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OCOBJIMBOCTI KJIITUHHUX EQ®EKTIB TP KOMBIHOBAHI
JII IOHI3YIOYOI'O BUITPOMIHIOBAHHSA TA IOHIB MIJII

MocTiiiHe 3poCcTaHHA MaclTabiB BUKOPUCTAHHSA XiMIYHMX PEYOBUH Ta [XKEePeN i0Hi3y4oro BUNPOMiHIOBaHHSA B Pi3HMX
rajsy3sx npoMMCIOBOCTi, MeAULMHI, HayLi 36inbluye iX BB HA BCi KOMNOHEHTU MPUPOAHOTO CepefoBMLLa. Tox 3poc-
Ta€ MOBIPHiCTb OAHOYACHOTO BNMBY pafialiiiHOro Ta xiMiyHoro dakTopiB Ha 6ionoriyHi 06'eKTH, @ B 3B'A3KY 3 LUM
NUTaHHA 0CcobAMBOCTel KOMOIHOBAHOT AiT Pi3HMX 3@ CBOEID NPUPOMOID (haKTOPiB CTaE BCe BiNbll aKTyaNbHUM.
MeToto poboTy cTano gocnigKeHHs 0cob6ANBOCTEN OKPEMOro Ta KOMOIHOBAHOTO BNIMBY 10Hi3yl04Or0 BUNPOMiHIOBAH-
HA Ta Conei Mifi Ha KUTTE3AATHICTb KNiTKH in vitro.
Marepianu i metoau. [ocnigKeHHs BMKOHAHi Ha nepeLllenniioBaHin KynbTypi KnituH niHii L929. Auetat migi
(Cu(CH3COOH)2) pomasanu Lo KynbTypu KNiTUH Yepe3 1 rognHy nicns ix onpomiHeHHs. ONpoMiHEHHS KNiTUH NpoBO-
ANAn yepes 24 rofuHu nicna nocagku. MponicdepatnBHy aKTUBHICTb KNiTUH OLiHIOBANM 33 KiIHETUKO POCTY.
Pe3ynbTati [oCHigXkeHb NMoKasanu, WO LUTOTOKCMUYHICTb i0HIB Mifi NPOABAAETLCA NPU KOHUEHTpauii 1 MKMonb/n.
KombiHoBaHa Ais i0Hi3yl4YOro BUNPOMiHIOBAHHA B CybneTanbHuUX Jo3ax Ta ioHiB Mifi B KOHUeHTpauisx 0,001 Ta 1
MKMOJb/N npu3Bena fo 36inblieHHA KiNbKOCTi aTUNoBKUX NonikapiouuTis.
BucHoBku. lMpu iHKy6aLii KNiTUH 3 ioHaMK Mifi B pi3HMX KOHLEHTPALifAX CNOCTepPiraETbCs AK aKTUBALis, TakK i iHriby-
BaHHA nponidepaTMBHOT Ta MITOTUYHOT aKTUBHOCTI KNiTUH. BMKMBAHHA KNiTMH Ta MiTOTMYHA aKTUBHICTb NpuW on-
POMiHEeHHi 3MEHIWYITLCA 3 NiABUIEHHAM [03M, a iHAEeKC nonikapioyuTiB 3pocTac. [pu kom6iHOBaHOMY BM/IMBI 10Hi3y-
04Oro BUNPOMiHIOBAHHS Ta i0HIB Mifli Ha KNiTUHM in vitro cnocTepiranu 3miHM MophodYHKLIOHANbHMX BNACTUBOCTEN
KNiTWH, AKi NpAMO NPONOPLiNHO He 3aieXanu Hi Bif [03M ONPOMiHEHHS, Hi Bifl KOHLEHTPALiT iOHIB Miai.
KniouoBi cnoBa: Baxki MeTanu, ioHi3ytoue BUNPOMiHIOBAHHSA, KyNbTypa KNiTWH, BUXMBAHHS, nponidepauis, MiTo3.
Mpo6nemu padiayiiiHoi meduyuru ma padiobionozii. 2013. Bun. 18. C. 305-312.

D. D. Hapieienkol«

State Institution “National Research Center for Radiation Medicine of the National Academy of Medical
Sciences of Ukraine”, Melnykov str., 53, Kyiv, 04050, Ukraine

Features of cellular effects of combined exposure to ionizing radiation and
copper ions

The constant increase in the scale of the use of chemicals and ionizing radiation in various industries, medicine and
science increases their impact on all environmental components. Therefore, the probability of simultaneous effects
of radiation and chemical factors on biological objects is growing. In this regard the issue of combined exposure to
different by virtue of the nature factors is becoming more and more challenging.

The objective of the work was to investigate the characteristics of the individual and combined effects of ionizing
radiation and copper salts on cell viability in vitro.

Materials and methods. The research involved inoculated cell culture line L929. Copper acetate (Cu(CH3COOH)2) was
added to the cell culture 1 hour after irradiation. Irradiation of the cells was performed 24 hours after passaging.
Proliferative activity of the cells was assessed by growth kinetics.

Study results showed the cytotoxicity of copper ions at concentration of 1 umol/L. A combined effect of ionizing
radiation in sublethal doses and copper ions at a concentration of 0.001 and 1 umol/L led to the increased number
of atypical polykaryocytes.
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Conclusions. Both activation and inhibition of cell proliferation and mitotic activity occurs after the incubation of
cells with copper ions at various concentrations. Cellular survival and mitotic activity decrease along with radiation
dose elevation. Index of polykaryocytes at that is elevated. The altered morphological and functional properties of
the cells were found in combined exposure to ionizing radiation and copper ions in vitro. They were not directly pro-
portional either to a dose of irradiation or concentration of copper ions.
Key words: heavy metals, ionizing radiation, cell culture, survival, proliferation, mitosis.

Problems of radiation medicine and radiobiology. 2013;18:305-312.

Exonoriuna cutyalis y BeJMKUX MPOMUCIOBUX LIEHTpax
XapaKTepU3yEThCS MOCTIHHUM 3POCTaHHIM 3a0pyIHEHHS
OTOYYIOUYOTO CEPEeNOBUIIA AaHTPOIIOTCHHUMM YMHHUKAMM.
YinpHe Miclie cepel TaKKX MO TpaBy CJIif BiIBECTH XiMiu-
HUM 3a0pydHEHHSM — BMKUAAM Ta BigxoaaMm Iigrpu-
€MCTB, 100pHBaM, MeCTULIMAAM, BaXKUM MeTaidam (BM)
Ta ix cnoaykam [1—5]. He3Baxkarouu Ha Te, 1110 ITiCJis1 aBa-
pii Ha YopHoOunbebKiit AEC MunHysno 6arato pokiB, Bce
OIHO 3pOCTa€ WMOBIPHICTh OIHOYACHOIO BILIMBY pa-
JialiifHoro Ta XiMiyHOro pakTOpiB HA OiOJOTrIUHiI 00’ EKTH.

3a ocranni 20 pokiB y JiTepaTypi 3’sIBUJIach 3HAYHA
KiJIBKICTh TIOBiIOMJIEHb IPO pe3yJIbTaTu eKCIIepUMEH-
TaJIbHUX JOCiIKeHb KoMOiHOBaHOI il BM Ta ioHi3y1o-
yoro BunpomiHtoBaHHs1 (IB) [6—10]. Haituacrime 3y-
CTpivaroThCs AaHi PO Te, 1110 iX HoeaHaHA Aisl 3yMOBJIIOE
MiACUIEHHS HEraTMBHOTO BIUIMBY LMX (PaKToOpiB Ha
OioJsioriyHi 00’€KTH, Y TTOPiBHSAHHI 3 OKPEMUMH BILJIMBA-
MU KOXHOro 3 Hux [§, 10].

BonHouac BKpail BaxXJIMBUMM € JOCHiIXEHHS 3aKO-
HOMipHOCTe# KOMOIHOBAaHOIO BIUIMBY (Pi3MYHOTO Ta
XiMiYHOTO YMHHUKIB Ha KJIITHHHOMY PiBHi TOMY, IO ca-
Me TYT (DOPMYETHCS OCHOBA MOPYIIEHb XXUTTE3AATHOCTI
KIJIITUH, $IKi Ii3HilIe TPOSIBISIIOTbCS Yy BUIJISIAL Pi3HO-
MaHITHUX MMaTOJOTIYHUX MOPYILIEeHb OPraHiB, a iHKOJIU —
MOSIBOI0 HOBOYTBOPEHb.

META JOCIIJIZKEHHA

Hocnigut ocoOJUBOCTI OKPEMOro Ta KOMOiHOBaHOI'O
BrivBy IB Ta cojieit Mifi Ha XXUTTE3IATHICTb KJIITHUH in
vitro.

MATEPIAJIN 1 METOJIN

ExcrniepyMeHTalIbHI TOCTiIXKeHHS BUKOHAHI Ha KYJIBTYpi
kititiH JiHii L929 (didpobaactu muiueit C3H TpaHc-
¢dopMoBaHi MeTHITXOJTaHPEeHOM ). KyTbTMBYBaHHS KITITUH
3MiICHIOBAIA Yy TIOKMBHOMY CEpPEHOBUII, sIKe CKJIaga-
noch i3 cepenoBuiiia RPMI-1640 (90 %), emOpioHaIbHOI
tenstuoi cupoBatku (10 %) Ta aHTMOIOTHMKIB 3TiTHO 3i
CTaHIAPTHUMU METOJAMM POOOTHU 3 KIIITUHHUMU IITaMa-
mu [11]. KiiTuHM BUpOIIyBau TIpU MOCTilHIN TemMIiepa-
Typi 37°C Ha MOKPUBHUX CKEJBLIAX po3MipaMu 16x8 MM,
SIKi 3HAXOAMJIMCS Ha IHI CKIISIHUX TUISILIEYOK, 10 KOH(-
JIYVeHTHOTO cTaHy MoHomapy (1—5 mi0).

Ecological situation in the large industrial centers is
characterized by a constant growth of environmental
pollution due to anthropogenic factors. The leading
position among those should be justly given to a
chemical pollution — emissions and waste products,
fertilizers, pesticides, heavy metals (HM) and their
compounds [1-5 ]. Despite many years have passed
after the Chornobyl accident the probability of the
simultaneous exposure of biological objects to radia-
tion and chemical factors is still increasing.

Over the past 20 years, a large number of experi-
mental studies concerning combined exposure to
ionizing radiation (IR) and HM have been report-
ed [6—10]. The most common data provide evi-
dence that the combined exposure results in an
enhancement of the negative impact of those fac-
tors on biological objects compared with individ-
ual exposure to each of them [8, 10].

Simultaneously, it is extremely important to
investigate the regularities and patterns of the
combined effects of physical and chemical factors
on the cellular level where the violated cell viabili-
ty just manifests itself as a variety of pathological
disorders and abnormalities and sometimes as
neoplasms.

STUDY OBJECTIVE

The objective was to explore the features of the
individual and combined effects of IR and copper
salts on cell viability in vitro.

MATERIALS AND METHODS

Experimental studies were performed on cell cul-
ture line L929 (C3H mouse fibroblasts were trans-
formed with methylholantrene). Cultivation of
cells was carried out in the nutrient medium which
consisted of RPMI-1640 (90 %), fetal calf serum
(10%) and antibiotics according to standard me-
thods of treating the cell strains [11]. Cells were
growing at a constant temperature of 37°C on
cover slip slides sized 16x8 mm which were left on
the bottom of the glass bottles till a confluent
monolayer was obtained (1—5 days).
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V nochimxeHHsx Oyjla BUKOPUCTaHA BOAOPO3UMHHA
citb BM, a came — ameratr miai (Cu(CH3COOH)2).
KonTtponem Ha amerar-aHioH OyB atetaT HaTpito (Na
CH3COOH). loHu Mizi nonaBaiu B KyJIbTypaJbHE Cepe-
JOBUIILIE Yyepe3 25 TOAWH ITicasa Mocaaku KIiTUH (1100
ionn BM He BmMBaaM Ha aare3it0 Ta po3MjacTaHHS
KJIITUH Ha CKJISHIiN MiaIoXI1ii) y BUTJISIAI BOOHOTO PO34UM-
Hy B KoHueHTpauisx: 0,001; 0,01; 0,1 Ta 1,0 MKMOJIb/J1.
KynbsTrBYBaHHS KITITUH 3IiICHIOBAJIM BIPOIOBX 5 Mi0 B
OPUCYTHOCTI ioHiB BM.

OmnpoMiHeHHs KyabTypu KiitTnH IB 3milicHioBanm Ha
amapari “Teparpon” (mxepeiao — °“°Co 1,2 MeB, no-
TYXHICTb eKcrnosuuiiinoi gosu 4,3:10* Ki/(xr-c)
BincTaHb 10 00'ekTa 80 ¢M ) B mo3ax 0,5; 5,0; 10,0 Ip ge-
pe3 24 ronuHU Tichd mocaaku. loHn Mimi momaBanau 1o
KYJIBTYpHY KJIITAH Yepe3 | ToAuHY Micst iX OMPOMiHEHHS.

IIponichepaTiBHY aKTUMBHICTh KJIITMH OILIiHIOBaIUd 3a
KiHETMKOIO pOCTY: TIIii ONTUYHUM MiKPOCKOIIOM
“Axioscop” (West Germany) 1ipu 30inbimerHi y 400 pasiB
y Mexax citku ruromero 0,05 MM? rigpaxoByBain 3araiib-
HY KiJbKiCTh KIJIiITUH, KiJbKiCTh MITO3iB i KiJIbKiCTh
riraHTChbKMX OaratosaepHux (2 i Oiablie siep) KIAITUH.
MiTtoTuyHu iHAEKC Ta iHIEeKC riraHTChbKUX OaraTosiaep-
HUX KJIITUH po3paxoByBaBcs Ha 1000 kiituH (%o).

PE3VYJIBTATU TA IX OBTOBOPEHHS
J1s1 BUBYEHHSI BILUIMBY iOHi3yIOUOTO BUIIPOMiHIOBAHHS
Ta iOHIiB BaXXKMX METaJliB Ha XUTTE3AATHICTh KJIITHUH in
Vitro BUKOPUCTOBYBaJIM MOJE/b KYJbTYpU ITIepMaHEHTHO
nporidepyounx KimitnH — ngiHig 1L929. B koHTpoi
KJIITUHUA YTBOPWJIM IUiJIbHUKM MOHOLIAp 3 TUIIOBUX
¢ibpobaacTonomiOHMX KJIITUH BEPETEHOIOAiOHOI, OK-
pyrioi adbo oBajibHO1 (hopMU. BinblIiCTh KITITUH MalOTh
BigpocTku. IluTomnnasMi HUX KIITUH OpUTaMaHHI CBITJi
BaKyoJli Ta MajieHbKi IpaHyau. fapa KJIiTUH BilIHOCHO
BEJIMKi, 3yCTpivaloThCs ABOSIAEPHI KIIITUHU. Y TI0JIi 30py
MOMITHI KJIITMHUM Ha Pi3HUX CcTadisgx nmodiny (puc. 1, A.).

HocninkeHHs KiHEeTUKU POCTY KOHTPOJIbHUX KYJIBTYD
kimitiH (puc. 1, B.) mokasanm, o misg HUX XapaKTepHO
30iMbIIeHHS MpodiepaTUBHOI aKTUBHOCTI BIIPOJOBXK
1—5 ni6 KynsTuBYBaHHS ((paza JorapumMiyHOro pocTy).
B ueit yac miJIbHICTh MOHOLIAPY KJIITUH JOCUTH BUCOKA.
MakcuMyM MITOTMYHOI aKTMBHOCTI CIIOCTEpiraBcsl Ha
4yeTBEePTY 100y KyabTuByBaHH (puc. 1, B). Hagani mito-
TUYHUM iHIEKC 3MEHIITYBaBCS 3a paXyHOK KOHTAKTHOTO
iHriOyBaHHS MiTO3y Ta KOH()JIYEHTHOTO CTaHYy KYJBTYpU
KIITUH. [HOEKC TiraHTChbKUX OaraTosiiepHUX KIITUH B
KoHTpoJi ckinanaB 9—24 % (puc. 1, I).

AK BiZOMO, MiIb € OAHUM 3 HaWBaXIUBILLIMX He-
3aMiHHMX Ta €CEHUIaIbHUX €JIEMEHTIB, HEOOXiAHUX IS
iMYHHOI CUCTEMU B XXMBUX opraHizMax [12—14]. Hemoc-

Water-soluble salt of HM, namely copper
acetate (Cu(CH3COOH)32)), was used for the
studies. Acetate sodium (NaCH3COOH) served
as a control for acetate anion. Copper ions were
added to the culture medium 25 hours after pas-
saging the cells (to avoid the effect of HM ions on
adhesion and spreading cells on a glass substrate )
in an aqueous solution at concentrations of 0.001,
0.01, 0.1 and 1 umol/L. Cultivation of cells was
carried out for 5 days in the presence of HM ions.

“Teratron” device (source — ®°Co 1.2 MeV, ex-
posure dose 4.3-10* C/(kg - ¢), distance to the
object — 80 cm) was employed to perform irradia-
tion of the cell culture at doses of 0.5, 5.0, 10.0 Gy
delivered 24 hours after the passaging. Copper ions
were added to cell cultures 1 hour after irradiation.

Proliferative activity of the cells was assessed by
kinetics of growth: the total number of cells, num-
ber of mitoses and multinucleated (2 or more
nuclei) giant cells were counted under the optical
microscope “Axioscop” (West Germany) at 400x
magnification within the grid area of 0.05 mm?.
The mitotic index and the index of multinucleated
giant cells were calculated per 1,000 cells (%o).

RESULTS AND DISCUSSION

To study the effects of ionizing radiation and heavy
metal ions on cell viability in vitro there was used
the culture model of permanently proliferating
cells — line L929. Control cells formed a dense
monolayer of typical spindle-shaped, round and
oval fibroblast-like cells. Most cells have processes.
The cytoplasm of these cells is characterized by
light vacuoles and small granules. The nuclei of the
cells are relatively large, there are binuclear cells.
Cells in various stages of division come in sight
(Fig. 1A).

Study of the kinetics of growth of control cell cul-
tures (Fig. 1B) showed that they were characterized
by an increase in proliferative activity within 1-5
days of cultivation (logarithmic growth phase). At
this time the density of a monolayer of cells is quite
high. Maximum mitotic activity was observed on
the fourth day of cultivation (Fig. 1B). Then the
mitotic index decreased at the expense of contact
inhibition of mitosis and confluent condition of the
cell culture. The index of multinucleated giant cells
in the control was 9—24 % (Fig. 1D).

Copper is known to be one of the most important
and essential elements required for the immune
system in living bodies [12, 13, 14]. Copper defi-
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PucyHoK 1. Kynbrypa knitun ninii L929 Ha 5-1y po6y KynbtuByBaHHA (A) B KoHTponi. Popma kniTuH Bepe-
TeHONoAiOHa, oBanbHi AAPA 3 YITKUMM AAEPUAMMU, 3HAYHA KiNbKICTb MITOTUYHUX KNiTUH. 3a6apBNeHHA rema-
TOKCUNiH-e03uHOM, 36inbwenHa x400. Kinetuka pocty knitun (B) ouiHloBanach 3a KinbKicTio KNiTUH Ha
naowi npenapary 0,05 MM?, MiTOTUYHA aKTUBHICTb (B) — 3a MiTOTMYHUM THAEGKCOM (%o), KiNbKiCTb aTUNOBMUX
6araroapepHux knituH () — 3a iHpekcom nonikapiouutie (%o). Ha ocax abcumc — TepmiH KyNbTUBYBaHHA
KNiTUH, poba.

Figure 1. Culture of L929 cells on the 5t day of cultivation (A) in control. The cells are spindle-shaped, oval
nuclei are with distinct nucleoli, there is a significant number of mitotic cells. Hematoxylin-eosin staining,
magnification of 400x. Kinetics of cell growth (B) was assessed by the number of cells in the area of prepa-
ration of 0.05 mm?, mitotic activity (C) - by the mitotic index (%o.), and number of atypical multinucleated
cells (D) - by the index of polycariocytes (%o). The abscissa axis represents the term of cells culturing in days.

TaTHICTh MiJli 3MaTHA MOPYIIUTH OajlaHC TPAKTUYHO BCiX
OOMiHHUX TIPOLIECiB B OpraHi3Mi, OCKiJibKM BOHa Oepe
y4yacTh y 0iOXiMiYHUX Mpoliecax, sIK CKJagoBa yacTUHA
eJIEKTPOHIIEPEHOCHUX OiJIKiB, SIKi 3HiICHIOIOTH peakilii
OKMCHEHHSI OpraHiYHUX CyOCTpaTiB MOJIEKYJISIpHUM
KMCHEM Ta y 0i0CHHTEe3i reMOora00iHy, eJlaCTUHY, KaTajia-
31, epPOKCUAa3U, HeOOXiJHA 1J1s1 JO3PiBaHHS PETUKYJIO0-
uuTiB 10 epurpoumtis. lonn Cu?" G6epyTh y4acThb y Ipo-
1ecax TpaHCIIOPTY aMiHOKMCJIOT i, TAKUM YMHOM, BITJIV-
BalOTh Ha LIBUAKICTb OIJIKOBOro oOMiHy. o mosiBu Haj-
muuky Cu?’ npusBoOATH MOPYIIEHHS BUALIBHOI
(yHK1Iii 1i30cOM B pe3yibrari AedekTiB MemMOpaH ado
uurockenety. Chif 3a3HaYUTH, 110 Oyab-sKa 3aTpUMKa
BUIUIEHHS Mili 3 KIITUHM OPU3BOAUTH 1O iHAYKIIL
0iOCHMHTE3Y METalIOTiOHeIHY Ta IOIUKOIXXEHHST MeMOpa-
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ciency can upset the balance of almost all metabo-
lic processes in the body since it is involved in the
biochemical processes as a part of electron-trans-
ferring proteins that provide oxidation of organic
substrates by molecular oxygen and in the biosyn-
thesis of hemoglobin, elastin, catalase, peroxidase
required for the maturation of reticulocytes to ery-
throcytes. Cu?" ions are involved in the processes of
transport of aminoacids and thus affect the rate of
protein metabolism. Violation of excretory func-
tion of lysosomes as a result of membrane and
cytoskeleton defects results in excess of Cu’*. It
should be noted that any delay in the allocation of
copper cells leads to the induction of metallothio-
nein biosynthesis and damage to the membrane
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PucyHoK 2. Kynbtypa knituH nivii L929 Ha 5-Ty A0oGy KynbTuBYyBaHHA npu iHKy6auii 3 ioHamu migi B
KoHueHTpauiax 1,0 mkmonb/n (A), 0,1 mkmonnb/n (B), 0,01 mkmons/n (B), 0,001 mkmonb/n (). Knituum
nepeBa)KHo noniroHanbHoi ¢opmu, pigwe - BepeTeHONOAi6GHOT, Agpa — OBanbHi, CTpPiNKamMu no3HaveHi
riraHTcbKi 6aratoagepHi KniTuHU. 3a6apBieHHA reMaTOKCUNiHOM-€03MHOM, 36inbweHHs x400.

Figure 2. Culture of L929 cells on the 5t day of cultivation during the incubation with copper ions at con-
centrations of 1 pmol/L (A), 0.1 pmol/L (B), 0.01 pmol/L (C), 0.001 pmol/L (D). Cells are mainly polygonal-
shaped, less often - spindle-shaped, nuclei are oval; arrows label the giant multinucleated cells.
Hematoxylin-eosin staining, magnification of 400x.

HU i LIMTOCKEJIeTa, 110 B CBOIO Yepry CynmpoBoIKyeThesl  and cytoskeleton, which in turn is accompanied by

nofanblnM HakonuueHHam Cu?* B kirituni [15]. a further accumulation of Cu?* in the cell [15].
IHKyOalIisT KITITUH 3 i0HAMM Mili pi3HOI KOHIIEHTpaIlii Incubation of cells at different concentrations of

(puc. 2, A-I') Bukimkama pisHOHampaBlieHi 3MiHM ix  copper ions (Fig. 2A-D) caused discordant changes

MopdodyHKIIIOHATEHUX XapaKTepPUCTHK. in their morphological and functional characteristics.
HocnimkeHHsT KOHIEHTpaiiiHUX 3aJI€KHOCTe 1IUTO- Studying of concentration dependence of copper

TOKCUYHOCTI i0HiB Mifi BctaHoBWIO (puc. 3, A-B) Heni-  ions cytotoxicity established (Fig. 3A-C) a nonlin-
HIifHY 3aJIeKHICTh TTOKAa3HUKIB XXUTTE3MaTHOCTI KiIiTUH  ear dependence of parameters of cell viability on
BiJl KOHIIEHTpallil KaTiOHy B MOXWBHOMY cepemoBullli. the concentration of cations in the nutrient medi-
IukyOamis kmiTMH 3 ioHamu Mimi B KoHueHTpalii 0,1  um. Incubation of cells with copper ions at con-
MKMOJIb/JI IPU3BOAMIIA 1O CTUMYJISLIL pocTy KimitiHHOI  centration of 0.1 pmol/L resulted in stimulation of
TOTTyNALii, sKa 30inpmmiack B 1,3 pa3a mopiBHstHO 3 cell population growth, which increased 1.3-fold
koHTpoaeM (p<0,05). IIpu inky6awii kiniTiH 3 ioHaMu  compared with controls (p<0.05). When incubated
mimi B xoHueHtpamisix 0,001 Ta 1 mMxkmonb/J, criocte-  with copper ions at concentrations of 0.001 and 1
piraerbcs iHTiIOYyBaHHSI POCTY Ta MOMITY KITHH B Kyib-  umol/L the inhibition of both growth and division
Typi. Crmig BigMiTUTH 3HaA4YHe 30iMbIIeHHS B KyabTypi  of cells in culture is observed. Significant increase
KJIITUH KiJIbKOCTI ToJtikapiouuTiB (y 8,5 pa3a nopiBHsiHo  (8.5-fold compared to the control) in polycario-
3 KOHTPOJIEM) B MPUCYTHOCTI MiKpoeJleMeHTy B KiJib-  cytes in the cell culture in the presence of the trace
Kkocti 1,0 MKMoOIIB/JI, 1110 BKa3ye Ha TOKCHMYHICTh iOHIB  element in quantities of 1 umol/L is indicative of
Mifi B Iilf KOHIIEHTpAIIil. the toxicity of copper ions at this concentration.
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ioHamu migi. BukusaHHa knituH (A) ouUiHIOBaNOCh 3a KinbKicTIO KNiTMH HAa nnowuHi npenapary 0,05 mm?,
MiToTMYHa aKTUBHicTb (B) — 3a MiTOTUYHMM iHAEKCOM (%o), KiNbKicTb aTUNOBUX GaratoapepHux Knitux (B) -
3a iHAeKcom nonikapiouuTtiB (%o). Ha ocax abcumuc — KoHueHTpauia ioHiB migi, MkMonb/n.

Figure 3. Indicators of L929 cells sustainability on the 5t day of cultivation during the incubation with cop-
per ions. Survival of cells (A) was estimated by the number of cells in the area of the preparation of 0.05 mm?,
mitotic activity (B) — by the mitotic index (%), number of atypical of multinucleated cells (C) — by the index
of polycariocytes (%o). The abscissa axis represents concentration of copper ions, pmol /L.
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PucyHoKk 4. MopdodyHKuioHanbHi Bnactueocti knituH ninii L929 Ha 5-Ty f06GYy KynbTUBYBAHHA Npu
Komb6iHoBaHiit Aii IB Ta ioHiB migi B pi3HUx KoHUeHTpauiax. A — nicna onpomiHeHHs B fo3i 0,5 Ip; b — nicas
onpomiHeHHA B po3i 5 p; B — nicna onpomineHHa B po3i 10 Ip. Ha ocax abcumc — KoHUeHTpauis ioHiB miai,
MKMONb/n.

Figure 4. Morphofunctional properties of L929 cells on the 5t day of cultivation in combined action of IR
and different concentrations of copper ions. A — after irradiation at the dose of 0.5 Gy, B - after irradiation
at the dose of 5 Gy; C - after irradiation at the dose of 10 Gy. The abscissa axis represents concentration of
copper ions, pmol /L.

Komb6iHoBaHa 11ist ompoMiHEeHHS B MaJliii, cCepeTHbOJIe- The combined effect of low, average lethal and
TaJbHIl 1 cyOyeTalpHIil mo3axX Ta iOHIB Mimi B pidHmx  sublethal doses of copper ions at different concen-
KOHIICHTPAIIisIX HA KUTTE3MATHICTh KJIITAH TIpencTaBiie-  trations on the viability of the cells is shown in
Ha Ha puc. 4, A—B. Figures 4A—B.

OnpomineHHs kiaituH IB B mo3i 0,5 Ip (puc. 4, A) Ta Exposure of cells to IR at the dose of 0.5 Gy (Fig.
JoJaBaHHS B MOXMBHE cepeoBuIle ioHiB Miai mpu3Be-  4A) and adding the copper ions to the culture medi-
JIO IO CTAaTUCTUYHO IOCTOBIpHOTO ITIBUIIEHHS XMT-  um resulted in a statistically significant increase in
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TE€3AATHOCTI KJIITUHHUX TOIYJISLIN Yy MOPiBHSIHHI 3 OK-
pemolo i€l MikpoeaeMeHTa. BonHovac i BiiMiTUTH
icTOTHe 3MeHIIeHHs (OibII HiXX y TpW pa3u ) iHmeKca
MOMiKapiOLMTIB 3a LIMX YMOB.

IIpu moennaniit aii IB B mo3i 5 Ip Ta ioHiB Mini (puc.
4, b) cnocTepirany npurHidyeHHs nposigepalii i MiTo-
TUYHOI aKTUBHOCTI KJIITUH B KYJbTYpi Ta IOCUJIEHHS
YTBOpPeHHsI OaratosaepHuX KiIiTUH (B 4—7 pasiB
MOPIBHSIHO 3 KOHTPOJIEM Ta OKPEMOIO [i€l0 MiKpoee-
MEHTA).

HenepenbauyBaHi edeKTy OTpuMalM TMPHU iHKyOalrii
KJIITUH, OMPOMiHEHUX B cyoneTanbHii 1o3i 10 Ip, 3 ioHa-
MM MiIi: 3a BCiX OOCHiIKyBaHUX KOHIIEHTpaliii CIioc-
Tepiraju 30iIbIIEHHS JKUTTE3AATHOCTI KYJIbTYPU KJIiTUH Y
TMOPiBHSHHI 3 TIJIbKM OMPOMIHEHNMH KJIITUHAMU. 3BaXkKa-
JOYM Ha Te, 10 HaJJIMIIOK i0OHiB Mifli iHAYKY€E B KJTIITUHAX
CHHTE3 METAJIOTiOHEIHIB [15], TO, MOXJIMBO, caMe BOHH i
CIIPUSIOTH MiJBUIICHHIO BVKWBAHHS KIIITUH 32 YMOB OIT-
pomiHeHHs. BomHouac y 8—17 pasiB mimBuImyBajach i
KiJIbKiCTh aTUIIOBUX TTOJiKAPIOLUTIB, 1110 MOXKE CBITUNTHU
MPO iCTOTHI MOPYILIEHHS 3AaTHOCTI KJIITUH 10 TTOILTY.

BHUCHOBKU

Takyum ynHOM, eKCIeprMMeHTaIbHi TOCTiIXKEeHHS [IUTO-
TOKCUYHOCTI iOHIB Mifli Ta KOMOIiHOBaHOTO BILIMBY iX 3
iOHi3yIOUMM BUIPOMiHIOBAaHHSIM Ha KJIITUHMU in vitro mo-
Kazajau, 110 iHKyOalisl KJIITUH 3 ioHaMM Mili B pi3Hiid
KOHIIEHTpallil BUKJIMKAaNa pi3HOHAMpaBleHi 3MiHU iX
MopdhodyHKIIIOHATBHUX XapaKTepucTuK. KoMbiHOBaHa
Jlisl i0Hi3yl04Oro BUIIPOMiIHIOBAHHS Ta iOHIB Midi MpU3-
BOAMWJIA N0 MOKpPAIEHHS IOKA3HMKIB >KUTTE3AATHOCTI
KJIITUH B KYJBTYpi (TpoJiihepaTUBHOI Ta MiTOTUYHOI aK-
TUBHOCTI) Y TTIOPiBHSHHI 3 OKPEeMOIO €0 pamiallii, BOJI-
HoYac piBeHb MOJiKaPiOLMTIB 3aJIMILIABCS Ha JOCUTb BU-
COKOMY DiBHi.
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the viability of cell populations vs. individual action
of the trace element. Simultaneously, a significant
reduction (more than 3-fold) in the index of poly-
cariocytes should be noted under these conditions.

After a combined exposure to IR at the dose of 5
Gy and copper ions (Fig. 4B) the inhibition of pro-
liferation and mitotic activity of cells in the culture
and increased formation of multinucleated cells
(4—7 times vs. control and influence of the trace
element) was found.

Unanticipated effects were found after incuba-
tion of cells exposed to sublethal dose of 10 Gy with
copper ions: at all investigated concentrations there
was observed an increase in viability of cells in the
culture compared with only irradiated cells. An
excess of copper ions induces synthesis in cells
metallothioneins [15] which may enhance cell sur-
vival under conditions of irradiation exposure.
Simultaneous 8—17-fold rise in the number of
atypical polycariocytes may be indicative of sub-
stantial disorders in cellular reproductive ability.

CONCLUSIONS

To sum up, the experimental studies of copper ions
cytotoxicity and the combined exposure to ionizing
radiation and cooper ions in vitro showed that
incubation of cells with copper ions at varying con-
centrations caused discordant changes in their
morphological and functional characteristics.
Combined effect of ionizing radiation and copper
ions resulted in improvement of cell viability in the
culture (proliferative and mitotic activity) com-
pared with the findings after an individual exposure
to radiation at simultaneously remained quite high
level of polykaryocytes.
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