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H éykpion g mroyokng epyaciog and 1o Tunnoa Emotiung kot Teyvoroyiag
[Tep1Barrovtog tov Teyvoroywkot Iavemotnuiov Kumpov dev vmodnAmdver omopott)tmg

KOl OTOd0Y1 TV ATOYEWDY TOL GLYYPAPEN EK LEPOVG TOL TURANATOG.



®a Mera va eguyoploTiom Wiaitepa Tov emPAémovta kabnynty pov Ap.
Kovotavtivo Kovtcoumdkn, yio v ka0odnynon Kot 0uGlacTIK VTOGTHPIEN TOL LoV
TpOoEepPe KaO’ OAN TN SLAPKELD SEKTEPALOONG TNG TOPOVCUG TTLYLOKNG UEAETNG OALA
Kot KaB’ OAn ™ @ortnTikn pov otadiodpopia. Emmpdcheta, Tov evyapiotd Oepud yio to
APOVO TOL HOV EYEL OPLEPMDOCEL KOL TNV VTOUOVY] IOV EIXE GE OMOLAONTOTE ATOPIOL KOl OV

glyo.

Axoun, 6a n0eha va guyapiotiom Bepud tov Ap. Kovotavtivo Bapdton yia
wapoy] tov epyaotpiov I[lepiforrovtikng Broynueiog kot Bioteyvoroyiag, 6mov
EKTOVIONKE M TTUYLOKY HOV €PYOCIO Kol TAPAAANAQ Y0 TIG OTOIEGONTOTE YPNOLES

GLUPOVAES TOL.



ITEPIAHYH

H ayopd @apudkmv eEakorlovdel va kuplapyeital and pkpd popo pe méve omd to
80% tng KAMvikNG eEEMENG TOV VTTOYNPLOV OPUAK®V 0TIG 20 KOPLEOIES POPLOKEVTIKEG
etopeieg va eEaxorovbel va Paciletor oe pikpd popa. To vymAd KOGTOG avATTLENG Ko
Topay®YNG “ProAoyikdv eoapudkov’ 6o couBdiiel otnv TOpAy®Y QUPUAK®V TOL

Bacilovton oe pikpd popia pe Mydtepo KOGToG,.

210 mAaicto HeTaED Prodoywol kKot opBoroyikov oyediacpol, pumopel Kaveic vo
QOVTAOTEL TNV TAPOCKELT) VEPOIK®OV popiwv pe SutAd TpoTo dpdong yio Tn dnpovpyio
OTOTEAECUATIKOV VEOV Qapudkmv. Ta vPprowd popia opilovior ®g ynuKéS ovtoTnTEG
pe 800 1 TEPLOCOTEPEG OOUIKES TTEPLOYEG LE OLOPOPETIKES PLoAoyiKeES Agttovpyieg Kot
OuTAn OpaCTIKOTNTA, VTOOEIKVOOVTOG T OpAGT £vOG LPPLOUKOD popiov mg 60 EexmploTd

QOPLOKOPOPOL.

To artesunate givat £va VOATOINAAVTO, NUICLVOETIKO TOPAY®YO TNG APTEUICIVIVIG,
L0G CECKITEPTEVIKNG AOKTOVNG, TO OMoio mapovctdlel avOehovoslokT), OVTUKN Kot
mBovn aviveomhaopotiky opdon. Katd v vdpdAvon tov dpacTikov TUNUATOS TG
vépupag evdomepoleldiov tov artesunate omd v amelevBepopévn aiun (heme) tov
poAvcUévav amd Tapactta pulpmv apoceapinv, oynuatiCovrol opacTikd eVOLAUESO
pilav o&vyovou (ROS) ko avBpoaxka, mov &yxovv amodeydel Ot PAdmTOLV KO
KOTOOTPEPOVY TOPOCITIKOVG 0pyaviopovs. EmimpocOeta, mpdopateg in Vitro peAéteg
amodEIKVVOVV OTL 0 TopdyovTag avtog eivan tkavog va mpokadel Opavon tov DNA e éva

0060-e&0pTOUEVO TPOTO.

O oKomdc NG MOPOVCOG TTLYWKNG epyaciog &ivor vo OlepeuVGEL Kol Vo
yopokmpicet tov mpdSEate TPOTEWOUEVO TpOMO OpAomg Tov  artesunate g
avTIKOPKIVIKO Topdyovta. Ot @acuatookomio vrepiddeg - opotod (UV/IVIS) kot
eoouatookomio vepHOpov pe petaoynuatiopd Fourier (FTIR) arnotelodv dopukd kot
ofewoavaymyikd epyoieion mov eivor oe B€om va mapakoAovBobv Tic un decpikég
aAniemidpdoeic petald artesunate - DNA. H diepgvvnon g aAAnienidpacong(ewv) Tov
eappakov - DNA amotehel 0vo100TIKO PEPOS TOL GYEOAGHOD PUPUAK®V KOl TAPEYEL
EMIONG TIG AMOPAITNTEG TANPOPOPIES Y10 TOV UNYOVIGUO OPACNS TOL QUPUAKOL GE
poplakod eminedo, kabdg 0dNyodV GTNV avVOyvVOPLOT Kol EKAEKTIKOTNTO TOV GTOYOL
(DNA).



Yta @dopoto UVIVis kot FTIR mov £€yovv mapbei mopovoialetor o
NAektpootatiky oAANAemidpaon peta&y artesunate - DNA. Ot nAektpooTtatiKés ovTég
aAANAemOpacelg emaAnfebovTal HEGH TNG TOPOTPOVUEVNG UETOTOTIONS TV OOVI|GEMV
€ UEYOAVTEPOVS 1 UIKPOTEPOVLS KLUOTOPIOUOVE.  ZUYKEKPIUEVA, TOPATNPEITOL [a
LETATOMION GE UEYOAVTEPOVG KLUOTAPIOLOVS TG 6OV oG £kTaong Tov despov C6=06
NG Youavivng, Hiot LETOTOTION € IKPOTEPOLG KVUATAPIOOVG TG dOVNONG £KTAOT|G TOV
dsopov C4=04 g Ooupivg xor por PETOTOMON TNG OCLUUETPNG EKTAONG TG
pwoeoptknc opddag (PO4>). O viépudpeg pmdveg (bands) mov oystiCovton pe v
adevivn Kol TNV Kutocivn Tapovctdlovv opueAnTéeg aAlayég Kot OgV LTOONADVOLV
onUavTiK aAAnAenidopacn-déouevon Tov artesunate oe avtég T1g 0éceic. Emmpoochera,
mapotnpeitor onpoavtiky petdPfoon mg B- mpog v A- popen tov DNA xatd ™
déopevon (binding) Tov artesunate pe to DNA, 1 oroio amodeikvietat amd Ty epeavion
NG YOPOKTNPIGTIKAC dOvNong TG A-popeng otovg 1189 cm™, n omoia amodideton ot
dovnon enavagopdg (backbone vibration) tov cakydpov Kot TG POGEOPIKAG OUASAS.
Ta cuvdvacuéva amoteAéopata VTOdeKVOoVY OTL To artesunate decpevetol Kupimg otV
peyain avioka g B- poperg tov DNA, pe pikpd pépog eEmtepikng aAAnAeniopaong
HE TNV OPVNTIKA QOPTIGUEVT] QOCEOPIKT] OUAd0 KOl TO CAKYOPO. X& UEYOADTEPESG
avaloyieg eapudiov:DNA, to artesunate sivor ikavo vo mopdyet oMUovTiKn HETATTOON
tov DNA and ™ B- omv A- popon mbavotato Adym apuddtmons e LeyaAng cdA0KaG.
Ta amoteréopata avtd BETovv T Pdon yro TEpoTEP® UEAETES GYETIKA [LE TO UNYOVIGUO

dpdong tov artesunate o¢ avTIKapKIvikOg TapAyovTogS.

AéEeig khewdwd: Artesunate, ®@acpoatookonioo VIEPIHOOVG — OpaTOV, LEEPLOPN
eoouatokonia (FTIR, ATR), DNA
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ABSTRACT

The drug market is still dominated by small molecules, and more than 80% of the
clinical development of drug candidates in the top 20 pharmaceutical firms is still based
on small molecules. The high cost of developing and manufacturing “biological drugs”
will contribute to leaving an open space for drugs based on cheap small molecules.

At the border between bio-inspired design and rational design, one can imagine
preparation of hybrid molecules with a dual mode of action to create efficient new drugs.
Hybrid molecules are defined as chemical entities with two or more structural domains
having different biological functions and dual activity, indicating that a hybrid molecule

acts as two distinct pharmacophores.

Artesunate is a water-soluble, semi-synthetic derivative of the sesquiterpine
lactone artemisinin with antimalarial, antishistosomiasis, antiviral, and potential
antineoplastic activities. Upon hydrolysis of artesunate's active endoperoxide bridge
moiety by liberated heme in parasite-infected red blood cells, reactive oxygen species and
carbon-centered radicals form, which have been shown to damage and kill parasitic
organisms. Additionally, recent in vitro studies demonstrate that this agent induces DNA
breakage in a dose-dependent manner.

The objective of this study is to investigate and characterize the recently proposed
mode of action of artesunate as anticancer agent. Ultraviolet/visible (UV/Vis) and Fourier
transform Infrared (FTIR) spectroscopies are structure- and redox-sensitive tools able to
monitor the non-bonding interactions between artesunate and DNA. Investigation of the
drug-DNA interaction(s) is an essential part of drug designing, and also provides
information about the drug’s mechanism of action at molecular level, since they lead to

target (DNA) recognition and selectivity.

The obtained UV/Vis and FTIR spectra are compatible with a series of definite
non-bonding binding interactions between artesunate and DNA. These electrostatic
interactions, are uncovered through the detected frequency upshift of the C6=06
stretching mode of guanine, the frequency downshift of the C4=04 stretching mode of
thymine and the frequency downshift of the phosphate (PO2") antisymmetric stretching
mode. Infrared bands related to adenine and cytosine exhibit negligible changes and
suggest no major interaction-binding of artesunate at these sites. In addition, significant
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transition from the B- to A-form of DNA is observed upon artesunate binding to DNA as
evidenced by the appearance of the A-form marker band at 1189 cm™, which is attributed
to a sugar-phosphate backbone vibration. The combined results indicate that artesunate
acts mainly as a major groove binder to B-form DNA, with some amount of external
interaction with the negatively charged phosphate and sugar backbone. At higher
drug:DNA ratios artesunate is capable of producing major B- to A-form transition of
DNA. These results put the basis for further studies about the mechanism of action of

artesunate as anticancer agent.

Keywords: Artesunate, Ultraviolet-Visible spectroscopy (UV/Vis), Infrared
spectroscopy (FTIR, ATR), DNA
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