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E®EKTUBHICTH ®OTOH-3AXBATHOI TIPOMEHEBOI
TEXHOJIOI'TI TA ®OTOANHAMIYHOTI'O BILIMBY HA 3JIOIKICHI
KJIITUHNA JIIOAWNHHA, 1O SHAXOAATHCA Y CTAHI CITOKOIO

MeTa: gocnignTu cTpyKTypHi Ta MOphOdYHKLiOHaNbHi 3MiHW B TECT-CUCTEMI KNiTUH HepiOHOKNITUHHOTO paKy NereHb
noauHn (nivia A-549), wWo 3HAXOAATLCA Y CTaHi CNOKOIO, ONPOMiHEHUX PEHTTEHIBCbKMMW NMPOMEHAMMU B NPUCYTHOCTI
ragoniHinBMicHoro oTOH-3axBaTHOroO areHTa «[loTaBicT», Ta CBiTNA ONTUYHOrO Aiana3oHy (YepBOHe CBIiTNO) Y NOEA-
HaHHi 3 oToceHcnbinizatopom «DoTonoH».
MeTopau: meToa nepelennioBaHoi KynbTypy 3N0AKICHUX KNiTUH NHOAUHU, METOLM ONPOMiHEHHS PEHTTEHIBCbKUMU NpPO-
MEHSMU, YEPBOHWUM CBIiT/IOM, LLUTONOTIYHI, CTAaTUCTUYHI.
Pe3ynbratn. OnpomiHeHHs peHTreHiBCbKMMU npomeHsmu B fo3i 10,0 Ip 3a npucyTHOCTI (hOTOH-3aXBaTHOrO areHTa
«[loTaBict» (y KOoHueHTpauii 100 MKr/mMa NOXMBHOrO cepefoBUILA) NMPU3BOAUTL 0 3arnbeni 75-83 % 3105KiCHUX
KNiTWH, WO 3HAXOAATLCA Y CTaHi CNOKO, Ha 6—8-My f06Y KynbTUBYBaHHA. PoTofMHAMIYHMIA BNAMB (CBITNO YepPBOHO-
ro AianasoHy, 630 HM) y npucyTHocTi oToceHcnbinizatopa «PoTonoH» (y KOHUeHTpawii 200 MKr/Mn), CMPUYMHSE, 3a-
rnéenb 69-73 % 310AKICHUX KNiTWUH, BignoBigHo. MoegHaHHA (OTOH-3axBaTHOT TexHonorii Ta GoTofMHAMIYHOMO
BMIMBY NMPWU3BOANUTb A0 3armbeni 90 % 3710KiCHUX KNiTUH y a3i cTalioHapHOro pocTty Ha 8-My [00Y KynbTMBYBaHHS.
BucHoBOK. oefHaHHA (OTOH-3axBaTHOT TexHONOrii (ONPOMiHEHHA PEHTreHIBCbKUMU NMPOMEHAMMW 3 rafoniHin-
BMiCHMM (OTOH-3aXBaTHUM areHToM «JJ0TaBiCT» y LUMTOTOKCUYHIN KOHLEHTPaLiT) Ta POTOANHAMIYHOTO BNAKUBY Y NPU-
CyTHOCTI hoToceHcubinizatopa «PoTonoH» NiaBULYe eeKTUBHICTb AeBiTanizauii KNiTMH HeApPiOHOKNITUHHOIO paky
nereHb NOANHM (NiHia A-549), Wo 3HaxoaATbCA Y CcTalioHapHin dasi pocTty, 0 90 %. 10 % KNiTUH, Pe3UCTEHTHUX A0
BMIMBY 3aCTOCOBAHMUX TEXHOMOriN, 36epiratoTb CBiii nponidepaTMBHMA NOTeHLian, WO NPU NOAANbLWIOMY KYNbTUBY-
BaHHi NPOABNAETLCA 3MiHAMM MOPGONOrii, reHOTUNY Ta aAre3nBHOCTI.
KniouoBi cnoBa: Ky/ibTypa 3N0AKiCHUX KNITUH NIOAUHU, PEHTTEHIBCbKE ONPOMiHEHHS, hOTOH-3aXBaTHUIA areHT, YepBo-
He cBiTno, hoToceHcubinizarop.
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EFFECTIVENESS OF THE PHOTON CAPTURE BEAM
TECHNOLOGY AND PHOTODYNAMIC IMPACT ON MALIGNANT
HUMAN CELLS IN A RESTING STATE

Objective: to investigate the structural and morphofunctional changes in test system of malignant (cell line A-549)
human cells in a resting state exposed to X-rays in the presence of gadolinium-containing photon capture agent
«Dotavist» and optical light (red spectrum) in combination with «Photolon» photosensitizer.

Methods. Passaged malignant human cell culture technology, X-ray and red light exposure, cytological and statisti-
cal methods.

Results. X-ray exposure at a dose of 10.0 Gy in the presence of photon capture agent «Dotavist» (at a 100 pug/ml
nutrient medium concentration) led to death of 75-83 % of malignant cells in a resting state on the 6-8" day of
cultivation. Photodynamic exposure (630 nm wavelength red light) in the presence of «Photolon» photosensitizer
(200 pg/ml concentration) resulted in death of 69-73 % of malignant cells, respectively. Combination of the pho-
ton-capturing technology and photodynamic exposure resulted in death of 90 % of the malignant cells in a phase
of steady-state growth on the 8" day of cultivation.

Conclusion. Combination of the photon capture technology (X-ray exposure with gadolinium-containing photon
capture agent «Dotavist» in cytotoxic concentration) and photodynamic exposure in the presence of «Photolon»
photosensitizer increased devitalization effectiveness of human non-small cell lung cancer cells (A-549 cell line)
being in a steady-state growth phase up to 90 %. Ten percent of cells resistant to the applied technologies retained
their proliferative potential, evident as changes in their morphology, genotype and adhesiveness during further cul-

tivation.

Key words: culture of human malignant cells, X-ray irradiation, photon capture agent, red light, photosensitizer.
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BCTYII
Pak 3anuiiaeTbcsi OCHOBHOIO MPOOJIEMOK OXOPOHMU 3/10-
pOB’s Ta APYrol0 MPUUMHOIO CMEPTHOCTI B YCbOMY CBITi.
3a ouinkamu, y 2020 p. y BCbOMy CBiTi OyJI0 3apeecTpo-
BaHO 0JM3bKO 20 MJIH HOBUX BUMaAKiB paky Ta 10 MJIH
cMmeprtei Bim Hux [1]. 3a mporHo3amu BcecBiTHBOI op-
radizaitiii oxopoHu 310poB’st 10 2030 poKy KiJIbKiCTb HO-
BUX BMITQJIKiB MOXe CSITHYTU 15 MJIH Ha piK, a BUIAJIKiB
cMepTi — 10 MJTH, 11O TIpU3Beae 10 BUXOAY CMEPTHOCTI
Bim paky Ha miepie Miciie [2]. Cepen ycix 3aXBOpIOBaHb
Ha pax apyre Mmicie 3a noiupenictio (11,4 %), Ta nep-
e Miclie 3a cMepTHicTIo (18 %) mocigae pak jereHs [2].
OuikyeTbcs, 1o 10 2035 poKy B OibIIOCTI KpaiH CBiTY
piBeHb 3aXBOPIOBAHOCTI Ha paK JIEreHb MPOAOBXYBaTU-
Me 3pocTati [3].

st 60poThOM 3 TaKMMU HEOe3MEeYHUMM ST KUTTS
3aXBOPIOBAHHSIMU TEPMiHOBO IOTPiOHiI Oe3reyHi Ta
edexTuBHI cTparerii. OgHaK TpagulliiiHi TepaneBTUYHI
METOIU, TaKi SIK MpoOMeHeBa Tepallis, XiMioTepallisl Ta
Xipyprisi, BUSIBISIIOTh HEONTUMAJIbHY €(DeKTUBHICTb MPU

P«J Galyna Yo. Lavrencguk, e-mail hi20071956@ukr.net

INTRODUCTION

Cancer remains a major public health problem and
the second leading cause of death worldwide.
According to estimates, about 20 million new
cases of cancer and 10 million deaths among them
were registered worldwide in 2020 [1]. According
to forecasts of the World Health Organization the
number of new cases by 2030 may reach 15 million
per year, and number of deaths may exceed 10 mil-
lion bringing the cancer mortality to the first place
among other causes of death [2]. Lung cancer
ranks second in prevalence (11.4 %) and first in
mortality (18 %) among all malignancies [2]. It is
expected that by 2035 the incidence rate of lung
cancer will continue to increase in most countries
of the world [3].

Safe and effective strategies are urgently needed
to control such life-threatening diseases. However,
traditional therapeutic methods such as radiation
therapy, chemotherapy, and surgery show subopti-
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3JI0IKICHUX TTyXJIMHAX 4yepe3 Cepilo3Hi moOiuHi eekTH,
CTIHKiCTb J10 JIiKiB i HABiTh peLIUIUBU.

OIHUM 3 OCHOBHUX METOMIB JIiIKyBaHHS, SIKUI1 HAChO-
TOAHI y HaMOINBII €KOHOMIYHO PO3BUMHEHHUX KpaiHax
notpedytoTh Big 50 10 80 % BCix OHKOJOTIYHKMX XBOPHX,
€ TIpoMeHeBa Tepamis. JluMcTaHIiliHI TXepena y-BUIM-
POMIiHIOBaHHS Ta MPUCKOPIOBAaUi eJIeKTPOHIB, 1110 BUKO-
PUCTOBYIOTLCS Y KJIiHIUHIN MPaKTULIi, TOCSATIN MPaKTUI-
HO MeXi CBOIo TEXHIYHOrO PO3BUTKY i J03BOJSIOTH
HaLTI0OBATH 10HI3yI0Ue BUIIPOMIHIOBAHHS HAa MyXJIMHY 3
JIyXXe BUCOKMM CTyIlEHEM BUOIpKOBOCTI Ta KOH(pOpM-
HocTi. BomHoYac cepito3HUM OOMEXEeHHSIM 3aCTOCYBaH-
HS paIMKaJlbHOI MUCTAHIIIAHOI MPOMEHEBOI Teparii y
KJTIHIYHi TpaKTULi € HAAMiIpHO BUCOKE MPOMEHEBE Ha-
BaHTaXX€HHsSI Ha HOpPMaJjbHiI TKAHWHUW OpraHiamy MOpu
crpobax 30iJIbIIEHHST TepaleBTUYHOI e(eKTUBHOCTI 3a
paxyHOK ecKaJjallil 1031 OIPOMiHEHHS ITyXJIMHU.

OaHUM i3 IUISIXiB MiABUILEHHS €(heKTUBHOCTI IpOMEHe-
BOI Teparlii € po3poOKa Ta BOPOBAIXKEHHSI B KJIHIYHY
MpakTUKy OiHApHOI MPOMEHEBOI Teparllii, 30Kpema, (o-
ToH-3axBaTHOI TexHoJjorii (P3T) nikyBaHHS 3JI0SIKICHUX
HOBOYTBOPEHb 3a JOIMOMOTIOI0 i0HI3yI0UOro BUITPOMiHIO-
BaHHS, B IKili U151 3a0e3MeYeHHST TPOTUITYXJTMHHOTO e(heK-
TY BUKOPUCTOBYIOTHCSI IBA KOMIIOHEHTH — IIpernapar, 110
BBOAUTLCS B OPraHi3M, i 30BHIlLIHE IXKepesio BUITPOMiHIO-
BaHHs [4]. Ha BinmiHy Bin mpoMeHeBOi Tepariii 3 BAKOPUC-
TaHHIM TIperapaTiB—pamioMoan@ikaTopiB, 3HaTHHUX
3MIHIOBAaTH PaJiOUyTJIUBICTh MyXJIMHHUX TKAHWH, Y (O-
TOH-3axBaTHiii TexHoJorii (P3T) BUKOPUCTOBYIOTHCS
npernaparu, 1o He MaloTh BUPaxKeHO1 06i0JI0riYHO1 aKTHUB-
HOCTI y J03aX, 110 3aCTOCOBYIOThCs. Taki mpenapatu 1o-
BUMHHI MaTH y CBOEMY CKJIadi OIMH a00 KijibKa XiMiYHUX
€JIEMEHTIB, 3AaTHUX B3a€EMOJIiSITH i3 30BHILLIHIM iOHi3ylO-
YUM BUIIPOMIHIOBAHHSIM 3i 3HAYHO OLJIbILIOK HMOBIpHiC-
TIO, HIX €JIEeMEHTH, 1110 BXOISTh A0 CKJIaAy HOPMaJIbHUX
tkaHuH [4]. o mepesar M3T, y mopiBHsIHHI 3 Tpa-
JULIRHUMU METOJAMM ITIPOMEHEBOI Teparlii, HaJeXKUThb T,
10 MiABeAEeHHS HeoOXimHOI TepareBTUYHOI A03U 10
GioyorigyHoi MimeHi (ITyXJIMHW) 3IiICHIOETBCST CTBOPEH-
HSIM TIEBHOI KOHLEHTpallii Ipernapary, a He HalliTloBaH-
HSIM 1 (DOKYCYBaHHSIM ITydyKa BUIIPOMiHIOBaHb. Haiibinb-
11y epeKTUBHICTb Y IKOCTi (DOTOH-3aXBAaTHOIO areHTiB BU-
SIBJISIIOTH TIpernapaTv Ha OCHOBI TaloTepOBO1 KUCIOTH, 1110
He Mae crienudiyHoi (hapMaKoAMHAMIYHOI aKTUBHOCTI Ta
€ 6i0JIOriYHO BUCOKOIHEPTHOIO [5, 6]. Meton ®3T, 1110 BU-
KOPUCTOBYE OiIblI JOCTYITHI (DOTOHHI JKepea, 30Kpema,
PEHTreHiBChbKe BUIIPOMiHIOBAHHS, € HAWOUIbII Mepcrek-
TUBHUM 1 NPUIATHUM JUISI ILIMPOKOTO BUKOPMUCTAHHSI B
KJTiHiYHil OHKOJIOTiYHiIl MpaKTHULIi.

®oronunamiuyna Tepamnist (OIAT) € MiHiManbHO iHBa-
3UBHUM TEPAIIeBTUYHUM METOIOM, SIKWIi IIPUBEPHYB BE-

mal efficacy in cancer patients due to serious side
effects, drug resistance, and even relapses.

Radiation therapy is one of the main methods of
treatment, which today in the most economically
developed countries is required in management of
50 to 80 % of all cancer patients. The y-radiation
sources of external beam radiotherapy and elec-
tron accelerators used in clinical practice have
almost reached the limit of their technical devel-
opment and allow targeting of ionizing radiation
to the tumor with a very high degree of selectivity
and conformity. At the same time an excessively
high radiation load on normal tissues of the body
is a serious limitation of the use of radical remote
radiation therapy in clinical practice when trying
to increase the therapeutic efficiency due to esca-
lation of radiation dose to the tumor.

One of the ways to increase the effectiveness of
radiation therapy is the development and intro-
duction into clinical practice of binary radiation
therapy, in particular the photon capture tech-
nology (PCT) for treatment of malignant neo-
plasms with the help of ionizing radiation, in
which two components are used to ensure the
antitumor effect, namely drug injected into the
body and external source of radiation [4]. In
contrast to radiation therapy with the use of
radiomodifying drugs capable of changing the
radiosensitivity of tumor tissues, in PCT the
drugs with no pronounced biological activity in
certified doses are used. Such drugs must con-
tain one or more chemical elements capable of
interacting with external ionizing radiation with
much higher probability than elements in nor-
mal tissue [4]. Advantages of PCT in compari-
son with traditional methods of radiation thera-
py include the fact that required therapeutic
dose is delivered to biological target (tumor) by
creating a certain concentration of the drug, and
not by targeting and focusing the radiation
beam. The most effective photon-capturing
agents are drugs based on gadoteric acid having
no specific pharmacodynamic activity and being
highly inert biologically [5, 6]. The PCT method
in which the more accessible photon sources i.e.
X-rays are used, is the most promising and suit-
able one for wide use in clinical oncology prac-
tice.

Photodynamic therapy (PDT) is a minimally
invasive therapeutic method that has drawn much
attention in recent years as a new approach in
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JINKY yBary B OCTaHHI POKHW SIK HOBa Tepartist JUIs JIiKy-
BaHH#A paky. ®/IT BukopucroBye doToceHcndimzaTopu,
SIKi Imicst 30yIKEHHSI CBITJIOM i3 MEBHOIO JIOBXWHONO
XBUJIi pearyloTh 3 MOJIEKYJSIPHUM KHMCHEM, YTBOPIOIOUM
aKTHUBHIi (POpPMHU KHUCHIO B IIbOBiM TKAHWHI, 1110 TPU3BO-
JIUTb 10 3aruoeni kiiituH [7, 8]. ITopiBHSIHO 3i 3BUYaliHU-
MU TepaneBTHIYHUMY MeTogamu, O T neMmoHcTpyE Oillb-
Iy CEJEKTUBHICTh IPOTU MYXJIMHHUX KJITUH 3aBISIKU
BUKOPHCTaHHIO (POTOCEHCUOLTI3aTOPIB, SIKi MEPEBaKHO
JIOKQTIi3YIOTbCS B IMYyXJAMHHUX YPaxK€HHSIX, i TOUYHOMY
CBITJIOBOMY ONPOMiHEHHIO LIX ypaxeHb. OT/ rponos-
JKy€ iIHTEHCUBHO PO3BMBATHCS SIK 0araToo0ilisfroya cTpa-
Terisl JIiKyBaHHSI Pi3HUX HOBOYTBOpPEHb y IOEIHAHHS 3
MPOMEHEBOIO Tepari€lo, XiMioTeparni€lo, iMyHOTepamni€lo
Ta xipypriero [9, 10].

Pe3ucTeHTHICTD 3710IKiICHUX MYXJIUH SIK 10 TIPOTUITYX-
JIMHHUX TpernapartiB, Tak i A0 BIUIMBY padialliiHOro Ta
IHIIMX (pi3MYHUX (AKTOPiB CTAHOBUTH OJHY 3 aKTyaslb-
HUX Opo0JieM KJIiHIYHOI Ta eKCIEPUMEHTalbHOI OHKO-
Jiorii. Pe3aucteHTHICTh (POPMYETHCS Y BUTJISAII CYKYITHOCTL
crneundiyHuX i HecneundiyHUX, 3BOPOTHUX i HE3BOPOT-
HUX METa0OMiYHUX, CTPYKTYPHUX, DYHKIIIOHAJIbHUX, Te-
HETMYHMX Ta iHIIMX 3MiH, 110 BUHUKJIM Y TI€BHI TEPMiHU
MicJisl BIUTMBY Ha MyXJIMHHI KJIITUHU, i PO3TJISIIAETHCS SIK
npucTocyBajbHa peakilisg. OcobauBe Micle y il mpoo-
JieMi 3aliMa€e He TiJIbKM iCHylOYa PE3UCTEHTHICTb MyX-
JIMHHUX KJIITUH, a ¥ 30aTHICTb iX HAOyBaTU CTIiHKICTb OO
MPOTUNYXJIMHHUX areHTiB y Tpolieci JikyBaHH [11].

B excriepumeHTi in vitro 6y0 1OCTiIXEeHO BIUIUB IBOX
oinapaux texHojoriii (P3T ta ®AT) okpemo Ta y
MNO€ENHAHHI Ha KJIITUHU HEAPiOHOKIITUHHOTO paKky Jje-
reHb JonuHM (JTiHisg A-549) y nepenieruitoBaHiii MOHO-
IIapoBill KyabTypi 3a MOP(PODYHKIIIOHAIBHUMHI Xapak-
TepucTuKaMu (KiHeTHKa pocCTy, IpojidepaThuBHaA Ta
MITOTUYHA aKTUBHICTB). Pe3yiaprati mociimy 3acBigdn-
JIN, 110 3JI0SIKiCHI KITUHU A-549 € 1OCUTH CTIMKUMU 10
pi3HMX BapiaHTiB OiHApHUX MPOMEHEBUX BIUIMBiB. Mak-
cuMaJjibHa €(PeKTUBHICTh 3aCTOCOBAHUX TEXHOJIOTI BU3-
HadeHa 3a ixX moeaHaHoi ail, mpu ToMy 1 % KJIiTUH 3a/1u-
IAI0ThCS XXKUBUMU. Lle MOXYTh OyTU KJIITUHM, IO 3Ha-
XOIAThCS Y CIOKOi (Y (asi cTaliioHapHOTO pOCTy), a Ta-
KOX MOJIIJIOIAHI KJIITUHU, 110 BUHMKAIOTh B IyXJIMHI Y
BEJIMKill KiJIbKOCTi 3a HECOPUSITIUBUX YMOB pOCTY, i
3/IaTHi iHillil0BaTU peLMAyBaHHS MEPBUHHOI ITyXJIMHU.

META

Hocmimnt cTpyKTypHi Ta MOP(PODYHKIIIOHAIBHI 3MiHU
B TECT-CUCTEeMi KIITUH HEIpiOHOKIITUHHOIO paky Jie-
reHb JIoAuHU (1iHisg A-549), 10 3HaXOOAThCSd Yy CTaHi
CITOKOIO, OIIPOMIHEHMX PEHTTCHIBCHKUMM ITPOMEHSIMHU B
MIPUCYTHOCTI TamoJiHiHBMiICHOTO (POTOH-3aXBAaTHOTO

cancer management. PDT includes the use of
photosensitizers that after being excited by light of
a certain wavelength react with molecular oxygen,
forming reactive oxygen species in the target tis-
sue, which leads to cell death [7, 8]. Compared to
conventional therapeutic methods, PDT shows
greater selectivity against tumor cells due to the
use of photosensitizers that are preferentially
accumulated in tumor tissue followed by precise
light irradiation of tumor. PDT continues to be
intensively developed as a promising strategy for
the treatment of various neoplasms in combina-
tion with radiation therapy, chemotherapy, immu-
notherapy, and surgery [9, 10].

Resistance of malignant tumors both to anti-
cancer drugs and ionizing radiation or other phys-
ical factors is one of the urgent challenges in clin-
ical and experimental oncology. Resistance is
formed as a set of specific and non-specific rever-
sible and irreversible metabolic, structural, func-
tional, genetic and other changes occurring at
certain time points upon impact on tumor cells,
and is considered an adaptive reaction. Not only
the existing resistance of tumor cells, but also
their ability to acquire resistance to antitumor
agents during treatment is an especial issue within
this problem [11].

The effect of two binary technologies (PCT and
PDT) separately and in combination on human
non-small cell lung cancer cells (A-549 cell line)
in a passaged monolayer culture was investigated
according to morphofunctional characteristics
(growth kinetics, proliferative and mitotic activi-
ty) in an in vitro experiment. Results of experi-
ment proved that malignant A-549 cells are quite
resistant to various options of binary radiation
effects. Maximum effectiveness of the applied
technologies was under their combined action,
while 1 % of cells remained alive. These can be
cells that are at rest (in the phase of steady-state
growth), as well as polyploid cells that arise in
tumor in large numbers under unfavorable growth
conditions and are able to initiate relapse of the
primary tumor.

OBJECTIVE

To study the structural and morphofunctional
changes in the test system of human non-small
cell lung cancer cells (A-549 cell line) in a resting
state irradiated with X-rays in the presence of
gadolinium-containing photon-capturing agent
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areHTa <«JloTaBicT», Ta CBiTJIa ONTUYHOIO Jiama3oHy
(4epBOHE CBITJIO) Y MOEAHAHHI 3 OTOCEHCUOILTi3aTO-
poM «DoTOoIIOH».

MATEPIAJI TA METOJIU JOCJ/IIJI2KEHb
HocnimxeHHss BUKOHaHi Ha MepeliernioBaHiii MOHO-
1IAapOBiil KyABTYpi KJIITUH HEAPiOHOKJITUHHOIO paKy
JIETeHi JIIOAMHMU JiHii A-549, 1110 TTOXOITh 3 KapILIUHO-
MU JIereHb JIOJNHU eniTeaiononioHoi Mmopdoorii, Ha-
JaHUX baHKOM KIIITUHHUX KYJIbTYp [HCTUTYTY ekche-
PUMEHTAJIbHOI T1aTOJIOril, OHKOJIOTII Ta paxiobionorii
HAH Yxkpainu.

KiitTiHM KyJBTUBYBaJIM Y TIOBHOMY TOXWBHOMY Ce€-
pemosuili Advanced DMEM F/12 (GIBCO), mo
Mictiiio 2 % eMOpiOHAJNbHOI CHPOBATKU TEJIATU
(GIBCO), Pen Strep Glutamin (GIBCO), 3rigHo 3i
CTaHIAPTHUMU METOJaMUu POOOTH 3 KJIITUHHUMM IITa-
mamu [13]. KiiTuHu BUpoOIyBaay Opy NOCTiIMHIN TeM-
neparypi 37 °C ta 5 % CO; Ha NOKPUBHUX CKEJIBLISIX
po3mipamu (16x8) MM, gKi 3HAXOOUJIUCST Ha JHI CKJISI-
HUX TUISIIICYOK,

Ha 6-1y no6y no xiituH mogaBaiu «JoTaBicT» (y KOH-
neHTtpamii 100 MKJI/MJI MOXWMBHOIO CEpPEIOBHUINA) Ta
«®otonon» (y koHueHtpawii 200 mxr/mi). 3a 1 rox
KYJABTYPY KJIiTUH OMNpPOMIiHIOBaIM PEHTIeHiBCbKUMU
npoMeHssMu Ha anapati PYM-17 npu Hanpysi Ha
Tpyoui 180 kB, cumi ctpymy 15 MA, dinsrpax 2,5 Mm
Cu + 1 MM Al, noryxHocri no3u 1,47 Ip/xB, B 103i
10,0 I'p i okycHiit Binctani 40 MM Ta/abo CBITIOM Yep-
BOHOTO Aiana3oHy Ha amapari «bapsa-LED/630» (onu-
HUYHUI CBITIOAIOA 1 MJoOlla CBiTJOBOrO MNOTOKY
BiITIOBia€ MJIOIII JHA TUIAIIEYKU, HA IKOMY POCTYThb
KJIiTHHM) y 1031 45 I /cM? (25 mBt/cm? 3a 30 xB).

TecT-cucTeMO0 KJIITUH Yy CTaHi CIOKOIO (CTalioHap-
Hiit ¢dasi pocTy) BBaxXKaau KyJBTYpPH KJIITUH Ha 6-Ty 10-
Oy KyJIBTUBYBaHHsI, KOHMIIyeHT sikux pocsirae 80—90 %.

CTpyKTypHi Ta MOphOGhYHKILIOHATBbHI 3MiHU Y KYJIb-
Typi KJIITUH BUBYAIU Ha 6, 7, 8-My 100y Ky/JIbTUBYBaH-
HS 3a TTOKa3HUKaMW XUTTE3JATHOCTI (BMXKMBAHOCTI).
ToryBanu npenapatu: (ikcyBanu 96° etaHosoM Ta dap-
OyBaJIM TeMaTOKCUJIiIH-€03MHOM, Ha MpEeIMeTHE CKJIO
HakJIeIOBaIM KaHaAChbKUM Oanb3aMoM. Ilig onTuyHUM
MikpockornoM «Axioscop» (West Germany) mpu 30i1b-
meHHi y 1000 paziB y MexXax CiTKU METOJOM BUIIAJdKO-
Bux mnojiB 3a C. b. CrecaHoBUM TiIpaxoByBaJu 3a-
rajbHy KiJIbKiCTh KJIiTHUH, KiJbKiCTb MiTO3iB. MiTOTHY-
HUl iHnekc pospaxosyBaiay Ha 1000 xitH (%o).

CraTMCTUYHMIA aHaJli3 BipOTiTHOCTI OTpUMaHUX Ja-
HUX MPOBOJMIIM 3a JOMOMOTO0I0 f-KpuTepito CThIoAeH-
Ta, BUKOPUCTOBYIOUM KOMIT IOT€pHi mporpamu Micro-
soft Excel Ta Biostat 3 mornepegHbOI0 IEPEBiPKOIO TIiTT0-

«Dotavist» and light of the optical range (red spec-
trum) in combination with «Photolon» photosensi-
tizer.

MATERIAL AND METHODS

Studies were performed on a passaged monolayer
culture of the human non-small cell lung cancer
cells (A-549 cell line), derived from human lung
carcinoma of epithelioid morphology, provided by
the Cell Culture Bank of the Institute of Expe-
rimental Pathology, Oncology and Radiobiology of
the National Academy of Sciences of Ukraine.

Cells were cultured in Advanced DMEM F/12
complete nutrient medium (GIBCO) containing
2 % fetal calf serum (GIBCO), Pen Strep Glu-
tamine (GIBCO), according to the standard cell
strain methods [13]. Cells were grown at a constant
temperature of 37 °C and 5 % CO; on coverslips
16x8 mm, located at the bottom of glass bottles.

On the 6™ day «Dotavist» (100 pul/ml nutrient me-
dium concentration) and «Photolon» (200 pg/ml
concentration) were added to the cells. In 1 hour
the cell culture was irradiated with X-rays on the
RUM-17 device at 180 kV tube voltage, 15 mA cur-
rent, 2.5 mm Cu + 1 mm Al filters, 1.47 Gy/min
dose rate, in 10.0 Gy dose, and 40 mm focal dis-
tance and/or with light of the red range on the
Barva-LED/630 device (a single LED and the area
of the light flux corresponded to the area of the bot-
tle bottom on which the cells grew) at 45 J/cm? dose
(25 mW/cm? for 30 min).

The cell cultures on the 6th day of cultivation, the
confluence of which reaches 80—90 %, were consid-
ered the test system of cells in a resting state
(steady-state growth phase).

Structural and morphofunctional changes in cell
culture were studied on the 6™, 7" and 8" days of
cultivation according to indicators of viability (sur-
vival). Preparations were treated in such a way as
fixed with 96° ethanol, stained with hematoxylin-
eosin, and pasted on a glass slides with Canadian
balsam. The total number of cells and number of
mitoses were counted under the optical microscope
«Axioscop» (West Germany) at x1000 magnification
within a grid using the method of random fields
according to S. B. Stefanov. Mitotic index was cal-
culated per 1000 cells (%o).

Statistical analysis of probability of the obtained
data was carried out using the Student’s #-test per-
formed in the Microsoft Excel and Biostat comput-
er software with preliminary testing of hypothesis
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Te3U MPO HOPMaJIbHU I 3aKOH pO3IO/IiJTy BUIIaAKOBOI BE-
JnunHu 3a KputepieM Konmoropoa — CmipHoBa [14].

IIpu BUKOHAHHI AOCIiIXXEHHSI OYyJIO MpoaHalli30BaHO
1012 mpemapaTiB KyJabTYp KIiTHH.

PEVYJIBTATU TA OBI'OBOPEHHA

VY nonepelnHix eKCHepUMEHTAJbHUX MOCIIIKEHHSIX in
Vitro BU3Ha4eHO e(PeKTUBHICThb MOETHAHOI Aii IBOX 0i-
HapHux TexHojorii (P3T i ®JT) 1mono BUKMBAHOCTI
npoiepylounx 37109KICHUX KIITUH JiHil A-549. 1 %
KITUH (KJITUHU Y CTaHi CITOKOIO, TIOJIIIIOINHI) 3a1-
IIaJIMCSl XKUBUMM, CKJIafaloud, WMOBIpHO, pe3epB IS
peLIMAVMBYBAaHHS Y1 MeTacTa3yBaHHS ITyXJIMHM.

BpaxoByrouM BMCOKY PE3UCTEHTHICTb 3JI0SKiCHUX
KJIITUH y CTaHi CIIOKOO [0 BIJIMBY OiHApHUX TEXHOJIO-
Tiii, OyJ10 0O0paHO OMPOMiHEHHST PeHTTeHiBCbKMMMU MPO-
Mensmu y 1o3i 10,0 Ip, 1o npusBomuio 3arudeni 80 %
npoidepyrounx 310KicCHUX KaiTuH [15]. Bubip npemna-
paty «/loTaBicT» B IKOCTi (DOTOH-3aXBaTHOI'O areHTa 3y-
MOBJICHU I HasIBHICTIO TaI0JIiHiIO0 Y CKJIafi LIbOTO Mperia-
paTy, 10 BaXJIWBO i1 (hOTOH-3aXBaTHOI Teparii.
HocnimxeHHsT MeX YYTJIMBOCTI 3JI0SIKICHUX KJIITUH JII0-
IUHU 11010 (POTOH-3aXBaTHUX areHTIB in Vitro N1O3BOJIN-
JIM BU3HAUUTU ONTHMMAaJbHY KOHIIEHTpallilo Mpernapary
«JloTaBicT» 3 MAKCMMAaJIbHUM IIUTOTOKCUYHUM e(heKTOM
(100 Mkr/™mn), o Bianosigae 29,7 Mr rafoTepoBOi KMC-
JIOTM Ha | MJI TOXUMBHOro cepemoBuina. PoToceHCU-
oinizatop «PoToJIOH» (Ha OCHOBI XJIOPMHY €6), 3aci0 1J1s
®TJl TpeTbOro MOKOJIHHS, BU3HAHMI HaWKpalluM Yy
CBITi i3 ’SITU AO3BOJICHUX 10 KJIiHIYHOTO 3aCTOCYBAHHSI
3ac00iB 11 (OTOAMHAMIUHOI AiaTHOCTUKM Ta Tepartii
3JI0SKiCHUX HOBOyTBOpeHb [16]. Hdust DT xinithnH y
CTaHi CIMOKOI0 3aCTOCOBaHO «DOTOIOH» Y KOHIEHTpaLii
200 MKT/MJI TIOKMBHOTO Cepea0BUIIA, TP TOMY, IO f0-
ro IUTOTOKCHUYHI BJIACTUBOCTI IIOAO IPOJidhepyroumx
3JI0SIKICHUX KJTITUH MPOSIBASUIMCS BXE€ 3a KOHLEHTpaLlil
noHan 5—10 mMxr/mi [15].

TecT-cucTeMo10 KJITUH Yy CTaHi CHOKOIO (CTalio-
HapHiii ¢asi pocTy) BBaxKaau KyJIbTypU KJIITUH A-549 Ha
6-Ty 100y KyJbTUBYBaHHS, KOH(MIYEHTHICTb IKUX JOCS -
raja 80—90 %. B takux Ky/IbTypax Maiixke HEMa€e MiTO3iB
(£ 1 %o0), KINITUHU YTBOPIOIOTH LIIJILHUI MOHOILIAP.

CrpykTypHi Ta MOp(pOoPyHKIIOHATBHI 3MiHU Y KyJIb-
TYpi KJIITUH BUBYAJIX Ha 6, 7, 8§-My 100y KyJILTUBYBaHHSI
3a MOKa3HUMKAMU XKUTTE3AATHOCTI (BMXKMBAHOCTI).

B yMoBax BIUIMBY PEeHTreHiBCbKMX MPOMEHIB B 103i
10 Ip omHOWacHO 3 (DOTOH3AXBATHUM areHTOM «Jlo-
TaBicT» B KoHUeHTpauii 100 mxi/mia (29,7 Mr ragoTepo-
BO1 KUCJIOTH) IIiTBHICTh KJIITUHHOI MOMYJISIil 3MEHIIN -
J1ach 110 25 % XUBUX KJITUH Ha 6-Ty 100y Ta 10 17 % xu-
BUX KJIITUH Ha 8-y 100y KyJIsTUBYBaHHS (puc. 1).

about normal distribution of random variables
according to the Kolmogorov-Smirnov test [14].

During the research 1012 preparations of cell
culture were analyzed.

RESULTS AND DISCUSSION

In the previous in vitro experimental studies the
effectiveness of combined action of two binary
technologies (PCT and PDT) on survival of prolif-
erating malignant cells of the A-549 cell line was
determined. One percent of cells (resting cells,
polyploid) remained alive, probably forming a
reserve for the tumor recurrence or metastasing.

Taking into account high resistance of malignant
cells at a resting state to the influence of binary
technologies, X-ray irradiation at 10.0 Gy dose was
chosen resulting in the death of 80 % of proliferat-
ing malignant cells [15]. Choice of the drug
«Dotavist» as a photon-capturing agent was due to
the presence of gadolinium in its composition being
important for photon-capturing therapy. Studies of
the limits of sensitivity of malignant human cells to
photon-capturing agents in vitro made it possible to
determine the optimal concentration of «Dotavist»
drug with maximum cytotoxic effect (100 pg/ml)
corresponding to 29.7 mg of gadoteric acid per 1 ml
of nutrient medium. Photosensitizer «Fotolon»
(based on chlorine €6), a third-generation PDT
agent, is recognized as the best one in the world
among five molecules approved for clinical use for
photodynamic diagnosis and therapy of cancer [16].
«Photolon» was used in PDT of resting cells at a
concentration of 200 pug/ml of nutrient medium,
despite the fact that its cytotoxic properties against
proliferating malignant cells were already evident at
concentrations above 5—10 pg/ml [15].

A-549 cell line cultures on the 6™ day of cultiva-
tion, the confluency of which reached 80—90 %,
were considered the test system of cells in a resting
state (steady-state growth phase). There are almost
no mitoses (< 1 %o), and cells form a dense mono-
layer in such culture.

Structural and morphofunctional changes in cell
culture were studied on the 6™, 7, and 8™ days of cul-
tivation according to indicators of viability (survival).

Under conditions of exposure to X-rays at 10 Gy
dose simultaneously with photon-capturing agent
«Dotavist» at 100 ul/ml concentration (29.7 mg ga-
doteric acid) the density of cell population decreased
to 25 % of living cells on the 6™ day and to 17 % of
living cells on the 8" day of cultivation (Fig. 1).
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PUCYHOK 1. BuxkuBaHicTb 310AKiCHUX KNiTUH A-549, 10 3HAX0AATLCA Y CTaHi CNOKOI0, 33 YMOB OKpPeMoro Ta
NOEAHAHOrO BMAMBY PeHTreHiBCbKOro onpomiHeHHa y ao3i 10,0 Ip 3 hoToH3axBaTHUM areHToM «JloTaBicT»
(R) Ta yepBoHoro cgitna (YC) 3 hotoceHcubinizatopom «Potonon» (®) Ha 6-8-y fO6Y KYNLTUBYBAHHA.

Figure 1. Survival of malignant A-549 cells in a resting state under separate and combined X-ray exposure at
a dose of 10 Gy with «Dotavist» photocapture agent (D) and red light (RL) with «Photolon» photosensitizer

(Ph) on the 6-8" day of cultivation

OnpoMiHeHHS 3/105IKICHUX KJIiTUH YepBOHUM CBIiTJIOM
OITUYHOTO Jiarna3oHy (630 HM) y moeaHaHHi 3 POTOCEH-
cubinizaTtopom «POTONOH» MIPU3BOAUTD TEXK 10 CYTTEBOT
ix 3aru6erti, i B JKMBUX 3aIMIIAEThCs 31 % KITTUH Ha 6-Ty
100y i 27 % Ha 8-y 100y KyJIbTUBYBaHHS.

[loennanHs ¢poToH-3axBaTHOTO (3 «/loTaBicT») Ta o-
TOAMHaMIYHOTO (3 «POTOJIOH») BIJIMBIB PU3BOASTH 1O
3aru6enti 90 % 3710sIKiCHUX KJIITUH Y CTaHi criokoto. Ta-
KWM YMHOM, BIKUBaoTh 10 % KITiTWH, SIKi TIpY TI01aJTb-
IIOMY KYJIETUBYBAaHHI 3MiHIOIOTb CBOIO MOP(MOJIOTIIO, Te-
HOTHUII i aIT€3UBHICTb.

IToenHaHHsS (hOTOH-3aXBaTHOI TEXHOJIOTil (ompoMi-
HEHHSI PEHTIreHiBCbKMMM IMPOMEHSIMU 3 TamdoJiHili-
BMICHIUM (DOTOH-3aXxBaTHUM areHTOM «JloTaBicT» y Lu-
TOTOKCUYHI KOHILEHTpallii) Ta (oToanHaMiYHOro
BIUIMBY y TMPUCYTHOCTI ¢oToceHcubinizaropa «PoTo-
JIOH» miaBuIly€e e(EKTUBHICTb AeBiTadizalii KJITUH
HeIPiOHOKIITUHHOTO paKy JieTeHb JIOAWHU (JTiHig
A-549), 1110 3HaX0AThCS Yy CTalliOHApHii (aszi pocTy, 10
90 %. 10 % KaiTUH, PE3UCTEHTHUX [0 BILJIMBY 3aCTOCO-
BaHMX TEXHOJOTii, 30epiraloTh CBiil mposaidepaTuBHUNI
noTeHLial, 10 NPy MOoAAJIbIIOMY KYJIBTUBYBaHHI MpPO-
SBISIETHCS 3MiHAMM MOpPQOJIOTii, TEHOTUITY Ta aAre3uB-
HOCTI.

Takum 4ynHOM, BU3HA4YeHi MOpGhOoGhYHKIIOHAbHI 3Mi-
HU Y KYJbTYpax 3JIOSIKICHUX KITUH JroguHu (A-549),

Irradiation of malignant cells with red light of
the optical range (630 nm) in combination with
«Fotolon» photosensitizer also led to their signifi-
cant death, when 31 % of cells remained alive on
the 6™ day and 27% on the 8th day of cultivation.

Combination of the photon-capturing (by
«Dotavist») and photodynamic (by «Fotolon»)
effects has led to death of 90 % of malignant cells
in a resting state. Thus, 10 % of cells survive, which
change their morphology, genotype, and adhesive-
ness during further cultivation.

Combination of the photon-capturing technolo-
gy (irradiation with X-rays with administration of
gadolinium-containing photon capture agent
«Dotavist» in cytotoxic concentration) and photo-
dynamic exposure in the presence of «Photolon»
photosensitizer increased the effectiveness of devi-
talization of human non-small cell lung cancer
cells (A-549 cell line) being in a steady-state
growth phase up to 90 %. Ten percent of cells
resistant to the influence of the applied technolo-
gies retain their proliferative potential, manifested
by changes in morphology, genotype, and adhe-
siveness during further cultivation.

Thus, morphofunctional changes in cultures of
human malignant cells (A-549 cell line) being in a
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110 3HAXOMSThCS Yy CTallioHapHil ha3i pocTy, TOOTO B
FNOKCUYHUX yMOBaxX Ta IIiJIbHOMY KOH(pIYEeHTHOMY
CTaHi i1 30iIHEHOMY POCTOBOMY CEPEAOBUILI 32 YMOB OK-
PEMOro Ta MOEAHAHOIO BILIMBY PEHTI€HIBCHKUX ITpOMe-
HiB (3 TaOJIiHIBMiICHMM areHTOM) Ta Y4ePBOHOTO CBiTJIa
(3 doroceHcubinizaTOpoM) Ta MpU TMOETHAHHI LUX
OiHapHUX TexHoJjoriii. BctaHoBIEHO, 1110 B YMOBax Ti-
MOKCii, KIITUHU Yy CTaHi CITOKOIO 30epiraloTh CBill Mpo-
JlidbepaTUBHUI MTOTEHLIiajl, € FTEHETUYHO HeCTaOiIbHUMU
(rmoJlikapiouuTH Ta TiraHTChKi OMHOSIAEPHIX KIIITUHU).
LluTonoriyHi 0coOJMBOCTI MOJSITAIM Y BUHUKHEHHI Ta
HapoCTaHHI TeTePOreHHOCTI KJIITUHHUX TOMYISLIIN;
noaiMopdi3Mi siaep; YTBOpeHHi 0araTosiiepHUX KIiTUH
(yacrillle 3 HEMapHUM YUCJIOM SAep), CUMILIACTUYHUX
CTPYKTYD; 30iblIEHHI KiAbKOCTI IBOSIAEPHUX KJIITUH, B
TOMY YUCJIi, B HEPIBHOLIHHOMY 00’€Mi Ta 3 HeMpaBUJIb-
HOI0 (hopMoOIO sAlep); MOPYIIEHHI IMTOTOMIl Ta aHi3o-
Kapio3si; 30UIblIEHH] KiJIbKOCTI IMaTOJOriYHUX MITO3iB,
0co0MBO abepaHTHUX aHada3 (BigcTaBaHHS XPOMOCOM,
XPOMOCOMHi MOCTH TOIIIO.).

BHUCHOBOK

INoenHanHSA (POTOH-3aXBAaTHOI TEXHOJIOTII (OIMPOMiHEH-
HSI PEHTI€HIBCbKUMU MPOMEHSIMU 3 TajoJliHiABMiCHUM
(oToH-3aXBaTHUM areHTOM «J1loTaBiCT» Y LIUTOTOKCHY-
Hill KOHLIEeHTpaLlil) Ta GOTOAMHAMIYHOIO BILUIMBY Yy MPU-
cyTHOCTI (potoceHcubinizaTopa «PDOTONOH» ITiABUILYE
e(eKTUBHICTb AeBiTanizalii KIITHH HeApiOHOKITITUHHO-
TO paKky JereHb JoauHu (JTiHisg A-549), 1110 3HaXOOSIThCS
y crauioHapHiii ¢asi pocty, 10 90 %. 10 % xiituH, pe-
3UCTEHTHUX A0 BIUIMBY 3aCTOCOBAHMX TEXHOJOTIii, 30€e-
piraoTh CBiit mposipepaTUBHMIA TTOTEHLIiaJ, 11O MTPU MO~
JAJBIIOMY KYJIETUBYBaHHI IIPOSIBIISIETHCST 3MiHAMM MOP-
¢oJiorii, reHOTUITY Ta aiT€3UBHOCTI.
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steady-state growth phase, i.e. in hypoxic condi-
tions and dense confluent state in depleted growth
medium under separate and combined exposure to
X-rays (with a gadolinium-containing agent) and
red light (with photosensitizer) and when combin-
ing these binary technologies have been identified.
It was established that under hypoxia the resting
cells retain their proliferative potential and are
genetically unstable (polykaryocytes and giant
mononuclear cells are present). Cytological features
consisted in the emergence and growth of hetero-
geneity of cell populations, nuclear polymorphisms,
formation of multinucleated cells (more often with
an odd number of nuclei), symplastic structures,
increase in the number of binucleated cells, includ-
ing those in unequal volume and with irregularly
shaped nuclei, abnormal cytotomy and anisokary-
osis, increase in the number of abnormal mitoses,
especially of aberrant anaphases (i.e. chromosome
lagging, chromosomal bridges, etc.).

CONCLUSION

Combination of the photon-capturing technology
(irradiation with X-rays with gadolinium-contain-
ing photon-capturing agent «Dotavist» in cytotox-
ic concentration) and photodynamic exposure in
the presence of «Photolon» photosensitizer in-
creases the effectiveness of devitalization of human
non-small cell lung cancer cells (A-549 cell line) in
a steady-state growth phase up to 90 %. Ten per-
cent of cells resistant to the influence of the applied
technologies retain their proliferative potential,
manifested as changes in morphology, genotype
and adhesiveness during further cultivation.
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