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1. CDapMaKOJIOFi‘{Ha KOpeKLLiH IOPYIEHDb I'OJIOBHOI'O MO3KY IIPpM CIIOHTAHHOMY BHYTpiIHHbOMOBKOBOMy KpOBOBI/IJII/IBi

32 YMOB €KCIIEPMMEHTAJILHOTO LIyKPOBOTO AiabeTy 2 TUILY

2. Pharmacological correction of brain disorders in spontaneous intracerebral haemorrhage in experimental type 2
diabetes mellitus

Pedepar:

1. Incepranifina po60Ta IPUCBIY€HA EKCIIEPUMEHTATIbHOMY OOI'PYHTYBAaHHIO MOXKJIMBOCTI 3aCTOCYBaHHS
rinorsyikeMiYHMX, aHTUOKCUIAHTHUX Ta METabOTPOITHUX 3aCO06IB 1711 onTUMI3aLii Kopekii mopyuieHs Ta
npodinakTUKY yCKafHeHb 3 60Ky HEPBOBOi CUCTEMU IIPU CIIOHTAHHOMY BHYTPIIIHLOMO3KOBOMY KPOBOBUJIMBI 32
YMOB €KCIIEpUMEHTAIbHOTO LIyKPOBOTro AiabeTy 2 Tuily. B 0CHOBY po60TU MOKJIAZ€HO Pe3yJbTaTH BIACHOPYY
[IPOBENIEHUX ITOBEIiHKOBUX, 610XiMiYHUX Ta MOPQOJIOTIYHUX METO/IIB NOCiIKEHD, 1O JISTIIA B OCHOBY BUBYEHHS
11epe6pOIPOTEKTOPHOI aKTUBHOCTI MeT(OpPMiHy, efapaBOHy Ta KOMOIHOBaHOTO 3aCO0y

(cykuuHaT/iHO3UH /HiKOTMHaMiZ /prbodaBiH) 32 yMOB FOCTPOrO BHYTPilITHbOMO3KOBOIO KPOBOBUJIMBY HA TJi
LIyKpOBOTO fiabeTy 2 Tumy. EkcriepruMeHTanbHi JOCTiIKeHHS BUKOHaHI Ha 60 6iJIMX CTaTE€BO3PIIMX Iypax-CaMIsIX
qiiHii Bictap macoro 200 - 250 r. LlykpoBu#i miabet 2 tury (LI12) MomesioBaju 3a JOIIOMOI0I0 OJJHOPa30BOro
BHYTPIIIHPOOYEPEBUHHOTO BBeieHHs HikoTuHaMiny 230 mr/kr (HA, Sigma-Aldrich, USA) Ta ctpenTo3oTouuny 65



mr/kr (CT3, AdoogBioscience, USA). PiBeHb I7110K031 B KPOBi BUMipPIOBAJIY Yepe3 72 FOVHU MiCIsl BBEIEHHS
HA/CT3. TBapuHU 3i 3HaY€HHSIMU MeHIIe 8,3 MMOJIb/J1 6YJIM BUKJIIOUEH] 3 JOCTiI)KeHHs. BHYTpilIHbOMO3KOBHUIA
KPOBOBUJIMB OYB iHAYKOBaHU IIJISIXOM MIKpOiH'eK1jii 1 MKJI pO3YMHEHOI B CTepuIbHOMY (pisiosioriuHomy posuuHi 0,2
MO 6axrepianbHoi KosareHasu (tun IV-S, 1 mxa 0,2 MO /mki1, «Sigma-Aldrich», CIIIA) Ha 60 neHb JOCTiIKEHHS 32
CTepeOTaKCUYHUMU KOOpAMHATAMU: ITepeqHbo-3aaHs — 0,2 MM riorniepeny Bif 6permu, menionarepanbsa - 2,8- 3,0
MM 3 [IPaBOro 60Ky Bif Opermu, raubuHa 5,5 MM, SIKi Bifnosiganu oinsHui cTpiaTyma. HaykoBa HOBU3HA OfepKaHuX
pe3yJbTaTiB. Briepie BUBYEHi 0COOINBOCTI HEMPONPOTEKTOPHUX BJIACTUBOCTEN MET(OPMIHY, €AapaBOHY Ta
KOMOIiHOBAaHOTO METa60TPOIHOr0 3aCO0Y Ha OCHOBI OYPLITUHOBOI KUCJIOTH, HIKOTUHAMIZy, pUOOKCUHY,
pr60dIaBiHy MOHOHYKJIEOTHU/LY 32 YMOB [TO€JHAHOI [1aTOJIOTii — CIIOHTAHHOTO BHYTPIiLTHbOMO3KOBOTO KPOBOBUJINBY
Ha TJIi TPUBAJIOrO Nepediry eKCriepuMeHTaIbHOTO LIyKPOBOTo AiabeTy 2 TUIly i3 BUKOPUCTaHHSIM [IOBEJiHKOBUX,
6ioximMiuHMX Ta MOP(OJIOTIYHMX METOLIB OLiHKU. B po6OTi AeTami30BaHO Ta NATOT€HETUYHO OOrPYHTOBAHO BUCOKY
AQHTMAMHECTUYHY Ta HEPONPOTEKTOPHY e(PEeKTUBHICTb METHOPMiHY Ta elapaBOHy. Briepiie eKcriepruMeHTaNIbHO
BCTAHOBJIEHO 37]aTHICTh METHOPMIHY 3HUKYBATU BUPaKeHICTh HAOPSIKY F'OJIOBHOTO MO3KY Ta aCTPOIJIio3y,
HOpMaJi3yBaTy IPOHUKHICTb reMaToeHLedaniyHoro 6ap’epy Npyu rocTpoMy BHYTPilIHBOMO3KOBOMY KPOBOBUJIUBI
Ha TJIi HYKpOBOTo Hiabetry 2 Tumy. Briepiie ninTeeppkeHO apMaKOJIOTiUHy aKTUBHICTh MET(GOPMIiHY Ta €1apaBOHY Y
3MEHIIEHH] iIHTEHCUBHOCTI OKMCHOTO CTPECY, TPOLECIB IJiIKyBaHHS ITPOTEiHiB, HEUPO3aNaleHHs Ta PEAaKTUBHOTO
aCTPOIJIi03y, TAKOXK BCTAHOBJIEHO iX aHTUTITIOKCUYHY [Iif0 Ta [IO3UTUBHUI BIJIUB Ha €KCIIPECiI0 KaAT€PUHIB i
eHpoTesianbHOi NO-CHMHTa3| 32 yMOB KOMOPOiHOI aTos1orii. Briepine BUsBI€HO 3[aTHICTh €4apaBOHY
MIOKpallyBaTh MOP(OJIOTiYHMI CTaH HEMPOHIB i HEMPOTJIii, oNepepKyBaT! IOCTTeMOpAriyHy AeMiesiHizaliio npu
BHYTPIilIHPOMO3KOBOMY KPOBOBUJIMBI Ha TJIi IlyKpPOBOTro AiabeTy 2 TuIly . Briepiie oBeleHO HEraTUBHUM BILJIMB
KOMOIHOBaHOTrO 3ac00Y Ha INOKa3HMKU OKCUATUBHOTO CTpeCy Ta iMyHOMOP(QOJIOTriuHi NapamMeTpy HEPBOBOI
TKaQHMHHU, [0 0OMeXKYe IOLiIbHICTb HOr0 BUKOPUCTAHHS 32 JaHUX YMOB Ta NOTpeOy€e NOJATKOBOIO BUBUEHHS.
[TpakTuyHe 3HaUYEHHSI OTPMMAHUX Pe3yJbTaTiB. [I[poBeieHi eKCllepUMEeHTaJIbHI JOCIiIPKEHHS OO0 PYHTOBYIOTh
iMOBIpHI epcreKTUBY 3aCTOCYBaHHS TiMOrIiKeMiYHUX, aHTUOKCUIAHTHUX Ta METab0OTPOITHUX 3aCO06iB 117151
JikyBaHHs1 nopyumeHs IJHC, cnpyyrHeHNX BHYTPIlIHbOMO3KOBAM KPOBOBUJIMBOM 33 YMOB IIyKPOBOTO JiiabeTy 2
tuiry. OTpMMaHi Pe3yJbTaTy PO3IMHUPIOIOTh YSBJIEHHS NIPO AaTOT€HE3 YPAKEHb FOJIOBHOTO MO3KY IIPU
BHYTPilIHPOMO3KOBOMY KPOBOBUJIMBI 32 YMOB LIyKPOBOT'O ZiiabeTy 2 TUIly, 30KpeMa L1010 PoJli OKMCHIOBAJIbHOIO
cTpecy, IMiKyBaHHS [IPOTEiHiB, Helpo3ananeHHs, IOPYIIeHb CTPYKTYPHO-(PYHKLIOHATIbHOTO CTaHy
remaTtoeHedaniyHoro 6ap’epy, HeMporJii Ta ekcripecii MoseKys KIiTUHHOI aaresii. BCcTaHOBIEHO OOLIIBHICTD
3aCcTOCYBaHHS MeTdOPMIHY Ta elapaBoHYy sIK 3aC00iB (hapMaKoJIOTiYHOI KOPEKIil HeMpoIeCTPYKTUBHUX 3MiH ITpU
BHYTPIilIHPOMO3KOBOMY KPOBOBUJIMBI 32 yMOB L1]12. OTprMaHi JaHi 06 pyHTOBYIOTb JOLi/IbHICTb MIOJAIBIIAX
OOKJIIHIYHYX i KIIIHIYHUX JOCIIKEHD WO0A0 BUKOPMCTAHHS LUX [IPENapariB y KOMIUIEKCHOMY JIiKyBaHHi
11epe6pOoBACKYJISPHOI [1aTOJIOT], MoeHaHOI 3 MeTaboJIIUHNMU ITOPYIIeHHSIMU. 3alIPOIIOHOBAHUN
€KCIIepMMEHTaJIbHUH MifXiZ, MoKe OyTH BUKOPUCTAHUM y JOKJIIHIYHOMY CKPUHIHTY HOBUX HEMPOIIPOTEKTOPHUX
3aco0iB 3 ypaxyBaHHSIM MeTab0siyHux PakTopiB pu3uKy. bioximiuHi Ta imyHorictoximiuni mapkepu (KIIT, KTTOTI, 8-
OHgpal', AQP1, GFAP, HIF-1n0, TNF-0, N-kagrepus, VE-kanrepus, GAP43, eNOS) MoXyTb ciyryBaT iHGOPMaTUBHUMU
KPUTEPisSIMU OLiHKY e(pEeKTUBHOCTI (papMaKOIOTiYyHOTO BTPy4YaHHS [IPU CIIOHTAHHUX BHYTPILTHPOMO3KOBHX

KpOBOBUJIMBAX Ha T [I]I2 B yMOBaxX €KCIIEPUMEHTY.

2. The dissertation is devoted to the experimental substantiation of the possibility of using hypoglycaemic,
antioxidant and metabotropic agents to optimise the correction of disorders and prevent neural complications in
spontaneous intracerebral haemorrhage in type 2 diabetes mellitus. The work is based on the results of
behavioural, biochemical and morphological methods of research, which formed the basis for the study of the
cerebroprotective activity of metformin, edaravone and combined agent

(succinate /inosine /nicotinamide /riboflavin) in acute intracerebral haemorrhage in the setting of type 2 diabetes
mellitus. Experimental studies were performed on 60 white mature male Wistar rats weighing 200 - 250 g. Type 2
diabetes mellitus (T2DM) was modelled by a single intraperitoneal injection of nicotinamide 230 mg/kg (NA,
Sigma-Aldrich, USA) and streptozotocin 65 mg/kg (STZ, AdoogBioscience, USA). The blood glucose level was
measured 72 hours after the administration of NA/STZ Scientific novelty of the results. The peculiarities of the



neuroprotective properties of metformin, edaravone and a combined metabotropic agent based on succinic acid,
nicotinamide, riboxin, riboflavin mononucleotide in the conditions of combined pathology - spontaneous
intracerebral hemorrhage in experimental type 2 diabetes mellitus using behavioural, biochemical and
morphological methods of assessment were studied for the first time. The study details and pathogenetically
substantiates the high anti-amnestic and neuroprotective efficacy of metformin and edaravone in treatment of
intracerebral hemorrhage in the setting of T2DM. For the first time, the ability of metformin to reduce the severity
of cerebral edema and astrogliosis, to normalise blood-brain barrier permeability in acute intracerebral
haemorrhage and type 2 diabetes mellitus was experimentally established. The pharmacological activity of
metformin and edaravone in reducing the intensity of oxidative stress, protein glycation, neuroinflammation and
reactive astrogliosis was confirmed for the first time, as well as their antihypoxic effects and positive impact on the
expression of cadherins and endothelial NO-synthase in comorbid pathology was also established. The ability of
edaravone to improve the morphological state of neurons and neuroglia, to prevent post-haemorrhagic
demyelination in intracerebral hemorrhage in the setting of type 2 diabetes mellitus was revealed for the first time.
For the first time, the negative effect of the combined agent on oxidative stress and immunomorphological
parameters of nervous tissue was proved, which limits the feasibility of its use in combined pathology and requires
further study. Practical significance of the results. The experimental studies substantiate the probable prospects
for the use of hypoglycaemic, antioxidant and metabotropic agents for the treatment of CNS disorders caused by
intracerebral haemorrhage in type 2 diabetes mellitus. The obtained results expand the understanding of the
pathogenesis of brain damage in intracerebral haemorrhage in type 2 diabetes mellitus, in particular, the role of
oxidative stress, protein glycation, neuroinflammation, disorders of the blood-brain barrier, neuroglia and
expression of cell adhesion molecules. The expediency of using metformin and edaravone as a means of
pharmacological correction of neurodestructive changes in the combination of T2DM and intracerebral
haemorrhage was established. The obtained data substantiate the feasibility of further preclinical and clinical
studies on the use of these drugs in the complex treatment of cerebrovascular disease combined with metabolic
disorders. The proposed experimental approach can be used in the preclinical screening of new neuroprotective
agents with regard to metabolic risk factors. Biochemical and immunohistochemical markers (AGEs, AOPPs, 8-
OHdG, AQP1, GFAP, HIF-1o, TNF-o, N-cadherin, VE-cadherin, GAP43, eNOS) can serve as informative criteria for
assessing the effectiveness of pharmacological intervention in intracerebral hemorrhage in the setting of T2DM

under experimental conditions
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[Tuporosa

Kog, 3a €IPIIOY: 02010669

Micue3HaxoaKeHHS: ByJ. [luporosa, 6yz. 56, Binnuig, Binaunpkuii p-H., 21018, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂZ MiHicTepCTBO OXOPOHU 310POB 51 YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. HItpuross Cepriit FOpiiioBuy

2. Serhii Y. Shtryhol

KBasigikanis: 1. men. u., npodecop, 14.03.05

Imentudikarop ORCID ID: 0000-0001-7257-9048

JonaTkoBa iHdopmalist:

IToBHE HaﬁMeHyBaHHﬂ IOPUIUYHOL 0C00H: HanionanbHuii papmalleBTUYHUIA YHIBEPCUTET
Kopg, 3a €IPIIOY: 02010936

Micue3HaxoaKeHHS: ByJ. [TymkiHceKa, 6yz. 53, XapkiB, XapkiBcbkuil p-H., 61002, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂZ MiHicTepcTBO 0XOpOHM 31,0pOB st YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kosnos Cepriit BosiogumupoBuy

2. Serhii V. Kozlov

KBasidikamis: . men. H., npodecop, 14.03.01

ImenTudikarop ORCID ID: 0000-0002-7619-4302

JoparkoBa iHdopmamist:

IIoBHe HaﬁMeHyBaHHﬂ IOpPI,uH‘{HOi 0COoO0M: JHITIPOBCBKUI [I€P’)KaBHUM MEAUYHUN YHIBEPCUTET

Kopg, 3a €IPITIOY: 02010681

Micuesﬂaxon)KeHHﬂ: ByJI. Bononpumupa Beprancekoro, 6yz. 9, Jxinpo, JHinposcbkuii p-H., 49044, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa yIIpaBJ'IiHHﬂ: MiHicTepcTBO OXOPOHU 370POB 'Sl YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI
Biiacue IlpisBuie Im's ITo-6aThKOBI Kanp6yc Onexcannp IsaHosuy

TOJIOBH pajgu



Biacue IpizBume Im's I10-6aThKOBI Kanbbyc Onexcannp [anoBuy
TOJIOBYIOYOTO Ha 3acCiiaHHi
BiILIIOBi,ILaJIbHI/II';I 3a HiILI‘OTOBKy MaKapeHKO Ognbra BOJ'IOILI/IMI/IpiBHa

00JIiKOBUX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




