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PO3BUTOK PAIIALIIMTHO-IHAYKOBAHOI'O E®EKTY CBIIKA
B COMATNYHUX KJIIITNHAX OCIb PISBHOTI'O BIKY

MeTa. [locnigMT po3BUTOK XPOMOCOMHOT HECTabiNbHOCTI BHACNiIAOK pafiallinHO-iHAYKOBAHOrO edekTy cBifka B
nimdouuTax Kpoei ocib pizHuUx BiKOBUX rpyn.
Marepianu i metopgu. Matepianom gocnimxeHHs 6ynu nimbouutn KpoBi 42 oci6 Bikom Big 12 o 102 pokis, po3-
NOAINEHNUX HA YOTUPM BIiKOBI rpynu — nNigniTku, 0cobu cepeaHboro BiKy, 0cobu NiTHLOro BiKy, fOBroxuteni. Edekr
CBiflKa BUBYANM WIAXOM MOLENIOBAHHSA Or0 iHAYKLiT B niMdoLuTax KPoBi NIOANHY, NPU AKOMY B iHKYOaLiNHY CyMiLl
gopasanu no 0,3 mi HeonpoMiHeHoi KpoBi (cayryBanu KniTuHamu-ceigkamu) i 0,3 Mn KpoBi ocib iHwoi cTari, on-
poMiHeHOi in vitro B f03i 0,25 Ip (peHTreHiBCbKe ONPOMiHEHHS), 3 HACTYMHUM KYNbTUBYBAHHAM 3@ 3arajbHONpPUIAHA-
TUM HaniBmikpomeTogoMm. lpenapatu meTadasHuUx XpomMocoMm tapbyBanu 3 BUKOpUCTaHHAM GTG-3abapBneHHs i
aHanisyBanu nig cBiTI0BMMM Mikpockonamu 3i 36inbweHHsm x 1000.
Pe3ynbratu. CepeaHborpynosi piBHi abepaliii XpoMOCOM Yy KNiTUHAX-CBigKax nignitkis (6,08 + 0,67 Ha 100 meTadas),
ocib cepepHboro (4,56 + 0,61 Ha 100 meTaca3) i niTHboro Biky (6,34 + 0,76 Ha 100 meTaas) CTaTUCTUYHO LOCTOBIPHO
nepeBuLLyBasn NOKa3HUKW BiANOBifgHMX BikoBUX KOHTponiB (p < 0,01) 3a paxyHok abepauiii XxpoMaTULHOMO TUMy.
PiBeHb abepaLiit xpoMOCOM B KNiTUHAX-CBigKax gosroxutenis (2,84 + 0,51 Ha 100 meTacha3) CTaTUCTUYHO AOCTOBIPHO
He Bippi3HABCA Bif KOHTponbHOro (p > 0,05). PagiauiiHo-iHAYKOBaHMI edeKT cBigKa 3apeecTpoBaHo y 83 % nignit-
kiB, 90 % oci6 cepeaHboro Ta 50 % 0cCib NiTHBLOTO BiKY.
BUCHOBKM. Y HeonpoMiHeHUX niMdoumTax KpoBi NifniTKiB, 0Ci6 cepefHbOro Ta NiTHLOTO BiKy NPU KOKYIbTUBYBAHHI 3
KNiTWHaMmu, onpoMiHeHUMK in vitro B fo3i 0,25 Ip, iHAYKYETbCA edekT cBifKa. Y HEONPOMiHeHMX NiMdounTax KpoBi
JOBroXuTenis edekTy CBigKa He BUABNAEHO. 3apeecTpoBaHa MiXiHAMBIAyanbHa BapiabenbHicTb B iHAYKLUIT edekTy
cBinka. Po3BuTOK edeKTy CBifKa He 3aieXnTb Bif PiBHSA XpPOMOCOMHOT HECTAbiNbHOCTI B KOHTPOIbHUX Ky/bTypax.
Knio4oBi cnoBa: paaiauiitHo-iHAyKOBaHWi edekT cBigKa, NimdounUTH KpoBi NtofuHK, BiK, YacToTa abepauiit xpo-
MOCOM.
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DEVELOPMENT OF RADIATION-INDUCED BYSTANDER EFFECT
IN THE SOMATIC CELLS OF PERSONS FROM DIFFERENT AGE
GROUPS

Objective. To investigate the development of chromosomal instability as a result of the radiation-induced bystander
effect in blood lymphocytes of persons from different age groups.

Materials and methods. Materials of research were blood lymphocytes from 42 persons of different age (from 12 to
102 years), divided into four age groups — teenagers, middle-aged, elderly and centenarians. Bystander effect was
studied by modeling its induction in human lymphocytes, at which 0.3 ml of non-irradiated blood (served as
bystander cells) and 0.3 ml of blood from persons of another sex exposed in vitro to X-ray in a dose of 0.25 Gy were
added to the incubation mixture, followed by cultivation according to generally accepted semi-micro-method. Slides
of metaphase chromosomes were GTG-stained and analyzed under light microscopes with magnification x 1000.
Results. The average level of chromosomal aberrations in bystander cells of teenagers (6.08 + 0.67 per 100
metaphases), middle-aged people (4.56 + 0.61 per 100 metaphases) and elderly persons (6.34 + 0.76 per 100
metaphases) significantly exceeded those of the corresponding age-related controls (p < 0.01) due to the aberra-
tions of chromatid type. The level of chromosome aberrations in centenarians’ bystander cells (2.84 + 0.51 per 100
metaphases) was not significantly different from the control (p > 0.05). The bystander effect was registered in 83%
of teenagers, 90 % middle-aged persons and 50 % of the elderly persons.

Conclusions. In the non-irradiated blood lymphocytes of teenagers, middle-aged and elderly persons under condi-
tion of co-cultivation with cells X-irradiated in vitro in a dose of 0.25 Gy the bystander effect was induced. In the
non-irradiated centenarians' blood lymphocytes the bystander effect was not revealed. Interindividual variability in
the induction of bystander effect was registered. The development of bystander effect was independent on the level
of chromosomal instability in control cultures.

Key words. Radiation-induced bystander effect, human blood lymphocytes, age, frequency of chromosome aberra-

tions.
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BCTYII

PosmupeHHs chepu BUKOPUCTAHHS iOHi3YIOUOTO BUIM-
POMiHIOBaHHS B IPOMUCIOBOCTI Ta MEAULIMHI TPU3BEIO
JI0 3pOCTaHHS paliallifHOro HaBaHTaXK€HHS Ha BEJIMKi
KOHTMHI€HTU HaceJIeHHs pi3HOro BiKy (Bix miTeil mo
JTIOBrOXUTEJIiB), 1110, BPAaXOBYIOYM MOXJIMBICTh BUHUK-
HEHHS$ aBapiiHUX cUTyalliii, HOTpeOy€e MPOTrHO3yBaHHSI
MEAWYHMX HACJiaKiB Takoro BIUIMBY [1, 2]. OcKinbku
COMaTWYHa MAaTOJIOTis y MOCTpaXaaInuxX ocid Moxke OyTu
COpUYMHEHA He JIMIIE MPSIMUM palialliiHUM YIIKOMI-
KEHHSIM TeHOMY KIIITMH-MillleHei, ane i e(peKToM
cBimka (BTOPMHHUMHM 3MiHAaMM B HEOIIPOMiHEHUX
KJiTrHax) [3], BpaxyBaHHS HOro iHIyKIlii € 663yMOBHO
BakKJIMBUM IMPU 0OCTEKEHHI OMPOMiHEHUX OCi0 pi3HOTO
Biky. HaMu po3po0JieHO opUriHajibHY CHUCTEMY MOJE-
JIIOBaHHSI pafdiallifHO-iHIyKOBaHOro e(eKTy CBiIKa B
KYJIBTYpi JTiM(POLMTIB KPOBi JIOAUHM, IO Ta€E MOX-
JIMBICTh BUBUYEHHSI MPOSIBIB LOTO (PEHOMEHY Ha LIUTO-
reHeTMYHOMY piBHI [4]. 3 ii BUKOpUCTaHHSIM BCTAaHOB-

INTRODUCTION

The expansion of the use of ionizing radiation in
industry and medicine led to increase of radiation
exposure of large contingents in human population
of all ages (from children to centenarians), which,
taking into account the possibility of emergencies,
requires prediction of the medical consequences of
such exposure [1, 2]. Because the somatic pathology
in exposed persons may be caused not only by direct
radiation damage of the genome in target cells but
also by the bystander effect (secondary changes in
non-irradiated cells) [3], taking into account its
induction is certainly important under the examina-
tion of irradiated individuals of all ages. So, we have
developed an original system of modeling the radia-
tion-induced bystander effect in the culture of
human blood lymphocytes, which makes it possible
to study the manifestations of this phenomenon at
the cytogenetic level [4]. With the use of this model

(1) 500



ISSN 2304-8336. lpobnemn paniauiiivoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2018. Bun. 23.

CLINICAL

RESEARCH

JICHO OCOOJMBOCTI iHIYKIiI Ta MEpPCUCTEHIil edeKTy
CBiKa B YMOBAX In Vitro Ta in vivo Ipu ONPOMiHEHHi B
MaJIuX Ta BUCOKMX J03aX; MOKa3aHO MOXJIMBICTb OTO
Mmoaudikalii 3 BUKOPUCTAHHSIM aHTHMOKCUIAHTHUX
npernapariB, TOBEIEHO yJ4acTb OKCUIATUBHOIO CTPECY B
MexaHi3Mi po3BUTKY edekTy cBigka [5—7]. BkazaHi
JIOCJIIJI>)KEHHSI BUKOHAHI 13 3aJy4eHHSIM 0Ci0 cepenHbo-
ro BiKy, III0 3yMOBJIEHO KOHTaKTOM OcCi0 I1iei BiKOBOi
TPy 3 MyTareHaMW B MpPOILECi TPYIOBOI MisIIBHOCTI.
OcKinbku iH(pOpMaLliiHMIA TOIIYK HE BUSIBUB JaHMX,
OTPUMMAHMX iHIIMMU HAYKOBISMM IIOJ0 HUTOTCHETUY -
HUX acIleKTiB iHOyKIIil epeKTy CBigKa y ocid pizHOTO
BiKYy, IpOBeJeHe NJOCTiAKEHHS € akTyaalbHUM. BoHO Mae
(dyHmamMeHTalbHE 3HAYCHHS i JO3BOJIMTH OTPUMATHU
HOBiI 3HaHHS IIOAO pamialiiHO-iHAYKOBAHOI Hec-
TaOiMTBLHOCTI TEHOMY JIOAWHU Yy pi3HOMY Billi. B mpax-
TUYHOMY acIleKTi OTpMMaHi AaHi MOXYTb OYTU BUKO-
PUCTaHi ST BCTAHOBJICHHSI IUTOTCHETUIHUX MapKepiB
pU3NKY PO3BUTKY palialliiHO-iHIYKOBAaHOI OHKO-
JIOTIYHOI MAaTOJIOTIi Yy 0Ci0 pi3HOro BiKYy, 11O CIIPUSITUME
MPOTHO3YBAaHHIO i MOTepeKEHHIO MEINYHNX HACITiIKiB
ONPOMiHEHHSI.

META

BpaxoByoun BuKIaneHe, METOI Halloi podoTu Oyj10
JTOCIIIKEHHSI PO3BUTKY XPOMOCOMHOI HECTaOiTIbHOCTI
BHACJIIOK pamiallifHO-iHIyKoBaHOTO e(eKTy CBiIKa B
JiMdoLurTaxX KPoBi 0Ci0 pi3HUX BiKOBUX I'PYII.

MATEPIAJIN 1 METOJIN

[1pn BUKOHaHHI pOOOTH JOCTIIKEHO IHAYKIIIIO e(PEKTY
CBigKa B HeompoMiHeHUX diMdornuTax 42 ocid BikoMm
Big 12 no 102 pokiB, sIKMX O0yJ10 3a71y4eHO J0 LIMTOTreHe-
TUYHOI'O0 OOCTEKEHHS 32 YMOB MOiH(MOPMOBAHOI 3roaun
Ta PO3MNOAJIEHO HA YOTUPHU TPYIHU BiITIOBIIHO 3 BiKOM
(Tabn. 1).

IIpr BU3HAUE€HHI «CITOHTAHHOI» YacTOTU abepailiit
XPOMOCOM LIIJIbHY KPOB 0OCTEXKEHUX OCi0 KyJIbTUBYBAIN
3a 3araJIbHONPUIAHSITUM HAMiBMiKPOMETOAOM MPOTSITOM
48 roauH (mepimii MiTo3) [8]. I1pu pochigkeHHi epek-
Ty CBilIKa B iHKyOalliliHy cymimn nogasaau mo 0,3 M1 He-
OINPOMiHEHO1 KpoBi 06cTexkeHuxX 0c¢id i 0,3 M KpoBi ocid
IHILIOT CTaTi Ti€l 3K BiKOBOI IpyIM, OMPOMiHEHOI B 1031
0,25 Tp. OnpomMiHeHHST KpOBi MTPOBOAWIN Ha YCTAaHOBIII
PYM-17 (nanpyra 200 kB, cuna ctpymy 10 MA, dinsrpu
Cu 0,5 mm + Al 1 MM, ¢okycHa Binctanb 50 cMm, mo-
TyHicTb no3u 0,415 Ip/xB).

Lutorenernunmii aHani3z BukonyBaiu Ha GTG-3a6a-
PBJIEHUX TTpenapaTax MeTadazHuX XxpomocoM. [Ipenapa-
™ ¢dapOyBaiM 3 BUKOPUCTAaHHIM OapBHuMKa [im3a i
Tpuricuny [8]. A1 po3pizHeHHS HEOTIPOMIiHEHUNX Ta OIT-

the peculiarities of induction and persistence of the
bystander effect both in vitro and in vivo under the
irradiation in small and high doses was established;
the possibility of its modification with the help of
antioxidant drugs was shown; oxidative stress in the
mechanism of development of the bystander effect
was proved [5—7]. These studies have been per-
formed with the involvement of middle-aged per-
sons due to the contact people from this age group
with mutagens in the course of labor activity. As an
information search did not reveal the data obtained
by other researchers regarding the cytogenetic
aspects of radiation-induced bystander effect in
people of different ages, our study is relevant. It is of
fundamental importance and permit to receive new
data about the radiation-induced human genomic
instability at different ages. In practical aspect the
data obtained can be used to establish cytogenetic
risk markers for the development of radiation-
induced oncological pathology in people of all ages
to facilitate the prediction and prevention of health
effects of radiation exposure.

OBJECTIVE

The objective of our work was to study the develop-
ment of chromosomal instability due to the radia-
tion-induced bystander effect in blood lympho-
cytes of people from different age groups.

MATERIALS AND METHODS

The induction of bystander effect in irradiated
lymphocytes of 42 persons aged from 12 to 102
years, which were involved in the cytogenetic
examination under conditions of informed con-
sent and divided into four groups according to age,
has been investigated (Table 1).

To assay the «spontaneous» incidence of chromoso-
mal aberrations the whole blood was cultivated accor-
ding to generally accepted semi-micro method during
48 hours (the first mitosis) [8]. In the study of
bystander effect 0.3 ml of non-irradiated blood and
0.3 ml of blood irradiated in vitro at a dose of 0.25 Gy
from persons of the other sex from the same age group
was added into the incubation mixture. Blood irradi-
ation was performed at the facility RUM-17 (voltage
200 kV, current 10 mA, Cu filter 0.5 mm + Al 1 mm,
focal length 50 cm, the dose rate 0.415 Gy/min).

Cytogenetic analysis was conducted on GTG-
stained slides of metaphase chromosomes. Slides
were stained using a Giemsa dye and trypsin [8].
To distinguish non-irradiated and irradiated
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Ta6auusa 1
06cAr UMTOreHeTUYHUX JOCTIAKEHb

Table 1
Volume of cytogenetic research

0GcTexeHi rpynu
Surveyed groups

Bik, poku / Age, years
Bii — [0 /range cepepHiin / mean

KinbkicTb oci6  MpoaHanizoBaHo metadas / metaphases analyzed
N of persons

KOHTPOJb / KOHTPONb  KNiTMHKU-CBigKM / bystander cells

Mignitkv / adolescents 12-16 13,7
Cepegpint Bik / middle age 33-52 39,5
JliTHiiA BiK / elderly 60-70 64,6
[osroxureni / centenarians 90-102 94,3
Bcboro / total 42

1146 1266
1287 1163
1445 1025
1273 1058
5151 4512

pOMiHEeHUX TiM(MOLUTIB ITeprueprUIHOI KPOBi, 1110 KYJIb-
TUBYBAJIMCH Yy 3MIIIAHUX KYJIbTypaX, BUKOPHUCTOBYBAIN
crareBi xpoMocomu Y Ta XX. [1pu aHanisi peectpyBaiu
abepallii XpoMaTUIHOIO i XpPOMOCOMHOTIO TUIIiB Ta BU3-
HavyajJy TOYKM PO3PUBIB 3rilHO 3 MiXKHAPOAHOIO HOME-
akimaryporo ISCN-2013 [9]. Ilpu BUKOHaHHI poOOTH
npoanainizdyBanu 9663 GTG-3abapsieHux Meradas.

OTtpuMaHi AaHi onpalbOBYBaIU 3 BAKOPUCTAHHSIM Me-
TOAY TIOPIBHSIHHS cepelHiX BeanmduH 3a CTIoIeHTOM-
®imrepowm [10].

PE3VYJIBTATU TA OBTOBOPEHHS
[luToreHeTMUHUI aHai3 HEONPOMiHEHUX JiM(MOLIUTIB
nepudepruyHoi KpoBi oci6 BikoMm 12—16 pokiB, 110
KyJITUBYBAJIUCh Y 3MilllaHUX KYJIbTypax 3 JimMouuTa-
MU, ONPOMiHEHUMHM in vitro B 103i 0,25 Ip, mokaszas, 110
yacToTa abepaHTHUX KJIiTUH (5,92 £ 0,66 %) Ta piBeHb
abepauiii xpomocom (6,08 = 0,67 na 100 meradas) B
KJIITUHAX-CBiJKaX CTAaTUCTUYHO JOCTOBIpHO TI€pPEBHU-
LYBaJX MOKA3HUKH BillIOBiTHOTO BiKOBOIO KOHTPOJIIO
(p <0,001) (Tabm. 2).

Abepalrii XxpoMaTUIHOTO TUITY (MapKepy XpOMOCOMHOI
HeCTa0iIbHOCTI, 3pOCTaHHS YaCTOTU SIKUX CBITYUTH TIPO
IHOyKIit0 edeKTy cBigka) Oyau IMpeacTaBlieHi Xpoma-
TUAHUMM PO3pUBaMHU. IX piBeHb cTaHOBMB 3,63 * 0,53
Ha 100 meTadas, i CTATUCTUYHO JOCTOBIPHO TIEPEBUIILY-
BaB Moka3HuKu koHTposio (p < 0,01).

Cepen abepalliii XxpOMOCOMHOIO TUITY B HEOMIPOMiHe-
HUX KJIITMHAX-CBinKax OyJ0 3apeecTpoBaHO TepMiHab-
Hi Ta iHTepCTULiaNbHI Jeelil, TpaHClIoKalii, AULIEHT-
PUKH, KiJIbLIEBI XpOMOCOMMU. [X CyMapHa cepeaHs 4acTo-
Tta (2,45 + 0,43 Ha 100 KJIiTMH) NepeBUIyBajda KOHT-
poabHy (p < 0,05), mpoTe OKpeMO 4acToTa KOXHOIOo 3
nepepaxoBaHUX IIOLIKOJXEHb HE MaJjla JOCTOBipHOI1
pi3Hu1i 3 KoHTpoJeM (p > 0,05)

AHani3 iHAMBIAyaJbHUX LUTONeHETUUYHUX ITOKAa3-
HUKIiB 1Toka3aB, o y 83 % oci6 12—16 poxiB mpu
KYJIbTUBYBaHHI 1X HEONMPOMiHEHUX JIiIM(POLIUTIB 3 OM-

peripheral blood lymphocytes that were cultured
in mixed cultures sex chromosomes Y and XX were
used. In the analysis chromatid and chromosome
types of aberrations were recorded and the break-
points were determined according to the interna-
tional nomenclature ISCN-2013 [9]. A total of
9663 GTG-stained metaphases were analyzed.

The statistical analysis of the obtained data
(comparing of mean values) was carried out using
the Student-Fisher method [10].

RESULTS AND DISCUSSION

Cytogenetic analysis of non-irradiated peripheral
blood lymphocytes of persons aged 12—16 years that
were cultured in mixed cultures with lymphocytes
exposed in vitro in a dose of 0.25 Gy showed that the
frequency of aberrant cells (5.92 £ 0.66 %) and level
of chromosome aberrations (6.08 = 0.67 per 100
metaphases) in bystander cells statistically signifi-
cantly exceeded such indicators in the correspon-
ding age control (p <0.001) (Table 2).

Chromatid type aberrations (markers of chromo-
somal instability, the increase in frequency of which
indicates an induction of bystander effect) were rep-
resented by chromatid breaks. Their level was 3.63 £
0.53 per 100 metaphases and statistically significant-
ly exceeded the control parameters (p <0.01).

Among the chromosome type aberrations in
non-irradiated cells terminal and interstitial dele-
tions, translocations, dicentrics, and ring chromo-
somes were registered. Their total mean frequency
(2.45 = 0.43 per 100 cells) exceeded the control
value (p < 0.05), however separately the frequency
of each of these injuries did not have significant
difference with the control (p > 0.05).

Analysis of individual cytogenetic parameters
showed that in 83 % persons 12—16 years under cul-
tivation their non-irradiated lymphocytes with irra-
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Ta6auusa 2

Yacrora abepauiit xpomocom (Ha 100 meTadha3) y HeonpomiHeHMX KNiTUHax-cBiAKax oci6 Bikom 12-16 pokiB
npu KyNbTUBYBaHHi 3 niMmdouutamu, onpomineHumu in vitro B po3i 0,25 Ip

Table 2

Frequency of chromosome aberrations (per 100 metaphases) in non-irradiated bystander cells of individuals
aged 12-16 years co-cultivated with lymphocytes irradiated in vitro in a dose of 0.25 Gy

Ne n/n XpomatugHoro tuny / chromatid type XpomocomHoro Tuny / chromosome type Bcboro / total

# KOHTPOJIb KNiTUHU-CBIiAKN KOHTPOJb KJiITUHU-CBIAKK KOHTPONb  KNIiTUHU-CBIiAKU

control bystander cells control bystander cells control bystander cells

1 0,88 3,33 2,65 1,67 3,54 5,00

2 2,00 4,00 2,00 2,00 4,00 6,00

3 1,00 4,14 1,00 3,45 2,00 7,59

4 0,00 2,50 1,00 0,83 1,00 3,33

5 0,00 3,08 2,41 6,15 2,41 9,23

6 2,00 4,35 0,00 1,45 2,00 5,80

7 1,00 4,92 1,00 3,28 2,00 8,20

8 2,00 3,00 2,00 3,00 4,00 6,00

9 1,00 4,00 1,00 1,00 2,00 5,00

10 1,00 4,00 0,00 3,00 1,00 7,00

" 1,00 2,02 1,00 2,02 2,00 4,04

12 2,00 3,95 0,00 2,63 2,00 6,58
M£m 1,14+ 0,31 3,63 +0,53 1,22 £0,32 2,45+ 0,43 2,36 £ 0,45 6,08 + 0,67

POMiHEHUMU KJIiTUHAMU OyJI0 3apeECTPOBAHO CTATUC-
TUYHO JOCTOBipHE 3pOCTAHHS YaCTOTH abepalliil Xpo-
MaTUIHOTO TUMY MOPiBHSIHO 3 KoHTpoJseM (p < 0,05),
110 CBiIYMTH MpoO iHAYKIiIO eeKkTy cBiaka. IHAuBiAYy-
ajllbHi yacToTu abepalliii XpOMOCOM 3HaXOAMUJIUCH B
Mexax Bin 3,33 10 9,23 Ha 100 kJ1iTUH i He KOopeJoBa-
Ju 3 (GOHOBMM piBHEM albepaliii XpoMocoM, 3a-
pEeECTPOBAHUM B KOHTPOJIi. 3BepTa€ Ha cede yBary Bu-
nagok 5, y SKOMY B KJIiTMHaX-CBiJIKax BUSIBJIIEHO
30iJIBIIIEHHS YacTOTU abepalliil He JIMIe XpOMaTUIHO-
ro (3 0,00 no 3,08 na 100 meTagas), a it XxpOMOCOMHO-
ro Tuny (3 2,41 go 6,15 na 100 mertacdas, BinnoBigHo),
110 He TIpUTaMaHHO IJIST iHAYKIiil epeKTy cBigka. Bka-
3aHe BiZOyJOCh 3a paxXyHOK 3pPOCTaHHS 4YacTOTHU
TepMiHAJbHUX Jejelliii XxpomocoM 1o 4,62 Ha 100 me-
Tadas, g9Ki, Ha Hally AYMKY, B OJiiCHOCTi MOIJId OYyTH
XpOMaTUIHUMH PO3PMBaAMMU B OJHAKOBUX JOKYycCax
000X XpoMaTUI XPOMOCOMM i Bi3yaJIbHO CIIPUMAINCh
SIK JeJTellii.

VY Bunaakax 8 i 11 yacrtora abepaliii XxpoMaTUIHOTO TU-
ny i cepeaHsi yactoTa adepalliii XpoMOCOM He MaJlu CTa-
TUCTUYHO AOCTOBIpHOI pi3HUIIi 3 KOoHTpoJieM (p > 0,05),
TOOTO pamiallifHO-iHIyKOBaHOTO e(eKTy CBiIKa He 3a-
pEECTPOBaHO.

IIpoBenennii iHGoOpMaLiiHUII TIOIIYK HE BHUSIBUB
JOCIiIKeHb pafialliiiHO-iHAYKOBaHOTO e(heKTy CBimka,
BUKOHAHMX 3 BUKOPUCTAHHSAM JIiM(POLUTIB mepucepuy-
HOI KPOBi MiMJIiTKiB, 1110 HE TO3BOJISIE MOPiBHITUA OTPU-
MaHi JaHi 3 JliTepaTypHUMU.

diated cells a statistically significant increase in the
frequency of chromatid type aberrations compared
to the control (p < 0.05) was recorded, indicating
the induction of the bystander effect. The individual
frequencies of chromosome aberrations ranged
from 3.33 t0 9.23 per 100 cells and did not correlate
with the background level of chromosome aberra-
tions recorded in the control. Note the case 5, in
which in the bystander cells was revealed increased
frequency of aberrations not only chromatid (from
0.00 to 3.08 per 100 metaphases), but also chromo-
some type (from 2.41 to 6.15 per 100 metaphases
respectively), which is not typical for the induction
of bystander effect. This was due to the growth of
the frequency of terminal chromosome deletions to
4.62 per 100 metaphases, which in our opinion, in
reality, could have been chromatid lesions in the
same loci of both chromatids in the chromosome
and visually perceived as deletions.

In cases 8 and 11 the frequency of chromatid type
aberrations and the mean frequency of all chromo-
some aberrations did not have statistically significant
difference with the control (p > 0.05), the radiation-
induced bystander effect was not registered.

The conducted information search did not reveal
studies of the radiation-induced bystander effect
performed using peripheral blood lymphocytes of
teenagers, which does not allow comparing our
data with the literature.
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ILluToreHeTMYHMI aHAJTi3 HEOTIPOMiHEHUX JIIM(DOLIMTIB
nepudepuyHOi KpoBi 0cid cepelHbOro BiKYy, 110 KYJIbTHU-
BYBAJIMCh Y 3MilllaHUX KYJAbTypax 3 JiM@OLUTaMU, OM-
poMiHeHUMMU in vitro B 103i 0,25 Ip, mokasas, 1110 yacToTa
abepaHTHMX KJITUH B KIIiTMHaX-CBinkax (4,47 + 0,61 %)
Ta piBeHb abepaliit xpomocoM (4,56 £ 0,61 na 100 meTa-
¢a3) cTaTUCTUYHO AOCTOBIPHO TEPEBUIIYBaJIM ITOKA3-
HUKM BiKoBoro KoHTpoJito (p < 0,001), Ta He Mau icTOT-
HOI pi3HUIII 3 BIAMOBIATHMMM MOKa3HUKAMU Y TpYIIi
nigiTkiB (p > 0,05). (Taba. 3).

AbGepaluii XxpoMaTUIHOIO TUITy Oyaud TIpeAacTaBlieHi
XpOMAaTUAHUMU PO3pHBaMHM 3 yacTororo 2,49 + 0,46 Ha
100 meTtadas, 110 CTATUCTUYHO JOCTOBIPHO MEPEBUILLY-
Bajia moka3HUKU KoHTpoto (p < 0,01) ane He Biapi3HsI-
JIach Bil JaHUX, 3apEECTPOBAHUX MPU AOCTIIKEHHI iHAYK-
wii edekry cBigka y ocid BikoMm 12—16 pokiB (p > 0,05).
PiBeHp abepalliii XxpoMaTUAHOTO TUITY, 3aPEECTPOBAHUIA
y 0ci6 33—52 pokiB, y3romXyeTbCsd 3 JaHUMU HaIIUX
JOCIHiIXXeHb 3 BUBYEHHS palialliiHO-iHIYKOBaHOIO
eeKTy CBifKa i3 3aJlydeHHSIM 0Cib cepeTHbOTO BiKY i BU-
KOPUCTaHHSIM PEHTIeHIBCHKOTO OIPOMIHEHHS i Vitro B
no3i 0,25 Ip, ae BiH ckianas 2,11 + 0,43 Ha 100 ki1iTUH,
Ta in vivo 3 3allydeHHSIM oci0, sIKi Opajiu ydyacTb B
JikBigawii HacninkiB aBapii Ha YAEC — 3,42 *+ 0,48 Ha
100 meTtadas [5].

PiBenb abOepaliii XpoMOCOMHOTO TuIly, 110 OyJu
npeacTaBieHi TepMiHaJIbHUMU Ta iHTePCTULIIaJIbBHUMU
JeJIelisiMy, TPpaHCIOKALisSIMM 1 TMLIIEHTPUIHUMU XPO-
MocoMaMu, ckiagas 2,07 = 0,42 nHa 100 meTtadasz. Bin
HE MaB CTaTUCTUYHO AOCTOBIpHOI pi3HUIII SIK 3 MOKAa3-
HMKOM BIiJIIOBiJHOrO KOHTpPOJIIO, TaK i 3 4acTOTOIO

Ta6nuusa 3

Cytogenetic analysis of non-irradiated peripheral
blood lymphocytes of middle aged individuals culti-
vated in mixed cultures with lymphocytes irradiated in
vitro in a dose of 0.25 Gy showed that the frequency of
aberrant cells in bystander cells (4.47 = 0.61 %) and
the level of chromosome aberrations (4.56 + 0.61 per
100 metaphases) were statistically significantly higher
than those of age control (p < 0.001), but did not have
significant difference with the corresponding param-
eters in the adolescent’s group (p > 0.05) (Table 3).

Chromatid type aberrations were represented by
chromatid breaks with a frequency of 2.49 + 0.46 per
100 metaphases, which significantly exceeded the
control parameters (p < 0.01) but did not differ from
data recorded in the study of induction of bystander
effect in individuals aged 12—16 years old (p > 0.05).
The level of chromatid type aberration, registered in
individuals aged 33—352 years, is consistent with our
research data on the radiation-induced bystander
effect with the involvement of middle-aged people
and the use of x-ray irradiation in vitro in a dose of
0.25 Gy where it was 2.11 £ 0.43 per 100 cells, and in
vivo with the involvement of persons who participat-
ed in the liquidation of the Chornobyl accident —
3,42 £ 0,48 per 100 metaphases [5].

The level of aberrations of chromosome type
which represented by terminal and interstitial
deletions, translocations and dicentrics was
2.07 £ 0.42 per 100 metaphases. It had no statisti-
cally significant difference both with the value of
the corresponding age control and with the fre-

Yacrora a6epauiit xpomocom (Ha 100 meTtachas) y HeonpomiHeHUX KNiTUHAxX-CBiAKax oci6 Bikom 33-52 poku
Nnpu KyNnbTUBYBaHHi 3 niMmpouuntammu, onpomineHumu in vitro B po3si 0,25 Ip

Table 3

Frequency of chromosome aberrations (per 100 metaphases) in non-irradiated bystander cells of individuals
aged 33-52 years co-cultivated with lymphocytes irradiated in vitro in a dose of 0.25 Gy

Ne n/n XpomatupgHoro tuny / chromatid type =~ Xpomocomuoro tuny / chromosome type Bcboro / total

# KOHTPOJIb KNiITUHN-CBIAKM KOHTPOJIb KNITUHN-CBIAKN KOHTPOJb  KJIITUHN-CBIAKN

control bystander cells control bystander cells control bystander cells

1 0,67 3,31 1,33 2,48 2,00 5,79

2 0,00 0,64 0,80 2,55 0,80 3,18

3 0,00 3,00 1,79 3,00 1,79 6,00

4 0,00 3,00 2,00 0,00 2,00 3,00

5 3,00 5,88 1,00 1,96 4,00 7,84

6 0,67 3,36 2,00 3,36 2,67 6,72

7 0,00 2,50 2,67 2,50 2,67 5,00

8 0,67 2,00 2,00 1,00 2,67 3,00

9 0,00 1,58 1,33 1,58 1,33 3,16

10 0,00 2,76 3,33 2,07 3,33 4,83
M=m 0,47 0,19 2,49 + 0,46 1,86 = 0,37 2,07 £0,42 2,33 £0,42 4,56 + 0,61
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MOIIKOIXKEeHb XPOMOCOMHOIO THUITY Y TPYIli MHiJTiTKiB
(p > 0,05).

AHani3 iHAuBiaAyaJIbHUX LIUTOTeHETUYHUX MTOKA3HUKIB
y 0ci0 cepemHBbOTO BiKy IoKa3aB, 110 pagialifHO-iHIy-
KoBaHMI eeKT cBigKa 0yino 3apeecTtpoBaHo y 90 % 00-
CTEeXXEHMX OCi0 3 cepelHiMU 4acTOTaMM, IO 3HAXOAU-
ymch B Mexax Bim 3,00 mo 7,84 na 100 meTadas.

3pocTaHHS 4acTOTU abepalliii XxpOMOCOM Y KJTiTUHAX-
CBigKax BimOyJa0Ch 3a paxXyHOK 30iJbLIEHHS YacTOTU
abepauiit xpoMaTuaHoro Tuiy. JK i mpu oOCTEXeHHi
OiAIiTKiB, piBHI abepaliii XpoMOCOM Yy KJIiITUHaX-
CBiZKaX OKpEeMHX OcCi0O He KOpeialoBaJu 3 YacTOTOIO
MOIIKOMKXEHb XPOMOCOM Yy KOHTPOJIBHUX KYJIETYpax. Y
BUMNAIKy 2 4acTOTa iHIyKOBaHUX abepalliif XpoMaTu-
HOTro TUIIy HE MaJla CTATUCTUYHO AOCTOBIPHOI Pi3HMLI 3
KOHTpOJIeM i pamialiiiHO-iHAyKOBaHOTO e(heKTy CBigKa
He 3apeecTtpoBaHo (p > 0,05). Pazom 3 TuM, y Bumaakax
51 6 criocTepiraau 3HayHe 30iIbIICHHS XPOMOCOMHOL
HeCTaOUIbHOCTI B KJIITMHAX-CBiJIKaX, BHACJIJIOK 4YOTO
piBHi abepalliii XpOMOCOM MepeBUIILYBaIl KOHTPOJbHI
MokasHuKM i cknamanu 5,88 i 3,36 na 100 metadas,
BiAIOBIIHO.

LnToreHeTnyHMIT aHaji3 HEONMPOMiHEHUX JiM@O-
LUTIB TiepudepruUHOi KpPOBi 0OCi0 JTHBOTO BiKy, IO
KYJBTUBYBJINUCH Y 3MIllIaHUX KYJIbTypax 3 JiMcoluTa-
MU, OIIpOMiHEeHUMMU in vitro B 103i 0,25 Ip, moka3zas, 110
yactoTta abepaHTHUX KiIiTUH (6,15 £ 0,75 %) Ta piBeHb
abepauiii xpomocom (6,34 £ 0,76 na 100 meradas) B
KJIITMHAX-CBiIKaX CTAaTMCTUYHO TOCTOBIpHO IIEPEBU-
IIyBaJIM TIOKa3HUKU BiAIIOBIZHOTO BiKOBOTO KOHTPOJIIO
(p < 0,001) (Tabu. 4) Ta He MaJIX iICTOTHOI Pi3HUILII 3 MO-

Taonuusa 4

quency of chromosomal damages in the group of
teenagers (p > 0.05).

Analysis of individual cytogenetic parameters in
middle-aged persons showed that radiation-
induced bystander effect was recorded in 90 % of
the surveyed people with mean frequencies in the
range from 3.00 to 7.84 per 100 metaphases.

Increase in frequency of chromosome aberrations
in bystander cells was due to the increase in frequen-
cy of chromatid type aberrations. As under examina-
tion of adolescents, the levels of chromosome aberra-
tions in individual bystander cells in middle-aged per-
sons did not correlate with the frequency of chromo-
some damages in control cultures. In case 2, the fre-
quency of induced aberrations of chromatid type had
no significant difference with the control values and
the radiation-induced bystander effect was not regis-
tered (p > 0.05). However, in cases 5 and 6 significant
increase in chromosomal instability in bystander cells
was observed as a result of which the levels of chromo-
somal aberrations exceeded the control values and
were 5.88 and 3.36 to 100 metaphases, respectively.

Cytogenetic analysis of non-irradiated peripheral
blood lymphocytes from elderly people cultivated in
mixed cultures with lymphocytes exposed in vitro in
a dose of 0.25 Gy showed that the frequency of aber-
rant cells (6.15 = 0.75 %) and the level of chromo-
some aberrations (6.34 = 0.76 per 100 metaphases)
in bystander cells statistically significantly exceeded
the parameters of the corresponding age control
(p <0.001) (Table 4) and did not have a significant

YacToTa abepauiin xpomocom (Ha 100 meTtacdha3) y HeonpoMiHeHMX KNiTUHax-CcBifKax oci6 Bikom 60-70 pokiB
Npu KyNbTUBYBaHHi 3 NiMmpoumntammu, onpomineHumu in vitro B po3i 0,25 Ip

Table 4

Frequency of chromosome aberrations (per 100 metaphases) in non-irradiated bystander cells of individuals
aged 60-70 years co-cultivated with lymphocytes irradiated in vitro in a dose of 0.25 Gy

Ne n/n XpomatupgHoro tuny / chromatid type ~ Xpomocomuoro tuny / chromosome type Bcboro / total

# KOHTpONb KNiTUHKN-CBIAKU KOHTpPONb KNiTUHKN-CBIAKU KOHTPONb  KAITUHU-CBIAKM
control bystander cells control bystander cells control bystander cells

1 1,67 5,74 0,56 1,64 2,22 7,38

2 2,00 4,00 1,60 2,00 3,60 6,00

3 4,00 5,00 2,00 2,00 6,00 7,00

4 3,91 4,00 1,30 2,00 5,22 6,00

5 5,63 6,00 0,63 3,00 6,25 9,00

6 2,00 1,67 0,00 0,83 2,00 3,33

7 1,60 2,31 0,80 2,31 2,40 4,62

8 2,00 5,00 2,00 1,00 4,00 6,00

9 2,00 4,00 0,00 2,00 2,00 6,00

10 0,00 7,55 2,00 3,77 2,00 11,32

M+m 2,49+ 0,41 4,29 + 0,63 1,32+ 0,30 2,05+ 0,44 3,81 +£0,50 6,34 = 0,76
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Ka3HUKaMU, OTPUMMaHMMMU IpU OOCTEXEHHi Oocib ce-
penHboro Biky (p > 0,05).

AbGepalii XxpoMaTUIHOIO TUILy Oyaud TIpeAcTaBlieHi
XpPOMAaTUIHUMU PO3pUBAMU i OOMiHAMU 3 CepeIHbOIO
yacTtorolo 4,29 + 0,63 Ha 100 meTtadas, sIKa nepeBuIILy-
Baja gaHi koHTpouto (p < 0,01) Ta BinnmoBimHMiA mokas-
HUK y 0ocib BikoM 33—52 poxu (p < 0,05), mo, Ha Hamnry
JIYMKY, € BiToOpaxkeHHIM iHAYKIIii e(peKTy CBinKa Ha TJIi
30iIbIIEHOI XPOMOCOMHOI HECTabiIbHOCTI, MpUTaMaH-
HOI ocobaMm JIiTHBOTO BiKYy [11].

PiBeHb aOepaiiii XpoOMOCOMHOIO TUIlY, 1O OyIu
MpeAcTaBleHi TepMiHAJIbHUMU MAeJelisiMUA, TpaHCJIO-
KalisiMy, TULEHTPUYHUMU i KiJIbLEBUMU XPOMOCOMA-
mu, ckiagas 2,05 + 0,44 na 100 metadas. BiH He MaB
CTAaTUCTUYHO AOCTOBIPHOI Pi3HULI K 3 ITOKA3HUKOM
KOHTPOJIIO, TaK i 3 YaCTOTOIO MOIIKOIKEHb XPOMOCOM-
HOTO TUMY Y oci0 cepenHboro Biky (p > 0,05).

AHani3 iHAMBiAYyaJTbHUX LIUTOTEHETUYHUX MOKA3HUKIB
y 0cCi0 JITHBOTO BiKy IOKa3aB, 110 po3MaxX KOJMBaHb
yacToTU abepalliii XpOMOCOM 3HaxXOIMBCSI B MeXax Bil
3,33 % no 11,32 %. PagiauiitHo-iHIyKOBaHUI edeKT
cBinka 3apeectpoBaHo y 50 % oGcrexkeHuX 0cid, B IKUX
yacTtoTa abepaliii XpoMaTUAHOrO TUILY i 3araJbHUA
piBeHb TMOIIKOMXKEHb XPOMOCOM Y KJTITUHAX-CBiIKax Te-
peBuyBaiu KoHTpoub (p < 0,05). I1pu niboMy y Bumna-
Ky 10 B KJIiTMHaX-CBiIKaX CHOCTepiraju 3Ha4He 30iJib-
LLIEHHSI XPOMOCOMHOI HeCTabiIbHOCTI 3a paxyHOK IIOII-
KOJ>K€Hb XpOMATUIHOTO THUITY, BHACIIJOK YOro piBeHb
abepalliil XpOMOCOM TE€pPEeBUIIUB CEPEIHBOTPYITOBUNA i
ckiaB 11,32 Ha 100 xituH (p < 0,001).

Po3BuTOK edexTy cBigka He 3ajiexaB Bif piBHSI Xpo-
MOCOMHOI HECTa0iJIbHOCTiI B KOHTPOJbHUX KYJIBTypax. Y
Bunaakax 3, 4, 5 KOHTpOJIbHI piBHI abepaliiii XxpoMaTHI-
HOro TUMY NepeBUllyBalu cepeaHborpymnosi (p < 0,05),
npoTe B KJIITMHAX-CBiJKaX HE CIOCTepiraju 3poCTaHHS
YacTOTU LUX IMOIIKOJIKEHb MOPiBHSIHO 3 KOHTPOJEM
(p > 0,05), 1110 pO3LiHEHO HAMMU $IK BiICYTHICTb iHAYKLIi1
eeKTy CBiaKa.

LnToreHeTnMyHMIT aHaji3 HEONMPOMiHEHUX JiM@O-
LIUTIiB epUdEPUUHOI KPOBi TOBrOXUTEIB, 110 KYJIbTH-
BYBJIUCh B 3MillITaHUX KYJbTypax 3 JiM(pOIMTaMu, OIl-
poMiHeHuMU in vitro B 103i 0,25 Ip, noka3zas, 1110 cyMap-
HWI1 piBeHb abepalliit xpomocoMm B HUX (2,84 + 0,51 Ha
100 mertacha3z) i yacTora abepaliii XpOMaTUAHOTO TUITY
(1,61 £ 0,39 na 100 metadas) BiamoBigaau MOKa3HMUKAM
KoHTpoato (p > 0,05), 10 CBiAYUTL MPO BiICYTHICTb
iHmyKIIii epekTy cBigka (Tadm. 4).

Ha namy nymky, 11e MoxKe OYyTU CIIPUYMHEHO iHINBI Iy -
aJTbHUMU OCOOJIMBOCTSIMU Y POOOTIi TIPO- i aHTMOKCUIA-
HTHMX CUCTEM Y JOBIOXMTEIIB, aIXe B yCiX 00CTEXKEHMX
HaMU BIKOBUX IpyIax BUSIBJIEHI 0coOu, B IKUX HE OYJIO

(1) 506

difference with such parameters obtained under the
examination of middle-aged people (p > 0.05).

Chromatid type aberrations were represented by
chromatid breaks and exchanges with an average fre-
quency of 4.29 £ 0.63 per 100 metaphases, exceeding
the control data (p < 0.01) and corresponding param-
eters in individuals aged from 33—52 years (p < 0.05),
which, in our opinion, is a reflection of induction of
bystander effect against the background of increased
chromosomal instability inherent in the elderly [11].

The level of chromosome type aberrations repre-
sented by terminal deletions, translocations,
dicentrics and ring chromosomes amounted to
2.05 £ 0.44 per 100 metaphases. It had no statisti-
cally significant difference both with the control
data and with the frequency of chromosomal dam-
ages in middle-aged persons (p > 0.05).

Analysis of individual cytogenetic parameters in
elderly showed the fluctuation frequency of chro-
mosome aberrations from 3.33 to 11.32 %. The
radiation-induced bystander effect was recorded in
50% of the individuals surveyed, in which the fre-
quency of chromatid type aberrations and the over-
all level of chromosome damages in bystander cells
exceeded the control (p < 0.05). At that in the case
10 a significant increase of chromosome instability
was observed in bystander cells due to the damages
of chromatid type, resulting in a level of chromo-
some aberrations exceeding the mean-group value
and amounted to 11.32 per 100 cells (p < 0.001).

The development of bystander effect did not
depend on the level of chromosomal instability in the
control cultures. In cases 3, 4, 5 the control levels of
chromatid type aberrations exceeded the mean-group
values (p < 0.05), however in the bystander cells there
was no increase in the frequency of these lesions as
compared with the control (p > 0.05), which was con-
sidered by us as lack of induction the bystander effect.

Cytogenetic analysis of non-irradiated peripheral
blood lymphocytes from centenarians cultured in
mixed cultures together with lymphocytes exposed
in vitro in a dose of 0.25 Gy showed that the total
level of chromosome aberrations (2.84 £ 0.51 per
100 metaphases) and frequency of chromatid type
aberrations (1.61 £ 0.39 per 100 metaphases) corre-
sponded to the control parameters (p > 0.05) that
indicates no induction of bystander effect (Table 4).

In our opinion, this may be caused by individual
peculiarities in the functioning of pro- and anti-oxi-
dant systems in the centenarians since in all the age
groups we surveyed individuals who did not have an
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Taoauua 5

Yacrora abepauiit xpomocom (Ha 100 metadha3) y HeonpomiHeHUx KniTMHax-cBiaKax oci6 Bikom 90-102 poku
npu KyNbTUBYBaAHHI 3 nimdouutammu, onpomineHumu in vitro B po3i 0,25 Ip

Table 5

Frequency of chromosome aberrations (per 100 metaphases) in non-irradiated bystander cells of individuals
aged 90-102 years co-cultivated with lymphocytes irradiated in vitro in a dose of 0.25 Gy

Ne n/n Xpomatuptoro tuny / chromatid type XpomocomHoro Tuny / chromosome type Bcboro / total
# KOHTPOJb KJiITUHU-CBIAKK KOHTPOJb KJITUHU-CBIAKK KOHTPONb  KNiTUHU-CBIiAKU
control bystander cells control bystander cells control bystander cells
1 0,69 0,00 1,38 0,97 2,07 0,97
2 0,00 1,00 2,00 0,00 2,00 1,00
3 1,33 0,00 2,00 1,92 3,33 1,92
4 2,67 2,00 2,67 0,00 5,33 2,00
5 1,00 1,00 1,00 2,00 2,00 3,00
6 0,50 1,00 0,50 1,00 1,00 2,00
7 2,00 1,52 2,00 1,52 4,00 3,04
8 1,00 2,07 2,00 1,38 3,00 3,45
9 4,00 3,00 3,00 2,00 7,00 5,00
10 513 3,17 2,56 1,59 7,69 4,76
M+m 1,57 £ 0,35 1,61+0,39 1,81 +0,37 1,23+0,34 3,38 + 0,51 2,84+0,51

3apeecTpoOBaHO iHAYKLI edeKTy cBinka. Ix yacTka cepen
mimiTKiB ckiagana 17 %, cepen ocid cepeaHbOro BiKy —
10 %, cepen oci6 miTHROrO BiKy — 50 %. TakoX, oTprMa-
HUI pe3ysbTaT MOXke OyTH HacCJiJIKOM YacTKOBOI MiTO-
XOHJIpiaJIbHOI AWMCGYHKILI MPU CTapiHHI JIOAWHU, IO
3MEHIIYE iHAYKIIiIO B KJIITUHAX CITOJIYK aKTUBHOTO KHC-
HIO 1 LIMM 3a1100ira€ po3BUTKY BTOPMHHOI'O OKCUIATHB-
HOTO CTpecy, SKMi BiIirpa€ MmpoBigHY poJib Y MeXaHi3Mi
pPO3BUTKY edeKTy cBiaka [12].

PiBeHb abepallili XpoMOCOMHOIO TUMY cKJiaaaB 1,23 +
0,34 1a 100 meTada3s, 1110 BiAITOBiZa€ KOHTPOJIHLHOMY ITO-
Ka3Huky (p > 0,05). Cepen LUX TOIIKOMKEHb 3apee-
CTPOBAHO TEPMiHaAJbHI Jesellii, TpaHCcIoKallii Ta iHBep-
cii, 4acTOTH SIKMX TaKOX HE IIePEeBUIIYBaIN KOHTPOIbHI
(p > 0,05).

AHaJi3 iHAMBiAyaJTbHUX LIUTOTEHETUUYHUX MMOKA3HUKIB
y JiM@oumnTax KpoBi JOBrOXUTENIB MPU 1X KOKYJIBTUBY-
BaHHi 3 ONMMPOMiHEHUMHU KJIITMHAMM MOKa3aB, 1110 KOJU-
BaHHSI 4acTOTU abepalliii XpoMOCOM B OKpeMHUX OciO
3Haxoauauch y mexax Big 0,97 go 5,00 Ha 100 xmiTuH.
IHnuBigyanbHi YacTOTH abepalliii XpoOMaTUIHOTO TUITY Y
BCiX 00CTEeXXEHUX CTATUCTUYHO JOCTOBIPHO HE Bipi3HSsI-
JIUCh Bil MOKAa3HUMKIB, 3apEECTPOBAHUX Y HUX B KOHT-
poJii, 10 CBiAYUTHL MPO BiNACYTHICTh iHAYKILII edeKTy
CBilIKa y BCiX 00CTEXEHMX TOBrOKHUTEJIIB.

BUCHOBKU

BcTtanoBieHO po3BUTOK pafdiallifHO-iHIYKOBaHOTO
edexkTy cBigka B JiMdouuTax mnepudepruyHoi KpoBi
OiJIiTKiB, 0Ci0 cepeaHbOro i JITHbOTO BiKY, 11O HA LM~
TOT€HETUUYHOMY PiBHi pe3yJbTyBajloCh Y MiJBUILECHHS

induction of the bystander effect were detected. Their
part among adolescents was 17 %, among middle-
aged people — 10 %, among the elderly — 50 %. Also,
this result may be a consequence of partial mitochon-
drial dysfunction at aging, which reduces the induc-
tion in the cells of the active oxygen compounds and
thus prevents the development of secondary oxidative
stress which plays a leading role in the mechanism of
development of the bystander effect [12].

The level of chromosome type aberrations was
1.23 £ 0.34 per 100 metaphases, which corre-
sponds to the control value (p > 0.05). These
damages were represented by terminal deletions,
translocations and inversions, the frequencies of
which did not exceed the control values (p > 0.05).

Analysis of individual cytogenetic parameters in
blood lymphocytes of centenarians under their
cocultivation with irradiated cells showed that the
variations in the frequency of chromosome aberra-
tions in individuals were in the range of 0.97 to 5.00
per 100 cells. The individual frequencies of chro-
matid type aberrations in all surveyed did not signif-
icantly differ from those recorded in them in the
control cultures, indicating the absence of induction
of the bystander effect in all surveyed centenarians.

CONCLUSIONS

The development of the radiation-induced bystander
effect in peripheral blood lymphocytes of adolescents,
middle-aged and elderly which at the cytogenetic
level resulted in an increase in total level of chromo-
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3arajbHOro piBHSI abepalliii xpomMocoM Ta abepalliit
XpoMaTuaHoro Tuny B ix JiMdpouurax (p < 0,01), Toxai
IK Yy HEOIPOMiIHEHUX JIM@POIMTaX KPOBi HTOBTOXM-
TediB e(eKTy cBimka He BUsABIeHO. CepelHbOrPYIOBI
piBHi abepalliii XpOMOCOM Yy KJIiTMHaX-CBiIKax ITiI-
JiTKiB (6,08 = 0,67 Ha 100 meTada3s), ocib cepeAHBOTO
(4,56 £ 0,61 Ha 100 merada3) i miTHbOTO BiKY (6,34 £ 0,76
Ha 100 merada3) CTaTUCTUYHO OOCTOBIpHO HE PO3-
pi3HsLIUCH MiX coboto (p > 0,05). BctaHOBIEHO MiXiH-
IUBigyaJlbHY BapiaObebHICTh B iHAYKIIii e(DeKTy CBiaKa.
Yacrora abepauiii XpoMaTUAHOrO TUMNY B KJIITUHaX-
CBiIKaxX He 3ajekajla Bil piBHSI XPOMOCOMHOI Hec-
TaOiAbHOCTI B KOHTPOJbHUX KYyJbTypax. YacTka ocid, y
IKUX eMEeKTy CBilKa He 3apeecTpoBaHO, CKJagana: ce-
pen nignitkiB — 17 %, cepen ocib cepeIHbOro BiKy —
10 %, cepen oci6 nitHbOrO Biky — 50 %, 100 % — y noB-
TOKUTEJIiB.

CNMUCOK BUKOPUCTAHUX OAXEPEN

1. Chromosomal mutagenesis in human somatic cells: 30-year cytogenetic
monitoring after Chornobyl accident / M. A. Pilinskaya, G. M. Shemetun,
0. V. Shemetun et al. Exp. Oncology. 2016. Vol. 38, no. 4. P. 276-279.
2. Cytogenetic effects / M. Pilinska, S. Dybskii, O. Shemetun, O. Dybska.
Helth effects of the Chornobyl accident - a quarter of centuty aftermath.
Kyiv : DIA, 2011. P. 235-250.

3. The mechanisms of radiation-induced bystander effect / M. Najafi, R
Fardid, Gh. Hadadi, M. Fardid. J. Biomed. Phys. Eng. 2014. Vol. 4, no. 4.
P. 163—-172.

4. llemetyH O. B., TanaH O. O., MiniHcbka M. A. Mogenb anst aocniaxeH-
H pajiaLinHO-IHAYKOBAHOrO «edeKTy CBiaKa» 3 BUKOPUCTAHHAM NiMdoLm-
TiB nepudepuryHoi KpoBi MoguHn. XypHan AMH Ykpaikn. 2006. T. 12, Ne 3.
C. 556-565.

5. Shemetun 0. V., Talan O. O., Pilinska M. A. Cytogenetic characteristics
of the radiation-induced bystander effect and its persistence in human
blood lymphocytes. Cytol. Genet. 2014. Vol. 48, no. 4. P 244—249. DOI:10.
3103/50095452714040069.

6. WemetyH O. B., Tanan 0. O JocnipxeHHs moaudikallii epexTy cBia-
Ka, iHIYKOBAHOr0 PEHTrEeHIBCbKMM BUMPOMIHIOBAHHAIM B YMOBAX in vitro.
lpobnemu pagiavivinoi meauumnnn 1a pagiobionorii. 2014. Bun. 19.
C. 371-376.

7. Shemetun 0. V., Talan O. O. Research of oxidative stress participation in
the development of radiation-induced bystander effect in human peripheral
blood lymphocytes. Dopov. Nac. akad. nauk Ukr. 2014. No. 8. P. 144—148.
doi: 10.15407/dopovidi2014.08.144.

8. Cytogenetic methods for studying human chromosomes : guidelines.
Kyiv, 2003. - 23 p.

9. Standing Committee on Human Cytogenetic Nomenclature. An
International system for human cytogenetic nomenclature: high-resolution
banding (2013). Basel : Karger, 2013. 130 p.

10. Rosner B. Fundamentals of biostatistics. 8th ed. Cengage Learning,
2015. 962 p.

some aberrations and aberrations of chromatid type in
their lymphocytes (p < 0.01), whereas in non-irradi-
ated blood lymphocytes of centenarians the bystander
effect was not revealed. The mean-group levels of
chromosome aberrations in bystander cells of adoles-
cents (6.08 £ 0.67 per 100 metaphases), middle-aged
individuals (4.56 £ 0.61 per 100 metaphases) and eld-
erly persons (6.34 & 0.76 per 100 metaphases) did not
differ significantly among themselves (p > 0.05). The
existence of interindividual variability in the induc-
tion of bystander effect was established. The frequen-
cy of chromatid type aberrations in bystander cells
did not depend on the level of chromosomal instabi-
lity in control cultures. The proportion of persons
with the lack of bystander effect was 17 % among
adolescents, 10 % among middle-aged people, 50 %
among the elderly, 100 % among centenarians.
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