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A.B. lepacumos, B.. Hukonbckuii, A.H. MutpowunH, K./, Cepraukuit
OueHka Ka4ecTBa 3N1EKTPOXMMUYECKOr0 UCCNE0BaHNA B ANArHOCTUKE MHDMLMPOBAHUA KUCT NOLKENYA0YHON XKenesbl

OLIEHKA KAYECTBA SJIEKTPOXMMUNYECKOTO
NUCCJTIEQOBAHNA B AMATHOCTUKE MHPULIMPOBAHUA
KUCT NOOXEJTYOOHYHOMU XEJIE3bI

A.B. lepacumos, B.U. Hukonsckui, A.H. Mutpowmn, K.N. Cepraukmum
DIBQOY BO «[eHseHckmi rocyaapCTBeHHbIN yHUBEPCUTET, MeanumHCKUn UHCTUTYT,
r. [Nensa, Poccus

Peslome
O6pa3zoBaHMe KUCT NOAXeNnyaOUHON Xene3bl ABISETCA CePbE3HbIM OCIOKHEHNEM OCTPOrO U XPOHNYECKOrO MaHKPeaTuTa, a Takxke TpaBM Noj-
XKeny[oUHO )ene3bl. [P)KoyNbMeTpusi — UHTerpanbHblii METOZ OLIEHKU NEKTPOXMMUYECKX CBONCTB BMONOrnyecknx o6 beKkToB. Ha cerogHAWwHniA
[leHb 3TOT MeTOoJ eLle He CMOoJb30Banu B U3yUYeHU SNEKTPOXMMUYECKMX CBOMCTB COAEPXKMMOTrO KICT MOLKenyAo4HOM xenesbl. Lienbto nccnepo-
BaHMWA ABWACb OLIEHKa KayecTBa 3NeKTPOXNMMMYECKOTO NCCEQOBAHNA B ANArHOCTMKE MHOULMPOBAHNA COAEPKMMOTO MOCTHEKPOTUYECKNX KNCT
NOAXKeNy[OUYHON »Kenesbl. DNeKTPOXUMUYECKoe UCC/iefoBaHne BbiNnoaHunn 106 nauueHTaM C MOCTHEKPOTUYECKMMY KUCTaMU MOAXENYAOUYHO
xenesbl. B 1-10 rpynny Bowwnv 84 naumeHTa 63 NPU3HAKOB MHGULMPOBAHWA KUCT MOLXKENYA0UHON Xene3bl, BO 2-10 rpynny — 22 nauueHTa ¢ npu-
3HaKaMu MHOGULMPOBAHNA KUCT NOMKENY[OUYHON XKenesbl. INEKTPOXVMMUYECKOE NCCNIEA0BAHE BbIMOMHAMN CIeAYIOLLM 06pa3oM: CofepKumoe
KUCTbI NOAKENYLOYHON »Kene3bl 3abmpanu B Konnyectse 10 M1 M BBOAWIIN BHYTPb XMUAKOCTHOTO MPOTOYHOIO AaTUMKa AXKOYSIbMETPUYECKOro Npu-
60pa, rae 3a KOPOTKUI MPOMEXYTOK BPEeMeHU Ha Hero JeicTBoBan ToK. [locpecTBOM AMarHOCTMYECKOro NCCiefoBaTeslbCKOro KOMMIeKca oLe-
HVBanu NoJslyuYeHHble pe3ynbTaThl. B xofe nccnefoBaHnsa aNeKTPOXMMNYECKUX CBOMCTB COLEPXKUMOTO MOCTHEKPOTUYECKMX KUCT NOAXKeNy[oUYHOM
enesbl C MOMOLLbIO [PKOYNIbMETPUNM ObINO BbIABNEHO, UYTO MOKasaTesb paboTbl ToKa y 60MbHbIX 1-i rpynnbl kKonebanca B npefenax ot 0,92 go
18,31 Mk (B cpepHeMm 5,86+5,02 Mk[K), y naumeHToB 2-i1 rpynnbl — oT 19,01 go 26,3 Mk (B cpeaHem 22,32+1,92 mk[IX). Mpu oLeHKe KayecTBa
IPKOYNIbMETPMYECKOro UCCIeA0BAHUA B OnpefeneHnn paHHUX MPU3HAKOB BOCManeHnsa CoOAepKMMOro MOCTHEKPOTAYECKNX KNCT MOLXKENYA0UYHOM
Xenesbl oKa3aHo, UTo noporoeoe aAnddepeHUmanbHO-ANarHoCTMYecKoe 3HauyeHne pasHoe 19,1 Mk[x obecneunBaeT yyBCTBUTENIbHOCTb Npes-
noxeHHoro metofa B 81,8% u cneyuduuHocTsb B 80,7% (AUC = 91,3) npu CTaTUCTAYECKM 3HAUMMON pasHiLe NoKasaTenei paboTbl Toka (p < 0,001).

KnioueBble cnoBa. [oCcTHeKpOTMYECKME KUCTbI MOAXKENYAOUHOW »Kenesbl, MaHKPeaTuT, AX0yNbMeTprsa, HOULMPOBAHWE, SNeKTPOXUMMYecKne
CBOWICTBA.

KoHTtakTbi: lepacumos A.B., gerasimov-av30@yandex.ru

Ana untnposanms: lepacumos A.B., Hnkonbckuin B.M., MutpownH A.H., Ceprauknin K.M. OueHka KauyecTBa 3NeKTPOXMMNYECKOro NCCnefoBaHnA
B IMArHOCTUKe MHOULIMPOBaHWA KNCT NOAXeNyAOUHON xene3bl // Biomedical photonics. — 2024. - T.13, N 2. - C. 4-8. doi: 10.24931/2413-9432-
2024-13-2-4-8.

EVALUATION OF THE QUALITY OF ELECTROCHEMICAL
STUDY IN THE DIAGNOSIS OF INFECTION
OF PANCREATIC CYSTS

Gerasimov A.V., Nikolskiy V.I., Mitroshin A.N., Sergatskiy K.I
Medical Institute, Penza State University, Penza, Russia

Abstract

The formation of pancreatic cysts is a serious complication of acute pancreatitis, chronic pancreatitis and pancreatic injuries. Joulemetry is
an integral method for evaluating the electrochemical properties of biological objects. To date, this method has not been used in the study
of the electrochemical properties of the contents of pancreatic cysts. The purpose of this study was to evaluate the effectiveness of electro-
chemical analysis in the detection of infection in the contents of necrotic pancreatic cysts. An electrochemical study of contents of necrotic
pancreatic cysts carried out on 106 patients. Group 1 included 84 patients without signs of infection of pancreatic cysts; group 2 included 22
patients with signs of infection of pancreatic cysts. The electrochemical study was conducted as follows: 10 ml of the contents of a pancreatic
cyst was injected into a liquid flow sensor of a joule meter, where it was exposed to a electrical current for a short period of time. The result-
ing data was analyzed using a diagnostic research complex. During the study of the electrochemical properties of the contents of postnecrotic
pancreatic cysts by using joulemetry, it was revealed that the current work in patients of group 1 ranged from 0.92 to 18.31 mkJ (on average
5.86+5.02 mkJ), in patients of group 2 — from 19.01 to 26.3 mkJ (on average 22.32+1.92 mkJ). When evaluating the quality of the joulemetric
study in determining the early signs of inflammation of the contents of postnecrotic pancreatic cysts, it was proved that the threshold dif-
ferential diagnostic value of 19.1 mkJ provides 81.8% sensitivity of the proposed method and 80.7% specificity (AUC = 91.3) with a statistically
significant difference in current work (p < 0.001).

Keywords: Postnecrotic pancreatic cysts, pancreatitis, joulemetry, infection, electrochemical properties.
Contacts: Gerasimov A. V., gerasimov-av30@yandex.ru

For citations: Gerasimov A.V., Nikolskiy V.I., Mitroshin A.N., Sergatskiy K.I. Evaluation of the quality of electrochemical study in the diagnosis of
infection of pancreatic cysts, Biomedical Photonics, 2024, vol. 13, no. 2, pp. 4-8. doi: 10.24931/2413-9432-2024-13-2-4-8.

BIOMEDICAL PHOTONICS T.13,N22/2024



A.B. Tepacumos, B.W. Hukonbcknit, A.H. MutpowwuH, K.W. Cepraukuit
OueHka Ka4ecTBa 3NEKTPOXMMUYECKOr0 UCC/IeA0BAHNA B ANArHOCTUKE UH(DMLIMPOBAHUSA KUCT NOJKENYA04YHON Xenesbl

BsepeHne

O6pa3oBaHMe KWUCT MOAKENYHOUHOWN >Kene3bl ABNA-
€TCA CePbE3HbIM OC/TIOXKHEHNEM OCTPOro Y XPOHMYECKOro
NaHKpeaTnTa, a TakKe TPaBM MOAXenydOUYHOWN Kene3bl
(MPK) [1, 2, 3, 4]. DopmMmmpoBaHMe KUCT NpY OCTPOM NaHKpe-
aTnTe HabnogatoT noutn B 20% cryyaes, 3TOT NoKasaTesb
yBeNMUMBaeTCcA B 4 pasa npu AeCTPYKTUBHbIX GopmMax;
Npv XpOHMYECKOM MaHKpeaTuTe 4YactoTa BCTPeYaeMoCTn
kuncT MK HaxognTtca B npegenax ot 20% fo 40%, npwv Tpas-
Max MK Kuctbl Bo3HUKawT y 20-30% noctpagaBlumx [4,
5]. Crout oTMeTUTb, UTO 3a Bpemsa GOPMUPOBAHUS KUCTbI
MOTYT HabNIOAaTbCA JOBOJIbHO CEPbE3HbIE OC/IOKHEHUS,
BCTpevatowmeca noutn B 40% cryyaeB: KpoOBOTeUeHue
B MOJIOCTb KUCTbI, HarHOEHWe, nepdopauus, caaBeHve
COCefHMX OPraHoB C COOTBETCTBYHOLEN KIANHUYECKON
KapTUHOMN.

TakTMUeCcKnn Nogxon K NeyYeHuo MalyeHTOB AaHHOM
KaTeroprv BK/IOYAET BbIABIEHNE PAHHMX MPU3HAKOB
NHOULIMPOBAHUA COLEPKMMOTO MAHKPEATUYECKON KNCTbI
N Hannume CBA3N KNUCTbl C MpoToKoBoW cuctemon MK [4,
5, 6]. OfgHaKo cyLlecTByOLWME Ha CErOAHALIHUA MOMEHT
MeToAbl AMArHOCTUKA WHOULMPOBAHUA MOCTHEKPOTUYE-
ckux KncT MK MmetoT pag He[oCTaTKoB: GOJbLLIOWN Npo-
MEXYTOK BpPeMeHV [O MojlyyeHusi pesynbrata (npy 6ak-
TEPUOSIOrNYeCcKoM UCCNefoBaHUN o 3-5 AHeln), Hu3Kas
MHPOPMATUBHOCTb, OrPaHYEHUE B UCTONb30BAHUN BBUAY
NPOTUBOMOKa3aHW 1 ap.

[lokazaHo, YTO Mpu AENCTBUM PasfinyHbIX HaKTOpoB
BHELUHEN W BHYTPEHHel cpefbl OpraHvM3ma, TakmxX Kak
M3MEHEHNe TeMrepaTypbl, OObEMA, KOHLEHTPALUN dMeK-
TPOANTOB, NOABNEHNE MPU3HAKOB HarHOEHWA Un SNemMeH-
TOB KPOBU U AP. MU3MEHAITCA dNeKTpuYeckne CBOWCTBA
NobbIX Bronornuecknx obbekToB [7]. BmecTe ¢ Tem, npu
NCMONb30BaHNN MUKPOTOKOB cuion B npegenax 10-100
MKA He MpoucXoguT M3MEHEHUN B GU3UKO-XUMMNYECKNX
npoueccax nccinegyemoro oobekTa. [pKoynbmeTpus — 3To
VHTErpasbHbI METOA, OCHOBaHHbIA Ha OLEHKE 3HAYeHUI
paboTbl TOKA, KOTOPYIO 3aTPAuVBAET BHELUHWUIA MCTOYHUK
SNEeKTPUYECKON SHeprnn B TO BPeMs, KOrga M3MeHAeTCA
COCTOsIHVIE MCCIIefyemMoro obbeKTa.

K npemmyliectBam [>KOYNbMETPUM OTHOCATCA: MpPO-
CTOTa B peanuv3aumy MeToda, Masble 3aTpaTbl BpemeHw,
LUIMPOKOE MPUMEHEHVE (41 BCEX TUMOB OGMONOMMUYECKUNX
TKaHel), BbICOKasa YyBCTBUTENIbHOCTb METOAQ, MO3BOSIA-
Lan YBEMYMTb KOJIMYECTBO HEOOXOAVMbIX MHPOPMATVIB-
HbIX NPU3HAKOB.

CnepyeTt OTMETUTb, YTO MMEHHO CBOEBPEMEHHAA 1 TOY-
HaA AMAarHOCTMKa PaHHMX NMPU3HaKOB BOCManeHnsa copgep-
>KMMOTO MOCTHeKpoTuyeckux Kuct MK nossonseTt npa-
BWIbHO BbIOpaTb HEOOXOAVMBIVI METOA XMPYPrayecKkoro
neyeHns 1 onpeaennTb TaKTUYeCKNIA MOXOA B Lieniom [5, 6].

Llenbio wnccnenoBaHWA ABNANAcb OLEHKa KayecTBa
SNEKTPOXMMUYECKOTO  MUCCNefOBaHNA B AMArHOCTUKe
NHOULIMPOBAHUA COAEPKUMOTO NMOCTHEKPOTUUECKNX KUCT
NOAXKeNygoUYHON »enesbl.

MaTtepwvan n metoapl

C uenblo onpefeneHna paHHMX NPU3HAKOB BocCMasne-
HVA COAEPKUMOTO MOCTHEKPOTUYECKIMX KUCT MK 6bin pas-
paboTaH 1 BHePEH B KNMHNYECKYHO MPaKTHKY CNOCo6 SKC-
Npecc-AnarHOCTUKM, OCHOBAHHbIV Ha AXOYIbMETPUYECKOM
nccneposaHun (MateHT PO Ha n3obpeTteHne N°2684424 ot
09.04.2019).

ViccnenoBaHve BbIMOMHEHO Ha 6ase MeauuUmMHCKOro
uHctutyTa OefepanbHOro rocyiapcTBEHHOMO BIOIPKETHOTO
006pa3oBaTeNIbHOrO yUpeXKAeHWsl BbICLIEr0 OOpPa3oBaHUsA
«[eH3eHCKMI rocygapCTBEHHDBIN YHUBEPCUTET» N XPYPTA-
yeckmx otaeneHun NbY3 «MeH3eHcKasa obnacTHas KNMHNYe-
cKas 6onbHULa um. H.H. BypaeHko».

3anepuog c 2016 no 2023 rr. BKNIUUTENBHO B XUPYPIU-
yeckunx otaeneHusx NbY3 «eH3eHcKkas 06nacTHaA KNNHK-
yeckas 6onbHuLa M. H.H. BypaeHko» npoxoaunu neveHue
106 naumneHToB C MOCTHEKPOTUYECKMMU KucTamm K.

B 3aBMCMMOCTM OT HanMumMA MPU3HAKOB BOCMaseHnA
60sbHble ObIN pa3geneHbl HA ABe rpynnbl. B 1-10 rpynny
Bowwn 84 (79,2%) naumeHTa ¢ Kuctamu MK 6e3 npusHa-
KOB BOCManeHus, Bo 2-to rpynny — 22 (20,8%) naumeHTa ¢
Kuctamm MK 1 Hannumem nNpusHakoB BocnaneHus. Takoe
pa3geneHrie 6bis10 OCHOBAHO Ha KIMHUKO-NIAG0PATOPHbIX
JaHHbIX N JaHHbIX MHCTPYMEHTalbHbIX METOAOB UCCNeno-
BaHuA (Y3W, CKT, MPT).

YueHbiMn [leH3eHCKOro roCydapCTBEHHOMO YHMBEPCU-
TeTa pa3paboTaHbl CNoCob AXKOYNbMETPUM 1 YCTPOWCTBO
SIS AVIArHOCTMKU COCTOSIHMSA OMONOMMYeCcKX OObeKTOB
(MaTeHT PO N2 2033606 ot 20.04.95), nonyueHo paspeLleHne
MwuH3gpaBsa PO (npoTtokon 3acegaHns KOMUCCM MO HOBOM
MeanLUMHCKon TexHuke N2 10 ot 18.11.93) ans ncnonb3osa-
HUA B KNMHYeCcKom npakTuke (fepaweHko C.M., Hukonbckuin
B.M., BonumxuH B.M., 1993). xoynbmeTpuyecknii nprbop
«[uBo» 1 nporpammHoe obecneverre IPC 2000 paspabo-
TaHbl COTPyAHMKaMmn Kadeapbl «MeguLmnHcKe nprbopsbl 1
o6opynosaHve» OIbOY BO «[eH3eHCKIMI rocyaapCcTBEHHbIN
YHUBEPCUTET»,

ONeKTPOXVMMNYECKoe (apyroe HasBaHMe: [KOyfbme-
TpUYeCKoe) MCCnefoBaHME COAEPXKUMOrO MOCTHEKPOTH-
yeckmx KUCT MK BbINOMHANN cnepyoLwmm o6pa3om: nosy-
YeHHOe MNPV NYHKLUUN U HaPY»KHOM JPEHMPOBaHN NOA,
KoHTponem Y3U cogepxumoe Kuctbl MK 6onbHoro 3abu-
panu B Konnyectse 10 mi1; 3aTem 3TO COAepPKMMOoe BBOAUIN
BHYTPb »KWAKOCTHOTrO NPOTOYHOIO AaTumnKa A>KOYNIbMeTpU-
yeckoro npubopa «Juso» (r. MNeH3a); 3a Bpems MeHee 8 ¢
yepes XKMOKOCTHOWM MPOTOYHbBIV AATUMK IXKOYSIbMeTprye-
cKoro npubopa nponyckanu Tok 0,1 MA. MocpencTeom Ana-
FHOCTVYECKOro NCCNefoBaTeNIbCKOro Kommnnekca (puc. 1), B
KOTOPbIV BXOQWIV IXKOYIbMETPUUECKNIA MPUOOP, KNUAKOCT-
HOW MPOTOYHbBIN AAaTYMK, KOMMbIOTEPHasA MporpaMma ons
aHanu3a nHdopmaumm (IPC 2000), oLeHVBanm pe3ynbsTatbl.

B nporpamme IPC 2000 oueHvBany nosy4YeHHble 3aBu-
CYMOCTU, KOTOpble NpefACTaBnsnm cobol KprBble C onpe-
[ENEeHHbIMA  3HAYEHUAMWN UW3MEHEeHWA MOTeHuuana BO
BpemeHu. 10 nonyyeHHbIM 3aBUCUMOCTAM PacCYUTbIBanv
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Puc. 1. [JuarHocTM4ECKUI uccnegoBaTesibCKUA Komnneke: 1 —
WNpUL, AN HarHETaHUSI COAEPXUMOI0 KUCTbl; 2 — UAKOCTHOM
NMPOTOYHbIA AATYMK; 3 — [AKOYNbMETPUYECKUA NpuGop; 4 —KOM-
NblOTEp C ycTaHOBNEeHHON nporpammoit IPC 2000.

Fig. 1. Diagnostic research complex: 1 — a syringe for pumping
cyst contents; 2 - a liquid flow sensor; 3 — a joule meter; 4 —
a computer with the IPC 2000 program installed.

paboTy Ons KKAOro 3HaueHVst TOKa, CTPOWM rpaduKuy,
Mo3BoNAOLME CyAUTb 06 aKTVBHOCTU BOCMANIATENIHOIO
npouecca KcT [MK.

CratmcTnyeckunii aHanms BbINonHAIM Ha IBM-PC coBme-
CTMMOM KOMMbiOTEPE C MOMOLUbIO JINLEH3VOHHON MNpo-
rpammbl BioStat 2010 5.83.0 u IBM SPSS Statistics for
Windows, Version 25.0. [Insi oLeHKM KayecTBa Moaenu npeg-
NIO>XEHHOTO MeTofa JKCMPECC-ANArHOCTUKM MHGMLUMPOBA-
HuA Kuct MK Ha ocHoBe AxoynbmeTpun BbinonHeH ROC-
aHanu3 (receiver operating characteristic).

Pesynbratbl n 06¢cyxpeHne

Ona dopmypoBaHua AByX rpynn MauWEHTOB C Npep-
BapUTENbHOW OLEHKOW MHOULMPOBAHUS WM OTCYTCTBUA
HOMUMpPOBaHUA KUCT MK Gbinn onpeneneHbl KpUtepuu,
OCHOBaHHbIE Ha KJIMHMKO-NIAOOPATOPHBIX U MHCTPYMEH-
TaNbHbIX JAHHbIX.

K npu3sHakam BocraneHus MOCTHEKPOTUYECKMX KUCT
MX oTHOoCKMNW cnepyloLmMe KPpUTEPUUN KINHUKO-Nabopa-
TOPHbIX AAHHbIX Y OAHHbIX MHCTPYMEHTAIbHbIX METOAOB
nccnefoBaHuA:

Ta6nuua 1

« MOBbILLEHVE TemnepaTypbl Tena;

« Ha/IMuMe NepuTOHeanbHbIX CUMMTOMOB;

« IeVIKOUWTO3 CO CABWUIOM JelkouuTtapHou ¢Gopmyribl
BJIEBO;

no AaHHbIM Y3W: HeogHOpOAHOE COAePKMMOE KNCTbI
(menkogncnepcTHas runepaxoreHHas B3BeCb C Hanw-
UseM Meperopofok), HepaBHOMEPHOE YTOJILLIEeHKE
CTEHKM KWCTbl, NPU3HAKN UHOUNBTPALMY MapanaH-
KpeaTunyeckom KneTyaTkuy;

no AaHHbiM CKT: HeogHOPOAHaA CTPyKTypa C rumno-
OEHCVBHBIMY  BKJIIOYEHUAMU (NMSIOTHOCTb  COAEPXKM-
moro ot +20 go +30 ea. HU), oTeUHOCTb 1 TAXKMNCTOCTb
napanaHKpeaTnyeckon KneTyaTky;

no gaHHbiM MPT: 06pa3oBaHe, MetoLLee NOBbILLEH-
HbIi MP-curHan no T2-B3BeLUEHHbIM 1300paXKeHUsaM
1 NoBbiweHHbI MP-curHan no T1-B3BeLEeHHbIM 130-
6pakeHUAM, NapanaHKpeaTnyecKas KrneTyaTka Heop-
HOPOAHaA C MPM3HaKaMu OTEKa.

MoctHekpoTnueckne KucTbl MM 6e3 nprisHakoB BOC-
naseHust VMenu criegyroLine KInMHUKO-abopaTtopHble ©
WHCTPYMEHTasbHble faHHble:

+ MOCTOSIHHOW FnepTepMUn He Habnganu;

« OTCYTCTBME NepUTOHeanbHbIX CUMITOMOB;

« OTCYTCTBOBANM MPUW3HAKN BOCMANIEHWA B KIUHUYe-

CKOM aHanmse KpoBu;

« M0 AaHHbIM Y3W: ojHOpOAHOE aHIXOreHHOE COAePXKM-
MOe MoAI0CTU KACTbI NN HEOAHOPOZHOE CoAepKMmMoe
C NPUCTEHOYHbBIM KOMMOHEHTOM, POBHbIN YETKNI KOH-
Typ 06pa3oBaHusA, NPU3HAKOB UHOUABTPaLMK Napa-
NaHKpeaTNYeCKon KNeTyaTkm HeT;
no aaHHbiM CKT: ogHopoAHas CTpyKTypa KUCTbI (MnoT-
HOCTb cofepmmoro ot +5 go +18 HU), npu3sHakos
MHPUNBTPALMM NapanaHKpPeaTUYeCKo KIeTYaTKu HET;
no gaHHbiM MPT: 06pa3oBaHue, MetoLLee NOBbILLEH-
HbIi MP-curHan no T2-B3BeLLeHHbIM N300 paXkeHNAM 1
MOHVKEHHbIN MP-cvirHan no T, -B3BeleHHbIM n3o6pa-
eHusAM, 6e3 OTEKA NMapanaHKpeaTNYeCKon KIeTuaTku.

B xope nccnepoBaHMA 31eKTPOXUMUYECKX CBOWCTB
COAEPXKNMOTO NMOCTHEKPOTMYECKMX KNCT [TPK ¢ nomoLbio

Pa6oTa ToKa y 60/1bHbIX C NPU3HaKaMy BOCNaseHUsl KUCT NOAXKeNyA04YHON Kene3bl U 6e3 Npu3HaKoB BocnaneHus

KUCT NOAKENYA0UYHON Kenesbl
Table 1

Electric current work in patients with signs of inflammation of pancreatic cysts and without signs of inflammation

of pancreatic cysts

Wccnepyembie rpynnbl nayneHToB

KonunuecrBo nauymneHtoB, n=106 Pa6oTa ToKa, MK/

CpepHee
3HayeHue

1 rpynna — 6o5bHble 6e3 Npr3HaKoB

BOCMANIEHNA KACT NOAKENY[OYHOM Kenesbl 84
1 %roup - patients without signs of

inflammation of pancreatic cysts

2 rpynna — 605bHble C MPU3HAKaMM BOCMNaNeHus

KWCT MOAMXENYA0YHON Kenesbl _ 22
2 group - patients with signs of inflammation

of pancreatic cysts

Wrtoro / Total 106
LocTtoBepHocTb / Reliability

79,2 o1 0,92 no 18,31 5,86+5,02
20,8 o1 19,01 go 26,3 22,32+1,92
100 - -

- - < 0,001
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IPKOYNbMETPUN 6bI10 BbIABIEHO, UTO NMOKa3aTesib paboTbl
TOKa (Tabn. 1) y 605bHbIX 1-1 rpynnbl HAXOAWCA B Npeae-
nax ot 0,92 go 18,31 Mk (B cpegHem 5,86+5,02 MkIX), y
naumeHToB 2-1 rpynnbl — oT 19,01 go 26,3 mkx (B cpen-
Hem 22,32+1,92 MKIX).

CnepoBaTenibHO, MOJyYeHbl CTaTUCTUYECKM 3HAUMMble
[aHHble 06 MHULIMPOBAHUY NMOCTHEKPOTUYECKNX KACT [TK
(p < 0,001): y 60nbHbIX 1-11 rpynnbl 6€3 NPU3HAKOB BOCMa-
neHna cogepxmmoro KUCT MK guarHocTMpoBany HU3KNIA
noKasaTtesib paboTbl Toka (B cpegHeM 5,86+5,02 MKIX),
TOrga Kak y 6oJbHbIX 2-i1 rpynbl C NpU3HAKamMy BOCMa-
neHns copepXumoro Kuct MK Obin BbICOKUI NoKasatesib
paboTbl ToKa (B cpeaHem 22,32+1,92 MKIXK).

Ha pwuc. 2 n 3 npepcraBneHbl 3MepPeHHbIe S1eKTPOXMMU-
yecKue NapameTpbl B rpaduyeckoin Gopme, KoTopble CBUae-
TENbCTBOBA/IV O HANIMUMN NGO OTCYTCTBUM MPU3HAKOB BOC-
nasneHuns CoAepPKUMOro MOCTHEKPOTUYECKUX KACT K.

Ha puc. 2 BMOHO, YTO TOYKa HaCbILEHUA AOCTUraeTca
npu BpemeHn B 3,8 ¢, BeNMUYMHA MOTeHUMana B JaHHOW
TouKke paBHa 4200 mB, Torga Kak Ha purc. 3 — TOUKa HacblLle-
HWA gocTuraeTca npv Bpemenu B 0,9 ¢, BeNMYMHA NOTeHLUW-
ana B JaHHOW TouKe paBHa 2850 MB. Takum obpasom, ans
3MIEKTPOXVIMYECKON peakLmn y 605bHbIX C MHPULMPOBaH-
HbIMK KncTamm K TpebyeTca 6onbluee HanpAXeHre ToKa,
KOMMYECTBO BPEMEHM 1 KaK pe3ynbtaT bonbluas pabota
TOKa AN AOCTUMKEHWNA TOUKM HaCbILEHWs, YeM Y NaLneHToB
e ———

o pma———— A

¢ Kuctamu MK 6e3 NprisHaKoB BOCMAEHNA, YTO MOATBEPX-
JaeTcA BbllenprBeaeHHbIMY AHHbIMU.

Bce nonyuyeHHble pe3ynbraTbl 3MEKTPOXMMNYECKOrO
UCCNefoBaHMs cojepXnmoro KucT MK Obinu noateep-
ZeHbl GaKTEPUONOMMUYECKUM UCCIIeloBaHMEM: Y 22 6OJbHbIX
C Npr3HaKkamm BocnaneHnsa KACT MK 1 BbICOKMM nokasare-
nem paboTbl ToKa (B cpeaHem 22,32+1,92 MKIPK) Habntoganu
POCT MMKPOOPraHr3MoB, Y 84 nauueHToB 6e3 nprisHakoB
BocraneHus KUCT MK 1 H13KMM nokasatenem paboTbl TOKa
(B cpepHem 5,86+5,02 MKK) pocTa MUKPOdIopbI He Obi1o.

MNpoBegeH aHanM3 KayecTBa MOZenu MpenyioXeHHOro
MeTOAA 3KCMPEeCC-AUArHOCTUKM UHPULMPOBaHWS MOCTHe-
Kpotuyeckmnx Kuct MK ¢ nomoubio gxkoynbmeTpun. Ana
3TOro nposeaAéH aHann3 ROC-KpuBbIX (purc. 4).

MpencTaBneHHbI rpadrik HarfAagHO AEMOHCTPUPYET,
UTO YMCIIEHHDBIV MOKa3aTesb niowaan nog Kpmeon (AUC =
91,3) ctpemunTca K 1,0, UTO XapaKTepur3yeT OTIIMYHOE Kaue-
CTBO MOAENV NpefsIoKeHHOr0 METOAA Ha OCHOBE AKOYJlb-
MeTpUK.

Ha puc. 5 npencraBneH rpadvik 3aBUCMMOCTU Mpu-
3HAKOB MHOULMPOBAHUA MOCTHEKPOTUYECKMX KUCT K

ROC-kpusas AUC=91,3
ROC-curve AUC=91,3
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Puc. 2. XapaKTepHas KpuBas AJis KUCTbl C MPU3HaKaMu Bocnasne-
HUSI; CTPEJIKOW yKa3aHa ToUYKa HacbILWeHus.

Fig. 2. Atypical curve for a cyst with signs of inflammation, with the
arrow indicating the saturation point.

Puc. 4. ROC-KpuBas uccneaoBaHusl pa6oTbl TOKa y GONbHbIX C
NOCTHEKPOTUYECKUMM KUCTaMU MNOAKENYAO4YHON >Kene3bl npu
onpejeneHum nx MHGMLUMpPOBaHUSI Ha OCHOBe AKoynbMeTpuun. Ha
rpaduKke KpacHbiM LBETOM nokazaHa ROC-kpuBasi, 4epHbiM —
NoJIOXKUTENIbHasa AuaroHasb.

Fig. 4. The ROC curve of the study of the electrical current in
patients with postnecrotic pancreatic cysts in determining their
infection based on joulemetry. The graph shows the ROC-curve in
red, and the positive diagonal in black.

Cut-off=19,1

19
0.9‘\ /_/
J

Puc. 3. XapakTepHaa KpuBas A/ KUCTbl 6€3 Npu3Hakamu BocC-
naneHus; CTpesiIKoW yKasaHa TOYKa HacbILEeHuUs.

Fig. 3. A typical curve for a cyst without signs of inflammation,
with the arrow indicating the saturation point.
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Puc. 5. 3HauyeHue Touku otceveHus (cut-off) Hanuuma/orcytcTBUs
NPU3HAKOB MHOULMPOBAHUSA COLEPKMMOIO NMOCTHEKPOTUYECKOM

Kuctbl MK npu gyxoynbmeTpuu.

Fig. 5. The value of the cut-off point for the presence/absence of
signs of infection of the contents of a postnecrotic pancreatic cyst
during joulemetry.
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OT MoKa3aTesiell PaboTbl TOKA, MOSyUYEHHbIX NMPY AXKOYsb- TaGnuua 2

®dparmeHT Tabamubl KoopauHat ROC-kpuBon uccnegoBaHus

MeTpUMN.
AN |F3) XOIE WCCENOBAHNA GbITO ONDEdENEHO 3HAUCHME pa6oTbl TOKa Y MaLMEHTOB C NOCTHEKPOTUYECKUMU KUCTaMK
| A A pea MX npu onpeaeneHnn MHGULIMPOBaAHUS UX COEPIKMMOTO
— TOUKU oTceyeHus (cut-off) Hannums/oTcyTCTBUA NPr3HaKOB Table 2
|<_: NHOULMPOBAHNA COAEPKMUMOTO MOCTHEKPOTUYECKON KUCTbI A fragment of the coordinate table of the ROC-curve of
Q MK: 19,1 MK (ecnm nokasatenb pabota Toka > 19,1 MK, the study of elecrical current work in patients with post-

. 6 necrotic pancreatic cysts in determining infection of their

L TO KUCTa C NpM3HaKamy MHOULIMPOBaHKS; eCNIN paboTa ToKa contents
ia) < 19,1 MK, TO KUCTa HEMHPULIMPOBaHHasA). Pa6
T B Tabn. 2 npeactaBneH GpparmMeHT TabnuLbl KoopauHaTt a ,:;E':Ka' YysctButenb- | o e MIHOCTE
e ROC-kpuBOI1 UccrenoBaHns paboTbl TOKa y 60bHbIX C MOCT- HocTb
5: HeKpoTUYeckMMmn Kuctamu MK npu onpegeneHnn nHGULM-
e POBAHVISt IX COAEPMKMMOTO IPKOYSIbMETPUUYECKVIM METOZAOM. 10,1 0,9789 0,6378
< Mcxopsa 13 Tabnnupl koopauHat ROC-KpuBo nccrieqoBa- 13,42 0,9213 0,7066
— HVist pabOTbI TOKa Y 6OJIbHBIX C MOCTHEKPOTUYECKMMM KUCTaMU 16,91 0,8708 0,7853
AN MK npw onpepeneHnn nx MHGMUMPOBAHUA Ha OCHOBE KO- 19,1 0,8182 0,8072
o YNbMETPUK, MOPOroBbIM AVddEepeHLIMaNbHO-ANArHOCTAYE- 20,14 0,7835 0,8113
O CKMM 3HauyeHneM Obll MPUHAT NMOKasaTeslb PaboTbl TOKa, PaB- 22,76 0,7412 0,8810

HbI 19,1 MKIX. [lJaHHOe 3HauyeHVe 0becrneunBaeT YyBCTBU- 23,1 0,7244 0,9227

TENIbHOCTb MPEQJIOKEHHOIO MeTofa 3KCMPEeCC-AMarHOCTUKM
MHPMLIMPOBAHKA 3KCCyaTa NPy MECTHOM MaHKPEaToreHHOM
NepuTOHNTE Ha OCHOBE OKOynbMmeTpuy, paBHyto 81,8%, u
crneumduruHOCTb, paBHyto 80,7% (AUC =91,3).

Bce nonyuyeHHble pe3ynbTaTbl 3MEKTPOXMMUYECKOTO
NCCNeaoBaHusa cogepknmoro KUCT MK 6binv noaTeepik-
[eHbl 6GaKTEPMONONMUYECKNM UCCNIefOBaHEM: y 22 6ONb-
HbIX C Mpu3Hakamu BocnaneHma KUct MK 1 BbiCOKUM
rnokasaresiem paboTbl TOKa (B cpegHemM 22,32+1,92 MKIX)
HabnoJany pocT MUKPOOPraHN3MOB, y 84 nauneHToB 6e3
Npr3HaKoB BocnaneHua KUCT MK n HU3KMM nokasartenem
paboTbl TOKa (B cpeaHem 5,86%5,02 MKLK) pocTa MUKPO-
¢dnopbl He Habnoganu.

rMoslyyeHbl CTAaTUCTMYECKM 3HAUMMble AaHHble 00 MHOU-
LUMPOBaHUN coaep»KUMoro KUCTbl (p < 0,001). Mpwu paboTe
ToKa ot 19,01 go 26,3 Mk (B cpegHem 22,32+1,92 MKK)
OVArHOCTMPOBaNM MHGUUNPOBAHNE MOCTHEKPOTUYECKON
KUCTbI MOOKeNyIOUHOW Xene3bl; NoKa3aTesib paboTbl TOKa
o1 0,92 po 18,31 Mk (B cpeaHem 5,86+5,02 MK[X) cBU-
[eTenbCTBYET 06 OTCYTCTBUU UHOULMPOBAHUS.

Mpun oueHKe KauyecTBa OXOYNbMETPUYECKOro MCCre-
[IOBaHWA B ONpeaeneHnn paHHUX NPU3HAKoB BOCMaeHNs
COAEPKMUMOTO NMOCTHEKPOTUUECKNX KUCT MOZKENYAOUYHON
»Kenesbl foKa3aHo, YTo noporoBoe AuddepeHLmanbHO-
IVArHOCTMYeCcKoe 3HaueHue paBHoe 19,1 MKIX obecne-
UMBaeT YYBCTBUTENIbHOCTb MPEAIOKEHHOTO MeToda B
81,8% n cneunduuHocTb B 80,7% (AUC = 91,3) npu cTaTn-
CTMYECKM 3HAUMMON pasHuLe MoKasaTeneln paboTbl ToKa
(p<0,001).

3aKknuyeHuve
B xope anekTpoxmmMmmnyeckoro nccneoBaHnA COQepPKu-
MOro I'IOCTHGKpOTVNeCKVIX KNCT I'IOA)KEJ'IWJ.OLIHOVI xKenes3bl
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Abstract

Hypoxia negatively affects the effectiveness of all types of anticancer therapy, in particular photodynamic therapy (PDT). In this regard, various
approaches to overcome the limitations associated with hypoxia are widely discussed in the literature, one of them is the use of photosensitizers
(PS) operating through the first mechanism of the photodynamic reaction, such as methylene blue (MB). Previously, we have demonstrated that
MB can have a positive effect on tumor oxygenation. In this work, we investigated the photodynamic activity of MB and a combination of MB with
chlorin e6 on a tumor in vivo using a model of Ehrlich carcinoma. PDT was studied with the joint and separate administration of chlorin e6 and
MB. The accumulation and localization of MB and its combination with chlorin e6 in vivo was assessed using video fluorescence and spectroscopic
methods, and the effect of laser exposure on accumulation was analyzed. After the PDT with chlorin e6, MB and a combination of MB with chlorin
€6, a good therapeutic effect and a decrease in the tumor growth rate were observed compared to the control, especially in groups with PDT with
MB and with the simultaneous administration of chlorin e6 and MB. The level of tumor oxygenation on days 3 and 5 after PDT was higher for groups
with irradiation, the highest oxygenation on the 5th day after PDT was observed in the group with PDT only with MB. Phasor diagrams of tumors
after PDT show a deviation from the metabolic trajectory and a shift towards a longer lifetimes compared to the control tumor, which indicates
the presence of lipid peroxidation products. Thus, tumor regression after PDT is associated with the direct destruction of tumor cells under the
influence of reactive oxygen species formed during PDT. Thus, the effectiveness of PDT with the combined use of MB and chlorin e6 has been
demonstrated, and the main mechanisms of the antitumor effect of the combination of these PS have been studied.

Keywords: photodynamic therapy, methylene blue, inhibition of tumor growth.
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OOTOANHAMUYECKAA TEPATUA

C ®OTOCEHCHUBUITM3ATOPAMU METUJIEHOBBIN
CUHMIMN U XNIOPUH eé: MCCITELOBAHME

HA MbILLMHOM MOJESIU KAPLIMHOMBI SPJIUXA

A.B. Momuuosa'?, A.B. Paboea'?, A.C. Ckobenbumnn', U.B. Mapkosa?, N.[. PomaHuwwkuH'
"Mucturyt obuen dusukm um. A. M. MNpoxoposa Poccuickoit akagemmn Hayk, Mocksa, Poccus
HaumoHanbHbIN MCCnenoBaTenbckmit aaepHbiin yHnsepcutet <MDKy, Mocksa, Poccus

Pesiome
[MNoKcmA HeraTVBHO BIMAET Ha 3$EKTUBHOCTb BCEX BUAOB MPOTMBOOMYXONIEBOV TEPANK, B YaCTHOCTU PpoToarHammnyeckon Tepanum (OAT).
B cBA3M C 3TVM B NuTepaType LWMPOKO 0OCYKAAITCA pasHble MOAXOAb! ANA NMPEOAONIEHUA OFPaHUYEeHNI, CBA3AHHBIX C rMnokcmen. OgHUM
13 HUX ABNAETCA NCMOoJib30BaHNe poToceHcnbunmusatopos (OC), paboTatoLmx No nepBomMy MexaHn3my GoTogMHAMUYECKON peaKkLmm, Takmnx
Kak meTuneHoBbl cvHuin (MC). PaHee Hamu 6bin10 NokasaHo, YTo MC MOXET MONOXKWTENIbHO BAVATL Ha OKCUreHauuio onyxonu. B gaHHom
paboTe Mbl npoBenu uccnegoBaHve dotoarHammyeckomn aktneHocT MC 1 MC B KOMGMHaLMK C XJIOPYHOM €6 Ha Onyxosu in vivo Ha Mogenu
KapumHombl Spnuxa. boina nccnegosaHa AT npu COBMECTHOM 1 pa3faesibHOM BBeAEHUN XTopuHa €6 1 MC. BbinosiHeHa oueHKa Hakone-
H¥A 1 nokanusauum MC n MC B KOMOGMHALMW C XJIOPUHOM €6 in Vivo Npu NMomoLLm BUAEOMTyOPECLEHTHbIX U CMEKTPOCKOMUYECKX METOAOB,
NpoaHanu3npoBaHo BIAHME Na3epPHOro BO3AENCTBNA Ha HakomneHwe. MNocne nposeaeHna OAT ¢ xnopuHom e6, MC 1 KombuHauyun MC ¢
X/TOPVHOM €6 OTMEUeH XOPOLUMI TepaneBTUYECKNA SOPEKT 1 yMeHbLLEHVE CKOPOCTY POCTa OMYXOJN MO CPAaBHEHWIO C KOHTPOEM, 0CO6EHHO
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B rpynnax ¢ ®AT ¢ MC n npyn ogHOBpeMeHHOM BBeAeHMM xnopuHa €6 n MC. YpoBeHb oKcureHauum onyxonu Ha 3-e n 5-e cytku nocne OAT
6bin BbilEe B rpynnax ¢ obnyyeHneM, camas BbiCOKa oKcureHaums Ha 5-e cytku nocne O[T otmeyeHa B rpynne ¢ ®AT ¢ MC. Ha pasopHbix
Znarpammax onyxonen nocne nposegeHua OAT HabnogaeTca OTKIOHEHNE OT METabONMUECKO TPAEKTOPU 1 CABUT B CTOPOHY bonee AnnH-
HOFO BPEMEHW WM3HW MO CPaBHEHWIO C KOHTPOJIbHOW OMYXOJIblo, YTO YKa3blBaeT Ha Hannumne NPOAYKTOB MEPEKNCHOrO OKUCIEHWA MNMNLOB.
CnepoBatenibHO, perpeccus onyxonu nocne OAT cBA3aHa C MPAMbIM pa3pyLUeHEeM OMyXONEBbIX KNETOK MoJ BO3L4ENCTBUEM aKTUBHbBIX GOpM
Kucnopoga, obpasytowuxca npy OAT. Takum obpasom, NpofeMoHCTpUpoBaHa 3ddekTnBHocTb OAT Npu COBMECTHOM npuMeHeHun MB n
XNOpUHa €6 1 UCCIefoBaHbl OCHOBHbIE MeXaHW3Mbl MPOTUBOOMYXONIEBOrO AeNCTBUA KoMOuHauum 3Tux OC.

KnioueBble cnoBa: poToarHammyecKas Tepanvisi, METUSIEHOBbIN CUHWI, MOAABIIEHNE POCTa OMYyXON.

KoHTtakTbi: [MomrHoBa [1.B., e-mail: pominovadv@gmail.com

Ana yntnpoBaHms: NMomuHosa [.B., Pabosa A.B., CkobenbuunH A.C., Mapkosa W.B., PomaruwwukuH U.[. ®otognuHammyeckan Tepanua ¢ oTo-
CeHCMOMN3aTopamMm METUIIEHOBBIV CUHWI 1 XNIOPUH e6: NCCriefoBaHme Ha MbILUUHOW Mofenu KapLurHombl Spnuxa // Biomedical Photonics.
—2024.-T.13,N2 2. - C. 9-18.. doi: 10.24931/2413-9432-2024-13-2-9-18.

Introduction

Hypoxia is commonly associated with poor outcome
in most cancer types and treatment modalities [1, 2,
3]. In recent years, it was shown that hypoxia plays an
important role in the interaction between cancer cells,
stroma and immune cells [4, 5, 6]. Hypoxia inducible
factors (HIFs) are the major regulators of cancer cell
survival [7, 8,9, 10] and the role of hypoxia can be crucial
in treatment resistance [11, 12].

Strategies to overcome hypoxia are widely discussed
in many papers and reviews [13, 14, 15]. Strategies to
increase oxygenation during photodynamic therapy
(PDT), a promising approach for cancer treatment
with low systemic toxicity and minimal invasiveness
that has already demonstrated efficacy and safety in
clinical use, are gaining increasing attention [16, 17, 18,
19]. During PDT, a special drug - photosensitizer (PS)
- generates reactive oxygen species (ROS) under the
action of light, which can damage biological structures
and act as regulators of cell proliferation, metabolism,
and apoptosis [20]. There are two types of reactions
that result in the formation of ROS: the participation
of PS in electron transfer reactions initiating the
formation of hydroxyl radicals and hydroperoxides (type
| photochemical reaction) and the energy transfer from
PS to molecular oxygen, which results in the creation of
singlet oxygen (type Il photochemical reaction) [21]. The
majority of clinically approved photosensitizers utilize
the type Il photochemical reaction, but less oxygen-
dependent type | PDT is discussed as a strategy for the
treatment of hypoxic tumors [22, 23]. Other strategies
to overcome tumor hypoxia for enhancing PDT efficacy
were summarized in recent review [24] and include
delivering exogenous oxygen to tumor, generation of
oxygen in tumor, reducing tumor oxygen consumption,
normalizing tumor vasculature and inhibiting HIF-1
signaling pathway to relieve tumor hypoxia.

Our previous studies have shown that the methylene
blue (MB) PS can be used to increase oxygenation of
tumors via its redox properties [25, 26]. We assume that

the changes in oxygenation are caused by interaction of
MB with NADH [26, 27, 28]. A high ratio NADH/NAD* has
been reported to be a key feature of malignant cells [29]
and can reflect the inhibition of the electron transport
chain [30]. When interacting with NADH, MB is reduced
to the leucoform, while and NADH is oxidized to NAD",
providing an increase of pyruvate:lactate (associated
with shift from glycolysis to oxidative phosphorylation)
and alpha-ketoglutarate (a-KG) to 2- hydroxyglutarate
(HG) ratio (associated with decrease of reductive stress),
suppression of 2-HG production [31] and reactivation of
electron transport chain [30, 32]. The negative aspect
is that he leucoform lacks absorption in the red part of
the spectrum, making it photodynamically inactive.
Consequently, the idea of utilizing a combination of
two photosensitizers, MB and chlorin e6, to enhance
the effectiveness of PDT arose. The intent is to increase
the tumor oxygenation through the use of MB, and
then carry out PDT with chlorin e6. In addition, the
mutual influence of photosensitizers when administered
together was studied, in particular, the effect of chlorin
€6 on the transition of MB to the leucoform, as well as the
synergistic effects caused by the use of two PS.

According to systematic review of preclinical studies
[33] photodynamic therapy with MB is effective against
different types of cancer including colorectal tumor,
carcinoma, and melanoma. However, the results were
promising not for all tumor types, a modest decrease
in tumor size was observed for breast cancer and Hela
models, as well as no inhibition of osteosarcoma growth
in mice [34]. Authors of review hypothesized that the
bioavailability of MB in different target tissues is not equal.
We assume that this may also be due to the transition of
MB to the leucoform, which reduces its photodynamic
activity.

Chlorin e6 is a second generation photosensitizer
approved by FDA which has demonstrated high ROS
generation ability and anticancer potency against many
types of cancer [35]. It is commercially available and widely
used for PDT in medical institutions in Russia [36, 37, 38].
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Interest in the combined use of MB and chlorin e6
is due to the proximity of their absorption wavelengths
in the near-infrared | part of the spectrum: 660 nm for
chlorin e6 [39] and 664 nm for MB [40]. Excitation in this
range allows for the reduction of autofluorescence and
scattering from the biological tissue, thus facilitating
deeper penetration into the tumor. The use of a single
laser wavelength for both PS excitation is convenient
and results in a production of a large number of ROS in
the tumor cells and more effectively induces apoptosis,
as was shown by Alimu et al [41]. However, this study was
conducted on cells in vitro under normoxia conditions.
In addition, liposomes loaded with two PS were
studied, which, on the one hand, ensures simultaneous
accumulation of drugs in the target area, but excludes
the possibility of taking advantage of the effect of MB on
tumor metabolism.

In this work, we conducted a study of PDT with the use
of a combination of MB and chlorin e6 in vivo in a mouse
model of Ehrlich carcinoma. In vivo research is of great
importance because the oxygen distribution in tumors is
highly heterogeneous, with hypoxia levels ranging from
mild, almost non-hypoxic, to severe and anoxic levels [42].
The dynamic pattern of hypoxia levels that induces cellular
responses and controls interactions between tumor
cells, stroma and immune cells in the microenvironment
cannot be simulated in vitro and at the same time is
critical for assessing the effectiveness of photodynamic
treatment. Intravenous joint and separate administration
makes it possible to study the effect of each PS on the
microenvironment and oxygenation, as well as the
synergistic effects when two PS are used together.

Materials and methods

The photosensitizer used was a 0.35% solution
of radachlorin (OOO RADAPHARMA, Russia) and
a 1% aqueous solution of methylene blue (0JSC
Samaramedprom, Russia).

Male BALB/c mice weighing 25-30 g and aged 8-10
weeks were used in experiments. The mice were kept in
standard cages at a temperature of 21°C with a 12-hour
light-dark cycle. They were given ad libitum access to
standard laboratory feed and water. Ehrlich carcinoma
was used as a model tumor; experiments were carried out
on the 12th day after intramuscular grafting of the tumor
onto the right hind paw. Tumor size was determined by
direct measurement of its dimensions, and the volume
was calculated using the formula: V = 0.5 (LxW?), where
V - volume, L - length and W - width. Tumor growth was
assessed at the beginning of the experiment and on the
third and fifth days after therapy. All measurements were
done in triplicate. At the beginning of the experiment,
the tumor size for all mice was about 1 cm?.

The mice were divided into five groups based on
concentrations of MB and chlorin e6 and irradiation dose.

BIOMEDICAL PHOTONICS T.13, N22/2024

There were 4 groups with irradiation (wavelength 660
nm, light dose 60 J/cm?): 1) with intravenous injection of
10 mg/kg of MB, 2) 5 mg/kg of e6, 3) 10 mg/kg of MB and
5 mg/kg of e6 simultaneously, 4) 5 mg/kg of €6 and 10
mg/kg of MB separately with the time interval between
injection. The 200 ul of photosensitizer aqueous solution
in saline with concentration calculated to achieve a total
dose were administered intravenously into the tail vein
under fluorescence control. Irradiation was carried out
an hour after the introduction of photosensitizers. In the
group with separate administration of MB and e6, chlorin
e6 was first administered intravenously, an hour later MB
and immediately irradiated. Groups with administration
of 10 mg/kg MB, 5 mg/kg e6 without irradiation, as well
as mice without administration of photosensitizers and
irradiation were used as controls. Each group consisted
of three mice.

The accumulation of MB, e6 and its combination in
tumor was measured spectroscopically using a LESA-01-
Biospec fiber-optic spectrometer (Biospec, Russia) with
fiber-optic probe, consisting of a central illuminating
fiber and six peripheral collecting fibers for the scattered
and fluorescence radiation. MB fluorescence was excited
with a He-Ne laser at 632.8 nm and 5 mW. Using an
optical filter, the fluorescence was observed in the same
dynamic range as the backscattered laser radiation.
Fluorescence measurements were taken at five locations
in tumor. After this, the data was averaged and STD was
calculated. As a quantitative characteristic, we used the
fluorescence index, calculated as the ratio of the area
under the fluorescence peak in the range of 660-800
nm to the area under the laser peak in the range of 620-
645 nm. The concentration of the PS in the tissues was
calculated by matching the fluorescence index to the
values from optical phantoms that mimic the scattering
and absorption properties of biological tissues and
contain a 0 to 10 mg/kg and 0 to 5 mg/kg range of MB
and e6 concentrations, respectively.

For in vivo video imaging the PS fluorescence was
excited using 660 nm laser radiation and detected
by a black-and-white MQO13RG-ON camera (Ximea,
Korea) with a 700-750 nm bandpass optical filter. The
fluorescent signal was recorded in a video file, which
was further processed. After the injection of the PS, the
mouse remained under low-intensity laser irradiation
for 5 minutes, during which the fluorescence signal was
recorded to the video file. For the selected time-frames
of the recorded video file, the average brightness in the
tumor area was calculated. The brightness value in a pixel
was normalized and took values from zero to one.

The degree of hemoglobin oxygenation in vivo
was examined using a hemoglobin optical absorption
method [43] with a halogen lamp as a light source. LESA-
01-Biospec fiber-optic spectrometer was used to register
the diffuse reflectance spectra. The degree of hemoglobin
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oxygenation was calculated as the ratio of oxygenated
hemoglobin absorption to total hemoglobin absorption,
derived from the absorption spectrum. Oxygenation
measurements were taken at five locations in both tumor
and normal muscle tissue for each mouse.

The used spectroscopic methods and setup are
described in more detail in the work [25].

To evaluate the effect of photodynamic therapy
at the cellular level, the fluorescence microscopy and
fluorescence lifetime imaging microscopy (FLIM) were
used. Mice were euthanized on the fifth day after PDT.
Tumors, subcutaneous tissue, skin, and muscle were
excised en bloc and frozen. Sections of 50 um were
examined on a laser scanning confocal microscope
LSM-710-NLO (Carl Zeiss AG, Oberkochen, Germany).
The spectrally resolved images were acquired under
simultaneous 488 nm and 633 nm laser excitation.
Acridine orange (AO) and propidium iodide (PI) staining
was used to assess the number of dead cells.

Time-resolved images of autofluorescence and MB
fluorescence were recorded under two-photon 740 nm
excitation with a Chameleon Ultra Il femtosecond laser
(Coherent, Saxonburg, Pennsylvania, USA), with a pulse
width of 140 fs and a repetition rate of 80 MHz. Optical
bandpass filters FB450-40 (Thorlabs, Newton New
Hersey, USA) and BP 640/30 (Carl Zeiss AG, Oberkochen,
Germany) were used to isolate fluorescence signals from
NADH and MB, respectively. The images were processed
with SPCImage 8.0 software (Becker & Hickl GmbH, Berlin,
Germany). NADH metabolic index was calculated as a,/a,
ratio with fixed lifetimes: t,=0.4ns,1,=2.5ns [44].

Results and discussions

The therapeutic effects of MB and MB with chlorin e6
on tumors were investigated. /n vivo fluorescence video
imaging has shown that after intravenous administration,
MB accumulates very quickly both in the tumor and in
normal tissue, and then rapidly decreases in tumor, Fig. 1.

chlorin e6 / xnopuH e6

1 hour / 1 yac

MB without irradiation / MC 6e3 06ayyeHusn

¥ b ¥
0s/0sec 5s/5cek 10s /10 cek

MB with irradiation (100 mW/cmz) / MC c o6ayuennem (100 mBt/cm?)

10s /10 cek

10s /10 cek

MB + chlorin e6 (MB injection one hour after chlorin) / MC+ xnopuH e6 (BseaeHne MC yepes 4ac nocne xnopuHa eé)

3
5s/5cek

205/ 20 cex 30 /30 cex
B
20s /20 cek 5 min /5 MuH

al

30s/30cek

.
&
30s /30 cek

20s/20cek after PDT / nocne ®AT

Puc. 1. dnyopecueHTHas Busyanusaumus MC in vivo ¢ ucnonb3oBaHvemM Bo36yKaeHUs 660 HM: U306GpaxkeHus, nosiydeHHble yepes 5,
10, 20, 30 ¢ 1 5 MMH nocne BHyTpuBeHHoro BeegeHuss MC B gose 10 mr/kr u MC B KOMGMHaLMUKU ¢ XI0PUHOM €6 (10 mr/Kr + 5 mMr/Kr,
BBegeHne MC npousBeaeHo 4yepes 1 4 nocne BBeAeHUsA XjopuHa €6). B rpynne ¢ o06ny4yeHnem Kaxkablie 5 ¢ BKoYanm BTOPON UCTOUHUK
U3/ly4EeHUs C AJIMHON BOJIHbI 660 HM, MIOTHOCTb MOLWHOCTU 100 MBT/cM2. LiBeTHble Kpyru NoKasbiBalT 06/1acTH, B KOTOPbIX Gblsla pac-
cyMTaHa PKOCTb.

Fig. 1. Fluorescence imaging of MB in vivo using 660 nm excitation: images obtained at 5, 10, 20, 30 seconds and 5 minutes after
intravenous administration of MB at a dose of 10 mg/kg and MB in combination with chlorin €6 (10 mg/kg + 5 mg/kg, injection of MB
was performed one hour after chlorin €6). In the irradiation group, a second radiation source with a wavelength of 660 nm and a power
density of 100 mW/cm? was turned on every 5 seconds. The colored circles show the areas in which the brightness was calculated.
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The fluorescence intensity of MB in normal tissues
decreases slightly and remains constant throughout the
entire measurement (5 minutes). These results are similar
to the MB pharmacokinetics obtained in experiments on
Lewis lung carcinoma [26].

The effect of laser irradiation and the second PS on
the transition of MB to the leucoform was also analyzed.
For quantitative assessment, the average brightness
normalized to the initial value was used. The time
dependences of the average brightness of tumor areas,
normalized to the initial value, are presented in Fig. 2.

It can be seen that under the laser irradiation of MB,
the decrease in fluorescence intensity occurs more slowly
than for MB without irradiation. The same effect, but even
more pronounced, was observed when MB is administered
in combination with chlorin e6. We assume that irradiation
prevents the transition of MB to the leucoform; during
irradiation, the leucoform is reoxidized back to the MB
upon interaction with reactive oxygen species.

Quantitative assessment of the accumulation of
MB and chlorin e6 in the tumor was carried out using
spectroscopic methods based on the fluorescence
intensity in the red region of the spectrum recorded
in vivo. The dependence of the fluorescence index on
the accumulation time for tumors with intravenous
administration is shown in Fig. 3.

The fluorescence intensity of chlorin e6 in the
tumor gradually increases over time and reaches a
plateau an hour after intravenous administration. The
accumulation time of 1 hour for chlorin e6 was chosen
for further experiments. The concentration of chlorin e6
in the tumor, determined by spectroscopic methods one
hour after administration, was 0.7 mg/kg. An increase
in the concentration of MB in the tumor was observed
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Fig. 2. Time dependences of the average tumor brightness
normalized to the initial value for MB without irradiation, MB
with irradiation (every 5 seconds a second radiation source with
a wavelength of 660 nm was turned on, power density 100 mW/
cm?) and a combination of MB with chlorin e6.
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Fig. 3. Dependence of the fluorescence index for MB chlorin e6
and their combination in the tumor on the accumulation time.

only an hour after intravenous administration, which
is presumably due to the transition to the leucoform 5
in minutes after administration, recorded using video
fluorescent methods.

An interesting effect was observed for the
combination of chlorin e6 and MB. Maximum of
MB fluorescence was recorded immediately after
the administration of PS, which corresponds to the
data obtained using video fluorescent methods. The
prevention of MB transition to the leucoform may also
be due to the photodamaging effect of chlorin €6 on
blood vessels, which occurred under low-intensity
laser illumination during fluorescence imaging of PS
accumulation. Another explanation for this effect could
be a change in mitochondrial potential under the
influence of chlorin e6, which leads to a disruption of MB
reduction to the leucoform.

Changes in tumor oxygenation in vivo during PS
accumulation were also assessed. For this study, a large
tumor size was chosen; the volume before therapy was
about 1 cm? oxygenation was significantly reduced
relative to normal tissues and amounted to about
35%. The dependence of tumor oxygenation on PS
accumulation time is shown in Fig. 4.

It has been shown that for Ehrlich carcinoma after
intravenous administration of MB and a combination of
MB with chlorin e6, a temporary decrease in oxygenation
is observed, and then an increase in the level of
oxygenation above the initial one. For the combination
of chlorin e6 and MB, the increase in oxygenation levels
occurred more quickly, as early as 30 minutes after
administration, which correlates with fasteraccumulation
of the PS combination. At the same time, the change in
the level of oxygenation with the joint administration of
MB and chlorin e6 was more pronounced, which confirms
the assumption of the vascular effects of chlorin 6. Thus,
it was previously shown that preliminary irradiation of a
tumor with low-intensity laser radiation promotes more
efficient accumulation of chlorin e6 [45].
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Fig.4.Tumoroxygenation,determined
by hemoglobin absorption before,
after 5, 30 minutes and 1 hour after
intravenous administration of MB at a
dose of 10 mg/kg and a combination
of MB with chlorin e6 (10 mg/
kg + 5 mg/kg). Control — without
administration of PS.

60 min / 60 muH
B MB + chlorin e6 / MC + xn0puH e6

We have studied PDT with the combined use of
chlorin e6 and MB. Based on the results obtained on the
accumulation and effect on oxygenation, the following
options for the joint use of drugs were chosen: joint
administration of MB and chlorin e6 and laser irradiation
an hour after administration (an increase in the tumor
oxygenation and a more pronounced photodynamic
effect was expected) and separate administration of
PS, first chlorin €6 was injected, after an hour MB and
immediately after MB administration was performed
irradiation, until MB passes into a colorless form (an
enhanced photodynamic effect was assumed due to a
higher concentration of PS). In addition, the generation
of singlet oxygen by chlorin e6 can lead to the oxidation
of the colorless leucoform of MB back to blue, and chlorin
e6 can have an effect on blood vessels.

The characteristic appearance of tumors in groups on
days 3 and 5 after PDT is presented in Fig. 5.

The effectiveness of therapy was assessed by the rate
of tumor growth. After therapy, the fastest growth of
tumors was observed in the control group; on day 5 the
tumor volume exceeded 3.5 cm?, Fig. 6.

In the groups without irradiation, there was no
significant decrease in tumor growth rate compared to
the control group without any therapy. We hypothesize
that the effect of MB on tumor oxygenation after a single
administration is too short-lived for therapeutic effect.

A good therapeutic effect was observed in all groups
with irradiation. After PDT with chlorin €6, MB and a
combination of MB with chlorin e6 a decrease in the tumor
growth rate were observed compared to the control.
The most pronounced therapeutic effect was observed
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mode) and after
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acridine orange
and propidium
iodide (AO and PI).
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Fig. 6. Characteristic tumor size in groups on the 3rd and 5th day
after PDT.

in groups with PDT with MB and with the simultaneous
administration of chlorin €6 and MB (to increase tumor
oxygenation before therapy) followed by irradiation
an hour later. In both groups with the introduction of
chlorin e6 and MB, the appearance of ulcers and more
pronounced tissue necrosis in the area of photodynamic
exposure were observed, however, the suppression of
tumor growth was more significant in the group with the
combined administration of MB and chlorin e6.

Oxygenation measurements were used as an
additional parameter to assess the effectiveness of the
therapy. The dependence of tumor oxygenation on time
after PDT is shown in Fig. 7.

In all groups with irradiation, the level of tumor
oxygenation on days 3 and 5 was higher than in the
control group and groups without irradiation. The
highest oxygenation on day 5 after PDT was observed
for the group with MB and irradiation of 60 J/cm?2. The
lower oxygenation for groups receiving chlorin e6 alone
or in combination with MB is presumably due to the
photodamaging effect of chlorin e6 on blood vessels.

Also, after animal euthanasia and preparation of
cryosections of the studied tumors, FLIM was performed
to study the effect of MB administration on the metabolic
type of tumor tissues. The distribution of MB fluorescence
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Fig. 7. The tumor oxygenation,
determined by hemoglobin
absorption before PDT, imme-
diately, on days 3 and 5 after
PDT for groups:

a — without irradiation;

b — with irradiation.
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and the lifetime of the metabolic cofactor NADH were
analyzed on cryosections of tumors.

Fig. 8 shows phasor diagrams of fluorescence in the
spectral range of NADH from tumor sections.

Phasor diagrams of the FLIM for tumors after PDT
show a deviation from the metabolic trajectory and a shift
towards a longer lifetime compared to the control tumor
without any therapy. This shift in the metabolic index
indicates the presence of lipid peroxidation products
[46]. Thus, tumor regression after PDT with studied PS
is associated with the direct destruction of tumor cells
under the influence of reactive oxygen species formed
during PDT. Interestingly, more severe damage does
not contribute to more effective suppression of tumor
growth. Thus, in the group with PDT only with MB, for
which the smallest shift in phasor was observed relative
to the control, the suppression of tumor growth was most
pronounced, along with the highest level of oxygenation
on day 5 after therapy.

Conclusion

A study was conducted of the therapeutic effects of
MB and MB in combination with chlorin e6 on tumors in
vivo.

Using spectroscopic methods, the optimal time for
chlorin e6 accumulation in the tumor was estimated to
be 1 hour. For MB, a smooth increase in concentration
was observed with increasing accumulation time, which
corresponds to the time dependence of MB concentration
obtained previously for Lewis lung carcinoma. For the
combination of chlorin e6 and MB, maximum accumulation
was observed already 5 minutes after co-administration of
the drugs, which is possibly due to the vascular effect of
chlorin e6 during irradiation. Another explanation for this
effect could be a change in mitochondrial potential under
the influence of chlorin €6, which leads to a disruption in
the reduction of MB to the leukemic form.

Study with help of video fluorescent methods
confirmed previously obtained for Lewis carcinoma
results: after intravenous administration, MB very quickly
accumulates both in the tumor and in normal tissue.
Irradiation of MB prevents the transition of MB to the
leucoform, which is presumably due to the oxidation of
LMB to MB upon interaction with reactive oxygen species.
The same effect, but even more pronounced, is observed
when MB is administered in combination with chlorin e6.

A study of the photodynamic activity of MB and
MB in combination with chlorin €6 has demonstrated
a good therapeutic effect and a decrease in the tumor
growth rate for groups with PDT with chlorin €6, MB and
a combination of MB with chlorin €6, a decrease in the
tumor growth rate were observed in all groups with PDT
compared to the control and groups without irradiation.
The most pronounced therapeutic effect was observed in
groups with MB and irradiation and with the combined

0.7
0.6 1
2ns
05- 3ns
4ns 1ns
041 5ns
6ns o®
0.31 @

@ Control / KonTponb
0.2 @ MB with iradiation /
MC c obnyyeHuem
Chlorin e6 with irradiation /
0.1 XnopuH €6 ¢ obnyyeHnem
°® MB + chlorin e6 with irradiation /
MC + xnopuH e6 ¢ obnyyeHnem

0.0

0.0 0.5 1.0

Puc. 8. CpegHue dpasopHblie 3HA4YEHUS Ha pa3peLLeHHbIX BO Bpe-
MeHU ¢nyopecueHTHbIX u3obpaxenun HAJH B cpe3ax onyxonu
nocsne Tepanuu.

Fig. 8. Mean phasor values for time-resolved fluorescence images
of NADH in tumor cryosections after therapy.

administration of chlorin e6 and MB (to increase tumor
oxygenation before therapy) followed by irradiation
an hour later. In both groups with the introduction of
chlorin e6 and MB, the appearance of ulcers and more
pronounced tissue necrosis in the area of photodynamic
exposure were observed, however, the suppression of
tumor growth was more significant in the group with the
combined administration of MB and chlorin e6.

The level of tumor oxygenation on days 3 and 5 was
higher in groups with PDT compared to control and
groups without irradiation. The highest oxygenation on
day 5 after PDT was observed for the group with PDT with
MB. The lower oxygenation for groups receiving chlorin
e6 alone or in combination with MB is presumably due to
the photodamaging effect of chlorin e6 on blood vessels.

Phasor diagrams of the FLIM for tumors after PDT
show a deviation from the metabolic trajectory and a
shift towards a longer lifetime compared to the control
tumor. This shift in the metabolic index indicates the
presence of lipid peroxidation products. Thus, tumor
regression after PDT with studied PS is associated with
the direct destruction of tumor cells under the influence
of reactive oxygen species formed during PDT.

Thus, the effectiveness of PDT with combined use
of MB and chlorin e6 was demonstrated. According to
obtained results, the most promising approach among
studied is the combined administration of chlorin e6
and MB to increase tumor oxygenation before therapy
followed by irradiation an hour later. Further study is
needed to optimize MB and chlorin e6 concentrations
and accumulation time, as well as irradiation dose.
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BJIMAHNE COCTABA KOMBUHUPOBAHHbIX

TBEPObIX TMMHNOHLIX YHACTUL, C TEPUTNHHNBEOM

N POTOCEHCHBUIJTIMSATOPOM HA UX PASMEP,
CTABUJIBHOCTb U ULMTOTOKCHHECKYIO AKTUMBHOCTb
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Pesiome
Co3paHre KOMOVHUPOBAHHBIX HAHOMPEMNAPATOB U UX KOHTPOSIMPYEMOe BbICBOOOXKAEHME NoA Bo3AeCTBMEM GOTOMHAYKLUMMN aKTUBHO pa3BuMBa-
IOLLAACA OTPAC/Ib HAaYYHbIX NccnefoBaHui. [JaHHas paboTa nocasAleHa pa3paboTke moaenein TBEPAbIX NUMUAHBIX HAHOUACTUL, AN1A N3BECTHOTO
NPOTVBOOMYXONIEBOTO Npenapata — repuTnHNGa B KOMOMHALMMN C OTOMHAVLIMPYIOLUM areHTOM — GOTOCEHCMOUNM3ATOP 13 rpyNMbl GTanoumnaHu-
HOB. HaHOuacTMLbl Nonyyany HeCKONbKNMM MeTOAAMM: FopAYer roMoreHn3aLmeit Co CTeapuHOBOW KNCNOTOM, KYHXKYTHbIM MacsioM 1 TBUHOM 80 1
nyTem OffHOCTaAUNHOIO ANCNEPTUPOBAHMA C CONOAMMEPAMM MOSIOYHOW N FMNKONEBON KUCAOT 1 MOAUBUHUAOBBIM CNNPTOM. B onbiTax in vitro npu
06nyYeHNM YacTuL, nasepom B bvkHeM UHbpPaKpacHOM uanasoHe (0kosio 730 HM) OblfIo AOKa3aHO MPEUMYLLEeCTBO NPUMEHEHNS KOMOUHUPO-
BaHHbIX HAHOUACTNL, C redUTUHNEOMU GOTOCEHCNOUNM3ATOPOM MO CPABHEHNIO C MOHOTEPaNWel, NPY 3TOM aKTUBHOCTb MO Nokasatentio VK, 6bina
Bblwe B 5,1-8,7 pa3 ansa reputnHmnbGa 1 B 1,5-1,8 pas ana potoceHcnbunmsaTopa.

KnioueBble c/ioBa: TBepAble NMMNMAHbIE HAHOYACTMILb, AMIIOMUHA GTanounaHuH, rebuTuHmG, in vitro, GOTOMHAYLMPOBAHHASA AKTMBHOCTb
KoHTaktbi: Hukonaesa J1.J1., e-mail: alima91@yandex.ru

Ona umtupoBaHua: Hukonaeea J1J1, CaHaposa E.B., Konmakcupgu AT, Wernos C[. PymakoBa A.A. bapbiwHukoa M.A., JlaHuosa A.B.
BnnaHme coctaBa KOMOMHMPOBaHHbIX TBEPAbIX AVUMUAHBIX YacTuL C reduTHNOOM 1 GOTOCEHCMOMIN3AaTOPOM Ha UX pa3mep, CTabuibHOCTb
N LMTOTOKCMYECKYI0 akTUBHOCTb // Biomedical Photonics. - 2024. - T. 13, N2 2. — C. 19-25. doi: 10.24931/2413-9432-2024-13-2-19-25.

EFFECT OF THE COMPOSITION OF COMBINED SOLID LIPID
PARTICLES WITH GEFITINIB AND A PHOTOSENSITIZER ON
THEIR SIZE, STABILITY AND CYTOTOXIC ACTIVITY

Nikolaeva L.L.""2, Sanarova E.V.!, Kolpaksidi A.P.!, Shcheglov S.D."2?, Rudakova A.A.",
Baryshnikova M.A.', Lantsova A.V.!

'N.N. Blokhin National Medical Research Center of Oncology, Ministry of Health of Russia,
Moscow, Russia

2|.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia

Abstract

The creation of combined nanomedicines and their controlled release under the influence of photoinduction is an actively developing branch
of scientific research. This work is devoted to the development of models of solid lipid nanoparticles for a well-known antitumor drug -
gefitinib in combination with a photoindicating agent — a photosensitizer from the phthalocyanine group. Nanoparticles were obtained by
several methods: hot homogenization with stearic acid, sesame oil and Tween 80 and by one-step dispersion with copolymers of lactic and
glycolic acids and polyvinyl alcohol. In vitro experiments when irradiating particles with a laser in the near-infrared range (about 730 nm)
proved the advantage of using combined nanoparticles with gefitinib and a photosensitizer compared to monotherapy, while the activity in
terms of IC, | was 5.1-8.7 times higher for gefitinib and 1.5-1.8 times for the photosensitizer.

Key words: solid lipid nanoparticles, aluminum phthalocyanine, gefitinib, in vitro, photoinduced activity
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J1.J1. HukonaeBa, E.B. Canaposa, A.MN. Konnakcuaw, C.[. LLernos, A.A. Pyaakosa, M.A. bapbiluHukoBa, A.B. JTaHuoBa
BnusHue coctaBa KOM6MHUPOBAHHDbIX TBEPAbIX NMANAHBIX YacTHUL ¢ reuTHHHOOM
1 (DOTOCEHCUOMNU3ATOPOM Ha UX pa3mep, CTabuNbHOCTb U LUTOTOKCUYECKYH) aKTUBHOCTb

BBepeHune

Mocne OTKPbITUA NMEPBOro UHIMOUTOPA TUPO3VHKUHA3bI
(TK) — imaTtnH1Ga, NocnefoBanu NCCIe0BAHNS MO CUHTE3Y
Pa3NMYHBIX BELLECTB C aHANIOMYHbIM MEXaHV3MOM AECTBUS.
bonbwmHcTBO UTK ABRAIOTCA MPOTUBOOMNYXONEBbIMA areH-
TaMVi, @ HEKOTOpPbIE CMOJb3YHTCA Kak MPOTYBOBOCTIANINTESb-
Hble. OfHaKo, B npouecce r3ydyeHus VTK Obl10 BbIACHEHO, UTO
HEeCMOTPSA Ha CBOW 3GPEKTMBHOCTb, AaHHbIE COEAMHEHMSI
renaToTOKCWYHbI, HTEHCVIBHO METAboNM3MpYIOTCs 1 MEOT
OrpaHNYeHHY GOAOCTYMHOCTb, @ NPV VX Nprieme ObICTPO
Pa3BMBAETCA PE3UCTEHTHOCTb. DTV HEraTMBHblE aCMeKTbl
MOTYT ObITb H/BEIMPOBAHDBI MyTeM Pa3pPabOTKN HOBbIX MOKO-
neHuin ITK vnm 3a cueT co3panuist Hamboree SPpheKTUBHBIX 1
6e30MacHbIX NiekapcTBeHHbIX popm (J1D), B T.u. n3bupaTesb-
Horo geictuA [1]. Kpome Toro, akTnBHOCTb UITK MOXeT ObiTb
MOBbILLEHA C MOMOLLBIO NPYMEHEHUA B KOMOVIHALWN C Apy-
TIMM MPOTYBOOMYXOJEBLIMY MPEnapaTamul.

Pa3nnuHble HaHO- 11 MUKPOCTPYKTYpb, B T.U. MMOpUIHbIe
[2] nokasanu orpoMHbI NoTeHUMan Afia pa3paboTKn 6ro-
MapKEPOB U XMMMOMPENAPATOB 3a CYET MX MHOFO(YHKLI-
OHasnbHOW perynupyemocti 1 6uocoBmectumoct [3, 4.
OaHUM 13 NepPCreKTUBHbIX HAMPaBAEeHUIA Pa3BUTVS NPOTV-
BOOMYXOJNIEBOW TEPANN CUATAETCH CO3LaHMEe HAHOCUCTEM C
KOHTPONMpyemMbiM BblgeneHueM. Hanpurmep, ¢potomHayLu-
POBaHHbIM BbICBOOOXKAEHNEM, 33 CUYET BKIIIOUEHNSA B COCTaB
HaHoHocuTens ¢poToceHcmnbrnmzatopa (PC), KoTopbIn Mpu
BO3OENCTBMM CBETOM C LJIVHOW BOJHbI, MOMOWAEMON
sum OC, aKTUBMPYETCA, UTO NMPUBOAUT K BbICBOOOXKIEHMIO
XMMMONpenapaTa, OKasblBasi COYETaHHOE BO3[AENCTBYE
Ha onyxonb. Havbonee npepnoututenbHbIM NpU paspa-
60TKe MOJOGHBIX HAHOCTPYKTYP SBMIAETCA MCMOMb30BaHVe
B kauectBe poTouHayktopa OC ¢ n3nyyeHneM B OIVKHEM
MK-granasoHe cnektpa 700-850 HM, ob6nafatollero Hau-
60sIbLLEN CMOCOBHOCTLIO MPOHMKHOBEHUS B B1OI0rMYeckrie
TKaHU 1 C H/3KOW MHTEHCUBHOCTBIO Hxke 30 MBT/cm? [5].

Llenblo HacTosero uccnefoBaHuUA ABAsMacb paspa-
60TKa HaHOCKCTEMbI Ha OCHOBE TBEPABIX JINMMAHbBIX HAHOYA-
ctuy (TJTH) ¢ xummronpenapatom reputHmb (FOT) n OC anto-
MUHVA ¢TanoumanuH (AQL). TOT aensetca UTK u wimnpoko
UCMOSb3YeTCs NMPY JIeYeHUN paka JIETKKX Kak B MOHOTepa-
n1K, Tak U B COUETaHUU C Apyrumuy areHtamu. TOT noxo
pacTBOPVM B BOAE, B CBA3W C 3TVIM B KJIMHUYECKOW MpaK-
TUKe NPUMEHSIETCA B popme TabNeToK, 3a CHET 3TOro obna-
[laeT HelOCTaTOUYHO BbICOKOW OMOAOCTYNHOCTBIO. [aHHyio
npobniemMy MOXHO peLnTb paspabotkon JIO ¢ FOT B Brge
HaHouacTyL, obecrneynBaroLLEN [OCTaBKY JIEKAPCTBEHHOIO
CpefcTBa B OMyxoJib 3a CYET HaHOPa3Mepa, dPpdeKTa NoBbl-
LUeHHOW NPOHMLaeMocTn 1 yaepxaHus (EPR), ocHoBaHHOro
Ha HeOBaCKyNApM3aLmm Onyxonu [6], 1 3a CYET KOHTPONMPY-
emoro Bbixofa DT 13 HaHouacTVL NPy GOTOBO3AENCTBUN.

Matepuanbi n metoapl

Mamepuanesi

F®T (MSN Laboratories Private Limited), AOL| (Merck Life
Science LLC), creapuHoBas kucnota (CK, Himedia), KyHxyT-

Hoe macro (KM, Merck Life Science LLC), TBMH-80 (Montanox
80, Seppic), pochatnamnxonun S 100, SPC (DX, Lipoid), cono-
NMMEP MOJIOYHOW 1 rrKoneBol Kucnot Purasorb PDLG
5010 (CMMI, Corbion), xuiTto3aH 3KcTpa umucTtbin (X, Sisco
Research Laboratories), nOnMBMHUMOBBIN CNUPT rMapOnU-
3npoBaHHbIN 88% (MBC, Acros Organics), caxapo3a, YNCTbIN
IN1A aHanv3a, Tperanosa AUruapat, 0cob0 YMCTbIN, MAHHWT,
umncTbill AN1A aHanu3a (Xummep), Xnopodopm, XMMUYECKU
UNCTbIN (BEKTOH).

O6opydoeaHue

Becbl nabopatopHbie DL-120 (AND), Becbl aHanutuye-
ckre OHAUS Analytical Plus AP 100S (OHAUS Corporation),
MarHuTHas Mewwanka IKA® C-MAG HS 4 (IKA Werke GmbH &
Co KG), BakyymHbiin Hacoc Biichi V-700 (BUCHI Labortechnik
AG), norpyxHoi romoreHusatop Polytron PT 1200 E
(Kinematica), Y3-romoreHusatop Bandelin Sonopuls HD
2070 (Bandelin), cy6numaumoHHas cywka Edwards Minifast
DO.2 (Ero Electronic S.p.A), pH-metp HANNA pH 2211
(Hanna Instruments), cnektpodoTomeTp Cary 100 (Agilent
Technologies).

MemoobI nostyyeHuss MoOenbHbIX KoOMOGUHaYuUli

1) MeTogom ropsauven romoreHusauum [7] ¢ ncnonb3osa-
Hrem CK n KM B KauecTBe nunugHon ¢asbl 1 TBMH-80
B KauecTBe BOAHOW da3bl B Pa3NUYHbIX COOTHOLLEHMSX
(TJTH-1). MpurotoBneHne KOMMO3ULMIA HAYMHANM C pPac-
nnasnexHna CK npn 70-100°C Ha MarHUTHOW MeLUaske,
Janee no Macce gobasnany KM 1 B nonyyeHHoOM cmec
npv nepemelwmsaHuy (300 06/MUH) 1 MOCTOAHHOM
HarpeBaHun pacteopanu FOT n AQL,. CrakaH c nony-
YEHHbIM KOMMO3MTOM [AMCMEPrMpoBanu Ha MOrpy-
HOM TOMOreHM3aToOpe C MOCTENeHHbIM A06aBNeHVEM
BOAHOro pacteopa TBuH-80 B TeueHue 1 Y, NofyYeHHble
yacTULbl M3MenbYany Ha Y3-gucnepratope v GuILTpo-
Banv nop AasneHviem. Cxema nonyyeHns npeacTaBneHa
Ha puc. 1.

2) Metogom ofHOCTaAUIAHOIO AncneprpoBanna [8, 9] ¢
CIMI n OX nog BakyymMOM, B KauyeCTBe OpraHNYecKom
¢ba3bl Mcrnonb3oBany xnopodopm, a BOAHOM pasbl — 1-2
% pacteop MNBC ¢ xuto3aHom nnu 6e3 (TJIH-2). Metop
NnonyyYeHNa YacTuL 3aK/ioyanca B O/IUTENIbHOM nepe-
MELUNBaHNM (B TeueHne 24-32 4) X1opopopMHOro pac-
TBopa [OT n AOL, n BogHoro pacteopa NBC 1 xuTo3aHa
rnop BakyyMoOM, NOC/e McnapeHus xnopodopma nosy-
UEHHYI0 AVCMEPCUIO M3MeNbYanu 1 GUILTPOBaNU Mog
ZasneHviem. Cxema NosyyeHns npeacTaBeHa Ha puc. 2.
M3menbyeHre YacTuL NpoBOAMIM C MOMOLLBIO KOMOUY-

HMPOBaHUsI MeTOAoB romoreHusauun (5 000 o6/muH, 60

MWH) W YyNbTPa3ByKOBOro AMCneprmpoBaHua (5 MuH, 60%).

[na yBennueHusa cpoka XpaHeHWA HaHOUYaCTUL, MPOBOANN
nrodunbHoe BbicyLuMBaHWe No metoguke [10].

KoHTponb KauvecTBa Bcex nosyyeHHbix TIIH nposoannn
nyTem N3MepeHnsa KOIMYeCTBEHHOro cogepaHus, pH, pas-

Mepa yactuy, -noteHumana [10, 11] u usydyeHus ctabunb-
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BoziHaA (a3a, 4acTAMU
aqueous phase, parts

70-100 °C,
300 o6/MuH
70-100 °C

300 rpm

>

romMorenusanus 1 a +

¢bwibTpanus
filtration

Puc. 1. Cxema nonyyeHus
moaenen TJIH-1 meToaom
ropsiyer romoreHu3auuu.
Fig. 1. Scheme for
producing SLN-1 models by
hot homogenization.

V3-gucneprupoBanue, 5 MHH

p-pI'OT, ADII 8
pacruiasnennoin CK u KM
solution of GFT and PS in molten

stearic acid and sesame oil

BOZHAS d)asa\

aqueous phase

—
4°C,
800 06/Mun

XI0pOOPMHBIH P-P
I'®dT, A®L, CTIMI'

chloroform solution of GFT,
PS and PLGA

e e

homogenization 1 h +
US dispersion, 5 min

unsTparms
filtration

romoreHusamys 1 4 +
V3-nucneprupopanue, 5 MUH

homogenization 1 h +

US dispersion, 5 min

Puc. 2. Cxema nonyyeHus mogenen T/IH-1 meTogom ropsiyein romoreHn3auuu.

Fig. 2. Scheme for producing SLN-1 models by hot homogenization.

HOCTU B npouecce XpaHeHWA. AHann3 KONMM4YeCcTBEHHOro
copepxaHua FOT n AL B T/TH nposoaunu cnekTpodoTo-
MEeTPUYECKUN Npu AnnHax BoH 33813 n 71743 um, ana FOT
1 AOL| cOOTBETCTBEHHO.

Ljumomokcu4eckas akmueHocms

WccnepoBaHve LUTOTOKCUYECKO akTuBHOCTY TITH BKIto-
Yaso M3y4eHre TEeMHOBOW 1 GOTOMHAYLIMPOBAHHOW LIATOTOK-
CUYHOCTU Ha KNETOYHOW JIMHWWN KapurHome nerkoro A549,
nosyyeHHou 13 baHka KnetouHbix IuHuiA OIBY «HMUL| oHKo-
norvm vm. HH. bnoxuHa» MuH3gpaBa Poccun. KnetouHble
JIMHAW KYNBTUBMPOBAU MO CTaHZapTHOW MeToauke [12]. MTT-
TEeCT NPOBOAWIV PYTUHHBIM MeTogom [13], 0bnyueHue npo-
BOAWM Yepe3 24 u nocsie BBEAEHWA Npernapata B TeueHve
20 MVH CBETOAVOAHbBIM MCTOYHUKOM C JJTMHOW BOSHBI 730 HM,
Jlanee KNeTK/ UHKYOMPOBay B TeueHrie 24 u.

BIOMEDICAL PHOTONICS T.13, N22/2024

Cratctuueckas o6paboTka npoBedeHa C UCMOJb-
30BaHMEM CTaHAapTHbIX naketoB Microsoft Excel 2007 n
nporpammHoro obecneyerus GraphPad Prism (GraphPad
Software Inc.). KaXgblii 3KCNepuMeHT MOBTOPSNM He
MeHee Tpex pas, pe3ysnbTaTbl NPeACTaBANM Kak cpefHee
* cTaHpapTHoe OTK/OHeHve (SD). KoHueHTpauun UK
paccumTbiBanv METOAOM HenmHenHom perpeccuun. Cratu-
CTUYECKYI0 3HaYMMOCTb onpegenanu npu p<0,05.

Pesynbratbl n 06cykpaeHna

CoctaB T/IH-1 caenaH Ha ocHoBe CK 1 KM, TK. BKItoue-
HWe >XMAKOro Nnuaa B TBEpAbIV NNWA NO3BOSIAET BCTPa-
MBaTbCA COEANHEHUNAM KaK MeXay LienAMN >XNPHbIX KNCTOT,
TakK Y MeXAy NUNUIHbIMA cnoamn [7], 4To yBenunumBaet
€MKOCTb 3arpysku AGIZCTByPOLIJ,I/IX BelecTBs 1 yMeHbLUaeT
B3PbIBHOE BbICBOOOXKAEHME coeaviHeHWI. Ona nogbopa
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BnusHue coctaBa KOM6MHUPOBAHHDbIX TBEPAbIX NMANAHBIX YacTHUL ¢ reuTHHHOOM
1 (DOTOCEHCUOMNU3ATOPOM Ha UX pa3mep, CTabUNbHOCTb U LUTOTOKCUYECKYH) aKTUBHOCTb

ONTUMAJIbHOIO COCTaBa HAHOUACTML, FOTOBUN MOLESbHbIE
CMeCU C Pas3fIMYHbIM COOTHOLLEHVEM BCMOMOTaTeNIbHbIX
BeLlecTs (Tabn. 1).

Mo faHHbIM Tabn. 1 BUAHO, UTO CYLLECTBEHHOE BAIUAHKE
Ha 0b6pa3oBaHMe CTabMNbHOWN KOMTOMAHOM CUCTEMbI OKa-
3biBaeT cogepxaHue MNMAB 1 CK, Tak yBenunueHne cogepra-
Hue TBMH-80 ¢ 0,4% (N21) o 2,0% (N°4) no3BonaeT nony-
uynTb 06pa3ubl Aucnepcrm 6e3 ocafKka, a ymeHblueHne CK
€ 2,0% (N°1) po 0,7% (N24) npegoTBpaLLaeT 3arycteBaHme,
T.e. Hanbosee ONTUMabHbIM OKa3ascA cocTaB 4 co cpef-
HM pa3mepom yactul 236+4 Hm, (-noTteHumanom-20+2,0
MB 1 3HaueHnem pH=6,1. [Ina ctabununsaymm BbIopaHHOro
cocTaBa NpPoBOAMIM NMMOGUIM3ALIMIO C UCMIOJIb30BaHKEM
KPUOMPOTEKTOPOB — MAaHHUT, TPErasao3a, a 3aTem 1U3yyanu
noJslyYeHHble 06pa3Libl MO OCHOBHbLIM MOKa3aTensM Kaue-
CTBa, Hanbonee onTUMasbHbIM C MO3ULUMK 06pPa30BaHMA
«Tabnetku» nrodunn3aTa OKasanocb npumeHeHve 5%
PacTBOPOB KPUOMPOTEKTOPOB (Tabs. 2).

B obpasuax 6e3 KpronpoTekTopa He MpPouCXoanso
06pazoBaHMe NMMOGUIBLHOWN CTPYKTYpPbl, 06pa3ubl ¢ MaH-
HUTOM U1 TPerano3on B KOHUeHTpauum 5%, He TONbKo
06pa30oBbIBafV OJHOPOAHYK CYXYl MOPUCTYID Maccy

Ta6nuua 1
CocrtaBbl T/IH-1

Table 1
Compositions of SLN-1

MaccoBoe cooTHOLWEeHne

npy nModuIM3aLmm, HO 1 COXPaHANKM nokasatenu T/1H-1
nocne pervgpatauun nuodunrsata (Bpemsa pervgpara-
umm 1 muH). OgHako coctaB TJIH-1 ¢ Tperano3on nocne
pervapaTaumMn ocCTaBancs CTabuibHbIM bonee AnuTeNb-
Hoe Bpems (okono 30 cyT) nNo BHelwHeMy Buay (ogHopoa-
Has cycreH3usa 6e3 NpU3HaKoB PacCIOeHMs 1 BbiNageHNs
ocafKa).

TJH-2 nonyyanu ¢ ucnonb3oBaHnem CIMI, koTopble
LUMPOKO M3YYAOTCS B HACTOsILLEe BPeMs B CBA3U C UX O610-
COBMECTVMOCTbIO U 61OferpaanpyemMocTbio B OpraHr3mMe.
Ha ocHoBaHum onbiTa npurotoBneHua mogenen TJTH-1
coctaBbl TJIH-2 rotoBunu B cooTHoweHun TOTAOLL 4:1
(Tabn. 3, puc. 3).

Mo paHHbIM Tabn. 3 1 puc. 3 BUAHO, YTO CTABUNbHOCTb
nonyyaemon CycrneH3nm HanpAamy 3aBUCUT OT KONIMYECTBa
CMNMT 1 OX. MonbITkn ymeHbLieHnA konmnyectsa CIMI u
OX npuBogunn K ymeHblueHuio BKtoueHua TOT n AOLL
Ha 6-30% w1 BbiMaZieHNo CyObcTaHUMIN B ocapok. Mopenb
TNH-2 coctaBa N21 oKasanocb Haubosee OMTIMAbHOWM
¢ BkntoueHrem OT 87%, ADLL 99%, cpeaHUM pa3Mepom
yacTmy 243+11 HM, HenTpanbHbIM (-noTeHUManom un pH 5,5.
KoHTponb gaHHOM Mofenu BO BpeMeHu No NpuBeAeHHbIM

BHewHun Bupg

HeoaAHOpPOAHaA ancnepcuna C
OcCagKoMm, 6bICTpO 3arycrteBaet

HeoAHOPOAHAA rycTas
JAMCnepcrs COCafIKoOM

1 4,5:1 1:11 2,2:1:.0,4 heterogeneous dispersion heterogeneous thick dis-
with sediment, thickens persion with sediment
quickly

) ) L ofHOpOAHasA Aucnepcus, rycras gucnepcus

2 331 17 2,2:1:4,3 6bICTPO 3arycTeBaeT thick dispersion
homogeneous dispersion,

3 3,7:1 1:10 2,2:1:4,3 thickens quickly

4 41 17 13:1:37 oAHOpOAHasA aucnepcus ofHOPOAHas aucnepcus

: o homogeneous dispersion homogeneous dispersion
Ta6nuuya 2

BnusiHMe KpMoONpPOTEKTOPOB Ha NoKa3arenun Kadectsa T/IH-1

Table 2

The influence of cryoprotectors on the quality indicators of SLN-1

BHewHvn Bup

Kpuonporektop nnodunuzara

MaHHUT 5% OfJHOpPOJHas cyxas 6,4-6,8
mannitol 5% nopmcrasa Macca CBeT10-
3e/1eHOro LBeTa
homogeneous dry
Tper 9 : 7,3-74
t&i:ﬂ)‘;zasgf porous mass of light 3
green color
- npo3payHas nneHka 6,8-7,0

transparent film

3¢ PeKTUBHOCTb
BKnoueHuna FrOT/
AU, %

Pasmep {-noTeHuman,

YacTuu, HM
ul MB

220+13 -16+1,1 100/40
245+15 -15£1,2 92/44
235+11 -14+0,9 90/48
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Ta6nuua 3
Coctasbl TJTH-2

Table 3
Compositions of SLN-2

MaccoBoe cooTHOLWEeHue

roT:cmnr CMMT:®X:MBC:X

nocjne nonyvyeHuma

BHewHun Bupg

yepes 24y

60:40:40:1
OX — SPC
PhC - SPC

1 1:30

60:16:40:1
OX -5100
PhC -S100

2 1:30

40:15:40:1
OX — SPC
PhC - SPC

3 1:20

30:15:40:1
OX — SPC
PhC - SPC

30:15:20
OX - SPC, 6e3X
PhC - SPC, without Ch

BblLLIE MOKA3aTeNAM NoKa3asl eé cTabuiibHOCTb B TeueHue 14
CyT Npu Temnepatype xpaHeHusa 2-8°C. B ganbHenwem nna-
HUpyeTCcs IModUNM3aLIMA JaHHOMO COCTaBa.

LINTOTOKCMUECKYI0 aKTVMBHOCTb BbIOPaHHbIX MOAENei
TJH-1 (cocTaBa 4 ¢ 5% Tperano3on) 1 TJIH-2 (cocTas 1) nsy-
Yanu B SKCMeprMEHTaX in vitro Ha MoZEeny ONyxosNeBbIX Kie-
TOK paka nerkoro A549 (puic. 4, 5, 1abn. 4).

Mpy unccnefoBaHUM TEMHOBOW U HOTOMHAYLIMPO-
BAHHOW LMUTOTOKCUYHOCTU KOMOWMHMpPOBaHHble T/IH-1 n
2, a TakxKe MoHonpenapaTbl (cy6ctaHumio TOT n mogenu
TJTH-1 n 2 Tonbko ¢ ADL) BHOCUNM B KNETKM B KOHLIEHTPA-
umax no FOT B posax 1,56-100 mkr/mn. CybctaHuma TOT
He obnapaet GOTOTOKCUYHOCTbIO, pasHuUa mexay VK,
cybctaHuumM ¢ obnydyeHuem n 6e3 coctaensieT ~3%. Mo

OBHOPOAHAA CyCrneH3Ns
homogeneous suspension

0cagokK
sediment

O[HOPO[HaA CycrneH3ns, 0caiok Yepes
5cyt
homogeneous suspension, sediment
after 5 days

oAHopoAHas
cycneH3us

homogeneous
suspension

O[JHOPO/IHaA CyCrneH3na, 0Cajok Yepes
3yt
homogeneous suspension, sediment
after 3 days

0cafokK
sediment

VK, doTOMHAYLIMPOBaHHAA LUTOTOKCUYHOCTb MpPW BO3-
[IeCTBMM JTAa3ePOM C MNIOTHOCTb A03bl 33 [PK/CM?Ha 06emx
Mopzensx Oblia Bbille TEMHOBOW TOKCMYHOCTW B 3,5-4,6
pa3, uTO YKa3blBAaeT Ha CUHepruyeckuii 3ddeKkT npena-
pata 1 OT. Mo cpaBHEHUIO C MOHOTEPaNVe KOMOMHALM
6b11 3dpdekTnBHee B 5,1-8,7 no FOT 1 1,5-1,8 pa3 no ADLI.
Bnnskme nokaszatenn VK, mexay TITH-2 6e3 06nydeHuns n
cy6cTaHuymen TOT ykasbiBaloT Ha GOTOMHAYLIMPOBaHHOE
BbicBoOOXKAeHNA TOT 13 JIO 1 Ha HU3KYIO TOKCUYHOCTb
BCMOMOraTe/IbHbIX BELLECTB B JaHHOW KOMMNO3MLmK, B TO
Bpems Kak TJIH-1 JOCTaTOUHO LMTOTOKCMYHA 1 6e3 06ny-
yeHuA. [NpencTaBneHHble AaHHbIE yKa3blBalOT Ha Mepcnek-
TUBHOCTb AaNibHeNLero M3yyeHus MoAenv HaHouacTumy,
TJIH-2 Ha gpyrnx KNeTOUHbIX IMHUAX.

100 450
EN 90 400
= -
2 L 80 350 g <
Q ~
= 3 s g
Z N
& £ o5
a © 70 300 2 g
G t T C
o 9 T o
5 £ o o & 2 Puc. 3. BausiHue coctaBa Bcrnomora-
E g S TeNbHbIX BelecTB Ha 3PPEeKTUBHOCTb
g s BKAtoyeHue NPT, ADL u Ha cpeaHuii pas-
B 50 200 Mep yactuy B TJTH-2.
™ 1 2 3 4 5 Fig. 3. The influence of the composition
of excipients on the efficiency of the
B TOT / GFT A®L| / APhC Pasmep/ Size inclusion of GFT, APhC and on the
average particle size in SLN-2.
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J1.J1. Hukonaesa, E.B. Canaposa, A.MN. Konnakcuaw, C.[. LLernos, A.A. Pyaakosa, M.A. bapbiluHukoBa, A.B. JlaHuoBa
BnusiHue coctaBa KOM6MHUPOBAHHDbIX TBEPAbIX IMMNAHBIX YacTHUL ¢ rehpuTHHHOOM
1 (DOTOCEHCUOMNU3ATOPOM Ha UX pa3mep, CTabUNbHOCTb U LUTOTOKCUYECKYH) aKTUBHOCTb

120
100
o\c <
§~ ; 80
'i:» § 60
22
$8
X 20 j
0
0 10 20 30 40 50 60 70 80 90 100
KoHueHTpaumsa FMPT nam cooTBeTCTBYIOWEE Pa3BeAEHNE KOHTPO/A, MKF/M
GFT concentration or corresponding control dilution, pg/ml
—8—T/1H-1, 6e3 06ny4eHuns/ SLN-1, not illuminated
—@—T/1H-1, o6nyuenne/ SLN-1, illuminated
©— CybcTaHuuna FPT, 6e3 o6ayueHus/ GFT substance, not illuminated
—@— CybcTaHuusa FdT, obayueHune/ GFT substance, illuminated
—0—T/IH-1 c AdL 6e3 FdT, o6ayueHne/ SLN-1 with APhC without GFT, illuminated
100 i
80
S
2 S 4 % }
L n
23
$C %
0
0 10 20 30 40 50 60 70 80 90 100
KoHueHTpaums FOT uam cooTeeTcTBytOLLEE Pa3BeaeHMEe KOHTPOAA, MKr/MA
GFT concentration or corresponding control dilution, pug/ml
—8—T/1H-2, 6e3 061y4enHnsa/SLN-2, not illuminated
—0—T/1H-2, 06nyyenune/ SLN-2, illuminated
©—T/H-2 c A®L, 6e3 FPT, 6e3 06nydenHns/ SLN-2 with APhC without GFT, not illuminated
—0—T/1H-2 c A®L, 6e3 IPT, obayueHne/ SLN-2 with APhC without GFT, illuminated
Ta6auua 4
VIK50 uccnegyemMbix o6pa3uos Ha moaenu A549
Table 4

IC_, of tested samples on model A549

SLN with APhC without GFT, not illuminated

SLN with APhC without GFT, illuminated

O6pasey npenapara THH-1*, mxr/mn | TJIH-2*, mkr/mn

TJH 6e3 06nyyeHuna 8,5

SLN not illuminated 19,0

TJIH c 0bnyyeHnem
SLN illuminated 24 4,1

Cy6cTtaHuyms FOT 6e3 obnyyeHus
GFT substance, not illuminated

Cy6cTaHyma FOT c obnyyeHrem
GFT substance, illuminated

TIH c ADL| 6e3 FDT 6e3 0bnyyeHmn

TIH c A®OL 6e3 FOT c 06nyueHnem 43 6,2

*p<0,05

24

Puc. 4. LUTOTOKCHMYECKaAss aKTuUB-
HocTb T/IH-1 Ha kKneTkax A549, Bpemsa
UHKYGauumn 24 4, ana 3Hadvenun UK
p<0,05.

Fig. 4. Cytotoxic activity of SLN-1 on
A549 cells, incubation time 24 h, for
IC,, values p<0,05.

Puc. 5. LutoTtoKcMyecKkas akTUBHOCTb
TJIH-2 Ha kKneTkax A549, BpeMsl UHKY-
6auuu 24 4

Ona 3Havenun TIH-2UK n TIH-2¢
ADL 6e3 TPT (6e3 ob6nyYyeHUs U ¢
o6ny4yeHunem) p<0,05.

Fig. 5. Cytotoxic activity of SLN-2 on
A549 cells, incubation time 24 h, for
IC,, values p<0,05.

3aknioueHune

B pe3synbrate KOMMIEKCHbIX
WNCCNedoBaHMA MO CO3OaHUI0
KOMOMHMPOBaHHbIX  pOTOMHAY-

UMpPOBaHHbIX HaHocuctem [T n
OC ¢ BbICOKOW LIMTOTOKCMYECKON
aKTMBHOCTBIO  OblII  MOJTyYeHbl
1 m3yyeHol ase mogenun T/IH-1 w
TIH-2, nokazarensb VK, coctasun
2,4 1 4,1 MKr/mn, COOTBETCTBEHHO.
B panbHenmwmx unccnegoBaHUAX
nnaHMpyeTca yCoBEePLLEHCTBOBATb
KomMnosnumio Ha ocHose CIIMI n
OX 1 U3yunTb ee GOTOTOKCUUHOCTD
Ha OPYrMx KNEeTOYHbIX JIMHUAX, a
TaK >Ke OCyLLeCTBUTb MOAOop onTu-
MaJbHO peXkrMa 06/yUeHMsI.
[aHHble no nonyuyeHnto u
u3yueHuio TJIH ¢ doTtomHayumpo-
BaHHbIM BbICBOOOXKAEHMEM MOTYT
NOC/YXXWUTb METOAUYECKNM Mof-
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Pesiome

Llenbto nccnepgoBaHma ABMNOCH U3yyeHUe 6aKTepULNAHOM SGPEKTUBHOCTY BbICOKOMHTEHCVBHOIO UMMYSIbCHOTO LIMPOKOMOMOCHOTO 061yYeHns
npu neyeHnn NHGULMPOBaHHbIX paH. MpoBefeHO 3KcneprMeHTanbHOe uccnefoBaHne Ha 90 NONoBO3penbix Kpblcax-camuax nuHum Wistar (3
rpynnbl). Mogenuposany nHGULMPOBaHHYIO paHy KOHTaMUHUPOBaHUem Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae,
Candida albicans. YXBOTHbIM 1-1 rPyMMbl MPOBOAWAV BbICOKOMHTEHCMBHOE MMMYNIbCHOE LIMPOKOMOSIOCHOE 065yuyeHne. XUBOTHBIM 2-i1 Fpynmbl
nposoannn TpaanunoHHoe YO obnyueHre. MKNBOTHbIM 3-1 Fpynnbl NPOBOAWAW TyaneT paHbl pacTBopom xsoprekcuanHa 0,1%. MposeaeHHoe
nccnefjoBaHme NoKasano, Yto K 3-My iHIO NIeYeHUA Y XKUBOTHBbIX, KOTOPbIM MPOBOAVIN UMMYIbCHOE BbICOKOUHTEHCUBHOE LINPOKOMONOCHOE 06/1y-
YeHMe paH, MMeNo MeCTo CyLLeCTBEHHOe YMeHbllueHre KoHTamuHauun Staphylococcus aureus, Klebsiella pneumoniae n Pseudomonas aeruginosa
no cpaBHeHUIo ¢ 3-i rpynnoi. K 7-my AHio neyeHnsa B 1-i 1 BO 2-11 rpynnax y 60onblWNHCTBA KMBOTHbIX Habiofanyu NosHyo AeKoHTamMUHaLuio
paH B oTHoweHun Staphylococcus aureus v Klebsiella pneumoniae. Y 60NnblUMHCTBA »KMBOTHbIX 1-/ rPYMMbl BbIABIEHO MOMHOE OUNLLEHME PaH OT
Pseudomonas aeruginosa. K 10-my fHIO NPaKTAYECKIN Yy BCEX XKMBOTHBIX 1-/ Fpynnbl OTMeYeHa NofHasA fAeKOHTaMHaumsa paH. CTaTucTMyeckunii aHa-
Nn3 nokasan, uto K 10-My AHIO NIeYeHns y XMBOTHBIX 1-11 1 2-11 Fpynn no oTHoweHwuto K Staphylococcus aureus v Klebsiella pneumoniae BbisiBneHa
CyujecTBeHHas pasHULLa B CHVPKEHUW CTEMEHU KOHTaMVHaLUY paH Mo CPaBHEHMIO C pe3ynibTaTamul Y X)XUBOTHBbIX 3-1 rpynmbl. Takum obpasom, npu-
MeHeHVe MMMY/IbCHOTO BbICOKOMHTEHCUBHOTO LIMPOKOMOSIOCHOTO 005Ty4eHVA paH CHKaeT CTeneHb KOHTaMUHAaLVN NaTOreHHbIX MUKPOOPraHu3-
MOB B 6osiee paHHMe CPOKMU.

KnioueBble cnoBa: nHdULMpoBaHHasa paHa, ynsTpaduonetosoe obnyyeHre, NMMynbCHOE BbICOKOMHTEHCUMBHOE LIMPOKOMONIOCHOe 0bnyyeHue,
MeCTHOE fleyeHune paH, 6akTepronornyeckunii KOHTPOb.
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Abstract

The study aimed to investigate the bactericidal efficacy of high-intensity pulsed broadband irradiation in the treatment of infected wounds.
An experimental study was conducted on 90 mature male Wistar rats. An infected wound model was created by contaminating with Staphy-
lococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Candida albicans. Animals in Group 1 received high-intensity pulsed
broadband irradiation. Animals in Group 2 received traditional UV irradiation. Animals in Group 3 had their wounds cleaned with 0.1%
chlorhexidine solution. By the 3rd day of treatment, animals that received pulsed high-intensity broadband irradiation showed a significant
reduction in contamination by Staphylococcus aureus, Klebsiella pneumoniae, and Pseudomonas aeruginosa compared to Group 3. By the 7th
day of treatment, half or the majority of animals in Groups 1 and 2 showed complete decontamination of wounds concerning Staphylococcus
aureus and Klebsiella pneumoniae. Most animals in Group 1 showed complete wound clearance of Pseudomonas aeruginosa. By the 10th day,
nearly all animals in Group 1 demonstrated complete decontamination of wounds. Statistical analysis revealed a significant difference in the
reduction of wound contamination with Staphylococcus aureus and Klebsiella pneumoniae by the 10th day in Groups 1 and 2 compared to
Group 3. Thus, the use of high-intensity pulsed broadband irradiation of wounds reduces the degree of pathogenic microorganism contami-
nation in a shorter time frame.

Keywords: infected wound, ultraviolet irradiation, high-intensity pulsed broad-spectrum irradiation, local wound treatment, bacteriological
control.
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BBeaeHune

B coBpemeHHON Xupyprum BaXHbIM BOMPOCOM
ABnAeTcA NpodunakTnka u nedeHne uHdekumn. B nep-
BOW nonioBMHe XX Beka Gnarofaps HayuHbiM Tpydam A.
Fleming, H.W. Florey n E.B. Chain Hayanacb HoBas 3moxa
B MefuLMHe, KOTOpas O3HaMeHOBanacb MoABleHUEM
AHTVMOMOTMKOB, 3a OTKPbITME KOTOPbIX YUeHbIM Oblsia npu-
cyxpeHa Hobenesckas npemusa. HeCOMHEHHO, MepBbIM
U Ba>KHbIM 3BEHOM B JIeUeHU NHPEKUMIA, B TOM Yncsie U
paHeBo UHEKUUN, ABNAETCSH aHTUOAKTEpranbHas Tepa-
nuAa. Ho wurpokoe nprvMeEHeHUe aHTMOAKTEPUANbHbIX
npenapaToB, MPVBESIO K 3BOSTOLNOHNPOBAHNIO MUKPOOP-
raHV3MOB V1 MOSABJIEHMIO HOBbIX BMAOB MNAaTOreHOB C YCTOW-
UMBOCTbIO K aHTNOMOTMKAM. o gaHHbIM BO3 oTmeyaetcs
POCT aHTMOaKTEPUANIbHON PE3NCTEHTHOCTU K aHTUOUO-
TUKam, Tak 50% wrammoB Escherichia coli yctonumsbl K
metuumnnuHy, Staphylococcus aureus (MRSA) un Klebsiella
pneumonia - K uedpanocrnopriHam TPETbEro NOKONIEHUS 1
dTOpXUHONOHaMm [1, 2]. MHOrMe BUObl MUKPOOPTaHN3MOB,
B TOM UMC/e 1 Fprbbl, BbIPabaTbiBAOT 3aLUMTHBIV BHEKIEe-
TOUHDBIVI MOJIMMEPHbIVI MAaTPUKC, Tak HasblBaemble 61O-
MJIEHKN, B KOTOPbIE B JOCTAaTOYHON CTEMEHW TPYAHO Npo-
HVKHYTb COBPEMEHHbIM CYICTEMHbIM MPOTUBOMUKPOOHbBIM
npenapatam. Bo3HMKaeT HeoOXOAMMOCTb Ha3HauYeHus
BbICOK/X O3 aHTUMMKPOOHbIX MPernapaToB, UTO MOXET
YBENMUUTb PUCK MOsIBAEHNA MOGOYHbIX 3ddeKToB [3,
4, 5]. B nutepatype BCTpeYaeTcss MHOro PaboT, NocBs-
LLieHHbIX BOMPOCY aHTMGaKTepuanbHON YCTONYNBOCTU
U MOWCKY HOBbIX MPEenapaToB A fieueHus nHbekuuin ¢
aAHTUOAKTEPMANbHOWM PEe3NCTEHTHOCTLIO (2, 6, 7, 8, 9, 10,
11]. Tem He MeHee, BOMPOC fleUeHUs1 paHeBOMN nHbeKLUn
OCTaeTCs akTyasibHbIM. [Tpy 3TOM MHOTVie aBTOPbI AieNaoT
AKLIEHT Ha AOMONHUTENIbHbIE METOAbI SIeUeHUs], KOTopble
MOFyT MO3BONUTb AOOWUTHCA MOJSIHOW AEeKOHTaMUHALMM

paH 1 B OCTaTOYHOWN Mepe CHU3NTb UX KOHTaMUHALMIO.
K Takmm meTogam OTHOCATCA BO34EeNCTBME SK30reHHOro
oKCuaa as3oTa, BaKyym-Tepanus, rMapoxvpypruyeckas
06paboTka paH, NMPYIMEHEHUE YNbTPA3BYKOBOWN KaBuUTa-
UMK, a Takxke dotoaMHamuueckas Tepanuva [12, 13, 14,
15]. CBeTOBble TEXHONOMMW MPEACTaBSIT COO0M COBO-
KYMHOCTb pa3BUBAIOLLNXCA METOLOB B SleueHnn paH. Mpu
3TOM HM3KOYACTOTHAA NlazepHas Tepanus 1 GoTogNHaAMM-
yeckas Tepanus Ha CerofHAWHWN AeHb MEIOT LIMPOKOoe
NnpuUMeHeHne Ana neveHus paHeBol MHbekuun [16, 17,
18, 19, 20]. K ynbrpadmonetoBomy aranasoHy OTHOCUTCA
3NeKTPOMarHUTHoe mn3flyyeHve C ginHamm BonH ot 100
00 400 HM, KOTOpPOE NMOAPA3AENAT Ha YeTblpe CaMOCTO-
ATeNIbHblE CreKTpasibHble 0651acTy. nanasoH ANUH BOSH
ot 315 po 400 Hm onpegensaeTca Kak YO-A, ananasoH ot
280 po 315 Hm Kak YO-B, n3nyyeHve ¢ gnmHamm BOSH OT
200 po 280 HM oTHOCAT K YO-C grana3oHy, a obnactb ot
100 po 200 HM - K BaKyyMHOMy ynbTpaduoneTy. KopoTko-
BosiHoBOe YO n3nyueHue gnanasoHoB YO-C n YO-B obna-
[AeT BbIPaKEHHbIM OaKTepULMAHBIM AeNCTBUEM C MAKCK-
MyMOM 3P EKTUBHOCTM Ha AIMHaX BOJIH OT 250 10 270 HM
1 NO3BONIAET NHAKTUBMPOBATb PasfiyHble BUIbl MUKPO-
OpraHM3moB, B TOM YKCSIe aHTUOMOTMKO-PE3NCTEHTHbIE
LUTaMMbI NMaTOreHHbIX 6akTepui [21, 22, 23].

bonbluol BbIGOp MeTOAoB GDU3NYECKOro BO3AENCTBMSA
C UCMNONb30BaHNEM CBETOBbIX TEXHOMOMMA Ha PaHEBYIO
MHOEKLMIO NPY HapacTaloLLel aHTUbaKTepranbHON pesu-
CTEHTHOCTU O6YCNABNMBAIOT AKTYaNIbHOCTb COBEPLUEH-
CTBOBaHMs MeTof0B hoTOTepanvm 1 nogbopa onTumarb-
HbIX 3 GEKTVBHbBIX PEXXMMOB UX MPUMEHEHNS.

Llenblo nccnenoBaHna ABRANOCH M3yYeHUs bakTepu-
uMaHOM 3PEeKTUBHOCTY BbICOKOUHTEHCUBHOIO MMMYJbC-
HOTO LUMPOKOMOSIOCHOTO 06JTyYeHVs NPV IeYeHn NHU-
LIMPOBaHHbIX paH.
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Martepuanbi n metoabl

lNpoBefeHo 3KkCcnepmnmeHTanbHOEe nccnefoBaHne, ogo-
6peHHOe MeXXBY30BCKMM KOMUTETOM MO 3TUKE (BbIMMCKa
13 npotokosna N2 06-23 ot 15.06.23). IKCNepUMEHT BbINOs-
HeH Ha NonoBo3penbIX Kpblicax-camuax nnHunm Wistar, mac-
con Tena 220-250 r, B ycnosuax Buapua OrbOY BO Poc-
CUCKNA YHMBepcuTeT MeduumHbl MuH3sgpasa Poccuw.
Bce XnBOTHbIE MPOXOANAN KapaHTUH B TeueHue 2 Hef.

MaHuvnynsauum Ha XMBOTHbBIX MPOBOAWY MPU 00LeM
06e360nuBaHu. NpenBapuTeNbHO MPOBOAUIN Mpeme-
ankaumio 2% pacTBOpPOM KcunasmHa. Janee npoBoannm
obLee obe3bonmBaHme pactBopom 3onetuna 100.

MNocne poCTUXKeHNA aHeCTe3un B acenTMYeCKMX YCno-
BUAX MOAENMPOBANN MHOULIMPOBAHHYIO paHy. BbinonHsamm
pa3pes3 KoXu B 001aCTL XONKu, pazmepom 20x20 mm. B paHy
BHOCWNIM TPUITEP B BUAE MapeBOro LWaprKa CO B3BECbIO
KyNBTYp 13 KOHTPOJbHBbIX WTammoB Staphylococcus aureus,
Pseudomonas aeruginosa, Klebsiella pneumoniae, Candida
albicans B paBHbIX 06beMaX 1 pa3BeAeHAX, COAEPKaLLW B
1 M1 10° MUKPOOHBIX Ten. PaHy yLivBanv noannponuieHo-
BOW HUTbIO HaKagblBaHEM [IBYX Y3/10BbIX LIBOB. B nocne-
onepauvoHHOM Nnepriofe BCe XMBOTHbIE UMENU JOCTYM K
KNOKOCT ANA NUTbA U NOMyYanu CTaHAAPTHOE MuUTaHue.
Yepes 1 geHb nocne MOAENMPOBAHUA pPaHbl MPOU3BO-
LV CHATME LIBOB. 3aTeM BCE »KMBOTHbIE OblNN CIyYaliHbIM
06pa3om pazgeneHbl Ha TpY FPyMMbl MO TPUALATL 0CObeN.

MmBoTHbIM 1-7 rpynnbl (n=30) B nocneonepayyoHHOM
nepuoge Mnocre CHATVA LBOB MPOBOAWIN €XelHEBHbIN
Tyanet paHbl pacTBOpom xnoprekcngmHa 0,1% ¢ nocnegy-
IOLLIMM BbICOKOVHTEHCBHBIM MMMNYSbCHBIM LUMPOKOMOIOC-
HbIM OGJTyYeHNEM U HASIOXKEHMEM Ha paHy MOBS3KM C pac-
TBOPOM xJioprekcuanHa 0,1%. ObnyyeHne npoBoanIoch B
TeueHue 10 gHen.

MuBoTHbIM 2-1 rpynnbl (n=30) nocne exefHeBHOro
Tyaneta paHbl pacTtBopom xnoprekcngmHa 0,1% nposo-
avnu TpaguumoHHoe YO obnyyeHre C HaNoXeHVeM Ha
paHy NMoBA3KM C pacTBOPOM xoprekcuarHa 0,1%. Obnyue-
HMe NPOBOANIOCH B TeyeHne 10 gHen.

MunBoTHbIM 3-11 rpynnbl (n=30) NnpoBOAUNIN eXKefHeB-
Hbll TyaneT paHbl pacTBopom xnoprekcmagnHa 0,1% n
HaNIOXXeHVEe Ha paHy MOBA3KM C PacTBOPOM XOpPreKkcu-
anHa 0,1%.

BbICOKOVHTEHCMBHOE MMMYNIbCHOE LIMPOKOMONIOCHOE
06nyyeHVie NPOBOAUN annapaToM, paspabotaHHbIM HU
3HepreTnyeckoro MawmHocTpoeHna MITY mm. H.3. bay-
MaHa. MNpuHUMn gencTema annapaTta OCHOBaH Ha UMMYbC-
HOM OOJTlyYEHUV MOPAXKEHHBIX YUYACTKOB BbICOKOVHTEH-
CUBHbBIM OMTUYECKMM WM3MlyYeHNEM CIJIOWHOr0 CneKTpPa,
reHepupyemMbiM ManorabapuTHOM MMMYIbCHON KCEHOHO-
Bou namnow Tna WNHM 5/60. Jlamna pabotaeT B Mmnysb-
CHO-NEePUOANYECKOM peXxrMe C YaCcTOTON Mmnynbcos 5 Iy
N cpedHen snekTpuyeckon molHoctbio 100 BT. CpegHan
MOLLUHOCTb M3nyyeHua namnbl B YO-C granasoHe cnekTpa
(200-280 Hm) coctaBnana 3 BT, MMMynbCcHaA MOLLHOCTb
YO-C nsnyueHusn — 24 kBr.

B anmapate 6bIO MpPegyCMOTPEHO TPU PeXUma:
pexum 1 — OnMTenbHOCTb UMKia obnydyeHna 10 c (50
MMMYNbCOoB); pexumm 2 — 20 ¢ (100 nMnynbCcoB); pexnm 3 —
40 c (200 umnynbcoB). Hamu 6bina nogobpaHa cnepytoLas
MEeTOAVKa 06paboTKM paH, B 3aBUCMMOCTM OT CTEMeHU
KOHTaMUHaLUMn 1 CTagUM paHeBOro npoLecca: B nepsble
NATb AHEN NeYeHNa NpUMeHAnr pexinm 3 (200 nmnynbcos
C AIMTENBbHOCTBIO LKA 06yyeHns 40 €) ¢ paccTosHEM
06/yueHUst 5 cM OT paHbl, HAUMHAA C LIECTOrO AHA Jieve-
HUA NocneaytoLwye NATb AHEN NCNoNb30BaH pexxum 2 (100
MMMYNbCOB C ANUTENbHOCTBIO LMKna 20 €) Ha pacCTOAHNN
10 cm.

TpaguumoHHoe YO ob6nyyeHve npoBoavnM nNpw
nomouy OYDK-01 «ConHbiwko» -Y® KBapLeBblii 06ny-
yaTesib Ha OCHOBE PTYTHOW GaKTepuLMAHONM Namnbl TvMna
JOKBY-7 ¢ anekTpuyeckon MOLHOCTbIO 7 BT, MOLWHOCTb
n3nyyenua B YO-C granasoHe coctaenana 1,2 Br. O6nyye-
HViE€ NPOBOAWIN €XKeAHEBHO B TeueHue 10 gHer nNo 3 MUH C
paccTosHMs oT obnyyaTens fo paHbl 10 cm.

Ina oueHkn GakTeprumMaHo 3PpdEKTMBHOCTU NprMe-
HEHMA BbICOKOMHTEHCUBHOTO MMMYNIbCHOTO  LUMPOKOMO-
NTOCHOTO M3JTyYeHNsA U TpagMUMoHHoro YO obnyyeHus npu
neyeHnn MHOULIMPOBAHHBIX PaH B A€Hb CHATUA LIBOB (A0
nevyenHus), Ha 3-, 7-n, 10-i1, 14-n 1 21-1 AHN OT Havana fieve-
HIA NPOBOAWIV GAKTEPUONIOTMYECKOE NCCNeOBaHNE.

BbimonHeH aHann3 CTeneHn KOHTaMMHauuM U AuHa-
MUK/ [eKOHTaMMHAUMKU PaH PasfIuHON MUKPOGIIOPON.
[lnA 3Toro Ha KaxkgoM CPOKe KOHTPOSIA YUNUTbIBANIOCh KOMU-
YeCTBO >KMBOTHbIX C Pa3HOM CTEMEHbK KOHTaMMHaLWn
yeTbIpex BUAOB MMKPOOpPraHu3moB (Staphylococcus aureus,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Candida
albicans) 108, 10° n <10* Ha NoBepPXHOCTU paH. MoceB Npob
OCYyLLeCTBANN METOAOM CEeKTOpHbIX nocesos (o fonay-
PopomaHy) Ha yawku lNeTpu ¢ KPOBAHLIM arapoMm, a Takxe
co cpegamu SHIo 1 Cabypo. MiccnenoBaHrie NpoBeaeHo B
bakTepuronoruyeckor nabopatopum Y3 MKHL nm. A.C.
JlornHosa [13M. Pe3ynbtaTbl NpefcTaBieHbl B MPOLEHTHOM
cooTHoweHnN. CpaBHUTENbHAA OLEHKAa KauyeCTBEHHbIX
NPW3HAKOB BHYTPW FPYNM 1 MEXAY rpynnamuy BbiMOSHEHA
npv nomowm Kputepusa x> MNMupcoHa, Ana yero npensa-
PUTENBbHO CTPOWII 1 OLIEHMBANN TabnuvLpbl COMPSAXEHUS.
Mpu3HaK cumTanu CTaTuCTMYeCcKn pasnnyuHbim npm p<0,05.
MHOXeCTBEHHbIE CPaBHEHVA NPOBefeHbl C UCMONb30Ba-
HveM nonpaBkn BboHdbeppoHu. Mpu cpaBHEHUM Mexay
rpynnamu k=0,05/3=0,0167.

PesynbraTtbl nccnegoBaHuna

[lo Havana neuyeHnsi 6GaKTepUONOrMYeCKoe Uccneso-
BaHWe MNMOBEPXHOCTU pPaH MOKa3aJio, YTO CTaTUCTUYeCKn
3HAYMMOIO pasnnyuna mexay nccnegyembiMmin rpynnamm
Mo CTeneHy KOHTaMHaLMM MUKPO(IOPOI He BbIABIIEHO.
npaKTI/ILIeCKI/I Y BCEX MUBOTHbIX Ha6mop,anac1> KOHTaMun-
Hauwa Staphylococcus aureus 108 KOE. O6cemeHeHHOCTb
paH Pseudomonas aeruginosa (108 KOE) otmeueHa y 90%
MNBOTHbIX B TPEX NCCNIeAOBaHHbIX rpynnax.
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K 3-My [iHI0 neyeHunA y XMBOTHbIX 1- rpynrbl MO cpas-
HEeHWIo CO 2-1 1 3-1 rpynnamu BbIIBIEHO CTaTUCTUYECKN
3HAaUMMOE CHUWXKeHUWe CcTeneHn o6ceMeHeHHOCTV paH
Staphylococcus aureus (1abn. 1). B oTHOWeHNN CHUXe-
HUS CTerneHn KoHTamMuHauuu paH Klebsiella pneumoniae
Ha 3-/ AeHb HabMIoAaANU NONOXUTENbHYIO AUHAMUKY BO
BCex rpynnax. K 3-my [HIO KOHTPOMS Hamu BblsiBlieHa
CyWeCTBEHHaA pa3HMLa pPe3yNbTaToB JIeYeHUAa Mexay
1-n n 3-i1 rpynnamu (p=0,0025, x>=14,3 n p=0,01, x>=11
COOTBETCTBEHHO) B OTHOLUEHWN OBCEeMEHeHHOCTW paH
Klebsiella pneumoniae n Pseudomonas aeruginosa. Takxe
OTMeYeHa MOJIOKUTESNIbHAA AVHaMVIKA B BUAE AeKOHTaMU-
HaLMV 1 CH/XKEHWS CTEMEHN KOHTaMVIHaLMVY NMOBEPXHOCTA
paH Candida albicans. CTaTUCTMUECKON Pa3HULIbI MEXTY
rpynnamu B 3TOT nepuog no obcemeHeHHocTn Candida
albicans He BbiaBneHo (p=0,33, x*=4,58).

K 7-my OHIO neuyeHus Habnoganv MosioKUTENbHYO
OVHAMUKY B OTHOLUEHUWN CHVKEHUS CTEMEHM KOHTa-
MUHALMN BCEX MMKPOOPraHu3MoB (Tabn. 2). Mpu 3Tom
HaMVl OTMEUEHO, UYTO HM B OJHOW Fpyrnne KOHTaMUHa-
unmn B 108 KOE He 6bino. AHann3 o6ceMeHeHHOCTU paH

Ta6nuua 1

Staphylococcus aureus K 3TOMy CPOKy MOKasaJi, YTo nme-
nacb CyLlecTBEHHasi pa3HMLUA pe3ysbTaToB [AeKOHTaMu-
HaLUWM N CHUXKEHWA CTEMEeHM KOHTaMUHaumu mexay 1-n
n 3-in rpynnamu (p<0,0001, x>=41,14), a Takxe BblsiBNIeHa
pa3Huua mexay 2-1 u 3-i1 rpynnamu (p<0,0001, x?=29,14).
B 10 ke Bpemsa obcemeHeHHOCTb Klebsiella pneumoniae
Oblla CHUPKEHA BO BCEX MPYMMAX XXMBOTHbIX (Tab. 2). Moka-
3aTesnin 0b6CceMeHeHHOCT paH Pseudomonas aeruginosa
Y KMBOTHbIX 1-I1 rpynnbl K 7-My [HIO JleYeHus OTnYa-
NINCb OT TaKOBbIX BO 2-1 1 3-1 rpynnax (p=0,01, x*=8,93,
p<0,0001, x*=25,84 cOOTBETCTBEHHO). IMenacb nonoxm-
TenbHas AWHaMMKa B oTHoweHun Candida albicans, Bo
BCEX rpymnmnax oTMevasiacb NnojiHas AeKOHTaMUHALMsA paH
Candida albicans y 60nblUMHCTBA »KUBOTHbIX. MNpy 3TOM
MeXay rpynnamy CTaTUCTUYECKUN JOCTOBEPHON PasHuLbl
K 3TOMY CPOKY He BbisiBfIeHO (Tab. 2).

K 10-my gHt0 neueHmst o6cemeHeHHOCTb Staphylococcus
aureus Mexgy rpynnamy CyLwecTBEHHO pasnuyanacb
(tabn. 3). KonnuectBo »KMBOTHbIX C AEKOHTaMMHaUUWeNn
paH Staphylococcus aureus B 1-i rpynne [OCTOBEPHO
6bIfI0 MeHbllUe MO CPaBHeHWIo €O 2-I U 3-i rpynnamm

KoHTamMuHauuMs paH pasiMyHoi MUKPOGhIOPON Y }KUBOTHbIX B TPEX rpynnax Ha 3-i feHb leyeHns

Table 1

Contamination of wounds by various microflora in animals across three groups on day 3 of treatment

I'pynnbl

e n

108 6,67
106 7 23,33 13
Staphylococcus
aureus <10* 13 43,33 9
Het pocTa
No growth 8 26,67 2
108 0 1
108 4 13,33 8
Klebsiella
pneumoniae <10 12 40 13
Het pocTa
No growth L 46,67 8
108 5 16,67
100 8 26,67 6
Pseudomonas
aeruginosa <10 8 26,67 1
Het pocTa
No growth e 30 4
108 0
106 2 6,67 4
Candida
albicans <10 6 20
Het pocTta
Nogrowth 22 73,33 17

36,67
43,33 13 4333  p=0,0014, x>=21,64;
P1-2 p=0,043, x=8,13;
30 6 20 P1-3 p=0,0003, x>=18,6;
P2-3 p=0,25, x?=4,07
6,67 0
3,33 6 20
26,67 10 3333  p=0,0071, x*=17,65;
P1-2 p=0,26, X>=4;
43,33 10 33,33 P1-3 p=0,0025, x>=14,3;
P2-3 p=0,13, x*=5,5
26,67 4 13,33
30 14 46,67
20 9 30 p=0,034, x>=13,48
P1-2 p=0,28, x*=3,82;
36,67 6 20 P1-3 p=0,01, x>=11;
P2-3 p=0,17, x*=4,95
13,33 1 3,33
0
13,33 5 16,67
30 11 3667 P=033,X=458
56,67 14 46,67

AN
n
|_
<C
|_
@)
LL]
ia
T
n
=
<
I
AN
L—
X
o
O

BIOMEDICAL PHOTONICS T.13, N22/2024

29



X
0
|_
<C
|_
O
Ll
ifa
T
0
—
<
T
AN
L
AN
o
O

X.A. A6aysocuaos, C.M. YyaHeix, B.C. Eropos, A.H). ®uinumoHoB,

N.A. Koponéga, A.C. Kampykos, B.B. barpos, A.B. KoHapaTbeB

bakTepuuuaHas a(h(HeKTUBHOCTb UCNOSb30BAHUS BbICOKOUHTEHCUBHOIO
UMNYNbCHOrO LUMPOKONONOCHOr0 001y4eHUs NPU NeYeHUH UHULMPOBAHHDLIX paH

(p=0,01, x*=6,4 n p<0,0001, x?>=22,33 COOTBETCTBEHHO).
Bo 2-i1 rpynne pe3synbraTbl JOCTOBEPHO OTAMYANUCL MO
cpaBHeHuo ¢ 3-n rpynnon (p=0,01, ¥x*=9,13). CHuxe-
Hue cTeneHn obcemeHeHHocTU Klebsiella pneumoniae
cpeny KMBOTHBIX 1-1 rpynnbl GbUIO 3HAUMMO GOJblue
yem BO 2-i1 1 3-n rpynnax (p=0,01, x*=9,23 un p<0,0001,
X>=25,71 COOTBETCTBEHHO). TakXKe MOKasaTenv ouulle-
HMA paH BO 2-1 rpymnne CyLecTBeHHO OTANYanncb ot 3-i
rpynnbl (p=0,0002, x*>=17,01). MNpu aHanu3e obcemeHeH-
HOCTW paH Pseudomonas aeruginosa K 10-my AHIO neue-
HWUA YMeNacb CTaTUCTMUECKN 3HAUMMas PasHULA MeXay
rpynnamu (p=0,0001, x>=29,03). Pe3ynbTtatebl B 1-11 rpynne
ObININ CYLLECTBEHHO Jyuyllie MO CPABHEHMIO C 3-11 rpynnon
(p=0,0001, ¥x>=23,81). K 3-My [HI0O KOHTpPONA BblsiBIIEHa
LeKoHTamrHauwmaA paH Candida albicans y Bcex »MBOTHbIX
1-11 1 2-1 rpynn, TONbKO Y 2 (6,67%) >KNBOTHbIX 3-1 rpynmbl
BblfiBNIeHa obcemeHeHHOCTb B 10* KOE.

Ta6nuua 2

Ha 14-n peHb neyeHMs OTMeYeHa MNONOXWUTesbHas
AVHAMUKa MO CPaBHEHMIO C NPeabIAYyWNMA OHAMUN KOH-
Tpons. Y BCeX XMBOTHbIX 1-11 rpynmbl HAGMOAANV MOJTHYO
[JEKOHTaMVHALMIO paH MO OTHOLUEHMIO KO BCEM MUKPO-
opraHu3smam. Bo 2- rpynne y 27 >KMBOTHbIX BblAB/ieHa
nosiHasA AeKoHTaMUHaumsa B oTHoweHun Staphylococcus
aureus v Klebsiella pneumoniae, 'y 26 XMBOTHbIX MO OTHO-
WweHno K Pseudomonas aeruginosa. B 3-i rpynne Takxe
Habnoganacb MoONOXWTENbHAsA AUHAMMKA, Yy OOMbLUNH-
CTBa KPbIC BbIAABIEHO MOJIHOE OUULLEHMNE PaH.

K 21-my gHIO cpefn »KUBOTHbIX 2-/ rPynMbl TOAbKO Y
1 »KuBOTHOro Habnoganu poct Staphylococcus aureus, y
OCTaNbHbIX XMBOTHbIX BblfBIeHa MOJSIHasA AEeKOHTaMKHa-
umnA paH. B 3-n rpynne y 1 X1BOTHOro OTMeYeHa KOHTa-
MuHaumsa B 106 KOE, y 5 »uBoTHbIX pocT Staphylococcus
aureus n Pseudomonas aeruginosa B 10* KOE, y 2 - pocT
Klebsiella pneumoniae 8 10* KOE.

KoHTamMuHauusa paH pa3nM4yHon MUKPOGDIOPOM Y KMBOTHbIX B TPEX rpynnax Ha 7-1 AeHb NevyeHus

Table 2

Contamination of wounds by various microflora in animals across three groups on day 7 of treatment

Mukpodnopa

rpynnbl

108
10¢ 0 4
Staphylococcus
aureus <10* 8 26,67 11
Het pocTta
No growth 22 73,33 15
108 0 0
10° 0 0
Klebsiella
pneumoniae <10* 5 16,67 8
Het pocTa
No growth 25 83,33 22
108 0 0
10° 0 7
Pseudomonas
aeruginosa <10* 9 30 10
Het pocta
No growth 2 o U=
108 0 0
10° 0 0
Candida
albicans <10* 1 3,33 2
Het pocTa
No growth 29 96,67 28

1333 24 80  p<0,0001,x’=54,62;
P1-2 p=0,051, ’=5,8;
36,67 0 P1-3 p<0,0001, =41,14;
P2-3 p<0,0001, ?=29,14
50 6 20
6 20
10 3333 p<0,0001, x?=48,82;
P1-2 p=0,35, x*>=0,88;
26,67 10 3333 P1-3p<0,0001, X’=32,87;
P2-3 p<0,0001, ’=28,68
73,33 4 1333
2 6,67
23,33 14 4667 p<0,0001,y?=27,91
P1-2 p=0,01, x>=8,93;
33,33 9 30 P1-3p<0,0001, x=25,84;
P2-3 p=0,047, y’=7,94
43,33 5 16,67
0
0
— 2
6,67 5 1667 P0052,x=588
93,33 25 83,33
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Ta6nuya 3

KoHTamuHauusa paH pa3niMyHon MUKPOGdIOPON Y JKUMBOTHbIX B TpeX rpynnax Ha 10-# feHb nevyeHus

Table 3

Contamination of wounds by various microflora in animals across three groups on day 10 of treatment

rpynnbl

i n

108
106 0 0
Staphylococcus
aureus <10* 1 3,33 8
Het pocTa
No growth 29 96,67 22
108 0 0
106 0 0
Klebsiella
pneumoniae <10* 0 3
Het pocTa
No growth 30 100 27
108 0 0
106 0 1
Pseudomonas
aeruginosa <10* 0 7
Het pocta
No growth 30 100 22
108 0 0
106 0 0
Candida
albicans <10* 0 0
Het pocTa
No growth 30 100 30
O6cyxpaeHne

B rnwuTtepatype uMeOTCA HayuHble MCCefoBaHMA,
nocesLleHHble 3POEKTUBHOCTM MPUMEHEHUA VIMMYSbC-
HOrO BbICOKOVIHTEHCVIBHOTO OMTMYECKOrO OONyyeHusl B
3KcnepriMeHTe. Tak HEKOTOPble aBTOPbI OTMEYAlT HaKTe-
puuraHbIi 3GdEKT NCMONb30BAHUA VMMYIbCHOMO BbICO-
KOVHTEHCMBHOIO OMTUYECKOro O6/yYeHUs MpU fleueHnn
JINHEMHbIX PaH Y SKCMEPVMEHTAsIbHbIX MMBOTHbIX, NPU
3TOM CTOUT OTMETUTb, YTO MOAENIMPOBAHHbIE PaHbl He
roABeprany UCXOAHOMY WHOULMPOBAHMIO, OHW 6bin
NPaKTUYeCKn acenTmyeckumm [24].

Take UMeloTCs CBefleHVs O KITMHYECKON dbdeKTB-
HOCTU MCMNONb30BaHUA BbICOKOMHTEHCMBHOIO OMNTMYe-
CKoro obsyyeHMA B 3KCNepuMeHTe in vitro n in vivo [25,
26]. ABTOpbI NCCNefoBaHNA YTBEPKAAIOT, UTO BbICOKOVH-
TEHCMBHOE OMNTUYECKoe 06/yueHne 0b6NafaeT BblpaXKkeH-
HbIMM GaKTEPULUAHBIM Y PAHO3AXKMBISAIOWMM OeNCTBU-

5 16,67  p<0,0001, x’=26,86;
P1-2 p=0,01, x>=6,4;
26,67 13 4333 P1-3p<0,0001, x’=22,33;
P2-3 p=0,01, x>=9,13
73,33 12 40
0
5 16,67  p<0,0001, x?=35,46;
P1-2 p=0,01, x*=9,23;
10 13 4333 P1-3p<0,0001, x>=25,71;
P2-3 p=0,0002, x?=17,01
90 12 40
1 333
3,33 9 30  p=0,0001,>=29,03;
P1-2 p=0,01, x>=8,93;
23,33 6 20 P1-3p=0,0001, x>=23,81;
P2-3 p=0,026, *=9,25
73,33 14 46,67
0
0
— 2
5 667  P=012.X=409
100 28 93,33

AMU 11 IOCTOBEPHO 0becrneurBaeT 6osee BbICOKME TEMIbI
3aXKVBNEHMA PaH NO CPaBHEHNIO C NPUMEHEHMEM TONbKO
TUMOBOIO aHTUOAKTEPUANIBHOTO Y PaHO3aXKUBJIAIOLLErO
cpencTBa — Ma3u IeBOMeKosb [25, 26]. Heobxogmmo noa-
UEPKHYTb, UYTO MOJe/Mpyemble paHbl WHOGMUMPOBAIN
OZHUM MVKPOOPTraHV3MOM B HM3KOW KOHTaMuHauumu 103
KOE. BmecTe Cc TeM HET IaHHbIX O KOHTPOJie 06CEMEHEHHO-
CTV paHbl 1, 6onee TOro, cpasy NOCe HAHECEHUS Ha PaHy
naToreHHou ¢pIopbl HavaTa aHTMOaKTepraibHasn Tepanus.

B Hallem rccnegoBaHMM SKCNEpPUMEHTaNbHOe NHOU-
LMPOBaHNE PaHbl BbIMOJIHEHO YETbIPbMsA MaTOreHHbIMU
WTaMMaMK B paBHbIX 0ObemMax 1 pa3BefleHusX, cofep-
XKawmx B 1 mn 10° MUKPOGHBIX Tesl. bbin npoBeaeH 6ak-
TEPUOSNIOTMYECKA  KOHTPOJb, KOTOPbIM MOATBEPAUI
naToreHHoe UHGULMPOBAHME PaH, MOC/IE YEero >KUBOTHbIE
ObIM pasgeneHbl Ha TPY FPYMbl B 3aBUCUMOCTU OT METO-
OVIKK neyeHus. Hamn npoBefeH CpaBHUTENbHbIN aHanm3
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X.A. A6aysocuaos, C.M. YyaHeix, B.C. Eropos, A.H). ®uinumoHoB,

.A. Koponésa, A.C. Kampykos, B.B. barpos, A.B. KoHapaTbes

baktepuuupaHas 3ah(heKTUBHOCTb UCNONb30BaHUSA BbICOKOUHTEHCUBHOIO
UMNYNbCHOrO LUMPOKONONOCHOr0 001y4eHUs NPU NeYeHUH UHULMPOBAHHDLIX paH

3ODEKTUBHOCTU AEKOHTAMUHALMM U CHUPKEHMA CTEMNeHN
KOHTaMHauunn VIH(I)I/ILI,VIpOBaHHbIX PaH mexay nmnynbc-
HbIM BbICOKOMHTEHCUBHbIM LUVPOKOMNONOCHbIM O6J'Iy'4€-
HVeM, TPAAULMOHHBIM YNbTPadroNeToBbIM 0byYeHnem
n MegnKaMeHTO3HbIM MeCTHbIM JieYeHunem. B npouecce
leyeHMA BbIMOJIHEH 6aKTepI/IOJ'IOFI/I'~IeCKVIVI KOHTPO/b.
BblﬂBJ‘IEHO, YTO NMMNYJIbCHOE BbICOKOMHTEHCMBHOE LLUNPO-
KonomnocHoe 06nyyeHvie nmeeT 6onee BbICOKYH aHT1OaK-
TePUaNbHYO aKTUBHOCTb MO CPaBHEHWUIO C TpagnLMOH-
HbIM o6nyqu|/|eM N MeCTHbIM NieyeHnem.

3akniovyeHve

Takum 06pasom, NpoBefeHHOe GaKTepuonornyeckoe
NCCnefoBaHMe MOKas3aio, YTo Ha ¢OHe NPOBOAVMOro
Jle4eHnA nonyyeHa NoJyIoKUTeNbHaA ANHAMMKa Ha KaXXoM
KOHTPOJIbHOM CPOKe B Be CHXeHNA cTeneH KOHTaMun-
HaLum NN NONHOW AeKOHTaMMHALMW PaH BO BCeX rpyrmnax.
Mpu 3TOM K 3-My fiHI0 IeyeHnsA Ha GOHE MMMYNbCHOTO BbICO-
KOVMHTEHCMBHOIO LLUNPOKOMOJIOCHOIo O6J'Iy'4€HVIFI PaH nve-
NNOCb CTAaTUCTUYECKU 3HaYMMOE CHIKeHNe CTerneH KOHTa-
MUHauun paH Staphylococcus aureus, Klebsiella pneumoniae
1 Pseudomonas aeruginosa no CpaBHEHMIO C FPYNMoW, rae
NPOBOAWIOCH TPAANLNOHHOE MECTHOE JlIeUeHVe PaH aHTu-
centrkom (p=0,0003, x*=18,6, p=0,0025, x>=14,3 n p=0,01,
¥>=11 cootBeTcTBEHHO). K 3-My [HI0 KOHTPOSNA He BbisB-
NneHo Cyu.l,eCTBeHHOVI Pa3HuUbl B pe3ynbraTtax Je4vyeHusA
MHOULIMPOBAHHBIX PaH MEXAY MPYMMON XXNBOTHbIX, KOTO-
pbIM  MPOBOAUNOCH TPAAWLMOHHOE YrbTpadroneToBoe
06nyyeHrie paH, U rpynnow »MBOTHBIX, KOTOPbIM NMpUMe-
HANMN MeCTHYIO MeANKAaMEHTO3HYIO Tepanuio.

Ha 7-1 geHb gnHamuka pesynbraToB JleueHusa mexagy
rpynnamy  CTaTUCTUYECKU 3HAuyMMO pasnnyanacb. B
1- 1 BO 2-1 rpynne B pe3ynbraTe fieyeHnsa y 60NbLUNH-
CTBa MBOTHbIX MOflyYeHa MOMHaA [AeKOHTaMuHauunA
paH no oTHoweHuo K Staphylococcus aureus v Klebsiella
pneumoniae. Y GONbLUMHCTBA XMBOTHbBIX, MPW JIeUeHUN
KOTOPbIX MPUMEHANN UMMYbCHOE BbICOKOMHTEHCUBHOE
LUIMPOKOMOSIOCHOE 006JyUYeHre, BbIsIBIEHO MOJIHOE OuU-
LieHue paH oT Pseudomonas aeruginosa.

Mo cpaBHeHMIO C NpeablayLWnMN CPOKaMn KOHTPONA
K 10-My OHIO NPaKTUYECKMN Yy BCEX »KUBOTHbIX 1-1 rpynnbl
noslyyeHa nosiHaa AeKOHTaMUHaLUMA paH OT BCEX BMAOB
MUKpodiopbl. B 3ToT nepuog Bo 2-i rpynne y 6onb-
WMHCTBA MBOTHbIX HabMoOfany CHUXKEHME CTemneHu
6GaKTepuasbHOM KOHTaMVHALMK, @ TakXKe MOJIHOE Ouu-
weHne paH. CTaTUCTUYECKI aHaNW3 NoKasaJs, YTo npu
MMMYSIbCHOM BbICOKOMHTEHCMBHOM  LUMPOKOMONIOCHOM
unu TpaguumoHHom YO obnyueHumn paH Ha 10- geHb
BbIsiIBleHa AOCTOBEpHAas pasHuua B 3eKTUBHOCTYU
neyeHus B oTHowweHun Staphylococcus aureus v Klebsiella
pneumoniae No CPaBHEHWNIO C MECTHOW Me[MNKaMEHTO3-
HOW Tepanuen.

CnepoBaTefibHO, MPYMEHEHME VIMMNYJIbCHOMO BbICOKO-
VNHTEHCMBHOIO LIMPOKOMONIOCHOTO 06JTyUYeHrs paH 3asB-
NEHHbIM CMOCOOOM CHUPKAET KOHTAaMVHALMIO MATOreHHbIX
MUKPOOPraHM3MOB, KaK FpPaMMOTPULATENbHbIX, TaK W
rPamMMIMONIOXNTENbHbIX, B 00fIee paHHUE CPOKM B OTAINUMNE
OT TPAAULMOHHbBIX MeIKaMEHTO3HbIX METOOB MECTHOTO
NeyeHVst U TPAAULMOHHOTO YNbTpaduroneToBoro obnyye-
HUA paH.
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A.E. Uenmax, A.H. MuweHko, B.A. Kyptykos, f1.H. LLloixer, 1.B. Kynewosa
IhheKTMBHOCTb NANNUATUBHOI (HOTOAUHAMMUYECKON TEPanuUN Hepe3eKTabenbHbIX 3710Ka4eCTBEHHbIX
HOBOO06PAa30BaHMii XENYeBbIBOAALLENA CUCTEMBI. CUCTEMATHYECKHIA 0630p M METaaHaNKU3

DPPEKTUBHOCTb MAJIJIMATUBHOU
OOTOONHAMUYECKOU TEPATNMM Y TTALUMEHTOB

C HEPE3EKTABEJIbHbIMWN 3JTOKAYECTBEHHbIMU
HOBOOBPA3OBAHNAMU XEJTHEBbIBOOALLEN CUCTEMBI.
CUCTEMATUHECKMHN OB3OP 1M METAAHAJING

A.E. Uenmax', A.H. Muwenko?, B.A. Kyprykoe?, 4.H. LLonxet!, N.B. Kynewosa'
TANTAMCKMI TOCYAAPCTBEHHBIN MEAMLMHCKMIA yHuBepcuTeT, baphayn, Poccuma
Topoackas 6onbHuua Neb5, baprayn, Poccua

Pesiome

CucTemaTyecknin 0630p 1 MeTaaHanu3 HanpasneHbl Ha OLEHKY 3GPeKTUBHOCTY NannnaTneHon GpotoamHammueckoin Tepanuv (OAT) y nauyeHToB
C Hepe3eKTabenbHbICM 3/10KaYeCTBEHHbIMYI HOBOOOPa30BaHNAMU XKeMUYeBbIBOASALLEN CUCTEMDI C LieSiblo 060CHOBaHMWSA LenecoobpasHOCTY BKIIO-
yeHusa O[T B KOMMEKCHOE fleyeHre faHHOW KaTeropumn nauneHToB. PaccMoTpeHbl ny6nukaumm B 6asax PubMed Central, 6ubnnorpaduueckon
6a3e faHHbIX HayuyHoro uutMpoBaHua PUHL, 6nbnnoteke Cochrane. [eTeporeHHOCTb OLEHMBaNW rpaduryeckyl, NCronb3ys NecHble Auarpammbl,
N CTaTUCTUYECKHN, UCMONb3Ya CTAaTUCTMKY tau? 1 12 MeTaaHanus NATUAETHEN BbPKMBAEMOCTY BbIABW CTAaTUCTUUYECKM 3HAUMMO 6OMblUyto O6LYy0
BbIKMBAaeMOCTb NpY 06beAVHEHHOW oLeHKe B rpynnax, rae npumenanu OOT - 339+161 gHeir (95% AW 25-710; p < 0,001) no cpaBHEHUIO C Fpyn-
namu, rae OAT He npyMeHanu — 83116 gHen (95% W 33-100; p < 0,001). [eTeporeHHOCTb UCCIEAOBAHMIA Oblna MPU3HaHA CTaTUCTUYECKN He3HaUN-
Mol (I2 = 29%, p = 0,23). MeTaaHann3 pa3HULIbl PYCKOB HeXemnaTesibHbIX SABMIEHUI BbISBMN CTaTUCTUYECKN 3HAUMMO MeHbLIMI puck (-0,2306; 95%
N -0,3917-0,0696; p = 0,005) HexxenaTenbHbIX ABNeHWI nocne OAT no cpaBHEHWIO C rPynnol CpaBHeHUA. [eTeporeHHOCTb nccnefoBaHuii bbina
npu3HaHa CTaTUCTMYecKn HesHaunmon (1> = 0%, p = 0,35). 3HauMMbIX My6AMKALMOHHbIX OLIMOOK 1 NPEAB3ATOCTU B 060UX MeTaHaNN3ax BblABIEHO
He 6bin10. [peacTaBneHHbIN MeTaaHann3 npogemMoHcTprposan, 4to OAIT moxeT 6biTb METOAOM BbiGOpPa NPU NanINMaTUBHOM KOMIMIEKCHOM Jieye-
HVW NaLMEeHTOB C Hepe3eKTabeNbHbIMM 3N10KaueCTBEeHHbIMY HOBOOOPA30BaHNAMM »KeNTYeBbIBOAALMX MPOTOKOB, YBENNUMBAOLWMM MATUIETHIO
BbIKBaeMOCTb MaLeHTOB HapAAy C OTCYTCTBMEM MOBbILEHHbIX PYCKOB NMOCeonepaLiOHHbIX OC/IOXKHEHWI B CPaBHEHUN C APYTUMW MeToAaMM
NanInaTBHOIO XUPYPrUYECKOro feyeHus.

KnioueBble cnoBa: 3/10KauyecTBeHHble HOBOOOPA30BaHWsA XXeNUueBblBOASALLEN ccTembl, GOTOANHAMMYECKas Tepanus, MeTaaHanms.
KouTtakTbi: Llerimax A.E., e-mail: alevtsei@rambler.ru

Onsa yntnposaHus: Lienimax A.E., Muwenko A.H., Kyptykos B.A., LorixeT f.H., KynewoBsa W.B. 2ddeKTMBHOCTL NanimatneBHon GoToanHamMmnyeckom
Tepanuu HepesekTabeNibHbIX 3/10Ka4eCTBEHHbIX HOBOOOPA30BaHMIA xenueBblBoAALLel cuctembl. CuctemaTtnyecknini o63op 1 metaaHanus // Bio-
medical Photonics. — 2024. - T. 13, N 2. - C. 34-42. doi: 10.24931/2413-9432-2024-13-2-34-42.

EFFECTIVENESS OF PALLIATIVE PHOTODYNAMIC THERAPY
FOR UNRESECTABLE BILIARY CANCER. SYSTEMATIC
REVIEW AND META-ANALYSIS

Tseimakh A.E.!, Mitshenko A.N.2, Kurtukov V.A.?, Shoykhet la.N.!, Kuleshova I.V.!
'Altai State Medical University, Barnaul, Russia
2State hospital Ne5, Barnaul, Russia

Abstract

A systematic review and meta-analysis was aimed to assess the effectiveness of palliative photodynamic therapy for unresectable malignant
tumors of the biliary system in order to justify the feasibility of including photodynamic therapy (PDT) in the complex treatment of this cate-
gory of patients. Publications in the databases PubMed Central, the bibliographic database of scientific citations of the RSCI, and the Cochrane
library were considered. Heterogeneity was assessed graphically using forest plots and statistically using tau? and I° statistics. A meta-analysis
of 5-year survival revealed a statistically significantly longer pooled estimate of the survival period in groups where PDT was used — 339+161
days (95% Cl 25-710; p < 0.001) compared to groups where PDT was not used — 83+16 days (95% Cl 33-100; p < 0.001). Heterogeneity among
studies was found to be statistically insignificant (1> = 29%, p = 0.23). A meta-analysis of the risk difference for adverse events revealed a sta-
tistically significantly lower risk (-0.2306; 95% Cl -0.3917-0.0696; p = 0.005) of adverse events after PDT compared with the comparison group.
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Heterogeneity among studies was found to be statistically insignificant (1> = 0%, p = 0.35). There were no significant publication biases in
either meta-analysis. The presented meta-analysis demonstrated that PDT may be the method of choice in the palliative complex treatment
of patients with unresectable cholangicarcinomas, increasing the five-year survival of patients along with the absence of increased risks of
postoperative complications in comparison with other methods of palliative surgical treatment.

Key words: cholangiocarcinoma, photodynamic therapy, meta-analysis.

Contacts: Tseimakh A.E., e-mail: alevtsei@rambler.ru

For citations: Tseimakh A.E., Mitshenko A.N., Kurtukov V.A., Shoikhet la.N., Kuleshova I.V. Effectiveness of palliative photodynamic therapy for
unresectable biliary cancer. Systematic review and meta-analysis, Biomedical Photonics, 2024, vol. 13, no. 2, pp. 34-42. doi: 10.24931/2413-

9432-2024-13-2-34-42.

BBepgeHune

Pak 6unrapHoro TpakTa ABNSETCS PeaKo OHKOMornye-
CKOW NaTonoruen, B KOTOPYH BXOAAT AVNCTaNbHaA U NMPOKCY-
MaJibHasA XONlaHIMOKapLMHOMa, PaK XenyHoro ny3bipsA [1, 2,
3]. CrpyKTypa 3ab0neBaeMoCTy 1 IETANIbHOCTb NpY bunmap-
HOM paKe OLIeHMBAETCA COBMECTHO C renatoLeIoNApHbIM
pakom [1]. ABnsAAcb ogHOW U3 Hanbonee PeaKnx OHKONO-
rMyecKux naTosnornii, OLEHBAaeMON COBMECTHO C rernarto-
LLeNJTIoNAPHBIM PakoM C PacrnpoCTpPaHEHHOCTbIO BCero 6,7
cnyyaeB Ha 100 TbiC. HaceneHms, 3NoKayecTBeHHble HOBO-
006pa30BaHMs XKeNUEBbIBOAALLMX MPOTOKOB MMEIOT OfiHY U3
Haunbornee BbICOKIMX 061X NeTanbHoCcTel (35,2%) 1 netanb-
HOCTEl Ha NepPBOM rofly C MOMEHTa YCTaHOB/EHMA ArarHo3a
(66,8%) [1,2,3,4,5].

HecmoTps Ha pa3BrTie METOA0B NTyYEeBON N XUMMOTEpa-
MK, OCHOBHbBIM METOLOM JleueHrsi OBUNMAPHOTO paKa oCTa-
eTca xupypruyeckmin. OfHaKo Ha MOMEHT NOCTaHOBKM Ava-
rHo3a 57,3% naumeHTOB y>e nMeloT 3anyLueHHyo IV ctagumio
OCHOBHOTO 3aboneBaHus, a 80,3% NauMeHTOB MMEIOT 3ary-
LLEHHBIA UM MECTHO pPacnpoCTpaHeHHbIN npouecc [1, 2].
Takum o6pazom, 6onee 80% MaLMEHTOB BO3MOXKHO MPOBe-
JeHVie N1LLb NaJTMATMBHOTO JIEYEHUS], [TIABHbIM KOMMOHEH-
TOM KOTOPOrO ABMIAETCA YCTPAHEHUE MKM3HEYrPOXKaloLLMX
OCJI0MHEHMI OCHOBHOTO 3a601eBaHWA, TaKMX Kak 0O6CTPyK-
TVIBHAA XeNTyxa 1 XonaHruT [4, 5, 6].

OpHVYM 13 METOLOB NaNIMATMBHOIO JleYeHUs, JOMos-
HAOLLMX XMPYPrMYeckoe neveHre, senaeTcsa GotogrHamu-
yeckas Tepanua (OOT). OOT — 510 meTog neyeHns 3nokave-
CTBEHHbIX HOBOOOPa30BaHWIA, NPV KOTOPOM MPOBOAUTCS
061yyeHe onyxonu CBETOM OnpeaeneHHON AIMHbI BOJTHbI,
NPVIBOASALLMM MOJIEKYNbl M30MpaTeNibHO HaKarvBatoLle-
rocsi B TKaHM OMyXoJu CreLvanbHOro BellecTBa — GOTOCEH-
C1buN3aTopa, B BO30YKAEHHOE COCTOSIHKIE B MPUCYTCTBUM
Kucnopopga. ObpasyoLumecs B pesysbraTe 3TOro akT/IBHble
bopMbI KUCIIOPOAA NPYBOAAT OMYXOJEBbIE KNETKM K rmbenm
nyTeM arionTo3a, Hekpo3a 1 aytodaruu. MepsbiM ycreww-
HbIM npuMeHeHviem QT Npw NanMaTMBHOM JIEYEHUN PaKa
6unuapHoro TpakTa 6bin onybnukosaHHbIN McCaughan u
COaBTOPaMU KIIMHUYECKNIA Npumep [7], ¢ KOTOporo Hava-
nocb nsyyeHue snmaHvA OOT Ha 310KayeCTBEHHbIE HOBO-
06pa3oBaHMs XeNueBbIBOAALLMX MPOTOKOB. MpoBefeHHble
B 2015-2023 rT. uccnepoBaHus adpdektneHoct OAT npu
pake 6VIMapHOro TpaKTa fain ObHafeKMBakoLwe pesyb-

TaTbl, rOBOpALLYME O NepcrneKkTuBHocT Metoga OAT B nannu-
aTVIBHOM JleuyeHn AAaHHOW KaTeropum naumneHTos [8, 9, 10,
11, 12, 13]. K ocHoBHbIM npenmyLiectBam QLT oTHOCAT ee
6e30MacHOCTb 1 OTCYTCTBUE MOOOUHBIX SPPHEKTOB MO CpaB-
HEHUIO C XMMOTepPaneBTUYECKUMM METOAAMU JIeUEHA NPU
HaMMuUKM  TepaneBTUYecKoro 3¢dekTa, NPeBOCXOAALLEro
pe3yrnbTaTbl leyeHna 6e3 ncnonbosaHna OAT.

Hactoawmn cructematuueckmin o630p M MeTaaHanu3
Hanpae/feHbl Ha OLUeHKY 3¢GQEKTMBHOCTA ManMaTUBHOWN
®OIT y naumeHTOB C Hepe3eKTabenbHbIMY 3/I0KaUeCTBEH-
HbIMM HOBOOOPA30BaHVAMM »KEMUEBbIBOAALLEN CUCTEMDI C
Lesiblo 000CHOBaHKA LenecoobpasHocT BKtoueHus OOT
B KOMMNEKCHOEe fleyeHne JaHHOW KaTeropuu MauyeHTOB.
[nAa peann3aumm NOCTaBNEHHOM NPV NOATOTOBKE CUCTEMA-
TUYeCKoro o63opa 1 MeTaaHanm3a Lenm Heobxoanumo Obi1o
peLwunTb 3aaaun:

1) oueHuTb 6e3onacHocTe OAT npy NanNIMaTBHOM neye-
HAM MAUMEHTOB C Hepe3eKTabenbHbIMK  3/10Kave-
CTBEHHbIMM HOBOOOPA30BAHUAMY  KESTUEBbLIBOASLLEN
CUCTeMbI;

2) OLEHUTb MATWUETHIOK BbIXKMBAEMOCTb MOC/IE MPUMEHE-
HYA nannuateHon QAT y naLneHTOB C Hepe3eKTabenb-
HbIMM 3J710KaYeCTBEHHbIM HOBOOOPA30BaAHMSIMUA »KeJ-
UeBbIBOAALLEN CUCTEMBI.

MaTtepuanbl n metoabl

Cuctematyecknin 0630p NpPoBefeH B COOTBETCTBUM C
pekomeHpaumnamu «Preferred Reporting Items for Systematic
reviews and Meta-Analyses» (PRISMA) [15]. inqa BkntoueHUs
B CUCTEMATMYECKII 0630p ObIIN PacMOTPeHbI MybnmKaumm
B OTKPbITbIX UICTOYHMKAX HA PYCCKOM U aHIIMIACKOM s3blKaxX
B 6a3ax PubMed Central (nHTepHeT-agpec: https://www.
ncbi.nlm.nih.gov/pmc/), bubnuorpacduueckoii 6aze faHHbIX
HayuHoro uutrposaHus PUHL (nHTepHeT-pecypc e-library.
ru), 6ubnuoteke Cochrane (MHTepHeT-agpec: https://www.
cochranelibrary.com/). Mowck cTaTtelr B 3Tux 6a3ax NpoBo-
JWNCA C NCMONb30BaHMEM KITHOUEBbIX CJIOB — GOTOANHAMY-
ueckan Tepanus (photodynamic therapy), xonaHrnokapuu-
Homa (cholangiocarcinoma). CtpaTtervisi moucka BKJoYana
BbISIB/IEHME TOJIHOTEKCTOBbIX CTaTell, MPEeACTaBALMX
MaTepuvasnbl U pPe3ynbTaTbl KAVMHUYECKUX WCCIEQOBAHNI.
3arofioBKK, aHHOTALMM U MOJIHbIe TEKCTbl MOTEHLMANIbHO
MOAXOAALLMX CTaTel OblIn NPOBEPEHbI ABYMSA UCCIeloBa-
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Unenrudukarws/
Identification

TlyGnukarmu, 1aeHTHUIIIPOBAHHEIE B OTKPHITHIX ICTOYHNKAX B 6azax PubMed Central (n — 257), 6u6nuorpadudeckoii
6ase maHHBIX HayuHoro nutupoBaHms PUHIT (n— 123), 6utmnorexe Cochrane (n —42) 3a nepuoz ¢ Mapta 1998 1. mo
sHBapb 2024 . OrpaHirdeHns — pyccKuii 1 aHrImiicknii s361ku / Publications identified in open sources in the databases
PubMed Central (n —257), the bibliographic database of scientific citations of the RSCI (n — 123), the Cochrane library (n
—42) for the period from March 1998 to January 2024 Restrictions — Russian and English languages

|

CxpuHHHT/
Screening

YHHJICHH CHCTEMAaTH3IIPOBAHHEBIE 0630]3}.], MeETa-aHalll3bl, Hy6J'II/IpVIOIIII/Ie CTaThH, SKCIIEPUMEHTAIIPHBIC ICCIECNOBAaHUI Ha
JKHBOTHBIX, TE3HCHI, ITIICbMa B PEAAKIINI0, KOMMEHTAapUU K CTaTbjiM, KIIITHITYECKHE HEIG.TIIOZ[CHI/DI 1 cepuN KIIMHIYIECKUX
ciygaeB (n—395) / Systematized reviews, meta-analyses, duplicate articles, experimental animal studies, abstracts, letters
to the editor, comments on articles, clinical observations and case series were removed (n —395)

|

ITpuemnemocts/
Eligibility

D)

IT0IHOTEKTOBBIE CTATBH, OLIEHEHHBIE, KAK KAHAMIATHI UL
BKIF04eHns B 0630p (n— 27), B ToM 4ucie B 6azax PubMed
Central (n — 25), 6u6morpadirdeckoii 6a3e TaHHBIX HAayIHOTO
mutnposanns PUHIT (n— 1), 6u6mmorexe Cochrane (n— 1)/

Full-text articles assessed as candidates for inclusion inthe =
review (n —27), including in the PubMed Central database (n —
25), the bibliographic database of scientific citations of the
Russian Science Citation Index (n — 1), the Cochrane library (n

HckmoyeHHEIe TOTHOTEKCTOBEIE CTAaThI, I7ie He
IpeICTaBIeHbl HEOOXOAIMbIE JaHHBIE IICCIe0BaHNA (1
—17), npencraBneHa kom6uHupoBanHas OIAT (n—7),
MpeXXIeBPEMEeHHO 3aKphIToe HccaenoBanne (n— 1) /
Excluded full-text articles that did not present the
necessary study data (n— 17), combined PDT (n—7),
prematurely closed study (n—1)

Brirouenne/
Enrollment

HWccnenoBanus, BKIOYeHHBIE B 0030p (n— 2) / Studies included in the review (n — 2)

Puc. 1. Cxema npoBejeHUss cucteMaTu4ecKoro o63opa U metaaHanusa B COOTBETCTBUM ¢ peKomeHaauuamu PRISMA [15].
Fig. 1. Scheme for conducting a systematic review and meta-analysis according to PRISMA guidelines [15].

TeNnAMU He3aBUCUMO APYT OT Apyra. PasHornacua paspeLua-
NINCb TPETbUM UCCIeOBaTENEM.

Ha stane upeHtndwmkauymm 6bino otobpaHo 422 ony-
GNMKOBAHHBIX MOJTHOTEKCTOBbIX CTaTel, OMybMKOBAaHHbIX
B nepuioa ¢ MapTa 1998 r. no aHBapb 2024 r. (puc. 1) Ha
3Tane CKPUHUPOBaHVA Gbl NCKITIoUeHb! 395 ny6GnuKauuii:
yOaneHbl CMCTEMAaTU3MPOBaHHble 0630pbl, METa-aHan3bl,
ZybnvpytoLe cTaTby, SKCNeprIMEHTasIbHbIe MCCIEAO0BAHNA
Ha >KMBOTHbIX, TE3KCbl, MMCbMa B PeAaKLMio, KOMMEHTapuK K
CTaTbsIM, KNUHUYECKME HAOIIOAEHMS U CePUU KITIMHYECKIX
cnyyaeB. B pe3ynbrate MHOrosTanHoro otbopa 6 BKo-
YeHbl 27 HayYHbIX Mybnukauumin.

MpriemnembiMy CUMTaNCb ONy6NIMKOBAHHbIE NCCIenO-
BaHWA, COOTBETCTBYIOLUME CefyIOLWMM KPUTEPUAM BKITHO-
YeHus:

1) B uccnenoBaHmv NPoBoauIach oleHKa 3GpGeKTUBHOCTA
OIOT npu NannMaTMBHOM JleUYeHUN HepeseKTabenbHoM
XONAHIMMOKAPLMHOMbBI B paMKax afblOBaHTHOrO BO3-
pencteus. Nccneposarna Bosgenctausa OOT B pamkax
HeOa[lblOBAaHTHOIO NleueHs, MO0 Y NALMEHTOB C pe3eK-
TabenbHOW XONaHMMOKaPLIMHOMOW CKITHOUaNINCh;

2) B CC/IEAOBAHMN NMPOBOANACH OLIeHKA 3GdEKTUBHOCTY
MoHoTtepanuu QAT. iccnenosaHyia KOMOUHMPOBAHHOTO
Bo3genctena OLOT n gpyryx MeTOfoB BO3QENCTBYSA,
TaKMX KaK XMMMOTepanus 1 siyyeBas Tepanusi, 6e3 MOHO-
Tepanuun OIT, nckntoyanmce;

3) B UccnefoBaHmM NPYBOAMNOCH AOCTAaTOYHO AaHHbIX A1
OLeHKM MATWUNETHEN BbIXKMBAEMOCTH, aHaNM3a Hexena-
TeNbHbIX ABMEHWUI COMMacHO METoAMKe MeTaaHanusa,
OLIEHKe pUCKa CUCTEMATUYECKIX OLLMOOK, a TaKKe Obln
onucaHbl Bce napameTpbl nposoavmon OAT.

Ha 3Tane oueHKuM KpuTepreB npuemnemMoctu Obinw
WCKMoYeHbl 25 cTaTtel B TOM uncne 17 nybnukaumin B
CBA3U C HeJoCTaloWMMN JaHHbIMK (Habop B uccneno-
BaHUA He Obin 3aBeplUeH, He yKa3aHbl HeXenaTelbHble
ABNEHNA, HE KOHTPONMPOBANAch MATUNETHASA BbPKMBae-
MOCTb, He NpeACTaBieH MOMHbIN AW3aliH UCCIe[oBaHNA);
7 nybnukauuii — B cBA3m ¢ uccneposaHvem OAT B coueTa-
HUK C MeToZaMM XMMOTepPanuUn 1/vinm Apyroro Jy4eBoro
BO3aencTBumA; 1 nccnefoBaHre — B CBA3N C NpeXKaeBpe-
MEHHbIM 3aKPbITUEM NCCIedOBaHNA 1 HEBO3MOMXHOCTbIO
KOPPEKTHOrO pacyeTa MATUIETHEN BbIXKMBAEMOCTbHO.
Takum 06pa3om, aHanM3y B CUCTEMATMYECKOM 0630pe U
MeTaaHasnu3e 6bisIo NOABEPrHYTO 2 HayuHbIX NybnKaumm.

[Npwr oLEeHKe MeTOAONOrMYECKOro KauecTsa 1cciegoBa-
HUA NPOBOAMAM aHaNM3 COOTBETCTBMA [AM3aliHa 3afjayam
NCCNefoBaHNsA, OLUEHKY KOPPEKTHOCTM CTaTUCTMYECKOro
aHanM3a M ero COOTBETCTBMA [M3aliHy WUCCNefoBaHNA,
OLIEHKY PUCKA CMCTEMATUYECKMX OWMOOK B MCCNIEoBa-
HUK. OLEHKa pUCKa CUCTEMATUYECKNX OLUIMOOK (CMeLLeHs
pe3ynbTaToB) B PaHAOMU3NPOBAHHBIX NCCed0BaHUAX MPO-
BefleHa C MCMosb30BaHEM afanTMPOBAHHOW 1 Bannansm-
POBaHHOW PYCCKOM BepCMM BOMPOCHMKA KOKpaHOBCKOro
coTpyaHuyecTBa [16]. AHanu3 prcka cMcTeMaTMyeCKmX oLm-
60K B HEPAHIOMM3MPOBAHHBIX CPAaBHUTESIbHbIX MCCNIEA0BA-
HUAX «CYYal-KOHTPONb» OCYLUECTBAANM C NMPUMEHEHVEM
COOTBETCTBYIOLLMX BONPOCHNKOB Hbtokacn-OTtTaBa [17].

CTatmcTYeCcKnii aHanm3 BbINMOJHEH C MOMOLLBIO MaKeTa
nporpamm Sigma Plot, Bepcua 14.0 (PerncTpaumnoHHbIi
Homep 775400014), meTa-aHan3 BbIMNOSIHEH C AOMOSTHUTESb-
HbIM MCMOMb30BaHKeM rpadurueckoro pegaktopa Cochrane
RevMan Web Version: 7.5.0. Jonn nHanemayanbHbix ncce-
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[IOBaHWI C MOKA3aTeNAMU BbXKMBAEMOCTU (B [HAX), HEXeETa-
TeNbHbIMY ABNIEHUAMU Oblyia 00beIMHEHbI C MOMOLLbIO ABOVI-
HOrO aPKCMHYCHOro npeobpa3oBaHvs (npeobpa3oBaHus
OprimaHa-TbioKn). [eTeporeHHOCTb OLeHNBaNV rpadryecky,
UCMONb3ys NIECHbIE AVArPAMMbI, I CTaTUCTUYECKN, UCMOMb-
3yA cTaTUCTUKy tau® u I Vicnonb3osanu mogenb ¢ GUKCMPOo-
BaHHbIMU 3ddeKTamMy, NOCKONbKY HEOOHOPOAHOCTb Oblia
CTaTUCTUYECKN He3HaunTeNIbHON. CTaTUCTUKA tau? oTpakaet
CTeneHb BapriaLn PacipoCTPAHEHHOCTI, Habnogaemol B
pa3HbIX nccnenoBaHusXx. I 0%-39% cumtanacb CTaTucTUYe-
CKW He3HauMOW reTeporeHHOCTbio, 40-75% Kak ymepeHHas
reteporeHHoCTb N 76%-100% Kak 3HauMTesnlbHasA HeodHO-
POAHOCTb CPaBHMBAEMbIX MCCIefOBaHMI. 3HayeHre p > 0,05
ObI/I0 NPUHATO, KaK OTBEPratoLLee HyNeBYHO MANOTe3Y O TOM,
UTO MCCNIefOBaHUA HEOAHOPOAHbI. JddeKT nybnukauum n
cucTeMaTUyeckas oLIbKa 0Tbopa B CBOAHbIX OLIEHKaX Obln
npoBepeHbl C NOMOLLBIO TecTa berra-Masymaapa. MNpeas3sa-
TOCTb NYGNMKALWN OLEHMBANM NMyTeM MOCTPOEHNUA BOPOH-
KooOpa3HbIx rpadrkoB. 3HaueHue p < 0,05 6blIo NPUHATO,
KaK CTaTUCTUYECKM 3HAUVMOE [J1A NMOATBEPXKAEHNSA HYNIEBO
rMnoTesbl.

Ta6nuupa 1

PesynbraTbl nccnegoBaHnA

Bce wuccnepoBaHnA, ygoBneTBOpABLUME  KPUTEPUAM
0oT60pAa, ObINV CPABHUTENBHBIMM MPOCMNEKTBHBIMU. V3 ABYX
NCCNefoBaHWI, BKIIOYEHHBIX B CUCTEMATUYECKUIA 0630p
U MeTa-aHa/n3, ofHO Obl1O PaHOAOMU3VMPOBAHHBIM, OfHO
6bl10 KOrOPTHBIM HEPAHAOMM3MPOBAHHBIMU. [pun oLeHKe
prICKa CUCTEMATYECKIIX OLLUMOOK BCe NCCIIe[OBaHUA XapaK-
TEePU30BaNIUCb BbICOKMM METOAOSNIOMMYECKUM KauyeCTBOM
(Tabn. 1). Bce nccnepgoBaHUs XapakTeprsoBanucb afeKBaT-
HbIMV METOAMM CTAaTUCTUYECKON 0OPabOTKMN pe3ynbTaToB
VCCNeOBaHNM B COOTBETCTBUM C 33a4aMm U AV3alIHOM X
BbIMOIHEHMA.

XapakTtepuctrka metogos OOT B ccnefoBaHUsAX, BKIO-
YEHHbIX B cUCTeMaTMYecKuii 0630p 1 MeTaaHanus, npep-
CTaBnieHa B Tabn. 2.

B uccneposaHum Lenmaxa A.E. n coasrt. (2023) 6bina
13yyeHa 3GPeKTMBHOCTb MHTPANIOMUHANIBbHOW TOKANIbHOW
n cuctemHort OAT y NaLMEHTOB C Hepe3eKTabesbHbIMM
3/10Ka4yeCTBEHHbIMU HOBOOOPa30BaAHMSAMU XKENUYEBbIBOAS-
el cuctembl. B ocHoBHo rpynne 6biio 5 naumenTos c il
n 5 naumeHToB ¢ IV cTtagmnen no knaccudukauum TNM.

OueHKa pUcKa cucteMaTMyecKux olMBoK B uccnepoBaHusax addeKTMBHOCTU uccnegosaHuin apdekrusHoctn ®AT
Hepe3eKTabeibHbIX 3/I0Ka4eCTBEHHbIX HOBOOGPa30BaHUi XeN4eBbIBOASLLENA CUCTEMDI

Table 1

Assessing the risk of bias in efficacy studies of PDT efficacy studies of unresectable biliary tumors

Kputepuin pucka cucrematnye-
cKoW olun6KuM (oueHKa B 6annax) B
KOFOpTHbIX HEPaHAOMU3POBaH-

HbIX nccnepgoBaHuAx [17]

Lienmax A.E.
n ap. (2023) /

AlBNAeTCA N SKCMOHMPOBaHHasn
Koropta penpeseHTaTBHon? / Is the 1
exposed cohort representative?

Kaknm o6pasom bblna chopmmnpoBaHa
He3KCMOHMpPOBaHHas KoropTa? / How 1
was the unexposed cohort formed?

Kakrm ob6pa3om 6bi ycTaHOBNEH GaKT
BO3AeNCTBMA 13yvaemoro daktopa? /
How was the fact of the influence of
the studied factor established?

Bbifo N1 NOATBEPXKAEHO OTCYTCTBUE
VHTEPECYIOLLEro NCXoa B Havane
ncenegoanna? / Was the absence of 1
the outcome of interest confirmed at
baseline?

Kputepuin pucka cucremaTmyeckom owin6ku
(oueHKa B 6annax) B paHAOMMN3NPOBaHHbIX

nccnegoBaHnax [16]

MeTog paHgomMu3aLum (cuctemaTmyeckas owrbKa
pacnpefeneHusa nauvMeHToB No rpynnam) /
Randomization method (systematic error in the

Husknin puck /
Low risk
distribution of patients into groups)

CoKpbITUE PaHAOMU3ALNOHHOA

nocnepoBaTebHOCTY (CUCTeMaTUYecKas olunbKa
pacnpefeneHnsa nauMeHToB no rpynnam) /
Concealment of the randomization sequence
(systematic error in the allocation of patients to

Huskuin puck /
Low risk

groups)

«OcnenneHne» NauMeHTOB N MeANepcoHana
1 (MacKMpoBaHVe/COKPbITVE BMELLATENbCTBA OT
MaLVeHTOB N MEAMEPCOHasa) B MpoLecce ieyeHns
(cncTematryeckas owwrbKa NCMONTHEHNA; MOXET
OLIEHVBATbCA OTAENbHO OT KaXAoro Ncxopa) /
Blinding of patients and staff (masking/concealing
the intervention from patients and staff) during
treatment (performance bias; may be assessed

Huzkuin puck /
Low risk

separately for each outcome)

npOI'IyCKI/I B [laHHbIX 06 ncxopax (cuctemaTnyeckasn

flBnATCA N CpaBHVIBaeMble KOropTbl
conocTtaBumbiMn? / Are the comparing 1
cohorts comparable?

Kakoi nctouHmk nHpopmaumm o6
ncxogax ncrnonbsosanca? / What
source of outcome information was
used?

olmnbKa Nponycka AaHHbIX; MOXKET OLeHUBaTbCSA
oTAeNbHO AnA Kaxgoro ncxoga) / Missing outcome
data (missing data bias; may be assessed separately

Husknin puck /
Low risk

for each outcome)

MpencTaBneHne pesynbraToB MCCeAO0BaHMA
(cucTemaTnyeckas olmnbKa npeaCcTaBneHns
pe3ynbraTtoB uccnepoBaHus) / Presentation
of research results (systematic error in the

Husknin puck /
Low risk

presentation of research results)
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Bblna N1 NpogomKUTENbHOCT
HabnogeHNs JOCTaTOuHON AnsA

rme BO3MOKHble€ NCTOUYHUKN CUCTEMaTUNYECKNX
BO3HVWKHOBEHUA NMHTEPECYIOLWNX 1 ﬂ'py

ownbok / Other possible sources of systematic i ERL LA

ncxopos? / Was the duration of errors Low risk
follow-up sufficient for the outcomes
of interest to occur?
OTMOJSTHUTENbHBIN NCTOYHUK CUCTEMATNYECKNX Heonpepeneh-
Kak I 10bIBaHME NaumeHToB? A by v
aKoBO 6bino BLIGLIBaHNE NaLEHTOB 1 oLWn60K: KOHGNUKT MHTepecos / Additional source HbIl pUCK /

/ What was the patient attrition rate?

of bias: conflict of interest Uncertain risk

O6Lasn oLeHKa METOAOOrMYECKOro
kauectBa / Overall assessment of
methodological quality

06112 oLEeHKa METOA0MOMMYEeCKOro KayecTtsa /

Bricokoe / High Overall assessment of methodological quality

Bbicokoe / High

Bbicokoe MeTofonornyeckoe KauecTso, Npw HA3KOM PUCKe BCeX
OLWMNOOK MM HeonpefeneHHOM PUCKe OAHON CUCTEMATUYECKON
ownbkun / High methodological quality, with low risk of all biases or
uncertain risk of one bias

YAOBNEeTBOPUTENIbHOE METOAONIOMMYECKOE KauyecTBO, Npu
HeornpeneneHHOM pUcKe ABYX 1 bonee crcTeMaTUyecKx olmnboK /
Satisfactory methodological quality, with an uncertain risk of two or
more systematic errors

Hu3koe meTogonormyeckoe KauecTso, MPU BbICOKOM PUCKe OfJHOM
n 6onee cuctematmueckon owmnbkm / Low methodological quality,
with a high risk of one or more systematic errors

Bblcokoe meToponornyeckoe kayecTso — 8-9 6annos /
High methodological quality - 8-9 points

YOoBneTBOpUTENbHOE METORONOMNYECKOE KauecTBO —
6-7 6annos / Satisfactory methodological quality — 6-7
points

Hwn3koe meTopgonoruueckoe kayectso — 0-5 6annos /
Low methodological quality — 0-5 points

Ta6nuuya 2
XapaKktepuctuka uccnegoanuii apdeKktuBHoctn GAT Hepe3deKTabeNbHbIX 3/1I0Ka4eCTBEHHbIX HOBOOGPa30BaHUM
JenyesbiBOASALLEN CUCTEMbDI, BK/TIOYEHHBIX B CUCTEMaTMYE€CKUI 0630p U MeTaaHan13

Table 2

Characteristics of studies on the effectiveness of PDT for unresectable malignant tumors of the biliary system
included in the systematic review and meta-analysis

BbKMBaemMoCTb OCHOBHOW rpynnbi/rpynnbi
CpaBHEHUA U HeXenaTtebHble ABNIeHNA
OCHOBHOI rpynnbi/rpynnbi cpaBHeHUA/

[o3a poToceHcMOGUNN3aTopa N TEXHUKA

UccnepoBaHune/AunsanH/ oAt/

®otoanTasuH 1-1,4 Mr/Kr 3a 5 u o 3Kcno3nymn

C AJIHOW BOJSTHBI 662 HM C 3KCMO3ULIMIOHHOMN 66+17 (95% OW/Cl 33-99)
no3oi ceeta 220 [I>k/cv?, NNOTHOCTbIO p<0,05
MoLLYHOCTY n3nyyeHus 0,22 Br/cm?/ 1/3

Photoditazine 1-1.4 mg/kg 5 hours before

exposure to a wavelength of 662 nm with an
exposure light dose of 220 J/cm?, radiation

power density 0.22 W/cm?

QoTodpuH 2 Mr/Kr 3a 48 4 [0 SKCMO3MLUN C
DJIMHOW BOMHbI 630 HM C 3KCMO3ULMOHHOW
no3oi ceeTa 180 [x/cm?, NIOTHOCTbIO
MOLLHOCTM U3nyyeHus 0,24 Bt/cwm?/
Photofrin 2 mg/kg 48 hours before exposure
to a wavelength of 630 nm with an exposure
light dose of 180 J/cm?, radiation power Serious adverse events: 2 cases of cholangitis
density 0.24 W/cm? complicated by sepsis.

MprmeyaHwne: p — cTaTMCTMYeCKan 3HaYMMOCTb Pa3NNUNIA Mexay OCHOBHOW FPynmnow 1 rpynmnoi CpaBHEHWA.
Note: p - statistical significance of differences between the main group and the comparison group.

1. Uenmax A.E. n gp.
(2023) [18] / OTKpbITOE
HepaHAOMM3NPOBaHHOE
cpaBHUTeNbHOE /

1. Tseimakh A.E. et al. (2023)
[18] / Open non-randomized
comparative

170+100 (95% AW/Cl 25-365)/

2.Ortner M.EJ. et al.
(2003) [19] / OTKpbITOE
paHZoMM3MPOBaHHOE
cpaBHUTeNbHOE /
2. Ortner M.E.J. et al. (2003)
[19] / Open randomized
comparative

4934217 (95% AWN/Cl 276-710)/
98+15 aHamu (95% LWN/Cl 83-100)
p < 0,001
9/13
Cepbe3sHble HexXenaTeNbHble ABNeHNs: 2 CyYas
XOJTAHIUTA, OCIIOKHEHHOTO CENCUCOM. /

M3 HMX 5 maumeHToB C MPOKCUMAsIbHOW XOJNAHrMOKap-
LUMHOMO: 2 6051bHbIX € TUMoMm ll, 2 6onbHbIX ¢ Tnom llla/
lllb, 1 6onbHoOM ¢ TNOM IV No Knaccudpukauum Bismuth-
Corlette. B rpynne cpaBHeHus 6b110 14 naumeHToB ¢ Il n
6 naumneHToB c IV ctaguen no knaccudukaumm TNM. U3
HUX 6 MALUWEHTOB C MPOKCMMAJIbHOW XOMaHTMoKapLu-
Homoli: 1 6onbHOM ¢ Tunom ll, 5 6onbHbIX ¢ TUnom llla/
lllb no knaccndukauymm Bismuth-Corlette. YctaHoBneHo
CTATUCTMYECKUN 3HAUMMOE YBESIMYEHVE BbIKUBAEMOCTU Y
nauveHToB, kotopble nonyyanu OAT ¢ megmaHon obLen
BbKMBaeMocTu 170+100 gHel (95% AU 25-365; p < 0,05)

NO CPaBHEHWMIO C FPYMNMNON CPaBHEHWUA, He MOyyYaBLUen
OOT ¢ meavaHon o6Lel BbPKMBAEMOCTU 66x17 aOHen
(95% [N 33-99; p < 0,05). HexxenaTenbHbIX ABNEHNIA, CBA-
3aHHbIX ¢ nNprMeHeHnem OT, BbisiBNeHO He 6bu1o [18]. Y
O[HOrO MauuMeHTa Oblla OCTpas MocTreMopparnyeckas
AHEMUS MOCJIE YPECKOXKHOTO YpecrneyeHOUHOro MOHOJIO-
6apHOro ApPeHVPOBAHUS XKENMUYHbIX MPOTOKOB MO MNOBOAY
MexaHnyeckom »entyxu. B rpynne cpaBHeHua y 2 nauyu-
€HTOB TFPYNMbl CPaBHEHWA OblIO BbISIBIIEHO BblMafjeHUe
UPECKOXKHOIo YpecrneyeHOUYHOro ApeHaxa C pa3BUTuem
XKeNYHOro neputoHuTa, y 1 nauveHTa Habnwoganacb
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nocneonepaLyoHHasa OCTpas remMopparnyeckas aHemus
nocne nPOBEAEHHOIO UYPECKOMKHOro YpecrneyeHOUYHOro
MOHOJI06aPHOIO APEHNPOBAHUS »KETUHbIX MPOTOKOB MO
MOBOAY MexaHn4ecKowm xenTyxu [18].

B nccneposanun Ortner MLE.J. et al. (2003) 20 nauveH-
TOB C Hepe3eKTabeNIbHbIMU 3/1I0KaYeCTBEHHbIMI HOBOOOPa-
30BaHNAMY XKENYEBbIBOAALLMX MPOTOKOB NOMYYanu UHTPa-
JIIOMVHAJIbHYIO JTIOKANIbHYIO U CUCTEMHYIO MOHOTepanuio
OAT, 19 naumeHTOB rpynnbl cpaBHeHUA He nonyyanu OAT.
B ocHoBHoOW rpynne 6bino 4 nauveHTa c lll n 16 nauneHToB
c IV ctagmein no knaccudukaumm TNM. Y3 Hux 20 naymeH-
TOB C NMPOKCMMaJIbHOW XOJTAHMMOKAPLIMHOMO: 4 60NbHBIX C
Tnom llla/lllb, 16 6onbHbIX ¢ TMNOM IV no Knaccudrkaumm
Bismuth-Corlette. B rpynne cpaBHeHWsA 6b110 3 naLmeHToB
clll v 16 naumenToB c IV ctaguen no Knaccudukaumm TNM.
M3 Hux 19 maymeHTOB C NPOKCMMAsNbHOW XOJaHrMoKap-
LMHOMOW: 2 6onbHOM ¢ Tunom Il, 2 6onbHbIX ¢ TUnom llla/
lllb, 15 6onbHbIX ¢ TMNOM IV no Knaccndurkauum Bismuth-
Corlette. YcTaHOBNEHO CTAaTUCTMYECKN 3HAUMMOE yBeNYe-
Hrie O6LLel BbPKMBAEMOCTY Y MALMEHTOB, KOTOpble Mojy-
yanu OT, ¢ meamaHol obLel BbiXKBaeMocTn 493+217
aHen (95% U 276-710; p < 0,05) no cpaBHeHMIO ¢ 98+15
aHamn (95% [N 83-100; p < 0,05) npu moHoTepanuu OOT
[19]. B ocHoBHOW rpynne 6bi10 2 cyyaa peakumm ¢oto-
YyBCTBUTENBHOCTY, 5 ClyyaeB XonaHruTa (U3 H1X 2 XomnaH-
MTa, OCNOXHEHHbIX CEMCUCOM), 2 CNlydasa CTeHo3a nocne
npvmereHus OLT. B rpynne cpaBHeHWs 6bi10 13 cyyaes
XOnaHruTa.

Bbin NpoBeaeH MeTaaHaNM3 C GUKCMPOBaAHHbIMU 3P deK-
TaMu NPONoPLUIA OTAENbHbIX UCCIIe0BaHNN 11 00beAHEH-
HOW1 OLIEHKOW 06LLEN BbPKMBAEMOCTM MOCSIe MOHOTEPaNumn
OOT (puc. 2).

MeTaaHanu3 BbIIBAN CTAaTUCTMYECKM 3HAUMMO 0O0Jb-
Wyto OOLLYI BbIKMBAEMOCTb MPU OO6BEAVHEHHON OLIEHKe
B OCHOBHbIX rpynnax, rge npumeHanace ®OAT, - 339+161
aHen (95% [ 25-710; p < 0,001) no cpaBHeHWIO C Fpynnamu
cpaBHeHus, rge OOT He npumMeHAnaco, — 83+16 aHen (95%
[ 33-100; p < 0,001). TeTepOreHHOCTb UCCneaoBaHNI Obina
Mpri3HaHa CTaTUCTNYECKN He3Haunmon (2= 29%, p = 0,23).

BeposTHOCTb Hanmuums Nyo6nMKaLoOHHOW OLWNOKM oLle-
HeHa Mpwv BU3yaslbHOM aHaNnM3e BOPOHKOODOpasHoOro rpa-
¢duKa (puc. 3), roe He 6bl1I0 OOHAPYKEHO BK3YasIbHOW 3Ha-
YVIMOV aCUMMETPUM WU HapYLLEHNA CTPYKTYpbl rpaduka,
a TOYKa MnepekpecTa HaxoautcAa B 06flacT OTCYTCTBUMSA
acummeTtpun (p < 0,01). Tect Berra-Masymaapa Tak e
rokasas oTcyTcTBMe nybnukaumoHHon ownbkm (Kendall's
tau b -1,0000; p=0,3173)

3atem 6bin NMPOBeAEH MeTaaHa/n3 PasHULIbl PUCKOB
HeXenaTesbHbIX ABJIEHUM B CPaBHMBAEMbIX Fpynnax (puc.
4), BbIABMBLUMIA CTaTUCTMYECKN 3HAUMMO MEHDBLUUA PUCK
(-0,2306; 95% 11 -0,3917-0,0696; p = 0,005) HeXXenaTenbHbIX
ABneHun nocne moHotepanuu QAT No cpaBHEHUIO C rpyn-
Mo cpaBHeHMs. [eTeporeHHOCTb UCCIefoBaHUA Obina npu-
3HaHa CTaTUCTNYECKM He3Hauumol (2= 0%, p = 0,35).

BeposTHOCTb Hanmums Ny6nMKaLoHHOM OLWNOKM oLle-
HeHa Mpwv BU3yaslbHOM aHasiM3e BOPOHKOODOpasHoro rpa-

Experimental Control
Study Mean SD Total Mean
Lleimax A.E. n ap. (2023) 170.00 100.0000 10 66.00 17.0000

Ortner M.E.J. et al. (2003) 493.00 217.0000 20 98.00 15.0000

Total (95% CI) 30
Heterogeneity: Tau® = 0.0826; Chi® = 1.42, df = 1 (P = 0.23); I = 29%

SD Total Weight

Std. Mean Difference
1V, Fixed, 95% CI

Std. Mean Difference
IV, Fixed, 95% CI

20 47.8% 1.73[0.84;2.62] ——
19 522%  2.48[1.63;3.34] ——
39 100.0%  2.12 [1.51; 2.74] -

LN I R B
3 2 1 0 1 2 3

Puc. 2. [ipeBoBuaHas guarpamma ¢ GpukcupoBaHHbiMU 3pPpeKTamu, AeMOHCTPUpYIOLLasa aHanuM3 NPoNopLUi OTAENbHbIX UCCIeA0BaHUN
1 06beAUHEHHYI0 OLIeHKY 00LLEeN BbIXKUBAEMOCTH nocne moHoTepanun ®/T.
Fig. 2. Forest plot of fixed effects demonstrating analysis of individual study proportions and pooled estimates of survival time following

PDT monotherapy.

S 4
o

0.1

Standard Error
0.2
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Ueamax A.E. n np. (2023) ®
T

PRI |

Ortner M.E.J. et al. (2003) @

T
1.5 20

T T
25 3.0

Standardised Mean Difference

Puc. 3. BopoHKooGpas3Hbii rpaduK AN OLEHKU BEPOATHOCTM HaIU4UA NyGAMKALUOHHON OWIMGKU B 06beAMHEHHOW OLEeHKe obLuen

BbIXXMBAeMOCTU nocne moHoTepanuu ®T.

Fig. 3. Funnel plot to assess the likelihood of a publication error in pooled estimates of survival time following PDT monotherapy.
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Experimental

Control

Risk Difference Risk Difference

Study Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Lleiimax A.E. u ap. (2023) 1 10 3 20 60.7% -0.05[-0.29;0.19) ;

Ortner M.E.J. et al. (2003) 9 20 13 19 39.3% -0.23[-0.54;0.07] — M1

Total (95% Cl) 30 39 100.0% -0.12 [-0.31; 0.07] ——

Heterogeneity: Tau® = 0; Chi® = 0.87, df = 1 (P = 0.35); I = 0% J J J '
04 -02 0 02 04

Puc. 4. [ipeBoBUHasA guarpamMmma ¢ GUKCMpoBaHHbIMU addeKTaMu, LEMOHCTPUPYIOLLAs aHaIu3 NPONopPLMii OTAENbHbIX UCCie0BaHUI
M 06beJMHEHHOT0 PUCKA HeXenaTesbHbIX ABJIeHUi nocne MoHoTepanuu OAT.
Fig. 4. Forest plot of fixed effects demonstrating analysis of individual study proportions and pooled risk of adverse events after PDT

monotherapy.
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Puc. 5. BopoHK0o0oGpa3HbIi rpaduK ans OLeHKU BEPOATHOCTU HANU4YMa NyGAMKALUOHHON OWMGKM B 06beUHEHHON OLeHKEe pa3HULibl

PUCKOB HeXXenaTesbHbIX ABIeHUI nocne MoHoTepanuu GAT.

Fig. 5. Funnel plot to assess the likelihood of a publication error in pooled estimates of risk difference of adverse events after PDT

monotherapy.

¢duKa (puc. 5), rge He 66110 OOHAPYKEHO B3YaNbHOW 3Ha-
UMMOW aCMMMETPUMN U HapYLIEHWS CTPYKTYPbI rpadiiKa,
a TOuKa nepekpecta HaxoAuTcA B 06MacTy OTCYTCTBMA
acummeTpum (p < 0,01). Tect berra-Masymzapa Tak e
rokasan oTcyTcTue nybnmKaumoHHon ownbkn (Kendall's
tau b-1,0000; p=0,3173).

O6¢cyxaeHne

XONaHrMoKapuMHOMa — pefKoe  3/10KauyeCTBEHHOE
HOBOObPa30BaHWe, XapaKTep3yoLLeecs OAHMM U3 CaMbIX
MIOXMX MPOrHO30B Cpean OMyXosiell OpraHoB MKLLEBa-
puTenbHom cuctembl [1, 3-5, 22-24]. Okono 80% cryyaeB
XOMAHIVOKAPLMHbI  ANArHOCTPYIOT Ha MO3AHEeN CTaguu,
Korfa pagvikaribHOe XMPYPriyeckoe fieveHrne HEBO3MOXHO
[1, 3-5, 22-24, 25-26]. XvmnoTepanva 1 nyyeBas Tepanua
6e3 XVPYpPruyeckoro fieUeHUs He CroCOOCTBYIOT 3Hauu-
MOMY YBEMYEHNIO OOLLEN BbPKMBAEMOCTY MauUVeHTOB [1,
3-5, 22-24]. >bPeKTMBHOE MaANNIMATMBHOE JIeYeHne nyTem
LEKOMMPECCHM >KeNYHBIX NyTer s IMKBAZALWN KITMHUK
MEXaHNYECKON MEeNTyXU 1 MpefoTBPaLLeHUs XOMaHMUTa 1
Cencrica ABMATCA OCHOBHOW LIENbIO XUPYPrMUYeCcKoro feye-
HWA 1 ANA 60NbLUMHCTBA NALMEHTOB ABNSOTCS GUHANBbHBIM
BMelaTenbctBom [1, 3-5, 22]. ®AT - mMHoroobeLlatoLmin
METO[, JIeUYEHUs MPU Hepe3eKTaberbHOWM XOnaHMMoKapLUy-
HoMe. MauneHTbl C Hepe3eKTabeNlbHOW XONaHMMOKapLMHO-

MOV UMEIOT MefiaHy 0bLLel BbIXKMBAaeMOCTU 3 Mec 6e3 BMe-
waTenbcTBa 1 4-10 mec Npu NPoOBeAEHHOW AeKOMNpeccnn
»KenueBbIBOAALMX NPoToKoB [1, 3-5, 22]. MNpeactaBneHHbIN
CUCTEMATUYECKNI 0630p M MeTaaHanv3 MoKasblBaloT, UTO
OOT MOXeT MOBbICUTb OOLLYI0 BbIKUMBAEMOCTb MALMEHTOB
npu Hepe3eKTabeNbHOWM XONaHMMOoKapLMHOME Hapagy C
OTCYTCTBMEM MOBbILUEHHbIX PUICKOB HEXKenatesibHbIX ABJe-
HII MO CPaBHEHUIO C APYrIMI METOAAMU MUHUNHBA3MBHOIO
XUPYPrnyeckoro neveHms. Ocobyto posb UrpaeT TapreTHoe
BO3[ENCTBME Ha TKaHb-MWLLUEHb MyTEM MPOBEAEHUA XOne-
[IOXOCKOMWM C IHTPaIOMMHaSbHbIM NOABEAEHMEM Na3epa K
XOMaHrMoKapLMHOME Nof Br3yasibHbIM KOHTPOMIEM.

Llenblo HacTosilero MeTaaHanm3a ObUIO  OLEHUTb
3ddeKkTMBHOCTL MannunatneHo QLT Hepe3eKTabenbHbIX
3/10KaUeCTBEHHbIX HOBOOOPA30BaHUI KeTYeBbIBOAALLEN
cncteMbl. MeTaaHanm3 BbKUMBAEMOCTU BbIABWU CTAaTUCTU-
YeCKM 3HaUMMO 6OSTbLLYIO OOLLYIO BbIXKMBAEMOCTb NP 00b-
€[VUHEHHOW OLieHKe B OCHOBHbIX rpyrnnax, rae npuMeHsanachb
OAT, - 3324229 gHen (95% W 25-710; p < 0,001) no cpas-
HeHWIo € rpynnamu cpaBHeHus, rae ®AT He npumeHanach,
—82+23 pHein (95% [ 33-100; p < 0,001). MeTaaHanu3 pas-
HULbI PUCKOB HEXXenaTenbHbIX ABMEHUA B CPAaBHUBAEMbIX
rpynnax BbIABU CTAaTUCTUYECKM 3HAUYMMO MEHbLUMI PUCK
(-0,2306; 95% U -0,3917-0,0696; p = 0,005) HexenaTenb-
HbIX ABMeHU nocne moHoTtepanun OOT no cpaBHEHUIO C
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rpynnon cpaBHeHuA. CUNbHOWM CTOPOHOW MPOBEAEHHOTO
MeTaaHan13a ABNAETCA BblCOKasA OQHOPOAHOCTb 1 [OCTO-
BEPHOCTb MOJyYEHHbIX pe3yNbTaToB, AOCTUTHYTaA NnyTem
TLIATENbHOIO 0TOOPA NCCIe0BaHNI C OHOPOAHbBIM YETKO
OMWCaHHbIM  OM3aNHOM, pe3ynbrataMu  UCCIIe[oBaHNMN
N OAMHAKOBbLIM TapreTHbIM JOCTYNOM AnA MpOBefeHUsA
nokanbHon OAT — NHTpanNOMUHANbHLIM MO BU3yaSibHbIM
KOHTpoOsieM. TakiM 06pa3oM, NMPOBEAEHHOV MeTaaHanu3
NO3BOMIAET C BbICOKOW CTAaTUCTUYECKOW [OCTOBEPHOCTbHIO
roBopuTb 0 ToM, uto OT SBNAETCS NePCNeKTUBHbBIM 1 6e3-
OoracHbIM MeTOAOM XMPYPrMyeckoro BO3OeNCTBMA, Cro-
COOHBIM YBENNUNTb OOLLYIO BbIXKMBAEMOCTb Y MALMEHTOB C
Hepe3eKTabesIbHOWM XONTaHTMOKAPLIMHOMOWM, 1 MOXKET ObITb
BK/IOYEH B KOMIIEKCHOE JleyeHne [aHHOW KaTeropum
naumeHToB. HepgoctaTkamm MNpoBedeHHOro MeTaaHanv3a
ABMISIETCA MaJloe YMCsIo MaLueHToOB B BblGOpKax nccrnepo-
BaHWI, OOYC/TIOBNIEHHOE PefIKOW BCTPEUaeMOCTbIO 3/10Kaye-
CTBEHHbIX HOBOOOPA30BaHMI >KeTUEBbIBOASALLEN CMCTEMDI.
[Lpyroi cnaboli CTOPOHON MeTaaHanM3a ABMSETCA Masioe
UNCIIO NCCNEAOBaHUM, BKJTHOYEHHbIX B CUCTEMaTUyYeCcKom
0630p U MeTaaHanu3. 3T0 O6YC/IOBNEHO TeM, YTo 6Osib-
LUMHCTBO OMY6/IMKOBAHHbBIX MCCIefoBaHUA 3PdEKTBHO-
ctm OAT oueHusaoT OAT B KOMOVIHUPOBAHHOM NeYeHUN
C XMmroTepanuen u/vnu nyyesow Tepanuen. Mpu sTom He
[0 KoHLa n3yyeHa cuHeprma OOT v xumuoTtepannm, ux Bo3-
MOMHbI aHTarOHU3M, CBA3aHHbIA C MMMYHOCYNpeccuen
Npv XMMMOTEPANEeBTUYECKOM JIEYEHUN U BOBJIEYEHHOCTU
MeXaHM3MOB CTUMYNALMA UMMYHHOro oteeTa npu OIT, a

TaKXe OTCYTCTBYET KOHCEHCYC MO MPOTOKOsIaM 06/yuYeHns
®AT B KOMOVMHMPOBAHHOM JleUEHNM C Jy4eBOI Tepanuei.
Bce 311 dakTopbl 06YCNOBUNN BKIIOYEHNE KOMOUHMPO-
BaHHoro O[T, Kak KpUTepua UCKIIOYEHNA U3 cMcTemMaTu-
yeckoro 063opa 1 MmeTaaHanm3a. Tak xe cabon CTOpOHON
MeTaaHanm3a ABnATcA pasnuumna B TexHuke OOT, xapak-
TepHble AnA BCEX UCCNIef0OBaHNI B JaHHOW 06yacTu. 310
CBA3QHO KaK C pa3fiMuHbiMK OTOCEHCMOUM3aTOpamuy,
TaK 1 C Pa3/IYHbIMM NApamMeTpaMu 06/1yUeHs XONaH1Oo-
KapL/HOMbI.

Takrm 06pa3oM, yumTbiBas NMPUBEAEHHDbIE BbILlE HEAO-
CTaTKW, C Liesbio MofyyeHst Gonee JOCTOBEPHbIX Pe3ysibTa-
TOB UM ynyuylleHNa KayecTBa Mocneayowmx MeTaaHann3os
TpebyeTcss MpoBefeHUe KPYMHbIX PaHAOMU3NPOBAHHbIX
nccnepoBaHnin apdpexktmBHocT OLT npu HepesekTabesb-
HOW XOnaHrnmokapumHome. [pr 3TomM NpoBeAeHHbIN MeTaa-
Hanu3 JokasblBaeT nepcnekTnBHocTb OT B neyeHmn gaH-
HOW KaTeropun nNauMeHToB.

3aknioueHne

MNpoBedeHHbI MeTaaHanM3 NPOAEMOHCTPUPOBAS], UTO
OIOT MoXeT ObITb METOLOM BbIOOPa NPV NANIMATYBHOM KOM-
MJIEKCHOM JSIeYeHMN NALMEHTOB C Hepe3eKTabenbHbIMY 3710-
KaueCTBEHHbIMV HOBOOOPA30BAHMAMM >KESTUEBbIBOAALLMX
NPOTOKOB, YBENNUYMBAIOLLMM MNATUETHION BbIXXMBAEMOCTb
NauMeHTOB HapAgy C OTCYTCTBMEM MOBbILWEHHbIX PUCKOB
nocneonepauroHHbIX OC/IOKHEHNIA B CPaBHEHWUN C APYTMMN
MeToAaMK NannaTBHOIO XMPYPrMyeckoro fleUeHus.
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POJIb MEMBPAHHbIX MEPEHOCYUKOB B HAKOTJIEHNM
5-ANK-UHOYUHNPOBAHHOTIO MPOTONOPPUPUHA IX
B OMYXOJIEBbIX KJIETKAX

B.N. Neanosa-Pagkesny', O.M. Kysneuoea', E.B. ®PunoHenko?

'Poceuitckmin Yumsepeutet apyx6s Haponos, Mockea, Poccus

2«MOCKOBCKMIM HOYYHO-MCCNEAOBATENLCKMIA OHKONOMMYECKMI MHCTUTYT uM. [T.A. Tepuera —
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Peslome

OpHOW 13 NPUYMH pasnnunii B 3GPeKTVBHOCTY GOTOANHAMMNYECKO Tepanum C MPYIMEHEHNEM 5-aMMHONEBYNMHOBOW KncnoTbl (5-AJ1K) npu pas-
JINYHBIX TUMaX 3/I0KaYeCTBEHHbIX HOBOOOPa3oBaHMii MOTYT 6bITb 0COGEHHOCTI SKCNPECCUU B STUX TKaHAX MeMOpaHHbIX TPaHCMOPTEPOB, y4acTBy-
lowmx B nepeHoce camon 5-AJIK B onyxoneBble 1 HOpMasibHble KNETKM, a TakKe B BbIBEAEHWNN U3 KNeTOK NpeAllecTBeHHNKOB GOTOAKTUBHOIO
npotonopéupuHa IX (MMIX) - ypo-, konpo- 1 npotonopduprHoreHoB. MoBbileHHasA SKCNPeCcUsa NepBbiX CBA3aHa C yBeNMYEHNEM VHTEHCUBHOCTY
cunTe3a MMIX. MNpy NoBbIWEHUN SKCNPECCHM BTOPbIX HabNoLaeTCsA CHKEHNe ckopocTh cuHTesa MIMIX. B HacTosAwem 0630pe onuncaHbl OCHOBHblE
TpaHcnopTepbl 5-AJIK, ypo-, Konpo- 1 NpoTonopprprHOreHoB, NpuBeaeHbl JaHHble 06 NX SKCMPECCHN B Pa3INYHbIX TKaHAX, 06CY>KAeHbI BO3MOX-
HOCTV NPOrHO3MPOBaHNA 3PHEKTUBHOCTU GOTOAMHAMMNYECKOW TEPANUYM C YYETOM SKCMPECCUU YKa3aHHbIX TPaHCMOPTEPOB B 3/I0KaYECTBEHHbIX
TKaHAX.
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THE ROLE OF MEMBRANE TRANSPORT PROTEINS
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Abstract

Features of the expression of membrane importers of 5-ALA, as well as transporters involved in the removal of photoactive precursors of
protoporphyrin IX (PPIX) (uro-, copro- and protoporphyrinogens), may cause differences in the effectiveness of photodynamic therapy of
malignant neoplasms using 5-aminolevulinic acid (5-ALA). Increased expression of ALA transporters is associated with an increase in the
intensity of PPIX synthesis. When the expression of PPIX exporters increases, there is a decrease in PPIX concentration. The review describes
the main transporters of 5-ALA, uro-, copro- and protoporphyrinogens, provides data on their expression in various tissues, and discusses
the possibility of predicting the effectiveness of photodynamic therapy considering the expression of the corresponding transport proteins
in malignant tissues.
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B.I. MBaHoBa-Paakesmny, 0.M. Ky3HeLioBa, E.B. ®unoHeHKo
Ponb TpaHcMeMOPaHHbIX NEPEHOCYUKOB B HAKONNEHUN

5-AJIK-nuayuupoBaHHoro npotonopcupuHa IX B onyxoneBblX KNeTkax

BBepeHune

QotopgnHammueckas Tepanua (OOT) WMPOKO NpUMEHS-
eTca B Poccum 1 BO BceM MUpe A71 IeUYEHNA OMyXOmneBbIX
1 Opyrux ornacHbix 3abonesanui [1,2,3,4,5]. B ocHoBe npo-
TBoonyxoneson OOT nexnT cenekTVBHOE HaKoreHve B
MaToNOMMYeCKON TKaHW (OTOCEHCUOUNM3ATOPa, KOTOPLIIA
npu 065TyYeHN CBETOM C [I/IIHO BOJTHbI, COOTBETCTBYHOLLEN
MaKCUMyMy €ro MorJIOLLEeHNs], BbI3bIBAET OOPA30BaHMe CUH-
IMETHOro KNCJIOPOAA Y APYrvX LUTOTOKCUUYECKUX CoefiMHe-
HII, BbI3bIBaAIOLLMX MOBPEXAEHNE CTPYKTYPHbIX 11EMEHTOB
onyxoneBow TkaHu [1,6].

DoToCeHMOMNM3aTOP B COCTaBe JIEKAPCTBEHHOMO Mpe-
rnapaTa MOXXeT ObITb BBEZIEH B OPraH/3M MaLMEHTa, @ MOXET
ObITb CYHTE3VPOBAH BHYTPU KIETOK-MULLEHEN 13 SK30reH-
HOro npefLecTBeHHKa. K Takum npeaecTBeHHKam (Npo-
¢doToCeHCMOUNM3aTopam) OTHOCUTCS 5-aMUHOJEBYIMHOBAs
kncnota (5-AJIK). 5-AJIK — 3HOOreHHoe He ¢OTOaKTUBHOE
CoeVHEHVIE, MPOMEXYTOUHbIV METAbONNT BOCUHTE3a rema.
MNMocne BBepeHVA B opraHu3m naumeHta 5-AJIK nonagaet B
OnyxoreBble KNETKN U BKIYAETCA B CUHTE3 remMa. [py 3Tom
B HOPMasbHbIX KreTkax 5-AJTK 6bicTpo npeBpallaeTcs B rem
1 NCNonb3yeTca A NOCTPOEHA reMonpoTerHOB. B To Bpemsa
KaK B OIMyXOJ1EeBbIX KNETKaX CUHTE3 TOPMO3UTCA Ha MoCeHeln
CTagun Bcnefctsve feduumta depmeHTa deppoxenaTtasa,
KOTOPbI KaTanusupyeT NOCTIeAHIo peakLmio CHTe3a rema.
Kak pesynbrar, B KfeTKe HaKarinmBaeTcA MPOMEXYTOUHbIN
npoayKT — GoToaKTVBHbBIN NpoTonopdupyH IX (MMIX) [1,6].

CnocobHoCTb 3K30reHHON 5-AJIK HAYLMpPOBaTh CUHTE3
¢dotoakTmHOro MMIX 3aBUCKT OT TVNa TKaHW (B YaCTHOCTY,
Ba’KHO, HACKOJIbKO XOPOLLO 3Ta TKaHb BacKyNApU30BaHa) 1
OT TVMNa Knetok. OfHVM 113 BO3MOXKHbIX O6BACHEHNI Pa3HON
NHTeHCcMBHOCTY HakonsieHus MNINIX B pa3HbIX KneTKax MOXeT
ObITb Pa3HMLA B CKOPOCTU MOMOLEHNA KneTkamu 5-AJTK n
BbIBEAEHMA KNETKaMy MPOMEXYTOYHbIX MPOAYKTOB CMHTE3a
reMa (ypornopdrpuHoOreHbl, KONPonopGYPUHOreHbI, MPOTO-
nopupuHoreHbl) [7].

Ok30reHHasa 5-AJIK moxeT nonagaTb B KNETKy nyTem
AKTUBHOIO TPAHCMopTa Yepe3 HeCKONbKO TPaHCMOPTePOB,
B TOM uncne yepe3 nentugHble TpaHcnopTepbl PEPTT n
PEPT2, nepeHocunk ammHokmucnot PAT1, a Takke TauT 1 GAT2
[7]. Bo3HuKaeT BoMpoc, OyneT nv yBeNMUYEHHas SKCrpec-
CUA 3TUX TPAHCMOPTEPOB CMOCOOCTBOBATH MOBbILLEHHOMY
nornoweHunio 5-AJIK onyxoneBbiMM KneTKaMn Mo cpaBHe-
HIIO C HOPMAJTbHBIMU 1 MOBAIUAET X 3TO HA MHTEHCUBHOCTb
HakonneHus MMIX. Takxe Henb3A 3abbiBaTb O POSIN TPAHC-
MOPTEPOB, KOTOPbIE BbIBOAAT M3 KINETOK MPOMEXYTOUHbIE
MeTabonuTbl CUHTe3a rema [7]. B Hawwem 0630pe Mbl XoTenm
6bl 06CYANTH POJIb Pa3INYHBIX TPAHCMEMOPAHHBIX MepPeHOC-
UMKOB B HakomneHnm potoaktreHoro MIX.

PEPT1 (SLC15A1)

MenTuaHbIN TpaHcnopTep PEPT1 Hanbonee LWnpoKo n3se-
CTeH, KaK NepeHOCUMK 06pasyioLLyxcs Npy nepeBapriBaHUN
MULLEBLIX GENKOB AWMENTWAOB W TPUMENTULOB Yepe3 anu-
KarnbHyto MembpaHy B sHTepoLmTbl [8]. C TeXHUYECKO TOUKN
3peHus, BCe XUMMYECKNe COeAnHEHNA, NMetoLLie JOCTaTou-

HOe CTepuyecKoe CXOACTBO C AWMNENTUAAMM UK TPUNenTr-
JaMu, ABAAIOTCA NOTEHLMANbHbIMK CybcTpaTamm ana PEPT1
[8]. Bcnenctue storo PEPT1 MOXET yuacTBOBaTb B TPAHCMEM-
6paHHOM NepeHoce MHOTUX NekapcTB. 5-AJTK, XoTa 1 He obna-
[AeT NenTuaHOW CBA3b0 B Oofee Y3KOM CMbICIE, HO MIMEET
KETOMETUIIEHOBYIO TPYMMy, KOTOpas MpefCTaBsieT cobow
BbICOKOAPUHHBIN cyocTpaT ans PEPT1/2 [8].

Ewe B 1998 1. B nccnegosaHum DOring n coaBT. 6bin
NPOAEMOHCTPUPOBaH NpamMon nepeHoc 5-AJIK yepes mem-
6paHy ooLuToB Xenopus laevis 1 poXKeBbIX KNeTKoK Pichia
pastoris, skcnpeccmpytowx PEPTT [9].

Cuutaetcs, uto PEPT1 BHOCUT HambonbluMiA BKNag B
TpaHcnopt 5-AJIK uepes KnweyHbin snutenui [10]. B 2016
I. NCCNeNOBaHMAX Ha Mbillax AMKOro Tura no reHy Peptl
6bl1a MOKa3aHa 3HauUMTeNIbHAA MPOHNLIAEMOCTb KIIETOK [Be-
HaAUATUNEPCTHOM KULLKW, TOLWEN KULWKA U NOAB3LOLLHOMN
Kuwkn gna 5-AJTK npu ee nepopanbHom npueme. Mpun stom
Y MblLLEl C HOKayTOM Pept T NPOHNLIaEMOCTb KIIETOK TOHKOIro
KuLIeYHrKa bbina cHuKeHa B 10 pa3, a NMKoBasi KOHLIEH-
Tpauma 5-AJIK B nna3me B 2 pasa no CPaBHEHWIO C XMBOT-
HbIMK AMKoro Tvna [11]. ABTOpbl UCCIEAOBAHUA OTMEYAIoT,
yto TpaHcnopT 5-AJIK B KneTkn opraHos MKT npouvcxogun
6e3 BMAMMOrO BKfada APYrMX TPaHCMOPTEPOB, BKIOUas
CBA3aHHbIV C MPOTOHOM aMUHOKMCIIOTHbBIN TpaHcnopTep 1
(PAT1). BmecTe ¢ Tem PEPT1 oKa3biBan HE3HAUUTENTbHOE BIN-
sIHVE Ha pacnpeneneHie 5-AJIK no nepudepun TkaHewn [11].
TO MOXET CBUAETENBbCTBOBATL O TOM, UTO nepudepuyecknx
TKaHAX BK/aJ APYrviX TPaHCMOPTEPOB B nocTyrieHve 5-AJ1IK
MOeT ObITb 6onee CyLLeCcTBEHHbIM.

NHTepecHo, UTo Y Mbillern AUKOro Tna CKOpOCTb nepe-
Hoca 5-AJIK uepe3s membpaHy B [BeHagLaTUNEpPCTHOW,
TOLLEN 1 NOAB3[OLUHON KMLLKe Obina B 9-14 pa3 HIXKe, Yem B
TONCTOW KM1LLKE, 1 3Ta Pa3HMLQA COOTBETCTBYET NaTTEPHY IKC-
npeccun 6enka PEPT1, Habnogaemomy y Mbiwert [11,12].

Kpome sHTepouutoB PEPT1 Takxe akcnpeccmpyerca u
B ApYyrux nepudepryeckrx TKaHsaX: B »eyaKe, MOYEBOM
ny3blpe, BHEMEUYEHOUHbIX XKEJTYHbIX MPOTOKaX.

B 2003 r. 6bin0 MokazaHo, uto 5-AJIK MPOHUKaeT B
KJIETKU KNETKaMM XOJNaHMMOKapLHOMBbI YenoBeka SK-ChA-1
nocpeanctsom TpaHcnoptepa PEPT1 [13]. Cnycta 10 net
Chung 1 coaBT. B cBOeM 1cCefoBaHMM MOATBEPAVIIV TPAHC-
MeMOpaHHbI nepeHoc 5-AJIK ¢ yuactnem PEPT1 B knetou-
HbIX JIMHUAX XOMAHMMOLMTOB, MOJyYEHHbIX M3 KapUMHOMbI
YKeNUHbIX NPOTOKOB [14].

B nccnepoBaHmAX Ha KieTKax paka »kefyfKa JenoBeka
KKLS, NKPS n"TMK-1 a¢ddpektriBHOCTb 5-AJTK-MHAYLIMPOBAaHHOM
O[T TakKe Oblia CBA3aHa C BbICOKOW dKcrpeccuenn PEPTT u
O[HOBPEMEHHO HUM3KOM 3Kcrpeccren ATQ-cBA3bIBatOLLEro
KacceTHoro TpaHcroptepa ABCG2 (yyacTByeT B BblBEAEHU
MMIX yepe3 MembpaHy), KOTOpble COBMECTHO OMNpPefensoT
a¢dekTnBHOE 06pazoBaHMe 1 HakorneHue MIX nocne 3K30-
reHHoro BeefieHuA 5-AJTK[15]. AHanoryHble pesynsraTbl 6bin
MOsyyeHbI 1 NP UCCIEA0BAHMM 06PA3LI0B OMyXOJv MOYEBOTO
ny3blpA — HakonneHwe MNMIX 6110 06yCNIOBNEHO NOBbILLEHHOMN
akcnpeccver PEPT1 n noHwkeHHom — ABCG2 [10].
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WNHTepecHoe HabnogeHvie ObI1o NPoBeeHO B UCCIeo-
BaHWM Lai 1 coaBr. [16]: npu Bbicokom skcnpeccun PEPTT B
HOpMasbHbIX KneTkax nerknx WI38, B KneTkax HeMenKoke-
TOUYHOrO paka nerkux A549 PEPT1 He akcnpeccmpoBancs.

PEPT2 (SLC15A2)

PEPT2 wmpoko 3kcnpeccnpyetcss B neprdeprueckimx
TKaHsX, OCOOEHHO B MOYKaX, FOJIOBHOM MO3re W JIEerKux
[11]. Moka3aHo, uto PEPT2 wvrpaer ueHTpanbHyl pofb B
peabcop6bumn 5-AJ1K u3 Kny6ouKoBOro GpunbTpaTta B KieTkax
NPOKCMMaNbHbIX KaHanbLeB rnoyek yenoseka [17], a Takke
yyacTteyeT B nornoweHn 5-AJIK actpoumtamm HOBOPOX-
JEeHHbIX MblLuer [18].

PAT1 (SLC36A1)

TpaHcnoptep ammnHokucnot PAT1 yyacTByeT B nepeHoce
uepe3 memMbpaHy HebOMbLUMX HENTPAIbHBIX aMUHOKMCIIOT,
TaKNX KakK MPOMMNH U y-aMMHOMAacnsaHasa Kucnota (TAMK).
Mo cBoen xummyeckon cTpyktype 5-AJIK nmeet cxoactso
¢ TAMK. Ha 3Tom 0CcHOBaHa BO3MOXXHOCTb nepeHoca 5-AJTK
uepe3 MemMOpPaHHbIe TPAHCMOPTEPbI, OCHOBHbIM CyOCTPaTOM
koTopbix ABnAetca FTAMK [19]. HeckonbKko sKcneprMeHTanb-
HbIX paboT goKa3biBatoT yyacTve PAT1 B TpaHcnopTte 5-AJTK.
Tak, oouuTbl Xenopus laevis, skcnpeccrpytowme PAT1, akTug-
Hee nornowatot 5-AJ1K [20].

B nccnepgoBaHum Lai n coaBrT. [16] Takke, Kak 1 anst PEPTT,
Oblla MOKa3aHa pasHuLia B SKcrnpeccun PAT1 B HOpMasbHbIX
N 3/10KaYeCTBEHHbIX KNeTKax, MpousoLleawrx U3 OgHOro
OpraHa: B 3[0POBbIX KNeTKax npeacTaTesibHon xenesbl PrEC
3Kcnpeccus 6bina JOCTaTOUHO BbLICOKAs, B TO BPeMA Kak B
KneTkax paka npegcratenbHou xenesbl DU145 oHa npaktu-
YecKm OTCYTCTBOBana.

TauT (SLC6A6) n GAT2 (SLC6A13)

Kpome PAT1, TAMK Takxe sBnsieTcss cybctpatom ans
TpaHcnopTepos TauT 1 GAT2, 4To Bbi3blBaeT BOMPOCHI O TOM,
YUACTBYIOT /11 OHU B TpaHCMeMOpaHHOM nepeHoce 5-AJIK
[7]. Mo HekoTOpbIM AaHHbIM, 00a TpaHCMopTeEpPa BbICOKO
3KCMPECCUPYIOTCA BO MHOMVX TKaHAX YesIOBEKA, OCOBEHHO
B K/eTKax rofioBHOro mo3sra v nevenu [21]. ccnegoBaHua
APYrnx aBTOPOB MOKa3bIBALOT, YTO CaMble BbICOKME YPOBHM
MPHK GAT2 06Hapy»Ku1BatoTCA B MeYEHM 1 MOYKaXx, TOrAa Kak
YPOBH/ B MO3XEUKE 11 KOpe rOfIoBHOrO Mo3ra Huskue [22].
Kpome Toro, BbICOKME YPOBHU TpaHCNopTepa OOHapy»KeHb! B
Xenyake v cetuatke rnasa [23].

B cBoem uccnepoBaHum Tran n coaBT. oueHunu 5-AJ1K-
WHOYLVMPOBAHHOE HaKorjieHne npotonopdupriHa B Knet-
Kax paka Toncrom Kuwku DLD-1, kneTkax Hela n HEK293. B
otcyTcTBue 3k3oreHHom 5-AJIK TMMIX He cnHTe3mposanca.
ABTOpamMu ObM  KCMonb3oBaHbl romonior TAMK - gns
oueHKM 3pdekTBHOCTU NepeHoca 5-AJTK. VHrmbupyiolee
pencrere romonoros TAMK Ha 5-AJIK-mHayumpoBaHHOe
HakorneHwe MMMIX B knetkax Hela 6bi10 MeHblUe, Yem 3TO
Habntopanocb B ciyyae Knetok DLD-1. HokgayH GAT2 B
Knetkax Hela nmpuBogmn K He3HaUUTENbHOMY CHIKEHUIO
yposHA [MIX, 4yTo no3BonAeT NpPepnonOXuTb, Hanuuve
anbTePHATVBHbIX TPAHCMOPTEPOB B 3TWX KneTkax. HokgayH
opHoBpemeHHo TauT 1 GAT2 B knetkax Hela npusogun K

3HaunTeNIbHOMY CHUKeHMIO ypoBsHA [TIX, uto yKasbiBaeT
Ha BaXkHyto posnb TauT B TpaHcnopTe 5-AJIK B 3Tux KneTkax
[24]. ABTOpPbI TakMXe OTMEYalOT, UTO KIIETKU MOYEYHON aje-
HokapuuHoMbl HEK293 npy n3bbiTouHoM sKcnpeccum nbo
TauT, nn6o GAT2 nHAYLMPOBaNu 3HaUYMTENbHOE YBENNYEH e
npogykumu MIMIX. Pe3ynbratbl onmMcaHHbIX 3KCNepUMEHTOB
NOATBEPXAAIOT 3HAUMTENbHbIN BKNAA TPaHcnopTtepos TauT
1 GAT2 B npoHukHoBeHue 5-AJ1K B KneTky [24,25].

Heonnactnueckre Knetkum MNPOABAAIT MOBbILLEHHYIO
MoTPeOHOCTb B OMpefeNieHHbIX MeTabonuTtax, BKIIOYas
AMVHOKMCIIOThI, Y afanTUPYIOTCA K 3TOW NMOTPebHOCTU He
TOMbKO 3a CYET YCUIIEHHOW SKCMPEeCcMm TPaHCMOPTEPOB, HO
TaKXKe 3a CYET IKCNPeccm n30popm, He 0OHAPYKEHHDBIX B
HOpManbHbIX TKaHAX. OCHOBbIBAACb Ha MEPEKPbIBAIOLLNXCA
CneundUUYHOCTAX NEPEHOCUMKOB aMUHOKMCIIOT 1 HelipoMe-
[MaTOPOB, MOBbILLEHHAA IKCMPECCHA STUX TPaHCNOPTEPOB
MOXET 0OBACHATL 6osbLuee HakoreHue MMNIX B pa3nnuHbIx
[pakoBbIX KNeTKax, BKitouasa KneTku Hela [24].

TSPO1/2

B TpaHcMemb6paHHOM nepeHoce 5-AJTK yyacTByeT Takxe
6enok TSPO. OH cyLiecTByeT B Buge AByx n3odopm: TSPO1 B
OCHOBHOM J1IOKaNM3yeTCcA BO BHELLUHEN MeMbpaHe MUTOXOH-
Opuia, Torga kak TSPO2 BcTpeyaeTca B nia3maTnieckomn Mem-
6paHe 3puUTpouMTOB. B paboTe Manceau 1 coaBT. [26] 6bino
MOKa3aHO, YTO WHTEHCMBHOCTb 5-AJIK-MHAOYLMPOBaHHOMO
HakonneHuA MNIMIX B kneTkax sputponenkemmn (UT-7 n K562)
CHWXKanacb npu JobaBneHWM B cpefly cCrielmdrueckoro
KOHKYpeHTHOro uHrnémtopa TSPO1/2 (wudp mHrmbutopa
PK 11195). PK 11195 He u3MeHsAN aKTVBHOCTb hepMeHTOB
6riocuHTe3a rema. /13 nosyyeHHbIX AaHHbIX aBTOPbI UCCTie-
[IOBaHWA CAENaniy BbIBOZ, UTO IMUTUPYIOLLMM HaKTOPOM B
CVHTe3e reMa Obl1o NPOHVKHOBeHMe 5-AJIK uepe3 nnasma-
ThYeckyto membpaHy. Bmecte ¢ Tem PK 11195 He Bnman Ha
UHAYLMpoBaHHOe nopdobunmHoreHom (PBG) HakonneHue
MIX, yto no3BonAet NpegnonoXuTb, uto TSPO2 aenaetca
cenekTMBHbIM nepeHocunkom 5-AJTK. Ewe ogHum gokasa-
TenbcTBOM ponv TSPO2 B nepeHoce 5-AJIK uepes membpaHy
ABNAETCA TOT PaKT, uTo cBepxakcnpeccus TSPO2 Ha nnas-
MaT/YeCKOW MeMbpaHe KIETOK SpUTPONENKEMUN YBENYM-
Bana uHgyumposaHHoe 5-AJIK HakornneHwue [MMIX [26]. Onu-
CaHHble 3aKOHOMEPHOCTY CKOpee BaXKHbI [i/1A onpeaeneHmns
MeXaHM3Ma 1 BO3MOXKHOCTU BIUAHMA Ha Pa3BUTUE BPOX-
JIEHHOWN C1AepO6IacTHOM aHEMUN, OHAKO MOTEHUMANbHO
JaHHble 06 3kcnpeccuy TSPO2 B Apyrnx TKaHAX MOTYT ObiTb
UCMONb30BaHbl  AnA  MPOrHO3MPOBaHWs  3GdeKTNBHOCTA
OUT B TKaHAX, aKkcnpeccmpytowmx TSPO.

ABCG2

ABCG2 - 6enok, ncnosnb3yemblil Ais TPAHCMopTa coeam-
HEHWI NPOTMB rpagreHTa NX KOHLEHTPALIMN C UCMOMb30Ba-
Hyem rugponmsa ATO B KauecTBe NCTOYHMKA SHEPTUN, NEH-
TmdMLMpPOoBaH Kak akcroptep MMNIX n rema y mnekonutato-
Wmx [27]. 9T1 gaHHbIe NOATBEPXKAAIOTCA SKCMEPUMEHTAMU C
SKTOMNMYECKN aKcnpeccpyembim ABCG2, KOTOpbI 3KCMop-
TpyeT ZnMP (UuHK-cofepaLLmii Me3onopdrpuH, UCMOsb-
3yeTCA KaK aHasior remMa B SKCMepUIMEHTasIbHbIX MOAensx)
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B Knetkn K562 [28]. ABCG2 skcnpeccupyetca B LUMPOKOM
CMNeKTpe TKaHel, BKIII0Yas reMorosTUYecKme CTBOJIOBbIE
KNETKM U SpUTPOMIHbIE KNETKU-NPEefLeCTBEHHUKN. Bbico-
Kre KOHLieHTpaLmm 6eka 06Hapy»KMBALOTCA B iBEHAALIATU-
NEePCTHON KHLLKE, TOHKOM 1 TOJNICTOM KULLEYHVKE, MPAMON
KWLLKE, CEeMEHHbIX My3blpbkax M 3HAOMeTpuun. Pacnpepe-
NeHne TPaHCMopTepa B TKaHAX, KOTOPble UMEIT Npenmy-
LLIECTBEHHO CEKPETOPHYIO 1 GapbepHyto GyHKLUWMIO, Npu-
BOAUT K Mbic 0 ToM, yTo ABCG2 umrpaeT cylecTBeHHy0
pOJb B KOHTPOJIE pacnpefeneHns 1 BO3OeNCTBUA Ha TKaHW
3HOOOVOTVKOB 1 KCEHOOMOTUKOB, TakMX Kak aHTUOMOTUKY,
CTEPUHbI, UMMYHOAENPeCccaHTbl (BKoYaa npenapatbl Npo-
1B BUY), dnyopecuieHTHble KpacuTenu (Hanpumep, Hoechst
33342), dotoceHcmbmnmsatopbl (beodopbun A n MMIX).
MoBbiweHHyto skcnpeccnio ABCG2 cBA3bIBAIOT CO MHOXe-
CTBEHHOW JIEKAPCTBEHHOW YCTOMUMBOCTbIO MK pake [29].

YpoBeHb 3kcnpeccu ABCG2 0COGEHHO BbICOK Ha
paHHKX cTaguax remonoasa [30]. Tak ke, kak u B FLVCR1-
onocpefoBaHHOM 3KcnopTe rema, ABCG2, BO3MOXHO,
SKCMOPTUPYET U MEPEHOCUT FemM K BHEKNIETOYHbIM reMm-
CBA3bIBaOLLYM Oenkam, TakuM Kak anboymuH [31]. OgHako,
B ommume ot FLVCR1, ABCG2 MMeET LUMPOKIIA CNEKTP Cy6-
CTpaToB, BKJOYas MOPQUPUHOBbIE U HEMOPPUPMHOBbIE
cybcTpatbl, yto npegnonaraet, uto ABCG2 moxeT He 6biTb
dyHKLMOHanbHOW pesepBHoN konvein FLVCRT.

AkTnBHOCTb ABCG2, KOTOPbIV MCMONb3YyeTca AJ1A TPaHC-
nopta MMMIX, Takxke BAAET Ha MHTEHCUBHOCTb GlyopecLieH-
umn MMIX. Tak coBmecTHOe npumeHeHre 5-AJIK n Ko143,
cneunduyeckoro mHrmobutopa ABCG2, Ha MOZenu KynbTtii-
BUpYeMbIX pakoBbix knetok MCF-7 n MDA-MB 231 noBbl-
LLIAJIO UHTEHCUBHOCTL driyopecueHun MMIX no cpaBHEHNIO
C KynbTUBMPYEeMbIMU HepakoBbiMm KneTkamn MCF10A [32].
A B nccneposaHumn Hagiya 1 coasr. [10] 6b110 nokasaHo, Yto
cenektnBHoe HakonneHue [MIX B KneTkax paka Mo4YeBoro
ny3blpsi 0OYCIIOBIEHO MMEHHO MOBbILLEHNEM SKCMPEeCcum
PEPT1 1 cHuxeHnem skcnpeccmn ABCG2.

ABCB6

ABCB6 saBnsaetca rem-ceasbiBatowym ATD-3aBUCUMbIM
TPAHCMOPTHBbIM GENIKOM, KOTOPbI CMOCOGEH B3aMMOAel-
CTBOBATb C Pa3NYHbIMM TETPANUPPOAMU, TaKMMU Kak rem,
konponopdupuH lIl, MMIX n pacTiTensbHbIi nopdurpyH, heo-
dopbug A. ABCB6 MOXKET ObITb JIOKaNM30BaH Kak BO BHELL-
Hell MUTOXOHAPWANbHON MeMOpaHe, Tak 1 B Mia3Matunye-
cKon [33]. ba3zanbHbill ypoBEHb METAOOIMTOB METAOONIMTOB
CWHTe3a rema nopaepxmeaetca ATO-He3aBUCUMBIMM TPAHC-
nopTepamu, 3TOrO YPOBHA [OCTAaTOYHO O/l BbPKUBAHMWA
opraHu3mMa. Ho B ycnoBusix cTpecca Heobxoavma paboTa
ATO-3aBUCUMbBIX TpaHCMOPTEPOB, Takux Kak ABCB6. MNpu
HM3KOM YPOBHE TpaHCropTepa MPOUCXOANUT CUHTE3 LIMHK-
npotonopduprHa IX, NO3TOMy MOXHO MPeSNoNoX1Tb yya-
CTre 3TOro TpaHCnopTepa 1 B roMeocTase xene3sa [33].

BbicoKme KOHLeHTpaumu TpaHcrnopTepa oO6HapyKuBa-
I0TCA B »KESTYHOM MNy3blpe, ANYKaX 1 NpuaaTkax anvek [23].

FLVCR1

FLVCR1 sBnsieTca GeNKOM-3KCMOPTEPOM U UMEET Y3KMiA

CnekTp cybcTpaToB, BKovatoLwmi rem, MMIX 1 konponopdw-
puH. FLVCR1 nokanr3oBaH Ha MOBEPXHOCTY MJla3mMaTnyecKom
MembpaHbl [34]. FLVCR1 akTVIBHO SKCNpeccnpyeTcs B pasnny-
HbIX KPOBETBOPHbIX KIETKAX, SKCMPECCua Ha HU3KOM YPOBHE
OOHAPYXKMBAETCH B MEYEHMU, MOPKENYIOUYHOM Xenese 1 noy-
Kax nnopa [35]. Iktonuueckan skcnpeccna FLVCRT cHuxkaet
BHYTPUKIETOUHble KoHUeHTpauun [MIX. 310 pokasbiBatoT
SKCMEPUMEHTbI C 1CMonb3oBaHeM ZnMP, KoTopbiin onocpe-
ayet otTok NMIX B anuTenvanbHbIX 1 KPOBETBOPHbIX KIETKax
nouek Kpbicbl K562 [34]. Mpeanonaraetcs, uto FLVCR1 B Hopme
3KCMOPTUPYET reM, Korfa Makpodaru haroLTupytoT crapeto-
we sputpoumtbl. C yyetom Toro, uto MNMMIX Takke ABnAetca
cy6ctpatom FLVCR1, BrionHe Bo3MokHO, uto ottok [MMIX ocy-
LLIeCTBIISIETCA C MOMOLLbO 3TOTO TPAHCMOPTHOTO Gefka. Alves
1 COaBT. MOKa3asv, YTo B AAPOCOAEPKaLLVX NpeaLLeCTBEHH-
KaxX SpUTPOLIMTOB 13 KOCTHOMO MO3ra YenioBeKa SKCrpeccus
FLVCR1 yBennumnBanacb BO Bpems 3puTpOnos3a 1 focturasna
MaKC1MaJIbHOTO YPOBHA Ha NMPOMEXYTOUHOW CTaaum co3pe-
BaHVA B YC/IOBUAX, MPU KOTOPbIX CUCTEMA FeMOKCUreHasbl
6bina gedekTHa [36]. BeposaTtHo, FLVCR1 MoXeT sKcrnopTupo-
BaTb 136bITOK MMMIX unm rema ana NpegoTBpaLLeHs TOKCY-
HOCTW B YCJTOBUSX, MPY KOTOPbIX AerpaZaLyisa remMa He nosiHo-
CTblO UHAYLMPYETCA.

B ogHOM 13 nccnepgoBaHU TPAHCMOPTEPOB MOKa3aHo,
YTO B JOMOJIHEHMeE K nonHopasmepHomy FLVCR1 (FLVCR1a)
CyulecTByeT elle opHa nsodopma, FLVCR1b, kotopas npeg-
CTaBnsieT COO60M MeHbLUMI GenoK, BO3MOXHO JIOKan3yio-
Wwuincs B MutoxoHapusx [37]. Ceepxakcnpeccusi FLVCR1b
YBENNYMBAET KOHLIEHTPaLIO LIMTO30/1bHOMO rema, Torfa Kak
HokgayH FLVCR1b npvBoguT K HaKOMMEHUIO rema B MUTO-
XOHAPUsIX, YKa3biBasA Ha To, uto FLVCR1b aBnseTca skcnop-
TEPOM MUTOXOHAPUANBHOIO rema 1, Bo3moxHo, MNMIX [37].

MoBbiweHHaa akcnpeccra FLVCRT no gaHHbIM Lenoro
psifia aBTOPOB OOHAPYKMBAETCA MPY renaToLesoNAapHON
KapLVHOME 1 CBsi3aHa C 6onee BbICOKOW CTaaven 3abone-
BaHWA 1 cocyaucTon nHeasuelt. FLVCR1 Takxe urpaert Knto-
YEBYIO POJIb B BbKMBAHUW, POCTE 11 MAFPALM KINETOK Npu
MIOCKOKNETOYHOW KapuuHoMe nuweBoga [38]. YunTbian
BbICOKY10 cTeneHb romonorun mexgy FLVCR2 n FLVCR1 [39],
BO3MOXHO, uto FLVCR2 Takxe cnocobctsyet otToky MMIX
1 rema. FLVCR2 sKkcnpeccupyeTca B LUMPOKOM CriekTpe TKa-
Hel YenoBeKa, BK/IoUas nevyeHb, MO3r 1 Nouky nioga [40].
OpHako B HacTosilee Bpems MNpsmas ¢ranonornyeckas
ponb FLVCR2 B TpaHcnopTe MMIX 1 rema He AcHa.

MFRN

MwutodeppuHbl (MFRN) — TpaHCcnopTepsbl, yuyacTByoLMe
B MepeHoOCe MOHOB »Kefleé3a B MUTOXOHApWK. TpaHcnopTu-
POBaHHbIe MOHbI Xene3bl B TOM Yncie UCMONb3yTcA Al
BHYTPUMUTOXOHAPUANIbHOIO CMHTe3a rema. [lo JaHHbIM
Hayashi n coast. [41] ypoBeHb MOHOB »Kefe3a B MUTOXOH-
LPpVisiX OMYyXOJIEBbIX KIETOK MOXET OblITb CYLLIECTBEHHO HUXKE,
Yem B HOPMaJbHbIX KfeTKax. 9TO OfHa 13 NPUYKNH (Kpome
HI3KOW aKTMBHOCTY dpeppoxenaTasbl), MO KOTOPO 130bITOK
MMIX, o6pasoBaBLLErocs NPy 3K30reHHoM BBeaeHun 5-AJTK,
B HOPMaJIbHbIX KIeTKax ObICTPO YTUIM3UPYETCS, @ B OMyXO-

46

BIOMEDICAL PHOTONICS T.13,N22/2024



B.I. MBaHoBa-Paakesuy, 0.M. Ky3HelioBa, E.B. ®unoHeHKO
Ponb TpaHcMeMOPaHHbIX NEPEHOCYUKOB B HAKONNEHUN

5-AJIK-napyuupoBanHoro npotonopcupuna IX B onyxonesbix KNeTkax

NeBbIX KNETKaxX COXPAHAETCA B TeueHue bonee AnnTesibHoro
cpoka. Takas pa3HMLA B YPOBHSX MOHOB Xefe3a 00bACHS-
€TCA MOHWKEHHOW 3KCrpeccrel B OMyXOsieBbIX KieTKax
MUTODEPPVIHOB, MEPEHOCALLMX >KENEe30 Yepe3 MUTOXOH-
OpvanbHylo  MemOpaHy. [MpakTnyeckyuM MnpUMEHeHUeM
pe3ynbTaToB STOro UCCIe[OBAHNA MOXET ObITb YBENMYEHME
apdektmBHOCTM QAT NyTem AOMNONHUTENIBHOTO BBeLEHs
npenapaToB »efe3a B Nepuog NpoBeaeHs IeUEHUA: B HOP-
MasibHbIX KreTkax 3To npuvsegeT K cHukeHwo TMNIX, nHay-
LMPOBAaHHOTO 3K30reHHbIM BBefeHnem 5-AJ1K, a B onyxone-
BbIX K/IETKaX (3a CYET HU3KOW IKCMPeCccn MMToheppuHOB)
Takoro 3¢ dekTa He byaeT [41].

MNMpaxKkTnyeckoe npymeHeHvie

OLieHKa YpOBHEl KCMPEeCcCr reHOB HGENKOB-TPAHCMOP-
TepoB 5-AJIK u nopdupuHoreHos (npexge Bcero PEPTT n
ABCG2) npv onpefeneHHbIX YCIOBUAX MOXET OblTb UCMOSb-
30BaHa 1A NPOrHO3NPOBaHMA CKOPOCTU U MHTEHCUBHOCTM
HakonneHua 5-AJIK-uHgyumposaHHoro MMNIX [8], npy 3Tom B

OnyXxoneBbIX TKaHAX ypoBeHb HakonseHua MTIX moxeT kop-
pennpoBatb ¢ 3bdekTnBHOCTLIO OAT.

Kpome Toro, Kak nokasblBatoT HeKOTopble NCCIefoBaHNA
[16], ypoBeHb 3Kkcnpeccum TpaHcnopTepos 5-AJTK B Hopmanb-
HbIX K/IETKaX MOXET ObITb BbILLIE I COOTBETCTBOBATb TaKO-
BOMY B OMyXOJEBbIX KNETKAX aHaJIOrMMUYHOTO MPOVICXOXKAEHMA.
Tak, Hanpumep, HopmarnbHble KneTku nerkmx (WI38) akcnpec-
cpytoT ropasgo 6onblue PEPT1, ueM mx 3mokayecTBeHHble
aHanorn (A549) [16]. o MHeHWIO aBTOPOB WCCNEAOBAHNA
[16], ins Takux knetok QAT byaet meHee 3pdekTriBHa 11 OyaeT
BbILLIE PUICK Pa3BUTVs GOTOTOKCUUHOCTY. ABTOPbI UCCIIEA0Ba-
HVA NPEANOoNaratoT, YUTO MOXET OKa3aTbCA MEePCrEKTMBHbIM
MOZAX0A, NPU KOTOPOM oHOBPemMeHHO ¢ O T moryT 6biTb Npu-
MeHEHbI HIMOUTOPbI COOTBETCTBYHOLLIMX TPAHCMOPTepPoB. Kak
MOKa3bIBAIOT Pe3ysibTaTbl SKCMEPVIMEHTOB, NMOLOOHas CTpaTe-
Vst NPVIBOAMT K YBENMYEHMIO (yOpPECLIEHTHON KOHTPACTHO-
CTU MEXAY 3M10KaYeCTBEHHBIMU Y HOPMAJbHbIMU KNETKaMU: B
HOPMasbHbIX KNETKaXx C BbICOKOW KCMpeccrer TpaHCrnopTepa
UHIMOUpytoLLEee [eNCTBIE NPOABNSETCS CuibHee [16].
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