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PAJIIOMOIU®PIKYIOUNUN TA AHTUTOKCUYHU BILJINB
IMMOJIIMIHEPAJIbHUX PEYOBWH ITPUPOIHOTO ITOXO/IZKEHHSA
HA KUTTE3JIATHICTD KJIITUH JITHIT Ly 3A KOMBIHOBAHOT
JIIT IOHI3YIOUYOT'O BUTTPOMIHIOBAHHS TA IOHIB

BAJKKUX METAJIIB

MeTa: gocniguti pagiomofudikyoumnii Ta aHTUTOKCMYHMIA BNAKUB NONiMiHEpaNbHUX PEYOBMH NPUPOAHOTO MOXOAMKEH-
HS Ha XXWTTE3AATHICTb KNiTUH in vitro 3a Aii i0Hi3yl04Oro BUNPOMIHIOBAHHSA Ta 10HIB BaXKUX MeTaiB.
Marepianu i metoau. [locnifKeHHa BUKOHAHT Ha NepeLLenioBaHil KynbTypi nponidepyoymx KniTuH NiHii Lozg. Bogo-
PO34YMHHI coni aueTaTiB CBUHLIO, Mifli, HIKENO Ta OKCUA XPOMY AOAABANMN O KYNbTYPU KNIiTUH B KOHLeHTpauiax 0,01-
10,00 mkmonb/n 3a 1 rog nepep, onpomiHeHHsM B fo3ax 0,5 p, 5,0 [p Ta 10,0 Ip, sike npoBoOAMAK Yepe3 24 rof nicns
nocagku. MonimiHepanbHi peyoBuHM “MiHepon” un “beHTa” [O KYNLTYpPY KNiTUH AOLABANN Y BUMALT HAAOCA[KOBOTO
PO34MHY Y NOXKMBHOMY cepenoBuLLi Yyepe3 1 rog nicis onpomiHeHHs. KniTMHHI BignoBigi oUiHiOBaM 332 NOKa3HUKAMK
KWUTTE3[ATHOCTI: KiNbKOCTI KNiTUH Ha nnowi 0,05 MM?, MiTOTMYHOMY THAEKCY Ta iHAEKCY nonikapiouuTis.
Pe3ynbTatu focnifxeHb nMokasanu, Wo nofiMiHepanbHi pe4oBMHU NPUPOAHOTO NoxoaxeHHs “Minepon” Ta “beHTa”
nokasanu papiomoaudikyloyy Ta aHTUTOKCUYHY 3AATHICTb Yy TeCT-CUCTEMi KynbTypu nponidepylounx KnituH 3a
KOMOIHOBAHOro BNAMBY pafialii Ta BaXKMUX METaNiB, a came: iX 3aCTOCYBAHHA NiABMLIMIO BUXKUBAHICTb KNITUH B MO-
HOWAPOBMX KynbTypax y 1,5—2 pa3un Ta MiTOTUYHY aKTUBHiCTb KNiTUH B 2—6 pa3iB NPy OfHOYACHOMY 3MEHIIEHH] aTu-
NOBMX MONiKapiouMTie, 3a WO X MOXHA PEKOMEeHAyBaTW AK MPOGiNaKTUYHWIA 3aci6 ANA 3MEHWEHHS HeraTuBHUX
eteKTiB, AKi BUHMKAIOTb 32 KOMGIHOBAHOT Aii paaiauii Ta KceHO6iOTUKIB.
KniouoBi cnoBa: Baxki MmeTanu, ioHi3ytoue BUNPOMiHIOBAHHS, KyNbTypa KNiTUH, BUXMBAHHA, Nponidepalis, nonimiHe-
panbHi pevyoBUHMU.
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Radiomodifying and antitoxic effect of natural polymineral substances on the
viability of the cell line Lo, under the combined exposure to ionizing radiation

and ions of heavy metals

Objective: to study the radiomodifying and antitoxic effect of natural polymineral substances on cell viability in
vitro under the combined exposure to ionizing radiation and ions of heavy metals.

Materials and methods. Research was performed on an inoculated proliferating culture of the Loz cell line. Water-
soluble salts of lead acetate, copper, nickel and chromium oxide were added to the cell line culture at concentra-
tions of 0.01-10.00 pmol/L one hour before exposure to radiation at doses of 0.5; 5.0; 10.0 Gy, delivered 24 hours
after the passing. Polymineral substances “Minerol” and “Benta” were added to the cell cultures in the form of a
supernatant aqueous solution in a nutrient-rich environment one hour after the exposure. Cellular response was
evaluated on the indicators of viability: the number of cells on the surface of 0.05 mm? mitotic index and the poly-
caryocytes index.

Results showed that natural polymineral substances “Minerol” and “Benta” demonstrated a radiomodifying and an
antitoxic ability in the test-system culture of proliferating cells under the combined exposure to radiation and heavy
metals; specifically: their use elevated cell vitality in monolayer cultures by 1.5-2.0 times and the mitotic cell activ-
ity by 2-6 times during a simultaneous mixing of atypical polycaryocytes. It is the quality for which they can be rec-
ommended as a prophylactic tool used to decrease negative effects that appear under the combined influence of

radiation and xenobiotics.

Key words: heavy metals, ionizing radiation, cell culture, survival, proliferation, polymineral substances.
Problems of radiation medicine and radiobiology. 2015;20:474-489.

BCTYII

CyyacHa €KOJIOTiYHa CHUTYyallisi XapaKTepU3YEThCS
NO€NHAHUM BIJIMBOM TOKCHUKAHTIB (pi3uyHOI Ta
XiMigHOI Ipupoan. 3a YMOB pajiallifHUX aBapiil oKpiM
Oe3rocepeaHbOI Iii pamialiiiHoOro (akTopa MOXJIMBUI
BILIMB IIPUCYTHIX OMHOYACHO 3 HUM CIOJIYK BaXKKNX Me-
taiiB [1—-3]. Binomo [4, 5], 110 i0OHM BaXXKUX MeTaliB, K
i pagiauisi, aKkTUBYIOTb MPOLIECU YTBOPEHHSI aKTUBHUX
¢opM KMCHIO B pi3HUX TUIAX KJIITUH, TPOBOKYIOUM PO3-
BUTOK B OpraHi3aMi OKCUIATUBHOTO cTpecy. JocmimkeH-
HST 3aKOHOMIpHOCTEH BIUIMBY BUIIPOMIiHIOBAaHHSI B YMO-
Bax MOEAHAHOI [Iil HOro 3 BaXXKMMM MeTajaMu Ha
KJITUHHOMY PiBHi € i Ha ChOTOJHI aKkTyalbHUMU. Pazom
3 TUM, BaXJIMBE Miclie 3aiiMae rpo0bJjieMa MolIyKy i 3ac-
TOCYBaHHSI 3aCc00iB MNPUPOTHOTO MOXOMXKEHHS, SIKi
3MEHIIYIOTh HETaTUBHUI BIUIMB KOMILIEKCY YMHHUKIB
30BHIILIIHBOTO CepeIOBUIIA IIUISIXOM HecTelupiaHol Iii,
CIIPSIMOBAHO1 Ha TOJIMIIEHHSI OOMiHY PEYOBMH, amari-
TUBHUX Ta CaMOPETYJISITOPHUX Peaklliii pi3HUX CHUCTEM
GiosoriyHnx 06’exTiB [6—8]. Jo Takux 3aco0iB BigHO-
cATbCSI 0i0JIOTIYHO aKTMBHI MiHepanbHi J00aBKMU
“Minepon” ta “benrta”, 1110 MicTITh 10 95—98 % MOHT-
MopuioHiTy. Ilpu KiIiHiKO-eKcnepuMeHTaJIbHOMY
nociimkeHHi [9—13] Oyiio moka3aHo, 1110 BOHU € aicop-

INTRODUCTION

The modern state of ecology is characterised by
combined exposures to toxins that are both physi-
cal and chemical in nature. During radiation acci-
dents, besides the direct effect of radiation, effects
of heavy metal compounds, present in the sur-
rounding atmosphere concurrently with the radia-
tion, are possible [1—3]. It is well-known [4, 5]
that ions of heavy metals (HM), some as radiation,
initiate processes that activate forms of oxygen in
various types of cells, thus provoking development
of oxidative stress in an organism. Investigation of
radiation exposure patterns under conditions of its
combined effect with heavy metals at the cellular
level is still relevant. However, an important prob-
lem is the search and application of natural sub-
stances that reduce the negative impact of a multi-
tude of environmental factors through a non-spe-
cific action aimed at improving metabolism of var-
ious biological objects [6—8]. Such products inclu-
de biologically active mineral additives “Minerol”
and “Benta”, containing up-to 95—98 % of mont-
morillonite. Clinical and experimental studies
[9—13] have shown them to be absorbents that
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OeHTaMU, M0 CKJIaay SIKMX BXOAUTH Oinst 70 Mikpo- Ta
MikpoesieMeHTiB. JIiKyBaJibHi BJIACTUBOCTI INIMHU BU3-
HayalTbhCsl MiHEpaJIbHUM CKJIaJIoM Ta CTPYKTYpolo. [n-
Ha — 1I¢ aJIIOMOCMJTiKaTHA CYMIlll, 1110 BMIIIIyE€ KPEMHiii,
aJIIOMiHiil, MapraHeub, TUTaH, Kalill, Kaabliit, Oepuiiii,
3aj1i30, rajii, mMigb, KoOasbT, MoaidoaeH. Po3mip yacTok
IJIMHU — HaWTroJIoBHIIIA i1 0COOIUBICTD, Ha SIKill 3aCHO-
BaHi ii JiKyBaJbHi BJIAcTUBOCTi. MajeHbKi po3Mipu
KOXHOI YaCTKM INIMHU MalOTh BEJMKY aaCOpOLiliHy MO-
BepxH1o. CkJan i cyma noriaMHeHux katioHiB 100—120
mr-exkB Ha 100 r cyxoi rmmHu. Kpucrangiyna penriTka
MOHTMOPWIOHITY pyxauBa. LlMM mosICHIOETbCS 3IaT-
HICTb IJIMHU MOMIMHATH Pi3Hi IIKiIJIUBI peYOBUHU: TOK-
CUHU, PAIiOHYKJIiIU, BaxKKi METaJIH.

META JOCIIJIZKEHHA

Hocninut pagioMoandikyrounii Ta aHTUTOKCUYHUN
BIUIMB TTOJIiIMiHEpaIbHUX PEYOBUH MPUPOTHOTO MOXO/I -
JKEHHSI Ha XXUTTE3JAaTHICTb KJIITUH in Vitro 3a Aii i0Hi3y10-
YOro BUITPOMIiHIOBAaHHS Ta iOHIB BaXKKUX METaJliB.

MATEPIAJIN TA METO/IN

ExcnepumeHTanbHi JOCTiAXKEHHS BUKOHAHI HA aCUHX-
POHHI TIepelernIoBaHill KyabTypi KIITUH — JIiHis Loy
(inma Ha3zBa NCTC-clone 929, Clone of strain L), sika
Oyna BudiaeHa B 1948 poui 3 poauHHOro mramy L, akuii
B CBOIO UEpPry € OAHUM 3 TepIIUX LITaMiB IMiATpUMYBa-
HOI KyJbTYpU Ta HaAMOIiAbII MOCTIIXYBAaHUM ILITaAMOM.
[TepBuHHMIT ITaM OyB OTPUMaHUK 3 HOPMaJIbHOI Mif-
LIKipHO1 apeoJIsIpHOi Ta KMpPOBO1 TKaHUHU 100-meHHO1
muiri C3H/An 4gonoBivoi crari [14]. Mopdomoriuno
KynbTypa KIiTHH Loy € diopodnacrononioHoro. Kyib-
TUBYBaHHS 3[i1ICHIOBAJIM B IOBHOMY ITOXXWBHOMY Cepe-
noBuili RPMI-1640, mo mictuiao 4 Mmonb/a L-riio-
taMiny, 10% emOpioHaNIbHOI CUpOBATKU TeasATH Ta 40
MKT/MJI TeHTaMillMHY 3TiIHO 3i cTaHAAPTHUMM MeTOa-
MU pOOOTH 3 KIITUHHUMU 1Tamamu [15]. Kiituau Bu-
polllyBaid Opu MOCTiiHIK Temnepatypi 37°C Ha IMOK-
PUBHMX CKEJIbLISAX po3MipaMu (16x8) MM, AKi 3HAXOAU-
JINCS Ha JHI CKJISHMX IUISIIEYOK, 10 KOH(MIYEeHTHOIO
CTaHy MOHOIIapY.

V nocnimkeHHsX Oy BUKOPUCTaHi BOAOPO3YMHHI COJTi
BM: aneratu cBuHIO, Miai, Hikeao (Pb(CH3;COO),,
Cu(CH;C0OO),, Ni(CH3;COO);) ta oxcuig Xpomy
(Cr2203). KoHTposiem Ha aleTaT-aHioH OyB aleTar
Hatpito (NaCH3;COO).

BM nopaBanu B KyJabTypajibHE cepenoBullle yepe3 24
TOAVHU ITiC/SI TOCAAKU KJIITUH Y BUTJISIAI PO3UMHY B KiH-
nesux KoHueHTpauisx: 10,00; 1,00; 0,10; 0,01 MxMob/J1.
KynbTuBYBaHHS KJIITUH 3AiMCHIOBAIN YIIPOIOBXK 5 1i0 B
OpPUCYTHOCTI i0HiB BM.
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contain about 70 micro- and trace elements.
Medical properties of clay are determined by its
mineral composition and structure. Clay is a mix-
ture of silica-alumina containing silicon, alumini-
um, manganese, titanium, potassium, calcium,
beryllium, iron, gallium, copper, cobalt and molyb-
denum. The size of clay particles is its main feature,
on which its healing properties are based. Small size
of each clay particle has a large absorbent surface.
The composition and amount of absorbed cations is
100—120 mEq per 100 g of dry clay. The crystal lat-
tice of montmorillonite is mobile. This explains the
ability of clay to absorb various harmful substances:
toxins, radionuclides, heavy metals.

OBJECTIVE

Research radiomodifying and antitoxic effect of
natural polymineral substances on cell viability in
vitro under ionizing radiation and ions of heavy
metals.

MATERIALS AND METHODS

Experimental studies performed on an asynchro-
nous inoculated cell culture — Loy line (also
known as the NCTC-clone 929, Clone of strain
L), isolated in 1948 from the family strain L,
which in turn is one of the first strains of support-
ed cultures and is the most analysed strain among
others. The original strain was obtained from nor-
mal subcutaneous areolar and fat tissue of a 100-
day-old male mouse C3H/An [14]. Morpholo-
gically the cell culture Loy is a fibroblast-like one.
Cultivation was carried out in a full nutrient medi-
um composition RPMI-1640, that contained 4
mmol/L L-glutamine, 10 % of fetal bovine serum,
and 40 pg/mL gentamicine according to standard
methods of working with cell strains [15]. Cells
were grown to confluent monolayer state at a con-
stant temperature of 37°C on coating glass slides
size 16x8 mm placed at the bottom of the glass
bottles.

The study used water-soluble salts of HM:
acetate of lead, copper, nickel (Pb(CH3;COO),,
Cu(CH3C0OOQO),, Ni(CH3COO),;) and chromium
oxide (Cr,03). Sodium acetate (NaCH3;COO)
served as the control for acetate anion.

HM was added to the culture medium 24 hours
after cell passaging as an aqueous solution at con-
centrations: 10.00; 1.00; 0.10; 0.01 umol/L. The
cells were cultured for 5 days in the presence of
HM ions.
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OnpoMiHeHHs KJIITUH MPOBOAMIM Ha anapaTi “Tepart-
pon” (Kanama) (mxepesno — “Co 3 eHeprieio y-KBaHTIiB
1,2 MeB, moryxHicTh ekcriosuiiinoi mosm 4,3-10*
Kn/(xr-c), Bincranb 10 06’exTa 80 cM) B no3ax 0,5; 5,0 ta
10,0 I'p yepes 1 rox micas nonaBaHHsS BM.

IToniminepanpHuMu pedyoBruHamMu (ITMP) cayryBaiu
HaJ0CaaKOBI PO3YMHU 0i0JOriYHO aKTUBHUX MiHEpaib-
HUX 106aBOK — “MiHepon®” (TY YV 21540172-1 —2001),
ta “benara™” (Ne 05.03.02-04/31097) y 1oxkuBHOMY ce-
peloBUIl B HacTymHUX posBeaeHHsax: 1,0000%:;
0,1000%; 0,0100%; 0,0010%; 0,0001%. ExcnepumeH-
TadbHi AOCHIAKEHHS BIUIMBY Pi3HUX KOHIEHTpaliit
IIMP “Minepon” ta “beHTa” Ha MOphOoPYHKIIOHATbHI
XapaKTePUCTUKHU KYJbTYpU MpoJidepyrounx KIiTUH
JmiHil Loy moxazanu, mo koHueHtpawis 0,001% He
3MiHIOE TTOKA3HMKIB XXMTTE3NATHOCTI KJIITUH TE€CT-CHUC-
TeMU KYJbTYPHU KJIITUH JdiHil Loy y MOPIiBHSIHHI 3 KOHT-
pojeM. Ill0 KOHLEHTpalilo i BUKOPUCTOBYBAIU Y IO-
Janbliux pociimpkeHHsix. [IMP gogaBanu B KyJbTypy
KJIITUH yepe3 1 rof micist ompoMiHeHHS.

KnitTuHHiI BigmoBigi oliHIOBaAM 3a MOKa3HUKAMU
KUTTE3IATHOCTI Y TepMiHAJIbHUI TEPMiH KYJIbTHUBYBaH-
HA (Ha 5-Ty mo0y), a caMe: 3arajibHy KiTbKiCTh KIIITWH,
Ky TApaxoBYBaJM TIIiJi ONTUYHUM MiKpOCKOIIOM
“Axioscop” (West Germany) npu 30iibLieHi y 1000 pazis
y Mexxax ciTku, mioiero 0,05 MM? METOIOM BUITAAKOBUX
noniB 1o C. b. CredaHoBY, KiJIbKiCTh MiTO3iB i KiJIbKIiCTb
noikapioluTiB (2 i OisbIIe sgaep) KIiTUH. MiTOTUYHUI
iHAEKC Ta iHAEKC IOJIiKapioLUTIiB po3paxoByBajiud Ha
1000 xaituH (%o0).

CraTuCTUIHMI aHAJTi3 BipOTiTHOCTI OTpUMAaHNX TaHUX
MPOBOJIMIIM 3a TOIMOMOTOI0 t-KpuTepito CTbloieHTa, BU-
KOPUCTOBYIOUM KOMIT'IOTEpHI TIporpamMu Microsoft
Excel Ta Biostat 3 monepeaHbOIO MEPEBIPKOIO TiNOTE3U
Opo HOpPMaJlbHUM 3aKOH PO3IOJiy BUMNAAKOBOI BEM-
yHU 3a KputepieM Konmoroposa-CwmipHoBa.

OnpaipoBaHo 874 npemnapaTu.

PE3VYJIBTATU TA IX OBGTOBOPEHHS

ITpo 3pocTatoue 3a0pyaHEHHSI HAaBKOJUIITHLOTO CEPeao-
BUILIA CBUHILIEM CBiIyaTh poOOTU 0araThboX JOCiIHUKIB
[2, 3, 6, 7]. Benuky HebGe3meKy SIBIISIE COO0I0 MOCTYIIOBE
XpOHiUHE CBUHIIEBE OTpyeHHs. Ha cyOKIiTUHHOMY
PiBHI CBMHELIb BUKJIMKAE P YIUKOIKEHb, CTYITiHb IKUX
BU3HAYAETHCS PO3IMOIIIOM MOro Mo pi3HUX OpraHenax.
Binbiue 85% cBuniio (1,5 HMoIb/MT 6ijiKa) ITOB’SI3aHO 3
MiToxoHApisMu. KpiM 11b0T0, i0HW CBUHIIO 3B’ SI3YIOTh-
¢ 3 cynbdrinpuabHux, ¢ochaTHUMHU Ta KapOOKCUJIb-
HUMU TpyliaMyd MeMOpaHU, 30UTbIIYIOTh ii XXOPCTKICTb i
3HVKYIOTh CTilKiCTh 10 OCMOTHYHOTrO 110Ky [1]. Ha Mo-
JIEKYJISIPHOMY PiBHi TOKCHUKAaLlisl BilOYBa€THCS B pe3yib-

Cell irradiation was carried out on the “Thera-
tron” (Canada) unit (source — “’Co with y-quantum
energy of 1.2 MeV, exposure dose: 4.3 - 10* C /
(kgsec), distance to the object: 80 cm) at 0.5, 5.0,
and 10.0 Gy doses one hour after adding the HM.

Supernatant aqueous solution of biologically
active additives (BAA) including Minerol® (TU
21540172-1-2001) and Benta™ (Ne 05.03.02-04 /
31097) at the dilutions of 1.0000; 0.1000; 0.0100;
0.0010 and 0.0001 % served as polymineral sub-
stances (PMS). Experimental studies of the effect
of different concentrations of PMS “Minerol” and
“Benta” on morphological characteristics of the
culture of proliferating cells of the Loy line
revealed that a concentration of 0.001 % does not
change the performance of cell viability of the test-
system culture of the Loy cell line in comparison
with the control. This concentration was used in
subsequent studies. PMS was added to the cell cul-
ture 1 hour after irradiation.

Cellular responses were evaluated in term of via-
bility in a terminal cultivation period (on the fifth
day), namely: the total number of cells counted
under the optical microscope “Axioscop” (West
Germany) under a 1000-fold increase within a grid
area of 0.05 mm?, using the random fields method
devised by S. Stefanov, the number of mitosis and
the amount of polycaryocytes (2 or more nuclei) in
the cells. The mitotic and polycaryocyte indices
were calculated per 1000 cells (%o).

Statistical analysis of the likelihood of the received
data was performed with the help of the Student’s t-
criterion, using computer programs Microsoft
Excel and Biostat with previous confirmation of the
hypothesis of normal distribution of the random
variable by the Kolmogorov-Smirnov criterion.

In total 874 examples were processed.

RESULTS AND DISCUSSION

Increasing pollution of the environment by lead
finds evidence in works of many researchers [2, 3,
6, 7]. A considerable threat comes from a gradual
chronic lead poisoning. At the subcellular level
lead causes a number of injuries, the extent of
which is determined by its distribution within var-
ious organelles. More than 85 % of lead (1.5
nmol/mg of protein) is associated with the mito-
chondria. Additionally, ions of lead bind to
sulfhydryl, phosphate and carboxyl groups of the
membrane, increase its stiffness and reduce resist-
ance to osmotic shock [1]. At the molecular level,
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TaTi 3B’A3yBaHHS ioHaMM cBUHIO SH-rpym. 3 Tiel X
NPUYMHU 3HUKYIOTbCSI aKTUBHICTb iHIIMX SH-BMicHUX
¢depMeHTIB, JaKTaTAETinporeHa3n, a TaKOX KOHIIEHT-
patiist BimHOBIeHOTrO ryTaTiony [16]. Lli epexT B cBOIO
yepry BUKJIMKAIOTh pPi3HI aHOMaii (byHKIIOHYBaHHi
KJTiITHH.

B npoBeaeHuX HaMU AOCHIIXXKEHHSX, OYB MOKa3aHUM
iCTOTHMIA TOKCUYHUI BIJIUB LILOTO eleMeHTy (puc. 1,
A):y 3—5 pa3iB 3MeHIIyBajlach KiJIbKiCTh KJIITUH B KYJIb-
Typi i MPaKTUYHO MOBHICTIO OJIOKYBaJlaCh MiTOTUYHA aK-
TUBHICTh KJIITUH. JloJaBaHHSI B MOXWBHE CEpelOBUILIE
IIMP (puc. 1, b, B) icToTHO 3MeHIILIyBaJI0O TOKCUYHY [il0
BM. IIinbHICTh KJIITMHHOI MOIYJISIiI B MOHOIIIAPOBUX
KyJbTypax cTaTUCTUYHO gocToBipHO (p<0,05) 3pocia Bif
2 (mst konneHrtpauiii 0,01—0,10 MmkMoib/71) 10 6 pa3iB —
3a mii koHueHTpauii 1,00 ta 10,00 MKMOJIb/T Yy TIO-
PIBHSIHHI 3 Ji€10 TUTBKW OJHOTO CBUHIIO. MiTOTUYHA aK-
TUBHICTb KJIITUH B KYJIBTYpi B 2—3 pa3u Oyjia BUILOIO
MOPIBHSIHO 3 JIi€10 TiAbKM i0HIB cCBUHILIIO. Ha nmpemnaparax
JOCIiAHUX KYJIBTYp KJIiTUH npu iHKyOauii 3 [IMP crioc-
TepirajJii 3Ha4HO MEHIIIEe KJIITUH 3 BaKyoJ1i30BaHOIO I1-
TOMJIa3MOI0 Ta O3HAaKaMU JereHepaTUBHO-IAUCTPO-
(iyHUX 3MiH.

Binomo, 1110 Hikenb € KohaKTopoM Oiisi BOCBMM KJTi-
TUHHUX (epMeHTiB, ioHn Ni** cTabili3yIoTh CTPYKTYpY
HYKJIETHOBUX KHUCJIOT Ta pudocom [1, 17, 18], ogHak ix

intoxication occurs as a result of binding SH-
groups by ions of lead. The same reason explains
the decreased activity of other SH-containing
enzymes, lactate dehydrogenase and the glu-
tathione concentration [16]. These effects, in turn,
cause various anomalies in the functioning of cells.
Our research demonstrated a substantial toxic
effect of this element (Figure 1, A): by 3—5 times
reduced the number of cells in the culture and the
mitotic cell activity was almost completely blocked.
An addition of the PMS into the nutrient medium
(Figure 1, B, C) considerably decreased the toxic
effect of HM. The density of the cellular population
in monolayer cultures is statistically significant (p <
0.05), increased from 2 (for the concentrations of
0.01—0.10 pmol/L) and up to 6 times — under con-
centrations of 1.00 and 10.00 umol/L in compari-
son to the use of lead only. Mitotic cell activity in
the culture was 2—3 times higher compared to when
only ions of lead were used. When incubated with
PMS, considerably fewer cells with vacuolated
cytoplasm and signs of degenerative and dystrophic
changes were seen in cell cultures under study.
Nickel is known as a co-factor in about 8 cellular
enzymes, Ni*" ions stabilize the structure of nucleic
acids and ribosomes [1, 17, 18]; however, their abun-
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PucyHOK 1. MoKa3HMKMN KUTTE3[ATHOCTI KYNbTYPU KNiTUH NiHiT Lozg Ha 5-Ty A06Y KyNbTUBYBAHHA 33 YMOB
iHKy6auii 3 ioHamu cBUHLIO Y Pi3HUX KOHUeHTpauiax (A) Ta noniMiHepanbHUMM Komnnekcammn “Minepon” (B)

Ta “benta” (B).

MpuMiTka. Ha ocAx OpaMHaT: OCHOBHIN — KifnbKicTb KNiTWH Ha naowi 0,05 MmM? mpenaparty, Ha [OAATKOBIA — MITOTUYHWIA iHAEKC Ta iHAeKC
nonikapiouutis, %o. Ha ocsix abcunc — KOHLEHTPALiS 10HIB CBMHLIO, MKMOSb/A1.

Figure 1. Indicators viability line Loz cell culture on the 5t day of cultivation after incubation with lead ions
in different concentrations (A) and polymineral complexes “Minerol” (B) and “Benta” (C).
Notes. On the axis of ordinates: main - number of cells per 0.05 mm?, the optional - mitotic index and index polycaryocytes, %o. On the abscis-

sa axes there are shown concentrations of lead ions, pmol/L.

(1) 478



ISSN 2304-8336. pobnemu pagiauiitHoi Mequumky Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

EKCINMEPUMEHTAJIbHI

AOCNIAXEHHSA

60 -120 60 -
A/A

sof MW F - 100 504 T

w1 --FB - 80 AR BN B

LY  BEN EEN BN EEEESE - 60 301 B

2010800 gEt4o 2010 B

w1l B3 &5 B 2 w{h= - -

N
Q Q\ Q0 °
S8 @&Q o

—————————— - 120

””””” 100

””””” 80

@@@@@@

- 120
F 100
- 80
fffffff - 60 F 60
fffff 40 L 40

~B 12 20

I 3aranbHa KinbkicTb knituH / total number of cells

I MiTOTVYHWIA iHaekc / mitotic index

iHaekc nonikapiouwTia / polykaryocytes index

PUCYHOK 2. M0Ka3HMKMN KUTTE3RATHOCTI KYNbTYPU KNiTUH NiHii Lozg Ha 5-Ty A06Y KyNbTUBYBAHHA 3a YMOB
iHKy6auii 3 ioHamu Hikento y pi3HMx KoHueHTpayiax (A) Ta nonimiHepanbHUMKU Komnnekcamu “Minepon” (B)

Ta “beHTta” (B).
MpumiTka. Mo3HaYeHHs Ha OCAX TaKi X AK Ha puc. 1.

Figure 2. Indicators viability line Loz cell culture on the 5t day of cultivation after incubation with nickel
ions in different concentrations (A) and polymineral complexes “Minerol” (B) and “Benta” (C).

Notes. Marks on the axes are the same as in Figure 1.

HaJJIMIIOK 3MiHIOE TIPOTIKaHHS TIpolecy O0iOCUHTE3y
binka BHachigok rigposizy TPHK. 3a ganumu [19, 20]
OJHOIoJMHHA iHKYyOallisl KJIiTUH 3 i0HAMU HiKeJlo B
KoHueHTpalii 10 MKr/MJ1 CIpUYKHSIE 3aTPUMKY iX B JIar-
(hazi Ta MpUrHiYeHHs BUKMBAHHS Ha 5-y 100y KyJIbTH-
ByBaHHS 10 27% Bin iHTaKTHOTO KOHTpoaio. Excriepu-
MEHTaJbHi AOCHIIKEHHS I10Ka3aiu, IO LMTOTOK-
CUYHICTb 10HIB HiKeJI0 y KYJIBTYpi KJIITUH JiHii Loy 10-
YUHA€E CIIOCTEpiraTuch 3a KOHIeHTpauii 1 ta 10
MKMOJIb/II (puc. 2, A). [Ipuaomy, MITOTUIHMI iHIEKC B
KYJBTYPi KJIITUH 3MEHIIYBaBCsI OLIbII, HiXK yIBIUi BXe 3a
KoHLeHTpauii ioHiB Hikemto 0,01 MkMonab/n. [HKyOa1ist
kJyitiH 3 [IMP Ta ionamu Hikento (puc. 2 b, B) He mpus-
Beja 0 iCTOTHUX 3MiH XXUTTE3AATHOCTI KIITUH: LIiJb-
HICTh KJIITUHHOI MOMYJISILii B MOHOILIAPOBUX KYJbTypax
MalixXe He 3MiHUJIach y TIOPIiBHSHHI 3 Ji€l0 TiJIbKY iOHIB
HiKeJl0, OHAaK 3pocja MiTOTMYHA aKTUBHICTb MPHU 3ac-
TOCYBaHHI HU3bKMX KOHILIEHTpalii Hikeao. BoaHouac
noMmitHo (y 2,0—2,5 paza) miagBUIIMIach KidbKiCTb aTH-
MOBUX OaraTosiIepHUX KJIITUH — TIOJIKApiOLMTIB, IO
MOXE CBITYUTU TPO MOPYIIEHHSI OIOCUMHTETUYHUX MPO-
1IECiB Y KJTITUHAX 32 TAKUX YMOB.

3araJpbHOBIZIOMO, 11O iIOHU Mifi Ta XpOMy € HeOoOXim-
HUMHU MiKpoeJleMeHTaMU, 1110 0epyTh yJacTh y XKUTTEIi-
sSUTbHOCTI KJTiTHH [1]. IoHU Mini € oTHUMM 3 HaliBaXKJIMBI-
IIMX HE3aMiHHUMX Ta €CCEHUIaIbHUX eJIEMEHTIB, HE00Xi-
HUX JJI iIMyHHOI CUCTeMHU B KMBMX opraHizmax [1, 21].

dance alters protein biosynthesis as the result of
tRNA hydrolysis. A 1-hour cell incubation with
nickel ions 10 mg/mL causes a delay of the lag-phase
and survival inhibition by 27 % at the 5" day of cul-
tivation vs. intact control [19, 20]. Experimental stu-
dies demonstrated that cytotoxicity of nickel ions in
the culture of the Loy cell line can be observed under
the concentrations of 1 and 10 umol/L (Figure 2, A).
Moreover, the mitotic index in the cell culture
decreased 2-fold already at the nickel ions concen-
tration of 0.01 pmol/L. Incubation of cells with the
PMS and nickel ions (Fignre 2 B, C) did not result
in any significant alterations of cell viability: the
density of the cellular population in the monolayer
cultures remained almost unchanged compared to
when ions of nickel only were used, but there was an
increase in mitotic activity when low concentrations
of nickel were used. At the same time, it is noticeable
that the number of atypical multi-nucleated cells —
polycaryocytes — has grown (2.0—2.5-fold), that can
be indicative of an alteration in the biosynthetic
processes in cells under those conditions.

It is well-known that copper and chromium ions
are involved in cellular activity [1]. Ions of copper
are among the most important essential elements
necessary for the immune system of the living organ-
isms [1, 21]. Their deficiency may violate the bal-

479 &



EKCMNMEPUMEHTAJIbHI

OOCNIAXKEHHA

ISSN 2304-8336. pobnemu pagiauiitHol Mequumky Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

Ix HemocTaTHiCTbL 31aTHA MOPYLIUTH GaTaHC MPAKTUYHO
BCiX OOMiHHMX MPOLECIB B OpraHi3Mi, Tak sIK BOHU Oe-
pYTb ydyacTb y OioxiMiuHMUX TIIpolecax, 30Kpema, ¥y
OiocuHTE3i TeMOrJIo0iHY, eJJacCTUHY, KaTana3u, IepoKCr-
a3y Ta 3AiACHIOITh peakllii OKUCHEHHS OpraHiYHUX
cybCcTpaTiB MOJIEKYISIPHUM KHUCHEM. J10 MOosIBU HaLJIUII -
Ky 10HIB Miai MOpuU3BOASATH MOPYILIEHHS BUALIBHOI
(yHK1Iii 1i30cOM B pe3yibrari AedekTiB MemMOpaH ado
uurockenety. Chif 3a3HaYUTH, 110 Oyab-sKa 3aTpUMKa
BUBEJACHHSI Mili 3 KIITUHU MOPU3BOAUTH A0 iHAYKIIL
0iOCHMHTE3Y METaJJIOTIOHEiHY Ta IOILIKOIXEHHSI MEMO-
paHu i IUTOCKEJeTa, 1110 B CBOIO YEPIy CYIIPOBOIXKYETh-
Cs1 TOJAJIbIIMM HAKOIMMYEHHSIM Milli B KJIiTUHI [22].

ExcrniepuMeHTaIbHE JOCTIIKEHHS KIITUHHUX peakLiit
Y TECT-CUCTeMi KyJIbTYpU KJIITUH diHil Loy9 B 3a71€KHOCTI
BiJl KOHLIEHTpAallii iOHiB MiJli B TTOXKMBHOMY CepeIOBUIIII
(puc. 3, A) nokasajo, 110 NpU 30iIbIIEHHI KOHLEHT-
pauisgi ioHIB Mimi (3a BUHSITKOM KOHIIeHTpamii 1
MKMOJIb/JI) IIUIBHICTh KJIITUHHOI MOMYJISAIii Ta MiTO-
TUYHUN iHAEKC 3MEHIIYBAJIMCh, a KibKiCTh TiIraHTCHKUX
MOJIiKapioLUTiB CTaTUCTUYHO nHocToBipHO (p<0,05)
30iTbIIyBasiach 10 195 %o y MOpiBHSIHHI 3 KOHTPOJIbHU-
Mu TokasHuKaMu (17 %o). 30iIblIeHHS KiJIbKOCTi
KJIITUH 3a KOHLIEHTpAallii Milli B TOXXWUBHOMY CepeaOBUIILI
10 1 MKMOJIb/JT MOXe CBiTYUTH MPO OCOOJUBICTD BILIU-
BY LIi€1 KOHLIEHTpALlil HA MiTOTUYHY aKTUBHICTh Ta METa-
00.1i3M KJIITUH.

ance of virtually all metabolic processes in an organ-
ism, as they participate in biochemical processes,
particularly in the biosynthesis of haemoglobin,
elastin, catalase, peroxidase and enabling the oxida-
tion of the organic substrates with molecular oxygen.
Excess of copper ions results from defects in the
membrane or cytoskeleton causing violation of
excretory function of lysosomes. It should be noted
that any delay in the release of copper from cells
results in the induction of metallothioneins biosyn-
thesis, damage to the membrane and cytoskeleton,
which, in turn, is accompanied by accumulation of
copper in cells [22].

Experimental studies of cellular reactions in the
test-system culture of the Loy cell line, depending
on the concentration of copper ions in the nutrient
medium (Figure 3, A) revealed that with the
increase of concentration of copper ions (with the
exception of 1 umol/L concentration), the density
of cellular population and the mitotic index
decreased and the amount of gigantic polycary-
ocytes statistically significantly (p < 0.05) increased
to 195 %o compared to the control (17 %o). An
increase in the amount of cells with copper concen-
tration in the nutrient medium up to 1 pmol/L may
indicate a specificity of impact of this concentration
level on the mitotic activity and the cell metabolism.
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PucyHOK 3. MOKa3HMKMN XKUTTE3[ATHOCTI KYNbTYPU KNiTUH NiHiT Lozg Ha 5-Ty A06Y KyNbTUBYBAHHA 33 YMOB
iHKy6auii 3 ioHammn Migi y pisHUx KoHueHTpauiax (A) Ta nonimiHepanbHUMK Komnaekcamu “Minepon” (B) Ta

“benta” (B).

Mpumitka. Mo3HayeHHA Ha ocAX TaKi X AK Ha puc. 1.

Figure 3. Indicators viability line Lo,o cell culture on the 5t day of cultivation after incubation with copper
ions in different concentrations (A) and polymineral complexes “Minerol” (B) and “Benta” (C).

Notes. Marks on the axes are the same as in Figure 1.
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PucyHOK 4. MoKa3HMKMN KUTTE3[ATHOCTI KYNbTYPU KNiTUH NiHiT Lozg HA 5-Ty A06Y KyNbTUBYBAHHA 33 YMOB
iHKy6auii 3 ioHamu xpomy y pi3HUX KoHueHTpauiax (A) Ta nonimiHepanbHuMM kKomnaekcamu “Minepon” (B) Ta

“benta” (B).

Mpumitka. Mo3HaueHHs Ha ocAX Taki X Ak Ha puc. 1.

Figure 4. Indicators viability line Loz cell culture on the 5t day of cultivation after incubation with chromi-
um ions in different concentrations (A) and polymineral complexes “Minerol” (B) and “Benta” (C).

Notes. Marks on the axes are the same as in Figure 1.

Inky6anis xynsryp ximituH 3 [IMP “Minepon” Ta
“beHTa” B MpUCYTHOCTI i0HiB Miai (puc. 3 b, B) ictoTHO
3MiHMJIa TpojidepaTUBHY Ta MITOTMYHY aKTHUBHICTH
KJITUH B KyJBTypi. 3a HU3BKUX Ta CepeaHiX KOHIIEHT-
paliif MikpoeJeMeHTa CrocTepirajd CTaTUCTUYHO T0C-
toBipHe (p<£0,05) migBulIeHHSI abo0 TEeHIEHIi0 10
OiABUILEHHS ILIiAbHOCTI KJIITUHHOI MOyl Ta MiTO-
TUYHOI aKTUBHOCTI. CJIii BIAMITUTH iCTOTHE 3MEHILIECH-
H$I KiJIbKOCTI MOJTiKapiolrTiB B KyabTypax 3 [IMP 3a Bu-
COKMX KOHLIEHTpALlill iOHiB Mifi.

3a miteparypaumu nanumu [23, 24| ionu xpomy Oe-
pYTh y4acTh Yy BYIJIEBOIHOMY OOMiHi IIJISIXOM TIIO-
TEHIIiIOBaHHS il iHCY/IiHY Ha neprudepudHi KJIITUHU Ta
BXOJISITh IO CKJIaJy HU3BKOMOJIEKYJISIPHOTO OpTaHiqYHO-
ro KOMILIEKCY — (paKTOpy TOJIEPAaHTHOCTI IO TJIIOKO3M.
VYV pochigkeHHSIX MoKa3aHo, IO XpPOM CIIpUsIE 30epe-
JKEHHIO CTPYKTYPHOI LiJiCHOCTI MOJIEKYa HYKJIEITHOBUX
KMCJIOT, CTUMYJIIOE JIiMOJi3, 3HUXYE PiBeHb KOPTUKOC-
TEePOIAiB, XOJAECTEPUHY Ta JIMOMNPOTEIHIB HU3bKOI 1IiJIb-
HOCTI, CIIpUSIE BKIIFOYEHHIO TJILIMHY, CEPUHY, METIOHIHY
Ta Y-aMiHOI30MacJIsTHOI KMCJIOTU IO KapAiOMiOIIUTIB,
YUM MOKpally€e (YyHKILIOHYBAaHHSI CEepLEeBO-CYAMHHOL
CHUCTEMU.

PesynbraTtn ekciepuMeHTaTbHUX AOCTiIXKeHb (pUc. 4,
A) cBimyaTh, 110 iOHM XpoMy B KoHIeHTpalisx 0,01—
1,00 MKMOJIb/MJTI HEe CIIPABJISIA Ha KJIITUHU IIUTOTOK-
CUYHY [if0 i TUIbKM 3a KOHILeHTpawili 10 MKMoIb/MiI

Incubation of cell cultures with PMS “Minerol”
and “Benta” in the presence of copper ions (Figure
3 B, C) significantly altered proliferative and mitot-
ic activity of cells in the culture. At low and medium
concentrations of microelement we observed a sta-
tistically significant (p < 0.05) elevation or a trend of
elevation of cellular population density and mitotic
activity. A significant reduction in the amount of
polycaryocytes in cultures with PMS with high con-
centrations of copper ions should also be noted.

According to [23, 24], ions of chromium are
involved in the metabolism of carbohydrates by
potentiating the effect of insulin on the peripheral
cells and are part of the low molecular weight
organic complex which is the factor in glucose tol-
erance. Research demonstrates that chromium
contributes to the preservation of structural integri-
ty of nucleic acid molecules, stimulates lipolysis,
reduces the corticosteroids level, cholesterol and
low-density lipoproteins, promotes the inclusion of
glycine, serine, methionine and the y-aminoizobu-
tyric acid to cardiomyocytes, thus improving the
functioning of the cardiovascular system.

Results of experimental studies (Figure 4, A) indi-
cate that ions of chromium at concentrations of
0.01—1.00 pmol/mL have no cytotoxic effect and
only at concentrations of 10.00 umol/mL the inhi-
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CIoCTepiraay NPUrHiYeHHS MOAUTY KJIITUH i BiAITOBiTHO
3MEHIIEHHS 1X KiJIbKOCTi Ta CTaTMCTUYHO IOCTOBipHE
30impmeHHsT (p<0,05) KiTbKOCTi TOMIKapiOLUTIB ¥y
nopiBHSIHHI 3 KoHTposaeM. [lono moegnanoi aii [IMP Ta
ioHiB xpoMy (puc. 4 b, B), To ciin BinMiTUTH HaCcTyTIHE:
3a LIMX YMOB KiJIbKiCTb KJIiTUH B MOHOILIAPOBUX KYJIBTY-
pax CTaTUCTUYHO JOCTOBIPHO HE BiAPI3HSIETHCS Bif MO-
Ka3HUKIB KOHTPOJIIO HA TJIi MiABUIIEHHS MiTOTUYHOT aK-
TUBHOCTI KJIiITUH, BOAHOYAC KiJIbKiCTh aTMITIOBUX IOJi-
KapioUMTiB 3MEHIIWIACh Y TMOPIiBHSIHHI 3 Hi€l0 TiTbKHU
OITHOT'O XPOMY.

TakyuM 4YMHOM, B pe3yJibTaTi €KCIepUMEHTaJbHUX
MOCTiIKeHb OyJo MoKa3zaHo, 110 B mpucyTtHocTi [TMP
OpUPOAHOTO TIOXOMXKeHHsT “MiHepon” Ta “beHTa”
3MEHIIYBaIaCh IUTOTOKCUYHICTh i0HIB BaXKKHUX METaliB
B IIMPOKOMY Jiara30Hi KOHLIEHTpPAILIiii.

Bimomo, 110 onpoMiHEeHHs BIUIMBA€E, TOJOBHUM Y-
HOM, Ha PEeryysuilo XUTTEBUX MPOLIECIB Y KIIITUHAX,
TKaHWHAaX, OpraHax, opraHi3Mi i Jie 1K ¢pakTop JU3pery-
JIiX i au3aganTauii. BrimB panianii B opraHiami npu3s-
BOJIUTH 0 aKTHBi3allii BUIbHOpPaAUKAIbHUX MPOILIECIB B
OiocepenoBUILAX, sIKi Ha TJIi 3HUKEHHSI aKTUBHOCTI aH-
TUOKCUJIAHTHOI CUCTEMU JEeTEPMiHYIOTh ypaxKeHHs 0io-
JIOTIUHUX MOJIEKYJ, HAKOTIMYEHHSI TOKCUYHUX MPOIYK-
TiB ayToJii3y, nopyueHHs: cuHte3sy AHK, yikomkeHHs
MeMOpaH i pyiiHYBaHHS iX CTpyKTypH [6, 7].

Hocmimkenasgs Momudikyodoro BBy I[IMP Ha
palioreHHi Ta HIUTOTOKCUYHI e(DeKTU y KITITUHAX BUSIBU-
JIO 3MEHILIEHHSI HEraTUBHOTO BIUIMBY 3a3HAYEHUX UMH-
HukiB. logaBanHsg IIMP go kjaiTWH, OOpOMiHEHUX B
mo3i 0,5 Ip, mpu cBMHIEBINM IHTOKCHWKAIii ITOKa3ayio
icTOTHY edeKTuBHicTh 000X [IMP: mpu 3actocyBaHHiI
HU3BKNX KOHIeHTpauii ceuHIo (0,01-0,10 MKMOJIB/7)
LIIBHICTh KJIITUHHOI TOMYJISILil HE BiIpi3HsuIacs Bif
KOHTpo: 10 (Tabm. 1) Ha TJi MiABUIIEHOTO MiTOTUYHOTO
iHAEKCY Ta MaJjioi KijbKocTi monikapionutis. [1pu 36i1b-
IIeHHiI KoHueHTpauii eaementa (1,00 Ta 10,00
MKMOJIb/J1) CIIOCTepirajii MpUTHiYeHHS MOKA3HUKiB
XKUTTE3AATHOCTI KIIITUH, 110 BKa3y€ Ha IOMiHYIOUUM
BIUIMB iOHIB CBUHI[IO MPY OJHOYACHOMY 3aCTOCYBaHHI
LUX TpbOX YMHHUKIB. logaBanHs IIMP y cepenoBuiie
KYJABTUBYBAHHSI MPU3BEJIO A0 30iIbLIEHHS IIiAbHOCTI
KJIITUHHOI MOIMYJsILii B MOHOLLIAPOBUX KYJIbTypax, OI-
pPOMiHEHUX B CepelHbO- Ta cybJeTanbHiit mozax 5,0 i
10,0 Tp Ta HeBUCOKMX KOHIeHTpallisix eaeMeHTa — 0,01
MKMOJIb/1 (Taba. 1). 3acrocyBanHs [IMP 3a nmx ymoB
MPU3BOJIMIIO [0 CTAaTUCTUYHO pocTtoBipHOro (p<0,05)
30iIbIIEHHS MiITOTUYHOTO iHAEKCY Ta 3MEHILEHHS KiJlb-
KOCTi OaraTosiiepHUX KJIiTUH.

BoaHouyac chig BigMiTUTH, 110 3acTocyBaHHd ITMP
OPUPOTHOTO MTOXOIXKEHHS B /lialla30Hi BUCOKUX KOHIIEH-
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bition of cell division was observed and the relative
decrease in their amount and the statistically signif-
icant increase (p < 0.05) of the amount of polycary-
ocytes vs. control. As for the combined effects of
PMS and chromium ions (Figure 4 B, C) just under
these conditions the number of cells within the
monolayer cultures is statistically significantly simi-
lar to the control values against the backdrop of
increased mitotic activity of cells, while the amount
of atypical polycaryocytes decreased in comparison
with the effect of exposure to chromium only.

Thus, as a result of experimental studies, it was
demonstrated that in the presence of natural PMS
“Minerol” and “Benta” the cytotoxicity of HM
ions was reduced in the wide range of concentra-
tions.

It is known that irradiation mainly affects the reg-
ulation of vital processes in cell, tissues, organs and
acts as a disregulation and dysadaptation factor.
Radiation impact on organism results in an increase
of free radical process in biological media that,
against the backdrop of decreased activity of antiox-
idant system, determine the damage of biological
molecules, accumulation of toxic products of autol-
ysis, impaired DNA synthesis, inhibition of mem-
branes and the destruction of its structure [6, 7].

Studies of modifying influence of PMS on radi-
ogenic and cytotoxic effects in cells revealed a
reduction of the negative impact of the factors
mentioned. An addition of PMS to cells, irradiated
at the dose of 0.5 Gy, under lead intoxication
revealed a significant effectiveness of both PMS:
when low concentrations of lead (0.01-0.10
umol/L) were used, the density of the cellular pop-
ulation did not differ from the control (Table 1)
against the elevated mitotic index and a small
amounts of polycaryocytes. With an increasing
concentration of the element (1.00 and 10.00
umol) were observed an inhibition of cell viability
indices, indicating the dominant effect of lead ions
during the simultaneous application of these three
factors. Adding of PMS to the culture medium led
to an increase of cell culture population in mono-
layer cultures irradiated in medium- and sub-lethal
doses of 5.0 and 10.0 Gy and low concentration of
the element — 0.01 pmol/L (Table 1). Application
of PMS under these conditions led to a statistically
significant (p < 0.05) increase of the mitotic index
and the decrease of the multinucleic cells.

At the same time, it should be noted, that the use
of natural PMS at high concentration ranges of
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Ta6nuua 1
MOKa3HUKU KUTTERIANBHOCTI KYNbTYPU KIITUH NTiHiT Lozo NpU KOMOGiHOBAHIN Aii i0Hi3yl040ro BUNPOMiHIOBaHHA B
pi3HuUX fo3ax Ta i0HIB CBUHLIO Y pi3HUX KOHLEHTpauyiax B npucyTHocTi TMP Ha 5-Ty f06y KyNbTUBYBaHHA

Table 1
Indicators viability of the cells culture line Lo29 combined action of ionizing radiation in different doses and
lead ions in different concentrations in the presence of 5t day PMS cultivation

Moka3HMKKN XNUTTE3[ATHOCTI nvp KoHuentpauis BM, Mkmonb/n

0,01 0,10 1,00 10,00
Viability parameters PMS Concentration of HM, pmol/L

0.01 0.10 1.00 10.00
Ho3a papiauii / radiation dose 0,5Ip /0.5 Gy
KinbkicTb kniTH Ha nnowj npenapary 0,05 Mm? 47+1.8 M 46+2,9* 43+1,9%  19£23%Fxx {0x] QxFrx
Number of cells in the area of preparation of 0.05 mm? 5/B 41£1,9%% %% 8041 2% % {41 1R FRx 151D 3R Hxx
MiToTUuHWiA iHpeke, %o 121 M 183 213 82 63
Mitotic index, %o b/B 104 98 29 13
IHoekc nonikapiouuTie, %o 9 M 23 47 4 21
Index polycaryocytes, %o B6/B 19 89 44 26
Hlo3a papiauii / radiation dose 5,0Ip/5.0Gy
KinbkicTb knituH Ha nowwi npenapary 0,05 Mm? 24+0,9 M 3742 2%* 2542 5% 20£1,1%Fxx 124D FrH ek
Number of cells in the area of preparation of 0.05 mm? 6/B 3541 5% 21£0,8%#*% 122 30FxF {0+, gxHFx*
MitoTudHwii ingexc, %o 51 M 107 151 58 16
Mitotic index, %o 6/B 30 54 113 19
IHoekc nonikapioumTie, %o 68 M 24 4 14 32
Index polycaryocytes, %o B/B 61 107 48 38
Hlo3a papiauii / radiation dose 10,0Ip/ 10 Gy
KinbkicTb kniTi Ha nnowi npenapary 0,05 Mm2 10+2,7 M 2120,6%%x%  20+1 4% x*  Qx(0 84*Fxx  10+1,2%*
Number of cells in the area of preparation of 0.05 mm? B/B 2241 7HFxx 11 BFAx {111 0%F 1242 1%F
MitoTudHuiA inpexc, %o 27 M 151 140 91 108
Mitotic index, %o b/B 113 69 55 17
[Hoekc nonikapiouuTie, %o 135 M 38 140 91 20
Index polycaryocytes, %o B/B 97 155 73 52

Mpumitkn. M — “Minepon”, B — “beHta”;
* — BIAMIHHOCTI OCTOBIPHI Yy NOPIBHSAHHI 3 Jj€lo ioHiB cBuHLIO, p<0,05;
# _ BiOMIHHOCTi JOCTOBIPHI Y MOPIBHAHHI 3 KOMBIHOBAHOIO i€lo i0HiB canHLL Ta MTMP, p<0,05
** — BiIMIHHOCTi SOCTOBIPHI Y MOPIBHSIHHI 3 iOHI3yI04MM BUMPOMiHIOBaHHsIM, p<0,05.
Notes. M — “Minerol”, B — “Benta”;
* — reliable differences compared with the effect of lead ions, p < 0.05;
# _ reliable differences compared with the combined effect of lead ions and PMS, p < 0.05;
** — reliable differences compared with the ionizing radiation, p < 0.05.

Tpalliil iOHiB CBUHIIIO Ta OMIPOMIHEHHS B CyOJIeTAIbHUX
Jo3ax He epeKTUBHE, IO 110 CBiAYaTh 3HAYHI YIIIKOJ-
KEHHS$ KJIITUH, SIKi OpU3BOAMIN A0 iX 3arubeni. Kiitu-
HU XapaKTepu3yBalucs ABOSIASPHICTIO, MICTUIN sapa 3
XBOCTaMM, 110 BKa3yBaJl0 Ha IMOpPYIIEHHSI B MEXaHi3Mi
PO30i>KHOCTi XpOMOCOM.

AHaJIOTiuHI JOCHTimKEeHHST MOAU(PIKYyIOUOTO BIJINBY
IIMP “Minepon” Ta “benTa” Ha pagioreHHi 3MiHU B KJTi-
TUHaX OyJIM MPOBENEHi 32 YMOB KOMOIHOBAaHOTO BILJIUBY
iOHi3yl04OTO BUIIPOMiHIOBAHHS Ta i0HIB HiKeJt0, Mifi Ta
xpomy (Tabim. 2—4).

B tabn. 2 npencraBieHi pe3yabTaTh eKCIIepUMEHTab-
HUX JOCHiIKeHb i3 3actocyBaHHs [TMP Ha onpomiHeHi
KJIITMHU OpU MOEIHAHHI 3 iOHAMM HiKeJo, KU, SIK i
CBHUHEIIb, € 063yMOBHUMU TOKCUKAHTOM.

lead ions and irradiation in sub-lethal doses is not
effective, evident by significant damage to the cell,
resulting in its death. The cells were characterised
as dual-nucleic, contained nuclei with tails, that
indicated an inhibition in the differencing mecha-
nism of the chromosomes.

Similar studies of the modifying effect of PMS
“Minerol” and “Benta” on radiogenic changes in
cells were carried out under the conditions of com-
bined exposure to ionizing radiation and ions of
nickel, copper and chromium (Tables 2—4).

Table 2 shows the experimental results of apply-
ing PMS to irradiated cells when combined with
ions of nickel, that just as lead, are an uncondi-
tional toxicant.
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Taoauuya 2

MOKa3HUKU KUTTERIANBHOCTI KYNbTYPU KIITUH NTiHiT Lozo NpU KOMOGiHOBAHIN Aii i0Hi3yl040ro BUNPOMiHIOBaHHA B
pi3Hux fo3ax Ta ioHiB HiKento y pi3HUX KoHUeHTpauiax B npucyTHocTi MTMP Ha 5-Ty 06y KyNbTUBYBaHHA

Table 2

Indicators viability of the cells culture line Lo29 combined action of ionizing radiation in different doses and
nickel ions in different concentrations in the presence of 5t day PMS cultivation

Moka3HMKKN XNUTTE3[ATHOCTI nvp KoHuentpauis BM, Mkmonb/n

0,01 0,10 1,00 10,00
Viability parameters PMS Concentration of HM, pmol/L

0.01 0.10 1.00 10.00
Ho3a papiauii / radiation dose 0,5Ip /0.5 Gy
KinbkicTb kniTuH Ha nnowwi npenapary 0,05 mMm?2 4718 M 472, 7* 4242 34 Q8D AxF A Q] grH
Number of cells in the area of preparation of 0.05 mm? b6/B 48+1,9* 40+2,3**% 152 6%F % {11 1F*
MiToTnuHWiA iHpeke, %o 121 M 203 265 220 65
Mitotic index, %o b/B 310 196 135 75
IHmekc nonikapiouuTie, %o 9 M 23 12 21 65
Index polycaryocytes, %o B6/B 17 20 27 38
Hlo3a papiauii / radiation dose 5,0Ip/5.0Gy
KinbkicTb kniTi Ha nnowj npenapary 0,05 Mm? 24+0,9 M 26£1,6%%  28+1,7%%** 1942 {xHxx 1320, 9% Hx
Number of cells in the area of preparation of 0.05 mm? 6/B 23+15%* 24+1,7% 1811, 5%% %% {512 4xHFxx
MitoTuuHwii inpexc, %o 51 M 221 185 278 79
Mitotic index, %o 6/B 48 167 196 80
IHoekc nonikapioumTie, %o 68 M 58 98 72 111
Index polycaryocytes, %o B/B 32 69 22 120
Hlo3a papiauii / radiation dose 10,0Ip/ 10 Gy
KinbkicTb kniTi Ha nnowi npenapary 0,05 Mm2 10+2,7 M 13+, 1%%%% 1441 8rFxx 1421 8F % B g Fxx
Number of cells in the area of preparation of 0.05 mm? B/B 11£0,8%%  1421,9%%%% 1441 3% #*x g+ grHtxx
MitoTuyHuii inpexc, %o 27 M 134 153 147 38
Mitotic index, %o b/B A 85 127 48
[Hoekc nonikapiouuTie, %o 135 M 104 97 74 7
Index polycaryocytes, %o b/B 89 s 4 242

Mpumitkn. M — “Minepon”, B — “beHta”;
* — BIAMIHHOCTI JOCTOBIPHI Yy NOPIBHSIHHI 3 Ai€l0 ioHIB Hikenio, p<0,05;
# _ BiMIHHOCTi JOCTOBIPHI Y MOPIBHAHHI 3 KOMBIHOBAHOIO i€lo i0HiB Hikenio Ta MMP, p<0,05
** — BiIMIHHOCTi SOCTOBIPHI Y MOPIBHSIHHI 3 iOHI3yI04MM BUMPOMiHIOBaHHsIM, p<0,05.
Notes. M — “Minerol”, B — “Benta”;
* — reliable differences compared with the effect of nickel ions, p < 0.05;
* _ reliable differences compared with the combined effect of nickel ions and PMS, p < 0.05;
** — reliable differences compared with the ionizing radiation, p < 0.05.

Adding PMS to nutritive medium just containing
nickel ions and cells irradiated at the dose of 0.5 Gy,
resulted in a density of cellular population in mono-
layer cultures of cells, on the 5" day of cultivation
remaining at the control levels under low concentra-
tions of nickel ions (0.01—0.10 umol/L).Elevating
the element concentration resulted in a decrease of
cell number. Use of PMS under a combined expo-
sure to radiation (5.0 Gy) and nickel ions had virtu-
ally no effect on the number of cells vs. control (see
Table 2). An increase in the amount of polycary-
ocytes in these cell cultures indicated a cessation of
their reproductive activity that is more characteristic
of the sub-lethal doses of radiation. Similar results
were obtained after irradiation at the dose of 10.0 Gy.

ITpu nonasanHi [IMP B moxXuBHe cepeoBUILIE, SIKE BxKe
MICTUJIO i0HU HiKeJIIO Ta KJIITUHU, OITPOMiHeHHi B 103i 0,5
Ip, WUIBHICTH KJIITMHHOI MOIYJsILil B MOHOIIAPOBUX
KyJIBTypaxX KJITUH Ha 5-Ty 100y KyJIbTUBYBAHHS 3aTUILIN-
Jlach Ha piBHi KOHTPOJIbHUX 3HAYEHb ITPU HU3bKUX KOHLIE-
Hrpauisx ioHiB Hikemo (0,01—0,10 mxmons/mn). IlinBu-
ILIEHHSI KOHLIEHTpAllii eJleMeHTa MPU3BEJIO A0 3MEHILIEHHS
KinbKocTi knituH. Bukopucranus [TMP y Bumnagky Kom-
OiHOBaHOTO BILTMBY OIpoMiHeHHs B 103i 5,0 Ip Ta ioHiB
HiKeJIIo MPakKTUYHO HEe BIUIMHYJIO Ha KiIbKIiCTh KIIITUH Y
MOPiBHIHHI 3 KOHTpoJsieM (Ta6sm. 2). [ligBumeHHsT Kinb-
KOCTi TOJIIKapiolUTIB y IMUX KyJBTypaxX KIiTUH CBiTUMIIO
Mpo IX PENPOAYKTUBHY 3aru0esib, sika OUTbII XapaKTepHa
ISl cyOJeTalbHUX 03 pajiallii. AHAJIOTYHI pe3yabraTu
Oy oTpmMaHi micist orpomiHeHHi B 103i 10,0 Ip.
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Taoauuya 3

MOKa3HUKU KUTTERIANBHOCTI KYNbTYPU KIITUH NTiHiT Lozo NpU KOMOGiHOBAHIN Aii i0Hi3yl040ro BUNPOMiHIOBaHHA B
pi3Hux fo3ax Ta ioHiB Mifi y pi3HUX KoHUeHTpauyiax B npucyTHocTi TMP Ha 5-Ty f06y KyNbTUBYBAHHA

Table 3

Indicators viability of the cells culture line Lo29 combined action of ionizing radiation in different doses and
copper ions in different concentrations in the presence of 5t day PMS cultivation

Moka3HMKKN XNUTTE3[ATHOCTI nvp KoHuentpauis BM, Mkmonb/n

0,01 0,10 1,00 10,00
Viability parameters PMS Concentration of HM, pmol/L

0.01 0.10 1.00 10.00
Ho3a papiauii / radiation dose 0,5Ip /0.5 Gy
KinbkicTb kniTH Ha nnowj npenapary 0,05 Mm? 47+1.8 M 553 4% ** 4542, 9% 182 75 HFx 131 A
Number of cells in the area of preparation of 0.05 mm? 5/B 4261 9% #4120, 7R 71, 90R 720 9% F*
MiToTnuHWiA iHpeke, %o 121 M 209 286 168 104
Mitotic index, %o b/B 83 91 66 29
IHgekc nonikapiouuTie, %o 9 M 11 19 111 30
Index polycaryocytes, %o b6/B 67 55 91 59
Hlo3a papiauii / radiation dose 5,0Ip/5.0Gy
KinbkicTb knituH Ha nowwi npenapary 0,05 Mm? 24+0,9 M 273 5% 004D ox# 242, 6%%  12+0,9%*x*
Number of cells in the area of preparation of 0.05 mm? 6/B 17£2,35%%% 1G] 108 xx 1341 grFxx gaq grHex
MitoTudHwii inpexc, %o 51 M 289 179 172 49
Mitotic index, %o B/B 181 63 79 47
IHoekc nonikapioumTie, %o 68 M 67 63 42 16
Index polycaryocytes, %o B/B 36 94 79 23
Hlo3a papiauii / radiation dose 10,0Ip/ 10 Gy
KinbkicTb kniTi Ha nnowi npenapary 0,05 Mm2 10+2,7 M 1420,8%% %% 18£2 3% #*  11x24%%  10£2,1%*
Number of cells in the area of preparation of 0.05 mm? B/B 11£1,1%%  9x0,6%%*  11x0,8%*  10+1,6%*
MitoTudHuiA inpexc, %o 27 M 42 174 88 63
Mitotic index, %o b/B 94 70 88 42
[Hoekc nonikapiouuTie, %o 135 M 32 104 100 146
Index polycaryocytes, %o B/B 170 93 18 83

Mpumitkn. M — “Minepon”, B — “beHta”;
* — BIAMIHHOCTI OCTOBIPHI Y NOPiBHSHHI 3 Ai€lo ioHiB Migi, p<0,05;

# _ BiMIHHOCTI OCTOBIPHI y NOPiBHAHHI 3 KOMGiHOBAHOIO Ajeto ioHis Migi Ta MMP, p<0,05

** — BIIMIHHOCTi SOCTOBIPHI Y MOPIBHSIHHI 3 iOHI3yI04MM BUMPOMiHIOBaHHsIM, p<0,05.

Notes. M — “Minerol”, B — “Benta”;
* — reliable differences compared with the effect of copper ions, p < 0.05;

* _ reliable differences compared with the combined effect of copper ions and PMS, p < 0.05;

** — reliable differences compared with the ionizing radiation, p < 0.05.

IToniOHi KJIITUHHI peakliii oxepxXaau i B HOCITiTKEH-
HSIX IpU iHKyOalil K1iTUH 3 ioHamu Mifdi. [Tpu gii ITMP
Ha omnpoMiHeHi KiTuHU B 103i 0,5 Ip (Tadim. 3), miiab-
HICTh KJIITMHHOI MOIyJALii B KyJbTypaX 3 HU3bKUMU
KOHILIEHTpaLisIMA Mifdi Oyaa Takowo X, K i B KOHTPOJI,
MITOTUYHUIA iHJIEKC — TiABUILEHUN y 2—3 pa3u mno-
PiBHSIHO 3 KyJibTypamu 6e3 ITMP.

Crig BiIMITUTH MOSBY 3HAYHOI KiJILKOCTI MOJiKapio-
IIUTIB B KyJIBTYypax MpH iHKyOallii 3 ioHaMM MiJli B KOHIIE-
arpauii 1,0 Mkmonb/1. JlomaBanasa [IMP “Minepon” Ta
“beHTa” 1O OMPOMIHEHNX B CEPEeIHBO- Ta CyOJIeTaIbHIl
npo3ax (5,0 ta 10,0 Ip) KynsTyp KITUH B TIPUCYTHOCTI
iOHIB Mili MPU3BOAUTH IO IMiABUILEHHS MITOTUYHOI aK-
TMBHOCTI KJIITUH Ha TJi HM3bKOI KiJIbKOCTiI KJIiTUH Ta
3HAYHOI KiJbKOCTi MOJiKapioUMTiB, 10 BKa3ye€ Ha

There were similar cell responses during cell
inoculation with copper ions. Impact of PMS on
irradiated cells at the dose of 0.5 Gy (see Table 3)
resulted in the density of cellular population in
cultures at low concentrations of copper remain-
ing the same as in control; mitotic index was ele-
vated 2—3-fold vs. with cultures without PMS.

Appearance of substantial amounts of polycary-
ocytes in cultures under incubation with ions of cop-
per at the concentration of 1.0 pumol/L should also
be mentioned. Addition of PMS “Minerol” and
“Benta” to irradiated cell cultures at medium and
sub-lethal doses (5.0 and 10.0 Gy) in the presence of
copper ions results in an elevated mitotic cell activi-
ty against the backdrop of low cell count and a sig-
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Taoauuna 4

MOKa3HUKU KUTTERIANBHOCTI KYNbTYPU KIITUH NTiHiT Lozo NpU KOMOGiHOBAHIN Aii i0Hi3yl040ro BUNPOMiHIOBaHHA B
pi3HuX fo3ax Ta i0HiB XpoMy y pi3HUX KOHUeHTpauiax B npucyTHocTi MMP Ha 5-Ty 06y KyNbTUBYBaHHA

Table 4

Indicators viability of the cells culture line Lo29 combined action of ionizing radiation in different doses and
chromium ions in different concentrations in the presence of 5t day PMS cultivation

Moka3HMKKN XNUTTE3[ATHOCTI nvp KoHuentpauis BM, Mkmonb/n

0,01 0,10 1,00 10,00
Viability parameters PMS Concentration of HM, pmol/L

0.01 0.10 1.00 10.00
Ho3a papiauii / radiation dose 0,5Ip /0.5 Gy
KinbkicTb kniTuH Ha nnowwi npenapary 0,05 mMm?2 4718 M 45+1,9 43+3,4* 49+1,3* 44+1,9*
Number of cells in the area of preparation of 0.05 mm? 5/B 48+22 49+1,9* 47+1,9%% 413 3%+
MitoTuyHwii ingexc, %o 121 M 141 248 198 128
Mitotic index, %o b6/B 111 223 265 217
IHmekc nonikapioumTie, %o 9 M 14 17 21 14
Index polycaryocytes, %o b/B 44 53 37 47
Hlo3a papiauii / radiation dose 5,0Ip/5.0Gy
KinbkicTb knituH Ha nowwi npenapary 0,05 Mm? 24+0,9 M 32416 * % 282 0% HFFx 201 9FF Ak 18] 1R Hxx
Number of cells in the area of preparation of 0.05 mm? 6/B 26£2,2%%  30+0,8%%**  30£0,6%***  29+1 3* **
MitoTuuHwii ingexc, %o 51 M 103 78 40 48
Mitotic index, %o B/B 177 118 154 64
IHoekc nonikapioumTie, %o 68 M 17 56 60 48
Index polycaryocytes, %o B/B T4 118 58 43
Hlo3a papiauii / radiation dose 10,0Ip/ 10 Gy
KinbkicTb kniTi Ha nnowi npenapary 0,05 Mm2 10+2,7 M 211 4%FF% 1810 8% Fxx 2142 JrExr 1Gx] 1R *
Number of cells in the area of preparation of 0.05 mm? B/B 241 6%%x%  21£0,8%%x% 211 grEFx 214D HrHE X
MitoTuyHwiA inpexc, %o 27 M Al 49 4l 36
Mitotic index, %o bB/B 100 125 143 170
[Hoekc nonikapiouuTie, %o 135 M 18 24 97 Al
Index polycaryocytes, %o b/B 114 89 54 113

Mpumitkn. M — “Minepon”, B — “beHta”;
* — BiAMIHHOCTi JOCTOBIPHI Y NOPIBHSAHHI 3 Ai€t0 ioHiB xpomy, p<0,05;

# _ BigMIHHOCTI AOCTOBIPHI Y NOPIBHSIHHI 3 KOMBIHOBAHOIO AjEto ioHiB xpomy Ta MMP, p<0,05

** — BiMIHHOCTi SOCTOBIPHI Y MOPIBHSIHHI 3 iOHI3yI04MM BUMPOMiHIOBaHHsIM, p<0,05.
Notes. M — “Minerol”, B — “Benta”;
* — reliable differences compared with the effect of chromium ions, p < 0.05;

# _ reliable differences compared with the combined effect of chromium ions and PMS, p < 0.05;

** — reliable differences compared with the ionizing radiation, p < 0.05.

JTOMIHYIOUMI BIUIMB Ha KJIITUHM iOHi3ylOUOro BHII-
POMiHIOBaHHSI.

B nocaimkeHHsSIX KOMOIHOBAaHOTO BILJIMBY OIMPOMiHEH-
Hsl Ta 1OHIB XpoMy TIpW noAaBaHHi 10 KJiTuH [IMP
“Minepon” i “beHTa” XUTTE3AATHICTh KJIITUH Ta Kijlb-
KiCTb MOJIiKapiOLIMTiB B KYJbTypax, ONPOMiHEHUX B 1031
0,5 Ip, He Bimpi3HsIacs Bil KOHTPOJIO Ha TJIi BUCOKOI
MITOTUYHOI aKTUBHOCTI (Ta01. 4).

3a KkoMOiHOBaHOrO BIUIMBY paniauii B 1o3ax 5,0 i 10,0
Ip Ta ioHiB XpoMy cHocTepiraayd iCTOTHUN paaiomMo-
INQiKyounii Ta aHTUTOKCUIHUI e(eKT TP JToJaBaHHi
IIMP no KynsTypu KJIiTHH, a caMe: LIJIbHICTh KIIITUHHOT
MOMyJasilii B AOCTiAHUX KYJIbTypax CTaTUCTUYHO JIOC-
ToBipHO (p<0,05) Oysa BUILOIO, HiXX 32 OKPeMOI il oI-
pOMiHeHHS yu ioHiB xpomy. IIpote ciig BiAMITUTH, 11O

nificant amount of polycaryocytes indicating the
dominant effect of ionizing radiation on cells.

Studies of the combined exposure to radiation
and ions of chromium, when PMS “Minerol” and
“Benta” were added to cells, cell viability and the
number of polycaryocytes in cultures irradiated at
the dose of 0.5 Gy did not differ from the control
against high mitotic activity (Table 4).

Combined effect of radiation at doses of 5.0 and
10.0 Gy and ions of chromium resulted in a signifi-
cant radiomodifying and antitoxic effect when PMS
was added to the cell culture, namely density of cel-
lular population in cultures was statistically signifi-
cantly (p < 0.05) higher vs. separate application of
irradiation or ions of chromium. But noteworthy the
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iOHM XpOMY HaliMEHII IIKiJJIMBi 3 YCiX BUBUEHUX HAMU
BaxXKMX MeTaliB. BaxJMBUM € Te, 110 3aCTOCYBaHHS
IIMP BusiBuiioCh 10CUTb €(DEKTUBHUM Yy NOCJigaxX 3 BU-
COKMMHU KOHIIEHTpallisSIMM MiKpoeJeMeHTa Ta OIl-
POMiHEHHSIM y cyOJieTaTbHUX J03aX.

Anani3 jitepatrypHux naHux [8—13] Ta pe3yabTaTiB
BJIACHUX JOCHIIXEHb Y TeCT-CUCTEeMi KYJIbTYpu MpPOJi-
¢epyrounx KJIiTUH 1MOKa3aB, 110 ToJliMiHepabHi peyo-
BUHU MPUPOTHOTO MOXOMKEHHS 3MEHIIYIOTh HeraTUBHi
HaCJIAKM Aii i0Hi3yI04Oro BUIIPOMiHIOBAHHS Ta BaXKKUX
MeTaliB, 10 MOXe OyTU IiATIPYHTSIM ISl MOAAJIbIIOrO
BUBYEHHS i 3aCTOCYBaHHS iX pagioMoIn(}iKyoJoi Ta aH-
TUTOKCUYHOI BJJACTUBOCTE! HE TUJIbKU MPU 30BHILLIHbO-
My ONpOMiHEeHi, a ¥ Nnpu KOHTaMiHalii OioJoriyHuX
00’€KTIB paTioOHYKITiTaMU.

BUCHOBKU

1. ITpoBeneHO KOMILIEKCHE eKCIIepUMEHTAaJIbHE TOCIIi/I-
XKeHHsI KOMOiIHOBAaHOTO BIUIMBY 10Hi3yIOUOrO BMII-
pomiHioBaHHs B go3ax 0,5 Ip, 5,0 Ip ta 10,0 Ip, ioHiB
Baxkux metaniB (Pb*", Cu?", Ni** tTa Cr’*") B KOHIEHT-
pamisix 0,01—10 MKMONB/JI Y TECT-CUCTEMi KYJIBTypH
KJIITUH, BCTAHOBJIEHO XapaKTep Ta OCOOJIUBOCTI ITOEAHA-
HOI ixX J1ii Ta BUSIBJICHO MOXJIMBICTh MiHiMi3allil HEraTuB-
HUX e(deKTiB IMoJiMiHEpaTbHUMU KOMILUIEKCAMU TpH-
POAHOTO MOXOAXKEHHSI.

2. Inky0a1tig KJIiTHH 3 TToJTiMiHepaTbHUMU pedOBUHAMM
MPUPOIHHOTO IMOXOMKEHHs MpU3BeJia A0 iCTOTHOTrO
3MEHIIEHHS LUTOTOKCUYHOCTI iOHIB CBUHIIIO, XPOMY,
Mini Ta Hikemro B KoHeHTpanisax (0,01—1 MKMoJb/).

3. KoMbiHoBaHa J1ist onmpoMiHeHHS B Jiana3oHi 103 0,5—
10,0 I'p Ta ioHiB BaxkKuX MeTaliB BUSIBUJIA MTOJTiMOAATb-
HUX XapakTep 3MiH MOKa3HUKIiB KUTTE3NATHOCTI KIITUH
B KYJIBTYpi: iOHW CBUHLIIO MOCWUJIIOIOTH MPOMEHEBE YIII-
KOIKeHHSI, MPU3BOIASITh OO MO0303aJIEXKHUX IUCT-
podiYHO-1eCTPYKTUBHUX 3MiH Y KYJIBTYpPi KJIITUH; iOHU
HiKeII0 yepe3 CBOI TeHOTOKCHUYHI BJAaCTMBOCTI iCTOTHO
3MEHIYIOTh MIiTOTMYHY aKTUBHICTb, MPOTE B 00JacCTi
10,0 Ip mOpogBALgIOTH TIPOTEKTOPHWM BIIJIMB Ha
KUTTE3JATHICTh KJIITUH, HYTPUEHTHI MiKpoeJeMeHTHU
XpoM Ta Miab B o0jacTi koHueHTpauit 0,01—10,00
MKMOJIb/JI HE TPOSIBISIIOTH IMTOTOKCUYHICTh IIPU OII-
pomineHHi B no3ax 0,5 ta 5,0 Ip, mpoTe yIIKOIKYIOUNit
edexT cyonetanbHoi 103u 10,0 Ip He 3a/eXKUTh Bil KOH-
LIEHTpallil IIMX MIKpOEeJIeMEeHTIB: KUIbKiCTh IMOJIiKapio-
uTiB 3pocTtae y 25 (Cu**) — 40 (Cr*") pasiB y mopiBHSIHHi
3 KOHTPOJIEM.

4. 3acTocyBaHHSI MOJiMiHEpaJIbHUX KOMILIEKCIB TpU-
poaHoro noxomkeHHs “MiHepos” Ta “beHTa” 3a KOM-
0iHOBAHOTrO BIUIMBY i0Hi3yl0UOr0 BUIIPOMiHIOBaHHS Ta
10HIB BaXKKMX METaJliB IIPU3BEIO0 J0 IMiABUILIEHHS 1IiJIb-

ions of chromium are least harmful of all known
heavy metals. It is important that the application of
PMS happened to be rather effective in studies
involving the use of high concentrations of micro-
element and irradiation at sub-lethal doses.

Revew of literature data [8—13] and analysis of
results of own studies in a test-system of a prolifer-
ating cell culture revealed that polymineral sub-
stances of natural origin promote a decrease of neg-
ative effects of ionizing radiation and heavy metals
that can serve as basis for subsequent research and
application of their radiomodifying and antitoxic
qualities not only at an external irradiation, but
during a contamination of biological objects by
radionuclides.

CONCLUSIONS

1. A complex experimental study of the combined
exposure to ionizing radiation at doses 0.5 Gy, 5.0
Gy and 10.0 Gy, ions of heavy metals (Pb**, Cu?*,
Ni** Ta Cr*") in concentrations of 0.01—10.00
umol/L in the test-system of a cell-culture was
carried out. The character and specifics of their
combined effects were determined and the ability
to minimise negative effects of natural polyminer-
al complexes were discovered.

2. Incubation of cells with natural polymineral
substances led to a significant decrease in cytotox-
ic ions of lead, chromium and nickel at concentra-
tions of 0.01—1.00 pmol/L.

3. The combined effect of radiation at doses ranging
from 0.5 to 10.0 Gy and heavy metal ions revealed a
polymodal character of changes in cell viability
indexes in a culture: ions of lead increase radiation
damage, lead to dose-dependent dystrophic and
destructive changes in a cell culture; ions of nickel,
due to its genotoxic properties, significantly reduces
the mitotic activity (however, at around 10.0 Gy a
protective effect on cell viability is revealed); nutri-
ent microelements, chromium and copper, at
approximate concentrations of 0.01—10.00 umol/L
do not reveal cytotoxicity under irradiation at doses
of 0.5 and 5.0 Gy (however, the damaging effect of
the sub-lethal dose of 10.0 Gy does not depend on
concentrations of these microelements: the amount
of polycaryocytes increase by 25 (Cu*") — 40 (Cr’*) -
fold in comparison with the control).

4. Application of natural polymineral complexes
“Minerol” and “Benta” at the combined exposure
to ionizing radiation and ions of heavy metals
resulted in an elevated density of cellular population
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HOCTi KJIITUHHOI MONYJisIiii B MOHOIIAPOBUX KYJbTypax
(y 1,5—2 pa3u) Ta MIiTOTUYHOI aKTUBHOCTI (B 2—6 pas3iB)
Opu OAHOYACHOMY 3MEHIIEHHI aTUIIOBUX OaraTosiaep-
HUX KJIITUH — TIoJlikapiouuTiB. Binbiny eheKTUBHICTb
IIMP npossiasiau B Aiana3oHi HU3bKUX KOHLIEHTpalliil
€JIEeMEHTIB Ta MaJioi 103U pafiallii.

5. 3a JiTepaTypHUMM JAaHUMM Ta pe3yJBTaTaMU €KCIIe-
PUMEHTAJIbHUX JOCIiIKEeHb panioMoaniKyoJoro i aH-
TUTOKCUYHOIO BIUTMBY IMOJIiMiHEPaJTbHUX PEYOBUH MPU-
POITHOTO ITOXOMKEHHSI MOXHa PEKOMEHIYBaTH IX SIK
npodinakTUMYHUi 3acid 1J1s1 3MEHIIEHHSI HeraTUBHUX
edeKTiB, IKi BUHUKaIOTh 32 KOMOiHOBaHOI il pamialii Ta
KCeHOOI0THKiB.
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within the monolayer cultures (1.5—2.0-fold) and of
the mitotic activity (2—6-fold) under the simultane-
ous mixing of atypical multinucleic cells — poly-
caryocytes. A greater effectiveness PMS revealed at
the range of low concentrations of the elements and
the low dose of radiation.

5. Following the data from literature and results
of experimental studies of the radiomodifying
and antitoxic effect of natural polymineral sub-
stances, they can be recommended as a prophy-
lactic tool for decreasing the negative effects that
appear at the combined exposure to radiation and
xenobiotics.
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