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An important reason for the interest in P300 event-related potentials are findings in patients with psychiatric disorders like schizophrenia

or alcoholism in which attenuations of the P300 amplitude are common findings. The P300 wave has been suggested to be a promising

endophenotype for genetic research since attenuations of the amplitude and latency can be observed not only in patients but also in

relatives. In parallel, the search for genes involved in the pathogenesis of psychiatric disorders has revealed for both, schizophrenia and

alcoholism an association with a DRD3 Ser9Gly polymorphism in a number of studies. In the present study, we have investigated 124

unrelated healthy subjects of German descent and have found diminished parietal and increased frontal P300 amplitudes in Gly9

homozygotes in comparison to Ser9 carriers. This finding suggests a possible role of the DRD3 receptor gene in the interindividual

variation of P300 amplitudes. Further studies should address the direct role of the DRD3 Ser9Gly polymorphism in attenuated P300

amplitudes in psychiatric disorders like schizophrenia or alcoholism.
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INTRODUCTION

A number of neuroelectric measurements are highly
heritable (van Beijsterveldt and van Baal, 2002). This is
especially true for the amplitude of the event-related P300
potential: the heritability was estimated to be between 0.61
(Wright et al, 2001) and 0.79 (Katsanis et al, 1997) in twin
studies. In addition, biologically related family members
demonstrate significant inter-family correlations for P300
measures (Eischen and Polich, 1994). This fact and the
finding of reduced P300-amplitudes in disorders like
schizophrenia (Hegerl et al, 1995; Roth et al, 1981; Strik
et al, 1994) or alcoholism (Polich et al, 1994) makes the
P300 potential as a strong candidate for an endophenotype
approach; although schizophrenia is a hereditable disease,
the identification of involved genes is probably limited by
the biological heterogenity behind the psychiatric diagnosis.
In a number of family studies, an attenuated P300-

potential at parietal locations could be detected not only in
patients with schizophrenia but also in unaffected siblings
(Winterer et al, 2003). Recently, a meta-analysis of articles

between 1983 and 2003 including 472 relatives of schizo-
phrenic patients and 513 controls demonstrated significant
reductions of the P300 amplitude reductions and latency
delays in relatives (Bramon et al, 2005). The authors
concluded that the P300 amplitude and the P300 latency are
promising alternative phenotypes for genetic research into
schizophrenia. Intermediate phenotypes or ‘endopheno-
types’ as biological measures provide a means for identify-
ing the ‘downstream’ traits or facets of clinical phenotypes,
as well as the ‘upstream’ consequences of genes (Gottesman
and Gould, 2003). Event-related potentials are easily
obtained from large subjects samples, are stable quantitative
measures and therefore interesting for genotype–phenotype
association studies.
The search for genes associated with both, the diagnosis

of schizophrenia and the P300-amplitude so far revealed a
relationship to the Catechol-O-methytransferase (COMT)
gene (Gallinat et al, 2003; Glatt et al, 2003) which is involved
in dopamine catabolism.
A relationship between the DRD3 receptor gene and

schizophrenia has been described in a number of studies
(Crocq et al, 1992; Jonsson et al, 2003), while others did not
find an association (Ioannidis et al, 2001; Sabate et al, 1994).
DRD3 mRNA is predominantly expressed in limbic areas of
the brain and may mediate the therapeutic actions of
antipsychotic drugs (Suzuki et al, 1998). In a recent PET
study with the D3-receptor agonist pramipexol a robust
decrease was detected in the bilateral orbitofrontal cortex,
thalamus, operculum, posterior and anterior cingulate
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cortex and insula. The authors speculate that dopamine’s
effects on these regions via D3R may mediate some of the
known psychiatric complications of dopamine deficiency or
excess (Black et al, 2002). In a recent meta-analysis on the
DRD3 Ser9Gly polymorphism in schizophrenia based on
11 066 subjects derived from 44 samples, there was a
significant association between DRD3 Ser9Gly homozygo-
sity and schizophrenia in the European subsample (based
on 14 samples) with an odds ratio of 1.14 but not in the
Asian subsample (based on 10 samples).
However, it has been suggested that the published

positive findings might reflect a true association in a
subgroup of patients who were nonresponder to traditional
antipsychotic drugs. In addition, a number of studies
suggest a relationship to tardive dyskinesia, sex, and the age
of onset. Especially the relationship to tardive dyskinesia
was shown nicely in a number of studies (Steen et al, 1997;
Basile et al, 1999; Segman et al, 1999; Woo et al, 2002). Since
there have been also negative findings (Rietschel et al, 2000)
it is important to note that in a recent study investigating a
large pooled sample of 780 patients drawn from six research
centers, a significant association of the DRD3 genotype with
tardive dyskinesia was described (Lerer et al, 2002). The
authors also performed a meta-analysis including three
other published studies and could again demonstrate a
significant relationship between tardive dyskinesia and the
DRD3 gly allele carrier status.
Interestingly, beside the fact that a reduced P300-

amplitude is the typical finding in schizophrenia our
own earlier work and studies of other groups suggests
that pronounced P300-amplitude reduction is seen in a
subgroup of patients with early onset, bad response to
neuroleptics and increased risk for tardive dykinesia
(Hegerl et al, 1995; Olichney et al, 1998). Exactly these
characteristics have been recently again described to be
associated with the DRD3 receptor: ‘combining the previous
studies, we therefore suppose that the gly allele not only
contributes to the pathogenesis of schizophrenia and
increases the occurrence of extrapyramidal symptoms
including tardive dyskinesia but also associates with a less
favorable therapeutic outcome in acutely treated psychotic
patients’ (Reynolds et al, 2005).
In the abovementioned DRD3 meta-analysis, comorbidity

with alcohol abuse, which was described in earlier studies
(Krebs et al, 1998) was not detected. However, in families
with alcohol abuse, similar to the findings in schizophrenia,
diminished P300-amplitudes have been described and a
genetic background discussed (Almasy et al, 1999; Black-
wood, 2000). Animal studies also suggest a relationship
between the D3 receptor and motivational effects of ethanol
(Boyce and Risinger, 2002), and a major role concerning the
addictive properties of alcohol has recently been suggested
(Heidbreder et al, 2004).
A relationship of the P300 potential to the dopaminergic

system was already suggested by findings that the amplitude
of the P300 of healthy subjects changes after the application
of sulpiride, a dopamine antagonist (Takeshita and Ogura,
1994). Moreover, in Parkinson’s Disease (PD), a disease
with a reduction of dopaminergic neurons, a prolonged
P300 latency has been described. The P300 latency in PD
can be at least in parts be influenced by the application of
dopaminergic drugs (Stanzione et al, 1990, 1991). For an

overview about neurochemical substrates of the P300 see
(Frodl-Bauch et al, 1999).
Interestingly, concerning psychiatric diseases with P300

attenuations like schizophrenia and alcoholism (Blackwood,
2000) central dopaminergic dysfunction has been discussed
to show analogies in both diseases in the dysfunction of the
ventral striatum (nucleus accumbens), which is involved
not only in the reinforcing effects of drug intake but also in
the pathogenesis of positive schizophrenic symptoms
(Heinz, 2002). The ventral striatum may be referred to as
dopaminergic reward system and high levels of dopamine
D3 receptor mRNA have been described in the nucleus
accumbens (Gurevich and Joyce, 1999; Landwehrmeyer
et al, 1993). Increased D3 receptor levels in the limbic
striatum of patients with schizophrenia have been described
in post-mortem investigations (Gurevich et al, 1997) with
an influence of the drug history being less likely (Joyce,
2001). Similar, increased D3 receptor levels and D3 receptor
mRNA have been described in brains of cocaine overdose
victims (Mash and Staley, 1999; Meador-Woodruff et al,
1995; Staley and Mash, 1996), while studies investigating
D3-receptor levels in the ventral striatum in alcohol
consumption are still required. In addition, a common
genetic background for schizophrenia and alcoholism has
been suggested (Schuckit et al, 2003).
The P300 potential is usually evoked with an oddball

paradigm. Stimuli (for example tones), are presented that
way that one stimulus is rare and relevant (for example a
button must be pressed) and another stimulus is often
presented but irrelevant. The P300 potential is then
recorded widely across the scalp some 300ms after the rare
stimulus. P300-analysis has been limited due to the
restrictions of source analysis and the fact that multiple
electrical generators in the brain are involved, including the
temporo-parietal junction (TPJ) the supplementary motor-
cortex (SMA) and the anterior cingulate cortex (ACC), the
bilateral middle frontal gyrus, the inferior frontal gyrus and
the insula. In a recent simultaneous fMRI-EEG-study,
we could demonstrate a high degree of accordance in the
fMRI-based localizations and ERP-based localizations as
described by a current source density approach (Mulert
et al, 2004a).
In the present study, we were interested in the relation-

ship of the DRD3 Ser9Gly polymorphism and the
P300-potential, both in the conventional analysis of the
scalp-amplitudes and using the tomographic current
source-density approach LORETA (Mulert et al, 2004b;
Pascual-Marqui et al, 1994; Pascual-Marqui et al, 1999).
We hypothesized that subjects with the Gly/Gly genotype
would show reduced parietal P300 amplitudes in compar-
ison to subjects with the Ser/Ser genotype and that the
tomographic comparison would show maximal differences
between the groups in the temporo-parietal junction.

MATERIALS AND METHODS

Subjects

Unrelated healthy volunteers of German descent were
randomly selected from the general population of Munich,
Germany, and contacted by mail. In order to exclude
subjects with neuropsychiatric disorders or subjects who
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had first-degree relatives with neuropsychiatric disorders,
we conducted further screenings before the volunteers were
enrolled in the study. First, subjects who responded were
initially screened by phone. Their detailed medical and
psychiatric histories, and those of their first-degree relatives
were assessed using systematic forms. Only German
volunteers (ie both their parents were German) were
included. Second, they were invited to a comprehensive
interview including the Structured Clinical Interview for
DSM-IV, SCID I/II (First et al, 1997; Wittchen et al, 1997) to
evaluate their lifetime Axis I and II disorder. Psychiatric
diagnoses among their first-degree relatives were also
assessed using the Family History Assessment Module (Rice
et al, 1995). Subjects with relevant somatic diseases or a
lifetime history of any Axis I or II psychiatric disorders were
excluded. Exclusion criteria for the subjects were also head
injury in the history or any medication with influence on
the central nervous system (eg, like cortisol, tranquilizers)
in the last 3 months. Subjects who had first-degree relatives
with a lifetime history of a mental disorder were also
excluded. In all, 124 healthy volunteers without a history of
neurological or psychiatric disorders and without recent
drug consumption were studied (mean age¼ 45.0715
years; range 19–72 years). After complete description of
the study to the subjects, written informed consent was
obtained. Subjects were 71 women and 53 men. Auditory
dysfunction was excluded by auditory testing of hearing
threshold with a Philips audiometer.

Paradigm

An auditory oddball paradigm with 80% nontarget stimuli
(540 tones, 500Hz) and 20% target stimuli (135 tones,
1000Hz) presented binaurally through headphones in a
pseudo randomized order was used (80 dB SPL, 40ms
duration with 10ms rise and fall time, interstimulus interval
1.5 s). Subjects were seated with their eyes closed in a
reclining chair and had to press a button with their
dominant hand after target stimuli.

ERP-Recording

Recording took place in a sound-attenuated and electrically
shielded room adjacent to the recording apparatus (Neu-
roscan Synamps). Subjects were seated with closed eyes in a
slightly reclined chair with a head rest. Evoked potentials
were recorded with 33 electrodes referred to Cz (32
channels). The electrodes were positioned according to
the International 10/20 system with the additional electro-
des FC1, FC2, FC5, FC6, T1, T2, CP5, CP6, A1, A2, PO9,
PO10. Fpz served as ground. Electrode impedance was
o10 kohms. Data were collected with a sampling rate of
250Hz and an analogous band pass filter (0.16–50Hz).

200ms prestimulus and 800ms poststimulus periods were
evaluated. For artifact suppression an amplitude criterion
has been used (770 mV) involving all EEG channels and
EOG at any time point during the averaging period. Only
wave-shapes, based on at least 50 averages were accepted.
The P300 amplitude and latency was detected semi-
automatically using the BrainVision Analyzer software
(Munich) as the most positive value in the timeframe
250–500ms poststimulus with a visual control afterwards at
the electrode positions F3 (left frontal) F4 (right frontal) Fz
(fronto-central), P3 (left parietal) P4 (right parietal) and Pz
(centro-parietal) each linked to common average.

LORETA

LORETA assumes that the smoothest of all activity
distributions is most plausible (‘smoothness assumption’)
and therefore, a particular current density distribution is
found. This fundamental assumption of LORETA directly
relies on the neurophysiologic observation of coherent
firing of neighboring cortical neurons during stimulus
processing (Gray et al, 1989; Llinas, 1988; Silva et al, 1991)
and therefore can be seen as a physiologically based
constraint. The characteristic feature of the resulting
solution is its relatively low spatial resolution, which is a
direct consequence of the smoothness constraint. Specifi-
cally, the solution produces a ‘blurred-localized’ image of a
point source, conserving the location of maximal activity,
but with a certain degree of dispersion. The version of
LORETA used in the present study used the digitized
Talairach atlas (Talairach and Tournoux, 1988) available as
digitized MRI from the Brain Imaging Centre, Montreal
Neurologic Institute, estimating the current source density
(microAmperes/mm2) distribution for either single time
points or epochs of brain electric activity on a dense grid of
2394 voxels at 7mm spatial resolution (Pascual-Marqui
et al, 1999). The solution space (the three-dimensional
space where the inverse EEG problem is solved) was
restricted to the gray matter and hippocampus in the
Talairach atlas (anatomically based constraint). Localization
with regard to spherical and realistic head geometry
was done using EEG electrode coordinates reported
by Towle et al (1993). A voxel was labeled as gray matter
if it met the following three conditions: its probability of
being gray matter was higher than that of being white
matter, its probability of being gray matter was higher than
that of being cerebrospinal fluid, and its probability of
being gray matter was higher than 33% (Pascual-Marqui
et al, 1999).
LORETA-analysis was performed in the time-frame 300–

600ms poststimulus after timeframe-wise normalization.
LORETA has been widely used in the last years in order to
localize electrical generators of scalp EEG data (Anderer

Table 1 Genotype and Allele Frequencies of the Ser/Gly Polymorphism in the Dopamine D3 Receptor Gene (DRD3)

Ser/Ser Ser/Gly Gly/Gly Ser Gly

Healthy volunteers (n¼ 124) 53 (42.7%) 60 (48.4%) 11 (8.9%) 166 (66.9%) 82 (33.1%)

Hardy-weinberg equilibrium: w2¼ 0.467, df¼ 2, p¼ 0.792.
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et al, 2003; Fallgatter et al, 2003; Gallinat et al, 2002; Mulert
et al, 2001) and a good correspondence between fMRI-based
localizations and LORETA-maxima has recently been
described (Mulert et al, 2004a, 2005).

Genotyping

Genomic DNA was prepared from 10ml blood using the
Quiagen Maxi DNA Extraction Kit (Hilden, Germany). The
distribution of the Ser9Gly polymorphism in the dopamine

DRD3 receptor was determined by PCR and RFLP analysis.
Amplification was carried out in 50 ml reactions using 50 ng
of genomic DNA, 1U of Taq Polymerase (Life Technologies,
Karsruhe, Germany) in presence of 60mM TrisHCl (pH 9),
2mM MgCl2, 15mM ammonium sulfate, 0.1 mM of each
primer and 0.05mM of each dNTP. A 462 bp fragment was
amplified using the sense 50-gctctatctccaactctcaca-30 and
antisense 50-aagtctactcacctccaggta-30 primer pair. Following
an initial denaturation step at 94.01C for 5min, the DNA
was amplified in 39 cycles (941C for 30 s, 611C for 30 s, and

0 200 400 600 [ms]

0 200 400 600 [ms]

P3 
[µV]

4

3

2

1

0

1

2

3

4

P4 
[µV]

4

3

2

1

0

1

2

3

4

Pz 

P300

Ser/Ser
Ser/Gly
Gly/Gly

[µV]

4

3

2

1

0

1

2

3

4

0 200 400 600 [ms]

Figure 1 Grand averages of the P300 potentials at P3, P4 and Pz related to the target tone for the three genotype groups. The attenuated P300
amplitude of the Gly/Gly group is most pronounced on the left side (P3).
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721C for 30 s). The final extention step was 721C for 5min.
The reaction was digested with 12U MscI (New England
Biolabs, Frankfurt, Germany), analyzed by gel electro-
phoresis in a 2% agarose gel containing ethidium bromide
and visualized under UV light. Cleavage with MscI in
the two nonpolymorphic sites gave fragments of size 111
and 47 bp. Depending on the absence or presence of the
MscI polymorphic restriction site either a fragment of
304 bp (Ser) or two fragments of 206 and 98 bp (Gly)
were produced.

Statistical Analyses

Statistics were performed using the SPSS 12.5. Software
(Statistical Package for Social Sciences, SPSS Inc, Chicago).
Frequency data were analyzed by w2 tests. ANOVA or w2

tests were performed to test for differences concerning
sociodemographic variables. For P300 amplitudes, we
performed repeated measurement MANCOVAs assessing
the main and interaction effects of the within-subjects
factors brain region (frontal, parietal) and hemisphere (left,
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Figure 2 Grand averages of the P300 potentials at F3, F4 and Fz related to the target tone for the genotype groups. The increased P300 amplitude of the
Gly/Gly group is most pronounced on the right side (F4).
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right), and the between-subjects genotype (Ser/Ser, Ser/Gly,
Gly/Gly, or Allele, respectively). The covariates sex and age
were added to the analysis. All analyses used two-tailed
estimation of significance. The significance level applied to
the data was set at po0.05. The repeated measurements
were followed by multivariate analyses for brain regions
(frontal, parietal, and central) and genotype (allele respec-
tively) controlled for sex and age.
LORETA comparisons between the Ser/Ser group and the

Gly/Gly group was carried out with the implemented
statistical nonparametric mapping (SnPM).

RESULTS

Genotype counts did not significantly deviate from those
expected from the Hardy–Weinberg equilibrium (w2¼ 0.47,
df¼ 2, p¼ 0.79). Demographic data are presented in Table 1
for the different genotypes. There was no significant differ-
ence between the groups with regard to age (F¼ 1.36;
df¼ 2, p¼ 0.26).
Grand averages of auditory P300 referenced to common

average are shown for the parietal electrodes (P3, P4, Pz) in
Figure 1 and for the frontal electrodes (F3, F4, Fz) in
Figure 2. The mean amplitude of the P300 peak was
5.9672.86 mV in the Ser/Ser group, 5.6872.52 mV in the
Ser/Gly group, and 4.2071.96 mV in the Gly/Gly group as
measured at Pz. At Fz, the mean amplitude of the P300 peak
was 2.6172.09 mV in the Ser/Ser group, 2.7272.00 mV in the
Ser/Gly group, and 4.9572.61 mV in the Gly/Gly group.
For P300 amplitudes, we observed an interaction between

Region�Genotype (F¼ 4.109, df¼ 2/117 p¼ 0.019); as well
as Hemisphere�Genotype (F¼ 2.990, df¼ 2/117, p¼ 0.054)
after controlling for sex and age (Table 2). The genotype

had a main effect frontal right (F¼ 4.657, df¼ 2/117,
p¼ 0.011) with a reduction in Ser-carriers and parietal left
(F¼ 3.602, df¼ 2/117, p¼ 0.030) with an increased ampli-
tude in Ser-carriers. This effect was similar when looking at
alleles or at Ser-carriers vs Gly-homocygotes.
In the statistical nonparametric LORETA comparison

between the two homozygous groups (Ser/Ser versus Gly/
Gly) differences were found in frontal and parietal regions
as presented in Figure 3 and Table 3.
The mean latency of the P300 peak was 371763ms in the

Ser/Ser group, 351765ms in the Ser/Gly group and
382783ms in the Gly/Gly group as measured at Pz. At
Fz, the mean latency of the P300 peak was 319768ms in the
Ser/Ser group, 331766ms in the Ser/Gly group and
311715ms in the Gly/Gly group. There were no significant
differences between the three genotype groups or alleles.

DISCUSSION

Conventional Analysis

The main finding of this study were reduced left parietal
P300 amplitudes and increased right frontal amplitudes in
DRD3 9Gly homozygotes. In a previous study by Tsai et al
(2003) investigating the relationship between the DRD3
9Gly polymorphism and the P300 amplitude, the parietal
P300 amplitudes have been reported descriptively to be
lowest in the Gly9Gly group, however, this effect was not
significant, which may be attributed to the relative rare
occurrence of Gly9Gly homzygotes (n¼ 7) in this study.
Analyses for frontal leads have not been mentioned in this
paper. The strongest effects in our data set were present in
the left parietal lead P3 and the right frontal lead F4, which

Table 2 Repeated Measurement MANCOVAs and Multivariate Analyses

F df p F df p

(a) Repeated measurement MANCOVAs

G (Genotype) 1.188 2/117 0.309 A (Allele) 0.273 1/243 0.602

R (Region) 36.975 1/117 o0.001 R (Region) 110.847 1/243 o0.001

R�Ga 4.109 2/117 0.019 RA 6.460 1/243 0.012

H (Hemisphere) 0.635 1/117 0.427 H (Hemisphere) 0.030 1/243 0.862

H�Gb 2.990 2/117 0.054 H�A 1.351 1/243 0.246

R�H 0.002 1/117 0.961 R�H 0.038 1/243 0.846

R�H�G 0.289 2/117 0.749 R�H�A 0.153 1/243 0.696

(b) Multivariate analyses

Frontal left 1.053 2/117 0.352 Frontal left 1.691 1/243 0.195

Frontal rightc 4.657 2/117 0.011 Frontal right 4.443 1/243 0.036

Frontal central 2.247 2/117 0.110 Frontal central 3.395 1/243 0.067

Parietal leftd 3.602 2/117 0.030 Parietal left 5.375 1/243 0.021

Parietal right 2.347 2/117 0.100 Parietal right 3.645 1/243 0.057

Parietal central 2.547 2/117 0.083 Parietal central 2.704 1/243 0.101

a(Ser-Carrier vs Gly Homocygotes) F¼ 6.563, df¼ 1/119, p¼ 0.012.
b(Ser-Carrier vs Gly Homocygotes) F¼ 6.174, df¼ 1/119, p¼ 0.014.
c(Ser-Carrier vs Gly Homocygotes) F¼ 9.431, df¼ 1/119, p¼ 0.003.
d(Ser-Carrier vs Gly Homocygotes) F¼ 4.516, df¼ 1/119, p¼ 0.036.
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are both not reported in the study by Tsai investigating
healthy female Han-Chinese subjects. In this context, it
might be of interest that in the recent meta-analysis on the
DRD3 Ser9Gly variation in schizophrenia, no association
was found in the Asian subsample but only in the European
subsample suggesting a possible role of ethnicity in this
context. In comparison to other European samples, the
observed Ser allele frequency of 66.9 in the present study fits
well in the expected range of 65.7–71% (Jonsson et al, 2004;
Joyce et al, 2003).
Comparing our results of P300-amplitude alterations in

the Gly9Gly group with the findings in schizophrenia, a
parallel in the finding of reduced parietal amplitudes is
obvious: reduced parietal amplitudes are the common
finding in a large number of studies investigating patients
with schizophrenia (Blackwood, 2000; Bruder et al, 2001;
Demiralp et al, 2002). However, in previous studies it has
been suggested that this P300-amplitude attenuation is most

pronounced in a subgroup of patients with early onset,
increased risk for tardive dyskinesia and insufficient
response to neuroleptic medication (Hegerl et al, 1995;
Juckel et al, 1996; Olichney et al, 1998). Concerning our
finding of increased prefrontal activity in the Gly9Gly-
homozygotes and findings in schizophrenia, the situation is
more complex: while most authors describe reduced frontal
P300 amplitudes (Martin-Loeches et al, 2001), some did not
find any difference between patients and controls and some
even describe increased frontal amplitudes in schizophre-
nia. Interestingly, in a recent P300 study in 66 schizophrenic
patients and 115 healthy siblings, increased frontal ampli-
tudes have been described both in patients and in
unaffected siblings (Winterer et al, 2003). In addition, in
a recent 128-channel P300 study, investigating twenty
patients with schizophrenia in comparison to controls
using individual MRIs for a statistical LORETA-approach
with statistical parametric mapping (SPM), reduced left
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inferior parietal activity was described in combination with
increased right orbito-frontal activity in the schizophrenic
group (Pae et al, 2003). This pattern seems to be similar to
our finding in the Gly9Gly-group in comparison to the
Ser9Ser-homozygotes.
Reduced parietal P300 amplitudes are also a common

finding in alcoholism (Pfefferbaum et al, 1991). In addition
frontal amplitudes are also typically reduced (Cohen et al,
1995; George et al, 2004). The reduced parietal P300 would
be in line with our present findings but the right frontal
increase in the present study does not fit. However, the
number of studies reporting amplitudes of frontal electro-
des in alcoholism is relatively small and toxic alcohol effects
on frontal lobe function have to be taken into account.

LORETA-Analysis

In the subsequent tomographic current source density
approach with LORETA, comparing both homozygote
groups (Ser9Ser and Gly9Gly) we did not only investigate
a single time-point (eg fixed on the P300 peak at a selected
electrode) but used the large timeframe (300–600ms
poststimulus) with a more comprehensive overview about
involved brain regions at the expense of lower statistical
significance for the any respective finding. Concerning the
increased right frontal activity in the Gly9Gly group in
comparison to the Ser9Ser group on the scalp electrode
level, correspondingly the highest t-value in the LORETA-
analysis was found in the right inferior frontal gyrus,
Brodmann area 47. Lowering the significance level, an
additional cluster in the right middle temporal gyrus turned
out to be stronger activated in the Gly9Gly group. On this
level, several regions were also less activated in the Gly9Gly
group, including the left inferior temporo-parietal junction
(Brodmann 40), the paracentral lobule and the left superior
frontal gyrus. In addition, significantly increased activity in
the superior frontal gyrus was detected in the Ser9Ser group
in comparison to the Gly9Gly group.

This complex tomographic activation pattern is for the
most part in line with the scalp EEG data and is offering a
more precise localization of the right frontal and left
parietal P300-amplitude findings. In addition it also
expands the limited view of a peak picking approach in
taking into account an increased time-frame and an
increased number of electrodes.

Limitations

Since the Gly allele is relatively rare, the total number of 11
subjects in the critical Gly/Gly group with only three males
seems to be critically low. In addition, there are probably
multiple causes for reduced P300 amplitudes in both
schizophrenia and alcoholism. The definite role of the
DRD3 Ser9Gly polymorphism for P300 amplitude reduc-
tions in schizophrenia and alcoholism cannot be finally
determined by this investigation of healthy volunteers.
Concerning the LORETA-analyses, besides the more
detailed description of reduced parietal and increased right
frontal activity in the Gly/Gly group additional results (eg in
temporal regions) have been found. This might well be due
to the fact, that in the tomographic all channel information
is included. However, since these findings are significant
only at liberal p-values, further confirmation and replication
is necessary.
Summarizing our results, we could find a relationship

between the DRD3 9Gly and the P300 amplitude. The
alterations in the Gly9Gly homozygotes (reduced parietal
and increased frontal activity) have some similarity with
typical findings in schizophrenia and alcoholism. This
suggests that the P300 findings might be in fact regarded as
an intermediate or endophenotype. Very large-scale family
studies are necessary to investigate the possibility that
reduced parietal and increased frontal amplitudes are
present in DRD3 9Gly homozygotes.
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