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OCOBJINBOCTI KMIITUHHUX E®EKTIB 3A YMOB
KOMBIHOBAHOI'O BIVIMBY IOHIB HIKEJIIO
TA IOHI3YIOYO0I'O BUITPOMIHIOBAHHA

B cyyacHux ymoBax 3pocTae iMOBIpHiCTb 0JHOYACHOrO BNAMBY pafialiiiHoro Ta xiMiyHoro takTopiB Ha 6Gionoriywi
00'€KTH, a B 3B'A3KY 3 MM NUTAHHS 0cobNMBOCTEN KOMOIHOBAHOT Aii Pi3HMX 33 CBOEID NPUPOAOI0 aKTOPiB CTaE BCe
OiNbLW aKTyaNnbHUM.
MeToto po6oTM ByNno [OCNILKEHHS Y TECT-CUCTEMI KYNbTYPU KNiTUH LUTOTOKCUYHOCTI iOHIB HiKEN0 Ta BUABNEHHS
0C06NMBOCTEN KNITUHHMX peakLii npu KoMOGIHOBaHiN Aii i0HiB HiKeNto Ta i0Hi3yY0ro BUNPOMiHIOBAHHS.
Marepianu i metogu. [locnigKeHHs BUKOHAHI Ha NepeLenitoBaHin KynbTypi KNiTUH NiHiT Lo2g. KynbTMBYBaHHA KNiTUH
30iliCHI0BANM 3rigHO 31 CTaHAAPTHUMU METOAAMMW POBOTH 3 KNITUHHUMK WTamaMu. Yepes 24 rof nicis nocagku Knitu-
HU ONpOMiHIOBaNM y-kBaHTaMm Ha anaparti “TepatpoH” (KaHapa) B fo3ax 0,5, 5,0 Ta 10,0 Ip. Bogopo3uuHHy cinb aue-
TaTy Hikento AofaBanu B KynbTypanbHe cepeaoBuile 3a 1 rof nepef onpoMiHEHHAM B KiHLEBIN KOHLUeHTpauiii: 10, 1,
0,1, 0,01 mkmonb/n. MopdodyHKiOHaNbHi XapaKTePUCTUKM KNiTUH B KyNbTypi BU3HAYANM Y Pi3Hi TEPMiHN KynbTUBY-
BaHHA. MponidhepaTMBHY aKTUBHICTb KNITUH OLiHIOBANM 3a KIHETUKOIO POCTY: y Mexax ciTku naoweto 0,05 mm? nigpa-
XOBYBaJIM 3arajibHy KifbKiCTb KNiTUH, KiNbKiCTb MiTO3iB i KiNbKicTb riraHTCbKkux GaratosgepHux (2 i 6inblwe agep)
KNiTUH. OgHOYaCcHO BM3HAYaNM KiNbKiCTb anONTOTUYHUX KNiTUH.
Pe3ynbratn pocnipKeHb. B pesynbtati po60oT 6yN0 BCTAHOBAEHO, WO 10HM HiKENIO NPOABNAIOTL LUTOTOKCUYHY Ait0
Ha KNiTUHK in vitro: npu 36inblWeHHT KOHLEHTpaLii enemMeHTa 3pocTana 3arnbenb KNiTuH, NpUrHivyBanach ix nponige-
paTUBHa Ta MiTOTUYHA aKTUBHICTb. [pUyoMy, 338 HU3bKUX KOHUEeHTpaLin (0,01-0,1 MKMonb/n) 3pocTana KinbKicTb aTu-
NOBUX NONiKapiouuTiB Ta piBEHb anonTo3y B KyAbTypi KNiTUH. [pu NifBMILLEHHT KOHLEHTPALiT i0HiB HiKento 3arubens
KNiTUH BigbyBanacb Yepes anonTo3 Ta Hekpo3. [lpu noeaHaHHi pagiauii Ta ioHiB HiKento cnocTepiranu HemiHilHi
KNiTMHHI BignoBigi: 3a manux fo3 pagiauii (0,5 p) Bigmivanu ceHcubinisauito kniTuH fo Aii pagiauii, a 3a cy6netans-
Hux f03 (10 p) — neBHUI papio3axucT. KinbKicTb anonTOTUYHMUX KNITUH 3@ LIUX YMOB CTAaTUCTUYHO JOCTOBIPHO BULLA
MOPiBHAHO 3 KOHTPONEM.
BucHOBKM. [locnifXeHHA NOKa3anu, Wo iOHM HiKeNo MATb iCTOTHWUI TOKCUYHMIA BNAUB Ha npofidepalito Ta MiTo-
TUYHY aKTUBHICTb KNiTUH in vitro. Mpu komMGiHOBaHOMY BM/IMBI 3 i0Hi3yl0YUM BUNPOMiHIOBAHHAM OyNu BUABNEHT CEH-
cnbinisaLis KniTMH i0HaMM Hikenlo O HACTYMHOTO ONPOMiHeHHA B Maniit Bo3i (0,5 p) Ta 3MeHWeHHsA TONEePaHTHOCTI
KNiTWH L0 ONPOMiHeHHsA B cybneTtanbHiit fo3i (10 p).
Knio4oBi cnoBa: Baxki MeTanu, ioHM HiKento, KynbTypa KNiTWH, nponidepalis, ioHi3yloue BUNPOMiHIOBAHHSA, MiTO3,
anonTos.
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Features of cellular effects under combined effects of nickel ions and ionizing
radiation

Under current conditions the probability of simultaneous effects of radiation and chemical factors on biological
objects increases, and that’s why the issue of combined influence of factore different by their nature becomes pro-
gressively important.
The objective was to study the cytotoxicity of nickel ions in a test-system of cell culture and to detect the cellular
reactions under a combined impact of nickel ions and ionizing radiation.
Materials and methods. Studies were performed on inoculated cell culture line Lg29. Cells were cultivated according
to standard methods of treating the cell strains. After 24 h cultivation the cells were y-irradiated at the unit
“Teratron” (Canada) at doses of 0.5, 5.0 and 10.0 Gy. The water-soluble salt of nickel acetate was added to the cul-
ture medium 1 h prior to irradiation in the final concentration of 10, 1, 0.1, or 0.01 umol/L. Morfological and func-
tional characteristics of cells in a culture were determined at different periods of cultivation. Proliferative cell activi-
ty was assessed by growth kinetics: the total number of cells, the number of mitoses and giant multi (2 or more nuclei)
cells were counted within grid area of 0.05 mm?. Simultaneously the number of apoptotic cells was determined.
Study results. As a result, it was found that nickel ions exhibit the cytotoxic effects on cells in vitro: an increase in
concentration of the element caused the cell death intencification with proliferative and mitotic activity decrease.
Moreover, at low concentrations (0.01-0.1 umol/L) the number of atypical polykaryocytes increased as well as the
level of apoptosis. When nickel ions concentration increased the cell death took place through apoptosis and necro-
sis. Under the combined influence of radiation and nickel ions the nonlinear cellular responses were observed: under
the low-dose radiation (0.5 Gy) a sensitization of cells to radiation was noted, and the sublethal doses (10 Gy) caused
a particular radioprotection. Number of apoptotic cells under these conditions was significantly higher vs. control.
Conclusions. Studies have shown that nickel ions have significant toxic effects on proliferation and mitotic activity
of cells in vitro. Under the combined effects of ionizing radiation the cell sensitization to nickel ion was detected till
following exposure to low dose (0.5 Gy) and reduction of cells tolerance to sublethal doses of irradiation (10 Gy).
Key words: heavy metals, nickel ions, cell culture, proliferation, ionizing radiation, mitosis, apoptosis.
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ITocTiliHe 3pocTaHHS MaclITa0iB BUKOPUCTAHHS pajio-
aKTUBHMX PEYOBUH Ta JXepesl iOHi3yluoro BHII-
pomiHioBaHHs (IB) y pi3HuMX ramy3sx MpOMMCIOBOCTI,
MEIMIIMHI, Haylli 30UIbIIIyEe BIUIMB pajiallii Ha BCi KOM-
MNOHEHTW MOPUPOIHOTO cepeaoBuiia. OmHOYACHUN
BIUIMB pajiallilHOro OMpOMiHEHHSI Ta BUCOKUX KOHIIE-
HTpaliii TOKCUYHUX METaJliB, 30KpeMa CITOJIyK HiKeJo,
BMICT SIKMX B aTMOC(epi BEJIMKHX MiCT JOCUTb BUCOKUIA,
MOX€E CYTTEBO 3MiHUTU KapTUHY Y MOPiBHSIHHI 3 OUiKYy-
BaHOIO, SIKIIIO HE BPaXOBYBAaTU HENiHIMHICTL XapaKTepy
B3a€EMOi1 MixK 00010 IMX LIKiIINBUX (PaKTOpiB. 3a oc-
TaHHi 20 pOKiB y JiTepaTypi 3’sIBUJIach 3HaUYHa KiJIbKiCTb
MOBIZOMJIEHb IIPO Pe3YyJbTaTH €KCIePUMEHTAJIbHUX
JTOCIIIKeHb MO€THaHO1 mil Baxkkux MetaniB (BM) ta
ioHi3ylouoro BuIllpoMiHOBaHHsS [1—9]. Haituacriiie
3yCTpivyaloThCd AaHi Mpo Te, 1O KOMOiHOBaHa Mdis
panialiifHOTo Ta XiMiYHOrO YMHHUKIB 3yMOBJTIOE MiACH-
JICHHSI HETAaTUBHOTO 1X BIIJIUBY HA 00’ €KTU, Y TOPiBHSIH-

The constant increase in the scale of the usage of
radioactive substances and ionizing radiation (IR)
sources in various fields of industry, medicine, sci-
ence enhances the effects of radiation on all com-
ponents of the environment. Simultaneous effects
of radiation exposure and high concentrations of
toxic metals, including nickel compounds, whose
content in the atmosphere of large cities is high,
can significantly change the situation compared
with the expected, except for the nonlinear nature
of the interaction between these hazards. Over the
past 20 years a significant amount of literature
appeared notifying the results of experimental
studies of combined effects of heavy metals (HM)
and ionizing radiation [ 1-9 ]. The most common
evidence shows that the combined effects of radia-
tion and chemical factors lead to amplification of
their negative influence on the objects, compared
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Hi 3 OKpeMHMH BILUIMBAaMM KOXHOTO 3 Hux [2, 3, 5-9].
3okpema, Oyja0 IokKazaHo, 110 IpU TPUBAJIOMY BILIMUBI
10Hi3yI040i pajialil HU3bKOI iHTEHCUBHOCTI i CITOJIYK
BaXKKUX METaJliB Ha TJIi MIOCUJIEHHS BIIbHOPAIUMKATbHUX
MPOIIECIB BiIOYBa€eTbCS po3OasiaHCyBaHHS (hepMeHTa-
TUBHOIO 3aXUCTy KIiTUHU. [TopylleHHsS HOpMabHOIL
XKUTTEISIIBHOCTI KIIITUH OOYMOBIIIOE AUCHYHKIIIIO Op-
TaHiB, a B psifii BUTIAAKIB — MOSIBY HOBOYTBOPEHb.

B octanHi gecaTupivys 11 BABYEHHS Pi3HUX aCTIEKTiB
Ji1 XiMiYHMX PEYOBMH Ha KJIITMHHiI Ta CYOKJIITUHHi
CTPYKTYpPHY BCE IIMPIINE BUKOPUCTOBYIOTHCS KJIITMHU
in vitro [10]. IlepeBaru 1i€i Mo — Yy MOXKJIMBOCTi BUB-
YEHHS TPSIMOTO BIUIMBY XiMiYHOTO areHTa Ha KJIITUHY
He3aJIeXHO Bil TKAHWHHUX Y1 OPTaHHUX B3aEMO/ili i pe-
TyJSITOPHOIO BIUIMBY HEPBOBOI Ta €HIOKPUHHOI CUCTEM.

META

MeTowo poOOTH OYI0 AOCTIAUTUA Y TECT-CUCTEMI KYJIb-
TYPU KJIITUH LMTOTOKCUYHICTh iOHIB HiKeJl0 Ta BCTa-
HOBUTHU OCOOJIMBOCTI KIJITMHHUX peakliil npu
KOMOiHOBaHiil 1ii iOHIB HiKeJl0 Ta iOHi3yIOUYOTO BHII-
POMiHIOBaHHSI.

MATEPIAJIN TA METOJIHN

HocnimkeHHsT BUKOHAHI Ha TepelIeIIioBaHiii KyabTypi
KkJ1iTuH (pidpodaactu muieit C3H tpaHcdopMoBaHi Me-
TUJIXOJJAHTPEHOM) — JIiHisT Loy (KMITMHHMI LINKIT Y ce-
peaabomy 24 ron) [11]. KynsTuByBaHHS KJTITUH 3iACHIO-
BaJIU y TIOKMBHOMY CEPEIOBHIIL, TAKOTO CKJIAIy: Cepeno-
puma RPMI-1640 (90 %), emOpioHasbHa TesT9a CUPO-
Batka (10 %) Ta aHTMOIOTMKM 3TiIHO 3i CTAaHAAPTHUMU
MeToJaMu poOOTH 3 KITMHHMMM Iutamamu [12]. Om-
POMIHEHHS KJIITUH 3IiiCHIOBAIM Yepe3 24 Toj Mmicis Io-
caziky Ha arapari “Teparpon” (Kanana) (xepesno — °Co
3 eHeprielo y-KBaHTiB 1,2 MeB, noTyXHicTb eKCIo3ulLiii-
Hoi nos3u 4,3-10* Ki/(kr-c), Bincranb 10 06’ekra 80 cM,
no3u onpomineHHs 0,5; 5,0 ta 10,0 Ip). V nocaimkeHHsIX
OyJia BUKOpUCTaHa BOMOPO3YMHHA Cilb alleTaTy HiKelto
(Ni(CH3COO0)2). KonrponeM Ha areTaT-aHioH OyB arle-
tat Hatpito (NaCH3COOQ). Metan nonaBajay B KYJIbTYy-
pajbHe cepefoBuIEe 3a 1 rom mepen ONMPOMiHEHHSM B
KiHIIeBil KoHueHTpatiii: 10,0; 1,0; 0,1; 0,01 MKMOIB/TI.
KynbTuBYyBaHHSI KIIITUH 3[iACHIOBAIM YIIPOAOBX S5 [i0.
MopdodyHKiOHaNIbHI XapaKTepUCTUKHN KITUH B KYJb-
Typi BU3HAYajdd y Pi3Hi TEPMiHU KYJIbTUBYBaHHS.
ITponichepaTBHY aKTUBHICTb KJIiITUH OLIiHIOBAJIM 3a KiHe-
THKOIO pocTy. [lim onTuyHuM MikKpocKorioM “Axioscop”
(West Germany) npu 36inbiieHHi y 1000 pasiB y Mexax
citrku rtwromero 0,05 mm? migpaxoByBalM 3arajJbHY
KiJIbKIiCTh KJTITUH, KiJIbKiCTh MiTO3iB i KiJIbKiCTh TiraHTCh-
Kux OaratosaepHux (2 i 6inmpiie sgaep) KimiTmH. OmHO-

to their individual influences [2, 3, 5—9]. It was
shown that a prolonged exposure to ionizing radi-
ation of low intensity and heavy metal compounds
together at the background of intensified free rad-
ical processes increases the imbalance of cellular
enzymatic defense. Disruption of normal cellular
activity causes organ dysfunction, and in some
other cases cause the tumor appearance.

In the last decade the cells in vitro are being used
to study various aspects of chemical effects on cel-
lular and subcellular structures [10]. Advantages of
this model are in the ability to study the direct
effects of chemical agents on cells regardless of tis-
sue or organ interactions and regulatory impact of
the nervous and endocrine systems.

OBJECTIVE

The objective of this research was to investigate the
cytotoxicity of nickel ions and to determine the
features of cellular reactions under the combined
action of nickel ions and ionizing radiation in the
cell culture test system.

MATERIALS AND METHODS

Studies performed on inoculated culture cells
(murine fibroblasts transformed by S3N metyl-
holantren) — line Loy (24 h average cell cycle)
[11]. Cultivation of cells was carried out in a
nutrient medium of such composition: medium
RPMI-1640 (90%), fetal calf serum (10%) and
antibiotics according to standard methods of work
with cell strains [12]. Irradiation of cells was per-
formed 24 h after positioning on the “Teratron”
unit (Canada) (source — ®’Co with y-rays energy
of 1.2 MeV, exposure dose 4,3-10*C/ (kg-sec),
distance to object 80 cm, doses 0.5, 5.0, and 10.0
Gy). In the studies a soluble acetate salt of nickel
(Ni (CH3COO)2) was used. Sodium acetate
(NaCH3COO) was a control for the acetate
anion. Metal was added to the culture medium 1 h
prior to irradiation in the final concentration of
10, 1, 0.1, and 0.01 umol/L. Cells were cultivat-
edn for 5 days. Morfofunctional characteristics of
the cells in culture were determined at different
periods of cultivation. Cellular proliferative activ-
ity was assessed by the growth kinetics. Total
number of cells, number of mitoses and giant
polynucleated (2 or more nuclei) cells were
counted under the optical microscope “Axioscop”
(West Germany) with 1000x magnification within
grid area of 0.05 mm?. Number of apoptotic cells
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YyacHO BM3HayaJiM KiJIbKiCTh aIllONTOTUYHUX KJIiTHUH.
AHaJTi3 TPOBOAMIM Ha TIPOTOKOBOMY IUTO(MIIO0PUMETPI
FACStar Plus ¢ipmu “Becton Dickinson” (CIIIA).
ExcrniepuMeHTanbHi gaHi 0OpoOIsSaN 3aralbHOIPUIA-
HSTUMM CTaTUCTUYHMUMM METOJAMU 3 BUKOPUCTAHHSIM
t-kputepito CTbloJeHTa Ta 3a JOIMOMOTOIO ITaKeTiB
npuKIagHuX rporpaM Microsoft Excel Ta Biostat.

PE3VJIBTATU TA OBTOBOPEHHA

B xoHTpouti k1iTuHM JiHil Loyg yTBOPIOIOTH MIUTBHUN MO-
HoIIap 3 TUMTOBHUX (PiOPOOIACTOITOAIOHNX KITITUH BepeTe-
HOIIOAIOHOI, OKpyTJI0i a00 oBaibHOI hopmu. BinbIricTh
KJIITUH Ma€ aBa BigpocTKu. [IuTomnaasmi LMX KJIITUH TTPU-
TaMaHHi CBiTJIi Bakyoji Ta MajeHbKi TpaHyau. fAnpa
KJIITUH BiIHOCHO BEJIMKi, 3yCTpidyarOTbCsl OKpPEeMi JBOSI-
JIepHi, a TAKOX TiMepXpOMHi KJIITUHU. Y MO 30py CIOC-
TepiraroTbcs 5—8 KIIITUH Ha cTaii moainy (puc.l, A).

was determined simultaneously. Analysis was per-
formed on FACStar Plus flow cytometry unit
(“Becton Dickinson”, USA).

The experimental data were treated with con-
ventional statistical methods using the Student
t-test and software packages Microsoft Excel and
Biostat.

RESULTS AND DISCUSSION

In the Control Ly cells form a dense monolayer of
typical fibroblast-type cells of a fusiform, round or
oval shape. Most cells contain two processes. The
cytoplasm of these cells contains light vacuoles
and small granules. Nuclei of the cells are relative-
ly large. There are some binuclear and hyper-
chromic cells. Usually 5—8 cells under division are
observed in the view field (Fig. 1A).
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PucyHOK 1. KynbTypa iHTaKTHUX KNiTUH NiHii Lo2g HA 5-Ty o6y KynbTuBYBaHHA (A). Popma KNiTUH BepeTe-
HonopAi6Ha Ta NnoniroHanbHa, oBanbHe AAPO 3 YiITKUMU AAEPUAMM, 3HAYHA KiNbKICTb MITOTMYHUX KNiTUH. 3a6a-
PBNEHHA remMaToKCMNiHOM Ta eo3uHoM. 36inbwenHa x1000. KiHetuka pocty knitun (B) ouiHioBanach 3a
KinbKicTio KNiTUH Ha nnowi npenapary 0,05 MM?, MiTOTU4YHA aKTUBHicTb (B) — 3a MiTOTUYHUM iHAEKCOM (%0),
KinbKicTb aTunoBux 6aratoapepHux knituH (M) — 3a inaekcom nonikapioymntis (%o). Ha ocAx abcumc — Tepmin

KyNbTUBYBAHHA KNiTUH, aoba.

Figure 1. Culture of intact Loz, cells on the 5" day of cultivation (A). Fusiform and polygonal cell form, oval
nucleus with distinct nucleolus, a large number of mitotic cells. Coloration with hematoxylin and eosin.
Enlargement x1000. Kinetics of cell growth (B) was assessed by the number of cells per 0.05 mm? area of the
specimen, mitotic activity (B) — by mitotic index (%), number of atypical polynuclear cells (D) - by
polykaryocytes index (%o). Terms of cellular culturing (days) are plotted along the X-axis.

(1) 316
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PucyHoK 2. Kynbtypa KnituH niHii Lo2g Ha 5-Ty 06y KyNnbTUBYBAHHA Npu iHKY6auii 3 ioHamu Hikenio B KOHLe-
HTpauisax 0,01 mkmonn/n (A), 0,1 mkmonb/n (B), 1,0 mkmonb/n (B). Knitunn nepesakHo noniroHanbHoi op-
MU, pigwe - BepeTeHONoAi6Hi, Aapa — oBanbHi, rinepxpomHi. LiuTonnasma KNiTMH nepeBaXKHO roMOreHHa, nNpu
niABULLEHHT KOHUEHTpaLii HiKento — BaKyonizoBaHa. Y nosi 3o0py 2-3 riraHTcbKux nonikapiounTu 3 BaKyonizo-
BaHOI0 yuTonnasmotw. CnocrepiraloTbCa MiTOTUYHI Ta aNONTOTUYHI KNiTUHU. 3a6apBNEHHA reMaTOKCUNiHOM Ta
€031HOM, 36inbweHHa x1000.

Figure 2. Culture of Loy cells on the 5% day of cultivation when incubated with nickel ions at concentrations
of 0.01 umol/L (A), 0.1 umol/L (B), 1 umol/L (B). Cells are mainly of polygonal shape, more rarely - fusi-
form, with oval, hyperchromic nuclei. Cells cytoplasm is mostly homogeneous, but vacuolated in higher nick-
el concentration. The 2-3 giant polykaryocytes with vacuolized cytoplasm are observed in a visual field.

Mitotic and apoptotic cells are present. Staining with hematoxylin and eosin, magnification x1000.

JocnimkeHHs] KiHETUKM POCTY KOHTPOJIBHUX KYIBTYD
kJitiH (puc. 1, b) mokasano, 110 WIS HUX XapaKTepHe
30i7bllIEHHS] MpojipepaTUBHOI aKTMBHOCTI BIPOAOBX
1—4-i mi6 xynsTuUBYBaHHS ((ha3a JorapudMidHOTO pOC-
Ty) 3 NOCTYNIOBUM BUXOJOM Ha IUIATO Ha 5—6-Ty 100y
(¢haza crauioHapHoro pocry). Y 1Li TepMiHU IIiJIbHICTh
MOHOIIAPY KJIiTUH JOCUTh BUCOKA. MaKCUMyM MiTOTUY-
HOI aKTMBHOCTI CIOCTepiraBcs Ha 3-10 10Oy KyJBTUBY-
BaHH4 (puc. 1, B). ¥ moganbimomy MiTOTUUHUI iHAEKC
3MEHIIYBABCs 3a PaXyHOK KOHTAKTHOIO iHTiOyBaHHS
MiTO3y Ta KOH(MIYEHTHOrO CTaHy KYJIBTYpPU KJIiTHH.
IHpekc riraHTCHKMX IOJIKApiOLUTIB B iHTAKTHOMY
KOHTpoJti ctaHoBUB 8—17 % (puc. 1, I).

IHKyOalis KITUH 3 ioHaMU HiKeJlo B Pi3HUX KOHIIE-
HTpauisx (puc. 2, A—B) BuK/IuKana B KyJbTypi KJIiTUH
iCTOTHI 3MiHI MOP(PODYHKIIIOHAIBHUX XapaKTePUCTUK:
3MEHILIEeHHS IIUIBHOCTI KJITUHHOI MOIYJsLii, 3MiHYy
(hopmu KJTiTUH, HEPIBHOMIPHMI PO3MOIIN X HA CKIISTHII
MiAJI0X1i, CKYMUEHHs, 3MEHILIEeHHS KiJIbKOCTi LIMTOII-
JlazMu, 11 BakKyosizalilo, IpuMeMOpaHHE PO3MilleHHS
saaep, MOsIBY 3HAUHOI KiJTbKOCTi OaraTosiiepHUX Ta aror-
TOTUYHUX KIITUH. JlOCTiIXXeHHS KiHETUKU POCTY,
npoJiipepaTuBHOI Ta MiTOTUYHOI aKTMBHOCTI KJIITUH B
KyJIBTYypi 32 YMOB iHKyOalii 3 ioHaMu Hikemo (puc. 3,
A—B) nmokazanu, 110 NpU MiABUILEHHI KOHLIEHTpALil 10
10 MKMOJIb/N IHIBHICTh KJITUHHOI TOMYJISLil 3MeH-
IIYEThCST Maiixke BTpuui. 3a maHumu [41, 42], omHoro-
JUVHHA iHKyOallisl KJIITUH 3 i0HAMU HIiKEI0 B KOHLEHT-

Study of growth kinetics of the control cell cul-
tures (Fig. 1B) showed that they are character-
ized by increased proliferative activity during the
15—4" day of cultivation (logarithmic growth
phase) with a gradual plateau release on the
5th—6™h day (stationary growth phase). In these
terms the monolayer cell density is high enough.
Maximum mitotic activity was observed on the
third day of cultivation (Fig. 1B). Subsequently,
the mitotic index decreased due to a contact
inhibition of mitosis and confluent state of cell
culture. Index of giant polykaryocytes in the
intact control was 8—17% (Fig. 1D).

Incubation of cells with nickel ions at different
concentrations ( Fig. 2A—C) has caused significant
changes in morphological and functional character-
istics of the cell culture i.e. decrease in cell popula-
tion density, cell shape changes, unequal distribu-
tion of them on a glass substrate, clastering, cyto-
plasm reduction and vacuolation, perimembrane
nuclei location, the appearance of a large number of
polynucleated and apoptotic cells. Study of growth
kinetics, proliferation and mitotic activity of cells in
culture under conditions of incubation with nickel
ions (Fig. 3A—C) showed that when the concentra-
tion is 10 umol/L the density of cell population
decreases by almost three times. According to [41,
42] the one-hour incubation of cells with nickel
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PucyHOK 3. MoKasHUKKU KUTTE3RATHOCTI KNITUH NiHiT Log NpuM iHKy6aWii ix 3 i0HaMM HiKento . BUXKMBAHHA
knitud (A) ouiHIOBanochb 3a KinbKicrio KNiTMH Ha nnowi npenapary 0,05 MmM? Ha 5-Ty A06Y KYNbTUBYBAHHSA,
MiToTMYHa akTUBHicTb (B) — 3a MiTOTUYHMM iHAEKCOM (%o), KiNbKicTb aTUNOBUX GaratoapepHux Knitux (B) -
3a iHAeKcom nonikapiouuTiB (%o). Ha ocax abcuuc — KoHueHTpauisa ioHiB Hikento, MKMONb/n.

MpumiTka. * — BiAMIHHOCTI OCTOBIPHI NOPIBHSHO 3 koHTponeM, p<0,05.

Figure 3. Indicators of Loz cells viability when incubated with nickel ions. Cells survival (A) was estimated
by the number of cells per 0.05 mm? area of the specimen on the 5% day of cultivation, mitotic activity (B) -
by the mitotic index (%o), quantity of atypical polynuclear cells (B) - by the polykaryocyte index (%eo).

Concentration of nickel ions (umol/L) is plotted along the X-axis.

Note. * — reliable differences compared with the control, p<0.05.

pawii 10 MKT/MJI CIIpUYKMHSIE 3aTPUMKY ix B Jar-casi ta
MPUTHIYEHHS BIUKMBAHHS Ha 5-Ty 100y KYJIbTUBYBaHHS
10 27 % Big KOHTPOJTIO.

Ha namy aymky Ta 3a ganumu [13, 14], Hikeab noui-
komxye cucremy cuHtedy JHK, PHK Tta 3aTtpumye
KIiTuHU B S-aszi nmominy. Ha 1ie BKa3dye iHAeKc IMoti-
KapiolMTiB: MpPU TOPiBHSIHO MajMX KOHIEHTpAIlisX
KiTBKiCTh MOJIKAPiOLUTIB iCTOTHO 3pOCTAaE, a IMpU BUCO-
KMX KOHILEHTpallisiX 3arudesb KJIITUH BinOyBa€Tbcs, B
OCHOBHOMY, B iHTepda3i, 10 MepIIOTO MOIiITY.

BuznauyeHa 3a KOHLIEHTpaLiTHUMM 3a71€KHOCTSIMU Ce-
penHboedekTuBHa KoHueHTpauiss (CES50) mist ioHiB
HiKeIo cTaHoBMIIA 1,7 MKMOJIb/II.

Komb6inosana aig 1B B magiii i cybieTanbHUX J03aX Ta
iOHIB HIKeJI0 B Pi3HMX KOHIIEHTpAIlisSIX Ha XUTTE3IAT-
HICTb KJIITUH TpeacTaBieHa Ha puc. 4. [HKyOalisl KIiThH
3 ioHaMM HiKeJo TTicist ormpoMiHeHH ix IB B 103i 0,5 Ip
(puc. 4, A) NIpU3BOIUTH A0 iCTOTHOTO 3MeHIIEeHH: (B 1,6
pa3a) MITOTUYHOI aKTUBHOCTI KJIiTHH, a OTXe i LIiJb-
HOCTI KJIITUHHOI MOMNYJISLiil, Y MOPiBHSIHHI 3 OKPeMUM
BIUIMBOM Dpafiauii abo metany. ToOTO, ompoMiHEHHSs
KJIITUH B MIPUCYTHOCTI i0HIB HiKeJ0 MPU3BOIUTH A0 iX
CceHcuOiTizallii.

3a ymoB noeaHaHoi aii IB B n1o3i 5 Ip Ta ioHiB Hike-
mo (puc. 4, b) cnocTepiraeTrbesd JiHiliHA 3a71eXHICTh
BVKMBAHHSI KJIITUH BiJ KOHLEHTpallii Mmetainy. [1pu 1bo-
MY 3pOCTa€ KiJbKiCTh ITOJIKApiOLUTIB y KYJIbTYpi
KJIITUH B 2—5 pasiB y MOPiBHSIHHI 3 iHTAKTHUM KOHT-
poJiem.
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ions at a concentration of 10 mg/mL causes a delay
in the lag phase and inhibition of survival on the
fifth day of cultivation for 27% relatively to control.

In our opinion and according to [13, 14] the nick-
el damages system of DNA and RNA synthesis and
suspend the cells in S-phase of division. This is indi-
cated by the index of polykaryocytes: at relatively
low concentrations the index increases significantly,
and at high concentrations, cell death occurs main-
ly in interphase before the first division.

The average effective concentration (AE50) for
nickel ions was 1.7 umol/L (determined by the
concentration dependence).

Combined effect of IR in low and sublethal doses
and nickel ions in different concentrations on the
cells viability is shown in Figure 4. Incubation of
cells with nickel ions after irradiation of at a dose
of 0.5 Gy (Fig. 4A) leads to a significant decrease
(1.6-fold ) of cell mitotic activity, and hence the
density of the cell population, compared to the
individual exposure to radiation or metal. Thus,
exposure of cells in the presence of nickel ions
leads to their sensitization.

Under the combined effects of IR at a dose of 5
Gy and nickel ions (Fig. 4B) there is a linear
dependence of cell survival on the concentration
of the metal. This increases the number of poly-
karyocytes in cell culture 2—5 times as compared
with intact controls.
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PucyHoK 4. MopdodyHKuioHanbHi 3MiHWM KNiTUH NiHii Lo2o Npu KoMGiHOBaHIN Aii ioHi3y0uoro BUNpomiHio-
BaHHA Ta i0HiB HiKenio B pi3HWUX KOHUEHTpauiax (MKMonb/n): A — nicna onpomiHeHHs B po3i 0,5 Ip, b - nicaa
onpomiHeHHsa B ao3i 5 Ip, B — nicna onpomiHeHHs B po3i 10 Ip.

Figure 4. Morphofunctional changes in Lo2o cells under combined action of ionizing radiation and nickel ions
in different concentrations (umol/L): A - after irradiation at a dose of 0.5 Gy, B - after irradiation at a dose

of 5 Gy, B - after irradiation at a dose of 10 Gy.

HenepenbauyBaHMMM BUSIBWINCH Pe3yJIbTaTH IO-
CIIiIXXeHb 3a YMOB IoO€aHaHOro BILUMBY IB B cyOJe-
TanbHiN 7103i 10 [P Ta pisHUX KOHLIEHTpaLliil i0HiB HiKe-
o (puc. 4, B).

BigoMmo, 1110 onmpoMiHeHHSsT KIiTUH diHii Lo B 103i 10 Ip
crpuuuHsie 80 % 3arubenmi KiaiTuH. JlogaBaHHS 00 KJTi-
TUH iOHIB HIiKeJIO MiABUILYE iX BMKMBaHHS B 1,7—2.9
paza (B 3aJIeXKHOCTI Bill KOHIIEHTpAIlil MeTaly) i Maiixke B
3,5 paza 3pocTa€ MiTOTUYHUI iHaekc. BogHouac Kijb-
KiCTh OaraTtosiiepHuX KJIITMH 3aJIMILIAETHCSI HA JOCUTh
BHUCOKOMY DPiBHi. 3TiZHO 3 JaHMMM JiTepaTypu, iOHU
HiKeII0 3aTPUMYIOTh KJIITMHU B S-da3i MITOTUYHOTO
LMKJTY. 3a Leil yac, MOXJIUBO, I BilOYyBaeThCS pernapallist
JHK B onpoMiHeHUX y cyOieTalIbHil 7031 KIITUHAX, 1110
MiABUIIYE 1X IAHCU HA BUKUBAHHS.

OcHoBHa (DyHKIIisSI altonTo3y — CBOEPiIHA KJIITUHHA Ce-
JIEK11is1, TOOTO BUJTyYEHHSI i3 MOIMYJISILIT KJIITUH 3 MyTaLlisIMU
YU iHIIMMU SIBHUMU Y1 TIPUXOBAHUMU TOIIKOIKEHHSIMMU.

3aranbHoBigoMO, 1o IB € iHaykTOpoM amomnTo3y.
IHkyOalis KJIITHH 3 ioHAMU HiKeJIIo TeX MiABUILYE Kilb-
KiCTb alTONTOTUYHUX KJIITUH B KYJBTYpi (puc. 5), Npudo-
MYy iX KiTbKiCTh 30i/IbIIeHa B 3 pa3y MPU 3aCTOCYBAH-
Hi HaliMeHII01 KoHUeHTpalii Hikemato — 0,01 MKMoib/1
i B2 pa3y — NpU BCiX iHIIUX KOHILEHTPAIIisIX Me-
Tary.

IIpu nogaBaHHi pi3HOI KiJILKOCTI 10HiB HiKeJI10 piBEHb
aromnTo3y Mae€ TEHAEHIIiI0 10 3pOCTaHHS IIPU OI-
pomiHeHHi kiaituH IB B mo3i 0,5 Ip Ta cratuctuyHo
noctoBipHO (p<0,05) 3pocTae Bia 2 10 8 pasiB micJist OIl-
pomiHeHHs KimiTuH 1B B mo3ax 5 ta 10 Ip.

Unpredictable results of studies under condi-
tions of combined exposure to sublethal doses 10
Gy of IR and different concentrations of nickel
ions (Fig. 4B) were shown.

It is known that exposure of Loy cells at a dose of
10 Gy leads to the 80% cell death. Adding nickel
ion to the cells increases their survival by 1.7—2.9
times (depending on the metal concentration) and
mitotic index almost in 3.5 times. However, the
number of polynuclear cells remains at a high
level. According to the literature data the nickel
ions suspend the cells in S-phase of the mitotic
cycle. During this time, perhaps, DNA repair takes
place in irradiated at sublethal dose cells, which
increases their chances to surve.

The main function of apoptosis resides in a cell
selection, i.e. removal from population of cells
with mutations or other overt or hidden damage.

It is well known that IR is an apoptosis inducer.
Incubation of cells with nickel ions also increases
the number of apoptotic cells in a culture (Fig. 5),
and their number increases by 3 times when using
the lowest concentration of nickel — 0.01 umol/IL
and 2 times — at all other concentrations of the
metal.

By adding different amounts of nickel ions to the
cell culture the apoptosis rate tends to increase
when irradiated at a 0.5 Gy dose and statistically
significantly (p<0.05) increases from 2 to 8 times
after irradiation at 5 and 10 Gy doses.
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PuUcyHOK 5. 3anexHicTb KinbKOCTi anonToTMYHUX KNiTUH Y KynbTypi KNiTMH NiHii Lo29 33 KOM6GiHOBaHOro
BNJIUBY iOHi3yl04Oro BUNPOMiHIOBAHHA B Pi3HUX [03axX Ta i10HIB HiKeNl0 B Pi3HMX KOHLEHTpayiax.

Figure 5. Dependence of the number of apoptotic cells in cell culture Lo29 under the combined effects of ion-
izing radiation in different doses and nickel ions in different concentrations.

BUCHOBKU

B pesynbrati podboTu 0y10 BCTAHOBJIEHO, 1110 i0HU HiKe-
JIIO MIPOSIBJISIIOTh IMTOTOKCUYHY Ji10 Ha KJIITUHU in Vitro:
npu 30iblIeHH]I KOHLIEHTpallil eJieMeHTa 3pocTajia 3a-
rudenb KIITUH, IPUTHIYYBaach iX MpoJjiidhepaTUBHA Ta
MITOTMYHA aKTUBHiCTb. [IpryoMy, 3a HU3BKUX KOHIIE-
arpauii (0,01—0,1 MKMOJIB/JT) 3pocTaia KiIbKiCTh aTH-
MOBUX TOJIIKAPIOLIUTIB Ta piB€Hb allONTO3y B KYJABTYpi
kaiTuH. Ilpy migBuIleHHI KOHILIEHTpAllil i0HiIB HiKeJo
3aru0eb KJIiTUH Big0yBaJlach Yyepe3 aronTo3 Ta HEKPo3.
ITpu moenHaHHI panialii Ta iOHIB HiKeII0 CIocTepiraau
HeJIiHilHI KJIITUHHI BiAMOBiAi: mpu Malux A0o3ax pami-
amii (0,5 Ip) Bimmivanu ceHcuOiTi3allio KJIITUH ioOHAMU
HiKeJII0 1O OIMPOMiHEHHSs, a MpPU CyOJeTaJIbHUX A03aX
(10 Ip) — meBHMit pamiozaxuct. KiJIbKicTh almonNTOTUY-
HUX KJIITUH 32 IIUX YMOB CTaTUCTUYHO JOCTOBIpHO BU-
1112 TIOPiBHSIHO 3 KOHTPOJIEM.
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CONCLUSIONS

As a result it was found that the nickel ions exhibit
cytotoxic effects on cells in vitro: an increase in the
concentration of the element caused the cell death
intensification with proliferative and mitotic activity
decrease. Moreover, at a low concentrations (0.01—
0.1 umol/L) the number of atypical polykaryocytes
increased as well as the level of apoptosis in cell cul-
ture. When nickel ions concentration increased the
cell death took place through apoptosis and necrosis.
Under the combined influence of radiation and nick-
el ions the nonlinear cellular responses were
observed: under the low-dose radiation (0.5 Gy) the
sensitization of cells to radiation was noted, and the
sublethal doses (10 Gy) caused a particular radiopro-
tection. Number of apoptotic cells under these con-
ditions was significantly higher compared to controls.
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