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CTAHOBHIIIE

ot ipo¢. a-p Ilerko IlerkoB Mapunos, 1.M.
Karenpa ,,@apmakosiorus, TOKCHKOJIOTHS U (hapMaKoTeparus‘
Jlexan Ha DakynTer no papmarusi, MeaMIIMHCKHA YHUBEPCHTET — BapHa

OTHocHo: mporne/ypa 3a npuoouBaHe Ha oOpa3oBaTenHa U Hay4Ha cterneH ,,JIoktop™ ¢
Kanuaar CuMona AnekcauapoBa AJleKCaHIpoBa

Cnc 3amoseq Ne 11/03.02.2023 r. na Jlupextopa Ha MUHCTUTYTA 110 HEBPOGHOJIOTHS ChM M30paH
3a el Ha Hayuno xypwu, a Ha ocHoBanue [Ipotokon Ne1/31.01.2023 . ¢bM OmnpeiesieH 1a H3roTBs
CTAHOBHMIIE I10 Mpoleaypa 3a npuzoOuBaHe Ha oOpa3zoBarenHa W HaydHa creneH ,.JIokTop® ¢
kanauaaT CuMoHa AJeKcaHapoBa AJIeKCaHIpoBa.

Tema: ,HesponporekTHBHM MeXaHH3MH B e€QEKTHTe Ha ellaroBara KHCEJIMHA BBbPXY
eKcrepuMeHTaseH Mozien Ha [lapknHcoHoBa Gonect npu mibXose™

ObaacT Ha BHCcIIeTO 00pa3zoBanue: 7. ,.3/1paBeonasBate U CropT”

[Ipodecnonanno nanpasiaenune: 7.1.”"Meaununa”

Hayuna cnenmnaanoct: ,,®apmakosorus™

Hay4en pbkoBoautes: npod. a-p Jlrooka Tanuesa, 1.¢.

®opma Ha J0KTOpaHTYpaTa: 3a104Ha hopma Ha oOydeHHe

Hayuno wanpasiaenue: ,buonornynn e)eKTH Ha NPUPOJHH U CHHTETHYHH BEIIECTBA™, MPH
WUncturyTa no sHespoduoorus, BAH

Hpouenypa’ra 10 KOHKypca € cClia3¢Ha M € B CHhOTBETCTBHE ¢ H3UCKBaHUATa Ha 3akoHa 3a
Pa3sBHTHEC Ha aKaAEMHUYHHsA CbCTAB B PGHYGJ'IHK& E'bﬂrapﬁﬂ, HpaBHHHHKa 34 HETOBOTO TIPHJIOKCHHUE U
Hp&BHHHHKa 3a YCJIOBHATA H pelia 3a l'[pH,E[OGlfIBaHC Ha Hay4YHH CTCIICHH H 3aCMaHC Ha aKaJICMH4YHH
JIIBXKHOCTH B B'bnrapcxa”ra dKaJICMHs Ha HAYKHTC.

buorpaguynn 1anuu ¥ npodecnonaIHA KBATHPUKALAS:

Mar. ¢papm. Cumona Anekcanznposa AjekcaHjapoBa e poaeHa Ha 15.05.1985 r. TIpes 2003 r.
3arno4sa 00yveHueto cu BB Papmanesruuen daxynrer kbM MemuuuHcku yHuBepeuteT Codus.
Junnomupa ce npe3 2008 roguna. JIOKTOPaHTBT € ¢ U3KIIOYMTEIHO OOrar NMpakTHYECKH ONUT B
00nacTTa Ha KIIMHUYHATE U3MUTBaHU. 3ano4Ba paboTa KaTo aJIMUHHCTPATOP KIMHHYHU H3TUTBAHKS.
B neprona pespyapu 2009 — 1ouu 2010 1. € MarucTbp-hapmaneBT B anteka oT OTKpUT THII. OT IOHH
2010 r. mo smyapu 2013 1. € ChTPYAHUK KIMHWYHK H3nuTBaHus B [1daiizep Jlrokcembypr CAPJI kion
bbarapus. B cnenpammre 6 roqMHu € ChbTPYIHUK KIMHHYHA U3MUTBAHUSA ¥ MEHHUUKBDP MPOEKTH B
Hosaptuc. Ot M. snyapu 2019 r. 10 M. HoemBpu 2019 . e MeuuMHCKH Hay4eH ChTPYAHMK B PRA
Health Sciences., cnex koero u 10 MoMeHTa e PeroHajieH MEHHUKBD KIMHHYHH H3[IUTBAHHS B
IIaiizep JlrokcemOypr CAPJI xinon Benrapus. Mar. dapm. CumoHa AJjieKcaHapoBa IpHTEKaBa
MarucThpcKa CTEIEH 10 00IIEeCTBEHO 3/IpaBe U 3/IpaBeH MEHUDKMBHT 0T Pakynrera nmo 06mecTBeHO
3npase Ha Menunuacky yHusepeuter Codus, Kakto U npodecroHanHa kpaaudukanus B 001acTTa
Ha 3allliTa i XyYMaHHO OTHOLIEHHE KbM OTIUTHH )KHBOTHH, U3II0JI3BAHHU 33 HAYYHH HIIM 00pa30BaTe/IHH
ueu B Jlecorexunuecku ynusepcurer Codusi. Bnanee oTnuHO aHIITHICKH €3UK.

AKTYa/IHOCT HAa Temara:

HeBpozerenepanusra € MHOro(pakTopeH nporec, KOWTO BKIJIIOYBA PA3IHYHH IIHTOTOKCHYHU
MEXaHU3MH, BOJEIIH J10 3aryOa Ha HepBHHU KiIeTkH. HeBpoBb3nalieHne, eKCIUTOTOKCHYHOCT, PeIoKC-
AQKTUBHH TEXKKH METAllM, YBEJIMYEHH HHMBA HAa CBOOOJHM paJMKalld, YBpeXJaHe HA €HIOTCHHHUTE
KJIETHYHH 3AIHTHA MEXaHU3MH, MHTOXOHIPHATHA IUCHYHKIHS, TOHWKEeHA eKCIIPECHs Ha TPOQUIHH
(GakTopn B HepBHaTa TbKaH — BCHYKH Te3W MPOLECH HMAT pojs B IMaroreHe3ara Ha
HeBpoziereneparuBauTe 3abomaBanus (H/[3). Excripecusita Ha mpoanonToTHYHH MPOTEHHHM, KOSTO



BOJIM /10 HEBPOHAJIHA CMBPT, CHUIO € KIOYOB (DAaKTOp 3a BH3HMKBAHETO W IMPOrPECHSTa HA TE3H
3abossiBanus. Bee oliie iuncpar HOBH M e(pUKACHH TEPANeBTHYHHU CPEACTBA 3a KOHTPOJ M e(DEKTHBHO
neveHne Ha Te3u 3abossBanus. B pesynrar ma HeeeKTHBHOCTTA HA CpEACTBAaTa, TapreTHpAIIH
CIMHUYHH MEXaHU3MH, B [TOCJIEJIHAUTE FOIMHH PAacTe HHTEPECHT KbM MIPUPOIHUTE CPEICTBA, KOHTO Ca
U3BECTHHU ChC CBOSTA IUTYPUIIOTEHTHOCT U OT/IMYEH MpoduiI Ha Ge30macHOCT

[IpuponsuTe cpencTBa NpuTe)aBarT KOMILIEKCEH HEBPOIPOTEKTHBEH e(eKT, KOUTO € pe3ynTar
HE CaMO OT TeXHHs J00pe M3BEeCTEeH AHTHOKCHIAHTeH e(eKT, HO CBIIO TaKa Ce JABIDKH H Ha
NPOTHBOBB3MAIUTENHUS WM e(peKT, poilsTa MM 3a MPeNOTBparsBaHe Ha o0OpasyBaHETO Ha
NATOJIOTHYHU OENIThLH, TEXHUTE XeNaTHPAIH CBOUCTBA, IIPEOTBPATABAHE HATPYIBAHETO HA TEXKKH
METajIu B MO3bKa, KaKTO M Ha CIOCOOHOCTTa MM Jla Peryjiupar KJIeThbYyHaTa W MHUTOXOHpHAIHA
XoMeocTasa

Or MequuMHCKa IV€[HA TOYKA, CMOCOOHOCTTAa HA Te3W OMOAKTHBHM MOJEKYIH Ja YIaBsT
CBOOO/IHMTE PAjMKal¥ TM NPaBH IOTEHIMATHN KaHAWAATH 3a TEPAleBTHYHH M NPOMHIAKTHIHH
cpenctea 3a nosnusBane Ha HJI3. Ocsen ToBa, GHOAHTHOKCHIAHTHTE N0OABEHU KaTo XpaHa M
XpaHHUTEHA 100aBKM MMaT OTJIMYeH MpoQui Ha Ge30MacHOCT ¢ OrpaHMYeHa MOsiBA HA HEXKelaHH
peakuuu. [loxkpemara Ha HAHOTEXHOJOTHHTE 3a MOAOOpSABAaHE [OCTABIHETO MM B MO3BKa,
KOHTPOJIMPAHETO Ha OCBOOOXKIABAHETO M IIPEOTBPATSABAHETO HA OBP30TO MM pasrpaxkaaHe H
€KCKpeLHs € OT OCHOBHO 3Ha4YeHHe. Hskor 6MOaHTHOKCHIAHTH, IIOJyY€HH OT €CTECTBEHH MPOYKTH,
TOKa3Bar MOpe/Iuila OT CBOMCTBA, OTEHIMAIHO 10J1e3HH 3a 3amuTa Ha LIHC ot HeBponerenepanus

MoHusAT aHTHOKCHIaHTeH noTeHnuan Ha EK HocH ciiaBara Ha Hapa Kato Hai-MOIIHUSA in Vitro
anTHokcn1anT. EK e BemecTBo, koeTo monusiBa royisiM Gpoii KieThYHH ITBTHINA HA CUTHATH3AINS 1
MMa NOTeHIMan Ja 3abaBu Bb3HUKBaHeTO M pasutHero Ha HJ[3. EK npurexasa uspasen
HEBPONPOTEKTUBEH €(EKT, ONMOCPEeNCTBAaH OT HEHHHS AHTHOKCHIAHTEH KamlalMTeT, XeIHpAIIH
CBOMCTBA, CIIOCOOHOCTTA 3a aKTHBHPAHE HA Pas/MYHHM CUTHAIHM ITHTHINA, KAKTO U CIIOCOOHOCT 3a
NOBJIMsIBAHE HAa MUTOXOHJpHaiHara yspena. Beuuko ToBa mpaBu EK moreHumaneH kanaummar 3a
NPEBAHTUBEH H TEPANCBTHYEH arcHT, KOWTO OM MMall criocoOHOCTTA Ja TIOBJIMsIE 110 MYJITHTAPreTeH
MeXaHH3bM MHOro(akTopHara naroresesa na HJI3.

CrpykTypa Ha JHCEPTAHOHHHS TPYA

JlucepraitOHHUAT TPy chabpxka 156 crpanunn. OHariened e ¢ 5 tabmumu u 14 durypn.
Jlureparypuust 0630p BKi0uBa 368 M3TOUHMKA, OT KOWUTO | € Ha Gbjirapcku e3uk M 367 ca Ha
NaTHHANA. JIMCEPTAMOHHMAT TPYJ € CTPYKTYPHUpPaH, ChOOPa3sHO KJIACHYECKHS MOJEN M BKIIOYBA:
Chabpanne ¥ M3MOJI3BaHU ChKpalleHHs — 6 cTpanuiy; Boeenenne — 2 crpanuny; JIuteparypen
0030p — 56 crpanuuy; Llen u 3anauu — 1 crpanuna; Marepuain u Metonu — 13 crpanuim; Pesynraru
— 13 crpanuuu; O6¢wixnane — 12 crpanuim; M3somu — 1 crpanuna; [pusocn — 1 crpanuma;
IlyOnukauun, CBbp3aHU ¢ JMCEPTAIMOHHMS TPyA — | cTpaHuua; YdyacTHs B HayuyHH (OpyMH,
CBBP3aHH ¢ JUcepTanuaTa — 2 crpanuny; M3nonspana nureparypa — 48 crpaHuii;

BbBenenue

Bbpexu ycnexure u 10CTHKEHHATA Ha ChBPEMEHHATA ME/IMIIMHA, HAIIUIIE CA M HEMOCPEIHATH
MEUIUHCKH HYX/IH B JIMLETO HA Pa3JIMYHN XPOHHYHH 3a00/IIBaHusI, YHETO JICYEHHE C TEPAIEBTHIHH
areHTH, HAaCOYEHH KbM €JIMHHYHH I1aTOTEHETHYHH MEXAaHW3MH, C€ OKa3Ba Hee(eKTHBHO.
HamansBamara eQuKacHOCT Ha HSKOM CHHTETHYHM JIEKAPCTBA M  YBEJIMYABAIUTE Ce
NPOTUBONOKA3aHUA 32 ynorpebara MM MpaBiT IOHACTOSIIEM AaKTYaJHO W3IO0JI3BAaHETO Ha
OHMOJIOTHYHO AKTHBHH BEIIECTBA OT €CTECTBEH mpousxod. Ilopaau Tasw NpHYHMHA, HHTEPECHT KbM
(uroTepaneBTHYHUTE MPOTYKTH, H3BECTHH CHC CBOSTA ILUIYPHIOTEHTHOCT M OTIIHYEH npodun Ha
0e30macHOCT, HapacTBa IMpe3 MOCIENHUTE TOAWHH. EJHO OT MIMPOKONOMY/IAPHHTE pPAacTEHHS B
TpaJULHOHHATa MEIUI[MHA Ha MHOTO KY/JITYpPH IO CBETa € HapbT — Punica granatum L. B nocnexnure
ZIBE IECETHIICTHS, C IOMOIITA Ha HAayKaTa, CTaBa sICHO, Y€ HaphT MOJKE MOTEHIMAIHO J1a OATIOMOTHE
JICYCHHETO Ha €JHA rpyna 3adojsBaHUS C OTPOMHA COLMAIHA W MEIMIMHCKA 3HAYUMOCT, YUSNTO
€THOJIOTHS M TIATOTeHe3a OCTaBal HEHANbJIHO M3ACHEHH U 0 JHEC — HEBPOJAEreHEPAaTHBHHTE
3a00JIIBaHUsI.



Jlureparypen 0630p

B Ta3u r1aBa 10KTOPaHTHT 3a1bJI00YEHO pa3Iviek/ia aKTyaIHUTE JJAHHH OTHOCHO MEIUIIMHCKATa
U CcolMaTHa 3HAYUMOCT Ha bomecrra wa IlapkuHCcOH, HeliHaTta €THOJOIMS W IaTOreHesa,
MEXaHU3MHUTE Ha HEBPOJAEI€HEpalus, KIMHHYHATA KapTHHA, ChbBPEMEHHHTE IOAXOAU B JICUCHHETO.
AKUEHTHPA Ce BbPXY ThPCEHETO Ha HOBH TEPEIIeBTHYHH areHTH 3a 6J1aronpHATHO (HapMaKOIOrHYHO
nosnusBaHe Ha Oomectra. TakuBa HOBH TepaleBTHYHH CpeJCcTBA MOraT Ja  Objar
OHOAHTHOKCHIAHTHTE ¢ IIPUPOICH Mpon3xoa. CroOLIaBaT ce JaHHHU OT MPEIXOJHH H3CIIeIBAHHS HA
KOJICKTHBA, B KOATO PabOTH IOKTOPAHTA, KOUTO IEMOHCTPHPAT MOJIOKATEIHHSA MYJITHTapreTeH edhekT
Ha HIKOHW NPHPOJHH aHTHOKCHIAHTHHU CPEJICTBA 3a NMPEBEHIUS HAa BE3HHKBAHETO W IPOTPECHATA HA
H/I3 — nunoeBa kuceaMHa, MUPTEHAN, EKCTPAKT OT OXJIFOBH, €llaroBa KHCEInHa (EK). ITocouna ce
OHOJIOrMYHaTa IPOTEKTHBHA POJIS Ha MOJM()EHOIUTE W B YACTHOCT HA €JIArOTAHHHHTE M €1aroBara
kucenuHa. Mowmust antnokeuianTen noreniman Ha EK Hocw caBara Ha Hapa Kato Hal-MOIIHHAS
in vitro aHTHOKCHIaHT. 3a1bi60UeHO ca pasriefanu (papMaKOKHHETHKATa H (hapMaKOJIOrHIHATA UM
AKTHBHOCT, TEXHHTE H3BECTHH IO3MTHBHM e(eKTH NpH pas3IHYHU 3a00JABaHHS M CHCTOSHHS.
Criennanno BHUMaHKE € 0T/eeHo Ha papmakonornyrute edexktu Ha EK Bupxy [ITHC, BKIHOUHTETHO
u Bbpxy H/I3.

JlureparyprusT 0630p € HanMcaH Ha 56 CTPAHHMIM, HIOCTPHUPaH € ¢ 2 Tabmuim u 5 ¢purypu. Toit
€ CTPYKTYypHpPaH H TIPeJCTaBeH MPELHU3HO H KOPEKTHO, Karo OOOCHOBaBa KaTErOPUYHO
JUcepTadMIIHOCTTA HA TeMara.

en u 3apaun

[lenTa Ha IPEACTaBEHKs IMCEPTALMOHEH TPYJl € JIa Ce H3CIIE/IBAT HEBPOIIPOTEKTHBHHUTE e)EeKTH
Ha EK Bbpxy ekcnepumentanen wmonen Ha Bonecr na Ilapkuncon (BIT), npemusBukan c
YHHUJIATEPAIHO TNpUIoKeHHe Ha 6-xujapokcuionamuH (6-OHDA) ma naGoparopsn mibxoBe. 3a
pelllaBaHe Ha LeTa ca NOCTaBeHH 5 3a/1auu:

H3cneBaHe BMsHUeTo Ha EK BbpXy JAMHaMHKaTa M pa3sBHTHETO HAa HEBPOJIET€HEPATUBHUS
npotiec

OIleHsIBaHE NMPOTeKTUBHKTE epekTh Ha EK BBpXy JonaMHHEpruYHUTE HEBPOHHM NIPH NPHIIAraHe
Ha HeBpoToKcuHa 6-OHDA

U3C/IC/BAHE HA aHTHOKCHAAHTHOTO JeicTBue Ha EK BbpXy mapamerpure Ha OKCHIaTHBHUS
CTpEC B JIBETE MO3BbYHU XeMHUchepu

CPaBHHTEJIHO ITPOYYBaHEe Ha MPOTEKTHBHOTO JeicTBre HAa EK BbpXy nBeTe Xemucdepu

MHTErPUpaHe Ha MOBEACHYECKUTE U OMOXMMHUYHHTE JaHHH 4pe3 KIIbCTEPEH aHaIH3

Llenra 1 3a1a4MTe Ca KOHKPETHH H MPABUITHO (HOPMY/IHPAHH.

Marepuajun u MeToau

OnuTuTe Ca NPOBEKIaHU BEPXY MOIOBO 3peiiu MBXKH Wistar mrbxose ¢ Terio 250-300 r.. Besika
€KCIIEpUMEHTAIHA Tpyna ce cbCToH OT 8-10 skuBOTHH. ONMTHUTE KUBOTHH Ca pa3jelieHd Ha TpH
TpYIIN: '

* SO (sham operated) konTposa onepupany, ¢ BbBeseH 2 ul pusnonornyeH pasTBOp B CTpUATYMa;
NPETPETHPAHU ¢ MHTPANCPUTOHEATHO NpHIokKeH (usnonoruden pasteop 0,5 ml/100 g Tenecuo
TEro;

* 6-OHDA - c¢ wunrtpactpmaranmHo BeBenmeH 2 pl/10 pug 6-OHDA; mnperperumpanu ¢
MHTpanepuToHeanto npunoxket ¢ 0.5 ml/100 g renecHo Terno pu3nonoruyeH pasTop.

* 6-OHDA + EA - ¢ umuTpactpuaranso BbBefeH 2 ulL/10 pg 6-OHDA; nperperupanu ¢
HHTpanepuTOHeaIHO NpuiIoKeH ¢ pa3teop Ha EK B 1o3a 50 mg/kg B 0,5 ml/100 g TenecHo Termo.

Bewuku npomnestypu 1o TpeTHpaHeTo Ha JKUBOTHHTE KAKTO U eKCIIEPUMEHTATHHTE IPOLELYPH ca
M3BBPILICHH B ChOTBETCTBHE C IpaBuJIaTa 3a paboTa ¢ excrnepuMeHTanHu kuBoTHE (Hapen6a Ne 20
ot 01.11.2012 r. 3a MUHMMaJIHUTe W3UCKBAHMS 3a 3alATA M XyMaHHO OTHOIICHHE KbM ONUTHHTE
)KMBOTHH M W3UCKBAHUATA KbM OOEKTHTE 3a M3MOJI3BAHETO, OTIVIEKIAHETO H/MIM JOCTABKATA UM, B



cuna ot 01.01.2013 r., n3naznena or MunuctepeTBo Ha 3eMeenuero u xpanute, O6H. JIB 6p. 87 ot
09.11.2012 1), B chotBeTcTBHE ¢ EBponeiickara aupextusa 86/609/EEC u “Principles of laboratory
animal care” (NIH publication No. 85-23), KakTo # B CHOTBETCTBHE C npasuiara Ha Komucusira mo
eTuka Ha MiHCTUTYTa 110 HEeBpoOuonorus kbM bhirapcka akajaeMus Ha HayKUTe.

B excrmepumeHTanHaTa 9YacT ca M3IOJ3BaHM CICAHHUTE BELIECTBA: 6-xuapokcuIonaMuH (6-
OHDA) - Sigma-Aldrich, R-(—)-amomopuH XHIPOXIOpHI XeMHUXHApAaT — Sigma-Aldrich,
Etnnenmavunterpaouerna kucemuna (EJITA) Sigma-Aldrich, Xnopanxuzpar - Sigma-Aldrich,
Enarosa kucenuna — Ellagic acid hydrate 97% Alpha Aesar, ®usuonoruden pastBop (0.9% NaCl) —
6anka 0.9 % NaCl, 500 ml, BRAUN. U3nonspaH e eKcIepHMEHTAIEH TOKCHH IpeAM3BUKAH MOJIEI
Ha bI1 ¢ momomra Ha (6-OHDA).

3a ouenka Ha HeBponporekTHBHUTE edektn Ha EK ca m3momssauu nosedenuecku memodu
(Metoz 3a onipesiensite Ha cTeNeHTa Ha YHHJIATEPATHUTE JIE3UH - ATOMOPPHHIIPEAU3BUKAHH poTanuu;
Mertox 3a onpezensHe cTenenTa m IMHAMHKATa HA MOTOPHATA KOOpIMHAIMs — Rotarod; Mertox 3a
ONpE/C/IsHE Ha CTENCHTA U IMHAMHUKaTa Ha 00yYEHHETO U NaMeTTa — TeCT 3a NAaCHBHO M30sTrBaHe),
Ouoxumuunu memoou (HeBpOXHMHYHO ONpesie/sHe HA IONAMUH; AHTHOKCHIaHTHA AKTUBHOCT) U
cmamucmuyecku memoou ¢ nomomra Ha copryep IBM SPSS 19. Hepapxuuen KI'bCTEPEH aHajIu3
(centroid clustering method, squared Euclidean distance) e nmpoBexen Ha oTsenHu pesynaTrard ot
AHanu3a Ha [IJIaBHHTE KOMIIOHGHTH 3a IbpPBHTE JBAa KOMIIOHEHTA 3a HOTBBP)K/IABAaHE Ha
KI'bCTEPHPAHETO HA OTACTHHUTE ILIBXOBE B 3aBUCHMOCT OT TPETUPAHETO HM.

M3non3BannTe METONM criomMarar ¥ 1o3BoJISBaT PEIIaBaHETO HA MOCTABEHUTE Lie/l U 3a1a4H.

Pesyiararu u obcbixaane:

JKupotnute, Tpetupanu ¢ EK noka3Bar chiiecTBEeHO penyuupase Ha Opos Ha
KOHTpaJlaTepajHATe POTALMK B MHUHYTa, cpaBHEHO ¢ 6-OHDA xonTponHTe, KaKkTO M Noxo6peHne B
HEPBHOMYCKYJIHATA KOOPJMHAIHS, CpaBHEHO ¢ KoHTposHara 6-OHDA rpyna. EK npemu3Buksa chio
W 3HaUMMO HamajisiBaHe Ha Opos Ha majaHusATa B MHHyTa npu Rotarod tecra. Tosm pesynrar
IOTBBPXK/[aBa OTYETCHOTO MOA0OPEHHE B MOTOPHATA KOOPAMHALAS, IPEM3BUKAHO OT IPHIATAHETO
Ha EK. IIperpernpanero ¢ EK nokasBa sHaunTenHo 3anazena namerosa GyHkius. JIaTeHTHOTO Bpeme
B CKCIICpHMCHTAIHATA IPyTIa € 3HaYMTeTHO 1o-abiro. EK nonobpsisa mamerosara gpynxnus cse 100%
crpsimo 6- OHDA konTponara Ha ceamuna 3-ra.

[Ipu mrexosete, nperpernpanu ¢ EK ce HaGmoqaBa CTATHCTHYECKH 3HAYHMO YBEJIMYCHHUE Ha
AOTIAaMUHOBUTE HUBA B cpaBHeHHe ¢ 6-OHDA kontponnara rpyna. EK Bogu 10 moBumasase Ha
nonamuHoBHTE HUBA ChC 108.9% (p < 0.01, n = 4) uncunarepanuo u ¢ 88.96% KOHTpaslaTepaiHo.
Br3cranopsapamusat edexr va EK BbpXy I0maMHHOBHTE HHBA € MO-CHITHO M3pa3eH MIICHIIATEPaTHO.
Cnoco6nocrra Ha EK 1a npeBenTHpa HUBaTa Ha JOMAMHH B MO3BKa KM YBPEXKIAIIOTO Bb3AeHCTBHE
Ha HeBpoTokcHHA (6-OHDA) naBa [ONMBJIHMTENHO CHIIHO JIOKA3aTeICTBO OTHOCHO HEHHHTE
HEBPOIIPOTEKTHBHU CBOMCTBA in Vivo.

Tpetnpanero Ha )uBOTHHTE ¢ HeBpoTokcuHa 6-OHDA BOaM 10 3HAYHTENHO yBeJIMYaBaHe Ha
HHBAaTa Ha JINITH/IHA [IEPOKCHIALMSA U TOBA © 0COOCHO M3pa3eHO B MIICHJIATEpaHaTa XeMuchepa Ha
Mo3bKa ((ur. 13A). Cemo Taka ce HabmonaBar noHwkenu HuBa Ha GSH (¢ur. 13B) u noumxkeHa
akTMBHOCT Ha Karanasara (CAT) (¢ur. 13I'), xakTo mncunarepanHo, Taka u KOHTpasaTepaHo.
Ipunoxennero na EK yacTi4HO Bb3cTaHOBABA H3MEHEHHSATA B OKCHIATHBHHUS CTaryc, HHIyLUpaHH
ot 6-OHDA. ITonoGpenuTe KOTHUTHBHE (YHKIIMH HA FPH3aYHTe, tpetupanu ¢ EK 1o ronsima crenen
C€ ABIDKAT HA HEHHHMA IMPEKTCH aHTHOKCHIAHTEH e(DeKT, KaTo aHTUIIApKHHCOHOBHSAT edekT Ha EK
Ce IbJDKH Ha U3PAa3€HOTO i aHTHOKCHIAHTHO AEHCTBHE.

YeraHoBeHHTe NIPOTEKTHBHY cBolicTBa Ha EK BEpXy mporpecusita Ha BIT ce abmkar Ha HelHus
NOTEHIHAI /la IPOTHBOJICHCTBA Ha HEeBpOHAIHaTa cMbPT. U3nomseanero Ha EK, Moxe ja nonpurece
3a 00/IeKyaBaHe CUMIITOMUTE | 3a 3a0aBsiHe Ha mporpecusita Ha BIT B ekcriepuMeHTaHu YCJIOBHSL.

Hssoam:



HanpaBeHHTe 0T MHOOKTOpaHTa 5 WU3BOAM ca JIOTHYEH 3aBbPIICK Ha pe3ylTaruTe oT
AUCEPTAHOHHHUSA TPYI.

I[Ipunocu:

B®3 ocHOBa Ha ucepranuonHus TpyA CuMoHa AJleKcaHIpoBa H3BeXAa U GOpMYIHpa IPUHOCH,
KOMTO HAITBJIHO OJJ00PSBAM.

Te mmar opHrusaneH HaydeH M Hay4YHO-TIDHJIOXKEH WJIM TOTBbpAMTENeH xapakrep — EK
NPUTEKABA U3PA3eHH HEBPONPOTEKTHBHH €(EKTH BbPXY IUTbXOBE C MOIEN Ha yHHJaTepajHa 6-
OHDA unnymypana bonecr na [lapkuncon; yeranoBenute 3amutau edexktu Ha EK BbpXy mibxose
¢ excriepuMeHTanHa bl ce ab/pkar Ha MOIIHO AHTHOKCHIAHTHO JEMCTBHE M 0 INOHM)KABaHE Ha
OKCHJIAaTUBHHA CTpEC B MO3bKa M Ha crocobHocTTa Ha EK nga yBenuuaBa JlomaMHHOBHTE HHBA B
MO3bKa, KOeTo Bo/M J0 3abassHe mporpecusita Ha bIl; EK mommussa npeauMHO yBpeneHara
xemucepa, KbIeTO HMBaTa Ha OKCHIATHBHHS CTPEC Ca UYyBCTBHTEIHO IO-BHCOKH OT TE3H Ha
HHTaKTHaTa XeMucdepa; YcraHOBEHA € 3HAYUTEIHA IIPOMSHA B JIOTAMHHOBHTE HIBA HIICHJIATEPATHO
npu xuBoTHUTE nperpetupanu ¢ EK;. [IpoBenenust kibcrepen ananus nokassa, ue EK coiectseno
3abaBs nporpecusaTa Ha bI1 nocpeacTBoM CBOMTE KOMILUIEKCHH MEXaHH3MH.

Te3un npunocu oborarsBar Bb3MOKHOCTHUTE 32 OJIArONpPUATHO MOBIHSIBAaHE HA nanuenTuTe ¢ BI1
M UMar OIpe/ie/ieH HayYyHO-TIPaKTHUECKH XapaKTep.

IIy0aMKanHOHHA AKTHBHOCT:

ABTOPBT NPEICTaBs 5 MBIHOTEKCTOBH MyO/IMKAILIMU BbB BPb3Ka C AUCEPTALMOHHUS TPYJI, KATO
TPUTE Ca B HAYYHH CIIMCaHMA ¢ MMNAKT (akTop. OTKposBaT ce IBe OT MyOIHMKAIMKTE, KOMTO Ca B
cniucanus ot Kpaprui 1 u ca ¢ MHOro Bucok ummakrt-gakrop, cborBeTHo 7,675 u 6,208. B nBe ot
CTAaTHMTE TS € MbPBU aBTOP, KOETO J0Ka3Ba JIMYHMSA NIPHHOC HA JUCEpPTaHTa MpH paspaboTBaHe Ha
HacTosmara aucepranus. JIOMbIHUTENHO € TMPEICTaBeH CIUCHK C y4acTHs B 12 HAlMOHAIHH H
MEXKyHapOIHH HayuyHH (Qopyma, CBbP3aHU C AUCEPTALMOHHHS TPYA. B [IECT OT TAX JMCEPTaHThHT €
I'bPBH aBTOP U B TPH € BTOPH aBTOP.

AsTopedeparbT chabpxka 48 crpanunu. Mmocrpupan e ¢ 1 tabnuuna u 7 durypu. Toii e
M3TOTBEH ChHIVIACHO M3MCKBAHMSATA M OTroBapsl HAI'BIHO Ha IEIHTe, 3aJa4dTe U pe3y/ITaTuTe B
JHCEPTALHOHHUS TPY/L.

3akmouenune: J/luceprailmOHHUAT TPy Ha TeMa ,,HeBpONpOTeKTUBHU MeXaHU3MH B e(heKTHTE
Ha ejlaroBara KMCeJIMHa BbPXY €KCIiepuMeHTaleH Mojien Ha [TapkuHcoHOBa GosecT npu mIsxoBe™ e
aKTyaJieH W TpeTHpa BaXK€H HHTEpJAMCIMILIMHApeH npobineM B obiacTra Ha (apMakoIOrusTa,
HEBPOJIOTHATA, TEPUATPHATA, pexabumiuranmsara. [IpencraBeHHAT Tpya HAMbBIHO OTroBaps Ha
M3HCKBAaHUATA HA 3aKOHA 3a Pa3BUTHE Ha aKaJeMHYHUs cheTaB B Peny6nuka boarapus, [Tpasuinuka
3a HErOBOTO NpHJIOKeHHe U [IpaBuiHuKa 3a ycnoBUsATA U pejia 3a MpHaA00HBaHEe HA HAYYHU CTENEHH
¥ 3a€MaHe Ha aKaJIeMWYHH JUTHKHOCTH B brirapckara akajeMus Ha HayKMTE U 3aJI0KEHUTE B HETO
kputepuu 3a OHC ,,Jlokrop®. ETo 3amo gaBam cBosiTa NMOJOXHUTENHA OLEHKA W IPENophyBaM Ha
yBaXKaeMHTe 4iIeHOBe Ha HayuyHoTo *Kypu Ja IiacyBar NOJIOKHTEIHO 3a 3allUdTara Ha
JAUCEePTALMOHHHUS TPYA M Ja NPHCHAAT Ha Mar. (apm. CumoHa AJjekcaHapoBa AJieKCaHpoOBa
obpasoBaresiHara M Hay4YHa cTerneH ,,JIoktop™ B obacT Ha BucIeTo o6pasosanue 7. 3apaBeonas3paHe
U crnopr, npodecuoHaqHo HampasneHue 7.1.  MemuumEa“ 10 HayyHa  CNENHANHOCT
~Papmakoaorusa .
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DISSERTATION OPINION

By Prof. Dr. Petko Penkov Marinov, MD, PhD
Department of Pharmacology, Toxicology and Pharmacotherapy
Dean of the Faculty of Pharmacy, Medical university - Varna

In reference with: Procedure for acquiring the educational and scientific degree "Doctor" of
candidate Simona Aleksandrova Aleksandrova

With regards to order Ne 11/03.02.2023 r. by the Director of the Institute of Neurobiology I have
been appointed member of Scientific jury and pursuant to Protocol Ne1/31.01.2023 r. I am appointed
to provide opinion regarding procedure for acquiring the educational and scientific degree “Doctor”
of candidate Simona Aleksandrova Aleksandrova.

Thesis topic: , Neuroprotective Mechanisms in The Effects of Ellagic Acid on Experimental
Model of Parkinson’s Disease in Rats™

Field of Higher Education: 7. ,,Healthcare and Sports™

Professional Direction: 7.1.”Medicine”

Scientific specialty: ,,Pharmacology”

Scientific advisor: Prof. Lyubka Tancheva, PhD

Doctortal studies format: extramural education

Scientific direction: “Biological Effects of Natural and Synthetic Substances™ at the Institute of
Neurobiology, BAS

The procedure is performed in accordance with the requirements of the Development of
Academic Staff in the Republic of Bulgaria Act, the Regulations on its implementation, and
Regulations on The Conditions and Order for Acquiring Scientific Degrees and For Holding
Academic Positions at the Bulgarian Academy of Sciences.

Biography and professional qualifications:

Simona Aleksandrova Aleksandrova, MPharm was born on 15.05.1985. In 2003 she initiates her
education at Faculty of Pharmacy at the Medical University of Sofia. She earns her degree in 2008.
The PhD candidate has exceptionally rich practical experience in the area of clinical research. She
began her career as clinical research administrator. Between February 2009 and June 2010 she worked
as a pharmacist in a retail pharmacy. Between June 2010 and January 2012 she worked as Clinical
research associate at Pfizer Luxembourg SARL Branch Bulgaria. In the following 6 years she works
as Clinical research associate and Project manager at Novartis. Between January 2019 and November
2019 she worked as Medical scientific associate at PRA Health Sciences and after this and to date she
holds the position of Regional clinical research manager at Pfizer Luxembourg SARL Branch
Bulgaria. Simona Aleksandrova, MPharm holds Master’s degree in Public health and healthcare
management by the Faculty of Public Health at Medical University of Sofia as well as professional
qualification in the area of protection and humane treatment of experimental animals used for
scientific and educational purposes by the University of Forestry, Sofia. She is fluent in English.

Relevance of the dissertation topic:

Neurodegeneration is a multifactorial process which includes various cytotoxic mechanisms
leading to neural loss. Neuroinflammation, excitotoxicity, redox-active heavy metals, increased levels,
of free radicals, damage of cell endogenous defense mechanisms, mitochondrial dysfunction,
decreased expression of trophic factors in the nervous system — all these processes play a role in the
pathogenesis of neurodegenerative diseases (NDD). The expression of proapoptotic proteins which
leads to neural cell death is also a key factor in the onset and progression of NDDs. Novel and
effective therapeutic approaches for control and efficient treatment of NDDs are still an unmet need.



As aresult of the inefficiency of the therapeutic agents targeting single mechanisms, the interest raises
towards natural substances known for their pluripotency and excellent safety profile.

The natural substances exert complex neuroprotective effect which is a result not only of their
well-known antioxidant properties but is also attributed to their anti-inflammatory effect, their role in
pathological proteins formation prevention, their chelating properties as well as their capability to
regulate cell and mitochondrial homeostasis.

From medical standpoint, the free radical scavenging properties of these bioactive substances is
allowing them to serve as candidates for therapeutic and preventive agents for NDDs. free radicals.
Besides, bioantioxidants as food and food additives demonstrate excellent safety profile with limited
adverse reactions. Nanotechnology could support improving of bioantioxidant distribution in the
brain and also provide sustained release and prevention of swift elimination and excretion and this
would be of key significance. Some bioantioxidants obtained from natural products demonstrate
variety of capabilities that are potentially beneficial to protect CNS from neurodegeneration.

The potent antioxidant potential of ellagic acid is what makes the pomegranate famous as the
most potent in vitro antioxidant. Ellagic acid is a substance capable of influencing a variety of cell
signal pathways and having the potential to delay the onset and progression of NDDs. Ellagic acid
has pronounced neuroprotective effect due to its antioxidant capacity, chelating properties, ability to
activate different signal pathways as well as restoring capability for mitochondrial damage. All these
properties make ellagic acid a potential candidate for preventive and therapeutic agent capable to
influence by a multi-target mechanism the multifactorial NDD pathogenesis.

Structure of The Dissertation

The dissertation consists of 156 pages, 5 tables and 14 figures. Literature review includes 368
titles, 1 of which is in Bulgarian and 367 are in English. The thesis is structured in accordance to the
classical model and consists of: Table of contents and Used abbreviations — 6 pages; Introduction — 2
pages; Literature review — 56 pages; Aims and Objectives — 1 page; Materials and Methods — 13
pages; Results — 13 pages; Discussion — 12 pages; Conclusions — 1 page; Contributions — 1 page;
Publications in relation to the dissertation — 1 page; Participation in scientific forums related to the
dissertation — 2 pages; Bibliography — 48 pages.

Introduction

Despite the success and achievements of modern medicine, there still remain unmet medical
needs by means of the inefficiency of chronic disease therapeutics that aim at a single pathogenetic
mechanism. The decreasing efficacy of some synthetic drugs and the increasing contraindications for
their use make the use of biologically active substances of natural origin relevant. As a result the
interest towards phytotherapeutic products, known for their pluripotency and excellent safety profile,
has grown in recent years. One of the widely popular plants in the traditional medicine of many
cultures around the world is the pomegranate - Punica granatum L. In the last two decades scientific
research has elucidated that the pomegranate could support the treatment of a group of diseases of
enormous social and medical importance, whose etiology and pathogenesis remain not fully
uncovered to this day - neurodegenerative diseases.

Literature review

In this chapter, the doctoral student thoroughly examines the currently available data on the
medical and social significance of Parkinson's Disease, its etiology and pathogenesis, the mechanisms
of neurodegeneration, the clinical manifestation, and contemporary therapeutic approaches. Emphasis
is placed on the investigational research for novel therapeutic agents. Such novel therapeutic agents
could be the bioantioxidants of natural origin. The team in which the doctoral student works reported
data from previous studies demonstrating the positive multi-target effect of some natural antioxidant
agents for the prevention of onsent and progression of NDDs - lipoic acid, myrtenal, snail extract,
ellagic acid (EA). The protective role of polyphenols and in particular of ellagotannins and ellagic



acid is indicated. The powerful antioxidant potential of EA brings the popularity of the pomegranate
as the most powerful in vitro antioxidant. Pharmacokinetic properties and pharmacological activity
of EA and ellagotannins, their beneficial effects in various diseases and health conditions are
thoroughly examined. Special attention is paid to the pharmacological effects of EA on the CNS,
including effects on NDDs.

The literature review is written on 56 pages, illustrated with 2 tables and 5 figures. It is structured
and presented precisely and correctly, emphatically justifying the dissertability of the topic.

Aims and Objectives

The aim of the dissertation is to investigate the neuroprotective effects of EA on an experimental
model of Parkinson's Disease (PD) induced by unilateral administration of 6-hydroxydopamine (6-
OHDA) in laboratory rats. 5 objectives are set to achieve the aim of the dissertation:

To study the effect of EA on the dynamics and development of the neurodegenerative process.

To evaluating the protective effects of EA on dopaminergic neurons upon administration of
neurotoxin 6-OHDA.

To study the antioxidant effect of EA on oxidative stress parameters in both cerebral hemispheres.

To comparatively study the protective effect of EA on the two hemispheres.

To integrate behavioral and biochemical data through cluster analysis.

The aims and objectives are specific and correctly formulated.

Materials and methods

The experiments were conducted on mature male Wistar rats weighing 250-300 g. Each experi-
mental group consisted of 8-10 animals. Experimental animals are divided into three groups:

* SO (sham operated) control operated, with 2 ul saline injected into the striatum; pretreated with
intraperitoneally administered saline 0.5 ml/100 g body weight

* 6-OHDA - with intrastriatal introduced 2 ul/10 pg 6-OHDA; pretreated with intraperitoneally
administered 0.5 ml/100 g body weight saline

* 6-OHDA + EA - with intrastriatal introduced 2 pL/10 ng 6-OHDA; pretreated with intraperi-
toneally administered EA solution at a dose of 50 mg/kg in 0.5 ml/100 g body weight.

All animal treatment procedures as well as experimental procedures were carried out in accord-
ance with the rules for working with experimental animals (Ordinance No. 20 of 01.11.2012 on the
minimum requirements for the protection and humane treatment of experimental animals and the
requirements for the objects for the use , their cultivation and/or delivery, in force from 01.01.2013,
issued by the Ministry of Agriculture and Food, State Gazette No. 87 of 09.11.2012), in accordance
with the European Directive 86/609/EEC and "Principles of laboratory animal care" (NIH publication
No. 85-23), as well as in accordance with the requrements of the Ethics Committee at the Institute of
Neurobiology at the Bulgarian Academy of Sciences.

The following substances were used in the experimental part: 6-hydroxydopamine (6-OHDA) -
Sigma-Aldrich, R-(—)-apomorphine hydrochloride hemihydrate - Sigma-Aldrich, Ethylene-dia-
minetetraacetic acid (EDTA) Sigma-Aldrich, Chloral hydrate - Sigma-Aldrich Aldrich, Ellagic acid
hydrate 97% Alpha Aesar, Saline (0.9% NaCl) - bottle 0.9% NaCl, 500 ml, BRAUN. An experimental
toxin-induced model of PD using (6-OHDA) was used.

Behavioral methods were used to assess the neuroprotective effects of EA (Method for unilateral
lesions severity assessment - apomorphine-induced rotations; Method for motor coordination status
and dynamics assessment - Rotarod; Method for level and dynamics learning and memory assessment
- passive avoidance test), biochemical methods (Neurochemical assessment of dopamine; Antioxi-
dant activity) and statistical methods using IBM SPSS 19 software. Hierarchical cluster analysis (cen-
troid clustering method, squared Euclidean distance) was performed on individual results of the Anal-
ysis of principal components for the first two components to confirm the clustering of individual rats
by treatment.

The methods used provide for and enable the achievement of the set aims and objectives.



Results and Discussion:

EA-treated animals showed a significant reduction in the number of contralateral rotations per
minute compared to 6-OHDA controls, as well as improvement in the neuromuscular coordination
compared to the 6-OHDA control group. EA also lead to a significant reduction in the number of falls
per minute in the Rotarod test. This result supports the reported improvement in motor coordination
induced by EA application. Pretreatment with EA demonstrated significantly preserved memory func-
tion. Latency time in the experimental group was significantly longer. EA improved memory function
by 100% over 6-OHDA control at week 3.

Rats pretreated with EA demonstrated statistically significant increase in dopamine levels com-
pared to the 6-OHDA control group. EA resulted in an increase in dopamine levels by 108.9% (p <
0.01, n = 4) ipsilaterally and by 88.96% contralaterally. The restorative effect of EA on dopamine
levels was more pronounced ipsilaterally. The capability of EA to buffer brain dopamine levels
against the damaging effects of the neurotoxin (6-OHDA) provides further strong evidence for its
neuroprotective properties in vivo.

Treatment of animals with the neurotoxin 6-OHDA resulted in significant increase in lipid pe-
roxidation levels, and this was particularly pronounced in the ipsilateral brain hemisphere (Fig. 13A).
Decreased GSH levels (Fig. 13B) and decreased catalase (CAT) activity (Fig. 13D) were also ob-
served both ipsilaterally and contralaterally. Administration of EA partially restored the changes in
oxidative state induced by 6-OHDA. The improved cognitive functions of rodents treated with EA
are largely due to its direct antioxidant effect, whereas the antiparkinsonian effect of EA is due to its
pronounced antioxidant action.

The established protective properties of EA on the progression of PD are due to its potential to
prevent neuronal death. The use of EA may contribute to alleviating symptoms and delaying the pro-
gression of BP in experimental conditions.

Conclusions:
The 5 conclusions drawn by the doctoral student serve as a logical finale of the results of the
dissertation.

Contributions:

Based on her dissertation, Simona Aleksandrova brings out and formulates contributions that I
fully approve.

They have original scientific and scientific-applied or confirmatory nature - EA has pronounced
neuroprotective effects on rats with a model of unilateral 6-OHDA induced Parkinson's disease; the
established protective effects of EA on rats with experimental PD are result of the powerful
antioxidant effect and the reduction of oxidative stress in the brain and to the ability of EA to increase
dopamine levels in the brain, which leads to a delay in the progression of PD; EA primarily affects
the damaged hemisphere, where levels of oxidative stress are significantly higher than those of the
intact hemisphere; A significant change in dopamine levels was found ipsilaterally in animals
pretreated with EA. The cluster analysis demonstrates that EA significantly delays the progression of
PD through its complex mechanisms.

The above discussed contributions enrich the therapeutic opportunities for favorable treatment
result in patients with PD and have a certain scientific and applied nature.

Publications:

The author presents 5 full-text publications related to the dissertation, three of which are in
scientific journals with impact factor. Two of the publications stand out, which are in Quartile 1
journals and have a very high impact factor, 7.675 and 6.208, respectively. In two of the articles, she
is the first author, which proves the personal contribution of the doctoral student in developing this
dissertation. Additionally, a list of participations in 12 national and international scientific forums



related to the dissertation is presented. In six of them the dissertation student is the first author and in
three she is second author.

The abstract contains 48 pages. It is illustrated with 1 table and 7 figures. It is prepared
according to the requirements and fully meets aims, objectives and results of the dissertation.

Conclusion: The dissertation on "Neuroprotective mechanisms in the effects of ellagic acid on
an experimental model of Parkinson's disease in rats" is relevant and discusses an important
interdisciplinary problem in the fields of pharmacology, neurology, geriatrics, rehabilitation. The
work presented fully meets the requirements of the Development of the Academic Staff in the
Republic of Bulgaria Act, the Regulations for its Application and the Regulations for the Terms and
Conditions for Acquiring Scientific Degrees and Holding Academic Positions in the Bulgarian
Academy of Sciences and the criteria for acquiring the educational and scientific degree “Doctor of
Philosophy” of the Bulgarian Academy of Sciences set forth in it. That is why I give my positive
assessment and recommend the respected members of the Scientific Jury to vote positively for the
defense of the dissertation and to award Simona Aleksandrova Aleksandrova, MPharm the
educational and scientific degree "Doctor of Philosophy" in the field of higher education 7. Healthcare
and sports, professional direction 7.1. "Medicine" in scientific specialty "Pharmacology".

22 Feb 2023 3
Varna Prof. Dr. Petko Marinov, MD, PhD’
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