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Abstract
Fetal alcohol spectrum disorders are often associated with structural and functional hippocampal
abnormalities, leading to long-lasting learning and memory deficits. The mechanisms underlying
these abnormalities are not fully understood. Here, we investigated whether ethanol exposure
during the 3rd trimester-equivalent period alters spontaneous network activity that is involved in
neuronal circuit development in the CA3 hippocampal region. This activity is driven by GABAA
receptors, which can have excitatory actions in developing neurons as a consequence of greater
expression of the Cl− importer, NKCC1, with respect to expression of the Cl− exporter, KCC2,
resulting in high [Cl−]i. Rat pups were exposed to ethanol vapor from postnatal day (P) 2 to 16 (4
hr/day). Weight gain was significantly reduced in pups exposed to ethanol compared to control at
P15 and 16. Brain slices were prepared immediately after the end of the 4-hr exposure on P4–16
and experiments were also performed under ethanol-free conditions at the end of the exposure
paradigm (P17–22). Ethanol exposure did not significantly affect expression of KCC2 or NKCC1,
nor did it affect network activity in the CA3 hippocampal region. Ethanol exposure significantly
decreased the frequency (at P9–11) and increased the amplitude (at P5–8 and P17–21) of GABAA
receptor-mediated miniature postsynaptic currents. These data suggest that repeated in vivo
exposure to ethanol during the 3rd trimester-equivalent period alters GABAergic transmission in
the CA3 hippocampal region, an effect that could lead to abnormal circuit maturation and perhaps
contribute to the pathophysiology of fetal alcohol spectrum disorders.
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Introduction
Drinking during pregnancy is prevalent around the world, leading to a constellation of
alterations in offspring collectively known as fetal alcohol spectrum disorders (FASD).
Neurobehavioral deficits are common in FASD patients, including learning and memory
alterations that are thought to be a consequence of damage to the hippocampal formation
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(reviewed in Berman and Hannigan, 2000). Developmental ethanol exposure has been
shown to produce structural and functional alterations in the CA3 hippocampal region (Farr
et al., 1988; Sakata-Haga et al., 2003; Swartzwelder et al., 1988; Tanaka et al., 1991; West
et al., 1981). For instance, aberrant intra- and infra-pyramidal mossy fibers were observed in
a rodent model of 3rd trimester ethanol exposure (Livy et al., 2003; Maier and West, 2001;
West and Hamre, 1985). The precise mechanisms responsible for these and other
hippocampal abnormalities associated with developmental ethanol exposure remain to be
elucidated.

Alterations in the spontaneous electrical activity that is essential for the development of
neuronal circuits (Moody and Bosma, 2005; Spitzer, 2004) could play a role in the
pathophysiology of FASD. Network driven-patterns of recurrent neuronal activity have been
reported in several regions of the developing brain, including the hippocampus (reviewed in
Ben-Ari, 2002). These events have been particularly well characterized in the CA3
hippocampal region where they are known as giant depolarizing potentials (GDPs) (Ben-Ari
et al., 1989). Under current-clamp electrophysiological conditions, GDPs are observed as
long-lasting, repetitive, large depolarizations (or inward currents in voltage-clamp) that are
commonly observed during the first two weeks of life in rodents. Intrinsic bursting activity
of CA3 pyramidal neurons, mediated by persistent Na+ and slow Ca2+ activated K+ currents,
plays a central role in GDP generation (Sipila et al., 2005; Sipila et al., 2006). Pyramidal
neuron bursting activity is facilitated by the depolarizing actions of type-A γ-aminobutyric
acid (GABAA) and ionotropic glutamate receptors (Bolea et al., 1999; Sipila et al., 2005),
and perhaps also by hyperpolarization activated currents (Bender et al., 2005; but see Sipila
et al., 2006). During development, GABAA receptors can exert excitatory effects that are a
consequence of elevated [Cl−]i in immature neurons, which predominantly express the Cl−

importer, Na+-K+-Cl− co-transporter-1 (NKCC1) (Reviewed in Blaesse et al., 2009). Higher
[Cl−]i shifts the Cl− equilibrium potential (ECl−) to a less negative membrane potential and,
upon GABAA receptor activation, an outward Cl− current depolarizes the membrane
potential. During maturation, neurons increasingly express the neuron-specific Cl− exporter,
K+-Cl− co-transporter-2 (KCC2), leading to a reduction in [Cl−]i, a leftward shift in ECl−,
and a switch in the function of GABAA receptors to inhibitory (Blaesse et al., 2009;
Williams et al., 1999). The transient nature of the excitatory actions of GABAA receptors is
thought to be predominantly responsible for the transient expression of GDPs. GDPs are
associated with large [Ca2+]i elevations that regulate key developmental processes, such as
release of neurotrophic factors and changes in gene expression, that ultimately control
stabilization or elimination of synapses (Mohajerani and Cherubini, 2006).

We previously demonstrated that acute ethanol exposure increases GDP frequency in CA3
pyramidal neurons from neonatal rats (Galindo et al., 2005). We also showed that repeated
ethanol vapor exposure of neonatal rats does not alter basal GDP frequency, nor does it lead
to the development of tolerance to the acute ethanol-induced increase of GDP frequency
(Galindo and Valenzuela, 2006). The purpose of this study was to further characterize the
effects of repeated ethanol exposure during the 3rd trimester-equivalent period on
GABAergic transmission in the CA3 hippocampal region. Specifically, we assessed whether
ethanol exposure affects: 1) the expression of KCC2 and NKCC1, 2) the gradual
disappearance of GDPs as a function of development, and 3) the developmental changes in
GABAA receptor-mediated miniature postsynaptic currents (GABAA-mPSCs).

Materials and Methods
Ethanol vapor chamber exposure paradigm

Animal procedures were approved by the Institutional Animal Care and Use Committee of
the University of New Mexico Health Sciences Center and conformed to National Institutes
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of Health guidelines. Timed-pregnant Sprague-Dawley rats were obtained from Harlan
Laboratories Inc. (Indianapolis, IN) and allowed to acclimate for one week before giving
birth. Neonatal rat pups and dams were exposed to 3–4 g/dL of ethanol vapor (Fig 1A), as
previously described (Galindo and Valenzuela, 2006; Puglia and Valenzuela, 2009, 2010).
Briefly, paired air/ethanol litters were culled to an equal number of pups (8–12), prior to
postnatal day (P) 4. Dams and rat pups were exposed daily for 4 hr from P2 until P16 (Fig
1A). Exposures were started at 07:00 hr (lights on at 06:00 hr and lights off at 18:00 hr). The
only mortality witnessed was 1 pup in 1 ethanol litter.

Brain Slice Preparation
Unless otherwise indicated, chemicals were purchased from Sigma (St. Louis, MO) or
Tocris Cookson (Ellisville, MO). Male and female rat pups (P4–16) were euthanized 0.5–1.5
hr after the end of the 4 hr ethanol vapor exposure. In some cases, rats were euthanized after
the end of the ethanol exposure paradigm at P17–22. Rats were euthanized by decapitation
under deep anesthesia with ketamine (250 mg/kg). Serum was obtained by collecting trunk
blood samples, allowing them to coagulate and centrifuging at 2.3 × g for 15 min at 4° C.
Serum ethanol concentrations (SECs) were determined using an alcohol dehydrogenase-
based assay, as previously described (Puglia and Valenzuela, 2009). Coronal brain slices
(300 μm) were prepared using a vibratome, as previously described (Mameli et al., 2005).
Slices were allowed to recover for a period of 40 min at 33–34°C followed by 30 min at
room temperature in artificial cerebrospinal fluid (ACSF) containing the following: 124 mM
NaCl, 7 mM KCl, 1.3 mM NaH2PO4, 26 mM NaHCO3, 10 mM glucose, 1 mM MgSO4, 2
mM CaCl2, and 400 μM of ascorbic acid (equilibrated with 95% O2 plus 5% CO2).

Western Immunoblotting
Brain slices were prepared as described above. Within 30 min after the recovery period, the
CA3 hippocampal region was micro-dissected from coronal brain slices. Pooled CA3
regions from 1–2 rats were sonicated in homogenizing buffer containing 25 mM HEPES,
500 mM NaCl, 2 mM EDTA, 1 mM dithiothreitol, 0.1% Tween-20, 1 mM
phenylmethanesulfonyl fluoride, 20 mM NaF, 1% v/v phosphatase cocktail (cat #P2850,
Sigma), 5 μM cyclosporine A, and 1 Complete Mini Protease tablet/10 mL (cat #11 836 153
001, Roche Diagnostics, Mannheim, Germany) and stored in aliquots at −80°C. Protein
concentration was determined using an assay based on the Bradford Method (BioRad,
Hercules, CA); bovine serum albumin was used as standard. Samples were mixed with a 5X
SDS-PAGE sample buffer containing 250 mM Tris-HCl (pH 6.8), 10% sodium dodecyl
sulfate, 30% glycerol, 5% β-mercaptoethanol, 0.02% bromophenol blue and boiled for 5
min. The final protein concentration was 1 mg/mL. Samples were loaded at a concentration
of 10 μg per lane and separated in 4–15% Tris-HCl precast gels (BioRad) at 110 V for 60–
70 min. Control experiments demonstrated that this protein concentration was within the
linear dynamic range for the western blot and Coomassie Blue assays (not shown). Proteins
were electroblotted onto polyvinylidene fluoride (0.45 μm pore size) at 100 V for 70 min.
Non-specific binding was prevented by incubating membranes for 2 hr with 5% non-fat dry
milk in tris buffered saline (TBS) containing 0.1% Tween-20 (TBST). In most cases,
membranes were initially incubated overnight at 4°C with monoclonal antibody anti-NKCC
1 (T4 antibody; 1:300; Developmental Studies Hybridoma Bank, Iowa City, IA).
Membranes were stripped with Restore Western Blot Stripping Buffer for 15 min
(Thermoscientific, Rockford, IL), re-blocked for 1 hr with 5% milk in TBST, and incubated
with polyclonal anti-KCC2 antibody (cat #07–432. 1:1000; Chemicon, Temecula, CA). In
some cases, membranes were probed once with either anti-NKCC1 or anti-KCC2 antibodies.
Following each primary antibody incubation, membranes were incubated with anti-rabbit or
anti-mouse horseradish peroxidase-conjugated secondary antibodies (1:1000 in TBS;
Thermoscientific). Enhanced chemiluminescence was used for band detection
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(Thermoscientific). X-ray films were scanned and bands quantified using Counter One
computer program (BioRad). Membranes were then incubated for 1 min in 0.025% (w/v)
Coomassie Blue R-250, 40% methanol, and 7% acetic acid and washed overnight with a de-
staining solution containing 50% methanol and 10% acetic acid. Membranes were re-
scanned and re-quantified; a 50 kDa band from the Commassie stain was used to control for
differences in lane loading. Pixel intensities for both KCC2 and NKCC1 were then
normalized to the pixel intensity of the 50 kDa Coomassie band within each respective lane.

Electrophysiological Recordings
Slices were maintained for up to 7 hr at room temperature in ACSF prior to
electrophysiological experiments. During experiments, slices were transferred to a chamber
(RC-27LD with slice support; Warner Instruments, Hamden, CT) perfused with ACSF at a
rate of ~4.5 mL/min and maintained at 30–32°C. CA3 hippocampal pyramidal neurons were
visualized using infrared-differential interference contrast microscopy and their
electrophysiological activity assayed using the whole-cell patch-clamp configuration at a
holding potential of −70 mV. Recordings were obtained with an Axopatch 200B amplifier
connected to a Digidata 1440A, and data were acquired using pClamp10 (Molecular
Devices, Sunnyvale, CA). When indicated, 3 mM of kynurenic acid (KYNA) and 0.5 μM of
tetrodotoxin (TTX) were added to the ACSF. We used patch pipettes with resistances of 3 to
6 MΩ filled with an internal solution containing 140 mM CsCl, 2 mM MgCl2, 1 mM CaCl2,
10 mM EGTA, 10 mM HEPES (pH 7.3), 4 mM Na2ATP, and 2 mM N-(2,6-
dimethylphenylcarbamoylmethyl) triethylammonium bromide (QX-314). Access resistance
was less than 32 MΩ; if access resistance changed more than 25%, the recording was
discarded. Data were analyzed using pClamp10 (Molecular Devices) or Mini Analysis
Program (Synaptosoft, Decatur, GA). Statistical analyses were performed using GraphPad
Prism (GraphPad Software, San Diego, CA). A p ≤ 0.05 was considered to be statistically
significant. Data are presented as mean ± SEM.

Results
Rat dams and pups were exposed to air (control) or ethanol via an inhalation paradigm to
model exposure during the 3rd trimester-equivalent period of human pregnancy. Ethanol
vapor levels were maintained between 3–4 g/dL, which yielded an overall SEC of 53 ±4.0
mM (0.24 ±0.018 g/dL; n = 33; Fig 1A). Maternal SECs are expected to be near 13 mM
(Valenzuela et al., unpublished observation). This exposure paradigm significantly affected
rat pup weight gain on P15 and 16 (p<0.05 and 0.01, respectively, by a repeated measures
two-way ANOVA followed by Bonferroni’s posthoc test; Fig 1B).

Effect of ethanol on KCC2 and NKCC1 expression
As discussed above, GDPs are, in part, driven by the excitatory actions of the Cl− permeable
GABAA receptors as a consequence of high [Cl−]i resulting from the predominant
expression of the Cl− importer NKCC1 and the low expression levels of the Cl− exporter
KCC2 in immature neurons. We first measured the effect of repeated 3rd trimester-
equivalent ethanol exposure on KCC2 expression in the CA3 region using western
immunoblotting. Fig 2 shows that in both air and ethanol exposed pups, KCC2 expression
gradually increased as a function of age; KCC2 expression was significantly higher at P12
and P16 vs. P4; P16 was also significantly greater than P8 (p<0.05 by repeated measures
ANOVA followed by Bonferroni’s posthoc test). We also measured expression of the Cl−

importer, NKCC1 (Fig 3). In air and ethanol exposed pups, the expression of NKCC1 was
relatively constant between P4–P12 but was significantly higher at P16 than at P4 (p<0.05
by repeated measures ANOVA followed by Bonferroni’s posthoc test). The age-dependent
increase in KCC2 levels was greater than that of NKCC1 levels (Figs 2–3). Ethanol did not
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significantly affect expression of KCC2 or NKCC1 at any of the developmental time points
tested (Figs 2–3).

Effect of ethanol on GDPs and GABAA-mPSCs
To characterize the functional effects of repeated ethanol exposure during the 3rd trimester-
equivalent, we performed whole-cell patch-clamp recordings from CA3 pyramidal neurons.
Under our recording conditions, GDPs were visualized as large spontaneous inward currents
(Galindo et al., 2005) (Fig 4A). Under basal conditions, GDPs can be absent or occur at a
low frequency in a significant number of CA3 pyramidal neurons (Mohajerani and
Cherubini, 2006). We therefore used ACSF containing a 7 mM concentration of KCl to
increase the frequency of events. Under this condition, 100% of CA3 pyramidal neurons
tested at P5–11 exhibited GDPs (Fig 4B). The percent of neurons with GDPs decreased to
about 50% at P13–15 and to less than 10% at P17–22 (Fig 4B). Ethanol exposure did not
significantly affect the percent of cells with GDPs at any of the developmental time points
(p>0.05 by Fisher’s exact test).

We next examined the effect of repeated vapor exposure on GABAergic synaptic
transmission in CA3 pyramidal neurons. Activation of ionotropic glutamate receptors is
required for GDP generation (Ben-Ari et al., 1989; Bolea et al., 1999; Sipila et al., 2005;
Sipila et al., 2006); therefore, we used the antagonist of ionotropic glutamate receptors,
KYNA, to block GDPs and isolate GABAA receptor-mediated synaptic activity. TTX was
added to isolate GABAA-mPSCs. GABAA-mPSC frequency was significantly lower in the
ethanol vs. air groups at P9–11 (Fig 5A–B). At P5–8 and P17–21, ethanol exposure
significantly increased GABAA-mPSC amplitude (Fig 5A–C). GABAA-mPSC half-width
was not significantly affected by ethanol exposure (Fig 5D).

Discussion
We found that exposure to ethanol during the 3rd trimester-equivalent period produces the
following effects in the CA3 region of the rat hippocampus: 1) it does not affect expression
of KCC2 and NKCC1, 2) it does not impair the gradual disappearance of GDPs during the
first 2–3 weeks of life, and 3) it delays the developmental increase in GABAA-mPSC
frequency and increases the amplitude of these events at P5–8 and P17–21. These findings
suggest that 3rd trimester-equivalent ethanol exposure affects GABAergic transmission, but
not network activity or Cl− co-transporter expression in this hippocampal region.

In agreement with the literature (Ben-Ari et al., 1989; Khazipov et al., 2004), we observed
that GDPs gradually decrease with age in CA3 pyramidal neurons, becoming very
infrequent in neurons from pups older than P17, a period that coincides with the switch in
GABAA receptor function from excitatory to inhibitory (Khazipov et al., 2004; Romo-Parra
et al., 2008). Increased expression and oligomerization of KCC2, leading to decreased [Cl−]i
and a negative shift in ECl−, has been linked to the switch in GABAA receptor function to
predominantly inhibitory (Reviewed in Blaesse et al., 2009). The mechanism responsible for
the increased expression and function of KCC2 is unclear, with reports implicating: GABA
release (Ganguly et al., 2001; Leitch et al., 2005 but see Ludwig et al., 2003; Titz et al.,
2003), BDNF/trkB/ERK1/2-induced expression of early growth response 4 (Egr4) (Aguado
et al., 2003; Carmona et al., 2006; Ludwig et al., 2011; Shulga et al., 2008; Wake et al.,
2007), and de-repression of KCC2 transcription in a RE1-silencing transcription factor-
dependent manner (Yeo et al., 2009). We found that ethanol did not affect the ontogenetic
decrease in GDPs that occurs in parallel with the increase in KCC2 expression, suggesting
that the above-mentioned mechanisms responsible for KCC2 up-regulation during the 3rd

trimester-equivalent are insensitive to ethanol. Thus, the ethanol exposure-induced inhibition
of BDNF release, which our lab recently characterized in CA3 pyramidal neurons from
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neonatal rats, does not appear to have an impact on KCC2 expression (Zucca and
Valenzuela, 2010). A possible explanation is that dendritic BDNF release from CA3
pyramidal neurons predominantly acts in a paracrine fashion, retrogradely regulating
afferent axonal terminals, rather than acting in an autocrine fashion to modulate gene
expression in these neurons (Gubellini et al., 2005; Mohajerani and Cherubini, 2006).

NKCC1 expression has also been shown to promote GDP generation in the CA3
hippocampal region. Blockade of this transporter with bumetanide abolished the
depolarizing actions of GABA and GDP activity (Sipila et al., 2006; Sipila et al., 2009). In
neonatal rats, global expression levels of NKCC1 are typically higher than those of KCC2,
contributing to the generation of high [Cl−]i in neurons (Dzhala et al., 2005). In agreement
with previous hippocampal studies (Bray and Mynlieff, 2009; Yan et al., 2001), we found
that NKCC1 protein expression increases by P16, although to a lesser extent than KCC2.
Repeated ethanol exposure during the neonatal period did not affect NKCC1 expression. It
should be noted that NKCC1 has been shown to redistribute from soma to dendrite during
the 2nd and 3rd postnatal weeks, leading to GABAA receptor-mediated depolarizing
responses in dendrites of CA3 pyramidal neurons (Marty et al., 2002; Romo-Parra et al.,
2008). It is possible that neonatal ethanol exposure affects this NKCC1 dendritic relocation
process, leading to alterations in dendritic development. In addition, while KCC2 is neuron
specific, NKCC1 is also associated with glial cells (Munoz et al., 2007). Therefore, whether
ethanol selectively affects NKCC1 expressed in neurons vs. glial cells should be
investigated.

Consistent with the lack of an effect of repeated neonatal ethanol exposure on KCC2 and
NKCC1 expression, we found that ethanol exposure did not affect the normal disappearance
of GDPs in CA3 pyramidal neurons (Ben-Ari et al., 1989; Khazipov et al., 2004). These
results confirm our previous finding that single or repeated exposures to ethanol vapor
during P4–6 do not significantly affect basal GDP frequency (Galindo and Valenzuela,
2006). Short-term (7 min or 3–4 hr) exposure of hippocampal slices to ethanol did increase
GDP frequency and this effect persisted after ethanol vapor exposure (Galindo and
Valenzuela, 2006; Galindo et al., 2005). The findings of these studies, taken together with
the results presented here, suggest that GDP frequency is only affected while ethanol is
present and sensitivity to this effect of ethanol is retained after repeated ethanol exposure.
However, basal GDP frequency is not permanently altered nor is the normal developmental
time course of GDP disappearance.

Although ethanol did not affect network activity or Cl− transporter expression in the CA3
hippocampal region, it altered action potential-independent GABAergic transmission in
these cells. In slices from control rats, we found that GABAA-mPSC frequency increased
with age in CA3 pyramidal neurons, in general agreement with the literature (Gubellini et
al., 2001; Isaeva et al., 2006). Ethanol significantly delayed the increase in GABAA-mPSC
frequency, which could be a consequence of a transient decrease in the probability of GABA
release and/or the number of active GABAergic synapses. A potential link between the
decrease in GABAA-mPSC frequency and the ethanol-induced impairment of retrograde
release of BDNF from CA3 pyramidal neurons should be investigated (Zucca and
Valenzuela, 2010). Our findings are consistent with those of previous studies demonstrating
that developmental up-regulation of GABAA receptors in both in vivo and in vitro models of
3rd trimester-equivalent ethanol exposure is blunted in medial septum/diagonal band and
cerebellar neurons (DuBois et al., 2004; DuBois et al., 2006; Hsiao et al., 2001; Hsiao et al.,
1999). Regarding GABAA-mPSC amplitude and half-width, these parameters did not
significantly change as a function of age, suggesting that quantal content and/or receptor
subunit composition remains relatively stable between P5 and P22. Ethanol exposure
produced a significant increase in GABAA-mPSC amplitude at P5–8 and P17–21, indicating
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that it age-dependently increases receptor function, receptor density and/or GABA vesicular
content. The data could also be consistent with the possibility that ethanol exposure
potentiates GABAA-mPSC amplitude at P5–8, with tolerance developing at P9–15 and
reappearance of the effect after the end of ethanol exposure (i.e., >P16). The link between
the changes in GABAA-mPSC amplitude and the decrease in BDNF retrograde release that
we previously reported is an important topic for future studies (Zucca and Valenzuela,
2010).

A limitation that must be kept in mind is that the GABAA-mPSC recordings were performed
with slices prepared soon after the end of the 4 hr ethanol exposure paradigm at the
developmental time points indicated in Fig 5. Future studies should examine whether
changes in GABAA-mPSC frequency can also be detected in slices prepared at later time
points after the end of ethanol vapor exposure (e.g., the day after). These studies will
provide a more complete picture of the relationship between the timing of ethanol exposure
and the duration of alterations in GABAergic transmission. These studies are currently
ongoing in our laboratory.

In conclusion, the studies presented here suggest that 3rd trimester-equivalent ethanol
exposure transiently alters spontaneous GABAergic synaptic transmission in the
hippocampal CA3 region. Based on the literature (Ganguly et al., 2001; Leitch et al., 2005),
this effect would have been expected to decrease expression of the Cl− co-transporters and
delay GDP disappearance. Our finding that ethanol exposure does not affect these processes
lends support to studies suggesting that spontaneous GABAergic transmission itself is not
required for the increase in KCC2 expression and GDP disappearance (Ludwig et al., 2003;
Titz et al., 2003). Ongoing studies in our laboratory are investigating whether the ethanol-
induced decreases in spontaneous GABAergic activity lead to abnormalities in neuronal
circuitry development in the CA3 and perhaps other regions of the CNS.
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Figure 1. Chronic inhalation of ethanol vapor affected pup weight gain
A) Ethanol vapor levels between 3–4 g/dL were recorded between P4–16, producing the
indicated serum ethanol concentrations. (B) Pup weight gain was significantly affected by
ethanol vapor exposure at P15 and 16 (*p<0.05, **p<0.01, respectively). Experiments were
performed on 10 different litters per treatment group.
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Figure 2. Chronic ethanol exposure did not affect KCC2 levels in the CA3 hippocampal region
(A) Sample western immunoblots for the air and ethanol groups at the indicated postnatal
days (P). Signals obtained with short (3 s) and long (10 s) X-ray film exposures are shown
for comparison. At the bottom is the Coomassie blue stained 50 kDa control band. Also
shown is a 50 kDa molecular weight marker (MW). (B) Expression of KCC2 (normalized to
that of the Coomassie 50 kDa band) was not significantly different between the treatment
groups. Experiments were performed on 6 different litters per treatment group.
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Figure 3. Chronic ethanol exposure did not affect NKCC1 levels in the CA3 hippocampal region
(A) Sample western immunoblots for the air and ethanol groups at the indicated postnatal
days (P). A sample from spinal cord (S.C.) from a P14 male rat, where NKCC1 levels are
high, was loaded as a reference. At the bottom is the Coomassie blue stained 50 kDa control
band. Also shown is a 50 kDa molecular weight marker (MW). (B) Expression of NKCC1
(normalized to that of the Coomassie 50 kDa band) was not significantly different between
the treatment groups. Experiments were performed on 6 different litters per treatment group.
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Figure 4. Ethanol exposure did not affect the age-dependent decrease of GDP occurrence in CA3
pyramidal neurons
A) Sample traces illustrating GDPs recorded from P9 slices for the air or ethanol groups.
Also shown are traces illustrating the lack of GDPs in slices from P18 rats. Scale bars: 200
pA and 0.5 s. B) Percent of cells with GDPs at the indicated postnatal day ranges for the air
and ethanol groups. Numbers of recorded cells are given inside or above the bars.
Experiments were performed on 6 different litters per treatment group.
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Figure 5. Ethanol exposure altered GABAA-mPSC frequency and amplitude in developing CA3
pyramidal neurons
A) Sample traces of GABAA-mPSCs recorded at the indicated postnatal day ranges. Scale
bars: 50 pA and 0.5 s. B) Ethanol exposure significantly reduced GABAA-mPSC frequency
at P9–11 (*p<0.05 by two-way ANOVA followed by Bonferroni’s posthoc test). C) Ethanol
exposure significantly increased GABAA-mPSC amplitude at P5–8 and P17–21 (*p<0.05,
**p<0.01 by two-way ANOVA followed by Bonferroni’s posthoc test). D) Ethanol exposure
did not significantly affect GABAA-mPSC half-width. Control: P5–8 (n=4); P9–11 (n=5);
P13–15 (n=7); and P17–21 (n=6). Ethanol: P5–8 (n=3); P9–11 (n=4); P13–15 (n=7); and
P17–21 (n=6). Experiments were performed on 3 different litters per treatment group.
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