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A. Transaxial slice of a single-photon emission computed tomography (SPECT) study of benzodiazepine (BZD) receptor
binding (iomazenil [123I]) superimposed on the corresponding MRI slice from a 56-year-old alcohol-dependent male who had
been sober for 95 days. BZD binding in alcohol-dependent subjects is decreased in a number of brain regions compared with
control subjects, as summarized below.

B. Sagittal projection view (frontal cortex to the left, occipital cortex to the right) summarizes regions where BZD receptor
distribution was lower in alcohol-dependent subjects compared with control subjects. Although BZD receptor binding was
lower in all regions, it was significantly lower in prefrontal cortex, anterior cingulate cortex, and cerebellum.

C. Event-related potentials (ERPs) obtained by using a cued continuous performance test (Go/No-Go task). Note the decrease
in the responses of the alcohol-dependent subjects (indicated in green) compared with control subjects (indicated in gray). The
dashed lines indicate the time of target presentation and the time of peak response (300 ms, P300). The alcohol-dependent
subjects had diminished frontal activation during both conditions, indicating diminished inhibition (disinhibition).
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Alcohol dependence as defined by DSM-IV criteria
is a psychiatric disorder that affects approximately

13% of the population at some point in life. This prev-
alence increases to 20% if individuals who have never
consumed 12 or more drinks in any one year of life are
excluded.1 Approximately half of all homicides andmo-
tor vehicle–related deaths involve alcohol, as do one-
fourth of all suicides. Comorbid psychiatric conditions
are common. The estimated social impact of alcohol de-
pendence is $100 billion in health care costs, lost wages,
and family disruption.2 To understand this enormous
public health concern, researchers are studying alcohol-
ism from the sociological to the molecular level. (A
PubMed search on “alcohol” captures more than 68,000
references in the past five years alone.) A few research
areas include the neurobiology of craving and tolerance,
changes in cortical neurochemistry with dependence
and withdrawal, and the development of medications
to reverse intoxication and to prevent craving.
A genetic predisposition or vulnerability to develop-

ment of alcohol dependence has been clearly demon-
strated. There is a 3- to 9-fold increased risk in first-
degree relatives of alcohol-dependent patients
comparedwith the general population.3 The genetic vul-
nerability to alcohol dependence is 0.50 to 0.60. Two
chromosomal linkage studies have found strong evi-
dence for possible candidate genes for alcohol depen-
dence on chromosome 4 and lesser evidence for chro-
mosomes 11, 1, 7, and 2.4

It has been recognized since the case of Phineas Gage
was understood that the orbitofrontal cortex is a critical
part of a circuit responsible for inhibition and for regu-
lation of social behavior. It has been suggested that there
is a relationship between alcohol dependence and the
orbitofrontal cortex. This theory proposes a shift in the
general excitability of the brain, perhaps as a result of
decreased inhibition (disinhibition). Alcohol-dependent
persons score high on several measures likely to reflect
disinhibition, including exploratory excitability, impul-
siveness, extravagance, and disorderliness.5 In addition,
there is evidence of abnormal brain processing in both
persons who are alcohol dependent and individuals at
high risk for alcoholism.
Evidence for abnormal processing has been obtained

by using event-related potentials (ERPs). ERPs are the
summed electrical activity recorded from scalp elec-
trodes after a stimulus presentation. A variety of situa-
tions or tasks are used in this type of study, and the ERP
has a characteristic shape for each. A very simple task
commonly used requires monitoring a series of frequent
visual shapes (e.g., squares) and responding by pushing
a button whenever a designated different shape (e.g., a
triangle) is presented (“oddball” task). The different,
rarely occurring shape is the target. In normal individ-
uals the positive waveform that occurs approximately
300 ms after the stimulus onset (P300 waveform) is
much larger following presentation of a target com-
pared with a nontarget in this task. In alcohol-
dependent subjects, the P300 waveform to presentation
of targets is much smaller than in normal individuals.6

Importantly, it is reduced more in those with alcohol
dependence who are from high-risk families than in
those with no family history of alcohol abuse. It is also
abnormal in individuals from high-risk families who are
alcohol naive.7 This waveform is thought to reflect in-
hibitory processes in cortex. Thus, the decreased size in
patients with alcohol dependence and persons at risk
may indicate a global or regional lack of cortical inhi-
bition. The diminished increase when a target is pre-
sented may indicate deficits in processing of informa-
tion.8

Electrophysiological studies of more complex tasks
also support this view. CNS inhibitory state can be as-
sessed experimentally by use of a cued continuous per-
formance test in which a motor response is required to
one situation (Go condition) but must be suppressed to
others (No-Go condition). The ERP to each condition in
this task is influenced by the complexity of the Go/No-
Go decision.9 In a simple version of this task a series of
uppercase and lowercase letters is presented (usually all
the same letter). One is designated the Go and the other
the No-Go condition. In normal individuals the P300
waveform to the Go condition is larger than to the No-
Go condition for this task, similar to results of the “odd-
ball” task described previously. In contrast, subjectswho
are alcohol dependent do not show any increase in the
P300 waveform to the Go condition, and they have
lower P300 amplitudes overall.9

In a more difficult Go/No-Go task, a series of letters
is presented in which one letter is designated as the pri-
mer. When the target letter follows the primer, the sub-
ject responds by pushing a button (Go condition). When
any other letter follows the primer, the subject must in-
hibit responding (No-Go condition).10 The P300 com-
ponent of the ERP recorded following a stimulus in this
task is localized to both frontal and parietal regions.11

The frontal activation is larger in the No-Go condition
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than in the Go condition. A reasonable interpretation of
this finding is that the frontal activation reflects the in-
hibition that is required for response suppressionduring
the No-Go condition.11 Persons who are alcohol depen-
dent have less frontal activation during this task than
normal individuals, an indication that frontal lobe con-
trol of response inhibition is reduced.10

Although alcohol interacts with many neurotransmit-
ters in both excitatory and inhibitory pathways, its po-
tentiation of benzodiazepines (BZDs) and interactions
with c-aminobutyric acid (GABA) provide key support
for this theory. GABA is themajor inhibitory neurotrans-
mitter in the brain. Postmortem studies have found re-
gional changes in BZD receptor density in alcohol-
dependent persons.12 The BZD receptor is a site on the
GABAA receptor. Recent in vivo SPECT and PET studies
have found decreased BZD receptor density in frontal,
anterior cingulate, parietal, temporal, and cerebellar cor-
tices in alcohol-dependent subjects compared with con-
trol subjects.13,14 These differences were present even in
alcohol-dependent subjects who had been abstinent for
prolonged periods prior to the evaluation. A similar pat-
tern of differences was found when abstinent alcohol-
dependent subjects were compared with nondependent
alcohol users—suggesting that the differences in BZD
receptor density are intrinsic rather than a result of al-
cohol toxicity.13 A pilot study using magnetic resonance
spectroscopy found that cortical GABA levels were
lower in alcohol-dependent subjects than in control sub-
jects. In contrast, cortical glutamate levels were similar.15

Because GABA is an inhibitory neurotransmitter, this
decrease in GABAergic transmission (both receptors
and absolute levels) might underlie the diminished in-
hibition or hyperexcitability that has been found in
alcohol-dependent individuals and persons at high risk
for substance abuse.
Parallel results have been found with PET: alcohol-

dependent patients usually have decreased metabolism
in frontal, temporal (left), and parietal cortices.16,17 As

alcohol-dependent patients detoxify, cortical metabo-
lism improves.17 The greatest changes were obtained be-
tween 4 and 8 weeks after alcohol withdrawal. Orbito-
frontal and dorsolateral prefrontal cortices showed the
most recovery, basal ganglia the least.
Alcohol-dependent patients also have an altered ce-

rebral metabolic response to BZD administration.18 In
normal subjects, BZD administration decreases both
global and regional brain metabolism. Measures taken
during the first month of detoxification found less than
normal metabolic depression in response to lorazepam
administration in the thalamus, basal ganglia, and or-
bitofrontal cortex in alcohol-dependent subjects.18 Di-
minished responses may still be present at 11 weeks.19

Interestingly, the early changes correlated with both
cerebellar metabolism at baseline and BZD (and there-
fore GABAA) receptor density. The cerebellumhas direct
GABAergic projections to thalamus, basal ganglia, and
orbitofrontal cortex. Thus, it is possible that abnormal-
ities in cerebellar input to the orbitofrontal circuit (which
includes all three regions) lead to disinhibition and/or
compulsive behaviors in alcohol-dependent patients. It
is of interest that the depression in cerebellar function
(as measured by both metabolic rate and motor coor-
dination) normally induced by lorazepam administra-
tion is also diminished in alcohol-naive subjects with
positive family histories for alcohol abuse.20

Although these studies are limited to small groups of
subjects and many were performed early in detoxifica-
tion, they may cast light on a portion of what underlies
this devastating illness. The involvement with GABA is,
of course, only one aspect of the effect of alcohol on the
brain. Alcohol has major interactions with many aspects
of brain function, including most or all of the major
neurotransmitters. As the biological causes and effects
of alcohol dependence come to be understood more
fully, sophisticated and successful treatments can be
developed—just as the discovery of cross-tolerance of
alcohol and BZDs has led to decreased mortality from
alcohol withdrawal.
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