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Protective effects of anticovulsant agents, N�-cyclopentyladenosine (CPA)
and flunarizine (FLN) against aminophylline (AMPH) (280 mg/kg)-induced
convulsions were tested in different groups of mice. All drugs were adminis-
tered by intraperitoneal route. CPA (2 mg/kg and 4 mg/kg) delayed the time
to onset of clonic convulsions (p < 0.05). The standard drug diazepam (DZP,
2.5 mg/kg) increased the time to onset of clonic and tonic convulsions to
a statistically significant extent (p < 0.05 and p < 0.01, respectively). The
AMPH-induced mortality (90.9%) was significantly reduced (p < 0.02) fol-
lowing the test anticonvulsants – CPA (2 mg/kg and 4 mg/kg), FLN (10
mg/kg) and the combination of CPA with FLN (though not to a significant
extent), indicating partial involvement of adenosinergic and calcium related
mechanisms, while DZP afforded maximum protection. However, none pre-
vented the mortality in mice over 24 h. The results show the lethal effects of
AMPH-induced seizures and involvement of multiple and complex neuro-
transmitter systems in this process which requires further investigation.
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INTRODUCTION

Methylxanthines, theophylline/aminophylline and
caffeine, consumed as beverages, dietary compo-
nents or as medications over centuries, are known
to have a strong convulsive potential, demonstrated
in both animal studies [7, 17, 18] and clinical prac-
tice [10, 28]. Further, use of aminophylline (AMPH)
in intensive therapy of asthma in some patients in-
duced repetitive generalized seizures (RGS), which
despite prompt treatment with combination of anti-
convulsant drugs have been reported to be fre-
quently lethal [10, 27, 28]. Therefore, the treatment
of AMPH induced seizures remains empirical.

The convulsant activity of xanthines is said to
be due to their CNS stimulant properties which are
attributed to their non-selective adenosine antago-
nistic activity [8], ability to increase intracellular
calcium concentration in the neuronal cells and to
lower brain adenosine content [6]. Such seizuro-
genic effects have been hypothesized to be medi-
ated predominantly through adenosinergic mecha-
nisms and to involve adenosine A1 receptors,
which is supported by a number of studies in a vari-
ety of animal seizure models [5, 9, 21, 22].

In the light of the above evidence, the present
study was designed to evaluate the effects of selec-
tive adenosine A1 receptor agonist, N�-cyclopentyl-
adenosine (CPA) and flunarizine (FLN), a calcium
channel blocker, individually and in combination,
on AMPH-induced seizures. The standard drug di-
azepam was also included to compare the effects.

MATERIALS and METHODS

Animals

The experimental protocol was approved by In-
stitutional Animal Ethical Committee. The experi-
ments were carried out on male albino Swiss mice,
weighing 25–35 g. The mice were housed 4 to
a colony cage, under standard laboratory conditions
(12 h light/dark cycle) with free access to food
(Hindustan Lever rat pellets) and tap water. Experi-
mental groups consisted of 10 mice each, per
drug-treated group.

Drugs

The following drugs and doses were used: amino-
phylline, for injections (ip) (AMPH) (theophylline-
2-ethylenediamine), 280 mg/kg (25 mg/ml, 10 ml

ampole, Harson Laboratories, India); N�-cyclopen-
tyladenosine (CPA), 2 and 4 mg/kg (Gorlaeus Labo-
ratories, LACDR, Leiden University, The Nether-
lands); flunarizine (FLN), 10 mg/kg [12] (Torrent
Laboratories, India); diazepam (DZP) for injections
(USPNF), 2.5 mg/kg (5 mg/ml, 2 ml ampoule, Ran-
baxy Ltd.). The time of administration for CPA was
15 min prior to challenge with AMPH and for FLN,
FLN with CPA, and DZP it was 30 min prior to
AMPH [2, 12].

CPA was dissolved in distilled water and FLN
in 10% polyethylene glycol and alcohol in saline.
AMPH in saline and DZP in benzyl alcohol were
commercial preparations for injections. Control
mice received appropriate vehicle. All drugs were
administered in a volume of 10 ml/kg with sterile
precautions. The doses of AMPH and anticonvul-
sant drugs used were previously established in our
laboratory.

Convulsive procedure

The animals were injected intraperitoneally (ip)
with AMPH at 280 mg/kg, which was previously
established to be a convulsant dose, and were sub-
sequently placed individually in perspex cages (25
× 15 × 10 cm) to facilitate easy observation of pre-
and post-drug behavior. All experiments were car-
ried out in a quiet room with an average tempera-
ture of 27 ± 2°C, between 14.30 to 16.30 h. Control
groups were tested simultaneously. Each experi-
mental session lasted for 90 min and the following
parameters were recorded: a) onset of clonic phase
(CCs) in minutes (min), b) number of animals
which exhibited CCs, c) onset of tonic convulsions
(TCs) in min, d) number of animals which exhib-
ited TCs and e) mortality – after 90 min and 24 h
form drug administration. Mice, without the onset
of CCs and/or TCs were scored 90 min as cutoff
limit.

Statistical analysis

The mean ± SD values of time to onset of CCs
and TCs in minutes (min), in the control group
treated with AMPH alone and the groups receiving
various anticonvulsant agents, were compared using
one-way ANOVA followed by Tukey’s Honestly
Significant Difference test. The mortality in the
various experimental groups was compared by
Fischer’s exact test. Protection against mortality af-
forded by the various anticonvulsants was also ex-
pressed as percentages.
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RESULTS

Aminophylline-induced convulsions

Latency to the onset of convulsions induced by
AMPH (280 mg/kg) varied from 10–25 min (mean
± SD = 16.3 ± 5.17). Mild hyperactivity accompa-
nied by twitching, in-coordination and hyperventi-
lation were observed before the onset of convul-
sions. All mice had initial clonic convulsions (CCs)
followed by tonic phase of convulsions (TCs). The
mice which developed tonic seizures invariably
died. Administration of diazepam produced no
gross behavioral changes except for the reduced
motor activity and mild sedation.

Effects of anticonvulsants on

aminophylline-induced seizures

Effects of N�-cyclopentyladenosine, flunarizine,

alone and in combination, and diazepam on clonic

convulsions (CCs)

CPA at 2 and 4 mg/kg, significantly increased
(p < 0.05) the time to onset of AMPH-induced CCs
from 16.3 ± 5.17 to 49.7 ± 34.84 min and to 54.1 ±
31.79 respectively; FLN (10 mg/kg), to 53.60 ±
33.01 min; and DZP at 2.5 mg/kg, to 87.00 ± 9.49
min (One way ANOVA, F = 10.41; df = 5, 59; p <
0.001) (Tab. 1). The combination of CPA (2 mg/kg)
and FLN (10 mg/kg), though increased the time to
onset of AMPH-induced CCs from 16.3 ± 5.17 to

26.9 ± 8.76, but the difference was not statistically
significant.

Effects of anticonvulsants on AMPH-induced
clonic and tonic convulsions are also expressed as
percentages of animals showing convulsions (Fig. 1).
Only DZP significantly reduced (p < 0.02) the num-
ber of animals exhibiting CCs during the 90 min
period.

Effects of N�-cyclopentyladenosine, flunarizine,

alone and in combination, and diazepam on tonic

convulsions (TCs)

One way ANOVA for the onset of TCs demon-
strated a significant difference between the groups
(F = 3.603; df = 5, 59, p < 0.007). The onset of TCs
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Table. 1. Effects of various anticonvulsants on seizure parameters in comparison with those following aminophylline (mean ± SD, n = 10)

Drug groups
(dose mg/kg)

Onset of clonic convulsions
(CCs) in min

Onset of tonic convulsions
(TCs) in min

Mortality in 90 min
(MOR) No. (%)

AMPH (280) 16.3 ± 5.17 38.7 ± 28.04 20/22 (90.9%)*

CPA (2) 49.7 ± 34.84� 64.5 ± 32.98 4/10� (40%)

CPA (4) 54.1 ± 31.79� 63.9 ± 29.12 5/10� (50%)

FLN (10) 53.6 ± 33.01� 69.3 ± 28.82 5/10� (50%)

FLN + CPA (10 + 2) 26.9 ± 8.76 62.2 ± 30.4 8/10 (80%)

DZP (2.5) 87.0 ± 9.49� 90.0 ± 0.0� 0/10� (0%)

F 10.41 3.603 –

df 5, 59 5, 59 –

p < 0.001 < 0.007 –

AMPH – aminophylline, CPA – N�-cyclopentyladenosine, FLN – flunarizine, DZP – diazepam, * n = 22, � significantly different
from AMPH (p < 0.05), � significantly different from AMPH (p < 0.01), � significantly different from AMPH (p < 0.02). Note: morta-
lity in 24 h was 100% in all groups

Significantly different from AMPH group (p < 0.02)
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Fig. 1. Effects of anticonvulsants on AMPH-induced clonic
convulsions (CCs) and tonic convulsions (TCs) in mice



following AMPH was 38.7 ± 28.04 min. This was
delayed following administration of anticonvulsants,
viz. CPA, 2 and 4 mg/kg, to 64.5 ± 32.98 min and
63.9 ± 29.12 min, respectively; FLN, 10 mg/kg, to
69.3 ± 28.82 min; combination of CPA and FLN
(2 mg/kg and 10 mg/kg) to 62.2 ± 30.4 min; but
these did not attain statistical significance, except
in case of group treated with DZP, 2.5 mg/kg (90.0
± 0.00, p < 0.01) (Tab. 1).

All the anticonvulsants significantly reduced
(p < 0.02) the number of animals exhibiting TCs
during the 90 min period (Fig. 1).

Effects of N�-cyclopentyladenosine, flunarizine,

alone and in combination, and diazepam on AMPH-

induced mortality

Administration of AMPH alone produced 90.9%
(20/22) mortality, while pretreatment with anticon-
vulsants, CPA (2 and 4 mg/kg), FLN (10 mg/kg)
and DZP (2.5 mg/kg) reduced the mortality to
a significant extent except the combination of CPA
with FLN during 90 min (Tab. 1). However, the
mortality in 24 h observation period was 100% in
all the groups of mice pretreated with the test anti-
convulsants including DZP.

DISCUSSION

Xanthines, the well known adenosine antago-
nists and the most widely used of all the psychoac-
tive drugs, have been demonstrated to possess a
pro-convulsant activity. Conversely, adenosine and
its analogues are claimed to have opposite effects.
It is well documented that the central nervous sys-
tem (CNS) stimulant properties of AMPH are due
to its theophylline component and that ethylenedia-
mine has no convulsive potential [3]. In addition to
non-selective antagonistic action at adenosine re-
ceptors, direct and indirect effects of AMPH on in-
tracellular calcium concentration, including inhibi-
tion of cerebral 5’-nucleotidase activity, which
leads to lowering of brain adenosine content, have
been proposed to be responsible for seizurogenic
potential of AMPH/theophylline [16].

It has been postulated that the loss of adeno-
sinergic mechanisms that normally arrest seizures
is involved as one of the critical events in transition
from a single brief seizure to protracted recurrent
episodes of status epilepticus induced by theophyl-
line and that adenosine A1 receptors are primarily
implicated in the seizurogenesis [9, 11, 14]. In our

previous experiments with AMPH (50 mg/kg ip),

prolongation of duration of cortical afterdischarges

was seen following selective A1 receptor antago-

nist 8-cyclopentyltheophylline, which was similar

to the action of aminophylline facilitating hippo-

campal afterdischarges in rats [19]. In the present

study, we investigated the protective effects of

a low dose (2 mg/kg) of the most selective and

highly potent, adenosine A1 receptor agonist, CPA

on AMPH-induced recurrent generalized seizures

(RGS). The findings reveal involvement of adeno-

sine receptor-related mechanisms, similar to those

reported by Von Lubitz et al. [24]. However, in

a study by Malhotra and Gupta [21], higher doses

of CPA (10 mg/kg) have been reported to be effec-

tive against pentetrazole-induced seizures. Though

it is difficult to explain the dose dependent protec-

tive effects of CPA, such variation in the response

could be attributed to different mechanisms in-

volved in these two models of seizure.
Influx of calcium ions into neurons has long

been proposed to be associated with seizure activ-

ity and thus studies have been carried out to inves-

tigate the anticonvulsant effects of calcium entry

blockers [12, 23]. In the present study, protective

effects of FLN, when given alone consisted in sta-

tistically significant delay in the onset of CCs,

while pretreatment with combined administration

of CPA (2 mg/kg) and FLN (10 mg/kg), afforded

marginal protection, indicating partial involvement

of these mechanisms and a possible role for in-

volvement of different types of calcium channels.
The standard drug, DZP showed maximum pro-

tection during the time of experiment (90 min)

against tonic convulsions but its protective effect

was not sustained over 24 h. There was 100% mor-

tality with all the test anticonvulsants including

DZP, a finding similar to these of Gupta and Mal-

hotra [13] and Wlaz et. al. [26], indicating the le-

thal effects of AMPH-induced RGS.
It has long been proposed that chronic exposure

of xanthines leads to up-regulation of adenosine A1

receptors, responsible for the phenomenon of “ef-

fect inversion” and is claimed to be the basis for

their effects on cognition, behavioral activity and

neuroprotection including seizure liability [14, 15].

However, it may be pointed out that the seizuro-

genic potential of xanthines seen in the animal ex-

periments [1, 17, 18] and the sporadic reports of

seizure precipitation seen with xanthines in clinical

practice [10, 20], despite acute and chronic expo-
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sure to these as beverages in daily life, appears to
remain an enigma and will need further investiga-
tions [15].

Also, the results of the present study are in
agreement with our previous findings indicating
that diazepam produced, significant prolongation
of latency to the onset of seizures and reduction in
mortality from 100% to 70% following RGS in-
duced by intravenous AMPH treatment [19]. Pro-
tection in the present study against AMPH-induced
CCs in mice pretreated with anticonvulsants during
experimental period (90 min) and 100% mortality
in 24 h observation period is similar to the results
of Czuczwar et al. [6] and Gupta and Malhotra
[13]. In addition to results supporting the view that
AMPH-induced seizures are refractory to conven-
tional anticonvulsant medications with fatal out-
come seen in studies reported thus far [10] these
findings also suggest the need to explore alterna-
tive mechanisms involved in this seizure model.

Although a number of studies have demon-
strated the anticonvulsant effects of adenosine and
its analogues in several animal models of seizures
[20], there have been only a few studies to demon-
strate the individual and combined effects of differ-
ent groups of anticonvulsants [4], including CPA
and FLN against AMPH-induced RGS. Since the
anticonvulsant drugs tested in the present study ex-
hibited limited protection, further studies would be
necessary to identify multiple and complex bio-
chemical/neurochemical mechanisms underlying
AMPH-induced RGS.
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