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CTAHOBWUIIE

Ot npod. n-p Pocuna 3amdpuposa, UHb, BAH

OTHOCHO jaMcepTalMOHEH TpyJ HacoueH 3a MyOJauuyHa 3alluTa 3a MPHUCHXKIAHE Ha
oOpa3oBaTenHaTa U Hay4yHa cTeneH ,,Jlokrop* B o0nact Ha Buciie odpazoBanue 4. [lpupoanu
Haykd, mpodecnoHamHo  HampasieHue 7.1. Meauumna Hayyna — cmernmamHOCT
“dapmakonorus’KbM HarpasiieHue ,,[lopenenuecka HeBpoouosnorus™ na UHb-6AH

Ha 3amoden goktopant J-P XPMCTHUHA IIJAHKOBA AHI'EJIOBA na tema ,,POJISI HA
KUOTOPOMHA B IOBEJEHYECKUTE U XUCTOJOIMYHU UBMEHEHUSI
[IPEAU3BUKAHM OT EKCIEPUMEHTAJIEH MOJEJ HA BOJIECTTA HA
AJIXANMEP“

3a M3rOTBSIHE HAa PELEH3MsTAa [OKTOPAaHT A-p  XpUCTHMHA AHreIoBa € IpeACcCTaBHIIa
M3UCKyeMUTe MaTepuanu (aucepranus, asTopedepar, NyOIuKanuu, asToduorpadus).
Penensusara e usrorseHa cwriacHo usuckBanusta Ha 3PHCPD, IlpaBunHuka 3a HEroBOoTO
npuioxkenue u [IpaBunnuka 3a npunaranero my B MTHb-BAH.

[IpenoctaBenusaT 3a peueHsus Marepuan € or 101 crpaHuMuM M ChABpPKA BCUYKH
HeoOxonumu pazaenuu: YBon (1 ctp), Jluteparypen o630p (26 ctp), Llen u 3amauu (1 ctp),
Marepuanu u meroau (9 crp). Pesynararute ca npencraBenu Hal9 ctp, O6cwxaanero Ha 10
cTp, M3Boaure u mpuHocute - Ha 2 crp. B paborata ca uutupanu 344 nutepaTypHU
M3TOYHHKA.

0630pbT e obmupen u go0pe crpykropupan.Pasrneganm ca ¢opmute Ha
AnmxaiiMmepoBara 00JIECT,MO3bYHHUTE IPOMECHH, KOWTO HACTBIIBAT TPU Pa3BUTHETO W,
OTTOBOPHUTE 332 BH3HUKBAHETO W.TCHETUYHHM W CMHUTCHETHYHHU (DaKTOpPH, TE3W HA cpelara U
CBIIECTBYBAIIM  CHIIBTCTBAIIM 3a0oJisBaHus. J[oOpe mpeacTaBeHHW ca W JBET€ OCHOBHH
CHBPEMHUHHU XHWIIOTE3H 3a OOSICHEHHWE Ha TaToreHe3aTa Ha TOoBa 3a00JsBaHE — XHUIIOTE3a 3a
aMWIOUJHATA KackaJa W XHmoTre3a 3a xwunepdochopunupanus Tay-nmporeuH.CrernuaiHo
MSICTO € OTPE/IEHO Ha POJIsATa Ha MeNTHANUTE B pa3BuTtueTo Ha AD. JlokTopaHTKaTa akIeHTHpa
BBPXYy M TOJAPOOHO ONKHCBAa HATWYHUTE  JUTEpATypHU  JaHHH 3a KUOTOpPUHA —
pasmpoctpanennero My B [IHC, cuHTE3 u pasrpaxiaHe, pelenTopd W IUTBTHOCTTa UM B
pa3sIUYHA MO3BYHHM CTPYKTYPH, pEIEeNTOpHATa CHTHAJIM3amus. SICHO pa3rpaHUYeHH ca
coOCTBEeHUTEe €(PEKTH Ha TENTHJIA OT BB3JICHCTBHUATA, KOUTO OCHIIECTBABA 4pe3 JPYTUTE
omoua . HauMHBT, M0 KOWTO € M3JIOKEH TO3W MaTephall, JIOTHYHOTO MY TMOJAPESKIaHE U
WITIOCTPUPAHETO MY CbC 7 CXHMMH T[IOKa3BaT OOIMIMPHUTE W CTAOWJIHM TIO3HAHUS Ha
JUcepTaHTKaTa B 00JIacTTa, B KOSATO paboTu. 3amo3Hara € nobpe ¢ aurepaTrypara , KOeTo i
JlaBa BB3MOXKHOCT CBOOOJHO M yOEAWTENTHO Ja WHTEPIpETHpa COOCTBEHUTE pPE3YITATH.
N3uepnarenHusaT autepaTypeH o030p € 6a3a 3a ajgexkBaTHO (GopMyNnHpaHe HA HaydHATa [el U
MPOM3TUYAIINTE OT Hes 3a/Jayd 3a  I[EJICHACOYCHU W3CJIEBaHUs, KAaToO CIEIUATHO Ce
MoTYepTaBa, ue 3a cera HsIMa SCHOTa OTHOCHO NMPHYMHUTE 32 Bh3HHKBaHETO Ha AD, kakTo n
4e HeaHAJITeTHIHWTEe e(eKTH Ha MenTuaa ca ciabo npoydeHu.basupaiiku ce Ha HAJTHMYHUATE



nuteparypHute AanHu, ye 1) KTP ydacTBa B mporecure Ha Bb3MaJeHUE U XpOHUYHA OOJIKa,
2)B erwonorusita Ha AD mnpu mnanuMeHTH ¢ HeBpoJereHepaTHUBHU 3a0oyigBaHUsS U3)
YCTAaHOBEHOTO OT Jpyru aBTopu moHmwxkeHo HUBO Ha KTP mpu passutue Ha AD,
JUcepTaHTKaTa GopMyaupa XUIOTe3aTa, 4e TO3M MENTH] UMa pojisi B MaTo(u3HoIorusaTa Ha
3a0onaBaHero. ToBa € U meaTa Ha AMCEPTALMOHHUS TpyA — JAa u3ciensa poista Ha KTP
BBPXY MOBEJEHUETO U XHUCTOJOTWYHUTE NPOMEHH, HACTHIIMIM B PE3yJTaT Ha pa3BUTHE Ha
cumnromure Ha AD , u3nonsBaiiku Mojena Ha 1.C.V.BbBEXJAaHE Ha CTPENTO30TOLMH Y
wiexoBe. [Ipomstuyammre oT nenrta 3axaun(3 Op.) BKIIOYBAT M3ydyaBaHe Ha edekTa Ha
paznuunau 1o3u KTP BbpXy M3ciae10BaTENICKOTO MOBEAMHUE U NTAMETTA HA 3paBH KUBOTHH,
npe3 panHata (aza Ha paszsutre Ha AD (1 mecer cien CcTpenTo30TONHMH) U KbCHaTa (asza (4
M. clie[l TPENTO30TOLMH). YCIOpPEeIHO C TOBa € W3CIEABAHO OTJAraHeTo Ha —aMWJIOHWI B
XHUIOoTasaMmyca 1 MO3bYHUTE KPHbBOHOCHU ChJIOBE.

[IpaBu noOpo BreuatieHue, Y€ MpH pa3paboTKaTa ca U3MOJI3BAHU TOJSIM HAOOP TOIXOIAIIH,
Pa3IMYHM TI0 XapaKTep MeTOAHU -3a M3CIIe/IBaHEe Ha JBUTATEIIHATA ACTUBHOCT W mameTtTa(open
field , elevated Plus-maze,T-maze, Novel object recognition test),3a 60J1K0Ba 4yBCTBUTEITHOCT
(pow pressure test), Taka W XHUCTOJOTMYHM W OWOXMMHYHU TakWBa. ToBa IO3BOJIABA
YCIIOPEIHO C MOBEIEHUYECKUTE TPOMEHHU J1a CE€ PETUCTPUPAT U MPOMEHUTE B XMCTOJIOTUUHUTE
U OMOXMMUYHMTE IOKa3aTeJH, KOUTO ChI'BTCTBAT Pa3BUTHETO Ha 3abosisgsBaHeTo (Opost Ha
HeBpoHaMHUTE TiaeTku B xunokammnanHure Cl u C3 monera , HeBpOHAJHATa IUIBTHOCT U
IpoMsiHaTa B KOJMYECTBOTO HO KAPOOHUIUPAHU MPOTEMHH B KPbBHA IUIa3Ma).

Pe3yaraTure OT TOBEACHUECKUTE, XHCTOJIOTMYHU W OHOXUMHUYHHM H3CJIEBAaHUSI ca
MpPeICTaBeHU MOCIE0BATETHO B paMKUTE Ha €JIMH pa3Jiell, KOeTO CIocOOCTBa 3a M3Tpaxk/iaHe
Ha IThJIHA KapTHHA HA POMEHUTE , HACTHIIBAIIM B W3CIEABAHUTE CTAIMU Ha 3a00JISIBAaHETO U
noBiusiBaneto uM oT nentuga KTP .Te ca mogpoOHo ommcanu u oHarnenaeHu ¢ 26 ¢urypwu.
CratucTuueckuTe METOAM Ca BHHUMATEHO TMOAOpaHM ChOOpa3HO XxapakTepa Ha
€KCIIEpUMEHTA.

ExcnepumenTanaute qanau, 0000IIEHN B 00CHKIAHETO, TTOKa3BaT 4e:

ITpu 3apaBu muexoBe KTP, BbBeneH i.c.v., HE NMPOMEHsS CIOCOOHOCTTa 3a OOyueHHE H
3aaMeTsABAHE HA OIIUTHUTE KUBOTHU U HE MPEIU3BUKBA OKCUIATUBHU IIPOMEHH.

BoBenen i.c.v.nmpe3 panHata ¢aza Ha AD (1 mecer cien mpuiarane Ha CTPENTO30TOIIHH)
KTP mpenotBparsiBa 3arybata Ha HeBpoHU B CA3 moneTo Ha XUMokamma, HO € 0e3 eekT
BbpXy 3arybatra um B CAl monero. T.e. TperupaHeTo ¢ JUMNENTHIA NPEIOTBpPATSIBA
YBPEXKTAHETO HA pabOTHATA IMaMET MPHU TE€3U KUBOTHHU, HO HsAMA €(eKT BbpXy 00pa3zyBaHETO
Ha amwiougHu arperaTu.ChIPOCTABIWKN TOJYYHHUTE B HW3CJIECABAHETO PE3YJITaTH C
nyOoJWKyBaHM B JUTeparypatra (GakTh OT  MEAUIMHCKH  HM3CJICABaHUS Ha
nmanueHTu,0onenyBain or AD, mucepTanTkara u3kas3Ba JOTHYECKOTO MPEINOIOKEHUE, Y€ TPU
Te3U ycloBusi MoHMkKeHoTo HUBO Ha KTP BepositHo Boau a0 HamaneH cuHTe3 Ha NO u
HapymaBaie Ha NO XxoMeocTazaTra, KOETO OT CBOsSI CTpaHa YCKOpsiBa pa3BUTHETO Ha
AD.CbnocTaBsHETO U C APYTH JIUT JAaHHU J]JaBa OCHOBAaHUE Ha JI-p AHTelIoBa Jja IPEANOI0KH,
ye nporektuBHHs edekt Ha KTP, nemoHCTpupan mpu HEHHUTE E€KCIIEPUMEHTH, BKIIIOUBA
BepOATHO U NO-3aBUCHUM ITBT.



IIpe3 xbcHaTa aza Ha AD ce HaOmogaBaT TEXKKH HApYIIEHUS KAaKTO B MPOCTPAHCTBEHATa,
Taka M B paboTHaTa NaMmeT, MOBUIIEHA JBUTATE€IHA AKTUBHOCT U MOHI)KEHO HHBO Ha
TPEBOKHOCT, CHITBTCTBAHO OT 3ary0a Ha HEBPOHM U MOBUIIEHO HUBO Ha YBPEAECHU MPOTEHHU
B xunokammna. B Tto3u eram ot pazButuero Ha AD KTP oka3Ba He3HauutesneH eheKkT BbpXY
Pa3BUTHETO HA 3a00JIIBAHETO

N3BoauTe KOpekTHO 0000IABAT MMOJYYECHUTE B U3CIEABAHETO pe3yaTaTu.OCHOBHO 3HaU€HHE
criopea MeH uma u3Boj 2 — epextbT Ha KTP e u3pasen B paHHuTE eTanu OT pa3BUTHUETO Ha
AD, xato mpenoTBpaTsiBa OTKJIOHEHMsATA B MoBeaeHHEeTO U npemaxBa CTZ-nmpean3BukaHara
amHe3us. Ilpuemam HambinHO mpuHocute (3 Ha Opoif). Te hopmynupaT Hal-ChIIECTBEHUTE
IIOJIy4YEHU OPUTHHAIHU JaHHH.

ABTOpedepaTbT 0Tpa3siBa Hall-ChUIECTBEHUTE M MPUHOCHH PE3YyJTaTH HA JUCEPTALUOHHUS
TpyA, MyOJIUKAIMUTE W y4yacTHATa Ha HaydyHU (OpyMH, HA KOUTO ca mpeiacTtaBsHu. Mma u
pe3toMe Ha paboTaTa Ha aHIVIMHCKY €3HK.

3akjao4yeHue

JlucepranusaTa € MOCBETEHAa Ha MpOy4YBaHE Ha €PEeKTUTE Ha JUMENTHIa KUOTOPPUH BBPXY
poMeHuTe (MoBelIeHYECKH, MOP(OIOrHYHN, OMOXUMUYHH) , TIPEU3BUKAHU OT Pa3BUTHETO
Ha AD npe3 pasnuyaute i etanu. 3a ToBa 3a601ABaHe, 0€3CIOPHO MHOT'O COLIHAIHO 3HAYHMO,
70 cera He ca 0e3CMOpPHO YCTAaHOBEHU HHUTO NMPHUYMHHUTE, HUTO MEXaHW3Ma Ha Bb3HUKBAHETO
My, TOpaad KOETO JIEYEHHUETO € CaMO CUMITOMOTHYHO.3ajaudaTa, KOSITO CH IOCTaBs
JUCEPTAaHTKaTa, € CBbp3aHa C YCWJIHMETO J1a CE MPOYy4Yd MO-AETANIHO €IUH OT Bb3MOKHHUTE
IbTHUINA (OCHOBHU WJIM CHITBTCTBAIIM) 3a Bh3HUKBaHETO Ha AD, pecrieKTUBHO 3a HaMHUpaHe
Ha CpeJCTBO 3a 3abaBsiHe Ha pa3BuTHEeTO i.Ilpm pa3zpaboTBaHETO HA MUCEPTAIMOHHHS TPYI
ca M3I0JI3BaHM MOJXOJSAIIM METOAM 3a HU3CJe/lBaHe, JaBallld HaJekJHa HHdopMmanus 3a
MOBE/ICHYECKUTE, XUCTOJOTUYHUTE U OMOXMMHYHU mpomeHH.Pe3yntature ca ybenuTenHu,
JIOTUYHO TPYNUPAHH ,CTETHATO ONUCAHU U MPUTIIEAHO WIIOCTpUPaHU. OGIIMPHUAT JIUT 0030p
e 700pa OCHOBa KakTO 3a OOOCHOBKAa Ha TeMaTa Ha JHCepTalusATa, Taka U 3a OOEKTHBHA
auckycus.  JlucepraHTKaTa TIOKa3Ba 3aBHUJHA CIOCOOHOCT Ja CBBP3Ba JIOTMYECKH
YCTAHOBEHOTO OT JIPYT'H aBTOPH ChC COOCTBEHUTE pe3ynTaru.HanpaBenure n3Boau U3sCHIBAT
y4acTHUETO Ha MenTHia KHOTOp(UH NpH pa3BuTHeTo Ha AD.

JlaHHUTE OT MPOYYBAHETO ca MyOWMKyBaHW B 4 CTaTHM, KaTO BbB BCHUYKH J-p AHrelioBa €
BOJICIl aBTOp, W ca mnpeicraBeHd Ha 11 Hayuynu ¢Qopyma. OOmmaT Opoil TOUKH OT
nyosnukanuute e 38,6. J[Be oT myOnuKanuuTe ca HUTUPAaHU 0010 § mbTH. TpyIbT HABIHO
MOKpHBAa KOJMYECTBEHUTE ToKa3zarenu U otroBops Ha 3PACPDB, IlpaBuinunka 3a
npuioxkeHnero My u Hapenbarta 3a mpunoOuBaHe Ha oOpa3oBaTelHaTa M HaydHa CTEINEH
,»JOKTOP* JlucepTallMOHHUAT TPYA Me yOekaaBaT O€3yCIOBHO Ja MOJKPENs MPUCHKIAHETO
Ha oOpa3oBaTellHaTa U Hay4Ha cTeneH “‘J[okTop” mo HaydHa crnenuaHoCT “@apmakonorus’
Ha 1-p XpuctuHa [{ankoBa AHrenosa

10.06.2023 r. Peueunsent

Codus mpod. n-p P. 3ampupona
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OPINION

Concerning a thesis aimed at public defence for awarding the PhD degree in higher education
field 4. Natural sciences, professional field 7.1. Medicine. Scientific specialty “Pharmacology
(incl. Pharmacokinetics and Chemotherapy)” (code 03.01.24)

entitled “ "ROLE OF KYOTORPHINE on BEHAVIORAL AND HISTOLOGICAL
CHANGES CAUSED BY AN EXPERIMENTAL MODEL OF ALZHEIMER'S DISEAS by
doctoral student DR. CHRISTINA TSANKOVA ANGELOVA .

The dissertation was developed under the supervision of Assoc. Prof. Daniela Pehlivanova ,
PhD, INB, BAS and Prof. Elena Dzambasova, PhD, Dept.of Medicine, SU “Kliment
Ohridski”

The review was prepared in accordance with the the ZRASRB, the Regulations for its
application and the Regulations for its application in the INB, BAS.

To prepare the review, PhD student Hristina Angelova submitted the required materials
(dissertation, abstract, publications, resume).

The presented work includes 101 pages and contains all the necessary sections: Introduction
(1 page), Literature review (26 pages), Aim and tasks (1 page), Materials and methods (9

pages).

The results are presented on 19 pages, the discussion on 10 pages, the conclusions and
contributions - on 2 pages. 244 literary sources are cited in the work.

The review is extensive and well structured. The forms of Alzheimer's disease, the brain
changes during its development, genetic and epigenetic factors, responsible for its occurrence,
the role of environmental factors and concomitant diseases are considered.The two main
hypotheses to explain the pathogenesis of this disease are presented - the hypothesis of the
amyloid cascade and the hypothesis of the hyperphosphorylated tau protein. A special place is
given to the role of peptides in the development of AD. The available literature data on
kyorthorphin are presented in detail. A separate chapter outlines the available literature on its
distribution in the CNS, synthesis and degradation, receptors and their density in different
brain structures, receptor signaling . The dipeptide's own effects and those exerted indirectly
by influencing other opioids are clearly distinguished. Angelova emphasis that for now there
is no clarity regarding the causes of the occurrence of AD, as well as the poorly studied non-
analgesic effects of the KTP The way of presentation of the material , its logical arrangement
and illustration with 7 schemes shows that the doctoral student has extensive and stable
knowledge in the field. She is well-informed with the literature. It enables her to discuse
freely and convincingly the own results.The comprehensive literature review is a basis for
adequate formulation of the scientific goal and the resulting tasks for targeted research

Based on the available literature data that 1) KTP is involved in the processes of inflammation
and chronic pain, 2) in the etiology of AD in patients with neurodegenerative diseases and 3)
the reported by others reduced level of KTP in the development of AD, the doctoral student



formulates the hypothesis that the peptide has a role in the pathophysiology of this disease
This is the aim of the dissertation - to study the role of kytorphine on behavioral and
histological changes caused by i.c.v. administered STZ (experimental model of AD)

Tasks arising from the aim, include the study of influence of different doses of KTP on the
behavior and memory of healthy animals, during the early phase of AD development (1
month after Streptozotocin) and the late phase (4 months after STZ). In parallel, the
deposition of -amyloid in the hypothalamus and cerebral blood vessels was followed.

It gives a good impression that a large set of appropriate, different experimental models and
methods were used in the investigation. Methods for studying motor activity and memory
(open field, elevated Plus-maze, T-maze, Novel object recognition test), pain sensitivity (pow
pressure test), as well as histological and biochemical ones were used. So, in parallel with the
behavioral, the accompanying changes in the histological and biochemical parameters are
registered ( the number of neuronal cells and neuronal density in the hippocampal C1 and C3
fields, the amount of carbonylated proteins in blood plasma).

The results are described in detail and illustrated with 26 figures . The statistical methods are
carefully selected according to the experiment.

The results of the behavioral, histological and biochemical studies are presented in parallel. It

helps to construct a complete view of the changes occurring in the studied stages of AD and
their influence by the dipeptide tested. The experimental results, summarized in the
discussion, show that:

In healthy rats, KTP administered i.c.v. has no effect on learning and memory and does not
change the oxidative status of the experimental animals.

During the early phase of AD (1 month after streptozotocin administration), KTP applied
i.c.v. prevented the loss of neurons in the CA3 field of the hippocampus, but does not protect
their loss in the CA1 field., L.e. treatment with the peptide prevents damage to the working
memory in these animals, but has no effect on the formation of amyloid aggregates.
Comparing the results obtained with literature data on patients suffering from AD, the PhD
student makes the logical assumption that under these conditions the reduced level of KTP is
likely to evoke a reduced synthesis of NO and imbalance of NO homeostasis, which in turn
accelerates the development of AD. The comparison with other lit. data gives Angelova
reason to assume that the protective effect of KTP, demonstrated in her experiments, probably
includes NO-dependent pathway.

In the late phase of AD in STZ treated rats significant disturbances in both spatial and
working memory, increased motor activity and a decreased level of anxiety were observed.
They are accompanied by a loss of neurons and an increased level of damaged proteins in
the hippocampus. KTR has a negligible effect on this stage of the disease.

The conclusions correctly summarize the results obtained in the study. Of primary
importance, in my opinion, is conclusion 2 - the effect of KTP is expressed in the early stages
of the development of AD, preventing deviations in behavior and eliminating STZ-induced



amnesia. I fully accept contributions (5 each). They formulate the most essential original data
obtained.

The auto-review reflects the most significant and contributing results of the dissertation work,
publications and participation in scientific forums where they are presented. There is also a
summary of the work in English.

Conclusion The dissertation aims to the study of the effects of kytorphine on the changes
(behavioral, morphological, biochemical) caused by the various stages of AD. For this
disease, which is undoubtedly very socially significant, until now neither the causes nor the
mechanism of its occurrence is clear, that’s why the treatment is only symptomatic. The
present work is related to the effort to study in more detail one of the possible ways (main or
secondary) for the occurrence of AD, respectively to find how to slow down its development.
In the work, appropriate research methods giving reliable information about the behavioral,
histological and biochemical changes are used.The results are logically grouped, tightly
described and carefully illustrated. The extensive literary overview is a good basis for
justifying the topic of the dissertation, as well as for an objective discussion. The PhD student
shows an ability to connect logically the findings of other authors with her own results. The
conclusions clarify the participation of the peptide kyorphin in the development of AD The
abstract reflects the most significant and contributing results of the dissertation work,
publications and participation in scientific forums presented There is also a summary of the
work in English.

The described includes results published in 4 articles and presented at 11 scientific forums. 8
citations of 2 papers are found.

The work fully covers the requirements and fits the ZRASRB, and its application rules, as
well as the Regulation for the acquisition of the educational and scientific degree "Doctor"

The Thesis convinced me to support the award of the educational and scientific degree
"Doctor" in the scientific specialty "Pharmacology" to DR. CHRISTINA TSANKOVA
ANGELOVA .

10.06.2023 Reviewer:

Sofia Prof. R. Zamfirova, PhD
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