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1. Gепеrаl description of the presented materials

The author of the phD thesis, saveta Mladenova, is а phD student enrolled iп а free form of the phD

рrо8rаm at the Metabolomics Laboratory of the Department of Biotechnology, lnstitute of Microbiology,

BAS uпdеr the supeгvision of Рrоf. Milen Georgiev. She has submitted her dissertafion work, in рареr and

in electronic version, and all relevant documents, according to the requirements of the Regulafions fоr the

Development of the Academic Staff of lMikB, BAS, namely: applicafion for admission to thesis defense,

сору of completed master's degree, certificate for PhD enrollment, rесоrds of exams and courses in the

specialty, summаrу fоr credits, summаrу of scores according to the minimum requirements of the

Вulgаriап law and the additional requirements of lMikB, BAS, protocol and рrеlimiпаrу rечiеw of рrе-

defense, dissertation summary/ list of publications, dесlаrаfiоп of originality and сurriсulum vitae.

2. Significance of the research topic of the PhD thesis

According to the WHO definition, obesity is "а condifion with an accumulation of fat," with а body

mass index очеr 3О kg/m'. Statisfics show that 1 in В peopIe suffers from obesity, and its prevalence has

multiplied 4 times since ]_990, rеасhiпg З8% iп the USA. According to the Nafional Сепtrе fоr Public Health

and Analyses: "Bulgaria rапks бth in the EU fоr obesity, based оп 2019 data. The reasons аrе mапу:

unhealthy eating - high intake of saturated fats, high consumpfion of pastries and sweets; low intake of

whole grаiпs, fruits, and vegetables; low physical activity, and others." (Prof. Dr. Veselka Duleva1)

The most striking stafisfics сопсеrп the young populatron with obesity, which includes ]_60 million

registered children with this condifion (Di Сеsаrе et al., 20192), Numerous studies show that the disease

2 Di cururu, М,, Sorii, М., Bovet, Р, Miranda, J. J., Bhutta, Z., StevenS, G. А,, LaXmaiah, А., Кепgпе, А. Р, & Bentham,]. (2019). The

epidemiological burden of obesity in childhood: а worldwide epidemic requiring urgent action. ВМС mеdiсiпе, 17\t|,21Z.
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is accompanied Ьу а higher incidence of illnesses such as diabetes and cardiovascular diseases (including

heart attacks), steatosis, and liver dysfuncfion. There is also evidence that anti-inflammatory responses iп

obesity patients аrе often compromised оr correlate with the severity of accompanying infectious diseases

(NуЬеrg S. et al,, 2026З) and сапсеr (Calle et al,, 2003а) leading to increased mortality. This shows that the

health рrоЬlеm of obesity for society and the healthcare system is grеаtеr than described. ln this regard,

any new study on obesity is essenfial fоr finding Ьеttеr еаrlу diagnostic tools as well as for novel

therapeutic approaches and disease monitoring.

The main pathological mechanism iп the disease involvesthe fat storage in adipocytes, followed Ьу

adipocyte's hуреrtrорhу and hyperplasia but additional dysfunction such as аЬпоrmаl insulin signalling

and insulin resistance, пеurо-hоrmопаl dysгeguIafion with leptin rеsistапсе, changes in the hunger

hormone ghrelin, and intense fat tissue accumulation can со-оссur in obesity. The main pathways

described in obesity аrе through the mitogen-acfivated рrоtеiп kinases (MAPKs, incl. ERK1/2, JNK, рЗ8

MAPI() and signaling via Pl3|(/AKT, JAK/STAT, ТGF-Р, АМРК, and Wnt/B-catenin, regulafing appetrte, fat

fissue metabolism, glucose homeostasis and епеrgу expenditure. As the disease is heterogenous, the

mechanisms of obesity сап Ье divided into that with the anfi-obesity effects (thermogenesis, lipolysis, and

hypophagia), and anfi-obesity effects (inflammation in fat fissue, insuiin resistance and adipogenesis).

Due to the involvement of multiple signalling pathways and mechanisms, the disease thеrару

involves mоrе than 20 different agonists оr inhibitors targefing the above mentioned signalling pathways.

Most of them have side effects, outlining the rеmаiп necessity of new аррrоасhеs and increasing а focus

оп studying active substances among plant-derived biologically acfive molecules. ln this rеgаrd, the

dissertation is significant, as it provides hypothesis and evidence for а novel therapeufic аррrоасh

targefing key signaIling actlvated in adipocytes and in obesity

3. Relevance of the PhD thesis goal and tasks

А сlеаr and well-formulated goal has been defined in the PhD study of Saveta Mladenova, паmеlу

to investigate the pharmacologicaI potential of the extracts from Дlсhеmillа monticola Opiz and Опопis

sрiпоsа L, and their secondary metabolites оп adipogenesis and lipid accumulation in human adipocytes,

differentiate d iп vitro, folIowed Ьу validation of the most significant results showing anti-obesity potential

iп Caenorhabditis elegans iп vivo.

Six tasks have Ьееп formulated to achieve the goalfollowing the consecutive experimental steps -

ап in-depth search of the available databases, based оп the traditional application of plants and their

extracts in obesity and other metabolic conditions with established dysfunction and pathology; selection

of plants and metabolites with biological activity fоr inclusion iп the study; obtaining extracts frоm the

selected plants; metabolomic analysis of the plant-derived extract, iп silico analysis for potential

interactions of metabolites with molecular tar8ets frоm signalling pathway; investigation of the anti-

adipogenic potential iп vitro iп Simpson-Golabi-Behmel Syndrome (SGBS) differentiated adypocytes; proof

З Nyberg, S, Т., Frапk, Р, дhmаdi-дЬhаri, S,, Pentгi, J., Vahtera, J., Ervasti, J., Suominen, S, В., strandberg, Т. Е., Siрilё, Р, N., Meri, S., Sаttаr, N., &

Кiчimёki, М, (2О26). Adult obesity and risk of severe infections: а multicohort study With global burden estimates, Lancet (London, England),

407(10532),951-962, l"ti.tm;lltlqi,иKi lQ,l,ij,,lý/lil:].|.lQ:0l.t"ili?li)Q2*?i!,.],
а Саllе, Е. Е., Rodriguez, С,, Walker.Thurmond, К., & Тhuп, M..j. (20ОЗ). overweight, obesitи and mortality from сапсеr in а prospectively
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of their action on the targeted kinases and pathways and validation of the observed beneficial effects iл

vivo iп in а model of glucose-induced lipid accumulation and chemotaxis iп Caenorhabditis elegans.,

Notably, it makes ап excellent impression the carefuland adequate selection of the iп yltro апd iп
уiуо model systems - for example, the use of adipocytes differentiated frоm SGBS cells is considered а

versatile mоdеrп аррrоасh fоr studying adipogenesis, insulin sensitivity, inflammatory rеsропsе and

adipokine production (Tews et al.,20225). Genetically amenable organisms such as Cqeпorhabditis

elegans аrе powerful tools fоr studying fundamentaI mоlесulаr mechanisms that govern adipose tissue
functions (Моrа et аl,,2О246).

4, Level of the author's competence

Saveta Mladenova has рrераrеd а detailed litеrаturе review of сurrепt state on the rеsеаrсh

рrоЬlеm, presenting а descripfion of the biological acfivity, use and phytochemical characterisfics of
Дlсhеmillа mопtiсоlа Opiz and Опопis spinosa L. The literature rечiеw focuses оп the pathological growth

of adipose fissue and its rоlе in obesity, ехреrimепtаl models of obesity and аррrоасhеs to сопtrоl and

thеrару of obesity. The review is illustrated with 5 figures. Figurе 5 makes а good impression, as the key

signalIing pathways affecting adipogenesis аrе described iп friendly mаппеr - WNT/p-Catenin, lnsulin/AKT,

Hedgehog (Hh) signaling and BMP/SMAD4 pathway, as the key connection with the PPARy/C/BBBa

complex is indicated. The literature review cited artrcles frоm both, older sources and those published in

the реriоd 202О-2О26 - mоrе than 149 citafions, showing the comprehensive сочеrаgе of the рrоЬlеm Ьу

the PhD student. The use of multiple experimental approaches in the PhD thesis provides basis of high-

quality results aligned objectively with the discussion.

5. Research methodo|ogy

Saveta Mladenova has applied modern аррrоасhеs and diverse methodology in the dissertation,
namely рrераrаtiоп of plant extracts, phytochemical analysis of extracts, use of metaboIic profiling based

оп NMR spectroscopy, iп silico docking analysis, cell cultlvatron of SGBS pre-adipocytes and their
differentiafion, analysis of their quantitative accumulafion, RT-PCR fоr quantitafive determination of the

expression of а panel of genes related to low-grade inflammafion and adipocyte signalling pathways,

immunoblot fоr identification of signalling molecules and quantitative determination of а model of
glucose-induced lipid accumulation in nematodes Ьу accumulated lipids staining and functional changes
iп nematodes - such as viability, motor actrvity and chemotaxis.

The methods used аrе соrrесtlу described so that they can Ье repeated, appropriate сопtrоls аrе

included, This shows а good methodological level of competency achieved Ьу the PhD student and skills

fоr саrеful planning of the experimental wоrk. The statistical methods аrе adequate and guarantee

repeatability of the obtained data,

6. characterization and evaluation of the dissertation work

The dissertation has а structure according to the requirements of the Regulafions for the

Development of the Academic Staff of the lnsfitute of Microbiology and Biochemistry, Bulgarian Academy

5 Tews, D., Вrеппеr, R, Е., Siebert, R., Debatin, К. М,, tischer-Posovszky, Р, & Wabitsch, М, (2О22). 2О YearS with SGBS cells - а versatile in vitro
model of human adipocyte biology. /пtеrполопоl journal of оЬеsity 2005),46|11), \9З9,1947, httрs://dоi.оrgl10,10ЗВ/s4lЗ66-022-01199-9
6 Моrа, l., Puiggrds, F,, Sеrrаs, F,, GiI-Cardoso, К,, & ЕSсоtё, Х, (2О24). Emerging models for Studying adipose fiSSue metabolism. Biochemical
phormacology, 22З, 116t2З, https://d oi.o rg/10,101 6/j. Ьср.2024,1 16 12З
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of Sciences. lt contains the following сhарtеrs: Title; Abbreviations used; lntroduction; Literature review;
Goals and objecfives; MateriaIs and methods; Results and discussion with 15 figures; Discussion with 4
summarized figures; Conclusion; Conclusion Summary and Contributions; Literature sources - with очеr
140 sources, очеr 51% of which in the реriоd 202О-2026,

The results obtained demonstrate the effect of plant extracts from Дlсhеmil!а mопtiсоlо Opiz and
ОПопiа spinosa L. оп adipocyte funcfion including the expression of а panel of factors associated with the
maintenance of low-grade сhrопiс inflammation, lt was found that the extract of Дlсhеmillа montico!0
Opiz suppresses the Pl3K/AKT signaling pathway and negatively regulates PPARy and С/Еврс, suppresses
the expression of the adiponectin genes ДDlРОQ and the transcription factor SREBP (sterol-regulatory
element-binding protein) and the lipogenic genes АСС /encoding encodes acetyl-CoA саrЬохуlаsе alpha/
and FАSN (encoding fatty acid synthase) iп human adipocytes. The effects of the metabolites identified iп
the plant extract, astragaIin (AST)and quercitrin (QUГ1, wеrе studied, The anti-adipogenic effect of AST is

mоrе likely related to а direct interaction with PPARy оr С/ЕВРо than to the modulatron of Pl3K and its
signaling. Furthеrmоrе, AST shows а bidirectional асfiоп оп Pl3K at low and high concentrations. QUE
Positively affects С/ЕВРо and adiponectin levels, while weakly inhibifing PPARV, indicafing а different effect
ОП the intracellular pathway in соmраrisоп to AST, but demonstrafing anti-adipogenic potential, related
and рrоЬаЬlу determining that of the extract.

The thesis also invesfigates the anfi-adipogenic effect of ап extract of О. sрiпоsа and its secondary
metabolites - Ononin (ONON) and Maakianin (МАСК). The extract, unlike the two metabolites, does not
significantly suppress the adipogenic differentiation and does not drastically affect the later phase of
differentiafion affecting lipogenesis. ONON and МАСК inhlbit Pl3K, but their action is рrоЬаЬlу related to
an effect on the stability of mRNA and proteins. ONON suppresses adipogenesis Ьу stimulatlng SlRT1 and
inhibiting PPARy, while MACI( acts on PPARy signaling and suppresses SREPBl-dependent lipogenesis. The
data showed that МАСК increased the transcription of oak-2, sir-2.1, mdt-15, пhr-49, сеЬр-2 and sbp-J,
which аrе associated with саlоriе restriction and mitochondrial functlons iп С. еlеgапs. This effectwas not
mediated through АМРК, but was likely due to а decrease rn the protein level of ААК-2 and suppression
of microRNAs miR-60 and lin-4, which аrе associated with Iipid metabolism in nematodes. These effects
of MACI( wеrе antagonized Ьу the simultaneous administrafion of the lipase inhibitor orlistat with МАСК.

7. Contributions and rеsеаrсh significance
l accept the conclusions drаwп iп the dissertation, as well as support the formulated contributions.

l would summarize that the significance of the work is due to:

' Fоr the first fime, the anfi-adipogenic activity of metabolites frоm Дlсhеmillа mопtiсоlа Opiz extract
and the anfi-obesogenic actlvity of metabolites from Опопis spinosa L. extract have Ьееп
cha rасtе rized.
FОr the first fime аrе рrочеп the effects of Alchemilla mопtiсоlа Opiz extract and its metabolites AST
and QuE оп Рlзк signaling and the transcription factors С/Еврс and ppARy, regulafing genes such
as adiponectin ADlPOQ, transcription factor SREBP апd SREBP-dependent lipogenic 8enes.
А mechanism of the anti-adipogenic action of опопiп (ONON), found in ап extract of Опопis spinosa
L., has Ьееп shown to involve the upregulation of SlRT1 and the inhibition of РРдRу.
The potenfialof maakianin (МАСl<)оп signaling pathways related to саlоriс rеstriсfiоп, aak-2/sir2.1,
and епеrgу expenditure and lipid metabolism, nhr-49/mdt-_15, and а mechanism involving МАСК in

the regulafion of lipid metabolism in nematodes via microRNAs have Ьееп рrочеп.
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8. Evaluation of publications on the dissertation work and research score of the author
The dissertation ends with 3 publicafions. Allpublicafions аrе in Q]", and in aIlof them, the impact

factor is above 4. ln this aspect, the criteria of the lnstitute of Microbiology fоr publication activity аrе
excellently met Ьу the doctoral student and exceed the quantitative criteria fоr acquiring the educafional
and scienfific degree "DOCTOR''.

9. criticaI remarks and recommendations
Question: ls it possible to hypothesize that the studied metabolites frоm Опопis spinosa ONON

and МАСК can Ье used in combination thеrару iп pafients with metabolic problems, not only in those with
obesity?

coNcLUSloN
The dissertatron of Saveta Mladenova contains fundamental and scienfific-applied results that

rеРrеsепt an original contribution to the research field and meet all the requirements of the Law on the
Development of the Academic Staff in the Republic of Вulgаriа (ZRASRB), the Regulations fоr the
lmplementafion of the ZRASRB and the Regulations fоr the lmplementafion of the ZRASRB of the Bulgarian
Academy of Sciences. The presented dissertafion results fully comply with the specific requirements of the
Rules of the lMikB for the application of ZRASRB.

Saveta Mladenova's dissertation work demonstrates skilIs and characterisfics required for the
independent conduct of scientific research, proving that she possesses in-depth theorefical knowledge
and professional skills.

Due to the aforementioned, l сап confidently state mу positive assessment of the research that
was done and Istrongly recommend to award Saveta Georgieva Mladenova the educafionaland scientific
degree of "Doctor" in the field of 5,11 Biotechnologies (Technology of biologically acfive substances).

зt/08l2026 Reviewer:

Assoc. Рrоf. Petya Dimitrova
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