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Abstract:

Tiagabine is a new generation antiepileptic drug, a specific inhibitor of gamma-aminobutiric acid (GABA) reuptake from the

synaptic space to neurons and glia. Central effect of ethanol is mainly connected with its effect on GABAergic, glutamatergic,

serotonergic and opioid transmission. The mechanism of tiagabine effect suggests that it may alleviate the rewarding effect of

ethanol, which can be applied in the treatment of addiction. There are only a few studies discussing interactions of tiagabine and

ethanol. In this study we have decided to examine interaction of ethanol with tiagabine by the use of pharmaco-EEG method. The

influence of tiagabine on the effect of ethanol on EEG of rabbits (midbrain reticular formation, hippocampus, frontal cortex) was

tested. Tiagabine was administered at a single dose (5 and 20 mg/kg) (po) or repeatedly twice a day at a total dose of 5 mg/kg for

14 days. Ethanol was injected (iv) at a dose of 0.8 g/kg 60 min after tiagabine treatment. Ethanol caused an increase in the slow

frequencies (0.5–4 Hz) in the recording, as well as a marked decrease of the fastest frequencies (30–45 and 13–30 Hz in cortex).

Tiagabine leads to changes in rabbit EEG-recording suggesting their depressant-effect on the central nervous system (CNS)

(increase in slow and decrease in fast frequencies). They are less pronounced after repeated doses, which may indicate the adaptative

changes in the receptors. A single dose of tiagabine markedly increases the effect of ethanol on rabbit EEG, which indicates

a synergistic inhibitory effect of these agents on the CNS. Repeated doses of tiagabine decrease the sensitivity of the hippocampus to

the effect of ethanol, which may be important for the treatment of addictions.
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Introduction

Tiagabine, a new generation antiepileptic drug, inhib-

its GABA reuptake by affecting the activity of GAT-1,

the main transporter of GABA. GAT-1 allows for re-

uptake of the neurotransmitter to presynaptic regions

or to glial cells [5, 14, 34, 47]. The activity of tiaga-

bine involves an increase in GABA concentration in

the synaptic cleft and prolongation of the time of its

presence in the synapse. This leads to the activation of

GABAergic function in the CNS, decrease in neu-

ronal excitability and occurrence of an anticonvulsant

effect [24, 32, 40, 43, 50, 55].

The problem, which may cause limitation of tiaga-

bine use, are adverse effects on the CNS such as: som-

nolence, dizziness, depressive episodes, tremors, irri-

tability [2, 15, 20, 21, 53, 57]. Uthman et al. [53] con-

sider some of them to be dose-dependent.

The effect of alcohol on the CNS depends on its

dose, as well as on the fact whether its intake is single

or repeated. Single doses of ethanol attenuate the

function of many receptors and ion channels (gluta-

minergic NMDA, L-type calcium channel), whereas
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they enhance the function of A-type �-aminobutyric

acid receptors GABAA [11, 17, 38, 48, 54]. So tar-

geted activity contributes to the overall inhibitory ef-

fect of high ethanol doses. Repeated alcohol intake

leads to the development of tolerance to these effects

[23, 28, 44, 56]. Recent studies indicate also the in-

volvement of GABAB receptor in the central effect of

ethanol [1, 3, 25–27]. They showed that ethanol

modulates GABAB receptor expression in the cortex

and hippocampus of the adult rat brain.

GABAB receptor complexes appear to play a role

in diminishing relapse potential to reinforcing drugs.

Tiagabine, a GABA uptake inhibitor, can influence

the function of both GABAA and GABAB receptors.

Its effect on GABAB receptor may reduce the reward-

ing effect of ethanol. However, the effect on GABAA

receptor may also enhance its central inhibitory ef-

fects [29].

There have been only a small number of studies

concerned with interactions between ethanol and ti-

agabine. Nguyen et al. [33] established that tiagabine

reduces ethanol reward in C57BL/6 mice and had no

effect on motor activity. The mechanisms of action of

both agents are similar, thus, there is a risk associated

with intensification of the depressive effect of these

agents on the CNS. We decided to investigate their in-

teraction in the presented study, using pharmaco-EEG

method. This method is one of the methods allowing

to determine the occurrence and character of interac-

tion between drugs with central mechanism of action.

Pharmaco-EEG is also used in treatment with psy-

choactive drugs in order to assess their effectiveness

and to adjust the doses.

Materials and Methods

Animals and treatment

Thirty rabbits of both sexes, weighing 3.0–3.9 kg

aged 5 months were used. The animals were housed

in individual cages under normal laboratory condi-

tions (temperature 20–22°C, under a 12h light/12h

dark cycle) and they had free access to commercial

chow food and water. All experiments were per-

formed between 10.00 a.m. and 03.00 p.m. Tiagabine

hydrochloride monohydrate (Sanofi, Winthrop) was

administered per os (po) (in the form of suspension in

1% methyl cellulose solution) once at a 5 and 20

mg/kg dose or repeatedly at a dose of 5 mg/kg/day for

14 days. Ethanol was administered into the marginal

ear vein by bolus injection at a dose of 0.8 g/kg

(40.13% solution) 60 min after tiagabine treatment.

The dose of ethanol was selected on the basis of our

previous studies [12, 13, 35–37].

The doses of tiagabine used in our study were se-

lected on the basis of literature data concerning pre-

clinical studies of the drug. Both single and repeated

doses used by various investigators were varied, fell

within a wide range and differed considerably in various

experimental models [8, 9, 32, 50, 55, 58]. For acute

experiments, we selected the doses of 5 and 20 mg/kg,

used in the preclinical studies of the drug and re-

garded as a low and high dose.

Repeated administration of the drug was started

from lower doses, increased gradually after 2 and

4 days of administration to reach a dose of 5 mg/kg.

Because of short half-life period, the drug was admin-

istered twice a day.

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. [41] the

rabbits had monopolar electrodes implanted [under

chloralose (60 mg/kg) and urethane (400 mg/kg) anes-

thesia] into the following brain structures: MRF – mid-

brain 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 rab-

bits 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 ob-

servation cage (120 × 60 × 60 cm) with a transparent

roof and front and with a grid floor. The cage was lo-

cated in a semi-sound-proof room. A closed-circuit

TV system recorded the animals’ behavior.
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Two-minute artifact-free EEG recordings (selected

by the experimenter) were taken for computer analy-

sis. 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 trans-

formed data were then compressed into six frequency

bands as listed below: 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). The results are given as

percentages of these frequencies in the histogram. At

the end of the experiment, positioning of the electrode

tips was verified histologically. The experiments were

carried out on groups of six animals each. EEG was re-

corded before and 1 h after tiagabine application, 15 and

60 min after ethanol and saline (control group) injection.

Statistics

The results are presented as a percentage change of the

initial value. The normality of distribution was checked

by means of Kolmogorov-Smirnov test, with Lillie-

forse correction. Statistical evaluation was performed

by means of Kruskal-Wallis (ANOVA) test and Mann-

Whitney U-test (comparison between groups), or Wil-

coxon matched pair test (comparison in a group), using

the Statistica for Windows 5.0 software package.

Results

The mean contribution of particular frequencies to to-

tal 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 C and MRF, and fewer

significant changes in the recordings from the Hp

(Fig. 1B, C). The increase in particular power in
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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
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0.5–4 Hz frequency band and the decrease in 4–7 Hz,

7–10 Hz, 30–45 Hz for the C and MRF recordings,

and in 13–30 Hz for the C recordings only were ob-

served. The power in the 0.5–4 Hz frequency range

increased and in 30–45 Hz decreased for 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 obser-

vation. Immediately after the administration of this

dose of ethanol the rabbits revealed great disturbances

of equilibrium.

The increases in low frequency proportion in EEG re-

cordings indicate a central inhibitory effect of the drug, and

those of high frequency proportion – an excitatory one.

Our previous studies assessed ethanol levels after

a single dose of ethanol identical with that used in the

present study. They were determined to reach 106.8

± 5.54 mg% 15 min, and 86.1 ± 1.54 mg% 60 min af-

ter ethanol administration [12].

Tiagabine administered to rabbits at a single dose

of 5 mg/kg significantly changed their EEG record-

ings from all the investigated structures (Fig. 2A).

The hippocampus was observed to be the structure

most sensitive to the effect of tiagabine. Recordings

from that structure revealed a decreased proportion of

4–7 Hz frequency and high frequencies within the

13–45 Hz range, as well as increased proportion of

low frequency 0.5–4 Hz (Fig. 2A).

The changes in EEG recordings from the frontal

cortex were slightly less pronounced. The increase in

0.5–4 Hz, decrease in 4–7 Hz and 30–45 Hz frequen-

cies in the recording were statistically significant.

The midbrain reticular formation, where changes

were observed with respect to low frequencies only,

seems to be the structure the least sensitive to the ef-

fect of the drug. An increased proportion of low fre-

quency 0.5–4 Hz, and decrease in 4–7 Hz frequency

was observed in the EEG recordings ( Fig. 2A).

Ethanol injected at 0.8 g/kg dose to rabbits pre-

treated with a 5 mg/kg dose of tiagabine caused much

more pronounced changes in the recordings in com-

parison with those observed after ethanol alone. All

frequency ranges were affected and the effect could

be observed in all the investigated structures as early

as 15 min after the administration of ethanol (Fig.

2B). A marked shift of the recording spectrum to-

wards low wave frequencies was observed. The effect

was less pronounced 60 min after the administration

of ethanol, but it was still present in all the investi-

gated structures (Fig. 2C).

Tiagabine administered to rabbits at a single dose

of 20 mg/kg caused considerable changes in their

EEG recordings, more pronounced in comparison

with those observed after the lower dose of the drug.

Changes similar in character, involving a marked shift

towards slow frequency 0.5–4 Hz, as well as reduced

proportion of 4–10 Hz frequency range in the record-

ings, were observed in all the investigated structures

(Fig. 3A).
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Ethanol injected at 0.8 g/kg dose to rabbits pre-

treated with a 20 mg/kg dose of tiagabine caused

much more significant changes in the recordings in

comparison with those observed after ethanol alone.

This effect, like that obtained after the lower drug

dose, was observed with respect to all frequency

ranges and was evident in all the investigated struc-

tures, both 15 and 60 min after the administration of

ethanol. A significant increase in the depressive effect

of ethanol, associated with the shift of the recording

spectrum towards low wave frequencies, was ob-

served in comparison with the changes obtained after

ethanol alone (Fig. 3B, C).

Tiagabine administered to rabbits for 7 days

(5 mg/kg day) caused changes in the recordings from

the midbrain reticular formation and from the frontal

cortex (Fig. 4A).
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A reduced proportion of 4–7 and 30–45 Hz fre-

quencies in the histogram were observed, as well as

an increase in low 0.5–4 Hz frequency proportion,

and in recordings obtained from the midbrain reticular

formation also an increase in 10–13 Hz frequency (Fig.

4A). No statistically significant changes were observed

in recordings from the hippocampus (Fig. 4A).

Tiagabine administered to rabbits for 7 days sig-

nificantly reduced the effect of acute ethanol doses on

EEG recordings obtained from the hippocampus.

These recordings did not demonstrate the increased

proportion of 0.5–4 Hz frequency, characteristic of

ethanol, and reduced proportion of 4–7 Hz frequency

observed 60 min after the administration of ethanol

(Fig. 4B, C).

No significant differences in comparison with the

changes induced by ethanol alone were observed in

the recordings obtained from the MRF and from the

frontal cortex (Fig. 4B, C).

Tiagabine administered to rabbits for 14 days af-

fected their EEG recordings only slightly. The effect

involved only an increase in low 0.5–4 Hz frequency

proportion in the recordings obtained from the MRF

and the frontal cortex (Fig. 5A). No statistically sig-

nificant differences were observed in recordings from

the hippocampus (Fig. 5A).

Ethanol injected to rabbits pretreated with tiaga-

bine for 14 days caused more intensive changes in

EEG recordings from the MRF and frontal cortex in

comparison with those observed after ethanol alone,

especially 15 min after ethanol administration (Fig.

5B). Sixty minutes after the administration of ethanol,

these changes were less intensive and did not affect

all the investigated frequency ranges (Fig. 5C).

Recordings from the hippocampus demonstrate

less increased proportion of low frequency – 0.5–4 Hz

– than after ethanol alone. The effect involving inten-

sification of post-ethanol changes in EEG recordings

was observed only for high frequencies; from 10 to

45 Hz (Fig. 5B, C).

Discussion

Ethanol causes characteristic changes in EEG record-

ings. They depend on the administered dose of etha-

nol and are more evident in case of a rapid increase in

its concentration in blood. In our studies, we found

that high doses of ethanol administered to rabbits af-

fected 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 in-

creased proportion of low frequencies 0.5–4 Hz (delta

rhythm), in the recordings, and a decreased proportion

of the beta, and in the frontal cortex also of the alpha
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rhythm. The above changes in the EEG spectrum

composition are associated with a significant depres-

sive effect of high ethanol doses on the central nerv-

ous system. Li et al. [26] demonstrated that ethanol sig-

nificantly increased GABAB1 and GABAB2 receptor

protein in the cortex whereas only GABAB2 was in-

creased in the hippocampus. This may explain different

sensitivity of the investigated structures to ethanol.

In our study, a single dose of tiagabine affected

EEG recordings from all the investigated structures.

Hippocampus was found to be the most sensitive to

the effect of tiagabine. The changes indicating a depres-

sive effect (increase in slow and decrease in fast fre-

quencies) of the drug on the investigated structures.

Changes after the high dose (20 mg/kg) were more pro-

nounced than after the dose, which was four-fold lower.

A single dose of tiagabine administered in combi-

nation with alcohol significantly increased the post-

ethanol changes in EEG recordings. A significant

shift of the spectrum towards slow waves was ob-

served.

After 7 days of the tiagabine administration,

changes in the recordings obtained from the MRF and

the frontal cortex were observed. These changes also

demonstrated the characteristics of depressive effects

of the drug on bioelectric activity of these structures.

After 14 days of tiagabine administration, the

changes were much less pronounced and involved

only the increased proportion of low frequencies

(delta rhythm; 0.5–4 Hz) in the recording. The less

pronounced effect of tiagabine on EEG recordings

after 14-day administration period may reflect the

changes in receptor sensitivity. Chronic tiagabine ad-

ministration did result in substantial tolerance to the

sedative/motor impairing effects, but not to the anti-

convulsant effect [49].

Administration of an acute ethanol dose, preceded

by one-week treatment with tiagabine, did not cause

characteristic post-ethanol changes in EEG recordings

form the hippocampus. There were changes character-

istic of ethanol in the recordings obtained from the

frontal cortex and the MRF, but they were not more

intensive than after ethanol alone. Manto et al. [30]

found that ethanol decreased the amount of extra-

cellular GABA in the cerebellar nuclei of the rat. This

effect was counterbalanced by administration of ti-

agabine (1mg/kg). Ethanol administered after 14-day

tiagabine treatment did not cause the characteristic in-

crease in low frequency delta (0.5–4 Hz) activity pro-

portion in EEG recordings from the hippocampus.

However, changes within the high frequency range

from 10 to 45 Hz were observed. EEG recordings ob-

tained from the other two structures demonstrated

marked intensification of changes characteristic of al-

cohol in all the investigated frequency ranges. Thom-

sen and Suzdak [51] found that in mice treated with

tiagabine for 21 days, the number of GABAA sites in

the frontal cortex increases. The observed difference

in response of the investigated structures to acute

alcohol dose after 7 and 14 days of tiagabine admini-

stration may be dependent on the changes in receptor

sensitivity to tiagabine (EEG changes after 14-day

treatment with tiagabine were less pronounced than

after 7-day treatment), as well as on the increase in

the number of GABAA receptors after tiagabine [51].

Therefore, the protective effect of tiagabine on the

hippocampus may be less pronounced.

There are numerous data indicating the neuropro-

tective effect of new generation antiepileptic drugs

[10, 39, 42, 52, 58].

Literature data suggest that tiagabine may provide

protection not only against seizures, but also against

degeneration and death of neuronal cells [6, 7, 19]

also in the hippocampus [18, 39]. Moreover, Thomsen

and Suzdak [51] emphasize that the GABAergic sys-

tem is differentially modulated in a regional specific

manner in response to chronic elevation of the extra-

cellular levels of GABA.

The analysis of the obtained results indicates

a marked interaction between ethanol and tiagabine

with respect to their effect on rabbit CNS. The pattern

of this interaction may depend, on drug dosage (single

or repeated) and the examined structures. Kastberg et

al. [22] did not observe an interaction between tiaga-

bine and ethanol in experiments utilizing motor func-

tion tests, carried out on healthy volunteers. The

authors did not demonstrate a pharmacokinetic inter-

action, either. Because of the selected testing method-

ology, the ethanol doses administered by them could

not be high. After the ethanol dose used by us, it

reached high concentrations in the blood. Supposedly,

the differences in the obtained results are dependent

on the administered ethanol doses.

It seems that the interaction, definitely synergistic,

leading to intensification of the depressive effect of etha-

nol on the central function, is pharmacodynamic in char-

acter. The central effect of ethanol is connected to a con-

siderable extent with the same neurotransmitter systems

as that of tiagabine. This leads to a situation favoring
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interaction of a markedly synergistic course associ-

ated with the effect exerted on GABAA receptors.

The pharmacokinetic character of this interaction is

not very probable [22]. Tiagabine is metabolized in

the liver, mainly by cytochrome P450 isoenzyme

(CYP3A4) [4, 16, 45]. The metabolism of ethanol is

associated with various pathways, with the oxidative

pathway as the predominant one, and the factors de-

termining the oxidation rate include enzymatic activ-

ity and NADH reoxidation ability of the hepatocytes.

As it follows from our studies, tiagabine also re-

duces the effect of ethanol on the hippocampus. This

property of the drug may be important with respect to

its potential application in alcohol addiction and to the

involvement of this structure in facilitation of dopa-

mine (DA) transmission in the midbrain. Tiagabine

reduced alcohol withdrawal symptoms to the extent

similar to the effect of benzodiazepines. There was

a trend for tiagabine patients to drink less after detoxi-

fication [31]. Tiagabine has also been used for treat-

ment of cocaine addiction [46].

Summarizing the obtained results, it can be con-

cluded that:

1. Tiagabine-induced changes in rabbit EEG provide

evidence of depressive effect of the drug on the CNS.

Among the investigated brain structures, the hippo-

campus is most sensitive to the effect of tiagabine.

2. After repeated doses of tiagabine the changes in EEG

were less pronounced, than after single doses, which may

indicate the adaptive changes in the receptors.

3. A single dose of tiagabine markedly increases the

effect of ethanol on rabbit EEG, which indicates an

interaction between these agents.

4. Tiagabine used for 7 days did not affect post-

ethanol changes in EEG recordings from MRF and C,

whereas it markedly intensified such changes after

14 days of treatment.

5. Repeated doses of tiagabine decrease the sensitivity

of the hippocampus to the effect of ethanol.
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