
 

 

 

September 05th, 2022 

To Medical University of Lublin, 

I am pleased to write a review report for Ph.D. thesis of Joanna Kowalczyk entitled 

“Interdisciplinary View on the Activity of Selected Coumarins on the Central Nervous System 

– Behavioral and Biochemical Studies” completed under directory of Assistant Prof. Barbara 

Budzyńska and Prof. Krystyna Skalicka-Woźniak.  

First of all, it is noted that the thesis was supported by a grant provided by National 

Science Centre (Poland) under grant number of 2017/27/B/NZ4/00917.  

The thesis consists of the major parts, e.g. abstract, introduction, rationale, aims, material 

and methods, summary of findings, general discussion, conclusions, appendix, publications, 

acknowledgements, and references with a total of 162 pages. Therefore, it is technically written 

appropriately. 

In introduction, general information on coumarins, neurodegeneration, depression, and 

coumarins’ relevant effects were given. 

In materials and methods, isolation of the tested coumarins was shortly described. 

Experimental models used in the thesis were given well in detail animated in figures and 

schemes. Statistical analysis methods to evaluate data obtained were defined. Topic of the thesis 

is about neuroprotective activity of the selected furanocoumarins and basic coumarins such as 

xanthotoxin, imperatorin, scoparone, limettine, and bergapten by several multitarget mechanisms 

acting through in vitro, in vivo, and in cellulo assays. On this purpose, antidepressant effect was 

determined on mice using Kinoscope open-source software as well as elevated plus maze assay 

for anxietolytic effect. Quantities of noradrenaline and serotonin were analyzed on mice using 

high performance liquid chromatography (HPLC). In order to determine memory enhancing 

effect of the selected coumarins, passive avoidance, Morris water maze, and object recognition 

assays were accomplished in male Swiss mice. In connection with these experiments, 

scopolamine, lipopolysaccharide, and streptozocine-based experimental models were employed 

to measure protective effect of the selected coumarins on any memory deficits related to 

Alzheimer’s disease (AD). Improvements in memory caused by scoparone and blood brain 

barrier (BBB) transmission and level on endocannabinoid receptors were monitored using LC-

ESI-MS/MS. Besides, inhibitory activity of the mentioned coumarins were tested in amyloid β 

with 40 amino acids aggregation assays including kinetic measurements. The part subtitled 

“materials and methods” in the thesis is well-written properly in details. 

The results from the experimental part can be briefly presented that, among the coumarins 

tested, limettin was the best in inhibiting anti-amyloid β 40 aggregation, followed by scoparone, 



 

 

structurally related to limettin. For further testing, scoparone was proceeded to in vivo assays. In 

this direction, scoparone led an improvement in scopolamine-induced memory deficit in passive 

avoidance assay. Scoparone was not effective in inhibition of proinflammatory cytokines, while 

active in increasing acetylcholine levels and inhibiting cholinesterase enzymes. It was also able to 

pass BBB, which led first-order elimination, passing 95% of the compound within 1 hour. In 

continuation of the behavioral tests, scoparone was shown to elevate levels of arachidonic acid, 

prostaglandins, and N-acylethanolamines in brains of the mice after acute administration at 5 

mg/kg. On the other hand, subchronic administration of scoparone at 2.5 mg/kg lowered N-

acylethanolamines, whereas amplified level of 2- arachidonoylglycerol. Thus, it was stated 

memory-improving effect of scoparone to be independent of serine hydrolase modulation.  

The coumarins tested were more successful in inhibiting amyloid β40 to some extent, 

among which bergapten (89%) was the best and thereby proceeded to in vivo assays for memory-

enhancing activity in male mice. This compound also lowered tau hyperphosphorylation and 

proinflammatory cytokines (IL-23 & IL-27), where it was concluded to have anti-

neuroinflammatory effect.  

The findings indicated in “results” part are definitely of scientific merit, appropriate 

experimental models were observed to be chosen for targeted biological activities. All results are 

clearly and neatly presented. 

Coming to “conclusions” part, the results obtained from the experimental part pointed out 

that furanocoumarin derivatives s were found to have more significant antidepressant effects than 

their single coumarin counterparts, when administered in a single dose. It was also found that 

neuroprotective effect of coumarins are not associated with the gender. Eventually, scoparone, 

bergapten, and limettin were concluded to be most promising coumarin derivatives. 

In discussion, the results obtained were compared to the relevant literature and 

commented on physicophysiological mechanisms in terms of effects of the selected coumarins. 

The publications (6 in total) out of the thesis were scrutinized very well. 

Limitations of the study as well as biases were evaluated from the point of the thesis 

publications view. The results obtained from the thesis were examined very neatly and their 

originality was emphasized. The references consisted of 80 papers, which is quite enough. 

On the other hand, the publication of 6 papers from the thesis studies in journals 

“Behavioural Brain Research, Biomacromolecules, Toxicology and Applied Pharmacology, 

Scientific Reports, Molecules, and Current Issues in Pharmacy and Medical Sciences” was 

considered a great success. The findings were also presented in 8 symposia and congresses. 



 

 

Except the papers from the thesis, the Ph.D. candidate also published 4 more papers 

in high-ranking journals in addition to 11 monographs. The candidate stayed abroad laboratories 

for internship as well as Erasmus-based visits. 

In final and cumulative evaluation, the subject of the Ph.D. thesis by Joanna 

Kowalczyk has been studied extensively and many experimental models including molecular 

mechanisms have been applied on selected coumarins. The obtained findings have been 

explained through in vitro, in vivo and in cellulo models that selected coumarins have 

antidepressant and memory enhancing effects. Six papers produced from the thesis outcomes 

have been published in important scientific journals, indicating that the results are scientifically 

appreciated. The results of the thesis will guide the researchers, who plan to study the 

neurobiological effects of natural molecules and especially coumarins. 

By all these indications, I herein confirm that the Ph.D. thesis by Joanna Kowalczyk 

meets the requirements included in the act of academic degrees and titles and I would also like 

award the thesis with the honorable. 

 I would like to congratulate both the student and thesis directors and I wish her every 

success in her future life. 

Sincerely yours, 
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