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Relationship Between a GABAAα6 Pro385Ser
Substitution and Benzodiazepine Sensitivity

Nakao Iwata, M.D., Ph.D., Deborah S. Cowley, M.D., Marta Radel, M.D., 
Peter P. Roy-Byrne, M.D., and David Goldman, M.D.

Objective: In humans, interindividual variation in sensitivity to benzodiazepine drugs
may correlate with behavioral variation, including vulnerability to disease states such as
alcoholism. In the rat, variation in alcohol and benzodiazepine sensitivity has been corre-
lated with an inherited variant of the GABAAα6 receptor. The authors detected a
Pro385Ser [1236C>T] amino acid substitution in the human GABAAα6 that may influence
alcohol sensitivity. In this pilot study, they evaluated the contribution of this polymorphism
to benzodiazepine sensitivity. Method: Sensitivity to diazepam was assessed in 51 chil-
dren of alcoholics by using two eye movement measures: peak saccadic velocity and av-
erage smooth pursuit gain. Association analysis was performed with saccadic velocity and
smooth pursuit gain as dependent variables and comparing Pro385/Ser385 heterozy-
gotes and Pro385/Pro385 homozygotes. Results: The Pro385Ser genotype was associ-
ated with less diazepam-induced impairment of saccadic velocity but not with smooth pur-
suit gain. Conclusions: The Pro385Ser genotype may play a role in benzodiazepine
sensitivity and conditions, such as alcoholism, that may be correlated with this trait. 

(Am J Psychiatry 1999; 156:1447–1449)

Children of alcoholics are at higher risk for alcohol-
ism (1); therefore, they have been the focus of studies
on subjective, psychomotor, physiological, and bio-
chemical responses to ethanol (2, 3). Previous studies
of less sensitivity to benzodiazepine and ethanol in
children of alcoholics than in comparison subjects
have yielded conflicting results (4–7). The genetic and
neurobiological mechanisms of diminished sensitivity
to benzodiazepine and ethanol in children of alcoholics
are unclear, probably because these drugs affect multi-
ple neurotransmitter systems (8).

Recently, we detected a novel Pro385Ser amino acid
substitution polymorphism of the GABAAα6 subunit
gene (9). Frequency of the more rare Ser385 allele was
approximately 0.04 in Finnish Caucasians. Although
the substitution is nonconservative, no information

was available on function. Cross-tolerance of benzodi-
azepine with ethanol and the efficacy of benzodiaz-
epines in treating alcohol withdrawal suggest that
GABAA receptors have a key role in alcohol’s effects.
In a selective genotyping study (10), we found that the
GABAAα6 genotype correlated with level of response
to alcohol. Our aim in the current study was to evalu-
ate the hypothesis that Pro385Ser is associated with
differences in benzodiazepine sensitivity.

METHOD

We studied 51 unrelated Caucasian offspring of alcoholic fathers;
25 were sons, and 26 were daughters. Their mean age was 22.2 years
(SD=2.0, range=18–25). Psychiatric disorders were diagnosed by us-
ing the Structured Clinical Interview for DSM-III-R. The proband
and at least one first-degree relative were interviewed with the Fam-
ily Informant Schedule and Criteria (an extended version of the Fam-
ily History Research Diagnostic Criteria) and with the Family His-
tory Assessment Module from the SSAGA (a structured diagnostic
interview developed in the Collaborative Study on the Genetics of
Alcoholism). Children of alcoholics were free of lifetime DSM-III-R
axis I or axis II psychiatric or substance use disorders, except adjust-
ment disorder.

The subjects were medically healthy and reported that they had
taken no medication for at least 1 month and that they had not used
a benzodiazepine more than once. All subjects gave written informed
consent before participating in the study after all procedures and
risks were explained. The study was approved by the University of
Washington Institutional Review Board.
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The subjects were tested on 2 days about 1 week apart. Intrave-
nous catheters were inserted in an antecubital vein in each arm. One
intravenous line was used for blood sampling for diazepam levels,
and the contralateral arm was used for administration of diazepam
or placebo. Infusions were given double-blind and in randomized or-
der. On the diazepam day, the drug was administered at 15-minute
intervals in four doses of 25, 25, 50, and 100 µg/kg, yielding loga-
rithmically increasing cumulative doses of 25, 50, 100, and 200 µg/
kg. On the placebo day, saline was injected in similar volumes and at
the same times.

On each testing day, both eye movements and diazepam levels
were measured at each of 12 time points: twice at baseline, once af-
ter each of the four doses, and six times at 30-minute intervals after
the last dose. Peak saccadic eye movement velocity and average
smooth pursuit eye movement gain were recorded by using a nonin-
vasive infrared oculographic device (Eye Trac model 210, ASL Labo-
ratories, Waltham, Mass.).

A 365-bp genomic DNA fragment was amplified with primers
5’-CTGACTCCAAATATCATCTG-3’ and 5’-GAGAAGCATCTA-
CACAAGTC-3’ (primer annealing at 60°C) (9) and digested with
Fok I, yielding two fragments 261 nt and 104 nt in size in the case
of Ser385, as described elsewhere (9).

Sensitivity of saccadic eye movement velocity and smooth pursuit
gain was measured both at baseline and after each of four diazepam
doses. The baseline-dose differences were used to construct, by a
trapezoidal technique, the area under the curve. The area under the
curve for the dependent variable was then divided by the area under
the curve for plasma diazepam levels to correct for individual vari-
ability in diazepam levels.

These area-under-the-curve ratios were compared between chil-
dren of alcoholics with the Pro385/Pro385 homozygous genotype
and the Pro385/Ser385 heterozygous genotype by using t tests.
There were no Ser385/Ser385 homozygotes.

RESULTS

We observed an association between Pro385Ser gen-
otype and average smooth pursuit eye movement gain
after administration of intravenous diazepam (table 1).
Children of alcoholics with the Ser385 allele were less
sensitive to diazepam. There was no association with
peak velocity of saccadic eye movement (t=0.73, df=
48, p=0.82). The numbers of subjects used in the two
analyses differ because one person was so sensitive to

diazepam that data for saccadic velocity could not be
collected at the highest diazepam dose.

DISCUSSION

Among the 13 subunits known to participate in the
formation of GABAA/benzodiazepine receptor com-
plexes in mammals (11), the α6 subunit is unique in its
benzodiazepine-agonist-insensitive pharmacology and
in its restricted distribution (12). GABAAα6 expression
is limited to cerebellar granule cells. An enhanced po-
tentiation of GABAA currents by diazepam binding to
the receptor complex containing the Pro385 variant
could underlie the differences in average smooth pur-
suit eye movement gain seen in subjects of different
genotypes. The observation by Korpi et al. (13) that a
rat GABAAα6 variant is involved in differential alco-
hol sensitivity and diazepam response of the receptor
helped generate the hypothesis that a structural variant
might be present in the human GABAAα6 that could
affect sensitivity to these drugs. In a selective genotyp-
ing study (10), we have also found that level of re-
sponse to alcohol in humans correlates with GABAAα6
genotype. Again, Pro385/Ser385 heterozygotes were
less sensitive than Pro385/Pro385 homozygotes. De-
spite these converging lines of evidence supporting
support a role for genetic variation in GABAAα6 in al-
coholism and diazepam sensitivity, alteration of
GABAAα6 function by the human Pro385Ser variant
has not been demonstrated. However, this is the first
indication that a difference in human diazepam re-
sponse may arise from a naturally occurring variant in
a GABAA receptor subunit.

We did not find any association between Pro385Ser
and saccadic eye movement. Saccadic eye movements
are mediated by the parietal cortex and the frontal cor-
tex and through associated connections with the basal
ganglia as well as the superior colliculus and, finally,
premotor areas in the pons. Meanwhile, and consistent
with the narrow localization of GABAAα6 to the cere-
bellum, the smooth pursuit eye movements that were
associated with the Pro385Ser genotype are predomi-
nantly mediated by the cerebellum, as well as other
cortical areas (14). Therefore, the association of
Pro385Ser to pursuit eye movements but not to sac-
cadic movements corresponds to the restricted expres-
sion of GABAAα6 to the cerebellum.
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TABLE 1. Relationship of GABAAα6 Genotype to Diazepam-
Induced Reductions in Eye Movement Measures in 51 Off-
spring of Alcoholics

GABAAα6 
Genotype

Eye Movement Measure

Peak Saccadic
Velocity

Average Smooth
Pursuit Gain (×1,000)

N

Area Under 
the Curve
(difference
between

diazepam and 
baseline)a

N

Area Under
the Curve
(difference
between

diazepam and 
baseline)a

Mean SD Mean SD

Pro385/Pro385 41b 0.362 0.181 42 0.535 0.240
Pro385/Ser385 9 0.377 0.195 9 0.360c 0.167
Ser385/Ser385 0 0
a See text for method.
b Data were not collected at the highest diazepam dose for one

patient.
c t=2.07, df=49, p=0.04.
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