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CTAHOBHILIE

ot npo¢. Anbena l'eoprueBa Hopgauosa, PhD - Codwuiicku yauBepcurer ,,CB. Knumenr
Oxpuncku“, Megunuuucku ¢axynrer, Karegpa ,Xumus u 6uoxumus, pusuoiorus u

narodpusnoaorus’

Ha AWCePTALMOHEH TPY/ 3 MPUCHKAAHEe Ha 0O6pa3oBaTeHATA U
HayuHa cteneH “‘/IOKTOP” B npodecronanHo HanpaBieHue 7.1 MeduyuHa,
Hay4Ha crenuanrHocT Papmakonozus

ABTop: XpuctruHa LlankoBa AHresnoBa- 3ajjouyeH AOKTOpAaHT B MIHCTUTYT mo HeBpo-
ouonorus, bAH

Tema: ,Pons Ha kuomopguHa 8 nosedeHueckume U XUCMOJIO2UYHU U3MEHEHUS
npedu3sukaHu om ekcnepumeHmaneH modena Ha 6onecmma Ha Aayxatimep“

Hayuynu ppkoBogurenu: doy. d-p Januena Ilexnusanosa - MHBb-BAH u npog. d-p
Enena /Imcambazosa - M®, CY "Ca. Knumenm Oxpudcku”

B mpezacTaBeHUsI MM 32 CTAHOBHILE AUCEPTALMOHEH TPY/ HA 3aJOYHHUS JOKTOPAHT XPHUCTHUHA
AHresioBa e M3cieABaH aKTyasieH Mpo6jieM, CBbP3aH C YCTAaHOBSIBAHE POJISITA HA €HAOTeHHUsS Ju-
nenTuz, KNOTOPQHUH B MOBeAEHYECKH U XUCTOJIOTUYHN U3MEHEeHHUsI NP MpUlaraHe Ha eKCIieprMeH-
TajieH Mozien Ha 6osiecTTa Ha Asixaiimep (4pe3 MHTpaLepeObpO-BeHTPUKYIAPHOTO MHXKEKTHPAHe Ha
CTPEenTO30TOLMH Ha IUIbXxoBe). FI3BeCTHO e, Ye TOBa He/IeYMMO U TEPMUHATHO HEBPOereHePaTUBHO
3a00J151BaHe, CBBP3aHO C MPOrpecHBHA 3aryba Ha MaMmeTTa, Je30pUeHTalMs], IOBeJJeHYeCKH Mpoo-
JIEMH U Ip. € Hal-pasnpocTpaHeHaTa popma Ha geMeHIus (0KoIo 70 % OT cry4anTe Ha JeMEeHIHS)
¥ OOMKHOBEHO Ce TMArHOCTULMPA IIPHU XOpa Ha Bb3PACT Haj 65 roquau. PazButreTo Ha 6ojecTTa Ha
Anxaiimep ycoBHO ce paszesnist Ha yeTupH ¢asu (nmpensemeHonHa ¢asa, paHHa, cpeiHa U KbCHA
dasu), KaTo TEKECTTa HAa CUMIITOMHUTE C€ 3aCHJ/IBA U C€ JOCTHUTA JO TEXKH KOTHUTUBHH, MOBEJEH-
YeCKH, COLMaNHU M (YHKIVMOHA/IHU YBPEXAAHMsS. XapaKTepHUTE IMATOAHATOMHUYHU YBPEXIAHUS
IpU TOBA 3a00/isiBaHe ca MO3bYHa aTPpOPHUs ChC 3aryda Ha HEBPOHU, HEBPOPUOPUITHA AereHepaLus,
KaKTo ¥ popMHpaHe Ha CEHWIHHU U aMUJIOWAHM IUIaKu. EKcTpanenyslapHUTe aMUIONAHY TUIAKU Ce
o6pasyBaT OT arperauusTa Ha amuiaous Gera mporerH (Af), B pe3yiraT Ha HENMPaBUIHOTO PA3r-
pakzaHe Ha mpekypcopHusi My npotenH (Amyloid Precursor Protein, APP), upe3 mocnenoBarenHa
pOTeo/IM3a OT [3- U y-cekpeTasu. HaTynmBaHeTo Ha MO-TUTBTHU M1aKU OT A3 B XMIIOKaMITyCa, aMHT-
JajaTa ¥ MO3BYHATA KOPA MPeJU3BUKBA CTUMY/IMPAaHe Ha aCTPOLUTHUTE U Pa3pacTBaHe Ha MUKPOT-

JINATa, YBpeXJdaHe Ha aKCOHU U O€HIPUTHU U 3ary6a Ha CHMHAIICH, KO€TO BOAH A0 H806paTI/IMI/I (1)8-



TQJTHU M3MEeHEeHUsl B 3aCerHaTvsi OpraHusbM. Peguiia HaydyHM M3c/ie[BaHUs €A HACOYE€HU KBbM Tbp-
ceHe Ha OMOMapKepW 3a paHHATA AMATHOCTHMKA HA 3a00JISIBAHETO, KAaTO € YCTAHOBEHO IMOHIDKEHO
HUBO HA EHJOTeHHUs [JUIEeNTHJ KHOTOPPUH U TMOBUIIEHO ChABbPKaHHe Ha ¢ocoprnrpan
Tay-MIPOTEHH B LlepeOpPOCIMHAIHA TEYHOCT Ha Xopa ¢ 6osiecTTa Ha Anxaiimep.

[vicepTalilOHHUAT TPYyJ € AoOpe CTPYKTypUPaH, W3/I0XKEHUETO € TOC/IeloBaTeNHO U
JIOTUYECKH HeIPOTUBOPEYMBO U ITOKa3Ba NOJYePTAaHUS MHTEePeC U aHTKHUPAHOCT Ha JAUCepPTaHTa
KbM H3Cjae[BaHaTa mnpobOsemaTtuka. [lucepranusta chAbpXKa 101 CTAaHJAPTHA CTPAHULM U €
oHarsiefieHa ¢ 26 urypu u 7 cxemu. bubnuorpadusita BKIOYBA 358 3aryiaBusi, OT KOUTO 5 HA
KUpWIMIA U 358 Ha aHI/MICKU e3uK. ExciepuMmeHTUTe ca ochllecTBeHU B KMIHCTUTYyTUTE MO
HeBpoOuosiorusi U Mukpobuosorusi - BAH, kakto 1 B Meguuuncku Yuusepcuret — Codus.

B J/lumepamypHus 0630p e HampaBeH aHAIU3 HA PA3TIEKAAHUS TPOOIeM, KaTo B AeTailin
Ca ONMHMCAHU CHBPEMEHHUTE IpPeACTaBH 3a pasdnuuHuTe ¢opmu Ha bosecrra Ha Anuxaitmep,
CAMIITOMHUTE U HaCTBIIWINTE MO3BYHU U3MEHEHUs], POJISITAa Ha FTeHeTUYHUTE, eNUTreHeTUYHUTE U
€KOJIOTUYHUTE PUCKOBU (AKTOPH, KAaKTO U HA CBITBTCTBAILM 3abonsBaHus. [lpencraBenm ca
OAPOGHO U [IBeTe OCHOBHU XHUIIOTE3H 3a MaTOreHe3aTa Ha 3a00JIsIBAHETO: XUIIOTE3aTa 32 aMHUJIO-
MHAaTa KacKaJa M XHUIOTe3aTa 3a XuIeppoCOpHIMpaHeTO Ha Tay-NpoTewHa. M3depmarenHo ca
CHOPAHU M ONMKCAHU JTUTEPATYPHU JAHHU 32 U30JIMPAHETO U JIOKATM3ALMSATA B MO3bKa Ha €HJI0-
TeHHUsI OMMounJ, KHoToPppHuH, OMOCHHTe3aTa My B HOPMa U MATOJIOTHs, pelleITOPHATa CUTHAIH-
3alMsi ¥ WHAKTUBALMS, KaKTO U pusnonoruyHuTe epeKTH, CBbP3aHU C y4aCTHeTO My MPH pas-
BUTHETO HA BB3MANUTETHU MPOLIECH, MPOLECUTe HA XPOHHWYHA OOJIKA, KAKTO U POJISITa My B
eTHOJIOrusATa Ha 60siecTTa Ha ALxaiimep.

JlutepaTypHUAT 0630p € u3vepraTesieH U BbBEXAA YATATESI KbM U3C/IeJOBaTE/ICKATA LieT,
KOsITO XpUCTHHA AHresioBa CH e MOCTaBUIA: da ce Npoy4u poaisima Ha Hesponenmuda Kuomopg@uH
8 paseumuemo Ha nogedeH4ecKume U XUCMOJ02UYHU U3MeHeHUSsl, Npedu38UKAHU OM UHM¥CeKmu-
paHe Ha cmpenmo3omoyuH npu nasxoee. l[locTaBeHUTe 3a U3NBbJIHEHHE 33aJa4U Ca SICHO
dbopMy/IMpaHH B 3 OCHOBHHU HaIpPaBJI€HWUs], BK/IIOYBAILIM: OlLleHKA HA BB3/EeHCTBUETO HA PAa3/IUYHU
7031 KHOTOPOUH BBPXy OOIKOBATa YYBCTBUTETHOCT, MTAPAMETPHU HA MOBeJeHHe U MaMeTTa P
3[jpaBU IUTbXOBE; M3CJeiBaHe IPOMEHUTe B JBUraTe/HATa WU M3CJeJ0BaTe/lCcKa aKTUBHOCT,
CBCTOSTHUETO Ha 0e3MOKOICTBO B HEMO3HATA Cpe/ia, MPOCTPAHCTBEHA U PabOTHA MaMeT, OT/IaraHe
Ha [-aMWIOWJ B XHUIIOKAMI Y MO3BbYHU KPBBOHOCHH CBHJAOBE Ipe3 paHHATa M KbCHaTa ¢$a3u Ha
pa3BuTHEe Ha 3a00/ISIBAHETO TMPU IUTHXOBE TPETUPAHU C KUOTOPPUH WU C U3UOIOTHYEH
PasTBOP, CIPSIMO NOBEIeHUEeTO Ha 3/ipaBU KOHTPOJIHU ILIbXOBe.

B pazgena Mamepuanu u memodu ca OMHCAaHU W3IOJI3BAHUTE in Vivo M in Vitro MeTOIH,

CTaTUCTUYECKH aHA/IM3 Ha JAHHUTE U €KCIIEPUMEHTAJIEH ,Z[HBafIH.



[ToryueHuTe pe3ynTaTy U AUCKYCHS Ca TIPEACTaBeHU M OOCHIEeHH Ha 29 CTPAHULIM, KaTO
BCEKHU OT TPUTe pa3fesia Ha MOJy4YeHUTe pe3y/ITaTH ChOTBETCTBAT HAa OCHOBHUTE IOCTaBEeHHU 3a
M3II'bJIHEHYE 33/1a4YU B JUCEPTALMOHHUS TPy, PesynraTure ca 06001ieHN B 4 M3BOJA U 3 HAYYHHU
MIPHUHOCA KaTO OCHOBHOTO 3aK/II0YEHHUeE €, Ye Ca YCTAaHOBEHH O/IaronpusiTHU epeKTH Ha JUTeNTH-
Jia KHOTOPOHH BBPXy OTKJIOHEHHSITAa B KOTHUTUBHOTO TMOBeJileHNe Npe3 PaHHUS U KbCHUS eTaru
OT pa3BUTHE Ha eKCIIePUMEHTATHUS MOJiesl Ha 6osiecTTa Ha AJixaiimep.

CripaBKaTa 3a M3IbIHEHHE HA MUHUMAa/THUTE U3UCKBAaHMA 10 4. 9, al. (2) ot 3PACPE u
npuerute or HC Ha HMHcrtutyTa mo HeBpoOuosnorusi, BAH MuHMMaaHU W3WUCKBaHUS — 3a
npuAoGHBaHe Ha HAYYHU CTEMEeHU M aKaJIeMUYHH JUTHKXHOCTH MOKa3Ba, Ye JOKTOPAHT XPUCTHHA
AHrenoBa HagXBBPJIsI U3MUCKBAHUATA, KATO OCBEH MOKaszaTen A (50 TOYKH 3a AMCEPTALMOHEHE
TPYZA) TS UMa 46.1 TOYKH 10 moKazaTen [' (mpu HeOGXO0AUM MHUHUMYM OT 30 TOYKH) OT 4 HayIHU
NyO/IMKALMK B CITUCAHUS C UMMAKT PAKTOp M KBapTHIU. 3abesnsi3aHu ca 8 puTaTa HA MyGIMKa-
yuuTe. PesynitaTure OT AMcepTALIMOHHUS TPY/, Ca MPeJCTaBeHU Ha 10 Hay4YHU popyMa y HaC WU B
Yy>KOUHa.

Hmam cIeaHurTe 3a0€e/Ie)KKH 1 BbIIPOCU KBM JOKTOPAHTKATA:

1. OGembT Ha ANCEPTALMOHHUAT TPY[ OM MOI'bJI Aa 6"]:,1'[,6 1'[O-O6IJ_II/IPEH 1 Oa Ceé BK/JIKYaT
ImoBe4dye IMTaTHU OT IIOC/IegHHUTEe TOAWHH. Ha CTp. 17 U CTp. 29 Ca LUUTHUPAHU HOBH

M3C/IeIBaHUs, A Te ca B TIepHoJa 1995-2007 U 1999-2005 CHOTBETHO.

2. 3amo oOpasyBaHETO Ha KapOOHW/IHU CheJIWHEHWsS] Ce M3C/e[Ba B XUIIOKAMIIA U B

npedpoHTasHaTa Kopa?

3. Nma mu AaHHHW W HW3I10J/I13BaT /I C€ B KNIMHWUYHATa MMPaKTHUKaA e(l)eKTI/IBHI/I JIEKapCTBa Ha

6a3aTa Ha KHOTOP(UH 3a Tepanusi Ha HEBPOZereHePAaTUBHU 3a00/IIBaHUS?

4. VI3BecTeH v e mojo6eH MPOTEKTHBEH epeKT NMPH MpUIaraHe Ha HEBPOTPAaHCMHUTEPH

(GABA, rryramar u Ap.) py Tepanusi Ha HeBpO/iereHepaTUBHU 3300 IsIBAaHUSA?

3AKJIIOYEHHE

[IpencTraBeHUSAT MU 3a CTAaHOBHUILE JUCEPTALlMOHEH TPYZ € pe3yITaT OT KOMIUIEKCHU U
IPeLM3HO OCBIUIeCTBEHN W3C/IeABaHMsS, KaTO IIOJyYeHUTe pe3y/lITaTd MMaT ChllecTBeHa
TeopeTUYHa 5 MIPUIOXKHA 3HAYUMOCT. Or MU3BBbpLIEHATA u aHa/IM3MpaHa
Hay4YHO-U3C/IeloBaTe/ICKa pabora Mora jAa o6o6uisi, ye XpucrtuHa LlaHkoBa AnHrenoBa e
NOATOTBEH Yy4YeH 3a IMpOBeXJaHe Ha 33A4b100YeHU HAy4YHU HW3C/IeJBaHMS, IPUTEXaBalla
HEeOOXOAMMUTE eKCIIEPUMEHTA/TH YMEHUs U CIOCOOHOCTH Ja OOCHXKAA MOTy4YeHHUTE aBTOPCKHU
pe3y/ITaTh M Ja T'Y CBIIOCTaBs C JuTeparypHy u3TouyHHIU. C NpejcTaBeHUTe MyO/JIMKALMU M

Y4aCTHusl B HAY4YHH (1)OPYMI/I TS OTTroBapsi Ha HW3HUCKBaHUATA B 3akoHa 3a pPa3BUTHE Ha



aKafieMU4YHUs: CbhCTaB B Pemy6iuka boearapus, [lpaBuiHHKa 3a HEroBOTO NPHIOKEHHE |
[TpaBuanrka Ha MHCcTHUTYTA O HeBpo6uoorust Ha BAH.

Bb3 ocHOBa Ha ropeu3/I0’K€HOTO YBepPEeHO MOTa /A 3asABs, Ye JUCepPTalluOHHUA TPYS,
NMpeACTaB/IsiBA OPMIMHA/IHA HAay4YHAa pa3paboTKa M MU JaBa OCHOBaHHE Yy0eaeHO Ja
nmpemopbrYyaM Ha gucepraHTKara XpucrtuHa llaHkoBa AHrenoBa Ja ObJe mpHUCHAEHA
o0pasoBaTe/lHaTa M HAy4YHA CTemeH “ZOKTOp” B mnpodecrmoHa/NHO HANpaBIeHHEe 7.1

MeduuyuHna, HayyHa cieguaTHocT Papmakonozus.

10.06.2023 T. H3rorBuj cTaHOBHUILETO:

/npod. a-p An6ena Mopzanosa/
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OPINION

From the member of the scientific jury: prof. Albena Georgieva Jordanova,
PhD - University of Sofia "St. Kliment Ohridski", Faculty of Medicine,
Department of Chemistry and Biochemistry, Physiology and Pathophysiology

For the acquisition of the educational and scientific PhD degree in professional field
7.1 Medicine, scientific specialty Pharmacology

Author of the dissertation: Hristina Tsankova Angelova - PhD student at the
Institute of Neurobiology, Bulgarian Academy of Science

Dissertation Topic: "Role of Kyotorphin in Behavioral and Histological Changes
Induced in an Experimental Model of Alzheimer's Disease”

Research supervisors: Assoc. Prof. Daniela Pehlivanova - Institute of Neurobiology -
BAS and Prof. Dr. Elena Dzhambazova - Faculty of Medicine, University of Sofia "St.
Kliment Ohridski"

In the PhD thesis of Hristina Angelova, submitted for my opinion, a current problem is
investigated: establishment of the role of the endogenous dipeptide kyotorphin in behavioral and
histological changes when applying an experimental model of Alzheimer's disease (through the
intracerebroventricular injection of streptozotocin in rats). This incurable and terminal
neurodegenerative disease is characterized by progressive memory loss, disorientation, behavioral
problems, etc. It is the most common form of dementia (about 70% of dementia cases) and is
mainly diagnosed in people over the age of 65. The development of Alzheimer's disease is
conditionally divided into four phases (pre-dementia phase, early, middle and late phase), with the
severity of symptoms increasing and reaching cognitive, behavioral, social and functional
impairments. The characteristic pathoanatomical damage in this case occurs with brain atrophy,
loss of neurons, neurofibrillary degeneration, as well as the formation of senile and amyloid
plaques. The extracellular amyloid plaques are formed by the aggregation of amyloid beta protein
(AB), as a result of the incorrect degradation of its precursor protein (Amyloid Precursor Protein,
APP), through sequential proteolysis by B- and y-secretases. The deposition of denser A plaques in
the hippocampus, amygdala, and cerebral cortex induces astrocyte damage and microglial
proliferation, axonal and dendritic damage, and synapse loss, leading to irreversible fatal changes
in the organism. A number of scientific studies are directed towards the search for biomarkers for

the early diagnosis by finding a reduced level of the endogenous dipeptide kyotorphin and an



increased content of phosphorylated tau protein in the cerebrospinal fluid of people with
Alzheimer's disease.

The PhD thesis is well structured and shows the emphasized interest and commitment of the
PhD student Hristina Angelova to the researched topic. The dissertation contains 101 standard
pages and is illustrated with 26 figures and 7 schemes. The bibliography includes 358 titles, of
which 5 are in Cyrillic and 358 are in English. The experiments were carried out at the Institutes of
Neurobiology and Microbiology - BAS, and the Medical University - Sofia.

In the Introduction part, an analysis of the problem under consideration is made, describing in
details the modern ideas about the various forms of Alzheimer's disease, the symptoms and brain
changes that have occurred, the role of genetic, epigenetic and environmental risk factors, as well
as concomitant diseases. Both main hypotheses for the pathogenesis of the disease are presented in
detail: the amyloid cascade hypothesis and the tau protein hyperphosphorylation hypothesis.
Literature data on the isolation and localization in the brain of the endogenous opioid kyotofrin, its
biosynthesis in normal and pathological conditions, receptor signaling and inactivation, the
physiological effects related to its involvement in the development of inflammatory processes,
chronic pain processes, as well as its role in the etiology of Alzheimer's disease have been
comprehensively collected and described.

The Introduction part introduces to the research goal that Hristina Angelova has set: to study
the role of the neuropeptide kyotorphin in the development of behavioral and histological changes
induced by streptozotocin injection in rats. The task are clearly formulated in 3 main directions,
including: assessment of the effects of different doses of kyotorphin on pain sensitivity, behavioral
parameters and memory in healthy rats; examining changes in locomotor and exploratory activity,
unfamiliarity anxiety scores, spatial and working memory, B-amyloid deposition in the
hippocampus and cerebral blood vessels during early and late development as shown in rats
treated with kyotorphin or saline solution, relative to the behavior of healthy control rats.

In the Materials and Methods section are described the in vivo and in vitro methods used,
statistical data analysis, and experimental design.

The obtained results and the discussion are presented and discussed in 29 pages and each of
the three sections of the obtained results correspond to the main tasks set for implementation in
the dissertation. The results are summarized in 4 conclusions and 3 scientific contributions, the
main conclusion being that beneficial effects of the dipeptide kyotorphin on the deviations in

cognitive behavior during the early and late stages of the development of the experimental model



of Alzheimer's disease were found. According the minimum requirements for acquiring scientific
and academic degrees in Law on the Development of the Academic Staff in the Republic of
Bulgaria, the Regulations for its Implementation and the Regulations for the Development of the
Academic Staff of the Institute of Neurobiology, BAS, PhD student Hristina Tsankova exceeds the
requirements needed. In addition to indicator A (50 points for dissertation) she has 46.1 points
according indicator D (with a required minimum of 30 points) from 4 scientific publications in the
scientific journals with impact factor and quartiles. Until now 8 citations to the publications were
noted. The results of the dissertation have been presented at 10 scientific forums.

I have some following remarks and questions for the PhD student:

1. The dissertation could be more extensive and include more citations from recent years.

New studies are cited on page 17 and page 29, and they are from the period 1995-2007 and

1999-2005, respectively.

2. Why is the formation of carbonyl compounds studied in the hippocampus and in the

frontal cortex?

3. Are there data and are effective kyotorphin-based drugs used in clinical practice for the

therapy of neurodegenerative diseases?

4. Is a similar protective effect known when applying neurotransmitters (GABA, glutamate,

etc.) in the therapy of neurodegenerative diseases?

CONCLUSION

The dissertation presented to me for opinion is the result of complex and precisely carried out
research, and the obtained results have significant theoretical and applied significance. From the
research work carried out and analyzed, I can summarize that Hristina Tsankova Angelova is a fully
prepared scientist for conducting in-depth scientific research, possessing the necessary
experimental skills and abilities to discuss the obtained author's results and compare them with
literary sources. With the presented publications and participation in scientific forums, she meets
the requirements of the Law on the Development of the Academic Staff in the Republic of Bulgaria,
the Regulations for its Implementation and the Regulations for the Development of the Academic
Staff of the Institute of Neurobiology, BAS.

Based on the above, I can confidently state that the PhD thesis represents an original

scientific development and gives me reason to confidently recommend that the PhD



student Hristina Tsankova Angelova be awarded the educational and scientific PhD degree

in professional field 7.1 Medicine, scientific specialty Pharmacology.

10.06.2023 Author of opinion:

/prof. Albena Jordanova, PhD/
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