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PEJIEBAHTHI BIOXIMIYHI ITOKASHUKH PAAIOYYTIINBOCTI
KPOBI OHKOI'THEKOJIOI'TYHHUX XBOPUX

MeTa: BM3HAYEHHA peneBaHTHUX BIOXIMIYHMX MOKA3HWKIB PafioUYyTAMBOCTI KPOBi XBOPUX HA pak eHLOMEeTpit npu
TECT-OMPOMiHEHHT B WWPOKOMY Aiana3oHi 4o3.
Marepianu i meTtogu. MepudepnyHa KpoB 42 NepBUHHUX XBOPUX HA pPaK eHpJoMeTpilo (rpyna LOcnigKeHHs) Ta 27
300pOBUX JOHOPIB (rpyna KOHTPoio). [ BUOKPEMNEHHSA Ta 06r'pYHTYBAHHA NPOrHOCTUYHUX MAapKepiB pagiovyTiu-
BOCTi KNiTUH i3 OTOYEHHSA MyXJIMHU BUKOPUCTAHO KOMMEKC 6i0XiMiYHUX MOKA3HMKIB, WO XapaKTepPU3yioTb NOCTYNOBWIA
PO3BUTOK OKCMAATMBHOIO CTPeCy: iHTEHCUBHICTb reHepaLii cynepokcuaHoro aHioH-pagukana (0.°7), npooKcMaaHTHO-
aHTMoKcupaHTHe cniseigHoweHHs (MAC) Ta BMicT manoHoBoro gianbaerigy (MIA). Big6ip npepukTopis 6a3yBascs Ha
nobynoBi Ta aHanisi 3anexHocTteil «ao3a—edekT» ANs AOCNiAXYBAaHUX NMOKA3HMKIB 33 PEHTreHiBCbKOro TecT-on-
poMiHeHHs B Aiana3oHi fo3 0,5-3,0 [p. XapakTep 4030BMUX KPUBUX BU3HAYANMN 3 BUKOPUCTAHHAM MoAeneil NiHiliHOT Ta
NiHIHO-KBaApaTUYHOT perpecii.
Pe3ynbratu. BctaHoBneHo nigsuweHunin Bmict MIA B nnasmi KpoBi XBOpKX HA PaK EHAOMETPil0 NOPiBHAHO 3 BeAUYM-
Hamu B 0Cib rpynu KoHTponto B 3,2 pa3a: (60,87 + 4,93) npotu (18,93 + 2,05) MKkM/r 6inka, p< 0,05. 3pocTaHHs BMicTy
MOA y nauieHToK 3 NifBUIEHHAM [03W TecT-onpoMiHeHHA (B Aiana3oHi 0,5-3,0 Ip) anpoKCUMYETbCA MOAENNI0
NiHiiHOT perpecii Y= 67,44 + 12,52D, R? = 0,85. 3apeecTpoBaHO 36iNblieHHs cepefHbOrpynoBOro 3HaYeHHs NOKa3HU-
Ka 3anexHo Bif f03u onpomiHeHHs B 1,29-1,74 pasa (p < 0,05). Edektn manux fo3 onpomineHHa (0,5 Ip) ande-
peHuitotoTbcA: (85,03+8,9) npotn BuxigHoro pisHa MIOA — (60,87 + 4,93) MkM/r 6inka. BigmiueHo nocuneHHs iHTeH-
cuBHoCTi reHepauii 02”7 y nimdountax kposi i nigsuweHHs MACy remonisati xsopux Ha PE y nopiBHAHHI 3i 3g0poBK-
Mu goHopamm B 1,341 1,30 pasa (p< 0,05), BiANOBifHO, WO CBifYMTL NPO iHTEHCUdIKaLi0 NPOOKCMAAHTHUX NPOLLECiB
y NauieHToK. BussneHo MixiHgmeigyanbHi 0co6NMBOCTI peakuii-Bianosifi KpoBi XBOPUX HA ONPOMIHEHHS 3a AaHUMK
BEJIMYMH MOKA3HMKIB 3aN€XKHO Bif BUXiLHOTO 3HAYEHHS, WO BU3HAYAE iX NMLe B AKOCTI AOJATKOBUX MPOTHOCTUYHUX
biomapkepiB Npu NnaHyBaHHi NPOMEHEBOr0 NiKyBaHHA OHKOTHEKONOFiYHUX XBOPUX.
BucHoBku. [loBeAeHO, WO NiHINHMI XapaKTep [030BOT 3aieXHoCTi BMicTy MIA B nia3mi KpoBi XBOPMX Ha paK eHAo-
MeTpilo Ta peaklis Ha Mani fO3MU ONPOMiHEHHA € 6a30BUMU KpUTEPiAMU Ans BU3HAHHA M[A peneBaHTHUM NpoOrHoc-
TUYHKUM BIOXIMIYHMM NOKA3HMKOM PafioyyTNMBOCTI 3lOPOBUX KNiTUH i3 0TOYEHHS nyxauHu. Bmict MA B nnasmi kposi
OHKOTiHEKONOriYHNX XBOPUX AOLiNbHO BPAaXOBYBaTH 3 METOK BUABNEHHA NALiEHTOK 3 BUCOKUM PU3MKOM NPOMEHEBMUX
VCKNagHeHb.
KnioyoBi cnoBa: oHKOriHeKonoriyHi xsopi, nepudepuyHa Kpos, 6ioximMiyHi NOKa3HWMKK, pafioyyTInBicTb, 40O30BA 3a-
NeXHiCTb, NPOMEHEBI YCKNAHEHHS.
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RELEVANT BIOCHEMICAL INDICES OF BLOOD RADIOSENSITIVITY
IN GYNECOLOGICAL CANCER PATIENTS

Objective: identification of the relevant biochemical indices of blood radiosensitivity in endometrial cancer
patients under the test irradiation in a wide range of doses.
Materials and methods. Peripheral blood samples were drawn for assay in the newly diagnosed endometrial cancer
patients (study group, n = 42) and healthy donors (control group, n = 27). A set of biochemical values was reviewed
to identify and justify the prognostic markers of cell radiosensitivity in the tumor environment featuring gradual
development of oxidative stress, namely the intensity of superoxide anion-radical (0,’") generation, pro-/antioxi-
dant ratio (PAR), and malondialdehyde (MDA) content. Predictive values were selected through the construction and
analysis of «dose-response» dependencies of the studied parameters during X-ray test exposure in a dose range of
0.5-3.0 Gy. Nature of the dose curves was determined using linear and linear-quadratic regression models.
Results. The 3.2 times higher MDA content was found in blood plasma of endometrial cancer patients compared to
the control group, namely (60.87 + 4.93) uM/g of protein versus (18.93 + 2.05) pM/g of protein (p<0.05). The raise
in MDA content along with increase in the test radiation dose (in a range of 0.5-3.0 Gy) was approximated by the
linear regression model Y= 67.44 + 12.52D, R? = 0.85. A 1.29-1.74-fold increase in the mean group value depend-
ing on the radiation dose was recorded (p < 0.05). Effects of low-dose irradiation (0.5 Gy) were differentiated as
(85.03 + 8.9) against the initial MDA level of (60.87 + 4.93) pM/g of protein. There was an increase in the intensi-
ty of 0" generation in blood lymphocytes and elevated PAR value in hemolysate from endometrial cancer patients
compared to healthy donors by 1.34 and 1.30 times (p < 0.05) respectively, which indicated the intensification of
pro-oxidant processes in patients. The inter-individual peculiarities of the blood reaction-response to radiation
were revealed according to parameters depending on the initial values, which characterize them only as additional
prognostic biomarkers in radiation treatment planning for gynecological cancer patients.
Conclusions. It has been proven that the linear nature of dose dependence of MDA content in blood plasma of
endometrial cancer patients and response to low-dose irradiation of are the basic criteria for recognizing MDA as a
relevant prognostic biochemical indicator of radiosensitivity of healthy cells from the tumor environment. The con-
tent of MDA in blood plasma of gynecological cancer patients should be taken into account in order to identify the
subjects with a high risk of radiation complications.
Key words: cancer patients, peripheral blood, biochemical values, radiosensitivity, dose dependence, radiation com-
plications.
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BCTVYII

OpnHi€o 3 HaWrocTpilMx MpodjieM OHKOTiHEeKOJIOTii
BU3HaHO pak eHmometpio (PE), akuit mposiBiisie TeH-
JIEHIIil0 10 3POCTaHHSI Ta OMOJIOJKEHHSI, 3aJIUIIaK0-
YUCh y LIEHTPI yBaru YKPaiHCHKMX i 3aKOPAOHHUX
JochaigHukiB [1, 2]. HeBin’eMHUM KOMITIOHEHTOM JIiKY-
BaHHS xBopux Ha PE € mpomenena teparig (I1T), y To-
My umcii opaxiteparnis. [Tpy nikyBaHHiI XBOpUX 1IOTO
npodiito iCHye 3arpo3a poO3BUTKY MPOMEHEBUX YCK-
JajHeHb 3 OOKY KPUTMYHUX OpPraHiB Majloro Ta3y
(LIMCTUT, YPETPUT, TIPOKTUT), IO HETATUBHO BILJINBA-
10Th Ha edpekTuBHicTh 1T Ta gxicTe xkxutta [3—4]. Po-
OiT, MPUCBIYEHMUX TTPOOJIEeMi JIiIKyBaHHS ITi3HIX ITpOMe-
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INTRODUCTION

Endometrial cancer (EC), which shows a tendency to
growth and rejuvenation, is one of the pressing prob-
lems in the clinical practice of gynecological cancer
being an issue of concern of Ukrainian and foreign
researchers [1, 2]. Radiation therapy (RT), including
brachytherapy, is an integral component of the man-
agement of EC patients. There is a hazard of radiation
complications from the side of pelvic critical organs,
namely cystitis, urethritis, proctitis, when treating the
patients of this profile. Such side effects negatively
affect the RT effectiveness and quality of life of the
patients [3—4]. There are no enough published scien-
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HEBMX YIIKOIXEHb OpraHiB Majloro Ta3dy HeIOCTaTHbO
Ta, K MPaBUJI0, BOHW MalOTh OMIMCOBUM XapakTep. Pe-
3yJIbTaTU CYYaCHUX METOJIB KOHCEPBATUBHOI Teparil
MPOMEHEBUX YIIKOIXKEHb OpraHiB Majoro Taly A0Ternep
3aJIMIIAI0THCS HEBTIIHUMM, CYTIPOBOIXKYIOTHCS 4acCTH-
MU pelUAMBaMU IMATOJOTIYHOIO IPOLECY i HE MOXYTb
3aJ0BOJIbHSITU Hi MALIiEHTIB, Hi JIiKapiB.

HesBaxkatoun Ha cyyacHy KoHpopMmHy cTtpaTerito T1T,
YacTMHA HOPMaJIbHUX KJIITUH 3 OTOUEHHS MyXJIMHU He-
OAMIHHO 3a3HA€ OMPOMiHEHHS, 110 MOXE OOYMOBUTHU
PO3BUTOK BilJajeHUX IIPOMEHEeBUX YCKAagHEHb [5]. Xo-
ya TKAHWHM 3 OTOYEHHS ITyXJIMHU 3a JaHUMM TiCTO-
JIOTIYHOTO JOCTIMKEHHS HE BiIpi3HSIOTHCS Bill HOPMU,
MOpOTE Y HUX CHOCTEPiraloThCs MOPYIIEHHS METUIYBaH-
Hsl, CKOPOUEHHS TeJioMepas, 3MiH1 MeTab01i3My KJIiTUH
towo. Lli 3MiHM, a TaKOX MOJIEKYJISIpHi, XpOMOCOMHI Ta
iHIIi aHOMaJTii B 3MOPOBUX KJIITUHAX MEPBUHHUX OHKO-
JIOTIYHUX XBOPMX BILJIMBAIOTh HA (DYHKUIOHAJbHUI CTaH
KJIITUH, 30KpeMa Ha 1X pafgiovyTJIMBICTb, 1 i€ Ja€ IiacTa-
BY BBaXKaTH iX JIMIIIe YMOBHO HOpMaJibHUMU [6—10]. Ot-
Xe, TOAATKOBI padialliifHO-iHIyKOBaHi MOIIKOIKEHHS B
LMX KJTITUHAX BHACiJOK TepaneBTUUYHOIO OIPOMiHEHHS
CIIPUATUMYTh BUCOKOMY PU3MKY BUHUKHEHHS IIPOME-
HeBMX YcKiIaaHeHb [11]. [Ipu onmpoMiHeHHI pagiodyTiu-
BUX (hOpM ITyXJIMH BiAOYBa€ThCs 1X AECTPYKIIis Oe3 3Ha-
YyIIOTro YIIKOMXKEHHS J0Xa IyXJIUHU, TOOTO OTOUYIO-
YUX 300pOBUX TKaHMH. OOHAK y OeSKUX BUMAAKaX IJIst
e(eKTUBHOI Tepamii paniope3ucTeHTHUX MyXJIMH 3aCTO-
COBYIOTH OilbIII MTO3W iOHiI3yIOUOTr0 BUIPOMiIHIOBAHHS
(IB), 10 MOXX€e BUKJIUKATU PYUHYBaHHS 310POBUX TKa-
HUH [5]. ToMy pU3KK PO3BUTKY HECHPUSTINBUX IPOME-
HEBMX peaklliii 3 00Ky HOpMaJIbHUX TKAaHUH OYiKy€EThCSI
JOCTaTHbO BUCOKMM. HOBUM MiZxXoaoM 10 BUpILLIEHHS
i€l npobjieMr € KOMIUIEKCHE BU3HAYEHHS MPEIUKTOPiB
OiABUILEHOI PagioYyTJMBOCTI TKAHUH Ta OpraHiB 3 OTO-
YEeHHSI ITyXJIMHMU JUISI 3HUKEHHST PU3KKY ITi3HiX POMeHe-
BUX YCKJIaIHEHb, Y TOMY YUCJIi CTOXaCTUYHUX €(PEKTIB —
BTOPMHHUX TYXJUH pafiauliiiHoro reHesy. I'imeppamio-
YYTJIMBICTbh OHKOJIOTIYHMX XBOPUX ITOB’SI3YIOTh 3 Ie(heK-
tamu cuctemu pernapauii NHEJ (non-homologous end
joining), npwu skiii moagiiiHi po3pusu [IHK 3’e1HyOThH-
cs 6e3 ydacTti romoJjoriyHux mnociigoBHocteir JIHK.
Haituacrilie B pernapoBaHUX caliTaX BUSIBJSIIOTHCS Je-
Jenrii abo iHcepilii ocHOB [12].

Psan mocnigHWKIB TOB’13y€ MPUYUHU PO3BUTKY IMPO-
MEHEBHUX YCKJIaIHEHb 3 OOKY 340POBUX TKAHWH 3 TIPU3-
HAYEeHHSIM TEepaIrleBTUYHOTO OIIPOMIHEHHSI Y BMCOKHUX
pa3oBMX Ta CyMapHHMX J03ax, HEOOXimHUX IS JIO-
KaJjtizallii OHKOJIOTIYHOTO MPOIIECY, SKi MEepPeBUIIYIOTh
TOJIEpaHTHICTh LUX TKaHUH a0 aii IB. Ilpu upomy He
3aBXIU BPaXOBYIOTbCSI OCOOJIMBOCTI PO3IOIiITY TTOTJIU-

tific works devoted to the issues of treatment of the
late radiation injuries of pelvic organs and, as a rule,
they are of a descriptive type. Results of application
of contemporary methods of conservative manage-
ment of pelvic radiation injuries remain disappoint-
ing, being accompanied by frequent relapses of dis-
ease process, and satisfy neither patients nor doctors.

Despite modern conformal RT strategy, some
normal cells from around the tumor occur unavoid-
ably exposed to radiation, which can lead to onset
of the late radiation complications [5]. Although
tissues surrounding the tumor are not different from
norm in their histology, they feature however the
methylation abnormalities, telomerase shortening,
disorders in cell metabolism, etc. These changes, as
well as molecular, chromosomal, and other abnor-
malities in healthy cells in newly diagnosed cancer
cases affect the functional state of cells, in particu-
lar, their radiosensitivity, and this gives reason to
consider them only conditionally normal [6—10].
Therefore the additional radiation-induced damage
in these cells due to therapeutic irradiation will con-
tribute to a high risk of radiation complications [11].
When radiosensitive tumors are irradiated, they
become destroyed with no significant damage to the
tumor bed, i.e. surrounding healthy tissues.
However, higher doses of ionizing radiation (IR) are
administered in some cases for the effective therapy
of radioresistant tumors, which can cause the
destruction of healthy tissues [5]. Therefore, risk of
developing the adverse radiation reactions in nor-
mal tissues is expected to be quite high. Com-
prehensive determination of predictors of increased
radiosensitivity of tissues and organs surrounding
the tumor to reduce the risk of late radiation com-
plications, including the stochastic effects, i.e., sec-
ondary tumors of radiation origin, is a new
approach to solve this problem. Hyper-radiosensi-
tivity of cancer patients is associated with defects in
the NHEJ (non-homologous end joining) repair
system, in which double DNA breaks are joined
without no involvement of homologous DNA
sequences. Most often, base deletions or insertions
are found in the repaired sites [12].

Some researchers associate the source of radia-
tion complications from the side of healthy tissues
with delivering of therapeutic radiation in high sin-
gle and total doses, required for the localization of
cancer process, which at the same time exceed the
tolerance threshold of these tissues to the IR.
Upon that, peculiarities of distribution of the
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HEHOI 103K B TKAHWHAX 3 OTOYCHHS NyXJWHU. YMHHU-
KaMW BUHMKHEHHSI TaKoi NPOMEHEBOi peakllii op-
raHiaMy XBOpPOI MOXYTb OYTM TaKOX CYNYTHi XpPOHi4Hi
3axBopioBaHHs (y 70 % BUMAanKiB), B TOMY YMCIi LIYKpO-
BUi1 1iabeT, THPEOTOKCUKO3, Touo [13—15].
BukopucraHHs OpaxiTeparlii, SIK IPOMEHEBOTO METOLY
JikyBaHHs xBopux Ha PE, aprymeHTOBaHO MigBeIeHHSIM
BUCOKHMX 103 IB mo MimeHi-nyXaMHu 3 HalMeHIIUM
MPOMEHEeBUM HaBaHTaXXEHHSM Ha 3J10pOBi TKAHWHU Ta
KPUTUYHI opraHu. HelionaBHO B OHKOTiHEKOJI0Ti1 OyJia
BUMNPOOYBaHA TEXHOJOTiS BHYTPilLIHbOIMOPOXKHUHHOI
JO3UMETPIi in Vivo 3 BUKOPUCTAaHHSIM MiKpOAO3MMETPiB
Y BUIJIS i MIKPOKPUCTAJIiB ITPU OpaxiTepartii 3 IxKepeaoM
onpomiHeHHs "*?Ir [16]. [TopiBHSHHS maHUX in Vivo mo-
3UMETPIii 3 pO3paxyHKOBUMH (3aIlJTAHOBAHWUMM) TO3aMU
M0Ka3aJjo, 110 BUMIPSHi 103U B IiJISTHIII CEYOBOTO MiXy-
pa Ta B peKTabebHill TiSHIL MEePEBUITYIOTh PO3paxyH-
KOBi TaKOX MpU OpaxiTeparii paky MnepeamixypoBoi 3a-
jno3u [17]. Lle Moxe OyTU OIHIEIO 3 MPUYUH PO3BUTKY
TSDKKUX TTCJISIIIPOMEHEBUX YCKJIaAHEHb Y XBOPUX OH-
KOTiHEKOJIOTiuHOro mpo@isto i BKa3ye, 1110 MOPsiI 3 Mpo-
BeACHHSIM (Di3MYHOI J03MMETpii B psiAi BUIIAIKiB He-
00ximHMi1 pagiobiosoriunmii cynposin. [TonioHi gaHi oT-
pUMaHi i3 3aJlydeHHSIM MeTOHiB Oiogo3umeTpii. Tomy
BU3HAYEHHS peJeBaHTHUX IMTPOTHOCTUYHUX OioMapKepiB
(mMpeauKTOpiB) OMPOMiIHEHHSI OO IOYATKy Teparii €
JOUUILHUM 3 METOK IPOTHO3Y CTYMEHS TSKKOCTI yIl-
KOKEHHsI 3J0pOBMX TKAaHUH OHKOJIOTIYHUX XBOPHX.
BuBuyeHHs GaratohakTOpHOTO MaTOTeHe3y IMi3HiX Mpo-
MEHEBUX ypaXeHb, BEJIMYMHU MiABEACHOI 103U, YMCa
dpakiiii, iIHIUBIAyaIbHOI PaZiOYyTIUBOCTI OpTaHi3My
OHKOJIOTiYHMX XBOPUX MPOAOBXKYEThCA [4, 18, 19].
Cepen KiTbKiCHUX 3aKOHOMiIpHOCTEU B pamiobiosorii
HaMOiNBII CYTTEBOIO € 3aJI€XKHICTh BEJIMUMHU iHIYKOBA-
HOTO e(peKTy BilI 1031 OIIpOMiHEeHHSI («1o3a-edeKkT») [20].
LIg 3akoHOMipHiCTh BOPOJOBX 0OaraTboX POKiB J0O-
CJIIKYETBCS 3a piBHEM pajialliifHO-iHIyKOBaHUX abe-
pauiii XxpoMoCcoOM B HalOibII pagiovyTIMBUX KIIITMHAX
OpraHiamy JIIOOWHU, a caMe B JiMQOIUTAX HUPKYITIO-
0YOoro myJjy KpoBi, BU3HAHUX Oiogo3umerpaMu/6io-
IHIMKaTOpaMu ONPOMiHEHHS, SIKi JO3BOJISIIOTh MOJEIO-
BaTU pPagiovyyTJMBICTb COMATMYHUX KJIIiTUH [21-23].
BinnmoBigHO 10 mapagurM cydacHol KJIiHiYHOI pamio-
Giosorii [18] BM3HAYeHi 3aKOHOMiIpHOCTi MalOTh BU-
pilllajibHEe 3HAYEHHSI He TUIbKU IJIsI PEeKOHCTPYKLUil 103
OIPOMIHEHHS, a ¥ IUIsI IPOTHO3y BUHUKHEHHS IIO-
OIYHMX MPOMEHEBUX peaklliii y OHKOJOTiYHUX XBOPUX
BHACJIAOK TepaleBTUYHOTO OIpoMiHeHHs. [Ipu peHT-
reHiBcbkoMy TecT-onpomMiHeHHi (TO) KpoBi mepBUHHUX
xBopux Ha PE B mianaszoni no3 0,5—3,0 Ip Hamu BcTa-
HOBJIEHO [0303aJI€XHE MiABUIIEHHSI PiBHS TBOHUTKO-

absorbed dose in tissues surrounding the tumor are
not always taken into account. Concomitant chro-
nic diseases (in 70 % of cases), including diabetes
mellitus, thyrotoxicosis, etc., can also be the factors
in occurrence of such a radiation reaction [13—15].
Administration of brachytherapy as a radiation
treatment method for the EC patients is justified
by the delivering of high radiation doses to the
tumor target with a least radiation load on healthy
tissues and critical organs. Recently, the technolo-
gy of intracavitary in vivo dosimetry using micro-
dosimeters in the form of microcrystals during
brachytherapy with an "’Ir radiation source was
tested in cancer management practice [16]. Com-
parison of in vivo dosimetry data with estimated
(planned) doses showed that the measured doses in
bladder and rectal area exceed estimated ones also
during brachytherapy of prostate cancer [17]. This
may be one of the sources of development of severe
post-radiation complications in gynecological can-
cer patients and indicates that the radiobiological
monitoring is required in some cases along with
physical dosimetry approach. Similar data were
obtained using the biodosimetry methods. There-
fore, determination of the relevant prognostic bio-
markers (predictors) of irradiation before the start
of therapy is expedient in order to predict the sever-
ity grade of damage to the healthy tissues of cancer
patients. Studies of the multifactorial pathogenesis
of late radiation lesions, size of delivered dose,
number of fractions, and individual radiosensitivity
in cancer patients are going ahead [4, 18, 19].
Dependence of magnitude of the induced effect
on the radiation dose (i.e., «dose-response») is the
most significant entities among quantitative regu-
larities in radiobiology [20]. For many years this
regularity has been studied by the level of radiation-
induced chromosome aberrations in the most ra-
diosensitive cells, namely lymphocytes of the cir-
culating blood pool, recognized as biodosime-
ters/bioindicators of exposure, which allowed mod-
eling the radiosensitivity of somatic cells [21—23].
According to the paradigms of contemporary clin-
ical radiobiology [18] the determined regularities
are of crucial importance not only for reconstruc-
tion of radiation doses, but also for prediction of
occurrence of adverse radiation reactions in can-
cer patients as a result of therapeutic irradiation.
During the X-ray test irradiation (TI) of blood of
the newly diagnosed RE patients in a dose range of
0.5—3.0 Gy we have established a dose-dependent
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Bux po3pusiB JHK y nmimdomurax y 1,75—2,53 pa3a,
110 TIPU3BOIAJIO IO 3pOCTAHHS YaCTOTH abepalliif Xpo-
MocoM y 2,1—5,6 pasza [24]. Tlpu bomy xapakrtep A0-
30BOIi 3aJIE3KHOCTI IIUTOTEHETUYHOTO e(PEKTY alpOKCH-
MYETBCS JIiHIHHO-KBaJAPaTUYHUM PiBHSIHHSM 3 Tepe-
Barow JiHiHOI KOMIOHEHTHU. 3aJieXXHiCTh «I03a-
edeKT» I TMPOMEHEBUX MapKepiB (IMLIEHTPUIHUX
XpPOMOCOM) aIlpOKCUMYEThCS TaKOX PIiBHSIHHSIM JTi-
HilfHO-KBaJpaTUYHOI perpecii 3 IMepeBaror Kpaapa-
TUYHOI KOMITOHEHTH, 110 Y3TOIKYETHCS 3 ITOJIOKCH-
HSIMU KJIACMYHOI Teopii yTBOPEHHS padialliiiHO-iHay-
KOBaHUX abepalliii xpoMocoM. 3po0JieHO BHCHOBOK,
110 BUMOTaM, SIKi Mpex sIBISIOTbCS O TPEAUKTOPIB
pPagiovyTIMBOCTI KJIITUH, BUCOKOIO MipoOlO BiAmoBina-
I0Th T€HETUYHI MOKa3HUKU KpoBi xBopux Ha PE. Ta-
KMM YMHOM, T€eHeTUYHi ITOKa3HUKU CJIil BBaXaTu pe-
JIEBAHTHUMU 0a30BUMHU KPUTEPiSIMU PalioUyTIUBOCTI
HeMaJlirHi30BaHUX KJIiTUH 3 OTOYEHHS Ta JIOXKA MyXJIU-
HU eHgoMeTpito [23].

3ayBaxkrMMo, 1110 J0 IIbOTO Yacy He BU3HAUEHO XapaK-
TEp 3AIEXKHOCTI «103a—e(peKT» 1T 0i0XiMIYHUX IMOKa3-
HUKiB KJTITUH KPOBi OHKOJIOTIYHUX XBOPUX, 3MiHU SIKUX
TepenyioTh Ta CIIPUSIOTH peaizallii TpoMeHeBuX eek-
TiB Ha TeHeTMYHOMY piBHi. BioxiMiuHi mocmimkeHHS
1100 BU3HAYEHHS J030BOI 3aJ€XKHOCTI MPOBOIVIMCS
3MeOUIbIIOr0 B eKCIepUMEHTax Ha TBapuHax [25, 26].
HanpukiHii MUHYJIOr0 CTOpiuusl Oyja10 3alpoIlIOHOBa-
HO TimoTe3y, BiIMOBiZHO MO SKOi MeXaHi3M papia-
LifHO-1HAYKOBAHOI HeCTa0iIbHOCTI TEHOMY OOYMOB-
JICHUM CTifiKUM TiABUIIEHHSIM YTBOPEHHS aKTHMBHUX
dopm kucHo (ADPK), 1110 NPU3BOAUTH A0 OKCUAATHUB-
Horo nomkomkeHHsa JIHK i, ik Hacnigok, (hopmyBaH-
Hs abepalliii XpoMOCOM Ta MiABUWINEHHS 3aruoderi
xiituH [27]. IligBumeHHst koHneHTpanii APK y k-
TUHAX CIPUYUHSE II0SBY BHCOKOMYTareéHHOTO 8-0K-
co-7,8-gurinpo-2’-ne3okcuryaHo3uny, pospusu JHK,
3MiHIOE MpodiJib eKCrIpecii TeHiB, MPOAYKILiIO 1IUTO-
KiHiB Ta, BiAIMOBiAHO, 3aMaJibHi peakllili iIMyHHUX KJi-
tuH [28, 29]. TpuBasne 3pylIeHHSs IPO-aHTUOKCHUIAHT-
HOI piBHOBAru € OHI€I0 3 MPUYMH MOPYIIEHHS CTPYK-
Typ i PYHKIIIN KITIOYOBUX (hPEPMEHTIB, MEMOpaH.

ITpuuynHHO-HaCHiAKOBUI 3B’ 130K TPUBAJIOl MiJABU-
ueHol reHepaiii APK B KJiTMHAX OpraHiaMy 3 MOLL-
KogxxkeHHsIMU TeHoMy (myrtauii JJHK, omHo-, nBo-
HUTKOBi pPO3pWUBU, XPOMOCOMHIi abepallii, menellii,
TpaHCJOKallii), MOXe 3aBeplLlyBaTUCS YTBOPEHHSIM
Heorya3M. 30Kpema, Y XBOpHX Ha JdiMpomy XOIK-
KiHa, Ha BiAMiHY BiI 300pOBUX 0Ci0, BCTAHOBJIEHO
KOPEIATUBHUI 3B’S130K MixX KoHIeHTpaliero APK i
paniouytausicTio [30], 110 Mae BOIMBATU Ha edek-
tuBHicTb I1T.

increase in the level of DNA double-strand breaks in
Ilymphocytes by 1.75—2.53 times, which had led to
increased frequency of chromosome aberrations by
2.1-5.6 times [24]. Herewith, the nature of dose
dependence of cytogenetic effect is approximated by
a linear-quadratic equation with excess of linear
component. The «dose-response» relationship for
radiation markers (e.g., dicentric chromosomes) is
also approximated by the linear-quadratic regression
equation with excess of quadratic component, which
is consistent with provisions of the classical theory of
formation of radiation-induced chromosome aber-
rations. It was concluded that genetic parameters of
blood of EC patients to a high degree meet the
requirements for predictors of cell radiosensitivity.
Thus, genetic indicators should be considered as rel-
evant basic criteria for radiosensitivity of non-malig-
nant cells from the environment and bed of endome-
trial tumors [23].

Be it noted that the nature of «dose—response»
dependence for biochemical parameters of blood
cells in cancer patients, which changes precede and
contribute to realization of radiation effects at the
genetic level, has not yet been defined. Biochemical
studies on determination of the dose dependence were
mostly conducted in experimental animals [25, 26].
At the end of last century a hypothesis was proposed,
according to which the mechanism of radiation-
induced genome instability is caused by a steady
increase in the formation of reactive oxygen species
(ROS), which leads to oxidative damage to DNA
and, as a result, to chromosome aberrations and
intensified cell death [27]. Increase of intracellular
ROS concentration leads to the production of high-
ly mutagenic 8-oxo-7,8-dihydro-2’-deoxyguano-
sine, DNA breaks, abnormalities in the profile of
gene expression, cytokine production and, accord-
ingly, inflammatory reactions of immune cells |28,
29]. A long-term shift in the pro-/antioxidant bal-
ance is one of the sources of abnormal structure and
functions of key enzymes and membranes.

The casual relationship of long-term increased
intracellular generation of ROS with damage to the
genome (DNA mutations, single- and double-
strand breaks, chromosomal aberrations, deletions,
translocations) can result in the formation of neo-
plasms. In particular, a correlative relationship
between the concentration of ROS and radiosensi-
tivity [30] was established in Hodgkin’s lymphoma
patients, which should affect the RT effectiveness in
contrast to healthy individuals.
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Buie3azHaueHe CBiIUMTH MPO MPIOPUTETHICTH IIO-
JMAJbIINX OOCHTIMKEHb, CIPIMOBAHUX Ha BU3HAYCHHS
pejieBaHTHUX 0i0XiMiYHMX MOKA3HMKIB, sIKi BigoOpaxa-
10Th 3MiHM OKCUJIATUBHOTO CTaTyCy COMaTUYHUX KIIITUH
OHKOJIOTIYHUX XBOPUX A0 Ta BHacigoK I1T.

META

BusznaueHHs1 peneBaHTHMX 0iOXiMiUHUX MOKa3HUKIB
pagiovYyTIMBOCTI KPOBi XBOPUX Ha paK €HIOMETPil0 MpU
TEeCT-ONPOMiHEHHI B ILIMPOKOMY Aiala3oHi 103.

MATEPIAJIN 1 METOJIN

MeTtonoJiorist gociigkeHHs 6a3yBaiacs Ha po3po0JeHO-
My Ha OCHOBIi OTpMMaHHUX IOIEPEOHBLO pPE3YIbTaTiB
BJIACHMX JOCIIIXEHb Ta 3 ypaxyBaHHSIM I1apagurM Cy-
YyacHOI paaio0ioJIorii airopyuTMi peatizallii TpoMeHeBUX
eeKTiB B HeMaJlirHi30BaHUX KJIiTMHAX OHKOJOTiUHUX
XBOPUX IIUISIXOM PO3BUTKY OKMCHOTO CTPECy Ta TeHEeTHY-
HOI HecTabinpHOCTI (puc.1).

The aforesaid indicates the priority of further
research aimed at determining the relevant bio-
chemical indicators that reflect changes in oxida-
tive status of somatic cells of cancer patients before
and as a result of RT.

OBJECTIVE

Identification of the relevant biochemical indices
of blood radiosensitivity in endometrial cancer
patients under the test irradiation in a wide range
of doses.

MATERIALS AND METHODS

The research methodology was based on the algo-
rithm of realization of radiation effects in non-
malignant cells of cancer patients. The algorithm
was developed on the basis of previously obtained
results of own research with taking into account the
contemporary paradigms in radiobiology (Fig. 1).

IOHI3YIOHE BUNMPOMIHIOBAHHA
IONIZING RADIATION

MeToau
Methods

R

|

MeTa6oniT OKUCHOrO 06MiHY
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! { {

AKTUBHi hopMM KUCHIO, BiNbHi papgukanu
Active oxygen species, free radicals

¥ | {
A A A

AHTHoKcupanTtu, COJll, karanasa,
rnioTatioH-nepokecupasa
Antioxidants, SOD, catalase,
glutathione peroxidase
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Changes in transmembrane potential,
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Katanasa / Catalase |
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DNA, lipids, proteins

/ XN-tect, SH-rpynm / CL-test, SH-groups |

f | |

MJA, nBoHuTKOBI po3pusn JHK
MDA, double-stranded DNA breaks

NOJI, miTOTUYHA AaKTUBHICTb, HECTabiNbHiCTb reHoOMy
Lipid peroxides, mitotic activity, genome instability

MiTOTWYHMIA iHAEKC, XpOMOCOMHI Go- Ta

¥ ¥
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Mitotic index, chromosomal Go- and Go-tests

OHKOTpaHcOpPMOBaHi KNiTUHK
Oncologically transformed cells

AnonTo3, HeKpo3
Apoptosis, necrosis

—

AnonTos / Apoptosis |

PucyHoK 1. ®opmyBaHHA papiauinHo-iHAYKOBaHUX 3MiH HeManirHi3oBaHUX KNiTUH OHKONOFiYHUX XBOPUX
WIAXOM PO3BUTKY OKMCHOTO CTPeCy Ta reHeTUYHoi HecTabinbHocTi

Figure 1. Emergence of radiation-induced changes in non-malignant cells of cancer patients through the

development of oxidative stress and genetic instability
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JInst BUOKpEeMJIEHHST Ta OOTPYHTYBaHHSI MPEAMKTOPIB
PagiouyTIMBOCTI KJTITUH 3 OTOYEHHSI IMTyXJIMHU BUKOPUC-
TaHO KOMILJIEKC 0i0XiMIYHMX MOKA3HUKIB, 1110 XapaKTe-
PU3YIOTH OCTYIOBUIA PO3BUTOK OKCUIATUBHOIO CTPECY:
IHTEHCUBHICTb T€Hepallil CyTIepOKCUIHOTO aHIOH-paI-
Kkana (0,"”), IpOOKCUIAHTHO-aHTUOKCUIAHTHE CITiBBi-
somreHHsT (ITAC) Ta BMIiCT MaJOHOBOTO mialbAeTiay
(MJA). Bin6ip mpenukaTUBHUX MapKepiB Oa3yBaBcsl Ha
MoOyJOBi Ta aHaMi3i 3aJleXKHOCTEN «103a-e(heKT» IS
JOCTiIKyBaHUX 0ioXiMiYHMX MOoKa3HUKIB npu TO B 1iu-
pPOKOMY Aiana3oHi 103, BKjIoYarouu Maji go3u 1B.

Ilepen moyaTkoM AOCTiAXKEHb Bil 42 MepBUHHUX XBO-
pux Ha PE (rpyna pocmimkeHHs) Ta 27 3M0pOBUX J0-
HopiB (31, rpyra KOHTPOJIIO) OTPUMYBaIU iH(OopMOBa-
HY 3roJly Ha y4acTb Y NpOBeAeHHI OioMeIUUHMX TOCTiI-
JKEeHb BiATOBIAHO OO TIPUHLMIIIB, BUKIIaAeHUX y [eb-
ciHchKiit Jlexmapatii BcecBiTHbOI MeAMYHOI acoliallii.
BeHo3Hy KpoB noMillaayd B CTEpUIbHI TpoOipKu Vacu-
tainer 06’eMoOM 6 MJI 3 aHTUKOAryJSIHTOM Li-renapuH.
BuninenHs niMmdponutiB nepudepuuHoi kposi (JIITK)
BUKOHYBanu 3 BuxkopuctaHHsm [TCTOITAK-1077
HYBRI-MAX 3rigHo 3 iHCTpyKIli€l0 BMpPOOHHUKA
(BioReagent, UK).

TecT-onpoMiHeHHs 3pa3KiB KpOBi BUKOHYBaJIM Ha
peHTreHiBcbkomy amapati PYM-17 HauioHaibsHOTO
iHcTUTYTY paky MO3 YkpaiHu. YMOBU ONPOMiHEHHS:
Hanpyra Ha Tpyoui — 180 kB, ctpym — 10 MA, insrp —
0,5Mm Cu + 1 MM Al, MOTYXXHiCTb 403U OIIPOMiHEHHS —
0,55 I'p/xB, miammason gocaimkyBanux 103 0,5—3,0 Ip.

InTeHcuBHicTb reHepatii Oy~ JITIK oLiiHIoBagu MeTO-
JIOM XeMiJIOMiHeCLeHIlil, 1110 0a3yeThCsl HA BUKOPUC-
TaHHi iHOMKaTOpa JIOLUIeHiHy, aKuii pearyioun 3 Oy
BUCBiUy€ KBaHTU CBiTJIa, 110 (DiKCYIOTHCS MPUIATOM.
BumiproBaHHs 3aiiicHIoOBanM Ha npuiani AutoLumat
LB 953 (Germany) 3 BiaIIOBiTHO BHECEHUMHM [IJI5I LIbOTO
KopeKTuBamMu y MmeToauky [31]. BusHauanu cBitiocymy
peaxiiii B immynbcax 3a 72 ¢ (imm./72 c).

ITAC Bu3Havanu y remMosizaTi METOAOM iHIYKOBaHOL
TMEePOKCUIOM BOIHIO xeMimoMiHecueHmii (XJI-tecT) 3
MoaudikauisiMu 151 TPOBEAEHHST BU3HAYeHb Ha TPU-
nmani AutoLumat LB 953 (Germany) [31]. AHanizyBanu
CBITJIOCYMY peaklii 3a 3 xB, 1o cBiguuth npo ITAC
XiMiYHUX MPOAYKTIB y AOCIiIXKYBaHii npo0i. JlaHi Bu-
paxanu B imInysbcax 3a 180 ¢ (imm./180 c).

Bwmict MJIA y ruta3Mi KpoBi 00CTeXXeHMX 0Cib BU3HA-
Yyajiu 3a METOAOM, B OCHOBIi SIKOTO JIEXKUTb 3AaTHICTh
yTBOpoBaTH 3 2-TiobapoOitypoBoro kucioroio (ThK)
CTilikuit 3a0apBlieHUII TPUMETUHOBUI KoMrIuieke [32].
BuMiproBaHHS MOpOBOAMIM Ha CHEKTpO(POTOMETpi
Agilent 8453 (USA) nipu 10BXUWHi XBUJi 532 HM i 1IK-
puHI KBapueBoi KioBeTr 1 cM. Bmict MJIA po3paxo-

A set of biochemical values characterizing the
gradual emergence of oxidative stress was used to
identify and substantiate the predictors of radiosen-
sitivity of cells from around the tumor, including the
intensity of generation of superoxide anion radical
(077), pro-/antioxidant ratio (PAR) and malondi-
aldehyde (MDA) content. The selection of predica-
tive markers was based on the construction and
analysis of «dose-response» relationships for the
studied biochemical values under TI in a wide range
of doses, including the low-dose IR.

The informed consent to participate in biomed-
ical research in accordance with the principles set
forth in the Declaration of Helsinki of the World
Medical Association was received from the newly
diagnosed EC patients (study group, n = 42) and
healthy donors (HD, control group, n = 27) before
the study launch. Venous blood was drawn in the
sterile 6 mL Vacutainer tubes with Li-heparin anti-
coagulant. Isolation of peripheral blood Iympho-
cytes (PBL) was performed using the HISTOPAK-
1077 HYBRI-MAX according to the manufactur-
er’s instructions (BioReagent, UK).

The test-irradiation of blood samples was performed
on the RUM-17 X-ray machine at the National Can-
cer Institute of the Ministry of Health of Ukraine. Irra-
diation regimen provided the 180 kV voltage on tube,
10 mA current, 0.5 mm Cu + 1 mm Al filter, 0.55 Gy/min
radiation dose rate, and 0.5—3.0 Gy range of doses.

The intensity of generation of O, in PBL was
evaluated by the chemiluminescence method using
the probe, which reacting with O,~ emits the light
quanta detected by the device. Measurements were
made on the AutoLumat LB 953 unit (Germany)
with appropriate corrections made to the methodol-
ogy [31]. The light sum of reaction was determined
in pulses per 72 s (pulse/72s).

The PAR was determined in hemolysate by the
method of hydrogen peroxide-induced chemilumi-
nescence (ChL-test) with modifications to carry out
measurements on the AutoLumat LB 953 device
(Germany) [31]. The light sum of reaction in 3 min
was analyzed, which indicated the PAS of chemical
products in a sample under study. Data were
expressed in pulses per 180 s (pulse/180s).

The blood plasma content of MDA was assayed by
the method based on ability to form a stable colored
trimethine complex with 2-thiobarbituric acid
(TBK) [32]. Measurements were performed on the
Agilent 8453 spectrophotometer (USA) at a wave-
length of 532 nm and a quartz cuvette width of 1 cm.
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ByBaJM Ha IigcTaBi MOJSIPHOTO KoedillieHTa eKC-
tuHLil (¢ = 1,56 - 10° cM™' - Mob!) Ta mepepaxoByBaIu
Ha KiJIbKIiCTb OinKa.

CraTucTMYHUR aHaji3 pe3yabTaTiB BUMipIOBaHb Ta
TMOPiBHSHHS iHAWBITYyaJbHUX 1 CEpPEeNHiX 3HAYEHb IPO-
BOAWIU 3rigHO 3 [33] 3 BUKOPUCTAHHSM Iporpam «MS
Excel». Jlj1s1 o1liHKM TOCTOBIpHOI Pi3HUII MiXK OKpPEeMM-
MU TpyIllaMU BUKOPUCTOBYBaIM f-KpuTepiil CThloJeHTA.
BigminHocTi BBaxkanu goctoBipuumu 3a p < 0,05. s
BU3HAYEHHS XapaKTepy NO30BUX 3aJI€KHOCTEW pO3paxo-
ByBaJIu ITapaMeTpu Mojei TiHiiMHO1 Ta TiHiiiHO-KBaapa-
TUYHOI perpecii [34].

PE3VYJIBTATU TA OBI'OBOPEHHS
IHTeHcuBHIiCTb reHepauii 02" y JINK xBopux
Ha PE
IHTEeHCUBHICTb OKMCHMX TMPOLECiB y KJiTHUHAX Op-
raHiamy BigoOpaxae IIBUIKICTb METa0OIi3My B LIiIJIOMY.
AKTUBAalliSl BiIbHOpaAUKaJbHUX pPeakiliii 3yMOBIIOETHCS
rexepauieo AOK, ronoHum ynHoMm Oy . [1pu orpomi-
HEHHI IBUWAKICTb HampauoBaHHSI O; 30iIbIIYEThCH,
1110 MOXX€ OOYMOBUTH PO3BUTOK OKCHIATUBHOTO CTPECY.

Onep:xaHi pe3yabTaTH 040 iIHTEHCUBHOCTI TeHepallii
O;~ BJIIIK xBopux Ha PE cBimuath mpo GijbIll BUCOKUIT
BUXiTHMIA oro piBeHb (B 1,34 pa3a) mopiBHSIHO 3 ce-
peaIHbOrpyNnoBUM 3HauyeHHsIM 3J1 (puc. 2), 10 Moxe
BKa3yBaTU Ha aKTHBAallil0 Y XBOPUX IIPOLIECIB BiJIbHOpPa-
IMKaJIbHOTO OKWCHEHHSI BHACJIiIOK BIJIMBY MeTa-
001i3My NYXJIMHU €HAOMETPilO.

3alleXHICTh «103a—eMeKT» A5l MOKa3HUKA iIHTEHCUB-
HocTi reHepartii Oy~ y xBopux Ha PE cknagHa ta anpox-
CUMYEThCS MOJEJII0 JIiHIHO-KBaJApaTUUYHOI perpecii
(Y = 842,59 — 205,06D + 49,15D2). BinmiueHo 3MeH-
IIEHHSI BEJIMUMHM IaHOTO ITOKAa3HMKA 3a HU3BKMX 103
OMNpPOMiHEHHS Ta B MOAAJbIIOMY, IIPX 30iJbIIEHHI ITPO-
MEHEBOro HaBaHTaXKCHHS, HE3HAYHE ITiIBUILICHHS, BiJl-
MOBIAHO O OTPUMaHUX KOEMIlliEHTIB piBHSIHHS.

1200

10004
p

8004

600

L i ..

T

iMmn.Ha72c/imp.per72s

0
0,0 05 10 15 20 25 30
[o3a, I'p / Dose, Gy

The MDA content was calculated from the molar
extinction coefficient (¢ = 1.56 - 10° cm™ - mol™)
and recalculated to the amount of protein.

Statistical analysis of the measured data and
comparison of individual and average values was
performed according to [33] using the MS Excel
software. The Student’s 7-test was used to assess
the difference significance between individual
groups. Differences were considered significant at
p <0.05. Parameters of the linear and linear-quad-
ratic regression models were calculated to evaluate
the nature of dose dependence [34].

RESULTS AND DISCUSSION

Intensity of O~ generation in PBL

of EC patients

Intensity of oxidative processes in body cells
reflects the metabolic rate as a whole. Activation of
the free radical reactions is due to generation of
ROS, mainly the O;". During irradiation the rate
of Oy~ generation increases, which can lead to
development of oxidative stress.

The obtained results regarding intensity of O~
generation in PBL of EC patients indicated its
higher initial level (by 1.34 times) compared to the
mean group value in HD (Fig. 2), which could
indicate the activation of free radical oxidation
processes due to the influence of endometrial
tumor metabolism.

The «dose-response» relationship for intensity of
Oy~ generation in EC patients is complex being
approximated by a linear-quadratic regression
model (Y= 842.59 — 205.06D + 49.15D2). A de-
crease in this value was noted at the low radiation
doses, and subsequently, a slight increase was seen
with a rise of radiation load according to the ob-
tained equation coefficients.

PuUcyHOK 2. IHTeHcuBHicTb reHepauii 0,° nim-
thoumntamu kpoBi 3]} Ta nepeUHHUX xBOpUX Ha PE
3a Tect-onpomiHenHa (0,5-3,0 Ip)

® 3/1; ® xBopi Ha PE; ----- anpokcmMauis 3anexHocTi
«ao3a—edekT» ana 3; anpokcuMadis 3anex-
HOCTI «O03a-edekT» ansa xsopux Ha PE

Figure 2. Intensity of 0.*~ generation in PBL
of HD and newly diagnosed EC patients under
the test-irradiation (0.5-3.0 Gy dose range)

® HD; ® EC patients; ----- approximation of the dose—
response dependence for HD; approximation of
the dose-response dependence for EC patients
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PesynbraTu, oTpuMaHi Npu JOCTiIKEHHI iHTEHCUB-
HocTi reHepauii Oy~ gimdouutamu Kposi 3/1, npenac-
TaBJISIIOTh CAMOCTIAHUI HayKOBUI iHTepec. binbiu ae-
TaJbHUI aHaJli3 MoKa3aB, 1110 Y 3]1, MOPiBHSIHO 3 XBO-
pUMM, BiIMiYalOThCS BUpa3Hillli MiXiHAWBIAYadbHi
Bapiallii BUXiTHMX 3Ha4eHb reHepalii CyrnepoKCUIHO-
ro paaukaja, 110 Jaja0 3MOI'Y BUOKPEMUTH TPU TPy
111010 PaioYyTIMBOCTI KPOBi JOHOPIB (puc. 3, 4).

Bnepiie BctaHoBeHO, 1110 3/ BiIpi3HSAIOTHCS BUXII-
HUM piBHEeM IIBUAKOCTI reHepatii O, JiMdoLuTamu
KpoBi: 3 HU3bKOW (500—750 imm./72 ¢) Ta BUCOKOIO
(750—1100 imm./72 c i Gisbllie) iHTEHCUBHICTIO TeHe-
pauii. Huspki piBHi O, cBiguaTh mpo 30ajlaHCO-
BaHiCTh OKMCHO-BiTHOBHUX MPOLIECiB Ta iX YTPUMaHHS
B Mexax (pi3iosoriyHoi HOpMM, a BUCOKI — IIPO 3py-
LLIEHHSI PeAOKC-TOTeHLiany B OiK pO3BUTKY OKCHUAA-
TUBHOTO CTpECY.

AHaJi3 xapakTepy 3aJ1eKHOCTi «103a-e(eKT» MiATBe-
PIKY€E BUCOKY Pamiope3nCTeHTHICTh JOHOPIB, JiMdo-
LIUTU SKUX XapaKTepU3YIOTbCS HU3bKOIO BHUXiITHOIO
iHTeHCcUBHIcTIO reHepaittii O, ~ (rpyna I; puc. 3 A). On-
pOMiHEHHS KpoBi HaBiTh y 103i 2,0 Ta 3,0 Ip He npus-
BOIUTH 1O CYTTEBUX 3MiH HampamioBanHs O;. Lla
rpyna ckianae 56 % cepen oocTexxeHux ocib. st npy-
roi rpynu noHopis (rpyna 11, 30 %) xapakTepHi migBu-
1LIEHi 3HaYeHHsI BUXiIHOIO PiBHA reHepatii Oy~ Ta Ji-
HilfHe 3pocTaHHd edekTy 3 mo3o10. IBnaKicTe reHe-
pauii O, ~ mocsirae 125 % 3a TO 3,0 Ip (puc. 3 B). Lle
o3Hauae, 1o npomeHena peakuis JITIK (mo6inizauis
¢depMeHTaTUBHUX Ta HE(pepMEHTATUBHUX 3aCO0iB aH-
TUOKCUAAHTHOTO 3aXKMCTY), MEHII BUPaXKeHa ITOPiBHSI-
HO 3 rpynoio I Ta MosICHIOETHCA iX 0OMEXXEeHUM, TeHe-
TUYHO OOYMOBJICHUM JIiMITOM a00/Ta TIepMaHEHTHUM

Results obtained during the study on intensity of O,*”
generation in blood lymphocytes of HD are of separate
scientific interest. A more detailed analysis showed
that, compared to EC patients, there were more pro-
nounced interindividual variations in the initial values
of superoxide radical generation in HD, which made it
possible to distinguish three groups regarding the
radiosensitivity of donor blood (Fig. 3, 4).

For the first time a difference was established for
HD in the initial level of O, generation rate in
blood lymphocytes featuring low (500—750 puls-
es/72s) and high (750—1100 pulses/72s and more)
intensity of generation. Low levels of Oy~ indicated
the balance of redox processes and their mainte-
nance within physiological norm, while high levels
indicated a shift in redox potential towards the
development of oxidative stress.

Review of the nature of «dose-response» depend-
ence confirmed the high radioresistance of donors
whose lymphocytes were characterized by a low ini-
tial intensity of O;~ generation (group I; Fig. 3A).
Irradiation of blood even at a dose of 2.0 and 3.0 Gy
had not lead to significant changes in O;~ produc-
tion. This group makes up 56 % of the examined per-
sons. The second group of donors (group 11, 30 %)
was characterized by the elevated initial level of Oy~
generation and linear increase in response with dose.
The rate of O, ™ generation had reached 125 % upon
TI in 3.0 Gy doses (Fig. 3B). This means that the
radiation reaction of PBL (mobilization of enzymat-
ic and non-enzymatic pathways of antioxidant pro-
tection) was less pronounced compared to group I
being explained by their limited, genetically deter-
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Figure 3. Intensity of 0.°" generation in PBL from HD with low (Group I, A) and elevated (group II, B) ini-
tial level under the test irradiation (0.5-3.0 Gy dose range)
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BUCHaXEHHAM (POHAY aHTUOKCHUIAHTIB BHACJIIIOK BUCO-
Kol e(eKTUBHOCTI MeTaboJ1i3My (3HAUHi BUXiIHI 3Ha-
YeHHS MOKA3HWKA).

TO BusBMIIO 11Ie TPETIO TPYITy BUCOKOPATiOUyTINBUX
noHopiB (rpyna II1, pemrra 14 % obGcTexxeHuX), ISt 0Ci0
SIKOI XapaKTepHi 3Ha4YHO BMILI BuXinHi piBHi O, B JITIK
Ta JIiHiiHEe 3MEHIIEHHSI BEJIWMYMHU MOKA3HUKA 3 J03010
OIMPOMiHEHHS, 1110 CBIAYMTh IMPO MOPYILIEHHS TeHepallii
B IMXaJbHOMY JIAHIIOTY MIiTOXOHAPi abo eliMiHalliio
KJIITMH LUISIXOM aIlomnTo3y Ha TJi 00MeXEeHOro pe3epBy
AHTUOKCUJTAHTHUX 3ac00iB (puc. 4).

OtpumaHi gaHi momao redepaiiii Oy~ y JITIK xBopux Ha
PE nepen6avyatoTh 3HauHi HEITPOTHO30BaHi MOPYIIEHHS
OKMCHOTO MeTaboJ1i3My MallieHTOK 3a YMOB TepaneBTUY -
HOTr'0 OINPOMIiHEHHS i TOMY HJaHUI MOKA3HUK MOXE CIIy-
TyBaTH JIMIle J0JaTKOBUM OioMapKepoM Jijisi BU3HAUYEH-
H$1 PagiovyTAMBOCTI 310POBUX KJIITMH 3 OTOYCHHS TTyX-
JIMHU.

MAC y remonizaTtax KpoBi xBopux Ha PE
IHTerpasibHUM MOKA3HMKOM, 1O BimoOpaxae 3arajJbHUM
piBeHb iHTEHCHMBHOCTI BiJIbHOpaAMKaJIbHUX IPOLIECiB
OKMCHEHHSI Y TKAHMHAaX OpraHi3my Ta e(eKTUBHICTb 10Tr0
raJIbMyBaHHS (hepMEHTaTUBHUMM Ta HehepMEHTaTUBHU -
MU aHTUOKCUAaHTHUMU cructeMami, € [TAC. [TopyieHHs
OanaHCy Mpo- Ta aHTUMOKCUIAHTIB BHACIIIOK YTBOPEHHS
BUIbHUX paguKaliB € OJHUM i3 MPOBIAHUX MeXaHi3MiB
¢dopMyBaHHSI CTPYKTYpHO-(PYHKIIOHAIBHUX YIIKOIKEHb
i PO3BUTKY OKCUJIATUBHOTO CTPECY, IKUI CYTIPOBOIKYETh-
Csl HAKOIMMYEHHSM B TKAHMHAX Ta Oi0JOTiYHMX pigvHaXx
ADK i BTOpMHHMX TPOLYKTIB OKMCHIOBAJIBHOI MOIU-
¢ikanii 6ioMosneKkyn (OiIKY, JiMmign, HyKJIEeTHOBI KUCTIOTH).
Amnani3 piBHs1 [TAC BUSIBUB 30UIbILIEHHST CEPEAHBOTPY-
MOBOro NokasHuka y remosizati xsopux Ha PE B 1,30 pa-
3a, nmopiBHsHo i3 3: (22,90 = 1,14) nporu (17,84 *
0,95) Tuc. iMn./180 c; puc. 5. lle BKa3zye Ha iHTeH-
cudikalio TPOOKCUAAHTHUX MPOLECIB Y TMaILli€HTOK.
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mined shortage and/or permanent depletion of
antioxidant reserve due to the high metabolic effi-
ciency (significant initial values of the parameter).
The TI delivery highlighted a third group of high-
ly radiosensitive donors (group III, the remaining
14 % of the examined persons), where individuals
were characterized by the significantly higher ini-
tial levels of O,°” in PBL and linear value decrease
with radiation dose, which indicated the disruption
of generation in respiratory chain of mitochondria
or elimination of cells by apoptosis against a back-
ground of a limited antioxidant reserve (Fig. 4).
The obtained data on generation of Oy~ in PBL of
EC patients feature the unpredicted disorders of
oxidative metabolism under therapeutic irradiation,
and therefore this indicator can serve only as an
additional biomarker for determining the radiosen-
sitivity of healthy cells from around the tumor.

PAR in blood hemolysate of EC patients
The PAR is an integral indicator reflecting the
general level of intensity of free radical oxidation
processes in tissues, and effectiveness of its inhibi-
tion by enzymatic and non-enzymatic antioxidant
systems. Dysbalance of pro- and antioxidants due
to the formation of free radicals is one of the lead-
ing pathways in formation of structural and func-
tional abnormalities and development of oxidative
stress, being accompanied by accumulation of
ROS and secondary products of oxidative modifi-
cation of biomolecules (i.e., proteins, lipids,
nucleic acids) in tissues and biological fluids.
Analysis of the PAR values indicated an increase
in the mean group parameter in hemolysate of EC
patients by 1.30 times, compared to HD, namely
(22.90 + 1.14) thousand pulses/180s vs. (17.84 =
0.95) thousand pulses/180s (Fig. 5). This indicat-

PUCYHOK 4. InTeHcuBHicTb reHepauii 0,°~ nim-
¢ouumtamm Kpogi 3[] 3 BUCOKUM BUXifHUM piBHEM
(rpyna III) 3a TecT-onpomiHeHHa (0,5-3,0 Ip)

Figure 4. Intensity of 0,°~ generation in blood
lymphocytes from HD with high its initial level
(group III) under the test irradiation (0.5-3.0
Gy dose range)
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OpaHak, cJ1if 3a3Ha4YMTH, 110 iHAMBiAyalbHi 3HAUEHHS
ITAC y kpoBi nauieHTOK 3HAYHO BiApi3HsUIMCh. Bin-
MIUE€HO IIMPOKY MiKiHAMBiAyaJlbHY BapiaOeabHiCTb
3Ha4YeHb MokKasHuKa Bif 8535 mo 40 627 imm./180 ¢
(Vo = 0,42), 1110 MOX€ CBiTUMTHU PO TPOMEHEBY pe-
aKllilo opraHizaMy KOHKPETHOI XBOpOI Ta MpO Pi3HUIA
BUXiIHUI piBEHb OKUCHOTO MeTaboJ1i3My. 58 % obcre-
JKEHUX XBOPHUX XapaKTepU3yBaJIUCs ITiABUILIEHHSIM Ce-
pennboro piBHs [TAC [(28,98 + 1,05) tuc. immn./180c¢]
Ha 62 % y mopiBHSIHHI 3 lioro 3HayeHHsIM B 3/1. Box-
HOYAC, y PEIITU XBOPHUX CIIOCTEpirajan 3HMKEHUN Ha
25 % piBenb [TAC — (13,43 & 0,72) Tuc. imm./180c.

3a pesynsraramu TO 3pa3kiB KpoBi IMoOymoBaHO
JIO30Bi 3aJIe;KHOCTI 3HAY€Hb IMOKA3HMKA, 34 SIKUMU
MOXHa OLiHIOBaTH peaklilo-BiANOBiAb Ha ONpPOMi-
HEHHsI, BpaXOBYIOUM 3aXMCHO-KOMIIEHCATOPHI MOXK-
JIMBOCTI KOXHOI 0COOM, 30Kpema 1i aHTUOKCUAAHT-
HUI MOTeHLia.

3ayieXKHICTh «103a—edeKT» 3a CepeiHiM 3HAYEHHSIM
ITAC y 31 anpokcumyBajach piBHSIHHSIM JIiHiAHOI per-
pecii (Y = 18,57 + 1,15D), HeBUCOKe MO3UTUBHE 3HA-
YEHHS JIiHIMHOTo KoedillieHTa SIKO1 BKa3ye€ Ha HE3HAUYHE
MOCUJICHHSI MPOOKCUIAHTHUX ITPOLECIiB 3i 30iJIbLIEH-
HSIM 1031 OIIPOMiHEHHSI, a BiMOBITHUI KOeMIlliEHT /1e-
tepMmiHauil R? = 0,73 — Ha BiANOBIIHICTh 3aCTOCOBAHOI
perpeciiitHoi Moneni (auB. puc. 5). 36iabeHHs TTAC
npu 1poMy craHoBwio 6—20 %, BimmosinHo mpu TO
0,5—3,0 Ip. Takuit He3HAYHMI BiACOTOK MiABUIIIEHHS HA
piBHI TEHIEHIIii cepeaHbOrpyrnoBoro 3HaueHHs1 [TAC
npu TO MOSICHIOETBCS Pi3HOIO peaklli€lo OpraHiaMy Ha
nito pamiamii. Y rpyrmi 310 mopsin 3 ocobamu, sIKi XapakTe-
PU3YIOTHCS 30iTbILIEHHSIM MTPOOKCUAAHTHUX TIPOLIECIB i3
no3o010 TO, BUSIBIEHO Taki, WIS SIKUX XapaKTEPHUM €
3HKeHHsI piBHs [TAC y kpoBi 3a TO, mopiBHSIHO 3i 3Ha-
YEHHSIM TTOKa3HWKa HEOITPOMiHEHOI KpoBi [35].

¥ xBopux Ha PE kaniopyBanbHa KprBa 3a1eXKHOCTI
cepenHborpynoBux 3HaueHb ITAC y KpoBi Bif no3u

ed the intensification of pro-oxidant processes in
female patients. However, it should be noted that
individual values of PAR differed significantly. A wide
inter-individual variability of the values from 8,535 to
40,627 pulses/180s (Vo = 0.42) was noted, which could
indicate the radiation reaction of a specific patient body
and a different initial intensity of oxidative metabolism.
The 58 % of patients were characterized by an increase
in the average PAS level [(28.98 £ 1.05) thousand puls-
es/180s] by 62 % compared to this value in HD. At the
same time, the rest of patients had a 25 % decrease in
PAR level of (13.43 £ 0.72) thousand pulses/180s.

Based on the results of TI of blood samples the dose
dependencies of indicator values were developed,
which can be used to evaluate the reaction-response
to irradiation, taking into account protective and
compensatory capabilities of each person, with their
antioxidant potential in particular.

The «dose—response» dependence by an average
value of PAR in HD was approximated by the linear
regression equation (Y= 18.57 + 1.15D), the low pos-
itive value of linear coefficient of which indicated a
slight amplification in pro-oxidant processes with an
increase in radiation dose, and the corresponding coef-
ficient of determination R? = 0.73 indicated an appro-
priateness of the applied regression model (Fig. 5). The
increase in PAS at that was 6—20 % respectively upon
TT in 0.5—3.0 Gy dose range. Such insignificant per-
centage increase at the trend level of the mean group
value of PAR under TI was explained by the different
reaction to irradiation. There were persons character-
ized by a lowered PAR in the blood after TI compared
to the non-irradiated blood in HD group, along with
individuals characterized by an increase in pro-oxidant
processes with the T1 dose [35].

The calibration curve of dependence of the mean
group PAR values in the blood on the TT dose (0.5-3.0

25

Tuc. imn. Ha 180 ¢
thousand imp. per 180 s

PUCYHOK 5. MpooKcUAaAHTHO-aHTUOKCUAAHTHE
cniBBigHOWeHHA y remonisari 3[] Ta nepBUHHUX
xBopux Ha PE 3a Tect-onpomineHHs (0,5-3,0 Ip)

® 3/[1; ® xBopi Ha PE; ----- anpokcmMMallis 3anexHoCTi
«go3a—edekT» onsa 3/; anpokcmMauis 3anex-
HOCTI «03a-edekT» ona xsopux Ha PE

Figure 5. Pro-/antioxidant ratio in hemolysate
of HD and newly diagnosed EC patients under
the test irradiation (0.5-3.0 Gy dose range)
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TO (0,5-3,0 Ip) anmpokcumyBaacs Moaesutio JiHiliHO- Gy range) in EC patients was approximated by the
KBagpaTu4Hoi perpecii (Y= 21,59 — 2,62D + 0,71D?  linear-quadratic regression model (Y = 21.59 —
31 3HIDKEHHAM MOKa3HMKa 1pu orpoMineHHi 0,5 Ipua  2.62D + 0.71D?) with a decrease of value by 21 %
21 % (p < 0,05) ta momanbiiuM He3dHadyHMM Horo  (p < 0.05) under irradiation to 0.5 Gy and its subse-
30iIbIIEHHSAM, Ha 110 BKa3ylOTh BIAMOBimHI Ko-  quent slight increase, as indicated by corresponding
edinienTn piBHaHHS (o0 = -2,62 Ta B = 0,71; nuB.  coefficients of the equation (oe = -2.62 and = 0.71;
puc. 5). Koedinient gerepminairii cranoButh 0,27, mo  Fig. 5). The determination coefficient was 0.27,
JOBOIUTHb HU3BKWI piBeHb 3B’S13Ky MixX 103010 i 3Ha-  which proved the low level of association between
yeHHsIM [TAC y 3actocoBaHiit Mogeni. Tomy B moganb-  the dose and PAR value in the applied model.
momMy OyJ0 IpOBEACHO aHali3 3aJieXXHOCTi «mo3a—  Therefore, an analysis of the «dose—response»
edeKT» BIAMOBITHO O BUIIe3a3HayeHoro BmxigHoro dependence was carried out next in accordance with
piBus [TAC y xBopux Ha PE. Busasneno, mo y xBopux  the above-mentioned initial level of PAR in EC
3 HM3bKUM BuximHUM piBHeM ITAC y kpoBi BimOy-  patients. It was found that in cases of low initial level
BAEThCS J0303aJIeXKHe ITiIBUIIIEHHS 3HaueHb IToka3Hn-  of PAR there was a dose-dependent increase in the
Ka, SKe almpoOKCUMYEThCS PIBHIHHSIM JiHiliHOI per-  values, which was approximated by the linear regres-
pecii: Y= 13,32 + 0,97D; R> = 0,91 (puc. 6 A). Cnix  sion equation: Y=13.32 + 0.97D; R>=0.91 (Fig. 6A).
BiaMmiTuTH, 110 3a Ao3u 0,5 Ip cepeaHe 3HaueHHs no- It should be noted that for a dose of 0.5 Gy the aver-
ka3Huka [TAC He Bimpi3HsTOocs Bin 3HaueHHsI Takoro 'y age value of PAR did not differ from that with no T1.
KkpoBi 0e3 TO. B momansiioMy 3 migBuineHHsSM mo3u  Subsequently, with an increase in radiation dose the
ornpomiHeHHs piBeHb [TAC 36inbmryBaBcs i 3a 1o3u 2,0  PAR level was rising under 2.0 and 3.0 Gy dose irra-
ta 3,0 Ip, 1110 BinmoBinae TakoMy IMpu 3acTocyBaHHi Te-  diation, which corresponded to that during therapeu-
paneBTUYHOIO ONpoMiHeHHs, Ta 0yB B 1,15 ta 1,2 paza  tic exposure being 1.15 and 1.2 times higher, respec-
BIiAITOBITHO BUIIMM 3a Takuii y 3pa3Ky 0e3 TO (p < 0,05).  tively, than in the sample not exposed to TI (p < 0.05).
ToOTo, B maHomy BuIaaky croctepiranu iHTeHcudi-  That is, in this case, the intensification of pro-oxi-
Kallilo TPOOKCUAAHTHUX TMpoleciB 3i 30iiablIeHHsIM  dant processes was observed with an increase in radi-
pafialiiiHOro HaBaHTaXKEHHSI. ation load.

Bonnouac 3nauenHs [TAC y KpoBi nmamieHTOK 3 10T0 Meanwhile, the PAR in patients with its elevated
MiIBUIIIEHMM BUXiIHMM piBHeM He 3MiHmoBamocsl 3i  initial level did not change with an increase in TI
30inbmeHHsaM 1o3u TO (puc. 6 B). Lle moxe BkazyBatu  dose (Fig. 6B). This could indicate a resistance of
Ha CTIMKIiCTh CCTEMM KPOBI A0 30BHIITHIX YMHHUKIB, i  blood system to external factors, and such a power-
30KpeMa, TaKoro MOTYKHOTO YMHHMKA gK ioHisyioua  ful factor as IR in particular, probably due to enzy-
pagialiisi, 3a paXyHOK, MMOBipHO, (hepMEHTaTUBHMX Ta  matic and non-enzymatic antioxidant protection
HedepMeHTaTUBHUX aHTMOKCUIAHTHUX CUCTEM 3axuc-  systems, which were activated in response to the
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PUCYHOK 6. MpOOKCMAAHTHO-aHTUOKCUAAHTHE CNiBBiAHOWEHHA Y remonisari nepBMHHMX xBopux Ha PE 3
Husbkum (A) Ta Bucokum (B) BuxigHum pisHem nokasHuka 3a Tect-onpominenHs (0,5-3,0 Ip)

Figure 6. Pro-/antioxidant ratio in hemolysate from the newly diagnosed EC patients with low (A) and high
(B) initial level under the test irradiation in 0.5-3.0 Gy dose range
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Ty, 1110 aKTUBYBAJIMCH Y BiJIITOBiIb Ha MiABUILEHWI pPiBEHb
MPOOKCUIAHTHUX MPOLECiB Y KpoBi xBopux Ha PE.

TakuM 4yMHOM, OTpMMaHi JaHi BKa3ylOThb Ha 3MiHU
OKHMCHOTO MeTaboJ1i3My Yy KpOBi MEPBUHHUX XBOPUX Ha
PE, 110 € peakuiero opraHi3aMy Ha OHKOJIOTiUHMIA MpPO-
mec. OOcCTexXeHi XBOpi XapaKTepU3YIOTbCS Pi3HUM
BUXIIHUM pPiBHEM iHTEHCUBHOCTI BiJIbHOpaAMKaJIbHUX
MpolIeCiB y KpOBi 3a BU3HaUeHUMM 3HaueHHsAMHU [TAC: y
58 % obcrexenux piBeHb [TAC migBuieHo B 1,62 pasa
nopiBHstHO i3 31, y pemtu 42 % — 3HukeHo B 1,33 pa3za.
BinnoBigHO 10 1bOro XBOPi BiIpi3HSIIMCS peaklii€ro Ha
JoJaTKOBE pajialliiiHe HaBaHTaXXEHHS: ITiIBUILEHHS
ITAC 3 103010 32 HU3bKOIO BUXiAHOrO piBHS (10 1,2 pa-
3a3a 1o03u 3,0 Ip; p <0,05) Ta BimHOCHA CTaBiIbHICTh MO-
Ka3HMKa 3a O0ro BUCOKOTO BUXiAHOIO 3HaueHHs. ToMy
noka3Huk ITAC moxe OyTM nuile JOOATKOBUM ITPOT-
HOCTUYHUM OioMapKepoM Mpu IMPOMEHEBOMY JIiKyBaHHi
XBOPHX.

Bmict MAOA y nna3smi KpoBi xeopux Ha PE

MJIA — eHOOreHHMIA ajbleril, 10 YTBOPIOEThCS BHA-
CIiIoK nepokcuaHoro okuciaeHHs dimiais (ITOJI) i BBa-
XKA€ETbCSl OioMapKepoM oKCUAaTUBHOTO cTpecy. Lle Tok-
CMYHA CIIOJIyKa, sIKka Ma€ BUCOKY peakiliiiHy 3JaTHICTh,
MOCWJIIOIOYM Tepedir martojioriyHoro mpoiecy. Bona
3[4aTHA BCTYIATU B peaklilo 3 HyKJIETHOBUMM KHUCJIOTa-
MU, pocdortinmizaMn Ta aMiHOKMCIIOTAMM, 3MiHIOIOUH iX
¢yHKIIi, 110 MPU3BOAUTL IO 3HAYHUX HEraTMBHUX
HachiakiB. MIA 3MeHIIye MPOHUKHICTh i MOTipIIyE
TUIMHHICTh MeMOpaH, CIIPUYMHSIOUM MOSIBY 3LIUBOK MixX
JinigamMu ta MeMOpaHamu. MJIA po3risiialoTh SIK CUT-
HaJl PO HasIBHICTh MPOLIECiB, MOB’I3aHUX 3 BUHUKHEH-
HSIM OKCUIATUBHUX CTPECOBUX CUTyaliil. BusHaueHHs
KOHLICHTpALlil IbOTO ajbJeriay € BaxKJIUBOIO CKJIaI0BOIO
Yy OpOBEAeHHI JiarHOCTUKU 3aXBOPIOBaHb Pi3HOI €Tio-
qorii. Ilomo BUKOpUCTaHHS NaHOTO TOKa3HUWKA IS
OLIiHKM pafioyyTIMBOCTI JIOAUHU — BiIOMi MOOAMHOKI
pobotu. 3B’130K Mix iHTeHcuBHicTIO ITOJI B mua3mi
KpoBi Ta cTpykrypHoto 1imicHictio JJHK mimdoruTiB
BCTAHOBJICHO JIMIIIE 3a BIUJIMBY MaJIMX 03 i0Hi3yHOYOi
pamiawii [36].

BusznauenHs MJIA B mia3Mi KpoBi MepBUHHUX XBO-
pux Ha PE BusiBuio iloro miaBuileHUiA BMIiCT MOpPiB-
HSTHO 3 BeJIMUMHAMU B 0Ci0 rpynu KoHTpouio B 3,20 pa-
3a: (60,87 £ 4,93) npotu (18,93 £ 2,05) MkM/r Ginka;
p £0,05 (puc. 7).

CnocTtepiranacg BHcOKa MiXiHIMBIiZyaJdbHa Bapia-
OCJIbHICTh TaHOTO MOKa3HMKA SIK Y KPOBi XBOPUX 10 OII-
pOMiHEHHS, TaK i MPW aHaji3i XapakTepy M030BUX 3a-
JnexHocteit. IIpu in vitro ompoMiHeHHi BinMiyanu 3poc-
TaHHS BMicTy MJIA y mia3mi KpoBi NaLli€HTOK i3 TiIBU-

increased level of pro-oxidant processes in blood
of EC patients.

Thus, the obtained data indicated changes in
oxidative metabolism in blood of the newly diag-
nosed EC patients, which was a reaction to the can-
cer process. The patients were characterized by dif-
ferent initial intensity of free radical processes in
blood according to the determined PAR values, i.e.,
in 58 % of them the PAR value was increased by 1.62
times compared to HD, while in the remaining 42 %
it was decreased by 1.33 times. Accordingly, there
was a different response in the patients to additional
radiation exposure, namely an increase in PAR with
the dose at a low initial level (up to 1.2 times for
doses of 3.0 Gy; p < 0.05) and relative stability of the
parameter at its high initial value. Therefore, PAR
can only be an additional prognostic biomarker in
radiation treatment of cancer patients.

MDA plasma content in EC patients

MDA is an endogenous aldehyde formed as a
result of lipid peroxidation (LPO) and is consid-
ered a biomarker of oxidative stress. It is a toxic
compound with high reactivity, exacerbating the
course of cancer process. It is able to react with
nucleic acids, phospholipids and amino acids,
changing their functions, which leads to the signif-
icant negative consequences. MDA reduces per-
meability and impairs fluidity of membranes,
causing the appearance of crosslinks between
lipids and membranes. MDA is considered a signal
of the processes associated with occurrence of
oxidative stress conditions. Determining the con-
centration of this aldehyde is an important tool in
diagnosis of diseases of various etiology. There are
only few scientific publications devoted to the use
of this marker for evaluation of human radiosensi-
tivity. Relationship between the intensity of LPO
in blood plasma and structural integrity of lym-
phocyte DNA was established only under the
influence of low-dose IR [36].

MDA assay in blood plasma of the newly diag-
nosed cancer patients revealed its increased con-
tent compared to the control group by 3.20
times, i.e., (60.87 = 4.93) uM/g of protein versus
(18.93 + 2.05) uM/g of protein (p < 0.05) (Fig. 7).

High interindividual variability of this parameter
was observed both in the blood of patients before irra-
diation and in the analysis of nature of dose depend-
ence. During the in vitro irradiation, an increase in
MDA content in blood plasma of patients was noted
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meHHIM go3u TO (0,5—3,0 Ip), mo anpokcumyeTh-  with an increase in TI dose (0.5—3.0 Gy range), which
cs MOJEJUIIO JIiHiiiHOI perpecii ¥ = 67,44 + 12,52D;  was approximated by the linear regression model Y =
R? = 0,85. 3apeecTpoBaHo 30iIblIECHHS cepeaHborpy-  67.44 + 12.52D; R? = 0.85. A 1.29—1.74 times
MOBOI'0 3HAUCHHS IMOKa3HMKa 3ajiexkHo Big go3u TO B increase in the mean group value was registered
1,29—1,74 pasiB (p < 0,05). Edextn manux no3 onpo-  depending on TI dose (p < 0.05). The low-dose
mineHHs (0,5 Ip) nudepeniirororncs: (85,03 = 8,9)  effects of radiation (0.5 Gy) were differentiated, i.e.,
MPOTH BUXigHOTO piBHS — (60,87 +4,93) MkM/r 6inka  (85.03 + 8.9) uM/g of protein vs. initial level of
(muB. puc. 7). IlomioHa miHiltHa mo3oBa 3aiexHicTh  (60.87 + 4.93) uM/g of protein (see Fig. 7). Similar
BusBieHa i ays 3/1. linear dose dependence was also found for the HD.

HagBHicTb 4iTKOi 1030B01 3aj1e3KHOCTI BMicTy MIA Y Clear dose dependence of MDA content in blood
TUTa3Mi KpoBi OHKOJIOTIYHMX XBOPMX, peakilisd Ha Masli  plasma of cancer patients, reaction to low-dose irra-
03U OIIPOMIHEHHSI, IOCTYIHICTh OioyoriuHoro ma-  diation, and availability of biological material meet
Tepialy BiIImoBimaloTh OCHOBHMM BMMoOTaM KJiHigYHOi  the basic requirements in clinical radiobiology for
paniobioJiorii 10 peJeBaHTHUX TMOKa3HMKIB pamiodyT-  the relevant markers of human cell radiosensitivity
JuBocTi KinituH moauHu [18]. Intencudikauis mpo-  [18]. Intensification of LPO processes (i.e. increased
neciB [10JI (migBuimenns Bmicty MJIA) y kpoBi xBo- MDA content) in the blood of patients before
puX A0 TIOYaTKy IIpOMEHEBOI Tepalrii cBimumTh Tpo  administration of radiation therapy indicated the
PO3BUTOK OKMCHOTO CTpECy B 3IOpPOBHUX pamiouyTnu-  emergence of oxidative stress in healthy radiosensi-
BUX KJIITUHAX 3 OTOYEHHS NyxJWHM. TepameBTuuHe tive cells from around the tumor. Therapeutic irradi-
OIPOMiHEHHSI MOXXe ITiIBUIIYBaT PM3MK BUHMKHEH-  ation may increase the risk of radiation complica-
HsI IPOMEHEBUX YCKJIAAHEHb B LIMX KJIITUHAX. tions in these cells.

OtpuMaHi JaHi KOPUCHI AJIs1 iHAUBinyaabHO OOIpyH- The obtained data are useful for individually justi-
toBaHoi I1T, sika BpaxoBye pamiobionoriuni nepenymo-  fied RT, with taking into account the radiobiological
BU IIPOTHO3Y, Y TOMY YHCJIi BUCOKWII pU3KNK PO3BUTKY  preconditions of prognosis, including the high risk
Mi3HiX TIPOMEHEBUX YCKIIaTHEHD [24]. of late radiation complications [24].

BUCHOBOK CONCLUSION

JoBenaeHo, mio JiHIAHMI XapakTep m030BOi 3anex- It has been proven that linear nature of dose depend-
HocTi BMicTy MJIA B 11a3Mi KpoBi XBopux Ha pak eH-  ence of MDA content in blood plasma of endome-
JOMETPpIilo Ta peakliisi Ha MaJli 7031 ONpOMiHeHHs € 0a-  trial cancer patients and response to low-dose radia-
30BUMU KpuTepisMu Ut BudHaHHSI MIIA peneBaHT-  tion are the basic criteria for recognizing MDA as a
HUM TPOTHOCTMYHUM OiOXiMiYHMM IIOKa3HMKOM relevant prognostic biochemical indicator of
pPamiovyTIMBOCTI 3MOPOBUX KIITWUH i3 oTodeHHS Tyx-  radiosensitivity of healthy cells in tumor environ-
quHu. Bmict MJIA B mina3Mi KpoBi oHKoriHeko-  ment. It is advisable to determine the MDA content
JIOTIYHUX XBOPUX JOLIJIBHO BU3HAYATH 3 METOIO BUsIB-  in blood plasma of gynecological cancer patients in
JICHHSI TIalliEHTOK 3 BUMCOKMM PHU3MKOM mpomeHeBux  order to identify the subjects with a high risk of radi-
YCKJIaJIHEeHb. ation complications.
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