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Poboma npucssuena docnioscennio Ca** -emmocmi ma inmencusnocmi nabyxanns mimoxouopiii xapyunomu I'epena y
OUHAMIYT NYXAUHHO20 POCHTY 3a YMO8 NONEPEOHBO20 HU3LKOO03068020 onpominenns. Jlocniodcenns nposedeni Ha Oinux He-
niniunux wypax macoro 110-130 2 ma eikom 2,5-3 micayi, nodinenux na epynu. I — inmaxmui wypi, Il — wypi 3 mpancnia-
Hmosanoio kapyurnomoio I epena, Il — nyxaunonocii, akum kapyuromy I epena mpancnranmysanu na Qoui nonepeonbo2o
@pakyionosarnozo penmeeniecbko2o HU3bK000306020 onpominenns. Ca’ -emuicmo MimoxXoHOpitl, OMPUMAHUX MEMOOOM
oughepenyiiinozo yenmpugyeysanns, usHAYAIU CHEKMPOGomomempuuro npu 654 um y nPUCYMHOCMI MEMANOXPOMHO0
iHouxamopa apcenaszo-IIl. Peecmpayito HabyxanHs MimoxXoHOpitl mpanc@opmoeanoi mKaHuHu 30iUCHIOBANU HA CNEeKM-
pogomomempi npu 0oexcuni xeuni 520 um. Jocnioncenns Ca?*-emmocmi mimoxonopiii kapyunomu I'epena nokazano, ujo
Ha JameHmHil cmaoii nyXIuHHO20 POCHy CROCMEPieacmbcs no2nuHanHsa Mimoxonopiamu 30 % ex302enno2o kanvyio, wjo
c6iduump npo 36epesicentis 30amHoCmi MimoxoHopiti mpancgopmosanoi mxanunu euxonyéamu pors Ca**-oeno na no-
yamkoeux emanax ouxozenesy. Ane edxce na 14 i 21 006y excnepumenmy cnocmepicacmvcs piske suugicenms Ca®*-
eMHOCMi MimoxoHopili pakoeux Kiimun. Boonouac npu docnioocenni Ca?*-emHoCmi MimoXoHOPitl NYXIUHHUX KIimMuH 3a
Oii nonepeonbo20 ONPOMIHEHHS 6CMAHOETCHO, Wo piske sHudcenHs Ca’*-eMHocmi Mimoxonopiii cnocmepizaemvcs yiice 3
namenmuoi cmadii onxozenesy. Ilopywenns s0amuocmi mimoxonopiii mpancgopmosanoi mxanumu Haxonuuysamu Ca®* 3
00HO20 DOKY MOJICe NIeAHCamu 8 OCHOBI 3anYCKy MeXanizmis, wo 6yoymos npu3eooumu 00 3a2udeni KiimuH, a 3 iHuo20 Mo-
aice CeIOuUmMY npo denonapusayilo Mimoxonopianvnoi membpanu, ockinbku Ca’* Modice HaOX0OuUmu y Mimoxonopii auuie
yepez nomenyianzanexcnuii Ca?*-yninopmep. OOnum i3 UMOGIPHUX MEXAHIZMIE NOPYUEHHS 30AMHOCMI MIMOXOHODILl
mpancgopmosanoi mxanunu naxonuwyeamu Ca** modice Oymu GiOKpUMMA MIMOXOHOPIATHUX NOP HECeNeKMUBHOI npo-
HUKIUBOCMI, W0 PeECmpyiomsb 3a HaOyxanHam mimoxonopii. Ilokazano, wjo 3a 0aHux eKChepuMenmaibHux yMoe cnocme-
pieaemvbca nocuieHHa HabyXauHsa Mimoxonopitl, nouunaioyu 3 14 0obu onxozenesy 3 menoenyielo 00 NocuNeHHs Ha mep-
Minanenux emanax pocmy xkapyunomu I epena. Boonouac 6 mimoxonopianvhiv ghpaxyii mpancgopmosanoi mxanunu no-
NnepeoHbO ONPOMIHEHUX WYPI8 CROCMEPIeAEMbCs NOCUNICHHS 8UCOKOAMNIIMYOH020 HAOYXAHHS MIMOXOHOPIU NOPIGHAHO 3
MIMOXOHOPIAMU NyXTUHHOT MKAHUHY HEONPOMIHEHUX NYXAUHOHOCIIS. 3pobneno eucnosox, wo smenuenus Ca’*-emmnocmi
MIMOXOHOPI MPanchOPMOBAHOT MKAHUHU CYRPOBOONCYEMBCS NOCUNEHHAM HAOYXAHHS MIMOXOHOPIU NYXAUHU, NPUYOMY
3a YMOB NONEPeoHbo20 HUZLKOO0306020 ONPOMIHEHHA NOPYWeHHs. 30amHocmi Mimoxonopiil naxonuwyeamu Ca®* ¢hixcy-
€MbCS, NOYUHAIOYU Ve 3 TAMEHMHOT cmadii OHKO2eHe3).

Kniouoei cnosa: xapyunoma Iepena, nuzbko0o306e onpominenns, mimoxouopii, Ca’*-emuicmo, inmencusnicmo Haby-
XaHHs

Beryn. Mitoxonapii Bifirparmots QyHIameHTa-
JIbHY POJIb Y KOHTPOJIOBAHHI BHYTPIlTHBOKTITHHHHX
KaJIbI[IEBUX TPaH3I€HTIB 1, BIANOBiIHO, B 3abe3me-
YeHHI KaJibllieBoi curHajizaiii B muro3onm (Capuc,
Kapagomu, 2005). O6min Ca?* Mik MITOXOHIpisSMH i
BHYTPILIHBOKIITHHHUM CEpPEelOBHIIEM BiOyBa€eThCS
3a JIOIIOMOTOFO CTIeIU(IYHIX CUCTEM HOTr'0 TPaHCIIO-
pTy: Kambliii moTpamisie B Marpukc uepes Ca®'-
yHinoprep — noTeHmian3anexnuii Ca®*-kaHan BHYT-
pilHBOi MeMOpaHy MITOXOHPIH, a BUXOAMUTS i3 Ma-
Tpukcy uepe3 Na*/Ca?*- i HY/Ca?*-oOminHuKH a60
gyepe3 nopy (Gunter et al.,, 2004, Axomnosa, 2008).
BpaxoBytoun, 10 MITOXOHIpii BHKOHYIOTH pPOJIb
Ca?*-1emno, 1mocaa0IIl00uy HeraTUBHI HACIIAKU Te-
pPEBaHTAXEHHS KJIITHH KaTiOHOM, ab0 HaBIaKH I10-
cumoroTh Ca?*-curHaim, SKi BUKIIMKAIOTHCS Pi3HO-
MaHITHUMH (i310JIOTIYHUMH CTUMYJIAMH, aKTyallb-
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HuM Oys10 gociimkenns Ca?*-eMHOCTI Ta iHTEHCHB-
HOCTI BHCOKOAMILTITYTHOTO HaOyXaHHS MIiTOXOH/I-
piii TpaHCOpPMOBaHOI TKAaHMHM Ha PI3HUX eTamax
pocty KaprmHoMu ['epeHa 3a yMOB MOIEPEIHBOTO
HU3bKOJI030BOTO OIIPOMiHEHHSI.

Marepiaau i meroan. J{ocimiHKeHHS TTIPOBOIUIIH
Ha OinMx HeNiHiMHUX mrypax macoro 110-130 r Ta
BiKOM 2,5-3 wmicsiili, SKHX YTPUMYBalH Ha CTaHJIAPT-
HOMY palioHi BiBapito. Po6oTy 3 TBaprHamMu poBo-
JIATA 13 TOTPUMAaHHSIM TOJIOKEHB “3arajJbHUX €TUd-
HUX TPUHIIMIIB €KCIIEPUMEHTIB Ha TBapHHAaX’, yX-
BasnieHux Ilepmmm HauionansHuM KOHrpecom i3 6io-
€THKH.

B skocti Mozeni 37OSKICHOTO HOBOYTBOPEHHSI
BUKOPUCTOBYBaM KapimHomy ['epena. Tpancrura-
Talio KapuuHoMHu ['epeHa MPOBOMMIM LUIIXOM IIi-
mmkipaoro BeeneHHs 0,5 mu 30% cycrensii paxo-
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BHX KJITHH B 130TOHIYHOMY PO3YHHI HATPIIO XJIOPHU-
ny. lltam myxnuau HagaHui [HCTUTYTOM eKcriepu-
MEHTaJIbHOI MaTOJIOT1{, OHKOJIOTII 1 paxiobionorii M.
P. €. Kasenrkoro HAH Ykpainu.

OnpoMiHEHHS MPOBOAMIN TIPOTATOM CEMHU Ji0
moAeHHo B 103i 36,12:10* Ku/kr yepes 24 rogunu
Ha PEHTICHIBCHKIM JiarHOCTHYHIN yctanoBui 12116
(«Lachemay, Yexist) mpu moTyxHocTi go3m 2,58:10
Ka/kr (0,93 cI'p/c), manpysi 80 kB, cumi ctpymy 40
MA, mkipHO-(oKycHi# Bigctani 40 cMm 3 BHKOpHC-
taHHsM QineTpiB 0,5 MM Cu. Ha nmepury noOy micns
OTIPOMIHEHHSI TTPOBOIMIM TPAHCIUIAHTAINIO KapIlh-
Homu ['epena (Mapuenko, Bonomyxk, 2012).

TBapun noginunm Ha rpynu: | — iHTaKTHI 1Iypi
(K), II — mypi 3 TpaHCIDIAHTOBAHOIO KapIIHHOMOIO
I'epena (I1), III — myxmuHOHOCIT, TKUM KapIHHOMY
I'epena TpaHCIUIaHTYBaau Ha (DOHI MOMEPETHHOTO
(hpaKIioHOBAaHOTO PEHTIEeHIBCHKOTO HHU3BHKOI030BO-
ro onpomineHHs (P+I1).

TpuBainicTs ekcriepuMeHTy cTaHoBmia 21 mo0y.
EBranazito mij erkumM eipHUM HApKO30M i3 3aCTO-
CYBaHHSIM METOJy LEPBIKaIbHOI JAMCIOKAIIi 3iiic-
HIOBANX Ha 7 (JIATEHTHA CTafisl MyXJIMHHOTO POCTY),
14 (;orapudmiuHa crafisi MyXJIMHHOTO POCTy), 21
(TepmiHaBbHA CTafis MyXJIMHHOTO POCTY) MO0y ITic-
TS IMIUTaHTAIli] Ty XJIHHH.

MiToxoHIpiadbHy (Qpakiilo 3 TOMOTeHATy MyX-
JUHHOI TKaHWHH OTPHUMYBAJIM METOJOM AudepeH-
uiinoro uentpudyrysanus (Illabammna wu nmp.,
1995). Bci onepanii nposomunu npu 0-3°C. Bwmict
Oinka BusHayanu 3a Jloypi (Lowri, 1951).

Ca®*-eMHICTh MITOXOH/IPil BU3HAYAIM CIIEKTPO-
(hoTomeTpuyHO 1pU 654 HM y MIPUCYTHOCTI METaI0-
XpOMHOTO iHAWKaTopa apcenaso-1Il (kiHmeBa KoH-
nenTpaiis 70 MxM). BunaneHus Ca?* i3 CepelioBU-
12 PEECTPYBAJIM 332 3HUKHEHHSAM XapaKTEPHOIO Ma-
KCHMYMY TOTJIMHAHHS KaTioHy KoxHi 40 ¢ mpors-
rom 200 ¢ (Akorosa, 2008).
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Puc. 1. Ca?*-eMHiCTh MiTOXOHIpiI TpaHC(HOPMOBAHOI

TKaHuHH (a)
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Kinekicte BHeceHoro B cepenosume Ca?* mpwii-
mamu 3a 100% (50 mMxM). KosneHTtpamito KaTioHy
kanblito B Matpukci ([Ca?'m], %) 3HaXoquu sIK piz-
HUII0 MK 3arajJbHOK KiIbKicTIO BHeceHoro Ca?*
(100%) i BMicTOM KaTioHa B cepenonuii, [Ca?*o] (%):

[Ca?*y] = 100% - [Ca?*).

Jns Bu3HAueHHsS iHTEHCHBHOCTI HaOyXaHHS Mi-
TOXOHJIpiHl y cepenoBwile iHKyOarii, mo MicTuio (B
MM): caxaposu — 150, KCI — 50, KH2PO, — 2, cyk-
uuHaty — 1, Tpic — 5 (pH 7,4), BHocunu 2 mr Oinka
MiTOXOHApianbHOI (paknii. Peectparnito cBiTiI0pO3-
CIFOBaHHS 3IIHCHIOBAIM Ha CIEKTPO(POTOMETpI TIpH
noBxuHi XBuii 520 HM (AkomoBa, 2005).

CratuctuHy oOpOOKYy AaHUX TPOBOAWIH 3 BH-
KopHucTaHHSM KpuTepito CThIOICHTA.

Pesynbratu i oO0roBopennsi. JlocmimkeHHS
Ca?*-eMHOCTi MiTOXOH/Ipil KapuuHoMu ['epeHa mo-
Ka3aJyo, 0 Ha JATeHTHIN cTajii MyXJIWHHOTO POCTY
CIIOCTEPIraeTbesl NOrJMHAaHHS MiToXoHApissMHu 30 %
€K30T€HHOT0 Kajblito (puc. 1), mo CBiAYUTH TpO
30epekeHHs] 34aTHOCTI MIiTOXOHApPiH TpaHchopMo-
BaHOi TKAHWHHM BUKOHyBatH poib Ca?*-memo Ha mo-
YaTKOBUX €Tamax OHKoreHesy. Ajie Bxke Ha 14 1 21
00y EKCIIEPUMEHTY CIIOCTEpPIra€TbCs Ppi3Ke 3HU-
xeHHs Ca®’-eMHOCTI MiTOXOHIpIi PaKOBUX KJIiTHH.
Boarouac npu gocnimkenni Ca?*-eMHOCTI MITOXOH/I-
Ppiil MyXJIMHHUX KJIITHH 32 Aii MOmepeaHbOro OMpoMi-
HEHHS BCTaHOBIIEHO, MO pi3ke 3HmKeHHs Ca?*-
€MHOCTI MITOXOHJIPii CIIOCTEPITaeThCs yXKe 3 JIATCH-
THOI cTafii oHKoreHesy (puc. 2).IlopylieHHs 30aTHO-
CTi MITOXOHJIpI TpaHCHOPMOBAHOI TKAHWHH HAKO-
nnayBati Ca?* 3 01HOrO GOKY MOXKE JIEKATH B OCHOBI
3aIlyCKy MEXaHi3MiB, II0 OyIyTh MPU3BOAUTH IO 3a-
ru0ei KIITHH, a 3 IHIIIOr0 MOXKe CBIJUUTH IIPO JETIO-
JSIpU3aLilo MITOXOHIpianbHOI MeMmOpanu (Santos et
al., 2007), ockinbku Ca?* Moke HaIXOIUTH y MiTOXO-

HApii JMmme d4epe3 mnoreHmiamBanexuui  Ca?t-
YHINIOpTeEp.
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Puc. 2. laTeHCUBHICTh HAOyXaHHS MITOXOHAPIN Tpa-
HC(OPMOBAHOI TKAHUHH

OpmHnM 13 WMOBIpHHX MEXaHI3MIB TIOPYIICHHS
3[IATHOCTI MITOXOHJpiH TpaHc(HOpMOBaHOI TKAHWHU
nakonuaysatid Ca?* Moske OyTH BiZIKDHTTSI MiTOXOH-
JpiabHUX TIOP HECENIEKTUBHOI MPOHUKIMBOCTI. Oc-
HOBHUMH  CTPYKTYPHUMH  KOMIIOHEHTAMH TOPH
(mitochondrial permeability transition, MPT) € nopun
30BHIIIHBOI MeMOpaHH (MOTEHIaN3aIeKHUI aHiOH-
Huii kaHanm) Ta ADP/ATP-anTunoprep BHYTpIlIbOi
MeMOpaHH MiTOXOHApIH. B yTBopenHi nopu 6epe yu-
acTp TakoX OUTOK Marpukcy T1mkiIogimH D
(Baumgartner et al., 2009). BigkpuTts MiTOXOHApia-
JBHOI TIOPH PEECTPYIOTh 32 BHCOKOAMILTITY/THHM Ha-
OyxanHsM MmiToxonpii (Juhaszova M. et al., 2008).

Sk cBim4aTh pe3yNbTaTH TPOBEACHHX JIOCIi-
JDKEHb, 32 JaHUX EKCIIEPUMEHTAIBHUX YMOB CIIOCTE-
piraetbcs mocuiieHHsT HaOyXaHHS MITOXOHJpiH, MO-
yuHAO4YM 3 14 100U OHKOTeHE3y 3 TCHJCHIIEI JI0
TIOCHJICHHSI HA TEPMIiHAJIBHUX €Tarnax pOCTy Kapiu-
Homu ['epena (puc. 3). BomHoyac B MITOXOH[piab-
Hill Qpakuii TpaHCPOPMOBAHOT TKAHMHU IIYpiB, SIKi
3a3HaBaJIM IOINEPEIHHOr0 ONPOMIHEHHS, CrocTepira-
€TBCSI TOCWJICHHS BHCOKOAMIUTITYIHOTO HaOyXaHHS
MITOXOH/IPii IOPIBHSIHO 3 MITOXOHJPISIMU ITYXJIMHHOL
TKaHUHHM HEONPOMIHEHHX IMyXJIMHOHOCITB (puc. 4).

OnHuM 3 MexaHi3MiB 1HAYKLIl BIAKPUTTS HOpP Y
MITOXOHJIPISIX MOXe OyTH MOCHJICHE BUIbHOpaIUKa-
JIbHE OKWCIIEHHSI MiTOXOHJpIiallbHUH OUIKIB, SIKi YT-
BOPIOIOTH NOpH, 3a ydacTi ADK, reneparis skux pi-
3KO 3pOCTa€ 3a YMOB pOCTy KapuuMHOMH |'epeHa Ha
(GoHI TONMEepPeIHOr0 HU3bKOJA030BOTO OIMPOMIHEHHS
(Bonomyxk, Mapuenxko, 2011). Bigkpurrss MiTOXOH-
JpiabHOI TIOPH, 3 OAHOTO OOKY, Oyie MPU3BOAMTH
JI0 TIOPYIICHHS 3JaTHOCTI MITOXOHJAPIH HAKOIHYY-
Batn Ca®', mo Oyne iHOyKyBaTH Kackaj IpOIECIB,
AKI MOXYTh NPHU3BOAUTH A0 3arubeni KIITUHH
(Gincel et al., 2001), a 3 IHIIIOrO — MPU3BOIUTH 0
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. InTeHCHBHICTh HaOyXaHHS MITOXOHApIH TpaHCchOp-
MOBaHO{ TKAHWHH 32 YMOB TIONEPETHHOI0 HU3BKOJIO0-
30BOT'0 ONIPOMiHEHHS

BTpaTH MITOXOHJAPISIMU iX OCHOBHOI (pyHKIIIT — 371aT-
HOCcTi cuHTe3yBatd ATP i cimyryBath OCHOBHHM
JDKEpeJIoM MOro BHYTPIIIHBOKIITHHHUX 3araciB.
BucnoBku. Omxe, 3menmenHs Ca?*-eMHOCTI Mi-
TOXOHJIpifl TpaHC(HOPMOBAHOI TKAaHWHHA CYIPOBO-
JDKY€ETBCS TIOCHJICHHAM HaOyXaHHS MITOXOHApPIH Mmy-
XJIMHU, TPUUOMY 32 YMOB IOINEPEIHBOI0 HU3bKOI0-
30BOTO OIPOMIHEHHS IOPYIIEHHS 3AaTHOCTI MiTO-
xoupii Hakonmaysatu Ca?* GikcyeThest, MOUMHAKO-
YM yKe 3 JATEHTHOT CTa/lii OHKOTE€HE3Yy.
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CA?*-CAPACITY OF THE MITOCHONDRIA IN THE DYNAMICS OF GUERIN’S
CARCINOMA ONCOGENESIS UNDER THE CONDITIONS OF PRELIMINARY LOW-
LEVEL IRRADIATION

O. M. Voloshchuk, M. M. Marchenko, N. V. Savchuk

The research is devoted to study of the Ca?*-capacity and intensity of swelling of the Guerin’s carcinoma mitochon-
dria in the dynamics of tumor growth under the conditions of preliminary low-level irradiation. Research was carried
out on non-linear white rats in weight 110-130 g and at age 2,5-3 months, divided into groups: | — intact rats, Il — rats
with transplanted Guerin’s carcinoma, Il — tumor carriers with transplanted Guerin’s carcinoma against the back-
ground of previous fractional low-level X-irradiation. Ca?*-capacity of mitochondria, obtained by the method of differ-
ential centrifugation, was determined by spectrophotometry at 654 nm in the presence of metal-chromic indicator arse-
naso-l11. Registration of the mitochondria swelling of the transformed tissue was realized by spectrophotometry at 654
nm. Study of the Ca?*-capacity of Guerin’s carcinoma mitochondria has shown that during the latent stage of tumor
growth the absorption of 30% of the exogenous calcium is observed, giving the evidence of preservation of the ability of
transformed tissue mitochondria to play the role of Ca?*-depot on the initial stages of ontogenesis. But already on the
14 and 21 day of the experiment the severe decrease of the Ca?*-capacity of tumor cells’ mitochondria is observed. At
the same time the study of the Ca®*-capacity of tumor cells’ mitochondria under the conditions of preliminary low-level
irradiation has shown that abrupt decrease of the Ca?*-capacity is observed already on the latent stage of oncogenesis.
The disturbance of the ability of transformed tissue mitochondria to accumulate Ca?* may underlie, on the one hand,
the starting of mechanisms leading to the death of cells, and, on the other hand, can evidence the depolarization of the
mitochondrial membrane, because Ca?* enters the cell only through the potential-dependent Ca?*-uniproter. One of the
possible mechanisms of the disturbances of transformed tissue mitochondria ability to accumulate Ca®* can be the
opening of mitochondrial pores of non-selective permeability, registered by the swelling of mitochondria. It is shown,
that under the current experimental conditions increased swelling of mitochondria is observed beginning from the 14
day of oncogenesis with the tendency to intensification on the terminal stages of Guerin’s carcinoma growth. At the
same time in the mitochondrial fraction of the transformed tissue of preliminary irradiated rats the intensification of the
of the high-amplitude mitochondria swelling comparing to the tumor tissue mitochondria of unirradiated tumor carriers
is observed. The conclusion was made that decrease of the transformed tissue mitochondria Ca?*-capacity is accompa-
nied with the intensification of tumor mitochondria swelling, at that under the conditions of preliminary low-level irra-
diation the disturbance of the mitochondria ability to accumulate Ca?* is fixed beginning from the latent stage of onco-
genesis.

Key words: Guerin's carcinoma, low-level irradiation, mitochondria, Ca?*-capacity, intensity of swelling.
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