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BBEJIEHUE

Onkosiornyeckue 3a00JIeBaHUS OCTAIOTCS OJHOW M3 TJIABHBIX MPUYHUH
cMepTHOCTH B Mupe. HecmoTps Ha ycnexu B IMOHUMAHUU MOJIEKYJISIPHOM
Ouonoruu  OmyxoJied, NPUMEHEHHE TaKUX METOJOB KakK JIyuyeBas Teparmmus,
XUMHUOTEpaIus, XUPYpPruyeckue MeToAbl, oOIas BbDKMBAEMOCTh OOJBHBIX
OITyXOJIEBBIMU 3a00JIEBAHUSIMU 3HAYUTENIBHO HE YBEJIIMYWIACH 3a MOCIEAHHUE J1BA
NECATUIIETHS. DTO CBA3AHO C TEM, YTO JAHHBIE METOJIBI HE MO3BOJIAIOT MOJHOCTHIO
paspymiatb M yJIajsTh BCE OIMYXOJIEBbIE KJIETKH, BKIIOYAsh HOBBIE OYaru
MeTacTa3upOBaHUs, JOKATU30BaHHBIE B Pa3HbIX 00JIACTAX Tela, B pE3yJIbTaTe 4ero
yepe3 HEKOTOpoe BpeMs ciydaercs (OopMHpOBaHHME BTOPUYHBIX OITyXOJIEH.
[ToaTOMYy Ha CEroAHSIIHUI I€Hb CYIIECTBYET HEOOXOAMMOCTh B pa3pabOTKe HOBOM
TEXHOJIOTUH TEPCOHAIM3UPOBAHHOIO JIEYEHUS, HAIPABIECHHOIO Ha pPa3pylLICHUE
OITyXOJIel Ha YPOBHE OJHOW KJIETKH JJI YBETUYEHHUS BBLDKMBAEMOCTH MALIUEHTOB U
CHWKEHUSI 00pa30BaHus PEUUINBOB.

TakuM MeTOJOM SIBIISIETCA MPUMEHEHHUE KOMOMHATOPHBIX HAHOCHCTEM Ha
ocHOBe MarHuTHbIX HaHovacTul ¢ JJHK — anramepamu. MarHuTHbie HAHOYACTHUIIBI
Ha HAaHOMETPOBOM MaclITade JEMOHCTPUPYIOT HOBBIE ONTUYECKHE, MArHUTHBIE,
AJEKTPOHHBIE W CTPYKTypHbIE cBoMcTBa [l, 2], KOTOpble JenalT HX
IIEPCIIEKTUBHBIMM MHCTPYMEHTAMH B IPOTHUBOPAKOBOM Tepanuu [3]. OCHOBHOM
HEJOCTAaTOK HAHOYACTHI[ 3aKJIOYaeTcs B TOM, YTO OHHM HAaKalUIMBAKOTCS B
3I0POBBIX TKaHSAX, BbI3bIBas TOKCHMYHbIE TM0OOYHBIE dhdextsr [4, 5]
[lenenanpapnenHass jgoctaBka TpeOyeT  (GyHKIMOHAIM3AUUM  HAHOYACTHIL
MOJIEKYJISIDHBIMH 30HJaMH, TaKUMH KaK amnTamMepbl, KOTOpble crenuduuecku
CBSI3BIBAIOTCS C YHUKAJIbHBIMHU OHMOMOJIEKYJIJaMH PaKOBBIX KJIETOK [6, 7].
Arntamepsl MPEACTaBISAIOT COOOW KOPOTKHE CHUHTETHYECKHE OJHOLIETIOUYEYHbBIE
JHK unnu PHK, kotopsie ciennpuiecku CBSI3bIBAIOTCS C PA3IMYHBIMUA MHUIIICHIMHU
C BBICOKOM a(p(PUHHOCTBIO U cenekTuBHOCThIO [3, 4, 8]. Ilo cpaBHeHHIO C
aHTUTEJIaMH, anTaMepbl 00JIaJaloT HU3KOH HMMMYHOTE€HHOCTHIO, TOKCUYHOCTh H

CTOMMOCTBIO, II03TOMY aKTUBHO IPUMEHSAIOTCSA JIJIs1 TEPANIEBTUUECKUX Lenen [3].



B sTOM HccrienoBaHMM Mbl IEMOHCTPUPYEM METOJ MarHUTOJUHAMHYECKON
Tepaliii OCHOBAHHBIM HAa MPUMEHEHUU TOKPBITBIX 30J0TOM MAarHUTHBIX
HaHouactull (Au-MHY) monuduumposannbix JIHK antamepamu asis paspyieHus
OMYXOJIM Y MBIIIEH in Vvitro W in vivo. JlJist aipeCHON JOCTaBKHU Mbl UCIIOJIb30BAIH
AS-14 anTtamepsl cnenuduynbie K (GuOpoHekTHY (DH) acUTHOM KapUHUHOMBI
Opnuxa [9]. DUOPOHEKTHH TMPEJACTaBISIET €000 OOJBIION TIMKOMPOTEHH,
KOTOPBIA  CIIy)KUT  BaXHbIM  KOMIIOHEHTOM  BHEKJIETOYHOTO  MaTpHKcCa,
cobuparonierocst B GuOPHILIBI, MPUKPEIUISAs KJIETKH K KOJUIAar€HOBBIM BOJIOKHAM.
br110 IOKa3aHO, YTO MOMUMO BHEKJIETOUYHOTO (PMOPOHEKTHHA KJIETKH KapIIMHOMBI
Opnuxa CHHTE3UPYIOT M BBICBOOOXJArOT Ooisbiine KkoimuyectBa DOH B
KYJbTYPaJIbHYIO CPENly in Vitro, B ACHUTHYIO )KMAKOCTh U 1u1asMmy in vivo [10]. AS-
14 antameps! nocraBisitor Au-MHY k onyXoiau KapuHOMBI DpJiivXa U CBA3bIBAIOT
yacTUIbl C Mojekynamu (uOpoHekTuHa. DOH CBA3BIBAETCS C  KJIETOYHOU
MMOBEPXHOCTHIO YE€pPe3 MHTETPUHBI - OOJIBIIME TPAHCMEMOpPAHHBIC aATr€3UOHHBIC
OeNKku, KOTOpble O00ecrneunBaroT (PU3UYECKYI0 CBS3b MEXIY BHEKJICTOYHOM
MAaTpUIIEd W COKPATUTEIbHBIM LHUTOCKeNeTOM [l11]. AKTuBalusg HWHTErpUHOB
MIPOUCXOJIUT 3a CUET CBSI3bIBAHUS JIUTAHAa U MEXaHUYECKOM CUJIbI, BBITATUBAIOIIECH
B-cyObenuuuily mHTErpuHa uyepe3 (PUOPOHEKTHH M BO3Bpallas €€ B HMCXOJHOE
nonoxxkenre. HemaBHO OMyOJIMKOBaHHBIE HSKCIEPUMEHTAIbHBIE JIaHHBIE U
pe3yAbTaThl  MOJIEKYJISIPHOTO  MOJIEIUPOBAHUA  JEMOHCTPUPYIOT  JIUHAMHUKY
aKTUBAIlUM MHTETPHUHA 32 CUET MEXAHWYECKOW CHIIBI, BBITSTUBAIOIICH MHTETPUHBI
10 6 HM B TeueHne 6 HC [12]. AnonTo3, OCHOBaHHbBIM Ha aKTUBAIMA WUHTETPUHOB,
MOKET BBI3bIBAaTh B JajlbHEHIIEeM akKTHBaUMio Kacmasel-§ [13 —  20].
HuskouacrotHoe nepemeHHoe MarauutHoe mnojie (HITOMII) BeI3biBaeT kosiebanus
Au-MHY momuduimpoBaHHbIX antaMepaMd B KOMIUIEKCE C (PUOPOHEKTHHOM.
Takum o6pazom, aktuBHOocTh MHII ynpaBnsnace HIIOMIIL. [IpeumymiectBa
IpeajiaraéMoil TEXHOJOTUH BKIIOYAIOT IIyOOKO€ MPOHUKHOBEHHE MAarHUTHOTO
0JIs1, BHICOKYIO ITUTOTOKCUYECKYI0 aKTUBHOCTbh B OTHOILIEHUH PAKOBBIX KIIETOK U

HHU3KYIO TOKCUYHOCTD AJId COCCAHUX HOPMAJIbHBIX KIICTOK U TKaHEH.



Leap padoThl — MOKa3aTh BO3MOXKHOCTH MPOTHBOOIMYXOJIEBOTO 3(deKTa
MarHUTOAMHAMUYECKOUN TEpAUu.

3agaumn:

1. Pa3paborate cmoco0 MoauUKANNK TMOKPHITBIX 30J0TOM MAarHUTHBIX
Ha"ouactun JJHK-antamepamu;

2. Onpenenuts 3P(HEKTUBHOCT, MAarHUTOAMHAMUYECKON TEpanuu in Vvitro Ha
KJIETKaX aCIUTHON KapLMHOMBI DPIINXA;

3. Onpenenutb 3¢(HEKTUBHOCT, MATHUTOJAMHAMUYECKOW Tepamuu in vivo Ha

KJIETKAaX aCIIMTHOM KaplIMHOMBI DpJiivxa.



I')TABA 1. OB30P JIMTEPATYPBI

1.1 CBolicTBa MATHUTHBIX HAHOYACTHIL

3a mocineqHue JECATUIETHS] HAHOTEXHOJIOTUU CTalIM OYEHb MOIYJISIPHBL. DTO
CBSI3aHO C TE€M, YTO C YMEHBIIEHUEM pa3Mepa U MEPEXOJOM B HAHOPA3ZMEPHOE
COCTOSIHHE€ OTHOILIEHHE TOBEPXHOCTH K O0bEMY U, CIEAO0BaTEIbHO, OIS
MOBEPXHOCTHBIX AaTOMOB OTHOCHUTEIBHO OOBEMHBIX €IWHUIl YBEIHMYHUBAETCS.
bospiioe oTHOIIEHHE MOBEPXHOCTU K O0BEMY HAHOYACTHI SIBJISAETCS OCHOBHBIM
(akTOpoM B OINPEIEICHUH HOBBIX (PU3HUYECKHX, XUMUYECKUX U MEXAHUYECKUX
cBoicTB. K (u3nueckum CBONCTBaM OTHOCSATCS ONTHYECKHE, DJIEKTPUUECKHE U
MarHuTHbIe cBoMcTBa. Hanbosee xapakTepHbIMU SIBJISIOTCS. MAarHUTHBIE CBOMCTBA,
VCCJIEIOBAHMSI KOTOPBIX IOKA3aId JpPYyroe IpOsIBJICHUE B HaHOMAaTepHaax IIo
CpaBHEHHIO ¢ 0ojiee MaCCUBHBIMU Marepuanamu. Kpome Toro ObuIo Moka3aHo, 4To
MarHuTHBII MOMEHT (B pacyeTe Ha OJMH aTOM) W MArHUTHas aHW30TPONUs
HAHOYACTHI] MOXET ObITh 3HAYUTENHHO OOJIbIIE, YeM Yy MAacCCHUBHOIO MaTepHualia
[21]. DTO TaKXKe OTHOCUTCA W K JIPYTMM MArHATHBIM CBOKCTBaM, TAKUM KAk
temnepatypsl Kropu ( 7 ¢ ) unu Heens ( 7 y ) u none xkospuutuBnoctu ( H ¢) [21,
22].

B oOmeM ciydyae MarHUTHOE€ TOBEACHUE HAHOYACTHI] OMpeneseTcs
BaXHBIMU (U3NYECKUMHU XapaKTEPUCTUKAMU, TAKUMH KaK XHMUYECKUH COCTasB,
pasMep YacTHIl, TUI KPUCTAUTMYECKON pemeéTku u Mopdosorus yactuir [23].

Cpenv MarHMTHBIX HAHOYACTHII B OHMOMEIUIIMHE TJIaBHBIM 00pa3oM
UCIIONIB3YIOTCS  (peppOMArHUTHBIE M CylepliapaMarHuTHble HaHO4YacTHLbl. B
(eppOMarHuTHBIX HAHOYACTHI[AX HA OCHOBE TaKUX MATEpPUATIOB KakK >KeJe30,
HUKEJIb, KOOaJIbT, aToM UMeeT PE3YIBTUPYIOIINAN MAarHATHBIN
MOMEHT, 00YCIIOBJIICHHBI HECTIAPEHHBIMU AJIeKTpoHaMu. HaHowyacTuia cocTout u3
JIOMEHOB, COJIEp>KAIUX OOJIBILIOE YUCIO ATOMOB, MATHUTHBIE MOMEHTBHI KOTOPBIX
00pa3yroT OOLIYI0 CeTh MATHUTHBIX MOMEHTOB JIOMEHA, YKa3bIBAIOIIYIO0 B KaKOM-
60 Hanpasienuu. CirydailHpiM 00pa3oM pacrnpeieIeHHbIE MAarHUTHBIE MOMEHTHI

JOMEHOB AT HYJIEBOW PE3yJbTUPYIOIIMNA MarHUTHBIM MOMEHT yactuubl. Korma



(beppoMarHuTHbIE HAHOYACTHUIBl MOMEIIAIOTCS B MarHUTHOE I0Jie, MarHUTHBIE
MOMEHTBI JOMEHOB BBIPDABHMBAHMBAIOTCA BJIOJIb HAIIPABICHUS IPUMEHEHHOTO
MarHuTHOro 1oJisA, 00pa3ys oOmuid MarHuTHBIM MoMeHT. Kpome Ttoro, y
(beppOMarHUTHBIX HAHOYACTHUI[ CYIIECTBYET OCTATOYHBIH MAarHUTHBIA MOMEHT
MocJie TOro, Kak MarHuTHoe nosie yaangercsa [21]. [ToaTtomy emnie oaHON BasKHOM
XapaKTEPUCTUKON (PEeppOMArHUTHBIX HAHOYACTHIL SBJISETCS KOIPLUUTHUBHAS CHUJIA
(Hc) - wmarnutHOe moje, HEOOX0AUMOE HJsi TPUBEICHUS HaMarHU4EHHOCTH
obOpatHo K HyJt0 [21, 22]

[Tpu noctwxkeHuu (HeppoOMarHUTHBIX HAHOYACTHUI] KPUTHUECKOIO pajauyca,
OOBIYHO OH COCTaBJISIIOT MeHee 50 HM, MPOUCXOIUT MPEKpaLICHUE UX pa3eleHus
Ha JIOMEHBI, B PE3yJIbTaTE YEro 00pa3yroTcs cyneprapaMarHUTHbIE HAHOYACTHULIBI,
COCTOSIIIIME U3 OJHOTO JIOMEHA W PAaBHOMEPHO HAMATHWYEHHBIE BJIOJb OJHOU W3
oceit [23]. Ilpm HamoxkeHun marHuTHOro nois, MHY B cymneprnapaMarHUTHOM
COCTOSIHUUA (DOPMUPYIOT OBICTPBIA OTBET Ha M3MEHEHHsS MArHUTHOTO Moy 0e3

OCTaTOYHON HAMarHWYE€HHOCTH U KOIPIUTUBHOCTHU [21].

1.2 Pa3mep 1 (popMa MAarHUTHBIX HAHOYACTHIL

Pazmep u hopMa MarHUTHBIX HAHOYACTHUI] MOTYT 3HAUUTEIBHO Pa3INYaThCA.
Tak, pazMep HaHOYACTHUI[ BapbUPYET OT HECKOJBKUX HAHOMETPOB JIO JECSTKOB
MUKPOMETPOB, YTO COMOCTaBUMO ¢ pazmepamu kieTok (10 — 100 mkm), BUpycoB
(20 — 100 =u™M), 6enkoB (5 — 50 um) u JJHK (mmpunori 1 M, 10 — 100 HM).
brnaromapst HaHOpa3MepaM 4acTHUITbl CIIOCOOHBI CBSI3BIBATHCS U B3aUMOJICHCTBOBATH
¢ OMOJIOTHYECKUMU 0O bEKTaMHU.

dusznueckne M XUMHUYECKHE CBOMCTBA MArHUTHBIX HAHOCTPYKTYp, Kak
M3BECTHO, B 3HAYUTEIbHOU CTENIEHU 3aBUCIT OT MOP(OJIOTUU MaTepHalia, IO3TOMY
B TIOCIIeHEE BpeMsi B pe3ysibTaTe CHHTE3a HAHOYacTUll oOpasyroTcs
HAHOCTPYKTYpPhI paziuyHON (OPMBI B 3aBUCUMOCTH OT €M UX NpuMeHeHus. B
CBS3M C OTUM (opMa MarHUTHBIX HAHOYACTHUIl KJIACCUPUIIUPYETCS IO UX
pasmepHoctu. Kak mnpaBuno, Bwiaenstorcss 0-D, 1-D u 3-D  marnutHble

HAaHOCTPYKTYpbl. 0-D MarHuTHbIE HAHOCTPYKTYpHI BKIIOYAIOT chepbl, KyObl H



MHOTOTPaHHHUKU. 1-D HaHOCTPYKTYphI BKIIIOHAOT (HO HE OrPAHUYMBAIOTCS UMU)
HAHOMPOBOJIOKH, HAHOCTEP>KHU U HaHOTPYOKHU. K 3-D HaHOCTpyKTYypaM OTHOCSTCS

00BEMHBIE KJIacCTePbl, HAHOKPUCTAIUIMYECKUE TUIEHKU U HAHOKOMIIO3UTHI [24].

1.3 MeToanl CHHTE32a MATHUTHBIX HAHOYACTHIL

B nocnennee BpeMsi ObUTH pa3paboOTaHbl Pa3IMUHBIE METOJIBI XUMUUYECKOTO
CHMHTE3a C OCOOBIM BHHMAaHHEM Ha TMOJYYCHHE KOHTPOJIUPYEMBIX 1Mo (opme,
BBICOKOCTAOUJIBHBIX W MOHOJUCIIEPCHBIX ~ MAarHUTHBIX  HAHOYACTHI[  C
MOTEHIMAIIbHBIM NPUMEHEHUEM B TepaHocTuke [23]. brmaronmaps 3¢ ¢deKTuBHBIM
MEXaHU3MaM CHHTE€3a MAarHUTHBIX HAHOYACTHUIl OOpa3yloTCsd YacTUIbI C
pa3IUYHBIM COCTaBOM M (pazaMu, BKIIIOYAsl YUCThIE METAJUIbI oKcuaa xenesa (Fe3
O4uvy-Fe2O 3), bepputsl B KOMIUIEKCE ¢ MarHUTHBIMHU MeTaimiamu (MnFe204,
CoFe204 u ZnFe204) u meramumueckue ciuiasbl (FeCo u FePt) [24].

K OCHOBHBIM MeTOJaM CHHTE€3a MArHUTHBIX HAHOYACTUI[ OTHOCATCS
bu3nYecKue, XMMUYECKHE U OMOJIOTHYECKIE METO/TBI.

®dusnyeckue METOJbl BKIIOYAIOT ra3o(azHoe OCAXKIEHUE U BJIEKTPOHHO-
JYYEBYIO JUTOrpaguio. OTH METOAbl CTPAaJalOT OT HUX HECIOCOOHOCTH
KOHTPOJUPOBATh pa3Mep YacTUIl J0 HaHoMeTpoBoro pasmepa [25]. Tak,
Hanpumep, Wang W wu 1p. momyuwnn MarHuTHele HaHoudactuibsl Fe70Co30
pazmepom 15 £+ 1,5 HM kyOuueckod GOpMBI C HCIONB30BAHUEM METOA
razoazHoro OCaXKJICHUS Ha OCHOBE MArHETPOHHOI'O pacHbUIeHHS [26].
N3roroBieHHbIC HAHOYACTUI[HI XAPAKTEPU30BAIUCH BHICOKOW HAMAarHWYE€HHOCTHIO
Haceimenus 220 emu/g. [[pyrue uccieoBaHus ONMKUCHIBAIOT METO JIMTOrpaduu 1
MarHeTpOHHOTO PaCIbUICHUS, B PE3YyJIbTaTe KOTOPOTO MOXKET MOJYUUTHCS TUAMETP
gyactull OT 1 g0 2,5 MKM, COCTOSAIIMM W3 TPEX CJIOEB: CJIOM NEPMAILIOA,
PacMoJIOKEHHBIN MEXKy IBYMS CIOsSIMU 30J10Ta [27, 28].

K xumMu4yeckoMy CHUHTE3y MarHUTHBIX HAHOYACTHUI OTHOCSITCSA TaKWE METOIbI
KaK  30JIb-T€JIb-CUHTE3, METOJl OKHCJICHHMS, XUMHUYECKOE COOCaXJICHUE,
TUIPOTEPMAIIbHBIE peakiuu, ANEKTPOXUMUYECKUN METO/I,

a’pO30JIBHBIN/BATpOPpa3HBId METOJ, PEAKIMH COHOXHMHYECKOTO Pa3JIOKCHUS,



GIIOWIHBIA METOJ, CHHTE3 C HCIOJb30BAaHHEM HAHOPEaKTopoB W T.A. [29].
XVMHUYECKHE METObI SBJISIOTCS HanboJiee MPEeNOYTUTENbHBIMU, MIOCKOJBKY C UX
MOMOIIIBI0O BO3MOXKHO CHUHTE3MPOBATh MAarHUTHBIE HAHOYACTHUIIBI C OJAHOPOIHBIM
coctaoM u pazmepom [30]. K nHamboiiee pacmpocTpaHeHHBIM METOJAM CHHTE3a
OTHOCSITCS XUMHYECKOE COOCaXKJICHHE, TEPMUUYECKOE pasyioxKeHue,
TUAPOTEPMATIbHBIA 1 MUKPOIMYJIbCUOHHBIA CUHTES.

[Iporiecc XUMUYECKOTO COOCAXKACHUS SIBIIETCS, MOKAITYH, CAMBIM MPOCTHIM
u HauOonee HPPEKTUBHBIM XUMHUUYECKUM METOJIOM CHUHTE3a Pa3IMYHbBIX
MarHUTHBIX HAHOYACTHI], OCOOCHHO CyIeprapaMarHUTHBIX HAHOYACTHUI[ OKCHIA
xene3a (SPION), koroppie OOBIMHO HMEIOT cpenHuil pasmep menHee S50 HM.
XUMUYECKOE COOCAXKACHUE UMEET Psiji MPEUMYILECTB MO CPAaBHEHUIO C JAPYTUMU
METOJJaMH, TaKh€ KaK XOpollas OJHOPOJHOCTb, HHU3Kas CTOMMOCTb, BBICOKAas
CTEMeHb YHUCTOTHI MPOAYKTA M OTCYTCTBUE HEOOXOJIWMOCTH B OPTraHUYECKUX
PacTBOPUTENSAX, MOBEPXHOCTHO-AKTUBHBIX BEHIECTBAX M BBICOKOTEMIIEpATypHOU
o0OpaboTke. JlaHHBI! CITOCOO OCHOBBIBAETCSI HA OCAXKICHUH TUIPOKCHUIOB JKele3a u
xese3a myrteMm no6aBienust ocHoBanui (NH4OH mnu NaOH) B pactBop coneit Fe
(IIT) u Fe (II). 3aTemM momy4eHHBIN OCAIOK THAPOKCHA KeJie3a BBIACISIOT IMyTeM
MarHUTHOW  JIGKaHTAllMd WM  UEHTpUyrupoBaHus ©  o0pabaThIBAIOT
KOHIICHTPUPOBAHHBIMU 0a30BBIMM WM KHUCIOTHBIMU pacTtBopamu [29]. B stux
YCJIOBHSIX HAaHOYACTHIIBI MarHETUTa OOpa3yloTCsS 3a CUET arperanuy MepBUYHBIX
yactull B resie Fe(OH), [31]. Amir Hassanjani-Roshan u ap. nmpousBenu mMeToioMm
COHOXMMHYECKOI0 OCaXJACHUsI HaHOpa3MepHble uactuilbl Fe,O; u3 cycneHsuw,
conepxameir FeCl; - 6H,O u Bomupii NaOH, ¢ momomipio yJIbTpa3ByKOBOTO
oOnmydyeHuss B TeueHue 1 4, koTopoe (opMupoBasio chepruecKkue YaCTHUIIBI
CpelIHEro pasMepa OkoJio 19 HM U pa3Mep KpUCTAUIUTa CHUHTE3UPOBAHHOTO
oOpasiia HaXoAWJICs B JIMara3oHe ot ~ 5 U ~ 7,5 HM Jyisl pa3HbIX Temneparyp [32].
Stephen Z.R. u ap. Takxke MCNOIB30BAIM XUMUYECKOE COOCAXKIECHUE U MOTYUIIH
areHThl Ha OCHOBE CyTMepIiapaMarHUTHBIX HAHOYACTHUIL JJII TPAaHC(HEKINH T'eHa C

HUCIIOJIB30BaHUEM IMOJIMMCPHBIX MOI[YHGP’I, COCTOAIINX us3 XHUTO3aHa,



MOJIMATUJICHTIIUKONS U TOJUATWICHCHUMHUHA, MOJU(DUIIMPOBAHHBIX KAaTEXUHOM
[33].

Merox TEpMHUYECKOrO pa3JIOKEHUS WM BOCCTAHOBJIEHHUS  IOIYYHUII
3HAYUTEIBbHOE BHUMAHHE, IOCKOJIBKY [TO3BOJISET OCYIIECTBISATH TOYHBIA KOHTPOJIb
HaJ pazMepoM, (HOpMOW M CTPYKTYpPOM HAHOYACTHUIl MO CPABHEHHUIO C APYTHUMH
MerogaMu [30]. CuHTE3 MarHUTHBIX HAaHOYACTHUIL IPOUCXONT IyTEM IOMEIIECHUS
METAJUIOOPTaHUYECKHX  COCIMHEHUM B BBICOKOKHUILAILME  OPraHUYECKHUE
pPacTBOPUTENU CO CTAOMIM3UPYIOIIUMH MOBEPXHOCTHO-aKTUBHBIMHU BEIIECTBAMHU,
TaKMMM KaK OJICMHOBas KHCJIOTa WM TekcaaenuiamuH [23]. Pasmep wu
mMopdororus MarHUTHBIX HaHOYaCTHII peryiupyercs OTHOILIEHHEM
METAJUIOOPTaHUYECKUX COEJUHEHUN, TOBEPXHOCTHO-aKTHBHBIX BELIECTB U
pacTBOpUTENEH, a TakKe TakKUMHU DapaMeTpaMH, Kak TeMIleparypa W Bpems
peakiuu [23]. Hyeon T. u np. oOHapyxwiu, 4yTo BbeICOKOTemIiepatypHoe (300
rpagycoB llenbcusi) BbAEpKUBAHUE KOMIUIEKCA XKEJe3a U OJEHMHOBOW KHUCIOTHI,
MOJIy4YEHHOTO  TEPMHUYECKUM  PA3I0KEHHEM TMEeHTakapOOHWIIa  jKeje3a B
OPUCYTCTBUM OJIeMHOBOM Kkuciotel npu 100 rpagycax Ilenbcusi, BbI3bIBaeT
dbopMHpOBaHUE  BBICOKOKPHCTAINIMYECKUX W MOHomucnepcHbix  y-Fe203
HAHOKPUCTAINIMYECKUX YaCTHUII, pa3Mep KOTOPBIX MOXKET BapbUpoBaTh OT 4 10 16
HM [34].

MeTton ~ MHUKPOOMYJIBCHM — 3TO  TEPMOJUHAMHYECKH  CTAOWIIbHBIC
KOJUIOUHBIE JUCIIEPCUU, COCTOSAIIME M3 ABYX >KUJIKOCTEH, Yallle BCEro BOJIbI U
Macja, NepBOHAYAJIbHO HE CMEIIMBAIOUIMECS B OJAHOW (paze M3-3a MPHUCYTCTBHUS
MOJIEKYJT TOBEPXHOCTHO-aKTUBHBIX BellecTB. CHHTE3 MNPOUCXOIUT IMYTEM
JUCIIEPTUpPOBaHUsl BOAHOM (a3bl B BUae MHUKpokanenb (1-50 HM), OKpYy>KEHHBIX
MOHOCJIOEM MOJIEKYJI [OBEPXHOCTHO-aKTHUBHOIO BELIECTBA B HEIPEPHIBHON
YTIIEBOJIOPOAHON (ha3ze MUKPOIMYJIbCHH BOJa-B-macie. CupuHOBBIE (EppUTHI U
no3osioyeHHsle HaHowactuubl Co / Pt Moryr ObITb  CHHTE3UPOBaHBI
MUKpPOAMYJIbCUSIMU. B pe3yibrare CHHTE3a METOJOM  MHUKPO3MYJIbCUM
MPOU3BOAMTCS Y3KUW JIMANa30H MArHUTHBIX HAHOYACTHUI[ C pa3HbIMU (HOpMOil U

pasmepamu, Hanpumep, cdhepoussl, crepxkHu, Tpyoku u 1.4 [35]. Cnemyer



OTMETHTh, YTO METOJ MHUKPOIMYJIbCUN HEAOCTATOUYHO I(P(HEKTHUBEH, TTOTOMY UTO
UCIIOJIb3YeTCs  OOJBbIIOE  KOJMYECTBO  PACTBOPUTENEH JUisi  IPOM3BOJCTBA
HEOOJIBIIIOTO KOJIMYECTBAa MArHUTHBIX HaHouactuirl. Tak J. J. Hao wu np.
CUHTE3UPOBAIM CylepHapamMarHuTHble HaHOKpuctaiiel FesO, co cpegHum
pasmepoM 15 HM MyTeM XHMHUYECKOTO OCAXKJICHHS B OOPATHYH) MHUKPOIMYJIbCHIO
IpU KOMHATHOM Temneparype [36].

Meroa rupoTEpMaIbHOTO CUHTE3a MCTIOIb3YETCs JJISI CUHTE3a MarHUTHBIX
HAHOYACTHUI[ B BOJHBIX CpeJlax B peakTopax WM aBTOKJIaBaX IIPU BBICOKOM
temneparype (> 200 ° C) u Beicokom aasieHuu (> 13 790 klla).16,17,50 [29].
[Iponiecc NPOUCXOOUT CHOHTAHHO HA MOBEPXHOCTH pa3fiena METaUIMYeCKOro
JMHOJIeaTa W BOJIHO-dTAHOJIbHBIX PAacTBOPOB B 3aMKHYTOM CHCTEME C BBICOKUM
JaBJICHUEM JUOO  BBICOKOW  TeMmmeparypod. MarHuTHblE  HAHOYACTHIIHI,
dhopmupyronmecs Ha rpaHulle pas3zelia, MOKPHIBAIOTCS CIIOEM JIMHOJIEBON KUCIIOTHI,
YTO MPUBOJUT K CIOHTAHHOMY IMpoleccy pasieneHus ¢a3 u o0pa3oBaHUIO
ruapodoOHbIx HaHodacTuil [24]. C MOMOIIBI0 JaHHOTO METOJa IMPOU3BOJIUTCS
y3KUW JMana3oH HAHOCTPYKTYPHUPOBAHHBIX MaTEpPUAIOB U BO3MOXKEH KOHTPOJb
(GbopMBI YacTHUIl TIPH YIPABICHUH SKCIEPUMEHTAIBHBIMU MapaMeTpaMu, TaKUMH
KaK BpEMsl pEaklMM, TeMIlepaTypa, KOHLUEHTpALUs pPEareHTOB, CTEXHOMETPHS,
NpUpPOJa pacTBOPUTEIISI, KOMILUIEKCOOOpa3oBaHue u T.1. [29].

buonornyeckne m MUKPOOHOIOTHYECKHE METOJBI, KaK MPAaBWIIO, MPOCTHI,
YHUBEpCAIbHBI ¥ 3()PEKTUBHBI, C BO3MOXXHOCTHIO KOHTPOJIUPOBATh COCTaB U
F€OMETPUI0 MAarHUTHBIX HaHoyactul [36, 37]. Kpome Toro, Takoul moaxon
o0ecreynBaeT BBICOKYIO MPOU3BOIUTEIHHOCTD, XOPOIIYI BOCIPOU3BOJUMOCTh U
HU3KYIO0 CTOUMOCTb, HO MPOIECC TPEOYET HAIMUMS HU3KOM TeMIIepaTyphbl U HU3KOM
sHeprun [29]. Vcmonb3yeMbIMH MUKPOOpPTaHU3MAMH SIBISIOTCS  OaKTepuH,
aKTUHOMUIIETBI, TpuObl U  Bogopociu. Takue BUIbl OakTepuil  Kak
Thermoanaerobacter m Shewanella, o0manarT cHOCOOHOCTHIO CHHTE3UPOBATH
Fe304 wMarHuTHBIE HAHOYACTUIIBI B aHA’POOHBIX YCIOBUSX. DepMeHTarus
MPOBOJUTCA TyTeM HHKyOauuu npenmectBeHHuka B-FEOOH ¢ Oakrepusimu,
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NEPUOANYECKUM J100aBIEHUEM JOHOPOB JJIEKTPOHOB B BUJE  IJIIOKO3BI.
MukpoOHBIH TpoIiecc COCOOEH MPOU3BOIUTE YaCTHUIIBI pazmepoM 5-90 um [29].
Tak, Shimoshige H. u ap. B cBoeil paboTe cooOmalOT O BbIpAIIMBAHUU
MarHUTOTaKTHUecKuXx Oakrepuit Magnetospirillum magnetum strace RSS-1,
CHUHTE3UPYIONINX YHUKAJIbHbIE MAarHUTHBIE HAHOYACTUIBI C YHHUKAJIbHOU
CTPYKTYpOH siipa U 000104kH, coctosiuieil 3 Fe304 mokpheITOro TOHKMM CI0EM

okcuaa camapus Sm203 [38].

1.4 IloBepxHOCTHBIE MOAU(PUKAIMHA MATHUTHBIX HAHOYACTHUIL

CBOMCTBO CTaOMJIBHOCTHU SIBIIAETCS BaXKHEHIIMM TpeOOBaHUEM IPHU CHUHTE3E
HAHOYACTUI[ M WX NpuMeHeHuu. Ho, HecMOTpss Ha psg W3MEHEHHM, KOTOPHIM
MOJIBEPraloTCsl MAarHUTHBIE HAHOYACTHIIBI, COXpPAaHEHHWE WX CTA0WIHHOCTU B
TEYEHUE JUIMTEIBHOIO TMepuoaa Oe3 aryoMepanuid U OCaXIACHUS OCTaeTCs
npoOiemoii [24]. MHorma 3To CBsI3aHO C TeM, 4TO MeTayulhl, Takue kKak Fe, Co u Ni,
B YUCTOM BHUJIE€ U UX (METAJUIMYECKHE) CIUIABbl, KaK MPaBUJIO0, HEYCTOMYUBHI U3-3a
OKHCJICHUS Ha BO3yX€E M0 MEpe YMEHbIlIeHUd pa3Mmepa [39]. dns peumienus naHHon
npoOJieMbl YacTO MArHUTHBIE HAHOYACTUIIBI MOIAUMDUIIMPYIOTCA pPa3IUYHBIMU
HNOKPBITUAMH U (PYHKIIMOHAJILHBIMU  OHOJIOTUYECKUMH MOJeKylIamMu. Takxke
HaJW4Yue  OMNPENCJICHHBIX  MOAUUKAIMNA  MPUBOJUT K  YBEIUUYCHUIO
OMOCOBMECTUMOCTH M CHUXEHUIO TOKCUYHOCTH MArHUTHBIX HAHOYACTHIL IS
KUBOrO OpraHu3Ma. THUIl TMOKPBITHS MOXET 3aBUCETh OT TEPANEBTHUUYECKUX U
TMAaTHOCTUYCCKUX IIEeJIEH.

B kadecTBe MOKpBITUM I MArHUTHBIX HAHOYACTUI] MCIOJIB3YIOTCS
OpraHUYeCKue W  HEOpPraHWUYeCKHe  BEIIeCTBa, TaKue Kak  JIeKCTpaH,
nomvdTwieHrnukons  (II900),  kpaxman, XuTo3aH, JIMIOCOMBI,  30JI0TO,
MOJIMBUHUIIATAHON, OMOTHH, TrenapuH u T. 1. [29, 30]. Ilonustunenrnukomns (I131)
SIBJISIETCS OJTHUM W3 HauOoJee paclpOCTPaHEHHBIX MOBEPXHOCTHBIX MOJIMMEPHBIX
MOKPBITUN MarHUTHBIX HaHodacTull [40, 41]. [IoAMATUIEHTIIUKOIb PACTBOPUM B
BOJIC, YJIydlllaeT AMCIEPCHUI0 HAHOYACTUI[ B OHOJOTMYECKUX Cpelax, HMEEeT

HU3KYI0 UMMYHOTE€HHOCTb, BBICOKYIO OMOCOBMECTHMOCTb, CIIOCOOEH K OBICTpOil



OUYHCTKE, TAK)KE OH YBEJIIMUMBAET BpPEMs LUPKYJSIUMA HAHOYACTHUIl B KPOBHU, TaK
KaK OHHU IUIOXO PACHO3HAIOTCS PETHKYJOAHI0TENNaNbHON cuctemoit [42]. Kpome
toro, IIOI' ymeHblmaer abcopOUMI0O HaHOYACTHI] MakpoparamMu H H3-3a
MPUCYTCTBHSI TOJSAPHBIX M HEMOJSPHBIX TPYHI CIOCOOCTBYET 3(h(PEeKTHBHOMY
MPOHUKHOBEHUIO 4Yepe3 KJIeTouHylo MemOpany [43]. [lpyrum muMpoko
WCIIOJIb3YEMbIM MOJUMEPHBIM MOKPBITHEM SIBIISIETCSI IEKCTPAH, 3TO CBS3aHO C €T0
OMOCOBMECTUMOCTBIO W TMOJSPHBIMU B3aUMOJICUCTBHUAMHU (XEJIATUPOBAHUE H
BojlopoaiHas cBs3b) [29, 30, 44]. KpeMHUEBOE MOKPBITHE MOIMYJSPHO OJjiarogaps
JETKOCTH CHHTE3a M €ro CTa0MILHOCTH B BOJHBIX yCiaoBUAX [29, 45, 46].
Mopaudukanuss MarHUTHBIX HAHOYACTHUI[ C TIOMOIIBIO cJios  (ochOTUIHI0B
(bopMmupoBaHuEe JNHIOCOM) TaKXe SIBISETCA TUIHUYHBIM METOJOM, MOCKOJbKY
CTPYKTypa JIMIIOCOM aHAJIOTWUYHA CTPYKType OMOIOTHYECKUX MEMOpaH, KOTOpHIE
ONPENENSIIOT WX OMOCOBMECTUMOCTh M 3(P(HEKTUBHOCTh B IIEJIEBBIX CUCTEMAX
noctaBku [40, 47]. B nmocnennee Bpems OOJbIE BHUMAHUS YJENIAECTCS CUHTE3Y
MAarHUTHBIX HAHOYACTHI] C YTIIEPOJAHBIM MOKPBITHEM U3-3a IPEUMYIIECTB, KOTOPHIE
yTJIepOAHBbIE MaTepuaabl UMEIOT HaJ MOJMMEPaAMU WM JUOKCHUIIOM KPEMHUS, a
MMEHHO, Topa3zio 0oJiee BBICOKAS XUMUYECKas U TEPMUYECKasi cTaOUIbHOCTH [48].
Heopranuueckne MeTaiibl, TAKME Kak 30J0TO, 3aIUIIAIOT MArHUTHOE SPO OT
OKHCIICHUS, KOPPO3UHU, arperupoBaHUsi U YBEIUYMBAIOT OHMOCOBMECTHUMOCTD.
bnaromapst onTuyecKkuM CBOMCTBAM, TAKMM KaK JIOKAQJIM30BAaHHBIA OBEPXHOCTHBIN
MJIA3MOHHBIM PE30HAHC W TOBEPXHOCTHOE YCHWIIEHHOE paccesHHe, MarHUTHBIC
HAHOYACTHUIIbI, MOKPHITHIE 30JI0TOM, MOTYT OBITh HMCIOJIb30BaHbl B MAarHUTHO-
PE30HAHCHOM TOMOrpaduu Kak KOHTPACTHBIE WIIK TEparneBTUUYECKue cpeactna [49].

Ho, HecMoTps Ha TO, UTO ONMUCAHHBIC (DYHKIIMOHATBHBIE TTOKPHITUS IPUIAIOT
MarHUTHBIM HAHOYACTUIIAaM OMOCOBMECTUMOCTH JIJIsi TIPUMEHEHHS B TEPAHOCTHKE
HEPENIKO CYHIECTBYET HEOOXOJAUMOCTh B UX MOJUDHUKAIMK  Pa3IUYHBIMU
(OYHKIIMOHANIBHBIMU TPYNIaMU JJII KOHBIOTAIIUU MOCPEICTBOM KOBAJICHTHOTO U
HEKOBAJIEHTHOTO CBSA3bIBAHMS LIE€JIEBBIX JIMTAHJIOB. AMUHO, KapOOKCHUJIbHEIE,
CyJIb(rUAPUIbHBIC, THUAPOKCUIBHBIE, HUMHUIHBIC, THOJOBBIE TPYIIIbI SBISIOTCS

OJHHMMHN U3 TJIaBHBIX HpeﬂCTaBHTeﬂeﬁ, 06nerqa10m1/1x CBA3BIBAHUEC ICJICBBIX



JUTAHJIOB C TIOBEPXHOCTSIMU HAHOYACTHII, OJiaroyapsi BHICOKON aUHHOCTH KO
MHOTUM Matepuaiiam [50].

Jns mpsMOro KOHBIOTUPOBAHUSI JIMTAHJIOB, MOBEPXHOCTh MATrHUTHBIX
HaHOYacTUIl  OObIYHO  (pyHKIMOHAMM3WpyeTcs  amuHO-  (-NH,)  wm
kapOookcuinbHbiMH (—COOH) rpynnamu. Peakiusi codeTraHus MexJIy aMUHO- U
KapOOKCWIBHON TIpynmnamMy IIHUPOKO HCIOJIL3YETCS ISl CBA3BIBAHUSI MArHUTHBIX
HAHOYACTUIl C pA3JIMYHBIMU JIMTAaHJAMH, TaKUMH Kak amnraMepbl, O€lKH u
pa3JIrM4YHbIE MaJIbIE MOJIEKYJBI I in vivo neneBbix MPT u goctaBku jekapcrs.
[Ipu xoubrorupoBanuu ¢ kapOokcuiabHOW (—COOH) rpymnmoii Ha TMOBEPXHOCTH
HAHOYACTHUIl AMHUHOTPYIIBI OEIKOB, MENTHUIO0B U anTaMepoOB HEMOCPEIACTBEHHO
CBA3BIBAIOTCSA MyTeM OOpa30BaHUsS AMUIHBIX CBSI3€M C MOMOILBIO CIELHUAIBHBIX
peareHTOB  CBSI3bIBAHMS, TaKUX Kak 1-3Tun-3- (3-IUMEeTHUIaMUHOIPOIIIII)
kapoonuumuy (EDC) wu  N-ruapokcucykumaumua (NHS). Kpome Toro,
anpaeruanas rpynmna (—CHO) takxe MOeT ObITh UCII0JIb30BaHA JJI1 KOHBIOTAIIUU
JINTAHJI0B Ha MTOBEPXHOCTSX YacTuil [24].

B caywasx, korga HEBO3MOXKHA TpsiMasi KOHBIOTAIMS JIMTaHAOB C
MarHUTHbIMM HAHOYAaCTUIIAMH, TPUMEHSIIOTCSI PA3JIUYHbIE JTUHKEPHBIE MOJICKYJIBI.
Tak, Hampumep, amMUHHBIE TPYMIbl Ha TOBEPXHOCTU YACTUI[ MOTYT OBITh
aKTUBUPOBAHbl N-CyKIIMHUMUJUIAOAAIETATOM JUIsl CBSI3bIBAHHS C THOJIbHBIMHU
rpyIIaMu, MPeIBAPUTEIIbHO KOHBIOTUPOBAHHBIX C NENTUIAMU. AMUHHBIE TPYIIIbI
TaKk€ MOTYT OBITh AaKTUBUPOBAHBI TyTEM MPUCOCTUHECHHUS MaJCUMUIHBIX
MOJIEKYJI, UYTO OYEHb XAPAKTEPHO JIJISl CBA3BIBAHUS C TUOJIBHBIMU IpylIIaMu 4epes
THUOJICHOBYIO XUMHUIO «IIETYOK». DTOT METOJ| KOHBIOTAIIMKN ObLI 3aperucTpUpOBaH
it tauomel  in vivo [51]. CynbocykuuHumuamin 6-3'(2-nupuIuiauTho)
npormoHamugo] rekcanoat (Sulfo-LC-SPDP) woxHO wucnons3oBath mpH
CBSI3bIBAHMM aMUHOTPYIIN MOBEPXHOCTH MArHUTHBIX HAHOYACTHUI[ C AMUHAMH Ha
aHTUTENax WM nentuaax. Kak TOJIbKO aMHHOIPYIIbI, CBA3aHHbBIE JHOO C
HAaHOYACTUIIAMH, JTUOO ¢ nuranmaamu aktuBupyrotcs Sulfo-LC-SPDP, pparmenTsi
SPDP o0pasyioT aucynbGUIHYIO CBsI3b, 4YTOOBI MAarHUTHBIE HAHOYACTHUIIBI

(yHKUMOHATU3UPOBAINUCH LIEJIEBBIMU JIUrangamu [51].



B kauecTBe 1€NEBBIX JUTaHAOB KpPOME MENTHAOB, anTaMepoB, AHTUTEI
UCIIOJIb3YIOTCSl TMOJUCcCaXxapupl U HEOONbIIME MOJIEKYJBI B BuIE Kucior [41].
Hanpumep, ¢onueBasi kuciaora siBIseTCs BOAOPACTBOPUMBIM BUTaMHUHOM B6 u
y4acTBYeT B Mporiecce OBICTPOro KIETOYHOTO POCTa U JCNCHHs, OCOOCHHO BO
BpeMsi SMOPUOHAJIBHOTO pa3BuUTHs [52]. B nccienoBaHusax pakoBbIX 3a00jeBaHUN
OBLIO OOHAPYKEHO, YTO HA MOBEPXHOCTH HAOIIOAAETCS M30BITOUHAS IKCIPECCHUS
peuenTopoB (ornara. Takum 00pa3oM, HAHOYACTHIII, (PYHKIIMOHAIM3UPOBAHHbIE
(dhonmeBol KHUCIIOTOM, CBSI3BIBAIOTCS C BBHICOKOW a((UHHOCTHIO C OIMyXOJEBBIMU
kietkaMu [53]. VrieBoabl Takke 3apeKOMEHIOBAIM ceOs B Ka4eCTBE IIEJIEBBIX
JIATAHJIOB. Tax, ACHAJIOTIIMKOIPOTEUHOBBIN peuenTop (ASGP-R),
MPEJCTABICHHBIA B OCHOBHOM B Te€MaTOLMTaX, JIETKO CBSI3bIBAET TalaKTO3y,
MaHHO3Yy, apaOWHO3y, KOTOpPhIE MOTYT OBITh WCIIOJIb30BAaHBI B KaueCTBE arcHTOB

JUISl HAPAaBJIEHHOM OCTaBKHU B Me4YeHb [53 — 56].

1.5 Cnnoco0bI J0CTABKM MATHUTHBIX HAHOYACTHUIL K MIOBEPXHOCTH

OIMYXO0JIEBBIX KJIIE€TOK

[laccuBHBI TapreTuHr TtepaHoctuyecknx MHY B omyxoneBble TKaHW,
IJIaBHBIM 00pa3oM OOYCJIOBJIEH YCHUJIEHHBIM 53(Q(EKTOM IPOHULAEMOCTH U
yIAEPKUBAHKS OMYXOJIH. AKTHBHO PacTylias OIyXoJib, 00beMOM Ooiee 2 MM>,
XapaKTEepU3yeTCsl HENOCTATOYHOM COCYIUCTOM CEThIO, 4YTO IPUBOJNUT K
HOSIBJICHUIO HEITPOXOAUMBIX COCYZOB C YBEIUYECHHBIMH LIEIEBBIMU IIEPEXOIaMH OT
100 HM 10 2 MKM, B 3aBUCUMOCTH OT THUIIA OIIyXOJIM, U HAHOYACTUIBI MOTYT JIETKO
MPOHUKATh B WHTEepCTULIHMH omyxonu [53]. JlaHHbIe OCOOCHHOCTH OITyXOJIEBOM
TKaHU OO0ECHeYnBaIOT YCWICHHBbIH A((EKT NPOHMIAEMOCTH M YJIEp KHUBaHUS,
Omaromapss KOTOPOMY IIPOMCXOJIUT CEJIEKTUBHOE HAKOIJIEHUE HAHOYACTHUL B
UHTEPCTULIMK ONyX0oiau. OIHAKO MAaCCUBHOE HALEJIMBAaHUE HEBO3MOXHO BO BCEX
OIyXOJIIX, TOTOMY YTO CTENEHb BaCKyJISpU3alLUU OIYXOJIH, IOPUCTOCTb
OITyXOJIEBBIX COCYJIOB M CKOPOCTh JIUM(ATUUECKOTO JpEeHaXa MOTYT BapbUpOBATh

B 3aBHCUMOCTH OT THIIA U cocTostHus [53, 57].



OaHUM U3 TTOXO0MIOB JUIsl pEIIeHUs] JAaHHOU MPOOJIEMBI SBIISICTCS AaKTUBHBIN
TapreTUHT, KOTOPBIM OCHOBBIBAETCS HAa MOJAM(PUKAIMKU IMOBEPXHOCTU MAarHUTHBIX
HAHOYACTHUIl CHEUU(PUUYHBIMU JIMTAHJAMU, KOTOPbIE M30UPATENbHO CBA3LIBAIOTCS
TOJBKO C pEUENTOpaMu, HaXOJAIIUMHCS Ha OMyXOJEBbIX KieTkax mumieHsx. K
crielu(PpUYHBIM JIUTAHJaM OTHOCSITCS TaKue areHThl KaK aHTUTEJNa, alTaMephl,
MENTUIBl U MaJible MOJIEKYJIbI, UCIOIb3yEeMbl€ JISI CEJIECKTUBHOIO CBSI3bIBAHMS
OITyXOJIeBbIX OuoMapkepoB [25, 58]. Drta crpaTerus AOCTaBKHM 0OecIeurBaeT
BBICOKYIO crienu(puaHOCTh U 3 (HEKTUBHOCTh JOCTABKM MArHUTHBIX HAHOYACTHIL
HEMOCPEJICTBEHHO K OIyXOJIEBBIM  KJIETKaM, wu30eras Hecrnenupuaeckoro
CBSI3bIBAHMS Y HAKOIUICHHS YaCTUI] B HOPMAJIbHBIX TKAaHSIX. AKTUBHBIA TapreTUHT
TaKK€ MOXKET OBITh OCYIIECTBIEH Ojlarogapsi CHOCOOHOCTH MAarHUTHBIX
HaHOYACTHI] pEarupoBaTh Ha BHEIIHEE MAarHUTHOE 1oJie. MarHuTHasi CUjla aKTUBHO
MPUTATUBACT YaCTHUIIBI B MPOCTPAHCTBO OIMMYXOJIH (Yepe3 BXOJAIILYIO COCYAUCTYIO
CeTh) W TOMOraerT B TmocheaymoueM yaepxkanuu [59]. B 1o ke Bpewms
3¢ (HEKTUBHOCT, MAarHUTHOTO TapreTUHIra OrpaHUYeHa IIEJIEBOM TKaHbIO, KOTOpas
0JiM3Ka K TMOBEPXHOCTH Teja, MOCKOJIbKY CHJIa MAarHUTHOIO TOJISI YMEHBIIAETCS C
yAaJICHHeM OT MarHUTHOTO MCTOYHMKA. MarHUTHBIA TapreTUHT ObUT M3yYeH IS

psazia ommyxoJeBbIx Mojienieit [60, 61].

1.6 I[OCTaBKa MArHUTHBIX HAHOYACTHII B OIIYX0JIEBBIC KJICTKH

Jiis »ddexkTuBHOW ~ XMMHOTEpAaldd  MarHUTHBIE  HAHOYACTHIIBI,
JOCTABIIIONINE JIEKAPCTBA B  KIETKH, JOJDKHBI OBITH  TOTJIONMICHBI |
MHKAICyJIUpOBaHbl  KJIETOYHOM MEMOpaHOM B MPOLIECCE BHIONUTO3a C
MOCJICYIONUM  (JOPMHUPOBAHUEM  DHJAOCOM WM  JIM30COM.  DHJOIMTO3
TEepPaneBTUIECKUX MATHUTHBIX HAHOYACTHII TJIABHBIM O00pa3oM 3aBUCHUT OT THIIOB
KJICTOK, MEXaHM3MOB WHTCPHAIM3AIIMN U CBOMCTB HaHodyacTull. Yang K. and Ma
Y. uccnenoBanu mporecchl GU3NYECKOW TPAHCIOKAIIMH HAHOYACTHUIL Pa3IUIHBIX
dhopm, TakuX Kak cepbl, SJUTUIICOUIBI, CTEP)KHH, TUCKH, C pa3HBIMUA oObeMaMmu. B
pe3ynbTare OBLIO YCTAaHOBJICHO, YTO aHU30TPOIUs (OPM HAHOYACTHI] U HaYaJIbHAS

OpUCHTAlHA ABJISAIOTCA pemaronmmmn (l)aKTOp aMH, ONpCACIAOIINMHU



B3aMMOJICHCTBUE MEXJTy HAHOYACTHIIAMH M JUIHIHBIM Omcioem [62]. Pasmep
HAHOYACTHUL[ TAK)K€ UIPAET BAXKHYIO POJIb B IIPOLIECCE JOCTABKH JIEKAPCTB 4Epe3
MemOpany. Gao H. u nip. u Zhang S. u 1p. B CBOMX TEOPETUUECKUX UCCIEAOBAHUAX
UCCIIEIOBANIN pa3MepHbI 3 dexT HaHowacTull Ha 3HA0UMTO3. OHU OmpeneTuiIn
ONTUMAJIbHBIA pa3Mep HAHOYACTHI], PaJuyC KOTOPBIX cOCTaBisul 25-30 HM, A
3¢ (HEeKTUBHOM HOCTAaBKU B KIETKY [63].

Cnenyer OTMETHTh, YTO B IPOHUKHOBEHWHM HAHOYACTUI B KIETKY B
npolecce HHAOLMTO3a BAXKHYIO pOJIb WrpaeT BSHEPrusi CUCTEMBI, KOTOpas
yIOpaBIseTCs ABYMs OCHOBHBIMH CHJIaMU: W3TUOHAs (yHpyTas) SHEprusl KIETOYHON
MeMOpaHbl, BbI3BaHHAsI M3MEHEHUEM €€ KpUBM3HBI, U SHEPrus CBSI3U JIUTaH[-
penenTop Me/y NOBEPXHOCTbIO HAHOYACTHIIBI U TUNIUAAMU, Kak coobmaroT L1 Y.
et.al [64]. B mpomecce NPOHMKHOBEHHS OHHEPIrHs H3THOA M DHEPIHS CBSI3H
YBEJIUYMBAIOTCA U YMEHBIIAIOTCSA, KOHKYPEHIUS MEXAY STUMU ABYMS SHEPrUsIMU
peryiaupyer 3HI0o1uTo3 HaHoyacTull. Korga B3aumopeicTBUE JUTraHA—peLenTop
JI0OCTaTOYHO CUJIBHOE, YHEPTHUS CBSI3H MOXKET MPEOA0JIETh SHEPTeTUUECKH 6apbep,
UHAYLUHUPOBAHHBIN AedopManvel KIeTOYHOM MeMOpaHbl, B pe3yJbTaTe Yero
HAHOYACTHIIA MOET OBITh MOJHOCTBIO OOEpHyTa JUIUAAMU C JAIbHEUIINM
¢dbopmupoBanueM sHa0coM. Eciu sHepreTrueckuii 6apbep He NMpeo10JIEH, YaCTUIIbI
OKPYKalOTCsl KJIETOYHOM MEeMOpaHON YacTUYHO, B PE3yJIbTAT€ YEro HE MOTYT

MPOHUKHYThH B KJIETKY U JIOCTABUTH JICKAPCTBO [635].

1.7 (I)apMaKOKI/IHeTI/IKa u 6n0pacnpez{e.]1enne MATrHUTHBIX HAHOYACTHI

[locne  BBemeHHWS MArHUTHBIX HAHOYACTHUII B KPOBOTOK TIPOUCXOJUT
HETMOCPEJICTBEHHOE B3aMMOJICHCTBUE MEXIY HAHOYACTHIIAMU U OeNKaMu IJIa3Mbl
(omcoHMHBI). DTO B3aUMOJICUCTBUE MPUBOAUT K aJCOPOUUM OENKOB IUIa3Mbl HA
MarHUTHBIX YacTUIAX B Mpolecce, Ha3bIBa€MOM olcoHu3anueil. Takoil mpoiecc
afcopOLMM UTpaeT KIIOYEBYIO pOJib B OHMOpaclpenereHud W JJIMMHUHALUU
HAaHOYACTUIl. B3auMoOJelCTBUE OINCOHUYECKUX OCJIKOB C  IOBEPXHOCTHIO
MarHUTHBIX HAHOYACTHII COCTaBIIIOT BaH-JIep-BaalIbCOBCKHUE,

AIIEKTPOCTATUYECKUE  CBI3M M TUAPOGWIBHBINA/THAPOPOOHBIN  OanaHc.



Onconmzanus TUAPOPOOHBIX YACTUIl MPOUCXOIUT OBICTpEE, YeM OICOHU3AIUS
ruapoduiIbHBIX 4acTull. ONCOHU3MPOBAHHBIE HAHOYACTHUIBI B pE3ysbTaTe
OBICTPOrO KJIMPEHCA U3 COCYAUCTOTO pyciia 3aXBaThIBAIOTCS Makpodaramu rneuyeHu
(xnetku Kromdepa), cene3eHKn W KOCTHOTO MO3Ta, KOTOPBIC SBISIOTCS TKAHSIMH,
MpUHAJJISKAIUMU peTuKyodHaoTenuanbHo cucteme (RES) [29]. Hakomnenue
MAarHUTHBIX HAHOYACTHI] B TKaHSAX PETUKYJIOSJOTEIHAIBHON CHUCTEMbI MOMXET
CUMTAThCS ONAroNpUSATHBIM TIPU  YCJIOBHHM, YTO OTU OpPraHbl SBJISIOTCS
npeArnojiaraéMbIMU  IIEJIEBBIMU  yYacTKaMHM  JUIsl  TUArHOCTUKM W Teparumu.
CrnenoBarenbHO, TpPU JIOCTAaBKE MArHUTHBIX HAHOYACTUI] K TKaHSIM, HeE
OTHOCSAIIUMCS K PETUKYJIOIHIOTEIHAILHON CHUCTEME, MUHUMHU3AIUS OBICTPOTO
KJIIMPUHTAa 4YacTUIl CTAaHOBUTCA BaxHOUl. I[loaToMy 1O0cTaBKa MArHUTHBIX
HAHOYACTUIl K HEOOXOAMMBIM MHUIIEHSIM MOXET OBITh JOCTUTHYTA ITyTEM
Moau(pUKAIMK HAHOYACTHUIl Pa3HBIMHM TMOKPBITUAMH Ui CO3JaHUsI 000JI0YEK Ha
MOBEPXHOCTU YacTUI] U obOecmedyeHus HKpaHupyromero 3@dexkra (Takxke
Ha3bIBAEMOT'O CBOMCTBOM «CTEJIC») [66].

Pazmep sBisieTcss OAHUM W3 BaXHBIX IMapaMeTPOB, BIMSIOMIUX Ha
(hapMakOKMHETHKY W OuopacmpenelieHne BHYTPUBEHHO BBEICHHBIX MAarHUTHBIX
HAHOYACTHUII. DTO BSI3aHO C TEM, YTO aJCOPOIUS ONCOHMHOB Ha TMOBEPXHOCTH
3aBUCUT OT pa3Mepa YacTull. YUYEHbIMU ObUIO TMOKAa3aHO, YTO Yy HAHOYACTHI[ C
HeOompImMM pa3zMepoM (80 HM) KOJIHMYECTBO aJacOpPOMPOBAHHOTO O€lIKa IUIa3Mbl
ObUIO HMKE, YeM Yy HaHoyacTul] Ooibiiero pasmepa (171 um u 240 um). B
pe3yiibTaTe CUCTEMHBIN KIMPEHC MEJIKUX 4YacTHI] ObLI MeJjieHHee, 4yeM y Oosee
KpynHbIX HaHodacTul] [29]. Kpome TOro, ObLIO IOKa3aHO, YTO MarHUTHBIC
HAHOYACTUIBI C TUApoJuHaMuueckum auametrpom 10-100 ©HM  sBISIOTCA
(hapMaKOKHHETHYECKH ONTUMATBHBIMHU I IPUMEHEHUS in vivo [67]. MarHutHbie
HaHOYacTUlbl MeHee 10 HM moABEpKEHbI TKAHEBOM 3KCTpaBa3alii U MOYEUYHOMY
KIIMPEHCY, B TO BpeMs Kak 4acTulbl 0osabiie 100 HM OBICTPO ONCOHU3UPYIOTCS H
AIUMUHUPYIOTCS U3 LUPKYJIALUU Y€pe3 PETUKYI0IHIOTEIUAIbHYI0 cuctemy [57,

67].



[IoBepXHOCTHBII 3apsi]i MAarHUTHBIX HAHOYACTHUI[ MOXET TaKXe HMETh
BXHOE 3HAYCHUE B OHOpACIpENCNICHUHd II0CI€ BHYTPUBEHHOW HWHBEKIIHH.
HanowacTnupl ¢ HEHUTpPaNbHBIM 3apsiOM MWHHAMAIBHO B3aUMOACHCTBYIOT C
OenkaMy IJ1a3Mbl, YTO CIIOCOOCTBYET YBEIMYEHHUIO BPEMEHH IHUPKYISLUH
HAHOYACTHUIl, TOTJAa KaK MOBEPXHOCTHBIM 3apsig  (MOJOXKUTEIbHBIA WU
OTpUIIATENIbHBIN)  ycuiauBaeT nponecc (¢daronuroza [29, 68]. BuusiHue
MOBEPXHOCTHOTO 3apsija Ha OHopachpeielieHne MAarHUTHBIX HAHOYACTHI] ObLIO
npoaeMoHcTpupoBaHo B uccinegoBanuu Chouly, C. WU gap., mpoBeaeHHOM Ha
MbllIax. B uccnenoBaHMM HKCMONB30BAIUCh MOKPBITHIE jAekcTpaHoM Fe304
MarHUTHbIE HAHOYACTHUIBl C HEUTpaJbHBIM, OTpunareabHbiM (— 30 MB) wim
NOJIOKUTENBbHBIM (+ 20 MB) NOBEpXHOCTHBIM 3apsAIoM. Pe3ynbTaThl HCCIEA0BAHMIM
MOKa3ajiy, YTO MEUYEHOYHOE IMOTJIOIIEHUE HAHOYACTHUIl ObUIO B 3 pa3a HUXKE IS
AJIEKTPUYECKU HEUTPATbHBIX YaCTHII, YEM JUISl 3apsKEHHBIX dacTull [69]. Crnenyer
OTMETUTh, UYTO KpoMe (PUBUKO-XUMUYECKHX XAPAKTEPUCTUK MATHUTHBIX
HAHOYACTHII, ITyTh BBEJACHUS MOXKET TaKXe BIUATh Ha UX Ouopacnpenenenue. [pu
JIOKaJIbHOM BBEACHUM B TMOPAXEHHBIM yYacTOK, HAlpUMEp, MOAKOXHO WM B
OIyXOJIb, HEOONBIIME MArHUTHBIE YAaCTHULBI  IOJBEPralOTCS  MACCHUBHOM
UHQUIBTPAMK B WHTEPCTUIMAIBHBIE MPOCTPAHCTBA BOKPYI MECTa MHBEKIIMH H
MOCTENEHHO abcopOupyroTcs JuMdpaTuueckor kanuuisipHoit cuctemoit. Ilo sToit
MpUYrHE JIOKaasHO BBoauMbIe HY (< 60 HM) MCTIONB3YIOTCS I TIMM(aTHIECKOTO
HalleJIMBaHUs (HalpuMep, XUMHUOTEpanus WIA BU3yalu3aluus JIUMQPaTHYeCKUX
omyxoseit). B 3ToM ciiydae MarHeTusM MOXKET HE ObITh 00S3aTE€IbHBIM YCIOBHUEM,
HO MOJKET OBbITh MOJIE3HBIM CBOMCTBOM JJII UMMOOWJIM3AIIMKM YacTHUI] Ha MECTE B

TeueHue OoJiee JIUTEIBHOTO BPEMEHU WU JijIsl oOecTieueHus runeprepmuu [29].

1.8 IlonsiTe anTamepoB

Anrtamepsl TPEACTABISAIOT COOOM KJIacC 30HJIOB IS MOJICKYJISIPHOTO
pacno3HaBaHMs, TOAPA3NCIAONIMECS Ha JBAa THUMNA, TaKUX KakK TMENTHIHBIC
arTaMepbl U HyKJIEUHOBBIE KUCIOThL. K HyKJIenHOBBIM kuciaoTaM oTHocatcs JJHK

u PHK omuronykneotupl, KOTOphle Onarogapsi CBOeH yHHKAIbHONH BTOPUUYHON U



TPETHYHON CTPYKTYype CIHOCOOHBI PACIO3HABATh M CBA3BIBATHCS CO CBOUMH
IIEJICBBIMH MUIIEHSIMUA C OY€Hb BBICOKOW crienuduuHocThio U adurHOCTHIO [70].
[lentuaHpie anTamepsl MPEACTABISAIOT COOOM NPOCThlE NENTUABI, COAEpPKALIUE
METJIEBYI0 00JIACTh B IICHTPE, a TAaKXKe KOHIIBI, CBs3aHHBIC ¢ Ocenkamu. [lerneBas
00J1acTh OTBEUAET 3a CEJICKTUBHBIC CBOMCTBA menTu0B [71]. Jlnanazon muiieHeu
anTaMepoB BKJIOYAET B ce0s pa3Hble MOJIEKYJIbl, O€IKH, BUPYCHI, OaKTEpHH,
cienupuYHbIe THUIBI KIETOK W TkaHed [40]. DyHKIMOHAJIBHO amnTaMepsl
NOPECTaBIAIOT CcOO0OM aHallorM aHTUTeN, HO Osarogaps CBOUM (DU3UKO-
XUMUYECKUM CBOMCTBAM W CHOCOOY MOJIyYeHHS O0Jalat0T PSAIOM MPEUMYIIECTB
[0 CPAaBHEHUIO C AHTUTEIAMH, TAaKUMH KaK BBICOKas CHEIU(UYHOCTb, JOJTas
CTaOMJIBHOCTB B BUJE CYyXOI'0 MOPOLIKA WK B paCTBOpPE, cl1adasi UMMYyHOTE€HHOCTb,
CIIOCOOHOCTh BBIZICPXKATh OOpPAaTHUMYIO JIEHATYypallMi0 W HU3Kas CTOMMOCTH [71].
Kpome Toro, antamepsl CBS3BIBAIOTCS C OOJBIIMMH U MaJ€HbKUMU MUIICHSIMHU, B
TO BpeMsi Kak aHTUTela TIJaBHBIM OOpa3oM CBS3BIBAIOTCS C KPYIMHBIMU
mosiekynamu [40]. HaumGosee dyacTto ydeHbIMH mpuMeHstorcs uMmeHHo JIHK
anTamepbl U3-3a UX CPaBHUTEIBHO MPOCTOrO MOJYYEHHS U HEOOJIbIION CTOMMOCTH

MIPU OYEHB BBICOKUX MOKa3aTesIX ahpPUHHOCTH U CTIEU(PUIHOCTH K MUIIICHSIM.

1.9 Tepanus onyxoJieBbIX 3200/1€BAHNH C IPUMEHEHNEM KOHbIOTATOB

MarHuTHbIX HaHo4yacTul ¢ JJHK-anramepamu

1.9.1 AnpecHasi 10CTaBKa JIEKAPCTBEHHbIX CPEJACTB KOHbIOIaTaMHU

MarHuTHbIX HaHo4YacTul ¢ JJHK-anramepamu

YHUKaJIbHBICE CBOMCTBA MAarHUTHBIX HaHOYaCTHULl M KOHBIOI'aTOB Ha HX
OCHOBC YCIICIIHO IPUMCHAKOTCA B PA3JIMYHBIX HAIIPABJICHUAX 6HOM€I[€I_II/IHI)I.
OI[HI/IM U3 CII0OCOOOB HCIIOJIB30BAaHMUS MAarHUTHBIX HaHO4YaCTHL ABJISACTCA
KOHTpPOJMpyCeMasad aapCCHass AJOCTaBKa JICKAPCTBCHHBIX CPCACTB B OIIYXOJICBBIC
TKaHH, OCHOBAaHHAas1 Ha MOI[I/I(i)I/IKaHI/II/I MAardivMTHbIX HAHOYACTUI] allTaMCpPaMH.
I'maBHBIM MMPpEeUMyIi€cCTBOM aHPGCHOﬁ AO0CTaBKHN  JICKApCTBCHHLIX CPCACTB
MAarovMTHBIMHU HaHOYAaCTHUIAMU ABJISCTCA YBCIIMYCHHUC JIOKAJIbHOM KOHICHTPAaIHun

JICKApCTB B H€O6XOI[I/IMI)IX OIIYXOJICBBIX MHIICHAX C OTCYTCTBHCM 3HAUUTCIIBHBIX



mo604YHbIX 3(PdekToB. JlocTaBKa HAHOYACTHI] C TEPANEBTHUYCCKUMU JIEKAPCTBAMHU
TaKXe MOXKET OBITh JOCTUTHYTA Oylarojaps CoCOOHOCTH MarHUTHBIX HAaHOYACTHII
pearupoBaTh Ha BHEIIHEE MArHUTHOE Mojie. MarHuTHas cujia, co3jaBaemasi
IPaIMEHTOM, AKTUBHO MPUTSITMBAET YAaCTUIBI B MPOCTPAHCTBO OMyXOiHu (uUepes
BXOJSIIYI0 COCYAUCTYIO C€Th) M TTOMOTAET B MOCJEAYIOIIEM YAEpPKaHUU B TKaHU
[59]. Ho, TeM He MeHee, UCIIOJIb30BaHUE TOJILKO MAarHUTHOI'O TOJISI HE SIBJISIETCS
JOCTaTOYHBIM ~ CIEIU(PUIECKAM METOJOM JIOCTAaBKM HAHOYACTHUIl, MO3TOMY
MAarHuTHOE T0JIE aKTUBHO MPUMEHSIETCS COBMECTHO C KOHBIOTaTaMW MarHUTHBIX
HAHOYACTHUII U alITaMEPOB IS yBeIU4IeHUs 3PHEKTUBHOCTH TEPAIUH.

Jalalian S. u gap. cooOmaroT 00 HCMOJIB30BAHUU CylEeprapaMarHUTHBIX
HAHOYACTHIl OKCHUJIA JKeJie3a, 3arpyKEHHBIX SMUPYOUIIMHOM, T/I€ B KQU€CTBE areHTa
JUIST aKTUBHOTO TapreTWHTra TMpuMeHseTcs Sptl anrtamepsl, crnenupudHbIe K
KJIETKaM KapLMHOMBI TOJCTOW KHUIIKHU. MccremoBaHue mOKaszano, 4YTO JAHHBIE
KOMILJIEKCHI SIBJISIFOTCSI MEHEE TOKCUYHBIMU 110 CPABHEHUIO C TPUMEHEHHEM TOJIBKO
ANUPYOUIIMHA U TIPUBOAAT K 3HAYUTEITLHOMY YMEHBIIEHHUIO POCTa OMYXOJH B in
vivo [72]. BeicOkOoro HHruOMpoBaHUs TJIMOMBI Kpbic 1o6uics Guo J. u Ap. B cBoeM
UCCIIEIOBAHUH, C MCIIOJIb30BAaHUEM HAHOYACTHII, 3arPYKEHHBIX MaKIUTAKCEIOM B
komruiekce ¢ AS1411 JIHK-anramepamu, cnenu@uyeckd CBS3BIBAIOIIUMHUCS C
HYKJICOJIMHOM, HaXOJAIIUMCSI B IUIa3MaTHYECKOW MeMOpaHe pakoBBIX U
SHIOTENHAIBHBIX KJIETOK B AHTMOT€HHBIX KPOBEHOCHBIX cocynax [73]. B kauectBe
TEpareBTUYECKOrO0 MPOTHUBOOMYXOJEBOTO CpPEJICTBA AKTUBHO  HCIOJIB3YETCS
nokcopyounna (DOX). Hanpumep, Xie X. u Ap. B CBOEH CTaTbe OMUCHIBAIU
MCII0JIb30BaHUE aNTaMEpOB, CIEHU(PUIHBIX K MOJIEKyJIaM aAre3u dMUTEIHATbHbBIX
kietok (EpCAM) B KoMILIeKCE ¢ ME30MOPHUCTHIMU HAHOYACTHIIAMU KpEeMHEe3eMa
JUTSL TIeJICHANIPABJICHHON JIOCTABKU JTIOKCOPYOHUIIMHA B PAKOBBIC KJIETKUA TOJICTOM
KUIIKA. AJpecHas J0CTaBKa MPOTHUBOOIYXOJEBOTO JOKCOPYOMIIMHA TIOKa3aia
TepaneBTUYECKY0 3P(HEKTUBHOCTh MPU OJHOBPEMEHHOM CHM>KEHUU TOKCUYHOCTHU
[74]. Yu M. K. u np. moiaydyusidi KOHBIOTAThl anTaMEpOB, CBS3BIBAIOIIUXCA C
npocrara-cnenupuueckumu (CGA) 7-MeMOpaHHBIMU aHTUT€HAMU, C TEPMHUUYECKH

CIHIMTBIMHU CyIICpliapaMarHuTHBIMHW HAaHOYACTHLIAMHU OKCHAA JKCJIC3d, TIOBCPXHOCTDH



KOTOpBIX OblIa 3arpy’kKeHa MOJIEKyJaMU JOKcopyOuiuHa. B xozxe uccnenoBaHus
OblJTa MPOJAEMOHCTpUpPOBaHa A(DPEKTUBHOCTh CEIEKTUBHOW JOCTABKH JIEKApCTB
KOHBIOTaTaMU B MOJEJSIX paKa IPEACTATEIbHOW JKENE3bl in Vitro W in vivo ¢
MCITOJIb30BAaHUEM PAKOBBIX KJIETOK C M30BITOUHOM dKcnpeccueir PSMA 1 pakoBbIx
kietok PS3-neratuBnabix PC3 [75]. Catuogno S. u ap. Takke MCNOJb30BAIM IS
apPECHON XMMHUOTEPANMUU pPaKa MNPEICTATEIBHOW JKEJIe3bl CyleprapaMarHUTHBIE
HAHOYACTHUIIBI, (PYHKIMOHAIM3UPOBAHHBIE  anTaMepaMud U 3arpy>KeHHbBIE

nokcopyourHom [76].

1.9.2 MaruuTHasi TMIIEPTEPMHUS

Kak Obu10 10Ka3aHO yYEHBIMU, OITyXOJIEBBIE KIETKH 00Jie€ YyBCTBUTEIbHBI
K TEIUTy, YeM HOpPMaJIbHble TKaHU. JTOT (DaKT BBI3BAI MOSBICHUE HECKOJIBKUX
METOJO0B Pa3pyUIECHUs OIYyXOJIEN C MOMOUIBI0 BBICOKOW TemmnepaTypbl. OIHUM U3
HauOosee YCIENIHBIX CTajla MAarHUTHas THUIEPTEPMUS C HUCHOJIb30BAaHUEM
MarHUTHBIX ~ HAHOYACTUIl, MOAU(PUIIMPOBAHHBIX  anTamepamMu. MeXaHu3M
pa3pylIEHNs OCHOBBIBAETCSA HA TOM, YTO HAHOYACTHUIBI CEJIEKTUBHO CBA3BIBAIOTCS
C OIyXOJIEBBIMU KJIETKaMH C MOMOILBIO aNTaMEPOB U TPAaHCHOPMUPYIOT IHEPTHUIO
NEPEMEHHOI0 3JIEKTPOMArHUTHOTO TOJs B TEPMAJIbHYIO DHEPTUIO, B PE3YJIbTATE
YEro IMPOUCXOJUT JIOKAIBHOE HArpeBaHUE TOJIBKO OIYXOJEBBIX TKAaHEW B
nuanazone 41 — 47 °C [30, 77].

Bo MHOrumx wuccinenoBaHUSIX OIKMCHIBAETCS MArHWTHAs TUNEPTEPMHUS Kak
s dextuBHbl MeTon seudeHus [78,79]. Guo F. um np. mpoBenu aapecHyro
runeprepmuto MCF-7 paka Monounoi xxene3bl 1 HepG2 paka neueHu 4esoBeka C
ITOMOIIIBIO CHUHTE3UPOBAHHBIX MUCI1 antaMmep-MoauGUITTPOBAHHBIX
Metammmyeckux Hanouactunp (MUCI-MHY). HccnenoBanusi mokaszaiu, UTO
MUCI1-MHUY cniocoOHBI reHeprupOBaTh BBICOKYIO TeMIIEpaTypy O]l BO3ACHCTBHEM
I[I9MII, kortopas noBpexaaer MUCI-nonoxurenbHble pakoBble KieTkH. Kpome
toro, MUC1-MHU no cpaBuenuto ¢ HemoauduiupoBanabiMu MHY 3HaunTenbHO

ycwIMBaJM  aApecHyro  runeprepmuto  (p<005), B TO Bpems  Kak



Hemouuuupoanabie MHY BbI3bIBaIM MUHUMAIBbHOE pa3pyLICHHE OIMyXOJIEBBIX
KJ1eTok [80].

MarnuTtHass runeprepMus € OPUMEHEHUEM MAarHUTHBIX HAHOYACTHIL,
KOHBIOTMPOBAHHBIX C alTaMepaMH, MOXET OBbITh HCIOJb30BaHa B COYETAHUM C
xumuorepanueit. Tak, Hanpumep, Pala K. u ap. nonyuunu nokpbIThie AEKCTpaHOM
HAaHOYACTHUILIBI OKCUJIA XKeJe3a, MOAU(PUIIMPOBAHHBIE allTaMepaMu, Crielu(PUUHBIMU
K peuenrtopam snujaepmanbHoro (axkropa pocra (HER2), nu ucnons3zoBanu ux s
UHAYKIMK MarHuTHoM runeprepmun  SK-BR3 aneHokapuuHOMBI uyenoBeka. B
pesynbTate ObUIO TToKa3aHo, 4yto MarauTHoe mose (300 A, 280 xI'm) B komruiekce ¢
HAaHOYACTULAMH  OKCHJIa TPEXBAJICHTHOI'O JKEJI€3d, IOKPBITBIX ACKCTPAaHOM H
MoauduuupoBanusix HER2 antamepamu, BbizBaiin 50% rubens oOmyXoseBbIX
KJIETOK, B TO BpeMs KaKk B KOHTPOJBHBIX rpymmax ©Habmomamace 100%
BBKMBAEeMOCTH [81].

Sivakumar B. wu gp. wuccinegoBalii  HaHOCUCTEMY, MPEACTABICHHYIO
anTaMepaMH, CBSI3aHHBIMU C JICKAPCTBEHHBIMU CpeICTBaMU (KYpKyMHH H
reMiuTablH) U MAarHUTHBIMU HAHOYACTHULIAMM, HHKaNcyiupoBaHHbIMH PLGA-
HAaHOYACTUIIAMH IS JICUCHHUS paka IOJDKETyJI0YHOH jkene3bl. Balasubramanian
Sivakumar u np. coOOmMIM, YTO BO3JCUCTBHE KOHBIOTATOB HAa OITYyXOJICBHIE
KJIETKH 0€3 NPHCYTCTBHSI MAarHUTHOIO TMOJS HE BbI3BIBAIIO 3HAYUTEIBHOTO
pa3pyLIUTENBLHOTO IIUTOTOKCHYECKOro 3¢ddexta. B To Bpems kak KOHBIOTAThl B
KOMILJIEKCE C MTEPEMEHHBIM MarHUTHBIM MOJIEM MPUBOAWIN K CUJIbHOMY CHHKEHHUIO
KU3HECTIOCOOHOCTH ONYyXOJIEBBIX KIETOK. Kpome Toro, ObUIO BBISBIEHO, YTO
KypKYMHUH U TeMIMTaOUH NOCJIE MAarHUTHOM TUIEPTEPMHUH PACCEUBAIUCH, UTO

MPUBOMIIO K THOENH KJIETOK IPH Mocleyole nakyoanuu [82].

1.9.3 MaruuToMexaHu4eckoe pa3pylieHne OnmyXoJeBbIX KJIETOK

HCpCMCHHOC MarHUTHOE TOJIE CITOCOOHO BBI3BIBATH KOJI€OAHMS MarHUTHBIX
HaHOYAaCTHL M O3TOT IIpOoHeCC JICT B OCHOBY CpPAaBHUTCIBHO HOBOI'O MCTOA
MAaroHuTOAMHAMHUYCCKOI'O pa3pymicHuA OIIYXOJICBBIX KIICTOK. B »sTom MCTOJIC

alTaMCepbl UT'pPar0T OJHY M3 TJIABHBIX poneﬁ, TaK KaK OCYHICCTBIIAKOT HOCTABKY



MAarHUTHBIX HAHOYACTHL K KJIETKaM — MHUIIECHSIM W SBISAIOTCS JIMHKEpaMH,
[O3BOJISIFOLIIMMY MarHUTHBIM HAHOYACTHUIIAM CBS3bIBATHCS C MUILICHSIMM.

Kim P.D. u ap. B cBoeit pabote ncnons3oBanu JJHK-antamepsl, cBsi3aHHbIE
C MAarHUTHBIMU HUKEJEBBIMH MHKPOIMCKAMH, MOKPBITHIMH C OOEHX CTOpPOH
30JJ0TOM JUIsl TE€palud acUUTHOM KapUUHOMBI Opiuxa. MarauTHbele IUCKW,
CBSA3aHHBIE C OIYXOJEBBIMU KIETKAMH anTamMepamu, INOJ BO3ACHCTBHEM
NEPEMEHHOI0 MAarHUTHOTO I0JI BBI3BIBAJIM CHJIBHOE PACTSXKEHUE MEMOpaHbI, 4TO
PUBOJIUJIO K €€ MOBPEeXACHUIO U rudenu [83].

Tatiana N. Zamay ®m JAp. TaKKe B CBOMX HCCIICJIOBAHUSAX HCIIOIb30BAIH
JIHK-anrramepsp! ¢ MOKPBITBIMU 30JI0TOM MUKPOJUCKAMU. MEXaHU3M pa3pyLICHUs
OMYXOJIEBBIX KJIETOK OCHOBBIBAJICS HA TOM, 4YTO amnTaMepbl IPOYHO
NPUKPEIUSIIOTCS K MHUKPOJAHMCKAM M K O€JKaM—MMILEHSM, IpU BO3JIECUCTBUU
MarHuTHoOro noiig ¢ yactotoit 100 'y v BBIpBIBAIOT 1iesieBbIe OETKU U3 MEMOpPaHHBI,
YeM BBI3BIBAIOT €€ TMOBpexJaeHHe. Takke OHM COOOIIMIIM, YTO KpOMeE
MEXaHUYECKOr0 pa3pylIeHUs] KOHBIOraTbl MHUKPOJUCKOB C anTaMepamMyd MOTyT
BBI3bIBATh AaroOITO3 OMYXOJIEBBIX KJIETOK, YTO TaK)Xe ObLIO MPOAEMOHCTPUPOBAHO

Ha KyJIbTypax acIUTHON KaplMHOMBI Dpiinxa [84].



I'JTIABA 2. MATEPHUAJIBI U METO/IbI

B pabote Ob1TM KMCIIONB30BAHBI CIIEYIONINE PEAKTUBBI U MAaTEpUAIIbI: OeIbie
Mmbi Imprinting Control Region (ICR) 6—HenensHOro BO3pacrta, Becom 25 T;
MOKPBIThIE 30JI0TOM MarHuTHble HaHodacTulbl (Au-MHY) 50 HM ¢ MarHUTHBIM
cepacuHukoM 8—12 HM u 3o0s0TOM oOonoukoi TtommmHOM 3040 HM
(NITmagoldCit, Nanoimmunotech, Ucnanus); HPLC OUUIIICHHbIC
OJIMTOHYKJICOTHU/IbI, KOMIUIEMEHTapHbIE K 5' arnramepam 5'-CGT
GGTTACAGTCAGAGGAGAA- / 5ThioMC6-D / -3', monudunmpoBaHHbIX B 3'-
MOJIOKEHUN  O-TUIpOKCUTeKcuancyiabhuauot  rpymmoit  (Integrated DNA
Technologies, USA); JTHK anTaMepbl AS-14 (5'-
TCCTCTGACTGTAACCACGAAGGTGTCGGCCTTAGTAAGGCTACAGCCA
AGGGAAC GTAGCATAGGTAGTCCAGAAGCC-3"); DPBS-0ydep (Sigma-
Aldrich, USA); annekcun V-Cy3 (Sigma Aldrich, USA); CellEvent ™ Caspase-
3/7 Detection Reagent (Thermo Fisher Scientific, USA); HaTpuii-uyBCTBUTEIbHBIH
kpacutenb SBFI (Thermo Fisher Scientific, USA).

HccnenoBanust ObUIM TPOBEACHBI C  MCIOJIb30BAHUEM  CIIEIYIOLIETO
obopynoBanus: MarHuTHas Karymka 21,4 Om ¢ marHuTHBIM moiem 100 O Ha
gactoTe 50 I'm 1 mMomHOCTBIO TpuOIM3UTEILHO 1,7 BT; NMpOTOYHBIA ITUTOMETP
(FC-500, Beckman Coulter, USA); kpuoctrar HM 525 (Carl Zeiss, Germany);

na3zepHbIi ckanupyrommii Mukpockor (Carl Zeiss LSM780, Germany).

2.1 O0BeKThI HCCJIeI0BAHUM

st vccnenoBaHW in Vivo WCTONB30BadUCh Oenbie MbImu Imprinting
Control Region (ICR) 6-HeaenbHOrO BO3pacTta, BeCOM 25 T, MPEaAOCTaBICHHBIC
Cubupckum DenepanbHbIM YHUBEPCUTETOM. I SKCIIEpUMEHTa KaxKJOW MBIIIH
ObUIM TPAHCIUIAHTUPOBAHBI B IPaBYIO HOTYy JBa MWUIMOHA KJIETOK ACIUTHOU
KapuUUHOMBI Opiuxa. 11 nuccneqoBanuil in vitro IPUMEHSAIUCH KIIETKU aCUUTHOM

KapLIMTHOMBI DpJIAXa.



2.2 (I)yHKIIHOHaJII/I3aHI/IH IMOKPLITBIX 30J10TOM MAIrHUTHBIX HAHOYACTHIL

JHK-antamepamu

Crabunuzanus  HAHOYACTUL  MPOBOJAMJIACHE C  OJUTOHYKJIEOTHJIAMHU,
komriemenTapaeiMu S5' anramepaMm 5' - CGT GGTTACAGTCAGAGGAGAA -/
5ThioMC6-D / - 3', wmomuduumupoBaHHbix B 3' - TMoJOXKeHUH 6 —
ruapokcurekcunaucyibduanon rpynmnoit (Integrated DNA Technologies, USA), B
Ooydepe mis xpanenuss Au-MHY B Teuenne 24 uvacoB mpu 4 °C Ha mieiikepe
(xoneunast koHueHTpamus 500 HM). DTy cMech pa30aBIIsUINA IBAXK/Ibl, CMEIIMBAs €€
¢ DPBS-6ydepom (¢ KaapllueM M MarHheM), CMEIIMBAaHHE IPOU3BOJMIOCH B
cooTHOlIeHHH 1:1 ¢ HSKBUMOJISIpHBIM KOJWYECTBOM amnrtamepoB AS-14 (5'-
TCCTCTGACTGTAACCACGAAGGTGTCGGCCTTAGTAAGGCTACAGCCA
AGGGAAC GTAGCATAGGTAGTCCAGAAGCC-3"), KOTOpbIE
NpeBapuTENbHO HarpeBainu B TeueHrue 10 muHyT 10 95 °C u oxnaxianu Ha JIbAY

C Mocieayolle HHKyOalel B TeYeHue AOMOIHUTENbHbBIX 24 yacoB nipu 4 °C.

2.3 MarauToAMHAMUYECKAsi HAHOTepaNnus in vitro.

Jnst uccnenoBaHuil in vitro ObUIO CHOPMHPOBAHO 3 TPYIIBl ACHUTHBIX
KJIETOK 1O 3 mpoObl B KaXXIO0W: B MEPBOM TpyIIe KIETKU aCIUTHON KapUHUHOMBI
Opnuxa  uHKyOupoBanu ¢ AS-14-Au-MHUY; BO  BTOpOM — C
HeynkuuonanuzupopanubiMu  Au-MHY 1nipu cootHomenuun 1:100 (koHewyHas
kounenTpauuss 1 x 10° gactuiy Ha 1 mu1); B TpeThel rpymme KIETKA acIUTHON
KapuuHOMbl Jpnnxa uHKyOoupoBanu ¢ DPBS B Teuenne 30 munyt npu 37 °C.
3areM mpoObl MPOMBIBAINCH M TOMEUIAIMCh B MArHUTHYIO —KaTyUIKY,
(GOpMHpPYIOLIYI0  HHU3KOYACTOTHOE TEPEMEHHOE  3JEKTPOMArHUTHOE  IOJIe

(HITOMIT), na 10 munyT.

2.4 AHayu3 BO31eMCTBUI MATHUTHBIX HAHOYACTHUI[ MOKPBHITHIX 30JI0TOM

B HU3KO9aCTOTHOM IEPEMEHHOM MATIrHUTHOM I10JI€ in vitro

Bo3nukHOBEeHHE amonTo3a OLICHUBAJIN aKTHBaIIPleﬁ KaCIla3HOI'O KaCKaJla B

OIyXOJIEBBIX KJIETKax uepe3 3 yaca mocie oOpadotku HIIOMII, ucnonb3ys



CellEvent ™ C(Caspase-3/7 Detection Reagent (5 MmxM B PBS C 5% FBS) (Thermo
Fisher Scientific, CIIIA) B Teuenue 30 munyT nipu 37°C. OayopeciieHTHBIN CUTHAT
ot CellEvent Caspase-3/7 Detection Reagent Obu1 00Hapy eH C HCHOJIb30BAHUEM
npotounoi uroMerpun (FC-500, Beckman Coulter, USA). AnonrTo3 omneHuBaIn
Takxke ¢ nomounsto aHHekcuHa V-Cy3 (Sigma Aldrich, CIIIA) no TpaHciokanuu
dbocharuamicepuna u nuaierara 6-xkapooxcuduyopecueuna (6-CFDA) (Sigma
Aldrich, USA), koTopslii mocTymaer B KJIETKY WU THUIPOJU3YETCA 3CTepa3amu,
NPUCYTCTBYIOIIMMHU B JKMBBIX KJIETKaX 10 (IIYOPECIEHTHOTO COeIUHEHUs 6-
KapOoKkcudIyopeciienHa, 4YTO YKa3bIBaeT Ha JKU3HECIOCOOHOCTH KIIETOK (JIst
UACHTHU(UKAIIMK MEXaHU3MOB KJIETOUHON cmeptH). [Ipoiemypbl BBIOIHAIUCH B
COOTBETCTBHM C MPOTOKOJOM  TPOM3BOAMUTENS W  AHAIM3UPOBAIHNCH C
UCIIOJIb30BAaHUEM MPOTOYHOM IMTOMETpUU. BHYTpHKIETOUHOE CoJep)KaHue
HaTpus OLEHHUBAIM C IIOMOILIBIO HATPUM-4yBCTBUTEIbHOrO Kpacutens SBFI
(Thermo Fisher Scientific, CIIIA) metonom nporounoi uuromerpun (FC-500,

Beckman Coulter, USA) B COOTBETCTBUU C MPOTOKOJIAMH ITPOU3BOIUTEIS.

2.5 MarauToAMHAMUYECKAsl Tepanus in vivo

B unccienoBannu ucronb3oBaIuCh 6-HenenbHbIe caMIlbl MbIIied [CR Maccoi
25 1. 3a ;1Be HeNEenu 10 SKCIEPUMEHTOB >KMBOTHBIE ObUIM OOYyYEHBI COXPAHSTh
CIIOKOMCTBUE BHYTPUM MArHUTHOW KAaTyWIKW. /[Ba MUJUIMOHA KJIETOK KapLMHOMBI
Opnuxa ObUIM TPAaHCIUIAHTUPOBAHBI B MPaBYI HOTY KaxaoW MbImu. Kaxiblii
BTOPOW [I€Hb, HA4YMHAS C ISATOTO [JHS NOCJIE TPAHCIUIAHTAUM OMYyXOJU [0
JEBSATOTO JHS, >KMBOTHBIM MpOBOAWIM 10 MUHYTHYIO MarHUTOJAMHAMUYECKYIO
tepanuio B HIIOMII ¢ AS-14-Au-MHY, nemomuduimpoanasiMu Au-MHUY,
Toinbko ¢ AS-14 u Ttonsko ¢ DPBS (puc. 1B). Unbekuiuu MblliaM BBOJWIIKCH B
XBOCTOBYIO BEHY Ha 5, 7 U 9 JeHb MOCJie TpPaHCIUIAHTAlHUH OIyXoju. B sTom
AKCIIEPUMEHTE OCYIIECTBIISUIOCH JAEJIEHUE MBIIIEH Ha YEThIPE TPYMIbI, KaXAas U3
KOTOPBIX BKJIIOYAJIA MO 7 )KUBOTHBIX:

I'pynma 1: Mabekuus AS-14-Au-MHY B 100 mxin DPBS (1,6 Mkr kr'');

I'pymma 2: Masekuus tonsko Au-MHY B 100 Mt DPBS (1,6 mkr kr ™);



I'pymmna 3: Uabekmms Toasko AS-14 B 100 mxia DPBS (0,4 mr kr ™);

['pynna 4: Uubexkuusa 100 mxa DPBS.

Cnycts 30 MHHYT >KMBOTHBIX ITOMEIIAJIM BHYTPb MATHUTHOW KAaTYIIKU W
oOpalaTpIBajii HU3KOYACTOTHBIM MEPEMEHHBIM MarHUTHBIM ToJjieM B TeueHue 10

MHHYT.

2.6 AKTUBHOCTb Kacna3bl B OIIyX0JIeBbIX TKAHAX

Jliss  OIeHKHM BO3HUKHOBEHHS aromnTo3a IO aKTUBHOCTH Kacma3bl B
OMyXOJIEBBIX KIETKaX dYepe3 3 daca IMOCI€ MarHUTOJWHAMUYECKOW Tepamnuw,
omyxoJib OblIa 3a0paHa U3 HOTW MBI U okpaiieHa CellEvent™ Caspase-3/7 (5
MKM B PBS ¢ 5% FBS) (Thermo Fisher Scientific, CIIIA) B Teuenue 30 MUHYT
npu 37 °C. 3arem e€ mpombiBain DPBS u ¢ukcupoanu 3,7% QopmaauHoM.
Ceputo cpe3oB TkaHu pazmepoM 30 MKM TOTOBHJIM C MCIOJIb30BAaHUEM KPHOCTATa
HM 525 (Carl Zeiss, ['epmanus), puxcupoBanu Ha MPEIMETHBIX CTEKJIAX U
BU3YaJIM3UPOBAIM C TOMOLIBIO JIa3epHOTO CKaHUpyrolero mukpockona (Carl Zeiss

LSM780, Germany).

2.7 'uCcTOJIOTHYECKNA aHATU3

Jlist OLICHKH TUCTOJIOTUYECKUX N3MEHEHUN OMyXOJIeH ocJe
MarHUTOJIMHAMHUYECKON Tepanuu Oblja BBITTOJIHEHA MUKPOCKOMHUS CPE30B TKAHEH
(Axioskop 40, Carl Zeiss, I'epmanust). Onyxonu cobupanu u nomemmaiu B 3,7%
dbopmanun. Ceputo cpe3oB TKaHU pazMepoM 10 MKM TOTOBUJIM C UCTIOJIB30BAHUEM
kpuoctata HM 525 (Carl Zeiss, 'epmanus) u QukcupoBaiv Ha MPEIMETHBIX

CTCKJIaX AJIAA OKpalIMBaHUS I'CMATOKCUINHOM U 503MHOM.

2.8 UccaenoBanue Tokcnunoctu Au-MHUY in vivo

B wuccnegoBaHuu HCHONB30BaIM 310pPOBBIX 6-HemenbHbIX Mblmen ICR
Maccoi 25 1, 10 KUBOTHBIX Ha rpynmy (5 *KEHCKOro Imojia u 5 MYy>CKOro mojia B
KaXJI0M rpynie). MplliaM BBOJWIN WHBEKIIMM B XBOCTOBBIE BEHHI B 1, 3 1 5 1HH
(Bcero 3 paza) cieayromum o0pazoM:

I'pynna 1: Uabexuus Au-MHY B 100 mxa DPBS (1,6 Mkr kr'');



['pynna 2: Uabekuusa 100 mxa DPBS.

TokCHYHOCTH OIlCHMBAjJach Ha OCHOBAaHUU HM3MEHEHHA OMOXMMHYECKHX
roKasaresied KpoBU (XoJiecTepHrHa, oOero Oenka, alaHUH-aMHUHOTpaHc(epasbl,
mesnoyHon Gocdarazer u OuMpyOrHa), KOTOPHIE POBOAMINCH C HCTIOIB30BAHHEM
ananmuzatopa COBAS INTEGRA 400 plus (Roche Diagnostics, Switzerland).
[TapameTpsl MY>XCKOTO M KEHCKOTO TMOJa aHaJU3WpOBaINCh OTIENIbHO. Bce

JaHHBIC ObLIH IMPpCaACTABJICHBI KaK CPCIHCC =+ CTaHIapTHasA omInoKa CPCOHCTO.



I')TIABA 3. PE3YJIBTATBI 1 OBCY/KJIEHUSA

3.1 OnTuMu3anMs yCJI0BHA MATHUTOAMHAMMYECKOM Tepanumn

JIist  onTUMHU3AIMU  TEPareBTHUECKOM  MPOILEAyphl, OBLIM MPOBEICHBI
WCCIIeIOBaHUsI  BIMSHUA BpeMeHH uHKyOammm AS-14-Au-MHY c xnerkamu
aCIMUTHOM KapIIMHOMBI Jpiuxa B YCIOBHSX in vitro. Pe3ynbTaThl uccieaoBaHUN
npuBeeHbl Ha pucyHke 1 (Al). [TokazaHo, uTo Bpemsi HHKyOaIluu HE OKa3bIBAET
CYILIECTBEHHOT'O BIIMSHUS Ha CBA3bIBAHUE HAHOYACTHUI[ C ACLUTHBIMU KIIETKAMHU
IIPY KOHILIEHTPALMM HAHOYACTHI] B PACTBOPE, COOTBETCTBYIOLIEN COOTHOIIEHUIO 75
n 100 vactui Ha KieTKy. [Ipu 3TOI KOHLIEHTpAaLMKU AOCTATOYHO JAXe 5 MUHYT JJIs
nposiBienus dpdexra cBa3biBaHus. OJIHAKO CHUKEHUE KOHIIEHTpauuu A0 25 u 50
YacTHI[ Ha KJIETKY TMPUBOJWIO K YBEIUYEHUIO BpeMeHH d(PGEeKTUBHOTO
CBsI3bIBaHUs (pUCYHOK 1, A3).

A1 A2 A3

Wuky6auus 5 MMHYT NHky6aums 15 MUHYT NHky6auus 30 MUHYT

o WHTaKTHbIC KWIETKN

« 25 yacTuu Ha KneTky
» 50 yacTuu Ha KneTky
e 75 4acTuu Ha KNneTky
« 100 yacTuy Ha KneTKy

KonnuectBo Knetok

N 10 W 0 W 10
FAM-mMeueHHble FAM—MeueHHble FAM—-MeueHHble
AS-14-Au-MHY AS—-14-Au-MHY AS—-14-Au-MHY

WHTaKTHbIE KIETKN

1 MunyTa Bozgeiicteus MMM
3 MuHyTbl BOo3gelicTeua M3MN
5 MuHyT Bo3geiicTBua MAIMIN
7 MuUHyT Bo3geiicTBua M3AMN
10 MuHyT BoageiicTeua MMM

KonuuyectBo kKnetok

Pucynok — 1. OnTumu3anus ycioBUM MarHUTOJAMHAMUYECKOW HAHOTEPAIIHH N
vitro. (A) OnpeneneHne BpeMeHH CBSA3BIBAHUS IJIs1 PA3IMUYHBIX KOHIICHTPAIIUIA

AS-4-Au-MHU Ha knetky. ['uctorpammel Ji1sl CBA3bIBaHUS 25 4acTHIL HA



KJIeTKY (opaHxkeBbIil); 50 yacTuil Ha KIeTKy ((HUOIEeTOBbIN); 75 yacTuil Ha
kietky (cunuit) u 100 gacTuil Ha KJIEeTKy (3eyeHbii) uepe3 5 MuHyT (Al); 15
MUHYT (A2) u 30 MunyT unky6aimuu (A3). (B) ’KuznecnocoOHOCTh aCIIUTHBIX
KJIETOK Dpiuxa, MpeaBapuTeIbHO HMHKYOHUpOBaHHbBIX ¢ AS-14-Au-MHY
(cootHomenue 100 yactuil Ha kieTky B TedyeHue 30 MmunyT) uepes 1, 3,5, 7 u
10 munyT Bo3nercteus HIIOMII.

Takum 00pa3om, MpeABapUTENILHO MPOBEICHHBIE HCCIIEIOBAHUS MOKa3aIIH,
yro 100 MarHUTHBIX HAHOYACTHUI[ HA KJETKY SBJISIETCS ONTUMAJbHBIM, a
ONTUMAaJbHOE BpeMsI MHKYOalUsl, I0CTaATOYHOE IJI UX CBsI3bIBaHUS — 30 MUH.

Jns onTUMH3aIUA BPEMEHH BO3JIEUCTBUSA MEPEMEHHOIO MAarHUTHOTO MOJIs,
KJIETKU KaplIMHOMBI Dpinxa, cBsizaHHbie ¢ AS-14-Au-MHY (cooTHOIIEHUE YacTuUIl
1: 100 mocne 30 MUHYT WHKyOAaluu), MOMEIIATN B LIEHTP MAarHUTHOM KaTyIIKH,
coznatomet HIIDMII 100 D ¢ ygacroroit 50 'l 1 MOUTHOCTBIO MPUOIUZUTEIIHHO
1,7 Br, na 1, 3, 5, 7 u 10 munyt (pucynok 1B). OneHky moruoOmmx KIJIETOK
IPOBOJAMIIM C TOMOIIBI0 Tpormuanii — HomumaHoro (PI) kpacutenss meromom
MPOTOYHOMN ITUTOMETPUH. BBIIIO BBISICHEHO, UTO ONTHUMAILHOE BPEMS BO3CHCTBUS
[IOMII a5t necTpyKIMHU OIMyXO0JIEBBIX KJIETOK cocTaBisieT 10 MunyT. JlecTpyKuus
aCIUTHBIX KJIETOK ObUIa 3aMEeTHA YK€ 4epe3 JBa dYaca TMOcjie BO3JCHCTBUSA

MardmMTHOI'O ITOJIA.

3.2 UccaenoBanue 0uo10ruueckoro 3gpgexra

¢pynxumnonammsuposannbix JJHK-antamepaMmu MarHuTHbIX

HaHoyacTul (AS14-Au-MHY) B nepeMeHHOM 3JIEKTPOMATHUTHOM I10JI€

in vivo

In vivo mnpotuBoomnyxoneBblii 3pdexr AS-14-Au-MHY B HIIOMII
OLICHUBAJICSI HAa MbIIIAX C ACHUTHOM KAapLUMHOMOW Opnuxa. ACHHUTHBIE KIIETKH
ObUTM TpaHCIUIAHTUPOBaHBI B Oeapo it (HOPMUPOBAHMS COJIUTHOM OIyXOJIH.
[IpyHuunuanbHas CcXeMa 3KCIepUMEHTa NOApOOHO oOmucaHa B pasfenax
«Marepuanst u  metone». [nsg  omneHku — Ouosiormueckoro  3ddexra

MarHUTOJAMHAMUYECKON Tepamuu ObUI0 chopmupoBano 4 rpymmbl: 1 rpymnma —



UHBEKIIMH MOoAuunupoBaHHbix AS-14-Au-MHY, 2 rpymnma — uHbeKIMU Au-
MHUY, 3 rpynna — antamepst AS-14 u 4 rpynna — uabekuuu ¢ocdatHoro Oydepa
(DPBS). uBoTHbBIE BCeX TpyIIl MOABEPrajiuch B TeueHue 10 MUHYT AEHCTBUIO
NepPEeMEeHHOTro MarHutHoro mnois. [lpouenypa Tepamnuu moBTOpsiach TpU pasa,

HA4YMHAs C 5-TrO JHS I1OCTIe TpaHCIUIaHTalluK1 OITYXOJIH.

O6xBaT HOrKM, MM

o5 8888583888

o 6 8 10 13

OHn nocne TPpaHCNMNaHTalHuM onyxonu

«~ DPBS + N2MN o Au-MHY + N3MN
® AS-14 + N3MN = AS-14-Au-MHY + N2MN
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Pucynox — 2. 3ppexTuBHOCTh MarHUTOIMHAMUYECKOW HAHOTEPAMHH i1 Vivo. (A)
N3menenue pazmepa omyxonu Bo Bpems jedeHus (* p <0,05; ** p <0,01; *** p

<0,001). (B) NU300paxenue BoccTaHOBIEHUS OmyXxoiu nocie Jieuenust HITOMIT.

BinsHre MarHUTOOMHAMHUYECKOW TEPAMU HA POCT aCLUTHOW KapLUHOMBI
Opiixa mpeAcTaBlieHa Ha pucyHke 2A. Pa3mepsl onmyXxoJid OLICHMBAIUCh MYyTEM
PETYJISIPHOIO M3MEPEHMsI 00XBaTa HOTM KaXKIblH JIeHb Tocje JiedeHus. Paszmep
OMYXOJIM BU3YyaJbHO CHHUXKAJCS TOJBKO y 1-0¥ Trpynmbl KUBOTHBIX, ¥ KOTOPBIX
BO3JIEHCTBHE MEPEMEHHOI0O MAarHUTHOTO TOJISI COYETAIOCh C UHbEKIUAMHU AS-14-
Au-MHUY. Ha 6-ii neHp moclie Hadyajla TEpalnuu y KUBOTHBIX A3TOM TPYIIIbI
HaOJII0AAJIOCH OJIKOKHOE KPOBOU3IUSHUE B HOTE C OMYXOJbIO y KaXJAOW MBIIIH,
KoTopor uHbenupoBanu AS-14-Au-MHY u Bo3zaeiictBoBaiin HIIOMII B Teuenue
10 mun (pucynok 2B). ITlocne BTOpoil mpouenypsl JIeY€HUS POCT OIYyXOJu
3aTOPMO3HIICS M Ha MECTE OIyXOJM pa3BuBaiica HEKPO3. [locie TpeTbelt nHbEKIMN
HAa MECT€ HEKPOTU3UPOBAHHOM OIYXOJIM HAYAJIOCh BOCCTAHOBJICHUE TKAHEH H
yepes CyTKH pa3Mep KOKHbIE TOKPOBBI MPAKTUYECKHU MOJTHOCTHIO BOCCTAHOBUIIKC.

B npyrux rpymnmax Mbliiei CHUKEHHE pa3MepOB OIyXOJu HE HaOII01a710Ch.

3.3 UccaenoBanue MexaHU3Ma rm0e/im OMmyXoJieBbIX KJIETOK ¢ MOMOIIbIO

MATHUTOAMHAMHUYECKOH Tepalnuu

MarnutoguHaMu4ecKass JAECTPYKIUS OIyXOJM MOIVIA OCYIUECTBIISITHCS
pPa3IMYHBIMU CIIOCOOAMU, BKJIKOYAsl allONTOTUYECKYI0 M HEKPOTHYECKYIO THOEIb.
JIyisi BBISBIIGHUS MEXaHWU3Ma KIETOYHOW THOENH HCIOJIb30BAIA OMpEeICHUE
anHekcuHa V, CFDA u kacmasel 3 wnM 7 B OIyXOJIEBOM TKaHU >KUBOTHBIX,
AKTUBUPYIOLIEKCS IPH AIONTO3E.

UtoOBbl j0Ka3aTh MPEIOKEHHE O TOM, 4To KoyieOanus AS-14-Au-MHY,
cBsi3aHHBIX ¢ puOpoHekTHOM B HIIDMII, BBITATUBAIOT (TAHYT) WHTETPUHBI Uepes
(UOPOHEKTHH ¥ MPUBOJIAT K aKTUBAIIMK KacKajia Kacmna3 (PUCYHOK 5), MbI IPOBEIH
AKCIIEPUMEHTHI CBSI3BIBAHMSI C AHTUTENaMHU CHEUPUYHBIMH K (PUOPOHEKTUHY,

KOTOpbIe OJOKUPYIOT B3ammojelictBue AS-14 ¢ pubponexkTnHOM (pUCYHOK 3).



Uepe3 Tpu yaca mocie mnpoBeneHus mnpouenypsl jgedeHus ¢ AS-14-Au-MHY u
HIIOMII aktuBanus kacna3 3 win 7 npoucxoawia B 35% KIETOK. AHTHUTENA
cnenuuyHbie K (PUOPOHEKTHHY, T00ABIEHHBIE K KJIETKaM J0 BO3JCUCTBUS
HITOMII, 3anumanu caittel cBsizbiBanus st AS-14-Au-MHY u uarnGupoBanu
Kaclas3HbIM KacKajl, TOrJa Kak aHTU — aKTUH aHTHUTENa, UCTIOIb3yeMble B KaUueCTBE
KOHTpOJIsl, HE BbI3bIBAJIM MHIMOMPOBAHUS Kacla3HOro Kackajaa (pucyHok 3, Al),
YTO MOJATBEPKIAET HAIIE MPEAIOIOKEHHE.

B uHTakTHBIX KIeTKax Kacma3za 3 uiau 7 aktuBupoBasiack B 11% kierok,
neuenre Au-MHY u HITOMII yBenu4nBano MHTEHCUBHOCTh (IyOpECICHITNH, HO
HE KOJMYECTBO arlONTOTHYECKUX KIETOK (pucyHoK 3, A2). Ciaemayer OTMETUTh, YTO
ATU 3KCIEPUMEHTHI MPOBOJWINCH HAa KIETOYHBIX KYJIbTYypaX, KOTOpPHIE POCIU B
CYyCIICH3UW U, TaKuM 0Opa3oM, OHKCIPECCHPOBAIA MEHBIIIE BHEKJIETOYHOTO
¢bubpoHekTHHa, YeM B conuaHou omyxonu in vivo [10]. AHTH — PuUOpOHEKTHH

aHTUTENA CBSI3bIBAIOTCA TOJIBKO ¢ 60% KileTok (pucyHOK 3, 4B).

Al A2 B
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Activated Caspase 3/7 0l |

Activated Caspase 3/7 = ¥ * NHTaKTHble KNeTkn 3pnauxa,
|

| Ab Positive He OKpalleHHble
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Pucynox — 3. Mexauu3msbl 1 5 PEeKTUBHOCTh MAarHUTOIMHAMUYECKOM
HaHOTEpaIuu in vitro. (A) AMonTo3, UCCIIEeI0BaHHbBIN M0 aKTUBHOCTH Kacmasbl 3/7;
(B) Anonto3, ucclieIoBaHHBIN ¢ MOMOIIBIO MEeTKU aHHekcuHa V-Cy3 u
okpammBaHus 6-kapookcudyopectenaauaieratom (6-CFDA) kineTok
KapuuHoMbl Opiauxa: (1) MaTakTHbIE KIeTKU 6e3 oKkpamuBaHus; (2)
’KuznecnocoOHOCTh KUBBIX KIIETOK; (3) CocTosiHME KIETOK Yepe3 3 yaca noclie
BozaeiictBus HITOMIT; (4) CocTosiHue KieTok uepes 3 yaca rnocie tepanuu ¢ Au-
MHUY u HIIOMIT; (5) Cocrosinue kieTok yepe3 3 yaca nocie Tepanuu ¢ AS-14-
Au-MHUY u HITOMII. (C) OTHOCHUTENBHOE COJIEpKAHUE HATPUSL, OLIECHEHHOE 110
uHTEeHCUBHOCTH duryopecteHinu SBFI: kpacHast KpuBasi COOTBETCTBYET KJIETKaM
0e3 okpaivBaHus, (PUOJETOBAsI — HE JICYEHHBIM KJIETKaM; CUHSIS - KJIETKaM,
neueHHeIM Au-MHY B HIIOMII, 3enenas - kinerkam, iedeHHBIM AS-14-Au-MHY
B HIIDMII.

B skcnepuMeHTax ¢ KJIETOYHOM KYJBTYpOH OBLUIO TPOJIEMOHCTPUPOBAHO,
gyto AS-14-Au-MHY B HIIOMII uHgynupoBanu rubeib KIETOK KapIUMHOMBI,
KOTOpasi HauyMHalach C aroNTOTHYECKOW TpaHciaokauuu (ocdatuauicepuHa u
CONpOBOXKajach HeKpPo30M (pucyHok 3, C5). ITocne neuenus ¢ AS-14-Au-MHY u
HITOMII OOJBIIMHCTBO KJIETOK, CBS3BIBAIOIIMXCS C aHHEKCHMHOM V, OBLIM TaKXke
orpuuarenbHpiMi 1m0 CFDA, 4uro yKa3plBaeT Ha TO, YTO OHHU OBUIM MEPTBBHI.
KoHTpoabsHbIE 3KCcIIepUMEHTHI TOIbKO ¢ AS-14-Au-MHY 6e3 MarHuTHOTO MOJIS U
Au-MHUY 6e3 antamepoB ¢ npumenenrieM HITOMII He BBI3bIBAIM CMEPTH KJIETOK
KapUMHOMBI, HO Te€M He MeHee KkieTku HakammmBanu CFDA B MeHblieM
KOJINUECTBE, 4YeM KJIETKH JeueHHble ¢ AS-14-Au-MHY u HIIOMII, nostomy ux
MeMOpaHbl MOTJIM OBbITh CJIErKa IMOBpEeXJeHbl. Takke, cojepkaHUE KaTHOHOB
HaTpus B KJIETKaX KapUUHOMBI YBEIUYWIOCH nocie jeueHust ¢ AS-14-Au-MHY u
HIIOMII, 4yto cBuaerenbcTByeT O Hekpose (pucyHok 3D). Takum oOpazowm,
CMEPTh KJIETOK KapIUHOMBI DPJUXa MOXKET ObITh BhI3BaHA aKTUBAILMEH PA3IMUHBIX
MOJICKYJIIDHBIX ~ TyTeH,  BKJIIOYas  amomTo3, HEKPo3 ©  ayTodarwuio,
XapaKTepU3YIOIUXCsl MOP(HOJOTUUECKUMH M OMOXMUMHYECKUMH OCOOCHHOCTSIMU

[33]. TIpouecchl cMepTH CONMPOBOXKAAIOTCS W3MEHEHHEM O0BbeMa KJIETKH H3-3a



U3MEHEHHUs MOTOKOB HOHOB, OCOOCHHO HOHOB HATpus. 3HAaYUTENbHAs MHOTEPs
MOHOB HATpHUsl, KaJusl U XJIOpa HEOOX0MMa JIJIsl aKTUBAIIMU Kacla3 ¥ HyKJieas s
pazButus amnonto3a [34]. HampotuB, HEKpo3, XapakTepHu3yeTcsi HaO0yXaHueM
KJIETKU U3-3a MOBBILICHHOTO co/iep kaHus HaTpus. OTcyTcTBUe sHepruu s Na + /
K + -AT®a3 B KJI€TOYHOM HEKPO3€ BbI3bIBAET HA0YXaHUE KIETKHU C MOCIEAYIOIIUM
pa3ppIBOM MEMOpaHbI U BOCTIAJIEHUEM.

Pe3ynbTaThl HCCAEAOBAaHNN OKA3aJIM, YTO YEPE3 MATh YaCOB MOCIE TEPATUU
¢ AS-14-Au-MHY B HIIDOMII kacnaza 3 wim 7 Obula akTUBHA B OIyXOJIEBBIX
KieTkax (pucyHok 3A), B To Bpems kak Toibko Au-MHY unu AS-14 ¢ HITOMII
HE BBI3BIBAIM 3TOTO A dexTa.

B skcnepuMeHTax in vivo OIyXxoJii He pearnpoBaiv Ha tepanuio ¢ DPBS n
HIIOMII. Knetku ocraBaiuch xKU3HECTIOCOOHBIMU, OIYXOJIA POCIH U pa3pylliaiu
MBIIIEYHYIO TKaHb, @ UMMYHHBIH OTBET ObLI cl1a0bIM (pucyHok 4, B1— 3). Jleuenue
KOHTPOJIBHBIX Tpynn ¢ nomouipto antamepoB AS-14 u HIIDOMII He BbIsiBUIIA
3HAYUTEIbHBIX U3MEHEHHUH B CTPYKTYPE OIYyXOJH, TuMpouuTapHas nHOUIbTpaIus
BCE elle ObUla HU3KOH, MPUIYXJIOCTh MPOMEXKYTOUHBIX MPOCTPAHCTB ObLIa
YMEPEHHOM, a MBIIIIEYHBIE BOJIOKHA OBLIU JeTeHepaTUBHBIMU (pUCyHOK 4, B4 — 6).

Tepanus tonbko ¢ Au-MHY BbI3Bana 4acTUUHBIA HEKPO3 OIMYyXOJEBBIX
TKaHel, ocTaBuxcs B (hopme «ocTpoBOB» (pucyHok 4, B7-B9). Me1 Habmronanu
OITyXOJIEBBIE KJIETKM C BaKyOJIM3alMEd LMUTOIUIa3Mbl U NpPU3HAKAMH KapHOJIN3a,
YTO SIBJIAETCS HEOOPATUMBIM PE3YJIbTATOM PA3PYLIUTENbHBIX PPEKTOB JCUEHUS
(pucynok 4, B9). BocnanutensHas aumdouutapHas uHGUIbTpalus Obuia ciado
BBIpa)KeHa BOKPYT oImyxoJii (pucyHok 4, B7 — B9).

3HauUTENBHBIN TepaneBTUYECKU 3D PexT HabMoAaNCs B TKAHIX OMYyXOJIU
nocie tepanuu ¢ AS-14-Au-MHY u HIIDMII (pucynok 4, B9 — Bl12). Ha
nepudepun  OonbIMX  oOjacTeld  HAOMIOMANOCh  HEOONIBIIOE  KOJIHMYECTBO
HEKPOTU3UPOBAHHBIX KJIETOK KapLMHOMBI C TIOJHBIM pa3pylICHHUEM WJIU
HEOOpaTUMBIMU  W3MEHEHHUSMU B  BHUJE  KApUOpPEKCHCa,  KapUOJIM3HCA,
miasMopekcuca (pucyHok 4, Bl2). DTo sedeHue BBI3BIBAIIO 3HAYUTEILHBIN

HMMYHHBIﬁ OTBCT, IOCKOJIbKY Ha61110)1ana(:5 BUanMas BOCIHIAJIUTCIIbHAA



I/IHC1)I/IJ'H)TpaI_II/I$I CCIMCHTHPOBAHHBIX J'IGfII(OI.IPITOB Ha TI'paHHUIaX HCKPOTHYCCKHX
oOacTeii. Taxxe Ha6J'IIOI[aJ'II/ICI> OTCK H  PAa3pyHIUTCIIBHBIC  HN3MCHCHUA

MUKPOOKPY>KE€HHUS OIyX0JIeBOW TKaHH (pucyHok 4, B9 — B12).

A
AKTMBHOCTb Kacnas 3/7 B neyeHHbIX ONYXONAx
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Pucynok — 4. Peakuus onmyXxoJjii Ha MArHUTOJAMHAMUYECKYI0 HAHOTEPAIHIO.
(A) AKTHUBHOCTB Kacmasbl 3 WM 7 B paKOBBIX KJIETKAX U3 YU4aCTKOB TKaHEH
oImyxoJiel, CoOOpaHHBIX Yepe3 5 4acoB MOCE JICUEHUSI.

(B) I'mcronoruueckas cTpykrypa omnyxojiei npomeamux jeuyenue. B1-B3 — DPBS
n HIIDMII — kapuuHoma Dpauxa uMeeT NPOUYHYI0 CTPYKTYPY U BpacTaeT B
MBIIIEYHYIO TKaHb, COCTOSIIIYIO U3 ATUIIMYHBIX KJIETOK C MJICOMOP(GHBIMH,
TUIEPXPOMATHYECKUMHU SIAPaMHU pazinyHon popmel 1 00bema. Her nMMyHHOTO
oTBeTa: oueHb peakue suMbponuTsl. B4 — B6 — AS—14 u HIIOMII — neuennsie
KapLUMHOMBI UMEIOT YMEpPEHHOE HabyXaHUe MPOMEXYTOUHBIX TPOCTPAHCTB,
cnadyro JIMMGOIUTAPHYI0 UHPUIBTPAIMIO U MBIIICUYHBIC BOJOKHA C
nerenepatuBHbIMU U3MeHeHusiMU. B7 — B9 —Au—MHY u HITOMII neuennbie
KapLUUHOMBI MPOSIBISIOT PACCESHHBIN HEKPO3 OIMyXO0Jiel co ¢1ab0 BbIpaXKEHHOU
BOCHAJIMTENBHON HHPUIbTpALMEH, OITyX0jeBasi TKaHb OcTaeTcs B (popme
«OCTPOBOBY», B KOTOPHIX OOJIBIIMHCTBO PAKOBBIX KJIIETOK C BaKyOJIU3alluen
LATOILIA3MBbl U pu3Hakamu kapuoausa. B10 — B12 — AS-14-Au-MHY u
HIIOMII — neyeHHble KapUUHOMBI ITOKA3bIBAIOT OOJIBIIIKE 00JIACTH HEKPO3a
ommyxoJieil, HabyxaHue, pa3pyLIUTeNIbHbIE U3BMEHEHHS] MUKPOOKPYKEHUS
OITyXOJIEBOM TKaHU U BOCHAJIMUTENIbHYI0 HHPWIBTPALIMIO CETMEHTUPOBAHHBIX
neiikonuToB. Ha nepudepun octaBiimecs: ormyxoJieBble KJIETKA MEPTBHI C
IPUCYTCTBUEM KapHOppPEKCUca, KapuoJin3uca, miasMmopekcuca. Ysenuuenue: (B1)
x 100; (B2, B4, B5, B7, B8, B10, B11) x 200; (B3, B6, B9, B12) x 400.

Taxoke nnst TOro 4troObl J0Ka3aTh, YTO pa3pyIlICHHUE OIMYyXOJEBBIX KIIETOK
MIPOUCXOIMIIO HE U3 — 3@ BO3JCHCTBUSA BBICOKOM TEMIIEPATYpPhL, (POPMUPYIOILIEHCS B
pesynbrare Bo3aedctBust HIIDOMII npu muskoit yacrore (50 I'u) na AS-14-Au-
MHY, Obuin mnpoBeaeHbl MaTEMaTHYECKHUE pacyeTbl, KOTOPbIE IOKa3alH, YTO

npumeHenne HIIOMII ne BwI3piBaeT runeprepmuro B npucyrctBun Au-MHY n



AS-14-Au-MHUY. Tloatomy mexanuueckoe BozaeiictBue HIIOMII na Au-MHUY,
CBA3aHHOE Yepe3 amnTamepbl C OIMyXOJEBBIMH KIETKAMH, MOXXHO OOBSICHHTH
cieayrommMm obOpa3om: (GUOPOHEKTHH BBI3bIBACT IMOJAEpPTUBaHUE [3-AOMEHa
WHTETPUHA, KOTOPOE MPUBOJIUT K aKTUBANWK [12] M WHUIMHUPOBAHUIO THUOETH
KJIETOK IIyT€M BO3HMKHOBEHHUSI KaCMa3HOIo Kackajga TMEPBUYHOTO aronTo3a
(pucyHOK 5A), 32 KOTOPBIM CJIEIYET YBEIUYEHHUE COAEpKaHUs HATpus (PUCYHOK
3B) u Hekpo3 pakoBbix KieTok (pucyHok 4, B10-B12). 3nauurtensHoe
MOBPEXKACHUE OMYXOJHM in Vivo U YMEHBIIECHHUE pa3Mepa OMyXOJIU C MOMOIIbIO
HIIOMII npowmsomnmio Toimbko Torma, korna Au-MHY Obutm Moam¢UIIMpOBaHBI

alITaMCpaMi U JOCTABJICHBI K calTaM CBSI3bIBaHUS OIIYXOJIH.

3.4 UccaenoBanue Tokcnuaoctu Au-MHUY in vivo

TOKCMYHOCTH ~ MAarHUTHBIX ~ HAHOYACTUI,  (YHKIIMOHAJIU3UPOBAHHBIX
anTamMepaMH, OICHHBAIA 10 W3MEHEHUSM B OHOXMMHUU CBHIBOPOTKA KPOBH
(tabmuma 1). Kpome TOro, Mbl NOMBITATUCH OIEHUTH paclpeneiieHrue >Keje3a |
30JI0Ta B PAa3HbIX OpraHax IOCiIe BHYTpUBEHHOW MHbeKIMH AS-14-Au-MHY B
DPBS. DnextpoHHass MUKPOCKOIHS MOKa3aia, 4To OJHOKpaTHas no3a AS-14-Au-
MHUY (1,6 Mkr kr') HemocTaro4Ha Ul OOHAPYXKEHHs MOHOB JKeJe3a U 30JI0Ta B
OMyXOJI, APYrHuX opraHax u wmode uepe3 1, 5 um 24 wyaca. XoJecTtepuH,
CBIBOPOTOYHAsI alaHWHOBas amuHOTpaHchepasza (AJIT), menounas docdaraza
(AJIP) m OwiupyOMH SBISIOTCS CTaHAAPTHBIMU TMapaMeTpaMu Ui OLEHKH
renatoTokcuyHocTH mpemapata [85]. AJIT ydacTByeT B 23HEpreTH4ecKOM 0OMEHE B
neyeHu ¢ Oosiee HUBKOW (PEpPMEHTATUBHOW AKTHMBHOCTHIO B JPYTHX TKaHSX,
MO3TOMY OH paccMaTpUBaeTcs Kak crenu@uueckuil Onomapkep (QpyHKIIMU MEYEHU.
OO0t OmnupyOuH, TPOAYKT HAErpajallid TeMOIJIOOMHA, SBISIETCS MapKEepOM
renaToOomwiIMapHoi TpaBMbl M Temosm3a [85]. AJIP cBsi3aH ¢ moOBpexIeHHEM
KJIETOYHON MeMOpaHbl rematouuToB [85]. B Hammx skcriepuMeHTax 3 MHBEKIUU
AS-14-Au-MHUY, BBOJUMBIX 37J0POBBIM MBbIIIIaM CaMKaM U camllaM, HE BbI3bIBAJIU
U3MEHEHUM OTHUX MapaMeTpoB [0 CPaBHEHUID C KOHTPOJIBHON TpYIIIOH,

nonyuyaBimieir DPBS, u He 3aBucenu ot mnona. CocTosHUE BOCHAJICHUS U



TUApPATAIUN KUBOTHBIX, 00paOOTaHHBIX HAHOYACTHIIAMHU, OLICHUBAJIW IO OOIIeH
KOHIIEHTpaIuu Oenka [85], koTopasi He 3HAYMMO OTIMYAJIACh CPEU TPYI MBIIICH
CaMOK U camI[0B, osyyaBmux AS-14-Au-MHY (tabauna 1).

Tabnumna 1. [Tapamerpsl OMOXWMHUM CHIBOPOTKH KPOBHU, BBITIOJIHEHHBIE OTIEIHHO
JUISL MBIIIIEH caMOK M caMIioB, JieueHHbIX AS-14-Au-MHUY B dochatnom Oydepe

(DPBS) unu DPBS otnensHo.

O6pasey, XonectepuH, 06wmii ANT, ME/n ACT, 06wmii
Mmonb/n 6enok, ME/n 61UAUPY6UH
r/n MKMmonb/n
AS14-Au-MH\M
MbILWK CamKu
(N =5) 1.45+0.01 50.75+3.32 18.40%3.67 214.30474.81 5.67+0.38
Mbliwn camupl 1.56+0.48 55.97+6.21  31.90+13.17  254.87+122.29 6.05+0.21
(N=5)
DPBS
MbIWK camKK
(N=5) 2.30£0.28 53.90%1.27 13.55+4.78 177.67427.13 6.25+0.70
Mbiwn camubl
(N=5) 2.3240.26 55.90+2.76 20.9316.9 251.40£71.13 6.2010.53

Takum 00pa3oM, OMOXMMHUYECKHE TECTUPYEMbIC MapaMeTphl yKa3bIBalOT Ha
TO, uTO jJeucHue ¢ AS-14-Au-MHUY 6e3omacHo, HE BRI3BIBACT IeNaTOTOKCHYCCKUX

3¢ (}HEKTOB M HE 3aBUCUT OT I10JIa MBIIIEH (CAMKH WM CaMIIbI).



3AKIFIOYEHHUE

Hamme uccienoBanne nemMoHcTpupyeT 3PQGEeKTUBHOCTD IIEICHANPABICHHOTO
MAarHUTOAMHAMHUYECKOTO Pa3pyILICHHs] PAKOBBIX KJIETOK HA MNPHUMEPE aCLUTHOM
KapuUMHOMBI Opnuxa ¢ wucnoiab3zoBanueM Au-MHY in vitro m in vivo B
HU3KOYaCTOTHOM MEPEMEHHOM MarHuTHOM noJie. MaremaTtuueckoe
MOJICIMPOBAHUE TOKA3aJl0, YTO CHHYCOMJAIbHOE€ MarHutHoe mnoje 100 O mnpu
yactore S50 [’ BbI3BIBAET MArHUTOAMHAMHUYECKOE Pa3PYLICHUE KIETOK C
MUHUMAJIBHO BO3MOXHBIMH TEIUIOBBIMU d(PexktamMu Ha KIETKH U TKaHu. [l
aapecHoit noctaBku Au-MHY mbI ucnions3oBasiu antamepsl AS-14 cnenuduynbie
K (UOPOHEKTHMHY acCIUTHOM KapIMHOMBI DJpiuxa, Cchenuduka KOTOPOro
3aKJII0YAeTCs B IMOCTTPAHCIAIMOHHBIX ~ MOAMPUKAIMIX B S5  JOMEHax
¢udponexktrna tumna I (DOHIILS): TpeonuHn anerunupyercss B MOJOKEHUH 32 U
dbochopunupyercs B mojoxxkennn 36. Onucanne 3THX MoIU(UKAIIUN B HACTOSIIICE
BpeMsi OTCYTCTBYET B benkoBoMm OaHke JTAHHBIX

http://www.rcsb.org/pdb/protein/P02751,  4TO0  CBHUJETEIBCTBYET O  HX

YHUKaJIBHOCTH [9].

B nmannom wuccinenoBanum antamepsl AS-14 pgocrtaBmstor Au-MHY B
OMyXO0Jib KapIUHOMBI OJpiiXa W CBA3BIBAIOT 4acTuilbl ¢ MoJiekyinamu OHIIIS.
HuskouacToTHOE MMepeMEeHHOE MarHUTHOE T0JIe BbI3bIBaeT kojebanuss Au-MHY B
KOMIUIEKCE C anTtamepamu, cBa3aHHbiMu ¢ OHIIIS.  Maremarnueckoe
MOJICJIMPOBaHNE MarHuTOMeXaHudyeckoro neuctsus AS-14-Au-MHY na kieTkax
MOKa3aJI0, 4YTO HU3KOYAaCTOTHOE MEPEMEHHOE »JJEKTPOMArHUTHOE TIOJIE HE

BBI3BIBAIO JIOKAIBbHYIO runeprepmuto. HIIOMII  Bpamaer HaHOowacTumy,


http://www.rcsb.org/pdb/protein/P02751

ceszanHyo ¢ OHIIIS mo wacoBo#t cTpenke, BHITSATHBAs -CyObEeIUHUILY UHTETPUHA

yepe3 GuOpOHEKTHH U BO3BpAIllas €€ B UCXOIHOE TOJIOKEHHE (PUCYHOK 5).

3

Pucynok - 5. CxemaTndeckoe n300pakeHne anonTHYeCKOro Kackaaa kacrmas. (A)
Kackan BbI3BaH koneOaHusIMU GUOPOHEKTHHA B HU3KOUYACTOTHOM MEPEMEHHOM
MarHuTHOM MoJje, KoHTpoiupyeMoM AS-14- Au-MHU. (B) Cusibl, npuMeHseMbIe K
AS-14- Au-MHUY B npuCyTCTBMU HU3KOYACTOTHOI'O MEPEMEHHOTO MarHUTHOTO

> b )
nosist, tae F~ - cuna, tanymas ¢pubponekTrH; M’ - MarHUTHBIM MOMEHT

%
Au-MHUY; u H'y - BHenIIHEe MarHuTHOE I10JIC.
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