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Abstract. In this paper results of iv-vivo measurements for healthy volunteers and people, with verified diagnosis
of lymphedema, obtained with two-photon tomography with FLIM mode on MPTflex equipment (JenLab GmbH)
are presented. In the study, eight healthy people and eight people with lymphedema disease participated. The
papillary layer of the skin was analyzed at a depth of about 100 um. In the course of the study, a small
redistribution of autofluorescence lifetimes was observed for healthy volunteers and people with lymphedema
disease. However, the main component composition in similar parts of the papillary dermis don’t not change
significantly. This allows to make assumption that as a result of the development of the disease, structural

changes occur that do not significantly affect the component composition of the tissue.

Beenenue. 3aboneBanue smmdeneMa CBSI3aHO C HapyUICHUSMH B pabore TMM(paTH4eCKONW CHUCTEMBI.
JlanHOoe 3a00/IcBaHME MOXET OBITh KaK BPOXKACHHBIM, TaK M IIOJyYEHHBIM B PE3yJIbTaTe XUPYPTHUCCKHUX
BMeIaTensCcTB. [IporpeccupoBanue 3a001€BaHNS, BEI3BAHHOE aHOMAJIBHBIM HAKOIUICHUEM TKAHEBON JKHIKOCTH
C BBICOKHM COJEp)KaHWeM Oenka, IPUBOAUT K pa3pacTaHUIO BOJOKHHUCTOM COEAWHHUTENLHON TKaHH,
runepTpouu KUpPoBOM TKaHM M BocnayneHuto [1]. Ha naHHbIi MOMEHT nedyeHuMe JaHHOTO 3a0ojeBaHMA
OCJIO)KHEHO MHOXKECTBOM (PakTOpOB, B TOM YHCIE M CIIOKHOCTHIO JIOCTOBEPHOH KIMHUYECKON OLEHKH
3abosieBanus [2]. C NosBICHHEM COBPEMEHHBIX MHOTO(OTOHHBIX Ja3epOB MOSBUIIACH BOBMOXKHOCTH MPOBOAUTD
N3MEpEeHNs TIO0/IKOKHO-)KUPOBOW KIIETYATKH in-vivo 0e3 OKa3aHWs HETaTHBHOIO BO3JCHCTBHS Ha OOBEKT
uccnenoBanus. [3,4]. bomee TOro, TmpH TMOMOIIM TEXHOJOTHH OMPEICICHUS BPEMEHH  KU3HHU
aBTO(IIyOpECLICHIINY, MOSBUIACH BO3MOXHOCTb pa3/ielisiTh OOBEKTHI 1O BpeMeHH xu3HU. Tak, B pabore [5]
MIOKa3aHbl BEIIECTBA, KOTOPHIE MOTYT OBITh NMPOAHAIM3UPOBAHBI NPH OINpPEICIEHHBIX HAcTpoHKax Jazepa, B

pabore [6] ObLIa MOKa3aHa BO3MOXKHOCTH BBIACIHUTH KAIMIUIAPHI B MAWUBIPHOM cJI0€ KOXHU. TakuMm oOpaszom,



MHOTO(OTOHHAs] MUKPOCKOIIHS, Ha OCHOBE IBYX(OTOHHOH (DTyOpECEHIINN WIIH TeHEPaIlii BTOPOH TapMOHUKH,
obnazaer GONBIIMM MMOTEHIMAIOM /I HEMHBa3MBHOW OLICHKM M MOHUTOPHHra MOP(OJIOTHYECKUX CTPYKTYp H
(YHKIIMOHAIBHBIX COCTOSIHUH JKUBBIX TKaHel [4, 7].

Matepuanbl U MeToAbl. B naHHON paboTe paccMaTpuBalUCh JABE TPYIHIBI MAIEHTOB: 370POBBIC
JIOOPOBOJIBIIBI U MAIIMEHTHI ¢ 3a0o0jeBaneM uMpenema, npoxoasamue geyenne B AHO «HUM Mukpoxupypruu
THI CO PAMH». Ilporokon wuccienoBaHus ObUT OJOOpEH HWHCTUTYIHOHAIBHBIM KomutetoM HUU
MUKpOXHPYpPruH, a KaKObIM ydJacTHHKOM Obuto moxmucaHo «MH(opmanmoHHOE coriacue» Ha ydacTHE B
nccienoBaHuu. B wmccnemoBaHMM ydacTBoBasa Tpymma mandeHToB ¢ I cramueit nmumdenembl KoHEYHOCTEH
(meneBas rpymma) B Bo3pacte oT 23 10 68 et (n = 8) u Tpynmbl 3M10POBEIX T0OPOBOJBIEB B Bo3pacTe oT 19 1o
65 ner (n = 8). B mepByro rpymnmny BONUIM 2 MAMCHTa ¢ NEPBUYHON JMM(pEaeMOi HIDKHUX KOHEYHOCTEH, 2
MalMeHTa CO BTOPHYHON JmMQeneMoil BEpXHMX KOHEYHOCTEH (HOcie MOAMBINIEYHOH JMM(aaeHIKTOMNUH,
BBI3BAHHON pPakOM MOJOYHOW J>Kelle3bl) W 4 TAalWeHTHl CO BTOPHUYHOW ITHM(Enpoil HIKHHX KOHEYHOCTEH,
BBI3BAHHBIE PA3IMYHBIMH NPUYNHAMHE, 3 IMEHHO OOMIMpHBIE 0X0Tu KoxH (1 ciydait), mocie TpaBmsl (1 ciyyait)
U TIOCTIE XUPYPTUYECKOTO JICUCHUS paKa IeHKH MaTKU B COUETaHUU C pEHTreHoTepanue (2 ciyyas).

N300pakeHnii OIKOKHOKUPOBOM KIIETYaTKU ObIIIM MOJTyuYeHbI Ha 1BYyX(oToHHOM MuKpockorne MPTflex
(Jenlab GmbH, T'epmanust). Pabouast jyiuHa BOJHBI Jla3epa Hakauku cocTaBisuia 760 M. Bpum u3yuen
MaNWISPHBIA C0# KoXxu Ha riyoune mopsaka 100 mMxm. B xauecTBe HawyanbHOH IIyOMHBI MOJIOXKEHUS Ja3epa
ObUT BBHIOpaH pOroBOW cioi koxu. Kaxkmoe m3MepeHme MpoBOIMIIOCH ¢ Hcmonb3oBaHumeM FLIM pexwnma u
cnennanbHOTO mporpamMuoro makera «Becker & Hickly. Mcxomgapie manHBIe TpeACTaBILIN cOOOW MaTpHILY
pasMepoM 128 x 128 x 256 nmukceneit, pazmMep U300paykeHUsI COCTABIISI 75 X 75 MKM ¢ OOKOBBIM pa3pelieHueM
OKOJIO 1 MKM M C IPOAOJIBHBIM pa3pelieHue Hike 2 MKM. [lonydeHHbIE TaHHBIE aHATU3UPOBAINCH TP ITOMOIIH
npwioxenus SPCImage (Becker & Hickl) u Python.

B nannoii pabore ObuM IpoaHaNM3MpPOBAaHO BpeMs >ku3HM aBToduryopecueHimu (A®d). Curnan AdD

00BIYHO OLICHUBACTCs C UCHTOJIb30BAHUCM JIBYX SKCIIOHCHIUAJIBHOTO HpI/IGJII/I)I(eHI/IH CJICAYOIUM 06p330M
_ —tlt, ~tlt,
F(ty=ae """ +a,e """,

TIe aj, a, t;, ty- aMIIIUTYABI U BpeMeHa xu3Hu curHana A®. CpenHee BpeMsl )KHU3HU tm BRITIBIIUT CIICIYIOIINM

oOpazom
_hLatia,
" ata,
U JIaHHAs BEJIMYMHA YacTO UCIONB3yeTcs Uit aHanmu3a naHHbeIX FLIM. TIpocTpaHCTBEHHOE pacmpeneieHue tm
3HAYEHHMS /IS 3[J0POBOM TKAHH M TKaHH JIMM(EIEeMBbI TPEICTABICHO Ha PUCYHKE 1.

PesyabsTaThl. Bcero Oputo mpoanammsumpoBanHo Oomee 20 wm300pakeHMH IS KakIOTO Kiacca.
OtMmeuaeTcss HeOONBIIOE U3MEHCHHUE BEITMYUHEI ¢, HO B LIEJIOM PACHpEACICHUE VIS 3I0POBON TKAHU U TKAHHU C
nuarao3om JuMdenema oueHb 61u3ko. Takum 00pa3om, MOKa3aHoO, YTO CoepkaHne (QIyOPECIEHTHBIX BEIIECTB,
BKJIKOYAas DJJIAaCTUH, IJIA I/ICCHe}IyeMBIX prl'[l'[ HpaKTI/I‘{eCKI/I HC HU3MCHACTCA, OCHOBHOC pa3m/1tme Me>1<)1y
IPYIIAMU CBA3aHO ¢ IPOCTPAHCTBEHHBIMHU U3MEHEHHUSMHE CTPYKTYPbI KOJITareHa.

3akiouenue. B Xxozme mpoBeleHHsS HCCICIOBAHHIA OTMEUEHO Iepepachpe/ieiecHHe BPEMEH JKH3HU
aBTO(IIyOpECIEHIINY JUIS 3I0POBBIX TOOPOBOJIBIIEB U JIIOJICH ¢ 3aboiieBaHueM JuMdenemMa, 0JHAKO OCHOBHOM

KOMIIOHCHTHBI COCTaB B ITOXOXKHX yY4JacTKax HNalAIIAPpHOTO ACpMHUCA 3HAYUTCIIBHO HE H3MCHSUICH. 2710



MO3BOJIACT CACJIaTh HNPCAIIOJIOXKCHUE, YTO B PE3YJIbTATC Pa3BUTHUA 3a00JICBaHHS MNPpOUCXOAAT CTPYKTYPHBIC

HN3MCHCHUA, KOTOPBIC 3HAYUTCIbHBIM 06p8.30M HE BJIMSIOT Ha KOMIIOHCHTHBIN COCTaB TKAaHH.
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Puc. 1. Cpeonee 3nauenue u cmanoapmmnoe OmkioHeHue 011 CPeOHe20 BPEMeHU JCUSHU A8MOPIYOpeCyeHYUU t,,.

BrinonHeHo npu wacTu4HOM (rHaHCOBOI noanepxke PODU (mpoext Ne 18-42-703012).

CIIMCOK JIMTEPATYPBI

1. Rockson S.G. (2001). Lymphedema. Am J Med. no. 110, pp. 288-295.

2. Becker C., Assouad J., Riquet M., Hidden G. (2006). Postmastectomy lymphedema: long-term results
following microsurgical lymph node transplantation. Ann Surg., no. 243, pp. 313-315.

3. Zipfel W.R., Williams R.M., Webb W.W. (2003). Nonlinear magic: multiphoton microscopy in the
biosciences. Nat Biotechnol., no. 21, pp. 1369-1377,

4. Koehler M.J., Konig K., Elsner P. (2006). In vivo assessment of human skin aging by multiphoton laser
scanning tomography. Opt Lett., no. 19. pp. 2879-2881

5. Dancik Yu., Favre A. et al. (2013) Use of multiphoton tomography and fluorescence lifetime imaging to
investigate skin pigmentation in-vivo. Journal of Biomedical Optics., no. 18(2), pp. 026022.

6. Shirshin E.A., Gurfinkel Y.I., Priezzhev A.V., Fadeev V.V., Lademann J., Darvin M.E. (2017). Two-photon
autofluorescence lifetime imaging of human skin papillary dermis in vivo: assessment of blood capillaries
and structural proteins localization. Sci Rep., no. 7(1), pp. 1171.

7. Zoumi A., Yeh A., Tromberg B.J. (2002). Imaging cells and extracellular matrix in vivo by using second-
harmonic generation and two-photon excited fluorescence. Proc Natl Acad Sci USA, no. 99. pp. 11014-11019.



