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Abstract:

Central effect of ethyl alcohol and acamprosate is based on similar mechanisms. It is mainly connected with their effect on

GABAergic, glutamatergic, serotonergic and opioid transmission. Thus, the question arises whether acamprosate administered

together with alcohol increases acute central effects of ethanol.

We have studied the effect of joint administration of acamprosate with ethanol in rabbits on EEG results from: frontal cortex,

hippocampus and midbrain reticular formation. Acamprosate was applied into the stomach at a single dose of 400 mg kg�� or

repeated doses of 200 mg kg��/day (for 14 days). Ethanol at the dose of 0.8 g kg�� was administered iv 120 min after a single dose of

acamprosate, or 4 h after the last dose of the drug.

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). Acamprosate administered jointly with ethanol increased the effect of ethanol on EEG

recording; the amount of the fastest frequencies was decreased. When administered as repeated doses, it enhanced alcohol-related

changes in EEG, both within slow and fast frequencies. Consumption of ethanol during acamprosate treatment may lead to

intensification of central effects of ethanol.
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Introduction

Treatment of ethanol addicts remains a growing social

problem. Despite the fact that psychotherapy and en-

vironmental interactions are believed to be the me-

thods of choice, more and more attention is given to

drugs, which could help to prolong abstinence periods

and decrease the amount of ethanol intake.

At present, there are over a dozen drugs which may

theoretically be effective in ethanol addictions and

treatment of harmful drinking. Among others, they in-

clude: serotonin reuptake inhibitors, some of the tri-

cyclic antidepressants, buspirone, tianeptine, ondan-

setron, ritanserin. However, their clinical effects need

to be studied in greater detail. Disulfiram is a drug

evoking controversy with regard to its effectiveness

and ethical aspects of the treatment. Finally, two

drugs which have proven effective in preventing

drinking relapses and in decreasing the amount of

ethanol intake are naltrexone and acamprosate.

Acamprosate is an N-acylated analogue of homo-

taurine, with the structure similar to �-aminobutyric

acid (GABA). Its major clinical activity is diminish-

ing of craving for ethanol [17, 22, 28, 29, 34, 45–47].

The mechanism of this activity is not clear.

The influence of ethanol on the central nervous

system depends on the dose as well as on the fact
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whether it was administered once or many times. Sin-

gle ethanol doses attenuate functions of many recep-

tors and ion channels (glutaminergic NMDA, L-type

calcium channel), whereas they increase A-type

GABA (GABAA) receptor functions, as well as those

of opioid receptors [4, 12, 16, 33, 40, 44]. Such ac-

tions contribute to an overall inhibitory effect of large

ethyl alcohol doses. During long-term usage, toler-

ance to these effects is developed. The number of acti-

vating NMDA receptors and calcium channels in-

creases while the GABAA receptor activity decreases

[12, 18, 23, 43, 44]. Due to these changes, activating

mechanisms in the central nervous system prevail.

Normalizing influence of acamprosate on stimula-

tion of the central nervous system, caused by an in-

creased effect of excitatory amino acids on NMDA re-

ceptors, seems to be its most probable “antialcoholic”

activity [17, 34, 45, 48]. Experiments on animals have

shown that acamprosate also blocks motor overactivity

by lowering glutamine concentration in nucleus ac-

cumbens septi in the rat [6, 7, 24], and counteracts ex-

cessive calcium influx to neurons after ethanol intake

stops [12, 47]. It is connected with the positive effect

of the drug on ethanol withdrawal syndrome resulting

from the increased glutaminergic transmission. The

influence of acamprosate on GABAergic transmission

connected with its increase mainly by hampering pre-

synaptic GABAB autoreceptor in the nucleus accum-

bens septi leading to an increased release of GABA is

also significant [1, 8].

Olive et al. [27] proved that acute acamprosate ap-

plication stoped or hampered dopamine release in the

nucleus accumbens septi in the rat stimulated by etha-

nol. This inhibitory effect of acamprosate on meso-

limbic rewarding system expressed itself in animals

by diminishing preferences for ethanol and the

amount of its intake [3, 11, 21, 27, 41, 42]. Moreover,

the drug properties connected with an increase in se-

rotonergic transmission and inhibition of opioid trans-

mission [9, 19, 20, 25, 40] may have a positive effect

on alcohol deprivation syndromes. Acamprosate also

increases the number of �-adrenergic receptors [25].

Most probably, this is a compensatory reaction consti-

tuting a response to the decrease in noradrenergic ac-

tivity after acamprosate administration.

Discontinuation of ethanol administration causes

a change in the membrane cholesterol/phospholipids

ratio in favor of cholesterol in alcohol-intoxicated

rats. Acamprosate administered to these animals

weakens this effect directly after ethanol administra-

tion ceases [35].

Therefore, central effect of both ethanol and acam-

prosate is related to similar mechanisms. An impor-

tant question arises whether acamprosate administra-

tion together with alcohol does not increase acute cen-

tral effects of ethanol.

The aim of the study was to evaluate the influence

of acamprosate and ethanol administered together on

bioelectric brain activity in rabbits, which would al-

low for determination whether, and if so, to what ex-

tent, acamprosate changes the influence of ethanol on

EEG recordings. We also attempted to answer the

question whether acamprosate administered at thera-

peutic doses together with alcohol may pose a life threat

by increasing the inhibitory central effect of ethanol.

Materials and Methods

Animals and treatment

Twenty-four 5-month-old rabbits of both sexes,

weighing 2.7–3.0 kg, were used. The animals were

housed in individual cages under standard laboratory

conditions (temperature of 20–22°C, natural day/night

cycle) and they had free access to commercial chow

food and water. All experiments were performed be-

tween 11.00 a.m. and 02.00 p.m. Acamprosate (Cam-

pral, Merck-Lipha, France) was administered (in the

form of suspension in 1% methylcellulose solution)

into the stomach once at a 400 mg kg–1 dose or repeat-

edly twice a day at a total dose of 200 mg kg–1/day

for 14 days. Ethanol was injected intravenously (iv) at

a dose of 0.8 g kg–1 (40.13% v/v solution) 2 h after

acamprosate application in the acute treatment para-

digm and after 4 h from the last drug dose application

in the chronic treatment schedule. The dose of ethanol

was selected on the basis of our previous studies.

Ethanol concentration in rabbit blood after its admini-

stration at a 0.8 g kg–1 dose reached ca. 106 mg%

(15 min after administration) and ca. 86 mg% (1 h after

administration) [5]. Immediately after the administra-

tion of this dose of ethanol (0.8 g kg–1 iv), the rabbits

demonstrated considerable balance disturbances.

Control rabbits received iv isotonic saline solution.

The drugs were given in the volume of 0.2 ml kg–1.
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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–1 and urethane 400 mg kg–1 an-

esthesia) 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 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.

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 256 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, 4–7, 7–10, 10–13,

13–30, 30–45 Hz. At the end of the experiment, posi-

tioning of the electrode tips was verified histologi-

cally. The experiments were carried out on groups of

six animals each. EEG was recorded before and 2 h

after a single acamprosate application or 4 h after the

last drug dose in case of repeated drug application,

15 min and 1 h after saline injection, and 15 min and

1 h after ethanol treatment.

The results are presented as percentages of a given

frequency in the frequency histogram and as a per-

centage change in the initial value.

Analysis of results

The normality of distribution was checked by means

of Kolmogorow-Smirnow test, with Lillieforse cor-

rection. Statistical evaluation was performed by

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

Whitney U-test, or Wilcoxon matched pair test, using

the Statistica for Windows 5.0 software package.

Results

The mean contribution of particular frequencies to to-

tal power spectrum (histogram), before treatment with

the drugs, has been presented in Table 1. No changes

were found in EEG recordings in rabbits given iv

0.9% NaCl (Fig.1). Ethanol at the 0.8 g kg–1 iv dose

produced changes in the EEG recordings from the C

and MRF, and smaller changes in the recordings from

the Hp (Fig. 1). The increase in particular power in

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. The changes persisted during 1-hour ob-

servation (Fig. 1). Acamprosate administered alone to

rabbits at a single dose of 400 mg kg–1 changed the

EEG recording to a small extent. Hp seems to be the

structure the least vulnerable to the drug effect, exhib-

iting a significant decrease only in the 7–10 Hz fre-

quency recording (Fig. 2). Changes observed in EEG
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Tab. 1. ���� ������(����� �	 ���������� 	��+������� �� ����� ��&��
�������� ,-. / 01�

Brain structures

Frequencies 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

MRF – ��(���� ��������� 	��������� Hp 2 ����� ������������
C – 	������ �����3



recording obtained from the MRF were slightly more

significant. However, only the increase in the propor-

tion of 10–13 Hz frequency recording was statistically

significant (Fig. 2). The parietal cortex turned out to

be the most vulnerable to acamprosate effects. In this

structure recording, a decrease in proportion of the

4–7 Hz frequency and an increase in 10–13 and

13–30 Hz periodicity were observed (Fig. 2).

Acamprosate administered to rabbits at a single

dose combined with ethanol significantly influenced

the changes in EEG observed after the administration

of ethanol alone. This influence was observed in all

studied structures both 15 min and 1 h after ethanol

administration and was evaluated in relation to the

changes observed after the administration of ethanol

alone.
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In the tracings recorded from the MRF and Hp,

acamprosate intensified ethanol effect leading a de-

crease in proportion of the fast frequency recordings

10–13, 13–30 and 30–45 Hz. In the C activity, the re-

cordings demonstrated a statistically significant inten-

sification of proportional decrease in 4–7 Hz and

30–45 Hz frequency recording, and in the tracings re-

corded 1 h after ethanol administration, also in 10–13 Hz

frequency recording (Fig. 2).

Acamprosate administered to rabbits for 7 days at

a daily dose of 200 mg kg–1 changed their EEG re-

cordings to a minor extent. In all examined structures,

a decrease in proportion of 7–10 Hz frequency was

observed, and in mesencephalic reticulum structure,

also an increase in proportion of fast 13–30 Hz fre-

quency was noted (Fig. 3). On the other hand, the

drug changed significantly the effect of ethanol on

EEG recording. These changes varied depending on

the examined structure, they appeared 15 min and 1 h

after ethanol administration. In the tracings recorded
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from the MRF, an intensification of ethanol effect

consisting in a decrease in proportion of 4–7, 7–10

and 30–45 Hz frequency recordings was observed.

A significant decrease in proportion of 10–13,

13–30 and 30–45 Hz frequency recordings was ob-

served in the Hp in comparison with the changes ob-

served after the administration of ethanol alone. In

mesencephalic reticulum structure recording, there

was a statistically significant effect connected with

post-ethanol changes in EEG recording with respect

to 7–10 Hz frequency (Fig. 3).

Changes in EEG recordings in rabbits receiving

acamprosate for 14 days differed slightly from those

observed after 7 days of its administration. The influ-

ence involving a decrease in proportion of 7–10 Hz

frequency recording persisted in all examined struc-

tures. However, there were the differences in the in-

fluence on other ranges of frequency. In the recording

of the mesencephalic reticulum structure activity, an

additional decrease in proportion of 13–30 Hz fre-

quency recording was observed (Fig. 4). Acamprosate

administered to rabbits for 14 days increased the ef-

fect of ethanol on EEG observed after the administra-

tion of ethanol alone.

In the MRF recording, intensification of the etha-

nol influence consisting in the decrease in proportion

of 4–7, 7–10, 10–13 and 30–45 Hz frequency record-

ing was observed. After 1 h from ethanol administra-

tion, an intensification of a proportional increase in

low frequency recording (0.5–4 Hz) was also noted in

comparison with the changes observed after the ad-

ministration of ethanol alone.

In the Hp, acamprosate influenced the ethanol-

induced changes in 10–13 and 13–30 Hz frequencies,

and 1 h after ethanol administration, also 7–10 and

30–45 Hz frequencies. On the other hand, in the C,

acamprosate intensified the decrease in proportion of

7–10 Hz frequency, and after 1 h also of 4–7 Hz re-

cording. Moreover, 1 h after ethanol administration

acamprosate enhanced an increase in proportion of

low frequency (0.5–4 Hz) recording (Fig. 4).

Discussion

Reliable evaluation of ethyl alcohol interaction with

acamprosate seems to be very important, especially

from the clinical point of view. The drug is gaining

a stronger and stronger clinical position in treatment

of alcohol addicts. On the other hand, the basic prob-

lem in treatment is total abstinence of people enrolled

in the therapy program. More and more often, other

aims of the therapy are indicated recognizing the

above-mentioned aim as unrealistic. Thus, there exists

a high probability of alcohol consumption and even

intoxication during acamprosate administration.

In the available literature, there are relatively few

reports concerning acamprosate interactions with

other drugs or ethanol.

Gual and Lehert [10] conducted open multicentre

studies in alcohol addicts admitted to detoxification

centers. Patients were treated with acamprosate alone

or acamprosate with oxazepam, tetrabamate or

meprobamate. The results demonstrated no adverse

interactions between acamprosate and these drugs. On

the other hand, Besson et al. [2] observed the effect of

combined treatment of ethanol addicts with acampro-

sate and disulfiram. No adverse interactions between

these two drugs were observed and the treatment re-

sults were better in the group of patients receiving the

combined treatment. Lipha Company information ma-

terials report no interaction between acamprosate and

diazepam and imipramine. There is also a note con-

cerning the lack of data implying potentiation of

acamprosate and ethanol effect.

One of the methods allowing for determination of

the activity profile of a drug is a change in cerebral

bioelectrical activity after its administration evaluated

on the basis of EEG recording. Each drug and each

disease connected with central nervous system dys-

function has a specific EEG profile. This method

known as pharmaco-EEG is an accepted therapeutic

tool facilitating the correct choice and dosage of drugs

with central activity. It is also a good research tool al-

lowing investigators to evaluate the occurrence and

character of an interaction of drugs with a central ac-

tivity mechanism. Therefore, we have chosen this

method as the basic research tool in the attempt to

evaluate the interaction between acamprosate and

ethanol.

The rabbit is a good experimental model due to

a frequency range system in cerebral bioelectrical ac-

tivity recording parallel to the humans. Moreover,

electrode implantation into particular brain structures

allows for obtaining precise bioelectric activity re-

cording from these structures.

Ethanol causes characteristic changes in EEG re-

cording. They depend on the administered dose of
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ethanol and are more significant when accompanied

by a rapid increase in its concentration in blood.

A characteristic feature of EEG recording after etha-

nol administration is a deceleration of the rhythms ob-

tained from the cortex and an increase in the ampli-

tude [15, 30]. Alpha rhythm is more significant and it

can be recorded in different parts of the brain. In ani-

mals, like in people, ethanol decreases alpha rhythm

frequency and increases its amplitude [13, 14, 26].

In our studies, we found that ethanol administered

to rabbits at large doses changed most significantly

the EEG recordings obtained from the C, and less sig-

nificantly those obtained from mesencephalic reticu-

lum structure. The observed changes were connected

with an increase in proportion of 0.5–4 Hz (delta

rhythm) recording and with a decrease in proportion

of 30–45Hz (beta rhythm) recording, and in the C also

of 13–30 Hz (alpha rhythm) [31, 32]. A strong depres-

sive influence of high ethanol doses on the central

nervous system is connected with the above-mentioned

changes in EEG recording.

Rosadini et al. [36] proved that the decrease in al-

pha rhythm frequencies starts with ethanol concentra-

tion of 0.05–0.1%. With the concentration increase to

about 0.2%, the frequency decreased very signifi-

cantly and the recording amplitude rose. Large etha-

nol doses and its high level in blood caused the occur-

rence of a large number of low-frequency waves with

high amplitude.

Acamprosate alone changed EEG recording in rab-

bits to a small extent. The observed changes depended

on the examined structure and whether the drug was

administered once or many times. Acamprosate, like

ethanol, affected the bioelectrical activity of the Hp to

the least extent, whereas the C was the most sensitive

structure. However, when it was applied together with

alcohol, it influenced significantly post-ethanol

changes in EEG recordings, especially under two-

week dosage regimen. The effect was recorded in the

range of slow and fast frequencies. After a single ad-

ministration of ethanol and acamprosate, the synergis-

tic effect was less significant and connected with fast

frequencies. However, changes after repeated treat-

ment with acamprosate were different than those in-

duced by its single administration; 14-day treatment

with acamprosate led to reduction in theta and alpha

rhythm (this tendency was already observed after 7

days of experiment). While the sensitivity of the Hp

to the effects of ethanol and acamprosate adminis-

tered alone was low, combined administration of these

drugs (both as a single and repeated treatment) caused

significant changes in EEG recordings from that

structure.

The analysis of the obtained results suggests that

there is an interaction between ethanol and acampro-

sate concerning their influence on the central nervous

system in rabbits. This is evidenced in particular by the

pronounced effect on EEG recordings from the Hp.

In clinical research focused on assessment of acam-

prosate effectiveness in treatment of ethanol addicts,

many authors suggest that the efficacy of the drug

may be connected with its dose and the period of its

administration [28, 29, 37, 45–47]. The fact that the

initial period of the therapy is the most difficult one

for maintaining abstinence should not be overlooked.

The percentage of patients resigning from the treat-

ment is also significant, which constitutes another

problem in the evaluation of clinical studies.

It seems that the interaction is pharmacodynamic in

character. The extremely complex and still not fully

elucidated mechanism of acamprosate activity has

many activity pathways common with those of etha-

nol. At this stage of research, it is difficult to conclude

which of them may play a significant role in the

course of the interaction.

Similarly, the pharmacokinetic character of this in-

teraction is difficult to determine. Only reports con-

cerning acamprosate pharmacokinetics from a practi-

cal, clinical point of view were found in the available

literature. It is known that the drug is not metabolized

in the liver and is excreted with urine mainly in an un-

changed form. Hepatic dysfunctions do not change

acamprosate pharmacokinetic parameters [38]. There

are various pathways of ethyl alcohol metabolism;

however, the oxidative pathway is the dominant one,

and the factors determining oxidation rate include en-

zymatic activity and hepatocyte ability to reoxidate

NADH. Chronic ethanol administration activates

MEOS system and intensifies changes in non-

oxidative pathways.

Conclusions

1. Acamprosate changes the EEG recording in rabbits
only to a small extent, and this influence depends
on the method of drug administration and the ex-
amined structure.
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2. Acamprosate administered once in combination with
ethanol intensifies ethanol influence on EEG re-
cording by decreasing the proportion of fast fre-
quencies.

3. Acamprosate administered repeatedly intensifies
many times post-ethanol changes in both slow and
fast frequencies of the EEG.

4. The observed interaction between ethanol and
acamprosate seems to be pharmacodynamic in
character.

5. Consumption of ethanol during acamprosate
treatment may pose a serious threat due to the in-
tensification of central effects of ethanol.
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