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IHTEHCUBHICTb OKNCHMUX ITPOIIECIB B KPOBI

TA PIBEHD AITIOIITO3Y B JIIM®OLINTAX KPOBI ¥
PAIOJIOT'IB/PEHTTEHOJIOI'TB, 4KI 3A3HAIOTH BILVINBY
MAJINX 103 IOHI3YIOYO0I'O BUITPOMIHIOBAHHA

MeTa: BU3HAUNTV HASBHICTb 3MiH MOKA3HMKIB NnepudepryHOi KPoBi, WO XapaKTepu3ytoTb i1 OKMCHO-BiHOBHUIA CTaH,
Ta piBeHb anonTo3y NiMbouuTiB y pafionoris/peHTreHoNorie, fKi y 38'A3Ky 3i ciy0O0BUMU 060B'AI3KaMM 3a3HAKOTb
BMAMBY Manux 03 10Hi3yOYOro BUNPOMiHIOBAHHS.
06'ekT i MmeToaun. Po6OTY BUKOHAHO Ha 3pa3kax KpoBi 45 npodecioHanis paaionoris/peHTreHonoris 1a 52 yMoBHO
380poBux 0Cib (rpyna KOHTponio). BusHayanu BMicT ManoHoBoro gianbaerigy i cynbdrigpunbHux rpyn 6inkis i nen-
tmais (CM) y nna3mi KpoBi; aKTUBHICTb hepMEHTY KaTanasu i NoOKa3HWK CNiBBiIAHOLWEHHS MiX NPo- i aHTUOKCUAAHTHU-
MW npouecamu y remonizatax, piBeHb reHepauii cynepokcuaHoro aHion-pagukany (0.°), 3aranbHy npoayKLito BinbHO-
paguKanbHuUX cnonyk (aKTMBHI GOPMU KMCHIO Ta a30Ty) i piBeHb anonTo3y y niMdouuntax nepudepuyroi kposi (JINK).
Pe3ynbratu. B kpoBi npodecioHanie 6yno nigeuueHo BMicT ManoHOBOTO fianbaerigy y 1,49 pasy Ta 3HUKEHO BMicCT
Cl'y 1,67 pa3y nopiBHAHO 3 yMOBHO 3a0poBuMuK ocobamu. Insa JIMK cnoctepiranock niguieHHs piBHa npopykuii 0.°
y 1,56 pa3sy. OTpumaHi pe3ynbTati CBig4aTh Npo 3CyB CMiBBiHOWEHHA MiX aHTUOKCUAAHTHUMM Ta NPOOKCUAAHTHUMM
npouecamu y 6iK OCTaHHiX, WO NiATBEPAKYETLCA 3POCTAHHAM LibOTO NOKa3HMKA y 1,49 pasy. PiBeHb anonto3y B JINMK
OyB 3HM¥eHuM y 1,35 pasy. [ina npodecioHanis, Ha doHi nigBuuieHoi reHepadii 0,5 cnocTepiranach fOCTOBipHa Nps-
Ma Kopensuis MiX NOKa3HWKOM anonTo3y i 3arajbHolo NPOAYKLUi€l BiNbHOPAAUKANbHUX CNOMYK Ta MiX OCTaHHBOM i
piBHeM anonTo3y niMdouuTiB, Yoro He Byno BigMiyeHO Ans rpynu yMOBHO 340pOBHMX 0Ci6.
BucHoBoK. Y npodecioHaniB, fKi KOHTAKTYlOTb 3 [Kepenamu iOHi3y4oro BUMPOMiHIOBAHHS, BUABMEHO 3MiHY
CMiBBiHOWEHHS MiX NPO- Ta aHTUOKCUAAHTHMMM NpoLLecammn y KPOoBi, WO CBIfYNTb NPO MOXIUBICTb PO3BUTKY OKUC-
HOrO CTPecy, a HaCNiAKOM 3HUKXEHOro piBHA anonTo3y NiMQouUnTiB Moxe OyTM Hebe3neKa HaKONUYEHHS TEHETUYHUX
MOLWKOAXKEHb Y LIUX KNiTUHAX.
KniouoBi cnoBa: pagionoru/peHTreHonory, ioHisytye BUNPOMiHIOBaHHSA, nepudepuyHa KpoBs, NiMoLMTL, NOKA3HU-
KW OKMCHOro MeTabonizmy, anonTos.
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INTENSITY OF OXIDATIVE PROCESSES IN BLOOD AND LEVEL OF
APOPTOSIS IN BLOOD LYMPHOCYTES IN RADIOLOGISTS/X-RAY
TECHNOLOGIES EXPOSED TO SMALL DOSES OF IONIZING
RADIATION

Objective: to determine the presence of changes in peripheral blood parameters, characterizing its redox state, and
the level of apoptosis of lymphocyte in radiologists/x-ray technologies who, due to their official duties, are exposed
to small doses of ionizing radiation.
Object and methods: The work was performed on blood samples of 45 professionals radiologists/x-ray technologies
and 52 conventionally healthy individuals (control group). The content of malondialdehyde and sulfhydryl groups
of proteins and peptides (-SH) in blood plasma was determined; catalase enzyme activity and the ratio of pro-
antioxidant processes in hemolysates, the level of superoxide anion-radical (0.) generation, the total production of
free radical compounds (reactive forms of oxygen and nitrogen) and the level of apoptosis of peripheral blood lym-
phocytes (PBL).
Results: The content of malondialdehyde in the blood of professionals was increased by 1.49 times and the content
of -SH was decreased by 1.67 times compared to conventionally healthy individuals. An increase in the level of 0,°
production by 1.56 times was observed for PBL. The obtained results indicate a shift in the ratio between antioxi-
dant and pro-oxidant processes towards the latter, which is confirmed by a 1.49-fold increase of this index. The level
for PBL apoptosis was reduced by 1.35 times. For professionals, against the background of increased generation of
0. a reliable direct correlation was observed between the indicator of apoptosis and the total production of free
radical compounds, and between the latter and the level of apoptosis of lymphocytes, which was not noted for the
conventionally healthy individuals group.
Conclusion: A change in the ratio between pro- and antioxidant processes in the blood was found for professionals
who are in contact with sources of ionizing radiation, which indicates the possibility of the development of oxida-
tive stress, and the consequence of a reduced level of apoptosis of lymphocytes may be the danger of accumulating
genetic damage in these cells.
Key words: radiologists/X-ray techniques, ionizing radiation, peripheral blood, lymphocytes, indicators of oxidative
metabolism, apoptosis.
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BCTYII INTRODUCTION

BB ioHizytouoro BumnpoMiHioBaHHs (IB) Ha op-  The impact of ionizing radiation (IR) on the human
raHi3M JIOOMHU MOXe MPU3BOAUTU IO PO3BUTKY M-  body causes a wide range of diseases of the
POKOro CHEKTPY 3axXxBOpIOBaHb KPOBOTBOPHOI cucTe-  hematopoietic system, eyes, skin and the occurrence
MU, odeii, IIKipy Ta BUHUKHEHHS pamiaiiiiHo-acomi-  of radiation-associated tumors [1]. At the same
oBaHux yx;uH [1]. B Toit xe yac, Bce Oiiblle BepcTB  time, more and more segments of the population are
HaceJIeHHs 3a3HaloThb BILUIMBY Maiux 103 IB npu mpo-  exposed to small doses of IR during medical
BeleHHI MeAWYHUX NOCHiKeHb. Tomy TpuBae auc-  research. Therefore, there is an ongoing discussion
Kycist momo HeOe3MmeyHoC Ti X yacToro rmpu3HadeHHs 3 regarding the danger of their frequent use due to the
OINISIIy Ha KOPHUCTb IJisg JIiKyBaHHS Ta IIKoau Bim  benefits for treatment and the harm from exposure
BriuBy IB, Buxoasuu 3 naiHiliHOI 6e3roporoBoi rino-  to IR based on the linear hypothesis of the non-
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Te3u mii pamiarii [2, 3]. [Ipy boMy AOCTiITHUKU TIPU-
BEPTAIOTh yBary 10 TOro (hakTy, mo eheKTh Maaux 103
IB MoxXyTb OyTH OiJIbILI BUPAXKEHUMU, HiXK OUiKyBaJlo-
Csl, BUXOISYU 3 JIiHIHOI eKCTPaItoJIsLii BiJ OijbIl BH-
COKMX 103 [4], Ta Ha3aBXAW 3MiHIOBATH iIMYHITET, IpU-
CKOpIOBATU CTapiHHS iIMYHHOI CHUCTEMM i CTaTW Iia-
IPYHTSIM PO3BUTKY LLIMPOKOIO CIIEKTpY naTtodiziosno-
TiYHUX 3MiH, BKJIIOYAIOUM PaHHiil TOYATOK BiKOBHUX
JleTeHepaTUBHUX PO3JIajliB Ta paky [5]. 3 iHIIOTo OOKY,
noKa3aHoO, 110 HU3bKOJ030Ba NMpOMEHEBa Tepallis
MOpPOSIBIISIE KOPUCHI, TTpOTU3aIaibHi Ta 3HEOOMI0BaAIbHI
BJIACTUBOCTI IPU XPOHIYHUX 3allajbHUX Ta JIereHepa-
TUBHUX 3aXBOPIOBAHHSX, a Jisl HU3bKUX 103 IB Moxe
CTUMYJIIOBAaTM PO3BUTOK aJalTUBHUX peaxliii op-
ra”ismy |5, 6].

SIKI110 CTOCOBHO MALiEHTIB CTOITh BUOIp MiX KOpuCc-
TIO Bifl BCTAHOBJIEHHSI OiJIbII TOYHOIO JiarHO3y Ta
e(eKTUBHOro JIiKyBaHHSI i IIKOJOK BHACIiIOK OIl-
POMIHEHHSI TIpU IMPOBENEHHI 00CTeXeHb, TO IJIsI Me-
JUYHOTO TIepCOHAIy, 3a[isSHOTO y BMKOHAHHI TaKMX
JiarHOCTUYHMX Ta JiKyBaJbHUX MPOLEIYP, B OCHOBHO-
My MAETbCS JMIIe MPO MOXIMBI HEraTUBHiI HACTioKKU
TPUBAJIOro BIUIMBY Ha iX opraHiaMm Manux 03 IB.

IToxazaHo, 10 TpuBajie OMPOMIHEHHS MEIUYHUX
MpaliBHUKIB MaJIMMU 103aMHU pafiallii Moxe pu3Bec-
TU 10 BUHUKHEHHS BY3JIMKIB LIIMTOMNOMIOHOI 321031,
PO3BUTKY TIMOTUPEO3Y Ta paKy LIMTOIOAIOHOI 321031,
NpUYOMY B OCTAaHHBOMY BMITaJIKy PM3UK IS KiHOK
3HAYHO BUILUMI, HiX 151 YOJOBIiKiB [7—9].

ITommpeHMMuU M1 pamiosoriB i MEAMYHUX MpaLiB-
HUKIB, 110 TIpaIioioTh y cdepi mii IB, € momkomKkeHHS
oka [10]. ¥ 16,4 % oGcTexxeHUX paaioSoTiYHUX OoIepa-
TOPiB i3 OUTBILI HixX 10-piYHUM TepMiHOM MPOBEACHHS
MpoLenyp I PEeHTIEHOJOTIYHUM KOHTPOJIEM CIIOC-
Tepirajoch COYEBULICIIONIOHE TTOMYTHIHHS KPUILITAJIM -
Kka [11]. Tlpodeciiinuiti BB HU3LKUX 103 IB Moxe
CIIPUYMHUTHU PO3BUTOK KaTapakTu [12], mpuuomMy pi-
BEHb 3aXBOPIOBAHOCTI 3HAYHO Bapilo€ 3a1€XKHO Bil ITPoO-
deciithux 000B’a3KiB. Haiidinbiry 4JacToTy po3moB-
CIOJIKEHHSI LIbOTO 3aXBOPIOBAHHS BUSIBJICHO Y TEXHiKiB-
pajiosoriB, a HU3bKUI piBeHb 3aXBOPIOBAHOCTI — Y Me-
JUYHMX CeCTep i MpaLliBHUKIB BildiJIeHb SIIepPHOI MEAM-
nuHY [ 13]. TakoX, pu3MK pO3BUTKY KaTapaKTH 3a IMPO-
(eciitHOTO OIMPOMiHEHHS 3pOCTa€E cepel 0Cid MOXMIOo-
TO BiKy Ta y XBOpMX Ha LIyKpoBuii aiaber [14].

3a manuMu M. G. Andreassi 3i criBaBT. [15], icHye
3B’SI30K MiX HAUIMIIKOBUM PU3MKOM BUHUKHEHHS
CepleBO-CYAMHHMX 3aXBOPIOBaHb BHACIIIOK [ii HU3b-
Kkux 103 IB Ta cKopoueHHSIM JOBXWHU TeJIOMEp, SIKe
CBiIYUTH PO IIPUCKOPEHE CTAPiHHS CyIUH i PO3BUTOK
PaHHBOTO aTEPOCKIIEPO3Y.

threshold effect of radiation. [2, 3]. At the same
time, the researchers draw attention to the fact that
the effects of low doses of IR may be more pro-
nounced than expected based on linear extrapola-
tion from higher doses [4] and permanently alter
immunity, accelerate the aging of the immune sys-
tem and be the basis for the development of a wide
range of pathophysiological changes, including early
onset of age-related degenerative disorders and can-
cer [5]. On the other hand, it has been shown that
low-dose radiation therapy has beneficial anti-
inflammatory and analgesic properties in chronic
inflammatory and degenerative diseases, and the
action of low doses of IR can stimulate the develop-
ment of adaptive responses of the body [5, 6].

If for patients there is a choice between the bene-
fits of establishing a more accurate diagnosis and
the effectiveness of treatment and the harm caused
by radiation during examinations, then for the
medical personnel involved in the performance of
such diagnostic and therapeutic procedures, it is
mainly only about the possible negative conse-
quences of prolonged exposure of their body to
small doses of IR.

It has been shown that long-term exposure of
medical workers to low doses of radiation can lead to
the occurrence of thyroid nodules, the development
of hypothyroidism and thyroid cancer, and in the
latter case, the risk for women is much higher than
for men [7-9].

Eye injuries are common for radiologists and med-
ical professionals working in the field of IR exposure
[10]. In 16.4 % of examined radiological operators
with more than 10 years of performing procedures
under radiological control, lenticular opacification
was observed [11]. Occupational exposure to low
doses of IR can cause the development of cataracts
[12], and the incidence rate varies significantly
depending on occupational duties. The highest
prevalence of this disease was found in radiology
technicians, and the lowest incidence rate in nurses
and employees of nuclear medicine departments
[13]. Also, the risk of developing cataracts from
occupational exposure is increased among the elder-
ly and diabetics [14].

According to Andreassi M.G. et al. [15], there is
an association between an excess risk of cardiovascu-
lar disease due to the action of low doses of IR and a
reduction in the length of the heat meter, indicating
accelerated aging of blood vessels and the develop-
ment of early atherosclerosis.
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3acdikcoBaHO BUHUKHEHHS Pi3HOMaHITHUX OHKO-
JIOTIYHUX 3aXBOPIOBaHb, Yy TOMY YKCJi, paKy rOJOBHO-
IO MO3KY Y 0Ci0, fKi 3a3Hal0Th MPOPeCiiHOTO BILIIUBY
IB [16]. 3a nanumu F. R. Wang 3i cmiBaBt. [17], or-
POMiHEHHSI PEHTIeHOJIOTIB JiarHOCTIB IIOB’s3aHe 3i
3HAYHO ITABUILIEHUM PU3UKOM BUHUKHEHHS PaKy,
0CO0JIMBO paKy MOJOYHHUX 3a/I03 Ta cTpaBoxomy. Om-
HakK, BPaXxOBYIOUM BiICYTHiCTh MOPOroBoi 103U IB nisa
iHiIIIOBaHHS paKy Ta MOXJIMBICTh OTHOYACHOI /i1 ABOX
a00 OiIbIIOI KibKOCTI KAHLIEPOr€HHUX areHTiB, BaXK-
KO BU3HAYUTU pajiallifiHe ONPOMiHEHHS SIK OCHOBHY
MpUUYMHY TIpodeciiiHoro paky [18].

VY 6aratboX AOCHIIXKEHHSIX MOKa3aHO BUHUKHEHHS
TeHETUYHUX YIIKOMIXEHb B 0Ci0, SIKi 3a3HaBaJIU BILIU-
By ONpPOMiIHEHHSI TpU BUKOHAHHI MpodeciiiHux
000B’a3KiB. Tak, 3a TpUBaJIOro BIJIMBY HU3bKUX 103 IB
CIIOCTePIiraloTbCsl MiABMILEHI PiBHI MOIIKOIXEHb
saepHoi JJIHK, yTBopeHHSsT MiKposiaep Ta BUHUKHEHHSI
XPOMOCOMHUX abeparliii HecTabiasHOTO THITY [19, 20].
Crin 3a3Ha4YMTH, 110 TaKi 3MiHM MOXYTb CITOCTepira-
THUCS i B pa3i HUKYMX 32 JOMYCTUMi MeXKi MOTJIMHEHUX
no3 [21, 22], a cTyniHb MOIIKOAXEHb 3aJIEXKUTh Bin 0a-
ratbox (pakTopiB, TaKuX K CTaTh, BiK OOCTEKEHMUX,
(¢iznyHa aKTUBHICTb, BXWBAHHS aJKOTOJIO Ta Ky-
piHHSI, CTax POOOTH i YacTOTa OMPOMiIHEHHS Ha MpPO-
TS3i XKUTTS [22—24].

3HayHa yactuHa edekTiB 1B moB’g3aHa 3 yrBOpeH-
HSM HAIJIMIIKOBUX KiJIbKOCTEH aKTUBHUX (POPM KHC-
Hi0 (ADPK) sk 3a 6e3nocepennboi aii IB, Tak i npu
TPUBAJIOMY YTBOpPeHHI mmigBummeHux piBHIB ADK
BHACJIi 10K NOLIKOAXEHHS Ta 3MiHU (PYHKLIIOHAIbHOTO
cTaHy MIiTOXOHpili [25, 26]. B cBolo uepry, BAHUKHEH-
HS pamialliiiHO-iHAYKOBaHOTO OKMCIIOBAIBHOIO CTpe-
Cy Bimirpae BaxkJMBy poJib Y (POPMYBaHHI T€HETUUYHUX
Ta €MireHeTUYHMX 3MiH B ONPOMiHEHUX KJIITUHAX Ta 1X
Hamankax [27, 28]. B mocnimxkenni J. Mrdjanovic 3i
cmiBaBT. [19] mMoKa3aHO PO3BUTOK OKHMCHOTO CTpECY,
nigBuiIeHu i piBeHb noiukoaxeHb JJHK Ta moripiiueH-
HsI aHaJIi3iB KPOBi y MpaliBHUKIB JIiKapeHb, sIKi 3a3Ha-
BaJIu TIpoeCiiiHOro BIUIMBY MPOTUMYXJIMHHUX TIpeTa-
partiB Ta HU3bKUX 103 IB. ABTOpU MPOMOHYIOTH PO3T-
JITHYTH MOXJIMBICTh BU3HAYEHHS ITapaMETPiB OKMC-
HOTIO CTpeCy Ha J0JaTOK J0 PYTMHHUX aHaJli3iB i1 yac
MepioANYHUX METUIHUX OIJISIIIB.

3MiHM cKITamy (hopMEeHUX €JIEMEHTIB KPOBi Y MEMMIHUX
MNpaLiBHUKIB, SIKi MpaLO0Th 3 Ixkepeaamu 1B, mokazaHo
i B iHmmx gocmimkeHHsx [29]. OcobnuBuii iHTepec mist
OLIIHKY MOXJTUBUX HeraTuBHUX eekTiB IB mpencrapis-
10Th JiMcboruty niepudepraHoi kposi (JITTK) 3 orsmy
Ha iX BUCOKY paJiouyyTJIMBICTh, sIKa 0OyMOBJI€HA BUCO-
KUM piBHeM mpoaykuii APK B mitoxoHapiaasHin JHK

The development of various oncological diseases,
including brain cancer, has been recorded in people
who are exposed to occupational IR [16]. According
to Wang ER. et al., radiation exposure of diagnostic
radiologists is associated with a significantly
increased risk of cancer, especially breast and
esophageal cancer [17]. However, given the absence
of a threshold dose of IR for cancer initiation and
the possibility of the simultaneous action of two or
more carcinogenic agents, it is difficult to identify
radiation exposure as the main cause of occupation-
al cancer [18].

Many studies have shown the occurrence of genet-
ic damage in individuals exposed to radiation in the
course of their professional duties. Thus, with pro-
longed exposure to low doses of IR, increased levels
of damage to nuclear DNA, the formation of
micronuclei, and the occurrence of unstable chro-
mosomal aberrations are observed [19, 20]. It should
be noted that such changes can also be observed in
the case of below acceptable limits of absorbed
doses [21, 22], and the degree of damage depends on
many factors, such as gender, age of the examined,
physical activity, alcohol consumption and smoking,
work experience and frequency of exposure during
life [22—24].

A significant part of the effects of IR is associated
with the formation of excess amounts of reactive
oxygen species (ROS) both under the direct action
of IS and during the long-term formation of elevat-
ed ROS levels due to damage and changes in the
functional state of mitochondria. [25, 26]. In turn,
the occurrence of radiation-induced oxidative stress
plays an important role in the formation of genetic
and epigenetic changes in irradiated cells and their
descendants [19, 27]. A study by Mrdjanovic J. et al.
[28] showed the development of oxidative stress,
increased levels of DNA damage, and deterioration
of blood tests in hospital workers exposed to occupa-
tional exposure to anticancer drugs and low doses of
IR. The authors propose to consider the possibility
of determination of oxidative stress parameters in
addition to routine analyzes during periodic medical
examinations [28].

Changes in the composition of blood cells in med-
ical workers working with IR sources are also shown
in other studies [29]. Peripheral blood lymphocytes
(PBL) are of particular interest for assessing the pos-
sible negative impact of IR due to their high
radiosensitivity, which is associated with the high
lIevel of ROS production in the mitochondrial DNA
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IIMX KJITAH miciast onpoMiHeHHs [30], a TakoxX ix moc-
TYITHICTIO /7151 IPOBEACHHS IOCITiIKEHb.

META

Bu3HauuTu HasIBHICTh 3MiH ITOKa3HUKIB Iepudepry-
HOI KPOBi, 110 XapaKTEepU3YIOTh 11 OKMCHO-BiAHOBHUM
CTaH, Ta piBeHb arlomnTo3y JiM(OIUTIB y pamiosio-
TiB/peHTIEeHOJIOrIB, sKi y 3B’S3Ky 3i CIyXO00BUMU
000B’sI3KaMU 3a3HAIOTh BIUIMBY MaJIvX 103 i0Hi3yl0UO-
TO BUIIPOMiHIOBaHHSI.

OB’€EKT I METOAU NOCIII2KEHHA

PobGoTy BUKOHaHO Ha 3pa3Kax KpoBi 45 nmpodecioHatiB
(IP) pamiosoriB/peHTIeHOOTIB, SIKi TP BUKOHAHHI
CITy>K00BUX O0OB’SA3KiB 3a3HaOTh BIUMBY IB, Ta 52
yMOBHO 3n0poBux oci6o (Y30). Yci no6poBoblii, SKi
B3SUTM YYacTh Y JOCJIIKEHHi, HadaJIu iH(popMaLliiiHy
3rojly, BUXOAS4M 3 MPUHLUIIIB MPOBEACHHS OioMeany-
HUX JOCHigXeHb, BUKiIageHux y lenbciHebKiil exkna-
pauii BcecBiTHBOI MeauuHOI acoliallii. 3pa3ku nepu-
(bepryHOi KpOBi BiAZOMpaM y CTEPWIbHI MPOOipKU
Vacutainer (06’eM 6 MJ1, aHTUKOAryJIssHT Li-remapuH).
TpaHcnopTyBaHHSI Ta 30epiraHHsl 3pa3KiB MPOBOAWIU
npu temmepatypi 3—5 °C.

Bupinenns nnasmu Ta JgiMmpouutie 3 nepudepuyHoOi
KkpoBi. [11a3My oTpuMyBanu HeHTpudyryBaHHsM (15 xB
npu 400 g) i 36epiramm mipu -20 °C. JIIIK Bumingnm 3
BukopucraHHsM Histopaque®-1077 Hybri-Max™ (Sig-
ma-Aldrich) 3rimtHo 3 iHCTpyKIlielo BupoObHuKa [31].
ITigpaxyHOK KiJbKOCTi >XMBMX KJIiTUH MPOBOAWIMU 3
cympaBiTaabHUM (apOyBaHHSIM TPUTIAHOBUM CHUHIM
(Sigma) [32].

BusHavenHs 0ika y mia3Mi KpoBi MPOBOAMIIA CIIEKT-
podoToMeTpuuHUM MeTogoM (Greenberg mpu JTOBXUHI
xBwti 590 HM Ha cmekrpodoromerpi Agilent 8453
(USA) [33]. das moOynoBu KaliopyBalbHOI KpUBOi BU-
KOPHMCTOBYBAJIM CTaHAAPTHUI OinKoBUil po3unH ATAT-
Kanioparop «3araapHuii 6i1oKk» (Arar-men), MpU3Ha-
YEeHMI JJ1s1 BAKOPUCTAHHS Y MEAUYHUX J1abopaTopisiX.

Busnauenns mamonosoro gianawsaeriny (MIA). InTeH-
CUBHICTb MpPOLIECIiB MEPEKUCHOTO OKWCHEHHS JIiMiaiB
(ITOJT) y xpoBi ouiHOBanu 3a BMictoM MJIA y ria3mi.
BumMmipioBanHs 3abapBlieHHS B peaxilii 3 2-TiodapoiTy-
pOBOIO KMCJIOTOIO [34] mpoBoamIn Ha CIEeKTpodOoTOo-
meTpi Agilent 8453 (USA). JdoBxuHa xBuJi 532 HM,
mmpuHa koBety 1 cM. Ilig yac mpoBeneHHs po3pa-
XYHKiB BUKOPHUCTOBYBAJIU MOJISIPHUI KOEMIilliEHT eKC-
tuHkLii MJA (e = 1,56 - 10° cm™' - Mosib™') Ta iepepaxo-
BYBaJIX MOTO BMICT Ha KiJIbKiCTh OijTKa — MKMOJIb/T.

Busnauenns BMicTy cyabgrinpuibHuX rpyn 0iJIKiB i memn-
tuaiB (CI') y m1a3mi KpoBi IIPOBOAWIN CHEKTPOGOTO-

of these cells after irradiation, [30], as well as their
availability for research.

OBJECTIVE

To determine the presence of changes in peripheral
blood parameters, characterizing its redox state,
and the level of apoptosis of lymphocyte in radiolo-
gists/x-ray technologies who, due to their official
duties, are exposed to small doses of ionizing radia-
tion.

OBJECT AND METHODS

The work was performed on blood samples of 45
professionals (PR) radiologists/X-ray technologists
who are exposed to IR during the performance of
their duties, and 52 conditionally healthy persons
(CHP). All volunteers who took part in the study
gave informed consent based on the principles of
conducting biomedical research as set out in the
Declaration of Helsinki of the World Medical
Association. Peripheral blood samples were collect-
ed in sterile Vacutainer tubes (volume 6 ml, antico-
agulant Li-heparin). Samples were transported and
stored at a temperature of 3—5 °C.

Isolation of plasma and lymphocytes from periph-
eral blood. Plasma was obtained by centrifugation
(15 min at 400 g) and stored at -200 °C. PBL was
isolated using Histopaque®-1077 Hybri-Max™
(Sigma-Aldrich) according to the manufacturer’s
instructions [31]. Counting the number of live cells
was performed with supravital staining with trypan
blue (Sigma) [32].

Determination of protein in blood plasma was car-
ried out by the Greenberg spectrophotometric
method at a wavelength of 590 nm on an Agilent
8453 spectrophotometer (USA) [33]. To build a cal-
ibration curve, we used a standard protein solution
of the AGAT-calibrator «Total protein» (Agate-
med) intended for use in medical laboratories.

Determination of malondialdehyde (MDA). The
intensity of the lipid peroxidation (LP) in the blood
was estimated by the content of MDA in the plasma.
Measurement of staining in the reaction with 2-thio-
barbituric acid [34] was carried out on an Agilent
8453 spectrophotometer (USA). The wavelength is
532 nm, the cuvette width is 1 cm. When performing
calculations, we used the molar extinction coefficient
of MDA (e = 1.56 - 10° cm™ - mol ™) and recalculated
its content to the amount of protein — umol/g.

Determination of the content of sulfhydryl groups of
proteins and peptides (-SH) in blood plasma was car-
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METPUYHUM METOAOM 3 BUKopucTaHHAM Ellman’s
Reagent (5,5-dithio-bis-(2-nitrobenzoic acid), Sigma-
Aldrich [35]. Bumict 3paska 0,9 M 0,1 M ¢ocdaTtHo-
ro oydepa pH 6,8 + 0,1 ma miasmu / 0,9 % NaCl
(koHTpoJIbHA TIpoba). Peakuiio 3amyckaay JoJaBaH-
Hsam 0,04 ma 1,0 mmonb Ellman’s Reagent y 10 Mmosb
docdarHoMy 6ydepi pH 6,8 Ta inkydyBaau 3pasku 40
xB 3a 37 °C. Peakiito 3ynmuHSIIM ITOJABaHHSIM 3 MJI
€TWJIOBOTO CIMPTY Ta BUAAISUIM OCaj LEHTPUDyTy-
BaHHaM (20 xB pu 400 g). BuMiptroBaHHSI TPOBOAWIN
3a JOBXMHU XBWI 412 HM Ha creKTpodOoTOMETpi
Agilent 8453 (CIIIA), mmpuHa ktoBeTH 1 cMm. ITpu npo-
BEIIEHHI pO3paxyHKiB BUKOPHCTOBYBAJIM MOJISIPHUIA
Koe(iumieHnT ekctuHkLii (€ = 1,86 - 10° moap™" - cMm™!)
Ta BUpaxanu BMmicT CI' y mimasmi y MKMOJIBb 2-HITpO-
5-TiobeH30aty/Mr 6ijiKka (MKMOJIb/MT).

Busnauennss axktuBHocTi Karanasum (KAT). Axk-
TUBHICTb (DEPMEHTY BM3HAYalud B TreMoJi3aTax KpoBi
(KpoB poO3BeleHa IMCTUILOBAHOIO Bomoio B 800
paziB) 3a YTBOPEHHSIM KOJIbOPOBOIO KOMILIEKCY B pe-
akuii Mmoni6aaty amonito 3 H,0, [36] y Mmomudikariii
JJI1 BUMIipIOBaHb Ha piaepi 1Sl IUIaHIIETIB Sinergy
HT (CIHA). Peaxirito 3amyckanu gomaBaHHsaMm 0,04
mu remodnizary go 0,8 ma 30 MM H,O, Ta 3ynuHsn
yepe3 10 xB BHeceHHsaM 0,4 mu 4 % MoniGmaty
aMoHilo. BumiproBaHHSI MPOBOAMIAM Ha TOBXUHi
xBuii 410 HM. AKTUBHICTh (PEpMEHTY BUpaXKaiud B
miniMmons H,O, Ha wmimirpam 0inka 3a XBUJIMHY
(MMOJIb/MT/XB) 3TiIHO 3 KaJiOpyBaIbHOIO KPUBOIO.

BusHayeHHS NPOOKCHIAHTHO-AHTHOKCHAAHTHOIO
cuisBigHomennsi (ITAC) mpoBomuiau B remosrizaTax
KpOBi (KpPOB PO3BelIeHA IUCTUJIBOBAHOK BOJOIO Y
400 pa3iB) MeTOIOM iHIYKOBAHOI MEPOKCUIOM BOJ -
HIO XeMinoMiHecueHlii [37] Ha aoOMeHOMETpi
AutoLumat LB 953 (Germany). BumiproBaHHs XeMi-
JIIOMiHeclLeH1Iii TpoBoauian yrponosx 180 ¢ Ta Bupa-
>kau B imitynbcax 3a 180 ¢ (imm./180 c).

BusHayeHHs1 iHTeHCHBHOCTI reHepanii cynepoKCuaHo-
ro aniony-pamukaiay (O..°). PiBenp renepauii O,.° y
JITIK BU3Hauanu 3 BUKOPUCTAHHSAM XeMiTIOMiHecCIIe-
HTHOTO METO.NY, SIKWIi 3aCHOBaHMIT Ha BUKOPHCTAaHHI
iHauMKaropa moueriHiny [38] 3 aesakumu Moaudi-
Kauigmu [37]. BuMmipioBaHHST TTpOBOIMIN Ha JIIOME-
HoMmeTpi AutoLumat LB 953 (Germany). Pesyisrat
BUpaxkau B iMITyJibcax 3a 72 ¢ (im11./72 c).

Bu3HaueHHs1 iHTEHCHMBHOCTI reHepamii BiJIbHOpaIM-
KaJabHux cnoJiyk (BP — akTuBHi (hopMu KUCHIO Ta a30-
1y). PiBenb nponykuii BP y JITTK Bu3Hauanu 3 BUKO-
pUcCTaHHSIM (bIIOOpeCcieHTHOTO OapBHMKa 2°,7’-Di-
chlorofluorescin diacetate (DCFH-DA, Sigma-
Aldrich), sxuii 103BOJISIE OLIIHWUTH 3aTaIbHUI PiBEeHb

ried out by the spectrophotometric method using
Ellman’s Reagent (5,5-dithio-bis-(2-nitrobenzoic
acid), Sigma-Aldrich [35]. Sample content 0.9 ml of
0.1 M phosphate buffer pH 6.8 + 0.1 ml of plasma / 0.9
% NaCl (control sample). The reaction was started by
adding 0.04 ml of 1.0 mmol Ellman’s Reagent in 10
mM phosphate buffer, pH 6.8, and the samples were
incubated for 40 min for 37 °C. The reaction was stop-
ped by adding 3 ml of ethyl alcohol and the precipitate
was removed by centrifugation (20 min at 400 g). Mea-
surements were performed at a wavelength of 412 nm
on an Agilent 8453 spectrophotometer (USA), cuvette
width 1 cm. When performing calculations, we used
the molar extinction coefficient (¢ = 1.86 - 10° mol™! -
cm™) and represented the content of -SH in plasma in
pmol 2-nitro-5-thiobenzoate/mg protein (Wmol/mg).

Catalase activity determination (CAT). Enzyme
activity was determined in blood hemolysates (blood
diluted 800 times with distilled water) by the forma-
tion of a colored complex in the reaction of ammoni-
um molybdate with H,O, [36] in the modification for
measurements on the reader for plates Sinergy HT
(USA). The reaction was started by adding 0.04 ml of
hemolysate to 0.8 ml of 30 mM H202 and stopped
after 10 min by adding 0.4 ml of 4 % ammonium
molybdate. Measurements were performed at a wave-
length of 410 nm. Enzyme activity was expressed in
mmol H,0, per mg of protein per minute
(mmol/mg/min) according to the calibration curve.

Determination of the prooxidant-antioxidant ratio
(PAR) was carried out in blood hemolysates (blood
diluted 400 times with distilled water) by hydrogen
peroxide-induced chemoluminescence [37] on the
illuminometer AutoLumat LB 953 (Germany).
Chemoluminescence measurements were carried
out for 180 s and expressed in pulses per 180 s
(pulse/180 s).

Determination of the intensity of superoxide anion-
radical generation (O.."). The level of O, ° generation
in PBL was determined using a chemoluminescent
method based on the use of the indicator luceginin
[38] with some modifications [37]. Measurements
were carried out on illuminometer AutoLumat LB
953 (Germany). The results were expressed in pulses
per 72 s (pulse/72 s).

Determination of the intensity of generation of free
radical compounds (FR — active forms of oxygen and
nitrogen). The level of FR production in PBL was
determined using a fluorescent dye 2’,7’-Dichloro-
fluorescin diacetate (DCFH-DA, Sigma-Aldrich),
which allows to estimate the general level of forma-
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YTBOPEHHS peaKTUBHUX (hOPM KUCHIO Ta a30Ty [39, 40]
3 gesskuMu Moaudikauismu [37]. BumiproBaHHs ¢Jiio-
opecueHIIl (Aex = 485 HM, Aem = 528 HM) IPOBOAUIN
Ha pigepi s mnanmeTiB Sinergy HT (CILIA). Pe3ynb-
TaTW BUpaXkaJi B yMOBHUX OMWHUIIAX Ha 10° KTiTUH 3a
ronuny (ym. on./10° ki./rox).

Busnayenns KiibKocTi JiM¢GOIMTIB y CTaHi anonro3y
(AID). Yactky rinoguruioinHux kiaituH y JITTK Bu3Ha-
yajii METOIOM MPOTOUYHOI HUTOMETpil [41] 3 AeIKUMU
Momudikaigmu [37]. @aroopecleHIlio KIIITHH BUMi-
pIOBaJIM Ha TPOTOYHOMY LTMTodayopumeTpi Beckman
Coulter EPICS XL (Beckman Coulter, CIIIA). dns
KiJIbKiCHOTO aHajli3y OTpMMaHUX pe3yJbTaTiB BHKO-
puctoByBasiu nporpamy CELLQuest (BD Biosciences
Pharmingen, CIIIA). Yactky JITIK y ctani AIl Bupa-
JKaJlu y BiZICOTKaX.

CraTucTHyHMii aHAJI3 pe3y/sraTiB. 3a OTpUMaHUMM pe-
3yJIbTaTaMM MiApPaxoByBaJIX CTAHAAPTHI CTATUCTUYHI ITO-
Ka3HUKU. [J0CTOBIpHICTh BIAMIHHOCTEI MiXK rpyIliaMu BU-
3HaYaJId 3 BUKOPUCTAHHSM f-KpuTepito Student Ta y He-
napameTpuyHoMy TecTi Mann-Whitney. [1pu Kopessiiii-
HOMY aHaJIi3i BU3HA4YaJIM paHTOBY KOpeJsiio 3a Spear-
man. PisHuiro BBaxkanu moctoBipHO mpu p < 0,05 [42].
OOpaxyHOK pe3y/abTaTiB MPOBOIWIN 3 BUKOPUCTAHHSIM
nporpam «MS Excel» Ta «OriginPro 2019».

PE3VYJIBTATU TA OBI'OBOPEHHS
VY rpynu o6ctekenux 1P, ki mpu BUKOHaHHI CIIy>*kK00-
BUX 00OB’SI3KiB KOHTaKTYIOTb i3 Jkepeiamu IB, 0yno
BMBYCHO 3MiHU IIOKA3HUKIB, IO XapaKTepU3YIOTh
ctaH TiepudepndHoi KpoBi Ta miMdonurti. B kposi
o0cTexxeHnX O0ya0 BU3HaYeHO BMicT MJIA, gk mokas-
HUK iHTeHcuBHOCTI npoueciB ITOJI, akTuBHiCTh dep-
MeHTY aHTUOKMcHOTro 3axucty KAT, BMmicT BiibHUX CI'
Ta 3araapHMii mokasHUK [TAC, gxkuii XxapakTepusye
CHiBBIZHOIIIEHHS MiX MPO- Ta aHTUOKUCHUMMU MPOLIE-
camu. Y JIIIK Oynu BuU3HAY€Hi iHTEHCUBHICTHh MpPO-
nykuii O,.* i BP Ta piBenb ix AIl. Takox Oynu obcte-
xkeHi Y30, gKi ckimagany rpymny KOHTpoIio (Tadi. 1).

ITokazaHo, 1o B kpoBi I1P, y mopiBHsIHHI 3 00cTeXe-
HUMU 0CO0aMM TPYIU KOHTPOJIIO, IMTiABUIIEHO BMiCT
MIA (y 1,49 pa3zy, p < 0,05), 1110 CBiqUUTh PO MiIBU-
meHHd inTeHcuBHOCTI rpotteciB [TOJI. OrpuMmani nani
OiJBIIIOI0 MipOIO 30iraloThCs 3 pe3yabraTaMM iHIIUX
nocninHukiB  [43—46]. Takox y  Halomy
JOCHiIKeHH] O0y10 Mmoka3zaHo 3HMXeHHs BMicty CI'
(y 1,67 pa3sy, p <0,05), 1110 36ira€ThCcsi 3 pe3yabraTaMu,
orpuMannmMu A. M. Gunduz, C. Demir [46].

OpHak B psii JOCHiIKeHb OyJI0 OTpUMAaHO iHIII pe-
gyasrat. V. B. Campos 3i ciBaBT. [47] He 3HAWIIUIN Y
KpoBi ooctexkeHux [TP 3mid Bmicty MIIA, a I. M. Ahmad

tion of reactive forms of oxygen and nitrogen [39,
40] with some modifications [37]. Measurement of
fluorescence (lex = 485 nm, l.,, = 528 nm) were car-
ried out on the reader for plates Sinergy HT (USA).
The results were presented in conventional units per
1000 cells per hour (conv. unit/1000 cell/h).

Determination of the number of lymphocytes at the
AP. The content of hypodiploid cells in the PBL was
determined by flow cytometry [41] with some mod-
ifications [37]. Cell fluorescence was measured by
flow cytofluorometry Beckman Coulter EPICS XL
(Beckman Coulter, USA). For the quantitative
analysis of the obtained results the program
CELLQuest (BD Biosciences Pharmingen, USA)
was used. The part of PBL in the state of AP was
expressed in %.

Statistical analysis of results. Based on the obtain-
ed results, standard statistical indicators were calcu-
lated. The significance of differences between groups
was determined using the Student z-test and the
nonparametric Mann-Whitney test. Spearman’s
rank correlation was determined during correlation
analysis. The difference was considered reliable
when p <0.05 [42]. The results were calculated using
the programs «MS Excel» and «OriginPro 2019».

RESULTS AND DISCUSSION

Changes in indicators characterizing the state of
peripheral blood and lymphocytes in the group of
examined PR, which, in the course of their official
duties, come into contact with IR sources, were
studied. In the blood of the examined, the content of
MDA was determined as an indicator of the intensi-
ty of LP, the activity of the anti-oxidant enzyme
CAT, the content of free -SH and the total PAR
index, which characterizes the ratio between pro-
and antioxidant processes. In lymphocytes, the
intensity of O,.* and FR production and the level of
their AP were determined. Were also examined CHI
who made up the control group (Table 1).

It was shown that the MDA content in the blood of
RP, in comparison with the examined individuals of
the control group, increased (by 1.49 times, p <
0.05), which indicates an increase of the intensity of
LP. The obtained data largely coincide with the
results of other researchers [43—46]. Also in our
study, a decrease in the content of -SH was shown
(by 1.67 times, p < 0.05), which coincides with the
results obtained Gunduz A. M. & Demir C. [46].

However, in a number of studies, different results
were obtained. Campos V. B. et al. [47] did not find

197 =&



EKCMNMEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2023. Bun. 28.

Taoauuya 1

MoKasHMKMU, W0 XapaKTepU3yIoTb iIHTEHCUBHICTb NPO- i AHTMOKCUAAHTHUX NpoueciB Ta piBeHb All nimdouuTie B

nepudepuuHin kposi MNP 1a Y30
Table 1

Indicators characterizing the intensity of pro- and antioxidant processes and the level of AP of lymphocytes

in the peripheral blood of PR and CHI

nP /PR y¥30 / CHI

n M+m n M+tm
MIA, mkmons/r // MDA, pmol/g 44 38,00 + 2,68* 47 25,51 £ 1,36
Cr, mmonb // -SH, mmol 45 0,237 + 0,009* 43 0,395+ 0,013
KAT, mmonb/mr/x8 // CAT, mmol/mg/min 44 0,3863 + 0,0158 47 0,4104 £ 0,0137
MAC, imn./180 ¢ // PAR, imp./180 s 44 22317 = 1135* 47 15024 + 823
0o+, iMn./72 ¢ // O+, imp./72 s 44 1499 + 173* 46 963 + 79
BP, ym. oa./10° kn./roa // FR, conv. unit/10° cells/h 42 27,55 £ 1,67 47 30,66 + 2,21
Al, % // AP, % 39 4,549 + 0,429* 42 6,128 + 0,448

MpumiTka. * — poctoBipHa pisHmus, p < 0,05.
Note. * — significant difference, p < 0.05.

3i cmiBaBT. [44] — 3MiH KOHIIEHTpallil BiIHOBJIEHOIO
rmotartiony. L. Fang 3i cmiBaBT. [48] moka3anu, 1110 B
oci0, gKi 3a3HaBaM MPOdeciiHOro BIJIUBY HU3BKUX
JI03 PEHTTeHiBCbKOIO0 BUIIPOMiHIOBAHHSI MPOTITOM
Outbir Hixk 20 poOKiB, CIOCTepPira€TbCs 3HUKEHHS
BMicty MJIA y KpoOBi.

VY ob6crexenux TP He Oyn0 BusiBIeHO 3MiH aKTHUB-
HocTi (pepMeHTY aHTHMOKMCHOTO 3axucty KAT. IToxmi6-
Hi gaHi 6yjso orpuMano i I.M. Ahmad 3i criBaBT. [44].
OpnHak, iHITUMHA ITOCTiTHUKAMM OyJIO TOKAa3aHo, 1110 Y
I1P, axi KoHTakTyl0Th 3 IkKepenamu IB, akTuBHicTBH
LIOTO (pepMEHTY MOXe OYTH SIK 3HMXKeHOIo [45], Tak i
nigBuiLeHoIo [46].

VY nimdpounTax ITP croctepiraBcst OiJIbIII BUCOKMA
piBenb npoaykuii O,.° (y 1,56 pa3y, p < 0,05), HiX y
KOHTPOJIBHOI TPYMNHU, X0oua 3arajbHUil piBeHb MPOIYK-
wii BP ixnix JITIK Maiixke He Biipi3HSIETHCS Bill MOKa3-
auka g Y30. Ilpu nsomy piBens Al JITIK y rpyri
ITP 6yB nmoctoBipHo HuxxuuM (y 1,35 pasy, p < 0,05).
BBazkaeMo, 1110 3HMXKEHUI piBeHb alTONTOTUYHOI 3arv-
oeni nimgouwnTiB y TP, siki TpuBanuii yac 3a3HaroTh 1il
manux 103 1B, Moxe OyTu ofHi€IO 3 IPUYUH HAKOIIU-
YeHHs B ILIMX KJIiTMHAX T€HETUYHUX ITOLIKOIXKEHb,
piBEHb SIKMX MOXKe 3HAUHO MePEBUILYBAaTH PO3paxoBa-
HUIA Ha OCHOBI go3umMmeTpii [49, 50].

byno npoaHanizoBaHO HasIBHICTb KOPEJsILii MiX 3a-
raabHUM piBHeM nponaykuii BP y JITIK, iHTeHcuBHic-
TIo TeHepalii O,.° Ta BiICOTKOM amONTUYHUX KJIITHH.
s obcrexxeHux ITP BcTaHOBIEHO HAsIBHICTH AOC-
TOBIpHOT KOpeJIALii MixK piBHIMU TIpoayKilii O, * Ta BP
y JITIK (r = 0,418, p < 0,05; puc. 1b), yoro He croc-
tepiranioch o Y30 (r = -0,213; puc. 1A). Takox y
ITP 3 iHTeHcuBHicTIO poaykii BP mnocToBipHO KOpe-
moBaB piBeHb All pimdponuris (r = 0,507, p < 0,05;

changes in the content of MDA in the blood of the
examined PR, and Ahmad I. M. et al. [44] — changes
in the concentration of reduced glutathione. Fang L.
et al. [48] have shown that people who have been
professionally exposed to low doses of X-ray radia-
tion for more than 20 years have a decrease in the
content of MDA in the blood.

In the examined PR, no changes in the activity of
the antioxidant protection enzyme CAT were found.
Similar data was also obtained Ahmad I. M. et al. [44].
However, other researchers have shown that in PRs
in contact with IS sources, the activity of this enzyme
can be both reduced [45] and increased [46].

In PR lymphocytes, a higher level of O,.° produc-
tion was observed (1.56 times, p < 0.05) than in the
control group, although the overall level of FR pro-
duction in their PBL practically does not differ from
that for CHI. At the same time, the level of AP in the
PBL of the PR group was significantly lower (by 1.35
times, p < 0.05). We believe that the reduced level of
apoptotic death of lymphocytes in PR exposed to low
doses of IR for a long time may be one of the reasons
for the accumulation of genetic damage in these
cells, the level of which may significantly exceed that
calculated on the basis of dosimetry [49, 50].

The presence of a correlation between the total level
of FR production in the PBL, the intensity of O,.°
generation and the percentage of apoptotic cells was
analyzed. For the surveyed PR, a significant correla-
tion was found between the levels of O,.* and FR pro-
duction in the PBL (r = 0.418, p < 0.05; Fig. 1B),
which was not observed for CHI (r = -0.213; Fig. 1A).
Also, for PR, the level of lymphocyte AP significant-
ly correlated with the intensity of FR production
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PucyHoK 1. Kopensauia mix pisuamu npoaykuii BP 1a 0,2y JINK y o6cTtexxenux MNP 1a Y30
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Figure 1. Correlation between the levels of FR and 0.*production in the PBL in the examined PR and CHI

A-CHI(r=-0,213); B- PR (r=0,418, p < 0,05); e — individual indicators;

— linear trend.
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PucyHoK 2. Kopenauis mix pisHamu npoaykuii BP y JINK 1a yactkoto uux knituH y crani Al y obcrexkeHux MNP

Ta Y30

A-Y30 (r=-0,126); 6-TMP (r=0,507, p < 0,05); ® — iHOVBIOYya N bHI MOKA3HUKW;

— NiHIMHWIA TpeHAa.

Figure 2. Correlation between the levels of production of FR and apoptotic cells in the PBL of the studied PR

puc. 2b), yoro, TakoxX, He OyJ0 BUSIBICHO IJis OCiO
KOHTpoJibHOI Tpynu (r = -0,126; puc. 2A). B Toii xe
yac, JOCTOBIpHOI KOpessiii MiX piBHSIMHU TeHepallii
0O, y JITIK Ta ix AIl He Gyno sk mist [TP (r = 0,186),
tak i Y30 (r=0,219).

TakyM 4MHOM, 3MiHM, IO CHOCTEPIrajauch y nepu-
¢epunyHiit KpoBi Ta JiMpounTtax oocrexxenux I1P, ki
TPUBAJIWIA Yac 3a3HaBaIM il Manux no3 IB, cBimuath
Mpo 3cyB OajaHCy MiX MPO- Ta aHTUOKCHUAAHTHUMU
npolecaMu y ixHilt KpoBi B OiK OCTaHHIX, 1110 MiATBe-
pIxyeTbcss gocToBipHuM (p < 0,05) 3pocraHHIM
KoMIuiekcHoro nokasHuka [TAC y ix KpoBi MOpPiBHSIHO
3 KOHTPOJIbHOIO Ipyrioto, B 1,49 pasy. ITpo Taki 3MiHU
B JIIIK o6ctexxenux ITP omocepeakoBaHO CBigyaTb

(r = 0.507, p < 0.05; Fig. 2B), which was also not
found in the control group (r = -0.126; Fig. 2A). At
the same time, there was no significant correlation
between the levels of O,.* generation in the PBL and
their AP for both PR (r=0.186) and CHI (r=0.219).

Thus, the changes observed in the peripheral blood
and lymphocytes of the examined PRs, which expe-
rienced the effects of low doses of IR for a long time,
indicate a shift in the balance between antioxidant
and prooxidant processes in their blood towards the
latter, which is confirmed by a significant (p < 0.05)
increase of the complex indicator of PAR in their
blood compared to the control group by 1.49 times.
Such changes in the PBL of the examined PR are
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3HAUYEeHHST KoedillieHTa KOpeJslii MiX MPOAYKIIEO
BP ta renepauieto O,.* a6o piBHeM AIl y ux KJTiTUHAX.
YV Bunaaky I1P BoHu Manu MO3UTUBHE 3HAYEHHS, a Y
pas3i Y30 nHeratuBHe. OTprMaHi pe3yJabTaTU CBil4aTh
Npo HEOOXiAHICTb IPOBEACHHS pPeTEeJbHUX IUCIaH-
CEpHUX 00CTEXEeHb MEAUYHOTO TePCOHAIY, 110 3a3HAE
BBy IB. JIo Takux oO0CTeXeHb IOLILHO BKIIOYaTU
BusHaueHHs1 SH-rpyn, INAC Ta npoBeaeHHST XpOMO-
coMHUX Go- i G,-TeCTiB 3 METOIO 3aM00iraHHsI BUHUK-
HEHHIO pajialiliHO acolliiioBaHUX 3axBOpioBaHb [S1].
Ha nymky S. Gaetani 3i criiBaBT. [49], ocobanBy yBary
CJIi TIPUIIISATU TUM ocobaM, e 3adiKcoBaHi BUMTAAKHU
BUHUKHEHHS paKy y CIIOPiTHEHUX 0Ci0, OCKIIbKY IS
HUX XapaKTepHi OUIbII BUCOKMIA piBeHb HAKOMUYEHHS
nowkomxkeHb JIHK y JITTK Ta 3HMXeHuUt piBeHb iX pe-
naparii.

BUCHOBKU

1. YV nepudepuuHiit KpoBi MeAMYHUX NpaLiBHUKIB, SIKi
TPUBAJIMIA Yac 3a3HAIOTh Jii Manux no3 1B, BusBieHO
3MiHM, 110 CBigYaTh MPO MOXJIUBICTb PO3BUTKY OKHC-
HOIO CTpecy, a came: 3pocTaHHs mokasHuka ITAC,
nigBuieHuin BMictT MJIIA i 3HMXKeHa KOHLIEHTpaLlist
CI' y kpoBi Ta miaBuieHuUi piBeHb reHepauii O,y
JiMoIurTax.

2. ITokazaHo 3pOocTaHHs YaCTKM LIUTOTOKCUYHOTO O, °
y 3arajbHoMmy Ttyii niponykiii BP pis JITIK mennuHux
MpaliBHUKIB, SIKi TpUBaJIU Yac 3a3HAIOTh il MalTux
no3 IB.

3. 3umxenuii piseHb AlIl y JITIK MeauuHux mpaiiB-
HUKIB, SKi 3a3HAIOTh MPOMECIITHOTO OITPOMiHEHHS, Ta
3MiHU CIiBBIZHOILIEHHSI MiXX aHTUOKCUIAHTHUMM Ta
MPOOKCUJIAHTHUMU MpOLecaMU Y KPOBi y 6iK OCTaHHiIX
CBiIYaTh MpO HeOe3MeKy HaKOMUYEHHSI TeHETUYHUX
MOIIKOIKEHb B IIMX KJIiTUHAX.

Oxepena ¢dpiHaHCYBaHHS

HocnimxeHHss BAKOHAHO 3a paxyHOK KOILTiB Jep>KaB-
HOro 3aMOBJIEHHSI Ha HAyKOBO-TE€XHIYHY IPOAYKIIilO
MiHicTepcTBa OCBITH Ta HayKM YKpaiHU 3a 1OTOBOPOM
I3 /27-2017 Bim 14.11.2017 B pamKax BUKOHAHHSI Ha-
YKOBO-TE€XHi4HOi po00TH «PamiobiojioriyHne oO0rpyHTy-
BaHHS TIEPBUHHOI iHAMBIIyaJIbHOI TTPOQiTaKTUKNA
panialiiiHO-acoLifOBAaHOTO paKy».

KoHdnikT iHTEepecis
ABTOpMU 3asIBJISIIOTh PO BiACYTHICTb KOHMJIIKTY iHTEe-
peciB.

indirectly evidenced by the values of the correlation
coefficient between the production of FR and the
generation of O,.° or the level of AP in these cells. In
the case of PR, they had a positive value, and in the
case of CHI, they had a negative value. The obtained
results indicate the need for thorough dispensary of
medical personnel exposed to IR. It is advisable to
include in such examinations the determination of -
SH, PAR, as well as chromosomal G- and G»-tests in
order to prevent the occurrence of radiation-associat-
ed diseases [51]. According to Gaetani S. et al [49],
special attention should be paid to those individuals
for whom cancer cases have been recorded in rela-
tives, since they are characterized by a higher level of
accumulation of DNA damage in the PBL and a
reduced level of their repair.

CONCLUSIONS

1. In the peripheral blood of medical workers
exposed to low doses of IR for a long time, changes
were revealed that indicate the possibility of devel-
oping oxidative stress. Namely, an increase in the
PAR index, an increased content of MDA and a
reduced concentration of -SH in the blood, and an
increased level of O,.° generation in lymphocytes.

2. An increase in the share of cytotoxic O, in the
total pool of FR products for the PBL of medical
workers exposed to low doses of IR for a long time is
shown.

3. The reduced level of AP in the PBL of medical
workers, who are professionally exposed to ionizing
radiation, and changes in the ratio between antioxi-
dant and prooxidant processes in the blood towards
the latter indicate the danger of accumulation of
genetic damage in these cells.
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