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l. Gепеrаl presentation of the Рrtlсеdurе and the Doctoral candidate

Tlre set оГmаtегiаls submitted Ьу Blagovesta D, Тоdогоча is in full compliance with the requirements of
tlre Law on the Development оf the Academic Stаflf in the Republic of Bulgaгia and the regulations of the
Bulgarian Academy of Sciences (BAS) and the Institute of Microbiology-BAS. The work includes а
detailed dissertation, а thesis abstract (auto-summary), and two publications in rеfеrгеd journals with high
impact fасtогs and а Q1 гапkiпg, with а total IF of 6.5.

The candidate's scientific activity includes participation in 9 scientific forums, 3 of which wеге
irrterr-rational.

The candidate, Blagovesta D. Тоdогоча, poSSeSSes arr inteгdisciplinaгy background and ап upward сагееr
trajectoly, combirring rnilitary, managerial, arrd biomedical colTpetence, She holds two bachelor's degrees
frorT the "Vasil Levski" National Military University (2012-201,7), аftег which she obtained а master's
degree in Biochernistry fi,om Sofia University "St. Kliment Ohгidski" (20ls-2020). Siпсе 2021, she has
lэееп а full-time PhD student in Irnmunology at the Bulgarian Academy of Sciences. Неr professional
ехреriепсе includes successive leadership positions within the sttuсturеs of the BulgarianArmy and еаrlу
academic er-rgagement as ап intern and phD student in the Department of Immunology at Institute of
Microbiology-BAS. She has completed specializations сruсiаl fоr hеr disseгtation, related to working with
experimental anirTal models, as well as cell and tissue engineering. She has very good language ргоfiсiепсу,
along with strong communication and oгganizational skills. All of this pгovides а stable foundation fоr hеr

рrерагаtiоп fог independent scientifi с activity.



2. Rеlечапсе of the Topic

Osteoarthгitis (ОА) is а leading degenerative disease with а significant impact оп public health; lrowever,

а widely recognized and accepted disease-modiflling thеrару is still lacking. The рrеsепt thesis attempts to
апswег а whole host of clinically essential questions-frorn investigating tlre dynamics оf innate and
acquired immuпе populations in the krree joint and systemic tissues to evaluating two паturаl agents with
known antioxidant and immunomodulatory pгoperties: ап alcoholic extract of Crocus satiyus (sаffrоп) and
astaxanthin (AST).

Тhе topic is highly relevant, and the сurгепt rеsеаrсh is timely as it integrates а model of collagenase-
induced osteoarthгitis (CIOA) with а riсh set of cellular and histopathological analyses, along with а

thoгougll chemo-analytical characterization of plant extracts. In doing so, it lays а solid foundation for
translatiorr into standaгdized applications. The liteгaty and tnethodological fгаmеwогk of the dissertatiorr
сlеагlу positions the геsеагсh within contelnpoгal,y trends in the itlrtrrunopatlrology of ОА and the preclinical
testirrg оf biologically active products.

3. Knolvledge of the РrоЬlепr

The PhD candidate demonstrates а ргоfоuпd understanding ofthe рrоЬlеm ofosteoafthritis, stгLtcturing the
literature гечiеw fiom gепеrаl pathophysio[ogy to specific mechanisms and therapeutic directions. Кеу
signaling axes аrе traced-TGF-B (Тrапsfогmiпg Growth Fасtоr-В) and ВМР (Вопе Morphogenetic
Proteins) with their SMAD-dependent апd SMAD-independent branches, as well as Wnt/B-catenin, NF-KB
(Nuclear Fасtоr kappa-B), and Nгf2 (Nuclear fасtоr еrуthrоid 2-related factor 2)-in the context of
сhопdгосуtе lromeostasis, suЬсhопdгаl remodeling, and the inflammatory пriсгоепчiгопmепt of the joint.
This synthesis is ргеsепtеd concisely and precisely, supported Ьу сuггепt mechanistic relationships.

Тhе litегаturе гечiеw integгates joint irTmunology Ьу examining innate and adaptive effector cells-
synovial macroplrages and tnonocytes (including LубС suЫypes), neutгophils, dendritic cells, natural killer
(NK) ceils, В- and Ъlyrrrplrocytes-and links thern to tissue processes that fornl clinical plrenotypes
(pannus, arrgiogetresis, fibrosis, osteophytes). This builds а logical frаmеwоrk fоr the subsequent flow
cytometric analyses irr the ехрегimепtаl part. Рагtiсulаrlу valuable is the ехрlогаtiоп of the links between
inflammatory mediators fгоm activated mасгорhаgеs and tissue collseqtlellces such as osteophytosis, This
detnonstrates а nrature understanding ofhow cellular participants and cytokine/growth fасtогs project onto
the morphological pherrotypes of the disease.

А strong point of the review is the examination of therapeutic approaches in ОА, including natural
biologically active substances. The sections оп Crocus Sativus and astaxanthin pгovide the песеssаrу
context fоr their antioxidalrt and anti-irlflammatoгy poterrtial, safety, and dosage consideratiorrs, рrераriпg
the rеаdеr fог the justified selection of iпtегчеrrtiопs in the experirTental part of the thesis. This oonnection
between tlre review of existing knowledge and the choice of therapeutic candidates lends iпtеrпа| соhеrепсе
to the dissertation and shows that the PhD candidate does not mеrеlу cite litеrаturе brtt uses it constructively
to design experiments and define outconles.

Another irTportant aspect is tlre cotlrparative review of animal models of ОА, in wlriclr collagenase-induced
osteoaгthгitis (CrOA) is situated relative to alternatives such as MIA (nrono-iodoacetate) and surgical



approaches (e,g., DMM). This allows fоr ar-r adequate defense of the choice of CIOA as а rapid and
герrоduсiЬlе model with clearly distinguishable phases (acute, active, сhrопiс), suitаЫе fог interventional
studies оп the immцпе landscape. Tlris organization demonstrates excellent сопtгоl очеr the field and allows
fог а smooth transition frоm the cor-rceptual level to tlre specific researclr hypotheses of the dissertation.

The litеrаtцrе review spans approxirnately 24 pages, includes 12 figures, and contairrs гоughlу l81 cited
souгces. This volume is accompanied Ьу аррrорriаtе illustrative material that facilitates the trапsfеr of
theoгetical insights to the experimental design and the formulation of testable lrypotheses.

4. Style, Stгuсturе, and Layout

The disseгtation is structured sequentially: Literature Review, Aim and Objectives, Mateгials and Methods,
Results, Discussion, and Conclusions, with а riсh and lеgiЫе figurative раrt (histological panels,
ехреrimепtаl schetrratics, flow cytometry plots) and systetnatic tables. The dissertation is wt,itten on 129
pages, includes 52 figures (l2 irr the litегаturе rечiеw and 40 iп the results), and 2 tables, А total оf24З
literary sources аге cited. The results аге detailed ovet, 45 pages, and the discussion сочегs 1 5 pages. The
methods аrе described reproducibly, with sufficiertt operational details (antigen panels, соlог mаrkеrs,
staining conditions, statistical tests), which faciIitates repeatability. The discussion argues for the
interpretations without being overly speculative, The text is gепегаllу clear; with minor linguistic
iпассurасiеs (e.g., "FACS analysis" instead of "flow cytometry"), which do not compromise
cotnprehension.

5. Brief Summаrу of the Thesis

Aim : То апаlуzе the theгapeutic potential of а Crocus sativus ехtгасt and astaxanthin in а muгiпе model of
collagenase-induced osteoarthritis (ClOA), Ьу monitoring immunological раrаmеtеrs, tissue damage, and
sytnptonT atology.

Olrjectives: (l) соmрrеhепsiче immunological analysis of the developmental stages of ОА; (2) evaluation
of tlre inlpact of tlre saffi,orr ехtrасt; (3) evaluation оf the impact of astaxantlrin.

Object апd Аррrоасh; BALB/с mice (j/f ), induction of ОА, оrаI treatmetrt fоr 30 days; endpoints-
flow cytometry (FС), ELISA (Erlzyme-Lirrked Imrrrunosorbent Assay), histopathology, prolifeгation tests
(МТТ), apoptosis, and ех vivo osteodiffeгentiatiotl.

Кеу Results: Sаffrоп at а dose of 50 mglkg body weight showed the best dose/effect ratio: it lоwегs TNF-
сr (Tumor Nесгоsis Fасtоr-аlрhа), supports IL-4 (Interleukin 4), рrеsеrчеs the cartilage mаtгiх, reduces
pathological vascr,rlarization and fiЫosis, decreases neutrophils, and fачоrs non-inflammatory motrocy.tes;
it also suppresses osteoclastogenesis ех vivo, Astaxanthin exerts imrnunomodulation Ьу reducing the
population of LyбCl'i inflammatory monocytes arrd increasing LубС|" "patrolling" monocytes, reducing
pathological vessels, and stimulating osteoЫast differentiation, with mоrе moderate clinicopathological
effects соmраrеd to saffi,on.



б. Analysis of the Research Methodology

Model and Groups: А chernical model оf ОА, CIOA, was used, featuring сlеаr phases (acute: day 0-7;

active: day 7-20; chronic: day 28-З0). This allows fЬr tlre tracking of the transition fiom inflammation to
tissue rеmоdеliпg and the clrronic plrase within а slrort window. The study was developed using male and
female animals aged 8- 10 weeks; collagenase type IIА was used fоr induction, with described Ьuffеrs and

concentrations. Randomization and control gгоuрs (PBS/oil control) wеге соrгесtlу planned.

Extracts апd Dosing: The alcolrolic extract of С. sqtivus was clraraoteгized Ьу пuсlеаr magnetic l,esonance
(NMR) and lrigh-perforlnance liquid сhrоmаtоgrарhу (HPLC), identifying crocin_1, сгосiп-2, and

рiсrосrосiп. This links the chetno-analytical рrоfilе to tlre in vivo effects and is an important аrgumепt fоr
the standardization of plant-based products.Astaxanthin was administered in паturаl and synthetic fогms
according to clearly described schemes,

Меаsurеmепts and Panels: Тhе flow cytot-rretry (FС) panels covered В- and Ъlуmрhосуtеs, tnacropltages,
monocytes (LубС), neutгophils (LубG), and dendritic cel[s, including activation mаrkеrs (CD25, CD69)
and functional irrdicatoгs of degranulation (CD1O7a). ELISA was used fог рго- and anti-irrflammatory
cytokines (TNF-с, IL-6, IL-4). Histology included decalcification (acidic and EDTA methods), differential
staining (Н&Е, Toluidine Blue, Safl,anin О, Masson's Тriсhrоmе, Von Kossa), and quantitative scoring
scales (vascularization, lesions, fiЬгоsis, osteophytes). Additionally, MTl apoptosis, and ех vivo
osteoclast/osteoblast differentiation assays (Crystal Violet, Vоп Kossa) were performed.

Statistics: Based оп t-test/Mann-Whitney, опе- and two-way ANOVA with appropriate post-hoc tests;
thгeshold atp<0.05, data presented as mean + SD.

Ethics: The геlечапt approvals and compliance with Diгective 20l0lбзlЕU аге indicated. The methods
employed аrе appt,opriate fоr the research objectives and allow fоr the gепеrаtiоп of original data.

7. Results, Discussion, and Contribution

Validation of CIOA and Joint Pathology: Сlеаr histological сritеriа fоr the acute, active, and сlrгопiс
phases аrе presented, incIuding pannus fоrmаtiоп, loss of pгoteoglycans/glycosaminoglycans,
angiogenesis, atrd fibгosis. Quantitative aSSeSSl,nent using established scales enlrances objectivity. These
findings аге consistent with the published validation of CIOA (н&Е, Toluidine Blue, Safranin О) and with
the concept ofprogressive subchondral Ьопе remodeling.

Effect of Crocus sativus (saffron): At а dosage of 50 mglkg body weight, the most favorable cornbination
оf inrmunomodulatory arrd histopathological effects was observed, This was ехргеssеd as decreased levels
of ТNF-g and а trend towards increased IL-4, гeduction of pathological vascularization, lesions, and
fiЬгоsis, partially preserved cartilage architecture, reduced neutrophil рrеSепсе, and а shift in the monocyte
pool towards Lубсtо subtypes ("patrolling" morrocytes). corrcuгrently, suppгessed osteoclastogerresis and
stirTulated beneficial Ьопе гemodeling wеrе established ех vivo, The chemo-analytical profiling регfоrmеd
viaNMR and HPLC, which identified сrосiп-1, ctocin-2, and рiсгосrосiп (with по detectable safranal),
rеiПfогсеs tlre cattsal link between the extract and thе obselved biological effect.



Elfect of Astaxanthin: Astaxanthirr leads to а dесrеаsе in LубСLi рrо-iпflаmmаtоrу monocytes and ап

iпсгеаsе irr LубС|" tnonocytes in the synovium, а redttction in nerrtrophils, а moderate reduction in
mасrорhаgе subtypes, and dесгеаsеd patlrological vascularization. It stimulates osteoblast differentiation
ех vivo, The clinicopathological effect is mоrе mоdегаtе ооmраrеd to saflfron, but tlre biological effect оп

the immune infiltrate and remodeling is consistent.

Immunophenotyping in Systemic апd Loca| Compartments: The analysis of immune cells was
conducted simultaneously in the local соmраrtпlепt (synovium and surгоuпdiпg joint tissue) and in systemic
cotnparttTents (spleen and bone tпагrоw). This allows fоr tracking lrow the "central" production and
rTobilization of cells аrе rеflесtеd at thе site of inflammation.

. B-cells (CDl9) and T:cells (CD3, CD4, CD8): Dr"rring the course of osteoaгthritis, an increase in
antibody-producing, arrtigen-presenting, and cytokine-secreting B-cells (CD l9) was t-toted, as well
as in effector T-cells (СDЗ), including the CD4 helpel and CD8 cytotoxic sub-populations.
Activation was confirmed with mаrkеrs suclr as CD25 (IL-2Ru) апd CD69 (еаrlу activation).

NK cells (CDlO7a): NK cells-key effectors of ir-rr,ate irтrmunity-5howed phenotype dynamics:
in the еаrlу phase, а "cytotoxic" рrоfilе dominated (mоrе degranulation, measured Ьу CD l 07а, and
higher реrfоriп/grапzуmе activity), whereas in the сhгопiс stage, а mоrе "еffесtог/шоdulаtоrу"
profile was оЬsеrчеd. This slrift соrгеsропds to published immune cell profiles in ОА and provides
а Ьгidgе between the ternporal dynamics and the observed tissue changes.

Neutгophils (LубG): The оЬsеrчеd changes wеrе expected in CIOA: ап early and transient
dominance of neutrophils in the synovium with NET-associated and protease/ROS-mediated
damage; а typical peak in the acute/active phase, followed Ьу а decline dr"rring resolution, The
established effect of saffron was а consistent redr,rction in the nerrtroplril load and the "enzymatic"
stгess оп the matrix, correlating with а геduсtiоп in ТNF-u and angiogenesis and with Ьеttег
histopathological indices. Witlr astaxanthin, the reductiotr was lтоrе tnoderate, with а trепd towards
an еагliеr "subsidence" оf the rreutгophil peak but with а weaker structural contributiorr than that of
saffrot-t.

Monocytes (CDllb; LубС) and Macrophages (F4l80): In CIOA, the Ьопе mаrгоw гесruits
LУбСhi monocytes to the synovium during the active phase; they fuel M1-Iike рrоgrаms (secreting
TNF-cr). With геsоlutiоп, the pool shifts towards LубС|О and M2-1ike remodeling phenotypes.
Saff1,on induced а сlеаr shift fгоrп LyбChi to LубСlО, а геduсtiоп of the F4l80* рrо-iпflаmmаtоrу
соmропепt, and suppressed osteoclastogenesis ех vivo; this coincides with the limitation оf
fibГosis/lesions and cattilage presetvation. Astaxanthin caused а stable dесrеаsе in the LyбCl'i /
LУбСlО ratio with а moderate reduction in tnacroplrage activation; it mоrе pronourrcedly directed
towards bone гemodeling and osteoblast differentiation but with а mоrе modest disease-modiflring
effect соmраrеd to sаffrоп.

Dendritic Cells: In ClOA, activated DCs srrstain T:cell ргimiпg and maintenance in tlre synoviurtl
and lymphoid ощапs; persistent co-stimulation оссurs in сhrопiс ОА. Sаffrоп rnitigates DC
activatiorr (functionally: lоwег co-stir-nulation and cytokine response), wl.ich reduces the
maintenance of persistent T-cell activatiot-r. Astaxanthin has а similаг but mоrе r-поdегаtе effect ot-t

DC activation, corrtribtttirtg to геduсеd activation of the adaptive respollse but without а stt.ong
rерrоgrаmrп ing effect.



. summal,y: Both agents delтlonstrate immunomodulatiorr towards а rеduсеd acute inflammatory
rеsропsе, leading to enhanced resolution, Saff1,on consistently shows а strопgеr disease-modifying
footprint at the level оf the neutrophil-monocyte-macrophage axis and the DC/T/B,AJK cell
tretwork, which also tnanifests in better histopathological outcomes. Astaxanthin suppotls tlre
remodeling/osteoblastic direction with а mоrе moderate global anti-inflammatory effect,

The discussion is соhеrепt and effectively links the immune landscape (LубСhi / LубСЬ monocytes, Ml/N42
macrophages, NK sub-populations, T-cell balance) with the tissue consequences (angiogenesis, lesions,
fiЫosis, clrondrons) and with the two tested agents .Fоr Сrосus satiyus (50 mg/kg), the dосtоrаl candidate
согrесtlу identifies convelgent effects: reduced ТNF-u, а tгепd for increased IL-4, reduction of neutгophils,
and а shift towards LубСl" motrocytes. Fог astaxanthin (AST), the discussion аrguеs for а moderate but
cortsisterrt imtrlunomodulatory profile (with reduced LубС LубСhi arrd increased LубСlО nrotrocytes; tretrds
in macroplrages and neutrophils), consistent with the presetrted graphs and the conclusions ot-t tissue
remodeling. The text builds upon recent publications (frоm 2022/202З) and expands them with local
(sytloviurn/bone tпаrгоw) analyses. The interpretation ofNK cells and mасrорhаgеs is in sync with hеr own
data and the cited context. The citations аrе numel,ous in the discttssion section (-56), including to the two
related papers f1,om the рrосеdurе and to сurrепt litеrаtuге frorT 202З-2024.

8. Main Scientific Contributions

. А dynamic mар of itпmuпе populations in CIOA across thгее compaftments (synoviurT, Ьопе
ПlаrrОЩ spleen) has been created, integrating activation tпаrkегs and functional indicatoгs
(CDlO7a), which сопtriЬutеs to the understanding of the cellular pathogenesis.

. А dоsе-геsропsе evaluation fоr saffгon ехtrасt tгеаtmепt was реrfоrmеd, and an optimal dose of 50
nrg/kg was identified with а nlulti-endpoint effect (cytokines, histology, immuпе cells, apoptosis,
oste о- d i fferenti ati on).

. А comparative fl,amewot,k between saffron and astaxantlrin was constructed, identiýzing
Ьiоmагkеrs of response (TNF-c/IL-4; LубС; CD l07a; angiogenesis/fibrosis/osteophytes) useful fоr
future preclinical screening.

. Clremo-analytical data (NMR/HPLC) wеrе linked to iп чiчо effects, which is а pгerequisite for
standardization and iпtег-Ьаtсh гeproducibility.

9. Evaluation of publications and the Реrsопаl contribution of the Doctoral candidate

The dissertation is supported Ьу two геfеrееd and peer-reviewed afiicles in MDPI Life, each with an IF of
З.2 апd Ql гапkiпg: (l) "Collagenase-Induced Mouse Model of Osteoartht,itis: AThorough Flow Cytometry
Analysis" (2022), which establishes and details the immuпе mар of CIOA; and (2) "Сrосus sqtiчus Ехtгасt
as а Biological Agent fоr Disease-Modifying Тhеrару of Collagenase-Induced Mouse Model of
Osteoaгthritis, (202з), which integrates chemo-analytical profiling of the ехtrасt (NMR/HPLC) with in
vivo effects and dose-response analysis. Both puЫications аrе directly геlаtеd to the thesis topic and
dernonstrate thе ability to gепеrаtе and publish original data. Tlre dissertation exceeds the publislred work



througlr expanded analyses (e.g., NK kinetics and Ьопе lтаrrоw aspects, additional apoptosis assessment,

and quantitative lristological evaluation of pathological changes (rпоrрhоmеtry)). The dootoral candidate's

contribution is clearly ехргеssеd through hеr leading rоlе as the first author, as well as hеr participation in
9 scientific fогuпrs. Tlrese results indicate а high level of scientific activity, international recognition, and
demonstrate the candidate's readiness for independent rеsеагсh wогk.

l 0. Thesis Abstract (Auto-summary)

The abstгact accurately reflects the structure, content, and main contributions of the dissertation. It is 9З
pages long and is illustrated with 56 figures that detail the key results and арргоасhеs. Tlre bibliography
contains 24З literary sources (frоm the dissertation), underscoring the tlrorough theoretical foundation of
the rеsеаrсh. The presentation is сlеаr and conlprehensive, compliant with acadernic requirernents.

conclusion

The presented dissertation is soierrtifically mature, methodologically precise, ar-rd application-oriented, with
significarrt origirral contributions to the immunopatlrology of CIOA and the preclinical evaluatiotr of natural
agents, supported Ьу the clэemo-analytical standaгdization of Crocus satiyus. The results аге consistent
across multiple independent endpoints, and the integration of immunoprofiling, histopathology, and
fur-rctional ех vivo data is рагtiсu[аrlу strопg.

Оп this basis, I fbrmulate а positive overall assessment and suppottthe awarding of tlre Eduoational and
Scientific Degree "Dootor" to Blagovesta D. Тоdоrоча, as I consider that the requirements fоr awarding tlris
deglee according to the Law оп the Development of the Academic Staff in the Republic of Bulgaria and the
геgulаtiопs of BAs аге fully met. The wоrk contains original scientific contributions and demonstrates the
РhD candidate's profound knowledge and skiIls.

I believe that Blagovesta D. Todorova deserves to Ье awarded the Educational and Scientific Degree
"Doctoг" in the professional field of "Biological Sciences"!

Date: 11,09.2025 фwRечiеwеr:

Соrr. МеmЬеr, Prof. Sоrеп Hayrabedyan, DSc


