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INTRODUCTION

Post-weaning social isolation (Sl) is a model of prolonged mild stress characterized by behavioral
and neurochemical alterations. We used Slin C57BL/6J mice to investigate the effects of ethanol
(EtOH) in the free-choice drinking paradigm on gene expression and function of y-aminobutyric
acid type A receptors (GABA,Rs) and the role of neuroactive steroids in the actions of EtOH in
the hippocampus. Sl stress induced a marked reduction in hippocampal 3a-hydroxy-5o-pregnan-
20-one (3a,50-TH PROG) and was associated with molecular and functional changes of the
GABA,R. The gene expression of the o, and & subunits was increased in the hippocampus
of SI C57BL/6J mice; the expression of the v, subunit was decreased whereas that of the
o, did not change. Patch-clamp recordings in dentate gyrus (DG) granule cells obtained from
S| C57BL/6J mice revealed a greater enhancement of tonic currents induced by o-(4,5,6,7-
tetrahydroisoxazolo[5,4-c] pyridin-3-ol (THIP) compared to that in control C57BL/6J mice.
These neurochemical, molecular and functional changes observed in SI C57BL/6J mice were
associated with an increased EtOH intake and EtOH preference. Nevertheless, the increase
in EtOH consumption did not restore the reduction in hippocampal 3o, 50-TH PROG induced
by SI. EtOH self-administration blocked the changes in gene expression of the o, subunit but
not those of the § and v, subunits induced by Sl. In addition, EtOH self-administration did not
block the Sl-induced changes in GABA,R-mediated tonic inhibition in hippocampal granule
cells butincreased the frequency of basal GABAergic sIPSCs in DG granule cells. \We conclude
that self-administration of EtOH selectively abolishes the increase of o, subunit but not other
neurochemical, molecular, and functional modifications induced by Sl prolonged mild stress.

Keywords: social isolation, stress, ethanol, allopregnanolone, GABA, receptor, gene expression, patch-clamp,
hippocampus

receptors where the 8 subunit was replaced with the y, subunit

Social isolation (SI) has been extensively shown to be associated
with marked behavioral alterations, such as changes in locomo-
tor activity, anxiety, depression, and aggressiveness in laboratory
animals, including mice and rats, suggesting that SI is a stress-
ful condition for these normally gregarious animals and that the
abnormal behavioral response of rodents so reared is the product
of prolonged stress. We here used SI in C57BL/6] mice as a model
of prolonged mild stress by which to investigate the role of neu-
roactive steroids in the actions of ethanol (EtOH) on the function
of y-aminobutyric acid type A receptors (GABA,Rs) in the hip-
pocampus. Neurochemical, electrophysiological, and behavioral
evidence suggests that the GABA,R might be an important and
sensitive site in mediating some of the acute and chronic actions of
EtOH (Faingold et al., 1998; Harris, 1999; Ueno et al., 2001). EtOH
has been shown to selectively enhance the function of recombinant
0, /0. - and 8-containing GABA,Rs expressed in Xenopus oocytes
at concentrations as low as 3-30 mM that resulted ineffective in

(Sundstrom-Poromaa et al., 2002; Wallner et al., 2003). In contrast
to Y,-containing receptors, those formed by a, /01, and & subunits are
located exclusively at extrasynaptic sites and are thought to mediate
the tonic inhibitory activity (Mody et al., 1994; Semyanov et al.,
2004). Furthermore, extrasynaptic GABA,Rs, expressed preferen-
tially in the dentate gyrus (DG) and thalamus (o, 88), and cerebel-
lar granule cells (ot 38; Semyanov et al., 2004), are characterized
by a higher affinity for GABA (about 0.5 pM), display a slower
desensitization rate, and are preferentially sensitive to neuroactive
steroids (Semyanov et al., 2004). Increase of GABA R-mediated
tonic activity by a low (30 mM) concentration of EtOH has been
demonstrated in DG granule cells (Wei et al., 2004). However, it
should be noted that other studies are not in agreement (Borghese
etal., 2006; Yamashita et al., 2006) and it appears at this stage that
the idea that extrasynaptic receptors may represent important tar-
gets for the action of EtOH at pharmacologically relevant concen-
trations needs further experimental evaluation.
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Previous work in our and other laboratories has demonstrated
that SI in rats is associated with a decrease in plasma and brain
levels of neuroactive steroids such as the progesterone metabolites
30-hydroxy-5a-pregnan-20-one (30,50-TH PROG) and 30,50
tetrahydrodeoxycorticosterone (30.,50-TH DOGC; Serra et al., 2000).
These changes are paralleled by an increase in the expression of the
GABA,R 0, and 8 subunits throughout the hippocampus (Serra
et al., 2006).

The molecular mechanisms that underlie the persistent decrease
in the abundance of neuroactive steroids induced by prolonged SI
of rats remain unclear. However, consistent with the notion that
a “facilitatory trace,” characterized by hyper-responsiveness of the
hypothalamic-pituitary-adrenal axis (HPA axis) to new stimuli,
may develop during chronic stress (Akana et al., 1992), we have pre-
viously demonstrated that the functional response of the HPA axis
to an acute stress stimulus is enhanced in SI rats (Serra et al., 2000).
More recently, our group showed that the increases in both the
activity of the HPA axis and the plasma and brain concentrations
of 3a,50-TH PROG and 30,50-TH DOC induced by a systemic
injection of EtOH are potentiated by SI in rats (Serra et al., 2003),
suggesting that chronic stress may induce a plastic adaptation of
neuronal systems that contributes to an increased vulnerability to
alcohol abuse. It has been proposed that certain acute actions of
EtOH at GABA,Rs might be mediated by the peripheral secretion
of neuroactive steroids (Morrow et al., 1999, 2001; Kumar et al.,
2009). Acute EtOH administration indeed increases the concen-
trations of 3a,50.-TH PROG in the plasma, cerebral cortex, and
hippocampus of rats (Barbaccia et al., 1999; VanDoren et al., 2000;
Morrow et al., 2001). Furthermore, pretreatment of animals with
the 5a-reductase inhibitor finasteride, which inhibits the biosyn-
thesis of 3a1,50-TH PROG, reduced the extent of the EtOH-induced
increase in the cerebrocortical levels of 30.,50-TH PROG and pre-
vented certain neurochemical, electrophysiological, and behavioral
effects of EtOH (VanDoren et al., 2000; Khisti et al., 2002). Thus,
it has been postulated that certain effects of EtOH on GABA,Rs
may be mediated by neuroactive steroids produced by peripheral
organs in response to the activation of the HPA axis. Furthermore,
in our previous study (Sanna et al., 2004), we found that EtOH can
increase the concentrations of 3a,50-TH PROG in rat isolated
hippocampal slices, with an action independent of the HPA axis
activity. This effect resulted in the positive modulation of GABA R-
mediated IPSCs recorded in voltage-clamped CA1 pyramidal neu-
rons in hippocampal slices. This action of EtOH could be prevented
by the 50i-reductase inhibitor finasteride, suggesting that the local
synthesis 30,,50-TH PROG from progesterone is required for the
modulation of GABA R function by this drug. Since the GABA,R
represents an important target in certain pharmacological actions
of EtOH, the functional interaction between neuroactive steroids
and GABA, Rs may also be important in the response to neurobio-
logical effects of EtOH that may depend on subunit composition
in specific brain circuits.

The main objective of the present work was to evaluate the role
of neuroactive steroids as possible mediators of the actions exerted
by EtOH on GABA R gene expression and function and the inter-
play with stress. Given that SI rats (Schenk et al., 1990; Wolffgramm,
1990; Hall et al., 1998) and C57BL/6] mice (Lopez et al., 2010)
consume increased amounts of EtOH, one of the aims of the present

study was to evaluate the effects of voluntary EtOH consumption
on different molecular and functional parameters. In particular we
evaluated the effect of SI stress on hippocampal neuroactive steroid
levels and the gene expression of different GABA R subunits and
related function in the hippocampus of C57BL/6] mice given free-
choice EtOH drinking during the SI period.

MATERIALS AND METHODS

SOCIAL ISOLATION STRESS PARADIGM

Male C57BL/6] mice were bred in our animal facility, maintained
under an artificial 12-h-light (on at 2300), 12-h-dark (off at 1100)
cycle ata constant temperature of 23° and 65% humidity. Food and
water were freely available at all times. Animal care and handling
throughout the experimental procedures were in accordance with
the European Communities Council Directive of 24 November
1986 (86/609/EEC). After birth in our animal facility, mouse pups
were left undisturbed with their mothers until weaning (21 days
after birth). After weaning, male mice were selected and randomly
divided into two experimental groups as follow: six per cage (group-
housed or GH) or one per cage (socially isolated or SI) for the
following 6 weeks. Mice were therefore 9 weeks old at the time the
experiments were performed. These two groups of animals were
used to perform all the procedures listed below.

SPONTANEOUS LOCOMOTOR ACTIVITY TESTING

Independent groups of GH and SI C57BL/6] mice were tested at the
end of the 6-week isolation period. To determine general activity
levels, gross locomotor activity, and exploration habits, the motility
meter was used. Animals were left in the same room in which the
apparatus was placed for at least 2 h prior the beginning of experi-
ments to allow for habituation to the environment. Assessment took
60 min during which parameters were collected every 5 min (12
acquisitions total). The open field consisted of different square are-
nas (20.3 cm X 20.3 cm) assembled with specially designed sound-
attenuating shells made of polypropylene, and expanded PVC sheet.
The recorder and printer needed to acquire all data were placed
in a different room in order to isolate the animals from any noise.
The experimental protocol was as follows: individual C57BL/6]
mice were placed in the center of the arena and allowed to freely
move for 60 min while being tracked by an automated tracking
system. At the conclusion of each trial the surface of the arena was
cleaned with 70% EtOH. We tested nine GH and nine IS mice.
The parameters observed were: horizontal activity, total distance,
locomotion time, and rest time.

EtOH DRINKING BEHAVIOR: TWO-BOTTLE CHOICE HOME CAGE LIMITED
ACCESS PARADIGM

Using a modified sucrose-fading technique (Samson, 1986),
C57BL/6J mice were given daily access to EtOH for 2 h in the
home cage, beginning at 0.5 h prior to the start of the dark cycle
(1100 h). During the 2-h limited access period mice were given a
two-bottle choice (EtOH vs. water), and the position of the bottles
was alternated on a daily basis. Every day during the 2-h proce-
dure the mice of GH experimental group were individually housed
and at the end of the 2-h were again housed in group. For both
experimental GH and SI groups the single standard water bottle was
removed from each cage and replaced with two 250 ml bottles, one
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containing EtOH/sucrose solutions and the second one contain-
ing water/sucrose at matching sucrose concentration during the
first 10 day period of the sucrose-fading procedure and then just
water or EtOH as follow: 10% EtOH/5% sucrose for 2 days, 12%
EtOH/5% sucrose for 2 days, 15% EtOH/5% sucrose for 2 days, 15%
EtOH/2% sucrose for 2 days, 15% EtOH/1% sucrose for 2 days, and
then 15% EtOH/0% sucrose as a final solution for the rest of the
6-weeks study. At the end of the 2-h access period, EtOH bottles
and water bottles were removed and the one standard water bottle
was returned to the home cage. The GH experimental group of
mice were re-grouped six per cage (red lights in the colony room
minimize disturbance of animals during their dark cycle). Although
C57BL/6] mice will readily drink EtOH (Fuller, 1964; Yoneyama
et al., 2008), the sucrose-fading procedure was employed to fur-
ther stabilize their daily intake. The different EtOH and sucrose
solutions were prepared as v/v and w/v solutions, respectively. The
EtOH solutions were presented at room temperature. EtOH (2 h)
and water (2 h) intake were measured daily by weighing the bot-
tles. The difference with the initial weight was calculated in order
to establish the amount of fluids drank during the 2-h period.
Dependent variables recorded and analyzed include EtOH intake
(gram and gram per kilogram), water intake (gram), and total fluid
intake (EtOH + water intake). EtOH preference ratio was calcu-
lated as the volume of EtOH, divided by the total volume of liquid
(EtOH + water) consumed. At the end of the 6-weeks period, the
last 2 h session of the two-bottle choice, mice were either sacrificed
in the dark and brain samples were collected and immediately used
(electrophysiology), or frozen in dry ice and stored at —80°C and
then used for the different assays as described below. Another group
of animals was used for immunohistochemistry and sacrificed as
described below.

EXTRACTION AND ASSAY OF STEROIDS

Mouse hippocampi were dissected and then frozen at —80°C until
steroid extraction. 30,,50-TH PROG was extracted from hippocam-
pal homogenates and purified as previously described (Serra et al.,
2000). The extract residue was dissolved in 5 ml of n-hexane and
applied to a SepPak silica cartridge (Waters SpA, Milan, Italy), and
eluted components were separated and further purified by HPLC
on a 5-m Lichrosorb-diol column (250 by 4 mm, Phenomenex,
Torrance, CA, USA) with a discontinuous gradient of 2-propanol
(0 to 30%) in n-hexane. Recovery (70-80%) of 3a,50.-TH PROG
through the extraction and purification procedures was monitored
by addition of a trace amount (6000-8000 cpm, 20-80 Ci/mmol)
of *H-labeled standard (Perkin Elmer Italia, Monza, Milan, Italy) to
the brain homogenate. 30,,50-TH PROG was quantified by radio-
immunoassay with specific antibodies generated in sheep (Purdy
etal., 1990; Serra et al., 2000). Due to the small amount of plasma
that could be obtained from each animal it has not been possible
to quantify the plasma concentrations of 3c.,50.-TH PROG, cor-
ticosterone, and ACTH.

RNA EXTRACTION AND MEASUREMENT OF GABA R SUBUNIT mRNAs
BY RNase PROTECTION ASSAY

Total RNA was extracted from the frozen hippocampi by using
standard procedures routinely employed in our laboratory and
messenger RNAs (mRNAs) encoding for the indicated GABA,R

subunits were measured by RNase protection assay as previously
described (Follesa et al., 1998) by using specific mouse probes (Yu
et al., 1996). Twenty-five microgram of total RNA were dissolved
in 20 ul of hybridization solution containing 150,000 cpm of **P-
labeled cRNA probe for a specific GABA,R subunit (6 X 107 to
7 x 107 cpm/ug) and hybridization reaction mixture was incu-
bated at 50°C overnight and then subjected to polyacrylamide gel
electrophoresis and autoradiography. The amounts of GABA,R
subunit mRNAs and internal standard (cyclophilin) mRNA were
determined by measurement of the optical density of the corre-
sponding bands on the autoradiogram with a densitometer. The
amount of mRNA was expressed in arbitrary units.

IMMUNOHISTOCHEMISTRY

Mice were administered a lethal dose (0.3 ml/g) of Equithesin
(1 gof sodium pentobarbital, 4.251 g of choral hydrate, 2.125 g of
MgSO,, 12 ml of ethanol, and 43.6 ml of propylene glycol, adjusted
to a total volume of 100 ml with distilled water) and were then
perfused through the ascending aorta with 20 ml of PBS followed
by 50 ml of 4% paraformaldehyde in PBS. The brain was removed,
exposed to the same fixative for 2 h, and then transferred to 30%
(w/v) sucrose in PBS. Coronal sections (thickness, 16 pm) were
cut with a criostat HM 560 (Microm) and these were mounted
onto SuperFrost Plus glass slides (Menzel-Glaser, Germany) and
stored at —20°C. The day of the experiment, glass slides were
towed at room temperature, and sections incubated for 30 min
atroom temperature with 0.1% phenylhydrazine to block endog-
enous peroxidase activity. Permeabilization was then performed
by incubation for 1 h with 0.2% Triton X-100 in PBS (PBS-T)
followed by incubation for 1 h with 10% normal donkey serum
(Jackson ImmunoResearch Europe Ltd, Suffolk, UK) in PBS-T.
They were then incubated at 4°C overnight with rabbit polyclonal
antibodies to the o, 0t , ¥,, or 8 subunits (Phosphosolutions, CO,
USA) at dilutions of 1:300, 1:500, 1:250, or 1:300, respectively,
in PBS-T containing 10% normal donkey serum. After several
washes, the sections were incubated at room temperature first
for 2 h with anti-rabbit biotinylated donkey antibodies to I1gG
(Jackson ImmunoResearch) diluted 1:200 in PBS-T and then for
30 min with avidin—peroxidase solution (Vectastain Elite Kit;
Vector Laboratories), and washed three times with PBS-T after
each incubation. The reaction product was visualized by exposure
of the sections to 0.4 mM 3,3-diaminobenzidine (Sigma) and
0.01% H,O,. After several washes with PBS, the sections were
dehydrated in ethanol, and cleared in xylene, and a coverslip
was then applied in the presence of Eukitt mounting medium.
Negative control sections either incubated with primary antibod-
ies in the presence of the corresponding peptide antigen or not
exposed to primary antibodies did not yield positive staining.
Sections were examined with a BX-41 microscope (Olympus)
and photographed with an F-View chargecoupled device cam-
era. Semi-quantitative analysis of images was performed with
AnalySIS 3.2 software (Soft Imaging System). In each image, the
DG molecular layer of the hippocampus was selected by drawing
a line surrounding the region of interest (ROI), based on plates
50-54 of the Franklin and Paxinos atlas (Franklin and Paxinos,
1996). The intensity of immunostaining in each ROI was deter-
mined as an integral from the intensity value for each pixel and
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the total number of pixels and was corrected for the background
obtained in negative control sections. The intensity values, which
represent the abundance of the corresponding GABA, R subu-
nit, were represented by a gray scale and expressed as percentage
change relative to the control mice.

BRAIN SLICE PREPARATION FOR ELECTROPHYSIOLOGICAL
EXPERIMENTS

After 6 weeks of isolation and exposure to voluntary EtOH con-
sumption, brain slices were prepared from the different groups
of mice. Animals were anesthetized with chloroform and then
decapitated. Their brains were transferred rapidly, for extracellu-
lar recordings, to a standard artificial cerebrospinal fluid (ACSF)
containing (in mM): 126 NaCl, 3 KCl, 2 CaCl,, 1 MgCl,,26 NaHCO,,
1.25NaH,PO,, and 10 p-glucose (pH 7.4, set by aeration with 95%
0,/5% CO,) or to a modified ACSF (pH 7.4, set by aeration with
95% O,/5% CO,) containing (in mM): 220 sucrose, 2 KCI, 0.2
CaCl,, 6 MgSO,, 26 NaHCO,, 1.3 NaH,PO,, and 10 p-glucose, for
patch-clamp recordings. Coronal brain sections (300 or 400 pm
thick) were cut in ice-cold standard or modified ACSF using a
Leica VT1200S vibratome (Leica, Heidelberg, Germany). Slices
were then transferred immediately to a nylon net submerged in
normal ACSE, for at least 40 min at 35°C controlled temperature.
Then, following at least 1 h of incubation at room temperature,
hemi-slices were transferred to a recording chamber, submerged in
normal ACSF with a constant flow of ~2 ml/min. For all recordings,
the temperature of the bath was maintained at 33°C.

EXTRACELLULAR RECORDING OF fEPSPs

Field excitatory postsynaptic potential (fEPSP) recordings were
obtained from the CA1 region of the stratum radiatum following
stimulation of the Schaffer/Commissural afferents. Extracellular
recording electrodes were made from borosilicate capillaries with
a filament and an outer diameter of 1.5 um (Sutter Instruments,
Novato, CA, USA) filled with 4 M NaCl (1-2 MQ). For stimulation
of afferents, a concentric bipolar electrode was used and this was
placed about 300 pm apart from the recording site. Responses were
triggered digitally every 20 s using an interval generator (Master
8) and a stimulus isolator by applying a constant current pulse of
60-ps duration and 0.1-0.3 mA intensity, which yielded a half-
maximal response. For the input/output curves, stimulation current
intensity ranged from 0 to 1 mA with steps of 0.1 mA. fEPSPs were
amplified by an Axoclamp 2B amplifier (Axon Instruments, Union
City, CA, USA) digitized and analyzed off-line using Clampfit 8.02
software (Axon Instruments). Several kinetic parameters of fEPSP
were analyzed, but the slope values were considered for quantifying
the responses. To elicit LTP, after a baseline recording of fEPSPs
evoked every 20 s at the current intensity set to evoke 50% of the
maximal fEPSP response, high frequency stimulation (HFS) con-
sisting of a single train of 100 stimuli at 250 Hz was delivered, and
then recording continued for 60 min with stimulations of fEPSP
every 20 s, to determine the effect of HFS.

WHOLE-CELL PATCH-CLAMP EXPERIMENTS

Whole-cell recordings from hippocampal DG principal neurons
were performed as previously described. Recording pipettes were
pulled from borosilicate glass on a Fleming Brown micropipette

puller (Molecular Devices, Novato, CA, USA). Pipette resistance
ranged from 2.5 to 4.5 MQ when filled with an internal solution
containing (in mM): 150 CsCl, 10 Hepes, 5 lidocaine N-ethyl
bromide, 2 MgCl,, 3 Mg-ATP, 0.3 Na-GTP, and 10 BAPTA-4K, pH
adjusted to 7.2 with CsOH, and osmolarity set to 298 mOsm with
sucrose. To record GABA-evoked CI~ currents kynurenic acid
(3 mM) was added to the extracellular ACSF recording solution
to block NMDA, kainate, and AMPA receptor-mediated currents.
Cells were voltage-clamped at —65 mV. We analyzed only record-
ings with access resistance of <25 MQ (usually ranging from 9
to 20 MQ). The series resistance was not compensated, and if
access resistance changed by more that 20% during the course
of the recording, the cell was discarded. Synaptic currents were
recorded with an Axopatch 200-B amplifier (Axon Instruments,
Foster City, CA, USA), filtered at 2 kHz, and digitized at 5 kHz.
Spontaneous inhibitory postsynaptic current (sIPSC) amplitude,
decay time, rise time, and frequency were recorded using peak and
event detection software in pClamp9.2 (Union City, CA, USA)
and analysis was performed with Minianalysis 60. After initiation
of the whole-cell recording, we waited 2—3 min for response to
stabilize, and then, recorded baseline activity for approximately
3 min. For the experiments evaluating changes in tonic cur-
rent in hippocampal DG from different animal groups, 6 min
of GABA,R partial agonist 0.-(4,5,6,7-tetrahydroisoxazolo[5,4-c]
pyridin-3-ol; THIP; 3 uM) was perfused to increase tonic
GABAergic currents. After THIP perfusion, the GABA, recep-
tor antagonist bicuculline (20 pM) was added to block both
phasic and tonic currents. To evaluate the tonic component of
GABAergic inhibition, noise variance, and shift in holding cur-
rent were evaluated.

STATISTICAL ANALYSIS

Data are presented as mean + SEM and compared by one-way
or two-way analysis of variance (ANOVA) and Scheffe’s test with
the use of Statistica software (StatSoft, Tulsa, OK, USA) or Student’s
t test with the use of Prism software (version 5, Graphpad). A
p value of <0.05 was considered statistically significant.

RESULTS

EFFECTS OF S| ON SPONTANEOUS LOCOMOTOR ACTIVITY IN

C57BL/6J MICE

At the end of the isolation period, both GH and SI mice were
tested for their spontaneous locomotor activity in a motility
meter for 60 min. The data indicate that SI was associated with
a reduced locomotor activity compared to animals reared in
group. In fact, in SI mice there was a significant decrease in
total distance traveled, locomotion time, horizontal activity,
and a parallel increase in rest time, compared to GH animals
(Figure 1, p < 0.05).

EFFECTS OF SI1 ON VOLUNTARY EtOH CONSUMPTION IN C57BL/6J MICE

In order to determine whether SI could alter EtOH consumption,
we exposed mice to the 2-h free access to EtOH drinking during
the 6-week isolation period. Figure 2A reports the daily average
intake of 15% EtOH solution, during each week, from week 2 to
6, in both groups of mice. SI mice consumed a significantly higher
amount of EtOH compared to GH animals; this difference is already
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FIGURE 1 | Spontaneous locomotor activity in isolated (Sl) and
group-housed (GH) C57BL/6J mice. Locomotor activity was assessed in a
motility meter after the 6-week isolation period. The different parameters of
motor activity (A) total distance traveled, (B) locomotion time, (C) rest time,
and (D) horizontal activity, were averaged in bins of 5 min, for 60 continuous
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of Sl on locomotor activity as measured during the initial 15 min. Data are
expressed as mean £ SEM of the percentage vs. GH mice. *p < 0.05 vs. GH
animals.

evident at week 2, when animals are first exposed to the 15% EtOH
solution, and is maintained through the end of the isolation period.
The overall average daily intake of EtOH was 3.4 * 0.1g/kg/2 h
for GH mice and 4.2 £ 0.1 g/kg/2 h for SI animals (Figure 2B,
p < 0.001). SI resulted also in an increased preference to EtOH
over water. As expected (Phillips and Crabbe, 1991; Belknap et al.,
1993; Yoneyama et al., 2008), GH mice display a higher preference
to EtOH (Figure 2C), and this effect was significantly increased in
SI mice (Figures 2C,D, p < 0.01).

MEASUREMENT OF BODY WEIGHT DURING SI AND VOLUNTARY EtOH
CONSUMPTION IN C57BL/6J MICE

Body weight of mice was monitored throughout the isolation
period. At the time of weaning (PND21) body weight was homo-
geneous, and at the beginning of the second week of isolation when
exposed to 15% EtOH solution, ranged between 16.83 and 20.05 g,
among mice of the different experimental groups. At the end of the
treatment, weight gain did not differ between GH (+23 + 2.4%),
GH that consumed EtOH (+29 £ 3.8%), and SI mice (+20 £2.4%).
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mice; the graph shows the percent of EtOH self-administered week by week
with respect to the total fluid consumed. (D) The graph shows the percent of
water or EtOH self-administered with respect to the total fluid consumed during
the whole 5-week period (n = 22 for Sl and n = 21 for GH mice). *p < 0.05;
**p<0.01; ***p<0.001 vs. GH mice.

However, SI mice that consumed EtOH had a reduced weight gain
(+15 1 2.1%) that was statistically significant (p < 0.05; n=21-22)
compared to GH animals.

EFFECTS OF VOLUNTARY EtOH CONSUMPTION ON THE ABUNDANCE OF
3a,50-TH PROG IN SI C57BL/6J MICE

In order to test the hypothesis that increased drinking behavior
and EtOH preference induced by SI could restore the concentra-
tions of neuroactive steroids to steady state levels in the hippocam-
pus we measured 30,50-TH PROG in both GH and SI mice that
had free access to EtOH or water. All measurements were done at
the end of the 2-h session the last day of SI. Consistent with our
previous data in the rat (Serra et al., 2000), SI of C57BL/6] mice
induced a significant decreases in hippocampal concentrations
of 30,,50-TH PROG compared to GH mice (Figure 3; p < 0.05).
Voluntary EtOH consumption throughout the SI period for just
2 h at day did not restore the steady state levels of 3a,50-TH
PROG which remained as low as those measured in SI mice that
drank water (Figure 3).

EFFECTS OF S| ON NEURONAL EXCITABILITY AND LTP INDUCTION IN THE
HIPPOCAMPAL CA1 REGION OF C57BL/6J MICE

Previous studies reported that SI in rodents altered hippoc-
ampal excitability (Bartesaghi, 2004), an effect associated with
memory deficits as well as impaired performance in the Morris
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FIGURE 3 | Effect of voluntary EtOH consumption on the concentration
of 30,50-TH PROG in the hippocampus of group-housed (GH) and
socially isolated (SI) C57BL/6J mice. Animals were housed in groups or in
isolation for 6 weeks with free access for 2 h a day to EtOH or water as
described in the Section “Materials and Methods.” The last day of isolation
animals were sacrificed at the end of the 2-h EtOH access session and the
hippocampal concentration of 3a,50-TH PROG was measured. Data are
mean £ SEM (n = 9 per group): Two-way analysis of variance (ANOVA)
followed by Newman—Keuls post hoc test; *p < 0.01 vs. corresponding GH
animals as indicated.
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water maze test (Lu et al., 2003; Bianchi et al., 2006). In order
to evaluate the effects of SI on hippocampal excitability in
C57BL/6] mice, we recorded fEPSPs in the CA1 region of GH
and SI mice. Input/output curves revealed that the intensity
value of the stimulation that evoked half-maximal postsynaptic
response was significantly enhanced (Figure 4A; p < 0.05) in
the CA1 region of SI mice (0.50 = 0.04 mA) compared to GH
animals (0.38 + 0.03 mA).

LTP was induced in the CA1 region by HES consisting of a single
train of 100 stimuli at 250 Hz that was delivered to the afferent
Schaffer/Commissural afferents. The degree of LTP, calculated by
averaging the slope values of fEPSPs recorded from 50 to 60 min,
following HFS, was significantly reduced in SI mice compared to
GH mice (Figures 4B,C; p < 0.01; n = 11-14).

EFFECTS OF VOLUNTARY EtOH CONSUMPTION ON THE GENE
EXPRESSION OF GABA R SUBUNITS IN THE HIPPOCAMPUS OF SI AND
GH C57BL/6J MICE

In order to assay whether SI stress is associated with changes in
GABA, R gene expression in the hippocampus and whether the
increased drinking behavior in the SI mice could reverse these
changes we measured both the abundance of mRNA and pep-
tide, in the whole hippocampus or DG respectively, of discrete
GABA,R subunits. RNase protection assay and immunohisto-
chemistry measurements (Figure 5) revealed that SI-induced a
marked and significant increase in the abundance of both the
8 and o, subunit (Figures 6 and 7A,B; p < 0.05). Moreover, SI
did not alter the mRNA levels of the o, subunit (Figure 8A) but
significantly decreased the v, subunit peptide levels (Figure 8B;
p <0.05). In hippocampus of mice that had free access to EtOH
the gene expression of the GABA R subunits was also altered.
Similarly to our recent finding in the rat (Pisu et al., 2010) EtOH
intake induced changes in gene expression in the GH mice namely
a marked and statistically significant increase of the & subunit
(Figures 6A,B; p < 0.05) and a significant decrease of the 7, subu-
nit peptide (Figure 8B; p < 0.05). On the other hand, in mice the
intake of EtOH was able to completely block the increase in the
abundance of the o, subunit induced by ST stress in a selective
manner (Figures 7A,B; p < 0.05). In fact, EtOH intake did not
abolish the effects of SI on the gene expression of neither & nor
Y, subunit which remained still up-regulated (Figures 6A,B) and
down-regulated, respectively (Figure 8B). Moreover, EtOH intake
did not have any significant effect on the gene expression of the
o, subunit in the hippocampus of mice from both GH and SI
experimental groups (Figure 8A).

EFFECTS OF VOLUNTARY EtOH CONSUMPTION ON GABAergic TONIC
AND PHASIC CURRENTS IN DG GRANULE CELLS OF GH AND SI

C57BL/6J MICE

Because of the changes in expression of o, v,, and & subunit in
response to SI and voluntary EtOH consumption, we next exam-
ined GABAergic transmission in granule cells of the DG using hip-
pocampal slices obtained from GH and SI mice that had access,
during the 6-week period of SI, to 15% EtOH or water. Granule
cells of the DG are characterized by a prominent GABAergic tonic
current mediated by extrasynaptic GABA Rs containing mainly
0., B,, and & subunits (Nusser and Mody, 2002) and, in a lower
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FIGURE 4 | Effects of Sl on hippocampal excitability and LTP induction in
C57BL/6J mice. Field EPSPs (fEPSPs) were recorded in the dendritic CA1
region of hippocampal slices obtained from group-housed (GH) and socially
isolated (SI) animals. (A) Input/output relationship; the curves were
constructed by measuring fEPSP slope in response to increasing intensity
(from 0 to 1.0 mA) of the stimulation. Data are expressed as the mean £ SEM
(n = 6-7) percent of the maximal response. (B) LTP was induced in the CA1
region by HFS of the Schaffer’s collateral pathway. Data represent the percent
change in slope value induced by HFS with respect to baseline (n = 11-14). (C)
The graph illustrate the extent of LTP calculated by averaging the percent of
slope change from 50 to 60 min after HFS. *p < 0.01 vs. GH mice.

proportion, by extrasynaptic receptors containing the o subunit
(Glykys etal.,2008). There is also a phasic component to inhibition
of these neurons that is attributable to the activation of synaptic
GABA,Rs with an o, , B, and 7y, subunit composition (Nusser and
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FIGURE 5 | Representative immunohistochemical (A,B) and RNase
protection assay (C) analysis images. Distribution of the o, (A) and & (B)
subunits in molecular layer of DG of the hippocampus slices from GH (a), S (b),
GH with free access for 2 h a day to EtOH (¢), and SI mice with free access for
2 h a day to EtOH (d). Scale bar, 50 um. (C) Autoradiograph on a urea/
polyacrylamide electrophoresis gel showing protected fragments of the mRNAs
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encoding for §, o, o, subunits of GABA,R and cyclophilin (internal standard). On
each band, 25 ug of total RNA extracted from the whole hippocampus of
individual mice of the indicated experimental groups. Pd = digested probe;

P = probe. (D) Semi-quantitative measurement of image (C) of the indicated
subunits. Data are expressed as percentage change in optical density of the
corresponding bands relative to GH.

FIGURE 6 | Effects of voluntary EtOH consumption on the gene expression of
the d subunit of the GABA,R in the hippocampus of group-housed (GH) or
socially isolated (SI) C57BL/6J mice. Animals were housed in groups (GH) or in
isolation (SI) for 6 weeks with free access for 2 h a day to EtOH or water as
described in the Section “Materials and Methods.” The last day of SI, mice were
sacrificed at the end of the 2-h EtOH access session and the total hippocampal
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abundance of the mRNA (A) and the DG molecular layer peptide (B) of the &
subunit of the GABA,R was measured by RNase protection assay and
immunohistochemistry, respectively. Data are expressed as mean + SEM of values
(n=19-21 for mRNA and 7-11 for peptide for each experimental group) from three
independent experiments and are percentage of the value relative to GH mice
drinking water. *p < 0.05; vs. GH mice drinking water (ANOVA and Scheffe's test).
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FIGURE 7 | Effects of voluntary EtOH consumption on the gene
expression of the o, subunit of the GABA,R in the hippocampus of
group-housed (GH) or socially isolated (SI) C57BL/6J mice. Animals were
housed in groups (GH) or in isolation (SI) for 6 weeks with free access for 2 h
a day to EtOH or water as described in the Section “Materials and Methods.”
The last day of Sl were sacrificed at the end of the 2-h EtOH access session
and the abundance of the mRNA (A) and peptide (B), in the whole
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hippocampus and in the DG molecular layer respectively, of the o, subunit of
the GABA,R was measured by RNase protection assay and
immunohistochemistry. Data are expressed as mean + SEM of values
(n=19-21 for mRNA and 7-11 for peptide for each experimental group) from
three independent experiments and are percentage of the value relative to
GH mice drinking water. *p < 0.05 vs. GH mice drinking water; **p < 0.05 vs.
Sl mice drinking water (ANOVA and Scheffe’s test).

Water Voluntary EtOH

FIGURE 8 | Effects of voluntary EtOH consumption on the gene
expression of the a, and v, subunits of the GABA R in the hippocampus
of group-housed (GH) or socially isolated (SI) C57BL/6J mice. Animals
were housed in groups (GH) or in isolation (SI) for 6 weeks with free access for
2 h a day to EtOH or water as described in the methods. The last day of
isolation animals were sacrificed at the end of the 2-h EtOH access session
and the abundance of the mRNA encoding for the o, subunit (A) and of vy,
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peptide (B), in the whole hippocampus and in the DG molecular layer
respectively, of the of the GABA,R were measured by RNase protection assay
and immunohistochemistry. Data are expressed as mean + SEM of values
(n=19-21 for mRNA and 7-11 for peptide for each experimental group) from
three independent experiments and are percentage of the value relative to GH
mice drinking water. *p < 0.05 vs. GH mice drinking water (ANOVA and
Scheffe's test).

Mody, 2002). We recorded from granule cells in the voltage-clamp
mode (holding membrane potential, 65 mV) with patch pipettes
loaded with a high Cl™ concentration that gives rise to a Cl~ equi-
librium potential of ~0 mV. Under these conditions, activation
of GABA,Rs generates inward currents that reflect an outflow of
Cl". GABAergic currents were pharmacologically isolated by the
addition of kynurenic acid (3 mM) to ACSE, a broad-spectrum
antagonist of ionotropic glutamate receptors.

After a baseline period of ~3 min, slice were exposed to THIP
(3 uM) for 6 min to activate preferentially high-affinity extrasy-
naptic GABA Rs (Brown et al., 2002; Drasbek and Jensen, 2006).
Exposure of granule cells from GH mice to THIP increased cur-

rent noise variance and shifted the holding current in the negative
direction with respect to baseline (Figure 9). The subsequent bath
application of bicuculline (20 uM) blocked all GABAergic currents
and reduced both noise variance and the holding current compared
to baseline (Figure 9). In SI mice, the bath application of THIP
resulted in a significant increase in noise variance and a larger
holding current negative shift, compared to GH animals (Figure 9;
p<0.05). Tonic current parameters were also significantly increased
in GH animals that consumed EtOH. In SI mice that consumed
EtOH the effect of THIP on both noise variance and holding cur-
rent shift, although still increased, was not statistically different
compared to GH drinking water.
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FIGURE 9 | Effect of voluntary EtOH consumption on GABAergic tonic
current in granule cells of the DG from GH and Sl C57BL/6J mice. (A)
Representative traces of GABAergic currents recorded in the whole-cell mode
(holding potential, =65 mV) from granule cells of the DG are shown (left panel) for
hippocampal slices obtained from group-housed (GH) or isolated (SI) mice
exposed to water only, and GH and Sl animals exposed to EtOH. All recordings
were performed in the presence of kynurenic acid (3 mM) to block glutamatergic

O GH
O si
300+ * *
-1
] — T-
-
% = 2504
= % -T—
S
© 200+
(] 00
2 4
o
c 32 150+
: -
100
Water Voluntary EtOH
<
Lo
o O GH
c
£ 10 @ sl
7]
v ®
c 0
© o2
Lt E
3 O -104
O &
(=2}
£E -
2o pu—_ =
(-]
T 8 -30
S 1 i J—
'g -40- * *
E
I Water Voluntary EtOH
l—
currents. After a baseline of 3 min, application of THIP (3 uM) induced an increase
in noise variance and a negative shift in the holding current. All GABAergic
currents were blocked by the application of bicuculline (Bic) at 20 uM. Calibration,
100 pA, 20 s. (B,C), bar graphs summarizing the changes in noise variance (B)
and holding current (C) induced by the bath perfusion of THIP in experiments
similar to those shown in (A). Data are mean + SEM (n = 19-25 neurons).
*p < 0.05 vs. GH mice exposed to water only (ANOVA followed by Scheffe’s test).

Analysis of the kinetic properties of spontaneous IPSCs recorded
in granule cells from the different experimental groups did not
reveal statistically significant difference in current amplitude or
decay time (Figure 10). In contrast, we found a significant increase
(36%) in sIPSC frequency in SI mice that self-administered EtOH
during SI period compared to GH mice exposed to water only
(Figure 10; p < 0.05).

DISCUSSION

One of the main goals of the present study was to assess whether
the post-weaning SI of C57BL/6] mice could represent a useful
model of excessive EtOH self-administration and thus could
allow highlighting the molecular and neurochemical mecha-
nisms involved in the interaction between stress and EtOH. In
agreement with results of other studies conducted in the rat
(Schenk et al., 1990; Hall et al., 1998) and in C57BL/6J mice
(Yanai and Ginsburg, 1976; Advani et al., 2007; Lopez et al., 2010)
our results show that C57BL/6] mice, exposed to the two-bottle
choice paradigm during the 6-week period of post-weaning SI,
self-administered higher amounts of EtOH and displayed an

enhanced preference to EtOH compared to GH animals. It is
interesting that the increase in EtOH self-administration found
in our study was apparent already during the second week of
isolation, when mice are first exposed to the choice between
water and the 15% EtOH solution, suggesting that these young
animals might experience a level of stress due to SI from their
peers that is sufficient to increase their susceptibility to EtOH
early in the SI period. In line with this observation, neonatal stress
induced by maternal separation, usually performed during the
first 2 weeks of life, also results in an increased EtOH consump-
tion in adult rats (Huot et al., 2001; Ploj et al., 2003; Roman
etal., 2005; Gustafsson and Nylander, 2006) and mice (Cruzet al.,
2008). On the other hand, Lopez et al. (2010) showed that if mice
are reared in isolation during the adult life, they will consume
similar amounts of EtOH as those reared in group. Altogether,
these results suggest that post-weaning SI of male C57BL/6] mice
is a suitable model of excessive EtOH self-administration that is
useful to further study the molecular and neurochemical mecha-
nisms involved in the interaction between early life prolonged
stress and EtOH abuse in adulthood.
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FIGURE 10 | Effect of voluntary EtOH consumption on GABAergic phasic EtOH. All recordings were performed in the presence of kynurenic acid (3 mM)
currents in granule cells of the DG from GH and SI C57BL/6J mice. (A) to block glutamatergic currents. Calibration, 50 pA, 10 s. (B,C), bar graphs
Representative traces of GABAergic spontaneous IPSCs (sIPSCs) recorded in summarizing the changes in sIPSC amplitude (B), decay time (C), and frequency
the whole-cell mode (holding potential, =65 mV) from granule cells of the DG are (D) in experiments similar to those shown in (A). Data are mean + SEM
shown (left panel) for hippocampal slices obtained from group-housed (GH) or (n=26-31 neurons). *p<0.05 vs. GH mice exposed to water only (ANOVA
isolated (Sl) mice exposed to only water, and GH and S| animals exposed to followed by Scheffe's test).

Alterations of a number of behavioral responses, including loco-
motor activity, and exploratory behavior, caused by SI have been
extensively reported in mice and rats (Voikar et al., 2005; Fone and
Porkess, 2008; Pietropaolo et al., 2008; Arndt et al., 2009). In our
study, SI mice displayed a reduced spontaneous locomotor activ-
ity in a novel environment compared to GH animals. Our result
differs from those studies where SI caused motor hyperactivity
(Pietropaolo et al., 2008). However other authors reported only
weak or no changes in such a measure (Voikar et al., 2005; Arndt
et al., 2009), while others (Valzelli et al., 1974) reported a reduc-
tion of motor activity similar to our study. The reasons of such
variability in the changes in locomotor activity in response to SI
are not presently known.

The observation that the hippocampal concentration of
30,50-TH PROG in SI C57BL/6] mice was decreased is in agree-
ment with previous studies showing similar effects in the cerebral
cortex and plasma of both mice (Matsumoto et al., 1999) and rats
(Serra et al., 2000). Free access to EtOH tended to slightly reduce
the hippocampal concentration of 30,50-TH PROG even though
this difference was not statistically significant. Thus, our initial
hypothesis that increased EtOH intake and EtOH preference could
restore the steady state levels of neuroactive steroids in the hippoc-
ampus of SI mice was disproved. This result is in agreement with
a very recent similar study from our group performed in the rat
in which the cerebrocortical levels of 30,,50-TH PROG remained

decreased in SI rats that had free access to EtOH (Pisu et al., 2010).
Nevertheless, in the same study it has been shown that voluntary
EtOH consumption abolished the hypersensitivity of SI animals
to acute novel stress, as demonstrated by the attenuation of the
increase in the cerebrocortical concentration of 3a,,50-TH PROG
induced by foot shock stress (Pisu et al., 2010).

Analysis of fEPSPs recorded in the hippocampal CAl region
revealed that SI stress caused a right shift of the I/O relationship
compared to GH animals, suggesting that SI is associated with a
decreased neuronal excitability. Our data are in agreement with
other studies showing similar changes in guinea pig CA1 region
(Bartesaghi, 2004). A reduced neuronal excitability is also in
line with the data showing a decreased degree of LTP induced
by HEFS in the CA1 region of SI animals found in the present
as well as in other studies (Roberts and Greene, 2003). On the
other hand, reduced hippocampal excitability and long-term
synaptic plasticity may be relevant for the reduced learning and
memory deficits that have been reported in SI C57BL/6] mice
(Voikar et al., 2005) as well as in rats (Lu et al., 2003; Bianchi
et al., 2006).

In agreement with our previous observations in the rat (Serra
etal., 2006; Pisu et al., 2010) SI stress induced alterations in the
gene expression of the GABA R subunits in the hippocampus of
C57BL/6] mice; namely we observed increased gene expression
of both the o, and § subunits, decreased expression of the v,
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subunit and no changes in 0. The main finding of our study is
that EtOH self-administration in SI mice selectively blocked the
changes in gene expression of the o, subunit but not those of &
and v, subunits induced by SI. This specific action of EtOH on
the o, subunit could be related to the anxiolytic action exerted
by EtOH. In agreement with this hypothesis the o, subunit has
been associated with increased anxiety (Smith et al., 1998b)
and suppression of its expression prevents withdrawal proper-
ties of an endogenous steroid (Smith et al., 1998a). Moreover,
increased gene expression of the GABA R o, subunit induced
by EtOH withdrawal can be blocked by treatment with either
diazepam or gamma-hydroxybutyric acid during withdrawal
(Follesa et al., 2003).

The results of our study also showed that voluntary EtOH intake
induced changesin GABA R gene expression in the GH mice in par-
ticular reducing the hippocampal abundance of the y, subunit and
increasing the expression of the § subunit. These molecular effects
are in agreement with the notion that EtOH exposure can be associ-
ated with marked changes in the expression of GABA, R subunits at
both the mRNA and protein levels that may vary depending upon
the different protocols used to expose the animals to EtOH (forced
vs. voluntary), the blood alcohol concentrations reached, and the
time of sacrifice after the last EtOH exposure (Grobin et al., 1998;
Matthews et al., 1998; Cagetti et al., 2003; Olsen et al., 2005; Liang
etal.,2006; Serra et al.,2006; Pisu etal.,2010). These variations may
produce differential changes in GABA R gene expression in discrete
brain regions (Grobin et al., 1998, 2000; Matthews et al., 1998;
Mehta and Ticku, 1999) and sub-cellular localization (Olsen et al.,
2005; Liang et al., 2006). Accordingly, we have previously shown
that chronic EtOH treatment can affect GABA, R gene expression
in hippocampal neurons (Sanna et al., 2003; Follesa et al., 2005)
and cerebellar granule neurons in an opposite manner (Follesa
etal., 2005). Thus, our results demonstrated that voluntary EtOH
drinking in SI mice had a selective influence on ¢, subunit and
could not antagonize the up-regulation of & subunit and down-
regulation of y,, consistent with the observation that chronic EtOH
itself up-regulates the 8 subunit and down-regulates the y, (Sanna
et al., 2003; Follesa et al., 2005).

Our results have revealed that, in association with the increased
expression of the o, and 8 subunits in the hippocampus of SI mice,
there is an enhanced modulatory action of the agonist THIP on
GABAergic tonic currents recorded in DG granule cells. Such
effect is consistent with previous findings from our lab in SI rats
(Serra et al., 2006), further suggesting that SI stress induces an
enhancement of surface expression of extrasynaptic GABA Rs
responsible for mediating the tonic component of the GABAergic
inhibition in this neuronal population. Such an effect could be,
in turn, critical for counterbalancing the reduced basal levels of
neuroactive steroids induced by SI. In addition, we found that
voluntary EtOH consumption produced a weak effect on such
SI-induced elevation of tonic current. In fact, in SI mice self-
administering EtOH the increased effect of THIP was modestly
reduced compared to SI self-administering water, and was not
statistically significant when compared to control GH animals.
Given that EtOH drinking in SI mice selectively counteracts the
increased expression of the o, but not 8, subunit, the attenua-
tion in tonic current may be dependent on such opposite regula-

tion of the ¢, subunit by EtOH. On the other hand, the marked
increase in THIP-stimulated tonic current observed in DG granule
cells obtained from GH mice that self-administered EtOH may
be linked to the increased number of the & subunit containing
receptors that could be assembled with o subunits other than the
o, that could dynamically move from extrasynaptic to synaptic
sites (Liang et al., 2007), suggesting again that voluntary EtOH
consumption may regulate both gene expression and function of
o, /8-containing receptors.

Voluntary EtOH consumption in SI mice was also associated
with a selective increase in the frequency of sIPSCs mediated
by synaptic GABA,Rs in DG granule cells, an effect consist-
ent with an enhanced probability of the presynaptic release of
GABA from afferent neurons. A number of studies performed
in several brain regions have consistently reported that acute
application of EtOH affects the presynaptic release of GABA
(Carta et al., 2003; Roberto et al., 2003; Ariwodola and Weiner,
2004; Sanna et al., 2004), and more recent observations suggest
that its effect may involve an increase in presynaptic calcium
release from intracellular stores consequent to the activation
of both adenylate cyclase/PKA and PLC/PKC pathways (Kelm
et al., 2008, 2010). In our study, hippocampal slices were not
perfused acutely with EtOH and the present finding may sug-
gest that EtOH self-administration in SI mice might affect some
of the specific molecular mechanisms that are involved in the
presynaptic release of GABA.

Analysis of the amplitude and decay time constant of phasic
sIPSCs recorded in DG granule cells revealed no significant altera-
tions in response to SI or to EtOH self-administration despite the
down-regulation of the y, subunit expression in this cell popula-
tion. This finding is in agreement with other studies where down-
regulation of the v, subunit expression during the ovarian cycle
(Maguire et al., 2005) and during pregnancy (Maguire and Mody,
2008; Sanna et al., 2009) were not accompanied by changes in the
kinetic parameters of synaptic currents.

In conclusion, the results of our study suggest that voluntary
EtOH consumption might exert an anxiolytic action by selectively
blocking the expression of the o, subunit of GABA,R, which has
been associated with increased anxiety (Smith et al., 1998b). Thus,
SI might induce an anxiogenic state, generated by an increased
expression of the o, subunit together with a reduced level in neu-
roactive steroids, that in turn raise EtOH drinking behavior. This
later hypothesis could be tested by administering an antisense
against the o, subunits in SI mice and/or exogenous steroids to
re-establish the steady state levels. Moreover, the increased expres-
sion of o /8-containing GABA Rs associated with the enhanced
tonic current in DG granule cells might be expected to generate
a greater sensitivity to the acute effects of low EtOH concentra-
tions of SI mice (Wei et al., 2004). Nevertheless, the relevancy of
altered GABA R electrophysiology and biochemistry here described
needs to be further investigated with respect to ethanol and stress
related behavior by using appropriate behavioral tests and other
pharmacological tools.
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