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Pedepar/anoTamis:

1. Inceprarifina po60Ta IPUCBIYeHA JOCTiIKEHHIO HUTOTOKCUYHOI0 MEXaHi3My IIPOTUITYXJIMHHOTO [OXiZHOTO
tiazony N-(5-6en3ui-1,3-tiazosn-2-in)-3,5-gumeTnn-1-6ensodpypan-2-kapboxkcaminy (bP1) B komnekci 3
HaHopo3MipHuMU [1ET-BMicHnMU noslimepHrmMu Hocissmu (TTET-TTH), gKi BUKOpHUCTOBYBanu 1151 HOKPAleHHS
PO34YMHHOCTI AOCIIIKYBAHOI PEYOBUHY, IIO0 PAKOBUX KJIITHH in vitro Ta in vivo. OHKOJIOTYHI 3aXBOPIOBAHHS €
OJIHi€I0 3 Ha6iNblI MOMMPEHUX IPUYNH CMEPTI Y CBIiTi Ta XapaKTepU3yI0ThCSI HEKOHTPOJIbOBAHOIO KJIITHHHOIO
npoJtipepalii€lo i BiiCyTHICTIO 3alIporpamMoBaHoi KJIITUHHO] 3arubeyli, SKa, 3a BUHSITKOM reMaToJIOTiYHUX TUIIiB PaKy,
reHepye aHOMaJIbHY KJIIITMHHY Macy abo NMyxjauHy. HeBnbipkoBe pyiiHyBaHHSI HOPMaJIbHUX KJIiTHH, BUCOKA
TOKCUYHICTb XiMiOTEPAINIEBTUYHUX CIIOJIYK, iX [TOraHa PO3YMHHICTb B PiiHaxX OpPraHi3My, HELOCTATHS CEJIEKTUBHICTD
OO0 NMYXJIMHHUX KJIITHH, a TAKOXX PO3BUTOK MHOXXUHHO] JIikKapChKOI pe3MCTEHTHOCTI NiITBEPIKYIOTh HEOOXiAHICTD
IIOIIYKY HOBUX €(EKTUBHUX LiJIbOBUX METOZB JIIKyBaHHS Ta Y OCKOHAJIEHHS YK€ HAassBHUX T€PaleBTUYHUX JIiKiB,
110 3aCTOCOBYIOTb Y KJIiHiuHil npakTui. Ha npoTtusary yikapcbkum 3aco6am 6€3 HAaHOHOCIIB, CUCTeMU JOCTaBKU

Jlikapcbkux 3aco6iB (CJ) 3maTHI [OCTaBATY BUIL 03U XiMiOTepareBTUYHUX 3aC00iB 10 IyXJIMHHUX YTBOPEHB 32



IOTIOMOTOI0 €(PeKTy ITOCUJIEHHS IPOHUKHOCTI Ta YTPUMaHHSI, 3SMEHIIYBaTH N00i4Hi e(EKTH JIiKiB, TOKpaIlyBaTH ixX
PO3YMHHICTD Ta 3a6e31e4yBaTH iX JOBLIY UMPKYJIILi0 B OpraHiami. BctanoBsieHo, o y kommekci 3 [TET-TTH, Bd1
OyJia 6inbIll TUTOTOKCUYHOIO 00 NMyXJIMHHUX KJITUH renatokapuyuHomu Hep2 ta riiomu C6 NOpPIiBHSHO 3
HEKOH'I0OTOBAHOIO PEYOBUHOIO UM JIokcopybinmHoM. OfHak, HekoH'toroBaHa b®1, ii kommnexcu 3 ITET-TTH Ta BinbHi
[NIEr'-ITH He nposiBIslIM UUTOTOKCUYHOI i 1[0[10 HeNyXJIMHHUX KJITUH eMOpioHiB HUPOK JiHii HEK293 Ta knitux
di6pobactis ninii NIH3T3. Briepiie npoieMOHCTPOBAaHO 3HaYHe MiBULIIEHHS BMiCTy akTUBHUX GopM OKCUTEeHY
(ADO) B knitunax simdpomu NK /Ly 3a BrmBy noxigHoro Tiazosny Bd1 ta iioro komruiekcis 3 TIET-TTH. VimogipHo,
HakonuyeHHs1 AQO B yxJIMHHUX KJITUHAX € OCHOBHUM TPUT€POM 3allyCKy MeXaHi3MiB IUTOTOKCUYHOI il
IIPOTUIIYXJIMHHOTO MOXigHOTO Tiazony B®1, o npusBonuTs A0 3arubesti NyXJIMHHUX KIIIiTHH. Briepiie nociifgkeHo
BILJIMB NOXifHOrO TiazoJy B komekci 3 [TET-ITH na npouecu nepexucHoro okucHenHs Jjinifis (ITOJI) Ta cran
(PepMEHTIB aHTMOKCUJAHTHOI cucTeMu 3axUCTy (AOC) B KIiTUHAX J1iMPOMH, IK MAPKEPIB [OMKOIPKEHHS KIIITUH Y
pasi OKCHUJATUBHOIO CTPECy, CIpuirnHeHoro HakonudeHHIM APO. BeraHoBieHo, 1o, 5IKi i HekoH'toroBana b®1,
komIuiekcy BOI+TIEI-ITH 36inbuyBany BMicT nepBUHHUX IponyKris [TOJI (rinponepokcuis Jinifis), mpoTte nuiie
KOMIJIEKCH, ajle He BiJIbHE NOXiJlHe Tia30J1y, CIIPUYMHSIN 30i1beHHs BMicTy TBK-I03MTMBHUX IPOAYKTIB (O4H] 3
BTOpUHHUX NPoAyKTiB [10JI) B kiniTnHax jgimpomu. Busisineno, mo aktuBHicTs COJl JOCTOBIPHO 3pOCTana 3a BILJIUBY
BinbHOI B®1 Ta ii Komnnekcis 3 [TET-ITH, B Toi yac sk aktuBHicTs KAT Ta I'TIO 3HMKyBasacs 3a Hii LOoCiIKyBaHUX
pevoBuH. lli nani Bka3yoTh Ha HakonuyeHHss H202 y kiniTuHax siM@omu. Briepie BCTaHOBJIEHO, 110 X04a XKOJIHA 3
IOCJIiIKYBaHUX CIIOJIYK He BIIJIMBAaJa Ha WBUAKICTb KJIITMHHOTO AUXAHHS 32 JOAABaHHS TJII0KO3U, IPOTE KOMIIJIEKCH
Th4 ta Th6 ocTOBiIpHO 36ibIIyBaI MAKCUMAJIbHY IIBUIKICTh KIITUHHOTO AMUXaHHS, KOJIU ITiCJIs [JIIOKO3U B
cepeposulle KIiTUH gopasanu npotroHodop FCCP. BetaHOBIEHO, 1110 yCi LOCTiAKyBaHi pe40BUHU JOCTOBIPHO
3HIDKYIOTb [TOTEHIja71 MEMOpPaHU MiTOXOHAPIN. Bcranosseno, mo B@1 B kommniekci 3 [TET-ITH cnpuynHIoe 3Ha4Hi
yJIBTPACTPYKTYPHI 3MiHU KJIITHH J1iM¢pOMH, a came: PparMeHTallilo, Je3iHTerpauilo Ta 3HUKHEHHS KJIITUHHOTO S4pa,
[IOIIKOKEHHS Ta PYMHYBaHHS IIJ1a3MaTUYHOI MeMOpaHu Ta 36iJIbIIE€HHS KiJIbKOCTI MITOXOHTPil Ta J1i30COM.
JloBeneHo, 10 >)KOAHa 3 NOCiIPKyBaHUX CIIOJIYK He CIIpUYMHsiIa 3MiH B nponecax [10J1, pyHKuioHyBaHHI (pepMEHTIB
AOC Ta reHepyBaHHi CyIePOKCUIHOTO PafyKaJly B KIiTUHAX Ne4iHKY Muien 3 gsimpomoro NK /Ly, mo
xapakrepusye b®1 ta [1EI'-ITH sk edextuBHi npotunyxauasi CIJI 3 miHiManbHUMU MO6GIYHMME e(eKTaMU Ha
HEIyXJIMHHI KJIiTHHYU. Briepiie IpoTecTOBaHO IPOTUIIYXJIMHHY Aio noxinHoro Tiazosny B®1 Ta ftoro kommmiekcy 3
[ET-TIH Thl Ha excriepumeHTasnbpHil Mogei mumayvoi simpomu NK /Ly in vivo. BctaHoBineHo, mo komniekc Th2
IIPOJIOHTYBAB >KUTTSI MULIEH-TIyXJIMHOHOCIB B TOPiBHSIHHI 3 Mumamu 3 jimpomoro NK /Ly, siKi He oTpumMyBau
nikyBaHHs1. OKpiM TOro, HeKoH't1oroBana b®1 ta kommiexkc Th2 He cipUyYMHSAIM 3HAYHMX HUTOTOKCUYHUX €(PEKTIiB Ha
KJIITUHU KPOBi MULIEN-ITYXJIMHOHOCIIB NTOPiBHSHO 3 Jlokcopy6inuHoM. OTKe, LOCiI>KeHHS BIVIUBY I10XiJHOTO
tiazony B®1 B kommnekci 3 [IET-TTH Ha nyxJyInHHI Ta HOpMasbHI KIITUHY xapakTepuaye 1o CIJI K nepCcreKTUBHUN
xiMioTepaneBTUYHNMI 3aCi0, IKUI Mae MPOTUNYXJIMHHUI e(eKT 3 NPUIHIATHUM podinem 6e3neKu Ta

MiHiMaZTbHUMM NOGIYHUMU edeKTaMMU.

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 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 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 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. 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 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. 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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MicneSHaxo,IpKeHHﬂ: ByJI. YHiBepcUTeTChbKa, Oya. 1, JIpBiB, 79000, Ykpaina

dopma B1acHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odinifiHuX ONOHEHTIB Ta PELeH3€HTIiB
OdiuiiiHi OIOHEHTH

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Inmbamoxk Osnbra BosogumupisHa

2. Olha V. Tsymbaliuk

KBasigikamis: 1. 6. 1., gow., 03.00.02

InenTudikarop ORCID 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 IOPUIUYHOL 0Cc00H: KuiBchkuil HallioHasIbHUI YHiBepcuTeT iMeHi Tapaca

[IleByenka



Kog 3a €IPIIOY: 02070944

Micue3HaxoaKeHH: ByJI. Bosmogumupceska, 6yz. 60, Kuis, 01033, YkpaiHa
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cracuk Oner Bonogyumuposuy

2. Oleh V. Stasyk
KBasigikanis: 1. 6. ., c.z1., 03.00.11
InenTudikarop ORCID ID: 0000-0001-8135-6102

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

IloBHe HaiMeHYBaHHSI IOPHUAUYHOI 0COOH: IHCTUTYT Giosorii kKiiTHN HanjionasnbHoi akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 25255758

Micue3HaxoaKeHHS: ByJI. [IparomaHoBa, 6yx. 14 /16, JIbsiB, 79005, Vkpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: HaujonanbHa akaziemis HayK Ykpainu

InenTudikarop ROR: He zacrocosyerscs

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Ickpa Pycnana fIpociasiBHa

2. Ruslana Y. Iskra

KBasigikamis: 1. 6. 1., npodecop, 03.00.04
InenTudikarop ORCID ID: 0000-0001-7248-548X

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

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: JIbBiBCHKUI1 HAL[OHAIBHUI YHIBEpCUTET iMeHi IBana Ppanka
Kopg 3a €IPIIOY: 02070987

Micuesﬂaxo,q)l(eHHﬂ: ByJI. VHiBepcurteTcoka, 6ya. 1, JIpBiB, 79000, Ykpaina

dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aThKOBI:



1. Bpopsk Ipuna BonogumupisHa

2. Iryna V. Brodyak

KBasigikamnis: . 6. 1., gou,, 03.00.11
Imentudikarop ORCID ID: 0000-0003-1157-2349

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

IloBHE HalIMEHYBaHHS IOPUAHYHOL 0COOM: JILBiBCLKMII HALliOHAILHYI YHiIBEpCUTET iMeHi IBana Ppanka
Kopg 3a €IPIIOY: 02070987

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

dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Manbko Bonosumup BacunboBuy
rOJIOBH paau

BaacHe IlpizBume Im's I10-6aTbKOBI Manbko Bononumup Bacuibosud
TOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBigabHUH 32 MiZITOTOBKY ’Kax Osbra Bonopumupisza

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peeCTpallilo HAayKOBOi IOpuenko TeTsna AHatosiiBHA

OisSIIBHOCTI




