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ot npod. Pernna C. Komca-Ilenkosa, a. 6. H.
Menuuuncku yauBepcuter-I1liesen, Karenpa "Xumus u buoxumus", Cexkrop "buoxumus"

Ha JAMCEPTALMOHHUS TPY/ 3a MPUCHKIaHEe Ha 00pa3oBaTeliHa U HAy4YHA CTENeH ' JOKTop"

IIpodecnonanno Hanpasienue: 4.2. XUMUYECKU HAYKH

JokTopcka nporpama: AHAIUTHYHA XUMUS

ABTtop: CBetna IlerpoBa AceHoBa

dopma HA IOKTOPAHTYPA. CAMOCTOATEIHA TOATOTOBKA

@akynrer “Papmarus’, kareapa “Xumus u onoxumus” , MY-Ilnesen

Tema: Ilpunoswcenue na ananumuuHu Memoou 3a OUEHABAHE HA PBIKAMA MEHCOY
KOCMHA NABMHOCM, HUEA HA OUO2EHHU e/IeMEHMU U HA OKCUOAMUEeH cmpec npu
ocmeonopo3a

Hayuyen pbpkoBoauTen: nou. Pagka Tomosa ['eopruesa - Hukoiosa, 1x,

MY - IIneBen, @akynrer @apmarus, kateapa XUMUS H OHOXUMUS,

Hayuen koncyaranr: nou. bucepa lumutpoBa Atanacosa, 1M ,

MY - Codus, LlenTpanHa KIuHIUYHA Ja00paTOPHSL.

Cnc 3anoBen Nel775/25.06.2024 r. na Pexkropa Ha Menunuacku YHuBepcuteT—IlneBeH cbM
OTpesiesieHa 3a BbTPEILEH WIEH Ha HAydYHOTO YPH 3a OCUTypsiBaHE Ha IMpolieypa 3a 3aluTa
Ha JucepTalMoHeH Tpyn Ha TeMa "[lpuiokeHHe Ha aHATUTHUYHU METOAM 3a OLICHSBAaHE Ha
Bpb3Kara MeXJy KOCTHa IUTbTHOCT, HUBAa HAa OMOT€HHU €JIEMEHTH M Ha OKCHJIATHBEH CTpecC
npu ocreonopo3a” Ha Ceetna [lerpoBa AceHoBa 3a mpu00MBaHe Ha 0Opa3oBaTeHa U HayyHa
creneH "gokTop" B mpodecnoHasiHo HampasieHue 4.2. “XUMHUYECKH HAyKW , MO JOKTOPCKa

nporpamMa ,,AHaJIUTUYHA XUMUS*.

[IpeacraBeHUAT OT [AOKTOpaHTKAa KOMIUIEKT OT JOKYMEHTH € B CBOTBETCTBHE C
[IpaBuiHuKa 3a pa3BUTHE Ha aKaJEeMUYHHs ChCTaB M HM3UCKBAaHUATA 3a MpHUI0OMBaHE Ha
oOpasoBareHaTa U HayyHa cTeneH "moktop" cermacHo [lpunoxenue 2.2. Ha MeauIuHCKH

yHuBepcuteT - [Lneen. [IpeacraBen e mpoekT Ha aBTopedepar u JucepTarimoHeH TPY/L.

1. BuorpadguyHu JaHHH
Cgerna IletpoBa AceHoBa 3aBbpIIBa XMMHKOTEXHOJIOTHYEH U METAyprudeH YHHUBEPCHTET

rp. Codus mnpe3 2000 1. ¢ oOpazoBarenHO-KBAIU(PUKAIIMOHHA CTENEH MAarucThp,



npodecroHanHa KBamu(pUKALUI WHKEHEP-XUMHUK, CIEHUATHOCT — XUMHUYHU TEXHOJIOTHH,
crienranu3amnus buorexuosoruu.

[Tpe3 2003 r. mpuaoOuBa npodecruoHaTHa KBATU(PUKALUSA YIUTE M0 CIEIHATHOCT XUMHYHU
TexHOJIOTMM B TexHudeckn yHuBepcuteT Tp. [abpoBo, m cimen ToBa B Codwuiicku
yauBepcuter ,,CB. Kmument Oxpuacku™ mnpumobmBa mnpodecroHaTHa KBaTH(PUKAIIHI
,, YUUTEN 110 XUMHS",

IIpe3 2007 r. cneyenBa KOHKYPC 3a aCUCTEHJI0 B KaTeapa XUMHUS U OMOXUMHUSL, CEKTOP XUMHUSL.
ITpe3 2013 r. mpuaoOMBa CrIeUAIHOCT ,, T€OPETUIHN OCHOBH Ha MEIUIIMHCKATa XUMHS .

Ot ronm 2022 r. € 3a4nciieHa B caMOCTOsITeIHA (hopMa Ha 00ydeHHe MO JOKTOpPCKa Iporpama
LZAHanmuTuuHa xumus”’ B MY-I1ieBeH.

Ot stayapu 2024 r. € oTUKCIIEHA € IPABO HAa 3aIIUTA.

2. AKTYAJHOCT HA JHCEPTALMOHHUS TPYH

Hucepranusata Ha CBeraa AceHOBa € IIOCBET€Ha Ha H3CIEABAHETO HA OCTEONOpO3a -
CHCTEMHO CKEJIETHO 3a0o0JsiBaHe, XapakTepH3HMpall0 Cce€ C IOHWKEHa KOCTHA Maca W
POMEHEHAa MHKPOAPXHUTEKTypa Ha KOCTHATa ThKaH, BOJACIIM JO TOBHUILICHA YYIIMBOCT HA
KOCTTa M PHUCK OT ¢pakTypu. B muceprammsara ce wu3ciieiBa Bpb3Ka MEXKAY KOCTHATa
IINTBTHOCT, HUBAaTa Ha OHMOTeHHH €JIEMEHTH U OKCUAATUBHUAT CTPECC MPHU KCHU B MCHOIIAy3a U
noctMeHonay3a. PonsiTa Ha Ta3su Bpb3Ka ce€ pasIiiexk/ia, KaTo HOB acHeKT MPH OCTEOoNnopo3a.
M3non3BaHuTe MOAXOAM Ca Ha ChbBPEMEHHO HAay4HO HUBO HAa M IOKAa3BaT 3aJbJIOOYEHUTE
IO3HAaHWA U YMCHUSA JOKTOPAHTKATA 3a MPOBCKAAHC HA XUMHUYCH U XCMOMETPHUYICH aHAJIN3.

AKTyaJ'IHOCTTa Ha AUCCPTAOIMOHHUAT TPYyA € 3HAYUMA, TBU KaTo € C MPAaKTNUYCCKa HACOYCHOCT.
JlucepTallMOHHUAT TPyl HMMa W KIMHUYHO TIPWIOKEHHE, JONpUHAcsS 3a MO0-J00poTo
pa3bupaHe Ha PHCKOBETE, CBbP3aHM C PA3BUTHUETO HAa OCTEOINOpO3a U C MEpClEeKTHBa 3a
pa3paboTBaHe Ha MMO-e(PEKTUBHU MOIXOH 3a MPOPHIIaKTUKA U JIECUEHHE Ha OCTEONIOpO3aTa.

JnceprannoHHUAT Tpya Ha CBeTaa AceHoBa € aKTyaJHO NMPOYYBAaHE Ha COLHATHO 3HAYNMO

3a00JIBaHE.

3. CTpykTypa Ha AMCepTANMOHHUS TPYI

Huceprammonnuar Tpya Ha C. AceHoBa € HamucaH B 006eM ot 208 cTaHAapTHH CTPAHUIIH,
Y BKJIFOYBA CJIETHUTE pas/ieNiv: BbBeaeHUe | cTp., muTeparypen 0030p - 50 cTp.; 1en u 3a1adu

- 1 cTp.; Marepuanu u METOAM - 8 CTP.; PE3yITaTH U O0OCHKIaHe - 87 cTp.; 3akitoueHue — 6



ctp.; M3Bomu — 1 c1p.; [lpunocu — 1 ctp.; [IyOnukamnuu cBbp3aHu C AUCEPTALUOHHUS TPYT — 2
ctp.; [punoxkenus — 26 crp.; bubmuorpadus — 17 cTp. BKItouBa 06mo 174 nureparypHu

M3TOYHHKA, OT KOUTO 14 ca B ObArapCcKu JIUTEPATYpPHU U3TOUHUIIH.

OnarneasiBaHETO Ha MOJTYYEHUTE PE3YATaTH € mpencraBeHo ¢ 39 dburypu, 44 taboumu u 5

rpaduku. BraroueHu ca 7 IpHIIOKEeHHS.

3.1 OueHka Ha JJUTepaTYpHHs 0030p

JluteparypHuaT 0030p BKJIIOYBA MOAPOOHM JAaHHU 32 OCHOBHUTE CHBPEMEHHHTE
NPUHIMIK 32 Tpo(pUIaKTHKAa U JIeYeHHEe Ha ocTeomnoposara. JMCKyTHpaHu ca pazIudHu
W3CIIEI0BATENICKU IPOYYBaHMsI CBBbpP3aHM 3a KOCTHaTa Xomeocras3a. CucreMaru3upaHu ca
(hakTopuTe TMOBIUSIBAIIA KOCTHOTO 37paBe W KOCTHATA IUIBTHOCT, KAKTO U KOMILJICKCHOTO UM
3HayeHue. MHOro mnoAapoOHO € pasmienaHo (GU3MOIOTUYHO W KIMHUYHO 3HAYeHHE Ha
OMOTCHHUTE €NIEMEHTH MeJl, LIMHK, KaJIMii, MarHe3uil U Kens30, KaKTO U KIEThYHHUTE U
MOJICKYJSIDHUTE  MEXaHW3MH Ha JIEWCTBHETO HA  OKCHUAAHTH, AaHTUOKCUJIAHTH U

MHKPOCIICMCHTHUTC.

Hpe,I[CTaBeHI/I Ca IIPHHOUIIM W XAPAKTCPHUCTHUKHW Ha HM3IO0J3BAHUTC aHAJIIMTUYHHU M

XCMOMCTPHUYIHU METOIH.

OT HampaBeHHWSAT aHAJIW3 HA IUTHPAHUTE H3TOYHUIIM CE€ W3BEXKJAa CHBPEMEHHATa
npenacrasa no npobnema. Karo obem MmarepuanbT € JOCTaThbu€H M OTTOBaps Ha LENTa U

3a1a4YUTC MMOCTABCHU B JUCCpTALIUATA.

3.2 Hea u 3apaun

[enra n 3agauute ca popMmyaupaHa TOUYHO U SICHO.

3.3 MeToa0/10rusi Ha U3CJIEABAHETO

3a mocturaHe Ha IIeNTa JOKTOpAaHTKAaTa € W3MOJ3Bajia KOMOWHAIMS OT KIWHUKO-
nabopaTopHU M XEMOMETPUYHM METOAu 3a aHanu3. M3mon3BaHuTe Meronu ca ao0pe
moa0paHu 3a TOCTUTaHEe Ha IENUTe Ha MpoydBaHeTo. MHOro Jo00po BIeYaTIeHUE MpaBU

CTaTUCTUYCCKU aHaJIu3 Ha MJAHHUTC, MHOI'0 YCICHIHO € MHIIOJI3BAH MHOI'OBAPUAIIMOHCH



CTaTUCTUYCCKHU aHalIu3 3a M3CJICABAHC HA BPb3KaTa MEXKAY KOCTHATa IUIBTHOCT WM HHUBATa Ha

OMOT€HHU €JICMEHTH U KOMIIOHCHTUTE Ha OKCHUAATHUBCH CTPCC.

3.4 Pe3yaraTu u o0ChKIaHe

Pesynratute ca mnpeAcTaBeHW IMOCIEIOBATEIHO CIOpPEA IOCTABEHUTE 3ajJaud U ca
MOAPOOHO JUCKYTUPAHH.
KonnenTpanuute Ha OHMOTCHHHUTE CIIEMEHTH KWW, MarHe3wid, MeJd, IUHK M JKes30 ca

OIIPECACIIIHNU B KPBbBEH CEPYM 4YPE3 IINIAMBKOB aTOMHO a6COp6HI/IOHeH aHaJIn3.

OOmaTa aHTUOKCUJAHTHA AKTHUBHOCT Ha CepyMa € OIpejesieHa 4pe3 €KCIIEpUMEHTAJIEH,
cnektpodoromerprueH Meton, ABTS-tect. M3BeneHo € u ypaBHEHHE 3a MPEU3YUCISIBAHE B
Tponokc €KBUBANEHT. 3HAUMTENIHA YaCT OT IOJYYEHUTE PE3YNTATH ca ChC CTATUCTUYECKA
3HaYUMOCT. MIHTepec npeIcTaBsABaT NOJIYYEHUTE PE3YITATH OT IPOBEACHUAT KOpEIallMOHEH

U PErpECUOHEH aHaIIu3.

HpI/IJ'IO)KeH € MHOT'OBApHUAlIlMOHCH CTATUCTHYCCKU aHAJIU3 34 U3CJICABAHC HAa Bpb3KaATa MCIKAY
KOCTHa IIIbTHOCT, HMBAa Ha OHMOTeHHU €JIEMEHTH M Ha OKCHUIAATUBCH CTPEC IPU KCHU C
HaMaJICHa KOCTHa IIIBTHOCT W KOHTPOJIHU. HOJIyLIeHI/ITC pe3yiaTaru Ca ACHO OHAIJICACH C
(I)I/Il"ypI/I u Ta6J'II/II_II/I. HpaBI/I BIICUATJIICHUC TAXHATA SICHA MHTCPIIPETALIAA C KOCTO CC YIICCHABA U

0000I1IEHUETO Ha PE3YATATUTE.

JucepranTkata yMeno AMCKYTHpa CBOUTE PE3yITaTd B KOHTEKCTa Ha CHEHU(PUIHHUTE
mpoOlieMH Ha ocTeomopo3ara. B cBosiTa LAIOCTHOCT pe3yATaTUTE OMPUHACAT 3a IIO-

3am>n6oquo pa36HpaHe Ha l'IpO6J'IeMa 1 Bb3MOKHU UHTCPBCHIIUH.

3.5 Onenka Ha U3BOANTE U MPUHOCUTE

cDOpMy.J'II/Ipa.HI/ITe U3BOAHU OT [JOKTOpaHTKara CBbOTBCTCTBAT HaA NOCTUTHATOTO B

TUCEPTALMOHHUS TPY.

ABTopedeparbT BIPHO U TOYHO OTpa3siBa LSIIOCTHUS JUCEPTALMOHEH TPY.

4. Tly6iuKanMOHHA AaKTHBHOCT



Pesynrarure oT m3cnenBaHuATa B AUCEPTALMOHHUS TPYX ca MyOJUMKYBaHU B 6 cTaTUU B
I'BJIEH TEKCT, OT KOMTO 3 CTaTHH ca B pedepupaHu CIUCaHUA ¢ UMIAKT (dakTop, B Q4, u ca

MIPEJCTaBEeH! HA TPU MEKIyHApOIHH (popyma B uy:kOMHA 1 Tpu HayuyHU Gopymu B brirapus.

5. 3axiaioyenue

VYbenena cbM, ue NPEUIOKEHUAT JUCEPTAUMOHEH TPY[ HANbJIHO OTroBaps Ha
M3MCKBAaHUATA 32 HAyYHATa CTETeH, OPMYIHpaHH OT 3aKOHA 33 Pa3BUTHETO HA aKaJeMUYHUS
cberaB B PenmyOnuka bearapus u [IpaBunHuka 3a pa3BUTHETO Ha aKaJeMHUYHHUS ChCTaB B

MenuuuHcku yHuBepcurer — [lneseH.

JlaBam MOJNOKUTETHA OLIEHKA HAa IOCTUTHATOTO OT JIOKTOpAHTa U MpeaJiaraM Ha HayqYHOTO
KypH Aa npucbhau HayuHara creneH OHC ,,Jloxtop* no Hayuna cnenuansoct ,, AHaIuTH4HA
xumus®, Ilpodpecuonanno nampaBnenue 4.2. “XUMHUYECKH Hayku’, 00JacT Ha BHCIIE

oOpazoanue 4. ,,[Ipuponnu Hayku, MaTemMaTuka u HHGOpMAaTHKA.

Ha ocHoBaHue un. 59 or 33514

rp. Ilnesen, 31.08.2024 . (mpo¢. Peruna C. Komca-Ilenkosa, 1.0.H.)
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By Prof. Regina S. Komsa-Penkova, Ph.D. D.Sc.

Medical University — Pleven, Department of Chemistry and Biochemistry, Sector of
Biochemistry,

of the dissertation work for obtaining the educational and scientific degree "Doctor"

Field of higher education: 4. Natural Sciences, Mathematics and Informatics,
Professional field: 4.2. Chemical Sciences,

Doctoral program: Analytical Chemistry
Candidate: Svetla Petrova Asenova

PhD form: Self-study

Scientific Unit: Department of Chemistry and Biochemistry, Faculty of Pharmacy, Medical
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Thesis Title: Application of analytical methods to assess the relationship between bone density,

levels of biogenic elements and oxidative stress in osteoporosis

Scientific adviser:

Assoc. Prof. Radka Tomova Georgieva - Nikolova, Ph.D.

MU - Pleven, Faculty of Pharmacy, Department of Chemistry and Biochemistry,
Scientific consultant: Prof. Bisera Dimitrova Atanasova, PhD,

MU - Sofia, Central Clinical Laboratory.

By order No. 1775/25.06.2024 of the Rector of the Medical University-Pleven, I have been
appointed as an internal member of the scientific jury to ensure a procedure for the defense of
dissertation work on the topic "Application of analytical methods for assessing the relationship
between bone density, levels of biogenic elements and oxidative stress in osteoporosis" by Svetla
Petrova Asenova - for the acquisition on the educational and scientific degree “Doctor” in the

Professional field 4.2. Chemical Sciences, PhD program: Analytical chemistry”.



The set of documents submitted by a PhD student is in accordance with the Regulations for the
Development of the Academic Staff and the requirements for obtaining the educational and
scientific degree "doctor" according to Appendix 2.2. of Medical University - Pleven. A draft of

an abstract and a dissertation is presented.

1. Biographical Data

Svetla Petrova Asenova graduated from the University of Chemical Technology and Metallurgy,
Sofia, in 2000, with a master’s degree in Chemical Technologies, specialising in
Biotechnologies. In 2003, she obtained a professional qualification as a teacher in Chemical
Technologies from the Technical University of Gabrovo, and later, from Sofia University “St.

Kliment Ohridski,” she acquired the professional qualification of “Teacher of Chemistry.”

In 2007, she was appointed as an assistant professor after a competitive selection process. Svetla
Asenova teaches chemistry (practicals and seminars) to medical and pharmacy students in the

Department of Chemistry and Biochemistry, Chemistry Sector.
In 2013, she acquired a specialty in “Theoretical Foundations of Medicinal Chemistry.”

Since June 2022, she has been enrolled in an independent doctoral program in “Analytical
Chemistry” at MU-Pleven. As of January 2024, she has been granted the right to defend her

dissertation.

2. Relevance of the Dissertation

Svetla Asenova’s dissertation is related to the study of steoporosis - a socially significant disease
characterised by low bone mass, deterioration of bone tissue, and disruption of bone
microarchitecture. It investigates the relationship between bone density, levels of biogenic

elements, and oxidative stress in menopausal and postmenopausal women.

This relationship is considered a novel aspect of osteoporosis. The scientific approaches used are
modern and demonstrate the PhD student’s in-depth knowledge and skills in conducting

chemical and chemometric analyses.



The dissertation's relevance is significant due to its practical orientation. It has clinical
applications, contributing to a better understanding of the risks associated with osteoporosis and
the development of more effective prevention and treatment approaches. Svetla Asenova’s

dissertation is a contemporary study related to socially significant disease.

3. Structure of the Dissertation

Svetla Asenova’s dissertation comprises 208 standard pages and includes the following sections:
Introduction (1 page), Literature Review (50 pages), Purpose and Tasks (1 page), Materials and
Methods (8 pages), Results and Discussion (87 pages), Conclusion (6 pages), Conclusions (1
page), Contributions (1 page), Publications Related to the Dissertation (2 pages), Appendices (26
pages), and Bibliography (17 pages), which includes a total of 174 literary sources, 14 of which

are from Bulgarian sources.

The results are presented with 39 figures, 44 tables, and 5 graphs, along with 7 appendices.

3. Literature Review

The literature review provides comprehensive data on the modern principles for the prevention
and treatment of osteoporosis. It discusses various research studies related to bone homeostasis
and systematizes the factors affecting bone health and bone density, highlighting their complex
significance. The physiological and clinical significance of biogenic elements such as copper,
zinc, calcium, magnesium, and iron, along with the cellular and molecular mechanisms of
oxidants, antioxidants, and trace elements, are explored in great detail. Additionally, the

principles and characteristics of the analytical and chemometric methods used are presented.

From the analysis of the cited sources, a modern perspective on the problem is derived. The

material is extensive and aligns well with the purpose and objectives set in the dissertation.



3.2 Main Goal and Tasks

The main goals and tasks are formulated precisely and clearly.

3.3 Research Methodology

To achieve the main goal, the PhD student employed a combination of clinical laboratory and
chemometric analysis methods. These methods were well chosen to meet the study’s objectives.
The statistical analysis of the data is particularly noteworthy, with multivariate statistical analysis
successfully used to investigate the relationship between bone density and levels of biogenic

elements and components of oxidative stress.

3.4 Results and Discussion

The results are presented sequentially according to the set tasks and are discussed in detail. The
concentrations of biogenic elements (calcium, magnesium, copper, zinc, and iron) were
determined in blood serum using flame atomic absorption analysis. The total antioxidant activity
of the serum was measured using an experimental spectrophotometric method, the ABTS test,
and an equation for conversion to Trolox equivalent was derived. Many of the obtained results

are statistically significant, with notable findings from the correlation and regression analysis.

Multivariate statistical analysis was applied to investigate the relationship between bone density,
levels of biogenic elements, and oxidative stress in women with reduced bone density and
controls. The results are clearly illustrated with figures and tables, and their clear interpretation
facilitates the generalization of the findings. The dissertation expert skillfully discusses the
results in the context of osteoporosis, contributing to a deeper understanding of the problem and

potential interventions.



3.5 Evaluation of Conclusions and Contributions

The conclusions formulated by the PhD student align with the achievements of the dissertation

work. The abstract accurately reflects the entire dissertation.

4. Publication Activity

The research findings from the dissertation have been published in 6 full-text articles, 3 of which
are in refereed journals with an impact factor (Q4). The results have also been presented at three

international forums abroad and three scientific forums in Bulgaria.

5. Conclusion

I am convinced that the proposed dissertation fully meets the requirements for the scientific
degree formulated by the Law on the Development of the Academic Staft in the Republic of
Bulgaria and the Regulations on the Development of the Academic Staff at the Medical

University — Pleven.

I give a positive assessment of the achievements of the PhD student and propose to the scientific
jury to the PhD scientific degree in the scientific speciality "Analytical Chemistry", Professional
direction 4.2. "Chemical sciences", the field of higher education 4. "Natural sciences,

mathematics and informatics.

Ha ocHoBaHue un. 59 ot 3351

Pleven, 31.08.2024 (Prof. Regina S. Komsa-Penkova, D.Sc.)



