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IHOPTATUBHBIE MYJbTUMO/JAJIBHBIE AHAJIM3ATOPBI
B NCCJIENJOBAHNN MAUKPOLUPKYJISITOPHOI'O PYCJIA
N OKUCJIMTEJIBHOI'O METABOJIM3MA BUOTKAHEHU

A.B. Jlynaes, E.B. Kapxkux, F0.U. JlokTHOHOBa

Hay4HO-TeXHOJIOrn4ecKui HeHTp ONOMEINIIMHCKON (OTOHHKH,
OI'bOY BO «Opnosckuii rocynapctseHssiid yausepcureT uM. M.C. Typrenesay, Opén, Poccus

AHHoTanusi. PaboTa TOCBsIIEHa TNPUMEHEHUIO MOPTATHBHBIX MYJIbTUMOJANBHBIX aHAIN3aTOPOB
B HUCCJICJOBAaHMH MHKPOLMPKYJSITOPHOTO PyClia W OKHCIUTEIbHOrO MeTabonu3Ma OuorkaHeid. [lokasaHsl
NpUMEpPHI UX YCHEUIHOTo NMpUMeHeHus rpu caxapHoM jauabere (C/I), aprepuansHoii runeprenszun, COVID-19,
B cdepe (YHKIMOHAILHON AMArHOCTHMKHU, HOoraTepanuy, CIIOPTUBHON MEIULUHBI M peaOMIIMTAllMU, a TaKKe
B KOCMUYECKHX UCCIIEJJOBAaHUIX.

BBeaenue

B HacTtosmiee BpeMmsi HaOmiomaeTrcss BCIUIECK HMHTEpeca K MNOPTATUBHBIM — (HOCHUMBIM)
JUAarHOCTHYECKUM TpuOopaM ¢ BO3MOXKHOCTBIO €XKETHEBHOTO MOHUTOPHHTA (YHKIHMOHAIBHOTO
COCTOSTHHSI OpTaHN3Ma YelI0BeKa, HalpruMep, MUKPOIMPKYIATOpHO-TKaHeBbIX cucteM (MTC). Ilepoit
nogo0Hol pa3paboTkoil siBisiercs: aHanmu3aTop «JIA3MA-II®» (HIIT «JIA3BMAY), mo3Bonstomuit
HCCIIEI0BATh MUKPOITUPKYIISITOPHOE PYCIIO U OKUCIUTENbHBIN MeTabonu3M OuoTtkaneit. Llens manHoM
paboThl — IPOJEMOHCTPUPOBATH YCIICIIHBINA ONBIT UCIONb30BaHNS JAHHBIX YCTPOWCTB B KIMHUYECKON
MIPAKTHKE.

MaTepI/IaJIbI H METO/bI

AHanu3aTopsl ¢ OECIPOBOAHON Nepeadeii JaHHBIX PEaTU3yIOT METOIbI Ja3ePHOM TOMILIEPOBCKOM
dnoymerpun (JIID) u dayopecuentHoi cnekrpockonuu (PC), 94TO MO3BOJSET OCYIICCTBIATH
KOMILUIEKCHYI0 AuarHoctuky MTC koxu dYenoBeka. AHaIU3aTOpbl NPUMEHSUIUCh B BUOE HX
pacrpenenéHHoil cucrembl (3 2 uian 4 npuOOPOB) Ha Pa3IMYHBIX YYacTKaxX BEPXHHUX W HIDKHUX
KOHEYHOCTEeH 4YeloBeKa O3 WCMONb30BaHUA (QYHKIHOHAIBHBIX MPO0 B PAa3IUYHBIX O0JIACTAX
MeaumuHbl — 3HAoKpuHONMornu (CJl 1 m 2 Ttwma), kapauonoruw (apTepuaibHas THUIEPTEH3UsA),
peabunuronornu (IMOCTKOBUIHAS peadmuTaIus), Gu3noTepanuu (IpIXxaTeIbHble YIPaKHEHUS XaTXa-
Horu), CIOPTUBHOM M KOCMHUYECKoW MeauuuHe. Bpems peructpaumu napamerpoB MTC (IIM —
M0KAa3aTelb MUKPOLUPKYIALNH, Ayan — HOPMUPOBaHHAs aMILIUTyAa kKodepmenrta 6notkanun HAJIH)
B cpeaHeM cocTaBisiia 10 MuH.

Pe3y.]'ll>TaTBI HCCJICAJ0BAaHUA

Hccnenosanns B manuentos ¢ CJ1 BeissuaM cHwkenue IIM 1 HyTpUTUBHOTO KPOBOTOKA (M,yrp) B
HIDKHUX KOHEYHOCTAX W MX yBEJIWYEHHE B BEPXHUX KOHEUHOCTSX. Pe3ynbTaThl CBUAETENHCTBYIOT O
MIOTIBITKAX OpraHW3Ma CKOMIIEHCHPOBATh PACCTPONCTBA MHUKPOIMPKYIALNN B BEPXHUX KOHEHYHOCTAX.
HccnenoBanus xeHIUH ¢ mperectaiioHHbM CJl BBISABHIN CHMKEHHE KOIIeOAaTeIhbHONW aKTHBHOCTH
MTC y nanueHToK M yBelWdeHHE Apagn. [laMeHTBl ¢ MOCTKOBUAHBIM CHHAPOMOM HMENN
cHmkeHHble 3HadeHus [IM u M.y, a Takke NMOBBINIEHHYIO KOJIEOATENBbHYI0 aKTUBHOCTH KPOBOTOKA.
[Ipu uccnenoBaHUM BIMSHHS TUIO- M TUIEPBEHTUISIIUOHHBIX JbIXaTEIbHBIX YIPaKHEHUM HOrW Ha
napaMeTpel nepuepuuecKoro KpOBOTOKAa OOHApy)XeHa KOppemsmus MeXAy IapaMeTpaMmu
MUKPOIMPKYJISIIIMA KPOBH M Ta30BBIM aHAIM30M MpPU CBOOOJHOM JIBIXaHWH ¥ THUIOBEHTHIISIHU.
BrniepBrie paspaborana meroaunka usMmeperuss MTC kKoHeYHOCTeW KOCMOHABTOB B TEPHOJ] OCTPOM
aJanTaluy K YCIOBUSM MUKPOTPAaBUTALMU U peaJanTalyy IOCie 3aBEpIICHUS] KOCMUYECKOTr0 MOJIeTa.

Takum o0pa3om, naHHbie 0 coctossHud MTC opranusMa uejgoBeka, PeruCTPUPYEMbIE ¢ MTOMOIIBIO
MOPTAaTUBHBIX MYJITUMOJAIBHBIX aHAJIU3aTOPOB IPH PEIIEHHUH Pa3HOOOPA3HBIX JHArHOCTHYECKHUX
3aJa4 B KIMHAYECKHUX YCJIOBHUSX, IIO3BOJISIIOT 0o0jiee KOMIIEKCHO W JOCTOBEPHO OLIEHHBATH
B3aMMOCBS3b U IMHAMUKY YTHJIN3alUU KUCIOPOAA TKAaHAMHU.

BaarogapHocTn

UccnenoBanue BbIMONHEHO HpW noazaepxkke Poccuiickoro HaydHoro (oHza B paMKax HpOeKTa
Ne23-25-00522.
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ONTUYECKHUE METO/BbI 1151 PEIHEHUA 3AJAY MOHUTOPUHT'A COCTOSTHUSA
HOPMAJIBHBIX TKAHEHU B IPOLECCE JIYUEBOU TEPAIIUU

A.B. Macsiennnkosa', E.C. Ceuosal, E.B.Kucenesa', M.A. CHpOTKHHal, A.A. MonceeBz,
C.JO. Kcenogouror’, JI.A. Matseer’, I'.B. I'e;inkonos’, B.YO. 3aiines’

'®Ir'BOY BO «[TUMY Mumnsgpasa Poccuny», Hikanit Hosropon, P®, maslennikova.anna@gmail.com
2 QUL UTID nm. A.B. l'anonosa-I'pexosa PAH, Huxuuit Hosropoa, PO

AnHoTtanms. [IpexcTaBiieHBl pe3yibTaThl MOHUTOPHUHIA COCTOSIHMS CIM3HCTOW OOOJIOYKH ITOJIOCTH pTa B
mporiecce (XUMHO)ITydeBOH Teparmui METOI0M MHOTO(YHKIIMOHAIBHON ONTHYECKOH KOTepeHTHOH ToMOTpaduu.
[lokazaHo, 4TO B mpolecce pa3BUTUS MYKO3MTa MOTYT BO3HHKHYTh JIBa THIIAa COCYIUCTOH pEaKIud —
«KJIacCUYECKass», C TOCTEHNCHHBIM YBEIMUYCHHEM METPUK COCYAWCTOTO pyclla, WIM OTCYTCTBHUE H3MEHEHHH
MHUKPOLMPKYJISIIIMK Ha TPOTSDKEHUU BCero Kypca oOiydeHusi. OCHOBHBIM NPOSIBJICHUEM JIy4eBOH peaknuy Ha
ctpykTypHbix OKT-u300paskeHnsiX OBbIIO MOCTENICHHOE CHWKCHHE Pa3iIMYMii MHTCHCHUBHOCTH CHTHAja MEXIy
SNMTENUEM W COOCTBEHHOW IUIACTUHKON CIM3HCTOH OOOJNOYKH. Pa3nuyus CKOpOCTH CHYDKEHHS JaHHOTO
MOKa3aTesst CTATUCTHYECKH 3HAYMMO Pa3iIMyalIich B 3aBUCHMOCTH OT CTETIEHH TSDKECTH MYKO3UTA.

Panee omenka moOOYHBIX 3(QEKTOB JIydeBOH Tepamuyi W MOHHUTOPUHT COCTOSHHS CIIH3HCTOM
000JI0YKN OBUTH BO3MOXKHBI TOJBKO Ha OCHOBE JKAN00 WAIMeHTa W BU3YaJTbHBIX CHMIITOMOB.
OnTHueckas KOTepeHTHas ToMmorpadus TMO3BOJSAET B PEXHME PEAJIbHOTO BpPEMEHH OICHUBAThH
MUKPOCTPYKTYPY, MHUKPOLMPKYIITOPHOE PYCIO U COCTOSHUE COCTUHUTEIHHOTKAHHOTO MAaTpPHKCa
CIU3UCTOM 00070uKH. 1lenbro ncciieJoBaHks OblIa OLICHKA N3MEHEHHH CIIU3UCTON 000JI0UKH MOJIOCTH
pTa B Ipolecce (XMMHO)IYyYeBOM TEpalud METOAOM MHOIO(YHKIIMOHAIBHONH ONTHYECKOMN
KOT€pEHTHOM ToMorpaduu.

MartepuaJibl U METOABI

B pabore wncnompzoBan MHOTOYHKIHOHANEHEIH OKT-tomorpad (PUL[ UIID PAH, Hmxauit
HoBropom), KOTOpHIA TMO3BOJSET OJHOBPEMEHHO IMOJy4YaTh CTPYKTYpHBIE W aHTHOrpadUuYecKue
n300pakeHnss. MOHUTOPUHT COCTOSHHS CITU3UCTONW OOOJIOUKH TOJIOCTH pTa ObLT TpoBeAeH y 44
MAllMEHTOB, KOTOPBIM NPOBOAMJIACH (XMMHO)IydeBas Tepamus IO I[OBOLY OpodapHHreanbHbIX
omyxoned. KonnuecTBeHHass OLEHKa M3MEHEHHH MUKpOUUpKyJasTopHOoro pycna 1o OKT-
aHTHorpaMmaM B TIpoliecce Jy4eBOW Tepaluu MpoBOAMIAach MO TPEeM IapaMeTpam: IUIOTHOCTb
COCYAHMCTOW CeTKH;, OOINas IJIMHA COCY/IOB, JAWaMETp KOTOPhIX Ha HM300pa)KeHWH coCTaBisin 1-3
nuKcens ¥ o0las AJMHA COCYIOB IuaMeTpoM Oonee 3-x mukceneil. Bce mapaMeTps! olleHUBAINCH B
JUHAMUKE 110 OTHOIICHUIO K UCXOJHOMY YPOBHIO, IPUHATOMY 3a 0 JUIL KaXJ0T0 ITalfuCHTa.

Pe3yabTathl

OCHOBHBIM BH3yaJIbHBIM TIPHU3HAKOM pPa3BUTHS JIy4YeBOHW pEaKIUHW CIU3UCTOH OOOJOYKH Ha
ctpykrypHbIX OKT-n300paskeHusx ObIJI0 IOCTENIEHHOE CHIbKeHre KoHTpacTa Ha OKT-u300pakeHusx.
YucnenHast o0paboTka W300pa)XCHWH TO3BOJIWIIA BBISIBUTH KOJHUYECTBEHHBIE 3aKOHOMEPHOCTH
pasBUTHS JIyYeBOH peakUU CIU3UCTOM OOOJIOYKH B 3aBUCHMOCTH OT CTENEHHU TSHKECTH MOOOYHBIX
3¢ ¢dexToB. OCHOBHBIM MApaMETPOM, KOTOPBIA OIEHMBAICA NpU aHaigm3e CTPyKTypHbIX OKT-
n300pakeHni, ObUIa pa3HHWIla B WHTEHCHMBHOCTH CHTHAjla MEXAY CJIOeM, COOTBETCTBYIOIIUM
SMUTEIINIO, U CJIOEM, COOTBETCTBYIOLIEM COOCTBEHHON IJIACTHHKE CIM3UCTOM 000J0YKH (IOKa3aTelb
«genbTa»). llpu pa3BUTHM MyKO3HUTa IEPBOI CTEIIEHH CpelHEee 3HAueHHE yria acocTaBuiio 8§1°+4°,
MIPU Pa3BUTHH MYKO3UTa BTOPOIl cTeneHn — 56+15°, a mpu pa3BUTHH MYKO3HUTa TPEThEH CTETIEHU YTOIl
o coctaBun 36+5°(p<0,05).B mpornecce pa3BuTHs JTy4eBOH peaKIUU CIU3UCTONW OOOJOYKHU IOJIOCTH
pTa MapajuleIbHO C BO3pacTaHHMEM CyMMapHO-OYaroBOM J03bI Mbl HaOJIOJaIM JBa THIIA PEAKLUHU
MUKPOLUPKYISATOpHOTO pycia. Y 24 u3 44-x (54,5%) namuentoB HaOIIOAATOCh TOCTETIEHHOE
BO3pacTaHWe IUIOTHOCTH cocyauctor cetkn. Y 20 m3 44-x (45,5%) mnanmueHTOB W3MEHEHHS
napamMeTpOB MUKPOLMPKYJISTOPHOTO Pyciia He HAaOII0JINCh B TEUEHHE BCETro Kypca 00IydeHus..

3akiao4yenne

MHOI‘O(i)YHKHI/IOHaHBHaSI OIITHYCCKAast KOre¢pCHTHas TOMOFpa(i)I/ISI IIO3BOJISIET OLICHUTH
WHIMBHUIyallbHbIE OCOOCHHOCTH PEaKIMH CIM3UCTOH O0OJOYKM B OTBET Ha BO3JCHCTBHE
MOHM3UPYIOIIEr0 W3IYUYeHHs], & TAaKXKe MPOTHO3UPOBATH CTEIIEHb €€ TSDKECTH B PaHHUE CPOKHU TOCTe
Havayia 00IydIeHHUS.
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METO/bI ONITUYECKOMN CIIEKTPOCKOITAHU JJ151 AHAJIN3A
®YHKIIMOHAJIBHOI'O COCTOSIHUA ITEYEHU ITAITUEHTOB
C CMUHAPOMOM MEXAHUYECKOU XKEJTYXH

E.B. Iloranora', K.}O. Kanayposa', B.H. Ilpuzemun', JI.C. CyMI/IHI’z, A.B. Mamommn'?

'®I'BOY BO «Opnosckuii rocymapersennsiii yansepenter nm. M.C. Typrenesa», Open, Poccus,
potapova_ev_ogu@mail.ru
2BY3 00 «OpnoBckast 061acTHAS KIHHIYecKast 6obHIIa», Open, Poccust

AnHoTanusi. OmucaHbl pe3ynbTaThl NMPUMEHEHUS METONOB ONTHYCCKON CHEKTPOCKONMHMM Ha Pa3IUIHBIX
JTanax JICYeHUs MAallMeHTOB ¢ OOCTPYKIMEH edeBbIBOAAIUX MyTed. IIpu nexoMmpeccun skeaueBBIBOASIINX
MyTel MIPOBOAMIACH OLIEHKAa METa0O0INYECKOr0 COCTOSHHS MIEYCHOUYHON apEHXUMBI METOIOM (DITyOpecieHTHOM
CHEKTPOCKONIMM C  JEKOHBOJIIOIMOHHBIM ~ aHANIM30M CHEKTpoB. [l ompeaenceHUs BOCCTAHOBIICHUS
BBIJICTIUTENILHON (YHKIUM IEYEeHH B AMHAMUKE INPOBOJMINCH HM3MEPEHHs YPOBHS OWIMpYOWMHAa B JKemdu
METOJIOM CHEKTPOCKONHMH KOMOMHAIIMOHHOTO paccesHus. [IpeyioKeHbl JHarHOCTHYECKHE IapaMeTphl
OIIpe/IeICHUsI TSHDKECTH NEYEHOYHONW HEOCTATOUHOCTH M OLIEHKH 3(QEKTUBHOCTH aHTErpaIHBIX SHA0OUINApHBIX
JEKOMIIPECCHOHHBIX BMEIIATEIBCTB.

OngarM w3 aKTyaJbHBIX BOIPOCOB YPTEeHTHON XHPYPTHU SIBIIACTCS OIEHKAa (PYHKIIHMOHAIHEHOTO
COCTOSTHHSI TIEUEHH Ha Pas3iIMYHBIX JTalax JIeUeHHs CHHApoMa MexaHuwdeckoi xentyxu (MX) c
MOMOIIBIO TPOCTHIX U OOBEKTHBHBIX MeTOMUK. [lepBocTeneHHON 3amadyell B JIEYEHUH MAIlMEHTOB C
3a0o0eBaHMsAMY, OCIHOKHEHHBIMH MK, SBiIsleTcs HIEeKOMIIPEeCCHsl JKETYEBHIBOSIICH CHCTEMBL
BrimonHeHNe MUHAMAThbHO WHBA3WBHBIX BMEIIATEIBCTB CO3[ACT IOCTYN B TKAaHU TEYEHHU, depe3
KOTOPBI MPH YCTaHOBKE IPEHAKHBIX CHCTEM MOKHO OJTHOKPATHO MPOBECTH ONTHYECKYIO OHOIICHIO
MEYEHOYHON MapeHXUMbI, U B MOCIEAYIOUIEM B JWHAMHUKE BBINOJIHATH MCCIEIOBaHHE KENMYM Kak
HETIOCPEICTBEHHOTO MPOAYKTa CEKPEINY TeaTOUTOB. B paboTe BEIOpaHbI METOABI (IIyOpECIIEHTHON
cnekrpockonuu (DC), obnanaromeii BHICOKOW YyBCTBUTESILHOCTBIO K META0OIMUYSCKUM U3MEHCHHSIM
B TKaHsix [1], a Taxke crekTpockonuu komOuHaiionHoro paccesHus (KP), mpemocrapisroreit
WH(POPMAITUIO 0 XUMAYECKOM COCTaBe OMOIIOTHUIECKUX TKaHeH U )KHUIKOCTew [2].

Lenp pa®oTHI 3aKiTFOYaNach B MCCIEAOBAHUY BIUSHUS CTENICHH NMEYEHOYHOW HEIOCTATOYHOCTH Ha
ONTHYECKUE CBOMCTBA NICUCHOYHOU MapeHXUMBI in vivo MeTofoM PC U ONTHYECKUE CBOWCTBA KEITUU
in vitro metonoMm KP. B uccnenoBanuu npussuiu yuactue 20 manueHToB ¢ cuaapomom MK, a Takxke
11 marmmentoB 6e3 MX (rpymma cpaBaenus). [locieansist rpymmna maMeHToB ObLTa UCCIIE0BaHA paHee
B XOJIC BBIMOJIHCHUS TOHKOUTOJIBHON OHMOIICHMHM O4aroBbiX oOpa3zoBanuii meuenu [1]. Cnekrper ®C
PETUCTPUPOBATIUCH Y€pe3 TOHKOUTONBHBIN 30HJ U MOJABEPralucCh JEKOHBOJIOIMOHHOMY aHAJU3y C
OLIGHKOM BKJIaJla OCHOBHBIX ()1yopoopoB. Y mepBOH Tpynmbl MalMEHTOB ¢ cuHApoMoM MXK B
JTUHAMUKeE (Kakapie 3-4 IHs) MPOBOAMIICS 3a00p JKET4H IO APECHAKHOMY KaTeTepy JJIs UCCIIeOBAHNUS
cnektpoB KP. B cnekrpax KP mociie moctoOpaboTky aHAJIM3UPOBAIUCH CHEKTpalibHble T00ckl KP,
XapakTepHsbIe U1 omupyouna (12581264 em™ n 1615-1620 em™).

Pesynprarer ®C mokazany CTaTUCTUYECKH 3HAYMMOE YBEIWYESHHE BKJIAJa KPUBBIX, OTPAXKAFOIINX
¢dnyopecnennuto NAD(P)H, ounupyouna, giaBuHoB 1 BuTaMuHa A B rpyriie namuerToB ¢ MK, Dtu
napamMeTpbl MOTYT OBITh UCIIOJIL30BAHBI IS JalbHEHIINX MCCIEIOBaHUI B KAYECTBE MEPCHEKTHBHBIX
JMUATHOCTHYECKUX W IPOTHOCTHYECKUX MApKEPOB Pa3BUTHS TIEUEHOYHOW HEJNOCTATOYHOCTH. Takxke
OBLIO TIOKA3aHO, YTO ONpe/IeieHue H3MEHEHHI KOHIIEHTPAIMK OMIMPYOrHA B KEIUH, BBIACITSEMOI 110
JIPEHaXHOMY KaTeTepy, MO CHeKTpalbHbIM monocam KP mo3BosisieT MpOorHO3MpoBaTh AMHAMUKY
BEI3ZIOPOBIICHHS TIAIIMEHTOB ¢ cUHApoMoM MK mocne mpoBeleHHsI aHTErpagHON JEKOMIIPECCHH
JKETYEBBIBOISIINX ITYTEH.

IIpoBeneHHbIE HCCIEOBAaHUA TOKAa3alM, YTO ONTHYECKas CIEKTPOCKOMHS OTKPHIBAET IIMPOKHE
BO3MOXXKHOCTU JJIs1 OLEHKH (DYHKUUHU TeYeHU y OOonbHBIX ¢ cuHapomMoM MIK. PesymbraTtel paboTbl
MOTYT OBITb HCHOJNB30BaHbl B KIMHUYECKOW MPAKTHUKE XUPYProB AJsl KOPPEKTHPOBKH JIEUEOHBIX
aJITrOPUTMOB.

BaarogapuHocTn
HccrnenoBanue BBINOJIHEHO NpW MOAJepkKe rpaHTta Poccuiickoro Haywunoro ¢onma Ne 23-25-
00487, https://rscf.ru/project/23-25-00487/.

CcbLIKH

1. V. Dremin, E. Potapova, E. Zherebtsov, K. Kandurova, V. Shupletsov, A. Alekseyev, A. Mamoshin,
and A. Dunaev, Sci. Rep., 2020, 10, 14200.
2. K. Kong, C. Kendall, N. Stone, and I. Notingher, Adv. Drug Deliv. Rev.,2015, 89, 121-134.
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BO3MOKHOCTH OITHYECKOI'O A YJIbTPA3BYKOBOI'O METOJOB
B PAHHEU OLHEHKE DO®EKTUBHOCTU HEOAJIBIOBAHTHOU XUMHUOTEPAIINU
Y BOJIbHBIX PAKOM MOJIOYHOM KEJE3bI

M.B. Hasuos', A.II. BaBanaz, B.A. HnexaHOB3, I'.10. FO.J'lyﬁHTHI/IKOB3 , AT OmeBa3,
I1.B. Cy6oues’, I.B. Typunn’ u A.B. MacieHHUKOBa

'TBY3 HO «Hmxeropoackmii 001acTHON KIIMHUYECKUH OHKOJIOTHUECKHUH muctiancepy, Hikamit Horopon,
Poccus, pavlov.med88@gmail.com
2 ®I'BOY BO «IIpuBOMIKCKUI HcClleN0BaTEIbCKUI MEAUIIMHCKHUM YHUBepcuTeT» MuHn3apasa Poccun,
Hwxnunit Hoeropon, Poccust
*®I'BHY OUIL] WucturyTt npukinagHoi ¢msuku uM. A.B. anonosa-I'pexoBa Poccuiickoii akageMunt HayK»,
Hwuxnnit Hosropon, Poceust

AnHoranusi. CoBpeMeHHBIEC TIOJXO/IBI K JICUYCHHUIO PaKa MOJIOYHOH JKeJIe3bl MPEINOoaratoT OIICHKY He TOJIBKO
CTPYKTYPHBIX, HO M METa0OJMYECKNX HM3MEHEHHH OITyXOJH B IIPOIecce HEOaIbIOBAHTHOW XWMHOTEpPAIHH
(HAXT). B nHameM uccriefoBaHW{ Ui OLEHKH AWHAMHUKH OKCHTCHAIMH OITyXOJH OBLI MCIIONB30BaH METON
onTHIeckoi nup¢y3HOH CHEKTPOCKOIHI; s OLCHKH AHHAMHKH 00beMa M BaCKyJISPHU3aLUH - YIBTPAa3BYKOBOE
uccnenoBanue. Mamepenus npoBogwnuchk A0 Hadana HAXT, a takke mepes BTOpbIM KypcoM. M3meHeHus
OKCHUI'CHalluH, BaCKyJ'IHpI/BaHI/II/I nu O6L6Ma OHyXOﬂH COITOCTAaBJIAJIN C HaTOMOp(I)OHOFI/I‘-IeCKI/IM OTBCTOM OHyXOﬂH
I10CJIC OHepaTI/IBHOI‘O JICUCHU. Z[J'IH OLCHKH Hpe[[I/IKTI/IBHOFO 3HAYCHHUSA OAHHBIX napaMeTpOB 6])1.1'[ HUCIIOJIB30BaH
METO HOCTpOCHI/Iﬂ JIOTUCTUYCCKHUX MOﬂCHCﬁ. PaHHee N3MCHCHUC ypOBH}I OKCHUI'CHAlIUUn OHyXOHI/I MOJ'IO‘IHOI71
JKeNle3bl  0Ka3aJioch HAaWOOJee TOYHBIM KpHUTEpUEM, OTpakaromuM 3((EKTUBHOCTh HEOAIbIOBAHTHOMN
XIUMHOTEPAITHH.

HeoanwroBantHas xumuorepamus (HAXT) paka MOmOYHON Jkele3bl IO3BOJMSET OLECHUTH
YyBCTBUTEIBHOCTh OMYXOJIU K CHCTEMHOMY JICUEHUIO, a TAKXKE CIUNIAHUPOBATH aIbIOBAHTHYIO TEPAIUIO
u nocnenymwoiee HaOmonaeHue [1]. C 1enbio pa3palbOTKU TMPEAUKTHBHBIX KPUTCPUEB OTBETA paka
MOJIOYHOM kesie3bl Ha HAXT MBI OIICHUIN paHHUE M3MEHEHHUS KPOBOCHAOKEHHS M 00beMa OIyXOJH
METOJIOM yJIbTpa3BykoBoro wuccienoBanusa(Y3U), a Takke HW3MEHEHUS OKCHUTCHAIUU OIYXOJH
MmetoaoM nuddysHoit ontrdeckolt criektpockonuu (OC).

MaTepI/IaJIbI H METO/bI

B ananu3 O6pum BkITto4ueHs! 103 marpieHTKH ¢ THCTONOTHYECKH MOATBEPKISHHBIM PAKOM MOJIOYHOMN
senessl 1 u I cragum, koTopbiM Ha TiepBoM dTare JedeHust Obi1a HazHaueHa HAXT. Oxcurenarus
OITyXOJIM ONpeAessiach HAa YCTaHOBKE ONTHUYECKOW AN y3MOHHON CIIEKTPOCKOMHNH C TeoMeTpHei
ckanupoBanus «Ha npocser» (UI1® PAH, r.Hwkuuit Hosropoa, Poccust). O6beM 1 BacKyJsipu3anus
OIYXOJIH OIpPENEISUTUCh YIBTPa3BYKOBBIM METOAOM. M3MepeHusl NMpOBOIWINCH IEpen NMEPBBIM H
BrOphiM Kypcamu HAXT. 3atemM mosiyueHHbIEC JaHHBIE COMOCTABIISIIUCH C MATOMOP(OIIOTHUYSCKUM
OTBETOM OITyXOJIM TIOCJTI€ OMNEPATUBHOTO Jie4eHUs. J[JIs OLEHKH MPOrHOCTHYECKOTO IOTEeHIIHaIa
NOJYYEHHBIX JaHHBIX OBLI HCHOJNB30BAaH METOJA MOCTPOCHUSI PErpecCHOHHBIX JIOTMCTHYECKHX
MOJETEH.

PesyabTarsl

Mgl HaOmoanu W3MEHEHHs BCEeX TpeX MapaMeTpoB 4Yepe3 3 HeAeNnH IOocClie Hadana JedeHHs.
OnHaKo BBICOKHMM MPOTHOCTUYECKHA MOTEHIIWAT JJIsl paHHEH OIIEHKH YyBCTBHTEIHHOCTH OITyXOIH K
HAXT mnpoaemMoHCTpHpoBai TOJBKO ypoBeHb okcureHammu (p = 0,802, p < 0,01). Jloructuueckas
MOJIeIh TIO3BOJIMIIA TIpefcKa3aTh peakiuio omyxomun Ha HAXT ¢ Beicokoit ToyHOCTBIO (89,3%).
Mopenu, TocTpOoeHHBIE Ha OCHOBAaHHWHU JIAHHBIX O JWHAMHUKE BAaCKYJSpHU3alUd U 00beMa OMyXOiH, He
MOKa3aJM BBICOKOW TOYHOCTHM B MpEJICKa3aHUM OTCYTCTBHS OTBeTa omyxonu Ha jedenue (60,9% u
58,7% COOTBETCTBEHHO), B TO BpPeMsS KaK NMPOTHO3HPOBAHUE IOJIOKHUTEIILHOTO OTBETA HA JICUCHHE
ObLI0 oTHOCHTENBHO Jryutie (78,9% u 75,4% COOTBETCTBEHHO).

BriBoabI

OIC okazamace HaJIeKHBIM HMHCTPYMEHTOM [Jisi paHHEro IPOTHO3MPOBAHMSA OTBETA paka
MOJIOYHOH keJe3bl Ha XUMUOTEPAITUI0. DTO MOXKET MOMOYb BBISIBUTH OOJNBHBIX, KOTOPBIM HEOOXOIUMO
JIOTIOJTHATENBHOE MOJIEKYJIIPHO-TEHETUYECKOE HMCCIEIOBAaHUE OIYXOJIM C LENbI0 MOMCKAa MCTOYHHUKA
PE3UCTEHTHOCTH K JICUEHUIO, a TAKXKe JIIsI KOPPEKIIUN CXEMBI JIeUEHHSI.

1. J. Gunther, E. Lim, H. Kim, M. Flexman, M. Altoé, J. Campbell, H. Hibshoosh, K. Crew, K. Kalinsky,
D. Hershman, and A. Hielscher, Radiology, 2018, 287(3), 778-86.

13


mailto:pavlov.med88@gmail.com

HoBble areHTbl 4NA A0CTAaBKU
NeKapCTBEeHHbIX CPeaAcCTB U TePaAHOCTUKMU

Novel agents for drug delivery
and theranostics



COBPEMEHHbBIE TPEHAbI B BUOPOTOHUKE — 2023
WORKSHOP ON CURRENT TRENDS IN BIOPHOTONICS - 2023

MULTIMODAL CONTRAST AGENTS:
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Abstract. Imaging of Normal/Pathological tissue interfaces is a challenge of modern biophotonics. A
solution of such type of tasks is connected with the multimodal contrast agent applications. Multimodality means
an ability to provide contrast at different type of clinical imaging methods, for example, MRI, ultrasound,
optoacoustic and fluorescent visualization. A different type of contrast agents as well as preparation techniques
are considered. Multimodal imaging is demonstrated in vitro and in vivo.

At present time, photonic tools are used in preclinical and clinical studies. Pulse oximeters, OCT,
fluorescent intraoperative imaging have been already applied in routine clinical practices. Whereas,
fluorescent visualization is exploited for pharmacokinetics and pharmacodynamics during preclinical
studies. A significant disadvantage of fluorescent approach is requirement of the exogenic contrast
agent using, for example ICG that has been already improved for preclinical as well as clinical
applications. Endogenous chromophores have a very good perspective for optoacoustics based
imaging methods. Optoacoustics (Photoacoustics) is based on absorption of pulse laser irradiation by
exogenic and endogenic chromophores, and transfer this type of energy to heat, that leads to
thermoelastic expansion, and as results ultrasound wave generation. Undoubtedly advantage of
optoacoustic approach is higher tissue penetration depth in comparison with pure optical methods.
Penetration depth for optoacoustics is comparable with acoustics methods saving resolution in order of
magnitude for conventional optics-based methods. It is extremely important for molecular specific
based visualization using endogenous chromophore and non-chromophore absorbers such as, oxy- and
deoxyhemoglobins, bilirubin, lipids, collagen, water. For instance, higher vascularization and lower
oxygen hemoglobin saturation are considered as cancer maker. It has been already utilized for breast
cancer screening [1]. Significant disadvantage of fluorescent and optoacoustic visualization is low
penetration depth to the biological tissue up to some millimeters. MRI does not have such type of
disadvantage, but high cost of device and necessity of narcosis for children limits availability of this
method. In connection with the above, the development of multimodal contrast agents is an extremely
important task. There are some trends of modern biophotonics: 1) combination of OA and US
imaging; 2) combination of OA with fluorescent imaging [2]; 3) transfer to mid-IR [3]; 4) preparation
of multimodal contrast agents that can be provided the contrast by some clinical methods including
optoacoustics, fluorescence, MRI, US etc. [2,4,5]; 5) preparation of calibration grids allowed the quick
evaluation of OA devices [6]; 5) using minimally invasive otoacoustics [7,8]; 6) optical clearing
approach [9]. In report will be presented the results of in vivo optoacoustic applications and besides
both optoacoustic mesoscopy and tomography. Moreover, techniques for preparation of multimodal
contrast agents will be considered [2]. Particular attention will be devoted to the implementation of
near and mid-IR for OA microscopy and endoscopy and the prospects for its application for in vitro
and in vivo studies, for example, for the analysis of histological sections, as well as for determining
the type of atherosclerotic plaques, respectively.
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AnHorammsi. Cpeny HCIONB3YeMBIX Ha CETOINHAIIHMN JeHb OE3MapKepHBIX METOJOB JICTEKIHHU
MEXMOJIEKYJIAPHBIX B3aUMOJCHCTBUII OXHMM W3 HanOoiiee NEePCIEKTUBHBIX SBIAETCS METOJ BBICOKOTOYHOM
MHOTOIIapaMeTPHUYECKON NETEKINH ¢ MCIOIb30BaHUEM ITOBEPXHOCTHBIX BOJH (I1B) B onHOMEpHBIX (YOTOHHBIX
kpuctamax (O®K). Ha ocmoe [IB B O®K Takxke CymecTBylOT OHOCEHCOPHI, OCYIIECTBIIIONINE
MYJIBTHIUICKCHYIO IEeTEKLIIO C UCIIONB30BAaHUEM JABYMEPHOTO IPOCTPAHCTBEHHOT'O Pa3pelleHUs Ha IIOBEPXHOCTH
O®K. OpHuM U3 cHOCOOOB MOBBINICHUS YYBCTBUTEIBHOCTH TAaKUX METONOB SBIISETCS MOIUDHKAIMS
yyBcTBUTENbHOTO ciiog O®K. Panee Hamu Obu1 paspaboraH moaxon K cozgaHuio 3D-TOKPHITHH Ha OCHOBE
JIEKCTPAHOB C Pa3IMYHBIMH AKTHBHBIMH TIpyNIamMy (ajbIETUAHBIMH, KapOOKCH-, SMOKCHUIHBIMH) M pa3HOMN
MOJIEKYJISIPHOH Maccod, IO3BOJISIIOMINI CBSI3bIBATh JIMTAHABI U BBICOKOA((EKTHBHONW COpOLMH MabIX
OuoMoNneKynn M X mnocienyomeil nerexiun ¢ nomompio [IB ODK Ouocencopa B peanbHOM BpemeHH. Jliis
JOCTHKEHUsI YJIbTpa 4YyBCTBUTEIBHOCTH HamM pa3paborana Momudukarms mnoepxHoctd ODPK Ha ocHoBe
JCHIPUMEPOB MONWAMHUIOAMUHA, ITO3BOJSIONIAs JCTCKTHPOBAaTh B3aMMOJCHCTBHE HH3KMX KOHLICHTpPALU
KOMIIJIEMEHTapHBIX OJIMTOHYKJICOTHI0B Ha oBepxHOCTH ODK B pearsHOM BpeMeHH.

JleTekuss MEXMOJICKYISIPHBIX B3aUMOJICHCTBUM B O€3MapKEpPHOM ONTHYESCKOM OHOCEHCOpE
NPOMCXOAUT Ha 4YYyBCTBUTENbHOW moBepxHocTH O®K, rme kpucramn mpeacraBiser coOoi
HCKYCCTBEHHO CO3/aHHYI0 MHOTOCJIOWHYIO MEPUOIUYECKYI0 CTPYKTYpY, B KOTOPOH BO3MOXKHO
yhpaBiisieMoe BO30YKIECHHE MOBEPXHOCTHBIX ONTHUYECKUX MOJ BJIOJIb YyBCTBUTEIBHON MOBEPXHOCTH.
YysctButensHast noBepxHocTh O®K mpexacraBnseTr coOol OKCHA KpPEeMHHS W CO3AaHUE HAa €ro
MIOBEPXHOCTH PAa3BUTON CTPYKTYpHl AJSl YBEIMYECHHS COPOLMOHHONW EMKOCTH BIEUET 3a CcoOOH
YBEIMYCHHE YYBCTBUTENbHOCTH MeToAa. B Hacrosmmuii mMomeHT O®K npumeHsioTcs Kak B
OMoceHcopax € OAHOBPEMEHHOW perucTpanueii oObeMHOTO MOKa3aTellsl MpeJOMIICHHS pacTBOpa B
peanbHOM BpeMeHH 0e3 Mcronb3oBaHus KioBeThl cpaBHeHus (EVA 2.0, www.pcbiosensors.com), Tak
1 B OmoceHcopax ¢ MynbTHIDIeKCHOU nmerekiueit (EVA 3.0, www.pcbiosensors.com.). YBenmueHue
YyBCTBUTEIILHOCTH METOJa SIBIISIETCS BaXKHOHM 3ajadel st oOoux TUMOB OMoceHcopoB. Panee Hamu
ObuTla MccieqoBaHa METOAMKA MOJU(HKAIMU YyBCTBUTENbHOW moBepxHocTH O®K Ha ocHOBe
MOJIMCAaXapuI0B JEKCTPaHa C BBEAEHHBIMU B €0 COCTaB aKTHBHBIMU IpyHmamMu (KapOOHMIBHBIMHU,
SMOKCHIHBIMA ® T.0) C co3nanueM 3D-matpuner [1]. Takke paHee Obuta peamuzoBaHa
MYJBTHIUIEKCHAsI JI€TEKIUsI B3aMMOJEWCTBUS AHTUTECH-aHTUTEIO OJHOBPEMEHHO B 384-X TOoukax c
Mogudukanueil moepxuoctu ODK (3-aMUTIPONMIT)TPUITOKCUCHIIAHAMH M TIYTAPOBBIM aJlbJICTHIOM
[2].

Jns pajauKaiabHOTO yBEITHUYCHHS YyBCTBUTEIBLHOCTH MeTo/la OWOCceHCHHTa Oblia pa3paboTaHa
Mogudukanust mosepxHoctn ODK penapuMepaMu monuaMuaoamMuHa 4 TOKOJICHHS, TO3BOJIMBILAS
JOCTHYL YJNbTpPa YYyBCTBHTEJBHOCTH JaKe JJsl JETEKUHMH B3aHUMOJACHCTBHS OOBEKTOB Majoi
MOJIEKYJISIPHOH MacChl, TAKUX KaK KaK OJMTOHYKJICOTHUIHBIE 30HbI. [loyuennble Takum obpazom 3D-
CTpyKTyphl Ha ioBepxHOcTH ODK obecreunny yBelnueHrue cOpOIIMOHHOM CITOCOOHOCTH OoJiee YyeM B
10 pa3 o cpaBHEHHIO ¢ IaHapHOW moBepxHOCThI0 DK, a Tarke Oonee yem B 5-6 pa3 1o CpaBHEHHUIO
¢ 3D-cTtpykTypamMu Ha OCHOBE J€KCTpaHa C akTHBHbIMH rpynnamu [3]. Takag Meroauka
MOTU(UKAINU YyBCTBUTENbHOI moBepxHOocTH ODK MOXKeT OBITh MCHONB30BaHA B JalbHEWUIIEM st
MYJBTHUIUIEKCHON JETEKIMH KOMIUIEMEHTAPHBIX OJUTOHYKJIEOTHAHBIX MHIIEHEH B peallbHOM
BPEMEHH.
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Abstract. Medical imaging has improved diagnosis and treatment of diseases, providing non-invasive ways
to visualize and assess the internal structures of the human body. Contrast agents enhance images and diagnostic
accuracy. Indocyanine Green (ICG) is a widely used contrast agent due to its excellent biocompatibility and
unique optical properties but has limited clinical use due to low stability. ICG J-aggregates (IJA) have emerged
as a promising alternative to conventional ICG, owing to their strong optical properties and enhanced stability.
Here we explore the optical properties and potential applications of IJA as bimodal contrast agents for in optical
and photoacoustic imaging.

Optical characteristics study of [IJA

The main feature of the IJA is strong and narrow absorption spectrum in the near-infrared (NIR)
region, with a peak at 890 nm. This spectral profile is particularly attractive for biomedical imaging
applications as it falls into the NIR therapeutic window where biological tissues exhibit minimal
absorption and scattering. [JA was prepared by heat treatment of ICG aqueous solution [1]. The
process was controlled by spectroscopic measurements. High absorbance allows usage as contrast
agent in optoacoustic imaging. Optoacoustic imaging is a non-invasive imaging technique that
combines the high spatial resolution of ultrasound with the high contrast of optical imaging. The
strong absorbance of IJA in the NIR region makes them an ideal contrast agent for this imaging
modality. Introducing IJA to the previously demonstrated composite bimodal contrast agents [2] can
increase the contrast and functionality of such agents. The combination of spectral, optoacoustic, and
stability features makes IJA a highly promising material for bimodal contrast agents in
biovisualisation.
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Figure 1. Absorbance spectra comparison for ICG and IJA solutions at the same concentration (a). Image of the
1JA solution (b). Optoacoustic signals of ICG and IJA aqueous solutions (c).
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AnHoranus. [lokazaHa MepCHEKTHBHOCTh HCIIONB30BaHUSA KpeMHHEeBbIX HaHodactull (KHY), momydaembrx
METOJIOM JIa3epHOM aONAIMM B JKUAKOCTSAX, B KAa4deCTBE AarcHTOB JUIA KOHTPACTHPOBAHHSA CTPYKTYPHBIX
HEOJHOPOAHOCTEH METONOM ONTHYECKOH KOTEpEeHTHOH ToMmorpaduu Ha mpuMmepe BHEIpeHHS B (aHTOM
arapoBoro rems. YuciIeHHOE MOJECIMPOBAaHME M OKCIEPUMEHT C (aHTOMOM MOKa3aid BO3MOXKHOCTb
ucnonb3oBanuss KHY s hororuneprepmun Takux ormyxosiei, Kak 0a3alnbHO-KIETOYHAS KapLMHOMA YeJIOBeKa.
JexopupoBanue cepedpom moBepxHocT KHY mo3BossieT yBeNMUYUTH TOTIIONICHUE IaJalOIero HU3IyueHHs B
crieKTpaibHOM auanazone BOMM3H 435 uHM. KHY neMOHCTpUPYIOT HU3KYIO TOKCHYHOCTH MPH MEPOPaTHLHOM
BBCACHUN W HAHCCCHUM Ha KOXXHBIC ITOKPOBBI na6opaTopH51x MbImeﬁ, HO TIOBBIIIAIOT YPOBEHBL CTpECCa
JKHUBOTHBIX.

Kpemuunesie  Hanowactuipt (KHY)  Omaromaps  cBoeld  HU3KOW  TOKCHYHOCTH U
OmMoJerpapyeMOCTH YCIIEITHO HCITONIB3YIOTCS B PA3IUMIHBIX OMOMENIUITMHCKUX MTpriokeHusX [1,2].

B Hacrosmei paboTe MPOBOAMUTCS UCCIIEAOBAHUE BOBMOKHOCTEH HCIIONB30BaHUS B OMO(POTOHUKE
KHY, chopmupoBanHbix MeTogoM GemrocekyHaHol (1250 uMm, 150 ¢c) u nukocekynnnoi (1064 HwM,
34 1ic) nazepHOU aONSAUM MOHOKPHCTAUTMYECKUX WM TIOPHCTHIX MHIICHEW KPEMHHUS B Pa3IMIHBIX
JKUJIKOCTSX: BOJIE, STAHOJIE, )KUJKOM a30T€ W BOAHO-3TAHOJILHOM pacTBOpE C HUTpaToMm cepebpa. B
MOCJIeHEM Cllydae pealn3yeTcsi BO3MOXKHOCTH AekopupoBaHus mnosepxHoctn KHY cepeGpsHbIMU
YaCTHIIAMHU pPa3MepOM HECKOIbKO HaHOMeTpoB (Si/Ag) [3].

B pesymprare abmammu Obmmm  chopmupoBaHbsl B3Becm KHY, cpemuuii pasmep KOTOPBIX
BapbupoBayicss oT 25 1o 120 HM B 3aBHCHMOCTH OT TapaMeTpoB JIa3epPHBIX HMITYJIBCOB (DHEPTUs,
JUTUTENTEHOCTD W YUCIIO0), HCIIOJIBb3YEMbBIX MUILICHEH U OY(EpHBIX KUIKOCTEH.

AHanu3 W3MEPEHHBIX 3HAY€HUM KO3((HUUMEHTOB pACCESHUS U IOTJIOMIECHUS H3TOTOBICHHBIX
B3Beceit KHY mokasan, 4To Takue HaHOCHCTEMBI MPEACTABISAIOT MHTEPEC KaK KOHTPACTHUPYIOIIUE
arcHThl B ONTHUYECKOW KOTEepPEeHTHOW ToMorpaduu. J[aHHOE MPEanojioKEeHUE OBLIO IOIATBEPXKICHO
IKCIEPUMEHTAMH IO KOHTPAaCTHPOBAHHMIO CTPYKTYPHBIX HEOIHOPOAHOCTEH arapoBOTrO Teis C
BHepeHHbiMu KHY.

B pesynbrare MmoaenupoBaHus mpolecca (OTOTUIIEPTEPMHUU TTOKa3aHo, uyTo 1pu BHeApeHnn KHY B
MOJKOXKHYIO 0a3ajIbHO-KJIETOYHYI0 KapLHUHOMY YeJIOBEKa MOKHO MOJ00paTh MapaMeTphl 0OIydeHus
(633 mM, 60-200 ™mBT), obecmeumBaroiyie THUIEPTEPMUIO BCEH OMyXonu Oe3 3HAYUTEIEHOTO
neperpeBa OKpYKarolUX 3/J0POBBIX TKaHEH. JKCIIEPUMEHT IO HarpeBy ()aHTOMa, UMHUTHPYIOIIETO
OTNITUYECKUE CBOIMCTBA KOKH UEJIOBEKA M M3TOTOBJICHHOI'O HA OCHOBE arapoBOTo Telis, JTUMo(QyHIMHA U
KpacHOM TymmM, moarBepawi, uro nobasnenne KHY B ¢anTOM yBenuuumBaeT ero HarpeB HpH
SKBHBAJICHTHBIX YCIOBUAX 00mydenns (660 um, 410 MB1/cM?). JlekopHpoBaHHbIE HAHOUACTHIB Si/Ag
NPEICTABIISIOT UHTEPEC ISl TANbHEHIIeTro NCCIleIOBaHNs B KAYeCTBE areHTOB ISl (DOTOTUTIIEPTEPMHH,
MIOCKOJIBKY BKJIIOUEHMS cepedpa COIJIaCHO aHajJu3y OAaHHBIX CIEKTPO(OTOMETPUH OO0ECIeUrBaAIOT
pe3oHaHcHOe MU-TIOTJIONIEHNE B CHEKTPAJIBHOM JAuana3oHe BOim3u 435 HM M MOTYT YBEJIUYHTh
HarpeB 0e3 yBeNnMueHHs KOHIICHTPAIMK areHTOB 10 Macce.

[IpoBeneH in vivo MOHUTOPHUHT JTUHAMUKHM peakLUH J1adopaTopHBIX Mblmeld Ha BBeneHne KHY c
nomompto Tecta «Open field» («OTkpbiToe TONE»), MO3BOJSIOMIEIO CHENaTh OLEHKU 0OIei
(JTOKOMOTOPHO#) B UCCIIEIOBATEIHCKOW aKTUBHOCTH KUBOTHBIX. [Tokazana Hu3kas Tokcmaaocts KHY
MIPH TIEpOPaAIbHOM BBEJICHWH M HAHECEHHWW Ha KOKHBIE TOKPOBBI, HO TIOBHIIIEHHE YPOBHA CTpecca B
9KCIEPUMEHTANIBHBIX TPYIIaxX MO0 OTHOIIEHUIO K KOHTPOJIBHOM.

Takum o6pazom, OmocoBmectumble KHYU, ¢opmupyemble MeToJOM Jia3epHOW abOnsiuu B
KHUAKOCTSX, IPEJCTABIISIOT HECOMHEHHBIN HHTEPEC JIs PEISHHS 3a/1a4 TEPAHOCTHUKH.

1. M. d'Amora, M. Rodio, G. Sancataldo, et. al., ACS Appl. Bio Mater., 2019, 2(1), 321-329.
2. S.V. Zabotnov, A.V. Skobelkina, E.A. Sergeeva, et al., Sensors, 2020, 20(17), 4874.
3. S.0. Gurbatov, V. Puzikov, E. Modin, et al, Materials, 2022, 15(22), 8091.
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I'KP METKHU C YCHJIEHUEM I10JI51 B 3A30PE:
CHUHTE3 U IPUMEHEHHUE B BUOUMUIPKUHI'E U BUOCEHCHHI'E

B.H. Xi1e0nos

WHCTUTYT OMOXUMUY U (PU3HOJIOTHH PACTCHUN U MUKPOOPTaHH3MOB,
OUII «Capatosckuii Hayunslit nentp PAH» (MB®PM PAH),
410049, np. DuTY3MacToB, 1. 13, Caparos, Poccus
khlebtsov_b@ibppm.ru

PamanoBckne metkm ¢ ycuinenneM mois B 3a3ope (GERTS) — 3To HOBBIN Kitacc 30HIOB IS
CIIEKTPOCKONMH THUTAHTCKOTO KOMOWHAIIMOHHOTO PAaCCESHWs, KOTOpPBIe HAIUIA MHOTOOOEIIAOIe
MPUMCHCHUS B AaHAJUTHYCCKOW XUMUU U OuoMMUKUHTE. M3-3a BHYTpPEHHEH JOKaIu3alluu
PaMaHOBCKMX pEMOPTEPHBIX MOJICKYJ OHHM 3alllUIICHBI OT HEXKENAaTeAbHONH BHEIIHEH Cpepl,
arperanMyd 49acTHWIl M JEMOHCTPUPYIOT cBepxBbicokmii curHan ['KP, oOycioBneHHBIN ycuieHHeM
3JIEKTPOMArHUTHBIX TMOJIeH B 3a30paX BHYTPU METALUIMYECKHX CTPYKTYP BHJA sIp0o-000s10uKa. Mbl
00cyX/aeM HeIaBHHI MPOrPecc B CUHTE3€E, HCCICAOBAHUH ONTHYECKHX CBOMCTB U OMOMEAUIIMHCKHX
MIPIIIOKEHUSAX HOBBIX cepruecku-cHMMeTpUIHBIX W aHm30TpomHBIX GERTs. Ocoboe BHMManume
yAETSETCS MCIIOIb30BaHNI0 HAHOYACTHI] B KaYeCTBE METOK JUII MMMYHOAHAIIN3a | JIsi PamMaHOBCKOTO
OMOMMM/)KWHTa PAKOBBIX KIIETOK U TKaHEH.

Pabora BemonaeHa nipu purancoBoit momaepxke PH® (rpant Ne 23-24-00062).
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OPTOACOUSTIC ANGIOGRAPHY AND DIFFUSE OPTICALSPECTROSCOPY
FOR EXPERIMENTAL ONCOLOGY

A.G. Orloval, K.G. Akhmedzhanoval, AA. Kurnikovl, A.M. Glyavinal’z, D.A. Khochenkov’ s
Yu.A. Khochenkovas, A.V. Maslennikoval’2’4, D.V. Skamnitskys, A.V. Khilov', V.V. Perekatova',
LV. Turchin', P.V. Subochev'

' A.V. Gaponov-Grekhov Institute of Applied Physics of RAS, Nizhny Novgorod, Russia, anna@jipfran.ru
*N.I. Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
* N.N. Blokhin National Medical Research Center of Oncology, Moscow, Russia
* Privolzhsky Medical Research University, Nizhny Novgorod, Russia
3 Nizhny Novgorod Regional Oncology Hospital, Nizhny Novgorod

Abstract. In this work using complementary optoacoustic imaging and diffuse optical spectroscopy we
compared the characteristics of the vascular network of different experimental tumors and assess vascular
reaction radiation therapy. Raster-scan OA system with 532 nm laser and wideband PVDF detector and fiber-
optic based DOS system in a reflectance geometry were used. Differences in the vessel fraction, hemoglobin
content and oxygenation level of tumor xenografts of different morphogenesis are revealed. Modifications of
vascular structure and blood oxygen saturation level were demonstrated in response to a single-dose irradiation.

The study of tumor angiogenesis and oxygen state is important for understanding the role of
circulatory system in the mechanism of neoplasm growth and its reaction to therapy [1]. In this work
using complementary optoacoustic (OA) imaging and diffuse optical spectroscopy (DOS) we
compared the characteristics of the vascular network of different experimental tumors and assess
vascular reaction radiation therapy. Hybrid methods of OA imaging [2] enable label-free optical-
contrast angiography at optical penetration depths with ultrasonic resolution. DOS is based on
detection of the multiply scattered diffuse component of light that has passed through a layer of
biological tissue and reconstruction of concentration main tissue chromophores such as oxy- and
deoxyhemoglobin [3].

For OA we used raster-scan system with pulsed laser (532 nm; 1 ns; 2 kHz) and wideband PVDF
detector providing less than 50 pum lateral spatial resolution. For DOS we used the fiber-optic based
system in a reflectance geometry with a broadband LED source of light irradiation and a spectrometer
as a detector. The comparison of vascularity was performed on tumor models of human renal cell
carcinoma SN-12C and human colon carcinoma HCT-116 and Colo320. OA and DOS study were
carried out then the tumor averaged volume reached 700 mm’. Investigation of tumor reaction to
irradiation was performed on murine colon carcinoma CT26 before and every 1-3 days after radiation
therapy (single doses of 6, 12, 18 Gy).

OA revealed the highest values of vessel size and fraction for Colo320. DOS showed increased
content of deoxyhemoglobin that led to reduction of saturation level for Colo320 as compared to other
tumors [4]. Experiments evaluating the response of a tumor to irradiation showed a decrease in density
and an increase in fragmentation of small vessels, while for large vessels a reverse reaction was
revealed. The duration of the vascular response increases with increasing radiation dose, while
radiation-induced reoxygenation was detected only at a high radiation dose and occurs despite
incomplete recovery of vascular damage [5].

The possibilities of combination of methods of OA and DOS for in vivo analysis of vessels
structure and oxygenation of experimental tumors have been demonstrated. This combination may be
used for identifying the features of blood vessel structure and their influence on oxygenation of
different tumors as well as for monitoring vascular response to treatment.

Acknowledgements: The study is supported by the Russian Science Foundation (No 21-15-
00032).
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IMPLEMENTATION OF DIFFUSE REFLECTANCE, OPTOACOUSTIC
AND FLUORESCENCE SPECTROSCOPY FOR ENDOGENOUS
CHROMOPHORES MONITORING

S.A. Perkov, V.A. Vorobev, M.A. Kurochkin, D.A. Gorin

Skolkovo Institute of Science and Technology, Moscow, Russia

Abstract. Nowadays there is a demand for development of accurate and noninvasive techniques for
endogenous chromophores monitoring. In particular, such techniques are required for optimization of the
treatment of neonatal jaundice, edema and hemangioma. In this work we present an overview of the
implementation of Diffuse Reflectance, Optoacoustic and Fluorescence Spectroscopy for endogenous
chromophores monitoring in the case of the above mentioned diseases.

Currently plenty of treatment techniques require optimization based on the knowledge of the
current state of the disease, which can be provided by the endogenous chromophores monitoring. For
example, in the neonatal jaundice, it is bilirubin; in hematoma — oxyhemoglobin, deoxyhemoglobin
and bilirubin; in hemangioma — oxyhemoglobin and deoxyhemoglobin, and in edema — water. In this
work we have implemented optoacoustic technique and diffuse reflectance spectroscopy for edema
monitoring, fluorescence and optoacoustic spectroscopy for monitoring of neonatal jaundice and
diffuse reflectance spectroscopy for hemangioma monitoring.

We have developed multilayered edema phantoms with different water concentration and used
optoacoustic spectroscopy in the wavelength range from 1370 nm to 1650 nm [1]. Moreover, we have
used diffuse reflectance spectroscopy in the wavelength range from 1300 nm to 2300 nm to capture
skin reflectance spectra more than of 50 volunteers and also track changes in skin water content during
physical exercises.

We implemented fluorescence and optoacoustic spectroscopy for bilirubin monitoring in the
hematoma and jaundiced skin phantoms during phototherapy to provide calibration curves, which
allow to calculate bilirubin concentration in phantom based on the obtained signals. The phantoms
were both based on liquid samples, and on gelatin. We have also demonstrated the abilities of
optoacoustic technique to detect bilirubin in depth. Phototherapy of the phantoms was performed using
custom made LED-setup with central wavelength of 460 nm. For optoacoustic measurements were
performed using pulsed laser with the emission wavelength of 470 nm, repetition rate of 1kHz, and
pulse duration 3-5 ns. Fluorescence measurements were performed on the spectrophotometer Tecan
Infinite Nano+ with the excitation wavelength of 464 nm and emission wavelength of 532 nm [2-3].

Also, a hyperspectral imaging of hemangioma was used to provide quantitative assessment of the
current state of the disease. The custom made prototype had LEDs of 8 different wavelengths (470 nm,
495 nm, 520 nm, 630 nm, 660 nm, 800 nm, 850 nm, 880 nm). After obtaining a hypercube of the
region of interest, we used spectral unmixing algorithms to reconstruct the chromophores distribution
maps. Based on those maps, we have found a quantitative parameter, that allowed to quantitatively
assess the evolution of hemangioma, and demonstrated good correlation with the clinical results.

In general, the described methods allow non-invasive continuous monitoring of endogenous
chromophores in the human skin for various biomedical applications.
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INPUMEHEHME IIOPTATUBHBIX AHAJIM3ATOPOB
MUKPOIUPKYJISATOPHO-TKAHEBBIX CUCTEM OPI'AHU3MA YEJIOBEKA
B MOHUTOPHUHI'E CHA

10.1. JlokTtnonosa', E.B. JKapkux', B.E. Ilapmaxosa',
B.B. Cunopos’, A.H. Kpynarkun®, A.B. lynaes'

'"HTLI 6uomemuimuckoii potorukn OI'Y um. H.C. Typrenesa, Opén, Poccus, julya-loktionova@mail.ru
2000 HIIII «JIABMA», Mocksa, Poccus
*®I'BY HMUI] TpaBmaTonoruu u opronenuu um. H.H. IIpuoposa, Mocksa, Poccus

AHHoTanusi. B pabore mpencraBieHBl NEpPBUYHBIE  PE3yAbTAaThl  UIUTENBHOIO  MOHHTOPHHTA
MHUKPOLUPKYJISITOPHO-TKAaHEBBIX CHCTEM OpraHW3Ma delIOBEKa BO BPEMs CHa C IIOMOINBIO MOPTATHBHBIX
MYJIBTUMOJAIBHBIX aHAIN3aTOPOB MUKPOLMPKYJISIIINY KPOBU U OKUCIUTEIFHOTO METa00In3Ma TKaHeH.

BBeaenne

HecmoTps Ha akTHBHOE M3Y4YEHUE OPTaHU3Ma YeJIOBEKa BO BpeMs CHA, MAJI0 BHUMAHUS YAEISEeTCs
MUKPOLHMPKYJSATOpHO-TKaHeBbIM cuctemMam (MTC), obecneunBaiomyM JOCTaBKy KHCIOpoJa |
NUTATCIbHBIX BCEHUIECCTB K KIICTKaM OMOJIOrHYECKON TKaHU W YTUIN3alul0 IMPOAYKTOB HX
JKuzHeAesTenbHocTH. Co3aHue MyJIbTUMOMAIBHBIX MOPTATUBHBIX YCTPOcTB «JIASMA-IID» (000
HIIIT «JIASMAY) ans aHanm3a MUKPOLUUPKYJISAIMA KPOBA M OKHCIUTEIHFHOTO MeTa0oIM3Ma TKaHeH
[1] mo3BONMIO pacmMpUTh chepbl MPUMEHEHHSI ONTUYECKAX METOJ0B TUarHOCTHKH cocTtossHust MTC.
Ienpto nmaHHOW pabOTHI SBWIOCH M3ydeHHE BO3MOXKHOCTEH umTenpHOro mMomutopuara MTC Bo
BpEMsI CHA C IIOMOILBIO0 HOBBIX HOCHMBIX YCTPOICTB.

MaTepI/IaJIbI H METO/bI

VYerpoiictBa «JIASMA-TII®y 3akpermisuirch CHMMETPUYHO CIIpaBa W ClieBa Ha THUIBHBIX CTOPOHAX
3amsicTuid. M3MepeHus IpoBOAMIINCH HA JBYX YCJIOBHO-3JJOPOBBIX J0OpOBONBIAX (AeBYIKH 23 U 26
net) Bo Bpems HouHoro cHa ¢ 00:00 mo 7:00 4 HenpephIBHO B TeUeHUE 6-7 4acoB (BpeMs U3MEPEHUN
3aBHUCEJIO OT PA3PAAKH aKKyMyJSTOPOB YCTpoWCTB). sl aHanmm3a mapameTpoB mepHQepHuecKOro
KpPOBOTOKa (METOIOM JIa3epPHOHW JOMNIIICPOBCKON (IIOYMETpHH) M OKHCIHMTEIBLHOTO MeTabomu3ma
TKaHel (MeTomoM (IIyOpecUeHTHOW CHEeKTPOCKONWH) MOJy4YeHHbIE 3amucd pasaesuiuch Ha 10-
MHUHYTHbIE (DparMeHThl, A7 KaKIOr0 MNPOBOAWINCH pacyeTsl cpegHeld mnepdy3un KpOBOTOKA,
aMIUTUTY KoJeOaHWH KPOBOTOKA, XapaKTepU3YIOLIMX  aKTUBHOCTb  MEXaHHW3MOB DEryJISALUH
MHMKPOUMPKYJIALUH KPOBU, HYyTPUTHUBHOTO (Myyyrp) ¥ IIyHTOBOTO (M,yy,r) KDOBOTOKA, @ TAKXKE CPEIHEH
HOPMHMPOBAaHHOH aMIUIUTYAbl WHTEHCHUBHOCTH (PIIyOpEeCLECHLUUH OHOMapKepa OKUCIUTEIHHOTO
MeTtabomm3ma - kopepmenra NADH (Anapn)-

Pe3y.]'ll>TaTBI HCCJICA0BAaHUA

VY 1-oro BononTépa cootHomeHHe My, U My, Haxoaunock B nponopuuu 1 x 1. Torma xak y 2-
Oro BOJIOHTEPA 3TH TOKa3aTeld aKTUBHO M3MEHSAJINCH B TEUEHHE BCEH JUIMTEIHLHOCTH MOHHUTOPHHTA.
CTOMT OTMETHTB, Y4TO y 2-0r0 BOJIOHTEPA B yTPEHHHE Yachl HAOII0AJIOCh YMEHbIIEHHE BKIaAa My,
B OOLIYIO TKaHEBYIO Nep(y3UI0 OJHOBPEMEHHO C YMEHBIIEHHEM aMIUINTYA MUOTEHHBIX OCLMIUIISILUMI.
Bmecre ¢ Tem, K yTpy oTMedascsi pocT AnapH, CBHJETENBCTBYIOMUN O CHIPKEHUH OKHCIUTENBHOTO
Metabonu3ma. IlpeaBapurtenbHble pe3yabTaThl COOTHOCATCS C paHEee IOJyY€HHBIMH JaHHBIMH O
KOHCTPHKLNH KPYNHBIX NTepuepruIeckux cocy1oB Bo BpeMs (a3 ObicTporo cHa [2].

Takum 00pa3oM, MOTyYEHHBIE PE3YJIbTAThl IOKA3hIBAIOT BOZMOYKHOCTh IPUMEHEHHS MTOPTATUBHBIX
YCTPOMCTB Ui JuinTenbHOro MoHuTOprHra MTC ¢ 1enpio ucciaeToBaHus MEXaHW3MOB PETyIISIUU
OMOTKaHW BO BpeMs CHA, YTO TIIO3BOJUT IHOJYYUTh YHHUKAJIbHYI0 WH(POPMALMUIO O BIHSIHUU
paccTpoiicTB cHa Ha ¢pyHKUIMOHANBbHOE cocTosiHne MTC opranusma yenoBeka.

BaarogapHocTu. VMccnenoBanue BbINOAHEHO Npu noanepxke PH® B pamkax HaydyHOro mpoekTa
Ne 23-25-00522.
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FINDING ALIEN OBJECTS IN BLOOD: PHOTOACOUSTIC
AND FLUORESCENT TECHNIQUES FOR IN VIVO CYTOMETRY
D.N. Bratashov

Saratov State University, Saratov, Russia,
dn2010@gmail.com

Abstract. Two systems have been developed to measure in vivo cytometry of ultra rare objects in the
bloodstream. The photoacoustic flow cytometry instrument allows the detection of circulating melanoma cells in
a completely non-invasive way. It has been tested in cell culture injected and induced grafted melanoma mouse
models. The lightsheet in vivo cytometry instrument allows for monitoring and magnetic retrieval of foreign
objects from the blood stream passing through an external flow cell that connects two large blood vessels.

Two different in vivo cytometry devices have been developed to access ultra-rare populations of
circulating tumor cells and targeted drug delivery systems directly into the bloodstream. The first is a
photoacoustic flow cytometry system that works directly with the patient's large blood vessels. It
measures the photoacoustic response from a small volume inside the vessel, limited by a focused
PVDF acoustic sensor. The difference between a linear photoacoustic signal from blood cells and a
non-linear signal from melanin grains provides the main detection scheme for this device. This can be
done completely non-invasively and has been confirmed in mice with injected cultured cells and
induced transplanted melanoma. For human patients, the problem is still how to deliver enough laser
light to the depth of large vessels, but not exceed the density of light at the level of the skin.

Another in vivo cytometry device is based on light sheet detection scheme initially developed in
SPIM-Fluid open source project. It was supplemented with a large cross-section flow cell connected to
two capillaries that could be fed cell suspension by a syringe pump or connected directly to the
bloodstream of a relatively large animal such as a rat. The blood velocity inside the large vessels is
sufficient to ensure the flow in the cell even without additional pumping. The magnetic separator
ensures the extraction of magnetic and magnetically-functionalized objects from the flow.

It allows the measurement of fluorescent objects in a blood stream and is currently used mainly to
test the behavior of polyelectrolyte microcapsules in a blood vessel. This allows you to detect
microcapsules aggregation and other unwanted behavior, access the efficiency of magnetic separation
from the bloodstream, and perform other tests to find out how artificial objects behave in the flow. It
also allows the extraction of magnetically labeled objects from the blood of animals after several
cycles of circulation with the blood stream. Thereafter, various effects on biocompatible entities in
whole blood (adsorption of additional protein corona, digestion of biodegradable materials by
enzymes) can be analyzed using conventional in vitro microscopy such as AFM or SEM.
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METABOJIMYECKHA UMUI)KAHT OITYXOJIEM HA OCHOBE
ABTO®JYOPECHEHIIMN KO®AKTOPA HA/I(®)H

M.B. IllupmanoBa, A./l. Komaposa, /I.B. IOxkakoBa, U.H. [Ipy:xkoBa, A.M. Mo:kepoBs,
J.A. CauxoBa, H.. UruaToBa, E.B. 3araiinosa, K.C. fIlmun, B.WU. lllecaaBckuii

IIpuBomxckuii ucciie0BaTENbCKUI MEAUIIMHCKUM YHUBepcuTeT, T. Hmkuauit Hosropon, Poccus,
shirmanovam(@mail.ru

AnHoranusi. @myopecueHTHBIH Bpems-pasperteHHsiii  ummmkuar  (FLIM) kodakropa HA(D)H
TPECTaBIsIeT co00if COBpEMEHHBIM HEWHBAa3WBHBIH METOJl OIICHKH KJIETOYHOrO MerabommiMa. MeTabomimsm
OIyXOJIEH ABISAETCA MPEIMETOM AaKTUBHBIX HCCIENOBAaHHMH, MOCKOIBKY €ro HEPECTPOMKH HMEIOT KIOYEBOE
3HaYeHHWE JUI1 KaHIEeporeHe3a. B gpokmajge npencTaBlIeHBl pe3ynbTaThl HCCIENOBAHUM, IOCBSILIEHHBIX
npumeHennto FLIM HAJI(®)H B u3ydyenun Merabonm3ma OmyXoJeBBIX KIETOK B MOJENSAX in Vitro, in vivo u
obpasiax TkaHed mnanueHTtoB. [IpomemMoHcTpupoBanbsl Bo3MoxHocTH FLIM ans mpeHTHHKanuu OTINYMI
OITyXO0JIei 1 HOpMaJIbHBIX TKaHE 1 MOHUTOPHUHTA 3P (PEKTUBHOCTH ITPOTUBOOITYX0JIEBOH XUMHOTEPAITHH.

Ontuueckass BU3yanu3alus MeTabOJMYECKOrO COCTOSHHS KIETOK M TKaHeH OCHOBaHA Ha
perucrpauuu  aBTodiryopecueHuin KodaktopoB u3 kiaccoB mumpunuHos (HAJH u HAJI®H,
cymmapHo obo3znadaemble kak HAJ|(®)H) u dnaBunoB (DAl 1 ®MH), yuacTByromux B KadecTBe
MIEPEHOCUYMKOB AJIEKTPOHOB B Pa3IMYHBIX OMOXMMHUYECKHX IMpOIeccax, U MPEXe BCETO B KIETOYHON
omnosHepreruke. Cpenn MeTabondecknx KopakTOpoB B OmyXosix Hanboiee npeacrasned HA JI(D)H.
HAJI(®)H npucytcTByeT B KiIeTKe B IBYX (popmax: cBoOoaHOM (~0.4 HC), KOTOpast aCCOIMUPOBAHA C
TJTUKONIM30M, M CBsi3aHHOH ¢ Oenkxamu (~1.7-3.0 HC), acCOUMMPOBAHHOH C MHUTOXOHIPUAILHBIM
JIbIxanueM. JIoCTOMHCTBAMH ONTHYECKOTO METab0JIMIEeCKOT0 UMHUIKIHTA SBISIOTCS HEUHBA3HUBHOCTD,
BO3MOXHOCTb TIPOBEICHUSI HCCIICIOBAaHMSA HA JKHUBBIX KIETKax O€3 NPUMEHEHHS 3K30I'€HHBIX
Kpacurenei, ObIcTpoe monydenrne nHGopManuu 0 MeTaboIMIecKOM CTaTyce.

[IpenmeroM HamMX WCCIEOOBAHUM SBISETCS MeETabOJNM3M OIYXOJEBBIX KIETOK. BaKHbIMU
0COOEHHOCTSMU METa0O0JIM3Ma OIYXOJEBBIX KIJIETOK SIBIISIIOTCS IOBBIIMIEHHAass WHTEHCUBHOCTh
TJIAKOJIN3a JiaXe B NPUCYTCTBHU JOCTaTOYHOTO cojepxaHus kuciopona (3ddexr BapOypra),
MeTabonnyeckas MIaCTUYHOCTh, BHYTPU- U MEXOITyX0JIeBasi TeTeporeHHocTs [1, 2].

B cBoumx paboTrax Ha KIETOYHBIX MOJENSAX in Vitro, OMyXONsAX MBINEH in vivo
MOCIICOTIePAIIMOHHBIX 00pa3ax TKaHeH MareHToB Mbl oneHmH Bo3MoxHOCTH FLIM HAJI(®)H ms
TG PepeHINPOBaHNsl OMyXO0Jiel OT HOPMaJbHOM TKaHW W OIGHKA OTBETa HAa XHWMHOTEPAITHIO.
Hanpumep, ObIIO MOKa3aHO, YTO € TMOMOIIBIO KOH(OKaIbHOTO MakpouMumkuara FLIM moxkHO
OTIMYATh TJIIMOMBI OT OEJIOro BEIeCTBa MO3ra, YTO MOXKET CTaTh OCHOBOW JUIS HOBBIX HOAXOIOB B
guarHoctuke [3]. YcTaHOBIEHBI XapakTepHble M3MEHEHHMS B MeTaOonu3Me INpH JIEHCTBUU
XUMHUOTIPETIapaToOB Pa3NUYHON mpHpojbl. [lokazaHo, YTO OTBET OMYXOJIEBHIX KIETOK Ha TEparuio
COIIPOBOK/AAETCS TEPEeKIIoueHHeM MeTaboiau3Ma Ha 0ojiee OKHCIUTEIbHBIH, 4YTO IPOSBISIETCS
yBeNM4YeHneM BKiana cBs3aHHOM dopmber HAJI(D)H [4]. Peructparus MeTaboNM4ecKnx M3MEHEHUI
IpU JEHUCTBUM JIEKApCTBEHHBIX IpenaparoB ¢ mnomompsio FLIM-Mukpockonuu B KIETKax,
BBIJICJICHHBIX U3 OIMyXOJel MallMeHTOB, MOXKET CTaTh MOJE3HBIM WHCTPYMEHTOM WHAWBUAYaTHLHOTO
nonoopa nedeHus [5].

Pabora nmognepxuBaercst rpantoM PH® Ne 22-64-00057. Astopsl 6narogapuasl M.M. JIykuHOH,
JI.b. Cromnogot#t, C.Jl. CuntomkuHoi, A.B. 30ciMoBOii 1 Apyrum ydacTHUKaM JaHHOM paboTHI.

1. M. Shirmanova, et al., Chapter 3 in "Multimodal optical diagnostics of cancer", Springer, 2020, 133-
155, ISBN 978-3-030-44594-2

E. Shirshin et al. PNAS, 2022, 119 (9), e2118241119

M. Lukina et al. Frontiers in Oncology, 11,2021, 1781

M. Lukina et al. Cytometry Part A. 2019;95(1):47-55.

D. Yuzhakova et al. Pharmaceuticals 2023, 16, 796
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ENHANCER LANDSCAPE VISUALIZATION IN LIVE-CELL FLUORESCENCE
MICROSCOPY USING GENETICALLY ENCODED EPIGENETIC PROBES

Z.V. Besedovskaia, L.V. Putlyaeva and K.A. Lukyanov

Skolkovo Institute of Science and Technology, Moscow, Russia, zlata.besedovskaia@skoltech.ru

Abstract. Live cells utilize specific histone modifications reader domains (HMRDs) to recognize and
interact with histone modifications. In 2019, Prof. Terskikh introduced Microscopic Imaging of Epigenetic
Landscapes (MIEL) for analyzing single-cell epigenetic changes. It involves staining cells with antibodies for
specific modifications, followed by machine learning-based image analysis. We present LiveMIEL, an adapted
version for live cells. LiveMIEL uses genetically encoded epigenetic probes, relying on HMRD specificity
instead of antibodies. This enables dynamic epigenetic landscape visualization including active enhancer
regions. These low-toxicity probes have diverse applications in drug development, cancer and aging research,
and fundamental studies.

Histone post-translational modifications have a profound impact on chromatin structure and
function [1]. These modifications are recognized by specific histone modifications reader domains
(HMRDs) that are mainly parts of large multiprotein complexes [2]. Understanding the role of these
chromatin modifications in genome organization and their response to cellular events remains a major
challenge.

In 2019, Professor Terskikh and colleagues introduced a novel method for high-throughput analysis
of epigenetic changes at the single-cell level [3]. This method, known as Microscopic Imaging of
Epigenetic Landscapes (MIEL), involves staining fixed cells with antibodies specific to selected
histone modifications, followed by image analysis using machine learning to classify and compare
epigenetic patterns or landscapes. The applicability of MIEL in detecting epigenetic changes during
cell differentiation and drug treatment has been demonstrated.

We present genetically encoded epigenetic probes (GEEPs) for MIEL adaptation for live-cell
fluorescence microscopy. Instead of relying on antibodies, LiveMIEL utilizes the natural specificity of
HMRDs towards specific modifications, enabling the visualization and of dynamic epigenetic
landscapes (Fig.1). These probes exhibit low toxicity and are suitable for various cell types. They are
applicable to multiple research tasks, i.e., drug development, cancer research, and fundamental studies.

Our specific focus is on enhancers, regulatory elements actively interacting with promoters to
control gene expression. Enhancers can exert regulatory functions regardless of their position,
orientation, or spatial distance. Active enhancers are marked by the H3K4mel and H3K27ac
modifications, while poised enhancers are enriched with the H3K27me3 repression mark that needs to
be removed before enhancer activation [4]. We leverage these features to develop GEEPs for the
visualization of enhancers.

Fig. 1: Fluorescent patterns representing H3K4me1 epigenetic landscapes in HEK 293T cells

Acknowledgements. This work was partially supported by the Russian Science Foundation grant
22-14-00141.
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SARS-COV-2 M-PROTEIN: INTRACELLULAR MATURATION
AND LOCALIZATION ANALYSIS USING FLUORESCENCE MICROSCOPY

A.Yu. Korobov, Z.V. Besedovskaia, L.V. Putlyaeva, K.A. Lukyanov

Skolkovo Institute of Science and Technology, Moscow, Russia, Artemii.Korobov(@skoltech.ru

Abstract. Structural SARS-CoV-2 M-protein was visualized in living cells. For that a system of coiled coils
heterodimers was used. The M-protein maturation mechanism was also considered and the expression timings in
the early stages was determined. Colocalization was determined with exocytic pathway markers at the later
stages of expression. At the late stages of expression, the M-protein colocalizes with the Golgi apparatus marker.

The COVID-19 pandemic caused by SARS-CoV-2 had a severe impact on the entire global
community. During the virus life cycle four structural proteins are translated from +RNA: spike (S),
nucleocapsid (N), membrane (M), and envelope (E). We considered the trafficking of the M-protein,
providing the virion scaffold creation [1,2].

In this study, a genetically encoded protein labeling system using short a-helices (K/E coils, KEC)
was used to visualize the trafficking of the M-protein. In such systems, proteins carry artificial a-
helices that tend to heterodimerize. Thus, the protein of interest is visualized by binding to the
fluorescent protein through interactions between complementary helices [3]. We aimed to visualize the
spatiotemporal trafficking of the M-protein in the early and late stages of maturation. The M-protein
was coexpressed with marker proteins of early and late maturation pathways: rough endoplasmic
reticulum (OSER), ER and Golgi intermediate compartment (ERGIC), Golgi apparatus (GalT),
lysosomes, and autophagosomes. Compartments were labeled with green fluorescent proteins.

The K4V a-helix is positively charged while the complementary a-helix E4V is negatively
charged, enabling dimerization. To study the colocalization of the M-protein with cellular
compartments, a plasmid with two transcription units was used: the M-protein under the inducible
promoter linked to the K4V a-helix and a fluorescent protein under the constitutive promoter linked to
the E4V a-helix. The red fluorescent protein is expressed after transfection taking several hours to
mature. The M-protein is expressed only after induction and binds to the fluorescent protein when the
a-helices interact.

The image analysis showed partial colocalization of M-protein with the Golgi apparatus marker, as
well as partial colocalization with the rough ER marker OSER-mAvVicFP at the early, and lysosomal
marker at the late stages of maturation as mentioned in the study by Ghosh S. ef al [4] (Fig. 1).

A) M-protemn with KEC B) GalT - maAvicFPI C) Merged

5h

Fig. 1. Fluorescent images of HeLa Kyoto cells after 5 hours of M-protein maturation. A) Transmembrane
lysosomal protein LAMP1 labeled with green fluorescent protein mNeonGreen. B) SARS-CoV-2 M-protein
labeled with mScarlet red fluorescent protein. C) Merged images A and B.

Bibliography

1. Lu S. et al. The SARS-CoV-2 nucleocapsid phosphoprotein forms mutually exclusive condensates with
RNA and the membrane-associated M protein //Nature communications. — 2021. — T. 12. — Ne. 1. - C. 1-15.

2. Putlyaeva, L. V., & Lukyanov, K. A. (2021). Studying SARS-CoV-2 with Fluorescence Microscopy.
International journal of molecular sciences, 22(12), 6558.

3. Perfilov M. M. et al. Highly photostable fluorescent labeling of proteins in live cells using exchangeable
coiled coils heterodimerization //Cellular and Molecular Life Sciences. — 2020. — T. 77. — Ne. 21. — C. 4429-
4440.

4. Ghosh S. et al. B-Coronaviruses use lysosomes for egress instead of the biosynthetic secretory pathway //
Cell. Elsevier, 2020. T. 183, No 6. C. 1520-1535.

28


mailto:Artemii.Korobov@skoltech.ru

COBPEMEHHbBIE TPEHAbI B BUOPOTOHUKE — 2023
WORKSHOP ON CURRENT TRENDS IN BIOPHOTONICS - 2023

YMHAS BU3YAJIN3AIAA MUKPOCTPYKTYPBI BUOJIOTHUECKUX TKAHEM:
YJIBTPA®HUOJIETOBASA ®JIIOOPECIHEHTHAS MUKPOCKOIIUA
B KABUHETE XUPYPI'A

AJL fl)aﬁ:sy.mmnl, I'.M. I[elmcem(ol, SI.M. Baauesa', E.W. UBanoBa', C.E. CosioBbeBa’,
I1.C. Tumanies'

"®I'AOY BO Ilepssiit MI'MY um. .M. CeueroBa Munsapasa Poccun (CeueHoBckuit yHuBepcuTeT), MOCKBa,
Poccus, fayzullin_a l@staff.sechenov.ru
*®I'BHY PHI[X um. akaz. b.B. ITetpoBckoro, Mocksa, Poccus

AHHOTauusi. MUKPOCKONIHS C TOBEPXHOCTHBIM BO30OyxkaeHunem yabrpaduonerom (MUSE) mozBomser
BU3YaJIM3UPOBAaTh MHUKPOCTPYKTYPY HOBEPXHOCTH OHOJIOTMYECKHX TKaHEH, COM3MEpHUMYI0 IO TIIyOMHE C
TOJIIMHOW T'HCTOJIOTMYECKOTO IpenapaTta. TeXHONOrHs MO3BOJIET HPOBOIMUTH OBICTPYIO MOP(OJIOrHYECKYIO
IUAarHOCTUKY OWOJNIOTMYECKMX TKaHEH C BBICOKOH TOYHOCTBIO M 0€3 HEeoOXOIMMOCTH NPOBEICHUS
JOTIOJTHUTENBHBIX MPOLENYp MOATOTOBKH 00pasnia. MBI CO3[any OpHIHHAJBHBIA aganTep Il MHKPOCKONa U
Pa3BUIIN TEXHOJIOTHIO OKPACKH OIEPALMOHHBIX 00Pa3I0B, YTO IO3BOJIMIIO HaM C BEICOKOH TOUYHOCTBIO Pa3iensiTh
PETHOHbI JTUM(POUTHON U OIyXO0JeBOH TKaHel B JIMM(aTHYECKHUX y3Jlax MalMeHTOB, MPOMICANINX ONEPaIuH T10
yIaJIeHHIO onyXxosn. Pa3paboTka HOBBIX TeXHHYECKHX perieHuil B oonactu MUSE no3BosMT KOHCTpYHpOBATh
YCTaHOBKH JJIi MTHOBEHHOM BU3yaJIU3allud MUKPOCTPYKTYPhI TKAHEH B YCIOBHUAX XUPYPIrUUECKUX OTICJICHUN, a
TaK)ke OTKPOET HOBBIE BO3MOKHOCTH JUIsl BHEJPEHUSI KOMIIBIOTEPHOT'O 3pSHUSI.

AKTyaJbHOCTH

Busyanuzanus OuMOJIOrMyeckux TKaHEH SIBJSIETCSl ObICTPO pa3BHBAOLICHCS OONACThIO HA CTBIKE
GU3MKY, XUMUA U MEIULMHBL. XOTS HCIOJIb30BaHME yJbTpaduosieTa sl OLEHKH OMOJIOTMYEeCKHX
CTPYKTYp HE SBJSIETCS HOBBIM TIOJXOJIOM, MpPHUMEHEHHE (IIIOOPECIICHTHONH MHKPOCKOIUH B
NPAaKTUYECKOW MEIUIMHE OrPAaHMYCHO CIOXHOCTBIO OOpaOOTKH IOMyYaeMbIX pPE3YIbTaToB.
MukpocKoIisi ¢ TIOBEPXHOCTHBIM BO30yxkaeHneM yinbrpaduonerom (MUSE) mo3BomnseT mpoBoanuTh
OBICTpBIH (BpeMs OT 3a00pa Marepuala 10 BH3yalIH3allMH 3aHUMaeT 3-5 MUHYT) MOP(]OIOrHYecKuit
aHaNM3 TKaHel manueHTa 0e3 BBIpe3Ku W MpoOomoaroToBku. Metoa obecrieunBaeT WHPOPMATHBHYIO
OLIEHKY MHKPOCTPYKTYpPBI Ha KJIETOUHOM M TKAaHEBOH YPOBHSX.

MeToabl

®parMeHTbl OMONTATOB JUM(pATHUSCKUX Y3JIOB C MOAO3PSHHEM Ha HAJIWYME METACTa30B ObLIH
OoKpamieHbl HuIbCKMM KpacHBIM H pacTBOpoM Xéxcra. Bo30yxkaeHHWE TKaHEH MPOBOIMIOCH
CBETOJIMOJIAMH C JUTHHOW BOJBI 265 HM. Busyanu3zamus npoBouinack Ha Mukpockore Carl Zeiss Axio
Scope Al. ®a00peclEeHTHbIE MUKPOCKONMYECKHE H300paKCHUS OIICHUBAIUCH JIBYMS OIBITHBIMH
MATOJIOTOAHATOMAaMH, KOTOPBIE OTIHCATIH MOP(OIOTHIECKHE MTATTEPHBI METACTA30B.

Pe3yabTarbl

Jlumbonnnas tkanp Ha MUSE mnpexcraBisiza co0oi IJIOTHO YMaKOBaHHBIE OBajibHbIE XEXCT-
TIO3UTUBHBIE SIJIpa KIIETOK, MEX]Ty OOJIBIIMMH I'PYMIIaMHA KOTOPHIX OMPEACISIINCh, TOHKHE MPOCIOHKI
CTPOMAIIEHOM TKaHH, COJleprKalleld KIETKH ¢ IpeoliajaHueM TO3WTHBHOW Ha Huibckuil KpacHBIH
muToria3Mbl.  TKaHb METacTa3oB MPEJACTaBIsula ce0si XAaOTHYHO OpPHUEHTHPOBAaHHBIE KaBEpHBI,
BBICTJIAHHBIE KPYITHBIMH KJIETKaMHU C TPeoOialaHieM [UTOIUIA3MbI, a TAKXKE YYacTKH COJIMHOTO
pacrloiokKeHus IaHHbIX KIeTOK. OIeHKa OTHOCHUTENBHOM IUIOMAIM M JIOKAIW3alud METacTa3oB
COBIIaJaJIa ¢ MOJIy4yaeMoi pH U3y4eHUH MUKpodoTorpaduii THCTOIOTHYECKUX NPENaparToB.

3aKkiIo4yeHne

JaHHbIE pe3ynbTaThl MO3BOJISIT CYIIECTBEHHO pPACIIMPUTh BO3MOXHOCTH TPAAULIMOHHOTO
MaTOMOP(OJIOTHYECKOTO  MCCIECNOBAaHUS, CO3[aB  MOIIHBIH  WHCTPYMEHT JUIsl  PYTHHHOM
MHUKPOCKOTTMIECKON AuarHoCTUKH. CTOWT TakXKe 3aMETHTh, YTO CKOPOCTh W BBICOKAs CTEIEHBb
nuarHoctudeckoi 1eaHoctn MUSE HemocTmwkuMa i TPAAWIIIOHHOTO TATOMOPQOIOTHIECKOTO
WCCJICJIOBAHUS IO MPUYMHE MHOTOATAITHOCTH MPOOOIMOITOTOBKH, KOTOpas NMPHUBOAUT K ajbTepalliu
00pas3I1oB U pUCKy 00pa3oBaHus apTe(aKTOB, 3aTPYTHAIONINX JUATHOCTHKY.

BaarogapHocTn

HccnenoBanue BBINOJIHEHO NpW MOAJEpkKe rpaHTta Poccuiickoro Haywunoro ¢onma Ne 22-15-
00467, https://rscf.ru/project/22-15-00467/ .
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KOPPEJISIIAS MUKPOBSI3KOCTH KJIETOYHOM MEMBPAHbBI
M J)KECTKOCTH HUTOCKEJIETHOI'O KOPTEKCA
O JAHHBIM ®J1YOPECHIEHTHOM BPEMSI-PA3PEIIEHHOM U ATOMHO-CHJIOBOM
MUKPOCKOITUH

10.M. Edpemo’, JI.E. Illumonuna’, A.M. Mozkepos’, H.U. Uruatosa’, M.K. Kynmopa®,
M.B. Illupmanosa’, .M. 3ypuna', I1.C. Tumamies'

! Wuctutyt pereneparuBHoi meaunussl, [lepseiit MI'MY um. U.M. CeuenoBa Munsnpasa Poccun
(CeuenoBckuii yausepcuret), Mocksa, Poccus, efremov_yu m@staff.sechenov.ru
*HUM D0 u BMT [TUMY Munsapasa Poccuu, Huxxnuit Hosropon, Poccus
’ Wmnepckuit komnenx Jlongona, Benuko6purtanus, JIonnoxn

Annoranusi. Kierounass MmemOpaHa NpeACTaBiseT COOOW CIIOKHBIA KOMITO3UTHBIH Martepual, YbM CBOMCTBa
00YCIIOBJICHBI TMHAMHYECKHM B3aMMOJICHCTBHEM MEXJY JIMITHIHBIM OWCIOEM, MEMOpaHHBIMU OElKaMH, a TaKxke
MOMEMOpaHHBIM IMTOCKEIETHBIM KOpPTEKCOM. B maHHOW paboTe, ¢ MOMOIIBIO (DIyOpEeCIEHTHOTO MOJEKYIISIPHOTO
poropa BODIPY 2 u ¢umyopecrieHTHONH MuKpockommy BpemeHH >km3HM FLIM, a Takke aTOMHO-CHIIOBOI
MHKPOCKOIHNH, Obla 0OHapy keHa IpsAMasi KOPPEILSIL MEXIy MUKPOBSI3KOCTBIO MEMOPaH M ’KECTKOCTBIO KOPTEKCa.
JlaHHbIe IJ1s1 CpaBHEHMSI CBOMCTB OBLTH ITOJTyYeHBI Ha IIATH JIMHISX KOJIOPEKTAIFHOTO paka ¢ Pa3HON MUTPAIlMOHHOM
CTTOCOOHOCTBIO M YETHIPEX XUMHOPE3UCTEHTHBIX JTMHMSIX. OOHapyKEeHHas KOPPEILLHS TOMOXKET B MOZIEITUPOBAHUI
OMOMEeXaHUKH KJIETOK ¥ OyZeT oJie3Ha JUIsl pa3pabdOTKH HOBBIX TMarHOCTHYECKUX MOIXO0B B OHKOJIOTHH.

Krnerounass MeMOpaHa TMpenCTaBisieT COOOW CIIOKHBIM KOMIUIEKC U3 OCJIKOB M JIMIIUIOB,
obecrieynBalONINid [EMOCTHOCTh KJIETKH U PEryIUpYIOUIHA MHOXKECTBO BaKHBIX IPOIECCOB
B3aUMOJICUCTBHS KIJIETKH C OKpY’Karoueld cpeoid. B To e BpeMs C TOYKH 3pEHHUS COBPEMEHHOM
KJIETOUHOH OMOMEXaHMKH KJIETOYHAs MeMOpaHa SBJISICTCS KOMIIO3UTHBIM MAaTepuanoM, B KOTOPOM
JUHAMHUYECKas! CBSI3b MEXKIYy JIMIUAHBIM OHMCIOEM U TOAMEMOpPAHHBIM ITUTOCKENIETHBIM KOPTEKCOM
ompeesIieT MEXaHHUECKHE CBOWCTBA TAKOTO KOMIIO3UTAa. MeXaHW4eCKHe CBOMCTBA Kak Ha ypOBHE
MeMOpaHbl, TaK M Ha ypPOBHE KOPTEKCAa WIPAIOT BAXHYIO PONb B (DYHKIMOHMPOBAHHM KIIETKH,
CUTHAJIM3UPYIOT O PA3IMYHBIX MATOJOTHAX, B TOM YHCIE O IMPEBpAIleHWH HOPMAIbHON KIETKH B
pakoByro. OpHaKO, B3aUMOCBSI3b MEXKAY MEXaHUKOW MeMOpaHbl (MHKpPOBS3KOCTh) W KOpTEKca
(Mogmyne FOHra, BI3KOYNPYrocTh) 10 HACTOSIILETO BPEMEHH OCTAaeTC HEU3Y4EHHOH.

Hacrosimast pabota mocBsIeHa pelIeHUIo JaHHOTO BOIIPOCa, JUIsS Yero Ha psifie PaKOBBIX KIETOK
(TISITH TMHUH KOJIOPEKTAILHOTO paka ¢ pa3HOH MHUrparoHHo# criocobHocTeio: HT29, HCT116, Caco-
2, SW480, SW837, a Takxke 4 yCTOHYMBBIX K OKCATUILIATHHY WU S5-QIIyopoypanuty JTUHHIX) ObLTH
UCCIICIOBAHbl KaK MHKPOBSI3KOCTh MEMOpaHbl, TaK M MEXaHWKa LUTOCKEJIETHOTO KOpTEKca.
MUKpOBSI3KOCTh ObllIa HCCIIEI0OBaHA C HCIOJIb30BaHUEM ()IyOPECHEHTHOTO MOJEKYISIPHOTO pOTOpa
BODIPY 2 u ¢uryopecieHTHONH MUKpOCKONMH BpeMeHH kn3Hu FLIM Ha KOH(pOKanbHOM MHUKPOCKOIIE
LSM 880 (Carl Zeiss, I'epmanust). s n3mepenus: moayins FOHra u BA3KOYNPYTUX CBOMCTB KJIETOK
(1uTockenera) ObUIa MPUMEHEHA aTOMHO-cUjI0Bas Mukpockomnus (ACM, mukpockon Bruker Bioscope
Resolve) B pexrmMe CHIOBOrO KapTUPOBAHUS C MATEMAaTHYECKHM aHAJIM30M CHJIOBBIX KPUBBIX.

Kak 111 MUKpOBS3KOCTH MeMOpaHbl, TaK M JJIsI MEXaHWYECKUX IapaMeTpOB KOpTeKca ObLIH
OOHapyKEeHBI Pa3U4usi MEXKIY KICTOYHBIMHU JIMHUSIMA B 3aBUCUMOCTH OT WX MHTPallMOHHON
criocoOHoCcTH. BriepBbie Oblia 0OHApYkeHa TpsiMasi KOPPEISIUS MEXITy MUKPOBSI3KOCTBIO MEMOpaH 1
monyieMm FOHra (KecTKOCThIO) KOpTeKca, a Takke Oosiee ciabast oOpaTHass KOppesiuus C
BSA3KOYIIPYTMM MapaMeTPOM KOPTEKCa, XapaKTEPH3YIOIIMM OJM30CTh MOBEACHUS Marepuaisa K
KHUJIKOCTH.

[lony4yeHHBlE AaHHBIE CBHICTEIBCTBYIOT 00 HHTErpaluu MeMOpaHbl M KOpPTEKCa B EOUHYIO
MEXaHHUYECKYIO CHCTEMY, 1€ CBOMCTBA KaKAOI'O M3 KOMIOHEHTOB MOTYT MOJACTPauBATHCS IPYT MOJ
napyra. XOTs MOJEKYJISIpHbIE MEXaHH3Mbl HaOJIOAaeMbBIX 3aBHCHMOCTEH OCTAIOTCS IOJI BOIPOCOM,
MOYKHO TPEJIIIONIOKUTh CYIIECTBEHHYIO POJIb TPAHCMEMOPaHHBIX OEIIKOB, CBSI3BIBAIOIINX MEMOpaHy U
KOPTEKC, Ybsl IUIOTHOCTh MOJMKET BIMATH U Ha MHKPOBS3KOCTH MEMOpPaHBI, U Ha CTENEHb CIIUBKH
KOPTEKCa U €r0 HKECTKOCTb.

[IpoBeeHHOe wWccieOBaHUE TIPEJICTABISET HOBBIC JAaHHBIE O KICTOYHOM OMOMEXaHHKEe, YTO
MO3BOJIUT pa3paboTaTh HOBBIE Mojenu ais e€ onucaHusd. IlomydeHHBIE AaHHBIE OTKPBIBAIOT
BO3MOXKHOCTD IS IIPEJCKa3aHusl N3MEHEHNH B MUKPOBI3KOCTH MEMOPAHBI 110 JKECTKOCTH KOpPTEKCa U
Ha000pOT, ¥ OYAYT MOJIC3HBI TS Pa3paO0TKH HOBBIX TUATHOCTHIECKUX MOAX00B B OHKOJIOTHH.

baaronapuoctu. PaboTa BeImoiHeHa npy nojjaepkke Poccuiickoro HaydHoro (onma B paMKkax
rpanToB No 23-74-00045 (muxpossizkocth, ACM skcnepumenTtsl) u Ne 21-15-00349 (oOpaboTka
naHHBIX ACM).
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IJIAHUPOBAHUE U MOHUTOPHUHI ®OTOINHAMHUYECKOMN TEPAIITNU
C.B. I'amaonos

I'bY3 HO Huxeropoackuii o6nacTHOM KIMHUYECKUI oHKOOrHueckuii aucmnancep, H. Hosropoa, Poccus,
gamajnovs@mail.ru

AnHoramusi. doTomuMHAMUUECKas Tepamus SABIACTCS OJHHM M3 BBICOKOTCXHOJOTHMYHBIX METOJOB
coBpemenHoit memmuuabl [1]. ®JAT — mHOrodaxkropHBI mporecc. Bee pasHooOpaswe WHAWBHAAYAIbHBIX
KIIMHAKO-MOP(]OIOTHIECKAX TapaMeTpoOB OMyXoyH, OCHOBHBIX KommoHeHTOB DT (cser, ®C, kmcmopon),
tdoronpomykroB peakuunit | u Il Tnuna u OGnomormueckux 3(h(HeKToB (MOBpEXkICHUE KIETOK, COCYAOB OITyXOJIIH,
UMMYHHBIH OTBET) B HACTOSIEE BPeMs MOXKHO KOHTPOJIHPOBaTh [2]. HecMOTpst Ha mporpeccupyolee pa3BUTHE
OT axTyaJbHBIM BOIPOCOM OCTaeTCs ONTUMHU3ALUS TEXHOJIOTHH 10 HECKOJIBKHM HalpaBICHHSAM:
CTaH/apTU3alUus Je4eOHO-JMAarHOCTHYECKUX IIPOTOKOJIOB, pa3paboTka M BHEIPEHHE METOJOB BBISBICHUS
npeaukTopoB orBeta Ha ®JT u panHero KoHTposs 3()(EKTHUBHOCTH JICUEHHS, CO3JaHUE KOJIMYECTBEHHBIX
MHCTPYMEHTOB JIJIsl IUIaHUPOBaHMS, IO3UMETPUU 1 MOHUTOPHHTA IpoTeKaHus poronxuHammyeckoi peakimu [3].

Henpto Hamelr paboThl cTama pa3paboTka MMOAXOAOB A WHIWBUAYaTHM3UPOBAHHOTO
IUTAHUPOBAHUS 1 HEMHBAa3UBHOI'O MOHMTOPHUHTA (POTOAMHAMMYECKOH TEpamuy C LENbI0 00eCTIeYeHuUs
rapaHTuy KadecTBa, 3((QEKTHBHOCTH U 0O€30IIaCHOCTH JIEYeHHs MAanueHToB. B wuccienoBanue
BKJIFOUEHO 753 manueHTa ¢ HeMEeIaHOMHBIMU OIYXOJSIMH KOXH, poxoauBmux jedenue B [bY3 HO
HOKO/I. DxcnepumeHTambHBIE paOOTH MPOBOIMINCH Ha OENBIX OECHOPOTHBIX MBIIIAX CEPUU
BALB/c ¢ nepuBBuHOi1 omyxomnsio CT26.

B pesynbrare paboThL:

1. BBIBNIEHBI KIMHUKO-MOP(OIOTHYECKUE MapaMeTphl OIYXOJIM, OKAa3bIBAIOIIUE 3HAYMMOE
BrusiHEE Ha dpdextuBHOCTE DJ[T. [110CKOKIETOUHBIN BapuaHT paka KOXKH, PEIUINB OMYXOJIH TOocie
NPEECTBYIOIIETO JIEUSHHUs], TONLIMHA OIIyX0Ju Ooee 4 MM U MaKCUMaJbHBIH pa3mep oOpa3oBaHUs
(6onee 51 mm).

2. Tloxazano, uro mapametpsl O/ (pyopecuentHas kontpactHocTh — @K u ¢oToBBITOpaHHE —
®B), paccuuTaHHbIE O MPEIIOKEHHBIM (OPMYJIaM SIBISIOTCS BaXXKHBIMU MPEIUKTOPaMU OTBETa Ha
®JIT. Huzkas ®K u ®B (Hmwke moporomwix 3HaueHuii @Knop = 1.125 u ®@Bnop = 20,35%)
XapaKkTepu3yloTcs ABYKpaTHBIM yBenudeHueM pucka «seyaaum» OUT (s ®K HR [95% CI] 1.935
[1.306-2.869] u ot @B HR [95% CI] 1,867 [1,246-2,797]).

3. M-mode-like onTHueckas KorepeHTHas aHruorpadus sBisercs >PQPEKTHBHOW METOIMKON
KaueCTBEHHOM W KOJWYECTBEHHOW OLEHKH WU3MEHEHUH MHUKPOCOCYAUCTOTO pycla OMNyXOJH U
HOPMaJIbHBIX TKaHeld mociie (OTOOMHAMUYECKOro Bo3aedcTBus. IIpm moporoBoMm 3Ha4YeHUH
COCYIUCTOM IJIOTHOCTU OITyXOJM 4epe3 24 uaca mocie mpouenypsl Oonee 1,4% auarHoctudeckas
TOYHOCTH TPEJCKa3aHUs HEMOJIHOTO OTBETA WIM peluauBa B TeueHue 12 mecsieB coctaBiser 93%
(AUC=0.97).

4. TlopdupazuHoBsie MaKpOLMKINIECKUE COCAMHEHHS COYETaIoT CBOICTBa
(OTOCEHCHOMITN3AaTOPOB W 30HAOB  BHYTPHKJIETOYHOW BS3KOCTH. VI3MEHeHHE MapaMeTpoB
¢duyopecuieHnny  (YBENMYCHHWE BpPEMEHU KH3HH  (IIyOpECHCHIMHM W  yBEIHUYEHHWE BKJIaJa
JOJTOKUBYIIEH KOMIIOHEHTBI) HEMOCPEICTBEHHO B Mpolecce MpoBeaeHHsS (QOTOAMHAMHYECKON
TEpanuy, OTPKAET HM3MEHEHHE BHYTPHKICTOYHOW BSI3KOCTH B ClEJCTBHE (HOTOMHAYIHMPOBAHHOMN
rHOEIN KIIETOK.
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HAHOCTPYKTYPUPOBAHHBIE CEHCUBUJIN3ATOPBI
AKTUBHbBIX ®OPM KHUCJIOPOJA

A.O. Opaoga, T.O. Ockoaxosa, JI.H. bopoguna u E.C. CMmupHoBa

Yuausepcurer U'TMO, Cankr-IletepOypr, Poccus, a.o.orlova@itmo.ru

B pabote npexncraBiens MeToanka GopMupoBaHus U (oTOHU3NIECKHE CBONCTBA CEHCHOMIN3aTOPOB HOBOTO
MOKOJICHHSI Ha OCHOBE MOJIEKYJI TETPAHPPOJIBHOIO Psfa U IOJIYNPOBOJAHUKOBBIX KBAaHTOBBIX TOYEK TPOIHBIX
coenmaeHni. [loka3aHo, 4To pa3paboTaHHBIE HAHOKOMITO3HTHI CIIOCOOHBI K Oosee 3((EeKTHBHOIN TeHeparun
CHHIJIETHOTO KHCJIOPOAAa OTHOCHTEIBEHO CBOOOJHBIX TETPANHMPPOJIBHBIX MOJIEKYNT 3a cueT 3¢ddexTuBHOrO
nepeHoca JHepruu (QOTOBO3OYXKJICHUS B HAHOKOMIIO3HMTaX. I[IpojeMOHCTpPHUPOBAaHO, YTO C(HOPMHUPOBAHHEIE
HAHOKOMITIO3UTHI MPOSIBIISIIOT BBIPAKCHHYIO aHTHOAKTEpHAJIbHYI0O aKTUBHOCTh NPOTHB Oaktepun Bacillussubtilis
MO/ ICHCTBHUEM DIICKTPOMArHUTHOTO M3Ty4EHHS.

®u3nka HAHOCTPYKTYPHUPOBAaHHBIX MaTEpUATOB Ha CErOAHSIIHUN JEeHb SABIAETCS OIHOM W3
HauOoJee AMHAMUYHO Pa3BHUBAIOIINXCS 001acTel COBPEMEHHBIX TEXHUUECKUX HayK. VIHTerpupoBanue
HAHOCTPYKTYp B 00JacTu pa3paboTOK (POTOAKTUBHUPYEMBIX TEPANEBTUYECKIX areHTOB, CIIOCOOHBIX K
reHepalny aKTHUBHBIX (JOpPM KHCIOPOIa, NPUBENIO K IMOSIBICHHUIO 3HAYUTEIBHO Oonee 3(h(eKTHBHBIX
CCHCHOMIM3aTOPOB HOBOTO IOKOJIEHHs, OOJIaarommx OOJbIIMM HOTCHUUAIOM IPUMEHEHMsS IS
Tepanmuy paznUdHbIX 3abonmeBanuil [1]. IlepcrieKTHBHBIM HANpaBICHWEM WCCICIOBAHUN SBISETCS
pa3paboTKa CEHCHOMIN3aTOPOB HA OCHOBE TETPANHUPPOJIBHBIX COSAMHEHHH W TOIYIMPOBOJIHUKOBBIX
KBaHTOBBIX HAHOKPUCTAJJIOB, OOJIAAAIONINX YHHKAJIBHBIMH KBaHTOBO-pa3MEpHBIMH (pU3MIECKUMU
cBoiicTBamH [2].

B paGote paccMmoTpeHbl ycioBusi (hOpMUPOBaHUS U (U3NYCCKHE CBOMCTBA OMOCOBMECTHUMBIX
HAaHOKOMITO3UTOB HA OCHOBE TOJIMMEPHOW MAaTpUIBl W3 XHTO3aHA, THAPO(POOHBIX MOJIEKYI
terpadpernnmopupuna (TDII) u ruapodunerix KBaHTOBBEIX Touek (KT) TpoitHBIX coemmHeHUit
AgInS,/ZnS, 3apekomeHmoBaBmIMX ce0s Kak Oonee Oe30mMacHas albTePHATHBA KIACCHUYECKUM
KBaHTOBBIM HAHOKPHCTAJJIaM Ha OCHOBE XanbKoreHunoB kammus [3]. IIpomemoHcTpupOoBaHO, YTO
WCIIOJIb30BAHUE XUTO3aHA B KAUECTBE MOJIUMEPHOM MATPULIBI ITO3BOJISIET COXpaHUTh MosieKybl TOII B
MOHOMEpPHO# (hopMe B MIMPOKOM JMANa30HE KOHIEHTparuil. AHamu3 (QOTOPU3NIECKUX CBOICTB
HAaHOKOMITO3UTOB TOKa3aJl, YTO B pa3pa0OTaHHBIX HAaHOKOMIIO3UTOB peanusyercs 3(dexkTuBHBIN
0e3bI3TydaTeNlbHbI  MepeHoc 3Hepruu  (poToBo3OyxkaeHuss mo Mmexanusmy®dépcrepa or KT k
MosekynaM TOII. AHanu3 KUHETHKH JIIOMUHECIICHIIMA HaHOKOMITO3UTOB C MCIOJb30BAHHEM BpEMsI-
paspeIIeHHON JTIOMUHECIEHTHOM MMKPOCKOIHMH TOKa3asl, YTO 3(PQPEKTUBHOCTh O€3bI3IydaTeIbHOIO
nepeHoca 3Hepruu pazimyaercs aius HaOmonaembix y KT AgInS,/ZnS HeckombKuX M37MydaTenbHBIX
MIEPEXO/I0B M XOPOILIO KOPPETUPYET C YCIOBHEM DPE30HAHCAa 3JEKTPOHHBIX IMEPEXOJ0B Yy AOHOpa U
aKuenTopa 5Hepruu corjacHo Teopuun @Dépcrepa. IlpemnoxkeHa Moxenb Ui TEOPETHUYECKOTO
ONMCAHMSl  YBEIMYEHHs  KOHIEGHTpPAIlMM CHHIJIETHOTO  KHCJIOpoaa sl cOpMHUPOBAHHBIX
HAaHOKOMITO3UTOB 3a cueT mepeHoca 3Hepruu ¢oroBo3OyxkiaeHus ot KT k momekynmam TOII.
IToka3zano, yTO B pa3paOOTaHHBIX cHCcTEMax 3PPEKTUBHOCTh T€HEPALIMH CUHIJIETHOI'O KUCIOPOIa MO
JIECTBHEM JJIEKTPOMAarHUTHOTO H3Iy4eHUs B 2,5 pa3a Bbime, yeM st MoHoMepoB TOII B
MOJIMMEPHOH MaTpulle xuro3aHa. DoronuHamMuueckuii 3h(HeKkT HAaHOKOMIIO3UTOB OBUIH TIPOBEPEH Ha
Oaxrepusix Bacillussubtilis. 1lpogeMOHCTpUPOBAHO, YTO TIOA JEHCTBHEM DIIEKTPOMArHHTHOTO
u3nydeHus ¢ anuHo BonHbl 405 HM HaHOkoMmo3uThl Ha ocHOBe KT u monekyn TOII mposBustor
Oosiee BoIpaKEHHBIA POTOAMHAMIYECKHI 3P deKT, ueM cBobonHbIe Mostekybl TDII B xuro3ane.

Takum oOpa3oM, B paboTe pacCMOTPEHBI MeTOoAuKa (OPMHUPOBaHUS M (U3MUYECKHE CBOMCTBa
HOBOTO Kijacca (hOTOAKTUBHUPYEMBIX CEHCHOWJIN3aTOPOB Ha OCHOBE MNOJIYHNPOBOAHHUKOBBIX KT
TPOMHBIX  COCJMHEHWUH H  TETPANHMPPOJLHBIX  MOJIEKYJ, KOTOpBIH  oOiajgaer  OTIMYHON
aHTHOAKTEepHaTbHOW aKTUBHOCTHIO. [lomydeHHbIe pe3yabTaThl CBHIETENECTBYIOT O MEPCIEKTHBHOCTH
JAIBHEHIINX HCCIE0BaHUN B 0OJIACTH Pa3pabOTKH HOBOTO ITOKOJIEHHS HAaHOCTPYKTYPHUPOBAaHHBIX
CEHCHOMITN3aTOPOB aKTUBHBIX ()OPM KHCIIOPOJIA.

UccnenoBanre BBIOMHEHO MNpH (UHAHCOBOHM MMoOJyIep)Kke MHHUCTEPCTBA HAayKHM W BBICIIECTO
oOpazoBanusa P® B pamkax ['ocymapcrBennoro 3amanusi (Ilacmopt Ne2019-1080), m momgmepskaHo
[Iporpammoii «Knesep»: CoBmectHble npoekTsl Crontexa, MOTU u UTMO(Ne 923048).
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OOTONHAYIUPOBAHHAS TOKCUYHOCTD, BBI3BAHHASI CHUHEPTETUYECKUM
IDPOEKTOM 30J10ThIX HAHOYACTUI U POTOANHAMUYECKOI'O KPACUTEJIA,
HNHKAIICYJINPOBAHHBIX B CYBMUKPOHHY1O ITIOJIMMEPHYO OBOJIOYKY

H.C. CepreeBI, E.A. MaKCl/IMOBal, E.O. MouceeBa', B.H. Xi1e6u08’, JLLA. I“oplfm1

! CkonkoBekwmit WHCTHTYT HaYKU U TexHoJorui, Mocksa, Poccus, igor.sergeev(@skoltech.ru
*OI'BYH MHCTUTYT OMOXUMHH ¥ (PU3UOJIOTUH pacTeHni 1 MukpoopranmsmoB PAH, Capatos, Poccus

AnHoTanus. Pa3paboTke HMCKYCCTBEHHBIX ()EPMEHTOB Ha OCHOBE HAHOYACTHII, TaK)KE€ H3BECTHBIX Kak
HAHO3UMBI, YAESETCS 3HAYUTENIbHOE BHUMAHUE U3-32 UX HU3KOM CTOMMOCTHU, CTAOMILHOCTH M HaJlexHOCTH [1].
Hano3uMmbl, uMHuTHpYIOIIKE KaTala3y, 0OCCICYHBAOT OBICTPOC PA3l0KEHUE MEPEKHCH BOJOPOJA JO BOJBI U
kucinopoaa. @oronunammdeckas tepanus (O/T) sBasercs ogHUM W3 HaubOJIee MHOTOOOCHIAIOIIUX METOI0B
JedeHus paka Omaromaps oOmiel MeHbIIeH TOKCHYHOCTH B MUHUMAaJIbHON HHBAa3UBHOCTH [2]. OHAKO W3BECTHO,
9TO0 MHKpooKkpyxkeHue omyxomn (TME) xapaktepm3yercss MOHMKCHHBIMH 3HaueHWsAMH pH, rumokcus wu
TIOBEIIICHHBIE KOHIIEHTPAIIMH MIEPEKUCH BOOpoaa mepernpon3BoactBo H,O,. UTOoOB mpeoaoieTs orpaHndeHNs,
cBszaHHbIe ¢ runokcueit, @I T moxer cogeraTses ¢ H,O,-ayBCTBUTENFHBIMI HAHO3MMAMH C KaTajaa30Moq00HOH
AKTUBHOCTBHIO, TIOBBIMIAOIIUMH 00MIyI0 3 (heKTHBHOCTE JeueHus. [I0CKOIbKY aKTHBHOCTh HAHO3UMOB B IIEJIOM
HUKE TI0 CPAaBHEHUIO C MPUPOJIHON KaTana3oid, 5TO MOKET KOMIIEHCUPOBATh PUCK KUCIOPOIHONH TOKCUYHOCTH B
SKHBBIX KJIETKAX.

DIEeKTPOCTATUYECKH CTAOWIM3UPOBAHHBIE HAHOYACTHIIBI 30JI0Ta OOBIYHO WCIIONB3YIOTCS IS
JMOCTI)KEHHMsI BBICOKOW KaTasla3omoo0HOH akTWBHOCTH [3]. OgHakKo 3TH HAHOYACTHIEI OOBIYHO
arperupyroT IMpH BO3ICHCTBUH OHONOTUYECKHUX >KHIKOCTEH, KOTOPBIE XapaKTePU3YIOTCS BBICOKOM
noHHOW cunol [4]. CylecTBYIOT Takke IMpoOJeMbl, CBS3aHHBIE C BBICOKUM COJEPKAHHEM
OMOMaKpPOMOJIEKYJI, B OCOOEHHOCTH OCJIKOB, 00pa3yIOIIMX TaK HAa3bIBAEMYIO “IPOTCHHOBYIO KOPOHY
[5]. B pesympraTte 3TOH KOPOHBI MOXET MPOW3OUTH JECTAOMIM3ANUS YaCcTHUI] M TaCCHUBAIUs
MOBEPXHOCTH [6]. Bce aTH siBIIeHUS BIUSIOT HE TOJNBKO Ha OMOpACIIpeleieHre U MPOJOKUTETHHOCTD
IUPKYJISIIHA, HO © MOTYT CHU)KATh KaTaTUTUYECKYI0 aKTUBHOCTh HAHOYACTHII.

B JaHHOM HCCJICAOBAHHU IIPOBCPAIaCh UACA OAHOBPCMCHHOI'O (1)OTOI[I/IH3MI/I‘-I€CKOFO JICUCHUA U
(YHKIMOHAIBHOTO TOJyYeHHsI KHCIOPOAa IyTeM IOJyYeHHUsl MOJMMEPHBIX Karcyll, 3aloJHEHHBIX
HAHOYACTHIIAaMH 30J0Ta ® ¢oToceHcuOmmm3aropoM. Kamcynsl OBUIM  MONYYE€HBI METOJIOM
MOCIIEI0OBATENIEHOM afcopOITH MTOIMMEPOB , C TTocIeaAytoeM pactBoperneM sapa u3 CaCO;. lannble
yacTUIBl 00ecreynBaoT MoBbIIeHHYIO 3¢ dexkruBHOCT O/AT A5 MpeogoeHNs TUTIOKCUU OITYXOJIH.
CyOMHKpOKATCYyJIbl, COAEpIKal[ie HAaHOYACTHIEI 30J0Ta W (DOTOCEHCHMOWIM3aTOp, BBOAWIINCH B
KadecTBe (JOTOAKTHBHOTO MPOTHBOOIYXOJIEBOIO CPENICTBA M KATAIa3010J00HOTO0 HAHOKATAIIN3aTOpa C
JABYMS KIIIOUYCBBIMH CBOMCTBAMH: KarcyJbl 3aluIIaroT BCTPOCHHBIC MOJICKYJIbI OT arperaiuvu u
Hecnenu(pUUecKuX B3aUMOJICHCTBUH C  3HJOTCHHBIMUMOJICKYJIAMH, TPESKIC BCEro OenKamu;
BKIIFOUEHNE HAHOYACTHI[ 30JI0Ta yCHIMBaeT (POTOOMHAMHYECKOE JeiicTBHE B  pe3ylbTaTe
JIOTIOJTHATENEHOTO BBIJICNICHHSI KUCIOPOJia B pe3yiibTaTe MepepadOTKH BHYTPUKICTOYHOH MepeKucu
BOJIOpOJa, 000JOYKA KarcCyll 3allUINacT HAHOYACTHIBI OT IpOIecca ONCOHHM3AIUHU (TIPEMSITCTBYET
aacopOuu OelKOB Ha TOBEPXHOCTH 4YacTHIl). KaTanmuTwuecknit MHUKpPOpPEaKTOp, HHIYIHPYEMBIH
CBETOM, TIPECTABIIICT COOON BaXKHBIN Iar Brepexa B pa3pabotke tepamneprudeckux cpeacts O/T u
OTKpBIBACT HOBBIE BO3MOXHOCTH Ui JieueHUs paka. [lomymakcumanbHas 3(QekTuBHAS
kouneHrparus (ECsy) ans kamcyn, cozepxamux (HOTOCEHCHOMIM3ATOP M 30J0ThIe HAHOYACTHIIBI
ornuyanach mnpuMepHo B 10 pa3, B CpaBHEHHWH C KallCyJlaMH, COJEpXAIlUMU TOJIBKO
¢dorocencubmmzarop. M B 100 pa3 B CpaBHEHUHU C YUCTHIM (POTOCEHCUOMITU3ATOPOM.
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V3YYEHUE MEXAHU3MOB JEHCTBUA PA3JIMYHBIX PEXKUMOB
OOTOBNOMOAYJALINN B COYETAHUU C MOHU3UPYIOIINUM U3JTYYEHUEM
HA OITYXOJIEBBIE KJIETKHN HELA KYOTO

A.B. Bexorenos', E.M. ‘Iepxacosal, A.B. Mac.nemmxosal’z, J1.B. CKaMHHHKHﬁz,
B.]. KOcynos’, H.B. Munaes®

'HHT'Y um. H.U. Jlo6auesckoro, Hukuuit Hosropon, Poccus, arteom.belotelow@yandex.ru
ZHpI/IBOJ'I)KCKI/Iﬁ HCCIIEI0BATENIbCKUM MeJUIIMHCKUY yHUBepcureT, Huwxuuii Hosropon, Poccus
3I/IHCTMTyT ¢doronnsix Texnonoruit ®I'bY Poccuiickoii akanemuu Hayk, Tpounk, Poccns

AHnHoTanusi. OZHUM U3 MEPCIEKTUBHBIX METOIOB 3aIUTHl HOPMAJIBHBIX TKaHEH NPH IPOBEACHUN JTydIeBOM
Tepamuy 1O IOBOAY 3JIOKAYECTBEHHBIX HOBOOOpa3oBaHmil siBisercs (otobmomonymsimus (OBM) [1]. pu
IpoUIaKTHKE M JICYCHUH JydeBBIX PEaKIMi cO CTOPOHBI HOPMAaJbHBIX TKaHeH, Bo3neiictBue ®BM moxer
MIPOMCXOIUTh HETOCPEICTBEHHO B 30HE PACIIONOKEHHA oOmyxoseBoro odara [2]. C 3Toil TOYKH 3peHHS,
HEoOXomMMa OIICHKa BO3MOXKHOTO CTHMYIHPYIOIETO H aganTUBHOTO >(dexra (HOTOOMOMOAYIAINN B
OTHOIIICHUN OITyXOJIEBBIX KJICTOK, KOTOPBIE MOTYT OKa3aThCsl B 30HE CBETOBOTO BO3JCHCTBHS HapalICIBHO C
MPOBEJCHUEM JIy4eBOW TepamuM, a TaK)Ke M3yYeHHE MEXaHM3MOB COYETAaHHOI'O JICHCTBHS MOHHU3HUPYIOLIETO M
HU3KOMHTEHCUBHOT'O ONTHYECKOTO U3JTYYEHHS Ha OITyXOJICBBIE KIETKH.

Hens padorbl. M3yuenue BiausHusS (OTOOMOMOIYJSIMM BUIAMMOIO KpPAacHOrO JMana3oHa B
COYETAaHUH C HOHU3UPYIOLIUM U3ydEHHUEM Ha )KU3HECIOCOOHOCTh, MUTOXOHPUAILHBIN TOTCHIUA U
KIETOYHBIH IKa KineTounodt nwmHuM Hela Kyoto, B 3aBHcHMMOCTH OT 03B HOHU3HPYIOIIETO
u3ny4yenus u guroeaca GbM.

B pamkax okcrmepuMeHTa Ha KJIETKHM OIYXOJH BO3ACHUCTBOBANM (OTOOMOMOAYISIHEH C
¢droercamu 3 mDr/em?, 30 mDx/em® u 300 mDr/cm?’, a taxe 1 Dr/em” u 2 JDx/em?, yepe3 Jac
KJIETKH O0JTydarch raMMa-u3iaydeHneM B 103ax 2 I'p, 4 I'p u 6 I'p (aHamm3 BO3MOXKHOTO aIallTUBHOTO
a¢pdexkra ®EM). Uepes cyTkH mociie 00JIydeHUs MPOU3BOIUIACH OIIEHKA KU3HECTIOCOOHOCTH KJIETOK
MeroaoM MTT-tecta, a TakKe U3y4alloCh BIUSIHUE pa3iandHbIX pexkuMoB OBM B coueranuu ¢ U1 Ha
KJIETOUHBIN LUKJI, IIyTH KJIETOYHOW TMOeNr U MUTOXOHAPUAIBHBIN MOTEHIMAJ OITyXOJEBbIX KIIETOK.
[To nmpyroit meromuke, mopsaok BozaekictBust UM u ®BM mensuicss MectamMu (aHaJIU3 BO3MOXKHOTO
cTumynupymomero sgdekra ®EM). DkcnepuMeHTs TPOBOAWIMCH HA TIPOTOYHOM HUTO(IyOPHMETpe
FacsArialll (Becton, Dickinson and Company, CILA). Onpenenenre (a3 KICTOYHOTO ITUKIA IS
KJIETOK MIPOBOJMIIN TPU TIOMOIIH Habopa Juig onpexaenenus ¢as kiaerounoro nukia (APC BrdU Flow
Kit, kar. Ne 552598 Becton, Dickinson and Company, CIIIA) ¢ 6pomMae30KCHypHUINHOM, MEYEHHBIM
APC. [ns wu3ydyeHUsT UW3MEHEHHIl TpaHCMEMOpPaHHOTO TOTEHLHaJa MHUTOXOHAPUH KIIETOK
ucnosb3oBaiu kpacurens MitoStatus TMRE (BD Pharmingen, CLLA).

PesyabTaThl. B xome uccnemoBaHusi ObUIO BBISCHEHO, YTO (POTOOMOMOMYIISIMS TPUBOJUT K
pasHOoHanpaBiieHHbIM 3(@dekTaM B 3aBUCUMOCTH OT J103bl HOHM3MPYIOIIETO M3Iy4eHus, (QIroeHca u
MIOCJIEJOBATEIFHOCTH 3THX BO3ACHCTBHN Ha KJIeTKH. DOTOOMOMOAYNALMS C HU3KUMH (iroeHcaMu
MOJKET BBI3BIBATH CTUMYJIUpYROIHi 3dekT B oTHOIEHNH omyxolieBbix kieTok Hela Kyoto, mocne
BO3/IEMICTBUA MOHHU3UPYIOIIET0 M3iIydyeHus B go3ax 2 I'p, 4 I'p u 6 I'p. Bo3pacranue xonndectna
JKU3HECIIOCOOHBIX omyxosieBbIx kierok Hela Kyoto mpum xomOunupoBanHom Bozaerictsuu MU c
nosamu 4 I'p u 6 T'p, a Taxxe OBM dumoerncom 0,3 J[K/cM>, MPOMCXOMUT UMEHHO 3a CYET CHIKCHHS
JIOJTU KJIETOK C JIETIONIAPU30BAHHON MHUTOXOHIpHAIBLHOW MeMOpaHOW. Bo3aeicTBUN MOHU3HPYIOLIETO
W3JTy4eHHsI IPUBOAMT K J03a3aBUCHMOMOMY CHIKEHHIO YHCTIa KJIETOK B S-(ha3e KIETOYHOro IMKJIA 3a
cdeT pocra koianyectBa Kietok B hazax G0/ G1 u G2/M. KommiekcHoe Bo3aeiicteue MU B noze 4 I'p
u 6 I'p, a Takke ®BM ¢moencom 0,3 J[/cM® IPUBOAUT K YaCTHUYHOMY CHATHIO PAAHAIIMOHHOIO
0J10Ka MUTO3a 110 CPAaBHEHHIO ¢ 00pa3LoM, 00JydEHHBIM TObKO M.

Bbuaarogapuocru. VccienoBanue BBIIONHEHO Npu (uHaHcoBoi nopnepxkke PODU (rpant Ne20-
02-00531).

CcbLIKH

1. Avci P., Gupta A., Sadasivam M., Vecchio D., Pam Z., Pam N. & Hamblin M. R. (2013): Low-level
laser (light) therapy (LLLT) in skin: stimulating, healing, restoring. Semin Cutan Med Surg 32 (1), 41-52.

2. Sedova E.S., Yusupov V.I., Vorobjeva N.N., Kanischeva N.V. & Maslennikova A.V. (2018): The
effectiveness of low level laser therapy for the prevention and treatment of radiation- induced mucositis of the
oral cavity and pharynx. Siberian Journal of Oncology 17 (2), 11-17.
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BUO®ABPUKAIINASA TPEXMEPHBIX TKAHEMH/KEHEPHBIX KOHCTPYKIIUI
C UCHTOJIB30BAHUEM METOJOB 3D BUOIIEYATH U ®OTOBUOMOAYJIALIUN

ILIO. Bukmyaunna', H.B KomeneBal’z, AMN. Hlnn-ncal’?’, I.C.Tumames™*

'MucruryT pereneparusroil Meuunsl, ®TAOY BO Iepsbiii MOCKOBCKHIT FOCY1apCTBEHHBIN
MeauiuHCKid yHuBepcuteT M. M1.M. CedenoBa (Ce4eHOBCKII YHHBEPCHTET)
2HI/II/IO6L116171 MIATOJIOTHU ¥ TATO(QU3HOTIOTHH
Xummaeckuii ¢axynbrer, MI'Y um. M.B. JlomoHOCOBa
4HCHTp «udpoBoro 6noauzaiiHa u nepcoHaAIM3UPOBaHHOTO 37paBooxpaneHus» GI'AOY BO Ilepsbrii
MoOCKOBCKHi TocyiapCcTBeHHBIH MeanMHCKHH yHIBepcuTeT uM. .M. CeuenoBa (Ce4eHOBCKUI YHHBEPCUTET)

Annoranust. 3D Ouonevars — nepcreKTHBHBIN MeTo]| (habpHKaly OMOIKBHBAICHTOB JJIsI pereHepaTUBHOM
MEIULMHBI ¥ CO3JaHUsI MOJICTICH in Vitro JUIs TeCTUpOBaHuUs JiekapcTB. OHAKO, HU3KAasl BBDKUBAEMOCTh KJICTOK H
3aTpyaHeHHas Tuddy3ust orpaHHINBAIOT ero npuMenenue. @oroduomonymsamus (PbM) — a3 dexTuBHBIN MeTOA
JUISL TIOBBIIICHMS BBDKMBAEMOCTH M (DYHKIMOHAIBHOCTH TKAaHEWH)KEHEPHBIX KOHCTPYKIMH. B maHHO# pabote
HCIIOIb30BAJINCH OMOYEPHIIA HA OCHOBE THAPOTENs U C(PeporIoB N3 ME3CHXMMAIBHBIX CTPOMAIBHBIX KIETOK
yenoeka. ONTUMIBHPOBaHHEINA 1poTokoa 3D Omomewatn 1 ®BEM obecniedmiii ONTHMANBHYIO MEYaTaeMOCTh,
BBDKHMBAEMOCTh M ()YHKIIHOHAIBHOCTh KOHCTPYKTOB.

3D Owmormeuars mpexacTaBisieT coOo0i oquH W3 Hanbollee MEPCIEKTUBHBIX METOAOB (habpuKarm
OMOSKBHMBAJICHTOB JIJIs1 33/1a4 pEreHEPAaTHBHON MEAMILIMHEI, BKIIIOYasi CO3JJaHHE PEICBaHTHBIX MOJIENICH
in vitro AN TECTUPOBAHMS JIEKAPCTBEHHBIX IpenaparoB. OmHAKO 3TOT METOA UMEET OrpaHUYCHUs, B
NIEPBYIO OYepeb CBSI3aHHBIE C HU3KOW BBDKHBAEMOCTBIO KJIETOK B COCTABE KOHCTPYKLIMH BCJICICTBUE
JABJICHUSI TIPU JIKCTPY3UM W 3arpyaHeHHOH auddysun. Oguum u3 3QpPeKTUBHBIX METOIOB s
pemenus mpobieM, CBsI3aHHBIX ¢ TexHoJyorued 3D Ouoneuary, aensercs porodrnomonymsanus (PbM).
DTOT METO/I OCHOBaH Ha HU3KOWHTEHCHBHOM BO3ZCHCTBUHU CBETa KPaCHOHW M ONMKHEH nH(pakpacHOi
obmacteil crekTpa Ha KIETKH, YTO NPHUBOAMT K aKTUBAMM WX MNposudepanud, MeTtadonu3Ma U
mudeperunpoBku. Llenpto paboThl crano (QopMUpOBaHHE TKAHEWH)KEHEPHOHW KOHCTPYKIHMH Ha
OocHOBE KJIeTouHbIX cdepornnoB n3 MCK ¢ emnHOBpeMEHHBIM HCIONb30BaHHeEM MeTo0B ®BM u 3D
Oouoneyary.

Jns co3maHWs TPEXMEPHBIX TKAaHEWH)KEHEPHBIX KOHCTPYKLHUI HCIOJIB30BaIH OHOYEpHHIIA,
COCTOAIME M3 JBYX KOMIIOHEHTOB: KJIETOYHOro M OuomarepuansHoro. J[ns dopmuposanus
cheponIOoB HCHONB30BAIN MEPBHUUHYIO KYJIBTYPY ME3CHXMMHBIX CTPOMAJIBHBIX KIJICTOK 4YEIOBEKa.
I'uaporeneBasi OCHOBa OMOYEPHWII COCTOSIA M3 HECKOJIBKUX KOMIIOHEHTOB: (pUOpWH, KenaTwH,
MeTakpuimpoBanHeiid [1317 (monuaTHNACHTTMKONB), pubodiaaBuH. [IpuMeHsin o0nydeHre B KpacHON
(633 M) m OmmxHer wHppakpacHoi (840 HM) obOmactsx crektpa. llomydeHHBIE KOHCTPYKTHI
KYJITUBHPOBAIH B MOJIU(PHUIMPOBAHHON pOCTOBOM cpene B Teuenue 10-14 el B mHKyOaTtope npu
temmepatype 37°C u 5% CO,.

CoctraB ruzaporenst u mnpotokos 3D Ouonedatd ObUIM ONTUMHU3HPOBAHBI JJSl IOTYYEHUS
OKCTPYIAUPYEMBIX W CTAOMJIBHBIX KOHCTPYKTOB. AHanmu3 3¢¢exktoB ®BM Ha ¢usnonoruyeckyro
AaKTUBHOCTHh C(EPOHJIOB MPOBOJAMIN C TMOMOIIBIO KOMIUIeKca MeTojoB. OOIIyr0 BBDKHBAEMOCTb
KOHCTPYKTOB olleHWBaM KadecTBeHHbIMU (Live/Dead assay, Sigma-Aldrich) u xonmudecTBeHHBIMU
(AlamarBlue assay, PicoGreen assay, Thermofisher) meromamu. Takxe npoBOOMIM CpaBHEHHE
BJIMSIHUS Pa3InUHbIX pe:kuMoB @BM Ha QyHKIIMOHABHYIO aKTUBHOCTh HalleYaTaHHBIX KOHCTPYKTOB
(uetitpadepHasi MUKPOCKOTIHS).

OnrtrMmalibHas e4aTyeMoCTh U HanOoJiee MoAXoAsye Al OHoIedaTH PeoJIOTHUecKUe CBOMCTBa
ObUIM TOCTUTHYTHI NPH HCIIOJIB30BAHUM KOHIEHTpalMu >kenatuHa 7,5%. bputo moarBepkaeHo, 4To
3D OuoneyaTh HETaTUBHO CKa3bIBAETCS Ha BBDKMBAEMOCTH TKAaHEHMH)KEHEPHBIX KOHCTpYKIuid. ®bM,
ocobeHHO B OmwkHeM MH(QPaKpacHOM JMamna3oHe, II03BOJUIA HHUBEIMPOBATh CHIDKCHHE
JKU3HECTIOCOOHOCTH KOHCTPYKTOB. bosee Toro, 0o mokazano BinussHue ®bM 00ouX pe:KMMOB Ha
MUTPALNIO KJIETOK U CIIPAYTHUHT CHEPOUIOB.

Takum oOpa3om, ObUIO MOKa3aHO, 4TO KOMOMHalus MeTonoB 3D Ouoneuarn u ®BM mno3BossieT
MOBBICUTh BBDKHMBAEMOCTh TKAaHEMH)KEHEPHBIX KOHCTPYKLMH, oOecrieunBasi MX (PyHKIMOHAJIbHYIO
AKTUBHOCTb.

BaarogapHocTn

UccnenoBanue BBINONHEHO 3a cyeT rpaHta Poccuiickoro HayuHoro ¢onma Ne 23-25-00503,
https://rscf.ru/project/23-25-00503/.
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BJIMAHUE ®OTOBUOMOAYJIAINHN
HA ®OPMUPOBAHMUE U PEAKTUBAIIUIO KIIETOYHBIX COEPOUJT0B

I.U. Kotenesa', ILIO. buxkmynauna ! H.B. KomeneBa1’4, AM. Unnuka'® , IL.C. Tumames'?

1I/IHCTHTyT pereHepaTHBHON MeauIUHBI, CeUeHOBCKUN YHUBEPCUTET
ZHayIIHBIﬁ eHTp MUPOBOTO YpoBHS «L{udpoBoit Onoam3aiiH 1 MepcoHaTH3UPOBAHHOE 3IPABOOXPAHCHIEY,
OI'AOY BO Ileprrrit MoCKoBCKHIA TOCYIapCTBEHHBIH MeAUITUHCKHH yHUBepcuTeT M. VI.M.CedueHoBa
MunncrepcTBa 3npaBooxpanerns Poccuniickoit @eneparnmm (CeueHOBCKHI YyHUBEpcUTET), T. Mocksa, 119991
Xumuueckuii pakynprer, MI'Y um. M.B. JlomoHOocoBa, Mockga, 119991, Poccus
‘HUU OO0uieii maronoruu u naropusuonoruu PAMH, Mocksa

Cdepounst 1 opraHousl Kak BapuaHThl 3D KynbTyp KIETOK 0JHa M3 HauOoJee MPUOIMKEHHBIX K
YCIIOBUSIM HATHBHBIX TKaHEW MOJENBHBIX CUCTEM. B HUX MHUKPOOKpYKEHHE, B3aUMOJEHCTBUS KIETOK
JIPYT C APYTOM W C BHEKJIETOYHBIM MAaTPHKCOM OJM3KH K TAKOBBIM in Vivo. VIX aKTUBHO MPUMEHSIOT
JUIS CO3JJaHUsl TKaHEMHKCHEPHBIX KOHCTPYKTOB OPTaHOB M TKaHEW B pereHepaTUBHON MEAWLIMHE U
TKaHeBOH HIKeHepuu. OnHako, chepouIsl W OpPraHOUAbl UMEIOT CEpPbEe3HOE OrpaHHyYeHUE, HpU
muametrpe 6osee 400-500 MKM B IIEHTpE arperaToB KJIETOK HAYMHACTCS WX aKTHUBHAS THOENTh M3-3a
HepocTaTka Aud(y3un KUCIOpOoaa, MUTATENBHBIX BEIIECTB W OTCYTCTBHS BAaCKyJspH3alud. Taxxe
NPaKTUYeCKH HE W3y4YEeHbI, HEACHBl MEXaHU3Mbl CIHMSHUS W MUTPALUH TAaKUX KYyJIbTYp TIpU
(hOpMUPOBAaHUN KOMIDIEKCHBIX TKaHEHH)KEHEPHBIX KOHCTPYKTOB. MHOTOOOEIIAIONINM  TTOAX0I0M
TIOBBIIIICHUS KU3HECTIOCOOHOCTH M CTUMYJISIMH MeTabonm3ma B yCIOBHSIX 3D-KymbTyp sBISETCS
Metos poroduomonyisiiumu (O®BM), ocHOBaHHBIM Ha HU3KOMHTEHCHUBHOM OOJy4YeHUH KJIeTOK [1].
OCHOBHOW MUILCHBIO BO3JCHCTBUS KPAacHOIO W ONMKHEr0o HMH(PAKPACHOTO CBETa SIBIISETCS
JBIXaTeNbHas IIeTlh MUTOXOHAPHWH, MPH BO3JCHCTBHM HAa HEE BO MHOTHUX CIy4asX aKTUBUPYIOTCS
nponudepanys, MerabonmsM u auddepeHupoBka kieTok. Llenpto gaHHOW pabOTHI cTan aHaIu3
BiausHuss PBM B kpacHOM © WHQpPaKpacHOM CBETOBBIX [JHAaNa3oHaX Ha (QOpPMUpOBaHHE U
PEaKTUBAIINIO KJIETOYHBIX c(heponIoB.

B pabote ucnonp3oBaiy MEPBUYHYIO KYJIBTYPY MYJIBTUMIOTEHTHBIX ME3CHXHMHBIX CTPOMAIBHBIX
kieTok (MCK), BBIIENEHHBIX W3 CIHM3UCTON 000JIOUKM POTOBOHM mmosiocTu uenoBeka. [[ns d®BM
MPUMEHSITN o0irydeHue B KpacHoM (633 HM) u OmmwkHeM uHpakpacHoMm (840 HM) auama3oHax B
teyeHue 1200 n 600 ceKkyHI COOTBETCTBEHHO, HHTCHCUBHOCTh BO3ICHCTBUS COCTaBisia 2,2 I[)K/Mz.
Cdepoupl mosyyanu mo OTpaOdOTaHHON TEXHOJIOTMH [2] Ha HEaAre3WBHBIX arapo3HbBIX IUIAHIICTAX
(Microtissue, CILA). ®opmupoBaHre W peakTHBAIUIO c()EepouIoB HAOIIOAAT C MOMOIIBIO
MIPWKU3HEHHOW TelTpadepHOl ChEMKH C MPUMEHEHHEM (a30BO-KOHTPACTHOTO MHKpOCKoma. J[is
peaktuBanyu chepou bl yepe3 7 CyTOK KyJbTHBHPOBaHUS B 3D yCIOBHSX TIEPEBOAMIM B a/IT€3UBHBIC
YCIOBHUS ISl pean3alliil MUTPAIMK KIETOK W3 HUX, O0JlydeHHe MPOBOAMIM cpa3y Mocie MmepeBoja
KYJBTYp B a/iT€3UBHEIE YCIIOBUSI.

B chopmupoBannbix cheponmax MCK mnpucyTcTBYOT ABE 30HBI: IUIOTHAs MOBEPXHOCTHAS C
TUIOTHOYNaKOBaHHBIMH YIJIOMICHHBIMH KJIETKAMW W BHYTPEHHSS C IOJUTOHATBHBIMU KIETKAMH W
OOJIBIIMM KOJTMYECTBOM BHEKJIETOYHOTO MaTpukca. @opmMupoBaHue W KOMIAKTH3AUS CHEPOHIOB U3
MCK mnpoucxommiu B TeueHHe 5-6 CyTOK, K 7 cyTkam cdepouabl KOMIAKTH30BaIuch Ha 33%, ¢
W3HAYAJBHOTO JauaMeTpa, u3MeHeHue mauamerpa ¢ 400£50 mxm go 15015 mxMm. PeakrtuBarus
chepounoB MCK HaumHasiace dyepe3 24 yaca mociie nepeBojaa chepouzioB B aJre3MBHbIC YCIOBHS U
MPOUCXOANIIA B OCHOBHOM 32 CUET MHUTPAIlU OAMHOYHBIX KJIeTOK. OTMeueHa TEeHACHIUS YCKOPSHHS
MUTpAINK KIIETOK MPHU peakTUBaImu nocie Bosneiicteuss PbM, ograko Tpebyercs Ooiee neTalbHOe
M3yYeHUE MEXaHU3MOB JJaHHOTO 3 deKTa.

Takum obpazom, ®BEM sBiseTcss MEepPCHIEKTHBHBIM OECKOHTAHTHBIM HEWHBA3WBHBIM CIIOCOOOM
MIOBBIICHUA KaK >KU3HECTIOCOOHOCTH, TaK M MUTPALMOHHOW aKTMBHOCTH KIIETOK B ycioBusx 3D
KYJIBTYp, YTO MOKET HaWTH IIUPOKOE MPUMEHEHHE MIPU CO3TaHUH TKAaHEHH)KEHEPHBIX KOHCTPYKTOB M
OuoreyaTy ¢ IPUMEHEHHEM KIICTOTHBIX C(PeponIoB.

Paboma evinoanena npu noodepaicxke PH® Ne 22-75-10120.

Jlureparypa:

1. Bikmulina, P. Y. et al. Beyond 2D: Effects of photobiomodulation in 3D tissue-like systems // Journal of
Biomedical Optics, 2020, 25(4), 048001-048001.

2. Kosheleva N. V. et al. Cell spheroid fusion: beyond liquid drops model // Sci. Rep. 2020. T. 10. Ne 1.
C. 1-15.
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OPTICAL CHARACTERISTICS OF DIATOMS: RELATIONSHIP BETWEEN
CONCENTRATION AND TRANSMISSION/EXTINCTION

J. Cvjetinovic', S.A. Perkov', M.A. Kurochkin', L.S. Sergeev', S.V. German', Ye.D. Bedoshvili'?,
N.A. Davidovich'’, A.M. Korsunsky®, D.A. Gorin'

! Center for Photonic Science and Engineering, Skolkovo Institute of Science and Technology, Moscow, Russia
julijana.cvjetinovic@skoltech.ru
* Limnological Institute, Siberian Branch, Russian Academy of Sciences, Irkutsk, Russia
? T.I. Vyazemsky Karadag Scientific Station, Natural Reserve of the Russian Academy of Sciences, Feodosiya,
Russia
* Department of Engineering Science, University of Oxford, Oxford, United Kingdom

Abstract. Diatoms are single-celled microalgae, playing a pivotal role in maintaining the health of our
planet's ecosystem. They are accountable for 20-25% of oxygen release and carbon fixation. In order to develop
efficient carbon dioxide extraction technologies, it is essential to effectively track their lifecycle and control
growth parameters. Here we developed an optical device that consists of LED illumination with a 505 nm central
wavelength, which enables the monitoring of changes in diatom concentrations. The results show a
concentration-dependent behavior of extinction and transmission, suggesting that such setup can be used to
monitor algae growth in bioreactors and natural environments.

Study of optical characteristics of diatoms

The most important feature of diatoms is their highly porous silica cell wall called frustule. The
unique photonic structure of diatoms frustule offers insight into their optical properties. Here we
investigated the optical properties of marine centric and freshwater pennate diatom strains with
different morphologies, sizes, and volumes. By fabricating a simple device consisting of LED
illumination with a wavelength of 505 nm we observed a linear correlation between the measured
transmission and the concentration, as shown in Figure 1 [1]. The results were compared with the
spectrophotometric approach, which demonstrated higher inaccuracies. Besides, a monotonic
dependence of linear fit slopes for both extinction and transmission measurements on the diatom
volume was demonstrated. Therefore, the optical setup can be used to continuously monitor algae
growth in both bioreactors and natural environments, potentially addressing challenges related to
carbon dioxide extraction [1].
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Figure 1. Experimental setup: direct LED light coupling in multimode optical fiber (a). Dependence of light
intensity on the relative diatom cell concentrations [1] (b)
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GRAPHENE INDUCED ENERGY TRANSFER IMAGING
FOR MEMBRANE BIOPHYSICS
A. Ghosh, N. Karedla, T. Chen, J. Enderlein

Third Institute of Physics — Biophysics, Georg August University, Gottingen, Germany, jenderl@gwdg.de
Https://www.joerg-enderlein.de

Graphene-Induced Energy Transfer (MIET) Imaging is a recently developed method [1] that allows
for sub-nanometer axial resolution along the optical axis. It is based on the quenching of a fluorescent
molecule in the vicinity of a single sheet of graphene. When approaching the graphene, its
fluorescence properties change dramatically, due to electromagnetic coupling of its excited state to
electronic excitations in the graphene. This is very similar to Forster Resonance Energy Transfer
(FRET) where the fluorescence properties of a donor are changed by the proximity of an acceptor that
can resonantly absorb energy emitted by the donor. In particular, one observes a strongly modified
lifetime of its excited state. This coupling between an excited emitter and the graphene sheet is
strongly dependent on the emitter’s distance from the graphene. We have demonstrated that this can be
used to optically measure the thickness of single lipid bilayers. In my presentation, I will give the
explain the principles of GIET, and then present several applications in membrane biophysics: (i) The
study of the intermembrane distance between the inner and outer mitochondrial membrane in living
mitochondria and in dependence on their metabolic state [2]; (ii) study of the modulation of membrane
thickness by cholesterol; and (iii) study of the fast flip-flop of different lipids between the two leaflets
of singe lipid bilayers. The latter is done by combining GIET with fluorescence lifetime correlation
spectroscopy, which allows for following fast dynamics processes on the sub-nanometer scale with
sub-microsecond temporal resolution. GIET is easy to implement and does not require any change to a
conventional fluorescence lifetime microscope [3,4]. As I will show, it is thus an ideal tool for
membrane biophysics.

Figure: Schematic of a GIET experiment: A single sheet of
graphene is deposited on a glass cover slide, above which the
lipid membrane sample is placed. Fluorescence excitation and
detection is performed from below with an epi-fluorescence
microscope. The sample is immersed in a buffer solution.
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TEMHOIIOJIBHASA I'MITEPCIIEKTPAJIBHAA MUKPOCKOIIUA
B BUOME/JMIIUHCKUX UCCJIEJOBAHUAX

P.®. ®axpyniun

WHucTuTyT yHIAMEHTAILHOW METUITMHEI 1 Ononorun, Kasanckuii GpenepanbHblil yausepcuret, Kaszans,
Pecniyonuka Tarapcran, PO, kazanbio@gmail.com

AHHOTauMs. [lokiajg MO3HAKOMHUT CIIyIIATENIsl C HCIOJIb30BAHWEM TEMHOIIOJIBHON THUIEPCIEKTpaIbHON
MHUKPOCKOTIAN B OMOMEIUIINHCKIX HCCICTOBAHUAX.

Unentngukannus # XapakTEPUCTHUKA KOJJIOMAHBIX 4YacTHIl, HaxXONIIIUXCA B Ipolecce
B3aUMOJICHCTBUS C OHOJIOTHYECKUMH CHCTEMaMH, SBIISETCS BaKHOW M BO MHOI'OM HEpEIICHHOH
3ajjaueil Ha CTbIKE OHWONIOTMH, XUMHM M (QU3MKH. B KkadecTBe mpuMepa MOXXHO paccMaTpuBaTh
OpPraHUYECKHE U HEOPraHWYEeCKHEe YacTHLbl B JHANla30HE Pa3MEPOB MEHBIIIE IpeAesa paspeliaroiiei
CIOCOOHOCTH ONTHYECKOI'0 MHUKPOCKOIA, aKTUBHO KCIOJB3YIOMIMECS B KAaUeCTBE CPEACTB NOCTaBKH
nekapcTB. He MeHee MHTEpeCHBIM SIBISIETCS MCCIENOBAaHUE MEXAaHM3MOB TOKCHYHOCTU KOJUIOWIHBIX
YyacTull, I0pa3yMeBaroliee NIyOOKUHA aHalIN3 IyTel X MPOHUKHOBEHUS U paclipelesieHUs] B KJIETKax
U TKaHAX. ApceHall MeTOJJ0B MUKPOCKOIIUH, IPUMEHSIEMBIX Ul aHaJIM3a KOJJIOWAHBIX YaCTHL, BECbMa
0orart, W TMO3BOJSIET BCECTOPOHHE W3YyYUTh pa3IHYHBIE AaCHEKTHl B3aWMOJICHCTBHUSI YaCTHIl C
onooObekTamu. Tema JTOKIIaaa MOCBSIEHa ONTHYECKON MUKPOCKOIIMH B TEMHOM T10JIE, 1 HEKOTOPBIM
MpUMepaM €€ HCIONb30BaHus B OwoaHamuTHdeckod xumuu [1,2]. IlpuMeHeHHe TEeMHOIIOIBHOM
MHUKPOCKOITUH MO3BOJIICT BU3YAIU3UPOBATh YACTHIIBI AUAMETPOM JI0 ~5 HM B BOJHOMW cpezae (WHBIMU
CJIOBaMH, B TOM YHCJIC B HE(UKCHPOBAHHBIX KIETKAX [3] M KUBBIX MUKPOCKOITUYECKUX OpPraHU3Max
[4]. B couetanuu co cieKTpaibHBIM aHAJIN30M, TEMHOIIOJIbHASI MUKPOCKOIIHS MOXKET OBITh C YCIIEXOM
WCTIONB30BaHa UIA WACHTU(UKANNN pAga HEOpraHW4YecKuX [S] u opraHmdecKkux [6] HaHOYACTHIL.
bonee TOTO, TUNCPCIICKTPpaJIbHAaA TEMHOIIOJIbHAs MHKPOCKOITUA IIO3BOJIACT OCYIICCTBIIATH
Hepa3pyLIAIOUIYI0 XapaKTePUCTUKY PACHPEACICHUSI Pa3MEPOB IMOJIBIX MUKPOCKOIMUYECKUX YaCTHIL[ B
IIMPOKOM [Hana3oHe pa3mepoB [7]. OZHUM M3 MEPCIEKTUBHBIX HaNpaBiCHUH B HCIIOIb30BAHUU
TEMHOIIOJILHOM MUKPOCKOIIUU ABJIACTCA H3YUYCHHUEC TOKCHMYHOCTU HAHO- W MHUKPOIIIACTHUKA, YTO
0cOOCHHO aKTyaJbHO B CBSI3M C CYIIECTBYIOIIEH MpoOIeMOil 3arps3HEHUs] OKpYKArolled Ccpeubl
noJauMepHbIMU oTXxoaamHu [8]. Kpome Toro, npuMeHeHne TEMHONIOIBHON MUKPOCKOIIMY B COYETAHUU C
METOJaMHM MAllMHHOI'0 aHali3a IIO3BOJIACT U3Yy4YaTb AOUHAMUKY HAHOPA3MCPHBIX YaCTHUIl B
KOJUIOMIHBIX CYCIICH3UAX [9], YTO IMO3BOJIUT YCTAHOBUTH MEXaHU3MbI BSaHMOHeﬁCTBHH AHU30TPOITHBIX
KOJUIOMIHBIX YaCTHL C HEOAHOPOJHBIMH IIOBEPXHOCTSMH, B TOM 4YHCJIE€ OHOJOTHYECKOIo
MPOUCXOXKIEHUS (HarpuMep, BOJIIOCH MitekonuTaromux) [10].
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METABOJUYECKWI UMUTKAHT
B OHEHKE PETEHEPAIIUN U ITATOJIOI'MM IIEYEHHA
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AnHoranusa. OCHOBHOH ujaeel MCCIEJOBAaHUS SBISETCS OIpEIEICHUE HOBBIX ONTHYECKUX KPUTEPHEB
pereHepaTopHOro NOTEHIMANA MIEYSeHH U MPOPHIAKTUKN CHHIPOMa HEJOCTaTOYHOTO pa3Mepa MeYeHH, KOTOPhIe
MOXHO OBUIO OBl OLICHMBATh WHTPAOINEPALIMOHHO. B HCclenoBaHMM MBI HCIIOJIB30BAINM KOMILIEKC METOJOB
MeTabOoIMYECKOT0 OMOMMHU/KUHIA, KOTOPBIH MOXKET OBITh BHEIPEH B KIMHHKY, IIOCKOJBKY CYIIECTBYET
npubopHas peau3anus MyJIbTH(HOTOHHOW MUKPOCKOITHH ISl TPHIKU3HEHHOTO UCCIICAOBAHUS OPTraHOB U TKaHEH
MAIMeHTOB. BaXXHBIM peE3ynbTaTOM HAIIETO HCCICJOBAaHMS CTaJ0 BBIABICHHE JOCTOBEPHON KOPPEIAINA
mapameTpa IpOoLEeHTa BOCCTAHOBIICHHS MIEUYEHH C BKIanoM ¢pochoprmmpoBanHoii popmer HAJIOH no naaykmm
pereHepanuy, a TakXKe ¢ yBeJIHMUeHHEeM Bkiana cBsizaHHOH ¢opmbl HAJIH Ha paHHHX CpOKax BOCCTaHOBIICHUS
ne4yeHu. BeIcokMe 3HAYCHUS STHX TapaMeTPOB MOXKHO CUUTATh KPUTCPUSIMU YCIICIIHON pereHepanuy NeueHu.

B MupoBoil KIMHHYECKOH NPAKTHUKE E€XKErOJHO PErHCTPUPYIOT OKOJO 1 MIIH. HOBBIX CIy4aeB
MEPBUYHOTO M BTOPUYHOI'O paka IMe4eHU. ENWHCTBEHHBIM BapHaHTOM JIEUEHHUS NAIeHTOB C
NEPBUYHBIMU U BTOPHYHBIMH renaToOMIHapHBIMU 3JI0Ka4€CTBEHHBIMA HOBOOOPA30BAHUSIMH OCTAETCS
XUPYyprUYecKoe JieueHHne nedeHdu. He cMOoTps Ha COBpEMEHHBIE NOCTHXKEHHS B XUPYpPrHYECKOH
TEXHUKE ¥ COBEPIICHCTBOBAHUE METOI0B MPEAONCPAIIMOHHON OLIEHKN (QYHKIIUH MEUYEHH, COXPaHIETCS
BBICOKUM PpHCK PAa3BUTHsA IOCJICONEPALMOHHON II€YEHOUYHOM HENOCTAaTOYHOCTH, CBSI3aHHBIM C
pazIuyieM B YPOBHE PETr€HEPATOPHOTO MOTEHUMANA MEYEHU KaXKAaoro mauueHta. OCHOBHOUM uueei
WCCIIEIOBAHNUS SABIISIETCS ONPENEICHHE HOBBIX KPUTEPUEB PETEHEPATOPHOTO IMOTEHLMANA NEYEHH H
NpOQHUIAKTHKE CHHAPOMA HEIOCTATOYHOTO pa3Mepa MeueHH, KOTOPble MOXHO ObLIO ObI OICHHBATh
uHTpaonepanuonHo. K Hacrosmemy BpeMeHM Mbl HCCIEIOBaIM METaOOJMYECKUH cTaTyc
rernaTouuTOB, COAEP)KaHWE KOJUIareHa B TKAaHM II€YEHH Ja0OpaTOPHBIX JKMBOTHBIX B IIpoIecce
HOpMaJIbHON pereHepaluy, a Takke INpU HaJUMYWK TaTOJIOTUH TeyeHH. B uccrnenoBaHUM MBI
WCIIOJIB30BAJIN KOMIUIEKC METO/I0OB METab0JIMIEeCKOT0 OMOMMUKUHTA, KOTOPBIM MOKET OBITh BHEAPEH
B KJIMHHMKY, IIOCKOJIbKY CYIIECTBYET HpUOOpHas peanu3anusi MylIbTU(GOTOHHOW MHUKPOCKONUHU ISt
MPWKU3HEHHOTO KCCIIEIOBaHMsI OpPraHOB W TKaHEH MalMeHTOB. BaXHBIM pe3ynpTaToOM HaIIero
WCCIIEIOBAHNSI CTAaJI0 BBIABICHHE NOCTOBEPHOM KOPpEISIMU MapaMeTpa MPOLEHTa BOCCTAHOBICHHS
nevyeHu ¢ BKiagoM ¢ochopumupoBanHor dopmel HAJIOH no wHAyKIMH pereHeparyu, a TakKe C
yBeNMueHHEeM BKiana cBs3aHHOM (opmel HAJIH Ha paHHHMX cpokax BOCCTAHOBJICHHUS IEUYCHH.
Bricokue 3HaueHHsI 3THUX apaMeTPOB MOXHO CUATATh KPUTEPUAMH YCIIEITHON pereHepanny neueHu.
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FUNCTIONAL OCT IMAGING OF HUMAN TYMPANIC MEMBRANE

G.V. Gelikonov, I.V. Kasatkina, S.Y. Ksenofontov, P.A. Shilyagin and V.M. Gelikonov

! Federal Research Center A.V. Gaponov-Grekhov Institute of Applied Physics of the Russian Academy of
Sciences, Nizhny Novgorod, Russia, e-mail: grgel@ipfran.ru

Abstract. Optical coherence tomography as a non-invasive imaging has found wide application mainly in
ophthalmology. Recently, the direction of using OCT for the study of the middle ear has begun to develop. This
paper demonstrates the ability of OCT not only to visualize the tympanic membrane, but also to build a map of
its mobility.

Optical coherence tomography has become the gold standard in ophthalmology and continues to
explore new areas of diagnostics in medicine. A relatively new direction is the study of the human
middle ear. In this direction, OCT is able to visualize the tympanic membrane and the area behind it.
In particular, exudate in the case of exudative otitis media [1]. Such a study allows you to determine
the treatment strategy and increase its success.

Recently, there have been works on additional functional diagnostics of the middle ear using OCT
[2][3]- This paper demonstrates the results of studying the mobility of the tympanic membrane using
the OCT method under the exposure of sound vibrations.

In this paper, we present a method for calculating tympanic membrane mobility information from
an OCT signal. The method provides for the calculation of the signal in the full depth range (while
overcoming the complex uncertainty), the suppression of the remaining specular component, the
suppression of object movements, and the selection of displacements at the probing sound frequency.
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Summary. The report present recent trends in the development of phase-sensitive optical coherence
elastography (OCE) for mapping strains and quantitative assessment of elastic properties of biological tissues
using the compression principle. The main focus is made on the developed at IAP RAS OCT-based phase-
sensitive approaches to strain mapping in biological tissues and obtaining nonlinear stress-strain dependences.
The latter dependences then can be used to estimate the tangent Young’s modulus and nonlinearity coefficient.
Then in OCE images zones corresponding to various ranges of the Young’s modulus and nonlinear parameter
can be readily segmented, which can be efficiently used for morphological segmentation of OCT scans.

Creation of new modalities (functional extensions) of optical coherence tomography (OCT) has
become the main trend in the development of this visualization technique that, in terms of resolution
and visualized-region size, fills the niche between the macroscopic biomedical visualization based on
ultrasound and high-resolution optical microscopy. One of such actively developed
modalities/extensions in OCT is OCT-based elastography allowing for visualization of strains and
elastic properties of biological tissues. Although the idea of introducing elastography in OCT was first
proposed by J. Schmitt about 25 years ago by analogy with the elastographic principles utilized in
ultrasound-based elastography, the breakthrough results on realization of OCE were obtained only
during the recent 5-10 years. Especially important for successful realization of OCE was the idea of
using phase-sensitive measurements instead of correlational displacement tracking conventionally
used in ultrasound elastography, but insufficiently accurate and efficient in OCT because of very high
sensitivity of speckle pattern in OCT scans to deformation of the imaged tissues. The phase-sensitive
approach made it possible to visualize local axial displacements and strains in OCE without any search
operations required for correlation-based speckle tracking.

Presently, similarly to ultrasound elastography there are two main trends developed in OCE. One
trend is the wave-based approach utilizing OCT to visualize propagation of auxiliary shear or surface
waves and estimate the shear modulus G based on their propagation velocity. Another main direction
is the quasi-static approach termed “compression OCE”, in which uniaxial stress is applied to the
studied tissue. By comparing strains in various parts of the visualized region, spatial mapping of the
Young’s modulus £=3G can be made. Strain can be efficiently evaluated by estimating axial gradients
of interframe phase variations. This estimation does not require phase unwrapping even for supra-
wavelength displacement of particles, so that strains up to ~0.01 can be directly estimated. Much
larger strain can be found using summation of incremental strains. Utilization of pre-calibrated
reference-material layers (usually made of silicones and placed on the surface of the studied tissue)
makes it possible to estimate not only conventionally discussed Young’s modulus, but also to obtain
nonlinear stress-strain dependences which are found to be typical of many biological tissues. For strain
estimation, a robust and computationally efficient method was proposed at IAP RAS; the method is
termed “vector” since it operates with phase-sensitive OCT signals as vectors in the complex plane
without singling the phase explicitly until the very last stage of processing.

Unique abilities of this OCE technique were demonstrated for rather diverse applications related to
high-resolution assessment strain and elasticity. In particular, dynamics of strains in such collagenous
tissues as cornea and cartilages subjected to laser-assisted thermo-mechanical reshaping was
demonstrated. The stability of the conferred form of the so-reshaped cartilaginous implants could also
be controlled by OCT-based visualization of slow strains caused by residual internal stresses. For the
first time, spatially-resolved dynamics of osmotic strains in various samples was directly visualized. In
collaboration with Privolzhsky research medical university an extensive series of studies has been
carried out on diagnostics and quantitative assessment/differentiation of various oncological and non-
oncological pathological states. Those results demonstrate that compression OCE can be used as a
kind of optical biopsy method that does not require special tissue preparation unlike conventional
histology, but allowing one to perform automated morphological segmentation of various tissues (with
a resolution ~50 um) similar to segmentation of histological images.

The reported studies on the OCE-method development were supported by RSF grant 22-12-00295.
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Meton ontrdeckoii koreperTHOH ToMorpaduu (OKT) MoxeT oOecriednTs 0THOBPEMEHHYIO TPEXMEPHYIO
BU3YyaIN3alMI0 CTPYKTYPBl TKaHEH, COCTOSIHNS KPOBEHOCHBIX U TUM(PATHIECKUX COCY0B, O3BOJISIET H3MEPUTD
yIpyrocTs TKaHeH. Takas MyJbTHMOJATbHOCTh OOECIIEYHMBACT MPHUMEHHMOCTh METOJA VIS PEUICHUS MHOTHX
3a/ma4 COBPEMEHHOW MeaWIMHBL. B paboTe m3nokeHBl pe3ynbraTsl MyibTuMonanbHod OKT Bm3yanmmzanmu
Pa3TUYHBIX KIMHUYECKH 3HAYMMBIX OHKOJOTHYECKUX U HE OHKOJOTUYECKHX COCTOSHHH, POAEMOHCTPHPOBAHEI
npeumyniectBa onpeneneHHoii OKT mojanbHOCTH B OOHAapy)KEHHHM M TOYHOW HAEGHTH(HUKAIWMU KaK CaMmoro
MaTOJOIMYECKOr0 04ara, Tak 1 €ro 0TBETa Ha IPOBOJUMYIO TEPAIHIO.

[TpubGopsl, coderaromue BO3MOXXHOCTH CTPYKTYPHOW ¥ (YHKIMOHAIBHOW OIEHKH TKaHEeH,
MOJTy4al0T HECOMHEHHOE MTPEUMYILECTBO CPENAH COBPEMEHHBIX METOJOB MEANIIMHCKON BU3yalTU3alliy.
Meton MyImbTUMOJANBHOW ONTHYeCKON KorepeHTHOW ToMorpadmum (MM OKT) oGecneunBaer
MPWKU3HEHHYIO BU3YaAJIN3ALMI0 TPEXMEPHOUM CTPYKTYpHl TKaHEH ¢ paspelrieHueM nopsaaka 5-15 Mxwm,
OIICHKY MOJISIPU3AIIMOHHBIX CBONCTB, U OJHOBPEMEHHO C 3TUM MO3BOJISIET MPOBOAUTH KaUe€CTBEHHBIHN U
KOJINUECTBCHHBI aHAIN3 CETOK KPOBEHOCHBIX U JHUM(PATHYECKHX COCYAOB, H3MEPSTh YIPYrOCTbh
(’KeCTKOCTbh) TKaHel. B HacTosIeM ncclieIoBaHUN HA HECKOJIBKHUX MpUMepax KITMHUYECKH 3HAYMMBIX
OHKOJIOTHYECKMX ¥ HE OHKOJOTHYECKHX COCTOSHUH MBI JEMOHCTPHUPYEM KaK HCIOJIb30BaHHUE
pazmmunbix  MomanmbHOcTed OKT  mo3Bomser yTOWHATH TpaHUIBI  pPE3EKIWH, H30EkKaTh
HEO0OOCHOBAaHHBIX OMOTICHI M MTPOBECTH HEMHBA3UBHBIN MOHUTOPHHT 3(p(PEKTHBHOCTH JIEUCHUSI.

Jus HanexxHOW MIeHTU(UKAIIMY TTATOJIOTHYECKOT0 Mpoliecca 3a4acTylo TpeOyeTcsl OTHOBPEMEHHOE
HCIIOJIB30BAaHUE HECKOJIBKUX MOJANBHOCTEN. Tak, IpH MIIEMHYECKOM IOBPEXIACHUA CTEHKU TOHKOMN
KALIKK U OIpENeNieHHUs >KM3HECHOCOOHOCTH TKaHEeH OLEHKH TOJBKO MHUKPOLMPKYIISILUN
HEJIOCTATOYHO, TpeOyeTcs HH(pOpMAIUS O CTPYKTYPHBIX U3MEHEHHUSX B CIOAX KUIIEYHOW CTEHKH, YTO
MO3BOJIIET OOHAPYKUTHh 30HBI HEKPO3a W ONpEAETHTh MX TIyOMHY W pacmnpocTpaHeHHocTh. OKT
anactrorpadus (OKD) nmepcriekTuBHA U1 IPEOTBPALLIEHHUS PUCKA PA3PBIBOB TKAHEH MPH JUCTPAKLINUU
KHMIIEYHON CTEHKU IPU PEKOHCTPYKTUBHBIX ONEPALUX.

Hpyrum npumepom wucnonb3oBanus Heckoidbkux OKT MopmambHOCTEH sBisS€TCS TUArHOCTHKA
CKJIEPOTHUYECKOr0 JIMXEHAa BYJIbBBI B THHEKOJIOTMH. Tak, €ciau MpH TSHKEIOM Ipolecce Ui
JUAarHOCTHKHM JOCTaTOYHO CTPYKTYpHOH HH(OpManuu, TO NEPCIEKTUBHAS NUArHOCTHKA PAaHHUX
COCTOSIHUI TpeOyeT JOMONHUTENHHOTO aHalln3a CETOK KPOBEHOCHBIX M JHM(ATHUECKHX COCYOB.
Takoil mojxox ObUT HCIIONB30BaH HAMHU JUIA in Vivo ONPEIENIEHUS CTENeHH MOPAXKEHHS AEPMBI U
MOHHUTOPUHTA 3P PEKTUBHOCTH JICUEHHS CKIEPOTHYECKOTO JINXEHA BYJIbBBI.

Meronx kommpeccuonHod OKD wmmeeT HECOMHEHHBIE TMPEUMYINECTBA 10 CPAaBHEHHIO CO
ctpyktypHor OKT nnst pemieHust pa3iuYHBIX KIMHHYECKMX 33]a4: B OHKOJIOTHHM - TPU TOHCKE
YUCTOTO Kpas PE3eKLUH BO BPEMsI OPraHOCOXPAHSIONIMX ONEpalyil Mo MOBOLY paka MOJOYHOU
JKele3pl M HWHTPAONEepPAllMOHHOW OLEHKH CTaTyca CHUTHAJIBHBIX JHUMQaTHYeCKUX Y3JI0B; s
HEOHKOJIOTMYECKHMX TaTOJIOTHI - TUArHOCTUKHM PAaHHUX CTaJIUi Mposarca U KOHTPOIS 3G GEeKTUBHOCTH
€ro JIEYEHUs HEOJUMOBBIM J1a3epoM. CTOUT MOTYEPKHYTh, YTO B HEKOTOPBIX OTAEIBHBIX CIIydasx
OKD pnaHHBIE MOTYT JaBaTh CIIOPHBIE PE3YJIbTAThl, OITOMY IOJYyYEHHE U OLEHKA CTPYKTYPHBIX
M300pakeHNH BcerJa MPOBOANTCS MAPAIIENIbHO U HE UCKIIIOYAETCs TOTHOCTHIO MTPH OKOHYATETHHOM
MIPUHATUH PEIICHHUS.
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UNIVERSAL ANGLULAR-SPECTRUM APPROACH TO DIGITAL SUPER-REFOCUSING
AND ABERRATION CORRECTION IN 3D OCT-DATASETS

A.L. Matveyev, L.A. Matveev, G.V. Gelikonov, and V.Y. Zaitsev
A.V. Gaponov-Grekhov Institute of Applied Physics RAS, Nizhny Novgorod, Russia, *matveyev@ipfran.ru

Abstract. Using the proposed K-space description we analytically derive a filtering function allowing one to
digitally transform the initial 3D set of complex-valued OCT data in a desired (target) data set of a rather general
form. To illustrate the method efficiency, it is applied to digital elimination of arbitrary aberrations at the
illuminating/receiving aperture. Also, beyond conventionally discussed digital refocusing to enable depth-
independent lateral resolution the same as in the physical focus, we consider digital “super-refocusing”. The
latter does not yet overcome the diffraction limit, but readily enables the lateral resolution several times better
than in the initial physical focus.

Based on the angular-spectrum formalism, we propose a formulation of a filtering function that is
intended to transform the initial 3D set of complex-valued OCT data in a “desired” rather general
form. We show that the influence of arbitrary aberrations at the illuminating/receiving aperture can be
digitally compensated (despite nonlinear mixing of aberrations acquired during the forward and
backward propagation). Next, besides conventionally discussed digital refocusing intended to obtain
the same lateral resolution as at the depth of physical focus, we consider digital filtering enabling
“super refocusing”. The latter does not yet overcome the diffraction limit, but allows one to overcome
the lateral resolution limited by the initial radius of the focal waist. An essential feature of the
proposed filtering procedures is the use of both phase and amplitude transformations unlike
conventionally discussed phase-only transformations. After presenting the basic equations [1], we
show simulated examples illustrating main features/advantages of the proposed approach.

An example of application of the proposed procedures of super-refocusing is presented in Fig. 1.
The simulation was made in the presence of noise in the initial image assuming a typical for OCT
SNR~30 dB. The Gaussian illuminating beam is assumed weakly focused (with focus radius 12.6
mcm). We consider a vertical chain of pairs of point-like scatterers laterally separated by 12 mcm, so
that in the image formed by the weakly focused beam the scatterers in the pairs are not resolved (see
the in-depth B-scan in Fig. 1a and en-face image of one of the pairs at the depth 480 mcm in the inset).

-100 0 100 -100 0 100-100 0 100
X, mm X, mm X, mm

Fig. 1. Comparison of conventional and super-refocusing for a weakly-focused beam with focus radius 12.6 um.
Panel (a-1) and (b-1) show the initial B-scan and its conventional refocusing. (c-1) is the result of super-
refocusing with 4-fold increase in the lateral resolution, so that neighboring scatterers become clearly resolved.

As demonstrate Figs. 1cl, for quite a realistic initial SNR on the order of 25-30 dB, the SNR
remains at an acceptable level after super-refocusing. Thus, such super-refocusing can be applied to
significantly improve the imaging resolution by re-processing already acquired datasets made with
low-resolution OCT setups if the initial SNR is not too bad.

Another problem, for solving which the developed K-space framework was applied, is correction
of aberrations at the illuminating/receiving aperture.

The study was supported by the Russian Science Foundation (grant No 22-22-00952).

1. Matveyev A. L. et al. Simulating scan formation in multimodal optical coherence tomography: angular-
spectrum formulation based on ballistic scattering of arbitrary-form beams, Biomed. Opt. Express, 12(12), 7599
(2021).

47


mailto:*matveyev@ipfran.ru

COBPEMEHHbBIE TPEHAbI B BUOPOTOHUKE — 2023
WORKSHOP ON CURRENT TRENDS IN BIOPHOTONICS - 2023

BEKTOPHBI METO/I OIEHKH JE®OPMAIIMA B OKT-2JIACTOT PA®UHA
C AJAITUBHBIM BbIBOPOM MACIITABA ONEHKHN I'PAJTMEHTOB
MEXKA/IPOBbIX BAPUALINU ®A3bI

A.A. 3bikoB, A.JIl. MaTBeeB, A.A. CoBerckuii 1 B.}IO. 3aiineB

Wucturyt npukiaagHoi ¢usuku uM. A.B. I'anonosa-I'pexosa PAH, Hmxunit Hosropon, Poccns,
alexey.zykov@ipfran.ru

AnHorauus. B manHO# paboTe mpearaeTcst METOI Ul YIyYIICHHS KadeCTBa BU3yaIH3annuu Aedopmariiii
B ONTHYECKOH KorepeHTHOH 3nactorpaduu (OK3). B OKD nokanbHble akcHanbHble 1eOpMaIii OIIEHHUBAIOTCS
MyTeM YHCIeHHOro nuddepeHnnpoBaHusl MeXKaapoBoi pasHoctd (as. Mcrmonbp3oBaHHE OTIMYAIOIIETOCS OT
ONTHMAJIFHOTO MacmrTaba IudQepeHIMpoBaHus Ul OLEHKH IpajveHTa NPUBOAMT K JAErpajalid KauyecTBa
anacrorpaduyeckoro u3odpakenus. s pemeHus NaHHOW NMPoOJeMbl, ObLI pa3padOTaH METOA aJalTHBHOTO
aBTOMATHYECKOTO BbIOOpa 1mara auddepeHnupoBanus. ODPPEKTUBHOCTH METOJA JAEMOHCTPUPYETCSl Ha
MoJenbHBIX U peanbHbIX OKT ckaHax co 3HAYMTENBEHON MPOCTPAHCTBEHHOH HEOTHOPOAHOCTHIO Ae(hOpMAaLIHid.

B onTnueckoil KOorepeHTHOH 3nacTorpaduu JoKajabHbIE aKCHalIbHbIC Ae(OopManuy OLEHUBAIOTCS
MyTeM YHCIEHHOTO AuQQepeHINpOoBaHIs MEXKaIPOBOH pa3HOCTH ¢a3. 3allyMICHHOCTh pe3ysbTaTa
JTOW Omepallid CWIBHO 3aBUCUT OT Maciitaba auddepeniupoanus. C yMEHBIICHHEM MaciiTaba
HIDKE ONTHMAIBHOTO PACTeT BBI3BaHHAS IIyMaMH JTUCIIEPCHS OLEHKH CTPEHHOB, a MPH MPEBIILICHUN
ONTUMAJIBHOTO MaclTada HPOMCXOAUT BBIXOJ 3a Ipenesibl OJHO3HAYHOCTH (a3pl M OLEHKa
cTaHOBUTCS omuOouHoi. Ha mnpakTuke pacnpenenenue aedopManuii 4acTto SIBISETCS CHIIBHO
HEOJHOPOIHBIM, TIOATOMY TpeOyIOTCS pasHble Iard IUQQepeHIupoBaHUS B Pa3HBIX OO0JACTSIX
B3yanm3upyeMoit obmactu. OOBIYHO HUCTONB3YeTCSs OAMH W TOT ke Macmrad ams Bcero OKD
n300paXkeHus1 U OH, OyIy4l ONTHMAJIBHBIM ISl OHOM 00JIACTH, SBJISIETCS JANEKUM OT ONTUMAJIBLHOTO
B ipyroii. [TosTomy HeoOxoauM afanTHBHEIH BEIOOD miara quddepenuupoanusi.

HckoMmble akcuabHble AedopMaluy CBsI3aHbl ¢ TPaJUEHTOM MEKKaAPOBBIX BapHaLuil (pasbl kak
du Au A, AD

()
dz Az 4m gH,

I7ie ¥ — CMEILICHMS paccenBaTeliel, z — akChalbHasg KOOpAWHATA, Ay — LIEHTpajbHAas IJMHA BOJHBI
CIEKTpa, 1 — KO3(OGHULUEHT NpenoMieHus, [, — BEpTUKAILHOE PACCTOSHUE MEXIY IMHUKCEISIMH, g —
aKcualbHOe pa3HeceHue mnukceneid u AD pa3HOCTh MEXKaJpPOBBIX BapHaluil (a3bl MEKAYy 3TUMH
nUKcelsaMu. [[Is OIeHKM TpagueHTa WCIOJb3yeM «BEKTOpHBIM» Meroa [1], MOMOIHEHHBIH
aJanTHUBHBIM BbIOOpOM Macmtaba g. [lis 3TOro paccuMTHIBAIOTCA YCPEOHEHHBIE TI'PagHEHTHI
C MCIIOJIb30BaHUEM g B AMana3oHe ot 2 jo 16. M3-3a nepuoanvnocty (aspl, Ui U3IUIIHE OOIBIIOTO
pa3HECCHUA g MOXET HNPOUCXOAWUTH CKAYOK Ha 27[, 4YTO IMPUBOIUT K CMCHC 3HAKa OLCHHBACMBIX
nepopmammii. B Kaxkgom mHKcene BBIOMpAaeTCSl MaKCHMAalbHOE 3HAYCHHWE g, TNPH KOTOPOM
HE NMPOU30LIEN BBIXOJ 3a MNpelenbl OAHO3HA4YHOCTH. l[losyueHHble 3HaueHHs (OPMHUPYIOT MacKy
(Puc. 1, a), B COOTBETCTBHHU C KOTOPOI KOMOWHHUPYIOTCS MOJy4eHHbIE AedopMaluu 11l pa3HbIX g.

Ha Puc. 1 mpencraBieHsl pe3yibTaTbl 00paOOTKH pa3paboTaHHBIM MeTojnoM. Mcrmoib3oBaHue
aIaNTHBHOTO IIara g TIIOKa3bIBaeT O0ojee BBICOKOE KadeCTBO OICHWUBAHMS W BU3yaIM3alUuU

nedopMaruii.

Macka [Jedopmauuu, aganTUsHbLIA g 3x10° Oedopmauum, g=1

N R o @

Ve .7

Puc. 1. Macka (a), noka3bIBaronast aBTOMaTHUECKH BBIOpaHHOE 3HaYeHHUE g; 6 — nedopManuy, pacCUuTaHHBIE C
MCIIOJIb30BaHUEM aJalTHBHOTO BBIOOpa g; 6 — NeOpMalMK, pacCUNTaHHbIE C PUKCHPOBAHHBIM g = 1.

HccnenoBanne BBIMOIHEHO NPpH noaepkke rpanta PH® Ne22-22-00952.

1. Matveyev A. L. et al. Vector method for strain estimation in phase-sensitive optical coherence
elastography //Laser Physics Letters. — 2018. — T. 15. — Ne. 6. — C. 065603.
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ASYMPTOTIC SOURCE FUNCTION APPROXIMATION BASED FLUORESCENCE
MOLECULAR TOMOGRAPHY: CURRENT STATUS AND PROSPECTS

A.B. Konovalov', V.V. Vlasov', S.I. Samarin', A.S. Uglov', L.D. Solovyev’, A.P. Savitsky?,
and V.V. Tuchin®’

'"FSUE “Russian Federal Nuclear Center — Zababakhin All-Russia Research Institute of Technical
Physics, Snezhinsk, Russia, a_konov@mail.vega-int.ru
*Bach Institute of Biochemistry, Research Center of Biotechnology of the Russian Academy of
Science, Moscow, Russia
* Chernyshevsky Saratov State University, Saratov, Russia

Abstract. The paper is devoted to an original method of time-resolved fluorescence molecular tomography
based on asymptotic approximation to the fluorescence source function. The method implements the separate
reconstruction of fluorescence parameter distributions such as the fluorophore absorption coefficient and
fluorescence lifetime in the time domain. The paper analyzes results the authors have obtained during last 4
years in their testing the method in numerical and physical experiments. The method is inferred to be quite
promising and directions of further research for its verification as a sub-millimeter resolution method are
outlined.

Our time-domain fluorescence molecular tomography (FMT) method is oriented to reflectance
geometry and early arriving diffuse photons corresponding to the leading edge of the time-resolved
fluorescence signal. Just for these photons, as shown in [1], the asymptotic approximation of the
fluorescence source function holds true. The approximation allows one to derive a linear
reconstruction model in the time domain for the fluorescence parameter distribution function (FPDF)
of a simple form containing the fluorophore absorption coefficient and fluorescence lifetime
distributions. Thus the FPDF is first reconstructed for different values of the average photon migration
velocity and then, also in the time domain, fluorescence parameters are separated by constructing and
solving the overdetermined system of linear algebraic equations. To reconstruct the FPDF, we used
iterative algorithms such as the algebraic reconstruction technique (ART) with total variation
regularization [2], ART with fast shrinkage thresholding [1], and the hybrid algorithm [3] combining
ART, total variation regularization, and fast shrinkage thresholding. The fluorescence parameter
separation was performed via the well-known least square algorithm with QR-factorization [4].

In numerical experiment [1], we used the macroscopic data registration regime (no smaller than 8
mm between the source and the detector). The sensitivity functions were calculated analytically with a
diffusion approximation. As a result, we managed to mutually resolve fluorescent inclusions 100 um
in diameter which is quite a competitive outcome. Physical experiment [3] was done using available
equipment with a very limited range of source-detector distances on the mesoscopic scale (1.1 — 3.3
mm). The sensitivity functions were modeled with a specially developed Monte Carlo code [5].
Despite that the geometry was not optimal we succeeded to obtain quite adequate reconstructions of a
phantom with a fluorescent solution which shows that our method is rather flexible.

Our near-future plan includes (1) the development of an optical-fiber probe with a more optimal
arrangement of sources and detectors (staggered, for example); (2) a physical experiment for the
reconstruction of a phantom with periodic structures in order to verify our FMT method as a
submillimeter resolution method; and (3) transition from experiments with phantoms to experiments
with laboratory animals.

References

1. A.B.Konovalov, V.V. Vlasov, and A.S. Uglov, Int. J. Numer. Meth. Biomed. Eng., 2021, 37(1), e3408.
2. H.Yuand G. Wang, Phys. Med. Biol., 2009, 54(9), 2791-2805.
3. A.B. Konovalov, V.V. Vlasov, S.I. Samarin, 1.D. Soloviev, A.P. Savitsky, and V.V. Tuchin, J.
Biomed. Opt., 2022, 27(12), 126001.
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BROADBAND SELF-CALIBRATING SYSTEM
FOR DIFFUSE REFLECTANCE SPECTROSCOPY

A.V. Khilov, V.V. Perekatova, A.B. Kostyuk, M.Yu. Kirillin, E.A. Sergeeva, D.A. Kurakina,
0.V. Shemagina, A.G. Orlova and L.V. Turchin

A.V. Gaponov-Grekhov Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod,
Russia, alhil@inbox.ru

Abstract. Self-calibrating approach in diffuse reflectance spectroscopy (DRS) allows for elimination of
instrumental contributions of the source and detector channels. We report on an experimental self-calibrating
ultra-wideband (460-1030 nm) DRS setup, which possibilities were demonstrated during in vivo studies on
laboratory rats.

Diffuse reflectance spectroscopy (DRS) is a non-invasive optical imaging technique based on the
illumination of a studied biological tissue with broadband light in the visible (VIS) and/or near-
infrared (NIR) spectrum region and further detection of backscattered light at a given source-detector
distance. Measured spectral data includes information about tissue chromophores content(including
oxy- and deoxyhemoglobin, melanin, water and lipids), which can be reconstructed by the solution of
an inverse problem.

Instrumental characteristics of the employed DRS system should be taken into account for correct
and successful reconstruction of tissue chromophores content. Traditional approach is based on the
measurements with two different source-detector configurations (one source and two detectors or two
sources and a single detector) with further calculation of their ratio. The ratiometric (or so-called
single-slope) approach allows for compensation of detector spectral sensitivity and the source
brightness variations [1]. However, it does not provide with the compensation of source and detector
transfer functions.

In paper [2] the authors proposed the self-calibrating approach based on symmetrical multi-distance
measurements (at least four measurements with two sources and two detectors). It allows for
compensation on instrumental contributions of both source and detector channels. Moreover, it is less
sensitive to possible changes in the optical coupling between the optical sensor and tissue [3]
compared to both single-distance and single-slope approaches.

We report on an experimental self-calibrating VIS-NIR DRS setup equipped with a fiber optic
probe. To our knowledge, this is the first application of the self-calibration approach for the 460—1030
nm ultra-wideband (VIS-NIR) DRS. We performed the comparison of stability of the self-calibrating
and traditional single-slope approaches to instrumental perturbations in model experiments on silicon-
based tissue mimicking phantom and in vivo studies on human palm. Studied perturbations included
attenuations in individual channels, fiber curving, and the introduction of optical inhomogeneities in
the probe-tissue interface [4]. The self-calibrating approach demonstrated high resistance to
instrumental perturbations introduced into the source and detection channels. On the contrary, the
single-slope approach was resistant to perturbations introduced into the source channels only.

The developed experimental VIS-NIR DRS setup has been employed successfully in the in vivo
studies on laboratory rats to study the differences in dynamics of physiological parameters (such as
blood and water content, and oxygenation) of allo- and autografts [5].
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MAIINHHOE OBYYEHHE B HH?POBOFI JUAPAHOCKOIINN
IIPU JUATHOCTHUKE ITATOJIOI'MM BEPXHEYEJIIOCTHBIX ITA3YX

E.O. Bpsinckas', B.B. JIpémun’', MLIO. Kupwumn™, B.I'. Apriomenko®, A.B. lynaes'

! HayuHo-TexHOMOrHueckuii ieHTp 6romMeauuuHcKoi potonnku, ®PIBOY BO OpnoBckuii rocy1apcTBeHHbII
yausepcuteT uM. 1.C. Typrenesa, Opén, Poccus
: Wucruryt npuknannoit ¢usuku um. A.B. I'anonosa-I'pexoBa PAH, Hwxuuit Hosropoa, Poccus
? HauuoHambHbIH MCCIIeI0BATEIbCKHI Huxeropoackuii rocyJjapCTBEHHbIM YHUBEPCUTET UMEHU
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AnHoTanus. Pabora mocBsmieHa NMPUMEHEHHIO METOIOB MAIIMHHOTO OOYUYeHHs, B YACTHOCTH JIMHEHHOTO
JUCKPUMUHAHTHOTO aHaju3a, B HUPPOBON auadaHOCKONHMHU MJIs BBISBICHUS MATOJIOTHH BEPXHEUETFOCTHBIX
na3yx. J[ias mocTpoeHuss Mojenu KiacCU(UKAIMM COCTOSHHS TKAHCH BEPXHCUCIIOCTHBIX Ma3yX PacCUUTAHBI
JIUaTHOCTHYCCKUEC KPUTCPHU: IapaMeTp WHTCHCHBHOCTH M KOA(D(UIMEHT acuMMeTpuu. [10IydeHbl BBICOKHE
MoKa3aTeidn 4YyBCTBHTENBbHOCTH W crenuduuHocT 0,88 u 0,98 COOTBETCTBEHHO, YTO TO3BOJIICT CHU3UTH
BEPOSITHOCTH JIOKHOOTPULIATEIBHOTO pe3yibTaTa JUarHOCTUKH MO CPAaBHEHHUIO C TPAJAULIMOHHO MPUMEHSEMBbIMU
9KOHOMHYECKU JOCTYIMHBIMU METOJaMH.

BBenenune

[Mpumenenne wmerona uupoBol IUaGaHOCKONMH, OCHOBAHHOTO HA MPOCBEYMBAHUM TKaHEH
BepxHEUemoCcTHRIX ma3yx (BUIl) HM3KOMHTEHCHBHBIM H3IY4YCHHEM, W TOCIEIYIONEH perucTparim
InadanorpammM, B HACTOSIIUI MOMEHT XapaKTEPU3yeTCsl OTCYTCTBUEM MOAENeH KinaccupuKauuu A
UCKITIOYCHUsI CYOBEKTMBHOCTH IIOCTAHOBKHM JHMarHo3a. TakuMm o0pa3oM, IeJbi0 JaHHOTO
UCCIICIOBAHUS SIBJISIETCSl NIPUMEHEHHE METOJOB MAIIMHHOTO OOy4YeHHMs Ui BBIIBJICHMS NATOJIOTHMH
BUIl meromom 1mdpoBoii amadaHOCKONMHKM C MEHBIIEH BEPOSTHOCTHIO JIOKHOOTPHIIATEIIEHOTO
pe3yibTaTta 1Mo CpaBHCHUIO C TPAaAUIIMOHHO MPUMCEHACMBIMU 3KOHOMHWYCCKH JOCTYIIHBIMU MCTOAaMU
JUAarHOCTHUKU.

MaTepI/IaJIbI H METO/bI

OKCTepUMeHTaIbHbIE UCCIEIOBAHUS TPOBENCHHI C MPHUMEHEHHEM pa3pabOoTaHHOTO YCTpOICTBa
muppoBoil MruadaHOCKOMUM C Yy4acTHEM YCJIOBHO 3I0POBBIX JOOPOBOINBIEB H TMAIMEHTOB C
natosiorusiMu BUIL. 3onauposanue BUII ocymiecTBISsIIOCH CBETOAMOIHBIM aNINIMKATOPOM C JITTHHAMH
BoJIH 650 HM u 850 HM, peructpanus auadaHorpaMM OCYIIECTBIsIach ¢ momornbio KMOII-kamepsl,
pacToIOKEeHHON HANpOTHB JKIa uccieayemoro. [lo momyueHHBIM quadaHOrpaMMaM TTPOU3BOIHIICS
pacuér napamerpa uaTeHCUBHOCTH ([1H), 1 koapduimenta acummerpun (KA). Jnsa pacuéra I[TH Ha
nuadanorpamme B odsacti BUIT paccunThiBajaoch cpeHee 3HaYCHHE WHTCHCUBHOCTH CBeTa. Pacuér
KA 3axmrovancs B omnpeieneHnH JTUHIUA CHMMETPHHU, TIOBOPOTe auadaHorpaMM Uit oOecriedeHus eé
BEPTHKAIILHOTO ITOJIOKEHUS ¥ BRIYHCIeHHH KA MEXTy JIEBOU U MPaBOW YaCTSIMH JIAIIA.

Pe3y.]'ll>TaTBI HCCJICA0BaAHUA

AHalu3 TOJNyYEHHBIX JIAaHHBIX 10 KpUTepHio MaHHa-YUTHU BBISIBHI BBICOKHH YpPOBEHB
3HaYUMOCTH cTaTucTHueckux pasnuunid (p < 0,05) nmns paccUUTHIBAEMBIX KOJUYECTBEHHBIX
napamMeTpoB B HccienyeMblx rpynnax. IlpeanoxeHo nmpuMeHEHHE JIMHEWHOTO IMCKPUMHHAHTHOTO
aHanmM3a Uil TOCTPOCHMs MopaenH Kinaccuduraumu. Jnst anuHbl BOMHBI 30HAMpoBaHusA 850 HM
MOJy4YeHbl HAWIydllHe 3HAYeHHsT UyBCTBUTEIbHOCTH ® crnenuduuHoctn (0,88 wu 0,98
COOTBETCTBEHHO), U 3HadeHue Toynoctu 0,93. Takum oOpa3om, MpeATIOKESHHBIN MOIX0/I TO3BOJISIET C
BBICOKOW TOYHOCTBIO BBISBIIATH Hajnuue marojorud B BUIl, u B cBOIO ouepeb CHU3UTH BEPOATHOCTD
JIOXKHOOTPHUIATEIBHOTO PEe3yNbTaTa JUATHOCTHKH TI0 CPaBHEHHWIO C TPAIUIIMOHHO NPUMEHSIEMBIMU
9KOHOMHYECKH JOCTYITHBIMA METOJIAMH TUATrHOCTHKH.

BaaroxapHocTn

UccnenoBanue BbIMoNHEHO NpH (UHAHCOBOH mopnepkke PODU B pamkax Hay4dHOro MpoOeKTa
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N3MEPEHME U MOJAEJIMPOBAHUE OIITUYECKHUX CBOFICT]E TKAHEW IIEYEHU
B IUAITIA3OHE 350-1300 um JJI51 3AJJIAY OIITUYECKOU BUOIICUA

K.1O. Kanayposa', J.C. CyMHHl’z, A.A. Hananonl, E.C. Cepémnal, B.B. I[péMmll,
A.B. MaMOHII/IHI’Z, A.B. )j[yﬂaeBI, E.B. oranosa'

'®I'BOY BO «Opnosckuii rocymapersennsiii yansepenter nm. M.C. Typrenesa», Open, Poccus,
k.kandurova@oreluniver.ru
2BY3 00 «OprnoBckast 061acTHAS KIMHIYECKast 60bHIIa», Open, Poccust

AnHoTanus. B paboTe omicaHo M3MEpeHNE U pacyeT ONTHYECKIX CBOWCTB B cpe3ax MedeHH Kpbic. JlaHHbIe
3HAYEHMs, HapsAAy C XapaKTepUCTUKaMH, IOJYYEHHBIMU JUIS OOpaslOB JKENYM, HCIOJIb30BaHbl IS
MOJICTIMPOBAHMUS OITUYECKIX CBOMCTB MApEHXHMBI C YUETOM PA3IMYHOTO COAEPKaHUS TKaHEBBIX XPOMO(OPOB.

B HacTosiiee BpeMmsi aKTyalbHBIM OCTaeTCs BHEAPEHHE ONTHYECKHX METOJOB M YCTPOWCTB B
XUPYPTrU4ECKyl0 MNPakTHKY. JlaHHBIE METOABI CIIOCOOHBI HaTh MH(OpMAaIMi0O 0 MeTabOJHMYECKUX U
CTPYKTYpHBIX M3MEHeHHsX B Tkausix [1,2]. IlpencraBnsier uWHTepec NOMCK IIOKazaresned s
Pa3paboTKH MPOCTHIX U OOBEKTUBHBIX TEXHOJIOTHH OLEHKU ()YHKIMOHAIBHOTO COCTOSHUS TEYCHU U
NPOTHO3UPOBAHMS IEYEHOYHOH HEJZOCTaTOYHOCTH TPM MEXaHHYECKOH IKenTyxe U JAPYTHX
[aTOJIOTUSIX. BaXHBIM 3TanmoM SBISIETCSl ONPEAETICHHE ONTHYECKHX CBOHCTB U MOJEIUPOBAHUE
B3aMMOJICHCTBHUS CBETA C UCCIIEAYEeMOM OMONOTHYECKON TKaHbio. [l HHTEepIpEeTany UCCIeT0BAHUMA
TaKkke HeoOXO0JWMO UMETh MPEJCTABIICHUE O XapaKTepUCTUKAX TKaHEH C pa3iIMYHBIM COACp)KaHHEM
KPOBH, BOABIL, KEUH, JTUIHUAOB.

Ilenp pabOTBI — MOKUCK U IKCHEPUMEHTAIBLHOE OINpENeNIEHHEe ONTHUYECKUX XapaKTEPUCTHK TKaHEH
MIEYEHH C TTOCIIEAYIOIUM MPUMEHEHUEM TSI MOACTHUPOBAHHUSL.

Jns m3mepeHusi ObLTM UCIIONB30BAHBI Cpe3bl TKaHEW medeHW 6 Kpbic JmHHM Wistar, a Taxke
o0pa3iel xemyn 25 manueHToB OpIIOBCKOW 0OJNACTHON KIMHWYECKOW OONMpHUIEI. bbin paspaboran
MPOTOKON TIepdy3UPOBaHKS PACTBOPOM XOHKCA C KaJbIMEM JJisl TPOMBIBAHUS COCYAOB IeueHH 3
KpPBIC OT KPOBH W HCIOJNB30BaHHS TOJYYCHHBIX 3aBUCHMOCTEH KO3(D(UIMIEeHTa MOTJIOMICHUS C
no0aBIeHHEM XapaKTepHCTHK XpoMmodopoB. OOpasmpl Kemdn ObUIM IONYYEHBI MPH aHTErPaJHON
JIEKOMIIPECCUU KETUYEBBIBOASIINX MyTeH y MalMEHTOB C MEXAaHUYECKOU KenTyxou. g uaMepeHus
MOJHOTO Tpomyckanuss W auddysHoro orpaxkenus B nuamazoHe 220-1400 HM uUCHONIB30BAJICS
cnektpodoromerp Shimadzu UV-2600 ¢ mnTerpupyromeii chepoit ISR-2600Plus. s m3mepenus
KOJUTMMUPOBAHHOTO TIPOITyCKaHUS ObUT pa3paboTaH AepKaTelb 00pa3lioB C OTBEPCTUSIMH AUAMETPOM
1,5 mMm. Ko3ddunueHT mnornomeHus, TpPaHCHOPTHBIA KOIQOUIMEHT paccessHUST W (HaKTop
AHM30TPOIHUHU PACCUUTHIBAIINICH METOIOM 00PaTHOTO JI00ABIICHHSI-YIBOCHUSI.

Pesynprarel nM3MepeHuil 00pasnoB JKEMYM JIEMOHCTPUPYIOT Tpeo0iiafiaHue MOTJIOICHUS B
muanazone 350-500 HM, oOycnoBneHHoro OunupyOuHom. [lepdy3mpoBanne TkKaHel IMEeYeHU
MTO3BOJIMJIO CHU3UTH BIIMSIHUE TOTJIOMICHHS TemoriobnHa B monocax 415, 500-600 u 760 mm. Jlns
MOJEJIMPOBAHUS OINTHYECKHX XapaKTEPUCTHK OBUIM HCIIOJIb30BaHbl HM3MEpEHHBbIE KO3((HUIMEHTHI
MIOTJIOLICHUS. M PACCesTHUA MapEeHXUMBI NIEYEHU U JKEIYH, a Takke (PakTop aHW30TPONHH HapEHXUMBbI
BMECTE C MU3BECTHBIMHU JINTEPATYPHBIMHU JIaHHBIMH I OCHOBHBIX TKaHEBBIX XpoModopoB [3]. beum
MOJY4YEHBl 3aBHCUMOCTH KO3((UIMEHTa IMOTJOMEHUs A Pa3IMYHOIO COMEpPKAHUS OKCH- U
JI€30KCUT€MOTJIO0NHA, BOJIBL, JTUIUAOB U JKeI4d. Pe3ynbraTel pacuera TpaHCIOPTHOTO KOA(pQULIMEHTA
paccesHMsT TKaHell Tme4eHW A0 W Tocie nepdy3upoBaHUS  ObUTM  3KCIIOHEHIMAIBHO
anmnpOKCUMUPOBaHbL. 3Ha4YeHUs! (haKTopa aHW30TPOINUH TaKKe OBUIM PACCUMTAHBI JJIS Pa3IHYHOTO
KPOBEHAIIOJIHEHHS U CaTypaLuy.

[lomy4yeHHble  pe3yibTaThl  CHEKTPOPOTOMETPUUECKMX  H3MEPEHHMH M MOJCTUPOBAHUS
NPECTABISIOT MPAKTHUYECKYI0 HEHHOCTh ISl pa3pabOTKW JUArHOCTUYECKUX KPUTEPHEB OIICHKU
(YHKIMOHAIBHOTO COCTOSTHUA NE€UEHH NPU Pa3IHMYHBIX HaTOJOTHSIX.

BaaroxapHocTn
HccnenoBanue BHINIOTHEHO B paMKax npoekta Poccuiickoro Hayunoro honna Ne 21-15-00325.
CeblikH
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KAPTUPOBAHUE OKCUI'EHAIIMU KPOBHU
11O IBYXBOJIHOBBIM OIITOAKY CTHYECKUM U3MEPEHUAM
METOAAMU MAIIIMHHOI'O OBYYEHMU A

JL.A. Kypakuna, A.B. Xuaos, M.IO. Kupnsumnn u B.B. IlepexaToBa

Wucturyt npukiaagHont usuku uM. A.B. ['amonosa-I'pexoBa Poccwuiickoit akagemun Hayk, Hmxanit HoBropos,

Poccuiickas @enepanms, daria.kurakina@ipfran.ru

AnHoTanus. OnToaKycTHYecKas BU3yalu3aIisi ONOJIOTHYECKUX TKaHEeH MpeCTaBIseT co00ii COBpeMEHHbII
METO/]l, TO3BOJISIONINH IPOBOJUTh TPEXMEPHOE KAapPTUPOBAHHE CTEIICHH HACBHIIICHUS KPOBH KHCIOPOAOM Ha
OCHOBE CIIEKTPOCKOIMYECKUX JaHHBIX. B naHHON paboTe MpOBEAEHBI CHCTEMHBIE PACUEThl KapT MOTJIOMICHHS
CpeAbl C COCYIONOAOOHBIMHM CTPYKTYPaMH Ppa3IM4HBIX JHAaMETPOB W INIyOMH 3alieraHus Uil CO3JaHHA
oOyuatolieil BBIOOPKHU U1l MallMHHOTO OOY4YeHHMs C UCIIOJIb30BaHHEM Metona Monrte-Kapio. PazpaboTanHblii
METOJl PEKOHCTPYKIINH, OCHOBAHHBII Ha MAIIMHHOM OOYYEHUH, ITO3BOJISIET KApTHPOBATh OKCUI'€HAIINIO KPOBU B
KPOBEHOCHBIX COCYZaX in Vivo.

TouHble KOJTMYECTBEHHBIE U3MEPEHUS CTETICHN HACHIIEHHUS KPOBH KUCIOPoAoM (sO,) ¢ moMOIIbI0
onroakyctrdeckorr (OA) Bm3yanumszanmy SIBISETCS OOHOW W3 Hamboiee BOCTPEOOBAaHHBIX Ileleit
KonuuecTBeHHbIX OA HccrnenoBaHUM H3-3a €ro MIHPOKOTo CHEKTpa HEMOCPEACTBEHHBIX MPUMEHEHHH
[1]. OA njuarHocTHMKa OCHOBaHAa Ha pEruCTpalMy YJIbTPa3BYKOBBIX BOJIH, TE€HEPHUPYEMBIX B
ucclenyeMo OHONOTMYEeCKOM TKAaHM 3a CUeT MOIVIOIIEHHS 30HAMPYIOIINX JIa3epHBIX HMITYJIbCOB
ONTUYECKUMH HEOTHOpoAHOCTsAMH. Ilockonbky pasHele XpoMO(OpPbI HMMEIOT CBOM CIIEKTPBI
MOTJIONICHUS, CIeKTpanbHble u3MepeHuss OA TO03BOISIOT PEKOHCTPYHUPOBATh KOHIEHTPAIUU
XpomModopoB.

O0b1yHO KONMMYecTBeHHBIE OA OIEHKH HAINPABIICHBI HAa TONy4YeHHe abCOMOTHON KOMMYeCTBEHHOM
OLICHKM ONTHYECKHX CBOMCTB, TaKUX KaK KOX(PQUIMEHT MOTIOLICHUS |,, U3 H3MepeHHbIX OA
CUTHAJIOB. PEKOHCTPYKIHSA |, BKIIOYAET B ceOsl pelIeHre IBYX HEKOPPEKTHBIX OOpaTHBIX 3ajad: BO-
NEPBBIX, BBIIOJIHUTh AKyCTHUECKYIO PEKOHCTpyKuuio, momydass OA wu300pakeHUs IS KaKIoi
W3MEPEHHOH JUTMHBI BOJHBI A, U, BO-BTOPBIX, OIYYUThH |, U3 CIEKTpa MoriomeHHon sneprun H [2].
OnHako OMONOTMYECKHE TKAHW ONTHYECKH HEOAHOPOJHBI, a MX ONTHYECKHUE CBONCTBA alpuHOpU
HEM3BECTHBI, 4YTO TpebyeT pa3pabOTKM  WHAMBUAYAJIbHBIX IOAXOAOB  [UI1  BBLACICHUS
¢Gu3N0NIOrYecKUX MapaMeTpoB. TeKymias TEHACHLMS 3aKIo4YaeTcsi B IMPUMEHEHHH METOIOB
MAIIMHHOTO OOYYEHHUS! C WCIOJIb30BaHHEM OOJIbIIMX HAaO0OpoB cuUHTeTHUecKMX OA JaHHBIX, 4TO
TpeOyeT YHCIEHHOTIO PEeIICHUsI KaK ONTUYECKUX, TaK U aKyCTHUYEeCKHX 3afad. B maHHoil pabdote Obuin
WCIIOJIb30BaHbI MOJIXO/bl, OCHOBaHHbIC HA METOJaX MALIMHHOIO OOY4eHHs Ul MONHUKceNnbHOH 3/1-
PEKOHCTPYKIIMH HACBIIIIEHNSI KPOBH KHCIIOPOIOM.

B sToM uccrnemoBaHnM MBI OOYyYWJIM ANTOPHTM MAIIMHHOTO OOydYeHHsI Ha JaHHBIX in silico,
NOJY4YEeHHBIX ¢ moMompio Monrte-Kapno MozenupoBaHUs KapT paclpelesieHHst IOTJIOMIEHHOR
sHeprun H cBeta B MonenpHOM TKaHM, a 3aTeM OUEHWIM ypoBeHb sO, Ha OA nmaHHBIX UId yXa
Kpoiuka in vivo. CrenmaibHO paszpaboTaHHas peaim3anusi anroputmMa Monrte-Kapno Ha 0aze
MATLAB wucnonp3oBajlack JJjisi IOCTPOEHUS KapT  MOIJIOLIEHUS, XapaKTePU3YIOIIHUXCS
pacrpeneneHreM HOTJIOUIEHHON JI03bl B TKaHENOJ00HOH cpese, coaepikalieil KpOBEHOCHBIE COCYAbI
Pa3IMYHOrO JUaMeTpa, TITyOWHBI 3aleraHusl U CTENICHN HACHIIEHNsT KPOBU KUCIIOPOJOM B Mpeaeax
Mopdoorudeckoro auanazona [3]. B janHOM uccieoBaHuK OBUTH paCCMOTPEHBI JUTMHBI BOJIH 532HM
u 1064 HM, sBiIsIONIHECS HanOOIee UCIIONIb3yeMbIMU st OA BU3yaH3allvy.

IHomyuennsiit HaOop cuHTeTHUecKHX OA MaHHBIX IOKaszajd OOJBIION MOTEHLMAN B KadecTBe
oOyyaromero Habopa Uit METOJa MAIIMHHOTO OOY4YeHUs, HAalpaBICHHOT0 Ha KapTUPOBAaHUE
OKCHI'€HAllUM KpPOBH Ha OCHOBE crekTpainbHbIX OA nmansbeiX. [lonxoxa, OCHOBaHHBIM Ha MaIlIMHHOM
00y4eHnH, MO3BOJISIET KAPTUPOBAThH CaTypaLUIo KPOBH B KPOBEHOCHBIX COCYax in vivo.

BaarogapHocTn
Pabora Beimonnena npu noaaep:xke Poccuiickoro HayuHoro gonaa (mpoekt Ne 22-29-00074).
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PA3PABOTKA AJIT'OPUTMA
JTA®PEPEHIIUAIIAY MTAPEHXUMBI M OITYXOJIEW ITEYEHA
HA OCHOBE AHAJIN3A TAPAMETPOB BPEMEHH KN3HU ®JIYOPECHEHIIUN
C UCHTOJIB30BAHUEM METOJOB MAIHIMHHOT'O OBYUYEHUA

B.B. Illynienos', E.B. IToranosa', E.A. Kepe6uos', B.B. Ipémun’, K.IO.KaHnypOBal,
J.C. CyMHHl’z, A.B. Mamommu"?, A.B. IlyﬂaeB1

1 .
OI'Y um U.C. Typrenesa, Opén, Poccust
’BY3 OpioBckoit obmactu «OpioBcKas 00acTHas KIMHUYecKas oonbpHuIay, Opén, Poccus

Annoranus. OueHeHa 3()()EKTUBHOCTH METOJOB MAIIMHHOTO OOy4deHHs Uit AuddepeHIuanud OmyXxoien
MIEYEHH T10 TIapaMeTpaM BPEMEHH JKHU3HU (hIyOPECHEHIIMH OT 3I0POBOH MapeHXMMEI. MeTon ciydaifHOro jieca
MPOSIBIJI HAaWOOJBIITYI0 UYBCTBHTENBHOCTE M CHEONU(UIHOCTh B 3amade Kiraccupukarmu. [lomydeHHBIE
pe3ynabpTaTel MOTYT OBITH HCIIONB30BAHBI JJIS Pa3pa0dOTKH TEXHONOTHH IHATHOCTHUKH TIPH TOHKOWTOJBHON
OHOIICHH IICUCHH.

BBeaenne

OnyxoJu MeYeHn MPEeCTaBIAI0T CO00H Cephe3HYI0 MPOOIeMy COBPEMEHHON MEAMIIUHBI, KOTOPAs
TpeOyeT pa3pabOTKK HOBBIX METOJIOB JTUATHOCTHKH. TOHKOWUTONBHAS ONTHYECKas OMOICHS SBISECTCS
MEPCIEKTUBHBIM ~ METOJIOM, IO3BOJSIOMIMM  auddepeHnupoBaTb oudaropsle u  auddysHbie
HOBOOOpa30BaHMs MMEYeHH OT MapeHxuMbl. OmHako mpodiema audQepeHanuyd pa3IndHoOrO THIIA
omyxoJiel (TIepBUYHBIE M METACTa3bl) 0 CUX TOp HE pelieHa. B JaHHOM cTaThe MpeaCcTaBiICH HOBBIM
MOJXOJ K JUAarHOCTHKE Ha OCHOBE MapaMmeTpoB BPEMEHHU XHU3HU ()IyOpECUEHIINH, MONyYSHHBIX TPU
MPOBEIEHUH TOHKOUTOJIbHON IYHKIIMOHHOM OHOINICHY TIEYCHH.

MaTepI/IaJIbI H METO/bI

B nmannO#f pabore wHCHONB30BaNach ABTOHOMHAS CHCTEMa cYeTa OJMHOYHBIX (DOTOHOB C
koppemsiiuedt mo Bpemenn TCSPC (Becker&Hickle, I'epmanusi) Ha ocHoBe TuiaThl cueTa ()OTOHOB
SPC-130-EMN, nerekropa HPM-100-40 ¢ dunbtpom MF445-45 u nazepa BDL-SMN c¢ miuHoi
BoiHBI 375 HM. Beero B ucCnenoBaHWM NPUHSUIM y4dacTue 9 MallMeHTOB: 3 MALIMEHTa C AUAarHO30M
MEPBUYHBIA METACTATHUYCCKUI pak TedeHU (TeraTolesUIIoNIsIpHas aJlcHOKapIMHOMa), 6 MalueHTOB C
JIUarHO30M JOOpOKauecTBEHHas OIMyXOJb IMEYCHU (Y3JI0Basi THUIEPIUIa3usi), MMOATBEPKACHHBIE Ha
OCHOBE ITaTOMOP(OIOTHYECKOro aHanu3a. st KaXJI0ro manueHTa B XoJe MPOBEACHHs CTaHIapTHOU
IpOLENYPhl YPECKO)KHOW ITyHKIMOHHOW OHOIICHMHM TEYeHU IIPOBEICHAa DPErucTpalys HapaMeTpoB
BpEMEHH KHU3HH (IIyOPECHEHIIMHN B 00JIaCTH YCIOBHO 3/I0POBOM APEHXUMBI ITEYEHH U OIYXOJIH.

Pe3yﬂbTaTLI HCCJIeJOBaAHUA

s kaccuuKanuy OMyXoJIeBbIX TKaHEH U MapeHXUMBbI TeYeHU ObIIIM HCIONIb30BaHbl U CPABHEHBI
MEXIy co00il Tpu MeTOJa MAIIMHHOTO OOYYEHUS: METOJ] OTIOPHBIX BEKTOPOB, METOJ JIOTHCTHYECKON
perpeccus W MeTo]| CIy4ailHOTO Jieca. B KkadecTBE TOYHOCTHOT'O aHAIM3a KaXJIOTO MeToja Oblia
BblOpaHa MeTpuka twomaau 1og ROC-kpuBoit (AUC), mnosiyueHHass METOJOM CIIy4allHOTO
cmemmBanus (o 10 smoxam), B xojlle KOTOporo Hambosee >h(EeKTHBHBIM KIIACCUPUKAITUOHHBIM
METOOM OBUI OIpeneNieH METOA CilydaiHoro jeca. s M3MEPEHHBIX Map HapaMeTpOB BPEMEHHU
KU3HH  (QIIyOpecleHIMr OBbUTH TOJYyYeHBl CIEAYIONIMe 3Ha4YeHUs YyBCTBHTENBbHOCTH (Se) u
cneunpuuHoctd  (Sp): U1 TeNaTOUEIUNIONSAPHOW  aJeHOKAPLMHOMBI/TIADEHXUMBl  MIE€YEHH:
Se=0,95+0,06, Sp=0,75+0,15, AUC=0,95+0,04; mis y3/I0BOW THIIEPILIA3UN/TIAPSHXUMBI TIEUEHH
Se=0,95+0,05, Sp=0,84+0,09, AUC=0,97+0,02.

Hcnonp30BaHME  METONOB  MAIIMHHOTO  OOYYeHHMs  IO3BOJMJIO  MOBBICUTH  TOYHOCTh
JuQepeHnanuyd  OMyXOoJeBbIX TKaHEW OT MapeHXWMBl TME€YEeHH [0 CPaBHEHUIO C HAIIMMHU
OpeJbIYIIAMA ~ UCCIEOBaHUSIMH, TAe  Obuta  jauddepeHIrpoBaHa  renaToleIUTIONspHAs
a/ICHOKapIIMHOMAa Ha MOJENbHBIX )XHUBOTHBIX [1]. B manpHeiimem Hama paboTta OyzneT HampaBiieHa Ha
pacuiperre Habopa NaHHBIX C LEJbI0 YyTOYHEHUs! pa3padOTaHHOro KiaccU(uKaTropa, B TOM UYHUCIIE
utst quddepeHIanuy pa3inaHbIX HOBOOOPa30BaHUH IMEYEHU MEXITy COOOH.

BaaroxapHocTn
Uccnenoanne BoimonHeHo npu noajep:xkke PH®, mpoext Ne 21-15-00325.
Ccblikn
1. Zherebtsov E.A., Potapova E.V., Mamoshin A.V., Shupletsov V.V., Kandurova K.Y., Dremin V.V,
Abramov A.Y., Dunaev A.V., Biomed. Opt. Express, 13, 633-646, (2022).
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CUHTE3 MATHUTHBIX HAHOYACTHUI: MATHETHUT WJIM MAITTEMUT?
E.O. MouceeBa, C.B. I'epman, JI.A. I'opun

CKOJIKOBCKHII MHCTUTYT HayKH U TexHonoruit, Mocksa, Poccusi,
e-mail: Ekaterina.Moiseeva@skoltech.ru

Annoranusi. CynepniapaMarHUTHeIE HaHouyacTHIBl okcuna skene3a (SPIONs) mnokaszanmm cebst kak
MEpPCIIEKTUBHBIN (DYHKIIMOHAIBHBIA MaTepual Jjsi TPUMEHEHHUs B MEIUIMHE M OMOTEeXHOJOrnu. B HacTosmee
BpeMs: SPIONs akTHBHO HCHONB3YIOTCI B KOMMEPYECKHX TECT-CHCTEMax Ui MMMYHOAHAINM3a, a TaKKe
ABJISIETCS KIMHNYECKU-0J0OPCHHBIM KOHTPACTHBIM areHTOM JUIsi MarHUTHO-PEe30HaHCHON Tomorpaduu. Kpome
toro, SPIONs akTWBHO HCCIEIyIOTCS B KadecTBE MaTEpHANoOB Ul NPHUMEHEHUs B (DOTOHHKE, BKIIOUAs
(hOTOHHBIE KPUCTANIIBI, OPTaHUYECKHE CBETOAMOIBI W HOBBIE METOABI BH3YyalW3alMH M TEpallUd HAa OCHOBE
na3epHbIX TexHooruil [1]. OnHaKo, KOHTPOIMPYEMBIi CHHTE3 MAarHUTHBIX HAHOYACTHUI] 3aJaHHBIMU CBOMCTBAMU
BCE €IIE OCTAETCsl aKTyalbHOM 3anadeil. Kak mpuBuio, B pe3ynbTraTe peaklUUU COOCaXACHUS COJEH jkere3a
o0pa3zyeTcs CMELIaHHbIH OKCUJl MarHeTUTa WIIM MarreMHTa C IIEPEMEHHBIM COCTaBOM, IIPH 3TOM 00pa3yroluecs
OKCHUJIBI U30CTPYKTYPHBI APYT IPYTY, MOITOMY MX HUACHTH(UKAIHS C TOMOLIBI0 PEHTTCHOCTPYKTYPHOTO aHaIn3a
KpaiiHe 3aTpyaHuTeNbHA. [IpeanoxkeH METo MOydeHUs IIEKTPOCTAaTUYECKH CTa0MIM3UPOBAaHHBIX MarHUTHBIX
HAHOYACTHII, a TAKXKe CIEKTPO(POTOMETPUUECKHUI CIIOCOO KOJIMYECTBEHHOI'O OIIEHKHU OINPEEICHUs COepIKaHUs
Fe;0,4 m y-Fe,05 B ux cocTaBe.

B nanHoil paboTe HAHOYACTHUIIBI OKCHU/A XKeJle3a ObUTH CHHTE3UPOBAHbI 110 METOIUKE COOCAKICHUS
rekcaruzapara xiuopuzna xenesa (III) n terpaarnapara xjopuma sxenesa (II) B aBTOMarnyeckom
xumudeckoM peaktope CR-1 (TetraQuant, Poccust) [2]. CormacHo pe3yiabTaTaM IpOCBEUHBAOLICH
ANIEKTPOHHON MHKPOCKOIIMH BBICOKOTO paspeuicHust (IIOM BP) moiyueHbl 4acTHIBI UMEIOT CpeIHHN
muamerp 7 HM (uHzZekc mnonuaumcnepcHocTd < (0.2) M XapaKTepU3YyIOTCS BBICOKOH CTETNEHBIO
KpuctammyHocTd. Kaptuna qudpaknun 351eKTpoHoB 10 BeIOpaHHO# obnactu (SAED) cooTBeTcTBYET
KPUCTAUIMYECKOH CTPYKType InnuHenn (KyOmueckas cHHroHus). OleHKa XMMHYECKOTO COCTaBa
POBOIMIACH METOOM CIIEKTPO(OTOMETPHUECKOrO OMpE/eICHHs OKPALICHHBIX KOMILIeKcoB Fe’' u
Fe’’. Bepudukanms IOTyYeHHBIX M3MEPEHHH OCYIIECTBIANACH METOIOM  PEHTIEHOBCKOIX
¢doroanexTponHoil cnekrpockonuu (POIC). Iloka3aHo, YTO HEMNOCPEACTBEHHO IOCHIE pPEaKIHU
HAHOYACTHIIBI PEICTABISIOT COOOM MPAKTHYECKU YHCTHIA MarHeTuT (conepxanue Fe’™ = 30%), a npu
CTOSHMH Ha BO3JyXe NEpPEXOIAT B MarreMut (comepxanne Fe’" = 6%), KOTOpBIil BIOCIEICTBHH HE
MEHSIET CBOEr0 COCTaBa CO BpeMeHeM. J[OMONHUTENbHO HaMu ObUIO OOHAPYKEHO, YTO CIEKTPHI
TIOTJIOMICHUST KOJUTOMIHBIX YacTHUIl TAKXKE UMEIOT OTIMYHS, TaK MarHeTUT 00JalaeT MOTJIOMCHHEM B
ommwkaeMm UK, B To BpeMs Kak MarreMuT He MOTJIOAET JaHHOW 00JIaCTH.
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Puc. 1. II5M BP n3o0paxenne nosy4eHHbIX OKCUIHBIX yacTUll (A). CIIeKTpBbI MOTIIONICHUS KOJTOMTHBIX
gactuil marHetuta (Fe;O4) n marremura (y-Fe,05) (B).

Buaarogapuoctu: Hactosmas padora nogaepxxana [Iporpammoii «Kiesep»: CoBMecTHBIE POSKTHI
Ckonrexa, MOTU u UTMO

CcbLIKH

1. Zhang L., Dong W. F., Sun H. B. Nanoscale, 2013, 5, 17, p. 7664-7684.
2. German S. V. et al. Colloid Journal, 2013, 75, p. 483-486.

57


mailto:Ekaterina.Moiseeva@skoltech.ru

COBPEMEHHbBIE TPEHAbI B BUOPOTOHUKE — 2023
WORKSHOP ON CURRENT TRENDS IN BIOPHOTONICS - 2023

JOKAJIM3ALNS POTOCEHCUBNIN3ATOPA OIPEAE/SIET TMHAMUKY
BTOPUYHOHU NPOAYKHUHH H,0, BKOMIIAPTMEHTAX KJIETKH
HOCJUIE ®POTOANHAMHNYECKOI'O BO3JEUCTBUA

H.H. IeckoBa', A.A. Fopoxonal, H.IO. HInasiruna', A.A. Bpmnmnal, HU.B. Bananaepa'

! Huxeropockuii rocyaapcTeenHsiii yausepeuter uM. H.M. Jlo6auesckoro, Huxuuit Hosropos, Poccus,
nin-22@yandex.ru

AHHoTanusi. C HCIOIb30BaHUEM KIIETOYHBIX JIMHUHM C OKCIPECCHEH MEPOKCHA-TyBCTBUTEIBHOTO CEHCOpa
HyPer B nuromnasMe U MUTOXOHIPHUIX KJIETOK OBUIO 3apeTUCTPUPOBAHO HAJIWYHE JIATEHTHOTO MEPHOAA MEXIY
BO3JICHCTBEM W pa3BUTHEM oTBeTa B (opme yBemmueHust coaepxkanus H,O,, yBenuumBaromerocs c
yMeHbIIEHneM 103kl oOiydeHnunsi. Bbuto mokaszaHo, yto BropuuHoe HakoruieHne H,O, B nuTomnasme KIeTKH
nocyie 00pabOTKM JIOKaJIM30BaHHBIM B JIM30cOMax (hoToceHcHOMIM3aTopoM omnepexkaer mpoxykuuto H,O, B
MHUTOXOH/IpHsAX. HanpoTus, MeMOpaHOTPONHBIH (POTOCCHCHOMITN3aTOp MPUBOIUT K MaccuBHOU npoaykimu H,O,
MUTOXOHJIPHUAMU C TIOCIEAYIOIIMM €ro HakOIUIeHMEM B IUTOIIa3Me. Mbl mpeanosaraeM, 4ro
(hoTOCEHCMONIN3ATOPBI C Pa3IMYHBIME (U3UKO-XUMUYECKUMH CBOWCTBAMH M BHYTPHUKJICTOUYHOHN JOKaTU3alUeH
MOTYT BBI3BIBATh Pa3IMUHbIE MATTEPHBI HE TOJIBKO NEPBUYHON, HO U BTOpHUHOM npoaykuuu ADK, npusoasiue
K Pa3IM9YHBIM HCXO0JaM KIETOYHOH CMEPTH.

®oromnnamuueckas Tepamus (DAT) sBnseTcss WHTEHCHWBHO Pa3BUBAIOIIMMCS — METOJIOM
JUAarHOCTHKH W JICYCHUS 3JI0KAUYeCTBEHHBIX HOBOOOpa3oBaHWN. MeToa OCHOBaH Ha B3aHMMOJEHCTBUU
HeTokcHyHOTO (horoceHcuOmnmzaTopa (PC) ¢ IMHON BOJHBI, COOTBETCTBYIOUICH €r0 MakCUMyMY
NOIJIOICHNSI, YTO B TNPHUCYTCTBUM MOJIEKYJSIPHOTO KHCIOpOJa MPHUBOAUT K TCHEpauuu
[MUTOTOKCUYECKUX aKTUBHBIX (opM kuciopona (ADK). Jlns nossiteHns 3¢ (HEeKTHBHOCTH MTOPAKCHHS
37I0KaYE€CTBEHHBIX KJIETOK M 3aIIUTHl OKPY)KAIOUIMX HOPMAaJIbHBIX TKaHEH HE00XOMMO BCECTOPOHHEE
M3YYEeHUE MOJICKYISIPHO-KJIETOYHBIX TMpOIeccoB, mpoTekatommx npu DJl-Bozneiicteun. OcoObrit
WHTEepeC BbI3bIBaeT uccnenoBanue pomu H,0,, xak ocHoBHOTO >(dekropa DJI-peakium, a Takxe
Y4aCTHUKA BHYTPHUKJIETOUHBIX CUTHAJIBHBIX KAaCKaI0B.

Lenbio JaHHOW pabOTHI ABISJICS aHAIH3 AMHAMHUKH BTOpU4HOW npoaykuun H,O, B muromnnasme u
MUTOXOHJPUAX KIEeTOK mociie DJ[-Bo3neiicTBUA B IPUCYTCTBUU (POTOCEHCHOMIM3ATOPOB PA3TUIHOM
JIOKaJIU3aLUH.

HccnenoBanusi TPOBOAMINCH HA CTa0WIBHO TpPAaHC()UIUPOBAHHBIX  KIETOYHBIX JIMHHSIX
SNUAECPMOUTHON KapuuHOMBI uenoBeka A431 ¢ skcmpeccueil MeHeTUYEeCKH KOOUPYEMOIo CceHcopa
HyPer B uronmasme (A431-HyPer-cyto) m muroxonmpusx (A431-HyPer-mito) kinerok. B xadectse
napaMmerpa, XxapakTepusywomero coaepxanue H,O,, ~HaMH  OmpeneNnssoch  OTHOIIEHHUE
peructpupyemoro curHana ¢yopecueniun HyPer npu paszubix qymHax BoiH Bo30yxaeHHS (Igs/140s).
B xauectBe @C ucnomnb3oBasicsi rugpodmisHeiii npenapatr Potocenc® (PI'VII I'HL HUOIIMK,
Poccusi)  (mamee  PhS) w  coemuHeHme W3 Kiacca  IUMAHOAPWINIOPQHPA3UHOB  —
teTpakuc(OeH3mIoOKCcUupeHw ) TeTpamanonopdupasun (nanee Pz), cunresupoBanHoe B HHCTHUTYTE
MeTajuloopranniyeckoii xumun um. I.A. PazyBaeBa PAH. Jlna ¢ranounannnooro PhS xapakrepHa
JIOKaJu3auusl B JIM30COMax, TOra Kak MeMOpPaHOTPONHBIH Pz mpenMylecTBEHHO HakarIMBaeTcs B
OIIP u anmapate ['ompmxu. C uenpio ®J[-Bo3aeiicTBUS KIETKH KPaTKOBPEMEHHO (HE IpeBBIIIas
1 muH) o0iryganuck B fo03ax 15-50 I[)K/CMZ.

®J1-Bo3a€eiicTBIE MPUBOAWIO K MOHOTOHHOMY yBenuueHuro comepxkanus H,O, B nuromnazme u
MUTOXOHJIPUSX KJIETOK B TEUCHHE JUIMTEIHHOTO BPEMEHHM IOCIE OKOHYAHHS OONYYEHUs, a HaJlhudue
JI0303aBHUCHMOTO JIATEHTHOTO MEpPHOAa MEXKIY BO3JEHCTBHEM U OTBETOM MOKET CBUIETEIHCTBOBATH O
ToM, uTo Hakomienne H,O, 00ycioBieHO BTOpUYHBIMA OMOXHMHUYECKUMHU nporieccamu. Heobxonumo
OTMETHTH, YTO B 3aBUCUMOCTHU OT (PU3MKO-XUMHUECKUX cBOWCTB ®C, MUTOXOHApUATBHAS TIPOTYKIINS
H,0O, MoeT kak omnepexaTh ero HakoIJIeHHe B IIUTOIJIa3Me, TaK M OTCTaBaTh 1o BpeMeHu. [lokazaHo,
yT0 n3MeHeHue lugs/l40s HE cBA3aHO C BO3MOXKHBIM M3MeHeHHneM pH B kietkax. [IpucyrcrBue B cpene
CHUHTETHYECKOT0 aHTHOKcuaaHnTa N-auetui-L-nucrenna narubupyer Hakoruienue H,O, u npuBoauT k
MTOBBIIIICHHIO KU3HECTIOCOOHOCTH OOTYYEHHBIX KIIETOK.

Takum oOpasom, DJ[-Bo3zeiicTBHE COMPOBOXKAaeTcs BTOpU4HON mnpoxaykiuedn H,O,, a ero
MCTOYHHUKH B KJIETKaX MOTYT OTJIMYATHCS B 3aBUCUMOCTH OT (PU3UKO-XUMHUYecKHX cBoiicTB OC.

Pabora BemonHena B pamkax mnpoekra HIIMY «leHtp ¢oroHMKNY» TpH (QHHAHCHPOBAHUH
MuHuCcTepcTBOM HayKH U BbIciIero oOpa3osanus PO (morosop Ne 075-15-2022-293). H.H. IleckoBa
Onaroznapur 3a NepCcoOHAIBHYIO MOANEPKKY B popme cturieHauu [Ipesunenra Poccuiickoit depepannu
MOJIOAbIM yueHbIM u actiupanTam (CI1-2067.2021.4)
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BJIMSTHUE NOJINDTHJIEHI JIMKOJIA
HA JMHAMUKY NOJIMMEPU3ALUN PUBPUHOBOI'O I'MAPOT'EJIA

A.A. Bakyauna', I'.P. Mycuna®, A.A. lagaynr’, FO.M. Edpemos’, A.H. lnnuka’,
K.W. 3aiiues’, I1.C. Tumauies'

! Wuctutyt perenepatusnoil Meguiunsl, DIAOY BO Ilepserit MI'MY um. .M. CeuenoBa MuHn3ipaBa
Poccuu (CeuenoBckuil yausepcuret), Mocksa, Poccus
2I/IHCTMTyT o6eit pusuku um. A. M. IIpoxoposa Poccuiickoit akanemun Hayk, Mocksa, Poccust

Annoranusi. OuOpHHOBEI THUAPOTeNb MIMPOKO HCIIONB3YeTCs B KauyecTBE OMOINOJIMMEPHOrO Kapkaca B
TKAaHEBOW WHXXeHepuHu. B naHHOW paboTe mpeacTaBieHa CpaBHUTEIbHAs XapaKTepucTHKa (GUOPHHOBOTO
rugporens W ero Momubukanmii ¢ mommdTwieHrimkoneM (II0I) B momsapeix cootHomenmax 5:1, 10:1.
HatuBHb1ii (ubpuH OBUT TpeACTaBICH HEOJHOPOTHBIMH (GHOPMIIIAPHBIMH arperatamu, KoHbioratel [10I -
¢ubpuH ObUIM OoJiee OTHOPOIHBIM M COCTOSIIM W3 XJIONBCBHIHBIX YaCTHI.  BBUIO yCTaHOBJIEHO, YTO
[I5I'unupoBaHKue NPHUBENO K yYMEHbLIEHHI0 Moxayiad IOHra W CHIDKGHHIO BPEMEHH TIeleo0pa3oBaHMs II0
CpaBHEHHIO ¢ HaTUBHBIM QuOpuHOM. Takum oOpa3zom, BBemeHue IIDI cymecTBeHHO BIHMSET Ha
reneoOpazoBanue GUOPHHOBON THAPOTEIIEBON CHCTEMBI.

OubprH 1 MaTepHanbl Ha €ro OCHOBE (THIPOTENH, TEPMETHKH, KJIEH) MIMPOKO NMPUMEHSIOTCS B
pereHepatuBHON MeauunHe. OJHAM M3 BaXKHBIX MPEUMYIIECTB (GuOpuHa SBIISETCSI BO3MOXKHOCTh €TI0
HeNneHanpapieHHol  Momudukanuu. OcoOblii WHTEpeC MPEACTAaBISIOT KOHBIOTAThl (huOpWHA C
nonuatiiaeHrnukoneM (II9I0), mockonbky OHM MOTYT OBITH MCHOJB30BaHBI B KauecTBE KapKaca A
M3TOTOBJICHHUS] OMOIKBUBAIICHTOB PA3IMYHBIX TKAHEH.

Hacrosimee nccrnenoBanue ObLIO HampaBliCHO Ha ONpPEIENICHHE IWHAMHUYECKHUX XapaKTEPHCTHK
THIPOTEIeBO CUCTEMBI, OCHOBAaHHOH Ha HAaTUBHOM M MomuduuupoBanHoM ¢uOpune. B mpomecce
paboThl HCIMOIB30BATHUCH JTHOPHUIN3UPOBAHHBIA TPOMOMH W (UOPUHOTEH, MONYYEeHHBIE U3 ObIYbei
TUIa3Mbl, KOTOpPHIE PACTBOPSUTUCH B CTEpHILHOM (QocdaTHO-coneBoM Oydepe. Moanduranms
¢ubpuHOTEHA OCYIIECTBIISIIACh myTeM Jo0aBICHUS 0,0-6uc[2-(N-CyKInHUMU AT
CyKIMHMIaMIHO )3Ti| mommdTiineHrnukons (([I90-N-I'mapokcucykumanmua). beuto momydeno 3
rpymmnsl 00pasioB: HaTUBHBIN GubOpuH, [13'-pubpun ¢ ManspHbIM cooTHOIIEeHHeM 5:1 1 10:1.

Busyanuzanus ¢uOprHHOBOM ceTH NPOBOAMIACH C HCIOJIB30BAaHHMEM KOH(OKAIBHOIO JIA3€PHOIO
ckanupytomero mukpockona LSM 880. Jlns ompeneiaeHus: MEXaHMYECKUX XAPAKTEPUCTUK Treseil
NPUMEHSJICST  aTOMHO-CHJIOBOM  MuKpockom Bioscope Resolve, a peomormueckue cBoiicTBa
HCCIIEIOBATIUCH ¢ TIoMoIIbI0 peoMerpa Physica MCR 302. Ontuueckue cBoiicTBa GUOPHHOBBIX Tefieit
olleHUBaIUCh B Auanazone yactot v=0,15-1,5 TT'u ¢ nomomipto umnynscHoro TI'i-cnekrpomerpa.

BrisiBrieHo, uro ¢pubpuH, koHbIOrHpOBaHHEI ¢ [131 B MossipHbIX cooTHOMmIEHMsX 5:1 1 10:1, ObL1
0oyiee OJHOPOJHBIM W COCTOSUI U3 XJIOTIbEBUAHBIX YACTHIl, HATUBHBIN (UOpPHH OBLI TpeacCTaBICH
HEOAHOPOIHBIMU (puOpWILIsIpHBIME arperatamy. CpeaHss IUIOLIaab 4YacTHULl Oblla HAauOONbIIEH B
HaTHBHOM ubpuHe (47,5 £ 7 MKkM®), B TO BpeMs Kak o6pasisl [T wiupoBaHHOro pHOpHHA MOKa3aIH
MeHbIHe cpemnue 3HauenHms: 10,3 + 0,9 mxm® — 5:1 u 9,7 + 0,9 mxm® — 10:1. Bee 06pasisl 6bitu
OTHOCHUTENIFHO MSTKUMH;, cpenHuii moxynb HOnra cocrasmn 345,78 + 69,46 (matusHbi), 148,54 +
30,77 (5:1) m 98,22 £ 27,68 (10:1). II2I'mnupoBanue ¢pubprHa NpuBeENO K CHIbKeHUI0 Moayiist FOHra
(E) Ha 57% wu 72% nns o6pasnoB 5:1 m 10:1. Tl'u-onTuyeckue cBOWCTBa HATWBHOTO (QuUOpHHA
MO3BOJIMJIM BBISIBUTH NOCTOSHHYIO BPEMEHH IMOJIMMEpU3alnd, KoTopas coctaBwia 14,4+2.8 muH. B
CBOIO ouepenb, HabOmonaemble n3MeHeHus: TIn-ontuueckux csoicts [I9I'mmmpoBanHoro ¢gpudprHa
HaXOJWJICh B TpeeNiax MOTPEIIHOCTH W3MEPEHWH, YTO HE IO3BOJHMIO OICHWUTHh IOCTOSHHYIO
BpEMEHHN TOJIMMEPU3alli TTOJyYSeHHBIX KOHBIOraToB. [lo pe3ynbraTaM peoJOorH4eckoro aHaiu3a
Moaudukanus ¢uOpUHA TpHBENa K 3HAYUTEIHHOMY YMEHBLICHHIO BPEMEHH IelleoOpa3oBaHus: C
42,75 mun s satusHOro 10 31,26 muH (5:1) 1 35,09 mun (10:1) IIDI-pudpuna.

[IpoBenenublii aHanu3 nokasan, uyto Momudukanus [ID] cyliecTBEHHO BIHMSET HAa JUHAMHKY
nojauMepuzauun  GuOpuHOBOro THAporens, obecmeunBas Oosiee ObICTpoe TeneoOpa3oBaHHE U
oOpa3zoBaHHe cTaOMIBHOM TOMOT€HHOU cucTeMbl. [loHMMaHne AMHAMHUKH Teneo0pa3oBaHusl SBISIETCS
MEPCIICKTUBHBIM HAIPaBICHUEM JUIS Pa3pabOTKH OMOIKBHBAJICHTOB TKAaHEH M ONTHMH3AINU HX
CBOIICTB.

BaaroxapHocTn

HccnenoBanue BHINOIHEHO NpH MOAEpKKe rpanTa Poccuiickoro Hayunoro ¢onga Ne21-15-00339,
https://rscf.ru/project/21-15-00339/.
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INPUMEHEHUE ®UBPUTIAPHBIX KOJJTAIEHOBBIX MATPUILL
CAHYC-CTPYKTYPOU JJISA AYTMEHTAIIMOHHOU YPETPOIIVIACTUKHA

A.A. AHTOHII/IHI, B.I1. Epmosl*, A.H. anﬂsonal, C.10. Bononmnl, E.B. I/ICTpaHOBal,
SALH. Xpuctuauc', AJL. ®aiizyumn’', JI.B. Byrnapy’, I1.C. Tumanies'

'MucruryT pereneparusoii Meummas, ®TAOY BO Ilepssiit MMV M. U.M. Cedenoa Mumsapasa
Poccun, Mocksa, Poccns, ershov_b_p@staff.sechenov.ru*
2®I'AOY BO Ilepssiit MTMY um. .M. Ceuernosa Munsapasa Pocenn, MockBa, Poccns

AHHoTanusi. CTpHKTypa ypeTpsl — 4YacTO BCTPEUAIONIEECS COCTOSHHE, INpPH KOTOPOM IIOKa3aHa
ypeTporiactuka. B naHHOM mccnenoBaHuy ObUIM MCHBITaHBI KOJJIATEHOBBIE MAaTPUIBI ¢ SIHyC-CTPYKTYpO# 1u1st
ayrMEHTAIlMOHHON ypeTpoIulacTki y KpoiukoB. Ha 90 cyTku mocne omepanuu HpoH30LLIa MOYTH MOJHAS
pereHeparys CIM3UCTONH CTEHKH ypeTpsl, OAHAKO HauuHas co 180 cyTok Hayajcs mpolecc CIOHTaHHOTO CTEHO3a
ypeTpbl. B KoHTpOnBHOH rpynme ¢puOpo3 CTEHKH ypeTphl pa3BUBAJICS CpPa3y M JOCTHI CBOETO MakCHMyMa YKe K
45 cyrkam. Takum o0pa3oMm, B JaHHOM HCCIEIOBaHMM ObUT OOHapyXeH W omucaH ()EHOMEH BTOPHUYHOTO
CTPUKTYPUPOBAHHMS I1OCJIE MMOYTH ITOJHOM pereHepanuyl CIU3HCTON MPU MOMOIIM OHOCOBMECTHMOW MaTPHIIBI,
YTO [IOJDKHO YYWTHIBATHCS IIPH CTPATETWH JICUYCHHS ITAIMEHTOB CO CTPHKTYPOH YpPETpBl COBPEMEHHBIMH
6uomMaTepuanamMu U TpeOyeT NOMOTHUTEIBHBIX HCCICIOBAHMUMH.

BrISBISIEMOCTS CTPHUKTYpP YPETpHl Y MYKUUH KoneOsercss ot 229 mo 627 ma 10000 naceneHus B
pa3auuHbIx cTpaHax [1]. Jlns jedeHus cTeHO3a ypeTphl MPUMEHSIETCS YpeTpoIiacTHKa, B XOJe
KOTOPO# CYKEHHBIH y4YacTOK ypEeTphl 3aMelIaeTcsl ayTOTPaHCILIAaHTATOM (3a4acTyl0 — YYacTKOM
IIeKH), OJHAKO 3TO MOJKET TMOBIIEYHh 3a COOOW pa3BUTHE OCIOKHEHHH B TOHOPCKOM ydacTke [2].
Hcnonb30BaHUE KOJUIAr€HOBBIX MATPULl MOXET I[O3BOJMTh H30€KaTh [OaHHBIX HETraTHBHBIX
nociencTBuid. B maHHOM ucciieoBaHMM OBUIM TPUMEHEHBI OECKIETOYHBIE MaTpuibl c SHyc-
CTPYKTYpOH, KOTOpbIE€ NPOJEMOHCTPUPOBAIN BBICOKYIO OHMOCOBMECTHMMOCTH Oylarojapsi HHM3KOH
MMMYHOT'€HHOCTH.

B  wuccnemoBaHMM — WMCHONB30BANM  KOJUIATGHOBBIE ~ MEMOpaHBI,  TOJNYyYEHHBIE  METOAOM
ANEKTPOPOPETHUECKOTO0  OCaxaeHuss u3  (QuOpwusipHoro  koiuiareHa [3].  Hcmonb3oBanu
IKCIEPUMEHTATIBHYI0 MOJIENIb ayTMEHTALMOHHON YPEeTPOIUIACTHKH Y KPOJHKOB: PE3eLHpPOBaHHBIC
YYacTK{ 3aMellaly KOJIareHOBRIMH MeMOpaHamu ¢ SIHyc-CTpyKTypo#l 15 kpommkam, KOHTPOIHHOMH
rpymme (15 KpoaMKOB) 3aMeIIeHUs] He TIPOBOINIIH.

Konnarenosast MaTpuia nociie UMILIAaHTALUU BbI3bIBAIA BRIPAXKEHHYIO pereHepanuto Tkaneil. K 15
cytkaMm 10 50% MOBEpXHOCTH HUMILIAHTA MOKPBIBANTOCH HEAU(PPEPEHLUUPOBAHHBIM YpPOTEIHEM, a
MeMOpaHa HauMHaIa pa3pymarhcs Makpodaramu. Ha 45 cyTku noBepxHOCTh JeheKTa OKOHYATEIBHO
SMUTENN3UPOBAIACH YPOTEIHEM, MO HUM HaOJNIOaNoch 4YepeloBaHue OcTaTKoB mMIuiaHTa. Ha 90
CYTKH HaOmoAajach TMONHAs sSnuTenu3auus U audepeHIUpoBKa YpPOTEIHs, BOCCTAHOBJICHUE
COCOYKOB CJIM3UCTOM U €€ COCJMHUTEIIbHOTKAHHON OCHOBBI. YpOBeHb 0-SMA CBHUAETEIHCTBOBAT 00
OTCYTCBHH PHCKa BTOPHYHOTO CTeHO3a ypeTpbl. OaHako Ha 180-270 cyTku y OOJIBIIMHCTBA KHUBOTHBIX
HaOIroancs BeIpaXEHHBIH (GUOPO3 COeIMHUTENbHOTKAHHON 000JIOUKH YPETPBI, C PE3KUM CYKECHHEM
e€ mpocBera, YTO HIAET Bpaspe3 c¢ oOmmM TpeHaoM a0 90 CyTOK Ha CHMKEHHE AaKTHBHOCTH
Muo(puoOpodnactoB. [IpuunHBl JaHHOTO SBIEHHS OYAyT YTOYHEHHI B TOCIEAyIOMHX padortax. B
KOHTpOJIe OoTMedanu Oosiee ObicTpyro snurenuzauuto (1o 90% Ha 8 cyTkm), a Tarkke OOJBIIYIO
crenieHb (uOpo3upoBaHus (10 BhIpaKeHHOTO (GuoOpoza Ha 15 cyrtkum). [lo maHHBIM THCTONOTHH —
crenieHb (GuOpo3a Ha 45 CyTkM B KOHTpPOJE Topa3no cuibHee, 4yeM Ha 270 CyTku B
3KCIIEPUMEHTAIBLHOM TpyIIIe.

Takum 00pa3om, B JaHHOM HCCIEIOBaHMM OB OOHapy)XeH M ONHMcaH (PEHOMEH BTOPHUYHOTO
CTPUKTYPHUPOBAHHUS MTOCJIE PEreHEPAIIUH CIIM3UCTON MPH MOMOIIH OMOCOBMECTUMOW MATPHIIBL.

BaarogapuHocTn

HccnenoBanue BHINOIHEHO NPH MOAEpKKe IrpanTa Poccuiickoro Hayunoro ¢onmga Ne23-15-00481,
https://rscf.ru/project/23-15-00481.

Ccplikn
1. Alwaal, Amjad et al. “Epidemiology of urethral strictures.” Translational andrology and urology vol.
3,2 (2014): 209-13. doi:10.3978/j.issn.2223-4683.2014.04.07.
2. Abbas T O, Yalcin H C and Pennisi C P 2019 From acellular matrices to smart polymers: Degradable
scaffolds that are transforming the shape of urethral tissue engineering Int. J. Mol. Sci. 20.
3. Antoshin A. et al. Semipermeable barrier-assisted electrophoretic deposition of robust collagen
membranes //Journal of Materials Science. — 2023. — C. 1-23.
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HCCIIEAOBAHUE TEHEPAIIMN AKTUBHBIX ®OPM KHCJIOPOJIA
KBAHTOBBIMU TOYKAMM YETBEPHBIX COEJUHEHUN
N HAHOKOMITIO3UTAMH HA UX OCHOBE

K.H. bapanos, E.C. CmupHoBa, A.O. OpJioBa

Yausepcurer U'TMO, Cankr-IlerepOypr, Poccust, baranov.const@mail.ru

AHHoTanmsl. Bt cHTE3MpOBaHEI OMOCOBMECTUMBIEC YSTBEPHBIC MOIYIIPOBOJHUKOBBIC KBAHTOBBIC TOYKH
ZnAgInS,, a 3atem ObuTH chopMHUPOBAHBI HAHOKOMITO3HUTHI THHA Aapo/06orouka ZnAgInS,/TiO,. UccrienoBanue
TeHEpallMi aKTHBHBIX (OPM KHCIOpoJa CPOPMUPOBAHHBIMU CTPYKTypaMHu II0Ka3alo, 4YTO HapalluBaHUE
o6onoukn TiO, NpUBOAMT K YBeNUUEHHIO 3()(EKTHBHOCTH TEHEpallMM aKTUBHBIX (OPM KHCIOpoJAa MpH
BO3JICHCTBIM Ha CHUCTEMBI M3Jy4€HHEM BHJIUMOro quana3oHa. Kpome Toro, Obuia paccuuTaHa JoJisi aKTHBHBIX
¢dopm kuciopona, koropas (GopMmupyercst 3a CYET NEepeHoca IIEKTPOHA M3 30HBI IPOBOJUMOCTH KBaHTOBOU
touku ZAIS B 30Hy npoBoanmocTu TiO, npy Bo3aeHCTBUN M3y4eHHEM BHIMMOTO JIMana3oHa.

BBeaenne

ITorck HOBBIX MOAXOMIOB IS TEPANUU OaKTEpHUATbHBIX MHPEKIUI ABISETCS aKTyallbHOU 3a7adei.
AxtuBHble ¢Gopmbl kuciopoga (APK) crmocoOHbl mpuBoauTh Oaktepun K rubenn. OmHUM U3
a¢ekTuBHBIX TeHeparopoM ADK SBISIOTCS HAHOYACTHIBI AWOKCHAa TUTaHa. OIHAKO OCHOBHOM
HepocTatok Ti0, — 310 mmpokas 3anpeni€nnas 30aa. OMuH U3 CIIOCOO0B PACIIMPUTH CIIEKTPAIHHYIO
YYBCTBHUTEJIBHOCTh JAMOKCHIA TUTaHa B OOJIACTH MEHBIIMX 3HEPrUi — 3TO CO34aHUE THOPHUIHBIX
cTpykTyp Ha ocHoBe TiO, u, Hampumep, kBantoBoi Touku (KT), mormomaromieii B HEOOX0IUMOA
o0macTi. AKTyaJbHBIMU Ha CETONHSIIHHUM JEHb SBISIOTCS KBAaHTOBBIE TOUKH TPOMHBIX COCAMHEHMH,
Hampumep, AgInS,. Jlng yBenuyeHUsT KBAaHTOBOI'O BBIXOJA JIIOMHHECLECHLMA HAa TAaKUE TOYKHU
HapammBaoT o0osouky ZnS. KeantoBbie Touku ZnAgInS, (ZAIS) sBistoTcs pe3yiabTaToM erié
onHoro moaupunupoanHoro cunte3a KT AgInS,. BHenpenue ZnS B KpUCTAJUIMYECKYIO PEIIETKY
AIS mno3Bonsier perymupoBath monocy ¢uryopectennun (OJI) KT wu3-3a w3MeHeHWs MHPUHBI
3alpeleHHOW 30HBI, a TaKKe 3HAYUTEJIbHO TIOBBIIIATH KBAaHTOBBIM BBIXOA JIFOMHUHECLIEHIUH.
[MpeumymectBa KT ZAIS n nanouactun TiO, noOyaunu Hac cOpMUPOBATh THOPUAHBIE CTPYKTYPHI
tina sapo/odomouka ZAIS/TiO, m wuccnemoBath addexktnBHOCTE reHepanmn ADK  naHHBIMEU
HaHOKOMITO3UTaMH.

OcHoBHAd YacTh

KBaHTOBBIE TOUKH YE€TBEPHBIX COeNMHEHUH ObuH chopmupoBanbl o Mmeroauke [1]. Tlocie cMeHb
JUTaHIoB AJIs1 00ecreyeHnsl pacCTBOPUMOCTH B BOZE, IIPOUCXOIWIO HapamuBanue obosnouku TiO, mo
Meroauke [2]. Jns wmccnepgoBanms reHepanuun ADK HCmOIp30Baics XUMHUYECKHH CEHCOP II-
HuTtpozonuMeTmnanwiniH (RNO), kortoperii nerpaaupyer mpu B3aumonedctBun ¢ ADK. Taxum
oOpasom, dopmupyemble cMecu pacTBopoB u3 ceHcopa RNO u KT ZAIS (wim HaHOKOMIIO3UTOB
ZAIS/TiO,) moxmBepraiuch  BO3JACHCTBHIO  WM3IMyYeHHS  BHIMMOTO  JMara3oHa, a  3aTeM
PETUCTPUPOBATINCH CIIEKTPHI MOTJIOUIeHU 00pa3noB. [lomydyenHsle pe3ynpTaTsl mokasanu, 4to ADOK
reaepupytorcst kak KT ZAIS, tak u nHanokomnosutamu ZAIS/TiO,. Kpome toro, sddexTuBHOCTH
reaepaund ADK nHaHokomnosutamm okaspiBaercst Oosibiie, yem ZAIS, u ymensbmaercs ¢
YBEJIMYEHHUEM JI03bI SJHEPTHH.

3akIoueHne

Hapammsanue o6onouku TiO, na KT ZAIS npuseno k yBennueHuio 3¢(EKTUBHOCTH T€HEpaLH
AO®K. Tlony4yeHHwlii pe3ynbrarT nemaeT HaHOKoMmo3uTel ZAIS/TiO, mnoreHumansHO —Oosee
NEPCIeKTUBHBIMU JUISI  Tepanuu OakTepuanbHbIX HHMeknuid. B manpHeiimem ruraHupyercs
WCCIIE/IOBATh aHTHOAKTEpHUaIbHbIE CBOMCTBA HAHOKOMITO3UTOB ZAIS/Ti0.,.

BaaroxapHocTn

Hacrostmass pabora mommepkana Ilporpammoii «Kmesep»: CoBMecTHBIE TpoekThl CkonTexa,
M®TU u UTMO (Ne 923048)

CcbLIKH

1. G. Gabka et al, https://doi.org/10.1021/ic500046m
2. S. Lee et al, https://doi.org/10.1021/jp508315m

61


mailto:baranov.const@mail.ru

COBPEMEHHbBIE TPEHAbI B BUOPOTOHUKE — 2023
WORKSHOP ON CURRENT TRENDS IN BIOPHOTONICS - 2023

COHOJUHAMUYECKHAN 3®PEKT CEHCUBAJIN3ATOPA ®EOPOPBEUJIA A
B OITYXOJIEBBIX KJIETKAX RAJI

E.C. CmupnoBa, A.W. Janagxanosa u A.O. OpJioBa
VYuusepcurer U'TMO, Cankr-IletepOypr, Poccust, sm.kate@bk.ru

AnnHortanus. B pabore chpopmupoBans! pactBops! ¢peodopbuna a (Ph a) B mumermncynsporcune (AMCO) u
cmecun [IMCO:pocharno-0ydepusrii pactBop (1:10). Briaiaeno, uto B pactBope AMCO deodopbun a
HaXOIUTCS B IBYX pa3MHYHBIX MOHOMEpHBIX (opmax, a B pactBope B cMecu JMCO:®b deodopbun a
MPUCYTCTBYeT W B (opMe arperatoB, U B Qopme MoHOMepoB. MccnemoBaHbl (oTopHU3MUECKHE CBOHCTBA
TeTpanuppoibHOH Moiekyidsl Ph a u ee arperatoB B OHOCOBMECTHMBIX DPACTBOPUTEISX IIOJ IeHCTBHEM
JJIEKTPOMArHUTHOTO M3JIy4EHUS] M HHM3KOYAaCTOTHOTO YJbTpPa3BykKa B MOJENBHBIX cCpelax M Ha PaKOBBIX
KJI1eTOYHBIX uHUAX. Habmonanack addextuBnas renepanus ADK u nerpaganus KieTok.

BBeaenne

OpHUM W3 MepeZOBBIX METOJIOB JIeUeHUs sBisieTcs coHoguHamuueckas tepamnust (CAT) [1]. CyTts
JAHHOTO METOJa 3aKJIH0YAeTCA B TOM, YTO BO3/ACHCTBHE TEPANEBTUUYECKOr0 yIbTPa3ByKa B AUANa30HE
yactor 1-3 MIn wu wunrencuBHocreii 0,54 Br/cm® B KOMOMHAIIMM C KJIACCHUYECKUM
¢dorocencubmmmzaropom (OC) npUBOAMT K JETpajialliy PAKOBBIX KIETOK, B PE3yJbTaTe aKTHBAIUH
HECKOJIbKMX MeXaHu3MoB. BoszneiictBue VY3 BbI3bIBaeT KaBUTAIMOHHBIA 3dext. [Ipucyrcrue
arperaToB MOJIEKYJl WJIM HAHOYACTHUI[ CIIOCOOHO YCHJIMBATh KaBUTALMOHHBIN 3()(EKT U MPUBOAUTH K
MEXaHUYCCKOMY MOBPEKIACHUIO KieToK [2]. KomOuHMpoBaHHOE AelicTBUE Y3 UTyUYCHUS U MOJICKYI
WJIM HAHOYACTHI], KOTOPBIE CIIOCOOHBI TEHEPUPOBATh aKTHBHBIE (hopMbI Kucimoponaa (ADK), Hampumep
CHHTJIETHBIN KHCIOPOI, CTIOCOOHO 3((eKTUBHO 3aITyCKaTh Pa3INYHbIE MEXaHU3MBI KJIETOYHOMN THOeH
Y OKa3bIBaTh BREIPAXKEHHOE LUTOTOKcHUeckoe aeiicteue [3]. Jms moctmkenus makcumansHoro CT
3¢ dekra mpeArnouTUTENILHO, YTOOBI OBLIO TaKOE BEHISCTBO WM COCTOSIHUE MOJICKYJBI, KOTOpPBIC
CIOCOOHBI y4acTBOBaTh B 000omx MexaHW3Max. PaccmaTtpuBaembiii B paborte deodopbun a
MPECTABISIETCS] IEPCIEKTUBHBIM COHOJAWHAMUYECKHM areHTOM ITOCKOJNBKY B MOHOMEpHOW (opme
3¢ (GEKTUBHO TeHEPUPYET CHHIJIETHBIA KHCIOPOA, a €ro arperaTbl MOTYT CIYy)KHTb IEHTPaMu
kaBuTauuu Uit ysennmueHuss CUAT addexra 3a cueT MEXaHNYECKOTO MOBPEKACHUS KICTOK.

OcHoBHAasl YacTh

B JIMCO nataronanacs MonomepHas popma Ph a. ITyrem pasbasienus pacteopa Pha 8 JIMCO B
¢docharao-0ypepHom pactBope (Pb) OBLT mMOMydeH pacTBOpP CMECH arperaroB U MOHOMEPOB.
ITony4enHsle pacTBOpB! OblIM 00IydeHb! Y3 u3nydeHueM ¢ yactoToil 20 kI’ u uHTeHCHMBHOCTHIO 30
MBT/cM’. VcTaHOBIEHO, uTo BiMsHME Y3 TPHBOAMT K A(QEKTHBHOMY INaJECHHIO ONTHUECKOIl
TUIOTHOCTH XUMHUYECKOTO CeHcopa, KoTopoe cBsizaHO ¢ reHepanueii ADK. BepostHo, arperats
Mosiekya Ph a siBisiroTcst ycunurensiMu KaBUTaUMU. DKCIIEPUMEHT MOBTOPSIICS HA PAKOBBIX KIETKAax
Raji, roe cmech arperaroB 1 MoHOMepoB Ph a npuBesno k 3¢ peKTHBHON Aerpafaliiy PaKOBbIX KIETOK.

3akIoueHne

Co3pmaHue pacTBOpa cMecH arperaroB 1 MoHomepoB Pha mpuseno k yBenndeHuto 3¢ ¢GeKTHBHOCTU
reHeparun ADOK mo cpaBHeHHIO ¢ pacTBopoM MoHOMepoB Ph a. IlomydeHHblil pesymnbrar nemaer
koMOuHanuio popm Pha norennmansHo 6oiiee MepCreKTUBHOM 11 COHOAMHAMHYECKON TepaIn.

BaaropapuocTn

Hacrosimas pabora nomuepxana Ilporpammoit «Knesep»: CoBmecTHbie mpoekTsl Ckoirexa,
MOTU u UTMO (Ne 923048)

CcbLIKH
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2. Tuziuti T. et al. Correlation between acoustic cavitation noise and yield enhancement of sonochemical
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3. Dadadzhanova A. et al. Sonodynamic effect in A375 melanoma cells with chlorin e6 induced by
20 kHz ultrasound //Journal of Physics D: Applied Physics. —2021. — T. 55. — Ne. 4. — C. 045402.
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HEKOTOPBIE OCOBEHHOCTHU TEPMUYECKHUX METOJ10B TEPAIIUU

JLIL. Wukuruaze'”, L.JO. Fageusin'?, A.A. Wibunpix', E.C. Crennuesa’,
A.IO. Tepacumenxo ', I.B. Texsimes'”, C.B. Cesnmen’

! WHcrutyT Ononnueckux texHosoruii 1 nmkuaupunra [lepsoro MI'MY um. .M. CeuenoBa (CeueHoBcKuit
yHuBepcuret), Mocksa, Poccus, galechyan_g_yu@staff.sechenov.ru
2 JlabopaTopus KIMHAYECKUX cMapT-HAaHOTeXHOIOTHi MHCTHTYTA perenepatnBHOM MenuuHbl [lepporo MIMY
nM. .M. Ceuenona (CedeHoBckmii yHUBepcuTeT), MockBa, Poccus
3 WHuCcTHTYT OMOMETUITMHCKAX cucTeM HalmoHamsHOTo HecaeoBaTenbekoro yausepeurera « MU Ty
(HY MUDT), 3enenorpan, Poccus

AnHoTanusi. PaccMOTpeHBl HEKOTOpble OCOOCHHOCTH TEPMHYECKHMX METOJOB TEpalmuy BKIIOYAs
¢ororepmuueckuit  (OTT), doromunamuyeckuit (OGAT) wu runeprepmuueckuii (I'TT). IoguepkuyTO
cnenyromee: nasepHas DTT umeer HU3KYI0 HPOCTPAHCTBEHHYIO celleKTUBHOCTh, npu DT Tpebyetcs
UCIIONIb30BaHHE (POTOCEHCHOMIN3aTOPOB, KOTOphIE MOTYT MMETh HETaTUBHBIE IOOOYHBIC MPOSBICHHS
(annepruyeckast peakums M T.1.); dpdextuBHocTs npumeHeHus ['TT B 3HaUMTENbHOW CTENEHM 3aBUCHT OT
pexuMa Tepanuy U IPUMEHEHUs pa3IMYHbIX THIIOB MarHUTHBIX HaHO4actul (MHUY).

Tepmuueckasi Tepanus MoMy4yuia MIMPOKOE Pa3BUTHE B OHKOJOIMU M opromeaud. Bece Oombiue
HAOIOJAI0TCS TeHICHIINH K KOMIUIEKCHOMY NMPUMEHEHUI0 Takux MeTonoB Tepanuu kak OTT, AT u
I'TT c ucmonp30BaHMEM MArHHTHBIX HaHOYACTWI. B maHHONH paboTe NpOBEICH CpaBHUTEIBHBIN
aHaM3 MEPEeYHCICHHBIX METOJOB M OTMEUYEHBI OCOOCHHOCTH HMX IPAKTUYECKOTO TPUMCHEHHS B
OnomenuIMHE.

Jlazepnass OTT orpanuueHa HU3KOW IIPOCTPAHCTBEHHOM CEJIIEKTUBHOCTBIO, 4YTO YACTHYHO
pelaercsi myTeM HCIONb30BaHusl paziuyHbIX (oroceHcnOmmm3aTopoB (PC), Hampumep, 30JI0THIX
HaHoyacTHL. [locienHue XapakTepU3YIOTCS HECIOKHOCTBIO IIONyYEHHsl, HU3KOH JIOKaJIBHOU
TOKCUYHOCTBIO M aNIpOKCUMAIVed pacyéToB KMHETHMKH HAarpeBa OIYXOJIM OTHOCHUTENBHO IPYTHX
MIPOTHUBOOMYXOJIEBBIX areHTOB, K MpPUMeEpYy, KBAHTOBBIX TO4YeK. DOTOTEPMHUUECKHE areHThl JOJKHBI
o0nagaTh HECKOJIBKMMH OCHOBHBIMU CBOWCTBAMH, TaKMMH KakK: CHIJIbHOE TIOTJIONIEHHWE CBETa B
omokaeM  VK-nmamasome  (3Hauenwe  kod(duupentoB  skctuukmmm - >10° M7 oM ),
OMOCOBMECTUMOCTh M OMOpa3inaraeMocTh, a TaKKe€ MMETh BO3MOXXHOCTH BH3YaJIM3allH B PEKHME
pealbHOTO BpeMEHH sl KOHTPOJIS Teparuu.

ONIT no3BoisgeT ucnonb3oBaTh B kauecTBe OC paziauuHbIe TeKapCTBEHHbIC IPENapaThl, MOJEKYJIbI
KOTOPBIX BOCIIPHMMYUBEI K CBETY M pa3pylIaloTcs NP BO3ACHCTBUH HA HUX JIa36pHOTO M3JIyYEHUS.
[Tpu onTumMansHOM nog60pe Tuna OC, UIMHBI BOJTHBI 1 MHTEHCUBHOCTH JIA3€PHOTO H3ITyYEHUST MOXKHO
JOCTHYL TEpaneBTHYECKOro 3(dexra — rudenu KIETOK pakoBoil omyxoiu. IIpu ompeneneHHbIX
ycnoBusix nponecc /[ T-repanmuu Bo3MOKHO TPOBOIUTH B aMOynaTopuu u nHeBHOM cBete. s O[T
XapakTepHbl HEKOTOPbIe MOOOYHBIC MPOSBICHHUS HA KOXe: OTEK Ha 00padaThiBa€MOM y4yacTKe WU
PAZOM C HUM, U3MEHEHHUE 1IBETa, 3y, NMOKAJIbIBAHUE WK XOoKeHue, KokHble nHpekuun. OTT u OAT
MOTYT TPHUMEHATHBCA KOMIUIEKCHO — B COYETaHUMM C JPYITMMH METOJaMH, BHEIPEHHBIMH B
MPAKTHYECKYI0 MEAWIIMHY, OJIHAKO, CYIIECTBYET psJI TPOTHBOIMOKA3aHUM K pagUKaIbHOMY H
MaJJTHaTUBHOMY JICUEHUIO, HallpuMep, ajuiepruueckue peaxiuu Ha OC.

I'TT ocHOBaHa Ha TeperpeBe LENEeBOr0 YydyacTKa TKaHW 3a CYeT IepeMarHU4MBaHUSA
cynepnapamarHuTHEIX MHY Bo BHemIHEM mepeMEeHHOM MarHuTHOM mosie. MHOroyHKIHMOHAIbHBIE
MHUY cnyxar areHTamMM Jjisi BEKTOPHOM JOCTAaBKM JIEKAPCTBEHHBIX IIPENAparoB, JUArHOCTUKH M
tepanun. MHY MoryT 3¢ dexTrBHO HHI'MOMpOBaTh U yOUBATh PAKOBbBIE KIETKU B i ViVO YCIOBUSX, B
TOM YHMCJIE METacTa3upOBaHHBIE TP NpPAaBWIBHOM moadope mnapamerpoB pexuma [TT.
DddexrusHocTs ['TT 3aBucuT oT MHOTHX napamerpoB MHY, Brimtouast pazmepst (5—1000 aM), dopmy
(cdepuueckasi, crepKHEBas, JJHCKOBas), TOJIIUHY, THI MaTephalla TOKPBITHS M BEJIWYHH
HamarandeHHocted. Oxnako I'TT eme HEAOCTATOYHO ONTHUMHM3MPOBAaHA, HO aKTUBHO MCCIIEAYETCS U
yKe TIOCTETIEHHO MEPEXOIUT B (ha3y KIMHUYESCKUX UCTIBITAHUH.

Brimonuenne pabotr Obuio moanepkaHo MUHHCTEPCTBOM HAYKW M BBICIIETO 00pa3OBaHUS
Poccwuiickoit @enepannn B pamkax cornameHus Ne 075-15-2021-596.
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