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H.H. MeTpuwes, M.A. fankuH, T.I. Tpuwayesa, V.H. JemenTtbesa, C.I. Hedy
Bnusxue npenaparta Ha OCHOBE X/IOPUHA €, Ha arperaynoHHy0 aKTHBHOCTb TPOMOOLMTOB

BJIMAHUE NPEMAPATA HA OCHOBE XJIOPUHA E,
HA ATPETAUMOHHYIO AKTMBHOCTb TPOMBOLIMTOB

H.H. Metpuwes'?, M.A. Tankun', T.I. Tpuwavesa', N.H. [lementoea’, C.I. HYedy'?
Mepsabiit CankT-lNeTepbyprckmit rocyaapCTBEHHbIN MEAMUMHCKMA YHUBEPCUTET
um. akag. M.I. Maenosa, Cankr-lNeTtepbypr, Poccus

2HaumoHanbHbIN MEAULUMHCKUIF MCCNEAOBATENbCKMI LeHTP M. B.A. Anmasosa,
Cankr-letepbypr, Poccus

Pesiome

Llenb nccnegoBaHua — n3yyeHune BINAHNUA pafaxioprHa Ha arperauyioHHyI0 akTUBHOCTb TPOMOOLIMTOB B OMbITax in vitro u ex vivo. OnbiTbl Npo-
BeJeHbl Ha Kpblcax-camuax nnHumn Wistar. ArperaymoHHy0 akTUBHOCTb TPOMOOLUTOB onpefensany B nnasme, oboraleHHon Tpombouutamu
(PRP), TypbrarMeTpUYeCcKMM METOAOM, MHAYKTOP arperaumn — ageHosnHandocdat (A[D) B KoHeuHom KoHuUeHTpauum 1,25 pM. Mpo6bl PRP, co-
Jepalyue pagaxsiopuH, 06nyyanu npu NNoTHoCcT MowwHocTr 0,05 BT/cm?. Mocne TeMHoBOW MHKY6aLmm B TedeHne 5 muH PRP ¢ pagaxnopriHom
Habnohany [0303aBNCMMOE YyrHeTeHMe arperaumm TpomoouuToB. JlazepHoe o6nyyeHmne (NIOTHOCTb SHeprum 12,5 Ix/cm? n 25 [Ix/cm?) ycunu-
Basno UHrMOMpYtoLLee BUAHME pagaxyiopuHa. Yepes 3 U nocsie BHyTPMBEHHOTO BBeAeHUA GOTOCeHCMOMM3aTopa CKOPOCTb U MHTEHCUBHOCTb
arperaymm TpomOoLMTOB He M3MEHANNCD, a ie3arperayma 3HaunMmo 3ameananacb. ObnyyeHne npy NAOTHOCTY dHeprumn 5 [Ixk/cm? He NOBANANO
Ha KVHeTVKyY arperauumn Tpombéoumntos, npu 10 Ix/cm? -ge3arpeuns ewle 6onblie 3ameansanach, a npu 20 [>k/cm? — ymeHbLIanncb CKOPOCTb U
MHTEHCMBHOCTb arperaymmn TpomoounTOB, a ie3arperaymm He NPOUCXOANIIO.

B ycnosusx in vitro pagaxnopuH Ao303aBUcMMo MHrnbupyet AQ-nHAYLMPOBaHHYIO arperaumio TPOMOOLMTOB KPbIC; MOC/e la3epHoro obny-
yeHus 3TOT 3G EKT 3HaUMMO yCcunuBaeTcs. BozgencTere pagaxiopuHa Ha UMPKyaMpyoLme TPOMOOLUTOB NPUBOANT K U3MEHEHMIO UX QYHK-
LIMOHaNIbHOTO COCTOAHUSA, YTO NPOABAETCA B 3aMeANieHnn aesarperaunm nocne sosgeincteua AL®. Nocne nasepHoro o6nyyerms (10-20 Ox/
CM?) BbIpaXKeHHOCTb GYHKLIMOHANbHbIX M3MeHeHn yBennumBaeTca. O6cy>KaaeTca BONPOC O PONN CHUMXEHWA Ae3arperauyioHHON akTUBHOCTY
TPOMOOLMTOB B MeXaHM3Me TPOMO03a COCYAOB B 30He BO3LENCTBYA NPU GOTOAUHAMUYECKON Tepanum.

KnioueBble cnoBa: x710puH e, poToaktusaums, AI®, arperayna TooM60LNTOB.

Ana untnposanusa: Metpuwes H.H., fanknud M.A,, Tpnwauesa T.I, lemenTbesa U.H., Yedy C.I. Binanve npenapata Ha OCHOBe X/10pUHa e, Ha
arperaynoHHyto akTMBHoCTb TpombouuTtos // Biomedical Photonics. — 2019. - T. 8, N 3. - C. 4-10. doi: 10.24931/2413-9432-2019-8-3-4-10.

KoHTakTbi: [puwayesa T.I., e-mail: laser82@mail.ru

THE EFFECT OF CHLORIN E, DRUG
ON PLATELET AGGREGATION ACTIVITY

Petrishchev N.N."2, Galkin M.A.!, Grishacheva T.G.!, Dementjeva |.N.!, Chefu S.G.'2
'Pavlov First Saint Petersburg State Medical University, Saint Petersburg, Russia
2Almazov National Medical Research Centre, Saint Petersburg, Russia

Abstract

The goal of the study is to evaluate the effect of Radachlorin (OOO “RADA-PHARMA”, Russia) (RC) on platelet aggregation in ex vivo and in
vivo experiments. The experiments were conducted on male Wistar rats. Platelet aggregation activity was determined in platelet-rich plas-
ma (PRP) using a turbidimetric method and the aggregation inducer was ADP at a final concentration of 1.25 uM. PRP samples containing RC
were irradiated with ALOD-Granat laser device (OO0 “Alkom Medika”, Russia) at 662 nm wavelength with 0.05 W/cm? power density. After
a 5-minute incubation of PRP with RC in the dark, dose-dependent inhibition of platelet aggregation was observed. Laser irradiation (12.5
J/em? and, especially, 25 J/cm?) increased the inhibitory effect of RC. 3 hours after intravenous administration of RC, the rate and intensity
of platelets aggregation did not change, while disaggregation slowed down significantly. Irradiation at a dose of 5 J/cm? did not affect the
platelets aggregation kinetics, and disaggregation slowed down even more at 10 J/cm?, and at 20 J/cm? the rate and intensity of platelets
aggregation decreased, and no disaggregation occurred.

In vitro, RC inhibited the ADP-induced platelet aggregation in rats in a dose-dependent manner; after laser irradiation, this effect was en-
hanced significantly. The effect of RC on circulating platelets leads to a change in their functional state, which manifests in slowing down
the disaggregation after exposure to ADP. After laser irradiation (10 J/cm? and, especially, 20 J/cm?), the severity of the functional changes
increases. The role of decreasing the disaggregation activity of platelets in the mechanism of vascular thrombosis in the affected area of
photodynamic therapy (PDT) is discussed.

Key words: chlorin e, photoactivation, ADP, platelet aggregation.
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BBepeHune

[aHHble 0 BAUSHMM (OTOAUHAMMYECKOro BO3AeN-
CTBUS Ha arperaLoHHY0 aKTUBHOCTb TPOMOOLUTOB He-
MHOTOUNCJIEHHbI 1 BECbMa MPOTMBOPEUMBBI. B onbiTax
in vivo npy 065y4eHUn COCyiOB MUKPOLUPKYNIATOPHO-
ro pycna Ha ¢oHe BBeAEHUS PaA3INYHbIX POTOCEHCU-
6unuzatopoB (PC) B 30He BO3AENCTBUA HabnopaeTcs
agresust U arperaumsa TpombouutoBs. MpeanonaraeTcs,
UTO MX aKTMBaUUA MPOUCXOAUT BCNEACTBME BIUAHUS
6MONOrMYECKN aKTUBHbIX BELEeCTB (aaeHo3nHandocdat
(AL®), Tpomb0KcaH A2 1 p.), TOCTYMNALWMX 13 NMOBPEX-
JeHHoro sHgoTenua [1], o4HaKo HeKoTopble aBTOPbI He
NCKNoYaloT GOToAMHAMMYECKON aKTMBaLK Tpomboum-
TOB, LMPKYNMpYOLWMX B KpoBY [2]. B onbiTax in vitro no-
KasaHo, YTO Npu CoYeTaHHOM AeNcTBUMN pasnnyHbix OC
1 0bnyyYeHUs pa3BUBAKTCA CTPYKTYPHO-YHKLMOHANb-
Hble U3MEHEHNA TPOMOOLMTOB, B TOM YMCNIe OTMEYaeT-
CA CHUPKEHWE UX arperauyMoHHon akTuBHoOCTK [3-9]. Mpwn
nposegeHun GOTOAMHAMUYECKON Tepanuu HoBoobOpa-
30BaHUI B 3KCNepumMmeHTe U KnuHuke OC 06bluHO BBOOST
BHYTPUBEHHO 3a 2-3 4 1O 061yYeHs, U, CJIeJOBATENbHO,
LUUPKYNMpPYOLMe KNeTKM KPOBY, B TOM uYmncsie Tpomobo-
LUUTbl, B TeUEHME ONUTENbHOIO BPEMEHNW MOABEPKEHbI
pencteuio OC, NO3TOMY MOXKHO NPEANONIOKUTb, YTO 3TO
BAUAET Ha UX GOTOUYBCTBUTENBHOCTD.

Llenbto HacToAwen paboTbl OblNO N3yyeHne BAMAHUA
pagaxioprHa Ha arperauuoHHy akTUBHOCTb TPOMOO-
LMUTOB B YCIOBUSIX in Vitro n ex vivo fo n nocne GpoToak-
TUBALUN.

MaTtepuanbl n metoabl

DKCMEePUMEHTbI BbIMOJSIHEHbI Ha KpblCax-camuax -
Hum Wistar maccon 240-280 r (OI'YMN «MutomMHuK nabo-
PaTOPHbIX KMBOTHbIX «ParnmnosioBo»») B COOTBETCTBUU
¢ «PyKoBOACTBOM MO WCMOMIb30BAHNIO J1ABOPATOPHDBIX
MKMBOTHbBIX ANA HayYHbIX U y4yebHbIx uenen B MCM6rMY
M. akag. W.IM. MasnoBa» [10], cocTaBNneHHbIM Ha OCHO-
Be [upektuBbl EBponerickoro napnameHta u CoBeTa
Eponeiickoro Coto3za 2010/63/EC ot 22 ceHTa6pa 2010 T. 0
3aLLUTE XKMBOTHbIX, MCMOMb3YIOLMXCA AJ1A HAayYHbIX Lienen.

PKMBOTHbIX coflep»asnuv Ha HeOrpaHMYEeHHOM NoTpe-
6neHun ctaHgapTHoro kopma K-120 (<MHpopm-kopm»,
Poccuna) n Bogbl npu GUKCUPOBAHHOM CBETOBOM PEXU-
Me 12.00:12.00 u (cBeT:TemHOTa). TemnepaTtypy nogaep-
KMBanu B npepenax 22-25 °C, oTHOCUTENbHaA BlaX-
HOCTb — 50-70%. [nnTenbHOCTb KapaHTWHa COCTaBnANa
14 cyTOK.

3a60p KPOBY AJst UCCIe[0BaHMA arperaunmy Tpom-
60LMTOB MPOU3BOAUIN U3 APEMHON BEHbI Y HAPKOTU-

3MpOBaHHbIX KpbIC (20%-1 pacTBOp ypeTaHa, 5 mn/Kr
BHYTPUOPIOLWNHHO). B KauecTBe cTabmnmsaTopa KpoBu
NCnonb3oBanu UuTpaT HaTpua (3,2%) B COOTHOLWEHMN
9:1. na nonyyeHna 6oratoi TpombounTaMmum nnasmol
(platelet-rich plasma, PRP) kpoBb ueHTpudyruposanu
10 muH (200 g) Nnpyn KOMHaTHOWM TemnepaTtype. YacTb
PRP oT6bupanu B niacTUKOBY NPOOUPKY, a N3 OCTaB-
welca KpoBu ueHTpudyrupoBaHvem B TeueHue 30
MUH (1700 g) nonyyanu 6egHyto TpomboUMTaMuy nnas-
My (platelet-poor plasma, PPP), koTopyto ncnonb3oBa-
NN ans KanvbpoBKMU WKaibl ONTUYECKOW MIOTHOCTY
arperomeTpa u pa3BegeHua PRP go kKoHueHTpauyun
Tpombountos 200-300-10°/n. UiccnepoBaHune arpera-
LUUKn TPOMOOLMTOB MPOBOAWIMN He No3JHee 2 U nocne
nonyyerHuna PRP.

ArperauyoHHyI0 akTUBHOCTb TPOMOOLMTOB onpefe-
NANN TYpOMANMETPUYECKM METOLOM C NMOMOLLbIO arpe-
rometpa AT-01 (HN® «MegTtex», Poccua), B KauecTBe UH-
AykTopa arperauuu ncnonb3osanu AIQO (CHRONO-LOG
Corporation, CLLA) B KOHeUHOW KOHUeHTpauun 1,25 pM.

B xome nccnepoBaHns perucTprpoBany ciegyioulme
roKasaTesiy arperatorpammbi:

— MaKcuMmanbHaa amnautyga arperaumm (MA) — mak-
CUManbHoe yBenuuyeHre KoddduumeHTa CBeTOnpony-
CKaHuA OT MOMeHTa BHeceHna AD, B % K ceeTonpony-
CKaHWIo 6eCTpOMOOLIMTHON Nia3mbl;

- t, - Bpems JOCTUXeHUs MA, ¢;

- \/arp - cKopocTb arperauuu - MA/t,, %xC";

- t, — BpeMs yMeHbLUeHs MA B 2 pa3a, ¢;

=V arp — CKOPOCTb A€3arperayum — 2 MA /t,, %xc.

Mpo6bl PRP 06nyyanu B nonnnponuneHoBoN KioBete
(d =7 mm, h =45 Mm) € NOMOLLbIO MONYNPOBOLHUKOBOIO
nasepHoro annapata AJIOO-TpaHaTt (OO0 «Ankom me-
Jvka», Poccuna), pnvHa BomnHbl — 662 HM. Micnonb3oBanu
CBETOBOA C JIMH30W ANA Hapy»Horo obnyyeHmsa (OO0
«MonnpoHnk», PoccnAa), 3aKpensieHHbI B LITaTUBE.
Topevy, cBeTOBOAA pacnonaranu Ha pacctoaHnm 40 mm ot
MOBEPXHOCTU NPOObI.

B kauectBe ¢oTOCEHCMOMNM3aTOPA WCMOMb30Ba-
nn 0,35%-bin pactBOop pagaxnopmHa (OO0 «PALA-
OAPMA», Poccud, perumcrpauynmoHHoe yAaoCToBepeHue
NJIC-001868 ot 16.12.2011). KoHueHTpauuio pagaxio-
pUVHa B nia3me KPOBU KPbIC ONpeaensiiv nocie BHyTpu-
BEHHOTO BBeJleHNA cnekTpodoToMeTpuryeckn. B MomeHT
BBE[EHNA pacyeTHas KOHLEHTpauua pajaxiopuHa c
yuyeToM reMatokpuTa coctaBnana 160 MKr/mn nnasmbl.
PPP pa3sogunu B 2 pasa c PBS (docdatHo-coneBoin Oy-
dep, pH 7,4) v onpepensny onTMYeCKyo NIOTHOCTb NpK

OPUTUHAJIBHBIE CTATHW
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662 HM Ha cnekTpodoTomerpe CD-2000 (AO «JTOMO»,
Poccus). 800 mkn npenapata BHOCUI B KBaPLIEBYIO KiO-
BeTy (I = 0,5 cm), U3MepeHUe NPOBOANIN B CPABHEHUN C
Mia3mMou KOHTPOJbHbIX KPbIC, pa3BeAeHHON B 2 pa3a PBS.
KoHueHTpauumio pagaxiopriHa B niasme onpeaensany Ha
OCHOBE KaNIMbpoBOYHOro rpadrka, NOCTPOEHHOro AnA
pafaxnopuHa, Pa3BeLeHHOro B KOHTPOJIbHON Mya3me B
PBS, B uHTepBane KoHUeHTpauuin ot 2,5 fo 30 MKr/mi.

B nepBou rpynne onbITOB nccnefoBanu BAMAHUE pa-
[ax/I0OpUHa Ha arperayuo TpoMOoUKTOB in vitro. B cTaH-
LAPTHYIO MO coflepKaHnio TPOMOOLMTOB Mnna3my fob6aBs-
NANV PafaxOpvH B KOHeYHOW KoHueHTpauuu 10, 20 n
40 MKI/MN 1 nocsie 5-MUHYTHOM NHKYbaummn B TEMHOTE ©
onpeaensany arperayuoHHy akTMBHOCTb TPOMOOLIUTOB.

B cnepytowen rpynne onbiToB UCcnefoBan BAUAHNE
$OTOaKTUBMPOBAHHOIO pajaxiopvHa Ha arperayuio
TPOMOOLMTOB in vitro: B nnasmy, coaeprKallyro CTaHaapT-
HOE YMCo TPOMOOLUTOB, BBOAWIV pagaxiopuH (14 mkr/
MJ1), nocnie 5-MWHYTHON MHKy6auun B TeMHOTe npoby
06nyyanu 1 onpegensny arperayuoHHy akTUBHOCTb
TpombouunToB. B rpynne cpaBHeHUs UCCiefoBany Bu-
AHVe obnyyeHnAa B TOW Xe [103e Ha arperayuio Tpomo6o-
unToB. Pexxnmbl 0611yyeHMsA: NMNOTHOCTb MOLLHOCTY Ha
noBepxHOCTM Npobbl — 0,05 BT/cm?, NNOTHOCTb Heprum —
12,5 1 25 Ox/cm?,

B TpeTbel rpymnne onbiTOB *KMBOTHbIM B XBOCTOBYHO
BEHY BBOAMM 6ONMOCHO pagaxyiopuH (5 mr/kr). [Jo 3a6o-
pa KPOBW XNBOTHbIE COAepXanncb B TeMHoTe. Yepes 3 4
nposoAnn 3abop KPOBK U3 SPEMHON BEHbI, MOyYanu
CTaHAapPTHYO No TpomboumTam nnasmy, obnyyanu ee u
onpeaensany arperayuoHHy akTMBHOCTb TPOMOOLIUTOB.
Pexxumbl 0651yYeHMs: NIOTHOCTb MOLHOCTM Ha MOBEpPX-
HOCTW Npo6bl — 0,05 BT/cM?, NNOTHOCTb SHeprum - 5, 10,
20 Ox/cm?,

CTaTUCTUYECKMI  aHanM3 MOJIyYEHHbIX pes3ysbTa-
TOB MPOBOAWAM C MOMOLLbI MPOrPamMMHOro nakeTa
IBM «SPSS Statistics Version 20.0». 3HauMmocCTb pasnu-
Uynii M3MepPAEMbIX MAPaMETPOB OLIEHMBANN C MOMOLLbIO
Kprutepna MaHHa — YutHu. OTnnuma cuntanu ctatmucTu-
YyeCKM 3HAYMMbIMW MPU 3HayYeHuAx p MeHee, yem 0,05.
Pe3ynbtathl NpefcTaBneHbl B BUae mepmaHa (HVXHWIA/
BEPXHUI KBApPTWU/b). KOppenAunoHHbIN aHanmn3 npoBo-
OWnK € ncrnonb3oBaHnem Kputepusa CnnpmeHa.

PesynbtaTtbl 1 06CyxaeHne

B Hawwx onbiTax AnA MHAYKLMKW arperauum Tpombo-
LIUTOB B KPOBU KPbIC NCMONb30Banu afieHo3nHandpocdat
(AOQO®) B KOHUeHTpauun 1,25 uM, npu 3Tom arperaums
nmena obpatuMbIi xapaktep. aHHble O BANAHWM pafax-
JIOPVIHA Ha arperauunio TPOMOOLUTOB in Vitro npuBeaeHbl
B Tab6n. 1. Mocne 5-MUHyTHOM MHKY6aummn PRP ¢ pagaxso-
PUHOM KMHETMKa NpoLecca U3MeHMIACh: MUHTEHCMBHOCTb
arperayuun ymeHblMaachb, CKOPOCTb arperaumm n gesa-
rperaumm 3ameanunncb. BolpakeHHOCTb 3ThX 3¢ deKToB
HanpAMYIO 3aBrCena OT KOHLUEHTpauuu pafaxyiopuHa.
Kak BUAHO 13 Tabs. 1, CHMXKEHMe arperaumoHHON akTUB-
HOCTU TPOMOOLIMTOB MPY UHKYOauumM ¢ pagaxiopuHOM
HOCW/IO [0303aBUCKMbIV XapakTep (KoapduLmeHT Kop-
penauynn CnupmeHa r = -0,915; p<0,001).

B cnepyiowen rpynne onbITOB Nocsie 5-MUHYTHON
TEMHOBOW UHKY6auun PRP ¢ pagaxnopuHom npobbl 06-
nyyanu (12,5 n 25 [xx/cm?). B KauecTBe JOMNOHUTENBHOMO
KOHTPOJIA NCCNef0BaNu arperaymio TPoMO6oLUnToB Cpasy
rnocse nasepHoro obsyyeHUss B Tex xe fo3ax B npobax
6e3 OC. Kak BMAHO 13 JaHHbIX Tabn. 2, nazepHoe obny-
yeHue PRP (ocobeHHO npu gose 25 [/cm?) npuBoguso
K 3HAUVMOMY YBENUYEHWID MHTEHCMBHOCTU arperayuu
TPOMOOLIMTOB, OAHAKO KUHETMKa mpouecca npu 3TOM

Ta6nuua l

BausiHue papaxnopuHa Ha AAD-MHAYLMPOBaHHYO arperauuto TpoMOoUUTOB in vitro

Table 1

The effect of radachlorin on ADP-induced platelet aggregation in vitro

MakcumanbHas
amMmnanTypa arperayvum
(MA), %

Yucno kpbic (N)

CKopocTb
Aesarperauun (V, ),
%xc

CKopocTb
arperauun (V_ ),
%xc!

KoHTponb 10 55,5 (51-61,7) 0,42 (0,39-0,45) 0,31(0,26-0,34)

Control

PagaxnopwuH, 10 MKkr/mn o= v % _ *
Radachlorin, 10 g/m 5 46 (44-49) 0,35 (0,29-0,37) 0,15 (0,15-0,19)

PapgaxnopwH, 20 MKr/mn a1)% B % _ %
Radachlorin, 20 pg/m| 5 36 (30-41) 0,23 (0,23-0,29) 0,12(0,11-0,12)

FEREHOUS IR, A0 TN 5 21 21-28)* 0,2 (0,17-0,22)* 0,08 (0,08-0,09)*

Radachlorin, 40 pg/ml

* - p<0,01 No cpaBHEHNIO C KOHTPONEM (6e3 pagaxnoprHa)
* - p<0.01 compared to control (without Radachlorin)
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Ta6nuua 2

BausiHue doToakTUBMpOBaHHOrO (12,5 1 25 Ax/cM?) papaxaropuHa (14 MKr/MA) Ha AAD-MHAYLMPOBAHHYIO arperauuio
Tpom6boLMTOB

Table 2

The effect of photoactivated (12.5 and 25 J/cm?) radachlorin (14 ug/ml) on ADP-induced platelet aggregation

PapaxnopwvH + nasepHoe
o6nyueHue, [x/cm?

PapaxnopuH
(n=5)

KoHTponb JlazepHoe o6nyueHue, xx/cm?

MokasarTenb (n=10)

MakcrmanbHas
amnanTyga arpe-
rauum (MA), %
Maximal aggre-
gation amplitude
(MA), %

55,5(51-61,7) 76 (76-77)* 81 (81-82)* 37 (36-39)* 29 (26-30)** 18 (8-18)**

CkopocTb arpera-
uun (Varp), %xc!
Aggregation rate
(V. ), % xs"

aggr

0,42 (0,39-0,45) 0,59(0,57-0,64) 0,8(0,74-0,82) 0,28 (0,26-0,29) 0,09 (0,0,08-0,15)* 0,07 (0,02-0,09)"

CKkopocCTb fie3a-
rperauumn (Vﬂesarp),

[0) -1

e . 0,31(0,26-0,34) 034 (0,32-034) 03(0,29-0,33) 0,13(0,13-0,14)* Her pesarperaumi
Disaggregation No disaggregation
rate (Vdisaggr)’

% Xs™!

* — p<0,01 No cpaBHEHUIO C KOHTponem; # — p<0,01 No cpaBHeHWIO C pafaxIopVHOM 6e3 nazepHOro obyyYeHus.
* - p<0.01 compared to control; # - p<0.01 compared to Radachlorin without laser irradiation.

Ta6nuua 3

BausHue dpoToakTuBMpoBaHHoOro (5, 10, 20 Ax/cM?) papaxropuHa (Uepe3 3 U NOCAe BHYTPUBEHHOIO BBEAEHUA

B A03e 5 Mr/kr) Ha AAD-MHAYLMPOBaHHYIO arperauuto TpoMmoouuToB

Table 3

The effect of photoactivated (5, 10, 20 J/cm?) Radachlorin (3 hours after intravenous administration at a dose of 5 mg/kg)
on ADP-induced platelet aggregation

CKopocTb
Ae3sarperauuu
(V,esarp)r Yoxc™!

esarp!

Hncno SPERIC MakcumanbHasa amnnu- CKOpOCTb arperaynun

(N) Typa arperauyun (MA), % (V) %oxc

B/B-BBefieHVie paflaxnopriHa
3a 3 4 go 3abopa KpoBu

IV-administration of Radachlorin > 68 (67-74)* 0,44 (0,41-0,46) 0,22 (0,18-0,23)*
3 hours before blood sampling

ﬁrﬁaﬁyi;'ﬁzﬂesifﬂcw 5 65 (64-68) 0,41 (0,36-0,49) 0,21(0,15-0,22)*
f?i?.:ﬁi?i ES/%/ZCMZ > 56 (56-57) 0,45 (0,43-0,46) 0,12 (0,1-0,13)*
oo s i

* - p<0,05 no cpaBHeHUIO C KOHTponeMm; # — p<0,01 MO CpaBHEHNIO C KOHTPONEM.
* - p<0.05 compared to control; # - p<0.01 compared to control
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Bnusxue npenaparta Ha OCHOBE X/IOPUHA €, Ha arperaynoHHy0 aKTHBHOCTb TPOMOOLMTOB

CYLLEeCTBEHHO He M3MeHsnach. MNocne obnyueHus PRP,
npeaBapuTesibHO UHKYOUPOBAHHOW C pafaxSIopuMHOM,
Habnogany ymeHblUeHME WHTEHCUMBHOCTU arperauuu
M 3amMefieHne Aesarperauuu, ocobeHHO npu pose 25
Dx/cm?. Takum obpasom, GpoToaKTUBaLUs pagaxnopu-
Ha ycunuBana ero uHrubupywolee BanaHne Ha ALO-
WHAYLIMPOBAHHYIO arperaluio TPoOMOOLUTOB KpPbIC, Npu
3TOM CTUMYJUPYIOLLErO BIINAHNA CaMoro obnyJyeHuns Ha
arperauuio He OTMEYEHO.

B TpeTtben rpynne onbITOB Yepe3 3 4 nocse BHyTpu-
BEHHOrO BBEIEHUS KPbICaM pafax/iopriHa Npov3BOANIN
3abop Kposw, nonydanu PRP, noasepranu npobsl nasep-
HOMY 06NTyUYEHMIO B pa3HbIX f03aX 1 ONpefensav arpera-
LIMOHHYI0 aKTUBHOCTb TPOMOOLINTOB.

Ncxopa 3 o6bema KpoBu y KpbIC (63 MA/Kr), Makcu-
MaJibHasi KOHLIEHTpaLusi pagaxiopuHa B Mia3me cpasy
nocne BBeAeHns coctaBuna 160 mkr/mn. Yepes 3 y no-
CJle BHYTPVMBEHHOIO BBEAEHUsI OCTATOUYHAA KOHLEHTpa-
uma OC B PRP kpoBu Kpbic cocTaBuna (38,0+1,3) mkr/mn,
nnn 24% OT NCXOOHOW KOHLUEHTpaL MM, YTo cornacyercs
C nuTepaTtypHbiMU AaHHbIMK (10-30%) [11-14]. Mpwn 3TOM
arperayuoHHas akTMBHOCTb TPOMOOLUTOB He U3MEHs-
nacb, a CKOPOCTb Ae3arperalmm 3HauMMo yMeHbLUIanach.
B onbiTax in vitro npu CONOCTaBMMbIX KOHLIEHTPaLMAX
pagaxnopuHa (20, 40 mkr/mn) 3¢ deKT bl 3HAUUTENBHO
6onee BblpaxkeH (p<0.01) (Tabn. 3.).

Kak BuzHO 13 gaHHbIx Tabn. 3, nocnie obnyyeHun PRP
B go3e 5 [Ix/cm? He Habmopanu M3MeHeHUs KUHETUKK
arperaynoHHoON akTMBHOCTU TpomboumnToB, npu gose 10
IK/cMm? 3HaUMMO 3ameananacb CKOPOCTb Ae3arperauny, a
nocne obnyyeHna B pose 20 [x/cM? 3HaUMTENbHO YMeHb-
LIANICb UHTEHCMBHOCTb 1 CKOPOCTb arperaumm TpoMb6o-
LMTOB, Ae3arperauumm npy STomM He Habnoaanoch.

MpuBeneHHbIE UCCNEAOBAHUA MOKa3anu, YTo pagax-
NOPUVH (OCHOBHBIM AE/CTBYIOLMM BELLECTBOM KOTOPOTrO
ABNIAETCA X/IOPVH €,) OKa3blBaeT NPAMOe BAMAHME Ha
arperauuio TpOM60OLMTOB B KPOBY KPbIC, MPYYEM B Orbl-
Tax in vitro 3pdeKT 6onee BbipaXkeH, Yem ex vivo.

In vitro pob6aBneHWe papaxnopriHa [0303aBUCMMO
YMEeHbLWano WHTeHcnBHOCTb  AJD-nHAYyLMPOBaHHOM
arperauum, 4to COrfacyeTcs C AaHHbIMK NTepaTypbl
[15], a Tak»ke NPUBOANIIO K 3aMefJIEHNI0 CKOPOCTU Ae3a-
rperaunn. 9107 3pdeKT paHee onvcaH He 6bin. Mo gaH-
Hbim J.Y. Park et al. [15], xnopuH €, BAVAET NPaKkTU4ecKmn
Ha BCe NMpOoLecChl, aKTUBMPYIOLLMECA NOC/e B3auMogein-
cteua AD ¢ nyprHOBbIMY peLenTopamu, T. €. AeNCTByeT
nopobHo 6nokatopam P)Y, -peuentopos. OgHako 3TOT
MEXaHV3M He ABAETCA €OUHCTBEHHbIM, TaK Kak paHee
Hamu 6bII0 ONNCAHO NHIMOUPYIOLLEe BNMSAHME padaxJio-
PUHa Ha KoJlareH-nHAYUMPOBaHHYO arperauuio TpoMm-
6OLNTOB Y KPbIC, HE CBSI3aHHYIO C aKTVBaLMen nypuHo-
BbIX peLienTopos [16].

Mo coBpemMeHHbIM NpefCcTaBleHNAM [e3arpera-
uMs TPOMOOLMTOB ABAAETCA AKTMBHbIM MPOLIECCOM.
WNH1ummpytowme ero mexaHnu3mMbl MOCTOAHHO NPOTeKaloT

B TpoMboUNMTaX, NPefoTBPALLAn NX aKTUBALMIO 1 arpe-
rauuio B cocygmuctom pycne [17]. Kak BUgHO U3 faHHbIX
Tabn. 2, pagaxnopuiH f0303aBUCKMO TOPMO3WJT CKOPOCTb
KaK arperauuu, Tak u, B elle 6onbluen cTeneHu, gesarpe-
rayuun. Ha mopgenn AL®-nHAyLMpPOBaHHON 06paTMMON
arperayuy TPOMOOLMTOB KPbIC MOKa3aHO, YTO MHIMou-
Top P,Y -peuentopos (CS-747) ymeHblian WHTEHCUB-
HOCTb arperaumm u He BAUAN Ha CKOPOCTb Ae3arperaunmu
[18]. DTo NoATBEPXKAAET HaLLe NPeNONOXKEHME, YTO TOY-
KOW NPUNOXKEHNA palax/IopUHa ABNAIOTCA He TONTbKO My-
PUHOBbIE, HO 1 ipyrie peLenTopbl TPOMOOLMTOB.

[Mpy BbICOKOWM KOHLEHTpaUUW pagjaxiopuHa arpe-
raunM TPOMOOLIMTOB KpbIC, aKTUBUPOBaHHbIX ALD
W KOMMareHoM, MpakTUyYecku He  MPOUCXOAuno.
Arperatorpamma fnpv 3Tom rmesna Takon e BUA, Kak npu
6onesHn MaHuMaHa (reHeTnveckuin gedpuumt GPllb/llla-
peuenTopoB). BO3MOXHO, OCHOBHOW MexaHV3M BAVAHUA
pafaxyiopuHa Ha arperauuio 1 gesarperauumio Tpombo-
LMTOB CBA3aH C ero AelcTBMEM Ha MEMOpaHHble peLien-
Topbl, B ToM uncie GPllb/Illa. BeipakeHHOCTb SKCnpeccum
GP-peuLenTopoB 1 MPOYHOCTb UX CBA3M C GUOPUHOrEHOM
onpeaenAlT NHTEeHCMBHOCTb arperaunmn 1 BO3MOXKHOCTb
nesarperaumn. Bo3amoXxHO, nMpy BbICOKOW KOHLEHTpaLmn
papaxnopuHa cBAsb ¢ubpuHoreHa ¢ GP-peuenTopamu
CTaHOBUTCA HeobpaTmon. OfHUM 13 MEXaHVN3MOB pes3-
KOro yrHeTeHWs arperauum TpombouuToB in vitro npwu
BbICOK/X KOHLIEHTPALMAX pPafaxfiopuHa, 0COH6eHHO Mno-
Cfle akTMBaLMKU CBETOM, MOXeT ObiTb yTpaTta (shedding)
GP-peuenTtopos. MogobHoe BnuaHMe Ha GP-peuenTopbl
TPOMOOLIMTOB OKa3blBAET MOBbILIEHWE TemnepaTypsbl [19].

Mpu doToaKkTUBALMM pafaxSIopVHa ero BAMSHME Ha
arperauuio 1 gesarperauyio TpoOMOOLMTOB 3HAUNMO YCU-
NMBanNocb, NpuYem npouecc aesarperaumm 6o 6onee
YYBCTBUTENbHbIM.

Mpun nposegeHun OAT unpkynupytowme B Kposu OC
MPOHVKAIOT B KNETKN KPOBU, B TOM UmMCie TPOMOOLNTDI;
nocne obnyyeHus npowucxogut potoaktmeauus OC n,
BO3MOKHO, GOTOAMHAMMYECKOE NOBpeXaeHne Tpombo-
unTOB. B Kakoll Mepe 3TO MOXeT MOBNMATb Ha 06pa3o-
BaHMe TPOMOOB 1 HapyLUEHME MUKPOLMPKYNALUN B 00-
nactv O[T, ocTaeTca HesACHbIM. B nepBom npubnuxeHun
OTBET Ha 3TOT BOMPOC MO>KHO NMOJSTyYnTb B OMbITaX €X Vivo,
nccneays arperayvoHHy aKTUBHOCTb TPOMOOLIMTOB
nocre vx AnuTenbHoro KoHtakta ¢ ®C B pycne KpoBu.

Mo Hawmm gaHHbIM, Yepes 3 Y Nocsie BHYTPMBEHHOIO
BBEAEHMA pafax/ioprHa CKOPOCTb arperayumn He nsme-
HANacb, a CKOPOCTb Ae3arperauny 3Ha4yMMO yMeHbLla-
naco. NMocneayouee nasepHoe 065yyeHue in vitro okasa-
1o VHrMbMpyoLLee BAUsSHME Ha 06a npouecca, npuyem
6onee 3HauMMoOe — Ha CKOPOCTb Ae3arperauuu (puc. 1).
Ha ocHoOBaHUM 3TUX AaHHbIX MOXHO Mofaratb 4To 00-
nyyeHne ¢GOTOCEHCUOMNN3UPOBAHHBIX TPOMOOLUTOB B
30He nposepeHna OOT MoXKeT NPUBECTU K U3MEHEHMIO
nx QYHKLMOHANbHON aKTVBHOCTU, OOHAKO CTeMeHb Bbl-
pPaXeHHOCTW 3TUX N3MEHEHMWI BPAL NN 3HaYMMa AnA Ha-
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Puc. 1. I3MeHeHune CKOPOCTH arperauuu u gesarperayum TpoM60LUTOB B 3aBUCMMOCTHU OT A03bl 061yHEeHUA
Fig. 1. Change in the rate of aggregation and disaggregation of platelets depending on the dose of radiation

pyweHus Mukpouupkynauun. CHUXKeHne aesarperaum-
OHHOW aKTMBHOCTU MOXHO paccMaTpuBaTb Kak ¢pakTop,
CNoco6CTBYOLWMI TPOMOO3Y NpY akTUBaLMKU TPOMOOLU-
TOB TpomboreHHbiMy dpakTopamu (AAD, TpombokcaH A2
1 Op), BbIAENAOWMMNCA U3 MOBPEXKAEHHbIX SHAOTENN-
anbHbIX KNeTok B 30He OT.

3akniovyeHve
B ycnoBuax in vitro pagaxnopuH f0303aBUCUMO VH-
rn6vpyetr ALO-MHAYUMPOBaHHY arperauuio TPOM-
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Pesiome

PaspaboTaHa 3KcnepumeHTanbHasa MOAenb A1 U3yUYeHUA ONTUKO-aKyCTUYECKOro CUrHana oT Mofenei KNeTok KpoBy, NpeAcTaBAAioLLmX coboi no-
NNCTUPONbHbIE MUKPOChePbl C HAHOUYACTULAMU. YCTaHOBIEHO, UTO HAHOYACTULbl U3-3a MX CUJIbHOTO MOTOLEHNA CBeTa CYLIEeCTBEHHO BANAIOT Ha
KO3PULMEHT KNETOYHOrO ONMTNYECKOrO MOTMOLEHNA, MPU 3TOM Tennodusnyeckmne napameTpbl, a UMEHHO KOG PULIMEHT TENOBOro paclupeHus,
CKMMaeMOCTb 1 n3obapuyeckas yfenbHaa TeMnoeMKOCTb KNeTOK OCTaloTCA HEM3MEHHbIMM, Tak Kak HaHOYacTWLbl 3aHUMAIOT He3HauNTeSbHbIN
BHYTPUKINETOYHbI 06beM MO CpaBHEHMIO C 06beMOM camMolt KneTku. ONToakycTh4ecKre CUrHasbl Obinn NostyueHbl C UCNOb30BaHVEM MOAENbHbIX
pPacTBOPOB NPY Pas3IMUHbIX KOHLEHTPaLMAX KNeTOK M HaHOoYacTUL, AN1A BO3AENCTBIA Na3epoM C [IVHOM BOSHbI 1064 HM. DKCnepuyMeHTabHble
[aHHble, MoNyYeHHble C MOMOLLbIO NasepHoii ycTaHoBKM LIMO100-532/1064-U Ha ocHoBe Nd:YAG, nokasanu, 4To aMmnanTyfa onToakyCcTU4eckoro
curHana Bospactana 6e3 yBennyeHus TemMrepatypbl B 30He BO3eliCTBMA Na3epa.

KnioueBble cnoBa: onToakyCcTU4eCKWi CUrHas, reMaToKpUT, arperaLms, SpUTpoLnTbl, CNeKTpasibHas MAOTHOCTb MOLHOCTY, fasep.

Ana yntuposanmna: Kpasuyk [l.A. DKcnepuMeHTanbHble NCCejoBaHUA OMTOAKyCTUYECKOro BO3AENCTBUA Ha MOAeNb SPUTPOLIUTOB B MPUCYT-
CTBUW yrnepofHbix HaHovactuy // Biomedical Photonics. — 2019 - T. 8, N2 3 — C. 11-18. doi: 10.24931/2413-9432-2019-8-3-11-18.

KonTakTbi: KpaBuyk [1.A., e-mail: Kravchukda@sfedu.ru

EXPERIMENTAL STUDIES OF OPTOACOUSTIC EFFECT
ON THE MODEL OF ERYTHROCYTES IN THE PRESENCE
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Abstract

Experimental model has been developed to study optoacoustic signal from model blood cells presented by polystyrene microspheres
with nanoparticles. It was found out that nanoparticles due to their strong absorption of light significantly affect the coefficient of cellular
optical absorption, while the thermophysical parameters, namely the coefficient of thermal expansion, compressibility and isobaric specific
heat of cells remain unchanged, since nanoparticles occupy a small intracellular volume compared to the cell volume. Optoacoustic signals
were obtained using model solutions at various concentrations of cells and nanoparticles using 1064 nm laser. The results of experimental
measurements using LIMO 100-532/1064-U system based on Nd:YAG showed that the amplitude of the optoacoustic signal increased
without increasing the temperature in the laser area.

Keywords: optoacoustic signal, hematocrit, aggregation, erythrocytes, spectral power density, laser.

For citations: Kravchuk D.A. Experimental studies of optoacoustic effect on the model of erythrocytes in the presence of carbon
nanoparticles, Biomedical Photonics, 2019, vol. 8, no. 3, pp. 11-18. (in Russian) doi: 10.24931/2413-9432-2019-8-3-11-18.

Contacts: Kravchuk D.A., e-mail: kravchukda@sfedu.ru

BIOMEDICAL PHOTONICS T.8, N23/2019

OPUTUHAJIBHBIE CTATHW




AN
N
'_
<
}_
@)
Ll
ifa)
T
0
=
<
T
X
L
AN
o
O

[.A. Kpasuyk, [1.B. Opaa->KurynuHa

3KCI18|JI/IMEHTaJ1beIE UCCNe0BaHNs ONTOAKYCTUYECKOro BO3ENCTBUSA HA MOJIEJb IPUTPOLUTOB

BBepeHune

OnToakycTnyecKas BU3yanusaumsa — KOMOUHMPOBaH-
Hasi TeXHONOrVA BM3yanusauuy, Kotopas obecrneumBa-
€TCs C MOMOLLbI0 PErMCTPaLMY NCXOAALMX LIMPOKOMO-
NOCHBIX YNbTPa3BYKOBbIX (Y3) curHanos, popmupyembix
B OMonornyecknx TKaHsx, ocBeLlaemblx ja3epom. B oT-
nMure OT UOHM3UPYIOLWMX METOLOB BU3yanu3auuu, Ta-
KMX KaK peHTreHorpadus, KomnbloTepHas Tomorpadus,
MO3UTPOHHO-IMUCCMOHHAs ToMorpadus, B ONTOAKYCTH-
YyeckoM Mpeobpa3oBaHMU KCMOMb3YTCA TOMbKO HU3-
Ko3HepreTnyeckme GOTOHbI 1 YNbTPa3BYKOBbIE BOJIHbI.
Hanpumep, sHeprvia ¢OTOHOB BUAMMOIO UHPPaKpPaCHO-
ro CBeTa AfiA ONTOAKYCTMYECKON BM3yanv3aunm He npe-
BbllaeT 2 3B, B TO BpemsA Kak SHeprna TUNUYHOro peHT-
FEHOBCKOIO W3/lyYeHUs AN peHTreHorpadum cocTas-
nsaet okono 10-100 k3B. Takum 06pa3om, ONTOaKyCTU-
yeckas BM3yanumsauua AnseTcsa 6e30nacHbIM MeTOLOM
HEeVHBA3UBHbIX UCCIIEAOBAHUI, YTO OCOOEHHO MepcreK-
TUBHO A1 MPAKTNYECKOTO MCMO/b30BaHUsA. YncTble me-
TOZbl ONTNYECKOW BM3Yyanm3aLnm, Takme Kak onTnyeckas
KorepeHTHas Tomorpadus, dbnyopecueHTHas BU3yanu-
3aUus 1 pasfiMyHble BUAbl ONTUYECKOW MUKPOCKOMNUY
LUMPOKO WCMOSNb3YIOTCA B MeAMLUUHE U MPUMEHATCA
L7151 U3YUYeHNs KIeTOK 1 Bronornyecknx CTpykTyp. ITu
METOZbl UCMOJb3YIOT MPEUMYLLECTBEHHO CMEeKTPOCKO-
nMyeckme 0COOEHHOCTY B3aIMOLENCTBYA CBETA 1 TKaHW,
BHYTPEHHME ONTUYECKME KOHTPACTbI (paccesiHme, NOro-
weHne, peppPaKkUMOHHBIN UHAEKC, NonApmu3aumsa 1 np.).
Ons rnybyiH nopsagka MUNIMMETPA YNCTble ONTUYECKME
METOZAbl BU3yanu3auuy UCMosib3yIT KOPOTKYID AJIVHY
BOJIHbl KOT€PEeHTHOro cBeTa U obecneunBaoT Gopmu-
pOBaHMe 1306paXKeHUA C BbICOKOW pa3pelLatoLein crno-
COGHOCTbIO ANA GUOMEAULIMHCKUX WUCCNeNoBaHUN, Kak
Ha KJIeTOYHOM YPOBHE, TakK 1 B MacliTabe OTAENbHbIX
OpraHoB v TKaHel. OfHAKO 3a npefenamMmm MUIIMMETPO-
BOW rnyOurHbl GOTOHbI B OMONOrMYECKNX TKAHAX CUSIbHO
paccenBaloTCs, UTO OrpaHMUYMBaeT MPOCTPAHCTBEHHOE
paspeLLeHmMe YNCTO ONTUYECKMX METOLOB Br3yanv3auum
15 6ONbLUMHCTBA GMOMEAULMHCKUX NPUMEHEHNI, rae
TpebyeTca nsobpaxeHve 6onee rnyboKMx C/I0EB TKaHeN
MpPY COXPAHEHNY OTHOCKTESIbHO BbICOKOTO Pa3peLLeHrs
[1]. OTHOCKMTENbHOE HM3KOE MNPOCTPAHCTBEHHOE pas3-
peLleHrie 3TOro MeTofa NpPenATCTBYeT AasibHenemy
KIMHUYECKOMY MPUMEHEHMIO Y CHUXKAET MOTEHLMan pac-
NPOCTPAHEHVA AaHHOW METOAVIKU B AMArHOCTUYECKOMN
MeauunHe.

B oTnnume oT crnbHOro paccesiHUsl ONTUYECKOTO yya
paccesHue ynbTpa3ByKOBbIX BOSIH B GUONOrMYeCcKmX TKa-
HSIX Ha OBa-Tpu NopsiaKa cnabee [2, 3], BcneacTeue yero
Y3 BonHa No3BOJAET NOMYYNTb YYULLIEHHOE OTHOLLEHMWE
CUrHan-wym mn 6osee BbICOKOE NMPOCTPAHCTBEHHOE pas-
peLueHrie Nno cpaBHeHMO ¢ auddy3Hon GoToOHHON BOI-
HOW ANA rNy60KO PacronoXeHHbIX 06bekToB B 61onoru-
YecKMx TKaHAX. B KauecTBe 0HOro 13 KJOUEBbIX ONTU-
yecknx brioMapKepOoB NPy OOHaPYXeHWY ONyxonen npu

B NPUCYTCTBUM YrNEPOAHbIX HAHOYACTHL

NMOMOLLM ONTMUYECKOro MOrnoLeHns, obecneyrBaemoro
OMTOAKYCTMYECKOWN BM3yanusaumen, UCnosb3lyeTca He-
3aBUICUMBIN KOHTPACT M300paxkeHus, OTCYTCTBYIOLLMIA
B OpYyrux meTofax Bu3yanmsauuuy, TakMx Kak ynbTpaco-
Horpadusa, peHTreHorpadus 1 MarHUTHO-PEe3OHaHCHas
Tomorpadusa (MPT) [4-7].

B meTopgax onToakycTuyeckowm Bu3yanusaumu Ans
YNyulleHnA ee YYBCTBUTENIbHOCTM LUMPOKO MCMOSb3y-
I0OTCA pa3fIMYHble MeTalInyeckmne N HemeTanamyeckue
HaHOYACTULbI B KAUeCTBE KOHTPACTHbIX BelecTs. B 6ro-
MeONUNHCKOW BU3yanm3auum MCMonb3yloT pasfinyHble
HaHOpa3MepHbIe CTPYKTYpbl, TakMe Kak HaHocdepbl,
HaHOCTEP>KHU, HAHOCUCTEMbI cepebpa, 30510Ta U yrie-
pofHble HAHOTPYOKKM (YHT), B KauecTBe ycunutenei KoH-
TPacTHOCTWN.

Bbi6op yrneponHbix HAHOUACTUL, ABASAETCA Hanbonee
noaxoaAwWMmM Asa NCNosib30BaHUA B ANArHOCTUKE U Te-
panuun ns-3a Nx NPoCTol 1 BbICTPON NOATOTOBKM, Nepe-
CTpauBaeMbIX CBOMCTB paccenaHnA CBETa W NOrNOLWeHNA
N CNOCOBHOCTN CBA3bIBAaTbCA C LIENEBbIMU KETKaMMu.
OpfHaKko cyulecTByeT 3HaUUTeNIbHOE KONIMYEeCTBO Mccre-
[IOBaHUN, CTaBAWMX MNOA COMHEHME LienecoobpasHOCTb
UCMONb30BaHNA HAHOTPYOOK B »KUBbIX OpraHM3Max,
BCNEeACTBME NX TOKCUYHOCTU. [103TOMY HIXKe NpuBefeHbl
pe3ynbTaTbl HEKOTOPbIX PAaboT, Oony6NMKOBaHHbIX Mpe-
MMYLLECTBEHHO 3a Moc/iefHMe TPU rofa, KacakoLmxca
npo6nembl NnpumeHeHus YHT B 6uomeguumHe.

B pabote N. Lu u coaBT. nccnefoBaHo BhvsAHME
obonouek ¢ubprHoreHa Ha Ouogerpagaumio U LUUTO-
TOKCMUYHOCTb OJHOCTEHHbIX YINepOAHbIX HAaHOTPYOOK.
Moka3aHo, uTo cBA3bIBaHME C GUOPUHOrEHOM CHUKa-
€T TOKCMYHOCTb YHT, He BbI3biBaA Mpu 3TOM MX 6uoae-
rpagaumy B aKTUBMPOBAHHbIX KeTKaX, YTO OTKpbIBaeT
HOBble BO3MOXHOCTM B pa3paboTke 6e30MmacHbIX HaHO-
TPy6OK Ans GrioMefuLUHCKIX npumeHeHun [8]. CraTtbs
H.J. Johnston n coaBT. cogepXunT Kputnuueckuin obsop
JOCTYMHbIX AaHHbIX O BAvAHUM YHT Ha 3gopoBbe yeno-
BeKa /1A OLeHKM PUCKOB, CBA3aHHbIX C UCMOJSIb30BaHNEM
YHT. ABTOpamu onpeaeneHbl napameTtpbl YHT, Hanbonee
BEPOATHblE ANA YNPaBieHUA TOKCUYHOCTbIO (AN1MHA, CO-
JepXaHue MeTanna, CKNOHHOCTb K arperauuu/arnome-
paLnmn 1 XMMUYECKIIA COCTaB NoBepxHoCTH) [9]. B paboTe
H. Ahmadi n coaBT. nccnefoBaHo BAUAHWE ABYX pas-
HbiX BMAOB YHT Ha Mblllel: B UTOore He 6bli10 BbIABIEHO
3HAYNTENBbHON TOKCUYHOCTW BBeAEeHHbIX 003 YHT Hu B
opHol r3 rpynn »xuBoTHbIX [10]. B pabote L.E. Carvalho
1 COaBT., 06Cy>KatoTCA acnekTbl NpumeHeHus YHT B ne-
UYEHUM MeNlaHOMbI, TaKMe KaK CHUXKEHNE TOKCUYHOCTU U
NoBbILEeHNe 61MOCOBMECTUMOCTIU. ABTOPbI NpeasnaraioT
MeTOAbl PeLleHns NPobJiemMbl 1 TOBOPST O NEPCNeKTUB-
HOoCTM YHT, Kak TpaHCNOPTHOroO CpeacTBa AOCTaBKY fe-
KapCTBEHHbIX BeLlecTs B onyxonb [11].

Cymmupya OaHHble MPOBOAMBLUMXCA MHOIOYMCIIEH-
HbIMM aBTOPaMW UCCNeAOBaHWIA, MOXXHO OTMETUTb Clie-
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1
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Ipenpsapureabubi OBY
YCHINTE IR HPF
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Puc. 1. CTpyKTypHasi cxema 3KCnepuMeHTasbHOW YCTaHOBKHM 415 UcciieAoBaHnUsA GOpMUPOBaHUSA aKyCTUYECKOrO CUrHasa B CycreH-

31AX NPU ONTOAKYCTUHECKOM Npeo6pa3oBaHnmn

Fig. 1. Block diagram of the experimental setup for the study of the formation of an acoustic signal in suspensions during optoacous-

tic conversion

aytouee: TOKCMYHOCTb YHT He A0 KOHLUa 13y4yeHa, OgHaKo
UMeIoTCA CBEAEHNS, UYTO GpYHKLMOHaNM3NPOBaHHbIe (CBS-
3aHHbIE C KaKUM-IMb60 MaTepranomM) HAHOTPYOKK NposB-
NAT CNAbYI0 TOKCUYHOCTb. Tak»Ke TOKCUYHOCTb 3aBUCKT
OT X MAPAMETPOB, TaKMX KaK AJIMHA U KONIMYECTBO CTe-
HOK. lNpr 3TOM BCe aBTOPbI OTMEYaloT NepCrnekTUBHOCTb
nprmMmeHeHus YHT, NOCKoNbKy OoHK sABRAloTCcA 3PpdeKTrB-
HbIM IHCTPYMEHTOM B TEPANUn 1 NarHOCTHKe.

MpencTaBneHHasa 3KCNepuUMeHTanbHasa paboTa 6a3u-
pyeTca Ha NccnefoBaHNAX, MPOBEeAEHHbIX paHee Kak aB-
TOopamMu CTaTby, Tak 1 apyrumm asTopamu [9-14]. Llenbio
paboTbl ABNAETCA SKCMEepPUMEHTajsibHasAs MpPOBEpPKa Te-
OpEeTUYECKON MOJEeNV ONTOoaKycTumyeckoro 3ddekra B
OBVXKYLLENCA cpefle B MPUCYTCTBMM HaHOPa3MepPHbIX
yactuy [15]. B cpaBHeHMM C uccnegoBaHMAMU OPYrux
aBTOpOB [16, 17] B 3KCNepUMEHTE PerncTprupyeTca aKky-
CTUYECKUI CUTHAM OT HAaHOOOBEKTOB, HaXOAALMUXCA B
IOBVXKYLLENCA XKMAKOCTU, KOTOpPasi MOMELLEHA B TPYOKY ©
coefmHeHa C MOMMOBbIM HACOCOM.

Ma‘repmanbl n metogbl

CTpyKTypHaa cxema n3MepeHnsa BpeMeHHOW peanu-
3auUnMy aMnANTYAbl U CNeKTpa akyCTUYECKUX BOJIH, BO3-
HMKAaIOLLKMX B pe3ysibTaTe ONTOaKyCTUYeCKoro npeobpa-
30BaHMA B MOAENbHOM XKMAKOCTM NOKa3aHa Ha puc. 1. B
MOAENbHOM XNAKOCTU MPUCYTCTBYIOT MOZENN 3pUTPO-
LUUTOB U HaHOpa3MepHble OOBeKTbl (yrnepopHble Ha-
HOTPYOKMU), CKOPOCTb ABUXEHNA »KUAKOCTU MOCTOAHHA,
TemnepaTtypa 37+1°C.

Hacoc no3Bonsetr ¢opmrpoBatb 0OBEMHYIO CKO-
POCTb XUAKOCTW, WAEHTUYHYIO OOBEMHOWN CKOPOCTU

KPOBOTOKa B OpraHusme 4yenoBeka (4 n/muH) [18-23].
Mpw nepecueTe B IMHEHYIO CKOPOCTb ANA TPYOKU guna-
MeTpoM 7 MM nosnyyaem 3HayeHue 2,89 cm/c, UTo CooT-
BETCTBYET pa3Mepy apTepurosibl B OpraHn3mMe YyesioBeka
N CKOPOCTUN KPOBOTOKA B HEM.

Jlyu nasepa HanpaBnAnCA Ha MOBEPXHOCTb ABUXKY-
LercA MOOENbHOM XNAKOCTUN, HAXOAALEeNCa B U3Mepu-
TenbHOW TepmocTaTupyemon Kioete [15]. B pesynbtate
OMNTOAKYCTUYECKOrO Mpeobpa3oBaHUss B  MOZESIbHOM
XKNOKOCTN GOPMUPYIOTCA aKyCTMYECKMe BOJIHbI, KO-
TOpble B3aMMOZENCTBYIOT C MOAENAMU SPUTPOLUTOB
N KOHIIOMepaTOM HaHOPa3MepHbIX YacTul, MOTOKOM
XKUOKOCTW, PV STOM U3MEHAETCA amnuTyaa u npoduib
aKyCTNYeCcKoro curHana. AKycTyecKuin curHan peTek-
TUPYeTCA Nbe3oKepaMnyeckum npeobpasoBaTtenem,
MoCTynaeT Ha GUIBLTP BEPXHMX YaCTOT AJ1A BblAeNeHns
MONEe3HOro CUrHana v NOAaBNEeHNA HA3KOUYACTOTHBIX LUY-
MOB J1a3epPHON YCTaHOBKM.

LUndposoin ocumnnorpad Ha 6aze nnatdopmbl
LabView (National Instruments, CLLA) 3anucbiBaeT 3Ha-
YeHMA SKCMepUMEHTasbHbIX AaHHbIX. Ocuunnorpad
NoAKNYeH K nepcoHanbsHomy komnbtotepy (1K), roe
nporpammHoe obecneyeHue, paspaboTaHHOe B cpefe
Matlab (MathWorks, CLLIA), o6pabaTbiBaeT nonyyeHHble
JaHHble 1 NO3BONAET COMOCTaBUTb TeopeTMnyecKme pac-
YeTbl M SKCMEePUMEHTaNbHbIE AaHHbIE.

NMnynbcbl AnnTenbHOCTbIO 84 HC 1 Nepnogom cre-
poaHua 10 kly dopmupoBanuch B yctaHoBke LIMO
100-532/1064-U [12, 24] ogHOMOLOBbIM TBEPAOTENIbHBIM
Nd:YAG nasepom C M3MeHseMbIM YPOBHEM MOLLHOCTU
0,1-100 BT, napameTpbl yCTaHOBKM NpuBefeHbl B Tabn. 1.

OPUTUHAJIBHBIE CTATHW

BIOMEDICAL PHOTONICS T.8, N23/2019

13



X
N
}_
<
}_
@)
Ll
ifa)
T
0
=
<
T
X
L
AN
o
O

[.A. Kpasuyk, [1.B. Opaa->KurynuHa

3KCI18|JI/IMEHTaJ1beIE UCCNe0BaHNs ONTOAKYCTUYECKOr0 BO3AENCTBUSA HA MOJIEJb IPUTPOLUTOB

YacToTy cnefioBaHMA MMMYNbCOB fla3epa, onpeaens-
follas YacTOTy OCHOBHOW TFapMOHUKU GOPMUPYEMOrO
OMNTOAKYCTUYECKOro CUrHana, 3afjaBanv NPorpaMMHoO B
cpepe Labview, oHa coctaBnana 10 kIy [12-14].

MNpwv BO34eNCTBUN Na3epHbIM JIy4OM (C MapameTpamu
nasepa, NpYBeAEHHbIMA B Tabsl. 1) HA MOZEbHYIO X1A-
KOCTb, KOTOPOI1 Oblia 3aMoJiHeHa KIOBETa, B pe3yfibTaTe
OMTOAKYCTUYECKOro npeobpaszoBaHns GopmMrnpoBanncb
AKYCTMYECKMe BOJIHbl. JKCMEePUMEHTbI NMPOBOAWAN AJsA
pa3HbIX TUMOB MOZAENbHbIX PACTBOPOB C MOAENAMU SpU-
TPOLUUTOB 1 YINEPOAHbBIX HAHOTPYOOK.

B akcneprimeHTe Ana MOAenMpoBaHUs KPpoBY 1 3pu-
TPOLUUTOB B HE UCMOJIb30BANN PAL MOAESIbHbIX XKMUAKO-
CTeln C HANONIHNTENAMN.

[lanee pacCMOTPEHbI TUMbI XKUAKOCTEN U UX XapaKTe-
PUCTUKM.

B kauecTtBe ogHOpoAHOWM Mornowatwen cpefbl ond
npoBefeHns dKCNepuMeHTa Obll NMOATOTOBMIEH HATPUIA-
docdaTHbIN pacTBOp (pacTBOp XJIopvaa HaTpus, rMapo-
docdarta HaTpua Na,HPO,, xnopuga kanua KCl v gurngpo-
docdarta kanma KH,PO, ). OcmoTnyeckas KOHLEeHTpauwA 1
pH (7.32) pactBopa Obiny NAEHTUYHBI N1a3Me KPOBU.

SpUTPOLNTLI B SKCMEPVMEHTE CMOLENUPOBAHbI Che-
pUYECKMM MONNCTUPOSbHBIMU chepamu Afs NPOBEPKU
TEOpeTMYeCKo MOZEeNU, rae B NepBOM MPUOVXKeHNUN
paccenBaiolie 06bEKTbl MOAENMPOBaNMCL chepamu.
[lns mopgennpoBaHus 3pUTPOLITOB KPOBU OblIV Bbibpa-
Hbl MONNCTMPOJIbHbIE MUKPOCdepbl ¢ AnameTpom 5, 8, 15
n 20 MKm (puc. 2), npoussegeHHble B OO0 «Juadapm»
(Poccuna). Pasmep nonuctuponbHbix cdep Bblbupancs
TaK, YToObl COOTBETCTBOBATb Pa3Mepam KPACHbIX KpoO-
BAHbIX TeJsiel, KOTopble B HOPMe NpefcTaBnsAaioT cobom
[BOAKOBBIMNYKJIble AVUCKU OUAMETPOM OKOJIO 5-6 MKM 1
cpepHel TonwmHom 2,0 mkm. KoaddurumeHT ontryecko-
ro nornoweHnsa chep XOPOLLO COrNacyeTcs C AAaHHbIMU
LNs SPUTPOLMTOB B SKBMBANIEHTHBIX KOHLIEHTPaLUsAX.

[ins nopcueTa uncna mrkpocodep, UCnonb3oBanu Me-
TOAVIKY MOJCYETa SPUTPOLUTOB B Kamepe [opseBa: ans
3TOro NPOBOAWIV MOACYET B NATW OOMbLIMX KBagpaTax,
pacrnonoXeHHbIX B Pa3/IMYHbIX MeCTaxX MPOObl PacTBOPa,
HanpumMep, No AnaroHanu. Takum o6pa3om, 3Has, Cymmy
Mukpocdep B nATU GonblMX KBagpaTax (U4TO CoCTaB-
nset 80 mManeHbKUX), HAXoAUNK cpefHee apudmeTmye-
CKOE Uncno MrKpochep B O4HOM MasieHbKOM KBagpare.
YMHOXVB HangeHHoe uncsio Ha 4000 (06bEM npocTpaH-
CTBA Kamepbl Haj, OLHUM MaJIeHbKUM KBaZpaTOM paBeH
1/4000) nonyyanu yncno mukpocdep B 1 Mm* pas3eéx-
HOW KpOBW. B ntore nonyyanu uncno B nepecyére Ha 1 n
KpOBW, T.e. UNCNO MUIIIIMOHOB MUKpocohep.

CycneH3uio JONOIHUTENbHO Pa36aBasann AeUoHN3N-
pPOBAHHOW BOZOW ANA NonyyeHns 60ee HU3KNX KOHLEH-
Tpauwnin (100% = 5-10° yacTu/mMKn).

MN3BecTHO, UTO HaHOYaCTWLUbI MPUMEHSAIOT B Meau-
LUMHe B KauyecTBe YCUUTENEeN KOHTPACTHOCTW B pas-
JINYHBIX MeTodaxX OMTMYECKOW BU3yanu3auuuy, TaKunx

B NPUCYTCTBUM YrNEPOAHbIX HAHOYACTHL

Ta6nuual

MapameTpbl UBMEPUTEABHOW YCTAHOBKHU

LIMO 100-532/1064-4

Table 1

LIMO 100-532/1064-4 measurement system parameters

[OnntenbHOCTb nmnynbca, HC

Pulse duration, ns 84
OpHOPOAHOCTL NyyKa Ta3epHOro n3nyyeHus, %

. 98,5
Laser beam homogeneity, %
SHeprua B umnynbce (E), mOx

11

Pulse energy (E), mJ
[ameTp nasepHoro nyya (d), Mm 35

Laser beam diameter (d), mm

WD HFW
10.00 kV| 5.1 mm | 102 pm

30 pm
Mova D-0182

Puc. 2. [MonanctuponbHbie MUKpochepPbl B MOAENIbHOM pacTBope
(70% mukpocdep) (Nova Nanolab 600)

Fig. 2. Polystyrene microspheres in a model solution (70% micro-
spheres) (Nova Nanolab 600)

KaK onTuMyeckas KorepeHTHas Tomorpadusa, ¢pnyopec-
LEeHTHaA BM3yanu3aumsa U MUKPOCKOMWA ONTUYECKOro
oTpaxeHus. YHT npepctaBnsawT cobon uunuHgpuye-
CKMe MOJIeKyJibl, KOTOpble COCTOAT U3 CBEPHYTbIX Nn-
CTOB OJHOCJIONHBIX aTOMOB yrniepofa (rpadeHa). Ona
npoBefeHna nccnegoBaHnm mncrnonb3oBanmucb YHT co
cpenHen gnvHom 5 Mkm n gnametpom 20 Hm, KOTopble
6binn n3rotoBnieHbl B HOLL «HaHoTexHonorun» O®Y.
HaHOTpyOKN — 3TO CTPYKTYpUPOBaHHbIE YacTuLbl, KO-
TOpble He PacTBOPAIOTCA B BOAE WM OPraHUYeCcKmnx
xKupkoctax. [na nx cycneHaMpoBaHnUA NPUMEHANN Yib-
TPa3BYKOBOeE MepemellnBaHne B yNbTPa3ByKOBOW BaH-
He. Pe3ynbTaT Ha Bbixode 6onee 6IM30K K yrepoaHbIM
HaHoBoslokHam (YHB) co cpepHen gnuHomn 70-100 MKm
n anametpom 30-50 Hm.

PesynbraTbl m 06CyKaeHne
Bo Bpems npoBefeHnsi SKCNepumMeHTOB Mo nccneo-
BAHUIO reHepaLuy akyCTUUYECKOro CUrHasa B MOAENbHbIX
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Mmcp_actbepa

Microsphere

Puc. 3. PacTBOp NoNMCTUPONbHbIX MUKpochep:

a — NoINCTUPONIbHasA MUKpochepa c HAaHOTPYOKOM;

6 — KOHIromMepaTt HaHo4YacTUL, ¢ MUKpochepamm B mogaenbHom pacteope (Nova Nanolab 600)

Fig. 3. Polystyrene microspheres solution:
a — polystyrene microsphere with nanotube;

6 - conglomerate of nanoparticles with microspheres in a model solution (Nova Nanolab 600)

HFW det |mag O |

1 mm | 127 pm E |TLD| 20

6

Puc. 4. Hatpuii-pocdaTHbliil pacTBOp ¢ MUKpochepamu 1 yrnepoaHbIMM HaHOYacTULLAMK:
a — usobpaxkeHue, Nosy4eHHOE Ha oNTUYECKOM MUKpocKorne Olympus X-71
6 — M306paxeHue, Nosly4eHHoe Ha pacTpoBoM MUKpockone Nova Nanolab 600
Fig. 4. Sodium phosphate solution with microspheres and carbon nanoparticles:

a — image from Olympus X-71 optical microscope;

6 - image from scanning electron microscope Nova Nanolab 600

CycrneH3usx, Obliv cieNiaHbl KOHTPOJIbHbIE CHUMKU UC-
NoJib3yeMblX PacTBOPOB (PrC. 2) C MOMOLLbIO PacTPOBO-
ro 3neKTPoHHOro muKpockona Nova Nanolab 600 (FEI
Company, HugepnaHgbl) n mukpockona Olympus X-71
(NTEGRA Vita, Poccus).

Kak BMAHO U3 puc. 2, yrnepogHble HaHOTPYOKU CO-
6UpaOTCA B KOHITIOMEpPaATbl, MPU 3TOM «3axXBaTblBas»
MUKpocdepbl. ITOT NPOLLECC MOXHO PACCMOTPETD C MOo-

MOLLbIO U306paKeHNA, MOMYyYEHHbIX Ha PAaCTPOBOM MU-
kpockone Nova Nanolab 600 (puc. 3).

Cnoco6HOCTb HAHOYACTULL U VX KOHTTIOMEPATOB MHKar-
CyNMpOBaTb BeLLecTBa NPOAEMOHCTPUPOBaHA Ha puc. 4.

BpemAa BO3gencTBMA nas3epHOro u3jlyyeHus Co-
cTaBnAno nopsagka 80 HC (BpemA pocTa MrKa CUrHana).
AMNANTYAa CUrHana ¢ POCTOM MOLLHOCTY JIa3€PHOro 13-
nyyenua Ha 15% ysennumsanacb Ha 28%. [Tpn 3TOM OT-

OPUTUHAJIBHBIE CTATHW
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045 : : :

m— AyCTHYeCKNA crHan ( nazep 0,1 BT) Acoustic signal (laser 0.1Wy)

=== ApycTidecknid curHan (nazep 0,085 BT) Acoustic signal ilaser 0.085 W)

o
=

0.05

Acoustic pressure uPa

AxycTudeckoe aaeneHue, mkMa/

T e

Puc. 5. AKyCTU4ECKUI cUrHan, 3aperncTpupo-
""" i BaHHbIN B BOJAHOM pacTBope MpU pasfinyHbIX

72 74 76 78 80 82 84 86
Bpems, mkc/ time, us

! MUCMNONb3yeMbIX MOLLHOCTAX
&8 Fig. 5. Acoustic signal registered in aqueous
solution at various used laser power

= buzpacTBOp/Saline

AxycTudeckuit curhan P, milla/
Acoustic signal.Pa

Puc. 6. Pernctpvpyembie onbiTHbie 3Ha4YEHUSA
OMNTOaKyCTUYECKOro CUrHana B YucTom puspa-
cTBOpe 1 du3pacTBope, cogepKaliemM MUKPO-
cdepbl

Il 1 1
0,75 0,85 0,95

I
0,65

Fig. 6. Recorded experimental optoacoustic

Bpems t, mkc/ Time ps signal in pure saline and saline containing
microspheres
MeTUM, YTO BpemMsA peakcauny nocse nmka pasorpesa 3aknouyeHue

N3MEeHANOCb, Tak Npu mowHocTn 0,085 BT Bpema penak-
cauumn coctaBuno 9,2 MKc, a npu 0,1 BT — 18,5 mMKC. 31O
NPOWTIIOCTPNPOBAHO Ha puC. 5.

Ha puc. 6 nprBegeHbl NpodunM akycTMyeckoro cur-
Hana, reHepupyemoro B HaTpuii-¢pocdaTHOM pacTBope
1 HaTpun-pochaTHOM pacTBope ¢ 52% MuKpocohep, UTo
COOTBETCTBYET NoKasaTtensam rematokpura [8-10].

M3 puc. 6 BUOHO, UTo B pactBope 6e3 mukpochep
BpeMsA penakcaumm coctasnsaet 0,52 mkc. B npucytcteum
MUKpocdep BpeMa penlakcaLum akyCcTnyeckoro curHana
yMeHbLuaetca (8o 0,45 MKC) 3a cYeT NOrnoLweHusa n pac-
ceaHuA cdepamm ONTMYECKOrO CUrHama, Npu 3TOM Ha-
6nofaeTca yBenvyeHne amnauTyabl CUrHana u cmeLle-
HMe CneKTpa CrHana B CTOPOHY YMEHbLUEHUs YacToTbl
(pwnc. 7), uTo Tak»Ke roBOpPUT O GoMbLIeN MornoLwatLen
CNoco6HOCTU pacTBOpa. Takxe B Npoduse akycTnyecko-
ro curHana ¢ Mmkpocdpepamm Habnogatca GaykTyauum
penakcaumMoHHON YacTu CUrHana BC/eACTBME MHOFO-
KpaTHbIX OTPaXXeHuii oT MUKpocoep.

ABTOpaMu JaHHOW paboTbl BNepBble TeopeTuye-
cKku [13, 14, 24] n akcnepuMeHTanbHo [12, 15] 6bin Kc-
cnlefoBaH OMNTOAKYCTUYECKNIA CUTHAN B ABUXYLLENCA
XUAKOCTN B MPUCYTCTBUN HAHOOOBEKTOB. [OCKONbKY
B fAajibHerwem npepanofiaraeTca WCnonb3oBaHue
YyrnepoAHbiX HAaHOTPYOOK ANA AUarHOCTUKK 3PUTPO-
LMTOB MO TOKY KpPOBW, B MCCIefOBaHUM Gbina Ccnpo-
eKTupoBaHa W onpob6oBaHa 3KcMepuMeHTanbHas
yCTaHOBKa, MO3BONAKOLWAA CMOAENNPOBaTb [ABUXKE-
Hue KpoBu B cocype. [MokasaHo, uTo Npu HeboNbLINX
CKOpOCTAX (B CpefHUX cocyAax) BAUAHMEM MOTOKaA
MO>HO NpeHebpeub.

MpoBeneHHble 3KCMepUMeHTaNbHble KCCefoBa-
HUA BAVWAHUA KOHTPACTHbIX BELeCTB Ha OCHOBE Ha-
HouyacTul Ha GOPMMPOBaAHME ONTOAKYCTUYECKOTO CUT-
Hana nokasanu pocT aMMINTyAbl ONTOAKYCTUYECKOro
CMrHana BcneacTBre YBeNMYEeHUA NOrNoWeHNA HaHO-
yactmuamu. opma ONTOAKYCTUYECKOrO CUrHana npu
60NbLWON KOHLEHTPaUMM HaHoYaCTUL, NoATBepXKaaeT
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TeopeTnyeckme pacyetbl GOpPM OMTOAKYCTUYECKOro
CUrHana noJlyyeHHble B paHee ony6nKoBaHHbIX pabo-
Tax [13, 14, 24].

,D,aHHbIe pe3ynbraTtbl MOTyT WCMOJZIb30OBaTbCA MPU

NPOEKTUPOBaAHNN CUCTEM SKCMPeCcC-ANarHoOCTUKN KpoBun
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6

Peslome

OtbenviBaHne 3y60B ABNAETCA O[HON U3 CaMblX BOCTPEOOBaHHbIX MPOLIEAYP B SCTETNYECKON CToMaTonorun. TpyaHo nopjatoyecs otoenu-
BaHVIO JUCKONOPUTbI, BbI3BaHHbIE N3MEHEHNAMY AeHTUHa unn gedekTamu aManu, MoryT ObiTb YCTpaHeHbl MyTeM OKMCIIEHUA XPOMOreHOB C
MOMOLLbIO XMMUYECKNX areHTOB, MPOHMKaIoLWMX B 3Manb 1 AeHTWH. B nocnegHne rogbl potognHamnyeckoe otbenmsanune 3y6os (O[103) pac-
CcMaTpUBaeTCA Kak MUHUMaNbHO MHBA3UBHbIN U OTHOCUTENbHO 3GPEKTUBHBIN NO BPEMEHW METOJ, MPU KOTOPOM He MCMOoSb3yeTCA Nepeknchb
BOJOPO/A, MPUMEHEHVE KOTOPOI NPVBOAMUT K MOBbILIEHHON YyBCTBUTENbHOCTY 3y60B. ina ®0O3 moxeT ncnonb3oBaTbca poToceHCMbMImn3a-
Top (OC) XNOPUH €, 06NAAAIOLWNII BLICOKUM KBAHTOBbIM BbIXOAOM F€HEPALIMI CUHFIETHOTO KNCIOPOAA, HU3KOWM GOTOTOKCUUYHOCTbIO, GbICTPbIM
BbIBEAEHMEM, C OJHOIN CTOPOHbI, ¥ CMOCOBHOCTBIO K pOTOOGECLBEUVBAHNIO, C APYroi. B HacToAel paboTe npeAcTaBneHbl KONMYeCTBEHHbIE
AaHHble nccnegosaHua sdpdekTnsHocT ®O3 C xNOpUHOM e,: 3MeHeHue LseTa Ana 100 3y60B nocsie NpoueAypbl, OLeHKa NpoHnKHoBeHNAa OC
B TKaHU 3y6a, oLeHKa BHYTpUTKaHeBOW 3$PpEeKTUBHOCTH reHepaLin CUHINIETHOTO KMCNIOPOAa U UHTEHCMBHOCTU dpoToobecuseunsaHna OC npu
nasepHom Bo3aencTrmn. CTaTUCTUYECKM YCTaHOBEHO, YTo 3a oAHY npoueaypy OL03 HacbileHHOCTb LiBeTa 3y60B (C) U3MeHAeTCA B CpeAHEM Ha
0,5 ToHa no wkane VITA, a cBeTnoTa uBeTa (L) B OTAENbHbIX Clyyasnx NoBblaeTcs 6onee yem Ha 10 egnHULL.

KnioueBble cnoBa: ¢OTOAVIHaMI/ILIeCKOQ oTbenvBaHne 3y6OB, (I)OTOCQHCI/IGI/U’WBaTOp, XJIOPVIH €, reHepaunaA CMHIIETHOro Kncnopoia

[Ana uyntuposaHua: KopwyHosa A.B., Makapos B.)., Pa6osa A.B., 3opnHa O.A., KpeunHa E.K., NoHomapes IB. AHanu3 adpdekTnBHOCTM poToam-
HamMMuecKkoro oTbenneaHmaA 3y60B c ncnosb3oBaHnem potoceHcbunmsatopa xnopuH e, // Biomedical photonics. - 2019. - T. 8, N2 3. - C. 19-28.
doi: 10.24931/2413-9432-2019-8-3-19-28.

KoHTtakTbi: KopuiyHosa A.B., e-mail: korshunovaanna.cniis@gmail.com

ANALYSIS OF EFFICIENCY OF PHOTODYNAMIC TEETH
BLEACHING WITH THE USE OF PHOTOSENSITIZER
CHLORINE Eq4

Korshunova A.V.!, Makarov V.I.2, Ryabova A.V.2, Romanishkin I.D.2, Zorina O.A.!?3,
Krechina E.K.!, Ponomarev G.V.*

'Federal State Institution Central Research Institute of Dental and Maxillofacial Surgery,
Moscow, Russia

2Prokhorov General Physics Institute of the Russian Academy of Sciences, Moscow, Russia
3The First Sechenov Moscow State Medical University, Moscow, Russia

*Institute of Biomedical Chemistry of the Russian Academy of Sciences, Moscow, Russia

Abstract

Teeth whitening is one of the most sought-after procedures in aesthetic dentistry. Discolorites that are difficult to whiten, caused by dentin
changes or enamel defects, can be eliminated by oxidizing the chromogens with chemical agents that penetrate to the enamel and dentin.
In recent years, the method of photodynamic bleaching (PDB) is considered to be minimally invasive. It does not use hydrogen peroxide
that leads to increased sensitivity of teeth, and is relatively effective over time. A convenient solution for PDB would be to use chlorin e,

BIOMEDICAL PHOTONICS T.8, N23/2019

OPUTUHAJIBHBIE CTATHW

19



AN
N
'_
<
}_
@)
Ll
ifa)
T
0
=
<
T
X
L
AN
o
O

A.B. KopwyHoBa, B.W. Makapos, A.B. Ps608a, /1.[1. PomanuwkuH, 0.A. 3opuHa, E.K. KpeuuHa, I.B. MoHomapes
AHanu3 3ththeKTMBHOCTH (hOTOAMHAMUYECKOTO OTOENMBAHUSA 3Y60B C UCNONb30BAHUEM (hOTOCEHCUOUNM3ATOPA XNIOPHH €,

as a photosensitizer, which has a high quantum yield of singlet oxygen generation, low phototoxicity, rapid elimination, on the one hand,
and photobleaching capability, on the other. This paper presents quantitative data on the study of the effectiveness of PDB with chlorine
e,: color change for 100 teeth after the procedure, chlorine e, penetration into the tooth tissues, evaluation of the interstitial efficiency of
the generation of singlet oxygen and photobleaching of chlorine e, during laser exposure. It has been statistically established that for one
PDB procedure, the tooth color saturation (C) varies on average by 0.5 tones on the VITA scale, and the lightness of color (L) in some cases

increases by more than 10 units.

Keywords: photodynamic teeth bleaching, photosensitizer, chlorin e, singlet oxygen generation.

For citations: Korshunova A.V., Makarov V., Ryabova AV., Zorina O.A., Krechina E.K., Ponomarev G.V. Analysis of photodynamic teeth
bleaching efficiency with the use of photosensitizer chlorine e, Biomedical photonics, 2019, vol. 8, no. 3, pp. 19-28. (in Russian) doi:

10.24931/2413-9432-2019-8-3-19-28.

Contacts: Korshunova A.V., e-mail: korshunovaanna.cniis@gmail.com

BBepeHune

C KaablM rojom 3cTeTnyeckas CTOMaToNorus cTa-
HOBUTCA Gonee BOCTpebOBaHHOW y HaceneHus. OgHoOM
M3 OCHOBHbIX MpoLeayp, NO3BOMALWUX CKOPPEKTUPO-
BaTb 3CTETMYECKME HeOCTaTK/ 3y00B, ABNAETCA UX OT-
6enuBaHue [1]. MHore BMAbl AUCKONTOPWTA BAMAIOT Ha
BHELUHUI BUA 3y00B. MNpuumrHbl AucKonoputa pasnmya-
I0TCA, KaK 1 CKOPOCTb, C KOTOPOW NPOUCXOAUT UX yaasne-
Hue [2].

M3meHeHne uBeTa 3y60B MOXET ObiTb BHELIHUM
WY BHYTPEHHUM. BHellHe nATHa OObIYHO BO3HMKAOT
B pe3ynbTaTe CKOMJIEHVA XPOMATOreHHbIX BELLECTB Ha
BHELUHEN MOBEPXHOCTU 3yHa. DTW MATHA JIOKaNM3YTCA
B OCHOBHOM B 3yOHOW NPrOOGPETEHHOW MNEHKE U reHe-
pupytoTca nubo peakumein Munnapza mexay caxapamu
M aMMHOKMCIOTaMU (BKJIIOYAET XUMUYECKME Neperpyn-
MUPOBKU 1 peakLun Mexay caxapamu U aMmHOKKCIIO-
Tamu), MM6O NprobpeTalTCA B pe3y/bTaTe yaepKaHus
3K30reHHbIX XpomodopoB [3]. Xumuueckuin aHanus ns-
TEH, BbI3BaHHbIX XPOMATOreHHOW NuLien, AeMOHCTPU-
pyeT npucytcteue ¢ypdpyponoB 1 1X MPOU3BOAHDIX.
BONbLUMHCTBO BHELIHMX 3YOHbIX MATEH MOXHO YAANUTb C
MOMOLLbIO CTAHAAPTHbIX NPOPUNAKTUYECKIX NPOLeayp,
KOTOPbIX Ha CErOAHALWHNIA eHb CylecTByeT 6onbluoe
MHOXecTBO. OfHUM 13 TaKuX CNocobOoB sABNAETCA Npu-
MEHEHVE NacT C OTOeNMBaoLWKM SGPeKTOM 1 ApYrnx Me-
TOOOB, OCHOBaHHbIX Ha MpuHUKMne abpasun [4]. OgHako
CO BPEMEeHeM TaKue NATHA TEMHEIOT 1 CTaHOBATCA boree
CTOVK/MM, HO, KaK MPaBUIIO, BCE eLle MOTyT NnojBepraTb-
ca otbenmaHuio [5].

BHyTpeHHMe nATHa 06blYHO Bbi3BaHbl 6onee rny6o-
KUMU naTHaMmu vunu gedektamn smanu. OHY ABRAIOTCA
KaK crieficCTBMEM CTAapeHus, Tak 1 ynoTpebneHus xpoma-
TOFeHHOW MWLM U HAaNWUTKOB, TabaKoKypeHus, nprema
aHTNOMOTMKOB TETPALUMKIIMHOBOIO psafa, Ype3MepHOro
npuema npenapaToB ¢GTOpa, CUIbHOM XENTYXn B MIa-
JeHuecTBe, Nopdupnn, MUKPOTPELLUH B 3Manu, pusmo-
NIOrMYeCcKor U MaTONOrMYeckon cTupaemocTy 3y6os,
Kapueca 3y60oB 1 pecTaBpaumu. B pesynbrate ctapeHus

1 UICTOHYEHUSA SManiu 3y60B, HIKeNeXallme cJiov AeHTu-
Ha VMEIOT TEHJEHLMIO TEMHETb 13-3a 06pa30oBaHKA BTO-
PUYHOrO OEHTVHA, KOTOPbI TEMHee U HEMpPO3payHee,
YeMm NCXOAHDIN, NepPBUYHbIN AeHTVH. COBOKYMHOCTb 3TUX
MPOLIECCOB MPUBOAUT K MOTEMHEHUIO 3yOOB.

MN36biToK $TOpa B NUTbEBONM BOAE, MPEBbIWAOWNNA
1-2 ppm, MOXeT BbI3blBaTb METAOONNYECKE N3MEHEHMS
B amenobsiacTax, YTo NpuUBOAUT K AedeKTam MaTpurKca 1
HenpaBuiibHON KanbuudurKalmm 3y6os [6].

M3meHeHre uUBeTa Mpu Mpueme NeKapCTB MOXeT
NPOVCX0OANTb KaK A0, TaK 1 Noc/e NofHOro ¢opmMmnpoBa-
HMA 3y6a. TeTpaLMKIVH BK/OYAETCA B IEHTUH BO BPeEMS
Kanbundrkaumm 3yboB, BEpOATHO, MyTeM XeNlaTUupoBa-
HMA C KanbumeMm, obpasys opTtodocdaTt TeTPaLUKIINHA,
KOTOPbIV BbI3blBAET M3MEHEeHWe LiBeTa. Kpome TOro, BHy-
TPEHHUE MATHA TaK>Ke CBsI3aHbl C HAC/IEACTBEHHbBIMU CO-
CTOAHNAMYU (HanNprYMep, HECOBEPLLEHHbIN amMeNioreHes 1
HeCOBepLUEHHbIN aeHTUHOreHe3) [7]. KpoBb, NpoHMKato-
Was B AEHTVHHbIE KaHasbLbl, U METabl, BblAENALM-
ecs 13 3yOGHbIX pecTaBpPaLMOHHbIX MaTePUasNioB, TakxKe
BbI3bIBAIOT 3MEHEHME LiBeTa 3y00B.

BHYTpeHHAA nurmeHTauma 3y6OB He MOXeT ObiTb
yAaneHa C NMOMOLLbID PErynapHbIX NPOPUIakTUYeCKmx
npouenyp. TeM He MeHee, OHa MOXeT ObITb yCTpaHeHa
nyTem OTOENMBAHUA C MOMOLLbIO XUMNYECKMX areHTOB,
MPOHVKAKLWMNX B 3MaNlb U OEHTUH ANA OKUCSIEHUA XPO-
mMoreHoB [8]. MATHa Ha 3ybax, BbI3BaHHbIE CTapeHUeEM,
reHeTUKOW, KypeHuem nnu kode, nydlle pearvpyoTt Ha
oT6enuaHue [9], cMHe-cepble NATHA, CBA3AHHbIE C NPU-
eMOM TeTpaUKrKNnHa, — xyxe [10], a nATHa KOPMYHEBOrO
¢dnoopo3a — yMepeHHo YyBCTBUTENbHbI [11].

AKTVBHO Pa3BUBAOTCA METOAMKM XUMUYECKOrO OT-
6ennBaHus, NPU KOTOPOM MPOVCXOAUT N3MEHEHME LiBe-
Ta 3Manu 1 JeHTUHa OT TEMHOTO K CBET/IoMy Grarogaps
CNOCOBGHOCTU AKTUBHBIX XVMUYECKNX KOMMOHEHTOB MPO-
XOAWUTb CKBO3b 3MaJjlb U [EHTVH U MPOHUKaTb BO BCE Ya-
CTY 3y6a, BbI3blBaA OKNCIUTENBHOE pacllenieHre LBeT-
HbIX NurmeHToB [12]. OQHaKo Takoe BO3JeNCTBME NMeEeT
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W HEraTMBHOE BAMsHME HA dMasib 3y0OO0B, MyNbny U TKaHU
napogoHTa [13, 14].

Yto6bl COKpaTUTb BpemMsa OTOENUBaHMA B KIUHUKE,
NCMONb3YTCA Pa3fiNyHble CNOCobbl YCKOPEHUs pasfio-
XKeHVA nepeKkncy BoJOPOAa, BKOUAs XrMmyeckme (Ha-
npumep, WenouHyw pH), ¢pusmko-xumuuyeckre (Hanpwm-
Mep, GOTOOKUCIIEHNE) N dr3nYecKue (Hanpumep, Harpe-
BaHWe) metopabl [15, 16]. MNepekncb Bogopofa ABNAETCA
ONTMYECKN NPO3PaAYHO B BUANMOM AMana3oHe CreKkTpa,
O[HAKO MOKET NOrfoLwath ynbTpadproneToBblii, CpeaHNI
MHPPaKPaCHbIN 1 JanbHUA MHOPAKPACHbIA CBET, UTO
NpUBOANT K eé pasnoxeHuto. MNpu oTéennBaHUM C UH-
TEHCMBHBIMW MCTOYHVIKaMK CBeTa fobaBneHne pasnny-
HbIX KpacuTenen K oTOenMBaloWmmM refam npuBoanuT K
YNyULLEHWIO MOITIOWEHUs CBETA B refie U, KaKk CJIefiCTBUIE,
K YMeHbLUEeHMIO HarpeBa nynbrbl 3y6a. [lomMmymo Harpe-
BaHuA rens (pototepmmuecknin adpdekT) [17], Kpacutenu
MOTYT TaKXe BbI3blBaTb GOTOXUMUYECKME peaKkLmm [18].

K MCTOYHMKAM KOrepeHTHOro U HEKOT€PEHTHOTO 13-
NyYeHUs, NCMOMb3yeMbIM [/ KaTanm3a npouecca otbe-
NMBAHMSA C MEPEKMUCHIO BOLOPOAA, OTHOCATCA KBapLieBble
BOJIbPPAMOBbIE rafloreHHble SIaMrbl, Ma3MeHHbIe yro-
Bble flamnbl, PTYTHble namnbl, cBeToanoabl (LED) n nase-
pbl C pa3fNYHbIMKU gIHamK BOJH [19-21].

Kak nmpaBunio, nurmeHTbl, gatoowye LBeT 3yby, 3To
KOJIbLiEBblE MOJIEKYJIbl C COMPSXKEHHBIMM TI-TT 3/IEKTPOH-
HbIMU cBA3AMU. [py OTGENMBAHUM NPOUCXOANT paspy-
LIeHWe TI-TT CBA3EN B pe3ysibTaTe OKUC/IeHUs (TO eCTb Mo-
Tepu 3MeKTPOHOB) U APYTMX XVMUUYECKUX PeaKLunn, 1
MOJIEKYJbl NPUobpeTanT GopmMy Pa3opBaAHHOIO KOJbLa,
YTO NPUBOAUT K MOTEPE UX CBETOMOIOLLAILINX CBONCTB.
XoTa ana otbenuBaHuWa 3yOOB Hanbonee LWMPOKO UC-
Monb3yeTcs Nepekncb BOAOPOA], CyLecTByeT 6osblioe
KONMYECTBO APYrvX OKMUCAUTENen (02, HOZ‘, NaClO, 03,
HO"). Mpwu BbiGOpe areHTOB Af1a oT6ennBaHnaA 3y60B Hy -
HO YUMUTbIBATb UX OKUCIUTENbHYIO CNIOCOOHOCTD, TO eCTb
OHU [OJIKHbI FTEHEPMPOBATb aKTUBHblE GOPMbI KUCHO-
popna, KoTopble cnocobHbl Haubonee nerko anddyHAN-
poBaTb B IEHTUH, U NMPU 3TOM ObITb HearpeCcCUBHLIMA U
HeTOKCUMYHbIMU [22]. OUeHb CUNTbHBIM OKUCTTUTENEM, CMO-
COOHbIM pa3znaraTb OpraHMYecKne MoJeKysbl, ABAAETCA
CUIHFNETHBIN KNCopo[ (‘Oz), OJIHAKO M13-3a ero BbICOKON
PEAKLOHHOW CMOCOOHOCTY OH HE MOXET XPaHUTbCS, U
€ro 1CMosib30BaHNe BO3MOXHO TOMbKO NPV reHepaumm
in situ no mepe HeobxogumocTu [23].

MeTog doToarHammueckom Tepanum (PAT), ocHoBaH-
HbII Ha reHepauun CUHITIETHOIO Kuciopoga GpoToceH-
cnbrnuzatopamu (OC) npu nx obnyveHun crneunduue-
CKUMU ANIMHAMVW BOJIH, B CTOMATOMOMMM NEPBOHAYaNIbHO
Obl1 NPeACTaBNeH aHTVMUKPOOHbBIM BapMaHTOM, TO €CTb
MCMonb30Banca ansa aesnHOeKUnr yCTONUMBBIX K aHTU-
6MOTUKaM MVKPOOPraHM3MOB, He MPUBOAA NPU 3TOM K
nx pesncteHTHocTw [24]. Cenvac OOT aKTUBHO MCMOb-
3yeTcA Npu JIeYeHUU Kapueca 3y60B 1 €ro OCSIOKHEHWN,
a TakXe LUMPOKO MPUMEHAETCA B MAapOAOHTONOMMN, UM-

MIAHTONOM K, NPW NaTONOIMAX C/IN3UCTOMN 000NOUKN pTa
1 B YENMIOCTHO-NNLLEBOW Xupyprum [25, 26]. Hanbonee uya-
CTO VCNONb3yeMblMU GOTOCEHCMOUN3aTOPaMM B CTOMa-
TOJIOTUN ABNAITCA KPAacUTENN Ha OCHOBe GpeHOTMA3VHA,
Takune Kak ToNnynanHOBbIN CUHUIA, METUIEHOBbIV CUHWUI 1
ManaxmuToBbI 3eMeHbIN, OHN GOTOCTAbWUIIbHBI, 1 NO6OY-
HbIM 3P PEeKTOM X NCMOSIb30BAHMA MOXET CIYXUTb He-
3HauMTeNIbHOE U3MEeHeHNe LBeTa 3y6oB [27].

B nocnegHue roabl meton $OTOANHAMMNYECKOTO OT-
6enuBaHua (OOO3) paccmaTpuBaeTCs Kak MUHMMAJIbHO
WNHBA3VMBHbIN U OTHOCUTENIbHO 3GGEKTUBHDIN MO Bpeme-
HW, OCOOEHHO aKTyaJIbHO €ro NPUMEHeHWe ana oToenn-
BaHMA OAHOW U3 CaMbIX TPYLHbIX FPYMMbl AUCKONIOPUTOB
3y60B, BbI3BaHHbIX MPUEMOM TETPALMKINHOBBIMI aHTU-
6uotukamu. Cambim 3dpdekTuBHbIM gns OO03 cumtaet-
CA UCMONb30BaHMe Nla3epa Ha OCHOBE KpUCTaia Kanum
TUTaHUn ¢ocdara (KTiOPO,, KTP-nasep) coBmecTHO ¢
boToceHcmbunmzaTopom cynbdopogammHom B n Bbico-
KOW KOHLeHTpauuen nepekncy sogopopa (Smartbleach’
renb, Smartbleach International, benbrus) [28]. Mpu 3ToM
®O03 no3BonseT goctnub 6onbliero 3ddekTa 3a ogHy
npouenypy, YeM MOXHO OXKMAaTb OT HECKONIbKUX Mecs-
LeB NpUMeHeHns oTbenmBatowmx Kanmn [29].

YnobHbiMm pelwennem ans OLO03 6e3 1cnonb3oBaHMA
nepeKkncy Bogopoaa, Kotopas NPBOANT K MOBbILEHHON
YyBCTBUTENbHOCTY 3yOOB, MOXET CIYKMTb UCMONb30Ba-
Hue ¢doToceHcnbunmsaTopa xnopvHa e,, obnagarwowero
BbICOKMM KBAHTOBbIM BbIXOIOM reHepaunvi CUHIIETHOro
KNCNOPOAa, HU3KON (GOTOTOKCUYHOCTbIO, ObICTPbIM Bbl-
BelleHNEeM, C OHOW CTOPOHbI, N CMOCOBHOCTBIO K pOTO-
obecuBeunBaHuio, ¢ apyron [30]. PaHee B Hawem uccne-
[0BaHUM 6bla M3yyeHa AVUHAMMKA HAaKOMIEHMS XJI0PUHA
e, B cocTaBe 1%-oro rena l[eneopop B TKaHsAXx 3y6a B 3a-
BVICUMOCTI OT BpeMeHu annnvkauum [31]. na oueHkn n
Bbl6Opa onTManbHol 3¢dekTrBHoCcTM OOO3 3y60B B
HacTosLle paboTe, KpOMe KNIMHMYECKOTro HabnogeHus
M3MEHeHUs LiBeTa 3yO6OB C MOMOLLbIO CMEKTPOPOTOMETPA
VITA, 66111 onpepeneHbl KONMUYeCTBEHHbIE XapaKTePUCTH-
K1 npoHunkHoBeHnss OC B TKaHU yaaneHHbIX 3yO0B, OLeHe-
Ha BHyTpuTKaHeBas 3P GEKTUBHOCTb reHepaLmn CUHITET-
HOrO Kucnopoaa n gpotoobeclBeumnBaHe X1o0puHa e, B
npouecce OA03.

MaTepuanbl n metToabl

®omoceHcubunuzamop

B kauectBe OC B UccrieqoBaHUM UCMOb30BANCA XJ10-
PVH e, — HaTypasibHOe NPOV3BOAHOE XN0POdUNINa, B CO-
ctaBe 1%-oro rena [eneodpop (OO0 «Jlazep-MegnLeHTp»,
Poccums).

O6pasywl 3y608 0715 UCC/1e008aHUSA

Ona npoBeaeHMa nabopaToOpHbIX MCCNenoBaHUi
OblIM MCMONb30BaHbl 3yObl GPOHTaNbHOW FPynnbl, yaa-
NEHHblE MO MAPOAOHTONIOTMYECKUM U XMPYPTrAYeCcKnm
nokasaHuam. lNepen npoBefeHVEM UCCedOBaHUNA MO-
BEPXHOCTb MV TLWATENbHO OUMLLAMIM C MOMOLLbIO LEeT-

OPUTUHAJIBHBIE CTATHW
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Puc. 1. CnektpanbHo-pa3peLlleHHoe dayopecueHTHoe u3obpaxkeHue wanda 3yba, Ha amanb KOToporo 6biA annaMuupoBaH ®C B TeueHue 1 MuH.

N306paxeHne NoAyueHo npu Bo3byxaeHUn 488 HM:

a — cxema BbleNIeHUs NPAMOYro/ibHbIX 06/1acTe Ha MUKPOCKONMYECcKOM dpnyopecLeHTHOM nsobpaxkeHuu winda 3yba ana

KOJIN4EeCTBEHHOW oLueHKU Andodysum dC;

6 — cneKTpbl GayopecLeHLUHU C BblJeNeHHbIX MPAMOYrojibHbIX o6nacten wnuda 3y6a ¢ warom 40 MKM Bray6b amanu oT no-
BepXHOCTU. Ha BKNajKe 3aKpaleHa 061acTb NoA NUKOM ¢iyopecueHLUn XI0pUHa e, KOTOPYIO UCMONb30Basv A48 NocTpoe-
HUS 3aBUCMMOCTU MHTEHCUBHOCTH GiyopeCLeHLUMN XNI0PUHA €, B TKaHAX 3y6a Ha rny6uHe oT MOBEPXHOCTH amMasu

Fig. 1. Spectral-resolved fluorescent image of tooth section after 1 minute of photosensitizer application on the enamel. Image taken at 488

nm excitation:

a — ascheme for the selection of rectangular areas on a microscopic fluorescent image on the tooth section for the quantita-

tive assessment of the photosensitizer’s diffusion;

6 - fluorescence spectra from selected rectangular areas of tooth section with 40 microns step into the depth of the enamel
from the surface. On the inset an area under the chlorin e, fluorescence peak, which was used to plot the chlorin e fluores-
cence intensity in the tooth tissue on the depth from the enamel surface, is highlighted

K 1 nactbl Detatrine-Z (Septodont, ®paHuus). 3y6bl
XpaHUIM B ANCTUNIMPOBAHHON BoAe O Havana uccre-
poBaHus. C MOMeHTa yaaneHus 3yba Ao Havana uccre-
LOBaHMA NPOXoAnso He 6onee ABYX YacoB. [1n1A oueHKn
HAKOM/IeHNA XJIOpUHa e, GbiNK B3ATbl Kak yaaneHHble
3y6Obl, TaK W CNWAbl yaaneHHblX 3y60B GppoOHTanbHON
rpynnbl. Bcero B nccnenoBaHnm 6b110 MCMONb30BaHO
100 ypaneHHbIx 3y60B GpoHTanbHoM rpynmnbl. OTTEHKM
nccnepyembix 3y6oB no wkane Buta 6binv pacnpepene-
Hbl Criegylowm obpasom: 78 3yboB — oTTeHKM A (Kpac-
HOBATO-KOPUYHEBbIE) 1 22 3yba — OTTEHKN B (>kenToBa-
TO-KpacHoBaTble).

[ns onpepeneHns onTUManbHOrO BPeMeHU anmniu-
Kauum OC, 3a KOTOpOe OH MPOHUKHET B TKaHW 3y6a Ha
BCtO rNyOVHY AieHTUHa, Heobxoaumyto Ana 3bdeKTUBHO-
ro ®03, Ha BClo BeCTUOYNAPHYIO MOBEPXHOCTb yAaseH-
HOro 3y6a C NMOMOLLbI CTOMATOJIOrMYeCcKoro 6patua Ha-
Hocunu renb, cogepkawmin OC, Ha 1,5, 10, 20 muH. lanee
®C cmbIBany NPOTOYHOW BOAOW U AUCKOOOPa3HbIM as-
Ma3HbIM CTOMATONOrMYeckmM 60pom 3y6 pacnuavsanm
BAOJIb BEPTUKAJIbHON OCU Ha TOHKIME CMSIbI.

UccnedosaHue pacnpedenerus OC 8 monwe 3yba npu
nomouwju s1azepHol ckaHupytoujeli KOHGOKabHOU MUKPO-
cKonuu

BHyTpnTKaHeBoe pacnpepeneHne xiopuHa e, no-
cne annankKauum rens Ha 3Manb UCCefoBanu npu rno-
MOLLM NIAa3ePHON CKaHupyoLle KOHGOKaNbHON MUKPO-
ckonuuy, ucnonb3ya mMukpockon LSM-710 (Carl Zeiss,
lfepmanua). [Ina nonyyeHna U306pakeHn NPUMEHSIN
06bekTMB Plan-Apochromat ¢ ysennueHuem 10x (anep-
Typa 0,3). Ina nccnepgosanus wnrdbl 3y6oB nomelyanu
Ha MOKPOBHbIe CcTeKna TonwmHoun 0,17 MM 1 Habnoganu
B MJOCKOCTU pacnuna. [ns Bo30yxAaeHua aytodnyo-
pecueHuumn TKaHel 3y6a 1 GriyopecueHuumn xnoprHa e,
NCNoNb30BaNy aproHoBbili nasep (Lasos Laser GmbH,
lepmaHuA) ¢ ANMHOWM BONHbI 488 HM, AETEKTMPOBaNn
ayTtodpnyopecueHuuio u dnyopecueHumo OC co cnek-
TpanbHbIM pa3peleHrem (war 10 HM) B AnanasoHe 500-
750 Hm. B pesynbrate nonyyanu cnekTpanbHO-paspe-
WeHHoe ¢nyopecueHTHoe n3obpaxkeHue wnrda 3yba.
CTaTUCTMYECKNIA U CMEKTPAJIbHBIN aHann3bl NPOBOANIN,
ncrnonb3ysa nporpammy ZEN (Carl Zeiss, lepmanusn). Ona
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KonmnuyecTBeHHOW oueHKM anddysunn OC Brny6b 3yba Bbl-
Oenanu Ha nsobpaxkeHun wnnda 3yba NpPAMOYrosbHble
0611acTV Ha Pa3HON rMyO6UHe OT MOBEPXHOCTW SMann C
BbICOTOM NPAMOYrofibHMKa 40 MKM 1 WwinpuHom 500 MKm
(pnc. 1a). Danee B aHanv3e WCMNONb30BaNM UHTErpanb-
HYl0 WHTeHcMBHOCTb ¢nyopecueHunn OC, ycpeaHeH-
HYI0 MO MJoWaAn 3TUX NPAMOYroJibHbIX obnactei (puc.
16). IHTerpanbHyto MHTEHCUBHOCTb dniyopecueHuun OC
BbIUNCIANN U3 06Lero cnekTpa dbryopecLeHLmmn nyTem
BblUMTAHUA «Myieya» ayTodnyopecueHuun B obnactu
640-700 HM N UHTErpuPOBaHNA MONYYEHHOro CUrHana
no AJsiHam BOJIH (BKNaZKa Ha puc. 16).

ViccnedosaHue eeHepayuu CuH2s1emMHO20 KUC/10pood 8
monuwe 3yba

Ons peTekumun reHepauum CUHINETHOTO KMUCI0OpoAa
('0,) 6bin ncnonb3osaH peareHT Singlet Oxygen Sensor
Green (SOSG, Molecular Probes’, CLLUA), Bbicoko cenek-
TUBHbIN K 'O, 1 He pearvpylowunin Ha Apyrie akTuBHble
bopmbl KNCNOPOAA, TaKMe KaK MMAPOKCUII-paguKan n cy-
nepokcna-aHnoH [32]. SOSG obnagaet cnaboit pnyopec-
LeHUMen B CMHEM [iMarna3oHe C MAaKCUMyMamy BO30YyX-
neHunsa Ha 372 Hm 1 393 Hm 1 amuccnm Ha 395 HM 1 416 Hm.
B npucytctBum 'O, SOSG HaunHaeT dnyopecumpoBaTb
B 3€/IeHOM [Mana3oHe C MakCcMMymamu BO30YyXAeHus
v ammccnm 504 HM 1 525 HM, COOTBETCTBEHHO, KOTOpPbIE
nerko getektupoaTtb. LUnndbl 3y60B, Ha 3mManb KOTOPbIX
annnvyupoBanu OC, B GM3MONOrMYECKOM pacTBOpe C
nobasneHuem peareHta SOSG noggepranv nasepHomy
061yUYeHUNIo C ANIVIHOM BOJSIHbI 633 HM HENOCPeACTBEHHO
cKaHupyowmm nasepom (to ectb ®JO3 npomncxoanno B
MJOCKOCTU pacnuna).

MNOTHOCTb MOLLUHOCTY, CO3[ABAEMyl0 CKaHUPYIo-
WKUM Na3epHbIM JlyYOM, BbIXOAALWUM M3 OO6BEKTUBA, B
MIOCKOCTM OObEKTA paccUUTbiBanNM ciegyrowmm obpa-
30M. [poCTpaHCTBEHHOE pa3pelleHne KOHPOKabHOro
MUKPOCKOMA OnpeaenseTcs pPa3MepoM OCBELLEHHOro
MsATHA, orpaHnyeHHoro andpakumnen. Pasmep natHa ¢o-
KYCUPOBKM, Npegnosarasa paBHOMEPHOE OCBELLEHNE, siB-
naeTca GyHKUMEN anvHbl BonHbl Bo3byxaeHus ([HEX )
1 uncnosol aneptypbl (NA) o6bekTUBa:

S,spotsize = (1,22(,EX))/NA

Tak, ona AavHbl BOMHbI 633 HM 1 ob6bekTmBa 10X
aneptypon 0,3 pasmep nATHa COCTaBun 2,6 MKM.
COOTBETCTBEHHO, NJOWaAb Kpyra ¢ TakuM AVAaMeTPOM —
5.2*10"% cm?, @ NNIOTHOCTb MOLHOCTLK AnA 5 MBT Bbixoa-
HOW MOLLHOCTY nasepa: 96 KBt/cm? [na nonyyeHns oa-
HOro 1306paXkeHUs Nasep coBepLuan CKaHMPOBaHMWe ABa
pasa co ckopocTbto 1,27 MKc/nuKcenb. Takum obpasom,
3a BpeMs MoJlyyeHnsa OLHOro U30bpaxkeHuna fo3a obny-
yeHuna cocTtaBnana 0,244 [1xx/cm?, a ycpeHeHHas Mo Bpe-
MEHW [03a, NPUXoAsLIasca Ha BPeMsi OJHOrO CKaHUPO-
BaHuA 1064x1064 nukcenei paBHanacb 170 MBT/cm?, uto
COMOCTaBMMO C MJIOTHOCTbIO MOLHOCTM 06nyyeHmna 100
MBT/CM? B KNIMHNYECKNX YCIIOBUAX.

Bo BpemA cepumn CKaHUPOBaAHU PeErncTpupoBanu
¢dnyopecueHTHble curHanbl ot OC n SOSG. Boigenssa npsa-
MOYrofibHble 0651acTh Ha M306paxkeHn wnrda 3yba Ha
pa3Hol ry6uHe OT MOBEPXHOCTU SMasn C BbICOTOM Mps-
MOYronbHuKa 40 MKM, NOyYany BpeMeHHble 3aBUCUMO-
CTU obecLBeurBaHuA GOTOCEHCMOUNM3ATOPA 1 pa3ropa-
HuA ¢dnyopecueHummn SOSG.

WccnedosaHue koHYyeHmpayuu OC no cnekmpam ¢hsy-
opecyeHyuu 8 3agucumocmu om spemeHu annaukayuu QC
U 003bl 1a3epHo20 061yyeHus npu OLJO3

KoHueHTpauwmio OC B TKaHAX 3yba onpegensnm no nuH-
TEHCMBHOCTU pryopecLeHUMy NPY MOMOLLM BOJIOKOHHO-
ONTUYECKOrO J1a3ePHOr0 3/IeKTPOHHOrO CreKTpoaHanu-
3atopa JISCA-01-«brocnek» (OO0 «BUOCTIEK», Poccus).
Cobupas gnddy3HO-paccenaHHbIi CBET OT TKaHel 3yba
npwv Bo36yXAeHUN na3epHbIM U3nyyeHnem 633 HM BOJIO-
KOHHO-OMTUYECKNM KaTeTepoMm, pernctpupoanu ¢nyo-
pecueHunio OC B KOHTaKTe C MOBEPXHOCTbIO SManu U B
KOHTaKTe C MOBEPXHOCTbIO IeHTUHA Ha cnue 3y6a.

WccnepoBaHue BNMAHUA [03bl CBETOBOrO BO3[eWN-
cteus ®403 Ha doToobecuBeumBaHme OC npoBoann C
MCMNonb30BaHNEM CBETOAMOAHOrO annapata «fapMoHuma»
(000 «Jlazep-MepgueHTp», Poccus) ¢ ANVHHOWM BOJHbI
A=400+£10 HM. MNOTHOCTb MOLYHOCTM M3JTyYEHUsI COCTaB-
nsana 100 mB1/cm?,

CymmapHas cBeToBas [03a 06flyyeHUs COCTaBWa
180 Ix/cm? uto cootBeTcTBYeT 30 MUH 3KCMO3ULUN.
Yepes 10, 20 n 30 MmH OT Hayasna CBETOBOrO BO34eNCTBMA
nsmepanu cnektpbl ¢nyopecueHuun OC ans oueHKu
ocTaBLUerocsa B TKaHax 3y6os OC, pacxoaytowerocs npm
@003 Bcnenctene GpoToobecLBeUBaHUA.

KnuHuyeckas oyeHka ysema 3y6o8 nocse Of]O3

OueHKy n3MeHeHus LBeTa GPOHTaNbHON rpynmbl 3y-
608 go 1 nocne ®O03 onpeaensany C NTOMOLbo annapaTa
cnekTpodpoTomeTpa VITA Easyshade’ V (VITA Zahnfabrik,
lepmanua). 1ns onpegeneHus LBeTa 3y6a NOBEPXHOCTb
nccnefyeMoi KOPOHKOBOM YacTu 3yba ounLany u npo-
BoAunM 3amepsbl o 1 nocsie OOO03 B pexume ycpeaHeH-
HOro nsmepeHua. Topel N3MepUTENbHOrO HaKOHEYHMNKA
npuKnagbiBany MIOTHO U Noj MNPAMbIM YraOM MO OT-
HOLLUEHVIO K MOBEPXHOCTM dManu 3y6a, MOKpbIBaloLLen
OeHTVH. PernctpnpoBany Takme xapakTepuCTUKM LiBeTa
3yba Kak CBeTNoTa uBeTa (L) 1 HacbIWeHHOCTb UuBeTa (MH-
TEHCMBHOCTb unm unctota) (C). CBeTnoTy UBeTa B CpaB-
HEHWM C PAJOM CepbiX TOHOB OonpeaenaAny B guanasoHe
oT uepHoro (L = 0) go 6enoro (L = 100). HacblweHHOCTb
ugeta (C) - 3TO pa3HULa MeXAY LBETOM U CEPbIM TOHOM
OQWHAKOBOW CBETNOTbl, M3MepeHHaa KakK paccTosHue
OT HeWTpanbHoi ocu. Mo pesynbTatam 6bIIM NOCTpOe-
Hbl 2D-ructorpammbl HacbiweHHocTH (C) u ceeTnoThl (L)
uBeTa 3y608 o 1 nocne ®A03. O6paboTKy pe3ysbTaToB
NPOV3BOAUNMN Ha A3blKe MporpammupoBaHus Python 3
METOAOM AfEPHOW OLLEHKM MAOTHOCTU pacnpeaeneHuns C
ncrnonb3oBaHvem rpaduryeckux 6ubnmotek matplotlib un
seaborn [33, 34].

OPUTUHAJIBHBIE CTATHW
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Puc. 2. NHTeHcuBHOCTbL dnyopecueHumn ®C Ha rnyGuHEe OT MOBEPXHOCTU IManu npu
pPasIMYHON NPOJOIKUTENbHOCTU annamkauumn OC
Fig. 2. The photosensitizer fluorescence intensity at the depth from the enamel sur-

face for various application times
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Puc. 3. 3aBucumocTb o6ecuBeynBaHna ®C (KpacHblit) U pasropaHus dnyopecLeHuuu
SOSG (4epHbiit) Bo Bpema @103 wnuda 3y6a, ycpeaHEHHOE NO BCEW TO/LWMHE IManu
Fig. 3. The dependence of the bleaching of the photosensitiser (red) and the rise of
SOSG fluorescence (black) during PDB of tooth section, averaged over the entire thick-

ness of the enamel

Pe3ynb1'a'rb| n 06cy)|(p,eH|/|e

Mo paHHbIM dyopecLeHTHOW MUKpocKonun Obinu
nocTpoeHbl 3aBncumoctu dnyopecueHunn OC ot rybu-
Hbl OT MOBEPXHOCTM 3Manu ANA pa3HbIX BPpEMEH anmnin-
Kauuun OC Ha NOBePXHOCTb amanu (puc. 2).

Caman Bbicokaa KoHueHTpauua OC Habnogaetca y
NMOBEPXHOCTM 3Manu. [lanee oHa MjaBHO yMeHbLUIAeTCs,
UTO COOTBETCTBYET GU3MUYECKUM 3aKOHaM auddy3mm Be-
wecTB. OgHaKO Ha rpaHuLe SManu 1 AeHTNHA Habnga-
eTcsl HebosbLIOe OTHOCUTENIbHOE YBEIMYEHNE KOHLEH-

Tpauun OC (y pasHbix 3y6OB rpaHu1La AeHTHa 1 SManu
HaxoZuacb Ha pasHow rnyburHe). Tak Xe yeTKo npocne-
XKMBaeTCA TeHAeHUMA yBEeNMYeHra obLiero npucyTcTems
®OC c yBennueHnem BpemeHm anmamkaumm OC.
MonyueHbl 3aBucmocTn obecupeynBaHua OC u
pa3sropaHna ceHcopa Ha CUHMeTHbI Kucnopog SOSG
B 3aBUCUMOCTU OT FyOrHbI OT MOBEPXHOCTM dManuv Ha
cpese 3yba npu doToaMHaMMUYecKom OTOenvBaHum.
YcpepHeHHble 3HauyeHusA BbiropaHna OC no Bcewn Tonwe
3Maii U pa3ropaHuA CeHCOpPa Ha CUHIETHBIA KUCNopPOoa
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Puc. 4. CneKkTpbl dnyopecueHumnun 3y6a o annamkauum ®C, cpasdy nocne, u cnycts Kaxable 10 MuH o6ny4yeHus (a). UHTerpanbHas
WHTEHCUBHOCTb dJiyopecLeHL MU OT 3y6a, HOPMUPOBAHHAsA Ha MUK la3epHOro paccesHus (6)

Fig. 4. Fluorescence spectra of the tooth before the photosensitiser application, immediately after, and after every 10 minutes of
irradiation (a). Integral fluorescence intensity from the tooth, normalized on the peak of the scattered laser (6)

[Oo ®103/ Before PDB

Nocne ®103/ After PDB

Puc. 5. BusyanbHasi oueHKa uBeTa yaaNneHHbix 3y60B 0 U nocyie npoueaypbl GoToaMHAMUYECKOro oT6enMBaHUsl B COOTBETCTBUU C
KnaccuyecKow Wwkanow Buta
Fig. 5. Visual color matching of the extracted teeth before and after the procedure of PDB using classical Vita scale
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TN

B o ¢A03 / before PDB
B nocne ®03/ after PDB

C - HacbiweHHocTs ugeta / Color saturation

0
74 76 78 80 82 84
L - Csetnora / Lightness

Puc. 6. Ctatuctnyeckoe pacnpegeneHue useta 100 3y60B Ao
(po30BbIit) U nocne (rony6ou) npoueaypbl GpoToaAMHAMUYECKOTO
oT6ennBaHus. OueHKa LuBeTa 3y60B BbINOJIHEHA C UCMNOJIb30BaA-
HUem cnekTpodoTomeTpa VITA Easyshade® V Buta, npuBeaeHsbl
faHHble B KOOpPAMHAaTax HacblWweHHOCcTH uBeTa (C) u cBeTnoThbl
uBeTa (L). Mo ocsam oTnoxeHbl pacnpepeneHus 3HadyeHuin C u
L no u nocne npoueaypbl GOTOAUHAMUYECKOrO OTOENUBaHUS.
YepHoii cTpenKow npecTaBieHO ycpeAHEHHOE U3MEHEHMeE LBe-
Ta 3y60B B 3KCNEepUMeHTe

Fig. 6. The statistical distribution of 100 teeth color before (red)
and after (blue) the PDB procedure. Evaluation of the teeth color
was performed using a VITA Easyshade® V Vita spectrophotom-
eter; data in the coordinates of color saturation (C) and color
lightness (L) are presented. Along the axes, the distributions of
C and L values are plotted before and after the photodynamic
bleaching procedure. The black arrow represents the average
discoloration of the teeth in the overall experiment

npeacTaBfeHbl Ha prc.3. icxolsa U3 STUX JaHHbIX, BULHO,
yto cnycta 10 MMH nocne Havana obnyyeHmsa OC Bbiro-
paeT NpMMEepPHO Ha TPETb OT HaYaNbHOWM KOHLEHTpauuu,
a dnyopecueHunsa ceHcopa SOSG Ha CYHITIETHbBIN KACHO-
poA BbIXOAWT Ha NaTo.

XapakTtep BbiropaHusa OC B TKaHM 3yba BO Bpems
®L03 noaTBep)KAeH AaHHbIMU GITyOPECLEHTHOrO CrekK-
TPOCKOMMYECKOro nccniefioBanua. Tak, dnyopecueHLms
3yba po annnukauum rena ¢ ®C, cpasy nocse u cnycra
Kaxable 10 MVH 06nyyYeHUs, NOBTOPSAET 3aBUCMMOCTb
UHTeHcmBHOCTU dnyopecueHumnn OC, NoMyyYeHHy Ha
cnune 3y6a nof KOHGOKaNbHbIM MUKPOCKOMOM (puc. 4).

BHewHwi1 Bug 3y6oB po 1 nocne ®03 B conocTtasne-
HUM C KNnaccrmyeckon wkanon Buta npeacraBneH Ha puc.
5. Kpome TOro, B X04€e MccnefoBaHnin Obisio BbIIB/IEHO,
yto ®03 npomncxoanT 3¢ deKTVBHEE NPU NEPUOLNYHOM
YBNAXXHEHUN 3Manu BO Bpemsa npoueaypbl. Cxoxue pe-
3ynbTaThl UCCNefoBaHuiA in vitro 06 ycuneHnn sdpdekTta

JINTEPATYPA

1. Goldstein R.E, Chu S., Lee E., Stappert C.F.J. Goldstein’s Esthetics
in Dentistry / 3rd Edition. — Wiley-Blackwell, 2018. -1576 p.

¢boToObecUBEUNBaHUA PECTAaBPALMOHHBIX MaTEPKANoB
Ha OCHOBe CMOJ1bl B BOfie MofyyeHbl B paboTe [35].

[ToMMMO OueHKM MO Knaccuyeckom LWwkane Bwuta
OblIM MOJNyyeHbl JaHHble O LBeTe 3y6oB A0 M mocie
®J03 c nomolypblo cnekTpopotometpa VITA Easyshade’.
CTaTMCTUYECKM YCTAHOBJIEHO, YTO 3a OAHY npoueaypy
OO03 cpepHee n3MeHeHMe CBETNOTHI LiBeTa (L) cocTaBu-
no 0,36 eguHUL, NPUYEM MaKCMMasbHOe OTOenBaHue
pocturano 11,4 eguHny, myuHMMmanbHoe 4,7. B To Xe Bpe-
Ms CpefHee U3MeHeHre HacbleHHOCTU LBeTa 3y60oB (C)
coctaBuno —0.5 eguHnL, MakcumanbHoe OTOenuBaHue
Npoun3oLWno Ha -2 TOHa, MUHUManbHoe 0.

MonyyeHHble pe3ynbraTbhl COMNOCTAaBUMbI C JAHHbIMU
0630pa O CpaBHeHWV Pe3yNbTaToB OTOeNMBaHUA 3y60B
06bIUHBbIMU MeTodamu oTbenuBaHusa n GoTooTbenrBa-
Husa [36].

3akniovyeHve

WNcnonb3yembinn B nccnegosaHum OC (xnopuH eﬁ) cTe-
yeHMeM BpeMeHW NPOHKKaET Brybb TKaHel 3yba (3manu
W QEeHTVHA), UTo 0becrneurBaeT BO3MOXKHOCTb NpoBefe-
Hua ®O03 no Bcewn rny6mHe TkaHW. Mpw annavkauumn OC
Ha MOBePXHOCTb 3y6a B TeueHue 20 MuH, nyopecueHuns
XnopviHa e, 6bin1a 06HapyxeHa Kak B rybuHe smanu, Tak
1 B AeHTMHe. XOTA cpefiHAA BHYTPUTKAHEBAs KOHLEHTPA-
una OC ymeHbLUAeTCs B 3aBUCMMOCTY OT FyOUHbI, TeM
He MeHee, OHa JOCTWraeT 3HAYEHU, JOCTAaTOUHbIX ANA
nposepeHus 3¢ dexTrBHoro OAO3.

Ons pocTvxeHna 3HaunTenbHoro 3ddekta ®O03 He-
o6xoaMma reHepaursa CYHINETHOrO KMCIOpoAa Mo BCen
TOJILLE SMANN U AEHTMHA, YTO OblNIO SKCMEPVMEHTANIBHO
[I0Ka3aHo C MCMob3oBaHNeM GyiyopecLeHLUN CeHCopa
Ha CUMHMMEeTHbIN Kncnopog SOSG u ¢oToobecuBeumBa-
Huto OC.

Ona onpepenernna 3ddektusHoctn ®LO3 6bin
nosnyyeHbl 0OGBbEKTUBHbIE JaHHble O LBeTe 3y60B [0 U
nocne ¢poToANHAMMNUYECKOrO OTOENMBAHNUS C MOMOLLbIO
wkKanbl Buta n cnektpopotomeTpa VITA Easyshade’.
lMoka3aHo, UTo cpefiHee U3MEHEHMeEe CBETNOThI LBeTa (L)
cocTtaBuno 0,36 eAnHUL, a MaKCcMManbHoe oTOenBaHne
pocturano 11,4 eguHu. Tak xe cpeHee u3MeHeHve Ha-
CblleHHoCTM LBeTa 3y6oB (C) coctaBuno 0,5 egunHnu,
[NA OTAENbHbIX 3yO0B AOCTWras OCBET/IEHUS Ha 2 TOHa.
Takum obpa3zom, npumeHeHre metoga OLO3 nossons-
eT 3¢ PeKTUBHO MPOBOANTb ICTETUYECKYIO KOPPEKLUIO
uBeTa 3y6oB.

Paboma 8vbinosiHeHa 8 pamkax 20Cy0apcmeeHHo20 3d-
oaHusa QAHO Poccuu (mema «Du3suyeckue Memoobl 8 Meou-
yuHe u buosoeuu», Ne 0024-2019-0003).
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Peslome

Infrared thermography is one of the widely used non-invasive diagnostic methods. While the procedure is mainly used for early malignant tu-
mor diagnostics, a potential application for thermography was proposed in cardiovascular, skin, autoimmune diseases, arthritis, Reynaud’s syn-
drome, burns, surgery and therapeutic treatment monitoring. The method of thermographic evaluation has not changed significantly since the
end of 20th century. In this study we attempted to characterize the influence of skin capillary blood flow on surface temperature recuperation
following local hypothermia. To improve sensitivity and standardize the procedure we developed a study protocol that involves minimizing or
excluding the influence of external factors on study results. An original applicator was used to apply dosed hypothermia. Massive porcine tissue
block was chosen as a passive model without active heat and mass transfer but with heat capacity, structure and heat dissipation characteristics
similar to human tissues. 51 healthy volunteers were assigned to control group, while 16 patients with diabetes mellitus constituted the main
study group. Cumulative temperature difference was calculated in all cases. It was 121,8 + 70,8 °Cxs in the control group, 95,6 + 54,4 °Cxs in the
main study group and 307,2 + 43,4 °Cxs in the passive model. Based on the study results, we made the following conclusions: absence of heat and
mass transfer in the passive model complicates heat balance recuperation due to layered structure of the skin; heat balance recuperation curve
is an individual parameter and is not influenced by age or gender.

Keywords: thermography, contactless dynamic thermography, thermal imaging device, cold test applicator, isothermic chamber, diabetes mel-
litus, skin capillary blood flow.

For citations: Novikov I.A., Petrov S.Yu., Rein E.S., Borisenko T.E., Sdobnikova S.V., Lucevitch E.E., Avetisov S.E. Potential for the application of
dynamic skin thermography after local hypothermia // Biomedical Photonics. — 2019. - T. 8, N 3. — P. 29-35. doi: 10.24931/2413-9432-2019-8-3-
29-35

Contacts: Rein E.S., e-mail: elenarein01@gmail.com

NOTEHUMA MPUMEHEHMS OUMHAMMUYECKOM
TEPMOTPAD®UU KOXMU
NOCIE NOKANBHOM TMNOTEPMMU

U.A. Hoeukos, C.1O. Metpos, E.C. Peitn, T.E. bopucenko, C.B. CaobHukoeaq, E.D. Jlyuesny,
C.2. Aeetucos
HayuHo-mnccnenosatenbckuit MHCTUTYT rasHbix 6onesHei, Mocksa, Poccus

Abstract

MeTog AMCTaHUMOHHOWN MHpPaKpacHon Tepmorpadumn — oanH U3 HEMHBA3UBHbBIX AMArHOCTUYECKMX METOAOB, WNPOKO NPUMEHSAEMbIX B
meguuvHe. MoMrMo NMpUMeHeHNA ANs paHHel ANAarHOCTMKM 3/10KaYeCcTBeHHbIX HOBOOOPA30BaHUIA ObIIO NMPeanoXKeHo ero NCrnoJsib3oBa-
HUe MpU COCYAUCTbIX 3aboeBaHNAX, KOXKHbIX 60NEe3HsX, PEBMATUYECKNX 3a60/1eBaHMsAX, apTpUTax, CUHAPoMe PeilHo, oXorax, Xupypruu,
MOHUTOPUHTe 3PPEKTUBHOCTY TePaNeBTUYECKOrO SledeHna 1 Ap. Heo6Xo4MMO OTMETUTDb, UTO C KOHLIA MPOLUSIOrO CTONETUA TEXHUYECKNIA
YPOBEHb BbIMOJIHEHWSA TECTOB CYLIECTBEHHO He MeHANCA. B cBoel paboTe Mbl NMOMbITaNNCb OXapakTepr30oBaTb BKIAA KanviaapoB cucTe-
Mbl KDOBOCHA0XeHWA KOXW B AVHAMVIKY BOCCTaHOBJIEHMS TeMMepaTypbl MOBEPXHOCTU MOCSIE SIOKaNbHON runotepmun. [ns nosblweHns
UyBCTBUTENbHOCTM U CTaHAAPTU3aLMUM MeTofa Mbl pa3paboTani NPOTOKON NUCCefoBaHNA, MPeAnonaraoWwmini MakcMasbHyo CTaHAapTU-
3aLMto YCNTOBUI BHELUHEN CPeAbl U UCKTIOUYEeHVEe NX BAMAHNA. 1A [03MPOBaHHO JIOKaJIbHOW XONI0A0BOV Harpy3Ku NCNosb3oBanv opu-
TVMHaNbHbIV annivKaTop. B kKauecTBe NacCYBHON TEMIOBON MOLENN C OTCYTCTBYEM aKTMBHOIO TEMIOMACCONEPEHOCa, HO C BAN3KUMY K Ye-
JIOBEYECKNM TKaHAM CBOMCTBaMU TEMIOEMKOCTU, CTPYKTYPOI 1 XapakTepom KOHAYKTMBHOMO nepepacnpepeneHns Tenna, 6bina BblbpaHa
MOJEeJb Ha OCHOBE MacCUBHOTO 6/10Ka TKaHel CBMHbW. [Pynny KOHTPOJIA COCTaBWIIM YCJIOBHO 340POBble AO6POBObLIbI. B rpynny KoHTpona
BOLWIM 51 YenioBeKa, B rpynmny 60/bHbIX AnabeTom |l Tvna —16 yenoBek. Hamu nosyyeHbl moKa3aTeniv MHTerpasabHOM pa3HULIbl TemnepaTyp.
MNMokasaTenb MHTerpanbHOW pasHULbl TEMMepaTyp 340POBOro Yenoseka coctasun 121,8 + 70,8 °Cxc, naccmsHom mogenu — 307,2 £ 43,4 °Cxc,
60/1bHOTrO caxapHbiM anabetom — 95,6 + 54,4 °Cxc. bbinu caenaHbl cnefyioLne BbIBOAbI: OTCYTCTBME TEMIOMACcCONEPEHOCa B MAaCCUBHOW
MOZENN YCNOXHAET BOCCTaHOBJIEHNE TEMJIOBOro 6anaHca B BUAY MHOTOC/IOMHONO CTPOEHMUs KOXW; KpUBas BOCCTAHOBJIEHUS TEMI0BOro
6anaHca UHAMBUAYanbHa 1 He 3aBUCUT OT MoJia 1 Bo3pacTa.

KnioueBble cnoBa: Tepmorpadus, 6eCKOHTaKTHasA AMHaMUYecKas Tepmorpadus, TENI0BM30pP, anminmKaTop A8 NPOBEAEHNS X0040BOM
npo6bl, N30TEPMUYECKAn Kamepa, CaxapHblii AvabeT |l Tuna, KanunnapHoe KPOBOOGPALLEHVE KOXKN.
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Introduction

Noninvasive infrared thermography is one of the
widely used diagnostic methods. The first practical ap-
plication of diagnostic thermography was proposed in
1957 by R. Lawson, who discovered that skin temper-
ature in the area of a breast tumor is higher than the
temperature of the normal tissue [1]. In addition to its
application for the early diagnosis of malignant tumors,
its use was also suggested for vascular diseases (dia-
betes mellitus, thrombosis), skin diseases, rheumatic
diseases, arthritis, Raynaud syndrome, burns, surgery,
monitoring of the therapeutic treatment efficacy, etc
[2-5]. It should be noted that since the end of the last
century the technical level of tests has not changed sig-
nificantly.

Currently almost all known varieties of thermograph-
ic diagnostics evaluate condition of tissues and organs
that project their heat-generating properties onto the
skin and mucosa surface directly above them. The use
of thermography in diabetes mellitus, where the mea-
surements of heat generation are aimed at identifying
significant systemic disorders of innervation and blood
circulation seems to be an exception [6, 7].

Diagnostic thermography in diabetes mellitus is
an example of a potential application of local thermo-
graphic measurements for monitoring the development
of various system level changes. Changes in the regula-
tion of skin capillaries or their systemic degradation will
evidently be reflected in the temperature fluctuations of
any arbitrary local surface area of the body.

We assumed that creation of a new method of dy-
namic thermal evaluation, limited in depth to evaluate
heat exchange in the skin no deeper than the layer of
subcutaneous tissue, would significantly increase the
sensitivity of thermography to changes of cutaneous
microcirculation. An increase in sensitivity along with a
strict standardization of test conditions may be sufficient
to assess subtle changes in systemic capillary status.

Aim: to assess the contribution of the capillaries of
the skin blood supply system to the dynamics of surface
temperature recovery after local hypothermia.

Materials and methods

Room for thermographic research

When conducting dynamic thermography, in con-
trast to static measurements, external short-period tem-
perature fluctuations introduce significant interference.
To reduce the effect of external temperature fluctuations

associated with convection turbulence, thermography
was carried out in a room with a laminar air exchange
system (fig. 1). The air inflow was provided through lami-
nar nozzles by the air supply unit with the “Breezart 1000
lux” electric heater (Brizart LLC, Russia), and the outflow
was executed from a low point using a BP-86-77-2.5 ex-
haust system (Zavod Musson LLC, Russia). The thermo-
setter of the air handling unit provided a constant tem-
perature of 24 + 0.25 °C. The measurements were carried
out at an atmospheric pressure of 746 + 10 mm Hg.

Isothermal chamber

The isothermal chamber was constructed to elimi-
nate thermal range reflections from the surrounding ob-
jects on the surface of the skin. The size of the chamber
was 50x50%x190 cm. It was covered on the inside with a
carbon dyed heat-absorbing material.

Applicator for dosed local hypothermia

The local cold test was performed using an original
applicator, which is a polymer cylindrical hollow body,
one of the ends of which is hermetically sealed with a
12.5 mm aluminum plate (fig. 2). Deionized water (en-
dothermic phase transition at 0 °C) in a volume of 2 ml
served as the working medium ensuring the constancy
of the applicator surface temperature. Efficient heat
transfer from the aluminum plate (working surface of
the applicator) to the working medium was provided by
the aluminum core. Prior to the test the applicator was
cooled to a temperature of -18 °C, and then under the
thermographic control it was heated until the surface

I\

Fig. 1. Diagram of an isothermal chamber and a room for
research (1 — room for thermographic research; 2 — isothermal
chamber; 3 — infrared camera on tripod; 4 - air flow direction)
Puc. 1. Cxematuyeckoe nsobparkeHue nsotepmanbHOW Kame-
pPbl U ONbITHON KOMHaTbl (1 — KOMHaTa /1S TEMJIOBbIX UCCNEe0-
BaHUW; 2 — n3oTepmanbHasa Kamepa; 3 — UHPpaKpacHaa Kamepa
Ha WwTaTuBe; 4 — HanpaBJieHUe BO34YyLHbIX MOTOKOB)
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Fig. 2. Cold test applicator design (1 — polymer cy-
lindric body; 2 — working surface of the applicator
(12.5 mm aluminum plate); 3 — aluminum core; 4
— silver coupling mounted on the aluminum core;
5 — working medium (2 ml deionized water))

Puc. 2. Cxema ycTpoicTBa anmiMKaTopa «xosoj-
Horo» Tecta (1 — nonMmepHas o6ono4ka B popme
UMAMHAPa; 2 — paboyasi NOBEPXHOCTb anmniMKaTo-
pa (12,5 mm antommHueBasi npo6Ka); 3 — aNloMUHMU-
eBas cepaueBuHa; 4 — cepebpsiHaa mydTa, ycTa-
HOB/JIEHHaa Ha anlOMWUHUEBYIO cepALeBUHY); 5 —
pa6oyas cpeaa (2 M A€ MOHM3UPOBAHHOW BObl))

Fig. 3. Thermographic evaluation of the passive model
Puc. 3. Mpouecc TennoBoi OLEeHKM NacCCUBHON Moaenun

temperature reached 0 °C. The temperature “jerk” at the
moment of application, associated with the limited rate
of heat transfer in water, was largely compensated for by
silver coupling (Ag 99.9%) tightly mounted on the core.

Infrared camera

Testo 875 (Testo SE &Co. KGaA, Germany) infrared
camera was used in the current study.

Image Quality: 160x120 pixel matrix, with thermo-
graphic image resolution of 320 x 240 and the spectral
range of 8-14 um. The study was conducted using a dy-
namic temperature scale with automatic recognition of a
hot/cold point. Temperature resolution was 0.1°C.

Passive model of skin heat dynamics

Asingle porcine tissue block was chosen to be a passive
model in our study with no active heat and mass transfer,
but with heat capacity properties, structure and nature of
conductive heat redistribution close to human tissues. A
block of tissues measuring 20 x 25 x 6.5 cm included the
epidermis, dermis, subcutaneous fat and muscle tissue.
Bone and cartilaginous tissues were absent.

In the experiment the block was placed on the Ecros
ES-HF3040 laboratory heating surface (Ekros-Analytika

LLC, Russia), with a given surface temperature of 41 °C. To
reduce heat loss in the lateral directions, the block was
placed in aframe of foamed polyurethane (fig. 3). Dynamic
thermographic measurements of the passive model were
carried out after thermal balance between the passive
model surface and the environment was reached.

A group of healthy volunteers

51 healthy volunteers (16 male and 35 female) aged
between 21 to 89 took part in the study. Information
about related diagnoses was registered according to
medical records. Exclusion criteria were diseases of the
cardiovascular system: hypertension, coronary heart dis-
ease, atherosclerosis, rheumatic heart diseases, and also
diabetes mellitus type [ and Il.

A group of diabetes mellitus patients

16 patients with type 2 diabetes mellitus (10 male and
6 female) aged between 37 to 84 years were enlisted in
the study. The presence of diabetes complications, such
as renal failure, heart failure and ocular manifestations of
diabetes, as well as duration of the disease and surgical
interventions (microinvasive vitrectomy, panretinal laser
coagulation) were noted based on medical records.
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Pre-study adaptation

All subjects didn't receive any vasoactive drugs at
least for 24 hours before the study. On the day the sub-
jects were banned from drinking coffee, tea and smok-
ing. The movement of a person into a room equipped for
thermography was carried out in such a mode that the
subject avoided noticeable loads on the cardiovascular
system in accordance with his age and somatic condition.
Given the insignificant temperature difference between
the conditions of a thermostatically controlled room for
thermographic research and other rooms of the institute,
a rational pre-study adaptation time was 15 minutes. The
timing of adaptation was selected on the basis of tem-
perature stabilization of the passive model after 10-12
minute adaptation after transportation from an arbitrary
room to a room for thermographic studies.

Data acquisition protocol

In the study of human skin temperature, the thermal im-
ager was mounted horizontally on a tripod at a height of
110 cm from the floor directly at the entrance to the isother-
mal chamber. After initial thermographic evaluation the
cold test applicator was put to the inferior zygomatic bone
margin area for 20 seconds. The study area was chosen due
to ease of access, high blood vessel density and a sufficient-
ly long distance from organs that may interfere with the
results of infrared imaging (e.g. air flow during respiration).
Thermographic images were acquired each 20 seconds for
5 minutes following applicator removal. Immediately after
this, similar manipulations were performed on the inferior
zygomatic bone margin area on the other side.

During porcine tissue block evaluation, the infrared
camera was installed vertically above the study surface.

The applicator was put to the skin in the central part of
the block surface. Image capturing mode, application
time and thermogram recording intervals were the same.

Data processing

Thermographicimages were processed and analyzed
using specialized IR Soft program (version 3.1sp3). The
lowest temperature in local hypothermia zone was ac-
quired using the program (fig. 4).

After image processing empiric temperature recov-
ery diagrams were drawn based on minimal recorded
temperature in cold application zone.

According to the basic idea of trying to evaluate the
active and passive components that determine heating
of a skin surface area after local cooling, it became neces-
sary to choose a smooth temperature recovery function.
In further calculations, we took into account temperature
fluctuations with respect to the smooth recovery curve,
which is set parametrically, not absolute temperature
values. As a similar basic curve, the logarithmic function
of temperature recovery was reconstructed using the
least square method for each test. The choice of the log-
arithmic law as the basis of the approximating function
was motivated by its highest affinity for the obtained
recovery temperatures when studying a passive model
of pig tissue. Initially, when choosing the “basic” law, we
compared all the options of nonlinear functions offered
by SPSS Statistics (quadratic, cubic, power, logarithmic,
exponential, etc.). When describing the temperature re-
covery curve of the passive model, the logarithmic func-
tion showed maximum determination coefficient R2 (the
dispersion fraction of the dependent variable Y, specified
by the predictor X).

7

Number of points /
KONWYECTBO TOYeK

170 186 202 216 236 250 266 282 2908 314

Temperature °C /Temnepatypa °C

Fig. 4. Minimal temperature detection in cold application zone.
A thermal image acquired using Testo 875 software and color
reference for interpretation are shown above. Cooled zone is
visible on the patient’s right cheek after cold application. This
area is cooler (marked with blue color) compared to surround-
ing tissues. Temperature distribution for the highlighted area is
presented in the lower part of the picture. Minimal detected tem-
perature in this area is used for all following calculations

Puc. 4. 3amepeHne MUHUManNbHOW TemnepaTypbl B npejenax
npeABapuTENbHO OXNAaXAEHHOro y4acTKa Koxku. CBepxy — no-
Jly4yeHHas ¢ Nomolbio NporpaMmHoro o6ecnevyeHusa Testo 875
TepMorpaMma MoBEPXHOCTU N1La U LBeToBas fiereHaa ans ee
MHTepnpeTauuu. Ha npaBoit Weke nauMeHTa BUAHA JiOKanbHas
oxNlaXkjeHHasa 30Ha, o6pa3oBaBlUasiCA Nocje KOHTaKTa ¢ an-
nanKkaTopoM. OTHOCUTENIbHO OKPY>KaloLWMX TKaHeil, 30Ha oxnax-
AeHa (MapKupyeTcs CUHUM LBeToM). [ina o6nacTu BblAeNneHHON
NPSMOYro/ibHUKOM Ha TepMorpaMme, B HUXKHEW YacTU PUCYHKa
noKasaHo pacnpepjeneHue Temnepartyp. [Ana paanbHeWLWUX Bbl-
YyucneHui 6bi1a UCNoib30BaHa MMHUMalbHasa Temnepartypa, 06-
Hapy>XeHHasi B 3TO1 30He
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Fig. 5. Example of instantaneous deviations of the actual sur-
face temperature recovery from the logarithmic trend

Puc. 5. lpyumep MrHOBEHHbIX OTK/IOHEHWUW peanbHON KPUBOM
BOCCTAHOBJIEHUS TeMNepaTypbl OT 1orapudMmUYecKoro TpeHaa

Thus, a logarithmic regression was individually calcu-
lated for each patient and passive model test, according
to which the remainder modulus was calculated (fig. 5)
for each point of the time axis with an interval of 20 sec-
onds. Then the total parameter YAT characterizing these
residues was calculated. The real temperature and its
dynamics, approximated by the logarithmic law, made it
possible to calculate the temperature deviation from the
“ideal” restoration of the thermal balance of the surface
(fig. 5). To exclude the dependence of the temperature
beat volume on the fractionality of observations, the
sum of these deviations was multiplied by the time be-
tween measurements: [AT = YAT x t (°C x s). The present-
ed indicator was conditionally called by us “cumulative
temperature difference”.

Statistical analysis was conducted using IBM SPSS
Statistics 21 software package.

We used the nonparametric Mann-Whitney test to
compare independent samples, given that the [AT distri-
bution is different from the normal distribution for com-
paring groups by this indicator.

Results

Mean JAT value for thermographic evaluation of por-
cine tissue block passive model was 307.2 +43.4 °Cxs.

JAT was significantly lower in the healthy volunteer
study group (121.8+70.8 °Cxs). High individual conver-
gence of measurements was revealed for each person.
At the same time, it was found out that the individual
contralateral discrepancy JAT did not exceed 18%, and
the discrepancy in a series of repetitions in a day time
or more did not exceed 19%. There were no statistically
gender or age-dependent significant differences in JAT.
Similarly, no correlation was revealed between [AT and
cardiovascular system disorders (hypertension, coronary
heart disease, atherosclerosis, rheumatic heart diseases).

Table

Cumulative temperature difference (IAT) in healthy individu-
als, in the passive model and in people with diabetes
Ta6auuya

UHTerpanbHasa pasHuua Temneparyp (IAT ) Y 3A0pPOBbIX AULL,, B
NaccUBHON MOAEAU U Y AUL, 6OAbHBIX AnabeTom

Number of
patients/cases

JAT, °Cxs

Healthy volunteers

51 121,8+70,8*
300poBble 4O6POBONbLbI
Passive model 5 307,2+43,4
MaccrBHas mopenb
Diabetes mellitus 16 95,6+54,4%

BonbHble grabetom Il Tvna

Data expressed as mean (M) £ standard deviation (SD)
* difference in groups p=0,021

JAT - cumulative temperature difference

Pe3ynbTaTbl NpeAcTaBieHbl B BULE CPeHErO 3HAYEHUsA
(M) = cTaHpgapTHOe OTKNoHeHue (SD)

* pasHuua B rpynnax p=0.021

JAT — uHTerpanbHas pasHuLa TeMnepaTypbl

The group of patients with verified diabetes showed
statistically lower values of 95.6 + 54.4 °Cxs compared
with the group of conditionally healthy people in con-
trast to the passive model, which demonstrated overes-
timated AT index.

Discussion

In the current study we attempted to characterize in-
dividual systemic features of a human capillary network
by means of a thermographic evaluation using dynamic
thermography.

It is obvious that active heat and mass transfer facilitat-
ed by the capillary network in the epithelial tissues will in-
fluence the heat production of each surface area. This gen-
erally contributes to a static thermal balance value, which
is a constant surface temperature in the given conditions.

Human tissues in direct contact with the environment
play virtually no part in heat generation. They receive
excess heat from internal organs, functioning as a kind
of radiator, since it is the cover tissues that are most in-
volved in heat removal process [8, 9]. Under conditions
of room temperature (21-23°C) and relative humidity of
40-60%, the greatest amount of heat is removed from
the body through radiation, i.e. in the form of infrared ray
generation from the body surface [10]. There are many
attempts to use static temperature indicators to assess
the condition of both the underlying internal organs and
the network of blood vessels actively transferring heat
from them to the surface [1-5].

Dynamic measurements aimed at evaluating local
vessel conditions are also known. In these measurements
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vessel reactions were assessed mainly using cold test. I.
Mizeva et al. [11] studied the relationship between blood
flow and skin surface temperature during cold test using
simultaneous thermometry and laser Doppler flowmetry
(LDF). The authors sugggested 2 mechanisms for vascular
reaction change based on LDF results the first mechanism
is the rapid change in skin thermal conductivity associated
with a decrease in “recruited” capillaries, and the second
mechanism is a decrease in the force of temperature ef-
fects caused by constriction of arterioles and redirection
of blood into arteriovenous anastomoses. However, no
correlation between skin surface temperature deviation
and LDF data was observed during cold test.

M. Davey et al. [12] questioned the hypothesis about
the effect of skin blood flow on cold test results. The au-
thors attempted to assess the influence of skin blood flow
on the change in skin surface temperature in subjects
not suffering from cold injury by comparing the change
in blood flow during a cold test on a perfused and non-
perfused foot. These results were compared with those
of patients diagnosed with non-freezing cold injury.
Based on the thermographic and LDF data they acquired
the authors made a conclusion that any difference in skin
surface temperature between the study groups was de-
termined exclusively by the effect of blood flow.

All of the mentioned studies confirm the connection
between the local and regional metabolism and the sur-
face thermal dynamics. But at the same time, the ques-
tion remains: does the nature of temperature recovery
after local surface hypothermia bear information about
subtle changes in the status of capillaries at the system
level? We assumed that the weak thermal response of the
local skin capillaries can be assessed by a detailed obser-
vation of the dynamics of temperature recovery after
dosed cooling of the local surface area.

At the beginning of our work on the method devel-
opment, we inaccurately assumed that hypothermia ap-
plied to a local area of the skin could trigger a sequence of
regulatory reactions that intensify heat and mass transfer
in the skin. These reactions will cause the temperature
recovery curve to become more complicated. Properties
of the temperature recovery curve became the main sub-
ject of our study.

To assess the dynamics of temperature recovery, an
original applicator was developed, which not only can
absorb a strictly dosed amount of heat, but also allows
limiting the contact zone. A small area of the working
surface of the applicator allows limiting the spread of the
thermal front in the lateral direction and in depth for a
short application time.

Using the example of a passive model of a block of por-
cine tissue, we attempted to give a thermographic char-
acteristic of a tissue similar to the human tissue, but lack-
ing active heat and mass transfer. As can be seen from the
average values given in Table 1, the passive model is dis-

tinguished by a large deviation of the temperature curve
from a smooth logarithmic function. At first glance the re-
sult may seem paradoxical - a more complex temperature
recovery curve in the complete absence of the ability to
control heat generation by the body - but it is explained
by the layered structure of the epithelial tissues. Indeed,
each of the layers of the skin and subcutaneous fatty tis-
sue have sufficiently contrasting properties to create a
complex passive thermal response to local hypothermia.

In these tissues both the heat capacity and the kinetic
indices of conductive heat transfer are different, which gives
the effect of the heat front lagging from different layers dur-
ing restoration of temperature balance. In such a situation,
the presence and activity of capillaries will smooth out the
temperature response of the multipart structure, “mixing”
the thermal response of the layers under observation and
also allowing them to simultaneously cool down at the mo-
ment of cold application to the surface.

Normally, human skin also has a pronounced layered
structure: the epidermis, dermis, and subcutaneous fatty
tissue. Each of these layers has its own heat capacity and
conductive properties. For this reason, skin structures
that lack the ability to “mix” the temperature will produce
a complex signal of the surface temperature recovery af-
ter contact with the cooled applicator has ceased.

To reduce the effect of thermal noise, standardization
of physical conditions and an original infrared thermog-
raphy protocol were proposed, which allowed to evalu-
ate the effect of capillaries on the temperature recovery
dynamics in a group of patients with well-studied pathol-
ogy.

It is known that in patients with diabetes mellitus the
capillaries of the skin are dilated. Such capillaries have a
thick fibrotic basement membrane [13, 14]. This should
affect the heat transfer within the skin layers, smoothing
the effect of its layered structure, during temperature
recovery after local hypothermia. The single measure-
ments we carried out confirm this effect (see Table 1).

We believe that the proposed approach to dynamic
thermography in combination with dosed local cold test,
which allows to limit the thermal response of tissues to
the depth of subcutaneous fatty tissue, gives much more
information about capillary status than any other “glob-
al” tests.

Probably, in the future it will be necessary to move
from the summation of the temperature difference be-
tween the real recovery curve and its mathematical mod-
el, which we have provided as examples for individual
key points in time, to an integral description of a continu-
ous process. But it will be rational after careful selection
of the optimal approximation function of real data.

Conclusion
As a result of research (experiment), standardization
of physical conditions and the original protocol of infra-
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red thermography were proposed. An applicator for lo-
cal dynamic thermography was created. The following
conclusions were also made: the lack of heat and mass
transfer in the passive model complicates the restoration
of heat balance due to the multi-layered structure of the
skin; the heat balance recovery curve is individual and
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does not depend on gender and age. We obtained the
JAT indices of the integral temperature difference. The
JAT indicator of a healthy person was 121.8+70.8°Cxs; in
the passive model it was 307.2 £43.4°Cxs; in diabetes it
makes 95.6 + 54.4°Cxs. All the above results give the po-
tential to use the method in medicine.
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P.N. Paxumxarosa, H.A. LLlaHa3apos, [1.E. Typxxanosa
doToaMHaMUYecKas Tepanua BHYTPUKOXHbIX METACTa30B paKka MOJIOYHOM Xenesbl (0630p nuTEPaTypbI)

OOTOONHAMUYECK A4 TEPATNNA BHY TPUKOXHbBIX
METACTA3OB PAKA MOJIOYHOMU XEJIE3bI
(OB3OP JIUTEPATYPbI)

P.A. Paxumxanoea', H.A. LUanazapoe'?, [.E. TypxaHoea'

"MegauumHckmnit yumnsepcutet Actana, Hyp-Cyntan, Pecnybnuka Kasaxcran

2bonbHrua MeaunumHckoro uentpa Ynpasnenus aenamu MNMpesuaenta Pecny6nmkn Kasaxcran,
Hyp-Cyntan, Pecnybnmka Kasaxcran

Peslome

B nocnepHue roabl Bo Bcem Mupe HabnofaeTca pocT 3a6oneBaemMoCcTy pakom MonoyHol xenesbl (PMX), npuuem B 20% cnyyaes npu PMX npo-
VNCXOANT Pa3BUTME BHYTPUKOXKHbIX MeTacTa30B. BO3MOXHOCTU XMPYpPruyeckoro v ny4eBoro neyeHnsa BHyTPMKOXHbIX MeTacTazoB PMX focTta-
TOYHO OrpaHuyeHbl, a 3GPeKTVBHOCTb MONXUMMOTEPANUY C MPUMEHEHNEM CTAHAAPTHBIX CXEM He NpeBbiaeT 22-27%, Npu 3STOM CPOK PeMUIC-
cuw, Kak NpaBuno, coctaenaeT nuwb 2-3 mec. DotoanHammyeckan Tepanua (ODAT) aBnAaeTca nepcnekTUBHLIM METOAOM NleUeHNA BHY TPUKOXKHBIX
meTacTazoB PMX. OnbiT npumeHenna OT npu gaHHOM HO30MOrMK JOCTaTOYHO OrPaHUYEH, HO MOJTyUYeHHble pe3y/bTaTbl AeMOHCTPUPYIOT ero
BbICOKYI0 3¢ PEeKTUBHOCTb U 6€30MacHOCTb. TaK, HECKONbKO POCCUMCKIX NCCIef0BaHUIA MOCBALLEHbI oLeHKe 3dpekTuBHOCTU OAT BHYTPUKOX-
HbIx MeTacTa3oB PMX ¢ poToceHcnbrnmsaTtopom xnopuHosoro psaaa ¢oTosnoH. Mo aaHHbIM aBTOPOB, NeuebHbl 3GPeKT Obl JOCTUTHYT Y 85—
97% nauueHToK (JONA NaLMEHTOK C MOJIHBIM 1 YacTUYHbIM 3pdeKToM cocTaBnana 73-85%). Uccneposanus s¢pdektrsHocTr OAT y nauneHToK
C TaKOW e HO30/10rnel ¢ NCnonb3oBaHnem GoToceHcMbMNM3aTopa GOTOCEHC AEMOHCTPUPYIOT HECKONIbKO MeHbLUYI0 3PGEKTUBHOCTL — leveb-
Hbl 3GdeKT 6bin fOCTUTHYT B 81,8% HabnogeHNi, NpK 3TOM JONA NALUEHTOK C MOJIHbIM U YacTUYHbIM 3GPeKTOM coCTaBANa TONbKO OKOMO
50%. 3a py6exxoM NpoBefieH pAfg UCCiefoBaHUIN Ha MoJensax MeTacTasupytolero PMK ¢ ncnonb3oBaHMeM HOBbIX GOTOCEHCUOUIN3ATOPOB (Ha-
npumep, criHonop$rpuHa HaTpurA) N HOBbIX KOMOVHMpPOBaHHbIX cxem OAT (Hanpumep, apgbloBaHTHaa OAT ¢ 5-GTopypaunnom unu KaneumTa-
61HOM). [onyyeHHble pe3ynbTaThl AEMOHCTPUPYIOT NepCreKTUBHOCTb HOBbIX noaxopos: ®AT ¢ cMHonopprMpUHOM HaTpKA NHIMbUpPoBana pocT
Kak caMmoii OMyxonu, Tak 1 ee MeTacTa3oB; MPUMEHEHVE aibloBaHTHbIX CXEM MPUBESIO K MOBbILIEHUIO ANPdEPEHLMPOBKM OMYyXONEBbIX KNETOK y
KNBOTHOW Mofeny, NpeKpalLeHnio pocTa Onyxosu, a TakKe MeTacTaTU4YeCKMX O4aroB.

KnioueBbie cnoBa: pakK MOJIOYHOW »Kene3bl, KOXHble MeTacTasbl, d)OTO,ElI/IHaMI/ILIECKaH Tepanus, ¢0Tocech6vmv|3aTop, ¢OTOXI/IMI/N€CKaH peakuua.

Ana yntnposaHua: PaxumxaHosa P.W., WaHasapos H.A., TypxaHosa [1.E. DoToanHammnueckas Tepanma BHYTPUKOXHbIX MeTacTa30B paka Mo-
nouHolii xenesbl / Biomedical Photonics. - 2019. - T. 8, N 3. — C. 36-42. doi: 10.24931/2413-9432-2019-8-3-36-42.

KoHTtakTbi: TypxxaHosa [1.E., e-mail: dinara.turzhanov@mail.ru

PHOTODYNAMIC THERAPY OF INTRADERMAL
METASTATIC BREAST CANCER (LITERATURE REVIEW)

Rakhimzhanova R.1.', Shanazarov N.A."2, Turzhanova D.E.!

'Astana Medical University, Nur-Sultan, Republic of Kazakhstan

’Hospital of Medical Center of the Department of Presidential Affairs of the Republic
of Kazakhstan, Nur-Sultan, Republic of Kazakhstan

Abstract

In recent years, an increase in the incidence of breast cancer has been observed throughout the world, and in 20% of cases, with the devel-
opment of intradermal metastases. The possibilities of surgical and radiation treatment of intradermal breast metastases are quite limited,
and the effectiveness of polychemotherapy using standard regimens does not exceed 22-27%, while the period of remission, in general,
is only 2-3 months. Photodynamic therapy (PDT) is a promising treatment for intradermal metastases of breast cancer. The experience of
using PDT in this nosology is quite limited, but the results show its high efficiency and safety. Thus, several Russian studies are devoted to as-
sessing the effectiveness of PDT of intradermal breast metastases with Photolon, a chlorin series photosensitizer. According to the authors,
the therapeutic effect was achieved in 85-97% of patients (the percentage of patients with full and partial effect was 73-85%). Studies on
the effectiveness of PDT in patients with the same nosology using the Photosens photosensitizer show a slightly lower effectiveness - the
therapeutic effect was achieved in 81.8% of cases, while the proportion of patients with full and partial effect was only about 50%. Several
studies have been carried out abroad on models of metastatic breast cancer using new photosensitizers (e.g. sodium sinoporphyrin) and
new combined PDT regimens (e.g. adjuvant PDT with fluorouracil or Capecitabine). The obtained results demonstrate the promise of new
approaches: PDT with sodium sinoporphyrin inhibited the growth of both the tumor itself and its metastases; the use of adjuvant regimens
led to an increase in the tumor cells differentiation in the animal model, the cessation of tumor and metastatic foci growth.
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Pak monouHown ene3sbl (PMXK), nopakatowmnin exe-
rogHoO OKoJO 1,2 MJIH XKeHLWVH B MUpe, CBbilwe 52 TbiC. B
Poccuiickon ®Oepepauun n 6onee 4 Toic. B KasaxctaHe,
npvBfeKkaeT NpuUcTasibHOE BHMMaHME CreyuanncToB B
CBA3M C HapacTawwelin 3ab0neBaeMoCTbi0 1 BbICOKMM
YPOBHEM CMEPTHOCTU MALMEHTOK. TaK, MO AaHHbIM 0du-
umanbHon cTatucTmkn B PO ypoBeHb 3aboneBaemocTtu
3/10KaYeCTBEHHbIMN 00pPa30BaHUAMN OaHHOW NoKanu-
3auun 3a nepuog 2008-2017 rr. ysenuunnca ¢ 67,95 go
89,60 Ha 100 TbIC. HaceneHus, T.e. MPUPOCT COCTaBUIN
33,8% [1]. B Pecnybnuke KasaxctaH TOfbKO 3a mepuiof
2012-2017 rr. 3aboneBaemoctb PMX Bo3pocna ¢ 21,3 go
24,5 Ha 100 TbIC. HaceneHuA. bonee TOro, cornacHo Npo-
rHoO3am cneunanmcToB MexayHapoAHOro areHTCTBa no
N3yYeHMIo paKa, B TeUeHre crieyowmx AByX gecatune-
TUI KONTMYECTBO NALMEHTOK C ANArHO30M Pak MOJIOYHOM
»ene3bl BO3pacTeT NpakTnyecku B 2 pasa [2].

OcHOBHbIM MeTofoM feyeHnss PMPK go HacTtosue-
ro BpeMeHN OCTAeTCA OnepaTMBHOE BMELLATENbCTBO: B
COOTBETCTBMUN C COBPEMEHHONM KOHLEeNUuen passBuTtuA
Xvpypruv, o6bem onepauunii Ha MOJTIOYHON Xefese Bce
yale CoKpallaeTca 40 OPraHOCOXPAHAIOLWENO NIeYeHu s,
BKJIOYasA OrpaHMYeHHOe yfaneHune KIMHUYECKN Hera-
TUBHbIX MOAMbILIEYHbIX NMMbaTNYECcKMX y30B. Kpome
TOro, YBeNIMYEeHNe BbKMBAEMOCTM U CHUXKEHMNE CMepT-
HOCTW OT 3J10KaueCTBEHHbIX HOBOOOPA30BaHUI MOJOY-
HOW »Kene3bl CBA3bIBAETCS C ajeKBaTHbIM MCMOJIb30BaHU-
€M CMCTEMHbIX BUAOB Tepanuu [3].

OpHako ygenbHbIl Bec naumeHTok ¢ PMXK IlI-IV cTa-
O NO-NpeXHeMy BbICOK, MO HEKOTOPbIM AaHHbIM MX
nons pocturaet 45% [4]. Mpw 3Tom B 20% HabnoaeHUin
y NaUMeHTOK OTMEYaEeTCA pPa3BUTUE BHYTPUKOXKHbIX Me-
TacTa3oB, 0Opa3yLMXCA, NPEeVMYLLECTBEHHO, MocC/e
XNpyprmyeckoro neyeHus. Npu nevyeHnn metactatmye-
ckoro PMM, Kak npaBuio, NCnomnb3yloT CUCTEMHYIO Te-
panuio (X¥Mro-, FOpMOHOTEPANUIO) B COYETAHUN C Nyye-
BOW Tepanuen n ncceyeHnem MeTactaTmyeckoro ouvara.
OpfHako cneflyeT OTMETUTb, UTO XUPYPrnyeckoe feyeHne
B laHHOM CJly4ae BO3MOXHO He Bcerga B CBA3U C MHOXe-
CTBEHHbIM XapaKTepOoM MoparkeHns 1 60MbLLON pacnpo-
CTPaHEHHOCTbIO MpoLuecca. Kpome Toro, comatnyeckoe
COCTOSAIHWE MALMEHTOK Nocsie KOMOUHNUPOBAHHOTO Jleye-
HWA YacTO He JAeT BO3MOXKHOCTM MPOBECTUN onepaTuB-
HOoe BMelaTeNbCTBO B OMNTUMANIbHOM 06béme. B cBoto
oyepenb, BO3MOXHOCTM JTyYeBOro JieYeHNA MeTacTa3oB
PM> HepenKo orpaHnyeHbl MHOXECTBEHHbIM XapaKTe-
pOM MeTacTasnpoBaHUA. IPDEKTUBHOCTb XKe NOSINXUMU-

oTepanuu Npu meTtactasax PMX B KOXy C npyMeHeHnem
CTaHJAPTHbIX CXeM He npeBbiwaeT 22-27%, npu 3ToM
CPOK peMnccum, Kak NpaBnsio, COCTaBNAeT Nnlb 2-3 Mmec
[5]. MpoaneHne cpokoB pemurccnn TpebyeT NpoBeaeHNs
MHOIOKYypCOBOW nonmuxumuoTtepanuu. lNpn sTom cnepy-
eT OTMEeTUTb MMMYHOCYMNpPeCcCMBHOe AeNCTBue NyyeBomn
Tepanuu 1 XMMMoTepanuu, KOTopoe ycyrybnsaetcs npu
npoBeAeHUN MOBTOPHbIX KYypCOB. V3 Oopyrvx metogos
NleyeHnA KOXHblX MeTacta3oB PMM MOXHO Bblgenntb
SNEKTPOXMMMNOTEPANNIO, JIOKASIbHYI0  XMMMUOTEepanuio
(MUNTEKC), na3epHyto pecTpykuuio, OpaxuTtepanuio,
rmnepTepMmIo, KpruoTtepanuio N T.4., OAHAKO CBefeHusA
06 1x 3¢ HEeKTUBHOCTN OCTAIOTCS HA CErOAHAWHUN AeHb
Janeko He ojHO3HauYHbIMM [6]. COOTBETCTBEHHO, HeY1OB-
NeTBOPEHHOCTb pe3yfbTaTamu iedeHns 6onbHbix PMK ¢
KOXKHbIMM MeTacTa3zamy CTUMYMPYET NOUNCK HOBbIX Me-
TOOOB Tepanuu.

OfHVM U3 aKTyanbHbIX HanpaBieHNN COBPEMEHHOW
OHKONOTUWN ABNAETCA NPUMEHeHNe ONA NeyeHnsa naum-
E€HTOK C BHYTPUKOXHbIMU MeTacTtazamu PMX doTtopu-
Hamnueckon Tepanuu (OAT), cumTarowenca B HacTos-
Wwee Bpems oaHUM 13 3G EKTVBHBIX METOAOB fleUeHus
3/10KauyeCcTBeHHbIX obpaszoBaHuin [7]. OAT npeacTaBna-
eT cob0l HeCUCTEMHYIO TepaneBTUYECKYIO npoLenypy,
KoTopas HauMHaeT QYHKLUUOHMPOBATb MpY YCIOBUU
KOMOVHauuUnM Tpex OTAENbHbIX KOMMOHEHTOB: CBETOAK-
TuBMpYyemMoro $poToceHcnbunmnsaTopa, cneynudpryeckoro
NCTOYHMKA CBETa U MOJNIEKYNApPHOro Kucnopopa [8-11].
DTOT MeTO[ OCHOBaH Ha TOM, UTO OMYyXOfeBble KNEeTKU
CNocobHbl N36MpaTENbHO HaKanIMBaTb OnpeaeneHHble
doToCceHcnbUnm3aTopbl B 60JbLIEN CTENEHN MO CpPaB-
HEHWMIO CO 340POBbIMU TKaHAMM [12, 13]. B ganbHenwem,
npy 0611yYeHUn CBETOM, CMIEKTP KOTOPOro COOTBETCTBY-
€T CneKTpasibHOMY COCTaBy MornoweHus GpoToceHcnou-
Nn3aTopa, B KJIeTKax OMnyxonu ocyulectensetca ¢oTo-
XVIMUYeckKas peakuus. B ntore obpasytotca cybctaHuum
C UMTOTOKCUYECKOW aKTUBHOCTbIO, AENCTBME KOTOPbIX
NPUBOAUT K HeKpO3y onyxonu [14, 15].

Metong OLT MOXeT NPUMEHATbCA Kak CamocCToA-
TeNbHO, TaK U B KOMOWHALMM C XUPYPrUYECKM U JTy-
YeBbIM JIeYeHUEM, a TaKXKe C NasIMATUBHLIMU Lenamm
[16]. Mpeumywecteamn OAT sBNAeTCA BblcOKasa U36U-
paTenbHOCTb MOPaXKeHUA KNETOK OMyXoseln, OTCYTCTBME
cepbe3HbIX NoOOUHbIX 3P PEKTOB, BO3MOXKHOCTb MPOBE-
[EHVA NOBTOPHbIX KYPCOB JIeUeHUs 1 KOMOMHaLUA B ol
HOW npoueaype AUArHOCTUYECKUX U JIeYeOHbIX OMLUMIA.
HononHuntenbHoe npeumyuwectso OAT 3aknoyaeTtca B

OB3OPbI JIMTEPATYPHI
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€e OTHOCUTENIbHOWN 6€3601e3HEHHOCTU M BO3MOXKHOCTM
NpoBefEHMA NMOBTOPHbIX KYPCOB.

OpHako metog OAT He nuWweH 1 onpefeneHHbIX He-
LOCTaTKOB, Cpefii KOTOPbIX MOXHO OTMETUTb:

+ OrpaHVYeHHyo rybrHY NPOHMKHOBEHMWSA CBETOBO-
ro BO3[encTBmA B onyxonb (0T 2 4o 15 MM B 3aBu-
CMMOCTM OT NPUMEHAEMON AJIMHbI BOJIHbI MO OAHVM
JaHHbIM 11 0T 4 10 8 MM — no Apyrum). [ny6uHa npo-
HVKHOBEHUA onpepenseTca BblOpaHHbIM ANA Npo-
BeAeHUA Tepanumn ¢oToceHcnbrnmsatTopom [17];

+  3aBUCUMOCTb 3DEKTUBHOCTY JIeUEHNA OT CTEMEHM
OKCUreHaLUnM 1 KPOBOCHabXeHNUs onyxonu;

« OTCYTCTBUE MOPQONOrMUECKOro KOHTPONA nocie
NpPOBEAEHHOTO JIeUEHMS;

+ BbICOKYIO CTOMMOCTb HeKOTOpbIX ¢poToceHcmbmnnm-
3aTopos [18].

O6wrmMmn nokaszaHuamun Kk OOT ana Bo3nencTeua no
«pafrKanbHON Nporpamme» siBATCA OMyX0su, Croco6-
Hble 136MpaTenbHO HakarIMBaTb GOTOCEHCMOUIM3aTOP
W AOCTYMHbIE ANA BO3AENCTBUA IA3€PHOI0 U3NyYeHMs, C
HeBbIPAXKEHHbBIM SK30PUTHBIM /U MHOUBTPATUBHBIM
KOMMOHEHTOM, KOTOPbI He MpeBbIWAET ryOouHbl NPo-
HUKHOBEHUS U3lyYeHNs B TKaHb. B Tex cnyuvasx, korga
OMyXoJib He OTBEYAET NepeUnCsIeHHbIM KPUTEPKUAM, BO3-
MOXKHO MpoBefeHue nannuatusHon OAT, nnbo nprme-
HeHve O[T B coueTaHnmM C APYrumMu mMeTogamm Bo3gen-
ctBua [19].

K abconoTHbIM NPOTMBOMOKAa3aHUAM Ana npoueny-
pbl OTHOCAT AbIXaTENIbHYI0 U CEPAEUYHO-COCYAUCTYIO He-
LOCTAaTOYHOCTb, 3ab0NeBaHNA NEYEHUN 1 NMOYEK B JEKOM-
NMEeHCUPOBAHHONW CTAafUN, KaxeKCuo, HEMEePEeHOCMOCTb
npenapata. Cpean OTHOCUTENbHbBIX MPOTUBOMOKA3aHUN
MO>KHO BblAeNnTb 3ab0neBaHVA anfepruyeckor npupo-
Abl [20].

MposegeHne OAT coctonT 13 BBefeHUA PpOTOCEH-
cnbrnuzatopa (OC) nyTem, onTMMasibHbIM [ €ro Ha-
KOMJIEHMA B OMyXOJNM, U €ro akTUBaUWW Nog BAUSHUEM
NTa3epHOro nsnyyeHusa c onpegeneHHon AANHON BOSHbI.
Mostomy Bbi6op OC OKasbiBaeT CyLeCTBEHHOE BAUAHKE
Ha 3ddekTBHOCTL DT 3/10KaYECTBEHHBIX OMyXOJen
pasfMuHON IOKanM3aumm 1 napameTpbl 06yyeHns, no-
CKOJNbKY FNybvHa TepaneBTUYECKOro BO3LENCTBMA Ha
HOBOOOpa30BaHVe OnNpefenseTcs CheKTpasibHbIM Ana-
nasoHom OC. Tak, MakcManbHas rnybrHa Bo3aencTeumsa
obecneyrBaeTca ceHCMOUM3aTopaMm C AJIMHONW BOJIHbI
CNeKTpanbHOro MakcumMyma, npesbiwatowen 770 HM.
COOTBETCTBEHHO, PpryopecLeHTHble CBONCTBA CEHCMOU-
nM3atopa UrpatT BaXKHYI0 pPosib B pa3paboTKe TaKTUKU
nevyeHus, oLeHKe bropacnpeneneHus npenaparta 1 Mo-
HUTOPWHre pe3ynbTaTos [21].

AHanu3 nuTepaTypHbIX AAHHbIX MO3BONAET MPUNTH
K BbiBOAY, 4TO nNpumeHeHne OC pa3HbIX KNaccoB Cylue-
CTBEHHO BnVAeT Ha 3ddekTnBHOCTE OAT HOBOOOpa-
30BaHWN. Tak, Hawnyylwmnx pesysnbTaTOB B OTHOLWIEHWU
BHYTPUKOXHbIX METACTa30B paka MOJIOYHOW >Kene3sbl

YAANOCb MOAYYUTb MPU UCMONb30BaHUU TeTpameTaru-
OpoKcudpeHun-xnopuHa (dockaH, A=652 Hm), cynbdupo-
BaHHOro ¢TtanounaHnHa anioMunHua (boTtoceHc, A=670
HM), TODMHATPVEBOIA CONM XNI0PUHa €, (poTonoH, A=661+£5
Hm) [5, 22, 23].

o MHEHVI0 HEKOTOPbIX aBTOPOB, MOKa3aHUAMM K NPu-
MeHeHuno OLT npy pake MONOYHON Xene3bl ABNAITCA:

» pak legxeta T1-2NOMO;

+  peuunamrB paka MOJIOYHOW »ene3bl Ha rPYAHON CTeH-
Ke nocsie XMpypruyeckoro jieyeHus;

+ BHYTPMKOXHble MeTacTasbl NOC/Ie XUPYPruyeckoro,
KOMOVIHUPOBAHHOTO 1 KOMMJIEKCHOTO JIeYEHUS;

+ MepBUYHbIN pak MonoyHou »enesbl T1-2NOMO (y3-
noeas $opmMa) Npu KaTeropMyeckom OTKase nauu-
E€HTKM OT XMPYPruyeckoro neyeHnsa 1 Hannumm Ta-
XKesbIX COnyTCTBYOLWMX 3aboneBaHnii [24].

Yro kacaetcs apdekTrBHOCTM QAT y 60MBbHBIX PAaKOM
MOJIouHOM *enesbl, To E.B. TopaHckaa n M.A. KannaH B
CBOEM MCCNefoBaHUM npofemoHcTpupoBanu, yto OOT
KOKHbIX MEeTacTa30oB MNPy Pake MOMOYHOW Xene3bl C Npu-
MeHeHrem ¢GOoToCeHCMOMIM3aTopa XJIOPMHOBOIO psAda
(boTonoH) no3BonseT HOCTUrHYyTb NeyebHoro 3ddekTa
B 85% cnyyaes. lpy 3TOM MONHbBIN perpecc OTMeYeH B
46% v yacTnuHbIM — B 39%. Ha OCHOBaHUWM 3TUX OaHHbIX
aBTOPbI NMPULLK K BbIBOAY, YTO GpOTOANHAMUYECKYIO Te-
panuio MOXHO OTHeCTM K MeTofaMm, MO3BOMAIOWNM Mpr
HaVMeHbLUEeM KONMUYecTBe NoOoUHbIX 3PpHEKTOB AOCTNYD
XOpOoLUero pesynbraTa, YTO MO3BOJNIAET PEeKOMEHAOBaTb
®OIOT Kk npyMeHeHMo B NleuyebHO-NPOUNAKTUYECKUX YY-
pexpeHusx [5]. B gpyrom nccnefoBaHuv npu fieuyeHnm
BHYTPUKO>KHbIX METACTa30B paka MONIouHou xenesbl QAT
NPOAEMOHCTPUPOBaa 6ornee BbICOKYHIO KIUHNYECKYH 3¢-
beKTUBHOCTD: neyebHbin 3ddeKT 6bin JOCTUTHYT B 97%
cnyyaes. [py 3TOM aBTOPbI OTMEYAOT BbICOKYH Cenek-
TUBHOCTb METOJA B OTHOLLIEHWM NMOPAXKEHMNA OMYXOJIEBOW
TKaHW, a TakXKe OTCYTCTBME TAXKENbIX MECTHbIX U CUCTEM-
HbIX OCJIOXKHEHUI 1 BO3MOXXHOCTb MOBTOPEHNA JIeYebHOM
npouenypbl. Kpome TOro, nccnegosatenn ykasbiBaloT Ha
npumeHeHne OAT ¢ NanIMaTUBHONM LiENbO, YTO NO3BONIAT
YMEHbLUaTb 06bEM OMYXOJK, YNyullaTb KAueCTBO MM3HW
nayueHTok ¢ PM> 1 ero metactasamm B KOXy [25].

B pabote M.A. KannaHa C cOaBT. oLeHuBaeTca 3¢-
¢bekTmBHOCTE AT No NoBOAy MeTacTa3oB paka MOJIOY-
HOW »esne3bl B KOXY C MCMosib3oBaHveM ¢oTonoHa. Mo
pe3ynbratam nedeHus 46 60nbHbIX, y 54,3% 13 KOTOPbIX
OblIV BbIABIIEHbl TONIbKO BHYTPUKOXHbIE MeTacTasbl, a
Y OCTajibHbIX MMENUCh 1 OpraHHble MeTacTasbl (Mumda-
TUYeCKME y3/ibl, KOCTW, MeYeHb, NéroyHas TkaHb, BTOpas
MOJIOYHAA »Kefe3a), NoJHas perpeccus Obila OTMeYeHa B
33,6% cnyyaeB, yacTnyHas perpeccus — B 39,4%, ctabu-
nm3aumsa — B 22,6% n nporpeccupoBaHune — niwb B 4,4%.
O6DbeKTVBHbIM OTBET nonyueH B 73,0% cnyyaes, neyeb-
HbIl — B 95,6% [26].

B nccneposarun C.B. EBcTrdeeBa C COaBT. MO OLEHKe
addekTrBHOCT OAT Npu BHYTPUKOXKHBIX MeTacTasax
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paka MOJIOUYHOW »Kene3bl Obiny MoNyYeHbl COBEPLUEHHO
WHble pe3ynbTaThl: MONHbIN 3$dEKT Obia JOCTUTHYT NULLb
y 22,7% naumeHToK, YacTuuHbI — y 27,3%, cTabunmsa-
uma npouecca 6bina 3adukcmponaHa B 31,8% cnyvaes,
a vyacToTa MporpeccMpoBaHnA 3aboNeBaHUs, XapakTte-
pu3ylolWerocs MOsIBIEHMEM HOBbIX MeTacTaTUyYeCcKux
ovaros, gocturana 18,2% [27]. CnegyeT OoTMeTUTb, YTO
B [JAaHHOM WCC/IeOBAHNV MPUMEHANICA CUHTETUYECKUN
OTeYECTBEHHbIN NMOPGUPUHOBBIN HOTOCEHCNOUIN3ATOP
BTOPOro NoKoseHnsa GpoToceHC. BO3aMOXHO, nprMeHeHne
¢doTOoCeHca B KauecTBe GOTOCEHCMOMNM3aTOPA B IAHHOM
NCCNIedoBaHMM OTPULATENBHO CKa3anocb Ha 3pdeKTnB-
HocT OJT No cpaBHEHMIO C UCCIe[OBAHKEM, O KOTOPOM
roOBOPUIIOCh BbiLLE.

3apybexHble ncciefioBaTenn BeyT HeMNpPepbiBHbIN
MOUCK HOBbIX PpOTOCEHCMOUN3ATOPOB, KOTOPbIE CoYe-
Tanu 6bl B cebe BbICOKYIO 3OPeKTUBHOCTb 1 Gesonac-
HOCTb B JIEYEHUU KaK PaKa MOJIOYHOM Xese3bl, TaK 1 ero
MeTacTa3oB. B 3Ton cBA3M npencTaBnAwT MHTepec pe-
3ynbraTtbl, nonyyeHHble X.Wang c coasT. iccnegosatenu
oueHunu BnvaHve OAT ¢ cHonopdprprHOM HaTpWA Ha
nponudepaLmio 1 MeTacTa3npoBaHNe OMyXONeBbIX Kie-
TOK B BbICOKO MeTacTaTUyYeCKON KNeToOUHON nuHun 4T1 n
MOJesiM KCEHOTPAHCIIaHTaTa Mblwu. B pesynbtaTe 66110
YCTaHOBJIEHO, UTO BblOpaHHaA TaKTMKa JIeUeHns 3Hauu-
TeJIbHO YBENNUUIIA MPOJOIKNTENIbHOCTD »KN3HY MblLLEN
60nbHbIX PMXK, a Takxe nHrmbuposana pocT Kak camon
OMyXosnu, Tak 1 ee MeTacTa3oB, YTO COrnacyeTcs C pe-
3ynbTaTamu OMbITOB in vitro. Kpome Toro, aBTopbl OTMETU-
nu, uto OAT ¢ gaHHbIM NpenapaToM 6bina 3PpPekTuBHeE
Tepanuu, NPOBOAUMON C y»Ke 3apernctpupoBaHHbim OC
doTodppuH. MpeaBapuTenbHble TOKCMKONOTMYeCKme pe-
3yNbTaTbl CBUAETENBCTBYIOT O TOM, UTO CUHOMOPOUPUH
HaTpuA ABMAETCA OTHOCUTENIbHO Oe30mnacHbIM npenapa-
TOM. DT JaHHblE MOXHO PACLEHUTb KaK CBMAETENIbCTBO
NepcnekTUBHOCTU MPUMEHEHMWA 3TOro GOTOCEHCNOMNN-
3aTopa, KOTOPbIN, OfHaKO, TpebyeT fanbHeNwero n3yye-
Husa [28].

B cBol ouepenb, S.Anand c coaBT. C Uenblo Mo-
BbllweHnA 3ddekTrBHOCTM OAT Npu pake MONOYHOM
Xenesbl NpeasioXunu KCNonb30BaTb HEOAAbIOBAHT
(5-dTopypaumn) go nposeperns OAT ¢ sdpupom amu-
HOJIEeBY/IMIHOBOW KNCJIOTbl. ITOT NOAXO AENCTBUTENb-
Ho nosblwan 3dekTnBHocTb OAT, ogHAKO NpY 3TOM
Obl1 OTMEUEHO Cepbe3HOoe TOKCMYECKOe BiMAHUE
5-pTopypauumna. C Lenblo €ro CHUXXeHUs nccrnefoBa-
TENV MPepsoXuan MPUMeHATb HETOKCMUHbIN npep-
LWEeCTBEHHUK 5-pTOpypaumna KaneyntabuH B pexrme
Komb6uHupoBaHHon OAT. B pe3ynbrate 6bi10 npope-
MOHCTPMPOBAHO CYLIEeCTBEHHOE BO3pacTaHue And-
bepeHUnPOBKIM OMYXONEBBIX KIIETOK Y }XMBOTHOWN MO-
enu, a Takke Ux rmbenb, NpesblllalolLlas YPOBEHb B
KOHTpOJIbHOW rpynne B 5 pas. Kak cnegcteume, aBTopbl
OTMETUN NpeKpaLleHrie POCTa ONyXO0Ju, a TaKXe mMe-
TacTaTuyeckmx oyaros [29].

Hemano paboTt noceAweHo 3apybexkHbiMK cnewuu-
anuncTamm o OLEeHKe KInHuYeckom appektreHoctn OAT
Y NaLMEHTOK C KOXHbIMU MeTacTa3aMy paka MOJTOYHO
xenesbl. Tak, P. Wyss ¢ coaBT. npuBOAMT pe3ynbTaTbl
NpYMeHeHNA ABYX pa3nunyHbix npotokonos QAT B ne-
UYEHMN KOXKHbIX MeTacTa30B. [1epBbli MPOTOKON BKIIIO-
yan BeegeHre OC meTa-TeTpa(ruagpoKcupeHmn)xnopu-
Ha B go3e 0,10 Mr/Kr ¢ nocnegywowmm obnyyeHnem B
nose 5 [Ik/cm?, Torga Kak BO BTOPOM NMPOTOKOME A03a
®OC coctaBnana 0,15 mr/kr, a obnyyeHus — 10 Ox/cm.
B pe3synbraTte y BCeX NMaumMeHTOK Obll OTMEYEH MOJHbIN
KNuHuYeckun 3¢dekT, npryem BHE 3aBUCMMOCTU OT
no3bl OC unu obnyyeHus. ABTOpbl OTMEYAIOT, UTO CKO-
POCTb 3aXXMBJIEHUS MPEUMYLLECTBEHHO 3aBKcena oT 06-
nyyaemou nnowaau yyactka [30].

ABTOpbl OOWKMpPHOro 0630pa NUTepaTypbl, NOCBA-
WweHHoro npobneme npumeHenus OOAT gns nevyeHun
paka MOJIOYHOW >Kene3bl NPUBOAAT MHOIOYMCIIEHHbIE
[10Ka3aTeNnbCTBAa €ro KAUHUYECKON 3PdeKTUBHOCTH,
npuyem Npu ncnosb3oBaHum pasnuuHbix OC, a Takxe
KOMOUHMPOBAHHbBIX NoAxofoB (kombuHauus OAT u nm-
MyHHOW Tepanuu). OgHako, NoguyepKrnBaeTCsa, YTO He-
06X04VMMO NPOLOIIKEHME UCCIedOBaHWI, MOCKOJbKY
HaKOMJIEHHbIN K HaCTOALEMY BPEMEHW OMbIT NMOKa He-
Benuk [31].

Pan aBTOpOB MpPMBOAUT AaHHbIE O MPUMEHEHMMN Ma-
TPUYHOTO M3NyyaTens Ha NonynpoOBOAHVKOBBIX AMOAAX
C M3MeHAEeMON reoMeTpuren 13nyyatoLlen NOBePXHOCTHN.
Ero npermMyLuecTBa 3aKJIOYaOTCA B:

+ BO3MOXHOCTU OLHOMOMEHTHOrO BO3[eNCTB/A Ha
6onbluMe NMOJIA MEeTacTaTUUYECKOrO MOPAXKEHNA KOX-
HbIX MOKPOBOB IPYAHOW CTEHKM;

+  YMEHbLIEeHUV MPOLOSIXKUTENIbHOCTU MPY OLHOBpE-
MEHHOM yBEeNMYeHN KOMOPTHOCTY CEAHCa;

+  CHWKEHUWN YacTOTbl PA3BUTUS TSXKENbIX HEKPOTUYe-
CKUX GOTOTOKCUYECKMX peaKkLuil 06/yUYeHHbIX TKa-
Hel 13-3a HEeBbICOKOW MIOTHOCTW MOLLHOCTK CBETO-
BOW 3Hepruuy;

+ BO3MOXHOCTU OMEepaTMBHOIO MOBTOPEHUA CeaHca
OOT npr HaNMYMK KNVHUYECKNX NOKa3aHni B amby-
NaTOPHbIX YCIIOBUAX;

+  TOYHOW [O3MMETPUY;

+ HE3HAUMTeNIbHOM PacXoAVMMOCTY M3NTyYeHUs: CBEPX
APKUX AUOLOB, MOCKOJSIbKY M3Myyarolasa MnoBepx-
HOCTb annapaTta KOHIPY3HTHO BMJIOTHYIO MPUAEXNT
K 0651y4aeMol NOBEPXHOCTYW FPYAHOW CTEHKY;

«  ONTMManbHOM (GOPMMPOBaAHUM MoOfel 0bNyYeHns
C ucnonb3oBaHrem Metofda ¢nyopecueHunn GoTo-
CeHCMbUNMN3aTopa;

+ BO3MOXHOCTb KOHTPONMPOBaTb MECTHbIN MpoLecc
6e3 NpoBefeHNs CUCTEMHOTO JIEYEHUS], UTO 3HAUU-
TENbHO YNyULIaeT KaueCTBO XU3HU 60MbHbIX [32].

B nccnepoaHum MUJ1. TfenbdoHaa ¢ COaBT. Ha MaTepu-
ane 8 NauMeHTOK C MeCTHO-PacnpPOCTPaHEHHbIM PAKOM
MonouHoi »ene3sbl |l 1 6onee ctagmm 6bino yctaHoBe-
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HO, uTo B Tpex cnyyaax AT c ncnonb3oBaHrem MaTpuy-
HOrO M3JlyyaTens NpuBena K nosIHOMY perpeccy Metacta-
TUYeCKNX 00pa3oBaHni B KOXe. Y 4 60MbHbIX JOCTUTHYT
YaCTMYHBIN perpecc, uto noTpeboBano NpoBeaeHNs no-
BTOPHbIX CEAHCOB, 1Y 1 >KEHLLMHbI HA MECTE NMOPAYKEHHbIX
YUYaCTKOB TKaHel rpyaHou CTeHKM chOpMUPOBANINCL 06-
LUMPHbIE MOJIsi HEKPO3a, MOC/ie Yero oHa BblOblsa 13-nog
HabnogeHna. MeanaHa 6e3peunanBHON BblKMBAaEMO-
CcTn coctaBmna 14 mec. 1o MHEHMIO aBTOPOB, 3TOT ONbIT
CBMAETENbCTBYET O NPENMYLLECTBAX AAHHOW METOAMKM
nepepn obslyyeHVEM KaX[JOro mMetacTas3a B KOXe C Mo-
MOLLbI0 cBeTOBOAA C GOKyCUpytoLLel Hacagkom. [JaHHas
TEXHOJIOTMsA NO3BOSET O4HOMOMEHTHO O6/yuYnTb CpaB-
HUTENbHO OOJIbLUME YUYACTKUN NMOPAKEHHbIX TKAHEW 1 NoA-
BECTM 33 e[VHULY BPEMEHV 3arjlaHUPOBAHHYIO A03Y
CBETOBOW SHEPrum npv JOCTaTOUYHON AN BO30OyXAeHUs
boTOXMMMNYECKOW peaKkLmmy NIIOTHOCTY MolHocTu. C of-
HOW CTOPOHbI 3TO MO3BOJIAET CYLECTBEHHO COKPATUTb
obuee Bpems obnyyeHus, a C Apyro — co3gatb bonee
KOMQOpPTHbIe yCoBUs A5l 60NIbHbIX 6€3 CHUKeHUs 3¢-
dekTuBHOCTU MeTopa [33].

Tem He MeHee, He[OCTAaTOUYHAA YAOBNETBOPEHHOCTb
3 dEKTVBHOCTBIO  CyLIECTBYIOWMX MPOTOKOSIOB MPO-
BegeHna OT KOXKHbIX MeTacTa3oB Y NaumeHTok ¢ PMX
006YyCNOBNMBAET MOWCK HOBbIX MOAXOLOB K MPOBEAEHUIO
npouenypsbl. Takxe JanbHelllee pa3Butie metoga 6y-
JleT CBA3aHO C CUHTE30M HOBbIX (HOTOCEHCMOMIN3aTo-
pOB, XapaKTepusyLmxcs 6onee n3bupaTesibHbIM HAaKO-
MyeHVeM B OMyxosu, 60sbLIen akTMBHOCTBIO K MHAYKLUN
CUHINIETHOTO KMCIIOPOAa, BO3byKaeHMeM Ha 6Gonbluen
L/IMHE BOJIHbI. BakHOe 3HaueHre npuaaeTca pa3paboTke
1 BHEOPEHVIO METOAOB PAHHEr0 KOHTPONA 3pPpeKTUBHO-
CTV npoueaypbl U BbIABIEHUIO MPeANKTOPOB OTBETA Ha
boToanHaMMUeCKyo Tepanuio C Lesiblo MHANBUAYanm3a-
L1 NapameTpoB BO3aencTBmA [34].

MepcneKTUBHLIM HamnpaBfieHNeM ABMAETCA U MOBbI-
WweHne usbupatenbHocT HakonneHua OC B KneTKax
OMyXONM TKaHU C UeNiblo MVHUMU3ALMN BO3AENCTBUSA
Ha 3[10pOBble TKaHW. Kpome Toro, 3To no3BonseT peanu-
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3noKauecTBeHHble HoBoobpa3oBaHuA B Poccum B 2017 ropy (3aborne-
BaeMOoCTb 1 CMepTHOCTb) / noa pea. A.[. KanpuHa, B.B. CrapuHckoro,
I'B.MeTposor — M.: MHNOW um. N.A. Tepuena — dprnuan OrbY «<HMUL|
paguonorum» Munsgpasa Poccun, 2018.-250 c.

2. Pacynos C.P, Mypapgos A.M., Xamupos A.K. Xammnpgos [x.b.
C/HAPOM 3HLOTEeHHOW MHTOKCMKaLMKM Y 60NbHbIX PaKoOM MOJOY-
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HOW »Kene3bl A0 1 Nocsie BHeApeHWA MaMMorpadunieckoro ckpu-
HuHra // OHkonorus. XKypHan. um. M.A. TepueHa. — 2015. - N2 5. -
C.24-27.

30BaTb MPVHLUUMbI TEPOHOCTUKU: KOMOUHALMM B OfHOW
npouenype ANarHoCTUYEeCKNX 1 IeueBHbIX OMNUNIA.

B HacToAwee BpemA BefyTCA McCnefoBaHUA Mo UC-
MoJIb30BaHWI0 aHTUTENO-HanpasBnieHHon aoctaBkm OC K
aHTUreHam Knetok-muweHen. CyTb 3TOro metoAa 3ak/ito-
YaeTCA B UCMONIb30BAHNV HECMOCOOHBIX K Pa3MHOXEHNIO
BMPYCHbIX YacTuL, Hecywmx B cBoem coctaBe OC, uto n
obecneurBaeT poToToKCMUYHOCTL Npr OAT. 3TK YacTrLbl
MMEIOT Ha CBOEI MOBEPXHOCTY Cneuuduyeckme aHTuTe-
Nla K aHTMreHam, NPUCYTCTBYIOLWMUM Ha Mia3MaTMyeCKon
MeMbpaHe TOJIbKO PaKOBbIX KNETOK, UTO obecrneunBaeT
HanpasnieHHoOCTb gencTteuA [35]. OgHako cnefyeT oTme-
TUTb, YTO B HACTOsLLEe BpPeMA He AnA KaKaon Gpopmbl
paka u3BecTeH cneundryecKknin aHTUreH, a NOMbITKM ero
BepndrKaLM CONpsXeHbl C GONbLIMMMK CIIOXHOCTAMMU.
Tem He MeHee, 3STOT MeTof NPeACTaBAAeTCA BeCbMa nep-
CNEeKTUBHBIM, XOTA U TpebyeT 3HaUMTeSNIbHbIX YCUANIA MO
nopaboTke nepen BHeAPEHWEM B LUMPOKYK KUHMYe-
CKYIO NMPaKTUKY.

Takrm 06pa3om, pak MOJIOUHOW efie3bl NpefcTaBs-
naet cobon ofHy M3 Havmbornee akTyasibHbIX Mpob6rem
COBpeMeHHOW oHKonorun. Bo mHorom 3To 06ycnos-
NeHO 6OMbLUIMM KOMYECTBOM MALMEHTOK C MO34HUMU
CTaguAMYK OMyXOJIEBOro npolecca 1 3aTpygHEHUAMU B
nleyeHM meTacTasoB. [leNcTBUTENbHO, NpUMeHAeMmble
B HacToALlee BpemA XNPYPruvyecknui, nyyeBon n Megm-
KaMEeHTO3HbI MeTofbl 3GdEKTVBHbI lanieko He Bcerga.
B aTOM CBA3M BecbMa NepcrnekTMBHbIM NpeacTaBaseTca
mMeToq GpoToANMHAMNYECKOWN Tepanunn, KOTOPbIN XOPOoLWo
3apeKoMeHoBan cebA B JIeUEHMM 3710KAaUYECTBEHHbIX
onyxonen pasfiMyHbIX Nokanmnsaumn. OgHako, HeCMoTpA
Ha aKTMBHOE W3y4yeHWe JaHHOro mMeTofa B nocsiegHue
rofbl, OCTae€TCA MHOIO He BIMOJIHE ACHbIX BONPOCOB. Tem
He MeHee, y>Ke HaKOTMJIeH 3HaYMTebHbI OMbIT B €ro Npu-
MEHEHUU ANA NIeYeHNA KOXHbIX METACTa30B Y MaLMEeHTOK
C pakoM MOJIOYHOW Kene3bl. B 3Ton ¢BA3M, npogonkaer-
CA M3yYeHue BO3MOXHOCTEN NpuMeHeHust Metofa GpoTo-
OVHAMNYECKOW Tepanuu AN neyeHUs BHYTPUKOMKHbIX
MEeTaCcTa30B paka MOJIOUHOW »ese3bl.
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SDDPEKTUBHOCTb POTOANHAMMUYECKOM TEPAMNM
BEOJIbHOM PAHHUM LIEHTPAJIbHBIM PAKOM JIETKOTO
N MYKOBUCUNOO3OM

E.C. bopseHko', N.B. Pewetos?, A.C. PatbaHoBa?,

K.B. Orpaxckas?, M.M. Tadapoe?, KO.C. Pomanko??
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SMPHLU, um. A®D. LUniba — dunnan PIbY «HMUWL, paanonormmny Munsapaea Poccmnn, OBHmHCK,
Poccus

Pesiome

ABTOpPbI OMUCbIBAIOT KNMHMNYECKOE HabMofeHMe C MOJTHBIM KIMHNYeCKUM 3¢ deKToOM Nocie MHOTOKYpPCOBOI GoToArHaMUYeCcKon Tepanum 60mb-
HOW LIeHTPasbHbIM PakoM JIEFKMX 1 MyKOBMCLIMAO30M C UCMOMb3oBaHnem dotoautasnHa. DoToanTasnH BBOAUIN BHYTPUBEHHO B fo3e 0,8 mr/
Kr 33 2 4 O NpoBefeHnA ceaHca obnyyeHua. MapameTpbl 06/1yYeHNA: MIOTHOCTb MOLWHOCTY — 150 MBT/cM?, nnoTHOCTb 3Heprum — 200 [x/cm?.
Bcero 6bin0 npoBefeHo 3 Kypca $oToArHaMUYEeCKoN Tepanuu. B pesynbtate npoBefjeHHOrO JIeYeHUA OTMeYEHa MOJHasA pPerpeccrsa onyxonu.
MaumeHTKa HaxogMTCA Nof AMHAMUYECKUM HAabMIOAEHEM B TeUeHe 2 NIeT NoCsie ieYeHrs, PeLnamnBa He BbIABIIEHO.

KnioueBble cnosa: d)OTO,D,I/IHaMVILIECKaFI Tepanua, d)OTO,D,I/ITa3I/IH, LleHTpaI'IbeIPI pakK nérkoro, MyKOBUCLMLOS3.

Ansa yntuposBaHua: bopserko E.C., Pewetos W.B., ®atbaHoBa A.C., OrgaHckan K.B., ladpapos M.M., PomaHko t0.C. 3dpeKTnBHOCTD poTOoANHAMM-
Yyeckom Tepanuu 60NbHO PaHHVM LieHTpasibHbIM PakoM JIEFKoro 1 mykosucymaosom // Biomedical Photonics. - 2019. - T. 8, N2 3. - C. 43-45. doi:
10.24931/2413-9432-2019-8-3-43-45.

KoHTtakTbl: OrgaHckas K.B., e-mail: ksenia28r@mail.ru

EFFECTIVENESS OF PHOTODYNAMIC THERAPY
OF A PATIENT WITH EARLY CENTRAL LUNG CANCER
AND CYSTIC FIBROSIS

Borzenko E.S.!, Reshetov V.2, Fatyanova A.S.?,

Ogdanskaya K.V.2, Gafarov M.M.2, Romanko Yu.S.%3.

' Amur State Medical Academy, Blagoveshchensk, Russia

2Sechenov First Moscow State Medical University, Moscow, Russia

3 A. Tsyb Medical Radiological Research Centre — branch of the National Medical Research
Radiological Centre of the Ministry of Health of the Russian Federation (A. Tsyb MRRC),
Obninsk, Russia

Abstract
The authors describe a clinical observation with full clinical effect after multi-course photodynamic therapy of a patient with central lung
cancer and cystic fibrosis using Photoditazine. Photoditazine was administered intravenously at a dose of 0.8 mg/kg 2 hours before the
irradiation session. Irradiation parameters: power density — 150 mW/cm?, energy density — 200 J/cm? In total, 3 courses of photodynamic
therapy were performed. As a result of the treatment, a complete regression of the tumor was noted. The patient has been under dynamic
observation for 2 years after treatment, no relapse was observed.

Keywords: photodynamic therapy, photoditazine, central lung cancer, cystic fibrosis.
For citations: Borzenko E.S., Ogdanskaya K.V., Reshetov |.V., Fatyanova A.S., Gafarov M.M., Romanko Yu.S. Effectiveness of photodynamic
therapy of a patient with early central lung cancer and cystic fibrosis, Biomedical Photonics, 2019, vol. 8, no. 3, pp. 43-45 (in Russian). doi:

10.24931/2413-9432-2019-8-3-43-45.
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BBepeHune

Mo AaHHbIM MMPOBON CTAaTUCTUKK OOHO U3 NUAUPY-
IOLMX MeCT B CTPYKType 3aboneBaeMoCTV HacefieHus
3/10KaueCTBEHHbIMU 3a00M1eBAHUAMM 3aHVMAIOT OMyXO-
N OblXaTeNlbHOM CUCTEMbI (Terkux, Tpaxeun, GPOHXOB).
Tonbko 3a 2017 r. B Poccum 3n0KayecTBeHHble ONyxonu
JaHHbIX JIOKanu3auui 6binn AuarHoCcTUpoBaHbl 6onee
yemy 62 TbiC. 605bHbIX [1].

B HacToslee BpemMA OOHUM U3 SHOOCKOMMYECKUX
MeTOLOB leYeHns carcinoma in situ LeHTPasbHOro paka
nérkoro (LIPJ1) aBnsetca ¢doToamMHaMmyeckas Tepanus
(OOT). ®AT nokasbiBaeT BbICOKYIO 3OPEKTUBHOCTb NpU
MUHUMaNbHOM KONMUYECTBE OCIIOXKHEHWI, YTO 0OCOOEHHO
BaXKHO MpU fieuyeHnr 6OMbHbIX C TAXKENOoW COMyTCTBYHO-
LWewn natonorven [2—4], K KoTOpoW, B TOM YACIe, OTHOCAT
HEKOTOpble reHeTnYeCcKre 3aboneBaHus.

OfHUM 13 Takmx 3aboneBaHUN ABAAETCA MYKOBUC-
LMAO03 — CUCTEMHOE HacneacTBeHHoe 3aboneBaHue, 06-
YCNOBJIEHHOE MyTaLuel reHa TpaHCMeMOpPaHHOTO pery-
nATOpa MyKOBMCLMAO3a M XapakTepusyloleeca nopa-
YKEHMEM XKeNE3 BHELLHEeN CeKpeuunu, a TakKe TAXKENbIMU
HapyLleHnAMU B paboTe OpPraHoB AbIXaHUA Y XKeny[ou-
HO-KMLEeYHoro TpakTa. ObLee uyncno B3poCsbix 60sb-
HbIX MyKOBMCLMA030M B Poccnm exxerogHo coctaBnaet
0OKOJO 3,5 ThiC. YenoBeK Npu obLel YacToTe BCTpeyae-
MocTu 3a6oneanHusa 1/100 Tbic. HaceneHus [5]. lokasaHo,
UTO MyTaLMK TPAHCMEMOPAHHOIO perynaTopa NpoBoau-
mocTtn (CFTR), Bbi3blBaloLWero MykoBUCLMA03, CBA3aHbI
C BbICOKMM PUCKOM BO3HWUKHOBEHUA Pa3fINYHbIX BUOOB
paka, 0COB6eHHO, 3/I0KaYeCTBEHHbIX OMyXoJeln nerkux [6].

Huxe npuBoanm KnuHuuYecknin npumep 3oodekTus-
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E.C. bop3eHko, 1.B. Peluetos, A.C. ®atbsaHoBa, K.B. OrgaHckas, M.M. lfadapos, H.C. PomaHko
JhhekTuBHOCTL (hoTOAMHAMMUYECKON  TEPANUM 60NbHON PAHHUM LLEHTPaNIbHbIM PAKOM JIEFKOro U MyKOBUCLMA030M

HocTu OAT 60NbHON LEeHTPaNbHbIM PAKOM JIETKMX U My-
KOBMCLMA030M.

MauwneHTky K., BO3pacT — 47 net, ¢ 2006 r. Habnoganu
B HayuHo-npakTuueckom neuyebHom ueHTpe «CemelnHblIi
Bpau» (HMJIL) ®IB0Y BO Amypckaa 'MA MuH3gpasa
Poccn ¢ OCHOBHbBIM [MarHo30oM: MyKOBUCLIMAO3, CMe-
waHHaa ¢opma. ConyTcTByOWMe 3aboneBaHusA: Xpo-
HUYECKNI GPOHX0-0O6CTPYKTUBHBIN OPOHXUT, CpeaHel
CTeneHU TAXeCTy; AblxaTesIbHaA HeJOCTaTOUYHOCTb 2 CTe-
MeHN TAXeCTW; BTOPUYHas SMbU3ema Nerknx; XpoHuye-
CKOe neroyHoe cepgue v ap. [lnarHo3 yctaHOBJIEH Ha OC-
HOBaHMK yrnybneHHoro obcnepoBaHma 60nbHOM 1 pagda
NPOBEeAEHHBIX MCCNefOBaHNI (M3yUYeHne KIVHUYECKNX
CUMMNTOMOB 3a00JieBaHMs, NApaMeTPoB OGPOHXUANIBHON
06CTPYKUMM, TEHETUYECKON 3KCNepTu3bl, HBPOHXOCKO-
MUK, KOMMbIOTEPHOW ToMorpaduun, Mmopdonornyecknx
nccneposaHun). MauveHTKa nonyyana natoreHeTnye-
CKYIO 11 CMMMNTOMATMYECKYI0 Tepanuio no noBogy MyKo-
BMCUMAO3a M CconyTcTByloWwen natonorun. ExerogHo
obLee cocTosiHUe 6OMbHONW YXYALIANoCh, HECMOTPA Ha
Ha3HauyeHHoe JieYeHue.

B 2016 r. npu nnaHoBoOW neyebHO-ANArHOCTUYECKON
6poHxockonumn y 6onbHOM 0bHapyXunu carcinoma in situ
LUMOPbI BEPXHELONIEBOr0o GPOHXa CNpaBa, ONyXoJib pa3me-
pom 0,6 cMm X 0,2 cm (puc. 1a). Mposenu Mmopdonormyeckoe
nccnegoBaHue buonTata. bbina BepudurLmpoBaHa NpenH-
Ba3MBHaA KapuuHoma. [1na onpepeneHva fanbHenwen
TaKTVIKM fleyeHusi 6onbHON BpauebHom komuccren HIJIL,
ObIIO NMPVHATO peLleHre O HEOOXOAMMOCTI KOHCYNbTa-

Puc. 1. Pe3ynbTaTbl GPOHXOCKONUK:
a - po ®AT;
6 — yepes 6 mec nocne OAT;
B — yepe3 24 mec nocne ®AT
Fig. 1. Bronchoscopy results:
a — before PDT;
6 — 6 months after PDT;
B — 24 months after PDT
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uun ¢ Begywmmm cneumanuctamm Oraoy MNepsoro MIMY
umeHn N.M. CeueHoBa MuH3gpaBa Poccum n MPHL, nm.
A.Q. Ubiba - dunmana OIBY «HMULL pagronornny MuHs-
apaBa Poccum: KonnermanbHO GblIO MPUHATO peLleHre
o npoeegeHun OAT, B CBA3M C TEM, YTO OOLLENPUHATbIE
meTogbl neveHus LIPJ1 6b111 NpOTMBOMNOKa3aHbl 13-3a Bbl-
Pa)KeHHOCTW BPOHXMANIbHOW 06CTPYKLMM, TUIOKCEMMIM, A
TaK>Ke PrCKa BO3HVKHOBEHUSA HEXeNaTebHbIX MOOOUYHbIX
peakuuii Ha NpoBeAeHNe XMMMOpaauoTepanmm.

CeaHc OAT npoBognnu yepes 2 4 Nocne BHyTPUBEH-
HOro, KanenbHoro BeefeHust potogmTasnHa (OO0 «BETA-
FPAH», Poccma, perucTpaunmoHHOe YAOCTOBepeHune
N2J1C 001246 ot 18.05.2012) B fo3e 0,8 Mr/Kr maccbl Tena.
Yepe3 MHCTPYMEeHTaslbHbI KaHaa 3HAOCKOMNa BBOAWN
KBapLIeBbIN CBETOBOJ C LMIMHAPUYECKM Anddy3opom
Ha paccTosHun 1 MM OT HoBOObpa3oBaHuA. Yepes 2 u no-
Cne BBeAeHMA GOTOCEHCMOUIM3aTopa NPOBOAUIIN CEaHC
OOT Ha annapate «Kpuctann» C AAVHOM BOJHbI U3Myye-
HuA 662 Hm (HIML «TexHuka-MPO», Poccusn). MnoTHOCTb
MOLLHOCTU Nla3epHOro usnyyeHuna coctasuna 150 mBt/
CM?, MNOTHOCTb 3Heprum 200 [/cm2. Bcero nayneHTtke
6b110 NpoBefeHo 3 Kypca OAT: BTopoin yepes 1 Heg. no-
cne nepBoro, TpeTuin — elle yepes 1 mec.

J'I I/ITEPATyPA

3nokayecTBeHHble HOBOObpa3oBaHuA B Poccun B 2017 rogy (3a-
6051€BaeMoCTb U CMePTHOCTB) / nog pea. A.[. KanpuHa, B.B. Cra-
puHckoro, [.B. MeTtposoii. - M.: MHAOW . M.A. TepueHa - dbunmnan
OrbY «<HMUL, pagrnonorun» MuHsgpasa Poccuu, 2018. - 250 c.

2. Cokonos B.B., ®unoHeHko E.B. ®otoguHamuueckaa Tepanusa
60/1bHbIX PaHHUM LIeHTpaJibHbIM pakom sierkoro // @otoanHamm-
Yeckan Tepanua n potogmarHoctuka. — 2013. - T. 2, N2 4, - C. 3-6.

3. KannaH M.A., KanuHyc B.H., NMonyunes B.B., PomaHko 10.C., ipoc-
naBueBa-Mcaesa E.B., Cnnuenkosa W.C., Ly6nHa A.W., Bopuyes
0.B, lopaHckasn E.B. DoToanHammnyeckan Tepanuvs: pesynbtaTtbl 1
nepcnekTusbl // Pagnaumna n puck. — 2013. - T. 22. - C. 115-125.

4.  Sokolov VV., Filonenko EV. Telegina L\V. Boulgakova N.N.,
Smirnov V.V. Combination of fluorescence imaging and lo-
cal spectrophotometry in fluorescence diagnostics of early
cancer of larynx and bronchi // Quantum Electronics. — 2002. -
Vol. 32(11). - P. 963-9609.

5. YncneHHocTb HaceneHua Poccuiickon Oepepauuy No MyHULK-
nanbHbiM obpasoBaHmAM Ha 1 AHBapA 2017 roga. OepepanbHas
Cnyx6a locypapcteeHHol Cratuctukm (Poccrart). — M. 2017.

6. Zhang, J., Wang, Y., Jiang, X., Hsiao C. Cystic fibrosis transmem-
brane conductance regulator—emerging regulator of cancer //
Cell. Mol. Life Sci. - 2018. - Vol.75 (10). - P. 1737-1756.

B TeueHune nepson Hegenn nocne OAT y nauneHTKM
COXPAHAJICA HE3HAUMTENbHbI 6ONEBOV CUHAPOM B 06-
nacTi 06MyYeHUs, KynvpoBaBLUUNCA MPUEMOM aHajb-
retukoB. Cnycta 8 gHeln nocne OOT npu npoBepeHWK
KOHTPOJIbHOM CaHALUMOHHOW OPOHXOCKOMNWM BbIABJIEH
HeKpo3 HOBOOOPa3oBaHMA C GUOPVMHO3HBIMUK HaNOXe-
HUAMU, TUNePeMIS 1 OTEK OKPYKaloLLen Cn3ncTor 06o-
NOYKN. [1pyrx OCNOXKHEHUI B XOfe NevyeHNa oTMeUYeHo
He 6bl10.

Mpwu 6POHXOCKONUU, BbIMOJIHEHHON Yepes 6 Mec (puc.
16) 1 yepe3 2 rofia NOC/Ie BbINOIHEHHOTO JlIeUeHus, peLm-
[VIBa He BblABNIEHO.

3aKknouyeHune

MpencTaBneHHoe KVHWYECKOe HabnwogeHue no-
Ka3biBaeT 3ppekTuBHoCTb OAT 60NBHON C TAXENon
COYETaHHOW NaTosIoOrnen — LeHTPalibHbIM Pakom ner-
KOro 1 MmykoBucumugo3om. Takum obpasom, GoToamnHa-
MuYyecKkasa Tepanua obnagaet 60MbWMM NOTEHLNAIOM
NpUMeHeHNs y GOMbHBIX, UMEKLWNX TAXKENYI COMyT-
CTBYIOLLYIO NaTONOrMio, B KayecTBe 3GPeKTVBHOro 1
6€e30MacHOro MeTofa JieUeHus LEeHTPaNbHOro paka
Nerkoro.
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H06uneii akagemuka pamt, npotpeccopa Banepus iBaHosnua YuccoBa

IOBUNEN AKAODEMUKA PAMH, MPOPECCOPA
BAJIEPMS MBAHOBMYA YUCCOBA

28 asrycta 2019 r. otmeTnn cBo 80-neTHUA o6u-
nein akagemuk PAMH, npodeccop Banepuin MBaHoBMY
Ynccos.

Banepwui iBaHoBMY Ynccos pogunca 28.08.1939r.BT.
YkanoB.. B 1963 r. okoHunn | MOCKOBCKMIN MeaNLNHCKIUIA
NHCTUTYT UM. .M. CeueHosa M3 CCCP no cneunasnbHo-
cTn «JleueGHOe feno». B gBafLaTh BOCEMb NET 3aLWTU
KaHOMAATCKYIO0 AnccepTaumio, B TpuaLaTth 4eBATb — OOK-
TOPCKYI0, @ NATbAECAT NATb cTan akagemmkom PAMH.

Banepuin VMBaHOBMY YUCCOB — KPYMHbIA YYeHbIN,
OoOVH U3 NIMAEPOB B OHKOJNIOTUW B Hallei cTpaHe, dop-
MUPYIOLWWIA ee AEONOTMI0 U KapAVHanbHble Hanpasse-
HUA Hay4YHbIX UccnefoBaHuUni. bnarogapa ero BbICOKOMY
npodeccroHan3my, crnaceHbl ThICAYN OHKONOTMYECKUX
GONbHbIX.

B.M. YuccoB Hauan cBOWO MeAULMHCKYIO Kapbepy
Cpa3sy Mnocfie OKOHYaHUA MHCTUTYTa B KayecTBe Bpa-
ya-xypypra OKTAOGPbCKOW Yy4yacTKOBOW OGONbHULbI, 3a-
Tem Tpygunca Bo BcecotosHom HUWN skcnepumeHTanb-
HOM 1 KnuHnyeckom xmpyprumn. C 1978 r. u no cen feHb
Banepuin MBaHoBuu YuccoB pabotaer B MOCKOBCKOM
Hay4YHO-MCCNef0BaTENbCKOM OHKOMOMMYECKOM WHCTU-
TyTe nm. MN.A. lepueHa, ¢ 1982 no 2013 rr. BO3rnaBnAa
3TO MeAULUMHCKOe YUpeXkaeHre, a B HacToALlee BpemA
ABNAACb MOCTOAHHBIM COBETHUKOM AupekTopa MHNOU
um. MN.A. fepueHa — dunmnana OrbY «HMUL, pagrnonorumy»
MwH3gpaBsa Poccnn.

Coepamn megunumHcKux nHTepecos B.U. Yuccosa sB-
NATCA: UccnefoBaHusa GyHAAMEHTANIbHOIO XapaKkTepa
B 06nacTn 61ONorMn OMNyxonu 1 ONyxoneBoro pocTa, a
TaKXKe M3yyeHMe MeXaHVM3MOB KaHLeporeHesa; coBep-
LUEHCTBOBaHWE OCHOBHbIX METOAOB NeYeHUsi H6OMbHbIX
CO 3/10KauyeCTBEHHbIMV HOBOOOPA30BaHUAMY; Meau-
LUMHCKaa 1 COUMaNbHO-TPY#OBas peabunutauus OHKO-
NOrNYeCKnX OOJbHBIX; OpraHU3aLnsa OHKOJIOrMYeCKown
cnyx6bl B Poccun. TMpy HenmocpeacTBEHHOM y4yacTum
akafemyvika Banepus MBaHoBrua YuccoBa paspaboTaHbl
MeTOoAMYECKNe NoAXoAbl K KOMOUHMPOBAHHOMY 11 KOM-
MIEKCHOMY JleYeHUIO GOJIbHBIX CO 3JI0KAYeCTBEHHbIMU
HOBOOOPA30BaAHMAMY; OPraHOCOXPaHsAoLMe U GYyHKUN-
OHaNbHO-WAaAALWME METOAbI JIeUeHUs; MOKa3aHUA K pac-
LUMPEHHBIM 1 KOMOUHVPOBaHHbIM BMeLIaTeIbCTBaM Npw
3/10KaueCTBEHHbIX HOBOOOPA30BaHNWAX, B T.U., MaJIOUHBa-
3MBHbIM METOAaM ANArHOCTUKM W JIeYeHUs.

bnarogapsa HenocpepctBeHHoMmy yuyactuio B
Ynccosa B Poccum cTany NpUMEHATb Takue ycnelHble
MeTOAbl AMArHOCTMKN U NleYeHMA 3/10KaYeCTBEHHbIX 3a-
6oneBaHu Kak ¢yopecLeHTHas AnarHoctTuka u ¢oTo-
AvHamnyeckasa Tepanuvda. C 1994 no 2012 rr. Banepwuin
MBaHoBMY YnccoB ABnAnCA ogHMM K3 pykoBoguTe-
nen MNporpammbl, B paMmKax KOTOPOW, Npu nogaepxke

LT T YT,

=

MpasutenbctBa MocKBbI, ObinM pa3paboTaHbl, NPOLIN
KINUHUYECKME MCMbITaHUA U nepefaHbl AnA WUPOKOro
KIUHNYECKOTO MPUMEHEHNA HECKOJIbKO HOBbIX OTeye-
CTBEHHbIX POTOCEHCMOUNM3ATOPOB, a B PAAE OHKOJO-
FMYECKMX AUCMAHCEPOB Hallel CTPaHbl OblIN OTKPbITHI
1 MOMHOCTbIO 000pPYAOBaHbI KabnHeTbl hoToaUHAMUMYE-
cKol Tepanuu 1 GnyopecLeHTHON ANArHOCTUKM.

bonblwoe BHMMaHue akagemunk Banepun ViBaHoBWY
YunccoB yoenaeT NOAroToBKE NMPAKTUYECKUX UM HayUHbIX
KagpoB cTpaHbl B 06nactu oHkonorum. C 1991 r. u no Ha-
cToAwee B.M. Ynccos npenopaeT Ha Kadenpe OHKOMO-
rvv, pagnotepannn u naacTnyeckomn xmpyprum Nepsoro
MIMY nm. N.M. CeueHoBa MuH3gpaBa Poccun, anascb
OocHoBaTesieM Kadepbl 1 BO3I/aBNsAs ee C MOMEHTa OC-
HoBaHuA go 2017 r. [og ero pykoBOoACTBOM BbINOJSIHEHbI
N 3alylieHbl 52 auccepTaunoHHble paboTbl — 23 OOK-
TOpCKME 1 29 KaHAMAATCKNX guccepTaumnn.

HayuHble Tpyabl Banepua WeaHoBnua YYuccosa
BHEC/IM GONbLUON BKJIA4 B TEOPUIO U MPAKTUKY Kiu-
HMYeCKOW OHKoNorum B Poccmm, oHM BbICOKO OLeHEeHbI
rocyfapcTBOM. MI3BeCTHOCTb y CneuuanuctoB npuoob-
penv ero MmoHorpadum: «ATnac OHKONOrMYeCcKux orne-
pauuniny, «<KoMOUHUPOBaHHOE NleyeHne 3/10KauYeCTBEH-
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HbIX onyxonein», «OWnbKN Npu JUarHOCTUKE U Neve-
HUN 3710KaYeCTBEHHbIX OMyXonemn», «JlapuHraKToMusa
C TPaxeonuLeBOAHbIM LIYHTVPOBAHUEM U MPOTE3U-
poOBaHMEM MpU paKke ropTaHu (KIUHUYECKNe, MEeTOo-
Jonornyeckme n QGyHKUMOHasIbHble acnekTbl)», «Pak
rOpTaHOMMOTKMWY, «[1nacTnyeckasn 1 PEKOHCTPYKTUBHAA
MUKPOXMPYPrua B OHKoNorum», «OHKONOruns: Hauuo-
HafibHOe PYKOBOZACTBO» U Ap. Bcero oH ABnAeTcs aBTo-
pom 1 coaBTopom 6osnee 1100 HayUHbIX TPYAOB, B TOM
uncne 17 moHorpadun, 6onee 30 KHur, 15 yuebHUKOB,
6onee 800 cTatei n ap. B./. Ynccos aBnseTcs aBTopom
6onee 60 OpPUrMHANbHbBIX N306PETEHUI, 3aLLMLLEHHbIX
naTeHTamu.

Banepwuir MlBaHoBMY Ynccos aBnsetca obnagatenem
60/NbLIOrO YMC/Ia Harpag U peranvii, cpeam KOTopbiX
opaeH «3Hak lNoueTa» (1986 r.), fTocygapcTBeHHas npe-
muAa PO 3a pa3paboTKy OpraHOCOXPaHHOrO 1 GpyHKLUU-

OHanbHO-WaaAwWero fieyeHna onyxonen (1991 r.), npe-
musa MpaBuTtenbctBa PO 3a pa3paboTKy 1 BHegpeHue
MeTofa MUKPOXMPYPrnyeckon ayToTpaHCMaaHTaunm
OPraHOB U TKaHelW Mpu NeYeHUn n peadbunnTauumn oH-
Konormnyeckux 6onbHbix (1997 r.), opaeH MNoueta (1997
r.), mepanb «B namatb 850-netma r. Mocksbi» (1997 r.),
3BaHMe «3acnyxeHHbI Bpay Poccninckon QOepepaymm»
(1998 r.), NoueTHOE 3BaHMe «3aCNyKeHHbIV AesTesNb Ha-
ykun Poccninckon QOepepaummn» (1999 r.), BegoMcTBEHHas
Harpaga «OTnNYHKK 3apaBooxpaHeHua» (1999 r.), 3Ba-
Hue «[MoyeTHbIl npodeccop HLUX PAMH» (2006 r.), 3HaK
oTnnuuA «3a 3acnyru nepeg Mockson» (2009 r.), Harpya-
HblI 3HaK «Mwunocepgue» (2009 r.), locynapcTBeHHas
npemua PO 3a KOMMAEKC Hay4YHbIX PaboT MO Pa3BUTHIO
na3epHO-MHGOPMALMOHHbBIX TEXHONOMNIA ANA Meauuun-
Hbl (2009 r.), opaeH «3a 3acnyru nepeg Oteyectsom» IV
cTeneHnun (2010 r.).

Konnekmue pedakyuu xypHana «Biomedical Photonics», konneau u opyses cepde4yHo no3dpasnsiom Banepus
UsaHosuu4a c e20 npa3zoHUKOM U UCKpeHHe eJlalom Kpenko2o 300poebsi U 00/12Ux Jiem dKmueHoU XU3HU, a makxe
HoBblIX ycnexoe u docmu<eHull 8 e20 npogheccuoHasbHoli dessmenbHocmu!

IOBNJIEN
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TPEBOBAHMSA K OPOPMIJTIEHUIO CTATEM

acToAwme npaBuna paspaboTaHbl B COOTBETCTBUM C <EfUHBIMMK

TpeboBaHNAMU K PYKOMUCAM, NpeAcTaBAseMbiM B Gromeau-

LMHCKME »KypHanbl», KoTopble pa3paboTaHbl MexxayHapoaHbIM
KOMWTETOM peflakTOPOB MeAULIMHCKIX XXypHanoB (International Com-
mittee of Medical Journal Editors).

MpencTaBneHHble B paboTe faHHble JOMXKHbI ObITb OPUTMHAMb-
HbiMK. He ponyckaetca HanpaeneHve B Pefjakuuio paboT, KoTopble
y>Ke HaneyaTaHbl UM NOCNaHbl ANA Ny6amKaunm B Apyrue pefakuun.
OTBETCTBEHHOCTb 3a NpeAoCTaB/ieHMe MaTepPranos, NMOMHOCTbIO UK
YacTUUHO OMybNMKOBaHHbIX B [APYrOoM MeyaTHOM W3faHuKn, Hecet
ABTOp. Bce HanpasneHHble B Pepgakumio XKypHana pyKonucu npoxoaaT
NPOBEPKY CUCTEMON «AHTWMNarnaT», B COOTBETCTBUM C TpebOBaHU-
Amyn KypHana opurnHanbHOCTb CTaTbW AOMKHA ObITb He MeHee 70%.

Cratbu B Peiakumio XypHana nogatot uepes opmy Ha caiite Kyp-
Hana www.pdt-journal.com. [ina 3Toro ABTOpPY, OTBETCTBEHHOMY 3a
KOHTaKTbl ¢ Pegakuueri, Heo6XxoAnMO NPONTY Npoueaypy perncrpa-
LyK, Nocne yero NoABAAETCA TeXHNYECKasa BO3MOXHOCTb HamnpaBnTb
cTtatblo B Pepakuumio uepes cneumanbHyto opmy. DopmaT 3arpykae-
moro darna doc. unm docx.

MeTapaHHble HEOOXO[MMO AOMONHNUTENIBHO BHECTU B OTAENbHYI0
3M1eKTPOHHYI0 popMmy.

[lononHuTenbHO OTAeNbHbIMK - dalnaMmn MNPOCUM  3arpysuTb
pucyHkn (B Tom umcne rpaduku), mMcnonb3ylowmecs B CTaTbe, B
dopmare tiff.,, eps., cdr. ¢ KoapdruneHToMm CKaTna He MeHee 8 C
pa3peLteHviem 300 dpi npu pa3mepe He MeHee 6 X 9 CMm, jpg. Ui jpeg.

TekcT cTaTby HabupaeTcA B TEKCTOBOM pepakTope (Microsoft
Word) kernem 12 nyHKTOB Yepe3 1,5 nHTepBana, xenatenbHo Wpndl
Tom Times New Roman Cyr, nepeHOC cnoB He penaetcA. Pasmepbl
nonem: sepxHee n HUxHee — 20 mm, niesoe — 30 MM, npasoe — 20 Mm.
A63auHbln otcTyn — 10 MM.

PekomeHzyembii 06bem CTaTby, BKJOYasi Tabnuvubl 1 nvTe-
paTypy - B npegenax 12-15 ctpanuy dopmata A4. Bce cTpaHuubl
LOJIXKHbI ObITb MPOHYMEPOBaHbI (Hymepauusa CTPaHWUL, HAaYMHAETCA C
TUTYNbHON).

OpurvHasnbHble CTaTbX COMAaCHO OOLLENPUHATLHIM MeXAyHaposa-
HbIM MpaBMiaM JOMKHbI COAepPKaTb Cleaytolne pasfenbl: TUTyNbHaA
CTpaHuLa, BCTYMeHne, Mmatepuasnbl U MeTofbl (MOXXHO MO OTAENbHO-
CTW), pe3ynbTaThl, 06CY>KAEHNE, 3aKITI0UYeHe, TuTepaTypa.

TuTynbHaA CTpaHMLa AOMKHA coflepXKaTb:

® Ha3BaHMe CTaTbM (BblpaBHVBaHMeE MO LEeHTPY, 3arfaBHble GYKBbI);

®  MHMLManbl 1 GamMUIMIO KaXK0ro aBTopa (BblpaBHMBaHKE MO LIEHTPY);

® Ha3BaHMA OpraHuM3auuii, B KOTOpbIX paboTaloT aBTopbl (ecin
aBTOP PabOTaET U BbIMOMHAN UCCNIEA0BAHUSA B HECKOJIbKMX Opra-
HM3aUKAX, »KenaTenbHO yKa3blBaTb Ha3BaHWA BCEX OpraHu3aLui),
ropoga u CcTpaHbl (BbipaBHVBaHME MO LEHTPY, Ha3BaHUA OpraHu-
3auuii JOMKHbI ObITb AaHbl B COOTBETCTBUW C fAaHHbIMY NopTana
e-library, B criyyae HeckonbKux opraHu3auuii nepes Ha3BaHnem
KaXk[jo/ yKa3bIBaeTCA NOPSAAKOBbIN HOMEP B dopmaTe BEPXHEro
MHAeKca 1 nocsie GammnmMmn Kaxgoro aBTOpa TakkKe BepXHUM
MNHAEKCOM 0603HauaeTcs ero NPUHaANEXHOCTb K OnpefeneHHon
opraHu3auuy Uy opraHm3auunam);

® pesiomMe CTaTbU B HECTPYKTYpPUPOBaHHOM Bue (6e3 BbigeneHus
oTzenbHbIX pa3aenos) o6bemom 150-200 cnos;

® knioyesble cnosa (5-10 cnos);

® KOHTaKTHyl MHOOpMauuio AnA obuieHus uuTaTeneil C OTBET-
CTBEHHbIM aBTOPOM ANA My6nuKaumMm B CBOGOJHOM JOCTymne
(e-mail);

®  CCbIIKY Ha CTaTblo ANA LUTMPOBaHMA.

Ha aHrnuinckom asbike HeobxoanMMo npoay6nrpoBath: Gamunmio n
MHULManbl aBTopa(oB), Ha3BaHMe CTaTbW, aHHOTaLMIO, KNloYeBble CJI0Ba.

B TekcTe cnepyet ncnonb3oBaTb TONbKO OOLENPUHATbIE COKpalLLe-
Hus (ab6peBuaTypbl). He crepyeT NpUMEHATb COKpaLLeHusi B Ha3BaHUN
cTatbl. [MOMHLIA TEPMMH, BMECTO KOTOPOrO BBOAWTCA COKpalleHue,
cnepyeT pacwmdpoBbIBaTb NPV NEPBOM YNOMUHAHWMN €50 B TeKCTe (He
TpebytoT pacluimdpoBKY CTaHAAPTHBIE €AVHULIbI BMEPEHMA 1 CUMBOJTbI).

Mpv npepcTaBneHNy pe3ynbTaToB CTAaTUCTUYECKOrO aHanmsa
[aHHbIX 06s3aTeNIbHbIM SABAAETCA YKa3aHWe UCMONb30BaHHOMO Mpo-
rPamMMHOrO NakeTa 1 ero Bepcum, Ha3BaHWN NCMNONb30BaHHbIX CTaTU-
CTUYECKNX MeTOLOB, NMpVBefileHne OnncaTeslbHON CTaTUCTUKM U TOY-
HbIX YPOBHEN 3HaUYMMOCTV NPWU NPoBepKe CTaTUCTUYECKMX TUnoTes.
[lnA OCHOBHbIX pPe3ynbTaToB UCCNEAOBaHNA PeKOMEHAYETCA paccun-
TbIBaTb JOBEPUTENbHbIE MHTEPBASbI.

EavHuLbl n3mepenHna Gusnyeckrx BeIMUUH, remaTosiornyeckue,
6UOXVMUYECKIE 1 LpYTiie NMoKa3aTeny BeNNYMH, MpYMeHseMble B Meau-

LMHe, [OMKHbI NMPEeACTaBAATbCA B eAUHMLAX METPUYECKOW CUCTeMbI
(MexpyHapopHoi cuctembl eauHny, — CU). Mpy Ha3BaHUM pa3NNyHbIX
CcoeanHeHNI HeOOXOANMO UCMONb30BaTh TepMrHonoruio UKOMAK.

Tabnuubl, PUCYHKIN 1 TEKCT AOMKHbI AONONHATL APYT APYra, a He
ny6npoBartb.

Micnonb3yemblil B cTaTbe UNNIOCTPATUBHbIN MaTepuan (boTorpa-
UK, PUCYHKNM, YepTexn, AuarpamMmmbl) AOMKEH ObITb KOHTPACTHbIM,
pUCyHKM — YeTkumn. Ha MukpodoTtorpaduax HeobXoanMo yKasaTb
METOA OKpacKy, yBenudyeHue. Bce nognucu, ncnosnb3yemble B CXemax,
rpaduKkax u T.4., @ TakKe Ha3BaHWA PUCYHKOB JOMKHbI ObITb Npoay-
61MpoBaHbl Ha aHTNIMINCKOM A3blKe Yepes “/".

Tabnuubl 1 PUCYHKN HYMEpYIOTCS B COOTBETCTBUU C MOPSAAKOM
X LMTUPOBaHMA B TeKcTe. Kaxkaana Tabnvua AomKHa NMeTb KpaTkoe
Ha3BaHMe 1 UMeTb CCbISIKM B TeKCTe. 3arofioBKY rpad LOMKHbI TOUHO
COOTBETCTBOBATb WX copepaHuio. Mcnonb3oBaHHble B Tabnuue
COKpalleHVs nognexaT paclundpoBKe B KOHLe TabnuLibl.

Brubnvorpadua fomkHa ObiTb MpuBefeHa B KOHLe CTaTby 1
odopmneHa B cootBeTcTBUM ¢ FOCT P 7.0.5-2008, B CamOM e TeKkcTe
cnepyeT yKasbiBaTb TOMbKO HOMEpP CCbUIKM B KBaApaTHbIX CKOOKax
undpamu. CcbifikM HYMepYIOTCA B MOpAAKe LMTMpoBaHuA. B cnncok
NMTepaTypbl He BKIIOYAOT HeonybnKoBaHHble paboTbl. He gonycka-
I0TCA CCbINIKM Ha AMccepTaumu, Te3ncbl, COOPHUKN KOHbepeHLuid 1
aBTOpedepaTbl AnCccepTaLuil.

3a TouyHOCTb 6UbNMOrpadrn HeceT OTBETCTBEHHOCTb ABTOP.

Mprmep opopmneHns cnncka nuTepaTypbl:

1. MupoHos A.0. DoToanHammnyeckana Tepanusa — HOBbI 3PeKTUB-
HbIli METOA ANArHOCTMKM 1 fIeYEHUsA 310KauyeCTBEHHbIX OMyXxonen
// CopocoBcKmMii obpa3oBaTeNbHbIi XKypHan. — 1996. — N2 8. —
C.32-40.

2. Kapmakosa T.A., QunoHeHko E.B., ®eodaHos A.B. n coasT. InHa-
MUKa HakonneHua u pacnpepeneHne AJIK-UHAYLMPOBaHHOMO
npotonop¢$upuHa IX B TKaHM 6a3anbHoKneTouHoOro paka // Poc-
CUNCKMI BnoTepaneBTUYECKNI XXypHan. — 2006. - T. 5, N2 1. - C. 26.

3. OyTtK.CBob60AHbIE paguKanbl B 6uonoruu // nep. c aHrn. — M.: Mup,
1979.-T.2.- C.96 - 150.

4. Castano A.P. et al. Mechanisms in photodynamic therapy: part
one - photosensitizers, photochemistry and cellular localization //
Photodiag. Photodynam. Ther. - 2004. - Vol. 1. - P. 279-293.

Bce cTaTby, noctynatowne B pefakuuio, NPOXOAAT MHOTOCTYNEH-
yaToe peLeH3NpoBaHMe, 3aMeyaHUA PeLEeH3eHTOB HanpaBnAaloTCA
ABTOpY 6€3 yKa3zaHuA UMeH peLieH3eHToB. oce nonyyeHnsa peleH-
311 1 OTBETOB ABTOpA pefKoNerns NpuHNMaeT peLleHre o nybnrka-
Uum (M1 OTKITOHEHUN) CTaTbW.

Pepakuyua ocTtaBnfeT 3a coboil NpaBO OTKJIOHWTb CTaTblo C
HanpasfieH/eM aBTOPY MOTVMBMPOBAHHOTO OTKa3a B MUCbMEHHON
dopme. OuepeaHOCTb Ny6nMKauum cTaTell yCTaHaBNMBAETCA B COOT-
BETCTBMM C pefaKkLVOHHbIM NiIaHOM U3JaHuA XypHana.

Pefakuua XypHana octaBnsAeT 3a cobol MpaBo COKpaljaTb 1
pefakTMpoBaTb MaTepuanbl cTaTby. Hebonblune ncnpasneHns cTu-
JINCTUYECKOTO, HOMEHKATypHOro mnn ¢opmanbHOro xapakrtepa
BHOCATCA B CTaTblo 6e3 cornacosaHua ¢ aBTopom. Ecniv ctaTbs nepe-
pabaTbiBanacb aBTOPOM B MpoLecce MOArOTOBKM K My6nukaumu,
[aToM NOCTYMAEHNA CYNTAETCA JeHb NOCTYMEHNA OKOHYaTeNIbHOro
TeKcTa.

My6nukauua ctaTei B )KypHane 6ecnnatHas.

MNMopasasa ctatbio B Pepakuymio »KypHana, ABTOp nopTtBepxpaerT,
yTo Pepakumn nepepaetca 6eccpoyHoe NpaBo Ha opopMIEHNE, N3aa-
Hue, nepefady KypHana c ony6nvMkoBaHHbIM MaTepuanom ABTopa
ons uenei pepeprpoBaHUA cTaTen 13 Hero B NMoObix basax AaHHbIX,
pacnpocTpaHeHune »KypHana/aBTOPCKMX MaTepuanoB B MevaTHbIX ©
3M1eKTPOHHbIX U3[aHKAX, BKNOYas pa3MelLeHne Ha BbIGpaHHbIX 160
co3flaHHbIX Pefakumen canTax B ceTn VIHTepHeT, B Lenax focTyna K
nybnnkaymm no6oro 3avHTEPecoBaHHOro nuua 13 nboro mecta u
B Ntoboe Bpems, NepeBof CTaTbi Ha Ntobble A3bIKW, N3JaHNe OpUru-
Hana v NepeBofoB B NI06OM BUAe 1 PacnpoCcTpaHeHne no TeppuTo-
puUK BCero mmpa, B TOM Ymcsie no nofnucke. ABTOp rapaHTUpyeT, 4To
CTaTbA ABMAETCA OPUTMHaNbHBIM NMPOU3BELEHNEM U NCMONb30BaHNe
Pepakuuen npefocTaBNeHHOrO MM aBTOPCKOro MaTepuana He Hapy-
LUNT NPaB TPETbUX L.

Mpumedarue. NpeACTaBAEHWUE CTaTbU AASI MYBAMKALMM B XypHaAe
noapasymeBaeT coraacue ABTopa(oB) C OnMyBAMKOBaHHbIMU MpaBw-
AAMU.
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lenob
12% 5-AJ1K

[MpumeHeHune:
— B gepmartoJsioruu
— NpU KocMeTn4yeckux aedpeKktax Koxu

WHCTUTYT BUOMEQULNHCKON ®APMALIEBTUKWU
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