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1. Incepraniiina po60Ta IpUCBIYEHA JOCIIKEHHIO 6i0XiMiYHUX 3aKOHOMipHOCTeN 6iocnHTe3y NO B MiTOXOHIPisIX
I71aIeHbKOM I30BUX KJIITUH MATKH, BUBYEHHIO MOJIEKYJISIPHAX MEXaHi3MiB JIii OKCHy a30Ty SIK MO>KJIMBOTO
€HJIoreHHoro crienudivyHoro peryssTopa KoHueHTpauii Ca2+ B miouuTtax it pyHKLioHyBaHHS Ca2+-
TPaHCIIOPTYBAJIbHMX CUCTEM MITOXOHIPill, 6i0€HepreTUYHUX IIPOLEeCiB (AKTUBHOCTI €JIEKTPOH-
TPaHCIIOPTYBAJIbHOTO JIAHLIOTY Ta MOJISIpU3allii iXHbOI BHYTPIlIHBOI MEM-OpPaHU) Ta BIUIMBY KaJiKc[4]apeHiB -
€K30T€HHUX HETOKCUYHMX MOIYJISTOPIB QYHKIIOHATBHOI aKTUBHOCTI MiTOXOHIpil — HAa NO-CHHTa3HYy 30aTHICTB,
6ioeHepreTuky Ta Ca2+-romeocras opraHes. I3 3actocysaHHsaM NO-uyTanMBoro ¢giyopecueHTHoro 301y DAF-FM,
METO/IiB JIa3€pHOI KOH(POKAJIbHOI MIKPOCKOIIii Ta IPOTOKOBOI LUTOMETPil HAMU BIIEPIIE IIPO-IE€MOHCTPOBAHO
yrBopeHHs NO B I71aJIeHbKOM $I30BUX KJIiTUHAX MaTKU. JJoBeeHo, o NOTY>XHUM IpKkepesiom NO y

IJIaJJleHbKOM'SI30BUX KJIITMHAX MaTKU € MiToxoHTpil. CuHTe3 NO B MiTOXOHAPISIX € 4yTJIMBUM [0 iHTibiTOpiB



KoHCTUTyTUBHUX NO-cuHTa3 (NG-HiTpo-L-apritina Ta 2-amiHonipuayHa) Ta Ca2+-yHinoprepa, NIpyUrHivyeTbcs aH-
TaroHicTamy KaJlbMOIYJIiHY (KaiabMinazosiymoMm i TpudrioonepasnHom), ioHamu Mg, CyTTEBO 3aJI€KUTh Bif| PiBHSI
eHeprisallii BHyTPillIHbOI MiTOXOHAPiHOI MeM6paHu. 3HaUeHHs yIBHOi KOHCTaHTY Mixaesica 3a L-apriHiHom Ta
KOHCTaHTHU aKtuBaii 3a Ca2+peakuii 6iocuHTe3y NO 3HaX0AsSThCsl B MeXax (i3i0I0oriYHMX 3Ha4€Hb iX KOHIEe-
HTpaliil y MaTPUKCi MITOXOHPIii. TakoX MpogeMOHCTPOBAHO, WO IKEPEJaMU OKCUAY a30Ty B MiOLUTaX MOXKYThb
Buctynaru NO-CcHUHTa3M, acOLil0BaHi 3 1J1a3MaTUYHOI0 MEMOPAHOIO Ta CAapKOIJIa3MaTUYHUM PETUKYIYyMOM. ¥
MITOXOH/PISIX IV1afleHbKOro M'a3y MaTku NO cTuMyJitoe akyMmysisiio Ca2+, IUIsixom akTuBalii came Ca2+-
yHinoprepa. Cucrema BuBinbHeHHs1 Ca2+ 3 MiTox0oHApil — H+-Ca2+-00MiHHUK, SIKUi1 TPE3€HTOBAaHUI IPOTeIHOM
LETM 1, € pe3uCTEHTHOIO [0 BIVIMBY OKCUAY a30Ty. NO BUKJIMKAE NOMipHE 3HIDKEHHS €JIEKTPUYHOrO MOTEHIiany Ha
BHYTPIlIHIll MeMOpaHi opraHesi, 00yMOBJIeHE IPUTHIYEHHSIM POOOTU KOMILJIEKCIB IMXaJIbHOTO JIAHIIIOTa, & CaMe
rasibMyBaHHSIM okucyienHst FADH2, i npotupie npouiecam HabyxaHHSI OpraHes, CIPUYMHEHUM BUCOKOKAJIbLi€BUM
po34nHOM. [IpOIEMOHCTPOBAHO, IO OKCUJ, a30Ty IIPUTHIYYeE LIJISIXY MiABUINEHHS KOHLEHTpalii ioHiB Ca B
Mmionta3mi y pasi fii Ha MmioluT Kap6axoJy Ta OKCUTOLMHY, & TAKOXK BUKJIMKAE 30iIbII€HHS XapaKTepUCTUYHUX
po3mipiB miouuTis. [Tosgpusyounil ePekT OKCUAY a30Ty 0OyMOBJIEHUI 3pOCTaHHAM K+-IIPOHUKHOCTI [171a3mManeMu i
3aJ1eKUTh Bif, i0HIB Ca, a Takosk cCGMP-3anekHUM CTUMYJIIOBAaHHAM aKTUBHOCTI Na+,K+-ATPa3u. 3arpornoHoBaHo
cxeMy 6ioxiMiyHMX MexaHi3MiB peryssTopHoi fii NO Ha piBHI MiTOXOH[Ipil Ta My1Ia3MaTUYHOI MEMOPaHU B MioLIUTax
matku. CTBOpeHO imiTaliiiHy MoJiesb y TepMiHax (QYHKIIOHAJNbHUX riOpuiHux Mmepex [1eTpi, siKa BiITBOpIOe
(PYHKULiOHAJIbHY aKTUBHICTb MiTOXOHAPIi, @ CaMe OJJHOYACHE NPOTiKaHHs npolecis okucaeHHss NADH /FADH2,
YTBOPEHHS aKTUBHUX (POPM KUCHIO Ta 3MiHM iXHBOTO TiIpoAMHAMIYHOrO diameTpy. OTpuMaHi piBHSIHHS
dhopmaizyloTh Ta ONKUCYIOTh KOHLIEHTPALiIHO-4acoBi 3aJIeXKHOCTI Iepebiry repesiyeHux MPoLeciB y cepeoBulll
3a [l asupy HaTpis, SIKU Y JliTepaTypi po3rysgaloTs K HenpsiMuil [oHop NO, 3 MOXKIIMBICTIO Nlepe6adeHHs
iHTEHCUBHOCTI IXHBOTO IIPOTiKAHHSA. 30KpeMa, 6yJI0 CIIPOrHO30BAHO BifIIOBib MITOXOHAPIN y yaci Ha 1o NaN3 B
KOHIIEHTpAllii, IKa He BUKOPMCTOBYBAJIaCs B €KCIIEPUMEHTI. [IpOEMOHCTPOBAHO MOXKJIUBICTb TPOHUKHEHHS
Kaisikc[4]apeHa C-956 y miomnasmy KJIiTHH Ta Horo B3aeMoziio 3 MitoxoHapiamu. Kanikc[4]apen C-956 edpeKkTuBHO
inrioye H+-Ca2+-06MiHHUK MITOXOH[Ipill, HE BIIJIMBAIOYM HA €HEPTO3aJIeXKHY aKyMyJrsiLio Ca2+, CTUMYJIIOE
MiToxonapiiny NO-cunTasy, ranbmye okuciaeHHss NADH ta FADHZ B e1eKTpOH-TPaHCIIOPTYBaJIbHOMY JIQHLIIO3i.
Cnonyku C-97, C-99 ta C-107 BUKJIMKAIOTb Jerosipu3alliio Naa3mMaTuyHoi MeMOpaHy MiOLIUTIB MaTKU.
Bzaemozioun 3 MiTOXOHZPIiSIMU, BOHM BUKJIMKAIOTh iHri6yBaHHa CaZ+-yHinoprepa i OfHOYaCHY CTUMYJIALIO if H+-
Ca2+-obmiHHuKa (C-97, C-99), noMipHe NIPUTHIYEHHS aKTUBHOCTI MiTOXOHpiltHOI NO-cuHTasu. [Topsap 3 num Mae
MicIle TpaH3i€HTHa Tileprnosspu3allis MiTOXOHIPiITHOI MEMOPaHU, SIKa MOB’13aHA 3 TOYAaTKOBUM MTOCUJIEHHSIM
okucisieHHst NADH Ta ctumysioBaHHSM esieKTporeHHoro H+-Ca2+-o6MiHHUKa. BincyTHICTD BIIJIMBY BCiX
IOCJiIKYBaHUX KaJliKC[4]apeHiB HAa yTBOPEHHS aKTUBHUX (POPM KUCHIO B MITOXOHAPIiSIX MOXKe BKa3yBaTH Ha
KOPHCTB TOTO, IO IPOLECH, SIKi aKTUBYIOTbCS1 /TaJIbMYIOTBCS 32 iX IPUCYTHOCTI, HE NIPU3BOISITh 4O WIKiIJIMBUX IJIs
opraHeJi HacJinKiB (TO6TO pO3BUTKY MiTOXOHAPIiHOI aucdyHKLii). Takum YMHOM, Kajikc[4]apeHH, MWIIsIXoM
IIOCUJIEHHS /IpUrHiyeHHs 6iocuHTe3y NO, 3MiHIOI0UM aKTUBHICTb cUCTEM TpaHCIOPTy Ca2+, MOXKYTb MaTH
MOJYJIIOIOUMH BIIUB HA (PYHKIiOHYBAaHHS KOMIIJIEKCIB IMXaJILHOTO JIAHIIIOTa i 6i0€HepreTUKy MITOXOHPIN Ta OyTH

BUKOPHCTaHUMHU B 6i0XIMIYHMX [IOCIIIPKEHHSIX SIK PETryJISITOPY CKOPOUEHHSI /POo3ciabieHHs] MiOMeTpisl.

2. The dissertation is devoted to the investigation of biochemical properties of NO biosynthesis in uterine smooth
muscle mitochondria, as well as to the study of molecular mechanisms of nitric oxide action as a possible specific
endogenous regulator of Ca2+ concentration in myocytes, mitochondrial Ca2+-transport systems functioning, and
bioenergetic processes (electron transport chain activity and inner mitochondrial membrane polarization) and to
the study of the effect of calix[4]arenes - exogenous non-toxic modulators of mitochondrial functional activity -
on NO-synthase capacity, bioenergetics and Ca2+-homeostasis of the organelles. With the use of NO-sensitive
fluorescent probe DAF-FM, laser confocal microscopy and flow cytometry, we demonstrated for the first time the
formation of NO in uterine smooth muscle cells. Mitochondria have been shown to be a potent source of NO in
uterine smooth muscle cells. The NO synthesis in mitochondria is sensitive to inhibitors of constitutive NO
synthases (NG-nitro-L-arginine and 2-aminopyridine) and Ca2+-uniporter. In addition, it is inhibited by
calmodulin antagonists (calmidazolium and trifluoperazine), Mg ions, and is largely dependent on the level of inner



mitochondrial membrane energization. The values of the apparent Michaelis constant by L-arginine and the
activation constant by the Ca2+ for reaction of NO biosynthesis are within the physiological values of their
concentrations in the mitochondrial matrix. It has also been shown that NO synthases associated with the plasma
membrane and sarcoplasmic reticulum may be nitric oxide sources in my-ocytes. In uterine smooth muscle
mitochondria NO stimulates Ca2+ accumulation through the Ca2+-uniporter activation. The system of Ca2+
release from mitochondria - the H+-Ca2+-exchanger, which is presented by the protein LETM 1, is resistant to
nitric oxide influence. NO causes a moderate decrease in the electric potential on the inner membrane of the
organelles due to the inhibition of the respiratory chain complexes, namely the inhibition of FADH2 oxidation, and
counteracts the swelling of the organelles caused by calcium-rich solution. It has been shown that nitric oxide
inhibits the pathways that increase Ca ions concentration in the myoplasm under the effect of carbachol and
oxytocin on myocytes, and also causes an increase in the characteristic size of myocytes. The polarizing effect of
nitric oxide is due to the increase in K+-permeability of the plasmalemma and depends on Ca ions, as well as due
to the cGMP-dependent stimulation of Na+,K+-ATPase activity. The scheme representing biochemical mechanisms
of NO regulatory effects at the level of mitochondria and plasma membrane in uterine myocytes is proposed. A
simulation model in terms of functional hybrid Petri nets was created. The latter reproduces the functional activity
of mitochondria, namely the simultaneous oxidation of NADH /FADH2, the formation of reactive oxygen species
and changes in their hydrodynamic diameter. The obtained equations formalize and describe the concentration-
time dependencies of the course of the listed processes in the medium under the action of sodium azide, which is
considered as an indirect donor of NO in the literature, with the possibility of predicting their course intensity. In
particular, the response of mitochondria over time to the action of NaN3 at a concentration that has not been used
in the experiment was predicted. The possibility of calix[4]arene C-956 penetration into cell myoplasm and its
interaction with mitochondria has been demonstrated. Calix[4]arene C-956 effectively inhibits mitochondrial H+-
Ca2+-exchanger, without affecting the energy-dependent Ca2+ accumulation, stimulates mitochondrial NO-
synthase, and inhibits the NADH and FADH2 oxidation in the electron transport chain. Compounds C-97, C-99 and
C-107 cause depolarization of the uterine myocytes plasma membrane. Upon interaction with mitochondria, they
cause Ca2+-uniporter inhibition and simultaneous stimulation of its H+-Ca2+-exchanger (C-97, C-99), and
moderate inhibition of mitochondrial NO-synthase activity. In addition, there is a transient hyperpolarization of
the mitochondrial membrane, which is associated with an initial increase in NADH oxidation and, possibly,
stimulation of the electrogenic H+-Ca2+-exchanger. The ab-sent influence of all studied calix[4]arenes on the
formation of reactive oxygen species in mitochondria may indicate that the activated /inhibited in their presence
processes do not lead to harmful effects in these organelles (i.e. to the development of mitochondrial dysfunction).
Thus, through NO biosynthesis enhancement/inhibition by altering the activity of Ca2+ transport systems,
calix[4]arenes can have a modulatory effect on the respiratory chain complexes functioning and mitochondrial
bioenergetics and can be used in biochemical studies as myometrial contraction/relaxation regulators.
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