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The doctoral thesis submitted by Grégory Petrazzo, M.Sc., investigates the effects of senolytic 

treatment with a combination of dasatinib and quercetin on key mechanisms involved in  

the pathogenesis of age-related cognitive decline. The hypothesis assumes that this 

intervention may influence cognitive aging not only through direct effects on inflammation 

and tissue homeostasis, but also through modulation of the gut microbiota, microbiota-derived 

metabolites, and the integrity of the intestinal and blood-brain barriers. The topic of this 

experimental work is clinically relevant, particularly in light of global population aging and 

the projected increase in the prevalence of age-related conditions. 

 

The thesis has been prepared in the form of an extensive monograph comprising 166 pages.  

It is well organized and follows a typical layout for PhD theses in the field of neuroscience, 

including five main sections: I. Introduction, II. Materials and Methods, III. Results,  

IV. Discussion, and V. Summary and Conclusions. The title page is followed by a list of 

funding organizations, acknowledgements, a table of contents, abstract in English and Polish, 

and a list of abbreviations. The thesis concludes with a bibliography comprising 263 relevant 

references, a list of the PhD candidate’s publications, and lists of figures (33) and tables (7).  
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In the Introduction, the Author defines aging as a biological process, introduces cellular 

senescence as one of its key hallmarks, and outlines diseases in which aging acts as  

a contributing factor. This section also discusses epidemiological projections and the 

economic burden associated with global population aging. It is commendable that, in addition 

to global data, the Author also provides information on demographic trends in Poland. The 

Introduction concisely describes key mechanisms involved in the pathogenesis of age-related 

conditions, including cellular senescence, chronic inflammation, and barrier dysfunction. 

Importantly, this subsection introduces key concepts and terminology that have shaped the 

field of aging research over the past two decades and have gained particular prominence in 

recent years, including inflammaging, senescence-associated secretory phenotype (SASP), 

and senotherapeutics. It concludes by presenting the main aim of the thesis, namely  

“to determine whether senolytic treatment with D+Q can preserve or restore cognitive 

function during aging through mechanisms involving the gut–brain axis”, followed by five 

specific objectives. Overall, this section provides a concise scientific overview of the research 

field and appropriately introduces the topics analysed later in the doctoral thesis.  

 

Two issues drew the reviewer’s attention in this section: 

• Subsection 1.3 reviews available senolytic interventions, focusing specifically on 

dasatinib (D) and quercetin (Q). A valuable aspect of this fragment of the thesis is that it 

emphasizes not only the beneficial effects of D+Q intervention, but also its limitations, 

including pharmacokinetic constraints, context-dependent effects, possible interactions 

with the host immune system, and potential off-target effects on non-senescent cells. 

However, the above-mentioned issues are primarily mechanistic concerns. It is somewhat 

disappointing that the Author did not discuss clinically reported general adverse effects 

following D+Q intervention, including fatigue, nausea, decreased appetite, headache, 

malaise, diarrhea, sleep disturbances, and anxiety (PMID: 36857968). These effects are 

generally classified as non-serious adverse events, but they are nevertheless relevant when 

assessing the translational potential and tolerability of D+Q-based senolytic interventions. 

The risk of more serious adverse events is mainly associated with dasatinib, a tyrosine 

kinase inhibitor originally developed and approved for the treatment of chronic myeloid 

leukemia, particularly when administered in repeated or long-term regimens 

(PMID: 19536317). 

• In subsection 1.5, the Author writes: “The rationale of this thesis is therefore that 

senescent cell clearance may influence cognitive aging not only through direct effects on 

inflammation and tissue homeostasis, but also through modulation of the gut microbiota, 

microbiota-derived metabolites, and the integrity of the intestinal and blood-brain 

barriers.” I do not agree with presenting this statement as rationale. A rationale is  

a justification or line of reasoning behind a study, in other words it explains why the thesis 

is worth undertaking or why a given line of inquiry is warranted. The quoted statement 

reads rather as a hypothesis, understood as an assumption or premise to be tested.  

This hypothesis is then examined in the doctoral thesis. 

 

https://pubmed.ncbi.nlm.nih.gov/19536317/


   

  

  

  

  

  

 

3 

 

The second section of the PhD thesis is Materials and Methods. The experiments underlying 

Mr. Petrazzo’s doctoral thesis were designed in accordance with high scientific standards. 

This is supported by the use of animal randomization for treatment allocation, power 

calculation, and blinding to group assignment during behavioural testing, as well as during 

histological and molecular analyses. The rich methodological approach deserves particular 

attention, as it enables verification of the research hypothesis through comprehensive multi-

level analyses encompassing intestinal microorganisms and their metabolites, as well as 

cellular, mRNA, and protein-level assessments in selected parts of the gastrointestinal tract, 

brain, and serum. 

 

My comments regarding this part of the thesis relate primarily to missing information or  

a lack of clarity in its presentation: 

• The first subsection describes the animal model used in the study. Although it provides  

a clear rationale for choosing the specific model, it lacks some important details, such  

as total number of rats used in the study, the animal breeder or supplier, and the place and 

conditions where the animals were kept during and between behavioural assays.  

• A potential source of confusion for the reader is the lack of consistency regarding the age 

of the animals, as reported in different parts of the thesis. In the first sentence  

of subsection 2.1, the Author refers to the selection of “adult male Wistar rats”  

[3-6-months-old rats are generally considered adult, 6-12-months-old rats − mature adult 

or sometimes early middle aged]. On page 42 there is a reference to an article of 

Krzystyniak et al. (PMID: 35042834), of which the PhD candidate is a co-author,  where 

two age groups are mentioned: 3-months-old young rats and 18- to 22-month-old aged 

rats. The following sentence describes 22 months of age as “corresponding to an advanced 

stage of physiological aging (in humans) (…)”. However, at the beginning of Discussion 

are mentioned “very-old Wistar rats” and in subsection 4.6, the Author discusses the 

strengths and limitations of using “24-month-old outbred male Wistar rats”. It is therefore 

not clear whether the animals used in the thesis are the same as those described in  

the Krzystyniak publication, or whether the thesis presents results of a new study. 

Moreover, there is no explicit statement indicating whether the rats were 22-months-old at 

the beginning of the experiment (before D+Q intervention).  

• Subsection 2.1 does not specify the number of experimental groups included in the study. 

Most graphs presenting the results in section III include only two groups: VEH and D+Q. 

However, the baseline cognitive performance of aged rats assessed in the AAPAT was 

compared with that of young animals (exact age not defined; Fig. 12). In addition,  

the cytokine and growth factor panel also included 6-month-old rats described as “young” 

(Fig. 30). As a reviewer, I do not question the inclusion of additional comparisons with 

other age groups in the thesis. On the contrary, I consider these data valuable. However, 

the Materials and Methods section should provide complete information on the number  

of experimental groups and the age and number of the animals included in each group. 

The clarity of this section could be improved by presenting the study design in schematic 

form.  
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• The ethics statement is insufficiently detailed. The Author does not indicate which 

institutional and national guidelines governed animal handling, nor does he provide  

the approval number or the name of the ethics committee that issued the permit.  

• In the last paragraph of subsection 2.1, the Author justifies the exclusion of females from 

the study by referring to the potential influence of sex hormones. However, this argument 

is less convincing in the context of 22-month-old rodents, in which reproductive 

senescence and age-related alterations in sex hormone profiles would be expected. 

• In subsection 2.7, which describes the histological and morphological analyses, I did not 

find information on the number of sections analysed per animal or per group.  

This information should be provided because the number of analysed sections directly 

affects the representativeness of the sampling, the reliability of quantitative histological 

measurements, and the interpretation of group comparisons. It is also important for 

assessing reproducibility and potential sampling bias. 

• In subsection 2.8, which describes, among other procedures, the qPCR protocol,  

the Author should include the sequences of primers used in the study and indicate the 

tools used for their design. If the primer sequences were taken from previously published 

studies, the relevant references should be provided.  

 

The key findings presented in the Results section indicate that the time-limited D+Q 

intervention improved spatial learning and memory in aged male Wistar rats, with the effect 

persisting for at least five weeks. Cognitive improvement was accompanied by changes  

in neuroplasticity, remodelling of the gut microbiota and its metabolites, as well as alterations 

in inflammatory and barrier-related markers. 

 

Several points in this part of the thesis require clarification: 

• The statement “Despite these impairments, aged rats showed day-to-day improvement 

across the five days of training,” referring to the results presented in Fig. 11, is not fully 

supported by the data. There are most likely no statistically significant differences in  

the comparisons: day 2 vs. day 3, day 3 vs. day 4, or day 4 vs. day 5 for any of the 

analysed parameters in the aged rat group. The only comparison that might indicate a 

statistically significant difference is day 1 vs. day 5. However, this comparison is not 

shown in Fig. 11, and no corresponding statistical data are provided in the text. Therefore, 

the statement, as currently formulated, is not sufficiently supported by the presented data. 

• In the legend to Fig. 13, in the sentence describing the calculation of the exploration ratio, 

the meaning of the word “mischiefs” is unclear. This appears to be a typographical or 

translation error, and the intended word may be “groups”.  

• The subsection 3.2 is entitled “Hippocampal Chromatin Remodelling”. However, this title 

is misleading, as the subsection does not contain any data on chromatin remodelling. 

Instead, it focuses on D+Q-induced neuroplastic changes in the hippocampal CA1 sector, 

specifically dendritic spine number and morphology. Therefore, the title should be revised 

to accurately reflect the content of the subsection.  
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• Metabolomic analyses revealed that the D+Q intervention induced changes in the faecal 

concentrations of selected short-chain fatty acids, such as acetic and pentanoic acids,  

as well as selected bile acids, such as taurocholic acid, in D+Q-treated rats. These results 

are accurately illustrated in Fig. 22. However, despite the Author’s statement that “only 

formic acid exhibited a statistically significant reduction in the D+Q group compared to 

controls (Figure 22 C)” [measured in serum], the relevant graph in Fig. 22 shows  

no difference between the two groups. This statement should therefore be revised or 

further substantiated. 

• In the subsection 3.7, the Author presents the results of morphometric analysis, showing  

a D+Q-induced increase in mucosal thickness in the small intestine and a decrease in 

mucosal thickness in the large intestine of aged rats. However, there is a discrepancy 

between the description in the text and the data presented in Fig. 25. With regard to the 

large intestine, the Author writes: “Although the observed differences did not always 

reach statistical significance, the trend was consistent and most pronounced in the distal 

colon, where the mucosa thinned from an average of 25.8 μm in vehicle-treated animals to 

9.5 μm in the treated group (p = 0.0845).” Thus, the text indicates only a trend toward 

reduced mucosal thickness in the distal colon. However, in the corresponding graph 

comparing VEH and D+Q groups in the distal colon (Fig. 25 C), one asterisk is shown, 

indicating that the reduction in mucosal thickness reached statistical significance.  

This inconsistency should be corrected or clarified by the Author.  

• The intestinal tight-junction marker analysis showed no significant changes in Occludin 

(ocln) and ZO-1 (tjp1), but a significant decrease in Claudin-1 mRNA expression (cldn1) 

in the small and large intestine. Based on these findings, the Author concludes that D+Q 

“re-balances” the intestinal tight junction without uniformly reinforcing it. This 

interpretation should be formulated more cautiously, as the data are based on selected 

mRNA/protein markers and do not directly demonstrate functional changes in intestinal 

barrier integrity. 

• The text states: “The rise [of il10 in the small intestine] was driven chiefly by  

the ileum, with an additional upward trend in the duodenum (p = 0.09).” However,  

in the corresponding graph in Fig. 29, the D+Q-induced increase in il10 gene 

expression is marked as statistically significant not only in the ileum, but also in  

the duodenum, as indicated by one asterisk.  

• In addition, the description of IL-10 (il10) changes in the large intestine is incomplete. 

The Author writes: “IL-10: no clear net change was observed when the large intestine 

was pooled. When split by segment, proximal colon il10 mRNA showed an upward 

trend (p = 0.06), but this was not paralleled by a significant protein-level increase.” 

However, panel A in Fig. 29 shows a decrease in IL-10 in the large intestine.  

This result is not interpreted in the text of Results section. 

Importantly, the direction of the inconsistencies does not uniformly favour the expected  

or more readily interpretable outcomes. I therefore assume that they represent inadvertent 

shortcomings in the description of the results, or errors introduced during the editing of  

the thesis, rather than an intentional attempt to manipulate the data.  
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