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B pa60Te noJly4eHbl FM6pI/1JJ,HbIe HaHOYacCTWLbl MarHeTUT-30/10TO, 06r1agatoLLmMe BbICOKMMM KOHTPACTHbIMU Xa-
pakTepuctukamu B MaFHMTHO-DEBOHaHCHOﬁ TOMOFpa(bI/WI, a TakKXXe BO3MOXXHOCTAMU ANnAa ncnonb3oBaHUA B d)O-
TOAMHaMUYeCKon Tepanuu.

KnioueBble cnoBa: HaHOYaCTULbl, MarHeTUT-30/10TO, MarHMTHO-pe3oHaHCHasa Tomorpad)vm, OHKOJiorn4yeckue
3abosieBaHus, AMarHoCcTMKa, CbOTO)J,VIHaMI/ILIeCKaﬂ Tepanusa, TepaHOCTUKa

OpHUM 13 Hanbonee UHTEPECHbIX OOGBEKTOB C TOUYKU 3PEHUS MPUMEHEHUS B BUOMeauLMHe SBASIOTCA MU-
6puAHblE CTPYKTYPbl HA OCHOBE MarHUTHbIX HaHodyacTuy (HY) n HY 6naropofHbix MeTannoB (B TOM 4ucie, 30-
noTa), KoTopble Aat0T BO3MOXHOCTb OJHOBPEMEHHOMO BBELIEHUS ABYX TUMOB IMFaHA0B Ha NoBepxHoCcTb HY ans
HECKOJIbKUX BapMaHTOB UX JlaJibHENLLIEro UCMONb30BaHUs: aApecHON A0CTaBKMU (KOMBUHALMU MarHUTHOW runep-
TEPMUK U MarHUTHO-Pe30HaHCHOW ToMorpadum ¢ poToTepMasbHOW Tepanueit) unu ans GoToaMHaMUYECKOi Te-
panuu paka (OAT) (kom6uHaums doToceHcubunuaatopa (PC) ana Tepanum u dnyopodopa (OP) ana getekumn
nnatdopMbl). CuHTE3 06enx 6UYHKLMOHANbHbIX NAAaTHGOPM SBNSIETCS NepCcreKTUBHBIM HanpaB/ieHUeM U Bbi3bl-
BaeT MHTepeC Y yUYeHbIX.

B cBA3K C BbiWecKasaHHbIM, Liefblo JaHHOW paboTbl SABNANUCH CUHTE3 U nccnegosaHne HY Fe304-Au co
CTPYKTYPOW «raHTefb» Kak 6ubyHKLUMoHanbHon nnathopmbl Ans 4ocTaBku nekapcts n gns OAT oHkonornve-
CKUX 3abofieBaHN.

B pesynbTaTe pasnoxkeHusi neHTakapboHuna xxenesa B AndeHnIoBom adupe B NPUCYTCTBUM TETPaxJIo-
poaypaTa BofopoAa 6bin CUHTe3upoBaHbl rmépugHblie HY marHeTut-3onoTo pasamepom FesOs 10,841,5 HM 1 Au
4,4+0,8 HM (Mo AaHHbIM NPOCBEUYNBaALOLLEN 3/TEKTPOHHON MUKPOCKOMWM), CTabUNN3MPOBaHHbIE OJIEMHOBOMN KUC-
noton. CornacHo pesynbratam peHTreHo$a3oBOro aHanu3a, CMHTE3WpoBaHHble HY MMeloT KpucTanamyeckyto
CTPYKTYpY TUMa «LWMNUHENb» C Nepuofom pelletku 0,8387 HM (MPOMeXyToUYHOe 3HaYeHWE MEXY MarHeTUTOM U
mMarreMuTom). Mo peasynbTaTtaM U3MEPEHUst MarHUTHbIX cBoicTB HY 061aany HaMarHUYeHHOCTbO HachILLEHUS!
62 AM?-kr (Fez04)" U KoapLMTMBHOM cunok 13 3. HY 66111 MoandULMPOBaHbI 6MOCOBMECTUMbIM aMPUBUTbHBIM
nonumepom (Pluronic F-127) ans apdekTUBHOro nepeBoaa B BoAHYO a3y 3a cueT ruapodusibHOM YacTy, a Tak-
e co3gaHus rmapodobHbIX «<kapMaHOB» AJ1s MocnefytoLlen 3arpy3ku nekapctea u ®C.

[ns nepBoi nnathopmbl UCMONb30BaNCA KOMMEPYECKUA MpOTUBOONYXONEBbIA NpenapaTt AoKCOpyouLUnH
(DOX), 3arpyaka koToporo cocTasuna 12,68%, Kpome Toro, 6b1/10 CUHTE3MPOBAHO HU3KOMOJEKY/ISIPHOE Cepoco-
Jepxauee npounssogHoe PSMA BekTOopa Ansa AanbHeiwen clumeku ¢ HY 3onota B coctaBe rmOpUAHbIX CTPYK-
Typ. B panbHenwem HY MarHeTuT-30010TO, HECYLLMe Ha MOBEPXHOCTM Kak NPOTUBOOMYXOJIEBbIA Npenapar, Tak u
BeKTOpHble Monekybl (Fes0s-Au/DOX/PSMA), 6yayT uccrnefioBaHbl in vitro Ha KiieTkax afeHoKapLMHOMbI Npea-
cTaTeNbHON Xene3bl YesloBEKA C TOUKM 3PEHMS BO3SMOXHOCTU afpecHON AOCTaBKMW fleKapcTBa 3a CUeT crneuu-
dbunyHocTn K PSMA-BekTOpY, a TakXXe A5 BU3yanusaumm onyxosieBbiX KNeTOK METOAOM MarHMTHO-Pe30HaHCHOM
ToMorpaguu.

[ns cuHTesa BTOpoON nnatdopMbl 6bina nccnegosaHa cepust ®C Ha ocHoBe xsiopuHa M PP Ha ocHoBe Had-
TanMMuaa Afs UCnosib3oBaHUs B KayeCTBe KOMMNOHEHTOB 6UdYyHKLUMoHanbHow nnatdopmbl gns GOT. Mockonbky
[lBa pasnnyYHbIX OKpalleHHbIX BelecTBa (PC u ®P) Heo6Xxo0ANMO COBMECTUTL B OFJHOW CUCTEME, B KAUECTBE «CBSI-
3ytoLLLero 3BeHa» 6blIM UCMOMIb30BaHbl CUHTe3UpoBaHHble HY Fes04-Au co CTPYKTYpOK «raHTesb». CUHTE3NPOBaH-
Hoe aucynbduaHoe npousBogHoe 4-ctupunHadTanumuaa (coeauHerue 3) 6bINo 0XapakTepU3oBaHO C MOMOLLbIO
AMP cnekTpockonun, koTopast nogresepauna Hannume O®. OueHeHbl U UCCNefoBaHbl CrieKTpasibHble XapakTepu-
ctukun ©® (nornoteHure u bnyopecueHuus, xnopodopM, C=2.2:10° Monb/n). PaccuutaH KBaHTOBbIN Bbixod ¢Jiyo-

Mex ayHapoaHbIiA Gopym: BUoTexHonorvs: COCTOsHME W NepCneKTUBbLI Pa3BUTHS 28-30 okTs6ps 2020 | Mockea



BIOTECHNOLOGY AND MEDICINE \‘ BIO

[
NEW GENERATION BIOMATERIALS FOR MEDICINE AND INDUSTRY .<-\I/-\/EOgLIE)I

pecLeHUMn cuHTeanpoBaHHoro O®d (3), koTopblii cocTaBun 5%, 3To 3HaYeHMe 6bISI0 UCMOMb30BaHO NpK pacyeTax
3 heKTUBHOCTU NepeHoca aHepruun. Pacuet adekTUBHOCTY NepeHoca aHeprim 6bin caenaH AJsi Bbibopa camMoro
addekTuBHoro ns cepumn OC (OVF670, OVF671, OVF673, OVF674). MUHUMANbHBIA NEPEHOC 3HEPrum, roBOPSILLUIA
0 MaKCHMMaJsibHO UCMOMb3yeMOoi SHeprum A 06pasoBaHns akTUBHOM hopMbl kucnopoga (APK), 6bin 3admkeupo-
BaH y OVF674 (2.23-10'%), npu aToM Kputndeckuii paguyc depcrtepa coctasun 15 A. KBaHTOBbIi1 BbIXOA FreHepaLmm
CUHrneTHoro kucnopoga coctaeun 0.62 ans OVF674 (MakcManbHoe 3HayeHue cpeam Beex PC). s npoBeaeHHOro
nccnefoBaHus 6bl1 caenaH BblIBOA, YTO ONTUManbHON Ans mogudukaummn HaHodactuy saensetcs FRET-napa ®® un
®C (OVF674). Oanee 6bln NpoBeAeH CUHTE3 BTOPOW 6UYHKLMOHaNbHOM nnatdopmbl - Fes0s-Au/ddD/DC u uccne-
[0BaHbl rugpofmHaMuyeckuin pasmep (304 Hm) n Z-noteHuman (-40 MB). B panbHelilemM nnaHupyeTcsi 3aBepLUnTb
xapakTtepucTuky FesOa-Au/OD/PC 1 npoBeCTU UCMbITAHWSA in Vitro Ha KneTkax.

Pa6oTta yacTnyHo nogaepxxaHa nporpammoit "YMHUK'" B pamkax HOMK "BocTouHo-EBponeiickuin” 2019, rpan-
TamMu POOUN 18-33-01232 mon_a, 17-54-33027,18-29-09154, Temoit ['oc. Pernctpauyun AAAA-A16-116052010081-5,
Mporpammoii pazeutua MIY, a Takxe NporpaMMoi NOBbILWEHMS KOHKYpeHTocnocobHocTU HATY «MNCnCx» N2 K3-
2017-022.
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In this work, hybrid magnetite-gold nanoparticles have been obtained, which have high contrast characteristics in
magnetic resonance imaging, as well as opportunities for use in photodynamic therapy

Key words: nanoparticles, magnetite-gold, magnetic resonance imaging, oncological diseases, diagnostics,
photodynamic therapy, theranostics

Recently hybrid structures based on magnetic nanoparticles (NPs) and NPs of noble metals (including gold)
raised a lot of interest due to, possibility to simultaneously use two types of ligands on the surface of NPs. For
example a combination of magnetic hyperthermia and magnetic resonance imaging with photothermal therapy or
for photodynamic therapy (PDT) (a combination of a photosensitizer (PS) for fluorophore (FP) therapy for platform
detection). Synthesis of bifunctional platforms is an interesting direction and is of interest to scientists.

According to the aim of this work, the synthesis and study of Fes0s-Au NPs with a “dumbbell” structure as a
bifunctional platform for drug delivery and PDT of oncological diseases was carried out.

As a result of the decomposition of iron pentacarbonyl in diphenyl ether in the presence of hydrogen
tetrachlorourates, hybrid magnetite-gold NPs with FesOa size of 10.8 £ 1.5 nm and Au 4.4 + 0.8 nm (according to
transmission electron microscopy) stabilized with oleic acid were synthesized According to the results of x-ray
phase analysis, the synthesized nanoparticles have a “spinel” type crystal structure with a lattice period of 0.8387
nm (an intermediate value between magnetite and maghemite). According to the results of measuring the magnetic
properties, the NPs had a saturation magnetization of 62 Am?kg (Fez04) " and a coercive force of 13 Oe. Further, the
NPs were modified with a biocompatible amphiphilic polymer (Pluronic F127) for efficient transfer to the aqueous
phase, as well as to create hydrophobic “pockets” for loading drugs and for loading PS.

In addition, a loading capacity of 12.68% of commercial antitumor drug, doxorubicin (DOX) was obtained. Also
low molecular weight sulfur-containing derivative of PSMA was synthesized. In addition, magnetite-gold, DOX loaded
and PSMA conjugated (FesOs-Au / DOX / PSMA) will be tested in vitro on human prostate adenocarcinoma cells in
terms of the possibility of drug delivery at the expense of specificity for PSMA -vector, as well as for visualization of
tumor cells by magnetic resonance imaging.

To study the second platform, a series of PS based on chlorin and FP were developed for the use as
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components of a bifunctional platform for PDT. These two different colored substances (PS and FP) must
be compatible in one system, in which synthesizing Fes04-Au NPs with a dumbbell structure were used. The
synthesized disulfide derivative of 4-styrylnaphthalimide (compound 3) was characterized by NMR spectroscopy,
which confirmed the presence of FF. Estimated and studied spectral characteristics of the FP were defined
(absorption and fluorescence, chloroform, C = 2.2:10° mol / I). Fluorescence efficiency for FP (3) was equal
to 5%. The calculation of the energy transfer efficiency was carried out from the PS series (OVF670, OVF671,
OVF673, OVF674). The minimum transferred energy, which was found for OVF674 was equal to 2.23 x 103, while
the critical Foerster radius was 15 A. For the final choice, the FRET pairs were determined using the method
of catching the quantum yield of singlet oxygen generation, which was 0.62 for OVF674 (the maximum value
among all PSs). From the studies, it was concluded that the optimal PS for FRET pair with FP is PS OVF674. Next,
a second bifunctional platform was synthesized - FesOs-Au / FP / PS and with hydrodynamic size (304 nm) and
Z-potential (-40 mV). In the future, it is planned to complete the characterization of Fes0s-Au / FP / PS and to
conduct in vitro tests on cells.

This work was supported by the UMNIK program within the framework of the Vostochno-Evropeyskiy NOMK,
2019, RFBR grants 18-33-01232, 17-54-33027, 18-29-09154, State Topic AAAA-A16-116052010081-5, MSU Program
of Development, and the Increase Competitiveness Program of NUST MISIS K3-2017-022.
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PAHEBBIE MOKPbITWUSl HA OCHOBE BAKTEPUAJIbHOW LLEN/IONO03bl:
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MonyyeHbl U1 KOMMJIEKCHO WCCMeAoBaHbl NOJSIMMEPHbIE paHeBble NMOKPbITUS HAa OCHOBE HaKTepuanbHON Len-
N0N103bl, B TOM YMC/Ie HarpyXXeHHble aHTUHaKTepManbHbIMK NpenapaTtamMu U HaHo4YacTuuamm cepebpa. PereHe-
paTuBHble CBONCTBA pa3paboTaHHbIX MOKPbITUI floKasaHbl B 3KCMNEPUMEHTE Ha 1abopaTOPHbIX XXMBOTHbIX C MO-
AenbHbIM AedeKTaMy rHOMHbBIX paH u oxxorom |l ctenenu.

KnioueBble cnoBa: 6akTepuanbHas Liensiono3a, Cnocob KynbTUBUPOBaHWS, KOMMO3UTbI, aHTUBMOTUKM, HaHoUa-
cTuupbl cepebpa, M(3r6/4IB), paHeBble NOKPbLITHS.

Cpeav LWIMPOKOro CrnekTpa NepeBsi30YHbIX CPEACTB U MOMMEPHbIX NMOKPbITUIA 6akTepuanbHasa Lenntonosa
(BLL) BbI3bIBaET 60MbLUMI HAY4YHbI MHTepec. BL| UMeeT BbICOKOMOPUCTYIO CTPYKTYPY, CNOCOGHOCTb MOrioLwaThb
BofZly (copepxaHue Bogbl> 90%) M 06nafgaeT MexaHUYeCKUMY XapakTepucTMKaMm, 6;IM3KUMMU K MSITKUM TKaHSAM
(M.Panga et al. 2020). He cMOTps Ha aKTUBHbIE UCCNE0BaHUS, NOKa3blBaloLMe BO3MOXHOCTb NpuMeHeHust BLI
ONA neYyeHnss MHPUUMPOBAHHbIX paH, MHOMe BONPOCbI 6uoTexHonorun bLL He packpbITbl.

B kayecTBe maTepuana gnsi NoslydeHUs paHeBOro NOKPbITUS B JaHHOW paboTe MCNonb3oBaHbl 06pasLbl 6ak-
TepuasbHOi Lienntono3sbl, CUHTE3MPOBaHHbIE LITaMMOM - NpofyueHToM Komagataeibacter xylinus B-12068 (Ma-
TeHT N2 2014150288/10). UccnepoBaHo BAMsiHME CMOCO60B KYNbTUBUMPOBaHUS (NMOBEPXHOCTHbIN, MYGUHHDBIN, C
nepemMeLLMBaHWEM) U coCTaBa cpeabl Ha Bbixog BLI. OTpa6oTaHa TexHONorus nonyyeHust nieHok bL| pasnmuHbIx
pa3MepoB C 3af,@aHHON CTPYKTYpon Mukpodubpunn. Ana npupanus bLL aHTub6akTepmanbHbIX CBOMCTB MOJy4YeHbl
nnexHku bL| ¢ aHTM6MoTUKamu (ammkaLmH, LedTpruakcoH) u HaHouacTulamu cepebpa (AgNps). C ucnonb3oBaHneM
Ancko-anddy3MoHHOro MeTofa M CYCneH3NOHHbIX KynbTyp pedepeHTHbIx WwTammoB Escherichia coli ATCC 25922,
Pseudomonas eruginosa ATCC 27853, Klebsiella pneumoniae 204 n Staphylococcus aureus ATCC 25923 (OCHOBHbIX
naToreHoB MH(MLMPOBaHHbIX paH) NokasaHo, YTo Bce o6pasupl bL| o6nafatoT BblpaeHHOW aHTU6aKTepuanbHoi
aKTVBHOCTbIO, PV 3TOM 60/1ee aKTUBHbI KOMM03UTbl BLI/aHTMO6MOTMKM No cpaBHeHNto ¢ komno3suTtamu BLI/AgNps.

AHTHbGaKTepuanbHble CBONCTBA pa3paboTaHHbIX paHeBblx NOKPbITUI bL|, HarpyxeHHbIx LedTprakCoHOM Ao-
KasaHbl in vivo Ha MOAEeNn rHONHbIX paH NabopaTopHbIX XXUBOTHbIX, UHPUUUPOBaHHbIX St.aureus 209P.

B kauecTBe 6MOTEXHOIOMMYECKUX AepMalibHbIX 9KBMBANIEHTOB paspaboTaHa cepusi TMOpUAHbIX CUCTEM Ha OCHO-
Be BL| n cononumepa nonu-3-rugpokcnbytupara-4-ruapokcnéytupara [BL/M(3F6/47B)], Harpy>KeHHbIX CTUMYMATO-
pamMu paHo3aXxuBneHusi (akToBeruH, hpubpobnacTbl, AnddepeHUMpoBaHHbIMU U3 MMCK), uccrnepoBaHbl Ha Moaenu
0XKOroBbIx paH Il cTeneHn na6opaTopHbIX KpbiC BUCTap B cpaBHEHWUM C noBsAskoi BockollpaH (KoHTposb). Uccne-
[lOBaHWe AMHAMWKU PAaHO3aXXMBJEHMS C MPUBJIEYEHUEM MIAHUMETPUM PaH, MMCTONOMUYECKON TEXHUKM, BUOXUMUYE-
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