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Abstract:
Topiramate, an anticonvulsant, has been reported to increase the number of abstinent days and decrease craving in
alcohol-dependent individuals. However, maintaining abstinence during the therapy of addicts is a considerable problem. Therefore,
it is important to assess the interactions of ethanol with the topiramate. In this study, we have decided to examine this interaction by
using pharmaco-EEG method. The influence of topiramate on the effect of ethanol on EEG of rabbits (midbrain reticular formation,
hippocampus, frontal cortex) was tested. Topiramate was administered (per os) at a single dose (25 and 100 mg/kg) or repeatedly at
a dose of 25 mg/kg for 14 days. Ethanol was injected at a dose of 0.8 g/kg 120 min after topiramate treatment. Ethanol caused an
increase in the slow frequencies (0.5–4 Hz) in the recording, as well as a marked decrease in the fastest frequencies (13–30 and
30–45 Hz). The above changes in the EEG spectrum composition are associated with a significant depressive effect of high ethanol
doses on the central nervous system. Topiramate administered both at single and multiple doses affects EEG recordings from all the
investigated structures. The drug administered at a single dose together with ethanol demonstrated marked synergism of action.
Topiramate used at multiple doses enhanced the effect of ethanol on EEG recording from the frontal cortex and midbrain reticular
formation. The drug reduced the sensitivity of the hippocampus to the effect of ethanol, which may be associated with the
effectiveness of topiramate in the therapy of alcoholism in humans. The observed interaction is probably of pharmacodynamic
character.
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Introduction
Substances exerting their effect on various neurotransmitter systems, e.g., opioid, serotoninergic, dopaminergic, GABAergic or excitatory amino acid,
play an important role in pharmacological therapy of
alcoholism.
Among many different drugs, acamprosate, as well
as drugs blocking opioid receptors (naltrexone and
nalmefen) have been regarded as effective agents,
prolonging the periods of abstinence and reducing the
amounts of consumed alcohol [3, 12, 13, 26, 27, 38].
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Recent research suggests a role for new generation
anticonvulsants in the treatment of alcohol dependence beyond their use in withdrawal syndromes [7,
28, 41, 48]. The results concerning topiramate seem
to be especially interesting [17, 29].
Topiramate, an anticonvulsant drug normally used
in the treatment of seizure disorders, has recently
been reported to help in the treatment of several psychiatric disorders, including alcoholism [4]. Relative
to placebo, oral topiramate administration increased
the number of abstinent days in alcohol-dependent individuals who received standard medication in a dou-
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ble-blind 12-week clinical trial [25]. In the same
study, topiramate also decreased daily alcohol consumption, number of heavy drinking days, and alcohol craving. Subsequent analyses showed that topiramate increased overall well-being and quality of life
in these alcoholic subjects, while reducing alcohol dependence severity and harmful drinking consequences
[24].
However, maintaining abstinence during the therapy of addicts is a considerable problem. Therefore, it
is important to assess the interactions of alcohol with
the drugs which are or can be used in the treatment of
alcoholism. Such interactions are of certain clinical
importance because of the possibility of breaches of
abstinence both in the course of the therapy of alcoholism with these drugs, and during their use for different indications.
Studies of pharmacodynamic interactions are difficult, especially in the case of complex, multidirectional activity of the investigated agents. They are often identified by exclusion of pharmacokinetic character of the studied interaction. The results of
experimental studies are also diverse and may depend
on the selected experimental model.
Topiramate and alcohol are characterized by a complex mechanism of action in the central nervous system, influencing the same neurotransmission pathways. This is associated with a potential risk of interactions enhancing the central effect of the studied
substances.
In the present study, the pharmaco-EEG method
based on recording of bioelectrical activity of the selected rabbit brain structures was used.
The aim of the study was to assess the effect of
topiramate administered at single or multiple doses on
EEG recordings obtained from rabbits implanted with
electrodes located in various cerebral structures.

Materials and Methods
Animals and treatment

Thirty rabbits of both sexes, weighing 3.0–3.9 kg, 5
months old were used. The animals were housed in
individual cages under normal laboratory conditions
(temperature 20–22oC, under a 12h light/12 h dark cycle) and they had free access to commercial chow and

water. All experiments were performed between
10.00 a.m. and 03.00 p.m. Topiramate (Topamax,
Janssen-Cilag International N.V.) was administered
per os (po) (in the form of suspension in 1% methylcellulose solution) once at a 25 and 100 mg/kg dose or
repeatedly at a dose of 25 mg/kg for 14 days. Ethanol
was administered into the marginal ear vein by bolus
injection (iv) at a dose of 0.8 g/kg (40.13% v/v solution) 120 min after topiramate treatment. The dose of
ethanol was selected on the basis of our previous studies [32–34].
The doses of topiramate used in our study were selected on the basis of literature data concerning preclinical studies of the drug. Both single and repeated
doses used by various investigators varied, and fell
within a wide range and differed considerably in various experimental models [15, 16, 19]. For acute experiments, we selected the doses of 25 and 100 mg/kg,
used in the preclinical studies of the drug and regarded as a low and high dose.
Control rabbits received iv isotonic saline solution.
The drugs were given in the volume of 0.2 ml/kg.
All the procedures used in these experiments were
approved by the Ethics Committee of the Medical
University (£ódŸ, Poland).
Experimental procedure

Using coordinates according to Sawyer et al. [39], the
rabbits had monopolar electrodes implanted (under
chloralose 60 mg/kg and urethane 400 mg/kg anesthesia) into the following brain structures: MRF – midbrain
reticular formation (P – 8 mm, L – 3 mm, H – 15 mm),
Hp – dorsal hippocampus (P – 3 mm, L – 5 mm, H – 5 mm)
and C – frontal cortex (A – 3 mm, L – 2 mm). The
cortical electrodes were made of silver wiring with
a 0.15 mm diameter ball at the tip. The subcortical
electrodes were made of Teflon-covered steel wiring
(0.11 mm in diameter; Leico Industries New York).
Experiments were performed on the rabbits for a period of 4 weeks following the surgery.
EEG recordings were performed with 8-channel
electroencephalograph (Medicor-EEG 8S) with a time
constant set at 0.3 s and the high filter set at 60 Hz.
During the recordings, the animals remained in an observation cage (120 × 60 × 60 cm) with a transparent
roof and front and with a grid floor. The cage was located in a semi-sound-proof room. A closed-circuit
TV system recorded the animals’ behavior.
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Mean percentages of particular frequencies in total power
spectrum (%) ± SEM, n = 10. MRF  midbrain reticular formation, Hp
 dorsal hippocampus, C  frontal cortex
Tab. 1.

Frequencies

Brain structures
MRF

Hp

C

0.5–4 Hz

31.06 ± 5.11

31.38 ± 4.25

28.90 ± 5.32

4–7 Hz

33.48 ± 7.71

34.56 ± 6.25

34.59 ± 7.13

7–10 Hz

15.84 ± 2.15

15.74 ± 1.28

16.23 ± 1.84

10–13 Hz

11.26 ± 2.02

10.81 ± 2.12

11.83 ± 1.56

13–30 Hz

5.67 ± 1.91

5.28 ± 1.06

5.76 ± 1.26

30–45 Hz

2.65 ± 1.10

2.28 ± 0.44

2.67 ± 0.11

Results
The mean contribution of particular frequencies to total power spectrum (histogram) in the rabbits has been
presented in Table 1.
No changes were found in EEG recordings in rabbits given iv 0.9% NaCl (Fig. 1A). Ethanol at the
0.8 g/kg, iv dose produced changes in the EEG recordings from the frontal cortex and MRF, and fewer
significant changes in the recordings from the hippo-

Two-minute artifact-free EEG recordings (selected
by the experimenter) were taken for computer analysis. EEG samples were digitized at the rate of 128
samples/s and the Fourier transform of consecutive
4 s epochs for each channel was calculated. Each
spectrum consisted of 512 terms for a frequency range
between 0 and 45 Hz, with each term having a width
of 0.25 Hz. For further statistical analysis, the transformed data were then compressed into six frequency
bands as follows: 0.5–4 Hz (delta rhythm), 4–7 Hz
(theta rhythm), 7–10 Hz (slow alpha rhythm), 10–13 Hz
(fast alpha rhythm), 13–30 Hz (slow beta rhythm) and
30–45 Hz (fast beta rhythm). At the end of the experiment, positioning of the electrode tip was verified histologically. The experiments were carried out on
groups of six animals each. EEG was recorded before
and 2 h after topiramate application, 15 and 60 min
after ethanol and saline (control group) injection.
The results are presented as percentages of a given
frequency in the frequency histogram and as a percentage change in relation to the initial value.

Statistical analysis

The normality of distribution was checked by means
of Kolmogorov-Smirnov test, with Lillieforse correction. Statistical evaluation was performed by
Kruskal-Wallis (ANOVA) test and Mann-Whitney
U-test, or Wilcoxon matched pair test, using the Statistica for Windows 5.0 software package.
136
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Fig. 1. The mean changes in particular frequencies of EEG rhythms
expressed as the percent of initial value after administration of saline
(Sal)  (A) and ethanol of 0.8g/kg (Et)  (B,C); (1) 0.54 Hz; (2) 47
Hz; (3) 710 Hz; (4) 1013 Hz; (5) 1330 Hz; (6) 3045 Hz; MRF  midbrain reticular formation; Hp  hippocampus;
C  frontal cortex. Significant difference . initial value, = p < 0.05, Wilcoxons test
iv

vs
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campus (Fig.1B, C). The increase in particular power
in the 0.5–4 Hz frequency band and the decrease in
4–7 Hz, 7–10 Hz, 30–45 Hz in the recordings from
the frontal cortex and MRF, and in 13–30 Hz band in
the frontal cortex recordings only were observed. The
power in the 0.5–4 Hz frequency range increased and in
30–45 Hz decreased in hippocampal recordings (Fig.
1B, C).
In visual assessment of post-ethanol recordings,
a marked increase in the amplitude was notable. The
changes persisted during 1-h observation. Immediately after the administration of this dose of ethanol,
the rabbits revealed great disturbances of equilibrium.
In our previous studies, we assessed ethanol levels
after a single dose of ethanol identical with that used
in the present study. Ethanol level was estimated at
106.8 ± 5.54 mg% 15 min, and 86.1 ± 1.54 mg%
60 min after ethanol administration [11].
Topiramate administered to rabbits at a single dose
of 25 mg/kg, significantly altered EEG recordings
from all the investigated structures. Increased proportion of slow frequency activity (0.5–4 Hz) and decreased proportions of 4–7 and 30–45 Hz, was observed, and in the hippocampus there was additionally
a decrease in 7–10 Hz frequency (Fig. 2A).
Ethanol at a single dose (0.8 g/kg) administered
120 min after topiramate (25 mg/kg) caused considerable enhancement of changes in EEG recordings in
comparison with those observed after ethanol alone
(Fig. 2B, C).
Fifteen minutes after administration of ethanol, in
the MRF and frontal cortex a higher increase in proportion of slow (0.5–4 Hz) frequency recordings and
decrease in 4–7, 7–10 and 30–45 Hz frequencies were
observed in comparison with the recordings obtained
after ethanol alone, whereas in the hippocampus there
was a more significant decrease in the recordings of 4
to 45 Hz frequency range (Fig. 2B).
Sixty minutes after ethanol administration, the
changes were similar in character, but less pronounced. MRF recordings demonstrated a decreased
proportion of 4–7 Hz and 30–45 Hz frequencies, hippocampal of 10–13 Hz, and cortical of 4–7 Hz in
comparison with the effect of ethanol alone. The latter
structure still exhibited an increased proportion of the
slowest frequency 0.5–4 Hz (Fig. 2C).
Topiramate administered to rabbits at a single high
dose (100 mg/kg) significantly altered EEG recordings from all the investigated structures. The changes
were similar in character to those observed after the

Fig. 2. The mean changes in particular frequencies of EEG rhythms
expressed as the percent of initial value after administration of topiramate at 25 mg/kg (TP25)  (A) and ethanol 0.8 g/kg (Et)  (B,C).
Significant difference . initial value, = p < 0.05, >Wilcoxons test. Significant difference . ethanol-treated group, p < 0.05, MannWhitney U-test. For explanation of numbers and brain structure abbreviations see legend of Figure 1
po
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lower dose of the drug, but additionally other frequencies were affected (Fig. 3A).
In all the investigated structures, the proportion of
slow frequency (0.5–4 Hz) was increased, whereas
that of 4–7 and 7–10 Hz frequencies was decreased.
Recordings from the MRF demonstrated an additional
increase in 13–30 Hz and decrease in 30–45 Hz frequency ranges, and those from the hippocampus – in
30–45 and 10–13 Hz frequencies, respectively (Fig. 3A).
Topiramate administered to rabbits at a single high
dose (100 mg/kg) 120 min before ethanol injection,
enhanced significantly its effect on EEG (Fig. 3B,C).
Pharmacological Reports, 2007, 59, suppl. 1, 134143
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Fig. 3. The mean changes in particular frequencies of EEG rhythms
expressed as the percent of initial value after administration of topira0.8 g/kg (Et) 
mate at 100 mg/kg (TP100)  (A) and ethanol
=
(B,C). Significant difference . initial value, p < 0.05, Wilcoxons
test. Significant difference
ethanol-treated group, > p < 0.05,
Mann-Whitney U-test. For explanation of numbers and brain structure
abbreviations see legend of Figure 1
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Fifteen minutes after ethanol administration, the
decrease in 4 to 45 Hz frequency proportion was enhanced in all the investigated structures. Additionally,
recordings from the MRF and frontal cortex demonstrated enhanced post-ethanol changes involving the
increased proportion of slow frequency (0.5–4 Hz). In
the hippocampus, the increase in 0.5–4 Hz frequency
was not more pronounced than after ethanol alone
(Fig. 3B).
In the recordings obtained 60 min after ethanol administration, the changes were less significant and in138
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cluded reduced proportion of 7–10 and 10–13 Hz
frequencies in all the investigated structures and additionally in 30–45 Hz frequency in the MRF (Fig. 3C).
After 7-day treatment with topiramate (25 mg/kg
/day), the recordings from all the investigated structures demonstrated increased proportion of the lowest
frequency (0.5–4 Hz) and decreased proportions of 4–7
and 30–45 Hz frequencies. Additionally, increased proportion of 10–13 and 13–30 Hz frequencies was
observed in the MRF, and decreased proportion of 7–10
Hz frequency was seen in the hippocampus (Fig. 4A).
Topiramate administered for 7 days reduced postethanol changes in hippocampal EEG recordings associated with increased proportion of the lowest frequency (0.5–4 Hz). On the other hand, the post-ethanol
changes in the MRF and frontal cortex were enhanced
and involved the increased proportion of the lowest
frequency recordings and the decrease in 4–7, 7–10 Hz
frequencies, and in MRF also 30–45 Hz (Fig. 4B).
Sixty minutes after ethanol administration, recordings from the MRF and frontal cortex did not differ
from those obtained after ethanol alone. In hippocampal
recordings, no ethanol effects were still seen (Fig. 4C).
After 14 days of topiramate treatment (25 mg/kg
/day) EEG changes were similar to those observed after 7 days (Fig. 5A).
In all the investigated structures, the proportion of
the slowest frequency (0.5–4 Hz) was increased and
that of 4–7 Hz was decreased. In the MRF, the proportion of 10–30 Hz frequency in the spectrum increased
as well, whereas reduced proportion of 30–45 Hz frequency was observed both in the MRF and in the hippocampus (Fig. 5A).
When a single dose of ethanol was injected after
14-day topiramate treatment, the recordings from the
hippocampus demonstrated (like after 7-day topiramate treatment) inhibition of ethanol-induced changes
with respect to the increased 0.5–4 Hz frequency proportion. In the MRF and frontal cortex, post-ethanol
changes were enhanced and included an increase in
0.5–4 Hz frequency proportion in the recording with
a decrease in 4–7 and 7–10 Hz frequency ranges, and
additionally 30–45 Hz in the MRF (Fig. 5B).
Sixty minutes after the administration of ethanol,
the previously observed changes were attenuated, and
undetectable in the hippocampus. Moreover, recordings from the MRF demonstrated increased proportion of high frequency (13–30 Hz), and those from the
frontal cortex – decreased proportion of 4–7 Hz frequency (Fig. 5C).
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Discussion
The aim of the study was an attempt to answer the
question whether topiramate can interact with ethanol
and what is the character of this interaction. The study
was based on the pharmaco-EEG method, used in order to assess the effects of topiramate and ethanol on
bioelectrical activity of the brain in rabbits.
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Fig. 5. The mean changes in particular frequencies of EEG rhythms
expressed as the percent of initial value after administration of
topiramate at 25 mg/kg, (TP25 for 14 days)  (A) and ethanol
initial value,
0.8 g/kg, (Et)  (B,C). Significant difference
=
p < 0.05,
Wilcoxons
test.
Significant
difference
.
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group, > p < 0.05, Mann-Whitney U-test. For explanation of numbers
and brain structure abbreviations see legend of Figure 1
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Ethanol causes characteristic changes in EEG recordings. They depend on the administered dose of
ethanol and are more evident when its blood concentration rises rapidly. In our studies, we found that high
doses of ethanol administered to rabbits affected EEG
recordings from the frontal cortex to the largest extent, and slightly less significantly those from midbrain reticular formation and hippocampus. The observed changes were associated with an increased
proportion of low frequencies 0.5–4 Hz (delta
rhythm) in the recordings, and a decreased proportion
of the beta rhythm, and in the frontal cortex also of
Pharmacological Reports, 2007, 59, suppl. 1, 134143
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the alpha rhythm. The above changes in the EEG
spectrum composition are associated with a significant depressive effect of high ethanol doses on the
central nervous system.
Topiramate alone also altered considerably the
EEG recordings obtained from rabbits. The observed
changes were dependent on the investigated structure,
drug dose and its single or repeated use. Single doses
influenced to similar extent the changes in recordings
obtained from the MRF and frontal cortex, and the
observed changes indicated inhibitory character of
this influence. It was demonstrated by increased proportion of low frequency waves, i.e. delta rhythm, and
decreased proportion of theta rhythm and the highest
frequency beta rhythm, whereas in hippocampal recordings an additional reduction in alpha rhythm was
observed. This inhibitory effect of topiramate correlates with its central adverse effects observed in the
patients during the initial period of treatment or after
overdose [23, 43].
Multiple doses of topiramate also affected significantly EEG recordings obtained from all the investigated structures. Changes observed after 7- and 14day treatment were similar in character, but different
from those observed after a single dose of the drug.
The MRF and the frontal cortex demonstrated increased proportion of delta rhythm, and decreased
proportion of theta rhythm. Additionally, fast alpha
rhythm and slow beta rhythm proportions were significantly increased in the MRF. Changes of similar
character were also observed in recordings from the
frontal cortex, although they did not reach statistical
significance. This spectrum shift towards alpha and
slow beta rhythm indicated gradual attenuation of the
inhibitory effect of the drug, which may correlate with
the transient character of adverse effects observed in
the patients. Changes in the hippocampus were of
slightly different character, similar to those observed
after a single dose of the drug. Recordings from that
structure demonstrated increased proportion of delta
rhythm and decreased proportion of theta, slow alpha
and fast beta rhythms.
A high single dose of topiramate (100 mg/kg) administered together with ethanol enhanced postethanol changes in EEG recordings from the MRF
and frontal cortex, especially in the acute phase of its
activity (within 15 min after administration). In hippocampal recordings, the proportion of delta rhythm
was not higher than after ethanol alone. Interaction after a 4-fold lower dose of the drug was similar in char-
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acter, although the observed changes were transient
and less pronounced.
Ethanol administered after 7- and 14-day topiramate treatment caused more pronounced changes in
delta rhythm as well as a decrease in proportion of
theta and slow alpha rhythm in recordings from the
MRF and frontal cortex. In the MRF, enhancement of
ethanol-induced changes included also reduced proportion of fast beta rhythm in the recordings. In hippocampal recordings, ethanol did not increase the
proportion of delta rhythm, that was characteristic of
the effect of high alcohol doses.
Thus, we observed a bidirectional, brain regiondependent, character of interaction between topiramate administered at multiple doses and ethanol.
MRF and frontal cortex recordings exhibited marked
synergism of these agents, whereas in the hippocampus topiramate significantly reduced the response to
ethanol, which is a favorable aspect of the observed
interaction.
The observed interaction is difficult to assess, because the mechanism of action of topiramate has not
been elucidated in detail yet. Its action associated
with inhibition of calcium channels, which consequently leads to a decrease in intraneuronal calcium
level and inhibition of glutamatergic transmission, has
been emphasized [35, 47]. In experimental studies,
topiramate was found to modulate the activity of the
glutamatergic systems by antagonizing the AMPA and
kainate receptors [1, 2, 20].
Electrophysiological studies on animals demonstrated that single doses of alcohol also inhibited the
function of excitatory amino acid receptors, e.g., glutamate and voltage-dependent calcium channels [21,
22, 37, 44]. These mechanisms may be the basis of
the observed interaction of synergistic character, leading to enhancement of the effect of acute ethanol
doses administered together with topiramate.
The interaction observed in the hippocampus, associated with inhibition of ethanol-induced changes in
the low frequency range, seems to be especially important. We observed similar effect in our previous
studies focused on the interactions of ethanol with
tiagabine and levetiracetam [30, 31]. These drugs, administered at multiple doses (and levetiracetam also at
a single dose) inhibited the typical effect of ethanol,
namely, the increase in the proportion of delta rhythm
in EEG recordings. Reducing hippocampal sensitivity
to the effect of ethanol manifested as inhibition of
ethanol-induced changes within the slow frequency
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range seems to be an important and beneficial aspect
of the observed interaction. Such mechanism may
contribute to a favorable effect of new generation antiepileptic drugs in the treatment of abstinence syndrome in alcoholics.
The main role in the reinforcement mechanism
leading to the development of addictions has been attributed to the mesolimbic system, including also the
hippocampus. The effectiveness of topiramate in the
treatment of alcoholism is considered to be associated
probably with the enhancement of endogenous GABA
effect on GABAA receptors, which results in suppression of mesolimbic dopaminergic neurons responsible
for reinforcement in addictions [8, 9]. This mechanism, however, may be more complex and associated
also with the influence on glutamatergic transmission.
An impediment to our understanding of the mechanism of topiramate action is the paucity of animal
studies examining the drug impact on behavioral
measures related to addictive properties of alcohol. In
laboratory tests, it has been shown to attenuate withdrawal signs in kindling models of ethanol dependence in rats [8], as well as to reduce the ethanol preference in C57BL/6J mice in a free-choice study [17].
There are also several reports indicating the neuroprotective effect of new antiepileptic drugs, including
topiramate [10, 14, 40, 42]. Yang et al. [45, 46] demonstrated that topiramate reduced the extent of
ischemic area during the treatment of ischemic brain
damage. In other studies utilizing animal models of
ischemia, topiramate has been found to inhibit degeneration of pyramidal cells in the hippocampus [36].
The effect observed in the hippocampus in our
study might also have been due to some extent to the
neuroprotective activity of topiramate.
The analysis of the obtained results indicates an interaction between ethanol and topiramate with respect
to their effect on rabbit EEG. The course of this interaction may be dependent to some extent on the dose
of the drug, single or multiple dosing schedule and the
investigated structure.
The pharmacokinetic character of this interaction is
difficult to envisage. Twenty percent of topiramate is
known to be metabolized in the liver, and with the
simultaneous use of enzymatic indicators this metabolism may reach even 50% [6, 18]. In vitro studies
have demonstrated that the drug is an inhibitor of
CYP2C19 [5]. Ethanol is metabolized by various
pathways, however, the oxidation pathway is predominant, and the factors influencing the oxidation

rate include enzymatic activity and hepatocytic capability of NADH reoxidation.
The presented pharmacokinetic properties of topiramate and the metabolism of ethanol seem to have no
elements in common, which rather excludes a pharmacokinetic explanation for their interaction. Thus, it
seems that the underlying mechanisms are pharmacodynamic in nature.

Conclusion
Summing up the obtained results, it can be concluded
that: Topiramate administered both at single and multiple doses affects EEG recordings from all the investigated structures.
The drug administered at a single dose together with
ethanol demonstrates marked synergism of action.
Topiramate used at multiple doses enhances the effect of ethanol on EEG recording from the frontal cortex and midbrain reticular formation.
The drug reduces the sensitivity of the hippocampus to the effect of ethanol, which may be associated
with the effectiveness of topiramate in the therapy of
alcoholism in humans.
The observed interaction is probably of pharmacodynamic character.
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