O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0822U100844

Oco06J1uBi TO3HAYKH: BinKkpura

HaTa peectpamuii: 22-06-2022

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ocapuyk FOuis CepriiBHa

2. Osadchuk Yuliia Serhiivna

KBasmigikamis:

InenTudikarop ORCHID ID: He sactocosyerbcs

Bupg, pucepranii: nokrop dinocodii

IIIu¢p HayKOBOi CIENiaIbHOCTI: 222

Ha3zBa HayKoBOi creniaJIbHOCTI: Menuuuna

T'any3s / rany3i 3HaHb:

OcBiTHBO-HayKOBa IMporpama 3i creniaJbHOCTI: He 3acTocoByeThCH

Jarta 3axXHCTy: 21-06-2022

CrneniaJbHICTh 3a OCBITOIO: JlikyBasibHa CripaBa

Micue pOﬁOTPl 3,qo6yBaqa: HanjonaneHnii meguyHni yHiBepcuteT iMmeni O. O. boromosbiis
Kopg 3a €IPIIOY: 02010787

MicueSHaxo,T.pKeHHﬂ: oysbBap Tapaca llleByeHka, 6yz. 13, m. Kuis, 01601, Ykpaina
dopma By1acHoOCTI:

Cdepa ynpaBiriHHS: MiHiCcTEPCTBO 0XOPOHY 3140POB's YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS



I11. BizomMocTi mIpo aucepraiiiro
Iudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi Cleniaai3oBaHoOi BY€HOI pazu). 1d 26.003.075

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHnanbuuii menuynuii yHiBepeurer imeni O. O.

boromosbiis

Kopg 3a €IPIIOY: 02010787

Micue3Haxoo KeHHS: 6yibeap Tapaca lllesyenka, 6y, 13, m. Kuig, 01601, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBJIiHHﬂ: MiHicTepcTBO OXOPOHM 300POB 'Sl YKpaiHu
InenTugikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: Haujonanbuuii meauynuii yHisepeurer imeni O. O.

boromosbiis

Kopg 3a €IPIIOY: 02010787

Micue3Haxoa KeHHS: 6yibeap Tapaca lllesyenka, 6y, 13, m. Kuis, 01601, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBJIiHHﬂ: MiHicTepcTBO OXOPOHM 30POB 'Sl YKpaiHu
InenTudgikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

V. BimoMocTi npo gucepraniio
MoBga gucepraiiii:
Kozu TeMaTHYHHUX PYyOPHK: 34.15.43, 34.19, 34.39

Tema gucepranii:

1. Mopdo-dyHKIiOHaNBHI 3MiHA BEHTPOME[IiaJIbHOTO S/1pa rinoTajlamyca 3a YMOB €KCIIEPMMEHTaJILHOTO IIyKPOBOTO
niabetry 2 TUIy i 1Oro KOpeKuii

2. Morpho-functional changes of the ventromedial nucleus of hypothalamus under the condition of experimental
type 2 diabetes mellitus and after its correction

Pedepar:
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IIPOMiOHATY Ha BKa3aHi MPOLECH OJ1s TOJAJbIIO] MEPCIEKTUBY PO3POOKHU (PAPMAKOJIOTIYHUX CX€M HEMPONPOTEKLi



Ha TJIi AiabeT4HOi eHuedanonarii. O>xkupinHs, metabosniyaui cunapom (MC) ta nykposuii giabet 2 tumny (LI12),
BM3HAaHi aKTyasIbHOIO IIPOGIEMOIO 30POB’sl HaceyieHHs y 21 cTosiTTi. ['eHeTuyHi Ta MOJIeKyIspHi pakTopy, BIIIB
CepenoBUIIa, XapuyBaHHS, [1I0BEIiHKY, CIIOCOOY >KUTTS CIIpUsIoTh noraubiaeHHio MC no 1112 i po3BUTKy psny
YCKJIQAHEHB, 30KPEMa AiabeTH4HOi Helponartii, eHnedasnonarii, 1o CyTTEBO 3HMKYE SIKICTb KUTTS MAL[i€HTIB,
IIPU3BOJUTH 10 APaMaTUYHUX HacaigkiB [104, 34, 15, 54]. OgHak naToreHeTUYHi JIaHKY [TOMKOKEHHS HEMPOHIB Tif
BIIJIMNBOM KOMOIHOBAHOTO IOPYIIEHHS TJII0KO3HOIO Ta JIiiAHOr0 TOMeOCTa3y 3aJIMIIaloThCs He BUBYeHUMH [21, 29].
JocigKeHHs Ha TBAPMHHUX MOJEJISIX BiIKPMBAIOTh LJISIX 4O aHAJi3y BHYTPILIHbOKJIITUHHMUX MEXaHi3MiB MO3KOBOI
peryssnii romeocTasy, Neplll 3a BCe TinoTajJaMivHUX CTPYKTYP, HAJAI0Th MOXKJIMBICTb JOCIIPKyBaTU MOPYLUIEHHS
LIEHTPAJIbHOI JIAaHKY Ha TJIi HECIIPUSITANBOrO BILIMBY 11]]2, i TAKOK OKPECIIIOIOTh HAIIPSIMKY HOBUX BapiaHTiB
sikyBanHs [87]. LilenTpoM peryssuii o6MiHy peuoBUH opraHizmy € rinotanamyc [50, 56, 62]. 'os10BHUMU
CTPYKTYpaMH $IKi BU3HAYAIOTh LIEHTPAJIbHi MEXaHi3MU PETYJIsiLil piBHA [TIIOKO3U Ta JiNifiB A1 3a6€31e4eHHs
€HepreTUYHOro 6ajlaHCy BiANOBiAHO NOTPE6 OpraHi3mMy € HeMPOHU: BeHTpomeaianbHoro (VMH), maTepasbHOro Ta
apKyaTHoro sifep. Jusperyssuis QpyHKLiN rinoTajaMivyHuX siiep IPU3BOJUTD 10 IIOPYLIEHHS MeTaboJ1i3My IJTI0K03U
Ta po3BUTKy LIJ]2. [IpyunHOI0 BBaXXAIOTh 3allajl€HHs] HEPBOBOI TKAHUHU HU3BKOTO CTYIIEHS], SIKE PO3IIOBCIOMIKYETHCS
30KpeMa Ha rinorajsaMyc, BUHMKHEHHS PE3UCTEHTHOCTI HEMPOHIB TilloTazamyca 1o JIENITUHY Ta OPYLUIEHHS
HeliporeHesy [21, 30, 133, 175]. Heiipo6ioyioriuHa 0CHOBA JIENTMHOPE3UCTEHTHOCT] 3/INLIAETHCSI OCTATOYHO
He3'sICOBAHOIO i PO3IJIAAEThCS rinoTesa Npo Uulsixyu GOpMyBaHHS CTaHY: 3allajleHHs B 006J1aCTi rinoTajsamiyHux
a1ep; nopyuleHHs ayrodarii HepoHiB; cTpec eHJomIa3MaTuyHoro petukyayma (EP) y Heitponax [49, 57, 125, 152].
Crpec EP akTuBye CUTHAJIbHY CUCTEMY y BUIJISIII BiATYKY HECTPYKTypoBaHuX npoTteiniB (UPR) [42]. Tomy, Hame
IOCiIKeHHs 6yJ10 IPUCBSIYE€HO BUBYEHHIO CTPYKTYpHUX 3MiH EP B Heiiponax VMH 1m1ypiB, [10Ka3HUKIB CUCTEMU
UPR, nop’s13aHnMHU 3 11COaIaHCOM BHYTPIilIHbOKJIITUHHOIO TOMEOCTa3y, alloNTO30M I ayTodarielo HelpoHiB Ha TJi
ekcnepuMeHTanbHoro 12, 7151 KOpeKLii IOpyIIeHb B HEPBOBill TKaHUHI, BUKJIMKaHuX 11[12, My o6panu meT(opMiH
— TPAOULiHUI JiKapCbKUH 3aCi0, 1[0 BBa’KAETHCS «30JI0TUM CTaHIAPTOM» JiKyBaHHS 1][]2 Ta HaTpilo pomnioHar
(Hapasi, IPOMiOHAT) Cijib IPOMiIOHOBOI KUCJIOTH (KOPOTKOJIAHIIIOTOBOI JKUPHOI KUCJIOTH), SIKa € IETUYHOIO J0OABKOIO
i mprsHavaeThCA SIK LOJATKOBUI KOMIIOHEHT JIiKyBaHHS NallieHTiB i3 HEMPOAereHepaTUBHUMHY (ayTOIMYHHUMMU)
3aXBOPIOBaHHAMU [24, 64, 144]. MexaHi3M BIIJIMBY NIPOIIOHATYy Ha HEMPOHU TiNOTajIaMyCy He BiJOMUI1 i aKTUBHO
BHBYAETHCS. BBaXkKaeThCs, 1110 MPOIMIOHAT, IPU HAAXOIPKEHHI Y KUIIEYHUK, CTUMYJIIO€ iMyHHI KIiTUHY, 30Kpema T-
JiMQOLIUTU CTiHKU KUIIEYHUKA, BUKJIMKA€ CHHTE3 HEPOMeEiaTOpiB, LIUTOKIHIB, TOPMOHIB, SIKi aKLIENITYIOTbCSI
HeporJielo, o IPUTHIYYe eMieinizaniio i ornocepenKkoBaHO BILJIMBA€E Ha BIACTUBOCTI HeMpOHiB [14, 45, 58, 144,
165]. Metoto po6otu 6ys10 BuBYeHHSI MOPdO-(yHKIIOHATBHUX 3MiH HEMPOHIB Ta HEMPOTJIii BEHTPOMEAiaJIbHOTO
s7pa rinotajamyca 3a yMOB €KCIIEPMMEHTAIbHOTO LIyKPOBOro AiabeTy 2 TUIly i 1oro Kopekuii. 3aBiaHHs
nocuigxeHHs: 1. BusHa4MTH HalbiIbl e(PEeKTUBHUIN IJISIX BiATBOPEHHS €KCIIEPUMEHTaNIbHOI Mogeri 11112 na mypax
yepes3 BUBUEHHS 6i0XiMiYHMX MMOKA3HUKIB Ta CHEKTPY KUPHUX KUCJIOT B TKAHUHAX TBAapUH. 2. Jlocaigntu
yJIbTPACTPYKTYPHI 3MiHU HEUPOHIB Ta Helporii BeHTpomegianbHoro sgpa rinorasamyca (VMH) mypis i3 11112 Ta 3a
YMOB H0ro Kopeklii. 3. BuBunty QyHKIiOHANIBHUN CTaH €HI0NIa3MaTUYHOIO PETUKYJIYyMYy HelipoHiB VMH uiypiB i3
LIJI2 Ta 3a yMOB HOro KOpekiiii nisxoM gociigkeHHs noka3nukis UPR-cuctemu (nporteinis GRP78; PERK; ATF6;
IRE-1). 4. Jocninutu mopdo-dyHKIioHaNMbHI MapKkepu Hetiporiii (Iba-1; GFAP ZO-1) B 3oui VMH na i LII2 Ta 3a
YMOB 0ro Kopekliii. 5. Busuntu mopdo-¢pyHkiioHansHi mapkepu ayrodarii (LC3; Beclin-1) it anonroasy (Bcl_xI;
BAX; Caspase-3) B 30Hi VMH mypiB i3 LIJI2 Ta 32 yM0B 1ioro kopexkuii. 6. CopMyBaTy KOHLIENIIi0
(papMaKoJIOriYHOro BILIMBY KOMGIHOBAaHOTO BBEJIEHHS MeT(OPMIiHY 3 TPONiOHATOM Ha CTaH HEMPOHIB i HelporJii
BEHTPOMEIiaJILHOTO 4/pa rinorajzamyca s NoJaabloi MepCrneKTUBA BUKOPUCTAHHS BKa3aHUX IMIpernaparis Ha TJIi
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2. The PhD thesis is devoted to the important scientific problem of modern neurobiology, concerning the study of
morpho-functional changes in neurons and glial cells of the ventromedial nucleus of the hypothalamus (VMH) of
rats with the experimental type 2 diabetes mellitus (T2DM), including the development of endoplasmic reticulum
(ER) stress, neurogliosis, apoptosis and autophagy of neurons. In addition, the influence of combined
administration of metformin and sodium propionate on abovementioned processes was investigated in order to

develop the possible pharmacological schemes for the neuroprotection on the background of the development of



diabetic encephalopathy. Obesity, metabolic syndrome (MS) and type 2 diabetes mellitus are considered among the
most urgent public health problems in the 21st century. Genetic, environmental and molecular factors, the
influence of diet, behavior and lifestyle altogether contribute to the development of MS and T2DM, associated with
a number of complications, including diabetic neuropathy and encephalopathy, which dramatically reduce the
quality of life of patients. However, the pathogenetic mechanisms of the neuronal damage under the influence of
the combination of impaired glucose and lipid homeostasis remain unexplored. Research on experimental animal
models allow to analyze the intracellular mechanisms of cerebral regulation of homeostasis, especially in
hypothalamic structures, and to study the impairments of central regulation on the background of diabetes
mellitus, and also to elucidate the new trends in treatment options. Hypothalamus is the center of regulation of
metabolism. The main structures of hypothalamus that are responsible for the central mechanisms of regulation of
glucose and lipid metabolism to ensure the energy balance of the organism are neurons of ventromedial, lateral
and arcuate nuclei. Dysregulation of the functional activity of the hypothalamic nuclei leads to the impaired
glucose metabolism and, as a consequence, the development of T2DM. One of the reasons is the low-grade
inflammation of the nervous tissue, in particular, the hypothalamus, the resistance of hypothalamic neurons to
leptin and an impaired neurogenesis. The neurobiological basis of leptin resistance remains unclear. Therefore,
there are several hypotheses of the development of this condition: an inflammation in the hypothalamic nuclei,
disturbances in the process of neuronal autophagy, ER stress in neurons. ER stress activates the signaling way of
unfolded protein response (UPR). Therefore, our study was devoted to the investigation of structural changes in ER
of rat VMH neurons, the state of UPR system associated with an imbalance of intracellular homeostasis, apoptosis
and autophagy of neurons on the background of experimental T2DM. To correct the disturbances in the
functioning of nervous tissue, caused by T2DM, we chose metformin - a well-known medication, that is
considered the "gold standard" for the treatment of type 2 diabetes mellitus, and sodium propionate (here and
throughout the text, propionate) - salt of propionic acid (short-chain fatty acid), which is a dietary supplement and
an additional component for the treatment of patients with neurodegenerative autoimmune diseases. The propose
of the study was to determine the morpho-functional changes of neurons and glial cells of the ventromedial
nucleus of the hypothalamus under experimental type 2 diabetes mellitus and after its possible correction by
metformin and propionate. The following tasks were defined, according to the study purpose: 1. To determine the
most effective way to reproduce the experimental model of T2DM in rats via monitoring the biochemical
parameters and studying the spectrum of fatty acids in animal tissues. 2. To investigate ultrastructural changes of
neurons and glial cells of the ventromedial nucleus of the hypothalamus rats with T2DM and after its correction by
metformin and propionate. 3. To study the functional state of the endoplasmic reticulum of VMH neurons in rats
with type 2 diabetes mellitus and under its correction by studying the parameters of UPR system (particularly,
proteins GRP78, PERK, ATF6, IRE1). 4. To determine the functional markers of glial cells (Ibal, GFAP, ZO-1) in the
VMH on the background of type 2 diabetes mellitus and after its correction. 5. To study the functional markers of
autophagy (LC3, Beclin-1) and apoptosis (Bcl_xl, BAX, caspase-3) in the VMH of rats with T2MD and under the
action of metformin and propionate. 6. To outline the molecular mechanisms of the pharmacological effect of
combined administration of metformin and propionate on the state of neurons and glial cells of the ventromedial
nucleus of hypothalamus in order to scientifically substantiate the use of these drugs on the background of T2MD.
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