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Background: Event Related Potential (ERP) studies have highlighted some measures, notably
P3 amplitude, that are associated with both state and trait deficits in alcoholism, while studies
examining N400 amplitude in alcoholism are few. The present study aims to examine differences in
the N400 component, an electrophysiological correlate of semantic priming, in event-related poten-
tials from a lexical decision task in 87 alcohol dependent subjects and 57 community controls.

Methods: Each subject was presented with 300 stimuli sequentially in a quasi-randomized design,
where 150 stimuli were words and 150 were non-words. The subjects made a lexical decision indi-
cating the word ⁄ non-word status with a button press. Among the words, 50 words (primed) were
always preceded by their antonyms (prime, n = 50), whereas the remaining 50 words were unre-
lated. N400 amplitude and latency measures were compiled from ERPs to the primed and unprimed
words. Corresponding reaction time (RT) and response characteristics were also analyzed.

Results: Control subjects revealed a significant attenuation of the N400 response to the primed
word when compared to the unprimed word. Significantly less attenuation was observed in alcohol
dependent subjects. No significant group differences were seen for latency and behavioral mea-
sures. All subjects had slower RT for unprimed words compared to primed words; however signifi-
cantly less RT savings between the unprimed and primed condition was noted for alcoholics.

Conclusions: These results suggest a reduced flexibility in the cognitive networks and a lack of
resource optimization in alcoholics. The reduced attenuation of N400 during the primed condition
in the alcohol dependent subjects may reflect an inability to engage similar neuronal substrates
associated with semantic relatedness as seen in the controls. As diminished N400 attenuation dur-
ing priming is observed in both alcoholics and high risk subjects, it may be a marker of risk and
a good endophenotype for alcoholism.
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C OGNITIVE DEFICITS IN alcohol dependent subjects
have been described extensively, and can vary from

severe memory problems as observed in Korsakoff’s syn-
drome to subtle deficits observed in the processing of a stimu-
lus, as seen in decreased P3 amplitude (Ceballos et al., 2009;
Oscar-Berman and Zola-Morgan, 1980; Oscar-Berman et al.,
1982; Porjesz and Begleiter, 2003; Porjesz et al., 2005; Tarter
and Ryan, 1983). Electrophysiological studies of adult alco-
holics and high risk children of alcoholics have found altera-
tions generally in N1, N2, P2 and P3, where only the reduced
P3 amplitude was a robust finding across laboratories and
across experimental paradigms (Cohen et al., 1997; Fein and
Chang, 2006; Kamarajan et al., 2005a; Miyazato and Ogura,

1993; Oscar-Berman, 1987; Pfefferbaum et al., 1991; Porjesz
and Begleiter, 1985, 1987; Prabhu et al., 2001; Realmuto
et al., 1993; Rodriguez Holguin et al., 1998, 1999a,b; Zhang
et al., 2001). In addition, alcohol dependence has been shown
to adversely affect several cognitive functions, including stim-
ulus discrimination (Porjesz et al., 1987), response inhibition
(Cohen et al., 1997; Kamarajan et al., 2005a,b), and semantic
processing (Ji et al., 1999; Maylor et al., 1987; Williams and
Rundell, 1984). These abnormalities observed in ERP compo-
nents reveal cognitive impairment in alcoholics (for a detailed
review, see Porjesz and Begleiter, 2003).
In contrast, not many studies have examined semantic

processing substrates in the context of alcohol dependence. A
negative peak in the ERP (designated as N400) occurring
predominantly over the centroparietal scalp region and
approximately 300 to 650 ms after the presentation of a word
that is incongruent with its semantic context, has been the
cornerstone of semantic processing studies (Bentin, 1989;
Bentin et al., 1993; Gunter and Friederici, 1999; Hamberger
et al., 1995; Kutas and Hillyard, 1980; Nixon et al., 2002).
Classically it was understood to be elicited only to semantic
violations (Kutas and Hillyard, 1980; Kutas and Van Petten,
1988; Nixon et al., 2002), but recent studies have shown
that the N400 varies systematically with the processing of
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potentially meaningful stimuli, where the amplitude is reduced
by a number of factors (Kutas and Federmeier, 2000); some of
these factors are semantic congruity, antonyms, repetitions
and stimuli that occur with high frequency (Brown and
Hagoort, 1993; Fischler et al., 1983; Kutas and Federmeier,
2000; Nobre andMcCarthy, 1995; Penke et al., 1997).
N400 can be elicited from different experimental para-

digms. One such paradigm is the lexical decision task where
letter-strings are presented in sequence and the subject’s task
is to decide whether the stimulus presented is a word or a
non-word. Within this framework the task involves a seman-
tic priming paradigm, where some of the words were anto-
nym-pairs. Semantic priming task has been one of the most
extensively used ERP paradigms to study the effect of priming
on N400 (Bentin, 1989; Ganis et al., 1996). The semantic
priming effect refers to the faster reaction time (RT) to the
related targets than to the unrelated targets in a lexical deci-
sion task (Meyer and Schvaneveldt, 1971). This effect can also
be observed in ERP tasks. Further, there is parallel between
the N400 amplitude observed for words in a lexical decision
task and the N400 amplitude observed to words in sentences
(Kutas and Federmeier, 2000; Kutas and Hillyard, 1984; Tay-
lor, 1953). In the semantic priming paradigm, a word pre-
ceded by an unrelated word (unprimed condition) produces a
larger N400 in comparison to a word preceded by a related
word (primed condition) (McCarthy and Nobre, 1993).
There are several proposed theories regarding the N400 in

a priming paradigm and the most favored one is from Neely
and Keefe (1989), who propose that these mechanisms are
automatic spreading activation (Collins and Loftus, 1975),
expectancy and semantic matching (den Heyer et al., 1983;
Neely and Keefe, 1989; Silva-Pereyra et al., 1999). Expec-
tancy and semantic matching mechanisms are referred to as
controlled priming mechanisms and are generally believed to
act more effectively at relatively long stimulus onset asyn-
chrony (SOA) of greater than 500 ms, whereas automatic
spreading activation mechanism is said to have influence on
the priming effect at short SOAs (De Groot et al., 1986;
Neely, 1991). However, studies have shown that semantic
matching strategies (controlled priming mechanisms) can be
active at SOAs as short as 150 ms (Koivisto, 1998) and auto-
matic spreading activation can influence priming as long as
2000 ms (Deacon et al., 1999). In general, research evidence
suggests that the N400 in priming paradigms reflects different
mechanisms, such as automatic spreading activation (Deacon
et al., 2000, 2004; Kiefer, 2002; Kiefer and Spitzer, 2000;
Kutas and Hillyard, 1989), expectancy (Kutas et al., 1984;
Silva-Pereyra et al., 1999), and semantic matching (Chwilla
et al., 1998; Holcomb, 1993), depending on the paradigm
used. Similarly, the topography of N400 depends on the
modality, type of stimulus and the paradigm of the study. For
example, auditory N400 seems to be more evenly distributed
over the scalp, whereas the visual N400 shows clear centropa-
rietal predominance (Domalski et al., 1991).
Studies have shown that the distribution of N400 is differ-

ent for different types of auditory stimuli. For example, the

N400 elicited by concrete words tends to have a more anterior
distribution compared to those elicited by abstract words
(Holcomb et al., 1999; Kounios and Holcomb, 1994). On the
other hand, both hemispheres are said be involved in different
types of semantic processing (Federmeier and Kutas, 1999,
2002). These differences point out that the effects observed
with different types of stimuli are from non-identical neural
generators, which in turn implies that semantic information is
not stored in a modality-independent manner (Kutas and
Federmeier, 2000). Intracranial recording studies suggest that
the scalp-recorded N400 is associated with waves of activity
across multiple brain areas, such as ventrolateral prefrontal
cortex, inferotemporal cortex, superior temporal sulcus, med-
ial temporal lobe and hippocampus (Halgren et al., 1994a,b;
McCarthy et al., 1995; Nobre and McCarthy, 1995). There-
fore, the N400 recorded at the scalp is an outcome of coordi-
nated activity in multiple brain regions.
There is a dearth of studies exploring N400 in alcoholism

and few studies have examined priming and the N400 compo-
nent in adult alcoholics. Nixon and colleagues (2002) exam-
ined processing efficiency using a sentence paradigm in which
the responses to the terminal word were compared between
alcohol dependent subjects and community controls. The
authors reported reduced amplitudes of the difference wave-
form only in the temporal regions in alcohol dependent sub-
jects. Using a sentences paradigm, Ceballos and colleagues
(2003) showed increased N400 latencies in alcohol dependent
subjects who also had a diagnosis of antisocial personality
(ASP). In a later study examining single substance and dual
substance dependence, Ceballos and colleagues (2005) repor-
ted that reduced N400 amplitude was associated with alcohol
dependence irrespective of cocaine co-dependence when com-
pared to non-dependent controls. Of the studies mentioned
above, 2 showed a reduction in N400 amplitude and 1 study
reported increased latency in adult alcoholics. These studies
have not clarified if the N400 amplitude reductions were
specific to differences in priming related activations. Hence,
the current study was conducted to examine the semantic
priming effects on N400 in male adult alcoholics. A recent
study from our laboratory (Roopesh et al., 2009) showed lack
of attenuation of N400 amplitude for primed stimulus in high
risk offspring of alcoholics.

MATERIALS AND METHODS

Subjects

Eighty-seven male alcohol dependent subjects with an age
range of 19 to 47 years (mean = 30.12, SD = ±4.88) and
57 male control subjects between 20 to 47 years (mean =
29.47, SD = ±5.36) constituted the present study. Alcoholic
subjects were recruited from inpatient and outpatient treat-
ment facilities. Controls were recruited from health mainte-
nance organizations, driver’s license records and dental
clinics. The diagnosis of alcohol dependence was made based
on the DSM IV criteria for alcohol dependence. The alcohol
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dependent group consisted of subjects who completed the
de-addiction program in the treatment centers, and were
abstinent from alcohol intake for at least 28 days before
the electrophysiology recording session. Further, subjects
who tested positive in the urine screen (for their recent drug
use) or breathalyzer test were excluded from the study. Sub-
jects with hepatic encephalopathy ⁄cirrhosis of the liver, multi-
ple sclerosis, stroke, Huntington’s disease, a history of
psychosis, head injury, seizures or neurosurgical procedures
were excluded. Subjects who tested positive for HIV, had
uncorrected sensory deficits, or had used any psychoactive
substances in the past 5 days were also excluded.
All the subjects were right handed and had at least a mini-

mum of 10 years of education. In the alcohol dependent
group, some subjects also had a history of other substance
abuse. This comorbid poly-substance use ⁄abuse is commonly
observed in alcohol dependent subjects, especially in the US
population (Bierut et al., 1998; Compton et al., 2007; Hasin
et al., 2007). Assessments, recordings and analyses were con-
ducted at the State University of New York – Downstate
Medical Center and the study was approved by the Institu-
tional Review Board (IRB).

Data Recording

Subjects were seated on a comfortable chair in a sound-
attenuated, temperature-regulated, and dimly lit booth
(Industrial Acoustics Company, Bronx, NY). An Electro-Cap
(Electro-Cap International Inc., Eaton, OH) with 32 leads
based on the International 10 to 20 system (Jasper, 1958) was
placed on the scalp of each subject. A forehead electrode
served as the ground and the nose electrode served as the
common reference. Electrode impedance was maintained
below 5 kX. Vertical and horizontal electro-ocular activities
were recorded with the electrodes placed supraorbitally and
at the outer canthus of the left eye. Amplifier gain was set at
10,000 times on Sensorium EPA-2 Electrophysiology amplifi-
ers (Charlotte, VT), with a high pass filter of 0.02 Hz and low
pass filter of 50 Hz and digitized on a Concurrent 5550 com-
puter (Concurrent Computer Corp., Atlanta, GA). The sam-
pling rate was 256 Hz with sampling beginning 187 ms prior
to and continuing for 1413 ms after the stimulus onset.
Artifact rejection thresholds were set at 73.3 lV. Waveforms
were computed using epochs filtered with 32 Hz low pass
digital filter. The epochs were 1000 ms long and included
187 ms prior to the stimulus and 813 ms post-stimulus. Only

subjects with good, artifact-free visually inspected waveforms
were included. The trials in which the response time exceeded
1000 ms were coded as missed responses and excluded from
all analyses. Further, only the correct response trials and sub-
jects with a minimum of 15 good trials in each condition were
included for the statistical analysis.

Lexical Decision Task

Semantic priming in the current study was investigated
using a lexical decision task that required subjects to indicate
when a stimulus was a word or a non-word with a button
press using a different hand for each category. The hand used
for the button press to indicate word and non-word were
counter-balanced across subjects. Subjects were told to
respond as quickly and as accurately as possible. The subjects
were sequentially presented with a partially randomized list of
150 words and 150 non-words with a uniform inter-stimulus
interval of 1625 ms. The exposure time for each stimulus was
150 ms. Among the 150 words, 100 words were part of 50
antonym pairs. For example, antonyms like TOP, BOTTOM,
were always presented consecutively. Here the first word of
the antonym pair was considered as the priming word or
‘‘Prime,’’ and the second word of the antonym pair as
‘‘Primed.’’ Thus, in total there were 50 Prime and 50 Primed
words. These antonym pairs were always preceded and fol-
lowed by non-words. The remaining 50 words were not part
of antonym pairs and were considered as unrelated words
(Unprimed); these words were generally interspersed among
the non-words, but sometimes 2 unrelated words followed
each other. (Please refer to Fig. 1.)
Word length was the same for primed and unprimed condi-

tions and averaged 4.5 letters. Non-word length also averaged
4.5 letters and consisted of pronounceable combinations of
letters. Both word and non-word stimuli were of 2.5 cm in
height and were of white color presented over a black back-
ground. Word familiarity, using the scale of Toglia and
colleagues (1978), for both the primed and unprimed words,
averaged 6.3 on a scale of 1 (unfamiliar) to 7 (very familiar).
A standardized spelling list (Forbes, 1968) placed the average
grade level of the primed and unprimed words in the 3rd
grade and ranged from 2nd to 7th grade. Imaginability of the
words ranged from 215 to 641 on the scale of 100 to 700 with
an average of 484.31. The average concreteness of the words
was 447.36, with the range from 242 to 624. Both imagin-
ability and concreteness scores were obtained online from the

Fig. 1. Sample of words used in the task, its corresponding priming condition, and the order of presentation.
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Medical Research Council (MRC) Psycholinguistic Database
(Refer http://www.psy.uwa.edu.au/mrcdatabase/mrc2.html).
Written frequency, according to Kucera–Francis frequency
count, averaged 456.80 and ranged from 1 to 21,341 (Kucera
and Francis, 1967). The parts of speech of the words included
noun, verb, adjective, adverb and preposition; some words fell
into more than 1 category.
Averaged waveforms for the primed (words) and unprimed

stimuli (words) for each subject were used to identify and
measure the N400 component. The N400 component was
selected as the largest negative peak between 300 and 500 ms
and occurring before the large positive component after the
stimulus onset in mean waveforms. Peak amplitude and
latency values were extracted for each subject using a semi-
automatic peak-picking program. The analysis for the current
study was limited to words.

Statistical Analysis

Data were analyzed using SPSS version 12.0 (Chicago, IL).
Of the 32 channels, data from fifteen electrodes were selected
and grouped into 3 regions, viz. frontal (F7, F3, Fz, F4, F8),
temporo-central (T7, C3, Cz, C4, T8), and parietal (P7, P3,
Pz, P4, P8). Subject and task related variables such as
age, education, RT and details of drinking were analyzed for
group differences using t-tests. As a primary analysis,
repeated measures ANOVAs were used separately for ampli-
tude and latency, with group as the between-subjects variable.
Semantic condition (primed and unprimed) and scalp region
(frontal, central, and parietal) were entered as the within-
subjects factors. Secondary analysis included examining
group differences using separate repeated measures ANOVAs
for amplitude and latency measures for both primed and
unprimed conditions. Scalp region and electrode position
were entered as within-subjects factors. Greenhouse-Geisser
correction was employed when required. Unless otherwise
mentioned, the results were non-significant.

RESULTS

Demographic, Clinical, and Performance Variables

Both groups showed no significant difference with respect
to age of the subjects (t = -0.755, p = 0.452). Average alco-
hol intake per month for the last 6 months were significantly
different between the 2 groups (t = )6.88, p = 0.000), but
alcohol intake did not show significant correlations with ERP
measures. With respect to the performance measures, no sig-
nificant differences across semantic conditions were noted for
the following – correct response, wrong response, missed
response and RT for conditions. However, both groups of
subjects showed differences in performance between primed
and unprimed words: in the number of wrong responses,
missed responses and RT, where subjects in both groups had
significantly more wrong and missed responses as well as
slower RT to unprimed words compared to primed words

(Table 1). Finally, RT difference between the unprimed and
primed condition was computed for each individual and the
RT difference value was found to be significantly larger for
control subjects in comparison to the alcoholics (t = 2.47,
p = 0.015).

Amplitude Measure

The mean N400 amplitudes at frontal, temporo-central and
parietal regions in primed and unprimed conditions for con-
trol and alcohol-dependent groups are shown in Table 2. The
main effect of Group (F = 3.25; p = 0.074) showed only a
trend towards differences in N400 amplitudes between
groups. A significant main effect was observed for Condition
(F = 34.07; p = 0.000) confirming a larger negative ampli-
tude for unprimed compared to primed words. The results of
the repeated measures ANOVA revealed a significant Group
x Condition (F = 5.25; p = 0.023) interaction effect, indicat-
ing that alcohol dependent subjects had significantly larger
negative amplitudes for the primed word condition when
compared to control subjects. The Group x Region (F =
2.86; p = 0.06) interaction effect showed a trend towards
significance because the highest differences between controls
and alcoholics were centroparietal and the smallest were at
the frontal regions.
To examine the Group x Condition interaction effect more

closely, the groups were compared for primed and unprimed
word conditions separately. The groups were significantly

Table 1. Comparison of Performance Measures Between Semantic
Conditions in Alcoholic and Control Groups

Primed Unprimed

t Sig.Mean (SE) Mean (SE)

Alcoholics
Correct Response 29.02 (0.92) 29.84 (0.89) )1.346 0.182
Wrong Response 1.53 (0.26) 2.95 (0.26) )5.355 0.000***
Missed Response 0.91 (0.14) 1.35 (0.19) )2.587 0.011*
Reaction Time 0.565 (0.009) 0.598 (0.008) )7.470 0.000***

Controls
Correct Response 28.30 (1.15) 29.21 (0.99) )1.083 0.284
Wrong Response 0.96 (0.20) 2.98 (0.34) )5.809 0.000***
Missed Response 0.63 (0.15) 1.02 (0.19) )2.415 0.019*
Reaction Time 0.557 (0.14) 0.609 (0.01) )7.541 0.000***

***p < 0.0001; *p < 0.05.

Table 2. N400 Amplitudes at the 3 Antero-Posterior Regions Defined in the
Analysis

Region

Primed word Unprimed word

Mean SE Mean SE

Controls (n = 57)
Frontal )0.749 0.415 )2.679 0.349
Temporo-Central )0.873 0.441 )3.058 0.390
Parietal )1.657 0.547 )3.609 0.500

Alcoholics (n = 87)
Frontal )1.515 0.336 )2.298 0.282
Temporo-Central )2.252 0.357 )3.359 0.316
Parietal )3.649 0.443 )4.404 0.404
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different only in the primed word condition (F = 6.391; p =
0.013), but not in the unprimed word condition (F = 0.248;
p = 0.619) (Fig. 2). In Fig. 3, attenuation of N400 amplitude
(the area within the circle at the right) in the primed condition
is striking in controls and not observed as strongly in alcoho-
lics. The current source density (CSD) map of N400 response
(Fig. 4) reveals a strong frontal sink and a posterior source in

the controls. However, while the alcoholics have a compara-
ble response to controls for the unprimed word condition, the
sink and source are severely diminished in alcoholics in the
primed condition.

Latency Measures

Analysis of the latency values showed a significant main
effect for the Condition (F = 32.679, p < 0.000); that is, as a
whole, both groups had significantly more delayed latency for
the unprimed word compared to the primed word condition.
There were no other significant effects observed.

DISCUSSION

The results of the current study showed that the primed
word was processed much faster than the unprimed word in
all subjects, and the control subjects had significantly more
time savings, as measured by RT difference between the 2
conditions, than the alcoholics; the controls also showed sig-
nificant attenuation of N400 amplitude to the primed word, a
correlate of the priming effect, which was not observed in
alcoholics. While N400 amplitude was not significantly differ-
ent between groups for the unprimed condition, the alcoholic
subjects were significantly different from control subjects in
producing consistently larger N400 amplitudes for primed
words (Table 2). These findings suggest that alcoholics are
perhaps unaffected by priming cues when compared to con-
trols in a semantic priming paradigm using a lexical decision
task (Figs. 2, 3, and 4). Similar lack of N400 attenuation for
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primed words in non-alcohol dependent (high risk) children
of alcoholics, when compared to a normal control low-risk
group, was recently reported from our laboratory (Roopesh
et al., 2009).
The groups did not differ significantly for other measures

of performance in both primed and unprimed conditions
(Table 1). In addition, no significant main or interaction
effects for group and condition differences for the ERP
latency measures were observed in this study. Similar results
for latency were reported by Nixon and colleagues (2002) and
Ceballos and colleagues (2005). On the other hand, another
study by Ceballos and colleagues (2003) obtained a significant
difference in latency between alcoholics and community con-
trols. However, the paradigm used in that study was a classi-
cal N400 sentence paradigm, which is different from the one
used in the present study, and the alcoholic subjects had
co-morbid diagnosis of ASP disorder. The lack of significant
group differences in most performance and latency measures,
as well as the lack of significant difference between groups in
N400 amplitude for the unprimed word condition indicates
that the observed deficit cannot be attributed to slowing of
cognitive process, intelligence and ⁄or general cognitive
impairment in alcoholics (Grillon et al., 1991; Nixon et al.,
2002), but rather a specific deficit in semantic priming
processes.
In the lexical decision paradigm, the stimuli are presented

sequentially and the subjects are instructed to respond by
depressing a key, indicating that each stimulus is either a
‘‘word’’ or a ‘‘non-word.’’ This paradigm is primarily said to
measure automatic spreading activation, in other words
the association strength (Hutchison, 2003), and to reduce

post-lexical strategies on the semantic priming effect (Silva-
Pereyra et al., 1999; Timothy et al., 1988). However, the cur-
rent study had a long SOA of 1475 ms. The stimuli studied
included antonym-pairs, which by their very nature had a
high degree of relatedness, the proportion of related-pairs was
33%, and there were high rates of non-words (50%). This
suggests that the N400 in the current study possibly reflects
relatively more controlled mechanisms ⁄post-lexical strategies
and less automatic spreading activation. Within the controlled
mechanism, the more active process would be ‘‘semantic
expectancy,’’ where upon presentation of the first word of the
antonym pair, subjects tend to generate the expectation for
the second word of the pair. Therefore, the lack of N400
attenuation observed in alcoholics in the current study indi-
cates that they fail to efficiently process the inherent semantic
relatedness present in the antonym-pairs that is supported by
a significantly lower RT reduction between unprimed and
primed conditions in alcoholics when compared to controls.
This shows the presence of deficits in semantic expectancy
and post-lexical processes in adult alcoholics.
Apart from semantic congruity and repetitions, N400

amplitude also varies inversely with factors such as contextual
integration with the information currently held in working
memory, as well as association strength of the semantic
memory and the ease of accessing information from memory
(Brown and Hagoort, 1993; Fischler et al., 1983; Hutchison,
2003; Kutas and Federmeier, 2000; Nobre and McCarthy,
1995; Penke et al., 1997). As a result, it can be hypothesized
that alcoholics have deficits in contextual integration, and
assessing information from working memory. In addition,
these might also be due to poor association strength of the lexi-
cal network or semantic memory networks. This is substanti-
ated by earlier work in our laboratory by Ji and colleagues
(1999), which suggested that alcoholics are less efficient in the
semantic mnemonic match ⁄non-match processes.
Research findings from monkey studies have shown less

firing in masses of nerve cells with response to repeated or
primed stimuli, suggesting selective inhibition (Miller et al.,
1991, 1993). This selective inhibition can be hypothesized to
facilitate better processing for familiar stimuli, such as
repeated and ⁄or primed stimuli. If this selective inhibition is
not observed, each incoming stimulus can be said to be pro-
cessed as a new stimulus (Porjesz and Begleiter, 1995), thus
implying deficits in cognitive inhibition. In the current study
in contrast with controls, the N400 amplitude is not decreased
for the primed stimulus in alcoholics, where each word can be
assumed to be processed anew, which suggests that alcoholics
show deficits in inhibition. Parallels can be drawn between
semantic priming deficits and deficits in cognitive inhibition,
as several studies have theorized that alcoholism falls into a
spectrum of disinhibitory disorders (Cohen et al., 1997; Hada
et al., 2000; Kamarajan et al., 2005a, 2006; Pfefferbaum
et al., 1991; Porjesz et al., 2005). It should be emphasized that
most of the higher cognitive functions, including semantic
memory or semantic working memory are dependent on basic
cognitive functions, at least partially and thus we can also

2 1 0 -2-1 -33
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Fig. 4. Current source density map in alcoholics and controls describing
the source (red) and sink (blue) for primed (P) and unprimed (U) conditions
from a fixed latency slice at 325 ms near the peak N400 response.
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attribute the semantic priming deficits observed in this study
to deficits in cognitive inhibition.
The scalp distributions of N400 have shown regional and

hemispheric differences based on the stimuli, modality and
paradigm used for the studies (Curran et al., 1993). It is gen-
erally found that the auditory N400 is distributed over the
scalp more evenly compared to the visual N400, which shows
more of a centroparietal and right hemisphere predominance
(Domalski et al., 1991; Franklin et al., 2007; Hill et al., 2002;
Kutas and Hillyard, 1982; Kutas and Van Petten, 1988).
The word stimuli used in the current study are in the visual
modality, and our CSD map (Fig. 4) reveals a centroparietal
and right hemisphere predominant source for the control
group only. In contrast, for the primed condition the poster-
ior source is largely central and the sink shifts to the left
in the alcoholic group, while the controls have a strong
source that is predominantly towards the right hemisphere.
The deficits perhaps involve hemispherically asymmetric
processes.
Several electrophysiological studies have suggested that the

deficits observed in alcoholics can be due to trait factors
rather than alcohol related state factors (Kamarajan et al.,
2005a,b; Porjesz and Begleiter, 1998). Furthermore, studies
have reported that certain ERP components are highly herita-
ble (Begleiter et al., 1998; van Beijsterveldt and van Baal,
2002; Hesselbrock et al., 2001; Porjesz et al., 2002a,b) and
may serve as endophenotypes for a predisposition to develop
alcoholism (Frederick and Iacono, 2006; Kamarajan et al.,
2005b; Porjesz et al., 2005). A large scale genome wide linkage
study using the same semantic priming – lexical decision para-
digm as in the current study showed significant heritability for
N400 amplitude in response to primed and unprimed words,
and the N400 component showed significant genetic correla-
tions, indicating shared genetic effects (Almasy et al., 1999,
2001). In addition, using the same paradigm, Roopesh and
colleagues (2009) found that high risk offspring of alcoholics
compared to low risk children showed a similar lack of N400
attenuation for primed words observed in the alcoholics in
this study. Similarly, in another semantic priming study, alco-
holic subjects with positive parental history compared to alco-
holic subjects with negative parental history showed
impairment for associated targets (Sayette et al., 2001).
Among the several features required to meet criteria for an
endophenotype (Gottesman and Gould, 2003; Gottesman
and Shields, 1972, 1973) affected individuals (newly diag-
nosed, abstinent ⁄chronic alcoholics) should manifest the trait,
and the trait must be present in unaffected relatives of
affected individuals with levels significantly higher than in
random controls. Given our results of the lack of N400 atten-
uation for primed words and the deficits in discriminating
between primed and unprimed words in both adult alcoholics
and the offspring of alcoholics, it is suggested that N400 may
have great utility as an electrophysiological endophenotype
that characterizes genetic vulnerability to alcohol dependence.
Future work examining the correlations between P3 ampli-
tude changes and N400 attenuation would help to determine

if similar or independent processes underlie the deficits
observed in these 2 cognitive tasks.

CONCLUSION

The results of the study highlight a significant lack of N400
attenuation for primed words in alcohol dependent subjects
compared to controls, although both groups respond simi-
larly in the unprimed condition. This lack of attenuation in
N400 amplitude in alcoholics possibly reflects an inability to
engage similar neuronal substrates as those associated with
semantic relatedness in the control subjects. While these dif-
ferences in the brain responses to semantic relatedness
between groups are reflected in one aspect of behavior (RT
difference between conditions) in this simple antonym pair
task, it is likely that in more demanding tasks the brain
responses would be associated with stronger behavioral
effects. These altered mechanisms in alcoholics lead to less
efficient information processing as, in contrast to controls,
they are unable to benefit from available information (e.g.,
prime stimulus) to facilitate and optimize information pro-
cessing. This is supported by the significantly less RT reduc-
tion between the unprimed and primed condition, observed in
alcoholics when compared to controls. Similar findings of
reduced N400 attenuation during priming have also been
reported in young non-alcoholic offspring of alcoholics (Roo-
pesh et al., 2009), and hence they may represent an electro-
physiological endophenotype that characterizes a genetic
vulnerability to develop alcoholism and related disorders.
Studies are underway as part of the Collaborative Study on
the Genetics of Alcoholism (COGA) to determine possible
underlying genes involved in these electrophysiological
features.
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