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B pa60Te noJlydeHbl FVI6pVI,D,HbIe HaHO4YaCTULbl MarHeTuT-30/10TO, KOTOPbIe o6nafatoT BbICOKMMM KOHTpPaCTHbIMU
XapaKTepuctnukamu B MaFHVITHO-pe3OHaHCHOI7I TOMOFpaCbMVI n TennoBblaeNnnTeNIbHbIMN XapaKTeEPUCTUKaMU B TU-
nepTepMmnm MarHUTHbIX YacTuu, NpoaeMOHCTPUPOBAHHbIMU in vitro.

KnioueBble cnoBa: HaHOYacCTULbl, MarHeTUT-30/10TO, KOHTpPAaCTHble areHTbl, MarHUTHO-pe€3OHaHCHaA ToOMoOrpa-
CbVIFl, OHKOMOrMyeckue 3aboneBaHns, AMarHoCTHKa, TepaHOoCTUuKa.

Marnetut Fe,0, 1 30510T0 Au — MaTepuarnbl Bbi6bopa AJii GUIOMeAULIMHCKIX NPUMEHEHUI BCIEACTBME UX CTa-
6UIbHOCTM N BMOCOBMECTUMOCTU. B AaHHOW paboTe BrepBble NpefCTaB/eHO UCCNefoBaHNe pa3MepHo-3aBu-
CUMbIX CBOWCTB rM6puAHbIX HaHouacTul, (HY) Fe,0,-Au ansa TepaHOCTUKM AnaMeTpoM 6-44 Hm Fe 0, 1 3-11 Hm
Au, coyeTatolee B cebe ONTUMU3aLIMIO KOHTPACTHbIX CBOMCTB B MarHUTHO-pe3oHaHcHow Tomorpadpum (MPT) 1
TennoBbIAENUTENbHbIX CBOMCTB B rMNepTepMUM MarHUTHbIX YacTuy (FTMY). MépugHble HY pasmepoM meHee 20
HM 0651aAatoT cynepnapamMarHuTHbiMu cBoncTBamMu. Mpu ganbHeliwem yBennueHun guametpa HY ctaHosATcA
TepMuyeckm 3abnoknpoBaHHbiMK, M Ha ZFC / FC kpuBbix HabntogaeTcs nepexof Bepeesi kak nokasaTtesnb BbICO-
KOro KayecTBa KpPMUCTaN/IM4YEeCKON CTPYKTYPbl U MarHUTHbIX CBOWCTB 06beMHOro FesOa.

B MPT c yeBenunueHvem pguametpa HY ¢ 6 go 25 HM Habniogancs pocT r2-penakcuBHocTu ¢ 159 po
495 MMc' B Bogie u ¢ 118 go 612 mM'c' B MaTpuLie arapo3Horo ressi, UMUTUPYIOLLLEr0 BASKOCTb LIMTOMN1asMbl
Knetok. MNonyyeHHble 3HaveHusa Ana HY pasmepom 25 1 44 HM 3HaUNTENIbHO NPEBOCXOAAT aHaNOrnyHble AaHHble
ansa rmépuaHbix HY Fe,0,-Au, B3ATble M3 NIUTepaTypbl, @ Tak)Ke COOTBETCTBYHOLLME BEJIMUMHDBI 1A KOMMepYe-
CKMX KOHTPaCTHbIX areHToB. [10 BCei BEPOATHOCTH, 3TO ABASAETCA CNeACTBMEM MAeaNbHON KPUCTANSIMYHOCTH
HY 1 06beMHO HaMarHM4YeHHOCTU HaCbIWEHUS, YTO MPUBOAUT K 60NblUMM rpagmeHTam nons B MPT. CornacHo
AaHHbIM TMY, npu yBenuyeHnn anameTpa HaHovacTuL, ¢ 6 A0 25 HM yaenbHas MOLWLHOCTb TennoBbigeneHunsa HY
yBenuuueanacb ¢ 10 go 617 Bt Fe' B Boge u ¢ 12 go 327 BTr Fe' B arapoae. Npu 3tom HY paamepom 25 HM K
44 HM JEMOHCTPUPYIOT CXOXME XapaKTepUCTUKHU.

B akcnepuMmeHTax in vitro 6bina obHapy>xeHa ruéenb KNeTokK ageHoKapLMHOMblI MOMIOYHOM Xesle3bl MblLLK
4T1 Ha ypoBHe 79 + 8% nocne uHky6auun ¢ rmbpuaHbimMm HY FesOs+-Au pasmepom 25 HM B TeueHune 30 MuH B
MarHMTHOM nosne yacTtoTon 261-393 kly n amnauTtygon 25 mTn. MNpeaBapuTenbHaa MHKybauus knetok ¢ HY B
TeuyeHue 6 YacoB Ao 06paboTKM Nnosnem npueena K nosHou (100%) ruéenu KNeTok.

Takum 06pasom, MHOrodyHKUMOHaNbHble rnbpugHbie HY Fe,0,-Au coyeTaloT B cebe onTumasbHble
xapaktepucTukm B MPT 1 TMY u feMOHCTPUPYIOT BbICOKWUIA NOTEHUMan ANa Tepanuu n Busyanmsaumm Kak
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HYBRID MAGNETITE-GOLD NANOPARTICLES FOR TERANOSTICS OF
ONCOLOGICAL DISEASES
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In this work, hybrid magnetite-gold nanoparticles have been obtained, which have high contrast characteristics in
magnetic resonance imaging and heat-release characteristics in magnetic particle hyperthermia, demonstrated in vitro.

Key words: nanoparticles, magnetite-gold, contrast agents, magnetic resonance imaging, oncological diseases,
diagnostics, theranostics.

Magnetite Fe,0, and gold Au are the materials of choice for biomedical applications due to their stability and
biocompatibility. In this work, we present the first size-dependent study of hybrid Fe,0,-Au NPs with diameters
of 6-44 nm Fe304 and 3-11 nm Au for theranostics combining the contrast enhancement in magnetic resonance
imaging (MRI) and the heating potential in magnetic particle hyperthermia (MPH). Hybrids below 20 nm are
superparamagnetic. With further increase of the diameter, the NPs are thermally blocked and the Verwey transition
is observed in ZFC/FC curves as an indicator of high quality, bulk-like Fe,O,.

For MRI, we observe the growth of the r2-relaxivity from 159 to 495 mM's” in water and from 118 to
612 mM's™ in agarose gel matrices, mimicking tissues, with increasing NP diameter from 6 to 25 nm. Our best
values are significantly enhanced in comparison to other Fe,0,-Au hybrids or commercial contrast agents due
to the perfect crystallinity and large bulk-like saturation magnetization leading to larger field gradients in MRI.
MPH measurements deliver the specific loss power, increasing from 10 to 617 W-gFe™ in water and from 12 to
327 W-gFe™ in agarose with increasing NP diameter from 6 to 25 nm. The 25 nm and 44 nm NPs show similar
theranostic performance.

In in vitro experiments, we detect the death of 4T1 mouse breast cancer cells at a rate of 791+8% after exposure
to 25 nm Fe,0,-Au hybrids for 30 min in 261-393 kHz, 25 mT magnetic field. Pre-incubation of cells with the hybrids
for 6h leads to complete (100%) cell death.

Therefore, multifunctional Fe,0,-Au hybrid NPs combine the optimal characteristics for MRI and MPH and
promise the highest potential for therapeutic and visualization capabilities in magnetism-based theranostics.

This work was supported by RFBR grants 18-33-01232, 17-54-33027, 18-29-09154, State Topic AAA-

A-A16-116052010081-5, MSU Program of Development, and the Increase Competitiveness Program of NUST MISIS
K3-2017-022.

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



