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3aCTOCYBaHHS KOMOIHOBAHOI KOPEKIIil 3 BUKOPUCTaHHSIM ME3€HXIMaJIbHUX CTOBOYPOBUX KJITUH Ta aHTUOKCUIAHTIB

2. Pathogenetic Mechanisms of Acute Ischemic Stroke and Experimental Evaluation of the Effectiveness of
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Pedepar/anoTamis:

1. Toctpwit imemiunnii incysbt (T11) € ofHi€r0 3 IPOBiHUX IPUYKH iHBasiM3allii Ta CMEPTHOCTI y CBiTi. Foro
[IaTOreHe3 OXOILII0E B3a€EMOIIOB'SI3aHi IPOLECH ilmeMii, OKCUZATUBHOTO i HITPO3aTUBHOTO CTPECY, HEMpOo3analeHHs,
eHpoTesianbHOI AuchYHKI, akTUBaLil CyIMHHO-TPOMOOLMTAPHOIO FEMOCTa3y Ta HEeMPOHAbHOI AereHepartii.
[lepcnieKTUBHUM HAIPSIMOM KOMILJIEKCHOI IaTOT€HETUYHOI KOPEKIii € 3aCTOCYBaHHS ME3€HXIMaJIbHUX CTOBOYPOBUX
kiituH (MCK) y moeHaHHi 3 IPUPOAHUM aHTUOKCHUIAHTOM pecBepaTposioM. MeTa poboTu — 3'sCcyBaTu PoJib
eHpioTesianbHOol AuchyYHKIi], TUTOKIHOBOTO NPOodinio, CyAUHHO-TPOMOOLIUTAPHOIO reMOCTa3y, aHTUOKCUIAHTHOTO
3axUCTy Ta HelipocneuudiyHux ¢akropis y natoreHesi I'll y mypis, a TakoX BUBHaYUTH €(PEKTUBHICTb HOT0
KoMOiHOBaHOI KopekKlii i3 3acTocyBaHHIM MCK i pecBeparposy. EkciepuMeHTasbHi JOCIiIP)KEHHSI BUKOHAHO Ha 204
HEJIIHIMHUX CTaTeBo3pinux mypax Macoro 180-200 r. I'll MogesnoBany MIIXOM €H40BACKYISIPHOI OKIII03ii cepegHbOi

MO3KOBOi aprepii 3a E. Z. Longa. HeBpoJioriunuii i HoBeiHKOBUI CTaH OL[iHIOBAaJM 32 1Kajow McGraw Stroke



Index, TecTaMu «BiKpUTE T0JIE» TA «IIJIABAHHS 3 HABAaHTAKEHHSIM». Bu3Hauanu HelipocnenndidHi i
HelipoTpodiuHi paxTopu (NSE, S-100, GFAP, BDNF, PEDF), npo- Ta npotusanajbHi LUTOKIHY, i30Ppopmu NO-
cuHTasy, paktop Binnebpanna, enporenin-1, HITPOTUPO3UH, TOKA3ZHUKU TEPEKUCHOTO OKUCHEHHS JIIifiB i
AHTUOKCUJAHTHOTO 3aXMCTY, KiJIbKICTb Ta arperauiiiHy 3JaTHICTh TPOMOOLIUTIB, Ie(pOPMOBAHICTb €PUTPOLIUTIB.
BceraHosseHo, mo I'll ciprynHse BUpaskeHUI HEBPOJIOTIYHUH e diliuT, 3HVDKEHHS IOKOMOTOPHOI, OPi€EHTOBHO-
IOCTiIHULIBKOI Ta KOTHITUBHOI akTUBHOCTI. Ha 14-Ty o6y crioctepiranocs juile 4acTKOBE BilHOBJIEHHSI PYHKLIiM.
ImemiyHe ymKOMKEHHS CYyIPOBOPKYBaIOCs 3MiHAMU HEMPOHA/IbHO-TJia/IbHUX B3aeMOii: 3HIKeHHSIM NSE,
nigsumeHHsIM S-100 i GFAP, pannim 3poctanHsam BDNF Ta 3HmwkeHHsam PEDF. Lle Bino6paxkae noegHaHHS
HEPOHAJIPHOTO YIIKOKEHHSI, peaKTUBHOI aKTHBallii aCTPOLUTIB, TOPYIIEeHHS reMatoeHedanivyHoro 6ap’epa i
KOMIIEHCATOPHUX HellpopereHepaTUBHUX IpolieciB. BusBneHno 3HauHe niasuieHHs 1JI-1n, 1J1-6 i ®HII-03
[OJA/IBLIOI0 aKTMBALli€l0 IPOTHU3ANaJIbHUX MexaHi3MiB 3a y4acTio TGF-ol, 1JI-4 ta o-engopginy. OTxe, roctpa ¢asa
I'll xapakTepuayeTbCs JOMiHYBAaHHSIM HEMpo3anaseHHs i1 JeCTPYKTUBHUX IIPOLECIB, TOI SIK Ha 14-Ty 106y
MIOCUJIIOIOTBCSA pernapaliis, IiiajbHe PEMOMEIOBAHHS Ta HelporeHes. Jl0BeeHO PO3BUTOK CTIIKOIO OKCUAATUBHOTO
11 HITPO3aTUBHOIO CTPECY. 3POCTAHHS BMICTY JIi€HOBUX KOH'IOTaTiB i HUTPATY IMO€HYBAJIOCH 31 3HUKEHHSIM
AKTUBHOCTI CYNIepOKCUAAMCMYTa3U, KaTajla3y Ta 3arajlbHOrO0 aHTUOKCUJAHTHOIO 3aXUCTy. BusiByieHo gucbananc
isopopm NO-cunTtaszu: nigsuieHHs iNOS i nNOS Ha Ti1i 3HMKeHHs eNOS, 3pOCTaHHS HITPOTHPO3KHY Ta 3arajbHOi
akrusHocTi NOS. Iligsuienns ¢akropa Binnebpanpa it eHnoTesniny-1 niaTBepanio po3BUTOK €HA0TEiaIbHO]
IVcQyHKIii, Ba30CIa3My Ta NOPYLIEHHS MIKpOLMPKYJISLii. 36iyIbII€HHs KiIbKOCTI 1 arperauiiHoi akTUBHOCTI
TPOMOOLIMTIB Ta 3HIDKEHHS 1e(POPMOBAHOCTI €pUTPOLIUATIB CBiTUNIIN NIPO (POPMYBAHHS CTIIKOTO
IIpOTpoM6OTHYHOTO cTaHy. MoHoTeparis MCK nomipHo nokpaiiyBasa IoBeJiHKOBI I0Ka3HUKY TBAPHUH.
Kom6inoBane 3actocyBanHst MCK i pecBepaTpoJly BUSBUIJIO BUPAXKEHIIINI CUHEPTriYHNI e(EeKT: CIIPUSLIO
BiZJHOBJIEHHIO PyXOBOIi, OPiI€EHTOBHO-IOCJiJHALIBKOI Ta KOTHITUBHOI (DYHKILiH, HOpMasli3alii UTOKIHOBOTO
rOMEOCTa3y, 3HWKEHHIO IHTEHCUBHOCTI BiJIbHOPAJUKaJIbHOIO OKUCHEHHS, MMiIBUILIEHHIO aKTUBHOCTI
AHTUOKCUAHTHUX GEPMEHTIB i BiIlHOBJIEHHIO IPOOKCUIAHTHO-aHTUOKCUIAHTHOTO 6aaHcy. TakoxK 3HMKYBaJIUCS
piBHI eHzoTeiny-1 i HITPOTUPO3MHY, HOpMalidyBasiacs akTUBHICTE NOS, 3MEHINyBaIMCs KUIBKICTb Ta arperauis
TPOMOOLMTIB, MOKPAIyBaIUCs Ae(POPMOBAHICTb €PUTPOLUTIB, MiKDOLMPKYJISLS I OKCUT€Hallisi MO3KOBOI TKAHMHMU.
YTOYHEHO KacKaJHUM XapakTep naroreHesy I'll: akTuBanisg NepeKMCHOro OKUCHEHHS JIMifiB CIPUYMHSE
HAJJIMIIKOBE YTBOPEHHS aKTUBHUX QOpM azoTy, gucbananc iNOS/eNOS /nNOS, nopyieHHs: eHI0TeNii3a1e;KHOro
cunTe3y NO, Ba3ocnasm, aKTUBALlil0 TPOMOOLIUTIB i MOripueHHs: MiKpoLUPKYJIsiii. Bnepiue nokasaHo BTOpUHHUI
XapakTep rirneparperaiii TPOMOOUUTIB i 3HIDKEHHSI 1e()OPMOBAHOCTi €PUTPOLIUTIB HA TJIi €HOTE iaIbHOI aKTUBAILii
Ta OKCUJATUBHOTO YIIKO/KEHHS CYOUHHOI CTiHKY. JloBesieHo 6araTopiBHeBY natoreHeTuyHy fito MCK i 3naTHicTh
pecBepaTpoJly NOTEHLI0BATH iX UTONPOTEKTOPHM e(peKT 4Yepe3 MOCUIEHHS! aHTUOKCUIAHTHOTO 3aXUCTY Ta
crabinizanilo pegokc-romeocTtasdy. OGIPYHTOBAHO HOBUM [1aTOr€HETUYHO CIIPSMOBAaHUH MinXif, 1o kopexkuii '],
3aCHOBAHUI Ha NI0€IHAHHI KJIITUHHOI Teparlii 3 aHTMOKCUAaHTHUM 3acobom. Kombinauiss MCK i pecBepatposy
YMHUTb HEHPOIIPOTEKTOPHY, IPOTU3alajlbHy, aHTUOKCUJIAHTHY, €HIOTETINIIPOTEKTOPHY Ta aHTUTPOMOOTHYHY [IiIO0.
OTpumaHi pe3yJibTaTy CTBOPIOIOTh HAYKOBE MiAIPYHTS [J1 PO3POOJIEHHS HOBUX MigXoAiB 1o JikyBaHHs I'll Ta iHmux
11epe6POBACKYJISIPHUX [ATOJIOTH, [0 CYIIPOBOPKYIOTCSI OKCUAATUBHUM CTPECOM i MIKpOLIMPKYJISITOPHUMU

INOPYIIEHHSAMU.

2. Acute ischemic stroke (AIS) is one of the leading causes of disability and mortality worldwide. Its pathogenesis
involves interrelated processes of ischemia, oxidative and nitrosative stress, neuroinflammation, endothelial
dysfunction, activation of vascular-platelet hemostasis, and neuronal degeneration. The use of mesenchymal stem
cells (MSCs) in combination with the natural antioxidant resveratrol represents a promising approach to
comprehensive pathogenetic correction. The aim of the study was to elucidate the role of endothelial dysfunction,
the cytokine profile, vascular-platelet hemostasis, antioxidant defense, and neurospecific factors in the
pathogenesis of AIS in rats, as well as to determine the effectiveness of its combined correction using MSCs and
resveratrol. The experimental studies were conducted on 204 outbred sexually mature rats weighing 180-200 g.
AIS was modeled by endovascular middle cerebral artery occlusion according to E. Z. Longa. Neurological and
behavioral status was assessed using the McGraw Stroke Index, the open-field test, and the weighted swimming



test. Neurospecific and neurotrophic factors (NSE, S-100, GFAP, BDNF, and PEDF), pro- and anti-inflammatory
cytokines, NO synthase isoforms, von Willebrand factor, endothelin-1, nitrotyrosine, indices of lipid peroxidation
and antioxidant defense, platelet count and aggregation capacity, and erythrocyte deformability were determined.
AIS was found to cause a pronounced neurological deficit and a decrease in locomotor, exploratory, and cognitive
activity. Only partial functional recovery was observed on day 14. Ischemic injury was accompanied by alterations
in neuronal-glial interactions, including decreased NSE levels, increased S-100 and GFAP levels, an early increase
in BDNF, and a decrease in PEDF. These changes reflect a combination of neuronal injury, reactive astrocyte
activation, blood-brain barrier disruption, and compensatory neuroregenerative processes. A significant increase
in IL-1o, IL-6, and TNF-o was detected, followed by the activation of anti-inflammatory mechanisms involving TGF-ol,
IL-4, and o-endorphin. Thus, the acute phase of AIS is characterized by the predominance of neuroinflammation
and destructive processes, whereas repair, glial remodeling, and neurogenesis become more pronounced on day
14. The development of persistent oxidative and nitrosative stress was demonstrated. Increased levels of diene
conjugates and citrate were accompanied by reduced activities of superoxide dismutase and catalase and a
decrease in total antioxidant defense. An imbalance in NO synthase isoforms was identified, with increased iNOS
and nNOS against a background of decreased eNOS, elevated nitrotyrosine levels, and increased total NOS activity.
Elevated von Willebrand factor and endothelin-1 levels confirmed the development of endothelial dysfunction,
vasospasm, and impaired microcirculation. An increased platelet count and platelet aggregation activity, together
with reduced erythrocyte deformability, indicated the formation of a persistent prothrombotic state. MSC
monotherapy moderately improved the behavioral parameters of the animals. The combined use of MSCs and
resveratrol produced a more pronounced synergistic effect, promoting the recovery of motor, exploratory, and
cognitive functions, normalization of cytokine homeostasis, reduction in free-radical oxidation, enhancement of
antioxidant enzyme activity, and restoration of the prooxidant-antioxidant balance. Endothelin-1 and nitrotyrosine
levels also decreased, NOS activity normalized, platelet count and aggregation were reduced, and erythrocyte
deformability, microcirculation, and oxygenation of brain tissue improved. The cascade nature of AIS pathogenesis
was further clarified: activation of lipid peroxidation results in the excessive production of reactive nitrogen
species, an iNOS /eNOS /nNOS imbalance, impaired endothelium-dependent NO synthesis, vasospasm, platelet
activation, and deterioration of microcirculation. For the first time, the secondary nature of platelet
hyperaggregation and reduced erythrocyte deformability arising from endothelial activation and oxidative damage
to the vascular wall was demonstrated. The multilevel pathogenetic effects of MSCs and the ability of resveratrol
to potentiate their cytoprotective action by enhancing antioxidant defense and stabilizing redox homeostasis were
established. A novel pathogenetically oriented approach to AIS correction based on combining cell therapy with an
antioxidant agent was substantiated. The combination of MSCs and resveratrol exerts neuroprotective, anti-
inflammatory, antioxidant, endothelium-protective, and antithrombotic effects. The findings provide a scientific
basis for developing new approaches to the treatment of AIS and other cerebrovascular pathologies accompanied
by oxidative stress and microcirculatory disorders.
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InenTudgikarop ORCID ID: 0000-0002-7012-1698

JoparkoBa iHdpopmamnist:

TloBHe HaliMEHYBaHHS IOPHUAUYHOI 0COOM: [lepskaBHUII BULIVII HABYAJIbHUI 3aK/Ia "YKIOPOZCHKHIA

HalliOHaJIbHUH YHiBEpCUTET"

Kopg 3a €IPIIOY: 02070832

Micue3HaxoaKeHHS: ByJL. IligripHa, Y>xropon, Y>xroponcbekuii p-H., 88000, Ykpaina

dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ITonnoBuy Irop JIbBoBUY

2. IThor Popovych

KBaJIi(l)iKaI.LiH: K. MeJl. H., CTaplINi HayKOBUH CHiBpPOOITHUK, 14.03.04
InenTudikarop ORCID ID: 0000-0002-5664-5591

JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI OPUAHUYHOI 0COOHM: MiXHapOnHMIl yHiBEpCUTET
Koz, 3a €IPITIOY: 26249278

Micue3HaxoaKeHHS: ByJ1. QoHTaHCBHKa gopora, Oneca, 65009, Ykpaina
<I>op1vxa BJIACHOCTI: [IpuBaTHa /Heneps>kaBHA

Cdepa ynpapiiHHS:

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI

rOJIOBH pagu

JIauran Onekcanap ®Oenoposud



Biacue IIpizBume Im's [10-6aTbKOBI Hzuran Onexcauzp denoposuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiAHOBiAaJIbHI/II';I 3a HiAI‘OTOBKy 3enenceka Osbra BaneHTHHIBHA
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaToJIiBHA

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

OisSIIBHOCTI




