MUHUCTEPCTBO HAYKHU Y BBICIIET'O OBPA3OBAHMS
POCCUMCKOM ®EJEPALIIN
HULL «<KYPYATOBCKUN UHCTUTY T»

OU3NYECKWIA MHCTUTYT UMEHM I1.H. JIEBEJIEBA PAH
HALIMOHAJILHBIN MEJULIMHCKANA UCCIEAOBATEIBCKUA LIEHTP
PAJIMOJIOT MM MUH3/IPABA POCCHUU
HALIMOHAJIbHBIN ICCJIEJIOBATEJILCKUIA SIEPHBIA YHUBEPCUTET «MU®DW»

111 Mestcoynapoonasn nayunaa kongepenyusn
Hunosayuonnvie mexnonozuu
A0EPHOUL MEOUYUHBL U TIYUEBOU

OUAZHOCMUKU U mepanuu
21-23 oxkmaopa 2024 zo0a

VI Mescoynapoonasa monooeixicnasn wikona
Hnnoeauuonnwvie a0epno-gusuueckue memoonl

8bICOKOMEXHON0ZUYHOU MEOUWUHbL
24-25 okmaopsa 2024 zooa

Ipozpamma
Coopruk me3ucoe

Mockea, Poccus



MINISTRY OF SCIENCE AND HIGHER EDUCATION OF RUSSIAN FEDERATION
KURCHATOV INSTITUTE
P.N. LEBEDEV PHYSICAL INSTITUTE OF RAS
NATIONAL MEDICAL RESEARCH CENTER OF RADIOLOGY
OF THE MINISTRY OF HEALTH OF RUSSIA
NATIONAL NUCLEAR RESEARCH UNIVERSITY MEPhI

Il International Scientific Conference
«Innovative Technologies of Nuclear Medicine

and Radiation Diagnostics and Therapy»
October 21-23, 2024

VI International Youth School
«Innovative nuclear physics methods of

high-tech medicine»
October 24-25, 2024

Programme
Book of absracts

Moscow, Russia

2



VK 57.089
BBK 5
P 50

MexayHaposHas Hay4Has KoHGepeHIHs «/HHOBAallMOHHBIE TEXHOJIOTHH SAEPHOH Me-
IUIVHBI U Jy9eBOM AMArHOCTHKH WM Tepanum», MexITyHapomHas MOJIOAEXKHas IIKOJa
«/IHHOBaIMOHHEIE SJEPHO-(U3UIECKHE METO/bI BBICOKOTEXHOJOTHYHON MEIHIIMHBDY.
IIporpamma. Coopruk Tesucos. Mocksa. PUUAH, HUAY MUDU. 2024.— 168 c.

MexyHaponHas HaydHast KOH(epeHIms «/HHOBaIMOHHBIE TEXHOJOTUH SICPHOU Me-
JULIHBI U JIy9eBOU JHArHOCTUKU U Tepanum» U MexIyHapoaHas MOJIOJEKHAs IIKOJIa
«VIHHOBAIlMOHHBIE SAEPHO-(U3NUECKUE METOIBl BBICOKOTEXHOJIOTUYHON MEIUINHBD)
MPOBOJATCS C IENbI0 peanu3anuy Npoekra «Pa3paboTka HOBBIX TEXHOJIOTHH JHATHO-
CTHUKHU H JIy4eBOH TepalMu COIMAIBHO 3HAYMMBIX 3a00J€BaHMIl IyYKaMd HPOTOHOB U
HOHOB C VICHIOJIb30BaHHEM OWHApHBIX siepHO-(pu3nmueckux mMeronoB» B pamkax GHTII
«Pa3BuTHE CUHXPOTPOHHBIX U HEHTPOHHBIX MCCIICNOBAHUI U HCCIEOBATEIbCKON MH-
¢dpactpykrypst Ha 2019-2027 rr» npu nonuepxke Munoopuayku Poccun.

Te3ucel n31at0TCs B aBTOPCKOM pelakuuu
ISBN 978-5-7262-3013-9 © Ousnueckuit muacrutyr um. ILH. JleGenena

PAH, HaunoHanbHbIH HCCIEN0BATENLCKUN SAEP-
HbIH yHUBepcuTeT «MU DNy, 2024



MexayHapoaHasi HAyYHasi KOH(epeHIust
«/IHHOBalLlMOHHBIE TEXHOJIOTMHU SAePHON MeJUIIUHBI U JIy4YeBO
AHATHOCTHKHU U Tepamum»

B 2024 romy Il Mexnynaponnas Hay4Has KoH(pepeHUs «/IHHOBaIlMOHHEIC
TEXHOJIOTHH SAAEPHON MEIMIUHBI U JIy4€BOW NUATHOCTHKH M TEPAIMH» MPOXO-
qut B pamkax 11 MexnayHapoanoro ®opyMa Ipupoaonog00HbIX TEXHOJIOTHH,
opranuzyemoro HUII «Kyp4aToBcKuil HHCTUTYT.

KondepeHuus npoBoanTCs ¢ LeNbI0 peanu3anuy npoekra «Pa3paboTka HOBBIX
TEXHOJIOTHH TMarHOCTHKH W JIy4eBOI Tepaluy COIMAIBLHO 3HAYMMBIX 3a0071e-
BaHUM Iy4YKaMHM NPOTOHOB U HMOHOB C MCIOJH30BAHHEM OMHAPHBIX SAIEpHO-
¢usnueckux wmeromoB» B pamkax DHTII «Pa3BuTHe CHHXPOTPOHHBIX U
HEUTPOHHBIX MCCICIOBAHUN U MCCIIEOBATENLCKOW HH(ppacTpykTypsl Ha 2019-
2027 rr» npu nonaep:xkke MunoOprayku Poccum.

TemaTuka KoHdepeHum nocssiieHa saepHo-(pU3n4ecKuM MeTolaM B sIIEpHOM
MEIUIMHE, JTYy9eBOW ANarHOCTHKE W Tepanuu, HAHOOMOMEIUINHCKUM TEXHO-
JOTUSAM JUArHOCTHKH, OWHApHBIM TEXHOJIOTHSIM CEHCHOWIM3AINH, COYCTaH-
HBIM TEXHOJIOTUSAM JIydeBOH Teparuy, MaTeMaTHYeCKHUM METOAaM MOJeIHpO-
BaHMsl POCTa 3JI0KAaYECTBEHHBIX HOBOOOPa30BaHMI, ONTUMH3ALMH PEKUMOB
NPOTOHHON M WOHHOI Tepanuu, MPOTOHHOW TOMOrpaduu, TEXHOJOTHSIM MO-
JIEPHU3ALMY KOMIIJIEKCOB IIPOTOHHOW U MIOHHOM Te€panuu.

Opranusartopsl:

* HUII «KypyaTOBCKHI1 HHCTUTYT»

» Ousuveckuit mHCTUTYT UM. [1.H. Jle6eneBa PAH

* HaunonanbeHbI# HccnenoBaTenbekuil suepHblid yaupepeuter «MUDN

* HaunoHasbHbIM MEIUIMHCKUN UCCIIE0BATENbCKUN LEHTP paauoaoruu Mus-
3npaBa Poccun

Basknas undopmanus

Mecro nposenenus: HULL «KypuatoBckuil MHCTUTYT» U PU3NYECKUN UHCTH-
tyT M. [1.H. Jlebenesa PAH

Hartel nposenenust: 21 — 23 oktsi0ps 2024 rona

dopmaT NpoBe/IEHNU OYHBIM C BO3MOXHOCTBIO OHJIAWH MOAKITIOUEHHUS
Pabouwnii s36IK pycCKUil U aHTTTHHCKUH

Caiit meponpustus: https://protonconf.lebedev.ru
KonTaktsl Oprromuterta: protonconf@lebedev.ru



https://protonconf.lebedev.ru/

MexayHapoaHasi MOJIOAEKHAS LIKOJIA
«/HHOBaLMOHHBIE s1/1epHO-PU3NYECKHEe MEeTOAbl BbICOKOTEXHOJIOTMYHOM
MeIHLMHBI»

VI MexnynaponHas wMonoaé&xHas mKona «VIHHOBalMOHHBIE —SAEPHO-
(u3HUecKre METOMBI BBICOKOTEXHOJIOTHYHON MEIUIMHBI) MPOMOIDKACT UK
IIKOJI B paMKax peainu3anuy npoekta «Pa3paboTka HOBBIX TEXHOJOTHH JHa-
THOCTUKH W JIy4eBOH Tepamuy COLMAIbHO 3HAYMMBIX 3a00JIEBAaHUH NMPOTOH-
HBIMH ¥ HOHHBIMM Iy4KaMH C HCIHOJIBb30BaHHEM OWHApHBIX SIIEPHO-
¢usmyeckux MetonoB», peannzyemoro npu mojuepxke GHTII «Pa3urue
CHHXPOTPOHHBIX W HEMTPOHHBIX MCCIIEJ0BAHUI U HCCIIeI0BATENbCKOM HH(pa-
CTPYKTYpbI» MunoOpHayku Poccun.

Tema VI Ilxonsr: «CoBpeMeHHBIE sSOCpHO-GU3NICCKAE METOABI THATHOCTH-
KH».

Ha VI IlIxone akmeHT OymeT clesiaH Ha METOJaX AWArHOCTHKH 3a0oJeBaHUN
(OHKOJIOTHYECKUX, KapIHOJOTUICCKUX, HEBPOJIOTHUECKUX W [Ip.), Oa3upyro-
MUXCS Ha SIIEPHO-(OU3MIECKUX OCHOBAaX BO3ACUCTBUS MOHU3UPYIOIINX H3ITY-
YCHUH, TIOTOKOB 3apsKCHHBIX YaCTHUIl Ha OOBEKThI )KUBOH MPUPOIBI: KOMITBIO-
TepHasi ToMorpadusi, MO3UTPOH-IMUCCUOHHAS TOMOTpa(us 32 CUCT MOJOKH-
TEJNILHOTO OeTa-pacmaja, SMUCCHOHHAS TOMOrpadus 3JIEKTPOHOB OTPHUIATE b~
Horo Oera-pacmajia, SMUCCHOHHAs TOMOTpadusi raMMa-pagloakTUBHBIMU Be-
IIeCTBAMH U JIp.

Jlextops! LlIkonbr — Bemymue poccuiickue U 3apyOeKHBIC YUCHEIE.

[IIkona paccuuTaHa Ha MOJOJBIX YUCHBIX, ACMUPAHTOB, CTYICHTOB MarucTpa-
TYpHI, CTICIIHATUTETa 1 OaKalaBpuaTa, IIKOJHLHUKOB/

Opranusartopsl:

* HUII «KypyaTOBCKHI1 HHCTUTYT»

» ®usnueckuii uHCTUTYT UM. [1.H. Jle6enera PAH

* HaumoHnanbHbI HccnenoBaTenbekuil auepHblii yausepeuter «MUDN
* HaunoHnaspHbII MEIUIMHCKUN UCCIIEN0BATENbCKUN LIEHTP paauoaoruu Mus-
3apasa Poccun

Baknas undopmanus

Mecrto nposenenus: @usndeckuit uactutyT uM. I1.H. Jlebenea PAH
Hater npoBenenust: 24 — 25 oktsi0ps 2024 rona

®dopmar NpoBeCHHS OUHBIN C BO3ZMOKHOCTBIO OHJIAIH MOJKIIOUEHUS
Pabouwnii s3bIK pycCKuil U aHTTTMHCKUH

Caiit meponpustusi: https://protonschool.lebedev.ru/
KonTaktsl OprkomuTteta: protonschool@lebedev.ru
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IMPOT'PAMMA
111 Me:xxagynapoanasi HayYHasi KOH(pepeHuus
«/HHOBAaNIMOHHBbIE TEXHOJIOTHH SIACPHOI MeTUIUHBI M Jy4eBOH J1HArHO-
CTHKM U Tepanum»
B paMKax
II MesxxaynapoaHoro (popymMa npupoaonoso0HbIX TEXHOJIOT Ui
HMUII «KypyaToBCKHMii HHCTHTYT)

21 oxmsaops, Ilonedenvrnux
HHI] «Kypuamosckuii uncmumymy
Jom yuénuvix um. A.Il. Anexcanoposa, yn. Pozoea, 0.1
09.00 - 12.00 Perucrtpanyst y4acTHHKOB U roctel popyma
[TpuBeTcTBEeHHBII KOde-Opeiik
(dpoiie Joma YuéHbIx)
10.00-11.30 Ilmenapuas ceccusi «['eHeTHYeCKHE TEXHOJIOTHH B GHOMEIH-
HHHe: HACTosIIIee U Oyaymiee»
Mooepamop: Boponyosea M.B.
(Tmomrams Ax. Kypuartosa, .1, Kpyrisrii 3aim)
12.00 - 14.00 Mnenapuas ceccusi «bMoOIKOHOMHUKA)
Mooepamop: Kosanvuyx M.B.
(AxToBbIii 321 JJoma Y4EHBIX)

21 okTs0ps mpenycMOTpeHa 3KCKypCHOHHas TporpaMma B (opmare nocerie-
HUs BeIcTaBKH [lomurexnndeckoro myses B HULL «KypuaToBckuit HHCTUTYT»
(dom Ywuensix uM. akagemuka A.Il. Anexcanaposa, Ctymus 30X, Cryaus
3HaHui, T.MockBa, yi. Porosa, 1.1). BeicraBka pabotaet ¢ 09.00.



9.00-10.00
10.00 - 10.30
10.30-11.00
11.00-11.30
11.30-12.00
12.00-12.30
12.30-13.00
13.00 - 13.30
13.30 - 15.00

22 okmsaopsa, Bmopnuk
Kongpepenuy-3an ®HAH
Mockea, Jlenunckuii npocnekm, 53
Pecucmpayus ywacmnuxos
Ceccusa 1. Pe3ynomamul peanuzayuu npoexmog 6 oonacmu
A0epHOU MeOUYUHbI
Ilpeoceoamenv — B.A. Patos
3asecmosckan Hpuna Hukonaeena
HULL «Kyp4aToBCKHUIA HHCTUTYT,

Ouznyeckuit uHCTUTYT UM. [1.H. JleGenea PAH
Anepnas meanuuna B HUIL «KypuyaToBcKHii HHCTUTYT»:
COBpPEMEHHOE COCTOSTHUE U MepCleKTHBA
Jeee Cepzeii Muxaiinoeuu
HUBX PAH, HUIT «KypuaTOBCKUI HHCTUTYT»
AnpecHble MoJiekyJbl 118 POJIIL: coBpeMeHHbIe TPEHIbI U
nepcrneKTHBHbIE HANPABJICHHSA
Pymanuee Ilasen Onezosuu
I'pynna komnanuit «Moit Menununckuit Lientp»
KiuHnveckne npuopuTersl B pa3BUTHHU AACPHON MeAHIU-
HbI ¥ TEPAHOCTUKH
Kode-0peiik
Konoboe Anopeit Bhnaoumuposuu
Ommueckuit nHCTUTYT M. [1.H. Jlebenesa PAH
Pa3padoTka HOBBIX TEXHOJOIH AUATHOCTHKHU M JIy4eBO#
Tepanuy COUATBHO 3HAYUMBIX 3200/1¢BaHNii NPOTOHHBIMH
U HOHHBIMM NYYKAMH € HCNO0JIb30BaHHeM OMHAPHBIX fi/1ep-
HO-(U3NYeCKUX MEeTO10B
Koneseza Anopeii Jleonuoosuy
[TeTepOyprckuiit MHCTUTYT siAEpHON PH3UKH
uM. b.II. Koncrantunosa HUILL «Kyp4yaToBckuil HHCTUTYT»
Pa3paboTka paanodgapManeBTHYECKUX JIEKAPCTBEHHBIX
NpenaparosB HA OCHOBE M30TONOB TepOust
Damxyounoe Tumyp Xaiicamyounoeuy
HWU monexynspHoil u knerouHor meaununsl PYIH
Ilepconamm3upoBaHHbIC CTPATETHH Je4eHUS OHKOJIOTHYe-
CKHUX 3200J1eBaHNIi ¢ IOMOIIbI0 HEHTPOHHOIO U3/Ty4YeHHil Ha
OCHOBE TPeXMEpPHBIX KJICTOYHBIX MOJIeJIeH OImyXoJiei
Oben



15.00 - 15.30
15.30 - 16.00
16.00 - 16.30
16.30-17.00
17.00-17.30
17.30-18.00
18.00 - 18.30

Ceccus 2. Pesynomamul peanuzayuu npoexmog 8 ooracmu
A0epHOU MeOUYUHDbI
Ilpeoceoamenv — A.B. Kono6os

Knenoe I'ennaouii Heanosuu
HUII «KypuaToBCKMI HHCTUTYT»
Kyna BenyT 1oporu npoToHHOii Tepanuu
Tackaee Cepezeii IOpvesuu
WnctutyT snepuoit ¢pusuku um. I.U. Byakepa CO PAH
Bop-HeiiTpoHo3axBaTHas Tepanus
Camoiinoe Anexcanop Cepzeeeuu (OHIANH)
®OenepanbHBI MEIUITTHCKANA OHO(PU3UIESCKUHN IEHTP

uM. A.W. bypnazssna ®MBA Poccuun

OnbIT U NepcHeKTUBbI Pa3BUTHS 00P-HEHTPOH3aXBATHOM
Tepanuu
Kode-0peiik

Cmaniicesckuii Anopeii Anexceeeuy

Poccuiickuii Hay4HbII HEHTP PaJUOJIOTUU U XUPYPTrU4ECKUX
TeXHOJIOTuil nMeHu akagemuka A.M. ['panoBa
Munsgpasa Poccun
TepaHnocTHKa OHKOJIOTHYECKUX 3200J1eBaHNIi: BO3MOKHOCTH
M NMepCrneKTHBBI
Yepnos Bnaoumup Heanosuu

ToMckunii HAaMOHAIBHBIN UCCIIEA0BATEILCKUN MEIUIIMHCKUN

ueHTp Poccuiickoii akaieMuu HayK,

HUL «Kyp4aToBCKHl HHCTUTYT»
NuHoBauMoOHHbIE pagnopapMnpenaparsl 1Jisi AMATHOCTUKHU
U JIeYeHHUsl 3J1I0Ka4YeCTBEeHHbIX HOBOOOPAa30BaHUI
Anwenec Anekceii Apkadvesuu
HauunonaneHblif MEJUIMHCKUHN HCCIEA0BATENLCKUN LIEHTP
Kapauosioruu uMeHu akajgemuka E.M. Hazosa
Mumnszapasa Poccun
Texyliee cocTosiHMe M MOTPEOHOCTH paguopapMaleBTUKH
JUIA siiepHO#i kapauosaoruu B P@



9.00-10.00
10.00 - 10.30
10.30-11.00
11.00-11.30
11.30-12.00
12.00 -12.30
12.30-13.00

23 okmaopsa, Cpeoa
Kondgpepeny-3an ®PHAH
Mockea, Jlenunckuii npocnexkm, 53
Pezucmpayus yuacmuuxos. Pecucmpayus nocmepos. Pazmewe-
HUe NoCcmepo8 Ha cmeHoe.

Ceccus 3. Paszsumue a0epHoii mMeOuyunbvl. pecuoHAIbHblE KId-
cmepul 8 Poccutickoii @edepayuu u CHI'.
Ilpeoceoamensy — H.H. 3asecmosckasn
Ilaenoe Banenmun Hukonaesuu
Bamkupckuii rocy1apcTBEHHbIN MEIULMHCKUN YHUBEPCUTET,
Ya
IlepcnekTUBBI CO31aHMS HAYYHO-TIPOM3BOJICTBEHHOI0 LIEH-
Tpa sinepHoii MenuuuHbl B ®I'BOY BO «bamkupckuii roc-
YAapCTBEHHBIH MeIMUMHCKUI YHUBepcuTeT» MuH3IpaBa
Poccun
Yoanoe IOpuii /Imumpueeuy (oHNaH)
®DenepalbHbIN HAYYHO-KIMHUYECKUNA LEHTP MEIULMHCKON pa-
nuosnoruu U oukonorun ®MBA Poccun, JlumMmutpoBrpan
Snepunas meqununa B cucreme ®MBA Poccun:
TeKyllee COCTOSIHME U NePCNeKTUBbI PA3BUTHSA
3vipanoe Cmenan Cepzeesuy
Ypanbckuii (eaepanbHbIN YHUBEPCUTET HMEHU mepBoro [Ipesu-
nenta Poccun B.H. Enbiyna, UHHOBaIMOHHO-BHE IPEHUECKUIA
ueHTp «LIuKI0TpOHHBINA UEHTP AAepHON MenuuuHb», Ekare-
puHOYpT
IUKIO0TPOHHBIH LHEHTP s1ACPHOH MeIMIHMHbI YPaJIbCKOI0
(enepabHOro yHMBEepCcHTETA
3asvanoe Eezenuit Jleonudosuu
Poccuiickuit HallMOHANBHBIN LIEHTP TEHETUYECKUX PECYPCOB
nabopaTopHBIX JKUBOTHBIX Ha 0a3e SPF-BuBapus Ulul" CO
PAH, HoBocubupck
Mopnesau naTo0ruii A7 in vivo ucc/jiei0BaHui U TOKJIUHM-
YeCKUX MCNbITAHMII paguogapManeBTHYECKUX PeNapaToB
B Ulul’ CO PAH
Kode-Opeiix
Tuwenxko Buxmopua Koncmanmunosna
MPHI] um. A.®. [{p16a - puman PI'bY «HMULL pagnonorum»
Munzapasa Poccun, OGHHHCK
Pa3paborka Taprernsix paanopapmnpenaparos 8 HMHUIL
PaaAnoJIOTHHU: HACTOsIIEee U OyayLuee
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13.00 - 13.30

13.30-14.00
14.00 - 16.00
16.00 - 16.10
16.10 - 16.20
16.20 - 16.30
16.30 — 16.40
16.40 - 16.50

Ilonoe Anmon Jleonuoosuu
WUT3b PAH, [Tymmao, ®UUAH, Mocksa
Pa3paborka HOBOro KJIacca HAHOPAAMOCEHCUONIN3ATOPOB
JIJTs1 aIPOHHOI Tepanuu: in vitro uccjieroBanus
Ycoé Braoumup FOpvesuu
HMMUI] um.ax. E.H.Memankuna Munsapasa Poccuu, HoBocu-
Ompck
Tanauii — 199 xJI0puA B BU3YAJIH3ALNHU 3J10KAYeCTBEHHBIX
HOB0OOOpa3oBaHMii Jérkoro: 6moduznyeckne U KINHUYE-
CKHe aACIeKThI
Ceccus 4. Ilocmepnas ceccus. Konkypc HayuHvix MOI00eHCHbIX
pabom. Paboma oyenounoti komuccuu.
IIpeoceoamens — O.B. Poouonosa, A.A. @pona
Ob6en
Ceccus 5. Monooesicnas nayunas cekyus no A0epHol MeouyuHe
IIpeoceoamenvy — M.IO. Azapkun, E.B. Bapmuna
Kucenee Bacunuii Anexceesuu
®denepabHbI HAYYHO-KIMHUYECKUA HEHTP MEIUIIMHCKON pa-
nuosnoruu ¥ oHkosnoruu ®MBA Poccun, lumMutpoBrpan
HccnenoBanue GusnyecKux napaMeTpoB My4Ka CHCTEMbI
NPOTOHHOI Tepanuu
Hkoenee Hean Andpeesuu
HuctutyT siaepubix uccnenosanuii PAH, Mocksa
Pa3paboTka JiyueBoii yCTAHOBKHM KOMILIE€KCA MPOTOHHOM
Tepanuu UAN PAH
Hempyus /Imumpuii Cepzeesuu
Omnueckuit nuctutyt uM. I1.H. JlebeneBa PAH, Mocksa
HMUII «KypuaToBckuii HHCTUTYT», MOCKBa
OnruMu3anus pe;KuMoB 00J1y4YeHHsI B TEXHOJIOTUSIX MPO-
TOHHOW UM HEHTPOH-3aXBATHOI Tepanuu ¢ UCNOJb30BaHHEM
3¢ peKTHBHBIX HAHODOPMY AU
Komenvnukoea Ionuna Anexcanoposna
NBX PAH, ®M1AH, MockBa
DYHKIMOHAIW3ANNA HAHOYACTHIL JIsI AAPECHOM TO0CTABKH K
ONMYX0JIEBBIM KJIETKAM
T'uneeckuit /Imumpuii Anexceeeuy
OMBI] um. A.U. bypnazsna ®PMBA Poccun, Mocksa
MartemaTnueckoe MOJ1eJIMPOBAHNE NPOCTPAHCTBEHHO-
BPeMEHHOI0 pacnpeaeieHusl pagnoCceHCHOUIN3aTOPOB B
COJIMHBIX OMYXOJISAX
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16.50-17.10

17.10-17.20
17.20-17.30
17.30-17.40
17.40 - 17.50
17.50 - 18.00
18.00 — 18.30

Kode-Opeiik
bezymosa Enuzaeema Bumanveena
«HMMULI onkonoruu um. H.H. bnoxuna» Munznpasa Poccun,
Mocksa
[porpammsl akkpeguranuu II3T-uentpos B mupe u Poc-
CHHU: CTAHJAPTHI, NPAKTHKHU U NepcreKTHBbI
Onuwgenko Cogpun Cepzeeena
®enepanbHas CeTh LEHTPOB SACPHON MEIUIIMHBI
«I1OT-Texnonomxu», MockBa
Cnenuduxanuu 1.0 nast pa3padorkm poccuiickoii mporpam-
MbI FAPMOHH3AIMH NOJIYKOJINYECTBEHHON OLIEHKH NpH
IIIT/KT ¢ P®JIII Ha ocnoBe 18F
byxapoea Kpucmuna Anopeesna
OMBII um. A.W1. bypHa3zsHa, Mocksa
OneHka YyBCTBUTEJLHOCTH H KIUHUYECKUH ONBIT HCIOJIb-
3oBaHusA PerFraction 111 He3aBHCHMOI0 KOHTPOJISI NO/Be-
JeHUsl esKeTHEBHOM TepaneBTUYeCKOH 103b1
Hlununoea Examepuna Anexcanoposna
OObenMHEHHBII HHCTHTYT AACPHBIX HccienoBanni, lyoHa
Ouenka ouosnornyeckoi 3ppeKTHBHOCTH PEHTITeHOBCKOI0
U3J1y4eHHs Pa3Horo kauyecrsa ¢ nomoumbio mFISH-ananu3a
XPOMOCOMHBIX a0eppaumii, THAYUUPOBAHHBIX in vitro B
JUM(OLMTAX YeJI0BeKa
Mapmuinosa Banepus Braoumupoena
Wucturyt saepubix uccnenosannit PAH, Mocksa
YposHu anonro3a u cunte3a JIHK y onyxoJieBbIX 1 HOp-
MAaJbHBIX KJIETOK YesIoBeKa nocJe ¢ui3ni-00,1ydyeHust NpoTo-
HAMHM
3akpsiTue koH(pepenuu. [loaBeneHne pe3yabTaToB KOHKYpCa.
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IIPOTPAMMA
VI Me:xxayHapoaHasi MOJIOAEKHAS IKOJa

«/HHOBaLMOHHBIE s1/1ePHO-PU3NYECKHEe MEeTOAbl BLICOKOTEXHOJIOTMIHOM

10.00 - 12.00
13.00 - 14.00
14.00 - 14.15
14.15-15.00
15.00 - 15.45
15.45-16.00
16.00 - 16.45
16.45-17.30

MEJIUITMHBID)

24 okmsaopsa, Yemeepz
Kongpepeny-3an ®UAH
Mockea, Jlenunckuit npocnexkm, 53
IKcKypcus na Hayuno-oopazosamenvuylo niouwiaoxky Husce-
HepHo-usuueckozo uncmumyma ouomeouyunovt HUAY
MHU®HU (2. Mockea, Kawupckoe uiocce, 64)
Perucrpanus y4acTHUKOB.
IIpeoceoamenv — M.C. I'puzopvesa, A.A. ®pons
IlepeMOHUS OTKPBITHUS
Kopakun Cepezeii Huxonaesuu
MPHII um. A.®. 1Ip16a - punuan @PI'BY «HMUL paguonorum»
Munsgpasa Poccun
TexHOJ10rnU COYETAHHOM JTIy4yeBO Tepanuu.
JKcnepuMeHTaIbHbIE Pe3yabTaThl iN Vitro u in vivo.
Ilocmnoe Auopeii Anexcandposuu
HMMUL weitpoxupypruu uM. ak. H.H. Bypnenko Munszapasa
Poccun
®DOTOHBI BLICOKUX HEPIrUil B COBPeMEHHOI MeAULMHCKOM
auardoctuke: KT, II9T u O®PIKT
Kodge-6peiik
Yepnovix Anexceit Huxonaesuu
HMUII «Kyp4aToBCKHil HHCTUTYT»
IIporonnas JsyyeBast repanus B Poccun
JIunenzonvy Anopeit Anexceesuu
HMMUL] onxonoruu um. H.H. broxuna Munsnpasa Poccun
Jo3uMerpuyeckue H pagno0uoIoruyeckne 0Co00eHHOCTH
HelTPOHO3aXBATHOM Tepanuu
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13.00 - 14.00
14.00 - 14.15
14.15-15.00
15.00 - 15.45
15.45-16.00
16.00 - 16.45
16.45-17.30
17.45-18.00

25 okmaopsa, [lamnuya
Kongpepenuy-3an ®HAH
Mockea, Jlenunckuii npocnekm, 53
Perucrpanust y4acTHUKOB.
Ilpeoceoamensy — H.B. Kapnos, A.B. Pyoutii
BcerynurensHoe cioBo
Tumowenko Buxkmop Opvesuu
MocCKOBCKUH rOCYyJapCTBEHHBIN YHUBEPCUTET
uM. M.B. JlomoHOCOBa
HaHoTexH0JI0THH B COBPeMEeHHBIX s11epHO-(U3NYECKUX Me-
ToAaxX OMOMeIHIHBI
Paoyesa Mapusa Cepzeesna
Ouznyeckuit uHCTUTYT UM. [1.H. JleGenea PAH
KieTouHble KyJbTYpBI ISl aIPOOALMH METOI0B -
MajleHbKHE IOMOIIHUKH SIICPHO-(pU3NYeCKOli THATHOCTHKH
Kode-Opeiik
Azapxun Makcum FOpvesuu
Ouznyeckuit uHCTUTYT UM. [1.H. JleGenea PAH
MexaHM3MBbl PAIMOCEHCHONIU3ALUM PAKOBbBIX KJIETOK K
PagHoOTEpPaNUu ¢ MOMOIIBI0 HAHOYACTHIL
Heopanuuxoe Anopeii Banepvesuu
denepanbHbIi LHEHTP MO3ra U HeliporexHojoruid ®MBA
Poccun
HOOT/MPT: Texunueckne 0cO0eHHOCTH THOPUIHOTO METOAA.
IlepBelii onbIT B Poccun
3axpeiTre mKkousl. IloaBeieHne HToros.
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IIOCTEPHAA CECCHA
23 okmaopsa, cpeda
Ogepnaiin ceccun

Attvtororcel Kyoep Omaxosuu
Hucmumym obweir pusuxu um. A.M. IIpoxoposa PAH
Laser synthesis of boron nanoparticles for BNCT
Bunnux /lapva Anekceesna
Hucmumym meopemuyeckoil u skcnepumenmanvhot ouoguzuxu PAH
Paspabomxa u uccredosanue buorocuueckol aKMUGHOCMU HAHOYACTUY
@mopuoda nomeyus Kax nePcnekmu8HO20 HAHOPAOUOCEHCUOUNUZAMOPA
Bonxoeé Bnaoumup Buxmopoeuu
HUAY MUDU
Tubpuonvie HaHOMemMKU HA OCHOBE AHUZOMPONHO20 MASHUMHO20 Mame-
puana 0isi 6UOCEHCOPHBIX U AHATUMUYECKUX NPUTLOHCEHUL
Tamoypz Examepuna Bnaoucnagoena
HUAY MUDU, UEX PAH
Hafnium-based metal organic frameworks as targeting drug delivery sys-
tems
T'oeéopoeé Hukonaii /Imumpueeuy
MHUPOA - Poccutickuil mexHoro2uyecKutl yHugepcumem
Kapboxcuramuvie npouzgoonvie npupooHuIX XA0PUHOS U ux buosocuie-
cKue ceolicmsd
T'onoeaxuna Anna Bnaoucnasoena
Qunuan « Onxonoeuueckuti yeump Ne 1 I'opoockoil kKnunuyeckou 60n1bHU-
yot umenu C. C. FOouna [enapmamenma 30pasooxpanenusi 20pooa
Mockeviy
CT PERFUSION TECHNIQUE FOR EXAMINING THE HEAD AND
NECK
T'opooey Mapus I puzopvesna
HUFX® PAH
T'ubpudnas cucmema Ha 0CHO8e MASHUMHBIX HAHOYACMUY O/ 00CMABKY
gomocenceounuzamopa memunernogoeo cunezo ¢ kiemku HCTI116
TI'puzopvee Anopeit Anopeesuu
HUAY MUDU
MooenupogaHue menniogvix npoyeccos 6 Meou npu UMNYIbCHOU J1A3ePHOU
obpabomke
Jlemxoea Munena Bnaoumupoena
HUAY MUDU
Anzopummut oopabomku KT u npeobpazosanus popmama DICOM ons
pacuéma 003vl @ NPOMOHHOU MePanuu
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Juanoe Cepzeii Bukmopoeuu

Braoumupckuii cocyoapcmesennuiii ynusepcumem umenu Anexcanopa
Tpucopwvesuua u Huxonas I pueopvesuua Cmonemoguix

Hcnonvzosanue hemmocekyHOHO20 1a3epHO20 UBLYUeHUs Olisl CUHmMe3d
HAHOCMPYKMYPUPOBAHHBIX YACMUY BONbPPaAMA

Heanuuxas Examepuna Cepzeesna

AO THL] P® — @251

Onmumusayus paouayuoHHOU 3auumsl cOpOYUOHHO20 2eHepamopa pe-
Husi-188 dns s10epHOll MeOUYUHBL MEMOOOM MAMEMAMUYECKO20 MOOCTU-
posanus

Kupuuenxo Mapuna Hukonaesna

OUAH

Cropocmy HacviweHus: 2eMo2n00UHA KUCIOPOOOM KAK MapKep QYHKyuo-
HANIbHO20 COCMOSIHUA IPUMPOYUMOE KPOBU

Knumenko Maxcum Anexcandposuu

Hucmumym buoxumuueckoti pusuxu umenu H. M. Omanysna PAH
Cunmes nonumepuuix Hanoyacmuy c 1,2-ouxapbonriudom kobarema 0s
O0p-HelimpoH03ax8amHol mepanuu 310KA4eCMEeHHbIX HOB000PA306aHUI
Koamanoeuu /lanun /lenucosuu

Hucmumym meopemuyeckoil u sxcnepumenmanvio ouogusuxu PAH
Cellular uptake of Ce0.8Gd0.202-X nanoparticles in 2D and 3D systems
based on mesenchymal stem cells in vitro

Koamanosuu /lanun /lenucosuu

Hucmumym meopemuueckoii u sxcnepumenmanvro ouogusuxu PAH
Radiosensitization effect of bismuth-based nanosheets under proton beam
irradiation

Konapee Cepzeii Auopeesuu

Hayuonanenoiii uccnedosamenvcxuil Tomckuil noaumexHuyeckuil yHugep-
cumem

Paspabomxa nHosoco memoda nonyuenust paouogapmnpenapama Ha oc-
Hose Ra-223 6 meouyunckux yeasx ¢ ucnoib308anuem copoyuoHHbIX Cno-
cobnocmeti oxcuoa aniomunus (111)

Kopomxkoea Haoescoa Anexceesna

HUBX PAH

Buomumempuueckue nanouacmuysl Ha 0CHOBe KIEMOUHBIX MEMOPAH OJsl
00CMABKY MepanesmuyeckKux a2eHmos

Kowegan Examepuna /Imumpuesna

QOI'BY I'HL] ®MFBIL] um. A.1. Bypnazana PMBA Poccuu

Brusnue nonudoghamunosozo nokpuimus na ezaumoodeticmaue HaHoua-

cmuy oKCcUOa mawmana ¢ Clﬂb6yMuHOM
15



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Kyzvmun /lenuc /Imumpuesuu

QI'VII L] IIPOAM ¢punuan “3aso0 Medpaduonpenapam”™

The impact of 177Lu on the growth of Dracocephalum Moldavica and
Ocimum Basilicum OF Lamiaceae

Ky3omuna Kcenua Cepzeesna

HAD CO PAH

Development of a liquid Fricke dosimeter for boron neutron capture ther-
apy

Kyzbmuueea Onvea Braoumupoena

Obrunckull uncmumym amomuou 3uepeemuxu HUAY MUOU

AHanusz paouo3auumHuslx ceoticme Gymapama 3-2uopoKCunupuouHa npu
0671yueHUU NPOMOHAMU 8 ONLIMAX in VIVO

Kypoanosa Kamunna Pygham xwizn

HUAY MUDU

Bruanue nazepro-abauposannvix Hanouacmuy 3010ma Ha buopacnpede-
nenue 18F-DIT 6 opeanuszme morweti ¢ meaanomou B16F10
Jlakmuonoe Apmem Anexceeguu

HUAY MUDU

Laser synthesis Au@Fe nanoparticles of the core-satellite type for bio-
medical applications

Jlykvanenxo Amumpuit Braoumupoeuu

HUAY MUDU

Komnvromepnoe mooenuposanue s1emenmos 2emepocmpyKmypHOU dJieK-
MPOHUKU

Maepewxo Ezop Heopeeuu

QUAH

H3zyuenue nopozos abnsayuu nopucmozo KpemHust 8 800e

Manbypoe Cepzeit Hukonaesuu

QUAH

Hccneoosanue paduayuonnozo eopmesuca 3yKapuomos u pacmenusx 6
yeaogusx aabopamopuu u noréma na MKC

Ilempoeé Bumanuii Banepveeuu

Canxm-IlemepOypeckuii 20Cy0apcmeenHblil yHusepcumem

A Digital Tracking Calorimeter based on Silicon Pixel Detectors for Pro-
ton Computed Tomography

Ilemynun Hukuma Muxaitnoeuu

HUAY MUDU

Hccneoosanue memooa beckonmakmuoi mepmoadsyuy npomoxKoeo2o
UHPUIBMPYIOWE20 PaKA MOJIOYHOUL JCele3bl
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29.

30.

31.

32.

33.

34.

35.

36.

37.

Ilueoeapose Hukuma Apmémoeuu

Hucmumym meopemuueckotl u 9KcnepumMeHmanbHol 6uopusuxu
Paouayuonno-unoyyuposannas peookc-akmusHOCMb HAHOYACMUY
GdCeTbF3

Ilonakoe Eezenuni Banepvesuu

HUAY MUDU

Paspabomxa eviuuciumenvrozo knacmepa 0Jis UCCAE008AHUS MEMOO08
2nybok020 06yYeHUsl 8 OHKO2eMAMON02UU

Iloxopykoe /lanuna Anexceeeuu

UFX PAH

Domokamanumuueckas dezpaoayus Kpacumeneu mMemani-
Op2aHuyecKUMU KApKACHbIMU CIMPYKIMYPAMU

Pa3zopozosa Ana Braoumupoena

HUAY MUDU

Mooenuposanue 00308bix pacnpedeneHuti 8 B00HOM hanmome npu pabo-
me IUHeliHo20 yckopumens s1ekmpornos ¢ Gate

Conoevesa Onvea Heopeena

QU] Ullul” CO PAH

Dppexmusnocmv BH3T in vitro npu ucnoav3osanuu yckopumeisi-
manoem

Cmpenvnukosa Hamanus Cepzeesna

OTI] ®PUAH

Jleticmeue uonog eenusi Ha UHOYKYUIo U poCcm OnyxoJieti npu 00Iy4eHuu
ACYUTHBIX KIeMOK KapyuHombl Ipauxa ex vivo 00 u @ nuke bpsecea
Tapacoe Ilagen Anugpmunosuu

000 UTOK

Ipumenenue K8aHMOBLIX MEXHOIO2UT OIS MEPANUU U IeYEeHUS. PAKOBBIX
3a601e8aHUll

Tpowuna Mapuna Bauecnagosna

MPHI] um. A.®@. L]viba - uruan @I'FY "HMHUIL] paouonoeuu” Munzopa-
6a Poccuu

Hccnedosanue cxem ppakyuoHupo8aHHo20 HeUMpOHHO20 U COUeMAaAHHO20
HeUMmpoH-nPOMOHHO20 00IYUeHUsL C OONOTHUMENLHBIM OPOOIeHUEM 003bl
HeUmpoHos

@omun Koncmanmun Onezosuu

HUAY MUDU

Hccneoosanue pacmeopos Hanouacmuy UCMyma u 2epManama eUCMymad,
CUHMEZUPOBAHHBIX MEMOOOM HAHOCEKYHOHOU a3epHOU adasyuu
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38.

39.

Hlaiioyrun Apmém Tumyposuu

HHUY BLID/HO® PAH

Cunmes 800HbIX KOLIOUOHBIX PACMEOPO8 HA OCHOBE HAHOYACMUY MOHO-
KAUHHO20 ocama 1aHmana, aKmusupOoBaHHbIX UOHAMU NPA3e00UMd, U
UX YUMOMOKCUYHOCMb NOO Oelicmauem PeHmMeeH08CK020 U3NYYeHUs Ha
kaemxax L929

Hluxaoa A6oynnax Moxammao

OHAN JIAIT

Onmumusayus UCMOYHUKA OLICIMPLIX HEUMPOHOS OJisL IYUesoll mepanuu

Onnaiin ceccus
Ab6ouxamumos /lacman Konwunoaesuu
HUAY MUDU
Iepcnexmusa UHHOBAYUOHHBIX NPOEKMO8 A0EPHOU MeOUYUHbL 8 NPO-
cmpancmee EADC
Axmemosa /[apva Pamuneena
Canxm-Ilemepbypeckuii nonumexnuueckuti ynusepcumem Ilempa Benu-
kozo/Ynueepcumem UTMO
Development of a new method of breast cancer brachytherapy using cal-
cium-containing nanocarriers
Bapabanoe /lenuc /Imumpuesuy
000 "leump I[12T-Texnonoorcu"
Yucnennvle Memoobl NepCOHUPUYUPOBAHHOU OOZUMEMPUU GHYMPEHHELO
001yYeHUst 8 PAOUOHYKIUOHOU OUACHOCMUKE
benaxoea Tamvana Anamonvesna
HUL] "Kypuamosckuii uncmumym", HOBI
Anti-tumor effect of nanoselenium and accelerated carbon ions on ehrlich
ascitic carcinoma cells ex vivo
Heemapeea /luana Tuzpanoena
HATO HUAY MUDU
Paouocencubunuzupyiowue ceoticmea nanouacmuy 3010ma npu ooyye-
HUU NPOMOHAMU 6 ONbIMAX IN VIVO
Samamuna Enuzasema Anexcanoposna
Hucmumym meopemuueckou u sxcnepumenmanvrou ouogusuxu PAH
Synthesis and antioxidant activity of new CeO2@PQQ NPs, Selective
modulation of cell response to X-ray irradiation by redox-active
CeO2@PQQ NPs
Menvuenko Mapus Anopeesna
Hosocubupcrkuii zocyoapcmeennviil yrugepcumem
Hzyuenue paduonpomexmopruix sghgpexmoe npenapama "qumegocgon”

6 aKcnepumenmax in Vivo
18



Ilocmosanosa Anuca Cepzeesna

Canxm-Ilemepbypeckuii nonumexnuueckuti yHusepcumem Ilempa Benu-
kxozo, UBCub

Effectiveness of combine radionuclide and chemotherapy of breast cancer
using different types of nanocarriers with Radium-223
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TARGETED RADIOPHARMACEUTICAL DEVELOPMENT IN
NATIONAL MEDICAL RESEARCH RADIOLOGICAL CEN-
TRE: PRESENT AND FUTURE

V. Tishchenko!, O. Vlasoval?, T. Ryzhikova?, S. Dorovatovskiy?, A. Pank-
ratov®, A. Ostroukhov?, M. Viryasov?*, A. Lebedeva?l, A. Fedorova?, E.
Stepchenkoval, A. Khailov?, A. Ivannikov?, A. Shcherbakova?l, G. Ma-

gomedov?, S. Orlenko?, P. Shegai??, S. lvanov'®, A, Kaprin?3®

LA. Tsyb MRRC, Obninsk, Russia
2 NMRRC, Obninsk, Russia
3 P. Hertsen MORI, Moscow, Russia
4 A. Belozersky Institute MSU, Moscow, Russia
> RUDN University, Moscow, Russia
e-mail: vikshir82@mail.ru

Cancer progression is often accompanied by overexpression of spe-
cific tumor receptors, which rarely occur in normal tissue. Therefore,
they can be promising targets for diagnosis and treatment of different
types of cancers with radiopharmaceuticals [1, 2].

Here we present the results of radiopharmaceutical development in
A. Tsyb Medical Radiological Research Centre — branch of the National
Medical Research Radiological Centre of the Ministry of Health of the
Russian Federation. To date, radiopharmaceuticals for diagnosis and
therapy of metastatic castrate-resistant prostate cancer has been devel-
oped. They are based on low-molecular-weight inhibitors of prostate-
specific membrane antigen (PSMA) and labelled with radionuclides
¥mT¢ — for diagnosis by single photon emission computed tomography
(SPECT) imaging, and Y""Lu or 22>Ac — for prostate cancer treatment.

Preclinical investigations of targeted PSMA-specific radiopharma-
ceuticals approved their safety and functional applicability. Moreover,
phase 2 of clinical trials of ¥’Lu-DOTA-PSMA («Lutaprost-MRRC»)
has already been completed. Clinical trials of **Ac-DOTA-PSMA
(«Prostaktin-MRRCy) are underway.
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The next group consists of somatostatin receptor-targeted radio-
pharmaceuticals, which are based on synthetic analogs of somatostatin,
and proposed for the treatment of advanced or metastatic neuroendo-
crine tumors. Preclinical studies of ¥’Lu-DOTATOC have been com-
pleted. Radiopharmaceuticals with ®™Tc and ?*°Ac are in developmental
stage.

In 2021 a pharmacy with the right to manufacture radiopharmaceuti-
cals (Radiopharmacy) was organized in A. Tsyb MRRC. Manufacturing
of non-registered radiopharmaceuticals for clinical use is carried out in
radiopharmacy in accordance with the Orders of the Ministry of Health
of Russia No. 1218n 12.11.2020, No. 780n 31.07.2020 and No. 249n
22.05.2023. Quality control and radiation safety of the radiopharmacy
personnel must be considered.

[1] N. K. Taunk, F. E. Escorcia, J. S. Lewis, L. Bodei. Radiopharmaceuticals
for Cancer Diagnosis and Therapy: New Targets, New Therapies — Alpha-
Emitters, Novel Targets. Cancer J., vol. 30, pp. 218-223 (2024).

[2] V. Zoi, M. Giannakopoulou, G. A. Alexiou, P. Bouziotis, S. Thalasselis, A.
G. Tzakos, A. Fotopoulos, A. N. Papadopoulos, A. P. Kyritsis, C. Sioka. Nu-
clear Medicine and Cancer Theragnostics: Basic Concepts. Diagnostics (Basel),
vol. 13, pp. 3064 (2023).

The work was financially supported by the Ministry of Health of the Russian
Federation, Ne R&D 121051700162-0, 121051700200-9, 124030500022-1.
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THALLIUM — 199 CHLORIDE IN SPECT IMAGING OF

MALIGNANT NEOPLASMS OF THE LUNG:
BIOPHYSICAL AND CLINICAL ASPECTS

W.Y.Ussov!, S.M.Minin!, O.Y.Borodin?, E.A.Nesterov?, S.I.Sazonova?,
Yu.B.Lishmanov?, V.S.Skuridin®, A.M.Chernyavsky*

1 FSBI NMIC named after Academician E.N.Meshalkina of the Ministry of
Health of Russia, Novosibirsk, Russia
2 OGAUZ Regional Oncological Dispensary, Tomsk, Russia
3 NR Tomsk Polytechnic University, Tomsk, Russia
4Research Institute of Cardiology of the Tomsk Scientific Research Center of
the Russian Academy of Sciences, Tomsk, Russia
Email address : ussov1962@yandex.ru . Tel. +7-9039512676

Introduction The development and improvement of new tomograph-
ic technologies for highly sensitive imaging of lung cancer (LC) is criti-
cal for the early detection of this disease, accurate staging and control of
complex therapy

The purpose of the study. To study the possibility of using radio-
pharmaceutical (rfp) °TI-Cl for SPECT-CT imaging of LC.

Material and methods. **Tl-chloride in solution was obtained on a
U-120 cyclotron (Efremov Institute of Physics and Technology,
Rosatom, St. Petersburg) National Research Tomsk Polytechnic Univer-
sity on the irradiation reaction of a metallic gold target with alpha parti-
cles 197Ai(a,2n)**Tl, at an alpha particle energy of 28 MeV, with a
1997] yield of more than 95%, in saline solution. The administered dose
of rfp was 180-185 MBq in all cases, scanning was performed 12-20
minutes after injection of **TI-CI. The chest SPECT was acquired as 64
planar scans for 360 ° rotation of the two-detector system, in a 64x64
matrix, with a field of view size of 40x40 cm, with a set of more than
50,000 counts per frame, with a high-energy high-resolution collimator
installed, when set to an energy peak of 70 keV and with the differential
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discriminator window of 20%. The reconstruction of sections was car-
ried out by the method of back-projections, taking into account the ab-
sorption constant of 0.12 1/cm. The contour of the patient's body was
imported from the CT for this purpose. CT of the chest was carried-out
immediately after the SPECT, in a 512x512 matrix, with a spatial reso-
lution of 1 mm. No X-ray contrast enhancement was performed. All
studies were performed using a combined Simbia T16 (Siemens Medi-
cal) SPECT-CT scanner.. 12 patients with an established diagnosis of
non-small cell RL were included, with a CT scan with **TI-Cl to stage
the disease. The control group comprised 7 patients who underwent a
study with *°TI-CI for non-oncological pathology, but the diagnosis was

subsequently rejected and they were regarded as somatically healthy.

Results. Visually, with SPECT-CT with **TI-CI in patients without
tumor pathology, accumulation in the lungs was background, and the
image of the mediastinum was due to the normal accumulation of rfp in
the myocardium. The ratio "lung / myocardium" was 0.23 £+ 0.05 in the
control group. For the primary node of RL, this index was 0.62 + 0.14
(p<0.02), and for metastatically affected lymph nodes 0.59 + 0.16
(p<0.05). According to the results of the individual picture of the
SPECT-CT with *°TI-Cl in LC, 6 out of 12 patients had expanded radia-
tion areas with external gamma therapy.

Conclusion. **TI-Cl has a high avidity to LC tumor tissue and
demonstrates high accumulation in primary and metastatic LC nodes. It
is advisable to use the SPECT-CT with **TI-Cl in LC, both in the pri-
mary diagnosis and for the staging of the disease. It is necessary to con-
tinue research on '**TI-Cl as an rfp for LC imaging.

[1] A.S.Samoilov, GE.Kodina, A.A.Larenkov. Development and implementa-
tion of new types of radiopharmaceuticals, Medicine: targeted projects, Ne 20,.
cc.19-22, (2015). EDN TVIFSX.

[21 N.V.Denisova, M.A.Gurko, |.P.Kolinko, A.A.Ansheles, V.B.Sergienko,

Virtual platform for computer simulation of radionuclide imaging in nuclear
cardiology: Comparison with clinical data, Digital Diagnostics, vol.4, Ne 4,
pp.492-508? (2023).

42



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»

43



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»

YCTHBIE JIOKIAAJBI
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MATEMATHYECKOE MOAEJINUPOBAHUME IMNPOCTPAH-
CTBEHHO-BPEMEHHOI'O PACHIPEJIEJIEHUSA PAJIMOCEH-
CUBUJIN3ATOPOB B Cf)JIHI[HI;IX OIIYXOJIsIX

JL.A. T'unesckuiil, I1.B. HoxeBckmiit

L @edepanvroe 2ocydapcmeennoe b100icemmuoe yupexcoenie
«locyoapcmeennwiii nayunvii yeump Poccutickou @edepayuu - Dedepanvhbiii
Mmeouyunckutl ouoguszuveckull yenmp um. A.U. Bypnassnay (OI'BY I'HIL]
OMBL] um. A.1. Bypuazana ®MBA Poccuu), . Mockea, Poccus
dgin@oits.ru, +79262071338

Pamnocencnbumm3aTopsl ycHinBaroT 3PpQeKT OT JIy4eBOi Tepanuu B
OUYeHb OTPaHWYEHHOH 00JacTH, 3Ta 00JacTh MOXKET HECKOJBKO OTIIH-
4aTbCsl AJSl Pa3HBIX TUIOB M3JIyYEHHs, OJHAKO OHA HE MpeBbImIaeT 5-7
MKM [ 1,2], 9TO comocTaBUMO ¢ pa3MepoM KIETOK MileKomuTaromux. [1o-
9TOMY OCHOBHOM 3ajjaueil mpu pa3paboTKe M CO3JaHUH PaIHOCCHCUOU-
JU3aTOPOB SIBJSIETCSl OpraHU3alMsg WX H30UPaTeNbHOTO TMOTAaJaHus |
HAaKOIUICHUS MMEHHO B OIyXoJieBOW TKaHW. OCHOBHBIM BOIPOCOM B
W3YYEHUU B3aMMOJEWUCTBUS PaJAMOCEHCHUOMWIN3ATOPOB C H3ITy4YeHHEM
SBIISETCS JAeTajbHasl OlLEHKAa WX MPOCTPAHCTBEHHOI'O PpaCIpeesIeHUs
KaK B OITyXOJIEBOH, TaKk M B 3J10pPOBOM TKaHU.

Llenpro paboTHI SABISETCS pa3paboTKa MaTeMaTHYECKON MOJIENH MPo-
CTPaHCTBEHHO-BPEMEHHOTO pacIpeeNieH!s] PaIuoCeHCHONIN3aTOPOB B
OITyXOJIM /17151 TOBBILIEHUS 3(pPEKTUBHOCTH JIy4eBOH Tepanuu, C y4eToM
CTOXAaCTHYECKUX SBJICHUH, HAOJIIOJaeMbIX B KIIETOYHOH CTPYKTYpE.
Mojenb OCHOBaHAa Ha CHUCTEME CTOXAaCTHUYECKHX TU(PQPepeHINATLHBIX
ypaBHenuit (CI1Y), roe Bce mapaMmeTphbl 3aJal0TCsS MPU MTOMOIIU CIy-
YaifHBIX (YHKIMI BpeMEHH W KoopAuHaT. s onpeaeneHnss MrHOBEH-
HBIX 3Ha4eHui mapametpoB cuctemsl CIY B Kaxmoil ToUke MpOCTpaH-
CTBa (1)YHKHI/II/I IIJIOTHOCTHU BEPOATHOCTH 3allMCBIBACTCA B BUAC UCpap-
XUYHOM CHCTEMBI CIydalHbIX IporeccoB. Kaxaplil mporecc onuchiBa-
ercs pacnpeaeneHueM l'aycca. MaremaTHueckoe OXHUAAHHE KaXKJIOTo
IapaMeTpa MOXHO OIPENENIUTh 3KCIHEPUMEHTaNbHO. [lepBblil cirydaii-
HBINA IIpOoHECCC CBA3aH € MOrpCIIHOCTBIO MPOBEACHUA IKCIICPUMEHTA I10
ONpEeAEICHUIO CPpEAHEro 3HaueHNs. [IoMMMo 3TOro, yuuThIBatOTCA CIIy-
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YyaifHple MPOIECCH, O0YyCIOBIEHHBIE HEOTHOPOIHOCTHIO CTPYKTYPHI
OMOJIOTMYECKON TKaHH, XapaKTepoM KOHKPETHOTO MpoIlecca, a TaKkKe
CIIy4aiiHbIE MPOILIECCHI, ONPENEIAEMbIE KUZHEAEITEIbHOCTBIO OPraHn3-
ma [3].

Pa3zpaboranHas MaTemMaTHyecKasi MOJICIb TIO3BOJISICT PACCUMTATh H3-
MEHSIEMOE BO BPEMEHHU IIPOCTPAHCTBEHHOE pACIIpEACIEHUE PaJhOCEH-
CHOMITM3MPYIOMIETO areHTa KaK B Pa3jIMYHBIX YACTSIX OIyXOJH, Tak M B
NPUMBIKAIOIINX K OMYXOJIU 340POBBIX TKaHAX, B TOM YKCIIC, YYUTHIBAS
pa3Hbie (PYHKITHOHAIBHBIC COCTOSHUS areHTa BHYTPH KIICTOK.

Pe3ynbraThl pacyeTOB MO3BOJSAIOT OMPEAEIUTH MAKCUMYM KOHLEH-
Tpalyy PagroCeHCHOMIN3aTOpa B OIyXOJH, YTO B COYETaHUH C COIIO-
CTaBJICHUEM KOHIIEHTpAUWW B OIYXOJIM W 3J0POBOM TKaHHW MO3BOJSET
ONPEAEIUTh ONTUMAIBLHOE BPEMS MPOBEJICHUS JIyYEBON TEpaIUU MOCIe
BBEIICHUA IIpenapara.

[1] Tackaes, C.1O. bop-Heiitpono3zaxBatHas tepanus // C.}O. Tackaes,
B.B. Kansirun. - HoBocubupck: UzparensctBo CO PAH, 2016. 216 c.
[2] Coulter J.A., Hyland W.B., Nicol J., Currell F.J., Radiosensitising
nanoparticles as novel cancer therapeutics-pipe dream or realistic pro-
spect // Clin Oncol (R Coll Radiol), 25 (2013) 593-603.

[3] I'uneBckuii A.®., 'nneckuit J.A., Mxesckuit [1.B. Moaenuposa-
HUE TPOCTPAHCTBEHHO-BPEMEHHOTO pacIpeeNicHUs] JIEKapCTBEHHOTO
areHTa B Owonormueckod TkaHw// Matem. monmenupoBanue. — 2021.—
T.33.— Nell.— C.3-17.
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PROTON THERAPY SYSTEM BEAM PHYSICAL PARAME-
TERS STUDY
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Y FSBI «Federal Scientific Clinical Center for Medical Radiology and
Oncology» of FMBA of Russia, Dimitrovgrad, Russian Federation
2 Lomonosov Moscow State University, Faculty of Physics, Department of Ac-
celerator Physics and Radiation Medicine, Moscow, Russian Federation
8 P.N. Lebedev Physical Institute of the Russian Academy of Sciences, M0oscow,
Russian Federation
Presenting author e-mail address: kiselevwa@fvecmrfmba.ru

The paper presents the results of the PT system accuracy assessment
based on 11-month stability monitoring of its physical parameters. The
data on narrow beam positioning, coincidence of the central axes of the
proton and X-ray systems, and the stability of the energy selection sys-
tem were analyzed.

The results showed that narrow beam positioning remained within
+1 mm throughout all measurements period, and the average deviation
from the reference value did not exceed 0.4 mm. The data on the devia-
tion of the central axes of the proton and X-ray systems also showed
that the measurement results fit well into the range of maximum permis-
sible deviations, which is £1 mm from the reference value. The parame-
ters characterizing the constancy of the beam energy switching system
operation also showed a low number of fluctuations, R80 deviation did
not exceed +0.5 mm.

Based on the results of the PT system accuracy assessment, the min-
imum irradiation margin size (CTV-PTV margin) required to ensure
99% CTV coverage by 95% of the prescribed dose was calculated [1].
The obtained values were 0.8 mm in the lateral directions relative to the
beam axis and 0.4 mm in the direction along the beam axis. [2]

To assess the sufficiency of the calculated margin for reliable tumor
coverage and to compare the calculated margin with the 3 mm margin
traditionally used in head tumor radiation therapy, proton therapy plans
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were calculated for 9 patients. Four plans were calculated for each pa-
tient using different plan optimization approaches. The PTV approach
assumes coverage of an additional isotropic area around the tumor with
the absorbed dose, in this case were used 1 mm and 3 mm margins. The
robust approach [3] assumes simultaneous optimization according to
several scenarios taking into account geometric uncertainties and the
uncertainty of Hounsfield units (HU) on the CT scan. With this ap-
proach, 8 optimization scenarios are created: 6 with linear shifts of the
isocenter along the orthogonal axes by a given distance and 2 with an
increased and decreased Hounsfield units relative to the tomogram val-
ues. The isocenter shift in one case was assumed 1 mm along all axes, in
the other case — 3 mm; the deviation of HU was assumed +/-3.5%. Af-
ter planning, the robust analysis of each of the plans was performed for
8 scenarios: the isocenter shift in each direction was 3 mm, the deviation
of HU was +/-3.5%. A total of 288 scenarios were analyzed. The analy-
sis showed that the tumor coverage with the absorbed dose in stable
scenarios exceeded that in the PTV approaches.

A quantitative analysis of the resistance of the irradiated tumor vol-
ume coverage to geometric errors was performed taking into account the
calculated margin. The CTV coverage by 95% of the prescribed dose
remained >99% in cases of robust optimization, while the reliable opti-
mization mode of 3.5%/1 mm remained the most preferable.

[1] P. Hoskin, T. Greener, M. Kirby et al., On Target: ensuring geometric accu-
racy in radiotherapy. A Joint RCR/IPEM/SCoR Report, Royal College of Radi-
ologists, (2008).

[2] V. Kiselev, A. Demidova, Yu. Udalov, Study of constancy of dosimetric
parameters of proton therapy system, Medical Physics, vol. 95, pp. 65-70,
2022).

EB] K.) Langen, M. Zhu, Concepts of PTV and Robustness in Passively Scat-
tered and Pencil Beam Scanning Proton Therapy, Seminars in Radiation On-
cology, vol. 28, pp. 248-255, (2008)
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YpoBHu anonTo3a u cunate3a IHK y onyxoseBbIX 1 HOpMaJbHBIX
KJIETOK 4YeJIOBeKa mocJie (puam-06,ay4yeHnsi IpOTOHAMU

B.B. Maprbinopa', C.B. Akyaunnuen?, C.H. Tayxos'?, E.A. Kysnenopa'?,
H.A. fIkoBaes?

1 Hnemumym adepruvix uccreoosanuti PAH, Mockea, Poccus
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donvaleriia@gmail.com

C nosiBnenreM (IIdUI-Tepanuy, KOTopasi B NEPCIEKTUBE MOXKET CO-
XpaHATh 3J0POBBIC TKaHU 0€3 CephE3HOro yiiepOa KOHTPOJISI HaJl OIy-
XOJIbI0, aKTUBHO OOCYXZAIOTCS IUIaHBI M0 €€ BHEAPCHHIO B KIMHHYE-
CKYI0 NPAKTHKy. AHaJIW3 IMOJYYCHHBIX PSIOM aBTOPOB JAHHBIX [aeT
BO3MOXXHOCTH TIPEIMOJIOKHTE, YTO (DI3II-BO3AEHCTBIE TIO3BOJIIUT CHU-
3UTH JIy4EBYIO Harpy3Ky Ha 370pOBbI€ TKaHU puMepHo Ha 20—40 % mo
CPaBHEHHUIO CO CTaHAapTHhIM pexumoM [1]. Ha ¢one m3ydaembix wuc-
TOYHHKOB MOHU3UPYIOLIETO WU3Iy4YEHUs], IPOTOHHOE 00JIy4YeHHE BBHITO/I-
HO OTJIHMYAeTCsi OT POTOHOB, JICKTPOHOB U TSDKEIILIX UOHOB MpaKTHUe-
CKU TOJHBIM OTCYTCTBHEM BBIJICJICHHS SHEPIUU 3a AUCTAIBHON TpaHu-
el o0y4JaeMoil 30HBI OITyXO0JId TIOCie THKa bparra. Y ckopuTenb mpo-
tonoB SN PAH olGecrieunBaer pesxuM OOIy4eHUS OHOIOTHYECKUX
00pa3LoB 3a OJMH UMITYJIEC, KOT/Ia CPEAHSS MOLIHOCTD JJ03bI COBIAAaeT
C UMITYJIbCHOM U npubmmkaetcs k 1 MI'p*c?. [2].

B nmanHOM wuCCleOBaHWMU TPEACTABICHBI PE3yJIbTaThl OOTY4EeHUS
omyxousieBbiX (HT-29 — konopekranbpHasi ajeHOKapLUUHOMA YeI0BEKa)
n HopMaibHBIX (ADSC — Me3eHXUMalbHbIE CTBOJIOBBIE KIIETKH YKH-
pOBOH TKaHU deioBeKa (UOPOOIACTBI) KIETOYHBIX KYJIBTYp B He-
CKOJIKUX pEeXHMMax B 00JacTd MOJUQHUIMPOBAHHOTO IHKa bpoarra
(SOBP). OcHoBHBIC peKUMBI 00Jy4YEHHs: KOHBCHIMOHAIBHBIA PEKHM
(MomHOCTS 110361 D < 3 I'p/c), dmmm-peskum (D ~ 100 I'p/c) u onsOMM-
mynbeHbIi Guam-peskum (D > 10% T'p/c). [JuHaMuka periukanum
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JHK mocne 00xy4eHns OTCIIeKUBAIaCh B TEYCHUE 5 CYTOK C HUCTIONB30-
Bannem EdU-tecta. OueHka J0nM amonTOTHYECKUX/HEKPOTHYECKUX
KJIETOK MPOM3BOAMIIACH B TEUEHHE 2 CYTOK MOCIIE O0IyUeHHS C HCIIOIb-
30BaHHEM (UIyOPECLEHTHOIO MUKPOCKOIIA.

AHanu3 mokasall, 4To cIycTs 24 dJaca B CTaHJApPTHOM M OJHOUM-
nyJabCHOM (prdmI-pesxume 00aydeHus] OOHapyKUBalach TEHACHLUS TO-
BBIIICHUS JOJM anonToTndeckux kiaerok HT-29 mo cpaBHeHHIO ¢ KOH-
BEHLIMOHAIBHBIM PEXUMOM. Bo Bcex pexxumax udepe3 48 yacoB mocie
oOiydeHust HaOJrO#aNCs 3aMETHBIH YPOBEHb HEKPO3a 3THX KIETOK.
Taxoke ObuIM OOHApPYXEHbI apajuleNbHbIE TPEHABl B YPOBHE peIUINKA-
muu JIHK y kmerox HT-29 B teuenne 120 gacoB mocTpaanalimoOHHOTO
[epuoIa.

[1] Rothwell B, Lowe M, Traneus E, et al. Treatment planning considerations
for the development of FLASH proton therapy. Radiother Oncol., 175, 222-230
(2022).

[2] Akulinichev, S.V., Gavrilov, Y.K., Glukhov, S.I. et al. Analysis of Cell Re-
sponse to Ultrahigh Dose-Rate Proton Irradiation. Bull. Russ. Acad. Sci. Phys.
87, 1221-1225 (2023). https://doi.org/10.3103/S1062873823702830
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BIOLOGICAL EFFICIENCY OF DIFFERENT QUALITY
X-RAYS ESTIMATED BY mFISH ANALYSIS OF
CHROMOSOME ABERRATIONS INDUCED IN VITRO
IN HUMAN LYMPHOCYTES

E.A. Shipilova, E.A. Nasonova, L.A. Melnikova, 1.S. Gordeev,
P.N. Lobachevsky

Joint Institute for Nuclear Research, Dubna, Russia
shipilova@jinr.ru; +79521769715

Structural rearrangements of chromosomes — chromosome aberra-
tions (CA) — are the most sensitive marker of radiation exposure. The
analysis of radiation induced CA in metaphase cells of peripheral blood
lymphocytes is the only valuable method of human biodosimetry. It al-
lows to estimate the dose to which an individual has been exposed oc-
cupationally, accidentally or therapeutically.

The advanced method of molecular cytogenetics multicolor FISH
(mFISH) based on the whole genome painting allows visualizing all
chromosome rearrangements with higher precision than routine meth-
ods. For the first time, we exploited multicolor FISH method to investi-
gate the biological efficiency of different quality X-rays delivered at two
LRB facilities that replaced recently deconstructed y-*°Co unit ROKUS-
M: CellRad (Precision, USA) and SARRP (Xstrahl, USA) and their
suitability as a reference radiation in radiobiological research. For this
study, lymphocytes obtained from the blood of one healthy donor were
irradiated in vitro with 130 kVp X-rays + 0.5 mm Al manufacturer-
supplied filtration or 0.1 mm Cu custom-made filtration (CellRad ) and
with 130 kVp X-rays with Imm Al or 220 kVp with 0.15 mm Cu filtra-
tion (SARRP) at doses 1-4 Gy. The cells were harvested after 48 h of
post-irradiation culturing and CA in metaphases of the first post-
irradiated cell cycle were assessed. The cytogenetic effects of X-ray ra-
diation were compared with the results obtained previously at the y-%°Co
unit (ROKUS-M, JINR) and with the results obtained earlier by one of
the authors at the 250 kVp X-ray unit (Seifert, GSI, Germany) [1].
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Experimental data on mean aberration number at different doses
were analysed by non-linear regression using linear-quadratic model,
and obtained best-fit parameters compared for different irradiation con-
ditions. Based on the analysis we demonstrated that all X-ray regimes
have the higher biological efficiency than y-%°Co. 220 kV regime of
SARRP perfectly matched 250 kV Seifert machine giving the same re-
sults as previously published [1]. We found no statistically significant
difference in biological efficiency of 250 kVp X-rays compared to 130
kVp + 0.1 mm Cu and (p = 0.137) and 220 kVp SARRP (p = 0.143).
130 kVp X-rays filtered with 0.5 mm Al (effective energy 25.6 keV)
have the higher biological efficiency than filtered with 0.1 mm Cu (ef-
fective energy 38.8 keV) with RBE = 1.11 + 0.04, p = 0.006). In sum-
mary, our data show that X-rays from both units , 220 kVp SARRP and
130 kVp + 0.1 mm Cu Cell Rad may be used as a reference radiation in
radiobiological research.

Noteworthy, the aberration spectra induced by all radiation types
used were shown to be similar (~20 % simple breaks, 60% simple ex-
changes and 20% complex aberrations).

[1] R. Lee, S. Sommer, C. Hartel, E. Nasonova., M. Durante., S. Ritter.
Complex exchanges are responsible for the increased effectiveness of C-ions
compared to X-rays at the first post-irradiation mitosis. Mutat. Res. Genet. Tox-
icol. Environ. Mutagenes. 2010, 701:52-59.
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PA3BPABOTKA JIYYEBOM YCTAHOBKH KOMILJIEKCA
IMPOTOHHOM TEPAIINU USIU PAH
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B.B. MaprbinoBal

I UHeTUTyT aaepHbIX uccnegosaHnini PAH, Mocksa, Poccus
e-mail: iv.a.yakovlev@gmail.com

MeToa IpOTOHHOW (HJI3MI-Teparnuy MPEACTaBIsIeT cO00 MHHOBAIH-
OHHOE HaIpaBlieHHEe B 00JIaCTH JTyYeBOW TEpAINH, XapaKTepHU3yIoleecs
YIBTPAKOPOTKUMHU UMITYJIbCAMH BBICOKOMHTEHCHBHOTO 00yueHus. Oc-
HOBHOM LIEJBbI0 METOJa SABJISAETCS MUHHUMM3ALMsS TOBPEXKJIEHUS HOpP-
MaJbHBIX TKaHed mpu d(Hh(HEeKTHBHOM BO3/IEUCTBUH HA 3I0KAYECTBCHHBIC
HOBOOOpasoBanus [1].

D¢ dexTuBHas peanu3anys dTOro0 METoAa TpeOyeT YCOBEPIICHCTBO-
BaHHBIX XapaKTEPHCTUK pabOTHl YCKOPHUTENBHBIX CHCTEM, (hOpMHUpPOBa-
HUS TIOJISL M3ITYUYSHHsI ¥ TIPOBEICHUS JO3UMETPUIECKUX M3MepeHui. JIn-
HelHbIi yckoputens MHcTUTyTa gaepHbix uccnenoBannii PAH mpeno-
CTaBNIsIET BO3MOXXHOCTh NPOBEACHHUA 3KCIIEPUMEHTOB B JHara3oHe
CpPEHET0 HMITYJIbCHOIO TOKa 4yacTul oT 1 g0 6.5 MA, ¢ uMmmynbcamu
npoaomkutesbHocThi0 20-80 Mkc [2]. DTu mapameTpbl, B COYETAaHHUH C
CHUCTEMOM MACCHBHOTO ()OPMHUPOBAHUS TEPAIIEBTHUYECKOTO MOJIs, TI03BO-
JISIOT UCCIIEA0BATh BO3ACHCTBUS MyYKOB Ha OMOIIOTHYECKUE OOBEKTHI
TIPH MOITHOCTH J03bI, 3HaUnTENbHO npeBbimaromielr 100 ['p/c, Bkimrouas
OJTHOUMITYJIbCHBIE PEKUMBI 00JTY4EHUsI, YTO PACUIUPSET TOJIE UCCIIEI0-
BaHUs QduI-3ddexTa.

CucrteMa maccMBHOTO (hOPMHUPOBAHUS JTyIEBOH YCTAHOBKH COYETAET
MOCJIEeIOBATENIFHOCTh KOHCTPYKIMN (UTYPHOTO paccerBareNs C KOM-
MEHCATOPOM TOTEPh IHEPTUN IS 3aJaHHS ITHPOKOTO W PaBHOMEPHOTO
NOJIST U3JIyYeHHs M TpedeHyaToro GuiIbTpa Uil MOLYJSIMN SHEPreTH-
YECKOro CHeKkTpa W obpasoBaHMs MOAMGUIIMPOBaHHOW KpuBOW bparra
(Puc.1). ®YHKIIMOHAIBHOCTD 3TOW KOHMUTYpALUK YCTPOWCTB HE 3aBH-
CHUT OT BPEMEHHOM CTPYKTYPBbI UMITYJILCOB, YTO OOECIIEUNBACT CTAOUIIb-
HOCTb MPOCTPAHCTBEHHOT'O PaCIpEeeNICHUs 1036l IPU U3MEHEHUAX AJHU-
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TEJIBHOCTU HMITYJIbCa, HO YYBCTBHUTEIBHA K KOPPEKTUPOBKE BBIBOJA
IIy4Ka U3 HOHOIIPOBOJA.
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Puc.1. Cxema paboTbl CHCTEMBI TACCUBHOTO (hOPMUPOBAHUS J1abopa-
topHo# ycranoBku SN PAH

—

IIpencraBieHHBINH TOKIA MOCBSIIEH OCOOCHHOCTSM IMPOCKTHPOBA-
HUSI CUCTEMBI ()OPMHUPOBAHHUS TO3BI U HACTPOIKe €€ pabOTHI B YCIOBUSX
MYYKOB BBICOKOI MOIIIHOCTH JI03bI

Pabota BemonHena npu moajepxke rpanta PHO Ne 24-15-00040
«Pa3pabotka saepHO-QU3UYECKUX U PATUOOHOIOTHIECKUX METOJIOB
MPOTOHHOM (pIIAII-Tepanum.

[1] A.A. Friedl, K.M. Prise, K.T.Butterworth et.al., Radiobiology of the
FLASH effect, Med. Phys., vol. 49(3), pp. 1993-2013 (2022).

[2] S.V. Akulinichev, V.N. Vasiliev, Yu.K. Gavrilov et.al., Possibilities of Pro-
ton FLASH Therapy on the Accelerator at the Russian Academy of Sciences’
Institute for Nuclear Research, Bull. RAS: Phys., vol. 84(11), pp.1325-1329
(2020).
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PACYET NOIJIOIEHHOM JO3bI C IOMOIIBIO THBPU]I-
HOI'O AJITOPUTMA JIJIA IMPOTOHHOM TEPAIINM C UC-
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M. A.Beanxun!
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[TporoHHas Tepanusi NpeACTaBIAET COO0H MPOrpeccuBHyIO HOpMy JIydeBOi
TEparuu, KOTOpasl UCIIOJIb3yeT NPOTOHBI ISl IPULIETBHOTO YHUYTOXKECHHS OITy-
xouneil. OIHUM M3 TJIaBHBIX MPEMMYLIECTB MPOTOHHOW TEepanuy SBISETCS MH-
HUMHU3aIMsl TOBPEXKICHHS 3/I0POBBIX TKaHel, Onaromapsi bparrosckoro muka.
OnHaKo Ui TOCTHXKEHUSI MaKCUMalIbHOH 3 (heKTHBHOCTH HEOOXO0IMMO TOYHO
paccuuTaTth 03y 00JIydeHHUs. B OCHOBE COBPEMEHHBIX PacyeTOB HO3BI JICHKAT
METOBI, HCTIOIB3YIOLINE BOKCEIBHOE MOACIUPOBAHUE M KapaHAAIIHBINA My40K
(Pencil Beam Scanning, PBS). Ilenp ucciienoBaHuss — HHTErpals METOAOB
pacdeTa MOTJIOMEHHOHN 03bI, TakuxX kKak Pencil Beam Algorithm (PBA) u me-
ton Monre-Kapno (MCS), ans MOBBIIIEHUS TOYHOCTH PAacyETOB IPH yMEHbB-
IICHUM BPEMEHU BBIYMCICHUH OBLTO MCIOJIB30BaHO Kox Ha Python. {ns onrtu-
MH3AI[Md  PAaCYeTOB HCIONB30BANCS TuOpuaHbii moxxom: Pencil Beam
Algorithm (PBA) — st y4acTKOB ¢ TOMOT€HHOM IIOTHOCTHIO TKaHEH, TAKUX
KaK MSTKHE TKaHU. DTOT METOJ OBICTPO BBIUUCIISIET 103y Ha OCHOBE raycCOB-
CKOTo pacnpezenenus my4uxa. Gopmysia Juist pacuera 103bl B BOKCESX

D(x) = Dyexp (— 7::]

rae D(X) — no3a Ha paccrosiauu X, Do — MakcuManbHas 1033, 6 — CTaH-
JapTHOE OTKIJIOHEHHE, OMMCHIBAIOLIEEe IMUPHHY Mydka. Meton Monte-Kapio
(MCS) — ucnosp30Baics sl y4aCTKOB € PE3KUMH M3MEHEHUSIMHU IIOTHOCTH
TKaHel, TaKUX KakK IPAHUIBI MEXKAY KOCTSIMH U MArKUMH TKaHsMu. MCS nos-
BOJIAET MOACIHUPOBATH CJIOKHBIC BSaI/IMO}leﬁCTBHH MIPOTOHOB C TKaHAMH, YTO
3HAYUTECIIBHO YBECJIIMYMBACT TOYHOCTh pacycTa 103bI, 0COOEHHO B TE€TEPOrCHHBIX
30Hax. [Jnsa yckopeHus pacuera ObUT pealn30BaH THOPUAHBIN alNrOPHTM, B KO-
TOPOM JIJIsl IPOCTHIX YYaCTKOB MCTIONB30Bajcst PBA, a i1s CJI0XKHBIX 30H TpHU-
MeHsuIcst Metol, Monrte-Kapino. To4HOCTh pacyeToB: ISl MATKUX TKaHEH, Tae
ucnonb3oBaics PBA, norpemHocts cocraBmia ot 2% 1o 5%. B 30Hax ¢ rere-
POTEHHBIMU CTPYKTYpaMHU, TAKUMH Kak KOCTH, morpemHocts PBA pocrurana
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1o 15%. [Mpumenenue merona MouTe-Kapiio B 3TuX 001acTAX MO3BOJIUIIO CHU-
3UTH TOTPEIIHOCTE 10 MeHee 3%.
T'uOpuanEIil MeTo pacyeTa 036, UCTIONB3YIomui komOnHanmio PBA u MCS,
MPOJAEMOHCTPUPOBAI BBICOKYI0 TOYHOCTH M 3(QeKTHBHOCTh. [IprMeHeHme
PBA B romoreHHbIX TKaHsIX U MoHTe-Kapio B CI0XHBIX aHATOMHYECKHX 00-
JIACTAX MTO3BOJIIIIO TTOBBICUTH TOYHOCTH 10 MeHee 3% B CIIOKHBIX CTPYKTYPax H
COKpAaTHTh BpeMs pacyeTa 10 3-4 4acoB, YTO JeNaeT JaHHBIA METOJ IpHeMIIe-
MBIM JJIs1 KIIMHUYECKOM MPaKTHUKU.
Pa3paboTka ruOpHIHBIX METOJIOB pacueTa JI03bl OTKPBIBAET NEPCIICKTHBBI IS
ynqueﬂml HepCOHaHI/I3I/IpOBaHHLIX HpOTOKOJIOB HpOTOHHOﬁ Tepanym U MOXET
CHOCOGCTBOBaTL yﬂqueHmo HJ'IaHI/IpOBaHI/IH JICUCHUA B peaJ'H)HI)IX KIIMHUYC-
CKUx yCJ'IOBI/I}IX.
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LASER SYNTHESIS OF BORON NANOPARTICLES FOR BNCT

K.O. Aiyyzhy*!, E.V. Barminal, V.A. Agakhanova!

! Prokhorov General Physics Institute of the Russian Academy of Sciences,
Vavilova str. 38, 119991 Moscow, Russia
*aiyyzhy@phystech.edu

Recent studies show that the use of boron nanoparticles in neutron
capture therapy (BNCT) is a promising direction in radiotherapy [1, 2].
However, the creation of biocompatible nanoparticles with high boron
content and favorable physicochemical properties still represents a seri-
ous challenge. In this work, we study the synthesis of elemental boron
NPs using pulsed ns-laser fragmentation of various boron micropowders
(amorphous, crystalline and enriched °B isotope) in isopropanol in a
flow cell. A solid-state Nd:YAG laser with a wavelength of 1064 nm, a
pulse duration of 10 ns, a pulse repetition rate of 10 kHz and a pulse
energy of 1 mJ was used as a source of laser radiation in all our experi-
ments.

Analysis of X-ray diffraction patterns shows that laser fragmentation
results in allotropic modification of boron nanoparticles. Transmission
and scanning electron microscopy studies shows that the average size
amorphous, crystalline and enriched 1°B isotope B NPs is 30 nm, 50 nm
and 53 nm, respectively (Fig. 1). The isotopic composition measured on
a secondary ion mass spectrometer of obtained amorphous B NPs, crys-
talline B NPs and B NPs enriched with the isotope 1°B, shows a °B con-
tent of 19.07%, 17.5% and 74.97% respectively. The obtained B NPs
were functionalized with polyethylene glycol polymer to improve col-
loidal stability and biocompatibility in Shemyakin and Ovchinnikov In-
stitute of Bioorganic Chemistry. The use of the obtained amorphous B
NPs in BNCT resulted in a sharp increase in the level of cancer cell
death [3], obtained crystalline and enriched °B isotope B NPs will still
be studied.

This work was supported by Russian Science Foundation, Grant Ne 24-
62-00018.
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Fig.1. SEM-image of enriched 1°B isotope B NPs after laser fragmenta-
tion (a). Corresponding size distribution (b).

[1] R.F. Barth; A.H. Soloway; R.G. Fairchild, Boron neutron capture therapy
for cancer, Scientific American, 263, 100 (1990).

[2] V. Torresan, et al. Biocompatible iron—boron nanoparticles designed for
neutron capture therapy guided by magnetic resonance imaging, Advanced
Healthcare Materials, 10, 2001632 (2021).

[3] I.N. Zavestovskaya, et al., Laser-Synthesized Elemental Boron Nanoparti-
cles for Efficient Boron Neutron Capture Therapy, International Journal of Mo-
lecular Sciences, 24, 17088 (2023).
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DEVELOPMENT OF ANEW METHOD OF BREAST CANCER
BRACHYTHERAPY USING CALCIUM-CONTAINING
NANOCARRIERS
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Brachytherapy refers to an advanced type of radiation therapy used
for breast cancer. The basis of point radiological irradiation is not just
the use of radioactive elements, but their delivery directly to the lesion
site. In standard methodology, carriers made of non-degradable metals
are injected into the tumor as radiation sources, most often capsules
made of medical titanium [1]. Expert opinions on the toxicity of titani-
um during long-term exposure to the body differ. However, from an
economic point of view, the production of such capsules is expensive
(~$50 for 1 capsule weighing 2 grams) [2]. Therefore, the task of devel-
oping a new method of brachytherapy for breast cancer based on the use
of calcium-containing nano- and micro-carriers that will ensure effective
retention of the active dose of radiation in the tumor volume, while their
administration will be implemented with minimal invasiveness, and the
carriers themselves will have high biocompatibility and an economically
relevant production protocol [3].

In this study, nanosized carriers based on amorphous calcium car-
bonate were used, obtained by coprecipitation of Na,COs; and CaCl,
salts in the presence of polyacrylic acid (PAA) as a particle size stabi-
lizer. Isotope encapsulation was performed at the “post-synthesis” stage
in the presence of Ba*" and SO4> ions as catalysts for the Na*/Ra?" ion
exchange reaction and subsequent incorporation of the isotope into the
carrier structure.

As a result, we obtained stable system of nanoparticles with a narrow
average size (80-120 nm). Nanoparticles have high biocompatibility and
aggregation stability, which was proven by several in vitro studies. The
results radiolabeling verification showed that the radiolabeling tech-
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nique demonstrated high rates of isotope loading efficiency (=70%) and
radiochemical stability (>90% on day 7), which corresponds to general-
ly accepted criteria for quality control of radiopharmaceuticals.

Our investigations form a base for the new method of breast cancer
brachytherapy using calcium-containing nanocarriers and increase the
effectiveness of therapy everywhere with a reduction in concomitant
risks and side effects.

[¢]
o

8

RE Ra (%)
3 3 s

223Ra retention (%)

——adsorption + Ba2'/SO} ——adsorption + Ba**/SO?

start wash1 wash2 wash3 start 48h 144h

Fig.1. (A) SEM and (B) TEM images of CaCOs; nanocarriers. Graphs
demonstrating (C) radiolabeling efficiency of carriers with 2*Ra and (D)
isotope retention.

[1] Cozzi S, Augugliaro M, Ciammella P, Botti A, Trojani V, Najafi M, Blan-
dino G, Ruggieri MP, Giaccherini L, Ali E, Iori F, Sardaro A, Finocchi Ghersi
S, Deantonio L, Gutierrez Miguelez C, lotti C, Bardoscia L. The Role of Inter-
stitial Brachytherapy for Breast Cancer Treatment: An Overview of Indications,
Applications, and Technical Notes, Cancers (Basel), 10, 2564, 2022.

[2] Diaz-Gavela AA, Cerro Pefialver ED, Sanchez-Garcia S, Pardo-Perez E,
Thuissard-Vasallo 1J, Andreu-Vazquez C, Molina Lopez MY, Pena Huertas M,
Guerrero-Gomez LL, Sanz-Rosa D, Lorenzo FC. Hypofractionated whole
breast IMRT with HDR brachytherapy boost in early-stage breast cancer:
Long-term results from a single-center, Brachytherapy, 3, 342-354, 2024.

[3] Westrem S, Malenge M, Jorstad IS, Napoli E, Bruland @S, Bensdorff TB,
Larsen RH. Ra-224 labeling of calcium carbonate microparticles for internal a-
therapy: Preparation, stability, and biodistribution in mice. J Labelled Comp
Radiopharm, 6, 472-486, 2018.
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YU CJEHHBIE METO/IbI IEPCOHU®UIIMPOBAHHOM J10-
SUMETPUHN BHYTPEHHEI'O OBJIYUEHHUS B PAJTAO-
HYK/INJIHOU JUATHOCTHUKE

I BapaGanos?
L 000 «Ilenmp IDT-Texnonodxcur, 2. Examepunbdype, Poccus
barabanovdd@yandex.ru

B nacrosimee BpeMsi akTyajgbHa IpoOsieMa NnepcoHUpHUINPOBAHHOM
JO3MMETPUH TIPU NPOBEICHUU PAaIUOHYKIUAHBIX AMATHOCTUYECKUX H
TepaneBTHYCCKUX HccieoBaHuid. [IpuMeHeHHe HOBBIX MOJXOIOB H
YHCJICHHBIX METOAOB MOKET IO3BOJIUTH 3HAYMTENBHO YBEIUYUTH TOY-
HOCTh pacuéTa NOTJOUIEHHBIX 03 OT WHKOPIIOPUPOBAHHBIX paanodap-
maneBTryeckux npenapatoB (POII) [1]. Mcnonb3oBaHne U COBEpIICH-
CTBOBAaHUE IEPCOHAIU3ZUPOBAHHOW JO3MMETPUU B PALUOHYKIUIHON
JUAarHOCTHKE IJIS TJIAHWPOBAHMS PAJUOHYKIMIHON TEPaIllUH TaKXke SB-
JSIeTCSl BAYKHBIM HaIPaBJICHUEM.

Ilenp naHHOM PabOTHI — CO3MaTh MPOTPAMMHOE OOECIICUCHHUE IS
pacuéra 103 BHYTPEHHEro OOJy4eHHUs] NpH PaJUOHYKIWAHOM IUAarHO-
CTHKE C Y4ETOM HHAMBUAYAIBHBIX OCOOCHHOCTEH KaXI0ro HauueHTa u
Ha ocHOBaHuM KiMHUYeckuX AaHHbIX [IDT/KT w/mmm ODIKT, u npo-
BECTH JIO3MMETPUYECKYIO OLEHKY BHYTPEHHETO OOJIyueHHS pa3iIUdHbI-
mu POII. CymiecTByromme Ha TEKYIIH MOMEHT METOJBI OlleHKH (op-
MaJIM30BaHbl Ui aHTPONOMOPGHBIX (paHTOMOB Oe3 y4yéra WHIUBHUILY-
anbHOM OnokuHeTukH pacnpenenenus POIT [2].

B paMkax mpoBoOMMOro mccienoBaHusl pa3paboTaHa mporpamma Ha
s3pikax Python m C++, ucnonw3yer Oumbnmortexu pydicom, numpy,
CUDA, openCV, KOTOpBIE BHIMOJHSIOT KOHBEPTAIMIO H300paskeHUi
DICOM wmopnansHocteit PT u CT B MaccuBbI LIMGPOBBIX TaHHBIX U TIpe-
0o0pasyeT UX B BOKCEJIbHYIO MOJIEJIb, BBIIOIHAET MapajlleNbHbIe BEIYMC-
JICHUs] BHYTPEHHEH JI03UMETPHU BOKCEILHON MOJIENTU TallieHTa Ha Ipa-
¢duueckoM mporeccope. ABTOMATHYECKH CETMEHTHPYIOTCS 3aj[aHHBbIC
OpraHbl, IPOUCXOAUT HPUBSI3KA KOOPAWHATHI BOKCENS K OMOKMHETHYE-
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CKHM CBOMCTBaM KOHKPETHOTO opraHa. Takyke BBITIOTHACTCS OOpaTHBIH
PEHIEPHHT 7S ONIEPATUBHON OLIEHKH KauecTBa CErMEHTAIUH.

Jns yuéra reTeporeHHOCTH (MHOTOCIOMHOCTH U HEOJHOPOAHOCTH)
Cpelsl IpUMeHseTcs anroput™ bpazenxama (TpacCUpOBKHU Tydeit) - 1
KaKIOM Mapbl BOKCeNeH ompezensercsl MPOMeXyTOouHasi reTeporeHHast
cpella B TPEXMEPHOM IPOCTPAHCTBE, a TAKKE TPEXIKCIIOHEHIMATIbHAs
reTeporeHHasl MOJeb 1030BOro ¢akTopa HakoruieHus Bd mo momenn
J.JL. Bponepa [3] ¢ ycpennenuneM 1o ¢dakTopaM HAKOTUICHHUS Ka)IOTO
CJIOSl C BECOM PaBHBIM ONTUYECKOW TOJIIIKHE CIIOSL.

Pesynprarel pacuéra mOrimoméHHON 10361 ms chep pazIUIHOTO
IuaMeTpa W MaTepuaia, 3alloIHeHHBIX aKTHBHOCTHIO POII, Bepudumm-
poBaHsI ¢ mporpamMmmHubIM naketom IDAC 2.1[4].

[1] Zaid, Habib (Editor). Monte Carlo Calculations in Nuclear Medicine (Sec-
ond Edition): Therapeutic Applications. IOP Publishing Ltd, 2022;

[2] Bensiee B.H., Knumanos B.A. ®usuka sjepHodt meauimuel. Yacts 2.
VYuebnoe nocodue. M.: HUAY MU®DU, 2012;

[3] Mamkosuu B.II., KyapsasueBa A.B. 3amuTta OT HOHHIIHMPYIOIIHUX H3JIyde-
Huit: CripaBoyHHK — 4-¢ u31. nepepad. u pom. — M.: DHeproaromuzaar, 1995;
[4] Andersson M., Johansson L., Eckerman K. and Mattsson S. IDAC-Dose
2.1, an internal dosimetry program for diagnostic nuclear medicine based on the
ICRP adult reference voxel phantoms. EJINMMI Research 2017.
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ANTI-TUMOR EFFECT OF NANOSELENIUM AND AC-
CELERATED CARBON IONS ON EHRLICH ASCITIC
CARCINOMA CELLS EX VIVO

T. Belyakoval?, O. Rozanova?, E. Smirnova?, N. Strelnikova®
L Institute of Theoretical and Experimental Biophysics, Russian Academy of
Sciences, Pushchino, Russia
2 Institute for High Energy Physics named by A.A. Logunov of National Re-
search Centre “Kurchatov Institute”, Protvino, Russia
8 Branch “Physical-Technical Center” of P.N. Lebedev Physical Institute, Rus-
sian Academy of Sciences, Protvino, Russia
belyakovatanya@mail.ru

One of the main goals of experimental oncology is to find ways to
optimize radiotherapy (RT) of tumors, to overcome their radioresistance
and recurrence. Significant increase of RT efficiency due to high-
precision tumor irradiation can be achieved by using corpuscular radia-
tion: protons, neutrons, heavy ions. The most promising method of had-
ron therapy is the use of carbon ions (*2C), which have all the ad-
vantages of densely ionizing radiation and high RBE values. To im-
prove ion therapy of tumors, methods are being developed to modify the
action of '2C to reduce side effects on healthy tissues and enhance RT
using nanoenhancers [1]. The aim of this work was to study the induc-
tion frequency and growth rate of the solid form of Ehrlich ascites car-
cinoma (EAC) upon inoculation of ascites cells irradiated ex vivo with a
12C ion beam in the presence of selenium nanoparticles (SeNPs).

Experiments were carried out on 2-month-old male SHK mice (30—
34 g). A total of 80 mice were used. The solid form of EAC was used as
a model of tumor growth. EAC cells were aseptically isolated on the 7th
day after intraperitoneal inoculation in mice and transferred to Eppen-
dorfs at a concentration of 20 x 10%/ml. In some variants, a solution of
SeNPs at final concentrations of 0.17 and 0.34 mg/mL was added to the
cell suspension and incubated at room temperature for at least 1 h.
SeNPs were obtained by laser ablation of massive selenium targets in
deionized water (=18 MOhm*cm) (Prokhorov General Physics Insti-
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tute RAS, Moscow). The average hydrodynamic diameter of selenium
nanoparticles was about 100 nm, the half-width was in the range of 70—
130 nm. A suspension of EAC cells was irradiated with carbon ions in a
Bragg peak with a width of 2.5 mm (LET ~ 150 keV/um) in doses of 10
Gy and 20 Gy at an average dose rate of 3 Gy/min on a monoenergetic
beam with energy of 400 MeV/nucleon of a U-70 accelerator complex
on the basis of the Logunov Institute of High Energy Physics, National
Research Center “Kurchatov Institute” (Protvino). After irradiation,
mice were implanted with 2 x 108 EAC cells in a volume of 0.1 mL in-
tramuscularly into the thigh of the left limb to obtain a solid form. The
frequency of tumor induction and their growth rate were recorded for 30
days.

It was shown that in groups of mice that were transplanted with non-
irradiated EAC cells or treated with SeNPs at a concentration of 0.17
mg/ml on the 5th day tumors appeared in 100%, and when treated with
SeNPs at a concentration of 0.34 mg/ml on the 10th day only in 20%
had tumors, and by 30 days — 90%. In the groups of mice injected with
10 Gy irradiated cells without SeNPs and treated with low concentration
of SeNPs, tumors were observed in 100% of mice at 12 days. In the
group after irradiation with 10 Gy in the presence of SeNPs (0.34
mg/ml) at 17 days 10% of mice had EACs, and after 30 days the propor-
tion of mice with EACs was 30%, which is close to the frequency of
tumor induction when cells were irradiated with *C ions at a dose of 20
Gy. The growth rate of induced solid EACs was the same in all groups.
The results obtained revealed the antitumor activity of SeNPs and a sig-
nificant enhancement by SeNPs of the antitumor effect of *2C radiation
upon irradiation of EAC cells ex vivo.

The study was carried out within the framework of basic research on
topics that correspond to State Assignment no. 075-00224-24-3 (Insti-
tute of Theoretical and Experimental Biophysics, Russian Academy of
Sciences)

[1] Y. Chuang, P. Wu, Y. Shen, et al. Recent advances in metal-based

nanoenhancers for particle therapy. Nanomaterials, vol. 13(6), (2023).
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L Institute of Theoretical and Experimental Biophysics, Russian Academy of
Sciences, Pushchino, Russia
2 Institute for High Energy Physics named by A.A. Logunov of National Re-
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At present, ion therapy is the most promising method of radiation
therapy for malignant neoplasms [1]. An important step in studying the
effects of charged particles is determining the relative biological effec-
tiveness (RBE), which depends on the radiation dose, dose rate, type of
observed effect, and linear energy transfer (LET) of charged particles
[2]. The aim of the work was to determine the RBE of accelerated car-
bon ions in different regions of the Bragg curve in mice in vivo using the
micronucleus test (MN-test) in the dose range of 0.1-1.5 Gy and the 30-
day survival test at a dose of 6.5 Gy.

The studies were performed on two-month-old male white outbred
mice of the SHK line weighing 26-34 g. Irradiation of animals with
carbon ions was conducted with a monoenergetic beam at an energy of
450 MeV/nucleon of the U-70 accelerating complex based of the
Logunov Institute of High Energy Physics, National Research Center
“Kurchatov Institute” (Protvino). The LET was determined by the com-
putational method: 15 keV/um before the Bragg peak, 5 keV/um after
the Bragg peak, 100 keV/um in the modified 10 mm wide Bragg peak,
and 39 keV/um in the 30 mm wide Bragg peak. The average dose rate
before the Bragg peak was 0.8 Gy/min; at the Bragg peak — 1.6 Gy/min;
after the Bragg peak — 0.3 Gy/min. Control groups of mice were irradi-
ated using the X-ray device RUT-250-15-1 (200 kV, 20mA, LET of 2
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keV/um) at an average dose rate of 1 Gy/min at the Research Equipment
Sharing Center “Radiation sources” (Institute of Cell Biophysics RAS,

Pushchino, Russia).

Table 1 presents the values of the RBE of carbon ions during irradia-
tion of mice in different regions of the Bragg curve according to differ-
ent criteria.

Table 1. Values of the RBE of carbon ions at irradiation of mice in different
regions of the Bragg curve

RBE
- LET, Average 0
Lgﬁg:ﬁtéﬁg keV/ | MN- lifespan | 30-day surviv- su??/if/)al
pum test of dead al of mice .
. of mice
animals
Before the Bragg 15 10 08 08 )
peak
inthe | 0™ | 100 | 14 2.1 1.6 26
wide
Bragg 30 mm
peak . 39 1.1 1.9 1.4 2.1
wide
After the Bragg 5 07 ) 07 )
peak

The value of RBE when mice were exposed to carbon ions in the
Bragg peak at different calculated LETs did not differ within the single
test. However, the RBEs calculated, for example, from 50% survival of
mice were higher (>2.1) than the RBE values calculated from the MN-
test (1.1-1.4) and 30-day survival of mice (1.4-1.6). The value of RBE at
carbon ion irradiation before and after the Bragg peak was less than 1
with the mean values being 0.9 before the peak and 0.7 after the peak,
regardless of the study method.

[1] T. Malouff, A. Mahajan, S. Krishnan et al. Carbon ion therapy: a
modern review of an emerging technology. Front. Oncol, vol. 10:82,
(2020).

[2] W. Tinganelli, M. Durante Carbon lon Radiobiolo-
gy. Cancers, vol. 12(10), (2020).
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HUTIP U OTEYECTBEHHBIE TEPMOSIIEPHBIE PEAKTOPDI:
BUOME/IMIIMHCKUE PEINEHUS JIJI51 OBECIIEYHEHUSA PA-
JTUAITMOHHOM BE3OINACHOCTH

M.B. Byaaepa'?

L Yaemuoe yupeowcoenue "UTIP-Llenmp", 123060, 2. Mocksa, ya. Pacniemuna,
0.11, k. 2
2 Mockosckuii (puzuxo-mexnuueckuti uHcmumym (HayuOHAIbHbILL UCCTe006a-
menvckutl ynusepcumem), 117303, Mockea, Kepuenckas ynuya, 14, kopn. 1
m.budaeva@iterrf.ru

CoBpeMeHHbIE OMOMEIUIIMHCKHE TEXHOJOTHH WIPAIOT KIFOYEBYIO
POJIb B YIYUIIEHUH CUCTEM KOHTPOJIS ¥ 3aIUTHI HA SJCPHBIX OOBEKTaX.
UTOP, xak MeXIyHApOAHBIA TEPMOSIEPHBIA PEAKTOpP, CTPOrO PEryiiu-
pyercsi hpaniry3ckuM simepHbiM peryiasitopom ASN (Autorité de Sareté
Nucléaire). Kaxmas cTopoHa nmpoekTa 00si3aHa CIeIUTh, U OTYHTHIBATH-
cs mepen ASN, o Mepam Ge30macHOCTH ISl 3I0pOBbs YeloBeka. boiee
Toro, B Poccun BriepBhle HauaTa pa3paboTKa HOPMATHBHOW Oasbl s
perynrpoBaHusi 6€30IIaCHOCTH TEPMOSIIEPHBIX 1 THOPHIHBIX PEAKTOPOB
[1]. DTOoT mporecc o0ycoBiieH HEOOXOAMMOCTBIO CO3/IaHUs MTPABOBOM
OCHOBHI ISl oOecriedeHnss 0€30IacCHOCTH HOBBIX THITOB OYIyIIUX Tep-
MOSIIEPHBIX YCTaHOBOK. BaykHOCTH pa3pabOTKH HOBBIX CTaHAAPTOB CBS-
3aHa C PUCKAMH, XapaKTepHBIMH IS TEPMOSJICPHBIX YCTAHOBOK, TaKH-
MU KakK 00pa3oBaHWE HAHOIBUIA MYTEM ariioMepanui U yAepKaHue U
yTeuKa TPUTHSA, & TAKXKE C COMYTCTBYIOMIMMH PAJHOJIOTHYECKUMU OTIac-
HOCTSIMH. B laHHOM JIOKIIajie paccMaTpHBaOTCSI BOZMOXKHOCTH MpUMe-
HeHUs, OMO(PHU3NIECKOTO0 MOHHUTOPHHTA, OMOCEHCOPOB M MHUTATEIHHBIX
JI00aBOK, U APYruX OMOPU3INYECKUX U OMOMEAMIIMHCKHX METOJIOB IS
TIOBBIIICHHS SIJIEPHON 0€30MAaCHOCTH U HIMMYHUTETA YeJI0BEYECKOro Op-
raHu3Ma.

UTOP mpencrasisier co0oil 0COOBI MCTOYHHK PATHOIOTHISCKOM
OMMAaCHOCTH TI0 CPaBHEHUIO C TPAJULMOHHBIMU SICPHBIMH PEaKTOpaMH
nenenns. OCHOBHbIE 0COOEHHOCTH BKJIIOYAIOT MMITYJIbCHBIE HAarpy3KH
raMMa-usinydeHuss MpBHoOro auama3zoHa, HEHTPOHHOE W3IIYyYEHHE H
Hanmuue Tputusi. CoBpeMeHHbIe OMOMEIMLIIMHCKHE METOABI SIBISIOTCS
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KJIFOUE€BBIM MHCTPYMEHTOM [IJIS1 3AILUTHI 310POBbsI COTPYTHUKOB TEPMO-
SJIEPHBIX 00BeKTOB, Takux kak MTOP. Ocoboe BHUMaHHE YICISCTCS
OMOMOHHMTOPUHTY U OMOCEHCOPaM, KOTOPBIC UCTIONB3YIOTCS JIJISl TOYHO-
TO OTCJIEXWBaHUS 103 PAJAUAIMOHHOTO OOIy4YeHwHs, 0OCOOCHHO B YyCJO-
BUSIX BO3JICHCTBUS TPUTHS U €ro OeTa-u3JIy4eHUs. DTH METOMBI O3B0~
JISIOT OTIEPATUBHO BBISBISTH PATUAIMOHHBIC PUCKH, MUHUMHU3HPOBATH
BO3/ICHCTBHE Ha OpPraHW3M M CBOEBPEMEHHO NPUHUMATh MEPHI IS

MIPEIOTBPAIICHUS PaTUAIIHOHHBIX 3a00JIeBaHUI.

Bera-uzinydyeHue TpUTHS TIPEJCTABIICT 0COOYIO ONMACHOCTh MPH II0-
MaJaHuu BHYTPb OpraHHu3Ma, Ie OHO BbI3bIBaeT moBpexacHue JJHK u
MOJKET MPUBECTH K TAaKUM 3a00JIEBaHUSAM, KaK aHEeMHS, JISHKEMUS U OH-
KOJIOrH4YecKkre 00j1e3Hr. AHTHOKCHIAHThI, Takue Kak BUTaMHuHBI C 1 E,
JIoKa3anu CBOIO A(h(HEKTUBHOCTh B 3aIlIMTE KJICTOK OT PaJHalMOHHOIO
cTpecca, MPeAoTBpaIlasl OKUCIUTENBHOE MOBPEXKICHUE TKAaHEH U CHU-
JKasi pPUCK Pa3BUTHS ITHUX 3a00JieBaHMH. MeXyHapoIHasi KOMUCCHS 110
panuonoruyeckoii 3amute (ICRP) ycranapnmBaer qoMycTUMBIE YPOBHH
obOnmy4yeHus: Ay HaceleHus — | M3B B TOA, JIs MPodecCHOHATBHBIX
pabotHukoB — 20 M3B B roj. [2] DTO MOJYEpKUBAET BAXKHOCTHh BHE/I-
peHusl OMOMEAMIIMHCKUX TEXHOJIOTUH Ha Takux o0bektax, kak UTOP,
r7Ie KOHTPOJbh PaauaIliOHHONW O€30MacHOCTH CTAHOBUTCS KITFOYEBBIM
ACIIEKTOM 3aLLUTHI 310POBbs IEPCOHAA.

Pa3zpaboTku B o0sacTu paauanMoHHON Oe3ormacHocTd B Poccum,
BKJIIOYAsi CO3/IaHWE HOPMATHUBHOM 0a3bl I TEPMOSACPHBIX U THOPHU/I-
HBIX PEaKTOPOB, MO3BOJAT NPUMEHUTHh onbiT UTOP B oTeuecTBEHHBIX
YCTaHOBKax, obOecrevnBasi AOMOJHUTEINBHYIO 3alUTy COTPYAHUKOB U
MUHAMU3ZUPYS PATAOTIOTHICCKUE PUCKH.

[1] A.M. Kupxkun, A.B. Kypsiaaus, P.B. lapadyrautos, Bo3moxkHbie Kpute-
pyun ajid OTHECCHUA YCTAHOBOK YIIPABJIACMOI'0 TEPMOSACPHOIO0 CUHTE3a K 005-
€KTaM MCIIOJIb30BaHMS aTOMHOM OHEPIruu, H}ICpHaH " paaidalliOHHasd Oe3orac-
HocTh, Ne3 (109), cc. 5-15, (2023)

[2] C. Baudin, Occupational exposure to ionizing radiation in medical staff:
trends during the 2009-2019 period in a multicentric study, European Radiolo-
gy, vol. 33, no. 8, pp. 5675-5684, (2023).
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INVESTIGATION OF THE BIOLOGICAL ACTIVITY OF LU-
TETIUM FLUORIDE NANOPARTICLES AS A PROMISING
NANORADIOSENSITIZER
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nstitute of Theoretical and Experimental Biophysics of the Russian Academy
of Sciences, Russia, Pushchino
2N. S. Kurnakov Institute of General and Inorganic Chemistry of the Russian
*e-mail: dashavin.nik@yandex.ru

Radiation therapy (RT) is widely used in the clinic and is an effec-
tive method of combating oncology, based on the use of high doses of
radiation to destroy malignant cells and reduce the size of the tumor.
However, the shortcomings of RT, such as radiotoxicity to normal tis-
sues and radioresistance of tumor tissue, have contributed to the de-
velopment of new approaches, in particular the use of radiosensitizers:
substances capable of effectively absorbing and re-emitting ionizing
radiation energy. The most promising candidates for such purposes are
various nanoformulations, for example, oxides or fluorides of rare earth
metals [1-3].

Within the framework of this work, a synthesis and a comprehen-
sive analysis of the physicochemical characteristics and biological ac-
tivity of lutetium fluoride nanoparticles under the influence of ioniz-ing
radiation, which can be used as a radiosensitizer, were carried out. The
potential of lutetium fluoride nanoparticles was -16 = 1 mV, and the
hydrodynamic diameter was 193 nm. Ammonium citrate was used as a
biocompatible stabilizer, which provides the necessary colloidal stabil-
ity.

Quantitative analysis of apoptotic and necrotic cells 72 hours after
exposure to nanoparticles (NPs) showed that they did not cause necro-
sis in normal cell culture (fibroblasts of the NCTC L929 line). At the
same time, an increase in the concentration of NPs to 23.2 ug/ml. and a
dose of 4 Gy for tumor cells (melanoma of the B16/F10 line) led to a
significant increase in the number of cells in late apoptosis and necro-
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sis, which indicates that tumor cells are more susceptible to death with
preliminary exposure to NPs before irradiation.

The results of the assessment of the mitochondrial membrane po-
tential (MMP), as well as the results of the MTT test, show a decrease in
the metabolic activity of mouse fibroblast cells with an increase in the
concentration of NPs in the medium. On the contrary, in the cul-ture of
mouse melanoma cells, an increase in MMP is observed with an in-
crease in the radiation dose and the concentration of NPs, which is
probably due to a violation of the functioning of the respiratory chain.

The level of reactive oxygen species (ROS) after irradiation also in-
creased with an increase in the concentration of NPs, reaching a max-
imum at 23.2 pg/ml. and 2 Gy. This confirms the radiosensitizing ef-
fect of nanoparticles.

When assessing the clonogenic activity of B16/F10 cells, a signifi-
cant decrease in the number of colonies was recorded: at 2.32 pg/ml.
and 2 Gy — by 56%, at 4 Gy — by 85%; at 11.6 pg/ml. — by 70% and
90%, respectively; at 23.2 ng/ml. — by 83% and 96%. These results
confirm the radiosensitizing effect of the nanoparticles under study.

Thus, lutetium fluoride NPs have a radiosensitizing effect, which is
expressed in a violation of intracellular redox status and metabolic ac-
tivity, the initiation of apoptosis, and a significant decrease in their
clonogenic activity.Thus, lutetium fluoride NPS have a radiosensitiz-ing
effect, which is expressed in a violation of intracellular redox status and
metabolic activity, the initiation of apoptosis and a significant de-crease
in their clonogenic activity.

The work was supported by the Russian Science Foundation (Ne. 22-
73-10231)

[1] A.R. Harwood, Conventional fractionated radiotherapy for 51 patients with
lentigo maligna and lentigo maligna melanoma, Int. J. Radiat. Oncol. Biol.
Phys. 9 (1983) 1019-1021.

[2] Baskar R, Lee KA, Yeo R, Yeoh KW. Cancer and radiation therapy: current
advances and future directions. Int J Med Sci. 2012; 9(3):193-9.

[3] Castillo MH, Button TM, Doerr R, Homs MI, Pruett CW, Pearce JI. Effects
of radiotherapy on mandibular reconstruction plates. Am J Surg. 1988;
156(4):261-3.
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HAFNIUM-BASED METAL ORGANIC FRAMEWORKS AS
TARGETING DRUG DELIVERY SYSTEMS
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yevl?

! National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
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Modern traditional medications are proved to have several disad-
vantages such as low solubility, broad distribution and high toxicity to
heathy tissues [1]. However, these problems can be solved by a class of
nano-sized particles which, in recent days, has been widely developed to
alleviate these problems by means of controlled drug release and target-
ed delivery [2].

Metal-organic frameworks (MOFs) are a new emerging class of po-
rous materials, assembled from high valence metals or metal clusters
connected by organic molecules. It is promising for biomedical applica-
tions as drug delivery systems due to their high porosity, specific sur-
face area and biodegradability [3]. As most MOFs are comprised from
organic acids in role of ligand, there are plenty of free carboxylic groups
on MOFs surface, which can be modified by proteins to create a drug
delivery system with active targeting. In this work hafnium-based UiO-
66 MOFs were synthesized and tested as targeted drug delivery systems.

Nanosized UiO-66 MOFs were synthesized by solvothermal method.
Obtained nanoparticles showed structural and colloidal stability in me-
dia needed for surface modifications, which was confirmed by hydrody-
namic size, {-potential and FTIR spectra. Drug loading and drug release
for several dyes were analyzed. Polymer coating decreased rate of drug
release from nanoparticles. Stability of MOFs allowed to test them as
targeted drug delivery system to tumor cells. Surface modification with
targeting molecules was proved by flow cytometry of specific cell lines.
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Overall, obtained MOFs showed low toxicity in vitro and were suc-
cessfully used as targeted delivery systems. However, before theranostic
applications of MOFs, in vivo toxicity should be studied.

The work was supported by the Ministry of Science and Higher Edu-
cation of the Russian Federation, agreement no. 075-15-2024-536.

[1] Nanoparticle-Based Medicines: A Review of FDA-Approved Materials and
Clinical Trials to Date / D. Bobo, K.J. Robinson, J. Islam [u ap.] // Pharmaceu-
tical research. — 2016. — T. 33, Nel0. — C.2373-2387.

[2] Xu, Xianhan. (2022). The applications and synthesis of metal-organic
frameworks in nano-drug delivery. Highlights in Science, Engineering and
Technology. 21. 42-49. 10.54097/hset.v21i.3136.

[3] Cai, Mengru & Chen, Gongsen & Qin, Liuying & Qu, Changhai & Dong,
Xiaoxv & Ni, Jian & Yin, Xingbin. (2020). Metal Organic Frameworks as Drug
Targeting Delivery Vehicles in the Treatment of Cancer. Pharmaceutics. 12.
232. 10.3390/pharmaceutics12030232.
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I'MBPUIHASA CUCTEMA HA OCHOBE MAT'HUTHBIX HA-

HOYACTHUL AJIA JOCTABKU ®OTOCEHCEBUJIM3ATOPA
METHUJIEHOBOI'O CHHEI'O B KJIETKHX HCT116
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e-mail: maria.g.gorobrets@gmail.com

Hanocucremsl Ha ocHOBe MarHUTHBIX HaHouactun (MHY), B Tom
YHUCIIe HAHOYACTHII OKCHIIOB JKeJie3a, H/FIIN CBIBOPOTOYHOTO alTbOyMUHA
(B wactHOCcTH, uenoBeueckoro (YCA)) uMeroT OONBIION MOTEHIHAT
MIPUMEHEHUS JJI TUArHOCTUKH U Tepanuy OHKOJOTHYECKHX 3a0oJeBa-
Hui. Takue cHucTeMbl BIHAKOT HAa KOHTPACTHOCTh MPHU BU3yaIHU3aIUU
OITyXOJIEH, CITOCOOHBI aKKyMYyIHPOBAaThCS B IIENIEBOW OOJIACTH M OCY-
IIECTBIIATH €€ JIOKAIBbHBIN HarpeB mon nericteuem CBUY. B mHacrosiee
BpEMsl aKTUBHO pa3BUBAIOTCA HccleqoBaHus, B KoTopeix MHY npume-
HSIOTCS B KA4eCTBE areHTOB IS TocTaBku orocencedmmmzaropa (OC)
st poronuHamudeckoii Teparuu (OT). MeruneHossiii cunaunii (MC) —
MIMPOKO u3ydeHHbIH PC, NPUBOSIINI K CEIEKTUBHON THOETH OIyXO-
JIEBBIX KJIETOK W HE BIMSIOIINI Ha 370poBbie KieTku [1]. TanHas pado-
Ta HalleJieHa Ha CHHTE3 cucteM, comepkamux MC, Ha ocHoe MHY u
UCA wu omenky mpumeHuMocTH cucteM B @JIT OmMyXoJIeBBIX KJIETOK
KapIMHOMBI ToJIcTON KUIIkH yenoBeka HCT116.

[TorydeHHbIe HAHOCHCTEMBI OBUTH OXapaKTEPU30BaHBI TI0 pa3Mepy H
COCTaBy MeTojaMu crekrpodoromerpun Y D/Buaumoni o0nacTu, auHa-
MHYECKOIO CBETOPACCESIHUA M 3JEKTPOHHOIO MarHUTHOTO pPE30HaHca.
Ilokazan poct pasmepoB yacTull npu BkIodeHUH MC B cHCTEMBI C
104£18 am st MHY-YCA mo 179+30 um mis (MHY-YCA)-MC u ¢
93+21 um mit MHY o 167£36 um gus MHY-MC, uTto MOXKET OBIThH
o0ycinoBieHo cBs3biBanneM MC ¢ moBepxXHOCThIO cucteM [1] u morepeit
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CHUCTEMAMH arperaTUBHOW YCTOWYMBOCTH BCIICACTBHE HCIOIB30BaHUS

JAMCO B xauectBe pactBopuTens ansi MC npu cunrese.

Metonom MTT-tecta oneneHa TeMHOBas u (HOTOMHAYLHPOBAaHHAS
muroTokcuanocts MC, MHY, MHY-UCA, (MHY-YCA)-MC, MHY-
MC Ha knetkax HCT116, onpenenenst nokasarenu IC50 (tabm. 1).

Ta6nura 1. [Tokazarenu 50% sookuBaemoctr Kitetok HCT116 (1Csq)
B YCJIOBHSAX TEMHOBOTO U CBETOBOI'O AKCIEpUMEHTOB, MKM (110 MC).

O6paseLt 1Cs0, MkM
TemHoTa Ocsemenne 660 M, 8 JIx/cM?
MC 1.4+£0.3 1.2+0.2
MHY-MC >5 0.8+0.1
(MHY-UCA)-MC >5 0.4+0.1
MHY / MHY-UCA >5 >5

* B ciyuae yactun 6e3 MC 1nokazareny JaHbl [0 KOJIMYECTBY YaCTHII, SKBHBa-
nerTHoMy yactuiiam ¢ MC (MHY-MC u (MHUY-UCA)-MC cooTBETCTBEHHO).

OddextuBHOCTF OC HA MTOBEPXHOCTH HAHOCUCTEM BTPOE BHIIIIE, YEM
cBobogHOro ®C, YTO CBHJETEIHCTBYET O MPEHMYIIECTBAX WX HCIOIb-
30BaHMsI HaHoHocwtened musa goctaku MC. Ilpu ucmonp3oBaHUU
(MHY-UCA)-MC no cpasrennto ¢ MHU-MC yBenuuena rudens Kie-
TOK, YTO TOBOPHUT O BKHOCTH HAJMUYUS OMOCOBMECTHMOTO OEIKOBOTO
moKpeITHs st mmMoouu3anun OC Ha moBepxuoctd MHUY.

Pa3zpaboTka rUOpPHIHBIX HAHOCHCTEM TNPOBEJCHA 3a CYET IpaHTa
Poccuiickoro Hayunoro ®donna (PH®D) Ne 22-75-
10150 https://rscf.ru/project/22-75-10150/. JlaHHbIe MOJyYCHBI C HC-
nonp3oBanueM obopynoBanus LIKII «HoBble maTepmanbl U TEXHOJO-
rum» UbX® PAH.

[1] J.P. Tardivo, A. Del Giglio, C.S. de Oliveira et al., Methylene blue in pho-
todynamic therapy: From basic mechanisms to clinical applications, Photodiag-
nosis Photodyn. Ther., 2, 175-191, (2005).

[2] Y.-J.Hu, W. Li, Y. Liu et al., Fluorometric investigation of the interaction
between methylene blue and human serum albumin, J. Pharm. Biomed. Anal.,
39, 740-745, (2005).
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MOJIEJUPOBAHME TEIIVIOBBIX ITPOLIECOB B MEJIM ITPH
UMITYJIbCHOM JIASEPHOM OBPABOTKE
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WmnynecHast na3epHast 00pabOTKa XapaKTepU3yeTcsi KOPOTKUM Bpe-
MEHEM JACHCTBHS, BBICOKOM TOYHOCTHIO OOPAOOTKH M IIUPOKUM CIEK-
TpoM o0OpabaThiBacMbIX MaTepraioB. OHa IUPOKO HMCIIOJB3YETCs B Ta-
KAX OO0NacTsIX Kak MHUKpPOoOpaboTKa, MEIUIMHA, a’pOKOCMHYecKas
MPOMBIIIEHHOCTH U T.A. HaHOCeKyHIHOE J1a3epHOe H3IyUIEeHUE MUPOKO
UCTIONB3YeTCsl Ml TeHepalud HaHOYacTHil. [Ipy 3TOM MpOUCXOauT
nporecc TepMUuecKor abmsuuu. KpaliHe BaKHBIM SBJISIETCSI U3y4YEHHE
MOPOTOBBIX YCIOBUH JIa3epHOW aOJsMM MaTepUalioB U MEXaHU3MOB,
NPUBOIIMM K yIAJIEHUIO MaTepuaia U GOPMUPOBAHUIO HAHOCTPYKTYP
[1].

B nanHO# paboTe NpUBOISATCS Pe3yNbTaThl MOJAESTUPOBAHUS IPOLIEC-
ca HarpeBa M aOJsiIMU MeO NP BO3ACHCTBHU Ha €€ MOBEPXHOCTH Ce-
Py HAHOCCKYHIHBIX JIA3€PHBIX HMMITYJIBCOB U IEPEKPBITUH CO3AaBac-
MBIX MMM TEIIOBBIX ITOJIEH. Pe3y.HBTaTBI MOACIUPOBAHUA MOTYT 6I)ITB
WCIIOJIb30BaHbl AJISl ONpPEAETICHUs] ONTUMAJIBHBIX PEXHMOB T'€HEepaluu
METAJNIMYCCKUX HAHOYACTHII.

[1] Yan Wang, Mingyue Zhang, Yang Huang, Xiaoyan Cao, Yinghuai Dong,
Jingnan Zhao, Yuehua Li, Youhui Wang, Ablation threshold modelling and
validation of metal Nanosecond laser processing, Optics Communications, vol.
523, pp. 128608, (2022).
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Pamnocencnbunm3upyromre CBOMCTBa HAHOYACTHIT 30JI0Ta MTPH 00Ty~
YeHHH IIPOTOHAMM B OITBITaX iN ViVO
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Pagnocencubnnnzaropsl COCOOHB! MOBBIMIATH YyBCTBUTEIBHOICTh
PaKoBBIX KJIETOK K 00mydeHuto. [IpoBeaeH aHamM3 MEXaHHW3MOB coue-
TaHHOTO JeWCTBUS HaHouacTHIll 30510Ta (AuHY) u o0myueHus mpoToHa-
MH Ha MOZIeNU 0eCro3BOHOYHBIX JKMBOTHBIX Daphnia magna B ombitax
in vivo.

JKUBOTHBIX KyJIHTHBHPOBAJIHU COIJIACHO MEXKIyHAPOJHOMY IPOTOKO-
ay [1]. B pactBop AuHY (C=10 mkr/min, AuHY — cdepsl, pazmepom 50
HM, Oe3 IMOKpBITUS) MOMEeNIany 3a CYyTKH 10 obOmydeHus. OOiyueHue
npoBoaunn Ha ycraHoBke “IIpomereyc” B nmoze 30 I'p, smeprus 150
Mb5B. Konnerrpamnuio manoHoBoro auanbaerunaa (MA) omnenuBanu B
HMOJTB/MJI OTHOCHUTEIBHO ITOKa3aTesed KOHTPOJIbHOU rpynmbl (6e3 00-
Jy4eHUs] 1 HaHOo4YacTuL]). YpoBeHb cynepokcugaucmytassl COJl ananu-
3upoBanu 1o u3mMeHeHuto Ol B ycnoBHBIX eguHuax [2, 3].

B

Koutpone AuHY  30Tp WL

30

2000

°

1500

1000

KoHueHTpauua MIIA,
HMONb/MN

=

YpoBeHb ¢epmeHTa coj, %

Pucynok 1. Usmenenne mokasareneit MJIA (A) u CO/] (b) B xiretkax D.
magna (p<0,05),

N3 puc. 1A Bugno, uto AuHY B mccrmeayeMoil KOHIIEHTpaIuu He
OKa3bIBAE€T TOKCHUCKOTO JIEHCTBUS HA TecT-opranu3M. CoueTaHHOE JICH-
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CTBUSI HAHOYACTHUI] ¢ OOJydeHHEM MPHUBOANT K 3-X KpPaTHOMY ITOBBIIIIE-
HHUIO TOKcHYHOCTH (p=10"%). 13 pucynka 1B Buano, uro yposus COJJ
3HAYUMO CHIDKAETCS TIPU Pa3/IeIbHOM U COYETaHHOM C HAaHOYACTHUIIAMHU
nevictBun oomydenus (p = 0,012 u 0,04 coorBercTBeHHO). PaboTa BbI-
nonHeHa npu nojaepxkke PH®, npoext Ne23-24-10041.

[1] OECD, Guideline for the Testing of Chemicals Ne211. Daphnia magna Re-
production Test. Organization for Economic Cooperation and development,
Paris, pp. 202 (2012).

[2] C. Belaid, Assessing the effects of Thiram to oxidative stress responses in a
freshwater bioindicator cladoceran (Daphnia magna), Chemosphere, vol. 268.
pp. 128808 (2021).

[3] T.B Cupora, Vicrionp30BaHre HUTPOCHHETO TETPA30JUs B PEAKIUH aBTO-
OKUCJICHUA aJipCHAJIMHA JJId ONPEACTICHUA aKTUBHOCTU CYICPOKCUAUCMYTA3hbI,
buomenunuuckas xumus, T.59, Ned. C. 399-410 (2013).
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DOOPMATA DICOM JIJIA PACUETA J103bI
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®opmar DICOM (Digital Imaging and Communications in
Medicine) ctan cTaHmapTOM JJIs XPaHCHHUS WM MEpeaaddl MEIUIUHCKUAX
n3o0pakeHuii. OH OXBaTHIBACT KJIIOYEBBIC 00JIaCTU: yIPABICHUE CETe-
BBEIMH H300paXEHHSIMH, WX HHTEPIPETalneHd, MedaThio, MPOoIeIypaMu
BU3yanu3auuu u odduaitn-Hocutensimu [1]. OH ucnonb3yeTcs s KO-
nupoBaHus naHHBIX, TakuX kak KT, MPT u apyrux THUIOB MeIUIIMH-
CKOHM BH3yaJIM3allid, U COJAEPKUT HE TOIBKO M300paKEHHsI, HO U CBS-
3aHHYI0 C HAMH MeTanH(OpMaIuio, BKJIIOYAs MapaMeTpbl ChEMKH M
nanHble o naruente. DICOM of0ecrnieuuBaeT COBMECTUMOCTD MEXKIY
MEIWIIMHCKAM 00OpYy/TOBaHMEM DPAa3HBIX MPOU3BOAMTENCH U HCIIOINB3Y-
eTCs JJIs XpaHeHUs W Tiepeadyd MEIUIMHCKUX W300pakKeHUH B CHCTe-
max PACS (Picture Archiving and Communication System) [2].

B pamkax Tekymiero mccieoBaHHs pa3pabaThIBAMCh aJITOPUTMBI
qutst mzBnedenus u nanHeix KT u3 DICOM um ux nanpHewmiet o0padoT-
ku. 3HaueHus: XayHc(uiaa, KOTOPBIC UCIIOIB3YIOTCS I OICHKH IIIOT-
HOCTH TKaHEU, SABIISIOTCS BaKHOU YacThio JaHHBIX KT, Tak kak UMEHHO
OT HUX 3aBUCHT TOYHOCTH pacué€ra mpobdera MpOTOHOB U IIAHUPOBAHHS
no3bl 00mydyeHus. Ocob0oe BHUMaHUE YJIEJICHO MPeoO0pa30BaHUIO YKCET
XayHchunga B ITIOTHOCTH TKaHEH IS TadbHEHIIIETO UCIIONH30BAHUS B
pacyeTe pacupeeieHuil 1036l B IPOTOHHON TEPaNUH.

Pa3paboTaHHbIil TpOrpaMMHBIA KO peaqu3yeT allrOPUTM, KOTOPBIH
MO3BOJIIET MpeoOpa3oBbiBaTh n300paxkeHuss KT B ducieHHBIH HAOOD
JTAHHBIX, KOTOPBIA MOXET OBITh MCITOJIB30BAH IS IIPEICTABIICHUS B BH-
Jle BOKCEJIbHOTO MPOCTPAHCTBA pacHpeeIeH s IIOTHOCTU C pa3MEPOM
KyOMUYECKOTO BOKCEJS BILIOTH A0 1 MM, DTOT HaOOp JaHHBIX MOXET
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OBITH WCIIONB30BaH JJISi MPOLEAYPHl CETMEHTAIlMA ¥ MOAETHUPOBAHUS
B3aMMOJICUCTBUS MPOTOHHOI'O My4YKa C TKaHSAMH NALMEHTAa B IPOLIECCE
IJIAHUPOBAaHMS JIEYEHHUs] B NMPOTOHHOW Tepanuu. lIporpaMMHbBIA KOZ
TaKKe MO3BOJISIET BU3YAIH3UPOBATH AKCHAJIBHBIE CPE3bl C BO3MOXKHO-
CTBIO MPOCMOTPA OTACIBHBIX CIIOEB U OTOOPa)KCHMS 3HAYCHUU B KaxK-
JIOW TOYKE N300paKeHUsI.

IIpennoxeHHbIN aJIrOPUTM SIBISETCS OCHOBOW JUIsI CO3AaHUs IIPO-
TPaMMHOr0 MOAYJSl CETMEHTAMU B JUCTAHUMOHHOW JTy4eBOU Teparuu,
KOTOpas SIBJISIETCA HEOThEMIJIEMOM MPOLIEAYPON KIMHUYECKOTO MPOLEC-
ca.

[1] W. Dean Bidgood, Jr., Steven C. Horii, Fred W. Prior and Donald E.
Van Syckle, Understanding and Using DICOM, the Data Interchange Standard
for Biomedical Imaging Journal of the American Medical Informatics Associa-
tion Volume 4 Number 3, 1997.

[2] Mackenzie A, Lewis E, Loveland J. Successes and challenges in extract-
ing information from DICOM image databases for audit and research. Br J Ra-
diol (2023)
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S. Dianov!?, Y. Ulyanov?®, D. Abramov?

L Vladimir State University named after Alexander and Nikolay Stoletovs, Vla-
dimir, Russian Federation
2 State Laser Polygon “Raduga”, Raduzhnyi, Russian Federation
8 National Research Nuclear University “MEPhI”, Moscow, Russian Federa-
tion
sergey.dianov.01@mail.ru

The aim of the study is to obtain nanoparticles of tungsten and its
compounds by laser evaporation of targets in a liquid medium. The sig-
nificance of this work lies in the creation of a method for synthesizing
nanoparticles that allows controlling the properties and dispersion of the
obtained nanoparticles in accordance with current requirements. The
main feature of laser evaporation using femtosecond laser pulses is the
combined interaction of processes such as laser radiation absorption,
nanoparticle emission and plasma interaction with the medium, which
ensures efficient synthesis of nanoparticles. In femtosecond laser evapo-
ration (ablation) in liquid, these processes can be differentiated by con-
trolling the pulse energy and environmental conditions. Fine tuning of
the laser evaporation process leads to predictable results. The main
technical solution was the TETA-10 femtosecond laser system [1]. The
synthesized nanoparticles were examined using a Quanta 200 3D scan-
ning electron microscope. Using femtosecond laser radiation from the
TETA-10 system, material was ablated from the surface of a 40x40x5
mm tungsten volume target. The system used a potassium-gadolinium
tungstate crystal doped with ytterbium. The laser operated at a wave-
length of 1029 nm, had a pulse duration of 300 fs, a repetition rate of 10
kHz, and a pulse energy of 150 pJ. Tungsten nanoparticles were synthe-
sized in liquid media: oxide in water, carbide in acetone, and nanoparti-
cles in ethanol. At a laser power of 1 W in ethanol, nanoparticles of 20
to 200 nm in size with an average size of about 75 nm were obtained.
Reducing the power to 0.5 W resulted in the formation of nanospheres
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of 40 to 150 nm. Laser fragmentation yielded smaller nanospheres (<20
nm) and a colloidal solution, while some larger nanospheres (30-60 nm)
remained intact. Laser ablation in acetone resulted in spherical nanopar-
ticles of 20 to 180 nm in size at a power of 1 W and of 20 to 150 nm at a
power of 0.5 W. Laser fragmentation reduced the particle size. A colloi-
dal solution was formed, which, upon drying, became a gel film with
nanoparticles of about 1 nm in size. At 1 W power in deionized water,
nanospheres of 60-100 nm in size were formed, with the possibility of
forming conglomerates up to 300 nm. At 0.5 W power, larger structures
up to 1 pm and conglomerates up to 10 pm were formed. Using spectro-
photometry, it was found that scattering is reduced by laser fragmenta-
tion of colloidal solutions (figure 1).

Tungsten abl in water
Tungsten frag in water

d/ -\
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Fig.1. Scattering coefficients for ablated and fragmented colloidal solutions in
deionized water

These findings may be useful in industrial processes, especially for

improving the mechanical properties of aluminum alloys by introducing
tungsten nanoparticles.
[1] Kochuev D. A. The influence of pressure and electric field on the dynamics
of synthesis of micro- and nanoparticles under the influence of femtosecond
laser pulses on the surface of a material in liquid and gaseous media. Extended
abstract of candidate’s thesis. Moscow, 2021, 20 p. (in Russian)
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Oxidative stress and mitochondrial dysfunction play a crucial role in
the development of various pathological conditions and aging processes
[1]. The occurrence of oxidative stress is determined by the balance be-
tween reactive oxygen species (ROS) production and the body's ability
to neutralize them through endogenous antioxidant systems, including
enzymes like superoxide dismutase, catalase, and glutathione peroxidase
[2]. In the event of these systems being overwhelmed by excessive reac-
tive oxygen species (ROS), exogenous antioxidants are employed to
counteract oxidative stress. Nanozymes, in particular, nanoparticles that
have been functionalized with antioxidants or antioxidant enzymes, rep-
resent a promising avenue for enhancing antioxidant efficacy [3]. Nano-
particles that have been functionalized with antioxidants or antioxidant
enzymes have the ability to neutralize ROS in a more efficient manner
than traditional antioxidants.

In this study, we synthesized CeO.@PQQ NPs, characterized their
physicochemical properties, evaluated their radical-scavenging antioxi-
dant activity, assessed their cytotoxicity in L929 cells, and investigated
their protective potential against oxidative stress induced by 200 uM
H-0..

We successfully synthesized and characterized new CeO; nanoparti-
cles modified with pyrroloquinoline quinone (CeO.@PQQ). Transmis-
sion electron microscopy (TEM) revealed that the CeO,@PQQ nanopar-
ticles have an average diameter of around 4 nm, while dynamic light
scattering (DLS) indicated a hydrodynamic diameter of 62 nm. Addi-
tionally, the zeta potential was measured at -38 mV using electrophoret-
ic light scattering (ELS), and Fourier-transform infrared (FTIR) spec-
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troscopy confirmed the adsorption of PQQ onto the surface of the CeO;
nanoparticles.

The study demonstrates that CeO.@PQQ NPs effectively reduce hy-
drogen peroxide formation upon X-ray irradiation, showing catalase-like
properties across various pH levels. At concentrations of 1 uM and 2
uM, CeO,@PQQ NPs significantly decreased hydrogen peroxide levels,
with complete neutralization observed at higher concentrations, particu-
larly at pH 8.0. In contrast, PQQ alone displayed minimal antioxidant
activity, with its lowest performance at pH 5.5.

The results demonstrated that CeO.@PQQ NPs exhibited no cyto-
toxic effects on L929 cells within the concentration range of 0.1-10 uM
and did not adversely affect the mitochondrial function of the cells.

This research was funded by Russian Science Foundation (project Ne
22-63-00082).

[1] V. Bhatia, S. Sharma, Role of mitochondrial dysfunction, oxidative stress
and autophagy in progression of Alzheimer's disease, Journal of the Neurologi-
cal Sciences, 421, 117253, (2021).

[2] A. Tauffenberger, P.J. Magistretti, Reactive Oxygen Species: Beyond Their
Reactive Behavior, Neurochemical Research, 46, 77-87, (2021).

[3] R. Tian, J. Xu, Q. Luo, C. Hou, J. Liu, Rational design and biological appli-
cation of antioxidant nanozymes, Frontiers in chemistry, 8, 831, (2021).
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The application of ionizing radiation during radiation therapy inevi-
tably induces oxidative stress in both cancer and normal cells [1]. Reac-
tive oxygen species (ROS) exhibit a concentration-dependent duality in
these cell types; moderate levels are crucial for maintaining redox ho-
meostasis and facilitating processes such as proliferation and differentia-
tion, whereas elevated levels can trigger apoptosis and reduce resistance
to anticancer therapy [2]. The development of novel antioxidants and
radioprotectors with selective redox activity is of particular importance,
as it would allow for the mitigation of oxidative stress in healthy tissues
while increasing the toxicity effects on cancer cells. Whereas traditional
antioxidants are unable to achieve this selectivity, advanced nano-
materials present a promising solution for the attainment of these target-
ed effects.

The current study is focused on the analysis of the biological activity
of new CeO,@PQQ NPs, in order to investigate their impact on cyto-
toxicity, cell proliferation, mitochondrial membrane potential and geno-
protection upon X-ray irradiation in normal and cancer cells.

We studied the cytotoxicity of CeO.@PQQ NPs (0.1 uM to 100 uM)
in mouse fibroblast (NCTC L929) and adenocarcinoma (EMT6/P) cells.
The MTT assay demonstrated a reduction in NCTC L929 cell viability
at 10 uM, whereas a comparable impact on EMT6/P cells was observed
only at 50 uM. However, the LIVE/DEAD assay demonstrated a nota-
ble increase in the number of dead EMTG6/P cells at the lowest concen-
tration (0.1 uM), which was not observed in NCTC L929 cells.

The micronucleus test, used to assess DNA damage, revealed no sta-
tistically significant differences in micronuclei numbers for NCTC L929
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cells, with or without irradiation, except for a slight decrease in the 2
uM group. In irradiated EMT6/P cells, the number of micronuclei in-
creased from 16 to 37, and a dose-dependent rise was observed when
incubated with CeO,@PQQ NPs, reaching 49 at 1 uM and 76 at 2 pM.
Notably, incubation with PQQ or CeO NPs also led to increased micro-
nuclei, with counts of 61 and 79, respectively, comparable to those with
Ce0,@PQQ NPs.

Mitochondrial potential measurements in NCTC L929 cells without
irradiation showed no significant differences from the control, while a 5
Gy irradiation dose decreased potential to 82%; however, treatment with
CeO; NPs and CeO,@PQQ NPs at concentration of 2 uM restored po-
tential to levels similar to the non-irradiated control (97-102%). In
EMTG6/P cells, incubation with CeO, NPs and CeO,@PQQ NPs signifi-
cantly increased potential (up to 125%) without irradiation, suggesting
possible hyperpolarization, while irradiation caused membrane depolar-
ization, highlighting distinct mechanisms between nanoparticle expo-
sure and irradiation.

The findings suggest that CeO.@PQQ NPs induce increased DNA
damage in transformed EMTG6/P cells, both directly and by activating
mitochondria-mediated apoptotic pathways, while showing no harmful
effects on normal NCTC L929 cells. These results highlight the poten-
tial of CeO,@PQQ NPs nanoparticles as a promising agent with selec-
tive redox activity for antitumor therapy.

This research was funded by Russian Science Foundation (project Ne
22-63-00082).

[1] R. Baskar, K.A. Lee, R. Yeo, K.-W. Yeoh, Cancer and Radiation Therapy:
Current Advances and Future Directions, International Journal of Medical Sci-
ences, 9(3), 193-199, (2012).

[2] V. Nogueira, N. Hay, Molecular Pathways: Reactive Oxygen Species Ho-
meostasis in Cancer Cells and Implications for Cancer Therapy, Clinical Can-
cer Research, 19(16), 4309-4314, (2013).
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COPBIHMOHHOI'O TEHEPATOPA PEHUSI-188
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E.C. MBanuuxkas®, E.B. Cyaum’, O.JO. Broposa®

Y AO “THI] PD - DD, Obnunck, Poccus
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OpHMM U3 HalpaBlIeHUN COBPEMEHHOH A/1epHOI MEIUIIMHBI ABISET-
Csl PaIMOHYKIIMIHAS Tepamnus ¢ MPUMEHEHHEM IpernaparoB Ha OCHOBE
pamuonsorona %Re, KoTOpBIM 00NagacT HEOOXOOMMBIMHU SIEPHO-
(Gu3uYecKUMH CBOWCTBaMHM KaK JUIA Tepamuu (Tephoj Iojypacnajia
T1»=17,0 4, sueprus p-uznydenus 2,12 MaB), Tak u 111 AMATHOCTHKU
(oHeprus ramma-usnydenues 155 xoB). Pammodapmmpenaptsr ¢ ¥8Re
TOJIy4arOT ¢ UCIOJIL30BaHUEM COPOLMOHHOIO TreHeparopa S8W/1%8Re
HEIMOCPEICTBEHHO B KiuHUKe [1].

DKcIuTyaranusi pagior30TONHBIX TeHEPATOPOB TPEOyeT COOTIOICHUS
BBICOKHX TPEOOBAHUIA IO PaJHalliOHHON 3aIIUTE MPOU3BOACTBEHHOTO U
MEIUIMHCKOrO nepcoHana. B poccuiickom reneparope B8W/¥Re B ka-
YeCTBE PaJAMAIIMOHHON 3aIUThI IPUMEHSCTCS] CBUHEIL.

B nanHO# pabore mocTaBieHa 3aqaya ONTHMHU3AIWH 3alIUTHBIX U
Maccora0apuTHBIX XapaKTEpPUCTUK TeHeparopa: NpH COXpaHEHHU
OCJTa0JSIFOIIMX CBOMCTB PaJMAIlMOHHON 3aIlUThI CYIECTBYIONIETO I'eHEe-
partopa WCCIel0oBaTh MOBEACHHE APYTUX 3alIMTHBIX MartepuaioB. Mc-
CllelyeMbIMHA MaTepuallaMd BBIOPaHbI: BOJIL(pPAM M €ro CIUIaBbI, allfo-
MuHHUH, ctans Mapku 12X18H10T, oprcrexio.

JInst poBeNieH sl YMCIICHHBIX PacueToOB MCTIONB30BaH TPOrPAMMHBIA KOM-
mwekc Monte Carlo N-Particle Transport Code (MCNP) [2]. B xauectBe
BBIXOJIHOTO 3HAYEHHs B MPOrpaMMe Ui pacyéra MOIIHOCTH JI03bI BbI-
OpaH MOTOK HUCITyCKAeMBbIX YACTHI] Yepe3 KPYTroBO IETEKTOP.

PacuerHas reomerpuyeckas MoOJeETb I'eHeparopa OblLIa CMOIEIUPO-
BaHa B nporpaMMe MCNP, yunTsiBas €ero MCTHMHHBIE T€OMETPUUYECKHE
pa3mepsl. Pacuérsl mpoBommikch Uit 4 obacTei reHepartopa: BILIOT-
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HYI0 K OOKOBOH MOBEPXHOCTH, Ha pacctosHnu 100 cM oT GOKOBOH TTO-
BEPXHOCTH, BIUIOTHYIO CBEPXY U CHHU3Y.

[To nmony4eHHbIM pacyETHBIM JaHHBIM YCTAHOBIIEHO, YTO HAUIYUIIUE
PE3YNBTaThl IO MaccOTabAPUTHRIM U PaTUaIliOHHO-3alIUTHBIM TI0Ka3a-
TEJISIM MMEET 3allluTa W3 BoJib(ppama TONIIMHON 3 CM: Macca 3alluThl
CHW)KaeTcs B 2 pasa, a 0CIaliIsaroIUe CBOMCTBA COXPAHSFOTCS.

[1] JIuene K., Jlumypuc I, KpsinoB B.B., Kouerosa T.IO. Papnonyxnuanas
Tepanus npenaparamu Re B onkosoruu / Onkonorudeckuii xypuan. — C.34-
42.(2018)

[2] Briesmeister J. F., et al. MCNP — A General Monte Carlo N-Particle
Transport Code. Los Alamos National Laboratory Tech. Rep. LA-13709-M.
Los Alamos, NM, USA. Code Version 4C. (2000)

[3] Kypauenko 1O. A., ®omuna JI. H., Poguna O. II. OnruMu3anus 3aiiuTsl
PaTUOM30TOHOTO TeHeparopa // MeTomsl KOMIIBIOTEPHON JMarHOCTHKH B
ouosnorun u Mmeaunuue. - 2014. C. 16. (2014)
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cus
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B Hacrosimed paboTe MpeAcTaBICHO HCCIEJOBaHUE IKCTPAKOPIIO-
PATBHOM OKCUTEHAITMH DPUTPOIUTOB KPOBH 4deloBeka B mpubope K-
HOKC nnis manmenToB ¢ caxapasiM quaderom (CJ1), mpoxoauBmmx Je-
yeHrne B MMA uM. CeueHoBa U JaBIIMX UHOOPMHUPOBAHHOE COTJIACHE
Ha Hay4Hoe wucciefoBaHue. Llenbio paboThl SBIAJIOCH OMpelesieHHe
KOPPETSIMA MEXJy KIMHHUSCKUMH aHAIM3aMHU MAlUEHTOB U CKOPO-
CTBIO OKCUT'E€HAIINHU MX 3PUTPOIMTOB. B HccieoBaHny NpUHUMANHN y4a-
crue nanueHTs (20 genoek) ¢ C/ mepsoro (2 uenmoseka) u Broporo (18
YeJI0BEK) THIIA.

Jls manueHToB ObLIM MPEJCTABICHBI W MPOAHATU3UPOBAHBI TAKUE
KIMHAYECKUE TaHHbBIE KaK JITUTEIbHOCTh CaxapHoro auadera, TIMKeMHUs
HaTomak (Nr), oOmias kKoHieHTpalus remorioduna (HGB), komuue-
ctBo aputportoB (RBC), koHIeHTpanus TTUKUPOBAHHOTO T€MOTJIO-
6una (HbA1c), COD, KoHIIEHTpAIUsI HOHOB KaJIWsl, HATPHS U KaJIbIUs 1
np. [To HEeKOTOPBIM MAIMEHTaM IOJTHBIE JTJaHHbIE HEe OBLIH MpelocTaBIIe-
HBI, I03TOMY B KOHEUHYIO0 BBIOOPKY Bouuid 13 mauuentos. OOHapyxe-
Ha BbICOKas oTpuuarensHas koppessiuus (R=-0.71) Mexny KoHUIEHTpa-
el TTTMKUPOBAHHOT'O TeMOTTIO0ONHA M CKOPOCTHIO OKCUTECHAIIMU KPOBH.

[eiictBue paszpaborannoro namu mnpubopa KMHOKC ocnoBano Ha
OPUHIUIAX ONTHYecKoi okcumerpu [1]. 1o maHHBIM 00 UHTCHCHBHO-
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CTSAX CBeTa ¢ JiuuHaMu BoJaH 658 HM m 808 HM, paccesHHOTO MPOOOIt
KPOBM Hazajl, ompeaeisercs (QpaklIMOHHBIM COCTaB TeMOTJIO0OMHA B
3pUTpOoLUTaX (COOTHOIICHUE €ro OKCU- M JIe30KCu(OopMbl). OCHOBHBIM
OTIMYMEM TMPUOOpa OT MONYyYUBIIMX MIUPOKOE pPAaCIpOCTpaHEHHE
MyJIbC-OKCUMETPOB SIBISICTCSI BO3MOXKHOCTh MOJTY4YaTh 3aBUCUMOCTH U3-
MEHEHUsI (PPaKIIMOHHOTO COCTaBa TeMOTJIOOMHA OT BPEMEHHU B IPOIIEC-
caxX OKCUTEHAITMH WU TEOKCUTEHAINH MPOOBI KpoBH. Pe3ymbTaTsr dKc-
MEPUMEHTA MO3BOJSIOT KOJIUYECTBEHHO OLEHUBATHh CKOPOCTH TaKUX U3-
MEHEHHUHU, KOTOpBIE, COTJIACHO HAIlle TUIoTe3e, KOPPEeIupyloT ¢ MOp-
($hoPyHKIMOHATEHBIM COCTOSTHIEM IPUTPOIUTOB. V3BECTHO, 9TO MTOMH-
MO OKCHT€HHPOBAaHHOTO W JIEOKCUTEHHPOBAHHOTO TeMOTiIo0nHa (a TaK-
)K€ €ro HEaKTHUBHBIX ()OPM, TAKMX KaK METIEMOIIOOWH) Y UHIUBUAYY-
MOB HEKOTOpas 4acTh reMOrIO0MHA HAXOJIUTCS B TJIMKUPOBAHHOU (hop-
Mme (B HopMe 10 5%). Ilpu yCcTOHYMBOM MOBBILICHUH TJIIOKO3bI B KPOBU
B TEUCHHUE TPEX MECAILCB MPOUCXOIUT TOBBIIICHUE TIUKHPOBAHHOTO
remorio6uHa Beiie 6% u auarHoctupyercst CJI. B pabore Coletta [2]
MOKAa3aHO, YTO JIe30KcH-(popMa TIIMKHPOBAHHOTO TeMOrioOWHa cCyiie-
CTBEHHO OTJIMYAETCS 10 CBOMM (DYHKIIMOHAIBHBIM CBOWCTBAM OT HOP-
manbHoro Hb u mokaseiBaer Gombitiee cpoacTBo k kuciaopoay. Cremo-
BaTEJIbHO, MPU SKCTPAKOPIOPAIBHON OKCUIEHAIMU 3PUTPOLIUTOB CKO-
POCTh HACHIIIEHUS NTOJKHA yBeMW4MBaThcsa. OIHAKO MBI HaOIOJaeM
CHIDKEHHME CKOPOCTH OKCHTEHAIlMHd ¢ pocToM KoHreHtparmun HbALC.
DT0 MOXET ObITh OOBSCHEHO BKIIIOYCHHEM KOMIIEHCATOPHOTO MeXa-
HU3Ma W3MEHEHUS TPOHHUIIAEMOCTH MEMOPAHBI W/WIH CHUKEHHEM CKO-
POCTH HACHIIIEHUS OCTABIICHCS YaCTH HOPMAJILHOTO TeMOTIIO0NHA.

[1] A. Porarkun, ®u3nueckre OCHOBBI ONTHYECKOH OKkcumerpuu, Meau-
nuHCKas dusuka, Ne 2, ctp. 97-114, (2012).

[2] M. Coletta, G. Amiconi, A. Bellellil, et al. Alteration of T-state Binding
Properties of Naturally Glycated Hemoglobin, HbA.. J. Mol. Biol. (1988) 203,
233-239
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Bop-neitrponozaxBatnas tepanus (BH3T) mepcnexkTUBHBIH MeTOJ
JIeYeHHUsI OHKOJOIMYECKHX 3a00JieBaHUN, OCHOBAaHHBIM Ha peakUuH IO-
TJIONIEHHsT HEHTPOHOB CTaOWIBLHBIM M30TONOM Gopa °B, 4To mpuBOIMT
K 00pa3oBaHuIO anb(a-dyacTHIl ¢ BHICOKOH DHEPTrUei U KOPOTKUM Paju-
ycoMm neiictBusi. Metoa mo3BosisieT M30MpaTeNbHO BO3ACHCTBOBATH Ha
OITYXOJIEBBIE KJIETKH, MUHUMAJIBHO 3aTparuBas 30pOBbIC TKaHH, OJHA-
KO JUISl YCTIEHIHOM Tepanuu HeoOXOAMMO J0CTHYb KOHIEHTpauu °B B
OIyXOJIeBBIX KJIeTKax Ha ypoBHe 20 MKr/T [1-2]. CuHTE3 moJMMepHBIX
HaHOYACTHIL, KOTOpPBIE OOECIIeUrBAIOT CEJIEKTHBHYIO JOCTaBKYy Ipemna-
paTa B OITyXOJlb, SIBJISIETCS aKTYaJIbHBIM HAIpPaBICHUEM B PEIICHUU JaH-
HOU TIPOGJIEMBI.

Cononumep MosouyHOM W rimukojieBodl kuciotr (PLGA) Guaromaps
CBOEW OMOCOBMECTMMOCTH M OMOJETPaaupyeMOCTH TPENCTaBIsET CO-
00if TepCIIEKTUBHBIN MaTeprai IJIsl CO3aHUs CHCTEM JIOCTAaBKH JIeKap-
CTBEHHBIX NpenapaTroB, a HAHOYACTHUIIBI HA €r0 OCHOBE MOTYT obecre-
YUTh 3APECHYIO JOCTABKY MpenapaTa B OIyXOJIEBbIE KIETKHU.

B nannoit pabote Obuta MpoBeieHa pa3padOTKa TEXHOJIOTUH CHHTE3a
MOJIMMEPHBIX HAHOYACTHI[ METOJOM JBOWHBIX OMyibcuid ¢ 1,2-
nukapoomnuaom kobdanera (COSAN) ([8,8'-1-3,3'-Co(1,2-C2BgoH10)2] B
BHJIe HaTpueBod cosn. [IpoBeneHHass ONTHMH3ALMSA CHHTE3a C IIOMO-
b0 I1aHOB bokca-beHkeHa Mo3Bojmia IOdMy4YaTh HAHOYACTULBI C
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CIIeTyIOIMMHU XapaKTepUCTUKaMu: cpenHuil auametp 220+27 HM, a3e-

ta-noteHnwman -17.8+4.1 mB, obmiee conepxxanue COSAN 3,8 macc.%.

Beuto u3ydeno BnusiHue podasienus nonustwieHrankonsa (PEG) na
¢u3MKO-XUMHUYECKHe CBOiicTBa HaHOYacTHIl. CHHTE3 HAHOYACTHI] C CO-
otHomenueM nonumepoB PLGA-PEG k PLGA pasnoe 60:40 no3Bonun
yBennuuTh obmiee copepkanne COSAN go 11,7%.

CuHTE3WpOBaHbl HAHOYACTHIBI C (DIYyOPECIEHTHBIM KpacHUTEIeM
Cy5.5 mns 9KCHepHMEHTOB IN Vitr0, KOTOpbIE TMO3BOJIMIIA OIICHUTH
HAaKOIUICHWE B KJIETKaX MeJaHOMbl Mbimm B16: Habiromanock mepu-
HyKJICapHO€ IIMTOIUIa3MaTHIeCKOe paclpeiesieHre, MaKCHMAallbHOe
HAKOIUICHUE TOCTHUTANIOCH TIpH 24 4 WHKYOaIluu, IIPH 3TOM KOHIIEHTpa-
sl aToMoB Oopa Ha KieTky omnpezensuiack merogom MCIT-MC u co-
crasuna 1.831-10%, npu Heo6XOAMMOM MHHMMyME JUISl MPOBEICHHUS
BH3T - 108-10°.

Bria n3ydeHa KWHETHWKa BBHICBOOOXKICHHS CYOCTaHIIMM W3 HaHOYa-
CTHUII; B pe3yJbTaTe dKCIIepUMeHTa 3a 211 JacoB M3 MOJIMMEPHON MaT-
puubl BeicBoOokaanocs okono 40% COSAN u 31% Cy5.5, uto koc-
BEHHO JI0Ka3bIBa€T HAJIMYWE MPOJIOHTHPOBAHHOTO A (deKTa y momumMep-
HoU Qopmel. Brlta onpeaenena matemaTuieckas MoJIellb BICBOOOXKIe-
HUS, KOTOPYIO MOXXHO HCIIOJIB30BaTh ISl TIPOTHO32 CKOPOCTH BBICBO-
ooxnennss COSAN 13 HaHOYACTHIIL, YTO AaeT BO3MOXKHOCTh PACCUUTATh
onTUMabHOE BpeMs At nposenennst bH3T.

Takum 00pa3oM, MOTyYEHHBIE PE3YNbTaThl CBUAETENBCTBYIOT O Tep-
CMIEKTUBHOCTH TOJNYYEHHBIX HAHOYACTHI JUI 3()(PEeKTUBHOTO JIeUeHHS
3JI0Ka4YeCTBEHHBIX HOBOOOpa3oBaHWil ¢ mpuMeHeHuem Mmetoxa BH3T.
JJis MOATBEpKACHUST TaHHOTO BBIBOJIA HEOOXOJMMO MPOBECTH JKCIIe-
PHMEHTHI IN ViVO.

[1] Kanbrrua B.B., Kuunrun AU, I'y6anosa H.B., Tackaes C.}O. Bo3moxxHO-
CTH 60p-HeI7[Tp0HO3aXBaTHOI71 Tepanuru B JICHCHUU 3JIOKAYECTBCHHBIX OHyXOHCﬁ
TOJIOBHOTO Mo3ra//BecTHUK peHTreHojornu u paguoioruu. — 2016 —Ne6. —
C. 36-42.

[2] Kanbirun B.B., 3aBesnoB E.JI., Cumonouu A.E., Kuuurun A.U., Kacarosa
AU., Myxamanusipos P.A., Cubupues P.B., ®wmna H.C., CerueBa T.B. BOP-
HEMTPOHO3AXBATHAS TEPAIINA TJIMAJIBHBIX OIYXO-
JIEW//CoBpemenHbie mpoGieMbl Hayku 1 o6pasosanus. — 2019 — Ne3. — C. 144
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CELLULAR UPTAKE OF CeosGdo202-x NANOPARTICLES IN
2D AND 3D SYSTEMS BASED ON MESENCHYMAL STEM
CELLS IN VITRO

D. Kolmanovich?, N. Chukavin 2, N. Pivovarov?, S. Khaustov?, V.
Ivanov?, A. Popov??

nstitute of Theoretical and Experimental Biophysics of the Russian Academy
of Sciences, Pushchino, Russia
2Scientific and Educational Center, State University of Education, Moscow,
Russia
3Kurnakov Institute of General and Inorganic Chemistry of the Russian Acad-
emy of Sciences, Moscow, Russia
Presenting author e-mail address: kdd100996@mail.ru

It has recently been established that cerium-based nanoparticles are
promising nanozymes for advanced biomedical applications [1]. Addi-
tional modification of cerium oxide nanoparticles (CeO2 NPs) provides
them with new functions, making them promising theranostic agents.

Mesenchymal stem cells (hMSc) are a promising resource for vari-
ous biomedical applications, including those related to tissue regenera-
tion and cancer treatment. They are able to act as an effective means of
delivering various functional compounds due to infection in the area of
injury and inflammation or in the tumor growth zone [2,3], providing a
pronounced therapeutic effect. The 3D cellular model of hMSc allows
the formation of a certain microenvironment that forms their tissue
niche in natural conditions.

In this work, additional functionalization of gadolinium-doped ceri-
um oxide nanoparticles was performed using the fluorescent label fluo-
rescein isocyanate (CeosGdo202-x-FITC) and the features of their inter-
nalization in 2D (monolayer) and 3D (cell spheroids) cellular systems
based on mesenchymal stem cells were investigated. The analysis of the
internalization of nanoparticles was carried out by adding Ceo.sGdo.20--
x-FITC nanoparticles to 2D and 3D cellular systems, followed by incu-
bation for more than 16 hours. The final concentration of nanoparticles
was 10 pg/mL. The results of the analysis of the internalization of
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Ceo.sGdo202-x-FITC nanoparticles into a cellular monolayer (2D sys-
tem) demonstrated the predominant localization of nanoparticles in the
cytoplasm of cells and partially in lysosomes after 16 hours of incuba-
tion. The results of the analysis of the localization into multicellular
spheroids (3D system) with a diameter of more than 300 microns
showed that after 30 minutes the nanoparticles penetrate to a depth of
20-30 microns (corresponds to the zone of diffusion), after 5 hours the
penetration depth increased to 120-150 microns, and after 12 hours of
incubation led to the greatest penetration nanoparticles into cellular
spheroids. The obtained results show that the use of cerium-containing
cerium-based nanoparticles is a promising approach for safe and effec-

tive hMSc bioimaging.

The work was supported by the Russian Science Foundation project
no. 22-73-10231.
[1] Feng N., Liu Y., Dai X., Wang Y., Guo Q., Li Q. Advanced Applications of
Cerium Oxide Based Nanozymes in Cancer. RSC Adv., 2022, 12,
P. 121486-1493.
[2] D’Atri D., Zerrillo L., Garcia J., Oieni J., Lupu-Haber Y., Schomann T.,
Chan A., Cruz L.J., Creemers L.B., Machluf M. Nanoghosts: Mesenchymal
Stem Cells Derived Nanoparticles as a Unique Approach for Cartilage Regen-
eration. J. Controlled Release, 2021, 337, P. 472-481.
[3] Li X., Wei Z., Zhang W., Lv H., Li J., Wu L., Zhang H., Yang B., Zhu M.,
Jiang J. Anti-Inflammatory Effects of Magnetically Targeted Mesenchy_mal
Stem Cells on Laser-Induced Skin Injuries in Rats. Int. J. Nanomedicine, 2020,
15, P. 5645-5659.
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Sciences, Pushchino, Russia
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Radiation therapy is used as the first line of therapy in more than 50%
of patients with malignant tumors [1]. However, this therapeutic ap-
proach still has difficulties in effectively delivering the dose directly to
the tumor growth zone. The transition to proton therapy of the tumor
makes it possible to increase the accuracy of dose unloading, since the
main proton energy is released in the biological tissue at the end of the
particle trajectory ("Bragg peak™) in accordance with the profile of the
deep dose [2]. Despite the numerous known benefits of proton beam
therapy, it has certain limitations of effectiveness due to the low thera-
peutic yield. One of the most promising methods of promoting proton
therapy is associated with the use of nanotechnology approaches, which
involve the use of nanoparticles as sensitizers for improved results
caused by radiotherapy. Nanoparticles containing elements with high
electron density (high Z element), such as bismuth, can act as such a
radio sensitizer.

In this study, we propose the use of PVP-stabilized bismuth nanosheets
as a radiosensitizer to enhance the effectiveness of proton therapy. Bi
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nanosheets were synthesized through hydrolysis of bismuth chloride in
an alkaline environment. Our results show that Bi nanosheets have a
high degree of biocompatibility and strong radiosensitizing effects
against breast carcinoma cells, especially when exposed to proton beam
irradiation at the Bragg peak. After irradiation with proton beams, Bi
nanosheets generate reactive oxygen species, which in combination with
the proton irradiation significantly reduces the clonogenic activity of
cancer cells, their cell cycle disruption and apoptosis. The maximum
effect was observed at a dose of 3 Gy of irradiation and a concentration
of 50 pg/mL of Bi nanosheets. Given the high biocompatibility of this
nanomaterial and the proton-induced radiosensitizing properties, we
propose that the use of proton therapy in combination with Bi

nanosheets technology could significantly improve cancer treatment.
This research was funded by the Ministry of Science and Higher Edu-
cation of Russian Federation within the agreement no. 075-15-2021-
134,
[1] Miller, K. D., Siegel, R. L., Lin, C. C., Mariotto, A. B., Kramer, J. L., Row-
land, J. H., ... & Jemal, A. Cancer treatment and survivorship statistics,
2016.CA: a cancer journal for clinicians, 66(4), 271-289(2016).
[2] W.H. Bragg, R. Kleeman, XXXIX. On the a particles of radium, and their
loss of range in passing through various atoms and molecules, London, Edin-
burgh Dublin Phil. Mag. J. Sci. 10 (1905) 318-340.
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BUOMUMETPUYECKHUE HAHOYACTHIBI HA OCHO-
BE KVIETOYHbBIX MEMBPAH JJISA JOCTABKH TEPA-
IHHEBTUYECKUX AI'EHTOB

H.A. Koporkogal, I1.A. Koreabaukona®, C.M. Jlees!

Y Huemumym 6uoopaanuuecxoii xumuu um. M.M. Hlemsaxuna u FO.A. Oguun-
nukoea PAH, yn. Muxayxo-Maxaas, 16/10, Mockea, Poccus
korotkovaha@yandex.ru

BuomuMeTnueckre HaHOMaTepHaibl IPEACTaBISIOT COO00H (yHKIU-
OHaJIbHBIE MaTepHallbl, COJIEpKAIe HaHOpa3MepHbIE KOMIIOHEHTHI W
UMEIOIIUE CTPYKTYPHOE M TEXHOJIOTUYECKOE CXOJACTBO C MPHPOIHBIMH
(6uorennsiMu) niporotunamu [1]. Harnodacturwr (HY), mOKphIThIE Kile-
TOYHBIMM MEMOpaHaMH, HAIOT BO3MOXXHOCTb OOBEJUHUTH CBOMCTBA
€CTECTBEHHBIX KJIETOYHBIX MEMOpaH C CBOMCTBaMH Cep/IEeBUHBI [2].
Llenpro paboTHI SIBISUIOCH CO3JaHNE OMOMUMETPUUYECKHUX YaCTHII.

B pabote ncnosnb3oBanuce MeMOpaHbl pakoBbIX KIETOK 4T1 u spuT-
poruToB. MeMOpaHbl PaKOBBIX KIIETOK IMO3BOJISIOT JIOCTABIISATH arcHT
Onarozaps MOJIEKYJIIPHOMY PacliO3HABAHUIO M aJIT€3MH Ha TOBEPXHO-
CTH PAKOBBIX KJIETOK, O0JaJalolIKMX MOJHBIM HAOOpPOM aHaJOTHYHBIX
OesKkoB Ha cBoeil moBepxHOCTH [3]. BuoMumeTpuueckne HaHOYACTHUIIBI,
CO3JIaHHBIC Ha OCHOBE MEMOpaH 3PHUTPOIMTOB, M30EraloT BBIBEIICHHUS
UMMYHHOH CHCTEMO#, 00J1a1a0T OOJIBIINM BpeMEHeM LHUPKyJsiiun [4].

MemOpaHaMu pakoBBIX KJIETOK 4T1 MOKpbIBaJIM HAHOYACTUIBI BUC-
MyTa, TIOJIy4YeHHbIE METOJIOM JlazepHoi adnsiuu. [lomydyeHHble YacTH-
el MOAUGUIHMPOBATH (OIMEBOM KUCIOTOM (IKCIPEcCHsl PeLenTOpoB
(boneBoil KUCIOTHI 3HAYUTENHHO TOBBILIEHA Y MHOTUX THUIIOB PaKOBBIX
KJIEeTOK). MeMOpaHaMu 3pHTPOIMTOB TTOKPHIBAIM 30JI0ThIe HAHOYACTH-
1pl. BbuTH omnpeseneHbl (U3MKO-XUMHUYECKHE CBOMCTBA TOITYYEHHBIX
HaHOYACTHLI.

B pesynbrare mpoekrta ObLIH MMOJNyYeHBI HOBBIC 3HAHUS O CO3JaHUM
OMOMHMETHYECKIX HAHOYACTHII. JTO MOXET CIIOCOOCTBOBATH paspa-
0OTKE HOBBIX METO/IOB JICUCHHS PA3JIMUHBIX 3200I€BaHUM.
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[1] K.G. Gareev, D.S. Grouzdev, V.V. Koziaeva, N.O. Sitkov, H. Gao, T.M.
Zimina, M. Shevtsov, Biomimetic nanomaterials: diversity, technology, and
biomedical applications, Nanomaterials, 12(14), 2485, (2022).
[2] L. Chen, W. Hong, W. Ren, T. Xu, Z. Qian, Z. He, Recent progress in tar-
geted delivery vectors based on biomimetic nanoparticles, Signal transduction
and targeted therapy, 6(1), 225, (2021).
[3] J. C. Harris, M.A. Scully, E.S. Day, Cancer cell membrane-coated nanopar-
ticles for cancer management, Cancers, 11, 12, 1836, (2019).
[4] W. Gao, C. M. J. Hu, R. H. Fang, B. T. Luk, J. Su, L.Zhang, Surface func-
tionalization of gold nanoparticles with red blood cell membranes, Advanced
materials (Deerfield Beach, Fla.), 25(26), 3549, (2013).
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Oxcun TaHTajna SBISETCS XMMUYECKH CTOWKNUM, HHEPTHBIM Marepua-
JIOM, KOTOPBIIl HAaXOOWT IIMPOKOE NMPUMEHEHHE B MeAauuuHe. B HaHo-
pa3MepHOil (popMe OH MOXKET OBITh HCIIOJIB30BAH i Pa3pabOTKU CH-
CTEM JIOCTAaBKH JIEKAPCTB, OMOCEHCOPOB, PEHTTEHOKOHTPACTHBIX Mpemna-
paTtoB M NPOTHUBOOIYXOJEBBIX paaunoceHcuOmimmzaTopos [1]. OmHaxo
0bUTO TIOKa3aHo, uto HaHodacTHisl (HY) Ta,Os TepsitorT arperarnBHyIO
YCTOMYHBOCTH B pacTBOpax ¢ BBICOKOW MOHHOM cuioi [2]. s obecre-
YEeHUS! KOJUIOMAHOM YCTOMYMBOCTH MOTYT TNPHUMEHSTHCS Pa3iIUIHbIC
OMOCOBMECTHMEBIE TTOKPHITHs, HarmpuMep, nomugodamud ([1JJA) u ObI-
ynii ceiBOpoTOuHBId anp0ymuH (BCA). [ToTeHnanbHo, X HCIOIh30Ba-
HUE HE TOJIBKO mpenorBparur arperauuto HY m3-3a crepuyeckoro u
ANEKTPOCTATHYECKOTO OTTAIKUBAHUS, HO U MUHUMHU3UPYET Hecrenudu-
yeckoe B3auMmojeiicTerie HU ¢ GnonornueckuMu KOMIIOHEHTaMH.

B nannoit pabote ObUIO MCCIIEOBAHO BIUSAHNE XUMHUH MTOBEPXHOCTH
HY oxcupa Ttantana Ha ux B3aumoneidctsue ¢ BCA, kommouaHyio
YCTOWYMBOCTD U IIUTOTOKCHYHOCTH. [l ZOCTHIKEHHUS 3TOW e ObLIH
cuntesupoBanbl HU Ta;Os u HU Ta,Os@I1/IA. IonydyenHble MaTepua-
761 OBIITM 0XapaKTEPHU30BAHBI C TOMOIIBIO TPOCBEYNBAIOLIECH 3JIEKTPOH-
HOW MMKPOCKONHH, HWHPAKPACHOW CIEKTPOCKONUH, JAWHAMHYECKOTO
paccesiHUsI CBeTa U AJIEKTPOPOpPEeTHIECKOro paccesiHus cBera. Koncran-
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ThI cBs3biBanHus (Kp) HU Ta0s5 u TaOs@I1JIA ¢ GenxoM ObLm onperie-
JICHBI TIPHU TIOMOIIU (ITyOPECIIEHTHON CreKTpockonuu. Ha ocHoBe maH-
HBIX 0 Kp, MONYYEHHBIX B Pa3iMYHBIX JIUCIECPCHOHHBIX CpeAax, ObLIH
nogo0panbl ycnoBus Juist nocienytoniero cunte3a Ta Os@ITA-BCA.
Crabunsnocts HY Taz0s, TaxOs@IIJA u Ta,Os@IIJA-BCA B doc-
(aTHO-cosieBoM Oydepe u KynprypanbHoit cpene (DMEM) onenuBanach
C WCIOJIb30BAHUEM METOJIOB TMHAMHYECKOTO PACCEsTHIsI CBeTa M TypOu-
mumeTpun. Pesymerarel mokaseiBatoT, uto BCA a¢ddexrnBHO cTabmmm-
3MpyeT HAaHOUYACTHIBI OKCHJA TaHTalla, 00ecreunBas WX KOJUIOMIHYIO
YCTOMYMBOCTh B PACTBOPAX C BBICOKOM KOHLEHTPALUEH 3IEKTPOIUTOB.
Brmusaue xumun moBepxHoctd HY Ha IUTOTOKCHYHOCTH OBLIO OIICHEHO
¢ ucnons3oBanueM MTT-tecra.

Hcenedosanue evinonneno 3a cuem cparma Poccuiickoeo HAay4Hoco

ponoa (npoexm Ne 24-23-00510)

[1] E.D. Koshevaya, E.F. Krivoshapkina, P.V. Krivoshapkin, Tantalum oxide
nanoparticles as an advanced platform for cancer diagnostics: a review and per-
spective, J. Mater. Chem. B, 9(25), 5008-5024, (2021).

[2] E.D. Koshevaya, V.I. Mikhaylov, P.A. Sitnikov, E.F. Krivoshapkina, P.V.
Krivoshapkin, Electrosurface properties and acid-base equilibria of Ta,Os and
Taz0s:Eu nanoparticles in NaCl solutions, Surf. Interfaces, 29, 101713, (2022).
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Radiotherapy — important part of medicine of tumor treatment. Plants
corresponding to Lamiaceae may be referred to as radioprotectors [1,2].
Introducing Lamiaceae extracts orally or intravenously may decrease
dose damage to patient during the radiotherapy [3]. lonizing radiation
may also cause the increase in antioxidants concentration in Lamiaceae
that may be useful for patients undergoing radiotherapy. Recently it was
noticed that some radionuclides help Lamiaceae growth by stimulating
germinating ability of seeds [4].

The aim of our work is to study the impact of ¥’’Lu on the growth
and development of Dracocephalum Moldavica and Ocimum Basilicum
of Lamiaceae. For that, we compared morphoanatomy and histology of
the leafs of these plants, elaborated the optimal activity of *’Lu for
growth and development of the plants and compared their germinating
ability. The seeds of Dracocephalum Moldavica and Ocimum Basilicum
were gathered on the field of N.V. Tsytsin laboratory, RAS. Initial ac-
tivity of Y"Lu (LuCl) was 2630,4 kBq.

We have formed 5 groups for each plant: one control (C) and four
experimental (I-1V). Experimental groups were subjected to the follow-
ing radioactivity of *’Lu: | — 164,4 kBg/ml, 11 — 82,2 kBg/ml, 11l —
54,72 kBg/ml, IV — 41,1 kBg/ml. So, each group was containing five
plates with ten seeds in each one. Seeds were seeded in plates with fil-
tering paper and have been being grown up for one week under the

lamps of 380-780 nm. The solution of *"’Lu was being added at the very
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beginning of the experiment and then after every 48 h. For the control

group the distilled water was used.

Germinating activity of the seeds in all groups was good. We ob-
served no morphoanatomy differences between control and experi-
mental groups. Optical microscopy of the leafs has shown that the cells
of control and experimental groups did not differ. The amount of ""Lu
absorbed and its distribution were estimated with y-spectrometry. Opti-
mal radioactivity of Y’’Lu was found to be 164,4 kBg/ml, for the I group.
The best germination was observed at the fifth and the seventh days.
The best germination of Ocimum Basilicum — in opposite to Dracoceph-
alum Moldavica was observed for the IV group with the least radioac-
tivity containment. This may be due to higher density of the seeds coat
of Ocimum Basilicum.

[1] Kyzpmun .., PaguozamuTHble CBOWCTBA NPEACTaBUTENEH ceMelcTBa
Lamiaceae //Marepuaiibl MEXIyHAPOAHOW HAYYHOU KOH()EPEHIIMH MOJIOJIBIX
Y4€HBIX U CHEIHUAIUCTOB, MOCBAMIEHHON 135-netuio co aHs poxxkaeHus A.H.
Koctsxosa, coopHuK crateii - 2022, Tom 1. ctpanums: 309-312

[2] Typaesa I'. H., Ukpamu M. b. AHTHOKCHaHTHAasi aKTHBHOCTH SKCTPAKTOB
pacteHuii cemeiicTBa scHOTKOBHIX (Lamiaceae) //BecTHHK IeAarorn4eckoro
yuauBepcurera (EctectBennsix Hayk). — 2019. — Ne. 1-2 (1-2). — C. 203-207.

[3] Ky3pmun [.J. PAAUOITPOTEKTOPHASL U AHTUOKCUJAHTHAS
AKTHUBHOCTb HEKOTOPBIX BMJIOB CEMEWCTBA SCHOTKOBBIE
LAMIACEAE. OB30P //CoopHHK MaTepHaIOB MEXIYHAPOJHOTO HAYYHO-
MPaKTHIEeCKOTO (popymMa MOJOIBIX YUEHBIX U crienuanuctoB «MnpnHCKHE uTe-
Hus 2024». — M.: ®I'bY THIl ®MBIL] um. ®.U. Bypuaszsaa ®PMBA Poccun,
2024. - 386 c., crparupr: 109-111.

[4] Ky3pmun . 1., Koanes U. U., Yepeauuuenko M. 0. Bo3zaeiictBue ma-
JBIX akTHBHOCTEH 223Ra Ha CTUMYIISIMIO POCTa 3MEET0JIOBHUKA MOJIIABCKOTO
(Dracoceplalum moldavica) cemeiictea SlcnotkoBsie Lamiaceae /5134 CGop-
HUK Te3ucoB |l Beepoccuiickoro koHrpecca ¢ MeXIyHapOIHBIM YYacCTHEM
IAEPHAS MEJIMIITMHA-2023», 30 HOs10psi—2 nexabps 2023 roga, CaHKT. —
2023.
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Boron neutron capture therapy (BNCT) is a binary form of radiation
therapy based on the selective destruction of malignant tumor cells by
accumulating a stable isotope °B in them and subsequent irradiation
with epithermal neutrons. As a result of neutron absorption by boron, a
nuclear reaction °B(n,a)’Li occurs with a large release of energy in the
cell that contained the boron nucleus, which leads to its death. Clinical
trials of the technique were conducted at nuclear reactors and accelera-
tor-based neutron sources, positive results were obtained. However, for
the widespread introduction of the technique into clinical practice, com-
pact neutron sources, effective drugs for targeted boron delivery, as well
as a therapy planning system, including dosimetric control, are required.

Currently, there are no clinically applicable dosimetry methods that
would take into account all doses in BNCT. The VITA setup uses such
dosimetry methods as activation foils, prompt gamma spectroscopy, wa-
ter phantom and calculations on the NMC-based software package [1]
for the treatment of domestic animals with spontaneous tumors.

It is proposed to use a chemical dosimeter, namely a ferrosulfate sys-
tem or a Fricke dosimeter, to measure the total dose.

The aim of the work is to develop a ferrosulfate dosimetry system for
BNCT.

As a result of the work, a method for chemically measuring the dose
for BNCT was proposed, "conventional” and "neutron-sensitive" dosim-
eters with a complexing agent were developed, the developed dosime-
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ters were calibrated in the range from 0 to 8 Gy, and a test irradiation
was performed on the VITA neutron source, samples were analyzed on
a spectrophotometer and spectra were obtained for further determination
of the dose associated with neutrons. As an intermediate result, the total
equivalent dose was calculated, which was 35 Gy.

This research was funded by the Russian Science Foundation (grant
number 19-72-30005).

[1] M. Bikchurina, T. Bykov, I. Ibrahim, A. Kasatova, D. Kasatov, la. Kolesni-
kov, V. Konovalova, T. Kormushakov, A. Koshkarev, A. Kuznetsov, V. Po-
rosev, S. Savinov, I. Shchudlo, N. Singatulina, E. Sokolova, T. Sycheva, I.
Taskaeva, G. Verkhovod, S. Taskaev. Dosimetry for Boron Neutron Capture
Therapy Developed and Verified at the Accelerator based Neutron Source VI-
TA. Front. Nucl. Eng. 2 (2023) 1266562.
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IT'MIPOKCUIMUPUAUHA ITPU OBJIYUYEHHUU TIPOTOHAMMA B OIIBITAX IN
VIVO

0.B. Ky3pmuueal, /I.B. Yckanosal, E.M. Capanyasuesa’ 2, JI. T. er-
Tapesa’ C. B. lllkaspos!

L Obnuncrkuii uncmumym amomnoii snepeemuxu — gpunuan Hayuonanvnozo
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B paGote nmpoBeneH aHanM3 aHTHOKCHAAHTHBIX CBOWCTB (hymapaTta 3-
ruapokcunupuanHa (¢pymapar 3-I'TI [3]) Ha npumepe mozenbHOrO Oec-
M03BOHOYHOTO kHBOTHOTr0 Daphnia magna B ombiTax in vivo.

HccnenoBanue NpOBEACHO MO H3MEHEHHIO YPOBHS MAaJOHOBOTO
muanpnernga (MDA) kak KOHEYHOTO MPOIYKTa OKHCICHHS JUIHJIOB,
WHIyIIUPOBAaHHOTO oOiyueHneM npotoHamu B no3e 30 I'p (ameprust —
150 m3B) pu nobasnenun dymapara 3—I'1l B konnentparmu 0,05 r/n
nepexn oOmyuenneM. O0iryuyeHHe IPOBOAMIN Ha KOMILJIEKCE IPOTOHHOM
tepanuu «[IpoMeTeycy» B MIacTUKOBBIX (hakoHax ¢ 20 MII KyJIbTypalib-
HOM BOJBI (BBICOTA BOAHOTO CTOJi0A 3 cM). JKMBOTHBIX MOMeEIIAId B
pactBop ¢ymapara 3-I'TI (0,05 r/m) 3a cytku 1o oOmydeHus. YpOBEHb
MDA oneHuBaJin B IPOLIEHTAX OTHOCHUTEJIFHO MOKa3aTesiell KOHTPOJIb-
HO# rpymmel [1]. BEDKHBaEMOCTh JKUBOTHBIX OIIEHEHA MO CTaHIapTHOMH
Mmetoauke [2]. CraTHCTHUECKYI0 00pabOTKy MPOBOIAMIM IO KPUTEPHAM
Manna-Yutan u  Xwu-kBagpatr. Ha puc. 1 mnpencrasien MDA-
[I0KA3aTelb.
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O®ymapar 3-I'Tl ve Bmuser Ha m3menenne MDA-nokazatens mocie
oOmyuenust KUBOTHBEIX (P = 0,064). OOnmydeHHE CHM)KAaeT BBDKHBae-
MOCTb JXKHUBOTHBIX Ha 29,3% (p = 0,008). ®ymapar ycunupaer neicTBre
obnyuerns Ha 43,3% (p = 0,002). Takum ob6pazom, dhymapar 3-I'Tl B
UCCIIeIyeMO KOHIICHTPAMK HE OKAa3bIBaeT PaJMO3aLIUTHOTO d(deKTa
npy 00JTy4YeHUH MOJAETBHBIX JKUBOTHBIX MTpoToHaMu B 1o3e 30 I'p.

PaGora BeimonnHeHa B pamkax npoekta PH® No 23-24-10041.

[1] C. Barata, C., Varo, I., Navarro, J. C., Arun, S., Porte, C., Antioxidant en-
zyme activities and lipid peroxidation in the freshwater cladoceran Daphnia
magna exposed to redox cycling compounds, Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology, vol. 140, pp. 175-186, (2005)
[2] . ITetpocona, . Yckanosa, O. Kyzemuuesa, B. Cabypos, E. Capanysnbiie-
Ba, Ycunenue HaHOYaCTHIIAMH 30JI0Ta IHUTOTOKCHYECCKOI'O }IeﬁCTBI/IH 06.11}/‘16-
HUS IPOTOHAMU B OIIbITax iIl ViVO, MGL[I/IHI/IHCKaH paaunoJioruda u pagualiuoHHas
6e3omacHOCTS, T. 69, ¢. 13-19, (2024)

[3] T. Ynanosa, B. Mauuna, E. CemenoBa, A. CemenoB, Mcnons3oBanue HO-
BBIX IPOU3BOJIHBIX 3-THAPOKCUIIMPHINHA C IENBI0 KOPPEKIMH MeTabonnde-
CKUX HapymlieHuil mpu caxapHoMm muabete, M3pectus Camapckoro HaydHOTO
uentpa Poccuiickoit akagemun Hayk, . 11, ¢. 1315-1317, (2009)
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Beenenne. Hanouactumbr 3omota (3HY) oOmajgaroT yHHKAIbHBIMH
(bU3NKO-XUMHUECKUMH CBOMCTBAMH, KOTOPBIE JETAI0T UX II0JIC3HBIMH B
ouosoruu u Meaunuue. [lpu ucnonwszoranuu 3HY B xauecTBe peHTre-
HokoHTpacTHoro cpexacrBa mpu [I3T/KT-uccnempoBanusx Ha nabopa-
TOPHBIX KMBOTHBIX HAHOYACTUIBI MOT'YT MOANGHULMPOBATH METa0OIH3M
KJIETOK MJTM U3MEHSTH IyTH paclpeesieHus paJlioakTUBHOTO U30TOMA B
opraum3me [1]. [TosTomy 1enbio JaHHOW PabOThl OBLIO UCCIICAOBAaHUE
MexIIeKapceTBennoro B3aumonencteus 3HU ¢ ®F-®JII B opranusme
1ab0paTOPHON MBIIITH ¢ MOJIETbHON MenaHoMoit B16F10.

Meronpl. Mcnonb3oBansl 2 rpymibl o 3 mbimy Juaun C57B16
C MHOKYJMPOBAaHHOH IOJKOXXHO B HPAaBYIO 33HIOI0 JIally MEIaHOMOM
B16F10. IlepBoii rpymme 0JHOKPATHO BHYTPMBEHHO BBOIMIA BF-DJI[
¢ cpeaneit aktuBHOCTHIO 105+14 MBk. Jlanee BBITIONHSAIOCH JMHAMHUYE-
ckoe IIOT/KT-uccnenosanue ¢ nomoriipo [13T/ODIKT/KT Ttomorpa-
¢a MiLabs VECTOR 6 B Teuenue 85 muH. MpliaMm BTOpO#i IpyIIBI 3a
CYTKH 10 uccliefoBaHusi BBoawiM pactBop 3HY omHOKpaTHO BHYTpH-
BEeHHO B A03upoBke 20 Mr 3o0j0Ta Ha )xuBoTHOE, [IDT/KT BBIMONHSIM
ananornuno. J{yns oneHku BiusHuA Ouopacnpenenenus BF-OII 6bu10
MIPOBEJIEHO OKOHTYPHUBAHNE OPTraHOB M OIYXOJIEH MBIIEH B Mporpamme
PMOD c BeruncienneM ypoBus Hakormienus (SUV, standardized uptake
value). JTomosHUTEBHO y MbIIICi BTOPO# TPYIIIbI OLCHUBAIN PEHTTE-
HOIUIOTHOCTH OpraHoB u omyxonel (HU) c nensio onenku Ouopacmpe-
JIeIeHNsT HAHOYACTHIT 30J10Ta.
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Pesynbrater. [lpu nccnenosannu Onopacnpenenenus 3HY y mbimeit
BTOPOM TPYIIBI BBICOKAss PEHTICHOIUIOTHOCTh OTMEYalach B KaMepe
cepila, Tak Kak depe3 24 4 mociie BHYTPUBEHHON HHBEKIMH HAaHOYA-
CTHIIBI elIe MUPKYIUPYIOT B KPOBOTOKE. Taxke aKTHMBHO 3aXBaTHIBAIH
HaHouactuibl medeHb (HU mo 236,8446,8) u cenesenka (HU o
292,2+19,5). OTMedanoch HaKOIICHUE 30JI0Ta B MOJCIBHOU OMYyXOJHU
(HU mo 215,8+0,9). IIpu ouenke HakomieHus 8F-®OJI" 6b1I0 BEIABICHO
paznuuue B HakoruieHnu POII B neyeHH U cene3eHKe y MbIIeH NepBOd
u Bropoii rpynm (tabmuna 1). B cenesenke B orcyrecrBue 3HY omnpene-
ns10ch HU3Koe HakorieHnue 18F-O/IN (SUV or 0,6+0,1 mo 0,4+0,1). B
npucyrctBud 3HY HakoIUiIeHHE B CEJIE3€HKE XapaKTEepU30BalIOCh PO-
crom SUV B teuenue ckaaupoBanus: ot 0,9+0,3 x 1,7+0,2. B nedenu B
orcyrctBue 3HU nakoruienune 18F-D/II" ObUIO CpaBHUTEIBHO HU3KUM
(SUV 0,4+0,1), a B npucyrcteuu 3HY — ymepernsm (SUV 0,7+0,1). B
oCTajbHBIX opraHax ouopacnpenenenue *F-®JII B mpUCyTCTBMH U B
orcyrctBue 3HY He pasnnyanock.

Bpewms, | Ileuens | Ileuens |Cenesenka |Cenesenka| Omyxonb |Onyxoib
MuH | 6e3 AUNP | ¢ AUNP | 6e3 AUNP | c AuNP | 6e3 AuNP | c AuNP

6,5 1,240,2 | 1,2+0,2 | 0,6+0,1 0,9+0,3 0,8+0,1 1,4+0,5

205 | 0,6+0,1 | 0,8£0,1 | 0,4+0,1 | 12403 | 1,4+0,1 | 2,1+0,7

485 | 0,4+0,1 | 0,7+0,1 | 0,5+0,1 | 1,302 | 1,6+0,1 | 2,5+0,9

625 | 04+0,1 | 0,7%0,1 | 0,4+0,1 | 1,7+03 | 1,8+0,1 | 2,1+0,7

835 | 03+0,1 | 0,7£0,1 | 0,4+0,1 | 1,702 | 2,1x0,1 | 2,1+0,6

Tabmuua 1. 3nauenns SUV B opraHax M TKaHSAX J1a0OpaTOpPHBIX
MBILIEH ¢ peaBapuTeabHbM BBeaeHnneM 3HY u 6e3 Hero.

BoBogsl. B mpucyrcrBun 3HY Oonee MHTEHCMBHOE HaKOIUICHHUE
@/II" B opraHax, akTUBHO 3aXBaThIBAIOIIUX HAHOYACTHUIIBI: B MEUYEHU U
ceneseHke. IIpenmooXuTensHO, TO MOXKET OBITh CBS3aHO C TTOBBIIICH-
HBIM TIOTPEOJICHHEM TIIIOKO3bl aKTHMBHPOBAHHBIMH Makpodaramul mpu
(harouTo3e HAaHOYACTHII.

[1] D.P. Clark, C.T. Badea. Advances in micro-CT imaging of small animals.
Phys Med.vol. 88, pp. 175-192. (2021)
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National Research Nuclear University “MEPhI”, Moscow, Russia
2P.N. Lebedev Physical Institute, Russian Academy of Sciences, Moscow, Rus-
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e-mail: artemonzdrav@gmail.com

Increasing prevalence of oncological diseases requires constant mod-
ernization and expansion of methods of their diagnostics and therapy.
The urgent task in such conditions is the improvement of existing and
creation of new hybrid nanoparticles (NPs) capable of application in
several areas of biomedicine, for example, participating in imaging and
therapy simultaneously. In this work we investigated the production of
Au@Fe nanoparticles of the core-satellite type using pulsed laser abla-
tion in liquid. The study was based on the methodology described in
earlier works of the laboratory “Bionanophotonics” of the Institute of
Physics and Biophotonics of MEPhI [1,2]. The technique used in this
work is based on the laser ablation of Fe target in the presence of pre-
prepared Au NPs to synthesize nanostructures possessing ultrapure sur-
face.

In the ablation process, NPs with core-satellite type structure consist-
ing of iron oxide core with gold NPs embedded in it were obtained. The
presence of the Fe-based core determines the magnetic response, while
the Au-based shell makes the material promising for application in CT
studies. Optimization of the laser-ablation synthesis of Au@Fe NPs was
carried out, which allowed to increase the yield of these structures up to
80% of the total number of synthesized NPs, while maintaining high
synthesis productivity and dimensions acceptable for in vivo applica-
tions, as well as excellent optical properties.

Morphologically, Au@Fe NPs are relatively large spherical iron-
based nuclei with an average size of about 75 nm decorated with small
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spherical Au NPs with an average size of about 8 nm. A detailed analy-
sis of the dependence of the Au@Fe NPs share in the total number of
synthesized particles on the ablation time of the Fe target shows that at
relatively short synthesis durations (less than 13 min) the Au@Fe NPs
share remains high (more than 80%). At the same time, in the interval of
durations between 13 and 30 min, the share of these nanostructures de-
creases rapidly to 20%. The results obtained by spectrophotometry show
a shift of the Au@Fe NPs extinction peak to the long-wavelength region
relative to the Au NPs extinction peak, and its significant broadening
with increasing ablation time of the Fe target. The magnitude of the shift
is in the range of 40 to 90 nm. The extinction peak shifts from 515 nm
for Au NA to 605 nm for Au@Fe NA obtained by ablation of the Fe
target for 30 min. It should be noted that the electron microscopy imag-
es show single core-shell structures consisting of a gold core and an iron
oxide shell, which probably also contribute to the observed optical ex-
tinction spectrum. The combination of magnetic and plasmonic proper-
ties of Au@Fe NPs opens prospects for the development of new meth-
ods of cancer diagnosis and treatment and is a great advantage com-
pared to single-composite NPs. The achieved increase in the yield of
these NPs will enhance their use in computed tomography, photoacous-
tic imaging and photothermal therapy by increasing the gold content. In
addition, the iron content of these NPs makes them promising for use in
magnetic hyperthermia and targeted magnetic drug delivery to a given
region.

This work was supported by the Ministry of Science and Higher Ed-
ucation of the Russian Federation under Agreement No. 075-15-2021-
1347. The authors are grateful for the provision of scientific infrastruc-
ture for research (grant FSWU-2023-0070).

[1] A.A. Popov, Z. Swiatkowska-Warkocka, M. Marszalek, G. Tselikov, et al.
Laser-Ablative Synthesis of Ultrapure Magneto-Plasmonic Core-Satellite
Nanocomposites for Biomedical Applications. Nanomaterials (Basel, Switzer-
land), 12(4), 649, 2022.

[2] O.Y. Griaznova, 1.B. Belyaev, A.S. Sogomonyan, et al. Laser Synthesized
Core-Satellite Fe-Au Nanoparticles for Multimodal In Vivo Imaging and In
Vitro Photothermal Therapy. Pharmaceutics, 14, 994, 2022.
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H3yueHue moporos Ja3epHoii adasMU MOPUCTOr0 HAHOKPEMHUS B
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(119991 GSP-1 Moscow, LeninskyProspekt, 53)
2National Research Nuclear University "MEPhI",
(115409, Moscow, Kashirskoe sh., 31)
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Pa3BuTHe HaHOTEXHOJOIMH OTKPBUIM HOBOE HAIpaBieHHE B Omome-
nunHe. HanoMarepuasbl MO3BOJISIOT JTOKAIU30BaTh U YCUIIUTh BO3/IEH-
CTBUE, CHHU3WUTh BIHMSIHHE Ha 3[I0OPOBBIE TKAaHHU, JOCTUYb TE€pPaHOCTHYE-
ckux 3¢ ¢eKToB. 3a CYeT TaKUX CBOMCTB KaKk OMOCOBMECTHMOCTH U OHO-
pas3yiaraéMocTh HAHOKPUCTAUIMYECKUH KPEMHHH 3aHMMACT BaKHYIO
MO3UIINIO0 B OMOMEIUITMHCKUX MPpUIoKeHusx [1].

Crout 3ajmada pa3paOOTKH BBICOKONPOU3BOIUTEIBHBIX METOJOB
CHHTE3a XUMHYECKH YHCTHIX CTAaHAAPTU30BaHHBIX IO pa3MepaM u ¢Gop-
M€ HaHOCTPYKTYp, IPUMEHSEMBIX B OMOMEIWIMHE, U HE TPEOYIOIINX
JIOTIOTHUTENBHBIX METOZOB OYUCTKH.

B mpencraBnenHoil paboTe NPHUBENCHBI PE3yIbTAThl HKCIEPUMEH-
TAJIBHOTO M3YYEHUS IOPOTOB JIa3epHON a0JSIMH MOPUCTOTO HAHOKPEM-
HUS TIPU BO3JCHCTBUM J1a3epHBIM H3ITy4eHHEM (HEMTOCEKYHIHOW M-
TEJIBHOCTH B AMCTHJUIMPOBAHHOM BoJle. DKCIIEPUMEHT HPOBOAMICS Ha
(eMTOCeKyHIHOH Ja3epHOH YCTaHOBKE C IJIUTEIBHOCTHIO HMITYJIbCA
270 e, sneprueit 1-10 mx/Ix, ckopocthio ckanupoBanus 10 mm/c. Io-
Jy4eHHbIEe 00pa3ibl HCCIEAOBAINCH METOIOM CKaHUPYIOLIEH 3JIeKTPOH-
HOW MuKpockonuu. Ilo pe3ynpraTtaM 3KCHEPHMEHTOB MOCTPOEHA 3aBU-
CUMOCTh pa3Mepa cHOpMHUPOBAHHOIO CiieAa BO3JCUCTBHUS OT JHEPTHU
JIA3€PHOTO U3ITYy4EHUs, ONPEIEIeHbI TOPOTH a0,

[1] CanhamL.T.//Silicon quantum wire array fabrication by electrochemical
and chemical dissolution of wafers / L.T. Canham // Appl. Phys. Lett. - 1990. -
V. 57, Nel0. - P. 1046-1048.

111



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»
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Pamnanmonnas 3akanka (P3) umm ropMesrc— cTUMYISIIAS Pa3BUTHS
OpraHu3Ma U MOBBIIICHUE €r0 PE3UCTUBHOCTH K BPEIHBIM BO3ACHCTBH-
M TIOI JACHCTBHEM MajbIX J03 pajualuy ObUI OTKPHIT OoKojio 60 et
Ha3aJ ¥ B HACTOSIIIEE BpeMs ITPUMEHSIETCS B pa3IUIHbIX obmacTsx [1]. B
YaCcTHOCTH, MeTofuKa P3 ucmonp3yeTcst B MEAUIIMHCKOW MPAKTHKE IS
CHIDKEHHsI HETaTUBHBIX MOCIENCTBUN Uil OpraHU3Ma, BO3HUKAIOIINX
nocse o0ay4eHus! OONBIIUMH J03aMHU U3ITyYEHHUS OHKOJIOTHYECKUX OITy-
xonen [2].

Panee 6but0 npeanonoxeHo [1-2], uto P3 BbI3bIBaeTCs BO3OYKIEHHU-
€M JHEepPreTHYeCKUX ypOBHEH OMOCHUCTEMBI NIPU MPOXOXKICHUH MOHU3H-
PYIOIIMX YaCTHIl, 3TH BO30OYKICHHUS TMOBBIIIAIOT WHTEHCHUBHOCTH OWO-
XUMHAYECKHUX PEaKHid B HEH, YTO MPUBOIUT K YCKOPEHHUIO €€ Pa3BUTHUS U
MOBBIMICHUIO Pe3ucTUBHOCTH [1]. [Ipu 3TOM YacTh BO3OYXKICHUI MOXKET
MOKUIaTh OMOCUCTEMY B BHJIE ONITUYECKOTO U ynbTpaduoneroBoro (YO)
u3IydeHus. B skcnepuMeHTax ¢ ceMeHaMu OBOIIEH U 3JIaKOB OBLIO I10-
Ka3aHo, 4TO OOMyd€HHBIC A030U Tamma-u3nydeHus 10 I'peir cemeHa,
pasMeuIEHHBIC PIOM ¢ HeOOIyYEHHBIMUA CEMEHAMH B OTIENIBHBIX KBap-
[EBBIX KIOBETaX, BBI3BIBAIOT B HUX CYIIECTBEHHOE YCKOPEHUE Pa3BUTHS
[1]. [logoOHOe AMCTaHLMOHHOE BIMSAHWUE OOHAPYKEHO M U JIPYTHUX
OunocucreM, B YaCTHOCTH, KYJIBTYp 3yKapuoToB caxapomuneros [1]. [Ipu
3TOM OBLIO YCTaHOBIIEHO, UTO MO00HOE, HO Ooee caboe BIHUSHIE BbI-
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3bIBAaET Aa)ke MPUPOIHBINA paauanuoHHb GoH ([TPD). OgHako mo mo-
CJIEZIHEr0 BPEMEHH BCJIEICTBHE HU3KOM MHTEHCHUBHOCTH JAHHOTO H3IIY-
YeHHs UMEJIOCh KpaifHe Majio IaHHBIX O €r0 XapaKTepUCTHUKAX Ui KOH-
KPETHBIX OMOCHCTEM.

Hameli rpynnoii mpoBOAMIOCh U3MEPEHUE XAPAKTEPUCTUK H3Iyye-
Hus caxapomuiietoB Streptomyces boulardii Be3piBaeMoro aefctBueM
[TP® [3]. B pabote Oputa pazpaboTaHa W M3TOTOBIICHA YCTAHOBKA JUIS
perucTpanuy CurHaia B pexxuMme cuera GoToHOB B AuanazoHe oT 600 1o
250 uM ¢ ucrionb3oBanueM (otoymHoxkutenss Hamamatsu R8087. Us-
MEpEeHBl XapaKTEPUCTHKH M3IIyYeHHs IIPU TeMIeparypax OHOKYJIbTYpHI
ot 6 10 32 rpaaycoB, MOKa3aHO, YTO KOJUYECTBO (DOTOHOB B JaHHOM
JMATa30He COCTaBJIAET OT 5 10 15 POTOHOB/cM? /ceK B 3aBUCHMOCTH OT
Temreparypsl. Pe3ynsrarel paboThl TOKa3bIBalOT BO3MOKHOCTH BO3MOXK-
HOCTb paJAHallIOHHON 3aKaJIKu OMOJIOTHYECKUX CHCTEM MaJIBIMU JI03aMH
o0Oy4enuns Ha ypoBHe [[PO.

[1] A.M. Ky3un, Ponp npupogHOro pagroakTHBHOTO ()OHA W HOHH3HPYIOIIETO
W3Iy4eHus B sIBIeHUHU ku3HU, Hayka, Mocksa, 2002 r.

[2] AM. Ky3uH u ap., O BO3MOXHOM YYaCTHH BTOPHYHBIX OMOTCHHBIX H3JIyde-
HHU# B ABJIEHWH aganTtuBHOro orsera, JJAH, 358, 122-124, (1997).

[3]1 H.B. Aynus u np., [Ipubops! u TexXHUKA dKcTIepuMeHTa, [Ipenn3nonnas
anmaparypa JJisi ©3MEpPEeHHUs CBEPXCIA00ro ONTHYECKOTO U3ITyYEeHUs OT OHo-
kyneryp. Ne 1, ¢. 132-139, (2023)
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INVESTIGATION OF RADIOPROTECTIVE EFFECTS OF
“DIMEPHOSPHONE” ON CD-1 MICE

M.A. Melchenko!?, O.1. Yarovaya'?, D.A. Kiseleva?, T.G. Tolstikova?, N.V.
Basov'?, A.D. Rogachev!?, A.G. Pokrovsky?, N.F. Salakhutdinov?

! Novosibirsk State University, Novosibirsk, Russia
2N.N. Vorozhtsov Institute of Organic Chemistry, Novosibirsk, Russia

“Dimephosphone” is a registered pharmaceutical drug, that is widely
used in medicine as a neuroprotective agent. It was synthesized in 1952
by A. N. Pudovick at the A.E. Arbuzov Institute of Organic and Physi-
cal Chemistry [1]. It was selected as a potential radioprotector due to its
anti-acidotic and antioxidant properties, the main mechanism of action
of which is to prevent lipid oxidation and increase the activity of antiox-
idant enzymes in brain tissue. Also, it has been shown in only one inves-
tigation on human with laryngeal cancer that “Dimephosphone” pos-
sesses a radioprotective effect [2].

We investigated the potential radioprotective properties of the drug
"Dimephosphone”. We formed 3 groups of CD-1 female mice (n=7)
(Group 1 - received the drug at a dose of 750 mg/kg, Group 2 - drug +
total irradiation of 5 Gy, Group 3 — total irradiation of 5 Gy). Blood was
collected from these mice over 14 days for complete blood count and
metabolomic screening, and on day 14, the small intestine and spleen
were harvested for histological examination.

According to the results, the viability of mice in both groups with to-
tal irradiation (groups 2 and 3) were insignificantly different. Thus, the
drug "Dimephosphone™ at a dose of 750 mg/kg did not affect animal
survival after exposure to ionizing radiation at a dose of 5 Gy. However,
according to histological data, it exerted a local radioprotective effect in
the small intestine, reducing the severity of radiation-induced damage to
the intestinal epithelium.

A metabolomic study identified 208 metabolites with negative dy-
namics and 22 metabolites with positive dynamics in the groups with
"Dimephosphone” and total irradiation at 5 Gy and the group with only
total irradiation at 5 Gy. Among these, alpha-tocopherol, nicotinamide
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riboside, N-carbamoyl-L-aspartate, and adenylsuccinate were signifi-
cantly different between these groups, and may explain the radioprotec-
tive effect on the intestinal epithelium and spleen.

[1] B.A.ApGy3oB, A.O.Busens, K.M.lBanoBckass u ap., Jokn. AH CCCP,
182(1), 101 — 104 (1968).
[2] Tunesa T.I'., Jlykua A.B., Hromkun A.A., Araues A.P., Ctynennosa 1. A.,
Bmens A.O. Onenka 3¢ peKTHBHOCTH PagHONpPOTEKTOPHBIX COSAMHEHHUH MPH
JMy4eBOi Tepamuu paka ropranu // Kazanckuit megummHCckui xypHai.T. 75. -
NeS. - C. 374-375 (1994).
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A Digital Tracking Calorimeter based on Silicon Pixel Detectors for
Proton Computed Tomography

V. Petrov?, V. Zherebchevsky?, V. Kondratiev?, N. Maltsev?, N. Prokofiev?,
E. Zemlin !

L st. Petershurg State University, St. Petersburg, 199034 Russia
v.petrov@spbu.ru

Proton computed tomography is an actively developing method [1,2]
for planning patient treatment in hadron therapy. An important part of
this method is to measure the energy of the protons passing through pa-
tient in order to determine the relative stopping power of his tissues. For
this purpose, a digital track calorimeter based on modern detector tech-
nologies using silicon pixel sensors [3] can be used. In this report the
results of experimental work (proton beams) on the creation of digital
track calorimeter will be presented, together with the results of silicon
pixel sensors properties and characteristics studies. The results of high
accuracy charged particle tracks reconstruction will be presented. This
reconstruction allows to imagine phantom by the deflection of protons
in the tissue (Figure 1).

Fig.1. The images of phantom (bone with water and tin wire, up), collected
according to the deflections of protons in tissues.
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[1] J.T. Taylor et al., Proton tracking for medical imaging and dosimetry, Jour-
nal of Instrumentation, 10 C02015 (2015).

[2] Johan Alme et al., A High-Granularity Digital Tracking Calorimeter Opti-
mized for Proton CT, Journal Name, Phys Sec Med Phys and Imag, 8, 20
(2020).

[3] V. I. Zherebchevsky et al., Silicon Detector Systems for Investigating Su-
perdense Nuclear Matter at the NICA Accelerator Complex, Bull. Russ. Acad.
Sci.: Phys., 88, 1235-1248 (2024).
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HNCCIEAJOBAHUME METOJA BECKOHTAKTHON
TEPMOABJISIHUA ITPOTOKOBOI'O HHOUJIBTPYIOIIEI'O
PAKA MOJIOYHOM KEJE3bI

H.M. Heryuun’, M.C. Muxaiinon?

YHUSY MU®DH, Mocksa, Poccust
2HUY MU, Mockea, Poccus
ktinatk@yandex.ru

HeobxomumMocTs MHHAMHU3APOBATH TIOBPEKICHHS 3OPOBOM TKaHH
JUISL YITYYIIEHUS TIPOTHO3a MAalMeHTa B €ro YCIOBHUH KU3HU JIENAI0T aK-
TyaJIbHOW pa3pabOTKy METOJIOB MAaJIOMHBa3WBHOW TEPMOAOJIALUU, B
CBSI3H C Y€M B paboOTe paccMaTpHUBaeTCs MpodiieMa HEMHBAa3UBHOTO Tep-
MOAOJISIIMOHHOTO BO3JICHCTBUS HA OIMYXOJIM MPOTOYHOTO paka MOJIOY-
HOI xene3bl. [IpemnoxkeH crnocod OECKOHTAKTHOTO BO3JIECHCTBHUS Ha HO-
BOOOpa3oBaHUs ¢ momoIlpio paguonsnydeHus CBU mmamazona. [laH-
HBI METOJI OCHOBaH Ha TEIUIOBOM 3¢ (eKTe BHICOKOYACTOTHOTO H3ITY-
YeHUs, TP KOTOPOM Tepeaada SHEPTUH 3aBUCHUT, KaK OT 3JIEKTpOMar-
HUTHOW TIPOHUITAEMOCTH, TaK W OT TEIIOMPOBOJHOCTH paccMaTpuBae-
MOM KOMOWHAIIMU TKAHEI.

MeToauka HMCCIACIOBAHUS BKIIIOYAET B CE0s CIICAYIOUIHE OTaIlbl:
OIIPEJIETICHUE YaCTOThI B3aUMOACUCTBUS, IPU KOTOPOU NOTEPSl SIHEPTUU
CUTHaJIa HEe COCPEIOTOYEHA B CIIO€ KOXH; CO3J]aHHE MOJEIH, COUETar0-
mei B cebe KOXKYy, )KUPOBYIO TKaHb M TKaHb MPOTOKOBOTO HH(DHILTPY-
IOIET0 PaKa; pacdyeT MmapaMmeTpoB SIECKTPOMATHUTHOW MPOHUIIAEMOCTH
KOKJI0M TKaHUW Ha UcciexyeMol yactore. sl BBIYUCIEHHS] MCKOMBIX
MapaMeTpoB IEKTPOMArHUTHON IPOHUIIAEMOCTH TKaHeW ObLila UCTIONb-
30BaHa penakcaironHas mojeip Koyna-Koyna [1-2].

Ha pucynke 1 m3o0paxeH pa3pe3 MpeIoKEHHON IKCTIEPUMEHTAIThb-
HOW MOJIETH Ha repecedeHnr oceld Y U Z. B cOOTBETCTBUM ¢ PUCYHKOM,
cJIeBa HANPaBO: aHTCHHA, PACIIOIOXKEHHAS B HETIOCPEACTBEHHON O30~
CTH OT KO>KHOTO IMTOKPOBA; Y9aCTOK KOXKH, TOJNIIAHON 3 MM; CJIOH XKHUPO-
BOM TKaHW TOJUIMHOU 20 MM; UMUTALUS OITyXOJIM, PACIIOIAraoIascs B
TOJIILE KUPOBOM TKAHU, TONIIHUHON 14 MM.
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Pucynok 1 — HopmupoBaHHasi KapTa MOTJIONIEHUS] JHEPT U TKaHIMHU

Hccnenosanne mpoBOIMIOCH B makete Mozaenuposanus CST Studio,
JUISL pa3IMdyHOTO PACIIONIOXKEHUSI aHTCHHBI M PA3IUYHBIX IMapaMEeTpOB
omyxou. i MOJie i MPOTOKOBOT'0 HH(UIBTPYIOLIETO paka MOJIOYHOM
JKeJe3bl OBLITN BRIOPAHBI TTApaMETPHhI, MTOTYYCHHBIE TIPH AIIEKTPOMATrHHT-
HOM aHam3e 00pa3oB mocie pe3exu [2].

Ilo pe3ynapTataM paboOThl OBLJIO YCTAHOBJICHO, YTO IPU PACCMOTpPE-
HUU 00pa30BaHW Ha TO3IHUX CTAIMIX, PACMOIOKEHHBIX B HETIOCPEI-
CTBEHHON ONM30CTH K KOXXHOMY IOKPOBY, TIOTJIOIICHHWE DHEPTUU TKa-
HSIMH OITyXOJIM Ha TAyOwHEe N0 14 MM MPOMCXOJUT MHTEHCUBHEE YeM
OKpYyXarouiMuMn TKaHAMH Ha aHAJIOTUYHON FJIy61/IHe OTHOCHTECIIbHO IIO-
BEPXHOCTH KOXH, YTO TO3BOJISIET MMPUMEHSTH pa3pabOTaHHBI METOJ B
pszne cioyvaes.

Bxian aBTopoB: Bce aBTOpHI CAENIaNM SKBUBAJEHTHBIM BKJIAJ B MOJATOTOBKY Hy6JII/I-
Kaluu. ABTOpLI 3asBIISIOT 00 OTCYTCTBUU KOH(‘I)JII/IKTa HWHTEPECOB.

[1] Sami Gabriel, Patrick Mason. (1995). The Dielectric Properties of Body
Tissues. Physics Department. King's College London. URL
http://niremf.ifac.cnr.it/docs/DIELECTRIC/Report.html  (mara o6pamenus:
18.09.2024).

[2] Lazebnik, Mariya & Popovic, Dijana & McCartney, Leah & Watkins,
Cynthia & Lindstrom, Mary & Harter, Josephine & Sewall, Sarah & Ogilvie,
Travis & Magliocco, Anthony & Breslin, Tara & Temple, Walley & Mew,
Daphne & Booske, John & Okoniewski, Michal & Hagness, Susan. (2007). A
large-scale study of the ultrawideband microwave dielectric properties of nor-
mal, benign and malignant breast tissues obtained from cancer surgeries. Phys-
ics in medicine and biology. 52. 6093-115. 10.1088/0031-9155/52/20/002.
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RADIATION-INDUCED REDOX ACTIVITY OF GdCeTbF;

NANOPARTICLES
N. Pivovarov 2 V. lvanov?, A. Popov!

Institute of Theoretical and Experimental Biophysics of the Russian Academy
of Sciences, 142290, Russia
2Kurnakov Institute of General and Inorganic Chemistry of the Russian Acad-
emy of Sciences, Moscow, Russia
nikitapivovarov.workmail@gmail.com

Nanomaterials based on Ce are currently widely used in various
fields of biomedicine due to their unique catalytic properties and high
biocompatibility. Thus, CeO, nanoparticles can mimic the properties of
enzymes of the body's antioxidant system, in particular catalase and su-
peroxide dismutase. This is possible due to the reversible Ce3*/Ce**
transition, the balance of which is disrupted at low pH levels, which
leads to a change in the properties of nanoenzyme and promotes prooxi-
dant action [2]. This unique property allows Ce-based nanoparticles not
to have toxic effects under normal physiological pH conditions, at the
same time irreversibly disrupting the functioning of tumor cells.

Thus, cerium fluoride nanoparticles, in addition to their nanoenzyme
properties, have pronounced luminescent properties, and additional ion
doping of the crystal structure of the nanoparticles will contribute to
their improvement [3]. Radiosensitizers based on REE nanoparticles are
considered as a promising approach to improve the effect of radiation
therapy. The mechanisms of action of nanoparticle-based radiosensitiz-
ers can be physical, chemical, and biological. lonizing radiation leads to
the emission of secondary electrons, which can interact with water,
causing the formation of frequency response. In turn, ROS interact with
various cell components, including the cell membrane, mRNA, and
DNA, and therefore cause cell death [5].
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Nanoparticles Gd:CeFs:Tb stabilized with citrate were obtained by
hydrothermal method. The hydrodynamic radius of nanoparticles was
characterized by the method of dynamic light scattering on the BeNano
device (BetterSize, Dandong, China) and amounted to 114.19 nm. The
redox activity of nanoparticles was evaluated in Tris-HCI buffer systems
at various pH values. The radiosensitizing effect of nanoparticles at pH
6.5 and the antioxidant effect at pH 7.4 and 8 were demonstrated. The
level of reactive oxygen species in the buffer system after exposure to a
proton beam was also evaluated, which showed the highest radiosensi-
tizing effect at the same radiation doses compared with X-ray photons.
Thus, nanoparticless Gd:CeF3:Th can act as a promising radiosensitizer
for use in radiation therapy.
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PA3BPABOTKA BBIUUCIUTEJBHOI'O KJIACTEPA
JJA NHCCIAEJOBAHUSA METO/J1OB I'/IYBOKOI'O
OBYUYEHUMS B OHKOI'EMATOJIOT'HA

Hoaskos E.B.., iImurpuesa B.B.!
INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Kashirskoe shosse 31, 115409, Moscow, Russia.
Ionsixos E.B. e-mail address: EVPolyakov@mephi.ru

3npaBooxpaHeHne TpaHCHOPMHUpPYETCS MacHITaOHBIM oOpazom Oia-
rojapsi AOCTIKEHHUSM B 00JacTH TITyOOKOro oOy4YeHHsI U MCKYCCTBEH-
HOT'O WHTEJUIeKTa. B mocneanue ronsl rirybokoe o0ydeHue MpoJIeMOH-
CTPHPOBAJIO 3HAYUTEIBHBIA POCT TOYHOCTH aHAIIN3a W300paKeHHUH JUIs
3ama4 OOHApYKEHMS 3JI0KaYeCTBEHHBIX HOBooOpaszoBanmii. [Ipumene-
HHUE TEXHOJIOTHUH TITyOOKOro OOydYeHHs I TUArHOCTHKH OHKOJIOTHYE-
CKUX U OHKOT'€MaTOJOTHYECKHUX 3a00JIeBaHUI Ha OCHOBE aHalM3a Me-
JUIUHCKUX M300paKEHUH SIBISETCS COBPEMEHHBIM HAIlpPaBICHUEM HC-
CJIeJIOBaHMI B 00JaCTH UCKYCCTBEHHOT'O MHTEIIEKTa U KOMITBIOTEPHOTO
3peHusl.

HecMoTpst Ha 3HAUUTENBHBIH POPHIB B 00JIACTH MEJULIMHCKON TUa-
THOCTHKH, B chepe 37[paBOOXPAHEHUS BCE €Ile OCTAETCsS MHOTO OTKPBI-
TBHIX BOIIPOCOB M Hepa3paOOTaHHBIX MPHIIOKECHUH.

[TocnenHue JOCTMXKEHHSI MAIMHHOTO 00y4YEeHUs B 00JIaCTH KOMITBIO-
TEPHOTO 3pEHHs TO3BOJMIN HCCIEIOBATEISIM MPUMEHSTh KOHBEHEpHI
ryOOKOTO HEHPOHHOTO BBIBOJA /ISl aBTOMATH3AlMW aHaIW3a MeJlu-
IIUHCKUX W300pakeHui. TeM He MeHee, CYIIECTBYIOT Cepbe3HbIC IPO-
OJIeMBI, CBS3aHHbIE C TPUMEHEHHUEM THX KOHBEHepoB B 00JIaCTH aHAIHU-
3a MEIMIIUHCKUX N300payKeHUH.

Jns mpoBenmeHus: MCCleAOBaHUI B JAHHOM 00JIacTH HEOOXOANMO
pa3paboTaTh CHUCTEMY, MO3BOJISIIONIYIO MPOBECTH aHAIN3 CYILECTBYIO-
HIMX PELIeHNUH C MOCIEAYIOIINM €€ MacIITa0MPOBAHUEM.

Henb — pa3paboTka BBIYMUCIUTEIBHOTO KIIAcTEpa JJIsi HCCIIEIOBAHMS
METO/I0B ITyOOKOT0 00y4eHUs] B OHKOI'€MaTOJIOTHH.

B pabote mpezacraBieH BBIYUCIUTEIBHBIM KiIacTep Ui MCCIE0Ba-
HHUSI METOIOB TIyOOKOro oOyueHus Ha Oase cepBepa Supermicro. Xa-
PaKTEPUCTUKU cepBepa: MarepuHCKas Iuiata Supermicro X10DRI; nBa
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mporeccopa XEON E5 2690V 3; oneparuBnas namsats 64 I'b, 2 HDD 16
T0, kax el 00beauuennsie B RAID 0; 2 SSD 480 I'6, 00bequHEHHbBIE
B RAID 0 nmyst paboTsl onepaiioHHON CUCTEMBI; rpaduuecKuii ycKopu-
teab NVIDIA RTX 4060 16 I'b. BerurcinuTensHbli KiacTep paboTacT
Ha onepannonHoii cucteme Debian 12 ¢ runepsuzopom gemu-KVM st
YIOPABJICHUS] BUPTYaTbHBIMU MAaIIMHAMU, HA KOTOPBIX BBITOJHSIOTCS
BBIUMCIICHHS, & TAaK)Ke OCYIIECTBIIAETCS MCCIeI0BAaHINE METOIOB IIy0o-

KOTO O0y4EeHHS.

IIpenyioxkeHHass cucTeMa TaKKe IO3BOJIIET IPOBOAUTH aHAIU3 pe-
3yJBTaTOB MOJEIH TIyOOKOro OOyYeHHs Ha MpuMepe H300pakeHui
SIIPOCOAEPKALUX KIETOK € IPENapaToB KOCTHOTO MO3ra.

[TpoBeneHo uccaeqoBaHUE MO O0YYEHHIO apXUTEKTYPHI CBEPTOUHON
HeliponHo# cetn YOLOVS mist oOHapy»)eHusl M KilacCH(DHUKAIMK KIETOK
KOCTHOTO MO3ra. B KkadecTBe WMCXOIHBIX NAHHBIX JJIsI OOYyUEHUS B3SIT
Bepu(UIPOBAHHBIA HAOOp NAHHBIX SIIPOCOACPIKAIINX KIETOK KOCTHO-
ro mo3ra [1-2].

[lo pesynpTaTaM mpenBApUTEIBHBIX HCCIEIOBAHUN apXUTEKTypa
HelpoceTH Mokasana cBO0 (PGEKTUBHOCTh B PEIICHUH 3a/1a4 BBISBIIC-
HUS, BBIJICIICHUS U KJIACCU(DUKAIIMY SIPOCOACPIKAIIMX KIECTOK KOCTHOTO
Mmo3ra. [lomydeHs! creayromne XapakTepUCTHKU: TOYHOCTH (precision) -
93%, F1 - merpuka 91%, mAP@50-95 - 88%.

JanbpHeliiee pa3BuTHE OyJeT HANpaBICHO Ha Pa3pabOTKy HMHCTPY-
MeHTa GOopMHUpOBaHHS HAabopa JaHHBIX HA OCHOBE HHTEPHET-PEIICHU.
[1] CBupmerensCTBO O TOCYIapCTBEHHOM perucrpanuu 0a3pl JaHHBIX Ne
2023621283 Poccuiickas Deneparnms, baza maHHBIX KJIETOK KOCTHOTO MO3Ta
001BbHBIX OCTPhIM JHMpoOIacTHbIM Jeiiko3oM / E.B. Tonskos, H.H. Tynuisis,
WN.H. Cepebpsixosa, [u mp.], 3asBka Ne2023620945 3asen. 06.04.2023; omy0m.
20.04.2023
[2] Tat. 2803277 Poccuiickas ®enepanusi, Criocod neTann3anuy CTpyKTypHBIX
3JICMCHTOB MC,HI/IKO-6I/IOJ'IOFI/I‘ICCKI/IX 00BEKTOB HUCCJIIEA0BAHUA / E.B. HOJ'IHKOB,

B.B. Jmurpuesa, HH. Tymuusmn, [u gp.], 3asBka Ne2023104132 3assm.
22.02.2023; omy6u. 12.09.2023, Bros. Ne 26
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Effectiveness of combine radionuclide and chemotherapy of breast cancer using
different types of nanocarriers with Radium-223

A.S. Postovaloval, D.R. Akhmetoval?, V.A. Rusakoval

YInstitute of Biomedical Systems and Biotechnology, Peter the Great St.
Petersburg Polytechnic University, St. Petersburg, 194251, Russia
2ITMO University, 49 Kronverksky av., St. Petersburg, 197101, Russia
Presenting author e-mail address: alisa_postovalova@mail.ru

Many malignant neoplasms (MNT) do not effectively respond to
conventional therapy and can lose their ability to respond due to the
formation of cancer cell resistance. Furthermore, the applied treatment
regimes for tumors have plenty of disadvantages, including toxicity and
the risk of second tumor development [1]. Side effects from radiation
and cytostatics affect healthy tissues of the organism. To solve these
problems, the use of nanoparticles (NPs) in the treatment of cancer and
the new treatment regimens are of particular interest. Nanoformulations
can suppress tumor growth and limit side effects via low dose usage and
targeted accumulation in the tumor side [2]. In addition, combination
therapy with NPs can increase the effectiveness of cancer treatment.

In this study we evaluated the effectiveness of combined chemother-
apy and radionuclide therapy with two types of NPs based on polylactic

acid and calcium carbonate, which were radiolabeled with

Radium-223 (***Ra) after their synthesis. We compared the results from
combined therapy including NPs (**Ra@PLA, ?*Ra@CaCOs3) with
intravenously injected doxorubicin (DOX i.v.) and monotherapy with
the same NPs against breast cancer (4T1) of Balb/c mice. Furthermore,

during the research two ways of radiopharmaceutical administration
22Ra@NPs during monotherapy were used: intravenous (i.v.) and intra-
tumoral (i.tu.).

The nano-precipitation method for the formation of PLA NPs and the
one-step co-precipitation technique for CaCO3z; NPs were used. The PLA
and CaCOsz NPs exhibited spherical structure with the average size -
100 nm. The average Dh PLA~ 146 nm, Dh CaCOs ~ 178 nm. The
effectiveness of the therapy with 2?Ra@NPs i.tu. in monotherapy and
combination therapy with DOX was assessed by measuring the volume
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of tumor tissue 7 days after the first injection. The tumor volumes were
~ 0.65 cm® and ~ 0.72 cm?® for ?°Ra@PLA i.tu. and **Ra@CaCOs i.tu.
The combined therapy methods demonstrated a higher antitumor effi-
ciency: tumor volume was ~ 0.64 cm?® for 2°Ra@PLA i.tu. + DOX i.v.,
and ~ 0.3 cm?® for ?*Ra@CaCOs i.tu. + DOX i.v. For the
chemotherapy (DOX i.v.) the average tumor volume was ~ 0.77 cm?,
The tumor volumes were ~ 0.82 cm® for 2Ra@PLA i.v. and ~ 0.73 cm®
for 22Ra@CaCO; i.v., respectively. The animal groups with i.v. inject-
ed monotherapy with 2°Ra@PLA and 22Ra@CaCOs revealed

less effective tumor therapy in comparison with i.tu. monotherapy. Fi-
nally, tumors of mice treated with (2.7 kBg/kg, 2 mg/ml DOX) were
removed, and histological analysis was carried out (n=4). No significant
changes in the main organs were observed. All obtained results demon-
strate the high biocompatibility and biosafety of the synthesized NPs
and developed therapeutic strategies.

The work was supported by the Russian Science Foundation, grant
Ne 24-25-00210.
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METAL-ORGANIC FRAMEWORKS FOR PHOTOCATALYTIC DEGRADA-
TION OF DYES

Pokhorukov D.A.*?, Griaznova O.Yu.» 23, Gorin D.A.%, Deyev S.M. 1.2

1 Shemyakin-Ovchinnikov Institute of bioorganic chemistry, Moscow, Russia
2National Research Nuclear University MEPhI, Moscow, Russia
3 Skolkovo Institute of Science and Technology, Moscow, Russia
yvileapsis@gmail.com

Metal-organic frameworks (MOFs) are a class of hybrid porous ma-
terials consisting of metal nodes and organic ligands structured into a
crystal lattice. MOFs are highly porous on a structural level, being able
to entrap molecules within their crystal lattice, which combined with
their ability to produce reactive oxygen species (ROS) through photo-
catalytic activity makes them a promising adsorbent and filtration agent
for various organic and inorganic pollutants, as well as a prospective
material for photodynamic therapy. [

The mechanism of ROS generation by MOFs is quite typical for
semi-conductor materials — after absorbing photons of energy larger
than the bandgap formed by ligands and metallic nodes, an electron-hole
pair is created and the charge migrates to the highly developed surface
of the MOF. There, an electron reduction of oxygen to superoxide radi-
cal and hole oxidation of water to hydroxyl radicals occur. These reac-
tive oxygen species then proceed to attack organic molecules, cleaving
bonds and mineralizing them into CO2, water and simple ions, effec-
tively destroying original compound. 24!

Despite there being a number of works on visible-light photocatalytic
activity of MOFs, most focus on solar light-driven catalysis and optimi-
zation of MOFs to such conditions. An alternative approach using lasers
to induce photocatalysis offers several advantages. These include clear
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separation of effects of ROS on the dye from direct impact of the light,

ability to detect even subtle photocatalytic ability of nanoparticles, and
precise control over the laser's intensity and power, allowing for a com-
parison of catalytic effects across different photon wavelengths.

The aim of this work was to compare MOF nanoparticles of the same
crystalline structure and different metal ions in their ability to degrade
organic dyes in a water solution. To this end, MIL-101 (Al), MIL-101
(Cr), MIL-101 (Fe), as well as UiO-66 (Zr), UiO-66 (Ce), and UiO-66
(Hf) have been synthesized and characterized using dynamic light scat-
tering, UV-vis spectroscopy, scanning-electron microscopy and X-ray
crystallography. To study MOF-induced photocatalytic degradation
Rhodamine B solution was subjected to laser irradiation of wavelengths
of 450 nm, 532 nm, 650 nm, 808 nm in presence of synthesized nano-
particles, and absorbance spectra were analyzed.

The work was supported by the Ministry of Science and Higher Edu-
cation of the Russian Federation, agreement no. 075-15-2024-536.

[1] Ni, K., Lan, G., & Lin, W, Nanoscale Metal-Organic frameworks generate
reactive oxygen species for cancer therapy, ACS Central Science, 6(6), 861
868, (2020).

[2] Wang, Y., Zhang, N., Wang, R., et al, Bimetallic UiO-66-NH2(Zr-Hf) syn-
ergistic photocatalytic and piezoelectric effects for the degradation of rhoda-
mine B, Dalton Transactions, 52(29), 10079-10088, (2023).

[3] Wang, Q., Gao, Q., Al-Enizi, A. M., et al, Recent advances in MOF-based
photocatalysis: environmental remediation under visible light, Inorganic Chem-
istry Frontiers, 7(2), 300-339, (2019).
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MODELING OF DOSE DISTRIBUTIONS IN AWATER PHAN-
TOM DURING THE OPERATION OF A LINEAR ELECTRON
ACCELERATOR IN GATE

Y. V. Razdrogova!, D. S. Petrunya®?

INRNU MEPhI, Moscow, Russia
2 P, N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow,
Russia
razdrogovaya@gmail.com

The field of radiation therapy relies heavily on precise planning and
execution to ensure the efficacy and safety of treatment. At the heart of
this precision lies accurate dose distribution modeling, a critical step in
determining the optimal radiation delivery to the target area while
minimizing damage to surrounding healthy tissues. This meticulous
process involves simulating the interaction of radiation with the patient's
anatomy, predicting the distribution of energy deposited throughout the
body [1].

This research delves into this crucial aspect of radiation therapy by
investigating dose distribution modeling in a water phantom using the
Gate software, a powerful tool for simulating radiation transport. The
water phantom serves as a simplified representation of the human body,
allowing us to study dose deposition patterns in a controlled
environment. This research is driven by the growing need for more
accurate and sophisticated dose distribution modeling techniques, which
contribute significantly to the effectiveness and safety of radiation
therapy.

The goal of this study is to simulate dose distributions within the
water phantom during the operation of a linear electron accelerator, a
common device employed in radiation therapy. The Gate software,
known for its flexibility and accuracy, allows us to model the complex
interactions of electron beams with matter. The simulated dose
distributions, representing the energy deposited at various points within
the phantom, will then be meticulously visualized and analyzed using
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MATLAB, a powerful mathematical software, and additional Python

libraries.

Fig.1. The appearance of the first and second stage models ( a) and b),
respectively, for a side view, ¢) and d) at the angle of 45°)

The insights gleaned from this simulation will provide valuable data
for understanding dose deposition patterns in a water phantom,
ultimately contributing to the development of more targeted and
effective radiation therapy protocols. This research has the potential to
advance the field of radiation therapy, leading to improved patient
outcomes and reducing the risk of side effects. By contributing to the
development of more sophisticated dose distribution modeling
techniques, we can help ensure that radiation therapy remains a safe and
effective treatment option for patients facing various medical conditions.

[1] A.P. Chernyaev, E.N. Lykova, P.U. Borshchagovskaya, Radiation medical
physics : textbook / - Moscow : Moscow University Press, 2023. - 559 p.
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I¢pdexruBrocts BH3T in vitro npu ucnosib30BaHUN YCKOPUTEISI-
TaHAeM

0. Coaosbepa?® B. Kanbirun?, A. Kacatosa’, E. IIpoxoposa'?, C. Tac-
kaes’, E. 3aBbsiaopl??

Youl uljul” CO PAH, Hosocubupck, Poccus
2HTY, Hosocubupck, Poccus
8 UAD um. I'U. Byoxepa CO PAH, Hoeocubupck, Poccus
solovieva@bionet.nsc.ru

Bop-neiirponozaxsataas tepanus (BH3T) — 310 onue u3 Hambosee
MIEPCIIEKTUBHBIX CMIOCOOO0B JICYCHHUS PAINOPE3NCTEHTHBIX U HHBA3UBHBIX
BUJIOB paka uenoBeka [1]. [Tpu 3ToM 10 cUX MOp OCTAIOTCs aKTyallbHbI-
MU BOTPOCH ontuMmu3anuu mapamerpoB bH3T, Bimrodas oTpaboTkKy
HMCTOYHUKOB HEHTPOHOB 1 OJ00P OOpCOepKAIINX areHTOB.

B nanHoM mccnenoBanuu ObLia MpoBefeHa OleHKa 3()(HEKTUBHOCTH
BH3T in vitro Ha 3-x pa3HbIX OIMyX0JIeBbIX KieTkax 4yenaoBeka U-87 MG
(rimmobnactoma), SK-Mel-28 (menanoma) u SW620 (kapuuHOMa Ku-
IICYHHKA).

Pabora ¢ kierounsiMu KyabTypamu Obuia BeinoiHeHa B LIKIT «SPF-
BuBapuii» Ulul" CO PAH. B kauectBe areHTOB OOpa HCHOJIB30BAIU
xomMmepueckre BSH u BPA mpoussojactea Katchem (Yexwust) B KOHIIEH-
tpausax 40 ppm. OGny4eHre 3MUTEIUIOBBIMA HEHTPOHAMU Ha YCKOPHU-
tene-tanaeM nposoauinock B UAD CO PAH. Knetku obmyuanu B Bune
CYCHEH3UH B IOJHUIPOIMICHOBBIX Mpodupkax npu 2 MAY. DddexTs
OIICHUBAJIN C TIOMOIIBIO KJIOHOTEHHOTO TecTa [2] yepe3 14 cyTok mocie
BO3/ICCTBHs. BbIOpaHHBIM KIOHOTEHHBIH TECT, OCHOBAHHBIH Ha CIIO-
COOHOCTH OIHOHM KJIETKH BBIPACTAaTh B KOJIOHHIO C HEOTPAaHMYCHHBIM
JieJIeHHEeM, TI03BOJISIET OIEHUTh 3P PEeKTUBHOCTH BHIOPAHHOTO YTH IPO-
THUBOOITYXOJIEBOW TEparuu W TOHATh TNPOoir(epaTUBHBIN MOTEHIHAT
UCCIIETYEMBIX OIyXOJIEBBIX KJIETOK. Pe3ynbrarhl aKcliepuMeHTa Ipen-
CTaBJICHBI HA PUCYHKeE 1.
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Puc.1. PesynpraTs! kitoHOTeHHOTO Tecta, m + SE, * # “ — p<0,01 mo cpas-
HeHuto ¢ kouTpoiem s SW620, U-87 MG, SK-Mel-28 coorBetcTBEeHHO.

Takum o0Opazom ObU10 mokazaHo, yto bBH3T Ha yckopurene-tangem
UsA® CO PAH c ucnonb3oBanuem npenapatoB BSH u BPA npaktuue-
CKU IIOJHOCTBIO IIOAABISIET CHOCOOHOCTh OOpPa30BBIBATH KOJOHUM Y
BCEX MCCIECIOBAaHHBIX OIYyXOJeBbIX KieToK. Ilpu sToM oOmyueHue
HeHTpoHaMu 0e3 Kakux-mr0o OopcoaepKallux areHTOB TaKXKe OKasbl-
BaJIO CYNPECCUBHOE BO3JCHCTBUE HA POCT KJIETOK U IPUBOJMWIO K CHU-
JKEHUIO KJIOHOTEHHOCTH NIl BCEX JIMHUN KJIETOK JI0CTOBEPHO IO CpPaB-
HEHHIO C KOHTPOJILHBIMH TPYIIIaMHU.

Pabora Bemonnena npu noanepxke PHO (Ne 24-62-00018) ¢ wc-
nonb3oBanueM obopynoBanus LIKIT "SPF-puBapuii" OUIL[ Ulul" CO
PAH.

[1] M.A. [eimoBa, C.O. Tackaes, B.A. Puxrtep, E.B. Kynuruna Tepanus
HeﬁTpOHHOFO 3axBaTa 60pa: COBpeMeHHOG COCTOSIHUE U NEPCICKTUBBI PA3BU-
tus. Cancer Commun. 2020, 40, 406-421. DOI:10.1002/cac2.12089.

[2] N. Franken, H. Rodermond, J. Stap et al. Clonogenic assay of cells in vitro.
Nat Protoc 2006, 1, 2315-2319. DOI:10.1038/nprot.2006.339.
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I[EﬁCTBPIE HMOHOB I'EJIUSAA HA UHAYKIIUIO U POCT
OIIYXOJIEM ITPU OBJIYYEHUU ACIIUTHBIX KJIIETOK
KAPIHUHOMBI OPJIUXA EX VIVO 10 U B IUKE BPOITA

H. Crpeabnukosal, O. Pozanosa?, E. Cmupnosa?, T. Bensikopa?, B. Baua-
kun?, A. Illemsxos!, A. CMupHoB!

Y @unuan «Dusuxo-mexnuueckuii yenmpy OIBYH « Dusuueckuti uncmuntym
um. ILH. Jlebeoesa» PAH, IIpomeuno, Poccutickas ®@edepayus
2 QI'BYH «HMncmumym meopemu4eckoii u 3KCnepumMenmanbHotl Guopusuxuy
PAH, Ilywuno, Poccutickas ®edepayus
strelnikova.ns@Iebedev.ru

®u3nyecKkre CBOMCTBA THKENBIX 3apsKEHHBIX YacTUIl, TaKUX Kak
WOHBI TeNHsl, YHUKAJIBHO TIOJAXOJAT Uil TOUHOW JIOKaIM3aluK A03bI 00-
Jy4eHUs IpU JICUCHUH MHOTHX BUIOB OIyXoJieil 6iaronapst BO3MOXKHO-
CTH PEryJaupoBaTh IIyOWHY NPOHWKHOBEHHUS M PACIpPOCTPAHEHUS IHKa
Bbpoarra, npu KOTOpoii paBHOMEpHasi 1032 MOXET ObITh KOPPEKTHO JI0-
CTaBJICHa K OIYXOJIH, B TO BpeMs Kak OJM3ieXallne TKAaHW MOTy4aroT
HE3HAYUTEIbHYIO 103y [1-2]. DTO mpenMymecTBO 3apsKEHHBIX YaCTHI
MO3BOJISIET JOCTABJIATh K MHUILIEHN SKBUBAJICHTHbIE J03bI, HAMHOTO Ipe-
BBIIIAIONINE T€, KOTOPblEe MPUMEHSIOTCS MPH CTaHIAPTHOW PEHTI€HOB-
CKOU Tepamnuu.

Llenpio paboOTHI ABISIOCH H3YUYEHUE 3aKOHOMEPHOCTEH MHAYKIUHA U
pOCTa COJIMAHBIX OIMYXOJed y MBIIMIEH NpU OJHOKPATHOM OOIy4eHUH
MYYKOM HMOHOB TelHA KIETOK acUTHOW KapuuHoMbl Opinuxa (AKD) B
YCIIOBHSIX €X ViVO.

OO0ydyeHune CyCcleH3un aCIUTHRIX KIETOK MOHAMH TEJIHS TTPOBOIMIIH
Ha yckoputene nonoB OTL[ ®UAH B BogHoM (aHTOME C 3HEpruci
nydka 305-320 M»sB B no3ax 10 I'p u 20 I'p B AByX 00sacTsix KpuBOH
Bbporra: no u B nuke bparra. 3ateM KJIeTKH UMILIAHTUPOBAIM B Oeapo
mbii Jimana SHK. JI71s1 perucrpaiuy poTUBOOYX0JIEBOTO JACUCTBHS
M3JTydeHHs] HaOIroAany 3a BpEMEHEM U YacTOTON MHAYKIHMH COJHIHBIX
omyxoneid AKD n ux poctom.

Bo Bcex o0iydeHHBIX TpyNIax HaOIoAanach 3ajiepikka Hadaia po-
CTa OITyXOJIEH, KOTOpas 3aBHceNa OT J103bl M JIMHEHHON Nepeadu SHep-
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run u3nyderus. Yepes 35 cyrok y 100% wmplmeii Obuid OmyXxosin B
rpymnmax nocie oomyyenus B 1o3e 10 I'p no u B uke bparra u B goze 20
I'p no muxa bparra. [lpu o6myuennn kinetok AKD B goze 20 ['p B nuke
OITyXOJIM MOSIBUINCH TONBKO Y 40% MbILIEH.

Ha pucynke mokazana quHamuka pocta conugHoi AKD mocne um-
TUTAaHTAllMU OOJIyYEHHBIX ACIMTHBIX KJIETOK MOHaMHu renust B go3ax 10
I'p (a) m 20 I'p (6) B muke u 1o mmka bparra.
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Takum 00pa3om, ObUIO MOKAa3aHO, YTO MHIAYKIMS M POCT OIyXOJieh
3aBUCEJH OT J103bI OOJy4eHHs HOHAMH refust. TOPMOXKEHHE pocTa OImy-
xoJeit 66110 60tee A3PGEKTUBHBIM MTPHU 00TyUYeHUH B TIHKe bparra oTHO-
CUTEJIHHO OOTydeHHUS IO THKA.

[Tomy4yeHHBIE TaHHBIE CITy>KaT OCHOBOW JUIS OIPE/IENICHHs OTHOCH-
TENBbHOM Ouonorndeckor 3(h(EKTUBHOCTH HOHOB TelMs Ha MOJEISIX
OITyXOJIEBOTO POCTA C UCIIOJIb30BAHUEM JKUBOTHBIX.

[1] Mairani A, Mein S, Blakely E, et al. Roadmap: helium ion therapy. Phys
Med Biol. 67(15), (2022).

[2] JR Castro, DH Char, PL Petti, et al. 15 years experience with helium ion
radiotherapy for uveal melanoma. Int J Radiat Oncol Biol Phys. 39(5), 989-
996, (1997).
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PROMISING NUCLEAR TECHNOLOGIES FOR THE TREAT-
MENT OF CANCER
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Russia

2 Financial University under the Government of the Russian Federation, Mos-
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3 P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow
Russia

4 National Research University "Higher School of Economics”, Moscow, Russia

E-mail: georgieff@inbox.ru
Phone:+79161018978

Recently, an area of nuclear medicine—targeted radionuclide thera-
py—has been actively developing. Her methods use radioactive isotopes
with highly specific targeted agents to precisely deliver radiation to tu-
mors that have high tumor uptake, sustained tumor retention, and high
contrast. In this case, isotopes limit the dose received at the level of
healthy tissue. The therapy has been proven to be effective in the treat-
ment and management of cancers such as: thyroid cancer, prostate can-
cer, neuroendocrine tumors, metastatic meningioma, pheochromocyto-
mas and paragangliomas, cancer-related bone pain. In the coming years,
targeted radionuclide therapy is expected to be approved for more types
of metastatic cancer [1].

The report will consider innovative targeted agents (antibodies, pep-
tides and small molecules), targets for different types of cancer, and
cases of the most appropriate use of targeted radionuclide therapy.

The report will also examine the potential of using artificial intelli-
gence for the needs of nuclear medicine.

[1] N. Lepareur, B. Ramée, M. Mougin-Degraef, M. Bourgeois. Clinical Ad-
vances and Perspectives in Targeted Radionuclide Therapy Pharmaceutics.
2023 Jun 14;15(6):1733.
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HEUTPOHHOI'O 1 COYETAHHOI'O HEMTPOH-
IMPOTOHHOI'O OBJYYEHUA C AOITOJHUTEJIBHBIM
JAPOBJIEHUEM /103bl HEUTPOHOB

M.B. Tpomuna'?, A A. IInukynosa’, E.B. Kopsaxuna®, E.B. JTutyn?,
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OpHUM U3 OrpaHMYMBAIOLIMX (DAKTOPOB NMPUMEHEHHS] HEUTPOHOB B
KJIMHAYECKOM NPAKTHKE SBISIETCS CIOXKHOCTh (DOPMHUpPOBAHUS KOH-
(OPMHBIX JO3HBIX TOJNEH W, CIEelOBATENLHO, Jy4eBbIe MOBPEKJCHUS,
JUIS CHIKEHUS! KOTOPBIX MPOBOAMIM COYETAaHHYIO Y-HEUTPOHHYIO Tepa-
o [1]. Kpome Toro, CHUKEHHE MOIIHOCTH JI03bI TIOCIIE TPOXOKICHUSI
CHUCTEMBl KOJJTUMAIlUd HEHUTPOHHOTO My4yKa MPHUBOAUT K MPOAOIIKH-
TEJILHOMY BpPEMEHH ceaHca OOJyYeHHs, B TEYCHHH KOTOPOTO MaleHT
JOJDKEH OBITh HEMOABMKEH. 3aMeIIeHHE Y-M3JIy4yeHHUs NPOTOHaMH, 00-
Jaal0IIMMH JIyYIIUM HPOCTPAHCTBEHHBIM pacIpelesieHHeM, a TaKxKe
JIONIOJIHUTENIBHOE JPOOJICHUE J103bl HEUTPOHOB B LEJSAX COKpAILlEHUs
BpPEMEHH OJHOKPATHOrO OOJIy4eHHs MOTYT yJIYUIIUTh NEPEHOCHMOCTb
Kypca COYETaHHOHN MPOTOH-HEUTPOHHOH JIy4€BOH Tepanuu.

Iens paboThI 3aKiFOYaIach B UCCIIEIOBAHUN BBIKHBAEMOCTH OITyXO-
JIEBBIX KJIETOK TOcie (paKIFOHUPOBAHHOTO HEUTPOHHOTO W COYETaH-
HOT'O MPOTOH-HEUTPOHHOTO OOJYYEHHUS C JOMOJIHUTEIBHBIM IpOOIeHu-
€M HEHTPOHHOH COCTaBIISIOIIEH.

B kadecTBe TECT-CHCTEMBI HCIOJIB30BANM KJIETKH KHTAHCKOTO XO-
mstuka B14-150 (pubpocapkoma). BepknBaeMoCTh OLIEHUBAIIN IO TECTY
KJIOHOTEHHOW aKTUBHOCTH KieTok. O0nydenue neiirponamu (14,5 MaB)

135



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»
MIPOBOIMIN Ha HeWTpoHHOM TeHeparope HI-14 (OI'YII BHUHA um.
H.JI. JlyxoBa) B yCIOBHSX PaBHOBECHs BTOPHYHBIX 3apsDKCHHBIX 4a-
ctuw; npotoHamu (88,1-108,7 MaB) — Ha yckopurene «lIpomereycy
(OA «ITPOTOM»). Bo3zaeiicTBre TONBKO HEHTpOHAMHU MPOBOIUIHN OJI-
HOKpatHO B fo03ax 0,5 I'p u 2 I'p u ¢ neneHuem ykasaHHBIX 103 10 4
¢pakuuii. Cymmapable puzndecknue 1036l HEUTPOHOB U MPOTOHOB HPHU
coueTaHHOM BozzeiicTBun coctasisumm 0,5 I'p u 6 I'p, 4o cooTBeTCTBY-
€T COOTHOMICHHIO 03 ¢ ydetomM OBD msnyuenuii 30% (n) + 70% (p).

WutepBansl Mexxay GppakqusMu BO BCEX CXeMax COCTaBIsUH | 4.

B pesynbrate nccnenoBaHus ObIJIO MOKA3aHO MOBBIIIEHHE BBDKHBA-
€MOCTH KJIETOK MpH O0ydeHUHN HelTpoHamu 3a 2 U 4 ppakuuu B Cym-
MapHoi no3e 2 I'p, uro OOBSCHAETCS YaCTHYHBIM BOCCTAaHOBJICHHUEM
MOBPEXKACHUH B KIIETKaX MEXIy Bo3AercTBUsIMU. OnHAKO MpH PpaKiu-
OHHPOBAHHOM OOJIYYeHHH KIIETOK HEHTpOHAMHU B cymmapHou moze 0,5
I'p, kak ¥ mpu codeTaHHOM Bo3jaelicTBuu Hewrponamu (0,5 I'p, 1-3
¢bpakuun) u npotoHamu (6 I'p, 1 pakuus), pa3auuusl CTaTUCTUICCKH
3HaYMMBIMU HE SBJISUIUCH, YTO MOXKET OBITh OOYCIIOBJICHO HEJOCTATOY-
HBIM J1J1s1 TIposiBiIeHus 3¢ deKxTa ypoBHEM 103 HEWTpoHOB. Kpome Toro,
OTCYTCTBHE 3aBUCHMOCTH OT ()PaKIMOHWPOBAHUS MPH HU3KUX J103aX
O’KeT OBITH CIIEICTBHEM INPOSBICHUS 3P PeKTa rUnepuIyBCTBUTEIHLHOCTH
W MHAYLMPOBAHHON pPagUOPE3UCTEHTHOCTH, MOKA3aHHOTO AJISA PAa3HBIX
KJICTOYHBIX JIMHUW ¥ THIIOB M3JTy4eHHid B quana3oHe 103 1o 1 I'p [2].

Takum oOpazom, mpH (PpakIMOHUPOBAHUH /1036l HEHTpOHOB 2 I'p
3¢ PEeKTUBHOCTD BO3JIEHCTBUSI CHMXKAETCSI C YBEJIMUEHHEM KOJIHYECTBA
¢dpaxumii. [Tpu BozneiicTBum HeliTpoHamu B HM3KUX fo3ax (mo 0,5 I'p)
nmo1o0Has 3aBUCUMOCTD HE MPOSBIISETCS.

Pabora BemonHeHa npu nojaepkke MunoOprnayku Poccun (corina-
menne ot 05.10.2021 r. Ne 075-15-2021-1347).

[1] 1O.C. Mapupiackuit, U.A. I'ynugos, I'.I. Amunos, F0.A. Parymun, A.C.
CricoeB, CoveranHas ((hOTOHHO-HEHTpPOHHAsI) TEpaIusi B KOMIUIEKCHOM Jiede-
HUU MECTHOPACIIPOCTPAHCHHOT'O paKa MOJIOYHOH JKECJIC3HI, BOHpOCI)I OHKOJI0-
rud, T. 60, Ne 4, C. 490-493, (2014)

[2] B. Marples, S.J. Collis, Low-dose hyper-radiosensitivity: past, present, and
future, International Journal of Radiation Oncology* Biology* Physics, V. 70,
Ne. 5, P. 1310-1318, (2008)
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Bucmyt sBnsieTca MEPCHEKTUBHBIM MAaTEPHUATIOM ISl TUArHOCTHYE-
CKHX, TEPAICBTUYCCKUX TPUMEHEHUIN B OMOMETIUITMHE, TaK KaK B MaJIbIX
Jt03ax OE3BpECH M1 YESIOBEUECKOr0 OPraHU3Ma M MOXKET BBICTYIATh B
KadecTBe ceHcuOmnm3aTopa [1]. M3ydeHne CBOWCTB HAHOPa3MEPHOTO
BHCMYTa M €r0 COCIUHCHHUN SBJISETCS BaXKHOU 3amadeit. OquH U3 UHTE-
PECHBIX MaTepHaJIOB JUIsI CHHTE€3a MHOTOKOMIIOHEHTHBIX HaHOMaTepHa-
JIOB HA OCHOBE BUCMYTa SIBJII€TCA repMaHaT BUCMYyTa. ['epManHumii Tak xe
SIBJISICTCS TIEPCIIEKTUBHBIM MaTEPHAIOM JIJIsl TEPAHOCTHKH [2].

Pabota mocBsimieHa MCCIeIOBAHUIO CBOHCTB PaCTBOPOB HAHOYACTHII
BUCMyTa U repManara Bucmyta (BisGesO12) B BOmHO#H M CIIMpPTOBOM
cpemax. YacTuipl co31aBaiich METOJIOM HAHOCEKYHIHOU JIa3epHOM a0-
JSIMW B KUJKOCTH. B KauecTBe MUIICHEH /7S aOJSIUK CITYKIITH TBEP-
JIbie 00pa3Illbl YUCTOTO BUCMYTa U TepMaHara BUCMyTa. PacTBopuTens-
MU CIYKWIM JUCTWILIMPOBAaHHAs BOJa W W30MpomnaHos. M3mepenue
pasMepoB YACTHII MTPOBOJMIOCH METOJOM JTHHAMUYECKOT'O pacCesHHsI
ceeta oz yriaamu 90 u 175 rpamycos.

Ilo pe3yiabTaTaM ONBITOB CACJIaH BBIBOJ, YTO YaCTHLbBI BUCMYTa HEC-
yCTOHYMBHI B BOJIHOM cpene. [lo mporecTBur KOPOTKOTO BPEMEHU OHU
00pa3yroT HepaCTBOPUMEIE XJIOMbEBUIHBIE KPYITHBIC YaCTHIIbI, COOTBET-
CTBYIOIIME OKCHJY BHCMYTa, U OCeIaroNne Ha JaHe cocyaa. [1ogoOHbIe
pe3yabTaThl HAOIIOAAIUCH B IPYroi paboTe MO AaHHOM TeMme, rie ObLI

OIMcaH CcocTaB MosydaeMoro ocanka [1]. B pactBope m3ompomnanosia
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YUCTBI BUCMYT 0OJ€e YCTOHYMBEIN, HO Yepe3 HEAENI0 B HEKOTOPBIX
o0pas3iax MOSBUJINCH XJIOIbS, MOJTOOHKIC TOJIYYCHHBIM B BOJHOM pac-
TBOpe. [IpeArnonokuTenbHO YaCTHIIBI JECTa0MIM3HPOBAIIUCH U3-32 TI0-
MajaHus BOABI B pacTBOP B MIPOLIECCE CUHTE3a UIIA XPAHCHUS.

[To pesynbTaraM SKCHEpUMEHTa MO a0JSUHM TepMaHaTa BHCMYTa,
TaKXe 00Hapy)KeHO 00pa30BaHUE XJIONbEBUIHBIX KPYIHBIX YACTHLL IIPH
CHHTE3€ B BOJHOH Cpelie, KOTOPbIE Mbl CBA3BIBAEM C OOPa30BAHUEM OK-
cuga BucMmyTa. Takke ObUIO 3aMEUEHO, YTO IIPU AIUTEIBHOCTH JIa3ep-
HOro ummynbca 120 HC 4acTUUIBl MOJMY4YarOTCS KPYHHBIMA M PAacTBOP
HEOTHOPOHBIA. DKCIIEPUMEHT C YMEHBIIEHHOW [TUTEIBHOCTHIO 10 60
HC ITO0Ka3all, YTO B PacTBOpPE BHU3yalbHO HE HAONIOJAUCH KPYITHBIC Ya-
CTHIIBI, TP U3MEPEHUU Pa3MEPOB OOHAPYKUIOCH, YTO YACTUIIbI CTAIH
npuMepHo Ha 50 HM MeHbIIe.

Opnako cBOMCTBa HAHOPA3MEPHOI'O BUCMYTa U €r0 COETUHEHUN Ma-
nousy4yeHsl. Tpedyer netanbHOl NpopaOOTKH BONMPOCH! HONTYYEHHs Ha-
HO-YacCTHLl BHCMYTa, M3Y4YEHHS WX Pa3MEPOB M CBOWCTB, 000OIIECHUS
MOJYYEHHBIX JAHHBIX JUIS BHEJIPEHUS B IPAKTUUIECKOE IPUMEHEHHE

JanpHelilee n3ydyeHre HaHOYACTHUI BUCMYTOCOAEPIKAIIUX MaTepu-
ajioB, B TOM 4YHCJIe T€pMaHaTa BUCMYTa, MOXKET OBITh NMEPCIEKTUBHBIM,
TaK Kak MOTYT ObITb OOHAapyKEHbl CBOMCTBA, MPHUCYIIHE HECKOJIbKUM
BelIecTBaM. JTO PacIIUPUT BO3MOXKXHOCTH TEPAHOCTHKH.

[1] Bulmahn J., Tikhonowski G., Popov A. et al., «Laser-Ablative
Synthesis of Stable Aqueous Solutions of Elemental Bismuth Nanopar-
ticles for Multimodal Theranostic Applications», Nanomaterials, 10 (8),
pp.1463, 2020
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