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High-performance counter-current chromatography isolation of coumarin derivatives and 

evaluation of their biological activity in the central nervous system. 

Introduction 

For hundreds of years discovery of safe pharmacotherapy for diseases of the central nervous 

system has been a challenge for researchers. The complex mechanisms of human brain 

physiology and the pathophysiology of diseases: epilepsy, Parkinson's disease and 

Alzheimer's disease are still being discovered. The introduction describes the basic 

information on the three mentioned diseases and places them in the context of searching for 

new drug candidates of plant origin. The first part presents the problem of epilepsy, starting 

from the differentiation of symptoms and problem of a correct diagnosis, to the evolution of 

antiepileptic drugs from the beginning of the 20th century to the present day. Next, animal 

models, which were used to discover and study the mechanism of action of new antiepileptic 

drugs were presented. Many of these models are also used today in laboratories around the 

world. Also the role of basic neurotransmitters in the disease development was discussed. 

Similarly Parkinson's disease and Alzheimer's disease are presented with the statistics, 

symptoms and currently adopted therapeutic strategies and the role of key neurotransmitters. 

Due to the large part of zebrafish models in obtaining the results of this study, the role of this 

organism in discovering new drug candidates in the treatment of epilepsy and Parkinson's 

disease was described. The research was supplemented with experiments on the enzymatic 

activity of selected coumarins, therefore the enzymatic methods used in discovering 

substances with potential application in the treatment of Parkinson's and Alzheimer's disease 

were also presented. 

Plants, plant extracts and isolated substances of plant origin have accompanied humankind 

in the pharmacotherapy since the dawn of time. Plants belonging to the celery family 

(Apiaceae) have traditionally been used to alleviate epilepsy symptoms both in the Middle 

East (Ferula asa-foetida L., Ferula gummosa Boiss., Pimpinella anisium L.) and Scandinavia 

(Apium graveolens L., Carum carvi L., or Pimpinella anisium L.). Traditional Chinese 

Medicine enumerates plant species belonging to the Celery family, in phytotherapy of 



Parkinson's disease, and traditional Iranian medicine reports their use in alleviating the 

symptoms of dementia. Studies on the activity of selected plant extracts on the 

neurotransmitters and enzyme systems crucial for the pathophysiology of CNS diseases 

proved, that the Celery family is a potential source of new drug candidates.  

The main secondary metabolites of the Celery family are coumarins. This is a structurally 

diverse group of compounds, which biological activity in CNS has been confirmed by 

numerous studies. Coumarins are anticonvulsant, anxiolytic, antidepressant and 

neuroprotective agents. The antiepileptic properties of coumarins have been the studied at the 

Department of Pharmacognosy of the Medical University of Lublin for many years. Positive 

research results concerning, inter alia, xanthotoxins, imperatorin and umbelliferon showed the 

need for further research on this group of compounds. 

Coumarins for in vivo and in vitro studies were isolated from plant extracts using high 

performance countercurrent chromatography (HPCCC). In this type of chromatography, 

both the mobile and stationary phases are immiscible liquids. The stationary phase is retained 

on the column due to the centrifugal force generated by the planetary movement of the 

column coils. The system of immiscible liquid phases is created by mixing selected solvents 

in appropriate proportions. HPCCC has many advantages over traditional solid phase 

chromatography, among others the efficient and rapid isolation of compounds with purity 

allowing establishing structure of the compound and an amount enough for biological testing. 

There are many examples of the effective isolation of coumarins from plant extracts 

belonging to the Apiaceae family. 

  

Goal of the study 

This thesis pursues two main goals. The first one covers the phytochemical aspect and 

concerns the development of effective methods for the isolation of the rare 

lucidafuranocoumarin A and bergamottin from the dichloromethane extract of P. alsaticum L. 

fruit and the isolation of rutamarin from the herb R. graveolens L. Proposed isolation 

protocols allowed isolation lucidafuranocoumarin A in such fast and efficient manner for the 

first time. The second main goal was to study the biological properties of the obtained 

compounds in the context of the CNS. The compounds have been tested in: in vitro, in vivo 

and in silico models. Before all studies were performed, the literature on the occurrence of 



coumarins, traditional use in natural medicine of plants containing coumarins among 

secondary metabolites and the effects of coumarins on the central nervous system was 

profoundly analyzed. 

Materials and methods 

Coumarins belonging to the furanocoumarin and dihydrofuranocoumarins groups were 

studied. All isolations were performed using HPCCC, and two-phase systems were prepared 

from analytical grade solvent systems. Detection of the substance content in the collected 

fractions was carried out with the use of a UV-DAD lamp. The isolated fractions were 

subjected to qualitative and quantitative analysis by reverse phase HPLC techniques using an 

RP-18 column, coupled to a high resolution Q-TOF mass spectrometer with an electrospray 

ion source (ESI) in positive ionization mode. The isolated substances were identified by H-

NMR , 13C-NMR, COZY, HSQC, HMBC and ROESY magnetic resonance techniques. 

The in vitro biological studies, on the inhibitory potential of acetylcholinesterase and 

butyrylcholinesterase, were performed using a modified Ellman method. Studies on the 

inhibitory potential of monoamine oxidase types A and B were carried out using the 

fluorometric method, the commercially available Biovision® kit. 

Experiments in vivo, for potential anticonvulsant were carried out using a 5 and a 6 day old 

larvae of Danio rerio. Toxicity studies were performed to establish the Maximum Tolerated 

Concentration (MTC) using 5 dpf larvae incubated for 24h with the test compound. For 

mobility studies, diazepam or valproic acid was used as a positive control, pentylenetetrazole 

as a proconvulsant and DMSO at a concentration not exceeding 2% as an adjuvant of 

coumarin solubility in the medium. 

Results and discussion 

The experiments were preceded by an analysis of the available literature on the traditional use 

of plants belonging to the Apiaceae family in the treatment of CNS diseases, occurrence of 

coumarins, and the differentiation of the coumarin structures. Taking into account the 

effectiveness of imperatorin, xanthotoxin, umbeliferon and ostole in alleviating convulsions 

induced in rodents, by the maximum electric shock (MES) I was especially interested in 

plants rich in furanocoumarins. Plants of the genus Angelica, Cnidium, Heracleum, 

Peucedanum, Seseli and Ferula were selected. All extracts were subjected to phytochemical 

tests using HPLC-DAD and LC-MS techniques to determine their profile. 



Preliminary HPLC analysis of P. alsaticum L. dichloromethane extract suggested the presence 

of highly lipophilic coumarins. According to the methodology described in the publication, 

a quick and effective isolation was performed, which allowed to obtain lucidafuranocoumarin 

A after 23 minutes and bergamottin after 54 minutes of analysis. For this purpose hexane, 

ethyl acetate, methanol and water - in a volume ratio of 3: 1: 3: 1 v/v solvent system was 

selected. From 1600 mg of crude dichloromethane extract, 2.63 mg of lucidafuranocoumarin 

A with 98% purity and 8.82 mg of bergamottin with 96% purity were isolated. The structure 

of the isolated compounds - bergamottin and lucidafuranocoumarin A - was determined using 

spectral methods, i.e. mass spectrometry and nuclear magnetic resonance.  

Then, extracts from selected plants, isolated compounds, and selected commercial standards 

were subjected to preliminary toxicity tests on 5-day-old Danio rerio larvae. The maximum 

tolerated concentration (MTC) was determined and was always the highest dose tested in the 

PTZ-induced epilepsy model. 

In the study of anticonvulsant activity, the most active were plant extracts: P. major L. and P. 

luxurians L. For each extract, the most effective and fastest isolation conditions were selected 

with the use of high-performance countercurrent chromatography. From 738 mg of crude 

methanol extract of P. major L. root, 16 mg of pimpinellin with purity above 98% was 

obtained in just 30 minutes. Pimpinellin isolated from P. major L. at the most biologically 

active concentration of 60 µM decreased the locomotor activity induced by PTZ 

administration by 53%. 

The mentioned dichloromethane extract of P. alsaticum L. did not show significant 

anticonvulsant activity, but two furanocoumarins - bergamottin (2 µM) and 

lucidafuranocoumarin A (16 µM) - inhibited the locomotor activity by 26% and 69%, 

respectively. Additionally, the inhibitory potential of acetylcholinesterase and 

butyrylcholinesterase by the extract and the isolated compounds was tested and in all cases 

the percentage of inhibition was weak or moderate. 

Furanocoumarins, whose anticonvulsant activity in rodents was described by Professor 

Łuszczki's team, such as xanthotoxin, imperatorin, phellopterine, as well as the simple 

coumarins umbelliferone and ostole, did not show the potential to inhibit the increased 

locomotor activity induced by PTZ administration, in the zebrafish model. In turn, 

oxypeucedanine, furanocoumarin, which was not active in rodent studies, in the zebrafish 

model inhibited locomotor activity in 38% at the most active concentration (40 µM). 



Other furanocoumarins tested in the zebrafish model that showed no anticonvulsant activity 

were: isoimperatorin, baikangelicin, baikangelicol, 8-geranyloxypsoralen, xanthotoxol. 

The obtained results differ with the previously published data on the protective effect of 

coumarins, tested in the mouse model using maximum electric shock (MES). This provides 

valuable information on the hypothetical mechanism of the protective action of coumarins 

against pathological neuronal discharges. These results confirm that there are likely more 

molecular targets for coumarins than the GABAA receptor. In addition to the compounds 

isolated from the extracts and oxypeucedanine mentioned above, the activity of commercially 

purchased substances was also tested: oxypeucedanine hydrate, notopterol, daphnoretin, 

nodakenin and nodakenetin. Oxypeucedanine hydrate at the most active concentration of 

50 µM inhibited larval motility in 77%. Notopterol, structurally similar to oxypeucedanine 

hydrate, however with a longer carbon chain, was active in the tenfold lower concentration 

range (0,25-2 µM) and at a concentration of 2 µM inhibited 54% of the locomotor activity of 

the larvae. Daphnoretin, tested at the concentrations of 50, 100, 200 and 400 µM was the only 

one that did not show the highest activity at the highest concentration corresponding to MTC. 

The concentration with the greatest anticonvulsant effect was 200 µM and inhibited the 

locomotor activity of the larvae by 64%. Nodakenine and its aglycone, nodakenetin, are rare 

dihydrofuranocoumarins with a substituent on the second carbon of the coumarin ring. 

The data on the activity of these type of coumarins in the CNS are limited, and they attracted 

my interest even more. Determining the activity of coumarins with an atypical location of the 

carbon substituent in position C2 provided valuable information for the determination of the 

structure-activity relationship. Both compounds showed slight anti-seizure activity. 

Nodakenetine reduced seizures by 7% at a concentration of 200 µM and nodakenetine by 29% 

at a concentration of 400 µM. 

Some of the coumarins that showed anticonvulsant activity in the behavioral model were 

selected to study their effect on the electrophysiological activity of the epileptic larvae brain. 

These studies were carried out with a non-invasive method allowing to measure the local field 

potentials in the area of opticum tectum. Seizures, as in the behavioral model, were triggered 

by immersive PTZ administration, with the same incubation protocol. The data on the 

intensity of brain wave discharges were analyzed for PSD power spectral density. The activity 

of all coumarins was tested at concentrations corresponding to the MTC. 

Furanocoumarins: oxypeucedanine, oxypeucedanine hydrate and notopterol inhibited 

discharge intensity in the brain with similar extent. Oxypeucedanine at a concentration of 40 



µM by 81%, oxypeucedanine hydrate at a concentration of 50 µM by 75%, and notopterol at a 

concentration of 2 µM by 76%. Dihydrofuranocoumarins, nodakenetin and nodakenin, did not 

significantly reduce the increase in locomotor induced by PTZ administration, they decreased 

the intensity of discharges in brain at concentrations of 200 µM and 400 µM by 38 and 61%, 

respectively. The other coumarins – daphnoretin, pimpinellin and hyuganin C - decreased the 

intensity of the brain discharges at concentrations of 400 µM, 80 µM and 20 µM  by 79%, 

88% and 40%, respectively. 

The concept of including the group of dihydrofuranocoumarins in the research resulted in 

extending the research beyond the Apiaceae family and including the Ruta graveolens L. 

extract belonging to the Rutaceae family. The common rue herb contains 

dihydrofuranocoumarin - rutamarin - for which an effective and fast method of isolating 

HPCCC has been developed. The use of a solvent system of n-hexane, ethyl acetate, methanol 

and water in a volume ratio of 3: 1: 3: 1 v/v allowed to obtain 2.39 mg of a 99.5% pure 

compound from 100 mg of crude dichloromethane extract from the herb R. graveolens L. 

The method of obtaining rutamarin from the herb R. graveolens L. was covered by patent 

protection under the decision issued on August 18, 2020. As with nodakenin and nodakenetin, 

the anticonvulsant activity of rutamarin was low to moderate and reduced the anticonvulsant 

effect by 24% at a concentration of 750 nm. Similarly to case of lucidafuranocoumarin A and 

bergamottin, research on rutamarin was extended to include enzymatic activity, in this case 

the potential inhibition of monoamine oxidases. Rutamarin, at a concentration of 6.17 µM 

showed an inhibitory effect on monoamineoxidase B, defined as the percentage of inhibition, 

which was 95.26%. At the same time, the inhibitory effect of monoamineoxidase A, was not 

that strong and equal 25.15%. This demonstrates the selectivity of rutamarine for MAO-B, 

which was confirmed in in silico studies.  

My experience with the research into the anticonvulsant properties of coumarins, especially 

with the larval locomotor testing protocol, inspired me to include a similar protocol for 

studying the anti-parkinsonian properties of coumarins. The applied procedure assumed the 

induction of neurodegeneration in the nigrostriatal system of the larvae brain by immersive 

administration of 6-hydroxydopamine on 2 to 5 dpf. The symptom that made it possible to 

observe the development of the disease was the impairment of larval locomotor activity, 

and the symptom considered as a therapeutic effect of the test substance was the reversal of 

the impairment of larval locomotor activity. Xanthotoxin in a single administration at a 

concentration of 7.5 µM caused the reversal of the impairment of larval motility to a 



statistically significant degree. A similar effect was caused by a single administration of 

xathotoxin at a dose of 25 mg/kg in mice treated with 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine. 

Conclusions: 

This work focuses on phytochemical and pharmacological studies of coumarins and plant 

extracts rich in these secondary metabolites. In the study plants belonging to the Apiaceae and 

Rutaceae families were used. The experiments were aimed at isolating and identifying the 

compounds, as well as determining their pharmacological activity in the CNS. Most of the 

compounds were isolated by high performance countercurrent chromatography and their 

structure was determined by mass spectrometry and nuclear magnetic resonance. 

The developed procedures allowed for the quick and effective isolation of the coumarins: 

bergamottin , lucidafuranocoumarin A and rutamarin. The pharmacological studies allowed to 

discover the anticonvulsant properties of extracts obtained from plants from the Apiaceae 

family as well as coumarins. Obtained results bring me to the conclusion that the structure of 

furanocoumarin is dominant among substances showing a protective effect, however, 

in contrast to studies on rodents, the presence of a carbon substituent at the 8th carbon of the 

coumarin ring was not crucial for this effect. The structures having a substituent on the 5th 

carbon of the coumarin ring turned out to be more active in the experiments with Danio rerio 

larvae. In addition, the project provided information on less common coumarins such as: 

daphnoretin, nodakenetin, nodakenin or rutamarine belonging to the dihydrofuranocoumarin 

group. It was the first time that so many plant extracts and isolated compounds have been 

studied in such a short time in an in vivo behavioral model. For the first time, the effect of 

coumarins on the intensity of neural discharges during PTZ-induced seizures was investigated 

using electrophysiological studies. Studies of local field potentials are conclusive in assessing 

whether the compound has or has not an anti-epileptic effect, whether or not an effect on 

larval locomotor behavior is observed. Also, for the first time was demonstrated that 

xanthotoxin reversed hypolocomotion in zebrafish larvae induced by 6-hydroxydopamine, 

and hypolocomotion in mice induced by MPTP. A comparison of the two models showed that 

they are compatible. Enzymatic studies of rutamarin showed promising activity against MAO-

B confirmed by in vitro and in silico studies. A valuable addition to this experiment was the 

study of molecular docking. 

 



In summary, this work presents a not a straight and smooth road, but rather a mountain trail 

where each step revealed new views, perspectives and possibilities.The starting point was the 

study of the antiepileptic activity of coumarins, however the collaboration with various 

scientific facilities and understanding the usefulness of the zebrafish model in practice, further 

discoveries of the properties of coumarins in the CNS, including enzymatic and neuronal 

systems, were made. I think the presented research is a good starting point for writing more 

chapters in the fascinating history of coumarins. 

 


