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SUMMARY
Ethanol administration to rats by ethanol vapor inhalation (14
days) results in a 40-50% reduction in the level of y-aminobutyric
acidA (GABAA) cea1 subunit mRNAs [4.4 and 4.8 kilobases
(kb)] in the cerebral cortex. The level of a2 subunit mRNA (8.0

kb) was also reduced by 29%, whereas there was no effect of
prolonged ethanol exposure on the level of a3 subunit mRNA
(3.1 kb). Ethanol exposure did not alter the steady state levels
of cerebral cortical glutamic acid decarboxylase or fl-actin

mRNAs. Moreover, no alterations in the levels of total RNA,
poly(A)� RNA, or rRNA were observed, suggesting that the
ethanol-induced reductions in GABAA receptor c� and a2 subunit
mRNAs were not the result of a generalized effect of ethanol
administration on transcription or mRNA turnover. These
ethanol-induced reductions in GABAA receptor � subunit mRNAs
may underlie alterations in GABAA receptor function or number
observed following prolonged ethanol exposure in rats.

Prolonged administration of ethanol to animals, including

humans, results in the development of tolerance and depend-

ence, the former manifested by a reduction in the behavioral

effects of ethanol and the latter by a withdrawal syndrome

following abrupt discontinuation (1, 2). The molecular and
cellular mechanisms underlying the actions of ethanol, includ-

ing the development of tolerance and dependence, are not well

understood. Ethanol and other sedative-hypnotic drugs, such

as the barbiturates and benzodiazepines, share a number of

pharmacological properties (3), including the development of

cross-tolerance and cross-dependence following prolonged ad-

ministration (4). It is generally acknowledged that many of the

pharmacological actions of benzodiazepines and barbiturates,
which directly bind to central GABAA receptors, are mediated

via an augmentation of GABAergic neurotransmission (5, 6).

Recently, we and others have provided biochemical evidence

that ethanol and related short chain alcohols augment GABAA
receptor-mediated Cl ion uptake in cerebral cortical synapto-

neurosomes (7), cerebellar microsacs (8), and embryonic neu-

rons in culture (9), further suggesting that ethanol, like barbi-

turates and benzodiazepines, may enhance GABAA receptor-

mediated C1 ion conductance.

We have recently shown that chronic ethanol administration

- I Present address: Department of Psychiatry and Center for Alcohol Studies,
University of North Carolina, CB 7175, Chapel Hill, NC 27599.

to rats results in a reduction in GABA receptor-mediated 36C1

uptake in cerebral cortical synaptoneurosomes, and we have

postulated that this reduction in GABAA receptor-gated chlo-

ride ion channel function may contribute to the ethanol with-

drawal syndrome (10). The mechanism(s) responsible for the

ethanol-induced decrease in GABA-receptor-mediated 36C1 up-

take could include, among other possibilities, an alteration in

the expression of GABAA receptor(s). GABAA benzodiazepine

receptors are heteroligomeric protein complexes consisting of

several homologous membrane-spanning glycoprotein subunits

(a, /3, ‘y, and t5) (11-13). Molecular cloning studies have isolated

and identified multiple a, fi, and y subunit-encoding cDNAs

from bovine, rat, and human brain cDNA libraries (11-13).

Regional and developmental studies of the expression of sub-

unit mRNAs using Northern analysis and in situ hybridization

suggest the presence of multiple brain GABAA isoreceptors [see

Schofield (13) for a recent review]. The expression of the

various a subunit isoforms has been shown to result in GABAA

receptors with different gating properties, which may account

for the functional heterogeneity of GABAA receptors (12, 14).

Measurement of GABAA receptor expression using radioligand

binding techniques is limited by the fact that most GABAA

receptor ligands do not distinguish between various GABAA

receptor subunits or isoreceptors (15, 16). Alterations in the

expression of a subpopulation of GABAA isoreceptors might

not be detected using radioligands that are nonselective.
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2 A preliminary communication of some of these data has been published

elsewhere (18). 3 P. Montpied, A. L. Morrow, S. M. Paul, unpublished data.

Recently, we have studied the regional and developmental

expression of GABAA receptor a subunit mRNAs in rat, chick,
and human brain. Using a series of a, subunit cRNA probes,

several GABAA � subunit transcripts have been identified in
mammalian brain (17). In the present study, subunit-specific
oligonucleotide probes (derived from rat ce�, a2, and a3 subunit

cDNA sequences) have been used to identify the transcripts
expressed in rat brain that correspond to the a,, a2, and cs3

subunit mRNAs. In the present study, we used these probes to

investigate whether prolonged ethanol inhalation alters the
expression of these GABAA receptor subunits. We show that
prolonged ethanol administration to rats results in a specific

reduction in GABAA receptor ai and a2 subunit mRNAs in the

cerebral cortex.2 In contrast, the levels of the GABAA receptor

a3 subunit are not altered. These data suggest that long term
ethanol administration may decrease the synthesis of GABAA
a, and a2 subunits, which may in turn alter the expression of a
specific population(s) of GABAA receptor(s).

Materials and Methods

Ethanol administration. Adult male Sprague Dawley rats (200-

300 g) were maintained on a 12/12-hr light/dark cycle, with free access

to food and water. In each experiment, 12 rats were exposed to ethanol
vapor for 14 days in air-tight clear Plexiglass inhalation chambers, as

described by Karanian et at. (19). Ethanol was vaporized throughout

the chamber, and the concentration of ethanol was maintained at 25 ±

1 mg/liter for the 14-day period. Control rats (n = 6/experiment) were

maintained under similar conditions but not exposed to ethanol. At the
end of the ethanol exposure, rats were removed from the inhalation

chambers and euthanized by decapitation within 15 mm. BEC were

measured in trunk blood obtained at the time of sacrifice. BEC were
greater than 150 mg/100 ml in all animals used for these studies (BEC
= 207 ± 21 mg/100 ml; n = 21). This BEC has been shown to be

associated with dependence upon ethanol, as determined by the ap-

pearance of withdrawal symptoms when ethanol administration is
discontinued (10, 19). Individual cerebral cortices were rapidly dissected

on ice, frozen on dry ice, and stored at _80*.

Preparation of RNA and Northern analysis. Total RNA was

extracted using the method of Chirgwin et al. (20). Briefly, tissues were

homogenized in 4 M guanidine thiocyanate, using a Polytron (Bninkman

Instruments), and RNA was purified by ultracentnifugation over a 5.7

M CsC1 cushion, followed by extraction with phenol/chloroform/iso-

amyl alcohol (50:49:1) and repeated precipitation with ethanol. Total
RNA (5 fig) was denatured in a formamide/formaldehyde solution at

658 and separated by electrophoresis overnight in a 1% agarose gel

containing 6% formaldehyde. �3-Actin sense RNA (0.6 kb) and GABAA

a, subunit sense RNA (0.8 kb) were also electrophoresed, as internal

standards. The RNA was transferred overnight by capillary action

under pressure to nitrocellulose membranes (BRL 1058HY), which
were baked at 80� under vacuum for 2 hr.

Four different [32P]CTP-labeled antisense cRNA probes, synthesized

by SP6 or T7 RNA polymerase using linearized cDNAs as templates,
were used in the present study. The cDNAs used were the human
GABAA receptor a subunit (21), glutamic acid decarboxylase (22), fi-
actin (23), and rRNA (24). The GABAA receptor a, subunit cRNA

probe used in the present experiments corresponds to 726 bp of 5’

coding sequence and identifies two a, transcripts, of 4.4 and 4.8 kb, on

Northern analysis of total cerebral cortex RNA (21). Two additional
transcripts are detected by Northern analysis using purified poly(A)�
RNA (see below). We have previously shown that this probe fails to
hybridize to rat f� subunit transcripts under the hybridization condi-
tions used in these experiments (17). As has been previously reported

for rat brain, the transcripts for GAD and �3-actin were 3.7 and 1.9 kb,

respectively (22, 23). The rRNA cRNA probe labeled the 6-kb genomic

sequence coding for the 28 S and 16 S rRNA subunits (24).

The hybridizations utilizing cRNA probes were conducted following

prehybridization of the membranes for 1 hr at 55� in 50% formamide,

50 mM Na2HPO4, 5x SSC, 0.1% SDS, 1 mM EDTA, 0.05% Ficoll,

0.05% polyvinylpyrolidone, 200 �tg/ml salmon sperm DNA. The appro-

pniate [32PJCTP-labeled antisense RNA probe (5 x i0� cpm/ml) was

added to the same solution, and the hybridization was carried out for

at least 16 hr at 55�. Following hybridization, the filters were washed

three times in 0.1% SDS, 0.1% SSC, air dried, and exposed to X-ray
film (Kodak), using intensifying screens.

To identify the individual a subunit transcripts in rat brain, subunit-

specific oligonucleotide probes for the a, [nucleotides 1048-1095 of the

reported sequence (25)], a2 (nucleotides 24-72),� and a3 [nucleotides

1246-1293 (26)] subunits were obtained. The probes were synthesized

utilizing a cyclone DNA synthesizer (MilliGen Biosearch) and end-

labeled with [a-32P]dATP using terminal deoxytransferase (Bethesda

Research Laboratories), according to the procedure recommended by

the supplier. These oligonucleotide probes were used to confirm the

identity ofthe a subunit transcripts detected with the human a subunit

cRNA probes.
To quantify the poly(A)� RNA fraction of each total RNA sample,

total RNA was applied to nitrocellulose membranes under vacuum,

using a minifold dot blot apparatus (Schleicher and Schuell), heated at
80�, and subsequently hybridized with a deoxythymidine oligonucleo-

tide probe labeled with [a-32P]dTTP. The probe was synthesized at
3T, using a deoxythymidine homopolymer (19-24-mer; Pharmacia) as

a template for terminal deoxytransferase, in 50 �l of reaction mix

containing 100 mM potassium cacodylate, pH 7.2, 2 mM CoCl2, 0.2 mM

dithiothreitol, 0.5 �M deoxythymidine homopolymer, and 120 j�Ci of

[32P]dTTP (800 Ci/mmol; Amersham). Terminal deoxytransferase (50

units; BRL) was added after 1 mm of preincubation at 3T and again

after 20 mm, for a total reaction time of 40 mm. The oligonucleotide

probes were purified by ethanol precipitation, yielding an average

specific activity of 4.0 ± 0.65 x 10” dpm/jzg. Using various amounts of

rRNA or tRNA in the presence and absence of poly(A)� RNA, we have

demonstrated that this probe specifically hybridizes to polyadenylated

mRNAs (see Fig. 3)#{149}3No cross-hybridization with rRNA or tRNA was

detected, even at very high concentrations (30 �cg).

The oligonucleotide probes were hybridized with Northern and dot

blots following prehybridization at 60’ for 1 hr in 6x SSC, 0.5% SDS,

lOx Denhardt’s solution (0.2% Ficoll, 0.2% polyvinylpyrrolidone, 0.2%

BSA), 0.05% pyrophosphate, 50 �cg/ml salmon sperm DNA. Prehybrid-

ization solution was removed, and the hybridization was conducted

overnight at 42� in a solution containing 6x SSC, lOx Denhardt’s

solution, 0.1% pyrophosphate, 50 �zg/ml salmon sperm DNA, 50 �sg/ml
tRNA, and the appropriate oligonucleotide probe (20 x 106 dpm/ml).

The filters are washed successively at room temperature with 4x SSC,

10 mM Na2PO4 in 2x SSC, and 10 mM Na2PO4 in lx SSC. The final

wash was carried out with 10 mM Na2PO4 in lx SSC, at 48*.

Following hybridization, the filters were washed, air dried, and

exposed to X-ray film (Kodak), using intensifying screens, as previously

described (21). Densitometnic measurements of the films were made

using a light box (Northern Light Precision Illuminator), a video

camera (model 890; Sierra Scientific), and image analysis software

(Image 1.15), as previously described (17, 18). Absorbance measure-

ments ofthe autoradiogram signals, reflecting the specific hybridization

to the appropriate mRNAs, were obtained for each sample of rat

cerebral cortical total RNA. Densitometnic measurements were ob-

tamed following calibration employing Kodak calibration step tablet

809ST601 as standard. Statistical comparisons of the densitometric

measurements were made using analysis of variance or Student’s t test

for paired samples.
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Results

GABAA receptor a subunit mRNA levels were measured first
in samples of total RNA prepared from individual animals and

then in the poly(A� RNA fraction purified from pooled samples

of total RNA from ethanol-treated and control animals. Hy-

bridization of total RNA with the 726-bp 32P-labeled antisense

a subunit riboprobe (21) detects the two most abundant GABAA

receptor (a1 subunit) mRNAs expressed in rat cerebral cortex

(4.8 and 4.4 kb), whereas hybridization ofpoly(A)� RNA reveals

two additional mRNA species (8.0 and 3.1 kb). We have pre-
viously reported the presence of five a subunit transcripts (2.9,

3.1, 4.4, 4.8, and 8.0 kb) in adult and embryonic rat brain (17).

Using oligonucleotide probes specific for the reported rat a,,

a2, and a3 subunit cDNAs sequences, we demonstrate that

these transcripts correspond to the a, subunit (4.4 and 4.8 kb),

a2 subunit (2.9 and 8 kb), and a3 subunit (3.1 kb) mRNAs (Fig.

1).

Prolonged ethanol inhalation decreased the levels of GABAA
receptor a subunit mRNAs in the cerebral cortex of rats (Fig.
2). The a, subunit transcripts (4.8 and 4.4 kb) were reduced by

approximately 49 and 39%, respectively, compared with con-

trols (p < 0.01, Students t test) (Figs. 2 and 3). Control rats,

maintained in the same chambers but not exposed to ethanol,

had identical GABAA receptor a, subunit mRNA levels as

1.35Kb -

Li
Fig. 1. Identification of the GABAA receptor a subunit transcripts labeled
using a GABAA receptor a subunit cRNA probe. Poly(A)� RNA (2.0 �g/
lane) from various brain regions was hybridized with human GABAA
receptor a subunit nboprobe (726 bp), rat a1 subunit oligonucleotide
probe [nucleotides 1048-1 095 of the reported sequence (25)], rat a2

subunit oligonucleotide probe (nucleotides 24-72),� or rat a3 subunit
oligonucleotide probe [nucleotides 1246-1 293 (26)]. Poly(A)� RNA pun-
fied from whole rat brain was used with the ai subunit cRNA probe, a2

probes, cerebral cortex with the a1 probe, and hippocampus with the a3

probe. Data are from a representative experiment, which shows the size
of the ai (4.8 and 4.4 kb), a2 (8.0 and 2.9 kb), and a� (3.1 kb) subunit-
encoding mRNAs.

normally housed control rats (4.8 kb, O.D. = 0.183 versus 0.176;

4.4 kb, 0.166 versus 0.162; n = 6/group).

To investigate the possibility that prolonged ethanol admin-

istration nonspecifically reduced the steady state level(s) of all

mRNAs expressed in rat cerebral cortex, the concentration of

poly(A)� RNA was quantified in the samples of total RNA

prepared from each cerebral cortex. Using a 32P-labeled deox-

ythymidine homopolymer probe (30-50 bp), we quantified the

poly(A)� RNA content of each sample of total RNA, using a

dot blot method (Fig. 4). Standard curves for hybridization of

the [32P]oligo(dT) with poly(A)� RNA or deoxyadenine homo-

polymer were analyzed in parallel, to validate the linearity and

sensitivity of each assay for quantifying poly(A)� RNA. No

significant difference in the poly(A)� RNA concentrations in

total RNA samples prepared from the cerebral cortices of

control or ethanol-treated animals were observed (Fig. 4).

In order to further control for possible nonspecific effects of

ethanol on brain levels of mRNA, we quantified the level of fi-
actin mRNA by rehybnidization to membranes that had been

analyzed with the GABAA receptor probe. No alteration in the

level of cerebral cortical f3-actin mRNA was observed (Table 1;

Fig. 3). Similarly, we investigated whether prolonged ethanol

administration altered the level of GAD mRNA. No change in

the level of GAD mRNA was observed in the cerebral cortices

of ethanol-treated versus control rats (Table 1; Fig. 3).

Because poly(A)� RNA could not be purified from cerebral
cortex of individual animals in sufficient amounts for quanti-
tative analysis of GABAA receptor a subunit mRNAs, we pu-

rifled poly(A)� RNA from pooled samples of total RNA (50 �tg/

rat) prepared from control and ethanol-treated animals. Fig. 5

illustrates a representative Northern blot of GABAA receptor

a subunit mRNAs in rat cerebral cortex, using poly(A)� RNA

from control and ethanol-treated animals. The levels of a,

subunit mRNAs (4.4 and 4.8 kb) were reduced by 39 and 53%,

respectively (p < 0.001, paired t test), in ethanol-treated rats

compared with controls. In addition, there was a significant

reduction in the a2 subunit (8.0 kb) mRNA (29%, p < 0.025,

paired t test), but no alteration in the level of the a, subunit

(3.1 kb) transcript was detected (Fig. 6).

Discussion

In the present series of experiments, we observed a reduction

(approximately 40-50%) in the levels of GABAA receptor a,

subunit mRNAs in the cerebral cortex of rats exposed to

prolonged (2 weeks) ethanol inhalation. No change in the

absolute levels of total RNA, rRNA, or poly(A)� RNA or in

levels of fl-actin or GAD mRNAs were observed, suggesting

that the ethanol-induced alteration in a subunit mRNAs was

not a result of a generalized or nonspecific “drug effect” on

transcription or mRNA turnover. Using an identical method of

chronic ethanol administration to rats, we have previously

reported a reduction in the function of GABAA receptor-gated
Cl channels in cerebral cortical synaptoneurosomes following

chronic ethanol exposure (10). Chronic ethanol exposure has

also been shown to reduce the behavioral responses of rats

given injections of muscimol in the substantia nigra (27), sug-

gesting that GABAergic function is reduced in these neurons

as well. In contrast, muscimol-stimulated 3�Cl uptake was not

altered in cerebellar or cerebral cortical microsacs (28, 29) of

mice fed an alcohol-enriched diet, although ethanol enhance-

ment of muscimol-stimulated 36C1 uptake was abolished in
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4.8Kb -

4.4Kb -

Fig. 2. Prolonged ethanol inhalation reduces
the level OfGABAA receptor a1 subunit mRNA
in the rat cerebral cortex. Rats were admin-
istered ethanol by inhalation for 14 days,
producing BEC of 207 ± 21 mg/i 00 ml. Total
RNA was prepared from cerebral cortex of
individual rats, and Northem blot analysis
was conducted on two or three blots for each
experiment. Hybridization signals were ad-
justed to be within the linear range of the
densitometric readings obtained. The 4.8-
and 4.4-kb species of a subunit mRNA were
routinely detected in the cerebral cortex of
each animal. The blots were stripped of GA-
BAA receptor a subunit cRNA probe and
rehybndized with the fl-actin nboprobe. Den-
sitometnc measurements were made without
knowledge of the treatment group. Pro-
longed ethanol administration reduced the
level ofthe 4.8-kb species Ofa subunit mRNA
by 49% (p < 0.01) and reduced the level of
the 4.4-kb species by 39% (p < 0.01). The
level of �3-actin mRNA was not altered by
prolonged ethanol administration. Data
shown are representative of three expen-
ments, in which multiple Northern blots were
performed with similar results. Each lane rep-
resents the hybridization signal using 5 �zg of
total RNA from a single animal.

Fig. 3. Prolonged ethanol exposure does not alter the
levels of GAD mRNA or $-actin mRNA. Northern blots
were made as described in Fig. 2 and hybridized with
GAD and f.�-actin cRNA probes, as well as the GABAA
receptor a subunit probe. Hybridization signals were
measured as described in the text, and the O.D. values
were analyzed by Student’s t test. Data shown represent
the percentage of control O.D. values for the densito-
metric measurements from two experiments (control, n
= 12; ethanol-treated, n = 14). �, p < 0.01.

cerebellum (28) and benzodiazepine potentiation of GABA was
reduced in cerebral cortex (29).

The measurement of GABAA receptor mRNA levels is a more

specific indicator of GABAA receptor subunit expression than

radioligand binding techniques because radioligands do not

readily distinguish highly homologous subunits of the receptor

(15, 16). However, mRNA levels are an indirect measure of

GABAA receptor subunit expression and should be interpreted
with caution. The development of subunit-specific polyclonal

or monoclonal antibodies for immunohistochemical or Western

blot analysis could help delineate whether actual changes in

the expression of specific subunit proteins occur in ethanol-

treated animals.

The reduction in the levels of GABAA receptor a subunit

mRNAs following prolonged ethanol exposure is consistent

with studies showing a decrease in the density of low affinity

binding sites for [3H]GABA (30) or [3H]muscimol (31) follow-

ing chronic ethanol administration. Because GABA receptor-

gated chloride uptake is mediated by low affinity binding sites

(32), these data are also consistent with the reductions in GABA

receptor function in the cerebral cortex discussed above. In

contrast, however, no effect on high affinity 3H-agonist binding

sites has been observed (33, 34). Recently, deVries et al. (35)

have reported a reduction in the ability of GABA to enhance
[3H]flunitrazepam binding in brain membranes prepared from

ethanol-treated mice. Because the enhancement of benzodiaze-

pine binding induced by GABA is mediated by “low affinity”

GABAA binding sites (36), these data further suggest an

ethanol-induced reduction in at least one population of GABAA

receptors.

It is important to recognize that several laboratories have

demonstrated that there is no alteration in the number of [3H]

flunitrazepam (37-39) or [35S]TBPS binding sites (37, 40) in

brain tissue from rodents chronically administered intoxicating
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Fig. 4. Prolonged ethanol exposure has no effect on the steady state
levels of poly(A)� RNA in rat cerebral cortex. Poly(A)� RNA was quantified
in samples of total RNA (2.5 �sg/rat) as described in the text. Briefly, total
RNA was directly applied under vacuum to nitrocellulose membranes,
using a dot blot minifold, and hybridized with a �P-labeled deoxythymi-
dine oligonucleotide probe [35-50 bp; specific for poly(A)� RNA]. The
specificity of the probe was tested by its linear hybridization with purified
poly(A)� RNA and deoxyadenine oligonucleotide [oligo(dA)J, as well as
its failure to hybridize with ribosomal RNA. Total RNA samples were
analyzed from the same rats used to measure GABAA receptor a subunit
mRNA levels. No difference in the level of poly(A)� RNA was detected in
ethanol-treated rats compared with controls (control, 21 6 ± 1 0 versus
ethanol-treated, 209 ± 1 6 absorbance units). Data are representative of
three experiments.

TABLE 1
Chronic ethanol administration reduces the level of GABAA receptor
al subunit mRNA levels in rat cerebral cortex
Total RNA from individual animals (n = 6-8/group) was hybridized with radioactive
cRNA probes for each of the mRNAs shown. Densitometnc readings of the
autoradiograms were made by an observer in a blinded fashion. Data were analyzed
by analysis of variance (F = 24, p < 0.001). The levels of the GABAA receptor �

subunit transcripts were significantly reduced in ethanol-treated rats, compared
with controls. Data are from a representative experiment, repeated twice with
similar results.

mRNA
0.D. tkifts

Control Ethanol-treated

4.8-kb GABA a subunit

4.4-kb GABA a subunit
GAD
3-Actin

1 .44 ± 0.1 1
1.40 ± 0.10
1.03±0.16
1 .33 ± 0.05

0.82 ± 0.058
0.89 ± 0.078
0.96±0.07
1 .58 ± 0.18

ap < 0.01, Dunnett’s t test.

.75 .5 .25 .12 .75 .5 .25 .12

Poly A� RNA (gig)

�actin mRNA

Fig. 5. Prolonged ethanol administration reduces GABAA receptor a1 and
a2 subunit mRNAs in samples of cerebral cortical poly(A)� RNA. Total
RNA (50 �sg/rat) was pooled for each treatment group, and poly(A)� RNA
was purified from the pooled samples using oligo(dT) column chromatog-
raphy (48). For each group, increasing concentrations of poly(A)� RNA
(0.75-0.1 25 �g) were separated by gel electrophoresis and hybridized
with the GABAA receptor a subunit nboprobe. Four GABAA receptor a

subunit transcripts were detected in cerebral cortex, corresponding to
the ai (4.8 and 4.4 kb), a2 (8.0 kb) and #{163}53(3.1 kb) mRNAs. Prolonged
ethanol administration reduced the level of the 4.8-kb (53%), the 4.4-kb
(39%), and the 8.0-kb (29%) species but had no significant effect on the
level of the 3.1 -kb species. The exposure shown was optimal for quan-
titation of the a1 subunit mRNAs. Longer exposures were used for
quantitation of the a2 and a3 subunit mRNAs. Northern blots were then
rehybridized with �3-actin riboprobe. No alteration in the level of fi-actin
mRNA was detected. Triplicate Northern blots were performed on the
pooled sample of poly(A)� RNA derived from 12-i 4 rats/group.

doses of ethanol. Conflicting data on the effects of chronic

ethanol administration on low affinity [‘H]GABA versus [3H]

flunitrazepam or [35S]TBPS binding sites have been widely

attributed to the use of different experimental protocols (spe-

cies, doses ofethanol, routes ofadministration, etc.) or different

radioligand binding conditions. Alternatively, it is possible that

chronic ethanol administration has differential effects on the

expression of specific populations of GABAA isoreceptors and

that radioligands that measure all GABA receptors are too

insensitive to detect changes in one or more subpopulations of

GABAA isoreceptors. The demonstration that GABAA receptor
a, and a2 subunit mRNAs, but not a3 subunit mRNAs, are

reduced following prolonged ethanol administration suggests

that prolonged ethanol administration may reduce the synthe-

sis of GABAA isoreceptors containing these subunits. Increased

synthesis of other GABAA receptor subunits may account for

the lack of reduction in binding sites for �H-benzodiazepines or

[35S]TBPS. Recently, Mhatre et al. (41) have reported an

increase in the density of specific binding sites for [3H]Ro15
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Fig. 6. Prolonged ethanol exposure reduces GABAA receptor a2 subunit
mRNA levels without altering a3 subunit mRNA levels. Increasing con-
centrations of poly(A)� RNA were electrophoresed in parallel, and the
blots were hybridized with the GABAA receptor a subunit riboprobe. All
hybridization signals were linear with respect to RNA concentration.
GABAA receptor a2 subunit mRNA levels were reduced 29% following
prolonged ethanol exposure. Data are representative of two blots using
poly(A)� RNA derived from 12-i 4 rats/group.

4513 in the rat cerebellum following chronic ethanol adminis-

tration, as well as increased sensitivity to its behavioral effects
(42). Ro15-4513 selectively labels a unique a subunit (43) and,

therefore, the expression of this subunit (a6) may be increased
following chronic ethanol administration. Further studies on
the regulation of other GABAA receptor subunits by ethanol
will be required to investigate this possibility.

The effects of ethanol on GABAA receptor a, and a2 subunit

mRNA levels were studied following a prolonged exposure
period (2 weeks) in order to compare the receptor mRNA levels
with previously published studies of GABAA receptor function
(10) and radioligand binding, using methods of ethanol admin-

500

:� 400

� 300

0 200

istration that produce comparable blood ethanol levels. The

inhalation method of ethanol administration has been well

established to produce tolerance to ethanol and withdrawal

upon cessation of treatment (19, 44). As with all animal models
of ethanol abuse, it is difficult to rule out the contribution of

stress, nutritional, and selection factors on the effects reported
here. Furthermore, the effects of ethanol on GABAA receptor

a subunit mRNA levels may not require the 2-week exposure

period. It is possible that more acute ethanol administration
would have similar effects on GABAA receptor subunit expres-

sion. We are presently investigating this possibility.

The cellular mechanism(s) resulting in the reductions in a,

subunit mRNAs in the cerebral cortices of rats exposed to

prolonged ethanol inhalation could involve a decrease in a,

subunit gene transcription or mRNA stability. The fact that

the cerebral cortical concentrations of poly(A)� RNA, GAD

mRNA, and fl-actin mRNA were unaffected by prolonged

ethanol exposure shows that the decrease in a subunit mRNAs

was relatively selective and not due to a generalized change in

transcription or mRNA processing. We have recently found

rather marked reductions in the levels of GABAA receptor a

subunit transcripts in primary chick neurons exposed to GABA

for 48 hr in vitro.4 This down-regulation of a subunit mRNAs

induced by GABA is receptor mediated, because it is blocked

by the GABA receptor antagonist SR-95531. The effects of

prolonged ethanol administration on a subunit mRNAs could,

therefore, be mediated via an ethanol-induced augmentation of

GABA receptor-mediated Cl ion conductance, rather than a
direct effect of ethanol itself. However, repeated administration

to rats of barbiturates, which also enhance GABA receptor-

mediated C1 conductance, has no effect on the level of GABAA

receptor a, subunit mRNA levels in the cerebral cortex (18).

Regardless of the underlying mechanism(s), however, our

data suggest that prolonged administration of a relatively non-
specific drug, like ethanol, to rats can result in a relatively

selective reduction in GABAA receptor a, and a2 subunit tran-

scripts in the cerebral cortex. Given that ethanol has also

recently been shown to interact with excitatory amino acid

neurotransmitter receptors of the N-methyl-D-aspartate sub-

type (45-47), it is possible that the expression of other receptor-

gated ion channel subunit proteins is altered following ethanol

administration. Alterations in the expression of various recep-

tors and ion channels could, therefore, underlie the well known

changes in central nervous system excitability observed follow-

ing prolonged ethanol administration.
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