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1. Mopdo-dyHkiioHanbHI 3MiHM BEHTPOMEIiaJIbHOTO sipa rirnoTajamyca 3a YMOB €KCIIEPUMEHTaIbHOTO IIyKPOBOTO
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Pedepar:

1. lucepralist npucBsYeHa BUPIlIEHHIO aKTyaJbHOr0 HAyKOBOTO 3aBIaHHS Cy4yacHOI Helipo6ioiorii BUBUEHHIO
Mopdo-PYyHKLiIOHATIbHUX 3MiH Y HEMPOHaX Ta HEHPOIJlii BEHTpOMeialbHOrO sipa rinoTasaMmycy Iypis i3
€KCIIEPMMEHTAJIBHOIO MOJEJIIIO LIYyKPOBOTO iabeTy 2 TUIly, 30KpeMa CTPECY €HA0IIa3MaTUYHOTO PETUKYIIYMY
HEVPOHIB, HENPOIJIio3y, anonTo3y i ayrodarii HepoHiB Ta BIIJIMBY KOMOIHOBaHOTO BBeleHHSI MeT(OpMiHY i HaTpito
IIPOIiOHATy Ha BKa3aHi Mpolecy AJ1s1 OJAablIo] NepCrekKTUBU Po3pobKy (HapMaKoIOriyHUX CXeM HeIPONpOTeKLii
Ha TJIi AiabeT4HOi eHuedanonarii. O>xkupinHs, Mmetadosniyauil cunapom (MC) ta nykposuit giabet 2 tuny (LI12),
BU3HAHI aKTyaJIbHOIO ITPO6JIEMOIO 3[,0POB’S HaceleHH Y 21 cTomiTTi. [eHeTH4Hi Ta MOJIEKYJISIPHI (PaKTOPU, BILJIUB

cepenoBuUIIa, XapuyBaHHS, [1I0BEIiHKY, CIIOCOOY >KUTTS CIIpUsIOTh noraubiaenHio MC no 1112 i po3BUTKy psLy



yCKJIaZHEeHb, 30KpeMa AiabeTnyHoi Heriponartii, eHnedasnomnarii, mo CyTTeBO 3HIKYE SIKICThb KUTTS MALiEHTIB,
MPU3BOAUTD 0 MpaMaTUIHUX HacaiakiB [104, 34, 15, 54]. OpHak naToreHeTUYHi JJaHKY [TOIIKOIKEHHS] HEMPOHIB i,
BIIJIMBOM KOMOIHOBaHOTO IIOPYLIEHHS TJII0KO3HOIO Ta JIiIiIHOrO TOMEOCTa3y 3aJIMIIaloThCs He BUBYeHUMH [21, 29].
JocigKeHHs Ha TBAPMHHUX MOZEJIIX BiIKPMBAIOTh LJISAX 4O aHAJI3y BHYTPILIHbOKJIITUHHMUX MEXaHi3MiB MO3KOBOI
perysnii roMeocTasy, Iepii 3a BCe TirnoTajaMiYHUX CTPYKTYP, HaZA0Th MOXKIIMBICTD JOCIIIPKYBaTH ITOPYLIEHHS
LIEHTPAJIbHOI JIAHKY Ha TJIi HECIIPUSTINBOrO BILIMBY LIJ]2, i TAKOK OKPECIIIOIOTh HAIIPSIMKY HOBUX BapiaHTiB
sikyBanHs [87]. LienTpoM perysiduii ooMiHy peuoBUH opraHizmy € rinotanamyc [50, 56, 62]. 'os10BHUMU
CTPYKTYypaMH $IKi BU3HAYAIOTh LIEHTPAJIbHi MEXaHi3MU PETYJIsALIl piBHA [TIIOKO3U Ta JiNifiB A1 3a6€31e4eHHs
€eHepreTUYHOro 6ajlaHCy BifIOBiIHO NIOTpeb opraHisamy € HepoHu: BeHTpoMeianpHoro (VMH), 1atepasibHOro Ta
apKyaTHoro siep. Jusperyssuis QpyHKLiN rinoTajaMivyHuX siep IPU3BOJIUTD 10 IOPYLIEHHS MeTaboJ1i3My IJ1I0KO3U
Ta po3BUTKy LIJ]2. [IpMunHOI0 BBaXXAIOTh 3allajleHHs] HEPBOBOI TKAHVUHM HU3bKOTO CTYIIEHS, SIKE PO3IIOBCIO[IKYEThCS
30Kp€eMa Ha rinoraaaMyc, BAHMKHEHHS PE3UCTEHTHOCTI HEMPOHIB TifoTazamyca [0 JIEIITUHY Ta IOPYLIEHHS
HeliporeHesy [21, 30, 133, 175]. Heiipo6iosyioriuHa 0CHOBA JIENTMHOPE3UCTEHTHOCT] 3/INIIAETHCSI OCTATOYHO
He3'SICOBAHOIO i PO3IJISIAEThCS rilnoTe3a Npo Lulsixy GOPMyBaHHS CTaHy: 3allajJleHHs B 00J1aCTi rinoTajsamiuHAx
a1ep; nopyuleHHs ayrodarii HepoHiB; cTpec eHpomasmaTuyHoro petukyayma (EP) y neitponax [49, 57, 125, 152].
Ctpec EP akTuBye CUTHAJIbHY CUCTEMY Y BUIJISAL BilryKy HECTPYKTypoBaHux rpoteiHiB (UPR) [42]. Tomy, Hauie
IOCTiIKeHHSs 6yJ10 IPUCBSIYE€HO BUBYEHHIO CTPYKTYPHUX 3MiH EP B Heilponax VMH mypiB, [10Ka3HUKIB CUCTEMU
UPR, noB’13aHnMHU 3 11cOaIaHCOM BHYTPIIIHbOKJIITUHHOTO TOMEOCTa3y, alloNITO30M 1 ayTodarielo HeMpoHiB Ha TJIi
ekcriepuMeHTasnbHOro L2, 171 KOpeKLii IopyiieHb B HEPBOBill TKaHMHI, BUKInKaHuX 11[12, Mmu o6pasnu meTdopmiH
- TPaAULiHUII JiKapCbKUH 3aci0, 1110 BBaXKAETHCS «30JI0TMM CTaHIAPTOM» JliKyBaHHS 1][]2 Ta HaTpito npomnioHar
(Hapai, IPOMiOHAT) Cijib IPONiIOHOBOI KUCJIOTH (KOPOTKOJIAHIIIOTOBOI JKUPHOI KUCJIOTH), KA € IiETUYHOIO J0OABKOIO
i IpU3Ha4Ya€THCA SIK JOAATKOBUIM KOMIIOHEHT JIiIKyBaHHS MALi€HTIB i3 HepoJereHepaTuBHUMU (AyTOIMyHHUMU)
3aXBOPIOBaHHAMU [24, 64, 144]. MexaHi3M BIJIMBY ITPOIiOHATy HA HEMPOHMU TilloTazaMycy He BiloOMUil i aKTUBHO
BUBYAETHCA. BBaXkaeThC, 1110 MPOIIOHAT, IPU HAAXOIPKEHH] Y KUIIEYHYK, CTUMYJIIO€ iIMyHHI K/IiTUHY, 30Kpema T-
JIiMQOLIUTU CTiHKU KUIIEYHHUKA, BUKJIMKA€ CHHTE3 HEMPOMEiaTOpiB, LUTOKIHIB, TOPMOHIB, SIKi aKLENITYIOTbCSI
HeWpOorJIi€lo, o IPUTHIvYye eMiesiHi3aniio i ornocepenKoBaHO BIIJIMBA€ Ha BIACTUBOCTI HEMPOHIB [14, 45, 58, 144,
165]. MeTtoto poboTtu 6ys10 BuUBYeHHSI MOPHO-(YHKIIOHATIBHUX 3MiH HEMPOHIB Ta HEMPOrJlii BEHTPOMEiaJlbHOrO
AJipa rirnoTajaMmyca 3a yMOB €KCIIEDUMEHTAJILHOTO LIyKPOBOTO JliabeTy 2 TUITy i HOro Kopekiii. 3aBgaHH
nocuigxeHHs: 1. BusHa4nTH HanbiIb e(EeKTUBHMIN IJISIX BiATBOPEHHS €KCIIEPUMEHTaIbHOI Mogeri 11112 na mypax
yepe3 BUBYEHHS 6i0XiMiYHMX TIOKA3HUKIB Ta CIIEKTPY XUPHUX KUCJIOT B TKAHWHAX TBapuH. 2. Jlocaignuti
yJIbTPACTPYKTYPHI 3MiHU HEMPOHIB Ta Heporii BeHTpomegianbHoro sigpa rinoranamyca (VMH) mypis i3 11712 Ta 3a
YMOB H0ro Kopekii. 3. BuBunTy (QyHKIiOHANIBHUN CTaH €HIIOIIa3MaTUYHOTO PETUKYJIYyMYy HelpoHiB VMH 1iypiB i3
LI12 Ta 32 yMOB 0r0 KOPEKLii IJISIXOM JocimkeHHs nokasHukiB UPR-cuctemu (npoteiniB GRP78; PERK; ATF6;
IRE-1). 4. Jocninutu mopdo-dyHKIioHaNbHI MapKkepu Heliporiii (Iba-1; GFAP ZO-1) B 3oui VMH Ha T1i LII2 Ta 3a
yMOB #ioro kopexuii. 5. BuBuntu mopdo-dynkuionanbsi mapkepu ayrodarii (LC3; Beclin-1) it anonTosy (Bel_xl;
BAX; Caspase-3) B 3oHi VMH mypiB i3 I1]2 Ta 32 ym0B 1ioro Kopekiii. 6. ChopMyBaTy KOHLIENLiI0
($hapmakoIoriyHOTO BIUIMBY KOMGIHOBAaHOTO BBEeIEHHSI MeT(QOPMiHY 3 IIPOIIOHATOM Ha CTaH HEWPOHIB i HeNpOrJii

BEHTPOMEIIaJILHOTO 4/ipa rinorasamyca s NoJaabLIoi MepCrneKTUBA BUKOPUCTAHHS BKa3aHUX IIperaparis Ha Tl
L2,

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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