Analysis, PCA
PLS- Discriminant Analysis, PLS-DA X
Generative Topographic Mapping, GTM
Cpappua Ataywplotiky Avaivon X

(Linear Discriminant Analysis LDA)

Texvnta Nevpwvika Aiktua (Artificial neural
networks, ANN)

Bayesian NN

Associative NN

Mnxavég Atavvopdtwv EtpiEng (Support Vector
Machine, SVM)

k-Nearest Neighbors

K-means

Aév8pa Aodoewv (Decision trees)
Random forests

Aév8pa Katnyopmoinong kat [adwspdunong
(Classification and Regression Tree (CART)

Ensemble methods-Bagging-Boosting trees

Amowieg pupunyxiov (Ant colonies)

paywywkn Tomoypagkr Xaptoypdenon (Generative
Topographic Mapping GTM), ta Texvntd Nevpwvika
Aixtua Kohonen (Kohonen networks) k.At.*

lNa mv e€oywyn poviédwv mpofAemg 1 kAo
TIOAAXTIAT] YPOUULKT] avGAVGT] TIOAWVSpOUN NG UTTopEl
va gpappootel ae cuvduaopd Fevetikog 1 EEeAucti-
KkoUG AAyopiBuoug. H Avaivon pepikwv Edayiotwv
Tetpaywvwv (PLS), eméktaon ™G avdAvong kupi-
wv ouwviotwowv (PCA) odnyel o€ ypappkd povtéda
péow G HeBOSov wv TPoBoAWY, v pPavilel TAE-
OVEKTILATA EMTPETOVTAS TNV TAUTOYPOVT EMEEEPY XL
ola TIEPLOCOTEPWV ATIOKPITEWVY YA TNV €EQYwYT OL-
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Mn ypoppkn Movtéla Katnyoplomoinon/
avdivon TpoBAEYNG OTLTLKOTIOW| 0T
X
X
X
X (un emBAemdpevn)
X (emBAemtopevn)
X X (un emBAemtopevn)
X (emBAemtopevn)
X X X (un emBAemtopevn)
X X X (emBAemtopevn)
Mn o
TR X X (emiBAemtopevn)
X X X (emBAemtopevn)
X X X (emBAemtopevn)
X X X (emBAemtopevn)
X X X (emBAemtopevn)
X X

vawvetikov povtedov®®. H avdAvon PLS epapudletot
otV enegepyacia tov peydAov dykou Twv SeSopévwy
Tou Snuovpyeital oe avadvoelg 3D-XD QSAR3¢, Ta
TEXVNTA VEUPWVIKA S{KTLQ, OL UNXAVESG SLAVUOUATWY
omping, Ta SEVSpa ATOPACEWY GUYKATOAEYOVTOL
OTIG UNXOVES ekpaBNoMG, Tov Bpilokovtal 6€ GLUVEXT|
€EEMEN KL eappolovtal TOoO Yl KaTnyoplomoin-
o1 600 KAL YIX TNV EE0YWYN U1 YPAUULIKWOV HOVTEAWY
TpoBAeYNG*2 T TV emegepyacio Tov peydiov Gykou
Twv edopévwy ouxva elvat amapaitnto va ponyn et
KOVOVIKOTIOINON 1] HETATPOTIES (TL.X., KAVOVIKOTIOMOT)
o€ povadiaio Stakvpavon-Unit Variance, Metatpomég
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Fourier, Metaoynuatiopoi Wavelet). Ltov mivaka 2
ouvoiovTal 0L KUPLOTEPES TEXVIKEG TIOU XPT|CLLOTIOL-
oUVTaL 0T PAPUAKEVTIKT] EPELVA VLA TNV a&LOTIOM o
peya dedopévwv. H Suvatomta mpopredmg g mo-
Av@appakoAoyiag nA. TG GUYYEVELRG TWV EVWOE-
WV LE TIEPLOCATEPES TIPWTEIVEG GTOV OpyaVIGHO 1181
OTH TPWLHA oTASI oXESIAGHOU elvat TOAVTLUT S16-
TL TIOPEXEL TIANPOPOPLESG VIO TNV EKAEKTIKOTITA TWV
EVWOEWV KL EVOEXOUEVEG AVETILOVUNTEG EVEPYELES 1|
TNV EVEEYOUEVT] GUVEPYELA TOUG GUIPOVA LE TNV TIOA-
AamAn} otoxevon. O TOAUTIHPAYOVTIKOG GXESLAGHOG
€Tl TIAEOV XPELAETAL VO GUVEVAOEL ATMOTEAEGUATO
SLaPOPETIK®WY SlEPYATLWV, TLY SlATEPATOTNTA, LETA
BoAlopo, TPpWTEIVIKY) GUVEEOT UE TN CUYYEVELX GTOUG
vmodoyeis. H avaivon peya-Sedopévwv Ba pmopovoe
Vo 0TOXEVOEL 0TIV a€loTIoN oM OAWV TwV SLaBEoIwY
mAnpoopwwv otig Bacelg PubChem, ChEMBL kAm
YLt TNV KATAGKELT] EVOG TETOLOU TIOAUTIAPXYOVTIKOV
HOVTEAOUL YLX Lot OALOTIKY TIPOBAEYT TNG GUUTIEPLPO-
pag vmoymeilwv @appdkwv. ‘Eva tétolo eyyeipnuo
TPOPAV®G ATIOUTEL TEPAOTIA UTIOAOYLOTIKT] oYV KAl
aKOUN Tio eEEISIKEVIEVA KAL TIEPAV TWV TIPOAVOPEP-
BEVTWY OTATIOTIKA EPYAAELQ.

Big Data: The New Horizon
for Innovation in Health Care
and Pharmaceutical Research.
Challenges in Drug Discovery

Anna Tsantili-Kakoulidou

Department of Pharmaceutical Chemistry,
Faculty of Pharmacy, National and Kapodistrian
University of Athens, Panepistimiopolis,
Zografou, Athens 157 71, Greece

Summary

It is expected that Big Data, characterized by the
three ‘V’- high volume, high velocity, high varie-
ty- will change our lives in the next decades, be-

APOPO EINIZKOITHXHY | REVIEW ARTICLE

5. Xupnepdopoata

Ta peya dedopéva avapévetal va aAldiouvv Tov
TpOTOo {WNG MG TIG ETOUEVEG SEKAETIEG ETLPEPO-
VTAG EMAVACTACT GTNV KOLVoToRla TNV avtayw-
VIOTIKOTNTA KAl TNV TAPAYWYLKOTNTA O TOA-
AoU¢ topelg, peTal GAAWV KoL GTOV TOUEQ TNG
vyelag kat T @oappakevTikn épevva. H edayloto-
TO(NOoN TWV LATPIKOV CPAAUATWY, 1] EEATOUIKEV-
uévn Bepameia, n mapakoAovOnon Twv acbevwv
€€ ATMOOTACEWS, O ATTOTEAECUATIKOTEPOG OXESLA-
OHOG TWV KAWVIKWOV HEAETWV ATOTEAOVV XAPAKTI)-
PLOTIKA TAPASEYHATH TEPIMTWOEWY TOV EMW-
PeAOLVTAL KaL VTIOoTNPllovTal amd TNV avaAvon
ueya-dedopévwv. EldikoTtepa aTo oxedlacpud twv
@apuaKwyv peya-8edopéva ouvxva SnuLovpyov-
VTAL ATTO TOV VTTOAOYLOUO SLOTHTWV KAL TIEPLYPA-
PIKOV PETABANTWV, TNV EUTAOKY TEPLOGOTEPWV
Slepyaotv Kol TN OUYXWVELOT SLX@OPETIKNG
Hop®NG Sedopuévmwy UE ATOTEAECHN VA TTAPATN-
peltat VYMAGG BabBuog mMOAVTTAOKOTNTAG KL Vo
ATALTOVVTAL EEELSIKEVIEVEG KAL ATIOTEAECUATIKES
OTATIOTIKEG TEXVIKEG. [

ing the next frontier for innovation, competition
and productivity in many fields, including health
and pharmaceutical research. The present re-
view presents the new challenges triggered by
data analysis for the improvement of health care,
promoting minimization of medication errors,
patients’ distance follow up, personalized medi-
cine. The creation of big data with high degree of
complexity, to be used in multi-task drug discov-
ery and the importance of their curation are dis-
cussed. Statistical tools used in Big Data Analysis
are shortly presented.

Key words: Big Data; health care; drug discov-
ery; data curation
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Nea amo v EAAnvixi)
dappakevtikn Etapeia

Znv dwroypapia supavidovtal 6Aot ot oUUUETEYOVTES aTo council meeting mpoedpot Twv EvpwTraikav EMOTHUOVIKWVY ETAUPELWDY

H EAXnvua dappakevtikry Etapela (EPE) ovppe-
TéEXEL evepyd oTlg Spaotnplotteg tng European
Federation of Pharmaceutical Sciences (EUFEPS).
Tov Aeképfplo 2016 €rafe xwpa oto Leiden (OAAav-
Sia) n ouvavmon tov Council g EUFEPS ot epya-
oleg Tov omolov peteiye amd MAevpag EPE o Mpdedpodg
¢ Kabnyntic Kwotag Aepétfog. Zto Council ouln-
™mMOnkav B€pata Tov agopovoav TI§ SadIKacies Yl
™V HEYAAUTEPT ATOTEAEOUATIKOTNTA KUPIWG TWV
ETOTNUOVIKWOV SIKTU®WV (networks), e TIpoTATELS YL
TNV GUUUETOXN TIEPLOGOTEPWYV ETAIPWV TOGO ATIO TNV
Bopmyavia 600 kat og atopkd eninedo. Emiong ov-

140

nmOnke oe peydAo Babpo n «yépupa» 1 omola ava-
mtooetat avapeca o€ EUFEPS kat AAPS (American
Association of Pharmaceutical Sciences) pe otdxo mv
EVAPUOVNON TWV ETIOTNUOVIKWV SpAcTNPLOTHTWY
TWV PEYOAWV aUTWV opyaviouwv. Emiong, pe mpo-
taon g Feppaviag, amopacicOnke 1 petawopd ™g
ypappatetag g EUFEPS oto BepoAivo pe mpoowmi-
kO To omoio SlaBEtel xwpls okovopkn emPBapuvon
N Feppavikry @appaxevtikn Etaipeio. Tédog, culnt)-
Onkav BEpata Kot AETTOUEPELEG TNG CUUUETOXNG TWV
EVpoTak®v Ywpwv 6To Tarykoa o cuvesplo g FIP
Tov Mo otV ZtokyoAun to 2017.
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Anuoacisvon position paper oto

European Journal of Pharmaceutical Sciences
Post position paper in the

European Journal of Pharmaceutical Sciences

Emiong ta péAn touv AX. g E®E Snuocicvocav ta
ATIOTEAEGUATA EPWTNUATOAOY(OU OXETIKA UE TN Sl
Biov padnom kot TN cLVEXIIOUEVN ETAYYEAUXTIKNY
SLUOPPWOT) TWV PAPUAKOTIOLWY GTO ETILOTIOVIKO

meplodikd European Journal of Pharmaceutical
Sciences, emionuo opyavo g EUFEPS. O titAog g
Snuoocievong, oL ouyypa@eis kat 1 epiAnym @aivo-
vTaL otV akdéAovon elkova.

European Journal of Pharmaceutical Sciences 93 (2016) 1-111

. . . . =
Contents lists available at ScienceDirect
PHARMALFUTICAL
SCIENCES

European Journal of Pharmaceutical Sciences

journal homepage: www.alseviar.com/locate/ejps

Stimuli-responsive survey of Hellenic Pharmaceutical Society (HPS) to detect learning
attitudes and needs of Greek pharmacists towards Continuing Professional
Development (CPD)

Costas Demetzos *, Anna Tsantili !, Eleni Skaltsa !, Angeliki Siamidi ', Giorgos Koutepas ', Natassa Pippa ',
Konstantinos Gardikis ', loanna Chinou ', Olga Tzakou ', Sophia Hantziantoniou ', Konstantinos Ghirtis '

Hellevic Pharmaceurical Society, 30, Emm Benaki str. Athens 15771, Greece

Summary

The purpose of this study was to examine pharma-
cists altitudes. behaviorisms. and preferences to-
wards continuous professional development (CPD)
in Greece. The Hellenic Pharmaceutical Society
(HPS) in Greece developed a questionnaire that was
available online for the Greek pharmacists from all
working fields to fill out. All responses were included
in the data collection and survey results were com-
piled into Excel software spreadsheets for analysis.
Pharmacists in Greece seem to understand the need
of CPD in their profession and are willing to under-
take courses to enhance CPO opportunities: All of
the respondents agreed on the need to strengthen

their knowledge and 57% of them indicated that
they would be willing to participate in a complete
program of high level interactive training that leads
to certification after suitable examinations and, 31%
were willing to participate in interactive training and
12% were willing to participate in a basic training.
Almost half of the respondents were willing to spend
more than 8 hours per month on their continuing ed-
ucation indicating that Greek pharmacists are willing
to adopt a complete CE system. This study provides
and assesses important baseline data on pharma-
cists and CPD in Greece to provide guidance to future
efT01ts towards development of a CPD program.
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[TAPOYZIAXZH NEQN BIBAIQN |PRESENTATION OF NEW BOOKS

A 4

IETOPIA THE
PAPMAKEYTIKHE

[Meplapfavel ta akdAovBa ke@aAaia:

1. OpnokevTtikn mepiodog

2. Ta @appaka ot apyxaia EAAGSa

3. Popaikn 1 eAAnvo-pwpaikn mepiodog
(146 pX.-395 pX.)

4. H pappakevutikn oto Bulavtio

5. H papuaxkeutikn atov apafikd k6opo

6. H ®apuakeutikny katd tov Mecaiwva

7. H ®apuakeutikny katd tnv Avayévvnon

8. H dappakevutiki peta v i8puon touv EAAnvikon
Kpatoug

9. LUyxpova @dappoka: 1 avakaAuvm Toug

210 oVYYPAUUX TIEPLYPAPETAL 1] EEEALKTIKT] TIOPELQ
TWV QAPUAKWY ATIO ApYULOTATWY XPOVWV EwG oN-
puepa. O a&ovag emi Tov omoiov otadlakd Siapop-
ewvetal 1 lotopla ¢ PappakevTIKNG akolovOel
TL§ €&n¢ mepiodovg:
1.0pnokevTIKn TtEpiodoc:

a) OgpamevTiky TPpWTOYOVWY ) Apyxaiwv avatoAl-

K®V Ao®V
2.®1hoc0@IkN tEpPiodog:

a) Ta @apuaxka otnv apyxaioa EAAGSa, B) n Stddoon
kat 1 €§€AEN toug oty Pwpaikn emoxn y) oto Bu-
ZavTio.

Tivetal emiong ava@opd oe oUyXpova QUTIKA
@APUAKQA KOl O LOTOPIKA & £OVOQAPUAKOAOYIKA
Sebopéva.
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Iotopla TG PAPUAKEVTIKIG
[nAekTpoviko BiAio]

YkaAtod, E., 2015. AGyva:Xovdeouog EAAnvik@v Akadnuaikwv
BifroOnkwv. AiaBéouo oto: http://hdl.handle.net/11419/5095
ISBN: 978-960-603-333-9 ID Ev66éov: 59303494

3.Nepapatiky) mepiodoc:

a) Pappaxeutikn ApaBwv B) AAmuiotés y) latpo-
Xnukot 8) @utikég Spdyeg, mov ewonxOnoav otnv
Evpwtn amd tous OaAaccomdpous
4.Emiotnpovikn epiodog (1906 awwvag -onpe-
pa):

Ava@épeTaln amopovwon @apUAKEVTIK®OV 0UCLOV
aTd QUTA, N AWWATTTUEN TNG GLVOETIKN G PAPUAKEVTL-
KNG Xnuelag (Y. cLUVOETIKA avaAAYNTIKA, QVTUOTA-
HLVIKA, XPWOTIKEG KAT), N BLOUNYAVIKT] TTApAywYN
@appakwv. Emiong mepiypdagetal 1 avakaivym
TV AVTLBLOTIK®VY, AVTIKAPKIVIKWOV ((QUOLK®YV, MHL-
OLVOETIKWV, GUVOETIKWY), oppovwy, eviluwy, fBi-
Tapwvov. MapdAAnAa TepLypa@oOVTaL GUVOTITIKA TA
ONUAVTIKA ETTEVYHATA KOL CUVAPWV ETILTTNUDYV,
6mw¢ BloAoyiag, Xnueiag k.d., Ta omoia emnpéacav
™mv €EEAEN ™G PAPUAKEVTIKNG ETLOTIUNG.

Axoun oto oVyypaupa avagépovtal ot gmion-
pes kat avernionpes apuakomolieg Tov EAAnviKov
Kpdtoug kot emonuaivovtat ot aAAayég o€ kaBe
éxdoon pe Bdon v eEEAEN ™G PAPUAKEVTIKNG
ETILOTHUNG.

Tlvetal ava@opd oty (§puon twv dappakev-
TIKOV ZX0AWV Kat WSlattépwg touv EKIIA, Tov ftav
1 TPWTN ToL 8pUBNKE KAl 0TS AAAXYEG TOU TIPO-
YPAUUATOG GTIOUS WV

Tédog ava@épetatn (5puaT TwV TPWTWV EAPUA-
kelwv otnv EAAGSa.
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PHARMAKEFTIK], 28, I1I, 2016 EKAHAQZXEIY | MEETINGS

EKAHAQZXEIX | MEETINGS

9-12 OCTOBER 2016 VIENNA, AUSTRIA
16th International Symposium on Preparative and Industrial Chromatography and Allied Techniques

WWWSPICAZOLGOTG | ..o s s
20-23 OCTOBER 2016 SPARTA, GREECE

2nd World Congress ‘Genetics, Geriatrics and Neurodegenerative Diseases Research’,

http://www.genedis.eu/

18 NOVEMBER 2016 BUDAPEST, HUNGARY
VI Meeting of the Paul Ehrlich Euro-PhD Network
http://phdcongress.com

24 -25 NOEMBPIOY 2016 AOHNA

Amuepida EAAnvikn¢ @apuakeutikig Etaipelag
«H BLBAoypapia wg “mtoAvduvapo epyaieio” yla tnv EmGTHUN»

www.efe.org.gr/

11-12 FEBRUARY 2017 AGHNA
Emiotnpovikn HuepiSa EAAnviki ¢ @apuakevtikng Etalpeiag

Zappeion Conference and Exhibition Center

18 - 19 ®PEBPOYAPIOY 2017 OEXXAAONIKH

30 MaveAAvio Zuvedplo PappakevTiKwV TUNUATWY

AiBovoa TeAstwv Tov AIIO
www.pharma.edu.gr
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EKAHAQZXEIX | MEETINGS

18 - 19 FEBRUARY 2017 AOHNA

1° Emiotpovikd Zuvédplo dapuakevtikns ®povtidog
EAAnvua) @appakevtikn Etatpeio

ExOeoiaké Kévtpo Metropolitan Expo, ABrjva

1-3JUNE 2017 THESSALONIKI, GREECE
17th Hellenic Symposium on Medicinal Chemistry (HSMC-17)

WWWSIICGE. | oeeeeoeeosesssossssssss s s s st s 50
11-14JUNE 2017 COPENHAGEN, DENMARK

1st RSC Anglo-Nordic Medicinal Chemistry Symposium

http://www.rsc.org/events/detail/23370/1st-rsc-anglo-nordic-medicinal-chemistry-symposium

25-28JUNE 2017 DUBROVNIK, CROATIA
Joint Meeting on Medicinal Chemstry
http://www.jmmc2017.hr/

31 AUGUST - 1 SEPTEMBER 2017 VIENNA, AUSTRIA
EFMC-YMCS 2017 - 4th EFMC Young Medicinal Chemist Symposium

EFMOYMCSWEDSIEE | | ..o s s
5- 8 SEPTEMBER 2017 BRATISLAVA, SLOVAKIA

46th EuroCongress on Drug Synthesis and Analysis
https://sites.google.com/site/cfph2017
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. noy ExQ THN
abasaglar
insulin glargine injection
(rDNA origin) 100 units/mL

Acg pIAffooupE yia To TTwG Ba Bondrocoupe
TOUG aoBeveic oag va aicBavBouv KaAUTepa
OXETIKA JE TNV Evapén BACIKAG IVOOUAIVNG

&

H ABASAGLAR evdeikvuTal yia Tn Bepartreia Tou 0akxapwdoug dIORrTN O€ EVAAIKEG,
epABous kai TraidId NAIKIag 2 eTwv Kal avw.!

1. N.X.N. ABASAGLAR 100 povadeg/ml KwikPen

To pdppaKo auto ke und aupnk (Bnan. Autd Ba ennpéyet tov Taxd 0 véwv v aopaetag. Zntefiat and 10U enayyeAIatieg 1ou TopEa g Ly fig nepiBakyng va avagepouy B (ynteg evépyete, ONOMAEIA TOY OAPMAKEYTIKOY NPOIONTOLABASAGLAR 100

Hovabegml evéoyio 6luMJuu i3 npuvsulausvn néva. MOIOTIKH KAI NIOZOTIKH LYNBEEH: KaBe ml nepiéxet 100 povabeg voouhivng glargine * (avuatowolv oe 3,64 mg). Kabe néva nepiéxer 3 ml eveutunu meJuumc flou uvmnulxouv ¢ 300 povdbdeg lvuoqunc Hwooukivn glarglne Gyetat pe T texvohoyia tou pévou DNA oy Es-

cherichia col. 60ug BBt oe evikeg, epnBoug Katnaidi nAlKlacZemw Kat Gvew. Aogohoyia kat tponog xopiynang: n ABASAGLAR nepiéxet i Y Bpdonc, Mpénewva {totepdna€ nepnoitwg finote wpa. tNAG Katd v il

mpu Kabe nuepu To booohoykd uxnuu (66on KULXpUVDQI mng ABASAGLAR Banpénetva Getat Ze aoBeveic e oakxapwdn diaBiit wou 2.n ABASAGLAR pnopel smun( va xnpnvnﬂa e ano ou mouuwc ag 4 npoidvio. Ho paoTKGTIa aUtol py npmovmc n\avetaioe uuvuﬁac 0 uuvmpmevec

Hovabeg avagéf op pEILCAIEBVElCMwuuq [|U]||pt ucuuvuﬁecnnu (PNOYIONOIOGVIOLYLD VO EKPP f Ak uwlwvu.'vl /00UAVRG. Elbmmnvnpm‘ HoU: INKIHEVOUG e Mg fenibed VEpPIKG Aettoupyiag pmopet Y

Jefwon Twv avayKev o€ vooukivn. I anutvtl\"r f pyia. oLavykeg o I oG G Petwpiévng kavomag yia y Vé A Mol G waoulivng. H ,' 6ta g aoulivng glargine & ng Be{ o¢ epnBoug katnadia ﬂ)\lKlﬂQZE’ImV
JeyoNdtepa oG Sev é Bei o€ noibud nhwiag pkpdtepng wv 2 excov. MetdBaon and uM:( woouhiveg otv ABASAGLAR: katd v aMayii and péong f pokpdc Sidpketag bpuunc lvunu)\lvn 0e ABASAGLAR. pnopei va anatmBei aMayhi om 6uun g Boowg IvooUAVNG KaL TG auyxopny fig Bepaneiag

va pewwBeto kiviuvo unoyAukauiac, ot aoBeveis ot onofot akAdZouv and waoulivn NPH xopnyouyievn 6o popég v npiépa o ABASAGLAR xopnyodpevn epdna€ npiepnaicc, Ba npénet kand  bidpketa twv npwiwv eB6opddwv va ehanicooouv mv npepfiota Sdon me Baowric woouhivng kand 20- ZM Kand g npaeg eB6opidbes n peicoon npénet
TouAdxaToV |iepiked, va e€aopponeitat and kdnota adgnan mg vaouAivng Tv wpa Tou yedpatog. Metd and auté to xpovikd Sidota o dogohoyia axipa Ba npénet va npooappoletat atopka. One Kot pe AAa avaoya waoulivg, ot aoBeveis pe upnAEs booet; waoulivng e€ariag twv aviowpdtwy oy avBpwnivn vaouNvn pnopet va
napouatdoouv Bekuwpévn aviandkpion atnv vooukivn e v ABASAGLAR. MetdBaan and waoulivn glargine 300 povbeg/ml otnv ABASAGLAR: n ABASAGLAR kat n Toujeo (vaouhivn glargine 300 povabeg/mi) Sev eivat BuoiooSUvapies kat bev eival dpeoa evaMages. vou va pewBet o kivbuvog oG, o1 aoBeveis, ot onofot
uMnZﬂuv 000 g Baowig lvanqunc 10U 0N vl OXNP lvuoqunchargme 300 povddeg/ml xopnyodpievo dna€ npepnoicag oe oxia ABASAGLAR xupnvouuevu unuEnuepnuuuc Ba npénetva petwoouy T 6o toug nepmuu (] ZI]A Tpnnnc xopnvnung n ABASAGLAR Xopnyeftat unohoplmc Kat ﬁev Bu npenet va xnpnvamlevﬁnqw:ﬂlmg
Devundpxouv pavikeg blapopég ota enined (1pou fi vaouNivng aTov opo petd t xopriynan g vaouhivng glargine otv koiakn, yhouiai f . H ABASAGLAR bev npénet JMyvUETaL e Kaptd Ak { 010 éxboxa. Eibkég.
npoetbonotigerg kat npoguA€ers kand T xpian: n ABASAGLAR Bev efvat n voouhivn enihoyic: yem Bepunem g dlaBnukng mu&munc Imv nepimeon nou n piBjon tou uukxupou eval uvenupknc f unupxsl 1don yia enetwdbia unepylukayiog A UHUVNJKOM,ILDC 6o npsm va Anwﬁouv unown n uupuopq;wun 10U aoBevouc ot KuBopmum
Bepaneutikd oxApa. ot BETELC TV EVETELV KOLN 00T TEXVIKN T0UG KaBIC kot dhot oL G Iy petnv vooukivn glargine o egodiaopdg g Baowkng vaouNivng p0G, nope{ va avapévetal AyGTepo VUKTep! Anoreftaubia Kat
uuvmmmmmmspn nupum)\uuﬂnun o uuxxnpuu o nwcrmc ¢ aoBeveic otoug onoioug o unwAuKuwu snsluuﬁlu unopa va uxenZwml 13 lﬁmuepec Khwikés kataatdoex. H napatetapévn Spdon e unobdptag vooukivng glargine priopei va Kuﬁuwapnm mw uvuvnan uno unw)\umlum Tuvbuaoydc ABASAGLAR 3 mﬂ)\uu;uvn oy
D0EIG KapBLaKG avendpkewag dtav YAwad6vn e aouhivn, eibike 0Bevels e napayovies KIvG0vou yia eipévion Kapdiokig avendg Autd npénetva AngBe{undyn Urnv nsplmmun juévng Bepaneiag moyAwadovng pe ABASAGLAR. Eqdoov udg, oL ﬂDﬂEVElCI'ImeL
p (vtatyia onpeia Kat i f il augnon Bdpoug katoidnpa. H noyAnaZévn npénet va diakone{ omv nepimwon nou nay {enibeiviwon Twv Kapbiakov { éxet hydtepo and T mmol vatpiou (23 mg) avd 6dan, nA. eivat 0 <ehel o varpiou». AR e

GAAa papy f npoidvra Kot AAeS Hoppeg i £vag apiByog ouatv ennpeddouv 1o petaBohiopid G yYAuKGZG Kat pnopet va anawioouy avanpoaappioyh g d6ang g vaouhivng glargine. fia T xopfiynan GMawv (apHaKeuTev npoidviwy tautéxpova pe v Abasaglar 100 povd KwikPen 8a npénetva oul i
Tov Y. I'wmmmn Kunrm Kat yahouxio: Asv eivot SaBéoa kKhwikd dedopiéva axetka e v €Bean katd T eykupoatvn otv vaoukivn glargine. Ta bebopiéva and peydho uptﬂpn svkumv vuvmkmv [ﬂspluumepsc and 1000 nepimeoeg ememc kununcl UINPLOVOLY GMOUDI OUYKEKPI (BUpINTV evepyeIcdv Kat Bev undpxet
&b Y mgmuuuu unum xpfion e lvm)u)uvnc glarglne Me}mq us&nu bev eﬁaEuv uvunupnvmylm mflkmnm H xpnﬂn mc ABASAGLAR pnopei Y Katd n idpkewa g Y {o. Aev eivayvewotd edv n vaouhivn glargine anexkpiverat oto avBpanivo
yiha é 6 pépnandm glargi (at ge apvogéa otov avBpwNIvo yaoTPeViEpIKO 0w Esvuvmcnouﬂn)\alouvunopewa Be{puBpion \guﬁul 16 waouNvng kattng diawac, MeA€tes oe {oa bev édetcav
Gyieon 0§komto om vovLuumm Emﬁpnu:lc omv mnvmmn obitynang a x:wwunu unxnvwv N Kavomta tou aoBevolg va UUVKEV(pwEEL Kauva avmﬁpaust unupﬁ va snnpsuuﬂet oav unme}\suuu mwe i n m UpINTES EVEpYELES: N vswu N o ouxvit aveniBupnm aviibpaon Katd v
{0 pnopeiva eppoviatet av n 66n G vooukivng el 1 08 0XEON PE TIC aNaTACELC ivn. OtakohouBes junteg avibpaoeic and KAVIKES Bokipeg nay (0 aGppeova e Tov npotewoevo opo MedDRA katdtagne avd opy (pio: noAG ouxvi =1/10. AMepykes
avuﬂpuaem onkA ﬁmmpuxn Kat upwtﬂknmpoetﬁumﬂau onavieg =1/10 Uﬂ[] £ <1/1.000. Amoatpogpia: 6x ouxvi: =1/1.000 éwg <1/100. Auuvsumu Katpuahyia : nokd ondvieg <1/10.000. Mabiatpikog n}\nﬂuauuc Yevikd, o npogik aopdewag o nmblu KaueprBoug (nhiog <18 tv) eivat napuuow e 1o npogih aopaewag twv evnhikav. Ot
avaopeg avenfy (popia g ABASAGLAR. nepiehdy oxetkd nio ouveg avaibpdoetg om Béon g éveang (GAyog ot Béan g éveanc, aviibpoon ot Béan g éveang) ka Seppakés aviibpdoet (e€avBnpo, kvibwon) oe naibid kot epABoug (nhiag <18 excov) évavt
TwV evnAKaV. Asv unupxouv ﬁlanluu otoweia and kAWIKES pehéteg wg npog Tv aoaein oe naibid nhiog pkpdtepng wv 2 ewov. ENAGa, EBvikdg Opyaviopdg Hlupuumuv Meooyeiwv ZBA GR- 15562 Xo)\upyng ABiva, Tnk: +30 21 321]1»035[1/337 Oat; +30 21 06549585, 1otéronog: http/lwww.eof.gr Oappakobuvapkes Gidtmeg:

Kamyopio: Odpy o GaBiim, oouNives kat evéayia avaoya, pakpdg dpdon. Ku)ﬁlko:ATE DAEOA. H ABASAGLAR efvan Bio-opioeibég gapy p  otoweia efva diaBes b 6 160 o Eupundikot Opyaviopod oppdkuw: http:www.ema.europa
eu. Katdoyog mliuxmv ofgido v 6An, yAukepdAn, ubpoxhwpikd o€ (yia  piBpion tou pH). ubpo varpiou (yia  puBpion tou pH). Ubwp y 0 0 6 npoidv bev npénetva uvuplvvusml pedMa LpnppuKEU[LKﬂ npmnvm Ndpretn {wne:2 xpovia. Adpketa {wic petd mv npwm
Xphan: poidv riopei va puAd 10 éyloto 28 npiépes o o éwg kat30 °C kapakpid and v aneuBeia éBean ot o fi v aneuBeiag éxBean TG Hnévanou i npénetva QuAd yuyeio. T TG névag npénetva tonoBeteftal oty néva petd and kaBe évean yiava
Getat and 1o o, Ibwitepeg et kared T iihagn tou npoidvrog: npw and m xpnon puAdooete oe Yuyeio (2°C—8°C). Mnv katayixete. Guhdooete v ff 6 kouti yla va Getat and 1o o, MUP!BEZIIIME[ ABASAGLAR INJ.SOL 100U/ML 2 BTx5 PF.PEN KWIKPEN x 3ML: X 66.87€. NT.:58.18€.
AT:85,05€. ABASAGLAR INJ.SOL 100 povabeg/ML 2 BTx10 CARTRIDGES x 3ML: XT. 72.44€. N.. 63.02€ AT 92.15€ KATOXOL THE AAEIAL KYKAUWUPIAZEU Lilly Reglonal []peratmns GmbH. Kuthlgasseﬂ 10.1030. Vienna. Auotpio. APIBMOI AAEIAT KYKAO®OPIAL: EU/1/14/944/008 ko EU/1/14/944/009 HMEPOMHNIA NIPATHE ETKPIZHE / ANANEAZHE

0 ané v nop (Bnon petd mv

THE AAFIAL: 09 ZemeyBipiou 201 HMEPOMHNIA ANABENPHEHE TOY KEIMENOY: lavoudpiog 2017 TPONIOE AIAGEEHE TOY MTPOIONTOE: Ipoidv yto ki ouveayn. ETTIXOPHTHEH AMO TA TAMEIA:100% yia aoBeveic pe AT kot 90% yia aoBeveic pe EAT.
D OAPMAZEPB - AINAY A.E.B.E. 150 yAp. EBvikiq 0000 ABnvav-Aapiag, 14564 Knewod THA.: 210 6294600 Fax: 210 6294610 ]
S . I'pageio Ocaoalovikng: Adplavourioewg 24, 551 33 Kahapaptd, Oeooahovikn THA.: 2310 480160 §
CAPMAZEPB T'a napayyehieg: THA.: 210 6294629 Fax: 210 6294630 e-mail: orders@lilly.gr www.lilly.gr ES
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©eloricoxity, MSD)

ME ENAEI=H KAI ZTON OAONTIKO NONO"

To ARCOXIA® Twpa evdeikvuTat kat yia Tn pikpng Sidpkelag Bepaneia Tou peteyxelpnTikol PETpIov 0dovTikol movov'

MNa ™ pikpn¢ Siapkeiag
Oepamneia Tov’

~

MeTtey)eipnrikov
Métpiov OSovTikoU Moévou

90mg uia @opda TNV NUépa
péytotn Sidpkela 3 nUEPEG.

H andpacn yia va cuviayoypagnBel évag exhextixd; COX-2 avaotohéag Ba mpémer va Baoilerar oy extipnan Tuwv guvol Bevoi
DooC wprhOTEPEC and QUTEC MOV CUVIOTWVTAL Yia m&h&lfnm&vtpwtpmmnpﬂmmmmqmmm&wwwm ptmr.ﬂd. Mwm wapliayyeaxiy xwbivuy, npéne va yopyeito
7 yopnhorepn anotekeopanxi nyepriota d6on Tow ARCOXIA yia tn pkporepn Suvarr Sidprera Bepaneiog.

Npwv ™ ouvrayoypdpnon Tou ARCOXIA®, oupBoudevBeive v mepilnn YapaKtnpioTIKGV ToU TpoidvTog yia avrevdeifeic, mposiSomotioelc, mpogpulage
Kal avemBUpnTeC evipyeiec.
Bifhioypapia: 1. Arcoxia GRSPC

A BIANEZ A.E. siomHxANIA DAPMAKON

BIANEZS

V ETAIPEIA TOY OMIADY TIANNAKOMOYAOY
LICENSEE/DISTRIBUTOR OF MERCK SHARP & DOHME, Division of MERCK & Co., Inc, Whitehouse Station,N.J USA.
lpageia Emompovikig Evnuépwong
AOHNA: oszmom 146 71 N. Epuipaia, Tnh: 2108009111 = E-Mail: mailbox@vianex.gr » INTERNET: htpy/www.vianex.gr » @EZZANONIKH: Axasnuou 113,
KéuBog Makpuyidww Aovikne, TK 56224, Tnk: 2310 861683 » MATPA: Maivog 131, Tnh: 2610221397
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