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Abstract:

The aim of this study was to evaluate the effects of H� (antazoline and astemizole) or H� (cimetidine and famotidine) histamine

receptor antagonists on the clonic phase, tonic seizures and morality of mice challenged with aminophylline to induce convulsions in

mice. Moreover, the total plasma and brain concentrations of theophylline were evaluated.

Astemizole (1 mg/kg) did not affect the threshold for aminophylline-induced seizures, but when administered at a dose of 2 mg/kg, it

significantly reduced the CD�� value of aminophylline from 249 mg/kg to 211 mg/kg (p < 0.01). The remaining histamine receptor

antagonists studied i.e., antazoline (up to 1 mg/kg), cimetidine (up to 40 mg/kg) and famotidine (up to 10 mg/kg) had no impact on

seizure susceptibility in aminophylline-induced convulsions. Furthermore, astemizole (2 mg/kg) decreased latency to the clonic

phase of aminophylline-induced convulsions from 51.1 ± 4.5 to 32.1 ± 4.3 min (p < 0.01). It is noteworthy that astemizole, a novel H�

receptor antagonist, did not alter the brain and plasma levels of theophylline, so the existence of pharmacokinetic interactions was

excluded.

Our results indicate that some interactions between methylxanthines and histamine receptor antagonists may be clinically important
since these drugs are usually combined during the treatment of status asthmaticus.
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Introduction

Aminophylline and other methylxanthine derivatives
are still widely used in pulmonary obstructive dis-
eases. However, clinical data indicate that aminophyl-
line overdose can induce convulsions in patients [26].
The experimental data provide evidence that some of
conventional and novel antiepileptic drugs (AEDs)

very poorly control seizures induced by metylxanthines
and are practically ineffective against aminophylline-
induced mortality [9, 20]. On the other hand, amino-
phylline diminished anticonvulsant activity of con-
ventional [6] and newer antiepileptics [2] against
maximal electroshock (MES)-induced seizures in
mice, as well as, that of phenobarbital against
amygdala-kindled seizures in rats [7].
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Histamine is one of very important neurotransmit-
ters in the mammalian central nervous system (CNS)
[18]. Activation of histaminergic neurons is associ-
ated with regulation of basic behavioral processes i.e.
wake-sleep cycle, appetite control, seizures, learning
and memory, aggressive behavior and emotion [24].
Histamine receptor antagonists are widely used in
many allergic diseases (H1 antagonists) or dyspeptic
perturbation (H2 antagonists). More than one fourth of
human population worldwide uses these drugs fre-
quently. Numerous data indicate that brain histamine
inhibits seizures, mainly via H1 receptors, but the ex-
act role of the central histamine receptors in convul-
sions is still unknown. Tuomisto and Tacke [23] have
indicated that central histamine may be an important
factor in the inhibition of MES-induced seizures in
rats. Onodera et al. [16] have reported that the brain
histamine levels in epilepsy-prone rats were signifi-
cantly lower than those evaluated in epilepsy-resistant
animals. Furthermore, it has been found that
L-histidine (a natural histamine precursor) and meto-
prine (a drug raising brain histamine concentration
through the inhibition of histamine N-methyltransf-
erase) increased a seizure threshold for pentetrazole in
mice [17]. Moreover, H1 receptor antagonists de-
creased the electroconvulsive threshold and reduced
the anticonvulsant effects offered by AEDs [21, 22].

Therefore, the aim of the present study was to ex-
amine the influence of H1 (astemizole and antazoline)
or H2 (cimetidine and famotidine) receptor antago-
nists on aminophylline-induced seizures and mortality
in mice. Moreover, latency to the occurrence of clonic
seizures was recorded. The plasma and brain concen-
trations of theophylline were evaluated in some ex-
perimental groups in order to confirm or exclude
a pharmacokinetic component of interactions between
aminophylline and histamine receptor antagonists.

Materials and Methods

Animals

The experiments were performed on female Swiss
mice weighing 22–27 g. The animals were housed in
colony cages under standard laboratory conditions
with free access to chow pellets (Murigran; Bacutil,
Motycz, Poland) and tap water. The experimental

temperature was 21 ± 1°C and mice were kept under
a natural light-dark cycle. The experimental groups,
consisting of 10 animals, were selected by means of
a randomized schedule. All experimental procedures
were performed between 9.00 a.m. and 2.00 p.m.
Each mouse was used only once. The experimental
procedures described below were approved by Ethics
Committee at the Skubiszewski Medical University of
Lublin.

Aminophylline-induced convulsions

Aminophylline (theophylline2 • ethylenediamine), in-
jected intraperitoneally (ip), in a dose-dependent man-
ner induced convulsions in mice. The convulsive
threshold following the aminophylline ip injection
was evaluated as its CD50 value (median convulsive
dose, necessary to produce seizures in 50% of the
tested animals). To estimate the convulsive threshold,
at least three groups of mice (10 animals per group)
were challenged with various doses of aminophylline.
Subsequently, an intensity-response curve was calcu-
lated on a basis of percentage of mice convulsing.
Following the metylxanthine administration, the ani-
mals were put individually into Plexiglas cages (25 ×
15 × 10 cm) and observed for the occurrence of clonic
and tonic seizures for 60 min. The endpoint for the
clonic phase of aminophylline-induced convulsions
was a clonic seizure accompanied with a loss of right-
ing reflex for at least 3 s. Immediately, at the end of
observation and after 2 and 24 h, numbers of animals
staying alive were recorded. The control animals were
injected with aminophylline on each day of experi-
mentations in order to obtain reproducible data.

Drugs

The following histamine receptor antagonists were
used in this study: antazoline (Phenazolinum, ICN
Polfa Rzeszów, Poland), astemizole, cimetidine (both
from Polfa, Warszawa, Poland) and famotidine
(Sigma, St. Louis, MO, USA). Antazoline, cimetidine
and aminophylline were brought into sterile saline,
whilst astemizole and famotidine were suspended in
a 1% solution of Tween 80 (Sigma, St. Louis, MO,
USA) in saline.

All drugs were administered ip in a volume of
0.01 ml/g of body weight. Astemizole was injected
15 min, while antazoline, cimetidine and famotidine
were given 30 min prior to the tests.
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Estimation of total plasma and brain concentra-

tions of theophylline

Plasma levels of theophylline were measured accord-
ing to Czuczwar et al. [8]. The animals were injected
with either aminophylline or saline (control group) or
combinations of the respective histamine H1/H2 re-
ceptor antagonists with aminophylline. Mice were de-
capitated at times scheduled from the mean latency to
onset of seizures for the control group (51 min) and
blood samples of approximately 1 ml or whole brains
were collected into Eppendorf tubes. Subsequently,
the brains were homogenized in TDx buffer (Abbott,
Irving, TX, USA) at 4°C. The detailed procedure was
described elsewhere [21]. Samples of blood and brain
homogenate were centrifuged for 5 min at 10 000
r.p.m. The plasma and brain theophylline concentra-
tions were determined by a fluorescence polarization
immunoassay technique, using an Abbott TDx ana-
lyzer (Abbott, Irving, TX, USA). The plasma levels
and brain concentrations of theophylline were ex-
pressed in �g/ml of plasma or �g/g of wet brain tissue
as the means ± SD of at least eight determinations.

Statistics

The data were analyzed by Fischer’s exact probability
test and CD50 values of aminophylline were com-
puted and statistically analyzed with computer probit
analysis according to Litchfield and Wilcoxon [15].
The latency to aminophylline-induced seizures was
statistically verified by using Kruskal-Wallis nonpara-
metric ANOVA followed by Dunn’s post-hoc test.
Unpaired Student’s t-test was used to statistically
evaluate the plasma and brain theophylline concentra-
tions.

Results

Aminophylline-induced seizure activity

Aminophylline, in a dose-dependent manner, pro-
duced clonic and tonic seizures. Its CD50 for the in-
duction of clonic phase of seizures was 249
(233–267) mg/kg, whereas the CD50 for the tonic sei-
zures was 261 (251–271) mg/kg. The latency to the
onset of clonic phase of aminophylline-induced con-

vulsions for the CD50 was 51 ± 4.5 min. Accelerated
respiration, occasional tremors, ataxia and mild hy-
peractivity were observed in animals prior to the onset
of seizures. Five of 10 animals, injected with amino-
phylline at its CD50, had clonic seizures, 3 exhibited
the tonic phase and died within the 60 min and 24 h
observation period.

Effect of histamine receptor antagonists on the

CD
50

value of aminophylline

Astemizole at the dose of 1 mg/kg did not affect the
aminophylline threshold, whereas the drug at 2 mg/kg
significantly decreased this parameter, reducing the
CD50 value from 249 (233–267) mg/kg to 211
(192–231) mg/kg (p < 0.01). The remaining histamine
receptor antagonists, i.e. antazoline (up to 1.0 mg/kg),
cimetidine (up to 40 mg/kg) or famotidine (up to
10 mg/kg) did not significantly alter the seizure sus-
ceptibility to aminophylline-induced convulsions in
mice (Tab. 1). Moreover, only astemizole (2 mg/kg)
significantly shortened mean time (latency) for the
occurrence of clonic phase of seizures from 51.1 ± 4.5
to 32.1 ± 4.3 min (p < 0.01). In the experimental
groups treated with astemizole (2 mg/kg), amino-
phylline-induced tonic convulsions and lethality were
observed in 9 of 10 mice over 24 h.
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Treatment [mg/kg] CD�� (95% confidence limits)
[mg/kg]

Aminophylline + vehicle 249 (233–267)

Antazoline (0.25) + aminophylline 259 (242–277)

Antazoline (1.0) + aminophylline 244 (230–258)

Astemizole (1.0) + aminophylline 229 (216–242)

Astemizole (2.0) + aminophylline 211 (192–242)**

Cimetidine (20) + aminophylline 248 (228–269)

Cimetidine (40) + aminophylline 238 (227–250)

Famotidine (5.0) + aminophylline 251 (237–266)

Famotidine (10) + aminophylline 237 (227–248)
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Effect of histamine receptor antagonists on the

total plasma and brain concentrations of theo-

phylline

Neither H1 (astemizole or antazoline) nor H2 (ci-
metidine or famotidine) histamine receptor antago-
nists affected the total plasma and brain concentra-
tions of theophylline (data not shown).

Discussion

The obtained data indicate that astemizole at 2 mg/kg
considerably enhanced a convulsant action of amino-
phylline, which was reflected by a decrease in amino-
phylline CD50 value. Moreover, astemizole (2 mg/kg)
significantly shortened the latency to the onset of
aminophylline-induced convulsions. Also, astemizole
increased the number of animals with tonic seizures
and enhanced mortality in comparison to the amino-
phylline alone-treated animals. In contrast, the re-
maining studied histamine receptor antagonists had
no effect on aminophylline-induced seizures and mor-
tality in mice.

Quite recently, Yokoyama et al. [25] have studied
the effect of therapeutic doses of theophylline on elec-
trically induced convulsions in developing mice. In
their study, theophylline at the dose of 3 mg/kg in-
creased the seizure susceptibility in 21-day-old mice,
but not in 42-day-old mice. Moreover, the combina-
tion of theophylline and centrally acting histamine H1
antagonists (ketotifen and pyrilamine) produced pro-
convulsant effects in 42-day-old mice [25]. These ex-
periments suggest that peripherally acting histamine
H1 antagonists, such as: astemizole, evastine and epi-
nastine, might be safer than centrally acting histamine
H1 antagonists (ketotifen, pyrilamine) in patients with
both, allergy and seizure history [25].

It should be emphasized that astemizole penetrates
the blood-brain barrier very poorly. Nevertheless, the
trace amounts of the drug that cross the blood-brain
barrier are able to affect the CNS and diminish the an-
ticonvulsant activity of phenobarbital and diphenyl-
hydantoin, and produce neurotoxic effects in the
chimney test in mice [19]. Moreover, astemizole pro-
longs a cardiac QT interval that may progress to a rare
but fatal cardiac ventricular tachycardia known as
“torsades de pointes” [10].

On the other hand, aminophylline has been shown
to produce the decreased cerebral blood flow, respira-

tory alkalosis, systemic hypotension, and cardiac
tachyarrhythmias. Such systemic effects may be also
the factors playing an important role in mouse mortal-
ity following aminophylline administration. Perhaps,
the increased mortality, observed in our study, might
result from the combined effects of direct action of
the methylxanthine on the CNS (the earlier onset of
seizures as a trigger mechanism) and metabolic and/or
cardiovascular abnormalities occurring after several
hours [4].

Bearing in mind that both drugs, aminophylline
and astemizole, are able to induce cardiac arrhythmias
and possess proconvulsant activities, we conclude that
the enhancement of aminophylline toxicity may be due
to both, central and peripheral actions of these drugs.

It is worth noting that in patients with asthma or
chronic obstructive pulmonary disease the combined
treatment with aminophylline (theophylline) and H1
receptor antagonists is frequently associated with cor-
ticosteroid application [11, 13]. In such cases, the in-
haled or systemically injected corticosteroids consid-
erably alleviated asthmatic symptoms and potentiated
the effects of aminophylline and H1 receptor antago-
nists on respiratory tract [11, 13]. On the other hand,
accumulating evidence indicates that some neuroster-
oids possess the anticonvulsant effects in various ex-
perimental models of epilepsy [3, 5, 12, 14]. So far,
there is no evidence on the influence of corticoster-
oids on seizure threshold and some clinical data sug-
gest their efficacy in case of epilepsy resistant to an-
tiepileptic drugs [1]. It is thus premature to state
whether corticosteroids may counteract the impairing
effects of H1 and H2 receptor antagonists upon the
protective action of AEDs.

The results of this study clearly indicate that some
interactions between methylxanthines and some hista-
mine receptor antagonists may be clinically hazardous
since both groups of drugs have been combined dur-
ing the treatment of various allergic diseases.
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