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E®EKTUBHICTb ®OTOH-3AXBATHOI ITIPOMEHEBOI TEXHOJIOITI
TA POTOANHAMIYHOI'O BIUINBY HA 3JIOAKICHI TA
HOPMAJIbHI KNIITUHN JIIOAWNHWA IN VITRO

MeTta: gocnigutn cTpyKTYpHi Ta MOpdOodyHKLiOHaNbHI 3MiHW B TeCT-cucTeMax 3noaKicHux (niHia A-549) Ta Hopmanb-
HUX (cToBOYpOBi hibPo6sACTU) KNITUHAX NIOANHM, ONPOMIHEHUX PEHTTEHIBCbKUMU MPOMEHSIMU B MPUCYTHOCTI ra-
JOniHiiBMicHOro ()OTOH-3axBaTHOrO areHTa «JJoTaBicT» Ta CBiTIa ONTMYHOrO fiana3oHy (4epBOHe CBITNO) y NOE]-
HaHHi 3 doToceHcmbinizatopom «PoToNOHY.
MeToau: MeToa nepewenitoBaHOT KyNbTypu KNiTUH HOpManbHUX (Gibpo6nacTiB NOANHM Ta 3N0AKICHUX KNiTUH NOAM-
HW, METOAM ONPOMiHEHHA PEHTTEHIBCbKUMU NPOMEHAMMU, YHEPBOHUM CBITNIOM, LLUTONOTYHI, CTAaTUCTUYHI.
Pe3ynbratu. [locnigxeHo y nopiBHANbLHOMY aCneKTi BIUB [BOX OiHAPHUX NPOMEHEBUX TEXHONOri OKPEMO Ta y Noef-
HaHHi, a came: (HOTOH-3axBaTHy Ait0 HA 3N105KiCHI (KNiTMHM HeapPiOHOKNITUHHOIO paKy NereHb NOAUHU — NiHia A-549)
Ta HOpManbHi KNiTMHU (cTOBOYpPOBi hibpobnacTu niofuHM) npu iHKy6aLii ix 3 ragoniHiiBMicHUM POTOH-3axBaTHUM
areHToMm «[lotaBicT» Ta pOTOAMHAMIYHMIA BNMB Y NpUCYTHOCTI hoToceHcubinizatopa «PoTonoH». BctaHoBneHO 3a
MOpP(OdYHKLIOHANbHUMU XapaKTepucTUKaMm (KiHeTMKa pocTy, nponidepaTUBHA Ta MiTOTUYHA aKTUBHICTb) BULLE3a3-
HAYeHMX TECT-CUCTEM 0COBNMBOCTI BM/IMBY Ha 3710SKiCHi Ta HOpManbHi KNiTUHKU. ONPOMiHEHHSA PEHTTeHiBCbKUMU Npo-
meHsMu B fo3ax 1,0, 5,0, Ta 10,0 Ip iHakTuByBano 10, 46 Ta 80 % 310AKiCHUX KNiTUH NiHiT A-549, BignoBigHo.
OnpomiHeHHs kniTUH y fo3i 1,0 Ip B npucyTHOCTI poTOH-3axBaTHOrO areHTa «Jjotasict» (y KoHUeHTpaLii 10 mkn/mn)
Ha 50 % iHribye nponidepalilo KNiTUH, NPUTHIYYIOYM TX MITOTUYHY aKTUBHICTb, @ B f03i 10,0 Ip B npucyTHocTi «[o-
TaBicTy» ranbMye Ha 93 % picT Ta NOAIN 3N0AKICHUX KNiTUH, WO CBiAYMTL NPO BUCOKY eEKTUBHICTb AaHOT BiHapHOT
npoMeHeBOi TexHoNOrii. Bnane fBOX GiHAPHUX MPOMEHEBUX TEXHONMOTI HA 3N0AKICHT KNITUHM NtoguHK NiHiT A-549,
a came: NOEAHaAHHA YepBoHOro cBitna 3 «PotonoHoM» (y KOHLeHTpaLii 0,05 Mr/Mn) Ta PEHTreHIBCbKUX MPOMEHIB Y BU-
lWe3a3HayeHux fo3ax 3 «flotaBictom» (y KoHLeHTpaLii 10 mkn/mn), npu3BoauTL A0 3arubeni BignosigHo 64, 86 1a 99 %
3N105KICHUX KNiTUH. BCTaHOBNEHO, WO KynbTypa HopManbHUX (ibpo6nactie Ginblw YyTnMBa A0 BNAMBY KOMMNEKCY
6iHapHWX NpoMeHeBuUX Aili; onpomiHeHHs B fo3i 10,0 p y npucyTHocTi «[loTaBicTy» Ta «®oTonoHy» iHakTuBye 100 %
KNiTUH.
BucHoBOK. OTpuMaHi pe3ynbTati CKnafaoTb NigrpyHTs AOKATHIYHOTO eTany oUiHKKM edheKTUBHOCTI NOEAHAHOT BNIMBY
ABOX GiHapHMX TEXHO/Ori/ Ta Npenaparis, WO 3aCTOCYBYOTLCA Y DOTOH-3aXBaTHil TeXHONOTiT Ta GOTOANHAMIYHIN Te-
panii, - oToH-3axBaTHOro areHTa «floTaBicT» Ta poToceHcunbinizatopa «PoToNOHY, BiANOBIAHO.
KniouoBi cnoBa: KynbTypa 3M108KiCHUX KNiTUH NIIOAKMHK, KynbTypa (ibpobnacTis ntoguHu, nponidepalis, peHTreHiBCb-
Ke onpoMiHeHHs, POTOH-3axBaTHUI areHT, YepBOHe CBiTNO, poToCceHcnbinizaTop.
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EFFICIENCY OF PHOTON CAPTURE BEAM TECHNOLOGY AND
PHOTODYNAMIC IMPACT ON MALIGNANT AND NORMAL HUMAN
CELLS IN VITRO

Objective: to investigate the structural and morphofunctional changes in test systems of malignant (cell line
A-549) and normal (stem fibroblasts) human cells exposed to X-rays in the presence of gadolinium-containing pho-
ton capture agent «Dotavist» and optical light (red spectrum) in combination with «Fotolon» photosensitizer.
Methods. The continuous cell culture of normal human fibroblasts and malignant human cells technology, X-ray and
red light exposure, cytological and statistical methods.
Results. Effects of the two binary radiation technologies, namely the photon capture impact on malignant cells
(human non-small cell lung cancer cells i.e. line A-549) and normal cells (human stem fibroblasts) when incubated
with gadolinium-containing photon capture agent «Dotavist» and photodynamic effect in the presence of «Fotolon»
photosensitizer applied separately and in combination were studied in a comparative mode. Proceeding from mor-
phofunctional characteristics (growth kinetics, proliferative and mitotic activity) of the above-mentioned test sys-
tems, peculiarities of the effect on malignant and normal cells were established. Irradiation with X-rays to the 1.0,
5.0, and 10.0 Gy doses resulted in inactivation of respectively 10 %, 46 %, and 80% of the A-549 line malignant cells.
Cellular irradiation to a 1.0 Gy dose in the presence of the photon capture agent «Dotavist» (10 ul/ml concentra-
tion) inhibited cell proliferation by 50 %, suppressing their mitotic activity. At a dose of 10.0 Gy in the presence of
«Dotavist» the inhibition by 93 % of the growth and division of malignant cells occurred, indicating the high effi-
ciency of binary radiation technology. The effect of two binary radiation technologies on malignant human cells
(A-549 line), namely the combination of red light with «Fotolon» (0.05 mg/ml concentration) and X-ray exposure in
the above doses with «Dotavist» (10 pl/ ml concentration) resulted in the death of respectively 64 %, 86 %, and 99
% malignant cells. The culture of normal fibroblasts was found being more sensitive to the influence of a complex
of binary radiation impact, as exposure to a dose of 10.0 Gy in the presence of «Dotavist» and «Fotolon» inactivat-
ed 100 % of cells.
Conclusion. The obtained results provide basis of preclinical evaluation of effectiveness of the combined impact of
two binary technologies and drugs used in the photon capture technology and photodynamic therapy i.e. the pho-
ton capture agent «Dotavist» and «Fotolon» photosensitizer respectively.
Key words: culture of human malignant cells, culture of human fibroblasts, proliferation, X-ray irradiation, photon
capture agent, red light, photosensitizer.

Problems of Radiation Medicine and Radiobiology. 2022;27:234-248. doi: 10.33145/2304-8336-2022-27-234-248

BCTVYII

ITpomenena Teparrig (I1T) € omHIM 3 OCHOBHMX METO/IiB
JIIKyBaHHS TIALIIEHTIB 3 OHKOJOTIYHUMM 3aXBOPIOBAHHSI-
MHU. JIucTaHLiliHI [Kepesa y-BUTPOMiIHIOBAHHS Ta MPHUC-
KOpIOBayi eJIEKTPOHiB, 1110 BUKOPUCTOBYIOThCS Y KITiHi4-
Hil MpaKTUlli, JOCATIN MPAKTAYHO MEXKi CBOI0O TeXHIYHO-
IO PO3BUTKY i TO3BOJISIOTH HALLIIOBATA 10HI3ylO0Ue BUII-
poMiHtoBaHHS (IB) Ha myxJMHY 3 ITy>Xe BUCOKHUM CTyIIe-
HeM BUOipkoBOCTi Ta KoH@opmHocTi [1]. BomHouac
CepiO3HUM OOMEXEHHSIM 3aCTOCYBaHHSI paauKalbHOI
nucranuiriHoi I1T y KIiHiuHi MpaKkTUlli € HaAMiPHO BU-
COKe TTPOMEHEBE HaBaHTAXKEHHS Ha HOPMaJIbHi TKAHWUHU

P« Victoria V. Talko, e-mail talko 1950@gmail.com

INTRODUCTION

Radiation therapy (RT) is one of the essential
methods of treatment in cancer patients. Distant
y-radiation sources and electron accelerators used
in clinical practice have practically reached the
limit of their technical development and allow
targeting of ionizing radiation (IR) to the tumor
with a very high degree of selectivity and con-
formity [1]. At the same time, a serious limitation
of the use of definitive distant RT in clinical prac-
tice is the excessively high radiation burden on
normal body tissues when trying to enhance the
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OpraHiaMy npu crnpobax 30iJblLIeHHS TeparneBTUYHOI
e(eKTUBHOCTI 3a paXyHOK ecKaJallii 4031 OIMPOMiHEHHSI
nyxauan. OITHUM i3 HIJISXIB MABUIEHHS e(PEeKTUBHOCTI
IIT € po3pobKa Ta BIpOBaIKEHHSI B KIiHIYHY MTPaKTUKY
6iHapHoi mpomeHeBoi Tepartii (BITT) — TexHoTOTII JIiKY-
BaHHS 3J105IKICHMX HOBOYTBOPEHb 3a jomnomoroio 1B, B
SIKiM 1T 3a0€3MeYeHHS MTPOTUITYXJIMHHOTO e()eKTy BUKO-
PUCTOBYIOThCSI IBA KOMIIOHEHTM — IIperapart, 10 BBO-
TIATHCS B OPTraHi3M, i 30BHillIHE ;kepeso IB [2]. Ha Bimmi-
Hy Bin I1T 3 BUKopucTaHHSIM mpernapartiB—paaioMoandi-
KaTopiB, 3JaTHUX 3MIHIOBAaTU PadiOYyTIMBICTb IyXJIUH-
HUX TKaHuH, y BITT BUKOpUCTOBYIOTbCS MpemnapaTtu, 110
HE MaloTh BUPaKeHOI Oi0JOriYHOI aKTMBHOCTI Y 03aX,
110 3aCTOCOBYIOThCS. Taki ImpemapaTd MOBWHHI MaTu y
CBOEMY CKJIaJli OAMH a00 KiJibKa XiMiUHUX EJIEMEHTIB,
3MaTHUX B3a€EMOJISITU i3 30BHilIHIM IB 3i 3HaYHO OiJib-
111010 MMOBIPHICTIO, HiXK €JIEMEHTH, 1110 BXOAATH 10 CKJIa-
Iy HOpMaJIbHUX TKaHUH [3].

Hacroronni no BIIT Hanexarb ABi T€XHOJIOTIi: HEWUT-
pon-3axBaTtHa (H3T) Ta doron-3axBatHa (D3T) Te-
pamis. Ix 06’enHye 3arajabHUIl MPUHLMI, — peati3aLis
edexkTy 6e3nmocepeIHbO B MillleHi, 1110 OMPOMiHIOETHCS,
3a paxyHOK (i3MIHMX TIPOLIECIB, SIKi IPU3BOAATL IO
BUJIJIEHHST TOJATKOBOI eHeprii 0e3mocepeIHbO B MyX-
JIMHHIN TKaHWHi. [Tpy ToMy ITyXJIMHHI KJIITUHUA TUHYTh,
a HOpMaJlbHi HE OTPUMYIOTh 3aliBOr0 MPOMEHEBOrO Ha-
BaHTaxkeHHs1. He3Baxaroum Ha Te, 110 NPUHLMIIM 000X
TEXHOJIOTil 0yno 3arpornoHoBaHo noHaa 30 pokiB TOMY,
H3T cyrreBo Bumnepeawna ®3T y cBOEMY PO3BUTKY
[4—6]. HoBuii momiToBX 1Sl pO3pOOKM HOBMX JiKiB i
TEeXHOJIOTIN JiKyBaHHS 3 BuKopuctanHaM H3T namana
po3poOKa HOBUX MpUCKOpIoBayiB [7, 8.

Heo0xigHo Bim3HauuTH, 110 POOOTH 3i CTBOPEHHS TEX-
HoJrorii Ta BupoBamkeHHsI @3T po3royaTo B OCTaHHI po-
KM i HaOyJI0 TIOIMPEeHHST B ychoMy cBiTi [9, 10]. InTepec
no HoBoro Buay IIT oOyMoBneHuit HEOOXiOHICTIO poO3-
POOKM HOBUX €(PEKTUBHUX METOMIB, HUXKYMX 32 BapPTiCTIO
y MOPiBHSIHHI 3 JKEpeaMu eIeKTPOHiB, TaMMa-BUIIPOMi-
HIOBaHHS, JXKepes MPOTOHIB, HEMTPOHIB Ta i1OHIB BYIJe-
110, BapTICTIO amapaTypH, ii MOOITBHICTIO i MOXIIMBICTIO
MacOBOTO 3aCTOCYBaHHS B MEIUYHUX YCTAaHOBAX.

Ha manuit MOMEHT € JIvilie ABa IIpernapaTu, WIS SIKNX
®D3T € onHie 3 OCHOBHMUX 00JIacTeil 1X 3aCTOCYBAHHSI:
npenapat AGulX (NH TherAguix, ®@paHLis), B IKOMY
BUKOPUCTAaHUI TafoJIiHIl K AOMOMiXHUI areHT [11,
12], Ta mpenapatr NBTXR3 (Nanobiotix, ®paHwist) Ha
OCHOBI radHito, IpU3HAYEHUN JIJI iHTPATyMOPAJTIHBHOTO
BBefeHHs [13]. ObuaBa mpenapatu 3HaxXoAdaTbes Ha |
(hazi KIiHIYHUX BUTIPOOYBaHb.

YV GinbIIOCTi eKcrepuMeHTaIbHIX AociimkeHb D3T Bu-
KOPUCTOBYIOTH JIiIKApChKi 3aCO0M Ta CIOJIyKM HACTYMHUX
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therapeutic efficiency through the increase of
radiation dose to the tumor. One of the ways to
improve the RT effectiveness is to develop and
implement in clinical practice the binary radia-
tion therapy (BRT) i.e. a technology of cancer
radiotherapy where antitumor effect is received
through the administration of a drug injected into
the body and use of external IR source [2]. In
contrast to RT with the use of drugs-radiomodi-
fiers capable of changing the tumor tissue radio-
sensitivity, drugs with no pronounced biological
activity in therapeutic doses are used in BRT.
Such drugs should contain one or more chemical
elements capable of interacting with external IR
with a much higher probability than elements in
composition of normal tissues [3].

Nowadays the BRT includes two technologies -
the neutron capture therapy (NCT) and photon
capture therapy (PCT). They share a common
principle of the effect realization directly in the
irradiated target due to physical processes leading
to release of additional energy directly in the
tumor tissue. At that the tumor cells die, while
normal ones receive no excessive radiation expo-
sure. Despite the fact that principles of both tech-
nologies were proposed more than 30 years ago,
NCT is significantly ahead of PCT in its develop-
ment [4—6]. New impulse for the development of
new drugs and treatment technologies using NCT
emerged due the development of next-generation
accelerators [7, 8].

It should be noted that eleboration of the PCT
technology and its implementation has started in
recent years and is becoming widespread world-
wide [9, 10]. Interest in a new type of RT is
because new effective treatment tools are required,
being lower in cost compared to sources of elec-
trons, gamma radiation, protons, neutrons, and
carbon ions, both with lower cost of equipment,
good mobility and possibility of extensive use in
healthcare institutions.

At the moment, there are only two drugs for
which FCT is a principle areas of their application
i.e. AGulX (NH TherAguix, France) in which
gadolinium is used as an auxiliary agent [11, 12]
and NBTXR3 (Nanobiotix, France) for intratu-
moral administration based on hafnium [13]. The
phase I clinical trials are going on with both drugs.

Drugs and compounds of the following types are
used in the majority of experimental studies with
PCT: the contrast drugs for X-ray and computed
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TUIMIB: KOHTPACTHI JIiKapChKi 3aCO0M [UIST PEHTTEHIBCHKOI
Ta MarHiTHO-pe30HAHCHOI KOMI'I0TepHO1 ToMorpadii Ha
OCHOBI #omy Ta ragodiHiio [14]; MoTeHIiiiHI Y1 IBHI 1-
TOCTaTUKHU 3 YpaxXyBaHHSIM CIIOJIYK IUIaTUHU (LIUCIUIaTHH,
KapooriatuH) [15]; ¢yHKUiOHANTi30BaHi HAHOYACTUHKU
metaiiB [16, 17]. OueBUAHUMU € HACTYIIHI BUMOTH, IO
BU3HA4Ya0Th BUOip crionyk misg O3 T: HasIBHICTD Y CKitami
JIIKapChKOI PEUYOBUHM XiMIiYHOTO efleMeHTa 3 Z > 52, 1110
J00pe noriarMHae (pOTOHM; MAaCOBUIA BMICT MOTJIMHAIOUOIO
eJeMeHTa B JIiIKapChKiiA peyoBMHi, HOro TOKCMYHICTb Ta
¢apMaKoJIOTiUHi BJIACTUBOCTI TIOBMHHI OYTH TAKNMU, 1II00
3a0e3MeYnTH B yXJIMHHIA MiteHi 3Hauyiy mist @3T te-
pareBTUYHY KOHIIEHTpAIlil0 BIPOAOBX Yacy, HEOOXiTHOTO
JIJIS1 IPOBEEHHSI CEaHCY OIPOMiHEHHSI.

Ho nepeBar ®3T, y nopiBHSIHHI 3 TpagULIIHHUMU Me-
togamu I1T, HamexXUTh Te, 11O MiIABEeACHHS HeoOXimHOI
TeparneBTUYHOI 03U 10 0i0J0TiYHOI MillleHi (ITyXJIMHM)
3IMCHIOETHCSI CTBOPEHHSIM MEBHOI KOHLIEHTpAallil mpe-
napaTy, a He HaliIlOBaHHSM 1 (DOKYCYBaHHSIM IMydyKa
BUIIPOMiHIOBaHb.

Meton @3T BUKOPUCTOBYE OUIBII TOCTYITHI (POTOHHI
JiKepeJia BUIIPOMiHIOBaHb, € OUIbII MEPCOEKTUBHUM i
0O0YMOBJIEHNIT HEOOXiTHICTIO pO3pOOKM HOBUX i edek-
tuBHUX MeTomiB IIT 3 mopiBHSIHO HU3BKOIO BapTiCTIO
OIPOMiHIOBAJIbHOI anapaTypH, MOXJIUBICTIO 11 MACOBOTO
3aCTOCYBaHHS B MEAUYHUX YCTaHOBAX.

Meton doroguHamivynoi Tepanii (OAT), saxkuii moe-
HY€E MOXJIMBOCTI Cy4acHOi (papMaKoJIoTii Ta TOCATHEHHS
KBAHTOBOI €JIEKTPOHiKM, YCHIlIHO BIIPOBAIXKYEThHCS Y
MPOBIIHUX OHKOJOTIYHMX KJIiHiKaX CBiTY i € 1i€BOIO aJlb-
TePHATUBOIO ICHYIOUMM B IMpPaKTUL JiKyBaHHSI OHKO-
JioriyHux xsopux [9, 10].

ITinBuiieHHS €(PEKTUBHOCTI MPOTUITYXJIMHHOI Ail P
No€eaHAHHI MpoMeHeBoi Ta (POTOAMHAMIYHOI Teparii Mmo-
Ka3aHO Ha eKCIEPUMMEHTAJbHUX MOIEJSIX Pi3HUX ITyX-
JvH y Muii [18, 19]. BukopuctaHHs KyJIbTypy KJIITUH Y
TOCTIIXKEeHHIX OioylorivHuX edeKTiB (poToceHcuoimiza-
topiB 3a ymoB ntoegHaHHs O T Ta ®3T (BIIMBY CBITIO-
Boro Ta IB) Mae mipoBigHe 3HAYCHHS 711 PO3KPUTTS Me-
XaHi3MiB iX cionyyHoi aii [20, 21]. Aaa SKHARIIBUIIIO-
ro BIIPOBAIKEHHS JAHOTO METOMLY B KJIiHIYHY ITPAKTUKY
3 METOIO MOIOJIaHHS Pamiope3UCTEHTHUX Ta iHBa3UBHUX
PaKOBHMX 3aXBOPIOBaHb MOTPIOHO 3AIMCHUTU KOMILIEKC
JOCIiIKeHb i po3p00OK BiAIMOBIZHO OO BUMOT IPOBE-
JEeHHS JOKJIiHIYHUX JTOCTiIKEeHb.

META

Hocnigutu cTpyKTypHi Ta MOpdodyHKILIIOHATBHI 3MiHU B
TECT-CUCTeMaX 3J0SKiCHUX (JTiHisg A-549) Ta HOpMaTbHUX
(ctoBOYpOBi (piOpobmacTH) KIITUHAX JIIOAWHU, OM-
POMiIHEHUX PEHTIeHiBCbKMMU IIPOMEHSIMU B IMPUCYTHOCTI

magnetic resonance imaging based on iodine and
gadolinium [14], potential or approved cytostatics
including platinum compounds (cisplatin, carbo-
platin) [15], and also the functionalized metal
nanoparticles [16, 17]. The following requirements
determine choice of compounds for the PCT: pres-
ence of a chemical element with Z > 52 that
absorbs photons well in the content of medicinal
substance, mass content of absorbing element in
medicinal substance, its toxicity and pharmaco-
logical properties that provide a therapeutic con-
centration significant for PCT in the tumor target
during the time required for irradiation session.

Advantages of PCT compared to the traditional
RT methods feature the fact that delivery of
required therapeutic dose to biological target
(tumor) is achieved by creating a certain concen-
tration of the drug, but not by targeting and focus-
ing the radiation beam.

The more accessible photonic sources of radia-
tion are used in PCT, it is more promising and had
emerged due to the need in new and effective RT
methods with relatively low cost of irradiation
equipment, and possibility of its wide application
in healthcare institutions.

PDT method, which combines the capabilities
of modern pharmacology and achievements of
quantum electronics, is successfully implemented
in the innovative cancer clinics worldwide and is
an effective alternative to existing methods of can-
cer treatment [9, 10].

Increased antitumor effect when radiation and
photodynamic therapy are combined has been
shown on experimental models of various tumors
in mice [18, 19]. The use of cell culture in studies
of biological effects of photosensitizers under the
PDT and PCT (influence of light and IR) combi-
nation is of a leading value for revealing the mech-
anisms of their combined action [20, 21]. In order
to introduce this method into clinical practice as
soon as possible to overcome the radioresistant and
invasive cancers, it is necessary to carry out a com-
plex of research and development according with
the requirements of preclinical studies’ conduc-
tion.

OBJECTIVE

To investigate structural and morphofunctional
changes in test systems of malignant (line A-549)
and normal (stem fibroblasts) human cells exposed
to X-rays in the presence of gadolinium-contain-
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ragojiiHiiBMicHOro (poToH-3axBaTHOro areHTa «Jlo-
TaBiCT» Ta CBiTJIa ONTUYHOTIO Aiarna3oHy (YepBOHE CBITJIO)
y moeAHaHHi 3 (poToceHcubinizatopoM «DOTOIOHY.

MATEPIAJIN TA METO/JIU

HocnimxeHHss BUKOHAHI Ha MepelleriioBaHiii MOHOIA-
pPOBiil KyNbTYpi KJIITUH HeIpiOHOKIITMHHOIO paKky Jie-
TeHi JIIOAMHMU JiHii A-549, 1110 MOXOIATh 3 KapLIUHOMM
JIeTeHb JIIOAMHU, eMiTenionoaioHoi MopdoJiorii, Hama-
Hux bankom ximituHHuX Kyiasryp IEITOP HAH Vk-
painm, Ta Tpodidgepyiounx cToBOypoBuX (idpodiracTax
JIIOIHU.

KiiTuHM KyJ1bTUBYBaJIM B IOBHOMY ITOXKMBHOMY Cepe-
nosuiii Advanced DMEM F/12 (GIBCO), o Mictuio
2% emoOpioHanbHOl cupoBatku tesitu (GIBCO), Pen
Strep Glutamin (GIBCO), 3rigHo 3i cTaHmapTHUMU Me-
ToAaMU poOOTH 3 KIITUHHUMHM TaMamu [20]. KitituHu
BUPOILYBaIX MPH MOCTilHiA Temnepatypi 37 °C ta 5 %
CO, Ha NOKPUBHUX CKEJBLISIX po3MipaMu (16x8) MM, sIKi
3HAXOJIMJIMCSI Ha JHI CKJISIHUX IUISIIEYOK, 10 KOH(pIIye-
HTHOTO CcTaHy MoHomapy (1—5 mi6). i1 BUBYEHHS
KiHETUKU POCTY KYJABTYPU KJIITUH iHKYOyBad BIIPO-
TOBX 5 1i0, KOXHi 24 roa roTyBajr MOP(OJIOTiUHI TIpe-
napaTy 3a 3arajJbHOIMPUIHATOI0 METOAMKOIO (110 3 Tpe-
napaT Ha TOUKY).

VY 9KOCTi TeCT-CUCTEMU HOPMaJbHUX KJIiTUH Oyia 00-
paHa TiepelieIuIioBaHa KyJIbTypa CTOBOypoBHX (hidpo0-
JIACTiB JIIOAWHU 6-T0 mmacaxy. KiliTmHu BUpoIyBaiu npu
nocriiHii Temrepatypi 37°C ta 5 % CO, Ha MOKPUBHUX
CKeJbLIsIX po3MipamMu (16x8) MM, sIKi 3HAXOmWIMCS Ha
IHi CKJITHUX IUISIIEYOK, 10 KOH(MIYEHTHOIO CTaHy MO-
Homapy (1—5 ni0). JIist BUBYeHHST KiHETUKU POCTY KYJib-
TYPU KJIITUH iHKYOYBaJIM BIPOIOBX 5 Mi0, KOXHi 24 Tof
roTyBajii MOpGOJIOTiuHi MpenapaTy 3a 3araJlbHOMpPUIA-
HSITOIO METOIMKOIO.

«®oT1o10H» Ta «JloTaBicT» 1O KJITUH AOJAaBaIM Yyepe3
24 Tox Ticisg MocanKy B KOHIEHTpalisgx 10 MKJI/MIT o-
JKMBHOIO CepeloBUIA i KyJBTUBYBAIU BIPOAOBXK S i0.
Yepes 1 roa KyJabTypu KIITMH OMNPOMIiHIOBAIM PEHT-
TeHiBCbLKMMM MMpoMeHsIMU Ha anapati PYM-17 nipu Har-
py3i Ha Tpyoui 180 kB, cuni ctpymy 15 MA, dinbTpax 2,5
MM Cu + 1 mm Al, moryxHocrti no3u 1,47 Ip/xB, B mo3ax
Bim 1,0 Ip mo 10,0 Ip i poxkycHiii BincTani 40 mm Ta/abo
CBITJIOM YepBOHOTO Jiama3oHy Ha amapari «bapBa-
LED/630» (omMHUYHUIA CBITIIOMION i IUTOIIA CBITJIOBO-
ro MOTOKY BiAMOBiga€ MJOII AHA IJISIICYKU, HA SIKO-
MY POCTYThb KJIITHHHU) y 0031 45 [Ixx/cm? (25 mBt/cMm? 3a
30 xB).

MopdodyHKIiOHATbHI XapaKTEPUCTUKHU KYJIBTYPU
KJITUH OUiHIOBaAM y Pi3Hi TEPMiHM KYJBTHUBYBAHHS
KJITUH 3a MOKAa3HWKaMM XWUTTE3IATHOCTI: Tmpomidepa-

ing photon capture agent «Dotavist» and optical
light (red spectrum) in combination with
«Fotolon» photosensitizer.

MATERIALS AND METHODS

The studies were performed on a continuous
monolayer culture of human non-small cell lung
cancer cell line A-549, derived from human lung
carcinoma of epithelial-like morphology, provided
by the Bank of Cell Cultures of the Institute of Ex-
perimental Pathology, Oncology and Radiobiology
(IEPOR) of the NAS of Ukraine, and proliferating
human stem fibroblasts.

Cells were cultured in the complete nutrient medi-
um Advanced DMEM F/12 (GIBCO) containing
2 % fetal calf serum (GIBCO), Pen Strep Gluta-
mine (GIBCO) in accordance to the standard cell
strain methods [20]. Cells were grown at a constant
temperature of 37 °C and 5 % CO, on coverslips
16x8 mm size, placed on the bottom of glass bot-
tles, until the confluent state of monolayer was
achieved (1—5 days). To study the kinetics of cell
culture growth, cells were incubated for 5 days,
morphological preparations were prepared every
24 hours according to the generally accepted
method (3 preparations per point).

Continuos culture of human stem fibroblasts of
the 6th passage was chosen as a test system of nor-
mal cells. Cells were grown at a constant tempera-
ture of 37 °C and 5 % CO, on coverslips 16x8 mm
size, placed on the bottom of glass bottles, until the
confluent state of monolayer was achieved (1—5
days). To study the growth kinetics, cell cultures
were incubated for 5 days, morphological prepara-
tions were prepared every 24 hours according to
the generally accepted method.

«Fotolon» and «Dotavist» agents were added to
the cultures 24 hours after planting in concentra-
tions of 10 ul/ml of nutrient medium with cultiva-
tion for 5 days. After 1 hour, cell cultures were irra-
diated with X-rays on the RUM-17 device at the
tube voltage of 180 kV, 15 mA current, 2.5 mm Cu +
1 mm Al filters, 1.47 Gy/min dose rate, 1.0 Gy to
10.0 Gy doses, and a focal distance of 40 mm
and/or red light on the Barva-LED/630 device at
a dose of 45 J/cm? (25 mW/cm? in 30 min) from a
single LED and with light stream corresponding to
the area of bottle bottom where the cells grow).

Morphofunctional characteristics of cell culture
were evaluated at different times of cell cultivation
according to the viability indicators i.e. proliferative
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TMBHA i MiTOTMYHA aKTUBHicTb. [IposicdepaTuBHy ak-
TUBHICTb KJIITUH OLIIHIOBAJIU 32 KIHETUKOIO POCTY. YIIPO-
JIOBX IT’SITU Ai0, IITOAECHHO, TOTYBaJIN TIpeTapaTu: ikcy-
Basin 96° eTaHoIOM Ta (hapOyBav reMaTOKCWIiH-€031-
HoM. Ha mpeaMeTHe cKJio npenapaTy 3 moapdoBaHUMU
KJIITMHAMM HAaKJICIOBalM KaHaACbKUM Oanb3amMoM. ITix
ONTUYHUM MiKpocKornoM «Axioscop» (West Germany)
npu 30inbieHHi y 1000 pa3iB y Mexkax CiTKM METOAOM
punaakoBux mnoJjiB 3a C. b. CrepaHoBUM MingpaxoByBa-
JIM 3araJibHYy KiJIbKiCTh KJIiTUH, KiJIbKiCTb MiTO3iB. MiTO-
TUYHUM iHaeKc po3paxoByBaBces Ha 1000 kiaituH (%o).
CraTUCTUYHMIA aHaJIi3 BipOTiZHOCTI OTpUMAaHUX TaHUX
TMPOBOIMIIM 3a TOMIOMOTOI0 -KpuTepito CThIoeHTa, BU-
KOPUCTOBYIOUM KOMIT'IOTEepHI IIporpamMu Microsoft
Excel Ta Biostat 3 monepegHbBOIO TIEPEeBIPKOIO TIilTOTE3N
PO HOPMaJIbHMIA 3aKOH PO3IOIiIY BUMAIKOBOI BEIU-
yuHU 3a KputepieM Koamoroposa — CmipHoBa [22].
ITpu BUKOHAHHI eKCIEPUMEHTATbHUX HOCTIIKEHb OYy-
J10 mpoaHanizoBano 2005 mpenapaTiB KyJIbTYp KIiTHH.

PE3VYJIBTATU TA OBTOBOPEHHS

HocaigkeHo Yy TMOPiBHSIJIBHOMY acIleKTi BIUIMB IBOX
OiHapHUX IIPOMEHEBUX TEXHOJIOTiIM OKpemMo Ta y
MOENHAHHI, a caMme: (POTOH-3aXBaTHOI il Ha 3JTOSIKiCHI
(KTiTMHU HEeAPIOHOKIITUHHOIO PaKy JIereHb JIOAUHU —
JIiHig A-549) Ta HOpMaJIbHiI KIITUHU (CTOBOYpOBi (hiO-
pobiacTi JMIOOAWHU) TIpW iHKYOAalii ix 3 TamosiHiii-
BMIiCHUM (DOTOH-3aXxBaTHUM areHToM «JloTaBicT» Ta ¢o-
TOAVMHAMIYHUIA BILUTUB Yy MPUCYTHOCTI (poTOoCeHCUOimi3a-
Topa «POoTOJIOH»

BuBueni ctpykrypHi Ta Mopdo-(pyHKIIiOHaIbHI Xa-
PaKTEPUCTUKMU 3JI0SIKICHUX Ta HOPMaJIbHUX KJIITUH JTI0-
IUHU B KYJIBTYpi 32 YMOB BIUIMBY 1) peHTI€HiBCHKOTO
ONpoMiHEeHHS Ta (POTOH-3aXBaTHOTO areHTa «JloTaBicT»;
2) cBiTJIa YepPBOHOTO Hialma3oHy Ta (poToceHCcHOiTiZaTopa
«®oT10J1I0H»; 3) PEHTIeHiBCHKOIO ONMPOMiHEHHS Ta ¢o-
TOH-3aXBaTHOro areHTta «JloTaBicT» y IMoe€aHaHHi 3i
CBITJIOM UYEpBOHOTO Aiama3oHy Ta (OTOCEHCUOLTi3aTo-
poM «DoTosIoH».

Kinetuka pocTy Ta CTpYKTYpU MOIYIALii Y KYJIBTYypi
IHTAaKTHUX KJIITUH HEAPiOHOKIITUHHOTO paKy JIereHi
JIIOAMHU JiHi1 A-549 (KOHTpOJb), NOCHiIXKXyBaHa BIPO-
JIOBX 5-TU Ai0, xapaKTepusyeThesl ABoMa dazamu. Jlar-
¢daza TpuBae 1—2 po0OU, BOPOIOBXK SKOI KIITMHU
MPUKPITITIOITBECS A0 CYOCTpaTy, pPO3IUIaCTOBYIOThCS i
3aITyCKalOTh IIPOLIeC MOy IPpU HU3bKOMY MITOTUIHO-
My iHzekci. @asa jorapudmidyHro pocty TpuBae 2—5 nio,
BITPOAOBX SIKMX BiIOYyBa€ThCSl iHTEHCUBHE 30ibIIEHHS
KiJTBKOCTI KJIITUH 34 PaxyHOK ITiABUINEHHS MiTOTUYHOI
AKTMBHOCTI KJIITUH Y KYJBTYpi Ta 3pOCTaHHS ILLiJIbHOCTI
KJIITUHHOI TTOTYJISLil, KOH(PIYEHT KYJIBTYPU CTAaHOBUTH

and mitotic activity. The proliferative activity of cells
was assessed by growth kinetics. Preparations were
prepared daily for five days: they were fixed with 96°
ethanol and stained with hematoxylin-eosin. Prepa-
rations with stained cells were pasted with Canadian
balsam on a glass slide. The total number of cells and
number of mitoses were counted under the optical
microscope «Axioscop» (West Germany) at a x1000
magnification within margins of grid using the ran-
dom fields method according to S. B. Stefanov. The
mitotic index was calculated per 1000 cells (%o).

Statistical analysis of the obtained data was car-
ried out by means of the Student’s 7-test, using the
Microsoft Excel and Biostat software with a pre-
liminary test of the hypothesis about normal distri-
bution of random variables according to the
Kolmogorov-Smirnov test [22].

The 2,005 preparations of cell cultures were ana-
lyzed.

RESULTS AND DISCUSSION

Effects of two binary radiation technologies
applied separately and in combination were inves-
tigated with a comparative approach, namely the
photon capture effect on malignant (human non-
small cell lung cancer cells - the A-549 line) and
normal cells (human stem fibroblasts) when incu-
bated with gadolinium-containing photon capture
agent «Dotavist» and photodynamic effect in the
presence of «Fotolon» photosensitizer.

The structural and morpho-functional charac-
teristics of malignant and normal human cells in
culture were studied under the conditions of expo-
sure to 1) X-ray irradiation and the photon-cap-
turing agent «Dotavist», 2) red spectrum optical
light and «Fotolon» photosensitizer, and 3) X-ray
irradiation and photon capture agent «Dotavist» in
combination with red spectrum optical light and
«Fotolon» photosensitizer.

Kinetics of growth and population structure in
the culture of intact cells of human non-small cell
lung cancer A-549 line (control) studied over 5
days was characterized by two phases. The lag
phase lasted 1—2 days, during which the cells were
attaching to substrate, flatten out and start to
divide at a low mitotic index. The phase of loga-
rithmic growth lasted 2—5 days, during which
there was an intensive increase in cell number due
to amplified mitotic activity of cells in the culture
and increased density of cellular population. The
confluent of culture was 80 %. On the 5"—6" day
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80 %. Ha 5—6-Ty 100y MITOTUYHMIA iHAEKC Ta LIiJIbHICTh
KJIITUHHOI MOMYJISILil 3MEHINYEThCS. Y KYJIBTYpi iHTaKT-
HUX KJIITUH CIIOCTEPIira€ThCsl Ha3BUYaiiHO MaJlo aTUIIO-
BUX KJITMH: 0araTosiiepHux, 3 MiKposiApaMM, amoIlTo-
TnyHUX. KiHeTnka pocTy cTOBOypoBUX (hiOpobacTiB
JIIoAMHU Oyaa noaioHow. LliHHICTh TaKUX KYJIBTypallb-
HUX MOAEJel Moisira€ y He3MiHHOCTI KiHETUKM POCTY
MpU MepelieryieHHi, 1110 BKpail BaXJIMBO ISl IOBTOPIO-
BaHOCTI pe3yJbTaTiB 32 Pi3HUX YMOB.

st BUBYeHHs (DOTOH-3axBaTHOI 1ii IB Ha XuTre3nar-
HICTh KJITHH JiHii A-549 Oysio oO0paHO peHTIeHiBChbKE
ornpomiHeHHs B go3ax 1,0; 5,0; 10 Ip, mo nmpusBeno g0
3arn6eni 10, 46 Ta 80 % 37105KiCHUX KJIITUH, BiAITOBIAHO
no3i ompomiHeHHS (puc. 1).

Bu6ip npemapaty «/lotaBicT» B IKOCTi (pOTOH-3axBaT-
HOTI0 areHTa 3yMOBJICHU I HAsIBHICTIO raI0JIiHiI0 y CKJIaIi
LIbOrO Mperaparty, 10 BaxJIMBO Is1 (POTOH-3aXBAaTHOIL
Teparii. «JloTaBicT» — 1Ie TagoTepoBa KKUCI0Ta, IO MA€E
napaMarHiTHi BJIACTMBOCTI, SIKi MOCUJIIOIOTh KOHTPAaCTY-
BaHHS TPU MarHiTHO-pe3oHaHCcHi Tomorpadii (MPT).
Tamoreposa kucioTa He Mae crneurdiyHol hapMaKoIH-
HaMiuHOI aKTUBHOCTI Ta € 0i0JIOTIYHO BUCOKOIHEPTHOIO.
BukopucToBY€ETbCSI BUKIIIOYHO 3 AiarHOCTMYHOIO Me-
TOl0, SKIIO 3acTtocyBaHHI MPT 0e3 KoHTpacTHOro
MiACUJIEHHSI HEMOXKJIUBE.

JocmimkeHHsT MeX YYTJAMBOCTI 3/705IKICHMX Ta HOp-
MaJIbHUX KJITUH JIOAWHU 1I0A0 (POTOH-3aXBaTHUX areH-
TiB in Vitro 1O3BOJWIM BU3HAYUTH ONTUMAJIbHY KOHIIEHT-
patiiio rperapary «JloTraBicT» 3 MAKCMMaJIbHUM IIUTOTOK-
CUYHUM Ta MiHiMaJbHUM F€HOTOKCUYHUM edekToM [23].

J11s1 BUBYEHHSI KIIITUHHUX peakliii Mpyu BUKOPUCTaHHI
npenapary «JotaBict» y ®3T 3acTOCOBAHO KOHIIEHT-
pamiro 10 MKJI/MI1, 110 BigmoBimae 2,97 MT ragoTepoBoil
KMCJIOTU Ha 1 MJT MOXMBHOTO cepenoBuilia (puc. 1).

BcTranoBneHo, 110 B MPUCYTHOCTI (DOTOH-3aXBaTHOTO
areHTa ONMpOMiHEHHS KJIITMH PEHTreHiBChbKUMU MpoMe-
Hamu y go3i 1,0 Ip na 50 % inridoye nposmidepaliio

the mitotic index and density of cell population
has decreased. In the culture of intact cells,
extremely few atypical, i.e. multinucleated, with
micronuclei, apoptotic cells were observed. The
growth kinetics of human stem fibroblasts was sim-
ilar. The value of such cultural models lies in the
invariance of growth kinetics during passage,
which is extremely important for repeatability of
results under different conditions.

X-ray irradiation in 1.0, 5.0, and 10 Gy doses was
chosen to study the photon-capturing effect of IR
on viability of cells of the A-549 line. As a result the
death of 10 %, 46 %, and 80% of malignant cells
occurred, according to the radiation dose (Fig. 1).

The «Dotavist» drug was chosen as a photon-
capturing agent due to the gadolinium in its com-
position, which is critical for the photon capture
therapy. «Dotavist» is the gadoteric acid with para-
magnetic properties capable to enhance the con-
trast in magnetic resonance imaging (MRI). Ga-
doteric acid has no specific pharmacodynamic
activity and is biologically highly inert. It is used
exclusively for diagnostic purposes when MRI
without contrast enhancement is inappropriate.

Studies of the sensitivity of malignant and nor-
mal human cells to photon capture agents in vitro
made it possible to determine the optimal concen-
tration of «Dotavist» drug with the maximum
cytotoxic and minimum genotoxic effects [23].

«Dotavist» at a concentration of 10 pul/ml, corre-
sponding to 2.97 mg of gadoteric acid per 1 ml of
nutrient medium, was used to study cellular reac-
tions in PCT (Fig. 1).

It was established that in the presence of a pho-
ton capture agent, irradiation of cells with X-rays
at a 1.0 Gy dose inhibited the cell proliferation by
50%, suppressing their mitotic activity, and at a

- 180
g s 1604 B KoHTponb / control |
g 8% 1Mp/1Gy
g_ggsmo—— 5Tp/5 Gy
Co S81207 10Tp /10 Gy
TQ el M0 |
Ez ® g 100
E o §'.; 80+--B - oo
z g "6 g ol BN r PUcyHOK 1. [l0o30Ba 3aNeXHiCTb MUTTE3AATHOCTI
] . o oo . .
HET NN O . KNiTUH ninii A-549, onpoMiHeHUX PeHTreHiBCbKUMMU
E 'g e NME B @ . NpoMeHAMM, HA 6-Ty A06Y KyNbTUBYBAHHA
¥ = B . et

0- , — — Figure 1. Dose dependence of viability of the A-549

BuxuBaHicTb MiToTW4HMIA iHaekc, %o . th . .
Survival Mitotic index, %o line cells on the 6™ day of cultivation upon exposure
to X-rays
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KJIITUH, TIPUTHIYYIOYM iX MITOTUYHY aKTUBHICTh, a B
no3i 10,0 Ip ranemye Ha 93 % picT Ta Mol 3JI09KICHUX
KJIITWH, 110 CBiTUMTH PO BUCOKY €(PEKTUBHICTL JaHOL
GiHapHO1 rpoMeHeBo1 TexHoJoril. Illono cTpykTypHMX
3MiH KYJBTYPH KJITUH JdiHil A-549, ciix BinMiTUTH, 110
npu [il TibKU «J10TaBiCTy», IUIBHICTh KJIITUHHOI MO0-
nyJisitii Malixke He BiIpi3HSIETHCS Bill KOHTPOJIIO, OKPIM
MPUCYTHOCTI B KYJBLTYpi KJIITMH HE3HAYHOI KiJIbKOCTI
JBOSIIEPHUX KIITMH. 3a Li€i KOHLEeHTpalii ¢gopma
KJIiITUH HE3MiHHa, SApO LIEHTPOBaHe, LIMTOIIa3Ma Mic-
TUTb JPpiOHI BaKyOJIi.

OnpoMiHeHHSsI peHTIeHiBCbKUMU MMPOMEHSIMU B MPH-
CYTHOCTI «/loTaBicTy» MPU3BOIUTH 10 3MiHU CTPYKTYPU
MOHOILLIAPY 3a PaxyHOK 3aru0eJii KJIiTHUH, IPUTHIiYeHHS
MITOTUYHOI aKTUBHOCTI, MOSIBI aTUTIOBUX KJIITWH (KITi-
TUH 3 MiKpOsIIpaMU, alloNTOTUYHUX KJIITUH, 3pinKa 6a-
raTosIICPHUX, SIKi MOXYTb CIIYTYBaTU PE3€PBOM ISt
BiTHOBJICHHS ITyXJIUHMU).

JlocniaKyBaayd KJIITUHHI peakliil B yMOBax BIUIMBY Ha
3JIOSIKICHI KJTTUHU A-549 4epBOHOIO CBIT/Ia OKPEMO Ta y
noeaHaHHi 3 poToceHcuOiTizaTopoM «POTONIOH» B KOH-
nenTpaii 0,05 Mr/miI, 110 He BUKJIMKAE BUAUMMX 3MiH B
MOIYJISILIT KJIITUH, 3 HACTYITHUM ONPOMiHEHHSIM PEHTTe-
HiBCbKMMM NpoMeHsiMU B go3ax 1,0; 5,0; 10,0 Ip (puc. 2).

Bigomo, 1110 akTHBHA peyoBHUHA (OoTOCeHCUOiTiZaTopa
«Dotonon» xjtopuH E6 BUGIpKOBO HAKOIMMYYETLCS Y T1a-
TOJIOTIUHIN TKAHWHI (TOOPOSKICHI Ta 3JI0SKICHI HOBOYT-
BOPEHHS pi3HOTO TeHe3y i JJoKali3allii) i Tpu JOKaJTbHOMY
BIUTMBY CBiTJIa 3 JOBXUHOIO XBWIb 630-670 HM (4epBOHE
CBiTJI0) 3a0e3mneuye (hOTOCEHCUOLTIZYIOUNI eeKT, SIKUi
MPU3BOAUTH IO IOIIKOMKEHHS ITyXJIMHHOI TKaHUHU. OI1-
POMiHEHHS KJIITUH B IIPUCYTHOCTI «POTOI0HA» 3MEHIITYE
BVDKMBAHICTh Ta MIiTOTUYHY aKTMBHICTb 3JI0SKiCHUX
Ki1iTiH Ha 34 % BinHOCHO eeKTIB BIUIMBY TiIbKU YEPBO-
Horo cBiTia. [loemHaHa mist 4epBOHOTO CBITIIA 3 (DOTOCEH-
cHOiTi3aTOPOM Ta PEHTIeHiBCHKUX ITPOMEHIB B J03aX Bif

dose of 10.0 Gy inhibited the growth and division
of malignant cells by 93%, which indicated the high
efficiency of this binary beam technology.
Regarding structural changes in the A-549 line cell
culture it should be noted that under the action of
«Dotavist» alone the density of cell population
barely differred from control, except for the pres-
ence of a small number of binucleated cells in the
cell culture. At this concentration the cell shapes
were unchanged, nuclei were centered, and cyto-
plasm contained small vacuoles.

Irradiation with X-rays in the presence of
«Dotavist» lead to a change in monolayer structure
due to cell death, inhibition of mitotic activity, ap-
pearance of atypical cells, namely cells with
micronuclei, apoptotic cells, sometimes multinucle-
ated, which can serve as a reserve for tumor recovery.

Cell reactions were studied under conditions of
exposure of malignant A-549 cells to the red light
alone and in combination with added «Fotolon»
photosensitizer at 0.05 mg/ml concentration,
which did not cause visible changes in cell popula-
tion, followed by exposure to X-rays in 1.0, 5.0, and
10.0 Gy doses (Fig. 2).

It is known that chlorin E6, the active substance
of «Photolon» photosensitizer is selectively accu-
mulated in abnormal tissues (benign and malignant
neoplasms of various origin and localization) and
upon local exposure to light with a wavelength of
630—670 nm (red spectrum) provides a photosensi-
tizing effect that leads to damage of tumor tissue.
Irradiation of cells in the presence of «Photolon»
reduces the survival and mitotic activity of malig-
nant cells by 34% compared to the effects of exposure
to red light alone. The combined effect of red light
with photosensitizer and X-ray exposure in 1.0 Gy to
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AKTUBHICTb 3/10AKiCHUX KNiTUH A-549 B
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PeHTreHiBCbKUMM npoMeHAmMHU B go3ax 1,0,
5,01a 10,0 Ip

Figure 2. Survival and mitotic activity of
malignant cells A-549 under conditions of
exposure to red light (CR), photosensitizer
«Fotolon» (F) separately and in combina-
tion with X-ray irradiation at doses of 1.0,
5.0, and 10.0 Gy
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1,0 Ip mo 10,0 Ip mpurHivye npomidepaltito KIiTuH A-549
Ha 50 Ta 90 %, 3HMXY€E MITOTMYHY aKTUBHicTb 10 4 %
BiTHOCHO e(eKTiB TiJTbK YePBOHOTO CBiTJIA.

3actocyBaHHs nBox BIIT, — moemHaHHS 4YepBOHOTO
cBitTia 3 «@oTosioHOM» (y KoHLeHTpauii 0,05 mr/mir) Ta
PEHTIeHiBCbKOIo onpoMiHeHHs y po3ax 1,0; 5,0; 10,0 Ip
3 «/loraBicroM» (y KoHLIeHTpallii 10 MKJI/MI) IIPpU3BEIO
Jo 3aru6eni 64, 86 ta 99 % 3105KiCHUX KJIITHH, BiJIIO-
BigHO (puc. 3).

PesynbraTu nociigy 3acBigumiIn, 110 TepelleruiioBaHa
MOHOIIApPOBa KyJbTypa KIJITUH HeAPiOHOKJIITUHHOI'O
paKy JIeTeHi JIIOAUHU JiHil A-549, 1110 TOXOASTh 3 Kaplu-
HOMM JIeTeHb JIIOAWHU, eMiTenionoaioHoi MopdoJiorii €
JOCUTb CTIMKUMU A0 pi3HUX BapiaHTiB OiHApHUX MPOMeE-
HEBUX BIUIMBIB. 1 % KIIITUH, IO BYKWIM, MOXYTb OaTU
pelMINBYBaHHS MEPBUHHOI MyXJIUHU. Lle MoXyTh OyTH
KJIITUHU, 1110 3HAXOISThCS Y CITOKOI, a TAKOX IOJIILIO-
iIHi KJIITUHU, 1110 BAHMKAIOTh B IMMyXJIMHi Y BEJIMKIilA KiJlb-
KOCTI 32 HECIIPUSTIMBUX YMOB POCTY.

I1pu poToH-3axBaTHill Teparii KJIITUH NYyXJIUHU ITyXKe
BaXKJIMBO 30€perTu O6ajlaHC MixX OMPOMiHEHHSIM MaKCH-
MaJlbHOrO 00’€MYy TKaHWHM MyXJMHMU Ta SIKHAKMEHIIO1
YaCTUHU HOPMaJIbHUX KJIITWMH, $IKi y TOJAJIbLIOMY 3a-
MOBHSITH MiclIe MMyXJIUHU. 3 MOIepeIHiX JOCTiIKEeHb I~
TOTOKCUYHOTO BILIUBY IIperapary «JloraBicT» Ha HOp-
MaJsibHi (hibpobiacT y miana3oHi KOHLEHTpaLil Bifg 5 10
200 MKJ1/MJI BUBHAYEHO, 1110 3MEHILIeHHS IIUIBHOCTI KJTi-
TUHHOI nonysLii pidopodaactiB Ha 50 % BinOyBayiocs 3a
KOoHILeHTpauii 50 MKJI/MJ i BUIlE, MITOTUMHUM iHAEKC
CTaTUCTUYHO AOCTOBIPHO 3MEHIITYBaBCS 3a IINX XKe KOH-
neHTpauiit [23]. Cnin 3a3Ha4MTH, IO 3a KOHIEHTpALIii
ragoniHifiBMicHoro npenapaty 100 i 200 MKJI/MJ y KyJIb-
Typi KJIITUH BUSIBJISIETbCS 3HAYHA KiJIbKiCTh aTUITOBUX,
KJIITUH, a caMe: KJIITUH 3i 3MiHeHO0 (hOpMOIO 1 KiTbKic-
TIO s1Iep, 3 MiKposiApaMu, 3 O3HaKaMU arloIlTo3y, TOOTO

10.0 Gy doses suppressed the proliferation of
A-549 cells by 50 % and 90 %, and reduces mitot-
ic activity to 4% vs. effects of red light alone.

The use of two BRT i.e. a combination of red
light exposure with «Fotolon» (0.05 mg/ml con-
centration) and X-ray irradiation in 1.0, 5.0, and
10.0 Gy doses with «Dotavist» (10 pul/ml concen-
tration ) led to the death of 64 %, 86 %, and 99%
of malignant cells, respectively (Fig. 3).

Results of the experiment proved that the passag-
ing monolayer culture of human non-small cell
lung cancer of A-549 line cells, originated from
human lung carcinoma and fecturing an epithe-
lial-like morphology, are quite resistant to various
options of binary radiation exposure. The 1 % of
the survived cells can give a recurrence of primary
tumor. These can be cells that are at rest, as well as
polyploid cells that arise in tumor in large numbers
under the unfavorable growth conditions.

In photon-capture therapy of tumor cells, it is
very important to maintain a balance between irra-
diation of the maximum volume of tumor tissue
and the smallest possible part of normal cells that
will later fill the tumor site. In the previous studies
of cytotoxic effect of «Dotavist» drug on normal
fibroblasts in concentration range from 5 to
200 ul/ml a decrease in the density of cell popula-
tion of fibroblasts by 50% occurred at concentra-
tions of 50 pl/ml and higher. Mitotic index was
statistically significantly reduced at these same
concentrations [23]. It should be noted that at
concentrations of the gadolinium-containing drug
of 100 and 200 ul/ml in the cell culture, a signifi-
cant number of atypical cells was detected, name-
ly cells with a changed shape and number of

I KoHTposb /control

10 Tp+[,/10 Gy+D
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10 Tp+4+4YC+® / 10 Gy+D+RL+Ph |1

PucyHoK 3. MopdodyHKuioHanbHi 3Mmi-
HU B KyNbTYpi 3N108KiCHUX KNiTUH A-549 B
yMoBax BnauBY ¢hOTOH-3aXBaTHOi Tepanii
3 «JloTaBictomM» y noegHaHHi 3 doToau-
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Figure 3. Morphofunctional changes in
the culture of malignant A-549 cells
under the influence of photon capture
therapy with «Dotavist» in combination
with photodynamic action with the photo-
sensitizer «Photolon»
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TeHETUYHO HecTabinbHuX KiIiTuH. Ile omocepenkoBaHo
BKa3y€e Ha BIUIMB IIpemapary «JloTaBicT» Ha IO Ta Te-
HOM HOpMaJIbHUX (PiOpoOIacTiB.

OTXe, 3rinHO 3 pe3yJibTaTaMM €KCIIePUMEHTaIbHOTO
JMOCTIIKeHHST IIMTOTOKCUYHOCTI Tpernapary «JloraBicT»
IJIsI BUBYEHHS (pOTOH-3aXBaTHOTO BIUIMBY Ha HOp-
MaJibHi (pidpobIacT moauHM OyJIa 3aCTOCOBAaHA KOHIIE-
HTpauis npenapaty 10 MKJI/MJI y pOCTOBOMY Cepelro-
BUIIIi, 11O BiamoBinae 2,97 Mr ranoTepoBoi KUCI0TH Ha |
MJI TIOKMBHOTO CepedoBMIA (aHAJOTiYHO 3 eKCIepH-
MEHTOM Ha KJiTuHax A-549) i He Ma€e iHaKTMBYIOYOTO
BIUIMBY Ha HOpMaJIbHi KIITUHU.

PenTreHiBcbke ornpomiHeHHs (iOpo06aacTiB B Jg03ax
1,0, 5,0 ta 10,0 Ip 3meHIIye BUXKUBAHICTh KIiTUH Ha 10,
50 ta 80 %, BignosigHo (puc. 4).

3a yMOB ONpPOMiHEHHS HOPMaJbHUX KIITUH PEHT-
TeHiBCBKMMHK TTPOMEHSIMU Y BHUIlle3a3HAYEHMX 033X B
MpUCYTHOCTI mpernapaty «/JoraBicT» B KOHLEHTpaLil
2,97 Mr/MIil TIOKUBHOTO CepeIOBUIIA BCTAHOBJIEHO, 1110
BIDKMBAHICTh KJITUH i iX MITOTMYHAa aKTUBHICTh 3HU-
Ky€eTbcs Maitke Ha 50 % ticiis onmpoMiHeHHs B 103i 1,0 Ip
i Ha 90 % micisa onpomiHeHHs B mo3i 10,0 Ip, mo cBin-
YUTH PO PamiOUyTIMBICTh HOPMAaJbHUX IIPOJTidhepyro-
YUX KJIITUH, SKUMU € CTOBOYpPOBi KJIITUHM, Ta edeK-
TUBHICTb (hOTOH-3aXBaTHOI Teparii (puc. 5). BogHouac,
10 % xniTvH, 1110 BUXKUJIU, MOXYTh 3[iiICHIOBATH PEIIO-
OyJISILiIO0 KJIITUH 1 BiJHOBJIIOBATU YIIKOJXKEHI paaialli€to
HOpPMaJTbHi TKAHWHU.

Crnin 3a3HauUTH, 1O HOPMAaJbHI Mpodidepyrodi did-
pobaacTyu Maiu Maiike aHAJIOTiYHY PagiovyTAMBICTD i,
BIAIMOBIIHO, KJITUMHHY peakllilo Ha PEeHTreHiBCbKe OIl-
poMiHeHHd Ta «JloTaBicTy», SIK i 3710sIKiCHI mpoJtidepy-
104i KIITUHMU JdiHi1 A-549. Taki 6iosoriuHi eekTu Tpeda
MaTH Ha yBa3i, po3IJIsIIaody pojib CTOBOYPOBMX KJIITUH
Y BiTHOBJICHHI K HOPMaJILHUX TKAHWH (PETOITYJIALis),
TaK i TKAHWH MyXJIMHU (peUUANBYBAHHS).
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nuclei, with micronuclei, with signs of apoptosis,
that are genetically unstable cells. This indirectly
indicated the influence of the drug «Dotavist» on
division and genome of normal fibroblasts.

Therefore, according to the results of assessment
of the drug «Dotavist» cytotoxicity within study of
the photon capture effect on normal human fibrob-
lasts, a drug concentration of 10 pl/ml was used in
the growth medium, which corresponded to 2.97 mg
of gadoteric acid per 1 ml of nutrient medium (sim-
ilarly with experiment on A-549 cells) and had no
inactivating effect on normal cells.

X-ray irradiation of fibroblasts to 1.0, 5.0, and
10.0 Gy doses has reduced the cell survival by 10 %,
50 %, and 80%, respectively (Fig. 4).

Under the conditions of irradiation of normal
cells with X-rays to the above doses in the presence
of «Dotavist» drug in a concentration of 2.97
mg/ml of nutrient medium, the survival of cells
and their mitotic activity decreased by almost 50 %
after irradiation to a dose of 1.0 Gy and by 90 %
upon exposure to a dose of 10.0 Gy, which indicat-
ed the radiosensitivity of normal proliferating
cells, which are stem cells, and the effectiveness of
photon capture therapy (Fig. 5). At the same time,
10 % of surviving cells can repopulate cells and
restore normal tissue damaged by radiation.

It should be noted that normal proliferating
fibroblasts had almost similar radiosensitivity and,
accordingly, cellular response to X-ray irradiation
and «Dotavist» drug supplementation, as malig-
nant proliferating cells of the A-549 line. Such
biological effects should be kept in mind when
considering the role of stem cells in restoration of
both normal tissues (repopulation) and tumor tis-
sues (recurrence).

PUCYHOK 4. [1030Ba 3aNeXHiCTb MUTTE3AATHOCTI
T HopManbHux i6pobnacrtie, onpomiHeHUX peHTreHiB-
CbKMMU NPOMEHAMMU, HA 6-Ty LO6Y KYyNbTUBYBAHHA

Figure 4. Dose dependence of the viability of normal
fibroblasts on the 6™ day of cultivation upon X-ray
irradiation

243 &



EKCINEPUMEHTAJIbHI

ISSN 2304-8336. [Npobnemu pagiaviiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2022. Bun. 27.

OOCNIAXEHHA
200
— 1804 -~ T -] I [lotasicT / Dotavist |
& © 1 Mp+4 /1 Gy+D
3 B 1601 5 Tp+f] / 5 Gy+D
Sss5E.,.1 B | 10 Tp+1 / 10 Gy+D |
cZ Q8
WSOl BN e
TS ¥ Q120+
T S £0
S0 25100+ -
So2s
-0 O
=) .2 C 80BN
2258
6GE §o 60 B - oo
§ 2&
2 E w7 @B
: Z 20_, ,,,,,,,,,,,,,,
0 - " -
BuxwBaHicTb MitoTnynmin iHpeke, %o
Survival Mitotic index, %o

MeTton poTomMHAMIUHOI Teparlii € OMHUM i3 e(peKTUB-
HUX MaJlOiHBa3MBHUX CY4YaCHUX METOMiB JIiKyBaHHS
JUCTUIACTUYHUX 3MiH i 3JI0IKiCHUX HOBOYTBOPEHb,
0CO0JIMBO Ha paHHIX CTafisiX PO3BUTKY. sl ycHillIHOTO
BukoHaHHs1 DT HeoOXiaHI ITeBHI YMOBM, a caMe: ONTH -
MaJlbHa KOHLEHTpallis (oToceHcHubinizaTopa, OIpo-
MiHEHHS CBITJIOM ONTUYHOIO Jiara30Hy NEBHOI JOBXM-
HU XBWJI, 11O BiIIOBiJa€ MAaKCUMyMY TTOTJIMHAHHS (hO-
TOCeHCHOiJIi3aTopa i JOCTATHLOIO MIUTBHICTIO MOTYXK-
HOCTi BUIIPOMIHIOBaHHS, SIKE MIOTJIMHAETHCS ITyXJIMHOIO.

BcraHoBIeHO, IO OIPOMIHEHHSI PEHTTeHIBCHKUMM
NPOMEHIMU HOPMaJbHUX KIITMH y mo3ax 1,0; 5,0;
10,0 I'p y noegHaHHi 3 pOTOAMHAMIYHUM BIJIMBOM (4Uep-
BoHe cBiTJI0 Ta «PoTOI0H» B KOHIEHTpalii 0,05 Mr/mMi)
BUKJIMKAE 3arnbenb 43, 67 ta 88 % KIiTHH, BiAlOBIZHO
n03i (puc. 6).

PUCYHOK 5. [1030Ba 3anexHiCTb JXUTTE3AATHOCTI HOP-
ManbHux ¢i6po6nacrtie NOAUHU, ONPOMiHEHUX PEHT-
reHiBCbKMMU NPOMEHAMM Y pPi3HMX A03ax B MPUCYTHOC-
Ti npenapary «JlotaBicT» B KoHueHTpauii 2,97 mr/mn
NOXXUBHOTO CepefoBULLA HA 6-Ty A06Y KYNbTUBYBAHHA

Figure 5. Dose dependence of viability of normal
human fibroblasts on the 6 day of cultivation upon X-
ray irradiation to different doses in the presence of
«Dotavist» drug at a concentration of 2.97 mg/ml of
nutrient medium

The method of photodynamic therapy is one of the
effective minimally invasive modern approaches in
treatment of dysplastic disorders and malignancies,
especially in the early stages of their development.
Certain conditions are necessary for the successful
performance of PDT, namely optimal concentration
of photosensitizer, irradiation with optical light of a
certain wavelength, which corresponds to the peak
absorption of photosensitizer, and sufficient power
density of radiation absorbed by the tumor.

It was established that X-ray irradiation of nor-
mal cells to 1.0, 5.0, and 10.0 Gy doses in combi-
nation with photodynamic exposure (red light and
«Photolon» drug at 0.05 mg/ml concentration)
caused the death of 43 %, 67 % and 88 % of cells,
respectively (Fig. 6).
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PucyHoKk 6. MopdodyHKuioHanbHi 3MiHM y KynbTypi HopmanbHux ¢i6pobnactie NOAUHKU, ONPOMiHEHUX
PeHTreHiBCbKMMU NPOMEHAMM Y Pi3HNX f03ax Ta YepBoHuM cBitnom (YC) B npucytHocti PotonoHa (P) Ha 6-Ty

A0GY KyNbTUBYBAHHA

Figure 6. Morphofunctional changes in the culture of normal human fibroblasts on the 6™ day of cultivation
upon irradiation with X-rays in various doses and red light (RL) in the presence of Fotolon (F)
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PucyHokK 7. MopdodyHuioHanbHi 3MiHM y KynbTypi HOpManbHux ¢i6pobnacTiB NIOAMHU, ONPOMiHEHUX PeHT-
reHiBCbKMMU NPOMEHAMM Y Pi3HUX A03aX B NPUCYTHOCTI «JloTaBicT», Ta YepBOHUM CBiTNOM 3 «POTONIOHOM» Ha

6-Ty 406y KyNbTUBYBAHHA

Figure 7. Morphofunctional changes in the culture of normal human fibroblasts on the 6™ day of cultivation
upon irradiation with X-rays at different doses in the presence of «Dotavist» drug and red light with

«Fotolon» drug

BomHouac, KOMOiHOBaHMM BIUIMB ABOX OiHApPHUX
npomeHeBux BIIMBIB (DP3T 3 «JloTaBicToM» Ta 4epBO-
Horo cBiTJa 3 «POTOI0OHOM» ) MPUBBOAUTD 10 iICTOTHOI
3aruoesti ¢idopobiacTtiB, a came: OMPOMiHEHHST B A03i
1,0 Ip 3 JloTaBicToM, 4epBOHUM CBITIIOM 3 «DOTOIIO-
HOM» TIPM3BEJIO 10 iHaKTuBawLii 87 % KJIITUH; OIPOMi-
HeHH# B 103i 5,0 Ip 3 «doTaBicToM», Y4epBOHUM CBiT-
J0M 3 «@DOTOJIOHOM» MPU3BEJIO A0 iHaKTUBaLil 94 %
KJIITWH, a TTicas onpoMiHeHHs B 103i 10,0 Ip Ta Bumie-
3a3HAYEHOro KOMIUIeKCY Oyno iHaktuBoBaHo 100 %
KJIiTUH (puc. 7).

TakuM 9YMHOM, BUSIBWIOCH, IO KYJIBTypa HOpMaJjib-
HUX (HiOpoOIACTiB OiIbII YYTAMBA A0 BIUIMBY KOMII-
JIeKCy OiHapHUX MPOMEHEBUX Milf, HiXK KyJIbTypa 3J710-
SIKICHMX KJIITUH JiHiT A-549.

3a pe3yJabTaTaMM €KCIIEPUMEHTAIBHOTO JOCTiIKeH-
Hs1 OyJ10 BCTaHOBJIEHO, 1110 rToeaHaHa Aist ®3T ta AT
iCTOTHO MiABUILYE 3arudesib K 3MI0SKICHUX KIITHH,
TaKk i HOpMabHUX. ONMPOMiHEHHS PEHTTEHiBCHKUMU
npoMeHsMu B 103i 10,0 Ip B mpucyTHoCTi «/loTaBicTy»
y TIOETHAHHI 3 YePBOHUM CBIiTJIOM 3 (pOTOCEHCHOiTi3a-
topoM «®DoTONOH» TIpU3BOAUTH H0 3arubeni 100 %
HopMabHUX (PiopobacTiB Ta 99 % 31M0S9KICHUX KITi-
TUH JiHii A-549. 3a BKazaHUX yMOB €KCIIEpUMEHTY
6J1M3bKO 1 % 3710SKiCHUX KIIITUH 3aJIMIIAIOThCS XKUT-
TE3TATHUMMU, 11O MOXKE BUKJIMKATH 1X PEIOMYJISIIiIO Ta
peLIMANBYBaHHS ITyXJIMHMU.

At the same time, the combined effect of two bina-
ry radiation exposures (PCT with «Dotavist» and red
light with «Fotolon») leads to significant death of fib-
roblasts, namely the irradiation to a dose of 1.0 Gy
with «Dotavist» application, and red light with
«Fotolon» has led to inactivation of 87 % of cells.
Irradiation to a dose of 5.0 Gy with «Dotavist»
application, and red light with «Fotolon» has led to
inactivation of 94 % of cells. Finally, after irradiation
to a dose of 10.0 Gy and with the above complex the
100 % of cells were inactivated (Fig. 7).

Thus, it turned out that the culture of normal
fibroblasts is more sensitive to the influence of a
complex of binary radiation impacts than the culture
of malignant cells of the A-549 line.

According to the results of experimental study it
was established that the combined effect of PCT
and PDT significantly increases the death of both
malignant and normal cells. Irradiation with X-rays
to a dose of 10.0 Gy in the presence of «Dotavist»
drug in combination with red light with «Photolon»
photosensitizer has lead to the death of 100 % of
normal fibroblasts and 99 % of malignant cells of
the A-549 line. Under the specified experimental
conditions about 1 % of malignant cells remain
viable, which can cause their repopulation and
tumor recurrence.
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BUCHOBOK

OtpuMaHi pe3yJabTaTy CKJIagaloTh MiATPYHTS JOKJTiHIYHO-
ro erary OL[iHKM e(PeKTUBHOCTI ITOEIHAHOTO BILUIMBY JBOX
OiHapHMX TEXHOJIOTIi Ta Tperaparib, 110 3aCTOCYBYIOTh-
csl 'y (hOTOH-3axBaTHi TeXHOJOTii Ta (OoTOIMHAMIYHIMN
Teparii, — (poToH-3axBaTHOTo areHTa «JloTaBicT» Ta o-

CONCLUSION

The obtained results provide basis of preclinical
evaluation of effectiveness of the combined impact
of two binary technologies and drugs used in pho-
ton capture technology and photodynamic therapy
i.e. the photon capture agent «Dotavist» and «Fo-

ToceHcuOimizaTopa «POTOIOH», BiIITOBITHO.
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