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MEJUINHCKAA BUOMEXAHUKA

MOJIEJMPOBAHUE PA3BUTHUS MMPEJAPAKOBBIX COCTOSSHUM
Y JABOPATOPHBIX I'PBI3YHOB KOMIIJIEKCHBIM BO3JEVCTBUEM
XUMHNYECKUX U BHOJIOT'HYECKUX ®PAKTOPOB

KaneBckuii M.B., KonnoBa C.C., I'anunkast A.A., KonnoBa C.A.
Capamosckuil HayuUOHAIbHBIN UCCIe008AMENbCKUL 20CYOAPCMBEHHbILL YHUBEPCUMem

umenu H.I". Yepnviwescroco, Capamos

AnHoTauus:B pabore mokazaHa BO3MOXKHOCTb HMHAYIHMPOBAHHS Pa3BUTHS BOCIAIUTEIBHBIX U
MPEApPaKOBBIX MPOILIECCOB B TKaHAX ety nouHo—kumeyHoro TpakTa (KKT) y nabopaTopHbIX MBIILIEH U KPBIC
MPH KOMIUIEKCHOM BO3JIEHCTBHUH (DAKTOPOB PA3IUIHON MMPUPOIEI.

KiioueBblie cj10Ba: MOJIECTUPOBAHUE IPEIPAKOBLIX COCTOSHUN, apOMaTHUYECKUE aMUHBI, HUTPUTEHI,
XEIMKOOAKTEPUH, CBETOBOM CTpECC.

Keywords: modeling of precancerous conditions, aromatic amines, nitrites, helicobacteria, light stress

XKT siBrsieTcst OHOM W3 TJIaBHBIX MUIIEHEH OPraHHBIX MOBPEKIACHUH, CBSI3aHHBIX C
TOKCHYECKUM BO3JCHCTBHEM YXYIIIAIOUIMXCS YCIOBUI OKPYXAIOIIEH Cpelbl, TaKk KaK ero
CIIM3UCTast 000JI0YKa KOHTAKTHPYET ¢ BHYTPUIIPOCBETHBIMHU HIOTCHHBIMH M 3K30TCHHBIMH
HNOBPEKMAAIONMIMMUA  CYyOCTaHIIMSIMA W KCeHOOWOTHKaMu. [l BbIsBIICHHS (DAKTOPOB,
UHIYIUPYIOIINX BO3HHUKHOBEHHE U IE€pepacTaHre BOCHMAIUTEIBHBIX MPOIIECCOB B
IpepaKoBhle, a TaKXKe TECTHPOBAHMS IPOTUBOS3BEHHBIX, M IPOYMX MEIUKAMEHTOB
BOCTPEOOBAaHHBIMH OCTAIOTCS MOJEIH C HCIOJIB30BaHHEM J1abOpaTOPHBIX JKUBOTHBIX,
KOTOpBIE, KaK MPaBUIIO, TIOJABEPTAIOTCS TOBOJIBHO KECTKMM BO3AEHCTBHSM UIS JOCTHIKCHHUS
sddekra, Tak Kak CYyIIECTBYET MHEHHE O MIPUPOIHON YCTOWYMBOCTH IPHI3YHOB K Pa3BUTHIO
JAHHBIX TATOJIOTHH.

B XpoHHYECKOM DKCIIEPUMEHTE BBITOJHEHBI MCCIIEIOBAHUS BIMSHUS Ha JKHBOTHBIX
KOMIUIEKCa (DAaKTOPOB, C JICHCTBHEM KOTOPBIX CTAJIKHBAIOTCS W JIIOAM B IOBCEIHEBHOM
KM3HH. B KauecTBe XUMHUYECKHX (PAKTOPOB OBLI MCIIONB30BaH apoOMaTHYECKHH aMHH (M-
TOJIYUIMH), TIPEICTABUTEND KIacca COeTUHEHNI ¢ KaHIIEPOr€HHON aKTHBHOCTBIO, BXOISIINX
BXOJSIINI B COCTAB MHOTMX KPaCUTEJEH; HUTPUT HATPHUs, KaK KOMIIOHEHT YIOOpeHHii; a
TaK)Ke€ CTPECCOBOE BO3JEHCTBHE, BHI3BIBAEMOE KPYIJIOCYTOYHBIM OCBEIIEHHUEM JKHBOTHBIX,
Kak (aKToOp, CHIKAIONIMA CHHTE3 MEJaTOHMHA W YBEJIWYMBAIONIMA HHTEHCHMBHOCTD
HIEPEKUCHOTO OKHMCIEHHs TUMHI0B B TKaHsaX. Kpome toro, B JKKT >XKMBOTHBIX BBISBJIEHBI
metogoM ITLIP mukpoopranusmel, npuHaiekamme Kk poay Helicobacter. MccrnenoBanus

BBINIOJTHEHBI B XPOHHYECKOM HKcrepuMeHTe Ha 150 cammax wmblmedt MHOpeAHOW JIMHUU



BALB/c B tunamuike (B TedeHre 7 MECSAIIEB), @ TAKXKE CaMIIax U caMKax OCJIbIX OE€CIIOPOIHBIX
KpBIC (B TCUCHHE 4-X MECSAIICB).

CMepTHOCTh 1O UTOTaM JKCIEPUMEHTa CPEAM OIBITHBIX KUBOTHBIX Oblia BHIIIE HE
oonee, yem Ha 10 %, 4TO CBUIETENBCTBYET O TOM, 4YTO BBIOpAaHHBIE KOHIIEHTpAIlUU
JIeHCTBYOMMUX (GakTopoB ObLM B IeioMm mmaasmmmu. I[lpu stom meromqom TUDA c
MOHOKJIOHQJIbHBIMM ~AQHTUTEJIAMU Yy OIBITHBIX JKUBOTHBIX BBISIBIIEHO CYIIECTBEHHOE
yBEJIUUCHUE cojJiepkaHusi uHTepielikunoB WJI6 u WJI8 B kpoBM U ModYe, 4YTO
CBUJIETENILCTBYET O PAa3BUTUU Y HUX OCTPBHIX BOCHAIMTENBbHBIX MpoiieccoB. [lokazaHno, 4To
MPOJIOJKUTENIBHOE BO3EHCTBUE KOMIUIEKCA Ha3BaHHBIX (DaKTOPOB MPUBOIUIIO K aKTHUBALIUU
munokcurenassl (LOX) B cTeHKax jKelyaka camIlOB OenbIX MbIIe MHOpEeIHON JIMHUU
BALB/c B 7 pa3. OOHapyxxeHHOe TNoBbIlIeHHE akTUBHOCTH LOX sBseTCS HEraTMBHBIM
dbakTOopoM, Kak MPaBWIO, KOPPEIUPYIOIHMM ¢ omnyxosieBbiMu 3a0oneBanusamu KKT,
pa3BUBAIOIIUECS HA 0a3€ XPOHUYECKUX BOCTIATUTEIHHBIX MTPOIIECCOB.

Pesynbrarel  aHanmm3za  OMOXMMHUYECKHMX  MapKEpOB  BOCIMAJCHUS  MOTYyYMIIU
MOATBEPKJICHUE B XOJE€ TUCTOJIOTHYECKUX HcciaeqoBannil Tkanern opraHoB JKKT onbITHBIX
YKUBOTHBIX, KOTOPHIE BBISIBUIM HAJIMYUE JIETEHEPATUBHBIX IMPOIECCOB, MPEIOMYXO0JIEBBIX U

OITYXOJICBBIX N3MCHCHHH.



MODELING OF GASTRIC PRECANCER IN LABORATORY RODENTS
BY COMPLEX IMPACT OF CHEMICAL AND BIOLOGICAL FACTORS

Kanevsky M.V., Konnova S.S., Galitskaya A.A., Konnova S.A.
Saratov State University, Saratov

Abstract: This study shows the possibility to induce the development of inflammatory and
precancerous processes in the tissues of the gastrointestinal tract in laboratory mice and rats under the
combined influence of various factors.

Keywords: modeling of precancerous conditions, aromatic amines, nitrites, helicobacteria, light stress.

The gastrointestinal tract is one of the main targets of organ damage associated with
the toxic effects of deteriorating environmental conditions, since its mucous membrane comes
into contact with intraluminal endogenous and exogenous damaging substances and
xenobiotics. To identify the factors that induce the occurrence and development of
inflammatory processes into precancerous, as well as testing of anti-ulcer, and other
medications, models using laboratory animals remain in demand and subjected to rather hard
impact for achievement the effect. In the same time there is an opinion of natural resistance
of rodents to the inducing of these pathologies.

In a long-term experiment studied the influence of a complex of factors on animals,
the effects of which people face in everyday life. Aromatic amine (m-toluidine), a
representative of a class of compounds with carcinogenic activity that are part of many dyes,
sodium nitrite as a component of fertilizers, as well as stress caused by round-the-clock
illumination on animal cells, as a factor that reduces melatonin synthesis and increases the
intensity of lipid peroxidation in tissues. In addition, microorganisms genus Helicobacter
were detected in the gastrointestinal tract of animals by PCR. The studies were performed in
a long-term experiment on 150 male mice of the BALB/c inbred line in dynamics (for 7
months), as well as male and female white outbred rats (for 4 months).

Mortality among experimental animals was no higher 10% than in control group,
which indicates that the selected concentrations of active factors were generally sparing. At
the same time, the method of ELISA with monoclonal antibodies revealed experimental
animals a significant increase of interleukins IL6 and IL8 in blood and urine of experimental
animals, which indicates the development of acute inflammatory processes. It was shown that
prolonged exposure with the complex of above-mentioned factors led to the activation of
lipoxygenase (LOX) in the stomach walls of male white mice of the BALB/c inbred line in 7
times. The increase in LOX activity found in experimental animals is a negative factor,



usually correlating with gastrointestinal tumour diseases developing on the basis of chronic

inflammatory processes.
The results of the analysis of biochemical markers of inflammation were confirmed

during histological studies of the tissues of the gastrointestinal tract of experimental animals,
which revealed the presence of degenerative processes, precancerous and tumor changes.



MOJIEJMPOBAHUE BUOMEXAHUYECKHUX YCJOBUM XUPYPTHUYECKON
KOPPEKIIMU CTOIIbI

Kypmanos A.I'.!, Tonsakuna A.A.%, Iloanenko A.B.?,
Kupees C.1.2, Myanamesa A.M. 2

YCapamosckuii meouyuncxuii ynusepcumem «Peasusy, Capamos
2Capamosckuil HayUOHATbHBITL UCCTCO08AMENLCKULL 20CYOaPCMBEHHII YHUBEPCUMEM
umenu H.I'. Yepnviwescroco, Capamos

AHHOTaII]/lﬂ: BaJ‘IBFyCHaH I[e(bOpMaHI/IH MEPBOro IMmajblla CTOIIbL SABJIACTCA paCHPOCTpaHeHHOﬁ
OPTOTIETUIECKOH MAaTONOTHEH, XUPYPTHIECKOMY JIEYCHHIO KOTOPOH OTAaeTcsi 000CHOBAaHHOE MPEAIIOYTCHHE.
HauGonpiyro pacipoCTpaHEHHOCTh CPEId XUPYPrUYECKHX TEXHUK KOPPEKIUH MEPEIHEr0 OTAea CTOIbI
MONTyYMJIA OCTEOTOMHH TIEPBOW TUTIOCHEBOH KocTh «Scarf» m «Chevrony». beima mpoBefeHa cpaBHUTENbHAS
OHroMexaHHYeCKast OIICHKAa 2TUX OCTCOTOMUH IMYTEM KOHCYHO-3JIEMEHTHOI'O MOACINPOBAHU. COBI[aHHaH B
paMKax HUCCICAOBaHUA KOHCUHO-3JIECMCHTHAaA MOJC/Ib OCTEOTOMUM IT03BOJINIIA IIPOBECTU YHCJIICHHBIN aHaJIN3
WX HaIpPsDKEHHO-Ae(OPMHUPOBAHHOTO COCTOSIHHUS C HCIIOJIb30BAHUEM BO3MOXKHOCTEH MPOrPaMMHOTO IMaKeTa
«AnsysWorkbenchy.

KiroueBble cjioBa: OCTEOTOMMUS, BAJIBI'yCHAA I[Q(I)OpMaLII/Iﬂ,HJ'II-OCHGBaﬂ KOCTbh, KOHCYHO-3JICMCHTHOC
MOJCIIMPOBAHUE, OMoMexaHuKa

Keywords: osteotomy, hallux valgus, metatarsal bone, finite element modeling, biomechanics

OcreoToMHsI — 3TO XHUPYPrUYECKOE BMENIATENIBCTBO, MPU KOTOPOM MPAKTHKYIOT
HCKYCCTBEHHBIN MEPEsIoM KOCTH C MOCIENYIoNIeH ee (ruKcamueil B HopMaabHOM IOJIOKCHHH.
DOTO TOMOTraeT MpeAOTBPaTUTh NATOJOTMYECKHE HM3MEHEHHUS OINOPHO-IABUIaATEIIbHON
cucteMbl. BanbrycHas nedopmaiivs mepBoil MIFOCHEBOW KOCTH CTOIBI SBJISIETCS OJHUM U3
HanboJiee paclpOCTPAHEHHBIX OPTOINEAUYECKUX 3a0oneBaHuil. [IpuuynH Takol matogoruu
OTPOMHOE KOJUYECTBO, HayWHasg OT HEMPAaBUWIBHO TMOJ00paHHON 00YyBH, 3aKaHUYMBAs
TEHETUYECKOW MPEapacloiaokKeHHOCTh0.Okono 69% Bcex OpTONEANMYECKHX MaTOJIOTHI
NpUXOASTCS Ha ero yacTb. [Ipu BcéM 3TOM BanbrycHas gedopMaiivs HeceT B cebe He TOJIbKO
MOSIBJICHHE KOCMETHUYECKOTO aedeKTa, HO M yXYIIIEHWEe aHATOMUU Bcel crombl. Cpenu
Pa3INYHBIX CIIOCOOOB OCTEOTOMHUN HAHUOOJBIIYIO PACIPOCTPAHCHHOCTh monyuwin Scarf u
chevron.Scarf-ocreoTomMust HCIONB3YETCS U KOPPEKTUPOBAHUS TOCTATOYHO BBIPAKEHHOMN
BaJbI'yCHOM Jnedopmanuu mepBoil mitocHeBod KocTu cTombl. . Chevron-ocTteoTomMuio
WCIIONB3YIOT MPU YCTPAHEHUM JIETKMX U CPETHUX BaJIbT'YCHBIX JedopMaiinii, a B TSKEIbIX
ClIyJasix 1esnecoodpasHee MpoBoauTh Scarf-ocTeoTOMUIO.

[Ipy BBINIOJHEHWHM pA3JIMYHBIX BUJIOB OCTEOTOMHM TIEPBOM IUJIFOCHEBOM KOCTHU
OOBEKTUBHASI CpPaBHUTEIbHAS OIEHKA CHCTEM «KOCTh — (DUKCATOPBI» BO3MOXHA TIPH
pelnieHn OMOMEXaHWYECKOM 3a/Jauyd Ha OCHOBE KOHEUHO-3JIEMEHTHOTO MOJEIUPOBAHMUS.

[Toctpoenne moneneil KocTed MU MoOJENM OUKOPTUKAIBHOIO BUHTAa OBLJIO MPOBEACHO B



cucTeMe aBTOMAaTHU3UPOBAHHOTO IIPOECKTUPOBAHUS SolidWorks. YucneHHsbli
HKCIIEPUMEHTIPOBOAMIICS HA 6a3e pacueTHoro komruiekca AnsysWorkbench. B pesynbraTe
ObUla TpOBEJCHA OLIEHKAa HAMpsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHUSA TKaHeW mepBon
IUTIOCHEBOM KOCTHU U (pukcaTopoB. BeisBiieHo, uto nmpu Chevron-octeoToMus SBIISIETCS cCaMoit
CTa0WIBHON IO CpaBHEHHIO C ocTeoTomuell meromom Scarf. MakcumanibHble 3HAYCHHS
HKBUBAJICHTHBIX HANPS)KEHUH JIOKAIU3YIOTCSL Ha TIOBEPXHOCTH BUHTA.

[TocTpoenne OHOMEXaHUYECKUX MOJIENe TEepBOM TUIFOCHEBOM KOCTH CTOIIBI
MO3BOJISIET PEAJIN30BbIBATH MAIMEHTOOPUEHTHPOBAHHBIN MTOAX0/1 K BBIOOPY XUPYPTrUUECKOIO
BMELIATENbCTBA  KOppeKuuu  aedopmanuu  cron. llpuMeHeHHe  KOMIIBIOTEPHOIO
MOJIETUPOBAHUS JAET BO3MOKHOCTh OLEHUBATH (PUKCATOPHI, IPUMEHSIOIIHNECS B XUPYPIrUuu

CTOIIHI.
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ONPEJAEJIEHUE YPOBHSA XOJIECTEPUHA B CbIBOPOTKE KPOBHU
C IIOMOIIBIO MUKPOCTPYKTYPHBIX BOJIHOBOJOB

Konnosa C.C.}2, T'psiznos A 1O .2, Jlennwiun I1.A.12, IllyBanos A.A.?,

ZanumeBckas A.A.12 Ckuouna FO.C.2

1. Capamosckuil HayUOHATbHBIU UCCIe008AMENbCKULL 20CYOAPCEEHHbIL YHUBEPCUNEN
umenu H.I". Yepuviwescroco, Capamos
2. OO0 HIII «HanocmpyxmypHas mexuonozus cmekiay, Hayuno-ObpazosamenvHulii [{enmp
«Cmpyxmypuas Hanobuopomonuxay, Capamos

AnHoTtamusa: Pabota TOCBSIIEHANCIIONB30BAHUI0  MHKPOCTPYKTYPHBIX ~ BOJHOBOAOB IS
ONpEAENICHUS KOHLIEHTPALIMK X0JIECTEPUHA B CBIBOPOTKE KPOBH YesloBeKa. biiarogapst yHuKanbHOM CTPYKTYype
BOJIHOBOJIOB /ISl aHAllM3a HE TPEOYIOTCS [IOTONHUTENBHBIE pPEareHThl W BBICOKOKBATU(UITUPOBAHHBIN
IIEPCOHAIL.

KuoueBble ¢j10Ba: MUKPOCTPYKTYPHBIE ONITUYSCKHE BOTHOBOIBI, TUATHOCTUKA, OITHYECKHUHN JaTIHK

Keywords: microstructural optical fibers, diagnostics, optical sensor

MUKpOCTpYKTypHBIE onTHueckue BoiHOBOABI (MOW) - wmukpoyctpoiictBa ¢
MHOXECTBOM IPEUMYIIECTB, TAKUMH KaK BO3MOXXHOCTb YIPABICHUS 3JIEKTPOMATHUTHBIM
U3JIy4€HUEM, BBICOKAsl YyBCTBUTEJIBHOCTh, KOMIIAKTHBIE pa3Mephl U HU3KAsi CTOUMOCTb. OHH
HIMPOKO UCTIONB3YIOTCS B PA3IMYHBIX 00JIACTAX, TAKUX Kak MUKpodaonauka [1], ceHcopsl
[2], cucTeMsbl nepeayu 3IEKTPOMAarHUTHOTO U3IYyYEHHUs B IIMPOKOM AUANa30HEe JJIMH BOJIH
[3]. Hpunmun pabdorst MOW, wucnonp3yemMbix B JaHHOM HCCIEAOBAHMM, OCHOBAaH Ha
OoOHapy>KEHWU CJBUTOB MAaKCUMYMOB ¥ MHHHUMYMOB B CIIEKTpE TIPOMYyCKaHUS
MUKPOCTPYKTYPHOTO BOJIHOBOJIA C TMOJIOW CEPJALEBUHON, a UX CHEKTPAJbHbIC MOJOXKEHUS
CBSI3aHBI C ONITUYECKUMH MMOKa3aTeNs MU OMOaHAUTA.

B skcnepumenTe ucnonb3oBaHo 10 CBIBOPOTOK OT 3/I0POBBIX KEHIIMH B Bo3pacTte 25 -
35 nmer. B pe3ynbrare CpaBHUTENHHBIX JKCIEPHUMEHTOB C BOJOW W (U3HOIOTHYECKHM
pacTBOpoM, B KauecTBe pactBoputens Obul BeIOpaH PBS (docdarHo-coneBoii Oydep).
CeiBopoTKaMu, pa3BefeHHbIMU B PBS B koHIIeHTpammu 5%, 3aMoinHsI MUKPOCTPYKTYPHBIE
BOJIHOBOJIBI U PETHUCTPUPOBAIIN CIIEKTPHI B BUAMMOM JIMaria3oHe U OMmkHer nHppakpacHOU
obmactu  cmektpa. Jlis  MOCTpoeHUsT  KalIMOpPOBOYHOTO Trpaduka  HUCHOIB30BaIN
cnenuduueckuii kKamudpaTop xonectepruna (U3 CepTHPHUIMPOBAHHOTO HAOOPA peareHToB s
ompejeneHus xonecrepuHa GupMbl AGpuct), KOTOPBIA JOOABISUIH B PacTBOP CHIBOPOTKHU
KPOBH JI0 KOHEYHOUM KOHIIEHTpaluu OoT 1 10 7 MMOJIb /11, C MHTEpPBaJIOM B 1 MMOJIB/JI.

B pesymprare = SKCNEpUMEHTOBOOHAPYXKEHO, YTO  MPHU  KCIOJb30BAaHUU
MHUKPOCTPYKTYPHBIX BOJIHOBOJIOB C TIOJION cep/lieBHHON quameTpoMm 220 MKM H3MEHEHHUE
WHTEHCUBHOCTH TOTJIONIEHUS MPOUCXOAUI0 Ha jyuHe BoJHBI 630 HM. [lpu usmeHeHuu

KOHIOCHTpAIH XOJCCTCPHHA OblL1a YCTAHOBJICHA IIpsaMas 3aBUCUMOCTb MHTCHCHUBHOCTH
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MOTJIONICHUST ~ W3JIydeHHUs OT  KOHIEHTpamwu. Takum  oOpa3oM, C  IOMOIIbIO
MHUKPOCTPYKTYPHBIX BOJTHOBOJOB BBISBIICHBI Pa3Wyus B KOHIICHTPALMSIX XOJIECTEpPHHA B
KpPOBH 3JI0POBBIX JKCHINHUH B Auamnazone 4,14 - 5,93 mMounb/i ¢ TouHocThio £ 0, 2 MMOJIB / 1.
KoHTposib M3MepeHHs] KOHIICHTPAIIMM XOJECTEPHUHA B JKCIIEPUMEHTAJIBHBIX CHIBOPOTKAX
IPOBOIMIM Ha OMOXMMHYECKOM aHajau3aTope DiXion ¢ momompio cepTU(UIUPOBAHHOTO
Habopa Aobpuc +. Takum o0pa3oM, MHKPOCTPYKTYPHBIC BOJHOBOJBI  SIBIISFOTCS
MEePCIEKTUBHBIMU CEHCOpPAaMHU I M3MEPEHMsI KOHIICHTPAIIMM XOJECTEPHUHA B CBIBOPOTKE

KpOBH 0e3 UCITOJIb30BAHUS pCarcHTOB.

Jlureparypa:

1. Ermatov T., Noskov R.E., Machnev A.A. etal. Multispectral sensing of biological liquids with
hollow-core microstructured optical fibres. Light Sci Appl 9, 173 (2020). https://doi.org/10.1038/s41377-020-
00410-8

2. Pidenko P.S., Pidenko S.A., Skibina J.S., et.al, Molecularly imprinted polyaniline for detection of
horseradish peroxidase, Analytical and Bioanalytical Chemistry 412(24), May 2020, DOI: 10.1007/s00216-
020-02689-3
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DIRECT DETECTION OF CHOLESTEROL IN BLOOD SERUM
USING MICROSTRUCTURAL WAVEGUIDEs

Konnova S.5.12, Gryaznov A.Yu.?, LepilinP. A2, Shuvalov A. A2,

Zanishevskaya A.A.1?, Skibina Yu. S.2

! Saratov State University, Saratov

2 LLC SPE “Nanostructed Glass T echnology”, International Research and Education Center
“Structural Nanobiophotonics”, Saratov

Abstract: The work is devoted to the use of microstructural waveguides to determine the concentration
of cholesterol in human blood serum. Due to the unique structure of the waveguides, no additional reagents
and highly qualified personnel are required.

Keywords: microstructural optical fibers, diagnostics, optical sensor

Microstructural optical waveguides (MOWS) are microdevices with many advantages,
such as the ability to control electromagnetic radiation, high sensitivity, compact size and low
cost. They are widely used in various fields, such as microfluidics [1], sensors [2],
electromagnetic transmission systems radiation in a wide range of wavelengths [3]. The
principle of operation of the MOWSs used in this study is based on the detection of shifts of
maxima and minima in the transmission spectrum of a microstructured hollow core
waveguide, and their spectral positions are related with the optical parameters of the
bioanalyte.

For the experiment we used 10 blood serums from healthy women aged 25 - 35 years.
As a result of comparative experiments with water and saline, PBS (phosphate-buffered
saline) was chosen as the solvent. Serum diluted in PBS at the concentration of 5% was filled
into microstructural waveguides and spectra were recorded in the visible and near infrared
regions of the spectrum. To build a calibration graph, a specific cholesterol calibrator was
used (from a certified kit for detection of cholesterol by Abris +), which was added to the
blood serum solution to a final concentration of 1 to 7 mmol/l, with an interval of 1 mmol/I.

As a result of the experiments, it was found that when microstructural waveguides with
a hollow core 220 um in diameter were used, the absorption intensity changed at a wavelength
of 630 nm. Direct dependence between the intensity of radiation absorption and the
concentration was established. Thus, with the help of microstructural waveguides, differences
in cholesterol concentrations in the blood of healthy women were revealed in the range of
4.14 - 5.93 mmol/l with an accuracy of = 0.2 mmol/l. The measurement of cholesterol
concentration in experimental sera was controlled using a Dixion biochemical analyzer and
certified Abris + kit. Thus, microstructural waveguides are perspective sensors for measuring
cholesterol concentration in blood serum without the use of reagents.
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NEPCOHUO®PUIINPOBAHHOEMOJIEJIMPOBAHUE TEYEHUSA KPOBU YEPE3
TPEXCTBOPYATBIN AOPTAJIbHBIN KJAIIAH YEJIOBEKA

Kouyeprun M. B. |, KyuymoB A.T'.

Tlepmckuii HayuonarbHbI UCCIE008AMENbCKULL NOJUMeXHUYecKull yHusepcumen, Ilepmb

AHHOTAIMA: B pa0OTE POBOIUIIOCH UCCIICOBAHUE YYACTKA OT JICBOTO KEIYA0UYKA /IO KOPHSI
A0pTHI BKIIIOYAs TPEXCTBOPpUATHIN KinanaH. Pemanack 3agaua onnocroponnero FSI(B3aumoneiictue
JKUJIKOCTH ¥ TBEPAOTO TeJia) M MPOBOAMIOCH KOHEUHO-3JIEMEHTHOE MOJICTTUPOBAHHE.

KiroueBbie c/j0Ba:0MOMEXaHHWKA, AOPTAIBHBIA KjlanaH, B3aWMOJCHCTBHE >XHIKOCTH U
TBEPJOTO Tella, IEPCOHUPHUITIPOBAHHOE MOICTUPOBAHUE

Keywords: biomechanics, aortic valve, liquid-solid interaction, personalized modeling

Hapymenuss B paboTe aopTajibHOro KiamaHa HapymIAlOT TeMOIMHAMHUKY CHCTEMBI
KPOBOOOpAIIIEHUSI B II€JIOM, YTO BJeYeT 3a co0Oil Kak HapylIeHUss B pa0doTe OTAEIbHBIX
OpraHoOB Tela, TaK M CaMOYYBCTBHS 4elioBeKa. JleTanpHbIM aHamn3 TreMOJAMHAMHUKHU
AOpPTAJILHOTO KJIAllaHa MOXET NPHUBECTH K JydlIeMy IOHHMal BO3HUKHOBEHHUS €ro
OCHOBHBIX 3a00JieBaHMS, a TakKXKe BIUAHHUSI OTHX OO0JIe3HEH Ha BCIO CHCTEMY
KpPOBOOOpAIeHUS.

3aboneBaHne  aopTaJIbHOrO  KJamaHa  SBJISETCS  OJHUM M3  HaumOolee
paclpOCTPaHEHHBIX CEPJIEYHO-COCYTUCTHIX 3a0oneBaHuil umeromieecs y 25% HaceneHus
crapiie 65 ner [1, c. 6; 2, c. 2]. Hapymenus: kiianaHoB MOTYT OBITh BPOKJIEHHBIMH, KaK B
ciydae (pOpMUPOBAHMSI IBYCTBOPUATOTO KjlamaHa, UM MOTYT Pa3BUTHCS MO3KE B TCUCHHE
JKU3HU B BUJIE KaubIU(UKAIIMH CTBOPOK. AOPTaIbHBINA KJIAallaH OTIENSIET JIEBBIN KelyI04YeK
OT aopTAIBLHOTO COCYyJa M COCTOMT M3 TpPEX CTBOPOK B QopMe Moiymecslia U Tpex
HIEJIEBUAHBIX CHHYCOBBIX IMOJOCTEM Ha KOpHE aopThl. CTBOPKHM aoOpTalbHOTO KilamaHa
MPEACTABISAIOT COO0OM TOHKHE CTPYKTYPBI, KOTOpPBhIE OOECIEYHBAIOT TPAHCTIOPTUPOBKY
MUTATEIbHBIX BEIIECTB, KUCIOPO/Ia U MIPEAOTBPAIIAIOT TOK KPOBU OOPATHO B KEITYyI0UYCK.

NccnenoBanre mpoBOIUIOCH JIJIsl TOJATBEPKACHUS BOSMOXKHOCTH pacueTa YHUKAIbHO,
MepCOHAIM3UPOBaHHOM, Mojenu. ['eomerpus 3D-momenu co3gaeTcss HA OCHOBE CHHMKOB
KOMITBIOTEpHOW ToMorpaduu peajdpbHOTO TAllMeHTa KJIMHWKWA. Pemiamack 3amaua
omHOCcTOpoHHETO FSl(B3auMojeicTBHE XKUIKOCTH W TBEpAOro Tena). B uccrnemoBaHuu
Y4YBCTBOBAJIM YETHIPE 3J0POBBIX MAaIlMEHTa OJHON BO3pacTHOW KaTteropuu. J[ms pacuera
KOKJIOH MOJENN HCIOJIb30BAIUCh OJMHAKOBBIE YCJIOBHS 32 HCKIIOYECHHEM KOHEYHO-
arieMeHTHOH ceTku. KD ceTka ucnoap30Bagach 0T MAKCUMAIbHO IpyOOi 10 ONTUMAIbHON U
CIMIIKOM MEJKOW, Il TIPOBEACHHS aHalu3a CXOJUMOCTH. TpexmepHas Mojelb

IpEeACTaBIseT €000 y4yaCTOK OT JIEBOTO JKENyJouKa [0 KOpHS aopThl BKIIOYas
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TPEXCTBOPYATHIA KiamaH. TKaHH MOJCIUPOBAIMCH Kak Tunepynpyrue mojenbto Ogden,
KPOBB B CBOIO OUY€pe/ib KaK HhIOTOHOBCKAs KHUAKOCTh C MOJXOIAIIMMHU TapaMeTpaMu.
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XUPYPI'MUYECKAS KOPPEKIUSA ITIEPBOI'O JIYHA CTOIIbI
C HCTIOJIB3OBAHUEM BUOMEXAHUYECKOI'O MOAEJIMPOBAHUA

Kypmanos A.I'.!, Tonsakuna A.A.%, Iloanenko A.B.?, Kupees C.U.2

YCapamosckuii meouyuncxuii ynusepcumem «Peasusy, Capamos
2Capamosckuti HayUOHATbHBITL UCCTCO08AMENLCKULL 20CYOAPCMBEHHbII YHUBEDCUMEN
umenu H.I'. Yepnviwescroco, Capamos

AHHOTaIIPlﬂ: HpOBCI[eH CpaBHI/ITeHLHHﬁ aHaJIn3 3(1)(1)CKTI/IBHOCTI/I KIIMHUYCCKOro MNpPUMCHCHUA
CTaHJAPTHOIO U YCOBEPUICHCTBOBAHHOTO AJTOPUTMA XHPYPrUUYECKOM KOPPEKLMH IMEPBOTO Jyda CTOIIbI,
OCHOBAHHOI'O Ha IMIPUMCHCHUHN 6I/IOMexaHH‘{eCKOFO MOOCIUPOBAHUA OCTCOTOMHUUN nepBoﬁ IJIFOCHEBOM KOCTH
Ha JTalc MnpeaonCpanuoOHHOIO IIJIaHUPOBAHUA. HOJIy‘{eHHBIe PE3YyJbTaThl MO3BOJIMIU CACIATH BBIBOJ
OTHOCUTENFHO OOOCHOBAaHHOW IEIeCOO0Pa3HOCTH BHEIPEHHS HOBOTO IOAXOMA K TMOMICPKKE NPUHATHS
BpauyeOHBIX PEIICHUHB KIMHUYECKYIO IPAKTUKY XUPYPTHU CTOTIBL.

KuaroueBsble c10Ba: cToma, NepBbIi J1yd, OCTCOTOMHUS, OMOMEXaHUKa, MOACIUPOBAHHUE, AJITOPUTM.

Keywords: foot, first ray, osteotomy, biomechanics, modeling, algorithm.

IIpumeHeHre yCOBEPIIEHCTBOBAHHOIO QJITOPUTMA XHPYPrUYECKOM KOppEKLIUU
HEePBOT0 Jyya CTOIbI, OCHOBAHHOI'O HA MPUMEHEHUH OMOMEXaHHYECKOI'0 MOJEIMPOBAHUS
OCTEOTOMMM IEPBOM IUIFOCHEBOM KOCTM Ha 3Tale NPeJONEpallMOHHOTO IJIaHUPOBAHUSA,
HOBJHUSUIO Ha BBIOOP clocoba omepanuy U TakTHKHU JiedeHus y S50 marueHTOK OCHOBHOM
rpynnsl. Y 47 NauMeHTOK KOHTPOJIBHOM TpYIIBI MPEJONEepalMOHHOE IIIaHUPOBAaHUE
IPOBOAWIOCH C YYETOM H3BECTHBIX ITOAXOJ0B K MHTEPIPETALMH AAHHBIX KIMHUYECKON U
PEHTI'€HOJIOTMYECKOM OIIeHKH JeopMali MepBoro jyda crombl.bojee TouHas oleHKa
ycIoBUM (UKcCalMM M Harpy3kd Yy TAIMeHTOK OCHOBHOM TPYMIBI CIOCOOCTBOBAA
YMEHBIICHUIO Tieproja OoneBoro cuHapomMa B 1,6 pa3a u coxpaHeHus oreka B 2,2
pa3a,CHI)KEHUIO YaCTOThl BOSHUKHOBEHUS U CTENIEHU BBIPA)KEHHOCTH CTOWKUX OrPAHUYECHUI
aMIUTMTYAbl JBHXKEHUW TMEpBOro IUTIOCHe-(amaHrooro cycraa B 1,4 u 2,7 pasza
COOTBETCTBEHHO, YMEHBUICHUIO BBIpAXEHHOCTh Oonu Ha 3-4 Oamna (MO BU3yalbHOU
AQHAJIOrOBOM  IIKaJie). YBENIMYEHUE T[0Ka3aTessl  yAOBJIETBOPEHHOCTH KOCMETHYECKUM
Pe3yAbTaTOM y NALMEHTOK OCHOBHOM rpymnmsl Ha 12,5% 110 CpaBHEHHIO ¢ KOHTPOJIBHOW MPH
COMOCTAaBUMBIX PEHTIC€HOJOTUYECKUX KPUTEPHUSIX ObUIO O0YCIOBIICHONYYILEH TUHAMUKOU
YMEHBIICHUs] OTeKa. YiydlleHue (YHKIMOHAIbHBIX BO3MOXKHOCTEH HOUIEHUS OOYBH B
OCHOBHOMI rpynme Ha 2,6% - 9,4% cOOTBETCTBOBAJIO JYYIIMM IOKA3aTEJsIM aMIUIATYIbI
nBrkeHN.O01ee KOIMYeCcTBO OCIOKHEHUH Y MalMeHTOK OCHOBHOM I'pYMIIbl OKa3aJIoCh B
1,7 pa3za MEHBIIUM IO CPABHEHUIO C KOHTPOJIBHOM rpynmnoi. JleTanbHblil aHAIW3 MO3BOJIMII
oOpaTUTh BHHMAaHHME Ha OTCYTCTBHE OCIOKHEHUW, CBSI3aHHBIX C  BBIPAKEHHOMN
HECTAaOMJILHOCTHIO B 30HE OCTEOTOMHUHM MEPBOW IJIIOCHEBOM KOCTM B OCHOBHOW TIpyIIe

IHaluECHTOK. B 10 Xke BpEMs, TAKHUC OCIOXHCHUSA (BTOpI/IqHOC CMCUICHUEC (bpaFMeHTOB u
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MUTpalys BHHTOB) BO3HUKIM Yy 6 MallMEHTOK KOHTpoJpHOM rpymnmbl (12,8%). Bnsoe
MEHBIIIeH OKa3alach 4acTOTa BO3HHUKHOBEHHUS ACENTHYECKOTO HEKPO3a TOJIOBKH IEPBOM
TUTFOCHEBOM KOCTH W TEPEerpy304HON MeTaTap3ajrud y MaldeHTOK OCHOBHOM TPYMIBI IO
CPaBHEHHIO ¢ KOHTpOJbHOU. He cMOTpsi Ha MUHUMAaIbHOE KOJUYECTBO CIy4aeB pelUANBa
nedopMaliiy B 00€ux rpynmnax NaueHTOK, 4aCTOTa STOTO OCIOKHEHUSI 0Ka3ajiach OOJbIIeH
B 2,2 pa3a B KOHTPOJIbHOU TpyMIE MAIMEHTOK.

Hcnonb3oBanre OMOMEXaHMYECKHX MapaMeTpoB  CTAaOMIBHOCTH  (PparMEeHTOB
OCTEOTOMHUHU TEPBOM TUTFOCHEBOM KOCTH B Ka4€CTBE JIOMOJTHUTEIBHBIX KPUTEPUEB BBHIOOpA
crioco0a omnepanuu U TaKTHUKU JICYCHUS MO3BOJISET YIYUYIIUTh PE3yIbTaThl XUPYPrUUECKON
KOppeKuuu aedopmMaluy NepBoro Jiyya CTOINbIB paMKaX YCOBEPIIEHCTBOBAHHOTO MOJIX0/1a K

MO/JICPKKE MPUHATHS BpaueOHBIX PEIICHUI Ha 3Tare MpeaonepauoOHHOTO IIaHUPOBAHUS.
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BJIUSTHUE BBIBOPA ONPEJEJSIONINX COOTHOIIEHUM
HA MOBEJIEHUE TKAHEW ITPU MOJIEJTMPOBAHUM NEPEKATHA
CPEJMHHOI'O HEPBA B 3AIISICTHOM KAHAJIE, BBI3BBAHHOM
CI'NBAHHMEM ITAJIBHHEB KUCTHU

Hemun C.E.}, Kyuymosn A.I'.}, Kapakynosa }O.B.?

YTepmexuii nayuonansuwiii uccredosamenvekuii nonumexnuyeckuii ynueepcumen, Ilepmo

2[Tepmckuii 2ocyoapcmeennviil MeOuyuHcKuii ynugepcumem um. akaoemuxa E.A. Bazuepa, Ilepmb

AHHOTAUMSI:IETIHIO JaHHOH paloThl SBIsETCS OWOMEXaHHYECKOE MOJACIUPOBAHUE BIUSHUS
JBIDKEHUSI CyXOXMINM BHYTPH 3aIICTHOIO KaHajla Ha IepeXaTue CPpeIMHHOTO HepBa.

KaioueBsble ci10Ba: OnoMexaHuKa, CpeIMHHBINA HEPB, KapadbHBIN TYHHEIHBIA CHHIPOM

Keywords: biomechanics, median nerve, carpal tunnel syndrome

CHHIpPOM 3aIsSICTHOIO KaHala WIM KaplalbHbI TYHHENbHBIA CHHIAPOM — 3TO
HEeBpoJIorHyeckoe 3abosieBaHue nepudepudeckoil HepBHOM cuctembl. Ha pa3HbIX craausx
XapakTepuszyercss oHeMeHreM 1 — 3 manblieB pyKd, OO0 B 00JIACTH 3aMACTbsi U MOTEpen
YyBCTBUTENIbHBIX W JBUTATENbHbIX (YHKIMI KUCTH cooTBeTcTBEHHO. Cpeam Bcex
3a0oseBaHui nepudepruyeckoil HEpBHOW CUCTEMBI CUHIPOM 3aIlsICTHOTO KaHala BCTPEYaeTcs
B 23 — 40 % ciy4daeB, 4TO BBIBOAUT €r0 HA IEPBOE MECTO MO YACTOTE BCTPEUAEMOCTH.

BonokHa cpenrHHOrO HepBa, MPOXOASAIIUE YEpe3 3aISICTHBIM KaHal, MPOBOAAT Kak
YyBCTBUTEJIbHBIEC, TAK U JBUTATEIbHBIE UMITYJIbCHI. TaKkke 4epe3 3asCTHBIN KaHaJl POXOIAT
JIEBATh CYXOXKWIMKM crubareneil nmanbleB KUCTU. [Ipu 3TOM, 3amsiCTHBIA KaHall OrpaHUYEH
MOTEPEYHON CBSA3KOM KHCTH M KaphnajlbHbIMU KOCTAMHU. Llenbto naHHOM paboThl siBIsieTCS
OMOMEXaHHYECKOE MOJIETUPOBAHUE BIUSHUS JBM)KEHUS CYXOXKHWIMNA BHYTPU 3aIsICTHOTO
KaHaJIa Ha [epeKaTrue CPEIUHHOTO HEPBA.

C nomoursto MPT Obula mosyueHa nepcoHaIM3UPOBaHHAA TpEXMEpHas reoMeTpus
3aMsICTHOIO KaHaJla KUCTH U (pasiaHr najibleB. boli mpoBenéH aHaan3 noBeeHUs CyX0XKUITHM,
CBSI30K M CPEAMHHOIO HEpBAa IPHU YINPYTOM M TUIEPYHNPYrod NOCTAaHOBKaX. Pe3ynbrarsl
NIOKa3aJiM, YTO MpeJIOKeHHas B nuteparype mojaens Oraena [1 . 1183] nemoHcTpupyet
HauboJee PeaTuCTUYHOE MOBEACHHE CYXOXKUJIMI MO0 CPaBHEHUIO C YNPYroil MOCTaHOBKOM.
Kapnanbhuble kocTu U (ajaHry najableB pacCMaTpUBAIUCh KAK yNPYyrue U ObLIU OMHUCAHbI
moyiem FOnra u kosdduiuerrom [yaccona [2 €. 2990]. BHemnss Harpys3ka npeacrasisiia
co0oli mepeMelIeHHe CYyXOXWIMH Ha 3 MM B HampaBJCHUM MBI crubdateneit. Takas
Harpy3ka HUMHTHpYET cruOaHue manbleB. Pe3ynbraThl MOKa3bIBalOT, YTO B HOpPME NpHU
CruOaHuy MajblEeB CPEAUHHBIM HEPB MOXKET UCHBIThIBaTh AaBieHue 1o 150 Ila. B cayuae

onucanusi ONOMEXaHUYECKOTO TTOBEJACHUSI CYXOKMIIHH JIMHEHHO YIPYToil MOACIBIO B HOPME
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HANPSKEHUS] COOTBETCTBOBAIM 3HAYEHUSIM MATOJIOTUU (HanpskeHus qoxoauiu 1o 2klla, uro
COOTBETCTBYET IKCHEPUMEHTAJIbHBIM JaHHBIM IMPH CTHMOAHUU 1EJIOW KUCTH MAIlMEHTOM C
TYHHEJIbHBIM CUHIpOMOM). Takasi BICcOKasi KOMIpeccus HepBa He HA0JII01aeTCs B HOpME TpU
HEOOJIBIIOM CTUOAHUM TMAaJbIEeB KUCTU. TakuMm o00pa3oM, ympyras MOJENb CYXOXKUIUN
MoKasaja 3aBbIIICHHBIE pe3yJbTaThl. B pe3ynbrare uccienoBaHus OBLJIO IMOKa3aHO, YTO
UCIIOJIb30BaHUE TUIIEPYTIPYToit Moaenu OrjaeHa Juisl ONMCaHusl TOBEACHHS CYX0XKUINi Ooee
PEINOYTUTETHHO.

BJIaFO)IapHOCTHZ I/ICCJICZ[OBaHI/Ie BBIITOJIHCHO 3a CYHCT I'paHTa Poccuiickoro HAay4YHOT' O
donma Ne 22-21-20067,https://rscf.ru/project/22-21-20067/

Jluteparypa:
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mechanical behavior of the transverse carpal ligament.” J. Biomech. vol. 45, no. 7, 2012.

2. D.E. Mouzakis, G. Rachiotis, S. Zaoutsos, A. Eleftheriou and K.N. Malizos: “Finite element
simulation of the mechanical impact of computer work on the carpal tunnel syndrome.” J. Biomech. vol. 47,
no. 12, 2014.
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YUCJEHHBIN AHAJIN3 MOJEJENA MATEPHUAJIA CTBOPOK
AOPTAJIBHOT' O KJIAITAHA J1JI51 ONMCAHUS TEMOJUHAMUKHA
B HOPME U IIPU ITATOJIOT A

Muas H.E., KyuymoB A.T'.

Tlepmckuii HayUOHATLHBIU NOTUMEXHUYECKULL UCCTed08ameNbeKull YyHusepcumem, Ilepmb

AHHOTAUMSA:B paboTe TPOBEIEH YMCICHHBIA aHAM3 MOACIICH MaTepraja CTBOPOK aopTaabHOTO
KJIarmaHa ajid OMmMuCaHus reMOJWHAMUKH B HOPMC U IIaTOJIOTUU.

KuaroueBble ci10Ba: aopTajibHbIN CTEHO3, TEMOJMHAMUKA, fsi MOJEJINPOBAHNE, MOEIN MaTEPUAIIOB

Keywords: aortic stenosis, hemodynamics, fsi simulation, material models

AOpTaJIbHBIA CTEHO3 SBIISIETCS OJHOM M3 CaMbIX PACHPOCTPAHEHHBIX IMATOJIOTUN
aopTaJIbHOTO KJamnaHa, 6omnee 15% mroneit crapiie 70 jieT oaABEPKEHBI 3TOMY 3a00JIEBAHHIO.
B pe3ynbrare aopTaJibHOTO CTEHO3a MPOUCXOAUT CYKEHHE KJIAMaHHOTO OTBEPCTUS W/UIU
nedopMaliis CTBOPOK KianaHa. Tspkenast popMa aopTaIbHOTO CTEHO3a SIBISIETCS] OHOU U3
OCHOBHBIX TPUYUH 3a00JIEBAEMOCTH U CMEPTHOCTH Cpelu MOXKWIBIX Jtojel. ExerogHo B
mupe mnpoBoautTcs Oonee 275 000 XUpyprudyeckux Omepanuii Mo 3aMeHe aopTaIbHOTO
KJIalaHa.

JInst  JOJrOCpOYHOrO MPOTHO3UPOBAHMS HCXOJOB OINEPATUBHBIX BMENIATEILCTB
HE00X0IMMO OMOMEXaHUYECKOE MOJICTTUPOBAHNE TEMOAMHAMUKY B a0pTajibHOM KianaHe. Ha
TEKYIIM MOMEHT CYIIECTBYET MHOXECTBO padOT, B KOTOPBIX HCIOJNB3YIOTCS pPa3IUYHBIC
MOJIETTH MaTEpHaJiOB JUIs OINUCAaHWUs OMOMEXaHWKH CTBOPOK aopTalbHOTO KiamaHa. B
HaCTOAIIEH paboTe MPOBEACH YMCIECHHBIN aHAIN3 MOJIeNIeH MaTepraia CTBOPOK a0PTAIbLHOTO
KJIallaHa JJIsl OMMCaHUsl TeMOJAMHAMUKHU B HOPME U MaTOJIOTHH.

3amaya pemanack B pamkax FS| monxona mpu moMomM MpOTPaMMHOTO TaKeTa
COMSOLMultiphysics. [ToctpoeHa nacamu3upoBaHHas JByMEpHasi TeOMETPHS a0PTATBHOTO
KJIallaHa Ha OCHOBe aHanm3a Y3U m3o0pakeHuil u nureparypHoro o63opa. IloTok kpoBu
MOJIETTUPYETCA HEC)KMMAEMOW HBIOTOHOBCKOW HUJKOCTBIO C IMOCTOSAHHOM IUIOTHOCTBHIO U
BA3KOCThI0. CpeiHre 3HaueHus ynciaa PelHoIbpaca COCTABIAIOT OKOJIO 3685, 4TO TOBOPUT O
TypOyJIE€HTHOM XapaKTepe TeUSHUS KUIKOCTH.

Jlnst MogenupoBaHusl OMOMEXaHUUYECKOTO MOBEICHHSI CTBOPOK aOPTabHOTO KJlalaHa
B HOpME IMPUMEHSETCS TUNEpynpyras Tpexmapamerpuueckas Mojeilb MyHu-PupnuHa.
[Tatomornyeckoe COCTOAHUE CTBOPOK a0OPTAIIHHOTO KJlalaHa OMKUCHIBAETCS JIMHEHHO YyIIPYTroi
MoJenbplo. s MOJIenuMpoBaHUsl CBOMCTB CTBOPOK MOCJE MpoBeAeHUs ornepanuu O3aku

UCIIONB3yeTcsl Mojienb Xounblandensa-I'accepa-OrneHa.
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MaremaTtudeckass IMOCTAaHOBKA BKJIOYAET YpPaBHCHHUC HaBre-CTokca ¢ YCIIOBUCM

HeCKHMaeMocTH. JIIs OmucaHns TypOyIeHTHOTO XapakTepa TEUeHHs HCIONmb3yercss K—€
Mozenb. Takxke 3amMchbiBaeTCs YpaBHEHUE MIBWXKEHHS g TBepaoro Ttena. Cucrema
3aMBIKAE€TCA HAyaJbHbIMM M TPAHUYHBIMU YCJIOBHUSMH, & TAKXKE YCIOBUSMHU COMNPSIKEHUS
XKUAKOCTH U TBepaoro Tena. Ha Bxoae B pacueTHyro 00JacTh 3aaaeTcs Npouib CKOPOCTH,
Ha BBIXOJIC — HyJIeBO€ JaBiieHHe. Ha cTeHax 3amaercs ycioBue NpUIUIIaHUs.

[TomyueHHBIE Pe3yabTaThl OMHUCHIBAIOT U3MEHEHUS MoJiel ckopocTH, aaBneHus, WSS
u OSI 115 Tpex KeHCcoB: COCTOSIHHE B HOPME, MIPH MAaTOJIOTUU U TIPU MPOBEICHUH ONEPaLun

O3aku.
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BUNOMEXAHHUYECKOE MOJAEJUPOBAHUE INIOACHUYHOI'O
OPACETOYHOI'O CYCTABA

Xopomes JI.B.}, Uabsios O.P.}, Yerioxkannes H.E.?

! [epmckuii nayuonanvuoiii uccnedosamenvckuil norumexuudeckuil ynusepcumem, Ilepmo
ZMCY No 11, Tlepmo

AHHOTaIIPIﬂ: OeJib HUCCIICAOBAHUA — HUCIOJb3YSA MCETObL OMOMEXaHUYECKOTO MOACINpPOBaHMUA,
II0Ka3aTh HAa MaTeMaTHYECKOH MOZACIIHU, YTO IIPpHU IOABJIICHUHN JCTCHEPATHBHBIX H3MEHEHUH B ITIO3BOHOYHO-
JABUTAaTCIBHOM CETMCHTC U IIOABBIBUXEC (I)aCCTO‘IHBIX CyCTaBOB HCTOYHHUKOM 0onn sBIISIETCS YpE3MEPHOC
BO3z€eiicTBHE Ha HEPB JItomka.

KuroueBble cioBa: MOOCINPOBAHUC, MOSCHUYHBINA oTaci, HO3BOHO‘IHO-,I[BI/IFaTeJ'ILHI>II71 CCI'MCHT,
(aceTouHsbIii cycTas.

Keywords: modelling, lumbar spine, vertebromotor segment, facet joint.

bonp B mosicHulle OKa3bIBaeT CYIIECTBEHHOE BIUSHUE HAa KadyeCTBO JKU3HU H
paboTOoCOCOOHOCTh HaceneHusl IaHeTsl [1]. BpaueOHas mpakThka MOKa3bIBaeT, YTO
MCTOYHUKOM OOJIM MOXKET SIBJIATHCSA HAJIM4YME MOJBbIBUXA (PACETOYHOrO CycTaBa Ha ypOBHE
NOSICHUYHOTO OTAena. MexaHu3M TMOsBJICHHS MOJBBbIBUXAa (PACETOYHBIX CYCTaBOB
paccmaTtpuBalics paHee [2].

Lenp uccnenoBaHusl — HCIHOJIb3YSd METOAbl OMOMEXaHMYECKOTO MOJEIUPOBaHUS,
M0Ka3aTh HA MAaTEMaTUYE€CKOW MOJIENH, YTO MPH MOSIBJICHUH JET€HEPATUBHBIX U3MEHEHHUH B
MO3BOHOYHO-/IBUTATEIbHOM CETMEHTE M MOJABBIBMXE (haCETOUHBIX CYCTaBOB HCTOYHUKOM
0onu sBISETCS upe3MepHOe BozjaelicTBHEe Ha HepB Jlomka. AHaimu3 JUTEpaTypbl IO
MOJICIMPOBAHUIO TO3BOHOYHO-ABUTATEIbHOTO cermMeHTa L4—L5 [3, c. 40] mokasan, 4To ass
BCeX paboOT XapaKTepHO VYHOPOIIEHHOE MOJENUpoBaHUEe (HAceTOUYHbIX CycTaBoB. B
UCCJIEIOBAaHUU TPEJCTABICHO IOCTPOCHHE TECTOBOM KOHEYHO-2JIEMEHTHOM MOAenu
(daceToyHOro cycTaBa, yYUTHIBAIOIICH HAIMUNE CUHOBHAIBHOM KUIKOCTH.

Uccnenyercss HanpsbkeHHO J1e(OpMHUPOBAaHHOE COCTOSIHME OOBEMHOM MoJenu
(daceToyHOro cycTaBa B CMEIIAaHHON NocTaHOBKe. ['eoMeTpust Mmosienu paceToyHoro cycraBa
B MIEPBOM TNPHUOJIMIKEHUU U pacyeTHasl cXeMa Ipe/ICTaBlIeHbl B HccleqoBanuu [2]. Monaens
BKJTIOYAET B ce0s1 OTPOCTKH MO3BOHKOB L4 1 L5 (ympyrue Tena), Xpsiy Ha KOHIIaX OTPOCTKOB
NO3BOHKOB (MOPOYNpPYrHe Teja), CHUHOBUAIBHYIO JKUIKOCTh (MIeanbHasi >XHUJIKOCTBIO),
Karncyny (acerodyHoro cycrasa (ympyroe Teno). TBepasie Teina CUUTAIOTCS H30TPOITHBIMU.
B3anMopencTeue naeaabHON JKUIKOCTH U JKUJIKOCTH IIOPOYIIPYTOro Tejla OTCYTCTBYET, TaK
KaK JKUJKOCTb IOPOYNPYTOro Tejla HE MOXET BbITEUb 3a TpPaHULBl Teia. 3HAYCHUS
bu3MUeCKUX XapaKTePUCTHK TECTOBOW MOJENU TpeAcTaBieHbl B ucTouHuke [2]. Ha

BEPXHIOK 4acTh OTPOCTKA MO3BOHKA L4 Ha mOBepXHOCTH AEHUCTBYET JaBIEHHE BEITUYMHOU
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780 kIla, 4TO COOTBETCTBYET Harpy3ke B 15 KrI, a HHMXKHSS 4acTh OTPOCTKA MO3BOHKa L5
3aKkperieHa. Bce TBepnble Tena ckieeHbl Mexay coOoil. Koaddumment tpenus mexmay
xpsimamu pasen 0,01.

[ToctaBneHnas 3amavya pemeHa npu nomomd  AnsysWorkbench. Tlomyuensr
pacripeieicHus IepeMeIICHIH, HanpshDKeHn U nedopmanuii. PerieHrne TeCTOBOM KOHEUHO-
AJIIEMEHTHON Mojenu (aceTOYHOro CycTaBa IOMOXKET MPOJODKUTh DPA3BUTHUE MOJENU

MNOBCACHUA ITOSICHUYHOI'O ITIO3BOHOYHO-ABHUTATCIBHOI'O CCIMCHTA.
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BIOMECHANICAL MODELING OF THE LUMBAR FACET JOINT

Khoroshev D.V. !, II’yalov O.R.}, Ustuzhantsev N.E. ?

! Perm National Research Polytechnic University, Perm
2 Hospital No. 11, Perm

Abstract: the study aim is to use biomechanical modelling methods to show on a mathematical model
that with the appearance of degenerative changes in the vertebromotor segment and subluxation of the facet
joints, the pain source is excessive exposure to the Luschka nerve.

Key words: modelling, lumbar spine, vertebromotor segment, facet joint.

Lower back pain has a significant impact on the life quality and working capacity of
the world's population [1, 2]. Medical practice shows that the pain source may be the presence
of the facet joint subluxation at the lumbar spine [3]. The occurrence process of facet joints
subluxation was considered earlier [3].

The study aim is to use biomechanical modelling methods to show on a mathematical
model that with the appearance of degenerative changes in the vertebromotor segment and
subluxation of the facet joints, the pain source is excessive exposure to the Luschka nerve.
An analysis of the literature on modelling the vertebromotor segment L4-L5 [4, p. 40] showed
that simplified modelling of facet joints is characteristic of all works. The study presents the
construction of a test finite element model of a facet joint, taking into account the presence of
synovial fluid.

The stress-strain state of a facet joint 3d model in a mixed formulation is investigated.
The geometry of the facet joint model in the first approximation and the calculate scheme are
presented in the article [3]. The model includes the processes of L4 and L5 vertebras (elastic
bodies), cartilage at the ends of the vertebral processes (poroelastic bodies), synovial fluid
(ideal fluid), the capsule of the facet joint (elastic body). Solids are considered to be isotropic.
There is no interaction between an ideal fluid and a poroelastic body fluid, since the
poroelastic body fluid cannot flow beyond the boundaries of the body. The physical
characteristics values of the test model are presented in the source [3]. A pressure of 780 kPa
acts on the upper part of the process of the L4 vertebra on the surface, which corresponds to
a load of 15 kg, and the lower part of the process of the L5 vertebra is fixed. All solids are
glued together. The coefficient of friction between the cartilages is 0.01.

The problem was solved in Ansys Workbench. Distributions of displacements, stresses
and deformations are obtained. The solution of the test finite element model of the facet joint
will help to continue the development of the behavior model of the lumbar vertebromotor
segment.
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PEKUM HAI'PY3KHN HA KOHEYHOCTD ITPU XUPYPI'MYECKOM JIEYEHUHU
IHEPEJIOMOB ITPOKCUMAJIBHOTI'O OTAEJIA BE/IPA

Simmukos O.H., EmeabsanoB C.A.

@I'bOY BO «Tambosckuii cocyoapcmeennblii yHugepcumem umenu I.P. Jlepacasunay, Tambos

AnHotamus: I[lepemoMbl mMpPOKCHMManbHOTO OTAeNa Oefpa SBIAIOTCA OJHUMH U3 CaMBIX
pacmpocTpaneHHbIX. llocie Xupyprudeckoro jedeHHs HEOOXOAMM pacueT Oe30macHOd Harpy3ku Ha
KOHEYHOCTh. [ [pruMeHeHbI COOCTBEeHHbIE METOIMKY pacdeTa Harpy3Ku Ha KOHEYHOCTh TIOCJIe OCTEOCHHTEe3a. B
pe3ynbpTaTe MPUMEHEHUs pacyeTa y 236 maIrieHToB C Ype3BEPTEIbHBIMH ITEPEIOMaMH 1 TIEpeJIOMaMHU IISHKH
Oenpa OTIMYHBIN pe3yNbTaT Noiy4deH B 26% ciyyaes, B 38% - xopomui, B 19% - yA0BI€TBOPUTEIBHBIMH.

KuaioueBble cjioBa: mepernom Imeldkn Oenpa, Ype3BepTENbHBIN MepesioM, OCTEOCHHTE3, Harpy3Ka Ha
KOHEYHOCTb.

Keywords: femoral neck fracture, pertrochanteric fracture, osteosynthesis, limb loading.

[lepenoMbl MpOKCHMANBHOTO OTIENa Oexpa OCTAlOTCS OJHOM U3 CaMbIX
pacrpoCTpaHEeHHBIX TPABM OIIOPHO-ABUTATEIBHOTO amnmapara. B HacTosiiee BpeMs HECMOTpsI
HAa  3HAYUTENbHBIE  YCHEXH B  O0JIaCTU  XUPYPrUYECKOrOo  JICYCHUS,  YHUCIIO
HEYJIOBJIETBOPUTEIBHBIX UCXOJIOB JICUECHUS MEPEIOMOB IIeHKN Oepa U BepTelbHOM 00acTu
octaercs BbICOKUM [ 1, ¢.21; 2, ¢.99]. OnHuM 13 OCHOBHBIX HAIIPABIICHUN PEIICHHSI TPOOJIEMbI
HEY/IOBJIETBOPUTEIBHBIX HCXOJOB OCTEOCHMHTE3a B IOCICONEPALMOHHOM IEPUOAE Y
MAIMEHTOB C TIepeIOMaMH IPOKCUMAIILHOTO OT/IeNa Oe/ipa SIBIISIeTCSl paHHsSl aKTUBU3AIIUS C
NPUMEHEHUEM  aJ€KBaTHOM Harpy3kd Ha ONEPUPOBAHHYID KOHEYHOCTh. llenbio
UCCJIEIOBAaHUSl OblJla OILIEHKA pe3yJbTaTOB MPUMEHEHHUs METOJMK pacueTa Oe30MmacHOu
Harpy3Kd Ha KOHEYHOCTh IMOCJIE OCTEOCHHTE3a UPE3BEPTEIbHBIX IEPEIOMOB U MEperioMa
meku OeApeHHoN Koctu. [[ns ompeneneHuss pekuMa HArpy3Kd BBIYHUCISUTH 3HAYEHUE
0e30MacHON Harpy3Kd Ha KOHEYHOCTh IIOCIIE OCTEOCHHTE3a B pa3lIMYHbIC TEPUOJIBI
MOCJICONEPALIMOHHOTIO  JieueHus. J[ns  4upe3BepTeNbHBIX  NEPEJIOMOB  MPUMEHSUIH
METOJpacueTa Harpy3Ku, YUYUTHIBAIOIINM CPOK, MPOIIEANINNA ¢ MOMEHTa onepauuu [3]. s
NEPeNIOMOB MIEHKH Oejjpa MPUMEHSUIM OpPUTHHAJIBHYIO mporpammy OBM mist pacuera mo
napaMeTrpaM: THUIl TepejoMa, BO3pacT MalMeHTa, Macca Tena OO0JIbHOTO, BHJ
MeTtamuioukcaropa, mocieonepanuoHHbii nenp [4]. [lpu ananmse pe3ynbTaToOB JICUEHUS
cnyctss 6 MecsleB Mocie onepauud nonydusid 26% OTIWYHBIX PE3YJAbTATOB C IMOJTHOMN
KOHconuaamuen nepenoma u GyHkiued koHeuHoctu. B 38% ciydaeB momydeH XOpomuid
pe3yabTar seueHus, a B 19% ynoBnerBoputensHbii. [lonyueHHbIe pe3yabTaThl TOBOPST O
1[eJIeCOO0pa3HOCTH TMPUMEHEHUST METOJUK pacueTra Harpy3kd Ha KOHEYHOCTh B

MOCJICONCPpaIMOHHOM IIEPHUOAC C LCITBIO BBIpa6OTKI/I 0e301acHOTo pPEKHMa Harpy3oxk.
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ME/IMINHCKAA BUOPHU3INKA U PYHKIIMOHAJIBHAA
AUATHOCTHUKA

METO/Ibl YACTOTHO-BPEMEHHOTI'O AHAJIU3A CUTHAJIOB
JUISI IETEKTUPOBAHMS CTAIAI CHA

Axumona A.C.L, Kypasaes M.O.}%, Pynnosa A.E.>!
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AnHHoTamma: B paMkax Hacrosimed paboTel paccMOTpeHa BO3MOXHOCTh HCIIOJIB30BaHUS
COBPEMEHHBIX METOOB YaCTOTHO-BPEMEHHOI'O aHajM3a CUTHAJIOB JIEKTPUUYECKOH aKTUBHOCTH TOJIOBHOTO
MoO3ra i1 BBIACIICHUS CTaI[I/II\/'I CHa Ha NpUMCPE KIIMHHUYCCKHUX HJaHHBIX MOHUTOPHWHI'A HOBOPOXKACHHBIX.
YcTaHOBIIEHO, YTO BRICOKOH CTETICHBIO 3HAYMMOCTH 00JIaaeT 3HaUeHHe yPOBH dHeprur anb(a-putma B D3I
MPOEKIIMM MOTOPHOW KOPBI 111 HEIOHOIIEHHBIX IETeH JIJIsl pa3/ieJIEHUs] COCTOSAHUM CHA U 6OILpCTBOBaHI/I$I.

KiaroueBble cioBa: HempephiBHOE BelBieTHOe TpeoOpaszoBanue, OO, aBTOMaTHUECKOE
pacro3sHaBaHue, COH

Keywords: continuous wavelet transform, EEG, automatic recognition, sleep

OcoOblii MHTEpEC BHI3BIBACT U3YUCHUE aKTUBHOCTU T'OJIOBHOTO MO3Ta, MPUBEIIINI K
MOSIBJICHUIO HAYYHOM oTpaciu HelpoHayku. Cpeau Hanbosiee BaKHBIX TeM, 00BEIUHSIOIINX
HEHUPOYUEHBbIX, (PHU3NO0JIOTOB, (PU3UKOB M CHEIUAIUCTOB B 00JacCTH WH(GOPMAIMOHHBIX
TEXHOJIOTHSX, SIBJISETCS MpoOJieMa HCCIIeIOBaHMS CHa YelloBeka [1, 2].

B pamkax [OaHHOrOo WHCClE€IOBaHUS OCHOBHOM I1IE€JIbIO SIBJISUIOCH PacCMOTPEHUE
MapKepoB TITyOOKOro CHA AETEeH pa3IMyHOr0 CPOKa recTallMK C TOUYKH 3pEHUs KJIaCCHUYECKOIro
YaCTOTHO-BPEMEHHOTO aHAJIM3a U aHAJIU3 UX XapaKTEPUCTHUK ISl BO3MOXXHOCTHU CO3JIaHUS
cUCTeM OOBEKTUBHOW JIETEKIIMHM M OIICHKU KauecTBa CHa HOBOPOXKIEHHBIX JETEH, KaK 3TO
JIeJaeTcsl y B3pOCHbIX NManueHToB. [IpoBeneHHbIE UCCIEeN0BAHMS MO U3YYEHHIO YaCTOTHO-
BPEMEHHBIX XapakTepUCTUK OOl TpylIbl HOBOPOXIEHHBIX HA OCHOBE HEMPEPHIBHOIO
BEUBJIIETHOrO mMpeoOpa3zoBanus [3] MPOJEMOHCTPUPOBAN 3HAYUTEIBHYIO H3MEHUYUBOCTH
AKTUBHOCTH TOJIOBHOTO MO3Ta JAaHHOW TPYMIIbI MAIIUEHTOB MIPU CMEHE UX (PU3UOJIOTHIECKUX
cocTosiHUM coH U OoapcTBoBaHre. OcOoOBI HHTEPEC BBI3BHIBACT BBISABICHHAS OCOOCHHOCTH
reHepanuu anb(a-aKTUBHOCTH, HAOIIOAATh KOTOPYIO TTO3BOJIMIIO MCIIOIB30BAHUE armapara
HBII, oOnanaromero BBICOKMM BPEMEHHBIM pPAa3pelIEHUEM IPU YacTOTHOM aHaIu3e

KoJIeOaTeIbHBIX mponecccCoB.
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ONTHUYECKNU BUOUMUKUHT B OIIEHKE METABOJIM3MA
U MUKPOCTPYKTYPbI TOHKOM KUIIIKH
ITPU KOJIOPEKTAJIbHOM PAKE

Barpsnues M.B. !, Psokos M.I'.}, Benepuna E.JL.%, Jlorunosa M.M.?,
Bazaes A.B.2, AGeaesuu A.U. ?, [lesopues U.JI.Y, llupmanosa M.B. ?,
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AnHoTanusi: B pabote paccmarpuBaeTcs BO3MOXKHOCTh NMPHUMEHEHHST METOJOB (hIyOpEeCHEHTHOTO
Bpems-pa3pemieHHoro ummmkuara FLIM u onTtmueckoit korepentHodt Tomorpadum (OKT) B m3ydenun
MeTabonm3Ma M CTPYKTYPHI TMOAB3IONIHON KWIIKA Y TAIUEHTOB ¢ KolopekTanbHbIM pakom (KPP). Jlms
KIIMHAYECKON METUIMHBI OLIEHKA METa00INIECKUX U MUKPOCTPYKTYPHBIX H3MEHEHH B CIIM3UCTON 0007I0UKe
NOJB3AOIIHOM KHILIKH, HEoO0Xoauma Uil KOPPEKLUUH QJITOPUTMOB IOCIEONEpPAlMOHHON Tepamuy,
SHTEPaJLHOTO NMUTAaHUS U peadunuTanuu nanneHToB ¢ KPP.

KuaroueBble cjioBa: MOAB3IOINTHAS KUK, PIIyOPECIIEHTHBIN BpeMsi-pa3peneHHbI nMuKAHT FLIM,
omrrryeckas korepentHas Tomorpadus (OKT), merabonn3M, KOITOPEKTANBHEIN pak, MarbabcopOITis

Keywords: ileum, FLIM, optical coherent tomography, metabolism, colorectal cancer,
malabsorption.

Heab. U3yunth MeTab0si3M U MOPHOIOTHUECKYIO CTPYKTYPY CIM3UCTOM 00OJIOUKH
YCJIOBHO HOPMAJIbHOM TOHKOW KMIIKM y nanueHTtoB ¢ KPP 1-3 craguii ¢ mpumeHeHnem
meroaoB makpo-FLIM u OKT.

Marepuanbl u MetToabl. OOBEKT HCCIENOBAHUSI — CIM3UCTas O00JOYKA CTEHKU
MO/B3/IONTHOM KHUIIKK (66 00pa3IoB) y MalMEHTOB C aJCHOKAPIIMHOMOM MPaBbIX OT/EIIOB
00010uHOM KHIIKK 1-3 cTamuii. 8 00pa3ioB monayyeHsl y nanueHToB ¢ 1 cragueit KPP, 38
o0pas1oB — y nmanueHToB co 2 cragueit u 20 o0pa3ioB — ¢ 3 cTajueil pa3BUTHSI OIYXOJIH.
BcemM nmanueHTaM — BBINOJHSAJACh  CTAaHAAPTHAsE MPABOCTOPOHHSAS T'€MHUKOJIIKTOMUS
mumpoauccekiueit J12. Cexxre 00pa3iibl TKAHW UCCIISI0BATIN METOAaMH (DIITyOPECIIEHTHOTO
BpeMs-pa3pelnieHHoro Makpoumumpkuara (Makpo-FLIM) u (OKT) ¢ mnocnenyromum
TUCTOJIOTMYECKUM aHAJIU30M MaTepHaa.

PesyabTarel. [lo JaHHBIM THCTOJIOTMYECKOTO MCCIEAOBAHUSA B TOHKOM KHILKE
narueHToB ¢ 1 cragueit KPP cimsucras 06010uka mOKphITa HOPMAJIBHBIM OJHOCIOWHBIM
MPU3MATHIECKUM KaeMYaThIM druTenueM. B oOpasmax kumky nanueHToB co 2 craaueit KPP
HaOII0Aanach TUIIEPCEKPEIHs CIIM3U ¢ yJyacTKaMH (puOpo3a U MOoJIHOKPOBUEM cocynoB. [Ipu
3 craguu KPP cnmsucras o0osiouka TOHKOM KHINKH ObLIa PBIXJIOW, C JIOKAJIBHBIMHU

YTONIIEHUSIMH, Y9acTKaMu (prOpo3a ¢ BEIpaKEHHBIM JIEUKOCTa30M M odaramu arpoduu. Hu
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B OJHOM U3 00pa3lloB HE OOHAPYXEHbI T'MCTOJIOIMYECKHE MPU3HAKK 3JI0KAUYECTBEHHOMN
OITYXOJIH.

[To mamapiM OKT B cinm3ucToil 000J0YKE TOHKOM KHUIIKKA y TMamueHToB ¢ 1 u 2
cragusamu KPP Xxopoio BU3yaln3upoBaInCh KOHTYPbl BOPCHUHOK M, YaCTUYHO, KPHIITHI;
CTPYKTypa BOPCUHOK TOHKOM KMILIKK ObUIa 4eTKOH, (hopMa HEeM3MEHEHHOH. Y MalueHToB ¢ 3
cragueit KPP xoHTypbl KpunT 1 BOpcHHOK OBl HeueTKkuMU. [1o nanapiM FLIM BBISBIICHBI
CTaTUCTUYECKU 3HAUUMBbIE OTINYHUS B 3HAUECHUSIX CPEIHETO BPEMEHU JKU3HU (DIyOpecIieHIINN
(Tm)BOCCTaHOBJIEHHOTO HUKOTHHamMujauHykineotuadocpara HAJJ(D)H mexny 2 u 3
(p=0,031), 1 u 3 (p=0,018) craguamu KPP. IIpu 1 cranuu KPP tm cocrasumno 1,61 [1,30;
2,02] ue, npu 2 craguu 1,50 [1,36; 1,73] ue, npu 3 craguu 1,37 [1,22; 1,51] He. Pe3ynbTaTs
FLIM nmpeanonoXuTenbHO CBUAETEIBCTBYIOT 00 VYBEIMYEHUU pOJIM TJIMKOJIHM3a B
HPHEPTeTUUECKOM META00IM3ME IHTEPOLIUTOB BMECTE ¢ yBennueHueMm craauu KPP.

3ak/iouenne. Y TMAlMEHTOB C PakoOM MpPaBbIX OTAEJIOB OOOJOYHOM KHUIIKH B HE
3aTPOHYTOM 3J0KAaYE€CTBEHHBIM MOPAKEHUEM IMOJB3JOIIHON KHUIIKE 3a(UKCUPOBAHBI
HapyLIEHUs] MUKPOCTPYKTYPbI CIIU3UCTON 000710UKH. [Ipn 3TOM BRIpaKE€HHOCTh HApyIIEHUN
MUKPOCTPYKTYPBI B CTEHKE TOHKOW KHILKH CBSI3aHA CO CTAAUEHN Pa3BUTHUS OITyXOJIN B TOJICTOU
kumke. Texnonorun omommumknara, a uMeHHO — OKT u FLIM, nmo3Bonuian 0ObEKTUBHO
0TOOpa3UTh HAPYUIEHUS] MUKPOCTPYKTYpPbl U METab0IM3Ma B CTEHKE MOJIB30ITHON KUIIKH.
Jannbpie OKT npoaeMOHCTpUpOBaIM pa3iandMsl B CTPYKTYPE BOPCUHOK KHIIKY Y AIHEHTOB
1-2 u 3 craguit KPP. Pesynbrarel FLIM wmetabonuueckoro xodakropa HAJ(DP)H
CBUJIETEJIbCTBOBANIM 00 YBEIMYEHUU POJIM TIMKOJIM3a B HHEPreTHYECKOM MeTaboiIu3Me
HSHTEPOLUTOB BMecTe ¢ pocToM ctaguu KPP. BeisiBieHHbIE HAPYIIEHUS B COCTOSIHUN TOHKOM
KHMIIKK pa3BuBaroTCsi y mnauueHToB ¢ KPP 10 omepanmu m ¢ BBICOKOM BEPOATHOCTBEO
SBIIAIOTCSI BaXHBIM IaTOI€HETUYECKUM 3BEHOM MabaOCoOpOLMU B MOCIEONEPAMOHHOM
nepuone. B ciyyae mOATBEpXKIAEHUS THUIOTE3bl, PE3YJIbTaThl KOMIUIEKCHOW JUArHOCTHKHU
HapyIIEHU MUKPOCTPYKTYpbl W MeTa0OJu3Ma B TKaHAX TOHKOW KHUIIKH MO3BOJISAT
CKOPPEKTHPOBATh IMOAXO/IbI K PEaOMIINTAIIH MTALIMEHTOB C PAKOM MPAaBBIX OTJEJIOB TOJCTOMN
KHLIKH.

Pabora nposenena npu ¢purancoBoii noaaepxke rpanra PHO Ne 19-75-10096.
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METABOLISM AND MICROSTRUCTURE OF SMALL INTESTINAL WALL
IN PATIENTS WITH COLORECTAL CANCER

Bagriantsev M.V.!, Ryabkov M.G.?, Bederina E.L.?, Loginova M.M.?,
Bazayev A.V.?2, Abelevich A.1.2, Desorzev I.L.},

Shirmanova M.V.2, Shtcheslavskii V.1.2, Kiseleva E.B.2.

'State budgetary institution of health care of the Nizhny Novgorod region «Nizhny Novgorod regional
clinical hospital named after N.A. Semashkoy», Nizhny Novgorod
University Hospital Privolzhsky Research Medical University, Nizhny Novgorod

Patients with colorectal cancer have some changes in small intestine. It can also causedigestive
dysfunction after the operation to remove malignant tumor.

An assessment of metabolism and microstructure disorders in ileum mucosa needs to correct post-
surgical algorithms and enteral nutrition in patients with colorectal cancer. Modern optical bioimaging
techniques could potentially solve this diagnostic challenge.

Keywords: ileum, FLIM, optical coherent tomography, metabolism, colorectal cancer, malabsorption.

Aim of study — is to research the characteristics of morphological structure and
metabolism of ileum mucosa in patients with 1, 2 and 3 stages of colorectal cancer.

Material and methods. The object of research is ileum mucosa in patients with 1-3
stages of right colorectal cancer (CRC). We examined the 66 ileum samples after right
hemicolectomy: 8 samples — with 1 stage of cancer, 38 samples — with 2 stage and 20 samples
with 3 stage of colorectal cancer. Right hemicolectomy with total mesocolonectomy is the
standard operation. Tissue samples researched ex vivo with the method of optical coherence
tomography, fluorescence-lifetime imaging microscopy and histologic analysis.

Results. The ileum mucosa in patients with 1 stage of colorectal cancer is presented as
a normal single prismatic epithelium without inflammation. The ileum mucosa in patients
with 2 stage of colorectal cancer is presented as a hypersecretion of mucus, fibrosis of
submucous membrane, vascular congestion of serous membrane. And the ileum mucosa in
patients with 3 stage is presented as a friable tissue with the local thickening, area of fibrosis
and atrophy with leukostasis. There are not malignant cells in these samples of ileum.

There are clear contours of fibers and partially crypts in mucosa ileum in all patients
according tooptical coherence tomography (OCT). There are not differences in the OCT-
images between 1 and 2 stages samples: the structure of fibers is clear and the form
is unchanged. The contours of fibers are unclear and uneven in patients with 3 stage of CRC.
Fluorescence lifetime NADH changed depending on the stage of CRC. Statistically
significant difference was observed between 2 u 3 (p=0,031), 1 u 3 (p=0,018) stages of CRC.
The figure tm was Me [Q1;Q3] 1.61 [1.30; 2.02] ns in the 1 stage, 1.50 [1.36; 1.73] ns in the
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2 stage and 1.34 [1.22; 1.51] ns in the 3 stage of CRC. The results show that increase in the
role glycolysis in the energy metabolism of enterocytes in addition to increasing CRC stage.

Conclusions. There are disorders of ileum mucosa structure in patients with right
colorectal cancer: hypersecretion of mucus, fibrosis of submucous membrane, vascular
congestion of serous membrane, local thickening, area of fibrosis and atrophy with
leukostasis. The severity of microstructure disorders in ileum mucosa directly correlate with
the colorectal stage.

Bioimaging technologies (OCT and FLIM) has allowed to visualizedisorders of ileum
mucosa microstructure and metabolism. The OCT-data demonstrated in vivo the changes in
the picture's structure of fibers between 1-2 and 3 stages of CRC. The FLIM-results indicated
increased the role of glycolysis in the energy metabolism of enterocytes in addition to
increasing CRC stage.

The identified disorders in the ileum mucosa developed before the operation in patients
with colorectal cancer. It's an important pathogenetic link of malabsorption in postoperative
period with a high probability.
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COBPEMEHHOE JTJEYEHUE MEJIAHOMBI
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AHHOTalus: B paboTe paccMaTpuBaiOTCs (DaKTOPHI, BIMSIONIME Ha 3a00JeBaHUE MEJIAHOMOM,
CHMIITOMBI, @ TaK K€ CTaJuM JaHHoro 3abojeBanus. Ha ocHOBe maHHOH I/IH(bopMauHI/I COCTAaBJICHBI
COBPEMCHHBIC METOJIbI U ITOAXOJAbI JICYCHUA MEJIAHOMBI KOXKH.
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MenanoMa — 3710Ka4eCTBEHHAs! OMYXOJb KOXXHOTO TOKpPOBA, CIM3UCTBIX, CETUYATKH
rJ1a3a, pa3BUBarOIasICs U3 MenaHOIUTOB [1, €.12]. dakTopaMu, MPOBOLUPYIOIIME TaHHOE
3a0o0JieBaHMe, SIBISIOTCS TEHOTWII, XPOHHYECKas TpaBMAaTHU3alMs KOXH, BO3JEHCTBUE
yIbTpadroIETOBOTO U3ITYUCHHS, ATUITHYECKUE POJAUHKH, (PIIyOopecIieHTHOE OCBelleHue [2, C.
3-11]. Pa3BuTHe manHOTrO0 320071€BaHUS ABJISETCS PE3yIbTATOM aTUITUYHOTO Pa3MHOKEHUS U
37I0KAYECTBEHHOTO MEPEPOKACHUS METaHUH-TIPOAYIIUPYIOIIUX KIeTOK Koxu. [loBpexnenue
JIHK k71eToK MO>KET IPUBECTH K OECKOHTPOJIILHOMY UX POCTY, YTO MPUBOAUT K 00pa30BaHUIO
omyxoJju [3, . 193-199].

HaubGonee pacmpocTpaHeHHBIM BHJIOM MEJIAHOMBI  SIBIISIETCS  MOBEPXHOCTHO-
pacnpocTpansomasics, B 70% cinydaeB pa3BUBAeTCA Yy JKEHIIUH, XapaKTepusyercs
TOPU30HTAIILHBIM POCTOM U B 00IIEM MMEET OMaronpusiTHBIA MPOTHO3, Y3JI0Basi MellaHOMa
BcTpeyaercss B 15% cnydaeB, yamie y MYyK4YWH, JE€T€M U MOAPOCTKOB, XapaKTEPHU3YETCs
pPOCTOM B TOJIIY KOXKH, CUATAETCS CaMbIM HEOJIArONPHUSATHBIM B IJIAaHE MPOTHO3a THUIIOM.
CymiecTByeT Tak K€ aKpOJICHTUTMHO3HAs, HM3BECTHAas KakK IIOAHOTTEBas MeEJIaHOMa,
JICHTUTHO3HAs, N3BECTHAsI KaK BECHYIIIKa XaTYMHCOHA, a TAKKe axpoMmaruieckas [4, C. 48].

[lepBpiME TIpU3HAKaMU JIaHHOTO KOXXHOTO 3a00JIEBaHUS SIBJISIETCSl TOSIBJICHHE
aTUIMHYECKOro 00pa30BaHuUs Ha TOBEPXHOCTU KOkU. HabmomaeTcst accuMeTprdHOE 110 1BETY
u (hopMme o0pa3oBaHHE HA MIOBEPXHOCTH TEJa, B TOM YHCIIC U HA HOTTeBOM Joxe [5, €. 33].
Pannne cuMnToMbl 3a007€BaHMS SBISIIOTCS CHUHIPOMOM AaKTUBAIlMU HEBYCAa, KOTOPBIH
COTMPOBOXKIAETCA  MOKEHUEM, MalWiIOMOOOpPa3HBIMH  BBIPOCTAMH, TpPEIIMHAMH |
KPOBOTOUYMBOCTHIO. Pa3Mepsl TaHHOTO 3JI0Ka4eCTBEHHOTO 00pa3oBaHus BapbupyroTcs ot 0,5
70 7 caHTUMETpOB [6, C. 126].

KiroueBbIM HcciiefoBaHUEM TIPU BBISIBJICHUW METAHOMBI SIBJIAETCS JI€PMAaTOCKOIIUS,
oworcus TKaHel, THCToJIoTuueckoe oocnenoBanue [7, €. 499]. CoBpeMEeHHBIM MOIX00M K
JICYCHUIO MEJIAHOMBI KOXH SIBJISICTCS XHPYPTHUECKOE JICUEHHE — €€ MCCEUCHUE C 3aXBaTOM
3I0POBBIX TKaHEW BOKPYT OIMYXOJH, TaK KaK MEJIaHOMa UMEET a0y YyBCTBUTEIHHOCTD K

XUMHUOTCPANICBTUICCKOMY u JIYy4C€BOMY BOSJICﬁCTBPIIO. HpI/I MHKPOCKOIMMYECKOM
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UCCJICIOBAaHUU DJIUIEpPMHCA, HAXOAAIIErocs Ha pyOexke ¢ OmyXoJIeBOM TKaHbIO,
OTIpEIeNIAIOTCS TUITMYHBIE U3MEHEHUS 0a3aIbHBIX CJI0EB, AECTPYKIUS Oa3aIbHON MEMOpaHbI,
amonTo3 KamMOMaNbHBIX KIETOK. [l TojydeHHsl NPOTHOCTHYECKOW uHpopmanuu y
NAIMEHTOB C MEIAHOMOW KOXKH JOCTATOYHO OOBEKTHBHOTO MOP(OIOTHYECKOTO CKPUHUHTA
C OmpeieJIeHUEeM TUCTOIOTUYECKOM KapTUHBI 30HbI IEPBUYHON MEIAHOMBI U €€ OKPY>KEHUS B
pamuyce 6onee 10 MM, 1 HE 3aBUCHUT OT pa3MepoB MeJIaHOMHI [ 8, C. 356-364]. 3nanue 4ETKUX
MOP(}OITOrHIEeCKIX aCleKTOB Ha TPaHUIle OMYXOJIU U 3J0POBOM TKAHU PEUIUT BOIPOC BHIOOpA
CTpaTerud U o0bEMa XUPYPTHUYECKOIO BMEUIATENbCTBA C ONPEJIEICHUEM ONTHUMAaIbHON
IoIaau uccevenus [9, c. 25].

[lepBuuHast npo@uiIaKTUKa MEJIAHOMBI KOXKHU BKJIIOYAET B ¢€0s OHKOTMTMEHUYECKOE,
HAIpaBJICHHOE HA YCTPaHEHUE BO3ACHCTBUS YIbTPAa(PHUOIETOBBIX Jyyed, TN€HETHYECKOE,
UCIOJIb3yeMOE  NpH  BBIABICHUM  JWCHAHLEpU3ALMM  JIMLL  C  BPOXKICHHOU
IPEeIPaclooKEHHOCThI0O K MeJIaHOMe, MMYHOOMOJIOTMYECKOE — JJIsi BBIABICHUS JIUL[ C
UMMYHOAQHIUTOM, a Takke OWoxumHuucekoe Hampaeinenme [10, . 715-723].
[Ipopunaktuyeckoe wucceyeHne OONBIIUX M TUTAHTCKUX MHUTMEHTHBIX HEBYCOB
11eJ1€c000pa3HO BBIMOIHATh KaK MOKHO PAaHbILIE U3-3a BHICOKOTO PUCKA MX MaJMTHU3ALMH.
[To BO3MOKHOCTH, 3TH HEBYCHI TOJIKHBI OBITH YJAJIEHbI ITyTEM TOTAIHHOTO OJTHOMOMEHTHOI'O
ucceueHus. HecoOnrogeHnue 3Toro nmpaBmiia MOKeT YBEIUUYUTh PUCK UX Manurauzanuu [11,
c. 13]. Bce ypaneHHble HEBYCBHI JOJDKHBI ITOABEPIaThCs IUIAHOBOMY THCTOJIOTHYECKOMY
HCCJIE/IOBAHUIO.

3amuTa KOXXM OT BO3JCHCTBUS YIbTPaduOIETOBOrO M3IYUYEHHS SIBISETCS JTYUYIIUM
CIIOCOOOM CHIDKEHMSI PHCKA pa3BUTHsI MeJIaHOMBI (IOJIOBHBIE YOOpPBI, OJIeXkAa C JUIMHHBIM
PYKaBOM, COJIHIIE3aIIUTHBIE Kpembl) [12, €. 139].

B 3akitoueHue ciaenyer OTMETHTb, UTO TOJIBKO LIeJIEHANPABIICHHAsA CUCTEMAaTUYeCKast
npoduaakTUyeckas JeATeNbHOCTh BCETO0 MEIMWLMHCKOIO COOOIIeCTBa OpraHu3alui
HNEPBUYHON MEIMKO-CAHUTAPHOW IOMOIIM TO3BOJHUT BBISBIATH MNAIlMEHTOB A0 CTaJUU
MaHudecTauu 3a00eBaHUs, CYIIECTBEHHO IMOBBICHTH IIMaHCHI Ha 3(PQPEKTUBHOCTH

crenupuYecKoro JIieYeHUs: U OIaronpusiTHBINA TPOTHO3.
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MODERN TREATMENT OF MELANOMA

Bartosh 1.S.
Saratov State University, Saratov

Abstract: The factors influencing the melanoma disease, symptoms, and stages of the disease are
considered. On the basis of this information modern methods and approaches to treatment of skin melanoma
are made up.

Keywords: melanoma, melanocytes, dermatoscopy, nevus.

Melanoma is a malignant tumor of the skin, mucosa, and retina that develops from
melanocytes [1, p.12]. Factors provoking this disease are genotype, chronic skin
traumatization, exposure to ultraviolet radiation, atypical moles, fluorescent lighting [2, p. 3-
11]. The development of this disease is the result of atypical reproduction and malignant
transformation of melanin-producing skin cells. Damage to cell DNA can lead to uncontrolled
cell growth, which leads to tumor formation [3, p. 193-199].

The most common type of melanoma is superficial-spreading, develops in 70% of
cases in women, is characterized by horizontal growth and in general has a favourable
prognosis, nodular melanoma occurs in 15% of cases, more often in men, children and
teenagers, is characterized by skin thickening and is the most unfavourable type in prognosis.
There is also acrolentiginous, known as subnail melanoma, lentiginous, known as
Hutchinson's freckle, and achromatic [4, p. 48].

The first signs of this skin disease are the appearance of atypical formation on the
surface of the skin. Asymmetrical in color and shape formation on the surface of the body,
including the nail bed is observed [5, p. 33]. Early symptoms of the disease are nevus
activation syndrome, which is accompanied by burning, papilloma-like growths, cracks and
bleeding. The size of this malignant growth varies from 0.5 to 7 centimeters [6, p. 126].

The key investigation in detecting melanoma is dermatoscopy, tissue biopsy,
histological examination [7, p. 499]. The modern approach to melanoma treatment is surgical
treatment - its excision with taking of healthy tissues around the tumor, since melanoma has
poor sensitivity to chemotherapeutic and radiation influence. Microscopic examination of the
epidermis at the edge of the tumor tissue reveals typical changes in the basal layers,
destruction of the basal membrane, apoptosis of cambial cells. To obtain prognostic
information in patients with skin melanoma, objective morphological screening with
determination of histological pattern of primary melanoma zone and its surroundings within
a radius of more than 10 mm is sufficient, and does not depend on melanoma size [8, p. 356-
364]. Knowledge of clear morphological aspects on the border of a tumour and healthy tissue

38



will solve the problem of choice of strategy and volume of surgical intervention with
determination of the optimal area of excision [9, p. 25].

Primary prevention of skin melanoma includes oncohygienic, aimed at the elimination
of ultraviolet rays exposure, genetic, used for screening of people with congenital
predisposition to melanoma, immunobiological - for identifying those with
immunodeficiency, and biochemical [10, p. 715-723]. Prophylactic excision of large and giant
pigmented nevi is advisable to perform as early as possible because of the high risk of their
malignization. If possible, these nevi should be removed by total one-stage excision. Failure
to follow this rule may increase the risk of malignization [11, p. 13]. All removed nevi should
undergo routine histological examination.

Protecting the skin from UV radiation is the best way to reduce the risk of melanoma
(headgear, long-sleeve clothing, sunscreens) [12, p. 139].

In conclusion, it should be noted that only purposeful systematic preventive activity of
the whole medical community of primary health care organizations will allow to detect
patients before the stage of disease manifestation, significantly increase the chances of
specific treatment efficiency and favorable prognosis.
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CPABHEHUE CUTI'HAJIOB TEMIIEPATYPbBI, QJIEKTPOMUOI'PAMMBI,
NEP®Y3UOHHOI'O UHAEKCA ITPU U3MEHEHUU
INHCUXOPU3NOJIOI'NMIYECKOI'O COCTOAHUA UHANBUIA
BO BPEMS PEHIEHUS KOTHUTUBHbBIX 3AJAY

Nyounkuna E.C.!, Boposkosa E.N.1%, Xpamkos A.H.'?, Kapasaes A.C.!?

L Capamosckuii nayuonanvmwiii ucciedosamenbekutl 20Cy0apCmeeHHblLl YHUSEPCUMEM
umenu H.I'. Yepnviuwescroco, Capamos
2 Banmutickuil pedepanvubiil ynueepcumem umenu Mmmanyuna Kanma, Kanunzpao

Annotanus: J{ist 30 30pOBBIX MY»YWH MPOBOJUTCS CPABHEHHE TUHAMUKY CUTHAIIOB TEMITEPATYPHI,
3IIEKTPOMHOTPAMMBIN TIep(y3MOHHOTO HHJICKCA BO BpeMs BbITONHEHHs Tecta CTpynma W MEHTaIBHOTO
apupmeTndeckoro  Tecrta. [loka3aHa  COITaCOBaHHOCTh  PEAaKIMH  CUTHAJIOB HAa  W3MEHEHHE
ncUX0()U3UOTOTMYECKOTO COCTOSIHUS MHMBHIA BO BPEMsI PEIIICHUST KOTHUTUBHBIX 33/1a4.

KaoueBbie ciaoBa: Tect CTpyma, MEHTAIbHBIM apu(QMETHYSCKHM TeCT, TeMIeparypa,
3IIEKTPOMHOTPaMMa, Nepy3HOHHBIH UHIIEKC

AHanu3 (QU3MONOTMYECKUX I[IOKa3aTeled SBISETCS CTaHIAPTHBIM  METOJIOM
KOJIMYECTBEHHON OIIEHKM HM3MEHEHUU IMCUXO(PHU3NOIIOTMYECKOI0 COCTOSHUS WHIUBUIA BO
BpEMsl PEIICHUSI KOTHUTUBHBIX 33124 [1]. OgHako,0TMeYaeTcs MPOTUBOPEUYUBOCTD PEAKIIMU
ATUX TIOKa3aTeneil Ha cTaHAapTHhIe cTpecc-TecThl [1]. Llenpio paboThl SIBISIOCH CpaBHEHHE
JUHAMUKU CUTHAJIOB TEMIIEpaTyphbl, d1eKTpoMuorpammel (OMI) u nepdy3noHHOro UHAEKCA
(IT1) npu u3meHeHUH NCUX0(PU3UOTOTUYECKOTO COCTOSHUS UCTIBITYEMBIX BO BpEMs pELICHUS
KOTHUTHBHBIX 3a]1a4.

s 30 3m0poBeiX MykuuH 21 £ 3 roga (cpegHee + cTaHIapTHOE OTKJIOHEHHUE) CO
CpPEIHUM YPOBHEM (U3MUYECKONH aKTHMBHOCTUIIPOBOJIWIICS HKCHEPUMEHT, BKJIIOYAIOLIUI
stansl: ¢oH, Tect Ctpyna (CT) [2], oTabix, MeHTanbHbIN apupmerndeckuit Tect (MT) [3].
JIMUTEeNnBbHOCTD KaXA0T0 3Tana cocTaBisuia 6 MUHYT. Bo Bpems SKCiepuMEHTa UCIIBITYEMbIM
IPOBOAMIIACH OJTHOBPEMEHHAS PErUCTPallKs CUTHAJIOB TEMIIEPATYpPhI C TUCTANbHOMN (ajaHru
MU3HMHIA J€BOM pyku, OMI' ¢ BepxHel dacTu mpaBoil TpamenueBHAHOW MbIel U 11U,
orieHuBaeMoro ¢ momompio aatanka OIII, pacmonmaraemMoro Ha OOJIBIIOM TAJIbIIE JIEBOU
pyku. Bce curnanbl perucTpupoBaiMCh C MOMOIIBIO CTAHIAPTHOTO CEPTU(UIIUPOBAHHOTO
o0opynoBaHHUS aneKTpodHIedanorpada-perucTparopa «Quuedanan-231'P-19/26»
moaudukaruu «MuHn» ¢ yactoroit 250 ' .

Ha srtamax ¢ona, CT, MT Obumn paccuuTaHbl cpeqHee 3HAUCHHWE M CTaHJapTHas
omuOKa CpeHEr0 CUTHaIoB TeMmnepaTypsl, [1M, a Takke pa3Max Bapualuy ¥ CTaHAApTHAs

omubka cpennero curnana OMI'. Dran gona cpaBuuBancs ¢ sranamu CT, MT.
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bbu10 BBISIBIEHO yMEHbLIEHHE TeMIiepaTypbl Ha oboux 3tanax CT, MT no cpaBHeHUI0
¢ atanioM ¢ona 11 43% BeiOopku. [loHmxkenue temnepatypsina 3tanax CT, MT cocraBuio
0.97+£0.27 u 1.89+£0.52 cootBerctBeHHo. Jusa apyrux 43% BbIOOPKHM yMEHbIIIEHUE
TeMIepaTypsl ObLJIO BBISBICHO TOJBKO Ha OJTHOM M3 3TaroB cTpecc-Tecta. s 14 % BeIOOpkU
OTCYTCTBOBAJIA pEaKLUs CUTHAJIa TEMIIEPATYPBI HA CTPECC-TECTHI.

Kpowme Toro, 66110 nokazaHo yBenuueHuepazMaxa Bapuanuu OMI' Ha oboux 3tanmax
CT, MT no cpaBHeHnuto ¢ stanoM ¢ona a1 20% Ber6opku. [loBbleHnepa3Maxa Bapualuu
OMI na stanax CT, MT cocraBuio 325.75+100.58 u 673.13+278.36 cooTBeTcTBeHHO. JII51
57% Bo1OOpKHU yBenuueHnEeDMI' ObLIO BBHISIBIIEHO TOJIBKO Ha OJTHOM K3 3TAIOB CTPECC-TECTA.
Hnst 23 % BBIOOpKHM OTCYTCTBOBaNa peakius curnaina OMI Ha cTpecc-TecTsl.

Taxxe Obu10 BbIsiBIEHO YMeHblieHUe [11 Ha o6oux stanax CT, MT no cpaBHeHuIo ¢
stanoM (ona st 73% Bei6opku. [lonmxkenue 111 na stanax CT, MT cocraBuino 0.75+0.15
u 1.240.18 coorBercTBeHHO. s npyrux 27% Bbioopku ymenbiieHue [1M 066110 BBISIBIEHO
TOJIBKO Ha OJTHOM M3 ATAIOB CTPECC-TECTA.

Takum  oOpa3oM, pe3yiabTaThl  COMOCTaBJICHHS  TOKazaiu  3PGEeKTUBHOCTH
UCIIONIB30BaHMS ~ CHUTHAJIOB  Temmeparypsl, OMIT wu IIM  g1ga  nuwarHoctuku
NCUX0(U3MOJIOTUYECKOTO COCTOSHUS MHAMBHUAA BO BpPEMS PELLIEHUS KOIHUTHBHBIX 3ajady.
Haubonee nocnenoBarenbHyo quHamMuky npoaemonctpuposan [I1. B 100 % cayuaes [1U
JIEMOHCTPUPOBAJI PEAKIMI0 XOTs Obl HA OAMH U3 cTpecc-3TanoB. g 63% BeiOOpKU ObLTa
BBISIBJIEHA COIJIACOBAHHOCTh peaklUuu curHajioB Temmepatypsl u IIM1 Ha crTpecc-tecTsl.
Wurerpamus curHanoB temneparypel, OMI' n Il nepcrnexkTtuBHA Mg JAIbHEMIINMX

HWCCIEN0BAaHUN B JaHHOU 00/1aCTH.

Jluteparypa:

1. Giannakakis G.; Grigoriadis D.; Giannakaki K.; Simantiraki O.; Roniotis A.; Tsiknakis M.
Review on psychological stress detection using biosignals. IEEE Trans. Affect. Comput. 2019, 1-16

2. Renaud P., Blondin J.-P., “The stress of Stroop performance: physiological and emotional
responses to color word interference, task pacing, and pacing speed,” International Journal of
Psychophysiology, vol. 27, pp. 87-97, 1997

3. Linden W., “What do Arithmetic Stress Measure? Protocol Variation and Cardiovascular
Response,” Psychophysiology, vol. 28, pp. 91-102, 1991
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COMPARISON OF TEMPERATURE SIGNALS, ELECTROMYOGRAM,
PERFUSION INDEX AT CHANGES IN THE PSYCHOPHYSIOLOGICAL STATE
OF THE INDIVIDUAL DURING THE SOLUTION
OF COGNITIVE TASKS

Dubinkina E.S.1, Borovkova E.l.12, Hramkov A.N.}2 Karavaev A.S.1?2

! Saratov National Research State University named after N.G. Chernyshevsky, Saratov
2 Immanuel Kant Baltic Federal University, Kaliningrad

Abstract: For 30 healthy men, there was a comparison of the dynamics of temperature signals,
electromyogram and perfusion index during the Stroop Color World Test and the mental arithmetic test. There
was shown the consistency of the reactions of these signals to changes in the psychophysiological state of the
individual during the solution of cognitive tasks.

Keywords: the Stroop Color World Test, the mental arithmetic test, temperature, electromyogram,
perfusion index

The analysis of physiological indicators is a standard method for quantifying the
change in the psychophysiological state of an individual during the solution of cognitive tasks
[1].However, there is noted the inconsistency in the response of these indicators to standard
stress tests [1]. The aim of the work was to compare the dynamics of temperature signals,
electromyogram (EMG) and perfusion index (PI) with changes in the psychophysiological
state of the subjects during the solution of cognitive tasks.

For 30 healthy men aged 21 + 3 years (mean + standard deviation) with an average
level of physical activity, it was conducted an experiment, including the stages: background,
Stroop test (ST) [2], rest, mental arithmetic test (MT) [3]. The duration of each stage was 6
minutes.During the experiment, all subjects underwent simultaneous recording of
temperature signals from the distal phalanx of the little finger of the left hand, EMG from the
upper part of the right trapezius muscle, and PI, estimated using a PPG sensor located on the
thumb of the left hand. All signals were recorded using the standard certified equipment of
the Encephalan-EEGR-19/26 electroencephalograph-recorder of the Mini modification with
a frequency of 250 Hz.

At the background, ST, and MT stages, the mean value and standard error of the mean
temperature signals, PI, as well as the range of variation and standard error of the mean EMG
signal were calculated. The background stage was compared with the ST and MT stages.

A decrease in temperature was found at both stages of ST, MT compared with the
background stage for 43% of the sample. The decrease in temperature at the ST and MT stages
was 0.97+0.27 and 1.89+0.52, respectively. For the other 43% of the sample, a decrease in
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temperature was detected only at one of the stages of the stress test. For 14% of the sample,
there was no reaction of the temperature signal to stress tests.

In addition, an increase in the range of EMG variation was shown at both ST and MT
stages compared with the background stage for 20% of the sample. The increase in the range
of EMG variation at the ST and MT stages was 325.75+100.58 and 673.13+278.36,
respectively. For 57% of the sample, an increase in EMG was detected only at one of the
stages of the stress test. For 23% of the sample, there was no EMG signal response to stress
tests.

Also, a decrease in Pl was found at both stages of ST, MT compared with the
background stage for 73% of the sample. The decrease in Pl at the stages of ST, MT was
0.75+0.15 and 1.2+0.18, respectively. For the other 27% of the sample, a decrease in PI was
detected only at one of the stages of the stress test.

Thus, the results of the comparison showed the effectiveness of the use of temperature,
EMG and PI signals for diagnosing the psychophysiological state of an individual during the
solution of cognitive tasks. PI demonstrated the most consistent dynamics. In 100% of cases,
Pl showed a reaction to at least one of the stress stages. For 63% of the sample, the consistency
of the response of temperature and P1 signals to stress tests was revealed. The integration of
temperature, EMG, and PI signals is promising for further research in this area.

References:

1. Giannakakis G.; Grigoriadis D.; Giannakaki K.; Simantiraki O.; Roniotis A.; Tsiknakis M.
Review on psychological stress detection using biosignals. IEEE Trans. Affect. Comput. 2019, 1-16

2. Renaud P., Blondin J.-P., “The stress of Stroop performance: physiological and emotional
responses to color word interference, task pacing, and pacing speed,” International Journal of
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Response,” Psychophysiology, vol. 28, pp. 91-102, 1991

43



OCOBEHHOCTHU NEPEBPAJIBHOI'O KPOBOTOKA Y MOJIOJAbIX JINIL
C METEO3ABUCUMOCTBIO

Ayounkuna E.C., Onenko E.C.

Capamosckuti Hayuonanouwiti Uccreoosamensvckuti I ocyoapcmeennulii Yuusepcumem
umenu H.I'. Yepnviwescroco, Capamos

AHHOTaus: YKe JOCTaTOYHO AaBHO OBLJIO 3aMEYEHO, YTO M3MEHEHHE MOTOJHBIX YCIOBUH Y OJHON
TPYNIBI JIOJICH HE BIMAET HAa CAMOYYBCTBHE, y JAPYTOW TPYNIBI — BBI3BIBAET JIETKOE HEJIOMOTAHHUE
(MeTeOuyBCTBUTEIBHOCT), HO €CTh M TaKHE JIFOIM, KOTOPbIe BOCIIPUUMYHMBEI K JIOOBIM H3MEHEHUSM H
KOJIeOaHUSM TOTOABI (METE03aBHUCUMOCTh). HecMOTps Ha yKe MMeroIuecst uccieloBaHus B 3Toil o0iacTy,
METE03aBUCUMOCTh O(HINAIBHO HE MPH3HAHA MEAUIIMHCKUM COOOIIECTBOM Kak OOJe3Hb M HE BKIIOYCHA B
criucok Mexaynapoanoi knaccudukaruu 6onesneri (MKB-10). Ho Bce ke Henb3s oTpuIiath TOT (akKT, 4YTO
3[OPOBBIC JIIOJM BCE Yallle M Yalle CTAJKHUBAIOTCS C «IIOTOJHBIM HEJOMOTaHHEM», KOTOpPOE HEBO3MOXKHO
OOBSCHUTh KAaKWUMHU-THOO W3BECTHBIMH TNpHYMHAMH. B maHHO# paboTe paccMaTpuBarOTCS OCOOEHHOCTH
epedpaqbHOro KpOBOTOKA, BBISIBICHHBIE C TOMOINBIO peodHuedanorpaduu, y MOJOABIX JHI C
METE03aBHCUMOCTEIO.

KioueBbie  cioBa:  METEOUYBCTBHTEIBHOCTh,  METEO3aBUCHMOCTh,  peodHuedanorpadus,
1epeOpaabHbI KPOBOTOK

Heab uccaenoanms. V3zydyenue coctosiHus nepeOpaibHOIO KPOBOTOKA Y MOJIOABIX
JIMI] C METE€03aBUCUMOCTBIO.

Marepuansl u MeToabl. B uccienosanne BkiaoueHo 80 310poBbix il (50 yemoBek
— MYXCKoro mosa, 30 yemoBek — )KeHCKoro mnosia) B Bo3pacte 18.94+0.8 net 6e3 xakux-nmubdo
#ano6. CterneHb METE03aBUCUMOCTH OIpPEAeIIach MOCie MPOXOXKIAECHUS T0OPOBOJIbLIAMU
TeCTa Ha ypOBEHb MeTeo3aBuUcHUMOCTH [1]. B pe3ynbrare uero, Bcst BBIOOpKa Obliia pa3jieneHa
Ha Tpu rpymnmnsl: nepsas rpynna (I'l) — numa ¢ oTcyTCTBHEM METE03aBUCHUMOCTH, BTOpas
rpynna (I'2) — meTeodyBCTBUTENbHBIE UL, TpeThs rpymnna (I'3) — MmeTeo3aBUCHMBIE JTUILIA.
Mo3sroBoe KpoBOOOpallleHHUE OLIEHMBAJIOCh C MOMOIIBIO JTMArHOCTUYECKOTO KOMILIEKCa
«Banenray, MO3BOJISIFOIIETO pErucTpupoBaTh 4-kaHaJIbHYIO OUTOISIPHYIO
peosnnedanorpaduro (POI). 3anuck peorpamMm mpou3BOAWIACH B CIIOKOWHOM COCTOSIHUHU
AKCIEPUMEHTYEMBIX, & OLICHKAa OCHOBHBIX mapamMeTrpoB POI' ocyiiecTBisiach ¢ mOMOIIBIO
cootBercTBytouiero I10. Jlns kaxaoro mnokaszatenss B IOJYYEHHBIX TpYMIax ObUIO
paccuMTaHo cpeHee 3HadeHue [ OacceliHa MpaBoii U JIeBOM BHYTPEHHEH COHHOM apTepun
U BepTeOpobazmwispHoro dacceiiHa ¢ 00erX CTOPOH, MEXKOACCEHHOBBIE U MEXKITOIYIIapHBIC
KO3 (ULHUEHTH aCUMMETPHUH, a TaKKe MpOBeJeHAa OIEHKAa CTAaTUCTUYECKON 3HAYUMOCTHU
MOJIYYEHHBIX PE3YJIbTaTOB C MCIOJIb30BAaHUEM HEMAapaMEeTPUUECKUX KPUTEPUEB CTATUCTHKU
(U-xpurepuit Manna-Yuran, Statistica 10.0).

PesyabTarhl ucciaenqoBanus. AHanu3 U3ydeHHbIX mokasateneir POI mpu ¢onoBoi

3alucu 'y O6CJ'I€,Z[OBaHHBIX JJMIT B I'l moka3anm HamIW4ue CHUKECHUS HWHTCHCHUBHOCTH
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apTepHaIbHOr0 KPOBOTOKA B IIPABOM U JIEBOM MOJyIIApUAX BO Bcex OacceitHax. [Tokazarenu
TOHYCa BeH, CPEIHUX U MEJIKMX apTEPHii, a TAKKe MoKa3aTe b BEHO3HOTO OTTOKA HAXOAUIUCH
B MpeJiesiax BO3pacTHOM HOpMbI. AHAIN3 KO3 PUIIMEeHTa ACHMMETPUH HE BBISIBIII CEPbE3HBIX
HapylmIeHWH MeXk0acCEeHHOBOTO W MEXIOJyImIapHOTO KpoBoToka. Kaptuna POI
COOTBETCTBYET (pOpMe PE3UCTUBHOTO THIIA MO3TOBOTO KPOBOTOKA.

VY nui ¢ MmeTeouyBcTBUTENBHOCTHIO (I'2) HabMI01a710Ch MOBBIIIEHUE TOHYCA KPYITHBIX
cocyloB B OacceiiHe MpaBOd BHYTpEHHEH COHHOW apTepuH, KpoMe TOoro, HablroAanach
HeOobIas MexdacceiiHOBass acCUMMETpHsl KpoBoToka B JieBoM nodytnapun (KA =10.8%) u
ymepeHHas B mnpaBom mnonymapun (KA= 23.7%), ¢ ee mnpeobiamanuem B 00JacTu
BHYTPEHHHUX COHHBIX apTepHil.

VY 340pOBBIX JIMI] MOJIOJIOTO BO3pacTa ¢ METe03aBUCUMOCTHIO (I'3) OBLIO BBIABICHO
CYIIIECTBEHHOE CHUKEHHE apTEePHAIbHOTO KPOBOTOKA B BepTeOpoOa3miIsipHoM OacceitHax ¢
o0eunx ctopoH (P < 0.05), noBellIeHHE TOHYCa KPYIHBIX COCYA0B B OOJACTH BHYTPEHHHX
COHHBIX apTepUil W CHMKEHHE TOHyCca B CPEAHMX M MEJKHX apTepuil B obiactu
BepTeOpoOasmigpHoro Oaccerina ¢ obeux crtopon (P=0.05). Kpome Ttoro, nHabmonmaercs
YMEPEHHOE yBEJINYEHNE BEHO3HOTO KPOBEHANOJIHEHHS C HAPYILIEHHEM BEHO3HOI'O OTTOKA BO
Bcex Oacceitnax (P < 0.001). Kpome Toro, y auI] ¢ MET€03aBUCHMOCTHIO MMEET MECTO
BbIpayKEHHAsl MEXKIIOJIyIIapHas aCHMMETpUs B OacceliHe BHYTPEHHUX COHHbIX aprepuil (KA
= 32.7%) u B Beptebpobazunsipuom Oacceitne (KA = 28.4%), a Takke BbIpaxKeHHas
MekOacceitHoBast acummerpus B 00oux nomiymrapusx (KA = 33.6% - 42.4%).

3akarodyenune. TakuMm 00pazoM, MOTyYEHHBIE PE3YJIbTAThl JOKA3bIBAIOT, UTO Y JIUIL C
METE03aBUCUMOCTBI0O MMEET MECTO BBIpAa)KEHHasi HUCTOHMS COCYIOB TOJIOBHOI'O MO3ra.

XapakTepcaMoMIUCTOHUUTPEOYETAATbHEHIITMXUCCIICTOBAHUMN.

Jluteparypa:

1. Kotrpanosa M.B., Onenxo E.C., Kogouurosa A.U., ®omuna E.B., FOmaros B.JI, Konoaniosa
A.A. CBsI3p «METE03aBUCUMOCTI» C OCOOCHHOCTSIMH HEHPOTYMOPAIBHON PEryIsiiiny KapAHOPECTUpaTOpHOU
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FEATURESOFCEREBRALBLOODFLOWINYOUNGPERSONS
WITHMETEOROGICALDEPENDENCE

Dubinkina E.S., Olenko E.S.
Saratov National Research State University named after N.G. Chernyshevsky, Saratov

Abstract: It has long been noted that a change in weather conditions in one group of people does not
affect well-being, in another group it causes a slight malaise (meteorogicalsensitivity), but there are also people
who are susceptible to any changes and fluctuations in the weather (meteorogical dependence).Despite the
existing research in this area, meteorological dependence is not officially recognized by the medical
community as a disease and is not included in the list of the International Classification of Diseases (ICD-
10).But still, it is impossible to deny the fact that people are increasingly faced with such pain symptoms that
cannot be explained by any known causes.This paper discusses the features of cerebral blood flow, identified
using rheoencephalography, in young people with meteorogical dependence.

Keywords: meteorogicalsensitivity, meteorogical dependence, rheoencephalography, cerebral blood
flow

Purpose. Study of the state of cerebral blood flow in young people with meteorogical
dependence.

Materials and methods. The study included 80 healthy volunteers (50 men, 30
women) aged 18.9+£0.8 years without any complaints.The degree of meteorological
dependence was determined after the volunteers passed the test for the level of meteorological
dependence [Kotranova M.V., Olenko E.S., Fomina E.V. et al., 2018]. As a result, the entire
sample was divided into three groups: the first group (G1) - people with no meteorogical
dependence, the second group (G2) —meteorogical sensitive people, the third group (G3) —
meteorogical dependent people.Cerebral circulation was assessed using the Valenta
diagnostic complex, which allows recording 4-channel bipolar rheoencephalography
(REG).Recording of rheograms was carried out in a calm state of the experimented, and the
assessment of the main parameters of the REG was carried out using the appropriate software.
For each indicator in the obtained groups, there were calculated the average value for the pool
of the right and left internal carotid artery and the vertebrobasilar pool on both sides,
interbasin and interhemispheric asymmetry coefficients, and the statistical significance of the
results obtained was assessed using non-parametric statistics tests (Mann-Whitney U-test,
Statistica 10.0).

Results. Analysis of the studied parameters of REG during the background recording
in the examined persons in G1 showed the presence of a decrease in the intensity of arterial
blood flow in the right and left hemispheres in all pools. Indicators of the tone of veins,
medium and small arteries, as well as the indicator of venous outflow were within the age
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norm. Analysis of the asymmetry coefficient did not reveal any serious disturbances in the
interbasin and interhemispheric blood flow. REG pattern corresponds to the form of the
resistive type of cerebral blood flow.

In persons with meteorogical sensitivity (G2), there was an increase in the tone of large
vessels in the basin of the right internal carotid artery, in addition, there was a slight interbasin
asymmetry of blood flow in the left hemisphere (CA = 10.8%) and moderate in the right
hemisphere (CA = 23.7%), with its predominance in the region of the internal carotid arteries.

In healthy young people with meteorogical dependence (G3) there was a significant
decrease in arterial blood flow in the vertebrobasilar basins on both sides (P < 0.05), an
increase in the tone of large vessels in the region of the internal carotid arteries, and a decrease
in the tone in medium and small arteries in the region of the vertebrobasilar basin with both
sides (P=0.05).In addition, there is a moderate increase in venous blood supply with impaired
venous outflow in all basins (P < 0.001). Also, in persons with weather dependence, there is
a pronounced interhemispheric asymmetry in the basin of the internal carotid arteries (CA =
32.7%) and in the vertebrobasilar basin (CA = 28.4%), as well as a pronounced interbasin
asymmetry in both hemispheres (CA = 33.6% - 42.4%).

Conclusion. Thus, the results obtained prove that people with meteorological
dependence have a pronounced dystonia of cerebral vessels. The nature of dystonia requires
further research.

References:
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Kypasiaes M.O.1?, Pynnosa A.E.>?, Kuceaes A.P.%, Hosukos M.IO.!

'\®rB5OY BO «Capamosckuii 2ocyoapcmeentuiii MEOUYUHCKULL YHUGepCUmen
umenu B.U. Paszymosckocon Munzopasa Poccuu, Capamos
2 HayuonansHuliiMeOuyuHcKuiiucciedosamenekuliyenmpmepanuuunpoguiakmuyeckotimeouyunsiMunucme
pcmeasopasooxpanenus, Mocksa

AnHoTanms: B pamkax HacTosIIe paboThI OBLT MMPOBEICH aHAIN3 ITOJTMCOMHOTpadhUISCKUX 3aIuCeit
C HCHOJB30BAHMEM HOBOTO METO/JAa YACTOTHBIX MAaTTEPHOB. YCTAHOBJICHO, UYTO B CHUTHAlax
anexTposHuedanorpammel st ctaqud REM cHa WMEIOT CTaTHCTUYECKH 3HAYMMBIE OTJIHYUS OT JAPYTHX
cTaauii cHa B o6nactu yactot 20-40 I,

Kuarouessble ciioBa: D01, yacToTHBIN aHanu3, ctaaupoBanue cia, REM con

Keywords: EEG, frequency analysis, sleep staging, REM

OnHMM W3 BaKHBIX HAMpPABJICHUWA PA3BUTHS HEIMHEWUHOW ITUHAMUKHU SIBIISIETCA WX
MPUMEHEHUE B 0O0JaCTH MEAMIIMHBI, B YACTHOCTH, OJIHOM W3 TMEPCIEKTUBHBIX 3a7a4 IO
MPUMEHEHUIO TAKUX METOOB SIBJISETCA KIMHUYECKas OLIEHKA CHA NalueHToB. [1]. OnHol u3
1oJ13a/1a4, KOTopas TpeOyeT peleHus sl CO3/IaHusl YHUBEPCATbHOW aBTOMATHU3UPOBAHHOMN
CHUCTEMBI pa3METKH MOJIMCOMHOTpadUIECKUX 3aMUCEH, SBISICTCS TOUCK U BBISBICHHS YETKUX
KpPHUTEpUEB OTIINYHS Ha AnekTpodHnedarorpamme (I917) cramuu Ovictporo cHa (REM) [2,
3].

Hacrostimas paboTta nmocssiieHa u3y4eH1I0 BO3MOKHOCTH PUMEHEHUSI HOBOT'O METOIa
aHaJM3a YACTOTHBIX MATTEPHOB HAa OCHOBE HETPEPHIBHOT'O BEUBIIETHOTO MpeoOpa3oBaHus B
OMOJIOTMYECKUX CUTHajax /sl BbIsBIEHUs MapkepoB ctaguu REM cha Ha D3I 3anucsax Bo
BpeMsI HOYHOTO MOHUTOpPHHIa. B MOMy4eHHBIX WIECTUKAHAIBHBIX O3I-3amucsax msaTu
YCJIOBHO-3/I0POBBIX MAIMEHTOB ObUTH BBIACIICHBI U TIPOAHATN3UPOBAHBI YaCTOTHBIE TATTEPHBI
U X XapaKTePUCTUKU B BOCbMHU YaCTOTHBIX JHMAara3oHax. B pe3ynbraTe uiccineqoBanus ObLI0
ycTaHoOBIeHO, uTo mius craguu REM-cHa xapaktepna o0mias TEHACHIUS K CHUKXEHUIO
BPEMEHM JKM3HHM YaCTOTHBIX MAaTTePHOB B YacTOTHOM auanazone 20-40 I'm, dro moxer
CITY)KUTh YETKUM KPUTEPUEM Pa3Iuyusl JaHHOW CTaJUHU CHA OT BCEX JIPYTHUX.

UccnenoBanue mpoBeneHO B paMkax HaydyHOU paboThl «Pa3zpaboTka aaropuTMoB
pacro3HaBaHUsT MapKepOB HApYIICHUH [bIXaHWS BO CHE Y MAllMEHTOB C Pa3TUYHBIMU
dbopMaMu cepAeUHO-COCYAUCTON TaToJoTuny», BeIMONHsIeMoi B OI'BY «HMUIL[ TIIM»
MunzapaBa Poccruu B COOTBETCTBUM € TOCYIapCTBEHHBIM 3aianreM Mun3zapaBa Poccun Ha

2022-2024 rr.
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ABTO®JIYOPECHEHLMS HAJI(®)H UMMYHHBIX KJIETOK EX VIVO KAK
MOTEHLMAJILHBIN MAPKEP /151 IPOTHO3UPOBAHUSI PAHHETO
OTBETA HA UMMYHOTEPAIIHMIO

H3zocumona A.B.1?, Mosxkepos A.M. !, Cauxosa JI.C.>%, llleciaBekmii B.U. 1,

Illupmanosa M.B.}, 3araiinosa E.B.2, IllaponosI'.B.>!, IO:kakosa JI.B.!

Ypusonaccruii uccnedosamenvcruii meduyunckuii yuusepcumem, Huoenuii Hoé2opoo
2Hayuonansuuiii ucciedosamensvcruii Husxcecopodckuii 2ocyoapemeeniuiii yHusepcumen
umenu H. Y. Jlobauesckozo, Husicnuii Hoéeopoo
3Poccutickutl HayuoHaTbHBIIL UCCTE006aAMENLCKUTI MEOUYUHCKUL YHUBEPCUMen
umenu H. U. Ilupoeosa, Mockea

AHHoTauus. Pa3paboTaH mnpoOTOKON HCCIAENOBaHUS aBTO(QIYOpPECUEHIMH METaOOINUeCKUX
KO(pEepMEHTOB B MMMYHHBIX KIIETKax cBexux JTumdoysnoB meromom FLIM. IMapameTpsl BpeMeHH >KWU3HU
aBroduryopecueniinu HAJI(@)H meMoHCTpHPYIOT YyBCTBHTEIHHOCTh K Pa3BUTHIO OMYXOJIH M K OTBETY Ha
anTu-CTLA-4umMMyHOTEpaniio u KOPPENUPYIOT C YPOBHEM JKCIIPECCHA OCHOBHBIX MapKEPOB aKTHUBAIMH U
nposngeparum.

Karouessie cioBa: FLIM, metabonmusMm, mmmyHoTepamus, tumdonut, antu-CTLA-4.

Keywords: FLIM, metabolism, immunotherapy, lymphocyte, anti-CTLA-4

JUis  ynaydimieHwss WMMYHOTEpanmuu paka HeoOXOAMMBI HaJekKHbIe MapKephl
s¢pdexTuBHOCTH  NedeHus. [lepcrekTUBHOM — cTparerueit  MoXeT OBbITh  OIlEHKa
MeTaboIMYeCcKOro cTaTyca JUM(OIIMTOB, OTpa)karoliasi KII0UYeBble U3MEHEHUSI B OTBET Ha
OMyXOJb M Tepanuio. MTHHOBAIIMOHHON TEXHOJIOTHEW ISl OIEHKM METa0OoJIM3Ma KIIETOK
SBIIIETCA BpeMs-paspenieHHbld  prmyopectieHTHbIH uMuKkUHT (FLIM) MerabGonmdeckux
KO(EpPMEHTOB.

HccnenoBanue npoBoauauck Ha Mbirax Juauu C57B1/6 FoxP3-EGFP ¢ menanomoit
B16F0, mpuBuroit BOmM3uM maxoBoro iumdaruueckoro ysna (JIV). Meimam BBOAHIN
antutena k CTLA-4 (Bio X Cell, CIIIA) (250 mkr Ha MbIllb, BHYTpUOpIOIIMHHO Ha 7, 8, 11
u 12 gum  pocra onyxonu). FLIM-uzoOpaxenus B  KaHale KodepMeHTa
HUKOTUHamMuAaAeHuHAuHYKIeotnaa (dhocdara) (HAL(D)H) (Bo30yxaenue 375 HM, npuem
435-485 HM) mody4yaaud C TOMOIIbI0 (DIYyOPECHEHTHOr0 KOH(MOKAIBHOIO Ja3epHOTO
ckarupytomero Mukpockona LSM 880 (Carl Zeiss, ['epmanusi), ocHalIeHHOTO MOIYJIEM
FLIM Simple Tau 152 TCSPC (Becker & Hickl GmbH, I'epmanus). Ilportounyto
UTOMETPHIO MTPOBOJUIM C UCTIOJIb30BaHKHEM KieToyHoro coprepa BD FACSAria I11.

BrnepBbie pa3paboTaH MPOTOKON HCCIEAOBaHHS aBTO(IYOPECHEHIIMM HMMYHHBIX
KJIeToK u3 cBexux (QparmentoB JIY. Tlapamerper Bpemenu xu3uun  HAJI(D)H
JEMOHCTPUPYIOT YYBCTBUTEJIBHOCTh K pa3BUTHIO onmyxonu. Haumbosnee BbIpakeHHBIMU
U3MEHEHUSMH B MPOLIECCE POCTa OMYXOJIM ObUIM YBEIMYEHHE OTHOCUTEIHbHOW aMIUIUTYAbI

ceobogHoro HAJIH o, yBenuuenue Bkiaga ¢gocopunupoBannoit popmsl HAJIDH o3 u
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YIJIMHEHHE BPEMEHHU JKU3HU CcBsizaHHOTO ¢ O0enkoM NADH t12. BeposTHOH npuynHOil MOXKET
OBITH CABUT B CTOPOHY INIMKOJIU3a U YCUJICHHE MeHT030(ochaTHOTO MyTH JIsl 00ecredeHus
MOBBIIIEHHBIX TOTPEOHOCTEN aHTUT€H-aKTUBUPOBAHHBIX T-KJIETOK.

KacatenpHo antu-CTLA-4-Tepanuu, y MBIIIEH ¢ 3aMeIJICHHBIM POCTOM OITYXOJIH
HAO0I0/1aJIOCh  yBEIIMYEHUE OTHOCUTENBHOM amrumutyasl cBobomnoro HAJIH  ag,
aCCOLIMMPOBAHHOTO C TJHMKOJIU30M, IO CPAaBHEHHUIO C MBIIIAMH C MPOTPECCUPYIOLIEN
OIYXOJIbIO, & TAK)KE C HEJICYEHHBIMU KOHTPOJIbHBIMHU MBIIIAMH C aHAJOTUYHBIM Pa3MEPOM
onyxoiu. B To e Bpems y MbllIeii-HEpECTIOHIEpOB HAOIIOAAETCSl BBIPAXKEHHOE CHUYKEHUE
01 Ta)Ke 110 CPABHEHUIO C KOHTPOJIBHOM IPyIIIOHN.

Jannbeie FLIM xoppenupyroT ¢ NOBBILIEHUEM YPOBHS 3KCIPECCUU IOBEPXHOCTHBIX
(CD25 u CD69) u Buytpukierounbix (IFNg n Ki67) mapkepoB akTuBanuu u nponudepanuu
B cyoronysinusax CD4+Th u CD8+ T-kiteToxk.

Pa6ora BhInoTHEeHA TpH oaaepxkke Poccuiickoro Hayanoro ¢onaa (Ne 21-74-00101).
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NAD(P)H AUTOFLUORESCENCE OF IMMUNE CELLS EX VIVO
AS APOTENTIAL MARKER FOR PREDICTION THE EARLY
RESPONSE TO THE IMMUNOTHERAPY

Izosimova A.V.}2, Mozherov A.M.!, Sachkova D.S.?1, Scheslavsky V.1.1, Shirmanova

M.V.!, Zagainova E.V.?, Sharonov G.V.*!, Yuzhakova D.V.!

'Privolzhsky Research Medical University,Nizhny Novgorod
%L obachevsky State University of Nizhny Novgorod, Nizhny Novgorod
3Pirogov Russian National Research Medical University, Moscow

Annotation. A protocol for the study of autofluorescence of metabolic coenzymes in immune cells of
fresh lymph nodes by the FLIM method has been developed. NAD(P)H autofluorescence lifetime parameters
demonstrate sensitivity to tumor development and response to anti-CTLA-4 immunotherapy and correlate with
the level of expression of activation and proliferation markers.

Keywords: FLIM, metabolism, immunotherapy, lymphocyte, anti-CTLA-4.

Reliable markers for the treatment efficiency is required for improvement of cancer
immunotherapy. The promising strategy can be the evaluation of the metabolic status of the
lymphocytes that reflects the key changes in response to tumor and therapy. An innovative
technology for the metabolic assessment is fluorescent lifetime imaging (FLIM) of metabolic
coenzymes.

The studies were carried out on C57BI/6 FoxP3-EGFP mice with subcutaneous B16F0
melanoma implanted near the inguinal lymphatic node (LN). The mice were treated with anti-
CTLA-4 antibodies (Bio X Cell, USA) (250 ug per mouse, intraperitoneal injection at 7, 8,
11 and 12 days of tumor growth). Nicotinamide adenine dinucleotide (phosphate) (NAD(P)H)
fluorescence lifetime images were acquired using an LSM 880 (Carl Zeiss, Germany)
fluorescence confocal laser-scanning microscope equipped with an FLIM module Simple Tau
152 TCSPC (Becker & Hickl GmbH, Germany) (ex. 375 nm, em. 435-485 nm). The flow
cytometry was performed using a FACSAria Il cell sorter.

For the first time, a protocol for studying the autofluorescence of immune cells from
fresh LN fragments has been developed. NAD(P)H lifetime parameters show sensitivity to
tumor development. The most pronounced changes during tumor growth were an increase in
the relative amplitude of free NADH al, an increase in the contribution of the phosphorylated
form of NADPH 03, and an increase in the lifetime of protein-bound NADH 12. A likely
cause may be a shift towards glycolysis and an increase in the pentose phosphate pathway to
meet the increased needs of antigen-activated T cells.

Concerning the anti-CTLA-4 therapy, mice with tumor growth inhibitionshowed an
increase in the relative amplitude of glycolysis-associated free NADH al compared to
advanced tumor mice as well as untreated control mice with similar tumor size. At the same
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time, non-responder mice show a pronounced decrease in ol even compared to the control
group.

FLIM data correlate with increased levels of expression of surface (CD25 and CD69)
and intracellular (IFNg and Ki67) markers of activation and proliferation in CD4+Th and
CD8+ T cell subpopulations.

This work was supported by Russian Science Foundation (# 21-74-00101).
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JIUHAMUWKA UBSMEHEHUSI UMITEJAHCA TKAHEM
JABOPATOPHBIX )KUBOTHBIX TP COYETAHHOM JIEMCTBHUHU CTPECCA
PA3JIMYHOM ITPUPO/IbI

KaneBckuii M.B., I'aaunkasa A.A., Konnosa C.A.

@I'EOY BO «Capamogckutl HayuOHALbHbIU UCCAe008AMENbCKUL 20CY0apcmeeHtbill yHugepcumem um. H.I'

Yepnviuesckozo», Capamos

AHHOTaIII/lSl: Pa6ota IIOCBAIILICHA N3y4YCHUIO JUHaAMHUKHU HU3MCHCHUA rnapamMeTpoB
3JIEKTPONPOBOJHOCTH TKaHEU na60paT0pHLIx JKMBOTHBIX, HAXOIAIIMXCS II0J COYCTAHHBIM JCHCTBHUEM
PAa3IMYHBIX CTPECCOB. HOJ‘IyIICHHI)Ie JAaHHBIC CBUACTCILCTBYIOT O BO3MOKHOCTHU HCIOJB30BaHUA METOJA
UMIICAaHCOMETPUH JIA UCCIIEAO0OBAHUA PA3BUTHS IMTATOJIOTHYCCKOIO IIponecca B AMHAMHUKE.

KuroueBble cji0Ba: UMIEIAHCOMETPHUS, FIEKTPOIIPOBOJHOCTh TKaHEH, cTpecc.

Keywords: impedancemetry, tissue electrical conductivity, stress.

[To nanaeiM BO3 ot paka nmorubaer kaxabli mectol ymepiuii yenosek. Hecmotpst
Ha MIMPOKOE PACIPOCTPAHEHHWE W HW3YYEHHOCTb IPUYMH PAa3BUTHUS 3JI0KAYECTBEHHBIX
OImyXxoJiei, MexaHu3Mbl (OPMHUPOBAHUS O CUX MOp clabo u3ydeHbl. Taxxke OOIBIION
npoOsieMol  SBISETCS HEXBAaTKa JAMAarHOCTHMYECKHX NPUEMOB [UIsI CBOEBPEMEHHOTO
oOHapy>KeHusi NaToJoruu.B CBA3M € ATUM CBOEBpEMEHHAas AMArHOCTHKA MPEIpaKOBBIX
COCTOSSHUM OOJIbHBIX M BBISIBJICHHE [OKa3aTelei, KOpPeIUpYyIoIMHUX ¢ JUHAMUKOU
KaHLIepOreHe3a U MO3BOJIAIOIINX UCCIeA0BaTh MEXaHU3M Pa3BUTHSA IIpoLiecca Ha TKAHEBOM U
KJIETOYHOM YPOBHSIX, SIBJIICTCS AKTyaJIbHOU 3a7a4eil.

[IpyurHaMu pa3BUTHS HOBOOOPA30BAHMM TpAKTa SIBISIIOTCS XUMHYECKHE AareHTHI,
NOCTyNAaloUMe B OpPraHu3M C mnuuieil, a Takxke crpecc.Cpean Mpouux KaHIEPOTEHOB, C
KOTOPBIMH OpPraHU3M YeJOBEKa CTAJKHUBAETCS MOBCEAHEBHO MOKHO BBIJCNINThH MHILEBHIE
no0aBkH, B TOM yuciie, HUTpuThl.Ilocnennue B xone mMetabonu3Ma B JKeIyJOUYHO-KUIIEHOM
TpakTe€ NPEBpPALAIOTCI B  HUTPO3AaMHUHBI, KOTOpPbIE  MPOSBISAIOT  BBIPAKEHHBIN
KaHIeporeHHbIIPPekT [ 1, c. 4296].

Cpean npoumx CTpeccoBbIX (PAaKTOPOB, NEUCTBUIO KOTOPBIX MOABEPraeTcsl YEJIOBEK,
0c000 clelyeT OTMETUTh MePEeHACEeIEHHOCTh, a TAaKXkKe Te, KOTOpPhle HApYLIAOT IIUpPKaJHbIE
putMbl. OCHOBBIBasCh Ha 3TOM, HaMU ObUIM MPEUIOKEHBI JIBE€ MOJAETU HHIYLHPOBAHUS
NpepakoBbIX cocTosHUM: xumudeckuidl (I) kaHueporeHe3 Ha (oHE HM3OBITOUHON
oceménnoctu u (II) Ha pone mepenacenénnocTr. B kauecTBe XUMHUYECKUX TOKCHKAHTOB
na0opaTOpHbIE >KUBOTHBIE TOJYyYalud HUTPUTH B Buae BoaHoro pactBopa (0,2%) u m-
TONyUAMH (25 MT/KT )XHBOTO Beca) [2, ¢. 22].

[TomyueHHble NaHHBIE TOKa3ajld, YTO Yy CaMIIOB HAOMIOAaidnch Oojee 3HAYMMOe

YMCHBIICHUC IMOKA3aTCJII UMIIC/IaHCa TKaHeﬁ, 4dTO CBUACTCILCTBYCT O 0oJiee MHTEHCUBHBIX
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nmponeccax HMHTOKCUKAIIUHU H (I)OpMI/IpOBaHI/IH MpCAPAKOBBIX COCTOSIHUMIIO CPaBHCHUIO C
caMkaMu. Takxe B X0J1e 9KCIICPUMCHTA OBLIIO YCTAHOBJICHO, YTO Y MOJIOABIX ocobOei IagcHuc
COIMIPOTHUBJICHUA B IMHAMHKC SKCIICPUMCHTA ITPOUCXOINIIO MCAJICHHCC U HC JOCTUT'AJIO TAKUX

HU3KHUX 3Ha‘IeHPII>i, KaK Yy B3pOCJIbIX.
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DYNAMICS OF IMPEDANCE CHANGES IN TISSUES OF LABORATORY
ANIMALS UNDER THE COMBINED ACTION OF STRESS
OF DIFFERENT NATURE

Kanevsky M.V., Galitskaya A.A., Konnova S.A.
Saratov National Research State University named after N.G. Chernyshevsky, Saratov

Abstract: The work is devoted to the study of the dynamics of changes in the parameters of the
electrical conductivity of tissues of laboratory animals under the combined action of stresses of different
nature. The data obtained indicate the possibility of using the method of impedanceto study the development
of the pathological process in dynamics.

Keywords: impedancemetry, tissue electrical conductivity, stress.

According to WHO, every sixth death is due to cancer. Despite the wide distribution
and study of the causes of the development of malignant tumors, the formation mechanisms
are still poorly understood. Also a big problem is the lack of diagnostic techniques for the
timely detection of pathology. In this regard, the timely diagnosis of precancerous conditions
in patients and the identification of indicators that correlate with the dynamics of
carcinogenesis and allow us to investigate the mechanism of the development of the process
at the tissue and cellular levels is an urgent task.

The causes of the development of neoplasms of the tract are chemical agents that enter
the body with food, as well as stress. Among other carcinogens that the human body
encounters on a daily basis, food additives, including nitrites, can be distinguished. The latter,
during metabolism in the gastrointestinal tract, are converted into nitrosamines, which exhibit
a pronounced carcinogenic effect [1, p. 4296].

Among other stress factors to which a person is exposed, overcrowding, as well as
those that disrupt circadian rhythms, should be especially noted. Based on this, we have
proposed two models for the induction of precancerous conditions: chemical (1)
carcinogenesis against the background of excessive light and (1) against the background of
overcrowding. As chemical toxicants, laboratory animals received nitrites in the form of an
aqueous solution (0.2%) and m-toluidine (25 mg/kg of live weight) [2, p. 22].

The data obtained showed that males had a more significant decrease in the tissue
impedance index, which indicates more intense processes of intoxication and the formation
of precancerous conditions compared to females. Also during the experiment, it was found
that in young individuals, the drop in resistance in the dynamics of the experiment was slower
and did not reach such low values as in adults.
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NCCIEJOBAHHUE BO3MOXHOCTHU IPUMEHEHUA ®OCPOPECIEHTHBIX
CEHCOPOB B OIIYXOJIEBBIX KJIETKAX

Komaposa A.J1.'2, Kputuenkos U.C.3, llecnasceknii B.U.!, [llupmanosa M.B.!

Y IMpusonocckuii uccneoosamenvcxuti meduyunckuii yuueepcumem, Huocnuii Hoezopoo
% Huacecopoockuii 2ocyoapcmeennuiii yuusepcumem um. H.H. Jlo6auescrozo, Huxcnuii Hoé2opoo
*Canxm-Ilemepbypeckuii 2ocydapcmesennviii yuusepcumem, Canxm-Ilemep6ype

AHHoTanus: B palore mnpexnctaBieHbl pe3yiabTaThl OHMOJIOTHYECKOIO TECTUPOBAHMS HOBBIX
(ochopecieHTHBIX CEHCOPOB MOJIEKYJIAPHOTO KHciopona. lcciemoBaHHsS NIPOBOAMIM Ha OIyXOJEBBIX
kieTkax TuHud CT26 — KoMopeKTaIbHbIN pak MBIIH. [IHTOTOKCHYHOCTD KOMITJIEKCOB OIIPEEI IS METOA0M
MTT-tecTa, AMHAMUKY HAKOILICHUS M BHYTPUKJIETOYHYIO JIOKATH3ALUIO0 — METOI0M JIa3€pPHOM CKaHUPYIOLIEH
MUKPOCKONUH. YyBCTBHTENBHOCTh KOMIUIEKCOB K KHCIOpPOAY omeHuBaiu MetogoM PLIM, mpwu
MO/JICITUPOBAHNH YCIOBHI THIIOKCHH INVitro. B xoje ucciienoBanus yCTaHOBICHO, YTO KOMIUTEKCHI Ir-2 u Ir-
2a MOTYT OBITH UCIIOJIB30BaHbI B KAYECTBE CEHCOPOB MOJICKYIISIPHOTO Krcioposa B peskume PLIM.

KaroueBbie cioBa: (GpochOpeCleHTHBII MMUDKUHT C BPEMEHHBIM pa3pelicHHEeM, CEHCOPbI Ha
KHCIIOPOJI, METAIZIOOPTaHUYECKHE COeTMHEHMS, INVItro, invivo.

Keywords: phosphorescence lifetime imaging, oxygen sensors, organometallic complexes, in vitro,
in vivo.

HccrnenoBanne JOKANIBHBIX KOHIIGHTPAMKA KHCIOpPOAAa B KIETKaX M TKaHAX
npeAcTaBiIsieT OOIBIION UHTEpPEC AJISI MHOTHX 00y1acTeil PU3U0I0THN U MEAUIIMHBI, BKITIOYast
OHKOJIOTHIO. [IepCIeKTHBHBIM ONTHYECKUM METOJIOM TSI OIICHKH COZICPKaHUS KHCIOPOoaa B
KJIETKaX ¥ TKaHSIX B PEKUME PEaTbHOTO BPEMEHH ABIISIETCS POCHOPECIICHTHBIN UMUKUHT C
BpeMeHHbIM paspemeaneM PLIM (Phosphorescencelifetimeimaging). Ha nauHbIit MOMeEHT
aKTyaJqbHOW 3aJadeil SBISETCS TOWUCK HOBBIX (POCHOPECHEHTHBIX CEHCOPOB, WMEIOIINX
BBICOKYIO UYYBCTBHUTEIBHOCTh K KHCJIOPOAY, CHOCOOHBIX 3()(EeKTHBHO HaKarIMBaThCS B
KJIETKaX ¥ TKaHSX ¥ HE UMEIOIINX BHIPAKEHHOW TOKCHYHOCTH.

[lenpro wccaenoBaHus SIBISIACh OIEHKA BO3MOXKHOCTH HWCIOJB30BaHHS HOBBIX
dochopeciieHTHBIX CEHCOPOB B OMYXOJIEBBIX KJIETKaX B KAYECTBE CEHCOPOB MOJICKYJISIPHOTO
KHCJIOpOAA.

B pabote Ol HcciaemoBaHBl BOJOPACTBOPUMBIE METAITIOPTAHUIECKHE KOMIUIEKCHI
Ha ocHose Ir(l11): Ir-1, Ir-2, Ir-2a, Ir-3 u Ir-4. TecTupoBaHKe KOMIUICEKCOB MPOBOIMIN Ha
OIyXOJIEBBIX KJIETKAaX KOJIOpeKTalbHOrO paka Mbemmu — CT26. [luToTOKCHMYHOCTB
KOMIUIEKCOB oreHnBanu MetogqoM MTT-tecta. AHanu3 JWHAMHUKH TPOHHUKHOBEHUS
KOMIUICKCOB B OITyXOJICBBIC KJICTKH INVIr0 OCYyIIECTBISIIM B HMHTepBayie oT 1 70 6 4.
CyOkieTouyHOE pacmhpe/elieHue OIICHUBATM C TOMOIIBI0 JIA3ePHOTO CKAHHUPYIOIIETO
mrukpockona LSM 880 (CarlZeiss, I'epmanust) mpu Bo30y»KA€HUH Ha JUTMHE BOJIHBI 543 HM, ¢
MOIIHOCTBIO Ja3epa 8 MBT. Curnan komimiekca AeTeKTUpoBaiIu B Auana3zoHe 650 — 750 Hm.

Metonom PLIM mpoBenena olieHka BpeMeHH XH3HU (pochopecleHIny KOMIUIEKCOB B
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ommyxoJeBbIx kieTkax CT26 B yclIOBUSAX TUIIOKCUU M HOPMOKCHH. B0o30y>k1eHE KOMITJIEKCOB
OCYHIECTBIISIIA B JBYX(OTOHHOM pEKMME Ha JJIMHE BOJHBI 760 HM, NETEKlUs CUTHAJa
OCYIIECTBIISIACH B Uanazone 596 — 660 HM.

ITo pesynapTatam MTT-TecT ycTaHOBIIEHO, YTO KOMILIEKCHI I1-2, Ir-3 u Ir-4 sBistorcs
HanMeHee TOKCUYHbIMU. Uepe3 24 yaca uakyOaruu kinetok CT26 ¢ koMIiekcaMu TIPOLICHT
YKU3HECTIOCOOHBIX KJIETOK MPH KOHIICHTPAUU KOMIUIEKCOB 125 MkMoib coctaBun 87.9+4.5
%, 94.6+0.5 % u 92.5+2.7 %, coorBeTcTBeHHO. J[111 KOMIIekca |r-2a mpu KoHIeHTpaIuu 75
MKM MpOILEHT )KU3HECTIOCOOHBIX KIeTOK cocTtaBui 83.2 £ 6.5 %. Kommieke Ir-1 nposiBnsier
HanOOJIBITYIO IUTOTOKCUIHOCTH U3 UCCIIEeTyeMbIX KoMIutekcoB, IC50 coctasmna 50 MkMob.
JanpHeitimue uccnenoBanus INVItro mpoBoawnu Ha komruiekcax Ir-2, Ir-2a, Ir-3 u Ir-4,
00Ja/1a0MX HAaMMEHbIIEH TOKCHMYHOCTBIO M XOpOILIEeH BOJOPAaCTBOPUMOCTBHIO. MetoaoM
JIA3epHON CKaHUPYIOIIEH MUKPOCKOMHUH YCTaHOBJIEHO, YTO (HOCHOPECIEHTHBIE KOMILUICKCHI
Ir-2 u Ir-2a mpoHHUKAIOT B )KUBBIC OITYXOJICBbIC KICTKH. VIHTEHCHBHOCTh JTFOMUHECIICHITUN
KOMIUIEKCOB B OIYXOJIEBBIX KJIETKaX yBEJIWYMBAeTCs B mepuoa oT | 1o 6 4dacoB, 4TO
CBUJICTEIILCTBYET O MOBBIIICHUH KOHIIEHTPAIIMUA KOMIUJIEKCOB B )KUBBIX OIYXOJIEBBIX KJIETKaX.
HccnenoBanue BHYTPUKIETOYHOHN JIOKAIM3aLMU KOMIUIEKCOB I0KA3ajl0, YTO KOMILIEKCHI
PaBHOMEPHO paCIpeAeAOTCs B LIUTOIUIa3ME KJIETOK, HE MPOHUKAIOT B KJIETOYHOE SIJIPO.
Metongom PLIM 6pimu 3adukcupoBaHbl BapuallMd BpEMEH >XKM3HU (ocdopecueHnnn B
OMYXOJIEBBIX KJIETKAX MPU MOJCIUPOBAHUU THUKITOKCHH. BpeMst xu3nu pochopecueHnm s
KoMIuiekca Ir-2 B yciaoBusx HOpMOKcHH cocTaBuiio 1.48 + 0.05 MKC, B YCTIOBUSX TUIIOKCUU —
2.42 £+ 0.09 mxkc, s komriekca Ir-2a B yenoBusix Hopmokenu — 1.04 + 0,16 Mkc, B yCloBUAX
runokcuu — 1.94 £+ 0.32 mxc. Takum o6pa3zoMm, BpeMs xu3Hu hochopecieHInu KOMITJIEKCOB
Ir-2 u Ir-2a B ycnoBusiX HOPMOKCHUU yMEHbIINJIOCHh B 1.6 pa3 u 1.8 pa3 COOTBETCTBEHHO,
CJIeI0BaTENbHO, KOMIUIEKCHI 00J1aat0T YyBCTBUTEIBLHOCTBIO K KUCIOPOAY.

[To monyyeHHBIM pe3ynbTaTaM UCCIEA0BAHUS MOXKHO 3aKIIOYUTh, YTO KOMILIEKCHI II-
2 u Ir-2a sBisiroTcst HanboJIee MEePCIeKTUBHBIMY IS TabHCHITUX MCCICIOBaHMK INVIVO, 1
MOTYT OBITh MPUMEHEHBI B KAYECTBE CEHCOPOB MOJICKYJIIPHOTO KUCIOPO/IA.

PaGora Beimonnena npu gurancoBoit noanaepsxkke PH®, mpoext Ne 18-73-10021.
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STUDY OF THE OXYGEN AND METABOLIC STATUS OF TUMORS IN VIVO
BY THE METHOD OF OPTICAL BIOIMAGING

Komarova A.D.} 2, Kritchenkov 1.S.3, Shcheslavskiy V.1.1, Shirmanova M.V.!

Privolzhskiy Research Medical University, Nizhny Novgorod
2 Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod
% Saint Petersburg State University, Saint Petersburg

Abstract: The paper presents the results of biological testing of new phosphorescent sensors of
molecular oxygen. The studies were carried out on the mouse colorectal cancer cell line - CT26. The
cytotoxicity of the complexes was determined by the MTT assay, the dynamics of accumulation and
intracellular localization were determined by the method of laser scanning microscopy. The sensitivity of the
complexes to oxygen was assessed by the PLIM method, when simulating hypoxia conditions in vitro. The
study found that Ir-2 and Ir-2a complexes can be used as molecular oxygen sensors in the PLIM method.

Keywords: phosphorescence lifetime imaging, oxygen sensors, organometallic complexes, in vitro,
in vivo.

The study of local oxygen concentrations in cells and tissues is of great interest for
many areas of physiology and medicine, including oncology. Phosphorescence lifetime
imaging (PLIM) is a promising optical method for assessing the oxygen content in cells and
tissues in real time. At the moment, an urgent task is to search for new phosphorescent sensors
that have a high sensitivity to oxygen, effectively accumulate in cells and tissues and don’t
have pronounced toxicity.

The aim of the study was to evaluate the possibility of using new phosphorescent
sensors in tumor cells as molecular oxygen sensors.

Water-soluble organometallic complexes based on Ir(I11): Ir-1, Ir-2, Ir-2a, Ir-3, and Ir-
4 were studied in this work. The complexes were tested on CT26 mouse colorectal cancer
cells. The cytotoxicity of the complexes was assessed by the MTT assay. Analysis of the
dynamics of the penetration of complexes into tumor cells in vitro was carried out in the range
from 1 to 6 hours. Subcellular distribution was assessed using a laser scanning microscope
LSM 880 (Carl Zeiss, Germany) with excitation at a wavelength of 543 nm, with a laser power
of 8 mW. The signal of the complex was detected in the range of 650 — 750 nm. The PLIM
method was used to assessment the phosphorescence lifetime of complexes in CT26 tumor
cells under hypoxic conditions. The complexes were excited in the two-photon mode at a
wavelength of 760 nm, and the signal was detected in the range of 596-660 nm. The
complexes were excited in the two-photon mode at a wavelength of 760 nm, and the signal
was detected in the range of 596-660 nm.

According to the results of the MTT assay, it was found that the complexes Ir-2, Ir-3
and Ir-4 don’t exhibit pronounced cytotoxicity. After 24 hours of incubation of CT26 cells
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with complexes, the percentage of viable cells at a complex concentration of 125 uM was
87.9+4.5 %, 94.6+0.5 %, and 92.5+£2.7 %, respectively. For the Ir-2a complex at a
concentration of 75 uM, the percentage of viable cells was 83.2 £ 6.5%. The Ir-1 complex
exhibits cytotoxicity; the Half-maximal inhibitory concentration (ICso) of the Ir-1 was 50 uM.
Further in vitro studies were carried out on Ir-2, Ir-2a, Ir-3 and Ir-4 complexes, which do not
exhibit cytotoxicity and are soluble in water. Using laser scanning microscopy, it was found
that the phosphorescent complexes Ir-2 and Ir-2a penetrate into living tumor cells. The
intensity of the luminescence of complexes in tumor cells increases in the period from 1 to 6
hours, which indicates an increase in the concentration of complexes in living tumor cells.
The study of the intracellular localization of the complexes showed that the complexes are
evenly distributed in the cytoplasm of cells and do not penetrate into the cell nucleus. The
PLIM method recorded variations in the phosphorescence lifetime in tumor cells in the
simulation of hypoxia. The phosphorescence lifetime for the Ir-2 complex under normoxic
conditions was 1.48 + 0.05 us, under hypoxic conditions, 2.42 £ 0.09 us, for the Ir-2a complex
under normoxic conditions, 1.04 = 0.16 us, and under hypoxic conditions, 1.94 £+ 0.32 ps.
Thus, the phosphorescence lifetime of the Ir-2 and Ir-2a complexes under normoxic
conditions decreased by factors of 1.6 and 1.8, respectively; therefore, the complexes are
sensitive to oxygen.

Based on the results of the study, it can be concluded that Ir-2 and Ir-2a complexes are
the most promising for further in vivo studies and can be used as molecular oxygen sensors.

This work was supported by the Russian Science Foundation, project 18-73-10021.
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JAP-TUAT'HOCTUKA MUKPOLIUPKYJIATOPHOI'O PYCJIA YPETPBI
Y X KEHIIIUH C YPETPAJIBHBIM BOJIEBBIM CHHAPOMOM

Kysipos A.C.}, Marsees JI.A.%2, Moasu M.A.!, Kucenesa E.B.}, Crpeannosa O.C.!

L ®drBEOYBO "Mpusonicckuil uccredosamensvexuil meduyunckuii ynusepcumem” Munucmepcemesa
30pasooxpanenust Poccutickou @edepayuu, Husxicnuii Hoézopoo
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AHHOTAlIUSA: YPETPajbHbIM OO0JIEBOM CHHAPOM XapaKTEPU3YeTCsl TMOSIBICHHEM CTOWKHX WIN
nepuoandecKux Oonei B yperpe. Llenpro paboTsI cTana oneHka (pyHKIIMOHUPOBAHUS MUKPOIIUPKYISITOPHOTO
pyciia ypeTpbl METOJIOM JIa3epHOM JOIMIIICPOBCKON (hJI0yMETpHH

KiaroueBrble c10Ba: XpoHUUECKas Ta30Bas 00JIb, ypeTpalIbHbIH 00JICBOW CHHIPOM, JIa3epHas
JIOTIIIIIEPOBCKAs (PIIOyMETpHs, TEMOJIWHAMUKA B YPETPE, METO/T TTIABHBIX KOMITOHEHT

Keywords: chronicpelvicpain, urethral pain syndrome, laser doppler flowmetry,
hemodynamics in the urethra, principal component analysis

Yperpanbusiii 60neBoi cuaapoM (YBC) - yacTh KOMIUIEKCa XPOHUYECKON Ta30BOM
00111, XapaKTepU3YIOLIUKCS MOSBJICHUEM CTOMKUX WM EPUOJUYECKUX O0Jiel B ypeTpe Mpu
OTCYTCTBUU MOATBEPKIAECHHON MH(MEKIMH U IPYTUX MECTHBIX MMATOJIOTMYECKUX U3MEHEHUHN.
OpHo¥ U3 NpUYMH BOZHUKHOBEHHS O0JIEBOTO CUHAPOMA SIBJISETCS UIIEMHSI OPTaHOB Majoro
Taza, MPUBOJAIIAS K HAKOIJIEHWIO METAa0OJIMTOB U HApPYLIEHUIO TKAHEBOTO JbIXaHud [1, c.
87-96]. OcHOBBIBasICh Ha ATOM, II€JIbIO JAaHHOU pabOThl CTasla OLIEHKA (PYHKIIMOHUPOBAHUS
MUKPOLMPKYJISTOPHOTO pyciia YpPEeTpbl METOJOM Ja3epHOW JOMNIUIEPOBCKOM (uioymeTpuun
(JIA®D). Ucnonwzosan annapat JIAKK-1 (OOO HIIII «JIA3BMA», Poccus). [{nst Beruncnenus
aMIUTMTYAHO-4YaCTOTHOTO CHEKTpa KoJieOaHUM, MOJYYEHHBIX OT MHUKPOLHUPKYISITOPHOTO
pycna, Obl1 wucnonb3oBaH BeiiBner - ananmus JIJI®d-rpamm. [IpoananusupoBanbl 8
napaMeTpoB, CPelIM KOTOPBIX IOKa3aTeNIM aMIUIUTyAbl U 4acToThl HelporenHoro (HT),
muoreHnoro (MT), aeixarensnoro (/T), cepaeunoro TonycoB (CT) cocynoB yperpsol. Jlis
BU3yaJIM3allMd U CTATUCTHUYECKOTO aHaln3a JaHHBIX OBbLI NPUMEHEH METOJ IJIaBHBIX
KoMTOHeHT (principal component analysis, PCA), mo3BoJSIFOIIHI yMEHBIIUTH Pa3MEPHOCTD
JAHHBIX, OMNpEAeNWB HA0Op M KOMOHMHALMIO OCHOBHBIX MApaMeTpoB, MO KOTOPHIM B
JaJbHENIIIEM MOKHO aHAJIM3UPOBATh pa30MEHNE JaHHBIX Ha TPYIIbI (KJIacTEPU3aALUIO) [2, C.
1-9]. B xauecTBe MCXOIHBIX JAHHBIX OpaiM MOKa3aTeaw 2-X Tpymnmn nanueHtok: ¢ YBbC
(«YBC», n=16) u ¢ ycnoBHoit Hopmoii («H», N=6). MeTo/ ri1aBHBIX KOMIOHEHT MO3BOINII
BBISIBUTH, YTO HanOoJiee 3HAYMMBIMHM IAapaMETPaMH, OTPAKAIOIIMMHU I'e€MOJUHAMUYECKUE
U3MEHEHHUS B MHKPOLUPKYJIATOPHOM pYCJI€ TKaHEH YpeTphl, SBISIOTCS aMIUIATY/IbI

xonebannii HT u MT cocynos, oTBeuaromye 3a TOHyC apTeproIl U MPEKaNUISIPHOTO 3BeHA,
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COOTBETCTBEHHO. Bbl10 BBISIBIIEHO pa3OueHne JaHHBIX Ha ocHOBHOM kiactep («YBCy», n=10;
«H», n=2) u knactepsl (K), yaanennsie ot ocHOBHOTO: K1: «YBCk1», n=4; K2: «YBCio», N=2;
Ks: «His», n=3; Ka: «Hk4», N=1. B xone ganHoi paboThl Y ABYX MallUEHTOK IPYIITBI HOPMBI
OBUTH OTMEYEHBbI U3MEHEHUSI MUKPOLIUPKYISITOPHOTO pycia, cxoxue ¢ rpymnmoit YBC, Ho 6e3
KJIMHUYECKOTO TIPOSIBIICHUS; Takke, cpeau mnanueHTok rpynnel YBC nHabmomaetcs
paznenenue paHHbix JIJD, YTO yKa3zplBaeT Ha pPa3JMYHBIA [ATOT€HE3 HapyLICHUH

MUKPOIMPKYJISIUU TKAaHEH ypEeTpBhI.

Jluteparypa:

1. IIpaBousiieB B. A. u np. @usnonorus 60im 1 00€300JIMBAIOIICH CHCTEMBI oprann3Ma //BecTHuk
CMoneHcKo# rocyaapcTBeHHON MmenuimHckoi akagemun. — 2003. — Ne, 4. — C. 87-96.

2. Ballabio D. A MATLAB toolbox for Principal Component Analysis and unsupervised exploration
of data structure //Chemometrics and intelligent laboratory systems. — 2015. — T. 149. — C. 1-9.
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LDF DIAGNOSIS OF THE URETHRA MICROCIRCULATION IN WOMEN WITH
URETHRAL PAIN SYNDROME

Kuyarov A.S.}, Matveev L.A.2, Molvi M.A ., Kiseleva E.B.%, Streltsova O.S.

! Federal State Budgetary Educational Institution of Higher Education «Privolzhsky Research Medical
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Abstract: The purpose of this work was to evaluate the functioning of the microvasculature of the
urethra using laser doppler flowmetry

Keywords: chronicpelvicpain, urethral pain syndrome, laser doppler flowmetry, hemodynamics in the
urethra, principal component analysis,

Urethral pain syndrome (UPS) is part of the chronic pelvic pain complex, characterized
by the appearance of persistent or recurrent pain in the urethra in the absence of confirmed
infection and other local pathological changes. One of the causes of pain is ischemia of the pelvic
organs, leading to the accumulation of metabolites and impaired tissue respiration. [1, pp. 87—
96]. Based on this, the purpose of this work was to evaluate the functioning of the
microvasculature of the urethra using laser doppler flowmetry (LDF). Apparatus LAKK-1 (SPE
«LAZMA», Russia) was used. Wavelet - analysis of LDF-grams was used to calculate the
amplitude-frequency spectrum of oscillations received from the microvasculature. 8 parameters
were analyzed, including the amplitude and frequency of neurogenic (NT), myogenic (MT),
respiratory (RT), cardiac tones (CT) of the urethral vessels. For visualization and statistical
analysis of data, the method of principal components was applied. (PCA), allowing to reduce the
dimension of the data by defining a set and combination of the main parameters by which you
can later analyze the partitioning of data into groups (clustering) [2, pp. 1-9]. The parameters of
2 groups of patients were taken as initial data: with UPS (“UPS”, n=16) and with a conditional
norm (“N”, n=6). Principal component analysis revealed that the most significant parameters
reflecting hemodynamic changes in the microvasculature of the urethral tissues are the amplitudes
of fluctuations in the NT and MT of the vessels, which are responsible for the tone of the arterioles
and the precapillary link, respectively. It was revealed that the data were split into the main cluster
(“UPS”, n=10; “N”, n=2) and clusters (C) remote from the main one.: C1: «UPSc1», n=4; Ca:
«UPSc2», n=2; C3: «Nca», n=3; Ca: «Nca», n=1. In the course of this work, in two patients of the
normal group, changes in the microcirculatory bed were noted, similar to those in the UPS group,
but without clinical manifestations; Also, among the patients of the UPS group, there is a
separation of LDF data, which indicates a different pathogenesis of microcirculation disorders in
the tissues of the urethra.
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HOBBIE OIITHYECKHUE KPUTEPUU CHUKEHHOI'O PETEHEPATOPHOI'O
INOTEHIUAJIA IIEYHEHU ITPHU ITATOJIOT' 1A
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AHHOTALMSA: aKTYalIbHOU 3aa4€i SIBISETCS MOUCK KPUTEPUEB JIJIs1 IPOBEACHMS MHTPAOIIEPALUOHHON
AKCIIPECC OLEHKH PEeTeHepaTOPHOrO MOTEHIIMANa MEYeHW MPH HAIHYHH COMYTCTBYIONIUX MEYEHOUHBIX
MaTOJIOTHA.

KaioueBble cjioBa: MaTOJOTHS TEYEHH, PETeHEpanys MEYeHH, MYIbTH(QOTOHHAS MHUKPOCKOIIHS,
FLIM, I'BI

Keywords: liver pathology, liver regeneration, multiphoton microscopy, FLIM, SHG

[Ipn HanMuUMK CONMYTCTBYIOIIMX MEYEHOUHBIX MATOJIOTMI pereHepaTOpHbIA NOTEHIUAT
[ICYEHN 3HAYMUTENIBHO CHIDKaeTcs. CTaHmapTHhIE KIMHUYECKME METOAbl HE MO3BOJSAIOT
MPOTHO3UPOBaTh (yHKIMIO oOcTaBiieica mnedenn. CoBpemeHHble label-free Metomsl
MYJIbTU()OTOHHON MUKPOCKOIIUHU C PEKMMaMK BpeMsi-pa3penieHHoil Mukpockonuu (FLIM) u
reHepauuu BTopoi omtuueckod rapmoHuku (I'BI) pacmmpsitoT BO3MOXXHOCTH H3y4YeHUS
CTPYKTYPHO-(YHKLIMOHAJIBHOTO COCTOSIHMS TKAHM T[I€YEHU Ha KJIETOYHOM YpOBHE.
AKTyanbHOW 3a/1a4€il OCTAETCS MOMCK KPUTEPHUEB JJISI MPOBEACHUS WHTPAONEPALIMOHHOMN
DKCIIPECC OLICHKH PETCHEPATOPHOrO IMOTEHUHANA MEYEHW IPU HAIWYUN COIYTCTBYIOIIMX
IIEYEHOYHBIX MaTOJIOTHH.

Cepuu SKCIEPUMEHTOB MPOBOAMINCH Ha Kpbicax JuHUU Wistar. Ha pa3Hbix sTamax
pa3BuTusa Tokcuueckoro guoposa (uubekiuu CCl4) u creato3a (60% BBICOKO-KHUpOBas
JMeTa) MHAYLHUPOBAIN pereHepaTopHbld mpouecc nyreM pesekuuu 70% mnedeHu. AHaau3
CTPYKTYpPbl TKaHU MEYEHHU MPOBOJUIU METOJIOM MYJIbTU()OTOHHON MUKpPOCKONHMH HA 3 U 7
nHer mocne pesekuuu. C npumeneHueM FLIM omnpenensiiu Bkiaagbl BPEMEH KU3HU
¢yopecuenmu cBoboaHoN u cBsa3anHoil popm HAJIH mu HAJI®H. B xadecTBe KOHTpOIIS
MPOBOMIIA MOP(OTOTUIECKUI aHAIN3 U CTAHJAPTHBIN OMOXMMHUYECKUI aHAIN3 KPOBHU.

B pesynprare OBIIM BBIABICHBI OCOOCHHOCTH CTPYKTYPHO-(YHKIMOHAIBLHOTO
COCTOSIHMS Ha Pa3HbIX dTanax pereHepaluuy Mpu HaJU4uu creatosa u Guodposa. Kpurepuem
HAJIMYMSI MATOJIOTHH CTaj0 HATU4Me 30H CO CHIKEHHBIM CHUTHAJIIOM aBTO(IYOpECICHINU
HAJIH, cootBercTBylOmMEe oyaraM JWNUAHOW HHQUIBTpaUud HIH (QUOPO3UPOBAHUA.

KpurepueMm CHUXKEHUS PEreHEepaTOPHOrO0 NOTEHIMAa MPU IMATOJIOTHH — OTO OTCYTCTBHE
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yBenudeHus: BKIanoB cBsizanHou ¢opmbel HAJIH n HAJI®H Ha 3 cyTku mociie pe3eKinH,
KOTOpoe ObUIO OOHApY)KEHO NMPU HOPMalbHON pereHepanuu. Takoil pe3ynabTaT CBsi3aH C
Pa3BUTHEM MUTOXOHIPHAILHOMN NUC(YHKIMEH renaToUTOB U UX MOBPEKICHUEM.

Paborta BeimonHeHa mpu (uHAHCOBOW mojaepkke rpanta PH® Ne 19-15-00263
(MeTabonmuuecknii UMUKUHT, aHanu3 FLIM nanubix) m rpanta PH® Ne 22-25-00098

(Mopdoornueckuii aHaau3 00pa3IoB EYCHH ).
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NEW OPTICAL CRITERIA FOR REDUCED REGENERATORY POTENTIAL OF
THE LIVER WITH PATHOLOGY
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Abstract: The important task is searching for criteria for intraoperative express assessment of the
regenerative potential of the liver in the presence of background pathologies.
Keywords: liver pathology, liver regeneration, multiphoton microscopy, FLIM, SHG

The regenerative potential of the liver decreases in the presence of background diseases.
In the presence of concomitant hepatic pathologies, the regenerative potential of the liver is
significantly reduced. However, the methods available in clinical practice are not sufficiently
informative, and do not predict the function of the remaining liver. Modern label-free methods of
multiphoton microscopy with fluorescence life-time imaging microscopy (FLIM) and second
harmonic generation (SHG) expand the possibilities of studying the structural and functional state
of liver tissue at the cellular level. The important task is searching for criteria for intraoperative
express assessment of the regenerative potential of the liver in the presence of background
pathologies.

A series of experiments were carried out on Wistar rats. At different stages of the toxic
fibrosis (CCl4 injections) and steatosis (60% high-fat diet), we induced the regenerative process
by 70% hepatectomy. Using multiphoton microscopy we performed analysis of the structure of
liver tissue. Monitoring was carried out on 3 and 7" days after resection. Using FLIM, we
obtained data on the contributions of the fluorescence lifetimes of free and bound forms of NADH
and NADPH. To confirm pathology we performed morphological analysis and a standard
biochemical blood test.

As a result, we revealed thespesific optical features of the structural and functional state
at different stages of regeneration in the presence of steatosis and fibrosis. The criteria for the
presence of pathology was the presence of zones with a reduced signal of NADH
autofluorescence, corresponding to foci of lipid infiltration or fibrosis. The criteria for a decreased
regenerative potential in pathology is the absence of a jump in the contributions of the bound
form of NADH and NADPH on the 3rd day after resection, which was found during normal
regeneration. Such results are associated with the mitochondrial dysfunction of hepatocytes and
their damage.
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OCOBEHHOCTHU PEKYPPEHTHBIX IIOKA3ATEJIEN CTAIUN CHA
Y HAOMEHTOB C BOJIE3HBIO TIAPKMHCOHA
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AHHoTanus: B pabore paccMaTpuBarOTCs OTIAMYMS PEKYPPEHTHBIX MOKa3aTeseH 110 Pa3HbIM CTaAUAM
CHa MEXy YCJIOBHO 30POBBIMH MCIBITYEMBIMHU U IauueHTaMu ¢ 6one3nbto [lapkuncona. Ilokasano, 4ro y
BTOPOH I'PYMITBI BO BpeMsl aHaTN3a HOYHBIX 3aIIMCEH CTaTUCTUYECKUH pa30poc peKyppeHTHBIX MoKa3aTenei
BO Bpems ctaauii 1, 2, 3 u 4 cuiIbHO yBeNHYEeH, IO CPAaBHEHHIO C YCIOBHO 370POBBIMH UCTIBITYeMbIMH. [Ipn
9TOM cpelHee M MEIWaHHOE 3HAueHHE PEKypPEeHTHBIX TMOKa3aTelel Yy OSTHX IalUeHTOB BBIIIEC IS
0oapcTBOBaHMA U HUXKE BO BpeMsiREM-cHa.

Kuarouessble cioBa: 6onesnb [lapkuacona, 991, pekyppeHTHBIN aHANH3

Keywords: Parkinson's disease, EEG, recurrent analysis

HccnenoBanne rojlOBHOTO MO3ra YeJIOBEKa, HECOMHEHHO, SIBIISIETCS OJHOW U3
BaXHEHIIMX 3a7a4 Hayku. [lo3TOMy, HEYAMBUTENHHO, YTO TOJl OT TOJa HOBBIE METOIbI
aHaJli3a aKTUBHOCTH T'OJIOBHOTO MO3Ta MOSBIISIOTCS, a CTapbhle METO/IbI COBEPIICHCTBYIOTCSI.
OnHUM U3 TaKUX METOJIOB OLIEHKH aKTUBHOCTH T'OJIOBHOTO MO3Ta MO AaHHbIM DI sBisieTcs
PEKYppPEHTHBIN aHallu3, KOTOPBIM ceiluac Haval aKTHUBHO Pa3BUBATHCS, KaK WHCTPYMEHT
UCCTIE0OBaHUS KIIMMAaTHYECKUX CUCTEM MU 00paboTka curHanos D1

B pamkax HacTosieil paboThl peKyppeHTHBIM aHaIu3 MpUMEHseTCs A1 00padOTKU
COMHOJIOTHYECKUX 3anuceit D31. T naHHBIE UMEIOT KIFOUEBYI0 OCOOEHHOCTh: OOJBIIYIO
uMHYy psna. [loaToMy, pekyppeHTHBIM aHalIu3 MPUMEHSJICS K BPeMEHHbIM OkHaM (1o 60
cekyHn uian 15 000 otcueTroB), Ha KOTOpbIe ObLIa pasfeicHa BCA HO4Has 3amuch OO0
CUTHalla, a 3aTeM »JTOT psAld pPEKyppeHTHBIX ToKa3zarenel aHanmusupoBaics. Ecnu
COMHOJIOTHYECKAs 3alKCh yKe Obljla pa3MeyeHa Ha CTaJMM CHa, TAKXKE MOYKHO TIOCYUTATh U
IPOaHAIN3UPOBATH CPEAHHUE PEKYPPEHTHBIE MMOKA3aTeNn AJIsl Pa3HbIX CTaIH.

CaM anroputm pacyera MnpeaeabHO MpPOocCT:

RR=20(e — [Ixi — xjl|), 1)

rae RR — peKkyppeHTHBIN MoKaszaTesb, € — SMIMPUYECKH ONPEIeIEHHOE TOPOTOBOE
3HaUE€HUE TOYHOCTU METOJa, Xi U Xj — JI00ble TOYKM Ha pealn3allii Wik curHaie, 0 —
dyukius Xesucaiina (T. e. 0(X) = 0, eciiu X< 0 1 6(X) = 1 B IpOTUBHOM cly4ae).

Houneble 3anucu npeaBaputeabHO ObLIN pa3fieieHbl Ha 00IpCTBOBAHUE U MATh CTAIUI
cHa: 1, 2, 3, 4 cranun u REM-con. Bce pekyppeHTHBIE MOKa3aTelu, BPEMEHHOE OKHO
KOTOPBIX COOTBETCTBYET OINpPEICIICHHON CTaAud CHa, OBUIM YCpeAHEHbl Kak mo 60-

CEKYHJHBIM MHTEpBaiaM, TaK U MO BCEM IIecTH KaHaiaMm D3I, IT0 mO3BOIMIIO ISl KaXKA0T0
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UCIIBITYEMOr'0 BBIJACJINUTh IIECTh CPEAHUX PEKYPPEHTHBIX IOKAa3aTeseil, OTBEYAOUIUX 3a
pa3HbI€ CTA/IUU CHA.

B mnacrosimeit pabote paccMaTpuBainch yclOBHO 3710poBbie (H) wucmbiTyemblie u
ucHneITyemMble cTpanatoue 6onesnpto [lapkuncona (P). ['pynmsi coctaBmnsim 15 u 6 yenosek,
COOTBETCTBEHHO. (CpaBHUB cCpedHUE JaHHbIE MO JBYM HOYHBIM 3aIlUCSIM, MOXKHO
paccMOTpPETh, KaK CTATUCTUYECKHA MEHSIOTCS B 3TUX ABYX I'PyNIax CpeAHUE 110 BCEM KaHajIaM
PEKYppEHTHBIE MMOKAa3aTeNu AJ pa3InyHbIX CTaauil cHa. bpulo mokas3aHo, yto craguu 1, 2, 3,
4 s rpynnsl H umeroT MeHbnid pa3opoc peKyppeHTHOTo nokazarens. Cpeanee At 3TUX
CTaauil TpPU STOM NPUMEPHO COBMAAAOT. A Il CTaguu OOAPCTBOBaHUS CpeAHUN U
MEJIMaHHbIA PEKYPPEHTHBIN MOKa3aTeNb JJIs TPYyNIbl P Bhile, 4eM AJis YCIOBHO 3/10POBBIX,
B TO BpeMsl Kak y craguu REM-cHa cutyanus oOpatHasi, u y rpynimsl P cpennee u Mmeanansoe
HIWDKe, 4eM y rpymmsl H.

Pabota BrimonHeHa B paMkax (PuHAHCOBOM noaepxke Poccuiickoro Haygnoro gonma
(mpoekt 22-72-10061).
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FEATURES OF RECURRENT INDICATORS OF SLEEP STAGES
IN PATIENTS WITH PARKINSON'S DISEASE

Selsky A.O., Zhuravlev M.O., Runnova A.E.

Saratov National Research State University N.G. Chernyshevsky, Saratov
Saratov Saratov State Medical University V. |. Razumovsky, Saratov

Abstract: The paper considers the differences in recurrent indicators for different stages of sleep
between conditionally healthy subjects and patients with Parkinson's disease. It was shown that in the second
group, during the analysis of night recordings, the statistical spread of recurrent indicators during stages 1, 2,
3, and 4 was greatly increased in comparison with conditionally healthy subjects. At the same time, the mean
and median values of recurrent parameters in these patients are higher for wakefulness and lower during REM
sleep.

Keywords: Parkinson's disease, EEG, recurrent analysis

The study of the human brain is undoubtedly one of the most important tasks of
science. Therefore, it is not surprising that from year to year new methods for analyzing brain
activity appear, and old methods are improved. One of such methods for assessing brain
activity based on EEG data is recurrent analysis, which has now begun to be actively
developed as a tool for studying climate systems or processing EEG signals.

In the framework of this work, recurrent analysis is used to process somnological EEG
records. These data have a key feature: a large series length. Therefore, recurrent analysis was
applied to time windows (60 seconds or 15,000 counts) into which the entire nighttime
recording of the EEG signal was divided, and then this series of recurrent indicators was
analyzed. If the somnological record has already been marked up at the stage of sleep, it is
also possible to calculate and analyze the average recurrent indicators for different stages.

The calculation algorithm itself is extremely simple:

RR=20(¢ — [[xi — Xjl]), (1)

where RR is the recurrent exponent, ¢ is an empirically determined threshold value for
the accuracy of the method, x; and x; are any points on the realization or signal, 0 is the
Heaviside function (i.e., 6(x) = 0 if x< 0 and 6(x ) = 1 otherwise).

Night recordings were previously divided into wakefulness and five stages of sleep:
stages 1, 2, 3, 4 and REM sleep. All recurrent indicators, the time window of which
corresponds to a certain stage of sleep, were averaged both over 60-s intervals and over all
six EEG channels. This allowed for each subject to identify six average recurrent indicators
responsible for different stages of sleep.

In this work, conditionally healthy (H) subjects and subjects suffering from Parkinson's
disease (P) were considered. The groups consisted of 15 and 6 people, respectively.
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Comparing the average data for two nightly recordings, we can see how the average recurrent
indicators for all channels for different sleep stages change statistically in these two groups.
It was shown that stages 1, 2, 3, 4 for group H have a smaller spread of the recurrence index.
In this case, the average for these stages approximately coincide. And for the wakefulness
stage, the mean and median recurrent indicator for the P group is higher than for the
conditionally healthy, while the situation is reversed for the REM sleep stage, and for the P
group, the mean and median are lower than for the H group.
This work was supported by the RSF grant No. 22-72-10061.
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JUM®ATHUYECKAS CHCTEMA MO3T'A: UHHOBAIIMOHHBIE
TEXHOJIOTUHU /151 HEHPOPEABUJIUTALIIMOHHOM MEJIULIMHBI

Cemsiukuna-I'mymkoBckas O.B.

@I'bOY BO «Capamosgckuii HayuoHAIbHbll 2ocyoapcmeentolil yHugepcumem um. H.I'. Yepuviuesckozoy,
Capamos

AHHOTaIIHﬂ: B HCCJICOOBAHUAX invivo n exvivo C TMNPUMCHCHUEM COBPEMCHHBIX OITHYCCKHUX
TEXHOJIOTUI BU3yaJIM3allniu TKaHEH MoO3ra 4YeloBeKa U TPBISYHOB IIOKa3aHbl NHOHEPCKUE PEIYIIbTAThL
npucyTcTBusa muMparndecknx cocynos B LIHC

KiroueBble cjioBa: .HI/IM(l)aTI/I‘lCCKaH CHUCTEMA MO3ra, q)OTOCTI/IMYIDIHI/IH, JII/I(l)OI[peHa)K TKaHEeH Mo3ra.

Keywords: lymphatic system of the brain, photostimulation, lymphatic drainage of brain tissues.

JIumpaTndeckas cucteMa UrpaeT BaXHYIO POJb B JIpEHAXe TKAaHEW, BHIBEJICHUU U3
HUX HEHY)XHBIX METa0OJUMTOB M TOKCHMHOB, a TaKXe 3TO KIIOYeBas IUJIOMIAJKa, TIIe
pa3BOpAUMBAIOTCS CLEHAPUM MMMYHHBIX PpEaKIMi, 3aliuilas OpraHu3M OT OakTepuil u
BUpycoB. B nentpansnoii HepBHO# cucreme (LIHC) npenakHbie mpoiecchl NpOTEKAIOT ¢
TaKOH K€ HHTEHCUBHOCTBIO, UTO U B Nepu(epruiIecKuX TKaHsAaX. Mo3r akTUBHO OOMEHUBaeTCs
C KPOBbIO MUTATEIbHBIMU COCAMHEHUSIMU U BBIJEISIET HEHY)KHbIE METaOOIUTHI, UCTIONb3Ys
JPEHaKHbIE TyTH, KOTOPbIE TECHO CBS3aHBI C epU(pepuyecKor TuM(paTUIECKON CUCTEMOM.
OTH K€ MyTU SABJSIOTCS «BOpPOTaMHU» JJis Tpaduka UMMYHHBIX KieTok u aHtuten B LIHC,
KOTOpBIE MOTYT OCYILIECTBJIATh «LEHTPAJIbHBII» MMMYHHTET. 3a JIBYXBEKOBYK) HCTOPHIO
U3YUEHUS JPEHAXHBIX IPOIIECCOB MO3ra HAKOIJIEHO MHOXECTBO (DaKTOB, KOCBEHHO
CBUJICTEIBbCTBYIOIINX O CyllecTBOBaHUU IuMpaTtudeckux cocynos B [IHC. Ognako, naxe ¢
MOSIBIEHUEM BBICOKMX TEXHOJIOTMH BU3YAIU3alUU CTPYKTYP MO3Ta U MEPEIIOMHOI0 COOBITUS
B HEWpOHayKe, KOrja Mepe-OTKPbUIM MeHUHTeanbHble JInMparnueckue cocynbl (MJIC),
YYEHbIE HE MpOABUHYJACh Jaibllle IOATBEPKICHUSA YK€ CYLIECTBYIOIIEH JOIMBI O
NPUCYTCTBUU TUM(PATUUECKON CETH UCKITIOUUTEIBHO B 000JI0YKaX MO3ra, HO HE B €T0 TKaHSIX.
OtmeTtum, uto u nepe-oTkpbiTue MJIC aMepuKaHCKMMHU YYEHBIMHU HE SIBUJIOCH IOMCTHHE
HOBBIM JJIs1 HAYKH, IOCKOJIBKY MX BIEPBBIE ONKCAT UTAJIbIHCKUNA aHATOM MackaHbu ele 2
BEKa Ha3aJ U €ro pe3yibTaThl OBUIM MOATBEP)KICHBI BO MHOTHX JAPYTHUX HCCIEIOBAaHUSX,
BBIIMOJIHEHHBIX Ha 000JIOYKAaX YelIOBEKa, MakKak, IPhI3yHOB, cobak, kponukoB u Zebrafish.
[TosTOMy B Hay4HO 0OIIIECTBEHHOCTH HE NMpU3HaAIH «3a0bIThiey MJIC Kak HOBOE OTKpBITHE.

B Hammx riccienoBaHusx iNVIVO 1 €XVIVO ¢ MPUMEHEHHEM COBPEMEHHBIX ONTHYECKIX
TEXHOJIOTUI BHM3yallM3allMM TKaHEH MO3ra 4ejloBeKa W TPbI3YHOB I10Ka3aHbl MHOHEPCKUE
pe3ynbTathl mpucyTcTBus uMdarndeckux cocynoB B [IHC [1]. Dto sBnsieTcss mepenoMHbIM
coOBITHEM B HEWpOHayKe, KOIJa Ha CIEHY BBIXOAWT HOBBIM WIPOK, CHUMAOUIMI MacKy

TUIIOTE3 B OOJMYMU HOBBIX JI0KA3aTeNbCTB MPUCYTCTBUA IuMpaTtndeckux cocynos B [THC,
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YTO PACCTaBIIIET Ha CBOM JIOTUYHBIE MECTa JBYXBEKOBBIC YCUJIHS YUEHBIX OOBSICHUTH, KaK
BBIBOJISITCS M3 MO3T'a HEHYKHBIC MOJICKYJIbI ¥ TOKCHHBI, a TAKXKE KaK OCYIIIECTBISACTCS APCHAXK
u ummynutet B [{THC.

B mammx uccienoBaHusaX TakKe MOKa3aHO Kak HA OCHOBE HOBBIX ()yHAaMEHTATbHBIX
3HaHu# o nuMmdparndeckoi cucteme B [IHC pa3BuBarOTCS WHHOBAIIMOHHBIC TEXHOJOTHH
HelpopeaOuIuTaIlMd Ha OCHOBE YIpaBiieHUs JTUMQOIpEeHAXKHBIMU TIPOIIECCAMH BBIBEIACHUS
TOKCHHOB U HEHYKHBIX MOJICKYJI U3 MO3Ta BO BpeMs cHa [2-5].

Uccnenosanus momnepkansl [IpaButenbctBeHHbIM Mera TpanTom (075-15-2022-
1094), a Taxxe rpantamu PH® (20-15-00090; 21-75-10088) u PODU (20-015-00308-3;
Kuraii-a 19-515-55016).
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OIITUYECKAS KOTEPEHTHASI TOMOI'PA®US
CTOMUPOBAHHOM TOHKOM KUIIKHU C UCITIOJIb30BAHUEM
®UKCHUPYIOIIEIO YCTPOMCTBA

CuszoB M.A., PaokoB M.I'., benepuna E.JI., Ilepersirun I1.B.,

boromoaosa A.JO., Kuceiena E.b.

@I'EOY BO «llpusonscckuti ucciredosamenbekull meouyurckutl ynusepcumem» Munzopasa Poccuu,
Huorcnuit Hoseopoo

AHHOTaIIHﬂ: I EIbIO pa6OTbI ABJISICTCA pa3pa60TKa yCTpOfICTBa AJI1 YMCHBUICHUA apTe(l)aKTOB
IBWKCHHUS TPU TONYYeHWH aHrHorpadudecknx u cTpyKTypHbIX OKT m300pakeHWH M C €ro IOMOIIBI0
nposectd OKT uccrnenoBanue KUIIEYHON CTEHKU SHTEPOCTOMBI Y MALEHTOB.

KuaoueBbie caoBa: ontuieckas korepeHtHas Tomorpadusi (OKT), ontuyeckas korepeHTHas
anrrorpadus, SHTEPOCTOMA, MUKPOIUPKYJIISAIHS, MUKPOCTPYKTYpA.

Keywords: optical coherence tomography (OCT), optical coherence angiography, enterostomy,
microcirculation, microstructure

BBenenme. M3BeCTHO, YTO KadyeCTBO IIOJYYAaE€MBIX C TIOMOIIBIO ONTHYECKOU
korepeHTHO TOMorpadpun (OKT) anrumorpaduyeckux U CTPYKTYpPHBIX H300paKeHUN
HAIpPSIMYIO 3aBUCUT OT B3aUMHOM CTaOMIM3a[MU 30H/1a U UCCIIENYyEMOr0 00bEKTa, 0COOEHHO
B CJy4yae HCCIEIOBAaHUS IMOJABI)KHBIX OPraHoOB, TaKWX KaK KHIIEYHHUK. Y MEJKHX
71a00paTOPHBIX KUBOTHBIX (KPBHIC) HEMOJBHKHOCTH KUIIIEYHUKA MOXKET OBITh oOecreueHa
IIyTEM JKCTPANEpPUTOHU3ALMMU OpraHa W JIerkuM npuxkaruem TkaHerd topuoMm OKT 30Hpa k
TBepAOW  mMoBepXHOCTH. IIpoueHT mosydaemblx TOpu  3TOM  Oe3apTedaKTHBIX
anruorpaguueckux u cTpykTypHbix OKT m3o0paxkenuit Haxoautcs B mpezenax 94-98%,
OJIHAKO MPUMEHUTHh MOJOOHBIA CHOCOO MMMOOMIM3ALMM KHUIIEYHHKA B KIMHUYECKOU
NPAKTUKE Ha MalMEeHTax He MpeJCTaBiseTcsl BO3MOXKHBIM. B pe3yibTare, y mauueHToB /10
74% anruorpapuueckux u cTpykTypHbIXx OKT wu300pakeHuil KuIIEUHHMKA COAEpKaT
MHOTOYHCIIEHHBIE apTedakThl, a 16% 1X HUX BOBCE HEUH(DPOPMATHUBHBI.

Heab: pazpaboTaTh yCTpOMCTBO [Jsi YMEHBIICHHMS apTe(akTOB IBUKEHUS MPHU
nonydeHun aHruorpaduueckux u crpykrypHbix OKT n300pakeHHii U ¢ €ro MOMOIIbIO
npoBectu OKT wuccrienoBanne KueyHoM CTEHKA SHTEPOCTOMBI Y MAI[UEHTOB.

MatepuaJnbl 4 MeTObI. PazpaboTka ycTpoicTBa A1 BpeMEHHOM (pUKCcAIK TKaHen
KHIIKHA U METOJIMKA €T0 MCII0Ib30BaHUS OTPA0OTaHa B HKCIIEPUMEHTAIIBHBIX UCCIEA0BAHUAX
Ha muHuUnurax (N=10): ogHM W Te >XK€ yYacTKM TOHKOW KHWIIKH OTCKaHHPOBaHBI 0e3
MCIIOJIb30BAHNSI BaKyyMHOI'O YCTpPOICTBa, a 3aT€éM IpPU €ro HUCIOJIb30BAHMM. YYacTKH
KUIIEYHOW CTEHKH, TJe ObUIO MPUMEHEHO (PUKCHUPYIOIIEe YCTPOICTBO, ObUIH PEe3EIUPOBAHbI

N OTHPABJICHBI Ha TUCTOJIOTHUYCCKOC HCCICAOBAHUC C MCJIIBIO MCKIIIOYCHUA MCXAaHUYCCKOTO
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HOBPEXKJIEHUs] TKaHEH M HapylieHus kpoBoroka. Ilocie storo «Bakyym-¢pukcaTop» ObLI
IPUMEHEH B KIIMHUYECKOW MPAKTHUKE Ha MAIMEHTaX ¢ HICOCTOMOM (N=5).

PesyabTaTsel. B X0/1€ 3KCIIEpPUMEHTAIBHOTO UCCIIEN0BAaHUs BBISIBIEHO, uyTo 13 100 nap
anruorpaduueckux u crpykrypHelx OKT wu3oOpaskeHuil, 3anucaHHbIX O€3 NPUMEHEHHUs
BaKyyMHOT'0 YCTpoiicTBa, 84% W3 HUX coJepKaT 3HAUUTENIbHOE KOJIMYECTBO apTe(haKkToB
JIBYDKEHUS (IPKUX TOPU30HTAIBHBIX M10OJIOC PA3HON TOJIIMHBI, UCKAXKEHUH CTPYKTYPBI), YTO
NPEMSITCTBYET BU3YalIM3allMd KPOBEHOCHBIX COCYAOB U OLICHKE peaJbHOW CTPYKTYpBI
KAIIEYHOM CTeHKU. HampoTuB, Nmpu HMCNONB30BaHUM BaKyyMHOI'O YCTpPOMCTBAa CO3JAETCs
BpEMEHHAsl HEMOJBUKHOCTh TKAHEW: IpPU 3TOM OTYETIMBO BHU3YAIM3UPYETCS CETh
KPOBEHOCHBIX COCYJIOB, @ MCKa)XEHMsI Ha CTPYKTYPHBIX M300pakeHUsX OTCyTCcTBYIOT. [lo
pe3ynbTaraM THCTOJIOTHYECKOTO HCCIIENOBaHUS, MATOJOTUYECKUX H3MEHEHMH B MecTax
UCIIOJIb30BAHNSI BaKyyMHOI'O YCTPOMCTBA BBISIBIEHO HE ObLIO. YUuThIBas OE30MACHOCTh
OpUMEHEeHHsT (ukcaTopa, cleAylmuM >TanoM pabotel Obum  mpoedeHsl OKT
UCCJIEIOBAHUS SHTEPOCTOMBI Y MALIMEHTOB. B 4aCTHOCTH, MOHUTOPUHT COCTOSIHUS KUILIEYHON
CTeHKM Ha 6, 8 m 13 CyTKM mocCIeonepauMoOHHOTO NEPHOJA BBIABMI W3MEHEHHS KakK B
CTPYKTYpE, TaK U B MUKPOLMPKYJISIUU TKAaHEH HIEOCTOMBI: K 13-M CyTKaM B HEKOTOPBIX
y4acTKaX CTOMBI HAONIOAANCA OTEK MOJCIU3UCTOrO CJIOS U YacTH4YHasg aTpogusi BOPCHHOK
CJIM3HUCTOTO CIIOA.

3akiarouenne. Pa3paboTaHHOE BaKyyMHOE YCTPOMCTBO AJii BPEMEHHOM (pUKcanuu
KHMILIEYHOM CTEHKM Mo3BojsieT arpaBmMaTudyHO npoBoauTh OKT ckanupoBanHue TkaHen
KAIIEYHUKA WU MUHUMHU3HMpPOBaTh  KOJMYECTBO  apTeakToB Ha  MOJIy4aeMBbIX
aHruorpaduueckux " CTPYKTYPHBIX OKT U300paKEHUsX.

PaGoranposenenanpudunancooitnogaepxkerpanraPH® Ne 19-75-10096.
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OPTICALCOHERENCETOMOGRAPHYOFTHESTOMY
OF THE SMALL INTESTINE USING A FIXING DEVICE

Sizov M.A., Ryabkov M.G., Bederina E.L., Peretiagin P.V.,

Bogomolova A.l1U. Kiseleva E.B.
Privolzhsky Research Medical University, Nizhny Novgorod

Abstract: the purpose of the work is to develop a device to reduce motion artifacts when obtaining
angiographic and structural OCT images and use it to conduct an OCT examination of the intestinal wall of
the enterostomy in patients.

Keywords: optical coherence tomography (OCT), optical coherence angiography, enterostomy,
microcirculation, microstructure.

Introduction. It is known that the quality of angiographic and structural images
obtained using optical coherence tomography (OCT) directly depends on the mutual
stabilization of the probe and the object under study, especially in the case of examining
moving organs, such as the intestines. In small laboratory animals (rats), extraperitonization
of the organ and light pressing of the tissues can ensure intestinal immobility with the end of
the OCT probe against a hard surface. The percentage of artefact-free angiographic and
structural OCT images obtained in this case is in the range of 94-98%, however, it is not
possible to apply this method of intestinal immobilization in clinical practice on patients. As
a result, in patients, up to 74% of angiographic and structural OCT images of the intestine
contain numerous artefacts, and 16% of them are not informative at all.

Objective: to develop a device to reduce motion artifacts when obtaining angiographic
and structural OCT images and use it to conduct an OCT examination of the intestinal wall
of the enterostomy in patients.

Materials and methods. The development of a device for temporary fixation of
intestinal tissues and the method of its use were worked out in experimental studies on
minipigs (n=10): the same sections of the small intestine were scanned without using a
vacuum device, and then using it. The sections of the intestinal wall where the fixation device
was applied were resected and sent for histological examination in order to exclude
mechanical tissue damage and blood flow disturbances. After that, the "vacuum fixator" was
applied in clinical practice in patients with ileostomy (n=5).

Results. During the experimental study, it was found that out of 100 pairs of
angiographic and structural OCT images recorded without the use of a vacuum device, 84%
of them contain a significant amount of motion artifacts (bright horizontal bands of different
thicknesses, structure distortions), which prevents the visualization of blood vessels and the
assessment of the real structures of the intestinal wall. On the contrary, when using a vacuum
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device, temporary immobility of tissues is created: in this case, a network of blood vessels is
clearly visualized, and there are no distortions in structural images. According to the results
of histological examination, no pathological changes were found in the places where the
vacuum device was used. Taking into account the safety of using the fixator, the next stage
of the work was OCT examination of the enterostomy in patients. In particular, monitoring of
the state of the intestinal wall on days 6, 8, and 13 of the postoperative period revealed changes
in both the structure and microcirculation of the ileostomy tissues: by the 13th day, edema of
the submucosal layer and partial atrophy of the villi of the mucous layer were observed in
some parts of the stoma.

Conclusion. The developed vacuum device for temporary fixation of the intestinal
wall allows atraumatic OCT scanning of intestinal tissues and minimizes the number of
artefacts in the obtained angiographic and structural OCT images. The work was carried out
with the financial support of the Russian Science Foundation grant No. 19-75-10096.

78



CTPYKTYPHO-®YHKIHIMOHAJIBHOE NCCJIEJOBAHUE
MUKPOLHUPKYJIATOPHOI'O PYCJIIA METOJAOM OKT AHITHOI'PA®UN

Cuporknna M.A. !, I'y6apskoBa E.B.!, Kucenesa E.B.!, Iliexanos A.A %

MouceeB A.A.%, CenoBa E.C.%, 3araiinosa E.B.%* T'amaonos C.B.?, 'naakosa H.JI.!
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Huorcnuit Hoseopoo
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*I'BY3 HO «Huoicezopoockuii obnacmuotl Kiunuueckutl onkonoudeckuii oucnancepy, Huocnuii Hoe2opoo
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Jlobauesckozco, HuocnutitHoszopoo

AHHOTaNUA: MYJIbTHMOAANbHAs omnrtudeckas korepeHTHas Tomorpadus (OKT) - coBpemeHHBIH
MeToA BU3yanuzanuu Oouonoruueckux tkaned. C momompio OKT-anruorpagum MOXKHO BU3yalH3HPOBAThH
pa3HyI0 apXMTEKTOHHKY COCYAMCTOM CTEHKH, KaK, HalpuMep, IPH HEOaHTHOreHe3e, HaJluunue KPOBOTOKA U
KPOBEHAIIOJIHEHUE COCYAOB.

Karouesvbie cioBa: OKT anruorpadusi, potoauHamuueckas Tepanus, HEOaHTHOTeHe3, BOCHAJICHHE,
UILIEMUS, CKIEPOTHUECKHUH JIMXEH BYJIbBBI.

Keywords: OCT angiography, photodynamic therapy, neoangiogenesis, inflammation, ischemia,
vulvar lichen sclerosus.

MyneTuMonaneHas ontudeckass korepeHtHas ToMmorpagus (OKT) - coBpemeHHBII
MeToll Bu3yanu3zauuu Ouonormdyeckux TkaHed. OKT mo3Bosser wu3yyaTh CTPYKTYDY,
(GYyHKIMOHANIBHOE COCTOSIHME, MEXaHWYEeCKWe M ONTHYECKHE CBOHCTBAa OMOTKaHEH.
Texnomorust OKT MOXeT NpUMEHATHCS B IOBCEIHEBHOM KIMHUYECKOW TNIPAKTUKE B
HEHUPOXUPYPruu, OHKOJIOTUH, a0JOMUHAIBHON XUPYPrUH, THHEKOJIOTUU U JIPYTUX 00IacTIxX
MeauuuHbl. OKT - 5T0 HeMHBa3uMBHAs BU3yaau3alus, TO3BOJISIOIAS TOJIy4aTh TPEXMEPHBIE
M300paXkeHusl MOJMOBEPXHOCTHBIX TKAHEW C MPOCTPAHCTBEHHbIM pa3pemieHueM 10-20 MM
Ha rayOuHe 1-2 MM 0Oe3 HCIONb30BaHUS KOHTPACTHBIX BEUIECTB B PEAIbHOM BPEMEHH.
[Mpunuun wmetona OKT anruorpadgum OCHOBaH Ha aHalu3e BapHallMM CIEKIOBON
kapTuHbl. OKT-anrnorpadust Bu3yanusupyer apTepuosbl, BEHYJIbl U KalWUISPhL, pa3MEPOM
oonee 17mMkm. C mnomompio OKT-anrmorpaguum MOXKHO BU3YyaJIM3UPOBATH PA3ZHYIO
APXUTEKTOHUKY COCYJIWCTOM CTEHKH, KakK, HalpuMep, IPU HEOAHTMOreHe3e, HaIN4yue
KPOBOTOKa M  KPOBEHANOJHEHHE cocynoB, oaHako Ha OKT-anruorpaduueckux
M300paKEHUSAX HEBO3MOXKHO Pa3IUYMUTh apTepUU M BEHbI, HEJIb3sl ONpeAeTUuTh UCTUHHBIN
JUaMETpP COCYJIOB, KAK U CKOPOCTh KPOBOTOKA. TeM He MeHee, NCXO0s1 U3 IPUHLINAIIA METO/A,
OKT anruorpadusi BH3yaqu3MpyeT YCHIEHHE KpPOBOTOKa B TaKUX Cily4asx Kak
HEOAHTEOTeHe3 W BOCHaleHue (THIepeMHs) M ociabiieHHe KpPOBOTOKA IPH HIIEMHH,
TpoMOo3e u cyxeHuu mnpocera cocyaoB. C momompbro OKT anruorpadum ynamnock

npeackasbiBaeT 3pGEeKTUBHOCTh (OTOAMHAMUYECKON Tepamnuu oryxosen depes3 24 gaca 1o

79



OCTaHOBKE KPOBOTOKA, OIPEIEIUTh TPAHCMYPAJIbHBIA HEKPO3 MIPU UIIEMUYECKUX IIpoLieccax
B TOHKOH kuiike. Baxkxnoe cBoiictBo OKT anrnorpaduu — BU3yan3anus COCYJIUCTON CETKH
Ha pa3HBIX TNyOWHAaX — JTOT MPUHLHUII MOXKET OBITh MCIOJNB30BAaH MPHU OIEHKE TIYOHHBI
MOPAKEHUS COCIMHUTENIBHOW TKaHU, KaK HallpuMep, MPU CKIIEPOTUYECKOM JTUXECHE BYJIbBBI.

Pabota BeImoniHeHa npu puHAHCOBOM Moanepx ke rpanta PH® 19-75-10084.
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STRUCTURAL AND FUNCTIONAL STUDY OF THE MICROCIRCULATORY
BED BY OCT ANGIOGRAPHY

Sirotkina M.A.1, Gubarkova E.V.1, Kiseleva E.B.%, Plekhanov A.A.L, Moiseev A.A 2,

Sedova E.S.3, Zagaynova E.V.}* Gamayunov S.V.3, Gladkova N.D.!

Privolzhsky Research Medical University of the Ministry of Health of Russia, Nizhny Novgorod, Russia;
ZInstitute of Applied Physics RAS, Nizhny Novgorod
®Nizhny Novgorod Regional Clinical Oncological Dispensary, Nizhny Novgorod
*N.1. Lobachevsky Nizhny Novgorod State University, Nizhny Novgorod

Abstract: multimodal optical coherence tomography (OCT) is a modern method for imaging
biological tissues. Using OCT angiography, it is possible to visualize different architectonics of the vascular
wall, such as, for example, during neoangiogenesis, the presence of blood flow and blood filling of vessels.

Keywords: OCT angiography, photodynamic therapy, neoangiogenesis, inflammation, ischemia,
vulvar lichen sclerosus.

Multimodal optical coherence tomography (OCT) is a modern method for imaging
biological tissues. OCT allows studying the structure, functional state, mechanical and optical
properties of biological tissues. OCT technology can be used in routine clinical practice in
neurosurgery, oncology, abdominal surgery, gynecology and other areas of medicine. OCT is
anon-invasive imaging that provides 3D images of subsurface tissues with a spatial resolution
of 10-20 um at a depth of 1-2 mm real-time and label-free. The principle of the OCT
angiography is based on the analysis of the variation of the speckle pattern. OCT angiography
visualizes arterioles, venules and capillaries larger than 17 microns. Using OCT angiography,
it is possible to visualize different architectonics of the vascular wall, such as, for example,
during neoangiogenesis, the presence of blood flow and blood filling of vessels, however,
arteries and veins cannot be distinguished on OCT angiographic images, it is impossible to
determine the true diameter of the vessels, as well as the blood flow velocity. However, based
on the principle of the method, OCT angiography visualizes an increase in blood flow in cases
such as neoangiogenesis and inflammation (hyperemia) and a decrease in blood flow in
ischemia, thrombosis and vasoconstriction. By means of OCT angiography, it was possible
to predict the success of photodynamic therapy of tumors after 24 hours of blood flow
interruption, to determine transmural necrosis in ischemic processes in the small intestine. An
important property of OCT angiography is the visualization of the vascular network at
different depths - this principle can be used to assess the depth of connective tissue damage,
such as in vulvar lichen sclerosus.

The work was supported by the Russian Science Foundation grant 19-75-10084.
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HNCHOJIb30BAHUE METOJIA JIABEPHOM JOIIIJIEPOBCKOMN
®JOYMETPUMU 1151 OEHKU PEAKIIUA NEPUPEPUYECKOI'O
KPOBOTOKA HA TEILJIOBYIO TIPOBY

XpomenkoBa T. A., Ckpunaas AH. B.

Capamosckuii HaUUOHANbHBIU UCCIe008AMENbCKULL 20CYOAPCMEEHHbIU YHUBEPCUMEM
umenu H.I'. Yepnviwescroco, Capamos

AHHOTaHI/Iﬂi B pa60Te 060y)KHaeTCH BO3MOKHOCTbB UCIIOJIb30BaHUS METOJa J'Ia3epH0ﬁ HOHHJ‘ICpOBCKOﬁ
(hmoymMeTpun Ui OLEHKH COCTOSHUS MEXaHHM3MOB, PETYIHPYIONMX NeprudeprdecKuii KPOBOTOK YelIOBEKa
MIpH HEUPOTEHHBIX OTKIOHEHUAX. IlpoaHanmmsmpoBaHa peaknws MepudeprUIecKol TeMOAMHAMUKH Ha
TEIIOBYIO MPOOY MPH MPOTSHKEHHOM BO3ICHCTBIH Ha OPTaHbl YeJIOBEKa.

KiaioueBble ciI0Ba: MHKPOIMPKYISALNNS KpPOBH, TeIioBas mpoba, a3epHas IOIIUIIEPOBCKAs
(hnoymeTpusi, HSHPOTCHHBIC OTKIIOHCHMSI.

Keywords: blood microcirculation, thermal test, laser Doppler flowmetry, neurogenic abnormalities.

JInsi OLIEHKHM COXPAaHHOCTH MEXAaHU3MOB PETYJSIMA OOBEMHOTO KpPOBOTOKAa B
KOHEUYHOCTSIX IIeJIECO00pa3HO HCMOIb30BaTh METOAbl (YHKIIMOHAIBHOW IUATrHOCTHKU B
mpoiiecce JiedeHus marueHta. OgHuM U3 3(P(GEKTUBHBIX METOJOB, AKTUBU3UPYIOIINX
Ba30MJIaTaLIMIO NTepU(EPUIECKUX COCYIOB, SIBIISIETCS TEIJIOBas Mpooa.

Peakuysi MUKpOLIMPKYJISTOHOTO pycia Ha TEIUIOBYIO IPOOY HCCIeA0Balach PaHee B
OCHOBHOM TIpU JIOKaJbHOM HarpeBe TMoBepxHocTH koxku [1, C.24]. Ilpu sTtom ObLIO
oOHapy>KeHO, YTO peaklus MHUKPOKPOBOTOKA Ha IOBBIIICHHWE TEMIIEPATyphl 3aBUCHUT OT
CKOpPOCTH  HarpeBa, €ro MHTEHCUBHOCTH, MAaKCHMaJbHOM BEJIMYMHBI  Harpesa.
HaGmromarommiicss ~ HEWPOTOHMYECKHH ~ MEXaHW3M  MPEAYCMaTpPUBAET  IOBBIIICHUE
HEHPOTEHHOW COCYIOPACIIMPSIONICH aKTHUBHOCTH, MPHUBOIAIICH K YBEIHMYCHHIO OOBEeMa
IIPOTEKAIOIIEN Yepe3 COCYAbl KOXKHU KPOBH.

[enpto paGoTHI IBUIIOCH UCCIIEIOBAHUE XapaKTepa TeMIIepaTypHOU Peakiiuu BEPXHUX
KOHEYHOCTEH Ha TEIUIOBYIO MPOOY MPU HAJTMYHH Y MAIIHEHTOB HEHPOTEHHBIX HAPYIIICHHIA.

B wuccnenoBanuy mpuHMMana ydacTHE TPyNIa UCHBITYeMBbIX U3 12 denmoBek 0e3
BBISIBIICHHBIX COCYAMCTBIX HapyLIEHUW, M3 KOTOPbIX 3 YeIoBeKa, C HEHPOTreHHBIMU
OTKJIOHEHUSIMU Ha (OHE CHHAPOMA COMATO(POPMHON BEreTaTUBHOM NUCHYHKIIMM HEPBHOU
CUCTEMBbI, U 4 HUCHBITYEMBIX SBISIOTCS CHOPTCMEHAMU-TIOOUTENSIMH, BO3PACT TPYIIbl—
20+1 ner.

N3mepennss MUKpPOIMPKYISIUNA TPOBOAMINCH B OOJACTH TMOAYIMIEYKH (BOJSIpHAsS
MOBEPXHOCTh) CPEJHEro Majblla PyKHU, KOTOpash Oorata BEreTaTUBHBIMU U CEHCOPHBIMU
HEPBHBIMU BOJIOKHAMU, APTEPHUOIIO-BEHYJISIPHBIMU aHACTOMO3aMHU M YaCTO UCIIONIb3YETCA IS

OLIEHKH HeWpococyaucto ¢yHkuuu. [lokazaHus MUKPOLMPKYIALUU HW3MEPSUIUCh C
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nomotnbio nopratuBHoro JIJI® ycrpoiictea "JIASMA T1®D" (Poccust). B xoae axcniepuMenTa
NpOBOAMIIACH TEIUIoBasi Mpo0a Ha BEPXHUX KOHEYHOCTsIX. HarpeB ocymiecTBisuics ¢
MOMOIIBI0 00beMa BOJIbI, B KOTOPYIO MOMeEIajach JIOKTeBas YacTb PYKH, MPH ITOM
TeMmIrepaTypa HarpeBa cocranisiia 42-45°C, narpeB npoBoauics B TeueHue 10 MUHYT.

CrnekrtpanbHbiii ananus JIJIO-rpaMM mokaszani, 4To B TPYMIE 3J0POBbIX UCIBITYEMBIX
C BO3pacTaHHeM TeMIepaTypbl HaONI0aeTCsd YBEIMYEHHE AaAMIUTUTY., COCTABIISIFOIINX
CHEKTpa, OOYCIOBIEHHBIX AKTUBHBIMU (AKTOpaMU PETYJSLUUA COCYAHCTOro TOHyca. Y
MAalUeHTOB C HEUPOTe€HHBIMU HAPYIICHUSMU HAMpPOTHB, B OTBET HA HArpeB MPOUCXOJUT
MOHUKEHUE aKTUBHBIX (PAKTOPOB PETyIISIIIUU epuepuIECKOro KpOBOTOKA.

Takum 0Opa3om, TeruioBasi Harpy3Ka MO3BOJSET AKTUBU3UPOBATh U MIPOSIBUTH PUTMBbI
coCcynucThIX KoyieOaHuii. KadecTBeHHBIN aHaMW3 AMHAMUKH TEMIEpaTyphl Ha TEIJIOBYIO
poOy AEMOHCTPUPYET PA3TUUHBIA XapaKTep peakiMy B TPYIIIE JI0JEH ¢ HAPYIICHUSIMU U B

TPYIIIE 3J0POBBIX UCIIBITYEMBIX

Jluteparypa:
Muzesa N.A., Betposa /I.B. IloBeneHue myiabcanuil KOXXHOTO KpPOBOTOKA MPHJIOKAJBHOM HAarpeBe
noBepxHocTH koxu // PXKB. 2014 T. 18, Ne 4: 513-521.
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USING THE METHOD OF LASER DOPPLER FLOWMETRY TO ASSESS
THE REACTION OF PERIPHERAL BLOOD FLOW FOR A THERMAL TEST

Khromenkova T. A., Skripal An. V.
Saratov State University named after N.G. Chernysheskij, Saratov

Abstract: the paper discusses the possibility of using the method of laser Doppler flowmetry to assess
the state of mechanisms regulating peripheral human blood flow in neurogenic abnormalities. The respond of
peripheral hemodynamics to the thermal test with prolonged exposure to human organs is analyzed.

Keywords: blood microcirculation, thermal test, laser Doppler flowmetry, neurogenic abnormalities.

To assess the safety of the mechanisms of regulation of volumetric blood flow in the
extremities, it is advisable to use functional diagnostic methods in the course of patient
treatment. One of the effective methods that activate vasodilation of peripheral vessels is a
thermal test.

The reaction of the microcirculatory bed to a thermal sample was previously studied
mainly with local heating of the skin surface [1, p.24]. At the same time, it was found that the
respond of the microcurrent to the increase in temperature depends on the heating rate, its
intensity, and the maximum heating value. The observed neurotonic mechanism provides the
increase in neurogenic vasodilating activity, leading to the increase in the volume of blood
flowing through the vessels of the skin.

The aim of the work was to study the nature of the temperature reaction of the upper
extremities to a thermal test in patients with of neurogenic disorders.

The study involved a group of 12 patients without identified vascular disorders 3, of
which were with neurogenic abnormalities on the background of somatoform autonomic
dysfunction syndrome of the nervous system, and 4 people were amateur athletes the age of.
The group was 20 + 1 years.

Microcirculation measurements were carried out in the area of the pad (volar surface)
of the middle finger, which contains a lot of autonomic and sensory nerve fibers, arteriol-
venular and astomoses and is often used to assess neurovascular function. Microcirculation
readings were measured using a portable LDF device "LAZMA PF" (Russia). During the
experiment, the thermal test was carried out on the upper extremities. Heating was carried out
using a volume of water in which the elbow part of the arm was placed, while the heating
temperature was 42-45 ° C, heating was carried out for 10 minutes.

Spectral analysis of LDF-grams showed that in a group of healthy people, with
increasing temperature, there was an increase in the amplitudes of the components of the
spectrum due to active factors regulating vascular tone. In patients with neurogenic disorders,
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on the contrary, in response to heating, there was a decrease in the active factors of peripheral
blood flow regulation.

Thus, the thermal load allows you to activate and manifest the rhythms of vascular
oscillations. A qualitative analysis of the temperature dynamics for a heat sample
demonstrates a different nature of the reaction in a group of people with disabilities and in a
group of healthy people.

References:

1. Mizeva L.A., Vetrova D.V. Behavior of pulsations of cutaneous blood flow duringlocal
heating of the skin surface // RZHB. 2014 Vol. 18, No. 4: 513-521.
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MEJNIWHCKAA BUOXUMHUA U MEJUKO-KJIMHUYECKASA
AUATHOCTHUKA

BJMSIHUE MPEMNAPATA «JTENTPATUH» HA MUTOXOH IPMAJILHBIN
METABOJIM3M ITPH TMIIEPIKCIIPECCHY MYTAHTHOI ®OPMBI BEJIKA
FUS [1-359]

Bba:xenos II.A., lonrux A.U., Bunokypos A.1O.
@I'bOY BO Opnosckuii 2ocyoapcmeaennbiil ynusepcumem umenu U.C. Typeenesa, Open

Annoramus: B paborte paccmaTpuBaeTCs TEpCIEKTHBA MPUMEHEHUs mpemapara JledTparua mpu
Pa3BUTHH TPOTEHHONATHH B PE3yJIbTaTe THUIIEPIKCIPECCHH MyTaHTHOU (opmbl Oenka FUS [1-359] mo
pe3yabTaTaM HM3MEpPEHUS] MHUTOXOHIPUAILHOTO MEMOpaHHOro moTeHnuana (Aym), a Takke H3yYCHHUs
MexaHu3Ma ero nojzaepxanus. CoriacHo pe3yspTaraM, pernapar CocoOCTBYEeT BOCCTAHOBICHUIO (DYHKLIUI
HAJIH-aeruaporeHa3HOro KOMILIEKCA ABIXaTEIbHOHN IICIM MUTOXOHAPHM, 00YCIIOBICHHOTO MPUCYTCTBUEM
MyTaHTHOTO OelKa.

KaroueBrbie ciaoBa: bokoBoit amuorpoduueckuit ckiepos, FUS, MUTOXOHIpHATBHBIA TOTEHIHAT,
Jlefitparux

Keywords: lateral amyotrophic sclerosis, FUS, mitochondrial potential, Leitragin

BbokoBoit amuorpoduueckuit ckiepo3 (BAC) — maTonoruss HEPBHOW CHCTEMBI,
XapaKTepu3yromascs rudeap0 MOTOPHBIX HEMpOoHOB. OJHUM M3 MPU3HAKOB 3a00JIEBaHUS
BBICTYIIAeT 00pa30BaHUE B IIUTOIIA3ME KIIETOK arperatoB Oenka fusedinsarcoma (FUS). Ha
JAaHHBI MOMEHT HE CylIecTBYeT 3(P(PEKTUBHOIO JIeUeHHs] JAaHHOW MATOJOTHH, YTO JesiaeT
KpalHe aKTyaJIbHOW 3a7ja4y ITOMCKA HOBBIX JIEKAPCTBEHHBIX Ipenapartos [1, c. 515].

OOBeKTOM HCCIIeZIOBAHUS SBJSUIACH MEPBUYHAS HEWPOIIIMAIbHAS KYJIbTypa, KOTOpas
ObUIa TIOJy4YeHa OT TPAHCTEHHOM JIMHUM MBIIICH, CYNEPIKCIPECCUPYIOMUX a0eppPaHTHYHIO
dbopmy uyenoBeueckoro Oenka FUS [1-359]. B kadecTBe NOTEHIIMAILHO CIOCOOHOTO
OKa3bplBaTh BIIMSHUE HA KIETOYHBIH MeTabonMu3M COEQUHEHHMS ObUl  pacCMOTpPEH
CUHTETHYECKHM aHalor Jei-dHKedannHa, KOTOPBIN SBISETCS AaKTUBHBIM BEIIECTBOM
npenapata «JIeiitparun». /[ mociaeaHero nokasaHo MoAaBICHUE CHUHTE3a U TOPMOKEHUE
NOCTYIUIEHHSI B KPOBOTOK OCHOBHBIX MPOBOCHAIUTENBHBIX MEAMATOPOB LIMUTOKHHOBOIO
mropma — |IL-6 u moswimenue obpazoBanus mutokuHoB IL-10 u VEGF, oka3swiBaromnmx
IpOTUBOBOCHANIUTENbHOE AeicTBuE [2, ¢. 90]. B xome skcnepuMeHTa HeiporivaibHble
KyJIbTypbl HHKYOMpOBaJM B TeueHHMe 24 wyacoB mocie Jo00aBieHus mpernapara,
o0ecreynBaroero KoHIeHTpaiuio aeictpyromero Bemecrsa 1| MkM u 100 HM. Onenky
Aym npoBoawiu npu nomoun terpamerwipoaamuHa (TMRM). Jlng BwiABIEHHS poiu
OTJIEIbHBIX KOMIIJIEKCOB JIBIXaTE€IbHOM L€NU B NOAJAEp)KaHMM Aym HCHOJIb30BAIN

onuroMunivH (2 Mxr/mi), poreroH (2 MkM) u CCCP (2 MmxM).
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CornacHo IaHHBIM, KJIETKA KOPbl MYTAHTOB XapaKTEPU3YIOTCSA yBeNIHMUYEeHHbIM AyM
(123,0+5,1%) (3mech u ganee 3HaueHUs: AyM BbIpa)K€HbI B TPOLIEHTAX KOPBI KOHTPOJIS) B TO
BpeMsi, KaK KJIETKH CpeIHero mMosra — cHkeHHbIM AyM (228,0+13,6%, B TO BpeMsl Kak B
KJIETKax cpeaHero mosra gaukoro tuma — 309,6£12,9% ot kopsl KoHTpouisi). Beposthas
NpUYMHA U3MEHEHUN — TUCQYHKIMS KOMIUIeKca | TbIxaTenbHOU 1enu, 4TO MOATBEPK1aeTCs
MIOYTH TIOJIHBIM OTCYTCTBHEM JEHOJSIPU3alUM KJIETOK TMpPU BHECEHUM POTEHOHA.
[IpenBapuTenbHOEe MHKYOUpOBaHUE KJIeTOK B mpucyTcTBUU 100 HM (B MeHbIel creneHu 1
MKM) CHHTETHMYECKOTO aHajora Jiel-sHKe(paJlnHa MPUBOAMUIO K HOpMalIM3aluuu (yHKUUU
MUTOXOHIPUH.

Takum 00pazoM, pH TUIEpIKCIIPpECCUU MyTaHTHOH (opmbl Oenka FUS npuMenenune
npenapata «JledTparuH» TOPUBOIUT K TOJOXKUTEIbHOMY 3(p(dexTy mocpencTsoM
HOpMaJn3auuu paboThl KOMIUIEKCa |, YTO B MEPCIEKTUBE MOKHO NMPUMEHUTH JJIs JI€UEHUs
BAC.

Pabota BeIimonHeHa npu noaaepkke rpanTa [lpaBurensctBa Poccuiickoii deneparuu
Ne Ne(075-15-2022-1095.
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THE EFFECT OF THE DRUG "LEITRAGIN" ON THE MITOCHONDRIAL
METABOLISM WITH HYPEREXPRESSION OF MUTANT FORM
OF PROTEIN FUS [1-359]

Bazhenov P.A., Dolgikh A.l., Vinokurov A.Yu.

Federal State Budgetary Educational Institution of Higher Education «Orel State University named
after LS. Turgenevy, Orel

Abstract: This work considers the prospect of the use of Leitragin in cells with the development of
proteinopathy as a result of hyperexpression of the mutant form of the protein FUS [1-359]. It is based on the
measurement of mitochondrial membrane potential (Aym) and on the study of the mechanism of its
maintenance. According to the results, this drug helps to restore the function of the NADH-dehydrogenase
complex of the mitochondria respiratory chain.

Keywords: lateral amyotrophic sclerosis, FUS, mitochondrial potential, Leitragin

Lateral amyotrophic sclerosis (LAS) is a progressive pathology of the nervous system
that is characterized by the death of motor neurons. One of the signs of the disease is the
formation of protein units of the fused in sarcoma (FUS) in the cytoplasm. At the moment,
there is no effective treatment of this pathology which makes the task of finding new drugs
extremely urgent [1, c. 515].

The object of the study was the primary neuroglial culture. It was obtained from the
transgenic line of mice that superexpress aberrant form of the human protein FUS [1-359].
Drug “Leitragin” is a synthetic analogue of lei-enhanifalin that was considered to be capable
to change cellular metabolism. According to literary sources, it can suppress synthesis, inhibit
intake of the main pro-inflammatory mediators of the cytokine storm (IL-6) and increase the
formation of cytokines IL-10 and VEGF that have an anti-inflammatory effect. During the
experiment neuroglial culture was incubated within 24 hours after adding the drug (with the
concentration of the active substance 1 um and 100 nm). Evaluation Aym was carried out
using tetramethylrodamine (TMRM). Oligomycin (2 pg/ml), rottenon (2 um) and CCCP (2
um) were used to identify the role of individual complexes of the respiratory chain in
maintaining Aym.

According to the obtained data, the cells of the mutant cortex are characterized by
increased Aym (123.0 +5.1%) (here and then the values of Aym are expressed as a percentage
of the control cortex). The cells of the midbrain showed reduced Aym (228.0 + 13, 6%, while
in the cerebral cells of a wild type - 309.6 + 12.9% of the control cortex). The most likely
cause of these changes is the dysfunction of the complex | of the respiratory chain. That is
confirmed by an almost complete absence of cell depolarization after adding of rothenone.
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Preliminary incubation of cells in the presence of 100 nm (to a lesser extent, of 1 um) of a
synthetic analogue of lei-enhanifalin leds to normalization of mitochondria function.

Thus, the use of the Leitragin drug leads to a positive effect in cells with
hyperexpression of the mutant form of protein FUS by normalizing the work of complex I,
which in the future can be used for the treatment of LAS.

The work was supported by the grant of the Government of the Russian Federation Ne.
075-15-2022-1095.
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HEKOTOPBIE BUOXUMHMNYECKHUE ITOKA3ATEJIN CTEHKHA XKXEJY KA
JIABOPATOPHBIX ’JKUBOTHBIX TP XPOHUYECKOM CTPECCE

I'aaunkas A.A., Kanesckuii M.B., Konnosa C.A.

CapamoscKuii HAaYUOHANbHBIU UCCIe008AMENbCKULL 20CYOAPCMBEHHBLU YHUBEPCUNEM
umenu H.I". Yepnviwescroco, Capamos

AHHOTaIIPISl: IIOKa3aHo, 4TO I[J'II/ITGJ'II’HI)II\/'I XUMHUYECKUI CTpeCC MPHUBOAUT K U3MCHCHUIO
6I/IOXI/IMI/I‘ICCKI/IX HOKa3aTeJIed COCTOSIHUS CTEHKH ncenyznca na6opaTopHHx JKHNBOTHBIX, CBI/I,Z[GTCJ'ILCTBYIOH_[I/IX
0 Pa3BUTHUHU ITATOJIOT'MYCCKOI'O IIpOoLecca.

K.JI]O‘leBbIe cJoBa: CTpECC, KEIYAOK, MYIIUH, JIMIIOKCUI'CHA3a, CUAaJIOBbIC KUCJIIOThI

Keywords: stress, stomach, mucin, lipoxygenase, sialic acids

CoBpemeHHas )K13Hb, 0COOEHHO B YCIIOBUSAX MEranojiuca, IpUuBOANUT K IITUTEILHOMY,
MPaKTUYECKH MMOCTOSTHHOMY BO3JICHCTBUIO HA OPraHU3M Pa3IUYHBIX CTPECCOBBIX (DAKTOPOB.
OTH BO3JEHUCTBHS HOCST MPOJODKUTENBHBIM M YacTO KOMIUIEKCHBIM xapakrtep. Ocoboe
BHUMaHUE MPUBJIEKAIOT MPOOJIEMBI, CBA3aHHBIC C HAPYIICHUSIMU JUETHI, BEI3BAHHBIC PE3KUM
BO3pacTaHMEM TeMMa >KM3HU. OTO OKa3blBa€T Ha OpraHU3M 4YeJIOBEKa HEraTHuBHOE
BO3JICUCTBUE, SIBJSSCH 3a4acTyl0 T[EPBONPUYMHON BO3HHUKHOBEHHUS IEJIOTO  psjla
3a00JIeBaHM, TOpaXKAIOIINX Pa3IMYHbIE OPTaHbl U CUCTEMBI, B IEPBYIO OYEPEb KETYJOUHO-
kumeyHbiit TpakT (OKKT).

[lenr paGoThI— BBISIBUTH M3MEHEHHWE HEKOTOPHIX OHMOXMMHUYECKHX TOKa3aTesei
COCTOSIHUSI CTEHKH JKENyJlKa JITA0OpATOPHBIX YKUBOTHBIX MPHU XPOHUYECKOM XUMHUYECKOU
MHTOKCHUKAIIMU, BBI3BAHHON COUYETAHHBIM JIECTBUEM HUTPUTA HATPUS U M-TOIYUIUHA.

UccnenoBanus mpoBOAWIM B T€YeHHE 9 MecsIeB Ha caMiax Oeibix 0ecropoaHbIX
KpbIC BecoM okoiyio 250 T, pa3neneHHBIX Ha JBe rpynmbl. KoHTponsHyto rpymmy (n=10)
coJiep>Kalii B CTAaHJAPTHBIX YCJIOBHSIX BUBAPHS CO CBOOOIHBIM JOCTYIIOM K MUIIE U Boje. Y
BTOPOU (3KCHEepUMEHTaIbHOM) rpynnbl (N=21) BBI3bIBAIM XPOHUYECKYIO HHTOKCHUKAIUIO
nyTeM J100aBlIeHUs K TUIIe M-TonyuauHa (25 Mkr/ 1 KT )KMBOTO Beca B CYTKH) B COUETaHUU
¢ pactBopoM HuTputTa HaTpus B Bojie (0,2 %) B TedueHue Bcero ombita. [locie BhIBeaeHUs
YKUBOTHBIX M3 HKCIEPUMEHTa HCCIENOBAIN COACP)KAHHE MYIIMHOB, CHAJIOBBIX KUCIOT U
AKTUBHOCTh JIUTIOKCUT€HA3BI
LOX15.ITpupaboTecK MBOTHRIMUCOOIIO AT ChIIPaBUIIAr YMAHHOT 000 PAIICHUSIBCOOTBETCTB
uucTpeOoBaHUSIMUKEeHEBCKOMKOHBEHITHH.

UccnenoBanusnokazanu, YTOXPOHUYECKOETOKCUYECKOEBO3EHCTBUETIPUBOIUTK
He3HauuTelIbHOMY (Ha 3%), HO JOCTOBEPHOMY CHM>KEHHIO COJIEPKaHMSI CUAJIOBBIX KHCIIOT B
CTEHKE JKeJlyJKa IKCIEPUMEHTAIbHBIX KUBOTHBIX. OHO COMPOBOXKIAETCS YBEIMYCHUEM UX

KOHIEHTpauuu B cMblBax Ha 15%, UTO CBUIETENBCTBYET O  pa3pyLIEHUU
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TJIMKOMTPOTENHOBCIN3UCTOMO00I0OUKMUBBICBOOOXK IEHU IO

CHAJIOBBIXKUCIIOTBIIPOCBETXKENYyIKa. YBenuueHnue aktuBHocth LOXI15 moutu na 40%
CBUJIETENILCTBYET O Hayalle BOCHAIMTENBHOTO TpOIlecca, KOTOPbIH B KOHEYHOM HTOTE
npuBoIMA K mosiBieHuto pazinuunbix natonoruii KKT u cenesenku ot arpoduueckoro
racTpura 10 KapuuHoOMbI kenyaka [1, c. 610]. OaHako npu 3TOM OTMEUYEHO YBEIWUYCHHE
KOHIIEHTpaluu MyIuHOB Oosiee yeM Ha 50% B cmbiBax UM Ha 65% — B CTEHKE XKEIyJKa.
[TonmydyeHHble pe3ynbTaTbl MOTYT CBHJIETEIHCTBOBATH O BO3MOXHOM  H3MEHEHUU

KOMITOHEHTHOI'O cocTaBa cIM3UCThIX 00004ek JXKKT kak 0 MexaHu3Me aganTalyuy U 3alUThI
[2, c. 14]
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SOME BIOCHEMICAL PARAMETERS OF THE GASTRIC WALL
OF LABORATORY ANIMALS UNDER CHRONIC STRESS

Galitskaya A.A., Kanevsky M.V., Konnova S.A.
Saratov state university, Saratov

Abstract: it has been shown that a long-term chemical stress leads to a change in the biochemical
parameters of the laboratory animals’ stomach wall state, indicating the development of a pathological process.
Keywords: stress, stomach, mucin, lipoxygenase, sialic acids

Modernlife, especiallyinametropolis, leadstoalong,
almostconstantimpactofvariousstressfactorson human body. These impacts are long-term and
often complex. Particular attention is drawn to the problems associated with dietary disorders
caused by a sharp increase in the pace of life. This has a negative impact on the human body,
being often the root cause of a number of diseases that affect various organs and systems,
primarily the gastrointestinal tract (GIT).

The purpose of the work is to reveal the change in some biochemical indicators of the
state of the stomach wall of laboratory animals in chronic chemical intoxication caused by
the combined action of sodium nitrite and m-toluidine.

Research was carried out for 9 months on male outbred rats weighing about 250 g,
divided into two groups. The control group (n=10) was kept under standard vivarium
conditions with free access to food and water. In the second (experimental) group (n=21),
chronic intoxication was caused by adding m-toluidine (25 ug/ 1 kg of live weight per day)
to food in combination with a solution of sodium nitrite in water (0.2%) during the entire
period experiment. After the animals were removed from the experiment, the content of
mucins, sialic acids, and the activity of LOX15 lipoxygenase were studied. When working
with animals, the rules of humane treatment were observed in accordance with the
requirements of the Geneva Convention.

Studies have shown that chronic toxic exposure leads to a slight (by 3%), but
significant decrease in the content of sialic acids in the stomach wall of experimental animals.
It is accompanied by an increase in their concentration in washings by 15%, which indicates
the destruction of mucosal glycoproteins and the release of sialic acids into the lumen of the
stomach. An increase in LOX15 activity by almost 40% indicates the onset of an
inflammatory process, which ultimately led to the appearance of various pathologies of the
gastrointestinal tract and spleen, from atrophic gastritis to gastric carcinoma [1, p.
610].However, at the same time, an increase in the concentration of mucins by more than 50%
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in washings and by 65% — in the stomach wall was noted. The results obtained may indicate
a possible change in the composition of the mucous membranes of the gastrointestinal tract

as a mechanism of adaptation and protection [2, p. 14].
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OCOBEHHOCTHU CYBHOIIYJISIHUOHHOI'O COCTABA JIMM®OLIUTOB Y
BOJIBHBIX PAKOM MOJIOYHOM KEJE3bl B CPABHEHUHU C
INPAKTUYECKMU 3I0POBbBIMHX TOHOPAMMA
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AHHoTauus: [IpoBeneHo cpaBHUTEIBHOE U3YUEHHUE MIOKA3aTelel UMMYHHUTETA, Psifia OMOXUMHYECKIX
Y TeMaTOJIOTHYECKUX II0Ka3aTesIel KpOBH y OOJIBHBIX C JUArHO30M PaK MOJIOYHOH XKeJle3bl, HAXOAUBIIMXCS Ha
neuenun B UY3 «Kb «PXK/[-Menununa» ropona Caparo» B nepuon ¢ 2016 mo 2022 IT. U NpakTHYECKH
37I0POBBIX JIOHOPOB. Y HCCIEAOBAaHHBIX OOJBHBIX OOHAPY)KEHBI M3MEHEHHUS B CUCTEME I'eéMaTOJOTMYECKHX,
OMOXMMHMYECKMX W HMMYHOJOTMYECKHX IOKazaTeneld. JlOCTOBEpHO CHMXKEHBI IOKa3aTelld HMMYHHUTETA:
coneprkanre CD3"- u CD4'T-nmumdonuros,CD20B-mumdonutos, ypoers UPU, IgA, a Takxke comepkanue
JeUKOIUTOB, TMM(OIMTOB U 001Iero Oenka B nepudepudeckoi KpoBH.

KuaroueBbie ci10Ba: pak MOIIOYHOM YKeJe3bl, HIMMYHHBIN CTaTyC, T-TUMGOIHTEI, CyOTIOMyISIIMOHHBIT
CoCTaB

Keywords: breast cancer, immune status, T-lymphocytes, subpopulation composition

B ctpykrype oHKoNOTHYECKO# MaToiaoruu pak MojaouHoi sxene3sl (PMIK) 3anumaer
TpPEThbe MECTO MOCJIE paka JIETKoro M paxa xenyaka [1, c. 12]. ExerogqHo um 3a0oneBaroT
OKOJIO OJIHOTO MWJIIMOHA >XKeHIIMH. B Poccum nHa nomo PMOK mpuxomutcesa 20-25% Bcex
ciydyaeB paka. Ilo JaHHBIM MHOTMX aBTOPOB 3JI0OKAUECTBEHHBbIE HOBOOOPA30BAHMS B
OONBIIMHCTBE CIy4aeB COMPOBOXAAIOTCS Pa3IMYHbBIMU HApYyLIEHUSIMU B CHCTEME
UMMYHHTETA, a IPOTUBOOITYXOJIEBOE JieueHue el Oosiee ycyryOnsieT 3TH HapyueHus [2, c.
29].

CocrossHME MMMYHHOM CHUCTEMBI SIBJISETCS OIHUM M3 (DaKTOPOB, OIpeNesSIoInX
JUHAMUKY Pa3BUTHS 3JI0KaUE€CTBEHHBIX HOBOOOpa3oBaHUM. O HaNpsXKEHHOCTU KIIETOUHOTO
UMMYHHUTETa TPUHATO CYIUTh 1O YPOBHIO T-TUMQPOUUTOB U HUX CYOMOMYNISIIHA.
Heobxonumocts ydactus T-mumM@pOIIMTOB B TPOTUBOOITYXOJIEBOM 3aIIUTE MOATBEPKIAETCS
UCCJIEJOBAHUEM OITyXOJIEACCOLIMMPOBAHHBIX AHTUIE€HOB, PEAKLMU MMMYHHOI CHUCTEMBI, B
NEPBYIO ouepeb €€ peryasiTOpHOro 3BeHa — T-kinetouHou nonymsiuud [3, c. 330].

[lenpro HACTOSAIIETO MCCIENOBaHUS SBWIOCHh M3yYE€HHME MMMYHHOIO CTaryca M psaa
OMOXMMHYECKHX U TeMaTOJIOTHYECKUX MoKa3aTeneil kpoBu y 0onbHbix PMOK B cpaBHEeHUM C
MPAKTUYECKHU 3I0POBBIMU JIOHOpaMu. Y mcciieoBaHHbIX 00abHBIX PMK (40 manueHToB) u
MPaKTUYECKU 3J0pPOBBIX JOHOPOB B KonuuecTBe 40 uyegoBeK OBUIM  OINpEeIeHBI
OMOXUMHUYECKHE TIOKA3aTelId KPOBHU U MMapaMeTphl HUMMYHUTETA. B 00eux rpymmnax narueHTKu
ObUTM WJEHTUYHBI 10 BO3PACcTy, AHAMHECTHYECKHM JAHHBIM U XapaKTePUCTHKAM

OImyxojeBoro mpomnecca.y sxkeHmuH ¢ PMJK mo cpaBHEHHIO C KOHTPOJIBHOW TpYNIION
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OoTMeUaJioch 0ojiee BBIPpAXEHHOE TMOBBIINIEHHEe OwnupyomHa (24,5+2,5 MKMOmb/1),
kpearnHuHa (75+5,0 MKMOIIB/T), akTUBHOCTH TpaHcamuHa3 — ATAT (51+£5,0 en/m), AcAT
(52£5,0 en/m). Conmepxanue obOmiero Oenka B mepudepudeckoil KpOBH, HAMPOTHUB, OBLIO
CHIDKEHO 110 57+2,5 1/11.

[Tokazarenu cogepxaHus ICHKOUUTOB U TUM(POIIUTOB B IiepuepruecKoil KpOBU ObLITU
JIOCTOBEPHO HHUXKE [0 CPAaBHEHUIO C TIOKa3aTeJsIMH B TpPYNIE 3J0POBBIX JOHOPOB.
[Tpr3TOMOTMEUANIOCECHUKEHIUEAOCOMIOTHBIX ~ 3HAYEHUM  JIGWKOIIMTOB  YOOJBHBIXIO
5,84+0,9x10%/1. KonnuecTBomMM@OIUTOBTAKKEUMETOTCH ICHITUNIOKCHIKECHUIOA0
1,39+0,4x10%/m.

[Ipn aHammM3e WMMYHOTpPAMM WCCIEAOBAHHBIX TAIMEHTOK OBUIM OTMEUEHBI HE
3HAYUTEIIbHBIC U3MEHECHHSI CO CTOPOHBI MCXOHBIX ITOKA3aTeIe BCeX 3BEHhEB MMMYHHTETA.
O6miee gncmo CD3*-ki1eTok CHMXKEHO, B cpeaHeM, a0 3HadeHuid 60+2,03%. AOCOIIOTHOE
yrciio CD4"-kiteTok 3apeructpupoBaHo Ha ypoBHe 30+3,5%. OTHOCHTENIbHBIC TTOKA3aTeH
konmndyectBa CD4"-KIeTOK TaKkke UMETH TeHICHIINIO K CHI)KEHHIO M COCTABIISUIA B CPETHEM
0,20+0,03x10%/n. Tloswimensr mudper CD25*-knerok (5,0+£0,4% mnporus 3,45+0,5% vy
JIOHOPOB). 3aperucTpUpPOBaHHBIC HHU3KUE TI0KA3aTeld WMMYHOPEAKTUBHOTO WHCYIHHA
(UPW)obycoBiensl npeBaaupoBanneM uncienHoctd CD8-kinerok Ham ypoBaem CD47-
KJICTOK.

VY 6ombpHBIX PMXX 10CTOBEpHBIX U3MEHEHHI B TYMOPaJIbHOM 3BE€HE MMMYHHUTETA HE
otMmeuanoch. OTHOCHTENbHOE U abcomoTHOe 3HaueHne CD20"-K1eTOK CHIKEHO Y OOIBHBIX
(17£0,15 1/nm). Paznuums B coxepkanuu IgM B oOeux rpynmax OOJBHBIX HE OBLIU
oOHapyXeHbl, JaHHBINA MMOKa3areab Haxoawics Ha ypoBHe 1,14+0,38 r/n. Yposens IgA Obun
noHmxeH 10 3,0+0,06 r/n y 6ompHBIX PMIK.

Takum oOpa3om, BBISBICHO, 4TO y OonbHBIX PMIK nmeroTcs m3MeHeHHus: B CUCTEME
TeMaTOJIOTUYECKUX, OMOXMMHYCCKUX M MMMYHOJIOTMUECKHMX ITOKaszareiei. VM3mMeHeHus B
MOKa3aTeNIIX UMMYHHUTETa JIOCTOBEPHBI M KacarOTCs B OCHOBHOM KJIETOYHOTO 3BEHA, HO
3aTparvBalOT M AHTUTEIO000pa30BaHME. DTH HM3MEHEHHUS CYIIECTBEHHO OTIMYAIOTCS OT
MOKa3aTelied 370pPOBBIX JOHOPOB W HMX MOXHO pAacCIEHUBaTh KAaK HWCXOJHBIC JIaHHBIC,
CBS3aHHBIC C BO3JCHCTBHEM OIyXOJW Ha opraHu3M. [logoOHas JAMArHOCTUKA MOXKET
CIIOCOOCTBOBATh JIy4IIEeMy TOHMMAHUIO 3aKOHOMEPHOCTEH B3aWMOJCWUCTBHSI OMYXONH U

UMMYHHOM CHCTEMBI OOJIBHOTO.
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FEATURES OF SUBPOPULATION COMPOSITION OF LYMPHOCYTES IN
PATIENTS WITH BREAST CANCER IN COMPARISON WITH PRACTICALLY
HEALTHY DONORS

Generalova 1.0. 12, Pavlova I.N.2, Pleshakova Ye.V.!

!Saratov State University, Saratov
2«Clinical Hospital Russian Railways-Medicine» of the city of Saratovy

Abstract: A comparative study of immunity parameters, a number of biochemical and hematological
blood parameters in patients diagnosed with breast cancer who were treated at the «Clinical Hospital Russian
Railways-Medicine» of the city of Saratov» in the period from 2016 to 2022 was carried out. and apparently
healthy donors. The studied patients showed changes in the system of hematological, biochemical and
immunological parameters. The indicators of immunity were significantly reduced: the content of CD3+- and
CD4+T-lymphocytes, CD20+B-lymphocytes, the level of IRIL, IgA, as well as the content of leukocytes,
lymphocytes and total protein in the peripheral blood.

Keywords: breast cancer, immune status, T-lymphocytes, subpopulation composition

In the structure of oncological pathology, breast cancer ranks third after lung cancer
and stomach cancer [1, p. 12]. Every year, about one million women fall ill with it. In Russia,
breast cancer accounts for 20-25% of all cancer cases. According to many authors, malignant
neoplasms in most cases are accompanied by various disorders in the immune system, and
antitumor treatment further exacerbates these disorders [2, p. 29].

The state of the immune system is one of the factors determining the dynamics of the
development of malignant neoplasms. It is customary to judge the intensity of cellular
immunity by the level of T-lymphocytes and their subpopulations. The need for the
participation of T-lymphocytes in antitumor defense is confirmed by the study of tumor-
associated antigens, the reaction of the immune system, primarily its regulatory link - T-cell
population [3, p. 330].

The aim of this study was to study the immune status and a number of biochemical and
hematological blood parameters in patients with breast cancer in comparison with healthy
donors. In the studied patients with breast cancer (40 patients) and practically healthy donors
in the amount of 40 people, biochemical blood parameters and immunity parameters were
determined. In both groups, the patients were identical in age, anamnestic data, and
characteristics of the tumor process. In women with breast cancer, compared with the control
group, there was a more pronounced increase in bilirubin (24.5+2.5 pumol/l), creatinine
(75£5.0 umol/l), transaminase activity - ATAT (5145.0 units /1), AcAT (52+5.0 units/l). The
content of total protein in the peripheral blood, on the contrary, was reduced to 57+2.5 g/I.

The levels of leukocytes and lymphocytes in the peripheral blood were significantly
lower compared to those in the group of healthy donors. At the same time, there was a
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decrease in the absolute values of leukocytes in patients up to 5.8+0.9x10%1. The number of
lymphocytes also tended to decrease to 1.39+0.4x109/1.

When analyzing the immunograms of the studied patients, there were no significant
changes in the initial indicators of all parts of the immune system. The total number of CD3+
cells is reduced, on average, to 60+£2.03%. The absolute number of CD4+ cells was registered
at the level of 30+£3.5%. Relative indicators of the number of CD4+ cells also tended to
decrease and averaged 0.20+0.03x10%L. Increased numbers of CD25+ cells (5.0+0.4% versus
3.45+0.5% in donors). The registered low levels of immunoreactive insulin (IRI) are due to
the prevalence of the number of CD8+ cells over the level of CD4+ cells.

In patients with breast cancer, there were no significant changes in the humoral link of
immunity. The relative and absolute value of CD20+ cells is reduced in patients (17+0.15
g/l). Differences in the content of IgM in both groups of patients were not found, this indicator
was at the level of 1.1+£0.38 g/l. The level of IgA was reduced to 3.0+0.06 g/l in patients with
breast cancer.

Thus, it was found that patients with breast cancer have changes in the system of
hematological, biochemical and immunological parameters. Changes in immunity parameters
are reliable and concern mainly the cellular link, but also affect antibody formation. These
changes significantly differ from those of healthy donors and can be regarded as initial data
associated with the impact of the tumor on the body. Such diagnostics can contribute to a
better understanding of the patterns of interaction between the tumor and the patient's immune
system.
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POJIb RAGE-PELHEIITOPOB B OKUCJIMTEJIBbHO-BOCCTAHOBUTEJBHOM
BAJIAHCE KJIETOK MO3T'A

Hoarux A.U., Tarynos II.A., Cepéruna E.C., Bunokypos A.IO.

DI'BOY BO «Opnosckuiti 2ocyoapcmesennvlil ynugepcumem umenu M.C. Typeenesay, Opén

AHHoTaunusi: B pabore paccmarpuBaercs BIMSHHE PEUENTOPOB KOHEYHBIX IMPOTYKTOB
riukupoBanus 6enkoB (RAGE-penenTopoB) Ha MpoAayKIuio akTUBHBEIX (popMm kucinopoaa (ADK) u
COJIepKaHNEe BOCCTAHOBIIGHHOTO TJIyTaTHOHA B KJIETKaX roJOBHOrO Mo3ra. CorjacHO MoJy4eHHBIM
pe3ysbTataM, JaHHbBIC PEIeTITOPhl MOTYT OKa3bIBaTh BIMSHUEC HAa U3MEHECHUE ITapaMeTPOB PEIOKC-
OanaHca, XapaKTepHOTO JUIsl MHOTUX HEHpOJIereHepaTUBHBIX 3a00JICBaHHIA.

KiroueBbie cioBa: RAGE-penenTop, akTuBHBIC (POPMBI KHUCIOpOIa, BOCCTAHOBJICHHBIN
TJIyTaTHOH

Keywords: RAGE, ROS, reducedglutathione

OKHCIUTENIbHO-BOCCTAHOBUTENBHBIM ~ OaaHc  — BOKHEUIINN  IIapamerp,
XapaKTepU3YIOIUN BHYTPUKIETOUHBIA TOMEOCTa3 U ONPEEIIEMbIii COOTHOLLIEHUEM MEXKITY
obpaszoBanueM u Hertpanuzamnueit ADK. ['uneprnpoaykuus nmociaeaHUX SBISIETCS OJHUM U3
CIYCKOBBIX MEXaHM3MOB Pa3BUTHUS TAKUX MPAKTHUECKH HEU3JIEUYMMBIX 3a00JI€BaHUM, Kak
Oone3snu AunbureiiMepa, I[lapkuHcoHa, ['€eHTHHITOHA, paccesHHBIN CKJIepo3, OOKOBOM
amuoTrpopuueckuii ckiaepo3 u aAp. [l, c. 36]. Ananu3 auTepaTyphl MOKa3bIBAET, 4YTO
3HAUUTENbHYIO POJib B ATOM CBsA3M MOryT urpate RAGE-penentopsi [2, c. 6496], moaTtomy
JIETaIbHOE MCCIICIOBAHUE MEXAHM3MA WX BIWSHMS HAa KJIETKM MO3ra IO3BOJUT CHAENATh
HOBBIN I1IAr B IONUCKE IyTEW JICYEHUSI YKA3aHHBIX MaTOJOTHM.

O6bexkTOM DKCIIEPUMEHTAIBHOTO UCCIeI0BaHus ABJISIIACH nepBUYHAs
HeWpornuaibHas KynabTypa 1-3 mHeBHbIX Kpbic nuHuu Wistar. {nsi usMepeHus CKOpOCTH
npoaykimu A®K ucnoms3zoBanu dihydroetidium (HEt) (5 mxM). B mensx pasaenenus
CUTHaJa acTPOIMTOB U HEUPOHOB B Xxoie 3kcrepuMeHta BHOcwiI AT® (100 MxM) u
rryramar (10 MxM) cooTBeTcTBeHHO. I3mepeHuwe cofepkaHus aHTUOKCHIAHTa
(BOCCTAHOBJICHHOTO TJIyTaTHOHA) MPOBOAWIM ¢ momoinkio monochlorbimane (MCB) (50
MKM). JI71s o1ieHKu BO3MOKHOM akTuBaruu npoaykiuu ADK ucnonas3oBanu 7 ¢pparMeHTOB
RAGE-penenTopa (10 MkM) (NeNe 1-7) [2].

CornacHO TMOJIyYEHHBIM JIaHHBIM, YBEJIMYEHHE CKOpocTH oOpazoBanuss ADK B
acTpoLMTaX NMPOUCXOAnI0 o BiusgHuem nentuoB NeNe 1,4 u 7 (121,5%, 116,7 u 120,3%
cooTBeTcTBEHHO) (32 100% mpolueHTOB mpuHATa MX 0a30Bas CKOPOCTh OOpa3oBaHUs), B
HelipoHax — nentusioB NeNe 2. 3.4, 6 u 7 (182,4%, 190,6%, 118,8%, 105,2% u 121,1%

COOTBCTCTBGHHO). HpI/I 9TOM COJACPKAaHUC BOCCTAHOBJICHHOTO TJIYTATHOHA B KJIICTKaX B
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MPUCYTCTBUU HCCIICIOBAHHBIX TENTUI0B OKa3aaoch CHKeHHBIM (93,8%, 37,6%, 73,6%,
82,4%, 38,6%, 35,6%, 48,6% B ciy4ae menTUI0B 1-7 COOTBETCTBEHHO).

Taxkum o6pazom, RAGE-peunentopsr ydacTByroT peryisiuu mnpoayknuun ADK B
rOJIOBHOM MO3T€, OKa3bIBasi BIMSAHUE Ha oOecrieueHue BHYTPUKIETOYHOTO peloKkc-0anaHca,
YTO MOKET OOBSCHUTH POJIb TaHHBIX PEIIENITOPOB B PA3BUTHH Psijia MAaTOJIOTHH.

Pabota BeITIONTHEHA TpH MoepkKe rpadTa [IpaBurenscTBa Poccuiickoit deneparuu
Ne()75-15-2022-1095.

Jluteparypa:

1. KpaemoB A. A. OKHCIUTEIBHO-BOCCTAHOBHUTEIBHBIN OalaHC HEHPOHOB: B3aMMOICHCTBHE
MUTOXOHIpUi 1 nuTockenera / Kpasos A. A. // WorldScience. Problems and Innovations. — 2016. — Nel0.
- C. 35-37.

2. Kamynina A. Activation of RAGE leads to the release of glutamate from astrocytes and
stimulates calcium signal in neurons/ A. Kamynina, N. Esteras, D.O. Koroev, P.R. Angelova, O.M. Volpina,
A.Y. Abramov // Journal of Cellular Physiology. — 2021. — Vol. 236. — Ne. 9. — P. 6496-6506.
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THE ROLE OF RAGE IN THE REDOX BALANCE OF BRAIN CELLS

Dolgikh A.l., Tagunov P.A., Seryogina E.S., Vinokurov A.Yu.

Federal State Budgetary Educational Institution of Higher Education «Orel State University
named after |.S. Turgenevy, Orel

Abstract: This work considers the effect of receptors for glycation end products (RAGE) on the
production of reactive oxygen species (ROS) and reduced glutathione content in brain cells. According to the
obtained results, these receptors can influence changes in the parameters of redox balance characteristic of
many neurodegenerative diseases.

Keywords: RAGE, ROS, reduced glutathione

Redox balance is the most important parameter characterizing intracellular
homeostasis and is determined by the ratio between the formation and neutralization of ROS.
Hyperproduction of the last one is one of the trigger mechanisms for the development of such
virtually incurable diseases as Alzheimer's, Parkinson's and Huntington's diseases, multiple
sclerosis, amyotrophic lateral sclerosis, etc. [1, p. 36]. Analysis of the literature shows that
RAGE may play a significant role in this connection [2, p. 6496], so a detailed study of their
mechanism of effect on brain cells will make it possible to take a new step in finding ways to
treat the above pathologies.

The subject of the experimental study was the primary neuroglial culture of 1-3 day-
old Wistar rats. Dihydroetidium (HEt) (5 uM) was used to measure the rate of ROS
production. ATP (100 uM) and glutamate (10 uM) were added during the experiment to
separate astrocyte and neuronal signals, respectively. The antioxidant (reduced glutathione)
content was measured using monochlorbimane (MCB) (50 uM). Seven RAGE fragments (10
uM) (NeNe 1-7) were used to evaluate the possible activation of ROS production [2].

According to the data obtained, the increase of ROS formation rate in astrocytes was
determined by peptides NeNe 1, 4 and 7 (121.5%, 116.7 and 120.3%, respectively) (their basic
formation rate was considered as 100%), and in neurons by peptides NeNe 2. 3, 4, 6 and 7
(182.4%, 190.6%, 118.8%, 105.2% and 121.1% respectively). At the same time, the reduced
glutathione content in cells in the presence of the studied peptides was reduced (93.8%,
37.6%, 73.6%, 82.4%, 38.6%, 35.6%, 48.6% in the presence of peptides NoNe 1-7
respectively).

Thus, RAGE is involved in the regulation of ROS production in both astrocytes and
neurons of the brain. It influences the provision of intracellular redox balance which may
explain the role of these receptors in the development of a number of pathologies.

This work was supported by the Grant Ne. 075-15-2022-1095 of the Government of
the Russian Federation.
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WCCJEJOBAHUE IIMTOTOKCUYECKOM AKTUBHOCTH HOBBIX
COEJUHEHUM PAJA 2-AMUHOXPOMEH-3-KAPEOHUTPUJIOB

Hukyaun A.B. !, Kyauesa B.P. !, Bypoirun I'.JI. 12, Kpusenbko A.IL !

Y'@IBOY BO «Capamosckuii nayuonanshulil ucciedosamensckuii 20cyoapemeenuulii yuugepcumem um. H.T
Yepuviuwesckoeor, Capamos
2UBE®PM PAH, Capamos

AnHotamus: Ilpn wccienoBaHNM MUTOTOKCHYHOCTH IO OTHONICHHWIO K KieTouHoW nuHUM Hela
meTogoM MTT-recTa aas HOBBIX COCAMHEHHUH psiia XpPOMEH-3-KapOOHUTPHUIIOB BBISBICHA 3aBUCHMOCTh MX
aKTHUBHOCTU OT MPHUPO/IbI 3aMEIIAIOIINX TPYIII.

KiroueBble ¢j10Ba: XpOMEHKapOOHUTPHIIBI, IUTOTOKCHYECKas akTUBHOCTh, MTT-Tect, KiaeTouHas
nunus Hela.

Keywords: chromenecarbonitriles, cytotoxic activity, MTT-test, HeLa cell line.

CoenuHeHwus psiia 2-aMHHOXPOMEH-3-KapOOHUTpIIIa 00JIaaf0T IIMPOKUM CIIEKTPOM
OMOJIOrMYECKOW aKTHMBHOCTH, B TOM YHCII€ W IIUTOTOKCHUYECKOH, UTO MpeAoIpeaeseT
IIOCTAHOBKY HCCJIEIOBAaHUN IO CHUHTE3y HOBBIX COEAMHEHHMH A3TOro psia U H3YYEHHIO
3aBUCUMOCTH  «CTPYKTypa-cBocTBO». Hamm ocymiecTBieH CHHTE3 MpenapaTuBHO
JOCTYITHBIX, HOBBIX MPEACTaBUTENICH 2-aMUHO-TeTparuapo-4H-xpomeH-3-kapOOHUTPHUIIOB,
paznuyaromMxcs Npupogo 3aMemaromux rpynn. llocneanue BblaeneHsl B BHUIE
WHIUBHyaabHOTO BeriecTBa (1) wiu cMeceld peruon3oMepoB (2ab-5ab).

OneHka IUTOTOKCUYECKON aKTUBHOCTH IOJYYEHHBIX BEIECTB MpPOBEJEHAa HaMu C
ucnonb3oBanueM MTT-tecta mo oTHoueHuto K kietouHoit iuHun Hela. CyTte meToauku
3aKJII0YAaeTCs Ha CIOCOOHOCTH METabOIMYeCKH aKTUBHBIX KIETOK BOCCTAHABIMBATH
HUTPOTETPA30JIEBbII CUHUI (3KenTasi pacTBOPUMAsl COJb) 10 (PUOJETOBBIX HEPACTBOPUMBIX
KpUCTAJJIOB  (pOpMa3zaHa, YTO TMO3BOJSET KOJIOPUMETPUUYECKUM METOJOM CPaBHUTh
JIBIXaTeIbHYI0 aKTUBHOCTH KJIETOK 70 (KOHTpoas [JMCO) u nocsie BBeJACHUSI TECTUPYEMOTO
coenuHeHus. B kadecTBe npenapara cpaBHEHUs BbIOpaH «JloKcOpyOUIIMHY, MOAABISIOIIUN
50% nprxatenbHOM akTUBHOCTHU KIIeTOK (1Cs0) ipu 9 MKr/mit.

Haubonee OMM3KUMH 1O aKTUBHOCTH K Ipenapary CpaBHEHUSI CPEIU HCIIBITAaHHBIX
XPOMEHKapOOHUTPUIIOB OKAa3aJHCh COCTUHEHUS, COAEpKaIine O-HUTPO(EeHWILHBIN (2ab),
dbenunbabie (1) 1 n-HUTpOeHUIBHBIN (3a,p) 3amecTutenu (3HadeHus 1Csp cocraBmmm 11.5,
150 u 17.0 Mxr/mun coorBeTcTBeHHO) (cM. puc). JlanpHeiimee pa3BUTHE HAIIETO
UCCJICIOBAHUS 3aKITFOYAIOTCS B Pa3/ICIICHHH U30MEPHBIX cMecel (2ab-Dab) MOTYICHHBIX 2-
aMUHOXPOMEH-3-KapOOHUTPUIIOB, U U3YyYEHUH IUTOTOKCHYECKOW aKTUBHOCTH BBIICTICHHBIX

MU30MEPOB.
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2a,b
3a,b
4a,b

5a,b
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- — —ECS50

KowTpons

AbIXaTensHan aKTUBHOCTL KAETOK, %

22,

2b-5b

C, MKr/mn

R =Ph: R' = Ph (1), 3-NO, CgH, (2,.1). 4-NO, CH, (3,.0). 3-Py (4,.1)
R =3-NO, CgH, : R' = 4-MeO C¢H, (5,

Pucynok1 — JlpixarenpHas akTUBHOCTB KYJIBTYpHI KiieTok Hela B 3aBucMMOCTH
OT KOHIEHTpAINH coemnHeHUH 1, 2, p-5ap.
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SYNTHESIS AND INVESTIGATION OF CYTOTOXIC ACTIVITY OF NEW
COMPOUNDS OF A SERIES OF 2-AMINOCHROMENE-3-CARBONITRILES

Nikulin A.V.%, Kulieva V.R.}, Burygin G.L.1?, Krivenko A.P.!

!Saratov State University,Saratov
2IBPPM RAS, Saratov, Russia

Abstract: When studying the cytotoxic activity of new compounds of a number of chromen-3-
carbonitriles by means of an MTT test with respect to the HeLa cell line, the dependence of their activity on
the nature of the replacement groups was revealed.

Keywords: chromenecarbonitriles, cytotoxic activity, MTT-test, HeLa cell line.

Compounds of the 2-aminochromene-3-carbonitrile series have a wide range of
biological activity, including cytotoxic, which determines the formulation of studies on the
synthesis of new compounds of this series and the study of the structure-property relationship.
We have synthesized preparatively available and new representatives of 2-amino-tetrahydro-
4H-chromene-3-carbonitriles differing in the nature of substituent groups and isolated as an
individual substance (1) or mixtures of isomers (2a,b-5ay).

The cytotoxic activity of the obtained substances was evaluated by us using the MTT
test in relation to the HelLa cell line. The essence of the technique is based on the ability of
metabolically active cells to restore nitrotetrazole blue (yellow soluble salt) to violet insoluble
formazane crystals, which allows colorimetric method to compare the respiratory activity of
cells before (DMSO control) and after the introduction of the tested compound. Doxorubicin,
which 50% of suppresses the respiratory activity (ICso) of cancer cells at 9 ug/ml, was selected
as a comparison drug.

The compounds containing o-nitrophenyl (2a), phenyl (1) and p-nitrophenyl (3a)
substituents (ICso values were 11.5, 15.0, and 17.0 ug/ml, respectively) were the closest in
activity to the comparison drug among the tested chromenecarbonitriles (see fig.). Further
development of our research consists in the separation of isomeric mixtures (2a,0-5a,b) of the
obtained 2-aminochromene-3-carbonitriles, and the study of the cytotoxic activity of the
isolated isomers.

104



HowTpons

AbiXaTensHan akTHBHOCTL KNeToK, %

22,

2b-5b

C, mkr/mn

R =Ph : R' = Ph (1), 3-NO, CgH, (24.0). 4-NO, CeHy Ba). 3-Py (4o
R =3-NO, CcH, : R' =4-MeO C¢H, (5,.1)

Figure 1. - Respiratory activity of HeLa cell culture depending on the concentration
of compounds 1, 24p-5ap.

105



MOJIEKYJISSPHBIATIPO®NJILMAPKEPOB®HEPO3A
MPUXPOHUYECKOIJOKCOPYBULIUH-
UHAYLIUPOBAHHONKAPINOMHONATUMBIKCIEPUMEHTE

Hoabsuena E.1O., llImakosa T.B., Jannabuyxk M.C., Auapeesa JI./1.,

Ononuenko A.B., Toponosa S1.T'.

Hayuonanvuwiii meouyuncruii ucciedosamenvckuii yenmp umenu B. A. Anmazosa, Cankm-Ilemepbype

AnHoTaunus: B pabote ucciemyercst MOICKYIIPHBIN TPo(HIIb MapKepoB HrOpo3a MpH XPOHUIECKOM
ILOKCOpy6I/lHI/IH'HHﬂyHHpOBaHHOﬁ KapaAnOMHOIIaTUuM. Pe3yanaTb1 IIO3BOJIMJIM OLCHUTH 3aBUCHUMOCTD
BBIPOKEHHOCTH OJKCIIPECCHH MapkepoB (UOpo3a OT YpOBHS KapJAHOTOKCHYHOCTH TPH MPUMEHEHUH
Pa3INYHBIX 103 TOKOCPYOHUIIHHA.

KuaroueBble c10Ba: TOKCOPYOHUIIMH, KapAMOMHOIIATHS, MapKepbl prOpo3a

JlokcopyOUIIMH ~ sABIsE€TCS  OJAHMM M3  Hambolee YacTo  MCIOJIb3yEeMBIX
UTOCTaTUYECKUX MPENaparoB M3 AHTUOMOTHKOB aHTPAIMKIMHOBOIO psiia, KOTOPBIU
NPUMEHSIIOT JJIs JIEUEHUs: OOLIMPHOIO CIEKTpa OMyXoJeBbIX 3a0oseBanuil. JlokcopyOunnx
XapaKTepu3yeTcsl J0303aBUCUMOIN KapAHMOTOKCUYHOCTBHIO, BBIpAXKAIOIIEHCS B OTCPOUEHHOM
NEpPUOJE XUMHUOTEPANIEBTUYECKOTO JIEYeHHUs] B BUJE (PUOPO3HBIX M3MEHEHUM MHOKapja
JEBOro JKeilyAaoyka M (OPMHUPOBAHUEM OTAAJECHHOW JAMACTONMYECKOM JUCHYHKIIHH,
IPUBOAAIIEH K Pa3BUTHIO XPOHUYECKOM CEPIEYHOM HEIOCTATOYHOCTH. B mmrepatype
HIMPOKO OOCYXXJIaeTCs BOBJIEYEHHOCTh B pa3BUTHE (UOPO3HBIX HM3MEHEHMH MHOKapja
Tpanchopmupyromiero ¢akropa pocra-f (TGF-B), dakropa pocra ¢pudpodnacroB (FGF),
suporennna (ED)-1 wu ux BiusHue Ha skcrnpeccuro reHoB koywtaredna COL tuma I, 11 u 1lI,
obcyxnaercss BKian (aktopa Hekpo3a omyxonu (TNF-o) u anmbda-raagKoMBIIIEYHOTO
aktrHa (0-SMA), poibs MaTpukcHBIX MeTaiuionporenHas (MMP) u ux uaruourtopos (TIMP).
OpnHako Ha CErofHSAIIHMM JeHb He C()OPMUPOBAHO OJHO3ZHAYHOI'O MPEJICTABIEHUS O
MOJIEKYJISIPHBIX Mapkepax (uOpo3a M UX CUTHAJIBHBIX MYTAX, YUYACTBYIOLIUX B IMpoleccax
dbopmupoBaHus (UOPO3HON TKaHM TNMPU PA3BUTUU XPOHMUECKHX CEPJIEYHO-COCYIUCTHIX
NaTOJIOTUM TOCNie MPOXOXKIEHUS XHUMHOTEpanuu C [PUMEHEHUEM pa3iHyYHbIX 03
JIOKCOPYOHUIIUHA.

[enpto paboThI ABISIOCH UCCIEA0BATh MOJIEKYISIPHBIN poduiis MapkepoB hudposa
IPU XPOHUYECKON TOKCOPYOUITMH-UHIYIIUPOBAHHON KapIMOMHOIIATUH Y KpbIC cToKa Wistar.

B uccnenoBanuu Obutn Mcmonb3oBanbl 40 kpeic camiioB croka Wistar Becom 260 + 19
Ip, CoIepKallfecs B BUBapuu OapbepHOrO THUIA B CTaHAAPTHBIX YCIOBUAX. JKHBOTHBIE
CllydaifHBIM 00pa3oM OBLIH pa3/eieHbl Ha IPyNNbl: KOHTPob (¢ BBeaeHueM 0,9% xmopuaa
Harpus), DOX-15 (15 mr/kr), DOX-10 (10 mr/kr) u DOX-5 (5 mr/kr). [Ipenaparsl BBOIWIN

BHYTPUOPIOIIMHHO 6 pa3 ¢ HMHTEpPBAJIOM B JBOE CyTOK. HaOmioneHuwe 3a cCOCTOSHHEM
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’KMBOTHBIX MOCJE JOCTH)KEHUSI KyMYJSTUBHOM J103bl cocTaBiisio 2 mecsina. Ha momeHt
OKOHYAHUS UCCJIEIOBAHUS B YCIOBUSIX MHTAIAIIMOHHOTO HapKo3a (M30(]ItopaH) ¢ MOMOIIbIO
pactBopa KCl coBepiianu ocTaHOBKY cep/ilia, ociie YeTro MpOor3BOIMIN ero 3a00p. Opranbl
dukcupoBanmu B 10% HelTpasibHOM 3a0ydepeHHOM (dopManuHe W TOCTe CTaHIApTHOMN
THCTOJIOTUYECKONW TMPOBOJKHU H3TOTABIMBAIM CpPE3bl TOJMIMIMHONW 4 MKM, OKpalluBall HX
reMaTOKCUIIMHOM M 303MHOM, a Takke no Mamiopu. Cymmapuyto PHK Beigensnu u3 TkaHu
BEPXYIIIKH cepra ¢ moMoIsio pactBopa ExtractRNA™ i nabopa CleanRNA Standard™ Kit
(BAO Esporen, Poccus) B COOTBETCTBHHM C MNPOTOKOJOM TmpousBogutens. OOpaTHYIO
TPAHCKPHUIILMIO U MTOCIEAYIOIYI0 KonuyecTBeHHYIO [I1[P B peanbHOM BpeMeHHU NPOBOAWIN
¢ wucronp3oBanueM Habopa OneTube RT-PCR SYBR™ Kit (3AO Esporen, Poccus).
OTHOCHTENBHYIO DKCIPECCHIO T€HOB PACCYMTHIBAIM MeTomoM 2 ACt g popmanu3oBamm 1o
OTHOIIIEHUIO K TeHaM «fomarrHero xossiictBay: GAPDH, a-tubulin, B-actin u TBP. Bce
pacyeTsl MPOBOAWINUCH C TOMOIIBIO mporpammHoro obecreuenus GraphPad Prism 8
(GraphPad Software, Inc., San Diego, CA, 170 USA) nns OC Windows 10 (Microsoft Inc.,
CILIA). [Ins olleHKH TOCTOBEPHOCTH Pa3iNuuil MEXIy ABYMS M Oosiee HeCONpsKEHHBIMU
COBOKYITHOCTSIMU NpUMeHsIcs kputepuid Kpackena-Yonnuca. [l cTaTHCTUYECKOTO aHaIN3a
naHHbix RT-qPCR wmcnons3zoBamu one-way ANOVA ¢ mocienyromuM anoCTEpHOPHBIM
TecToM ThiokH. CTaTHCTUYECKH 3HAYMMBIMH CUYUTAIIN PA3IHUUs MPH YPOBHE 3HAUUMOCTHU P
<0,05.

Yepez 2 mecsina mociie OKOHYAHUS BBEACHMS BBICOKMX J03 JOKCOPYOMIMHA Y
#uBOTHBIX Tpynn DOX-15 u DOX-10 o cpaBHEHHIO ¢ KOHTPOJIBHOM IPYIIO 0TMEYanoch
JIOCTOBEPHOE yBEJIMYCHUE TMPOIEHTa TKaHHW, 3amenieHHoi kosuareHom (DOX-15 -
11.42[9.920; 13.61]; DOX-10 - 7.77[4.35; 10.84]; DOX-5 - 5.42[4.568; 6.408]; KOHTPOJIb -
3.23[2.465; 3.620], p< 0,001 o cpaBHeHutO ¢ KoHTpoJieM). [Tociie uCoab30BaHMs BCEX 103
JIOKCOpyOulinHa ypoBeHb dkcrpeccuu | GF-B He oTnuuancs OoT KOHTPOJIBHBIX 3HAYCHHI.
OpnHako Ha JAHHOM JTare MCCIENOBAaHUS COXPAaHEHHAs TMOBBIIICHHAS AKCIPECCUS TaKUX
MOJIEKYJISIPHBIX MapkepoB (ubpo3a, kak komtarena |, Il tuna, ET-1, FGF4 u TNF-a, Obuia
XapakTepHa JJisi KyMYJISATUBHON J03bl 15 MI/Kr, 4TO MOXKET OTpa)KaTh HE3aBEpPIICHHOCTH
nporiecca (opmupoBanus ¢Guobpo3Hoit TkaHu. st mo3er 10 mr/kr cmycts 2 Mecsia
Ha0JII01a10Ch OTCYTCTBHE U3MEHEHUI MO CPABHEHUIO C KOHTPOJbHOW IPYIION, TOT/1a KaK Yy
TPYIIIBI )KUBOTHBIX C MUHIMAJIBHON KyMYJISITUBHOM /10301 IIpernapaTta BhISBUIIOCH CHIDKEHUE
skcpeccun COLI, Il tuna, ET-1, TNF-a u yBenuuenue yposust FGF4.

Takum oOpa3om, OblIa BBISIBICHA MpsMas 3aBHCHUMOCTh MOJEKYJISPHOTO TPOQHs
MapkepoB (ubpo3a oOT 703 MOKCOPYOMIIMHA B YCIOBHUSIX Pa3BUTHS XPOHUUYECKOU

KapaAUOTOKCUYIHOCTH.
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METABOJUYECKHUI UMUTKUHT HA(®)H KAK DOPEKTUBHBIII
UHCTPYMEHT JIJ151 OEHKH OTBETA KJIETOK I'JIMOMBI
HA XUMUOTEPATIIUIOINVITRO

Cauxosa JI.A.12, IO:xkaxoBa JI.B.%, Ipyxkosa U.H.2, Mo:xkepos A. M.?,
Ilecaasckuii B.W.%, Ilupmanosa M.B.%, lmmun K.C.?

'Hayuonanonwiii uccneoosamenscrkuti Husicezopodckuii 2ocyoapcmeennsiii ynusepcumem um. H. 1.
Jlobauesckozo (HHI'Y), Huoicnuii Hoseopoo, Poccus
2@I'BOY BO «IIpusoncckuii ucciedosamenuckuii 2ocyoapemeennsiii ynueepcumemy Munzopasa Poccuu,
Huorcnuii Hoseopoo, Poccus

AnnoTanus: Pazpaboran opurnHaabHbBIN MPOTOKOJIOLEHKH OTBETA KIETOK TIIMOMBI, BBIICICHHBIX U3
OITyXOJIeH TMAaIMeHTOB, HA XUMHUOTEpAuio TeMomaIoM ¢ MOMOIIBI0 BpeMs-pa3pelIeHHON (IryopeciieHTHON
mukpockoruu (FLIM). YcraHoBieHO, 4TO M3MCHEHHS MapaMEeTPOB BPEMEHH KHM3HH aBTO(IIyOPECICHIIUH
Mmetabonmueckoro kogpepmenta HAJ[(D@)H oTpakaloT YyBCTBUTENBHOCTh TJIMANBHBIX KJIETOK K
XUMUOTEPAITUH.

KuaroueBsble ciioBa: xumuorepanus, TauomMa,FLIM, mepBudHas kieTodHast KynbTypa.

Keywords: chemotherapy, glioma, FLIM, primary cell culture.

BBenenne. KiroueBoii mpobGrmemoit B 0opbOe ¢ TIIMOMOM SBISETCS HU3Kas
3p(EeKTUBHOCTh  CTAHAAPTHBIX CXEM XHMMHOTEPANHUH, KOTOpble HE  YYUTHIBAIOT
UHAVBUAYAJIbHBIX OCOOCHHOCTEM OMyXOoJu ManueHTta. llepcreKTUBHBIM HalpaBlIEHUEM B
pelIeHn AaHHOM MpoOJieMbl SBIsETCS pa3paboTKa MEePCOHAIM3UPOBAHHOIO MOJXO0Ja Ha
OCHOBE HCITOJIb30BaHUS MallMEHT-CIeIU(PUUECKUX KIETOUHBIX MOJENIEH U OLIEHKH paHHEro
OTBETa Ha XMMHUOTEPAIIHIO C MIOMOILIbI0 HHHOBAIIMOHHOTO MeTO0/1a (DITyOPECIIEHTHOT'O BpeMsi-
pazpemienHoro umupkuHra  (FLIM)merabonunueckux kogpepmentoB. Merton FLIM
OTJIMYAeTCsl OT CTAaHJAAPTHBIX METOJIOB TEM, YTO HE TpeOyeT MCHOJb30BAHUS KpACUTENEH,
JECTPYKLMHU KJIETOK U TKaHEH, MO3BOJISET MOTy4aTh JaHHbIE B PEKUME PEAIbHOIO BPEMEHH.

ean padoTsl. PazpaboraTs moaxo A OIEHKH YyBCTBUTEILHOCTH KJIETOK TITHOMBI
nanueHTa B KpaTKOCPOYHOU KJIETOUHOM KyJNbType Ha XMMUOTepaIuio npenaparoM Temoman
¢ nomotibto FLIM merabonuueckoro kopepmenta HAJI(D)H.

Martepuaiasl u Metoiabl. lVccienoBanus NpOBOAMIM Ha KYJIbTypax KIETOK,
NOJIYYE€HHBIX U3II0CIIEO0NEPALIMOHHOIO MaTeEpHaa NalMeHTOB C IMarH030M INIMOMa BBICOKOM
CTENEHM 3JI0Ka4e€CTBEHHOCTU. KpaTKkocpouHble KylIbTYphl MONYYalIH MYyTEM MEXaHU4ECKOU
Je3arperaid M KYJIbTHBHPOBAHHUA MEIKHUX (parMeHTOB OIMYyXOJIU. XHUMHOTEPAIHUIO
npoBomwin  npenapatoM  Temonan(OrionPharma,  ®uunangus).  Busyamusamuio
aBTO(bIyopecueHIM ~ MeTaboIMYecKoro  KoepMeHTa  HUKOTHHAMUIAWHYKICOTHIA
(pocara) HAJI(D)H ocymiecTBismm ¢ moMomibio kKoHpoKaapHOro Mukpockorna LSM 880

(Carl Zeiss, I'epmanus) ¢ FLIM npucrtaBkoif Ha OCHOBE BpPEMS-KOPPEITUPOBAHHOTO CUeTa
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oquHouHbIX potoHOB TCSPC (Becker & Hickl, I'epmanus) (Bo30yxaenue 375 HM, pueM
435 — 485 um).

Pesyabratel. Co3nana OuOIMOTEKa KPATKOCPOUYHBIXKIETOYHBIX KYJIBTYp U3 TJIMOM
nanueHToB. Pa3paboTan opurMHaiIbHBIA MPOTOKOJ OIICHKM PAHHETO OTBETa TJIMOMBI Ha
XUMHOTEPANHIo, BKIIOYAIONIMI B ce0si ONTUMU3UPOBAHHBIC YCJIOBHUS SKCTPAKIUU U
KYJIbTUBUPOBAHUS TTHAIBHBIX KYJIbTYpP, SKCIIEPUMEHTAIBHO MOI00paHHbIE 103bI IIpenapara
JU1s Bo3aericTBus unapameTpsl Busyanusanun HAJI(®)H metomom FLIM.

[TokazaHO CTATHCTUYECKH 3HAYUMOE YBEIMUYCHUE OTHOCUTEIIPHOTO BKJIAJIa CBSI3aHHON
c 6enxom opmel HAJI(D)H a2%B onyxoneBbIx KieTkax nmocie uHkyoamnuu ¢ Temoaanom B
TEYCHHE 724, YTO KOPPEIUPYET CO CHIKEHUEM JKU3HECTIOCOOHOCTH TTOCIIE BO3JIEHCTBUS TIO
nanHbiM MTT-tecta.IlogoOHbIE H3MEHEHUAMOTYT OBITh ACCOLIMMPOBAHBIC METAOOTMYECKUM
CIABUTOM B CTOPOHY OKHUCIIHTEIHLHOTO ocHOoprmImpoBaHUs M CHIDKEHUEM TIPOTH(PEPATUBHON
AKTUBHOCTH OITYXOJICBBIX KIIETOK.

BoeiBoabl. UM3menenusi Bpemenu xku3HM HAJI(®)H cmocoGHBI  oTpaxkath
YyBCTBUTEJIBHOCTh TJHMANbHBIX KJIETOK K XumuoTepanuu. Mertabonnueckuit FLIM-
UMUDKHHT B TIEPCIICKTHBE  MOXET  CIYXHTh  WHCTPYMEHTOM Ui Toj0opa
MEPCOHATU3UPOBAHHON TEPAITHH.

PabomasvinonrnenanpugpunancosoiinoooepickeepanmaPH®  (npoexm Ne  21-75-

00098).
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METABOLIC IMAGING OF NAD(P)H AS AN EFFECTIVE TOOL
FOR ASSESSING THE RESPONSE OF GLIOMA CELLS
TO CHEMOTHERAPY IN VITRO

Sachkova D.A.12, Yuzhakova D.V.?, Druzhkova I.N.2, Mozherov A.M.?, Shcheslavskiy

V.1.2, Shirmanova M.V.2, Yashin K.S.2

!National Research Lobachevsky State University of Nizhny Novgorod (UNN), Nizhny Novgorod
’Federal State Budgetary Educational Institution of Higher Education «Privolzhsky Research Medical
University» of the Ministry of Health of the Russian Federation, Nizhny Novgorod

Abstract: An original protocol for evaluating the response of glioma cells isolated from patients'
tumors to Temodal chemotherapy using time-resolved fluorescence microscopy (FLIM) has been developed.
It was found that changes in the autofluorescence lifetime parameters of the metabolic coenzyme NAD(P)H
reflect the sensitivity of glial cells to chemotherapy.

Keywords: chemotherapy, glioma, FLIM, primary cell culture.

Introduction. The key problem in the fight against glioma is the low efficiency of
standard chemotherapy regimens that do not take into account the individual characteristics
of the patient's tumor. A promising direction in solving this problem is the development of a
personalized approach based on the use of patient-specific cell models and the assessment of
an early response to chemotherapy using an innovative method of fluorescence time-resolved
imaging (FLIM) of metabolic coenzymes. The FLIM method differs from standard methods
in that it does not require the use of dyes, destruction of cells and tissues, and allows obtaining
data in real time.

Objective. To develop an approach to assess the sensitivity of a patient's glioma cells
in short-term cell culture to chemotherapy with Temodal using FLIM of the metabolic
coenzyme NAD(P)H.

Materials and methods. The studies were carried out on cell cultures obtained from
postoperative material of patients diagnosed with high-grade glioma. Short-term cultures
were obtained by mechanical disaggregation and cultivation of small tumor fragments.
Chemotherapy was performed with Temodal (OrionPharma, Finland). Visualization of
autofluorescence of the metabolic coenzyme nicotinamide dinucleotide (phosphate)
NAD(P)H was performed using an LSM 880 confocal microscope (Carl Zeiss, Germany)
with a FLIM attachment based on the time-correlated count of single photons TCSPC (Becker
& Hickl, Germany) (excitation 375 nm, registration 435 - 485 nm).

Results. A library of short-term cell cultures from glioma patients has been created.
An original protocol for assessing the early response of glioma to chemotherapy has been
developed, which includes optimized conditions for extraction and cultivation of glial
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cultures, experimentally selected doses of the drug for exposure, and NAD(P)H visualization
parameters using the FLIM method.

A statistically significant increase in the relative contribution of the protein-bound
form of NAD(P)H a2% in tumor cells after incubation with Temodal for 72 h was shown,
which correlates with a decrease in viability after exposure according to the MTT test. Such
changes may be associated with a metabolic shift towards oxidative phosphorylation and a
decrease in the proliferative activity of tumor cells.

Conclusions. Changes in NAD(P)H lifetime can reflect the sensitivity of glial cells to
chemotherapy. Metabolic FLIM-imaging in the future can serve as a tool for the selection of
personalized therapy. This work was supported by the Russian Science Foundation (project
no. 21-75-00098).
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OIIEHKA METABOJIMYECKHWX U3MEHEHUM B KJIETKAX
KOJOPEKTAJIbHOI'O PAKA C PA3SHBIMU JIPAUBEPHBIMUA MYTAILIUAMHU
ITPHU BJIMAHUUN NETKYCUMABA

Cmupnosa C.A.l, Komaposa A.J1., Moxepos A.M.?,
Illupmanosa M.B.%, Jipy:xkkosa U.H.?

'\®drB5OY BO «Hayuonanvuwiii uccredosamenvcekuii HuswcezopoOockuil 20Cy0apcmeenbiil yHUGepCUumen um.
H.U. Jlobauescroeoy, Huscnuii Hoezopoo
2@I'BOY BO «IIpusonicckuil ucciedo8amenekuti MeOUYUHCKUL YHUBEPCUMEm»
Munzopasa Poccuu, Huxcnuii Hoszopoo

Annoramus: B pabote onenuBaercs BiusHue uHruoOmtopa EGFR Ha knetouynple nTuHUH C
Pa3sIMIYHbBIMU ﬂpaﬁBCpHBIMH MyTalluAMH IIYTEM HCCICIOBAHUA MeTa6OHI/I‘-ICCKI/IX H3MEHEHHH B KJETKax
MeTOI0M (hITyOpEeCIIEeHTHON MUKPOCKOIINY ¢ BpeMeHHBIM paspemieHneM (FLIM). Ha ocHoBannm momy4eHHBIX
JaHHBIX CHCJIaHbl BBIBOJBLI O BJIIMAHWU IIp€riapaTa Ha pPAa3IWYHBbIC KICTOYHBLIC JIMHHUU B 3aBUCHUMOCTHU OT
MMEIOIINXCS MyTALMM.

KuaroueBsble ciioBa: nerykcuma0, komopektaibHbril pak, KRAS, BRAF, FLIM

Keywords: cetuximab, colorectal cancer, KRAS, BRAF, FLIM

Beegenne. UyBCTBUTENBHOCTh OIYXOJIEBBIX KIETOK K JIEKAPCTBEHHON Tepanuu
orpenessieTcs MHOTUMHU (PaKTOpaMHM, B YaCTHOCTH, HATMYUEM TeX WJIM UHBIX MyTauui. J{ius
KOJIOPEKTAIIBHOTO PAKa OCHOBHBIMU JIPAaBEPHBIMM MYTALUSAMM SBISIOTCS MYTAallUd T€HOB
KRAS u BRAF, npoayuupyromux OCHOBHBIM YYaCTHHUKOB MpOJH(EpaTUBHOIO Kackaaa
RAS-MAPK. Kpome Toro, Myranus B rene KRAS akTuBHpyeT MHIYKIUIO TTMKOIN3a U
YYBCTBUTEJIbHOCTh K MHTMOMpPOBaHUIO IHMKoiu3a. A myrtauusa B reHe BRAF aktuBupyer
a’pOOHBIN TITMKOJIN3, HO B OTJIMYUHU OT MEPBOM MyTaluu, crioco0cTBys otaeneHnto mTOR ot
neperadn CUTHAJIOB AM®-akTuBHpyeMON IIPOTEUHKUHA3E, peryaupyromein
sHepreTuueckuii merabonusm. Myrtauun B reHe KRAS accoumupoBaHbl € OTCYTCTBUEM
apdextuBHOCTH Tepanuu uHruoutopamu EGFR, onnako mo moBogy BRAF myranum B
JUTEpaType HET OJJHO3HAYHBIX JIaHHBIX.

Heas pa6orbl. OneHUTh META0OMWYECKHE W3MEHEHHUS B KJIETKaX C OCHOBHBIMU
JpaiiBepHbBIMU MYTallMAMH TpU BIMSHUM Tnpenapara llerykcumal myTeM uccieloBaHUS
MeTa00JINYEeCKNX U3MEeHEeHNH ¢ momoIbio FLIM.

MarepuaJjnbl 1 MeTOAbI. VccnenoBannue NpoBOIMIOCh Ha KIIETKaX KOJOPEKTAJIbHOTO
paka uenoseka CaCo-2(KRASwt, BRAFwt), HT-29 (KRASwt, BRAFV%E) y HCT-116
(KRASC3D | BRAFWt). Tlposenenne ucclaenoBaHuli ObUIO Ha JIA3€PHOM CKaHUPYIOIIEM
mukpockornie LSM 880 (Carl Zeiss, I'epmanus). Ouenka meTaOoiIMyecKONd aKTHUBHOCTHU
IPOBOAMIIACH Kaxble 24 yaca c MOMEHTa MHKYOAIlM1 ONBITHBIX KJeToK ¢ LleTykcumabom 10

72 yacoB HaOmrogeHus. Bpemena xu3nu ouenuBanu B nporpamme SPClmage. Jlannbie
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obpabaTeIBaIKCh Mpu nomoitu nporpaMmmaoro ooecnedeHuss STATISTICA.Jonrocpounyto
BBDKMBAEMOCTh OIIEHUBAJIM 10 KOJIOHHEOOpa3yrollel akTUBHOCTH KIETOK. OImyxJieBble
KceHorpad Tl ObLTH CHOPMHUPOBAHKI Y MbIiIcH auaur Nude.

PesyabTatsl. [Ipu ananmnze o6pa3oBaHus KOJIOHUHM ObLIO BIsSIBIEHO, 4TO JTuHUS CaCo-
2 uarunobupyetcs Llerykcumadom, a muaun HT-29 u HCT-116 o6nagaroT pe3suCTEHTHOCTHIO.
C nomo1pio GIIyopecleHTHON MUKPOCKOIMH C BPEMEHHBIM pa3pellieHueM ObLIO OLIEHEHO
Biusinue lleTykcumaba Ha MeTaboNM3M KIETOYHBIX JIMHUK. Y KJIeTok JuHuu Caco-2 mnpu
BO3JICHCTBUU IETyKCUMaba HaOIIOJaINCh CTATHCTHUYECKH 3HAYMMOE CHIDKEHUE CPEIHETrO
BpeMeHH ku3Hu tm u Bkinaaa ceodognoro HAJI(®)H (al), 4To roBOpUT O CABUTE B CTOPOHY
OKCWIIHTENHHOTO (hochoprmpoBanus k 72 yacam HaOmoaenus. Y nuauit HT-29 u HCT-116
TaKMX W3MEHEHUW He Ha0moJanoch. Takke ObUIO MOKa3aHO, YTO MYyTaIlUH KRASC13Dy
BRAFVSEpmmsaror Ha KIETOUHBIH MeTa0OoNM3M, IOBBIMIAS AKTUBHOCTh TIIMKONH3a U
WHTUOUPYS BKJIAJ OKUCIUTENHHOTO (OChHOPIINPOBAHHUS.

3akiarouenne. bputo BhisiBIeHO BiusHME llerykcumaba Ha JIMHUM  KJIETOK
KOJIOPEKTATBHOTO pakKa C pa3HbIMH JApaliBEpHBIMH MYTallUsIMH. Takke OBUIO ITOKa3aHO
pa3auure KIETOYHOTO METa0OoJu3Ma KIETOK JTUKOTO THUIAa M KJIETOK C JpailBepHBIMU
MYTaIHASIMH.

PabGoTta BpImonHEHA B pamMKaxX TOCYyAapCTBEHHOTO 3adaHusi MwunzapaBa PO (per.
HomepAAAA-A20-120022590098-0).
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ASSESSMENT OF METABOLIC CHANGES IN COLORECTAL CANCER CELLS
WITH DIFFERENT DRIVER MUTATIONS UNDER
THE INFLUENCE OF CETUXIMAB

Smirnova S.A.L, Komarova A.D.2, Mozherov A.M 2,

Shirmanova M.V.2, Druzhkova I.N.2

!Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod
*Privolzhsky Research Medical University, Nizhny Novgorod

Abstract: The study evaluates the effect of an EGFR inhibitor on cell lines with various driver
mutations by studying metabolic changes in cells using time-resolved fluorescence microscopy (FLIM). Based
on the data obtained, conclusions were drawn about the effect of the drug on various cell lines, depending on
the available mutations.

Keywords: cetuximab, colorectal cancer, KRAS, BRAF, FLIM

Introduction. The sensitivity of tumor cells to drug therapy is determined by many
factors, in particular, the presence of certain mutations. For colorectal cancer, the main driver
mutations are mutations of the KRAS and BRAF genes that produce the main participants in
the proliferative RAS-MAPK cascade. In addition, a mutation in the KRAS gene activates
glycolysis induction and sensitivity to glycolysis inhibition. A mutation in the BRAF gene
activates aerobic glycolysis, but unlike the first mutation, contributing to the separation of
mTOR from the signaling of AMP-activated protein kinase, which regulates energy
metabolism. Mutations in the KRAS gene are associated with the lack of efficacy of EGFR
inhibitor therapy, however, there is no unambiguous data in the literature on BRAF mutation.

The purpose of the work. To evaluate metabolic changes in cells with major driver
mutations under the influence of the drug Cetuximab by studying metabolic changes using
FLIM.

Materials and methods. The study was conducted on human colorectal cancer cells
CaCo-2(KRASwt, BRAFwt), HT-29 (KRASwt, BRAFV600E) and HCT-116 (KRASG13D,
BRAFwt). The research was carried out on a laser scanning microscope LSM 880 (Carl Zeiss,
Germany). The assessment of metabolic activity was carried out every 24 hours from the
moment of incubation of experimental cells with Cetuximab to 72 hours of observation.
Lifetimes were evaluated in the SPClmage program. The data was processed using the
STATISTICA software. Long-term survival was assessed by the colony-forming activity of
cells. Tumor xenografts were formed in Nude mice.

Results. When analyzing the formation of colonies, it was revealed that the CACO?2
line is inhibited by Cetuximab, and the HT-29 and HCT-116 lines are resistant. The effect of
Cetuximab on cell line metabolism was evaluated using time-resolved fluorescence
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microscopy. In Caco-2 cells exposed to cetuximab, a statistically significant decrease in the
average tm lifetime and the contribution of free NAD(P)H was observed (al), which indicates
a shift towards oxidative phosphorylation by 72 hours of observation. No such changes were
observed in the HT-29 and HCT-116 lines. It has also been shown that KRASG13D and
BRAFV600E mutations affect cellular metabolism by increasing glycolysis activity and
inhibiting the contribution of oxidative phosphorylation.

Conclusion. The effect of Cetuximab on colorectal cancer cell lines with different
driver mutations was revealed. The difference between the cellular metabolism of wild-type
cells and cells with driver mutations was also shown.

The work was carried out within the framework of the state task of the Ministry of
Health of the Russian Federation (reg. NumberAAAAA20-120022590098-0).
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CIIEHUDPUKA PABOTHBI C AIIITAPATOM «PET'THCTPATOP
TPOMBOJNHAMUKN»

Cysoposa B.M., I1asiosa U.H.

Krunuueckasn 6onvnuya « PXK-Meouyuna» copooa Capamos

AnHotamus: KoMiiekc xapakTepucTrk ammapara «Peructparop TpoMOOAMHAMUKI eNaeT padoTy
C HUM AOCTAaTOYHO yﬂO6HOI71 JJIA CrieuaJIucTa KHHHHKO-HH&FHOCTHQGCKOﬁ Ha60paTOpI/II/I, 4YTO MUHUMH3UPYET
IMOJIYy4YCHHUE OIIMOOYHBIX PE3YIbTATOB TECTA TpOM60,Z[I/IHaMI/IKa. O,I[HaKO IIPOU3BOJUTCIIBHOCTE alIapara
HCBBICOKA, 4 aHann3a B Jac, 4TO B ClIy4dac YBCJIMYCHUA KOJIMYECTBA I/ICCJ'ICI[OBaHI/Iﬁ MOXXCT BBI3BATh
HeO6XOI[I/IMOCTI> HpI/IO6peTeHI/I$I MCHHHHHCKOP'I OpFaHI/ISBLII/Iefl JOIMMOJHUTCIIbHBIX aIlliapaToB.

KuoueBble cjioBa: TecT TpoMOOIMHAMHIKA, ammmapaT «PerucrtpaTop TpoMOOIHHAMUKI

Key words: thrombodynamics test, device "Recorder of thrombodynamics”

Tect TpoMOoaMHAMHUKa O0JaJaeT PSAIOM IMPEUMYIIECTB MO CPABHEHHUIO C APYTUMHU
TeCTaMH, OINpPEICIAIOUMMHI TapaMeTPbl CBEPTHIBAEMOCTU KPOBHU, MOITOMY B MOCIIEIHEE
BpeMs B HAy4YHOH cpeJlie ITUPOKO 00CYKIaeTcss HeOOXOIWMOCTh YBEIIMUEHHUS KOJIWYECTBA
HCCIIeIOBaHUM 1O TaHHOMY TecTy[ 1-4], 4TOCTaBUT BOMPOC O TEXHUYECKUX BO3MOKHOCTSIX U
yno0cTBe paboOThl CIEHMHAIMCTOB C  JTAOOpAaTOPHOM JTMarHOCTUYECKOW  CHCTEMOM
«Peructparop TpoMOOAMHAMUKH», IPOU3BOJCTBOM KOTOPOH 3aHMMACTCS POCCHMCKAsS
kommnanus «I'emaKop» [5].

Tect Tpombonuaamuka B UY3 «Kb «PXKJ[-Meaumunay . CapaToBy» BBITOJHIETCS C
ceHTs0pss 2016 T., Bcero OBLIO OCYIIECTBICHO OKOJIO BOCBMH TBHICSY HMCCIICIOBAaHUH, B
cpeHeM B MecsIl BblnoJiHsgeTcs nopsiaka 70-80 uccnenoBanuii [4].

Cucrema  «Peructpatrop  TpoMOOIWHAMHKK»  00JagaeT  IMOJOKUTEITbHBIMU
CBOMCTBaMHU, MO3BOJIIONIUMHU CHEIIUATUCTY JIETKO aanTUPOBaThCs K padoTe ¢ HUM. Cpenu
HUX MOXXHO OTMETHUTH JOCTaTOYHO MOHITHBIM UHTEep(DEC, OTpakeHUE X0/a UCCIICIOBAHUS B
peXUMEe pealbHOTO0 BPEMEHM, BO3MOXKHOCTh COXpaHEeHHUs Bujeodaiiyia u/uiul OTACIbHBIX
KaJIpoB pocTa GUOPUHOBOTO CTYCTKA, Pa3TUYHbIC HACTPOUKH, B TOM YUCIIE ISl TPOBEACHUS
Hay4HbIX HccienoBanuii. [IporpamMmmHoe oOecrniedeHHE TMO3BOJISIET aBTOMATHYECKHU
chopMupoBaTh OTYET, BKIIOUAIOIINKA B Ce0S KaK YUCJICHHBIC 3HAYCHUS MMapaMeTPOB TECTa,
JMana3oHbl HOPM, BpPEMEHHOW TpaduK H3MEHEHHUS MapaMeTpPOB TECTa, TaK U CHUMKH
pacTyIIero CrycTKa B OIpPEACTICHHbIE MOMEHTHI BpeMeHH. [Ipu 3TOM, eclii MOCTaHOBKOM
TeCTa MOXKET 3aHUMAThCS JJAOOPAHT, TO OMUCHIBATH PE3YJILTAT MOXKET TOJIBKO Bpay KIMHUKO-
JTUAarHOCTHYECKON maboparopuu. B  1iemom, pe3ynbTaThl HUCCICAOBAaHUN  SIBISIOTCS
HaTJISITHBIMUA U TIOHATHBIMU MPAKTUKYIOIIUM Bpadam.

[Ipu sTOM ammapaT uMeeT 3aMEeTHbIC OTPAHWYEHUS, CBSI3aHHBIC MPEKJE BCETO C €0

IMPOU3BOJUTCIBbHOCTBIO. Ha amnmnapaTte MOXXHO CTaBUTb MaKCHMYM 4 tecta B gac, XO0Td I10
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¢dakTy, ¢ yueToM BceX HEOOXOAUMbIX MAaHUITYJISIIIMI TaKOW MOKa3aTeNb TPYAHOJ0CTHKUM. K
ToMy e pabota c ammaparoM TpeOyeT OIpeAeseHHON MOArOTOBUTENBHONW paboThI,
BKJIIOUAIOIIEH TOJIy4eHHE EeHTPUGYTUPOBAaHUEM TaK Ha3bIBaeMoO# OelHO# TpoMOoUUTaMu
TU1a3MBbl U3 00pasiia KPOBH MAlMEHTa, YTO TaKkKe 3aHUMaeT nopsiaka 30 MUHYT.

Takum o6pazom, mpu AOCTATOYHOM YAOOCTBE paboThl ¢ cucteMoi «Peructparop
TPOMOOJUHAMUKIY, BaXXHOM OCOOEHHOCTHIO SIBJISIETCSI HEBBICOKAs MPOU3BOJIUTEIHHOCTD
ammapara, 4YTo B YCJIOBHMSX pOCTa KOJMYECTBA HCCIEAOBAHMM B MHOTONPOQHUIbHON
KJIMHUYECKOW OONBHUIIE MOXKET MOTPeOOBaTh yBEJIWYEHUE KOJIMYECTBA O0OpPYIOBaHUS H,

BO3MO>KHO, COTPYAHUKOB, 3aJICHICTBOBAaHHBIX B pab0OTE C HUMH.
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CPABHUTEJIbHBINA AHAJIN3 BA3KOCTHBIX N3MEHEHUI
MEMBPAH OITYXOJIEBBIX KJIETOK ITPU JEMCTBUM
S-®TOPYPALIUJIA U OKCAJIMIIVIATUHA

XasiaoBa A.J, lllumoauna JLE., [Ipy:xkosa U.H., UrnaTtosa H.H.,
Kynmosa M.K., llupmanoa M.B.

Ipusondicckutl uccredogamenvckull meouyunckuil ynugepcumem, Huowcnuti Hoe2opoo

AHHOTaIIPlﬂ: H3MEHEHHE BI3KOCTHBIX CBONCTB MeM6paH OITYXOJICBBIX KJICTOK IIPH TCPAIICBTUICCKOM
BO3,I[€I>'ICTBI/II/I MOJKET CITY>KHUTD ITOJIE3HBIM MHAUKATOPOM 00 OTBeTE KJIETKN Ha JICUECHHUE. O,Z[HB.KO CBA3b MCXKIY
MI/IKpOBSI3KOCTI>IOMeM6paHLI B OTBETC Ha XUMHUOTCpAIIUIO U J'ICKapCTBeHHOﬁ YCTOP'I‘IHBOCTLIO a0
CETOMHAIIHETO THS Oblla Mano m3ydeHa. Ha ceromusmmuil jAeHbp HambOoliee YyBCTBHTEIBHBIM METOIOM
n3Meperns Mukposskoctu sBisercs FLIM-mmkpockonust (FluorescencelLifetimelmagingMicroscopy) ¢
npUMeHeHUueM (ITyOpeCeHTHBIX MOJIEKYIISIPHBIX POTOPOB.

KaoueBbie  ciaoBa:  S-¢propypanmi, — OKCANWIUIATHH,  XUMHOTEpAIus,  MHKpPOBSI3KOCTE,
[UTOIIa3MaTHYeCKask MeMOpaHa

Keywords: 5-fluorouracil, oxaliplatin, chemotherapy, microviscosity, cytoplasmic membrane

Matepuajbl H METOABI: KYJIbTYpPbI KIIETOK KOJOPEKTAIBHOTO paka yenoBeka HT29 u
HCT116, a taxxe ux pesuctentHoie aHanoru(37°C, 5% CO2, 80% BIaXXHOCTB).
XuMmuoTtepanus npoBoaunack S-gropypammioM (5-OV) B nozax 4 MxM ang HCT116 u 8
MKM st HT29(1C50), n okcamummiatuaom B 1o3e 2MKM it HCT116(1C50). U3mepenue
BA3KOCTH OCYIIECTBISUIOCH C TOMOIIBI0O MOJIEKYISIPHOTO  (hIIyOPECIEHTHOTO poTopa
BODIPY2 B nmose 4.5 mxM. M3o0pakeHuss OBUIM TOJYYCHBI C ITOMOIIBIO JIa3€pPHOTO
ckanupywomoro Mukpockona LSM 880 (CarlZeiss, Germany) c wmoaynem FLIM
(Becker&Hickl, Germany), niuHa BostHbI Bo30yxaenus 850 uwm, peructparus 500-550 Hwm.
MOHHUTOPHUHT BSI3KOCTHBIX U3MEHEHUHN TpoBOAMICA 10 U B TeueHue 10 muH, 1, 3, 6 u 24 9
uHkyOammu. OOpaboTka pe3yibTaToB ocymiecTBisiack B mporpamme  SPCimage
(Becker&Hickl, Germany).

Pe3yabTaThl: ObUIO MOKa3aHO, YTO JIMHAMHKA BSI3KOCTHBIX M3MeHeHuid y HCT116 u
HT29mpu neiictBun 5-OYV cxoka: HAOMIOAAETCA CTATUCTUYECKH 3HAYMMOE YBEITHMYCHHE
MUKPOBSI3KOCTH MeMOpaH B CPaBHEHHUU C KOHTPOJIbHBIMU 3HAUCHUSAMH K 14 MHKyOanuu y
HCT116 (693+105 clIIvs526+67 cll) u x 3u y HT29 (746461 cllvs 565+112 cIl). K 24 4
MHKYOAIK C TpernapaToM 3HAYEeHUs BSI3KOCTH ObUTH CPaBHUMBI C KOHTPOJIBHBIMU - 479+69
clly HCT116 u 574+41clly HT29.Ilpu unky6armmu knetokHCT116c¢ okcanummatiuaoMm K 1 9
UHKYOAIy C IMpernapaToM 3Hau€HHs] MUKPOBSI3KOCTH cocTaBmin 366+63cllvs 437+77 cll
(xouTponb). Yepes 24 4 nukybanuu 3aukcupoBano noseimeHue 10 593+139clIl.

Pesucrentapie muauum HCT116 u HT29 Takke wunkyOupoBamuck ¢ 5-OY u
OKCAIMIJIATUHOM.  BBUIO  TMOKa3aHO, YTO W3HAYAIBHO MHUKPOBSI3KOCTH MeMOpaH

PE3UCTCHTHBIX KIICTOK ObL1a CpaBHUMa C MUKPOBA3ZKOCTBHOKOHTPOJIBHBIX KJIIECTOK TOT'O 7K€
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naccaxka. Y HCT116 na BceM npoTsKEHUH BO3ACHCTBUS Kak 5S-DY, Tak ¥ OKcaJuIUIaTHHA
BSI3KOCTh HE M3MeHsu1ach U coctaBmia ~514 cll u~450 cIl cooTBeTCTBEHHO. Y pe3UCTEHTHOM
muann HT29 wuukybGamms ¢ 5-OY Takke He BIMsJIa Ha BSA3KOCTh MEMOpaH, 3HAaUYCHHE
coctasuiio ~570 cll.

3ak/louenne: TakuM 00pa3oM, ObUI TPOBEAEH CpPaBHUTEIBHBIA  aHAIU3
JTUHAMUYECKUX U3MEHEHUN MUKPOBSI3KOCTH MEMOpaH MpHu ACHCTBUM XUMUOIpPENapaToB S-
@Y U OKCANWIJIATUH HA YYBCTBUTEIbHBIE M PE3UCTEHTHBIE KIIETOYHBIE JMHUU. Dblan
3aperuCTPUPOBAHBI 3HAUUTEIILHBIE U3MEHEHUS MUKPOBSI3KOCTH MEMOPaH Y 4yBCTBUTEIBHBIX
KJIETOK, B TO BPEMS KaK MUKPOBSI3KOCTh PE3UCTEHTHBIX OCTABAJIACh HEU3MEHHOM.

Pabora BrimonHeHa npu ¢purancoBoii noaaepxkke PH®, mpoext Ne 20-14-00111.
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ANALYSIS OF VISCOSITYCHANGES IN MEMBRANES OF TUMOR CELL
UNDER THE ACTION OF 5-FLUOROURACIL AND OXALIPLATIN

Khlynova A.E., Shimolina L.E., Druzhkova I.N., Ignatova N.I.,

Kuimova M.K., Shirmanova M.V.
Volga Research Medical University, Nizhny Novgorod

Abstract: Changes in the viscosity properties of tumor cell membranes during chemotherapy can use
as a indicator of the tumor cell's response to treatment. However, the relationship between the membrane
microviscosity and response to chemotherapy and drug resistance has been little studied. Today, the most
promise method of measuring microviscosity is FLIM microscopy (Fluorescence Lifetime Imaging
Microscopy) with fluorescent molecular rotors.

Keywords: 5-fluorouracil, oxaliplatin, chemotherapy, microviscosity, cytoplasmic membrane

Materials and methods: human colorectal cancer cell cultures HT29 and HCT116, as
well as their resistant analogues (37°C, 5% CO., 80% humidity). Chemotherapy was
performed with 5-fluorouracil (5-FU) at doses of 4 uM for HCT116 and 8 pM for HT29
(IC50), and oxaliplatin at a dose of 2 pM for HCT116 (IC50). Viscosity was measured by
BODIPY?2, dose - 4.5 uM. The images were obtained using an LSM 880 laser scanning
microscope (Carl Zeiss, Germany) with a FLIM module (Becker&Hickl, Germany),
excitation wavelength 850 nm, registration 500-550 nm. Monitoring of viscosity changes was
carried out before and during 10 min, 1, 3, 6 and 24 h of incubation. The results were analyzed
in the SPCImage program (Becker&Hickl, Germany).

Results: it was shown that the dynamics of viscosity changes in HCT116 and HT29
under the action of 5-FU is similar: there is a statistically significant increase in the
microviscosity of membranes compared with the control values by 1h of incubation in
HCT116 (693£105 cP vs 52667 cP) and by 3h in HT29 (746+61 cP vs 565112 cP). By 24
hours of incubation with the drug, the viscosity values were comparable with the control ones
- 479+ 69 cP in HCT116 and 574 +41 cP inHT29 cells. When HCT116 cells were incubated
with oxaliplatin by 1 h, the microviscosity values decrease slightly, the values were 366+63
cP vs 437+77 cP (control). After 24 hours of incubation, an increase in membrane
microviscosity to 593 + 139 cP was recorded.

Resistant HCT116 and HT29 lines were also incubated with 5-FU and oxaliplatin. It
was shown that initially the microviscosity of resistant cell membranes was comparable to the
microviscosity of control cells of the same passage. In HCT116, the viscosity did not change
throughout the exposure to both 5-FU and oxaliplatin, and amounted to ~514 cP and ~450 cP,
respectively. In the resistant HT29 cells, incubation with 5-FU also did not affect the viscosity
of the membranes, the value was ~570 cP.
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Conclusion: to sum up, a comparative analysis of dynamic changes in the
microviscosity of membranes under the action of chemotherapy drugs 5-FU and oxaliplatin
on sensitive and resistant cell lines was carried out. Significant changes in the microviscosity
of membranes were recorded in sensitive cells, while the microviscosity of resistant cells
remained unchanged.

The work was carried out with the financial support of the RSF, project No. 20-14-
00111.
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U3MEHEHUE AKTUBHOCTH JAKTATAETMIPOTEHA3DI
MOJ JAEVICTBUEM HAHOMOPOIIIKA IUHKA B YCJOBHUSX INVITRO

Yecopckux FO.C.%, Mensiiao E.H. 2

Y\@IrFOY BO Capamosckuii TMY um. B.H. Pazymoeckozo Munzopasa P®, Capamos
2Capamosckuti HayUOHATLHBLIL UCCICO0BAMENbCKULL 20CYOAPCIEEHHbLI YHUSEPCUEm
umenu H.I'. Yepnviwescxkozo, Capamos

AHHOTaIUA: B paGore wuccrmenoBaHbl  W3MEHEHUS  aKTUBHOCTH  (pepmeHTa
JAaKTaTAETUAPOTCHA3bl K CKOPOCTh KaTaIM3UPYEMOM €F0 PeaKkiel B yCIOBUX INVILrOmo BIUsHUEM
HAHOIIOPOIIKa NIWHKAa B Pas3IMYHbIX KOHICHTpALUAX. yCTaHOBHGHO, 4TO BCC HCCICAYCMBLIC
KOHLCHTPAMKX HAHOIIOPOIIIKA ABJIAIOTCA I/IHFI/I6I/ITOpaMI/I JJAKTaTACTUAPOTCHA3bI.

KuroueBble ciioBa: HaHOITIOPOHIOK, HNHK, AKTUBHOCTb (bepMeHTOB, JJaKTaTACTUAPOIrcHa3a

Keywords: nanopowder, zinc, enzyme activity, lactate dehydrogenase

Hcnonp30BaHMe HAHOYACTHII M HAHONOPOIIKOB B  MEIMIMHE  OTKPBIBAET
NPUHUUIIAATIBHO HOBBIE BO3MOXXHOCTH B TEpamuu: OT BOIPOCOB aJPECHON JOCTABKH
JIEKApCTB JI0 OCYLIECTBIICHHS TEPANMH JIEKAPCTBEHHBIMU CPEACTBAMH B CBEPHU3KHUX J03aX.

Lenr manHOW paboThl — W3Yy4YUTh H3MEHEHHE AaKTUBHOCTH  (epMeHTa
nakraraeruaporexassl (JI') u ckopocTn XUMHUUECKON peaKIuu MO BIUSHUEM CYCIEH3HI
HAHOIOPOIITKA IIMHKA B Pa3JIMYHBIX KOHIICHTPAIUAX B YCIOBUSX INVItro.

JIns ompeneneHuss akTUBHOCTHM KoMMepueckoro npenaparta JIJII' m uccinemoBaHus
KHHETUKHA JIAaHHOTO TIpoliecca OB MCIOJIB30BaH (oToMeTrpuueckuii Meros BapOypra c
OPUMEHEHHEM CTaHAAPTHOW METOJUKH. OKCIEepUMEHTalbHbIE 00pa3ubl (HOpMUPOBAIU
IyTeM MPUTOTOBJICHUS CyCIIEH3UI HAHOMOPOIIIKa IIMHKA B (huzpacTBope: 1 rpymnmna oopa3ios
coJiepkaljia HAaHOIIOPOIIOK IIMHKA B KOHIIGHTpPANMU |MKT/II, BTOpas — 25 MKI/J, TPEThs —
50mxkr/n, yerBeptas — 100 mkr/n. KonTponbHas mpoba He cojiepikalia HAaHOTIOPOIIIKA ITUHKA.
Cxopoctb peakuuu, katanuzupyemoit JIII', onpenensnack 0 YMEHbBIICHHUIO COJIEPKAHUS
HAJIH+H®, Ttaxke mnpoumsBogmics pacuer aktuBHoctH JIJII.IlomydeHHble TaHHBIC
CTaTHUCTHYECKH 00pabOTaHBI.

VYCTaHOBJIEHO, YTO IO CPAaBHEHHUIO C KOHTPOJIBHBIMU 0Opa3namMu B HPUCYTCTBHU
HAHOMOPOIIIKAa IIMHKA HAOMIOJAaeTCs CHIKEHHE MaKCUMAJIbHOM CKOPOCTH XHMHUYECKOU
peakuuy OpsIMO IMPOINOPLMOHAIBHO KOHLIEHTpAlMU HaHOIOpolika: Ha 54% - B mepBoii
rpynne, Ha 57% - Bo BTOpoil rpymie, Ha 64% - B TpeThell rpymnme, Ha 81% - B yeTBepTOii
rpynme. AktuBHocTh JI/II' mox nelicTBMEM HAHOMOPOIIKA TakKe CHUXkaercs: Ha 78% - B
nepBoil rpymnmne, Ha 81% - Bo BTOpo# rpynne, Ha 85 % - B Tperbell rpymnme, Ha 91% - B

YETBEPTOU IPYIIIIE.
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Takum 06pa3om, HAHOTIOPOIIIOK IIMHKA sIBJsieTCS HHTHOuTOpOoM JIJIT', mHrHOUpyroumi
s deKT uMeeT NpsSMO MPOMOPIIUOHATIEHYIO 3aBUCUMOCTh U TIPOSBIIAETCA JAaXKe MPU HUZKHUX

KOHOCHTpAHAX HAHOIIOPOHIIKA — I MKT/11.
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MNAIMEHT-CIEIU®UYECKHUE 3D MOAEJIA I'N'TMOBJIACTOMBI
C UMMYHHBIM MUKPOOKPYKEHUEM UIAA HCCJIIEJOBAHUA
IOPEKTUBHOCTH UMMYHOTEPAIINU

IO:xakoBa /I.B.}, Cauxosa JI.C.>!, MU30ocumoBa A.B."?, SSmun K.C.!,

I0cy6amuesa I''M.3, Kyaemsun C.B.%, lllupmanosa M.B.!

Ypusonocckuii uccnedosamenvckuii meduyunckuii yuusepcumem, Huocnuii Hos2opoo
Hayuonanvuwiii uccredosamenvckuti Huscezopoockuil 20cyoapcmeentuiii yHugepcumen
um. H. U. Jlobauesckozo, Huocrnuii Hoezopoo
3Dedepanvuviii nayuno-xunuveckuii yenmp ®HKIL] @MBA Poccuu, Mockea
*Uncmumym monexynsaproii u kremounoii 6uonozuu CO PAH, Hosocubupck

AHHOTauus: pa3paboraHa HOBas maueHT-crenuduyeckas 3D Moaenb TIMO6IACTOMBI C HMMYHHBIM
MUKPOOKpYkeHHeM. [ToTydeHbl ipeIBapUTENbHbIC JaHHbIC, IEMOHCTPUPYIOIIUE 3HAYUTEIHHOE YBEITNICHUE
ypoBHs 3kcnpeccun CD25 B myne CD4+T-knerok, a Takke HeOoubion poct npoueHta CD25+CD8+T-
KJICTOK 110 CPABHEHHIO C KOHTPOIIEM 0e3 JICUCHHUS

KiroueBble cjioBa: rrodIacToMa, OmyxoJeBblil chepous, nanueHT-crenupuueckas Mojeib, aHTH-
CTLA4 ummynorepanust, CAR-tepamnus.

Keywords: glioblastoma, tumor spheroid, patient-specific model, anti-CTLA4 immunotherapy, CAR
therapy.

OcHoBHOW mpoOIEeMOl B 00JaCTH HWMMYHOTEpAnUU TIHMOOIACTOM  SIBISIOTCS
HE/I0CTATOYHBIC 3HAHMUS 00 MHIMBUAYATbHBIX OCOOEHHOCTSX MMMYHHBIX MEXaHU3MOB JIs
Ka)KJI0OT0 KOHKPETHOI'O ManueHTa. [ ycrnemHoro NnpuMeHEeHUs: HMMYHOTEPAIIEBTHUECKUX
MOJXO0/0B, TAKMX KaK YeK-MOMHT MHruOouTopsl 1 CAR-Tepanusi, B OTHOUICHUH TUIMATbHBIX
oryxoJiell TpedyeTcsi BHeIpeHHEe ePCOHATN3NPOBAHHOTO MOIX0/IA.

HccnenoBanus NpoBOAWIN C UCIIOJIB30BAHUEM MaTEPHaAIa OT MALIUEHTOB C AUATHO30M
rimo6nactoma Grade IV, mpoonepupoBaHHBIX B YHUBEpcUTEeTCKOU KinHuKe [TUMY.

Pa3paGorana woBas manmeHnt-crienupuueckas 3D  Mojenb TIHOOIACTOMBI  C
UMMYHHBIM MHKpPOOKpYykeHHeM. Jlnst 5Toil menu co3gana OuOImMoTeKa INEePBUYHBIX
[JIMATBHBIX U JIUMQOIUTAPHBIX KYIbTYp MAIMEHTOB, a TaKke pa3paboTaH OpUTHHATHHBIN
NOJIXOJI, BKJIIOYAIOIINKA ONTUMHU3NPOBAHHBIE METOAMKHU IKCTPAKLIMUHU KIETOK, TEXHOJIOIHIO
KyJIbTUBUPOBAHUS TPEXMEPHOMOIMYXOJIEBOM CTPYKTypbl (Ha ocHOBe cdepouna OO
KYJIbTUBUPYEMOTO ()parMeHTa TKAHU), YCIOBUS HapalllUBaHUs U CXEMY COKYJIbTUBUPOBAHUS
KJIeTok. /s aHanu3za  cyOmonmynasilMOHHOTO COCTaBa M AaKTHBAIMOHHOTO  Mpoduis
IUMGOIMTOB KCIONIb30BaNIU KieTouHblil coprep BD FACSATria 111

JlanHas Mojenp amnpoOWpoBaHa Uisl HcCclenoBaHus MexaHu3MoB aHTU-CTLA4

HMMYHOTCpAIINN. HOJ’Iy‘IeHBI MNpCABAPUTCIbHBIC JAHHBIC, ICMOHCTPHUPYIOINHNEC 3HAYUTCIIBHOC
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yBenudeHue ypoBHs dkcnpeccuu CD25 B myne CD4+T-kneTok, a Takke HeOOIBIIONW POCT
nporeHTa CD25+CD8+T-ki1eTok 1Mo CpaBHEHHIO ¢ KOHTpOJIeM 0e3 JICUeHHUS.

Bropoii 010K 9SKCHEPUMEHTOB TMOCBAIIEH KIETOYHOH HWMMYHOTEpAnmuu C
UCIOJIb30BAHUEM HOBBIX MOAU(PHUIIMPOBAHHBIX/TapreTupoBaHHbIX TUHEHHBIX NK kieTok. Ha
Mozenu chepousioB TIHOOIACTOMBI MPOAEMOHCTPUPOBAHA BBICOKAs IIUTOTOKCHYECKAs
aKTUBHOCTh “‘yCHJIEHHBIX Y TKIETOK C OBepaKcmpeccuer Oenka VAV, ycunuBaromiero
LIUTOTOKCUYECKYIO  aKTUBHOCTh, U  HOkayroM reHa CISH, wmoaynupyromniero
BocpuUMUUBOCTS K IL-15, a Takxke nunuu ¢ CAR-penentopom, cnenupuaasiM KEGFRVIIIL.
[ToMruMO cTaHAAPTHBIX METO/AOB, OTBET KIETOK HA TEPANHIO OLEHUBAIU C IOMOIIbIO
MEepeoBOro OMNTUYECKOro mertabonunueckoro ummmikudra FLIMB kanane kodepmenta
HAJI(®)H (ex. 375 um, em. 435 — 485 um) Ha koHPokaasHOM MuKpockone LSM 880 (Carl
Zeiss, 'epmanns) ¢ FLIM npucraskoit TCSPC (Becker & Hickl, I'epmanus). [lokazano, uto
KJIETOYHAsl Tepanus JaHHBIMUA JIMHUSAMHM TPUBOJAWJIA K CTaTUCTUYECKH 3HAYMMOMY
BO3paCTaHMUIO cpeaHero BpemeHu >Ku3HU (Quyopecuenimu HAJI(®)H B omyxoneBsix
KJIETKaX, YTO MOXET OBbITh AaCCOLMUPOBAHO CO CIABUIOM MeTaloJiu3Ma B CTOPOHY
OKHUCJIHUTENBHOTO (pochopriinpoBaHusl U, COOTBETCTBEHHO, CO CHMKEHHEM Mpoudepanuu
[JIMAJBHBIX KIIETOK.

PaGora momaepxkana I'pantom  IIpesmmenta Ne  MK-2092.2022.3 (3D
MOJICNBIITHOOIACTOMBI ¢ JTUM(OIUTAPHBIM MHUKpOOKpyxkeHnem) u PHOD No22-64-

00057(xnerouynas Tepamnus).
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PATIENT-SPECIFIC 3D MODELS OF GLIOBLASTOMA WITH IMMUNE
MICROENVIRONMENT FOR STUDYING THE EFFICACY
OF IMMUNOTHERAPY

Yuzhakova D.V.1, Sachkova D.S.21, 1zosimova A.V.12, Jashin K.S.1,

Yusubalieva G.M.3, Kulemsin S.V.%, Shirmanova M.B.!

Privolzhsky Research Medical University, Nizhny Novgorod
“Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod
*Federal Research and Clinical Center, Federal Medical and Biological Agency, Moscow
*Institute of Molecular and Cellular Biology SB RAS, Novosibirsk

Abstract: a new patient-specific 3D model of glioblastoma with an immune microenvironment has
been developed. Preliminary data demonstrated a significant increase in the level of CD25 expression in the
pool of CD4+T cells, as well as a slight increase in the percentage of CD25+CD8+T cells compared to the
control without treatment.

Keywords: glioblastoma, tumor spheroid, patient-specific model, anti-CTLA4 immunotherapy, CAR
therapy.

The main problem in the field of glioblastoma immunotherapy is insufficient
knowledge about the individual characteristics of immune mechanisms for each individual
patient. Successful application of immunotherapeutic approaches, such as check-point
inhibitors and CAR therapy, to glial tumors requires the implementation of a personalized
approach.

The studies were carried out using material from patients with glioblastoma Grade 1V,
operated at the PIMU University Hospital.

A new patient-specific 3D model of glioblastoma with an immune microenvironment
has been developed. For this purpose, a library of primary glial and lymphocyte cultures of
patients has been created, and an original approach has been developed, including optimized
methods of cell extraction, a technology for cultivating a three-dimensional tumor structure
(based on a spheroid or a cultured tissue fragment), growth conditions, and a cell co-
cultivation scheme. The BD FACSAria 11 cell sorter was used to analyze the subpopulation
composition and activation profile of lymphocytes.

This model has been tested to study the mechanisms of anti-CTLA4 immunotherapy.
Preliminary data demonstrated a significant increase in the level of CD25 expression in the
pool of CD4+T cells, as well as a slight increase in the percentage of CD25+CD8+T cells
compared to the control without treatment.

The second block of experiments is devoted to cellular immunotherapy using new
modified/targeted linear NK cells. A high cytotoxic activity of “enhanced” YT cells with
overexpressed VAV1 protein, which enhances cytotoxic activity, and knockout of the CISH
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gene, which modulates susceptibility to IL-15, as well as a line with a CAR receptor specific
for EGFRvIII, was demonstrated on the model of glioblastoma spheroids. In addition to
standard methods, the response of cells to therapy was assessed using advanced optical
metabolic imaging FLIM in the NAD(P)H coenzyme channel (ex. 375 nm, em. 435 — 485
nm) on a confocal microscope LSM 880 (Carl Zeiss, Germany) with FLIM prefix TCSPC
(Becker & Hickl, Germany). It was shown that cell therapy with these lines led to a
statistically significant increase in the mean lifetime of NAD(P)H fluorescence in tumor cells,
which may be associated with a shift in metabolism towards oxidative phosphorylation and,
accordingly, with a decrease in glial cell proliferation.

The work was supported by Grant of the President # MK-2092.2022.3 (3D model of
glioblastoma with lymphocytic microenvironment) and Russian Science Foundation # 22-64-
00057 (cell therapy).
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MEJMINHCKAA KUBEPHETHUKA

METO/AbI IPUMEHEHUSA PEKYPPEHTHOI'O AHAJIN3A
B OBPABOTKE JAHHBIX 23I

EmeansinoBa E.IL., Ceabcknii A.O., Kypasiaes M.O., Pynnosa A.E.

CapamoscKuti HaYUOHANbHBIU UCCIe008AMENbCKULL 20CYOAPCMBEHHbLU YHUBEPCUNEM
umenu H.I". Yepnviwescroco, Capamos

AnHoTtamus: B pabore paccMmarpmBaeTcs MpUMEHEHHE MOAM(DHUIIMPOBAHHOTO PEKYPPEHTHOTO
aHanmm3a K 00paboTKe 3JIeKTposHLedanorpaMM rOJOBHOIO MO3ra. B kadecTBe NOMOTHHUTENBHOTO METOJA,
MO3BOJIAIOIICTO 0ojJlee TOYHO BBISBIIATH WHAWBUAYAJIBHBIC 0COOEHHOCTH HUCHOBITYEMBIX, IIOMHUMO
PEKYPPEHTHOTO aHalin3a OBbLJIO MPOM3BEICHO BBIJCICHUE HAMOOJBIIMX YaCTOT C MOMOIIbIO JAUCKPETHOTO
npeoOpazoBanus Dypee. IlomydeHHBIE ¢ TpUMEHEHHEM pPEKYPPEHTHOTO aHalnM3a W JHUCKPETHOTO
npeoOpazoBanus Oypre OBUIH IPOAHATN3UPOBAHBI JUIS OTIPEACTICHISI KOPPEISIIHA MEX Ty HUMHU.

KuarueBble cioBa: D01, HelnHelWHas TMHAMUKA, aHAIN3 JaHHBIX.

Keywords: EEG, nonlinear dynamics, data analysis.

[IpoGnema u3yueHus: roJJOBHOTO MO3Ta SIBISETCA BaKHOM B MpuUKIagHOM raHe. Ha
CErOJIHAIIHUM JEHb BCE €Ille CYIIEeCTBYyeT mpolsiema BbhIOOpa HaubOojee KOPPEKTHOTO
MaTeMaTH4eckoro meroga oopadoTku D3I' JaHHBIX TOJOBHOIO MO3ra, KOTOPBIA OBl J1aBaj
HauOoJee MOJIHOE MPEICTaBIEHUE O TUIIE AMHAMHUKHU TOJIOBHOIO MO3Ta.

JIOBOJIbHO M3BECTHBIM MAaTEMAaTHUYECKUM METOJIOM OOpabOTKH pa3IWYyHBIX THUIIOB
JAHHBIX SIBISIETCS PEKyppeHTHbIA aHanu3. [Ipu peanuzanuu pekyppeHTHOTO aHaiu3a B
NEPBYIO OYepeIb IPOBOAUTCS pacyeT PEKyPPEHTHOM MaTpUIbI [0 clieayrolien popmyie:

RPi= 0(e — [Ixi — Xjl[), 1)

rae RPij — 2J1leMEHT peKkyppeHTHOM MaTpHLbl, € — 3MIIMPUYECKH ONPEIECICHHOE
MOPOrOBOE 3HAYCHHE TOYHOCTH METOAA, Xi M Xj — JH00bIe TOUKU Ha pean3alliy Uil CUTHAJE,
0 — pynkuusa Xesucaiina (1. €. 0(X) = 0, ecu X< 0 u 0(X) = 1 B IpOTHBHOM clTyuae).

B paGore Obln mpemioxeH HOBBIM MeTon o0pabotku D3I nmaHHbIX Ha Oasze
PEeKYppEeHTHOTO0  aHamu3a —  MOJU(DUIIMPOBAHHBIM  PEKyppeHTHBIM  aHamu3. B
MOIU(PUIIMPOBAHHOM PEKYPPEHTHOM aHAJIHM3€ MCIOJIb30BAIMCH COBMECTHBIE PEKYPPEHTHBIE
MaTpHIIbI, SBJISIOMINECS PE3YIBTATOM MO3JIEMEHTHOIO NEPEMHOKEHUS IBYX PEKYPPEHTHBIX
MaTpull, Ui TIOUCKA CBSI3U MEXKIY OTKIMKAaMHU Ha OJJMHAKOBBIE CTUMYIBL. Takum oOpazom,
ObUT BBEJCH HOBBIM YHMCIOBOHM MapaMmeTp, OTpakalouluii HanbOoyiee 3HAYMMBIE B IMPOLECCE
paccMaTpruBaeMOro BUJa aKTUBHOCTH KaHaJIbl FOJJOBHOTO MO3ra, KOTOPHI HOCUT HAa3BaHUE
noKazaress 3HaYMMOCTH KaHaJa.

JIOTIONIHEHHEM K PEKYPPEHTHOMY aHalu3y B HCCIEAOBaHUM CTal0 JIUCKPETHOE

npeoOpazoBanne Oypre. Dypbe-aHanus ABISETCS OJHUM U3 Han00JIee U3BECTHBIX U IIUPOKO
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IPHUMEHSEMBIX Ha IPAKTUKE YACTOTHBIX METOJIOB aHAJIN3a CUTHAJIOB. Tak Kak Ha pe3yJbTaThl
PEKYppPEHTHOr0 aHaiM3a JOCTaTOYHO CWJIBHO BIMSET 4YacTOTa CUTHaja, W 3HAYCHUE
HoKa3aTessi 3HaUMMOCTH MOXET BO3pacTaTh NPU BO3PACTAHWU YACTOThl B TOM HJIM HHOM
KaHajue, MpU MHTEpHpeTallMd IOJIYYEHHBIX pE3yJbTaToOB HEOOXOIMMO IPOBOAUTH
JIOTIOJIHUTENbHBIA 4acTOTHBIM aHanu3. C 3Toi Lenbio ObUIO HCHOJB30BAHO IAMCKPETHOE
npeoOpazoBanue Dypbe i BbLACIEHUS YacTOT ¢ HauOOJbIIEH SHEprued B KaXJIOM M3
KaHaJIOB IO KaX/10My COOBITHIO.

[TomyueHHBIE ¢ TOMOIIBIO PEKYPPEHTHOIO aHAIM3a U JUCKPETHOTO NMPeoOpa3oBaHus
®ypbe naHHbIE ObUIH MPOAHATUZUPOBAHBI JUIsI HAXO0KJIEHUS 3aBUCUMOCTEN.

PaGota BrimonHeHa npu nogaepxkke MunoopHaykn Poccun B pamMkax BBIIOJHEHUS

rocymapctBenHoro 3ananus (mpoekt Ne FSRR-2020-0003).
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METHODS OF APPLICATION OF RECURRENT ANALYSIS
IN EEG DATA PROCESSING

Emelyanova E.P., Selsky A.O., Zhuravlev M.O., Runnova A.E.
Saratov State University, Saratov

Abstract: we considered the application of modified recurrent analysis to the processing of brain
electroencephalogram. As an additional method to more accurately identify the individual characteristics of
the subjects, in addition to recurrent analysis, the highest frequencies were isolated using a discrete Fourier
transform. The results obtained using recurrent analysis and discrete Fourier transform were analyzed to
determine correlations between them.

Keywords: EEG, nonlinear dynamics, data analysis.

The problem of studying the brain is important in applied terms. To date, there is still
a problem of choosing the most correct mathematical method of processing brain EEG data,
which would give the most complete idea of the type of brain dynamics.

Recurrent analysis is the well-known mathematical method for processing various
types of data. The first step includes building recurrence matrix. The recurrence matrix is
constructed as follows:

RPij= 0(e — [jxi — Xjl[), 1)

Here, RPj; is an element of the recurrent matrix with the number (i, j), € is the
empirically determined threshold value of the accuracy of the method, x; and x; are the values
at times i and j, respectively, of the signal amplitude, 0 is the Heaviside function (6(x) = 0 if
x<0and6(x)=1if x>0).

A new method of processing EEG data based on recurrent analysis was proposed in
the work — modified recurrent analysis. In the modified recurrent analysis, joint recurrent
matrices were used, which are the result of piecemeal multiplication of two recurrent matrices,
to find a connection between responses to the same stimuli. Thus, a new numerical parameter
was introduced that reflects the most significant brain channels in the process of this type of
activity, which is called the significance rate.

A discrete Fourier transform was added to the recurrent analysis in this work. Fourier
analysis is one of the most well-known and widely used in practice frequency methods of
signal analysis. Since the results of recurrent analysis are strongly influenced by the frequency
of the signal, and the value of the significance indicator may increase with increasing
frequency in a particular channel, additional frequency analysis is necessary when
interpreting the results obtained. For this purpose, a discrete Fourier transform was used to
isolate the frequencies with the highest energy in each of the channels for each event.
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We analyzed the data obtained using recurrent analysis and discrete Fourier transform
to find dependencies.

This work was supported by the Ministry of Education and Science of Russia as part
of the state assignment (project No. FSR-2020-0003).
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AHAJIN3 YACTOTHOCTHU PA3JIMYHBIX TUITIOB OITEYATOK
HA ITIPUMEPEAHTPOIIOHNMOB

KazaukoBa A.A.

Capamosckuii HaYUOHANbHBIU UCCIe)08AMENbCKULL 20CYOAPCMBEHHbIU YHUBEPCUNEm
umenu H.I'. Yepnoiuescrkozo, Capamos

AnHoTamus: Pa3paboTaH anropuTM NMOATOTOBKH U TOCIEIyIOIIEH Kiaccu(UKaluy pa3HOUYTEHUH B
TIEPCOHANTLHBIX JIAHHBIX MAIMeHTOB. [IpuMeHeHne pa3paboTanHOro anroputma k 138697 3anucsiM mo3Bomio
MIPOBECTH MPEABAPUTEIHHYIO OIICHKY PACTIPOCTPAaHEHHOCTH PA3IIUIHBIX THIIOB OTIEYaTOK.

KuaroueBsblie ciioBa: kinaccuuKkamus OneyaTok, HEYETKOS CpaBHEHUE CTPOK, paccrosiaue Jlamepay-
JleBenmreiina

Keywords: typing mistakes classification, approximate string matching, Damerau—Levenshtein
distance

[Ipu aBTOMaTH3UpOBaHHON OOpPaOOTKE MEIUIIMHCKUX TEKCTOBBIX JIOKYMEHTOB
BO3HHMKAeT MpoOjieMa paclo3HaBaHUs CIOB, KOTOpPbIE OBLIM BBEACHBI B KOMIIBIOTEP C
omevyarkamu. Kraccuukanuio Onedyarok W aHalIu3 HMX BO3MOXKHOTO TIOSIBJICHUS
1ejecoo0pa3Ho MPOBECTH HA «HEUTPATHHOMY TEKCTE — CHHUCKE (GaMUIIN, UMEH U OTYECTB
MalMeHTOB MEIUIIMHCKON opraHu3anuu. OCOOEHHOCTHIO JJAHHOTO MaTepuala sBISETCS TO,
YTO IOYTH BCETJIa HEBO3MOXKHO YCTAHOBHThH, KAaKOE€ W3 JIBYX pPa3JIMYHbIX HANWCAHUN
MpaBUIILHOE, TO €CTh 3/IECh CIEAyeT TOBOPUTH HE 00 OleuyaTkax, a 0 pa3HOUTEeHUsIX. Takxke
aHanu3 paszHouteHud OUO, 3aBenoMo NprHAMIEKANMX OJHOMY YEJIOBEKY, IO3BOJSAET
OLIEHUTh PACHPOCTPAHEHHOCTh PA3JIMYHBIX BUJAOB OMEYATOK BHE 3aBUCUMOCTH OT CEMAaHTUKH
Y KOHTEKCTA.

[IpoBepka Hanmuuus ONEYATOK OCHOBBIBAETCS HA HETOYHOM CpaBHeHUHM. HetouHoe
CpPaBHEHHUE CTPOK — 3TO MPOLECC MOUCKA MTOX0KUX, HO HE B TOYHOCTH COBMAJAIOIINX CTPOK.
CreneHb MOX0KECTH OMPENENACTCS C TOMOIIBIO PEAAKIIMOHHBIX PACCTOAHUM JIeBeHITeliHa
n Jlamepay-Jlesenmreiina. Paccrosiuue JleBeHmTeliHAa — MHUHUMAJIBHOE KOJIMYECTBO
onepanuii BCTaBKM OJIHOTO CUMBOJIA, YJIAJICHHUSI OJHOTO CUMBOJIA U 3aMEHbI OJJHOI'O CUMBOJIA
Ha Jpyroi, HEOOXOJUMBIX JIs MPEBPAIICHHUS OJHOW CTPOKH B JIpyryro. PenakiumoHHOE
paccrosHue Jlamepay-JIeBeHIUTENHA NOMOJHSIET ONpEAEIICHHE paccTossHUs JIeBeHIITEHA
enie OJHWM TIPABWIOM — TPAHCIO3HIHS (IIEPECTAHOBKA) NIBYX COCETHUX OYKB TaKKe
YUHUTBIBAETCS KaK OJIHA OIepalus, a He KaK JBe.

Jlns ananu3a pazHouTeHui Obut B3AT (aitn MicrosoftOfficeExcel, nmerommii 4 moss:
MOPSITKOBBIN HOMED; TOJIHbIE (DaMUIIMU, UMEHA M OTYECTBA JIFOJCH; MOJI; aThl POKICHUS B
dopmare ma.mm.rrrr. Hekotopele moau ObUTM TPEICTaBICHBI B CIMCKE HECKOJIBKO pas,
pUYEM UX UMEHA MOTJIH OBITh 3aMCAHbI ¢ pa3HOYTCHHUSIMU. OHU MOTJIM BHOCUTBLCS B CITUCOK

Ha CIyX WJIM BBOJAWUTHCA C pykomucu. Bceero crpok B Tabmuuel38697.beuto mpuHsITO
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MPEIOJIOKEHHNE, YTO €CIIM B IBYX 3aIUCSIX COBIAJAIOT MOJ U J1aTa POXKACHHUS, a paCCTOSHUE
Hamepay-JleBenireitna Mex 1y Gamiineid, ”MEHEM U OTYECTBOM PaBHO 1 Uik 2, TO 3TH JIBE
3alHUCH XapaKTEePU3YIOT OJHOTO M TOTO K€ YeJIOBEKa, a Pa3HOUTEHHUE CBSI3aHO C OMEYATKOM.
Jlns Be1OOpKH Takoro oobema (138697) 3To mpennoaokeHne MOKHO CUUTATh JOIMMYCTUMBIM.

Anroputm pa3paboTaH Ha s3bIKe MporpammupoBanus Python 3, ucnonb3oBaiuch
oubnmoreku pandas (mis ymobnoi u >(hdeKTHBHON pabOTHI CO CTPYKTYPHPOBAHHBIM
HabopoM maHHbIX) U pyxDameraulLevenshtein (111 BEICOKOIIPOU3BOAUTEIHHOTO MOACUYETA
paccrosinus [lamepay-JleBenmireiina).

[Tocne mpeaBapuTenbHOI 00pabOTKU TaHHBIX, OBLIO cOCTaBIEHO 585 569 map 3amnuceit
C COBIAJICHUEM I10J1a U aThl POXKJCHUS, U3 KOTOPHIX

o 1494 okazanuch MOJTHBIMH COBMAACHUSIMU 0€3 pasHouTeHH (paccrosiHue 0)

645 umenu paccrosHue 1, cpenu HUX

o 258 — BcTaBKa/yajieHue CUMBOJIA

o 366 — 3ameHa cuMBoOIIa

o 21 — oOMeH MecTaMu ABYX COCEICTBYIOIINX CHMBOJIOB
o 134 — paccrosiaue 2.

CaMbIM pacrpocTpaHEHHBIM PAa3HOUYTEHHEM OKa3ajlach3aMeHa CHMBOJIA, Yallle BCEro
3aMeHsUTach Oe3yapHasi rIacHas, B YaCTHOCTH «a» Ha «oy». BTopoii 1o pacnpocTpaHeHHOCTH
TpyNmnod  pa3sHOUTEHUW  sBIsieTcsl  00aBIIGHUE/TIPOMMYCK  OYKBbI, B TOM  YHCIIE
no0aBIEHUE/TIPOITYCK YIBOCHHBIX OykB. OOMeH mMecTamu BcTpeuaercs: pexke. Cpeau map ¢
paccTosiHueM 2 ObUIM BBIJICIICHBI TAKXKE€ CIIy4aW PAa3HOUYTCHHH B BHUJE MEPECTAHOBOK B
TPeXOYKBEHHBIX U MHOTOOYKBEHHBIX COYETAHUSX, KOTOPHIC SBISIOTCS OJHUM WU JBYMS
cocenHuMu cioramu. X crnepayer paccMaTpuBaTh Kak €IUHOE PAa3HOYTEHHE, a HE Kak JBa
OTJIETIHHBIX C PACCTOSIHUAMU 1.

[To wuroram paboThl MOXKHO CJelaTh BBIBOJA, YTO TNPUMEHSIEMBIE METOIbI
HOpMaJM3alMu © mpeaoOpaboTku HWMEH  SBISUIMNCH  JAOCTATOYHO A (HEKTHBHBIMHU.
Pa3paboTaHHbIil anTOPUTM TOXKE TOKa3ald XOpOIIWE pe3ylbTaThl pPaOdOThI U BBICOKYIO
TOYHOCTh. [lonmydeHHas kiaccuduKkanus pasHOUYTCHHH, clenaHHas 0e3 ydeTa CeMaHTHKHU
CJIOB, TO3BOJUT B JaJbHEHIIEM OILIEHUTh BEPOSTHOCTHh TOSBICHHUS PA3JIMYHBIX THUIIOB

OII€CYaTOK B TCKCTAaXx.
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BJIUAHUE HECBAJTAHCUPOBAHHOCTU JATACETA HA PE3YJIBTAT
OBYUYEHMS MOJEJIEM NCKYCCTBEHHOI'O UHTEJLUIEKTA
HA IPUMEPE KJACCUPUKATOPA XPOHUYECKON
BEHO3HOH HEJJOCTATOYHOCTH

Oxynbkos C.B.L, Yantun U.B.1?, Bapyauna M.A.'?, Canbaen A.K.?

YCapamosckuii 2ocyoapcmeennviii ynusepcumem um. H. I'. Yepnwviwescrozo, Capamos
2Capamosckuil 2ocyoapcmeennbiii Meduyunckutl yuusepcumem um. B.1. Pazymoéckozo, Poccus

Annortauus: IlpoBeneH aHanu3 BIMSHHUA U3MEHEHHUs OajlaHca KJIacCOB B JlaTaceTe Ha KayecTBO
KITACCH(HKAIIH C TIOMOIIBI0 aJlTOPUTMOB TITyOOKOT0 00y4YeHHs Ha IpuMepe Kiaccu(ruKanuu n300pakxeHnn
C pa3’NYHOM CTENEHBI0 BapWUKO3a Y TMAlMEHTOB. V3ydeHa 3aBUCHMOCTh MEXAY KaueCTBOM OOy4YEHHs U
CTerneHH aucOananca B JaHHBIX, KOTOPBIC UCIIONB30BANIKCH it 00yueHus. Cuenan o0l BBIBOJ O BIUSHUU
HecOaMaHCHPOBAHHOCTHA NTAHHBIX Ha pPe3yJbTaTbl OOydYeHHWS pa3HBIX Mojelneld HEWpPOHHBIX CeTe s
r1yOOKOTro 00y4deHHUs.

KaioueBble cioBa: HeWpoHHas ceTh, HecOATaHCHPOBAHHBIA JaTaceT, MAaIIUHHOE OOydYeHHe,
rirybokoe o0y4eHne, XpoHH4ecKasi BEeHO3HAs! HEJIOCTATOYHOCTh, BAPUKO3

Keywords: neural network, unbalanced dataset, machine learning, deep learning, chronic venous
insufficiency, varicose

HecOanancupoBaHHOCTh JaTaceTa MpU peUICHUN 3a/1a4u KIacCU(UKAIIUU C TIOMOIIBIO
MAIIMHHOTO ¥ TIYyOOKOr0 OOYYeHHS MOXKET MMETh KPUTHYECKOE BIUSHHE Ha pPe3yibTar
o0yuenust mozenei. OcobeHHOE 3HAUEHUE ATa MpoOieMa UMEET B 3ajadyax, CBSI3aHHBIX C
MEIUIIMHCKUMU JaHHBIMHU. JTO CBS3aHO C TE€M, YTO YHCIIO TTAIIMEHTOB ¢ 0oJiee 3amyIeHHbIMU
CllydassMi Kakou-Tu00 OOJEe3HH BCEra MEHBIIE, YeM YHCIO TAIMeHTOB C HAaYalbHBIMU
cranusimu. Llenpro paboTel OBLTO MCCIe0OBaHNE BIUSHIS HecOATaHCHPOBAHHOCTH JlaTaceTa
Ha KayeCTBO aBTOMATHYECKOH KIAacCH(HUKAIMK Ha MPHMEpPE aHanu3a W KIacCUPUKAIUU
U300paXEHUN C Pa3IMYHON CTEMEHbI0 XPOHWYECKOW BEHO3HOW HEIOCTAaTOYHOCTH.
N3o6paxkenus paznensuinch cornacHo kiaccudukamuss CEAP [1]: ot CO (mopma) mo C5
(3axwuBIIast Tpoduueckas s3Ba) u C6 (aktuBHaAs Tpoduueckas si3Ba).

OOyueHne MPOBOIMIOCH B JIBa dTana ¢ MCIOJb30BAHUEM OJIMHAKOBBIX HEWPOHHBIX
cereii (ResNet50, DeiT, vit-base-patch16-224, vit-base-patch16-384). Ha mepBom atare Obu1
cobpaH i oOy4eHus: TNepBbId HecOamaHcupoBaHHbIN natacet u3 11 118 ¢ororpadwuit Hor
C pa3/IMYHOW CTENEHBIO XPOHUYECKOW BEHO3HOW HeaocTaTouyHOCThIO [2]. CooTHolIeHue
knaccoB coctasuiio CO (7.84%), C1 (25,27%), C2 (13,43%), C3(33,67%), C4 (13,76%), C5
(3,62%), C6 (2,4%). Ha BTOpOM 3Tame 3ToT Aatacet ObL1 momnoJiHeH 10 20971 u3oOpakeHuid,
cooTHotenue knaccos - CO (11.89%), C1 (26,2%), C2 (13,64%), C3(32,66%), C4 (11,38%),

C5 (2,18%), C6 (2,04%). B pe3ynbraTe NpoOBEACHHBIX AKCIIEPUMEHTOB OBIJIO YCTaHOBJICHO,
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YTO OTHOCHUTENIbHO HeOOJbIIOe M3MEHEHHE OajaHca KJIacCOB B JaTaceTe MpU 3agadax
KJIacCU(UKAIIMKA MOXKET UMETh 3HAUUTEILHOE BIIMSIHUE HA PE3YJIbTAaThl 00YUEHHS MOJIEeH.

B paccmarpuBaeMom cirydae, caMbIMU MaJIOUUCIIEHHBIMU K1accaMu Obutn kiaccsl C5
u C6. [Ipu nepBoM 00y4eHUH MOYTH BCE MOJEIHU MOKA3aJId XOPOUIUil pe3ylbTaT He TOJIbKO
OTHOCHUTEJIbHO OCHOBHOM MeTpuku Fl-score, koropas okazanack Oomnbine 0.75 mnst Bcex
Heipocereii, kpome ResNet50. OTHOCHTENIBHO IMPOTHO30B PEAKHX KIACCOB IS Vit-base-
patch16-224 ns cambix peakux kiaaccoB C5 u C6 BEpOSTHOCTH NPAaBUIBHON KIIACCH(PUKAIIUH
(TP, true positive) cocrasmia 0.6, ns vit-base-patch16-384 - 0.59 (C5) u 0.79 (C6), DeiT -
0.4 (C5) u 0.55 (C6) coorBerctBeHHO. ResNet50 okazanack camoii cnabo ycTOWYUBOM,
noka3zas f1-score paBuslii 0.61, a TP cambix penkux kinacco C5 u C6 coctaBuina 0.29 u 0.4
COOTBETCTBEHHO.

B pesynbrare BToporo o0y4eHusl Ka4ecTBO KJIACCHU(PHUKAIMU y BCEX MOJEJEH yrajo
IIpHU TOM, YTO JucOaNaHC JAaTaceTa U3MEHWICS HE3HAUUTENbHO. bolblle Bcero yBennueHue
nucOananca BEIOOPKHU CKazanoch Ha vit-hase-patch16-224. Jlannas MoJielb iepecTana BUIETh
kiaacc C5, TP mns storo kmacca cocraBmia Bcero 0.12. Ha vit-base-patch16-384 okasaics
Oonee ycroitunBbiM, HO U 11 Hero TP ans knmacca C5 camsmics o 0.33. Ilpu satom ju1s
ResNet50 yBenuuenue aucbananca B Kiaccax ckKaszaloch mojioxkutenbHo - TP mus C5 He

cHu3uics, a g C6 ysennuuics a0 0.56.
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THE INFLUENCE OF DATASET IMBALANCE ON THE LEARNING OUTCOME
OF ARTIFICIAL INTELLIGENCE MODELS ON THE EXAMPLE
OF A CLASSIFIER OF CHRONIC VENOUS INSUFFICIENCY

Okunkov S.V.1, Ulitin 1.V.12, Barulina M.A.12, Sanbaev A.K 2

!Saratov State University named by N. G. Chernyshevsky, Saratov
“Saratov Saratov State Medical Universitynamed by V. 1. Razumovsky, Saratov

Abstract: An analysis of the effect of changing the balance of classes in the dataset on the quality of
classification using deep learning algorithms was made on an example of classifying images with varying
degrees of varicose veins. The relationship between the quality of training and the degree of imbalance in the
training dataset was studied. The conclusion is made that the data imbalance impacts the metrics of different
kinds of deep learning neural networks.

Keywords: neural network, unbalanced dataset, machine learning, deep learning, chronic venous
insufficiency, varicose

A dataset imbalance can have a critical impact on the result of model training. This
problem is of particular importance for tasks related to medical data when solving
classification problems using machine and deep learning. This problem arises due to the fact
that the number of patients with more advanced cases of any disease is always less than the
number of patients in the initial stages. The aim of the work was to study the impact of dataset
imbalance on the quality of automatic classification by using the analysis of images with
various degrees of chronic venous insufficiency as an example. The images were categorized
according to the CEAP classification [1]: from CO (normal) to C5 (healed trophic ulcer) and
C6 (active trophic ulcer).

The training was carried out in two stages using the same neural networks (ResNet50,
DeiT, vit-base-patch16-224, vit-base-patch16-384). At the first stage, the first unbalanced
dataset of 11,118 images of legs with various degrees of chronic venous insufficiency was
collected for training [2]. The ratio of classes was CO (7.84%), C1 (25.27%), C2 (13.43%),
C3 (33.67%), C4 (13.76%), C5 (3.62%), and C6 (2.4%). At the second stage, this dataset was
supplemented with 20971 images, and the ratio of classes was CO (11.89%), C1 (26.2%), C2
(13.64%), C3 (32.66%), C4 (11.38%), C5 (2.18%), and C6 (2.04%). As a result of the
experiments, it was found that relatively small changes in the balance of classes in the dataset
can have a significant impact on the results of model training for classification tasks.

In this study, the smallest classes were C5 and C6. During the first training, almost all
models showed good results, not only with respect to the main F1-score metric, which turned
out to be higher than 0.75 for all neural networks except for ResNet50. Regarding the
predictions of the rarest classes (C5 and C6) by vit-base-patch16-224, the probability of
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correct classification (TP, true positive) was 0.6; 0.59 (C5) and 0.79 (C6) by vit-base-patch16-
384, and 0.4 (C5) and 0.55 (C6) by DeiT, respectively. ResNet50 turned out to be the least
stable, showing an f1-score of 0.61, and the TP of the rarest classes C5 and C6 was 0.29 and
0.4, respectively.

As a result of the second training, the quality of classification for all models fell,
despite the fact that the imbalance of the dataset changed slightly. An increase in sample
imbalance affected vit-base-patch16-224 the most. This model stopped “to see” the class
C5, and the TP for this class was only 0.12. It was demonstrated that vit-base-patch16-384
was more stable, but the TP for the C5 class also decreased to 0.33. At the same time, the
increase in the imbalance in classes had a positive effect on ResNet50 the TP for C5 did not
decrease, and for C6, it increased to 0.56.
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HNPUMEHEHUE MATEMATHYECKUX METOJOB IJ151 OUEHKHU
3®OEKTUBHOCTHU I'NIIOKOKOPTUKOCTEPOUJTHOM TEPATINA
IIPHU COVID-19

IIpoxoxken /I.A., PoraueBa C.M., bapyauna M.A.

Capamosckuii meduyunckuii ynugepcumem «Peasusy, Capamos

AnHortanusi: [IpoBeneH peTpOCTIEKTUBHBIN aHATN3 KIWHUYCCKUX NAHHBIX OOJBHBIX ITHEBMOHHUEH,
BbI3BaHHOM BUpycoM SARS-CoV-2. MaremMaTH4eCKUMU METOIaMU H3Y4Y€HA 3aBUCMOCTh UCX0/a O0JIC3HH OT
ypoBHSI C-peakTHBHOTO OelKa B KPOBU M TPOBEACHA OICHKA BIMSHHUATIIOKOKOPTHKOCTEPOUIOB Ha HCXOT
00JIe3HM MMAIIMEHTOB C PA3IMYHBIM cojiepkanneM C-peakTHBHOTO Oellka B KPOBH.

Kuarouesbie ciioBa: COVID-19, C-peakTuBHBIN 0€JIOK, INIIOKOKOPTHKOCTEPOUIBI, MATEMaTHIECKUI
aHaIM3

Keywords: COVID-19, C-reactive protein, glucocorticosteroids, mathematical analysis

COVID-19 — undekmuonHoe3aboieBaHNE, KOTOPOECBBI3bIBacT-KopoHaBHPYCSARS-
CoV-19. OcHoBHOW mpuuMHON JeTanbHbIX ucxonoB npu COVID-19  sBusercs
«IIUTOKUHOBBIN  IITOpM»—arpecCUBHAsBOCHIANIMTENbHAS ~ peakmus  opraHusma [l
c.6].Ilokazarenem pa3BUTUS BOCHAIMTEIBLHOTO TMPOIECCAa MOXKET CIYXHUTh ypoBeHb C-
peaktuBHoro 6enka (CPB) B kpoBu. J{11s moaBiieHNs HIUTOKMUHOBOTO IITOPMAY TAIUEHTOB C
COVID-19 ucnonb3yroTriIioKOKOPTUKOCTEPOUIbl. HO pe3ynbTaThl nccie10BaHui MallueHTOB
c aHanmoruyHou KopoHoBupycHoil wuH(pexnueir MERS u SARS, mnokazammu, duro wux
IpUMEHEHHE CIIOCOOCTBYET 3aME/IJICHHUIO BBIBEICHUSI BUPYCOBU3 OPraHU3Man HE PUBOIUT K
3HAYMMOMY YBEIIMYCHHUIO BEDKMBACMOCTH MAIUEHTOB |2, C. 1].

Ienbto 1aHHOM pabOTHI SIBUJIOCH OLIEHUTHBIINSHUETITIOKOKOPTUKOCTEPOHIOB Ha MICXO/T
00J1€3HU NaIMeHTOB ¢ MHEBMOHUEH, BbI3BaHHOM BUpycoM SARS-CoV-2.

[IpoBeneHO peTPOCTIEKTUBHOE, MONEPEYHOE, KIMHUYECKOE UCCIIEJOBAaHUE, B KOTOPOM
UCIIOJIb30BAaHbl 3alllM(PpOBAHHBIE SMUKPU3bI MAIMEHTOB C MOJATBEP)KIECHHBIM JIHArHO30M
COVID-19 u nueBmonmei[3, C€.1395].Cnyuaiinas BpIOOpKa ManUeHTOB cocTaBmia 181
yesnoBeK. JlIs MaTreMaTH4yecKkoro aHaiau3a MWCIOoNb30BaIM: 1) BO3pacT MAalUEHTOB;
2)pesynbrathl aHanuza CPb B kpoBH, KOTOpbIE KaTErOpUpPOBAIU OTHOCUTEIILHO UHTEpBaJa
3HaueHUM ¢usnonoruyeckor Hopmbl (0—5 wmr/m); 3) cBegeHUS O NPUMEHEHHH
[IIFOKOKOPTUKOCTEPOUIOB (MIPEAHU30I0HA, JeKCaMETa30Ha, BHYTPUMBIILICYHbIE HHBEKIH) B
Tepanuu NalUEHTOB. MaTemMaTHuecKuii aHaJIM3MPOBOAMIIMA  OTHOCHTEIBHO HCXOJa
3a0oneBaHus: BBDKWJI, yMep. AJNTOPUTMBI pacyeTa CTaTUCTHYECKMX XapaKTepUCTHK
peanuzoBaHbl Ha s3bike Python. JlocToBepHOCTh OTAWMYMII NMPU3HAKOB NMPU CPAaBHEHHUU

BBIOOPOK OLIEHMBAJIM [0 KPUTEPHIO COTJIAachs ¥ ¢ monpasKoii Merca.
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[Ipoananu3upoBaHa 3aBUCUMOCTb Ucxoja Ooisie3HH OT coxaepxkanusi CPb B kpoBu
MAlUEeHTOB pa3HOro Bo3pacta.Koppenduuu neranbHOro ucxona ¢ poctom ypoHs CPb He
0oOHapy>KeHO, HO BBISIBIIEH 3HAUUTEIBHBIA TMPOLEHT JIETAIHHOCTH MAlMEHTOB C HU3KUM
ypoBHeM CPB. IloctpoeHo HopMmupoBaHHOE pacmupeaeneHue coaepxkanusi CPb B kpoBu
BBIKUBILUX u YMEPIIUX NalMEeHTOB, MOJIy4YaBIIMXBHYTPUMBIIIEYHO
TIIFOKOKOPTUKOCTEPOUIbl. OTMEUEHO, UTO OOJIBIIAs YacTh JIETAJbHBIX UCXO/I0B HAXOAUIACh
B nHTepBaiie KoHneHTpanuiiCPb 0 — 12.5 mr/m.

IIpoBeneH cpaBHUTEIBHBIN aHAIU3 PACIPEACIICHUN MMALIUEHTOB, B TEPANIMU KOTOPBIX
NPUMEHSUIUCh U HE MPUMEHSIUCH MIIIOKOKOPTUKOCTEpOU ibl, KoHUeHTpauuo CPb 12.5 mr/n
MCIOJIb30BAJIM KaK MOTpaHMYHOEe 3HaueHue. Cpeau MaluueHTOB ¢ KOHLEHTpalue B KpOBU
CPb < 12.5 mr/m, mony4yaBmmx ropMoHbl, ymepiu 38.9%, He momydaBmmx ctepounbl — 16%
(p < 0.10). [Tpu rcrioIB30BaHUY TITFOKOKOPTHKOCTEPOUIOB YPOBEHb JICTATBHOCTH AIIUEHTOB
¢ CPBb < 12.5 mr/n coctaBun 38.9%, nanmentoB ¢ CPb > 12.5 mr/n —14.3%(p < 0.01).Eciu
CPb Ob11 Bhiie 12.5 Mr/a, TO JIeTalbHOCTh NPHU FOpMOHOTepanuu coctaBmwia 14.3%, a B
OTCYTCTBHUE TE€panuu crepousiaMu yMmepiau 12% manueHToB, B JAHHOM CIIy4ae M3-3a Majoro
KOJIMYECTBA HAOJIIOI€HUH, JOCTOBEPHOCTh OTINYHI ONpeeTUTh HEBO3MOKHO.

Takum 0O6pazom, mpruMEHEHHE TIIOKOKOPTHKOCTEpoun10B pu ypoBHe CPb < 12.5 mr/n
MO’KET MPUBECTU K yXyAueHUI0 cocTosiHus 00sbHbIX COVID-19, uto cBuaerenscTByeT 00
OTCYTCTBUHU 3(P(HEKTUBHOCTH TOPMOHOTEPANUH MAINMEHTOB ¢ HU3KUM cojepkanneMmCPhb B

KpPOBH.
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APPLICATION OF MATHEMATICAL METHODS TO EVALUATE
THE EFFECTIVENESS OF GLUCOCORTICOSTEROID THERAPY
IN COVID-19
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Abstract: A retrospective analysis of the clinical data of patients with pneumonia caused by the SARS-
CoV-2 virus was carried out. Mathematical methods were used to study the dependence of the outcome of the
disease on the level of C-reactive protein in the blood and to evaluate the effect of glucocorticosteroids on the
outcome of the disease in patients with different levels of C-reactive protein in the blood.

Keywords: COVID-19, C-reactive protein, glucocorticosteroids, mathematical analysis

COVID-19 is an infectious disease caused by the f-coronavirus SARS-CoV-19. The
main cause of deaths in COVID-19 is the "cytokine storm" —an aggressive inflammatory
response of the body [1, p.6]. An indicator of the development of the inflammatory process
can be the level of C-reactive protein (CRP) in the blood. Glucocorticosteroids are used to
suppress the cytokine storm in patients with COVID-19. But the results of studies of patients
with a similar coronovirus infection MERS and SARS showed that their use slows down the
elimination of viruses from the body and does not lead to a significant increase in patient
survival [2, p.1].

The aim of this work was to evaluate the effect of glucocorticosteroids on the outcome
of the disease in patients with pneumonia caused by the SARS-CoV-2 virus.

A retrospective, cross-sectional, clinical study was conducted, in which encrypted
epicrises of patients with a confirmed diagnosis of COVID-19 and pneumonia were used [3,
p.1395]. A random sample of patients was 181 people. For mathematical analysis, we used:
1) age of patients; 2) the results of the analysis of CRP in the blood, which were categorized
relative to the range of reference values of the physiological norm (0 — 5 mg/l); 3) information
about the use of glucocorticosteroids (prednisolone, dexamethasone,intramuscular injections)
in the treatment of patients. Mathematical analysis was carried out regarding the outcome of
the disease: survived, died. Algorithms for calculating statistical characteristics were
implemented in Python. The significance of differences in signs when comparing patient
samples was assessed by the chi-square test with Yates correction.

The dependence of the outcome of the disease on the content of CRP in the blood of
patients of different ages was analyzed. No correlation of lethal outcome with an increase in
CRP levels was found, but a significant percentage of mortality was found in patients with
low CRP levels. A normalized distribution of CRP content in the blood of surviving and
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deceased patients treated with intramuscular glucocorticosteroids was constructed. It was
noted that most of the deaths were in the range of CRP concentrations of 0 — 12.5 mg/I.

A comparative analysis of the distributions of patients in whose therapy
glucocorticosteroids were used and not used was carried out, the CRP concentration of 12.5
mg/l was used as a borderline value. Among patients with CRP < 12.5 mg/l in the blood who
received hormones, 38.9% died,who didn’t receive steroids 16% died (p < 0.10). When using
glucocorticosteroids, the mortality rate in patients with CRP < 12.5 mg/l was 38.9%, in
patients with CRP > 12.5 mg/l it was 14.3% (p <0.01). If CRP was higher than 12.5 mg/I,
then the mortality rate in case of hormone therapy was 14.3%, and in the absence of the
samel12%;in this case it is impossible to determine the significance of differencesdue to the
small number of observations.

Thus, the use of glucocorticosteroids at CRP levels<12.5 mg/l can lead to a
deterioration in the condition of patients with COVID-19, which indicates the lack of
effectiveness of hormone therapy in patients with low CRP levels in the blood.
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AJTOPHATM M ITPOTPAMMA JUISI TIPEOBPA3OBAHMS TEKCTOBBIX
OINMMCAHUI TUATHO30B B TABJUILY

Cunopos C.A., PaabkoBuu A.C.

CapamoscKuii HaYUOHAIbHBIU UCCIe)08aAMENbCKULL 20CYOAPCMEEHHbIU YHUBEPCUMEM
umenu H.I". Yepnviwescroco, Capamos

AnHoTanus: B paboTte onucaHbl aropuT™ 1 mporpamma si3sike Python, mpeoOpasyromiye TekcToBoe
OIMCAaHKE JUArHO30B B Ta0nuily. /JlaHHas mporpaMMa MO3BOJIMT B aBTOMATH3UPOBAHHOM PEXUME 3aIONHATh
MEIUIMHCKYIO 0a3y JaHHBIX, U3BJIEKAas U3 MMCIONIMXCS TEKCTOBBIX ONMUCAHWN YUCIIOBYIO, JJOTHYECKYIO H
CTaHJapTU3UPOBAHHYIO TEKCTOBYIO HH(OPMAIIHIO.

KuroueBnble cioBa: GpopManu3aiis MEIUITHHCKAX TEKCTOB, IporpaMMa 00padOTKH TEKCTa

Keywords: standardization of medical data, language processing

[Ipy 3amomHEeHWH MEIUIIMHCKUX PErucTpoB W 0a3 JaHHBIX BO3HUKAET 3ajadya
dbopManm3anuu TEKCTOBBIX ONUCAHUNA WHCTPYMEHTAIBHBIX MCCIEIOBAHMM, Omepanuil u
OPYTUX MEAWIMHCKUX TEKCTOB. HecTpyKTypHpOBaHHBIN TEKCT HEOOXOAMMO pPa30oUTh Ha
OTJIeIbHBIC TIPETIOKEHUS, KOTOPbIE IOJKHBI OBITh BHECEHBI B COOTBETCTBYIOIIHUE MO 0a3bl
naHHBIX. W3 HEKOTOpBIX NpeIoKEHUN HEOOXOAMMO H3BJIE€Yb 4YHCIA WU JIaThl, YacThb
NpeIoKeHU HEOOXOIMMO CTaHIAPTH3UPOBATh B COOTBETCTBHH C CIpaBouHUKamu. [lpu
00paboTke OOJIBIIOTO KOJIMUECTBA 3alCeil HY)KHA MporpaMmma, KOTopasi B aBTOMaTUYECKOM
pexxume Oynet oOpabaTeiBaTh 1O KpaiiHel Mepe OOJbIIYI0 YacTh TEKCTOB.

Ha s3eike Python co3mgana mporpamma, mnpeoOpa3syrolas TEKCTOBOE OIMUCAHHE
JUarHo3oB B Ta0iuily. [IporpaMMa cocTOUT U3 IBYX MOMYJEH: CIOBaph KIIOYEBBIX CIIOB, C
MOMOIIBI0 KOTOPOTO TMPOUCXOIUT pa3OUeHHEe TOJHOTO TEKCTOBOTO OIMUCAaHUs Ha OJIOKH,
cojiepkaiue Hanbosee BaKHy0 HH(QOpPMAIKIO, 1 00pabOTYMK TEKCTa, KOTOPHIA MEPEHOCUT
noJiydeHHbIe 0JI0kH B Tabnuily. Ha ocHOBe cymiecTByromux anroputMoB u oudnuorex NLP
ObLT pa3paboTaH aJTOPUTM JIJIA TOUCKA KIOYEBBIX (Ppa3, MO KOTOPHIM MPOUCXOTUT OTOOP
uHpopmanuu. J[J1g KakI0ro TEKCTOBOIO OMHCAHWs OTOMpAETCS COOTBETCTBYIOIIMN HAOOP
KITIt0UeBBIX Ppa3. UToObI onpeaenuTs KIroYeBbie Ppa3bl KAKIOMY CIOBY, HYKHO OTIPEICTUTh
€ro Bec, T.€. YUCJIO, OMpeesIolee HACKOJIbKO BaKHBIM OHO siBisieTcs. OLeHKa KIHYeBbIX
¢dbpa3 NPOUCXOIUT MO YACTOTE BCTPEUH B TEKCTE, MO3UILIMH B MPEIJIOKCHUH U OJIMKANUIITIM
cinoBaM. Ilepen mpeoOpa3zoBaHHMEM TEKCTOBOTO OIMCAHUS MPOUCXOIUT €ro o0OpaboTka.
OOpaboTunK TeKCTa OTCIACKHMBACT JIMIIHIOW MyHKTyanuto u ucnpasiaser e€. Ilo
00paboTaHHOMY TEKCTY MPOUCXONUT MOUCK KIIFOUEeBOM MH(POPMAIUHU U TTpeoOpa3oBaHUE ero
B TaOnuily. JIOCTOMHCTBO JJaHHOW TPOTrpaMMBbI B TOM, YTO OHA MO3BOJISIET aBTOMATH3UPOBATh

npoliecc MOUCKa U aHaJIn3a JUAarHO30B, YCKOPsIs paboTy ¢ HUMHU.
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AHAJIN3 OCOBEHHOCTEN HECTAIIMOHAPHOT'O ITOBEJIEHUA
KOHTYPOB BETETATUBHOM PETYJIAIIMA KPOBOOBPAIIIEHUS
HAIIUEHTOB C APTEPUAJIBHOM 'MIEPTEH3UEN U COVID-19

Ckaskuna B.B.%, ITonos K.A.2

YCapamosckuii nayuonanvuwiil ucciedoeamenvekuii 20CyO0apCmeenblil yHusepcument
umenu H.I'. Yepnviuesckoeo, Poccus
2 Capamosckuii 2ocyoapcmeennviii meouyunckuii yuusepcumem um. B.1. Pazymosckozo, Poccus

AnHoTanus: Pabora mocBsmeHa aHanM3y HECTAMOHAPHOTO TMOBEIEHUS KOHTYPOB BETETAaTHBHOMN
PEryJISIMN Y Pa3HBIX TPYIII MAIMEHTOB C apTepuaibHOi runeprensucii: ¢ Covid-19 Bo Bpemst ocTpoii Gasbl 1
0e3 Hero. bBpUIM M3y4eHBl CHTHAIBI 3JCKTPOKAPAMOTPaMMBI M (OTOIUICTU3MOTPAMMBI TpeX TPy
UCIIBITYEMBIX: TPYIIa MAlMeHTOB, MOCTYMUBIINX Ha CTAIIMOHAPHOE JieueHue ¢ auardozom Covid-19, rpynma
MAI[MEHTOB CITyCTs HEJEIIOo MOCe Havyajla JeueHus] BUPYCHOro 3a0oyieBaHus, TpyMIa MalueHTOB CITyCTs Toj
nocJe Havyana jedeHnus. beuia nzyuena nuHamuka GyHKIUM KorepeHTHOCTH B LF-auanazone (0.04-0.15 ') n
HF-muanazone (0.15-0.4 I'm), a Takxe ko3 HUIMEHT KOTepeHTHOCTH RO.

KaroueBble cjioBa: HecTallMOHApHOE IMOBEACHHME, CeplAeYHO-cocymucras cuctema, Covid-19,
apTepualbHas TUTIEPTEH3US

Keywords: non-stationary behavior, cardiovascular system, Covid-19, arterial hypertension

B kaxnoit BbIOOpKE TPHHSUIM ydacThe 16 HCHIBITyeMbIX. 3alucH TAIMEHTOB,
HAXOJSIINXCS Ha CTAllHOHAPHOM JICUEHUH, OBLIN 3aperUCTPUPOBAHBI KOJUIETAMHU-MEINKAMU
B Nudeknnonnom rocnurane Ha 6aze CapaTOBCKOTO TOCYJapCTBEHHOTO MEIUITMHCKOTO
yHuBepcutera uMm. B.M. PasymoBckoro. I[lanueHtsl, HaxoauBIIMECS HA CTAalMOHAPHOM
JICYCHUHU, UMEITU JIETKOE TeueHue 3a00JIeBaHmsl, HE HYKATUCh B KUCJIOPOIHOM MOIIEPIKKE.
Peructpanus curHaioB MpOBOAMUIIACH C TMOMOIIBIO CTaHJAPTHOTO CEPTHPHUIIMPOBAHHOTO
ycrpoiictBa Peakop-T (OOO Meaukom-MT/). Curnan snexrpokapauorpammsl (OKI') Obut
3anucaH B 1 cTaHIapTHOM OTBEJeHUH, NaTyuK (oToreTuaMorpammsel (PIIIY) Obu1 HAMOXKEH
Ha Oe3bIMSHHBIN Nasel ucnbITyeMoro. J{nuHa 3anucu coctaBuia He MeHee 10 MmunyT. 3anucu
JUTSL TIEPBOM M BTOPOM TPYIIBI ObUIM TMOJIYYEHBI C OJHUX U TEX >K€ MAIMEHTOB, BO3PACT
coctaBusl oT 31 mo 65 mer. Tperbst BbIOOpKA BKIIIOYajda UCHBITYEMBIX C BO3PAacTOM B
nuarmna3zoHe ot 25 no 50 ner.

N3 curnanos DKI' Oblia BblaeneHa nocienoBaTenbHOCTh RR-uHTEpBanoB, koTopas
ucrnoyib30Baliachk Hapsaay ¢ curHaioMm DI mma oueHku B3aMMOAEHCTBUS KOHTYPOB
BETETATUBHOM PETYJSLIUA CEPACUYHO-COCYAUCTOM CUCTEeMBbl. bbuta paccumtaHa (QyHKIUS
KOTE€PEHTHOCTH (KpOCC-CIeKTpadbHbIN aHanu3) Mexay RR-untepBamamu u @I, nanee B
LF-nuamazone (0.04-0.15 I'm) u HF-nuamazone (0.15-0.4 I'n) Oplna olleHeHa WHTErpaibHAS
MomHOCTh (yHkiuu. Junammka wmommHocTH B LF- uw  HF-gmanazonax d¢yakuum

KOTEPEHTHOCTH HE MoKa3alia CYIIeCTBCHHOT0 H3MeHeHus B ocTpoit ¢ase Covid-19 (1 rpymma)
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U CcoycTs Heaemo mocie Jsedenus (2 rpymma). [ns 4x w3 16 manweHToB OBLIO
JUArHOCTUPOBAHO YBEIMYEHUE UHTETPATbHON MOLTHOCTH B M3Y4aeMbIX JHara30Hax 4acToT.
W3ydyenne 3 rpynmbl MAalMEHTOB HE MOKA3aJ0 CYHIECTBEHHOTO pa3JIMyUsi B aMILUTUTY]E
(GYHKIIUU KOTepEHTHOCTHU 0 CPABHEHUIO ¢ Tpynmoii 1 u rpymnmoii 2.

B pabote 6putn paccuntanbl ko3 duiineHTs korepeHTHocTH (RO) mis 3x rpymi: B 1
rpymime cpeauss BenuuuHa coctaBmia 0.14 (£0.09) (yka3zaHO cTaHIapTHOE OTKIOHEHHUE), BO
2 rpymre — 0,15 (£0,06), B 3 rpynme — 0,16(+0,8). Paccuntanabie BETUYUHBI HMEIOT OJIM3KHE
3HAYEHMS ISl BCEX TPYII, YTO HE MO3BOJISIET UCIOIB30BATh JAHHBIM METO/ /AJiS BBISBICHUS
0CcOoOEHHOCTEH CBA3aHHOCTH KOHTYpOB BereratuBHOU peryisinnu CCC y manuentos ¢ Covid-
19 B ocTpoit (aze, uepe3 HemeMO WIKM TOJ MOCIE AUATHOCTUpOBaHUS 3a0oneBanus. Takum
o0pa3om, pa3paboTKa CIeUaTU3UPOBAHHBIX METOJJOB MOXKET JaTh JYUIIHE PE3YIbTATHI.

Pabora Beimmonnena mnpu mnoxaepxkke Crunenaum Ilpesunmenta Poccuiickoii
Odeneparuu CI1-2261.2021.4.
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ANALYSIS OF THE FEATURES OF NON-STATIONARY BEHAVIOR
OF THE CIRCUITS OF THE AUTONOMIC REGULATION OF BLOOD
CIRCULATION IN PATIENTS WITH ARTERIAL HYPERTENSION
AND COVID-19

Skazkina V.V.!, Popov K.A.2

1Saratov State University, Russia
2 Saratov State Medical University, Russia

Abstract: The work is devoted to the analysis of the non-stationary behavior of autonomic regulation
circuits in different groups of patients with arterial hypertension: with and without Covid-19 during the acute
phase. The electrocardiogram and photoplethysmogram signals of three groups of subjects were studied: a
group of patients admitted to hospital with a diagnosis of Covid-19, a group of patients a week after the start
of treatment for a viral disease, a group of patients a year after the start of treatment. The dynamics of the
coherence function in the LF-band (0.04-0.15 Hz) and HF-band (0.15-0.4 Hz), as well as the coherence
coefficient Ro were studied.

Keywords: non-stationary behavior, cardiovascular system, Covid-19, arterial hypertension

Each sample included 16 subjects. Records of patients undergoing inpatient treatment
were recorded by medical colleagues at the Infectious Diseases Hospital based at the Saratov
State Medical University. Patients who were hospitalized had a mild course of the disease and
did not need oxygen support. The signals were recorded using a standard certified Reacor-T
device (OOO Medicom-MTD). The electrocardiogram (ECG) signal was recorded in 1
standard lead, the photoplethysmogram (PPG) sensor was applied to the subject's ring finger.
The length of the recording was at least 10 minutes. Records for the first and second groups
were obtained from the same patients, the age ranged from 31 to 65 years. The third sample
included subjects with an age ranging from 25 to 50 years.

A sequence of RR intervals was isolated from the ECG signals, which was used along
with the PPG signal to assess the interaction of the circuits of the autonomic regulation of the
cardiovascular system. The coherence function was calculated (cross-spectrum analysis)
between RR-intervals and PPG, then in the LF-range (0.04-0.15 Hz) and HF-range (0.15-0.4
Hz) the integral power of the function was estimated. Power dynamics in the LF and HF bands
of the coherence function showed no significant change in the acute phase of Covid-19 (Group
1) and a week after treatment (Group 2). For 4 out of 16 patients, an increase in the integrated
power in the studied frequency ranges was diagnosed. The study of group 3 patients did not
show a significant difference in the amplitude of the coherence function compared with group
1 and group 2.

In the work, the coherence coefficients (Ro) were calculated for 3 groups: in group 1,
the average value was 0.14 (£0.09) (standard deviation is indicated), in group 2 - 0.15 (£0.06),
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in group 3 - 0, 16(+0.8). The calculated values have similar values for all groups, which does
not allow using this method to identify the features of the connectivity of the autonomic
regulation circuits of the CVS in patients with Covid-19 in the acute phase, a week or a year
after the diagnosis of the disease. Thus, the development of specialized methods can give
better results.

This work was supported by the Scholarship of the President of the Russian Federation
CII1-2261.2021.4.
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OIIBIT PEAJIM3ALIMN ABTOMATU3UPOBAHHOI'O CbOPA MEJUIIUHCKUX
N30BPAKEHUI U3 UHTEPHETA
JIJIA KIACCUD®UKATOPA HOT' C XPOHUUYECKOM
BEHO3HOH HEJJOCTATOYHOCTBIO

Oxynbkos C.B.}, YanTun U.B.12, Bapyanna M.A.?, Canbaen A.K.?

YCapamosckuii 2ocyoapcmeennviii ynusepcumem um. H. I'. Yepnwiuesckozo, Capamos
2Capamosckuil 2ocyoapcmeennbiii Meouyunckutl yuusepcumem um. B.H. Pazymoéckozo, Poccus

AnnHortanusi: OCylIeCTBIIEH aHATU3 JOCTYMHBIX CPEACTB cOOpa NaHHBIX Ui pelleHHs MpoOIeMbl
HEJOCTAaTOYHBIX M0 00bEMy JaTaceToB IS 3a/1a4 Kiaccu(uKanuu Ha mpuMepe Habopa m300paKeHU HOT C
XPOHUYECKON BEHO3HOW HEJOCTATOYHOCTHIO. Pa3paboTaHbl CKpWUOTHI ISl yAYYIICHWS KadecTBa TaHHBIX,
COOpaHHBIX C MOMOIIBIO cpeAcTB cOopa naHHbIX. CrenaH BBIBOJ O BO3MOXKHOCTH aBTOMaTH3aluu cOopa
M300pakeHNH W3 WHTEPHETa TMOCPEACTBOM HCCIICOBAHHBIX HWHCTPYMEHTOB JIJISI PEIICHUS MPAKTUIECKUX
MEIUIMHCKUX 3a/1a4.

KaioueBbie ciioBa: naTtamMaifHWHT, cOOp [aHHBIX, HecOaTaHCHPOBAaHHBIA IaTaceT, MAIIMHHOE
o0OydeHnue, rrybokoe 00y4eHrne, XpOHHIeCcKasi BEHO3HAs! HEIOCTATOYHOCTh

Keywords: datamining, unbalanced dataset, varicose veins, machine learning, deep learning, chronic
venous insufficiency

[IpoGnema ¢ HeTOCTATKOM KOJTMYECTBA WJIM KaueCcTBa JaHHBIX B c(hepe METUITUHBI TSI
pellleHus 3a/la4y C MOMOIIBIO METOJ0OB U aIrOpUTMOB MamuHHOro 00ydyenus (MO) Bcerna
akTyanbHa. HemocTarok KOJIMYeCcTBa W KayecTBa JAaHHBIX SBIAIOTCS HEraTUBHBIMU
(dakTopamu, KOTOpbIe MOTYT OKa3aTh BIMSHUE HA KAUECTBO O0yUYEHHsI HEMPOCETH, YTO MOKET
IPUBECTH K HEBO3MOKHOCTH PELIEHMS IOCTABIEHHON JUIsl HEMPOCETH 3a/1auu.

Ilenpto HactosAmEel pabOThl MPOBECTH aHAIM3 CYIIECTBYIOIIUX alTOPUTMUYECKHX
CPEICTB Ui MOJTYYeHUS] MEAULMHCKUX U300pakeHUi JUIsl peleH st 3a1a4 Kiaccuduxanuu
Ha TpUMepe N300paKeHU HOT' ¢ XPOHUYECKOI BEHO3HOW HEJJ0OCTATOYHOCTHIO.

B pa6ote [1] Obu1 poBeeH aHANIKM3 MOAXO/OB ITYOOKOTO OOYYeHHUS JJisi PEIICHUS
3aa4n KiaccuuKau n300pakeHUid HOT ¢ XPOHUYECKON BEHO3HOW HEIOCTATOYHOCTHIO
(XBH) o crenenu 3aboneanus (kinacc CO - 3mopoBsie HorH, kiacc C6 - Tpoduueckas s3Ba).
[lepBeiii HAOOp MAHHBIX IS pPEHICHUS STOW 3amadul  ObUI TPETOCTABIICH XUPYPrOM-
¢nebonorom. ['maBHO#M mpoGieMoil 3TOoro Habopa MaHHBIX OBUIO HecOATaHCHPOBAHHOE
cooTHomeHue kiaccoB CO - C6 OTHOCHUTENBHO IpYyr Apyra, BbIpaXKarolleecs B MajoM
konmuecTBe n3oopaxenuit kaccoB CO, C5 u C6 (oxono 7%, 3% u 2% ot Bceil BBIOOPKH),
9yTh OOJBIIEM KOJUYECTBE 3JeMEHTOB BbIOOpkH kiaccoB C2 um C4 (mo 13% ot Bcei
BBIOOPKH), U TIpeoOanaromeM KonndecTBe qaHHbIX kiaccoB Cl u C3 (25% u 33% ot Beelt
BbIOOpKH). JlJisi ynmydineHus: kayecTBa 0OydeHUs] MOJENIU OBbUIO PEIICHO YBEJIUYUTH HAOOp

JaHHBIX 1 YMCHBIIHUTH I[I/IC6aJ'IaHC KJIaCcCOB. I[JISI 9TO OBLIN IMPUMCECHCHEBI TaAKUC MHCTPYMCHTEI,
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kak Scrapy u Selenium. C nmomompbio Scrapy M3 couuanbHOi cetu Instagram  Oblm
MOJIYUYEHbl CCBHUIKM Ha HM300pakKeHHs, KOTOpble ObUIM 3arpy>KeHbl B CBOU aKKAyHTHI
¢nebonoramu co Bcero wmupa. M3-3a ocobenHocteidt Instagram, MOUCK aKKayHTOB
CHEIUANTUCTOB-(1e007I0r0B, COAEPKALIUX JTOCTATOYHOE KOJIWYECTBO M300paKEHUN HOT ¢
XBH, ocymectrisuics Bpyunyro. [lociie or6opa akkayHTOB, 3aImycKajcs pa3paO0oTaHHBIN Ha
Python ckpunT, KOTOpbIN HCMONB30BaN Scrapy JUIsl MPOXOXKIEHHUS MO BCEM COOpaHHBIM
aKkayHTaM Juisi cOopa CChUIOK Ha (DOTO C MOCHEAYIOUMM CKauyMBaHHUEM H300pa>KEeHUH.
CkayaHHbIe H300pKEHHS KIACCUDUIIMPOBAINCH CHEIUATUCTOM-(Ie00I0TOM BpPYYHYIO,
nocJie 4yero Jo0aBIsIuCch B HA0Op AaHHBIX. Takum 00pa3oM yAalioch MOIYYHUTh JOCTATOUYHYIO
JUIsl KAYeCTBEHHOTro 00y4eHUusl HelpoceTeil mpubaBKy KOJIUYECTBA M300paKEHHI KIIacCOB,
onpezendomux crenenu 3adonesanust C4, C5 u C6. U3-3a cnenuuky KOHTEHTA, KOTOPBIN
BbIKJIa/1bIBasICs (priebooraMu, KoJu4ecTBo n300paxkeHuit co 3q0poBsiMu Horamu (CO) Takum
00pa3oM yBEJIMYUTh HE YIAI0Ch. [ 3TOr0 OBLI MCMOIB30BaH Selenium, ujaess NpUMEHEHUs
KOTOpOTO 3aKJI0yalach B 3arpy3ke M300paKeHUU U3 pe3ylibTaTa MOMCKOBBIX 3alPOCOB B
Opaysepe Yandex. B pe3ynbrare ynamoch 3HAUYMTEIBLHO CHHU3HUTH AMCOAIaHC KJIACCOB B
Habope maHHbBIX. Takum oOpa3om, B paboTe MOKa3aHa MOTEHIMAbHAs BO3MOXKHOCTH
UCIIOJIb30BAHUS M300paKeHU M3 WMHTEpHETa, HAaXOISAIIMXCA B OTKPBITOM JOCTYyHE, s
yBEJMUYEHUs1 HA0Opa TaHHBIX JJIS PEIICHUs psAJla MEIUIMHCKUX 3a/1ad ¢ MOMOIIIbI0 METO/I0B
MO.

Jluteparypa:
1. Barulina M.; Sanbaev A.; Okunkov S.; Ulitin I.; Okoneshnikov I. Deep Learning Approaches to
Automatic Chronic Venous Disease Classification. Mathematics 2022, 10, 3571.
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EXPERIENCE OF THE IMPLEMENTATION OF DATA MINING
OF MEDICAL IMAGES FROM THE INTERNET FOR THE CLASSIFIER
OF LEGS WITH CHRONIC VENOUS INSUFFICIENCY

Okunkov S.V.1, Ulitin 1.V.12, Barulina M.A.12, Sanbaev A.K .2

!Saratov State University named by N. G. Chernyshevsky, Saratov
“Saratov Saratov State Medical Universitynamed by V. 1. Razumovsky, Saratov

Abstract: The analysis of available data collection tools to solve the problem of insufficient datasets
for classification tasks was carried out using the example of a set of leg images with chronic venous
insufficiency. Scripts have been developed to improve the quality of the data collected using data mining tools.
The conclusion is made about the possibility of automating the collection of images from the Internet using
the studied tools for solving practical medical problems.

Keywords: datamining, unbalanced dataset, varicose veins, machine learning, deep learning, chronic
venous insufficiency

The problem with the lack of quantity or quality of data in the field of medicine for
solving problems using methods and algorithms of machine learning (ML) is always relevant.
The lack of quantity and quality of data are negative factors that can affect the quality of
neural network training, which can lead to the impossibility of solving the task set for the
neural network.

The goal of this work is to examine existing algorithmic tools for obtaining medical
images in order to solve classification problems using images of legs with chronic venous
insufficiency as an example.

In [1], an analysis of deep learning approaches was carried out to solve the problem of
classifying images of legs with chronic venous insufficiency (CVI) according to the degree
of disease (class CO - healthy legs, class C6 - trophic ulcer). The first set of data needed to
solve this problem was provided by a phlebologist surgeon.

The main problem with this dataset was the unbalanced ratio of classes CO - C6 relative
to each other, expressed in a small number of images of classes C0O, C5, and C6 (about 7%,
3%, and 2% of the entire sample), a slightly larger number of sample elements of classes C2
and C4 (13% of the entire sample each), and the predominant number of data from classes C1
and C3 (25% and 33% of the entire sample). To improve the quality of the model training , it
was decided to increase the dataset and reduce the class imbalance. For this, tools such as
Scrapy and Selenium were used. Using Scrapy, image links were obtained from the social
network Instagram that were uploaded by phlebologists from around the world to their
accounts. Due to the peculiarities of Instagram, the search for accounts of phlebologists
containing a sufficient number of images of legs with CVI was carried out manually. After
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selecting the accounts, a Scrapy-based script developed in Python was launched to go through
all the picked accounts to collect photo links and then download the images. The downloaded
images were manually classified by a phlebologist and then added to the dataset. Thus, it was
possible to increase the number of images of classes that determine the degree of disease (C4,
C5 and C6) to a level sufficient for high-quality training of neural networks. Due to the
specifics of the content posted by phlebologists, the number of images with healthy legs (CO)
could not be increased in this way. For this, Selenium was used. The purpose of the Selenium-
based script was to load images from the search query results in the Yandex browser. As a
result, the imbalance of classes in the dataset was significantly reduced. Thus, the possibility
of using publicly available images from the Internet to increase the dataset for solving a
number of medical problems using ML methods was demonstrated.
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KOMIIBIOTEPHAS OBPABOTKA ITPOBbI POMBEPT' A

Xaanyaosa A.P., Caugosa A.H.

Capamosckuti HAaYUOHANbHBIU UCCIe008AMENbCKULL 20CYOAPCMBEHHbIU YHUBEPCUMEm
umenu H.I". Yepuviwescroco, Capamos

AnHoTamus: B paboTre m3ydanuch moka3aTeiau JABWKEHUS B MPOCTPAHCTBE BO BPEMs MPOBEICHUS
poObl PoMOepra y mojieit pa3Horo mosia w3 OJAHON BO3PACTHOM TPYIIIbL. [l 3TOrO MPUMEHSUICS METOJI,
OCHOBaHHBINA Ha 00pabOTKE BHICO3AMMMCEH OPUTHHATHLHONW ITPOTPaAMMOiA.

Karouessble ciaoBa: nmpoda PomOepra, KOOpAMHAIINS JBHIKESHUH.

Key words: Romberg test, coordination of movements.

Kak npaBuiio, Bo Bpems IpuemMa Bpaund HEBPOJIOTH IPOCAT CBOUX MALIMEHTOB IPOUTH
npody PombGepra — tecT, mo3BOJISAIONINM BEIIBUTH HATMYHUE Y YesioBeka cumnroma Pombepra.
B HOpMe 3710pOBBIil UeI0BEK JOKEH CTOATh MPSIMO, HE 1IATasiCh, 0€3 CHIIbHBIX OTKJIOHEHUH
B cropoHbl. Cumntom PomOepra mpezmnonaraeT CTaTUYECKYIO aTEKCHIO, T.. HapyIlIeHHE
paBHOBECHUSI B PE3YJIbTATE MOPAKEHMSI MO3’KE€UKa M €ro CBSA3€M ¢ JAPYrMMHU OTHEJIaMH
LEHTPAIbHON HEPBHOW CHUCTEMBI, pacCTPONCTBO (DYHKIMI BECTUOYIISIPHOTO aHAIM3aTOPA U
HapyIleHUe rTyOOKOH 4yBCTBUTEILHOCTHU BCIIEJCTBHE MTOPAKEHUS CIUHHOT'O MO3Ta.

JlnarHocTuueckoe 3HaueHue nomaTbiBaHus B mo3e PomOepra 3akitoyaercss B TOM, 4TO
00JIbHOM, HATIPUMEP, TPU NOPAKEHUN MO3KEUKA MPEUMYILIECTBEHHO OTKJIOHSETCSI B CTOPOHY
nopaxeHHoro noJsymapusi. Ho nomaTsiBaHre He BCerja yka3blBaeT Ha HapylIeHue G yHKIuH
paboThl MO3KEUYKa, IPUUUHON MOTYT OBITh U Pa3IMYHbIE HEBPO3bI.

Ha nanHbIil MOMEHT NPUMEHSIOTCSI HECKOJIBKO BapHaHTOB poOsl PombGepra 11st Toro,
YTOOBI OLIEHUTH BO3MOKHOCTh OpraHU3Ma MOJIePKUBATh MOJ0KEHHUE Tela B IPOCTPAHCTBE.
OTH BapUaHThl OTIMYAOTCS APYT OT Ipyra NPUHUMAEMOM MTO30H, a TAKXKE UCITOIb30BAHUEM
Pa3IUYHbBIX CIOCOO0B M3MEpPEHUs U TPUOOPOB Il OLEHKU PE3yNbTATa.

[lenpro JaHHOTO HMCCIIEIOBaHMS OBLIO M3yUYCHHE JUHAMUKH JBUKEHUSI 0OBEKTOB MPHU
HaxO0XJIeHU! B mo3e Pomobepra.

Coaep:kaHne UCNOJb30BAHHOTO MeTOAA. J[J151 JTaHHOTO MCClIeJOBAaHUS UCTIBITYEMbBIX
NPOCUJIN CHATh OOYBb U BCTaTh, IOCTAaBUB HOTW BMecTe. Jlajiee UCIIBITYeMbIe BBITSTUBAIN
pyKu niepes co0oil, 1 HaYMHANACh BUEOChEMKA B TeUeHUE | MUHYTBI C OTKPBITHIMU IJ1a3aMHU.
[ToTOM UCTIBITYEMBI HEMHOTO OTJbIXAJ U MPUHUMAII TY K€ 103y, HO C 3aKPBITHIMU TJIa3aMHU.
B sTom ciiyuae Takke Benach BUJIEOChEMKA B TEUEHUE OIHOM MUHYTHI. TakuM 00pa3om, ObLI0
3a(UKCUPOBAHO M3MEHEHHUE MOJIOKEHHUs Tella MCHbITyeMbIX. J[aHHAsl 4acTh MCCIeI0BaHUs
MPOXOJUia B TEUEHHUE IBYX JIHEH.

Jlanee nonayyeHHbIe BuAeo]aiinbl b1 00paboTaHbl TOCPEICTBOM pa3paboTaHHON Ha

MexaHMKo-MaTeMaTtudeckoM (akyipreTe CI'Y mporpaMmsbl, KOTOpasi BbiBesla HEOOXOAUMbIE
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JUTS TAJTbHEHIIIero aHalln3a JaHHble. Bbuti n3MepeHbl mapamMeTphl IBUKCHUS UCTIBITYEMbIX B
pamkax Tp€X 00JIaCTei: BO BECh POCT, BEPXHSIS YacTh Tela (TOJIOBA, TUICYH, BBITSHYTHIC TICpE]T
co00M pyKH) U HUKHSS 4acTh Teja (0071acTh BHIIIE KOJICHA U TOJICHB).

Takum 00pa3zom, MaHHBIA METOJ OTIMYACTCS CBOCH aKTYaIbHOCTHIO, TaK KaK YyiKe
JOCTATOYHO JIOJITO€ BPEMs B JIMATHOCTHKY W HCCJICOBaHHUS B OOJIACTH MEIHWIIMHBI U
OMOMEXaHMKHU BBOSTCS KOMITBIOTEPHBIC TEXHOJIOTHU. B ToM umcie npoda PombGepra panee
POBOIMIIACH 0€3 MPUMEHEHUSI TOYHBIX METO/IOB, @ HA OCHOBAHUH OIICHKH CIICIIUAIIMCTOB, TO

€CTh OIMpAJIACh TOJILKO Ha JIMYHBIN MPOPECCUOHANIBHBIN OIBIT Bpaya.

Jlureparypa:

1. [To3a (mpoGa) Pombepra // Vertigonet URL: https://vertigonet.ru/poza-romberga/ (mara
oOpamenus: 14.10.2022).

2. CoBpemenHbie MeTo/IbI JMATHOCTHKH BECTHOYISPHBIX paccTpoiicTs // KubepJlennnka URL:
https://cyberleninka.ru/ (nara o6pamenus: 10.10.2022).

3. OObeKTHBHAS OLICHKA MOCTYpabHON ¢byHKINN // Medelement URL:

https://diseases.medelement.com/ (nata oopamenns: 11.10.2022).
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OIIbIT MIPUMEHEHUA CUCTEMBI NIOJJAEPKKHU TIPUHATUSA
BPAYEBHBIX PEIIEHU SMARTPLAN ORTHO3D
B IPEAOIIEPAIIMOHHOM IIVIAHUPOBAHHUHN

IpenaxenoB A.U., Mapbsankun K.A.

Capamosckuili HaYUOHAIbHbLU UCCIe008AMENbCKULL 20CYOAPCMBEEHHbLI YHUBEPCUMEm
umenu H.I". Yepnviwescroco, Capamos

AHHOTaIIPIﬂ: B pa60Te PaCcCMOTPCH OIBIT NPUMEHCHHUA CUCTEMbI TOAACPIKKU MMPUHATHUA Bpaqe6me
pemenuit SmartPlan Ortho 3D mis ompenencHUsS mapaMeTpOB CarHTTANIBHOTO OajlaHca MMO3BOHOYHHKA H
IUIAHUPOBAHUS OIEPALIHU.

KiroueBble ci1oBa: OnoMexaHHUECKOE MOCIHPOBAaHHE, CATUTTAILHBIN OalaHC MO3BOHOYHHUKA.

Key words: biomechanical modelling, sagittal spinal balance.

Cucrema noanepxku npussaTHs BpaueOHbIX pemienuid (CIIIIBP) — xommbrorepHas
mporpamMma, KOTopasi oOeclieurMBaeT Bpada KIMHHUYECKAUMU JAaHHBIMA W CBEJICHUSIMU O
MalMeHTe U COMPOBOXKJAET TPH MPUHIATHH pemeHuid. OnepaTuBHas WHGOpPMAIMOHHAS
MOJJIEPKKA TIOMOTAeT BBICTPOUTH TMPABWIBHYIO BpadeOHYI0 TakTUKy. KiamHuueckoe
MBIIJICHUE CHEIUATUCTa 00BEAUHIETCS C UCKYCCTBEHHBIM MHTEJUIEKTOM JJISl TTOBBIIIICHUS
KauecTBa IMArHOCTUKH U JICUCHUS.

Hamu Obio mpoBeneHO onpoOOBaHWE CUCTEMBI MOJIECPKKU HMPUHATHS BpauyeOHBIX
pemennid SmartPlan Ortho 3D, paspaborannoit B maboparopuu CIIIIBP CapartoBckoro
roCyJapCTBEHHOI'0 YHUBEPCUTETA.

Heo6xomumocts  CIIIIBP  3akmrouaercs B~ BO3MOXKHOCTH  TOJIb30BATHCS
WHCTPYMEHTAMU KOJMYECTBEHHOW OIIEHKHM TOTO WM HHOTO BapUaHTa XUPYPTrUYECKOTO
JedeHus 3a00JIeBaHUN M TIOBPEXKICHUI MO3BOHOYHO-TA30BOT0 KOMILJIEKCA JI0 MPOBEICHUS
oTepalii, HE BBITIOJNHSAS HUKAKUX WHBA3WBHBIX MPOLENYp, YYUTHIBAS HHIWBHIYyaIbHBIE
0COOEHHOCTHU KaX/10T0 OOJIBHOTO.

3anauu, pemaembie CITTIBP:

1) npe/cKa3aHue NPUOTUZUTEIBHOTO PACIOI0KEHHSI 0ObEKTOB HHTEPECA;

2) JOKaJIM3alysl OPUEHTHPOB M OIPENEIEHUE LEHTpa KaXJ0ro u3 OOBEKTOB
MHTEpECa;

3) OMHapHas CErMEHTAalMs Ka)kJI0T0 JIOKAJIM3UPOBAHHOTO 00bEKTa MHTEpECa.

Hamu Opimo mpoBeeHO H3MEpEHHE MapaMeTpoB CaruTTalbHOro OanmaHca U
reOMETPUUYECKOE IUIAHMPOBAHHWE IapaMETpPOB OIEpallMM Ha II03BOHOYHUKE, a TaKKe
MOJTrOTOBKA JAHHBIX JIsI OMOMEXaHUYECKOTO MOJICTTMPOBAHMS STON OTIEPAIIHH.

PaboThI MPOBOAMINCE € peallbHBIMUA PEHTTEHOTPAMMaMU MAIMeHTOB. bouin n3mepeHsl

napameTpel caruttanpHoro Oamanca: Pl —Pelviclncedence (ta3oBeiii wHzAekc), SS—
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SacralSlope (nakinon kpectia); PT — PelvicTilt (makion taza); GLL — GlobalLumbalLordosis
(rmoGanbHBIA MOSCHUYHBIN JIOPA03) M JApyrue. 3aTeM Ha PEHTTeHOrpaMMe IPOBOIMIICS
BUPTYaJIbHBIN pa3pe3 Mexay mo3BoHKaMu L4-L.5 u yacTi peHTeHOrpaMMbl TOBOPAYUBAINCH
OTHOCHUTENIBHO JPYT JIpyra Ha TAKOW YToJl, KOTOPBIH MO3BOJISIET MPOBECTH PAacUET apaMeTpoB
CaruTTaJbHOro OasaHca.

CrenyromuM 3TarnoM Hallero MccieAoBaHus ObUIO MPOBEAECHUE UMIUIaHTauuu. s
TOro0 4TOOBI MPOBECTH HMMIUIAHTAIUIO, OBUIO PEIIEHO BBIOPATh CIy4allHOTO aHOHUMHOIO
nanuenTa u3 6a3sl qauHbix CIIIIBP co ciaenyromeit ucropueit 6onesHu:

«Bwvicoma mena L1 noszeonxa cruowcena na 1/2 om ucxoono2o, meno KIUHOBUOHO
0eopmMupo8ano, 8epxHss 3aMbIKAmenbHas NIACMUHKA 80A61eHd, KOHMYPbl €€ HeuémKue.
Bvicoma cmedchbix Me#cno360HKOBbIX OUCKOB CHUNCEHA. »

UroObl MNOArOTOBUTH Jl@aHHBIE MJii OMOMEXaHMYECKOro MOJETUPOBAHUS Oblia
MOCTPOEHA TBEPAOTENbHASI MOJEIb TOBPEXKACHHBIX TO3BOHKOB C MEKITO3BOHKOBBIM JIUCKOM.
KomnerorepHass Tomorpamma Obuta cermMeHTUpoBaHa, W mporpamma SmartPlan Ortho 3D
ABTOMAaTHYECKH pPACIO3HAJa MO3BOHKH. 3aTe€M C MOMOIIbIO MPOrpamMMbl NIl BBIOpaHHOM
Hamu ob6sactu Ha KT Obu10o paccunTaHo cpeliHee 3HauYeHHEe uncen XayHCpuiaa, U Mo HeMy
ObLIO paccunMTaHO 3HaueHHe MoAyis FOHra cooTBeTcTBYIOUIMX TKaHel mauuenta. Jlanee c
MOMOIIIbI0 UHCTPYMEHTOB mocTpoeHus: o0bekToB SmartPlan Ortho 3D, Bxirouast OyneBs
orepanuu, OblI TOCTPOEH MEXIO3BOHKOBBIN nuck. Monyns FOHra s aucka Obul B3ST U3

0a3bl TaHHBIX, BcTpoeHHOM B SmartPlan Ortho 3D.
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