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Pedepar:

1. Inceprauiiina po60Ta IPUCBIYEHA JOCiIPKEHHIO IUTOTOKCUYHOTO MEXaHi3My IIPOTUITYXJIMHHOTO [OXiJHOTO
tiazosy N-(5-6eH3us-1,3-Tiazon-2-in1)-3,5-numerusn-1-6ensodypan-2-kapobokcaminy (P1) B kommekci 3
HaHopo3MipHuMU [TET-BMmicHuMU noniMmepHrmMu Hocigmu (TTEI-TTH), siki BAKOpUCTOBYBAIU 47151 TOKPALEeHHS
PO3YMHHOCTI JOCJIIKYBAaHOI PEYOBMHY, MO0 PAaKOBUX KJITHH in vitro Ta in vivo. OHKOJIOTiYHI 3aXBOPIOBAHHY €
OJIHi€I0 3 Hal6iNbLI MOMMPEHUX IPUYNH CMEPTI Y CBiTi Ta XapaKTepU3yIOThCSI HEKOHTPOJIbOBAHOIO KJIITHHHOIO
nposidepariero i BircyTHICTIO 3anrporpaMoBaHoi KIITUHHO]I 3aruberti, sKa, 32 BUHSITKOM reMaToJIOTiYHUX THUIIiB PaKy,
reHepye aHOMaJbHY KIITUHHY Macy abo nyxauHy. HeBu6ipkoBe pylHYyBaHHS HOPMaJIbHUX KJITHUH, BUCOKA
TOKCUYHICTb XiMiOTEpAIIEBTUYHUX CIIOJIYK, iX [TI0raHa PO3YMHHICTD B PiiHax OpraHi3aMmy, HELOCTaTHS CEJIEKTUBHICTD

040 MYXJIMHHUX KJITHH, a TAKOXX PO3BUTOK MHOXXMHHO] JIIKapChKOI PE3MCTEHTHOCTI NiITBEPIKYIOTb HEOOXiIHICTD



[IOIIYKY HOBUX €(eKTUBHUX LiJIbOBUX METOZIB JIIKyBaHHS Ta YJOCKOHAJIEHHS YK€ HAassBHUX T€PaleBTUYHUX JIiKiB,
1110 3aCTOCOBYIOTh Y KJIiHiUHiN pakTuLi. Ha npoTuBary jikapcbkum 3acobam 6e3 HaHOHOCIiB, CUCTEMU JOCTaBKU
Jlikapcbkux 3aco6iB (CJ) 3naTHI [OCTaBIISATY BUIIL 03U XiMiOTepareBTUYHUX 3aC006iB [10 IyXJIMHHUX YTBOPEHB 32
IOTIOMOTOI0 €(PeKTy ITOCUJIEHHS IPOHUKHOCTI Ta yTPUMAaHHS1, 3MEHIIYBaTH N00iYHi e(eKTH JIiKiB, TOKpaIlyBaTH ixX
PO3YMHHICTb Ta 3a0€3Me4yBaTy iX JOBIIY UUPKYJISLi0 B OpraHismi. BcraHoBneHo, mo y kommekci 3 [TET-TTH, B®1
OyJia 6inbIll TUTOTOKCUYHOIO 00 MyXJIMHHUX KJIITUH renatokapuyuHomu Hep2 ta riiomu C6 NOpiBHSHO 3
HEKOH'IOTOBaHOIO PEYOBMHOIO 4u JlokcopybinuHoM. OpHak, HekoH'toroBana b®1, ii kommexcu 3 [IET'-TIH Ta BinbHi
[NET-TIH He nposBisyIi UUTOTOKCUYHOI Jii 00 HEMYXJIMHHUX KJIITUH eMOPioHiB HUPOK JiHii HEK293 ta kiituH
dibpobactis ainii NIH3T3. Briepuie npoeMOHCTPOBAaHO 3HaYHe MifBULIEHHS BMiCTy akTUBHUX GopM OKCUTeHY
(A®O) B kiTuHax niMbomu NK /Ly 3a BrumBy noxigaoro tiazosny B®1 ta iioro kommekcis 3 [TET-ITH. VimosipHo,
HakonuyeHHs: AQO B NyxJIMHHUX KJITUHAX € OCHOBHUM TPUT€POM 3allyCKy MeXaHi3MiB IUTOTOKCUYHOI il
IPOTUIYXJIMHHOTO NOXigHOro Tiazony b1, 1m0 npu3BoAUTS 10 3arubeli NyxJIMHHUX KIITAH. Briepie gocuigxkeHo
BILJIMB TOXifHOro Tiazosy B komiekci 3 [TET-ITH Ha npouecu nepexkucHoro okucHenHs Jinifis ([1OJI) Ta cran
(epMEeHTIB aHTMOKCUAHTHOI cucTeMu 3axucTy (AOC) B KiIiTUHAX JIIM(POMHU, SIK MapKePiB MOIKOIPKEHHS KIIITUH Y
pasi OKCUJATUBHOTO CTPECY, CIpUYrnHeHoro HakonudeHHIM APO. BecraHoBeHO, 10, SIKi i HekoH'toroBana Bd1,
komIuiekcy BOI+TIEI-ITH 36inburyBany BMicT epBUHHUX IponykTiB [TOJI (rinponepokcuis mimifis), mpoTe yuiie
KOMILJIEKCH, ajle He BiJIbHe NOXiJHe Tia30J1y, CIpUYMHSINU 30ibi1eHHs BMicTy TBK-103MTMBHUX POAYKTIB (O4H] 3
BTOpPUHHUX NPoayKTiB [TOJI) B kniTuHax gimpomu. BusisneHo, mo aktuBHicTs COJl JOCTOBIPHO 3pocTana 3a BILJIUBY
BinpHOI B®1 Ta ii Komnekcis 3 [TET-TTH, B Toi yac sk aktuBHicTs KAT Ta I'TIO 3HMmKyBasacs 3a [ii LoCiIKyBaHuX
pevoBuH. lli nani Bka3yoTs Ha HakonuyeHHs H202 y kiniTuHax siM¢pomu. Briepie BCTaHOBJIEHO, 11O X04a XKOJHA 3
IOCJiI)KYBaHUX CIIOJIYK He BIIJIMBaJa Ha WBUAKICTb KJIITMHHOTO AUXaHHS 32 JOAABaHHS TJII0KO3U, [IPOTE KOMIIJIEKCH
Th4 Ta Th6 gocToBipHO 36iblIyBaNN MAKCMMaJbHY MBUIKICTb KJIITUHHOTO NUXaHHS, KOJIU IiCJIs TJII0KO3U B
cepenoBulle KITUH gopasanu npotronodop FCCP. BetaHOBIIEHO, IO yCi LOCTiAKYBaHi pe40BUHU JOCTOBIPHO
3HIKYIOTb [TOTEHIja7l MeEMOpaHy MiTOXOHAPiN. BcranosseHo, mo B@1 B kommninekci 3 [1ET-ITH cnpuynHioe 3Ha4Hi
yJIBTPACTPYKTYPHI 3MiHU KJIITHH J1iMpOMH, a came: pparMeHTallilo, Je3iHTerpauiio Ta 3HUKHEHHS KJIiTUHHOTO s4pa,
NOLIKOJPKEHHSI Ta PyMHYBAaHHS MJIa3MaTU4YHOI MeMOPAHU Ta 361/IbIIE€HHS KiJIbKOCTi MiTOXOHJPIiii Ta JII30COM.
JoBeneHo, 1110 >KOJHA 3 NOCIiIPKyBaHUX CIIOJIYK He CIIpUYMHsia 3MiH B nponecax [10J, pyHKuioHyBaHHI (pepMeHTiB
AOC Ta reHepyBaHHi CyIePOKCUIHOTO pafyKaily B KIiTUHaX NediHku muiei 3 simpomoro NK /Ly, mo
xapakrepusye B®1 ta [NEI'-ITH sk edexTuBHi npotunyxaunsi CIJI 3 MiHiManbHUMU MOGIYHMME e(eKTaMU Ha
HEIyXJIMHHI KIiTHHY. Briepuie IpoTecToBaHO IPOTUIYXJIMHHY Aio noxinHoro Tiazony BO1 ta fioro kommiekcy 3
[TET-TIH Thl na excriepumeHTasnpHil Mogeni mummayvoi simpomu NK /Ly in vivo. BctaHoBieHo, mo komniekc Th2
IIPOJIOHTYBAB >KUTTSI MULIEH-TIyXJIMHOHOCIB B OPiBHSIHHI 3 Mumamu 3 jimpomoro NK /Ly, siki He oTpuMyBau
nikyBaHHs1. OKpiM Toro, HeKoH'1orosana b®1 ta kommiekc Th2 He cipyyYMHSAIM 3HAYHMX HUTOTOKCUYHUX €(EKTIiB Ha
KJIITUHY KPOBi MULIIEN-ITYXJIMHOHOCIIB NOPiBHSHO 3 Jlokcopy6inyHoM. OTKe, LOCiI>KeHHS! BIVIUBY I1OXiTHOTO
tiazony B®1 B komnnekci 3 [IET-TTH Ha nyxyinHHI Ta HOpMaslbHI KIITUHY xapakTepuaye 1o CIJI K nepcreKTUBHUN
xiMioTepaneBTUYHMI 3aCi6, SKUI Mae MPOTUNYXJIMHHUI e(eKT 3 NPUIHITHUM Ipodinem 6e3neKu Ta

MiHiMaJIbHUMU TTOGIYHUMU eDEeKTaMU.

2. 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. 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. The nanocarrier-
based polymeric drug delivery systems (NDDSs) can deliver higher doses of chemotherapeutic agents to tumor due
to enhanced permeability and retention effects, while reducing side effects of drugs, improve their solubility and



ensure longer circulation of drug in the body. It was established that the thiazole derivative 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. 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. 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 BFI+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 activity of superoxide dismutase (SOD), significantly increased
under the influence of unconjugated BF1 and its complexes with PEG-PN, while the activity of catalase (CAT) and
glutathione peroxidase (GPx) was reduced under the action of the studied compounds. This data indicates the
accumulation of H202 in lymphoma cells. It was established that although none of the investigated compounds
affected the rate of the glucose-fuelled basal respiration, Th4 and Th6 complexes significantly increased the
maximum rate of cellular respiration when protonophore FCCP was added after glucose. It was established that
only BF1 conjugated with PEG-PN were significantly reduced the mitochondrial membrane potential in murine
lymphoma cells. It was first demonstrated that BF1in 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. 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
BF1in 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 Th1 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. Therefore, the study of the effect of the thiazole derivative BFlin 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.
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InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETChKUI

VII. BigomocTi npo odinilfiHHX ONOHEHTIB Ta PELeH3€HTiB
Baacue IlpizBuuie Im's I1o-6aThKOBI:

1. Inmbamok Osnbra BosogumupisHa

2. Olha V. Tsymbaliuk

InenTudikarop ORCHID ID: 0000-0002-4524-7627

JoaparkoBa iHdopManist: Scopus Author ID 36915844400; Web of Science Researcher ID L-7166-2018;
https:/ /scholar.google.com.ua/citations?hl=en&user=d7aWIhoAAAAJ



IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0Cc00H: KuiBchkuil HallioHa IbHUI YHiBepcuTeT iMeHi Tapaca

[leByeHka

Kopg 3a €IPIIOY: 02070944

MicueSHaxo,q)KeHHﬂ: ByJI. Bonopumupceka, 6ya. 60, Kuis, 01033, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cracuk Ozner Bosogumuposuy

2. Oleh V. Stasyk

Inentudikarop ORCHID ID: 0000-0001-8135-6102

JoparkoBa iHpopMamisi: Scopus Author ID 6603272093; Web of Science Researcher ID E-9496-2019;
https://scholar.google.com.ua/citations?user=DQ9QcR8AAAAJ&hl=en

IloBHe HaliMEeHYBaHHS IOPHUAMUYHOI 0COOM: [HcTuTyT Giosorii kiiTrHu HanjoHasnbHOI akafeMii HayK
Ykpainu

Kopg 3a €IPIIOY: 25255758

Micue3HaxoaKeHHS: By J[paromaHoBa, 6yi. 14 /16, Jibis, 79005, Vkpaina

dopma By1acHoOCTI:

Cdepa ynpaBiriHHS: HaujoHanbHa akaziemist HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: AkaneMivHuil

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ickpa Pycnana SIpocyiasiBHa

2. Ruslana Y. Iskra

InenTudikarop ORCHID ID: 0000-0001-7248-548X

JoaparkoBa iHpopmamist: Scopus Author ID 7801609469; Web of Science Researcher ID E-9828-2018;
https://scholar.google.com.ua/citations?user=pi4BF7wAAAAJ&hl=uk

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: JIbBiBChKUIl HAL[IOHAbHUI yHiBepcuTeT iMeHi IBana Gpanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHiBEpCUTETCHKA, Oy, 1, JIpBiB, 79000, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKU YKpaiHu

InenTudikarop ROR:



CeKTop HayKH: YHIBEpCUTETCHKUI

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. Bpopsk Ipuna BonogumupisHa

2. Iryna V. Brodyak

InenTudirkarop ORCHID ID: 0000-0003-1157-2349

JoaarkoBa iHdopmanist: Scopus Author ID 36914734300; Web of Science Researcher ID 0-5782-2017,
https:/ /scholar.google.com.ua/citations?user=CwpJKKAAAAAJ&hl=uk

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO00H: JIbBiBCHKMIl HalliOHAMbHMIT yHiBEpCUTET iMeHi IBaHa PpaHka
Kog 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. VHiBepcureTchka, 6ya. 1, JIpBiB, 79000, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3ak1104Hi BiZOMOCTI

BiacHe IlIpizBuie Im's I10-6aThKOBI FOJIOBH pagy: Maubko Bosiogumup Bacuibosuy

BaacHe IlpizBume IM's I10-6aTbKOBi roJI0BYI0OYOT0 Ha 3aCiflaHHi: Manbko Bonogumup Bacunbosud
BignoBizasibHuUI 3a MiArOTOBKY 00JIIKOBHX IOKYMEHTIB: JKak Onbra BosopumupisHa , 380636075982

PeecTpaTtop: YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mo €
BiZIIOBiZaJIbHUM 3a peecTpallilo HayKOBOIi IOpuenko TeTsHa AHarosiiBHa

OisIIBHOCTI




