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Pedepar:

1. Incepraliiio pUCBSIYEHO PO3POOLi TEXHOIIOTi 3acTocyBaHH C60 (ysepeHy 171 nifBULeHHS e(eKTUBHOCTI
IIPOTUIYXJIMHHOI [1ii HMCIIJIaTUHY in vitro Ta in vivo i 3'1CyBaHHIO MeXaHi3MiB IUTOTOKCUYHOI Aii HACIIIaTUHY Y
KoMbiHalii i3 poTo36ymKeHum C60 dyrepeHoM Ta y CKIaZli HEKOBaJIEHTHOrO HaHOKOMILIEeKCY i3 C60 ¢pynepeHom. ¥
pOOOTi BUKOPUCTAHO CTabiIbHUI BOAHUI KoJl0igHUI po3urH C60 ¢pynepeny (0,15 mr/mi, 2x10-4 M), HopMasIbHi
KJIITUHU (TUMOLMTH T2 €PUTPOLMTH 1ypa), KIiTUHM jerikeMii iHiN L1210 i CCRF-CEM, KJIiTMHM KapLMHOMMU JIETEHi
LLC, mozesnp TpaHCIUIAaHTOBaHOI KapuHOMU JjiereHi JIptoic. Bctanosneno, mo 10 MkM C60 ¢dynepen 3anobiras
npoaykyBaHHIO AQK TuMmouuTamu, cippdnHeHoMy sIK 100 MKM nepokcuiom BOJHIO, TaK i 3,3 MKM LUCIIIaTUHOM, a
TakoX H202-iHIyKOBaHOMY 3HIKEHHIO JKUTTE3AATHOCTI TUMOLUTIB Ta Cis-Pt -iHIyKOBaHOMY IeMOJIi3y
€PUTPOLUTIB. 3 BUKOPUCTAHHAM (iryopecleHTHO-MideHoro C60 ¢ynepeny (C60-RITC) noBeneHo itoro

IIOTJIMHAHHS Ta JOBrOTpYBajle yTPUMaHHs KiliTuHamu serikemii L1210. ImyHouuToxiMiuHe ¢papOyBaHHS 3



BuKopucTaHHsaM FITC-miveHux antutin 1o C60 ¢ynepeHy npogeMOHCTpyBaio HakonudeHHs1 C60 ¢ynepeHiB y
MiTOXOHAPIsX KIiTUH Jelikemii CCRF-CEM. I[TokaszaHo, 1m0 3a yMOBHU GOTO30yIKeHHS (OIIPOMIHEHHS CBIiTJIONi0LHOIO
samnoto inTeHcusHicTio 100 MBT/cM2, 410-700 HM) C60 PynepeHy, NIOIIUHYTOrO YyTJINBUMU Ta PE3UCTEHTHUMU
10 UUCIJIATAHY KliTuHaMu Jeiikemii L1210, cnocrepiraetscst 3Ha4Ha inTeHcudikanis npoaykyBaHHs AOK,
MiJBUILIEHHS KOHLEHTpaLii 1uTo3051bHOro CaZ+, nafiHHsa MiTOXOHIPIMHOrO MOTEHIiaNly Ta HAKOIIMYEHHS KIITUH Y
npoanontuyHiit SubGl ¢aszi. BctaHoBIE€HO, 1110 32 KOMOiIHOBaHOI [1iii poTo30ymKeHoro C60 ¢pynepeny ta Cis-Pty
HU3bKiN 3,3 MKM KOHIIEHTpallii TOKCMYHUI €(DEKT IPOTUITYXJIMHHOTO TPEnapary y 4yTJIMBUX KIiTHH jerikemii L1210
MIOCUJIIOBABCS, @ Y PE3UCTEHTHUX JI0 UCIJIATUHY KiiThHax 11210 /Cis-Pt - BinHOBIOBABCH, PO 110 CBITYUIIO
3HVKEHHS )KUTTE3ATHOCTI KJIITMH BHACJIIOK iHOYKIii aronrosy. Bnepiie CTBOPEHO Ta 0XapaKTepU30BaHO
HEKOBAJIEHTHUI, CTabiIbHUI Y BOOHOMY cepefoBUllj (n3eTa-noteHuian -21,2 mB) Hanokomnneke C60 ¢ynepeny 3
Cis-Pt (C60-Cis-Pt). KomnekcoyrBopeHHs Mix mosiekysamu C60 ta Cis-Pt minTeepikeHo MeTogamu
KOMITIOTEDHOTO MOJIEJIIOBAaHHS, CKaHyBaJIbHOI TYHEJIbHOI MiKpOCKOTIii Ta AMHAMIYHOTO PO3CilOBaHHS CBITJIa.
BcraHoBseHo, mo TokcuyHa gist C60-Cis-Pt HaHokoMIiekcy Ha kaiTrnHu LLC kapunHomu JiereHi Jlptoic 6yia

e eKTUBHILIO0 IIOPiBHSIHO 3 OKPEMOIO Ji€10 IMCIVIATUHY 32 €KBiBaJIEHTHOI KOHLIEHTPAllii Ta IpU3BOAMIIA [0
IIPUTHIYEHHS MirpalifiHOi aKTUBHOCTI KJIITUH, iX HAKOIIMYEHHS y IpoanonTuydHii SubGl ¢asi KIiTHHHOrO LUKy,
aKkTuBalii Kacnasu 3 /7 Ta 36i7bIeHHs KiJIbKOCTI KIIITUH 3 03HaKaMU PaHHbBOTO Ta Ii3HBOTO aroITo3y. Bnepie
IOCTiI)KeHO rOCTPY TOKCUYHicTh HeMoaudikoaHoro C60 Ppynepeny ta C60-Cis-Pt HAaHOKOMILIEKCY 32 YMOBU
BHYTPIIIHbOUYEPEBHOTO BBEJIEHHS MUIIaM. Bucoke 3HaueHHst LD50 ayig C60 ¢ynepeny (721 Mr/Kr) niaTBepaKye
Bi/ICyTHICTb B OpraHi3mi TBApUH TOKCUYHUX €(EKTiB 32 BUKOPUCTAHHSI HAHOCTPYKTYPU Yy HU3bKUX J03ax. [Ioka3aHo,
o TokcuyHicTh Cis-Pt (LD50=15,6 Mr/Kr) 3a KoMmIIeKcOyTBOpeHHs i3 C60 dynepeHoM 3HMKyBasiacs BABivi
(LD50=36,1 mr/kr). C60-Cis-Pt HaHOKOMILTIEKC 32 103U 7,5 MT' /KT (3,75 mMr/kr C60 ¢dynepeny Ta 3,75 mr/kr Cis-Pt)
edeKTHBHillle TPUTHIYyBaB PiCT NEpellenueHoi KapIMHOMU JieTeHi JIbIoiC Ta yTBOPEHHS METACTa3iB y JIET€HIX MU
nopiBHsHO 3 fieto Cis-Pt 3a ekBiBasieHTHOI 1,03u. BusiBIeH IPOTUNIYXJIMHHUY Ta aHTUMeTacTaTuyHuil epexru C60-
Cis-Pt HAaHOKOMIIJIEKCY CYIIPOBOJIKYBAJIMCS IOIOBKEHHSM TPUBAJIOCTI )KATTS MULIEH -ITyXJIMHOHOCIIB,
HOpMaJi3aljielo ix Macu Tizia Ta OKa3HMKIB KPOBi. 3allpONIOHOBaHI TeXHOJIOTII 3acTocyBaHHS C60 ¢ynepeny sK 3a
KOMOIHOBAHOI [Iii 3 HUCIIATUHOM Miciist POTOAKTUBAL HAHOCTPYKTYPH, TaK i 32 KOMILJIEKCOYTBOPEHHSI 3
LIMCIJIATUHOM J03BOJIWJIM 3HUBUTHU JilI04y 403y HUTOCTATUKA Ta TOCUJIUTHU HOro MPOTUNYXJIMHHI edekTu. OTpuMaHi
Pe3yJbTaTU CBiYaTh PO NEPCIEKTUBHICTb BUKOpucTaHH C60 ¢ynepeny sk poToceHcubinizaTopa y

(doToauHaMIYHI} MPOTUNYXJIMHHIN Teparlii, a TAKOX K TApreéTHOr0 HAHOHOCISI IPOTUIYXJIMHHUX IIPENaparTiB.

2. The dissertation is devoted to elaboration of the new biotechnological approaches to traditional antitumor drugs
application in combination with C60 fullerene. Stable aqueous colloidal solution of C60 fullerene (0,15 mg/ml,
2x10-4 M), normal cells (Wistar rat thymocytes and erythrocytes), leukemia L1210 and CCRF-CEM cells, lung
carcinoma LLC cells and transplanted model of Lewis lung carcinoma were used in the work. It was found that 10
UM C60 fullerene prevented both ROS production in thymocytes caused by 100 uM H202 or 3,3 pM Cis-Pt, H202-
induced decrease of thymocytes viability and Cis-Pt-induced erythrocytes hemolysis. With the use of fluorescent-
labeled C60 fullerene (C60-RITC) the accumulation of nanostructure in leukemic L1210 cells was shown.
Immunocytochemical staining with the use of FITC-labeled antibodies to C60 fullerene demonstrated
accumulation of C60 fullerenes in the mitochondria of CCRF-CEM leukemic cells. Photoexcitation (irradiation with
light-emitting diode lamp, 410-700 nm) of C60 fullerene accumulated by sensitive and resistant to cisplatin
leukemic L1210 cells was accompanied by significant increase of ROS production, [Ca2+]i increase, dissipation of
mitochondrial membrane potential and cell accumulation in proapoptotic SubGl phase. Combined action of
photoexcited C60 fullerene and Cis-Pt in a low 3,3 uM concentration was followed by cisplatin toxic effect
intensification in sensitive leukemic L1210 cells and by its restoration in cisplatin-resistant L1210 /Cis-Pt cells. The
observed effect was followed by the decrease of both sensitive and resistant leukemic cells viability due to the
induction of apoptosis. The noncovalent and stable in aqueous medium nanocomplex of C60 fullerene with Cis-Pt
(C60-Cis-Pt) was created and characterized for the first time. Complexation between the C60 and Cis-Pt
molecules was confirmed by computer simulation, scanning tunneling microscopy and dynamic light scattering.
The toxic effect of C60-Cis-Pt nanocomplex against Lewis lung carcinoma LLC cells was shown to be more



effective compared to the effect of free cisplatin at equivalent concentration and was confirmed by cells
accumulation in proapoptotic SubGl1 phase, caspase 3 /7 activation, increased content of cells at early and late
stages of apoptosis, inhibition of cells migration activity. The acute toxicity of pristine C60 fullerene and C60-Cis-
Pt nanocomplex was studied after intraperitoneal (i.p.) administration to mice. The high LD50 value for C60
fullerene (721 mg/kg) confirmed the absence of toxic effects at low dose of carbon nanostructure in the body of
animals. The reduced toxicity of Cis-Pt (LD50=15,6 mg/kg) at complexation with C60 fullerene (LD50=36,1 mg /kg)
at i.p. administration to mice was shown. C60-Cis-Pt nanocomplex at doses of 7,5 mg/kg (3,75 mg/kg of C60 and
3,75 mg/kg of Cis-Pt) more effectively inhibited the growth of transplanted Lewis lung carcinoma and metastases
formation in mice lung tissue compared to free Cis-Pt in equivalent dose. The observed antitumor and
antimetastatic effects of the C60-Cis-Pt nanocomplex were accompanied by prolongation of tumor-bearing mice’s
life, normalization of body weight and blood parameters. The proposed technologies of C60 fullerene application
both in combination with cisplatin after nanostructure’s photoexcitation and as a component of nanocomplex with
cisplatin allowed to decrease the effective dose of cytostatic and to enhance its antitumor effect. The data
obtained confirm the prospects of C60 fullerene as a photosencitizer in photodynamic therapy and as a targeted

nanocarrier of antitumor drugs.
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