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Abstract

The purpose of this study was to investigate whether or not clobenpropit, a selective and potent histamine Hs receptor antagonist, can
protect from pentylenetetrazole (35 mg/kg)-kindled seizures in rats. I.c.v. injection with clobenpropit (10 and 20 pg) significantly delayed the
seizure stage and prolonged the latency to the onset of myoclonic jerks and the latency to the clonic generalized seizure in a dose-dependent
manner. The protection by clobenpropit (20 pg) was completely antagonized by both immepip (5 and 10 pg, i.c.v.), a selective potent
histamine Hj receptor agonist, and a-fluoromethylhistidine (a-FMH, 50 g, i.c.v.), a selective histidine decarboxylase inhibitor. In addition,
clobenpropit markedly potentiated the histidine (100 and 200 mg/kg)-induced inhibition of pentylenetetrazole-kindled seizures. Pyrilamine (2
and 5 ug, i.c.v.) reversed the inhibition of pentylenetetrazole-kindled seizures induced by clobenpropit, whereas cimetidine had no effect even
at a high dose of 5 pg. These results indicate that clobenpropit protects against pentylenetetrazole-kindled seizures in rats, and that its action

is mainly due to the activation of endogenous histamine by blocking autoinhibitory presynaptic histamine Hj receptors.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Histamine, a biogenic amine, is an important neurotrans-
mitter or neuromodulator in the mammalian central nervous
system (Leurs et al., 1998; Schwartz et al., 1991). The
histaminergic neuron system seems to be involved in various
physiological and behavioral functions including sleep—
wake cycles, emotion, appetite control, locomotor activity,
stress behavior, neuroendocrine, learning and memory
(Schwartz et al., 1991; Passani et al., 2000; Sakai et al.,
1998) through histamine H;, H, and H; receptors. The role of
brain histamine in regulating seizure susceptibility has been
documented, and a possible anticonvulsant action of endog-
enous histamine has been postulated (Scherkl et al., 1991;
Toyota et al., 1998; Chen et al., 2003; Kamei et al., 1998).
Several histamine H; receptor antagonists, such as diphen-
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hydramine and chlorpheniramine, occasionally induced
convulsions in epileptic patients and healthy children
(Yokoyama et al., 1996). Kiviranta et al. (1995) found that
the histamine concentration in the cerebrospinal fluid of
children with febrile convulsions was significantly lower
than that in febrile children without seizures. Moreover, i.p.
injection of L-histidine (the precursor of histamine), meto-
prine (a histamine N-methyltransferase inhibitor), or i.c.v.
injection of histamine itself could inhibit acute seizures
induced by maximal electroshock (MES) and amygdaloid
kindling seizure in mice or rats, whereas a-FMH (an irre-
versible histidine decarboxylase inhibitor) increased the
duration of clonic convulsions induced by MES in mice
(Leurs et al., 1998; Scherkl et al., 1991; Yokoyama et al.,
1992). Both clinical and experimental data demonstrate that
central histamine might play an inhibitory role in epilepsy
and epileptogenesis.

However, there are discrepant or even contradictory
results with regard to different substances, seizure test and
animal species (Sturman et al., 1994; Wada et al., 1996). In
addition, most of the above findings mainly concerned
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Fig. 1. Effects of clobenpropit on pentylenetetrazole-induced kindled
seizures in rats. Clobenpropit was i.c.v. injected 30 min before
pentylenetetrazole (35 mg/kg) treatments. Each value was expressed as
the mean = S.E.M. for 14—15 rats. ¥*P<0.05 vs. pentylenetetrazole + sa-
line-treated group.

convulsive effects on acute electroconvulsive or chemical
seizures, and little was known as to whether or how histamine
Hj receptor antagonists are involved in pentylenetetrazole-
kindled epilepsy in rats, a chronic animal model of epilepsy.
Further experiments are needed to clarify the role of hista-
mine Hj receptors in seizure activity.

Clobenpropit has been considered one of the most potent
and specific histamine H3 receptor antagonists available, and
has been widely used as a pharmacological tool to modulate
the endogenous histaminergic system in the brain (Leurs et

al., 1998; Fischer and Van der Goot, 1998; Zhang et al.,
2003). Clobenpropit is now also known as a histamine Hy
receptor agonist (Gantner et al., 2002). Yet so far, there is only
limited information about the effects of clobenpropit on
chronic pentylenetetrazole-kindled epilepsy in rats. There-
fore, the objectives of our investigations were to further
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Fig. 2. Effects of immepip on the protective action induced by clobenpropit
(20 pg, i.c.v.) on pentylenetetrazole-induced kindled seizures in rats.
Clobenpropit was injected 30 min before pentylenetetrazole (35 mg/kg)
treatments, and immepip was injected 5 min before clobenpropit treatments.
Each value was expressed as the mean + S.E.M. for 1215 rats. “P<0.05
vs. pentylenetetrazole + clobenpropit (20 ng)-treated group. *P<0.05 vs.
pentylenetetrazole + saline-treated group.
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elucidate the pharmacological mechanisms of clobenpropit
action on seizure activity.

2. Materials and methods
2.1. Animals

All experiments were carried out in accordance with the
National Institutes of Health Guide for the Care and Use of
Laboratory Animal. The animals used in this study were male
Sprague—Dawley rats (s, 220—300 g, Grade II, Certificate
No. 22-9601018, Experimental Animal Center, Zhejiang
University, China), maintained in individual cages with a
12-h light—dark cycle (lights on from 08:00 to 20:00). Water
and food were given ad libitum. Experiments were carried out
each day between 10:00 and 17:00.

2.2. Surgical procedure

The rats were anesthetized with sodium pentobarbital (35
mg/kg, i.p.), and fixed on a stereotaxic apparatus (Narishige,
SR-5, Tokyo, Japan), and a guide cannula made of stainless
steel tubing 700 pm outer diameter was implanted into the
right lateral ventricle according to the following coordinates
measured from the bregma (Chen et al., 1999; Chen et al.,
2002): AP: — 1.0 mm, L: 1.5 mm, H: 3.8 mm from the skull.
At least 10 days were allowed for recovery from the surgery.
After the experiments, the rats were killed by decapitation,
and the implantation of the electrode was checked by histo-
logical analysis.

2.3. Chemical kindling procedure

To induce kindling, a subconvulsant dose (35 mg/kg)
of pentylenetetrazole was i.p. injected every 48 h (Chen
et al.,, 2002; Zhang et al., 2003). After each pentylencte-
trazole treatment, the rats were placed separately under
glass funnels, and mortality as well as the appearance of

Table 1

clonic and tonic seizures was recorded during individual
observation for 30 min. Seizure intensities were classified
as follows: 0: no response; stage 1: ear and facial
twitching; stage 2: convulsive waves through the body;
stage 3: myoclonic jerks, rearing; stage 4: turn over onto
one-side position; stage 5: turn over onto back position,
generalized tonic—clonic seizures, or died within 30 min.
In addition, the latency to the onset of myoclonic jerks
and clonic generalized seizures was measured and ana-
lyzed statistically. In the absence of seizures within 30
min, the latency was taken as 1800 s. When the rats had
a seizure score of 4 after three consecutive injections, it
was defined as fully kindled. Eight of 136 rats which did
not reach this criterion were excluded from subsequent
tests. Three days after full kindling was completed, the
rats were used for study. Studies of drug effect were
carried out twice a week, on Wednesday and Sunday. The
same animals were used repeatedly, and received all doses
of each drug.

2.4. Drugs

During the drug test, pentylenetetrazole (Sigma, St. Louis,
MO, USA) and L-histidine monohydrochloride (Sigma) were
dissolved in saline and injected i.p. in a volume of 1 ml/kg.
All other drugs, including clobenpropit and immepip (kindly
supplied by Prof. Timmerman), a-FMH (Merck Sharp &
Dohme Research Lab, Rahway, NJ), cimetidine (Sigma) and
pyrilamine dihydrochloride (Sigma) were dissolved in steril-
ized saline and injected i.c.v. in a fixed volume of 5 pl over a
period of 60 s at a constant speed with a continuous infusion
pump (KN-201, Natsume, Tokyo, Japan).

2.5. Statistical analysis

All data were expressed as the means + S.E.M. One-way
analysis of variance (ANOVA) with Dunnett’s multiple
range test was used for calculating statistical significance.
Statistical significance was set at P<0.05.

Effects of combined treatment with subeffective doses of clobenpropit and histidine on pentylenetetrazole-kindled seizures in rats

Drugs Dose n Seizure stage Latency to the onset of Latency to the clonic
myoclonic jerks generalized seizure

Pentylenetetrazole + saline - 14 4.7+02 87.9+6.5 126.7 +19.7

Pentylenetetrazole + histidine - 13 41+03 833+59 769.9 +199.4
(100 mg/kg) + saline

Pentylenetetrazole + histidine 2 ug, i.c.v. 15 35403 141.1 £21.3 1088.4 +206.0
(100 mg/kg) + clobenpropit 5 pg, i.c.v. 15 2.8+0.3" 2427+ 112.8* 1355.7 £ 205.0

Pentylenetetrazole + histidine - 15 39103 89.4+6.5 811.9 +£218.0
(200 mg/kg) + saline

Pentylenetetrazole + histidine 2 pg, i.c.v. 15 34104 108.8 £ 11.7 1040.0 + 177.8
(200 mg/kg) + clobenpropit 5 pg, i.c.v. 15 2.7+0.4° 346.8 +£122.9° 1362.2 + 194.1

Clobenpropit and histidine were given 30 min and 2.5 h before pentylenetetrazole (35 mg/kg) treatments, respectively. Each value was expressed as the
mean = S.E.M. for 13—15 rats.

? P<0.05 vs. pentylenetetrazole + histidine (100 mg/kg) + saline-treated group.

> P<0.05 vs. pentylenetetrazole + histidine (200 mg/kg) + saline-treated group.
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3. Results

3.1. Effect of clobenpropit on pentylenetetrazole-kindled
seizures in rats

L.c.v. injection of clobenpropit, a selective and potent
histamine Hj3 receptor antagonist, decreased the seizure
stage, and prolonged the latency to the onset of myo-
clonic jerks and clonic generalized seizures in a dose-
related manner in pentylenetetrazole (35 mg/kg)-induced
chronic kindled seizure rats (Fig. 1A—C). Clobenpropit
was injected 30 min before pentylenetetrazole (35 mg/kg)
treatments. Clobenpropit at a dose of 5 pg significantly
prolonged the latency to the onset of myoclonic jerks
(P<0.05), and showed a tendency to inhibit the seizure
stage. At a dose of 10 ng, clobenpropit significantly
decreased the seizure stage and the latency to the onset
of myoclonic jerks (P<0.05), and significantly inhibited
all seizure types at a dose of 20 pg (P<0.05).

3.2. Effect of immepip on the protective action induced by
clobenpropit (20 ug) on pentylenetetrazole-kindled seizures
in rats

L.c.v. treatment with immepip, a selective histamine H;
receptor agonist, dose-dependently antagonized the protec-
tive action of clobenpropit (20 pg). Clobenpropit was injected
30 min before pentylenetetrazole (35 mg/kg) treatments, and
immepip was injected 5 min before clobenpropit treatments.
As shown in Fig. 2A—C, immepip at doses of 5 and 10 pg
significantly reversed the decrease of seizure stage induced
by clobenpropit (P<0.05). The latency to the onset of
myoclonic jerks and clonic generalized seizures was also
markedly prolonged by immepip at a dose of 10 pg
(P<0.05).

3.3. Effect of clobenpropit in combination with histidine on
pentylenetetrazole-induced kindled seizures in rats

In addition, as shown in Table 1, clobenpropit and histi-
dine were used 30 min and 2.5 h before pentylenetetrazole
(35 mg/kg) treatments, respectively. Clobenpropit (5 pg)
significantly decreased the seizure stage when combined
treatment with histidine (100 and 200 mg/kg) (P <0.05), at
a dose without appreciable protective effect when given
alone. In addition, clobenpropit (5 pg) markedly prolonged
the latency to the onset of myoclonic jerks when given in
combination with histidine (P <0.05).

3.4. Effect of o-FMH on the protective action induced by
clobenpropit (20 ng) on pentylenetetrazole-induced kindled
seizures in rats

I.c.v. treatment with a-FMH, a selective and irreversible
histidine decarboxylase inhibitor, reversed the cloben-
propit-induced anticonvulsive effect in a dose-dependent

manner (Fig. 3A—C). Clobenpropit and a-FMH were used
30 min and 2 h before pentylenetetrazole (35 mg/kg)
treatments, respectively. a-FMH at a dose of 50 pg
significantly reversed the decrease of seizure stage induced
by clobenpropit (P <0.05). In addition, a tendency to shor-
ten the latency to the onset of myoclonic jerks and clonic
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Fig. 3. Effects of a-FMH on the protective action induced by clobenpropit
(20 pg, i.c.v.) on pentylenetetrazole-kindled seizures in rats. Clobenpropit
and a-FMH were injected 30 min and 2 h before pentylenetetrazole (35 mg/
kg) treatments, respectively. Each value was expressed as the mean + S.E.M.
for 12—15 rats. "P<0.05 vs. pentylenetetrazole + clobenpropit (20 pg)-
treated group. ¥*P<0.05 vs. pentylenetetrazole + saline-treated group.
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generalized seizures was observed, although it was not
significant.

3.5. Effects of pyrilamine and cimetidine on the protective
action of clobenpropit (20 ug) on pentylenetetrazole-
induced kindled seizures in rats

The histamine H; receptor antagonist, pyrilamine, and H,
receptor antagonist, cimetidine, were injected 5 min before
clobenpropit treatments. I.c.v. treatment with pyrilamine
dose-dependently inhibited the protective action of cloben-
propit. A significant effect was observed at doses of 2 and 5
pg (P<0.05) (Fig. 4). On the other hand, cimetidine did not
appreciably change any of the seizure types, even at a high
dose of 5 ng.

4. Discussion

It is generally known that histamine Hj; receptors
regulate the release and synthesis of neuronal histamine,
and clobenpropit, which is considered as a potent and
selective histamine Hj3 receptor antagonist (Leurs et al.,
1998; Barnes et al., 1993), can activate the central
histaminergic system increasing histamine release from
nerve terminals (Jansen et al., 1998). In the present study,
it was found that clobenpropit significantly inhibited the
pentylenetetrazole-kindled seizure stage, and prolonged
the latency to the onset of myoclonic jerks and clonic
generalized seizures in a dose-dependent manner. In
addition, the clobenpropit-induced antiseizure action was
reversed by immepip, a selective histamine Hs receptor
agonist, at a dose with no apparent effect on pentylencte-

trazole-induced chronic kindled seizure when given alone.
This observation demonstrated that the effects of cloben-
propit are mediated through the autoreceptors located on
histaminergic neurons, i.e. the histamine Hj; receptors.
Results of some other investigations were consistent with
our findings. Fischer and Van der Goot (1998) found that
clobenpropit dose-dependently raised the electroconvulsive
threshold for tonic seizures, and this protective action was
reduced by immepip. Clobenpropit could significantly and
dose-dependently decrease the duration of the electrically
induced convulsive phase in mice (Yokoyama et al.,
1994b). We have also recently reported that clobenpropit
protected against pentylenetetrazole-induced chronic sei-
zure development in rats (Zhang et al., 2003). Our data
yielded the preliminary results that clobenpropit had a
protective effect on pentylenetetrazole-induced chronic
kindled seizure. Similar results have also been reported
for amygdaloid kindled seizures in rats (Kakinoki et al.,
1998). Therefore, one can presume that clobenpropit
might play an important role in both prevention and
treatment in epilepsy.

We previously reported that histidine (500 and 1000
mg/kg), the precursor amino acid of histamine, had a
protective effect against pentylenetetrazole-induced seizure
development and kindled seizures in a dose-dependent
manner, and its action was reversed by a-FMH (Chen et
al., 2002; Zhang et al., 2003). In the present study, we
were interested to find that clobenpropit could markedly
potentiate the histidine (100 and 200 mg/kg)-induced
inhibition of pentylenetetrazole-kindled seizures, at doses
which had no apparent effects when given alone. Cloben-
propit can enhance the synthesis and release of endoge-
nous histamine from nerve terminals by blocking
autoinhibitory presynaptic histamine Hj3 receptors (Leurs
et al., 1998; Schwartz et al., 1991; Zhang et al., 2003).
Histidine was reported to potentiate the histamine release
induced by histamine Hj; receptor antagonists (such as
thioperamide), and there is evidence for a good correla-
tion between epileptogenic activity and brain histamine
levels (Itoh et al., 1991; Onodera and Miyazaki, 1999).
These findings provide more evidence that the protection
of clobenpropit against pentylenetetrazole-kindled seizures
was due to an increase in histamine synthesis and release
from histaminergic nerve terminals. In addition, it is
interesting to observe that a-FMH reversed the cloben-
propit-induced effects at doses which had no apparent
effects when given alone. This result suggests that a
decrease in histamine synthesis induced by a-FMH might
reduce the presynaptic histamine release stimulated by the
treatment with clobenpropit.

On the other hand, histamine Hj3 receptors are now
considered as heteroreceptors in addition to autoreceptors
in both central nervous system and peripheral nervous
system, regulating the release of a wide variety of various
other neurotransmitters including GABA which is recog-
nized as an important inhibitory neurotransmitter (Fink et
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al., 1990; Schlicker et al., 1988; Schlicker et al., 1993;
Vohora et al., 2001). It is thought that the convulsant
properties of pentylenetetrazole are mainly due to an
impairment of GABAergic neurotransmission (Frey et
al., 1979; Croucher et al., 1983). Therefore, the possible
role of GABA in the observed effects cannot be ignored.
In addition, there is a close relationship between hista-
mine and GABA. For example, Ericson et al. (1991)
found that neurons of the histaminergic tuberomammillary
nucleus contain the neurotransmitter GABA, and that the
GABA brain content of ICR mice was decreased to 85%
of the control level 12 h after a-FMH administration
(Sakai et al., 1996). Vohora et al. (2001) have recently
reported that GABAergic mechanisms are involved in the
protection against seizures induced by the histamine Hj
receptor antagonist, thioperamide. We also found that
bicuculline reversed the protective action of clobenpropit
(data not shown). Similar results described were when we
reported that certain GABAergic drugs such as diazepam,
sodium valproate and muscimol significantly potentiated
the inhibition of amygdaloid kindled seizures induced by
clobenpropit (Ishizawa et al., 2000). Therefore, it is likely
that the protection by clobenpropit against pentylenetetra-
zole-kindled seizures is at least in part mediated by active
GABAergic neurotransmission. Further studies are needed
to investigate the role of GABAergic mechanism in the
protection by clobenpropit against kindled seizures.

The protective effect of clobenpropit was reversed by
the histamine H; receptor antagonist, pyrilamine, but not
by the histamine H, receptor antagonist, cimetidine. These
data are consistent with results of studies showing, e.g.
that histamine H; receptor antagonists including diphen-
hydramine, pyrilamine, and ketotifen accelerate the devel-
opment of the process of amygdaloid kindling in rats, and
promote convulsive effects on acute electroconvulsive
seizure in mice (Yokoyama et al., 1996). In addition, 2-
thiazolylethylamine, a selective histamine H; receptor
agonist, decreases seizure susceptibility in mice (Yokoyama
et al., 1994a).

In conclusion, our data suggest that clobenpropit enhances
histamine release from histaminergic presynaptic terminals,
and that the released histamine depresses pentylenetetrazole-
kindled seizures via activation of histamine H; receptors.
Clinical data show that long-term epilepsy, or taking anti-
epileptic drugs over time, can result in cognitive deficits (e.g.
memory or attention problems, especially in children), and
other mental side-effects, such as depression (especially in
the elderly), vigilance, abnormalities of psychomotor speed,
somnolence, asthenia, dizziness, etc. (Kwan and Brodie,
2001). On the other hand, histamine Hj antagonists, like
clobenpropit, have been demonstrated to ameliorate learning
and memory in several cognition-deficit animal models
(Chen, 2000; Miyazaki et al., 1997). Besides, recent studies
have shown that histamine Hj receptor antagonists also have
antidepressive effects (Perez-Garcia et al., 1999; Ito, 2000).
Therefore, histamine Hj receptor antagonists might prove to

be useful antiepileptic drugs or adjuncts to existing antiepi-
leptic drug therapy.

Acknowledgements

This project was supported by the National Natural
Science Foundation of China (No. 30000019), partly
supported by the Scientific Research Foundations for
Returned Overseas Chinese Scholars. We thank Prof. C.
Kamei (Okayama University) for his valuable suggestion
regarding this study.

References

Barnes, J.C., Brown, J.D., Clarke, N.P., Clapham, J., Evans, D.J.,
O’Shaughnessy, C.T., 1993. Pharmacological activity of VUF 9153,
an isothiourea histamine Hj3 receptor antagonist. Eur. J. Pharmacol.
250, 147-152.

Chen, Z., 2000. Effect of histamine Hs-receptor antagonist clobenpropit on
spatial memory of radial maze performance in rats. Acta Pharmacol.
Sin. 21, 905-910.

Chen, Z., Sugimoto, Y., Kamei, C., 1999. Effects of intracerebroventricular
injection of alpha-fluoromethylhistidine on radial maze performance in
rats. Pharmacol. Biochem. Behav. 64, 513—-518.

Chen, Z., Li, W.D., Zhu, L.J., Shen, Y.J., Wei, E.Q., 2002. Effects of
histidine, a precusor of histamine, on pentylenetetrazole-induced seiz-
ures in rats. Acta Pharmacol. Sin. 23, 361-366.

Chen, Z., Li, Z.Y., Sakurai, E., Mobaraku, J.T., Otsue, H., Watanabe, T.,
Watanabe, T., linuma, K., Yanai, K., 2003. Chemical kindling induced
by pentylenetetrazol in histamine H; receptor gene knockout mice
(H;KO), histidine decarboxylase-deficient mice (HDC~’/7) and mast
cell-deficient W/W" mice. Brain Res. 968, 162—166.

Croucher, M.J., Meldrum, B.S., Krogsgaard-Larsen, P., 1983. Anticonvul-
sant activity of GABA uptake inhibitors and their prodrugs following
central or systemic administration. Eur. J. Pharmacol. 89, 217-228.

Ericson, H., Kohler, C., Blomqvist, A., 1991. GABA-like immunoreactiv-
ity in the tuberomammillary nucleus: an electron microscopic study in
the rat. J. Comp. Neurol. 305, 462—469.

Fink, K., Schlicker, E., Neise, A., Gothert, M., 1990. Involvement of
presynaptic Hj receptors in the inhibitory effect of histamine on sero-
tonin release in the rat brain cortex. Naunyn-Schmiedeberg’s Arch.
Pharmacol. 342, 513-519.

Fischer, W., Van der Goot, H., 1998. Effect of clobenpropit, a centrally
acting histamine Hj-receptor antagonist, on electroshock- and pentyle-
netetrazol-induced seizures in mice. J. Neural Transm. 105, 587-599.

Frey, H.H., Popp, C., Loscher, W., 1979. Influence of inhibitors of the
high affinity GABA uptake on seizure thresholds in mice. Neuro-
pharmacology 18, 581—-590.

Gantner, F., Sakai, K., Tusche, M.W., Cruikshank, W.W., Center, D.M.,
Bacon, K.B., 2002. Histamine H(4) and H(2) receptors control hista-
mine-induced interleukin-16 release from human CDS8(+) T cells.
J. Pharmacol. Exp. Ther. 303, 300—307.

Ishizawa, K., Chen, Z., Okuma, C., Sugimoto, Y., Fujii, Y., Kamei, C.,
2000. Participation of GABAergic and histaminergic systems in inhib-
iting amygdaloid kindled seizures. Jpn. J. Pharmacol. 82, 48—53.

Ito, C., 2000. The role of brain histamine in acute and chronic stresses.
Biomed. Pharmacother. 54, 263 -267.

Itoh, Y., Oishi, R., Nishibori, M., Saeki, K., 1991. Characterization of
histamine release from the rat hypothalamus as measured by in vivo
microdialysis. J. Neurochem. 56, 769—774.

Jansen, F.P., Mochizuki, T., Yamamoto, Y., Timmerman, H., Yamatodani,
A., 1998. In vivo modulation of rat hypothalamic histamine release by



L. Zhang et al. / European Journal of Pharmacology 482 (2003) 169—175 175

the histamine Hj receptor ligands, immepip and clobenpropit. Effects of
intrahypothalamic and peripheral application. Eur. J. Pharmacol. 362,
149-155.

Kakinoki, H., Ishizawa, K., Fukunaga, M., Fujii, Y., Kamei, C., 1998. The
effects of histamine Hj-receptor antagonists on amygdaloid kindled
seizures in rats. Brain Res. Bull. 46, 461—465.

Kamei, C., Ishizawa, K., Kakinoki, H., Fukunaga, M., 1998. Histami-
nergic mechanisms in amygdaloid-kindled seizures in rats. Epilepsy
Res. 30, 187—194.

Kiviranta, T., Tuomisto, L., Airaksinen, E.M., 1995. Histamine in cerebro-
spinal fluid of children with febrile convulsions. Epilepsia 36, 276—280.

Kwan, P., Brodie, M.J., 2001. Neuropsychological effects of epilepsy and
antiepileptic drugs. Lancet 357, 216—222.

Leurs, R., Blandina, P., Tedford, C., Timmerman, H., 1998. Therapeutic
potential of histamine H; receptor agonists and antagonists. Trends
Pharmacol. Sci. 19, 177—-183.

Miyazaki, S., Onodera, K., Imaizumi, M., Timmerman, H., 1997. Effects of
clobenpropit (VUF-9153), a histamine Hz-receptor antagonist, on learn-
ing and memory, and on cholinergic and monoaminergic systems in
mice. Life Sci. 61, 355-361.

Onodera, K., Miyazaki, S., 1999. The roles of histamine Hj receptors in the
behavioral disorders and neuropsychopharmacological aspects of its
ligands in the brain. Nippon Yakurigaku Zasshi 114, 89—106.

Passani, M.B., Bacciottini, L., Mannaioni, P.F., Blandina, P., 2000. Cen-
tral histaminergic system and cognition. Neurosci. Biobehav. Rev. 24,
107—-113.

Perez-Garcia, C., Morales, L., Cano, M.V, Sancho, 1., Alguacil, L.F., 1999.
Effects of histamine H; receptor ligands in experimental models of
anxiety and depression. Psychopharmacology (Berl) 142, 215-220.

Sakai, N., Sakurai, E., Onodera, K., Sakurai, E., Asada, H., Miura, Y.,
Watanabe, T., 1996. Long-term depletion of brain histamine induced
by alpha-fluoromethylhistidine increases feeding-associated locomotor
activity in mice with a modulation of brain amino acid levels. Behav.
Brain Res. 72, 83-88.

Sakai, N., Sakurai, E., Sakurai, E., Yanai, K., Mirua, Y., Watanabe, T.,
1998. Depletion of brain histamine induced by alpha-fluoromethylhis-
tidine enhances radial maze performance in rats with modulation of
brain amino acid levels. Life Sci. 62, 989—-994.

Scherkl, R., Hashem, A., Frey, H.H., 1991. Histamine in brain—its role in
regulation of seizure susceptibility. Epilepsy Res. 10, 111-118.

Schlicker, E., Betz, R., Gothert, M., 1988. Histamine H; receptor-mediated
inhibition of serotonin release in the rat brain cortex. Naunyn-Schmie-
deberg’s Arch. Pharmacol. 337, 588—590.

Schlicker, E., Fink, K., Detzner, M., Gothert, M., 1993. Histamine inhibits
dopamine release in the mouse striatum via presynaptic H; receptors.
J. Neural. Transm. Gen. Sect. 93, 1-10.

Schwartz, J.C., Arrang, J.M., Garbarg, M., Pollard, H., Ruat, M., 1991.
Histaminergic transmission in the mammalian brain. Physiol. Rev. 71,
1-51.

Sturman, G., Freeman, P., Meade, H.M., Seeley, N.A., 1994. Modulation of
the intracellular and H;-histamine receptors and chemically-induced
seizures in mice. Agents Actions 41, 68—69.

Toyota, H., Ito, C., Ohsawa, M., Sakurai, E., Sato, M., Watanabe, T., 1998.
Decreased central histamine in the amygdaloid kindling rats. Brain Res.
802, 241-246.

Vohora, D., Pal, S.N., Pillai, K.K., 2001. Histamine and selective Hs-re-
ceptor ligands: a possible role in the mechanism and management of
epilepsy. Pharmacol. Biochem. Behav. 68, 735—741.

Wada, Y., Shiraishi, J., Nakamura, M., Koshino, Y., 1996. Biphasic action
of the histamine precursor L-histidine in the rat kindling model of
epilepsy. Neurosci. Lett. 204, 205—208.

Yokoyama, H., Onodera, K., Maeyama, K., Yanai, K., linuma, K., Tuo-
misto, L., Watanabe, T., 1992. Histamine levels and clonic convulsions
of electrically-induced seizure in mice: the effects of alpha-fluorome-
thylhistidine and metoprine. Naunyn-Schmiedeberg’s Arch. Pharmacol.
346, 40—45.

Yokoyama, H., Onodera, K., linuma, K., Watanabe, T., 1994a. 2-Thiazo-
lylethylamine, a selective histamine H; agonist, decreases seizure sus-
ceptibility in mice. Pharmacol. Biochem. Behav. 47, 503—-507.

Yokoyama, H., Onodera, K., Maeyama, K., Sakurai, E., linuma, K., Leurs,
R., Timmerman, H., Watanabe, T., 1994b. Clobenpropit (VUF-9153), a
new histamine Hj receptor antagonist, inhibits electrically induced con-
vulsions in mice. Eur. J. Pharmacol. 260, 23 -28.

Yokoyama, H., Sato, M., linuma, K., Onodera, K., Watanabe, T., 1996.
Centrally acting histamine H; antagonists promote the development of
amygdala kindling in rats. Neurosci. Lett. 217, 194—-196.

Zhang, L.S., Chen, Z., Huang, Y.W., Hu, W.W., Wei, E.Q., Yanai, K., 2003.
Effects of endogenous histamine on seizure development of pentylene-
tetrazole-induced kindling in rats. Pharmacology 69, 27—32.



	Effects of clobenpropit on pentylenetetrazole-kindled seizures in rats
	Introduction
	Materials and methods
	Animals
	Surgical procedure
	Chemical kindling procedure
	Drugs
	Statistical analysis

	Results
	Effect of clobenpropit on pentylenetetrazole-kindled seizures in rats
	Effect of immepip on the protective action induced by clobenpropit (20 mug) on pentylenetetrazole-kindled seizures in rats
	Effect of clobenpropit in combination with histidine on pentylenetetrazole-induced kindled seizures in rats
	Effect of alpha-FMH on the protective action induced by clobenpropit (20 mug) on pentylenetetrazole-induced kindled seizures in rats
	Effects of pyrilamine and cimetidine on the protective action of clobenpropit (20 mug) on pentylenetetrazole-induced kindled seizures in rats

	Discussion
	Acknowledgements
	References


