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1. MexaHi3aMu pO3BUTKY TilIOMEeTa00JIiYHOrO CTaHy IPU TillOKCii Ta HOBI MigX04U 10 NIAaTOr€HETUYHOI KOPEKLIii
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correction of hypoxic and metabolic disorders

Pedepar:

1. lucepraio IpruCBIYEHO AOCII)KEHHI0O OCHOBHUX MEXaHi3MiB BIIJIMBY Pi3HMX BUJIB TIIIOKCIi HA €HEPreTUYHUN
0OMiH Ta BU3HAYEHHIO HOBUX MiJXOZiB IO MaTOreHETUYHOI KOPEKLii MeTabomiyHuX NopyueHb. [JoCiIKeHHS
IIPOBENIEHO Ha Iypax JliHii BicTap npu BIjMBi roCcTpoi, NepiognyHOi, XpOHIYHOI IIOKCii, MOJIeTI0BaHHI TEPBUHHOI,
pecnipaTopHoi rinokcii Ta iMMo6ii3aliliHOTo CTpecy; 0XapakTepru30BaHO CTATeBi Ta OHTOT€HETHYHI BiAMiHHOCTI.

Kniniuni J_IOC.TIi,I[)KeHHH IIPOBEOEHO HA ,[[O6pOBOJ'IbI_LHX CEPEIHBOTO Ta ITOXUJIOTO BiKy, d TaKOX XBOpUX 3



MeTaboJiYHUM CUHIIPOMOM, IIpefiabeTom, fiabetom 11 2 Tumy, MeMKaHUSIX PIBHUHY Ta CEPEIHbOTIP’s, IIPY BILINBI
rOCTpOi, XPOHIYHOI, MepEPUBYACTOI iIHTEPBANILHOI TiNoKcii. Omep>kaHi pe3yabTaTH CBif4aTh, 1[0 OCHOBHOIO PEAKIIiE€I0
Ha BIUIMB Pi3HUX BUIB TMOKCii € PO3BUTOK IilOMeTab0JIiYHOrO CTaHy, [10B’S13aHOTO 3 [10pYIIeHHSIM cuHTe3y ATO B
KJIiITUHAaX. BCTaHOBJIEHO, 1O KJII0YOBY POJIb Y HOTO PO3BUTKY Biflirpae crabisnizauis ¢paxkropis Tpanckpunuii HIF-1o i
HIF-3n, gKi CTUMYJIIOIOTh aKTUBALliI0 3aXMCHUX i aIalITUBHUX r'eHiB, B ToMy yucii, iNOS, MnSOD, kaBeosiny-3, Akt,
GLUT-11 -4. AKTUBYIOTbCS CTilKi 10 rinokcii 6i7Ky aepo6HOI YaCTMHY €HepreTMYHOro o6MiHy i ri1ikosis. Takoxk
BHACJIZOK [l rifoKcii crnocTepiraeTbcs MiTOXOHAPialbHA AUCPYHKILiS, IOPYIIEHHS! pOOOTH KOMILJIEKCY I, BHU>KEHHS
okucHeHHs1 HAJI-3aeXHuX i JoMiHnyBaHHS okucHeHHsT PA]l- 3aeskHUX cybCTpaTiB, PO3BUTOK OKMCHOTO CTPECY Ta
rinepryikemiyHoi peakuii. KomniekcHi 3MiHM MeTaboIiyHUX ITapaMeTpiB BKa3yl0Th Ha CIIJIbHI pUCH CTpec-
PeakTUBHUX MEXaHi3MiB Ta BiflIOBiJli Ha rilOKCilo pi3HOro reHesdy. BcraHoBieHO (Ha30Buil XapakTep 3MiH
MeTaboJ1i3My y BiITIOBiIb Ha TiMOKCilo pi3HOro reHesy Ta crpec. l'inomerabosnivyHa ¢gaza TpuBae 5-9 1i6 B 3a71€XKHOCTI
BiJl T7IMOMHY i TPUBAJIOCTI TiMOKCUYHOTO CTUMYJY. ITicsist HeTpuBanoi nepexinHoi pasu po3BUBAETHCS
rinepmeTabosiyHa ¢asa, sIKa XapaKTepU3yeThCsl 3HAYHUM 3POCTAaHHSIM €HepreTuyHoro meradosismy i HIF-
3aJIeXKHUM o0MmexxeHHSIM ¢yHkuii HIF-1. B MiTOXOHAPIsIX 3pOCTa€e CNIPSDKEHHST OKMCHEHHS 3 POCPOPUIIOBAHHSIM,
BiJHOBJIEHHS (PYHKIiOHYBaHHS KOMIIJIEKCY 1 €JIEKTPOHTPAHCIIOPTHOTO JIAHLIIOTa, TOMIHYBaHHS OKUCHEHHS HAJI-
3aJIeXKHUX cyocTpartiB Hag DAJ]-3aneskHUMU, 3pOCTaHHs poaykuii AT®, 3HUKYeTbCS TEIJIONPOAYKIis. BinmnosigHo
IO MiJBUIEHHS CIIOXKUBAHHS KUCHIO 3pOcTae (PYHKIisl 30BHIIIHbOTO AUXaHHS. 3pOCTae eKCIpecis iHCy1iHOBUX
PELENTOpPiB Ta TPAHCIIOPTEPIB [VIIOKO3M, PO3BUBAETHCS TIIOIIKEMIS, @ IPU META00IIYHNX MOPYIIEHHSX
CIIOCTepiraeThcs MOKPAIIEHHs BYyIJIEBOGHOTO i JinigHoro metabosizmy. Yepes 16-18 nHiB po3BUBa€eThCs aiallTUBHA
daza, HopMasizyoTbCs QYHKIIOHANbHI IOKA3HUKYU OPraHi3My i BCTAHOBJIIOETbCS HOBUI CTaH €HEPreTUYHOr0
0OMiHYy OpraHiaMy, IIpU SIKOMY peaxliisl Ha FiIOKCUYHUI ab0 CTPECOPHUI CTUMYJI 3MEHIUIYETHCS a00 BiICYTHSI.
Bax/IMBUM PE3yJIbTaTOM € BCTAaHOBJIEHHS (PAKTY, IO HA 3MiHYy (a3 He BIIJINBA€E PiBEHb TOTOBHOCTI
KUCEHbTPAHCIIOPTHOI CUCTEMHU [10 MiBULIEHHS MeTaboIiYHMX IOTpe6 TKaHUH, 110 € PaKTOPOM pU3HUKY. Po3pobiieHi
METOAM KOPEKLi Ta TEOPETUYHI BUCHOBKH JO3BOJISIIOTh PEKOMEHIYBATH IIPU3HAYEHHS ITIIOKOKOPTUKOITHUX
TOPMOHIB $IK CKJIa[OBUX NIATOr€HETUYHOI Tepartii, 1o J03B0JIsl€ BiATepMiHyBaTH HACTaHHS rinepMeTaboslivyHoi a3y,

a TaKOX JIiKyBaHHS1 HAHOYACTUHKAMU LiePilo 1J1g KOPeKii NopyieHs y rinomeTaboslivHii ¢asi.

2. The dissertation is devoted to the research of the main mechanisms of influence of different types of hypoxia on
energy metabolism, and to create new approaches to pathogenetic correction of metabolic disorders. The study
was performed in Wistar rats under the influence of acute, periodic, chronic hypoxia, simulation of primary,
respiratory hypoxia and immobilization stress; gender and ontogenetic differences are characterized. Clinical trials
have been performed in healthy middle-aged and elderly volunteers, as well as patients with metabolic syndrome,
prediabetes, type 1 and 2 diabetes, plain and mid-mountain residents, under the influence of acute, chronic,
intermittent interval hypoxia. The results showed that the main reaction to the influence of various types of
hypoxia is the development of a hypometabolic state associated with impaired ATP synthesis in cells. Transcription
factors HIF-1o and HIF-3o were identified as key molecules in this response, which stimulate the activation of
protective and adaptive genes, including iNOS, MnSOD, caveolin-3, Akt, GLUT-1 and -4. Hypoxia-resistant proteins
of the aerobic part of energy metabolism and glycolysis, and KATP channels are activated. Also, mitochondrial
dysfunction, especially of complex I, decreased oxidation of NAD-dependent and the prevalence oxidation of FAD-
dependent substrates, the development of oxidative stress and hyperglycemic reaction were found due to hypoxia.
Complex changes in metabolic parameters indicate common features of stress-reactive mechanisms, and
responses to hypoxia of different genesis. The phase nature of metabolic changes in response to hypoxia of various
genesis and stress has been established. The hypometabolic phase lasts 5-9 days depending on the depth and
duration of the hypoxic stimulus. After a short transition phase, a hypermetabolic phase develops, which is
characterized by a significant increase in energy metabolism and HIF-3-dependent limitation of HIF-1 function. In
mitochondria, the coupling of oxidation and phosphorylation increases, the functioning of complex 1 of the
electron transport chain resumes, the oxidation of NAD-dependent substrates dominates over FAD-dependent
ones, the ATP production rises, and heat production decreases. According to the increase in oxygen consumption,
the respiration rises. The expression of insulin receptors and glucose transporters increases, hypoglycemia



develops; in patients with metabolic disorders there is an improvement in carbohydrate and lipid metabolism.
After 16-18 days, the adaptive phase develops, the functional parameters of the body are normalized, and a new
state of energy metabolism of the body is established, in which the reaction to a hypoxic or stressful stimulus is
reduced or absent. An important result is the establishment of the fact that the change of phases is not affected by
the level of readiness of the oxygen transport system to increase the metabolic needs of tissues, which is a risk
factor. The developed methods of correction and theoretical conclusions allow to recommend the appointment of
glucocorticoid hormones as components of pathogenetic therapy, which allows to delay the onset of the
hypermetabolic phase, as well as treatment with cerium nanoparticles to correct disorders in the hypometabolic
phase.
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