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diphenylhydantoin and carbamazepine in mice
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Abstract:

Omeprazole is a commonly prescribed drug for patients with peptic ulcerations. Its main mechanism of action is related to inhibition

of H�-K�-ATP-ase, albeit it may also block carbonic anhydrase. This study evaluates the effects of acute and prolonged (3- or 7-day)

intragastrical administration of omeprazole on the anticonvulsant activity of carbamazepine or diphenylhydantoin against maximal

electroshock-induced seizures in mice. Omeprazole administered acutely, for 3 days or 7 days did not alter the electroconvulsive

threshold in mice. Moreover, the drug did not affect the anticonvulsant activity of the tested antiepileptic drugs.
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Introduction

Omeprazole is the anti-ulcer drug used also to treat

gastro-esophageal reflux disease and other conditions

involving excessive stomach acid production. Al-

though in the last decade several newer derivatives of

benzimidazole (such as pantoprazole and lazoprazole)

have been synthesized, omeprazole has an important

role in the routine therapy of gastrointestinal diseases.

Quite recently, it has been found that, in addition to

inhibiting H+-K+-ATP-ase, omeprazole inhibits car-

bonic anhydrase types I, II and IV by 64, 62, and

58%, respectively [7]. It is noteworthy that some in-

hibitors of carbonic anhydrase (especially, acetazola-

mide) may be used in the treatment of refractory

partial epilepsy with myoclonic convulsions [3].

Moreover, the efficacy of acetazolamide in tonic-

clonic seizures has been reported in humans [8].

Unfortunately, clinical data have shown that car-

bonic anhydrase inhibitors rapidly induced tolerance

to its own anticonvulsant activity [8].

Based on the above-mentioned data, it was of inter-

est to evaluate the anticonvulsant properties of ome-

prazole and to assess its effect on the antiseizure activity

of two conventional antiepileptic drugs: diphenylhy-

dantoin and carbamazepine in the maximal electro-

shock (MES)-induced seizures in mice. The experi-

ments were performed following acute or prolonged

(3 or 7 days) oral administration of the drug.
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Materials and Methods

Animals

The experiments were carried out on male Swiss mice

weighing 20–25 g. The animals were housed in col-

ony cages with free access to food (chow pellets) and

tap water. The experimental temperature was 21 ±

1°C and mice were on a natural light-dark cycle. After

7 days of adaptation to laboratory conditions, the ani-

mals were randomly assigned to experimental groups

(consisting of 8–12 animals). Each mouse was used

only once. Local Bioethics Committee of Lublin ap-

proved all experimental procedures listed hereupon.

Drugs

The following drugs were used throughout the study:

omeprazole (Losec, Astra-Zeneca, ASTRA Zeneca

AB – Sweden), carbamazepine (Amizepin, Polfa, Sta-

rogard, Poland) and diphenylhydantoin (Phenyto-

inum, Polfa, Warszawa, Poland). Omeprazole, carba-

mazepine and diphenylhydantoin were suspended in

a 1% solution of Tween 80 (Sigma, St. Louis, MO,

USA). Omeprazole was administered intragastrically

(ig), whereas antiepileptics were injected intraperito-

neally (ip) in a volume of 0.01 ml/g. Omeprazole was

administered once or every 24 h for 3 and 7 days.

Omeprazole was given 60 min prior to the electrocon-

vulsive test. The antiepileptic drugs were adminis-

tered acutely as follows: carbamazepine – 30 min and

diphenylhydantoin – 120 min prior to the electrocon-

vulsive tests.

Electroconvulsions

Electroconvulsions were produced using ear-clip elec-

trodes and alternating current, delivered by a Hugo

Sachs generator (Type 221, Freiburg, Germany). The

stimulus duration was 0.2 s and tonic hindlimb exten-

sion was taken as the endpoint. The convulsive

threshold was expressed as CS50, which was the cur-

rent strength (in mA) necessary to produce tonic

hindlimb extension in 50% of the animals tested. To

estimate the convulsive threshold, at least four groups

of mice (8 animals per group) were challenged with

electroshocks of various intensities. Subsequently, an

intensity-response curve was calculated on the basis

of the convulsing percentage of mice. The control

group was administered with 1% Tween 80 whilst the

remaining groups received different doses of omepra-

zole. In order to evaluate the ED50 values (in mg/kg;

effective dose of antiepileptics required to protect

50% of the animals against the hindlimb tonic exten-

sion), the mice pretreated with different doses of con-

ventional antiepileptics (with or without omeprazole)

were challenged with MES (25 mA). At least four

groups of mice, consisting of 8 animals per group,

were used to estimate each ED50 value. A dose-effect

curve was constructed, based on the protected per-

centage of mice, according to the method of

Litchfield and Wilcoxon [5]. Control groups were ad-

ministered with antiepileptic drugs alone + 1% Tween
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Omeprazole
administration

Drugs ED�� [mg/kg]

Acute Carbamazepine 12.8 (12.–13.6)

Carbamazepine + Omeprazole 11.6 (10.3–13.0)

Diphenylhydantoin 9.9 (8.3–11.7)

Diphenylhydantoin + Omeprazole 9.6 (8.1–11.4)

For 3 days Carbamazepine 12.3 (10.9–14.0)

Carbamazepine + Omeprazole 12.3 (10.6– 4.2)

Diphenylhydantoin 10.3 (9.2–11.6)

Diphenylhydantoin + Omeprazole 10.1 (9.0–11.4)

For 7 days Carbamazepine 12.2 (10.8–13.9)

Carbamazepine + Omeprazole 10.4 (8.9–12.2)

Diphenylhydantoin 9.6 (8.5–10.9)

Diphenylhydantoin + Omeprazole 9.3 (7.3–11.9)
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80, whilst the experimental groups were given an an-

tiepileptic + omeprazole.

Statistics

The CS50 values and ED50s of carbamazepine and di-

phenylhydantoin alone or in combination with ome-

prazole were calculated and statistically analyzed us-

ing a computer log-probit method according to

Litchfield and Wilcoxon [5].

Results

Effects of acute and prolonged administrations

of omeprazole on the electroconvulsive thresh-

old in mice

No significant influence on electroconvulsive thresh-

old was observed when omeprazole was administered

acutely, at doses ranging between 5–20 mg/kg, either

30 or 60 min prior to electroshock (Fig. 1). The drug

(at doses of 5–20 mg/kg), administered either for 3 or

7 days, had no impact on the electroconvulsive

threshold in mice (Fig. 1).

Influence of acute and prolonged omeprazole

administration on the anticonvulsant activity of

carbamazepine and diphenylhydantoin in MES

test in mice

Omeprazole (at a dose of 20 mg/kg) administered

acutely or once a day for 3 and 7 days, did not affect

the protective activity of carbamazepine or diphenyl-

hydantoin in the MES test (Tab. 1).

Discussion

The results presented herein clearly indicate that ome-

prazole did not alter the threshold for electroconvul-

sions and did not affect the anticonvulsant activity of

carbamazepine or diphenylhydantoin in the MES test

in mice.

In contrast, Balakrishnan et al. [1] showed that the

drug effectively enhanced the threshold for electro-

convulsions in rats and that the tested animals devel-

oped tolerance to the omeprazole-mediated anticon-
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vulsant action when the drug was administered for

6 days.

In the study of Balakrishnan et al. [1], the rats were

injected ip with omeprazole at doses up to 2 mg/kg,

whilst in the present study the drug was administered

ig at 20 mg/kg. It seems that the different route of

drug administration cannot explain discrepancy be-

tween the obtained results. It was found that the bioa-

vailability of orally administered omeprazole at the

dose of 20 mg/kg was 9.6% in rats [10]. Thus, it can

be presumed that in our experiment the plasma con-

centration of omeprazole administered ig at the dose

of 20 mg/kg was not lower than that reached in the

study of Balakrishnan et al. [1] after ip injection of the

drug at the dose of 2 mg/kg. Moreover, omeprazole

given ig at doses starting from 7 mg/kg was found to

be effective in other studies [4, 6].

As it has been mentioned in the Introduction, ome-

prazole inhibits carbonic anhydrase [7]. It was found

that acetazolamide, which is an inhibitor of carbonic

anhydrase, efficiently protected mice against MES-

induced seizures [2]. Moreover, it enhanced the anti-

convulsant activity of diphenylhydantoin in MES test

in mice [9]. In our study, however, omeprazole was

ineffective against electroconvulsions in the threshold

test and did not influence the anticonvulsant activity

of diphenylhydantoin or carbamazepine in the MES

test.

Summing up, the presumed anticonvulsant action

of omeprazole was not confirmed in mice. Based on

our experimental findings and results presented by

Balakrishnan et al. [1], it may be concluded that ome-

prazole cannot be considered as a candidate for antie-

pileptic drug in further preclinical studies because of

the lack of its efficacy against electroconvulsions in

mice and rapidly developing tolerance to the antisei-

zure properties in rats. Also, omeprazole failed to en-

hance the anticonvulsant action of carbamazepine and

diphenylhydantoin in the MES-induced seizures in

mice.
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