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OKHNCHE ®OCPOPWIIOBAHHA B MITOXOHPIAX
EHTEPOIIMTIB TOHKOI KUIIIKU 3A XPOHIYHOI TA PA3OBOI
JII IOHI3YIOUOI PAJIALIIT HU3BKOI ITOTY2KHOCTI

Meta po60Tu — LOCNiAKEHH:A THTEHCUBHOCTI AUXaHHA Ta GOCHOPUNIOBAHHSA B MITOXOHAPIAX EHTEPOLMTIB TOHKOT KMLU-
KW LLypiB 3a XPOHiYHOT Ta pa3oBoi Aii I0HI3yOYOro BUNPOMiHIOBAHHS HU3bKOT NOTYXHOCTI.
Marepianu Ta meToamn pocnigeHb. Pa3oBe ONpOMiHEHHs LypPiB PEHTIEHIBCbKMMMW NPOMEHAMM NMPOBOAMAN HA YCTa-
HoBLi PYM-17 (3a notyxHocTi go3un 0,055 [p/xB) ans otpumaHHa nornuueHux o3 0,1; 0,5 ta 1,0 [p. PyHKLioHaNbHMIA
CTaH MiTOXOHAPiN ouiHioBanu Yepe3s 1 Ta 24 rof, nicns onpoMiHeHHA. XpOHiYHe 30BHILWHE Y-ONPOMiHEHHS (MOTYKHICTb
po3u 0,72 clp/xB, Bo focsrHeHHs cymapHoi go3u 0,3; 0,6 Ta 1,0 Ip) nposoaunu Ha yctaHosLi “ETAJIOH”, aka mictuna
89Co. IHTeHCMBHICTb AUXaNbHOT Ta OCHOPUIIOIYOT AKTUBHOCTI MITOXOHPi €HTEPOLUTIB TOHKOT KULWKN OLiHIOBANM
nonsporpadiyHnmM METOAOM.
Pesynbratn. BukopuctaHHs Manaty B IKOCTi €K30reHHOro cybcTpaTy [03BOMN0 OLiHUTU YHKLIOHYBAHHA YCixX Ains-
HOK €NeKTPOH-TPAHCMOPTHOIO NaHLora MiTOXOHAPil B yMOBax eKcnepumeHTy. BcTaHOBAEHO 3pOCTaHHA iHTEHCMB-
HOCTi AMXaHHA MiTOXOHAPi/ 3a BCiXx yMOB Ta TEPMiHiB AOCNIAXKEHHSA fK peaklis Ha onpoMiHeHHs. 33 XPOHiYHOT Aii
1OHi3yl04Or0 ONPOMiHEHHSA MPOABAAETLCA YACTKOBE PO3'€[iHAHHA NPOLECIB CNPAXEHHA OKUCAeHHs Ta dochopunto-
BaHHA, NPO WO CBiAYMTL 3HMKEHHSA BennynH nokasHukis K i AL®/0, Ta 3MeHwWweHHs edekTuBHOCTI hocdopuntoBaH-
HA (3HMKeHHs BennynHm V). 3a pa3oBOro ONPOMiHEHHA PO3'€HaHHA NPOLECiB CNPAXEHHA OKUCNEHHA Ta hocdopu-
NIOBAHHA He CYNPOBOMKYETLCA 3MiHAMW NOKA3HMKA OKUCHOTO hOCHOpPUIIOBAHHSA, OfHAK XapaKTEPU3YETLCA 3HUKEH-
HAM BennuMHu BifgHoweHHs V.5 / VAT,
BucHoBku. Pe3ynbtat npoBefeHnx LOCHiAKEHb CBiAYaTh, WO Pa3oBa Ta XpPOHiyHa Ais i0Hi3yl04oi pagiauii HU3bKOT
NOTYXHOCTi NPU3BOAUTbL 0 3POCTAHHSA THTEHCMBHOCTI AMXaHHA Ta NOPYLIEHHS NPOLECY OKUCHOTO oCchOpUNIOBaHHS,
BHACNiA0K PO3'€AHAHHA NPOLECIB CNPSXEHHA OKUCNEHHS Ta ocdopuitoBaHHa. Mpuyomy, 3a XpoHiYHOT Aii ioHi3yio-
yoi papgiauii oTpUMaHi 3MiHW CYNpOBOMLKYETLCA NPUTHIYEHHAM yTBOpeHHA AT® i3 AL® ta @y, ocKinbku He cnoc-
TepiraeTbca 3MiH AT®-rigponasHoi aKTMBHOCTI MiTOXOHApii. BusBneHi ¢yHKLiOHanbHi mopylweHHs poboTu MiTo-
XOHAPill eHTepouMTiB 3a i0Hi3yl0Y0i pagiauii MOXyTb OyTM NOB'A3aHi 3i CTPYKTYPHO-DYHKLiOHANbHUMK 3MiHAMK ca-
MOro AMXanbHOTO NaHLiOra, aKTUBHOCTI K (EpMeHTIB eNeKTPOH-TPaHCMOPTHOro naHuipra, Tak i H*-AT®asn. [is
iOHi3yto4oi pafiauii HU3bKOT NOTYKHOCTI MOXKe NPU3BOAUTH A0 NOPYLEHHSA GioeHepreTMYHMUX GYHKLiN MiITOXOHAPIN —
O[LHOTO 3 HalbiNbLW paHHiX NPOABIB KNITUHHOT AUCHYHKLIT.
KniouoBi cnoBa: ioHi3yloua pagialis, HU3bKa NOTYXKHICTb, pa30Be Ta XPOHiYHE ONPOMiHEHHS, MITOXOHAPIT, [UXanbHUN
NaHutor, oKMcHe GpocdopuitoBaHHS.
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Oxidative phosphorylation in mitochondria of small-intestinal enterocytes at
chronic and single exposure to low power ionizing radiation

Objective - to investigate the intensity of oxidation and phosphorylation processes in the small intestine entero-
cytes mitochondria of the rats under chronic and single exposure to ionizing radiation of low power.
Materials and methods. The single irradiation of the rats with X-rays was performed using the RUM-17 equipment
(at the dose of 0.055 Gy/min) for absorbed doses of 0.1; 0.5 and 1.0 Gy. The functional state of mitochondria was
evaluated in 1 h and 24 h after irradiation. The chronic external y-irradiation (at the dose rate of 0.72 cGy/min to
achieve a total dose of 0.3; 0.6 and 1.0 Gy was performed using the “Etalon” equipment which contained ®°Co. The
intensity of the oxidation and phosphorylation activity of the small intestine enterocytes mitochondria was
assessed by the polarographic method.
Results. The use of malate as exogenous substrate allowed to assess the functioning of all areas of the electron
transport chain of mitochondria in experimental conditions. The increase in the intensity of mitochondrial respira-
tion was found in all conditions and terms of research in response to irradiation. In chronic ionizing radiation
appears partial separation of interface processes of oxidation and phosphorylation, as evidenced by the decrease in
value of the index control and ADP / 0 and reducing efficiency phosphorylation (decrease of value Vf). For single
exposure disconnection of coupling processes oxidation and phosphorylation were not accompanied by changes in
the index of oxidative phosphorylation, however, was characterized by reduced ratio V.°/VA™.
Conclusions. Single and chronic exposure to low power of ionizing radiation leads to an increase in intensity of res-
piration and disruption of oxidative phosphorylation as a result of separation of interface processes of oxidation and
phosphorylation. In chronic exposure received changes were accompanied by inhibition of ATP from ADP and Fn
because no change of ATP hydrolase activity of mitochondria was noticed. The identified functional disruption of
enterocytes mitochondria by ionizing radiation may be associated with structural and functional changes of the
respiratory chain, activity both enzymes of electron transport chain and H* -ATPase. Effects of ionizing radiation of
low power can lead to disruption of mitochondrial bioenergetic function — one of the earliest manifestations of cel-
lular dysfunction.
Key words: ionizing radiation, low power, single and chronic exposure, mitochondria, electron transport chain.
Problems of radiation medicine and radiobiology. 2014;19:482-489.

BCTVYII

IlepeTBopeHHs eHeprii B KJIiTUHI € OOHUM 3 HallBax-
JIMBIIIMX YMHHMKIB, 110 BU3HA4YalOTh >KUTTEIISUIbHICTD
KIiTuH. EHepreTnuHe 3a0e3meuyeHHsT BCMOKTYBaHHS Ta
TiIpOJi3y XapyoBUX MPOAYKTiB B TOHKIN KWIIIi TOJOB-
HUM YMHOM 3AiUCHIOEThCS MiToXOoHapisaMu. ITopyiieH-
Hs (PYHKIIIOHYBAHHSI MITOXOHAPilf MOXe OyTH OTHUM 3
BU3HAYaJbHUX MEXaHi3MiB, 3a IKUMU peaJli3yeThCs ypa-
Kyrouuii eekT pisHux dakTopis [1—-3].

BpaxoByroun Toil hakT, 110 B yMOBax CbOTOACHHS
XKUBi OpraHi3aMu 3a3HalOTh IOCTIMHOTO BIUIUBY OIN-
POMiHEHHSI HU3BKOI TOTY>XXHOCTi, 0COOJIMBY yBary mpu-
BEpTa€ BUBYEHHSI €eHEPreTUYHOro CTaHy MiTOXOHAPilt 3a
TPUBAJIOI [i1 i0Hi3yl0OUOro BUIPOMiHIOBaHHS [4], Y TOMY
YMCJIi HU3bKOI1 MOTYXXKHOCTI [5].

INTRODUCTION

The transformation of energy in the cell is one of
the most important factors that determine the cells
activity. The energy supply of the absorption and
hydrolysis of food in the small intestine is mainly
carried out by the mitochondria. The mitochon-
dria dysfunction may be one of the key mecha-
nisms by which the striking effect of various factors
is realized [1-3].

Considering the fact that under present condi-
tions the living organisms are exposed to the regu-
lar action of the radiation of low power, the study
of the energy state of mitochondria by prolonged
radiation exposure is of the most interest [4],
including the ionizing radiation of low power [5].
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MeTta maHoi poOOTH MoJjsiraga B AOCTiIXEHHI iHTeH-
CUBHOCTI OUXaHHS Ta (pocOopuiIloBaHHS B MiTO-
XOHJIPiSIX EHTEPOLUTIB TOHKOI KMIIKM IIYypiB 3a
XPOHIYHOI Ta pa30BoOi Jii i0Hi3yI0UOro BUMTPOMiHIOBAaHHS
HU3BKOI ITOTYKHOCTI.

MATEPIAJIN TA METOJIN DTOCIIIZKEHb
JocnimxeHHs MPOBOAMIM Ha OiTMX 0e3MOPOAHUX IIIYy-
pax-caMIgxX, 110 3HAXOAUJUCH Yy CTalliOHAPHUX YMOBAaXx
BiBapito. B KoxHiit rpymi 6yao BiciM TBapuH. Excniepu-
MEHTU MPOBOAUINCH Y BIIMOBIAHOCTI 10 KOHBeHLIii Pa-
Iy €BpOIHU 100 3aXUCTY XPeOETHUX TBAPUH, SIKUX BU-
KOPUCTOBYIOTb Y HAQYKOBUX LIiJISIX.

Excnepumenm 3 XpoHiuHUM ONPOMIHEHHAM

TBapuH migmaBaau 30BHIIITHBOMY Y-OMPOMiHEHHIO 3 TO-
TyxHicTio no3u 0,72 cIp/xB Ha ycraHosui “ETAJIOH”,
axa mictiina *°Co (IHctutyT sanepHux gocuimkens HAH
VYkpainu). B 3anexHocTi Big TpuBajocTi TepMiHY
TOCTIIKEHHST eKCIIEpUMEHTAIbHUX TBapUH PO3ITOIiSI-
Ju Ha rpynu: K1 — KoHTposbHa; 1-11a rpymna — Tpu-
BaJIiCTh JOCIIiIKeHHS 42 1oOu (CyMapHO MOTJINHYTA 10-
3a 0,3 Ip); 2-ra rpymna — TpuBajicTh JOCTiIKEeHHS 84 10-
6u (cymapHo nomHyTa go3a 0,6 Ip); 3-1a rpyna — 145
ni6 (cymapso normmHyTa go3a 1,0 Ip). LlypiB nekarity-
BaJIM ITiCJIsl 3aKiHUEHHSI €KCIIEPUMEHTY.

Excnepumenm 3 eocmpum onpomiHeHHAM
[ypiB ompoMiHIOBaJIM PEHTTEHiIBCHbKUMU TIPOMEHSIMU
Ha yctaHOBLi PYM-17 3a HACTYITHUX YMOB: ITOTYKHIiCThb
no3u 0,055 Ip/xs, pinerp 0,5 MM Cu ta 1 MM Al, cuna
ctpymy 5 MA, Hampyra 200 kB, mkipHO-¢poKycHa
Binctanb — 100 cM. ExcnepuMeHTalbHi TBapUHU OyIun
pO3MOiJIeHi Ha TPYIM BiIMOBIAHO M0 YMOB TOCiIXKEH-
Hs: K2 — KoHTpoJibHA; 4-Ta rpyna — ONpOMiHEHHS B
n03i 0,1 I'p; 5-ta rpyra — onpoMiHeHHs B 103i 0,5 Ip; 6-
Ta Tpyna — omnpoMiHeHHs B go3i 1,0 Ip. TBapun ne-
KamiTyBaJii yepe3 1 Ta 24 roj miciast OmpOMiHEHHS.
MiToXOHAPil EeHTEPOLMTIB CIM30BOI OOOJOHKHU TOHKOIL
KMIIKY OTPUMYBAJIM 3a JOIOMOIOI0 IU(EepeHLiTHOTO
LHeHTpUPYTyBaHHS 3TigHO 3 [6]. OCHOBHOIO XapaKTepuc-
TUKOIO (PYHKIIIOHYBaHHSI MITOXOHIPiil € €(heKTUBHICTh
OKKCHOro (ochopuintoBaHHs. [HTEHCUBHICTh AUXab-
HOi Ta (ocPHOPUITIOI0Y0i AKTUBHOCTI MITOXOHIPIl €HTE-
POLIMTIB TOHKOI KMILIKH OLIiHIOBAJIM 32 3MiHOIO KiJIbKOCTI
0O, nossiporpacdiyHUM METOIOM, BUKOPUCTOBYIOUU B
SKOCTi CyOCTpaTy OKHWCIEHHS MajaT. 3a OTpUMaHUMU
noisiporpaMaMy ifeHTU(IKYBaIM eHepreTUIHUN CTaH
MiToxoHapii 3a YaHcowm [7] i po3paxoByBaiu IIBUIKICTh
JIVXaHHA B LIUX CTaHaX: V45 — IHTEHCUBHICTb JUXaHHS B
cTaHi 2 (IO MITOXOHApPI JOJaHUI €K30reHHUM
cyocTpart, ane HeMae akuenTopy docdary); Vs — iHTeH-
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Purpose of this work was to investigate the inten-
sity of oxidation and phosphorylation processes in
the small intestine enterocytes mitochondria of the
rats under chronic and single exposure to ionizing
radiation of low power.

MATERIALS AND METHODS

The study was conducted on white mongrel male
rats that were kept at the standard vivarium condi-
tions. The experiments were conducted in accor-
dance with the Council of Europe Convention for
the protection of vertebrate animals that were used
for scientific purposes.

The experiment with the chronic radiation

Animals were exposed to external y-irradiation at
the dose rate of 0.72 ¢cGy/min using the “Etalon”
equipment which contained ®Co (Kiev Institute for
Nuclear Research of NAS of Ukraine). Depending
on the duration of the study experimental animals
were divided into groups: group C1 is control; group
1 is study duration of 42 days (a total absorbed dose
of 0.3 Gy); group 2 is study duration of 84 days (a
total absorbed dose of 0.6 Gy); group 3 is 145 days
(a total absorbed dose of 1.0 Gy). The rats were
decapitated at the end of the experiment.

The experiment with the single irradiation

Rats were irradiated with X-rays using the RUM-
17 equipment under the following conditions: the
dose rate of 0.055 Gy/min, filter of 0.5 mm Cu and
1 mm Al, amperage of 5 mA, voltage of 200 kV,
skin-focus distance of 100 cm. The experimental
animals were divided into groups according to the
research conditions: group C2 was control; group
4, 5 and 6 were irradiated at doses of 0.1 Gy, 0.5 Gy
and 1.0 Gy respectively. The animals were decapi-
tated in 1, 12 and 24 h after irradiation.

The small intestine enterocytes mitochondria
were obtained by the differential centrifugation
method [6]. The main characteristic of the mito-
chondria functioning is the oxidative phosphoryla-
tion efficiency. The intensity of the oxidation and
phosphorylation activity of the small intestine ente-
rocytes mitochondria was assessed by the change in
the amount of O, by polarographic method, using
oxidation substrates of malate and succinate. With
help of the obtained polarograms the energy state of
mitochondria was identified by Chance [7] and the
oxygen consumption in these states was calculated:
V.5, the respiration rate in the state 2 (exogenous
substrate is added, but there was no phosphate
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CUBHICTb AMXaHHS B CTaHi 3 (MiTOXOHIpIi 3 cyOCTpaToM
okucaenus i AII®); VAT — iHTeHCHBHICTD IMXaHHA B
cTta”i 4 (B cucTeMi BUUEPITYETHCS JOAAHUI aKIENTOP
docdary, ame KoHUeHTpalligd cyOCTpaTiB OKUCIESHHS
TPOJIOBXY€E 3AJIMIIATUCS BUCOKOW); V¢ — IIBUIKICTb
dochopunoBaHHg MitoxoHapii; K — auxaabHui
KOHTpOIIb (V3/V4AT®); AID/O — edpextusHicTh hocdo-
puwioBaHHg npogaHoro AJl®, 1o BigmoBimae Ko-
ediuienty P/O; V,3/V/AT® — xapakTepusye aKTUBHICTb
AT®-rinpona3zHux peakuiit. Ik cydocTpaT OKMCICHHS BU-
KOpPUCTOBYBaM Maat (KiHieBa KoHneHTpailisg 10 MM).
AkuenTopoM docdopy cayrysas AIAD (200 MxM),
po3’enHyBaYeM quUxaHHs Ta hocopunoBaHHS — 2,4-11-
HiTpodenoa (100 MkM).

ExcnepuMeHTalbHi gaHi oOpOOJsId 3arajJbHOIIPUIA-
HATUMM METOJaMU CTaTUCTUKU. Po3paxoByBajiu 3Ha-
YeHHs cepenHboaprudmMeTHyHuX BeauuuH (M), ix ce-
peaHboapupMeTUUHEe BiaxwiaeHHs (m) i MOMUJKY ce-
penHboro (G). Po3paxynku i moOynoBy rpadikiB IIpoBO-
JWIN 3a JOMOMOrolo makeTiB nmporpam Microsoft Excel
v.2007 i Origin 6.0. JocToBipHicTb BiAMIiHHOCTEN Mix
MOKa3HMKAMM AOCHiAHOI Ta KOHTPOJbLHOI I'PYIl OLiHIO-
Basu 3a t-kputepieM Cr’toneHTa.

PE3YJIETATU TA OBTOBOPEHH#

BukopucrtaHHsg ManaTy B SIKOCTi €K30IM€HHOTo cy0-
CTpaTy IO3BOJISIE OUIHUTHU (PYHKIIIOHYBAHHS YCiX Ii-
JISTHOK €JIEKTPOH-TPAHCIOPTHOIO JIaHI[IoTa MiTo-
XOHJZIPiii B yMOBaX €KCIIEpUMeHTy. Pe3ynbratut mpo-
BEIIEHUX AOCiAXEHb CBilYaTh, 110 3a XPOHIUHOI mii
ioHi3yrouo0i pamiaiii (3i 3pocTaHHIM TEPMiHY OITPO-
MiHeHHs1 Bin 42 po 145 pni0) MiABMIIYETHCS
IIBUAKICTh IMXaHHS B cTaHax 2 Ta 4 BiANOBiAHO Ha
40-90 % T1a 60—80 % BigHOCHO KOHTpoOIIO. BogHo-
yac, BeJIMUYMHA NOKAa3HMKA IIBUAKOCTI B CTaHi 3 3HU-
KYETBCS B cepeIHbLOMY Ha 16 % BiIHOCHO KOHTPOJIIO.
BcraHoBieHO mpurHideHHS (ochopuaoUuoi ak-
TUBHOCTI MITOXOHApPili €HTEPOLIUTIB: BEJIMUYMHA MO-
Ka3HuKa V¢ 3HUXKYyeTbes Ha 30 Ta 46 % BiamoBimHO
yepe3 84 Ta 145 ni6 BOAMBY iOHi3ylouoi pamiaiii
(Tabu. 1). BusBieHo 3HMXKEHHST KOe(illieEHTY TUXab-
Horo KoHTpoto (JIK) 3a Aii ioHi3yl0UOT0 BUNIPOMiHIO-
BaHHSA TTpoTAToM 42, 84 ta 145 nid BigmoBimHO Ha 43,
51 ta 54 %, a Takox BeauuuHu AJJP/O uepes 84 Ta
145 ni6 BigmoBigHo Ha 27 Ta 41 % BiTHOCHO KOHTPO-
o (tabu. 1).

OTpuMaHi JgaHi cBiguaTh, IO 3a XPOHIYHOI il
10Hi3YI0UOr0o BUMIPOMiHIOBAHHS HU3bKOI IMTOTYKHOCTI
(cymapHa norauHyTa no3a Big 0,3 go 1,0 Ip) BinOy-
BalOTHCS MOPYILICHHS pOOOTHU €JIEKTPOH-TPAHCIIOPT-
HOro JlaHLoTa, Npo 1O CBiA4YaTh 3MiHU iHTEHCHUB-

acceptor); Vs, the respiration rate in the state 3 (in
the present of the oxidation substrate and ADP);
VTP, the respiration rate in the state 4 (the phos-
phate acceptor was exhausted, but the substrate
concentration was still high); Vp, the phosphoryla-
tion rate of mitochondria; RCI, the respiratory con-
trol index (V3/V4*T?); ADP/O, the phosphorylation
efficient of added ADP, which corresponds to the
P/O ratio; V43/V/ATP described the activity of ATP-
hydrolase reactions. As oxidation substrates malate
and succinate were used (final concentration
10 mM). The phosphorus acceptor was ADP
(200 mkM), the uncoupler of oxidation and phos-
phorylation was 2,4-dinitrophenol (100 mkM).
The experimental data were processed by the gen-
erally accepted methods of the variation statistics.
Values of the arithmetic mean (M), their arithmetic
mean deviation (m) and the average error (s) were
calculated. Calculations and graphing was per-
formed using the software package Microsoft Excel
v.2007 and Origin 6.0. Significant statistical differ-
ences between control and experimental groups
were evaluated using the unpaired Student’s t-test.

RESULTS AND DISCUSSION
Using the malate as exogenous substrate allows to
evaluate the functioning of all sections of the elec-
tron transport chain in mitochondria under the
experimental conditions. Results of the research
shows that at the chronic exposure to ionizing radi-
ation the respiration rate in the state 2 and 4 increas-
es by 40—90 % and 60—80 % respectively (with the
increasing of exposure duration from 42 to 145 days)
relatively to the control values. Simultaneously, the
value of the rate parameter in the state 3 is reduced
on average by 16 % relatively to the control value.
The phosphorylation activity of the enterocytes
mitochondria decreases: the value of the Vp param-
eter is reduced by 30 and 46 % respectively in 84 days
and 145 days under the ionizing radiation influence
(Table 1). The decrease of the respiratory control
index (RCI) under the ionizing radiation influence
during 42, 84 and 145 days by 43, 51 and 54 %
respectively, and the reducing of the ADP/O value in
84 and 145 days respectively by 27 and 41 % relative-
ly to the control values were registered (Table 1).
The obtained results suggest that under the
chronic ionizing radiation of low power (total
absorbed dose from 0.3 Gy to 1.0 Gy) the dysfunc-
tion of the electron transport chain is occurred,
that is evidenced by the changes in the intensity of
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HOCTi AuXaHHSA Ta HocOpUIIOBaHHSI MITOXOHIPii
eHTEePOLMTIiB TOHKOI KUIIKKU. [Tpuuyomy, 3pocTaHHsI
V,AT® Moxe cBimuuTM Tpo MiABUILEHHS MPOHUK-
HOCTi MeMOpaH MIiTOXOHApPif AJis1 i0HIB, 0COOJIMBO
JUTs1 iOHIB BOJHIO, sIKi CTBOPIOIOTh Aun™ [8]. THdoOp-
MaTUBHUMHU TapaMeTpaMy € MOKa3HUKU Vg, AK i
AINP/0, aKi 3a3HaIOTh CYTTEBOTO 3HMKEHHS 3a OIl-
pOMiHEHHS B cyMapHO moriauHyTiit mo3i 0,6 Ip (84
noobu) ta 1,0 I'p (145 ni6). To6TO BimMiyaeThCs MO-
pylieHHS GochopuaooY0l aKTUBHOCTI MIiTOXOH-
Ipift eHTepOUUTIB TOHKOI KUIKHU. OCKIiTbKI BiTHO-
mweHHsa V45/VAT®, gke BusHauae akTuBHicTh ATD-
TiIpoJa3Hoi peakilii 3a JaHUX YMOB He 3MiHIOETHCH,
11e, B CBOIO 4Yepry, MOXe CBiIYUTH, 110 OCHOBHUU
BHECOK B peasizallito Aii ioHi3ylo4oi papgiauii Ha
iHTEHCUBHICTh ((GochOopUIOBaAHHSI MITOXOHApPiH
BHOCUTDH IIPUTHIYEHHS MPOLECY CIPSKEHHS OKMC-
JIeHH$ Ta pochoputoBaHHS, a HE 3MiHU (PepMeHTa-
tuBHOI akTUBHOCTI H"-AT®asu.

3pocTaHHs iHTEHCUBHOCTI JUXaHHS MiTOXOHIpPIiil eH-
TEPOLUTIB TOHKOI KMIIKM CIOCTEpPira€ThbCs yxKe 3a
PaHHIX TEPMiHIB eKCIIEPUMEHTY, 10 PO3IISIIAETHCS SIK
peaxilisi MIiTOXOHIpiii Ha OIpOMiHEHHS. 30iJbIICHHS
TPUBAJIOCTI XPOHIYHOIO MOCTIIKEHHS IPU3BOIUTH O
MOJAbIINX MOPYIIeHb (DYHKIIIOHYBAaHHS MiTOXOHIPIH i
I CTOCYETHCS IHTCHCHMBHOCTI IMXaHHS Ta CIIPSIKCHHS
poliecy OKMCHOTo (hocOopMTIoBaHHS, TK 3MiHM IITBUJI-
KOCTi OKHcJIeHHS Ta (pochOopUIIOBaHHS.

Ta6nuusa 1

the oxidation and phosphorylation processes of the
small intestine enterocytes mitochondria. More-
over, the increase of the VAT’ parameter may indi-
cate the increased permeability of mitochondrial
membranes to ions, especially hydrogen ions that
create Aun* [8]. The Vp, RCI and ADP/O are in-
formative indices being decreased significantly
under irradiation at the total absorbed dose of 0.6 Gy
(84 days) and 1.0 Gy (145 days). I.e. there are seri-
ous deviations of the phosphorylation activity of
the small intestine enterocytes mitochondria. At
the same time, the V45/V4ATP ratio that defines the
activity of the ATP-hydrolase reaction does not
change under these conditions. This, in turn, may
testify that the inhibition of the coupling of the oxi-
dation and phosphorylation makes the main con-
tribution to the effect of ionizing radiation on the
intensity of mitochondria phosphorylation, rather
than changes in the enzyme activity of H"-AT Pase.
The increase of respiration intensity of the small
intestine enterocyte mitochondria has been already
observed in the early stages. This may be interpreted
as mitochondria response to irradiation. The pro-
longation of chronic experiment leads to further
deviations of mitochondria functioning. The last is
true for breach of the coupling of the oxidative phos-
phorylation processes and the changes in respiration
intensity and oxidation and phosphorylation rate.

IHTeHcuBHiCTL puxanbHoi Ta ochopuniolouoi aKTUBHOCTI MITOXOHAPiA EHTEPOLUUTIB TOHKOT KULIKM 3a

XPOHiuHoi gii ioHisylouoi pagiauii, M+ m, n=8
Table 1

The intensity of the oxidation and phosphorilation activity of the small intestine enterocytes mitochondria

under the chronic ionizing radiation, M + m, n =8

MokasHuku K1 (koHTpOnb) Fpyna / Group 1 I'pyna / Group 2 Fpyna / Group 3
Indices C1 (Control) onpoMmiHeHHs B 8o3i 0,3 p  onpomiHeHHs B 003i 0,6 lp  onpomiHeHHs B po3i 1,0 Mp
0.3 Gy total absorbed dose 0.6 Gy total absorbed dose 1 Gy total absorbed dose
v 0,010 0,001 0,014 + 0,002* 0,015 0,003* 0,019 + 0,003*
Vs 0,034 + 0,003 0,028 = 0,002* 0,029  0,002* 0,028  0,003*
VAT /AP 0,010 0,001 0,016 + 0,001* 0,017 + 0,002* 0,018 + 0,004*
Vo /Vp 0,096 + 0,007 0,090 + 0,005 0,067 £ 0,004* 0,052 = 0,003*
[IK/RCl 3,40 £ 0,13 1,75+ 0,14* 1,65 +0,13* 1,56 £0,13*
ALL®/O // ADP/O 2,58 +0,18 2,44 +0,14 1,89 +0,12* 1,53 % 0,09
VaSNAT® J7gS TP 0,90 % 0,05 0,88 = 0,04 0,89 % 0,05 1,01 £0,04

IMpumiTka. V45 — HTEHCHBHICTb SUXaHHS! B CTaHi 2; \/3— IHTEHCMBHICTb [IUXaHHs! B CTaHi 3; VATO

— iHTEHCUBHICTb MXaHHS B CTaHi 4; Vi — WBNAKICTb GOCHOPUIIOBAHHS MITOXOHAPIM;

JIK — amxanbHuii koHTponb (VaV"T®); AID/O — ecdbekTuHicTb dochopuniosans aopatoro AND; VaSNAT® — xapaktepuaye akTvBHICTb ATO-FiaponasHix peakLlii.

* — p < 0,05 BIBHOCHO KOHTPONIO.

Note. V4S, the respiration rate in the state 2; Vs, the respiration rate in the state 3; V4AT", the respiration rate in the state 4; Vp, the phosphorylation rate of mitochondria; RCI, the
respiratory control index (Va/V4*™"); ADP/O, the phosphorylation efficient of added ADP; VSN~ describes the activity of ATP-hydrolase reactions.

* — p <0,05 relatively to the control values.
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HocnimkeHHs iHTEeHCUBHOCTI OuxaibHOI Ta ¢ochopu-
JIIOI0YO1 aKTUBHOCTI MITOXOHApPiA €HTEPOLUTIB TOHKOL
KMILIKM 3a Pa30BOi Aii i0Hi3yl0uol pagialiil HU3bKOI MOTYK-
HOCTIi MoKa3ajao HacTyrHe. BctanosneHo (Tabi. 2), 1o B
yMOBaX IIPOBEIEHHSI €KCIIEPUMEHTY IPpU BUKOPUCTAHHI
Majary K cyocTpaTy AMXaHHH, BEJIMYMHA ITOKa3HUKa Vi
B paHHIN TepMiH TTicJIsT orpoMiHeHHS (1 Tom) BiporigHo He
3MIHIOETBCSI, BOIHOUYAC Uyepe3 24 rof Mic/isk ONpOMiHEHHS
CIIOCTEPIra€eThCs 30UIBIIEHHS MOKA3HUKA Vi B cepeIHb-
oMy Bin 55 10 91 % 3i 3poCTaHHSIM J031 OIIPOMiHEHHS (Bi
0,1 mo 1,0 Ip). IlomibHa TeHIEHIIS CIIOCTEPIra€Thes i y
3MiHi IIBUIKOCTI IUXaHHS B CTaHi 3, 3pOCTaHHS BETUYMHU
TMoKa3HuKa V3 yepes 24 roj Iicsst OpOMiHEHHS Y JOCTi-
JKyBaHUX 103ax craHoBUTH 20—35 %. IHTeHCUBHICTD TH-
xaHH4 B ctai 4 (V4AT®) 3pocrae B cepeqHboMy Ha 58 % Bin-
HOCHO KOHTPOJTIO Yepe3 1 ToJ Mmicist OmpoMiHEHHS, a Yyepe3
24 ron — 11e 3pOCTaHHSI CTAHOBUTD Y CEPEIHBOMY 2 pa3u.

B ymoBax ekcnepuMeHTY IIBUAKICTb (PoChopuIroBaH-
H (V) MpakTUYHO He 3MiHIOeThCs (Tabda. 2). BonHo-
yac, CIIOCTepiraerbcs 3MeHuIeHHs BenuynHu JIK B ce-
pennbomy Ha 38 Ta 50 % BiAnmoOBiAHO 3a OIPOMiIHEHHS B
npo3ax 0,1; 0,5 ra 1,0 Ip HeszanexHO Bia TepMiHy ITics
orpomiHeHHS (1 um 24 tox). 3HaYeHHS KoeillieHTy
AJ1®/O BiporigHo 3HMXKYETbCs Ha 59 Ta 28 % vepe3 1 Ta
24 ron 3a onpoMiHeHHs B 103i 1,0 Ip. 3HMKEHHS Ben-

Taoauuysa 2

The study of the respiration and phosphorilation
activity of the small intestine enterocytes mito-
chondria under a single exposure to ionizing radia-
tion of low power showed the following results. It
was found (Table 2) that under conditions of the
experiment using the malate as oxidation substrate
the V,5 value early after radiation (1 h) does not
change significantly, while in 24 h after the radia-
tion impact the increase of V43 value on average by
55 to 91 % with the dose increasing (from 0.1 to
1 Gy) is observed. A similar trend is observed in the
change in the respiration rate in the state 3, the
increase of the V3 parameter in 24 h after irradia-
tion is 20—35 %. The respiration rate in the state 4
(V4ATP) increases on average by 58 % relatively to
control value in 1 h after irradiation, and in 24
hours this rising is on average 2 times.

In the experiment conditions the phosphoryla-
tion rate (Vp) does not change significantly (Table.
2). However, the RCI value decreases on average
by 38 and 50 % respectively under the irradiation
at the doses of 0.1, 0.5 and 1.0 Gy irrespective to
the time after irradiation (1 or 24 h). The value of
the ADP/O coefficient significantly reduces by 59
and 28 % in 1 h and 24 h after the irradiation at the

IHTeHCMBHICTL AMXaNbHOT Ta hocopunioOY0i AKTUBHOCTI MiTOXOHAPIN @HTEPOLMTIB TOHKOT KMILKK 32 pa3oBoi

Aii ioHisytoyoi pagiauii, M + m, n = 7-8
Table 2

The intensity of the oxidation and phosphorilation activity of the small intestine enterocytes mitochondria

under a single ionizing radiation, M + m, n = 7-8

MokasHuku K1 (koHTpoOsb) Fpyna / Group 1 I'pyna / Group 2 Fpyna / Group 3
Indices C1 (Control) onpomiHeHHs B 803i 0,3 p  onpominenns B 003i 0,6 l[p  onpomiHeHHs B fosi 1,0 Mp
0.3 Gy total absorbed dose 0.6 Gy total absorbed dose 1 Gy total absorbed dose
A 0,011 £ 0,002 a) 0,010 + 0,002 a) 0,009 + 0,002 a) 0,014 + 0,002
6) 0,017 £ 0,003* 6) 0,019 £ 0,003* 6) 0,021 = 0,002*
V3 0,034 + 0,003 a) 0,035 + 0,003 a) 0,037 + 0,002 a) 0,040 + 0,003
6) 0,042 + 0,004* 6) 0,041 £ 0,004 6) 0,046 = 0,004*
VAT /v 0,012 + 0,002 a) 0,018 + 0,002 a) 0,019 + 0,002 a) 0,022 + 0,003*
6) 0,020 + 0,002* 6) 0,024 + 0,003* 6) 0,027 = 0,003*
Vo /Vp 0,110 £ 0,008 a) 0,090 = 0,007 a) 0,091 = 0,008 a) 0,088 = 0,006*
6) 0,097 = 0,006 6) 0,12 = 0,009 6) 0,100 + 0,008
K /RCI 34£0,20 a) 2,09 = 0,21* a) 1,60 £ 0,22* a) 1,82 £ 0,26*
0) 2,10 = 0,24* 6) 1,83 £0,17* 6) 1,70 £0,18*
Al®/O // ADP/O 2,58 +0,19 a) 2,56 = 0,21 a) 1,96 + 0,20* a) 1,71 £ 0,16*
0) 2,55 + 0,26 0) 2,42 + 0,26 6) 1,96 £ 0,21*
VSN /7 VS v 0,92 + 0,08 a) 0,56 + 0,04* a) 0,47 + 0,05* a) 0,64 + 0,05*
6) 0,85 = 0,08 6)0,79 = 0,14 6)0,78 0,10

MpumiTka. MosHaueHHs 9k Ha puc. 1; a) Ta 6) BinnosiaHo - 1 Ta 24 rop, nicns pa3oBoi A ioHi3ylouoi pagiauii.

Note. Legend as in Table 1; a) and b), respectively, in 1 and 24 h after a single exposure to ionizing radiation.
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yuH mnoka3HukiB JIK ta AJI®P/O cBiguuTh mpo Mopy-
IIEHHS TIPOLIECy CIIPsDKEHHSI OKUCIIeHHs Ta ¢ochopu-
moBaHHA. Bonnouvac, BimHomenHsa Vi5/VAT® nocrosip-
HO 3MEHILYEThCS uepe3 | rof micjisi OnpoMiHEHHSI B ce-
penHboMy Ha 39 % B yMoBax ONPOMIHEHHSI MPU YCiX
JOCTiIKYyBaHUX J03aX.

OTtpuMaHi JaHi CBimUaTh, 110 pa30Ba dis iOHI3yIOYOTO
BUIIPOMiHIOBaHHS HU3bKOI MMOTykHOCTI (Bim 0,1 mo 1,0
Ip) xapakTepu3yeThesl 10303a€KHUM MOPYIIEHHSIM PO-
00TU eNeKTPOH-TPAHCIIOPTHOTO JIAHIIOTa MiTOXOH/PIii
€HTEPOLINTIB TOHKOIT KUIITKNA. 3pOCTaHHS iHTEHCUBHOCTI
JUXaHHS MITOXOHApPifi €HTEPOLUTIB TOHKOI KUIIKHU
CIIOCTEPITa€ThCs YKe 3a paHHIX TEPMiHiB €eKCIIEPUMEHTY.
3HMXEHHS BeanuynHM nokasdHuka K Ta koediuieHTa
AJID/O, 3i 3pocTaHHSIM J03U OMPOMiHEHHS, CBiTYUTH
Mpo IOPYIIEHHS IMPOLECY CIPSKEHHS OKMCHEHHS Ta
dochopuaoBaHHs, 110 TMOB’S13aHO 3 TMOPYLIEHHSIMU
TPAHCIIOPTY €JIEKTPOHIB i IPOTOHIB Y AUXAIbHOMY JIaH-
111031, SIKi MOXYTb OyTH 0OOYMOBJIEHi 3MiHOIO aKTUBHOCTI
(epMeHTIB IUXaJbHOIO JIAHIIIOTA UM TIPOLIECy TTIepeHOCy
eJIEKTPOHIB BiJ CyOCTpaTiB OKMCJEHHS BHACJiIOK
CTPYKTYPHUX 3MiH B AuxajbHOMYy JaHIo3i [9]. Cuin
BimMiTMTH, O 3MeHUIeHHs KoediuieHty Vi5/VAT® B
paHHi TepMiHU TIiC/IsI ONIPOMiHEHHSI, BKa3ye Ha MPUTHi-
yeHHsT AT®-rigpoaa3Hoi aKTUBHOCTI MiTOXOH/Pili TOH-
KOI KMIIIKY i MOXe OYTH ITOB'I3aHO 3i CTPYKTYPHUMU IIe-
pebynoBamu depmenty H -ATdDaszu.

BUCHOBOK

Pe3ynsraTul mpoBeieHNX JOCIIIKEHb CBiMYaTh, IO pa30Ba
Ta XpOHiuHa Jisl i0Hi3yr040i1 pafialiil HU3bKOI MOTY>KHOCTI
MPU3BOIUNTD 10 3POCTAaHHS iHTEHCUBHOCTI AUXaHHS Ta I0-
pYILIEHHST Mpolecy OKMCHOro (ocdopuitoBaHHS, IO
BU3HAYAETHCS B TEPINy 4Yepry po3'€AHAHHSIM MPOLECIB
CIIPSKEHHS OKMUCIIeHHS Ta (pochoprmoBadHs. [Tprnaomy,
3 MiABUIIEHHSAM J03M ONPOMiHEHHS 3MiHM JAOCIiIXKyBa-
HUX MapaMeTpiB MOIIMOIOIThCS. 32 XPOHIUHOI il i0Hi-
3yI04Oi pajiallii MpUrHiYeHHs IPoLEeCy OKMCHOTO (ocdo-
pUJIIOBAaHHSI MMOBIPHO OOYMOBJIIOETHCSI 3MEHILIECHHSIM
yrBopeHHsT AT® i3 AIID ta Dy, OCKiIbLKK HE CIIOCTEPi-
raetbest 3MiH AT®D-riaponazHoi aKTUBHOCTI MiTOXOH/IPIiA.
BusiBneHi mopylileHHSI TPOLECY CIPSDKEHHSI OKMCHOTO
dochoproBaHHS B MITOXOHIPISIX €eHTEPOIIUTIB 3a Pa3o-
BOI il ONPOMiHEHHS MOXYTh CBiTYMTH SIK PO TTOIIKOI-
>KEHHST €JIEKTPOH-TPAHCIIOPTHOTO JIaHIIIOra 3a paxyHOK
MOIIKOIKEHb MEBHUX TUITHOK 11OTO JIaHIIIOTa YU TT0py-
1IeHb POOOTU OKCUAOPEIYKTA3, TaK i PO CTPYKTYPHI Me-
peoynosun depmenry HY-AT®aszu. [ig ioHizyouoi
paiallii HU3bKO1 IMTOTY>KHOCTI MOXKe MPU3BOAUTH A0 TTOPY-
LLIEHHsT 0i0eHepreTUYHUX (PYHKIIA MITOXOHAPI — OIHO-
TO 3 HAMOITBIII paHHIX TTPOSIBIB KIITUHHOI AUC(HYHKIITII.
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dose of 1.0 Gy. The decrease of the RCI and
ADP/O values indicates a disruption of the cou-
pling of the oxidation and phosphorylation pro-
cesses. At the same time, the V45/V4ATP ratio redu-
ces in 1 h after irradiation on average by 39 % in
the irradiation conditions at all studied doses.

The obtained results indicate that the effect of sin-
gle exposure to ionizing radiation of low power (0.1
to 1.0 Gy) is characterized by a dose-dependent
deviation of electron transport chain of the small
intestine enterocytes mitochondria. The increase of
respiration intensity there was observed just at the
early stages of experiment. The reducing of the RCI
and ADP/O values with radiation dose increase in-
dicates a disruption of the coupling of oxidation and
phosphorylation processes, which is associated with
interruption of the electron and proton transport in
respiratory chain. This interruption may be caused
by the changes in enzyme activity of the respiratory
chain or by the changes in electron transfer process
from oxidation substrates due to structural changes
in respiratory chain [9]. It should be noted that the
reduction of the V45/VATP coefficient at the early
stages after irradiation indicates the inhibition of the
ATP-hydrolase activity of the small intestine entero-
cytes mitochondria and may be associated with the
structural alterations of the H*-ATP-ase enzyme.

CONCLUSIONS

The results of the research show that the single and
chronic exposure to ionizing radiation leads to the
increase of respiration intensity and disruption of
oxidative phosphorylation as a result of the uncou-
pling of oxidation and phosphorylation processes.
With dose increase changes of studied parameters
become deeper. In chronic exposure to ionizing
radiation inhibition of oxidative phosphorylation
process is likely driven by a decrease in the forma-
tion of ATP from ADP and Pn because there are
no change of ATP hydrolaze activity of mitochon-
dria. The revealed functional abnormalities of the
small intestine enterocytes mitochondria under
the influence of ionizing radiation may be associ-
ated with structural and functional changes of the
respiratory chain, and with changes in the activity
of both the enzymes of the electron transport
chain and the H*-ATP-ase. The influence of the
ionizing radiation of low power may lead to the
disruption of the mitochondria bioenergetic func-
tion that is one of the earliest manifestations of
cellular dysfunction.
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