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The mechanisms underlying the blunted response to alcohol admin-
istration observed in subjects at risk for alcoholism are poorly un-
derstood and may involve GABA-benzodiazepine receptors. The
purpose of this study was to investigate if subjects at risk for alco-
holism had abnormalities in brain GABA-benzodiazepine receptor
function. This study measured the effects of 30 ug/kg (iv) of loraz-
epam, on regional brain glucose metabolism using positron emis-
sion tomography and 2-deoxy-2['®Flfluoro-b-glucose in subjects
with a positive family history for alcoholism (FP) (n = 12) and com-
pared their response with that of subjects with a negative family
history for alcoholism (FN) (n = 21). At baseline, FP subjects showed
lower cerebellar metabolism than FN. Lorazepam decreased whole-
brain glucose metabolism, and FP subjects showed a similar re-
sponse to FN in cortical and subcortical regions, but FP showed a
blunted response in cerebellum. Lorazepam-induced changes in
cerebellar metabolism correlated with its motor effects. The de-
creased cerebellar baseline metabolism in FP as well as the blunted
cerebellar response to lorazepam challenge may reflect disrupted
activity of benzodiazepine-GABA receptors in cerebellum. These
changes could account for the decreased sensitivity to the motor
effects of alcohol and benzodiazepines in FP subjects.

Key Words: Benzodiazepines, Positron Emission Tomography,
Brain Glucose Metabolism, Alcoholism, Cerebellum.

HE IMPORTANCE of genetics in alcoholism has been

demonstrated in epidemiological studies showing a
higher level of concordance for alcoholism in identical
twins than in fraternal twins and by studies documenting a
4-fold increased risk for alcoholism in children of alcoholics
than in the general population.™ The influence of genetics
in the differential sensitivity to ethanol has also been dem-
onstrated in studies documenting that subjects at risk for
alcoholism, that is children of alcoholics who themselves
are not alcoholics, show a blunted response to alcohol when
compared with subjects with a negative family history for
alcoholism (FN).>® A blunted response to alcohol in fam-
ily-positive subjects (FP) has been documented for the
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subjective experience of intoxication,>”® motor impair-

ment,>1% neurohormonal changes,'! and electrophysiologi-
cal responses.®>*? The relevance of genetics on the sensi-
tivity to ethanol was also demonstrated in a study of fetal
human tissue that showed that sensitivity to ethanol was
variable and depended on the source of the donor tissue;
grafts that were made from the same host all showed
comparable sensitivities.'*

The mechanisms underlying differences in sensitivity to
alcohol could relate to pharmacokinetic factors (metabo-
lism and bioavailability) and/or neurochemical differences
of the brain. These variables in turn could modulate the
reinforcing and toxic properties of alcohol, thus increasing
or decreasing the likelihood of its abuse. The GABA-
benzodiazepine receptor complex (GBRC) has been impli-
cated as one of the molecular substrates underlying the
differential sensitivity to the effects of alcohol.’> Because
the pharmacological actions of alcohol seem to be in part
mediated by its facilitation of GABAergic neurotransmis-
sion at the GBRC,'*™'® one could postulate that the de-
creased sensitivity to alcohol in subjects at risk for alcohol-
ism could reflect abnormal activity of the GBRC. In
support of this hypothesis is a study documenting decreased
sensitivity in FP subjects to the behavioral and eye move-
ment effects of benzodiazepines.!® Benzodiazepines, like
alcohol, exert some of their pharmacological effects via the
GBRC.'®

Positron emission tomography (PET) is an imaging
method that allows direct noninvasive measurement in the
living human brain of metabolism, neurochemistry, phar-
macology, and perfusion.?® Brain glucose metabolism, typ-
ically measured with 2-['®F]fluoro-p-glucose (FDG), is the
most frequently applied measurement with PET and pro-
vides an index of regional brain function.?! Regional brain
metabolic measurements after acute and chronic drug ad-
ministration have been used as indicators of the functional
effects of drugs in the human brain. Acute alcohol admin-
istration was found to decrease regional brain glucose me-
tabolism in a pattern that paralleled the regional distribu-
tion of benzodiazepine receptors in the human brain.?? The
regional metabolic response to acute®>** and chronic ben-
zodiazepine agonists® have also been measured with PET.
As for alcohol, the regional metabolic response to benzo-
diazepines paralleled the regional concentration of benzo-
diazepine receptors in human brain.”® Lorazepam-induced
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changes in regional metabolism were reversed by the ben-
zodiazepine antagonist flumazenil,”® which indicates that
benzodiazepine-induced metabolic changes reflect in part
benzodiazepine receptor activity. We have therefore pro-
posed the use of lorazepam as a pharmacological challenge
to study the functional responsivity of the GBRC.** Using
this strategy, we have shown that alcoholics have a blunted
regional brain metabolic response to lorazepam that may
be indicative of a decreased sensitivity of GBRC. Because
the blunted brain metabolic response in alcoholics could
reflect the chronic use of alcohol as opposed to a genetic
trait associated with alcohol predisposition, we investigated
a group of subjects with a family history of alcoholism. In
this study, the regional brain metabolic response to loraz-
epam in FP subjects is compared with that of FN subjects.

MATERIALS AND METHODS

Subjects

Subjects at risk for alcoholism (family-positive) consisted of 12 right-
handed males (30.5 = 5 years of age) who had an alcoholic biological
father (as per DSM-III-R) and at least two other first (parent or sibling)-
or second-degree relatives (biological grandparents, uncles, aunts, or cous-
ins) who were alcoholics. Subjects were excluded if they had a past or
present history of abuse or dependence to alcohol and/or other drugs of
abuse (except nicotine and caffeine) or any other DSM-III-R diagnosis for
mental illness and/or neurological illnesses in themselves or in a first-
degree relative (except for family history of alcoholism), if they had
medical illnesses and/or if they were taking any medication. Nondrinkers
(consumes alcohol less than once every year) were also excluded.

Controls (family-negative) consisted of 21 right-handed, healthy males
32.5 + 10 years of age (age range 23-59) who had served as controls for
a study that compared the response to lorazepam in normals and alcoholic
subjects.”* Subjects were excluded if they had a family history of alcohol-
ism or drug abuse in first- and/or second-degree relatives. Otherwise,
criteria were as for the subjects at risk. Right-handed subjects were elected
to minimize variability from laterality. Table 1 provides demographic data
for the two groups of subjects.

As part of the evaluation procedure, subjects had a physical, psychiat-
ric, and neurological examination. Routine laboratory tests were per-
formed as well as a random urine test to exclude the use of psychoactive
drugs. Subjects were instructed to discontinue any over-the-counter med-
ication 2 weeks before the PET scan and to refrain from drinking alcohol
the week before the PET scan. Cigarettes, food, and beverages {except for
water) were discontinued at least 4 hr before the study. This study was
approved by the Human Subjects Research Committees of Brookhaven
National Laboratory and the Northport Veterans Administration Medical
Center. After explaining the procedure, written informed consent was
obtained from each subject.

Table 1. Demographic Characteristics of Subjects

FN FP
n=21) n=12)
Age 3055 325+10
Education (yr) 15+3 14 =2
Smokers 6 3
Alcohol use 3-4=*2 56=*3

Alcohol use corresponds to beers consumed/week. Groups did not show
significant differences in years of education completed, in amount of alcohol
consumed, or in percentage of smokers. Differences in caffeine intake could not
be assessed, because they were not recorded.
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PET Studies

PET measurements were conducted using a whole-body, high-resolu-
tion positron emission tomograph (6.5 mm X 5.9 mm full-width half-
maximum at the center of the field of view, interslice distance 5.9 mm, 15
slices; Computer Technologies, Inc., CTI 931). Subjects were positioned in
the gantry using an individual headholder and two sets of weak laser fan
beams that illuminated the head surface along the canthomeatal line and
along the sagittal line, respectively. Before radiotracer injection, each
subject underwent a transmission scan performed with a ring filled with
germanium 68/gallium 68 to allow the subsequent emission image to be
corrected for attenuation. A catheter was placed in the antecubital vein for
injection of radiotracer, lorazepam, and placebo and in a dorsal hand vein
for “arterialized” blood sampling. The emission scans were taken 35 min
following injection of 4-6 mCi of FDG (prepared according to the
method of Hamacher®") for a total of 20 min. Arterialized blood was
obtained throughout the procedure to measure plasma concentration of
F-18, glucose, PO,, pCO,, and plasma lorazepam concentration (National
Psychopharmacological Laboratory). For the first scan, subjects were
injected with a placebo (3 ml of saline solution) given 40-50 min before
FDG. For the second scan, subjects were injected with 30 pg/kg of
lorazepam given 40-50 min before FDG. Subjects were blind to the drugs
received. To ensure that the subjects would not fail asleep, they were
monitored throughout the procedure and were asked to keep their eyes
open. Subjects were scanned with their ears unplugged in a dimly lit room
with noise kept to a minimum. The only intervention was the periodic
assessment of the behavioral and cognitive effects of lorazepam or pla-
cebo. A detailed description of procedures, including calculation of met-
abolic “rates,” has been published.>* Each subject underwent two different
PET procedures.

Behavioral, Cognitive, and Motor Evaluation

Before placebo or lorazepam and at 20 min, 60 min, and 2 hr after
placebo or lorazepam administration, subjects were asked to evaluate on
an analog scale (rated 0-100) their subjective sense of intoxication, desire
for more drug, tiredness, and sleepiness, and were also evaluated with the
Stroop Test, the Word Association test, Symbol Digit Modality test, and
arithmetic calculations.?® Before the scan, and at the end of the study,
subjects were evaluated for motor coordination. Motor changes induced
by lorazepam were rated with respect to baseline from 0 to 10 by scoring
the following items: gait, rhythm (tapping the back and front of the hand
with the other hand), equilibrium (eyes closed), rhomberg and subjective
perception of incoordination as 0 = absent, 1 = minimal disruption, and
2 = marked changes. At the end of the study, subjects were asked whether
they perceived the drug intervention (placebo or lorazepam) as pleasur-
able, neutral, or unpleasant. Blood samples were taken to quantify loraz-
epam concentration 20 min, 60 min, and 2 hr after its administration.

Image Analysis

Regions of interest (ROIs) were drawn directly on the transaxial PET
images using the Matsui/Hirano atlas as reference.?”” Seventy-two ROIs
were selected from 10 of the 15 images obtained with the tomograph.
Weighted averages (to correct for difference in sizes) of the ROIs from
different slices corresponding to the same anatomical areas were com-
puted to obtain metabolic values in 10 “composite” brain regions. The
location of the ROIs sampled and the ROIs that were included to obtain
the 10 “composite” brain regions have been published.** A measure of
“whole brain” metabolism was obtained by averaging metabolism in the 15
brain slices. “Relative” measures of regional brain metabolism were ob-
tained using the ratio of the metabolic value in the “composite” brain
regions to the metabolic value for the whole brain.

Statistical Analyses

Differences in regional metabolism between FP and FN subjects were
tested with ANOVA. Differences in response to lorazepam between FP
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Table 2. Behavioral and Cognitive Measures Obtained after Placebo and
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Table 3. Absolute Metabolic Values for the Different Brain Regions after

Lorazepam Placebo and Lorazepam
FN (n = 21) FP (n = 12) FN (n = 21) FP (n = 12)

Test Placebo Lorazepam Placebo Lorazepam Regions Placebo Lorazepam Piacebo Lorazepam
Desire 25+7 356+8 32=+1 3.6 =11 Giobal 38.2*+3 332=x3 3834 343=3
Intoxication 05=1 35.2 + 26 5.3 = 8 28.9 = 18 R prefrontal 4505 39.7%5 440 + 4 4083
Sleepiness 155 57.0 £ 25 18.8 = 20™ 51821 L. prefrontal 458 + 4 395=+5 454 + 4 4915+3
Tiredness 1407 444 =29 175 £ 17 41.0 =19 R frontal 545+5 47.0 = 5™ 5205 465 = 4
Stroop-read 102.6 = 14 774+ 14 96.1 + 19 732+ 22 L frontal 551 =5 47.5 = 6** 522 x5 469 * 4
Stroop-XXX 740 = 11 68.2 = 17 64.36 = 15" 53.8 = 18* Cingulate G 526 =5 46.1 5 50.1 =6 478+ 4
Stroop-color 47.7+9 40.7 £ 12 38.6 + 8.5™ 34.1 =10 R parietal 512 +4 45.0 = 4* 491 + 5 4401 £ 5
SDMT 486 + 4 3682=*9 4389 3279 L parietal 5122 44.8 = 6™ 496 = 5 449 + 3
WA 161 =2 106 =5 1294 87=x5 R temporal 50.1 = 4 456 = 4+ 499 + 4 459 + 4
Calculation 121 =1 106 =2 123x2 109 =x2 L temporal 504 =5 45.3 = 6% 4916 457+ 4
Motor 0 663 0 46+ 3" Occipital 549 = 6 44.4 + 5™ 5287 4395

; . - - Thalamus 5275 40.3 = 4™ 5598 447 = 4
Subjects werg askeq to evaluate in aq an_alog scale ((_)—109) thelr desnrg for Basal ganglia 52.0+ 6 453 + 6" 518+ 8 469+ 3
more _drug, sleepiness, tiredness, and subjective sense of intoxication. Cogr‘utlve R cerebellum 428+5 36.7 = 3 39.7 + 5 374 +5
tests involved the Stroops [separate values are reported for the three sections: L cerebellum 438 + 4 365+ 3 403 + 5* 35.4 + 3

reading color names (read), describing the color (XXX), and reading color names
colored with discrepant colors (color)], Symbol Digit Modality test (SDMT), word
association (WA), and arithmetic calculations. Lorazepam impaired performance
in both groups of subjects. Significance is only shown for those values where the
two groups differed.

*p < 0.05 *p <0.01.

and FN subjects were tested with a one-factor (FP versus FN) repeated
measure (baseline versus lorazepam) ANOVA. Pearson product-moment
correlation analyses were performed between the behavioral and the
regional metabolic changes after lorazepam. Changes were computed by
subtracting the baseline scores from the scores obtained during lorazepam
administration.

In consideration of the “multiple comparison problem” incurred by
analyzing values for 10 brain regions, we set the level of significance top =
0.01. We chose this criterion of significance as being intermediate between
the p = 0.05 value, considered significant for an individual variable and the
P < 0.005 value required by the Bonferroni adjustment, because Bonfer-
roni criterion assumes that variables are independent® but regional
metabolic values are highly dependent on one another.* Values of p <
0.05 are reported as trends.

RESULTS

Plasma lorazepam concentrations at 20, 40, 70, and 90
min postinjection for the FP subjects corresponded to 40.2
+9,302 + 5,279 £ 9, and 29.6 * 9, ng/ml, respectively,
and were not significantly different from those of the FN
that corresponded to 41.3 * 12, 31.9 + 10, 28.3 = 6, and
28.1 = 6 ng/ml, respectively. The behavioral, cognitive, and
motor changes after lorazepam for the subjects at risk and
for the normal controls are shown in Table 2. At baseline,
both groups of subjects differed with respect to their scores
in the Stroops and also in their subjective experience of
intoxication after placebo. FP showed lower scores in the
color subtest of the Stroops and had significantly higher
ratings for the subjective experience of intoxication after
placebo. In both groups of subjects, lorazepam significantly
induced sleepiness and tiredness, impaired motor coordi-
nation, and affected cognitive performance in all tests ex-
cept that of arithmetic calculations. The effects were com-
parable for both groups of subjects except for the motor
incoordinating effects of lorazepam that showed a trend
toward less of an effect in FP than in FN (F = 4.22,df = 31,
p < 0.05) and for sleepiness, which also showed a trend

Lorazepam significantly reduced brain glucose metabolism in all brain regions.
(Significance is reported for comparison of baseline measures between FP and
FN subjects, and for the magnitude of lorazepam-induced changes in regional
brain.

*p < 0.05; *p < 0.001.

Metabolic images from a FN subject tested after placebo and after
lorazepam (30 pg/kg iv). Note the decrease in glucose metabolism in the cortical,
subcortical, and cerebellar regions.

Fig. 1.

toward less of an effect in FP than in FN subjects (F = 4.78,
df = 31, p < 0.05). Lorazepam was experienced as pleasant
by 43% of the FN and 58% of the FP, and as unpleasant by
24% of the FN and 25% of FP. The rest of the subjects
described the experience as neutral.

Whole-brain metabolic activity at baseline did not differ
between FP and FN subjects. Table 3 shows the regional
metabolic values for the FP and the FN after placebo and
after lorazepam. There were also no significant differences
in baseline metabolism between FP and FN for cortical and
subcortical regions. Baseline metabolic values in right and
left cerebellum showed a trend toward lower values in FP
than in FN subjects. For both groups of subjects, lorazepam
significantly decreased whole-brain (FN = —5 * 2 ug/mol/
g/min; FP = —39 * 3 umol/g/min) and regional brain
metabolism (Table 3). Figures 1 and 2 show metabolic
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FRMILY POSITIVE

Fig. 2. Metabolic images from a FP subject tested after placebo and after
lorazepam (30 pg/kg iv). Note the blunted cerebellar response after lorazepam.
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Fig. 3. Individual values for changes in right cerebellar (R CB) and left
cerebellar metabolism (L CB) in FP and FN subjects. Lorazepam-induced differ-
ences in metabolism were significantly smaller in FP than in FN subjects in right
cerebellum (o < 0.01) and showed a trend for left cerebellum (p < 0.05).

images after placebo and after lorazepam for a FN and a
FP subject, respectively. For both groups of subjects, the
largest decrements were in thalamus (FN = ~122 * 5
pmol/g/min; FP = —10.7 = 8 pmol/g/min) and in occipital
cortex (FN = —10.8 = 5 umol/g/min; FP = -89 * 5
pmol/g/min) (Table 3). Although FP subjects showed
smaller decrements in metabolism with lorazepam than
those in FN, the differences were only significant for the
right cerebellum (FN = —6.1 * 4 pmol/g/min; FP = —2.1
* 4 umol/g/min; F = 6.62, df = 1,31, p < 0.01), and there
was a trend in the left cerebellum (FN = —7.3 = 3 pumol/
g/min; FP = —4.6 = 4 pmol/g/min; F = 42,df = 1,31,p <
0.05). Figure 3 shows the individual metabolic values for
the right and left cerebellum at baseline and after loraz-
epam for the FN and the FP subjects. There was also a
trend for lorazepam-induced changes in cingulate gyrus to
be smaller in FP than in FN subjects (FN = —6.5 * 4
pmol/g/min; FP = —2.7 £ 5.3 pmol/g/min; F = 5.9, df =
1.31, p < 0.02).

Correlation analyses between lorazepam induced
changes in regional brain metabolism, and behavioral ef-
fects revealed a significant positive correlation between
changes in cerebellar metabolism and motor impairment
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Fig. 4. Correiation analyses between lorazepam-induced changes in motor
behavior and lorazepam-induced changes in cerebellar metabolism (placebo-
lorazepam) {r = 0.81, p < 0.001). FP, open circles; FN, closed circles.

(Fig. 4) for FP subjects (r = 0.83, df = 11, p < 0.001) and
FN subjects (r = 0.77, df = 20, p < 0.001), and between
changes in thalamic metabolism and sleepiness in FN (r =
0.60, df = 20, p < 0.005) and a trend between changes in
cerebellar metabolism and sleepiness in EN (r = 0.52, df =
20, p < 0.02). There were no other significant correlations
between the regional changes in metabolism and the be-
havioral changes induced by lorazepam.

DISCUSSION

This study documents a blunted cerebellar response to
lorazepam in subjects at risk for alcoholism. Furthermore,
because lorazepam-induced changes in cerebellar metabo-
lism were associated with the motor incoordinating effects
of lorazepam, one could postulate that the decreased re-
sponse of the cerebellum may account for the blunted
response to the motor incoordinating action of alcohol
previously reported in FP subjects.”'® It may also account
for the blunted response in FP subjects to the effects of
benzodiazepines in eye movements,'” because the cerebel-
lum is implicated in eye movement control.** Because both
alcohol and benzodiazepine agonists facilitate inhibitory
transmission at the GBRC by potentiating GABA-induced
Cl™ flux,**~*® one could postulate that decreased sensitivity
of GBRC in cerebellum could explain the blunted motor
response to alcohol and/or benzodiazepines. The fact that
the blunted response to lorazepam was regionally specific
(cerebellum) suggests that changes in GBRC are subtype-
specific. The subtype specificity of the GBRC is given by its
subunit composition («, B, v, and 8°°). The subunit com-
position gives the GBRC its unique pharmacological prop-
erties and its regional brain heterogeneity.> The cerebel-
lum is unique in that it is the only brain region that
expresses the a6 subunit.*’ Receptors formed with the a6
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subunit uniquely bind RO 154513, the benzodiazepine in-
verse agonist that inhibits the effects of alcohol.** RO
154513 has been found to reverse alcohol-induced motor
impairment, anticonflict activity, and behavioral intoxica-
tion and to block its effects on GABA-induced CI™
flux.**=** Hence, one could hypothesize that differences in
sensitivity of this receptor subtype may explain the differ-
ences in sensitivity to alcohol. Evidence implicating a ge-
netic involvement of this receptor subtype in sensitivity to
alcohol was recently provided by a study in which injection
of GBRC mRNAs from the brains of mice differentially
inbred for their sensitivity to ethanol (Long Sleep and
Short Sleep mice) into oocytes, resulted in differences in
their sensitivity to ethanol and RO 154513.* The extent to
which the antagonistic effects of RO 15453 are specific to
ethanol and not generalizable to other drugs that interact
with the GBRC is controversial.

It has been postulated that decreased GABA neurotrans-
mission could predispose an individual to alcoholism
and/or benzodiazepine abuse.*>*® Genetically determined
differences in the GBRC have been associated with sensi-
tivity to ethanol in animals, including: (1) differences in
sensitivity to chloride flux enhancement by ethanol*’; (2)
differences in concentration and affinity for benzodiaz-
epine and GABA receptor ligands**~% (3) differences in
receptor properties*”*%°>% and (4) differences in genes
encoding for the GBRC or associated proteins.** In con-
trast to the extensive amount of work done in animals,
there are relatively few studies addressing the role of the
GBRC in genetics of alcoholism. Most of the studies have
been done in alcoholics, and few studies have been con-
ducted to evaluate the function of the GBRC in subjects at
risk for alcoholism. Supporting the involvement of the
GBRC in alcoholism are postmortem studies that have
shown decreases in benzodiazepine receptors in the frontal
cortex>® and in the hippocampus of alcoholics,’* and a
preliminary PET study that documented a larger variability
in the concentration of benzodiazepine receptors in alco-
holics than in normal subjects.>® Supporting this association
is also the frequent abuse of benzodiazepines by alcohol-
ics®® and the lower cerebral spinal fluid GABA levels re-
ported in alcoholics when compared with normal con-
trols.*> Furthermore, alcoholics report higher scores on
items related to “drug liking” after benzodiazepines than
normal controls (for review, see ref. 28).

Studies in FP subjects have predominantly evaluated
their sensitivity to alcohol. In general, these studies have
documented decreased sensitivity to the effects of etha-
nol. »67%10:1213 A recent study that evaluated the effects of
benzodiazepines in FP subjects reported decreased effects
on peak saccadic velocity, average smooth pursuit gain,
memory, and self-rated sedation.!® Interestingly, these sub-
jects reported significantly greater pleasurable effects for
benzodiazepines than FN.!® Although another study had
found greater pleasurable effects to benzodiazepines in
FP,>” two others have not,®*® and we were also unable to
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document a significant difference between FP and FN sub-
jects. Inconsistencies among investigators may reflect dif-
ferences in sample populations as well as differences in the
conditions at which the drug was given. For the current
study, failure to document differences in pleasurable re-
sponse to lorazepam between FP and FN may reflect the
environment conditions during a PET experiment.

The current study documents decreased cerebellar me-
tabolism at baseline in FP subjects, when compared with
FN. These cerebellar changes could account for the base-
line gait abnormalities documented in subjects at risk for
alcoholism.”® Because cerebellar functions have been pre-
dominantly associated with motor behaviors, it is hard to
associate a change in cerebellar activity with a process as
complex as genetic predisposition to alcoholism. However,
there is evidence that the cerebellum is involved in regu-
lating the sensitivity to some of the effects of alcohol®® and
that the genetic sensitivity to ethanol may be mediated in
part by cerebellar neuronal circuitry.%* There is also ev-
idence implicating the involvement of the cerebellum with
reinforcement.®*%* The cerebellum could also regulate the
response to alcohol indirectly via its projections to cortical
and subcortical regions.®>"®” It is also possible that the
cerebellar changes in FP may not involve a mechanistic
interaction with vulnerability to alcoholism. From the cur-
rent study, it is not possible to determine the extent to
which the baseline cerebellar differences between FP and
FN accounted for the differences in their cerebellar meta-
bolic response to lorazepam.

Comparison of the metabolic response in the FP differs
from that in the alcoholics in that the latter showed a
blunted response that was most pronounced in basal gan-
glia and thalamus and not in cerebellum.** The fact that we
were unable to document a blunted response to lorazepam
in these subcortical brain regions in FP suggests that these
changes in the alcoholics are associated with chronic alco-
hol exposure. Chronic ethanol exposure has been shown to
reduce GABA-receptor-mediated Cl~ uptake®®®® and to
decrease the density of low-affinity binding sites for
[PH]JGABA™ and [*H]muscimol.”" In addition, chronic eth-
anol has been shown to affect the subunit composition of
the GBRC.”>™

Different than other PET studies using ligands such as
"'C RO 15-1788, "'C suriclone,”® and ''C RO 15-4513777
to measure benzodiazepine receptors, this study measured
the regional brain metabolic consequences of the interac-
tion of a benzodiazepine drug with these receptors. The
regional metabolic response to a benzodiazepine drug
probably reflects not only its direct interactions with ben-
zodiazepine receptors, but also secondary effects. The ex-
tent to which the blunted response in subjects at risk re-
flects differences in receptors or secondary effects cannot
be discriminated by this study. Direct evaluation of benzo-
diazepine receptors with the use of appropriate radioli-
gands could help clarify this issue.

In interpreting the results from this study, one has to
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keep in mind the small sample size that may have precluded
the detection of differences between the groups. Small
sample sizes in this type of study are particularly problem-
atic, because the expression of the “predisposing factor
and/or factors” may not be present in all subjects selected,
and the degree of their expression may be environmentally
related. Furthermore, inclusion of subjects >25 years of
age may have decreased our chances of optimizing a high
genetic load in our sample. The case could even be made
that subjects at risk, which by 30 years of age are not
alcohol-dependent, may possess “protective factors.” De-
spite these limitations, the fact that we were able to docu-
ment a difference between FP and FN subjects that cor-
roborates previous studies documenting decreased motor
response to alcohol®'® and benzodiazepines'® in FP sub-
jects suggests that the cerebellum may be directly or indi-
rectly involved in the sensitivity to the effects of alcohol and
benzodiazepines. The extent to which this cerebellar
change is linked with vulnerability to alcoholism requires
further study.

ACKNOWLEDGMENTS

We thank David Alexoff, Babe Barrett, Robert Carciello,
Joanna S. Fowler, Payton King, Alex Levy, Angela Lu, Robert
MacGregor, Noelwah Netusil, Carol Redvanly, David Schlyer,
Colleen Shea, and Donald Warner for advice and assistance.

REFERENCES

1. Cloninger RC: Neurogenetic adaptive mechanisms in alcoholism.
Science 236:410-416, 1987

2. Schuckit MA, Gold E: A simultaneous evaluation of multiple mark-
ers of ethanol/placebo challenges in sons of alcoholics and controls. Arch
Gen Psychiatry 45:211-216, 1988

3. Goodwin DW: Alcoholism and heredity: A review and hypothesis.
Arch Gen Psychiatry 36:57-61, 1979

4. Cotton NS: The familial incidence of alcoholism: A review. J Stud
Alcohol 40:89-116, 1979

5. Schuckit MA: Genetics and the risk for alcoholism. JAMA 254:
2614-2617, 1985

6. Begleiter H, Porjesz B, Bihari B, Kissin B: Event-related potentials
in boys at risk for alcoholism. Science 225:1493-1496, 1984

7. Anthenelli RM, Schukit MA: Genetic studies of alcoholism. Int J
Addict 25:81-94, 1990

8. Schuckit MA, Duthie L, Mahler HIM, Irwin M, Monteiro MG:
Subjective feelings and changes in body sway following diazepam in sons
of alcoholics and controls. J Stud Alcohol 52:601-608, 1991

9. Schuckit MA: Ethanol-induced changes in body sway in men at high
alcoholism risk. Arch Gen Psychiatry 42:375-379, 1985

10. Lex BW, Lukas SE, Greenwald NE, Mendelson JH: Alcohol-in-
duced changes in body sway in women at risk for alcoholism: A pilot study.
J Stud Alcohol 49:346-350, 1988

11. Schuckit MA, Parker DC, Rossman LR: Ethanol-related prolactin
responses and risk for alcoholism. Biol Psychiatry 18:1154-1159, 1983

12. Porjesz B, Begleiter H: Brain dysfunction and alcohol, in Kissin B,
Begleiter H {eds): The Biology of Alcoholism, vol 7. New York, Plenum
Press, 1983, pp 415-483

13. Ehlers CL, Schukit MA: EEG response to ethanol in sons of
alcoholics. Psychopharmacol Bull 24:434-437, 1988

14. Dunwiddie TV: Electrophysiological studies of genetic differences
in alcohol action, in Crabbe JC, Harris AR (eds): The Genetic Basis of
Alcohol and Drug Actions. New York, Plenum Press, 1991, pp 153-164

515

15. Allan AM, Harris RA: Neurochemica! studies of genetic differ-
ences in alcohol action, in Crabbe JC, Harris AR (eds): The Genetic Basis
of Alcohol and Drug Actions. New York, Plenum Press, 1991, pp 105-152

16. Ticku MK: Ethanol and the benzodiazepine-GABA receptor iono-
phore complex. Experientia 45:413-418, 1989

17. Kulonen E: Ethanol and GABA. Med Biol 61:247-167, 1983

18. Leidenheimer NJ, Harris A: Acute effects of ethanol on GABA,
receptor function: Molecular and physiological determinants, in Biggio G,
Concas A, Costa E (eds): GABAergic Synaptic Transmission: Molecular,
Pharmacological and Clinical Aspects. New York, Raven Press, 1992

19. Cowley DS, Roy-Byrne PP, Radant A, Hommer DW, Greenbiatt
DJ, Vitaliano PP, Godon C: Eye movement effects of diazepam in sons of
alcoholic fathers and male control subjects. Alcohol Clin Exp Ther 18:
324--332, 1994

20. Fowler JS, Wolf AP, Volkow ND: New directions in positron
emission tomography. Part II, in Allen RC (ed): Annual Reports in
Medicinal Chemistry, vol 24. New Jersey, Academic Press, 1990, pp 261~
269

21. Sokoloff L, Reivich M, Kennedy C, Des Rosiers MH, Patlak CS,
Pettigrew KD, Sakurada O, Shinohara M: The ''C-deoxyglucose method
for the measurement of local cerebral glucose utilization: Theory, proce-
dure and normal values in the conscious and anesthetized albino rat. J
Neurochem 28:897-916, 1977

22. Volkow ND, Hitzemann R, Wolf AP, Logan J, Fowler JS, Christ-
man D, Dewey SL, Schlyer D, Burr G, Vitkun S, Hirschowitz J: Acute
effects of ethanol on regional brain glucose metabolism and transport.
Psychiatry Res 35:39-48, 1990

23. DeWitt H, Metz J, Wagner N, Cooper M: Effects of diazepam on
cerebral metabolism and mood in normal volunteers. Neuropsychophar-
macology 5:33-41, 1991

24. Volkow ND, Wang G-J, Hitzemann R, Fowler JS, Wolf AP, Pappas
N, Biegon A, Dewey SL: Decreased cerebral response to inhibitory neu-
rotransmission in alcoholics. Am J Psychiatry 150:417-422, 1993

25. Buchsbaum M, Wu J, Haier R, Hazlett E, Ball R, Katz M, Sokolski
K, Lagunas-Solar M, Langer D: Positron emission tomography, assess-
ment of effects of benzodiazepines on regional glucose metabolic rate in
patients with anxiety disorder. Life Sci 40:2393-2400, 1987

26. Volkow ND, Wang GJ, Hitzemann R, Fowler JS, Pappas N, Lo-
remier P, Burr G, Pascani K, Wong C, Wolf AP: Depression of thalamic
metabolism by lorazepam is associated with sleepiness. Neuropsychophar-
macology (in press), 1994

27. Hamacher K, Coenen HH, Stocklin G: Efficient stereospecific
synthesis of no-carrier-added 2-{"*F]ftuoro-2-deoxy-D-glucose using amin-
opolyether supported nucleophilic substitution. J Nucl Med 27:235-238,
1986

28. Woods JH, Katz JL, Winger G: Benzodiazepines; use, abuse and
consequences. Pharmacol Rev 44:154-347, 1992

29. Matsui T, Hirano A: An Atlas of the Human Brain for Computer-
ized Tomography. Stuttgart, Germany, Gustav Fischer Verlag, 1978

30. Haiz WL: Statistics for the Social Sciences. New York, Holt Rein-
hart & Winston, 1973

31. Volkow ND, Brodie JD, Wolf AP, Gomez-Mont F, Cancro R, Van
Gelder P, Russell JAG, Overall J: Brain organization of schizophrenics. J
Cereb Blood Flow Metab 6:441-446, 1986

32. Leigh R, Zee D: The Neurology of Eye Movements. Philadelphia,
PA, F. A. Davis Co., 1991

33. Nestoros JN: Ethanol specifically potentiates GABA-mediated
neurotransmission in feline cerebral cortex. Science 209:709-710, 1980

34, Hunt WA: The effect of ethanol on GABA-ergic transmission.
Neurosci Biobehav Rev 7:87, 1983 (abstr)

35. Suzdack PD, Schwartz RD, Skolnik PH, Paul SM: Alcohol stimu-
lates gamma aminobutyric acid receptor mediated chloride uptake in
brain vesicles: Correlation with intoxication potency. Brain Res 444:340~
343, 1987

36. Morrow AL, Paul SM: Benzodiazepine enhancement of gamma
aminobutyric acid-mediated chloride ion flux in rat brain synaptoneuro-
somes. J Neurochem 50:302-306, 1988



516

37. Huidobro-toro JP, Bleck V, Allan AM, Harris RA: Neurochemical
actions of anesthetic drugs on the gamma-aminobutyric receptor-chloride
channel complex. J Pharmacol Exp Ther 242:963-969, 1987

38. Villar HO, Davies MF, Loew GH, Maguire PA: Molecular models
for recognition and activation at the benzodiazepine receptor: A review.
Life Sci 48:593-602, 1990

39. Schofield PR, Darlinson MG, Fujita N, Burt DR, Stephenson FA,
Rodriguez H, Rhee LM, Ramachandran J, Reale V, Gelcorse TA, See-
burg PH, Barnard EA: Sequence and functional expression of the GABA
receptors shows a ligand-gated receptor superfamily. Nature 328:221-227,
1987

40. Luddens H, Pritchett DB, Kohler M, et al: Cerebellar GABA
receptor selective for a behavioral alcohol antagonist. Nature 346:648-
651, 1990

41. Bonetti EP, Burkard WP, Gabl M, Hunkel W, Lorez HP, Martin
JR, Mochler H, Osterrieder W, Pieri L, Polc P, Richards G, Schafghner R,
Scherschlicht R, Schoch P, Haefely WE: Ro 15-4513: Partial inverse
agonism at the BZR and interaction with ethanol. Pharmacol Biochem
Behav 31:733-749, 1989

42. Suzdack P, Glowa JR, Crawley IN, et al: A selective imidazodiaz-
epine antagonist of ethanol in the rat. Science 234:1243-1247, 1986

43. Suzdack PD, Paul SM, Crawley JN: Effects of RO15 4513 and other
benzodiazepine receptor inverse agonists on alcohol-induced intoxication
in the rat. J Pharmacol Exp Ther 245:880-886, 1988

44. Wafford KA, Burnett DM, Dunwiddie TV, Harris PA: Genetic
differences in the ethanol sensitivity of GABA, receptors expressed in
Xenopus oocytes. Science 249:291-293, 1990

45. Coffman JA, Petty F: Plasma GABA levels in chronic alcoholics.
Am J Psychiatry 142:1204-1205, 1985

46. Durand D, Carlen PL: Decreased neuronal inhibition in vitro after
long-term administration of ethanol. Science 224:1359-1361, 1984

47. Harris RA, Allan AM: Alcohol intoxication: Ion channels and
genetics. FASEB J 3:1689-1695, 1989

48. Miller LG, Greenblatt DJ, Barnhill JG, Schader RI: Differential
modulation of benzodiazepine receptor binding by ethanol in LS and SS
mice. Pharmacol Biochem Behav 29:471-477, 1988

49. Uusi-Oukari M, Korpi ER: Diazepam sensitivity of the binding of
an imidazobenzodiazepine, 3H Ro 15-4513, in cerebellar membranes from
two rat lines developed for high and low alcohol sensitivity. J Neurochem
54:1980-1987, 1990

50. Uusi-Oukari M, Korpi ER: Cerebellar GABA, receptor binding
and function in vitro in two rat lines developed for high and low alcohol
sensitivity. Neurochem Res 14:733-739, 1989

51. Marley RJ, Stinchcomb A, Wehner JM: Further characterization of
benzodiazepine receptor differences in long sleep and short sleep mice.
Life Sci 43:1223-1231, 1988

52. Mclntyre TD, Trullas R, Skolnick P: Differences in the biophysical
properties of the benzodiazepine/gamma-aminobutyric acid receptor chlo-
ride channel complex in the long sleep and the short sleep mouse lines. J
Neurochem 51:642-647, 1988

53. Freund G, Ballinger WE: Decrease of benzodiazepine receptors in
frontal cortex of alcoholics. Alcohol 5:272-282, 1988

54. Freund G, Ballinger WE: Loss of muscarinic and benzodiazepine
neuroreceptors from hippocampus of alcohol abusers. Alcohol 6:23-31,
1989

55. Litton JE, Neiman J, Pauli S, Farde L, Hindmarsh T, Halldin C,
Sedvall G: PET analysis of [''C]flumazenil binding to benzodiazepine
receptors in chronic alcohol-dependent men and healthy controls. Psychi-
atry Res 47:1-13, 1993

56. Ciraulo DA, Barnhill JG, Greenblatt DJ, et al: Abuse liability and
clinical pharmacokinetics of alprazolam in alcoholic men. J Clin Psychiatry
49:333-337, 1988

57. Ciraulo DA, Barnhill JG, Ciraulo AM, et al: Parenteral alcoholism
at a risk factor in benzodiazepine abuse: A pilot study. Am J Psychiatry
146:1333-1335, 1989

VOLKOW ET AL.

58. De Witt H: Diazepam preference in males with and without an
alcoholic first degree relative. Alcohol Clin Exp Res 15:593-600, 1991

59. Lipscomb TR, Carpenter JA, Nathan PE: Static ataxia: A predictor
of alcoholism. Br J Addict 74:289-294, 1979

60. Seiger A, Sorenson SM, Paimer MR: Cerebellar role in the differ-
ential ethanol sensitivity of long sleep and short sleep mice. Behav Phar-
macol Biochem 18:495-499, 1983

61. Spuhler K, Hoffer B, Weiner N, Paimer M: Evidence of genetic
correlation of hypnotic effects and cerebellar Purkinje neuron depression
in response to ethanol in mice. Pharmacol Biochem Behav 17:569-578,
1982

62. Palmer MR, Olson L, Dunwiddie TV, Hoffer BJ, Seiger A: Neo-
natal cerebellectomy alters ethanol induced sleep time of short buf not
long sleep time. Pharm Biochem Behav 20:153-159, 1984

63. Ball GG, Micco DJ, Bernston GG: Cerebellar metabolism in the
rat: Complex stimulation-bound oral behaviors and self-stimulation.
Physiol Behav 13:123-127, 1974

64. Plotnik R, Mir D, Delgado JMR: Map of reinforcing sites in the
rhesus monkey. Brain Int J Psychobiol 2:1-21, 1972

65. Harper JW, Heath RG: Anatomic connections of the fastigial
nucleus to the forebrain in the cat. Exp Neurol 39:285-293, 1973

66. Brodal A: The reticular formation and some related nuclei, in
Neurological Anatomy in Relation to Clinical Medicine. New York, Ox-
ford University Press, 1981, pp 394447

67. Scheel-Kruger J: Dopamine-GABA interactions: Evidence that
GABA transmits, modulates and mediates dopaminergic functions in the
basal ganglia and in the limbic system. Acta Neurol Scand (Suppl.) 73:6-
49, 1986

68. Allan AM, Harris RA: Acute and chronic ethanol treatments alter
GABA-receptor-operated chloride channels. Pharm Biochem Behav 17:
665-670, 1987

69. Morrow AL, Montpied P, Lingford-Hughes A, Paul SM: Chronic
ethanol and pentobarbital administration in the rat: Effects on GABA,
receptor function and expression in brain. Alcohol 7:237-244, 1990

70. Ticku MK, Burch T: Alterations in gamma-aminobutyric acid re-
ceptor sensitivity following acute and chronic ethanol treatments. J Neu-
rochem 34:417-423, 1980

71. Unwin JW, Taberner PV: Sex and strain differences in GABA
receptor binding after chronic ethanol drinking in mice. Neuropharma-
cology 19:1257-1259, 1980

72. Montpied P, Martin BM, Cottinham SL, Stubblefield BK, Ginns E,
Paul SM: Regional distribution of the GABA ,/benzodiazepine receptor
(a subunit) mRNA in rat brain. J Neurochem 51:1651-1654, 1988

73. Buck KJ, Hahner L, Sikela J, Harris RA: Chronic ethanol treat-
ment alters brain levels of gamma-aminobutyric acid (A) receptor subunit
messenger RNAs—Relationship to genetic differences in ethanol with-
drawal seizure severity. J Neurochem 57:1452-1455, 1991

74. Ticku MK, Mhatre M, Metha AK: Modulation of GABAergic
transmission by ethanol, in Biggio G, Concas A, Costa E (eds): GABAer-
gic Synaptic Transmission: Molecular, Pharmacological and Clinical As-
pects. New York, Raven Press, 1992, pp 255-268

75. Halldin C, Stone-Elander S, Thorell L-O, Persson A, Sedvall G:
C-11 labelling of Ro 15-1788 in two different positions, and its main
metabolite Ro 15-3890 for PET studies of benzodiazepine receptors. Appl
Radiat Isotop 39:993-997, 1988

76. Frost JJ, Wagner HN, Dannals RF, Ravert HT, Wilson AA, Links
JMM, Rosenbaum AE, Trifiletti RR, Snyder SH: Imaging benzodiazepine
receptors in man with ''C suriclone by positron emission tomography. Eur
J Pharmacol 122:381-383, 1986

77. Inoue O, Suhara T, Itoh T, Kobayashi K, Susuki K, Tateno Y: In
vivo binding of C Ro15-4513 in human brain measured with PET.
Neurosci Lett 145:133-136, 1992

78. Halldin C, Farde L, Litton JE, Hall H, Sedvall G: 11C Ro 15 4513,
a ligand for visualization of benzodiazepine receptor binding. Psycho-
pharmacology 108:16-22, 1992





