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ETHANOL AND AMINO ACIDS IN THE CNS

Abdelkader Dahchour

Université Catholique de Louvain, Place Croix du sud, 1. B-1348 Louvain-la-Neuve

There is increasing evidence that ethanol induces alterations in the central nervous
system by differentially interfering with a number of neurotransmitter systems.
However, the mechanisms by which ethanol produces many of its effects on the
central nervous system are not well understood.  The rationale of this work was
intended to assess changes in excitatory and inhibitory amino acid neurotransmitters.
These changes were assayed within specific brain regions i.e. nucleus accumbens,
hippocampus and frontal cortex of freely moving Wistar rats, after ethanol treatment
using the in vivo microdialysis technique associated with electrochemical detection.
The earliest studies have evidently demonstrated that sulphonated amino acid taurine
content of nucleus accumbens (1), hippocampus (unpublished data), frontal cortex
(unpublished data), and amygdala (3) microdialysate significantly increased 20-40
minutes after an acute injection of 1, 2, and 3 g/kg ethanol to naive rats.  Likewise, in
rats, which received chronic ethanol injections of 1, 2, and 3 g/kg body weight for 1, 2
and 3 weeks duration prior to the acute ethanol injections, a comparable increase in
nucleus accumbens taurine microdialysate content was assayed (2).  No significant
changes were observed in either glutamate or GABA microdialysate contents in any
of these studies.  In rats, which were physically dependent upon alcohol (the ethanol
dependence was induced by vapour inhalation for 4 weeks), the basal concentrations
of both arginine and GABA were significantly decreased (5).  However, during the
first 12h-withdrawal phase only glutamate significantly increased, commencing 5h
after withdrawal (4).  To ascertain whether taurine and ethanol interact with other
amino acids during ethanol withdrawal, two other groups of ethanol dependent rats
were treated, with either taurine (45 mg/kg) or ethanol (2 g/kg) five hours after the
commencement of withdrawal.  Ethanol administration significantly increased taurine
microdialysate content in the nucleus accumbens but failed to modify the
concentration of either glutamate or other amino acids during the first 12h of
withdrawal (8).  In contrast, taurine treatment significantly blocked the glutamate
increase during the ethanol withdrawal (8).  Since ethanol withdrawal was associated
with an increase in glutamate release in the nucleus accumbens (4) and hippocampus
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(6), further investigations assessed whether repeated cycles of chronic ethanol
intoxication followed by withdrawal periods, would alter excitatory amino acids in the
hippocampus, of male rats.  In these studies, during the third cycle of ethanol
withdrawal the increase in both glutamate and aspartate was much higher than during
the first episode of withdrawal (9).  To elucidate the mechanisms by which
acamprosate may achieve its therapeutic effects, two groups of rats were chronically
alcoholized by ethanol inhalation for four weeks and simultaneously administered
acamprosate (400 mg/kg/day) or not for the duration of this period.  Acamprosate
reduced both the hypermotility (5) and the increased glutamate in the microdialysate
of the nucleus accumbens (4), which occurred during the first 12h of ethanol
withdrawal in the non supplemented group.  The basal concentration of both taurine
and GABA increased significantly in acamprosate treated group (5). The effect of
acamprosate on excitatory amino acids was also assessed during repeated ethanol
withdrawal of 24h each (9).  During the first cycle of ethanol withdrawal, the
administration of acamprosate (400 mg, i.p.) two hours after the commencement of
ethanol withdrawal decreases both glutamate and aspartate microdialysate levels by
comparison to acamprosate untreated group.  During the third withdrawal period,
further increases were seen in both glutamate and aspartate microdialysate levels in
acamprosate untreated group.  Acamprosate administration reduces significantly the
glutamate level, while aspartate levels were steady increased during the last 12h of
withdrawal in the two groups.  Interestingly, taurine level was significantly increased
after acamprosate administration during the third withdrawal period by comparison to
acamprosate untreated group.  Overall, these results reviewed in (7) demonstrate
clearly that ethanol alters differentially excitatory and inhibitory neurotransmitters by
varying degrees, which is dependent upon a variety of factors, which include ethanol
treatment, and the brain regions investigated.  Such alterations may play a role in
development of tolerance and dependence which results in the hyperexcitability
observed during ethanol withdrawal.  Moreover, acamprosate, which is a new
therapeutic drug used to treat alcoholism, is able to reduce the hypermotility and
excitatory amino acids during the ethanol withdrawal.  This could be explained by the
possibility of acamprosate action directly at the glutamate receptors and in part by
increasing taurine and GABA levels in specific brain regions and acamprosate
increased these inhibitory amino acid levels would pronounce the protective
mechanism against the neurotoxicity and even the death (10) induced by excitatory
amino acids particularly glutamate.
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GENETICS OF ALCOHOLISM: THE COGA STUDY

Howard J. Edenberg and COGA Collaborators,

Indiana University School of Medicine, Indianapolis, Indiana USA and other COGA sites.

The Collaborative Study on the Genetics of Alcoholism (COGA) is a large-scale
family study designed to identify genes that affect the risk for alcohol dependence and
alcohol-related traits and behaviors. Alcoholism is a complex genetic disease, so there
will be no single “gene for alcoholism.” We expect that variations in many different
genes, interacting with each other and with the environment, will affect the risk for
alcoholism. This makes the task of finding genes that affect the risk very difficult.
COGA was founded as a large collaboration among six (now nine) sites across the
United States, to bring together a range of expertise and to allow collection of a large
sample of families of alcoholics.

COGA investigators chose a family study design, rather than a case-control design, to
allow the use of multiple methods of genetic analysis. Systematic recruitment of
subjects from alcoholism treatment facilities was followed by careful assessment of
the subjects and their family members. Control families were also recruited. In
addition to extensive interview data, using the Semi-Structured Assessment for the
Genetics of Alcoholism (SSAGA), we obtained electroencephalograms (EEGs) to
measure overall brain activity and event-related potentials (ERPs) elicited in response
to specific stimuli. The richness of the data collected allows exploration of many
phenotypes related to alcoholism, in addition to analyses under standard diagnostic
systems (DSM-IV, ICD-10). We collected a large sample, interviewing approximately
12,000 people.

We carried out a survey of the entire genome, using microsatellite markers, to identify
regions that contain gene(s) affecting the risk for alcoholism. More than 1.2 million
genotypes were generated on 2,310 individuals from families of alcoholics and 1,238
individuals from control families in this phase of the research. This strategy also
allowed identification of regions that contain gene(s) affecting the
electrophysiological variables, which are likely to be controlled by fewer genes and to
reveal biological processes intermediate between the genes and the behaviors.

friday 13.00 howard j edenberg, indianapolis
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We have identified regions on chromosomes 1, 2 and 7 that affect the risk for
alcoholism, and a region on chromosome 4 that appears protective (Reich et al 1998
Am J Med Genet 81:207; Foroud et al Alc Clin Exp Res 24:933). A region affecting
severity of the disease was mapped to chromosome 16 (Foroud et al. 1998 Alc Clin
Exp Res 22:2035). The region on chromosome 4 that appeared protective also
contains gene(s) that affect the maximum number of drinks consumed in a 24 hour
period (Saccone et al. Am J Med Genet 96:632). This region contains a cluster of 7
alcohol dehydrogenase genes, strong candidates because prior results have shown that
polymorphisms of these genes affect the risk for alcoholism. There was also evidence
that the locus on chromosome 1 influenced vulnerability to alcoholism and affective
disorder (Nurnberger et al Am J Psych 158:718). In contrast, we found no evidence
that variations in the dopamine receptor DRD2 gene or in the serotonin transporter
HTT gene were related to the risk for alcoholism (Edenberg et al 1998 Alc Clin Exp
Res 22:505 and Alc Clin Exp Res 22:1080).

The P3 event-related potential has been shown to be reduced in alcoholics and in their
children prior to exposure, and has been suggested as a phenotypic marker for
vulnerability to alcoholism (Porjesz et al 1998 Alc Clin Exp Res 22:1317). We
identified regions on chromosomes 2, 5, 6, and 13 that contain genes influencing the
voltage of the P3 event-related potential (Begleiter 1998 Electroenceph Clin
Neurophys 108:244). In the ADH region of chromosome 4, there is an interaction
between genes affecting diagnosis and those affecting ERP (Williams et al 1999 Am J
Hum Genet 65:1148). In more recent work, we have identified a locus that affects the
beta frequency of the EEG (Porjesz et al 2002 PNAS 99:3729). This was located in a
cluster of genes encoding GABA(A) receptors.

We have recently focused on identifying the individual genes within these regions that
affect the risk for alcoholism and related phenotypes. We are genotyping SNPs in key
regions, using high-throughput technology, and analyzing them for linkage
disequilibrium with the traits. Because linkage disequilibrium extends over much
shorter distances than linkage to microsatellites, this should allow us to greatly narrow
the regions and identify individual genes.

DIFFERENT GENOTYPES UNDERLYING SIMILAR
PHENOTYPES WITH RESPECT TO ALCOHOL

CONSUMPTION

Giancarlo Colombo

CNR Institute of Neurogenetics and Neuropharmacology, Cagliari, Italy.

Different lines of selectively bred alcohol-preferring rats have been developed to
model a fundamental aspect of human alcoholism such as excessive alcohol drinking.
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These lines have been termed UChB, AA, P, HAD, and sP. Together with the alcohol-
accepting line, a line of alcohol-non preferring rats (UChA, ANA, NP, LAD and sNP,
respectively) has been derived from the same foundation stock.
These line couples of alcohol-preferring and -non preferring rats have been generated
for the same phenotype (preference or aversion for alcohol over water and high or low
alcohol intake under the standard homecage two-bottle 10% alcohol vs water choice
with unlimited access for 24 hours/day), using similar procedures of selective
breeding, and adopting similar cut-offs for the evaluation of alcohol preference and
consumption. Selective breeding programs started from individuals of outbred
populations with maximum difference in alcohol drinking behavior; the highest
alcohol-consuming individuals were mated to start the alcohol-preferring lines and,
conversely, the lowest alcohol-consuming individuals were mated to generate the
alcohol-non preferring lines. At each generation, offspring were first tested for
alcohol preference and avoidance, and then mated again, until fulfillment of selective
criteria in virtually the totality of the line rats.
As a result of this selective breeding, alcohol-preferring rats typically consume
approximately 6 g/kg/day alcohol and avoid water almost completely. This appears to
be a feature common to all rat lines. In contrast, alcohol-avoiding rats greatly prefer
water over the alcohol solution and consume daily less than 0.5 g/kg alcohol.
The genetic selection of alcohol preference or avoidance phenotypes has yielded
theoretically differential segregation only at those genes involved in the control of
alcohol preference and intake, randomizing all other loci that are not related to or
influenced by genes regulating alcohol drinking behavior. Thus, alcohol-preferring
and -non preferring rats constitute valid animal models for investigation of the
genetically determined, neurochemical and behavioral traits associated and/or
causally related to alcohol reinforcement and aversion.
However, although selected under similar procedures, these rat lines have been
differentiated for a number of genetically controlled traits, likely associated to the
development of alcohol preference. For instance, the rat lines selected for high alcohol
intake have been reported to greatly differ in a) initial sensitivity to alcohol, b)
anxiety-related behaviors, c) development of relapse-like drinking (i,e, the so-called
alcohol deprivation effect), and d) baseline levels of brain neurotransmitters likely
involved in the mediation of alcohol reinforcement.
A possible explanation for these disparities may reside in the likely differences
existing in the genetic make-up of these rat lines. In other words, although these rat
lines have been selected for the same phenotype following similar breeding
procedures, the above discrepancies suggest that a) different genotypes are involved
in the development of alcohol preference, and b) the contribution of each genotype
may vary among these rat lines. These differences apparently result in multiple forms
of high alcohol preference, which appear to reproduce the different types of alcoholics
better than a theoretical single animal model.
Consistently, the effect of different drugs on voluntary alcohol intake has been
reported to vary markedly among the different lines of alcohol-preferring rats,
reproducing the large variability with which pharmacotherapies may affect alcohol
drinking among the different subgroups of alcoholics. These data also suggest that
differences may exist in the neural substrates mediating the reinforcing properties of
alcohol in these rat lines.
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 friday 14.30 marcus heilig, stockholm

LEADS FROM FUNCTIONAL GENOMICS
APPROACHES

M Heilig,W. Sommer, C. Arlinde, R. Rimondini

Div of Psychiatry, NEUROTEC, Karolinska Inst, Stockholm.

Animal paradigms can model important aspects of alcoholism, and their use has led to
the development and introduction of clinically effective pharmacological treatments
in this disorder. Presently available compounds have been developed based on a priori
knowledge of the role of opioid, amino acid and serotonergic transmission,
respectively. This kind of “candidate system strategy” has proven its utility, but has
limitations when it comes to discovery of novel target systems, and therefore restricts
the range of potential novel treatments.
Recently, behavioral genomics strategies have provided useful tools in the search for
novel treatment targets. A strategy which has become feasible is to analyse global
expression patterns in brain areas controlling relevant behaviors. This approach can be
applied to validated animal models based on genetic selection, or models based on
environmental manipulations leading to neuroadaptive processes underlying the
transition from a non-dependent to a dependent state. By contrasting expression
patterns in lines selected for high alcohol consumptions with that of lines selected for
low intake levels, or between subjects with vs without neuroadaptation, novel
candidate genes may be identified, whose products, when differentially expressed,
may render subject vulnerable for developing dependence, or encode the dependent
phenotype. An important and complementary behavioral genomics strategy is
quantitative trait locus (QTL) analysis of behavioral traits such as high alcohol
consumption. Focused follow up analysis of expression, and finally molecular
(transgenic overexpression or knock-out) and pharmacological validation of candidate
targets closes the loop in this strategy.
The complementarity of these methods has recently been illustrated by a QTL for
high alcohol consumption found by Carr et al. in the Indiana alcohol preferring (P)
rat. This QTL contributes appr. one third of the variance of alcohol preference, and
maps to markers within the prepro-neuropeptide Y (NPY) gene. In our laboratory,
expression analysis within a second genetic model, the Finnish AA rat indicates
differential expression of NPY and its receptors, which may contribute to the
phenotype in this line. Separate work in genetically engineered mice by Thiele and
coworkers indicates inverse correlation between NPY expression and alcohol self-
administration in NPY transgenic and null-mutant mice. Finally, as predicted by these
studies, we have recently found that pharmacological targeting of the NPY system
markedly and selectively suppresses operant alcohol-self-administration on limited
access. The sensitivity for this effects is enhanced in subjects with a history of
dependence, indicating an underlying neuroadaptive process involving the NPY
system.
We have more recently applied a similar strategy to a novel model of the transition
from a low- to high-drinking state. Following repeated cycles of EtOH vapor
intoxication and mild withdrawal, a persistent and acamprosate-sensitive high
voluntary EtOH consumption is induced. In rats subjected to this procedure, DNA-
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   friday 15.45        friedbert weiss, la jolla

microarray analysis reveales long term differential gene expression of limited groups
of genes in cingulate cortex and amygdala. Among regulated genes are both systems
previously implicated in alcoholism, e.g. several glutamatergic genes and monoamine
oxidase, as well as interesting novel candidates, such as the cannabinoid CB1
receptor, several kinases in the mitogen-activated protein (MAP) kinase pathway, and
subunits of Na+/K+-ATPase. Our findings illustrate that this strategy has an ability to
identify targets which are not only correlative but may also be causally related to the
alcoholic phenotype: both acamprosate, a partial agonist at glutamatergic NMDA-
receptors, and a CB1 antagonist suppress alcohol drinking in subjects with a history of
dependence, but not in regular laboratory rats.
A final level of analysis which is currently being developed is to apply modern
bioinformatics to identify systems whose differential expression correlates with
relevant behavioral phenotypes across several models. The application of this strategy
promises to strengthen the probability for identifying candidates which are causally
related to the phenotype, and therefore provide the most attractive targets for future
drug developments efforts.

FROM REINFORCEMENT TO RELAPSE: IS
DOPAMINE NEURO-TRANSMISSION A POTENTIAL

TREATMENT TARGET FOR ALCOHOL ADDICTION?

Friedbert Weiss

Department of Neuropharmacology, The Scripps Research Institute, La Jolla, CA, USA.

Because ethanol acts as a positive reinforcer, much attention has been directed at
understanding its actions on dopamine (DA) neurotransmission in the meso-
accumbens reward pathway. It is now well established that behaviorally relevant
doses of ethanol activate this system. Evidence supporting a role of this effect in the
acute reinforcing actions of ethanol comes from findings that self-administration of
ethanol increases DA release in the nucleus accumbens (NAcc) in a dose-dependent
manner, that this effect is enhanced in alcohol preferring P rats, and that ethanol-
maintained reinforcement is modified by pharmacological agents that interact with
meso-accumbens DA transmission. Moreover, whereas ethanol acutely activates this
system, withdrawal from chronic ethanol leads to substantial deficits in DA function
that, are in part, reversible by renewed ethanol self-administration. These findings
have given rise to the hypothesis that meso-accumbens DA hypofunction after chronic
ethanol use is an important factor in the maintenance of alcohol addiction by
promoting ethanol intake to compensate for its deceased efficacy on DA release, and
by motivating resumption of drinking during withdrawal to reverse DA deficits.
Consistent with the animal literature, several clinical and laboratory studies in humans
suggest that DA antagonists reduce the euphorigenic and stimulant actions of ethanol,
while DA agonists can ameliorate ethanol withdrawal symptoms such as anxiety and
depression. These findings confirm a role of DA in different aspects of ethanol’s
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addictive and suggest that direct or indirect manipulation of DA transmission may be
of therapeutic benefit.

Objectives: In addition to its role in reinforcement, meso-accumbens DA transmission
has been implicated in mediating behavior that brings subjects into contact with a
reinforcer. A role of DA in this “incentive-motivational” aspect of ethanol’s actions
may have important implications for understanding the mechanisms regulating the
initiation of ethanol-seeking and, by extension, ethanol craving and relapse.
Considering the chronic relapsing nature of alcoholism, it was of interest to elucidate
the role of DA in ethanol-seeking behavior associated with the conditioned incentive
effects of alcohol-associated environmental stimuli, and to determine whether this
neurochemical system is a potential treatment target for the prevention of relapse.

Methods: Reinstatement models of relapse were employed to test whether an ethanol-
associated context increases extracellular DA levels in the NAcc of Wistar rats and
whether this effect is sensitive to manipulation of the animals’ motivational status. In
addition, the effects of DA D1 and D2 receptor antagonists on the initiation and
maintenance of drug-seeking behavior induced by ethanol-related contextual stimuli
were examined. Finally, microdialysis and pharmacological manipulations were
employed to study the role of meso-accumbens DA in the anti-relapse actions of
opiate antagonists.

Results: In a first set of experiments, exposure to a previously ethanol-predictive
environment reliably increased DA release in the NAcc, and this effect was enhanced
in rats subjected to ethanol deprivation prior to testing. In rats, presented with ethanol-
predictive discriminative stimuli, administration of D1 and D2 receptor antagonists
dose-dependently increased the latency to initiate responding and reduced the number
of responses at a previously active, ethanol-paired lever. In a second set of
experiments, the opiate antagonist, naltrexone (NTX) was found to block increases in
accumbal DA release induced by ethanol, but not DA release induced by an ethanol-
associated environment. Nonetheless, NTX reversed ethanol-seeking behavior in the
latter group of rats. Subsequent experiments using discrete intracerebral injection of
the naloxone derivative, methylnaloxonium, have identified the ventral pallidum (i.e.,
the major site for neural output from the NAcc) as the site of action responsible for
the attenuation of conditioned ethanol-seeking behavior by opiate antagonists.

Discussion: The antagonism of the response-reinstating effects of ethanol-related
stimuli by DA antagonists extends prior evidence on a role of DA transmission in
ethanol reinforcement to a role of this transmitter in conditioned drug-seeking
responses and, by inference, craving and relapse associated with exposure to alcohol
cues. Moreover, the increase in accumbal DA release produced by these stimuli
implicates the meso-accumbens system in the mediationof their motivating effects.
Although not fully conclusive, the results also suggest that opiate antagonists may act
to intercept the effects of the accumbal dopaminergic activation produced by alcohol
cues at the level of the ventral pallidum. Overall, the findings confirm a role of meso-
accumbens DA transmission in different aspects of the addictive cycle associated with
alcoholism and implicate brain DA as an important potential treatment target.
Moreover, as suggested by the results, accessing DA function indirectly via other
systems such as opiate receptors that modulate DA activity may represent a promising
and, possibly, superior pharmacotherapeutic approach.
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THE ROLE OF DOPAMINE – HUMAN STUDIES

Hans Rommelspacher, Ulrich Finckh, Lutz G. Schmidt

Berlin, Hamburg, Mainz

Dopamine has been implicated in various psychiatric and neurological disorders like
alcoholism, schizophrenia, Parkinson's disease, Tourette syndrome, tardive dyskine-
sia, Huntington's disease, and attention deficit hyperactivity disorder. With respect to
alcoholism quantitative trait locus experiments have identified a preference locus in
the middle of chromosome 9 in the mouse, where dopamine D2 gene (DRD2) is lo-
calized and the gene that codes for the 5-HT1B-receptor (Crabbe et al. 1999).
Others tested in a large family-based sample whether the DRD2 locus is associated
with alcohol dependence. Neither the transmission-disequilibrium-test nor the
affected-family-based-controls'-test provided any evidence of linkage or association
between the DRD2 locus and alcohol dependence (Edenberg et al. 1998). DRD2
knock-out-mice consumed less ethanol in a free-choice-paradigm than wild type mice
(Phillips et al. 1998). In place-conditioning experiments knock-out-mice did not
prefer ethanol instead of water (Cunningham et al. 2000). Futhermore, the ethanol-
induced reduction of locomotor activity was suspended in knock-out-mice (Phillips et
al. 1998). A reduction of preference has also been demonstrated for opiates in the
place-preference paradigm (Maldonado et al. 1997).

A PET-study revealed a reduced number of DAD2 receptors in the striatum of "non-
dissocial" alcoholics (Hetata et al. 1994). SPECT investigation demonstrated a redu-
ced number of dopamine transporters (DAT) in the striatum of "non-dissocial"
alcoholics in contrast to dissocial ones. The density of the latter group was slightly
higher than that of healthy controls (Tiihonen et al. 1995).
Increases in DRD2 receptors (52%) in the nucleus accumbens in rats was accom-
plished by vector administration of the respective gene. The overexpression of DAD2
receptors was associated with a marked reduction in alcohol preference (43%) and
alcohol intake (64%) of ethanol preferring and non-preferring rats (preference 16%,
intake 75%, Thanos et al. 2001). All these findings suggest an important contribution
of dopaminergic neurones to some aspects of alcoholism.

Since 1990 we have investigated in a sample of around 700 alcoholics. 15 candidate
genes including dopamine D1, D2, D3, D4, D5 receptors, tyroxine hydroxylase, mo-
noamine oxidase, and dopamine transporter. The dopamine D2 receptor was of spe-
cial interest because of the evidence of its important role presented above, the pos-
sibility of genetic analysis and of the assessment of the activity of dopamine D2 re-
ceptors at various timepoints during the course of the disease, using the apomorphine-
induced growth hormone response. The neuroendocrine testing was performed
routinely during intoxication at the time of admission to an inpatient alcohol treatment
programme and was repeated seven days later in a postintoxicated state three months
later during a rehabilitation programme for abstinence. Two-factor analysis of
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variance (ANOVA) revealed a significant change of GH response over time between
intoxication and postintoxication (P < 0.001) and between abstainers and relapses (P =
0.032). Standardized canonical discriminant coefficient was highest for reduced GH
response compared with other relapse predictors in the model used. These and other
findings initiated a study to examine the hypothesis that reduced dopamine function
and/or diminished ability of dopamine function to adapt to the non-intoxicated state in
the rehabilitation programme is an important cause for relapse. Therefore, we treated
alcoholic patients with the dopamine D2 receptor agonist Lisuride using a randomized
double-blind placebo-controlled design.

THE ROLE OF SEROTONIN: ANIMAL STUDIES AND
THEIR HUMAN COROLLARIES

Abdulla A-B Badawy

Cardiff & Vale NHS Trust, Biomedical Research Laboratory, Whitchurch Hospital, Cardiff CF14 7XB,
Wales, UK

The brain indolylamine 5-hydroxytryptamine (5-HT or serotonin) controls a variety of
important functions in the central nervous system, including mood.  It is because of
the frequent incidence of mood disturbances in alcohol-dependent patients that
investigators have been preoccupied for over four decades now in studying the
relationship between alcohol consumption and the metabolism of serotonin and its
precursor amino acid tryptophan (Trp).  It is only since the mid 1980’s that, because
it has become apparent that serotonin may also control the desire to drink alcohol,
emphasis in alcohol-serotonin research has shifted from mood to alcohol-
consummatory behaviour; a shift that seems to parallel broadly the development of
basic research on serotonin receptor physiology in relation to appetite control, and
clinical research on serotonin in the context of impulse control.

At the metabolic level, studying the serotonin status cannot be done in isolation from
that of its Trp precursor, because the brain level of the latter is the most important
single metabolic determinant of the rate of serotonin synthesis.  This is because the
rate-limiting enzyme of this synthesis, Trp hydroxylase, exists unsaturated with its
Trp substrate.    Consequently, central serotonin synthesis is dependent on peripheral
factors controlling Trp availability to the brain. These factors include, at the primary
level of control, activity of hepatic Trp pyrrolase, the quantitatively most important
enzyme of Trp degradation, and, at the secondary, but more immediate, level, Trp
binding to albumin and extent of competition with Trp for entry into the brain from at
least 5 other amino acids (the competing amino acids or CAA), namely Val, Leu, Ile,
Phe and Tyr.  In human studies, the most accurate predictor of brain Trp, and hence,
5-HT, changes is therefore the circulating [Trp]/[CAA] ratio.

In studying the Trp and serotonin status in alcoholism, it is important to distinguish
between such status in alcohol-dependent subjects in the absence of alcohol
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consumption (i.e. during medium– or long-term abstinence) from the pharmacological
effects induced by acute and chronic alcohol consumption and subsequently during
the acute withdrawal phase.

Acute and chronic alcohol (ethanol) intake and subsequent withdrawal have been
shown to exert major effects on serotonin and Trp metabolism and disposition in man
and experimental animals.  In animals, liver Trp pyrrolase activity is enhanced by
acute, but inhibited after chronic, ethanol administration, then enhanced during
withdrawal.  These changes lead to alterations (in the opposite directions) in brain
serotonin synthesis and turnover mediated by corresponding changes in circulating
Trp availability to the brain.   A brain serotonin deficiency is present in the alcohol-
preferring C57BL/6J mouse strain and many alcohol-preferring rat lines. In this
mouse strain, the liver Trp pyrrolase enhancement causes the serotonin deficiency.

In man, acute ethanol intake also inhibits brain serotonin synthesis by activating liver
Trp pyrrolase.  This may explain alcohol-induced depression, aggression and loss of
control in susceptible individuals.  Chronic alcohol intake in dependent subjects may
be associated with liver Trp pyrrolase inhibition and a consequent enhancement of
brain serotonin function, whereas subsequent withdrawal may induce the opposite
effects. Relapse into drinking is associated with a return of the liver Trp pyrrolase
inhibition, an effect that should lead to elevation of brain serotonin levels.  It is
therefore possible to suggest that some abstinent alcoholics may have a central
serotonin deficiency, which they correct by liver Trp pyrrolase inhibition through
drinking. There may be a role for the excitotoxic Trp metabolite quinolinate, produced
through the Trp pyrrolase-dependent activation of the hepatic kynurenine pathway, in
the behavioural disturbances of the alcohol-withdrawal syndrome.

Although it has been suggested that a decrease in Trp availability to the brain (as
expressed by a lower [Trp]/[CAA] ratio than in controls) in 1-day abstinent subjects is
associated with the presence of depressive and aggressive tendencies only in early-
onset alcoholism, it has been show that this decreased availability occurs irrespective
of the presence of depression or aggression, and also in the absence of typing.
Recently, we found that a positive family history of alcoholism is not associated with
a decrease in Trp availability to the brain, thus suggesting that a potential serotonin
deficiency in alcoholism is unlikely to be related to family history of alcoholism.  A
central serotonin deficiency, however, has been demonstrated in a nonhuman primate
model of alcoholism, characterized by a low CSF [5-HIAA], and exhibiting
behaviours characteristic of Type II alcoholism, especially deficits in impulse control,
e.g. spontaneous risky and reinforcing behaviours, impaired social competence, social
alienation and unrestrained and violent aggression. However, this primate model is
not primarily a genetic one, unlike the Type 2 human model, with a high genetic
loading.  It is of interest that evidence linking antisocial alcoholism to the serotonin
5HT1B  receptor gene and of impulsive aggression to a mutation in the gene encoding
for monoamine oxidase type A (the form of MAO responsible for serotonin
degradation) have been reported.  Serotonin function has also been examined in
subjects at high risk for alcohol dependence.  With CSF [5-HIAA] measurements,
impairment was demonstrated, whereas in serotonin receptor binding studies, the
results have been controversial.  It is therefore possible that the presence of a
serotonin deficiency may be confined to a subgroup(s) of alcohol-dependent subjects
with special characteristics.
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Taken together, these observations suggest that more studies are required in humans
to establish more accurately the serotonin and Trp status during alcohol dependence
and the subsequent acute withdrawal phase.  Studies in longer-term abstinence are
also needed to establish this status in relation to predisposition to dependence and to
the associated psychological and behavioural disturbances, which may also be
important determinants of the dependence mechanism through negative
reinforcement.  Establishing the serotonin status in relation to personality
characteristics and alcoholism typologies will also make an important contribution
towards identifying the biopsychosocial determinants of dependence, biological
(including genetic) vulnerability factors, and patient characteristics, which should lead
to more effective screening and detection of subjects at risk of becoming dependent
on alcohol, targeting patients for specific pharmacological interventions and
improving the practice of detoxification.

STATUS OF SEROTONERGIC AGENTS IN THE
TREATMENT OF ALCOHOL DEPENDENCE

Helen M. Pettinati

Department of Psychiatry University of Pennsylvania School of Medicine Philadelphia, Pennsylvania,
USA

This paper will provide data about the usefulness of serotonin (5-hydroxytryptamine;
5-HT) selective pharmacotherapy in the treatment of alcohol dependence and will
provide both historical and current perspectives on its use. The last 20 years of
research has shown us that 5-HT neurotransmission is related to alcohol dependence.
Both theoretical and empirical research has supported the idea that alcohol
dependence is a recurrent disorder and that biological vulnerabilities contribute to the
pathogenesis of alcohol dependence. Pre-clinical studies have consistently
demonstrated that there is a relationship between 5-HT function and alcohol
consumption.  However, the clinical studies have been inconsistent in their
conclusions. Furthermore, there is growing evidence that distinct alcoholic subtypes,
who may be differentiated by the type or complexity of their 5-HT dysfunction, are
differentially responsive to 5-HT pharmacotherapy with respect to drinking-related
outcomes.  This may explain the modest and variable 5-HT pharmacotherapeutic
effects that have previously been reported in the earlier studies that included large,
heterogeneous subject groups. However, results following from this new line of
inquiry, while relatively optimistic, have not been straightforward, calling for further
investigations into this area of research.
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THE ROLE OF GLUTAMATE – ANIMAL STUDIES

Rainer Spanagel

Central Institute of  Mental Health (CIMH), University of Heidelberg, Mannheim

Numerous studies have shown that the glutamatergic system is involved in the
mediation of acute and chronic alcohol effects. In a long-term model of alcohol self-
administration with repeated deprivation phases we could demonstrate enhanced
glutamatergic activity following voluntary alcohol intake. In addition the glutamate
release inhibitor lamotrigine abolished the alcohol deprivation effect (ADE) in our rat
model. In order to study the involvement of different glutamate receptors in mediating
relapse drinking we administered low affinity non-competitive NMDA receptor
antagonists (memantine and MRZ 2/579) and a AMPA receptor antagonist (GYKI
52466) to rats which had voluntary access to alcohol for more than one year with
repeated deprivation phases. Memantine and MRZ 2/579 abolished the ADE
demonstrating the importance of NMDA receptors in relapse behaviour. It should be
noted, however, that the selective NMDAR-2B antagonist ifenprodil was without
effect on the ADE despite the fact that alcohol sensitivity is partially mediated by this
subunit. In contrast to NMDA receptors AMPA receptors seem not to be involved in
relapse behaviour since GYKI 52466 did not interfere with the alcohol deprivation
effect. The latter result could be confirmed by AMPA receptor knockout mice which
showed no alteration in drinking behaviour when compared to wildtype mice.

GLUTAMATE-DOPAMINE INTERACTIONS WITH
SPECIAL REFERENCE TO DEPENDENCE-

PRODUCING DRUGS

Sture Liljequist

Department of Clinical Neuroscience, Div of Drug Dependence Research, Karolinska Institutet, S-
17176 Stockholm, Sweden

Brain glutamate receptors are pharmacologically defined either as ionotropic NMDA
and AMPA/kainate or as G-protein- coupled metabotropic glutamate receptors. Each
subclass of glutamate receptors are composed from various combinations of glutamate
receptor subtypes and accumulated evidence suggests that this may at least partially
explain the fact that currently available NMDA and AMPA glutamate receptor
antagonists differ in their relative affinity for various receptor subtypes and thereby
also in their potency to selectively modulate dopaminergic neurotransmission in the
brain. Some recent observations concerning the effects of different categories of
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glutamate receptor antagonists on the release of dopamine produced by various CNS
stimulant drugs in the nucleus accumbens of rat brain will be presented and discussed.
According to a classic working hypothesis it is suggested that a blockade of NMDA
receptors will inhibit the acquisition of a learned response or chronic drug effects (e.g.
tolerance) whereas a blockade of AMPA receptors will antagonize the expression of
such events. This theory is based upon the assumption that chronic exposure to at
least CNS stimulant drugs will cause long-term changes of glutamate brain
mechanisms, and consequently their putative role as modulators of dopamine
neurotransmission, in selective brains areas. Several newly developed techniques can
be used for the detection of e.g. drug-produced alteration in the production of
glutamate sybtype receptor genes and their corresponding protein. Some preliminary
findings of how such techniques will be integrated into our ongoing work with
various dependence-producing drugs, like nicotine and ethanol, will be presented.

THE ROLE OF EXCITATORY AMINO ACIDS
– HUMAN STUDIES

Karl F. Mann, Michael N. Smolka

University of Heidelberg, Central Institute of Mental Health, Dept. for Addictive Behavior and
Addiction Medicine, J 5, D-68159 Mannheim, Germany, Andreas Heinz, Dept. of Psychiatry,

Humboldt-University, Charité, D-10098 Berlin, Germany

Acamprosate reduces alcohol consumption in different animal models. They have also
provided insights into its mechanisms of action. Clinically the compound was
evaluated in about twenty randomized placebo-controlled trials in Europe, Australia
and the US. The overwhelming majority of these studies showed a significant effect in
terms of the prevention of relapses and the amount of alcohol consumed compared to
the placebo control group. The latest study was done in the US without showing an
advantage of acamprosate. The reasons will be discussed. Based on the overall
evidence the FDA examined this compound for approval in the US. Their arguments
as well as the final decision will also be discussed.

So far it was not possible to describe a group of clear acamprosate responders. This
attempt is currently being undertaken in a large study (PROJECT PREDICT) which is
funded by the German Government. Bsed on animal work we hypothesize a reward
craving which can be distinguished from relief craving. While the former is supposed
to better respond to acamprosate, the latter should rather be improved by naltrexone.
The rationale of this project will also be outlined.
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THE ROLE OF OPIOID SYSTEMS IN ETHANOL SELF-
ADMINISTRATION BEHAVIOR: STUDIES IN

ALCOHOL-PREFERRING AA AND ALCOHOL-
AVOIDING ANA RATS

Kalervo Kiianmaa

Department of Mental Health and Alcohol Research, National Public Health Institute, POB 33, 00251
Helsinki, Finland

Mesolimbic dopaminergic mechanisms as well as other neuronal systems interacting
with them, such as the opioid systems, have been implicated in the development of
drug addiction. The role of these neuronal systems in alcohol addiction has been
examined using the alcohol-preferring AA (Alko Alcohol) and alcohol-avoiding ANA
(Alko Non-Alcohol) rat lines, developed in this laboratory. Data from microdialysis
studies reveal that extracellular dopamine is elevated in the nucleus accumbens after
an acute injection of ethanol similarly both in ethanol naive AA and ANA rats, and
that the rats do not become sensitized to this effect after repeated administration of
ethanol. Since only small increases in accumbal dopamine levels are found during
ethanol drinking, dopamine does not seem to be crucially involved in the mediation
ethanol reinforcement in AA rats.

The AA rats also consume more etonitazene solution (an opioid agonist) than the
ANA rats. Furthermore, the AAs show higher locomotor activity after morphine
administration and are more liable than the ANAs to the sensitizing effects of
repeated opioid injections on locomotor activity and dopamine overflow in the
nucleus accumbens. These observations are in line with the findings showing that
especially the content of proenkephalin mRNA is higher in the brain of AA than ANA
rats and that there are differences in the density of the mu opioid receptors in
numerous brain parts, particularly in the shell of nucleus accumbens and in the
prefrontal cortex, the AA rats showing higher densities than the AA rats. Such
differences are not seen in delta receptor density.

To investigate opioidergic involvement in ethanol reinforcement further the effect of
mu receptor antagonist CTOP and delta receptor antagonist naltrindole on ethanol
self-administration in an operant chamber and on ethanol-induced dopamine overflow
in the nucleus accumbens, has been studied in AA rats. In these experiments
administration of CTOP and naltrindole into the nucleus accumbens or basolateral
amygdala decreases ethanol responding whereas injections into the VTA have little
effect on ethanol intake. Ethanol-induced increase in the extracellular levels of
dopamine is also attenuated by CTOP and naltrindole. Since nonselective opioid
antagonist naltrexone attenuates ethanol intake dose-dependently also in animals that
have received injections of 6-hydroxydopamine into the nucleus accumbens, the
suppressive effect of opioid antagonists on ethanol self-administration is probably,
however, not based on the inhibition of ethanol-induced dopamine release by opioid
antagonists in the nucleus accumbens.
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The data do not support dopamine mediating ethanol self-administration in AA rats.
Brain dopamine may, however, play a role in other behavioral functions related to
ethanol intake. There are strain specific differences in the opioidergic systems among
the AA and ANA rats suggesting a role for the opioidergic mechanisms in the
mediation of ethanol intake. This view is supported by findings showing that opioid
antagonists decrease ethanol drinking and responding by AA rats.

OPIOID ANTAGONISTS IN TREATMENT OF
ALCOHOLISM: A REVIEW OF HUMAN STUDIES

Jonathan Chick

Department of Psychiatry, University of Edinburgh, EH105HD, Edinburgh UK

Meta-analyses of randomized controlled studies of opioid antagonists in recovery
from alcohol dependence suggest efficacy. While in earlier studies abstinence was the
usual treatment goal, naltrexone has now been tested as a treatment to improve control
of drinking, rather than achieve abstinence. The basis for this controversial approach
is that naltrexone’s chief effect appears to be to reduce the frequency of heavy
drinking sessions rather than prolonging complete abstinence.
In the clinic, it is important to monitor objectively the progress of patients taking
these medications, because only a proportion will respond. There are few pointers, as
yet, to help decide which patients are likely to be responders. However, current
research suggests that one particular type of clinic patient who should be offered an
opioid antagonist  is the person who declines to aim for abstinence.
The culture of the treatment setting may have influence whether opioid antagonists
are effective. The multicentre study Veterans Administration study, where abstinence
oriented twelve-step facilitation was the predominant treatment, failed to show a
benefit from naltrexone. This result may represent the greater difficulty in showing
efficacy of a drug when studies move from single centre, research-oriented, settings to
a wider range of services. On the other hand, it may be further evidence, seen in other
studies, that coping skills therapy, which teaches handling rather than avoiding
drinking situations, is the most appropriate conjunctive psychotherapy approach when
an opioid antagonist is prescribed.
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CROSS TALK BETWEEN OPIOID AND
CANNABINOID RECEPTORSIN THE
CONTROL OF ALCOHOL INTAKE

Giancarlo Colombo

CNR Institute of Neurogenetics and Neuropharmacology, Cagliari, Italy.

Different lines of experimental evidence suggest that the pharmacological blockade of
the opioid and cannabinoid CB1 receptors may reduce alcohol intake and
reinforcement in different animal models of alcoholism. The present investigation
extended to the agonists the study on the role of the opioid and cannabinoid receptors
in controlling alcohol consumption.
The present study was conducted using the Sardinian alcohol-preferring (sP) rats, a rat
line selectively bred for high alcohol preference and intake. Rats were individually
housed and offered a choice between 10% (v/v) alcohol and water under the
homecage, two-bottle regimen with continuous access for 24 hour/day. In all
experiments, recording of alcohol intake was limited to the first hour of the dark
phase of the light/dark cycle.
The cannabinoid receptor agonists, WIN 55,212-2 (0, 0.5, 1 and 2 mg/kg; i.p.) and CP
55,940 (3, 10 and 30 µg/kg; i.p.), were acutely injected 20 min before lights off. Both
drugs induced a significant, dose-dependent stimulation of alcohol intake; at the
highest doses, the increase in alcohol intake averaged approximately 70-80% when
compared to vehicle-treated rats. Pre-treatment with doses of the cannabinoid CB1

receptor antagonist, SR 141716 (0.3 mg/kg; i.p.), or the opioid receptor antagonist,
naloxone (0.1 mg/kg; i.p.), which did not alter alcohol intake when given alone,
resulted in the complete suppression of the stimulation of alcohol intake produced by
2 mg/kg WIN 55,212-2 or 30 µg/kg CP 55,940 (Figure 1).
Morphine (0.3 and 1 mg/kg, s.c.) was administered acutely 20 min before lights off.
The dose of 1 mg/kg produced a significant increase, by approximately 70% when
compared to vehicle-dosed rats, in alcohol intake. This increase was completely
suppressed by pre-treatment with either 0.3 mg/kg SR 141716 (i.p.) or 0.1 mg/kg
naloxone (i.p.) (Figure 2).
The finding that alcohol drinking can be stimulated interchangeably by either
morphine or cannabinoids and is suppressed by either naloxone or SR 141716 may
suggest the hypothesis that CB1 and opioid receptors involved in this effect coexist in
the same neuron, and that their concomitant activation is needed for the stimulating
effect to occur. Accordingly, the fact that blockade of one or the other receptor
prevents the stimulation of alcohol intake indicates that the morphine effect is
permitted by the concomitant activation of CB1 receptors by endogenous
cannabinoids and, vice versa, opioid receptor activation by endogenous opioids is
needed for the cannabinoid response. Taken together, the results of the present study
add a further piece of evidence to the hypothesized cross-talk between opioid and
cannabinoid brain systems.
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REDUCING EFFECT OF BACLOFEN ON ALCOHOL
INTAKE AND REINFORCEMENT - ANIMAL STUDIES

Gian Luigi Gessa

Neuroscienze S.c.a r.l., C.N.R. Institute of Neurogenetics and Neuropharmacology, “Bernard
B. Brodie” Department of Neuroscience, University of Cagliari, Cagliari, Italy.

The present paper is aimed at providing an overview on the most relevant findings on
the reducing effect of the GABAB receptor agonist, baclofen, on alcohol intake and
reinforcement in selectively bred Sardinian alcohol-preferring (sP) rats.
An initial study from this laboratory demonstrated that the daily administration of 2.5
and 5 mg/kg (i.p.) baclofen dose-dependently reduced voluntary daily alcohol intake
in sP rats tested under the homecage, two-bottle free choice regimen between 10%
alcohol and water. Baclofen-induced reduction in alcohol intake was accompanied by
a significant increase in water intake, which left total fluid virtually unchanged. This
study used alcohol-experienced sP rats, which may model the “active drinking” phase
of human alcoholism.
More recently, this laboratory has found that the repeated administration of relatively
low doses of baclofen (1 and 3 mg/kg/day; i.p.) or of the GABAB receptor agonist,
CGP 44532 (0.1, 0.3 and 1 mg/kg/day; i.p.), suppressed the acquisition of alcohol
drinking behavior in sP rats which had never been exposed to the alcohol-water
choice before the start of the study (i.e., a model of the development of excessive
alcohol consumption in individuals at genetic risk of alcoholism). These results
suggest the involvement of the GABAB receptor in the mechanisms underlying the
disclosure and experience of the reinforcing properties of alcohol.
 A subsequent experiment assessed the effect of baclofen on the alcohol deprivation
effect, i.e. the temporary increase in voluntary alcohol intake occurring after a period
of alcohol abstinence, which has been proposed to reflect the compulsive,
uncontrolled alcohol seeking and taking behavior characterizing alcohol relapses in
alcoholics. The acute administration of baclofen (1, 1.7 and 3 mg/kg; i.p.) resulted in

MOR
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the complete blockade of alcohol deprivation effect in sP rats re-exposed to alcohol
after a 15-day period of deprivation, suggesting that baclofen may have an anti-
relapse potential in alcoholics.
Finally, this laboratory investigated whether treatment with baclofen could affect
motivation to consume alcohol in sP rats. To this aim, sP rats were trained to press a
lever to orally self-administer 10% alcohol. Once lever-pressing behavior was
established, the effect of baclofen on the extinction responding for alcohol, defined as
the maximal number of lever responses reached by each rat in the absence of alcohol
reinforcement and used as an index of motivation, was determined. Treatment with
baclofen resulted in a dose-dependent suppression of extinction responding: indeed,
lever responses was reduced by 64, 88 and 98% in 1, 2 and 3 mg/kg baclofen-treated
rats, respectively, when compared to saline-dosed rats. These results suggest that the
reducing effect of baclofen on alcohol intake may be secondary to its ability to
suppress alcohol motivational capacities.
Taken together, these results suggest that the pharmacological stimulation of GABAB

receptors may reduce alcohol consumption and reinforcement in animal models of
alcoholism. Finally, together with the outcome of the first double-blind placebo-
controlled study in human alcoholics (G. Addolorato, this meeting), these results
suggest that baclofen may constitute a novel pharmacotherapy for alcohol
dependence.

EFFICACY OF BACLOFEN IN THE TREATMENT OF
ALCOHOL ADDICTION

G. Addolorato, F. Caputo, G. DeLorenzi, R. Masciana’, L. Abenavoli,
C. Ancona, F. Lorenzini, R. Agabio, G.L. Gessa, G. Colombo, G.

Gasbarrini.

Istituto di Medicina Interna, Università Cattolica; Rome; Centro Alcologico "G. Fontana",
Università di Bologna; Dipartimento di Neuroscienze “B.B Brodie”, Università di Cagliari; Istituto

di Neurogenetica e Neurofarmacologia del CNR di Cagliari.

The GABAB receptor agonist, baclofen, has recently been shown to reduce alcohol
withdrawal syndrome (AWS) and alcohol intake in rats and alcohol consumption
and craving for alcohol in open study in humans. The present studies were aimed at
providing a first evaluation of the efficacy of baclofen in suppressing AWS in
humans and in inducing and maintaining abstinence and reducing craving for
alcohol in alcohol-dependent patients in a double-blind placebo-controlled design.
AWS STUDY – METHODS. Five active alcoholics were enrolled consecutively in
the study. The AWS symptoms were evaluated by the Clinical Institute Withdrawal
Assessment for Alcohol-revised (CIWA-Ar) scale. All patients had a total CIWA-
Ar score of more than 20 points, indicative of a severe AWS. After obtaining
informed consent, baclofen was administered in a dosage of 10 mg per os. The
CIWA-Ar was re-administered every hour for 4-8 hours. Patients were
subsequently treated with baclofen at doses of 10 mg every 8 hours. They were
monitored as out-patients every day for the first seven days and once a week for the
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three subsequent weeks. The CIWA-Ar score was recalculated at each check-up.
RESULTS. Administration of baclofen led to a rapid reduction in the CIWA score
and disappearance of the AWS symptoms within 1-3 hours from the start of
treatment in all patients. Symptoms were absent throughout the entire treatment and
suspension period. The drug was safe and no patient showed side effects.
MAINTAINING ABSTINENCE STUDY – METHODS – A total of 39 alcohol-
dependent patients were consecutively enrolled in the study. After 12-24 hours of
abstinence from alcohol, patients were randomly divided into two groups. Twenty
patients were treated with baclofen and 19 with placebo. Drug and placebo were
orally administered for 30 consecutive days. Baclofen was administered at the dose
of 15 mg/day for the first three days and 30 mg/day for the subsequent 27 days,
divided into three daily doses. Patients were monitored as out-patients on a weekly
basis. At each visit alcohol intake, abstinence from alcohol, alcohol craving and
changes in affective disorders were evaluated. RESULTS – A higher percentage of
subjects totally abstinent from alcohol and a higher number of cumulative
abstinence days throughout the study period were found in the baclofen respect to
the placebo group. A decrease in obsessive and compulsive components of craving
was found in the baclofen respect to the placebo group; likewise, alcohol intake was
reduced in the baclofen respect to the placebo group. A decrease in state anxiety
was found in the baclofen respect to the placebo group. No significant difference
was found between the two groups in terms of current depressive symptoms.
Baclofen proved to be easily manageable and no patient discontinued treatment due
to the presence of side effects. No patient was affected by craving for the drug
and/or drug abuse.
CONCLUSIONS – Baclofen proved to be effective suppressing AWS, in inducing
abstinence from alcohol and reducing alcohol craving and consumption in
alcoholics. With the limits posed by the small number of subjects involved, the
results of this preliminary double-blind study suggest that baclofen may represent a
potentially useful drug in the treatment of alcohol-dependent patients.

FUTURE PHARMACOLOGICAL TREATMENT OF
ALCOHOLISM – THE ROLE OF NICOTINIC

ACETYLCHOLINE RECEPTORS

Bo Söderpalm1, M.D., Ph.D., Jörgen A Engel, M.D., Ph.D.

1Institute of Clinical Neuroscience, Section of Psychiatry and 2Institute of Physiology and
Pharmacology, Department of Pharmacology, Sahlgrenska Academy, Göteborg University, Sweden

Ethanol shares with all major dependence producing drugs the ability to activate brain
mesocorticolimbic dopamine neurons, an important part of the brain reward system.
This dopamine activation may be involved in mediating the positive reinforcing
effects of ethanol. The mechanisms of action of ethanol in its activation of this
dopamine system remain, however, to be elucidated. A selective pharmacological
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interference with these mechanisms may offer a possibility to reduce the reinforcing
properties of ethanol without simultaneously interfering with the reinforcing
properties of natural rewards. Ethanol has been shown to directly influence the
function of various ligand-gated ion-channels. Several of these are located on or
nearby mesocorticolimbic dopamine neurons. One such receptor is the nicotinic
acetylcholine receptor (nAChR). This taken together with the fact that in man
alcoholism and nicotinism are heavily associated led us to perform a series of acute
and chronic experiments in rodents investigating whether nAChR are involved in the
dopamine activating and reinforcing effects of ethanol.

The results indicate that central nAChR in the ventral tegmental area are implicated in
the dopamine activating effects of ethanol. Furthermore, the nAChR subtype involved
appears not to be the α4β2 or the α7, as for nicotine, but may invoke α3 and/or α6

subunits. However, the ethanol-induced activation of these receptors is probably not
direct bur rather indirect (involving endogenous ACh release) and subsequent to some
effect produced by ethanol in the nucleus accumbens. Our recent results indicate that
this accumbal effect of ethanol may be an activation of strychnine-sensitive glycine
receptors that are present in this brain region, as demonstrated by Western blot.

Also with respect to the reinforcing properties of ethanol, as measured in a two-bottle
free-choice model, ventral tegmental nAChR may be involved. Thus, systemic or
ventral tegmental administration of the nAChR antagonist mecamylamine reduces
ethanol intake and preference. In fact, after mecamylamine in the ventral tegmental
area ethanol high-preferring Wistar rats turned into ethanol low-preferring ones and
thus neglected the ethanol bottle. Concomitantly mecamylamine totally prevented the
accumbal dopamine release otherwise associated with ethanol consumption in these
animals. In subsequent preliminary experiments we have obtained evidence
suggesting that also ethanol cue induced (conditioned) dopamine release in the
nucleus accumbens is prevented by mecamylamine in the ventral tegmental area.

Taken together, these findings suggest that blockade of nAChR in the VTA prevents
the dopamine activating, rewarding and reinforcing effects of ethanol. Recent
experimental results in humans by Blomqvist et al (this meeting) support this
contention. Whether the nAChR subtypes involved in the reinforcing and conditioned
effects are the same as those mediating the dopamine activating effects after passive
systemic ethanol injections remains to be determined.

Epidemiologic studies suggest that an early nicotine debut is associated with an
enhanced risk of developing alcoholism later in life. This correlation may be due to a
pharmacological effect of chronic nicotine, as indicated by experimental studies by us
and others demonstrating that subchronic nicotine pretreatment increases ethanol
intake and preference in rats. Surprisingly, recent results indicate that this effect may
derive from intermittent blockade of peripheral nAChR rather than from intermittent
stimulation of central nAChR and be related to development of a behavioral
disinhibitory response to both nicotine and ethanol. This disinhibitory response
appears to involve also serotonergic mechanisms. The peripheral events subsequent to
an intermittent blockade of peripheral nAChR that produce these behavioral
alterations remain to be elucidated. Some preliminary experiments suggest that
peripheral muscarinergic receptors and possibly some peripheral hormone released by
activation of these, e.g. insulin, may be involved. These results also indicate that the
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impulsive behavior and ”personality” previously observed in smokers may be a
consquence of the nicotine exposure.

In conclusion, nAChRs, both central and peripheral, are initimately associated with
ethanol consummatory behavior in rats. This association is interesting considering the
fact that in humans the genetic inheritance of alcoholism and nicotinism appears to be
shared, whereas that of alcoholism and other drug dependencies probably is not.
Studies in alcoholics and smokers of polymorphisms of genes encoding different
nAChR subunit proteins are of highest priority for our future work. Furthermore, our
results indicate that unselective chronic blockade of nAChR is not likely to be
effective in reducing ethanol consumption in humans, since the peripheral blockade
imposed by such a treatment is likely to increase ethanol intake, thereby counteracting
the putative intake reducing effect of the central blockade. It is therefore of great
importance to further reveal what nAChR subypes are involved in the central effects
here described and to develop molecules selectively blocking these without interfering
with peripheral nAChR. Such a development is also necessary in order to prevent the
multitude of side effects that is associated with peripheral nAChR blockade. Finally,
the role of the newly identified accumbal strychnine-sensitive glycine receptors and
the chain of events subsequent to activation of these, including a tentative ACh
release, as well as the nature of the peripheral link described above are other topics
that will be of highest priority to explore in the near future. Studies of genes related to
these pathways as well as of substances interfering with them are likely to generate
new ideas for future pharmacological treatments of alcoholism.

NICOTINE SMOKING- A PREDICTOR FOR
ALCOHOLISM COURSE

Lesch,OM, Walter H, Ramskogler K, Hertling I, Dvorak A., Riegler A,
König B., Lindner H.

University of Vienna, Department of Psychiatry, Waehringer Guertel 18-20,1090 Wien

Nicotine use during withdrawal in alcohol dependent patients influences significantly
dopaminergic and glutamatergic actions (De Witte, 2002). Mainly the changes in the
glutamatergic systems seem to influence the severity degree of craving.
Clinically tobacco use influences the outcome in relapse prevention studies, e.g.
flupenthixol (Wiesbeck et al, 2001), acamprosate (Mann et al, 2000). Differences
between nicotine use, abuse and dependence have not been investigated yet. Also the
question of a biological  dependence, assessed by the Fagerström questionnaire, is not
yet proved within a trial. Subgroups of alcohol dependence (Lesch types I to IV) show
different mechanisms of craving and therefore their further relapse rates might be
influenced differently by different modalities of smoking (use, abise, dependence).
Methods:
100 alcohol dependent patients (ICD-10) were included in the study. After 3 weeks of
admission, under controlled sobriety, alcohol typology according to Lesch and the
smoking behaviour were assessed by ICD-10, Fagerström questionnaire, and a
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smoking classification system developed within another Austrian study (n = 330). Six
months later, the relapse rates were assessed following the European guidelines of the
Plinius Maior Society (time to first relapse, time to first loss of control, cumulative
abstinence duration).
Lesch types I, III and IV showed that nicotine is used mainly in an addictive way
(ICD-10 positive). Also the Fagerström test showed in these subgroups high levels
(more than 5 points). Type II patients had significantly lower levels in the Fagerström
scale and usually do not smoke in an addictive way. As we could show in the other
study, mentioned above, there are 4 different kinds of craving, also in nicotine
addiction: relaxation, stress, depression, coping.
These differences might lead to different alcohol relapse rates in smoking alcohol
dependent patients. The results of the 6-months follow up and the hypotheses will be
presented, in which periods of alcoholism course tobacco dependence should be
treated. Besides the "When to treat" question we will comment on the second question
of "With what should we treat", discussing different medications, as e.g. nicotine
replacement, bupropione.

PHOSPHATIDYLETHANOL FORMATION IN WHOLE
BLOOD FROM DIFFERENT MAMMALIAN SPECIES

Steina Aradóttir, Marianne Blondin and Christer Alling

Institute of Laboratory Medicine Department of Medical Neurochemistry, Lund
University, Sweden

Background: Phosphatidylethanol (PEth) is an abnormal phospholipid formed in
mammalian cells that have been exposed to ethanol. This study was made to
investigate the level of PEth in blood from rats after in vivo alcohol exposure as
compared to the PEth formed in organs. Blood from humans, rats, pig and ferret was
also incubated in vitro with ethanol for investigation of the PEth formation and
degradation in response to different inhibitors and activators of the enzymes involved.
Methods: Rats were given 9% ethanol in liquid diet for 30 days. Control rats were pair
fed with liquid diet. Lipids from whole blood from the rats were extracted directly
after decapitation. Organs were dissected and frozen. Blood aliquots were incubated
with ethanol and inhibitors or activators at 37 °C for different times. Whole blood
from humans, pig, and ferret was incubated in the same way as the rat blood. PEth
was analyzed by high performance liquid chromatography (HPLC).
Results: No PEth was found in the rat blood, but PEth was found in the organs. The
levels in organs were comparable to previous results, (obtained after feeding rats
standard lab chow and free per os access to liquid bottles containing a 20 % aqueous
ethanol solution as sole source of liquid for 4-6 weeks) although higher amounts were
noted in some organs, maybe depending on the liquid diet. In human blood incubated
with ethanol basal PEth formation was detected. Furthermore in the human blood the
PEth formation could be stimulated and the degradation could be inhibited. In blood
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from rat, pig, and ferret incubated with ethanol no basal PEth formation occurred and
the PEth formation could not be stimulated. The blood from rats exposed to ethanol
for thirty days did not form any PEth in vitro.
Conclusions: PEth is formed in vitro in human blood but not in rat, pig or ferret
blood. Rats form PEth in their organs but not in their blood in vivo.

MECAMYLAMINE MODIFIES THE
PHARMACOKINETICS AND REINFORCING

EFFECTS OF ALCOHOL

Blomqvist O, Hernandez-Avila CA, Van Kirk J, Rose JE, Kranzler HR.

Alcohol Research Center, Department of Psychiatry, University of Connecticut School of Medicine,
263 Farmington Avenue, Farmington, CT 06030-2103, USA.

OBJECTIVE: Central nicotinic cholinergic receptors modify alcohol-induced
mesolimbic dopamine activation, which seems to be important in the reinforcing
properties of alcohol. Consistent with this model, acute administration to rats of the
tertiary nicotinic receptor antagonist mecamylamine blocks both alcohol consumption
and alcohol-induced dopamine release in the nucleus accumbens. This study was
conducted to test the hypothesis that, during the ascending limb of the blood alcohol
concentration curve, mecamylamine would reduce the stimulating and pleasurable
effects of an intoxicating dose of alcohol in humans.
METHODS: Ten female and 10 male volunteers with no history of alcohol or
substance use disorders, including nicotine dependence, completed the study. During
two laboratory sessions, subjects consumed three aliquots of an alcohol-containing
drink, with a total ethanol content of 0.7 g/kg (in women) or 0.8 g/kg (in men), over a
30-min period. Two hours before the first drink, subjects were pretreated with
mecamylamine or placebo, with the order of sessions counterbalanced. Primary
outcome measures included the Drug Effect Questionnaire, the central stimulation
subscale of the Alcohol Sensation Scale, and the stimulant subscale of the Biphasic
Alcohol Effects Scale. Breath alcohol level (BAL) was examined to identify the
ascending and descending limbs of the blood alcohol curve and to assess
pharmacokinetic interactions between alcohol and mecamylamine.
RESULTS: Significant effects of time, study drug, and their interaction were
observed. Compared with placebo, mecamylamine reduced BAL. After controlling for
BAL at each time point, mecamylamine also reduced the Drug Effect Questionnaire
and Alcohol Sensation Scale stimulant subscale scores, with a trend for a similar
effect on the Biphasic Alcohol Effects Scale score.
CONCLUSIONS: Mecamylamine seems to modify both the pharmacokinetic profile
of alcohol and the rewarding effects of alcohol in healthy volunteers.
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SALVIA MILTIORRHIZA, A CHINESE MEDICINAL
HERB, DELAYS ACQUISITION OF ALCOHOL

DRINKING BEHAVIOR IN ALCOHOL-
PREFERRING SP RATS

Giuliana Brunetti1,2, Giovanni Vacca1,2, Salvatore Serra1,2, Carla Lobina1,2,
Paolo Morazzoni3, Ezio Bombardelli3, Mauro A.M. Carai1, Giancarlo

Colombo2, Gian Luigi Gessa1,2,4

1Neuroscienze S.c.a r.l., Cagliari, Italy; 2C.N.R. Institute of Neurogenetics and Neuropharmacology,
Cagliari, Italy; 3Indena SpA, Milan, Italy; 4”Bernard B. Brodie” Department of Neuroscience,

University of Cagliari, Cagliari, Italy.

Recent research demonstrated that extracts from the dried roots of Salvia miltiorrhiza,
a valued folk medicine in China, are effective in reducing voluntary alcohol intake in
selectively bred Sardinian alcohol-preferring (sP) rats. These studies were conducted
in alcohol-experienced sP rats, i.e. rats which had the opportunity to consume alcohol
for several weeks before the test with Salvia miltiorrhiza extracts, reproducing the
human “active drinking” phase. In contrast, the present study investigated the effect of
IDN 5082, a standardized extract of Salvia miltiorrhiza, on the acquisition of alcohol
drinking behavior in sP rats that were alcohol-naive at the start of the study.
Accordingly, the first administration of IDN 5082 (0, 25, 50 and 100 mg/kg; i.g.)
occurred immediately before alcohol presentation. Alcohol was offered under the
two-bottle free-choice regimen with unlimited access for 24 hours/day. Treatment
with IDN 5082 was repeated once daily for 10 consecutive days. Alcohol, water and
food intakes were recorded once a day.
As shown in Fig. 1, IDN 5082 significantly and dose-dependently delayed acquisition
of alcohol drinking behavior. IDN 5082-induced reduction in alcohol intake was
compensated by an increase in water intake, so that daily total fluid intake remained
virtually unchanged. Daily food intake was significantly higher in the rat groups
treated with IDN 5082 than in the vehicle-dosed group, likely because in the control
group part of the total caloric intake was provided by alcohol.
These results, demonstrating the ability of IDN 5082 to markedly delay the
acquisition of alcohol drinking behavior in alcohol-preferring sP rats, add further
support to the preclinical anti-alcohol profile of Salvia miltiorrhiza extracts.
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Fig. 1 – Delaying effect of the Salvia miltiorrhiza extract, IDN 5082, on the
acquisition of alcohol drinking behavior in sP rats.
The dashed line indicates the completion of the 10-day treatment period and the start
of the post-treatment period. Each point is the mean ± S.E.M. of n=8.

POLYAMINES ATTENUATE THE INHIBITORY
EFFECT OF ETHANOL ON NMDA GLUTAMATE

RECEPTORS IN CEREBELLAR GRANULE CELLS

G. Cebers, A. Cebere, J. Kundrotiene and S. Liljequist

Department of Clinical Neuroscience, Division of Drug Dependence Research, Karolinska Institutet,
SE-17176 Stockholm, Sweden, E-mail: gvido.cebers@ks.se

Data from both in vitro and in vivo experiments strongly suggest that NMDA
receptors represent a major target for ethanol in the CNS and that acute application of
ethanol partially inhibits NMDA/glutamate receptor activity. However, the exact
site(s) and the molecular mechanism(s) by which ethanol inhibits the activity of
NMDA receptors in the brain are not known although the involvement of several
NMDA receptor modulatory sites activated by glycine, Mg2+, Zn2+, polyamines and
red-ox agents has been suggested.
In this study we investigated the effects of spermidine, a polyamine site agonist, on
NMDA-induced neurotoxicity and its ability to modulate the inhibitory action of
ethanol on neurotoxicity produced by neurotoxic concentration of NMDA in rat
cerebellar granule cells. We used MTT assay that measures the enzymatic activity in
mitochondria and/or endosome/lysosome compartment that closely correlates with the
cell viability.
Spermidine dramatically potentiated NMDA-induced responses both at non-toxic and
maximally neurotoxic NMDA concentrations. As expected, ethanol concentration-
dependently inhibited the maximal neurotoxicity produced by NMDA. The
potentiating effect of spermidine observed at non-toxic concentrations of NMDA was
not altered by ethanol, as the EC50 value for spermidine was not significantly changed
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in the presence of ethanol. Which suggests that ethanol and spermidine produce their
effects by acting at different sites within the NMDA receptor complex. In contrast, the
inhibitory effect of ethanol on the maximally neurotoxic action of NMDA was
significantly and in a concentration-dependent manner reduced by co-application of
spermidine, suggesting that spermidine-induced potentiation of NMDA receptor
function in this situation is sufficiently powerful to mask the inhibitory action of
ethanol on other sites within the NMDA receptor. For example, polyamines may act
by shielding the NMDA receptor proton sensor thereby reversing the tonic inhibition
of protons and increasing the frequency of channel opening. Similarly to protons,
ethanol decreases the frequency of NMDA receptor channel openings indicating that
regions that control channel gating are also the most likely sites of ethanol action.
Therefore, our data seems to suggest that ethanol may act on or upstream of the
proton sensor thereby enhancing its inhibitory coupling to the gating mechanism of
the channel. In the presence of spermidine, when the proton sensor is covered, such
action would be abolished.

INTRA-ACCUMBENS ACAMPROSATE INCREASES
EXTRACELLULAR DOPAMINE IN THE RAT

NUCLEUS ACCUMBENS IN VIVO:
A MICRODIALYSIS STUDY

Cano-Cebrián MJ, Zornoza T, Polache A and Granero L.

Department of Pharmaceutics, University of Valencia, 46100 Burjassot, Spain

The nucleus accumbens (NAc) is an important site of interaction between the
neurotransmitters dopamine (DA) and glutamate (Glu). Interactions among these
transmitters may play an important role in relapse on alcoholism. Acamprosate is an
anticraving drug used in relapse prevention of alcoholism. Recently, some authors
have described a weak antagonist effect of this drug on NMDA receptors. We have
studied the influence of acamprosate on DA levels in NAc of the rat by using in vivo
microdialysis in order to test if the effects of this drug are compatible with those
observed with well recognized antagonist of NMDA receptors when these drugs are
administered directly by retrodialysis in NAc.
Dialysis experiments were performed 24-48 hours after stereotaxic implantation (A/
P: +2.5, L: -1.4, V: 8.1; coordinates relative to bregma and skull surface) of a dialysis
probe with 2 mm of permeable membrane (Hospal, AN69). At this time, dialysis
probes were perfused at 3.5µL/ min with a solution containing in mM: NaCl: 147;
KCl: 3.0; CaCl2: 1.3; MgCl2: 1.0 in 0.1 mM sodium phosphate buffer (pH= 7.4).
Experimental treatment was initiated after the establishment of a baseline that was
defined as five consecutive samples with less than 10% of variation in DA content.
Treatment involved the local application of Acamprosate for 40 min through the
dialysis probe in the NAc. The drug was dissolved in the perfusion solution at three
concentrations: 0.05 mM, 0.5 mM and 5 mM. DA concentrations in the NAc were on-
line analyzed once every 20 min (65 µL samples) by HPLC with electrochemical
detection (potential set at +0.7 V). At the end of experiments rats were overdosed
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with chloral hydrate, brains removed and cresyl violet staining was used to verify
probe placement. The average concentration of five stable samples was considered the
control and was defined as 100%. All values were expressed as percent of controls.
Basal values of DA in NAc did not differ significantly between experimental groups.
The mean basal dialysate concentration of DA was 1.92 ± 0.64 fmol/ min. Local
application of the higher doses of Acamprosate (500µM and 5 mM) statistically
increased extracellular DA concentrations in NAc in a dose dependent manner,
whereas the lower concentration (50 µM) had no effect (see figure).
These effects are similar to those observed with kynurenic acid, a well established
antagonist of the NMDA receptors. This broad spectrum antagonist applied by reverse
dialysis in NAc also induces a dose dependent increase on DA release in this region.

This research was supported by funds from Ministerio del Interior: Delegación del
Gobierno para el Plan Nacional sobre Drogas. MJCC is supported by a grant from
Ministerio del Interior of Spain; TZ is supported by a grant from Ministerio de
Educación, Cultura y Deporte of Spain.

THE NOVEL COMPETITIVE AMPA ANTAGONIST
ZK200775 DECREASES NICOTINE-INDUCED

DOPAMINE RELEASE IN THE NUCLEUS ACCUMBENS

Alexander Kosowski, Gvido Cebers and Sture Liljequist

Department of Clinical Neuroscience, Division of Drug Dependence Research, Karolinska
Institutet, Stockholm, Sweden
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The reinforcing properties of nicotine are thought to be mediated through the
mesocorticolimbic dopamine (DA) system and systemic nicotine stimulates the
release of dopamine (DA) in the nucleus accumbens (NAcc). Accumulated evidence
show that nicotine facilitates glutamatergic transmission in the in the ventral
tegmental area (VTA) where N-methyl-D-aspartate (NMDA) glutamate receptors
appear to play an important role. However, less is known about the involvement of the
other ionotropic glutamate receptor subtype, α-amino-3-hydroxy-5-methylisoxazole-
4-propionate (AMPA) receptors. Although recent data suggest that AMPA receptor
antagonism in the VTA does not affect the nicotine induced DA release in the NAcc,
the role of the AMPA receptors in nicotine addiction needs further clarification. In
this study we examined the effects of the novel water-soluble AMPA receptor
antagonist [1,2,3,4-tetrahydro-7-morpholinyl-2,3-dioxo-6-(fluoromethyl)quinoxalin-
1-yl] methylphosphonate (ZK200775) on nicotine-induced DA release in the NAcc
using in vivo microdialysis in freely moving alert rats. Nicotine dose dependently (0.3
and 0.6 mg/kg; s.c.)  stimulated DA release in NAcc (p<0.05). Administration of
ZK200775 (30 minutes prior to nicotine; 0.6 mg/kg; s.c.) significantly decreased the
NAcc DA release at 3 mg/kg (p<0.001) but not at 6 mg/kg. ZK200775 (6 mg/kg) had
no effect on DA release when administered alone. Selectivity of ZK200775 for
AMPA receptors vs NMDA receptors was assessed using cell viability test in primary
cerebellar granule cell cultures. These experiments showed that although ZK200775
was 30 times more potent at the AMPA receptors, higher doses of this compound
would no longer be AMPA-selective and also block the NMDA receptors. To clarify
this issue the effects of a competitive NMDA receptor antagonist CGP39551 and a
competitive AMPA receptor antagonist NBQX on the nicotine-induced DA release in
NAcc were investigated. When administered 30 minutes prior to nicotine 0.6 mg/kg,
CGP39551 (10mg/kg; i.p.) decreased the DA release (p<0.05) whereas NBQX
(10mg/kg; i.p) had no effect. These findings suggest that a combined blockade of both
AMPA and NMDA receptors produces more pronounced inhibition of the nicotine
induced DA release in Nacc compared to a selective blockade of either NMDA or
AMPA receptors.

THE ROLE OF DIFFERENT NICOTINIC ACETYL-
CHOLINE RECEPTOR SUBUNITS IN MEDIATING

BEHAVIORAL AND NEUROCHEMICAL
EFFECTS OF ETHANOL IN MICE

A. Larsson, L. Svensson, B. Söderpalm, J.A. Engel

Institute of Physiology and Pharmacology, Department of Pharmacology, Göteborg University, Box
431, SE-405 30 Göteborg, Sweden.

Ethanol and nicotine are the most abused drugs and it is well-known that co-abuse of
ethanol and nicotine is frequent in man. Our research group has previously obtained
results indicating that the ethanol-induced stimulation of the mesolimbic dopamine
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system and of locomotor activity may involve activation of central nicotinic
acetylcholine receptors (nAChR) especially those located in the ventral tegmental
area. Since there are different subpopulations of nAChR expressed in the central
nervous system we have performed a series of studies investigating the respective role
of some receptor subtypes for the ethanol-nicotine interactions. In these experiments,
the effects of various, more or less specific, nAChR antagonists on the stimulation of
dopamine overflow in the nucleus accumbens (N. Acc.) and on the locomotor
stimulation induced by ethanol mice have been studied.
Locomotor activity was measured in an open field arena using photocell detection.
The mice (male, NMRI) were allowed to habituate for 1 hour before drug treatment,
then they were treated with a nicotinic antagonist and 10 minutes later ethanol (2 g/kg
i.p.) was administered. In vivo microdialysis was used to determine dopamine
overflow in the N. Acc. induced by ethanol. The ethanol-induced DA overflow was
challenged with different nicotinic antagonists.  Dopamine was detected by HPLC
with electrochemical detection. The nicotinic antagonists used were mecamylamine
(negative allosteric modulator of nAChR), methyllycaconitine (MLA, α7 antagonist, 2
mg/kg i.p.), dihydro-ß-erythroidine (DHßE, α4β2 antagonist, 0.5 mg/kg s.c.) and α-
conotoxin Mll (α3β2, β3 and α6 –antagonist, 5 nmol locally administered into the
ventral tegmental area).
Mecamylamine blocked the ethanol-induced stimulation of both locomotor activity
and accumbal dopamine overflow. Neither MLA nor DHßE did significantly reduce
the ethanol-induced locomotor stimulation or the dopamine overflow in the N.Acc.
whereas α-conotoxin Mll antagonized the ethanol-induced locomotor stimulation as
well as dopamine overflow in the N.Acc..
The present results suggest that the stimulatory effects of ethanol on locomotion and
dopamine overflow in the N.Acc. do not involve the α4β2 or α7 subunit compositions
of the nAChR and that the antagonizing effects of mecamylamine are mediated via a
site not directly associated with the α4β2 or α7 subunits.  The results from the α-
conotoxin Mll experiments suggest that the ethanol enhancement of locomotor
activity and accumbal dopamine overflow indicate that nicotinic subunit composition
containing α3β2, β3 and α6 are involved in mediating those effects of ethanol.

PHARMACOLOGICAL MANIPULATIONS
MODELLING INTERMITTENT STRESS EXPOSURE

INCREASE ALCOHOL CONSUMPTION AND
SENSITIVITY IN THE RAT

Löf E.1), Engel J.A.1) and Soderpalm B.1)2)

1) Inst. Physiology and Pharmacology, Dept. Pharmacology, Sahlgrenska Academy, Göteborg
University, Sweden. 2) Inst. Clinical Neuroscience, Section of Psychiatry, Sahlgrenska

Academy, Göteborg University, Sweden.
2) 
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Stress is believed to increase the risk for developing alcoholism. The mechanisms
underlying stress-induced alcohol abuse have however not yet been elucidated,
although some evidence indicate that glucocorticoids are involved. The stress
response involves several neuronal and endocrine alterations besides those related to
the hypothalamic-pituitary-adrenal gland axis. The aim of the present experiments
was to investigate in the rat whether intermittent activation of the sympathetic nervous
system and consequences thereof alter voluntary ethanol (EtOH) consumption as well
as EtOH sensitivity in the mesolimbic dopamine (DA) system, an important part of
the brain reward system. Intermittent administrations of tyramine (TYR) and
adrenaline (A) were used to mimic stress-induced sympathetic neuronal activation and
A release from the adrenal medulla, respectively. Since intermittent sympathetic
activation increases blood insulin (INS) levels, we included a third model in which
rats were treated with INS. Thus, EtOH low- and medium-preferring rats, in a free
choice between water and EtOH, were deprived of EtOH and subsequently treated
with saline (0.2 ml/kg i.p., 0.2 ml/kg s.c.), saline (0.2 ml/kg i.p.) and INS (1-4 U/day
s.c.), TYR (40 mg/kg i.p.) and saline (0.2 ml/kg s.c.) or A (0.2 mg/kg i.p.) and saline
(0.2 ml/kg s.c.) daily for 15 consecutive days. Thereafter, EtOH consumption was
reexamined, followed by in vivo microdialysis where extracellular accumbal DA
levels were measured after acute EtOH (1 g/kg i.p.) challenge. All three stress models
increased EtOH intake and preference and the extracellular accumbal DA levels after
EtOH were significantly higher in the TYR and A pretreated rats, compared to the
saline and INS pretreated ones. Hence, three manipulations aimed at modelling
peripheral responses to stress all increased alcohol preference and intake. The results
from the TYR and A pretreated rats are very similar to those previously observed after
pretreatment with hexamethonium (HEX), a peripheral antagonist for nicotinic
acetylcholine receptors (nAChRs), both regarding EtOH preference and EtOH-
induced accumbal DA release. It is tempting to suggest a similar mechanism for the
nicotine (NIC) induced increase in EtOH consumption observed both in laboratory
animals and in human smokers, since NIC activates the sympathetic nervous system
followed by a functional blockade of peripheral nAChRs, and since smokers display
elevated blood levels of INS as well as INS resistance. The similarity in EtOH-
induced DA response between INS treated animals and controls, does not exclude an
increased sensitivity of the mesolimbic DA system to EtOH in INS treated rats, since
only the presynaptic response to EtOH was investigated. Thus a tentative
augmentation of postsynaptic DA D2 receptor sensitivity, as previously observed after
intermittent NIC, could not be excluded.

ACCUMBAL STRYCHNINE-SENSITIVE GLYCINE
RECEPTORS AND THE REINFORCING AND

DOPAMINE-ACTIVATING EFFECTS OF ETHANOL

1Anna Molander, 1Jörgen A. Engel, 1, 2 Bo Söderpalm

1Institute of Physiology and Pharmacology, Department of pharmacology and 2Institute of Clinical
Neuroscience, Section of Psychiatry, Sahlgrenska Academy, Göteborg University



www.esbra-award.pharm.gu.se34

Extracellular DA levels in the nucleus accumbens (nAc) increase after voluntary
ethanol (EtOH) intake in the rat, a response that may be involved in mediating the
positive reinforcing effects of EtOH. The mechanisms underlying this DA activation
remain to be elucidated. Recent data indicate that ventral tegmental nicotinic
acetylcholine receptors are indirectly involved, secondary to some EtOH-induced
effect in the nAc. This latter effect may involve interference with accumbal
strychnine-sensitive glycine receptors (SSGRs), since accumbal application of
strychnine prevents the DA elevation observed after accumbal or intraperitoneal
EtOH administration. Here this hypothesis was further challenged by examining the
influence of bilateral accumbal application of strychnine, a competitive antagonist for
the SSGRs, or glycine on EtOH intake and preference, as well as on the concomitant
DA overflow in the nAc, in EtOH high-preferring Wistar rats. During the course of
these and other experiments we have observed that outbreed Wistar rats may be
bimodally distributed with respect to their DA response to accumbal perfusion with
glycine or strychnine. Consequently the results below are presented separately for
strychnine-sensitive and non-sensitive rats, as well as for glycine-sensitive and non-
sensitive rats.

To adapt to the experimental procedure EtOH high-preferring (HP; EtOH preference
>60 % during continuous access to a bottle of 6% EtOH solution and a water bottle)
male Wistar rats were limited to drink only one hour/day during one week. Thereafter
the animals were equipped bilaterally with microdialysis probes aimed at the nAc. On
the experimental day the rats were both water and EtOH deprived when connected to
the microdialysis system. Baseline samples were collected during 60 minutes prior to
bilateral perfusion with Ringer, strychnine or glycine and 60 minutes after drug
perfusion the animals were presented with the EtOH and water bottles and allowed to
drink for 60 minutes. The amounts of fluids consumed were registered. Each rat was
treated with strychnine or glycine on one of the two experimental days and with
Ringer on the other. The order of treatment was balanced and only rats with an EtOH
preference >50 % when receiving Ringer were included in the study.

Accumbal strychnine (20 mM) lowered extracellular DA levels in nAc by approx. 30
% in EtOH high-preferring strychnine-sensitive rats, and these animals consumed
more EtOH during strychnine than during Ringer perfusion. In line with previous
results the EtOH intake failed to elevate accumbal DA levels in these animals. In
animals not responding to strychnine perfusion per se (strychnine non-sensitive rats)
there was no significant alteration of EtOH intake and EtOH produced a similar
elevation of accumbal DA levels as during Ringer treatment. The difference between
strychnine sensitive and non-sensitive rats may be due to limited excovery of the drug
or to some innate difference in the number or sensitivity of SSGRs. Alternatively,
EtOH intake and EtOH-induced DA release are governed by different mechanisms in
strychnine-sensitive and non-sensitive rats. We hypothesize that strychnine-sensitive
rats consume more EtOH in order to compensate for the lower accumbal DA levels
and/or in an attempt to overcome the strychnine-induced blockade of EtOH‚s DA
activating effect. We are currently testing the hypothesis that repeated accumbal
strychnine treatment may produce an extinction phenomenon with respect to EtOH
intake in strychnine-sensitive rats.
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Accumbal perfusion of glycine (100 mM) increased the extracellular DA levels in
nAc by approx. 50% in EtOH high-preferring glycine-sensitive rats. During glycine,
as compared to Ringer perfusion, these animals displayed a lower EtOH preference
and tended to decrease their ethanol intake, which was compensated for by an
increase in water intake. EtOH intake produced a slight, non-significant further
elevation of accumbal DA output in these glycine-sensitive rats. In animals not
responding to glycine with a DA elevation (glycine non-sensitive rats) the DA levels
were either unaffected or slightly decreased. In these animals neither EtOH preference
nor EtOH intake was affected by the accumbal glycine  perfusion. EtOH intake
produced a similar elevation of accumbal DA levels after glycine and Ringer
perfusion in glycine non-sensitive rats, when compared to the pre-EtOH DA levels.
Since glycine by itself raised the accumbal DA levels and since the glycine treated
rats apparently consumed just the right amount of EtOH to obtain DA levels almost
identical to those observed under control conditions, we suggest that the decreased
EtOH preference in glycine treated glycine-sensitive rats reflects a substitution
phenomenon.

In line with previous results, EtOH consumption in controls (Ringer perfusion)
produced an increase in accumbal DA output in both experiments. Interestingly,
EtOH intake produced a significantly larger increase in accumbal DA output in
glycine sensitive rats (approx. 50%) than in glycine non-sensitive rats (approx. 25%),
whereas there appeared to be no difference in the amount of EtOH consumed.

Taken together, the present results suggest that SSGRs in nAc may be involved in the
positive reinforcing and DA activating effects of EtOH. The possibility of developing
selective agonists or antagonists for this receptor population should be explored. Such
compounds could be interesting candidates for a future pharmacological treatment of
alcoholism.

LONG-TERM ETHANOL EXPOSURE AND
PHOSPHOLIPASE D1 (PLD1) AND PLD2

mRNA EXPRESSION IN THE RAT BRAIN

Kristian Moller, Steina Aradottir, Per Hagert, Christer Alling

Department of Medical Neurochemistry, Institute of Laboratory Medicine,
Lund University Hospital, S-221 85, Lund, Sweden.

Background: Phospholipase D (PLD)-activity is critical for the regulation of synaptic
vesicle recycling and neurotransmission in the central nervous system. The PLD-
subtypes yet cloned, PLD1 and PLD2 are phosphodiesterases that hydrolyse
phosphatidylcholine (PC) into the potent lipid second messenger phosphatidic acid
(PA) and the head-group choline. Most downstream events of PLD-activation depend
upon PA. Chronic ethanol is known to impose several effects on mediators of
intracellular signal transduction. Levine et al. (Alcohol. Clin. Exp. Res. 24:1,  93-
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101, 2000) reported that long-term ethanol markedly attenuated PLD-activity in the
rat PC-12 cell line. This prompted us to explore if long-term ethanol exposure would
affect the gene expression of PLD1 and PLD2 in the rat brain.
Materials and Methods: Adult male Sprague-Dawley rats received a liquid ethanol
diet or an isocaloric control diet (without ethanol) for 40 days. The level of ethanol
given was gradually increased so that the rats finally received 9% ethanol during the
final 30 days. The cerebral cortex, cerebellum and mid-brain of each rat was collected
and extracted for total-RNA. This material was reverse transcribed and used as the
template for real-time quantitative PCR-analysis of PLD1 and PLD2 mRNA
expression. For these analyses the ABI PRISM 7700 (TaqMan) Detector System
(Applied Biosystems) was employed. Results: In the cerebellum an upregulation in
both PLD1- and PLD2 mRNA was observed in the ethanol exposed animals.
However, in the cerebral cortex, the expression of both transcripts  showed a decline.
In the midbrain no change in the gene-expression of either PLD-subtype was seen.
Discussion: This study shows that PLD1- and PLD2 mRNA expression is affected by
long-term ethanol exposure. An explanation is pending why PLD1 and PLD2 mRNA
are upregulated in the cerebellum whereas these transcripts are downregulated in the
cortex. It is conceivable that the differences in PLD mRNA expression are caused by
neuroadaptive processes in response to ethanol, presumably operating at the
transcriptional level

CUE-INDUCED BEHAVIOURAL ACTIVATION: A
NOVEL MODEL OF ALCOHOL CRAVING

Chris Pickering, Lars Terenius and Sture Liljequist

Department of Clinical Neuroscience, Division of Drug Dependence Research, Karolinska Institutet,
Stockholm, Sweden

Tiffany and Conklin (2000) have proposed a cognitive processing model of craving
which encompasses environmental cues.  Our group has now developed a model to
study this behaviour in animals.  Naïve male Wistar rats were trained to press a lever
and orally consume ethanol in an operant chamber.  Each day, the same pattern of
transporting, handling and weighing was followed and a priming dose of solution was
available in the operant box prior to the start of the session.  Both active and inactive
lever responses led to cue light illumination and thus provided no additional cue.  Rats
were given 0.2% saccharin for 6 days followed by 20 days of 5% alcohol/0.2%
saccharin solution.  Rats were then given a free choice between the alcohol solution
and water until stable.  The next day, rats were brought to the room as usual but were
kept in their cage before entering the self-administration boxes.  Therefore, rats were
exposed to environmental cues associated with their drinking.  Rats receiving 5
minutes of cue responded significantly more on the active lever when compared to
baseline (p<0.0001) while no change in response was observed after 10 minutes
(p=0.15) or 15 minutes (p=0.35) of cue.  Blood alcohol level was 41.1±6.0 mg/dL for
the 5 minute cue group compared to 28.4±3.7 mg/dL in no cue controls (p=0.02).
Subcutaneous injection of naltrexone dose-dependently decreased active lever
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response for rats presented with 5 minutes of environmental cue (1, 0.1 and 0.03
mg/kg all p<0.0001).  This naltrexone effect is similar to that observed in the alcohol
deprivation effect and extinction-reinstatement models.  Therefore, this simple model
can be used to test new compounds and study craving mechanisms.

STUDY ON ETHANOL OXIDATION IN THE BRAIN OF
ACATALASEMIC AND NORMAL MICE

P.S. Pronko1, S.P. Pronko2, T.I. Khomich1, S.M. Zimatkin2 and R.
Deitrich3

1 Institute of Biochemistry, NAS, Grodno, Belarus, 2 Grodno State Medical University,
Grodno, Belarus, 3 University of Colorado, Denver, Co, USA

Acetaldehyde, which is formed from ethanol in brain tissue, is proposed to mediate
many neuropharmacologic and behavioural effects of ethanol (Zimatkin and Deitrich,
1997). As is known, catalase is one of the enzymes oxidizing ethanol to acetaldehyde
in the brain. It was shown earlier that acatalasemic mice differ from normal animals
not only in brain catalase activity, but also in behavioural effects in response to
ethanol administration. These findings confirm the role of catalase in modulation of
psychopharmacologic effects of ethanol (Aragon and Amit, 1993). Cytochrome P-
4502E1 (CYP2E1) is expressed in the rat brain and induced by ethanol, however, its
contribution as well as that of other cytochromes P-450s (CYPs) remain unknown
(Hedlund et al., 2001). The aim of the study was to determine the contribution of
catalase and CYP2E1 to the oxidation of ethanol by brain tissue in vitro, using the
mice genetically deficient in catalase and enzyme inhibitors.
Methods. Brain samples from acatalasemic (CH3A, n=6) and normal (CH3N, n=5)
mice obtained from the University of Colorado were used in this study. Acetaldehyde
and acetate production from ethanol (50 mM) by brain homogenates were measured
by gas chromatography. The brain homogenates were preincubated for 20 min with
the catalase inhibitor sodium azide (5 mM) or the CYP2E1 inhibitor diallyl sulfide
(DAS, 2 mM). Some of the samples were treated with the common inhibitor of CYPs,
carbon monoxide (CO).
Results. The activity of catalase in the brain of CH3A mice was significantly lower, as
compared to control (CH3N) mice (P<0.01). The acatalasemic mice oxidize ethanol to
acetaldehyde at a much lower rate, as compared to normal mice (Figure). The
production of acetate in the samples, which was formed as a result of acetaldehyde
oxidation by aldehyde dehydrogenase, was 2-fold reduced in CH3A animals in
comparison with CH3N mice.
The catalase inhibitor sodium azide inhibited acetaldehyde production from ethanol in
brain homogenates by 90% in CH3A mice and by 70% in normal animals (P<0.05
and P<0.01, respectively, compared to the initial levels, Figure) and the difference
between the two groups after the treatment was also significant. The treatment of the
samples by CO inhibited ethanol oxidation by 58% in CH3A and by 73% in CH3N
mice (P<0.01 in both groups). DAS diminished the production of acetaldehyde by
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brain homogenates from acatalasemic mice by 84% and that from normal animals by
62% (P<0.01 in both groups). Sodium azide as well as DAS and CO decreased the
acetate accumulation by 30-50% both in CH3A and CH3N homogenates.
Discussion. The differences in ethanol metabolism by brain tissue from acatalasemic
and normal mice, as well as the significant inhibition of this process by sodium azide
confirm the important role of catalase in the oxidation of ethanol in the mouse brain.
However, the pronounced inhibition of ethanol oxidation in the brain homogenates by
CO and DAS both in acatalasemic and control mice also suggests participation of
CYP2E1 and possibly some other isozymes of CYP in mouse brain ethanol
metabolism.
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NEONATAL MANIPULATION ALTERS ACQUISITION
OF ETHANOL INTAKE IN AA RATS

Erika Roman1, Petri Hyytiä2, Ingrid Nylander1
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This study was based on the findings that AA (Alko Alcohol) rats, selected for a high
voluntary ethanol intake, have altered basal levels of endogenous opioid peptides in
various brain areas and that neonatal manipulation could induce long-lasting effects
on endogenous opioid peptides. The purpose of this study was to investigate whether
neonatal manipulation during postnatal days 1-21 could affect initiation and
maintenance of voluntary ethanol intake in alcohol-preferring male AA rats.
The rat pups were exposed to 15 min (MS15) or 360 min (MS360) of maternal
separation, respectively, for the first three weeks of life, or exposed to normal animal
facility rearing (AFR). As adults, the male rats were gradually introduced to
increasing concentrations of ethanol.
Comparisons of the ethanol drinking patterns show that MS15 rats reached a high,
stable voluntary ethanol intake later than MS360 and AFR rats. The MS15 rats had a
significantly lower ethanol intake (8% ethanol) compared to both MS360 and AFR
rats and also a significantly lower ethanol preference than MS360 rats, but not
compared to AFR rats.
The results from the present study indicate that 15 min of maternal separation can
decrease voluntary ethanol intake and ethanol preference in male AA rats, selected for
a high ethanol intake. Therefor, 15 min of maternal separation is suggested to protect
against high voluntary ethanol intake later in life.

BACLOFEN BLOCKS ALCOHOL DEPRIVATION
EFFECT IN ALCOHOL-PREFERRING sP RATS

Salvatore Serra1,2, Giuliana Brunetti1,2, Giovanni Vacca1,2, Carla Lobina1,2,
Mauro A.M. Carai1, Giancarlo Colombo2, Gian Luigi Gessa1-3

1Neuroscienze S.c.a r.l., Cagliari, Italy; 2C.N.R. Institute of Neurogenetics and Neuropharmacology,
Cagliari, Italy; 3“Bernard B. Brodie” Department of Neuroscience, University of Cagliari, Cagliari,

Italy.

The GABAB receptor agonist, baclofen, has been found to suppress the acquisition
and maintenance of alcohol drinking behavior in selectively bred Sardinian alcohol-
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preferring (sP) rats. The present study was designed to extend the reducing effect of
baclofen on alcohol intake to the so-called alcohol deprivation effect (ADE), a model
of relapse drinking in human alcoholics. ADE is defined as a marked, although
temporary, increase in alcohol intake after a period of alcohol withdrawal. Previous
work demonstrated that ADE is a rather robust phenomenon in sP rats.
In the present study, sP rats had unlimited access to 10% ethanol under the homecage
two-bottle choice regimen for 4 consecutive weeks. Subsequently, one group of rats
was deprived of alcohol for 15 consecutive days, during which water was the sole
fluid available (alcohol-deprived rats), while a second group continued to have
unlimited access to alcohol and water (alcohol-nondeprived rats). At the end of the
15th day of the deprivation phase, rats of both groups were injected i.p. with 0, 1, 1.7
or 3 mg/kg baclofen. Baclofen administration occurred 30 min before representation
of the alcohol bottle (which coincided with lights off).
Alcohol intake over the first hour of re-access was higher, by approximately 30%, in
alcohol-deprived than -nondeprived rats, respectively (Fig. 1), indicative of the
development of ADE. Pretreatment with baclofen resulted in a dose-dependent,
complete abolishment of ADE (Fig. 1).
The results of the present study suggest that the GABAB receptor may be part of the
neural substrate mediating ADE. Further, these results suggest that baclofen may
possess anti-relapse properties.
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Fig. 1 – Suppressing effect of baclofen on ADE in sP rats.
Each bar is the mean ± S.E.M. of n=8 *P<0.05 with respect to alcohol-nondeprived
rats receiving 0 mg/kg baclofen (Newman-Keuls test); +P<0.05 with respect to
alcohol-deprived rats receiving 0 mg/kg baclofen (Newman-Keuls test).
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BACLOFEN SUPPRESSES MOTIVATION FOR
ALCOHOL IN ALCOHOL-PREFERRING sP RATS

Giovanni Vacca1,2, Salvatore Serra1,2, Giuliana Brunetti1,2, Carla Lobina1,2,
Mauro A.M. Carai1, Giancarlo Colombo2, Gian Luigi Gessa1-3

1Neuroscienze S.c.a r.l., Cagliari, Italy; 2C.N.R. Institute of Neurogenetics and Neuropharmacology,
Cagliari, Italy; 3“Bernard B. Brodie” Department of Neuroscience, University of Cagliari, Cagliari,

Italy.

Recent investigations from this laboratory demonstrated the ability of the GABAB

receptor agonist, baclofen, to suppress the acquisition and maintenance of alcohol
drinking behavior as well as relapse-like drinking in selectively bred Sardinian
alcohol-preferring (sP) rats. The present study was designed to investigate the effect
of baclofen on the motivation to consume alcohol in sP rats.
To this aim, sP rats were trained to press a lever (on a FR4 schedule) to orally self-
administer 10% alcohol in daily 30-min sessions. Once lever-pressing behavior was
well established, the effect of baclofen on the extinction responding for ethanol,
defined as the maximal number of lever responses reached by each rat in the absence
of ethanol reinforcement and used as an index of motivation, was determined.
Baclofen was administered i.p. at the doses of 0, 1, 2 and 3 mg/kg, 30 min before the
start of the extinction session.
Pretreatment with baclofen resulted in a dose-dependent suppression of extinction
responding (Fig. 1). Specifically, lever responses averaged 54.8±8.4, 19.8±7.6,
6.8±5.1 and 1.0±1.0 in the rat groups treated with 0, 1, 2 and 3 mg/kg baclofen,
respectively. A separate experiment, testing sP rats in an open field arena,
demonstrated that baclofen, at the doses that suppressed extinction responding, was
devoid of any sedative effect.
The results of the present study demonstrate that baclofen suppressed the motivation
to consume alcohol in alcohol-preferring sP rats. These results also suggest that the
reducing effect of baclofen on alcohol intake may be secondary to its ability to
suppress alcohol motivational capacities.

Fig. 1 – Suppressing effect of baclofen on extinction responding for alcohol in sP rats.
Each bar is the mean ± S.E.M. of n=8. *P<0.05 with respect to vehicle-
treated rats.
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NMDA RECEPTOR POLYMORPHISMS IN
ALCOHOLIC PATIENTS

Catrin Wernicke1, Jerzy Samochowiec2, Lutz G. Schmidt3, Michael
Smolka1, Hans Rommelspacher1

1Departments of Clinical Neurobiology and Psychiatry, University Hospital Benjamin Franklin, Free
University of Berlin, 1405 Berlin, Germany; 2Department of Psychiatry, Pomeranian Academy of

Medicine, 71-469 Szczecin, Poland; 3Clinic of Psychiatry, University of Mainz, 55131 Mainz,
Germany;

Objectives: The ionotropic glutamatergic N-methyl-D-aspartate receptors (NMDAR)
have been implicated as main target sites for acute and chronic effects of ethanol. The
native receptor is composed of four heteromeric subunits. The function of the
NMDAR is known to be reduced acutely by physiologically relevant concentrations
of ethanol (10-50nM). The ethanol sensitivity seems to depend on the composition of
the heteromeric receptor. Those receptors which contain the NR1a splice variant and
the NMDAR2B subunit are known to be the most sensitive to ethanol1. After chronic
ethanol exposure tolerance develops, and NMDAR function increases, possibly by up-
regulated NMDAR and/or by altered NMDAR composition2. An increased NMDAR
function is also seen during withdrawal. In this study we tested, if recently found
polymorphisms in the genes of the NMDAR1 (G2108A)  3 and NMDAR2B (C2664T) 4

subunits are associated with ethanol dependence.
Methods: The study included 367 alcohol dependent individuals and 335 control
individuals of German origin in the case control study. The sample comprised 196
alcoholics from the out-patient clinic for addictive disorders of the department of
psychiatry of the Free  University of Berlin, 126 in-patients of the department of
alcohol dependence of a state hospital in Berlin, and 45 homeless subjects of a
meeting point located in Berlin. Alcohol and family history were assessed by a
structured interview, based on the Composite International Diagnostic Interview, and
a sociodemographic questionnaire. Nine overlapping subgroups were formed with
respect to a more homogeneous etiology of the alcohol-dependent subjects according
to the following criteria: 1) positive father history of alcohol dependence; 2) positive
mother history of alcohol dependence; 3) early age at onset defined by a loss of
control under the age of 26 years; 4) history of alcohol-related delirium; 5) history of
withdrawal seizures, and 6) history of vegetative withdrawal syndrome; 7) Cloninger
type 1 alcoholics, characterized by age at onset older than 25 years and no antisocial
tendency; 8) Cloninger type 2 alcoholics, characterized by an early age at onset under
26 years, antisocial tendencies, and male gender; 9) alcoholics with antisocial
tendencies. Tridimensional Personality Questionnaire (TPQ) (Cloninger 1987) was
applied to assess personality dimensions. The respective informations were available
for 163 alcohol dependent males.
Additionally 72 trios of Polish origin were recruited in the department of psychiatry
of the Pomeranian Medical University of Szczecin for the family based study.
Informed consent was obtained from all participants. The study protocol was
approved by the Ethics Committee of the University Hospital Rudolf Virchow of the
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Free University  of Berlin and of the Medical University of Szczecin.
Genomic DNA was extracted from anticoagulated venous blood sample using a saltig
out method5. Genotyping was done using both FRET-probes in a PCR/melting curve
analysis, and by conventional RFLP analysis.
The SPSS computer program was used for the statistical analysis of clinical and
genetical data. Differences between the controls and the alcoholics and the respective
subgroups were tested by the χ2-test and were referred significant if the type one error
was less than 5%. The odds ratios were calculated by a 2x2 statistics comparing the
prevalence of the various samples of alcoholics with those of the controls. The
families data were analyzed with the transmission disequilibrium test (TDT).
Results: For NMDAR1, there was a significant difference in the genotype distribution
between alcoholic patients and controls (χ2=7.328, df=2, p=0.026). Looking for
subgroups, patients with a vegetative withdrawal syndrome, with a history of delirium
tremens during withdrawal, with an alcoholic father, with Cloninger type 1
alcoholism and with antisocial tendencies carried more frequently an A allele.
Furthermore, patients with the homozygote mutation had a significantly less ethanol
intake than those bearing a G allele (p=0.048). This result fits well with a higher
ethanol sensitivity of the A allele, implicated by association with vegetative
withdrawal syndrome and delirium tremens.
For NMDAR2B the T allele prevalence was significantly reduced in patients with an
early age at onset (χ2=4.130, df=1, p=0.042), in patients with vegetative withdrawal
syndrome (χ2=3.832, df=1, p=0.050), and in Cloninger type 2 alcoholics (χ2=5.939,
df=1, p=0.015). Furthermore, patients carrying the C-allele showed higher rates in the
personality trait subscale of impulsivity compared to those lacking it (p=0.042). This
finding was independent of gender. Our family based study revealed a preferred
transmission of the C allele by fathers to the affected offspring (15xC vs. 6xT;
χ2=3.857, df=1, p<0.05).
Discussion: The consistent finding in NMDAR1 of a higher A allele prevalence in
alcoholics indicate a higher ethanol sensitivity of the A allele to ethanol and is most
prominent in patients with withdrawal syndrome. The lower ethanol intake in patients
with  the homozygote mutation fits well with these findings. This is consistent with
our hypothesis, that mutations in this receptor subunit may contribute to alcoholism
and especially to withdrawal complications. The association between the absence of
the T allele in alcoholic patients with an early onset and especially in the Cloninger
type 2 alcoholics  implicate a protective action of the T allele to an early loss of
control of alcohol intake. This is consistent with the observation, that patients
homozygote for the T allele have significant lower scores in the impulsivity scale of
the TPQ, and are more reflective. This personality dimension may be protective with
respect to alcohol misuse. In our family based study the TDT revealed a preferred
transmission of the C allele by fathers. Additionally, six of the 11 known alcoholic
fathers were heterozygote and five of them transmitted the C allele. This finding is an
additional hint to an association between the C allele of the C2664T polymorphism of
the NMDAR2B subunit gene and the risk of alcoholism.
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