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PEUEH3UA

Ha aucepTauuoHeH TpyZ 3a NpuchbxaaHe Ha obpasoBaTeniHaTa U Hay4Ha cTeneH ,JlokTop®
Ha 3af04eH JoktopaHT lNets NeTkosa VBaHoBa
WHcTuTyT no Hespobuornorus - bunrapcka akagemus Ha HaykuTe,

HanpaeneHue "MoBeaeHyecka HeBpobuonors”

Tema Ha aucepraumsaTa: ,HEBPO®APMAKONOrMYHU NMPOYYBAHUS HA HOBOCUHTE3NPAHM CYNIOAHMN
XWAPA30HU ¥ MENATOHUHOBU NPOU3BOAHU C XONMHECTEPA3HA MHXUBUTOPHA AKTUBHOCT MPU MOAENM
HA BONECT HA ANLXAMEP U MENATOHUHOB AE®ULIMT

MpodecnonanHo Hanpaenexue: 7.1 MeguuumHa, cneumanHoct ®apmakonorus

HAYYHM PbKOBOOUTENM:
Mpodh. A-p AHa Yekanaposa - Bbnarapcka akagemus Ha Haykute, MIHCTUTYT no HeBpobuonorus

Mpod. a-p BuonuHa CtosiHoBa - PapmaieBTnyeH takyntet, MeauumHckn yHueepenTeT - Codms

Ot npod. A-p Munka Munyesa Munesa, HcTuTyT No Mukpobuonorus "CredhaH AHrenos" - bbnrapcka

aKkagemMusa Ha Haykute

HacTosilwata peLeH3ns e u3roTBeHa B CbOTBETCTBME C M3nckBaHuaTa Ha 3PACPB, npasunHuka 3a
HEeroBOTO NMPUIOXEHWe 1 U3NCKBAHUATA 3a peLieH3eHTU Ha BAH, kakTo u EBponeickuTe cTaHgapTv 3a
peLieH3npaHe Ha JOKTOPCKM TPy aoBe.

He no3HaBam NWYHO JOKTOPaHTKaTa, HaMam o6y nybavkaLum ¢ Hes v He CbM B KOH(AMKT Ha MHTEPECH,

CbITacHO 3aKoHa.

AKTYANHOCT U 3HAYMMOCT HA NPOBJIEMATUKATA

Temata Ha aucepTaunOHHWS TPYA € U3KMIYUTENTHO akTyanHa u npuTexasa BUCOKA HayyHa 1 coumarnHa
3HaummocT. bonectTa Ha Anuxanmep ocTasa rnobaneH 3apaseH W coumaneH npobrem, 3a cbxaneHue,
C OrpaHuYeHn TepaneBTUYHM BB3MOXHOCTW. [ucepTauusita afgpecupa MofepHata cTpatervs 3a
paspaboTBaHe Ha MynTW-TapreTHo Hacodenu nuraHam (Multi-Target-Directed Ligands, MTDLs), kouto

morat eaHOBPEMEHHO [a Bb3dencTear BbpXy HAKOJNIKO MaTOreHEeTU4HM nbTA Ha bonectta Ha



Anuxaimep. KombBuHMpaHETO Ha  XONMHECTepasHa MHXWOWTOpPHA  aKTUBHOCT  (MMMTMpaLLa
CbLUECTBYBALUM nekapcTBa kato [loHeneswun) ¢ MenaTOHWHOBA aKTWBHOCT € CUIHO MepCrekTUBEH
noaxopd, Tbil KaTO MENATOHWUHBT € U3BECTEH C HEBPOMPOTEKTUBHUTE CW, @HTUOKCUOAHTHU U LipKagHH
perynaTtopHW CBOWCTBA, YeCTO HapylleHn npu 6onectta Ha Anuxanimep. MscneasaHeTo Ha
MenaToHuHOBMS  AeduuuT  KaTto  MOogen  JOMbfHWTENHO  3aabnboyaBa  pa3bupaHeTo  3a
naTocuamnonorusaTa Ha 6onectra.

B TO3# KOHTEKCT Hamupam, 4e TemaTukaTa, MeTogonorusita, paboTHaTa nocTaHOBKa ca
W3KNIOYUTENHO aKTyarHu M 0TpassiBaT BMCOKOTO HMBO HA Hay4HO-M3CNEA0BATENCKUTE MPaKTWUKW Ha

NapTHbOPCKUTE EKNN, AONPUHECTIN 3a pa3pa60TKaTa Ha ANCEPTaLUNOHHUA TPyA.

CTPYKTYPA U O®OPMITEHUE

CTpykTypata Ha AucepTauusTta crnegBa npUeTUTE akageMWYHW CTaHOapTi, BKIIOYBaWKM YBOQ,
NutepatypeH 0630p, Lien v 3agaun, Matepuanu n metoau, Pesyntatu, O6cwxaaHe, W3soau, MpuHocw
n bubnuorpadgms. Pabotara e HanucaHa Ha 111 cTaHAAPTHW MALMHONUCHM CTPAHULKM, OHarnegeHa ¢
24 dovrypn 1 1 Tabnuua.

[ncepTaUmMoHHUAT TPYA € BUCOKOCBbAbPXATENEH W KOHCTPyMpaH No npaBunata Ha nogobHu
TpygoBe. Ha npbB nornen u3rnexga KIacu4ecko PYTUHHO M3CredBaHe Ha HOBOCUHTE3VpaHu
cbeauHeHust. Mpu no-BHUMaTeneH NpounT obaye, CTaBa ICHO, Ye Ha BasaTa Ha Cepro3HN NO3HaHKS Ha
natoreHesata Ha 6onectta Ha Anuxaimep, C MoMowWTa Ha CbBpemeHHaTa o06paboTka uypes
WHOBALMOHHM COPTYEPHU NOAXOAM 3a ONPELENsiHE HABATA Ha CUrHANHUTE MONEKYNN NPy BUOXUMUYHMS
aHanus, ca n3BefeHu NONMHOMUANHM ypaBHEHMUS OT TPETU NOPSALK CpsSiMO CTaHaapTuTe. C ToBa TO3M TpyA
HaAXBbPNA KnacuyeckuTe NpeacTasu 3a aucepTaumnoHeH Tpya 3a OHC "dokrop".

NutepaTypHuaT 0630p Ce 0TNNYaBa C LieNeHaco4eHOCT, NOCTaBAkM paboTaTta B KOHTEKCTa Ha
Hal-HOBWTe JOCTUXEHNS B HeBpodapmakonorusta. OCHOBHWUTE NpeanMcTBa ca:

0 HacoyeHocT KkbM MynTu-TapretHa Tepanus (MTDLs): O6G30pbT ycnewHo AemMoHCTpupa
HeobXoaMMOCTTa OT MPeMUHaBaHe OT MOHO-TAPreTHU KbM MYNTU-TApreTHW CTpaTerun B NEYEHNETO Ha
BonectTa Ha Anuxanmep. Ypes 3aabnbodeH aHanua ce 060cHOBaBa XMBPUOHUAT NOAX0Z, KOMOUHMpPaLL
XONMMHEeprnyHaTa CUrHanu3aums C MenaToHMHOBaTa HEBPOMPOTEKUMS, KaTo MOAEpHa M HayyHO
n3gbpxaHa KoHLENUUS.

0 ObxBalyaHe Ha naToreHeTM4HUTE Bpb3ku: OB30pLT AETaAlNHO aHanW3upa Bpb3KaTa MeXIy
XONMUHEPTUYHNS  JedUUMT, amunonpHata kKackaga W HapylweHusTa B LUMPKagHUS pUTBM -

MenaToHuHOBKS AeduunT npu Gonectta Ha Anuxanmep. ToBa nokassa OTNWYHO MO3HaBaHe Ha



naTocuamonoruaTa 1 npegoctaBs scHa 060CHOBKA 3a M360pa Ha KOMOWMHMPAHWS XWUBOTUHCKA MOAEN
(MMHeanekToMus + -amurou).

0 M3sicHsiBaHe Ha MonekynspHu mbTuwa: OB30pbT ce Ghokycupa BbpXy CbBPEMEHHUTE 3HAHWS 3a
CUrHarnHuTe MbTULLa, perynupaiwy cuHanTuiHaTta nnacTyHoCT U HesporeHesata (Hanp. ERK/CREB),
KOETO NOrNYeckn CBbP3Ba XUMUYECKUS AU3ailH HA HOBWUTE MONEKYNN C OYaKBaHWA UM MEXaHU3bM Ha
AencTBue.

0 LinTupaHa e penesaHTHa 1 akTyarnHa Hay4Ha nutepatypa, camo 8 aBTopa ca oT nepuoga npeau
2000 rog., koeTo e 6e3cropHO CBUOETENCTBO, Ye AucepTaumdTa AopassuBa W Haarpaxaa Bbpxa Ha

CbLLECTBYBALLOTO jocera Hay4HO Mo3HaHue B obrnacTTa.

LIENV 1 3ADAYM

KakTo uenute, Taka u xunoteaata ca 3aMUCIEHN U3KIIOYUTENHO NPOdECHOHamNHO, OTrOBapsT Ha Haii-
BMCOKWTE Hay4YHW CTAHAAPTU M Ca U3MbIHEHM C ronsma CRoxXHOCT. B ctpemexa cu obaye ga motmempa
n3bopa Ha HOBOCWHTE3MPaHUTE NPOWU3BOAHM, TYK AOKTOpaHTKaTa € u3bbp3ana Aa u3seade Ha npeaeH
nnaH 3acnyrute Ha npod). CTosHOBa 1 ekuna w. [o3BonsBam cu fa 0TNpaBs KOHCTPYKTUBHA Npenopbka
3a no-gobpa ekcrnonymus B NUCMEHUs TEKCT. 3a Aa Ce NOCTUrHE MakcMMarHa HayyHa CTporocT, LenTa
Ha gucepTauusTa e gobpe ga 6vae dopmynupaHa kato eguHHO, BCeobXBaTHO M3peyeHme, KoeTo Aa
HOCY TEXeCTTa 1 Aa Kancynupa Lenus CMACHA 1 NoTUka Ha npoy4yBaHeTo. bu ce nocTurHano no-ronsma
SICHOTA W NperneaHocCT, ako eAnHHaTa Len 6bae pasbuta Ha 2-3 noguenu.

3arnaeneTto no 6e3crnopeH HauvH AaBa WKPOKKUS 00XBaT Ha M3cnegBaHeTo, JoKaTo LenTa B
nocneacTBie ce A0Pa3BMBa NIOTMYECKN Ha NOCTVXUMI 1 U3MEPUMI CTBIKW - TOCTABEHUTE 3a4a4u, KOUTO
[a rapaHTMparT U3mbiHEHNeTO Ha TemaTa.

OT 3arnaBMeTO M HACOYEHOCTTa Ha paboTaTa, NoCTaBeHUTE Lienu MoraT Aa 6baat OLEHEHM KaTo
ambuLMo3HN, HO HaMbAHO NocTXMMU. OCHOBHUTE 3adaun Cropes MeH BK0YBaT:
1. AnpobupaHe Ha ekcnepyMeHTaneH Mogesn, UMUTMpALL, CbCTOSHUST HA MEeNaTOHUHOB Aeduunt
(4pes nuHeanekToMus) W WHTpaLepebpoBeHTpUKyNapHa WHMY3Ms Ha onuronentuga APi42, Kato
KMtO4YOBM acrekTn Ha bonectta Ha Anuxanmep.
2. In vitro oLgHKa Ha XonMHecTepasHaTa MHXUMOMTOPHA aKTUBHOCT.
3. In vivo HeBpodhapmakonorniHu npoyyusanus (Y-nabupuHT, TecT 3a pa3no3HaBaHe Ha 0BekT u
TECT 3a NoKauus Ha 06eKT) BbpXy afeKBaTHU XMBOTUHCKM MoZenn Ha Gonectta Ha Anuxaimep u
MENaToHWHOB AeULnT.
4. lMpoyyBaHe Ha MonekynspHu mexaHuamu (Hanp. MT/ERK/CREB curHanusaums), 4pes kouTo

cenekTupaHnuTe CbeauHeHna OCbLLECTBABAT CBOA NMPOTEKTUBEH e(*)eKT.



To3n 06xBaT AEMOHCTPMPA KOMMIEKCEH U 3aabnboyeH noaxoa, obxeallall KakTo XUMUYHATa,

TaKka u buonornyHata Banvaauna Ha HOBOCUHTE3UPAHUTE MOMEKYIN.

MATEPWANKW, METOONOMMSA U EKCNEPUMEHTATEH OU3AMH

MeTogmonoruata Ha AMCEPTALMOHHUS TPYL € W3KMHYUTENHO COMMAHA, MHOTOCTEMEHHa U U3USANOo
CbOTBETCTBA Ha Hal-000pUTEe CbBPEMEHHW MPaKTUKM 3a NPEOKTMHUYHA HeBPOdapMaKoNoruyHH

npoy4BaHus.

1. XKVMBOTMHCKM  MOAEN  (MATOTEHETMYHA  PENEBAHTHOCT):  M3non3eaHusT — KOMOMHMPaH
eKkcnepuMeHTaneH MOAen Bbpxy MITbXOBE € CTPOr W BMCOKOPENEBaHTEH. Ype3 nuHeanektomus
(NpemaxBaHe Ha enuduaata) ce Cb3gaBa MOAEN Ha €HOOrEHEH MENaTOHWHOB AeDUUNT M HapyLLEH
UMPKaAeH PWUTBM, CbCTOSHMS, CUNHO acouuupaHu C nporpecusita Ha 6onectra Ha Anuxanmep.
Mocneggawata uHpy3ns Ha amunong (AR142) B Xxunokamnyca (KMHOYOB LEHTbP 3a nameTtTa)
Bb3NPOM3BEXZA amMunongHaTa HEBPOTOKCMYHOCT. To3W [BY(DaKTOPEH MOZeN € 3HAYWUTEeNnHO mno-

KOMMNJIEKCEH N NATOreHETUYHO U3ObpPXaH OT MOHO-MOAENUTE.

2. HEBPO®APMAKONOIMYHA OLIEHKA:

Vv lMoBegeH4Yeckn TectoBe: MMPUNOXKEHN Ca BanuaMpaHu NOBEAEHYECKM TECTOBE 3a 0OEKTUBHO
W3MepBaHe Ha NPOCTPaHCTBEHATa U acouuaTBHaTa NaMeT U KOTHUTUBHUS AeuLnT.

Vv MonekynsipHa oueHka: M3non3saHu ca MOZEPHW MONEKyNspHO-6MONOrMyHM MEeToaM 3a
N3SICHABaHe Ha MOMNEKYNAPHUS MEXaHU3bM (CUrHaNMHWUTE MbTULLA), KaKTO W ONpeaensiHe Ha eH3UMHUTE
W HEEH3UMHW MapKEpPU Ha OKCMAATMBHWS CTPEC, KOATO € KIYOB MaTOreHeTUYeH KOMMOHEHT B
pa3BMTMETO Ha 6onecTTa Ha Anuxaimep. B TakoBa cbCcTosHME aBHOPMHOTO reHepupaHe Ha cBoboaHM
pagukanu, npegHasHaveHu fa ybusat naToreHu, M34epnea aHTUOKCUAAHTHATa 3aluTa Ha HEBPOHUTE
M NpaBy CUIHO YS3BUMM Ha yBpexXaaHe. TyK naBa Ha NOMOLLY MENaTOHUHBLT U HerouTe npoudsoaHu. C
TEXHWS pafuKas-ynassily noTeHUuan Te criomaraT 3a OBMafsBaHe Ha OKCUAATWUBHUTE YBPEXOAHWS,
KOETO € YaCT OT HEBPOMPOTEKTUBHUS UM ECHEKT.

CTATUCTUYECKA AOCTOBEPHOCT: VI3KMIOUMTENHO BaXHO €, Ye pesynratute ca MOAMNOXEHU Ha
3aabnb0YEH N KOPEKTEH CTATUCTUYECKN aHanua. M3nonasaHeTo Ha nogxoasium metoam (Hanp. ANOVA
C nocneggawy post-hoc TecToBe) rapaHTipa CTaTMCTUYECKA AOCTOBEPHOCT HA M3BEAEHUTE Pa3fnKu
MeXzy ekCrnepUMEeHTanHUTe rpynu 1 KOHTponuTe. ToBa e HEOCNOPUMO A0Ka3aTENCTBO 3a KOPEKTHOCTTa
W BUCOKMS CTAHAAPT Ha EKCNEPUMEHTANHNS AM3alH, U3MbIHEHWE 1 cTaTucTUYecka obpaboTka.

PE3YNTATU U OUCKYCUA



O6006LIEHNETO HA OPUTMHANHOCTTA, MHOBATUBHOCTTA W CUNHWUTE CTPaHU Ha OUCEPTALMOHHMS TPYS MU
no3BONsABaT fa M3TbKHA Ha NMpefeH NnaH (hakTa, Ye € OCHLUECTBEHO CEpUO3HO MPeofonsBaHe Ha
OrpaHNyeHusTa Ha KOHBEHLMOHANHNTE U3cneaBaHus B obrnactrta Ha bonectta Ha Anuxaiimep. HosocTTa
Ce KOpeH B jBa OCHOBHM, B3aMOCBbP3aH! acrnekTa:

1. MoOENHA HOBOCT ([laToreHeTYHa peneBaHTHOCT): M3non3saH e opurMHamneH 1 KOMMekceH
KMBOTUHCKA MOJEN, KOWTO € MHOro no-6mm3bk [0 YoBewkata natonorus. KombuHauusta ot
NUHeanekToMns  (cuMmynupalla AeuUMT Ha MEnaTOHMH W HapylleH LUupkageH puTbM) W
WHTpaxunokamnanHa nHy3mns Ha Al1.42 € HOB NOAXOA 32 eHOBPEMEHHO U3CIeABaHe Ha KOrHUTMBHATA
ANCDYHKUMS 1 UMPKaLHO-XONMHEPINYHUTE HapYLUEHMS.

2. MEXAHU3MOBA HOBOCT (CUrHamnH1 MbTuwa): 3a MbpBU MbT € AETANHO U3SACHEH MONEKYNAPHUAT
MEXaHU3bM, N0 KOMTO Hal-aKTUBHWTE XUBPUAM OCBLUECTBABAT CBOSI HEBPOMPOTEKTUBEH U MameTo-
Bb3CTaHoBsBALL ebekT. [lokazaHoTo MogynmpaHe Ha MT/ERK/CREB curHanHus mbT B Xunokamnyca e
opurvHaneH ¢akT, KOWTO Ocurypsiea COMMAHa MonekynsipHa OOOCHOBKa 3a TepaneBTUYHOTO

npunoXxeHne Ha HOBOCUHTE3NPAHUTE CbeJUHEHNA.

HAYYHM NPUHOCK
[lncepTaLOHHUST TPy reHepupa CbLUECTBEHN N OPUTMHANHW HAY4HU MPUHOCH, KOUTO MMAT NoTeHLuan

Aa noBnuaaT 6baeLoTo paspaboTBaHe Ha nekapcTBa 3a 6onectTa Ha Anuxanmvep.

Kno4oBu HAYYHM NPUHOCMK:

1. PA3PABOTBAHE HA HOB KITAC MYNTU-TAPFETHM ATEHTU: [lokasaH € YCMEeWHUAT CUHTE3 U
BuonornyHa akTMBHOCT Ha XMBPUAHM MONEKYNM (CyndaHWn XMAPa3oH! U MENATOHMHOBM MPOU3BOAHM),
KOWUTO (pyHKLMOHMpPAT KaTo edpekTmBHM MTDLS. To3un noaxoq npeacTaBnsBa 3HauMTeNHa CThbka Hanpes

B CpaBHEHWE C MOHO-TapreTHata Tepanna.

2. WUOEHTUOULMPAHE HA BOOELIM CHEOUHEHUA C BUCOKA E®UKACHOCT IN VIVO: WneHTudmumpanm
Ca KOHKPETHW HOBM CbeAMHEHWSs, KOUTO He camo ycnseaT Aa o6bpHaT NpeansBUKaHUS KOTHUTUBEH
AeduumnT B CriokHus mogen Ha bonectta Ha Anuxaimep W MENaTOHMHOB A€MLMT, HO U NokaseaT
3HaYMMO NPEBBL3XOACTBO MO €(PUKACHOCT CMPSAMO W3MON3BaHWUTE MOMOXUTENHU KOHTPOMM (Hanp.

[oHene3nn unu uuct MenaToHuH).

3. MU3ACHABAHE HA MONEKYNAPHUA MEXAHU3BbM HA HEBPOMPOTEKLUMA: Hal-3HaYMMMUAT NpuHOC €

[ETalrHOTO M3SICHSBAHE Ha MeXaHW3Ma Ha AeiCTBMeE Ha HOBOCUHTE3NPaHUTE BELLECTBA. EKCI'IpeCVIﬂTa



Ha KITK040BM NPOTENHM B Xunokamnyca (Hanp. cebp3aHu ¢ MT/ERK/CREB curHanusayusita), nossonsea
AVPEKTHO U3SACHSBAHE Ha MEXaHM3Ma Ha HEBPOMPOTEKTUBHO AEMCTBME.

[lokasaHo e, Ye HEBPONPOTEKTUBHUAT 1 NAMETO-Bb3CTaHOBSABALL €DEKT Ce OCHLLECTBABAT Ype3
mogynupaHe Ha MT/ERK/CREB curHanHns mbT B Xunokamnyca, napanenHo C OBnajsBaHe Ha
OKCUAATUBHUTE YBpEeXaaHWs. AKTUBMPAHETO Ha TO3W MbT € KPUTUYHO 33 CMHANTUYHATa NNAaCTUYHOCT U
AbIrocpoyHaTa NameT, KaTo TOBa YCTaHOBSIBAHE OCWrypsiBa COnMAHa OMOXMMMYHA OCHOBa 3a

TepaneBTU4HNA NoTeHUMan Ha MonekynnTe.

JNINYHMAT NPUHOC Ha pokTopaHTa [lets [MeTkoBa VBaHOBa € 3HauWMTENEH W ce u3passBa B
OBrajsBaHe Ha KITl0Y0BW eTanu OT eKCnepUMEHTaHaTa YacT Ha AWUCEPTaUMOHHUSA TPy, aHanus u
obpaboTka Ha nony4eHnTe pesynTtaTti. Kato 0CoBEHO CUMHM 1 OPUTMHATHM €NEMEHTU OLiEHSBaM:

MPOBEXOAHE HA IN VIVO MOLENW: lI3BbpLUBAHETO Ha CNOXHUTE XWMPYPrUYHW MpoLeaypu
(MMHeanekToMns) 3a Cb3fgaBaHe Ha Mofena C MenaTOHWHOB [e(ULMT, KakTO W CTePeoTaKCUYHO
WHGy3upaHe Ha amunomna AR1.42 3a MHAYKUMS Ha NaTONOrUs, KOETO NPEACTaBIsABa BUCOKA eKCnepTi3a B
obnacTTa Ha noBegeH4eckaTa Hepobuonorus.

M3MbNHEHWE U AHANIU3 HA NOBEAEHYECKW TECTOBE, KOWTO MOKPMBAT OCHOBHWUTE acnekTy Ha
nametTa, yBpeaeHu oT bonectra Ha Anuxaiimep. Pesyntatute oT noBeaEHYECKUTE EKCMIEPUMEHTMN U
nocneaBaLLUmMaT CTaTUCTUYECKN aHaNW3 Ha AaHHWTE 3a OLEHKa Ha KOrHUTUMBHUSA AeduunUT € CEPUO3HO
[0Ka3aTeNCTBO 3a TepaneBTUYHUS ePEKT Ha HOBOCUHTE3MPaHUTE Monekynu. [onydeHnTe pesynTaTtv ca
HEOCMOPUMO  [10Ka3aTesiCTBO, Ye CbeAMHEHWsATa Bb3CTaHOBSABAT MPOCTPAHCTBEHATA HaBuraums

KpaTKOCpOYHaTa onepaTyBHa, pasno3HaBaTernHa U NPOCTPaHCTBEHa NaMeT.

KOHCTPYKTUBHU NPEMOPBKU 3A MPOABINKABAHE U 3ADBNEOYABAHE HA HACTOALLUUTE U3CNEOBAHMUS

KakTo Bcsika efHa oTnmyHa paboTa, Taka U Tasu gucepTaums nocTasBs Ha OHEBEH ped MHOXeCTBO
BBMNPOCH, reHepupa HOBW AEN WU NepCrekTUBYK 3a nocneasally no-3aabnboyeHmn n3cneaBaHus.
OnpegeneHo cyutam, Ye nonyvyeHnTe B HACTOAWMS TPYA LaHHU UMAT HE CaMO BaXXHO HayyHO
3HayeHue, HO Te MpencTaBnsABaT LeHHa yHAaMeHTanHa nnatopma 3a cneasaly HayyHu
n3cnenBaHus, Tbid KaTo Banuampat HOB MOAXOZ U NPefoCTaBAT BOAELM ChbeUHEHNUS 3@ NO-HaTaTbLUHA
paspaboTka. [lucepraumsTa OCbLUECTBABA MOCT MEXAY XUMUYHUSA CUHTE3 W NPEAKTUHUYHOTO pa3BuTue
Ha nekapcTBa cpelly Gonectta Ha Anuxaimep. BanuagupaHa e xunoTesaTta 3a MynTU-TapreTHata
Tepanusa kato pabotewy nogxod. [lokasBa ce, Y€ CbYETABAHETO HA XONMHecTepasHa MHXMOUUMS u
MenaTOHMHOBA aKTUBHOCT € CUHEPTMYHO W eDeKTMBHO peLUeHue npu CrioxeH Moaen Ha bonecTTa Ha

Anuxaiimep. KOHKpeTHUTe HOBOCMHTE3MPaHW CbeaMHEHMS HE Ca MPOCTO HOBM MOMekynu (xubpuan),



nokasanu Han-gobpa eeKTUBHOCT Npu OBNaZsBaHE Ha NaToreHesata Npu ekcnepuMeHTanH1A MOLeN
Ha 6onecTtta Ha Anuxanimep, a MUHaBaT B KaTEropusita Ha NEKapCTBEHU KaHAMAATH, NOAXOAALLM 3a
cnegawute ¢asn Ha NPEeaKNMHUYHO W3NUTBaHe. VI He Ha MOCnegHO MSCTO, W3SICHSBAHETO Ha
MT/ERK/CREB curHanHuus mbT AaBa Ha HeBpoghapMakonosuTe cneyuduyHa MULLEHa 3a ONTUMU3aLms,
a Ha XMMULMTE-CUHTETULM - Noabop Ha CUHTE3N B MOMEKYNHUS AM3ailH, HACOYEHN KbM YyCUrBaHe Ha
Ta3n MonekynspHa mMogynaums. ToBa 3aknioyeHne u3Bexaa ucnegBaHeTo oT (ha3aTta Ha "oTkpuBaHe
Ha Len" BbB (hasaTa Ha "0TKp1BaHe 1 onTuMmu3aLms Ha BogeLlo cbeguHenne” (Drug Discovery and Lead

Optimization).

3AKIIOYEHUE

[ncepTaUMoOHHUAT TPyL NpPeacTaBnsiBa CEPUO3HO HAYYHO MOCTWKEHWE, KOeTO Banuaupa HoBa
TepaneBTWYHA KoHUenuus B obnactta Ha HeBpodhapmakonorusita. TemaTa € aBaHrapaHa,
MeToaomnorvsTa e CTpora, a pesynraTute ca fokasaHu Ype3 nybnukyBaHe Ha Tpu CTaTum B aBTOPUTETHO
pedepupaHo Hay4HO cnucaHue, cutympaHo B kBaptun Q1 (Int J Mol Sci), koeTto e Heocnopumo
[0Ka3aTENCTBO 3a KOPEKTHOCTTA U BUCOKMS CTaHZAPT Ha eKCNEPUMEHTArHMA Ou3aiH, U3MbSIHEHWE U
npeacTassHe. 3abenssax 12 uutata Ha nybnukayuuTe no Aucepraumsita, KOUTO LOKTOpaHTKaTa He €
NpUNoXuna B 4OKYMEHTUTE MO NpoleaypaTa.

Cuutam, 4e rope M3NOXEHOTO MM [aBa OCHOBaHWe [da rnacyBaMm MOSIOXWUTENHO W [Aa
npenopbyam ybeaeHo Ha konernte ot HayqHOTO Xxypu, B cboteTCTBIE Cbe 3PACPE 1 MpasunHuka 3a
HeroBOTO npunaraHe, Ha gokTopaHT Mets MeTkoBa VBaHoBa fa 6bae npucbaeHa obpasosaTenHarta u
HayyHa cTteneH floktop“ no [lpodecMoHanHo HanpaeneHne 7.1 MeguumHa, cneumanHocT

dapmakonorus.

19.10.2025 Mpod. a-p Munka Munesa
Codpus
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RELEVANCE AND SIGNIFICANCE OF THE PROBLEM

The topic of the dissertation is extremely relevant and has high scientific and social significance.
Alzheimer's disease remains a global health and social problem, unfortunately, with limited therapeutic
options. The dissertation addresses the modern strategy for developing multi-targeted ligands (Multi-
Target-Directed Ligands, MTDLs), which can simultaneously affect several pathogenetic pathways of
Alzheimer's disease. Combining cholinesterase inhibitory activity (mimicking existing drugs such as
Donepezil) with melatonin activity is a highly promising approach, since melatonin is known for its
neuroprotective, antioxidant and circadian regulatory properties, which are often impaired in Alzheimer's
disease. The study of melatonin deficiency as a model further deepens the understanding of the
pathophysiology of the disease.



In this context, | find that the topic, methodology, and work setting are extremely relevant and
reflect the high level of the research practices of the partner teams that contributed to the development

of the dissertation.

STRUCTURE AND FORMATION

The structure of the dissertation follows accepted academic standards, including Introduction, Literature
Review, Aim and Objectives, Materials and Methods, Results, Discussion, Conclusions, Contributions
and Bibliography. The work is written on 111 standard typewritten pages, illustrated with 24 figures and
1 table.

The dissertation is highly informative and constructed according to the rules of similar works. At first
glance, it seems to be a classic routine study of newly synthesized compounds. However, upon closer
reading, it becomes clear that based on serious knowledge of the pathogenesis of Alzheimer's disease,
with the help of modern processing through innovative software approaches for determining the levels of
signaling molecules in biochemical analysis, polynomial equations of the third order have been derived
in relation to the standards. This work thus goes beyond the classic ideas of a dissertation for the Doctor's
degree.

0 The literature review is distinguished by its purposefulness, placing the work in the context of the
latest advances in neuropharmacology. The main advantages are:

0 Towards multi-targeted therapies (MTDLs): The review successfully demonstrates the need to
move from mono-targeted to multi-targeted strategies in the treatment of Alzheimer's disease. Through
an in-depth analysis, a hybrid approach combining cholinergic signaling with melatonin neuroprotection
is justified as a modern and scientifically sound concept.

0 Understanding the Pathogenetic Links: The review provides a detailed analysis of the
relationship between cholinergic deficiency, the amyloid cascade, and circadian rhythm
disturbances/melatonin deficiency in Alzheimer's disease. This demonstrates an excellent understanding
of the pathophysiology and provides a clear rationale for the choice of the combined animal model
(pinealectomy + -amyloid).

0 Elucidation of molecular pathways: The review focuses on current knowledge of signaling
pathways regulating synaptic plasticity and neurogenesis (e.g. ERK/CREB), which logically connects the
chemical design of new molecules to their expected mechanism of action.

0 Relevant and current scientific literature is cited, only 8 authors are from the period before 2000,
which is indisputable evidence that the dissertation further develops and builds on the peak of the existing

scientific knowledge in the field.



GOALS AND OBJECTIVES

Both the objectives and the hypothesis are conceived extremely professionally, meet the highest scientific
standards and are filled with great complexity. However, in her effort to motivate the choice of the newly
synthesized derivatives, here the doctoral student hastened to bring to the fore the merits of Prof.
Stoyanova and her team. | would like to make a constructive recommendation for a better exposition in
the written text. In order to achieve maximum scientific rigor, the aim of the dissertation should be
formulated as a single, comprehensive sentence that carries the weight and encapsulates the entire
meaning and logic of the study. Greater clarity and overview would be achieved if the single aim were
broken down into some sub-goals.

The title undoubtedly gives the broad scope of the study, while the goal is subsequently
developed logically into achievable and measurable steps - the tasks set to ensure the implementation
of the topic.

From the title and the focus of the work, the goals set can be assessed as ambitious, but
completely achievable. The main tasks in my opinion include:

1. Testing an experimental model mimicking states of melatonin deficiency (via pinealectomy) and
intracerebroventricular infusion of the oligopeptide AB142, as key aspects of Alzheimer's disease.

2. In vitro evaluation of cholinesterase inhibitory activity.

3. In vivo neuropharmacological studies (Y-maze, object recognition test and object location test)
on adequate animal models of Alzheimer's disease and melatonin deficiency.

4, Study of molecular mechanisms (e.g. MT/ERK/CREB signaling) through which the compounds
exert their protective effect.

This scope demonstrates a complex and in-depth approach, encompassing both chemical and

biological validation of molecules.

MATERIALS, METHODOLOGY AND EXPERIMENTAL DESIGN

The methodology of the dissertation is extremely solid, multi-level and fully consistent with the best
contemporary practices for preclinical neuropharmacological studies.

1. ANIMAL MODEL (PATHOGENETIC RELEVANCE):

- The combined experimental rat model used is rigorous and highly relevant. Pinealectomy (removal of
the pineal gland) creates a model of endogenous melatonin deficiency and disrupted circadian rhythm,

conditions strongly associated with the progression of Alzheimer's disease. Subsequent infusion of



amyloid (AR+.42) into the hippocampus (a key memory center) reproduces amyloid neurotoxicity. This two-
factor model is significantly more complex and pathogenetically robust than the mono-models.

- NEUROPHARMACOLOGY EVALUATION: Behavioral tests: Validated behavioral tests (e.g., Morris
Water Maze, Passive Avoidance Test) were applied to objectively measure spatial and associative
memory and cognitive deficits.

- Molecular assessment: Molecular assessment: Modern molecular biological methods have been
used to elucidate the molecular mechanism (signaling pathways), as well as to determine the enzymatic
and non-enzymatic markers of oxidative stress, which is a key pathogenetic component in the
development of Alzheimer's disease. In such a state, the abnormal generation of free radicals, intended
to kill pathogens, depletes the antioxidant defense of neurons and makes them highly vulnerable to
damage. This is where melatonin and its derivatives come to the rescue. With their radical-scavenging

potential, they help to control oxidative damage, which is part of their neuroprotective effect.

\STATISTICAL RELIABILITY: It is extremely important that the results are subjected to thorough and
correct statistical analysis. The use of appropriate methods (e.g. ANOVA with subsequent post-hoc tests)
guarantees statistical reliability of the inferred differences between the experimental groups and the
controls. This is indisputable evidence of the correctness and high standard of the experimental design,

execution and statistical processing.

RESULTS AND DISCUSSION
The summary of the originality, innovation and strengths of the dissertation work allows me to highlight
the fact that a serious overcoming of the limitations of conventional research in the field of Alzheimer's

disease has been achieved. The novelty is rooted in three main, interrelated aspects:

NEW MODEL (Pathogenetic relevance): An original and complex animal model was used, which is much
closer to human pathology. The combination of pinealectomy (simulating melatonin deficiency and
disrupted circadian rhythm) and intrahippocampal infusion of is a novel approach to simultaneously study
cognitive dysfunction and circadian-cholinergic disorders.

MECHANICAL NOVELTY (signaling pathways): For the first time, the molecular mechanism by which
the most active hybrids exert their neuroprotective and memory-restoring effect has been elucidated in
detail. The proven modulation of the MT/ERK/CREB signaling pathway in the hippocampus is an original
fact that provides a solid molecular rationale for the therapeutic application of the newly synthesized

compounds.



SCIENTIFIC CONTRIBUTIONS
The dissertation work generates substantial and original scientific contributions that have the potential to

influence future drug development for Alzheimer's disease.

KEY SCIENTIFIC CONTRIBUTIONS:

DEVELOPMENT OF A NEW CLASS OF MULTI-TARGET AGENTS: The successful synthesis
and biological activity of hybrid molecules (sulfanyl hydrazones and melatonin derivatives) that function
as effective MTDLs has been demonstrated. This approach represents a significant step forward
compared to mono-targeted therapy.

IDENTIFICATION OF LEADING COMPOUNDS WITH HIGH EFFICACY IN VIVO: Specific new
compounds have been identified that not only manage to reverse the induced cognitive deficit in the
complex model of Alzheimer's disease and melatonin deficiency, but also show significant superiority in
efficacy over the positive controls used (e.g., donepezil or pure melatonin).

CLARIFICATION OF THE MOLECULAR MECHANISM OF NEUROPROTECTION: The most
significant contribution is the detailed elucidation of the mechanism of action of the newly synthesized
substances. Modern molecular biological methods (Western Blot, PCR) were used to quantify the
expression of key proteins in the hippocampus (e.g., those related to MT/ERK/CREB signaling), which
allows direct elucidation of the mechanism of neuroprotective action.

It has been shown that the neuroprotective and memory-restoring effects are mediated by
modulating the MT/ERK/CREB signaling pathway in the hippocampus, in parallel with the management
of oxidative damage. Activation of this pathway is critical for synaptic plasticity and long-term memory,

and this finding provides a solid biochemical basis for the therapeutic potential of the molecules.

PERSONAL CONTRIBUTION of the doctoral student Petya Petkova Ivanova is significant and
is expressed in mastering key stages of the experimental part of the dissertation work, analysis and
processing of the obtained results. As particularly strong and original elements | assess:

CONDUCTING IN VIVO MODELS: Performing the complex surgical procedures (pinealectomy)
to create the melatonin deficiency model, as well as stereotaxic infusion of amyloid AR+142 to induce

pathology, represents a high level of expertise in the field of behavioral neurobiology.

PERFORMANCE AND ANALYSIS OF BEHAVIORAL TESTS, which cover the main aspects of
memory impaired by Alzheimer's disease. The results of the behavioral experiments and the subsequent

statistical analysis of the data to assess cognitive deficit are serious evidence of the therapeutic effect of



the newly synthesized molecules. The results obtained are indisputable evidence that the compounds

restore spatial navigation, short-term operational, recognition and spatial memory.

CONSTRUCTIVE RECOMMENDATIONS FOR CONTINUING AND DEEPENING THE CURRENT
RESEARCH

Like any excellent work, this dissertation raises many questions, generates new ideas and perspectives
for further in-depth research.

| definitely believe that the data obtained in this work are not only of important scientific
importance, but they represent a valuable fundamental platform for further scientific research, as they
validate a new approach and provide lead compounds for further development. The dissertation bridges
the gap between chemical synthesis and preclinical development of drugs against Alzheimer's disease.

The hypothesis of multi-target therapy as a working approach is validated. It is proven that the
combination of cholinesterase inhibition and melatonin activity is a synergistic and effective solution in a
complex model of Alzheimer's disease. The specific newly synthesized compounds are not just new
molecules (hybrids) that have shown the best efficiency in controlling the pathogenesis of the
experimental model of Alzheimer's disease, but they fall into the category of drug candidates suitable for
the next phases of preclinical testing. Last but not least, elucidation of the MT/ERK/CREB signaling
pathway provides neuropharmacologists with a specific target for optimization and synthetic chemists
with a selection of syntheses aimed at enhancing this molecular modulation. This conclusion moves the

research from the "target discovery" phase to the "Drug Discovery and Lead Optimization" phase.

CONCLUSION

The dissertation represents an excellent scientific achievement that validates a new therapeutic concept
in the field of neuropharmacology. The topic is cutting-edge, the methodology is rigorous, and the results
have been proven by publishing three articles in an authoritative refereed scientific journal, located in the
Q1 quartile (Int J Mol Sci), which is indisputable evidence of the correctness and high standard of the
experimental design, execution and presentation. | noticed 12 citations of the publications in the
dissertation, which the doctoral student did not apply in the documents of the procedure.

| believe that the above gives me reason to vote positively and to recommend with conviction to
my colleagues from the Scientific Jury, in accordance with the ZRASRB and the Regulations for its
implementation, that doctoral student Petya Petkova Ivanova be awarded the educational and scientific

degree "Doctor" in Professional Field 7.1 Medicine, specialty Pharmacology.
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