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EKCITEPUMEHTAJIbHA OLIIHKA PAAIOITPOTEKTOPHUX
BJIACTUBOCTEM 2-MEPKATITOBEH3TIA30JY Y TECT-CUCTEMI
KVYJbTYPU KJIITUH

MeTa: focnigKeHHs pafionpoTeKTOPHMX BNACTUBOCTEl 2-MepKanToOeH3Tia3oNy y TeCT-CUCTEMI KyNbTypU nponidepy-
IOUMX KITITUH.
Marepianu i meToau: LMTOreHETUYHT, LUTONOTIUHI, CTAaTUCTUYHI.
Pe3ynbratu. AHani3 uuToreHeTMYHUX eeKTiB 2-MepKkanTobeH3Tia3oy 3a KpUTepisMK YacToTv abepalliit Ta NowWKoA-
KEHOCTi abepaHTHOT KNiTMHM MOKa3anu, o B YCbOMY Aiana3oHi JOCNimKEHUX KOHLEHTPaLii peareHTa Yactota abe-
pauiii AOCTOBIpHO He nmepeBullyBana 3HaYeHHsA LbOro MOKAa3HWKA B KOHTPOJi, NpoTe crocTepiranach TeHAEHUis Ao
3MEHLWEHHSA MIiTOTUYHOT aKTUBHOCTI KNiTUH KOpeHeBoi MepucTtemu. MMpu iHKy6aLiT NepewenoBaHNX KNiTUH NiHiT Lo
3 2-MepkanTobeH3Tia30/10M y fiana3oHi KoHueHTpauin 0,03-3,00 MKr/m He 6yn0 BUABNEHO CTAaTUCTUYHO AOCTOBIPHOT
3MiHK (p < 0,05) WinbHOCTI KNITMHHOT NonynALii y MOHOWAPOBUX KynbTypax. BogHouac cnoctepiranu gns ycix 3acrto-
COBaHMX KOHLEHTpALiN peareHTa CTUMyNALilO MiTOTUYHOT aKTUBHOCTI Ha TepMiHanbHii (5-a fo6a) ctaaii KynbTUBY-
BaHHA. OnNpoMiHeHHs KNiTMH ramma-kBaHTamu *Co B posax 1, 5 Ta 10 [p npusBeno mofo303anexHux mopdo-
(bYHKULIOHANbHUX 3MiH Y KyNbTypi KNiTUH. ONPOMiHEHHS KNiTUH B NPUCYTHOCTI 2-MepKanTo6eH3Tia30o/y iCTOTHO 3MeH-
WKWNO HEraTUBHUI BNAUB paAialLii Ha MOKA3HUKM XKUTTE3AATHOCTI KNiTUH B KYNbTYpi.
BucHoBku. KinbkicHa ouiHKa pafionpoTeKTOPHUX BNAaCTMBOCTEN 2-MepKanToOeH3Tia3o/y y TeCT-CUCTEMi KynbTypy
KNiTWH NiHiT Lozo NOKa3ana, Wo HaiBuLi nokasHukn koediuieHTa 3axucty (0,31-0,36) peareHT nokasas npu KoHLe-
HTpaLii 3 mKkr/mn npu onpomiHeHHi B fo3i 1 Ip. BogHouac dakTop 3MeHWeHHs [03K, po3paxoBaHuit no J1s, 3a KOH-
LeHTpauin 0,03 Ta 0,30 MKr/mn MaB 3HayeHHs 1,5 Ta 1,8 BignoBiaHO, a 3a KoHUeHTpauii 3,00 MKr/Mn 6yB MakcUMasb-
HUA — 4. 32 CYKYNHiCTIO flaHWUX NiTepaTypu Ta pe3ynbTaTiB BAACHWUX JOCNIMKEHb MOXHA BBaXaTh 2-MepKanTobeH-
3Tia301 peareHToM 3 pafionpoOTEKTOPHUMU BAACTUBOCTAMU Lis KNiTUH in Vitro.
KnioyoBi cnoBa: yactota XpoOMOCOMHMX abepauiil, MiTO3, paaionpoTeKTopK, iOHi3yloue BUNPOMiHIOBAHHS, KylbTypa
KNiTWH, nponicdepauis, anonTos.
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Experimental evaluation of 2-mercaptobenzothiazole radioprotective capaci-

ties on cell cultures test system

Objective. To study the radioprotective properties of 2-mercaptobenzothiazole on proliferating cell culture test system.
Materials and methods: cytogenetic, cytological, statistics.
Results. Analysis of cytogenetic effects of 2-mercaptobenzothiazole by frequency aberrations criteria and aberrant
cells damage criteria showed that upon entire investigated range of reagent concentrations the frequency of aber-
rations was not significantly higher than the value of this indicator in control, but there was a tendency of reduc-
tion of mitotic activity of root meristem cells. Upon the incubation of inoculated cell line Lgg with 2-mercaptoben-
zothiazole in the concentration range 0.03-3.00 mg/ml statistically significant change (r < 0,05) of cell population
density in monolayer cultures was found. At the same time for all the applied reagent concentrations stimulation of
mitotic activity in the terminal (5 days) stage of cultivation was observed. Exposure of cells by gamma quanta of
%Co in doses of 1, 5 and 10 Gy led to dose-dependent morphological changes in cell culture. Exposure of cells in the
presence of 2-mercaptobenzothiazole significantly reduced the negative impact of radiation on cell viability param-
eters in culture.
Conclusions. Quantifying radioprotective properties of 2-mercaptobenzothiazole in the test system — cell culture
Lozo — showed that the highest rates of protection factor (0.31-0.36) reagent had at a concentration of 3 mg/ml
under the irradiation at a 1 Gy dose. However, dose reduction factor (DRF) calculated by LDs, for concentrations of
0.03 and 0.30 mg/ml had a value of 1.5 and 1.8 respectively, and the concentration of 3.00 mg/ml DRF was the
maximum — 4. The literature study and the results of our own research showed that 2-mercaptobenzothiazole can
be considered to be reagent with radioprotective properties for cells in vitro.
Key words: frequency of chromosomal aberrations, mitosis, radioprotectors, ionizing radiation, cell culture, prolife-
ration, apoptosis.
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BCTVYII
YV MaitbyTHhOMY TTOTpeOa B padionpoOTEKTOPax 3pOCTe Y
3B’3KY 3 OCBOEHHSIM KOCMOCY, PO3BMTKOM SIIE€PHOI
€HEepreTUKM i MOXJIMBOI BiliHU i3 3aCTOCYBaHHSIM SIAep-
HOI 30poi Ta Tak 3BaHMX “OpygHux O0om06”. Ha cpo-
TOAHILIHIA I€Hb OTPUMAHO TUCSYl palio3aXUCHUX Mpe-
napartiB [1—6] i BenyTbcst pO3pOOKM HOBUX, SIKi OTPUMY-
IOTh LJIIXOM BIOCKOHAJIEHHS CTPYKTYPHY CTapuX Mpera-
paTiB, a TakoX IIOIIYKOM HOBMX PEYOBMH, IO BO-
JIOJiIOTh pagio3axucHOIO Jieto [7—12].
PagionpoTtekTopu BiIHOCSITbCS O HaMpi3HOMAaHITHi-
IIMX KJ1aciB XiMiYHUX cnioayK. Bigomo, 1110 MexaHizMaMu
Jii XiMiuHMX Moau@ikKaTopiB € 3MiHA MEPBUHHUX pajia-
LiAHO-XIMIYHUX peakllifi, BiIbHUX paguKalliB i iHIIMX
MPOAYKTiB padioflidy, BIUIMB Ha IPOLIECH perapallii, Ha
cyOsieTallbHi Ta MOTEHLIMHO JeTallbHi YIIKOMXKEHHS
xmitnH [13—18]. PamiosaxucHuii epeKkT CipKOBMiCHMX

INTRODUCTION

The requirements of a radioprotectors increase
due to space exploration, the development of
nuclear energy and the possible war with nuclear
weapons and so-called “dirty bombs.” Today there
are thousands of radioprotective drugs [1—6]
received and lots of new are developing, which is
obtained by improving the structure of the old
drugs, and finding new substances with radiopro-
tective effect [7—12].

Radioprotectors belong to different classes of
chemical compounds. It is known that the mecha-
nisms of action of chemical modifiers is to change
the primary radiation-chemical reactions of free
radicals and other radiolysis products, the impact
on the processes of reparation, in sublethal and
potentially lethal damage to cells [13—18].
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palioNnpoTEKTOPIB, IKUM € 2-MepKanTobeH3Ttiazon (Me-
oeHrton) [19—21], peanidyeTbcsl Ha KIITUHHOMY DPiBHi B
pe3yabTaTi MBUAKOTO 3BiITbHEHHS Y (Di3i0J0TIYHIX YMO-
BaxX CyJabQriIpuibHOI Tpynu. K MOTYXXHUII BiTHOBIIO-
Bay, TAaKU palioNpoOTEeKTOP MOXeE “IepexoILTioBaTh’ Ta
3HEIIKO/IXKYBaTU BiJIbHI MEPEKUCHI paauKalu, 1110 BUHU-
KaloTh MPU OIPOMIHEHHI B MPUCYTHOCTI KMCHIO, HOp-
MaJjlizyBaTu 30yIKEHHSI MOJIeKyJl OiocyOcTpaTiB, 3a-
noOirarouu HeOOOPOTHUM 3MiHaM, a TAKOX BIUIMBAaTH Ha
B3aEMOJIiI0 CYyOCTpaTiB OIMH 3 OJHUM, YTBOPIOIOYU KOM-
IJIEKCU 3 ioHaMU IBOBAJICHTHUX METaJIiB, SIKi € KaTari3a-
TOpaMM OKMCTIOBAILHUX MTPOLIECiB, YTBOPIOBATU 3MilllaHi
nucybgiau 3 oiikamu. [1pu 1IboMy mpoMeHeBa eHeprist
BUTPAYAETHCS HA PO3PUB IUCYIb(igHOro 3B’s13Ky. OKpim
LMX NOYaTKOBUMX peakliliil BEJIUKY poJib BilirpamTh 3MiHU,
SIKi BimOyBalOThCS Yy Mi3HilI nepionu. 3rinHo 3 iCHYIOUM-
MM TEOpisSIMU TIPO MEXaHi3MM PamilpOTEeKTOpHOI il [35,
22—25], Ui 3MiHM PO3BMBAIOTHCS BHACIAOK B3aEMOJIil
pagionpoTekTopa 3 OilKaMu, HYKJIEeOoIlpoTeimamu, crie-
HUMIYHUMUA pelenTopaMM Ta IiHIIMMHU KUTTEBO HeE-
00XimHMMM cyOcTpaTaMy KIIITUH. B pesynabrari croc-
TepiraloTbCsl 3pYILIEHHSI B KIITUHHOMY MeTaboJIi3Mi
(purHiYeHHs 6iocMHTe3y Ta cradinizaii JJHK, 3HmKkeH-
HS aKTUBHOCTI SIAEPHOTO Ta MIiTOXOHApianbHOro ocdo-
PUTIOBaHHS, MiTO3y Tol0). OmHaK 1Ii 3MiHM MaloTh 000-
POTHMI XapakTep, a B MiCISIMPOMEHEBOMY Ilepiofi
BiIIHOBJIIOIOTHCY 3 IMABUILIEHOIO iHTEHCUBHICTIO. Bece 1ie
3abe3meuye BUCOKY pPaldioOpe3MCTEHTHICTh TKAaHUH B
Tepio OMPOMiHEHHS i IIBUIKY pereHepalio paaiodyT-
JIMBUX TKAHWH ITiCJIST ONIPOMiHEHHS.

EdexTnBHICTD Iii pagio3axucHUX PEYOBUH OLIIHIOETh-
cs 3a OaraTbMa MoKa3HMKaMu. Bapro 3aszHauuTu, 1110
JKOPCTKI BHMOTU OO0 PaAioNpOTEKTOPIiB CTOCYIOTHCS
iOHi3yI090TO BUIIPOMIHIOBaHHSI Y BUCOKMX J03aX, TOCT-
poro ompoMiHeHHS i 30-mo0oBOro mepiomy crocTepe-
JKEeHHSI U151 opraHi3MiB. [ KibKiCcHOI XapaKTepUCTUKHU
Ilii MOIM(hiKaTOpiB BUKOPUCTOBYIOTh (haKTOP 3MEHIIIEH-
Hs no3u (P3]]) Ta koediuienT 3axucty (K3). /s Bu3Ha-
YEeHHS 3a3HauY€HUX IMapamMeTpiB BUKOPUCTOBYIOTh JIso,
JI37 Ta JI[p, KiTBbKIiCTh OMHO- i IBOHUTKOBUX PO3PHUBIB
OHK, wmyTtamiii, xpoMocoMHux abepauiii, MyXJIWUH,
3MiHM pagiovyTAMBOCTI (pepMEHTIB, MEMOpPaHHUX TPO-
eciB, MOBEMiHKOBI peakxllil, KiJbKIiCTb 1 XapakTep
eMOpiOHAILHUX TIOPYIIEHb TOLIO. TaKMM YMHOM, MO-
nudiKaTopu MarOTh BIJIMB Ha Pi3HUX PiBHSIX Oi0JIOTiYHOI
opraHizauii —BiJ MOJEKYJISIPHOTO 10 OPraHi3MOBOTO.

META

MeTo10 noCHiIKeHHsT OyJ0 BUSIBJICHHS paaioNnpoTeK-
TOPHOTO BIUIUBY 2-MepKamnTOOEH3Tia30Jly y TECT-CHUC-
TeMi KyJBTypH TIPOJTihepyIounx KITiTHH.

Radioprotective effect of sulfur-comprising sub-
stances, which is 2-mercaptobenzothiazole (Me-
bentol) [19—21], is implemented at the cellular
level based on the rapid release of sulfhydryl
groupin physiological conditions. As a powerful
reducing agent, such radioprotectors can “inter-
cept” and neutralize free peroxide radicals that
occur during irradiation in the presence of oxygen,
normalize the excitation of biosubstrate molecules,
preventing irreversible changes and influence the
interaction of substrates with each other, forming
complexes with ions of divalent metals, which are
catalysts for oxidation processes forming dysulfy
mixed with proteins. At the same time radiant
energy is spend to break disulfide bond. In addition
to these initial reactions changes that occur in the
later periods also play an important role. According
to existing theories about the mechanisms of radio-
protecting action [5, 22—25], these changes develop
as a result of radioprotector interaction with pro-
teins, nucleoprotein-specific receptors and other
vital cell substrates. As a result, there are changes in
cellular metabolism (biosynthesis inhibition and
stabilization of the DNA, decreased activity of
nuclear and mitochondrial phosphorylation, mito-
sis, etc.). However, these changes are reversible,
and at after-irradition period are restored with
increased intensity. All this provides high tissue
radioresistance during radiation and fast regenera-
tion of radiosensitive tissues after exposure.

Effectiveness of radioprotective substances can be
assessed in many ways. It should be noted that strict
requirements for radioprotectors of ionizing radia-
tion are regarded to high doses of irradiation, acute
exposure and 30-day observation period for orga-
nisms. To quantify performance characteristics of
modifiers dose reduction factor (FDD) and protec-
tion factor (Ks) are used. To determine these
parameters LDso, LD3s7 and LDy are used, as well as
number of single and twin DNA breakage, muta-
tions, chromosome aberrations, tumors, enzymes
radiosensitivity changes, membrane processes
changes, behavioral responses, the number and
nature of embryonic violations etc. Thus, modifiers
influence at different levels of biological organiza-
tion — from molecular to organismal.

OBJECTIVE

The objective of the study was to identify the
impact of radioprotective 2-mercaptobenzothia-
zole proliferating cell culture test-system.
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MATEPIAJIN TA METOJIU JOCILI2KEHHA
IMuToreneTnyHi MeToaM

OuiHoBaM MyTareHHi, MiTO3MOIM(IKyIOUi i TOKCUYHI
edexktn 2-MepkantobdeHstiazony (2-MBT) B ana-Teno-
(hazHOMY TecTi B KJIiTMHaX KOPEHEBOI MEPUCTEMU MPO-
pocTkiB HaciHHS Allium cepa L. HaciHHS TpopolyBaiu B
eKCIlepMMEHTaIbHUX po3urHax B yailkax [leTpi B tepmoc-
Tati npu temreparypi +25°C Bmpomosx 72 rod. Jas
JOCITIIKEHHSI LIMTOTeHETUYHMX e(DeKTiB BUKOPHCTOBYBa-
s BoaHi po3urnu 2-MBT B konuenTparisx 0,0625; 0,125
ta 0,250 Mxr/Mi1. B koHTpOIi — auctmiboBana H,O. KoH-
ueHTpauii nmpenapary 0,500 i 1,00 MKr/mMi1 B ITOIIepeaHIX
TOCTIKEHHSIX TPU3BOAWIM J0 3HAYHOTO 3MEHILEHHS
MIiTOTMYHOI aKTMBHOCTI KJIiTUH, 1110 HE AA€ 3MOTU MpPO-
BECTM aeKBaTHUIN LIMTOreHEeTUYHMI aHami3. Iliciasa 3a-
BeplleHHs ekcro3ulii 3 2-MBT matepian (KopiHLi 10B-
>knHO1o 5—12 MM) dikcyBanu y dikcaropi Kimapka (etu-
JIOBUIA CITMPT Ta OLTOBA KUCJIOTA Y CHiBBiAHOIIEHHI 3:1).
Martepian BuTpuMyBaian y ¢ikcaTtopi Ipu TeMIiepaTypi
+4°C He meHIe 2 ronuH. s MiKpOCKOITIYHOTO aHami3y
TOTyBaJIM TUMYACOBi HaBJeHi IpernapaTu IodapOoBaHi
alleTOOpCeiHOM 3a 3araJIbHONMPUUHSITUMU METOTUKAMU
[26, 27]. [TpoBOAMIM MiKPOCKOITIYHE BUBYEHHST MEPUCTE-
MaTU4YHOI 30HU KOpPiHIIB B IMEPIIOMY MIiTOTUYHOMY
HYKJi. BuzHauanu yacTtoTy abepaHTHUX aHa-Tejodas
(YAA), yactoty abepalliil, HOIIKOIKEHHICTh aOepaHTHO1
KJIITUHA, MiTOTMIHMH iHAekc (MI), po3momin KIIThH 110
¢dazax Mmito3y. Yactoty abepaliiii BUBHa4aIu SIK KiJIbKiCTb
abepauiit Ha 100 mpoaHaizoBaHUX aHA-Tea0a3:

YAA = na-100/n, ey

JIe ng — KiJIbKiCTh aOepaHTHUX aHa-TeJaodas, n- 3arajb-
Ha KUTbKIiCTb ITpoaHali3oBaHUX aHa-Tejodas.

CepeaHIO KiIbKiCTh abepalliii Ha abepaHTHY KJIiTHUHY,
IHKOJIM 1€l MOKa3HMK Ha3MBalOTh ITOLIKOIXXEHICTIO
abepanTtHoi kiituHu (ITAK) BM3Hauvanu 3a BimHOILIEH-
HSIM 3arajibHoi KiJbKOCTi abepalliil 40 KiJIbKOCTi abe-
PaHTHUX KJIITUH:

TTAK = N/ng, (2)

ne N — 3arajbHa KiIbKiCTh abepalliil, ng — KiJIbKiCTbh
abepaHTHUX aHa-Tejaodas.

Jlo abepaHTHUX BiTHOCUJIM aHA-TeJ0(as3n, Mo MiCTH-
M (parMEHTH i MOCTU K MOKA3HUKM KJIACTOT€HHOTO
edexTy.

MiTOTUYHUI iHAEKC SIK TTOKA3HUK MiTOTUYHOI aKTUB-
HOCTi KOpeHeBOI MEpUCTEeMM BU3HAYaJIu Yy BiICOTKaX 3a
dopmynoro:

IT+M+A+T
MI =
[+HIT+M+A+T

- 100 %, 3)

MATERIALS AND METHODS

Cytogenetic methods

Mutagenic, mitosis-modifying and toxic effects of
2-mercaptobenzothiazole (2-MBT) were evaluated
in ana-telofaznomu test in root meristem cells of
seedlings seeds Allium cepa L. Seeds were germinat-
ed in experimental solutions in Petri dishes in an
incubator at + 25°C within 72 hours. To investigate
cytogenetic effectsaqueous solutions of 2-MBT con-
centrations 0.0625 mg/mL, 0.125 mg/mL and 0.250
mg/ml were used. Distilled H,Owas used in control.
Drug concentration of 0.500 pg/ml and 1.00 pg/ml
in previous studies led to a significant decrease of
mitotic activity of cells that did not allow or ade-
quate to perform cytogenetic analysis. After comple-
tion of the exposure of 2-MBT material (roots length
5—12 mm) was fixedin the Clark solution (ethanol
and acetic acid in the ratio 3: 1). The material was
kept in solution +4°C at least 2 hours. For micro-
scopic analysis temporary strangled were prepared
stained by aceto-orcein according to conventional
methods [26, 27]. Microscopic study of meristemat-
ic zones of roots in the first mitotic cycle were car-
ried out. We determined the frequency of aberrant
ana-telophase (FAA), the frequency of aberrations,
level of aberrant cells damage, mitotic index (MI),
cell division in phases of mitosis. The frequency of
aberrations was defined as the number of aberrations
analyzed during 100 ana-telophase:

FAA = na" 100/n, (1)

where ng — number of aberrant ana-telophase,
n — total number of analyzed ana-telophase.

An average number of aberrations in aberrant
cell, sometimes called the figure damage of aber-
rant cells (DAC) was determined by the ratio of the
total number of aberrations to the number of aber-
rant cells:

DAC = N/na, Q)

where N — total number of aberrations, ng — num-
ber of aberrant ana-telophase.

To aberrant attributed ana-telophase containing
fragments and bridges as indicatorsofclastogenic
effect.

Mitotic index as an indicator of mitotic activity
in root meristem percentage was determined by
the formula

P+M~+A+T

- 100 %, 3)
[+P+M~+A+T

MI =
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ne I, M, A, T, I — KinbKicTb KJiTUH B CTafii mpodasu,
MmeTadasu, aHadasu, Teaodasu Ta iHTepdasu.

IIuronoriuni meToau

MopdodyHKIIiOHATbHI 3MiHU B KJIIITUHAX TOCiIXKYBaJIU 3
BUKOPHUCTAHHSIM T€CT-CUCTEMU KYJIBTYPU KIIITUH JIiHiT Loyg
(inma HazBa NCTC-clone 929, Cloneofstrain L), sika Oyna
BcTaHOBJIeHa B 1948 polii 3 ponrHHOro mramy L, 1110 B
CBOIO Yepry € OJHUM 3 MEPIIMX IITaMiB MiATPUMYBaHOI
KyJBTYpU Ta HAKOiIbII JocaimKyBaHUM ITamoM. Ilep-
BUHHUM 11TaM OyB OTPUMaHUI 3 HOpMaJIbHOI MiAIIKipHOT
apeoJisipHoi Ta XMUpoBoi TKaHWHU 100-meHHOI MU
C3H/An vonogivoi crati. Kititunu Loy Oynu oOpani ajist
JOCJTIIKEHHS 4epe3 CBOIO 3[AATHICTh 0 MEPMAHEHTHOTO
noily, 3 METOK CTBOPEHHSI MOoJesi IpoJjidepaTuBHOI
TKAHWHMU in vitro. KynsTUBYBaHHS 30ilICHIOBAIN B TIOBHO-
My TToXXUBHOMY cepenoBuilli RPMI-1640, mo Mictuiio
4 MMoib/n L-tmotaminy, 10 % eMOpioHaJIEHOI CUPOBATKU
tensiTi Ta 40 MKr/MI1 reHTamMinnHy. KiiitnHy BupoiyBamm
MpU MOCTiiHIi Temmiepatypi +37 °C Ha TOKPUBHUX CKEJTb-
151X po3mipamu (16 x 8) MM, sIKi 3HAXOIMIIUCS Ha THI CKJIISI-
HUX IUISIIEYOK, 10 KOH(IYeHTHOrO CTaHy MOHOLIApY.

OmnpoMiHeHHS KJIITUH MPOBOAMIIN Ha armapati “Tepar-
pon” (Kanama) (mxepeno — *Co 1,2 MeB, MOTYXHIiCTh
ekcrio3uuiiHoi mo3u 4,3-10* Ki/(xr-c), BiacTaHb 10
00’exta 80 cm) B mo3ax 1,0; 5,0 Ta 10,0 Ip uepes 24 rogu-
HU micasg nocagku. 2-MBT nomasanm 3a 1 ron riepen orr-
poMiHeHHsSIM B KoHUeHTpauisx 3,0; 0,3 Ta 0,03 Mxr/mn
Ta KyJIbTUBYBaJIU BIIpoAaoBxX 1—35 ni6. KoHTposnewm ciyry-
BaJiy KyJbTYpU KJIiTUH 0€3 peareHTa.

KutiTvHHI BiAMoOBiai OLIiHIOBAIU Y Pi3HiI TepMiHU KYJlb-
TUBYBAHHSI KJIITUH 3a 3arajbHOINPUIHITUMU MOPPO-
(yHKLIOHATLHUMMU TTOKa3HUKAMU KUTTE3AATHOCTI: MPO-
JidepaTuBHA i MITOTMYHA aKTUBHICTh Ta KiJIbKICTh aTu-
MOBUX 0aratosiaepHUX KIiTUH. {JIs1 1bOTo MiJ ONTUYHUM
Mikpockorom “Axioscop” (WestGermany) mpu 30iJib-
meHHi y 400 i 1000 paziB y Mexax CiTKM METOJOM BUMAI-
koBux nojiB 3a C. b. CredpaHoBUM TTinpaxoByBaau 3a-
TaJdbHY KiJIBKiCTb KJTUH (IIUTBHICTH KIIITUHHOI TTOITY-
JISILT), KiTBKICTh MiTO3iB i KiJIbKICTb MiraHTChKUX OaraTo-
simepHuUX (2 i Oinplue siaep) KIiTUH. MiTOTUYHUI iHAEKC
Ta iHJEKC MoJlikapioluTiB po3paxoByBaiu Ha 1000
K1ithH (%0). ®oTO OTpUMAaHI 3a JOIOMOIOI0 LKU(MPOBOI
kamepu DIGITAL CAMERA for Microscope Science
Lab DCM320 (USB 2.0), Resolution 3.5 Mpixels.

VYV Tux ke KyJbTypaxX KJTUH, B SIKMX JOCTiIXYBaIU 1X
KUTTE3NATHICTh, BM3HAYaJIM KUIBKICTh KJIITUH Ha cTamil
anonTo3y. AHaNI3yBaJIM KIIITUHU Ha TTIPOTOKOBOMY LIMTO(-
moopumetpi FACStar Plus ¢dipmu “Becton Dickinson”
(CIIA). Anonito3 (ikcyBanu 1o rinoaurioinHomy JTHK-
MiKy, SKWI YiTKO BiImilIIBCSI Big HOPMaJbHOTO (IWTI-

where P, M, A, T, I — number of cells in prophase,
metaphase, anaphase, telophase and interphase.

Cytological methods

Cells morphofunctional changes were investigated
using the test system cell culture line Loy (another
name NCTC-clone 929, Clone of strain L), which
was established in 1948 with family strain L, which
in turn is one of the first strains of supported cul-
ture and the most studied strain. The original
strain was obtained from normal subcutaneous fat
areolyarnoyi and 100-day mouse C3H / An male.
Loy cells were selected for study because of its abi-
lity to permanent division, to create a model of
proliferative tissues in vitro. Cultivation was carried
out in complete nutrient medium RPMI-1640,
which contained 4 mmol/1 L-glutamine, 10% fetal
calf serum and 40 ug/mL gentamicin. Cells were
grown at a constant temperature of +37 °C in a
piece of glass covering size (16 x 8) mm, which
were at the bottom of the glass bottles, to confluent
state monolayer.

Irradiation of cells was carried out on the ma-
chine “Teratron” (Canada) (source — “Co 1.2 MeV,
exposure dose 4.3-10* C/(kg-¢c), the distance to the
object 80 cm) at doses of 1.0, 5.0 and 10.0 Gy 24
hours after landing. 2-MBT was added for 1 hour
before exposure to concentrations of 3.0; 0.3 and
0.03 mg/ml and cultured for 1—5 days. Cell culture
without reagent served as a control.

Cell response was evaluated in different terms of
culturing by conventional morphofunctional indi-
cators of viability: proliferative and mitotic activi-
ty and the number of atypical multi-nuclei cells.
To do this under an optical microscope “Axioscop”
(West Germany) upon 400 and 1000 increase with-
in the grid by random fields by S.B. Stefanov the
total number of cells (cell population density), the
number of mitosis and the number of giant multi
(2 and more cores) cells were counted. Mitotic
index and the index of polycariociteswas calcu-
lated for 1000 cells (%o0). Photo was obtained
with a digital camera DIGITAL CAMERA for
Microscope ScienceLab DCM320 (USB 2.0),
Resolution 3.5 Mpixels.

In those cell cultures in which the viability was
studied, cell number at the stage of apoptosis was
also determined. Analyzed cells in ductal cytome-
ter FACStar Plus company “Becton Dickinson”
(USA). Apoptosis was registered by hipodyploid
DNA peak, clearly separated from normal
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noigHoro) JIHK-mika. OuiHioBain 4epBOHY yopec-
HeHuito (kaHasn FL — 2) mpomnigiymy oauay 3 A0BXUHOIO
xBuIi A =595 1M He MeHI Hix 1t 10 000 KJTiTHH.

OLiHKY e(eKTUBHOCTI pafionpOTEeKTOPHUX BJIACTHU-
BocTelt 2-MBT mnpoBomuim 3a ¢akTopoM 3MEHIIEHHS
no3u (D3]1):

D3/ = sy (2-MbT) / L5 (kormpoas)  (4)

ne J11so (2-MBT) — nmo3a pagiatiii, 3a sikoi BuzkuBae 50 %
KJIITUH 3 pagionpoTekTopoM, JIMso (KOHTpoJib) — mo3a
pamianii, 3a gkoi BuxkuBae 50 % kJ1iTuH 6€3 HbOIro, KOHT-
pOJIb.

KinpkicHolo Mipoto eheKTUBHOCTI aii pamiompo-
TekTopa € KoedimieHT 3axucty (K3), 9kuit obyuc-
JIIOETHCS SIK BiJHOILIEHHS Pi3HULI MOKA3HUKIB IOILI-
KOIXKEeHHS cucTeMu 0e3 3axucHoro ¢gakrtopa (E’) Ta 3
HuM (E¥) no 3HaueHHs edekty 6e3 3axucty 3a dop-
MYJIOIO:

Ks=(E - E")/E, )

ne E° — BMKMBaHICTb KIITHH 0€3 paaionpoTeKkTopa,
KoHTpob; B — 3 pamionporexTopom.

CraTuCTUIHMI aHAJTi3 BipOTiTHOCTI OTpUMAaHNX TaHUX
MPOBOJMIIM 3a Aoromorolo t-kputepito CtbiogeHTa [28],
BUKOPHMCTOBYIOUM KOMIT'IOT€pHi mporpamu Microsoft
Excel Ta Biostat 3 monepeIHbOIO MEPEBIPKOIO TiIOTE3U
Opo HOpPMaJlbHUM 3aKOH PO3IOJiy BUNAAKOBOI BEM-
yHU 3a KpurepieM Konmoroposa-CmipHoBa.

PE3VYJIBTATU TA OBT'OBOPEHHS

JocmimKeHHsT pagioNpOTeKTOPHNX BJIACTUBOCTEI 2-Mep-
KanToOeH3Tia30/1y MpoBOAMIN y ABa eTernu. Ha mepio-
My eTalli JOCTiIXKyBaIu 3MiHM IMTOr€HETUYHUX MOKa3-
HUKIB B KJIiTHHAX allikaibHOi MepucteMu Allium cepa L.
3a yMOB TipojioHToBaHoOI f1ii (72 tom) 2-MbBT B pizanx
no3ax. Bik HaciHHsI craHOBUB 9 MicsuiB. PesynbraTu
BIUIMBY pajaioMoaudikatopa Ha 4acTOTy abepaHTHMX
aHa-Tejoa3s npeacTapaeHi B TaoI. 1.

3 tab6a. 1 BunHo, mwo 2-MbBT B miama3oHi gociimke-
HUX KOHIIEHTpallill He MPOsBJsIe MyTareHHUX BJacTHU-
BOCTEll 3a KPUTEPIEM YacTOTHM abepaHTHUX KJIiTHH.
ITpu LbOMyY He BiZOyBa€ThCS I 3HUKEHHS PiBHS CIIOH-
TAaHHOro MyTareHesy. Pe3yibTaTu aHallizy LMTOTE€HE-
myHuX edekTiB 2-MbBT 3a kputepisimu yactora abe-
palliif Ta MOMKOIKEeHOCTi abepaHTHOI KJIiTUHU (ITAK)
noKa3aiu, L0 B yCbOMY Aiala30Hi HOCTiIKEHUX KOH-
LEHTpaliil mpenapaTry 4yacToTa abepauiili T1OCTOBIpHO
He IepeBUIIyBajia 3HaU€HHS 1IbOro MOKa3HMKa B KOHT-
pouJi.

PesynbraT aHamizy crekTpy abepalliii XpoMOCOM B
KJIITUHAX KOPEHEBOI MEPUCTEMU IIPOPOCTKIB HACIHHS

(diploid) DNA peak. Also red fluorescence (chan-
nel FL — 2) of propidium iodide was evaluated
with length A =595 nm in no less than 10,000 cells.

Evaluation of effectiveness of radioprotective
properties of 2-MBT was conducted by dose
reduction factor (DRF):

DRF = LDsy (2-MBT) / LDS5s) (control) (4)

where LDsy (2-MBT) — radiation dose at which
50% cells with radioprotectors survive, LDs (con-
trol) — radiation dose at which 50% of the cells
survive without radioprotector, control.

Quantitative measure of the effectiveness of the
radioprotector is protection factor (PF), which is
calculated as the ratio of the difference between
damage to the system parameters without protec-
tive factor (E’) and with (E") to the value effect
without protection by the formula:

PF=(E - E)/E, (&)

where E° — cell survival without radioprotector
control; E" — with radioprotectors.

Statistical analysis of the likelihood of the data
was performed using Student t-test [28], using the
computer program Microsoft Excel and Biostat
the previous test of the hypothesis of normal distri-
bution of the random by the Kolmogorov —
Smirnov criteria.

RESULTS AND DISCUSSION

Research of radioprotective properties of 2-mer-
captobenzothiazole was performed in two steps. The
first phase examined the performance of cytogenetic
changes in apical meristem cells of Allium cepa L.
under long terminfluence (72 hour) of 2-MBT in
different doses. Age seed was 9 months. Radio-
modificator influence results on the frequency of
aberrant ana-telophase presented in Table 1.

Table 1 shows that the 2-MBT in the studied
range of concentrations does not show mutagenic
properties on the criterion of the frequency of
aberrant cells. The reducing of spontaneous muta-
genesis also is not happening. The analysis of cyto-
genetic effects of 2-MBT by criterias aberrations
frequency and aberrant cells (DAC) damage
showed that the upon influence of entire range of
investigateddrug concentrations the frequency of
aberrations was not significantly higher than the
value of this indicator in the control.

The analysis of the spectrum of chromosomal
aberrations in root meristem cells of seedlings
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Ta6nmusa 1
Bnnue 2-mepkanto6eH3Tia3osly Ha 4acToTy abepaHTHMX aHa-Tenoas B KAiTUHAX KOpPeHeBOi MepucTemu
Allium cepa L.

Table 1
Effect of 2-mercaptobenzothiazole on the frequency of aberrant ana-telophase root meristem cells Allium cepa L.

Konuentpauis MMpoananizoBano  AGepaHTHi AGepauii  “actora aGepanthux  Yacrota NAK
2-MBT, mkr/mn KNiTUH aHa-Tenodasu aHa-Tenodas (HYAA) aGepaujit  (MOLIKO/DKEHHICTD
abepaHTHOT KNiTUHK)
2-MBT Cells analyzed Aberrant Aberrations Frequency of aberrant Frequency ACD
concentration ana-telophases ana-telophases  of aberrations  (aberrant cell
ug/ml damage)
KoHTpons / control 561 8 9 1,43 = 0,50 1,60 = 0,53 1,13
0,0625 565 8 9 1,42 + 0,50 1,59 + 0,53 1,13
0,125 508 10 10 1,97 + 0,62 1,97 + 0,62 1,00
0,250 456 6 6 1,32 £ 0,53 1,32 £ 0,53 1,00
Ta6nuusa 2
CnekTp abepauiit xpomocom B KniTUHax KopeHeBoi mepuctemu Allium cepa L. npu aii 2-MBT
Table 2

The spectrum of chromosome aberrations in root meristem cells of Allium cepa L. under at 2-MBT action

KoHueHTpauis
2-MBT, mkr/mn

2-MBT concentration

AGepaLii XpoMaTUAHOro TUMY
XpoMaTuaHi “MmocTM”  0AMHOYHI PparmeHTH

AbGepaLii XpOMOCOMHOIO TUMY
XPOMOCOMHi “mocTn” napHi pparmeHTu

Chromatide-type aberrations Chromosome-type aberrations

ug/ml chromatide “bridges” single fragments chromosome “bridges” pair fragments
KoHTponb / control 1,07 £ 0,43 0,36 £ 0,25 0,17+ 0,16 -

0,0625 1,06 + 0,43 0,35+ 0,26 - 0,18 0,17

0,125 1,18 £ 0,48 0,79 0,39 -

0,250 1,32 + 0,53 -

Allium cepa L. npu npopolllyBaHHi B po3unHax 2-MbBT
TpeacTaBiIeHi B Ta0M. 2.

JlocToBipHUX 3MiH y IpeACTaBIeHOMY CIEKTpi abe-
paitiiit xpoMocom nipu Aii 2-MBT He BusBIeHO.

ExcriepyMeHTaIbHI JaHi 1IOA0 3MiH MITOTMYHOI aK-
TUBHOCTI KITUH Allium cepa L. min BrmmBoMm 2-MBT
npeacTaBieHi B Taba. 3 Ta 4.

CriocTepiraeTbcsl TEHAEHILIST 10 3MEHIIIEHHS] MiTOTUY-
HOI aKTUBHOCTI KJIITUH KOPEHEBOI MEpUCTEMU TPU il 2-
MBDBT B piana3oHi AOC/iIXEeHUX KOHLeHTpawliid. Jloc-
TOBipHi BiIMiHHOCTI 3a IUM KPUTEPiEM BUSIBIICHI JIUIIIE
npu Aii pernapaty y KoHueHTpaii 0,250 Mxr/min (p =
0,045).

AHatiz 3HauYeHHSI MiTOTUYHOTO iHAEKCY CyNpPOBOIXKY-
BaBCS MOCHIIKEHHSIM PO3TOIiIYy KIITUH 3a (a3zaMu
miTo3y. IlpuBeprae yBary, 1o Iig Mpemapary B YcCix
JOCHiIXEHUX KOHUEHTPALisiX MPU3BOAUTH N0 30ib-
meHHd MeTada3HOTo iHIeKCY MPY 3MEHIIIeHHi Tmpodas-
HOTO, IO CBiIYUTH MPO 3aTPUMKY KJIITUH y MiTO3i TIif
BriiBoM 2-MBT (auB. Tabi. 4).

Ha gpyromy erami BuMBYaaM ITOKA3HUKU XKUTTE3IAT-
HOCTi y TECT-CUCTEMi KYJbTYypi MNepelleruiioBaHuX
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seeds Allium cepa L. during germination in solu-
tions of 2-MBT presented in Table 2.

No significant changes in the present range of chro-
mosomal aberrations in action 2-MBT were found.

Experimental data on changes in the mitotic
activity of cells of Allium cepa L. under the influ-
ence of 2-MBT is presented in Table 3 and 4.

There is a tendency to reduction of mitotic
activity of root meristem cells under 2-MBT in-
fluence in the range of studiedconcentrations. Sig-
nificant differences on this test detected only
under drugaction at a concentration of 0.250 mg/ml
(p = 0.045).

Mitotic index value analysis wasaccompanied by
research on cell division phases of mitosis. The
effect of the drug in all investigated concentrations
leads to increased metaphase index parallel to
decreased profase index, indicating a delay in
cellsmitosis under the influence of MBT-2 (see
Table 4).

In the second phase we studied viability of inoc-
ulated cell line Loy culture test system. The results
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Ta6nuuysa 3
Bnaue 2-MBT Ha MiTOTUYHY aKTUBHiCTb KNiTUH Allium cepa L.
Table 3
Effect of 2-MBT on mitotic activity of cells Allium cepa L.
KoHueHTpauiga 2-MBT, mkr/mn MpoaxanizoBaHo KNiTUH MiToTn4HuMX ML %
00
2-MBT concentration, pg/ml Cells analyzed Mitotic ’
KoHtposb / control 1827 167 91,41 £6,74
0,0625 1726 138 79,95 + 6,53
0,125 1905 159 83,47 + 6,34
0,250 1566 123 78,54 + 6,80*
Mpumitka. * — p = 0,045 NopiBHSHO 3 KOHTPONEM.
Note. * — p = 0.045 vs. control.
Ta6nuusa 4
Posnopin kniTuH 3a pasamm mitosy npu aii 2-MBT
Table 4
Cell division in phases of mitosis under action of 2-MBT
KoHueHTpauis, Mkr/mn Mpoda3za Metadasa Anadasa Tenodasa
Concentration, j1g/ml Prophase Metaphase Anaphase Telophase
KoHTponb 40,12 17,37 12,57 29,94
0,0625 33,33 23,19 15,94 27,54
0,125 33,96 24,53 16,98 24,53
0,250 34,15 25,20 15,45 25,20

KIITUH JiHi1 Loy. Pe3ynbraT excnepuMeHTaJIbHUX
JOCITiIKeHb MpeacTaBieHi Ha puc. 1—3. [1pu inkyOarrii
kIitTuH 3 2-MBT y pi3HUX KOHLIEHTpaLisX He OYJI0 BU-
SIBJIEHO CTaTUCTUYHO AocToBipHOi 3MiHM (p < 0,05)
IIIBHOCTI KJIITMHHOI MOMYJISLil Y MOHOIIAPOBUX KYJIb-
Typax (puc. 1), n1uime TEHOCHIiI0 10 3MiHW MPpU 30iJTb-
IIeHHI BMicTy peareHTa. BomHouac ciin BigMiTUTH AJ1s1
yCiX 3acTocoBaHUX KOHUEeHTpalii 2-MBT ctumynsiiito
MIiTOTUYHOI aKTUBHOCTI Ha TepMiHalbHill (5-a m00a)
cTamii KyasTUBYBaHHS (puc. 2). AKimo mpoaHaizyBatn
KiJIBKICTh amONTOTUYHUX KJITUH y TeCT-CUCTeMi (puc.
4), TO TIOMIiTHO CTaTUCTUYHO JOCTOBipHE 301IbIIIEHHS 1X
KiZIbKOCTi TpU MiJBMILEHHI KOHLIEHTpallii pearcHTa.
LlyM MOXHa TMOSICHUTU CTaJly KiIbKiCTb KJIITUH B KYJb-
Typi MpPU iCTOTHOMY IIiABUIIEHHI MiTOTMYHOI aKTUB-
HocTi. Hapasi ciig 3BepHYyTH yBary Ha TEHACHILIO 10
3MEHIIEHHS (MOPiBHSAHO 3 iHTAaKTHUMU KYyJIbTypaMu
KJIITUH) KiJTBKOCTI TIOJIKApiOLIMTIiB 32 YMOBM IIPUCYT-
HOCTI B ToxkuBHOMY cepenoBuiii 2-MBT (puc. 3).
[Micas onpoMiHeHHsST KITUH ramMma-kBaHtamu “Co B
npo3ax 1, 5 ta 10 Ip cnocrepiranu go303ajiexxHe 3MEH-
IIeHHS TTOKa3HUKIB KUTTE3MATHOCTI, a came (IuB. puc. 1):
LITBHICTD KJIITMHHOI MOIMyIsALii 3MeHInuaach y 1,4—4
pa3u (BiZMOBiAHO A0 30iJbIIEHHS 03U pafialii), a
MITOTUYHUI iHAEeKC — Big 3 go 32 pasiB (auB. puc. 2).
BonHouac KiJIbKiCTh aTUMOBUX IMOJiKAPiOLMTIB MiaBU-

of experimental studies are presented in Fig. 1—-3.
Incubating cells with 2-MBT in different concen-
trations leads to any statistically significant
changes (p < 0.05) in cell population density in
monolayer cultures (Fig. 1) only tends to change
with increasing content of reagent. It should be
noted sugnificant stimulation of mitotic activity
for all applied concentrations of 2-MBT in the
terminal (5 days) stage of cultivation (Fig. 2). If
we analyze the number of apoptotic cells in the
test system (Fig. 4), it is evident a statistically sig-
nificant increase in their number with increasing
concentrations of the reactants. This may explain
the constant number of cells in culture with a sig-
nificant increase in mitotic activity. Also you
should pay attention to the trend (compared with
intact cell culture) of decrease number of giant
polycariocytes with2-MBT in culture medium
(Fig. 3).

After irradiation, cells gamma quanta of “Co in
doses of 1, 5 and 10 Gy we observed a dose-
dependent decrease of sustainability, namely (see
Fig. 1): the density of the cell population
decreased in 1.4—4 times (according to the
increase of radiation dose) and mitotic index —
from 3 to 32 times (see Fig. 2). At the same time
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KinbkicTb KniTUH Ha nnowi npenapary 0,05 Mm?
Number of cells per prepartion square 0.05 mm?

PucyHoK 1. ®pakuyia KniTuH, Wwo BUXKUAK HA 5-Ty A06Y B MOHOLIAPOBUX KYNbTYPaX KNiTUH Lozg npu iHKY6GaLii
3 2-MBT y pisHUX KOHUEHTpaLiaX Ta NicnA onpoMiHeHHA raMma-KBaHTamu °°Co B pi3Hux Ao3ax
MpumiTkn. # — pisHULA BOCTOBIpPHA NOPIBHAHO 3 iHTaKTHUMK KniTMHamMK (p < 0,05); * — pi3HMUA AOCTOBiIpHA NOPiBHAHO 3 onpoMiHeHHAM (p < 0,05).

Figure 1. Fraction of cells that survived on 5" day in monolayer cell cultures during incubation of Lozo with
2-MBT in different concentrations and after irradiation °°Co gamma quanta in different doses
Notes. # — significant difference compared to intact cells (p < 0,05); * - significant difference compared with radiation (p < 0,05).
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PucyHoK 2. Papiomopudikyiouuin Bnnue 2-MBT y pisHUX KOHUEHTpaUisx Ha MITOTUYHY AKTUBHICTb KNiTUH
NiHii Lo2o

Mpumitku. # — pisHMLA BOCTOBIpPHA NOPIBHAHO 3 iHTAKTHUMK KniTMHaMK (p < 0,05); * — pi3HMUA AOCTOBIpHA NOPiBHAHO 3 oNpoMiHeHHAM (p < 0,05).

Figure 2. Radio modifying effect of 2-MBT in different concentrations on mitotic activity in cell line Lozo
Notes. # — significant difference compared to intact cells (p < 0,05); * - significant difference compared with radiation (p < 0,05).

munack B 1,4—4 pasu (nuB. puc. 3), a KiIbKicTh antonto-  the number of atypical polycariocytes increased in
TUYHUX KJIITHMH 3i 30iIblIeHHSIM 103U omnpomMiHeHHs  1.4—4 times (see Fig. 3) and the number of apop-
3pocia y 2—3 pa3u NOpiBHSIHO 3 iHTAKTHUMM KyJbTypa-  totic cells upon doses increase also increased 2—3
MU KJTITWH. times compared to the intact cell culture.

Cnig 3ayBaxkuTu, 110 B npucytHocti 2-MBT B orm- It should be noted that upon presence of 2-MBT
pOMiHEHUX KyJbTypaxX KJITMH cIocTepiraau 3HadyHo in the irradiated cell cultures we observed signifi-
MEHIIY KiJIbKiCTh ITOJIIKapiOLMTIiB MOpPiBHSHO 3 oml-  cantly fewer polycariocytes compared with irradi-
poMmiHeHHSM (puc. 3), 1110 MOKe BKa3yBaTh Ha reHorpo-  ation (Fig. 3), which may indicate gene-protective
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PUCyHOK 3. lo30Ba 3anexHicTb iHAYKLiT riraHTCbKnx 6aratoagepHUX KNiTUH B KyNbTypi KNiTUH NiHii Lozo Npu
iHKy6auii 3 2-MBT B pi3HUX KOHLEHTPaLiAX Ta onpoMiHeHHi raMma-kBaHTamu *°Co B pi3HMX fo3ax
MpumiTkn. # — pi3HMLA BOCTOBIpHA NOPIBHAHO 3 iHTAKTHUMK KniTMHamMK (p < 0,05); * — pi3HMUA JOCTOBiIpHA NOPiBHAHO 3 oNpoMiHeHHAM (p < 0,05).

Figure 3. Dose dependent induction of giant multi-cell lines in cell culture Lo incubated with 2-MBT in dif-

ferent concentrations and irradiated with ®°Co gamma quanta in different doses
Notes. # — significant difference compared to intact cells (p < 0,05); * - significant difference compared with radiation (p < 0,05).
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PucyHOK 4. [l030Ba 3aNeXHiCTb KiJIbKOCTi anONTOTUYHUX KNITUH B KYNbTYPi KNiTUH NiHii Lo2o Npu iHKy6aUii 3
2-MBT B pi3HUX KOHLEHTpaLiAX Ta onpomiHeHHi B go3ax 1, 51a 10 Ip
Mpumitku. # — pisHuLsA goCTOBIpHA NOPIBHAHO 3 iHTAKTHUMK KNiTMHaMK (p < 0,05); * — pi3HMUsA AOCTOBIpHA NOPiBHAHO 3 onpoMiHeHHAM (p < 0,05).

Figure 4. Dose dependence of the number of apoptotic cells in cell culture line Lo29 during incubation with

2-MBT in different concentrations and irradiation doses of 1, 5 and 10 Gy
Notes. # — significant difference compared to intact cells (p < 0,05); * - significant difference compared with radiation (p < 0,05).

TEKTOPHIi BJJaCTMBOCTI peareHTa. 3a JliTepaTypHUMU na-  properties of reagent. According to the literature
HuUMU [29], atunoBi GaratosiaepHi KIITUHU y KyabTypi  [29] multi atypical cells in Lgyg cell culture lineare
KITUH JiHil Loy BBaXkaroTbcs MapKepaMu pelipoayk- — considered to be markers of reproductive cell
TUBHOI 3aru0eIi KJIiTUH. death.

BusHauyeHHs piBHS amonTo3y y KyJAbTYpi OlpoMiHe- Determining of apoptosis level in irradiated cell
HUX KIiTuH B npucytHocTi 2-MBT (puc. 4) mokaszano  culture in the presence of 2-MBT (Fig. 4) showed
CTaTUCTUYHO JOCTOBipHE 30ibIIIeHHS KiJTbKOCTI armor-  a statistically significant increase in the number of
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PucyHoK 5. 3anexHictb KoediuieHTa 3axucty npu aii pi3Hux KoHUeHTpauin 2-MBT Ha onpomiHeHi B pisHux
[,03ax KNiTUHM NiHiT Loag

Figure 5. Dependence of protection under the influence of different concentrations of 2-MBT on Loz, cell line
exposed to different doses
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PucyHOK 6. [lo30Ba 3aneXHicTb KinbKOCTi KNiTUH, 0 BUKUAM, 33 YMOB iHKy6aUii 3 2-mepKanTo6eH3Tia3010M
B Pi3HMX KOHLEHTpauiax

Figure 6. The dose dependence of the number of cells surviving under conditions of incubation with 2-mer-
captobenzothiazole in different concentrations

TOTUYHUX KJIITUH TiTBKM ITiCJISI OTIPOMiHEHHS B 1o3ax 1 apoptotic cells soon after irradiation at doses of 1
ta 5 Ip (p £ 0,05). IMicng onmpomineHHs kiniTuH B 103i  and 5 Gy (p £ 0.05). After irradiation of cells in a
10 Ip B mpucytHocti 2-MBT ctatuctuuHo goc- dose of 10 Gy in the presence of 2-MBT statisti-
TOBipHHMX 3MiH amoIlTO3y He CIIOCTepiraiau mpu mopis-  cally significant changes in apoptosis were not
HSIHHI TUIBKKA 3 ONIPOMiHEHHSM. 3arajabHOBiZOMO, 0  observed compared only with irradiation. It is well
MepIIOYEpProBOro 3HAYEeHHS TIPU aIlonTo3i 3a Aii pisHuX  known that primary importance of apoptosis
areHTiB HaOyBa€ CeJIEKTUBHE BUIaJIeHHs TWX KiaiThH, under the influence of different agents - selective
BIDKMBAHHSI SIKMX 3arpo3jnBe IS IijicHoro op-  removal of cells, which are threatening to the sur-
TaHi3My. vival of the whole organism.
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3rigHo 3i cmocobaMu OLiHKY e(heKTUBHOCTI pafionpo-
TEKTOPIB 3a BiICOTKOM 3aru0IUX KJIiTUH OyB po3paxoBa-
HUM KOeilliEHT 3aXMCTy 3aJIeKHO BiJ KOHIIEHTpAIil
2-MBT (puc. 5). HaiiBuiui 3HaueHHs KoedillieHTa 3a-
xucty (0,31—-0,36), criocTepiraiu ITicasi ONMPOMiHEHHS
KJIiTHH B 103i 1 Ip Ta 3a HaliBUIIOI KOHLIEHTpaLlii pea-
reHra — 3 MKr/MJ1. E(eKTUBHICTh 3aXUCTy KIIITUH IIpU
HaliHK4Yil KoHueHTpailii 2-MBT — 0,03 Mkr/MJ1, 3MeH-
IIyBajgach 3i 30UTbIIEHHSIM J03U OINPOMiHEHHS. AHa-
JIOTIYHY TEHICHIII0, aJie MEHIII BUPaXXeHY, CIIOCTepiraan
i w1t KoHneHTtparii 0,3 MKT/mi.

3a BMXKMBAHHSM KJITUH y MOHOIIAPOBUX KYJIbTypax
(puc. 6) 6yB po3paxoBaHUii HaKTOP 3MEHIIIEHHS 103U —
@3]l npu pi3HUX KOHLEHTpALIsIX peareHTa. Po3paxyH-
KM TI0Ka3aju, mo npu KoHueHrtpauigx 2-MBT 0,03 Ta
0,30 Mkr/mn c¢axkrop 3MeHIIeHHs no3u 3a JIJIso MaB
3HayeHHs 1,5 Ta 1,8 BinnmoBigHoO, a 3a KoHLeHTpauii 3,00
MKr/mi @3] 0yB makcuManbHuii — 4. ToOTO, iHKY-
Oais kiaituH 3 2-MBT B koHuenTpauii 3,00 mxr/min y 4
pa3y 3MEHIIYE MOIIKOIXKYIOUMA e(heKT ONIPOMiHEHHS B
no3i 10 Ip.

OTxke, 32 KOMIUIEKCOM ILIMTOT€HETUYHUX Ta MOPQO-
(¢yHKIiOHATEHUX TTOKa3HWKIB y Allium-Tecti (Mepuc-
TeMa TIPOPOCTKiB HACIiHHS) Ta TECT-CHUCTEMi KYJIbTypHU
npoiidepyrounx KITUH JiHii Loy 2-MepKanToOeH-
3Tiazon (MebeHTon) y ¢i3ioaoriyHuX ISl UUX KIITUH
KOHIICHTpALIiSIX HE Ma€ MYTareHHMX YW TOKCUYHMX
BJIACTUBOCTE Ta MiABUIIYE XKUTTE3NATHICTD KJIITUH, OII-
POMiHEHUX Y CepeHbO- Ta cyOJieTaTbHUX A03aX: 30iJib-
LLIY€E 1X BUXKMBAHICTh i MITOTUYHY aKTUBHICTh Yy MOHOIIA-
POBUX KYJIBTYpax MOPIBHSIHO TiAbKU 3 OMPOMIiHEHHSIM.
3MEeHIIeHHSI KiJIbKOCTi aTUIIOBUX OaraTosiaepHUX
KJIITUH 3a IIUX YMOB MOKE CBiTYUTH ITPO OTO FeHOIPO-
TEKTOPHI BIIACTUBOCTI.

Iono AMOBIpHUX MEXaHi3MiB paaioNpOTEKTOPHOI Iil
2-MepKanToOeH3Tia30/ly Ha KIITUHHOMY piBHi, TO, 3Ba-
>Kalo4yM Ha JiTepaTypHi AaHi [3—5] Ta pe3yabTaTu Biac-
HUX JOCIIIKEHb, CAME PO3PHUB TUCYIb(iTHOTrO 3B'SI3KY B
MOJIEKYJIi peareHTa 3 IONaJbIINM 3HEIIKOIXKEHHSIM
BiJTbHUX TIEPEKNCHUX PaIUKaJiB, SIKi yTBOPIOIOThCS MPU
Jii pafgiallii, 110 Y MOJAbILIOMY IPU3BOIUTH 10 3pYLIEHb
y MeTaboJli3aMi ONpOMiHEHMX KJIiTUH (MIpUTHiYeHH
biocuHTe3y Ta ctabdinizauii JJHK, 3HMKeHHI MiTOTUYHOT
aKTUBHOCTi, aKTUBallii pemapaTUBHUX MPOIIECIB),
CIIPUSIE iX BiAHOBJIEHHIO MiCJIsI OPOMiHEHHS Ta PEIOMy-
JISITL.

BUCHOBKU

1. ITpoBeaeHi AOCTIIKEHHS MTOKa3aJIu, 10 B aHa-TEI0-
¢azHOMY TeCTi B KJIiTUHAX KOPEHEBOI MEPUCTEMMU TIPO-
pocTkiB HaciHHS Allium cepa L. 2-MepKanToOeH3Tia301

According to the methods for evaluating of radio-
protectors effectiveness by percentage of dead cells
was calculated ratio of protection depending on the
concentration of 2-MBT (Fig. 5). Highest value PF
(0.31—-0.36) was observed after exposure of cells in a
dose of 1 Gy and the highest concentration of
reagent — 3 mg/ml. The effectiveness of the protec-
tion of cells at the lowest concentration of 2-MBT —
0.03 mg/ml, decreased with increasing radiation
dose. A similar trend, but less pronounced, was
observed for the concentration of 0.3.

On the survival of cells in monolayer cultures (Fig.
6) was calculated dose reduction factor - FDD at
different concentrations of reagents. Calculations
showed that at concentrations of 2-MBT 0.03 and
0.30 mg/ml dose reduction factor for the LDs value
was 1.5 and 1.8 respectively, and the concentration
of 3.00 mg/ml FDD was the maximum — 4. That is,
incubation of cells with 2-MBT in the 3.00 mg/ml
concentrations 4 times reduces the damaging effects
of radiation in doses of 10 Gy.

So, for complex cytogenetic and morphologi-
cal parameters in Allium-test (meristem
seedling seed) and proliferating cell line Loy
test-culture system 2-mercaptobenzothiazole
(Mebentol) in physiological for these cell con-
centrations has no mutagenic or toxic proper-
ties and increases the viability of cells exposed
in the medium and sublethal doses, increases
their survival and mitotic activity in monolayer
cultures compared with only irradiation.
Reducing the number of multi atypical cells
under these conditions may indicate its gene-
protecting properties.

Regarding the possible mechanisms of 2-mer-
captobenzothiazole radioprotective action at the
cellular level, based on published data [3—5] and
the results of own research, namely break of disul-
fide bonds in the molecule reagent with subse-
quent disposal of peroxide free radicals, which are
formed by the action of radiation, which further
leads to changes in the metabolism of exposed cells
(inhibition of DNA biosynthesis and stabilization,
lower mitotic activity, activation reparative
processes), promotes their recovery after exposure
and repopulation.

CONCLUSIONS

1. Studies have shown that ana-telofase test in
the seedling root meristem cells of Allium cepa
L. seeds 2-mercaptobenzothiazole showed no
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HEe TIPOSIBJISIB MYTareHHUX, MiTO3MOAUDIKYyIOUUX YU
TOKCUYHUX e(eKTiB y (i3iogoriyHuX I8 LUX KIITUH
KoHLeHTpauisx. HagMmipHa KiabKiCTh peareHTa npu3Bo-
JIAJIa 10 3MEHIIEHHS MiTOTUYHOI aKTUBHOCTI KJIITUH Me-
pUCTEeMHU, 1110 MOXEe BKa3yBaTW Ha MOXJIMBMUIA MeXaHi3M
MPOTEKTOPHOT [ii.

2. BcranoBneHo, 110 2-MepKanToOeH3Tia3oll y ¢isio-
JIOTIYHUX g KIiTMH KoHueHtpauigx (3,00—0,003
MKT/MJI) HE 3MiHIOE IIUJIBHOCTI KJIITUMHHOI MOMYJIALIi B
MOHOIIIAPOBUX KYJIbTYpax KJIiTHUH, aje IMiIBUIILYE MiTO-
TUYHY aKTUBHICTh y TePMiHAJIbHUIA MEpioJ KYJIbTUBY-
BaHH# (5-6-a 100a). 30iJIbIIEHHST KiJTbKOCTI altfoITOTHY -
HUX KJIITUH y I[ed Mepiof MOSICHIOE CTaly KiJIbKiCTh
KJIITUH B KYJIBTYPI.

3. ITicnst orpomiHeHHS KJTiTUH B go3ax 1, 51 10 Ip croc-
Tepiraau 1o303aiexkHe 3MEHIIEeHHS iX mpoaidpepaTuBHOL
Ta MiTOTUYHOT aKTMBHOCTI Ta iCTOTHE 3pOCTAHHS B KYJIb-
Typi KJiTUH (y 4 pa3u) KiJIbKOCTi MOJIiKapPiOLMTIB, IKUX
BBaXalTb MapKepaMu pernpoayKTUBHOI 3aruberi.
30iJIbIIEHHS PiBHS arloITO3y B OMPOMiHEHUX KYJIBTypax
npoJTihepyrounx KJIITUH CBIIYUTH MPO palioreHHUM xa-
pakTep ix 3arubeti.

4. INokazaHo, 110 iHKYOAaIlis KJIITHUH IO Ta I 9ac OIpo-
MiHEHHS 3 2-MepKalToOeH3Tia30JI0M 3MEHIIYE palio-
iHAYKOBaHi YIIKOMXKEHHS KJIITUH: MiABUILYE Mpoice-
pallito Ta MiTOTUYHY aKTUBHICTh MOPiBHSIHO 3 €10 TiJlb-
KM pamianii. 3MeHIIeHHs KiJIbKOCTi ITOJIiIKapiolMTIiB y
KyJIbTYpi KJIITUH BKa3ye€ Ha T€HONMPOTEKTOPHi BJIACTU-
BOCTi peareHTa. BomHo4Yac minBUILeHUI piBEHB aIllONTO-
3y 3a LIMX YMOB CBiIUMTb MpPO €JiMiHALIiI0 YIIKOMXKEHUX
paniali€lo KIITUH 3 KyJIbTYpU.

5. KinbkicHa olLliHKa pagionpoTeKTOPHUX BIACTUBOC-
Tell 2-MepKanToO0eH3Tia30/y y TECT-CUCTEMi KYJIbTY-
pU KJIiTUH JdiHii Loy Mmoka3zana, 1o HalWBMILI MOKa3-
HuKkK Koediuienra 3axucty (0,31—0,36) peareHT mno-
Ka3aB MpU KOHIEHTpAallii 3 MKT/MJI TIpU OMMPOMiHEHHI
B no3i 1 I'p. BonHouac hakTop 3MEHIIIEHHS 103U, PO3-
paxoBanmii 3a JI[so, mpu KoHueHnTpanisx 2-MbT 0,03
ta 0,30 MKr/Mi1 maB 3HaueHHs 1,5 Ta 1,8 BinmosinHo,
a 3a koHueHTpauii 3,00 mxr/ma ®3]] 6yB MakcH-
MaJIbHUM — 4.

6. 3a CyKyNHICTIO JaHUX JITepaTypu Ta pe3yJIbTaTiB
BJIAaCHUX HOCIIIXEeHb MOXHA BBaXaTd 2-MepKaIlTo-
OeH3Tia30J1 peareHTOM 3 PadioNpPOTEeKTOPHUMM BJIACTU-
BOCTSIMM JIJISI KJIITUH in Vitro.

CMUCOK UCNOJIb3YEMOW JIUTEPATYPbI
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2. fpmonenko C. M. Mpotunyyesas 3awmta opraHuama / C. 1. ApMoHeH-
k0. — M. : Atrommapar, 1997. — 195 c.

mutagenic, toxic or mitosis-modyfying effects in
physiological concentrations for these cells.
Excessive amounts of reagent led to a decrease
in mitotic activity of meristem cells that could
indicate a possible mechanism of protective
action.

2. It is established that 2-mercaptobenzothiazole
for cells in physiological concentrations (3.00—
0.003 mg/ml) does not change the cell population
density in monolayer cell cultures, but increases
mitotic activity in the terminal period of cultiva-
tion (5—6 days). Increasing number of apoptotic
cells in this period explains the constant number of
cells in culture.

3. After cellsirradiation in doses of 1, 5 and 10 Gy
a dose-dependent reduction of their proliferative
and mitotic activity was observed as well as signifi-
cant growth in cell culture (4 times) of policario-
cytes number which are considered to be repro-
ductive death markers. The increase in apoptosis
in irradiated cultures of proliferating cells demon-
strates the radiogenic nature of their death.

4. It is shown that incubation of cells before and
during irradiation with 2-mercaptobenzothiazole
reduces radiation induced cell damage, promotes
proliferation and mitotic activity compared with the
effect of radiation only. Reducing number of poli-
cariocytes in cell culture indicates gene-protective
properties of reagent. However, elevated levels of
apoptosis in these conditions show the elimination
of radiation damaged cells from the culture.

5. Quantitative estimation of radioprotective pro-
perties of 2-mercaptobenzothiazole in the test sys-
tem of Loy cell line culture showed that the highest
rates of protection factor (0.31—0.36) were shown
by the reagent at a concentration of 3 mg/ml under
the 1 Gy irradiation dose. However, the dose
reduction factor calculated for the LDsp at 2-MBT
concentrations 0.03 and 0.30 mg/ml had a value of
1.5 and 1.8 respectively, and at concentration of
3.00 mg/ml FDD was the maximum i.e. 4.

6. On the strength of all the evidence of literature
and the results of their research can be considered
2-mercaptobenzothiazole reagent with radiopro-
tective properties for cells in vitro.

REFERENCES

1. Kuna P. [Chemical Radioprotection]. Moskva: Meditsina; 1995.
191 p. Russian.

2. Yarmolenko SP. [Antiradiation protection of the organism].
Moskva: Atomizdat; 1997. 195 p. Russian.

(1) 522



ISSN 2304-8336. lpobnemn paniauiiinoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

EKCINEPUMEHTAJIbHI

AOCNIAXKEHHA

3. Bnagumunpos B. T. Paguonpotektopbl: CtpykTypa u dyHkuma / B. T.
Bnagumupos. W. W. KpacunbHukos, C. B.Apanos. — K. : Hayk. gymka,
1989. — 261 c.

4. TonyapeHko E. H.Xumunyeckas 3awmta ot siy4eBoro nopaxenus / E.H.
lonyapeHko, 0. b. Kyapswos. — M. : U3a-so MI'Y, 1985. — 249 c.

5. bapaboii B. A. Ot Xupocumbl o YepHoObing / B. A. Bapaboii. — K. : Ha-
yK. oymka, 1991. — 122 c.

6. Gudkov A. V. Radioprotection: smart games with death / A. V. Gudkov,
E.A. Komarova // J. Clin. Invest. —2010. — Vol. 120(7). — P. 2270-2273.
7. bebewkoB. I'. PagionpotekTopu, sk 3acobu MiHimi3auii Hacniakis
YopHobunbebkoi katactpodm / B. T. Bebelwko, 1. A. basuka // Meaunui
Hacniaku aBpii Ha YopHOOMNLCHKiK aTOMHIV enekTpocTaHLji / 3a pep.
0. @. BosiaHosa, B. I'. bebewka, . A. Basuku. — K. : OIA, 2007. -
C. 689-707.

8. PacuHa J1. H. HekoTopble UTOrM 1 nepcrnekTvBbl pa3paboTki MpoTMBONY-
YeBbIX NPenaparoB B paay reTepoumkanyeckux coegmHennid / J1. H. Pacu-
Ha // LiarHocTka Ta npodinakTuka HeraTMBHUX HACMigKiB pamiauji : Ma-
Tepianm 3-ro cumnosziymy, Kuie, 1997. — K. : IH-T excnepumeHTanbHOI
pagionorii HUPM AMH Ykpaitu, MixHapogHa opraHisauis “XiHoya rpoma-
pa”, 1997. — C. 196-200.

9. I'pebeniok A. H. Mpobnembl 1 NepcnekTvBbI COBPEMEHHON PaaMaLMOH-
Hoii dapmakonorim / A. H. T'pebeHiok // Matepuansi VIl Cbeapa no paava-
LIMOHHBIM MCCNEA0BaHMSM (pammnobronorus, panvoakonorus, pagmnaLmoH-
Has 6e3onacHoCTb) : Teauckl aoknanos, Mockea, 2014, — M. : PYOH. —
2014. - C. 8.

10. Co3paHume HOBOrO NMOKONEHNS PAAMO3aLLMTHBIX CPEACTB HA OCHOBE XM-
mudecknx nHrnéutopos NO-cunTeTassl /A. A. MaHgpyrun, . C. Bopucosa,
M. B. ®unumonosa, J1.W.LesyeHko // Matepuanbi VIl Cbeana no pagma-
LIMOHHBIM MCCNE0BaHMAM (paanobuonorus, paamoakonorus, paamuaLmoH-
Hast 6e30MacHOCTb) : Teauchl Joknanos, Mockea, 2014. — M. : PYOH. —
2014. — C. 158.

11. Momnck NpOTUBONYYEBLIX CPEACTB N UHANKATOPOBUX IPDEKTUBHOCTU HA
MOZENN NPOJIOHMMPOBAHHOMO 00/TYYEHNS MULLIEHA C HU3KOWA MOLLIHOCTbIO [10-
3bl / J1.M.PoxpectBeHckuii, B.®.Muxaitnos, T.I.Lnakosa[ap.] // Matepu-
anbl VIl Cbe3na no paavaumoHHbIM UCCe0BaHuSM (pamuobuonorus, pa-
[QVMO3KOJIOTUS, paamaLmoHHas 6e30MacHOCTb) : Teauchl 10knaaoB, Mocksa,
2014. — M. : PYOH. — 2014. — C. 169.

12. BacuH M.B. Knaccudnkaums npoTUBONy4eBbIX CPEACTB Kak OTpaxe-
HWe COBPEMEHHOr0 COCTOSIHUS U NEPCMEKTUBLI PA3BUTUS PALMALMOHHON
¢dapmakonoru // Pagnau. 6uon. Paguoakon. — 2013. — T. 53, Ne 6. —
C. 459-468.

13. Kotepoe A.H. Mpobnembl noucka CPenCcTs NpOTUBOYYEBON 3aLMTLI
yenoBeka B CBETE JOCTPUXEHMIA reHeTuku crapenms.OcTpble npobnemb
pa3paboTkn MPOTUBONYYEBLIX CPEACTB: KOHCEPBATU3M WM MOLEpHW3a-
uns:Matepuansl Poccuiickoit koHdepeumn, Mockea, 2012 // Paguaul. 6u-
on. Pagnoakon. — 2013. — T. 53, Ne 6. — C.487-495.

14. Bnusnue npenapata b-190 u untepneitkuHa- 153 Ha guHaMuky Konm-
4ecTBa KETOK Nepudeprnyeckoin KoM 1 GYHKLUMOHABHBIA CTaTyC HEWT-
podunoe 0b6nyyeHHbIX Muiiei / A. H. IpebeHiok, H. B. AkceHosa, B. B.
3auenut [u gp.] //Paamau. 6uon. Paguoakon. — 2013. — T. 53, Ne 6. —
C. 290—-296.

3. Vladimirov VG, Krasilnikov II, Arapov SV. [Radioprotectors:
Structure and Function]. Kyiv: Naukova Dumka; 1989. 261 p.
Russian.

4. Goncharenko EN, Kudryashov YuB. [Chemical protection
against radiation damage]. Moskva: Izd-vo MGU; 1985. 249 p.
Russian.

5. Baraboy VA. [From Hiroshima to Chernobyl]. Kyiv: Naukova
Dumka; 1991. 122 p. Russian.

6. Gudkov AV, Komarova EA. [Radioprotection: smart games with
death] // J. Clin. Invest. 2010;120(7):2270-3.

7. Bebeshko VG. [Radioprotectors as a means of minimizing the
consequences of the Chernobyl disaster]. In: Vozianov AF,
Bebeshko VG, Bazyka DA, editors. [Medical consequences of the
accident in Chornobyl nuclear power plant]. Kyiv: DIA; 2007. p.
689-707. Ukrainian.

8. Rasina LN. [Some results and prospects of the development of
radioprotective drugs in a series of heterocyclic compounds]. In:
Diagnostyka ta profilaktyka negatyvnyh naslidkiv radiatsiyi: materi-
aly 3" sympoziumu. Kyiv; 1997. K.: In-t eksperymentalnoyi radi-
ologiyi NRCM AMN Ukrainy, Mizhnarodna organizatsiya “Zhinocha
gromada”; 1997. p. 196-200. Ukrainian.

9. Grebenyuk AN. [Problems and perspectives of modern radiation
pharmacology]. In: Proceedings of the VIl Congress on radiation
research (radiobiology, radioecology, radiation safety): abstracts;
2014; Moskva, RU. Moscow: RUDN; 2014. p. 8. Russian.

10. Mandrugin AA, Borisova GS, Filimonov MF, Shevchenko LI.
[Creating a new generation of radioprotective substances on the
basis of chemical inhibitors of NO-synthase]. In: Proceedings of
the VIl Congress on radiation research (radiobiology, radioecology,
radiation safety): abstracts; 2014; Moskva, RU. Moscow: RUDN;
2014. p. 158. Russian.

11. Rozhdestvenskiy LM, Mikhaylov VF, Shlyakova TG, et al.
[Search radioprotective drugs and indicators of their performance
in the mice model of prolonged exposure to low dose rate]. In:
Proceedings of the VII Congress on radiation research (radiobiolo-
gy, radioecology, radiation safety): abstracts; 2014; Moskva, RU.
Moscow: RUDN; 2014. p. 169. Russian.

12. Vasin MV. [Classification of radioprotective agents as a reflec-
tion of the current state and prospects of development of radiation
pharmacology]. Radiats. Biol. Radioekol. 2013;53(6):459-68.
Russian.

13. Koterov AN. [Problems of fundraising radioprotective protec-
tion rights in the light of aging genetics dostrizheny]. Radiats. biol.
Radioekol. 2013;53(6):487-95. Russian.

14. Grebenyuk AN, Aksenov NV, Zatsepin W. [Influence of
preparation B-190 and IL-1[3 on the dynamics of the number of
cells of peripheral blood and functional status of neutrophils irra-
diated mice]. Radiats. biol. Radioekol. 2013;53(6):290-6.
Russian.

15. Rozhdestvenskiy LM, Shiyakova TG, Shchegoleva RA, Lisina
NI, Zorin W. [Assessment of therapeutic efficacy of domestic

523 &



EKCINMEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

15. OueHka nevebHoi 3eKTUBHOCTY 0TeYECTBEHHBIX npenapaTos -KCd
B OrblTax Ha 06nyyeHHbIx cobakax / J. M. Poxpecteeckuid, T. I, Lnsiko-
Ba, P. A. LLleronesa [u ap.]// Paguau. 6uon. Paguoakon. — 2013. — T. 53,
Ne 6. — C.47.

16. Bacun M.B. TMoTeHuuansbHasponb daktopa HepaBHOMEPHOCTUMOrNO-
LLIEHWS 3HEPTUM MOHM3VPYIOLLIETO U3Ny4eHNst B OpraHu3MeB addeKTBHOC-
TV NPOTUBOANYYeBbIX Npenapartos / M.B. BacuH //Mep. paguonorus n pagu-
au,. 6esonacHoctb. — 2011, — T. 56, Ne 4. — C. 60-70.

17. ArtamaHiok H. T1. CkpuHiHr npenapaTtiB [ 3HWKEHHS BMICTY
pagioHyknigis B opranismi /LiarHocTuka Ta npodinakTuka HeraTMBHUX
Hacnigkis papiavii // Marepianu 3-ro cumnosiymy, Kuis, 1997. — K. : IH-T
ekcnepumeHTansHoi papjonorii HUPM AMH Ykpainu, MixHapogHa op-
ranisaujs “XKiHoua rpomaga”, 1997. — C. 13-15.

18. Kouvaris J. R. Amifostine: The first selective-target and broad-spectrum
radioprotector / J. R. Kouvaris, V. E. Kouloulias, L. J. Vlahos // The
Oncologist. — 2007. — Vol. 12. — P.738-747.

19. KunaP. Amifostine (WR-2721) asaradioprotectorfortheemergencywork-
ers / P. Kuna, L. Navratil, J. Singer // CyyacHi npobnemu papjauiiiHmx
JOCAimXeHb : MaTepianu 35-0i LWOPIYHOI KOHPEPeHLLT EBPONencLKoro Toea-
pucTBa 3 papjaLliiinux aocnimxeHb, Kuis, 2006. — K. : IH-T kniTuHHOT Gionori
Ta reHeTyHol inxeHepii HAH Ykpaiiu. — 2007. — C. 211-223.

20. CpaBHuTtensHoe u3yyeHne ahdEKTMBHOCTY renapuHa, MHTEpPIenkuHa-
1B, B-acTpaguona n uHpomeTodeHa B KaYeCTBE PaMONpOTEKTOPOB Mpu
octpom obnyyeHun/ A. H. T'pebeHtok, B. A. MscHukos, B. B. 3auenuH [u
ap.] // BectH. Poc. BoeH.-meq,. akag. — 2011. — Ne4, — C.101-104.

21. Papiaviini ypaxeHHs i pagionpotektopn / M. [pyxuta, A. Moiicees, A.
Jiunceka, 10. MpuHesny // BicH. HAH Ykpainn. — 2005. — Ne 4. — C. 17-24.
22. Axnees A. B.OCHOBHbIE 3aK/IO4EHMS MO PAAMOOMONOrMYecKUM addex-
Tam sl Lieneii paavaumoHHon 3awmTsl /A, B. Aknees // Paguall. 6uon. Pa-
pvoakon. — 2011. — T. 51, Ne5. — C. 501-511.

23. 3auenuHB.B. 3kcnepuMmeHTanbHas OLEHKa Pagro3aluuTHON addek-
TMBHOCTU KOMOWHMPOBAHHOTO MPUMEHEHMS MPENapaToB C PasinyHbIMM
MexaH13MaMmu MpOTUBOYYEBOrO AEHCTBUS MPK OCTPOM 061ydeHun // Ma-
Tepuanbl VIl Cbeana no papmaumoHHbIM uccneaosaHusM (paanobuonorus,
pavo3KoNorisl, paauaLmoHHas 6e30MacHOCTb) : Te3nchl A0knanos, Mock-
Ba, 2014. — M. : PYOH. — 2014. — C. 143.

24. BacvH M. B. PagmomoayngTopbl kak BaXHbIA KOMMOHEHT 61onornyec-
KOV 3aLLMThI OT NOPAXAOLLEro [AENCTBUS MOHWU3UPYIOLLEro n3nyyeHus / M.
B. Bacun // Marepuansl VIl Cbe3aa no panuaumoHHbIM UCCNE0BaHUAM
(panvobuonoris, panvoakonorus, paauaumroHHas 6e30MacHOCTb) : TE3NCHI
noknanos, Mockea, 2014. — M. : PYOH. — 2014. — C. 136.

25. Cetiok O. . PapiosaxucHi edekTi MenaHiH-rniokaHoBOro KoMiekcy 3
Fomesfomentarius Ta iHgpaniHy npu onpomiHeHHi mMuwweii balb/c po3oto
5,95 p/8,5 xB / 0. ®. Cettok, O. B. Kosanbos, J1. A. Manamap [1a iH.] //
fnepHa disnka Ta eHepretuka. — 2014. — T. 15, Ne 2. — C. 178—188.
26. Nosramok A.W. OugeHka GUTO-N LMTOTOKCUYECKOI aKTUBHOCTM COEN-
HEHWIA TAXENbIX METANIIOB W @/IIOMUHUS C MOMOLLBIO KOPHEBOM anukaibHOM
mepuctembl nyka / A.W. Josrantok, T.6. Kanunsik, 9.6. bniom // Liutonorus
n reHetuka. — 2001. — T. 35, Ne1. — C.3-9.

27. Fiskesjo G. The Allium test as a standard in environmental monitoring //
Hereditas. — 1985. — T. 102. — P. 99—-112.

(1) 524

preparations of G-CSF in experiments on dogs irradiated] Radiats.
biol. Radioekol. 2013;53(6);47. Russian.

16. Vasin MV [Potential role of the factor of uneven energy absorp-
tion of ionizing radiation in the body in the effectiveness of radio-
protective drugs] Med. radiologiya i radiats. bezopasnost.
2011;56(4):60-70. Russian.

17. Atamanyuk NP. [Skrining preparativ for znizhennya vmistu
radionuklidiv in organizmi]. In: Diagnostyka ta profilaktyka
negatyvnykh naslidkiv radiatsiyi : materialy 3-go sympoziumu;
1997; Kyiv. Kyiv: In-t eksperymentalnoyi radiologiyi NTSRM AMN
Ukrayiny, Mizhnarodna organizatsiya “Zhinocha gromada”; 1997.
p. 13-5. Ukrainian.

18. Kouvaris JR, Kouloulias VE, Vlahos LJ. [Amifostine: The first
selective-target and broad-spectrum radioprotector]. The
Oncologist. 2007;12:738-47.

19. Kuna P, Navratil L, Singer J. [Amifostine (WR-2721) as a radio-
protector for the emergency workers]. In: Modern problems of
radiation research materials 35" annual conference of the
European Society of Radiation Research; 2006; Kyiv. Kyiv: Institute
of Cell Biology and Genetic Engineering, NAS of Ukraine; 2007. p.
211-23. Ukrainian.

20. Grebenyuk AN, Myasnikov VA, Zatsepin W, et al. [A compara-
tive study of the effectiveness of heparin, interleukin-1(3, B-estra-
diol and indometofena as radiation protectors in acute irradiation].
Bulletin of the Russian Military Medical Academy. 2011;(4):101-4.
Russian.

21. Druzhyna M, Moysyeyev A, Lypska A, Hrynevych YU.
[Radiation damage and radioprotectors]. Visnyk of the Visnyk
National Academy of Sciences of Ukraine. 2005;(4):17-24.
Ukrainian.

22. Akleyev AV. [Main findings on the radiobiological effect for the
purposes of radiation protection]. Radiats. biol. Radioekol.
2011;51(5):501-11. Russian.

23. Zacepin W. [Experimental Evaluation of radioprotective effi-
ciency of the combined use of drugs with different mechanisms of
radioprotective action in acute irradiation]. In: Proceedings of the
VIl Congress on radiation research (radiobiology, radioecology,
radiation safety): abstracts; 2014; Moskva, RU. Moscow: RUDN;
2014. p. 143. Russian.

24, Vasin MV. [Radio-modulators as an important component of
biological protection from the harmful effects of ionizing radiation].
In: Proceedings of the VIl Congress on radiation research (radiobi-
ology, radioecology, radiation safety): abstracts; 2014; Moskva,
RU. Moscow: RUDN; 2014. p. 136. Russian.

25. Senyuk OF, Kovalyov OV, Palamar LA, et al. [Radioprotective
effects of melanin-glucan complex with new Fomes fomentarius
and indralinu when irradiated mice balb / ¢ dose of 5.95 Gy / 8.5
min]. Nuclear Physics and Power. 2014;15(2):178-88.
Ukrainian.

26. Dovgaluk Al, Kalinyak TB, Blum YB. [Evaluation of the photo
and the cytotoxic activity of the compounds of heavy metals and




EKCMNMEPUMEHTAJIbHI

ISSN 2304-8336. [Npobnemu papiaviiHoi meguunny Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20. nocn IA)KEH H ﬂ

28. Jlanay C.H. Cratuctyeckue MeToabl B Meauko-ouonornyeckux uccne-  aluminum with the help of the root apical meristem of onion].

J0BaHUAX C mcronb3oBaHnem MS EXCEL / C.H.Jlanay,A.B. Yybetko, M.H.  Cytology and Genetics. 2001;35(1):3-9. Russian.

Babuy. — K.: MOPWOH, 2000. — 320 c. 27. Fiskesjo G. The Allium test as a standard in environmental

29. Kanenpo I'.C. PaHHMe peakuyn KNeToK Ha MOHU3MPYIOLLME M3nyyeHna - monitoring. Hereditas. 1985;102:99-112.

VX ponib B 3aLLMTe U ceHeubunmusaumm. — M.: Sneprousnart, 1982. — 96¢. 28. Lapach SN, Chubenko AV, Babich PN. [Statistical methods in
biomedical research using MS EXCEL]. Kyiv: MORION; 2000. p.
320. Russian.
29. Kalendo GS. [Early cell response to ionizing radiation and their
role in protecting and sensitization]. Moscow: Energoizdat; 1982.
96 p. Russian.

Cmamms naditiuna do pedaxuyii 30.07.2015 Received: 30.07.2015

525 &



