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BIABIP TA AITPObYBAHHA EKCIIEPUMEHTAJIbHUX
MOJIEJIEM HOPMAJIbHUX TA 3JIOAKICHUX KJIITUH JIOAUHA
IN VITRO TA TOCIIIXEHA MEX IXHbOI YYTIMBOCTI JJIS
HENUTPOHO3AXBATHUX, ®OTOH-3AXBATHUX ATEHTIB

TA ®POTOCEHCUBUII3ATOPIB

Merta: focnigutv cTpyKTYpHi Ta MOpdOo-thyHKLiOHaNbHI 3MiHU B TECT-CUCTEMAX 3N0AKiCHUX (niHiA A-549) Ta Hopmans-
HUX (pibpobnacTn 6-ro nacaxy) KNiTMHax NOAUHW NpU iHKY6aUii 3 ragoniHiiBMicHUM HOTOH-3aXBAaTHUM AreHTOM
«[loTaBicT» Ta doToceHcubinizatopom «PoTonoH».
MeToau: meToq nepeLenitoBaHOT KyNbTypu KNiTUH HOpManbHUX Gibpo6nacTiB NOAMHM Ta 3N0AKICHUX KNiTUH NIOLM-
HU, UMTONOriYHi, 6i0thi3nyHi, cTaTUCTUYHI.
Pe3ynbratu. [locnigKeHo LMTOTOKCMYHI BAACTMBOCTI rafoniHinBMicHOro (OTOH-3axBaTHOTO areHTa «[loTaBicT» Ta
doToceHcubinizatopa «PoTONOH» Y WMPOKOMY Aiana3oHi KoHueHTpauiii (5, 10, 25, 50, 100 Ta 200 mki/mn) 3a Mop-
tho-DYHKLIOHANbHUMM XapakTepucTukamu (KiHeTuKa pocTy, nponicepaTvBHA Ta MiTOTUYHA AKTUBHICTb, HASABHiCTb
aTUNOBUX KNiTUH) B TECT-CUCTEMAX in Vitro 3105KiCHUX (KNiTUHW HeAPiOHOKNITMHHOIO paKy NereHb NIOANHK, NiHia A-
549) Ta HopManbHux (hibpobnactu 6-ro nacaxy) KNiTMHAX NOAWMHU. BCTaHOBNEHO, WO LUTOTOKCUYHI BAACTUBOCTI
«[loTaBicTy» y TeCT-CMCTEMAX 3/105IKICHUX Ta HOPMaNbHUX KNiTUH MPOABAAIOTLCA 3a YMOB M1OT0 3aCTOCYBAHHA Y BU-
COKMX KOHUeHTpauisx (100 Ta 200 mkn/mn). Mpwu iHky6auii 3 doToceHcnbinizatopom «POTONOH» LUTOTOKCUYHMIA
BMIMB Ha 3N105IKiCHi KNiTUHM BU3HAYAETbCA 3a HaWMEHIWMX KOHLeHTpawii (5 Ta 10 Mkn/mn); 3acTocyBaHHs hOTOCEH-
cnbinisaTopy y 3pOCTal0YMX KOHLEHTPALisAX NPU3BOANUTbL 10 NPOSABY reHOTOKCUMYHUX edekTiB. LIuToToKCMYHMUit BNnB
dhoToceHcnbinizatopa Ha HopManbHi ibpobnacTn NANHN BUABNAETLCA B Aiana3oHi KOHUeHTpauiin 5-200 mkn/mn,
CNOCTEPiraeTbCs NOMipHE 3MEHLEHHs MITOTUYHOT aKTUBHOCTI i3 30iNblieHHAM KOHLEHTpaLii. [eHOTOKCMYHI BnacTu-
BOCTi (hoToCeHcUbinizaTopa BMABNAIOTLCA 3@ KOHLUEHTpPALii 25 MKa/MA i BuLle.
BuCHOBOK. Pe3ynbtati AOCNifXeHHs epeKTUMBHOCTI BMAMBY HEMTPOHO3axBaTHOi Ta (POTOH-3axBaTHOT TEXHONOTIN
WIAXOM BU3HAYEHHSA YYTNUBOCTI B TECT-CUCTEMAX iN Vitro 310AKICHUX KNiTUH NIOAUMHU (KNiTUHKU HefpiOHOKNITUHHOTO
paKy nereHb NIOANHW, NiHis A-549) Ta HOpManbHKUX KNiTUH (NepelennioBaHa KynbTypa GibpobnacTis ntoaUHM 6-ro na-
CaXy) LO rafoniHiiBMicHOro OTOH-3axBaTHOTO areHTy «JoTaBicT» Ta doToceHcnbinizatopa «PoToNOH» Y Pi3HMX
KOHUEHTPaLifX CKnafaloTb NiArpyHTA LOKNiHIYHOrO eTany ouUiHKM eeKTUBHOCTI Npenaparis, WO 3aCTOCOBYIOTLCA Y
6iHapHWUX TeXHONOTiAX.
KnioyoBi cnoBa: KynbTypa 310AKiCHUX KNiTUH NIOAWHK, KynbTypa ¢ibpobnacTtiB NOAMHYM, HEMTPOHO3aXBATHUIA areHT,
(hoTOH-3axBaTHMIA areHT, hoToceHcubinizatop, nponidepallis, MiTOTUYHWIT iHOEKC.
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SELECTION AND TESTING OF EXPERIMENTAL MODELS OF
NORMAL AND MALIGNANT HUMAN CELLS IN VITRO AND
EVALUATION OF THEIR SENSITIVITY RANGE TO THE
NEUTRON-CAPTURE AND PHOTON-CAPTURE AGENTS AND
PHOTOSENSITIZERS

Objective: to investigate the structural and morpho-functional changes in test systems of malignant (A-549 cell
line) and normal (fibroblasts of the 6th passage) human cells during incubation with gadolinium-containing pho-
ton-capture agent «Dotavist» and photosensitizer «Fotolon».
Methods. The passaged (continuously interweaved) cell culture technique on normal human fibroblasts and malig-
nant human cells; cytological, biophysical, statistical methods.
Results. The cytotoxic properties of «Dotavisty gadolinium-containing photon-capturing agent and «Photolon»
photosensitizer in a wide range of concentrations (5, 10, 25, 50, 100 and 200 pl/ml) were studied by the morpho-
functional characteristics (growth kinetics, proliferative and mitotic activity, presence of atypical cells) in the in
vitro test systems of malignant (non-small cell lung cancer cell line A-549) and normal (6th passage fibroblasts)
human cells. It was found that the cytotoxic properties of «Dotavist» in test systems of malignant and normal cells
are expressed under its administration in high concentrations (100 and 200 pl/ml). During incubation with
«Photolon» photosensitizer the cytotoxic effect on malignant cells was determined at the lowest concentrations (5
and 10 ul/ml). Photosensitizer administration in the increasing concentrations has lead to genotoxic effects.
Cytotoxic effect of photosensitizer on the normal human fibroblasts was evident in the 5-200 ul/ml concentration
range. There was a moderate decrease in mitotic activity along with increasing concentration. Genotoxic properties
of photosensitizer were evident at 25 ul/ml concentration and above.
Conclusion. Study results of the effectiveness of neutron-capture and photon-capture technologies by the sensi-
tivity assay in the in vitro test systems of human malignant cells (non-small cell lung cancer cell line A-549) and
normal cells (transplantable human fibroblast culture, the 6th passage) to the gadolinium-containing photon-cap-
ture «Dotavist» agent and «Photolon» photosensitizer in different concentrations provide the basis for pre-clinical
stage of evaluating the effectiveness of medications used in binary technologies.
Key words: culture of human malignant cells, culture of human fibroblasts, neutron-capture agent, photon-capture
agent, photosensitizer, proliferation, mitotic index.
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BCTYII INTRODUCTION

binapni npomeneBi texHosorii (BITT) Ha manuii yac €  Binary technologies (BT) are currently a promising
TePCIIEKTUBHIM HaIPpsIMKOM ITiABUAIIEHHS e(pbeKTUBHOCTI  tool in effectiveness increase of radiation therapy,
MPOMEHEBOI Tepaltii, SIKoi oTpedytoTh 0113bko 70 % oH-  which is required in the management of about 70%
KosoriyHmnx xsopux [1]. @oron-3axBarHa Teparist (P3T)  of cancer patients [1]. The photon-capture therapy
[2, 3] mae neBHi nepeBaru nepea HelitpoHo3axBatHowo Te-  (FCT) [2, 3] has certain advantages over the neu-
pamiero (H3T) [4] 3a BapTicTio HeoOXimHOro obmamHaHHsg i tron-capture therapy (NCT) [4] in terms of the costs
npoBeaeHHSIM mpouenypu, oqHak H3T morteHuiliHo mae  of required equipment and procedure conduction,
Oibiry TepaneBTMUHY edexktuBHicTb, Hixk P3T [5—9]. but NCT has the potential to provide more thera-
3acTocyBaHHS B SIKOCTi 30BHIIIHBOTO ioHi3yrouoro Buil-  peutic effect than FCT [5—9]. The X-ray adminis-
POMIHIOBaHHSI PEHTI€HIBCHKMX IIPOMEHIB TO3BOJISIE BUKO-  tration as a type of external ionizing radiation allows
pucroByBaty B @3T Bci icHyroui TexHiuHi HanpaioBanHg  the use of all available technical developments of tra-
TpaauIliiiHOI TPOMEHEBOI Teparlii 3 reoMeTpuyHoro Hase-  ditional radiation therapy in the geometric targeting
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JIEHHST BUTTPOMiHIOBaHHS Ha MillleHb. biHapHi TpoMeHeBi
TEXHOJIOT1 3JaTHi iCTOTHO 3HU3UTU MPOMEHEBE HaBaHTA-
KEHHSI Ha HOpMaJlbHi TKAHMHU OpraHi3My ITOpPiBHSIHO 3
TpagULifHOIO AUCTAHIIMHOIO ITPOMEHEBOIO Tepalli€lo.
BaxxymBuM 3aBIaHHSIM TPOMEHEBOI Tepallii € CKOPOUEHHS
yucia pakuiit. 3acrocyBanHst BITT 3maTHe icTOTHO 3HU-
3UTH HEOOXIMHY KiTbKICTh (ppakiliif ax 1o eauHoi. OTpu-
MaHi B IOCHIIKEHHSIX in Vitro i in vivo pe3yJbTaTy IoKazy-
IOTh BUCOKY TepareBTUYHY eheKTUBHiCTb BITT.

Meton @3T, 1K1t BAKOPUCTOBYE OiIbII JOCTYITHI (hO-
TOHHI JXepeJia BUOPOMiHIOBAaHb, MOXE€ BUSIBUTUCH
OinbIlI TIepCcrieKTUBHUM. POOOTH 31 CTBOpEHHS TeXHO-
qorii 3T iHTeHCcUdiKyBaaucss B ocTaHHi poku [2].
3auikaBaeHHs A0 1LIbOro BMIY MPOMEHEBOI Tepallii 00y-
MOBJIEHO HEOOXiIHICTIO pO3pOOKM HOBUX i e(hpeKTUBHUX
METOiB MPOMEHEBOI Tepallii 3 MOPiBHIHO HU3LKOIO
BapTICTIO ONMPOMIiHIOBAJIbHOI arapaTypu, MOXJIMBICTIO ii
MacOBOI'0 3aCTOCYBaHHSI B MEIMYHMX ycTaHOBax. Jlist
SIKHAWIIBUAIIOTO BIIPOBAIXKEHHSI JTAHOIO METOIY B
KIJIIHIYHY TMPaKTUKY TOTPiOHO 3MiMCHUTU KOMILJIEKC
JOCiIKeHb i po3p00OK BiAMOBIAHO OO BUMOI MpPOBE-
IeHHS JOKTiHIYHUX JocaimkeHb. [Tpu @3T 30iabLIeHHS
JIOKAJbHOTO €HEPrOBUIIICHHS IOCSATA€EThCS IIPU-
CYTHICTIO MpenapariB 3 BaXXKUMU eeMeHTamu: 1, %Gd,
#Pt, PAu, ''Gd T1a iH. YpaxkeHHs KJITUH yXJITUHUA Gop-
MYETBCS 32 paXYHOK BTOPMHHOTO BUIIPOMiHIOBAaHHSI, 110
BUHMKAE BHACITOK B3a€EMO/ii (POTOHIB 3 aTOMaMM BaxK-
KUX ejeMeHTiB. Po3paxyHKM BEJIMYMHHU BiTHOCHOTO
30IbIIEHHST €HEPTOBUAIEHHS TOKa3ylOTh IOMITHUWIA
edeKT 30UIbIIEeHHST MOMIMHYTOI 1031 B 3aJIe>XKHOCTI Bif
BHYTPIITHBOTKAHUHHOTO CITeKTPY (POTOHIB. Pe3ymbsrat
3actocyBaHHs1 TexHosorii M3T s JikyBaHHSI Tiepe-
LIETUTIOBAHMX ITyXJIMH Y MUIIIEH MMOKAa3yIOTh MOXKJIMBICTh
e(beKTUBHOIO MPUIHIYEHHS POCTY MNyXJAWHU. TepMiH
«(poTOH-3axXBaTHA Tepaltisi» 3alIPOIIOHOBAHNIT aBTOpaMM
MaTeHTy 3 OIJISIIy Ha MOro aHajord 3 IpolecaMu, 110
nepebiraoTs pu H3T. 3a KOpIOHOM TEXHOJIOTiS Mae
HacTynHi Ha3Bu: Photon Activation Therapy (PAT)
(CHIA) a6o Photon Activation Therapy with Platinum
(PATPlat) (®panuist); Contrast-Enhanced Radiation
Therapy (CERT) (®panuisi, Benukobpuranist, Himeu-
yuHa, CIIIA, Mexkcuka, Asctpanisi); Gold Nanopartic-
les Radiation Therapy (GNRT) (Benukob6puranis,
Himeyuuna, CIIA, Asctpanis Tomo). KoxnHa 3 Ha3B
BimoOpakae HI0OAHCHM 3aCTOCYBaHHSI, TTOB’sI3aHi 3 BUKO-
PUCTAaHHSM TOTO UM IHIIOIO IIpemapary, 110 MiCTUTh
€JIEMEHT 3 BEJIMKMM aTOMHMM 4ucjioM Z. BumineHHs
eHeprii 0OyMOBJIEHO eJleKTpoHaMU (hOTOMOTJIMHAHHS i
cynyTHboro Oke-Kackaday Ha aToMax €JIEMEHTIB 3 BeJIU-
KUM Z, 1110 BXOASTb JO CKJaay BilOMUX MpenapariB, 110
MicTsiTh: Hon-53: Mononominon, Mon-ne30KkcnypuanH;

of radiation. BT of radiotherapy are capable to sig-
nificantly reduce the radiation burden on the normal
body tissues compared to traditional external-beam
radiotherapy. Reducing the number of fractions is an
important task in radiation therapy. BP of radiother-
apy application can significantly reduce the required
number of fractions down to a single one. Results
obtained in the in vitro and in vivo studies show the
high therapeutic efficacy of BP of radiotherapy.
FCT where the more obtainable photon radia-
tion sources are used may be more promising.
Efforts on the development of FCT technologies
were intensified in recent years [2]. Interest in this
type of radiation therapy is due to the need to
develop new and effective methods of radiation
therapy with a relatively low cost of irradiation
equipment and possible widespread use in health-
care institutions. To implement as soon as possible
this method in clinical practice it is necessary to
carry out a set of research and development work
in accordance with the requirements of pre-clini-
cal studies. Increase in local energy release under
the FCT is reached due to the presence of medica-
tion agents containing heavy elements i.e. I,
%Gd, *Pt, "Au, 'Gd, etc. Tumor cell damage
occurs here due to the secondary radiation, which
appears due to interaction of photons with atoms
of heavy elements. Calculations of the relative
increase in energy release show a noticeable effect
of increasing the absorbed radiation dose depend-
ing on the intratissue photon spectrum. Results of
FCT technology in the treatment of grafted
tumors in mice show possible effective inhibition
of tumor growth. The «photon-capture therapy»
term was proposed by the authors of the patent in
a view of its analogues with the processes occurring
in NCT. The technology has the following names
abroad: Photon Activation Therapy (PAT) (USA)
or Photon Activation Therapy with Platinum
(PATPIat) (France); Contrast-Enhanced Radiation
Therapy (CERT) (France, UK, Germany, USA,
Mexico, Australia); Gold Nanoparticles Radiation
Therapy (GNRT) (UK, Germany, USA, Austra-
lia, etc.). Each name reflects the nuances of tech-
nology application related to the use of one or
another medication agent containing an element
with high atomic number Z. Energy release here is
due to the electron photoabsorption and accom-
panying Auger cascade in the atoms of elements
with a large Z, which are a part of the known drugs
containing iodine-53 — lodopomidol, lodine-
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ragoniniin (**Gd): Marnesict, IlpiHosict, Yabrpasicr,
HinenTact Ta iH .; matuny (®Pt): Llucmiatun, kapoor-
JIATUH Ta iH., a TaKOX IepPCHeKTUBHUX IIperaparis, 110
MiCcTIThb HaHOYacTUHKHU 30j0Ta (Au). dK odikyeTbcs,
MpU JOCITHEHHI ONTUMAaJbHOIO CITiBBiIHOLIEHHS KOH-
LIEHTpAIlill Tperapary, 10 MiCTUTb 3a3HAYEHi EJIEMEHTH,
B IIyXJIMHi Ta B HOpMaJIbHili TKAHWHI i TIpU ONPOMiHEHHI
(boTOHAMU ONTUMAJIBHOIO CIIEKTPY MOXKJIMBO CTBOPUTHU
B OINPOMiHEHIl MillleHi 103y, 3TyOHY [UIsI IyXJIMHU i B
TOW Xe Yac TOJEpPaHTHY JJII HOPMaJIbHUX TKaHUH. J[o
nepeBar @3T, y MopiBHAHHI 3 TpaIULIIHFHUMA METOAAMM
MPOMEHEeBOI Teparlii, BiTHOCUTLCS Te, IO IMiIABEACHHS
HeoO0XiJHOI TepaneBTUYHOI 103U A0 0i0J0TiYHOI MillleHi
(TTyxJIMHU) 3[IMCHIOETHCS CTBOPEHHSM MEBHOI KOHIIE-
HTpalii mpenapary, a He HalliJTIoBaHHIM i (hOKyCyBaH-
HSIM ITy4Ka BUIIPOMiHIOBaHb.

Meron poroguHamiuHoi tepamnii (PAT), axuit moen-
HY€E MOXJIMBOCTI Cy4acHOi (papMaKoJI0Tii Ta TOCSTHEHHS
KBaHTOBOI €JIeKTPOHiKM, YCHIIIIHO BIIPOBAIXYETHCS Y
MPOBiIIHUX OHKOJOTIUHMX KJIiHiKaX CBiTY i € i€BOIO aJlb-
TEPHATUBOIO iICHYIOUMM B TpPaKTHUIli JIiIKyBaHHS OHKO-
JorivHux xBopux [10—13]. BiH BHcCOKOE(EKTUBHUIA,
MOBHICTIO 0e300JIiCHUIA Mmif Yyac i Imic/st OpoLeaypu, He
BUMAara€ ooMexXXeHb KUTTEMISNIbHOCTI (I yac JIiKyBaH-
HSI BCHOTO JIMIIE HE PEKOMEHAYETHCS BiBiIyBaTHU CO-
JISIpii 1 iHTeHCUBHO 3acMaraTu), 6e3neuyHuii. BripoBan-
JKeHHSI IIbOTO METOAY B MEINYHY IIPAKTUKY BaXKKO IIepe-
OLIIHUTH, NesKi (haxiBlli BBAXKAIOTh, 1110 BOHO MOXKe OyTU
MOpPiBHSIHHE 3a 3HAYMMICTIO 3 BIIPOBAIKEHHSM aH-
TUOIOTUKIB [5].

HocnimkeHHs 6iooriyHNX e(eKTiB (oTOoCeHCMOii3a-
TOpiB 32 YMOB KOMOiHOBAaHOTO BIUIMBY CBIiTJIOBOTO Ta
ioHi3ylouoro BuIpoMiHOBaHHsI (rmoemHaHHs PIT i
H3T, ®AT i ®3T) 3 BUKOPUCTAHHSIM KYJBTYPU KIIITUH
Ma€ MpoBiAHE 3HAUYEHHS IJIsI PO3KPUTTS MEXaHi3MiB 1X
noeaHaHoi mii [12, 14]. Hes3Baxkawouu Ha IIMPOKUIA
CHEKTp Ta iHTEHCHUBHICTh AOCIIIXE€Hb 3 OiHapHUX
BIUIMBiB Ha MyXJIMHU, TTOBiTOMJIEHHS Y CBIiTOBIi1 JiTepa-
Typi PO JOCIIIKEHHS TMOETHAHOTO (KOMOiHOBaHOTO)
3aCTOCYBAHHSI LIMX METO/IiB, 800 CTBOPEHHSI YCTaTKyBaH -
HSI JUTSE TAKUX JOCIIIKEHb, HA CbOTOIHI Iy>Ke OOMEXEHI.

ITotenuian BITT Moxe OyTH MOBHICTIO PO3KPUTHIA TU1LIE
pU po3po0LIi crieliabHUX MPerapariB, sIKi BiIlMOBIiAAOTh
BUMoOTraM. Y cKjIai TaKuX Mperaparis, 1110 HAKOMTNYYIOTh-
Cs TIEPEBAKHO Y KIIITUHAX ITyXJIMHU, TIPUCYTHI XiMiUHi eJie-
MEHTH, $Ki MOIIMHAIOTh 30BHIIlIHE iOHi3yl0ue BUIIPOMi-
HIOBaHHS 3HAYHO e(eKTWBHIIlle, HiXXK XiMiUHi eJIeMeHTH,
MPUCYTHI B 0i0JI0riYHMX TKaHUHAX. B pe3ybsrari BubipKo-
BOI B3a€MOJIii BUIPOMiIHIOBAHHS 3 TaKMMM TperapaTaMu,
10 3HAXOAAThCS B IyXJIMHi, BiAOYBa€TbCs 30iMbLLIEHHS
TTOTJIMHYTOI O3 Bif KiJTbKOX BiICOTKIB JI0 IT’SITA Pa3iB.

deoxyuridine, gadolinium (*Gd) — Magnevist, Pri-
novist, Ultravist, Dipentast, etc., platinum ("*Pt) —
Cisplatin, Carboplatin, etc., as well as promising
drugs containing gold ("Au) nanoparticles. As
expected, when the optimal ratio of concentra-
tions of medication agent containing these ele-
ments in the tumor and in normal tissue is reached
and when irradiated with photons of the optimal
spectrum it is possible to create a dose harmful to
the tumor and tolerant to normal tissues in the
irradiated target. Providing a required therapeutic
dose to the biological target (tumor) through cre-
ating a certain concentration of the medication
agent, rather than targeting and focusing the radi-
ation beam, is the FCT advantage compared to the
traditional methods of radiation therapy.

The photodynamic therapy (PDT) method com-
bining the capabilities of modern pharmacology and
achievements of quantum electronics has been suc-
cessfully implemented in the leading cancer clinics
around the world being an effective alternative to the
existing tools in treatment of cancer patients
[10—13]. It is highly effective, completely painless
during and after the procedure, requires no restric-
tions in lifestyle (during treatment it is only not rec-
ommended to visit a solarium and take sunbathe
intensely), and safe. Introduction of this method in
healthcare practice can be hardly overestimated,
with some experts believe that it can be compared
with introduction of antibiotics in its importance [5].

Study of biological effects of photosensitizers
under the combined effects of light and ionizing
radiation (combination of PDT and NCT, PDT
and FCT) using a cell culture is of paramount
importance for revealing the mechanisms of their
combined effect [12, 14]. Despite wide range and
intensity of research on binary effects on tumors,
the reports in the world literature on studies of a
combined use of these methods or equipment
manufacturing for such studies are currently very
limited.

The potential of BT of radiotherapy can be fully
unlocked only through the development of espe-
cial medication agents that meet the specific
requirements. Such drugs accumulated mainly in
tumor cells contain chemical elements that absorb
external ionizing radiation much more efficiently
than chemical elements present in biological tis-
sues. As a result of selective interaction of radiation
with such drugs in the tumor the absorbed dose is
increased from several percent to five times.
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META

Hocniautu CTpyKTypHi Ta MOp¢d oG yHKIIOHATbHI 3MiHU
B TecT-cucTeMax 3JiosKicHux (JniHisT A-549) ta HoOp-
MastbHMX ((piObpobiacTi 6-ro Macaxy) KJIITHHAX JIOIU-
HU MpU iHKyOalii 3 ragoniHiiiBMicCHUM (hOTOH-3axBaT-
HUM areHToM <«JloTaBicT» Ta poToceHcubinizaTopom
«®OTOJIOH».

MATEPIAJI TA METOJIU JOCJ/IIJI2KEHb
HocnimxeHHss BUKOHAHI Ha MepelleruiloBaHiii MOHO-
1IapOBiil KyJIbTYpi KJIITMH HEAPIOHOKJIITUHHOIO paky
JIeTeHi JIOAWHU JiHii A-549, 1110 TOXOMSATh 3 KapLIMHO-
MU JIereHb JIIOJIUHU ermiTeionoaioHoi Mmopgosorii, Ta
npouidepyrounx ¢idpodaacrax JIOAUMHA, HagaHUX baH-
kKoM kimitnHHUX KynsTyp IEITOP HAH Yxpainu. Kiitn-
HU KYJIbTMBYBaJIU B IOBHOMY ITOXMBHOMY CE€pPEIOBMIIL
Advanced DMEM F/12 (GIBCO), mo mictuno 2 %
eMmbOpioHanbHO1 cupoBaTku TejaTu (GIBCO), Pen Strep
Glutamin (GIBCO), 3rigHo 3i cTaHZApTHUMU METOAa-
MU poOOTH 3 KIITUHHUMU mTaMamu [15]. Kiitunu Bu-
pollyBaju MpH ToCTiiHiA TemnepaTtypi 37°C Tta 5 %
CO; Ha MOKPUBHUX CKEJBLIX po3MipaMu (16 x 8) mm,
SIKi 3HAXOAUIJINCS Ha JHI CKIISTHUX TISIIIEUOK, 10 KOHP-
JIyeHTHOTO cTaHy MoHomapy (1—5 1i6). [Ius BuBYeHHS
KiHETUKM POCTY KYJIBTYpPM KJIITUH iHKyOyBaaud BHOpPO-
JTOBX 5 110, KOXHi 24 Toa roTyBaiu MOp(OIOriuHi mpe-
TMapaTy 3a 3araJbHOMPUITHATOIO METOANKOIO (110 3 TIpe-
napaTy Ha TOYKY). Y SIKOCTi TeCT-CUCTEMU HOPMaJIbHUX
KJIiTUH Oyna oOpaHa TepelueriloBaHa KyJabTypa
(iGpodaacTiB TOAMHU 6-T0 TTacaxy. KiritnHu Bupouy-
BaJIM MpU TocTiitHii temnepatypi 37°C T1a 5 % CO;, Ha
MOKPUBHUX CKEJIbLSAX po3Mipamu (16 x 8) MM, sIKi 3Ha-
XOIWIMCS Ha JHI CKISIHUX TUISIIEUOK, 10 KOH(MIYEeHT-
Horo crtaHy MoHowapy (1—5 ni6). /s BUBYEHHS KiHe-
TUKM POCTY KYJBTYPU KJIITUH iHKYyOYBajd BOPOJOBXK 5
Ji0, KoxXHi 24 rox rotyBaau MopdOJIOriuHi mpernapaTu
3a 3araJbHONPUMHATOI0 MeTomukor. «®DotojoH» Ta
«JloTaBicT» 10 KJIiTUH A0AABAJIM Yepe3 24 roa micjs no-
cagKM B KOHIeHTpatisax 5, 10, 25, 50, 75, 100 Tta 200
MKJI/MJI i KyJBTUBYBaAJIU BIIPOIOBXK 5 Ji0.
MopdodyHKITiOHATbHI XapaKTEPUCTUKU KYIBTYPU KJTi-
THUH OLIHIOBAJIN Y Pi3Hi TEPMiHM KYJIBTUBYBAaHHSI KJTITUH 32
MOKa3HUKAMM KUTTE3AATHOCTI: MpoJtipepaTUBHA i MiTO-
TUYHA aKTUBHICTb Ta KiJIbKiCTh aTUTTOBUX KIiTUH. [TpoJti-
¢epaTUBHY aKTUBHICTb KJIITUH OLIiHIOBAJIM 32 KiHETUKOIO
pocTy. YOpoaoBX M’sITU 1i0, IOAEHHO, TOTyBaJIM Mpena-
patu: dikcyBanmu 96° etaHoJIoM Ta (apOyBaIM TeMaTOK-
CUJIiIH-€03MHOM. Ha mpeameTHe cKJIo mpemapaTvl 3 IO-
¢apboBaHMMHU KJIiITUHAMU HaKJIEIOBAIM KaHaJAChbKUM
O6anb3amoM. Ilig ONTMYHKUM MiKpOCKOIIOM <«AXioscop»
(West Germany) mipu 36inbmenHi X 1000 y Mexax CiTku

OBJECTIVE

The study objective was to investigate the structural
and morpho-functional changes in test systems of
malignant (A-549 cell line) and normal (fibroblasts
of the 6th passage) human cells during incubation
with gadolinium-containing photon-capture agent
«Dotavist» and photosensitizer «Fotolon».

MATERIALS AND METHODS
Study was conducted on the passaged monolayer cul-
ture of non-small cells lung cancer cell line A-549
originated from human lung carcinoma of epithe-
lioid morphology and proliferating human fibrob-
lasts provided by the Cell Culture Bank, R.E. Ka-
vetsky IEPOR NAS of Ukraine. Cells were cultured
in the complete nutrient medium Advanced DMEM
F/12 (GIBCO), containing 2% fetal calf serum
(GIBCO) and Pen Strep Glutamin (GIBCO)
according to the standard methods of working with
cell strains [15]. Cells were cultured at a constant
temperature of 37°C and 5% CO; on the cover slides
(16 x 8) mm placed at the bottom of glass bottles,
until the confluent state of the monolayer achieved
(1-5 days). To study the kinetics of cell culture
growth they were incubated for 5 days. Morpholo-
gical preparations were prepared every 24 hours
according to the generally accepted method (3 pre-
parations per point). The passaged culture of human
fibroblasts (the 6th passage) was selected as a test sys-
tem of normal cells. Cells were cultured at a constant
temperature of 37°C and 5% CO, on the cover slides
(16 x8) mm placed at the bottom of glass bottles, until
the confluent state of the monolayer achieved (1—5
days). To study the kinetics of cell culture growth they
were incubated for 5 days. Morphological prepara-
tions were prepared every 24 hours according to the
generally accepted method. «Photolon» and
«Dotavist» agents were added to the cells 24 h after
planting at concentrations of 5, 10, 25, 50, 75, 100
and 200 pl/ml and cultured for 5 days.
Morphofunctional characteristics of cell culture
were evaluated at different times of culturing by via-
bility parameters, namely the proliferative and mitot-
ic activity and number of atypical cells. Cell prolifer-
ative activity was assessed by the growth Kkinetics.
Preparations were prepared daily for five days making
fixation with 96° ethanol and staining with hema-
toxylin and eosin. Preparations with stained cells
were fixed to the glass slides with Canadian balm.
Total number of cells, number of mitoses and num-
ber of atypical cells were counted using the optical
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MeToaoM BunankoBux noiiB 3a C. b. CredpaHoBUM migpa-
XOBYBAJIM 3arajibHy KiJIbKiCThb KJIITUH, KiJIbKiCTh MIiTO3iB i
KiJIbKICTh aTUMTOBUX KJIITUH. MITOTMYHUMI iHAEKC Ta iHAEKC
aTUITOBMX KJIITMH po3paxoByBaBcst Ha 1000 kitituH (%o).
CTaTUCTUYHUI aHaJIi3 BipOTiAHOCTI OTpPUMaHUX JaHUX
MPOBOJMIIM 3a JOMOMOrolo0 ~-Kputepito CTbIoACHTA, BU-
KOPUCTOBYIOUM KOMIT' IOTepHi mporpamMu Microsoft
Excel Ta Biostat 3 monepegHbOIO TMEPEeBiPKOIO TiMOTE3U
PO HOPMAaJIbHUI 3aKOH PO3IOIiIY BUIAAKOBOI BEIM-
yuHM 3a KputepieM Konmoroposa—CwMipHosa [16]. [Tpu
BUKOHAHHI €KCIIepUMEHTAIbHUX AOCiIXKEHb OYJ10 IPO-
aHasizoBaHO 1942 npenapaTu KyJIbTyp KJIiTHH.

PE3VYJIBTATU TA OBI'OBOPEHHS
V sgKocTi Moziei NyXJIMHHOIO POCTY HaMu Oyj10 oOpaHO
MepeleruIioBaHy MOHOIIIAPOBY KYJIETYPY KJIITUH HeApio-
HOKJTITUHHOTO paKy JIeTeHi JIoauHu JdiHii A-549, 1110 1o-
XOJSITh 3 KAPLUMHOMU JIETEHb JIIOAWHU, MiTei0noaioHo1
mopdortorii. BUB4eHHsI KiHETHMKM POCTY KJITUH A-549
BIIPOAOBK 5 N1i0 MoKa3ajo, 110 BoHa Ma€ jar-¢asy — 1—2
I0OM, BMOPOIOBX $KOI KJITUHUA TPUKPITUTIOIOTHCS 10
cyOcTpaTy, pO3IIACTaIOThCS i 3aMycKaloTh MPOIEC T0-
JITy, IpoTe y Lieid nepioJ MiTOTUYHUIA iIHAEKC 1€ HU3b-
kuii. dani caigye ¢asza gorapudmiyHro pocry: 2—5 mio,
BIIPOAOBXK SIKMX BiIOYBA€TbCSl iHTEHCUBHE 30ibIICHHS
KUJIBKOCTI KJIITUH 3a PaXyHOK IiABHWILEHHSI iHTEHCHUB-
HOCTi MIiTOTUYHOIT aKTMBHOCTI KJIITUH Y KYJbTYypi. Y LIUX
YyMOBaX iCTOTHO 3pOCTa€ IIiJbHICTh KIITUHHOI TIOMy-
TSIl — KOIIyeHT KyIbTypH ctaHoBUTH 80 % (puc.1).
Ha 5—6-1y 100y MITOTMYHMI iHAEKC Ta LIIJIBHICTH
KIIITUHHOI TTONYJISILII 3MEHIIYEThCS. Y KYJIbTYpi IHTAKT-
HUX KJIITUH HaA3BUYaiiHO MaJjio aTUMOBUX (baraTosiaep-
HUX, 3 MiKpOsSiApaMu, alfONTOTUYHUX) KITITUH.
AHaJoriYHui po3BUTOK IpoJlihepaTUBHOI aKTUBHOCTI
CIIOCTEpiraau i mjis IepellelUIloBaHUX HOPMaJIbHUX
(iGpo0OJIACTIB JIIOAUMHU 6-TO Macaxy.

microscope «Axioscop» (West Germany) at x1000
magnification within the grid by the method of ran-
dom fields by S.B. Stefanov. Mitotic index and atyp-
ical cell index were calculated per 1000 cells (%o).

Statistical analysis of the significance of obtained
data was performed with Student’s 7-test using the
computer software Microsoft Excel and Biostat
with preliminary testing of the hypothesis of a nor-
mal law for distribution of random variables by the
Kolmogorov-Smirnov test [16]. During experi-
mental studies the 1942 cell culture preparations
were analyzed.

RESULTS AND DISCUSSION

As a model of tumor growth a passaged monolayer
culture of the non-small cell lung cancer cell line
A-549 was chosen derived from human lung carci-
noma featuring the epitheloid cell morphology.
Assay of growth kinetics of the A-549 cells for 5
days showed a lag phase for 1—2 days during which
the cells attach to substrate, spread and start the
process of division, however during this period the
mitotic index is still low. This was followed by a
phase of logarithmic growth for 2—5 days with
intensive increase in the number of cells due to
amplified intensity of mitotic activity of cells in the
culture. Under these conditions the density of cell
population increased significantly, as the culture
confluent was 80% (Fig. 1).

On the 5"—6" day the mitotic index and cell
population density had decreased. There were
extremely few atypical (multinucleated, micronu-
cleus, apoptotic) cells in the intact cell culture.

Similar development of proliferative activity was
observed in the passaged normal human fibroblasts
(6™ passage).
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LliHHicTh TaKMX MOJEel KIIITUHHOTO POCTY B TOMY, 11O
BOHM IIpW MepellelUIeHHI He3MIHHO IaloTh OJHAKOBY
KiHETUKY POCTY, a lie BaXkKJIUBO IJIsI TIOBTOPIOBAHOCTI pe-
3yJIBTaTiB 3a Pi3HUX YMOB.

Bubip «/loTaBicT» B SIKOCTi (hOTOH3aXBaTHOTO areHTa 3y-
MOBJIEHMI HAsIBHICTIO raloiHilo Y CKJIai IbOro Mpenapary,
110 BasKJTMBO JUTsT POTOH-3aXBaTHOI Tepartii. «/loTaBicT» — 11e
rajoTepoBa KMCJIOTa, 110 MAa€ MapaMarHiTHi BJIaCTHBOCTI,
SIKi TIOCWITIOIOTh KOHTPAcCTYBaHHSI IIPUM MarHiTHO-pe30-
HaHCHilt Tomorpagii (MPT). KoHTpacTHe miacuaeHHs npu
MPT royioBHOro Ta CIMHHOIO MO3KY 3aCTOCOBYETHCSI ISI
BUSIBJICHHSI ITyXJIMH MO3KY, XpeOTa, OTOUYYIOUMX TKaHWH,
MPOJIATCiB MiXKXpeOLIeBUX MTUCKIB, iH(MEKIHHNX 3aXBOPIO-
BaHb, BChOT'O Tijla, BKIOUAIOUM Bi3yali3allito maToJIoril Hu-
POK, ceplisl, MaTKU, SIEUHUKIB, OpPTraHiB IpyaHOI i YepeBHOI
MOPOXXHUHU, KiCTKOBO-CYIJIOOOBOI Tartosiorii. [agoreposa
KHCJI0Ta He Ma€ cneldiyHoi (papMakoarMHaAMIYHOI aKTUB-
HOCTi Ta € 06i0J0TiYHO BUCOKOIHEPTHOI. BUKOPHCTOBYEThH-
Cs1 BUKJIIOYHO 3 JiarHOCTUYHOIO METOIO, SIKIIIO 3aCTOCYBaH-
Hs1 MPT 6e3 KOHTpacTHOTO TiACUIEHHST HEMOKJIMBE.

HomaBanHs «/loTaBicT» B pPOCTOBE CepelOBUIIE IO
KyJbTypu KITUH A-549 depes 24 rona micias mocaaku y
Pi3HMX KOHLIEHTpalisiX BUSIBUIO, 110 3a KOHLIEHTpaLlii J,
10, 25 MKJI/MJI KiHETMKa POCTY KJIITUH HE 3MiHIOETHCS,
IITBHICT KJITUHHOI TIOMYJISAILilI Ta MIiTOTMYHA akK-
TUBHICTb HE BiApi3HSIETHCS Bil KOHTPOJIIO (pUC. 2).

Bomxouac y cTpykTypi MOMymsILii 3’ IBASIOTLCS aTUTIOBI
KJIITUHU — JIBOSIIEPHi, KJIITUHU 3 MiKpOsIIpaMU Ta 3 O3Ha-
KaM{ aromnTo3y. IX KilbKiCTh MiABUILYETbCS MPU 36i1b-
IIeHHI KoHIeHTpaii mperapaty go 50 ta 100 mxin/mi. 3a
KoHueHTpawii 200 MKJI/MJI chocTepiraju iHriOyBaHHS
npoJtipepaTUBHOI Ta MITOTMYHOI aKTUBHOCTI 3JIOSIKICHUX

The value of such cell growth models is that
they invariably give the same growth Kkinetics
when passaged, and this is important for repeata-
bility of results under different conditions.

The choice of «Dotavist» as a photon-capture
agent was due to the presence of gadolinium in it,
which is important for the photon capture thera-
py. «Dotavist» is a gadoteric acid featuring para-
magnetic properties enhancing the contrast effect
in magnetic resonance imaging (MRI). Contrast
enhancement in MRI of the brain and spinal cord
is used to detect the brain, spinal and surrounding
tissue tumors, prolapse of intervertebral discs,
infectious diseases, both with the whole body
imaging, including kidney, heart, uterus, ovaries,
thoracic and abdominal organs, bones and joints.
Gadoteric acid has no specific pharmacodynamic
activity and is biologically highly inert. It is used
exclusively for diagnostic purpose if the MRI
without contrast enhancement is not possible.

Addition of «Dotavist» to the growth medium
of A-549 cell culture 24 h after planting at various
concentrations resulted in neither change of cell
growth kinetics nor difference in cell population
density or mitotic activity from control at 5, 10,
and 25 ul/ml drug concentration (Fig. 2).

Concurrently the atypical cells i.e. dinuclear,
with micronuclei and with signs of apoptosis
appeared in the structure of population. Their
number increased with increasing the drug con-
centration up to 50 and 100 pl/ml. At 200 pl/ml
concentration the inhibition of proliferative and
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Figure 2. Dependence of morphofunctional characteristics of A-549 line cells during incubation with
«Dotavist» drug in various concentrations on the 5" day of cultivation
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KJITUH TIOAUHU — JIiHii A-549. 3a 11X yMOB 3MiHIOEThCS
¢dopma KIITUH, 3MEHIIYETHCSI KiJIbKICTh LIMTOILIA3MMU,
3MILLYETHCS SIAPO B KIIITUHAX, BiAMiY€HO OaraTo aTUIIOBUX
kiaitiH. HiapHicTh KIITMHHOI nonyssuii ckiagae 10 %.
BinmiueHo mecTpyKilito MOHOIIApy KITiTHH.

Otxe, AOCHiAXKYBAaHUI TramoJliHiMBMiCHMIA mpenapar
«JloTaBicT» Bojomie 3a Bucokoi KoHneHTpairii 100 - 200
MKJI/MJI iCTOTHUM LIMTOTOKCMYHUM BIUIMBOM Ha 3JIO-
SKICHI KJIITMHU JIIOAUHU JIiHil A-549. JIng nmomaabiioro
BMBYEHHS KJIITUHHUX Peaklliii Tpyu BUKOPUCTAHHI «Jlo-
TaBicT» Y (POTOH-3aXBaTHii Teparlii 3aCTOCOBYBaJIM Hac-
TYINHIi KOHIIeHTpalii mpenapata: 10 Ta 25 MKJI/MJI.

[Tpu OT3 KAITUH MyXJIMHU TyKe BaXKJIMBO 30epertu 6a-
JIJAHC MiX OINPOMiHEHHSIM MaKCUMAaJIbHOTO O0’€My TKa-
HUHU IIyXJIMHU Ta SKHAMMEHIIIOI YaCTUHU HOPMAaJIbHUX
KJIITUH, SKi Y TTOAAJbIIOMY 3aIllOBHSITh MicClie IMyXJIMHU.
BusHayeHHsI LIUTOTOKCUYHOIO BIUIMBY Ipenapaty «Io-
TaBiCT» Ha HOpMaJibHi (hiOpOOIACTH JTIOAMHM T10KA3aJO0,
1o 3MeHIIeHHS Ha 50 % IITbHOCTI KIITUHHOL OISl
(¢ibpobacTiB crocTepiraay 3a KOHLeHTpallii 50 Mki1/Mi i
BUILE, MIiTOTUYHMIA iHAEKC CTAaTUCTUYHO JOCTOBIpHO
3MEHIIIYBaBCs 3a LIUX XK€ KOHLeHTpaLiil (puc. 3).

Crig 3a3HaYNTH, IO 3a KOHIIEHTpAIIill TaoJIiHiiBMic-
Horo npenapaty 100 i 200 MKj1/M1 Y KyJIBTYPi KJIITAH BU-
SIBJISIETHCSI 3HAYHA KiJIbKiCTh aTUITOBUX KJIITUH, a came:
KJIITHH 3i 3MiHEHO0 (DOPMOIO i KiIbKICTIO SIAep, 3 MiKpO-
sSApaMu, 3 O3HAKaMM aromTo3y, TOOTO TeHETUYHO Hec-
TabiMbHUX KJiTUH. Lle omocepeakoBaHO BKa3ye Ha
BIUIMB Tipenapary «JloTaBicT» Ha MOAiaA Ta FreHOM HOp-
MajbHUX (hidpobdIacTiB.

OTxe, 3riZHO 3 pe3yabraTaMM €KCIIEpPMMEHTAIbHOTO

mitotic activity of human malignant cells (line A-
549) was observed. Under these conditions the cell
shape changed with cytoplasm amount decrease
and nucleus displacement. A lot of atypical cells
were observed. Density of the cell population was
10%. Destruction of cellular monolayer was noted.

Therefore, the studied gadolinium-containing
drug «Dotavist» at a high concentration of 100-
200 ul/ml makes a significant cytotoxic effect on
human malignant cells of the line A-549. Such
concentrations of the drug as 10 and 25 pl/ml were
used further to study the cellular reactions when
using «Dotavist» in the photon-capture therapy.

In PCT of tumor cells it is critical to maintain a
balance between the irradiation on maximum
tumor tissue volume and smallest portion of nor-
mal cells that will fill the tumor site. Assay of cyto-
toxic effect of «Dotavist» on the normal human
fibroblasts showed a 50% decrease in the cell pop-
ulation density at concentrations of 50 pl/ml and
above. Mitotic index was significantly reduced at
the same concentrations (Fig. 3).

It should be noted that a significant number of
atypical cells, namely cells with abnormal shape and
changed number of nuclei, with micronuclei, with
signs of apoptosis, i.e. the genetically unstable cells
were found in the cell culture at 100 and 200 pl/ml
concentrations of gadolinium-containing drug. This
indirectly indicates the effect of «Dotavist» on divi-
sion and genome of normal fibroblasts.

Therefore, according to the results of experi-
mental study of «Dotavist» drug cytotoxicity its
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Figure 3. Dependence of morphofunctional characteristics of normal human fibroblasts (6 passage) during

incubation with «Dotavist» drug at various concentrations
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JUTST BUBYEHHST (DOTOH-3aXBaTHOTO BIUIMBY Ha HOPMaJIbHi
¢ibpobaacTH JIIOAMHM CJTii BAKOPUCTOBYBATU KOHIICHT-
patii mpemapaty 10 i 25 MKJI/MJI y pOCTOBOMY CEPEIOBUILII.

Merton doroauHamiunoi teparii (PAT) € ogHuUM i3
e(PeKTMBHUX MaJIOIHBa3UBHUX CYYaCHUX METOMIB JIKY-
BaHHS IUCIUIACTUYHUX 3MiH i 3JI0SIKiCHMX HOBOYTBOPEHbD,
0COOJIMBO Ha paHHIX CTalisiX po3BUTKY. sl yCHilIHOrO
BukoHaHHs PJIT HeoOXinHi MeBHi yMOBHU, a caMe: OINTH-
MajbHa KOHUEHTpalisg ¢oToceHCcuOiaizaTopa, OMpoMi-
HEHHSI CBITJIOM ONTUYHOIO Jialla30HY IIEBHOI JOBXWHU
XBWJIi, IO BiAITOBiZa€ MaKCMMyMy TTOTIMHAHHS (POTO-
ceHcuoOiTiz3aTOopa i JOCTaTHHOIO IHIIBbHICTIO ITOTYXKHOCTI
BUIIPOMIHIOBAHHSI, SIKE ITOTJIMHAETHCS ITyXJIMHOIO. AK-
TAUBHAa pedyoBMHA (oroceHcuOim3aTopa «PDOTONIOH» —
xjjopuH E6 — BHOIpKOBO HAKOIMMUYYETHCH Y MATOIOTIUHIN
TKaHUHI (DJOOPOSKiCHI Ta 3JI0SKiCHi HOBOYTBOPEHHS
pi3HOrO reHesy i Jokajizallil) i Mpu JOKaIbHOMY BILTUBY
CBITJIa 3 JOBXMHOIO XBUIb 660—670 HM (4epBOHE CBITJIO)
3a0e3neuye PoTOCEeHCUOIMi3yI0Unii e(eKT, SKIiT TTIPU3BO-
JIUTD JI0 TMTOLIKO/DKEHHST IyXJIMHHOI TKAHUHHU. «DOTOIOH»
TaKOX € BHCOKOIH(GOPMAaTUBHUM AiarHOCTUYHUM 3aCO-
OOM MpU CIIEKTPODIYOPECLIEHTHOMY JOCTiIXKEHHI.

3a pesyJbTaTaMy €KCIIEpUMEHTAIBbHOIO JOCIIiIKEHHS
OyJlI0 BCTAHOBJIEHO, 110 TPUW AOAAaBaHHI OO KYJIBTYpU
3JI0SIKICHUX KJIITUH JoguHu A-549 dotoceHcubimiza-
topa «®DOTOJIOH» 3MiHAa CTPYKTYpHM MOHOIIApPY CIIOC-
Tepirajach yxe 3a KoHLeHTpalii 5 Ta 10 MKr/mi1, a came:
LIUTBHICTD KJIITUHHOI TTOMYJIALil Oyia 3HAYHO MEHIIOIO,
HiXK B iHTAaKTHUX KYJBTYpax; 3MEHIIyBajach MiTOTUYHA
aKTMBHICTb i 3pocTajla KiJIbKiCTb aTUIIOBUX KJITUH -
JBOSIAEPHUX 1 KJIITUH 3 MIKpOsiApaMu, a TaKOX aronTo-
TUYHUX KJIITUH Ha pi3HUX cTamisx (puc. 4).

concentrations of 10 and 25 ul/ml in growth medi-
um should be used to evaluate the photon-capture
effect on the normal human fibroblasts.

The photodynamic therapy (PDT) method is one
of the effective and minimally invasive modern tool
in the treatment of dysplastic lesions and malignant
neoplasms, especially in the early stages of devel-
opment. Successful performance of PDT requires
certain conditions, namely the optimal photosensi-
tizer concentration, light irradiation in the optical
range of a certain wavelength corresponding the
maximum absorption by photosensitizer and suffi-
cient power density of radiation absorbed by the
tumor. Chlorine E6 as an active substance of the
«Photolon» photosensitizer is selectively accumu-
lated in abnormal tissue (benign and malignant
tumors of different genesis and localization) and
under local exposure to the light with a wavelength
of 660—670 nm (red light) provides a photosensi-
tizing effect, which leads to the tumor tissue dam-
age. «Fotolon» is also a highly informative diagnos-
tic tool in spectrofluorescent studies.

According to the results of experimental study it
was found that when adding the «Photolon» pho-
tosensitizer to the culture of human malignant
cells line A-549 a change in monolayer structure
was observed at concentrations of 5 and 10 pg/ml.
Namely the cell population density was much
lower than in intact cultures, mitotic activity was
decreased and the number of atypical cellsi.e. din-
uclear and micronucleus ones, as well as apoptotic
cells at different stages was increased (Fig. 4).
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Figure 4. Dependence of morphofunctional characteristics of A-549 line cells during incubation with
«Photolony» photosensitizer at various concentrations on the 5 day of cultivation
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Ile MoXe CBiTUMTH MPO T€HOTOKCUYHY Ail0 (hOTOCEH-
cubinizaTopa Ha 3/705KiCHI KIiTUHU. MopdosoriuHi
3MiHU KJIITUH OPOSIBISIMCH Y BULJISIAI BAKYOJ1i30BaHOI LIM-
TOIUIA3MM, AlICHTPUYHO pO3MillleHUuMU simpamu. dDopma
KJIITHMH, 3a3BUYaii eniresionoaioHa, TpaHcopMyBaiach y
MOJIroHaJIbHY 3 6araTbma MceBAONO/IIMU Ta BUPOCTAMMU.

Takum umHOM, (hoToceHCcHOim3aTop «POTONIOH», MO-
YUHAIOYM 3 HAMEHIIMX KOHILIeHTpalii (5 Ta 10 MKJ1/Mi1),
YUHUTh LUTOTOKCUYHUI BIUIMB Ha KYJIBTYpYy 3J10-
SKICHUX KJIITUH J1oaAuHU A-549. T1pu minBUIEHHI KOH-
HeHTpamii (oToceHcuObiTi3aTopa 3MEHITYETHCS IITiTb-
HICTh KJIITMHHOI TOIMYJsMii, MiTOTUYHA aKTUBHICTb
KJIITUH Ta 3pOCTa€ KiJIbKICTb aTUIMOBUX KJIITUH: ABOSI-
IEePHUX, KIITUH 3 MIKpOSIpaMM Ta 3 O3HAKaMM aIlONTO-
3y. 30iBIIEHHS KOHIIEHTpallii (poToceHcHbimizaTopa 10
100 ta 200 MKJI/MJ IPU3BEIO A0 AECTPYKTUBHUX 3MiH
KJIITHHHOTO MOHOIIAPY: 3MEHIIEHHS PO3MipiB KJIiTHH,
BTpaTU LMTOMJIAa3MM, 3MEHIIEHHSI KiJIbKOCTi MiTO3iB,
30IJIBIIEHHST aHOMAaJbHUX KIITUH (IBOSOIEPHUX Ta
KJITUH 3 MikposapaMu). OgQHOYaCHO BUSIBISIIN 30ib-
IIEHHST KUTbKOCTI KJIITUH 3 Pi3HOMaHITHUMU SIAEPHUMU
MPOTPY3isIMU — SIIEPHUMM aHOMATiSIMUA, TaKUMM SIK
KapiopekcHc, XBOCTaTi sIpa, siapa aTUIIOBOiI (DOpPMH,
raHTesernoaiOHi sapa TOIIO.

ExcnepuMeHTaabHE OOCHIIKEHHSI HUTOTOKCUYHOTO
BILIUBY (poToceHcubOimzaropa «POTOI0OH» Ha KiHETUKY
pocrty, mpoiepaTUBHY Ta MITOTUYHY aKTUBHICTb HOp-
MaJbHUX (iOpoOIaCTIB JNIOAMHU JO3BOJWIO BUSIBUTHU
0C00UBOCTI MOPPOPYHKILIIOHATBLHUX 3MiH 3aJI€3KHO Bif
KOHILIeHTpalii (hoToceHcubinizaropa (puc. J).

B miama3zoni koHueHTpauiii 5—200 MKJI/MJI HE CIIOC-
TepiraJu CTaTUCTUYHO 3HAUYYIIUX BiAMiHHOCTEH WIijb-

This may indicate a genotoxic effect of photosen-
sitizer on malignant cells. Cellular morphological
changes were evident through the vacuolated cyto-
plasm and eccentrically displaced nuclei. Cellular
shape, usually elliptical, had transformed into polyg-
onal ones with many pseudopodia and outgrowths.

Thus, the «Photolon» photosensitizer has a cyto-
toxic effect starting from the lowest concentrations
(5 and 10 pl/ml) on the culture of human malig-
nant cells line A-549. As the concentration of pho-
tosensitizer increases the cell population density
and mitotic activity decreases along with elevation
of number of the atypical cells (binuclear, with
micronuclei and with signs of apoptosis).
Increasing the concentration of photosensitizer up
to 100 and 200 pl/ml had led to destructive
changes in cell monolayer featuring the decreased
cell size, cytoplasmic loss, reduced mitosis num-
ber, and increased abnormal cells (dinuclear and
micronuclear ones). At the same time, there was
found an increase in the number of cells with vari-
ous nuclear protrusions i.e. nuclear anomalies,
such as karyorrhexis, caudate nuclei, atypical
nuclei, dumbbell-shaped nuclei, etc.

Experimental study of cytotoxic effect of
«Fotolon» photosensitizer on growth kinetics,
proliferative and mitotic activity of the normal
human fibroblasts showed the features of morpho-
functional changes depending on photosensitizer
concentration (Fig. 5).

No statistically significant differences in the cell
population density were observed in 5—200 pl/ml
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Figure 5. Dependence of morphofunctional characteristics of normal human fibroblasts (6* passage of cul-
tivation) during incubation with «Photolon» photosensitizer in various concentrations on the 5th day

269 ‘&



EKCINEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

HOCTi KJIITMHHOI TomyJisiii. OgHak, MiTOTUYHA aKTUB-
HICThb MOMipPHO 3MEHILIEHA, Y TTOPiBHSHHI 3 KOHTPOJIEM.
BomHouac, 3a KoHLIeHTpalii 25 MKJI/MJI 1 BUIIE TIPOSIB-
JISETHCS TEHOTOKCUYHUI BIUIMB (poToceHCcHOilizaTopa
Ha HOpMaJibHi (piOpodaacTu JIOAMHU: B KYJbTYypi ¢i0d-
po0JIacTiB 3’ SBJISIIOTHCS ATUIIOBI KJIITUHU 3 IBOMaA i O1J1b-
1Ie siapaMu, 3 MiKposiipaMu, 3 SiIEpHUMU aHOMAaTisIMU,
TaKMMU SIK KapiopeKCUC, XBOCTaTi Sapa, siapa aTUIIOBOL
¢dopmu, raHTeIeNoAiOHI siaApa TOLIO.

BHUCHOBOK

OCHOBHI pe3yabTaTh TIPOBEACHOTO JOCTiIKEHHS T10JIsIra-
I0Tb Y CTBOPEHHi eKCIepUMeHTaIbHOI MOJEI in Vitro 1ist
MOPiBHSIHHS €(eKTUBHOCTI BIUIMBY HEUTPOHO3aXBaTHOI
Ta (POTOH-3aXBaTHOI TEXHOJIOTIM ILIUISIXOM BU3HAYE€HHS
YYTJIMBOCTI 3JIOSIKICHUX KITUH JOOUHU (KIITUHU He-
JNpiOHOKJIITMHHOTO paKy JIereHb JIIOAWHM, JiHisd A-549) Ta
HOpPMaJbHMX KJIITUH (TIepelleruiioBaHa KyasTypa hiopoo-
JIACTIB JIIOIWHN) IO TaTOMiHIBMiCHOTO (DOTOH-3aXBaTHO-
ro areHty «JloraBicT» Ta doToceHcubinizaTropa «PoTo-
JIOH» 32 MOP(PODYHKIIIOHATLHUMHU 3MiHAMU B T€CT-CUC-
TeMaxX IOOCIiIKyBaHMUX KIIITUHHUX KYJIbTYp B yMOBax
BIUIMBY Pi3HUX KOHLIEHTpALIili 3aCTOCOBaHUX Iperaparis.
OTpuMaHi pe3yabraTu 3a CBOEK CYTITIO CKJIanaloTh
MiATPYHTSI MOKIiHIYHOTO €Tany OLIHKW e(heKTUBHOCTI
npenapariB, 1110 3aCTOCYBYIOThCS Y OiHAPHUX TEXHOJIOTISIX.
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n arom. gapa. 2011. Ne 5. C. 1371-1479.

concentration range. However the mitotic activity
was moderately reduced compared to control. At the
same time, the genotoxic effect of the photosensitiz-
er at concentration of 25 pl/ml and above on normal
human fibroblasts was expressed through the
appearance of atypical cells with two or more nuclei,
micronuclei, nuclear abnormalities such as karyor-
rhexis, caudate nuclei, atypical nuclei, dumbbell-
shaped nuclei, etc., in the culture of fibroblasts.

CONCLUSION

As the main result of this study the in vitro experi-
mental model was created to compare the effec-
tiveness of neutron-capture and photon-capture
technologies by determining the sensitivity of the
human malignant cells (non-small cell lung cancer
cell line A-549) and normal cells (passaged human
fibroblast culture) to the gadolinium containing
photon-capture «Dotavist» agent and «Photolon»
photosensitizer according to the morphofunction-
al changes in test systems of the studied cell cul-
tures under the influence of different concentra-
tions of drugs used. The obtained results, in
essence, form the basis for pre-clinical stage of
evaluating the effectiveness of drugs used in binary
technologies.
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