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PE®EPAT

JunomMHas padorta 37 ctpanul, 22 pucyHka, S0 HCTOYHHUKOB.

KuroueBbie ciaoBa: CHHITIETHBIA KHCIOPOZ, (OTOAMHAMHUYECKAs Tepamnus,
JI0CTaBKa JIEKapCTB, MOPPUPUHBI

Heap paldoTbl: >KCIEPUMEHTAIBHO HCCIENOBaTh (POTOCTAOMIBHOCTh Zn-
3aMEIIEHHOI0 FeMOIVIOOMHA MIPU JIa3€PHOM OOJIYyUEHHH.

Mertoabl  umcciaeaoBaHMsA:  renab-QuibTpauus, — (QUyopecUeHTHas U
a0CopOIMOHHAS CIIEKTPOCKOTIIHS.

O0bekT mMccaenoBaHusi: Zn-3aMeméHHBIE — remoriioonH  (ZnPP-Hb),
MOJyYeHHBIM MyTEM BHeIpeHus IuHK-poTonopdupuna [X (ZnPP) B Genkoyro
MaTpHIy FeMOrjao0rHa.

Pa3paboTka cucTeM JOCTaBKHM JIEKAPCTB B OITYXOJIEBbIE KIIETKH SIBIISICTCS
BOXHOM 3ajayeil, CHOCOOCTBYIOIIEH Tmporpeccy B JICYEHHUH OHKOJOTMYECKHX
3a0oseBaHuil. B kaduecTBe cUCTEM JOCTABKH pPacCMAaTPUBAIOTCSI OEITKOBBIE HOCUTEIH,
TaKue KakK TeMOTJIOOMH U MHUOTJIOOMH, KOTOpPhIE MOTYT HE TOJIbKO JIOCTaBIIAThH
JIEKapCTBa, HO U YBEJIUYUBATH KOHIIEHTPAIMIO KUCIOPO/ia B TUIIOKCUYECKUX 00IacTIX
OMyXOJH. OTO OCOOCHHO BaXHO Il (OTOAMHAMUYECKOM Tepanuu, TJIe
($hoTOCEeHCUOMTN3ATOPHI MO BO3/ICHCTBUEM CBETA BBI3BIBAIOT 00OPa30BaHUE AKTUBHBIX
dbopM KUCIOPO/Ia, YHUUTOXKAIOUTUX OMYyXOJIEBBIE KIETKH.

B nmanHO¥ pabore mokazano, uro ZnPP B cocraBe Zn-3aMernieHHOTO
reMOTJIOOMHA COXPaHSAET CIIOCOOHOCTh T€HEPUPOBATH CUHIJIETHBIM KUCIOPOJ, HO €ro
KMHETUKA JIIOMUHECLICHIIMM CTaHOBUTCS 0oJjiee CIOXHOM, 4YTO yKa3blBaeT Ha
HEOTHOPOIHOCTh cpeanl. I[lpu BcTpamBanuu ZnPP B reMoryioOMH KUHETHKA
dbocdopeciieHIINY TPUHUMAET JIBYXIKCIIOHEHITUATIBHBIN XapaKTep C BpeMeHamu 2.2
MKC U 23.5 MKC, YTO CBHJIETEILCTBYET O HEOJHOPOJTHOM CBSI3BIBAHUM MOPQPUPHUHA.
®oronectpykuuss ZnPP He mnpuBOoauMT K €ro BbIXOAY M3 TIE€MOBOIO KapMaHa
remorioouHa. Beixox ZnPP u3 GenkoBoit matpuiibl Habmogaetcs npu pH vuxe 2.0,
YTO BBI3BIBAET 3HAYUTEIBLHOE CHWIKEHUE HWHTEHCUBHOCTH JIFOMUHECUECHIUU
CUHIJIETHOTO KHCJIOPOJIa U3-3a arperanuu nophuprHa B BOJE.



PO®EPAT

JpimioMHas padota 37 crapoHak, 22 mantonka, SO KpbIHiIlL.

Kurouasbis ci1oBbl: CIHTIIETHBI KicIapo/, (poTaabIHaMIYHAas TApatis, JacTayka
Jexay, napQipbia

Mbsta paboThl: >KCHEpbIMEHTalbHA JacienaBaib QoractabiipHacs Zn-
3aMelIyaHara remMarjia0iHy Ipbl JIa3epHbIM alpaMsHEHH.

MeTtaabl AaciaegaBaHHs: reib-PiabTparibist, GpyapIciudHTHAS 1 abcapOIbIiiHas
CIIeKTpacKaIis

AO'eKkT nacjenaBaHHsi: Zn-3amenrdanbl remaria0in (ZnPP-Hb), arpeimanb
nusiXaM yKapaHeHHs IbIHK-TIpoTanapgipbin IX (ZnPP) y OsuikoByr0 Matphlily
remMariabiny.

Pacmparioyka cictom gacTayki Jekay y omyXoJeBble KIETKI 3'syIsenia BaxxHai
3a/layai, siKas CIpbIsge Nparpacy y JSYIHHI aHKAJIAridyHbIX 3aXBOPBAHHAY. Y sIKacll
CICTAM JacTayki pa3misigaroiia OsUIKOBbII HOCBOITHI, Takis SK remaryiabiH 1
MIAriaadiHy, gKis MOTyIlb HE TOJbKI JacTayislb Jie-KapcTBa, ajieé 1 MaBsUIYBallb
KAHIPHTPALBIIO KICIapoAy y TiMakciuHas admacisx myxiiHbl. ['3Ta acabmiBa BakHa
s poTaabliHaMIYHAK Taparii, A3¢ (oTa-coHCIOUTI3aTaphl Maj Y3/A3€IHHEM CBATIIA
BBIKJIIKAIOLb ayKalbII0 aKThIYHBIX (popMay KiCIapoy, SKisl 3HIIIYAIOLb OITyXOJIEBbIC
KJIETKI.

VY nmanzeHait mpausl nmakasana, mro ZnPP y cknamze Zn-3amemyanara rema-
riabiHy 3axoyBae 3/10JIbHACI[b T€HEepaBallb CIHIJICTHBI KICJIApOJ, aje Sro KiHEThIKAa
JIIOMIHECIIPHIIbII CTAHOBIIIIAa OOJIBII CKJIaJaHai, MTo MaKa3Bac Ha HeaJHaCTalHACIIb
acsipon3a. [Iper YoynaBanni ZnPP y remarna6in kineTsika Gpocdapac-1pHIbI TpbIMae
JIBYXOKCIIAHEHTHBI XapakTtap 3 yacam 2.2 MKc 1 23.5 MKc, IITO CBeAYbIb abd
HeaJHapOIHBIM 3Bsi3BaHHI NapPipbiHy. PoTtamdcTpykipist ZnPP He npeIBoA3ILb A2 ST0
BBIXaJy 3 IeMaBoil KimdHI remarnabina. BeiHaxag ZnPP 3 OsuikoBaii MaTphIIbl
Hazipaemua npbl pH HUOKAM 2.0, MITO BHIKIIKAE 3HAYHAE 3HIDKIHHE IHTIHCIVHACII
JIIOMIHECIIPHIIBII CIHTJIETHAra Kicjaapoy 3-3a arparaiibli napQgipbiny ¥ Bajase.



ABSTRACT

Thesis 37 pages, 22 figures, 50 sources.

Keywords: Singlet oxygen, photodynamic therapy, drug delivery, porphyrins

Objective: to experimentally study the photostability of Zn-substituted
hemoglobin under laser irradiation.

Research methods: gel-filtration, fluorescence and absorption spectroscopy

Object of research: Zn-substituted hemoglobin (ZnPP-Hb) obtained by
introducing zinc protoporphyrin 1X (ZnPP) into the hemoglobin protein matrix.

Development of drug delivery systems to tumor cells is an important task that
contributes to progress in the treatment of cancer. Protein carriers such as hemoglobin
and myoglobin are considered as delivery systems, which can not only deliver drugs,
but also increase the concentration of oxygen in hypoxic areas of the tumor. This is
especially important for photodynamic therapy, where photosensitizers, when exposed
to light, cause the formation of active oxygen species that destroy tumor cells.

In this work, it is shown that ZnPP in the composition of Zn-substituted
hemoglobin retains the ability to generate singlet oxygen, but its luminescence kinetics
becomes more complex, which indicates the heterogeneity of the medium. When ZnPP
iIs embedded in hemoglobin, the phosphorescence kinetics takes a biexponential
character with times of 2.2 us and 23.5 pus, which indicates heterogeneous binding of
porphyrin. Photodestruction of ZnPP does not lead to its release from the heme pocket
of hemoglobin. The release of ZnPP from the protein matrix is observed at pH below
2.0, which causes a significant decrease in the intensity of singlet oxygen luminescence
due to the aggregation of porphyrin in water.



