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OCOBJINBOCTI YJIBTPACTPYKTYPHOT OPTAHI3AIIIT

I METABOJII3MY PEAKTUBHUX ®OPM KUCHIO TA A30TY
B CEPLIEBO-CYIMHHIN CUCTEMI 3A ITOCTIMHOT IIi
IOHI3YIOUOT'O BUITPOMIHIOBAHHSA Y HU3BKMX J10O3AX

MeTa. Bu3HaueHHs 0CO6MBOCTeI yNbTPACTPYKTYPHUX 3MiH Ta MeTaboNi3My peakTMBHUX HOPM KMCHIO i @30Ty B TKa-
HUHax MioKapAa, aopTv i BOPiTHOT BeHM Mulweit pagiodymimeoi niHii BALB/c 3a ymoB TpuBanoi Aii cykymHoCTi
pafioHyKNiaiB YOPHOOMIBCHKOTO BUKMAY Ta HU3bKOTHTEHCMBHOTO Y-BUNPOMiHIOBAHHSA B HU3bKUX [03aX.
Martepianu i meToau. EkcnepumeHTanbHi focnifxeHHa npoBefeHo Ha 60 Muwax-camuax pagiodymumsoi niHii BALB/c
Macoto Tina 20-22 r, akux 6yno posnodineHo Ha 3 rpynu. rpyna I (KOHTponb) — TBAPUHM BiKOM 6—9 Mic., AKi Hapogm-
NNCA 1 NPOXWUAYN CBOE XUTTA Y KUiBCbKOMY BiBapii 3a yMOB NpMpPOAHOro pagioakTuBHoro doHy; rpyna II — TBapuHm
BiKOM 6 Mic., iIKi HAPOAMNUCA i BCe XKUTTA 3HAX0AuUNUCA B YopHOOMALCHKIN 30Hi BiguyeHHs; rpyna III — TBapuHu,
AKi 3 TPUMiCAYHOTO BiKY YNPOAOBXK 6 Mic. NOCTiiHO nepebyBanu y KNiTKax 3 NNOCKUMU AXKepenamu ioHi3yyoro Bun-
POMiHIOBaHHA 1 3a3Hanu 30BHILHLOTO Y-ONPOMiHEHHA Y CyMapHiit po3i 0,43 3e. Teapuxu rpyn II i IIT ytpumysanucs
y BiBapii IHcTUTYTY Nnpobnem 6e3nekn atomHux enektpoctaruin HAH Ykpainu (M. YopHobunb).
Pe3ynbtati i BUCHOBKU. BusiBneHi 0co6AMBOCTI CTPYKTYPHO-(YHKLIOHANbHUX 3MiH B OpraHax cepuLeBo-CyAMHHOT
CUCTEMM Ta MeXaHi3MiB PO3BUTKY OKCWMAATMBHOTO i HIiTPO3aTUBHOrO CTPecy 3a YMOB TpMBanoi Aii CyKymHOCTI
PafioOHYKNiAiB YOPHOOMIBCHKOTO BUKMAY TA HU3bKOIHTEHCMBHOTO Y-BUMPOMiHIOBAHHSA B HU3bKMX [J03ax HA MifCcTaBi
LOCNI[XKEHHs YNbTPACTPYKTYpHOI opraHizauii i metabonisamy peakTUBHUX (DOpPM KMUCHIO i @30Ty nepefcepaHux
KapAioMiouuTiB, eHAOTENI0 a0pPTU i BOPiTHOT BeHU Muweit niHii BALB/c. BctaHoBNEHO, WO 3a TpMBaNoi Aii HU3bKKUX
[03 pafialii BUHUKAIOTb 3MiHU, cepen AKMUX LOMiHYIOUMM € 3anyCK MeXaHi3MiB anonTo3y K KapLiOMioLWTiB, TaK i eH-
poTenianbHUX KNiTUH aopTW i BOPiTHOT BeHW. [MoKa3aHo, WO PO3BUTOK OKCMAATUBHOIMO CTPECY CYyMpPOBOAXKYETHCA
NifBUILEHHAM aKTUBHOCTI MeTaboni3My peakTUBHMX (DOPM KUCHIO, L0 BiAOYBAETLCA 33 paxyHOK aKTUBALii HyKneoTua-
Horo i ninigHoro reHepatopie cynepoKkcuay. BusBeneHo, 1o 3a yux yMoB PO3BUTOK HiTPO3aTUBHOTO CTpecy BiabyBa€ETb-
csA BHacnifok aktuBauii inayunbensHoro cuHtesy NO dpepmenTom iNOS Ta iHribyBaHHA KOHCTUTYTUBHOTO 10T0 CUHTE-
3y depmenToM eNOS. Bucoki piBHi ogHouacHoi reHepauii cynepokcuay i NO, 38'A3yt0umnch, NPU3BOAATD 10 YTBOPEHHS
TOKCMYHOTO NEPOKCUHITPUTY, AKWI € iHiLiaTOpOM NpoLecy anonTo3y.
Knio4oBi cnoBa: HW3bKi ;03U pagiallii, OKCMAATUBHUIA CTPEC, HITPO3aTUBHMIA CTPEC, OKCUT, a30Ty, EHAOTENI, anonTo3,
muwi ninii BALB/c, TpuBane HM3bKOIHTEHCMBHE Y-ONPOMiHEHHS.
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Peculiarities of ultrastructural organization and metabolism of reactive forms
of oxygen and nitrogen in a cardiovascular system for permanent effects of
ionizing radiation in low doses

Objective. Determination of the peculiarities of ultrastructural changes and metabolism of reactive forms of oxy-
gen and nitrogen in the tissues of the myocardium, aorta and portal vein of the radiosensitive BALB/c mice due
long-term exposure to the complex of radionuclides of Chornobyl fallout (ejection) and low-intensity low-dose -
irradiation.
Materials and methods. Experimental studies were performed on 60 mice-female radiosensitive lines BALB/c with
a body weight of 20-22 g, which were divided into 3 groups: I group (control) - animals age 6—-9 months which were
born and lived their lives in Kyiv vivarium under conditions natural radioactive background; II — animals age 6
months, which were born and lived in the Chornobyl exclusion zone throughout their lives; III — animals, which from
3 months of age for 6 months were constantly located in cages with flat ionizing radiation sources and exposed to
external y-irradiation in a total dose of 0.43 Sv. Animals of II and III groups were kept in the vivarium of the
Institute for Safety Problems of Nuclear Power Plants of the National Academy of Sciences of Ukraine (Chornobyl).
Mice of the BALB/c lines are sensitive to radiation: for males LD 50/30 < 5.7 Gy, for females — 5.85 Gy.
Results and conclusions. The peculiarities of structural and functional changes in the organs of the cardiovascular
system (CVS) and mechanisms of the development of oxidative and nitrosatitative stress due long-term exposure to
the complex of radionuclides of the Chornobyl fallout (ejection) and low-intensity low-dose y-radiation based on the
study of ultrastructural organization and metabolism of reactive oxygen species (ROS) and nitrogen (NRS) of the atri-
al cardiomyocytes (CMC), the aortic endothelium and portal vein of the BALB/c mice. Found that the permanent expo-
sure to low doses of radiation changes occur, including the dominant mechanism is to run a CMC apoptosis and
endothelial cells of the aorta and portal vein. It is shown that the development of oxidative stress accompanied by
increased activity of ROS metabolism that occurs due to activation of nucleotide and lipid superoxide generators.
Found that under these conditions the development of nitrosative stress is due to the activation of inducible NO syn-
thesis enzyme iNOS and inhibit its synthesis constitutive eNOS enzyme. High levels of simultaneous generation of
superoxide and NO, bindting, lead to the formation of toxic peroxynitrite, which initiates the process of apoptosis.
Key words: low-dose irradiation, oxidative stress, nitrosative stress, nitric oxide, endothelium, apoptosis, mice line
BALB/c, long-term low-intensity irradiation.
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BCTYII

ITutanHs GionoTiYHOT €(heKTUBHOCTI Ta 3’SICyBaHHS M€-
XaHi3MiB MOCTIAHOTO BIUIMBY iOHi3ylOouol pamialii y
HM3bKUX J103aX HAa OpraHi3M HaJjiexaThb 10 HalOibll aK-
TyaJIbHUX MpobsieM paniobGionorii. IHTeHcudikalis
BiIbHOpaIMKaJIbHUX peaKkiliii SK MPOBiTHOTO (pakTOopa y
PO3BUTKY OKCUAATUBHOTO CTpecy i peajizauii pa-
TiOiHIYKOBaHMX e(eKTiB MalMMM J03aMHW HU3BKOIL
iHTeHCHMBHOCTI OyJia MoKa3aHa B HU31Ii pOOiT, KpiM TOTO
B 30Hi YAEC BcTaHOBJIeHA BHCOKa OiojioriyHa edekx-
TUBHICTb HU3bKOIHTEHCUBHOTO BHYTPilIHBOTO OII-
pomiHeHHs [1, 2].

CyyacHi ysaBJIeHHs 1100 (opMyBaHHS pamialliiiHUX
edekTiB B cepueBo-cynuHHil cuctemi (CCC) 6a3yroThb-
¢Sl Ha BEJIMKil KiTbKOCTiI KJIIHIYHUX i eKCIepruMeHTab-
HUX JOCHiIKeHb, BUKOHaHUX Imicag aBapii Ha YAEC.

INTRODUCTION

Questions of biological efficiency and the finding
out of the mechanisms of the permanent impact of
low doses of ionizing radiation on the body belong
to the most urgent problems of radiobiology.
Intensification of free radical reactions as a leading
factor in the development of oxidative stress and
the implementation of radioinduced effects with
low doses of low intensity was shown in a number
of works, in addition, in the ChNPP zone, high
biological efficiency of low-intensity internal radi-
ation was established [1, 2].

Current ideas about the formation of radiation
effects in the cardiovascular system (CVS) are based
on a large number of clinical and experimental stud-
ies performed after the Chornobyl accident. A num-
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BuzHaveHo 11y HU3KY padialliifHO-iHIyKOBaHMX i OMO-
CepelKOBaHUX 3MiH Ha MOJIEKYJSIPHOMY, KJIITUHHOMY,
CUCTEMHOMY Ta TIOMYyJsLiitHOMY piBHX [3, 4]. BomHo-
yac MexaHi3Mu (popMyBaHHSI HACJiIKiB MPOJIOHTOBAHO-
ro (XpOHIYHOTO, TPMBAJIOIr0) MPOMEHEBOIO BIUIUBY B
HU3bKUX JHo03ax B cTpykrypax CCC 3anuinaloTbcs Ma-
JI03’SICOBAaHUMMU, 1110 MOXKHA MOSICHUTH, HacaMIIepe, He
TIJIBKM HEJOCTATHIM JOCHiIKEHHSIM MeTaboIi3My peak-
TUBHUX (popM KucHIo (PDK) — okcnmatuBHOrO cTpecy,
ajie i MPakTUYHO BiICYTHICTIO HAYKOBUX JAaHUX I1OJ0
PO3BUTKY HITPO3aTUBHOI'O CTPECY, a TaKOX OCOOJMBOC-
Teit MOp(podyHKIIOHATBHUX 3MiH Y CTPYKTypax ceplst
Ta MaricTpajibHMX CyIMHaX 32 BKa3aHUX YMOB.

ITarosoriyHi npouecu, sIKi € HACAiAKOM OIMpPOMiHEH-
HSI, CYIIPOBOMIXYIOTHCS TUC(HYHKIIIEID CyTMHHOIO €HI0-
TeJIi10, 110 MPU3BOAUTH 10 PO3BUTKY xBopob CCC [5—7].
Ennoreniit € HalOUIBII pagioYyTIMBUM €JIE€MEHTOM CYy-
JUHHOI CTiHKU. BiH € BaXX/11MBOIO JaHKOI0 (POPMYBAHHS i
perysilii CyIMHHOIO TOHYCY 3aBIASIKM CUHTE3Y i BUBiIb-
HEHHIO Ba30aKTUBHUX peyoBUH [8]. OMHUM 3 OCHOBHUX
MeliaTopiB CYIMHHOI peaKTUBHOCTI € okcua a3oTy (NO)
[9, 10]. ITicnsa 3’acyBaHHS MeTaboJi3my NO crajio 3po-
3yMiJio, 110 He suiie PDK, ase it peakTBHI (hopmu a3o-
Ty (P®A) MOXYTh YMHUTH Ba30aKTHUBHY (Ba30NpPOTEK-
TOPHY, Ba30TOKCHUYHY, BA30KOHCTPUKTOPHY UM Ba30M-
JnartatopHy) aito B CCC [11, 12]. ducdyHkuis eHmo-
TeNIIo 3a YMOB il pamiamiiiHoro (pakTopa 3HAYHOIO
Mipolo moB’s3aHa 3 AediluToM eHupoTtelianbHoro NO,
SIKA MOXe OyTH 3yMOBJICHUI MPUTHIYEHHAM eKCrpecii
NOS, 3HumxeHHsaM cuHTe3sy NO eNOS, Hecrauero
cyocTpaTiB un KoepMeHTIiB 111 cuHTe3y NO, iHaKTH-
Bauieio NO P®K, cuHTe30M eHIOreHHMX iHTiOiTOpiB
NOS, nmprcCKOpeHUM arnonTO30M i MOPYIIEHHSIM €JIeKT-
PUYHMX peakliil eHIoTedialbHUX KIITUH.

TakuM 9MHOM, TMEPCIEKTUBHUM HAIIPSIMKOM MOXHAa
BBaXKaTW [JOCHIIXEHHSI padioiHIyKOBaHUX e(deKTiB B
ctpyktypax CCC 3a yMOB MOCTiliHOI Ail CYKYMHOCTI
pPamgioHYKJiIiB YOPHOOMIILCHKOTO BUKHWUAY Ta HM3b-
KOITHTEHCUBHOTO Y-BUIIPOMiHIOBAHHSI B HU3bKHUX 033X
Ha TiAcTaBi BU3HAYeHHS ocoOJuBocTeilt Mopdo-
(byHKIIIOHATLHUX 3MiH Ta MEXaHi3MiB PO3BUTKY OKCHUIa-
TUBHOTO i HITPO3aTUBHOTI'O CTPECY.

META

BusHaueHHs 0cOOIMBOCTEN YIBTPACTPYKTYPHUX 3MiH Ta
MeTaboJ1i3My peakTUBHUX (hOPM KHUCHIO Ta a30Ty B TKa-
HMHaX Miokapja, aopTuW 1 BOpPITHOI BeHU MMUIIEH
paniouytinBoi JiiHii BALB/c 3a yM0OB TpuBasioi nii cy-
KYITHOCTi PalioOHYKJi/iB YOPHOOWJIBCHKOTO BUKMIY Ta
HU3bKOIHTEHCUBHOTO Y-BUIIPOMIHIOBAHHSI B HM3bKUX
J103aX.

ber of radiation-induced and mediated changes on
the molecular, cellular, systemic and population lev-
els have been determined [3, 4]. At the same time,
the mechanism of the formation of the effects of
prolonged (chronic, prolonged) radiation exposure
of low doses in the structures of the CVS remains
poorly understood, which can be explained, first of
all, not only by inadequate research on the metabo-
lism of RFC — oxidative stress, but also by the lack
of scientific data on the development of nitrosatitis-
tic stress, and Also features of morphofunctional
changes in the structures of the heart and trunk ves-
sels under the specified conditions.

Pathological processes that are the result of irradi-
ation are accompanied by dysfunction of the vascu-
lar endothelium, which leads to the development of
CVS diseases [5—7]. The endothelium is the most
radiosensitive element of the vascular wall. It is an
important link in the formation and regulation of
vascular tone due to the synthesis and release of
vasoactive substances [8]. One of the major media-
tors of vascular reactivity is nitric oxide (NO) [9, 10].
After clarifying the NO metabolism, it became clear
that not only RFCs, but also RFAs can make
vasoactive (vazoprotector, vasotoxic, vasoconstric-
tor, or vasodilator) action in the CVS [11, 12].
Endothelial dysfunction under the influence of the
radiation factor is largely due to endothelial NO
deficiency, which may be due to inhibition of NOS
expression, a decrease in the synthesis of NO eNOS,
lack of substrates or coenzymes for NO synthesis,
inactivation of NO RFC, synthesis of endogenous
NOS inhibitors, accelerated apoptosis, and
Violation of electrical reactions of endothelial cells.

Thus, a promising direction can be considered
research of radio-induced effects in the structures
of CVS under a permanent impact of radionuclide
mixture from the Chornobyl discharge and low-
intensity y radiation in low doses on the basis of the
determination of the features of morphofunction-
al changes and mechanisms of the development of
oxidative and nitrosatitistic stress.

OBJECTIVE

Defining features of ultrastructural changes and
metabolism of reactive oxygen and nitrogen in the
tissues of the myocardium, the aorta and the por-
tal vein of mice radiosensitive lines BALB/c for
constant conditions of low doses of ionizing radia-
tion in the Chornobyl exclusion zone and chronic
external y-irradiation.
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MATEPIAJI TA METOJIU JOCJIII2KEHHA
ExkcriepyMeHTalIbHi TOCTIiIKEHHS ITpoBeAeHo Ha 60 Mu-
IIax-camIrsix pamiouyriauBoi JiHii BALB/c macoro Tina
20—22 1, akux Oyno po3amnonisieHo Ha 3 rpymnu: I rpyma
(KOHTpOJIb) — 6—9 Mic. TBApUHM, SIKi HAPOIVIIUCS i IIPO-
KUJIA CBOE XUTTS y KUIBCbKOMY BiBapii 3a YMOB MpHU-
poaHoro pamioaktTuBHoro ¢ony; Il — 6 mic. TBapuHu,
SIKi HapoOWIucs i Bce XXUTTS 3Haxoauuucs B YopHo-
OubChbKilt 30HI BimuykeHHs; I1I — TBapuHU, 5IKi 3 Tpb-
OXMICSIYHOTO BiKY YIIPOAOBX 6 Mic. ITOCTIAHO ITepedyBa-
JIM y KJIITKaX 3 TJIOCKUMMU JXKepeslaMu i0HI13yI0UO0TO BUII-
POMIHIOBaHHS i 3a3HaJIM 30BHILIIHBOTO Y-OMPOMiHEHHST Y
cymapHiit no3i 0,43 3B. TBapunu II i III rpynu yrpumy-
Bajucs y BiBapii IHCTUTYTY mpo0GseM Oe3reKru aTOMHUX
enektpocranuiiin HAH Yxpainu (M. HopHoOwmis). Muri
JniHii BALB/c uytnuBi mo aii pamiaiii: mist camiiB
JIA50/30 < 5,7 Ip, anst camok — 5,85 Ip.

‘YMOBU NpoBeneHHs eKCIIEpUMEHTY BilIMOBigaJIu HOP-
matuBaM 3akoHy YkpaiHu «IIpo 3axuct TBapuH Bif
KopcTtokoro moBomkeHHs» (2001) i «EBpomeiicbkoi
KOHBEHIIii MPO 3aXUCT XpeOEeTHUX TBAPUH, SIKi BUKOPHUC-
TOBYIOTBCS [IUISI €KCIIEPUMEHTAJIbHUX Ta IHIINX HayKo-
Bux wLineit» (Ctpacoypr, 1985).

3a ganumu 3BiTy JCHIIIT «Exouentp» MHC VYk-
painu (M. YopHoOunb, 1998) npo pamiauiiiHy cuTyarito
B 30Hi BiIuy>XeHHS, HAa OCHOBi KapTorpagiyHoi 3MOMKHI
teputopii M. YHopHoOwmns 3a posmonisiom 90Sr, 137Cs,
238-20py, " Am y mrapi rpyHTy 0—5 M BiI TOBepXHi BUSIB-
JIEHO TPU 30HM 3 aHOMAaJIbHO BUCOKMMU PiBHSIMU BMICTY
ux pagioHykiiaiB. Teputopis BiBapito, B IKOMY 3Hax0-
IUJINCS TBADMHMU, TIOTPAILISIE A0 LIEHTPY OTHIET 3 TAKMX
30H. Ha Hiit B™MicT pamionykimigis ***Pu 6yB y Mexax
2—-3 kbk/M?, *Am 4—6,6 kbx/M?, *Sr 100—180 kbx/Mm?,
7Cs 200—510 xbk/m?. ChiBBimHOIIECHHS pagiOHYKITIi-
aiB Oyno HacTynmHuM: *Sr — 30 %, ''Cs — 68 %, **Am —
0,3 %, ***Pu—0,3 %.

HakonuyeHa mo3a 30BHilIHbOro ompomiHeHHs I11
rpynu TBapuvH, SKy BUMiploBanu npuiagoMm MKC-0,1p
Ha BucoTi 10 cM Ham MOBepXHEIO IKepena, CTAaHOBMIIA
96,9 Mx3B/TO, 1110 BiAMoBigan1o cyMapHiii 103i 430,1 M3B
3a 187 ni6 excrio3uttii. 115t ekciepuMeHTy Oy BUTOTOB-
JIEHI MJIOCKi JKepesja iOHi3ylouoro ONpOMiHEHHS —
iMOO1J1i30BaHi 0€TOHOM rapsiyi YaCTUHKM 3 MPOIaIeHO-
ro IPyHTY «Pynoro jicy», 1110 MOAETIOIOTh iOHi3yI0Ue OIT-
POMiHEHHSI «4OPHOOMJILCHKOTO CIEKTPY» HU3bKOI iH-
TeHCUBHOCTI. CIEKTp Y-TOJIS, IO BUMiPIOBAJIM 32 OMO-
Moroio criekrpomerpnaHoi cucteMu BTI Microspec-2
¢ipmu «Bubble Technology Industries, Inc.» (Kanana), B
ocHOBHOMY (6113bK0 90 %) cKiamaBcsi 3 KOMITTOHIBCh-
koro BurnpomiHtoBaHHs, “'Cs (7 %), a TakoX iHIIMX
PamioHYKJIiIiB.

MATERIAL AND METHODS

Experimental studies were performed on 60 male-
female radiosensitive lines BALB/c with a body
weight of 20—22 g, which were divided into 3 groups:
I group (control) — 6—9 months of animals who were
born and lived their lives in Kyiv vivarium under con-
ditions natural radioactive background; II — 6 months
of animals, who were born and lived in the Chornobyl
exclusion zone throughout their lives; III — animals,
which from three months of age for 6 months were
constantly located in cells with flat ionizing radiation
sources and exposed external y-irradiation in a total
dose of 0.43 Zv. Tverini II and III groups were kept in
the vivarium of the NPB NPP of the National
Academy of Sciences of Ukraine (Chornobyl). Mice
of the BALB/c lines are sensitive to radiation: for
lambs LD 50/30 <5.7 Gy, for females — 5.85 Gy.

The conditions of the experiment vidpovidaly
norms of the Law of Ukraine «On protection of
animals from cruelty» (2001) and «The European
Convention on zahyst vertebrate animals used for
experimental and other scientific purposes»
(Strasbourg, 1985).

According to the report DSNPP «Ecocenter»
(1998) about the radiation situation in the exclusion
zone, based mapping capture territory. Chornobyl
for distribution of 90Sr, 137Cs, »2*Pu, *'Am in
soil layer 0—5 cm from the surface identified three
zones of anomalous High levels of the content of
these radionuclides. The territory of the vivarium,
in which the animals were located, falls to the cen-
ter of one of these zones. It radionuclide **-**Pu
content was within 2.3 kBq/m?, *Am 4-6.6
kBq/m?, *Sr 100—180 kBg/m? '"Cs 200-510
kBg/m?. Value was naatupnym radionuclides: *°Sr —
30%, ¥'Cs — 68%, **Am — 0,3%, ****Pu — 0,3%.

The accumulated dose of external radiation of
the III group of animals measured by the MKS-
0,1p device at a height of 10 cm above the source
of the source was 96.9 uSv/h, corresponding to a
total dose of 430.1 mSv for 187 days of exposure.
For the experiment, flat springs of ionizing radia-
tion were made — immobilized concrete hot parti-
cles from the burnt soils of the Red Forest that
simulate ionizing radiation of the «Chornobyl
Spectrum» of low intensity. The spectrum of the
v- fields measured with the aid of the Microspec-2
WTTI spectrometric system of Bubble Technology
Industries, Inc. (Canada) consisted mostly of
Compton Emitter, *'Cs (7%), and other radionu-
clides.
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PagioakTuBHE 3a0pyaHEHHS 3epHA, 110 MOCTIHHO BU-
KOPHCTOBYBAJIOCS UISI TOMYBaHHSI TBApWH, 3a [3-aKTUB-
HUMMU pamioHyKJIizamu ckiagaio 1,550 bk/kr, mpu Tomy
3a PEeTPOCIIEKTUBHOIO PaJiOMETpPi€l0 y TYIIKaX TBapUH
3a0pyaHEHHS He OYJI0 BUSIBJIEHO.

Enexmponnomixpockoniuni docaioncenns. IlompiOHeHi
IIMATOYKM MioKapja IIpaBOro IIepeicepiasi, I'PyaIHOTO
Binminy aoptv i BopiTHOI BeHu (ikcyBanmn y 1 % po3uunHi
YOTUPUOKUCY OCMil0, 3HEBOJHIOBAJIM B €TaHOJi 3pocTa-
10401 KOHLEeHTpalii, mounHatrouu 3 70° no 100° crupry,
alleTOHi, MPOCOYYBaJIM CYMIlIIIIO E€MNOKCUIHUX CMOJI
(apanguT i ernoH), 3aKIoyaau B €MOKCUIHI CMOJU 3a
3arajJibHOMPUIHATOI MeToaukol. Ilicasg moiiMepu-
3anii nmpu Temmneparypi 56 °C Ha yabpTparoMax
«Reichard» (ABctpis) i LKB-III (IlIBe11ist) BUTOTOBISIIIN
HamiBTOHKI 3pi3u, sKi 3a0apBiIOBAIU TOJYiIZUHOBUM
CMHIM, a MOTIM yJbTPATOHKI 3pi3U, SIKi KOHTpacTyBaJu
ypaHiIALeTaTOM i LIUTPATOM CBUHIIIO. X BUBYAIM i
eJleKTpoHHUM MikpockornioM [TEM-125K («Selmi», Yk-
paiHa) i poTorpadyBanu npu 30iabieHHsX Big 3000 oo
20000 pasziB.

MopdomeTpuuHi JOCIiIXKEHHSI MioKapaa NpoBeAeHi
Ha HaIliBABTOMaTUYHOMY IIPUCTPOI OOpOOKM rpa-
¢iuHMX 300pakeHb 3a JOITOMOrolo nporpamu «OpraHe-
Jla», po3po0bseHoi B IHcTUTyTi mpoo6ieM matosorii Ha-
LHioHAJIbHOTO Mean4YHoro yHiBepcuteTy iMeHi O. O. bo-
roMmonbld. BuzHauanm o6’eM, IK1it 3aliMae CTPYKTypa
B OIMHULI 00’€MY LIUTOIJIa3MU, TOOTO 00’ EMHY IIiJib-
HicTh Miodiopun (OLIM®P, %) i MiToxoHIpiit
(OIIMT, %) Ta ix cniBBigHOweHHS (OLLIM®/OLLIMT,
0].); KimbKicHy minbHicTh MiToxoHapiit (KLIMT,
wT./MKM?), momty ix 3pisy (II3MT, mkm?) i dakrop
dopmu (PDOMT, ym™m. ox.).

Ha ogHakoBili KiabKOCTI (pparMeHTIB IMepeacepaHux
KapmiomionuTiB (KMILI), 3HITNX Ha OXHAKOBMUX 30iTb-
LIEHHSX, MigApaxoByBalu 3arajbHy KiJIbKiCTb CEKPeTOp-
Hux rpanyi i ciiBBigHoweHHs I, IT ta 111 Tumnis rpany.

bioximiuni docridxncenns. TkaHMHU IPaBOTO IIEPEACEP-
JIsl, TPYAHOI aOpTU i BOPITHOI BEHM IrOMOTEHi3yBalu 3a
noroMororo romoreHizaropa IloTrrepa (TedioH/ckio,
1000 06/xB). IIpoTsarom mociimy ToMOTeHaTH TpUMAaJId
Ha JIboay. Y TOMOreHaTax ceplsl, aOpTH i BOPITHOI BEHU
BU3Hayaau WBKAKIcTh reHepauii POK: -O,7, ‘OH, BmicT
H,0,; Bmict PDA: NO,™, NO;~, HMHT (Hu3bkomouie-
KyJIsIpHi HiTpo3oTionn); BMHT (BucokoMoOneKynsIpHi
HITPO30TiONN); BMIiCT HU3bKOMOJIEKYJISIPHUX aHTUOKCH -
JaHTIB (CEYOBOI KMCJIOTH, CEYOBMHN); BMICT IMPOIYKTIB
HedepMeHTaTUBHOTO (AieHoBi KoH'toratu — JIK, Mamo-
HoBUI mianmpaerin — MA) ta pepmeHTaTUBHOTO (JIeii-
kotpieH C4 — LTC4 TpoMOOKCcaH By — TxB,,) nmepexkuc-
Horo okucHeHHs mimigis (ITOJ).

The radioactive contamination of grain, which
was constantly used for feeding animals, by -
active radionuclides was 1,550 Bq/kg, with the ret-
rospective radiometry in animal carcasses was not
detected.

FElectron microscopic research. Shredded myocar-
dial cells of the right atrium, thoracic aorta and
portal vein were fixed in 1 % osmium tetrachloride
solution, dehydrated in ethanol of increasing con-
centration, starting with 70 ° to 100 ° of alcohol,
acetone, impregnated with a mixture of epoxy
resins (araldyt and epon), enclosed in epoxy
Resins according to the usual method. After poly-
merization at a temperature of 56° C, Reichard
(Austria) and LKB-III (Sweden) ultra-thin mate-
rials were made of toluidine blue and then ultra-
thin cuts that were contrasted with uranyl acetate
and lead citrate. They were studied under an elec-
tron microscope PEM-125K («Selmi», Ukraine)
and photographed at magnifications from 3000 to
20,000 times.

Morphometric studies of myocardium are carried
out on a semi-automatic device for processing
graphic images using the program «Organel», devel-
oped by the Institute of Pathology Problems of O. O.
Bohomolets NMU. Determine the volume occu-
pied by the structure in the unit volume of the cyto-
plasm, that is, the volume density of myofibrils
(OSCHME, %) and mitochondria (OSCMT, %)
and their ratio (OSCHME/OSCMT, units); The
quantitative density of mitochondria (KSCMT,
pcs/um’), their cutoff area (PZMT, um?) and the
form factor (FFMT, UM).

At an equal number of fragments of atrial CMC,
taken at the same magnifications, the total number
of secretory granules and the ratio of I, II and III
types of granules were calculated.

Biochemical studies. The tissues of the right atrium,
thoracic aorta and portal vein were homogenized
using a Potter homogenizer (Teflon/glass, 1000 rpm).
During the experiment, the homogenates were kept
on ice. In the homogeneous nuclei of the heart, aorta
and portal vein, the rate of generation of the RFK was
revealed: ‘O, ‘OH, the content of H,O»; The con-
tent of XRF. NO;™, NOs;~, NMTT (low molecular
nitrosothiols); HMNT (high molecular nitrosoth-
iols); The content of low molecular weight antioxi-
dants (uric acid, urea); The content of non-enzymat-
ic products (diene conjugates — DC, malonic dialde-
hyde — MDA) and enzymatic (leukotriene C4 — L'TCy4
tromboxane B, — TxB,) lipid peroxidation (LPO).
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CratrucTuyHy 00poOKY eKCIepUMEHTATbHUX PE3YJIBTaTiB
3MiCHIOBAIM METOAAMU BapialliiHOI CTATUCTUKM 3a JOMO-
Moroio TiporpamMHoro 3abe3mnedeHHs Origin 7 (Microcal
Software, USA). JIocTOBipHiCTh OTpUMaHMX JAHUX OLIiHIO-
BaJli 3a JOIOMOIOI0 METOMIB BapialliiiHOI CTAaTUCTUKU 3
BUKOPUCTAHHSIM ITapaMeTpruyHoro KoediuieHty Ct’roneH-
Ta AJIs1 OLIHKY BipOTiIHOCTI BiIMIHHOCTE IpyIl JaHUX.

PE3VYJIBTATU TA OBTOBOPEHHS
EneKTpOHHOMIKPOCKOITIYHUIA aHadi3 YJABTPaCTPyKTyp-
Hol opraHizauii nepeacepaHux KMII tBapun II rpynu
nokasaB, 110 mopsn 3 HeywmkomkeHuMu KMIL crioc-
TepirajJucs KJIiTUHU 3 Pi3HUM CTyTIeHEeM MOIIKOAXKEHHS
Mio(}iOpuI: po3XomXKeHHS Mio(iIaMeHTIB y capKome-
pax, po3IIMpeHHS BicTaHi MixK MiodiOpuaaMu, iX JTi3uc.
Xapaktepuumu niasg KMII 6ynu gunsgtoBaHi Miodiopur-
Ju. Ha BiACYTHIiCTh TpyOMX NECTPYKTUBHUX MPOILECIB Y
ckopotauBomy anapati KMII BkazyBaB i Mopdomert-
PUYHUI aHaji3: 00’eM, SKMi 3aiiMany MiopiOpuan B
onuHMLI 00’eMy uToruia3Mu, ctaHosus (30,9 £ 1,4) %,
1110 JOCTOBIpHO HE BiApi3HSIBCS BiJ MOKA3HUKA B KOHT-
POJIbHIM Tpymi (Tadu. 1).

YactuHa MiToxXoHApilt 3a (popMoio Ta OYTOBOIO OyIM
aHajoriyHi opraHenam | rpymnu, B iHIIMX BUSIBICHO
¢dparMeHTalil0 KPUCT, eJIeKTPOHHE TMPOCBITJEHHST MaT-
pukcy. BupasHicTb 3MiH 3ajexkana Bil po3TalllyBaHHS
OopraHes: TTOIIKOMXEeHHS Mio(iOpMI CyITpOBOIKYBAJIO-
¢Sl TUCTPOPIUHO 3MiHEHUMU MIiTOXOHIPiSIMU.

Ille omHi€l0 OCOOIUBICTIO YABTPACTPYKTYPU Mepeace-
paHux KMII muiueii IT rpynu 6ysa mosiBa 3Ha4HO1 KiJib-
KOCTI JIiiAHUX BKJIIOUEHb Ta J1i30COM, MEPEBAXKHO Tpe-
tuHHUX. [Togekynu croctepiranucs gingaku KM, 1o
BiTOKpEMJTIOBAJIMCS MiKPOKJIa3MaTO30M B iHTEPCTUILIMA i
3aMOBHEHI JIi30cOMaMu Ta 3aJIMIIKOBUMU TibLIsSIMU. Bee

Ta6nauusa 1

Statistical processing of experimental results was
carried out using methods of variation statistics
using software Origin 7 (Microcal Software, USA).
The reliability of the received data was estimated
using methods of variation statistics using the
parametric coefficient of the Student to assess the
likelihood of differences in data groups.

RESULTS AND DISCUSSION

Electron microscope analysis of the ultrastructural
organization atrial CMC Group II animals showed
that the number of intact cells CMC observed with
different stupenem damaged myofibrils: miofila-
mentiv differences in the sarcomere, expanding
the distance between miofibrylamy their lysis.
Characteristic for CMC were dylyatovani myofib-
rils. In the absence of gross destructive processes in
the contractile apparatus vkazuvav CMC and
morphometric analysis: the volume is occupied by
myofibrils per unit volume of cytoplasm was 30,9
+ 1,4%, which was not significantly different from
the control group pokaznyka (tab. 1).

Part of the mitochondria in form and structure were
analogical to organelles of group I, in others crystal
fragmentation was detected, electronic matrix enligh-
tenment. The tenacity of the changes depended on
the location of the organelles: myofibril damage was
accompanied by dystrophically altered mitochondria.

Another feature of the ultrastructure of atrial
MCC in the mice of the 11 group was the appear-
ance of a significant number of lipid inclusions and
lysosomes, mostly tertiary. Somewhere there were
areas of CMC isolated microclasmatically in inter-
stitium and filled with lysosomes and residual bod-

MopdodyHKuioHanbHa XapaKTepucTMKa KappaiomiouyuTiB npaBoro nepepcepaAa muwen ninii BALB/c, wo
3a3HanM NocTiiHOT Aii ioHi3yl04oi papiauii y HU3bKUX fo3ax.

Table 1

Morphofunctional characteristic of the right atrial cardiomyocytes of BALB/c mice exposed to the permanent

impact of low doses of ionizing radiation.

Moka3uukm / indeces

I'pynu oGcTexeHHs / examinated groups

OLUM® / VDMF, %

OLLMT / VDMT, %

(OLLMT / OLLIM®), 0a. / (VDMF / VDMT), un
(KLLUMT, wr./mkm®) / (QDMT, pe/um?)
M3MT, mMkm? / MTCA, um?

®OMT, ym. on. / FFMT, con. un

293+43 30914 26,4 £3,6
30,3+ 2,9 214 +2,1* 14,21, 90>
1,03 £ 0,03 0,69+0,02* 0,53+0,04***
0,51 £ 0,05 0,47 £ 0,09 0,41 £0,03
0,41 £0,02 0,33 £0,02* 0,29 £0,01*
0,81 +0,02 0,8 +0,01 0,73 £ 0,02

IMpumitka. *PisHnusa focToipHa BigHOCHO koHTpoito (p < 0,05); **pisHnus focTosipHa BigHocHo Il rpynm (p < 0,05).
Note. *Significant difference vs. control (p < 0.05); **significant difference vs. group Il (p < 0.05).
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Ile BKa3dye Ha aKTHUBAILlO ayTOJITUYHMX IIPOLIECiB Ha
¢oOHi TOCHUJIEHHS MPOLECiB MEePeOKUCHEHHS JIiMiaiB
(puc. 1 A).

IMopymyBanuca i 3B a3ku KMI[ wmix cob6oro.
BcraBHi nucku 3a3HaBalii 3MiH i JecMOcOMalbHUX, i
HeKcycHUuX 3’enHaHb. Cllii TaKoX BIiIMITUTU Ha-
IBHICTh MixX(iOpUAIpHOTO, HABKOJOSIEPHOTO Ta
nigcapkoJieMaJlbHOTO HaOpsAKy. PimuHHUI HaaIUIIIOK
Yy BUTJISIAI BaKYOJSIpHUX YTBOPEHb BUBOAUBCS 3a MeXi
KkiituH [13].

IToni6Hi 3minu BctaHoBuau B KMII muieit 111 rpy-
My, aje BUPA3HICTh 3MiH Oinbin BupaxkeHa. KMI]
3HaAXOAWJIMCS Ha Pi3HMUX CcTadisgx anonTo3y (puc. 1 B).
Ile mpogBAgIOCS TMOCTYNOBUM 3MEHIICHHSIM pO3-
MipiB KJIITUH, YIIiJIbHEHHSIM 1X LUTOIMJAa3MU, BigoK-
peMIIEHHSIM OAHi€i Big iHIIOI BHACHiIZOK BTpaTH
MIXKJIITUHHUX KOHTAKTiB i YTBOPEHHS IICEBAOIOIIN.
KMII 3HayHO 3MeHIIYyBaJUCS Yy po3Mipax, B pe3ylib-
TaTi pparMeHTallii BUIITOBXYBAJIMCS 3 POy i CITOC-
Tepiraaucs B iHTepCTULiHOMY IMpocTopi. B muror-
ga3Mi yactuHu KMI BimMmivyanu Beauki myxupi 3
€JIEKTPOHHOMPO30PUM BMIiCTOM, MOXJIKWBO PiAMHOIO
HaOpsIKy, i opraHizoBaHUU OpiOHOAMCHEPCHUU Ma-
Tepiajl MOMipHOI eJIeKTPOHHOI IIiJILHOCTi, HE OTOYe-
Huit MmemOpaHoto. CnocTtepiranu nBosaepHi KMII i
KJIITUHMU, apa IKMX MaloTh iHBariHauii ssaepHoi 000-
JoHKU. Ile, 3 omHOro 60Ky, 30iblIY€E TUIOLLY SAEPHOT
MOBEpPXHi, a 3 IiHIIOTO — MOXe OyTHM O03HaKOIlo
noyimnoigu3auii KMII gk BigmoBiab Ha 3arubenb
YaCTMHU UMX KJIiTUH 3a Jil HU3BKUX 103 pafdialii
(HAOP) [14].

ies. All this indicates the activation of autolytic
processes against the background of enhancement
of lipid peroxidation processes (Fig. 1A).

Disturbed and the links of the CMC between
themselves. Insert discs have undergone changes
both desmosomal, and non-aqueous compounds.
It should also be noted the presence of interfibril-
lary, around-nucleus and subarecolleal edema. The
liquid surplus in the form of vacuolar formations
was deduced from the boundaries of cells [13].

Similar changes were introduced in the CMC of
the mice of the third group, but the severity of
changes is more pronounced. CMCs were found at
different stages of apoptosis (Fig. 1B). This was
manifested by a gradual decrease in the size of cells,
consolidation of their cytoplasm, separation from
one another due to the loss of intercellular contacts
and formation of pseudopodes. CMCs decreased
significantly in size, as a result of fragmentation,
they pushed out of a row and were observed in the
interstitial space. In the cytoplasm of CMC, large
blisters with electron-permeable contents, possibly
a fluid of edema, and a fine-dispersed material of
moderate electron density, not surrounded by a
membrane, were observed. Observed were dual-
core CMCs and cells whose nuclei had invasions of
the nuclear shell. This, on the one hand, increases
the area of nuclear surface, and on the other hand,
it can be a sign of the polyploidization of CMC in
response to the death of these cells for the actions
of the low doses of radiation (LDR) [14].

PUcCyHOK 1. YnbTpacTpyKkTtypa Miokapaa npaBoro nepepacepas muwei niHii BALB/c i3 cekBecTpoBaHuMM,
MiKpOKNa3MaTo3HMMKU AiNAHKaMU, Ni3ocoMamu i BaKYONApPHUMU YTBOpPeHHAMM 3a ymoB pii HAP 30HM
Biguy>keHHA (A) i anonTo3Ho 3miHeHun KML| nicna xpoHiuyHOro 30BHilIHBbOrO Y-ONPOMiHEHHA B CYMapHiil Ao3i

0,43 38 (B). A - x 12200; b - x 16500.

Figure 1. Ultrastructure of the right atrium of the BALB/c mice with sequestered, microclavicular regions,
lysosomes and vacuolar formations under the conditions of the LDR exclusion zone (A) and apoptosis modi-
fied CMC after chronic external y-irradiation with a total dose of 0.43 Sv (B). A - x 12200; B - x 16500.
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MopdomeTpuyHUii aHaIi3 CBiIYMB PO CTATUCTUUYHO
JIOCTOBipHE B3HMXEHHS 00’€MHO1 WIiJIBHOCTI MiTO-
xoHapin (OUIMT) mpoTn KOHTPOJBLHOIO MOKa3HWKA
no (21,4 +2,1)/(14,2 + 1,9) % B 11 i 111 rpyni TBapuH,
BiamoBigHo. BkazaHi 3MiHM BigOyBajucs BHACIiAOK
3MEHILIEHHS PO3MipiB MITOXOHAPiii: iX IIolla B ce-
peaHboMy popiBHioBana (0,33 £ 0,02)/(0,29 £ 0,01)
MKM2. 30iJbllIeHHSI KiNbKOCTI ApiOHUX (DOpM Bin-
OyBajioCs OMTHOYACHO 3 MOSIBOIO KPYITHUX MITOXOHIPIA.
ITosiBa 3HAYHOIrO 4YHKCJa HEBEJMKHUX 3a PO3MipaMM
MITOXOH/IPi Mpu HE3MIHHOCTI MOKAa3HUKA KilbKiCHO1
LIiIABHOCTI, TOOTO iX KiJIbKOCTi B ONMHULII 00’€MY LI1-
TOMJAa3MU, MOXKE CBiIUMTU, IO IPOLECU HOBOYTBO-
PEHHS MITOXOHAPiii BimOyBanucs Ha ¢OHi 1X YaCTKOBOIL
3arn6eni. Baacaigok sumkendsg OLLIMT mipu crabinb-
HOCTi 00’eMHOT 1IibHOCTI Miodiopua (OLLIM®) B on-
pPOMiHEHMX TBapWH IOKa3aHO 3HUXXEHHS CHiBBiIHO-
meHHd nux nokasHukis {(0,69 + 0,02)/(0,53 £ 0,04)
oxn.} BimHOCHO KOoHTpoJo (1,03 £ 0,03 ox.) (Tabm. 1).
Bce 11e, a TakoX MPUCYTHICTh IOHUX, (DYHKIIOHATBLHO
HEe3pinX MITOXOHApPif, MPU3BOAUTH OO0 AeGhillUTY
eHepro3abe3neyeHHs i MOpPYILIEHHSI CKOPOTJMBOCTI
KMII.

B uurtomiasMi MOBCIOAHO CITOCTEpirajiyd HE3HAYHO
pPO3IIMpPEHi KaHaIbIII capKoTIa3MaTUYHOI CiTKU, pubo-
coMHu, mnoJjiicomu, komriuieke Tonbmaxki. CekpeTopHi rpa-
HYJIM, SIK i y IHTAKTHUX TBapuH, MpPEeACTaBJIeHI TpboMa
TUIIAMU, aJie iX CHiBBiIHOIIECHHS 3MiHWJIOCS. 3MEHIIIN-
Jacst KinbKicTb rpanyd [ tumy 1o 9/10 % nipu 306i1bl1eHHI
yucia rpanyia 11 tuny no 66/61 %. Taki 3miHu cBimyaTh
npo mnapajeibHe 3HUXKEHHSI PoLeCiB CUHTEe3Y i ceKpelil
B KMII (Tabm. 2).

Ille onHi€l0 OCOOIUBICTIO YABTPACTPYKTYPU Mepeace-
paHux KMII y tBapun III rpynu Oyna He3HayHa
KiIbKiCTh KaHaJbliB KoMIuiekcy Tonbaxi. Lle mo3naum-
JIOCS Ha 3MEHILIEHHI 3arajJibHoOi KiJIbKOCTi rpany (677) y

Ta6nuusa 2

The morphometric analysis indicated a statistical-
ly significant decrease in the volume density of mito-
chondria (OSCMT) against the control index to
(21.4 £ 2.1)/(14.2 £ 1.9) % in the second and third
groups of animals, respectively. Vcaise changes
occurred as a result of diminishing the size of the
mitochondria: their area averaged (0.33 =+
0.02)/(0.29 £ 0.01) um?. An increase in the number
of small forms went off simultaneously with the
appearance of large mitochondria. The emergence
of a significant number of small-sized mitochondria
with a constant quantitative density, that is, their
numbers per unit volume of the cytoplasm, may
indicate that the processes of tumors of the mito-
chondria occurred on the background of their partial
death. As a result of the decrease in OSCMT in the
stability of the volume density of myofibrils
(OSCHMF) in irradiated animals, a decrease in the
ratio of these parameters {(0.69 = 0.02)/(0.53 = 0.04)
units} relative to control (1.03 * 0,03 units) (Table
1). All this, as well as the presence of young, func-
tionally immature mitochondria, leads to a shortage
of energy supply and contraction of the CMC.

In cytoplasm, insignificantly expanded tubules of
the sarcoplasmic net, ribosomes, polysomes, Golgi
complex were observed everywhere. Secretory gran-
ules, as in intact animals, are represented by three ty-
pes, but their ratio has changed: the number of gran-
ules of type I decreased to 9/10 % with an increase in
the number of granules of type III to 66/61%. Such
changes indicate a partial reduction in the synthesis
and secretion processes in the CMC (Table 2).

The infinite number of tubules of the Golgi com-
plex was another peculiarity of the ultrastructure of
atrial CMC in animals of the third group. This
affected the reduction of an equal number of gran-

CniBBifgHOWEHHA Pi3HUX TUNIB nepefcepAHUX FPaHyn y Kapaiomiouutax npaBoro nepeacepas Mulien niHii
BALB/c, wo 3a3Hanu nocriitHoro BNAuBY ioHisyto4oi paaiauii y Hu3bkux posax (%).

Table 2

The ratio of different types of atrial granules in the cardiomyocytes of right atrial of the BALB/c mice

exposed to permanent low-dose ionizing radiation (%).

Tunm / types I'pynun oGcTexxeHHs / examinated groups
| (KoHTpONB) Il (ekcnoHoBaHi B 30Hi BipuyxeHHs) |l (y-onpomineHHs B cymapHii posi 0,43 3B)
| (control) Il (exhibited at the exclusion zone) 1ll (y-irradiation at the total dose 0.43 Sv)
Aéc. / abs. % Abc. / abs. % Abc. / abs. %
I 208 22 110 9 66 10
I 276 28 325 25 198 29
Il 491 50 853 66 413 61
Ycboro / total 975 1288 677
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MOPiBHSHHI 3 KOHTposeM (Tabi. 2). Crocrepiraiu Ta-
KOX He xapakTepHi a1 KMII BUTSTHYTI Ta HeNpaBUJIb-
Hoi (popmu rpanynu [13, 14].

3a tpuBasioi nii H/IP B 30Hi Bimuy>XeHHsI KpPOBOHOCHI
MIKpPOCYIWHM — MpeKamiJspu, KamiJsgpu Ta ITOCT-
KaIliisipy He 3a3HaBaJiM 3HAYHUX JECTPYKTUBHUX 3MiH.
IIpu ubomMy MixXeHaoTediaabHi KOHTAKTU YILUiJAbHEHI.
e cBiguuTh, 1110 B APIOHUX OOMIiHHUX KPOBOHOCHUX
cyArHax Ha (POHi aKTUBHUX TPAHCUMTO3HUX IPOLECiB
BUpaxkeHi OIOCMHTETUYHI Ta ayTOJiTU4YHiI mpouecu. B
OLIBLIMX 3a JiaMeTPOM KPOBOHOCHMX CyJMHAX MioKap-
Jla BUSIBJIEHO OiJIbII BUpa3Hi 3MiHU. B apTepionax 1u-
TOMJja3Ma YaCTUHM €HIOTEIiOLUTIiB Hadyna MiaBUILE-
HOI €JIeKTPOHHOI ILiJIbHOCTI, MiTOXOHIPIi 3 JOKAJAbHO
JIiI30BaHUM MAaTPUKCOM i KpUcTaMU. [HIII eHmoTeio-
LIATU, €JeKTPOHHOIIPOCBIT/IEHI BHACiZOK HAOpPSKY i
JII3UCY CKJIAJA0OBUX LIMTOIUIA3MU, BUAABATINCS Y TIPOCBIT
CYIVHU.

OCOONMMBOCTIMHU CYAMH TEMOMIiKPOIUPKYISITOP-
Horo pyciaa tBapuH III rpynu Oyno migBuILeHHS iX
peakTUBHOCTI Ha (POHI 30epeXeHOl YAbTPACTPYKTY-
pu. Ha peakTuBHiCcTh BKa3ye 30iJbIIEHHS 3BUBUC-
TOCTi CTIHKM T€eMOMIKPOCYAMH, KiIbKOCTi MiKpOBU-
pOCTiB i MIKpPOBOPCMHOK Ha iX JIIOMiHaJbHIill TMO-
BEPXHi.

VibTpacTpyKTYpHUM aHali3 aopTW MUIIEN JiHii
BALB/c noka3as, mo 3a TpuBajoi aii H/IP HaiOiabm
ypa3auBuUM € eHpoTeniii. Cnocrtepiraim BTpaTty
3B’SI3KiB MixX 0a3aJIbHOIO TOBEPXHEIO €HIOTETIOLMTIB i
OazanbHOO MeMOpaHoto (puc. 2 A). BoueBuab, cripus-
I0Th IIbOMY YTBOPEHHS IIyXMpiB, SIKi TPaHCIIOPTYIOTb
piIuHy HaOpsSKy, i pPeUYOBMHU, SIKi YTBOPUIMCH IIpHU
pyiHYBaHHI KOMITOHEHTIB MiAeHAOTENiaIbHOTO IIapy.
3a paxyHOK IyXUMpLENoAiOHMUX yTBOPEHb €HIOTENii
¢dopmyBaB apkaau pi3Hoi BUCOTH. B eHpmoTenii aoptn
3MeHIIyBajacsl KiJIbKiCThb OpraHesl 3arajbHOTO TpU3-
HauyeHHs Ha (bOHi CYTTEBOro 30UIBIIEHHS KiJIbKOCTI
cekpeTopHuX Tielb Beitbens-ITanane. KpaitHim npo-
SIBOM TIOLIKOJXXKEHHSI €HIO0TeNil0 a0pTH OYJIu JiNSHKU
ioro geckBamallii, ToOTO 0Oa3ajbHa MeMOpaHa 3aliu-
Irajacsl OrojJieHOl Ha 3HAYHUX BiacTaHsX. bazamibHa
MeMOpaHa Ipu LbOMY OyJia po3MyIlleHa i JeCTPYKTYpO-
BaHa (puc. 2 A).

¥ tBapuH I1I rpynu xapakTep i CTYMiHb MOIIKOIKEHHS
CyIWH OyJiM OifbIll BUpaXXeHUMHU, HixX Y TBapuH II rpy-
nu. EHpoTeniii He KOHTaKTyBaB 3 0a3ajibHOIO MeMOpa-
HOI0 Ha 3HAYHMUX BiJCTaHSIX, CTOHILIEHi nepudepiiiHi
TIJITHKY HEPiBHOMIPHO BUIABAJIUCS Yy MPOCBIT CYAUHU,
HaJalouM EHAOTEeNiaIbHOMY BUCTEJIEHHIO XBWJISICTOTO
BUIIs1ay. BUsiBIeHO AiISIHKM HAOPSIKY Ta JIi3UCY LIMTOII-
nma3mu (puc. 2 B). HagBHiCTb eHIOTETOUNTIB 3 MiIBU-

ules (677) compared with control (Table 2).
Observed were also that the extracted and irregular-
ly shaped pellets were not typical for CMC [13, 14].
No significant destructive changes of the blood ves-
sels (precapillaries, capillaries and postcapillaries)
emerged under the long-term effect of LDR in the
exclusion zone. Interendotheliac contacts herewith
are tightened. This testifies that in small metabolic
blood vessels on the background of active transitsion-
al processes expressed biosynthetic and autolytic
processes. In the larger diameter of the blood vessels
of the myocardium, more distinct changes were
detected. Cytoplasm of some endotelial cells of arte-
rioles has increased electron density, mitochondria
with a locally grown matrix and crystals. Other
endothelial cells are electron-enlightened due to
edema and lysis of the cytoplasmic components,
which were released into the lumen of the vessel.
The peculiarities of microvasculature blood ves-
sels of animals of the III group were to increase
their reactivity on the background of the preserved
ultrastructure. The reactivity is characterized by an
increase in the vibrations of the wall of the hemo-
mycosis, the number of micro-viruses and
microvilliums on their luminal surface.
Ultrastructural analysis of the aorta of mice of the
BALB/c line showed that the long-lasting effect of
HPD is the most vulnerable endothelium. Observed
loss of connections between the basal surface of the
endothelial cells and the basal membrane (Fig. 2A).
Obyviously, it contributes to the formation of blisters,
which train the fluid of edema and substances that
were formed when the components of the sub-
endothelial layer were destroyed. Due to the puffy for-
mations, the endothelium formed arcades of different
heights. In aortal endothelium the amount of orga-
nelles of general use decreased with the background of
a significant increase in the number of Weybel-Pelade
secretory bodies. The ultimate manifestation of dam-
age to the aortic endothelium was the area of its de-
squamation, that is, the basement membrane re-
mained nude at considerable distances. The basement
membrane was loosened and disorganized (Fig. 2A).
In animals of the III™ group, the nature and extent
of vascular damage were more pronounced vs. in ani-
mals of the II" group. The endothelium did not con-
tact the basement membrane at significant distances,
thinned peripheral areas unevenly appeared in the
lumen of vessel, providing an endothelial lining wavy
appearance. The areas of edema and lysis of the cyto-
plasm were found (Fig. 2C). The presence of endo-
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PUCYHOK 2. YnbTpacTpyKTypa eHpoTenito aoptu muweit ninii BALB/c 3 AinAHKaMn I0KanbHOro po3WMpeHHs
nigeHpoTenianbHoro npocropy i pecksamatuieto 3a ymos Aii HAAP 30Hu BiguyxenHa (A). x 16300. EHpoTeniouut
3 @NeKTPOHHO YIWiNbHEHO LMTONNA3MOI0 MiCNA TPMBANOrO 30BHIIHLOIO Y-ONPOMiHEHHA CYMapHO [03010
0,43 38 (b). x 40000.

Figure 2. The ultrastructure of the aorta endothelium of the BALB/c mice with sites of local expansion of the
subendothelial space and desquamation under the conditions of the LDR exclusion zone (A). x 16300.
Endothelial cell with electron densified cytoplasm after a long-term external y-irradiation at the total dose

0.43 Sv (B). x 40000.

IIEHOIO €JIEKTPOHHOIO IIUTbHICTIO IMTOIUIA3MU 3a paxy-
HOK 3MEHILIEHHSI KiJIbKOCTi OpraHey Ta MiKpOIiHOLM-
TO3HUX BE3UKYJ i HAKOMWYEHHSI APiOHOAUCIEPCHOTO,
eJIEKTPOHHOIIIJTBHOIO MaTepiajly CBiTYMTh MpPO IoYar-
KOBi cTazii amonto3y (puc. 2 B). bazanpHa memOpaHa
pO3MYyIIIeHA i JeCTPYKTypOBaHa.

3a3Buyaii, B ONPOMiHEHNX TBAPUH B 30Hi TecKBaMallii
E€HIOTEiI0 a0PTHU TJ1aAeHBKOM SI30Bi KJIITUHU TilepTpo-
¢onani. fapa 3 mMOOKMMM iHBariHalisIMA i TpaH-
CKPUIILIITHO HEaKTUBHUM TeTepoXxpoMaTHHOM. B 1m-
TOIJIa3Mi OiJbLIOCTI KJIITUH €HAOTENil0 aopTu Iie-
peBaxaiu MiodiraMeHTH, po3MilleHi xaoTuuHo. [Topy-
IIeHHS CKOPOTJIMBOIO amapaTy 3yMOBJIEHO HeIocC-
TaTHICTIO €HePTeTUYHOTO 3a0e3leUYeHHsT IMX KJITUH B
pe3yabTaTi 3MEHILUeHHS KiJIbKOCTI MITOXOHApiA ¥y
MOpiBHSIHHI 3 | Tpymorw TBapuH, MPOCBITIEHHS iX
MaTPUKCY Ta IeCTPyKIlii Kpuct [15].

ITpoBeneHe eaeKTPOHHOMIKPOCKOITiYHE AOCTiAXKEHHS
BOpITHO1 BEHM TBapuH, $Ki 3a3Hanu BrjuBy HIIP,
CBIUMJIO TIPO CYTTEBI 3MiHU iXHBOI CTiHKHU. Tak, y TBa-
puH Il rpynu y Oinbiiiii Mipi MposiBAsIaCh aKTUBALlis
opraHesl MeTaOOJIIYHOTO IUIaHy, 10 MPU3BOIMIO IO
30iJIbIIEHHS PO3MIpy sIIep Ta IXHIX siAepelb, i e € CIie-
HupiYHUM 71 pamialliiiHOTO YIIKOmXeHHs. Hecme-
HU@IYHUM U1ST pafiallifHOTO YIIKOIKEHHS €HIOTEJilo
OyJa iioro meckBamallisi, MPAKTAUYHO BCi MATOJOTII CyII-
POBOJIKYIOTHCSl JIOKAAbHUM BiIAiIJIEHHSIM €HAOTeialb-
HOIro BHCTEJIEHHsS Big 0a3alibHOI MeMOpaHM i po3r-
JISITAEThCS K PEaKTUBHE YIIKOMXKEHHS, SKe YCITIITHO
BiTHOBIIOETHCS (puc. 3 A).

thelial cells with elevated electron density of the cyto-
plasm due to a decrease in the number of organelles
and mikropinotsitoznyh vesicles and the accumula-
tion of fine-dispersed, electron-bearing material indi-
cates the initial stages of apoptosis (Fig. 2C).
Basement membrane is loosened and destructured.

Usually, in irradiated animals in the desquama-
tion zone of the aortic endothelium, the smooth
muscle cells are hypertrophied. Kernels with deep
invaginations and transcriptionally inactive hete-
rochromatin. In the cytoplasm of most cells of the
endothelium of the aorta, the myofilaments,
which are chaotic, have been altered. Violation of
the contraction apparatus is due to the lack of
energy supply of these cells as a result of a decrease
in the number of mitochondria in comparison with
the I group of animals, the clarification of their
mantra and destruction of crust [15].

An electron microscopic examination of the
portal vein of animals exposed to GDI showed sig-
nificant changes in their walls. Thus, in Animals of
Group I, the activation of the organelle of the
metabolic plan was more pronounced, which led
to an increase in the size of the nuclei and their
nuclei, and this is specific for radiation damage.
Non-specific for endothelial radiation damage was
its desquamation, practically all pathologies are
accompanied by a local branch of endothelial lig-
ation of the basement membrane and considered
as a reactive injury, which is successfully restored
(Fig. 3A).

193 &



EKCINEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2017. Bun. 22.

PucyHoK 3. YnbTpacTpykTypa eHpoteniio BopiTHOT BeHu muwein niHii BALB/c 3 nokanbHuM niucom nnasma-
TUYHOT MeMbpaHu i peckBamauieto 3a ymos Aii HAP 30HK BiguyxkeHHA (A). x 15000. LokoBui eHpoTeniouut
nicnsA TpUBanoro 30BHilHLOr0 Y-ONPOMiHeHHA cymapHoio po3oto 0,43 38 (B). x 15000.

Figure 3. Ultrastructure of the endothelium of the portal vein of the BALB/c mice with local lysis of the plas-
ma membrane and desquamation under the conditions of the LDR of the exclusion zone (A) x 15000. The shock
endothelitis following a long-term external y-irradiation at the total dose 0.43 Sv (B). x 15000.

¥V tBapun I1I rpynu BusiBiieHO BUCOKY MakpodarajaibHy
aKTUBHICTb y MieHIOTEeTiaIbHOMY IIapi BHYTPIillIHLOI
000JIOHKY BOpiTHOI BeHU. [1pu 11boMy Makpodaru croc-
Tepiraqu sIK y BEJIUKii KiJIbKOCTi, TaK i B aKTUBHOMY
cTraHi. BoHM Maiu YMCIIEHH] J1i30COMM Ha Pi3HUX CTaisIX
¢dopMyBaHHS: TIEPBUHHI JIi30COMU, 1110 € MAJIOAKTUBHU -
MM, BTOPUHHI a060 harocoMu, SIKi BKIIOYAIOTh IO CBOTO
CKJIaay JiMiaHi TpaHyJiM, Ta TPETUHHI Ji30coMuU abo 3a-
JIMILIKOBI TinbLsl. bazanbHa MemMOpaHa po3liapoBaHa Ha
IT’Th i OiJIbIIIE TIapiB aX J0 MTOBHOI rOMOTeHi3allii Ta yT-
BOPEHHSI CYLIJIBHOIO IIapy 3 eJeMeHTaMM HaOpsKy.
Pinuna HaOpsIKy mepeHOCUThCS 3a JOMOMOTOI0 TpaH-
CEeHJIOTeMiaJIbHUX ITyXUPLIiB.

Sk mpaBumIo, CKyMmUYeHHs MakpodariB crioctepiraimu
0is1 0azajbHOI MeMOpaHM B OTOYEHHI KOJIareHOBUX
BOJIOKOH, CTPYKTYpHa OpraHizauisl SKMUX Oyja TakKoxk
MolKoaXeHa. Pa3oM 3 HE3MiHEHUMU i 1OCUTh aKTHB-
HUMM Y MeTa0OJIiIYHOMY TlJIaHi, BUSIBJIEHO IIIOKOBI €H-
JOTETiOUUTU, TOOTO, BOHM 3HAXOIOATHCS Ha Pi3HUX
PiBHSX €JIEKTPOHHOI 1IiIbHOCTI (puc. 3 B). Li ki1iTuHK
MajJaMu eJIEeKTPOHHOIUiAbHI sgapa i sapepus. Ilepu-
(bepiiiHa 30Ha TaKUX KJIITUH HAATO CTOHIIIEHA, OpraHe-
JIM, TIPAKTUYHO, BiACYyTHi, MiTOXOHApil MOOAMHOKI i
po3MmilleHi 6ing sgapa. Takuil cTaH KIIITUH Tepeaye
aronTo3y, iHiliioBaHOMY Yy BHYTpIilllHiii 000JIOHL
BOpiTHOI BeHU TpuBaiow aicro H/AP. 3a uux ymoB
BiAMivyamOThCS 3MiHM I1aJeHbKOM’ SI30BUX KJIITUH Ce-
penHbOi 0OOJOHKM BOPITHOI BEHHU, IJISI SIKMX Xapak-
TEPHU anonTo3 OLIbIIOI YACTUHU KJIITUH. Y NigeHa0-
TeJialbHOMY IIapi BOPiTHOI BEHU CIIOCTEpiraiu mepe-
BaxkaHHSI €JacTUYHUX BOJIOKOH HaJ KOJareHOBMMMU,
TOIi K Yy HEONPOMiHEHUX TBApUH Oilbllle KOJaareHo-
Bux [16].

In animals of the III group, high microphage
activity was detected in the subendothelial layer of
the inner vein of the portal vein. In this case,
macrophages were observed both in large numbers
and in active state. They had numerous lysosomes
at different stages of formation: primary lysosomes
that were inactive, secondary or phagosomes,
which included lipid granules in their composi-
tion, and tertiary lysosomes or residual corneas.
Basal membrane is layered on five or more layers
up to complete homogenization and the formation
of a continuous layer with elements of edema. The
fluid is swollen with transendothelial bubbles.

As a rule, the accumulation of macrophages was
observed near the basement membrane, surround-
ed by collagen fibers, whose structural organiza-
tion was also damaged. Together with the
unchanged and sufficiently active in the metabolic
plan, shock endothelial cells are detected, that is,
they are found at different levels of electron densi-
ty (Fig. 3B). These cells had electron-cell nuclei
and nucleoli. The peripheral zone of such cells is
too thinned, organelles, virtually absent, mito-
chondria are isolated and located near the nucleus.
Such cell wall precedes apoptosis, initiated in the
inner shell of the portal vein by a prolonged action
of LDR. Under these conditions, changes in the
gland-cells of the middle vein of the portal vein,
which are characterized by apoptosis in most of
the cells, are noted. In the subendothelial layer of
the portal vein, the predominance of elastic fibers
over collagen was observed, while in non-irradiat-
ed tvary more collagen [16].
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ITpoBeneHe eneKTPOHHOMIKPOCKOITiUHE AOCTiAXKEHHS
MioKapaa, aopTH i BopiTHOI BeH: Muinei iHii BALB/c
3a ymMoB TpuBajoro BBy HJIP cBiguuTh mnpo
pagioinaykoBaHi 3MiHu K KM, Tak i eHgoTemialbHUX
KJIITUH aOpTW i BOPITHOI BEHM, $SIKi MPU3BOIAATH 10
3aIlyCcKy MexaHi3MiB amorro3sy [13—16].

ITopanpuri HalLLl TOCTiIKEHHSI TOKA3HUKIB OKCUIATUB-
HOTO CTpecy IMoKa3aju, LI0 Iicis 6-MicsTdHOro nepeody-
BaHHS B YOpHOOWIBLCHKIN 30Hi BiZUy>KeHHSI 32 YMOB
tpusaioi aii HIP y TBapun II rpynu piBHi reHepaitii ‘O~
MiABUIITYBAJICS JUIIe y CyauHax (B aopTi i BOpiTHIil
BEHi), aJie He B ceplli, TOAi K IBUAKICTh reHepailiii ‘OH
3HAYHO 3pOcTalia JIMIe y BOPIiTHili BeHi (puc. 4).

Boanouac nynu crabineHoro H>O; i ceyoBoi KUCI0TH
3a aii HIP 3pocranu y BCix OOCHIiIXyBaHMX OpraHax
CCC. Ilynu H,0, B cepui TBapuH Il rpynu Oynu BUIIm-
MU Maifxke B 4 pa3u, B aOpTi Ta BOPiTHiI BEHi — Maiixe B
2 pa3u y TIOpiBHSIHHI 3 KOHTpoJieM. BMicT ceuoBoi Kuc-
JIOTH 3pocTaB Oinblr HiXX y 10 pa3iB y BOpiTHilf BeHi, Tomi
JK y cepli i aopTi OyB 3HAaUHO MeEHIIUM (B 2 pasu)
MOPiBHSIHO 3 KOHTPOJbHUMU 3HaUeHHsIMU (puc. 4). Lle
BKa3y€e Ha IiJIBUIIEHHS aKTUBHOCTI HYKJIEOTUIHOTO
(KCaHTMHOKCHMA3a) TeHepaTopa CYMNepoKCHUAy 3a il
HJIP y 30Hi Biguy:keHHSI, a, OTXe, i Tpo 3HAYHUH piBeHb
Jerpafaliii ageHiH- i ryaHiH-HykJieoTuaiB. Came Lei
MpolLeC € OJHIEID 3 OCHOBHUX MPUYMH 3aMyCcKy amoll-
TU4YHOI nporpamu [17].

YV tBapuH III rpynu piBens renepatii -OH minBumms-
co SIK B CEplli, TaK i B CyIMHAaX — aopTi i BOPITHill BeHi B

Electron microscope study conducted infarction,
aortic and portal vein mice BALB/c under condi-
tions of prolonged exposure to research suggests
radiation induced changes in both the CMC and the
endothelial cells of the aorta and portal vein leading
to zapusku mechanisms of apoptosis [13—16].

Further our study of indicators of oxidative stress
showed that after 6 months of stay in the Chornobyl
exclusion zone under conditions tryvaloyi action
research in animals Group II level generation -O,~
raised only vessels (in the aorta and portal vein), but
not in the heart, while -‘OH generation rate signifi-
cantly zrostala only in the portal vein (Fig. 4).

Thereat the pools of stable H,O, and uric acid
under the LDR impact increased in all CVS organs.
H,O, pools in the heart of animals of the group II
were higher than the control level at least 4 times and
~ 2 times higher in aorta and portal vein. Levels of uric
acid increased by more than 10 times in portal vein,
whereas the increase in the heart and aorta was signif-
icantly lower (2-fold) vs. control values (Fig. 4). This
indicates an increase in activity of nucleotide (xan-
thine oxidase) generator of superoxide over the effects
of the LDR in the exclusion zone, and, consequently,
on the significant level of degradation of adenine and
guanine nucleotides. This process is one of the main
reasons for the launch of apoptotic program [17].

In animals of the I1I™ group, the level of generation
-OH has increased both in the heart and vessels — the
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PUCYHOK 4. MopiBHAHHA NOKa3HMKIB OKCUAATUBHOIO CTpecy B CepLeBO-CYANHHIN cucTemi 3a yMOB Aii HU3b-
KUX f03 pajiauii 30HU BifuyKeHHA i XpPOHIYHOr0 30BHilWHbLOrO Y-ONPOMiHEeHHA cymapHoto ao3oio 0,43 3B.

1 — weunpakictb reHepauji -O27; 2 — weuakicTb reHepadii -OH; 3 — BmicT H202; 4 — BMICT ce40OBOI KMCNOTW.

*PisHnus pocTtoBipHa BigHOCHO KOHTpoJo (p < 0,05);**pi3HnuUsa [OCTOBIpHA Y NOPIBHSAHHI 3 30HOIO Bigyy>xeHHs (p < 0,05).

Figure 4. Comparison of oxidative stress indices in the cardiovascular system under the low dose radiation

exposure at the exclusion zone and the chronic external y-irradiation in a total dose of 0.43 Sv.
1 --02" generation rate; 2 — -OH generation rate; 3 — H202 content; 4 — uric acid content.
*Difference is significant relative to control (p <0.05); **difference is reliable compared with the exclusion zone (p <0.05).
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MOPiBHSIHHI 3 TaHUMU KOHTPOJIIO, i 3i 3HaueHHsAMuU 11
rpynu (puc. 4). 3HaYHO BUIIMMMU Bil 3HAYEHb 30HU
Bimuy>XeHHsT Oynu ¥ mynu crabinmpHoro H,O, y cepmi i
BopiTHit BeHi TBapuH III rpymu. IHmMX gOCTOBIpHUX
3MiH BiTHOCHO MaHUX YOpHOOMJIBCHKOI 30HU BiTUyKeH-
HS ceped TMOKa3HMKIB, 110 XapaKTEepU3yIOTb iHTEH-
CHUBHICTb OKCUIATUBHOTO CTPECY 32 JIil 30BHILIHBOTO Y-
OIMPOMiHEHHS cymMapHoIo 103010 0,43 3B MU He 3adikcy-
BaJIN.

ITpu nmopiBHSIHHI MOKA3HUKiB HITPO3aTUBHOTO CTPECY
3a yMOB IocTiitHoro BruiuBy HJIP BcTaHOB/IEHO 3HaUHE
nigsuieHHs myaiB NOs™ y ceplli i BOpiTHili BeHi TBapuH
II rpynu (puc. 5).

Ockinbku NO3™ B 3HauHilA Mipi € IPOAYKTOM Hepa-
JUKaJIbHOI Aerpaaallii IepoOKCUHITPUTY, TaKe 3pOCTaH-
Hs nyniB NO;3™ cBig4uTh PO Te, 110 3a TpUBAJOi Ail
HJIP B cepii i BOpiTHIil BeHi MEPOKCUHITPUT YTBO-
PIOETHCH, aJie pO3MATAETHCS MEPEBAXHO HEpaIUKab-
HUM LUIsIXOM. B Toit e 4yac, B aOpTi NEPOKCUHITPUT,
LIBUIIE 32 BCE, YTBOPIOETHCS, ajie pO3MaJa€ThCsl Ha
JBa TOKCUYHUX paauKaid — Jiokcuay a3oty i -OH, sxki
obuaBa € iHiuiaTopamu mpoleciB HehepMEHTaTUBHO-
ro ITOJI. Tlpo yTBOpeHHSI MEpPOKCHHITPUTY B aOPTi
CBIIUMTH TAKOX 3HAUYHE IMiABUILEHHS TeHepalii Oy i
30i7bIIIEHHS piBHS HiTpo3wiboBaHUX 0inkiB (BMHT),
no3asgK caMe MEPOKCUHITPUT € OCHOBHUM HiTPO3WUIIIO-
ounM daktopoM (puc. 5). B aopti tBapun Il rpynm

aorta and portal vein in comparison with both control
data and values of the 11 group (Fig. 4). Significantly
higher values of the exclusion zone were the bullets of
stable H,O; in the heart and the portal vein of animals
of the III group. Other reliable changes in relation to
the data of the Chornobyl exclusion zone among the
indicators that characterize the intensity of oxidative
stress by the action of external y-irradiation with a
total dose of 0.43 Zv did not fix.

When comparing nitrosatitative stresses in the con-
ditions of constant influence of GDI, a significant
increase in NOj;™ pools in the heart and portal vein of
animals of the II group was established (Fig. 5).

Since NOs™ is largely a product of non-radical per-
oxynitrite degradation, such an increase in pools of
NO;~ suggests that peroxidant peroxynitrite is
formed during prolonged action of NDP in the heart
and portal vein, but is metabolized mainly by non-
radical pathway. At the same time, in the aorta, per-
oxynitrite is most likely formed, but it splits into two
toxic radicals — nitrogen dioxide and ‘OH, both of
which are the initiators of processes of non-enzymat-
ic LPO. The formation of peroxynitrite in aorta is
also evidenced by a significant increase in the gener-
ation of ‘O,” and an increase in the level of nitrosat-
ed proteins (VMNT), since peroxynitrite is the main
nitrosating factor (Fig. 5). In aorta of animals of the
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PucyHoK 5. Moka3HMKM HiTPO3aTMBHOro CTpecy B CepLeBO-CYAUHHiW cuctemi 3a yMOB Aii HU3bKUX [O3

papiauii 30HM Biguy>KeHHA i XPOHIYHOro 30BHIUHBLOrFO Y-ONPOMiHEHHA cymapHoto Ao3oio 0,43 3B.
1 — HiTpuT-aHioH (NO27); 2 — HiTpaT-aHioH (NO3™); 3 — HM3bkoMonekynspHi HiTpodoTionn (HMHT); 4 — BUCOKOMONEKYNSPHI

HiTpo3oTionn (BMHT); 5 — ce4yoBuHa.

*PigHnug pocTtoBipHa BiZHOCHO KOHTPoo (p < 0,05);**pi3Hnusa 4OCTOBIpHA y MOPIBHAHHI 3 30HOIO BigyyxeHHs (p < 0,05).

Figure 5. Nitrosative stress indices in the cardiovascular system under the low dose radiation exposure at

the exclusion zone and the chronic external y-irradiation in a total dose of 0.43 Sv.
1 — nitrite anion (NO2"); 2 — nitrate anion (NOs™); 3 — low moleculare nitrose thyole (LMNT); 4 — high moleculare nitrose thy-

ole (HMNT); 5 — urea.

*Difference is significant relative to control (p <0.05); **difference is reliable compared with the exclusion zone (p <0.05).
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MPUPICT MyJIiB CEYOBUHU OYyB HaWBUIIIUM (Maiixe B 3,5
paza), ToAi SIK y ceplli Lieii MOKa3HUK 3pOCTaB JUlIe Y
1,5 pa3a, a y BOpiTHilfi BeHi 3ajiMluaBCs Maiixke Ha
BUXigHOMY piBHi. lle BKa3ye Ha 3HA4YHy aKTHUBAIlilO
apriHa3HOTO HEOKHMCHOTo MeTabo’i3My L-apriHiHy B
aopTi TBapuH mnig BriuBoM HJIP, a, oTxe, it Ha Oiabil
3HauYHE IPUTHIYEeHHS B aOpTi BHACIigOK TpuBanoi mil
HAP xoncturyruBHoro cuHtedy NO. Lle minTBepn-
KYETbCs HaiHMX4UM piBHeM NO,™ came B aopTi Ta
BiZICYTHICTIO 3HMXKEeHHS TyaiB NO>™ B ceplli i BOpiTHilt
BEHi.

bau3zpkumMu 10 3HaYeHb i3 30HU BigUyKeHHSI Oynu it
3MiHU ITOKA3HUKIB, 110 XapaKTepU3YylOTh iHTEHCUBHICTh
HITPO3aTUBHOIO CTPECy B CEplii, aOPTi i BOPiTHil BeHi
tBapuH III rpynu. BuHSTKOM OyJ0 JiMilie JOCTOBipHE
3HMKEHHST BennuyuHM myiiB NO;™ B ceplli i BOpiTHii
BEHi Ta, HaBMaKW, JOCTOBIpHE IiIBUIIEHHS ITyJiB
HMHT B aopri i nynise BMHT y BopiTHiii BeHi TBapuH
III rpyrm, mopiBugHO 3 11 rpynoto (puc. 5). ITinumeH-
Hs nyniB HMHT B aopti i BMHT y BopiTHiii BeHi TBa-
PUH CBIIYUTH MpPO TE, 110 HITPO3aTUBHMIA CTpeC 3a il
HJIP BuHMKaE 3a paXyHOK OiJibIll iHTEHCUBHOIO iHAYLIM -
o6enpHOTO cHTE3y NO de novo. B Toif ke gac, 3MeH-
meHHs myaiB NOs™ B cepui i BopiTHiit BeHi TBapuH 111
TPYIM BKa3y€e Ha 30iIbIIEHHS 01 BUTbHOPaAUKAIbHOTO
po3snany nepoKCUHiTpuTy. Ha 3HMXXEHHS KOHCTUTYTUB-
Horo cmHTe3sy NO eNOS Bka3dye i 3MeHIIIeHHS ITyJIiB
NO,™ B aopTi i BOpiTHIli BeHi B MOPiBHSIHHI 3 KOHTPOJIEM
i 3HaueHHaMu II rpynu. JlocToBipHE MiABUILEHHS
BMIiCTy CEYOBMHM Yy BCiX MOCHIIKyBaHUX OpraHax B
NOPIBHSIHHI 3 BUXiAHUMM JaHUMHU CBiJYUTH MPO aKTU-
Ballil0 HEOKMCHOI'O apriHa3HOro MeTaboJIi3Mi apTriHiHy
(puc. 5) [18].

OTxe, Halli AOCTIIXKEHHS MOKa3aJu, 110 MOXIUBU-
MU IpuuyumHamu npoanontuyHoi gii HAP 3a ymoB
TpuBajoro ix BmauBy B opraHax CCC mwuiieit JniHii
BALB/c Mmoxxe O0yTH, KpiM BKa3aHO1 BUILE CTUMYJISIIi1
reHepauii POK i mepokcuHiTputy, a 3 iHIIOro —
npurHidveHHsa cuHTe3dy NO KOHCTUTYTUBHUM IILJISI-
XOM, SKWUI MPUTHIYYy€E BiIKPUTTS MITOXOHApiaJlbHOI
MOpH, TUM CAaMUM 3aM00iraloun anonTUYHIN 3arudeti
KMII, ennoTteniaabHUX i r1aleHbKOM I30BUX KIITUH
cynuH. B cBow uepry, 3HMKEHHSI KOHCTUTYTMBHOTO
cuHTe3dy NO Moxe OyTHM HacliIKOM 3HAa4YHOI aKTH-
Balii 3a TpuBajnoi aii HP apriHazHoro Metaboizmy
L-aprininy [17—18].

ITopiBHSIHHSI MOKA3HUKIB MEPEKMCHOTO OKMCJIEHHS
ninigi (ITOJI) 3a ymoB nocritinoro BruBy HJIP moka-
3aJ10, 110 Yy Beix pociimkyBaHux opraHax CCC tBapuH I1
rpynu 3a TpuBajoi aii HAP 30Hu BinuyXeHHs 3Ha4YHO (Y
2,5-5,5 paza) nigsuiyetbes BMict LTCy (puc. 6). Lle

11" group, the growth of urea pools was the highest
(almost 3.5 times), whereas in the heart it grew only
1.5 times, and in the portal vein remained almost at
the initial level. This indicates a significant activation
of the arginine non-oxidative metabolism of L-argi-
nine in aorta of animals under the influence of GDI,
and, consequently, to a more significant depression
in aorta due to the long-term effect of LDR’s consti-
tutive synthesis NO. This is confirmed by the lowest
level of NO»™, namely in aorta and absence of reduc-
tion of NO;™ pools in the heart and portal vein.

Changes in parameters characterizing the intensi-
ty of nitrosatitic stress in heart, aorta, and portal vein
of animals of the 111 group were also close to the val-
ues from the exclusion zone. The exception was only
asignificant decrease in the size of NO;™ pools in the
heart and portal vein and, conversely, a significant
increase in the number of NNMT pools in aorta and
in the STDs in portal vein of animals of group II, vs.
the II group (Fig. 5). The increase of NMTT pools
in aorta and intestinal tuberculosis in the portal vein
of animals indicates that nitrosatitative stress for the
effects of LDR occurs due to the more intensive
inductive synthesis NO de novo. At the same time,
the reduction of NO; pools in the heart and portal
vein of the group III indicates an increase in the free
radical decomposition of peroxynitrite. Reduction
of the constitutive synthesis NO of eNOS also indi-
cates the reduction of NO,™ pools in aorta and por-
tal vein vs. control and values of the II group.
Reliable increase of urea content in all investigated
organs in vs. initial data testifies to activation of argi-
nine nonoxidine arginase metabolism (Fig. 5) [18].

Thus, our study showed that possible causes
proapoptotic action research under prolonged
their influence in bodies CAS mice BALB/c may
be further specified above stimulation generation
of ROS and peroxynitrite, and the other — the
inhibition of NO synthesis constitutive pathway
that inhibits opening mitochondrial pores, thus
preventing the death apoptychniy CMC,
endothelial and smooth muscle cells of blood
vessels. In turn, lower constitutive synthesis of
NO may result from activation znachnoyi long
action research arhinaznoho metabolism of L-
arginine [17—18].

Comparison of LPO in conditions of constant
exposure research has shown that in all investigated
organs CVS group II animals for prolonged action
research znachno Zone (2.5—5.5 times) increases
the content of L'TC4 (Fig. 6). This indicates the
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PucyHoK 6. MopisHaHHA nokasHukiB MOJl B cepueBo-cyauHHiN cuctemi 3a ymoB Aii HU3bKKUX A03 papgiauii
30HM BiguyKeHHA i XpOHiIYHOr0 30BHiLUIHBOrO Y-ONPOMiHEHHA cymapHoio fo3oto 0,43 3B.

1 — nerikoTpieH (JITC4); 2 — TpomboOKcaH By (TxB2); 3 — mieHosi koH’toratu (AK); 4 — manoHoBwuiA gianbaerig (MOA).
*Pi3HMLSA AOCTOBIpHA BiAHOCHO KOHTPOoO (p < 0,05);**pisHNLUS AOCTOBIpHA Yy NOPIBHSAHHI 3 30HOIO Bigvy>XeHHsa (p < 0,05).

Figure 6. Comparison of LPO indices in the cardiovascular system under the low dose radiation exposure at

the exclusion zone and the chronic external y-irradiation in a total dose of 0.43 Sv.
1 - leucotriene (LTC4); 2 — tromboxane Bz (TxB2); 3 — dijene conjugate (DC); 4 — malone dialdehyde (MDA).
*Difference is significant relative to control (p <0.05); **difference is reliable compared with the exclusion zone (p <0.05).

BKa3y€e Ha aKTUBAllilO JIiIiJHOrO JiMOKCUIeHa3HOTO Ie-
HepaTopa ‘O;", 4oro He MOXHa CKa3aTH MPO LMKIOOK-
CUT€HA3HUU reHepaTop (CUHTE3 IMpOCTarJaHAWHIB i
TxB, omHovacHO 3 *O;7), aKTUBHICTb SIKOTO TOCTOBipHO
MiABUIITYETHCS JINIIIE B aOPTi Maiike B 3 pa3n. BctaHoB-
JICHO 3HauyHE MiABUILEHHSI BMICTY i IPOAYKTIB cep-
MmeHTatuBHOTO Tiporiecy ITOJI. 3a BUHATKOM cepls, Ae
BMicCT AieHoBux KoH’'toraTiB (JIK) He migBuinyBaBcs, B
aopTi i BopiTHIM BeHi migBuImyBasmuch i paHHi (K y
3,5—7,5 pa3a), i mi3Hi (MaJIOHOBUI AiajbIeria — Maiike
y 4—5 pasiB), (puc. 6).

ITpu nopiBHSHHI BEJIMYMHU MYJiB MPOAYKTiB (hepMeH-
tatruBHoro ITOJI B mocmimkyBannx opranax tBapuH II i
III rpynu Oyno BCTaHOBJIEHO PELIMIIPOKHI 3MiHU. PiBHI
LTCs B cepui tBapuu III rpynu migBuiyBamucs
HOpiBHSHO 3i 3HaUeHHAMU I rpymnu, Tofi SIK B aOpTi BO-
HU, HaBIIAKU, 3HMXYBaJUCs. AHaJOTiyHi 3MiHU Maju
Miclle i IS paHHBOTO TMPOIYKTY HedepMeHTaTUBHOTO
ITOJI — AK. B Toi1 xe 4yac, oISl Mi3HBOTO MPOIYKTY
(MJIA) crnioctepiraiy OJHOHAMpaBieHE 3HUXKXEHHS B
yciX mociimkyBaHUX opraHax BimHocHo II rpymm. Oc-
TaHHE 3acBiguye OiJNbITY TPUBAIICTH AKTMBHOI (ha3u
BiJIbHOpaAMKaIbHOI JlaHItoroBoi peakiii ITOJI 3a ymoB
XPOHIYHOTO 30BHIIITHBOTO Y-OMPOMIHEHHS CyMapHOIO
no3o1o0 0,43 3B nmopiBHAHO 3 mieto HJIP 30Hm BimuyxeH-
Hs, 3a SKOi KOXHa JIaHIIIOroBa peakliiiss HedepMeHTa-
TUBHOTIO BiibHOpaaukKanbHoro ITOJI 6yna Ginbln KOpoT-
KOTPHUBAJIOIO.
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activation of lipid lipoksyhenaznoho -O,~ genera-
tor, which is not the cyclooxygenase generator
(prostahlandyniv synthesis and simultaneously
ThV: -O,7), whose activity increased significantly
only in the aorta is almost 3 times. Significant
increase in the content and products of the fermen-
tative process of LPO is established. With the
exception of the heart, where the content of control
are not increased, the aorta and the portal vein and
promoted early (DC) 3.5-7.5 times, and late
(MDA) mayzhe in 4—5 times (Fig. 6).

When comparing the size pools enzymatic perox-
idation products in the studied organs of animals I1
and III groups were established reciprocal changes.
LTC;4 levels in the heart of the third group of ani-
mals raised compared with the values of the second
group, while in the aorta are, on the contrary,
decreased. Similar changes have taken place also
for the active product of a non-enzymatic POL-
DK. At the same time, a late product (MDA)
observed a unilateral reduction in all organs studied
relatively second group. Last certifying longer
duration of the active phase vilnoradykalnoyi per-
oxidation chain reaction under conditions of
chronic external y-irradiation total dose of 0.43 Sv
compared with action research exclusion zone in
which each non-enzymatic reaction lantsyuhova
vilnoradykalnoho LPO was more short-lived.
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EXPERIMENTAL

RESEARCH

BUCHOBKU

1. Ha migcraBi JOCHimKeHHS yJIbBTpacTPYKTYpPHOI Op-
radizamii i MeTaboai3My peakKTUBHUX (POpM KHCHIO
(P®K) i asory (PDA) nepencepaHux KapaiOMiOLIUTIB
(KMII), eHnoreniito aOpTH i BOPITHOI BEHU MUILIEH JiHil
BALB/c BusiBi¢Hi 0OCOOIMBOCTI CTPYKTYPHO-(PYHK-
mioHanbHUX 3MiH B opraHax CCC Ta MexaHi3MiB po3-
BUTKY OKCHUJATUBHOTO i HITPO3aTUBHOI'O CTPECY 3a YMOB
TPUBAJIOI Jii CYKYITHOCTI pamioOHYKIiliB YOPHOOMIbChH-
KOTr0 BUKMIY Ta HM3bKOIHTEHCHMBHOTO Y-BUIIPOMiHIO-
BaHHS B HU3bKUX J03aX.

2. BHacnigok TpuBajoro BIUIMBY iOHi3ylouoi pamialii y
HU3BKUX J103aX BimOyBaroTbcsi MoOp¢hodyHKIIOHATbHI
3MiHM B €HEepreTMYHOMY arapaTi KapaioMiOLMTiB Ipa-
BOro Iepeacepasi, siKi MPOSIBJSIIOTLCS 1X Trinepriiasiero
Ha (oHi yacTkoBoi 3arubei. Jdediunt eneprosadesiie-
YeHHSI, a TaKOX HAKOMWYEHHS ILIUIbHUX OJISIIIOK, 110
MOIIKOIKYIOTh BCTABHI AWCKM, IIPU3BOIUTH IO IIOTip-
ILIEHHSI CKOPOTJIMBMX BJIAaCTUBOCTEN MioKapaa.

3. 3a TpuBaJjoi Aii HU3bKMX A03 pajiallili BUHUKAIOTh
3MiHU, cepel IKUX JOMiHYIOUMM € 3aIlyCK MEXaHi3MiB
anonto3dy sk KMII, Tak i eHgoTedialbHUX KJIITUH
aopTu i BOpiITHOI BeHU. PO3BUTOK OKCUAATUBHOIO
CTpeCy CYNPOBOIXKYETHCS IMiABUILIEHHSIM aKTUBHOCTI
MeTaboaizmy POK, 110 BimOyBaeThcs 3a paxXyHOK aK-
TUBAaLil HYKJICOTUAHOTIO i JIiMiJHOTO reHepaTopiB Cy-
nepokcuay. PO3BUTOK HiTpO3aTUBHOTO CTpecy Bigdy-
BA€THCSI BHACJIMOK aKTUBAlil iHAyLHNOEIbHOIO CUH-
te3dy NO ¢epmenToM iNOS Ta iHriOyBaHHSI KOHCTU-
TYTUBHOrO iioro cuHte3y pepmeHToM eNOS. Bucoxi
piBHiI omHo4yacHOI reHepalii cymepokcuny i NO,
3B'I3YI0UUCh, IPU3BOASITH 10 YTBOPEHHS TOKCUYHOTO
MEPOKCUHITPUTY, IKUI € iHiiaTOpOM MpOILECy aron-
TO3Y.
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CONCLUSIONS

1. Based on the study of ultrastructural organiza-
tion and metabolism of reactive forms of oxygen
(RFC) and nitrogen (RFA) of atrial cardiomy-
ocytes (CMC), aortic endothelium and portal vein
of the BALB/c mice, features of structural and
functional changes in the organs of the CCC and
mechanisms of oxidative and Nitrosatitative stress
in the conditions of the long-term effect of the
combination of radionuclides of Chornobyl emis-
sions and low-intensity y-radiation in low doses.

2. Due to the long-term effects of ionizing radiation
in low doses, morphofunctional changes occur in
the energetic apparatus of the right atrial cardiomy-
ocytes, which are manifested by their hyperplasia
on the background of partial death. The shortage of
energy supply, as well as the accumulation of dense
plaques damaging the inserts, leads to deterioration
of the contractile properties of the myocardium.

3. During the long-term exposure to low doses of
radiation there are changes, among which the pre-
dominant is the launch of apoptotic mechanisms of
CMC and endothelial cells of aorta and portal vein.
Development of oxidative stress is accompanied by
an increase in the activity of metabolism of the
RFC, which occurs due to activation of the
nucleotide and lipid superoxide generators. De-
velopment of nitrosatitative stress occurs as a result
of activation of the inducible synthesis of NO by an
enzyme iNOS and inhibition of its constitutive
synthesis with the enzyme eNOS. High levels of
simultaneous generation of superoxide and NO,
bindting, lead to the formation of toxic peroxyni-
trite, which initiates the process of apoptosis.
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