
SUMMARY 

 

Epilepsy is one of the most common chronic disorders of the central nervous system and 

requires long-lasting pharmacotherapy. Monotherapy is recommended as the preferable option 

for initial treatment of epilepsy. Currently used antiepileptic drugs do not provide total seizure 

protection and do not inhibit the process of epileptogenesis. Moreover, chronic therapy with 

antiepileptic drugs may be complicated by severe adverse effects and undesirable drug 

interactions. 

Effectiveness of pharmacotherapy may change during prolonged exposure to a given 

drug. Both pharmacokinetic and functional nature of this phenomenon is possible. Antiepileptic 

drugs may induce or inhibit liver enzymes, affecting their own transformation (autoinduction) 

or metabolism of other drugs. These processes often result in changes in drug concentrations 

which may in turn entail changes in anticonvulsant and toxic properties. Another implication 

of long-term drug treatment is development of various adaptive responses, including changes 

in receptor sensitivity or density.  

A vast majority of studies evaluating anticonvulsive action of antiepileptic drugs or 

interactions between antiepileptic and non-antiepileptic drugs are based on their single 

administration. The aim of this study was to evaluate the effect of repeated administration of 

several antiepileptic drugs (valproate, carbamazepine, phenobarbital, phenytoin, lamotrigine 

and oxcarbazepine) on their anticonvulsant activity, neurological adverse effects, therapeutic 

index, as well as plasma and brain concentrations in mice.  

The antiepileptics were applied intraperitoneally in four protocols: once a day for one 

week (7 × 1), twice a day for one week (7 × 2), once a day for two weeks (14 × 1), and twice 

a day for two weeks (14 × 2). Single administration of the tested drug served as a control. The 

anticonvulsant effect of antiepileptic drugs was estimated in the maximal electroshock test in 

mice. Electroconvulsions were produced by means of alternating current (50 Hz, 25 mA, 0,2 s) 

delivered via ear-clip electrodes. Motor impairment and long-term memory deficits in animals 

were assessed in the chimney test and in passive avoidance task, respectively. Brain and plasma 

concentrations of classical antiepileptic drugs were measured by immunofluorescence analysis, 

whereas that of lamotrigine and oxcarbazepine by high performance liquid chromatography. 

 The maximal electroshock seizure test in mice is a well-validated preclinical model of 

tonic-clonic seizures in humans. The anticonvulsant activity of antiepileptic drugs, represented 



as 50% effective dose (ED50) in mg/kg, was determined as their ability to protect 50% of the 

animals against tonic hindlimb extension induced by electroconvulsions. Whereas neurotoxic 

effect of antiepileptics was expressed as a median of toxic dose (TD50) in mg/kg that evokes 

motor impairment in the chimney test in 50% of mice. Protective index was calculated by 

dividing TD50 by ED50 obtained in 14 × 2 protocol for each drug. 

The ED50 of valproate given in the 14 × 2 protocol was significantly lower than the 

control value, showing increased anticonvulsant effect during chronic treatment. Serum and 

brain concentrations of valproate were not altered in any protocol of treatment with this drug. 

Moreover, no significant deficit in long-term memory in the passive-avoidance task nor motor 

coordination impairment in the chimney test was observed after repeated valproate 

administration (14 × 2). However, in acute protocol significant impairment of long-term 

memory was demonstrated. In chronic protocol TD50 value was significantly lower than the 

control one (1 × 1), indicating aggravation of toxicity. Summing up, repeated administration 

can potentiate both effectiveness and toxicity of valproate. This effect does not seem to depend 

on pharmacokinetic events since there were no changes in plasma or brain concentration of the 

drug. 

Chronic treatment with carbamazepine did not influence its anticonvulsive effect in 

most protocols. One exception was 7 × 2 protocol, where the ED50 value of the anticonvulsant 

was significantly higher than the control one. No significant neurotoxic effects were observed 

in the chimney test or the passive avoidance task during chronic treatment. TD50 value for 

chronic carbamazepine could not be determined, since up to the dose of 170 mg/kg no major 

motor impairment were noted in the chimney test. It may indicate tolerance development. 

Plasma concentrations of carbamazepine were significantly lowered in three chronic protocols, 

whereas the brain concentrations were significantly lower in all four chronic protocols when 

compared to control. In conclusion, metabolic mechanisms may explain the lower efficacy of 

carbamazepine in the 7 × 2 protocol. In contrast, rather functional mechanisms are involved in 

maintaining anticonvulsant effects of chronic carbamazepine against its lower concentrations 

in remaining protocols. 

Tolerance to the anticonvulsive effect of phenobarbital was observed during chronic 

treatment (14 × 2). Long-term application of PB evoked significant memory impairment in the 

passive avoidance task, but no disturbances in motor coordination were observed in the chimney 

test. TD50 value was determined only in short chronic protocol (7 × 1) due to increased mortality 

of animals during longer administration of phenobarbital at high doses. Plasma concentrations 

of PB were significantly lower in two-weeks protocols than control measurements (1 × 1). In 



contrast, in the same protocols, brain concentrations of the drug were higher than control. So 

pharmacokinetic phenomena cannot explain lowered efficacy of PB in 14 × 2 procedure. 

However, prolonged treatment with barbiturates may modify both structure and function of 

GABA receptors. Therefore, tolerance development to antiseizure action of chronic 

phenobarbital may be at least partially due to this mechanism. Nevertheless, observed long-

term memory deficits can be dependent on pharmacokinetic processes.  

No change in ED50 value during long-term treatment with phenytoin was noted. Due to 

increased mortality of animals after prolonged administration of high doses of phenytoin, the 

TD50 value was determined only in acute experiment. There were no disturbances in motor 

coordination nor long-term memory in the chimney test and in passive avoidance task, 

respectively. Plasma concentration of phenytoin was higher than control in protocols with two 

doses of the drug per day. In contrast, the plasma concentration of phenytoin in protocol 7 × 1 

was even lower than the control one. Total brain concentration of PHT was significantly higher 

than control in one protocol (7 × 2). Despite significant variability in plasma concentrations of 

phenytoin there were no alterations in its anticonvulsive action. It seems that above observations 

cannot be attributed to simple pharmacokinetic or pharmacodynamics mechanisms.  

Chronic treatment with lamotrigine potentiated its anticonvulsive effects in the maximal 

electroshock test in mice, significantly decreasing ED50 value for this antiepileptic. No 

impairment in motor coordination or long-term memory after acute or chronic treatment with 

lamotrigine was noted. Nevertheless, prolonged treatment aggravated toxicity of lamotrigine 

assessed in the chimney test as TD50 value. Repeated administration of lamotrigine significantly 

increased plasma (two-doses per day protocols) and brain concentrations (all chronic protocols) 

of the antiepileptic drug when compared to the control group (single drug application). In 

conclusion, pharmacokinetics seems to play an important role in the mechanism of action of 

lamotrigine during chronic treatment. However, pharmacodynamics cannot be excluded. 

In two-week protocols ED50 values of oxcarbazepine significantly increased showing 

tolerance to its anticonvulsive activity during prolonged treatment. No significant deficit in 

memory or motor impairment was observed after repeated administration of the drug. 

Moreover, neurotoxicity of chronic oxcarbazepine (reflected in TD50 dose) was significantly 

alleviated when compared to control group. Total brain concentration of oxcarbazepine was 

significantly higher than control in two protocols (7 × 1, 7 × 2), meanwhile the plasma 

concentration was higher in the protocol 7 × 1. Therefore, neither tolerance to antiseizure 

activity nor tolerance to toxic effect can be explained by metabolic mechanisms, they may be 

rather of pharmacodynamic nature. 



In conclusion, anticonvulsive action of antiepileptic drugs in the maximal electroshock 

test and neurological adverse effects in mice may change during chronic treatment. Both 

pharmacokinetic or pharmacodynamic processes may be responsible for this phenomenon. 

Results of the present study suggest that any conclusions from acute experiments should be 

confirmed in prolonged protocols. Moreover, chronic treatment should be also required in the 

assessment of possible drug interactions between antiepileptic drugs. 

 


