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Abstract 
 

 

Aims. Coumarins are well-known natural compounds of diverse molecular structures that 

correspond to their multifarious pharmacological effects. This Ph.D. dissertation aimed to prove the 

selected coumarins' multitarget mechanisms of neuroprotective activity based on behavioral and 

biochemical findings. Two simple coumarins, scoparone, and its structural analog, limettin, and 

three structurally alike furanocoumarins, xanthotoxin, imperatorin, and bergapten, were selected to 

evaluate their procognitive and antidepressant activities that contribute to the most current 

civilization health issues - Alzheimer’s disease and depression. It was hypothesized that coumarin 

derivatives might act as multitarget agents, influence differently males and females, and, because 

of their natural origin, they might cause less side effects than currently used drugs. 

Methods. The level of depressive-like behaviors was evaluated after an acute 

administration of scoparone (2.5, 5, 12.5, 25 mg/kg; i.p.), xanthotoxin (2.5, 5, 12.5 mg/kg; i.p.) and 

imperatorin (1, 5, 10 mg/kg; i.p.) in male and female mice in the forced swim test using Kinoscope 

open-source software. Subsequently, noradrenaline and serotonin levels were assessed in the 

hippocampus and prefrontal cortex using high-performance liquid chromatography. Elevated plus-

maze was applied to evaluate the anxiety level in male mice. The passive avoidance, Morris water 

maze, and object recognition tests were performed in male Swiss mice for memory processes 

assessment. Moreover, the scopolamine model, lipopolysaccharide model, and streptozocin model 

of memory impairments were chosen to investigate the coumarins’ impact on the pathomechanism 

of Alzheimer’s disease. The mechanisms of memory improvements were assessed using ELISA 

and FRAP assays. LC-ESI-MS/MS method enabled quantitative analysis of the scoparone (5 and 

12.5 mg/kg) and scoparone co-administered with borneol (50 mg/kg, i.p.), the blood-brain barrier 

transmission and elimination in time after scoparone injection, as well as the influence of scoparone 

administration on the level of the endocannabinoids in the brain. Additionally, the quality of fast-

screening techniques in vitro and in cellulo was validated using nanoparticles of Prussian Blue and 

copper ions, a factor that breaks liposomal membranes. The inhibitory activity towards amyloid β 

with 40 amino acids aggregation was evaluated. Subsequently, all mentioned above furanocoumarin 

and simple coumarin analogs were tested using the validated in this thesis fast-screening method 

associated with the kinetic assays. Consequently, the inhibitory activity towards amyloid β with 40 

and 42 amino acids and tau protein was assessed.  
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Results. Results showed that a single dose of imperatorin (1 and 5 mg/kg) and xanthotoxin 

(12.5 mg/kg) exerted antidepressant activity in the forced swimming test but only in male mice. 

Nevertheless, only the xanthotoxin mechanism of action was directly correlated with serotonin and 

noradrenaline changes in the prefrontal cortex of tested mice. Imperatorin did not cause any 

statistically significant changes in the serotonin and noradrenaline levels in the mice hippocampus 

and prefrontal cortex. In behavioral studies, scoparone (2.5, 5, 12.5, 25 mg/kg) did not show any 

antidepressant effect neither in males nor in females, thus the antidepressant activity of selected 

simple coumarins was not investigated further. 

In in cellulo and in vitro kinetic study, limettin showed the highest anti-amyloid β 40 

aggregation properties, where the delay in the nucleation processes, decrease in fibril elongation, 

and the highest inhibition rate was detected. However, in vitro kinetic assay showed that scoparone, 

a structural analog of limettin, also inhibited amyloid β 40 aggregations effectively. Based on the 

screening results and the promising literature data, scoparone was qualified for further, more 

advanced studies on mice. 

All the coumarins screened in kinetic assays (10 µM) showed higher inhibitory activity 

towards amyloid β 40 than amyloid β 42 but bergapten, which presented a more advantageous 

inhibitory profile towards amyloid β 40 than amyloid β 42. Therefore, bergapten was chosen for 

further studies on mice to investigate its holistic impact on complex procognitive mechanisms and 

memory-related behavior.  

Bergapten (25 mg/kg) was found to decrease memory deficits caused by 

intracerebroventricular streptozotocin (3 mg/kg) injection in male mice tested in the Morris water 

maze and object recognition tests. The biomechanism of behavioral improvements induced by 

bergapten could be explained by decreasing amyloid β expression (by 89%), tau 

hyperphosphorylation (by 61%), and a decrease in the level of inflammatory factors, such as 

proinflammatory cytokines (IL-23 and IL-27).  

Scoparone, administered subchronically and acutely, attenuated memory impairments in 

the passive avoidance test caused by scopolamine but not by lipopolysaccharide. It suggests that 

contrary to bergapten, scoparone did not influence the neuroinflammation processes, and behavioral 

improvement could be associated with an increased acetylcholine level, decreased choline esterases 

level, and antioxidative activity of this simple coumarin. Also, scoparone was proved to be 

transported to the brain (Cmax < 15 min) and exerted an apparent first-order elimination (95% 

eliminated at 1h). In the forced swim test, acute scoparone administration (5 mg/kg) significantly 

increased brain arachidonic acid, prostaglandins, and N-acylethanolamines. Conversely, subchronic 

scoparone treatment (2.5 mg/kg) decreased N-acylethanolamines and increased 2-

arachidonoylglycerol. Scoparone’s impact on endocannabinoids lipid remodeling in the brain 

occurred to be independent of serine hydrolase modulation.  
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Conclusions. The present study revealed that furanocoumarins are more potent 

antidepressants than simple coumarins in a single dose model of administration, which suggests 

their immediate activity. However, xanthotoxin and imperatorin differ in their mechanisms of 

action, and only xanthotoxin acts by modulating noradrenaline and serotonin levels in the brain. 

Additionally, the presented results prove that coumarins’ activity is sex dependent. Also, bergapten 

and scoparone, however structurally different, were proved to possess a multitarget mechanism of 

procognitive activity in mice models of Alzheimer’s disease. Since limettin exerted promising 

results in the fast-screening study, it would be reasonable to perform further research on animals 

regarding their procognitive activity. Overall, selected coumarins occurred to cause potent central 

effects observed in mice, bacterial cells, and in vitro assays that could have pharmacological 

implications for humans. 
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