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2. Long-wavelength halogenated fluorescent polymethine dyes for biomedical applications

Pedepar:

1. Ha cborogHilHil 1eHb MUPOKOTrO PO3NOBCIOAKEHHS HabyIn (J1yopeCLieHTHI METOU OOCIiIKEHHS B 6i0JIOTiYHIN
i MeIM4Hiil 0671aCTSIX, a TAKOX B KJIiHIYHIN AiarHocTuLi. yopeceHTHi CloIyKY BUKOPUCTOBYIOTHCS SIK
IiarHOCTUYHI 3aC00M, OCKiNIbKM BOHU € OCHOBHMMHU KOMIIOHEHTAMU J1JIs1 BIPOBAPKEHHS Oy1b-5IKOTO METOMY
(JIyopecLeHTHUX JOoCigXKeHs. [1poTe, i3 pO3BUTKOM M€PCOHaI30BaHOI MEJUIMHY, 110 BUMAarae 3HaYHUX
IOCJiIKEHb Ha )KUBUX KJIITMHAX Ta OPraHi3aMax in vivo, BUHMKJIA iles1 BAKOPUCTAHHS (PJIyOPECLEeHTHUX OApPBHUKIB
17151 OTPUMAaHHS TePANleBTUYHOTO €(EKTY, IO BiIKPUIJIO HOBUH MifXi/l y MEIULIMHI — TEPAHOCTUKY (OJJHOYaCHA
IiarHOCTHMKA Ta JIIKyBaHHSI OKpeMUX MNallieHTiB). [[Jo6 oTrpumMarty (yyopeclieHTHUI cUrHasl abo TepaneBTUYHUN
eeKT Bifl TaKUX MOJIEKYJI, BOHU [IOBUHHI IIOTJIMHATH CBiTs10. CJIifl 3ayBaXXUTY, 1O JIMIIE JOBITOXBUJIbOBE CBITJIO
(600-900 HM) B TaKk 3BaHOMY «OIITUYHOMY BiKHi» CJ1a6KO MOTJIMHAETHCS 6i0NOrYHUMU MAaKPOMOJIEKYJIAMHU, BOOI0

Ta IHIIMMU KOMIIOHEHTaMU 6i000’'€KTIiB i Mae HE3HAYHUI BIVIUB Ha IIPOLIECH, 1110 BiiOYBalOTHCS B OpraHi3mi.



3po3ymiso, 10 HaKIaieHHs TAKUX OOMEXXEHb Ha CIIEKTPaJIbHY 00J1aCTh (PJIyOpeCLeHTHUX 6aPBHUKIB iCTOTHO
3MeHIIye iX pi3HOMaHiTHicTb. KpiM TOro, 6ynp skuii pyiyopeclieHTHU 6apBHUK ITIOBUHEH MaTH TaKi BJIACTUBOCTI:
BHCOKUM KoedillieHT eKCTUHKIIii Ta KBAaHTOBUM BUXiZ (JlyopecleHIlii; JOCTaTHS PO3YMHHICTD y BOJi Ta
(isiosIorivHUX cepenoBUILAX; IPUMHSATHA (POTO- i XxiMiyHa CTabiNbHICTb. TaKUM YMHOM, OJl€p>KaHHS HOBUX SICKPaBUX
IIOBrOXBUJIbOBUX OAPBHUKIB, [0 MOKHA BUKOPUCTOBYBATH SIK 4JIs1 IIarHOCTHKM, TaK i AJ1s1 JIIKyBaHHS, € aKTyaJIbHUM
3aBaHHSM cborofieHHs. lliaHinu € Hail6inbLI IepCcrleKTHBHUM KJ1acOM OApBHUKIB 3aBIsIKU 3HAUHIM IHYYKOCT] iX
CIIEKTPaIbHUX, POTOPi3NYHUX i POTOXIMIUHUX BlaCTUBOCTEN. ['enTaMeTHHIiaHiHOBI 6apBHUKYU MAIOTh Ny)K€ HU3bKY
(POTOTOKCHYHICTB i 1O0Ope MiIXOASTh 10 «ONTUYHOrO BiKHA» Y 6y1KHbOMY iHppadepBoHOMY (BIY) mianasoHi, Tomy
BOHU IIMPOKO BUKOPUCTOBYIOTHCS SIK JiarHOCTUYHI iHCTpyMeHTH. OKpiM BUKOPUCTAHHS SIK (PIIyOpeCLeHTHUX
MapKepiB, refTaMeTUHIiaHiHOBI 6apBHUKM MOKHA BUKOPUCTOBYBATH SIK CEHCUOIi3aTopu 111 POTOAMHAMIYHO]
tepanii (OIT). Bimomuit crioci6 niapuineHHs: POTOTOKCUYHOCTI 6apBHUKA I10JISITA€ Y BBEJIEHHI BaKKMX aTOMIB y 1OTO
CTPYKTYpy. OCHOBHOIO METOIO 1IbOTO JOCJIPKEHHS € PO3POOKA HOBUX raJIOT€HOBAHUX (PIIyOPECLIEHTHUX
refiTaMeTUHIiaHIHOBUX OAPBHUKIB JJ1s1 BUBUEHHS BIJIMBY BaXKKUX aTOMIB Ha 11i 6apBHUKU 3 METOIO BILOCKOHAJIEHHSI
Marepiais a5 TepaHocTyKY, poToaunamiyHoi tepamii (OIT) i poToimynorepanii (OIT). I nocsarHeHHs Liei meTn
CHHTe30BaHO psp BIY niaHiHOBUX 6apBHMKIB 3 aTOMaMu MOy, 6pPOMY Ta XJIOPY Ta BU3HAYEHO iX CIIEKTpaJbHi
BNAacTUBOCTI. [Ipy BUKOHAHHI 1iel po60TH BIiEpIe: CHHTE30BaHO CUCTEMATUYHUN PSIf, relTaMeTUHI[iaHiHOBUX
0apBHUKIB 3 pi3HOIO KifbKicTIO (Bif, 1 A0 6) aTOMIB 101y a60 6pOMy B TEpMiHaJIBHUX F€TEPOLUKIIIYHUX (DparMeHTax;
BMBYEHO 3B$130K MIXX CTPYKTYPOIO Ta BJIACTUBOCTSIMU TaJIOT€HOBAHUX F€NITAMETHUHIIaHIHOBUX OAPBHUKIB 1010
KiJIPKOCTI i TI0JIOXKEHHS aTOMIB rajlor€Hy; BCTAHOBJIEHO, SIK PETYJIIOBATH OCHOBHI BiactuBocTi (OF1 i nA) pig
renTaMeTHHIiaHiHOBUX OaPBHUKIB, 3MiHIOIOUM KiJIbKICTb i [MOJIOKEHHS aTOMIB rajIoreHiB; OlliHeHO BILIMB KiJIbKOCTi
aToMiB 1oly B reliTaMeTUHLiaHiHOBUX 6apBHUKAx HAa (POTOLUTOTOKCUYHUN edEeKT 0 6aKTepill; MoKasaHo, 10
110[,0BaHi renNTaMeTUHLiaHIHOBI 6ApBHUKYM IIPUAATHI AJIs JIiKyBaHHS i (POTOIiHAKTMBALlil FPaM-TIO3UTUBHUX i rpam-
HETaTUBHUX OAKTEPiil; Of1ep>kKaHO KOH'IOTAT "1iaHiHOBUY GApPBHUK — MOHOKJIOHAJIbHE aHTHUTINIO", IKUU TIPOSIBIISIE
($oToiMyHOTEpaNeBTUYHY [il0 i IPpUIATHUIN AJ1s1 TEPAHOCTUKU paKy. [IpakTuyHa LiHHICTb pe3y/bTaTiB AOCHiIKEHHS
[IOJISITa€ Y BCTAHOBJIEHHI 3aKOHOMIPHOCTEN [J1 ofep>kaHHs BIY 1iaHiHOBUX 6apBHUKIB 3 62KaHMMU BJIACTUBOCTSIMU
17151 haryopecueHTHoOI Bizyanizanii, JiarHocTuky Ta, 0co61B0, poTonmuHaMigHOI Teparii Ta TepaHOCTUKHY.
Po3pob6eHi 6apBHUKY edeKTUBHI 17151 poToepaauKalii 6akTepiil, o 03BoJIsI€ 00IATH IIPO6IEMY PE3UCTEHTHOCTI
6akrepiil o aHTU6i0THKIB. Ofep>KaHi 6apBHUKHY, 10 MICTSTh KAPOOKCUIIbHY IPYIy, IPUAATHI AJ1s1 IOJAJIbINO]
dyHKUioHaMi3aii mgaxom ix KoH'Ioranii 3 pisHUMU HOCiAMHU 1714 TinBULeHHS apiHHOCTI 7o 6akaHoi 1. Tak,
KOH'IOraTy Ha OCHOBI renTaMeTHHIiaHIHOBMX OAPBHUKIB [TOKa3aIyu BUCOKY e(EeKTUBHICTD 11714 in vivo iarHOCTHKY Ta
JIiKyBaHHi paKy npu GOTOiMyHOTEpaeBTUYHOMY 3aCTOCYBaHHI. TakuM YMHOM, Li€ [OCTIiI>)KEHHS PO3LIMPIOE

MOXJIMBOCTI BUKOpHcTaHHs BIY LiaHiHOBMX 6aPBHUKIB.

2. Nowadays fluorescent research methods in the biological and medical fields and clinical diagnosis have become
widespread. Being the main elements for the implementation of any fluorescent research method, fluorescent
compounds have long been used as diagnostic tools. But with the development of personalized medicine requiring
significant research on living cells and even organisms in vivo came the idea of using fluorescent dyes to provide a
therapeutic effect raising a new approach in medicine - theranostics (simultaneous diagnosis and treatment of
individual patients). To obtain a fluorescent signal or a therapeutic effect from such molecules, they must absorb
light. It should be noted that only long-wavelength light (600-900 nm) in the so called "optical window" is poorly
absorbed by biological macromolecules, water, and other components of bioobjects and has little effect on the
processes occurring in the body. It is clear that the imposition of such restrictions on the spectral region of
fluorescent dyes significantly reduces their diversity. Moreover, any fluorescent dye must have the following
properties: high extinction coefficient and fluorescence quantum yield; sufficient solubility in water and
physiological issues; reasonable photo- and chemical stability. Thus, obtaining new bright long-wavelength dyes
that can be used for both diagnostic purposes and treatment is a pressing task today. Cyanines are the most
promising dye class due to the considerable flexibility of their spectral, photophysical, and photochemical
properties. Heptamethine cyanine dyes have very low phototoxicity and they fit well to the near-infrared (NIR)
"optical window", which is why they are widely used as diagnostic tools. For instance, Indocyanine green is used in



in vivo diagnostics and surgery. In addition to their use as fluorescent markers, heptamethine cyanine dyes can be
used as sensitizers for photodynamic therapy (PDT) applications. However, the low phototoxicity of cyanines
hampers their treatment applications. For that purpose, a known way to increase the phototoxicity of a dye is to
incorporate heavy atoms into the dye structure. In the literature, however, the influence of heavy halogen atoms
such as bromine and iodine on the spectral and photochemical properties of heptamethine cyanines remains
poorly studied. The main goal of this research was the development of novel halogenated fluorescent
heptamethine cyanine dyes to explore heavy atom impact on these dyes to develop materials for theranostics,
photodynamic therapy (PDT), and photoimmunotherapy (PIT) applications. To achieve the main goal of this work,
we synthesized a set of NIR cyanine dyes with iodine, bromine, and chlorine atoms as well as evaluated their
spectral properties. In this work for the first time we synthesized heptamethine cyanine dyes with different
numbers (from 1 to 6) of iodine or bromine atoms in terminal heterocyclic moieties; studied the structure-
properties relationships of halogenated heptamethine cyanine dyes with respect to the amount and positions of
halogen atoms; set how to adjust the key properties (fluorescence quantum yield oFl and singlet oxygen quantum
yield oA) for heptamethine cyanine dyes changing the amount and positions of halogen atoms; evaluated the
influence of the number of iodine atoms in heptamethines on the photocytotoxic effect on bacteria; showed that
iodinated heptamethine cyanine dyes are suitable for the treatment and photoinactivation of gram-positive and
gram-negative bacteria; introduced the use of photoimmunotherapeutic "cyanine dye - monoclonal antibody"
conjugate and demonstrated its efficacy for cancer theranostics. Practical significance of the obtained results. This
study helps in the designing of NIR cyanine dyes with the desired properties for fluorescence imaging, diagnostics,
and, especially, photodynamic therapies and theranostics. The developed dyes are effective for photoeradication of
bacteria circumventing bacterial drug resistance. The presence of carboxylic function potentially enables further
binding of these dyes to various carriers. It has been shown that conjugates based on heptamethine cyanine are
effective for in vivo diagnostics and cancer treatment in photoimmunotherapy applications. Thus, this study
expands applications exploiting NIR cyanine dyes.
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rOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUH 32 MiATOTOBKY [llnpoGokosa Mapis ['eopriiBHa

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




