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Epilepsy is a neurological disease that occurs globally. About 1% of the population suffers from it, 

it can be both a congenital disease and acquired as a result of an injury. The occurrence of this 

disease is associated with many factors, such as genetic mutations, defects in post-translational 

processing of proteins, and channelopathies. In some cases, it is difficult to isolate the factor that 

can cause the disease. Despite well-known mechanisms that affect the occurrence of this pathology, 

around 30% of patients continue to struggle with ineffective pharmacotherapy. This disease is 

characterized by the formation of unprovoked seizures with a sudden onset, which may be 

accompanied by changes in behavior, disturbances of consciousness and other changes in the 

human body. The mechanism of epileptic seizures is associated with pathophysiological changes 

occurring in the nerve cell. It has been proven that epileptic seizure lasting longer than 30 minutes is 

very difficult to control, heal and break, and also causes irreversible changes in the central nervous 

system. There are ongoing searches for new drugs that would optimize the treatment of this disease. 

This doctoral paper focuses on the study of substances of plant origin from the group of coumarins 

– umbelliferone that has anti-inflammatory, immunomodulatory and antioxidant properties in both 

in vivo and in vitro studies. The aim of this study was to evaluate the effect of umbelliferone on 

convulsive excitability in the mouse maximal electroshock-induced seizure threshold test (MEST), 

and its influence on the protective effects of four classical anticonvulsant drugs: phenytoin, 

phenobarbital, valproate magnesium and carbamazepine. In the experiment, the isobolographic 

transformation method was used to assess interactions between umbelliferone and classic anti-

epileptic drugs. The potentially occurring adverse effects of these drug combinations and 

pharmacokinetic interactions were also evaluated. Umbelliferon was selected for testing among 

other plant substances because it belongs to the group of simple coumarins and as a natural raw 

material it is widely available in Poland. The results presented in this study clearly indicate that 

umbelliferone in a dose-dependent manner increased the threshold for tonic-clonic convulsions in 

the MEST test in mice. Umbelliferone at a dose of 150 mg/kg significantly enhanced the protective 

effects of phenobarbital and magnesium valproate, but not that of carbamazepine and phenytoin in 

the mouse MES model. A pharmacokinetic assessment of total antiepileptic drug concentrations in 

the brains of the animals using the polarizing fluorescence technique showed that the observed 

interactions between umbelliferone and phenobarbital and magnesium valproate in the MES test in 

mice were pharmacodynamics in nature, because umbelliferone (at a dose of 150 mg/kg) did not 

changed the total concentrations of antiepileptic drugs in the brain tissue of experimental animals. 

Umbelliferon in combination with phenobarbital after isobolographic transformation showed 

additive characteristics of interaction, whereas the combinations of umbelliferone with phenytoin, 

carbamazepine and valproate magnesium occurred antagonistic with respect the anticonvulsant 

effects offered by the drugs in the MES test in mice.  


