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Abstract
EtOH (ethanol) damages the hippocampus, a brain region that is involved in learning and memory
processes. The mechanisms responsible for this effect of EtOH are not fully understood. We recently
demonstrated that acute EtOH exposure potently stimulates oscillatory activity driven by the
excitatory actions of GABA in the CA3 region of the neonatal rat hippocampus. This activity can be
recorded during the growth spurt period as giant depolarizing potentials (GDPs). Here, we
characterized the effects of prolonged EtOH exposure on GDPs. In the first study, we prepared
hippocampal coronal slices from neonatal rats and exposed these to control artificial cerebrospinal
fluid (ACSF) or ACSF plus 50 mM EtOH for 3–4 hr. We then performed whole-cell patch-clamp
electrophysiological recordings from CA3 pyramidal neurons, which revealed that tolerance to the
GDP stimulating effects of EtOH did not occur after continuous exposure. In the second study, we
exposed neonatal rats to air or air plus 1.9 g/dL EtOH in vapor chambers for 4 hours/day for 1 or 3
days (neonatal peak blood EtOH concentration = 40–45 mM). We then performed slice
electrophysiological studies 24 hours after the end of EtOH exposure and found that there was no
statistically significant difference in the acute effect of 50 mM EtOH on GDP frequency in samples
from neonates exposed to air or air plus EtOH. These findings indicate that EtOH persistently
stimulates network-driven oscillatory activity in the developing hippocampus. We propose that the
lack of adaptive response to continuous EtOH exposure could make immature neuronal networks
particularly vulnerable to the actions of this agent.
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Numerous animal and human studies have demonstrated that EtOH (ethanol) exposure
damages the developing hippocampus, leading to deficits in learning and memory (Berman &
Hannigan, 2000; Bonthius et al., 2001a; Bonthius et al., 2001b; Mattson et al., 2001; Hamilton
et al., 2003). These deficits are a consequence of structural and functional hippocampal
abnormalities that persist into adulthood (Sutherland et al., 1997; Krahl et al., 1999; Berman
& Hannigan, 2000; Richardson et al., 2002; Savage et al., 2002). Multiple candidate
mechanisms could be responsible for these effects of EtOH, including alterations in cellular
energetics, gene expression, cell-cell interactions, cell signaling pathways and synaptic
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transmission (Goodlett et al., 2005). However, the precise contribution of these mechanisms
to EtOH-induced hippocampal damage has yet to be determined.

Developing neuronal circuits in many brain regions exhibit spontaneous correlated activity that
is thought to play a central role in synaptic refinement (Yuste, 1997; Penn & Shatz, 1999). In
the hippocampus, these oscillations are driven by the excitatory actions of GABAA receptors;
these receptors have excitatory actions in immature neurons because these cells have a
relatively high intracellular concentration of Cl− (Ben-Ari, 2002). In the CA3 hippocampal
region, these oscillations are denoted as giant depolarizing potentials (GDPs). In rats, these
events are present during the first 8–12 days of postnatal life (Ben-Ari, 2002; Owens &
Kriegstein, 2002). GDPs trigger transient elevations in intracellular Ca2+ via activation of
voltage-gated Ca2+ channels that may play a role in synapse maturation and dendritic growth
(Leinekugel et al., 1997; Berridge, 1998; Ben-Ari, 2002; Groc et al., 2002; Owens & Kriegstein,
2002; Lauri et al., 2003; Mantelas et al., 2003; Colin-Le Brun et al., 2004; Fiszman &
Schousboe, 2004). Thus, alterations in these network driven oscillatory events could negatively
impact hippocampal neuronal development.

We recently reported that acute EtOH exposure potently excites immature neuronal networks
by increasing GDP frequency in the CA3 region of the neonatal hippocampus (Galindo et al.,
2005). This effect was driven by an increase in the excitatory actions of GABAA receptors. In
this study, we further characterized the EtOH modulation of GDPs by investigating whether
tolerance develops to this effect.

Experimental Procedures
Tissue preparation and solutions

Unless indicated, all chemicals were from Sigma-RBI-Fluka (St. Louis, MO). 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 of
Health guidelines. Experiments were performed in 400 μm-thick coronal hippocampal slices
that were prepared from neonatal Sprague-Dawley rats, as previously described (Galindo et
al., 2005). Artificial cerebrospinal fluid (ACSF) contained (in mM): 126 NaCl, 3 KCl, 1.25
NaH2PO4, 1 MgSO4, 26 NaHCO3, 2 CaCl2 and 10 glucose, equilibrated with 95%O2/5%
CO2. Slices were allowed to recover for ≥ 80 min at room temperature prior to any experimental
procedure.

Prolonged exposure of slices to EtOH
Slices from a single animal were rapidly hemisected in freshly oxygenated ACSF.
Subsequently, the left and right sides from each slice were randomly segregated into chambers
containing either ACSF alone or ACSF plus 50 mM EtOH at 32–33 °C (Fig. 1). During the
incubation procedure, solutions were continuously bubbled with a mixture of 95 % O2 and 5
% CO2. The slices were sequentially placed into the recording chamber starting from the most
ventral region, alternating between control and contralateral EtOH-exposed sister slices. Only
a single cell was recorded per slice. Recordings were obtained from slices incubated in control
or EtOH solution for a period of 3 to 4 hrs, which was chosen to model a single episode of
EtOH exposure during the third trimester of human pregnancy. Slices were withdrawn from
EtOH in the recording chamber. The recording chamber was perfused with ACSF or ACSF +
EtOH at a rate of 2–3 ml/min at 32–33 °C.

Electrophysiological recordings
Whole-cell voltage-clamp and current-clamp electrophysiological recordings were performed
under infrared-differential interference contrast microscopy with an Axopatch 200B amplifier
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(Axon Laboratories, Union City, CA). Microelectrodes had resistances of 4–6 MΩ. We
recorded GDPs in the whole-cell mode from CA3 neurons using the following internal solution
(in mM): 140 CsCl, 2 MgCl2, 1 CaCl2, 10 EGTA, 10 HEPES (pH 7.3), 4 Na2-ATP and 2
QX-314 (Tocris-Cookson, Ellisville, MO). Pharmacologically isolated GABAA-mediated
spontaneous postsynaptic currents (GABAA-sPSCs) were recorded utilizing the above internal
solution in ACSF containing 10 μM NBQX and 100 μM DL-AP5. Voltage-clamp experiments
were performed at a holding potential of −60 mV. Access resistances were between 15–25 M;
if access resistance changed more than 20%, the recording was discarded. Data were acquired
with pClamp7 (Axon Laboratories) and analyzed with Minis Analysis program (Synaptosoft,
Decatur, GA). The effect of acute EtOH exposure was quantified with respect to the average
of control and washout responses. For the GABAA-sPSC recordings, the Kolmogorov-Smirnov
test (KS test) was used initially to test for significant differences between treatments in
individual cells; a p 0.01 was considered to be statistically significant. Statistical analyses of
pooled data were performed by unpaired or paired t test; a p 0.05 was considered to be
statistically significant. Data are presented as mean ± SEM.

Exposure of neonatal rats to EtOH vapor
We exposed neonatal rat pups and their respective mothers to EtOH between postnatal days 3
to 6 in inhalation chambers essentially as previously described (Heaton et al., 2000). This
paradigm consists of exposing neonatal pups and rat dams to EtOH vapor by placing animals
in transparent sealed chambers (La Jolla Research Inc, La Jolla, CA) connected to an intake
hose that continuously delivers EtOH vapor by via a heating flask that receives a constant drip
of 95% liquid EtOH controlled by a regulating peristaltic pump. The EtOH vapor is
continuously removed by an exhaust hose connected to a vacuum line. Litters were culled to
10 pups and exposed to air or air plus EtOH. All experiments were started at the same time of
the day (10:00 am) and the EtOH vapor in the chamber was monitored every hour. This
paradigm was designed in an attempt to model single or repeated (i.e. three) daily maternal
drinking sessions during the third trimester equivalent of human pregnancy producing blood
alcohol levels approximately 2 to 3-times higher than the legal intoxication limit.

Determination of EtOH levels
The concentrations of EtOH in ACSF and plasma were determined by a standard alcohol
dehydrogenase-based assay. A standard EtOH concentration curve was generated utilizing
either ACSF or plasma from non-EtOH exposed neonates. Samples were exposed to an enzyme
reaction assay involving the reduction of NAD+ (β-NAD, free acid, grade I, Roche,
Indianapolis, IN) and oxidation of EtOH by alcohol dehydrogenase (Roche). NAD+
absorbance was read at a wavelength of 340 nm.

Results
Prolonged EtOH exposure of immature hippocampal slices results in a sustained increase
in GDP and GABAA-SPSC frequency in pyramidal neurons

Sister hippocampal slices were incubated in ACSF alone or ACSF plus 50 mM EtOH for 3–4
hr (Fig. 1A). Solutions were continuously bubbled with 95% O2 plus 5% CO2. A control
experiment demonstrated that the concentration of EtOH did not significantly change over the
course of 4 hr under these experimental conditions (Fig. 1B). No gross changes in neuronal
morphology were qualitatively appreciable under infrared-differential interference contrast
microscopy after prolonged exposure to this concentration of EtOH.

We initially recorded GDPs from control and EtOH exposed slices. The first group of slices
was incubated for 3–4 hr in ACSF and then transferred to the recording chamber. A stable
baseline recording of GDP activity was obtained in ACSF (average frequency = 0.27 ± 0.01
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Hz; average duration = 615 ± 44 ms; average amplitude = 488 ± 122 pA; n = 11). Then, slices
were exposed to 50 mM EtOH for 7 min. In agreement with our previous report (Galindo et
al., 2005), we found that acute EtOH exposure reversibly increases GDP frequency (31 ± 5 %;
n = 11; Fig. 2A, B) without affecting the amplitude (−5.2 ± 3 %; n = 11) or duration (−4.2 ± 3
%; n = 11) of these events.

We then assessed whether this effect persisted after continuous EtOH exposure for several
hours. Because it is difficult to record from neurons in the whole-cell patch-clamp configuration
for prolonged periods, we determined the effect of EtOH by calculating the change in GDP
frequency between EtOH exposure and washout. Sister slices from those used for the acute
EtOH exposure experiments described above were continuously incubated in ASCF plus 50
mM EtOH for 3–4 hr. Slices were then transferred to the recording chamber, which was
perfused with ASCF plus 50 mM EtOH. This procedure prevented the initiation of EtOH
withdrawal. A stable baseline recording of GDP activity was obtained in ACSF plus EtOH
(average frequency = 0.35 ± 0.01 Hz; n = 12). Then, the perfusion media was switched to ACSF
alone (washout). Under this condition, we found that GDP frequency changed by 25 ± 7 %
(Fig. 2C, D; n = 12). As expected, basal GDP frequency during prolonged ETOH exposure
was significantly higher than the baseline frequency of acutely exposed slices (0.35 ± 0.02 Hz
vs 0.26 ± 0.01 Hz; p <0.01 by unpaired t-test; Fig. 2B, D). Furthermore, the change in GDP
frequency between EtOH and washout was not significantly different from the effect of acute
EtOH by unpaired t-test. Neither the amplitude (−2.6 ± 4 %; n = 12) nor the duration (−0.5 ±
2 %; n = 12) of these events changed upon EtOH washout.

As previously reported, the EtOH-induced elevation of GDP frequency is associated with an
increase in GABAA-sPSCs frequency (Galindo et al., 2005). In agreement with that report, we
found that acute EtOH exposure reversibly increased GABAA-sPSCs frequency (36 ± 5 %; n
= 5; KS test p < 0.01 in all cells; Fig. 3A, B) without affecting the amplitude (8.8 ± 10 %; n =
5) or half-width (4.2 ± 4.6 %; n = 5) of these events. In slices incubated for 3–4 hours with 50
mM EtOH, GABAA-sPSCs frequency changed by 54 ± 13 % upon washout (n = 5; KS test p
< 0.01 in all cells; Fig. 3C, D). Unpaired t-test revealed that this value was not significantly
different from the change induced by acute EtOH exposure in sister slices. The amplitude (−4.2
± 6.3 %; n = 5) of these events did not change upon EtOH washout. There was a small, but
significant (p <0.05 by one-sample t-test) increase in the half-width of GABAA-sPSCs
following washout (12 ± 3 %; n = 5).

EtOH exposure in vivo does not induce tolerance to the acute effect of EtOH on GDP
frequency

We exposed neonatal rats along with their respective mothers to air alone or air plus EtOH
vapor for 4 hours per day. Blood EtOH concentrations increased linearly with respect to the
concentration of EtOH in the chamber (Fig. 4A). Interestingly, in 4 neonates, we detected blood
EtOH concentrations near 90 mM (400 mg/dL), which would have expected to be lethal.
However, breathing patterns in these neonates were comparable to those of controls and
significant motor behavior was still appreciable in these animals. These qualitative
observations are in general agreement with reports indicating that young rats are more resistant
to the acute intoxicating effects of EtOH (Hollstedt et al., 1980;Fang et al., 1997;Silveri &
Spear, 1998). In two of the mothers, we were able to measure blood EtOH concentrations and
these were either undetectable or substantially lower than those found in the neonatal blood
(Fig. 4A). A control experiment in a litter that was exposed to a chamber EtOH concentration
of 1.5 g/dL revealed that neonatal blood EtOH concentrations peaked at 5 hr (i.e. 1 hr after
termination of exposure) and returned to baseline by 9 hrs (Fig. 4B). For experiments, animals
were exposed to chamber concentrations of 1.9 g/dL for 4 hr/day in an attempt to reach the
concentrations used in vitro (50 mM; 230 mg/dL). Two animals from each litter were sacrificed
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after either a 1- or 3-day exposure to this regimen. This procedure was repeated in 3 different
litters. As shown in Table 1, exposure to ~1.9 g/dL of EtOH concentrations in vapor chambers
produced blood EtOH concentrations between 40–45 mM (184–207 mg/dL) in P4 and P6
neonates (measured immediately after the end of the 4 hr exposure period). Importantly, there
was no statistically significant difference in the weights of control and EtOH exposed animals.

We then measured the acute effects of EtOH on slices from animals exposed to air or air plus
~1.9 g/dL of EtOH vapor. In slices prepared 24 hrs after neonates were exposed to 4 hr/day of
air for 1 day, acute exposure to 50 mM EtOH increased GDP frequency by 41 ± 10 % (Fig.
5A, B; n = 6). In slices prepared 24 hrs after neonates were exposed to 4 hr/day of air plus
EtOH for 1 day, acute exposure to 50 mM EtOH increased GDP frequency to a similar extent
(Fig. 5C, D; 59 ± 21 %; n = 6; not significantly different from air group by unpaired t-test).
We quantified baseline GDP frequency in slices prepared 24 hr after 1 day vapor chamber
exposure and found that it was not significantly different between the air (0.25 ± 0.02 Hz; n =
6) and air plus EtOH (0.18 ± 0.04 Hz; n = 6) groups.

In slices prepared 24 hrs after neonates were exposed to 4 hr of air/day for 3 days, acute 50
mM EtOH increased GDP frequency by 74 ± 26 % (Fig. 6A, B; n = 8). In slices prepared 24
hrs after neonates were exposed to 4 hr/day of air plus EtOH for 3 days, acute 50 mM EtOH
increased GDP frequency to a similar extent (Fig. 6C, D; 62 ± 20 %; n = 7; not significantly
different from air group by unpaired t-test). We quantified baseline GDP frequency in slices
prepared 24 hr after 3 day vapor chamber exposure and found that it was not significantly
different between the air (0.14 ± 0.03 Hz; n = 8) and air plus EtOH (0.16 ± 0.03 Hz; n = 8)
groups.

Discussion
The main finding of this study is that GDPs do not develop tolerance to the modulatory effect
of EtOH in CA3 pyramidal neurons from neonatal rats. We initially examined whether
exposure to EtOH for a relatively short period of time was associated with tolerance
development. Exposure of hippocampal slices to 50 mM EtOH for 3–4 hr followed by washout
produced the same percent change in GDP frequency than that produced by acute (7 min)
exposure to the same EtOH concentration. A similar effect was observed with GABAA-sPSCs,
which in part drive GDP activity. These findings suggest that that during continuous EtOH
exposure (i.e. over a few hours), GABAA receptor-driven excitatory activity in immature
neuronal networks remains persistently increased; i.e. acute tolerance does not develop. In
contrast to our findings, Allan and Harris (Allan & Harris, 1987) detected tolerance
development to acute EtOH modulation of GABAA receptor-mediated 36Cl− flux in mouse
cerebellar microsacs 60 min after in vivo injection of EtOH. A similar finding was recently
reported by Wallace et al. (2006) with PKCε +/+ mice but not PKCε −/− mice. Thus, acute
EtOH tolerance can be observed under some experimental conditions; i.e. when assaying
activation of GABAA receptors by exogenous agonist in preparations from cerebella of mature
mice but not when studying network activity driven by synaptically activated GABAA
receptors in preparations from hippocampi of immature rats.

We also investigated whether tolerance developed after more prolonged exposure to EtOH.
One- or three-day EtOH exposure of neonates via inhalation chambers did not change acute
EtOH sensitivity of GDPs to EtOH. These findings are in general agreement with those of
recent studies where EtOH modulation of GABAA receptor function was evaluated using
electrophysiological techniques in acute slices from animals exposed to EtOH in vivo. Kang
et al. (1998) studied GABAA receptor-mediated function in rats that were given 60 doses of 6
g/kg EtOH every 24 h by gastric intubation, with repeated intoxicating and withdrawal
episodes. Rats treated with this paradigm develop a kindling-like persistent increase in
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withdrawal hyperexcitability. Interestingly, this paradigm of chronic intermittent EtOH
exposure did not result in tolerance development of GABAA receptor-mediated inhibitory
postsynaptic potentials in the hippocampal CA1 region. Instead, sensitization to the acute
modulatory effects of 60 mM EtOH was detected. More recently, Liang et al. (2006)
demonstrated that this gain of synaptic GABAA receptor sensitivity to acute EtOH exposure
is associated with a loss of extrasynaptic GABAA receptor responsiveness to EtOH. Lack of
tolerance development to the acute effects of EtOH on GABAergic synaptic transmission was
also observed in slices from monkeys that self-administered EtOH daily for 18 months (Weiner
& Valenzuela, 2006). Specifically, acute EtOH exposure increased evoked inhibitory
postsynaptic currents in dentate granule cells to a similar extent in slices from control and
chronically EtOH exposed monkeys. The issue of tolerance development of GABAergic
responses was also addressed in a study with amygdala slices from rats exposed to EtOH for
2 weeks via inhalation chambers (Roberto et al., 2004). It was found that acute EtOH (5–66
mM) significantly enhanced evoked inhibitory postsynaptic responses equally in naive and
chronically EtOH exposed rats, indicating that tolerance did not develop to the acute
modulatory effects of EtOH. Taken together with our results, these findings suggest that
GABAergic synapses in the developing and mature central nervous systems do not become
tolerant to the acute modulatory effects of EtOH after long-term exposure to this drug.

Another finding of our study is that one- or three-day EtOH exposure of neonates via inhalation
chambers did not significantly change basal GDP frequency, suggesting a lack of development
of adaptive changes on excitatory GABAergic transmission in neonatal CA3 pyramidal
neurons. This finding is not surprising given the relatively short duration of our exposure
paradigm and the relatively low EtOH concentrations used in our experiments. Studies have
typically found compensatory adaptations after relatively long periods of exposure to relatively
high levels of EtOH. For instance, chronic intermittent EtOH exposure (6 g/kg) for 120 days
produced a long-lasting decrease in GABAergic activity in hippocampal slices (Kang et al.,
1996; Cagetti et al., 2003). In agreement with that study, electrophysiological studies revealed
a decrease in GABA release probability in dentate granule cells from monkeys that
administered EtOH for 18 months (BEC = 5–235mg/dL) (Weiner & Valenzuela, 2006). Unlike
the hippocampus, exposure to BEC = 150–200 mg/dL for 2 weeks increased GABA release in
the amygdala of rats (Roberto et al., 2004). Consequently, future experiments should assess
whether longer exposure of neonates to EtOH results in compensatory alterations in excitatory
network activity.

In conclusion, EtOH persistently changes correlated neuronal network activity driven by the
excitatory actions of GABA in hippocampal neurons from neonatal rats. These effects of EtOH
are likely to impair normal synaptic maturation. Moreover, Nunez et al (Nunez et al., 2003a;
2003b) recently demonstrated that activation of voltage-gated Ca2+ channels by GABAA-
receptor mediated depolarization triggers apoptosis in the neonatal hippocampus.
Consequently, these effects of EtOH could also alter neuronal survival. Given that GDPs have
been detected in non-human primates during the third trimester of pregnancy, it is possible that
similar effects occur in humans. Our data imply that network driven oscillatory activity does
not adapt to continuous and/or repeated EtOH exposure, making developing synapses
particularly susceptible to the deleterious effects of this widely abused substance.
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AMPA  
α-amino-3-hydroxy-5-methylisoxazole-4-propionate

BEC  
blood ethanol concentration

BMI  
(−)-bicuculline methiodide
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DL-AP5  
DL-2-amino-5-phosphonovaleric acid

EtOH  
ethanol

GABA  
γ-aminobutyric acid

GDP  
giant depolarizing potential

PSC  
postsynaptic current

sPSC  
spontaneous PSC

mPSC  
miniature PSC

NBQX  
2,3-dioxo-6-nitro-1,2,3,4-tetrahydrobenzo[f]quinoxaline-7-sulfonamide

NMDA  
N-methyl-D-aspartate

P  
postnatal day
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Fig. 1. In Vitro EtOH Exposure Paradigm
(A) Scheme illustrating the procedure used to expose neonatal (P4–P6) hippocampal slices to
50 mM EtOH for 3–4 hrs. Sister slices were segregated into a chamber that contained
continuously oxygenated ACSF solution with or without EtOH. Left and right sister slices were
randomly assigned to each chamber. All slices were allowed to equilibrate for a period greater
than 80 min prior to the start of the experiment. (B) EtOH concentrations in the ACSF do not
significantly change as a function of time. Numbers in each bar represent the number of
experiments.
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Fig. 2. Prolonged EtOH Exposure Results in a Persistent Elevation in GDP Frequency
(A) Sample trace demonstrating a reversible increase in GDP frequency in CA3 pyramidal
neurons from control slices acutely treated with EtOH for 7 minutes. (B) Summary of the effect
of acute ETOH exposure on GDP frequency (n = 11). ***p < 0.001 by repeated measures
ANOVA followed by Tukey’s posthoc test. (C) Sample traces from the sister slice of 2A treated
with 50 mM EtOH for a period of 3 to 4 hrs. The frequency of GDPs decreases following EtOH
washout. (D) Summary of the effect prolonged EtOH exposure on GDP frequency (n = 12).
The basal GDP frequency during prolonged ETOH exposure was significantly higher than the
baseline frequency of acutely exposed slices (0.35 ± 0.02 Hz vs 0.26 ± 0.01 Hz; <0.01 by
unpaired t-test). The percent change in GDP frequency between acute-ETOH and prolonged-
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EtOH slices was not statistically different by unpaired t-test (31 ± 5 % vs. 25 ± 7 %). ***p <
0.001 by paired t-test. Scale bar for both traces = 100 pA/4 s.
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Fig. 3. Prolonged EtOH Exposure Results in a Sustained Increase in Action Potential-Dependent
GABAA-sPSCs
(A) Sample trace demonstrating the reversible increase in GABAA-sPSC frequency during
acute, 7-minute, application of 50 mM EtOH to neonatal CA3 pyramidal neurons. (B) Summary
of the effect of acute ETOH exposure on GABAA-sPSC frequency (n = 5). *p < 0.05 by repeated
measures ANOVA followed by Tukey’s posthoc test. (C) Sample recording demonstrating the
decrease in GABAA-sPSC frequency following washout from prolonged (3 to 4 hr) exposure
to EtOH (50 mM). Scale bar for both traces = 200 pA/2 s. (D) Summary of the effect prolonged
EtOH exposure on GABAA-sPSC frequency (n = 5). The percent change in GDP frequency
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between acute-ETOH and prolonged-EtOH slices was not statistically different by unpaired t-
test (36 ± 5 % vs. 54 ± 13 %). *p < 0.05 by paired t-test.
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Fig. 4. Characterization of the In Vivo EtOH-Exposure Paradigm
(A) Linear regression plot demonstrating increases in blood EtOH concentration (BEC) of
neonatal rats of ages P4 and P5 and mothers as a function of EtOH concentration in the chamber.
BEC measurements were obtained immediately following a 4-hr drug-exposure period. Notice
the low BECs in the mother of the pups exposed to 1.0 and 1.5 g/dL of EtOH. As a point of
reference, the legal intoxication limit in the U.S. is 17.4 mM = 80 mg/dL. (B) Histogram
showing BEC in neonatal rat pups exposed to 1.5 g/dL of EtOH in the vapor chamber as a
function of time. BEC gradually increased reaching a peak BEC at 1 hr after termination of
EtOH exposure.
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Fig. 5. The Sensitivity of GDPS to acute EtOH exposure is not affected by 1-day in vivo EtOH
exposure in vapor chambers
(A) Sample trace demonstrating an increase in GDP frequency during acute, 7-minute,
application of 50 mM EtOH to a slice prepared 24 hr after a single 4 hr exposure to air in the
vapor chamber. (B) Summary on the effect of acute EtOH on air-exposed rat pups ( n = 6). (C)
Sample recording showing an increase in GDP frequency during acute EtOH exposure in slices
prepared 24 hr after a single 4 hr exposure to 1.9 g/dL of EtOH in the vapor chamber. (D)
Summary of the effect of acute EtOH on 1-day EtOH exposed animals (n = 6). ***p < 0.001
by paired t-test. Scale bars for both set of traces = 200 pA/2 s.
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Fig. 6. The Sensitivity of GDPS to acute EtOH exposure is not affected by 3-day in vivo EtOH
exposure in vapor chambers
(A) Sample trace demonstrating an increase in GDP frequency during acute, 7-minute,
application of 50 mM EtOH to a slice prepared 24 hr after 4 hr x 3 days exposure to air in the
vapor chamber. (B) Summary on the effect of acute EtOH on air-exposed rat pups (n = 8). (C)
Sample recording showing an increase in GDP frequency during acute application of 50 mM
EtOH to a slice prepared 24 hr after 4 hr x 3 days exposure to 1.9 g/dL of EtOH in the vapor
chambers. (D) Summary of the effect of acute EtOH on 3-day EtOH exposed animals ( n = 7).
***p < 0.001 by paired t-test. Scale bars for both set of traces = 200 pA/2 s.
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Table 1
Characteristics of Rat Pups Exposed to Control or EtOH-containing Vapor Chamber

Control 1-
day Exposure

Ethanol 1-
day Exposure

Control 3-
day Exposure

Ethanol 3-
Day Exposure

No. of litters used 3 3 3 3
No. of animals used for recordings 6 6 6 6
Age of recording P4 P4 P6 P6
[EtOH] in Vapor Chamber (g/dL) 0 1.87 ± 0.13 0 1.99 ± 0.06
BEC (mM) at t = 4 hrs 0 41.64 ± 4.52 0 44.61 ± 0.93
BEC (mg/dL) at t = 4 hrs 0 191 ± 20 0 205 ± 4
Weight (g) 8.35 ± 1.37 8.04 ± 1.10 11.36 ± 1.95 10.91 ± 1.99

Neonatal rat pups 4–6 days old from 3 different litters were exposed for 1 to 3 days to a vapor chamber with circulating air (control) or ~1.9 g/dL of
vaporized EtOH. No statistical differences were found by unpaired t-test when comparing the EtOH concentration in the vapor chamber or BEC between
1-day and 3 day exposed animals. There were also no differences in pup weight among control and EtOH-treated groups in the 1-day and 3-day experiments.
All data are expressed as mean ± SEM.

Alcohol. Author manuscript; available in PMC 2007 October 1.


