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Abstract:

Caffeine has been reported to be proconvulsant and to reduce the anticonvulsant efficacy of a variety of antiepileptic drugs (carba-
mazepine, phenobarbital, phenytoin, valproate and topiramate) in animal models of epilepsy and to increase seizure frequency in pa-
tients with epilepsy. Using the mouse maximal electroshock model, the present study was undertaken so as to ascertain whether
caffeine affects the anticonvulsant efficacy of the new antiepileptic drugs lamotrigine, oxcarbazepine and tiagabine.
The results indicate that neither acute nor chronic caffeine administration (up to 46.2 mg/kg) affected the ED�� values of oxcar-
bazepine or lamotrigine against maximal electroshock. Similarly, caffeine did not modify the tiagabine electroconvulsive threshold.
Furthermore, caffeine had no effect on oxcarbazepine, lamotrigine and tiagabine associated adverse effects such as impairment of
motor coordination (measured by the chimney test) or long-term memory (measured by the passive avoidance task). Concurrent
plasma concentration measurements revealed no significant effect on lamotrigine and oxcarbazepine concentrations. For tiagabine,
however, chronic caffeine (4 mg/kg) administration was associated with an increase in tiagabine concentrations.
In conclusion, caffeine did not impair the anticonvulsant effects of lamotrigine, oxcarbazepine, or tiagabine as assessed by electro-
convulsions in mice. Also, caffeine was without effect upon the adverse potential of the studied antiepileptic drugs. Thus caffeine
may not necessarily adversely affect the efficacy of all antiepileptic drugs and this is an important observation.
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Abbreviations: AEDs – antiepileptic drugs, CAF – caffeine,
CS�� – median current strength, ED�� – median effective dose,
LTG – lamotrigine, MES – maximal electroshock, OXC – ox-
carbazepine, TD�� – median toxic dose, TGB – tiagabine

Introduction

Caffeine, a methylxanthine derivative, is probably the
most consumed psychoactive substance in the world
and it is estimated that in developed countries ~90%
of people ingest caffeine on a daily basis [17]. Almost
all caffeine originates from dietary sources with cof-
fee, tea and chocolate being the most popular [1, 30].
Caffeine has been reported not only to be proconvul-
sant in animal models of epilepsy induced by chemi-
cal convulsants [8, 9, 16] but also to increase seizure
frequency in patients with epilepsy [4, 21]. The mecha-
nism of these effects is not known but may relate to
the action of caffeine on adenosine A1 and A2A recep-
tors [17]. However, neither acute (up to 92.4 mg/kg)
nor chronic caffeine (up to 46.2 mg/kg) administra-
tion has been shown to affect the threshold for elec-
troconvulsions in mice [11, 18, 19]. Only tea extracts
have been documented to increase seizure duration
and mortality after electroconvulsions in mice [20].
Clinical data indicate that caffeine may prolong sei-
zure duration in patients undergoing electroconvul-
sive therapy although the convulsive threshold was
not affected [29].

Caffeine has also been documented to interact with
antiepileptic drugs (AEDs) and to reduce their anti-
convulsant effect in various seizure models. For exam-
ple, caffeine when administered acutely (11.55–92.4
mg/kg, which is an equivalent to 12.5–100 mg of
aminophylline) impairs the protective activity of car-
bamazepine, phenobarbital, phenytoin, and valproate
against electroconvulsions in mice [14]. Furthermore,
when caffeine (23.1–46.2 mg/kg) was administered
daily over a two week period, no tolerance to this un-
desirable interaction occurred and the anticonvulsant
action of carbamazepine, phenobarbital, phenytoin,
and valproate was still compromised [18, 19]. It is
noteworthy that with regards to valproate and pheno-
barbital, the attenuation of their anticonvulsant action
by caffeine was actually greater during chronic ad-
ministration when compared to single-dose acute ad-
ministration [18].

Because caffeine may compromise the effective-
ness of AED therapy in patients with epilepsy [21],
the present study was undertaken to ascertain whether
caffeine attenuates the anticonvulsant effect of some
of the newer AEDs: oxcarbazepine (OXC), lamotrig-
ine (LTG), and tiagabine (TGB). The mouse maximal
electroshock (MES)-induced seizure model was used
and adverse effects were ascertained by measurement
of long-term memory (the step-through passive avoid-
ance task) and motor coordination (chimney test). Fi-
nally, total plasma AED concentrations were also
measured to determine any pharmacokinetic contribu-
tion to the observed effects.

Materials and Methods

Animals

The experiments were conducted on male Swiss mice,
weighing 22–27 g. Experimental groups, consisting of
8–10 animals, were chosen randomly. The animals
were housed in colony cages, under standard labora-
tory conditions, with free access to food (chow pel-
lets, Bacutil, Motycz, Poland) and tap water. All mice
were maintained at an ambient temperature of 20 ± 1°C
and on the natural light-dark cycle. All the procedures
undertaken in this study were approved by the Bio-
ethical Committee at the Medical University of Lublin.

Drugs

The following AEDs were used in this study using
marketed tablet formulations: lamotrigine (LTG;
Lamictal, Glaxo Wellcome, Kent, Great Britain), ti-
agabine (TGB; Gabitril, Sanofi Winthrop, Gentilly,
France), and oxcarbazepine (OXC, Trileptal, Novartis
Pharma, Basel, Switzerland). All drugs were sus-
pended in a 1% solution of Tween 80 (Sigma, St.
Louis, MO, USA). Caffeine (Coffeinum Natrium ben-
zoicum, Pliva, Kraków, Poland) was available in
a sterile saline solution, which was subsequently
made up to the appropriate volume with saline and ad-
ministered ip. All drug doses refer to their free forms.
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Experimental schedule

Caffeine or saline were administered to the mice by ip

injected on a twice a day (at 7.00 a.m. and 7.00 p.m)
basis as follows:
Group 1: control group – saline administered for 14
days followed by a final injection on day 15..

Group 2: acute caffeine group – saline administered
for 14 days followed by a single dose of caffeine on
day 15.
Group 3: chronic caffeine group – caffeine adminis-
tered for 14 days followed by a final dose of caffeine
on day 15.

On day 15th, mice from all groups were also ad-
ministered with LTG, TGB (4 and 6 mg/kg) or OXC.
At least four different doses of LTG and OXC were
administered so as to enable calculation of their re-
spective ED50 or TD50 values in the MES and chim-
ney tests. LTG was administered at 60 min, TGB at 15
min and OXC at 30 min prior to induction of electro-
convulsions. Caffeine was administered 30 min be-
fore the tests. Caffeine doses were 23.1 and 46.2
mg/kg and were based on doses previously studied
[18, 19]. Dose ranges for LTG and OXC were taken
from £uszczki and Czuczwar [24] and doses of TGB
from £uszczki et al. [26]. Treatment times to provide
maximum anticonvulsant effects were based on previ-
ous studies [24, 26].

Maximal electroshock test (MES)

Electroconvulsions were produced with the use of
auricular electrodes and alternating current (50 Hz; 25
mA) delivered by a Hugo Sachs generator (rodent
Shocker, type 221, Freiburg, Germany). The stimulus
duration was 0.2 s. The end point was the tonic exten-
sion of the hind limbs. The protective efficacy of
OXC and LTG was determined as their ability to pro-
tect 50% of mice against the MES-induced tonic hind
limb extension and expressed as their respective me-
dian effective dose (ED50) values.

Determination of the convulsive threshold

Because TGB is not fully effective in the mouse MES
test, its effect on the threshold for electroconvulsions
was estimated. Electroconvulsions were induced by
an alternating current (50 Hz) delivered via ear-clip
electrodes, by a Hugo Sachs generator. The experi-
mental groups were challenged with electroshocks of

various intensities and a duration of 0.2 s. The current
intensity applied in the control group oscillated be-
tween 5 and 8 mA, and in the TGB group between 6
and 8 mA. Tonic hind limb extension was taken as the
criterion for the occurrence of seizure activity. From
the current intensity-effect curve the convulsive
threshold as CS50 values (50% current strength) was
determined. Each CS50 value represents the current
strength (mA) necessary to induce tonic hind limb ex-
tension in 50% of the animals tested.

Chimney test

The effects of OXC, LTG and TGB alone or in combi-
nation with caffeine on motor performance were
quantified with the chimney test of Boissier et al. [3].
In this test, animals had to climb backwards up a plas-
tic tube (25-cm length, 3-cm inner diameter) with a
rough inner surface. Motor impairment was indicated
by the inability of the animals to perform the test
within 60 s. Results were expressed as a percentage of
mice unable to perform this test. The neurotoxic ef-
fects of these AEDs were expressed as their TD50 val-
ues, representing the doses at which the AEDs im-
paired motor coordination in 50% of the animals.

Passive avoidance task

According to Venault et al. [33] the step-through pas-
sive avoidance task may be regarded as a measure of
long-term memory acquisition. The animals were
placed separately in an illuminated box (10 × 13 × 15
cm), connected to a larger (25 × 20 × 15 cm) dark
compartment equipped with an electric grid floor. The
entry into the dark compartment was punished by an
electric footshock (0.6 mA for 2 s; facilitation of ac-
quisition).

On the first day of the test, the animals (following
administration of AEDs alone or in combination with
caffeine) were placed separately in the illuminated
box and those that would not enter the dark compart-
ment within 180 s were excluded from the study. On
the following day (24 h later), the same animals
(without any drug administration) were again placed
in the illuminated box. Animals avoiding the dark
compartment for longer than 180 s were regarded as
remembering the task.
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Plasma TGB, LTG and OXC concentrations

Total plasma concentrations of TGB, OXC and LTG
were determined by high-pressure liquid chromatog-
raphy at the peak of the anticonvulsant activity of
each AED. For LTG and OXC the method described
by Borowicz et al. [5] and £uszczki and Czuczwar
[24], respectively, was used. For TGB the method de-
scribed by Wang et al. [34] was used.

Statistical analysis

The CS50 and ED50 values were calculated by probit
analysis, according to Litchfield and Wilcoxon [23]
and evaluated statistically according to £uszczki and
Czuczwar [25].

The chimney test data were compared by using
Fischer’s exact probability test. The passive avoid-
ance task data were calculated as medians with 25 and
75 percentiles. The Kruskal-Wallis test (non-parametric
ANOVA) followed by the subsequent Dunn’s test
were applied for statistical evaluation of medians and
plasma concentrations of AEDs.

Results

Acute or chronic caffeine and the convulsive

threshold for electroconvulsions

Neither acute nor chronic caffeine administration, up
to 46.2 mg/kg, affected the convulsive threshold. Its
control value of 6.4 mA ranged insignificantly from
6.2 to 7.4 mA (results not shown).

Influence of caffeine upon the protective activ-

ity of LTG and OXC against MES

Caffeine (up to 46.2 mg/kg) administered acutely or
chronically was without effect on the protective ef-
fects of LTG against MES. The ED50 values for LTG
ranged 7.4–7.6 mg/kg (for chronic caffeine admini-
stration) and the control ED50 for LTG was 7.5 mg/kg
(Tab. 1). Similarly, caffeine administered either
acutely or chronically, was without effect upon the an-
ticonvulsant activity of OXC in the MES test (Tab. 1).

Effect of caffeine on the protective activity of

TGB against electroconvulsions

Whilst TGB (4 mg/kg) raised the convulsive thresh-
old for electroconvulsions from 4.9 (4.4–5.5) to 6.1
(5.4–6.9) mA, the effect was not statistically signifi-
cant. In contrast, 6 mg/kg TGB was associated with
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Tab. 1. Effect of acute and chronic caffeine (CAF) administration on
the protective action of oxcarbazepine (OXC) and lamotrigine (LTG)
against maximal electroshock-induced convulsions

Treatment (mg/kg) ED�� (mg/kg)
OXC

ED�� (mg/kg)
LTG

Vehicle 13 (12.2–13.9) 7.5 (6.1–9.2)

CAF (23.1 acute) 15.6 (14.2–17) 8.2 (7–9.6)

CAF (23.1 chronic) 14.2 (13.1–15.4) 7.6 (6.4–9)

CAF (46.2 acute) 15.3 (14.1–16) 8.2 (7–9.6)

CAF (46.2 chronic) 14.5 (13–16.2) 7.4 (5.8–9.5)

Values in parenthesis indicate 95% confidence intervals. OXC was
administered at 60 min; LTG and CAF at 30 min prior to the test. Sta-
tistical analysis was performed according to £uszczki and Czuczwar
[25]

Tab. 2. Effect of acute and chronic administration of caffeine (CAF) on tiagabine (TGB) associated threshold for electroconvulsions

Treatment (mg/kg) Control CAF (mg/kg)

Acute Chronic

0 23.1 46.2 23.1 46.2

TGB (4) 4.9 (4.4–5.5) 6.1 (5.3–7.0) 6.9 (6.0–8.0) 6.7 (6.0–7.5) 6.9 (6.0–8.0) 6.4 (5.6–7.3)

TGB (6) 4.9 (4.4–5.5) 6.4 (5.7–7.2)� 6.2 (5.5–7.0) 6.0 (5.3–6.8) 6.3 (5.4–7.4) 6.1 (5.3–7.0)

Data are CS�� values in mA (with 95% confidence intervals in parentheses). Control animals received saline and a 1% solution of Tween 80.
TGB was administered at 15 min and CAF at 30 min before the electroconvulsive test. Statistical comparisons were made according to £uszcz-
ki and Czuczwar [25]. * p < 0.05 vs control group



a significant increase (p < 0.05) in threshold to 6.4
(5.7–7.2) mA (Tab. 2). Regardless, however, neither
acute or chronic caffeine (up to 46.2 mg/kg) administration
was associated with an effect on TGB (4 or 6 mg/kg)
associated electroconvulsive threshold effects (Tab. 2).

Effect of AEDs singly and in combination with

caffeine on motor performance in the chimney

test

Both, acute and chronic caffeine (up to 46.2 mg/kg)
administered alone was without significant effect on
the performance of mice in the chimney test. Chronic
caffeine disturbed motor coordination in 1 out of 10
mice, whilst acute caffeine was without effect (results
not shown). Interestingly, it has been previously re-
ported that acute caffeine (92.4 mg/kg) impaired only
10% of mice in the chimney test [27].

Neither acute nor chronic caffeine (up to 46.2 mg/kg)
administration affected the neurotoxic effects of the
studied AEDs, evaluated in the chimney test. Thus
TD50 values of the AEDs administered alone for the
impairment of motor coordination did not differ sig-
nificantly from values obtained in the presence of caf-
feine (Tab. 3).

Effect of AEDs singly and in combination with

caffeine on the passive avoidance task test

Acute and chronic caffeine alone (up to 46.2 mg/kg)
did not significantly shorten the retention time which
was 180 s (26, 180; chronic caffeine at 23.1 mg/kg)
and 125 s (23, 180) for chronic caffeine at 46.2 mg/kg.
All vehicle-treated animals did not enter the dark
compartment within 180 s. Similarly, as in the chim-

ney test, caffeine (up to 46.2 mg/kg) given acutely or
chronically with AEDs, did not significantly affect the
performance of mice in the passive avoidance task.
A tendency to reduce the retention time as compared
to the vehicle group was observed in the case of OXC
(14.5 mg/kg) for both acute and chronic caffeine
(46.2 mg/kg) administration – the respective retention
times were 90 s (33, 180) and 120 s (20, 180). Simi-
larly, 120 s (49, 180) was observed for LTG (7.4 mg/kg)
+ chronic caffeine (46.2 mg/kg). The combination of
TGB (4 mg/kg) with chronic caffeine (46.2 mg/kg) re-
sulted in a retention time of 100 s (51, 180). The re-
tention times for LTG (7.4 mg/kg), OXC (14.5 mg/kg),
and TGB (4 mg/kg) were: 180 s (85, 180), 180 s (38,
180), and 180 s (90, 180), respectively. For all the
other studied combinations the mean retention times
were > 125 s.

Effect of caffeine on the plasma AED concen-

trations

LTG and OXC total plasma concentrations were unaf-
fected by acute or chronic caffeine (up to 46.2 mg/kg)
administration. In contrast, caffeine (46.2 mg/kg) ad-
ministered chronically significantly elevated TGB to-
tal plasma concentrations in the group administered 4
mg/kg TGB (Tab. 4).

Discussion

There is considerable evidence to indicate that both
acute and chronic caffeine administration can impair
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Tab. 3. Influence of acute and chronic administration of caffeine (CAF) on the neurotoxic effects of lamotrigine (LTG), oxcarbazepine (OXC)
and tiagabine (TGB) in the chimney test

CAF (mg/kg) TD
��

(mg/kg)

LTG OXC TGB

Vehicle 35 (32–38) 73.5 (65.5–82.5) 7.1 (5.3–9.5)

Acute 46.2 34 (32–38) 70 (62–79.5) 5.6 (3.8–8.2)

Chronic 23.1 28 (22–34) 67 (62–73) 4.2 (2.7–6.3)

Chronic 46.2 24 (17–33) 71 (66–78) 5.9 (5.1–6.8)

TD�� values (with 95% confidence intervals in parentheses), representing the doses at which the various antiepileptic drugs impair motor coor-
dination in 50% of the animals. Statistical evaluation of the data was undertaken according to £uszczki and Czuczwar [25]. For drug pretreat-
ment times see footnotes of Tabs. 1 and 2



the anticonvulsant activity of various classical AEDs
(carbamazepine, phenobarbital, phenytoin, valproate)
and that of the new AED topiramate, in animal mod-
els of epilepsy [7, 14, 18, 19]. Additionally, since
chronic caffeine administration (15 days, twice daily)
was associated with an even more profound effect
compared to acute administration, particularly with
regards to phenobarbital and valproate, it would sug-
gest that tolerance does not develop to caffeine’s un-
desirable effects [18]. Interestingly, caffeine (acute
and chronic administration) is associated with a sig-
nificant reduction in topiramate anticonvulsant activ-
ity in the mouse MES-induced convulsions model [7],
even though topiramate has multiple mechanisms of
action. These include: enhancement of GABA-
mediated inhibition, reduction of glutamatergic neu-
rotransmission via AMPA/KA receptors, and inhibi-
tion of voltage-operated sodium and L-calcium chan-
nels [10, 31]. Valproate which also is associated with
multiple mechanisms of action (e.g. blockade of so-
dium and calcium channels, enhancement of GABA-
mediated events) [10, 31] is particularly sensitive to
the effects of caffeine administration [11, 14, 18].
Limited clinical data based on case reports confirm
these experimental findings in that seizure frequency
is reported to increase significantly in patients ingest-
ing caffeine-rich tea or coffee [2, 4, 21]. Additionally,
when such patients discontinued their caffeine inges-
tion their seizure frequency returned to pre-caffeine
levels [2, 4, 21].

From the present study, it would appear that these
effects of caffeine do not necessarily occur with all
AEDs since neither acute nor chronic caffeine ad-
ministration was associated with any significant re-
duction on the anticonvulsant effects of OXC, LTG
and TGB as ascertained in the mouse MES (OXC,

LTG) and the threshold for electroconvulsions (TGB)
tests (Tabs. 1 and 2). Additionally, caffeine co-ad-
ministration was not associated with any enhance-
ment of AED associated neurotoxicity (motor or
memory impairment) as assessed by the chimney and
passive avoidance tests, respectively.

Considering the mechanisms of action of the stud-
ied AEDs, TGB selectively elevates the concentration
of GABA in synapses via blockade of GAT-1 – an ac-
tive transporter of GABA from the synaptic cleft into
nerve endings and glial cells [10, 15]. OXC is a potent
inhibitor of voltage dependent sodium and calcium P-
and T-type channels whilst LTG is also a sodium and
calcium (N, P/Q, R, and T-type) channel blocker,
probably also inhibiting glutamate release from nerve
endings and blocking AMPA/KA glutamate receptors
[10, 22, 31]. With regards to the mechanisms of action
of those AEDs whose anticonvulsant effects were re-
duced by caffeine, they act by: blocking sodium chan-
nels (carbamazepine, phenytoin, valproate), blocking
L- and T-type calcium channels (carbamazepine, topi-
ramate, and valproate), enhancing GABA-mediated
inhibition (phenobarbital, topiramate, valproate), and
blocking AMPA/KA receptors (topiramate) [10, 15,
31]. Thus, the differences in mechanism of action be-
tween the previously studied AEDs and those AEDs
evaluated in the present study relates to blockade of
other types of calcium channels (N, P/Q, and R – OXC
and LTG) and a considerably more pronounced syn-
aptic GABA increase – TGB is much more potent
than valproate in this respect [31]. These differences
may be, in fact, responsible for the lack of an effect by
caffeine on the anticonvulsant effect of LTG and
OXC. Furthermore, with regards to TGB, a pharma-
cokinetic contribution may also be involved, since
TGB plasma concentration were significantly in-
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Tab. 4. Effect of acute or chronic caffeine (CAF) on lamotrigine (LTG), oxcarbazepine (OXC), and tiagabine (TGB) total plasma concentrations

Treatment (mg/kg) Vehicle CAF acute (46.2 mg/kg) Vehicle CAF chronic (46.2 mg/kg)

LTG (8.2) 6.0 ± 1.7 8.5 ± 3.3 ND ND

LTG (7.4) ND ND 4.9 ± 1.1 6.5 ±1.9

OXC (15.3) 5.3 ± 1.1 4.4 ± 1.2 ND ND

OXC (14.5) ND ND 4.9 ± 1.3 3.9 ± 1.2

TGB (4.0) 1.55 ± 0.11 1.58 ± 0.089 ND 2.5 ± 0.23**

Data are shown in µg/ml as the means ± SDs of at least 8 determinations. Kruskal-Wallis non-parametric ANOVA with subsequent Dunn’s test
were used. LTG and OXC were given at their respective ED��s taken from respective combinations with CAF in the maximal electroshock test.
For drug pretreatment times see footnotes of Tabs. 1 and 2. ND – not determined. ** p < 0.01 vs. TGB (4 mg/kg)-treated group



creased when caffeine was chronically administered
with TGB (4 mg/kg). In contrast, caffeine adminis-
tered acutely was without effect on the pharmacoki-
netics of TGB which would suggest that the potent
elevation by TGB of synaptic GABA concentrations
may be of importance as regards to the lack of the at-
tenuation of the anticonvulsant effect of TGB by caf-
feine.

Caffeine may exert its pharmacological effect via

release calcium ions from the endoplasmic reticulum
[28] via ryanodine receptors [6] although only at mi-
cromolar concentrations [30]. Indeed, caffeine (10 mM)
has been associated with epileptiform electrical activ-
ity in rat hippocampal slices by this mechanism [28]
and interestingly, clonazepam, carbamazepine, and
valproate reduced the epileptiform potential of caf-
feine, with clonazepam being the most potent in this
respect [28]. These data would suggest that the reduc-
tion by AEDs of caffeine-induced calcium release
from intracellular stores does not prevent their sus-
ceptibility to the adverse effect of caffeine, since the
anticonvulsant activity of these drugs was signifi-
cantly decreased by caffeine or aminophylline against
electroconvulsions [14]. However, this mechanism
(reduction of caffeine-induced calcium release from
intracellular stores) may be of importance in pentyle-
netetrazole-induced convulsions in mice because in
this seizure model caffeine even at the high dose of
92.4 mg/kg was without effect upon the anticonvul-
sant efficacy of clonazepam and valproate [27]. The
interaction of methylxanthine derivatives with AEDs
may be even more complex since acute aminophylline
at 50 mg/kg reduced the anticonvulsant action of LTG
against maximal electroshock-induced seizures in
mice [5]. However, the blockade of adenosine recep-
tors by caffeine [32] does not seem to be involved in
the interaction between the methylxanthine and clas-
sical AEDs (carbamazepine, phenobarbital, pheny-
toin, and valproate) or topiramate [for discussion see
7, 12, 14]. Also, an interaction of the nonxanthine
adenosine receptor antagonist, CGS 15943A, has re-
vealed that up to 1 mg/kg, this agent was unable to af-
fect the protective activity of carbamazepine, diaze-
pam, phenobarbital, phenytoin, and valproate against
MES in mice [13].. However, CGS 15943A (1 mg/kg)
attenuated 2-chloroadenosine and valproate-induced
reductions of locomotor activity [13]. Only at 5 mg/kg,
did the adenosine receptor antagonist moderately de-
creased the protection offered by phenytoin against
MES which may point to a partial involvement of

adenosine-mediated events in the anticonvulsant ef-
fects of this AED [13]. Acute or chronic caffeine ad-
ministration at 23.1 mg/kg (119 µmol/kg) to mice re-
sulted in the plasma concentration of the methylxan-
thine in the range of 20 µg/ml (ca 100 µmol) [18].
This indicates that the higher dose of caffeine (46.2
mg/kg) is not expected to produce millimolar plasma
concentrations of the methylxanthine. In this context,
the possibility that caffeine may reduce the protective
potential of classical AEDs or topiramate via mobili-
zation of calcium from intracellular stores or inhibiton
of phosphodiesterase activity, which require millimo-
lar caffeine concentrations [30], seems unlikely. Caf-
feine in micromolar concentrations, however, was
sufficient to reduce the anticonvulsant effects of clas-
sical AEDs [11, 18, 19] but apparently not sufficient
enough to affect the protective activity of LTG, OXC,
and TGB.

In conclusion, caffeine is a widely used stimulant
and ingestion of 2–3 cups of coffee (equivalent to a
dose of 200 mg) a day causes visible behavioral ef-
fects [30]. It is thus not unexpected that patients with
epilepsy will invariably ingest caffeine and this has
been associated by increased seizure frequency conse-
quent to a reduction in AED anticonvulsant efficacy
per se [2, 4, 21]. The data reported in the present
study would suggest that this may not necessarily be
the case for all AEDs in that the anticonvulsant effects
LTG , OXC, and TGB were not affected by caffeine
co-ingestion. However, these data need to be con-
firmed in the clinical setting.
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