AHOTAIISA

Inexie M. B. llutoTokcuyHa Mig MOXiAHOTO Tia3ody B KoMmruiekci 3 [1EI-BmicHuMu
MoJIIMEPHUMHU HaHOHOCIsIMU. — KBamidikaliiifHa HayKoBa Ipalisi Ha paBax PyKOIHCY.

JlucepTamiss Ha 3100YTTS HAYKOBOTO CTyIeHS AokTopa dinocodii y ramysi 09
bionoris (091 — biomoris). — JIbBIBChKMU HalllOHAJIBHUM yHIBepcUTET iMeHi I[BaHa
®dpanka. — JIbBIBCbKUI HalllOHAJIBHUI YHIBepcuTeT iMeH1 IBana ®panka, JIpBiB, 2023.

JucepramiitHa poboTa TPHCBSYEHA MOCTIDKCHHIO IHUTOTOKCHUYHOTO MEXaHI3MY
MPOTUITYXJIMHHOTO MOXIgHOTO Tiazony N-(5-6ensui-1,3-tiazon-2-i1)-3,5-gumerun-1-
o6enzodypan-2-kapookcamigy (b®1) B xommuiekci 3 HaHopo3MipHumu [IEI-BMicHUMU
nommMepaumu Hociamu (ITET-ITH), siki BUKOpHCTOBYBalM AJi MOKPALIEHHS PO3YMHHOCTI
JOCIII)KyBaHOI pEUOBUHH, 1110JI0 PAKOBUX KIIITUH in Vitro Ta in vivo.

OHKOJIOTIYHI 3aXBOPIOBAHHS € OJHIEI0 3 HAWOLIbII MOIIMPEHUX MPUYUH CMEPTI Y
CBITI Ta XapaKTEepPU3YIOTbCS HEKOHTPOJIbOBAHOK  KIITMHHOIO mpojidepamiero 1
BIJICYTHICTIO 3aIllporpamMoOBaHOi KJIITHHHOI 3aru0ei, sika, 3a BUHSATKOM TeMaTOJIOTTYHHX
TUIIIB paKy, TeHepye aHOMAaJIbHy KIITHMHHY Macy abo myxiuHy. Ll mepBuHHA myxJiMHA
PO3POCTAETHCA 3aBISKH IMIBHIKINA BacKyJspu3allii Ta 3 4acoM HaOyBa€ METAaCTATUYHOIO
MOTEHI[laTy, MOIIUPIOETHCS B 1HII JIISHKHM TUIA, COPUYMHSAE METAacTa3u Ta, 3PEITOlo,
cMepTh. TpanuiiiiHa XIMIOTEpamisi € OCHOBHUM TWIAXOJOM JIKyBaHHS PI3HUX THUIIB
OHKOJIOTTYHHMX 3aXBOPIOBaHb, CTPATErisl SIKO1 MOJSATA€ y BUKOPUCTAHHI ITUTOTOKCHYHHUX
npenapariB Al 3HUIIEHHA MYyXJWHHUX KITUH. OCKIIBKM XIMIOTEpamis 3aCHOBaHa Ha
MPUTHIYEHHI MOy KIITHH, K1 MIBUAKO POCTYThH (110 € XapaKTEPHOIO PUCOIO MyXJIMHHUX
KJIITUH), Ha >Kajb BOHA TAaKOXX BIUIMBA€ HA 3J0POBI KIITHUHHM OPraHi3My 3 MIBHUIKOIO
npostidepariiero, Taki sik BOJOCSHI (OTIKYJIU, KIITUHA KICTKOBOIO MO3KY Ta HITYHKOBO-
KHUILIKOBOTO TPakKTy, 3yMOBIIOIOYM iX 3aruOeib. HeBuGipkoBe pyiHYyBaHHS HOPMaJIbHUX
KJIITUH, BUCOKAa TOKCHYHICTh XIMIOTEPaNeBTUYHHUX CIOJYK, iX IOraHa pPO3YHUHHICTH B
plAMHAX OpraHi3My, HEJOCTAaTHS CEJIEKTUBHICTh IIOAO MYyXJMHHHMX KIITHH, a TaKOX
PO3BUTOK MHO>XMHHOT JIIKAPChKOT PE3UCTEHTHOCTI MiATBEPAKYIOTh HEOOX1HICTh MOLIYKY
HOBUX €(EKTUBHUX IIJTLOBUX METO/AIB JIIKYBaHHS Ta YJAOCKOHAJEHHS YK€ HasBHUX

TEparneBTUYHUX JIKIB, 0 3aCTOCOBYIOTh y KIIIHIYHIN MPaKTHIIL.



YTBOpEeHHS CUCTEMH JOCTaBKH Jiikapchkux 3aco01iB (C/JI) Ha ocHOBI momiMEepHUX
HAHOHOCIIB TpPUBEPTA€ 3HAYHUI 1HTEpeC B Tepamii OHKOJIOTIYHMX 3axBoproBaHb. Ha
NPOTUBAry JiKapchkuM 3acobam Oe3 HaHoHociiB, CJIJl 3maTHi mocTaBiasTH BULI 103U
XIMIOTEpaneBTUYHHUX 3aCO01B J0 MyXJUMHHUX YTBOPEHb 32 IONOMOTOI0 €(PEeKTy MOCUIICHHS
npoHukHOCTI Ta yTpuMmanHas (EPR), 3smenmyBatn mo6ivyni eexTy JiKiB, MOKpAITyBaTH ix
PO3YMHHICTB Ta 3a0e3meuyBaTH 1X JOBIITY HUPKYJIALIIO B OPTaHI3Mi.

Tomy, HamMu Brepile AOCTIIHPKEHO IIUTOTOKCUYHY 110 moxigHoro Tiazony bd1, ske
B TIOMEPEIHIX JOCIIDKCHHSX TMPOSBUIO 3HAYHY MPOTHIYXJIWHHY M0 II0JA0 HU3KU
PaKOBHUX KIITUHHUX JiHINA, B kKoMmriuiekci 3 [IEI-BMicCHUMH MOJTIMEHUMH HAHOHOCISIMH.
Buxinnuii po3uuH noxigHoro Tiazony b®1 cuHTe30BaHO Ha Kadenpi opraHiyHoi Ximii
JIBBIBCHKOI'O HalllOHAIBHOTO YHIBEpcHUTETY iMeHI [Bana ®panka, B Toi yac sk [IET-BMicHI
noniMmepHi HaHoHOCIT nomi(BEIl-ko-I'MA)-epagpm-mIIED (Thl), momi(ITET’MA) (Th3) Ta
nom(ITETMA-ko-IMM)  (ThS5) cunre3oBano Ha kadeapi OpraHiyHoOi  Ximii
HanioHnansHOro yHiBepcUTETY «JIbBIBChKA MOJITEXHIKAY.

Bcranosneno, mo mnoxigHe Ttiazony b®1 B xommuiekci 3 [IEI-ITH mnposBisio
BUPAXEHY IMTOTOKCHYHICTh IWIOAO HHM3KH NYXJIMHHUX KIITUHHUX JIHIA in vitro. Y
komriekci 3 TIET-ITH, b®1 Oyna OimbIl MUTOTOKCHYHOK IIOA0 MyXJIUHHUX KIITHUH
renatokapurHoMu Hep2 ta rmiomu C6 MOPIBHSHO 3 HEKOH IOTOBAHOKO PEUYOBHUHOIO YU
JHoxcopyOirmaom. OaHak, HekoH roroBana bd1, i kommiekcu 3 IIET-ITH ta BinsHi T1ET -
[TH He mposiBisUIM MUTOTOKCUYHOI JTii 010 HEMyXJIMHHUX KJIITUH eMOPIOHIB HUPOK JIiHi1
HEK293 Tta xmitun ¢i6pobnactie minii NIH3T3, mo Bkazye Ha MOXKIMBICTh iX
0e3MeyHOro BHKOPUCTAHHS B Tepallii OHKO3aXBOPIOBaHb 0€3 CIPUYMHEHHS 3HAYHUX
moO1YHUX e(EeKTIB.

Bnepmie mnpoaeMOHCTpOBAHO 3HAYHE TMIJABUILIEHHS BMICTY akKTUBHHX (HopM
Oxcureny (A®O) B kmitunax Jdimpomu NK/Ly 3a BmiauBy noxigHoro tiazony bd1 Ta
fioro xommnekcip 3 ITET-ITH. Mmoipro, HakomuueHHs AD®O B MyXJIMHHUX KJIiTHHAX €
OCHOBHUM TPHUTE€pPOM 3ayCKy MEXaHi3MiB IIUTOTOKCHUYHOI /il TPOTHITYXJIMHHOTO
noxigHoro Tiazony b1, mo npusBoauTh a0 3arubeni myxauHHNX KIiTuH. L{i pesynsraTtu

Y3TOKYIOThCSI 3 MOMEPEIHIMU JaHUMH, 1€ 3a(iKCOBAHO 3HM)KEHHS ITUTOTOKCHYHOT Iii



b®1 3a nasBHOCTI mepexorunoBayiB ADO (ackopOiHOBOI KHCIOTH, MaHITONy Ta N-
AleTUIIIIUCTETHY ) B KIITHHAX JTIM(DOMH.

Brnepmie npocmixkeHo BIUIMB TOXigHOro Tiazony B komruiekci 3 [IEI-IIH nHa
npouecu nepekucHoro okucHeHHs niniaiB (ITOJI) ta ctan gepMeHTIB aHTUOKCHIAHTHO1
cuctemu 3axucty (AOC) B kiiTHHAX TIMGPOMH, SIK MapKEPIB MOMIKOKEHHS KIITHH y pasi
OKCHUJATUBHOTO CTpeCy, CIpuurnHeHOTo HakommdeHHsSM A®DO. BcranoBneno, mpo, sKi i
HekoH toropaHa b®d1, kommiekcu B®I1+IIEI-ITH 30inbmryBanu BMICT MNEpPBHHHHUX
npoayktiB I1OJI (rimpomepokcuaiB MimijiB), MPOTE JHIIE KOMIUIEKCH, aji¢ HE BLIbHE
MOX1JIHE Tia30/1y, COpUYUHSIN 30UTbIneHHs BMICTY TBK-mo3uTuBHUX mpoaykTiB (0aH1 3
BropuHHUX npoaykrtiB [10JI) B kmitunax mimdomu. Inrencudikamis nporecis [TOJI Ta
HakonuyeHHs APO B kiiTHHaX Maau O BiIOOPA3UTUCA HA CTaHI CHEUU(PIYHOI JTaHKU
CUCTEMH AaHTHOKCHJIAHTHOTO 3aXUCTy, a CaMe€ Ha AaKTUBHOCTI TakuX (EPMEHTIB SK
cynepokcugaucmytaza (COJl), karamaza (KAT) Ta rayrarionnepokcuaaza (I'TIO).
Busneno, mo aktuBHicTh COJl 1oCTOBIpHO 3pocTana 3a BIUIMBY BUIbHOI B®1 Ta ii
komrutiekciB 3 IIET-ITH, B To# wac sk aktuBHicTh KAT Ta I'TIO 3HMKYyBanacs 3a il
nociipkyBanux pedoBuH. Hasisaicts [IEI'-ITH B kommuiekci 3 b1 miaBuinye 3Hauymniicth
BIUIMBY JIOCII/DKYBaHOI PEUOBMHU Ha aKTHBHICTh BHUIIENEpepaxoBaHUX (EPMEHTIB.
Ockinbku aktuBHICTE COJl 3pocrtae, y kimithHi 30u1blnyeTsesi BMICT H,O,, mo €
npoaykroMm posnany Oy, skuit 3HemkomkyeTbcss CO/. @ynkuis KAT Ta I'TIO nonsirae y
3HEIIKOKEHH1 niepekucy [iaporeny mo Boau 1 kucHio (y Bunaaky KAT) abo x 1o Boau
Ta mnepokcuaiB kupHux kuciaor (3a mii 'TIO). Ilpore, 3a BIIKMBY AOCHIIKYBaHOTO
MOX1THOTO Tia30J1y, aKTUBHICTh ITUX (DEPMEHTIB 3HIKYETHCS, 1110 BKAa3y€ Ha HAKOIIUYCHHS
H,0, y xmitunax mimpomu. Taki gaHi y3ropKyrOThCs 3 MOMEPEIHIMU AOCTIIHKCHHM, SIKI
MiATBEP/HKYIOTh HAKOMWYEHHsS I[hOTO HepaaukaibHoro APO B KIiTHHAX TJIiOMH 3a
BIUTUBY moxigHoro Tiazoiay b®dI1. Ilepokcun I'inporeHy 3maTHHI 3MIHIOBAaTH CTPYKTYpPH
O1JIKIB, 110 TPU3BOAUTH A0 MOPYIIEHHA iX QyHKli, momkomkyBatu JHK, cnpuunHioBaTn
MITOXOHJIpianbHl AUCHYHKIIII, OMOCEPEAKOBAHO I1HAYKYBaTH ayTodarito Ta arornro3
MyXJIMHHUX KJTITUH.

Bnepmie nocmimkeno BmiuB b®1 Tta #ioro xommiekciB 3 IIET-IIH na kmiTuHHE

TUXaHHd Ta MEMOpaHHMH IIOTEHIa] MITOXOHJAPIH KIITHH JIM(QOMH, OCKUIBKH



MITOXOH/IpIi BBa)KalOTh OJIHUM 3 OCHOBHHMX JDKepesl yTBopeHHs A®PO B KIITHHI.
OnpHoyacHO 3 MMM, MITOXOHJpIi MOXyTh Oyt wMimeHHo g ADO, saxi 31aTHI
MOIIKOPKYBAaTH CTPYKTYPY LIUX OpraHels, BHACHIAOK YOr0 MOPYUIYIOTbCS CHHTETUYHI Ta
OloeHEepreTHYHI MPOLIECH, sSIKI BIAOYBaIOThCS B MITOXOHIpIsAX. BcTraHoBieHo, 1o Xoya
’KOJHA 3 JIOCHI)KYBaHHUX CIOJMYK HE BIUIMBAJa HA MIBUJKICTb KJIITMHHOTO IMXaHHS 3a
AogaBaHHS Tioko3u, mpore Kommuiekcn Th4 Tta Th6 nmocTtoBipHO 30inBlIYBaNU
MaKCHUMaJIbHY MIBUAKICTh KJIITUHHOTO JWUXaHHS, KOJM TICHS TJIIOKO3H B CEPEIOBHUILE
kiiTuH qoaasam nporonodop FCCP.

AKTHBI3aIliSl TMPOIECIB JMXaHHA B MITOXOHJAPIAX MOKe OyTH IOB’S3aHOI0 3
MOIIKO/PKEHHAM I[UTICHOCTI BHYTPINIHROT Ta 30BHINIHBOT MITOXOHJIpIaIbHUX MEMOpaH Ta
MOPYUIEHHSIM anonTHYHUX mHpoueciB yepe3 bdI1-ctumynboBane reHepyBanHs ADO.
BcranoBneno, mo ycl JOCHIIKYyBaHI PEYOBHUHHM JOCTOBIPHO 3HIKYIOTH TOTEHINAI
MeMOpanu MiToxoHApid. Lli maHi y3romxyroTbes 3 TIIOTE3010, 1110 AKTUBHE T€HEPYBaHHS
A®O 3a BIUMBY AOCTIIKYBAaHMUX PEUOBHH, CIPHUMHIOE TOLIKO/KEHHS BHYTPIIIHBOI
MITOXOH/IpiaIbHOI MEMOpaHU, 3yMOBIIIOE 1i JIETIOJISIPU3AIIIO Ta 3aIyCKAa€ KOMIIEHCATOPHI
peaKIlii JUXaabHOTO JAHIIOTa, 1110 MPOSIBISIOTHCS B AKTUBAIIlT MPOIECIB IUXAHHS.

BcranoBneno, mo b®1 B xommiekci 3 [IEI-IIH cnopuuunioe 3HayHi
YIBTPACTPYKTYPHI 3MIHU KJIITHUH JIMPOMH, a came: (parMeHTallito, AE3IHTErpalin Ta
3HUKHEHHSI KJIITHHHOTO sI/ipa, TOMIKO/KEHHS Ta pyWHHYBaHHS MJ1a3MaTUYHOI MEMOpaHu Ta
30UTBIIIEHHST KUTBKOCTI MITOXOHJpPiM Ta jizocoM. Bapro 3a3HaumTH, 1m0 Il 3MiHU Oynu
Oinbll 1HTeHCUBHUMH, Koiu b®1 Oyna inkancyneboBana B IIEI'-IIH, B TOil wac sk
HeHaBaHTaxeH1 peuoBuHOIO [IET-ITH He cripuumHsIIM TOCTOBIPHUX YJIBTPACTPYKTYPHHUX
3MiH B JiMGOMHUX KIiTHHAX. Taki MOPQOJIOTIUHI 3MIHU 3a BIUIUBY TOXITHOTO Tia30y
b®1 onocepeaxoBaHo BKa3yrOTh Ha IHAYKIIIIO allONTO3y Ta HEKPO3Y B MyXJIMHHINA KJIITHHI.

JloBeneHo, 110 KOAHA 3 AOCIIIKYBaHUX CIIOJIYK HE CIIPUUYMHSIA 3MIH B MpOIEcax
[1OJI, dynkuionyBanHi gepmentiB AOC Ta reHepyBaHHI CYNEPOKCHAHOIO paguKany B
KJIITUHAX MediHku muined 3 jsiMpomoro NK/Ly, mo xapakrepuszye bd1 ta IIEI-ITH sk
edpextuBHI npotunyxiauHHi CJI 3 MiHIManTbHUMU TOOIYHUMH e(peKTaMH Ha HEMyXJIMHHI

KJIITUHH.



Bnepiie npoTecToBaHO NPOTUIYXJIMHHY 10 ToXigHoro tiazony bd1 Ta itoro
komruiekcy 3 IIEI-ITH Thl na excniepumenTansHii Moaeni mumnadoi JiMmpomu NK/Ly in
vivo. BctanoBneHo, mo komruiekc Th2 MpooHTyBaB XKHUTTS MHILIEH-ITyXJIMHOHOCIB B
nopiBHSAHHI 3 Mumamu 3 JiM@pomoro NK/Ly, siki He oTpuMyBainu JiikyBaHHs. OKpiM TOrO,
HekoH toroBaHa b®1 Tta kommiekc Th2 He cipuuMHATN 3HAYHUX IUTOTOKCUYHUX €(PEKTIB
HAa KJIITHHA KPOBI MUIICH-TyXJMHOHOCIIB mopiBHSAHO 3 JlokcopyOinmuanom. bd1 B
koHIeHTpamnii 10 mr/kr macu Tta 1i komruiekc 3 IIEI-IIH He 3ymoBmoBanu aHeMiio B
MUIICH-TyXJIUHOHOCIIB,  SKy  CHOCTEpirajd TMpH  JIKyBaHHI  XBOpPUX  TBapuH
JloxcopyOirmmaom. Oxkpim Toro, xoda b®1 B 000X AOCHIIKyBaHMX KOHIICHTpPAIIAX
M1JBUIILyBaja BMICT MOHOLIUTIB y KPOBI MHUIIIEH 3 TIM(POMOI0, MPOTE ii iHKANCYIIOBAHHS B
MOJIIMEPHUN HOCIM HIBEIIOBAJIO CIIPUYMHEHUN PEYOBUHOIO MOHOLIMTO3. BeTaHoBIEHO, 1110
gk 1 BO®1 tak 1 i komreke 3 [IEI-ITH edexkTuBHO 3HMKYBAaB CIPUUMHEHUN JIIM(POMOIO
JEHKOLUMTO3, a TAKOXK 3MEHIIYBaB YaCTKy CETMEHTOSJIECPHUX HEUTPOQLIiB, 301IbIIECHHS
AKHX € XapaKTEPHOK 03HAKOIO 3anainbHOro npouecy. Komrmneke b®1+IIEI-I1IH, npore He
BUIbHA PEYOBHUHA, CHPUYMUHSB 3HUKEHHS KUIBKOCTI CETrMEHTOSIICPHUX HEUTpodiiB
MPAKTHUYHO JI0 3HAYEHD 3/I0POBUX TBAPHUH.

JocnimxenHs: 610J0TIYHUX BIIACTUBOCTEN MoxigHOro Tiazony b®1 B komrekci 3
[IEI'-ITH BctanoBwiio, mo yTtBopeHa CJJI 3gaTHa e(pexkTMBHO BIUIMBATH HAa MyXJWHHI
KJIITUHH, CIIPUYMHIOIOYN [IUTOTOKCUYHY IO HUISIXOM IF€HEpPYBaHHS HAaAMIPHOI KUIBKOCTI
A®O, mo 3amyckae KackaJl peakilidi, sKi MPUBOJATH JO 3aruOeni MyXJIWHHUX KIITHH,
yepe3 iHTeHcu@ikanio IIOJI, 3miH B akTuBHOCTI (epmeHTiB AOC 1 MOIIKOIKEHHS
MiTOXOHpiH. 11 edhekTH MposSBIAIOTECS B AETONISApHU3aIlli MITOXOH IpiadbHOI MEMOpaHU Ta
KOMIICHCATOPHIN 1HTeHCU(]IKallli JUXaHHS KIITUH, Yy 3MiHI Mopdoiorii MmyXJIMHHOI
KJIITUHUA allONTHUYHOTO Ta HeKpoTHuuHoro tumy. IIpore, ani b1 ani ii kommnekcu 3 T1ET -
[IH ne OynM UMTOTOKCHYHUMM MO0 HEMyXJMHHUX KIITHH Ta HE 3alyCcKaju
BUIBHOPAJIMKAIBHUX PEAKIif y TremarouuTax MUIIed 3 aiM¢GOoMOIo, 10 BKa3ye Ha iXHIO
HU3BKY TOKCUYHICTb II0/0 3JI0POBUX KIIITUH OpPraHi3My.

OTxe, TOCHIPKEHHS BIUIMBY moxinHoro Tiazony b®1 B kommiekci 3 I[IEI-ITH na

NyXJIMHHI Ta HOpMajbHI KIITUHU Xxapaktepu3ye o CIHJI gk nepcrnekTUBHUN



XiMIOTepaneBTUYHUHN 3aci0, SIKU Ma€e MPOTUIMYXJIUHHUN €deKT 3 TPUHHATHUM TpodiaeM

Oe3MeKy Ta MiHIMaJIbHUMH OOIYHUMU e(hEeKTaMH.

Kniouogi cnosa: mpoOTUNYXJIMHHA aKTUBHICTh, IOXiJHE Tia30Jy, IMOJIMEPHUM
HAHOHOCIHM, OKCHIATHBHHM cTpec, akTuBHI (opmu OKCHUTEHY, TMEPEKHUCHE OKUCHEHHS
mnoigiB, (epMeHTH aHTHOKCHIAHTHOI CHUCTEMH 3aXHUCTy, MITOXOHJpIi, amomnTos,

renaToIrTH, TTeUlHKa, JJiMpoMma.



SUMMARY

llkiv M. V. Cytotoxic effect of thiazole derivative in complex with PEG-containing
polymeric nanocarriers. — Qualifying scientific work on the rights of the manuscript.

Thesis for a degree of Doctor of Philosophy 091 “Biology” (09 — Biology). — Ivan
Franko National University of Lviv. — Ivan Franko National University of Lviv, Lviv,
2023.

This work is devoted to the study of the cytotoxic mechanism of the antitumor
thiazole derivative N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl-1-benzofuran-2-
carboxamide (BF1) in a complex with PEG-containing polymeric nanocarriers (PEG-PN),
that were used to improve the solubility of the investigated compound, towards to cancer
cells in vitro and in vivo.

Cancer is one of the most common causes of death worldwide characterized by
uncontrolled cell proliferation and the absence of programmed cell death, which with the
exception of hematological types of cancer, generates an abnormal cell mass or tumor.
This primary tumor grows due to prompt vascularization and ultimately acquires
metastatic potential, spreading to other parts of the body, causing metastases and
eventually death. Traditional chemotherapy is the main approach to the treatment of
numerous types of cancer. Chemotherapy is mainly based on the inhibition of the division
of fast-growing tumor cells. This anticancer therapy can affects the nontumor, rapidly
proliferating cells, such as bone marrow, gastrointestinal tract cells and hair follicles
causing their death. Unspecific damage of normal cells, high toxicity of chemotherapeutic
compounds, their poor solubility in body fluids and insufficient selectivity towad tumor
cells, as well as the development of multiple drug resistance confirm the need to find new
effectively targeted cancer treatment and to improve existing therapeutic drugs used in
clinical practice.

In current years, the formation of nanocarrier-based polymeric drug delivery
systems (NDDSs) have attracted large interest in cancer therapeutic treatment. NDDSs can

deliver higher doses of chemotherapeutic agents to tumor due to enhanced permeability



and retention (EPR) effects, while reducing side effects of drugs, improve their solubility
and ensure longer circulation of drug in the body.

Therefore, we have first investigated the cytotoxic effect of the thiazole derivative
BF1, which previously showed an antitumor effect towards various cancer cell lines, in a
complex with PEG-containing polymeric nanocarriers. The initial solution of thiazole
derivative BF1 was synthesized at the Department of Organic Chemistry of Ivan Franko
National University of Lviv and the PEG-containing polymeric nanocarriers (poly(VEP-
co-GMA)-graft-mPEG (Thl), poly(PEGMA) (Th3) and poly(PEGMA-co-DMM) (Th5))
were synthesized at the Department of Organic Chemistry of the Lviv Polytechnic
National University.

It was established that the thiazole derivative BF1 in a complex with PEG-PN
showed pronounced cytotoxicity towards a number of tumor cell lines in vitro. BF1 in the
complex with PEG-PN were the more toxic to the human hepatocarcinoma HepG2 and the
rat glioma C6 cell lines compared to the unconjugated thiazole derivative or Doxorubicin.
However, it was found that unconjugated BF1, its complexes with PEG-PN and free PEG-
PN did not show cytotoxic activity against non-tumor cells of HEK293 kidney embryos
and NIH3T3 fibroblast cells whereas Doxorubicin exhibited a significant level of
cytotoxicity. This data confirm of investigated NDDS can effectively use in the therapy of
cancer diseases, without significant side effects on healthy cells.

It was first demonstrated a significant increase in the content of reactive Oxygen
species (ROS) in NK/Ly lymphoma cells under the influence of the thiazole derivative
BF1 and its complexes with PEG-PN. The accumulation of ROS in tumor cells may be the
main trigger of the cytotoxic mechanisms of the thiazole derivative BF1 and leads to the
tumor cells' death. These results are consistent with previous data, which reported a
significant decrease in the cytotoxic effect of BF1 in the presence of ROS scavengers
(ascorbic acid, mannitol, and N-acetylcysteine) in lymphoma cells.

The effect of a thiazole derivative BF1 conjugated with PEG-PN on the lipid
peroxidation (LPO) processes and the activity of antioxidant defense system (AOS)
enzymes in lymphoma cells as markers of the cell damage caused by oxidative stress

through the accumulation of ROS was investigated. It was established that both



unconjugated BF1 and BF1+PEG-PN complexes increased the content of primary LPO
products (lipid hydroperoxides), but only the complexes caused an increase in the content
of TBARS-products (one of the secondary products of LPO) in lymphoma cells. The
intensification of LPO processes and the accumulation of ROS in cells should be reflected
in the state of an antioxidant defense system, i.e. the activity of such enzymes as
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx). The
activity of SOD significantly increased under the influence of unconjugated BF1 and its
complexes with PEG-PN, while the activity of CAT and GPx was reduced under the
action of the studied compounds. The PEG-PN in combination with BF1 increased the
significance of the thiazole derivative influence on the activity of AOS enzymes in
lymphoma cells. We suggest that the cell contents of H,O, was increased due to enhanced
SOD activity that catalyzes the dismutation of the superoxide radical into ordinary
molecular oxygen and Hydrogen peroxide. The function of CAT and GPx consists of the
neutralization of Hydrogen peroxide to water and oxygen (in the case of CAT) or water
and fatty acid peroxides (in the case of GPx). However, the activity of these enzymes
significantly decreased under the influence of the all studied compounds, which indicates
the accumulation of H,O, in lymphoma cells. These data are consistent with earlier
reports, which confirm the accumulation of this non-radical ROS in glioma cells under the
action of the thiazole derivative BF1. Hydrogen peroxide is able to modify the structures
of proteins, which leads to an impairment of their function, DNA damage, mitochondrial
dysfunctions and indirectly induces autophagy and apoptosis of tumor cells.

The effect of BF1 and its complexes with PEG-PN on the processes of cellular
respiration and changes of mitochondrial membrane potential in murine NK/Ly tumor
cells were first investigated in mitochondria that are the main producers of ROS in the cell.
However, mitochondria also can be a target of ROS, which are able to damage the
structure of this organelle, and as a result, disturbed the synthetic and bioenergetic
processes occurring in mitochondria. It was established that although none of the
investigated compounds affected the rate of the glucose-fuelled basal respiration, Th4 and
Th6é complexes significantly increased the maximum rate of cellular respiration when

protonophore FCCP was added after glucose.



The respiratory processes activation in mitochondria may be associated with
damage to the integrity of the inner and outer mitochondrial membranes and disruption of
apoptotic processes due to BF1-stimulated generation of ROS. It was established that only
BF1 conjugated with PEG-PN were significantly reduced the mitochondrial membrane
potential in murine lymphoma cells. These data are consistent with the hypothesis that the
active generation of ROS under the exposure of the studied compounds causes the inner
mitochondrial membrane damage, causes its depolarization and triggers compensatory
respiratory reactions that manifested in the intensification of cell respiration.

It was first demonstrated that BF1 in a complex with PEG-PN causes significant
ultrastructure changes in lymphoma cells, such as fragmentation, disintegration or/and
disappearance of the cell nucleus, damage and destruction of the plasma membrane, an
increase in the number of mitochondria and lysosomes. Notably, that these changes were
more intensive when BF1 was encapsulated in PEG-PN, while unloaded PEG-PN did not
affect ultrastructural changes in lymphoma cells. Such morphological changes under the
exposure of the thiazole derivative BF1 may indirectly indicate the induction of apoptosis
and necrosis in the tumor cell.

It was reported that neither BF1, PEG-PN nor their complexes changed the content
of lipid peroxidation products, superoxide radicals or the activity of AOS enzymes in
hepatocytes from mice with NK/Ly. This data characterizes BF1 in complex with PEG-PN
as an effective antitumor DDS with minimal side effects on non-tumor cells.

The antitumor effect of the thiazole derivative BF1 and its complex with PEG-PN
Thl was investigated on the experimental model of murine lymphoma NK/Ly in vivo. It
was first established that the Th2 complex prolonged the survival of tumor-bearing mice
compared to mice with NK/Ly lymphoma that did not receive treatment. In addition,
unconjugated BF1 and Th2 complex did not cause significant cytotoxic effects on the
blood cells of tumor-bearing mice compared to Doxorubicin. BF1 at a concentration of 10
mg/kg of weight and PEG-PN+BF1 complex did not change the level of murine
erythrocytes compared to Doxorubicin. Although unconjugated BF1 in both studied
concentrations increased the content of monocytes in the blood of mice with lymphoma,

its encapsulation in a PEG-PN reduced the BFI-induced monocytosis and effectively



normalized monocyte count. The progression of lymphoma in mice led to an increase in
the total number of leukocytes and segmented neutrophils in particular, however BF1 and
its complex with PEG-PN significantly reduced the number of these cells and showed an
immunomodulatory and protective effect on the hematopoietic system of tumor-bearing
animals. The BF1+PEG-PN complex, but not the free thiazole derivative, caused a
decrease in the number of segmented neutrophils almost to the values of healthy animals.

The investigation of the biological properties of the thiazole derivative BFI
conjugated with PEG-PN confirmed that the formed NDDS are able to effectively affect
tumor cells, causing cytotoxicity by generating an excessive amount of ROS. This effect
leads to ROS-triggered cascade of reactions and the death of tumor cells by intensification
of LPO, changes in the activity of AOS enzymes, damage to mitochondria, that leads to
the mitochondrial membrane depolarization and compensatory intensification of cell
respiration, a change in the morphology of tumor cells of apoptotic and necrotic type.
However, neither BF1 nor its complexes with PEG-PN were cytotoxic towards non-tumor
cells and did not trigger free radical reactions in hepatocytes of mice with lymphoma,
indicating their low toxicity to healthy body cells.

Therefore, the study of the effect of the thiazole derivative BF1 in a complex with
PEG-PN on tumor and normal cells show that investigated compounds are promising
chemotherapeutic DDS with effective antitumor effect with an acceptable safety profile

and minimal side effects.

Keywords. antitumor activity, thiazole derivative, polymer nanocarrier, oxidative
stress, reactive species of oxygen, lipid peroxidation, enzymes of the antioxidant defense

system, mitochondria, apoptosis, hepatocytes, liver, lymphoma.
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