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BloAoyik£g Aokipaoieg yia tov IIpokAtviko
EAceyxo Néwv Moplwv HE AVTIKOPKLVLIKT)
Apactikotnta: To Hapadsitypa HovvOeTIKWV
AvaAdywv ™G OALVPWTIEIVNC

EvayyeAia Nikov'*, NikoAaog Ayy£éAng!, 08vcocig Ataykac!, Mavaywwta Matakdton?,
Tewpyla Tapkdxkn?, EvOupog Mapwvng!, Nikodag Qporoydg-Lravpov?, Imavvng Kwototovioc?,
MavteM)g Povodkngt, Xpuodvon MavteA)!, Fewpyia Anuntpakomoviov?,
AA£EL0G-Afav8pog Tkaitoovvnc?, Imdvvnc K. Kwotaknc*, Ovpavia Tertoidmvn'*

IMovada Kuttapopuetpliag Porjg, Touéags duatodoyias Zwwv kat AvBpwmov, Turjua Bioloyiag, *Touéas ®apuako-
yvwolag kat Xnueias dvotkav [poidvtwv, Tunua Papuakevtiknig kat *Touéag Papuakxevtiktisc Xnueias, Tunjua dap-

uakevtikns, EOviko kat KamoSiotpiako laveniothuio ABnvay, laveniotnuiovmon, 15784, Iiowa, ABnva, EAMdda

AEZEIX KAEIAIA:

ABSTRACT
avantuén vEwv @ap-
HAK®V; QVTIKOPKLVIKT) H To§kdTNTA KOt 1) TTEPLOPLOUEVT) ATTOTEAECUATIKOTNTA TIOAAWDV TTAPQ-
8paon; in silico €éAeyyog; S00LKWV XTUELOOEPATIEVTIK®WY CKEVAOUATWY KABIOTOVV ETITAKTIK)
in vitro é\eyxoc; TNV aQVAyKn aveVPEONS VEWY GTOXWV KAL TNV VATITUEN VEWV @apUd-
in vivo éAgyyocg KWV Yl ™ Bgpameia Tov kapkivov. H avamtuén véwv @apuakwy pe
QVTIKAPKLVIKY SPACTIKOTNTA ATOTEAEL pia eTiovn kat xpovofopa St-
adikaoia kat amattel To cvvdvaoud pag TANBWpPag in silico, in vitro,
ARTICLE INFO: KOL In VIVO TEXVIKWV Kot KAWIKOV Sokipmv. H paydaia avamtuén g
Received: May 22, 2023 TATNPOPOPLKNG TIAPEXEL TPOUEPES SUVATOTNTES KaL T in silico Tpoypap-
Accepted: May 30,2023 LOTO XPTOLLOTIOLOVVTAL EVPEWG YLK TNV aVUKAAVYM VEWV oTOXWV. Tla-
Available on line: July, 28, 2023 pAAMAQ, e Ti§ in vitro Sokiuacies afloAoyovvTal oL OAANAETOPATELS
TV TOAVOV QAPUAKEVTIKWOV 0VGLWOV GE KUTTAPLIKA GUCTHUATA. XTO
TEAELTALO OTASLO TOU TIPOKALVIKOU EAEYXOU TTOU X@POP& TA in Vivo [o-
VTEAQ, HEAETATAL 1] OAPUAKOKIVTIKY, 1] AOPAAELX KAL 1] ATIOTEAEGHA-
TIKOTNTA TwV VoYM LWV poplwv oe melpapatolwa. H ouykekpLugvn
YXYTTPA®EIZTIA QVOOKOTIN 0T ATIOCKOTIEL VO TIAPOVCLACEL Il GELPA aTto in silico, in vitro
AAAHAOTPA®IA: KOl in vivo TEXVIKEG TIOU XPTGLULOTIOLOVVTAL GTOV TIPOKALVIKO EAEYXO YL
Evayyeiia Nikou ™V a€LloAGYN 0N NG AVTIKAPKLIVIKNG paons ovolwv. [lapovoialovtal ot
eunikou@med.uoa.gr, Lo ouVNBLoPEVES in silico TIPOoEYYITELS, KABWG KAL in Vitro TEXVIKES YLt
Iwavvng Kwotakng ToV €AEYX0 TNG SPACTIKOTNTAG TWV OVGLWV, TOV EMAYOUEVO TUTIO KUT-
ikkostakis@pharm.uoa.gr, TapkoL Bavatov, To Babud petaBoAng Tov KUTTAPLKOU SLTAACLACUOU
Ovpavia Tottodwmwn KL TWV QAAQY®V GTOV KUTTAPLKO KUKAO, KATOLX in VIVO HOVTEAX YLl
rtsitsil@biol.uoa.gr
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TOoV €AEYXO0 TNG AVATITUENG TOU OYKOU, 0AAA Kot 1 aloAdynon TG evep-
YOToinoNg TOU AVOCOTIOMNTIKOU GUGTNUATOS ex Vivo. TEAog, TapovoLd-
(eTOL ETYPUAUUATIKA 1] TEEPAPATIKY Sladikacia Tov akoAovBeital atn
Movada Kuttapopetpiag Porig Tov Tunuatog BlioAoyiag oe cuvepyaaoio
e to Tunpa @appoakevtiknig tov EKIIA yio Ty a&loAdynon g avtikap-
KWIKNG 8pdomng evOG VEOU avaddYoU TNG OAEUPWTEIVNG, TTapabEéTovTag
OPLOUEVA AVTLTIPOOWTIEVTIKA ATIOTEAECUATAL.

1. Elcaywyn

[apoAn Tt onpavTiky TPO0S0 GTNV AVTIHETOTLON
Ko SLayelplon Twv VEOTIAAGLOV TLG TEAEVTAIES TPELG
Sexaeties 1, 0 kapkivog amoteAel pla amod Tig KUpL-
€6 attieg Bavatov maykoopiwg 2. 0 Awebvng Opya-
viopds Epevvag yua tov Kapkivo (IARC) voAoyilet
OTL péxpt to 2040 Ba £xouv TPOKLYPEL TAYKOOUIWG
30,2 ekaToOpUUpLA VEEG TIEPLTTTWOELS KApPKivOoL Kal
16,3 ekatoppvpla véol Bavatot 3. O kKapkivog Tou pa-
0ToV, TOU TIVEVHOVA, TOU TPAYXNAOL TNG UITPAG KAL
Tov Bupeoeldovg elval oL o cuxvol TUTOL Kapkivou
IOV EPPAVITOVTAL OTIG YUVALKES, EVG 0 KAPKIVOG TOU
TPOGTATN, TOU TIVEVLOVA, TOVU TIAXEOG EVTEPOL, NG
ovpoddyov KVGTNG KL TO HEAGVW A lval OL TTLO GV-
XVA EPQOVIIOIEVOL OTOUG AVTPES *.

OL Bepameieg mov e@apudlovtat SlapEpouv ava-
Aoya [LE TOV TUTIO TOV KApPK(VOU Kol TO 0Tddl0 g
vOGOU KAl TEEPLAAUPBAVOUV TN XELPOUPYLKN] EKTOWT
Tou Oykou, T xnuewoBepameia, TV aktvoBepa-

Tela, TV oppovoBepareia, TNV avocobepameia, ka-
Bw¢ kal GAAeg otoxevpéves Bepameieg. Ou kapkivol
TOU SLAYLYV®OOKOVTAL G ApXLKO 0TAS0 cuVnBwg
elvat o eVkoAa Slaxelpiopol, OUWG 0 HETAOTATL-
KOG KapK{vog glval TOAY SUOKOAO VA QVTIUETWTIL-
otel pe Tig kAaokég Bepameieg 5. H Siadikaoia y
NV QVATITUEN VEWV ATIOTEAECUATIKWOV @APUAKWV
elvat emimovn, xpovoBopa kat Saitepa axptpry. To
XPOVIKO Slaotnpa Tov pecolafel amd Tov mPokAL-
VIKO €Agyxo PEXPL va Satebel éva OUYKEKPLUEVO
@apuako otnv ayopa pmopel va Siapkéoel 10-17
XPOVIX KAl TO GUVOALKO KOGTOG var KUHavOEel HeTagy
2-3 Soekatoppupionv SoAapiwv &7 (Ewkova 1). ‘Exet
vmoAoylotel 0Tl yia kdBe 5.000 ovoieg ov eA€yyo-
VTl TPOKAWIKG, povo pia 1§ §Vo Ba AdBouv tedikn
€ykplon ywa kAwikn xprion & Méoa otig teAevtalieg
€81 Sexaetieg éxel avakaAv@Bel évag ToA) peyaAog
ApLOUOG AVTIKAPKIVIKWOV QAPUAK®WY, TTIOAAQ Ao TA
oTolar OPWG BEV £XOUV KATAPEPEL VA EKTIAT|PWGOVV
TIG TTPOCGSOKIEG TWV EPELVNTWV G€ KAWIKO eTtiTeSO,

Avamrtuén Néwv Pappdkwv

4~8 ¥povia

5~7 xpovia

1~2 xpoévia

Baagikr ‘Epeuva

Zxedlaoudg
dapudkou

MNeipapara
in vitro

Melpdpara
in vivo

daon 1
KAIVIKGV

®aon 3
KNivikwv
MeAeTwv

‘Eykpion
dappudkou

MeAeTwv

Ewcova 1. To ypoviko Staothua kat Ta KUpLa oTadLa tn¢ Stadtkaciag avamtuéng vVEwV avTIKAPKIVIKWOV Qapud-
Kkwv. Atautovvtar 10-17 ypovia yia tn Baocikij épevva, To oxediacud, Ta in vitro kat in vivo meipauata (cuumept-
AqUBaVOUEVWY TwV EAEYXWV ATPANELAG KAL ATTOTEAEGUATIKOTNTAS), TIS KAVIKES SOKIUES KAl TEAOG TNV EYKPLOT)
Kat KukAogopla Tov véou papudikov otnv ayopd (llpocapuocévo amd tyyv napamouthi’).
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[ Xnuikri Biho8dkn | ~40.000 eviioeig) J

ZUvBeon AvaAbywy e
km BeAmioTomroinon ==

in silico Mooyt

=~ 100 EVETEI (1% Bripa )
in vitro Aokipaaleg { 2°Brjpa )
in vivo
Aomipaoleg kard | { 3° Brijpa )
Tou dykou

\/

V

Ewova 2. Aicypauua ponj¢ mpokAvikoU eAéyyov. Amo uia ynuikn) BifAtodnkn mov umopel va meptiaufavet
QAPKETES YIAMAOES evawoeLs, yiveTat in silico Stadoyn) wote va emideyovv Aiyes Sekddeg (1o Briua). Ztn ovvéxela,
TPAYUATOTIOLOVVTAL [N Vitro SOKIUACIES PAPUAKOAOYIKIIC CAPwoNGS yia va EAeyxOel 1 KUTTAPOTOEIKOTNTA TWV
OUGLWYV KAl ETTAE0V, 0L AANAETIOpAOELS TOUS pe Ta KUTTapa (20 Briua). Ot Alyes ovales mov itkavomolovv ta
KpLTHpLa EAEyYovTaL o€ in vivo uovtéda dykwv o€ melpauatolwa (30 Briua) (llpooapuoouévo amo tnv mapa-

moutnH?®).

KABWG TIPOKAAOVV APKETEG TIAPEVEPYELEG 1] SEV Elvat
TOO0 ATMOTEAEGUATIKA 0TOV GvOpWTO . TUVETWG, 1)
avalTNomn yla TNV avAaTTun KalvoTOUWY, OTOTEAE-
OUATIK®V KAL TIPOCLTWV AVTIKAPKLVIK®V QAPUAKWDV
TIAPAPEVEL UL TIPOKAN OT).

210 TAaiolo auT§ TG {NTnong, Ta TeEAevTain Xpo-
VIO T PUOIKA TIPOTOVTA KAL TA AVAAOYQ TOUG €XOLV
OUYKEVTPWOEL TO ETILOTIHOVIKO EVSLAPEPOV YL TIG
TOAVEG AVTIKAPKIVIKEG BEPATEVTIKEG TOUG LELOTN-
te6. Mepimov 10 60% TWV EAPUAKWY TIOL XPNOL-
poToloVVTAL QUTH T OTLyUn Y T Bgpameia Tov
Kapkivou elval TpoToTompéva QUOIKA TPolovVTa
1, amopovwpéva Kuplws amd @utd. H makAita&éin,
N Bwkplotivn kat 1 So&opovPikivn elval xapakn-
PLOTIKA TOPASELYHATA YVWOTWV OVTIKAPKIVIKOV

PAPULAKWV TIOV TIPOEPXOVTAL ATO PUOLKAE TIPOIOVTA
12

4

ZUXVQ, Ol EMOTIUOVEG TTOU AoXOAOUVTUL HE TNV
avVaKGAUYM VE®V QVTIKAPKIVIKOV QUPUAKWY GUV-
B€touv oelpég poplwv (xnuikes BipAtodnKeg) pe Si-
a@OpPeTIKN Sour HETa&y Tovg, Baciidpevol og VTo-
AOYLOTIKA TIPOYPAUUATA OXESIAGUOV  PAPUAKWV
(in silico drug design), otv TpwTElviK Sounq Tov
popiov-atéyov (cuVNBwWE Evag VTTOSOXENS), KUl OTIS
(PUOLKOXTUIKEG IBLOTNTEG KAl TN XNUKNY Soun Twv
opadwv Tov TpooTiBevtal 6To apyko kplwpa.
ouvéxeln, akoAovBel 1 Stadikacia ™G @appakoro-
YWKNG 0ApwaoNgG in vitro, Tov €0TIALEL GTNV AVASELEN
VEWV HoplwVv HE aLENUEVT] KUTTAPOTOEKOTNTA £va-
VTl KAPKWVIKQOV KUTTApwv. ‘000 peEYyaAUTEPN KUT-
TapotodlkoTNTA £XEL évar HOPLo, Kot ESIKA av elvatl
KOVTA 1) TpOUOLX PE TNV avTioToXT TOu BeTikoV
pédptupa, Tooo Mo Spactikd Bewpeital ¥ 14 Tn Swa-
Aoyn auTn akoAovBel mepattépw avdAvon o€ in vitro
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KUTTOPIKA CUCTHATA, OTIOU TO TEPAUATH EOTL-
alouv oV aAANAeTSpAoT TOV VEOU popiov UE TA
kOTTapa. Kat autd ylati n tkavomomTiky KUTTopo-
ToEIKOTNTA SEV Elval 0 HOVASIKOG TTAPAYOVTAG TIOU
kablota pa véa ovoia €éva SUVNTIKA VTTOOYOUEVO
QAVTIKOPKIVIKO PAPHAKO. ATalToUvTtal GUUTANPpW-
HaTIKG in vitro MeEpapata wote va eAeyxOel, yia
TAPASELYHA, | KUTTAPOTOEIKOTNTA TNG KAl EVAVTL
(PUOLOAOYLK®YV, U1 KAPKIVIKOV KUTTAPWY, 1 Tiavn
KUTTAPOOTATIKY TNG SPACTIKOTTA KAL O ETTAYOLLE-
VOG TUTIOG KUTTAPLKOV BavAaTov. XTo TEAIKO 0TAS10
TOU TPOKAWVIKOU eAéyxov, N SpacTIKY oucia eAEy-
XETOL OE In Vivo HOVTEAQ OYKWV O€ TEPAUATOlwa
(ouvBwg og TovTikoUG 11 apovpaiovg), oTa omola
HEAETATOL KUPIWG 1 QAPUAKOKLYNTIKY NG OE éva
{wvtavd opyaviopo, E6TLAlOVTAS 6TO HETABOALGUO,
TNV ACQEAELX KL TNV ATOTEAEGUATIKOTNTA TG (EL-
Kova 2).

ZUVOALKA, EQOCOV TA ATIOTEAECUATA OTA KUTTA-
PLKA cLuoTHHAT ElVaL EVOXPPUVTIKAE KaL 1) ATTOTEAE-
opatikoTTa emPBefatwbel kot in vivo, ToTE TOAVA
1] CUYKEKPLUEVT ovaia va EXEL PUAPUAKOAOYLKO EVEL-
a@épov. ItV avackommnon avti, Oa avagepbolue
ota €VPUTEPA XPTOLUOTIOLOVUEVA TIPOKAWVIKA (in
silico, in vitro xau in vivo) TEPAUATIKA HOVTEAQ YL
™MV afloAéynon VEWV aVTIKAPKIVIK®OV poplwv Kay,
oto Télog, Ba mapabiéoovpe éva EVOEIKTIKO TaPX-
Setypa amd TN pon TWV TEPAUATWY EAEYXOL NG
QAVTIKAPKLIVIKNG SPACTIKOTNTAS EVOG VEOL NULGLVVOE-
TIKOU avaAdyou NG OAEUPWTIEIVNG.

2. In silico tpooeyyioelg yia tnv avaivon véwv
QAVTIKAPKLVIK®V Popiwv

H emavaotaon mov €xel mpokAnOel oToug TOUELS
™m¢ BroAoyiag, ynpeiag, aAdd KAt TG TANPOPOPLKNG
HECW TNG TEXVNTIG VONLOGUVTG, EXEL STILLOVPYTOEL
VEEG TPOOTITIKEG KAl SuvatdtnTeG 0T Stadikaoia
™G avamTuing @apudkwv. Ouin silico Texvikég elval
pébodol poplakol oxeSlaopol He Xp1ioN VTIOAOYL-
OTIK®WV TIPOYPAUUATWVY Kat Bacilovtal o apyEg Kal
nebd8oug ™G kPavtikng xnueiag. Katd ™ Sudpkela
TV TEAELTALWVY SEKAETIWV, EYOVV SnuovpynOel Se-
Sopéva peyaAng kAlpakag yo mavw amo 1 ekatop-
pOpLO XNUIKAE popla %, ta oTrola £(0VV CUYKEVTPW-
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Oel oe Paocelg dedopévwv xnuikwv BiAodnkwv.
ZUVETIWG, 1] XpNion TwV in silico TEXVIKWV €xeL Vel
amapaittn otn Stadikacia ™G avamTuéng VEwv
QAPUAKWY, HE ATOTEAEOUA VX PPLOKOUAOTE TIAE-
ov otnv emoyn tou OpBoloykol Iyediaopot dap-
nakwv (Rational Drug Design) 1 ™ AvakdAuvymg
Doapupakwv pe T PBonbela nAgkTpovikol VTOAOYL-
ot (Computer-aided Drug Discovery, CADD). Méow
¢ CADD pmopel va emiteuyBel vTOAOYLOTIKT TAU-
ToToinon TMOAVOV PAPUAKEVTIK®OV OTOXWV, ELKO-
VIKTY] 6ApWOoN ato TIG HEYAAES YMUIKES BLRAL0ONKES
yla mBava vmoymeia @appaka, Bedtiotomoimon
Twv vToYm@lwv popilwv, kKabws kat in silico aglo-
AGYNON TWV QAPUAKOKIVTIKWOV LSLOTNTWV KoL TNG
TOEKOTNTAG TOUG. Me qUTOV TOV TPOTIO, LELWVETAL O
aplOpds Twv xnUIKwv popiwv mov Ba agloAoynbovv
0TI CUVEXELX TIEPAUATIKA KaL, TIApAAANAQ, avEave-
TOL TO TIOCOOTO EMITUXIOG OTIG HUETETELTA KALVIKEG
SOKLUEG, KABWG ATTOKAEIOVTAL ATIO TOV EAEYXO TA UN)
QTOTEAEOUATIKA KAL TOEIKA Tapaywya .

Ytnv CADD vmdpyouv 2 TpooeyYIioELs: 1 avaKd-
Auym VEwV @apudkwyv Bactopévwy ot Sour Toug
(Structure-based Drug Discovery, SBDD) ¢ (Ewova
3) kot Baciopévwyv otov mpoodétn toug (Ligand-
based Drug Discovery, LBDD) . H emoyn g
KATAAANANG TexviKNG €EapTATAl amod To av eival
Stabgoun 1 OxL 1 Tplodiaotatn Soun TG TPWTEL-
vng-otdxov. H xpnon g mpoceyyions SBDD otnpi-
ZeTal 0N YVWOT TNG SOUNS NG TPWTEIVNG-0TOXOUV,
N omola pmopel va TPOKVYPEL TIEPAUATIKE 1) HECW
in silico pef68wv 6TWG 1 povteAoToinom opoAoyiag
(homology modeling). Avtifeta, 6Tav n Soun Sev &i-
VAL YVWOTY, XPNOLULOTIOLEITAL CUXVA WG EVAAANKTLIKY)
n mpooéyylomn LBDD.

Ot mpwteiveg-oTdYOL pTOPOVV VA TIPOKUYOLV
UTIOAOYLOTIKA péoa amo Telpapatikd dedopéva 2%
21 va e€axBolv amo mpwteivika Siktua 2% 1) pEow
avalimong kataypa@wv amno Ttn PlpAloypapia
(text mining) 3. Ymapyouvv oplopévol SLaKOULOTES
(servers) 0mw¢ to Harmonizome ?* xat to Open
Targets Platform 2°, mov mpoo@épouv oelpég mBa-
VOV QAPUAKEUTIK®OV 0TOXWV OL 0TIOLEG TIPOKVTITOVY
Xpnowomolwvtas Sapopes Paocelg dedopgvwy,
omwg elvar CheMBL kot 1 DrugBank 26.

EKT6¢ amd To XapaKpLlopo g mpwTeivNG-0TO-

5
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(A) I'Ipw'rsTvn Z16X0¢6 Mépio npocﬁémg

Mopiakn aykupoféAnon & scoring

BeATioTomroinon
TogIkéTnTA
ADME

(r) MpocopoIwoElg HOPIAKAG SUVAMIKAG

Ewéva 3. Aidypauua poris tne Stadikaciag avakdivpns véwv papudakwv Bactouévwv otn dourj (Structure-
based Drug Discovery, SBDD). (A) Ilpayuatomoteitar EAeYYos THS HopLaklc aykvpofoAnong uetaév tov popi-
0V-TIPOOOETN Kal TNG TPWTEIVNG-OTOYO0V Kal eVTOTTI{OVTAL OL OUGLES UE TIG KAAUTEPES StapopPpaels ue Baon
N ovyyéveta ovvdeons. (B) Ta uopia feAtiotomolovial ye faon Ti§ pUOIKOYNULKES KAL PAPUAKOAOYIKES TOUS
LOLOTNTES KAl TOV EAEYY0 ATTOPPOPNONG, KATAVOUT]S, UETAPOALOUOU Kat amékkplong (absorption, distribution,
metabolism and excretion, ADME) kat toéixotntag. (') Epapudlovtal emmpooOeTes TPOGOUOLWDTELS UOPLAKTIC
SUVAULKTIG TIPOKELUEVOV va eTLBeLatwBoUV oL SLAUOPPWOELS KAl TEMKA, EMIAEYyoOVTaL Ta UTOYNPLA Uopla Ta
omoia Oa aélodoynBovv atn ovvéxeia Telpauatikd (llpoocapuoocugvo amo TNy Tapamouth™).
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XOU €lval ONUAVTIKO VA EVTOTILGTOVV KAl Ol TIPOC-
SETEG TNG LE QATOTEAECUATIKEG (QOUPUOKOKIVITIKEG
LSLOTNTES KoL XaAUnAn kuTtapotoikotnta. O cuvdu-
QAOUOG TNG UNXAVIKNG HEAONONG KAl TWV XNUK®V BL-
BALOONK®V eTITPETEL TN SNULOVPYIA VTIOAOYLOTIKWVY
nebdSwv Tpokelévoy va MITEVXOEL ot ELKOVIKY
0AapwoT €VOG TEPAGTIOU aplOpoy YMUK®V poplwv
KaL 0TN CLVEXELX, Vo a§loAoynBovv ypriyopa Kot Yo
TG UTIOAOLTIEG IBLOTNTEG TOUG 2728,

Hmtpooéyyilon LBDD xpnowomotel mpdtepn yvwon
atd 118N vapyxovta @apuaka (0w Ta SopLKd Kal
(PUOLKOXTUIKA XOPAKTNPLOTIKA TOUG) Yl va TPO-
BAéWeL vées ovaieg pe TapopoLa BLOAOYIKA XOpaKTN-
pltotika ¥. H mpoBAreym Baciletar atnv opoldTTA
TV XUPAKTNPLOTIKOV (XpwUATIKOTNTA, VEPOPOSL-
KOTNTA, KATAAOLTIA AVIOVTWVY KUl KATIOVTWY) HETA-
&0 TV NUK®V poplwv, pe Bdon tnv vmdBeon oTL
HOPLA TIOV €XOUV EVTOVEG SOKEG KL (PUOIKOXT LLKES
opoloTNTES lvat Lo TBavVO va £(ouv Kal Tapopola
BoAoywkn Spaoctikotnta 2. Me Bdon oautnv TNV
uTdOeoT XpPNOLUOTIOLOVYVTAL HAONUATIKG HOVTEAQ
OTIWG TA HOVTEAQ TIOGOTIKNG oX€ong Soung-6pdong
(quantitative structure-activity relationship, QSAR).
Tl TNV €lKOVIKY 6ApwaN UTTOPOovV v XPNCLLOTION)-
Bovv éva AN 006 amd ynuikés BifAobnKeg oL oToleg
elvat Snuooia Stabéoipeg, dTwg etvat n PubChem 3,
katn Zincl5 3.

Avtifeta, n tpocéyylon SBDD vmoAoyilel ) ovy-
yéveln oUvdeong petall evog TPoodETN KAl TNG
TPWTEVNG-GTOYXOV, XPTOLUOTIOLWVTAS TIG SOUEG TOU
TPOGSETN KAl TNG TPWTEIVNG-0TOX0L ToV elvat 161
yvwotég 32 (Ewova 3). H uébodog mov e@appoletal
elvaim poplakn aykupofoinon (molecular docking).

OL pébodol ™G aykupoBOANGNG XPNOLUOTIOLOVV
pa Stadikaoia BabpuoAdynong (scoring), otnv omola
1N k&g SLa@opeTIKN SLApOPPWON TPWTEIVNG-TIPOC-
et maipvel Sta@opetikd Babud avaioya pe v
eVEPYELX TV aAAnAeTiSpacewv. Ot adyoplOpot g
poplakng aykupofoAnong mpoBAEmovy To BEATIOTO
TPOCAVATOAGUO TOV TIPOGSETT KAl VTTOAOYI{oLV TN
OUYYEVELX TWV NAEKTPOOTATIKWV AAANAETUISpAcEWY
Kol Twv Suvdpewv van der Waals 3+%7, Me ) poplok)
aykupooAnon, évag TepAoTiog aplBpdg TpocdeTwv
pumopel va capwBel ewovika kot va BpeBolv ekei-
VoL [LE TNV VYNAOTEPT GUYYEVELA TIPOGSECTG LLE TNV
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mpwteivn-0tdx0. Oplopéva mapadeiypata epyalei-
WV Hoplakng aykupofBoAnong eivar to DOCK 8 kat
To Glide *.

[MapoAa autd, oL TIEPITTAOKEG ATOUIKEG AAANAETTL-
Spaoelg PETAll TwV TPWTEIVWOV-OTOXWV KAl TWV
TPOGSETWV PTTOPOVV VA SNULOVPYNGOUV OPLOUEVES
avoakpiBeleg oL 0Toleg TTOAAEG (POPEG TTAPAKAUTITO-
VTaL E TN poplakt) Suvapikr. Ot TPOGOUOLWTELS TNG
HOPLAKN G SUVOUIKIG TIAPEXOUV [ KAAUTEPT KATA-
vOnomn 660V aPopd 6TA SOULKA XAPAKTNPLOTIKA TWV
TPWTEVOV Kal 0T oTadepdTNTA TWV GUVEEGEWY
TPWTEVWV-TIpoadetwv. Emiong, BonBovv oty tav-
TOTIO(NOT EMITAEOV TIEPLOYXWV TIPOGEEONG, OTIWG YL
TapdSelypa aAAooTeplKWY BE0EWVY, KAl CUVETWG
081 YOUV 0TO OXESLATUO TILO ATTOTEAEGUATIKWV (PAP-
HOKEVTIKWV 0UGLOV 4041,

‘Eva emimAgov Bripa ot Stadikacia elvat va afl-
oAoynBovv oL @apuAKOKYNTIKEG (SLOTNTEG TwV
0VOLWYV, OTIWG HE TOV EAEYXO ATIOPPOPNONG, KATA-
voung, petafBoAlcpov kal amékkplong (absorption,
distribution, metabolism and excretion, ADME) kat
TOEKOTNTAG. Ta PAPUAKEVTIKA POPLX XPELATETAL VO
Slamepdoovy SLAPOPOVS PUGLOAOYIKOUGS @PAYOVS
Héoa 0TO AVOPWTILVO CWUA TIPOKELUEVOL VA (PTG~
00UV 0TOVG BLoAoyLKoUg 6TOX0oUG TouG. [IpofAnpata
0TI PAPUAKOKIVITIKY KL 1] ELPAVIOT) TOEIKOTNTAG
eivat vevBuVva yia to 40-60% TwWV ATOTLXLWVY OTA
emopeva otadia 2 ‘Exouvv avamtuyBel mAn0og po-
VTEAWVY BACLOUEVWV OTN UNYOVIKY L&ONon TIPOKEL-
Hévou va mpoRAe@Bel To EAPUAKOKIVITIKO TIPO@IA,
omws ta PreADMET * kxat SwissADME *, wote va
TPOKUTITOUV VTIOYMPLa PApHaKa e VPNAT amodo-
TIKOTNTA KAl XaumAn To€lkOTnTA.

3. Kuttapikd povtéAa ywa TV in vitro avaiv-
01] VE®V QVTIKXPKIVIK®OV popiwv

H in silico avéAvon amotelel To TPpWTO Pripa amd
TO 0TI0{0 TIPOKVTITOVV SUVNTIKA TA TILO SPACTIKA UO-
pla. TN GUVEXELQ, QUTA TA HOPLX EAEYXOVTAL in Vitro
0€ KUTTOPLKA CUGTIHATA TIPOKELUEVOL VA SLATILOTW-
Oel, petadd GAAwv, N KUTTAPOTOEKAOTNTAE TOUG EvavTt
KAPKLWVIKOV KUTTAPIK®OV GELPWV KAl PUCLOAOYLIKOV
KUTTApWY, 0 TUTIOG TOU EMAyOUEVOL KUTTAPLKOL Ba-
VATOU KoL 1] KUTTAPOOTATIKY TOUG Spaot). Ot KapKvL-

7
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Mivakag 1. KatdAoyog TwVv avlpodTIvmV KAPKLVIKMV GELPOV TIOV XPTOLHoTIoLEiTaL ano to EOvi-
K0 Ivetitovto Kapkivov twv HITA

EiSog Kapxivou

Kuttapuwkr) Zepd

Agvyoupio

CCRF-CEM, HL-60(TB), K-562, MOLT-4, RPMI-8226, SR, P388, P388/
ADR

Mn Mwkpokuttapikog [vevpova

A549/ATCC, EKVX, HOP-62, HOP-92, NCI-H226, NCI-H23, NCI-H322M,
NCI-H460, NCI-H522, LXFL 529

[Mayeog Evtépou

COLO 205, HCC-2998, HCT-116, HCT-15, HT29, KM12, SW-620, DLD-1,
KM20L2

Kevtpikov Nevpikov

SF-268, SF-295, SF-539, SNB-19, SNB-75, U251, SNB-78, XF 498

T-47D

ZUOTNUATOS
MeAdvoLa LOX IMVI, MALME-3M, M14, MDA-MB-435, SK-MEL-2, SK-MEL-28, SK-
" MEL-5, UACC-257, UACC-62, RPMI-7951, M19-MEL

, IGR-OV1, OVCAR-3, OVCAR-4, OVCAR-5, OVCAR-8, NCI/ADR-RES, SK-
Qobnkwv OV-3

, 786-0, A498, ACHN, CAKI-1, RXF 393, SN12C, TK-10, UO-31, RXF-631,
Negpov SN12K1
[Ipootdatn PC-3, DU-145

, MCF7, MDA-MB-231/ATCC, MDA-MB-468, HS 578T, MDA-N, BT-549,
Maotov

MwkpoxuTttapikog [Tvevuova DMS 114, SHP-77

KEG KUTTUPLKES OELPES elval Ta TILO oLV OLOUEVA KUT-
TAPIKA HOVTEAN TIOV XPNCLLOTIOLOVVTAL OTNV £PEVVA
Tou Kapkivou kat otn Swadikacio avaTTUENG TwWV
@appakwv. Xtov IMivaka 1 Tapovctalovtal oL o ov-
VNOLoPEVEG aVOPWOTILVEG KAPKIVIKEG KUTTUPLKESG OEL-
PEG TIOV XpTOLHOTIOLOVVTAL aTio TO EBviko [vetitoUto
Yyeiag twv HITA (NIH) .

3.1. Extipnon ¢ kutTtapoToilki)c Spdomng
Héow EAEYXOL TNG PLWOLUOTITAG

To tpwTo 0TAS10 0TN SLadiKacict TOV TTPOKALVIKOU
eAéyxou elvat va a&lodoynBei n kuttapotodikn Spa-
o1 TWV TIPOG LEAETT OVGLWV KAt va YIVEL P Stadoyn,
WOTE VA ETAEYOVV OPXLKA LOVO OL TTLO KUTTAPOTOEL-
KEG EVOVTL OELPASG KAPKIVIK®V KUTTAPWV. XTIG TIEPLO-
00TEPEG ATO TIG SOKLHATLEG TIOV eappolovTal, Eva
UTIOOTPWHA LETAOXNUATI(ETAL O £va EYXPWLO TIPO-
0V amd ev8oKLTTAPIKA EvILIA TIOV VTIAPYOLV OTA

8

{wVTova KOTTOpPA KAl TO XPWHA TOU oXNHaTileTal
elvat avdAoyo tou aplBpol tTwv {wVTaveVv KUTTA-
pwv *. Ttov Iivaka 2 mapovotdlovtat v cuvtopia
OPLOUEVES ATTO TG TILO UV OLOHEVEG SOKLULAGIES.
Mia amd T T cuxvd e@apuoldpeves pedo-
Soug eivar M Sokpacia  KUTTAPOTOEKOTNTAS
MTT pe tn xpnon g ovoiag 3-(4,5-8ueburbela-
CoA-2-VA)-2,5-Bpwptovxo SupavuAtetpaloAlo, Tov
elval (L TTOGOTIK XPWUATOUETPIKY uEBoSog *7 48,
Tmplletan otV EKTIUNON TG SPACTIKOTNTAG TWV
NAD(P)H-e€aptwpevwv eviipwv g ofeldoavayw-
yaong, Ta omola avayouv TV kitpn évwon MTT oe
HwB aSLAAVTOVS KPUGTAAAOVG POPUATAVNG, OL OTIO(-
Ol 0TI OULVEXELX UTIOPOVV va SlaAvTtoTomBovv pe
KATIOLOV 0pYaVIKO SLaAUTH), OTIwG To SIHeBUAOGOVA-
@o&eidlo (DMSO0) 1 v oompomavoAn, Katl va ava-
AwBolv pwtopetpka 7 *8 ota 570 nm *°. Emteldn )
Stadkacia auT cuvtedeital poévo ota pToxovSpLa
Twv {WVTavwV KUTTApwy, 1 Sokpacia MTT xpnot-
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pOTIOLE(TAL YIX VX UTTOAOYLOTEL ] BLWOCIUITITA TWV
KUTTAPWYV KAl KAT EMEKTAOT] 1) KUTTAPOTOEIKY Spd-
on twv ovolwv. H Stadikacioa cuvBws mpaypato-
TIoLElTaL O€ TIAGKEG HKPOTITAOSOTNON G 96 PpeaTi®wY
(96-well plates). AoV yivel 1 KATGAANAN TIPOETOL-
poaoia Twv KUTTAPWY Kot 1 €KOECT TOUG GTIS TTPOG
e&étaom ovoleg, mpootifetal to MTT oe kabe @pe-
atlo Kat akoAovBel emwaon yia 4 wpeg otovg 37°C.
X1 ovuvéyxela, TpootiBetal To StdAvpa StaAvtomoin-
ong Wote va StadvBouvv ot kpvoTaAdol @oppaldvng
KaL [E TN XPNOT] TWV KATAAANA®WY HApTUPWV, TTPAY-
HOTOTIOLELTAL TTOOOTIKOTIOIN O™ TNG AToppdPNOoNG O
éva ewtopetpo pikpomAakwv (ELISA reader).

Ext6¢ amdé to MTT vmdapyouv kat GAAa avd-
Aoya tov TeTpaloAiov, o0mws to MTS [3-(4,5-81-
pebvABelaloA-2-vA)-5-(3-kapBoiupebolvat-
VUA)-2-(4-c0vA@o@aivul)-2H-tetpaloio] kat To
XTT [2,3-815-(2-pneBo&u-4-vitpo-5-covAgpoal-
VUA)-2H-tetpafoArio-5-kapBofauidio], n xpron twv
omolwv emiong TMapdyeL @opualavn PHETA ATo ava-
YWYN amd 0EESoavVaywYAoes 1 a@UEPOyovAcES 6.
Kat’ avatoyia pe to MTT, ot Sokipacieg kutTapoTo-
ot tag MTS kat XTT meptdappavouy éva otadio
EMWAONG 4 WPWV, OHWG 1 €L80TOLOG SLawopd Toug
pe to MTT eitvat 6tL 1 StaAvtomoinon g @opuald-
NG yivetal péoca oto OpemMTIKO VAIKO TNG KAAALEP-
YELAG TWV KUTTAPWV. ZUVETIWG, UE TIG peBdSoug XTT
kat MTS efowovopeital xpovog kai, TapdAAnAq,
HELOVETAL M TILOAVOTNTA AGBOUG 1] ATIWAELXG EYXPW-
Hou TPoi6vVToG, KabBws Sev vTdpxeEL TO OTASLO TNG
Stadvtomoinong. Kat ot tpetg mpoavapepOeloes pé-
Bodol éyouv To MAgovVEKTHA OTL elval xaunAov Kko-
OTOUG KOl EVKOAEG VAL TIPAYULATOTIOMNBO0VY, Aol ws
€EOTALOUO aTTALTOUV VAl PWTOUETPO UKPOTIAAKWDV
(ELISA reader) kat yia autdv To AG0Y0 XpNOLUOTIOL-
ovvTal EVPEWS.

H Sokipacia SRB (covAgopodapivng B) 50 givat
QAN pla KoWT) XpPWHATOUETPLKY HEBOSOG IOV EKTL-
H& TN BLWOIHOTNTA TWV KAPKWIKWVY KUTTApwv. H
xpwoTikn SRB mpocdévetal og mpwTteives Twv {w-
VTAVWOV KUTTAPWVY KATW ad e 6EveG cuvOnKeg
Kal ylo autév 1o Adyo mpooTiBeTal ota KUTTAPX
TpLYAwpoogko o&v (TCA) kat akodovBel emwaon 1
WPAG. XTN GUVEXELR, HETA amd SladoxkéG TAVCELS
TpooTiBeTal 1 XpwoTiky Kot akoAovBel emwacn 30

Nikou E. et al, Pharmakeftiki, 35, 111, 2023 | 2-27

AemTWV €w6 1 wpag. TEAOG, 1 xpwo Ty SlaAvToTOL-
eltal pe v mpooONkn Tris Base (2-apwvo-2-(vdpo-
EupebuA)mpomavo-1,3-810An) kal HETPATAL 1] ATTOP-
po@non ota 510 nm %L, Tn ovykekpuévn Sokipacia
mpoTeivel kat e@apudlel kat to EOvikd IvotitovTo
Kapxivou (NCI) twv HITA.

Muwx emmpoocBetn pébodo amoteAel 1 Sokipacia
LDH (yoadaktikig agudpoyovdaong) %2 Katd tn ov-
YKEKPLUEVT SoKLpaoia, OTav Ta TTPOG eE£TAOT HopLa
Stappnéovv TV mMAACpATIKY pepPBpavn, Ta KOTTA-
pa amelevBepwvouv LDH oto Bpemtikd vAkO NG
KoaAALEpyeLag kat ) ameAsvBepwpévn LDH pmopei va
ToootikomomOel pe wtopétpnon ota 490 nm >3,
0 xp6vog emwaomNg TOV SIKAVUATOG UE TA KUTTOPA
elvat 30 Aemtd, evw, 6TWGS Kat oTig Sokipacies XTT
kat MTS, Sev vmapyet avaykn StaAvtomoimong *.

H Sokwpacia ATP (tpipwo@opikic adevooivng)
elval pa emmAéov Stadedopévn Sokipaacio eEAEyxov
™G KUTTAPIKNG Blwoludmtag mov Paciletal ot
XNUEL@wTAVYELa ** ‘OTav Ta kOTTapa odnyovvrtat
TPOG ATOTITWON N VEKPWON HETA ATO EMWAOCT] UE
Htoe SUVNTIKA KUTTAPOTOEIKY ouoia, TO KUTTAPLKO
TeplexOpevo o ATP pelwvetal Kat pmopel va moco-
TwikomowmOei > H Sokipacia CellTiter-Glo (tng etat-
pelag Promega Corporation, Madison, WI) amoteAel
Tap&Selypa NG Mo TTPOCPATNG TEXVLIKNG, OTIOV E-
TPATAL TO KUTTAPLKO TiEpLexopevo ATP xpnotpoTot-
wvTag To évlupo Aovotpepdon *°. To ofjpa XnueLo-
pwtavyelag otabepoToteitatl péoa oe 10 Aemtd amd
™V TpocONKN Tou avtidpactnpiov kal umopel va
petpnOel pe Aovpvopetpo ota 560 nm. H ouykekpl-
névn Sokpaoia Tapovoladel peyaAuTepn evaodn-
ol kal KaAUTEPN EMOVAANPIHOTNTA CUYKPLTIKA e
TLG TTLO TIAPASOCLAKES SOKLIHATiES 5.

E@appolovtag kamola amo TI§ mapamtavw TEXVL-
KEG kablotatal e@ktd va vmoAoylotel o Seiktng
IC50 (half maximal inhibitory concentration, péom
AVUOTAATIKY ouYkEVTpwo). O Seiktng IC50 eival
GUYKEVTPWOTN TNG UTIO LEAETT] KUTTAPOTOELKIG OUTI-
ag ov TpokaAel To Bavato oto 50% Tov aplBpon
TWV KUTTAPWV KAL TIPOKVTITEL ATLO TN OVYKPLON TNG
OTITIKNG ATIOPPOPNOTG 1) TOV PO0PLaHOV TOL TIANBV-
opoU TWV KUTTAPWYV TIOV €xouv ektebel oV ovoia
O€ GXEOTN HE TOV AVTIOTOLXO KUTTAPLKO TANOUoUO
mov Sev €xeL ekteBel otnv ovoia. ‘'Oco pkpdTEPT

9
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[Tivakag 2. Baolkd xapakTtnpLloTikd TwV TiLo cuVNOLoUEVWY SOKILAGLOV KUTTAPOTOEKOTN TS
MTT MTS/ XTT SRB LDH ATP
Mriog Kopatog 570 492/510 510 490 560
(nm)
Xpbévog Emwaong 4 Wpeg 4 Wpeg 1+ 1 wpa 30 Aemtd 10 Aemta
. Nat pe opyavikod )
Avayxn , i , Noa pe Tris- , ;
EmtavadidAvong SLadvm (DMSO 'l Oxt Base Oxt Oxt
LOOTIPOTIOLVOAT))
MéBo6og dwrtopetpia dwrtopetpia | Pwtopetpia | Pwtopetpia | Xnuelopwtadyela

TN €xeL o Seiktng IC50, too0 peyadtepn KUTTAPO-
TOEIKOTNTA ERPaVIleL ) ovaia.

3.2 A§LoA0yN 01 TOV EMAYOUEVOL TUTIOV KUT-
Tapwkov Bavdatov

‘Eva emopevo Bripa elvat va StepguvnBel o TOTOG
KUTTAPLKOU BaVATOU TIOU EMAYETAL ATIO TIS OVUGCIES
OV €TAEXONKAV HETA TNV apXlK) capwon. Elval
TOAU) GTUAVTIKO VX EVTOTILOTEL APEVAG, TO TTOGOOTO
TWV KAPKWIKWOV KUTTAPWV Tov Tebaivouy, ylati ta
KAPKWIKA KOTTAPA EXOUV TNV LKAVOTNTA VA SLA@EL-
YOUV TNG ATOTITWOTG YIX VA ETLRLWOVOUV £VAVTL TWV
QUUVTIK®OV UNXAVICU®OV Tou EevioTr °°. Apetépov,
xpewdletar va StepguvnBel molo €i§og KuTTAPLKOV
Bavatou emdayetal amd TI§ VO HEAETT OVGLES, ATO-
TTWOoM 1 VEKpwOoT, S10TL TIpoKeLTaL yia §Vo Stadika-
oleg pe SLAPOPETIKA XAPAKTNPLOTIKA IOV PTTOPOVV
VO EXOUV SLAPOPETIKEG ETUTITWOELS GTOV OPYAVIGHO
(Ewéva 4).

TUYKEKPLUEVQ, 1) ATIOTITWOT), 1} AAALWG O TIPOYPULYL-
LATIOPEVOG KUTTAPLKOG BAVATOG, GUVIOTA WL (PUOL-
0AoyiKn Slepyacio TOU OPYOVIGHOU TIOU GUUUETEXEL
KATOAUTIKA 0TNV OHaAT] avATITUEN Kot Aettoupyla
oxeb6v 6Awv TwV oTwv. Xapaktnpiletal anod cup-
plkvwon Tou KuTtTdpov, amocVVOEST TOov TUPNVL-
KOU @akéAOU, GUUTIUKV®WOT TNG XPwHATIVING Kot
katakeppatiopd tov DNA. H empavela tTwv Kut-
TAPWV CUYVA OXNUATIEL YAPAKTNPLOTIKA £E0YKW-
paTa Kal, €&V To KUTTAPO elval peydio, Staomdtol

10

o€ Opavopata ov mepikAgiovtal amd peppdvn kat
OVOUGZOVTOL ATIOTITWTIKE CwUAETL. Tot ATTOTTTWTIKA
OWUATLH PAYOKUTTAPWVOVTAL ATIO YELTOVIKA (QYO-
KOTTapo Kol ESIKOTEPA ATO LAKPOPAYQ, XWPIG va
ATMEAEVOEPWOVETAL KUTTAPLKO TEPLEXOUEVO OTNV TIE-
PLOXT] KAl GUVETIWG, SEV TIPOKAAEITAL (PAEYHOVWOONG
avtidpaaon %8,

Ye avtiBeon pe v amomTwon, Ta {WIKE KOTTA-
pa Tov eBaivouv wg amodkplon o ofeia TPoo oA,
OTIWG ovpPalvel oe Evav TPAVUATIONO 1] AoYw €A-
Aewpmg mapoxns aipatog, cuvnBws meBalvouv péow
™6 Sadikaciog TG KUTTAPLKNG VEKpwonG. Katd
VEKPWOT)], TA VEKPWTIKA KOTTAPA SLOYK®VOVTAL Kot
EKPNYVUVTAL, OTEAEVOEPWVOVTAG TO TEPLEXOUEVD
TOUG 0TOV TEPIBAAAOVTA XWPO, TIPOKAADVTAS £TGL
évtovn @Aeypovmdn amokplon 8,

['la Tov Tpocdloplopd g amdTTwong EXEL XpNoL-
potonOel EVPEWGS 1 PWTOVIKY piKpookoTia *. dat-
VOUEVA IOV XapaKTNpilouv TNV amoTTwon, 0TIwE 1
aAAQyT) 0TO OXNUA KoL GTOV OYKO TWV KUTTAPWV, 1
oLPPIKVWOT) TOVU KUTTAPOU KoLl 0 GYXNUATIONOG TwV
ATOTTWTIK®V CWUATIWVY, HTTOPOVV EVKOAX VA QVL-
xvevBolv pEéow TNG PWTOVIKNG HikpookoTiag ©°.
[TapdAo OV 1 PWTOVIKY LIKPOGKOTILO EVOLL Lot Yo
uUNAoV KOoTOUG KAt eVKOAN HEB0SOG, To KVPLO pELO-
VEKTNUA TNG Elvat 1) xaunAn evatcOnoio .

T autdv 10 AdY0, XPNOLUOTIOLELTAL EVPEWG TIAE-
0V 0TIV £pEVVA TOU KAPKIVOU Kl GUYKEKPLLEVX YL
TOV £AEYX0 TOU KUTTAPLKOV BAVATOU, 1) LIKPOOKOTILO
@Boplopov 16263 To mapatnpoluevo Selypa apyl-
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To koTTapo diaipeTal O amoTTwWTIKg
CWUATIa Ta oTrola ayoKuTTapwWYovTal.
Aev pokaheital pheypovn

(e

. (8

.Y
i
%

- i b Ly
H Thaoparikr pepppavr

SiapprnyvOeTal Kal ge TRV Adan Tou
KUTTapoU Kai Tou TTupriva TpokaheiTal
pheyuovr

Ewkéva 4. Ot kuplotepes Slepyacies mov Aaufavovy ywpa Katd Tnv anontwan kat t) vékpwon (Tlpooapio-

ouévo amo thv mapamouti®’).

Ka Sleyeipetal He WG HIKPOU UKOUG KUUATOG KoL
pmopel va omtikomomBel peow @ATpwy 13 Kabwg
T0 PBopifov oNua AVIXVEVETAL WG PWTAVYELA OE
éva okoTewo meplBdAAov, eivat Suvato va aviyvev-
Bovv akopa kat oAU pikpd @Bopilovta pépn tovu
Selypatog. ‘Evag @Bopilwv aviyveuTtig Tov evtoTi-
TeL UL CUYKEKPLUEVT TTPWTEIVN 1] éva 6TOX0 UTTopE(
va xpnowpomomBei wg Seikng yia v avdAvon pe
pwpookoTia @BoplopoV. Eva mapadetypa amoteAel
N mpdovn @Bopilovoa mpwteivn (green fluorescent
protein, GFP), mov elvat @uown mpwTteivn g pé-
Sdovoag Aequorea victoria, 1) oTiola GUVSEETAL [IE TOV
TPWTEIVIKO VTTOSOoYXEX TwV YAUKOKOPTIKOEWSwY. H
GFP xpnowomoteitat wg §e(KTNng yLo TOV EVTOTILOUO
TOU VTTOS0XEN GTOV TIUPTVA 1) GTO KUTTAPOTIANCHA,
avaAoya pe TNV UTtapén otepoetdov§ 1) L, avTioTol-
X o,

[Mapoda autd, évag TaxVs Kat akpLphg TpOTog yia
TNV TIOCOTIKOTO(N 0T TOU KUTTAPLKOV BavdTou lvat
N KuttapopeTpia pong % %, 0 éleyyog Tou emayod-
LEVOU KUTTAPIKOU BavATOU TPAYUATOTIOLE(TAL OE
KUTTAPOUETPO POTG UETA ATO XPWOT TWV KUTTA-
pwv pe avvelivn V kat iwdtovyo mpomidio (PI). Zta
ATOTTWTIKA KUTTAPQA, TO UEUPRPAVIKO QWO QOALTI-
S0 pwogatidurooepivn (PS) petatomietar amd
TNV E0WTEPLKI TPOG TNV EEWTEPLKI] EMLPAVELX TNG
KUTTAPIKNG HePPPAvng Kal £ToL ekTiBeTal oto efw-
KuTTaplo mepaArov. H avvegivn V eivan pa e€ap-
TWpeVn amo to acBéotio (Ca2+) mpwteivny Séopev-
ons ewo@oMmiSiwy (35-26 kDa), n) omoia epgavidet
vPmAr] ovyyévela yia t PS kat cuvéetal pue ta KOT-
TOPA IOV TNV EKBETOUV TNV EMLPAVELA TovG. H av-
veivn V eivat oulevypévn pe @Boploxpmwuata, 0w
n @Aovopeokeivn (FITC), kat ocuvenmwg pmopel va

11
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Ewova 5. AVTITPOoowTEeVTIKY €lkOVA avaAvong
UECW KUTTAPOUETPILAS PONG UETE Ao Ypwon UE av-
veéivn V onuacuévn ue FITC (AnV, opilévtios déo-
vag) kat twdovyo mpomidio (Pl kkbetog déovag). Ta
KUTTApa o€ KaBe TETAPTNUOPLO YapakTnpilovtal wg
{wvtava (AnV-Pl-, kdtw aploTtepo TETAPTNUOPLO),
TPWIUA ATOTTWTIKA (AnV+PI-, kdTw Seéi TeTAPTHUG-
plo), oYua amomtwtikd (AnV+PI+, mavw Seéi TeTap-
TNUOpLo) Kat vekpwtikd (AnV-Pl+, mdvw aplotepd
TETAPTNUOPLO).

AELTOUPYNOEL WG EVaG EVAITONTOG AVIXVELTIG TWV
KUTTAPWYV TIOV 081 YoUVTaL O€ ATOTITWOT LEGW KUT-
Tapopetpiag pong. H xpwon pe avvedivn V mponyei-
TAL TNG ATOAELXG TNG AKEPALOTNTAS TNG KUTTAPLKNG
HepBpavng, 1 omroia AapBavel xwpa Kupilwg Katd T
vékpwon. EmumAgov, xpnoomoleital oe cuvSuaopo
He GAAEG XpwOTIKESG, OTtwg To P, yia va emitevyOel
0 SlaYWPLOUOG TWV ATOTMTWTIKWOV KUTTAPWY aTd
TA VEKPWTIKA KUTTOPA. X€ {WVTAVA KOTTAPO HE
adkm pepPpavn to PI mapapével eEwkutTapika,
EVW Ol LEUPBPAVES TWV VEKPWOV KUl KATEGTPUAUHUEV WV
KUTTAPWV elval Slamepatés og auto. Emopévwg, ta
kOTTOpa xapaktnpifovratr wg {wvtava (AnV-PI-),
TPWILA ATOTITWTIKG (AnV+PI-), 6Ypa amomtwtt-
k& (AnV+PI+) kat vekpwtika (AnV-Pl+) (Ewkova 5).

H wxvpn xuttapotodikdtnTa Opws amd povn

12
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Ewkova 6. AVTITPOOWTEVTIKG SLAYPAUUA UETA ATTO
avdlvon KuttapoueTpiag porg, mov amewkovilel Tn
uetafolij Tov TANOVGUOY TWV YEVEWDY TWV KUTTAPWY
Kapkivov tov uaotov SKBR3 uetd and ypwon ue CESE
Kal ETWAon YE Ula SUVNTIKA avTikapkivikn ovola. Ta
SLAPOPETIKA YPWUATA OTO YPAPNUA AVTLOTOLYOUV OE
SlapopeTikég yeveés, Eekvavtag amo Seéid ue tn un-
TPIKT] YEVEX (UTIAE OKOUPO) Kat ouveY({OVTaS TPOS T
apLotepa e tis Quyatpikés e (moptokaldi, mpdotvo,
poq, yadaqio), pe to UPog ThE KAOE KaumuAng va avti-
oToLyel aTOV aplOUo TWV KUTTAPWV KAOE YEVEAXS.

™¢ Sev apkel. M ovoia mov mpodKeLTAL va Xpnot-
potomnBel SUYNTIKA WG AVTIKAPKLVIKO PAappoako Ba
TIPETEL, EKTOG ATTO KUTTAPOTOSIKY, va Elval Kol EKAE-
KTIKN, SnAadn va eivat Todikn HEV Y TX KAPKIVIKA
KOTTAPQ, OUWG TAUTOXPOVA VA [N §pa EvAVTL TWV
UYLOV KUTTEPwV. XapakTtnpLoTikd TapdSetypa aro-
telel 1 epyaocia twv Vega-Perez kat ouvepyatwv ¢
OTIOV EAEYXOMKAV YLA TNV AVTIKAPKLVIKT TOUG Spdon
Ll OEPQA TTApaYWYwV NG allptdivng. LTn cuykekpl-
HEVT EPYAOiQ, TO TILO KUTTAPOTOEIKO TAPAYWYO EVA-
VT GTNV avOp@TILVY GEPA KAPKIVOL TOU TIvevpova
A549 Sev Ntav ekAekTikd, KaOWS Tav 7 @opéc Te-
PLOGOTEPO TOEIKO EVAVTL TWV VYLWV KUTTAPpwV. [
TEPALTEPW LEAETEG ETAEXONKE EV AAAO TTAPAYWYO
ALYOTEPO TOEIKO ATEVAVTL GTNV KOPKLVIKY OELPQ,
OUWG TUPAAANAQ TILO EKAEKTIKO. MAALOTA, 1 €KAE-
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Ewéva 7. AVTITPOOWTEVTIKG SLdypauua UETE amo
QVAAUON KUTTAPOUETPLAS PONG, IOV QTELKOVIEL TNV
Katavoun evos mAnQuouov amé ta KUTTapa Kapkivov
Tov puaotot SKBR3 uetd and emwaon pe pia SuvnTika
QVTIKapKIVIKY ovola kat ypwon ue Pl Ta Stapopett-
KA XPWOUATA OTO YPAPNUA AVTLOTOLYOUV T SLaPope-
TIKd OTASLA TOU KUTTAPLKOU KUKAOU, EEKIVAVTAS amo
aplotepa e ™ paon G1/G0 (kékkvo ypwua), deéia
ue ) paon G2/M (mpaoivo ypwua) kat ue tn edaon S
(oktaypapnuévn eptoyn) va ektelvetal UETaél Twv
U0 TpWTWV.

KTIKOTNTA Tou jTav 50-100 @opég peyaAvtepn eva-
VTLO OTIG KAPKIVIKEG GELPEG TOU HACTOV CUYKPLTIKA
[E Ta VY] KOTTAPA.

Tivetal eMOUEVWS AVTIANTITY 1) onpacia va eAEy-
XETAL 1) TOEKOTNTA Kal oTa vy kKUTTapa. Emedn
1 TAELOYN@IX TWV AVTIKAPKIVIKWOV QAPUAK®Y TIOU
XPTNOLHLOTIOLOVVTAL KAVIKA ELGAYOVTAL GTNV KUKAO-
@opla Tov alpatog pecw evSo@AEBLag yoprynong,
TA (PUOLOAOYLKA HOVOTIUPNVA KUTTAPA TOU TIEPLPE-
pkoV aipatog (PBMCs) eival cuvbws ta mpwta
KOTTOPA TIOU £pYOVTAL GE ETIOPN HE TIG TILO VPMAEG
OUYKEVIPWOELG TWV (PAPLAKWVY. ZUVETIWG, TA KUTTA-
PO AUTA ATIOTEAOVV EVA ONUAVTIKO EPYAAELO YO VO
a&loAoynOei n ToEKOTNTA TWV TIPOG EEETACT] OLGLWOV

Nikou E. et al, Pharmakeftiki, 35, 111, 2023 | 2-27

8 KoL XpNOLLOTIOLOVVTAL GUXVA Yl TOV €AEYXO TNG
TOEKOTNTAG VEWV OUCLWV, OTIWG ATO TOUG Samara
kot ovvepyates %. Ta PBMCs amopovamvovtal Guvi-
Bwe atd vylels 66Teg Kt eTwdlovTal pe aviavope-
VEG GUYKEVTPWOELS TWV TIPOG UEAETN ovaLwv. O TL-
HEG TWV OUYKEVTPWOEWY Ba TPETEL va eTTAEYOVTAL
£ToL WOoTE va ovpmeptAapBdavouy Tig Tipég IC50 (Tov
vToAoyioTnKav pHEcw NG avtiotoyng Soklpaciag
€AEYXOU BLOOIHOTNTAS YA TA KAPKIVIKA KUTTAPQA),
KaBwe kat va Tig vepRaivouy yia va pocdloptlotel
KAAUTEPA TO EVPOG TNG TOELKOTITAS TOUG,.

3.3 'EAeyX0G eMAy®WYNG KUTTAPOGTATIKOTI TG

‘Eva GAAo onpavtikd ototyeio mov ofilel va
eAeyxOel elval M KUTTAPOOTATIKOTNTA HECW TOU
BaBuov petafoAng tov SimAaclacpol TwV KUT-
Tapwv. H a&loddynon g ylvetar cuvnbws pPeTd
amd xpwon pe TN @Bopilovoa ypwotiky CFSE
(Carboxyfluorescein succinimidyl ester) kot ava-
Avon péow kuttapopetpiag pons. H ouykekpiuévn
XPWOTIKY ATOPPOPATAL TANPWS atd Kdbe kOTTA-
PO, KAL 1] TOCOTNTA TNG NUSITAXCLA{ETAL e KAOE
KUTTaplky Swaipeom, K&t to omoio aviyvevetal
eVKOAX LECW TOV PELwpEVOU @Boplopol 6. ‘Etot
kaBiotatal e@KTog 0 Slaywplopds Kal 1 ToCoTL-
KOTI0(NON TWV KUTTAPIKW®V YEVEWV, KABWS N Xpw-
OTIKN KATAVEUETAL LOOTIOON HETE aTtO KABE KLTTA-
pwn Swailpeon (Ewkova 6).

3.4 AvdAvuot) TOU KUTTOPLKOU KUKAOU

‘Eva akOpa GNHAVTIKO OTOLXELD TIPOG a&loAdyn o
elval n avaAvon Tou KUTTapikol KUKAOU, yla THV
otoila avdAvon emiong xpnoloToLelTal cuVNBWS N
KUTTapOoUETpia porig peta amd xpwon pe PL To PI
amoteAel pla mapepforiopevn oto SikAwvo poplo
DNA xpwaoTikn, 1 omola, pécw Tov PHoplopov g,
Hog Slvel T SuVATOTNTA EKTIUNONG TNG TTOGOTNTAG
tou DNA og kGBe KOTTAPO KoL, KAT EMEKTAON, TNG
@&omMG Tou KUKAOL Tov auTd Staviel. O apvnTIKOS
HAPTLPAG TIAPOVCLATEL IOt CUYKEKPLUEVT] KATAVOUN
TWV KUTTAPWV OTIS TPELG PACEL TOU KUTTAPLKOV
KUKAOU, €MOUEVWG OoTIoladToTE Ay 0TO OLd-
YPOUUAX VTTOSAMVEL KAl VOV SLAQOPETIKO UNXAVL-

13
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OUO SpAomMG TNG UTIO UEAETT) AVTIKAPKLVIKNG OUGiag
(Ewxova 7).

0 KATAAANA0G CUVSLAGUOG TWV in Vitro oKIpHAcL-
WV ptopel va apéyel TOAY ONUAVTIKEG TIANPOPO-
PleG OXETIKA HE TNV KUTTAPOTOEIKOTNTA KAL TOUG
UNXAVIOUOUG SPAOTG TV VTTOYPLWV QAPUAKEVTL-
KWV poplwv kat va avénoet Tig Thavo T TeS EMITUY (-
OG 0T LETETMELTA KAWVIKA oTdS1a. EEdAAov, ) pelwon
TV {WIKOV SOKIL®V ATOTEAEL LATPLKT] AVOyKoLOTn-
Ta Kol Kot eméKTaon, ot in vitro Soxipacieg ival
{wTKNS onuaciog TPoTol EEKIVIOEL 0 EAEYXOG TWV
EUAPUAKWV O TEPAPATIKA LOVTEAQ {WOWV.

4. In vivo povtéda yla TV avdAuon) vEwv avTi-
KOPKLVIK®OV Hopiwv

Ol HEAETEG OE KUTTAPLKA CLGTNUATA IN Vitro TTapé-
XOUV TTOAU ONUAVTIKEG TTANPOPOPIES, OpWG, Sev elvatl
QPKETEG YA VX OVTIKATOTITPIOOVV TIG TIOAVTIAOKES
aAAnAemiSpacels mov Aapavouy xwpa o€ Evav {w-
vTavo opyaviopo. ' autdév to Adyo, 11 avamtuén
{WIK®OV HOVTEAWVY YLK TOV EAEYXO0 VEWV QVTIKAPKLVL-
KW@V 0UGLWV KAL in Vivo €el uEYAAN onpoacio. MAAL-
0Ta, OTNV €PEVVA TOV KAPKIVOV, TTAVw attd To 95%
TWV in Vivo HEAETMV XPTCLLOTIOLOVV HOVTEAX OYKWYV
0€ TIOVTIKOUG 7O,

Ta T oLuXVA XPTOLUOTIOLOVUEVA UOVTEAN Q(PO-
POVV E(TE AVOCOKATEGTAAUEVOUG E(TE AVOGOTKAVOUG
TIOVTLKOUG, GTOUG OTOloUG gyyéovtal LvTodopLa 1
opBotomikd ailopooyevpata 1 Eevopooyevpata
oykwv "L To yapunAd KOGTOG KAl 1] EUKOAlX 6T XP1)-
o1 kaBloToUv AUTA Ta LOVTEAX TaA TTLo Stadedopéva.

‘Evag akopa TUTIOG LOVTEAOL IOV XPTGLUOTIOLELTOL
OTNV TIPOKAWVIKY €PEUVA E(VAL OL YEVETIKA TPOTIO-
TomuévoL 1 SlayoviSlakol TIoVTIKOol, 6TOVG 0TIoloVG
ptmopovv va StepeuvnBolv oL SPACELS KL OL AELTOVP-
yieg Twv oxetlopevwy oykoyovidiwv. Ta Siaxyovi-
SLKA HOVTEAX TIOVTIK®V XPTCLULOTIOLOVVTAL, OTIWG
KL TX LOVTEAX LOOYEVUATWY, YLOL TNV in Vivo HEAETN
BEPATIEVTIKWOV TIPWTOKOAAWV. Ta StayoviStakd po-
VTEAX TIOVTIK®WV £lval YEVIKA TIOAUY xpovofdpa kol
akplBd otn Snpovpyla TOUG, KoL ATALTOVY ylo TN
XP1NOTM TOUG Eva VYMAG KATAPTIOUEVO TTPOCWTILKO.

EmmAéov, uTApYouv Kol TA TIPOEPXOUEVA ATIO
acBeveig povtéda Eevopooysvpdtwv  (patient-
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derived xenograft, PDX), ota omola yivetatl epugu-
TeLOT AVOPWOTIVWY OYKWV OE TIOVTIKOUG pe §av-
Opwmomompévo avocoTomTIkG ocvotnua. Avtol
Ol TIOVTIKO{ QTOTEAOVV TPOTUTIOUS OPYAVIGHOVG,
oL 0Ttoi0L TIPOCOUOLAJOVV TIG CUYKEKPLUEVEG XOPA-
KTNPLOTIKEG LBLOTNTES TOV HIKPOTIEPLBAAAOVTOG TOV
0YKOU TOU aoBevolg, yeyovdg Tou TOuG Kablota
KaTaAANAa epyadeia HEAETNG TV KapKiVwV TOV av-
Bpwmov 7%

Metd tnVv 0AoKATpwaoN Tov in Vivo HovTéAOV, PTto-
pel emmAéov va StepeuvnBel av ) TPOG HEAETT ovaia
ETAYEL ELOIKEG 1 /KAl 1) ELSIKEG AVTIKAPKLIVIKEG AVO-
COQTIAVTNOELG OTA TIOVTIKLAL.

lotopikd, 1 o StadedSopévn pebodog yia va vmo-
AOYLlOTEL I EMAYWYN KUTTAPOTOEKOTNTAG ATO T
Agp@okVTTapa elval péow G SoKlpaoiag ameAgy-
Bépwong tou padtevepyol ypwpiov (51Cr). Kata
™ Sadikacia auT, Ta KOTTAPA-0TOXOL oNUAivo-
vtal evdokutTapika pe 51Cr, cvvemwalovtal pe T
SPACTIKG KUTTOPA KAL 1] KUTTAPLKI AVOT| TWV KUT-
TAPWV-OTOXWV Ao Ta SpaAcTIKA KUTTapa odnyel
OTNV QTEAEVOEPWOT PASIEVEPYELNG OTO KUTTAPLKO
UTIEPKEIEVO, 1] OTIOl0t AVIXVEVETAL KAl TTOOOTLKO-
TolelTa péow PETPNTWV Y-akTvoBoAlag 73, Av kat
XPTNOLLOTIOLEITAL AKOMN KL OY|LEPQ, T) CUYKEKPLUEVT|
HEBOBOG €XEL APKETA UELOVEKTNUATH CUUTIEPLANU-
Bavopuévwyv g EAAELPNG TTANPOPOPLOV YLK TNV CU-
UTIEPLPOPA TWV KUTTAPWV LETA TN O)UAVGT] TOUG HE
To padlevepyd atolyelo, Tov VYPMAOY KOGTOUG, TNG
aAvVAYKNG Yl €81kO €E0TALONS, TOU HIKPOU XpOVOU
NUWNG TWV PASIEVEPYWV GTOLXEIWV, KABWG KAL TNG
TAPAywYN§ EMKIVSUVWVY amoANTwy 74

[IpOKELUEVOU VA AVTILETWTILOTOUV TA TIHPATIAVW
mpoBANuata, £xovv avamtuyBel kawvovpleg puébo-
Sol pe ™ xp1ion ™S KuTTApopETpiag pong Mia amd
autég elval 1 SoKlaoia KUTTAPOTOEKOTNTAG HE
TN XPNOT AVTIOWUATWY €vavtl Tov popiov CD107
(anti-CD107). Katd Vv amokokkiwon Twv SpacTtl-
KWV KUTTApwV, To CD107 ekTiBeTat 0TV £MIPAVELR
TOUG, evToTieTal amd onuacpueéva te @Bopilovoeg
XPWOTIKES AVTIOWUATA KAL £TOL, KaBloTaTal EQIKTO
Vo aviXVvevBel 1 evepyoTioinon Twv KUTTAPOTOEIK®OV
(CD8+ T kat NK) Aepgpokvttdpwv. Ta cuykekpLue-
Vo AELPOKVTTAPA TEPLEXOUV EKKPLTIKA AVGOCW-
HOTA 1) AUTIKA KOKKIX, 0TO E0WTEPIKO TWV OTOIWV
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UTLAPYOLV KUTTAPOTOSIKA popla (kuplwg tep@opivn
kat Bpuppativesg). Otav avayvwpiocovv éva kKOTTA-
pO-0TOX0, TA KOKKIX TOUG CUGCWPEVOVTAL TIPOG TNV
TIEPLOXT] TIOV TIPOCEYYITEL TNV KUTTAPOTAACGHATIKY
UEUBPEVT TOV KUTTAPOV-GTAXOU, CUVTIIKOVTUL TNV
TIEPLOXT TNG AVOCOAOYIKNG cUVaYNG e TN HEUPPA-
V1] TOU §pacTikoV) KUTTAPOTOSIKOU KUTTAPOU KL TO
TIEPLEXOUEVO TOUG ATEAEVOEPWOVETAL HE EEWKVTTW-
0T OTO HECOKVUTTAPLO XWPO, 0SNYWDVTAG TEAIKA TA
KOTTAPA-0TOXOUG O€ amoOTTWOT 7> 76,

IMapdAAnAa, EKTOG aTtd TNV ATEAEVOEPWOT) TOV TIE-
PLEXOUEVOL TWV KOKKIWV, EKQPAlovTaL 6TNV ETILOAR-
VELX TOU S§pacTIKoV KUTTAPOTOEIKOU KUTTAPOU Kol
0L YAUKOTIpWTEIVEG Tou Avcoowpatog (CD107a kat
CD107b), mov aviyvevovtal HECW KUTTAPOUETPING
POT|G LE TN XP1ION ESIKWV AVTIOWUATWV.

Eivat onuavtikd emiong va amoca@nviotel 6tL M
Sokipacia Tov 51Cr ggetalel to Babud Bavdtwong
TWV KUTTAPWV-0TOXWV, eV 1 SoKlpacia amoKoK-
kiwong pe aviyvevorn touv CD107 eAgyyel To abud
EVEPYOTIOINONG TWV SPACTIKWV (KUTTAPOTOEIKMV)
KUTTAPWV.

5. Mapadetypa pong TEPAUAT®WY YLX TOV EAEY-

XO TNG AVTIKAPKIVIKNG Spdong pag véag npu-
oUVOETIKTG ovoiag

‘Exovtag 161 meptypdPel TG TEXVIKEG TIOV EQUP-
poélovtal, THPAKATW TTAPOVCLATETAL 1] TIPOTUTIOTIOL-
nuévn Sadikacia mov eappdletar oty Movada
Kuttapopetpiag Pong tov Tunpatog BoAoyiag oe
ovvepyaoia pe to Tunpa dappakevtikng touv EKIIA.

Apxikd, yivetal ocdpworn G CEPAS TWV VEWV
QAVTIKAPKIVIKOV 0UOLWV (0TO CUYKEKPLUEVO TTAPA-
Selypa Twv Tapaywywyv TG oAevpwTeivng A, B, T,
A xat E), mapdAAnda pe to Betikd pdptupa (ot ov-
YKEKPLUEVT TEPIMTWOT TO YNUELOBepamevTIKO SO0-
Eopoufikivn), pe tn Sokpacio MTT o€ éva olvoAo
3 avBpwTIVWV KAPKIVIK®V OepwV [pactov SKBR3
(kuTtTapik oepd Tov ot PLBAOYpa@ia ExEL eKTE-
VWG XpnotpoTonbel yia T o&pwon avaddywyv g
oAevpwTeivng), wobnkwv SKOV3 (mapeppepns pe
v SKBR3 wg Tpog Vv €k@paon Twv VTToSoxEwV
oLoTpoYOVwY, Tpoyeotepovns kat HER2), kat tpa-
xMAov ¢ utpag HelLa (wg tpoTUTN GEPA avapo-
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pag Tov xpnolpomoLeital eVpews)]. ATO Ta amoTe-
Aéopata (Ewkéva 8) mpoékue 6Tt Tar avddoya A Kot
I' Tapovotdlovv TV KaAVTEPT KUTTAPOTOEKOTNTA
(8nAadr) €xouv Tpég IC50<10 puM) kot ot 3 KUT-
Tapikés oelpés. To avdroyo E €xel pev xaunAr T
IC50 onv xutTapky oepd HeLa, aAAd otig umtddot-
TEG KAPKLVIKEG OelpéG 1) Tiun IC50 elval peyodltepn
Twv 50 uM omdte BewpnOnke un Spactikd. To (S0
LOXVEL KaL Yo Ta avaAoya B xat A, kabwg Sev givat
Spaotika og kapia amo Tig 3 kuttapikeg oelpés (Ei-
kova 8).

‘000v a@opd oToV €MAYOUEVO TUTIO KUTTAPLKOV
Bavatou ya ta avaioya A kol I' mov emeAéynoav
amd v Sokipacia MTT, XpnoLLOTIOLWOVTAG KUTTA-
POUETPIot PONG HETA OO EMWAON TWV KUTTAPWV
ue ta A kat I' xat xpwaon toug pe avveéivn V-PI, ta
amoteAéopata £8el€av yia to avdAoyo A 6t Bava-
TWOVEL TV TAELYNEIX TOV KAPKIVIKOV KUTTAPWY
(61,9%) katL VTTAPXEL PO CAPNG LETATAOTILOT) TIPOG
NV amomTWTKN TepLoxn (61,7%), evw To T0000TO
™m¢ vékpwong elvar apeAntéo (0,2%) (Ewodva 9).
TUVETIWG, 1] OCUYKEKPLUEVT] OVCIN ETTAYEL ATOTITW-
TIKO TUTIO BAVATOU OTA KAPKIVIKA KUTTAPA KAl OXL
VEKPWOT).

ETumA£ov, 0 €Aey)0G TOU EMAYOUEVOU KUTTAPLKOV
Bavdatov amo to avaioyo A ce PBMCs amopovwué-
va ato VyLels 80teg, €8e1&e OTL TPOKaAEl EEQPETIKA
xoumAn toéikdtnTa, Kabws to 98,2% Twv vylwv
KUTTApwv Tapéuewvay {wvtavd (Ewova 10, katw
apLoTEPO TETAPTNUOPLO). ZUVETIWG, AUTO TO BETIKO
QTOTEAEOUQ ETUTPETEL TNV TEPALTEPW Slepevivnon
TOv avaAdyov A.

Ava@opikd PHe TNV KUTTAPOOTATIKOTNTA, TA ATIO-
teAéopata mov mpoékuPav (Ewova 11) ftav ta
€€NG: OTA KAPKWIKA KUTTOPA TOU EMWAOTNKAV
amovoia avaAdyov A (apvnTik6s HdpTLPAS), O KUT-
TOPIKOG TOAAATIAQCLAOUOG TIPOXWPTOE QVEUTIO-
Slota pEypL TV 51 yeved, evw emwaon Twv Slwv
KUTTApwV HE To avaioyo A @aivetal va odnyel oe
OTAON TOU SIMAXGLAGUOV, KAB®WE T KOTTOPA PTA-
VOUV UEXPL TNV 41 YEVEQ, TIPAYHN TIOU UTTOSEIKVUEL
TNV ENAYWYT KUTTAPOOTATIKOTNTAG ATIO TO GUYKE-
KPLUEVO avaAoyo A.

‘Ocov aopd GTNV AVAAVOT] TOU KUTTAPLKOU KU-
KAov, Ta amoteAéopata £8elav OTL TA KAPKLVIKA

15
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Ewcova 8. AVvTITTPp 0O WTEVTIKG AmOTEAETUATA KUTTAPOTOEIKOTNTAS UEow TNG Sokiuacias MTT, 0mov ametkovi-
Jovtat ot puéoeg tiuég IC50 5 Stapopetikwy mapaywywv tne oAsvpwneivng (A-E) émeita amo emwaon 72 wpwv
ue Tis 3 avOpwmves kapkivikés oelpéc SKBR3, SKOV3 kat HeLa. Q¢ Oetikog uaptvpag ypnouuomourjOnke n do-
éopouPikivn (umhe otnAeg).

AnV

Ewkéva 9. AVTITPOOWTEVTIKG OTIKTOYPAUUA KUT- Ewéva 10. AVTITPOOWTEVTIKG OTIKTOYPAUUX KUT-
TAPOUETPLAG PONG UETA A0 EMWAON 72 wPWV TNG  TAPOUETPLAS PONS VLA TOV EAEYXO0 TNG TOELKOTNTAGS EVa-
Kuttapikn¢ oepdas SKBR3 pe 1o avaloyo A kat xpwon vt PBMCs amouovwuévwv amdo vyt §6tn. Ta PBMCs
TwV KUTTdpwV ue avveéivy V (AnV) kat twdiolyo mpo-  emwdotnkay yia 24 wpeg ue To avaioyo A otnyv mpoo-
midio (PI). Ot aptBuoi avtiotoyolv ota moocootd twv  Stoptobeioa amod 1 dokiuacia MTT ocvykévipwon
KUTTAPWYV aVd TETAPTNUOPLO. IC50, kat axodovOnaoe xpwon e avveéivn V (AnV) kat

twdLovyo mpomidio (PI). Ot aptbuol avtiotoiyovv ota
T0000TA TWV KUTTAPWV AVA TETAPTHUOP!LO.

16
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Ewcova 11. AVTITPOOWTEVTIKE ATTOTEAETUATA EAEYXOU THG KUTTAPOOTATIKOTNTAS UETH amd ypwon ue CFSE.
Ametkovifovtat totoypauuata tng évtaons @Oopiouot ¢ xpwaotikrc CFSE (opi{ovtiog aéovag) cuvaptioet
TOU aptOuotl Twv KUTTdpwV (kdbetog déovac), ue ™y puetaforr] tov mAnOuouot Twv yevewv kuttapwv SKBR3
UETE amo emwaon 72 wpwv (A) amovaoia avaddyov (apvnTiko§ uapTUPAS) OOV TAPATNPOUUE T Stalpean TwV
KUTTdpwV yla 5 yeveés (yala{ia kopven), kat (B) mapovaia the KUTTapootatikic ovoiag A, 6mov 1 KUTTapiki)
dlaipeon otauata otnv 4n yeved (pod kopven). Ot aptBuol avapépovial o€ TOGOOTA KUTTAPWV AVA YEVEQX.

KOTTOPA TIOV EMWAGTNKAV ATIOVCIA TOU AVAAGYoU A
(apvNTIKOG HAPTLUPAG) TTAPOVGLATOVY UL (PUCLOAOYL-
K1 Katavoun oTi§ 3 (PACELS TOU KUTTAPLIKOU KUKAOU
(Ewova 12). AvtiBeta, HETA QTIO EMWMAOT) UE TO AVA-
Aoyo A, Ta (Sla KOTTAPA TTAPOUCLALOVV HLA EVIEAWG
SLOLPOPETIKY] EIKOVA KL TIXPATNPEITAL GTACT] TOUG
0TI @G&oM S, KATL TIOV TIPOQAV®MS OQEIAETAL GTOV p)-
Xoviopo Spaong tou avaidyou A mov epumodilel Tov
TOAAQATAQGLOO UG TWV KOAPKIVIK®V KUTTAPWV.
EmumAéov, To gpyaoctiplo éAeyée Tov TUTO KUTTA-
plKoV BaVATOL OV EMAYEL TO AVAAOYO A OTNV TO-
VIIKIolt KApKIVIKY oelpd pedavopatog B16.F1, 1
0Tolal XPNOLUOTIOLE(TAL OTA in VIVO TEPAUATH TTOU
akoAovBoUv. Ta amotedéopata (Ewkova 13) €dei&av
OTLT 8pACTIKOTNTA TOU AVAAGYOU A EVAVTL KOL TWV
KUTTAPWVY TOVTIKOU elval avdAoyn auUTNG OTIS av-
BpWTIVEG KAPKIVIKEG OELPES, KaBwG, 0To 43,9% Twv

HEAQVWUATIKWOV KuTTapwv B16.F1 emaystal amod-
TTWOT, EVW HOALS 6To 0,2% veEkpwon.

l'a ta in vivo Ttelpapata xpnolpomowmOnke Oepa-
TIEVTIKO HOVTEAO OYKOU, OTIOU 0TI paylaia TEPLOXT|
TOVTIKWV NG @UANG C57BL/6] evopbaipiotnkav
UTIOS6PLX KUTTAPA TNG OUYYEVIKNG GEPAG HEAAVW-
natog B16.F1, kat dtav ot oykot €ywav ymAaen-
Tol, xopnynbnke evomeplrovaikd To avaioyo A.
OL petproelg mov Kataypa@nkav £8el&av pelwon
Tou pLBUOL AVENONG TWV OYKWV OTA TIOVTIKLA 0T
omola yopnynOnke 1o av&Aoyo A o€ 2 SLopPETIKES
S86o¢e1g (4 kot 8 pug/lwo) oe oVYKPLON UE TA TOVTI-
KLO-LAPTUPEG oTa oTtoia xopnynonke puOuloTikd
Stédvpa adatwv (PBS). H pelwon twv dykwv ftav
OTATIOTIKA ONHOVTLKY 1161 ato Tig nueEpeg 25 kat 19
yla Tig moooTTEG TwV 4 Kat 8 pug/lwo, avtiotoyxa
(Ewova 14).

17
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Ewcova 12. AVTITTPOOWTIEVTIKA ATTOTEAECUATA AVAAUGTG TOV KUTTAPLKOU KUKAOU KuTTdpwVv SKBR3 uetd amo
EMWaon 72 wpwv Ue To avdAoyo A kat xpwon ue twdtovyo mpomidio (PI). Xto totéypauua (A), arovoia avaio-
you A (apvnTik6S UapTupac), Ta KUTTAPA KATAVEUOVTAL PUOLOAOYLIKE Kal 0TIC 3 PATELS TOU KUTTAPLKOU KUKAOU.
270 totoypauua (B), UeTd amo emwaon Ue To0 avaloyo A, To ueyaAitepo mooooTo Twv KUTTdpwV (60, 12%) Exet
otauatioet ot @daon S. Ot apiBuoi otov Tivaka ava@épovial o€ TOG0OTA KUTTAPWY AVA PACT) TOV KUTTAPLKOD

KUKAOU.

Pl
YS

= 02% 18.1%

Anv

Ewova 13. AVUTTPpOOwTEVTIKG OTIKTOYPAUUA KUT-
TAPOUETPIaG PONG UETH amd emwaon 72 wpwVv TG
KUTTAPIKNG TELPXS UEAQVOUATOS TTOVTIKOU B16.F1 e
TO QValoyo A Kai ypaon Twv KUTTapwv ue avveéivy
V (AnV) kat twdiovyo mpomidio (PI). Ot apiBuol avti-
OTOLYOUV OTA TOOOOTA TWV KUTTAPWY avd TETAPTN-

uopto.

18

Metd T0 TéPAg TOV MEPAUATOG, TA TOVTIKLA EV-
Bavatwbnkav kol Ta Opyovd Toug cLAAEXBMKav
yla epatépw avaAvoels. o ouykekpluéva, mpay-
HOTOTIOONKE LOTOAOYLKT] XPWON HE QUUATOEVAL-
vn-nwoivn (H&E) kat mAN0o¢ avoooiloToxnpuikwy
XPWOEWV GE TOUEG TWV OYKWV ATIO TIOVTIKOUG GTOUG
omolovg xopnynOnke to avaloyo A, yia va eheyyxOel
n 6uBnon Twv Oykwv amd avocokUTTAPA, GUYKE-
kpéva amd CD3+, CD4+ kat CD8+ T AepgoxvtTa-
pa. Loppwva pe ta amoterdéopata (Eikova 15), otig
opadeg mov EAaBav TG BepatmevuTikés SO0EL TOV
avaddyouv A mapatnprifnke Sidyvt Smbnon amd
CD3+ T Aegpoxvttapa, oAA& kot and CD4+ Bon-
Ontwka kot CD8+ xuttapotodika T AgppoxkvTTapa.
Ta amoteAéopata autd ivat evOappuVTIKA KaBwG
1 Tukvn S Bnomn amd AepokvTTapA Elval Eva Kol-
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Hpépeg perd Tov evoBaApiops pe kutTapa B16.F1

Ewcova 14. AVTITIPOO WTEVTIKG SLAYPaUUA TOU UEYEDOUS TwV UETPNOEVTWY OYKWV UEAQVWOUATOS OE TTOVTIKOUG
C57BL/6] (kdBetog déovag) amo tnv 11n nuépa UETA TOV EVOPOAAULOUO TWV TTOVTIKWV UE Ta KUTTapa B16.F1,
01O ot OykotL NTav Yniapntol, uéxpt Tnv 29n nuépa, 6mov ta {wa svbavatwOnkav. Xta movtikia yopnyrOnke
T0 avddoyo A o€ 86oeis 4 ug/o (UtAe ypauun) ke 8 ug/dwo (kokkivn ypauun). Q¢ uaptupes xpnotuomotion-
Kav movTikia ota omola Yopnyrn6nke todmooo puvbutatikot StaAvuatog aidtwv (PBS, uavpn ypauun). Ameiko-

vi{ovtat ot uéoot opot kat ) Tvmiky amokAion. *, p<0,05.

VO XAPAKTNPLOTIKO TV OYKWV UE AVOGO-AVEKTIKO
(immune-permissive) pikpoteplBdAAov, TToU €xouv
€UVOIKOTEPT €EEALEN KoL KaAVTEPT TIPOYVwon 777

H emBpaduvon mov mapatnpnbnke 6TnV avamtu-
&N TwVv dyKwV in vivo HETA TN XOP1YNOT TOU avaAo-
you A, kaBw¢ kat 1 816no1 Toug amd avocokLTTA-
P HETA ATTO AVOOOIGTOXNULIKEG XPWOELS, 081ynoe
ot Stepelivnon yla TV emaywyn] 8IK®V 1)/KaL un
ESIKWOV  AVTIKAPKIVIKWOV QVOCOATIAVINCEWY OTA
TovTiKla. Meta tnVv evBavacia Twv {HwV, ATOHOV®-
Onkav VO AoNTITEG CLUVONKEG TA CTIANVOKUTTAPA
TOUG Kol EAEYXONKaV ex vivo wg TIpog TNV LKAvOTNTd
TOUG Vot AVOLV T GUYYEVIKA KUTTAPX HEAQVWOUATOG
B16.F1, kaBw¢ kal Ta KApKIVIKA KUTTAPA TWV CEL-
pwv YAC-1 [evaioBnta og AVon amd QUOIKA QOVIKA
(NK) xVtrapa] kot WEHI 164 [gvaiobnta og AVon

ato evepyomomnpueva pe Aepoxkives (LAK) kdttapa]
pHéow G Soklpaciag KUTTAPOTOSIKOTNTAG UE TN
XP1OT) KUTTAPOUETPLAG POTIG KAL AVTIOWHUATWY EVa-
vTL Tov popiov CD107 (anti-CD107).

Ta amoteAéopata €56el€av OTL TA GTANVOKUTTA-
PO A6 TOVUG TIOVTIKOUG 0TOVG 0TIoloVG YopnynOnke
8601 tou avaidyou A 8 pg/lwo, Tapovoiacav av-
Npéva emimeda ek@paong tov deiktn CD107, ov-
VETIWG VPNAOTEPT KUTTAPOTOEIKOTNTA EVAVTL OAWV
TWV KUTTAPWV-0TOXWV, KAl KUPIWG EVOVTL TWV GUY-
yevikwv kuttdpwv B16.F1 (Ewoves 16 kat 17). Zvu-
YKEKPLUEVA, TO TT0600TO TwV CD107+ AgppokuTTa-
pWV HETE amd emwaon pe Ta kuTTapa B16.F1 ftav
15,8%, ev T TTOCOOTA Yl TIG GAAEG 2 KUTTAPLKES
oelpgg, YAC-1 kot WEHI 164, jtav 10,7% kot 8,46%,
avtiotoya (Ewkoves 16 kat 17). To yeyovog OtL ta

19
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(A)

Ewkéva 15. AVTITPOOWTIEVTIKES ELKOVES QTG TOUES OYKWV TOU IN VIVo OVTEAOV UEAQVWOUATOS OE TTOVTLKOUG
C57BL/6] uetd amé avoooiotoynuikl xpwon évavti tov CD3 o€ ueyéQuvon x40, 6ov Ue KAPE XPWUR ATTELKOVI-
Jovtat ta CD3+ T Asupoxvttapa. Ot OyKolL avTIoTOLYOUV 0€ TOVTiKLA oTa omoia yopnyriOnke (A) PBS (apvntikog
uaptupag), (B) to avdatoyo A oe 5éon 4 ug/{wo kat (T) to avaroyo A oe §éon 8 ug/{wo.

vs B16.F1 vsYAC-1 | vs WEHI-164
4 PBS Avéhoyo A PBS Avdhoyo A PBS Avdhoyo A
@ | g8 £ 5] i
a2 273% | 2.3 15.8% ig) 10.7% B 8.46%
EE = # &
§ = & . 29
r PR Dl s

CcD107

Ewcova 16. AVTITPOOWTIEVTIKA OTIKTOYPAUUATA TOV TIAQYL0V okeSaouov (SSC, kaOetog déovag) oe oxéon ue
™V évtaon @Hoplopol ToU ONUACUEVOV QVTIOWUATOS EvavTL Tov CD107 (optldvtios déovag), Omws mPoEky-
Yav peta and avaAvon oTANVOKUTTAPWY TOVTIKWY UE KUTTAPOUETPLa potjs. Ta omANVOKITTAPA CUVETWATTN -
KQV UE KAPKIVIKA KUTTapa Twv oelpwv B16.F1 (apiotepa), YAC-1 (uéon) kat WEHI 164 (6€éia). Q¢ udptupes
xpnowomomOnkay omANVOKUTTAPA TOVTLKWY 0TOUS 0molous xopnyrnnke pvBuiotiké Siddvua atdtwy (PBS).
Ot aptBuol vroSetkvuovy Ta Too0oTd Twv CD107+ AUPOKUTTAPWYV (YEYOVOTA EVTOS UAVPNS TEPIPPaéNS) oTO
0UVOAO TWV GTTANVOKUTTAPWV TWV TTOVTIKWV.

OULYYEVIKA KUTTOpa NG oelpds B16.F1 mpokdaieoav
™ peyaAUTePN S1Eyepon TV SPACTIK®WY KUTTAPWY
UTOSEIKVUEL OTL TA KUTTAPA TIOU XPNOLUOTIOW|0n-
KQv Yl TNV €naywyn Twv 0yKwv LEAAVOUATOS in
vivo, oToXeVBnKaV amd KUTTAPOTOEIKA AEUPOKVT-
Tapa kupiwg edikd (CD8+ T kVTTAPA) KaL, OF (L
kpotepo Babud, un edka (NK kat LAK kdttapa),
pe amoTéAeoua TN pelwomn Tov peyEBoug TwV OYKwVY

20

OTA TOVTIKLX IOV €Aafav To avaAoyo A.
6. Iupmepdopata

H avdmtuin evog véou @appdkou eival pia oAU
emimovn, xpovofdpa kat kootofdpa Stadikacia. O
TIPOKAWVIKOG £AEYXOG ATIOTEAEL TO TIPWTO Pripa TPLY
pa ovoia elo€ABeL 0TIG KAWVIKEG peAétes. Emopévwg,
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AvdAioyo A

Ewdéva 17. PafSéypauua twv mocootwv twv CD107+ Aeu@okuTtdpwVv Tov aviyvelOnkay uetd amd ovve-
TWACN OTANVOKUTTAPWYV TTOVTIKWOV UE KUTTAPA TWV KAPKIVIKWY oepwV B16.F1, YAC-1 ke WEHI 164. Ametko-
vi{ovtatl ot uéoot 6pot kat 1 TUTIKY AmOKALON) amo ouvolika 5 movtikia/oudda, ota omoia yopnynOnke in vivo
pubBuLoTiko StdAvua addtwv (PBS) 1} To avdioyo A. * p<0,05.

elvat oA onpavtikd To 0TAdo VT va eival ow-
ota Sopunuévo kal va egetdlel a mAnBwpa mapa-
HETPWV KAl YAPAKTNPLOTIKWY, WOTE OTAV 1) ovaia
xpnowomomBel o€ KAWIKEG PEAETEG VX LTIAPYOLV
avénuéves mBavotnTeg emituyiag. H ouykekpuévn
avaokOTmnomn €xeL 6TOXO VA TTAPOVCLACEL OPLOUEVES
ATl TIG KUPLOTEPEG TEXVIKEG TIOL e@apUOlovTaL in
silico, in vitro, xat in vivo kat va avadel&el T Aoy
Tiow amd k&Be Sokipacio TOL XproLpoToLeiTal.

Xpnuatodotnon

H gpyaoia viomoun|bnke oto mAaiolo g Apdong
EPEYNQ - AHMIOYPTQ - KAINOTOMQ, ouyxpnpa-
ToSotOnke amd to Evpwmaikd Taueio Mepipepet-
akng Avamtuéng (ETIA) g Evpwmaikns ‘Evwong
kat eBvikoUs TOPoUS pécw tov E.IT. AvtaywvioTiko-
mta, Emyepnuatikétta & Kawotopia (EMTAVEK)
(kw866 €pyou: T2EAK-02423). 0
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ABSTRACT

The toxicity and limited efficacy of many traditional chemotherapeutic
formulations has rendered imperative the need to identify new targets and
develop novel drugs for the treatment of cancer. The development of new
drugs with anticancer activity is a tedious and time-consuming process
and requires the combination of a multitude of in silico, in vitro, and in vivo
techniques and clinical trials. The rapid development of computer science
provides tremendous potential, and in silico programs are widely used for
the discovery of new targets. At the same time, in vitro assays are used to
evaluate the interactions of potential drugs with cells. At the last stage of
pre-clinical testing, in vivo models are used to study the pharmacokinetics,
safety and efficacy of candidate molecules in experimental animals. This
review aims to present a series of in silico, in vitro and in vivo methodologies
applied during the preclinical testing for the evaluation of the anticancer
activity of compounds. The most common in silico approaches are presented,
as well as assays for testing the cytotoxicity of substances, the type of cell
death induced, the degree of changes in cell division and the cell cycle, some
in vivo models for assessing tumor growth, as well as the ex vivo evaluation
of the activation of the immune system. Lastly, we briefly present the
experimental procedure for the evaluation of the anticancer activity of an
oleuropein analogue, including some representative results, conducted in
the Flow Cytometry Unit of the Department of Biology in collaboration with
the Faculty of Pharmacy of NKUA.
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ABSTRACT

The role of vitamins and minerals is considered of paramount impor-
tance in management of human health. The per day dietary requirement
of vitamins and minerals have been standardized. The deficiency dis-
eases have also been spelt out. The excess of some of these supplements
is also documented to cause health problems. The correct quantity re-
quired for human being has always been subject of discussion. The aim
of this review article is to present an overview of the latest opinion of
experts in the subject area. The review articles and research papers on
effects of vitamins and minerals on certain diseases, e.g., cardiovascu-
lar disease, cancer, diabetes, weak immune system response, HIV/AIDS,
COVID-19, and osteoporosis, were consulted. The present article gives
a brief idea about vitamins and mineral, their daily requirement, defi-
ciency diseases and critically examines the current views on effect of
vitamins and minerals on health conditions mentioned.

1. Introduction
1.1 Vitamins and minerals

Vitamins and minerals are among highly taken sup-
plements by the human being across the globe.'? The
term vitamin (“vita” meaning life and “amine” signify-

28

ing nitrogenous substances essential for life) was first
coined in 1912 by the biochemist Casimir Funk, who
is known as father of vitamin therapy.** Vitamins are
organic compounds required in very small quantities
for certain body functions that the body cannot synthe-
size. An exception is Vitamin C which is required in fair-
ly high quantity. Thus, vitamins must be supplied with
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diet. The deficiency of vitamins is well known to lead
to certain diseases. All vitamins were discovered from
1912 to 1948. The commercial production of vitamins
started in 1948.

Minerals occur in soil and water and are absorbed by
plants or eaten by animals. Minerals too are extremely
important for human health. Human beings get most of
the minerals from the diet consisting of plant and an-
imal products or from drinking water.> While many of
us are familiar with sodium, calcium, potassium, there
are other minerals such as trace minerals like zinc,
copper, and iodine that are required by body in small
amounts. Minerals are important in growth of stronger
bones and teeth, controlling the body fluids inside and
outside cell, and releasing energy from the food. For
example, bone health and hemoglobin level are man-
aged by administration of calcium and iron minerals,
respectively. lodine deficiency is known to cause goiter
disease that causes enlargement of thyroid gland. Dur-
ing COVID-19 management vitamin C and mineral zinc
were commonly prescribed vitamin and mineral.

1.2 A simple classification of vitamins

Earlier nutritional studies have classified vitamins
into two groups - water-soluble vitamins and fat-sol-
uble vitamins. Water-soluble vitamins included vita-
min B, (thiamine), vitamin B, (riboflavin), Vitamin B,
(Niacin), vitamin B, (pyridoxin), vitamin B ,, vitamin H
(biotin), folate and pantothenic acid (vitamin B,). The

G. Singh, Pharmakeftiki, 35, 111, 2023 | 28-37

fat-soluble vitamins are vitamin A (b-carotene), vita-
min D (calciferol), vitamin E (a-tocopherol) and vita-
min K. All water-soluble vitamins except vitamin C and
the only fat-soluble vitamin, vitamin K are precursors
of coenzymes. The body synthesizes coenzymes from
them. Coenzymes are organic molecules that assist
enzymes in catalyzing certain reactions that cannot be
catalyzed alone by the amino acid side chains of the en-
zyme.® A list of some common coenzymes synthesized
from vitamins and the deficiency diseases are listed in
Table 1.

1.3 Dietary reference intakes (DRI) for vitamins
and minerals

The National Academy of Medicine, USA, has devel-
oped nutrients reference values called dietary refer-
ence intake (DRI) based on deficiency and toxicity of
nutrients reported. The DRIs are specific to age, gender,
and life stages, and cover over 40 nutrients. The DRIs
for common vitamins and minerals are presented in
Table 2.

1.4 Occurrence, availability and uses

Water-soluble vitamins occur mainly in grains, fruits,
vegetables, milk and dairy foods. Fat-soluble vitamins
are found mainly dairy foods, vegetable oils, animal
fats, liver; and oily fish.? Minerals occur in fruits, vege-
tables, milk, dairy foods, meat, fish, cereals and nuts.®
Vitamins and minerals, as industrial manufactured

Table 1. Vitamins, coenzymes synthesized and deficiency disease in human being.
Vitamin Coenzyme Deficiency diseases in human
Vitamin B, NAD*, NADH Pellagra
Vitamin B, FAD, FADH, Skin inflammation
Vitamin B, TPP Beriberi
Pantothenic acid CoASH Paresthesia
Vitamin H Biotin Dermatitis
Vitamin B, PLP Anemia
Vitamin B, , Coenzyme B, , Pernicious anemia
Folic acid THF Megaloblastic anemia
Vitamin K Vitamin KH, Internal bleeding
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supplements can be easily purchased over the counter
in pharmacies. There are some reports suggesting that
more people in developed countries like USA and UK
take vitamins and supplements in comparison to peo-
ple of middle-income and low-income countries.’ Also,

REVIEW ARTICLE

the consumption is usually higher in relatively more
educated people. Other people take them only when
some deficiency disease is diagnosed, and doctor pre-
scribes them. However, the role of vitamins and mineral
supplements in healthy people has always been subject

Table 2. Recommended Daily Requirement of Vitamins and Minerals for Human Being.

Vitamins Recommended Dietary Allowance (RDA) or Daily Adequate
(Common Intake (DAI)* Upper Limit
Names) Women Men
Thiamine 1.1 mg 1.2 mg Not known
Riboflavin 1.1 mg 1.3 mg Not known
Niacin 14 mg 16 mg 35 mg
Pantothenic acid 5 mg* 5 mg* Not known
S Age 19-50: 1.3 mg Age 19-50: 1.3 mg
Pyridoxin Age 51+: 1.5 mg Age 51+: 1.7 mg 100 mg
Biotin 30 pg* 30 ug * Not known
Folate 400 pg 400 pg 1,000 pg
Vitamin B12 2.4 ug 2.4 g Not known
*
Ascorbic acid 75mg* (+ 35 mg for 90 mg * (+ 35 mg for smokers) 2,000 mg
smokers)
3,000 pg (about
Carotene 700 ug (2,3331U) 900 pg (3,000 10) 10,000 IU)
Age 19-50: 15 pg (600 IU) Age 19-50: 15 pug (600 IU)
Calciferol Age 51-70: 15 pg (600 1U) Age 51-70: 15 ug (600 IU) 100 pg (4,000 IU)
Age 71+: 20 ug (800 IU) Age 71+: 20 ug (800 IU)
Tocopherol 15mg 15mg 1,000 mg
Vitamin K 90 pg * 120 pg * Not known
RDA and DAI*
Minerals Upper Limit
Women Men
. Age 31-50: 1,000 mg Age 31-50: 1,000 mg
Calcium Age 51+: 1,200 mg Age 51+: 1,200 mg 2,500 mg
Age 19-50: 2.3 grams* Age 19-50: 2.3 grams*
Chloride Age 51-70: 2.0 grams* Age 51-70: 2.0 grams* Not known
Age 71+: 1.8 grams* Age 71+: 1.8 grams*
. Age 31-50: 25 pg * Age 31-50: 35 ug *
Chromium Age 51+: 20 micrograms* Age 51+:30 ug * Notknown
Copper 900 ug 900 ug 10,000 pg
Fluoride 3mg 4 mg 10 mg
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lodine 150 pg 150 pg 1,100 pg
Age 31-50: 18 mg Age 31-50: 18 mg
fron Age 51+: 8 mg Age 51+: 8 mg 45mg
Magenesium Age 19-30: 310 mg Age 19-30: 400 mg 350 mg (from
g Age 31-70+: 320 mg Age 31-70+: 420 mg supplements)
Manganese 1.8 mg* 2.3 mg* 11 mg
Molybdenum 45 ug 45 ug 2,000 pg
Age 19-30: 310 mg
Phosphorus 700 mg 700 mg Age 31-70+: 320 mg
. Age 19-30: 310 mg Age 19-30: 310 mg
Potassium Age 31-70+: 320 mg Age 31-70+: 320 mg Not known
Selenium 55ug 55ug 400 pg
Not known;
however, a chronic
Sodium 1,500 mg* 1,500 mg* disease risk
reduction intake
has been proved.
Phosphorus 8 mg 11 mg 40 mg

* Denotes Adequate Intake (DAI). An Al is a recommended intake when an RDA can’t be determined. RDA is the average daily
dietary intake required to provide the sufficient nutrient in 97-98% of healthy people in a particular group according to

different stages of life and gender.

of discussion.’ Evidently, taking supplements will not
allow deficiency to occur. The excess water-soluble vi-
tamins are excreted from the body with urine. Howev-
er, the fat-soluble vitamins may accumulate in the body
and can be harmful, causing hypervitaminosis.!® So,
there must be check and balance on their intake. One
should not forget a rule of thumb: excess of anything is
bad” and this is true in case of vitamins and minerals as
well. It should also be kept in mind that supplements
are not substitutes of a balanced healthy diet.

2. Effect of Vitamins and Minerals on Different
Health Conditions

The role of vitamins and minerals in preventing,
countering or managing certain health conditions such
as cardio-vascular diseases, type-2 diabetes, cancer,
HIV/AIDS, COVID-19, immune system response, and
osteoporosis, etc. have been studied and reported.
Zhang and his colleagues have analyzed the health ef-
fects of vitamins and minerals on cardio-vascular dis-
eases, cancer, type-2 diabetes, and osteoporosis.’ In the
following sections, a brief overview of the analysis by

Zhang and coworkers,’ and of the effects of vitamins
and minerals on some other medical conditions such
as HIV/AIDS, immune system response and COVID-19
is presented.

2.1 Effect on cardio-vascular diseases

The death by cardiovascular diseases is a matter of
concern in the USA. It is also becoming very common
among youth in India and other developing countries.
Benefits of taking vitamins and mineral supplements
in preventing the cardiovascular diseases in young
healthy people have been studied. The US Preventive
Service Task Force (USPSTF) published a review in
2013, After this review, a paper on systematic re-
view of fifteen randomized trials has been published.
This review paper concluded that there was no benefit
whatsoever of supplements on cardiovascular diseas-
es, mostly among patients with risk factors.'? Although
randomized trials of folic acid, alone or in combination
with vitamins B,, or B, led to significant lowering of
plasma homocysteine levels, total cardiovascular ep-
isodes were not diminished. Another comprehensive
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review paper based on a large trial conducted in China
has mentioned a lower risk of stroke in combination
with supplementation of homocysteine lowering vita-
mins B.'3 Also, there is no conclusive evidence to advise
supplementation with antioxidants for minimizing the
cardiovascular risk.!''** There was no effect of supple-
mentation with vitamin D (2000 IU/ day) as well on
its primary endpoint (myocardial infarction, stroke, or
cardiovascular death) in healthy people.!® A combina-
tion of calcium and vitamin D also showed no effect on
cardiovascular risk in a large scale trial.}o'7

2.2 Effect on cancer

The evidences available in literature till date do not
support effect of vitamins and minerals in preventing
occurrence of cancer. Indeed, there are some studies
that suggest harmful effects of some supplements on
certain types of cancer.” Some investigations have been
carried out on the possible role of vitamins A, D, E and
folic on selected types of cancer that are discussed be-
low.

Two randomized trials suggested increased risk of
lung cancer among high-risk person on [-carotene
supplementation. A study carried out on cancer pre-
vention using a-tocopherol and -carotene revealed an
18% increase in relative risk among people who smoke
randomized to (3-carotene (20 mg/day) compared with
those who were not supplemented.'® A trial conducted
on B-carotene and retinol efficacy demonstrated that
a combination of B-carotene (30 mg/day) and vitamin
A as retinol (25 000 [U/day) increased the risk of lung
cancer by 28% among smokers and workers having
occupational exposure to asbestos.!' In 2014, the US
Preventive Services Task Force (USPSTF) recommend-
ed not to use f3-carotene or vitamin E for prevention
of cancer as there was no enough evidence to assess
the net benefit of multivitamins or the use of single- or
paired-nutrient supplements.?

A multivitamin supplementation is reported to have
some benefit for cancer incidence. In pooled analyses
of 84 investigations (N = 739 803), multivitamin sup-
plementation significantly reduced the i) cancer occur-
rence of any type (odds ratio, 0.93 [95% CI, 0.87-0.99]; 4
RCTs [n=48 859]; absolute risk difference (ARD), range
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among adequately powered trials, -0.2% to -1.2%) and,
ii) incidence of lung cancer (OR, 0.75 [95% CI, 0.58-
0.95]; 2 RCTs [n=36 052]; ARD, 0.2%). #

Randomized trials could not detect any benefit of sup-
plementation with vitamin D, alone or in combination
with calcium, on cancer risk at either high or low doses
despite some evidence showing reduction in gross can-
cer mortality. ?2%** In a recent study, Zhang and cow-
orkers observed that vitamin D deficiency aggravated
growth and metastasis of prostate cancer in nude mice
and transgenic adenocarcinoma of the mouse prostate
(TRAMP) mice possibly through promoting epithelial
mesenchymal transition (EMT) in two [-catenin-re-
lated mechanisms.?® A trial conducted on prevention
of cancer using vitamin E and selenium demonstrated
that supplementation with vitamin E (400 [U/day) led
to a 17% increase in prostate cancer risk among men.2
Maternal folic acid supplementation is reported to low-
er the risk of neural tube defects. However; high supple-
mentation with folic acid may assist cancer progression,
especially in countries doing mandatory fortification
with folic acid.?” Most notably, Cole and coworkers have
suggested that supplementation with folic acid at 21
mg/day may assist the growth of undiagnosed colorec-
tal adenomas.?® However, a meta-analysis of eleven ran-
domized trials conducted on fifty thousand individuals
demonstrated that the folic acid supplementation had
no effect on site-specific cancer risk within the first five
years of treatment.”

More recently, Mohseni and coworkers have pub-
lished a review paper on trials conducted for effect of
vitamin C and vitamin E on cancer survival.?’ They have
covered thirty trials conducted on 38936 patients with
different cancers. Although their study supported im-
provement of survival and progression rates of cancers
by vitamins C/E they advocated more high-quality trials
with large sample size to confirm their results.

2.3 Effect on type-2 diabetes

A major risk factor for type 2 diabetes mellitus is diet.
Some investigations carried out on the use of supple-
ments such as vitamins C, E, and B-carotene in reduc-
ing the risk of type 2 diabetes are reported in literature.
These studies didn’t find any effect of these supple-
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ments in reducing type-2 diabetes.3*3! A recent place-
bo-controlled trial of vitamin D supplementation (4000
IU/day) led to an increase in the serum hydroxyvitamin
D concentrations significantly but failed to lower the
risk of type 2 diabetes.*

A review article published by Valdes-Ramos, et al.
mentions that the absorption of folic acid and vitamin
B,, is reduced by the prolonged use of metformin. Met-
formin is a biguanide and well known first line drug in
management of uncomplicated type 2 diabetes. Thus,
people taking metformin for longer time were found
deficient in folic acid and vitamin B,,. Such people need
to be administered folic acid and vitamin B,, regularly.*

Vitamins and minerals are well known to improve the
glucose metabolism because they are cofactors essen-
tial for enzyme functions. Kimball and coworkers have
studied the effects of a nutrient intervention program
on diabetes status.®* The study revealed that vitamin D
combined with other nutrients led to a lowered risk of
progression to diabetes and an enhanced rate of rever-
sion to normoglycemia in high-risk people. The results
further suggested that the nutrient supplementation
regimes may offer a safe, cheaper and effective means
for bringing down the risk of diabetes. However, they
suggested further evaluation of this potential using ran-
domized controlled trials.

2.4 Effect on immune system

The immune system constitutes a large network of
different organs, cells, and proteins. Its function is to
protect the body from harmful microorganisms such as
bacteria, fungi, and viruses, and toxins (harmful chem-
icals produced by microbes). Vitamins are long known
to influence immune system. The vitamins A, C, D, E, B,
B, and folate, and minerals like copper, iron and zinc
play role in immune system response. Even small defi-
ciency of one of these vitamins or minerals may result
into impaired immune response.* During the last dec-
ade, vitamins A and D received particular attention be-
cause these vitamins showed unexpected and crucial ef-
fects on immune response. Mora et al. have mentioned
in their review article that the metabolites of vitamins
A and D retinoic acid and 1,25(0H),VD,, respectively,
were capable of binding to nuclear receptors and exert-
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ing potential and specific immunomodulatory effects.3

Vitamin and mineral deficiencies are more common
in older people that may lead to age-related weaker im-
mune system response. Several studies suggested that
supplementation with multi-vitamin and mineral sup-
plements could improve the function of immune system
in people aged 55 years and above. This hypothesis has
been tested recently by Fantacone and coworkers by a
double-blind randomized controlled trial®” They ad-
ministered healthy older people with either a multivita-
min and multimineral (MVM) combination formulated
to improve immune response (Redoxonfi VI, Singapore)
or an identical, inactive placebo control to take daily for
12 weeks. The group measured their (a) blood mineral
and vitamin status (i.e., vitamin C, zinc and vitamin D),
(b) immune status (salivary IgA and plasma cytokine/
chemokine levels), (c) immune function (i.e, whole
blood bacterial killing activity, neutrophil phagocytic ac-
tivity, and reactive oxygen species production), and (d)
self-reported health status, before and after treatment.
The MVM supplementation led to an increase in vitamin
C and zinc levels in blood and self-reported health-con-
dition without changing measures of immune function
or status of vitamin D levels, indicating that healthy old-
er people might benefit from multivitamin and mineral
supplementation.

2.5 Effect on HIV/AIDS

At the beginning of the 21% century approximately
forty million people across the globe were infected with
HIV and many of them had symptoms of AIDS. People
with HIV infection were found deficient in micronutri-
ents particularly in low-income settings probably be-
cause their diet was not balanced and deficient in essen-
tial vitamins and minerals. Early studies had suggested
supplementation with micronutrients as cost-effective
immunomodulator intervention that might slow the
progression of HIV. Some studies had found that women
with HIV infection who took a daily multivitamin were
about half as likely to go on to develop AIDS as those
who didn’t take one. These early findings were reviewed
by Singhal and Austin.*® The vitamin that researchers
investigated included vitamins A, B, C, and E. In 2004,
Fawzi and coworkers conducted study on 1078 preg-
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nant women infected with HIV in Dar es Salaam, Tanza-
nia. This group used a double-blind, placebo-controlled
trial, to study the effects of daily supplementation with
vitamin A (preformed vitamin A and (3-carotene), multi-
vitamins (vitamins B, C, and E), or a combination of both
to assess the progression of HIV infection. The survival
models were used for this study. Their study showed
that the median follow-up regarding survival was five
years and eleven months (interquartile range, 46 to 80).
They recommended the use of these vitamins before in-
itiating antiretroviral therapy in HIV-infected women.*’

However, most of the multivitamin research was car-
ried out before antiretroviral therapy (ART) became
common. Atpresent, ART is the only reliable therapy for
HIV. Markham Heid in his article on WebMD.com writes
that newer studies have revealed that, while safe, mul-
tivitamins don’t have the same benefits among people
taking ART or other similar drugs.*°

Visser and coworkers recently published a study with
an objective to assess the effectiveness and safe use of
micronutrient supplementation in reducing mortal-
ity and HIV-related morbidity of HIV-positive adults
(excluding pregnant women). They reviewed the re-
search carried out in between 2010 and 2016 for new
randomized controlled trials (RCTs) of micronutrient
supplements.*! RCTs that compared supplements con-
taining either single, dual, or multiple micronutrients
with placebo, no treatment, or other supplements were
included.

A total of 33 trials in which 10, 325 people participat-
ed, were conducted. Of these, seventeen trials were new.
Ten trials were conducted to compare a daily supple-
mentation with multiple micronutrients to placebo in
doses up to 20 times the dietary reference intake.*! A tri-
al was also conducted to compare a daily standard dose
with a daily high dose of multivitamins. Nineteen trials
were conducted to compare supplementation with sin-
gle or dual micronutrients (e.g., vitamins A and D, zinc,
and selenium) to placebo, and three trials were conduct-
ed to compare different dosages or combinations of mi-
cronutrients.*

The analyses of these trials did not reveal consistent
clinically significant advantage of routine multiple mi-
cronutrient supplementation in people infected with
HIV. However, the authors suggested that these find-
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ings should not be considered as a reason for not sup-
plementing micronutrient to people infected with HIV,
where specific deficiencies are observed or where the
person's diet is not balanced healthy diet and does not
supply the RDA of vitamins and minerals.

2.6 Effect on COVID-19

SARS-CoV-2, the virus identified for causing COVID-19
disease, was first reported to the WHO on 31 December
2019. COVID-19 was declared a global pandemic by the
WHO on March 11, 2020.#? There was consensus among
medical practitioners to focus on strengthening the im-
mune system of people. Vitamin C was the most pre-
scribed vitamin whereas zinc was the most prescribed
mineral.

Speakman et al. have published a review article re-
cently with an objective to analyze clinical trials on the
use of vitamins and supplements for the treatment of
COVID-19 infections.® A total of seven research studies
were selected for review. All selected research papers
had evaluated the effect of vitamins and supplements for
the treatment of COVID-19. Treatment included intrave-
nous and oral administration of vitamin C, oral admin-
istration of vitamin D, , oral administration of vitamin
D/magnesium/vitamin B, ,, oral administration of zinc,
oral administration of zinc/ascorbic acid combination,
and intravenous administration of a-lipoic acid. There
was variation in end points of each investigation, in-
cluding the Sequential Organ Failure Assessment score,
mortality, rate of intensive care unit (ICU) admissions,
negativity of COVID-19 tests, oxygen requirements, and
symptom burden. The study concluded that the vitamin
D offered the most promising result among the vitamins
and supplements used as it significantly decreased the
oxygen requirements, SARS-CoV-2 RNA test positivity,
need for ICU treatment, and mortality in hospitalized
patients. Other vitamins and supplements that were in-
vestigated had no statistically significant advantage.

2.7 Effect on osteoporosis
Calcium and Vitamin D3 are well known supplements

to be recommended for managing bone health. In Bot-
swana, many orthopedics recommend 1000 mg/day cal-
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cium intake in adults over 50 years of age. Vitamin D3
isrecommended if the deficiency is diagnosed by blood
test. Usually, a dose of 5000 pg/week for 3-6 months
is recommended. However, the research findings on
the role of vitamin D and calcium supplementation
are inconsistent. A meta-analysis of trials in commu-
nity of older adults revealed that vitamin D or calcium
supplementation had no effect in lowering the risk of
hip fracture or total fracture.**Another meta-analysis
revealed that while vitamin D alone did not lower the
risk of fracture, supplementation with a combination
of calcium and vitamin D led to reduction in the rela-
tive risk of hip fracture by16% and of all fractures by
6% among older adults.*A recent three years trial of
400, 4000, or 10 000 IU vitamin D/day for three years
on 311 healthy adults reported that the higher doses
led to statistically significant lower radial bone mineral
density, indicating potential for harm.*¢ However, in the
absence of conclusive evidence, it is important to take
these supplements to maintain recommended levels.

3. Conclusion
In conclusion, vitamins and minerals are impor-
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ABSTRACT

Background: Many medications can interact when taken with alco-
hol, thereby altering the metabolism and the medication effects. Howev-
er, pharmacists’ knowledge about the alcohol-medication interactions
have not yet been studied in the Republic of Cyprus.

Objective: Our objective was to examine the pharmacists’ knowledge
on possible alcohol-medication interactions and to uncover whether
they are able to identify and/or counsel patients who may have high-
risk alcohol behaviors.

Methods: A self-administered questionnaire was developed, consist-
ing of 37 questions, and distributed to Cypriot community pharmacists
of the capital of Cyprus namely, Nicosia. All questions were based on
5-point Likert scale items and collected through electronic response re-
ceipts. Three topics were evaluated and critically discussed: (i) Knowl-
edge of community pharmacists about alcohol abuse and ability to
counsel; (ii) Knowledge of community pharmacists about alcohol-med-
ication interactions; and (iii) Past experiences of community pharma-
cists with heavy-alcohol drinkers.

Results: A total of 68 Cypriot pharmacists (males: 48.5% vs. females:
51.5%) participated in this study. Most pharmacists (n=44, 64.7%)
agreed that they were confident in advising their patients about the
harmful use of alcohol consumption. Some pharmacists (n=26, 38.2%)
agreed to discuss the current alcohol guidelines with their patients
and having the ability to advise them. Around 57% of the pharmacists
(n=39/68) suggested to counsel Cypriot patients about the effects of
alcohol-medication interactions. The vast majority of Cypriot pharma-
cists (85.3%) indicated that warfarin when taken with alcohol can cause
“Internal haemorrhage”.
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Conclusion: This study reports the first results on Cypriot pharma-
cist’'s knowledge and views about alcohol-medication interactions. Al-
though most Cypriot pharmacists are aware of most of the interactions,
education should be a priority for community pharmacists in Cyprus in
order to utilize primary health servicses.

Introduction

Older adults often use multiple medications simul-
taneously, including medications having the poten-
tial to interact with alcohol'?. The concurrent use
of medication and alcohol is common as more than
one in three older adults who take prescriptions are
exposed to at least one alcohol interactive medica-
tion*®. Community pharmacists are, however, the
first point of contact and are considered one of the
most trustworthy health-care professionals.

Pharmacists have regular contact with patients
having chronic and/or co-morbid conditions, and
thus their services on alcohol-medication interac-
tions might be crucial. Therefore, community phar-
macists can play an important role in the brief in-
tervention process through provision of alcohol use
and/or alcohol-medication services®®. This indicates
that community pharmacists can identify individu-
als who may have risky drinking behaviours as well
as they have the knowledge to advice and educate
these individuals regarding the harmful alcohol use
and/or alcohol-medication interactions. Alarming-
ly, studies exploring the knowledge of community
pharmacists in alcohol-medication use as well as
their potential to offer brief interventions are limit-
ed or not yet available for some countries.

In Cyprus - a Europe’s high-income country -
over the period from 1990 to 2017, the burden of
non-communicable diseases remained stable for
ischemic heart disease, neoplasms, and diabetes
among males and females®. The Cypriot population
has several characteristics linked with the co-oc-
currence of several other chronic conditions. For
instance, Cyprus has a high prevalence of smoking,
overweight and obese people, hypertension, and
alcohol abuse among males and females, respec-

tively'®!%. Another example is that on diabetes and
mental health, Cyprus has a higher disease burden
compared to the most European region countries?®.
Driven by the fact that, older adults with co-morbid
health conditions have more health needs and re-
quire medication attention and that the role of Cyp-
riot pharmacists has been moved towards a more
patient-centred approach, it is of great importance
to examine pharmacists’ knowledge and views on
alcohol-medication interactions'®. Furthermore,
we aimed to investigate the current knowledge of
Cypriot pharmacists about the alcohol use and al-
cohol-medication interactions as well as to uncover
whether they are able to identify and counsel pa-
tients who may have risky drinking behaviours.

Methodology
Data collection instrument

A self-administered questionnaire was developed
after an extensive literature review on alcohol-med-
ication interactions and pharmacists’ views'’-?2. The
final form of the questionnaire consisted of four
sections. The first section (16 questions) examined
the knowledge as well as involvement of community
pharmacists in advising patients with high-risk al-
cohol behaviors. The second section (15 questions)
examined pharmacists’ current knowledge on alco-
hol-medication interactions using multiple-choice
questions. The third section consisted of two ques-
tions: the first examined the pharmacists’ ability to
support and counsel patients with a previous history
on alcohol abuse and the second one examined how
often pharmacists encounter those patients. Re-
sponses from the first and third section of the ques-
tionnaire were received based on the 5-point Likert
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scale. The last section of the questionnaire collected
demographic information (gender and age) and oth-
er data (years of experience, location).

Location and sample

The list of community pharmacies was found via
the official website of the Pharmaceutical Services
of the Cypriot Ministry of Health?*. Thus, the com-
munity pharmacies were selected by convenience
sampling to include small independent pharmacies
across the largest areas belonging in the capital
of Cyprus, Nicosia (i.e., Center of Nicosia, Engomi,
Ayios Dometios, Lakatamia, Strovolos, Latsia, and
Aglantzia). In total, 158 pharmacies were selected
from the list and 68 pharmacies were considered as
the final sample of this study.

Pilot study

After ethics approval by the Pancyprian Pharma-
ceutical Association, we assessed for content and
face validity by sending and/or discussing it with
one community pharmacist (AK) and one lecturer
(MP) in pharmacy practice from the University of
Nicosia, Cyprus. The outcomes of the pilot indicat-
ed that the questionnaire was suitable for pharmacy
professional, and required some minor amendments
of questions. The community pharmacist involved in
the pilot was excluded to avoid any type of bias.

Data collection and Analysis

Pharmacists who responded positively to an on-
line invitation were eligible to participate in this
study. Their responses were collected via electronic
response receipts. The participation was anonymous
and on a voluntary basis. All respondents agreed to
participate by submitting a fully complete question-
naire. Additionally, the data analysis was performed
using Microsoft Excel. At a first step, demographic
data were analyzed using descriptive statistics. At a
second step, the 5-point Likert scale items used in
each section of the questionnaire were grouped to-
gether into a single composite score.
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Results
Demographic characteristics

The demographics of the study population are sum-
marized in Table 1. In total, 68 community pharmacists
were participated. Out of these 68 community phar-
macists, 35 (51.5%) were females, and the remaining
33 (48.5%) were males. The highest percentage of
responses received by pharmacists aged 41-47 (n=15,
22.1%), while the lowest one received by older phar-
macists aged 61-65 (n=4, 5.9%), following those aged
66 and above (n=2, 2.9%). The responses received
from the selected locations considerably varied, from
the highest percentage in the Center of Nicosia (n=26,
38.2%) to the lowest percentage in Ayios Dometios
(n=2, 2.9%). Most of the participants (n=14, 20.5%)
had 26-30 years of experience (Table 1).

Knowledge of community pharmacists about al-
cohol abuse and ability to counsel

Figure 1 shows pharmacists’ knowledge about al-
cohol abuse and their ability to support and counsel.
Most community pharmacists, 57.4% (n=39) agreed
and 39.7% (n=27) strongly agreed, that they were
well informed about alcohol abuse and its damaging
consequences. Also, the majority of the community
pharmacists (n=44, 64.7%) agreed that they were
confident in advising their patients about the harm-
ful use of alcohol consumption. Many of the Cypriot
community pharmacists (n=41, 60.3%) showed no
opinion to open a dialog with patients having high-
risk alcohol behaviors. On the other hand, 41.2%
(n=28) agreed that supporting and counseling pa-
tients having high-risk alcohol behaviors as well as
patients having other health-related issues is part
of their daily role as pharmacists. About half of the
participants (n=39, 57.4%) agreed on having the
courage to refer heavy alcohol drinkers to their gen-
eral practitioners, whereas some of the participants
(n=32, 47.1%) felt comfortable recommending and/
or referring their patients to detoxification centers,
if needed. Around one in three pharmacists (n=19,
27.9%) disagreed that when meeting heavy alcohol
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Table 1: Demographic characteristics of community pharmacists

Characteristics Categories Frequency (n) Percentage (%)
Males 33 48.5
Gender

Females 35 51.5
23-29 8 11.8
30-35 8 11.8
Age 36-40 9 13.2
41-47 15 22.1
48-54 13 19.1
55-60 9 13.2

61-65 4 5.9

=66 2 2.9
Center of Nicosia 26 38.2

Engomi 6 8.8

Ayios Dometios 2 2.9
Lakatamia 7 10.3

Strovolos 17 25

Latsia 4 5.9

Location Aglantzia 6 8.8
0-5 11 16.2
6-10 11 16.2
11-15 7 10.3
16-20 8 11.8
21-25 8 11.8
26-30 14 20.5
Years of experience >31 9 13.2

drinkers in their community pharmacies made them alcohol behaviors.

feel uncomfortable. However, some of the pharma-

cists (n=26, 38.2%) agreed to discuss the current al- Knowledge of community pharmacists about al-
cohol guidelines with their patients and having the cohol-medication interactions

ability to advise, especially those having high-risk Table 2 shows in detail pharmacists’ current
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simultaneous consumption with alcohol

Active substances Treatment Responses received from the Cypriot phar-
macists
Isosorbide mononitrate & Angina Correct answer (Dizziness): n=38, 55.9%
Isosorbide dinitrate
Other: n=30, 44.1%
Lorazepam & Paroxetine Stress Correct answer (Drowsiness): n=56, 82.4%

Other: n=12,17.6%

Warfarin

Blood clots

Correct answer (Internal hemorrhage): n=58,
85.3%

Other: n=10, 14.7%

Venlafaxine, Amitriptyline & | Depression Correct answer (Distress): n=34, 50%

Escitalopram
Other: n=34, 50%

Metformin Diabetes Correct answer (Weakness): n=31, 45.6%
Other (e.g., liver damage): n=33, 48.5%
Other: n=4, 5.9%

Losartan & Enalapril Hypertension Correct answer (Fainting): n=35, 51.5%
Other: n=33, 48.5%

Rosuvastatin Hypercholesterolemia | Correct answer (Liver damage): n=60, 88.2%
Other: n=8,11.8%

Metronidazole Infections Correct answer (Tachycardia): n=26, 38%
Other (e.g.,, nausea): n=37, 54.4%
Other: n=5, 7.6%

Ibuprofen Symptomatic relief Correct answer (Ulcers): n=59, 86.8%

from mild to moderate
pain (e.g., headache,
toothache, dysmen-
orrhea), fever and
inflammation

Other: n=9, 13.2%

Paracetamol or Acetamino-

phen

Symptomatic relief
from mild to moderate
pain (e.g., joint pain,
muscle aches, neural-
gia, headache, tooth-
ache, period pain) and
fever

Correct answer (Headache): n=25, 36.8%

Other: n=43, 63.2%
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Prevention of cardio-
vascular diseases

Aspirin in low doses

Correct answer (Hemorrhage): n=58, 85.3%

Other: n=10, 14.7%

for insomnia

Phenytoin Epilepsy Correct answer (Drowsiness): n=21, 30.9%
Other: n=47, 69.1%
Zolpidem Short-term treatment | Correct answer (Memory problems): n=46,

67.6%

Other: n=22, 32.4%

knowledge on alcohol-medication interactions for
a total of 18 active substances. Around half com-
munity pharmacists (n=38, 55.9%) indicated that
isosorbide mononitrate/dinitrate (i.e., angina med-
ications) cause “Dizziness” when taken with alcohol.
Almost all participants (n=56, 82.4%) were aware
that lorazepam and paroxetine (i.e., anxiolytic medi-
cations) when taken with alcohol interact and cause
“Drowsiness”. Almost all pharmacists (n=58, 85.3%)
indicated that warfarin (i.e., anticoagulant medica-
tion) when taken with alcohol can cause “Internal
haemorrhage”. Also, half of the participants 50%
(n=34) stated that venlafaxine, amitriptyline, and
escitalopram (i.e., antidepression medications) can
affect the human body causing “Distress” when tak-
en with alcohol.

Although when metformin (i.e., anti-diabetic med-
ication) is taken with alcohol causes “Weakness”,
most participants (n=33, 48.5%) stated that this
interaction can cause “Liver damage”, while 45.6%
(n=31) placed the correct answer. Also, 51.5%
(n=35) of the participants were aware that losartan
and enalapril (i.e., antihypertensive medications),
interact with alcohol causing “Fainting”. The high-
er percentage of participants (n=60, 88.2%) were
aware that rosuvastatin (i.e., medication for hyper-
cholesterolemia) when is taken with alcohol causes
“Liver damage”. Similarly happened with aspirin in
low doses (i.e., cardioprotective medication), where
85.3% (n=58) of the participants chose “Haemor-
rhage” as the correct answer.

Moreover, there was one question regarding

44

which vitamin’s properties are decreased by alcohol
consumption, and even though the correct answer
was “Folic acid”, the highest percentage of commu-
nity pharmacists (n=47, 69.1%) stated “B12” as the
correct answer. With regard to the effects of simulta-
neous consumption of alcohol-caffeine (please note
that, the source of caffeine can be chemical or not),
most pharmacists (n=39, 57.4%) stated that this
may cause “Insomnia” which was the right choice.

Past experiences of community pharmacists
with heavy-alcohol drinkers

The first question examined pharmacists’ ability
to support and counsel patients with a history on al-
cohol abuse. Most of them (n=39, 57.4%) were not
be able to express their opinion, thereby responded
“Neither bad nor good”. Also, 32.4% (n=22) of the
pharmacists ranked their knowledge on general al-
cohol-related questions as “Good”, whereas few of
them (n=4, 5.9%) ranked their knowledge as “Bad”.
Also, very few pharmacists (n=2, 2.9%) and (n=1,
1.5%) ranked their knowledge as “Very good” and
“Very bad”, respectively.

The second question examined how often phar-
macists encounter heavy alcohol drinkers in their
community pharmacies. In regard to the question
on how often the community pharmacists are faced
with such cases, almost all participants (n=49,
72.1%) responded “Rarely”; 22.1% (n=15) stated
“Sometimes”; and two pharmacists stated “Very of-
ten” (n=1, 1.5%) and “Never” (n=1, 1.5%).
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Discussion

This study has provided insights into the knowl-
edge of Cypriot pharmacists concerning alco-
hol-medication interactions as well as Cypriot
pharmacist’s ability to counsel patients with high-
risk alcohol behaviors. Although most pharmacists
are well aware of these interactions, they avoided
pointing them out to their patients expressing that
may feel uncomfortable and/or cause worries than
awareness to their patients. Alarmingly, the vast ma-
jority of Cypriot pharmacists stated that informing
their patients about the harmful interactions of al-
cohol-medication use and/or their health effects is
part of their daily role.

However, the fact that pharmacists do not often
encounter patients with high-risk alcohol behav-
iors in Cyprus, may render the development of an
initial screening and brief intervention on alcohol
consumption less realist. It should be noted that pre-
vious health initiatives aiming to expand the role of
Cypriot pharmacists have been previously made?*.
Developing motivational interviewing skills, com-
bined with brief interventions and alcohol control,
will become the cornerstone of an alcohol brief in-
tervention training program which ought to be im-
plemented by community pharmacies®-?¢. Our find-
ings are comparable with other similar studies. For
instance, a study performed by McCaig et al.'” exam-
ining the knowledge, views and confidence level of
pharmacists in order to characterize their current
level of activity and views on providing alcohol-use
related advice in Scotland. Their findings illustrated
that pharmacists in Scotland provide little advice
on alcohol use, have a reasonable knowledge of rec-
ommended limits but lack the knowledge and confi-
dence to provide a health brief primary intervention.
Furthermore, a survey conducted by Barnes and
Chappell*® in six urban centres across Canada name-
ly, Vancouver, Edmonton Saskatoon, Winnipeg, To-
ronto, and Montreal aimed to examine pharmacists’
knowledge of alcohol-medication interactions. Their
findings highlighted that community pharmacists
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were less knowledgeable compared to hospital phar-
macists as they had greater oversight of patient med-
ication administration. This indicates that education
concerning alcohol-medication use for community
pharmacists is critical and may be useful for future
public health calls even though a brief intervention
delivered by community pharmacists appears to
have had no effect in reducing hazardous or harmful
alcohol consumption®.

Our research has certain limitations. First despite
the fact that in the questionnaire was clearly stated
that there was only one correct answer (i.e., alco-
hol-medication interactions), Cypriot pharmacists
chose more than one answer because they faced a
dilemma when deciding what would be the correct
one. Second, the response rate (43%) and thus, the
small sample size can affect our findings which in
turn may not be representable for the whole Cypriot
pharmacy community. Despite these limitations, this
study reports the first findings of pharmacy knowl-
edge and views on alcohol-medication interactions.

Conclusion

In conclusion, the need for a structured and con-
tinuous training system for community pharma-
cists through the provision of information by the
Pancyprian Pharmaceutical Association, in collab-
oration with the Ministry of Health in Cyprus, will
lead to better practices for community pharma-
cists by properly addressing the management of
patients-customers that consume medications and
alcohol at the same time. Their advisory role and
the service that must be provided by community
pharmacists is necessary and essential to ensure
healthier outcomes and more informed citizens.
In devastation, the promotion and the proper in-
fluence of brief innervation will become the key to
saving the lives of patients with chronic or even ir-
reversible pathological conditions, and will reduce
alcohol and medication related morbidity and mor-
tality rates in the population. O
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Wound healing;
Nanomedicine; Advanced technology is required to overcome wound healing issues in
Niosomes; an improved manner. Mupirocin-loaded niosomal gel has been devel-
Mupirocin gel; oped to enhance the drug deposition for a longer period at the targeted
Niosomal gel site and sustained the rate of release of the drug. Mupirocin is a very
efficient antibiotic against a variety of bacteria and pathogens, most of-
ten those that cause primary and secondary skin infections. The lipid
hydration technique is employed to formulate niosome with polymers
ARTICLE INFO: (Carbopol and Chitosan) at various concentrations. Those polymers are
February 12, 2023 used in the formulation to sustain the rate of release of the active drug
Revised:April 23, 2023 mupirocin and also provide viscosity and non-toxic, biodegradable, and
Accepted: Apr 6,2023 biocompatible properties. Tween 80 is a non-ionic surfactant utilized in
Available on line: September 4, 2023 the formulation to improve the entrapment efficiency of the drug. Cho-

lesterol is utilized in the formulation to improve vesicle stability and
glycerin is a gelling and moistening agent. In addition, to improve the
CORRESPONDING stability of the niosomal gel methylparaben is also added to the current

AUTHORS: formulation. Fourier transform infrared (FTIR) and differential scanning
Srikrishna Theerdhala calorimetry (DSC) studies are used to find out the compatibility study
Email: srikrishna.nlr@gmail.com of the drug and other excipients. The post-evaluation studies confirm

that yield percentage lies between 85 - 93%, entrapment efficiency 83
- 97%, drug content lies within the limit of 87 - 98%, pH range matches
the skin pH and the obtained range is 6.25 - 7.3. Viscosity and Spread-
ability show the result within the limit of 410 - 560 cps and 3.8 - 5.4
g cm/s respectively. Post-evaluation study further subjected to in-vitro
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diffusion study and formulation F5 has shown best formulation sus-
tain the drug release till 98% at 12h. The formulation F5 has shown
better-sustained release of active drug which contains a higher ratio of
carbopol and tween 80. It was concluded that a higher concentration
of tween 80 increases the entrapment efficiency of active drug in the
niosome and carbopol helps to sustain the release rate to an optimum
period as a swellable gelling agent.

1. Introduction

A general wound can be healed by a natural pro-
cess of tissue growth but in the case of chronic or
non-healing wounds need more attention and effort
to heal. In the case of diabetic patients wound heal-
ing is very tedious and painful. Wound healing de-
pends upon numerous factors such as blood supply
to the wound area, condition of the skin, wounded
body parts, types of nutrition intake, etc. Advanced
wound care systems replace commercially available
medicine and suggest clinicians use nanomedicine
for better treatment. In recent years, researchers
bring this nano-technology for the improvement of
commercially available medicine and bandages. Na-
no-technology helps to achieve targeted drug deliv-
ery, reduce toxicity, and provide better treatment by
sustaining the release rate of active drugs?. In this
regard, a unique technology like niosomes has been
considered in this current study.

Similar to liposomes, niosomes are multilamel-
lar vesicular structures®* containing nonionic sur-
factants that can entrap together hydrophilic and hy-
drophobic, antigens and hormonal drugs>¢. Niosome
can be prepared by using various types of non-ion-
ic surfactants to form a vesicle to entrap the active
drugs in it’. The drug was loaded to the vesicle at
a minimum concentration to produce fewer side ef-
fects and stability and modified the release pattern™®.
The non-ionic surfactants and the additive choles-
terol together help to form a bilayer membrane and
improve drug permeability and solubility!*!3. Nio-
some as a carrier protects the drug from unwanted
immunological effects, rapid degradation, and in-

stability***5. In addition, it aids in the medication's
retention in the targeted location for a longer period
and helps the active components' penetration of the
skin surface.

Mupirocin is a topical antibiotic used in the treat-
ment of infection. A wide variety of gram-positive
and gram-negative bacteria (Staphylococcus aureus,
Streptococcus, Haemophilus influenza, pasteurella-
multocida, etc.) can be controlled by mupirocin'®.
Resistance gradually increases by the bacteria to-
ward the active drugs which is a major concern for
researchers'’-2%. To increase the therapeutic activity
of the active drug nanocarrier has been introduced.
Mupirocin-loaded niosomal gels were developed
to inhibit the synthesis of RNA and protein of the
above-discussed bacteria without any toxic effect on
the human body #%. Mupirocin with unique mecha-
nism action is converted to monic acid20 and excret-
ed through urine once it reached systemic circula-
tion. Also, the mupirocin can kill antibiotic-resistant
bacterial strains such as methicillin-resistant Staph-
ylococcus aureus (MRSA)*, and the wound heal-
ing ability is also related to its capacity to promote
re-epithelialization and angiogenesis and stimulate
skin and immune cells®.

Excipients play an important role in the prepara-
tion of nano-gel formulations. Excipients are inac-
tive ingredients that are added to a formulation to
enhance its stability, bioavailability, and other prop-
erties. In the case of gel and nano-gel preparations,
excipients are used to control the rheological prop-
erties, increase the viscosity, and improve the drug
release characteristics of the formulation. Carbapol
is a water-soluble polymer, used as an emulsifying,
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stabilizing, suspending, thickening agent, and gel-
ling agent in many industries.Chitosan, as a cationic
natural polymer, has been widely used as a topical
dressing in wound management owing to its hemo-
static, stimulation of healing, antimicrobial, nontox-
ic, biocompatible, and biodegradable?® properties.
Tween 80 non-ionic surfactants play a major role in
the entrapment of drugs and also help stabilize the
nanoparticles and improve their dispersion.Choles-
terol is used as a membrane additive and acts as a
stabilizer as well as a fluidity buffer to improve the
stability of the vesicles. Glycerin is used to control
the rheological properties of the gel formulations
and improve the skin hydration properties of the
final product. In addition, preservatives like meth-
ylparaben are added to the formulation to prevent
bacterial and fungal growth.

In this present study, mupirocin is used as a topical
antibiotic loaded with a niosomal carrier for a deep-
er and better availability of activity to the targeted
site. Reports confirm that no study has been report-
ed on the mupirocin-loaded niosomal sustained-re-
lease gel. Niosomal gel as a novel formulation en-
hances patient compliance and acceptance of wound
healing treatment.

2. Materials and methods

Mupirocin and Carbopol-934 (102.13g/mol) are
obtained from Divya associates, Vijayawada, India.
Chitosan (medium molecular weight 200-800cps)
is obtained from Nice laboratory, India. Tween 80,
Cholesterol, and glycerin are obtained from SD fine
chemicals India. All other excipients were of analyti-
cal research grade and contain the highest purity.

2.1. Pre-formulation study of the drug:

The significance of the pre-formulation study is to
strengthen the formulation under regulatory guid-
ance and gather enough data to develop a chemically
stable product containing a better therapeutic effect.
This study also helps to enhance product quality,
safety, and standard and minimize toxicity. Regard-
ing the same FTIR and DSC studies have been per-
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formed. This result helps to determine the chemical
composition and physical state of the drug and poly-
mers used in the formulation.

2.2. Preparation of mupirocin-loaded niosome

The lipid hydration method is used for the prepa-
ration of multilamellar vesicles of niosome represent
in Table.!?”. Weight amounts of polymers such as Car-
bopol and Chitosan at different concentrations have
been mixed with an active drug solution prepared
with an organic solvent such as methanol. Tween
80, cholesterol was taken in the prescribed ratio in a
250 ml beaker. The mixture was dissolved in diethyl
ether and methanol (8:2) solution. The prepared
solution is further added slowly into the drug and
polymeric solution during stirring. The centrifuga-
tion technique has been used to segregate the organ-
ic solvent from the prepared sample at room tem-
perature at 8000 rpm. A thin layer of solid mixture
deposited at the bottom of the sample holder was
collected and hydrated with an aqueous phase with
gentle agitation to remove the residue of the organic
solvent. The obtained niosome is stored properly for
further use.

2.3. Preparation of mupirocin-loaded niosomal gel

All ingredients used are based on the formulation
mentioned in Table 1. The gel base is composed of
glycerin 5% w/w, Methylparaben .22% w/w, and
distilled water as a quantity sufficient. Mupiro-
cin-loaded niosome 2% w/w was added to the base
of the gel in a stirring condition to obtain a clear and
transparent gel?.

3. Evaluation of mupirocin-loaded niosomal gel
3.1. Entrapment efficiency

The UV-Visible spectrophotometer is used to de-
termine the entrapment efficiency of the active drug
mupirocin present in niosomal gel. Prepared nio-
somal gel diluted with 10 ml of methanol kept on a
magnetic stirrer with continuous agitation. Obtained
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Table 1. Formulation of mupirocin-loaded niosomal gel 2% (Net Weight 15g)
Formulation | Drug | CP | CH | TWEEN80 | CL | Glycerine | Methylparaben | Distilled water
F1 2 5 - 4 8 5 0.22 Q.S
F2 2 - 5 4 8 5 0.22 Q.S
F3 2 2 3 5 8 5 0.22 Q.S
F4 2 1 4 6 8 5 0.22 Q.S
F5 2 4 1 6 8 5 0.22 Q.S
F6 2 2 3 3 8 5 0.22 QS
F7 2 3 2 3 8 5 0.22 Q.S
F8 2 25 |25 5 8 5 0.22 Q.S

Drug: Mupirocin, CP: Carbopol, CH: Chitosan, CL: Cholesterol, All Values in Percentage

homogeneous solution subjected to a centrifuge for
30 min at 1200 rpm. The supernatant liquid was
analyzed at 226 nm under a UV-Visible spectropho-
tometer with a suitable dilution. The entrapment
efficiency percentage was calculated by the formula
given below.

3.2.Yield Percentage

The yield percentage is used to determine the
product result. It has to compare with the raw ma-
terials taken for the formulation of niosomal gel. The
yield percentage is calculated by the given formula.

3.3.Drug content

Niosomal gel 1 gm dissolved in 50 ml volume of

Amount of drug entrapped

% Entrapment efficiency =

x100

Amount of drug added

buffer sample pH 7.4. 1 ml of the above solution was
further diluted to 10 ml and the absorbance of the
solution was determined by UV-Visible spectropho-

tometer at 226 nm.
3.4. Determination of pH

Practical yield

x100

Percentage yield =

Theoretical yield

A digital pH meter is used to determine the pH
of the various niosomal formulations. Calibration
should be done before use. Each formulation pH
was measured in triplicate to get the average. The
pH of the formulated niosomal gel should be in the
range of 6-7 to avoid unwanted complications in
the patient.

3.5. Determination of viscosity

The formulated niosomal gel was poured into a
beaker and rotated with a Brookfield viscometer
at 50 rpm. The corresponding reading was noted
which was shown on the viscometer. The viscosity
is represented in cps. All the samples are done in
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triplicate to minimize the error.
3.6. Spreadability

Spreadability is determined for all the formula-
tions. 1 gm of niosomal gel was weight and applied
in between the glass plates?. After a minute the di-
ameter of the circle formed between two glass plates
was measured and the average is taken into consid-
eration.

3.7. Scanning electron microscope (SEM) anal-
ysis

To determine the surface morphology of the formu-
lated niosomal gel subjected to SEM(Model no. JEOL
Model JSM - 6390LV). It also gives additional infor-
mation about the shape and size of the niosome. A
small amount of formulated niosome gel spread on a
clear glass stub, visualized under SEM after complete
drying of the sample.

3.8.In-Vitrorelease study

An in-vitro drug release study is used to perform
to find out the percentage of drug release at a given
interval of time. Franz diffusion cell (Model no:KI-
2351-6C, volume-20ml) is used to perform the drug
release of mupirocin-loaded niosomal gel. From each
formulation, 3 mg of freshly prepared niosomal gel
was spread on the donor part of the cellulose nitrate
membrane (Minipore white cellulose nitrate mem-
brane filter paper, pore size: 0.45u & 0.22p). The cel-
lulose membrane is soaked with isopropyl alcohol
for overnight to open the pores. In a receptor vessel,
20ml of phosphate buffer (pH-7.4) was kept. The
temperature was maintained at 37+0.5°C and the
revolution per minute (rpm) was maintained at 400
for 12h. After a regular interval of time, a 5 ml sam-
ple was collected and replaced with the same amount
of fresh sample to maintain the sink condition. The
collected sample after suitable dilution was kept for
analysis under a UV Visible spectrophotometer at
226 nm. The obtained result is further used to cal-
culate the percentage of drug release in a particular
interval of time.
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3.9. Drug release kinetic studies

The drug release kinetic study of mupirocin-loaded
niosome has been performed using a dissolution pro-
file. The kinetic study was performed for zero order,
first order, Higuchi model, and Korsmeyer-Peppas
model. The R2 value also known as the correlation
coefficient value indicates the best fitting of the re-
lease kinetics of any of the models.

3. 10. Stability studies

The best formulation F5 was taken for the stabili-
ty test. The stability test was carried out as per ICH
guidelines at 25°C with 60% RH and 40°C with 75%
RH for 90 days®’. Any changes in physical appearance,
pH, viscosity, Spreadability, and drug release profile.

4. Results and Discussion
4.1. Pre-formulation study for all formulations
4.1.1. FTIR study

The drug-polymer combinations were adminis-
tered, and an agreeableness schedule was followed.
This is to ensure that another potentially therapeu-
tically active remedy has not had any physicochem-
ical change after being exposed to the formulation
processing processes. This may be used to anticipate
the results of subsequent research such as FTIR. Fig-
ures 1 and 2 show the FTIR spectra of mupirocin with
Carbopol, Chitosan, and other excipients. The charac-
teristic peak of mupirocin bulk appeared at 3471.08,
3304.2 cm™! corresponding to OH- stretching 2934.18,
2850.74 cm™ CH-stretching 1723.98, 1658.68 cm™ be-
longs to C=0 stretching. Similarly, the IR spectrum of
mupirocin with carbopol at 3471.08, 3298.04 cm™ cor-
responding to OH-stretching 2928.37, 2844.94 cm-1
CH-stretching 1718.17, 1652.88 cm™ belongs to C=0
stretching. Mupirocin with chitosan shows the peak at
3471.08, 3300.58 cm™ corresponding to OH-stretch-
ing 2928.37, 2848.56 cm-1 CH-stretching 1721.80,
1656.50 cm™ belongs to C=0 stretching. Mupirocin with
Tween 80 shows the peak at 3471.08, 3304.20 cm™
corresponding to OH-stretching 2928.37, 2857.27 cm™!
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CH-stretching 1723.98, 1652.88 cm™ belongs to C=0
stretching. Similarly, mupirocin with cholesterol com-
position shows IR frequencies at 3471.08,3301.30, cm™
corresponding to OH- stretching, 2932, 2859.45 cm™!
CH-stretching, 1723.98, 1647.07 cm™ belongs to C=0
stretching. According to the FTIR spectrum analysis re-
port, mupirocin exhibited its distinctive peaks with no
shifting or widening when combined with polymers and
other excipients. Based on the findings, it is determined
that the mupirocin absorption peaks remain unaltered
in drug-polymer admixture, indicating that there is no
significant interaction.

4.1.2. DSC study

DSC methods had been used to find out about the
compatibility of the drug mupirocin, specific poly-
mers (Carbopol, Chitosan), and other excipients. DSC
curve of the mupirocin used to be in contrast with
1:1 ratio bodily mixtures. The thermal sphere of the
blends i.e. melting point, the absence of an enormous
shiftin rapid liquefying point, or absence in the result

S. Theerdhala et al, Pharmakeftiki, 35, 111, 2023 | 48-61

coming from a new exothermic/endothermic peak in
the combination indicated agreeableness in the pure
drug and polymers. Moreover, moderate change in
the peak shape and width should be an indication
of compatibility. DSC curve of pure mupirocin, poly-
mers, excipients, and their mixtures have been repre-
sented in Figures 3 & 4.

4.2. Post-formulation study of mupirocin-load-
ed niosomal gel

4.2.1. Entrapment efficiency of the drug

This study confirms the amount of the drug mupiro-
cin present in the formulated niosomal gel. The main
active drug mupirocin concentration should be calcu-
lated for each formulation following this study which
has shown in Table 2. Obtained results confirm that
83% to 97% of mupirocin is entrapped in various for-
mulations (F1 to F8). The entrapment efficiency and
the yield of the niosome depend upon the method
chosen and the properties of the drug. The addition
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Figure 4. DSC Spectra of mupirocin with excipients

of cholesterol makes the niosomes leak proof31 and
the lipid hydration method enhances the entrapment
efficiency of the aqueous phase and permeability. No-
nionic surfactants also played an important role in in-
creasing the entrapment efficiency of the drug in the
current formulation of niosome®?.

4.2.2.Yield Percentage

The percentage of yield is fully dependent on
practical yield and theoretical yield value. In many
cases, it also depends upon the method used in the
formulation of niosome. The percentage of yield lies
between 85% to 93% represented in Table 2.

4.2.3. Drug content

The drug content was estimated for all the formu-

Temperature (°C)

lations and represented in Table 2. The drug content
was found in the range of 87% to 98%. This study
confirms that when the concentration of Carbopol
and Tween 80 is high it helps to retain more percent-
age of the drug in the niosomal gel.

4.2.4. Determination of pH

The most important need for a successful topical
formulation is skin compatibility. The pH of all for-
mulations of mupirocin-loaded noisome-based gel
was determined to be in the range of 6.25-7.3, which
corresponds to the skin pH, as indicated in Table 2.

4.2.5. Determination of viscosity

The viscosity for topical drug delivery is very im-
portant because with proper viscosity the drug can
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remain in the targeted area for a longer time and
helps in targeted drug delivery with fewer side ef-
fects. Table 2 shows that the viscosity varied be-
tween 410 and 560 cps. Formulations F2 and F7 con-
tain low molecular weight and high concentrations
of Chitosan. In comparison to other polymers,
CH has a low viscosity grade. So the presence of
a high concentration of Chitosan brings down the
viscosity of the niosomal gel.

4.2.6. Spreadability

The spreading coefficient of a formulation de-
termines its therapeutic efficacy. Table 2 shows
that the Spreadability of all formulations contain-
ing mupirocin-loaded niosomal gel ranged from
3.8 to 5.4 g. cm/s. The viscosity and gelling prop-
erties of the polymers utilized in the formulation
influence Spreadability. Formulation F5 has the
maximum spreading coefficient of 5.4 g cm/s due

RESEARCH ARTICLE

to its viscosity grade of Carbopol polymer, which
has shown a viscosity of 560 cps, whereas formu-
lation F2 has a lower spreading coefficient of 3.8 g
cm/s due to low viscosity Chitosan polymer such
as 410 cps.

4.2.7. SEM analysis

SEM was used to examine the front design and
shape of mupirocin-loaded niosomal gel. The smooth
surface shown in the photograph confirms the full
elimination of the solvent from the formulation, as
well as particle sizes ranging from 50 nm to 150 nm.
The SEM picture of the best formulation F5 was dis-
covered to be a uniform distribution of niosomes
sphere-shaped particles33, as shown in Figure 5.
4.2.8.In-Vitrodiffusion study

The dissolving study was carried out in triplicate
using the diffusion medium Phosphate buffer with a

Table 2. An evaluation study of mupirocin containing niosomal gel
Formulation ngt};igzgl ' Yield (%) C(]))lftl(legnt pH Viscosity Spreadability

(%) (%) (cps) (g-cm/s)
F1 91.72+0.92 | 87.52+1.81 | 93.92+1.01 | 7.01+0.08 | 560.07+1.21 5.4+0.17
F2 88.79+1.33 | 88.21+1.28 | 94.11+1.37 | 6.91+0.05 | 410.15+10.16 4.51+0.36
F3 95.62+1.31 | 92.01+1.67 | 95.84+1.17 | 6.88+0.51 | 488.07+11.07 4.01+0.83
F4 97.08+1.42 | 93.11+1.17 | 97.82+1.07 | 6.71+0.11 | 448.16+12.01 3.8+0.11
F5 97.17+1.32 | 92.61+1.13 | 98.21+1.33 | 6.25+0.31 | 550.81+10.31 4.78+0.26
F6 83.01+1.32 | 85.11+0.83 | 89.63+0.17 | 6.79+0.17 | 510.02+11.13 4.23+0.77
F7 85.06+1.71 | 88.95+1.04 | 87.71+1.04 | 6.81+0.06 | 527.84+10.71 5.13+0.07
F8 95.02+1.01 | 91.81+1.73 | 96.71+1.18 | 7.12+0.11 | 496.17+11.76 4,97+0.12

*Results are expressed as of mean +SD (n=3)

pH of 7.4. At the end of 12 hours, the percentage of
mupirocin drug release for all formulations of nio-
somal gel ranged from 92% to 98%. Formulation F1
and F2 contain pure polymer Carbopol and Chitosan
and show drug release of 88% at 12 h and 100% at 7
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h respectively. Formulations F3 to F8 contain a mix-
ture of different concentrations of polymers with a
variable amount of Tween 80. Formulation F3, F4,
and F6 contain a high concentration of chitosan
and show 99% at 10h, 99% at 8h, and 98% at 10h




S. Theerdhala et al, apuakevtiky, 35,111, 2023 | 48-61

S. Theerdhala et al, Pharmakeftiki, 35, 111, 2023 | 48-61

Figure 5. SEM Image of mupirocin loaded niosomal gel for formulation F5

respectively. Formulation F5 and F7 contain a high
concentration of Carbopol and show 98% at 12h and
99% at 10h respectively. Formulation F8 contains
an equal concentration of Carbopol and Chitosan
and shows 99% drug release at 11h. Formulation F5
achieved maximum sustained drug release till 12h.
The maximum release might be caused by polymer
concentration and viscosity grade and the pres-
ence of a nonionic surfactant in the formulation. A
high viscosity grade of polymer or a gelling nature
of polymer might be a beneficial attribute for topi-
cal formulation to keep the drug molecule for a long
period and produce a stable plasma drug concen-
tration. Carbopol has gelling properties and demon-
strated more regulated release when compared to
Chitosan. When comparing Chitosan to Carbopol,
Carbopol has a higher viscosity and gelling proper-
ties than Chitosan. Because of the greater viscosi-
ty grade, Carbopol did not dissolve quickly, which
might be a barrier to an aqueous buffer solution, and
can readily maintain the active drug release. In some
circumstances, the increased viscosity of Carbopol
prevents the active medication from being released
completely. According to reports, the presence of
surfactant Tween 80 in the formulation enhances the
entrapment efficiency of the mupirocin drug in the
noisome-based gel. Due to the higher concentration
of the drug getting entrapped inside the niosome, it

helps Carbopol to sustain the drug and provide bet-
ter therapeutic efficacy. Chitosan is a natural and
low-viscosity grade polymer that cannot regulate the
release rate of mupirocin over an extended length of
time. As a result, chitosan-based formulations have
less control over mupirocin medication release. It
was discovered in a few formulations, that when the
concentration of Carbopol and Tween 80 increases,
drug release decreases. When the mupirocin release
is delayed in the formulation that confirms the pres-
ence of Carbopol and Tween 80 at higher concentra-
tions. Table 3 & Figure 6 demonstrate the mupirocin
drug release from all noisome-based gel formula-
tions (F1 to F8).

4.2.9. Release Kkinetic study of a mupirocin -
loaded niosome-based gel

The in-vitro dissolving investigations were evalu-
ated using zero-order, first-order, Higuchi, and Pep-
pa's equations to determine the correct system of
medical discharge from the formulation. The crite-
ria for selecting the best model were based on the
highest R? value as the best fit. Table 4 displays the
results, the drug release followed by zero-order ki-
netics, independent of concentration. The illustra-
tion data fit into Peppa's equation, which depicted
non-fickian release, implying diffusion release and a
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Table 3. In-vitro dissolution of mupirocin-loaded niosomal gel formulations (F1-F8)
Time in Hours
Formulation
1hr 2hr | 3hr | 4hr | S5hr | 6hr | 7hr | 8hr | Shr | 10hr | 11hr | 12hr
F1 13.45 | 19.37 | 27.31 | 35.87 | 41.33 | 49.37 | 58.36 | 68.35 | 77.31 | 84.38 | 8791 | 87.98
F2 20.34 | 35.76 | 53.26 | 69.39 | 81.91 | 89.21 | 99.83
F3 13.83 | 2291 | 31.32 | 41.72 | 51.45 | 61.26 | 70.18 | 81.36 | 90.32 | 98.81
F4 12.72 | 2441 | 37.21 | 50.99 | 63.21 | 73.33 | 87.23 | 99.21
F5 1032 | 17.37 | 25.37 | 33.78 | 40.98 | 50.12 | 58.13 | 66.17 | 73.33 | 82.32 | 91.09 | 98.38
F6 11.71 | 2031 | 29.73 | 39.53 | 49.45 | 59.13 | 69.18 | 78.36 | 88.53 | 98.33
F7 10.71 | 20.27 | 31.32 | 40.07 | 49.7 | 58.26 | 69.77 | 79.44 | 89.34 | 99.24
F8 882 | 1837 | 27.37 | 36.78 | 45.98 | 56.33 | 64.29 | 70.76 | 80.91 | 91.32 | 99.29
All values in %
110
100
90
80 -]
% e —=— F1
= 80 —e—F2
2 50 e
a 4 —v— F4
= 404 —e—F5
30 —<— F6
! ——F7
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Figure 6. In-Vitro diffusion study of mupirocin-loaded niosomal gel formulation (F1-F8)

mixture of diffusion and erosion release of the noi-
some-based gel. If the diffusional exponent (n) value
is less than 0.5, it exhibits fickian diffusion release,
and if n is between 0.5 and 0.89, it exhibits nonfick-
ian (anomalous) behavior, i.e., drug release is regu-
lated by both diffusion and erosion, as shown in nio-
some formulations F1 to F8.

4.2.10. Stability study

The best formulation F5 was subjected to sta-
bility at two different temperatures and relat-
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ed humidity by keeping the sample in a stability
chamber. Every 0, 30, 60, and 90 days interval
mupirocin loaded niosomal gel was evaluated for
physical appearance, pH, viscosity, Spreadability,
and drug release profile shown in Table 5. Ob-
tained results show no change or minor variation
in formulation F5, confirming the stability of the
mupirocin-loaded niosomal gel.

5. Conclusion

Treatment of persistent, non-healing ulcerative
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Table 4. Release kinetics of mupirocin-loaded niosomal gel formulation (F1-F8)
R? Values
Formulation Zero- First- Higuchi Korsmeyer-peppas plots
order order lots ) Diffusional Order of release
plots plots p R exponent (n)
F1 0.988 0.950 0.939 0.773 0.839 Diffusion
F2 0.981 0.700 0.958 0.662 0.895 Diffusion
F3 0.998 0.988 0.991 0.759 0.821 Diffusion
F4 0.999 0.715 0.916 0.763 0.899 Diffusion & Erosion
F5 0.991 0.770 0.925 0.992 0.997 Diffusion & Erosion
F6 0.999 0.764 0.920 0.790 0.89 Diffusion & Erosion
F7 0.999 0.702 0.920 0.800 0.873 Diffusion & Erosion
F8 0.999 0.705 0.923 0.833 0.821 Diffusion & Erosion

wou-nds presents a significant problem for research-
ers and physicians. Recently, nanotechnology has
drawn attention to improving wound healing by slow-
ing medication release, avoiding degradation, and
improving tissue regeneration and retention. In this
current research mupirocin gel is a topical skin infec-
tion treatment made from niosomes. Niosomes could
be a good carrier for targeted drug delivery, protect
the drug from rapid degradation, and helps the drug
retain the targeted area and ease of penetration. FTIR,

DSC study confirms the compatibility study between
drug and other excipients. Carbopol a synthetic poly-
mer and chitosan a natural polymer have been taken
at different concentrations to formulate a niosomal
gel loaded with mupirocin. Tween 80 significantly
enhances drug entrapment efficiency. Obtained re-
sults confirm that a high concentration of Carbopol
and Tween 80 combined sustained the release rate
of mupirocin. Chitosan is a natural polymer unable
to sustain the drug release up to an optimum period.

Table 5. Stability study for Formulation F5
Storage o Evaluated parameters
condition ws physical appearance | pH viscosity | Spreadability g::f%lze(li;;(;
0 Clear and transparent | 6.22 | 551.3+.11 4.82+0.41 98.16%
25°C/60% | 30 | Clearand transparent | 6.29 | 550.7+.09 4.79+0.15 97.75%
RH 60 | Clearandtransparent | 6.3 | 552.1+.04 4.68+0.8 98.66%
90 Clear and transparent | 6.21 | 552.11+.11 4.67+0.93 99.1%
0 Clear and transparent | 6.3 | 550.91+.71 4.71+0.82 98.82%
40°C/75% | 30 | Clearand transparent | 6.26 | 552.61+.77 4.69+0.43 98.42%
RH 60 | Clearandtransparent | 6.31 | 553.1+.71 4.66+0.11 97.96%
90 Clear and transparent | 6.24 | 550.82+.91 4.64+0.52 99.81%

Results are expressed as of mean +SD (n=3)
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Formulation F5 is considered the best formulation by
sustaining the release rate of mupirocin 98% at 12 h.
The kinetic release data are the best fit for zero-order
release kinetics. Obtained data fit for Korsmeyer-Pep-
pas plots and calculate diffusional exponent (n) value
and indicate mupirocin drug release following dif-
fusion and erosion mechanism. The noisome-based
mupirocin-loaded gel is considered a better choice
of treatment as per conventional dosage form due to
prolonging the release rate of the drug, improving pa-
tient compliance, and enhancing penetration proper-
ties of the drug.
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In memorial
MMapic MTOOKOTTOVAOG

Tnv Aevtépa 31 lovAiov 2023 £@uye amd KOVTA LG 0 TIOAD AyaTmNTOG CUVASEAPOG
@appakotolog [apig MmookomovAog. O [1apig omovdace ot PappakevTiKn ZxoAn
tov EKITIA Ztnv moAvetr) otadodpopia Tov Statédeoe petadV aAdwv Stevbuvtig
Etaipiwv Yobéoewv otnyv Pfizer Hellas kat pédog AX tov EPEE. AletéAeoe emiong
avtitpoedpog tov IMaveAAnviov PapuakeLTIKOU ZUVSEGHOU KOl GCUVTOVIGTIG TNG
Ouadag KAwvikwv Medetwv tov ZPEE. [Swaitepa otnv EAANviK: Pappakeutikn
Etalpeia Oa Tov BUPOHAOTE Pe ayAT KAl CUYKIVIOT YLK T1V TOCO0 SNULOVPYLKY
ouvepyaoia Tov iyape pall Tov OTav T CEPA ETWV TAV LEAOG TOU ALOIKNTIKOU
ZupBovAiiov g EPE. Avtiotoyya katomv EAAnvikn Etaipeia ®appakoxnpelog
Ba Bupopaote pe oeBacud tov [aptyla v evBappuvon kat tnv tpobupia tov va
otnpilel oe SUOGKOAEG ETTOXEG TNV SLOPYAVWOT TWV ETLOTNHLOVIK®V GUVESPLWV TNG
Etaipeiag. Tatio IMapis eixe Opapa yia tn Pappakeutikn Emomun, katmpdogepe
TAVTA TI§ YVWOOELG TOV, TO XPOVO TOU Kal TIG LEEES TOU Yia Ta PapUAKEVTIKA
Spwpeva otov ToTOo pag. Tautoxpova ERAeme TAvTa L evatoBnola Bépata Tov
apopovoav tov [ToArtiopd kat tnv Texvn. O Tlapigtav évag Eexwplotds, ayamntos
kat aélompems ouvaded@og. Evyevikog, mpdog Kat Tpoottdg, mavta mpobupog
va BonbnoeL. Me TV am®AELA TOV 0 QAPUAKEVTIKOG KOGHOG EUELVE PTWYXOTEPOS

Mapt Ba poag AelPels.....
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Avakolvwor tov AX TG EQE
ywx tov [Iapt MTooKOTIOVAO

To AX tng EAAnvikng ®appakevtikng Etaipelag (EPE) ekppalel tnv
BaBud Tov AVTM yla TV antwAela Tov cuvadéipov [apt MmookdTovAoL.
0 Mapig NTav evepyd pérog tou AX g EDE yia moAAG xpdvia Kot 0
OUUBOAN TOV OTIG SPACTNPLOTNTES TNG ETILOTNHLOVIKNG LOG ETALPEIOG TAV
onuavtikés. Me Babid yvwon ¢ PapuakeVTIKNG ETOTHHUNG Kot KUPIWG
TOU QVTIKELHEVOU TNG AVATITUENG TWV PAPUAKWY G€ Blopnxaviko emimedo,
BonBnoe pe TIg TAVTOTE NTILEG KAL V(P AALEG TTAPEUPATELS KAL TLG LOEEG TOV
otV eEwotpépela g EDE.

Oudpwva to AX g EOE ek@palel Ta GUAAVTINTIPLA TOU OTNV OLKOYEVELX
KOl 0TOVUG 0lKE{OVG TOU EKALTTOVTOG iAoV KAl cLVASEAPOVL pag ITapt
Mmooko6movAov.

diAe kat cuvadedpe Iapy, Ba og BupdpaoTe TEvVTA PE aydTn Kat Bo pog
Agtmelg moAy

0 mpdedpog kat Ta wéAN touv AX EAAnvik g ®@appakevtikis Etatpeiag
(EDE)
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EKAHAQXEIY - MEETINGS

» SEPTEMBER 4-6, 2023, BELGRADE, SERBIA
IAPC-10 Meeting Physico Chemical Methods in Drug Discovery and Development And ADMET and DMPK

https://iapchem.org/index.php/iapc-10-home

« SEPTEMBER 3-7,2023 | ZAGREB, CROATIA
IX EFMC International Symposium on Advances in Synthetic and Medicinal Chemistry

https://www.efmc-asmc.org/

« SEPTEMBER 7-8, 2023 | ZAGREB, CROATIA
EFMC-YMCS 2023 10th EFMC Young Medicinal Chemists' Symposium | Anniversary Edition

https://www.efmc-ymcs.org/

« SEPTEMBER 9-13, 2023, VIENNA, AUSTRIA
EANM’23 - 36th Annual Congress of the European Association of Nuclear Medicine

https://eanm23.eanm.org/

*SEPTEMBER 11-13,2023 RIMINI, ITALY
Summer School on Pharmaceutical Analysis 2023 (SSPA2023)

www.sspaweb.com

« SEPTEMBER 17-20,2023 | CHANIA, CRETE
13th International Conference on Instrumental Methods of Analysis: Modern Trends and Applications, IMA
2023

http://aclab.web.auth.gr/ima2023/

*OCTOBER 7-10,2023 TUBINGEN, GERMANY
Annual Meeting of the German Pharmaceutical Society (DPhG): Translational Pharmacy - Practice &
Perspective

https://www.dphg.de/vortraege-und-tagungen/dphg-jahrestagung-2023-annual-meeting-copy

* NOVEMBER 16-18,2023 | BASEL, SWITZERLAND.
International Symposium on Chemical Biology (EFMC-ISCB)

https://www.efmc-isch.org/

« DECEMBER 8,2023 BRUSSELS, BELGIUM
MedChem 2023

https://www.medchem.be/

* JANUARY 28-FEBRUARY 1, 2024 ST. ANTON, AUSTRIA
4th Alpine Winter Conference on Medicinal and Synthetic Chemistry

https://www.alpinewinterconference.org/

*APRIL 8-11,2024 UTRECHT, THE NETHERLANDS
EFMC-ACSMEDI Medicinal Chemistry Frontiers
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