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XUMMNYECKAA TEXHOJIOTUA

ITOJYYEHUE HAHOYACTUII DJIEMEHTHOT'O BOPA METOJIOM
VJIBbTPA3BYKOBOI OBPABOTKU B BOJIHOMN CPEJE
" UX IPUMEHEHHUE B BOP-HEUTPOHO3AXBATHOW TEPAIIUN
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OnucaH MeToA MOJIyYeHUS] HAHOYACTULL DJIEMEHTHOTro O0opa pasMepoM MmeHblle 100 HM ¢ TpuMeHeHueM
VJIBTPa3ByKOBOTO TUCIIEPTUPOBAHMS B KUIKOM cpesie U TTOCeAyIoIero KackaaHoro (hpakKimOHUPOBaHUSI.
IMonyyeHHBIE HAHOYACTULIBI OOpa ObLIM MPUMEHEHBI B Ka4€CTBE MUILIEHHOI'O areHTa IJis1 00p-HEUTPOHO-
zaxBatHoli Tepanuu (BH3T). Ilo pe3ymbTraTaM 3KCIIEpUMEHTAILHOIO JOKIMHUYECKOTO MCCIIETOBAHUS
BH3T ¢ npuMeHeHHEM CUHTE3UPOBAHHBLIX HAHOYACTULL OOpa, ObLIIO YCTAHOBJIEHO, YTO OOJIydYeHHE ITOTO-
KOM HEUTpPOHOB B TeueHre | yaca KaeTok rmruoMbl yeaoBeka T98G, nmpenBapuTebHO MHKYOMPOBAaHHBIX B
cpene c HaHouyacTuliamu 6opa (10, 20, 40 m.1. B nepecyere Ha u3oTor 6op-10), BeAeT K 3HAYUTETbHOMY MO~

aBJICHUIO UX XN3HECIIOCOOHOCTH.

Karoueessbie cnoea: 3n1eMeHTHBIN 60p, HaHO4YaCTHUIIbI 60pa, YJIbTPAa3BYKOBOC OTUCIICPIrUpOBaHUE, KaBUTAIIUA,
rJimomMa, HUTOTOKCUYHOCTD, 60p—HeﬁTp0H03aXBaTHaH TCpariugd, YCKOPUTECJIb SIUTCITJIOBBIX HeﬁTpOHOB
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OpnHol U3 IPUKJIAaAHBIX 3a71a4 B Tepalluy paKa sB-
JIsteTcst pa3paboTKa HOBBIX MPEITapaToB JIJIsSl TOBbIIIIE-
HUS 3¢ HEKTUBHOCTU JICYSHUSI OHKOJIOTUUECKUX 3a-
OosieBaHMil. YacTHUIIBI 3JIEMEHTHOIO O0pa — MOTEH-
LIMaJIbHO HOBast (hbopMa MUIIIEHHOTO TIperiapaTa IJIst
MIPOTUBOPAKOBOII METOOUKU OOp-HEWTPOHO3aXBaT-
"ot Teparuu (BH3T), 61aromapst BBICOKOMY conep-
XaHn1io aToMoB 0opa B omHoif yactnue. BH3T — aTo
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OWHapHBII paguoTepaneBTUUECKUIA METOHd, OCHO-
BaHHBbIIl Ha peaklMsIX 3aXBaTa U OEJCHUS siaep Mpu
00JIy9eHN U CTaOMILHOTO HEPaaIMOAKTUBHOTO U30TO-
na 6opa-10 TermIoBEIMU HEMTPOHAMHU C OOpa30BaHU -
€M BBICOKOBHEPTeTUYHBIX alb¢ha-4acTull v siaep Ju-
s [1—4]. CelleXTMBHOE HaKOIUUICHHWE MIpernapaTa Ha
ocHOBe 0opa-10 B HEOOXOAMMOI TeparneBTUYECKOMN
KoHueHTpauuu (10 Myipa atomoB 6opa-10 Ha 1 KJeT-
Ky) BHYTPU MOpakeHHON 00JIaCTH U TIOCenaylolee
o0ylydeHre HeMTpoHaMU MIPUBOIST K HAIIPaBJIEHHO-
MY pa3pyllIeHMIO 3aJaHHOI 06acTu Oyiarogapsi Bbl-
TeJIEHUTo SHEPTUH SIIePHOM peaKIIuK B TIpeaeiax om-
HOI KJIeTKM [4].

B nanHoii paboTte BriepBbIe METOIOM YJIbTPa3ByKO-
BOI'0O AUCHEPTUPOBAHUS B XKMAKOM Cpeae U MOCISayIO-
IEero KacKamgHOro (MpaKLMOHUPOBAHUS ITOJIy9eHBI
HaHOYACTUIIbI 3JEMEHTHOro O0opa pa3MepoM MeHee
100 uM. BrepBble mpoBeleHa OLiIEHKA BO3MOXHOCTHU
HMICTIOJIB30BAaHMS ITOJIyYeHHBIX TAKMM CIIOCOOOM Ha-
HoyacTull 6opa B KauyeCTBe MUIIIEHHOIO areHTa Ho-
Boro tuna st BH3T, Kotopslit xapakTepusyeTcst oT-
CYTCTBHEM TOKCHUYHOCTH M 00€CIEeUYMBAET JOCTATOU-
Hoe HakorjieHre oopa-10 B MccienyeMoit KI1eTOYHOM
aquHuu. HMccnemoBaHa >XKM3HECIIOCOOHOCTh OOpCO-
JepxKalieil U THTAaKTHOM OIMyX0JIEBOM KJIETOYHOM JIN -
HUU rIMoMbl yeaoBeka T98G mocie ooaydeHus M-
TEIUIOBBIMM HEMTPOHAMHU HAa YCKOPUTEILHOM MCTOY-
Huke B MHctutyre samepHoit ¢dumsuku CO PAH
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Puc. 1. Pacnipeaenenue yactuil 6opa no pasMmepam IocJje IepBoii (a), 1 TpeThbeit (6) ctanuu ¥Y3-006paboTtku. MukpodoTorpa-

¢bus yacTuil 6opa 1mocie TpeTbeit cranuu Y 3-00padboTKu (B).

(r. HoBocubupck). BriepBbie mokazaHo, 4To o0JIyde-
HUE OITyXOJIEBBIX KIeTOK TMHUU TI8G, KyIbTUBUPY-
€MBIX B POCTOBBIX CpeAax B IPUCYTCTBUM HaHOYA-
CTHUII dJIeMeHTHOro 6opa B KoHueHTpanuu 10, 20 n
40 m.a. B mepecyeTe Ha U30ToIl 6op-10, yMeHbIIIaeT ee
KOJIOHMEOOPAa3yIOIIyIO CITIOCOOHOCTH ITO CPABHEHUIO C
KOHTpoJIeM (comepxkaHre HaHoJacTull 6opa 0 M.1.).

B TexHonornueckoil mpakTHKe MOJy4yeHue va-
CTUII BJIEMEHTHOTO 60pa B OCHOBHOM OCYIIECTBIISIOT
MeTOoAaMU XUMMUYECKOTO OCAXKIESHUST U3 ra3oBoii (ha-
36 (XOI'®D) [5]. CiaemyeT OTMETHTH, YTO METOIBI
XOI'®D 1o3BOISIIOT MOIYYaTh MOPOIIKH SJIEMEHTHO-
ro 6opa, B IrpaHyJIOMETPUUYECKOM COCTaBe KOTOPBIX
MpeooIafialoT YacTUIlbl C IIUPOKKUM pachpeneaeHu-
eM o pasmepaM (ot 0.5 no 20 mxm). [TogoOGHBIE Ma-
Tepuajibl OKa3bIBAIOTCSI HEIIPUMEHUMBI B KauyecTBe
muiteHei 111 B3HT, mockonbKy COOTBETCTBYIOIINE
bopcoaep:Kallye Tiperaparbl ST JOKIMHUYECKUX
HUCCIeOBAaHUN MPUMEHSIIOTCS B BUIIE PACTBOPOB WU
KOJUIOMIHBIX CUCTeM [6] ¢ pa3zMepoM AMCHEPCHO
da3zbl He 6osee 100 HM.

B Hacrosmeil pabore mokasaHoO, YTO COBPEMEH-
HBIE VJIbTPAa3BYKOBBIE TEXHOJIOTMU MOTYT OBITh
YCHEIIHO TPUMEHEHBI IS yCOBEPIICHCTBOBAHMUS
TEXHOJOTUYHBIX MeTo0B XOI'dD. YcTaHOBIEHO, YTO
yJIbTpa3ByKoBasi 00paboTKa MO3BOJISIET AUCIIEPTUPO-
BaTh YaCTHUIIBI CITEKIIIErOCsd MOPOIIKa 6opa 1o pa3Me-
POB HAHOMETPOBOTIO MUana3oHa. [Ipu 3TOM UCITOJb-
30BaHUE BOJBI B Ka4yeCTBe AUCIEPCHUOHHOI Cpelbl
SIBJISIETCS] OTHUM M3 TJIaBHBIX IIPEUMYILIECTB MPU MO-
crenyioneM m3rotoBieHuM TpernaparoB bH3T mna
TOKJIMHUYECKHNX UCCIIENOBAHUIA.

IMonyyeHre HaHOYACTUIL JIEMEHTHOTO 6Opa Mpo-
BOOMIM IIO cienywlleit cxeme [7]: B CTEKJISTHHBIA
crakaH noMmemanau 0.1 T MeJIKOAMCIIEPCHOTO ITOPOIII-
Ka 3JIeMeHTHOTro 0opa (amopdHBbIii 60p, Mapka B99B,
npousBoauteab AVIOBOR: maccoBast nosist 6opa He
MmeHee 99%, cpenHUil pa3Mmep OUCIIEPCUU YACTUIL
0.5—4 mxm) u poGasisgiau 25.0 M OUMAUCTUIIMPO-
BaHHOI1 Bonibl. [Tpy mpoaokuTeIbHOM BO3CCTBUMN
ybTpasBykoM (Y3) (1, = 360 MMH) Ha MCXOTHYIO
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MUKPOHHYIO JUCIIepculo 60pa, a TakxKe KacKaaHOTO
dpakiMoHMpoBaHUs, ObUIa MoaydYeHa (ppakius ya-
ctun 100—250 am — cragus 1 (puc. 1a). I1pu nanb-
HelinreM Bo3aeicTBUM Y 3 Ha (hpaKIIMIO YaCTULL B MH-
tepBaje pazmMepoB 100—250 um (tj; = 160 MmuH), ObLTH
MOoJIydYeHbl HAaHOpa3MepHbIe YaCcTULIbl O0pa B UHTEP-
pasie 50—70 am — ctamus I1. Bo3neiicTBre yabpTpa3By-
ka Ha ppakumio 50—70 HM B TeueHue ty;; = 180 MuH
MPUBOIUT K 00Opa30BaHUIO HAHOIUCTIEpCUU 5—15 HM —
cragug I11-A. I1pu nucrreprupoBanmm ¢ppakumm 50—
70 HM B TeueHue Ty = 250 MUH oOpasyeTcs nucnep-
cusl chepruecKrX HaHOYACTUI] B MHTEpBajle pa3me-
poB 5—10 um — cramus 111-B (puc. 16, 1B).

[Ipouiecc nucrneprupoBaHus NPOBOOWIN IIPU 1O~
MOIIH YJIETpa3ByKoBoro reHeparopa (“Munad”, Poc-
CHSI) C TIOTPYKHBIM 30HIOM 13 TUTAHOBOIO CILIABa, C
BBIXOAHOIT MoITHOCTBIO 0.63 KBT. Ha kaxnoii craguu
rpoiiecca ApoOJeHUS paclipelelieHrue 4YacTUll T0
pa3MepaM B TUIPO30JISIX OOpa OIpele/suId METOAOM
JIMHAMMYECKOIO CBETOPACCESHUSI Ha aHaJM3aTope
Zetatrac (Microtrac, CIITIA). McciaenoBanus pa3Mepa
¥ (hOPMBI YACTUIL HA KOHEYHO CTaauH yIbTPa3ByKO-
BOIO IUCIIEPTUPOBAHMUS IIPOBOIMIM C ITOMOIIBIO
IMPOCBEYMBAIOIIETO 3JIEKTPOHHOro MUKpockora Hi-
tachi H-800, Anonusa (yBemmuenue 40000).

CTpyKTypy HAaHOYACTHII 60pa NCCIETOBAIN METO-
JIOM PEHTTEHOBCKOM AUGPaKIINU C UCTIOTH30BaHUEM
nudpakromerpa Bruker D8 Advance, I'epmanus
(CuKo-uznyuenue (A = 1.5418 um), Ni-puabtp, do-
Kycupyoomnit Ge-MmoHoxpomaTtop, aetektop LYNX-
EYE). M3amepeHusi MpoOBOAWUIIM B PEXUME ChEMKU
“Ha mpocBeT” B AMAana3oHe YIJIOB paccesHUs 20 =
= 10°-50°, ¢ BpaleHHEM 0Opa3la CO CKOPOCTHIO
90 06./mMuH. Ilepen mpoBeaeHUEM peHTreHorpadu-
YeCKMX M3MEpeHW o6Gpasilbl THIpo3oJieil 6opa 3a-
MOPaXXMBAJIUCh B XUIKOM a30T€ W BBICYIITMBAIUCH C
noMoublo auodmiabHOM cymku Alpha 2-4 LSC
(Martin Christ, 'epMaHus1) IIsI TOJTy4eHUST BEICOKO-
MHUCIIEPCHOTO MOPOIITKa, HaBecKa KOTOPOTo IToMella-
JIaCh MeXAy CJIOSIMU TUIEHKU aMOP(HOTO TTOJU3TU-
neHTepedTamata. O6pabOTKy peHTreHorpaMm (HOp-

TOoM 491 2020



IMOJIYV4EHUE HAHOYACTHUL SJIEMEHTHOTO BOPA 3

MHPOBKY, VyYeT HEKOIrepeHTHOTO U1 (POHOBOTO
paccesTHUSI) TIPOBOIWJIM C TIOMOIIBIO TIPOTpaMM
DIFFRAC EVA u Origin 15 Pro.

Ha puc. 2 npeacraBieHbl 1upakTorpaMMbl TTO-
pomikoB 6opa 1o Y3-o00paboTku (puc. 2a) M mociie
TpeTbeii cranuu (puc. 20). I1pencraBieHHble JaHHbIE
CBUJIETEILCTBYIOT O TOM, YTO B CTPYKType 4YacTHUII
SJIEMEHTHBIN GOp HAaXOOUTCI B aMOP(GHOM COCTOSI-
HuM (Tajo Ha 20 = 17°—24° u 30°—42°), kak 10 ¥Y3-
00paboTKM, TaK U Iocje Tpex ee crtanuit. Hapsiay c
aMOpP(HBIM 3JIEMEHTHBIM O0OPOM B CTPYKTYpE YaCTHII
HaAOII0JaI0TCSI  NPUMECU  MOJUKPUCTAILIMYECKON
OOpHOIT KUCIOTHI. B MCXOMHOM TTOpOIIIKEe MpUMecH
GOPHOIT KUCIIOTHI UMEIOT KPUCTAINIMYECKYIO pelleT-
Ky TPUKJIMHHOM CMHTOHUM ¢ pediiekcamu 010 (26 =
= 14.60°), 100 (26 = 14.98°) u 002 (26 = 28.02°). ¥ 3-
00paboTKa, MPEAITONOKUTEILHO, TTPUBOAUT K YaCTHU-
HOMY pacTBOPEHMIO OOPHOI KMCJIOTHI B Ipoliecce Ka-
BUTALIMOHHOTO APOOJIEHUS] YaCTUIl, U €€ MOBTOPHOI
KPUCTAUTM3ALIMU IPU BBICYIIIMBAHUY TUAPO30JIsI ITOCIIE
Tpex cranuii Y3-00paboTky ¢ 00pa3oBaHMEM TeKcaro-
HaJTbHOM perreTku (pediekcol 100 (260 = 14.50°), 003
(26 =27.97°) u 201 (26 = 30.72°)).

INpencraBneHHbIE pe3yNbTATHl CBUACTEIBCTBYIOT
O TOM, UTO MHOTrocTanuiiHass ¥Y3-o0paboTKa SIBIISIET-
¢ 3 PEKTUBHBIM U JIETKO MAacCIITA0OUPYEMBIM CIIO-
CcOOOM TTOJTyYeHNSI HAHOYACTULI 3JIEMEHTHOTO Oopa.

IMTockoJibKy OCHOBHOE efiCTBUE HAaHOYACTUIL 6O~
pa HampaBJI€HO Ha Tepamulo paka Ipu OOJIydYeHUU
HEWTpOHaMMU, ObLJIU TIPOBEACHBI CAeAYIOIINEe OHUOJIO-
TMYECKHE TECThl: OINpenejeHue HUTOTOKCUYHOCTHU
HaHo4YacTUll 00pa, HaKoIUIeHHEe 00pa B OHKOKJIETKAaX
u otieHKa appexktuBHocTn BH3T npu momoiu Kio-
HOT€HHOI'O aHaJIu3a.

MognenbHbIe 3KCIIEPUMEHTHI OBLIM BBIITOJIHEHBI
Ha OITyXOJIEBOM KJIETOYHOM TMHUU IJIMOMBI YEJIOBEKA
T98G, yacTo UCIONb3yeMOIl B NCCASIOBAHUSX NCIi-
CTBUSI MOHU3UPYIOIIETO U3JIyYeHMsI, B TOM YUCJIIC
HeliTpoHHOro [8]. KiieTku miomsl yeaoBeka TI98G
ObUIM TIpenocTaBieHbl MHcTUTYTOM 1ImTojioruu Poc-
cuiickoii akamemum HaykK (r. Cankrt-IleTepOypr),
KyabTUBUpOBaIuCh B cpene Iscove’s DMEM
(IMDM, SIGMA 17633 ¢ L-rmotamutaom u 25 mH
HEPES 6ydepom) ¢ mobasmenneMm 10% smOpuo-
HaJibHOI ObIubeit chiBOpoTKM (Thermo Scientific Hy-
Clone SV30160.03 HyClone UK Ltd.) nmpu Temmnepa-
type 37°C B atmocdepe ¢ 5% CO,.

LM TOTOKCUYHOCTD MpenapaTa Ha OCHOBE HaHO-
yacTull 6opa orpeessiach ¢ TOMOIIbIO KOJIOPUMET-
puaeckoro tecta Cell Titer 96 AQueous One Solution
(Kopnopauus Promega, Maaucon). 4 x 104 kinerok
T98G momeniany B KaXAyr AYHKY 96-TyHOYHOTO
naxirera B 100 MKJT cpeabl 1 MTHKYOMPOBAJIM B TeUe-
Hue 24 yacoB. Cpeny 3aMeHsUIU Cpeloit ¢ HAaHOYaCTH -
mamu 6opa (pa3mep yactuil 5-10 HM) B KOHILIEHTpa-
musix 0—250 Mkr 6opa/Ma U gajnee MHKYyOUpOBalIu B
TeyeHUe 24 yacoB. 3aTeM cpeny yAaasiJu U KIeTKU
MIPOMBIBaIN Oy(EepHBIM PAaCTBOPOM. 2 MJI pacTBopa
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Puc. 2. PeHTreHorpaMMsl TIOpOIIKOB 6opa 10 ¥Y3-ob6pa-
0OTKM (a) 1 TTocJIe TpeTheld cTanuu Y 3-06paboTku (0).

3-(4,5-gumeTnnTuason-2-mi)-5-(3-KkapooKCUMeTO-
kcudenmnn)-2-(4-cynbdpodennn)-2H-TeTpaszonus
(MTS) ¢ PMS (Cell Titer 96 AQueous One Solution)
cMmemmBaiy ¢ 10 M1 cpenbl M 1OOABIISUIN B KOJTAYE-
ctBe 100 MKJI B KaxKIyro JIyHKY. [1naHmIeTsl ”THKyOM-
poBajii B TeUCHME 2 YaCOB U 3aTeM IOMeIllaInd B OIl-
tudeckuii anaamzatop Multiscan FC (Thermofisher
Scientific, CIIIA) u n3MepsIu ONTUYECKYIO TIOT-
HOCTb NpU IJIMHE BOJIHBI 490 HM. [laHHBIe TIpeacTaB-
JIEHBI KaK JOJIST BEDKUBIINX KJIETOK, MHKYOUPOBaH-
HBIX C IIpeTrapaToM, OTHOCUTEIBHO KJIIETOK, MHKYOU -
poBaHHBIX 0e3 mpermnaparta (tabiu. 1).

JaHHBIe LIUTOTOKCMYHOCTM TOKAa3aJil HU3KYIO
TOKCUYHOCTh HAHOYACTUII B TUANa30He KOHIIEHTpA-
it 6opa g0 250 M.a. (MKT/MJT pacTBopa Cpedbl) —
60p-10: 50 M.1., KOTOPBIK B pa3bl MepeKpbIBAET Tpe-
OyeMbIii TepalieBTUIeCKi nuamna3oH (~20 M.1.), 4To
MOATBEPANUIIO MTPUTOAHOCTh HAHOYACTULL IUIST JAJlb-
HEWIINX 3KCMIEPUMEHTOB MO HEHTPOHHOMY O0JyUYe-
HUIO.

KonmyecTBeHHBIN aHaNMM3 coaepXaHUs Oopa B
kietkax T98G npoBoaAMIN METOAOM aTOMHO-3MUC-
CUOHHOI CHEKTPOCKOTIMM B WHAYKTUBHO-CBSI3aH-
Hoii mnasMme (MCIT-ADC) nHa npubope iCAP 6500
(Thermo Fisher Scientific, Waltham, CILIA) [2]. UH-
KybOaluioo KJIETOK ¢ HaHoyacTUllaMu Oopa (pa3mep
yactull 5—10 HM) IIPOBOAMIIN B POCTOBOM Cpele B Te-
yeHue 24 yacos. [Tocie MHKyOALIMU KJIETKHA TPOMBI-
BasIv 3a0y(epeHHbIM (PU3UOTOTUIECKUM PACTBOPOM
(PBS), canMmanu ¢ 1mactukoBoii nomnoxku 0.05%
pactBopom TpuricuHa (Trypsin-EDTA, Nacalai
Tesque, Inc.). 3atreM o0Opa3iibl ¢ HAHOYACTULIAMU 0O~
pa xunsaTui B 70%-Hoii a30THOM KUCIOTE B TeUCHIUE
3 yacoB 10 00pa3oBaHUsI OOPHOU KUCIOThI, KOTOPYIO
JETeKTUpOBaIU Ha nmpudope. st KarubpoBKU IIpHU-
Oopa MCIOJIL30BAIM CTaHIAPTHBIE PACTBOPHI OOPHOM
KMCJIOTBl ¢ M3BECTHBIMU KOHIIeHTpauusMu (Boron
Standard for ICP, TraceCERT, 1000 mr H;BO;/n
H,0, Sigma) (Ta6:1. 1).
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YCIMEHCKUWH u np.

Taommma 1. OleHKa MUTOTOKCMYHOCTY HAHOYACTHUI Oopa Iist KieTouHoi TMHUM T98G; 3 HeKTUBHOCTH KOJIOHHEOOpa-
3yIOlIei CIOCOOHOCTU KiIeTouHO# mHuM T98G B mpUCYyTCTBMM HAHOYACTUIL OOpa IT0CIe HEHTPOHHOrO OOJIy4eHUS;
OlleHKa HaKOIUIEH!ST HaHOYacTUII 6opa B KiieTkax T98G

SbexmusroCTS O1ieHKa HaKOTUTCHUS

KoHneHTparms KOJIOHMEOOpa3oBaHUsI OlieHKa ITUTOTOKCUIHOCTH HaH(:f{aCTI/I 60pa B T9SG

Ne HaHo4JacTull 6opa, TI8G, nnkyorpoBaHHast T98G, nunkybupoBaHHast METO OMHI/I CII)'I- ADC ’
MKT,/MJI CPEIBI ¢ HY 6opa, rtocre ¢ HY 6opa, % leir - ’

HEeUTpOHHOTO 00TyYeHUsI, % peat

1 0 100 100 0

2 50 (60p-10: 10 m.1.) 84.5 92 48.5

3 100 (60p-10: 20 m.1.) 52 88 98.6

4 150 (60p-10: 30 m.1.) 40 86 145.0

5 200 (60op-10: 40 m.1.) 29 84 197.5

6 250 (6op-10: 50 m.1.) 23 85 246.0

Hanouactuiisl 60pa HakamaMBarwOTCI B KJIeTKax BJIATOJAPHOCTDb

oMbl T98G B 3HAYUTENHLHOM KOJMYECTBE IIPU
SKCIO3UIIMA B Cpelne ¢ KOHIeHTparmeit Gopa-10
40 Mxr/Ma 10 3.9 Mxr/10° KJIETOK, U4TO CyLIECTBEHHO
MpeBBILIACT 3HAYECHUST HAKOIUIEHUsI OopdeHMIama-
HuHa: BPA (60p-10), 0.37 Mxr/10° K1eTOK.

DKCIepUMEHTATEHOE TOKJIMHUYECKOE MCCIIEI0-
BaHME CHHTE3WPOBAHHBIX HAHOYACTUI] Gopa, MpU-
OMMKEHHOE K pealbHbIM KIIMHUYECKUM YCIOBUSIM,
ObLJIO MPOBEIEHO Ha YCKOPUTEIHLHOM WCTOUYHMKE
SIIMTEIUIOBBIX HEUTPOHOB [9] B HCcTUTYTE fmepHoii
®uzuku CO PAH (r. HoBocubupck). ITapameTpsl
00JIydeHHS: TOK IIPOTOHHOTO MyYKa IJIsT HEHTPOHO-
reHepupylomieii MmuineHu 1.8 MA; sHeprus 2.0 MaB;
dmoeHc HeittpoHoB 7.2 x 10" cm~2. C nomolubto
KJIOHOTEHHOTO aHaJIn3a YCTaHOBJIIEHO, YTO OOJIyde-
HUE HEWTpOHAMM TIpEABApUTENIPHO WHKYOWpPOBaH-
HBIX B cpefie ¢ HaHovyacTtuliaMu 6opa (10, 20, 40 m.a.
B IIepecdeTe Ha 600p-10) ommyxoJeBBIX KJIETOK B TeUe-
Hue 1 yaca, BeAeT K 3HAYUTEJIbHOMY MOAABIEHUIO UX
XM3HeCcImocooHocTH (Tabi. 1).

PesynbraTthl MccaenqoBaHUl B JaHHOK paboTe B
JaJibHEIIIEM MOTYT OBITh MCITOJIb30BaHBbI IJIST TIPOU3-
BOJICTBA TepaneBTUUYecKuX npemnapaToB 1jid bH3T Ha
OCHOBE cTabMJILHOTO M30ToI1a 6opa-10.

ABTOpBI BbIpaxaloT 0JIaromapHOCTb YJEH-KOPPECITOH-
nenty PAH A.H. O3epuHy 3a akTUBHOE 0OCYKIEHHE PE3yJIb-
TaTOB NaHHOM paboThl. PaboTa BhITIOHEHA MPU MOANEPKKE
Poccuiickoro HayyHoro ¢doHna (rpant Ne 19-72-30005) u
MPOrpaMMBbl (PyHIAMEHTATbHBIX HAYYHBIX MCCIIeTOBaHUI
(rmpoekT Ne 0310-2019-0004).
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A method for producing elemental boron nanoparticles with a size of less than 100 nm using ultrasonic dis-
persion in a liquid medium and subsequent cascade fractionation is described. The resulting boron nanopar-
ticles were used as a target agent for boron neutron capture therapy (BNCT). According to the results of an
experimental preclinical study of BNCT using synthesized boron nanoparticles, close to the real clinical con-
ditions, it was found that irradiation with a neutron flux for 1 hour of T98G human glioma cells previously
incubated in a medium with boron nanoparticles (10, 20, 40 ppm in terms of on boron-10 isotope), leads to
a significant suppression of their viability.

Key words: elemental boron, boron nanoparticles, ultrasonic dispersion, cavitation, glioma, cytotoxicity, bo-
ron neutron capture therapy, epithermal neutron accelerator
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