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OCOBJIMBOCTI ®OPMYBAHHSA PATIALIINHO-THAYKOBAHUX
ABEPAIII XPOMOCOM B KJIITUHAX JIIOJIUHU 3A YMOB
MOANUPIKYIOUYOT'O BINVINBY XIMIYHUX ATEHTIB
(ITOPIBHAJIbHI ACITEKTN)

MeTa. B13HauMTV Ta NPOBECTU NOPiBHANbHUIA aHaNi3 YAacTOTU Ta CMEKTPY iHAYKOBaHMX abepaliii XpOMOCOM B KyNb-
Typi nimcounTie nepucepuyHoi KpoBi NOAUHM 332 YMOB KOMOIHOBAHOT AiT ONPOMiHEHHS 3 KO-MyTareHoM Ta XiMiYHUM
MyTareHom
Marepianu Ta MeTogM pocnimKeHHa. TecT-cuctema Kynbtypu nimcbouuTtie nepudpepuyHoi KpoBi YMOBHO 340POBUX
[OHOPiB 3 MeTacha3HMM aHani3om abepaLiil XxpOMOCOM.
Pe3ynbratu. BusBneHo Ko-myTareHHWi edeKT npenaparty Bepanamin npu TecTyio4oMy y-OnpoMiHeHHi nimcbouuTiB ne-
pucdepnyHOi KpoBi NtoauHM B Aiana3oHi fo3 0,3-2,0 [p 3a paxyHOK MifBUILEHHSA 4acTOTH abepaLil XxpOMOCOMHOIO Tu-
ny (auuenTpukis). KombiHoBaHa fis y-ONPOMiHEHHSA Ta HITPO30BAHOTO MIYyTaTiOHY CNPAMOBAHA HAa iHAYKLilo Ta 36e-
peXeHHs MapKepiB xiMiyHOT i — abepaliit xpoMaTugHoro TUny.
BucHoBKuK. Ha xpomocomHOMy piBHi niMdouunTiB nepudepnyHoi KpoBi NIOANHN BUABNEHO KO-MyTareHHU edekT npe-
napary Bepanamin 3a fii Mafux 403 Y-ONpOMiHeHHs — NifBULLEHHSA YacTOTW abepaliil XxpoMOCOMHOro Tuny (MpomMeHe-
BMX MapKepiB) y 2 pa3u Ta ABULLE CUHEPTi3My 33 yMOB KOMOIHOBAHOT Aiii ManMX J03 Y-ONPOMiHEHHS Ta MyTareHy HiTpo-
30BaHOrO MyTaTioHy — NiABULLEHHS YacToTH abepauiit xpoMatuaHoro Tuny (XiMiYyHUX MapkepiB) B ~3 pasu.
KniouoBi cnoBa: ko-MyTareHes, ONpoMiHeHHs, Bepanamis, HiTpo30BaHUI ryTaTioH, pafialinHo-iHAYKOBaHi abepalii
XPOMOCOM, COMATUYHi KNiTUHU IIOAUHU.
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Formation peculiarities of radiation-induced aberrations of chromosomes in
human cells under the modifying influence of chemical agents
(comparative aspects)

Objective. The study objective was to determine and provide a comparative analysis of frequency and spectrum of
the induced aberrations of chromosomes in culture of the human peripheral blood lymphocytes under the combined
impact of radiation, co-mutagen, and chemical mutagen.

Methods. Culture of human peripheral blood lymphocytes and cytogenetic methods have been used.

Results. A co-mutagenic effect of the drug verapamil was established under the testing y-irradiation of human
peripheral blood lymphocytes in the dose range of 0.3-2.0 Gy at the expense of increased frequency of chromosomal
aberrations (dicentrics). The combined effect of y-irradiation and S-Nitrosoglutathione is directed on the induction
and storage of chemical markers of exposure — the chromatid-type aberrations.
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Conclusion. A co-mutagenic effect of verapamil under the low-dose y-irradiation as a 2-fold increase of the chromoso-
me-type aberrations (radiation markers) incidence was revealed at a chromosomal level in human peripheral blood lym-
phocytes. Phenomenon of synergism of low-dose y-irradiation and mutagen S-Nitrosoglutathione as a ~3-fold incre-
ased frequency of chromatid-type aberrations (chemical markers) was detected compared to the sole radiation effect.
Key words: co-mutagenesis, radiation, verapamil, S-Nitrosoglutathione, radiation-induced chromosomal aberrations,

human somatic cells.
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BCTVYII

B ocraHHi nmecdaTupiuysl BeauKa yBara IPUAIISETbCS
OLIiHLIi TEMITiB MYyTaLi{HOTO MPOLIECY i 00CSATY FeHETUYHO-
IO TATaps1 B MOMYJISLISIX JIIOAUHMU, 1110 3a3HAI0Th KOMOiHO-
BAHOTO BIUIMBY pafiallifHOro Ta XiMiYHMX (DaKTOPiB HaB-
KOJIMILIHBOTO CepeloBulla. ITHTepec MOCTiMHUKIB BUKIIU-
KaloTh KO-MYTareHM, sIKi He MPOSIBJIIOTh BJaCHMX MyTa-
TeHHMX BJIACTUBOCTEM, aji€ MOXYThb CYTTEBO IiICHIIOBATU
N0 JesIKMX XiMiyHux MmyrtareHiB [1—3]. loTemep He
BUpillEHe MUTAHHS 100 BIUIMBY KO-MyTareHiB Ha ¢op-
MYBaHHS pafialiiiHO-iHAYKOBAaHUX MOLLIKOIKEHb B KJIiTU-
Hax JIIOJMHU, B TIEPIILY Yepry, 3a [ii MaJIMX 103 iOHi3yI0uol
pamiawii (IP). Tomy akTyanlbHUMM € AOCIIIKEHHS, IO
CMPSIMOBAHI Ha BUBYEHHST OCOOJMBOCTEN BILIUBY KO-MY-
TareHiB Ha pagiouyyTJIMBICTb KJIITUH JIOOAUHU MPU OIl-
POMiHEHHI B IIIMPOKOMY Aiana3oHi 103. Haioiabu mtig-
HUM MiIX0IOM 0 BU3HAYEHHSI OCOOJIMBOCTEU pasialiiii-
HO-iHIYKOBaHMX €(EKTiB 3a 10AATKOBOI Jii KO-MyTareHiB
€ MapaJjieJibHe BUKOHAHHS JOCJIiIKEeHb 3 BUKOPUCTAaHHSIM
MyTareHiB XiMidYHOI TTPUPOAU 3 METOIO TTOPIiBHSIHHS KOM-
OiHoBaHMX ecekTiB. B sKOCTi pamiodionoriyHoi OCHOBU
JUTST BAKOHAHHS 3a3HAYE€HUX TOCTIIKEHb JOLUIBHO BUKO-
PUCTOBYBAaTU TECT-CUCTEMY KYJLTYpPU JiM(MOLUTIB Mepu-
(epuunoi Kpogi (JITTK) moauHu 3 MeTahazHUM aHaJli30M
abepalliif XxpoMOCOM, IO JO3BOJISIE MOJETIOBATH SIBUILIE
KO-MyTareHesy 3a pi3HUX eKCIepUMEHTAIbHUX YMOB[4].

META POBOTHU

Mertowo poboTu Oyl0 BU3HAYMTH Ta MPOBECTU ITOPiB-
HSIJIBHUI aHali3 4aCcTOTH Ta CIEeKTPY iHIyKOBaHUX abe-
pauiit xpomocom B KyaeTypi JIIIK nmoguHu 3a ymMoB
KOMOIHOBaHOI il OMpOMiHEHHSI 3 KO-MyTareHOM Ta
XiMIYHMM MyTareHoM.

MATEPiIAJl i METOIN

LluToreHeTUUHI JOCIiIKEHHS in vitro BUKOHAHO 3 BUKO-
puctaHHsaM TecT-cucteMu JITTK yMOBHO 310pOoBHUX OCi0
(24 cnoctepexeHHs), SKi Jaju iHPOpMOBaHY 3roay Ha
JIOOPOBIILHY Y4YacTbh Y JOCHiAXKeHHi. ¥ po0oTi KepyBa-
JINCh MONOXEeHHSIM XeJIbCMHKCBHKOI AeKaapallii BcecBiT-
Hbo1 MenuuHoi Acoriartii (2008 p.), a TakoX 3arajJbHU-
MU €TUYHUMU IPUHLIMUIIaMU, yxBajleHuMu [lepimim Ha-
IIiOHAJTILHUM KOHTpecoM YKpainm 3 6ioetuku (2001 p.).

INTRODUCTION

In the last decades a great attention was given to
evaluation of the mutation process rate and genetic
load in population exposed to radiation and chem-
ical environmental impact. Co-mutagens being of
concern by researchers do not show any own
mutagenic properties but can significantly exacer-
bate the effects of some chemical mutagens [1-3].
Still there is not resolved the issue of contribution
of co-mutagens to the radiation-induced damage
in human cells, namely as an effect of low doses of
ionizing radiation (IR). Therefore the research
directed on studying of modifying properties of
co-mutagens on radiosensitivity of human cells
in a broad range of radiation doses is challenging.
The most fruitful approach to determine the fea-
tures of the radiation-induced effects under addi-
tional co-mutagen impact is a parallel research
using chemical mutagens with the purpose of
comparing the combined effects. The test system
of culture of human peripheral blood lympho-
cytes (PBL) with metaphase analysis of chromo-
somal aberrations was applied as a radiobiological
model. This approach allows to simulate and test
a phenomenon of co-mutagenesis in various
experimental conditions [4].

OBJECTIVE

The study objective was to determine and provide
a comparative analysis of frequency and spectrum
of the induced aberrations of chromosomes in cul-
ture of the human PBL under the combined action
of radiation, co-mutagen, and chemical mutagen.

MATERIAL AND METHODS

Cytogenetic research was performed in vitro by using
the test system of PBL from the provisionally healthy
individuals (24 observations) in whom an informed
consent was received for a voluntary participation in
the study. The research was held in accordance with
provisions of the Helsinki Declaration of the World
Medical Association (2008) and also of the general
ethical principles accepted by the First national con-
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OnpomiHeHHS 3pa3KiB KpoBi (JiimponuTis B Go-nepiomni
KJIITUHHOTO UMKJY) 3OiACHIOBaIM Ha TepamneBTUYHii
ycranosli “Pokyc” 3 mkepenom y-nipomenis °Co (110-
TyXHicTb no3u 0,89 Ip/xB, cuia ctpymy 10 MA, Hampy-
ra 180 kB, ¢inerp 0,5 Cu) B gianazoni 103 0,3—2,0 Ip. B
SKOCTI KO-MYTareHy BUKOPUCTAHO OJOKAaTOp Kajb-
HieBnMX KaHajiiB — Bepamamin (B), gxkuii BBogmim B
kyne1rypy JITTK ompa3sy micist ornmpoMiHEeHHS Y KOHILIEHT-
panii 1,5MKr/ma KpoBi, 110 MepeBUIIYBaJIO TepareB-
TUYHY 103y BiAMOBiAHO B 1,5 pa3a; B IKOCTi XiMi4YHOTO
MyTareHy — HiTpo3oBaHuit rayration (GSNO), akuit
BBOAWIU B KYJBTYPY KJITUH TaKOX OJpa3y ITiCJsl OIl-
pOMiHEeHHs1 B Aiama3oHi KoHueHTpauiii 0,5—1,0 MmxM
kpoBi. KynbruByBanHs JIIIK 3milicHioBaiu 3a MoO-
In(iKoBaHUM MeTOIOM NpoTaroMm 52 rox [5]. Meradas-
HUIA aHali3 XpOMOCOM BUKOHYBaJIU 3a 3arajbHOIPUii-
HATUMH KPUTEPISIMM Ta 3 eJleMeHTaMM 4YacTKOBOTO
KapioTullyBaHHs [6]. 3 MeTOI0 OLIHKU IMpoidepaTrB-
HOTO TIOTeHIIiany JiM(OLUTIB 3a Pi3HUX eKCIIepUMEH-
TaJbHUX YMOB BU3HAyYaJl TaKOX MITOTUYHY aKTUBHICTh
KJIiTUH. Pe3ynabTaTy aHaji3yBajJiM 3a JOIMOMOIOI0 Me-
TOJIB CTAaHAAPTHOI OMKUCOBOI CTATUCTUKM.

PE3VJIBTATU TA OBTTOBOPEHHS

Ha nouatky mocniimxeHb OyyJo0 BU3HAYEHO MIiTOTUYHY
aKTUBHICTh JiM(MOLMTIB JIOAMHU 32 YMOB KOMOiHOBa-
HOTO BIIJINBY OIPOMIiHEHHS Ta XiMiYHMX areHTiB (in
vitro). BcraHoBneHo, 1o npemnapaT B B KoHIeHTpailii
1,5 MKT/MJI KpOBi He BIUIMBA€ Ha MiTOTUYHY aKTUBHICTh
JniMmcpouuris. KombiHoBaHa nis IP ta B mnpurniuye
nporidpepaTMBHAM TTOTEHITiaJ JOCIIIKYBAaHNX KIIITHH 3a
Manux no3 pagiauii (0,3 Ip) Ha 30 % B mopiHSHHI 3
IHTAaKTHUM KOHTpoOJieM. AJle MpU TOAAIbIIOMY ITiIBHU-
ILIEHHi A03U ONpoMiHeHHs B BxXe He BIIMBa€e Ha MiTO-
TUYHY aKTUBHICTh OITPOMiHEHMX KJIITUH (puc. 1).

Ha BinmiHy Big 3a3HaueHoro egekty Ko-myTrareHy B
ximMmiynuit mytareH GSNO HaBiThb y BiIHOCHO MaJliil
KoHueHTtpauii (0,5 MKM) 3HMXKXYyE MITOTUYHUI iHAEKC
KJIiTUH Ha 26 %, a 3a KOMOiHOBAHOI [Iii 3 OIIPOMiHEHHSIM
B 103i 0,5 Ip — 6inbiie HiX Ha 60 % NOPiBHSHO 3 IHTAKT-
HUM KOHTpoJieM Ta Ha 40 % — nuiiie 3 ONPOMiHEHHSIM
(puc. 2).

3ayBaxKnMO, 1110 3HIKEHHS 30aTHOCTI KJTITUH 10 CTUMY-
JIALIl pi3HUMU MiToreHamu (B gaHomy Bunanky — PIA)
CBiIUUTH MPO iIMYHOIENPECito Ta 3MiHU 1X (PYHKIIIOHATb-
Horo ctaHy [7]. Ha ocHOBi BUKOHAaHUX MOAEIbHUX €KC-
MEPUMEHTIB MOXKHa 3pOOUTH BUCHOBOK, 1110 KO-MYyTareH
B mopiBHsgHo 3 gieo mytareHy GSNO 4YuMHUTH Ha
JIM(OLUTH JIIONMHU MEHIITY iIMyHOAEITPECUBHY IilO.

BukoHaHe DOCTiIKEHHSI JO3BOJIMJIO BU3HAYUTH HAc-
TYIIHi 0OCOOJIMBOCTI BILUIMBY KO-MyTareHy B Ha pealizaiiito

gress of Ukraine on bioethics (2001). Irradiation of
blood samples (lymphocytes in the Go-period of the
cell cycle) was performed on the therapeutic unit
“Rocus” with the %°Co y-ray source (0.89 Gy/min
dose rate, 10 mA current, 180 kV voltage, 0.5 Cu fil-
ter) in 0.3—2.0 Gy dose range. A calcium channel
blocker verapamil (V) was applied as a co-mutagen
been introduced into the PBL culture at once after
the irradiation at a concentration of 1.5 pg/mL of
blood, which exceeded the therapeutic dose by 1.5
times. S-Nitrosoglutathione (GSNO) was used as a
chemical mutagen, which was added to the cell cul-
ture in the 0.5—1.0 uM concentration range. Cells
were cultured for 52 h according to the standard pro-
cedures with modifications [5]. Metaphase chromo-
some analysis was carried out according to the con-
ventional requirements to metaphase spread with
partial karyotyping elements [6]. The mitotic cellular
activity was assayed to estimate a proliferate capacity
of lymphocytes under different experimental condi-
tions. Results were analysed by the standard methods
of descriptive statistics.

RESULTS AND DISCUSSION

Mitotic activity of human lymphocytes was assayed
at the beginning of research under the conditions of
combined impact of radiation and chemical agents
(in vitro). The V preparation at a blood concentra-
tion of 1.5 pg/mL had no effect on the mitotic
activity of lymphocytes. A combined impact of IR
and V inhibited the proliferative potential of target
cells under the low radiation doses (0.3 Gy) by
30% compared with the intact controls. However
further dose increase made no effect on the mitot-
ic activity of irradiated cells (Fig. 1).

In contrast to this effect of co-mutagen V the
chemical mutagen GSNO even at the relatively low
concentration (0.5 pM) decreased the mitotic index
of cells by 26%, and under the combined effect with
radiation at a dose of 0.5 Gy it produced more than
60% decrease compared to the intact control and
40% lowering with irradiation only (Fig. 2).

Please note, that a decreased cellular capacity for
stimulation with different mitogens (PHA in this
case) indicates to the immune depression and their
abnormal functionality [7]. On the basis of held
experiments one can conclude that the co-mutagen
V makes much lower immunosuppressive effect on
human PBL vs. the effect of mutagen GSNO.

This study allowed determining of some distinct
features of co-mutagen effect on the process of
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PucyHok 1. Kom6iHoBaHui BNAMB onpoMiHeHHA Ta B Ha MiTOTUYHY aKTUBHicTb niMdouuTos nepudepuyHoi
Kposi (in vitro).

Figure 1. Combined effects of IR and V on the mitotic activity of peripheral blood lymphocytes (in vitro).
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PuUcyHOK 2. KombiHoBaHuit Bnaue onpomiHeHHA Ta GSNO Ha MiTOTUMYHY aKTMBHiCTb nimdounToB nepude-

puuHoi KpoBi (in vitro).

Figure 2. Combined effects of IR and GSNO on the mitotic activity of peripheral blood lymphocytes (in vitro).

pafialiiiHO-iHIYKOBAaHUX MOILIKOMXEHb XPOMOCOMHOIO
anapary JIIIK. BignoBigHo no kiacudikauii KJIITUH 3a
TMOKA3HUKOM pafiouyTIIMBOCTI, SIKa BUKOPHUCTOBYETHCS B
pazniobiojiorii 10 choromHimHboro vacy, came JIITK Bin-
HOCSITB JIO TIEPIIOTo KJIaCy — BeTeTATUBHUX iHTEPMIiTOTHY-
HUX KJIITWH, 1110 BU3HAHI HAAOUIbII YyTJIMBUMU KJIITUHA-
MU opradizmy moauHu go gii IP [8]. Ha moOynoBaniit
KPUBIli 1JIs1 3arajibHOI YaCcTOTU abepalliii XpOMOCOM B Jlia-
Ma30HI MAJINX 03 PEECTPYETHCS IUIATO (I030HE3aTIeXKHA
JIJISIHKA), sIKe 30epiraeTbcsl 3a YMOB 10JIaTKOBOTO BILIMBY
Ko-MyTareHy B B 3a3HaueHiit KoHLleHTpallii (puc. 3).

3 MiABUILEHHAM [JO3M Y-ONPOMiHEHHS BiIMidyaeTbCs
3pOCTaHHS KOMOIHOBAaHOTO LIMTOTCHETUIHOTO e(heKTY
nig BrauBoM B: mpu go3i 1,0 Ip B moTtenmiroe momr-

radiation-induced chromosomal damage of the
PBL. According to contemporary radiobiological
classification of cells in terms of their radiosensi-
tivity just the PBL are attributed to the first class
i.e. vegetative intermitotic cells recognised as most
sensitive ones in the human body to the effects of
IR [8]. There is a plateau on curve for overall fre-
quency of chromosome aberrations in the range of
low doses. Plateau is also present under the addi-
tional exposure to co-mutagen V in the specified
concentration (Fig. 3).

Trend to exacerbation of combined cytogenetic
effect was observed under the influence of V along
with IR dose elevation: at a dose of 1.0 Gy the V
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YacToTta abepauii xpomocoM Ha 100 meTadas
Frequency of chromosome aberrations
per 100 analyzed metaphases

Jlo3a onpomiHeHHs, I'p / radiation dose (Gy)

PucyHok 3. Yacrora abepauiit xpomocom B Kynbtypi JINK 3a ymoB kom6iHoBaHoi Aii IP Ta B.

Figure 3. Frequency of chromosome aberrations in PBL culture under the combined IR and V impact.
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YacToTa abepaLii XpOMOCOMHOIO TUMy
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Frequency of chromosome-type aberrations
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PucyHok 4. Yacrora abepauiit xpomocomuoro tuny B Kynbtypi JINK 3a ymoB kom6iHoBaHoi Aii IP Ta B.

Figure 4. Frequency of chromosome type aberrations in PBL culture under the combined IR and V impact.

komxyrouy giro IP B 1,3 pasa, pu no3i 2,0 Ip — B 1,6
paza. BusiBnenuii Ko-myrareHHU# edeKT Mpu Y-oll-
poMiHeHHi KIITUH B 103i 2,0 [p 00yMOBIIeHWi1 B 1iJTO-
My MigBUIIEHHSIM 4YacTOTU abepalliii XpOMOCOMHOIO
tuny (21,0 Ta 13,0 abepauiit Ha 100 wmetadas,
BiAMOBiAHO), TMEpPII 3a BCE 32 PAXyHOK MPOMEHEBMX
MapKepiB, a camMe IUIeHTpuYHUX xpomocom (7,0 Ha
100 meTacdas, ToOTO, B IBa pa3u BUIIE B MOPIiBHSIHHI 3
edpekToM omnpomiHeHHs). Ciuig BiAMITUTU, IO He
MEHIII BaXJINBUM € BUSIBJICHHSI KO-MyTareHHOTO e(peK-
Ty B nipn xii mannx no3 IP (0,3 Ip), axuit BupaxkaeTb-
cs y TiABUILIEHHI 4YacTOTH abepalliii XpOMOCOMHOIO
TUIy ~ B 2 pa3u (puc. 4).

Ile cBigunTh, 110 3 MiABUILIEHHSIM J03U OMPOMiHEHHS
Ko-MyTareH B mnpurHiyye akTHUBHICTH penapauiiiHux

potentiates damaging effect of IR in 1.3 times, at a
dose of 2.0 Gy in 1.6 times. The discovered co-
mutagenic effect in y-irradiated cells at a dose of 2.0
Gy is in a whole due to an increased frequency of
chromosomal aberrations (21.0 and 13.0 aberrations
per 100 metaphases, respectively), and first of all at
the expense of radiation marker such as dicentric
chromosomes number (7.0 per 100 metaphases, i.e.
2 times higher than the effect of irradiation itself).
Noteworthy that revealing of co-mutagen effect of
the V under low dose IR (0.3 Gy) is also important,
being expressed though the ~2-fold increase of chro-
mosome-type aberration incidence (Fig. 4).

It means that along with IR dose elevation the
co-mutagen V inhibits the reparation processes and
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PucyHok 5. Yacrora abepauiit xpomatugHoro tuny B JINK 3a ymoB kom6iHoBaHoi aii IP Ta GSNO.

Figure 5. Frequency of chromatid-type aberrations in PBL under the combined IR and GSNO impact.

MOpOLIECiB Ta, SIK HACJiJOK, CIIPUSIE peatidaliil CKJIagHUX
abepalliif OOMiHHOIO TUIY — IPOMEHEeBUX MapkepiB. Ta-
K€ TIOJIOKEHHS ITiATBEPIKYEThCSI JAHUMM POOOTH, B SIKiil
Ha [UTOTCHETUYHOMY PiBHI COMAaTUYHUX KJITHH €KCIIe-
PUMEHTAJIbHUX TBapMH BCTAHOBJICHO, IO mpemnapaT B,
BUCTYIIaI0YM B pOJIi KO-MyTareHy, MiACUJIIOE Jit0 JesTKUX
XiMIYHUX CMIONYK, B TOMY YMCJIi aHTUOIOTUKIB [9].

Ha BigMiHy Big onucaHoro egexkTy Ko-MyTareHesy, 3a
yMoB kKoMbiHoBaHoi mii IP ta myrareny GSNO croc-
Tepirajgoch SIBUIIE CUHEPTi3MY, TOOTO MiABUILIEHHS agr-
TUBHOIO e(eKTy B LiJIOMY 3a paXyHOK abepaliil xpoma-
TUAHOTO TUIMY, SKi BU3HAHI MapKepamMu il XiMiYHUX
areHTiB (puc. 5). 3a yMOB KOMOiHOBaHOI Jii Malux 103
IP (0,5 Ip) Ta GSNO (1,0 MmxM) yacToTa abepalliii Xpo-
MaTUAHOTO TUITY 3pOCTAa€ Maiixke B 3 pa3y MOPIiBHSIHO 3
onpoMiHeHHsIM. OpepxkaHi pe3yJbTaTh y3roIXKylOThCs 3
Cy4aCHUMH MOIISIIaMM Ha iHAYKLiIO Ta 30epeXeHHS B
KJITUHHIA NOMmynsiuii abepalliii XpoMaTUIHOTO TUIY, SIK
MapKepiB TeHEeTUYHOI HecTadinbHOCTI kitituH [10,11].
ITinBuiieHHS MO3U Y-oTpoMiHeHH A0 1,5 Ip mpusBoan-
JIO OO0 3HMXXEHHS KOMOIHOBaHOIO LHUTOr€HETUYHOTIO
eeKTy, 110 MOXe OYTU pe3yabraToM penpoayKTUBHOI
3aruoeni HalOIbI MOIKOMKEeHUX KIiTUH [7]. Takuii
TUI 3aru0esi KJIITUH IOB’SI3aHUl 3 YTBOPEHHSIM abe-
paliifi XpoMOCOM HecCTaOiAbHOrO TUIY, 110 MPU3BOISTH
JO BTpaTU TeHETMYHOIro marepiaiay, ToOTO, 3arubeni
KJIITUH TIpU cipo6i a0 momainy [12].

BigcyTHiCTh NepeKOHJMBUX JaHUX CTOCOBHO OCOOJIM-
BOCTEIl MPOSIBY KO-MyTareHHUX e(DEeKTiB AesIKUX Mperia-
pariB, B TOMY YMCJIi MEIUYHOTO MPU3HAYEHHSI, Ta X Me-
XaHi3MiB HE JIO3BOJISIE peaJlbHO OLIHUTU T€HETUYHWIA
PU3UK ST JIOAWHU i BiAMOBIAHO PO3POOUTHU CIIOCOOU
KOpeKLii MOXJIMBUX HEraTUBHMX HacaiakiB. TeopeTnyu-

consequently contributes to the complex ex-
change-type aberrations i.e. the radiation markers.
This provision is confirmed by the research data on
somatic cells of experimental animals at cytogene-
tic level where the preparation V acting as a co-
mutagen enhanced the effects of certain chemical
compounds including antibiotics [9].

In contrast to the described effect of co-mutage-
nesis the combined impact of IR and mutagen
GSNO produced the phenomenon of synergy i.e.
an amplification of additive effect in a whole at the
expense the chromatid-type aberrations recognised
as markers of chemical impact (Fig. 5). Under the
combined effect of low IR doses (0.5 Gy) and
GSNO (1 uM) the incidence of chromatid-type
aberrations is ~3-fold higher vs. irradiation alone.
These results are consistent with contemporary
opinions on induction and preservation of chro-
matid-type aberrations in the cell populations as
the markers of cellular genetic instability [10,11].
The IR dose increase to 1.5 Gy led to a lower com-
bined cytogenetic effect that could result from
reproductive death of the most damaged cells [7].
This type of cell death is associated with formation
of the unstable chromosome aberrations leading to
loss of genetic material, i.e. cell death while trying
to divide [12].

No convincing data on peculiarities of co-muta-
genic effects of certain chemical compounds includ-
ing medical drugs and of the pathways of such effects
makes impossible to assess realistically the genetic
risk for humans and therefore to develop the correc-
tive tools for negative consequences. Theoretically
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HO HEe MOKHa CIIPOCTOBYBAaTH MOXJIMBICTh TOTO, 1110 KO-
MyTareHHi e(eKTH AesIKUX XiMiYHUX CIOJYK OIOCepe-
KOBYIOTbCS JIeKiTbKoMa MexaHizmMamu. OmHaK BUSIBIIE-
HUH y Hallliil poOOTi migBUILIEHUH piBeHb abepalliii Xpo-
MOCOMHOTO TUIY — MPOMEHEBUX MapKepiB — 3a KOMOi-
HOBaHOI1 ii BimHOCHO BUCOKMX 103 [P Ta Ko-MyTareHy B
OJHO3HAYHO CBiIYUTb, 1110 IPUTHIYEHHSI CUCTEMU peria-
pallii € TOMiHYyIOUMM MeXaHi3MOM Y peaisallii 1BOpO3-
PUBHUX padiallifHO-iHIYKOBAaHUX MOIIKOAXEHb XPOMO-
coM. Ha BiaMiHy Bim 3a3HaueHOro KO-MyTareéHHOIO
edpexty B xombGinoBana gmisg IP ta myrareny GSNO
cIpsMOBaHa Ha iHAYKIIiIO Ta 30epeKeHHsS MapKepiB
XiMiuHOI Ail - abepaliit XxpoMaTUIHOTO THUITY.

BUCHOBKU

1. Ha xpomocoMHOMY piBHi JiMboLUTIB nepudepruyHoi
KpOBI JTIOAVWHY BUSIBJIEHO KO-MyTareHHUI e(eKT mpera-
paty Bepamamil 3a Aii MaJluX 03 Y-ONMPOMiHEHHS —
OigBUILEHHSI 4acTOTU abepaliili XpOMOCOMHOTO TUILY
(TMpoMeHeBUX MapKepiB) y 2 pa3u.

2. BusiBfieHO SIBUILE CUHEPTi3MY 32 YMOB KOMOiHOBaHO1
Iii Mayux A03 y-onpoMmiHeHHs Ta mytareHy GSNO —
OiIBUILEHHSI 4acTOTU abepalili XpoMaTUAHOTO TUILY
(XiMiyHUX MapkepiB) ~ B 3 pa3u B MOPiBHSIHHI 3 OI-
POMiHEHHSIM.
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one can’t deny the possibility of mediating the co-
mutagenic effects of some chemical compounds
through several pathways. However the revealed ele-
vated level of chromosomal-type aberrations in our
work i.e. of radiation markers under the combined
impact of relatively high doses of IR and co-muta-
gen V unequivocally testifies that suppression of a
reparation system is the main pathway of radiation-
induced chromosomal damage. In contrast to the
described co-mutagenic effect of V the combined
effect of IR and mutagen GSNO is directed at the
induction and preservation of chemical impact
markers i.e. the chromatid-type aberrations.

CONCLUSION

1. The co-mutagenic effect of drug verapamil
under the low dose y-irradiation as a 2-fold in-
crease of chromosome-type aberrations (radiation
markers) incidence was revealed at a chromosomal
level in human peripheral blood lymphocytes.

2. Phenomenon of synergism of low dose y-irradi-
ation and mutagen S-Nitrosoglutathione as a ~3-
fold increased frequency of chromatid-type aber-
rations (chemical markers) was detected compa-
red to the sole radiation effect.
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