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OCOBJIMBOCTI IHAYKIIII TA IEPCUCTEHLIII ITIPUXOBAHOI
XPOMOCOMHOI HECTABIJIbHOCTI B JIIM®OIIUTAX
INEPU®EPNYHOI KPOBI OCIB, IKI ITIPO®ECIMHO
KOHTAKTYBAJIA 3 IOHI3YIOYOIO PAJIALIIEIO

MeTa pocnipkeHHa. [JocnignTn iHAYKLi0 NPUXOBAHOT XPOMOCOMHOT HeCTabiNbHOCTI y 0Cib, fKi npodecinHO KOH-
TaKTyBaAM 3 i0Hi3yO4O0 pagiauicto, Ta ii nepcucTeHwito in vitro B NOCNiAOBHUX MiTO3aX.
Marepianu i metoam. 3 BukopuctaHHam TectiB “G2-bleomycin sensitivity assay” Ta ABOTEPMiHOBOrO KyibTUBYBaH-
HA nimdouuTiB nepudepuyHoOi KpoBi NpoBefeHO A0OPOBiNbHE LMTOTreHETUYHe 06CTexeHHA 15 ocib, aki Gpanu
yyacTb y poboTax 3 nepeTBopeHHs 06’ekty “Yrputta” LCM “YopHobunbcbka AEC” Ha ekonoriyHo 6e3neyHy cucremy.
Bcboro npoaHanizoBaHo 24 034 metadasu, 3 akux 12 243 — 6e3 MyTareHHoro HaBaHTaxeHHs; 11 791 — npu gii 6ne-
OMilMHY in vitro B KOHUEeHTpauii 0,05 Mkr/mn.
Pesynbratu. 3a BeMUYMHOI Ta AUHAMiIKOIO POHOBOTO Ta iHAYKOBAHOMO GJI€OMiLMHOM LUTOFEHETUYHUX edeKTIB Npu
Pi3HMX CTPOKAX KynbTMBYBaHHA NiMcbouuTie npodeciiiHa rpyna BiporigHo Bifpi3HAAKUCH Bif rpynu NopiBHAHHSA B OiK
3pOCTaHHA MOKAa3HMKiB XpPOMOCOMHOT HECTAabiNbHOCTI 3 CYTTEBUMM MiXKIHANBIAYaNbHUMU KONMBAHHAMMU.
BucHoBOK. BctaHoBNEHO MiXiHAMBIAYyaNnbHi BiAMiHHOCTI nepcucTeHuii pagialiliHo-iHAYKOBaHOT NPMX0OBAHOT XpoMo-
COMHOT HecTabinbHOCTI B MOCNIAOBHMUX reHepaLisix COMaTUYHUX KNiTUH NIOANHMN.
KniouoBi cnosa. IoHisyloua pagialis, 6n1eomiynH, TeCTytoya MyTareHHa fis, npuxoBaHa XpoOMOCOMHA HeCTabiNbHicTb,
nepcucTeHUis LMTOreHeTMYHOro edekTy B NOCAiLOBHUX MiTO3axX.
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Peculiarities of induction and persistence of hidden chromosome instability in
peripheral blood lymphocytes of persons occupationally exposed to ionizing
radiation

Objective - to investigate the induction of hidden chromosome instability in persons occupationally exposed to ion-
izing radiation and its persistence in vitro in successive mitoses.

Materials and methods. Using two tests (“G2-bleomycin sensitivity assay” and two-term cultivation of human
peripheral blood lymphocytes) voluntary cytogenetic examination of 15 individuals participated in the conversion
of the “Shelter” (“Chornobyl NPP") into ecologically safe system had been carried out. Total 24 034 metaphase had
been analyzed, of which 12 243 - without additional mutagenic exposure, 11 791 — exposed to bleomycin in vitro at
concentration of 0.05 ug/ml.
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Results. The magnitude and dynamics of background as well as bleomycin-induced cytogenetic effects in both terms
of lymphocytes’ cultivation in occupational group differed significantly from the group of comparison towards
increasing of chromosome instability indices with significant interindividual fluctuations.

Conclusion. Interindividual differences in persistence of radiation-induced hidden chromosome instability in suc-

cessive generations of human somatic cells had been found.

Key words: ionizing radiation, bleomycin, testing mutagenic exposure, hidden chromosome instability, persisting of

cytogenetic effect in successive mitosis.
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BCTVYII

SIK BBaXKa€ThCS B OCTAHHE IECITUPIYYSI, COMAaTUUHA MaTO-
JIOTist (cToXacTUYHA Ta MyJIBTU(aKTOpHA) TIPHU il i0Hi3y10-
YOro BUIIPOMiHIOBAHHS Ha JIIOAMHY MOXe OyTH CIIPUYM-
HEHa He JIKIIE NPSIMUM pafialiiiHUM YIIKOIKEHHSIM KJTi-
TUH-MillleHel, aJie i pagialiiiHO-iHIyKOBaHUMMU HEMillle-
HeBuMHM (untargeted) ecpekraMu, cepes IKUX IPOBIAHY POJIb
BiIirpatoTh pi3Hi (hbopMu TeHOMHOI HecTaOuTbHOCTI [1—3].

OnHuM i3 MNposBiB pamialliiHO-iHAYKOBAaHOI Hec-
TaOiILHOCTI TEHOMY JIIOAMHU HA LIMTOTEHETUYHOMY PiBHi
€ Tak 3BaHa “mpuxoBaHa” (hidden) xpomocoMHa Hec-
TabitbHicTh (ITXH), KOTpa BU3HAYAETHCS SIK TEHETUIHO
3yMOBJICHA Y1, WMOBIPHO, CIIPMYMHEHA JEIKUMM SHIIO-
a00 €K30reHHMMM FeHOTOKCMYHMMU YMHHUKAMMU TiIep-
YYTJIMBICTb XPOMOCOM COMAaTUYHUX KJITUH JIIOAUHU OO
Iii IHIIMX MyTareHiB (in vivo Ta in vitro), i pO3LIHIOEThCS
SIK CXUJIbHICTh OO iHAYKIIii Ta MPOMOLIil KaHLIEpOreHe3y
[4—6]. Came Ha OCHOBI LIbOTO (heHOMEHY JUTSI BUSIBJIEHHS
ITXH 0Oyno po3pobiieHo oguH 3 HANMOIIbII MOIIMPEHNUX
TECTiB TakK 3BaHOIro “IpPOBOKALIifHOro MyTareHesy”’ —
“Gy-bleomycin sensitivity assay”, SIKMii BHUKOPUCTO-
BYETBCsI, TIEPEeBaXKHO, JIsI BU3HAYCHHST PU3UKY BUHUK-
HEHHS Y JIOJUHU OHKOMATOIOTii [7].

BpaxoByloun akTyaJbHICTh OIL[IHKM MOXJIMBOTO BHEC-
Ky IIXH B peanizaiiito BiggaaieHUX MEIMYHUX HACTiIKiB
YopHoOUIbCHKOI aBapii, HaMu OYyJIO aganTOBaHO Ta BU-
KOPMCTAHO 1Ie#l TecT ISl BUSABIEHHS 0Ci0, TinmepuyyTian-
BUX JIO Jil HAWIOTYXHIIIOTO 3 MyTareHHUX (hakKTOpiB —
ioHi3ytouoro BuIIpoMiHIOBaHHS [8, 9]. B pesynbrati
MPOBEICHUX JOCTIIKEHb MOKAa3aHO MOXJIMBICTh BU3HA-
yeHHS Ta ouiHku [1XH 3a iHauBinyaabHOIO YyTIUBICTIO
XpOMOCOM JiMGOLUTIB NepruhepruIHOi KPOBi JIIOOMHU
JIO TeCTYyIOUOl MyTareHHo1 [Iii paaioMiMeThKa 0J1eoMiln-
Hy (in vitro) Ta BHepile BCTAaHOBJIEHO HE TIILKU pe-
albHicTh Moaudikauii TeHeTUYHO OeTepMiHOBaHOI
XPOMOCOMHO1 CTabiJIbHOCTI B COMATMYHUX KIiTUHAX
JIIOAWHU BHACIAOK il i0Hi3yI04Oro BUIIPOMiHIOBAHHSI
(in vivo), ane ¥ icCHyBaHHS acoIliallii MixXX MM (peHOMeE -
HOM i peaJjlizalli€lo OHKOJIOTiUHOI IMaToJjorii (paky Jie-
reHiB) y onpoMiHeHux oci6 [10—13]. Pazom 3 TumM, noci
3aJIMIIAEThCS BiIKPUTUM NWUTAHHS CTOCOBHO TpHBAa-
JIoCcTi 30epexxeHHd papgiauiiitHo-MomnudikoBaHoi [TXH

INTRODUCTION

As considered in the last decade, somatic pathol-
ogy (stochastic and multifactorial) by the action
of ionizing radiation on humans may be caused
not only by direct radiation damage of the target
cells, but by radiation-induced untargeted effects,
including the various forms of genomic instabili-
ty [1-3].

One of the manifestations of radiation-induced
human genomic instability on the cytogenetic level
is so called hidden chromosome instability (HCI),
which is defined as a genetically caused or proba-
bly caused by some endogenous or exogenous
genotoxic factors hypersensitivity of human
somatic cells’ chromosomes to the other mutage-
nic exposure (in vivo and in vitro) and is regarded
as the predisposition to induction and promotion
of carcinogenesis [4—6]. On the basis of this phe-
nomenon to identify HCI has been developed one
of the most common tests so-called “provocative
mutagenesis” — “Gy-bleomycin sensitivity assay”,
which is used mainly to determine the risk of can-
cer pathology in humans [7].

Given the urgency of assessment the possible
contribution of HCI to the realization of long-term
medical consequences of the Chornobyl accident,
we have adapted and used this test to identify per-
sons hypersensitive to exposure of the most power-
ful mutagenic factor — ionizing radiation [8, 9]. As
a result of our research it was established the possi-
bility of HCI identification and evaluation on the
individual sensitivity of human peripheral blood
lymphocytes’ chromosomes to testing mutagenic
bleomycin exposure (in vitro). It was first shown not
only reality of modification genetically determined
chromosome stability in human somatic cells due
to exposure to ionizing radiation (in vivo ), but the
existence of the association between this phenome-
non and the development of oncological pathology
(lung cancer) in exposed individuals [10—13].
However, it still remains an open question con-
cerning radiation-modified persistence of HCI

(1) 322
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(K in vivo, Tax i in vitro) Ta ii 3IaTHOCTI IepeaaBaTUCh
HACTYNHUM TOKOJiHHSM KJIiTWMH, 110 HEOOXiaZHO Bpa-
XOBYBaTH IIPU MIPOTHO3YBAaHHI BigJgaJeHUX MEIUIHMX
HaCIiAKiB aBapiiHOro ONPOMiHEHHS JTIOJNHU.

3Baxarouy Ha BUIIl€3a3HAUYE€HE, METOI0 ITPEICTaBICHOI
poboTu Oy0 JociimkeHHsS He Tulbku iHayKuUili ITXH B
COMATUYHMX KIIITUHAX JIOAWHM ITic/s Aii 10Hi3yH0UOoro
BUIIPOMIHIOBaHHS in Vivo, ajie il TPUBAJIOCTI ii mMepcucu-
TeHILIil 3 MJIMHOM Yacy.

Ha nepiiomy etamni gociigkeHb HaMu OyJ10 TPOBEIEHO
LUTOreHETUYHE OOCTEXEHHSI OCi0 3 iHTAKTHOI Ipynu
MOPiBHSIHHS (ITPaKTUYHO 3J0POBi BOJOHTEPH, SIKi 3arie-
pedyBajd CBIiJOMWII KOHTAKT 3i 3HAHMMHM YU IIO-
TEHUIMHUMH MyTareHHUMU YMHHUKAMHK) 3 Ta 0€3 TeCTy-
I0YOT0 HAaBAHTAXCHHS in Vifro MyTareHOM-IIPOBOKAaTO-
pOM OJIEOMILIMHOM MPU KOPOTKOTpHUBaIoMy (48-roanH-
HOMY) Ta noBroctpokoBoMy (100-romMHHOMY) KyJIBTH-
BYBaHHi JiMdouuTiB nepudepruuHoi Kposi [14]. Bynao
BCTAHOBJIEHO, 110 (DOHOBA YacToTa abepalliii XpoMOCoOM
B JdiMdouutax nepudepudHoi KpoBi ocid 3 rpymnu
MOPiBHSIHHS BiAIOBiAala piBHIO CIOHTAHHOTO COMaTUY-
HOTO XpOMOCOMHOT'O MyTareHe3y Ta BJIAaCHOMY iCTOpHY-
HOMY KOHTpPOJIIO i JOCTOBIpHO HE€ pO3pi3HsIach Mpu
000X cTpoKax KyJabTUBYBaHHSI KiaiTuH. [lpu nii Oge-
OMIIIMHY B KOPOTKOTPMBAIWX KYJIbTypax JiM(OILIUTIB
JOCTOBIPHO MiABUILIMINCH iHAWBIAYaJbHI YaCTOTU XPO-
MOCOMHMX abepalliii 31 3HAUHMMU MiKiHAMBiTyaJlbHUMU
KOJIMBaHHSIMHU, BEJIMUMHMU SIKMX HE 3ajiexkajiu Bill (poHO-
BUX LIMTOTEHETUYHMX ITOKa3HUKIB. Ilpn mOBrocTpoxo-
BOMY KYJbTUBYBaHHi JiM(POLIUTIB 3 0JIEOMILIMHOM B YCiX
00CTeXXeHMX OCi0 BipOrigHO 3MEHIUMIACh YaCTOTa XpO-
MOCOMHUX abepallifi MOPiBHSIHO 3 MOKAa3HUKAMM TIep-
1LIOTO MiTO3Y, 3aBASIKNA YOMY 3HU3UBCS HE TiJbKU LIUTO-
TeHeTUIHMI edeKT 110 TPyIi B CepeaIHbOMY, ajie i ce-
PEeIHBOTPYITOBUIT JOMATOK 10 (POHOBOTO PiBHS abepalriit
XpPOMOCOM, IO CBiIUYMTH IIPO IOCTYIIOBY ejiMiHallil0
abepaHTHUX KJIITUH B MOCAin0BHUX MiTo3aX. [IIBUAKICTD
eJliMiHaLlil XpOMOCOMHUX MOpPYILIeHb 3 MJIMHOM 4Yacy
3HAYHO BapiloBajia y pi3HUX OCi0 i TaKOXK He 3ajiexana sik
BiJl TOKa3HUKIB (POHOBOTO LIUTOTE€HETUYHOTO eeKTy B
IHTaKTHUX KYJbTypax, TakK i BiJl iHAWBiAyaTbHUX PiBHIB
XPOMOCOMHUX abepalliii, iHIyKOBaHUX OJIEOMIlLIMHOM B
KOPOTKOTEPMiHOBUX KYJIbTypax.

MATEPIAJIM 1 METOJIN

st 10OpPOBUILHOTO LIMTOTEHETUYHOIO OOCTEXEHHS
copMyBaIM TaK 3BaHy TIpoeciiiHy rpyry 3 ocio, sKi Opa-
JIM y4acTh y poOOTax 3 MepeTBOpeHHsI 00’ eKTy “YKpUTTS”
HCIIT “YopHoounbscbka AEC” Ha eKOJOoriyHO Oe3nmeuHy
cuctemy (mpoexkTt “Crabijizauis”) Ta mpauioBaid B yMO-
BaX CyBOPOIO PaAioJIOriyHOro KOHTPOJI0. o Hei BKIoUM-

(both in vivo and in vitro) and its ability to be trans-
mitted to future cells generations that must be con-
sidered for prediction of remote medical conse-
quences of accidental human exposure.

Considering this background, the aim of the pre-
sented work was to study not only the induction of
HCI in human somatic cells following exposure to
ionizing radiation in vivo, but also its persistence
over time.

At first, cytogenetic examination of persons
from intact group of comparison (practically
healthy volunteers who denied conscious contact
with well-known or potential mutagens) with and
without testing mutagenic exposure of bleomycin
in vitro under short-term (during 48 hours) and
long-term (during 100 hours) cultivation of
peripheral blood lymphocytes was investigated
[14]. The background frequency of chromosome
aberrations in peripheral blood lymphocytes of
individuals from group of comparison corresponded
to the level of spontaneous somatic chromo-
some mutagenesis as well as to our historical con-
trol and was not significantly different under the
both terms of cells’ cultivation. Under bleomycin
exposure in short-term cultures increased individ-
ual frequencies of chromosome aberrations with
significant inter-individual fluctuations, the value
of which did not depend on the background level
of cytogenetic indices was detected. Under the
long-term cultivation of lymphocytes with
bleomycin in all persons reduced frequency of
chromosomal aberrations compared with those in
first mitosis was found whereby not only the mean-
group cytogenetic effect but also mean-group addi-
tion to the background level of chromosome aber-
rations decreased, indicating the gradual elimina-
tion of aberrant cells in successive mitosis. The rate
of elimination of chromosome injuries over time
varied considerably in different individuals and also
did not depended both on the parameters of the
background cytogenetic effect in intact cultures
and on the individual levels of chromosome aberra-
tions induced by bleomycin in short-term cultures.

MATERIALS AND METHODS

For voluntary cytogenetic examination the occu-
pational group was selected from individuals who
participated in the transformation of the “Shelter”
“Chornobyl NPP” to the ecologically safe system
(project “Stabilization) and worked in conditions
of strict radiological control. It included 15 males
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Jm 15 vosoBikiB BikoM Bin 19 1o 59 pokiB (cepenHiii Bik
(39,1 £ 0,4), meniana 40 pokiB), SIKMX OOCTEXyBaiu B
CTallioHApHUX YMOBAX 3a MpPOLEeIypo0 CHelialbHOTO Me-
JUKO-0i0(hi3MYHOr0 KOHTPOJIIO, KPUTEPIEM BimOOpy IO
AKOro 0yJio BUsABIeHHs BMicTy 24Py y rmpobax Kaiy 3a
MOTOYHOTO 0i0(Pi3MYHOr0 KOHTPOJIIO Ha PiBHi, SIKMIA Tie-
peBuryBaB 1,5 Mmbk/mpo0y. ¥ ocib 3 mpodeciiiHoi rpymnm,
BimiOpaHMX JJIs1 LIMTOTEHETUYHOTO OOCTEXKEHHS, iHAMBI-
JyabHi 103U OMPOMiHEHHS KOJMBaIvCh B Mexax (0,05—
1,73 M3B. Bci ocobu Oyau 3aydeHi 10 HMTOTEHETUYHOIO
00CTeKeHHSI 32 YMOB I10iH(OPMOBAHOI1 3TrOJIN.

IIpy 1tuTOoreHeTMYHOMY OOCTEXEHHi 0cCid 3 mpo-
(beciitHoi rpynu 00’eqHanu nBa tecTu: “Gr-bleomycin
sensitivity assay” — mist mociigkeHHs: iHaykuii I[TXH B
nmiM@onuTax nepudepnyHoi KpoBi [9]; 1BoTepMiHOBE —
KopoTkoTpuBaie (48 rom) ta goBroctpokone (100 rom) —
KyJITUBYBaHHS JiMMOUUTIB TepudepruyHoi KpoBi —
JUTI AOCTiIKEHHST MOXKJIMBOCTI epcucteHTHOCTI ITXH B
MOCITiZ0OBHUX MiTo3ax [15, 16].

JI1s IMTOreHeTUYHOTO aHali3y LJIbHY KPOB (~8 MJI Bif
KOXHOI 0CcO0M) KyJBTUBYBAIW 3a HalliBMiKPOMETOAOM Y
Hawii monudikauii. Kyasrypy giM@ouuriB iHKyOyBasiv B
KuBuiabHOMY cepenosuili RPMI 1640 3 L-mimrotamiHoMm
(Sigma, USA) 6e3 eMOpioHaIbHOI TeJISTY0i CUPOBATKU Ta
aHTUOIOTHKIB, 3 (piToremarmoTuHiHoM (PHA, Difco-P,
USA) Brnponosx 48 ta 100 roguH (ocTaHHi 2 TOAIMHU — 3
komueminmoM; Colcemid, Sigma, USA), 1o mo03BOJISIIO
aHaJli3yBaTU KJITWMHU IEepPeBaxkHO IIEPIIOro Ta TPEThOTO
MiTo3iB, BinnoBigHo. ITicas rinotToHiyHoi 06pooku (0,075
M pozunHom KCl) i (ikcalii (a0COAIOTHUM €TaHOJIOM Ta
JIBOASTHOIO OLITOBOIO KMCJIOTOIO Y CITiBBiZHOIICHHI 3 : 1)
onepxXyBaM (hiKCOBaHI KIIITUHHI ocaau, sIKi 30epiranau y
MOpPO3WJIbHII Kamepi ripu Temnepatypi —20(+5)°C 1o mo-
MEHTY IIPMTOTYBaHHSI IperapariB MeTada3HHX XpPOMO-
com. Ilpemapatm MetadazHnx XpoMocoM dapOyBaan
oapsHukoM [im3a (Giemsa stain, Merk, Germany) mis
MPOBEIECHHS TPaAMLIHOIO IIUTOIeHETUYHOTO aHaJli3y
PIBHOMipHO 3a0apBJIEHUX XPOMOCOM i3 TIPYyMOBUM Ka-
pioTuIyBaHHIM. 7151 OLUiHKM iHAMBIAYaJIbHOI YyTJIMBOCTI
o MyTareHHoi aii Ta Bu3HaueHHs [TXH npoBenu tectyro-
yy 00pOOKY YaCTUHU KYJIBTYP JTiM(OLUTIB, OepKaHUX Bifl
00CTEeXXEeHUX 0Ci0, pamioMiMETUKOM OJIEOMILIMHOM B OIl-
TUMaJIbHi KoHueHTparii (0,05 MKr/mi), ska iHOyKye
BipOTiZHUI LIMTOreHeTUYHUN edekT (0e3 MHOXMHHOIL
¢parmMeHTaLlii YK MyJIbBEpU3alLlil XPOMOCOM) Ta HE3HAUHO
MNPUTHIYYE MiTOTUYHY aKTUBHICTb, HAa Mi3Hill MOCTCUHTE-
tnuHil (G;) cTafmil mepIoro MiTOTUIHOTO IIAKITY.

IIpu mocTaHOBIII €KCIEPUMEHTIB BHUKOPUCTOBYBAIU
rinpoxyopua 6ieomitmHy 1is i’ exuiit (Bleocin, BLM),
purotosyieHuit B fAnoHii (Nippon Kayaku Co. LTD). ba-
30BUIl pO3UYMH Ta HEOOXigHE PO3BEACHHSI FOTyBajlu 3a
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aged 19 to 59 years (mean age 39,1 * 0,4, median
40 years) who had been examined in hospital for
special medical and biophysical control, criterion
of which was detection of "2 Py in samples of
feces for the current biophysical control at the
level higher than 1.5 mBq per sample. In persons
from occupational group selected for cytogenetic
examination, individual radiation doses ranged
0.05—1.73 mSv. All persons were involved into the
cytogenetic examination under the conditions of
informed consent.

For cytogenetic examination of persons from
occupational group two joined tests had been adapt-
ed and used: “G;-bleomycin sensitivity assay” — to
study the induction of HCI in peripheral blood
lymphocytes [9]; two-termed — short-term (48 hrs.)
and long-term (100 hrs.) — culturing of peripheral
blood lymphocytes — to study the possibility of per-
sistent HCI in successive mitosis [15, 16].

For cytogenetic analysis whole blood (~8 ml
from each person) was cultured according to
micromethod in our modifications.
Lymphocytes’ culture was incubated in culture
medium RPMI 1640 with L-glutamine (Sigma,
USA) without fetal calf serum and antibiotics,
with phytohemagglutinin (PHA, Difco-P, USA)
for 48 and 100 hours (the last 2 hours — with
colcemid (Colcemid, Sigma, USA), which
allows to analyze cells mostly in first and third
mitosis, respectively. After hypotonic treatment
(0.075 M KCI solution) and fixation (absolute
ethanol and glacial acetic acid in ratio of 3: 1)
receiving the fixed cell pellet, which was stored
in freezer at —20(£5)°C until the preparation of
metaphase chromosomes slides. These slides
were stained with Giemsa stain (Merk,
Germany) for traditional cytogenetic analysis
of uniformly painted chromosomes with group
karyotyping. To assess individual sensitivity to
mutagenic exposure and detect the HCI part of
lymphocyte cultures was exposed to bleomycin
in late G, phase of the first mitotic cycle in
optimal concentration (0.05 pg/ml), which
induced reliable cytogenetic effect without
multiple fragmentation or pulverization of
chromosomes and marginally inhibited the
mitotic activity

In all experimental set up the Bleomycin hyd-
rochloride for injection (Bleocin, BLM, Nippon
Kayaku Co. LTD, Japan) was used. The basic solu-
tion and the necessary dilution were prepared
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JIOTIOMOT'00 CTEPUJILHOTO (hiziooriuHoro po3unny (0,9 %
PO3YMHY HATPilO XJIOPULY).

KnacuyHuit LUTOreHeTUUYHUI aHadi3 IPOBOAWIU
“Beminy”, Ha 3aMppoBaHUX Mperaparax, il MiKpoCKo-
namu 3i 30iapmeHHsIM X 1000. JdemmdpoBKy pe3yasTaTiB
BUKOHAJIM MiCJIs1 3aKiHYEHHST XPOMOCOMHOTI'O aHaJTi3y BCiX
KyJIBTYp. 3TigHO 3i cTaHgapTHUMM BuMoramu [17, 18], Bix
KOxHO1 ocoou aHanizyBaiu Bif 200 no 500 metada3s. Beb-
oro npoanHanizyBaiu 24 034 metacdasu, 3 skux 12 243 —
0e3 MyTareHHOro HaBaHTaxeHHs; 11 791 — npwu naii Gse-
oMilMHY B KoHIeHTpaitii 0,05 MKr/MI1.

I1pu uuTOoreHeTMUHOMY aHaJIi3i BpaxoByBaJil BCi abepa-
11l XpOMaTUIHOTO Ta XPOMOCOMHOTO THITiB, SIKi BipOTiTHO
MOXHa PO3IMi3HaTU TpU IPYIIOBOMY KapioTUMyBaHHi Ha
piBHOMipHO MTodapOboBaHMX TIpelTapaTax MeTaha3HIX Xpo-
MocoM. lluTtoreHeTHYHMMM MapKepaMM pamialliiiHol mii
BBaXkKaJli 0OMiHHi abepallii XpOMOCOMHOTO TUITy — HeCTa-
OiIbHI (IMLEHTPUYHI Ta KiJIbLIEBI XPOMOCOMM) Ta CTAOLIb-
Hi (aHOMaJIbHi MOHOLIEHTPUKH, SIKi (hOPMYIOTLCS 32 paxy-
HOK TOBHHMX Ta HEMOBHUX TpaHCJOKalliii, iHBepciit, iH-
ceplliit); iHAMKaTopamMy MPUXOBAHOI XPOMOCOMHOI HeCTa-
OiIbHOCTI — OIMHOYHI Ta MapHi alleHTPUYHI (PparMeHTH.

BusHaueHHs oci0, rinepuyTiuBUX A0 Aii 0J€OMILIUHY,
MPOBOAMIN aQHAJIOTIYHO BUSIBJICHHIO iHAWUBIAIB 3 IMiIBU-
ILIEHOI0 YYTJIMBICTIO 0 il ioHi3ytouoi pamiaiiii [19] 00-
YUCIEHHSIM KoedillieHTY ITPUXOBaHOI XPOMOCOMHOI HeC-
tabinbHOCTI (K/7x17) 32 criporeHoo HaMu opmydolo [9]:

Kaxw = Mpxe/ M (D)

ne Mxy — iHnuBinyanabHi, a M — cepeaHbOIPyIIOBi 3HA-
YeHHS 4acTOTU abepalliii XpOMOCOM MpPU TECTYIOUiid mil
OseomitmHy B KoHueHTpaltii 0,05 mxr/mi. [puitHsiu,
1110 JJISI TiNePUYYTIMBUX OCi0 LIMTOTeHETUUHUI e(PEKT, iH-
JMYKOBaHUI 0JI€OMILIMHOM, TIEPEBUIIYE CEPEIHbOIPYIIO0-
BUIi piBeHb XpOMOCOMHUX abepalliii i 3aBxau oyne > 1.

CratucTUYHY 00pPOOKY OTpUMAaHUX JaHUX MPOBOININ
3 BUKOPUCTaHHSIM t-Kputepio CT 1oeHTa.

PE3VJIBTATU TA OBI'OBOPEHHS
Pesynbratu mociimxeHb HaBeneHi B Taba. 1—4 Ta Ha
puc. 1.

SK BUAHO 3 JaHUX, HaBeJeHUX B Ta0J1. 1 Ta 2, mpu 060X
CTpOKaxX KyJBTUBYBaHHS JIiM(OLMTIB (POHOBI 4aCTOTH
LIUTOTEHeTUUYHUX TMOKA3HUKIB B MpodeciiiHiit rpymi
Maiike He Bilpi3HSUITMChH Bil pe3yJbTaTiB LIMTOreHETHY -
HOTO 00CTEXXEeHHSI HEEKCIIOHOBAHOI TPy ITOPiBHIHHSI
(p > 0,01) [14] i BKITamanmnch B MeXKi KOJIMBaHb CEPEIHb-
OIOMYJISILIIAHMX 3HAYeHb, XapaKTepHUX ISl CIIOHTaH-
HOI'0 XpOMOCOMHOI'O MyTareHe3y B COMaTUYHMX KJIiTH-
Hax monuHu [17, 18]. Cepen MOIIKOIXEHb XPOMOCOM
JIOMiHYBaJIY IPOCTi abepallii XxpoMaTUAHOTO TUITY - O~

using a sterile saline (0.9% solution of sodium
chloride).

Classical cytogenetic analysis of the coded slides
was performed by blind manner by the microscope
with magnification 1000x. Decoding of the results at
the end of chromosome analysis of all cultures was
performed. According to the standard requirements,
from each individual from 200 to 500 metaphases
were scored [17, 18]. Total 24 034 metaphases were
analyzed, of which 12 243 — without mutagenic
exposure, 11791 — with bleomycin exposure.

All aberrations of chromatid and chromosome
types, which significantly can be identified with
group karyotyping on uniformly stained prepara-
tions of metaphase chromosomes were taken into
account. Chromosome exchanges — unstable
(dicentric and ring chromosomes) and stable
(abnormal monocentrics, formed from complete
and incomplete translocations, inversions, inser-
tions) were considered as cytogenetic markers of
radiation exposure, single and double acentric
fragments were the indices of HCI.

Identification of persons hypersensitive to
bleomycin exposure similarly to revealing individ-
uals with hypersensitivity to ionizing radiation was
conducted [19] by computation coefficient of
HCI (Kper) according to formula [9]:

Kucr=Mucr / M (1)

where MHCI — individual and M — mean-group
values of the frequency of chromosome aberra-
tions under bleomycin exposure. Took that for
hypersensitive persons cytogenetic effects induced
by bleomycin exceeds mean-group level of chro-
mosome aberrations was taken to be always > 1.

Statistical analysis of the data was performed
using Student’s t-test.

RESULTS AND DISCUSSION
The results of research are presented in table 1—4
and Fig. 1.

Under both terms of lymphocytes culturing
background frequency of cytogenetic parameters
in occupational group hardly differed from the
results of cytogenetic examination in unexposed
group of comparison (tables 1 and 2, p > 0.01) [14]
and corresponded to their population values typi-
cal for spontaneous chromosome mutagenesis in
somatic human cells [17, 18]. Among the damaged
chromosomes simple aberrations of chromatid
type dominated — single fragments; aberrations of
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Ta6nuua 1
®PoHoBUIN uUTOreHeTUYHUI edeKT vy 0Cib i3 npodeciitHoi rpynu npu ABOTEpMiHOBOMY Ky/NbTUBYBaHHi
nimcpouutie nepucdepuyHoi kposi (cepepHborpynosi gani, M + m)

Table 1
Background cytogenetic effect in persons from occupational group under two-termed cultivation of peripheral
blood lymphocytes (mean-group data, M + m)

YacroTa abepauiit xpomocom, Ha 100 kniTuH

(2]
E E Frequency of chromosome aberrations, per 100 cells
'S S XpPOMaTUAHOro TUMy XPOMOCOMHOr0 TUny
S - chromatid type chromosome type
- -
[} X
- =5 3
3 3R = £ E
?: ° gdt: N s 0 = 23 =
E5. €8] £E EE 3 28 z
= 0 c O o 9 = o € = »
5= —_ D o £ s E = 2w s © =)
=2 ZE < o » = D < (=) = £ ' £
x O £ © = o — - S =S 0 ' £ T = =
S s Ex 8 g T E o 2 = 8 9 E ] g o
I = L =] T s c < = = S o S £ Q =
] c @ e E S o I a — 2 T = a8 g E ==
€2 8§ 38 i =5 Sz 58 g3 EE 82 §§%5 &gs
cE <22 RX& &% ©& @& B8 &%t %8 §8 S8 @82
Crpok kynbTuBYyBaHHS 48 roguH / short-term cultivation (48 hours)
M 1,19 1,37 0,94 0,00 0,94 0,36 0,02 0,00 0,00 0,05 0,43
m 0,15 0,16 0,12 0,00 0,12 0,08 0,02 0,00 0,00 0,03 0,09
Crpok kynbTuByBaHHsi 100 roguH / long-term cultivation (100 hours)
M 2,00 2,16 1,37 0,00 1,37 0,62 0,01 0,00 0,09 0,08 0,79
m 0,17 0,18 0,14 0,00 0,14 0,09 0,01 0,00 0,04 0,03 0,11
BiporigHicTb / significance
p < 0,001 < 0,001 <0,05 <0,05 <0,05 <0,05 <0,05 <0,05 <0,01
Ta6nuusa 2

MopiBHAHHA cepepHix 3HayeHb (DOHOBMX LUTOr@HETUYHMX MOKA3HUKIB B HEEKCNOHOBAHiN Ta npodeciiHin
rpynax npu ABoTepMiHOBOMY KYNbTUBYBaHHi NiiMpouuTtiB nepudepuyHoi KpoBi
Table 2

Comparison of the mean values of background cytogenetic indicators in unexposed and occupational groups
under two-termed cultivation of peripheral blood lymphocytes

LinToreHeTnyYHi NOKa3HMKK
Cytogenetic indicators

HeekcnoHoBaHa rpyna nopiBHAHHS
Unexposed group of comparison

Mpodeciiiva rpyna
Occupational group

(n=15)
(n=15)

CepenHs vacToTa abepaHTHuX MeTadas, %
Mean frequency of aberrant metaphases, %

1,61 % 0.15 (48 ros / h.)
1.48 + 0.14 (100 rog / h.)

1,19+ 0,15 (48 ros / h.)
2,00 = 0,17 (100 rog / h.)

Poskup iHomBioyanbHUX YacToT abepaHTHUX MeTadas, %
Range of individual levels of aberrant metaphases, %

0,00-2,80 (48 ron / h.)
0,20-2,80 (100 rog / h.)

0,40-2,80 (48 ron / h.)
0,20-3,80 (100 rog / h.)

CepenHs yacToTa abepalliii xpomocom (Ha 100 meTadas)
Mean frequency of chromosome aberrations (per 100 metaphases)

1,71+ 0,15 (48 ron / h.)
1,50 = 0,14 (100 rog / h.)

1,37+ 0,16 (48 rog / h.)
2,16+ 0,18 (100 roa /h.)

Poskup, iHamBinyanbHux YactoT abepadiit xpomocom (Ha 100 meTadas)
Range of individual levels of chromosome aberrations (per 100 metaphases)

0,40-2,60 (48 ron, / h.)
0,00-3,00 (100 rog. / h.)

0,50-2,80 (48 ron / h.)
0,20-3,80 (100 roa./ h.)

Yacrota abepaLliii xpomatuaHoro Tuny (Ha 100 meTadas)
Mean frequency of chromatid type aberrations (per 100 metaphases)

1,25+ 0,13 (48 rog / h.)
1,03+0,12 (100 ron / h.)

0,94 % 0,12 (48 rog / h.)
1,37 0,14 (100 ron / h.)

Yacrora abepauiii xpomocomHoro Tuny (Ha 100 metadas)
Mean frequency of chromosome type aberrations (per 100 metaphases)

0,44 £0,14 (48 ron, / h.)
0,48 = 0,08 (100 rog / h.)

0,43+0,09 (48 rog/h.)
0,79 0,10 (100 rog / h.)

Yacrora abepaLiit Ha 0HY abepaHTHY KAiTUHY
Frequency of chromosome aberrations per one aberrant cell

1,06 (48 ron / h.)
1,01 (100 rog / h.)

1,15 (48 rog / h.)
1,08 (100 rog / h.)
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HOYHI (pparMeHTH; abepallii XxpOMOCOMHOTO THUITY OyJI1
MNpeAcTaBieHi, B OCHOBHOMY, BiIbHUMU MapHUMU par-
MmeHTaMu. CepeqHLOrpyIoBa 9acToTa OOMIHHUX abe-
pailiii XxpOMOCOMHOTO TUITY, SIKi BBAaXKalOThCSI LIMTOT€HE-
TUYHUMU MapKepaMu OIMpPOMiHEHHs JIIOAWHU, Oyla Ha
TMOPSAOK HUXXYE 3HAYEHb MOMYJSIiIfHOTO KOHTPOJIO,
1110 CBiIYMJIO HPO BiICYTHICTh padialliiHOro BILJIMBY Ha
00CTEeXEHMX 0Ci0 B IUTOTEHETUYHO aKTUBHMX J103aX.

3i 30LIbIIEHHSIM TPUBAJIOCTI KYJIbTUBYBaHHS JIiM(pO-
LUTIB, OJepXKaHUX BiJl ocib 3 ipodeciiiHol rpymu, croc-
Tepirasochk BiporigHe (p < 0,001) migBUILIEHHS LIMTOTE-
HETUYHOTro e(eKkTy SIK y OKpeMMX iHAMBIimiB, Tak i 1o
TPYIIi B LIJIOMY 32 paXyHOK 3pOCTaHHS YaCTOTH MPOCTUX
alleHTPUKIiB, SIKi BBaXKalOThCS MapKepamMu BiggajieHoi
XpPOMOCOMHOI HecTabiabHOCTI. [TpoTe 51K i B HeeKCIOHO-
BaHill rpyni MOpIBHSAHHSI OyJ10 BUSIBJIEHO 3HUXXEHHS
YacTOTM XPOMOCOMHUX abepalliif B MOCTiIOBHUX MiTO-
3ax yepes eniMiHalilo JOMiHYIOYOIro TUMY MOIIKOIKEHb
XPOMOCOM — OJJMHOYHUX alIEeHTpUYHUX (DparMeHTiB, 1110
XapaKTepHO ISl JUHAMiK1 CIIOHTaHHOTO XPOMOCOMHO-
ro myrtareHe3y [17, 18]. Takum yuHOM, mpodeciiiHa Ta
HEeKCIIOHOBaHa TPyMU BiApi3HSJIUCh MOMiX CO00I0 3a

Ta6nuusa 3

chromosome type were represented mainly by free
double fragments. Mean-group frequency of
exchange aberrations of chromosome type, which
are considered cytogenetic markers of human
radiation exposure, was an order of magnitude
below the values of population control, indicating
the absence of radiation exposure to persons sur-
veyed in cytogenetically active doses.

With increasing duration of lymphocytes cultur-
ing obtained from individuals of occupational
group cytogenetic effect significantly (p < 0.001)
increased o (both individual and mean-group) due
to growing of the frequency of simple acentrics
that are markers of delayed chromosome instabili-
ty. While in unexposed group of comparison a
decrease of chromosome aberrations frequency in
successive mitoses was found through elimination
of the dominant type of damaged chromosomes —
single acentric fragments — which is typical for the
dynamics of spontaneous chromosome mutagene-
sis [17, 18]. Thus, occupational and unexposed
groups differed by the dynamics of the background

LutoreHeTuuHnin ecekt y oci6 3 npodeciitHoi rpynu npu ABOTepMiHOBOMY KynbTUBYBaHHI nimMdpouutie
nepucdepuyHoi KpoBi 3 6neomiuuHoM B KoHLeHTpauii 0,05 mkr/mn (cepeaHborpynoBi aaxi, M + m)

Table 3

Cytogenetic effects in persons from occupational group under two-termed cultivation of peripheral blood lym-
phocytes with bleomycin in concentration 0.05 microgram per mL (mean-group data, M + m)

YacTota abepauiit xpomocom, Ha 100 KniTuH

2
'=s_= i Frequency of chromosome aberrations, per 100 cells
'S =4 XpOMaTMAHOrO TUNY XPOMOCOMHOrO TUMy
S - chromatid type chromosome type
- s
(2] X
2 if" .E E‘ .S
° E] = £5
S« 55 & 2 % 3
ENS o 2 s 2 E £ 5 2 3 3
E g | ® & 3 FrT 2 S e S w
5= = @ e £ s E < S o s oS S 8
=9 Z E S 5 » cE o S =) = € T £
x ¢ T © gc — © k1 ge =0 T £ I - F '=
= 5 Ex S8 T & > 8% [ ] F = 2 s S o
I S Fo z = c E S S o £ Q=
] s S E S o ! -2 T = ae s E e
€S g5 38 £ =5 S &8 g3 =t 82 §§5 SE
cE S22 X& &% ©s3 &8 B8 &av %8 §8 I8 @©°%
Crpok kynbTuBYyBaHHS 48 roguH / short-term cultivation (48 hours)
M 7,68 30,35 22,50 0,02 22,52 7,63 0,09 0,00 0,02 0,09 7,83
m 0,36 0,62 0,57 0,02 0,57 0,36 0,04 0,00 0,02 0,04 0,27
Crpok kynbtByBaHHsa 100 rogut / long-term cultivation (100 hours)
M 5,50 21,08 17,93 0,02 17,95 2,63 0,13 0,08 0,08 0,13 3,04
m 0,29 0,51 0,48 0,02 0,48 0,20 0,04 0,03 0,03 0,04 0,21
BiporigHicTtb / significance
p <0,001 <0,001 <0,001 >0,05 <0,001 <0,001 >0,05 >0,05 >0,05 >0,05 <0,001
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MUHaMiKol0 (DOHOBOIO IIMTOTEHETUYHOTO €(PEKTY MpHu
Pi3HUX CTPOKaX KyJbTUBYBAHHS JiM(OLIUTIB.

SIK BUIHO 3 JaHUX, IPEACTaBIICHNX B TAOJIUIII 3, micys
Iii 6JeoMilMHy B KoHIeHTpalii 0,05 MKT/MJI cepenHb-
OrpyrnoBa yacTtoTa abepaHTHUX MeTada3 B KOPOTKOTPU-
BaJIMX KyjabTypax 3pocia 1o (7,68 = 0,36) %, a yactoTa
abepauiit xpomocoM — 10 (30,35 = 0,62) Ha 100 meTa-
a3z, mo gocrosipHo (p < 0,001) Bimpi3HsIIOCH Bin Takoi
B iHTAKTHUX KyJBTYypax Ha LIbOMY X TepMiHi (ikcarlii
(1,19£0,15) % Ta (1,37£0,16) na 100 metacas, Biamo-
BimHO. OCKiTbKM B yCiX BUTAgKax Malixke KoXXHa abepa-
HTHa MeTadasza MicTuJia Oijbllle OIHIEI XPOMOCOMHI
abepanii Ta NpakKTUYHO Yy BCiX OOCTeXEHMX OcCi0
3yCTpivyaJuCh MyJIbTUaOEepaHTHI KJIITUHU, CEPEaHS yac-
ToTa abepalliii Ha omHY aOepaHTHY KIIITUHY Jocsiraia
3,95. Cnin TakoX BiZ3HAYUTHU, 1110 Y OiJIBIIOCTI 0OCTeXe-
Hux (13 3 15 oci0) 3 pizHoto yactoromw (Bix 0,2 mo 2,0 Ha
100 mpoaHanizoBaHuX MeTadas) 3yCTpivaMCh KIITUHMU 3
nyJibBepU3ali€e0 XpoMocoM. MiXiHAUBIAyaaAbHUIA PO3-
KM 4acTOTM XPOMOCOMHMX abepalliii OyB 3HAUHMUM i
craHoBuB (4,67 + 0,81) — (58,77 + 2,24) na 100 mera-
a3z, 110 CBiAUUTH MPO CYTTEBY BiAMIHHICTbh MiX Pi3HU-
MU iHAWBiZaAMM 3a YYyTJIMBICTIO XpOMOCOM JIiM(OIIUTIB
JI0 KJIacTOoreHHoi aii 6;1eominuby. Cepen mnpodeciiiHoi
TPy OCOOMBO BUPI3HSAIUCS 4 0coOM 3 MaKCUMaJlb-
HUM iHAYKOBAaHUM LUTOTEHETUYHUM edeKToM (~ 59, 54,
46, 42 abepauiii Ha 100 MeTadas, BinnoBigHO) Ta MaKCH-
MaJIbHOIO “3aBaHTaXXKeHiCTI0” abepaHTHUX KJIITUH ITTOILII-
KOJ>KEHUMHU XpoMocoMaMu (~ 7 Ha OJHY aOepaHTHY Me-
tadazy), xoua (hOHOBA YACTOTAa XPOMOCOMHMX abepaliiit
Yy HUX He TIepeBUILYBaId BEPXHIO MEXY ITONYISALiAHOIO
CIIOHTAHHOTO PiBHA. Y 1ux Xe ocio BenuunHu KITXH
nepeBuinyBanu “1” i cknaganu 1,93; 1,77; 1,50; 1,38,
10 € MiATBEPIXKEHHSIM IXHbOI MiABUILEHOI YYTIMBOCTI
JI0 MyTareHHOro BILUIMBY. K y OoKpeMuX oci0, Tak i mo
TpyIi B cepenHbOMY, 3HAYHO JOMiHYBaJIU TIPOCTi alleHT-
pUKU (B OCHOBHOMY — OJMHOYHI alleHTPUYHi (pparmMeH-
TH), cyMapHa Jactota sskux (30,13 £ 0,60 Ha 100 meTa-
¢a3z) BiporigHo (p < 0,001) mepeBuIryBana (poHOBI AaHi.
PiBHi 0OMiHHUX abepalliii XpOMaTUIHOIO i XPOMOCOM-
HOT'O TUMIB MPaKTUYHO HE 3MiHIOBAJIMCH i BiAMOBigaIN 1X
CIIOHTAHHUM 3HAYCHHSIM.

Takum yMHOM, 32 BCiMa IMTOr€HETUYHUMM TTOKA3HU-
KaMH i, 0co0JIMBO, 3a 3arajJbHOI0 YaCTOTOI0 XPOMOCOM-
HUX abepaliif, 3yMOBJIEHOIO, MepeBaKHO, (parMeH-
Tali€l0 XpOMOCOM, COCTEpiraau CyTTEBY MiXKiHIUBiTYy-
aJibHy BapiaOesibHICTh, SIKa He 3ajiexaya BiJ BeJMUYUH
(boHOBUX JaHUX, OJEPXKAHUX B IHTAKTHUX KYJIbTypax.

ITpu 100-romMHHOMY KYyJBTUBYBaHHI JIIM(OIMTIB
noctoBipHO (p < 0,001) 3HM3MBCY K iHIYKOBaHUIA OJie-
OMILIMHOM CepeIHbOTPYIOBUN ITUTOTEHETUIHUI e(DeKT

(1) 328

cytogenetic effect in different terms of culturing
Ilymphocytes.

Under exposure to bleomycin (Table 3) mean-
group frequency of aberrant metaphases in short-
term cultures increased to (7.68 £ 0.36) %, and the
level of chromosome aberrations — up to (30.35+
0.62) per 100 metaphases differing significantly
(p<0.001) from that in the intact cultures of the
same fixation period (1.19 + 0.15) % and (1.37+
0.16) per 100 metaphases, respectively. As in all
cases almost every aberrant metaphase contained
more than one chromosome aberration and in
almost all examined persons met multiaberrant
cells, the average frequency of aberrations per aber-
rant cell reached 3.95. It should also be noted that
in majority of individuals (13 out of 15 people) with
varying frequency (from 0.2 to 2.0 per 100
metaphases) met cells with chromosome pulveriza-
tion. Interindividual range in the frequency of chro-
mosome aberrations was considerable — (4.67 *
0.81) — (58.77 £ 2.24) per 100 metaphases, indicat-
ing a significant difference between individuals on
the sensitivity of lymphocytes’ chromosomes to the
clastogenic action of bleomycin. Among occupa-
tional group four persons had the maximal induced
cytogenetic effects (~ 59, 54, 46, 42 aberrations per
100 metaphases, respectively) and the maximal
“load” of aberrant cells by damaged chromosomes
(~7 per aberrant metaphase), although their back-
ground frequency of chromosome aberrations do
not exceed the upper limit of spontaneous popula-
tion level. In the same individuals value of KHCI
exceeded 1 and were 1.93; 1.77; 1.50; 1.38 confirm-
ing their increased sensitivity to mutagenic expo-
sure. Both in separate individuals and in occupa-
tional group on average dominated simple acentrics
(mostly — single acentric fragments), the total fre-
quency of which (30.13 £ 0.60 per 100 metaphases)
was significantly (p < 0.001) higher than the back-
ground data. Levels of chromosome and chromatid
types exchange aberrations did not change and cor-
responded to their spontaneous value.

Thus, for all cytogenetic parameters and espe-
cially the total frequency of chromosome aberra-
tions, mainly caused by fragmentation of chromo-
somes, significant interindividual variability that
did not depend on the values of the background
data obtained in intact cultures was observed.

Bleomycin-induced cytogenetic effect signifi-
cantly (p < 0.001) decreased under 100-hour cul-
tuvation of lymphocytes both as mean-group
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(30,35 £ 0,62 Ta 21,08%0,51 abepauiit xpomocoM Ha 100
KJIITUH B MEpLIOMY Ta TPETbOMY MiTO3aX, BiAIOBiIHO),
TaK i CepeIHBOTPYIIOBHUI TOMATOK OO0 (DOHOBOTO PiBHS
abepauiii xpomocoM (28,98 Ta 18,81 Ha 100 Metacdas B
48- ta 100-romMHHUX KYJIbTypax, BiAMOBIIHO). 3HUXKEH-
HS CEpPEeIHBOTPYIOBOTO IIUTOTEHETUYHOTO €(heKTy B
MOCJIIOBHUX MiTo3ax OyJIO 3yMOBJIEHO 3MEHIIECHHSIM
(Ha 28,4-81,0 %) iHouBimyaabHUX 4acTOT abepalliii Xpo-
MOCOM (ITPOCTHX aLIEHTPHUKIB 3 JOMiHYBaHHSIM OIWMHOY-
HUX (pparMeHTiB) y MepeBaxkHOi OilblIOCTI OcCib i3
CYTTEBUMM MIiXiHAMBiAyaJIJbHUMU BiIMIHHOCTSIMU, SIKi
He 3ajeXaii Bif iHAMBiAyaJIbHUX PiBHIB XpPOMOCOMHUX
abepalliif, iHIyKOBaHUX OJEOMIIMHOM B KOPOTKOTEp-
MiHOBMX KyJbTypax (puc. 1). Pazom 3 TuM, y 1BOX 0cCi0
(Ne 5, 7) piBeHb abepailiii XxpoMocoM (a came, OOUHOY-
HUX (pparMeHTiB) B TPETHOMY KJIITUHHOMY IOJIiJIi MTpaK-
TUYHO HE 3MiHUBCS, a y TphoX iHauBIAiB (Ne 3, 6, 9), ki
BUSIBJISLIA TiNEPUYYTAUBICTb OO Ail OJ€OMiLIMHY MPU KO-
POTKOCTPOKOBOMY KYJIBTUBYBaHHI JIiM(OLINTIB, B pi3Hil
mipi (Ha 40,7; 8,1; 7,6 %, BimmoBimHO) 30iLIBIIMBCS
MOPiBHSHO 3 TAKWUM Y TIEPIIOMY MiTO3i. Y IIUX TilepuyT-
JmuBux oci6 BenmunHu KITXH nepeBuiyBanu “17 i mo-
3UTUBHO KOPEJIOBaJMd 3 aHAJOTIYHMMM MOKa3HUKaMU
KOPOTKOTEPMIHOBUX KYJIBTYp, 110 BKa3ye€ Ha MOX-
JIUBIiCTb 30epeKeHHs Ta, HaBiThb, 3pocTaHHs [TXH 3 mnu-
HOM vacy. lle mMoxe OOYMOBITIOBAaTHUCS 3HUXEHHSIM
IHTEHCUBHOCTI penapaTUBHUX MpPOLECiB B abepaHTHUX
KJIiTUHaX a00 raJibMyBaHHSAM IX eJliMiHaLIil MPU TOCTi-
JOBHUX KJIITUHHUX Todinax. [TomioHuit deHOMeH, ale

chromosome aberrations (30.35 £ 0.62 and 21.08
+ 0.51 per 100 cells in first and third mitoses,
respectively) and mean-group addition to the
background level of chromosome aberrations
(28.98 and 18.81 per 100 metaphases in the 48-
and 100-hour cultures, respectively). Reducing of
mean-group cytogenetic effect in successive
mitoses was due to a decrease [by (28.4-81.0) %] of
individual frequencies of chromosome aberrations
(simple acentrics with the dominance of single
fragments) in the vast majority of persons with
significant interindividual differences which did
not dependent on individual levels of chromosome
aberrations induced by bleomycin in short-term
cultures (Fig. 1). However, in two individuals
(Ne 5, 7) level of chromosome aberrations (name-
ly, single fragments) in the third cell division
remained almost unchanged, and in three individ-
uals (Ne 3, 6, 9), who showed different degree of
hypersensitivity to bleomycin exposure in short-
term cultures increased (40.7; 8.1; 7.6 %, respec-
tively) compared with that in the first mitosis. In
these hypersensitive people KHCI exceeded “1”
and positively correlated with these in short-term
cultures, indicating the ability to save and even to
increase HCI with time. This may be due to
decrease in the intensity of reparative processes in
aberrant cells or inhibition of elimination during
successive cell divisions. A similar phenomenon,
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Figure 1. Interindividual dynamics of cytogenetic effect in examined individuals from occupational group
under two-termed cultivation of peripheral blood lymphocytes with bleomycin in concentration 0.05 micro-
gram per mL
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0e3 TecTyrouoi aii 6yieoMillHy, OYB BCTAHOBJIEHUU TTpU
LIUTOTeHETUYHOMY OOCTEKeHHi HallaAKiB ONTPOMiHEHUX
6atekiB [15, 20] Ta mpu BUBYEHHI pamialiitHO-iHIyKOBa-
Horo ecdekTy cBiaka [21]. B pe3yiabraTi npoBeneHux a0-
CJIiIKEHb TaKOX OYJI0 BUSIBJIEHO TEPCUCTEHLIiI0 Bigaa-
JIEHOI XpOMOCOMHOT HEeCTabiIbHOCTI B JOBIOCTPOKOBUX
KyJnbTypax JIiM(QOLIMTIB KPOBi JIIOAWHM, IO BKa3ye Ha
3IaTHICTh COMAaTUYHUX KJIITUH MepeaaBaTu ii CBOIM Hac-
TYITHUM TTOKOJIIHHSIM.

K BUAHO 3 JaHMX, HaBeIeHUX B Ta0JI. 4, HE3BAXKAIOUU
Ha OJHOCHPSIMOBAHICTh AUHAMIKU IHAYKOBAHOIO OJe-
OMILIMHOM IIUTOTEHETUYHOro e(eKTy 3 4acoM I10 000X
rpyrnax B cepeqHboMY (MTOCTYIIOBa €JliMiHallisl B MOCTi-
JOBHUX MiTo3ax), 0a30Bi CepeaHbOrPYIIOBi LIMTOreHE-
TUYHI MTOKAa3HUKM B TIpodeCiiiHiil TpyTTi BUSBUINCH TOC-
toBipHO (p < 0,01 — p < 0,001) BuIIe, HiXX B iHTAKTHIil
TPYITi TIOPiBHSIHHSI TIpM 000X CTPOKAX KYJILTMBYBAaHHS
JiMdouuTiB. Taka pizHMLZ, sIKa cocTepiraigacs 3a ce-
PEIHBOIO YaCTOTOIO XPOMOCOMHMX abepalliii B IepIIomy
miTo3i (26,50 £ 0,60 ta 30,35 £ 0,62 nHa 100 metadas B
HEEKCIOHOBaHii Ta mpodeciiiHiil rpymax, BiAMOBIIHO),
1lIe pa3 IITBepIKYE BCTAHOBJICHMII HAMM paHillle MO-
INpiKyounii BIJIB iOHI3yIOYOTO BUIIPOMiHIOBAHHS Ha

Ta6nuusa 4

but without testing bleomycin exposure had been
established under cytogenetic examination of off-
spring of exposed parents [15, 20] and in the study
of radiation-induced bystander effect [21]. As a
result, the research also revealed persistence of
delayed chromosome instability in long-term cul-
tures of human blood lymphocytes, indicating the
ability of somatic cells to transmit it to their next
generations.

Despite of the unidirectional dynamics of
bleomycin-induced mean-group cytogenetic
effects with time in both groups (gradual elimina-
tion in successive mitosis), basic cytogenetic
indices in the occupational group were significant-
Iy (p <0.01 — p <0.001) higher than in the intact
group of comparison under both terms of lympho-
cytes’ culturing (Table 4). Such difference which
was observed on average frequency of chromosome
aberrations in the first mitosis (26.50 = 0.60 and
30.35 £ 0.62 per 100 metaphases in unexposed and
occupational groups, respectively) once again
confirms the previously established by us modify-
ing effect of ionizing radiation on the chromo-

NopiBHAHHA cepefHix 3HaYeHb LUUTOreHEeTUYHUX NOKA3HMKIB B HEEKCMOHOBaHii Ta npodecinHin rpynax npu
ABOTEPMiHOBOMY KyNnbTUBYBaHHi nimdouuntie nepucdepuyHoi Kpoei nicna tectyiouoi pii 6neomiuuny B

KOHUeHTpauii 0,05 MKr/mn
Table 4

Comparison of the mean values of cytogenetic indicators in unexposed and occupational groups under two-
termed cultivation of peripheral blood lymphocytes following testing bleomycin exposure in concentration

0.05 microgram per mL

LiuToreHeTMYHi NOKa3HUKMK Fpyna nopiBHAHHS “,_? MpodeciiiHa rpyna §

. . - - ” - ” P
Cytogenetic indicators Group of comparison ¢ Occupational group £
CepenHsi yacTota abepaHTHUX MeTadas, % 6,02 £ 0,32 (48 rog / h.) 7,68 +0,36 (48 rog / h.) < 0,01
Mean frequency of aberrant metaphases, % 4,14 0,23 (100 rog / h.) 5,50 £ 0,29 (100 rog / h.) < 0,001
Poskup, iHamBinyanbHUX YacToT abepaHTHUX MeTadas, % 2,80-8,20 (48 rop / h.) 5,68-12,17 (48 ron, / h.)
Range of individual levels of aberrant metaphases, % 1,60-6,40 (100 rog, / h.) 2,60-9,00 (100 rog / h.)
CepenHs yacTota abepadiit xpomocoM (Ha 100 meTadas) 26,50 = 0,60 (48 rog,/ h.) 30,35 + 0,62 (48 rop / h.) < 0,001
Mean frequency of chromosome aberrations (per 100 metaphases) 13,12+ 0,39 (100 rog / h.) 21,08 = 0,51 (100 roa / h.) < 0,001
Poskug iHomBioyansbHux YacTot abepauiii xpomocoM (Ha 100 metadas) 3,40-49,00 (48 rop / h.) 4,67-58,77 (48 rog / h.)
Range of individual levels of chromosome aberrations (per 100 metaphases)  1,80-30,86 (100 rog / h.) 4,12-64,00 (100 rog / h.)
Yacrora abepaLiit Ha 0aHY abepaHTHY KAiTUHY 4,40 (48 rop / h.) 3,95 (48 rop / h.)
Frequency of chromosome aberrations per one aberrant cell 3,17 (100 rog / h.) 3,83 (100 rog / h.)
Yacrota abepaLiit xpomatuaHoro tuny (Ha 100 metadas) 22,20 = 0,56 (48 ron / h.) 22,52 £ 0,57 (48 rog, / h.) > 0,05
Mean frequency of chromatid type aberrations (per 100 metaphases) 10,88 = 0,36 (100 rog,/ h.) 17,95 = 0,48 (100 rog / h.) < 0,001
Yacrota abepaLiii xpomocomHoro Tuny (Ha 100 metadas) 4,30 £ 0,57 (48 rog / h.) 7,83 £0,36 (48 rog / h.) < 0,001
Mean frequency of chromosome type aberrations (per 100 metaphases) 2,25+ 0,17 (100 rog / h.) 3,04 £0,21 (100 rog / h.) < 0,001
[Jonatok 0o $hoHoBoi yacToTu abepadiit xpomocom (Ha 100 metadpas) — 24,79 (48 ron / h.) 28,98 (48 rog / h.) < 0,01
HA[ICMOHTAHHWIA PiBEHb 11,60 (100 rog / h.) 18,81 (100 rog / h.) < 0,001

Addition to background frequency of chromosome aberrations
(per 100 metaphases) — above-spontaneous level
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CTabiIBHICTh XPOMOCOM Ta iX YYTJIMBICTH JO MyTareHHOT
nii [10]. IlepeBUlIEHHSI CEPEAHBOTO PiBHS XPOMOCOM-
HUX abepalliif B TpETbOMY MiTO3i ¥ 0cib i3 TIpodeciiiHoi
TPyIM Haja TakuM B Ipyni nopiBHsaHHs (13,12+0,39 Ta
21,08+ 0,51 Ha 100 meTada3 B HeeKCIIOHOBaHiii Ta Mpo-
(deciliHili rpynax, BilMOBiIHO) CBiIUMTHb MPO BILIMB
10Hi3yI04OIr0 BUIIPOMiHIOBAHHSI Ha MEPCUCTEHLIiI0 TIpU-
XOBAaHOI XPOMOCOMHOI HeCTaOiIbHOCTI B TTOCIIiJOBHUX
KJIITUHHUX TeHepallisX.

Ogep:xaHi pe3yabTaTy MOoKas3ajiu, 110 NPU LUTOreHe-
TUYHOMY OOCTEXXEeHHI 0¢i0, sIKi MalOTh (UM OYIyTh MaTHU)
npodeciiHUil KOHTAKT 3 iOHi3yIOUMM BUIIPOMIiHIOBaH-
HSIM, JOLIIbHO MPOBOAUTU IBOTEPMiHOBE KYJIbTUBYBaH-
Hs JiM@OoLUTIB nepudepruyHoOi KPOBi 3 TECTYIOUUM MY-
TareHHMM HaBaHTaXXEHHSM OJEOMILIMHOM, IO TO3BO-
JINTh OLiHUTY iHAWBIAYaJbHY YYTJIUBICTb 1O MyTareHHOL
Iii 3 ypaXyBaHHSIM OCOOJMBOCTEN iHAYKIIil Ta Mepcuc-
TEHILIil MPUXOBAHOI XpPOMOCOMHOI HECTaOILHOCTI.

BUCHOBKU

1. IIpy KOPOTKOTpUBATIOMY KYJIbTUBYBaHHI JTiM(OILIUTIB
nepudepruuHOi KpoBi 0ci0, sIKi mpodeciiHO KOHTAKTY-
BaJIM 3 i0HI3yI0YOIO pajiaiicio, POHOBI YaCTOTH IIMTOTE-
HEeTUYHMX TTOKa3HUKIB He BimpizHsiuch (p > 0,01) Big
pe3yabTaTiB ILIMTOTEHETUYHOTO OOCTEXEHHSI TpyNu
MOPiBHSIHHS i BKJIagallCh B ME€Xi KOJMBaHb CEPEeIHbO-
MONYJIALIMHNX 3HAY€Hb, XapaKTePHUX MIJIsI CTIOHTaHHO-
0 XpOMOCOMHOTI'O MyTareHe3y B COMaTUYHUX KJIiTUHaX
JIIOIVHU.

2. B 10BrocTpokoBUX KyJbTypax JiMGOLUTIB mepude-
pUYHOI KpOBi 0cCib i3 mpodeciiiHoi rpyny (POHOBUI 11~
ToreHeTUYHUM edexr miasuinuBcs (p < 0,001) mopiBHsI-
HO 3 TaKUM B MEPIIOMY MiTO3i, TOAi SIK y OCi0 3 rpynu
MOPiBHSIHHS BiH MPOSBISIB TEHACHLIIO A0 3HUXXEHHS B
MNOCJiAOBHUX MiTO3aX.

3. Ilicns gii 6neoMilMHY B KOPOTKOTPUBAIUX KYJIBETypax
JiMoUTIB mepudepruyHOi KpoBi 0OCi0, sIKi TpodeciitHo
KOHTAaKTyBaJIM 3 iOHi3yI0UOlO pafdialli€lo, cepeaHbOIpy-
nmoBuii nToreHeTMYHM edpexT migcuansed (p < 0,001)
3i 3HAYHMMHM MIKIHIUBIAyaJIbHUMU KOJMBAHHSIMHU Ta
nepesutiuB (p < 0,001) Takuit B TpyIi MOPiBHSHHS, 11O
OiaTBepKYE MOAUMDIKYIOUMiA BIUIMB iOHi3ylIOUOr0 BMII-
POMIiHIOBaHHSI Ha CTaOUIbHICTH XPOMOCOM Ta 1X 4YyT-
JIMBICTh A0 MyTareHHOoi Ail.

4. Tlpu DOBrocTpOKOBOMY KYJIBTUBYBaHHI JIiM(MOIIUTIB
nepudepryHoi KpoBi 0cid 3 mpodeciiiHOl rpynu ce-
PEeIHBOTPYIOBUI IIUTOTEHETUYHUN e(eKT, iHIyKoBa-
HUil OjseominmHoM, 3MmeHIIuBes (p < 0,001) 3aBosiku
3HVDKEHHIO iHAUBIAyaJIbHUX YaCTOT abepalliii XxpoMocom
y nepeBaXkKHO1 OUIBIIOCTI OCi0, aje, K i B KOPOTKOTPHU-
BaJINX KYJIbTypax, MePeBUIIMB TAKUIA B TPYITi OPiBHSIH-

somes’ stability and their sensitivity to the muta-
genic exposure [10]. Excess of the mean level of
chromosome aberrations in the third mitosis in
individuals from occupational group over those in
group of comparison (13.12 = 0.39 and 21.08 =
0.51 per 100 metaphases, respectively) testifies
about the impact of ionizing radiation on the per-
sistence of hidden chromosome instability in suc-
cessive cell generations.

The results obtained showed that under cytoge-
netic examination of persons who have (or will
have) occupational contact with ionizing radia-
tion, it is expediently to use two-termed culturing
of peripheral blood lymphocytes with testing
bleomycin exposure, which will allow to evaluate
individual sensitivity to mutagens taking into
account peculiarities of induction and persistence
of hidden chromosome instability.

CONCLUSIONS

1. Under the short-term culturing of peripheral
blood lymphocytes from persons occupationally
contacted with ionizing radiation the background
frequency of cytogenetic parameters did not differ
(p > 0.01) from the results of cytogenetic examina-
tion of unexposed group of comparison and fit into
the limits of variation values typical for sponta-
neous chromosome mutagenesis in human somat-
ic cells.

2. In long-term cultures of peripheral blood lym-
phocytes of individuals from occupational group
background cytogenetic effect increased (p < 0.001)
compared with that in the first mitosis, whereas in
persons from group of comparison it showed a ten-
dency to decrease in successive mitosis.

3. Following bleomycin exposure in short-term
cultures of peripheral blood lymphocytes of per-
sons from occupational group mean-group cyto-
genetic effect intensified (p < 0.001) with signifi-
cant interindividual fluctuations and exceeded
(p <0.001) that in group of comparison, confirm-
ing the modifying effect of ionizing radiation on
the chromosomes’ stability and their sensitivity to
mutagenic action.

4. Under long-term culturing of peripheral blood
lymphocytes of individuals from occupational
group mean-group cytogenetic effect induced by
bleomycin decreased (p < 0.001) reducing the
individual frequencies of chromosome aberrations
in the vast majority of people, but, as in short-term
cultures, exceeded that in group of comparison
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HsI 32 paxyHOK 3pOCTaHHS XPOMOCOMHOI HeCTaOiIbHOCTI
y JeSIKMX OcCi0, 110 CBiZYMTh MPO MiXiHAMBIAYyaJIbHi
BigMiHHOCTI nnepcucteHuil ITXH B mocaigoBHUX KJIITUH-
HUX reHepalisix.
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