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Hean. CpaBuuTenbHas oueHka MomuduumupoBaHHOU (op-
MBI pajaxjopuHa Juisi (HOTOIMHAMUYECKOW Teparmuu B BHJE
WHHOBAIIMOHHOW THUOPHUIHON TPEXKOMIIOHEHTHOW HAHOCHCTE-
Mbl (I'TH) Ha ocHOBEe HaHOYACTHUI[ CElieHAa M ILEJUIIOJIO3HOTO
rpadr-cononmmepa.

Marepuajbl U MeTOAbI. VCIONb30BaHBI KyIBTYpHI Kile-
TOK COJMIHBIX OIMyXOJeil MaIl[MeHTOB: paK MOUYEBOTO ITy3bIps
587 BlCan TVV, pak nerkoro 1014 LC PNS u wmenanoma
koku 929 mel SVU. Meimam BALB/c (48 camok u 28 cam-
1I0B) NEpEeBMBAIM KapLUUHOMY OpiHMXa U aJEHOKAPLUHOMY
toncrod kumkn AKATOJI. Kymbsrypsl KiaeTok HaOronaid B
aHanmm3arope peanbHoro Bpemenun XxCELLigence, BHOCHIH (o-
toceHcuOunuzaropsl (I'TH u pagaxiopuH) B KOHLEHTpaLUAX
1o pagaxiopuny 5 u 20 Mxr/mi. PerucrpupoBain M3MeHEHHE
pocTa KJIETOK IO MapamMeTpy «KJIETOUHBIH HHAEKC». Y MblIIeH
IpU AOCTHKCHUM OIyXOJdbl0 JHHEHHOro pasmepa 10 £ 1 Mm
BBOAWIN (DOTOCEHCHOMIN3aTOPBl BHYTPUBEHHO B JI03¢ IO pa-
ngaxigopury 5 wMr/kr. IlpoBomumu (OTOAKTHUBALMIO Ja3epPHBIM
U3IIyYCHHEM JJIMHON BOJIHBI 662 HM mpu go03e 5 JDx/cm? uepes
24 4 uHkyOGarmu st Kynstyp u 300 Dx/cm? yepe3 6 4 moce
WHBEKINH JUTS OITyXOJeH.

Pesyabrarel. B KynbTypax OIyXOJ€BBIX KJIETOK TEMHOBas
TOKCHYHOCThH HE HaONIroanack uis 06oux (opm dhoroceHcHOu-
mm3aTopoB. DOTOAKTUBAIHS JTA3EPHBIM H3Iy9eHHEM HPHBOIN-
Ja K THOEIM KIETOK (pe3Koe CHMKEHHE KJICTOYHOTO MHICKCA).
IIponcxonmina ocraHoBKa HPONU(Epary KICTOYHBIX KYyJIBTYp
paxka MOYEBOTO My3bIpA M METAHOMBI B 3aBHCHMOCTH OT KOH-
HeHTpauuu (OTOCCHCHOWIM3AaTOPOB, a B OTHOIIGHMU paka
JIETKOTO HaOJIofaNy BO30OHOBIECHHE pOCTa KIETOK. Takum
00pa3oM, peaknusi KJIETOUHBIX KYIbTYp Ha (DOTOTMHAMUYECKOE
Bo31eiicTBUe ¢ pagaxiaopuHoM wuiau ['TH Obuta ofgHOTHIHONM,
IIPU 3TOM KYJIBTYpa KJIETOK paka JIErkoro obnajana OTHOCH-
TEMBbHOW PE3HUCTEeHTHOCTBIO K Tpolexype 0e3 pasznmmuuil st
nByx (orocencubunmzaropoB. DortoanHaMHUYECKOE BO3ICH-
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Aim. The purpose of this study presents a comparative
evaluation of a modified Radachlorin formulation for pho-
todynamic therapy using an innovative hybrid tri-component
nanosystem (HTN) incorporating selenium nanoparticles and
a cellulosic graft copolymer.

Materials and Methods. Patient-derived solid tumor cell
lines included bladder cancer (587 BlCan TVV), lung cancer
(1014 LC PNS), and skin melanoma (929 mel SVU). BAL-
B/c mice (48 female, 28 male) were inoculated with Ehrlich
carcinoma and ACATOL colon adenocarcinoma. Real-time cell
analysis was performed using the xCELLigence system. Photo-
sensitizers (HTN and Radachlorin) were administered at con-
centrations equivalent to 5 and 20 pug/mL Radachlorin. Cellular
responses were quantified using the cell index parameter. /n
vivo, photosensitizers were administered intravenously (5 mg/
kg Radachlorin equivalent) when tumors reached 10+1 mm.
Photoactivation employed 662 nm laser irradiation at 5 J/cm?
(24h post-incubation for cells) and 300 J/cm? (6h post-injection
for tumors).

Results. Both photosensitizers demonstrated no dark toxic-
ity in tumor cell cultures. Laser activation induced significant
cell death (sharp cell index decrease). Concentration-depen-
dent proliferation inhibition was observed in bladder cancer
and melanoma cultures, while lung cancer cells exhibited
regrowth capacity. Cellular responses to photodynamic treat-
ment were consistent between Radachlorin and HTN, with
lung cancer cells showing relative resistance to both agents.
In vivo studies revealed comparable efficacy between HTN and
Radachlorin across tumor models, with ACATOL adenocarci-
noma demonstrating lower sensitivity. Ehrlich carcinoma-bear-
ing mice showed statistically significant survival improvement.
Complete responses were observed in one female mouse with
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CTBUE in vivo uMmeno cxoanyio 3¢dexrusHocts mMexay ['TH
W PaJIaXJIOPHHOM HAa O0EHX OIyXOJIEBBIX MOJIENAX, C MEHbIIEH
YYBCTBHUTENIHHOCTBIO afieHOKapimHOMBI AKATOJL. ¥V wmprmeit ¢
KapIMHOMOM Opnuxa ObLIO OTMEYEHO CTaTHCTHYECKU 3HA4H-
MO€ YBEIMYECHHE BBDKHBAEMOCTH JKMBOTHBIX. ITONHBIA OTBET
HaOOaM y ORHON MBIMIM CaMKH ¢ KapIUHOMOH DpiHxa U
ofHOM MbImM caMku ¢ ageHokapuuHoMoir AKATOJI npu mpu-
MEHEHHH B KauecTBe ()OTOCEHCHOMmIN3aTopa ceixeHcoaepiKameit
HAHOCHCTEMBI, 0e3 CTaTHCTHYECKH 3HAYMMBIX Pa3Inddil ¢ pa-
JAXJIOPUHOM.

BriBonbl. V3yuenHas tuOpuiHas celeHcoepiKamias HaHo-
CHCTEMa C MOJUMEPHBIM HOCHUTENEM IEpCIeKTHBHA IS TIPH-
MEHEHUs] BO (IyOpeclieHTHOH JuarHocTuke u (GoroxuHamMude-
CKOH Tepanuu oryxoueil.

KnioueBbie €10Ba: TPEXKOMIIOHEHTHBIC HAHOCHCTEMBI; Ha-
HOYACTHILIBI CEJICHA; PAlaxJIOpHH; (HOTONMHAMUYECKAs TepaIus;
KyJIBTypa KJIETOK; OITyXOJIb;, MBbIIIb
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Ehrlich carcinoma and one with ACATOL adenocarcinoma us-
ing the selenium-containing nanosystem as a photosensitizer,
though without statistical significance versus Radachlorin.

Conclusion. The investigated hybrid selenium-polymer
nanosystem shows significant promise for fluorescence-guided
diagnosis and photodynamic therapy applications in oncology.

Keywords: tri-component nanosystems; selenium nanopar-
ticles; Radachlorin; photodynamic therapy; cell culture; tumor;
mouse
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BBeaenue

®Ooromunamuueckas tepanus (OAT) — 310
MaJIOMHBA3MBHBI METOJ JICYCHUS 3JIOKaYeCTBEH-
HBIX HOBOOOpa30BaHWI, OCHOBaHHBI Ha B3aHUMO-
neictBuu Monekyasl (horocerncnommuzaropa (PC),
CBETa OIpEJIeNIEHHON JJIMHBI BOJIHBI M KHUCJIOPOJA,
YTO BEAET K IOBPEXKICHHIO OITyXOJEBOM KIETKH
B pesyinbrare (OTOXMMHUYECKMX peakiuid. Meton
MIPEAIOoNaraeT CHUCTEMHOE WM MECTHOE BBEICHHSA
®C B opranms3M, ero u3dHparenbHOe HAKOIUICHHE B
OIyXOJIM M TIOCIEAYIOIIee JIOKAJIbHOE BO3/IECHCTBHE
cBetoM. biarojgapsi Majiol M”HBa3UBHOCTH MPOLIETY-
pBl ¥ HE3HAYUTENBHOMY OOLIETOKCHYECKOMY BO3-
JIEHCTBUIO METOJl 3aHMMaeT CBOE MECTO B JICUEHUH
3JI0Ka4€CTBEHHBIX HOBOOOpA30BaHUii, TaM, TJe Kiac-
CHUYECKHE CIIOCOOBI JICYCHUS] HENPUMEHUMBI WIIN
MPUMEHUMBI C OTpaHWYeHHsAMH. HakarumBaroTcs
HCCIIC/IOBAHMSI, YKA3bIBAIOIIUE HA BBICOKYHO A dek-
TUBHOCTH COYETaHMS KIACCHYECKHX CIIOCOOOB Jieue-
Hus omyxosneBod matonoruu U OIT. OnHako mMeTon
OIT we mumen nHemoctarkoB. OHM 00YCIOBIEHBI
OTpaHWYEHHOW TIIyOWHOW TPOHHKHOBEHHS CBETa B
Tkanu opranmsma (OAT npumenuma ans MoBEpX-
HOCTHBIX UM JIOCTYITHBIX 3HIOCKOITMYECKH HEOOIb-
LIMX OMyXoJieil), HeAOCTAaTOYHOM CEJIEKTUBHOCTHIO
Hakorutenust @C, 3aBUCHUMOCTBIO OT KOHIIEHTpa-
LMY KUCIIOPOAA B OIyXOJIEBOM TKaHW (11 MHOTHX
OITyXOJIeH XapaKTEePHO T'HIIOKCHYECKOE COCTOSHHE),
BO3MOKHOH PE3MCTEHTHOCTHIO OITyXOJIM U OOJEBBIM
OILIYIIIEHHUEM BO BpeMsl MpoBeaeHus npoueaypsl. C
STHM CBSI3aHBI HEMpPEeKpalaroyecs MCCIeI0BaHus,
HampaBleHHbIE Ha co3fgaHue HOBbIX PC umum ux
bopm, Mmomudukarmio 1 kombunanuio OIT ¢ npy-
TUMH METO/IaMHU ISl yBedmdeHHus d((EeKTUBHOCTH
JICYCHUS 3JIOKAUYSCTBCHHBIX HOBOOOpa3oBaHMid [1].
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OnHo W3 HampaBlIeHWH yBenudeHUs d()QexTuB-
Hoctu DT 3aknroyaercs B CO3JaHUH HaHOPOPM
@®C, KOoTOpOE HAMpaBIE€HO Ha YCWJIEHHE HAaKOILIe-
Hust @C ¥ ero CelleKTUBHOCTH B OTHOIIEHUH 3JI0-
KaueCTBEHHBIX KJICTOK, a TaKkKe Ha ycuieHue (oro-
aKTUBHOCTH. B MaHHOM HCCIIeIOBaHWHU IIPOBEICHA
AKCIIEPUMEHTAIbHAS OLIEHKAa HOBOTO COCIUHCHUS:
TPEXKOMITOHEHTHOW HAHOCHUCTEMbl Ha OCHOBE Ha-
HOYACTHII CelieHa, IEJLTFII0O3HOTO rpadT-comonume-
pa u (doroceHcuOMIM3aropa pagaxjiopuHa. Beioop
TaKO HAHOCHCTEMBI OBUT OOYCJIOBJIEH BO3MOXHO-
CTBIO €€ HCIOJb30BAHUS AJIS MACCUBHOM JOCTaBKH
B OIyXOJb W COOCTBEHHBIM IPOTHBOOITYXOJIEBBIM
JICHCTBUEM CEJICHa, MEXaHU3Mbl KOTOPOTO MOAPOO-
HO paccMOTpeHbl B o03ope [2]. Llems umccremona-
HUSl — OIIEHKa CIOCOOHOCTH (DOTOAMHAMHUYECKOM
Tepalnuu C TPEXKOMIIOHEHTHOH HAHOCUCTEMOMU
Ha OCHOBE HAHOYACTHUI] CelleHa, IEJUTI0JI03HOTO
rpadT-conoauMepa M pajaxiiopuHa MHIHOUPOBAThH
POCT OIMyXOJIel C UCMOIB30BAHUEM MOJIEIBHBIX CH-
CTEM in Vivo U in Vitro.

MaTepI/IaJ'[])I U METOoAbI

Ilpenapamer u éewecmea. B pabore ucmnonp3o-
Balll THOpUIHYIO TpoiHyto HaHocuctemy (I'TH)
Ha ocHoBe paaaxiopuHa (PX), maHouacTtui cene-
Ha (Se0) n moTUMEpHOTO HOCUTEISI B BHAC aM(pu-
(UIBHON MOJNEKYISIPHOW IIETKH C [EJUTIONO3HOM
ocHOBHOM nensto. I'TH monyueHa myrem JByXcCTa-
IUAHOTO CHHTE3a: TEPBBIA dTall — CTAOMIN3AINS
HAaHOYACTHUI[ CeJIeHa M TOJMMEPHOTO HOCHUTEI,
BTOpOW 3Tam — BBeJeHHE mnpemnapara Pamaxmopun
(OO0 «Papa-®apmay, Poccus). [Tonpobubie xapak-
tepuctukn ['TH omucansl panee [3]. B kauecTtBe
KOHTPOJILHOTO (hOTOCEHCHOMIN3aTOpa HCIOIb30Ba-
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mn PX, cepus 30724 (romen mo 12.2026) B BHIE
TOTOBOM JIeKapcTBeHHON (opmbl (pacTBOp 3,5 Mr/
mi). Ilpu BBenenun PX B coctaB I'TH ero xoneu-
Hasl pacdeTHas KOHIIEHTpalWs COCTaBHja | Mr/miL.

Knemounvie kynomypui. VIcnionb30BaHbl KyJIBTYPbI
KJIETOK COJIMJIHBIX OITyXOJICH, BBIJICJICHHBIX U3 OIe-
PAIlMOHHOTO MaTepuayia MAIUeHTOB, ITPOXOINUBIIIX
neuenue B HMMUILI onkonoruu um. H.H. Ilerposa:
pak moueBoro my3sips (PMII) 587 BlCan TVYV, pax
nerkoro (PJI) 1014 LC PNS, menanoma koxu (MK)
929 mel SVU. KynpruBHpOBaHre OITyXOJEBBIX Kile-
ToK ocymectsisun o meroxy R.I. Freshney (2010)
¢ coOctBeHHbIME Momudukaiusmu [4]. [Tocne me-
XaHWYECKOW Je3arperanuu OITyXOJleBhIX (pparMeH-
TOB C UCIIOJIb30BAHUEM MEIUKOHOB M MEIUMAIINHBI
(Agilent Technologies, CIIIA) MamurHU3HpOBaHHBIC
KJIETKH KyJbTUBUPOBAJIM B IUIACTHKOBBIX (hIakoHaX
(Falcon, CIIIA) B nurarenbHoii cpeaqe DMEM/F12
¢ nmobasnenueM 20 %-HO# A>MOPHOHAIBHON CHIBO-
poTKu KpymHOro poratoro ckora (buomot, Poccus)
npu 37 °C B unkybarope ¢ 5 % CO,. IIpu pocrmxe-
HUM MOHOCIIOS KYJNBTYphI IepeceBali ¢ MOMOIIBIO
cmecu 0,1 %-noro tpuncuna (ITandxo, Poccus) u
pactBopa Bepcena (Ilan3dko, Poccust) B nmponopuuu
1 : 1. Bce xyapTypsl XapaKTepU30BAINCH BBICOKOU
nponudepaTuBHON aKTUBHOCTBIO M OBUIH TTacCHpPO-
BaHbl He MeHee 10 pas.

Jisg aHanm3a pOCTOBBIX XapaKTEPUCTHK W KHU3-
HECNOCOOHOCTH MaJIMTHU3HPOBAHHBIX KIIETOK IOJ
BO3/ICHCTBUEM HM3y4aeMbIX BEIIECTB HCIIOJIb30Ba-
M KIETOYHBIA aHalu3aTop B pEeXHME peajbHO-
ro Bpemenn XCELLigence® (ACEA Bioscience
Inc., CIIIA). IIpuGop wu3MepseT >IECKTPUICCKOEC
COTPOTHUBIIEHNE CEHCOPHBIX 3JIEKTPOOB, KOTOpOE
MIPOTIOPITUOHATIFHO YUCITY KJIETOK, IPHUKPETIISIOo-
LOIMXCS K CCHCOPHBIM JaTYMKaM, MO3BOJISIOLINM
OCYIIECTBIISATh U3MEPEHHE POCTa KJIETOK B pa3ivy-
HbIE BpEMEHHBIE MHTEPBAIIBI. DIEKTPOIBI MTOKPHIBA-
10T 7080 % moOBEpXHOCTH JYHKM IUIAHILIETA, YTO
TTO3BOJISIET OJAHOBPEMEHHO HAaOONaTh B HEH BCIO
MOMYJISIIMIO KJIETOK. V3MEHeHus1 MMIleaHca 3JeK-
TPUYECKOTO TOKA IOl BIMSIHUEM JI€3HH KJIETOK C

TEUEHHEM BPEMEHHU XapaKTEepU3YyIOTCsA MapaMeTpoM
«kieTouHbll uHAeke» CI, KOTOpbIM MpeacTaBiseT
c00Ol COOTHOLICHHE MMIIEaHCa B «HYJICBOW» TOY-
K€ K UMIICIaHCy B JaHHOU BpeMeHHOW Touke. Orry-
XOJIeBBIC KIJIETKHM BbICeBaJM B IuiaHmeTsl E-plate 16
(ACEA Bioscience Inc., CIIA) B konndectse
2 x 10* knerok Ha JNyHKY. 3arem uepe3 24 4 (mus
PMII u MK) u yepe3 6 cyt (g PJI) BHocwin PX
nmi I'TH myTeM 3amMeHbl KyJlbTypajabHOU Cpefbl, CO-
nepxameid ®C B xoHueHTpanusx 5 u 20 Mxr/mi (B
niepecuere Ha PX), gepe3 24 4 HHKyOAIlMu U CMEHBI
KyJBTYPaJbHOM cpelbl MPOBOAWIN (DOTOAKTUBALIMIO
JIA3epHBIM H3IyYCHHEM C JJIMHOW BOJHBI 662 HM
u no3oit 5 JIx/cm? (ammapar Ason, OO0 «Ankom
MeaMKa», Poccus) K MiaHIIETy ¢ KJIETKaMH I0/IBO-
UM JIA3€PHOE M3JIyYeHHE C IIOMOIIbIO CBETOBOAA
¢ nuH30U A HapykHoro obmydeHust (OOO «Ilo-
nupoHuk», Poccust), xkotopwie (hopMHpOBaNIM pas-
HOMEpPHOE IISITHO B 30HE BO3ACHCTBHS pPa3MEpOM
4,4 cm (puc. 1). MouHOCTh U3My4YEHHsI COCTaBIIsAIA
0,2 Br/cm?, pacueTHOE BpeMst OOIydeHUST — 6 MHUH.
@DOTOAKTUBALMIO POBOAMUIN B YUCTOM NOMELEHUU
MpH  OTCYTCTBHUH BHEIIHEro ocsemeHus. Jlamee
riaHmeTsl Bo3Bpamain B cucteMy XxCELLigence
1 Benu HaOmozieHue B Teuenue 96—196 4 ¢ oneHkoi
nponudepauy KJICTOK 10 JBYM BBIIIEyKa3aHHBIM
napamerpaMm. Pexum 0OMydeHHS M KOHLEHTPALMH
[penaparoB MOR00PaHbl UCXOAS W3 JIMTEPAaTYPHBIX
nauHbIX [5—8]. Konnenrparuu ®C nogoOpaHbl uc-
XOms M3 JAHHBIX TEMHOBOM TOKCHYHOCTH 10 PX,
COIVIACHO KOTOPBIM J103a 10 80 MKr/mi1 He obnajgaer
atuM 3 dexTom [6].

/Kueomnvie. VlccnenoBaHne NMpOBEINCHO HA MBI-
max-camkax (n = 48) m camuax (n = 28) nuHHH
BALB/c cpenneii maccoii tena 21 + 0,4 u 24,9+£0,7 r
cootBercTBeHHO (¢pmmman ®I'BYH HIUIBMT ©®MBA
Poccun — THUTOMHUK J1a0OpaTOPHBIX KHUBOTHBIX
«CronboBasi», Poccus). JKWBOTHBIX copep)kaiu B
nactukoBbix kietkax (tun II, Tecniplast, Ura-
J1sT) BO BHYTPEHHEM IOMEILEHUU CO CTaHIApTH3H-
poBaHHbIMH ycioBusiMH (12 : 12-dacoBoil pexum
WCKYyCCTBEHHOTO OCBEIICHHUS, MPUTOYHO-BBITSKHAS

Puc. 1. BozpelicTBue Ja3epHBIM H3TydeHHEM Ha KyJIbTypy KieTok B Intanmere E-plate 16
Fig. 1. Laser irradiation of cell cultures in E-plate 16
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BEHTWJIALIMSA, Temreparypa Bo3ayxa — 20-25 °C).
Mpimm monrydanu KOMOMHUPOBAaHHBIA KOPM IS CO-
nepxanusi gadopatopubeix rpeiyHoB (OO0 «IIpo-
BUMIY», Poccust) u mutheByto Bony ad libidum.

Mooenuposanue onyxonesoco npoyecca. B wuc-
CICMOBAaHWU TPUMCHSUIM TIOAKO)KHO —IIEPEBUTHIC
KapIMHOMY OpiiuXa W aJIEHOKAPIIMHOMY TOJCTOM
kumkn AKATOJI. Jlng momydeHus oOmyxoied u3
3aMOpPO3KH HCIIOJIB30BATH TI0 JIBE MBIIIN-JI0HOPA:
KapIMHOMY JpiiuXa BBOIWIA BHYTPUOPIOIIMHHO U
gepe3 14 mHel mpou3BOAMIM 3a00p aCIIUTHOM KHUI-
KOCTH, COJIepXaIlllell OIyXOJeBbIe KIETKH, U Tepe-
BHUBKY MbImaM noakoxHo 0,1 mu 10 %-Hoii B3BecH
KIJIETOK B CTEPHIIBHOM (PH3HOIOTHYECKOM PACTBOPE;
AKATOJI nepeBuBanu MonkokHO U uepe3 14 mneit
OITYXOJTb MICCEKaJI, TOTOBUJIM TOMOTEHAT KJIETOK H
MPOBOJIWIIA TIEPEBUBKY MBIIIIAM IIOJIKOKHO B 00-
JIACTh 3a7Hel mpaBoit mamel B Buae 10 %-HOMH B3Be-
cH KjiaeTok B o0beme 0,1 mul.

3a neHb 10 TEPEeBUBKH y MBIIMICH NEMUINPOBa-
T Y9acTOK KOKM B 00nacTh Oeqpa TpaBOM Jarbl
KPEeMOM JIIsl JCTIWIISALUK, YTO OOJIerdasio KOHTPOJIb
BBE/ICHUS OITyXOJIEBBIX KJIETOK M ITOCIEIYIONIYIO
BU3YyaJIM3allMI0 30HBI TIEPEBHBKH IPU TPOBEIACHUH
¢doroaktupaiuu. DT BHINONHSUIA NPU JOCTHKE-
HUH OITyXOIIbI0 HaWOOJIBIIIEro JIMHEHHOTO pa3Mmepa
omyxomu 10 + 1 mm. Bcero Obutn cpopmupoBaHs
TPU TPyHNIBl >KUBOTHBIX (Tabm.). B skcmepumente
ObUTM B35THI 002 TOJNA YKUBOTHBIX JUIS TIOJTYyYCHUS
yCpeIHeHHbIX JaHHbIX 00 3ddexkruHocTH DAT ¢
npumenenueM ['TH. Mcxonnbie BelecTBa BBOIWIM
B 703¢ 5 mr/kr mo PX, ocymiecTBisui pa3BencHHe
CTepWIbHBIM  (pr3uonornyeckuM pactBopoM NaCl
g BBeneHus B o0beme 5 M Ha 1000 r maccel
TeJa B XBOCTOBYIO BEHY C TIOMOIIBIO MHCYITHHOBOTO
mmnpuna ¢ pasmepom umisl 26G. Yepes 6 u mocne

BBeneHua PX wnum ['TH x onyxonu noaBoauiu ja-
3epHOE M3NIyYeHHe UIMHON BOJHBI 662 HM (ammapar
Anon, OO0 «Ankom menuka», Poccus) ¢ moMoOIIbo
CBETOBOZIA C JIMH30M U HApYKHOTO OOIydeHHS
(00O «ITonmuponux», Poccus), koTopast popmupoBa-
Jla paBHOMEPHOE IISITHO B 30HE BO3JeHcTBUd. Moul-
HOCTb U3iy4eHus cocrasisuia ot 0,6 no 1,0 B, no3a
obnmyweHus uis BceX JKUBOTHBIX — 300 Jhx/cm?.
ExenHeBHO Ha BceM NPOTSHKEHHH OIIBITA MPOBOJIH-
JM OCMOTp JKUBOTHBIX JJISl BBISBICHUS KaKUX-JTHOO
MIPU3HAKOB OTKJIOHECHUSI B COCTOSHHH 3I0pOBBS. J[Ba
pasa B HENENIO PETUCTPUPOBAIM Pa3MeEpbl OIYXOJU B
MM, U3MEPSUTN UTHHY U MIUPUHY OITYXOJEBBIX Y3JIOB.

OObeM OIMyXOJIH PacCUUTHIBAIA B CM® 1O (Hop-
MyJI€:

V = (axb) /(2 * 1000),

rne: a — OONBIINiA, a b — MEHBIINIH JTMHEHHBIN
pasMep OITyXOJIEBOTO y3Ia.

Ilpn pocTwXkeHWH OMyXOoNnbld oObema 3 oM’
WIK B Cllyyae BbIABICHMS YMUPAIOLIMX >KUBOTHBIX
(aroHanmpHBIC KMBOTHBIC, MPU3HAKK (DU3NYECKOTO
CTpaJIaHusl), WX TIOJBEPrajid DIBTAHA3UH, KOTOPYIO
MIPOBOJMJIM METOIOM HHTaIsLUN COZ.

Cmamucmuueckuti  ananus. CTaTUCTHYECKYIO
00pabOTKy NaHHBIX MPOBOIMIHM C HCIIOIB30BaHHEM
nporpaMmMHoro obecnedenust GraphPad Prism 7.0.
Jiist IpOBEpKH THUTIOTE3bI O HOPMAJILHOCTH pacrpe-
JeneHus npuMeHsuin kputepuil lanupo — VYuka.
Jiist BBISIBIICHUSI MEXKIPYIIIOBBIX Pa3IHYHid HUCIIONb-
30BaJIM OIHO(AKTOPHBIM JUCIIEPCUOHHBIN aHANIN3 U
aHaJIM3 KpUBBIX BbDKMBaeMmocTu Kammana — Meii-
epa C JIOrpaHroBbIM KpuTepueM. Pe3ynbprarsl mpea-
cTaBieHbl B Buae M (cpemHee) £ m (cTangapTHas
omuoOKa cpeHero). 3HaYUMbIMU Pa3Iu4Us CUATAIH
npu ypoBue p < 0,05.

Tabnnua. Pacnpenenenne mbimeii BALB/¢ mo rpynnam

Hazpanue rpymnisl OmnyxoseBasi MOJICNb BemectBo u no3a KonmuectBo, mon

1. Kontpons Kapnunoma Dpamxa Bes BBenmenus BeliecTs 4 camia, 8 caMOK
AKATOJI 5 camIiioB, 7 caMOK

2. Pagaxmnopun Kapnunoma Dprimxa Pagaxnopun, 5 Mr/kr 5 camIioB, 7 caMOK
AKATOIJI 5 camIioB, 7 caMOK

3. I'TH Kapuunoma Dprnrxa I'TH, 5 mr/kr (mo Pamaxio- 4 camma, 8 camok
AKATOJ puny) 5 camroB, 7 caMok

Table. Experimental group assignment of BALB/c mice
Group Tumor model Substance/Dose Number (Sex)

1. Control Ehrlich carcinoma No treatment 4 male, 8 female
ACATOL 5 male, 7 female

2. Radahlorin Ehrlich carcinoma Radahlorin, 5 mg/kg 5 male, 7 female
ACATOL 5 male, 7 female

3. HTN Ehrlich carcinoma HTN, 5 mg/kg (by Radahlorin) |4 male, 8 female
ACATOL 5 male, 7 female
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Puc. 2. BHyTtpukiierodHoe HakoruieHHe (GOTOCEHCHOMIN3aTOpoB M Tpaduk pocTa KieTok B aHamuTnueckoit cucreme XCELLigence.

Puc. 2, A — nHakomnenue ¢oroceHcuOunu3aropos B nurormazme kierok PMIT 587 BlCan TVV (koH(oOKaIbHbIH MHUKPOCKOI, CHHUN
mBer — DAPI (snpa), mypmypuslid et — CyS (IuTomIasMaTHdecKas Jokanms3anus dorocencudbmmsaropa), | — PX, 2 — I'TH).
Puc. 2, b — rpaduk nu3meHenus kierounoro mujekca (CI) KiIeTouHbIX KyabTyp ¢ JobaBieHueMm panaxiopuxa u I'TH B xonnenrpamuun 20
MKI/MJI (MOMEHT BHeceHHs: 00o3HadeH ¢(urypoii mmpuna); 1 — xymsrypa PMII, 2 — kyasrypa MK, 3 — xynsrypa PJI. Kontpons — cpena
DMEM/F12 6e3 kierok. MHTakTHBIE KIIeTOUHBIE KyabTypbl obo3HaueHsl PMII, MK mmm PJI. «PX», «'TH» u «Jlazep» o3nadator nobasieHue
PX, I'TH w/unu na3epHOro u3inyveHus: (MOMEHT MPOBEACHHUS Ja3€PHOTO BO3ACUCTBHS 0003HAYEH (UTYPON MOIHHUH)

Fig. 2. Intracellular photosensitizer accumulation and cell growth kinetics in the xCELLigence analytical system
Fig. 2, A. Cytoplasmic accumulation of photosensitizers in bladder cancer cells (587 BlCan TVV) visualized by confocal microscopy.
Blue: DAPI (nuclear staining); Purple: CyS5-labeled photosensitizers (cytoplasmic localization). (1) Radachlorin; (2) Hybrid Tri-component
Nanosystem (HTN).

Fig. 2, b. Real-time cell index (CI) monitoring of cancer cell cultures following treatment with 20 pg/mL Radachlorin (“PX”) or HTN
(“T'TH”). Syringe symbol indicates photosensitizer addition. Cell lines: (1) Bladder cancer (“PMII”); (2) Melanoma (“MK”); (3) Lung cancer
(“PJI”). Controls (“Kourpons”): DMEM/F12 medium (acellular baseline) and untreated cell cultures. Intact cell cultures are designated
“PMIT”, “MK”, or “PJI”. “PX”, “I'TH”, and “Jlazep” mean the addition of Radachlorin, GTN, and/or laser radiation (lightning symbol
denotes 662 nm laser irradiation)
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Pe3yabTarsl

ITo pesynbraTaM CpaBHMTEJIBHOIO AaHAIN3A N
vitro HamMu paHee ycrtaHoBiieHo, uro PX u I'TH
CIOCOOHBI HAKAIUIMBATHCS B IUTOILIA3ME OIyXOJle-
BBIX KJIETOK, TIPM 3TOM OHHM HE OKa3bIBAlOT TOKCH-
YECKOTO JCWCTBUS W HE BBI3BIBAIOT CaMH 110 cebe
KJIeTouHyto rubens (puc. 2, A) [9]. B nanHom wuc-
cienoBaHuU npu oueHke napamerpa Cl B TeueHue
24 4 unkyOanuu ot BHeceHuss ®C M 0 CMEHBI
cpensl mepen (OTOAKTUBAIIMEH TEMHOBAas TOKCHY-
HOCTh HE HaOIIoNanach Kak B rpynmax ¢ jJo0asle-
HueM pasnuuHbix 103 PX, tak u B rpynnax ¢ I'TH.
@doToakTUBALMS JA3EPHBIM U3IYyUYEHUEM IPUBOAMUIIA
K 3aMETHOH Trubenn KJIeTOK M OCTaHOBKE MpOIH-
¢depanun knerouHoir kymsrypbl PMII m MK, dro
OTpaXkajoch B PE3KOM yMeHbleHuu mapamerpa CI
cpasy Iocie BO3JACHCTBHS JIa3epoM M C TOCIeNyTo-
el ero craOmiu3anueil 10 OKOHYaHUs HaOMrofe-
Huil (puc. 2, b). Ilpu HaOmromeHnn 3a KyabTypoil
PJI mabmonanm menee BwIpakeHHOe cHmkeHne Cl
W JanbHeiiee ero ypenuueHWe. Takum o0Opazom,
MpH OJHMX W TEX XK€ MapaMeTpax OOIy4YeHHs |
KOHIICHTPALIUSIX IIPEMnapaToB IETEKTUPOBAIU pa3-
JUYMS B PEAKIMH 3JI0KaYE€CTBEHHBIX KIIETOK pa3-
HBIX HO30JIOTHH: 3a()UKCHpPOBaHA OTHOCHTEIbHAS
pe3ucteHTHOCTh K Bo3xaeiicTtBuio DT knetox PIIL.
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BosneiictBue PX u I'HT ObL10 OXHOTHIHBIM JUIS
kynsTyp PMIT u MK. [Ins xynsryper MK npu uc-
nonb3oBanuu PX B koHnentpanuu 20 mxr/miu Cl
k 80 u mabmomenus cocraswi 0,15 £+ 0,05, npu
ucnonb3oBanuu I'TH B 3Toil e KOHIEHTpaluu —
0,11 + 0,05, mpu 3TOM I KOHTPOJIBHOW KYIJIBTY-
pel MK naHHBI noka3aTenb HAXOOWICS HA YPOBHE
2,68 + 0,27. Ins xkynstypel PMII 3nagenns CI co-
crapuiu 0,16 = 0,07 u 0,10 = 0,07 cooTBeTCTBEH-
HO it PX u I'TH npu KOHTpOIBHOM IOKa3arele
3,57 £ 0,07. Ilpu mpuMeHEHWH B KOHIICHTPAIINH
5 Mrx/mi HaOmromann MmeHbliee cHmxkenwe CI, Oe3
pazmuunii Mexay PX wm I'TH (mannele He mpuBe-
nenbl). Takum 00pa3oM, MOAABICHUE POCTA KIETOK
UMEJIO JT030BYIO 3aBHCHMOCTD.

IIposenernne OUAT in vivo obramamo CXOmTHOMH
s dexruBHOCTRIO Tipu cpaBHenuu ['TH u PX (puc.
3) Ha 00emX OIMyXOJICBBIX MOMAEIAX. AJICHOKAPIIH-
Homa AKATOJI okazanach MeHee 4yBCTBUTEIbHOU
K @O/IT, yTOo MPOSBIAIOCH B MEHBUIEM OTCTaBAHHUU
00bEMOB OITyXOJIell U OTCYTCTBHEM 3HAUUMOIO H3-
MEHEHHs] BBIKMBAEMOCTH B CpPaBHEHMM C KOHTpO-
aeM. ITpu Beimmonnennn O/T y Mbluei ¢ kapuuHo-
Mo Dpnuxa HaOIIOAANM CTaTUCTHYECKU 3HAYMMOE
YBEJIMYEHUE BBDKMBAEMOCTH KUBOTHBIX TPH TPHU-
MEHEHUHU KPUTEPHs AJIS SBTaHA3UU 10 JOCTIKCHUN
OIYXOJbl0 3 cM’.
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Puc. 3. M3meHeHune o0beMa OIyXOIHM M BBDKHBAEMOCTh Mbimreil BALB/c pa3HbIX rpynn ¢ kapuuHoMoil Dpimxa u ageHokapruaHoMoit AKATOJI
npu nposeneHuu poroguHamuyeckoit PX wimm I'TH

Fig. 3. Tumor volume dynamics (upper planes) and survival (lower planes) in BALB/c mice of different groups with Ehrlich carcinoma (left)
and ACATOL adenocarcinoma (right) after photodynamic therapy by Radachlorin (“PX”) and HTN (“I'TH”)
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O6cy:xneHue

OddexruBrocts OAT npu ucnons3osanuu ['TH
ObUIa COMOCTaBUMA B CPaBHEHUU €O CBOOOIHBIM PX
Kak Ha KyJlbTypaxX KJIETOYHBIX JIMHHWH, TaK U y MBbI-
mel ¢ KapuMHOMOM ODpiuxa U aJIeHOKapIIMHOMOMU
AKATOJI. TemHOBasi TOKCHYHOCTH IpenapaToB B
SKCIEPUMEHTE in Vitro ¢ HaONIOAeHUEM B peaTbHOM
Bpemenu Ha anaimszarope XCELLigence® ne Obuia
BBISBIICHA; TaKMM 00pa3oM, MOBPEKICHUE KIETOK
JI0 BBIITOJHEHUS! (POTOAKTHBALMHM HE MPOUCXOIUIIO.
OTO MOXXET KOCBEHHO YKa3blBaThb Ha OJIMHAKOBBIE
PO TEMHOBOW TOKCHYHOCTH CBOOOmHOTO PX
U B COCTaBe TPEXKOMIIOHEHTHOW HAHOCUCTEMBI.
B skcnepumenTax in vitro oOHapyXeHa yCTONYH-
BocTh K O/IT knerounoit aunuu PJI mo cpaBHeHUIO
¢ xnerkamu PMII u MK B Tex e ycnoBusix mpo-
Beneans D/IT. [lansbrii dakT CBUAETENHCTBYET O
pPa3IMYHOM YYBCTBUTENBHOCTH KIJIETOYHBIX JIMHUH,
YTO OBUIO TPOJEMOHCTPHUPOBAHO B HMCCIETOBAHUSIX
JpyTUX Hay4HBIX KOJUIEKTHBOB [6, 10]. B nemom, mo
pe3yibraraM OLEHKH in Vitro, MOXKHO 3aKIIFOUWTh,
yro BosaeictBrue PX um ['HT ObUIO OOHOTHUIIHBIM.
BrinonHenne oneITOB in Vivo ¢ KapLMHOMOU Dpiu-
xa n ageHokaprumHomoir AKATOJI Takxke mokasa-
JIO pa3NMYHYI0 YYBCTBUTENBHOCTH 3THUX OIMYXOJIEH.
Bonpmieit 9yBCTBUTENHHOCTRIO 00Taama KapIHO-
Mma Dpnuxa. [lonssrii orBer mocine @[T Habmronanm
y OJHOM MBIIIN-CAMKH C KaplUUHOMOW Opiuxa u
OJIHOM MBIIIM-CAMKH ¢ ajeHokapiuHomoi AKA-
TOJI mpu npumenenun B kauectBe DC cenenco-
JleprKallell HAaHOCHUCTEMBI, HO He B cirydae PX, 4ro
TpeOyeT mampHeimed oneHku. OXHIATOCH, 4YTO
IIPUMEHEHUE celleHa B ocHoBe HaHoudactun I'TH
MpPUBEAET K YCWICHHMIO H30HparenbHoro, 0e3 3a-
TparuBaHUs 3/10pPOBBIX KJIETOK, TOPMOXKEHHUS POCTa
3JI0KaUeCTBEHHBIX KJIETOK. CBOWCTBO MOAABIATH
pPOCT OIYXOJEBHIX KJIETOK MpHCylle HaHodopmam
nmanHoro metawtouma [2, 11]. Panmee mbr mokasa-
nu, uytro BBeneHue PX B I'TH mo3Bonuiio momyduthb
MPEUMYIECTBO B BHUJAE peaju3aluu MeXaHu3Ma
[IACCHBHOW JIOCTaBKM B OIIyXOJb U oOOecredeHus
3aMeaJieHusl BbIBeJCHUSI U3 omyxonu [9]. OmHako
3HAYMMOTO YBEJIHUYEHHUS MPOTHBOOITYXOJEBOTO 3(-
¢exra npu nposeneanu GIT B cpaBuenun PX u
I'TH me mabmrogamu. Bo3MOXHO, ONMMCAHHEIN BBIIIE
TIOJTHBIA OTBET y MbIIel ObuT 00YyCIOBIEH MOI00-
HbIM JeiictBueM ceneHa B cocrase ['TH. Henb3s
HCKIIIOYNTh, YTO JAHHBIA pe3yabTaT MOTI HOCUTH
U choy4aiiHelli Xxapaktep. Takum o0pa3om, MOXKHO
3aKIOunTh, 4To 3ddexruBHocTs OJT ¢ nmpumeHe-
HueM ['TH He yctynana takoBoit B ciayuyae PX wnu
Jake Oblia BBIIIE.

3akaouenue

W3yuennas ruOpumHas celeHCcoaepsKamias HaHo-
CUCTEMa C IOJIMMEPHBIM HOCHTEJIEM TEePCIEKTHBHA

VOPROSY ONKOLOGII = PROBLEMS IN ONCOLOGY. 2025;71(6)

JUTSL TIPUMEHEHHST BO (DITyOpECIeHTHON THAarHOCTHKE
u OIT omyxonei.
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