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APOPO EINIXKOIIHXHY REVIEW ARTICLE

DOAPMAKEYTIKH 26, 11, 2014

PHARMAKEFTIKI 26, 11, 2014

MeBotpeCatn, £vog avripeTtofoiitng ToV GUVAMKOV

o&éog, 65 ypovia peta...

Havayidtg Kovgomavreiig, Expiivn Mavrepn

Topéag @appakevtikng Xnpeiog, Tunpo OopoKevTIKig,

[avemomuo Adnvaov, [avemotpovnoin Zoypdeov 157 71 Abnva,

Hepiinyn

H wotopia g pebotpeang Eekva and to 1948 dtav
o Farber ka1 ot Guvepydreg tov ypnoiporoincay v
apwvorntepivn otn Bepaneio TG TodIKNG Agvyoiog.
H pebotpe&an aviket oty katnyopio tmv ynueode-
POTEVTIKMY POPUAKMV TOV EVOLYVOGTA O OVTILETOL
BoAitec. TMoapopéver péypt onpepa o TAEOV gVPEMG
YPNOWLOTOIOVUEVOS  OVTAYOVIGTG TOL  QPLAALKOD
0&€0g pe dedopévn SpaoTIKOTNTA GE £V EVPY PAGLLOL
VEOTAOOLOV OT®G GTO YOPlOKOPKIvVOU, GTN
Agvyoipio, 6TO0 0GTEOCAPKMLLO, TOV KOPKIVO TOV Lo~
G6TOV K0l TOV TVELpOVa, TO Aépempo pn-Hodgkin, kot
GTOV KapKivo Tov Tpayniov g UiTpoc. Xpnotpo-
moteiton emiong yuo T Bepoameio kot GAAOV Kopkivoy
OALG KO GE UN-KOPKIVIKEG KATAGTAGELG OGS Vol N
pevpoToedn apbpitida Kot GALO VTOAVOGO VOOT-
pota.

XTIV TOpPOLGO OVOCKOTNOoN YiveTal o GOVTOUN
oTopiKY| avadpoun otn pebotpedn Kot Tovg avti-
petafoAiteg, mapovctalovtal To GUAAKO Kot TO QUA-
Avikod 08D, Kot avortHoooVTLT) QOPUOKOAOYIKY Opd-
o1, 0 HETAPOMOUOC, Ol UNYAVIGHOT dPAoNG KO TOL KV-
pLotepa Bepamevtikd oynpato g pebotpeEdng

1. Iotopun avadpop)

To 1948 o opddo epevyntdv kabodnyoduevn amnd
tov Sydney Farber avakdivye 0Tt éva ynpukd aviaro-
Y0 TOL PLAALKOV 0EE0C, 1) attvorTepiv), Bedtimve Tnv
katdotaon aclevov pe Ofegia Aeppofractikny Agv-
yoior (OAA). Tnv emoyf ekeiv dev ftav akoun
YVOOTOC 0 UNYAVIGHOG SPACNG TMV OVOAOY®Y TOV

PLAMKOD 0&€0G. Q6T0G0 M 6VuVOeST AVOAdY®OV TOL
PLAMKOD 0EE0G TupodoTONKE 0md TO Yeyovds Ot 1
XOpPNYNOTN QLUAMKOD 0EE0C YEPOTEPEVE TOL GLUTTO-
poto acbevov pe Asvyoiic, evo dlotto Tty oF
PLAMKOS 0ED PeATiove TO GUUTTOHOTO TG AGOEVELNS.
H obvBeon avoldymv tov guAlKoy 0&Eog 0o ynoe
ot pebotpe&dtn 1 omoia to 1950 Gpyioe va yopnyel-
Tt ot Ogpomeio g Asvyoapiog. To 1956 dnpoct-
gvnkav ot TpdTEG KAMVIKES PeAéTeg yuoo T pebo-
tpe&atn oe (o ot omoieg £de1&av 0Tt 0 OepamevTIKdg
deiknc g pebotpeng oy KaAHTepog amd ovTOV
g apvortepivng. Tnv 101 ypovid dramictmdOnke Ott
N pebotpeldtn pmopovce va ypnoiomombel yio
Oepomeio otEPe®V OYKOV (T.). YOPLOKAPKIVOLL).
AxolovOncav pekéteg yio ) depevvnomn g dpdong
TOV QUPUAKOL G GAAEG TEPMTMOELS KAPKIVOV, EVD
) dekaetio Tov '70 pekenOnKe N yopnynomn g pebo-
TpeANG 08 UN-KAPKIVIKEG 0COEVELEG [LE ATOTEAEGLOL
to 1988 va 600l £ykpion and tov FDA yua ) xopn-
ynon ¢ pebotpebdtng oe acheveig e peLUATOELN

1-2

apOpitida
2. Avtipetafoiriteg

Ot avTieToOAITES EIVOL PAPUAKEVTIKEG EVOGELS LLE
dopn OOl e PLGIKEG OVGIES, O OTTOIEG OTOLTOVVTOL
Y. TNV OHOAN AgtTovpyion TOV KVTTAPOL. Ady® NG
dopkng avtng opoldTNTog ToAkol amd TOvG OaVTL-
petafoAiteg xpnoelovy MG VTOGTPMO O GILOVTIKOV
KUTTOPIK®V eVOOH®V. METE amd HETATPOT TOVG G
To&IKOTEPEG OVGIeC HECH oG GEPAG eVOLIIKOV
avtidpacemv, moAlol aviyetaforiteg avaotéAlovy
™mv Kuttapkn Swaipeon. Kdabe évlvpo, mov epmhié-

2oyypapéog oilnloypagiog: Eipnvn [aviepn, email: ipanderi@pharm.uoa.gr



KeTaL og vt TNV dtadikacio amotehel SuvnTiKO GTO-
YO €VOG OVTILETOPOAITN, 0AAG TOPGAAN AL KOt SLVT)-
k) 0éom avamTuéng KVTTOPIKNG avtioTaoNng GTov
avtioToyo avTIHeTaBOATT).

O)ot ot avtipeTafolites avasTELLOLY TV AVTLYPOON
N v emdopbmwon tov DNA. H Sadikacio ooty emt-
Tuyyavetol eite pe an' vbeiag avacstoln TV evidpmy
OV EUTAEKOVTOL GTNV aVTLYpa@n 1 TV emdtdpHwon
tov DNA 1 pe evooudtoon tov avtipetoforitn 1
mpoidvtog tov 6o DNA. H kavotnta tov aviipueto-
Boirrdv va epmodilovv v chvBeon tov DNA, apopd
6T GAon S TOV KLTTOUPIKOL TOAAOTANGLOGHOV. H
dpdon evog avtipetafolritn eivor ovdAoyn g EkOe-
GG TOV KVTTAPWOV G€ aVTOV, EEUPTMOUEVT KATA GUVE-
TELOL ad TNV SLAPKELD EYYVONG.

Oykot pe vymAd mT0G0GTd KLTTAPWOV GE PAoT S, KaBMg
KOl QUGLOAOYIKG KOTTOPO He VYNAO pubupd moAla-
TAOGLOG OV, OTTMG TO, KOTTOPO TOV TEXTIKOD COAVOL
KOLTOV LVEAOD TV 0GTMV, TOPOVGIALOVV HEYOADTEPT|
gvacOnoio oty dpdion TV AVIHETOPOATOV. XTO
PLOLOAOYIKE KOTTOPO Ol avTLeTaPoAiTEG 0GKOVY TO-
&um dpdon. Ot avripetaforiteg Bempovvtor Yevikd
un proydva eappoika kot TohAot €€ avTdV ¥pNoLo-
TOL0VVTOL LLE GYETIKN 0OPAAELN KATE TV OLAPKELD TNG
€YKVHOGUVNG. AvAAoyo HE TOV TPOTO dpAoNg TOLG
TaEVopoUVTOL GE avVTAY®OVIOTEG TOL. Ovopdotnke

VYNAO TOGOGTO OVOLLING OE GYEOT e AAAES YOVOIKES
otV 0o katdotaon Kot To {010 ioyve Yo To Veo-
vévvnra. Awmictoce 1L 1 Slpopd. ovT 0QENOTOY
o€ JLOPOPETIKEG SLATPOPIKES cuvDgieg. Avarpio dgv
TapovclaldTay OTIC TEPMTOCELS OMOL 1 SLUTPOPY|
meplerdppave Aayovikd. Axoun damotdbnke 6Tl 1
ovarpio Koté TV €YKLHOGUVT, OGS KOt 1] GLYVOTNTO
OVOLOAM®Y TOV KEVIPIKOD VEVPIKOD GLUGTNLOTOG TV
VEOYVMV, VITOXMPOVGAV LLE YOPN YO VIATIKMV EKYV-
Mopdtov Aoyovikov (Waitepa and oTavaKt Kot Qo-
ooMa, To omoia elvar TAoVGLa Kot 6g 6idmpo). H mapa-
TIHPTON QVTH 031 YNGE GTOV EVIOTIGUO TNG

vevOLYNG VGG, 1) OOl TAV TO PVAMKO 1) POAKO
0&b”. H ympuky ovvOeon e Prropivg omtig mporypa-
tomomOnke to 1945.

Aopy @vrikov O&éog

To @uAAKd 0&D etvar Evoon amotelodpevn amod Tpia
StokplTd TUAHOTO: EVOL VOPOEL-CUVO-TIAPAYMOYO TNG
ntepdivng, m-apuvoPevioikd o0&y kot L-yAovtopikd
o0&V, dnwg paivetor oto oynua 1. H ynukn ovopacio
OV PLAMKOV 0&€0c eivar N-[4-[(2-apvo-4-vdpo&v-6-
ntepdtvoro)uedviapvo]Beviovro]-L(+)-yrov-
Topkd 0&0. Mia GAAN ovopocio tov givat Ttepotilo-
yAovtapukd o0 (PGA). To wrepoikd 0&D eivat to Tun-
Lo TOL HOpiov 7oL TEPIAUUPAVEL TO TTEPLOVIKD

OH 1) 1)
e o
mp " W W e

2-Auwvo-4-vbpoéurnteptdiv-
6-vuAouedulo

Zyniua 1. Araxpitd Tupato Tov pviliKod 0&éog

étarano tov Mitchell, o onolog To amopdvmase to 1941
amd T OAA TOV omavaKlov. Mio Topotipnon Tov
Wills to 1931 0dfjynoe oty avayvdpion Tov QUAAL-
KoL 0&éog (g mapdyovta {OUNG) cav o OpemTikn
ovcia, 1 onoio amoTPEMEL TV ovaLpio KoTd T Otd-
PKEWL NG &YKLpooOVNG'. Zvykekpupévo, o Wills
TopOTNPNoE OTL OPICUEVES £YKVES YLVOIKES elyav

mT-aivoBevioiko ofU (PABA)
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L-yAoutouiko oév

mapdymyo kot to m-apvoPevioikd 0&d. Ta mopdywya
avTd cvvtiBevtol amd SaPopa avAOTEPL PVTE, OTMOG
Ko o6 pKkpoopyavicpong *. To puALIKS 0&D, amavtd
OV GTO TPOPIUE. XPNGHOTOlEiTOl OGTOGO 6T
CUUTANPOUOTE  SLOTPOPNG KOL OTO EVICYVLUEVA
TPOQILOL KO ETVaL.

To TEPIGGOTEPU PLGIKA PLAMKA £tvart To TTEPOVAO-
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Zynpa 2. Xnuikn oouty Pvilikov O&éog

yYAoLTOUVIKA TO omoia TEPEXOLV Eva Emg EEL Lopta L-
YAOLTOUKOD 0E€0G EVOUEVO [1E TTENTIOO OeoUd e
™V Y- KopPoEoAopdda TOV YAOLTAUIVIKOD. TO GYN Lo
2 70 TUNHO NG TTEPOIVNG TOPOVGIALETAL TNV KETO
HOPOT, ®GTOGO cuyvd ot BifAloypapio mTopovCLd-
Cetat Ko 6TV TOLTOLEPT) EVOAKT| LLOPOT).

Agrtovpyieg puiiikov o&éog

Onmg kat ot GAdeg Prrapives Tov cvpmAéypatog B, to
QEVAMKO 0D dpo. g cvvévlupo og peyaro apliud
Proymuikov avtidpdoeswv. Etvar pépog 600 cuv-gviv-
pov, ta onoia gival amapaitnto ot chvheon véwv
KuTTp®V. MeTd TV amoppoencon Tov, aArdleL Ho-
PO LE La GEPA OO AVOYOYIKEG OVTIOPAGELG OTOV
TeMKd oynuatilovtot TOLAGYIGTOV TEVTE LOPPES GUV-
evlopwv, mov N ootk Tovg Evoon gival To TeETpo-
dpoeuAlikd o&Y. H mpotapyki dpdon tov cGuv-
evQOL®V aVTOV Vol N HETAPOpd HovAadmv He éva
Gropo GvOpoxa omd ™ pia évoon omy ¢y’ To
QUAMKO 08D glvatl GUVEVIDHO Yol TN LETATPOTN TNG
OLLOKVGTEIVIG o€ pebetovivn, T HeTatponn g oepi-
yng o€ yAvkivn, ) odvBeon tov Bupidviikod o&éog
(pvOuiotind orodio s ovvleons DNA), 1o petafo-
MO TG 16T VNG Ko TN GVUVOEST TV ToVpVaV *,

Ta cuvévlopa avtd etvat vrevBvva Yo Tig akdAovOeg
ONHaVTIKES AstTovpyieg -avtidpdoels: To oynuatiopd
TOV TOVPWVAV KOl TOV TUPIUISIVOV Ol OTTOlES, LE TN
GEPE TOVE, ATOLTOVVTAL Y10 T GOVOEST] TV VOUKAET-
KoV 0&Emv DNA kot RNA, o omoia ivon {otikd yio
TOVG TVPNVEG OA®V TV KLTTAPWV TOv {DVTOG 0pya-
viopov. Avti 1 dpdon Tov VALK 0&fog e&nyel To
ONUaVTIKO POAO TOV OTN SLPEST] TOV KLTTAPOV KoL
omv avamapayoyr’. To oynuotiond me aipme, on-
AadN TG mpwTEIVNG, M omoio TEPLEXEL GidNPO GTO
1op1o ™G opocarpivnc'. Ty oAiniopetatpont Tov
apvo&éog oepivn, 1 omola mepiéyet tpia dropa avOpa-
Ko, o€ yAvkivn, onAadn apvo&éog mov meptEyel 600
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dropa dvBparxon to avtibeto.

To GYNUOTIG IO TOV OUVOEEDS TVPOGTIVN OO T POALVL-
Aodaviv), KaBmOG Kol TOV YAOLTAUIKOD 0EE0C o TNV
otdivn. To oymuatiopd tov apwvoléog pebetovivn
amd v opokvoteivy. Tn obvBeon g yorivng amd
pebavorapivn. Tn petatpomni Tov vikotvodiov og
N-pebvroviotivapidto, To omoio givat £vag omd Tovg
petafoiiteg g viaosivng Kol 0 0moiog OTEKKPIVETOL
pe o ovpoL.

Mertaporropoc Pvirikov o&éog

To terpavdpopuirikcd o&O (FH,), petafoiritng tov
QVAMKOD 0&€0G, omoTeELEl VITOGTPOUN GE OPIGUEVEG
aVTIOPACELS HETOPOPAS YNUMKOV OUAS®V OV TTEPLE-
xouv évo. dtopo avBpaxa’ . Ot mo onuavTIKEG amd
OVTES TG avTOPAcELS eival | oOVOEST TOL dOKTLUAIOV
TOV TOVPWVOV (adevivr, yovavivi) Kot 1 LETOTPOTT|
™mg Hovoemoeopikng dgo&vovptdivng (dUMP) oe
povoewo@optkn deo&ubupudivn (dTMP). H tekevtaia
avtidpaon elvat amopaiTnTn Yo T0 GYN-LOTIGHO TNG
Bopivng, dpa kot tov oynpaticpod tov DNA.

To VAAKO 0£D, Yo TV amdkTnomn TG EVOLUIKNG TOV
dphong, HeTd TV amoppOPNoN ToL amd TO EVIEPO
avayetatl HEca 6TO KOTTAPA GE TETPAHOPOPVAALKO 0ED
(FH4) oce 6bo otddia. Avayetar apylkd oe
dwdpopuiiikd o0 (FH,), pe to évlopo dtwdpopuA-
MK ovoy@ydon, Kot T GLVEYEW GE TETPADOPO-
VA6 060 (FH,), pe to 1810 éviupo (DHFR). H Brra-
pivn B,, pe m popon tov avayfEvtos poceoptkoh
VIKOTIVOULE0-00eVOG1IVO-0tvovkieotidiov (NADPH)
elvar amapaitntog copmapdyovtag kot yo to. dV0
prpata g ovvBeonc. Tn cvvéyeld, TO TETPUDOPO-
QVAMKO 08y petatpémetan og pebvievo-FH, pe v
TpocOnkn ¢ opdadog pebvieviov amd Evav amd Tovg
TPELG YOPNYOVG TOL AvBpaKa: eoplardetion, oepivn, 1
yavkivn. Téhog, to pebvrevo-FH, petatpémetor og
pebvro—FH, pe avaymyn g opddog peboleviov pe
NADPH. A&ilet va onpewmBet 0t 1 Prrapivn B,, etvon
0 uovog omo-0éktng tov pebvro-FH,. Yrdpyet emiong
povo évag amodéktng g pebvio-B,,, mov eivar
OLLOKVGTEIVY LLE [0 0VTIOPOGT TTOVL KOTOADETOL OLTTd TO
évlopo peBLAOTPAVOPEPHOT| TG OLOKVOTEIVNG. AvTd
glvat onpoavtikd 610t EAAeyn peBvAotpavepepdong
¢ opoKkLoTEIVIG, N avendpkel oe B,, pmopei va
odnynoet og advvapio pebBviioong tov FH, kot mv



enoKOAOVON averdpkeld Tov PLAAKOL o&Eog. ‘Etot,
avendpkelo o€ B, pmopei va dnpiovpynioet o, Leyaan
ovompevon pebvro- FH, mov agov dev Ba pmopei va
cuveyioet Tov KOKAO Tov PUAAKOD 0EE0G , Ba opotdlet
pe avemdprela UAMKOD 0&€0C.

Mia A popon| tov FH,, 10 @oppvro- FH, | puAit-
vikd 08D givar amotedéopa ¢ 0&eidmang tov pebv-
Aevo- FH, 1| Tg mpocOnkmng piog poppvriopddos oto
FH,. Téhog, 1 1ot1divn pmopei va dwpicet Evav avOpa-
ka oto FH, ®ote va petatpansi og pebevoro- Fh,

Broloyikog pérhog puirikov 0&éog

‘Exet dromiotmBel 6t to uAMKS 0&D givarl amapaitnto
Yo TNV OVATTUEY TOV VELPIKOD GUGTILOTOG LE OTO-
TELEGLOL 1] AVETOPKNG TPOGAN YT TOL KATA TN SépKELL
™G GUAAYNG KOl OTO OpYKE oTAdL NG €YKL-
HOGUVNG VO 00N el GUYVA GE AVOLOAIEG TOL VEVPIKOD
cvotiuaroc. H opokvoteivn', 0 omoia sivar vrevd-
Bvvn vy to PLAMKS 0&D, pmopet va emnpeacHel and
TIG YeveTIKEG petaPoréc oto petofolopd Tov QUA-
MkoO o&éog. H pétpla vrmepopokvoteivaioo otig
€ykveg yovaikeg £yet ouvdebel pe avénpévo kivovvo
YEVETIKOV OVOUUALDV (0VOUOAMESG TOV VELPIKOL GO-
Mpva, NTDs). O vevpikdg cwlvag, 0 omoiog euga-
viCetal katd pnKog ™G payng Tov euppvov mepimov
v Tpim efdopdda g komong (17-30 nuépeg petd
GUAAM M), e€eliooeTal apydTEPO GTOV EYKEPAAO, TO
vOTIO{0 HVEAD KO TIG TPOGTATEVTIKES LEUPPAVES KoL
v 0V0. Edv 0 colvag avtdg dev pmopet va, ava-
nToyOel TApwc, evoéyetal va enélbouvv PAGPeg otov
eyképaro kot To votwaio poedhd. H Ayn copmin-
POUATOV TOALPLTAUIVOV TOV TEPLEYOVY PLAALKO 0V,
TPV TN GOAANYT UTOPEL VO OPUOAOTOU|GEL TO LETO-
BoAopd TN OHOKVGTEIVNG KOl VO LEIDGEL TOV KivOuvo
avopoMdv”. Tmy evidikn (of M oVETAPKELD TOV
QEUAMKOD 0EE0¢ TopeUTOdIleEl TV KLTTOPIKY dtai-
PECT], 1] TOPAYDYT TOV EPVOPDOV AUOGPUIPI®Y (EPV-
Bpomoinon) mepropiletar Kot avtd 0dnyel e peyoro-
Braotuic) avarpio, ) omoia yopaktnpiletat and peyd-
A0 avopue gpuBpd aHocEAiplo. ZVYKEKPLUUEVA
TPOYLOTOTOOVVTOL HATOLEG OTOTEIPES KOVOVIKNG
avtypoeng kot endtopbmong tov DNA, kabdg kot
KUTTOPIKNG SOPEONC LE OTOTELEGLLOL TV TOPOYOYY|
vepPoikd peydAov epubpdv KLTTAP®OY TOL OVO-
péalovtor peyolofAdotes (Kot OVSETEPOPIADV LIE KoL
TATUNHEVOVG TTVPNVES), ot omoiot dtabétovv apbovo
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KuttapomAocuo tKavo vo cuvBéoer RNA kot mpo-
tetveg, 0AAG e GCVLOOWPEVUEVT Kol BPOLGHOTOTTOM-
pévn mopnvikn ypopativn. Opiopéva and avtd ta
peydda KOTTOP, oV KOl ovopLio (StktvogpuBpokHT-
Tapa), omelevbepd®vovTol 6TV KukAogopio and to
HVEAD T®V 00TMV, VOPITEPO, GE LU0 TPOCTADEL aVTL-
otafong g ovarpiog. Kot ot evilikeg kot ta wondid
Aowmdv, yperalovtor LUAMKSO o0&V Yo v mapdyovv
QLGLOAOYIKE epLOPE Kot AevKd apoceaipta yio TV
TpOAYM G peyoroPfractikng avarpiog. H avemd-
pKeLo TOV PLAAIKOD 05E0¢ dev TpokaAel avatpio dTav
GLVLTIAPYEL HE VYMAL emtimedo opokvoTteivig. Zofa-
PNS LOPPNG OVETAPKELN TOV PLAALKOV 0&€0¢ pmopet
Vo TPOKLYEL AGY® EAMTOOG S1oTPOPLKNG TPOGANYNG
N LEWWUEVNC ATOPPOPN GG TOL 1) AOY® YEVETIKAV [LE-
taAlGEewv. Ta vynAd eminedo opokvLGTEIVIG £YoVV
ovvoeDel e avENpévo Kivouvo Kapdtayyelok®my mwad-
cemV, dvolog kot voco Alzheimer™. H avemd-pketo tng
Brrapivng B, mpokolei eniong éva tOmo avarpiog 1610
HE ovTOV TNG OVETAPKELNG TOV QLVAAIKOD 0&£0G OV
TPoKoAel apetakAntn PAGPN 61O KEVIPIKO Kol GTO
TEPLPEPIKO VELPIKO ovotnua. Emopévog yo v
TpOANYN G peyoroPracTikng avolpiog eivor
amopoitn 1 endpkelo 1060 o Prrapivn B,, 660 kot
o€ QLAAKO 08D. [ AVTOV TO AOYO TO GUUTAN PDOLLATA
QVAMKOD 0&€og mpémel va mepthapfdvovy kot Piro-
uivn B,

Dvrhviké 0&D

H ympucn ovopacio tov uAivikod o&€og eivat N-[4-
[[(2-Apvo-5-popporo-1,4,5,6,7,8 -eEaddpo- 4- o&o-
ntepdvoro) pebvro] apvo] Bevlovro |- L- yAovta-
Hkd o&d 7. Tepiéyel Tov VIPOYOVOUEVO SOKTOAO
TOV TETPAHOIPOPLAAIKOV 0EE0C Ko pEPeL 6To 5 AlmTo
o @oppvropdda mov dev ep@avilel Opog vynAd
SUVOLKO LETOPOPAG OLAdaG. XTo oynpa 3 paivetoin
Ky dopn Tov eLAAVIKOD 0&€0g. To puAAVIKS 0&D
(M eolvid 0&d M AevkoPopivn) givar Eva S-@opvAO
napbymyo T0ov TETPALIPOEVAAIKOD 0&€0G.
Metatpénetar €0Kolo o€ GAAQ TOPAy®YR TOL
@VAMKOD o&éog (my. FH, ), xou cvvenmg éxet Pi-
TOHVIKY OpOCTNPLOTITO TOV IGOSVVAEL [IE QLTI TOL
QVAAMKOD 0&€oc. QoTOG0, dev amattel T dpdor Tov
evlopov G SHOPOPVAMKNG avay®ydong Yo
LLETOLTPOTI TOV KOt 1) AEITOVpYio TOL MG Prraptivn etvot
QVETNPENCTN OO TNV AVUGTOAY TOV EVEVLOVL 0LTOV.
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Zyiua 3. Xnuikij oounj poilvikod o&éog

To puALVIKS 0ED, MG €K TOVTOV, EMTPENEL KATOLO TTO-
600t1d ohvheomng movpivng / Tupudivng va Adpet xm-
poL YOPIC TNV TaPOoVGic TOL EVEVHOL SHOPOPLAMKNG
avayoydons, £I61 MCTE 1] KOVOVIKI OVILYPOQpN TOL
DNA kattov RNA xafdg kot ot dtadikacies petaypo-
NG VO LTOPOVV VAL TPOYDPT|GOLV.

4. MeOotpeiatn

Xnpkn dopn - petofoiropog

H peBotpe&dn , N- 4- [(2,4- dapvo -6-mteptdtvoro)
pebvro] pebvrapivo] Bevlovro]- L- yrovtapukd o&v,
glvat Tapdymyo Tov PLAALKOD 0EE0C KoL OVI|KEL OTNV
oudoa TOV aVTIHETAROAMTOV 01 0Toiol AVAGTEALOVY
v KutTopikn daipeon. To popro g pebotpeldtng
amotelelton amd €vo ETEPOKVKAIKO poplo (2,4-Owa-
HUVO-VTOKOTEGTNUEVO TTTEPIOVIKO SOUKTOAO) GLVIE-
depévo pe pa -apvofeviobAo- opdda, 1) ool pe T
GEPA TNG GLVOEETOL OPISIKADG e YAouTopkd o0&y, H
AU TG dopn kabdS Kot 1 avaAoyia g o€ oyéon
He 10 PUAAMKO 0&D paivovtal 6To GYU0 4 TOV 0KO-
AovOEl.

Onmg mPOKVTTEL, Ol KVUPIEG OOUIKEG SLOPOPES TNG
pefotpe&dng and 1o PLAAIKO 0&D glval OTL 1| TPAOTN
eépet otov C-2 apvopddo avti tov vépoLviiov kot
uedviio oto N''. Adym Tg vymAg ToMKOTNTAS TG, 1
pebotpeldtn oto ovdétepo pH TmV frodoyikdv vypdv
eppavifetar Kupimg GTNV AVIOVIKT TNG LOPPN).

Doppokoroyikn dopaon

H opappaxoroywn g gprion €yxettal ot Oepaneio
mg modtkng ofelog AeppoProactikng Asvyorpiog
(OAA) (oxnua 5) , kabmg eniong kot e Evav oplpod
amd GAleg kakondeg Kot Kahonoelg vocovg. Xnpo-
VTIKG petovektipoto g Oepaneiog pe pebotpe&itn
OOTEAOVV 1 LEYOAN HETOPANTOTNTA TG KAVIKAG €1-
Kovag amd oacBevi] oe acBevi) Kot 1 ampOPAemTn
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Zynjua 4. Xnuixiy dourp Pvliikov o&éog kar Mebotpelarns

ELLOAVIOT EVOG LEYAAOV QAUCLLOTOC TTOPEVEPYELDV. XV-
UTANPOUOTO QUAMKOV LLE TN HOPPT TOV PVAAKOD
QeUAAVIKOD 0&€og, avakovpilovy omd TN YooTpE-
VIEPIKN KOl NTOTIKY] TOSIKOTNTO EMTPEMOVTIOG OF
acBevelg pe peopotoedn apbpitida va cvveyilovv v
amd Tov otopoTog Oepancio pe pebotpegdn oe yo-
UNAEC 6OGELS, OV KOL TPOCPATY LEAETN GLUVIGTH TTPO-
ooYN KOl KOTOANYEL TOG GUUTANPDUOTO PVAMKOD
0&€og pmopel Vo LEUOGOLY TV OTOTELEGULOTIKOTNTA
¢ pebotpeldng. I'a ) Bepameia drapdpov TOHT®V
Aevyoupiog, yopnyeitot evoopAiéPio vynin ddom pebo-
Tpe&hng akorlovbobuevn and Bepameio e PLAAVIKO
0&0 (Aevkofopivn). Ta eninedo tov 0pod T™C pebo-
tpekhg mpénetl va mapoakoiovBovvtal cuyva Tdc0
Katd TN StipKeEW OGO Kol HETA TN YOPNYNon TOov
QLAMVIKOD 0EE0G KOl 01 SOGELS KOL TV V0 PUPUAK®V
TPENEL VO TPOoGapprolovtat oTopkd Kaddg pmopei pev
N pebotpeldtn va givar BEATIoTC doc0A0Yi0G OE TOA-
A0VG acBeveic, 1 vepPoAkn OO dOCT TOV PLAAL-
vikov o&éog pmopei va Bécel oe Kivouvo to amoté-
Aegopa g dpdong g pebotpefdtng Kot vo avénoet
TOV KIVOLUVO VTTOTPOTNG.

MnyoviepogApaong

H xvttapoototik| dpdon g pebotpeldng opeiietan
OTNV OVOGTOAN NG OWIPOPUVAAKNG OVOY®OYAoNG
(DHFR), mov givat vrevbovn yio 1o HETOOYNUATIOUO
oL dwdpoPuAlikov o&éoc (FH2), og teTpaiidpopuA-



Tleprpepixd aipo modob pe O&eio Ag-
ppofraotikny Agvyopio (OAA), kn-
AMda Pappenheim (peyéduvon x100)

Entiypiopo poehot tov 06td@v (Leyain
peyébouvon) omod évav acbevn pe o&eio
AeppoPAOGTIKN Agvyouptio

Eniypiopo poerod tov octdv and
évav acbevn pe o&eio AeppoPracticn
Agvyoutio

2yniua 5. MikpoGKOmIKES PWTOYPOPIES TEPIGTATIKOY 0EEIOS AUPOSLACTIKNG Aevyouuiog

M6 o&0 (FH4) ™. O umyaviopdc Spaong g pedo-
Tpe&Atng amekovileTon 6To oYL 6.
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Zyijuo 6. Myyaviecuos opaons tys uebotpelarns

H avactoin mg dpdong e DHFR £yet g amotéhe-
OO TNV OVETAPKELD TNG BLUIBLAGTNG KOl TV TTOL-
POV Kol EMOUEVOG Pelmon Tng ovvheons Kot g
emdopbmong tov DNA, kabmg kot peimon e kutto-
pwrg dwaipeong. H ovyyéveln g DHFR pe v pe-
Botpe&at eivar kotd oA peyaAivtepn (>1000) and
TN GLYYEVELL TNG LE TO PLAAIKO 0£D. Emopévag akopn
KoL TanTOXPOVN YOopYNoT QLAAIKOV o&éog dev Ba
emnpedosttnv dpdon g pnebotpeEdng.

O unyaviopodg dpdong g pebotpeldng, dapopo-
noteltal omd avtdév ToL KaBUPE KLTTOPOGTUTIKOV,
otav 1 pebotpeldtn ypnoyLonoteiton og YoapnAEg 60-
oeig (low dose methotrexate) ywo tn Ogponeio acOe-
VELDV OTMG TNG PELLLOITOEBOVS apBpitidag, Tng vOGoL
tov Crohn kot ¢ yopioong. X& ovTég TI TEPUTTO-
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GELG, M OVOOTOAN TNG SHOPOPLAAIKNG OVOYOYAONG
(DHFR) dev Bempeitat 0Tt givat 0 KOPLOG UNYOVIGHOG
Opbiong e, aALE PAALOV 1| OVOGTOAN TV EVEOL®V
OV EUMAEKOVTIOL ©TO HeTOBoAoUd NG movpivig
Swdikacio Tov 0dnyel 6TV CLGGMOPEVGT TG UOEVO-
Givng, Kot TV avaoToAn g evepyomoinong tov T
Aepgokvttapav”. 'Etol, oty nepintoon tov dlata-
POYOV TOV OVOGOTOINTIKOV, 0 KAVIKOG GTOYOG TOL
GYNLOTOG YOUNANG dOoNG pebotpeldtng eivot vo ova-
otéMel Vv tpavoeoppvAidon (AICAR), n omola
odnyel og avénuévn ppoldn AICA (tpavopoppordon
AICAR tov vrootpapatog). H ptpoin AICA avaocté-
AAEL TNV OTOULVAGT TNG 00EVOGIVIG, e OMOTEAECLLOL
™M oLVooOPELOT eE@KVTTAPIKNG adevooivng. H e&m-
KUTTOPIKN 00EVOGTVI] OVOCTEAAEL TNV EKQPOACT] TV
IL-2 vmodoyémv oto kuklopopovvta T-Aeppoxit-
TOPO, TPOKAADVTOG KOTAGTOAN TOV 0VOGOTOUTIKOD
GULGTNILOTOG, KO KOTOGTELOVV TIG EMATOGELS TNG OLVO-
GOAOYIKNG StorToporyfG.

270 onpeio aTd KPIVETOL GKOTLLO VOL OVOPEPOVLLE OTL
T TeEAevTain xpovio oe avTodvoses vOsoug pali(n Kot
pnoéva tovg) pe tn pedotpeldtn yopnyodvvrat ot Pro-
hoywkol mapdyovtes infliximab, etanercept kot to
adalimumab,”* mov sivan avactoleic Tov Tapdyovra
vékpoong tov 6ykov-o (TNF-a) kot to anakinra, Ttov
glvat avaotoléag Tov VTodoyéa TG vrephevkivng-1.
To Infliximab ivat éva povokioviko 1gG, avticopo
évavtt tov TNF-a, mov deopevetat otov TNF-a wpo-
LopBavovTag TN SEGLEVGT| TOV [LE TOV LTOSOYEN TOV
*“_ To etanercept ivou ovacLVSLOGUEVT TPOTEIVY TOV
avaotéliel T dpaotikdtnta tov TNF-a dpdvtog mg
vrodoyéag tov TNF-a. To adalimumab eivat éva po-
VOKA®VIKO avticopa £101k6 Yo tov TNF kot decped-
£T011 E101KE GTOV KLUKAOQOPOVVTO KOL TOV EVPLIGKOLEVO



oV kuttaptkn enteavelon TNF-o gpumo-6ilovrag v
oAANAETIOpaG TOV HE TOVG PSS Kt p75 VTOSOYEIS
Tov TNF "',

Amoppoonon - Metaforiopidg

H omoppognon g pebBotpeédng omd 10 OTOMA
eEoptdrat amod T dOoN. Ao TO GTOLN ATOPPOPATOL TO
60% o¢ d60e1C peyaldTepeg omd 30 mg/m’. H amoppod-
@NoM EIVOL CTUOVTIKG PUKPOTEPT e VYNAOTEPESG SO-
osic (>80 mg/m’). H péylom ouvykévipmon oT1o
T dopo Topatnpeitot petd omd 1-2 dpec. To eappoko
SlomeEPVA TV KLTTOPIKN LEUPPAVI] GE GUYKEVTIPMGELG
otov 0opd <0,1 umol/ml, kot petapépeTot oTa KOTTAPQ
oo €va ek, VYNANG GLYYEVELNS COGTNO LETO-
@opas . Z10 €6mTEPKO TOV KVLTTAPOL, | MTX 0Ko-
AovBet Tovg 1810V¢ Proynkobg UNYUVIGHODS OTG TO
QLAAIKO 0ED, AN TYNUOTICUOS YOUTOUIVIK®Y 7oL
poydyov amd ewdwd évivpo (y-yAOLTOHVAO-TPOV-
oQEPATES TOL PLAAIKOD 0£€0G), 01 omoieg TpocHETovY
0€ GePA £va EmG TEGGEP (1] AKOLT TEPLECOTEPQ) [LO-
PLoLYAOLTOIVIKOD 0EE0G, TO, 0010 GUVOEOVTUL LE EVOIV
TENTIOKO deGHO 6TO Y-KapPo&Oo. Xe peyoldtepeg
GLYKEVIPADGELS KOTAVELETOL GTOVG VEQPOVG, TN YOAT-
300 KOGTH, TO oAV, TO O Kot To déppa. Emiong
StavépETaL 6TAL VYPA TOL TPITOL YDOPoL. MiKpég GVY-
KEVIPADGELS TOPOTNPOVVIOL GTO KEVIPIKO VELPIKO
ovotuo. Meyoddtepes GLYKEVIPOGELS TOPATIPOV-
vtat o acBevelg pe mponynbeica axtivoPforia eyke-
@arov Kot acBevelg pe AEPPoLLL KEVTPIKOD VEVPIKOD
GLGTHHOTOG, OOV VTLAPYEL SLOKOTT) TOV OILLLOTOEYKE-
@oAkoV paypob. H pebotpeldtn deopedetan amd tig
TPOTEIVEG TOL TAUGHOTOS 68 T0G06TO 50%. Metafo-
AMCeton og mocootd <10% oto map Kot evooKvTTA-
pd. Amexkpivetal amd TOVG VEQPOLG LEGH OTEL-
POLOATIKNG OMONONG KOl GOANVOPLOKNG EKKPLONG.
Amofairetar amod To 0Ovpa oo 80-90% Kot katd 10%
oo ta kompava. O TeMKOG ypovog nuicetag (mng lvat
3-10 dpeg Y1 ddoeic <30 mg/m” kar 8-15 dpec yia
vynAdtepec dooeic’. H pebotpelatn séépyetar apyd
oo To SLUEPICHATA TOV TPITOV YDPOVL LLE ATOTEAEG LA
™V Topatacn Tov ¥pdvov nuiceiog Cong kot ampd-
Prentn to&konTo. O nAKimpévor acbevelg €xovv
ALENLEVO KIVEOUVO TOEIKOTNTOC AOY® TNG EKTTOONG TNG
NTOTIKNG Kol VEPPIKNG AElTovpyiag, KoOdG Kot Tmv
ghattopévov arobepdtov euiiikod. H ddom mpéret
VO LELOVETOL KOL VO TOPAKOAOLOOVVTAL Yol TPMIN
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sueavion tofikdmrog”.
Mepwcol amd tovg petoforitec g pebotpeEang
omwc N 7- vdpo&u-MTX, 10 4-aptvo-4-de0&u-N10-
pebvromtepoikd o0& (DAMPA) kot to MTXG2
eatvovtoroto oynuo 7.

5. O@gpamevTIKG oYNpOTO

OgpamevTikd oynpo Mebotpegatng - Pvrilvikov
O¢&éog

Ot evdei&elg yo avtd 10 Oegpoamentikd oyfuo givat,
KapKivol 0vpodOYoL KVGTEWGS, ILO.GTOV, GTOUMYOV, KE-
POANG KOL TPAYNAOL, YOPLOKOPKIVOLLOL, AETTOUNVLY-
Ykég evtomioets, o&egla Agvyoipio, ASUOMUOTO, GTOY-
YOEWNG HUKNTIOGT, VEOTAGGLOTO OyVMOGTOL TPWTO-
nafovg €oTing, GAPKMLLN, KOPKIVOG 01G0QAYov, Ko~
pxivog mvedpova, kapkivog 6pyxeoc. To Bepamentind
avtd oynua otoyedetl ota £Ng: Teppatiopnd g ova-
TOPUYOYNS KOAPKIVIKOV KVTTAPOV HECH OVOUGTOANG
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Zynua 7. Metafolites e uebotpeang

™¢ ovvbeong tov DNA, Baciopévn oty ovri-
petafoiikn dpdomn g pebotpeEane. Oepameia d1d-
O®MONG TOV LVEAOD TOV 0GTAOV KOl TOV KLTTUP®YV TOL
YOOTPEVTEPIKOV PAEVVOYOHVOL, BOGIGUEVY] GTNV KO-
VOTNTO TOL PLAAVIKOD 0&£0G va flocuvOETel TOGOGTO
movpwvav/mopyudvev ‘Etot, coppova pe ta avo-
Tépm, 1 pebotpe&dtn mov «poldleyy MUK HE TO
S1HOPoPLAALKS 0&D, avacTEAAEL TO £VIDIO aKOLLO Kot
og cuykevipmosic 10° éog 10° M. Eneidy to FH, kot
T TOPEYMYO. TOV OTOLTOVVTOL Yl T cVVOEST TOVPL-
vov kot Qopivng, to KopKivikd KotTopo, To omoio
moAamhoctdlovTot ypryopa Yoy HeYOAeg avayKeg
v to €vlupo avtd. BéPara Ora ta KOTTOPO OTOTOVV



SHOPOPLAAIKTY OVALYMYAGT), Y10 GVTO Ol OVTIQPUAAIKEG
EVOoELS lvol og TeMKN avaivon Tofikég Kat dev
pumopolv va ypnoiomomBolv yo mapatetapév Oe-
poaneio. H Aevkofopivn, mopdywyo Tov TETPOOPO-
PLAMKOD 0&£€0C, oV KO VOEXETOL VAL EUTOSIGEL TO OLTTO-
TELEG L TOV PUPLLAKOL oV YopNyNOel cOVTOUA LETE TN
yopnynomn g nebotpedng, dedopévou Ot dev ypetd-
Cetar v DHFR ywo v gvepyomoinom g, HETPLES
(>100mg/m’) | vynréc d6csic (>1.000mg/m’) nebo-
Tpeng yopnyolueveg pe AgvkoBopivn g Bepomeio
SomOOoNG, YPNOLLOTOLOVVTAL GE JLAPOPES VEOTALL-
oieg, (av kot dev amoteAei avtidoto ywo tn pebotpe-
&, To QUAAMVIKG 0D pmopel emiong va yp1oedoEL
GTNV OVTILETOTION NG VItEpdocoroyiag e pebotpe-
gam).

H dubowon pe AevkoPopivn eivor amapaitnm oe
d6cerc >500 mg/m’, umopel dumc va yivel kat e
86ce1g 100-500 mg/m’***. Xopnyodvron 10-25 mg/m’
Agvkofopivng po/iv/im avd 6wpo ywo mepimov §-10
docelg, apyilovtag tnv yopnynomn LT v Evoapén g
&yyvong g pebotpeldtng. Ot petoTponés TV d6-
eV TG AevkoPopivng apyilovv Ty Tpitn NuéP Kot
Bacifovtat ota Tpwvd enineda g pebotpeEdc. H
pétpnon Tov emmédmv emavolappavetol kébe mpwi
Kot 01 86ce1g g Aevkofopivig kabopilovtat avaAioya
pe TG petpnoets. H yopiynomn g Aevkofopivng cvve-
yiletan puéypt to eminedo g pebotpeEdng pbdcovy
ta 0,05pumol/lt. Adoelg AevkoPopivig >25 mg yopn-
yoOVTOLivV.

H peBotpe&an pmopei vo mpokaréset ouTdUATH OTo-
BoAn eykvpocvVNG, E8IKA OTAV YOpNYEITOL KOTA TO
TPGOTO Tpipmvo ¢ kimong™ . Mmopei emiong va mpo-
KOAEGEL UEI®GN TNG YOVILOTNTOG, OALYOGTEPILIO KOt
STOPOYES EUUNVOL PUGEMS Y10, EVOL GYETIKA UIKPO
Swaompa petd v dwakomn g Oepaneiog. H texvo-
TOINGCT MPEMEL VAL ATOPEVYETAL YO, LLEV TOVG AVOPES
KaTé TV S1APKELD Kot Yo, 3 TOLAGYIGTOV UVEG HETA
v Oepameio Kot yio TIg yovaikeg Kot Ty dtdpKeL
KO Y10l TOVAGLOTOV €va KOKAO e woppnéia Letd Ty
Bepaneia.

Mmopel va yopnyn0et vroddpia 1 evéopvikd. Me ar'
gvbeiag evoopréPra yoprynon <10 mg e 1 Aentd. Me
EVOOQAEPL Eyyvom Slahvpévo og KOTAAANAO StoddTn
o€ 20 Aemtd g dpag to 24mpo. Me cuveyn EVOoAé-
Ba éyyvon og 24-42 dpec. Evéopaytaio yopnyeitar o
ppd dyko (5-10 ml).
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OepomevTiKo oynpo MeBotpelatng

®viikov 0€og

Onog avaeépbnke n pebotpeldtn oe oynuata «Low
Dose» dpa e dtapopeTikd pnyovicpd. Ospansieg e
YopnAng d6ong MTX divovtar ce ddpopeg owto-
avooeg aoéveleg Ommc N pvocHéveta Gravis, 1) Tohvo-
poocitida, 1 deppraTopvositida, N Hvocitida omd
£YKAELOTA, 1] AYKLAOTOTIKY] GTOVOVLAITION, 1) VOGOG
tov Crohn, n yopiaon, 1 pAvKTaVGING yoploon, 1
yoplactkn appitida, n pevpotoetdng apbpitda, n
Kokklopdtwon Wegener, 0 GUGTNUATIKOG pLONLLOL-
TOONG AKOG, T0 Aodua, 1) GOPKOEId®OT, 1) TPMTOMTOL-
NG yolkn| kippwon kot 1 okANpodeppLia kot cuviOmg
oe ovvdvaood e infliximab, etanercept kot to ada-
limumab .

O yapmAég 60oets pebotpeldtng pmopel va Leudcovv
T omoENATO PVAAIKOD 0EE0C KOt VO TPOKOAEGOLY
avemlOONTEG EVEPYELES TOV EvOL TOPOLOLES e EKEL-
veg oL gpeovifovtat amd TNV aveETAPKELD PLAAIKOD
o&éog. Edd cvouminpopoto @uAAKOD 0EE0G TTpoTL-
povtor kot propel vo cvpfdiovy ot pelmon tov
ToEIKAV TopevePYELOV NG pebotpeldng, xmpig va
UELDVETOL T OTOTEAEGLLATIKOTNTA TG, EPOGOV 1 KOPLOL
dpdon g pebotpeldtng dev givar 1 avoGTOAN NG
DHFR. [Topdderypo amoterel n Oepomeion TG vOGOL
Adapavtiddn-Behget dmov Aapfdvetar pebotpeldn
eBdopadioing, kot puAAKS 0£O nuepncing .
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Summary

The history of methotrexate dates back to
1948 with the initial report by S. Farber and
the successful use of aminopterin, an anti-
folate in the treatment of childhood
leukemia. Methotrexate is part of a general
group of chemotherapy drugs known as
anti-metabolites and it is used to treat



choriocarcinoma, leukemia, osteosarcoma,
breast cancer, lung cancer, non-Hodgkin
lymphoma, and neck cancers along with
other non-cancerous conditions.

This review is a brief throwback to metho
trexate and antimetabolites, and to folic
and follinic acid as well. The pharmaco-
logical action and the metabolism of metho-
trexate along with the mechanisms of acti-
on and the main chemotherapy regimens
are described in detail.
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The alliance between nanotechnology, biosciences and
regulatory agencies promotes innovative medicines.
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Summary

The purpose of this mini review is to address the role of
the scientific excellence of innovative medicines
through Nanotechnology and Bionanotechnology in
Greece. More specifically, this mini review paper
deals with the new technologies and the research
activities of the scientists operating in Greece with an
emphasis on nanotechnology, biotechnology and
Systems Pharmacology through —omics. The devel-
opment of new and innovative drugs in order to impro-
ve the health care and to rational design the frame by
which the health expenditures meet social needs, is an
issue which needs to merge innovations in pharmaceu-
tical nanotechnology. Furthermore this article deals
with the Greek scientific efforts which are focused on
the innovation in science and in advanced Pharma-
ceutical technology and Bio- Nano- technology.

Keywords
Innovative medicines, Nanotechnology, Biotechno-
logy, Greece.

Introduction

This article is to address the role of the scientific
excellence of innovative medicines as the key element
in the development process in Greece The advances in
Pharmaceutical nanotechnology and nanomedicine
promote the personalized medicine and can fill the gap
between technology and biosciences (Figure 1)."”

Nanotechnology is the manipulation of matter on an
atomic and molecular scale. The earliest, widespread
description of nanotechnology referred to the parti-
cular technological goal of precisely manipulating
atoms and molecules for fabrication of macroscale
products, also now referred to as molecular nano-
technology. A more generalized description of nano-
technology was subsequently established by the
National Nanotechnology Initiative, which defines
nanotechnology as the manipulation of matter with at
least one dimension sized from 1 to 100 nanometers.
ionanotechnology, nanobiotechnology, and nanobio-
logy are terms that refer to the intersection of
nanotechnology and biology. Given that the subject is
one that has only emerged very recently, bionano-
technology and nanobiotechnology serve as blanket
terms for various related technologies. This discipline
helps to indicate the merger of biological research with
various fields of nanotechnology. Concepts that are
enhanced through nanobiology include: nanodevices,
nanoparticles, and nanoscale phenomena that occurs
within the discipline of nanotechnology. This techni-
cal approach to biology allows scientists to imagine
and create systems that can be used for biological
research. Biologically inspired nanotechnology uses
biological systems as the inspirations for technologies
notyet created.

The rearrangement of the current concept of the
conventional classification of deceases to the new
concept on 'decease classes', can provide new insights
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for a better therapeutic approach through improveme-
nts in diagnosis. Consequently the misclassification of
the data from the clinical or laboratory approaches
could be avoided by the translations of data coming
from the genotype profile of each patient. The disco-
very of new biological targets creates a new frame to
explore new genome expressions which could be the
platform for innovative drug development. It is of
interest to point out that developing of theragnostics
(which is a key part of personalized medicine and
could be defined as the proposed process of diagnostic
therapy for individual patients - to test them for possi-
ble reaction to taking a new medication and to tailor a
treatment for them based on the test results) in terms of
the technological evolution and ability to produce 'two
in one' diagnostic and therapeutic pharmaceutical
products at nanoscale level is a challenge in the re-
search and developing process.” Pharmaceutical na-
notechnology is a multidisciplinary scientific plat-
form that can provide advancements in therapeutics
with accuracy, effectiveness and safety in clinical
practice. The bio-inspired Pharmaceutical nanotech-
nology especially in the area of drug delivery
nanosystems such as targeted drug carriers inspired by
the new biological targets can produce innovative deli-
very nanosystems that are characterized as bio-in-
spired drug delivery nano systems (bio-inspired D-
DnSs). These systems have directions that contri-bute
to create the systems technology that incorporate the
art for producing nano-devices for diagnosis such as
quantum dots and cantilevers as well as for producing
accurate, effective and safe bio-inspired DDnSs."* Ac-
cording to the data base of scientific publi-cations
(National Science Indicators), we highlighted some of
the scientific and technological efforts coming from
the Greek scientific community, despite the huge

L .58
Crisis.

2. In brief, the recent scientific excellence in
Greece in the field of Nanotechnology and
Biotechnology

The concept to promote the integration between
—omics and nanotechnology is presented in a review
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article by Viziriankis and Fatouros (2012) who noted
that personalized nanomedicine improves the clinical
outcome by crossing the borderlines of genomics with
nanotechnology.™’ In this respect, recent techno-
logies, such as nanotechnology, provide new opportu-
nities for next generation scintillation devices and
instruments. In medical imaging, detector technology
has found widespread use, offering improved signal
capabilities." Novel aerosol therapeutic modalities
have been investigated by Zarogouldis and his collo-
gues for lung cancer because inhaled gene therapy has
presented safety and effectiveness previously in cystic

fibrosis.™"

Tanner et al., reported a controllable strain
gauge factor obtained using a two dimensional nano-
particles layer formed from platinum nanoparticles."
Radiopharmaceuticals are a key tool of molecular
imaging in the field of neuclear medicine because
molecular imaging of cancer using nanosized mate-
rials comprises an important part in systems diagno-
stics.™'* Magnetically and charged targeted drug
delivery may be an ideal method of pharmaceutical
treatment during the resuscitation efforts and post-
resuscitation period, as well as in the detection of post-

17,18 .
"~ Femtosecond laser assi-

cardiac arrest brain injury.
sted nanosurgery of microscopic biological specimens
is a relatively new technique which allows the sele-
ctive disruption of sub-cellular structures without cau-
sing any undesirable damage to the surrounding re-
gions.” Open-ended, multi-wall carbon nanotubes
(CNTs) with magnetic nanoparticles encapsulated
within their graphitic walls were fabricated by a com-
bined action of template growth and a ferrofluid cata-

lyst/carbon precursor, and tested as drug hosts.”” I

n
their study, Karagkiozaki et al., (2010) presented an
example of how nanomedicine can offer solutions for
improving stent coating manufacturing, by producing
nanomaterials with tailored and controllable pro-
perties. “* Recently, the Modulatory Controlled Re-
lease nano Systems (MCRnS) used as drug delivery
nano carrier, based on liposomal technology, has been
proposed to classify in Aybrid and chimeric systems
based on the nature of bioelements used for producing
the Drug Delivery nano System (DDnS) with
modulatory properties.”” Dinca et al. proposed a new



method for the precise, three-dimensional patterning
of amyloid fibrils.” Oral transmucosal fentanyl citrate
was proposed, t0o.” Polymeric self-assembled nano-
particles have been studied for their application of
combined diagnosis (biosensors), and therapy through
nanotechnology applications is attracting increasing
attention worldwide.””” It was also reported an easy
and highly reproducible preparation route, using self-
emulsifying technology, for an orally administered
high quality magnetically responsive drug delivery
system.” Stamopoulos and his collogues presented an
in vitro investigation on the biocompatibility of bare

39,40
“ It was

ferromagnetic nanoparticle-targeted.
investigated the influence of antigen entrapment in
polymeric nanoparticles on the immune responses
obtained after transcutaneous immunization." The
core-shell microgels comprise novel two-compa-
rtment nanostructures synthesized by Christodoulakis
and Vamvakaki that exhibit contraphilic properties in
the core and the shell of the particles in response to a
single external stimulus.” In their recent publication,
Kremmydas et al. noted the characterization of bio-
control activity of Pseudomonas fluorescens strain X
that reveals novel genes regulated by glucose.” A
custom-made electroeluter that combines low-cost,
high-recovery yields, short times of electroelution,
and convenience in the manipulation of sensitive
samples was described by Fadologlou.* Toliopoulos
etal. designed a study in order to evaluate the effects of
five homoeopathic complex preparations on
functional activity natural killer cells in advanced
cancer patients.” A causative relationship between
mitochondrial biogenesis and dynamics in
neurodegeneration was recently analyzed by
Nikoletopoulou and Tavernarakis.” Makridakis et al.
reported in their recent review article the main
findings from the investigation of stem cell secretome
by the use of contemporary proteomics methods and
discuss the current status of research in the field.”
Abatzoglou et al. noted the establishment and valida-
tion of a method for multi-dose irradiation of cells in
96-well microplates because microplates are useful
tools in chemistry, biotechnology and molecular
biology.” The purpose of Tsolis' et al. work was to
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construct a consensus prediction algorithm of aggre-
gation-prone peptides in globular proteins, combining
existing tools.” Arampazti et al. proposed a novel
chromatin anti-condensation role for this element in
mitotic bookmarking and timing of post-mitotic trans-
criptional reactivation.” Tsakogiannis et al. identified
of novel sequence variants of human papillomavirus
16." The study of Papadodima et al. aimed to exploit
bioinformatic tools in order to analyze microarray data
of atherosclerotic aortic lesions.” Bitsika et al. in their
review summarized various approaches where the
tumor-homing capacities of fetal mesenchymal stem
cells that can be utilized as delivery vehicles for cancer
therapeutics.” Chondrogianni et al. investigated the
protein damage, repair and proteolysis and highlighted
that different drugs as well as natural compounds that
interfere with proteolysis have been identified and/or
developed resulting in homeostatic maintenance
and/or the delay of disease progression.™ Kourtis et al.
have published their work concerning on small heat-
shock proteins that protect from heat-strock-asso-
ciated neurodegeneration.” The latest findings on bio-
markers potentially beneficial in disease stratification
based on aggressiveness and prognosis were reported

] 56,57

by Frantzi et a According to Nikolouli and
Mossialos, bioactive compounds synthesized by non-
ribosomal peptide synthetases and type-I polyketide
synthases discovered through genome-mining and
metagenomics, allowing the exploitation of so far
untapped microbial resources in biotechnology and
medicine.” Stefanou et al. developed and validated a
simple, sensitive and rapid method for the quantitation
of alkylating drug-induced DNA damage.” The
findings of Pintzas et al. investigation provided
mechanistic basis for a pharmacogenomic approach,
which could be exploited further therapeutically, in
order to reach novel personalized therapies for cancer
patients.” Margoni et al. reviewed the roles of trans-
forming growth factor-beta/bone morphogenetic pro-
tein signaling pathway in adipocyte differentiation.”
Koryllou et al. investigated the cell death of human
origin and implication of RNA binding protein
alterations.” Zoidakis et al. study involved the
application of a fractionation method of urinary pro-



teins.” Vasilopoulos' et al. study was the first in the
field of psoriasis demonstrating a strong association
between genetic markers and positive response to drug
treatment.” Mourtas et al. described describe here the
preparation and characterization of new nanoparticles
to be exploited as vectors for the targeted delivery of
new diagnostic and therapeutic molecules for Alzhei-
mer disease.” Recently, the fractal approach is inclu-
ded in many fields of Pharmaceutics.””* The Pharma-
covigilance is one of the most crucial topic in these
research orientations.”

3. Conclusions

The scope of this mini review article is to address the
role and to promote the alliance between advanced
nanotechnology in Pharmaceutics, biosciences and
regulatory authorities as the major initiators for health
care, in Greece. The collected statistical data on
research of innovative medicines pointed out that the
Greek scientists could take advantage of the “Horizon
20207 on the continuity of their investigation, whilst
how the accumulation of knowledge at Greek
universities and research foundations could be
translated into industrial health products with added
value, safe and effective for the European consumers.

System Approach

System Biology

Genomics Proteomics Lipadomics Metaholomics

A 4

System Pharmacology

Pharmacogenomics Pharamacoprotcomics

Figure 1. The system approach in Pharmaceutical Sciences
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H ovppoyio Navoteyvoroyiac,
Buemompov ko PvOpistikav
Opyoviop®v pg otodyo To.
Kowvotopa gappoxa. H copfoin
™¢ EALGOaG

Kootog Aepétloc, Notdosoa Ilinmo.
Touéag Papuaxevtixns Teyvoloyiog, Tunua
Dapuoxevtirng, Hovemornuio AOnvav,
Tovemotnuodroln Zaoypdgpov, 15784, AGnvo.

Hepiinyn

O oKkomdg avTov TOL APHpoV ivar va e&eta-
o1el 0 POLOG TNG EMOTNLOVIKNG OPLOTELOG
GTOV TOUEN TV KOVOTOU®OV QOPUAK®OV LE-
o® ™G Noavoteyvoroyiag kKot g Blovavo-
teyvoroyiag otv EAAGSa. TTio cuykekpt-
péva, aVTO 1 0VOLCKOTN G AoYOAEITOL LLE TIG
VEEG TEXVOLOYIEG KOl TIG EPEVVNTIKEG OPOL-
GTNPLOTNTEG TOV EMGTNULOVAOV TOV OPOCTI-
plorotovvtat 6tV EAAGSa, e Eppacn otov
topéa g Navoteyvoroyiag, tng Bloteyvo-
Aoyiag Kot g Zuotnukng @appokoroyiog
HEC® TNG TPOCEYYIoNG TV -omics. H avd-
TTVEN TOV KOWVOTOUMV PUPUAK®Y, TPOKEL-
pévov va BertimBein dnpocia vyeio kot v
opBoroyikn oyediaon tov mTAaciov e To
omoio ot damdves VYeloG CLYKALVOLV LE TIG
KOWMVIKEG avVAYKeG, ivat Eva Otnpo wov
npénel vo BoBetnoet Tig Kavotopleg oTov
topéa g Doppokevtikng Novoteyvoro-
yioc. Emmiéov, avtd to dphpo acyolreiton
LLE T1G EAANVIKEG EMIGTNUOVIKES EPYOGIES, O
OTOIEC EMIKEVIPMOVOVTIOL GTNV KOWVOTOLLioL
G EMOTNUNG KL TNG TPONYHEVIG PAPHO-
KELTIKNG TeYVOAOYinG Kot tng Blovavote-
LVOAOYiOG.
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Abstract

Risperidone has been widely used in the treatment of
schizophrenia. From toxicological point of view,
risperidone appears to be involved in a number of
clinical cases related to abnormal use or overdosage.
Although a number of articles report the determination
of this drug in biological fluids, until today no study
has been conducted to address the problem of limited
fragmentation of a single quadruple mass spectro-
meter (HPLC-MS/ESI) when assaying risperidone
and its active metabolite (9-OH risperidone). In this
case confirmation of the analytes is insufficient. In this
study, we propose an off-line combined HPLC and
LC/MS method in order to collect the appropriate
identification points and meet the confirmation
criteria as they are set by the EU guidelines. A simple
HPLC method has been validated for the
determination of Rs and 9-OH Rs in human plasma,
using an ODS X'Terra® analytical column. The
chromatographic run time is less than 13 min using a
mobile phase 0f 40:60 (v/v) acetonitrile—triethylamine
0.02%, at 1 mL/min flow rate and UV/Vis detection at
280 nm. The method is linear in the concentration
range of 3—100 ng/mL for each analyte. The LC/MS

Panepistimiopolis — Zografou, 157 71 Athens, Greece

separation of the analytes was performed on a X'Terra”
Cs MS analytical column, using 0.05% formic acid-
acetonitrile as mobile phase, under gradient condi-
tions. After extraction of the analytes with Bond Elut
certify SPE cartridges, samples were simultaneously
off-line injected in the HPLC and LC/MS systems.
The method was applied in a clinical sample of toxi-
cological interest and is proposed when inadequate
mass fragmentation in a single quadruple LC/MS does
not provide appropriate information to meet confir-
mation criteria but also for TDM and pharmacokinetic
studies.

Keywords
risperidone; 9-hydroxyrisperidone; HPLC; LC/MS.

1. Introduction

Risperidone (Rs) is used in the treatment of schizo-
phrenia and other psychotic syndromes. It is reported
that it is effective in the treatment of both positive and
negative symptoms of schizophrenia, and that, as
other atypical antipsychotics, it is less likely to produ-
ce extrapyramidal side effects when compared with
classical antipsychotics. The advantages of the thera-
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peutic profile of this drug have led to increasing use of
them in treatment of schizophrenic patients"’. Howe-
ver, high doses of this atypical antipsychotic are
suspected to pose an increased risk for extrapyramidal
side effects or other side effects ™.

Several analytical methods, for the determination of
Rs and its active metabolite (9-OH risperidone; 9-OH
Rs) in human plasma have been introduced using
HPLC-UV/Vis ™, LC with tandem mass spectro-
metry" or single quadruple MS 24, or HPLC-EC de-
tection””. While UV/Vis and electrochemical dete-
ction are known for their selectivity limitations in
order to meet the confirmation criteria as they are set in
EU guidelines ”, tandem mass spectrometer appears to
be a highly sensitive but high cost solution for a
number of laboratories. In this case, LC single-
quadruple MS provides an alterarnative solution for
the determination of Rs and 9-OH Rs in biological
fluids. However, the only reported method using LC
single quadruple MS does not describe how to over-
come the inadequate LC—MS fragmentation of both
analytes in human plasma, since in cases of toxico-
logical interest the confirmation of the presence of
analytes is a prerequisite.

This paper describes an off-line combined HPLC
UV/Vis and LC/MS method for the determination of
Rsand 9-OH Rs (Fig. 1A, Rs; 1B, 9-OH Rs) in human
plasma by collecting the appropriate identification
points (IP; n=4). Initially, the use of gas chromatogra-
phy mass spectrometry (GC-MS) was investigated for
the assay of these analytes, without success. GC—MS
appears to be problematic for the detection of Rs and
9-OH Rs since both compounds undergo thermal de-
gradation in the gas chromatograph and are not de-
tected in the routine screen . The next step was to
investigate the mass fragmentation procedure of both
compounds in a liquid chromatography single qua-
druple mass spectrometer. The result was a poor
number of fragments (1 quantifier ion and 1 qualifier
ion for each analyte) and thus we decided to develop a
supplementary HPLC UV/Vis method for the
determination of these compounds and use it in combi-
nation with LC-MS. Using this combined method, the
presence of Rs and 9-OH Rs is confirmed by gathering
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3.5 1Ps (quantifier ion: 1 IP; product ion: 1.5 IPs;
retention time: 1 IP) for each analyte from LC/MS (m/z
411191, Rs; 427207, 9-OH Rs) [17, 31] and 1 IP
(retention time) from HPLC-UV/Vis. The developed
HPLC method covers both therapeutic and toxic levels
and can be used also for the therapeutic drug
monitoring (TDM) and pharmacokinetic studies of Rs.

2. Material and methods

2.1. Chemicals and reagents

Reference standards of risperidone, 9-OH risperidone,
midazolam (internal standard for HPLC; IS,) and
imipramine (internal standard for LC/MS; IS,) were
obtained from LGC Promochem (Molsheim, France).
Acetonitrile and MeOH were of HPLC grade and
purchased from Merck (Darmstadt, Germany). Water
was deionized and further purified by means of a
Direct-Q water purification system from Millipore SA
(Molsheim, France). Formic acid, triethylamine
(TEA), NaH,PO,, Na,HPO, and acetic acid were of
analytical grade and were obtained also from Merck.
Drug free human plasma was obtained from plasma
units of the blood bank of Aglaia Kyriakou Pediatric
Hospital (Athens, Greece). X'Terra” C,, and X'Terra”
C, MS analytical columns were purchased from
Waters (Milford, MA, USA).

2.2. HPLC-UV/Vis conditions

Chromatography was performed with a HPLC system
consisting of a Jasco Model 880 PU pump fitted with a
model 880-2 Ternary Gradient Unit and a Model 875
UV variable wavelength UV/Vis from Japan Spectro-
scopic Co. Ltd. (Tokyo, Japan). The pump was used
under isocratic conditions on manual mode and dete-
ctor was operated at 280 nm. The system fitted with a
Model 7125 manual injector Rheodyne (Cotati, CA,
USA)and a 50 uL sample loop. Samples were chroma-
tographed on a X'Terra” C,, reversed-phase column
(250 x 4.6 mm, 5 pum). Mobile phase was consisted of
ACN:H20 (40:60, v/v) with the addition of 0.02%
TEA. Flow rate was adjusted at 1.0 mL/min. A Hewlett
Packard HP 3394A integrator from Hewlett Packard
Company (Avondale, PA, USA) was used to record



chromatograms, at peak area mode (chart speed 0.2
cm/min). A Millipore filtration system from Millipore
SA (Molsheim, France) with type HV Millipore filters
(pore size 0.45 mm) was used, for degassing the
mobile phase under vacuum. Vortex was supplied by
Heidolph Instruments GMBH & Co KG (Schwabach,
Germany). A Fisher isotemp dry bath Model 145 from
Thermo Fisher Scientific Inc. (Waltham, MA, USA)
was used for the evaporation of the extraction
solvents.

2.3. LC/MS conditions

A Shimadzu LC system (Shimadzu, Kyoto, Japan)
consisting of a LC 20AB pump equipped with a DGU
20A, degasser and a SIL 20AC autosampler, was used
for the LC/MS chromatographic separation.
Chromatographic separations were achieved on a
X Terra” MS C, analytical column (250 x 2.1 mm i.d.,
Spm). The mobile phase was consisted of 0.05%
formic acid (solvent A), acetonitrile (solvent B) and
eluted under the following linear gradient conditions:
(A:B; v/v) from 1:99 to 25:75 in 15 min, fast gradient
to 1:99 in 15.01 min and then isocratic elution until
40.0 min for re-equilibration. The flow rate was
constant (0.25 mL/min) for the first 5 min, increased to
0.4 mL/min from 5.01 min to 25 min and return to 0.25
mL/min for re-equilibration. The analysis run time
was 40 min and the injection volume was 10 pL.

The mass spectrometer was a single quadruple mass
spectrometer (Shimadzu, LCMS 2010EV, Kyoto,
Japan) with an electrospray ionization (ESI) source
operating in positive mode. Nitrogen was used as
drying and nebulizer gas and the instrument
parameters were optimized by tuning the [M+H] and
product ions of the analytes, by direct infusion of their
standard solutions. The Nebulizer gas flow was set to
1.5 L/min. CDL and Heat Block temperatures were
optimized and kept at 230C. The appropriate CDL, Q-
array DC and Q-array RF voltages were adjusted to 3,
5, 5, and 140V, respectively. Rs and 9-OH Rs were
detected using their pseudo-molecular ions [M+H]" as
quantifier ions (m/z 411 for Rs; m/z 427 for 9-OH Rs)
and their single product ions as qualifier ions (m/z 191
for Rs; m/z 207 for 9-OH Rs). Imipramine was
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detected using its [M+H]" (m/z 281). Internal standard
in LC/MS was switched to imipramine since
midazolam appeared to be chromatographically not
accepted. The mean retention times of Rs, 9-OH Rs
and imipramine were 15.2 for Rs and 9-OH Rs and
16.9 min for imipramine. The data were acquired and
processed using the LCMSsolution software (version
3, Shimadzu).

2.4. Stock and working standard solutions

A mixed working standard solution of Rs and 9-OH Rs
at 10 pg/mL was prepared from their appropriate
separate stock solutions of 1 mg/mL. Working solu-
tions at a calibration range of 30-1000 ng/mL were
prepared by appropriate dilutions of the 10 pg/mL
mixed standard solution with ultrapure water.
Working solutions were prepared also for quality
control (QC) samples by appropriate dilutions of diffe-
rent batches of stock solutions to obtain final con-
centrations of 90, 300, and 800 ng/mL. Working stan-
dard solution of midazolam (IS) was prepared at 1
pug/mL by dilution of 10 pg/mL standard solution with
ultrapure water.

2.5. Calibrator and quality control samples

Plasma standards for calibration curves and QC were
prepared by spiking 0.9 mL aliquots of drug free
human plasma with 100 pL of the appropriate mixed
standard solution of Rs and 9-OH Rs, providing a
calibration range between 3-100 ng/mL and QC levels
at9,30,and 80 ng/mL.

2.6. Sample extraction

50 uL of midazolam (1 pg/mL) was added to 1 mL of
human plasma and the sample was centrifuged at 2000
rpm for 10 min. The supernatant was extracted in Bond
Elut Certify SPE cartridges. The columns were
conditioned with 1mL MeOH, ImL water and 1 mL
acetic acid 1M. After loading of sample, the cartridges
were washed with 4mL acetic acid and 1mL of butyl-
acetate before drying them for 10min. Analytes were
eluted with 3mL of MeOH/NH, (97/3, v/v). The eluent
was then transferred into a 10 mL conical glass tube
and evaporated to dryness at room temperature under a



gentle stream of nitrogen. The residue was
reconstituted in 150 pL of ACN:H,O 50:50, v/v. An
aliquot of 50 puL was injected into the HPLC system
and another aliquot of 10 pL was injected into the
LC/MS system.

2.7. Validation procedure

Calibration graphs of the recovered standards were
prepared for each of the three days of analysis to
establish linearity and reproducibility of the HPLC
system. Graphs were constructed of the analytes
versus the IS peak area against drug concentration
according to European Union criteria . Spiked human
plasma calibrator at seven concentration levels, were
prepared and analyzed in three different analytical
runs. Weight (1/x°) least square linear regression was
used to obtain the equations of the calibration curves.
QC samples were processed in three replicates at each
concentration for three different analytical runs in
order to evaluate the intra- and inter-assay precision
and accuracy. Specificity was tested by analyzing
human plasma spiked with drugs that could be co-
administered with Rs (codeine, phenobarbital, cloza-
pine, olanzapine, carbamazepine, venlafaxine, paro-
xetine, citalopram, clomipramine, mirtazapine, ami-
triptyline, biperiden, and haloperidol). Concentrations
in these mixtures were 1 pg/mL. In addition, six dif-
ferent blank human plasma were analyzed in order to
evaluate the absence of interfering peaks in the
chromatographs of the analytes and the IS. Carry over
was examined each working day by analyzing blank
sample after a calibration spiked standard with
concentration 100 ng/mL. The recovery was inve-
stigated at three levels for Rs and 9-OH Rs (9, 30, and
80 ng/mL) and was calculated by the comparison of
six extracted spiked samples to unextracted aqueous
standard solutions of the same concentration.

2.8. Matrix effects

For the investigation of the signal suppression caused
by co-cluting matrix substances in LC/MS, six
different blank plasma samples spiked with the
analytes at two concentration levels (9, 80 ng/mL)
were analyzed. The absolute and relative responses of
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Rs and 9-OH Rs in the spiked plasma samples were
compared with the results obtained from aqueous
standard samples spiked at the same concentration
levels.

2.9. Application in real samples

A human plasma obtained from clinical case was
further assayed according to the proposed HPLC and
LC/MS method, in order to investigate its applicability
for confirmation purposes.

3. Results and Discussion

3.1. HPLC chromatographic conditions
optimization

During the preliminary experiments, several combi-
nations of mobile phase composition (ACN:NaH,PO,,
ACN:Na,HPO,, ACN:TEA MeOH:NaH,PO,
MeOH:Na,HPO,, MeOH:TEA) and pH (3, 6, 10.5)
were investigated, in order to obtain the optimum
separation of Rs and 9-OH Rs. It was observed that pH
affected the retention times of the analytes and their
separation. Decreasing the pH value resulted in an
overlapping between the analyte peaks, which con-
sequently led to a separation failure. At higher pH
values (>10) 9-OH Rs was sufficiently separated due
to the de-protonation of the hydroxy group that led to
increased polarity. Therefore, pH 10.5 with the
addition of 0.02% TEA was chosen as the optimum
value. In addition, as the percentage of acetonitrile
decreased, the retention times for the drugs were lon-
ger while the separation of the analytes were sufficient
until 40% of ACN. At higher values, retention time of
the analytes was too short and metabolite's peak
overlapped with endogenous compounds. Conse-
quently, the best separation of Rs, 9-OH Rs and
midazolam (IS) on the X'Terra" C,, column was achie-
ved using a mobile phase of 40:60 (v/v) acetoni-
trile:water with the addition of 0.02% TEA to obtain
retention times 0f 9.8, 7.2 and 12.1 min, respectively.

3.2. Sample extraction optimization
Liquid-liquid extraction is known to yield increased
ion suppression in LC/MS due to the limited removal



of endogenous components from the plasma matrix.
Thus, solid-phase extraction (SPE) was selected in
order to achieve the appropriate sensitivity with
minimum ion suppression effect. SPE was tested using
different columns (C,,, Oasis HLB, ABS Elut Nexus
LRC, ISOLUTE® HCX and Bond Elut LRC Certify).
C, columns which favor non-polar interactions,
provided increased interferences that prevented the
proper quantitation of the compounds. The same
results were obtained even when wash step was
modified. OASIS HLB and ABS Elut
cartridges provided low extraction efficiency (<20%)

Nexus

and were rejected. Both columns are characterized by
a combination of hydrophilic and lipophilic
interactions. Oasis HLB is a hydrophilic-lipophilic
balanced, water-wettable made from two monomers;
the hydrophilic N-vinylpyrrolidine and the lipophilic
divinylbenzene. Bond Elut NEXUS is an ultra-clean
polymeric sorbent which has bi-modal porosity and a
high surface area. NEXUS offers a non-polar retention
mechanism. The optimum recovery was achieved with
ISOLUTE® HCX and Bond Elut LRC Certify
columns. Both cartridges possess mixed-mode
sorbent combining non-polar (C,) and strong cation

exchange retention (SO;) mechanisms to isolate basic
analytes. Bond Elut LRC Certify columns were finally
selected since they require less solvent volume. When
using Bond Elut LRC Certify cartridges, the
chromatogram was free of interferences and recovery

was found to be 86.95% ka1 97.52% for Rs and 9-OH
Rs, respectively.

3.3. Selectivity - Specificity

No endogenous plasma components were eluted at the
retention time of the analytes, while none of the spiked
drugs interfered with the analyte peaks.

3.4. Linearity

The calibration curves were linear in the
corresponding dynamic ranges with square correlation
coefficient (') 0.994 and 0.986 for Rs and 9-OH Rs,
respectively (Table 1), while the % RSD of the slopes
was 6.73. Figure 2A represents a typical chromato-
gram of blank plasma sample with the addition of IS
while Figure 2B represents a typical chromatogram of
spiked plasma sample.

3.5. Limits of detection and quantification

LOD and LOQ levels were found to be 1 ng/mL
(S/N>3) and 3 ng/mL (S/N>10), respectively, for both
analytes (Table 1).

3.6. Precision and accuracy

The %RSD of'intra- and interday precision were found
to be less than 8.3 and less than 11.7, respectively, for
both analytes. The % of intra- and interday accuracy
were found to be less than 6.4 and less than -9.0,
respectively, for both analytes (Table 2).

Table 1. Analytical parameters of the calibration equations for the determination of Rs and 9-OH Rs in human plasma

Mean of three calibration curves; calibration range: 3-100 ng/mL

Regression equation’ r
Rs =4.7x10° x C,, + 1.4x10* 0.994
9-OH R, =4.2x10°x C, .+ 0.7x10? 0.986

s.d° LOD' LOQ°
Slope Intercept
1.3x10° 1.1x10° 1.0 3.0
1.5x107 1.2x10° 1.0 3.0

“ Ratio of the peak area amplitude of the analyte to that of the internal standard, (risperidone, Rs.9-OH risperidone, 9-OH Rs)

vs. the corresponding concentration; C,, is the concentration of risperidone; C9-OH Rsis the concentration of 9-OH risperidone

* Square correlation coefficient
¢ Standard deviation of slope and intercept
‘Limit of detection

¢ Limit of quantitation
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Table 2. Intraday and interday accuracy and precision data for risperidone (Rs) and 9-OH risperidone (9-OH Rs) in spiked plasma

samples (n =9)

Conc.Added Conc. Found % R.S.D. % Er Conc. found %R.S.D. % Er
(ng/mL) (ng/mL) (ng/mL)

Rs 9-OH Rs
Intraday
9 9.2+0.7 7.7 2.2 9.4+0.86 9.1 4.4
30 28.6t24 8.3 -4.7 273132 11.7 -9.0
80 83.7+4.6 5.5 4.6 84.7+6.1 7.2 59
Interday
9 94+0.7 7.9 4.4 9.7+£0.91 9.4 7.8
30 293+24 8.2 2.3 27.8+3.1 11.1 -7.3
80 85.1£5.6 6.6 6.4 83.8+£6.5 7.8 4.8

3.7. Matrix effect

An important issue in method development of a
qualitative or quantitative analysis in biological
matrix using LC/MS, is the potential occurrence of
matrix effects, defined as the effect of co-eluting
residual matrix components on the ionization of the
target analyte. Although the interferences may remain

A N

F-{ —\ \N/\j/\clr\lm/\j
LN ‘(/\T

B ” OH

XD

SovehEh

Figure 1. Chemical structure of A: risperidone, Rs and B: 9
-OH risperidone, 9-OH Rs
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undetected because of the selectivity of the MS
detection, they do affect the reproducibility and

32,33

accuracy of the developed procedure

Abwirhanie,
B
T —

Figure 2. Representative HPLC chromatogram obtained from

the analysis of A) blank plasma sample; midazolam (IS)

(t;=12.2 min), and B) spiked plasma sample with risperidone
(Rs; t,=9.8 min), 9-OH risperidone (9-OH Rs; t,=7.2 min)

and midazolam (IS; t,=12.2 min)
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Figure 3. LC/MS chromatogram obtained from the analysis of a clinical plasma sample (Risperidone, Rs, t, = 12.5 min, m/z
411191; 9-OH Risperidone, 9-OH Rs, t, = 12.5 min, m/z 427207, Imipramine, IS, t, = 16.9 min, m/z 281)

In this study, the responses of Rs and 9-OH Rs were
affected by the matrix no more than 20% while plasma
components did not appear to affect the column effi-
cacy. In this case the use of an internal standard is
equally affected by fluctuations in detector response
and ionization efficiency as the analytes and the IS and
the analytes possess similar physicochemical chara-
cteristics.

3.8. Clinical case

In voluntary drug intoxications, the ingested dose and
the beginning of intoxication are often unknown. Ne-
vertheless, the expected concentrations are generally a-
bove the therapeutic concentration. The therapeutic
concentrations of Rs and 9-OH Rs range between 4-30
ng/mL and 12-60 ng/mL, respectively’*.
By using the proposed method we were able to
confirm the presence of Rs and 9-OH Rs in a clinical
sample and manage a case of Rs poisoning by a child. A
typical patient LC/MS chromatogram is shown in Fig3.

Conclusions

In general unknown screening where any prior use of
medications is not known, HPLC-UV/Vis cannot be
used alone since other drugs may interfere with Rs and
9-OH Rs. In addition, the fact that the identification of
Rs and 9-OH Rs in plasma using GC-MS is
problematic has led the toxicologists to the application
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of LC-MS or LC-MS/MS instrumentation for this
assay. Today, most toxicological laboratories analyze
Rs and 9-OH Rs in human plasma using high cost
instrumentation such as LC tandem MS systems. LC
interfaced with single quadruple MS usually provides
insufficient fragmentation to analytes which does not
allow the proper meet of the confirmation criteria. In
such a case the use of an additional technique is
commonly used in order to collect the required
identification points. In this, study, we report for first
time a simplified combined HPLC with LC/MS
method which allows the simultaneous off-line
detection and confirmation of the presence of Rs and
9-OH Rs in human plasma. The proposed method can
be used for the toxicological investigation of Rs
intoxication cases. For TDM or/and pharmacokinetic
studies where any prior use of medication can be
controlled, the calibration range of the HPLC-UV/Vis
assay allows additionally the determination of Rs and
9-OH Rs levels without interfering of any other
undesirable drugs.



Overcoming insufficient
fragmentation in single quadruple
MS by combining HPLC-UV/Vis
with LC/MS: The case of
risperidone in terms of the
identification point system

Xp. Aaprpwéiac”, E. BapBepiaxnc”, K.
Miotog", I. Ntétowkag’, E. Ikikog’, 1.
Momovtoic', X. EZaniomovrov’, X.
ABovacéing'

' EOvixé ko Kamodiotpiawd Havemotijio
AOnvarv, lazpixn Xyoln, Epy. latpodikaotiknig kot
Tocikoloyiog, M. Aciag 75, 11527-'ovon, AOnva,
ENéda’ EOvixé ko Kamodiotpiaxo [avemiotiuio
AOnvarv, Tunuae Poppoxevtirng, Tousog
Dapporevtirne Xnueiog, Hoveriotnuiovmoln-
Zaypdpov, 15771-A0nva, EALado

Hepilnyn

H Pionepdovn (Rs) ypnotpomoteitar v-
pEag yio ) Oepameio g oyloppévelag. H
EUMAOKN TNG O& peEYOLO 0plOrd KAVIKOV
MEPIOTATIKOV OYeTICETAL LE U1 QLGLOAOYL-
K1 ¥pNon 1 VIEPSOGOAOYIN LLE ATOTEAEGLOL
0 TPOGOLOPLIGHOG TG 0T BLOAOYIKA VY PA VL
OTOKTA 1O10{TEPO TOEIKOALOYIKO EVOLOPEPOV.
[Topd to yeyovog Ot pia Gepd amd emt-
GTNUOVIKEG ONUOGIEVCELS AVOPEPOLY TOV
TPOGOIOPIGHO TNG PLOTEPIOOVIG KOl TOV
gvepyoL petofoirit g (9-OH promepdod-
v, 9-OH Rs), péypt onuepa ogv €xet
Ste€oryBel peAéTn Yo TV AVTILETOTICT) TOV
TPOPALOTOG TG TEPLOPIGUEVNG Bpav-
opatonoinong Tovg 6tav avt epeaviletot
€ (QUOUATOQPMTOUETPO pHoldV OmTAOD TE-
tpamdrov (HPLC-MS/ESI). Xg avt) v
gpyacio, TPOTEIVOLLE 110l GLVOVAGTIKN [UE-
0000 VYPO-YPOUATOYPUPIOG VTEPLOIOVG-
opatov (HPLC-UV/Vis) kot vypoypopo-
toypooiag eoacpatopetpioag palov
(LC/MS), mpokeyévov va cvAieybel o
KatdAAAog aplBuds onueimv tovTomoin-
onNg yw. TV KdAvym TV Kpunpiov tov-
tomoinong 6mwg avtd Kabopilovror amd Tig
katevBovtipileg odnyieg ¢ Evpomaikng
‘Evoong. Emwkvpdbnke pio amin pébodog
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HPLC-UV/Vis yio. Tov Tpocdlopiopd g
Rs kot g 9-OH Rs og mhdoua, pe xprion
g avalvtikig othing X-Terra® ODS. O
YPOLATOYPUPIKOG YPOVOS avaAvong eivor
HKPOTEPOG 0O 13 AETTA YPNOLULOTOLDOVTOG
o¢ K @don 40:60 (v/v) axetovitpi-
Mo—tprarfvrapivn 0.02%, pe pOpod porg 1
mL/Aento. O oaviyvevting UV/Vis pobpi-
omke ota 280 nm. H pébodog etvor ypopt-
pkn og €0pog 3-100 ng/mL yia kGOe ava-
AT, O Sloy®PIGHOG TOV OVOAITOV GTO
ocvomuo LC/MS mpoypoatonomdnke oe
avarvtikry 6tiAn X-Terra® C, MS, ypnot-
pomolvtog oG Kwvnet ¢don 0,05% pop-
ko o&v-axerovitpiio kot Padudmm
ékhovon. Ot avaliteg ekyvAioTnKov e
ypon omAiodv Bond Elut certify kot ot
GLVEELD EYYLONKOY TOVTOYPOVO GTOL G-
omuata HPLC kot LC/MS. H pébodog
EQAPUOOTNKE GE KAMVIKO Oglypal [LE ToEIKOo-
AOYIKO EVOLOPEPOV KoL TTPOTEIVETAL OTAY 1)
meploplopévn Bpavcpatoroinon oe amiod
tetpamoro LC/MS dev emtpémet v wAnpn
TOVTOTOINGT TOV AVOADTOV, VL0l TNV TP~
KoAoOONoN BepamevTikdV EMMES®Y TOV
(QOPLLAKOV KOL POPLOKOKIVI TIKEG LEAETES.

2oyypapéag orlnloypagio.
Kawvoravrivog [iorog (cpistos@med.uoa.gr)
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20th EuroQSAR
Understanding Chemical-
Biological Interactions
Info: www.eurogsar2014.org

EE A

September 7-11, 2014
Lisbon, Portugal.

XXIII International Symposium
on Medicinal Chemistry.
Info: www.efmc-isme.org

% %

September 8-10, 2014,

Antalya, Turkey.
17th International Pharmaceutical Technology
Symposium - IPTS2014 - Pharmaceutical
Nanotechnology: Innovations, Therapeutic
Possibilites and Technological Challenges.
Info: www.ipts-hacettepe.org

* % %

September 10-11, 2014,
Mumich, Germany

Introduction to Quantitative Pharmacology
and PK/PD.
Info: www.lakemedelsakademin.se/munich2014

PHARMAKEFTIKI 26, 11, 2014

September 12, 2014,

Lisbon
EFMC-YMCS 1st Young Medicinal Chemist Symposium
University of Lisbon, Faculty of Pharmacy, Portugal
Info: www.efme-ymecs.org

L

September 23-25, 2014

Rimini, Italy.
Summer School in Pharmaceutical Analysis (SSPA)
Info: www.users2.unimi.it/SSPA/

* % %

October 9-11, 2014
Patra, Greece.

2nd Pharmaceutical Sciences Conference:
of Research In Society

Info: www.pharmacy.upatras.gr

* % %

November 13-15, 2014

Royal Olympic Hotel Athens, Greece.
Organizers: Hellenic Pharmaceutical Society,
Hellenic Society of Medicinal Chemistry,
International Liposome Society

Contact Person: Mrs. Irene Katti, tel.: 0030 211 100
1783, i.ka@zita-congress.gr

June 7-11, 2015
Athens, Greece.

IX Joint Meeting on Medicinal Chemistry
Info: www.jmmc2015.gr




NEA EEEAIZELY NEWS & DEVELOPMENTS
®APMAKEYTIKH 26, 11, 2014 PHARMAKEFTIKI 26, I1, 2014

Néa a6 Tnv EAAHNIKH ®PAPMAKEYTIKH ETAIPEIA

EAAHNIKH
OAPMAKEYTIKH
ETAIPEIA

HMEPIAEX EIIIMOPO®QYHY & EKITAIAEYXHX

Daoppoxonor®@v Dappokeiov ard Tnv EAAnvikn @appoxevtikn Etapeio

OAokAnpwOnke o A kUKAOG Twv Huepidwv Empopdpwong kat
Exnaibevong Oappakonolwv Qapuakeiou’ mou Slopydvwaoe n
EAANvikn Qappakeutikn Etalpeia (E.D.E) o€ ocuvepyaoia pe
Toug TtormikoUG DappakeuTkoug ZUAAOYouG. H mpwtoBoulia
oautn ¢ E.®.E. evtdooetal ota mAaiola Twv oTOXWV TNE yla Tnv
npowOnon tng Sta Blou ekmaidbevong twv GaApPUAKOTOLWY OF
pLa emoxn Spapatikwy e€eAiéewv otnv Emlotrpun kat Texvoloyia
OAAQ KOl OTLG KOWWVLKEG QTOULTAOCELS TNG TPwToBAduag
niepiBoAPng .0 e€erifelc autég emiPallouvv 000 TOTE TNV
avadelén Tou emotnUoOVIKOU PpOAOU TOU GAPUAKOTIOLOU TIPOG
0deNOC TNG AMOTEAECUATIKOTEPNG Kal acdaloug Bepameiag
Twv acBevwyv, aAAd kal tng Snuoolog Lyelag YeVIKOTEPQ.
JUVOALKA TipaypatorotnOnkav 9 nuepidec amo to MaptLo HEXPL
Kwvotavivog Aepéttog 10 Mduwo 2014 petd amd aitnpo TwV TOTUKWY POoPUOKEUTIKWY

Mpdedpog EDE TUMOYWV KoLl T oUpBOAR NG eTapeiog Zita-Congress 6Gov
0.popa 0TO OPYAVWTLKO OKEAOC . AVOAUTLKN avapopa OTLG TPELG
TPWTEC NUEPLSeG ov EAaBav xwpa o€ TpimoAn, Kopotnvn kot
NaumAlo o€ cuvepyaoia pe toug QapUaKeUTIKOUG ZUAAOYOUG
Apkadiag, EBpou kat ApyoAidag avtiotolya, ¢lhofeveital otn
'‘Qappakevtikny' 25,1,2014.

AkoAoUOnoav oL e€NG eEKENAWOELG LE LEYAAN OUUETOXN POPLAKOTIOLWV :

Kuprakn 30 Maprtiou, Bpaxartt , o cuvepyaoia pe tov @.2. KopwvBiag. ISlaitepa onpavtikn n
umootnpLen tng Npoédpou tou ZUANGYou K. Mmaptln, aAAA Kot Twv K. Anuntplou, Kexayld kat
KAokwvn.

Avarntuxdnkav ta G O<pata:

e H ouuBoAn twv ek60XwV oTN BEPATIEUTIKN QITOTEAECUATIKOTNTA TWV QAPUAKWY, ATIO
tov KaBnyntn k. Agpétlo Kwv/vo.
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® H papuakoenaypunvnon kot n 9€on tn¢ UECA OTO KOLVOTLKO
Qapuoakeio, and tov papuakomnolo K. MamadoémnouAo lwavvn.

® Qappakeutiko Ppovilotiplo: Stadepdtnta QAPUAKOTEXVIKWY
Mpoidvtwv & IStookevaouatwy, and tnv Emk. Kabnyntpla K.
Xatlnaviwviou Zodia.
Ou\ia AstraZeneca: AoBua: Baolkéc apxéc otn Stayvwon kol
®.5. KopwBiac, 30/03/2014 Uepaneia, ano tnv ka Xplotapa ABavaoia.

Kuplakny 6 AnpiAiovu, Kaotopld, os ouvepyaoia pe to @.2. Kaotopldg, kot tTnv tdlaitepa
onuavtikn urmtootnpLEn tou MNpoédpou K. MamaAdunpou KoL tou K. Mmaipaktapn.

0

H Bgpatoloyia ntav n akéAouOn:

® T (PUOLKA TTPOIOVTO OTO PAPLAKELO KoL 1) ATPAANC XPrion TOUC.
Nea mpoomtiky avantuéne kot oavadelénc tou poAou Tou
@apuakorrolou, anod tnv Kadnyntpla ka Xnvou lwavva.

® H papuoakoemaypunvnon kat n J€on ¢ UECA OTO KOLVOTIKO
@apuakeio, anod tov Qappakonolo K. Mamadomoulo lwavvn.

Ou\ia Pfizer: Jeéovaldikn AvoAsitoupyia otnv MpwtoBaduia
@povrtida Yyeiag - O poAog Tou papuakormrolou, and tov Kabn-
ynt K. KouBeha Anunten.

@.3. Kaotoprag, 06/04/2014

Kuprakn 27 Anpihiou, MutiAvn, o€ cuvepyaoia pe 1o @.2. AéoBou kat tnv moAUTIun Bonbela
Tou Mpo£€dpou k. BaAtd AtooTtoAou KaBwg KaLtng tnv kag Mutepakn.

Avantuxfnkav ta g O<parta:
® H ouuBoAn twv ekbOYwWV oTNV FEPATIEUTIKY HITOTEAECUATIKOTN-
| tatwvapudkwy, ano tov Kabnynth k. Aepétio Kwvotavtivo.
i|® Ta @uTiki¢c mMpoéAevong okevaouaTA OTO QEOPUAKELO.
PuButotiko mAaioto kat ac@a-Asia xpriong, ano tnv Kabnyntpla
ka XAvou lwavva.
® Qapuekeutikd Ppovtiotplo: 2TadepdtnTta PAPUAKEUTIKWV
mpoidvtwv, amo tov Kabnyntn K. Aepétlo Kwvotavtivo.
Ou\ia AstraZeneca: Acdua: Baolkec apyec otn Slayvwan Kat
Uepaneia, ano tov k. Ocodoaoiou Mavaylwtn.

@.3. NéoPou, 27/04/2014

Kuptakn 11 Maiou, AAe€avdpoUmoAn, os cuvepyacia pe 1o @.2. EBpou Kal to Mpo£dpou K.
Tepln kato Avtunpoedpou k. Mamavépéou.

AvaAuOnkav ta NG OEpata:
o [TapakoAounon twv BEPATTEUTIKWY CUYKEVTPWOEWV TWV QAPUAKWV. [TDAKTIKEG XPXEC
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®.3. EBpov, 11/05/2014

yla tnv epapuoyn te otnv kAwikn mpaén, amo tnv AvarmA.
KaBnyntpla ka Attd-MNoAitou T{ouALa.

® Kauvotoua @apuaka, amno tov Gapuakonold k. MmookomouAo
Napn-rpnyopn.

® Oappakeutiko Opovilotiplo: Honuaoia tne mpwteiviknig ouv-
beanc otn Jepameutiky nmoapakoAovdnon tnc otadung twv
papuakwy, amo tnv AvamA. KaBnyntpia ka Attd-MoAitou
TloUALaL.
Ou\iaAstraZeneca: Acdua: Baolkeéc apyec otnv Slayvwaon Ko
Jeparmneia, amno tov Emik. KaBnyntn k. Ztelpomoulo MaoxaAn.

Zapparo 17 Maiov, TpikaAa, oc cuvepyaoia pe 1o @.Z. TpwdAwv Kaltn Bepun umootipLen

Tou MpoEdpou k. Mavou.

@.3. TpwdAwv, 17/05/2014

Avantuxfnkav ta akoAovOa Béparta:

o Qapuakeutikn Qpovtida — Opdn Qapuakeutikn MNpaKTikr, oo
v KaBnyntpla ka ToavtiAn-KakouAibou Avva.

® Atakorty Kartviouoatog: Neeg eéediéeic. O poAdoc tou papuako-
mtolou, amnd tov K. Mamoyprnoto AooToAo.

e Qappakeutiko Qpovtiotrplo: Kawvotoua Qapuoka, oo Tov K.
Mmnookomnoulo Mapn-rpnyopen.
Ou\ia AstraZeneca: AoGua: Baolkéc apyec atnv diayvwan Kal
Jeparmneia, amo tnv AvarmA. Kadnyntpta ka AavinA Zwn.
Ouia Blesstia Pharmaceutical: JUyypovec Ouotomadntikec
Epapuoyéc, ano tn Qapuakormnolo ka Xtepyiou EAeuBepia

Zapparo 24 Maiov, BoAog, os cuvepyaoia pe to @.Z. Mayvnoiag kat AApupou kat tn Bepun
urnootnpLEn tou MNpoedpo k. MATOLOAN.

AvaAUOnkav ta €€ OEpatas:
® Qapuakoenaypumnvnon. HAektpovikny Yyeia, and tov Kabnynti k. Aguétlo

Kwvotavtivo.

e Fioaywyn ota Kauvotoua Qapuaka, and to Qapuokomnold K. Mnoookomnoulo Mapn-

Fpnyopn.

® Dappakeutikd Opovtiothplo: O poAog Twv ekdoywv, amod tov Kabnyntn k. Aepetlo

Kwvaotavrtivo.

Ou\ia Pfizer: SJefovadikn AuvoAettoupyia otnv MpwtoBaduia Opovtida Yyeiag- O
pOAo¢ ToU papuakormotlou, arnd tov Kabnyntn k. KouBeha Anunten.

Ou\ia AstraZeneca: Aodua: Baolkéc apxec otnv Stayvwaon kot Jepamneia, and tnv
Aéktopa ka Kepevidn Nopa.

Oulia KaboNatura: Kawotdua latpoteyvodoyika lMpoidvta amd tnv Aboca. M
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ao@aAnc & anoteAeouatiky TPOOCEYYLON O AMAEC KHONUEPLIVEC AVAYKEG, ATIO TOV K.
NAouka BayyeAn.

Ou\ia abcKinitron: Hyaluron (Bioouvdetikd YaAoupoviko o€ moAu unAou poptoakou
Bapoucg) «EAnpLo Zwricx», n éva akoua tpoidv uodac; , anod tov Moplako BloAdyo k.
Mavvomnoulo lswpylo.

Ou\ia BLESSTIA: Zuyxpovec Ouotontadntikéc Epapuoyeg, anod tov QapUaKomoLo K.
Towoutola Bacileto.

Meta tnv emtuyia tou A' KUKAou twv Huepidwv Empopodwong kat Ekmaidsuvong Oapua-
kortolwv Papuakeiov' n EOE mpoxwpet otn Stopydvwon tou B' kOkAou o onoiog §ekva to
ZentépPplotou 2014.

Tonpoypappa éxet StapoppwOei wg egng:

e Kuplakn 21/9/2014, Xavid, o cuvepyooia peto @.Z. Xaviwv kattov .2, PeBupvou.

Kuptakni 5/10/2014, lwavviva, os cuvepyaoia petov®.Z. lwavvivwv.

Kuptaki 12/10/2014, Natpa, o cuvepyaoia peto @.3. Natpwy.

Kuptaki 19/10/2014, Adploa, o cuvepyaoia peto @.3. Adploag.

Zappato 1/11/2014, MecoAdyyt, os cuvepyaoia peto @.2. AtwAoakapvaviag.

ZaBpato 8/11/2014, 2éppeg, os cuvepyaoia HeTo D.3. Teppwv.

Kuptakni 23/11/2014, Képkupa os cuvepyaoia peto d.3. KEpkupag.

ZaBBato 29/11/2014, Oscoalovikn, os cuvepyoaoia peto d.2. Osooalovikng.

o meplocotepeC MANPOPOPIEG OYETIKA LUE TG HUEPLOEG KAl TN CULETOXN OE QUTEG ETLOKE-PTE(TE
tnv otooeAida tnc EDE www.efe.org.gr | emikolvwvroeTe Ue tnv K. Doipn KapaouAdvn oto tnA.
2111001764 1 nAektpovika otn dtevBuvon f.karaoulani@zita-management.com.

Alopyavwtpla Tatpeio

ZITA MEDICAL MANAGEMENT
ZlTA 10 xAp. Aewo. Naiaviag MapkonouAou, MNaiavia, T.k.19002
T:211 1001777 - F: 210 6642116
MEDICAL MANAGEMENT i or - www.zit;
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Euxaplotolpe Bepud TIC €TALPELEC, OL OTMOLEG HEOW TNG EVEPYOUC TIAPOUCLOG Kol
OUMMETOXNG TOu¢ OTL Emipopdwtikéc Huepideg tng EAANVIKAG DapUAKEUTIKAG

Etalpeiagoupfdailouvy otnvnpowOnon tng Emotnuovikig Nnvwong.

XPYZOI XOPHIOI

AstraZeneca =2

APIYPOI XOPHIOI

Hmﬂ L“%‘l Zuvbeopos

®povtiba yia tov avbpwno

XOPHrol

Abbott abe Kinitron adelco

ATHENS

eI cana
BLESSTIA

PHARMACEUTICAL

S Galenica

LABORATQORIES
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www.drugdiscoverytodelivery2014.com

I*International
Congress:

from drug discovery
to drug delivery

Chair of the Congress:
Prof. Gregory Gregoriadis
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Prof: A. Tsantili-Kakoulidou Royal Olympic Hotel

Organizers:

EANMNIRH ETAT SAPMARG)

. " "?@ International
Hellenic Pharmaceutical Society A Hellenic Society of Medicinal Chemistry L]posofne International Liposome Society

£

o -

o ,

@

®

§ | w | Contact: Mrs. Irene Katti,
£ | conercss tel. 0030 211 1001783,
bo

S | osm-so i.ka@zita-congress.gr




-

4 -‘\.i-

nspi | D adiceng
3 3

axcellen: ation efffeye Wy y piratio

pfficiency excellence ‘ - Mence

=

nspiratior

- iaa

Y
years

of top quality services in tourism
congresses, corporate events & incentives, travel & yachting, association management

ZITA CONGRESS & TRAVEL

unique offers and packages for airflight - boat reservations & hotel bookings around the world

A

— o~
CONGRESS

& TRAVEL
180 9001 - 10 14001

1st km. Peanias - Markopoulou Avenue, 19002 - Peania, Attica - GREECE
t. +30211100 1777, 1. +30 211 100 1779

www.zita-congress.gr

FOLLOW
LIKE |

snare 1| S 1S veors @@ @ 2§



We’ ve made it a science!

ZITA

MEDICAL MANAGEMENT
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