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Abstract
Age-related developmental differences in sensitivity to the acute effects of alcohol may play an
important role in the development of alcoholism. The present study was designed to evaluate the
acute effects of alcohol on cortical electroencephalogram (EEG) in adolescent (P36) and adult (P78)
Wistar rats. Five minutes of EEG was recorded after administration of 0, 0.75 or 1.5 g/kg alcohol.
The righting reflex was performed to measure the sedative effects of alcohol (3.5 g/kg) and total
sleeping time for each rat. Our results showed that alcohol (1.5 g/kg) increased power in the 1–2 Hz
band and decreased the power in the 32–50 Hz band in the parietal cortical region of adolescent rats.
Alcohol (1.5 g/kg) also increased stability of the EEG power in the slow-wave frequency bands (2–
4 Hz, 4–6 Hz, and 6–8 Hz) of adolescent rats. In the frontal cortex of adult rats, but not in adolescent
rats, alcohol (1.5 or 0.75 g/kg) decreased the power in the 16–32 Hz frequency band. Alcohol (1.5
g/kg) differentially increased power in a multiple of slow-wave frequency bands (2–4 Hz and 4–6
Hz) in the parietal cortex of adult rats as compared to adolescent rats. Adolescent rats were shown
significantly shorter sleeping time and higher blood alcohol levels after regaining reflex than adult
rats. Our results provide additional evidence of age-related differences in the effects of acute alcohol
on cortical EEG, sedation and tolerance.
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1. Introduction
Age-related differences in sensitivity to alcohol have been strongly linked to the development
of alcoholism (see Spear, 2000, for review and references). Ontogenetic differences in brain
maturation and its differential responses to alcohol have been suggested in the regulation of
mechanisms that could modulate the sensitivity and tolerance to alcohol (Spear, 2000; Witt,
1994). Studies have shown that adolescent rats are less sensitive than adult rats to acute alcohol-
induced motor incoordination, sedation, and hypothermia (Ernst et al., 1976; Hollstedt et al.,
1980; Little et al., 1996; Moy et al., 1998; Silveri and Spear, 1998, 2000; Varlinskaya and
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Spear, 2002). In addition to having higher resistance to the sedative effects of acute alcohol,
adolescents have higher tolerance to acute administration of high dose of alcohol with higher
blood alcohol levels and significant less sleeping time in regaining righting reflex compared
to adult rats (Silveri and Spear, 1998). Adolescents are not only more resistant and tolerant to
the sedative effects of acute alcohol, but also to withdrawal symptoms such as anxiety following
alcohol challenge (Doremus et al., 2003). Due to these age-related differences in the sensitivity
to the sedative effects of alcohol, adolescents may have higher neurological and physiological
limits of alcohol intake compared to adults. This may lead to higher consumption and tolerance
to alcohol than adults. The higher consumption and tolerance of alcohol have been proposed
to enhance risk for alcohol dependence in adolescents (Ehlers et al., 2006; Spear, 2000; Witt,
1994).

The electroencephalogram (EEG) has been used to study age-related neurophysiologic
alterations in neural organization of the brain (Roubicek, 1977). EEG power, a measure of the
amplitude of the EEG as a function of frequency (microvolts squared per Hz), has been shown
to decrease from childhood to late adulthood (Basar et al., 1997; Dustman et al., 1993; Katada
et al., 1981). The EEG also has been proven useful in assessing the effects of alcohol following
prenatal and adult exposure in humans (Ehlers et al., 1989; Kaneko et al., 1996; Scher et al.,
1998). EEG recordings have also been useful assessing the acute and chronic effects of alcohol
in rats (Ehlers and Chaplin, 1991; Robledo et al., 1993; Slawecki, 2002; Slawecki et al.,
2001, 2006) and altered EEG power in specific frequency bands appears to be a sensitive
marker of the acute and chronic effects of alcohol. The continuous rhythmic sinusoidal EEG
activities are categorized into Delta (1–4 Hz), Theta (4–8 Hz), Alpha (8–16 Hz), Beta (16–32
Hz) and Gamma (32–50 Hz) frequencies and studies using spectral analysis of the EEG have
contributed to our understanding of the effects of alcohol on CNS function (Cortese et al.,
1997; Slawecki et al., 1999, 2001). In general, the slow-wave activities (1–4 Hz) are associated
with sleep, less attentive conditions and drowsiness. On the other hand, the fast-wave activities
(12–50 Hz) are associated with high arousal and attentive states. For example, acute alcohol
increased the power of the 4 to 6 Hz EEG frequency range in adult rats, but not in adult rats
that had been exposed to alcohol during adolescence (Slawecki, 2002). These data have been
interpreted as suggesting that alcohol-induced sedative resistance can be established if
adolescents are exposed to alcohol during adolescence. Alcohol-induced changes in the
stability of the EEG have also been shown to be attenuated in adult rats previously exposed to
alcohol vapor during adolescence (Slawecki, 2002). The coefficient of variance (CV) has been
used as a measure of stability in the EEG and is also used as a sensitive indicator in the
correlations of drug effects and drug-induced behavior (Ehlers and Havstad, 1982; Ehlers et
al., 1989).

While studies have shown that adolescent rats are less sensitive than adult rats to alcohol-
mediated effects on behavioral sedation, the effects of acute alcohol on brain
electrophysiological responses and its linkage to sedative effects of acute alcohol in adolescent
rats are not well understood. The primary goal of this study was to characterize further the
effects of acute alcohol on cortical EEG and behavioral sedation in adolescent and adult rats.
The working hypothesis of this study is that the effects of alcohol on behavioral sedation are
associated with an increase in cortical EEG power of slow-wave frequency bands in adult, but
not adolescent rats.

2. Results
Behavioral State Assessment

Subjective visual inspection of adolescent and adult rats preceding alcohol administration
showed normal exploratory and grooming behaviors in both groups. Acute administration of
alcohol produced dose-dependent effects on rats’ behavior. Consistent with previous studies
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(e.g., (Slawecki, 2002)), administration of the 0.75 g/kg alcohol dose decreased motor activity
and body tone during handling, whereas the 1.5 g/kg alcohol dose impaired gait with rats often
falling to one side. Significant main effects of alcohol, and alcohol × age interactions observed
on the EEG power and cortical variability in frontal and parietal cortices are described below.

EEG Assessment
2.1. Frontal and Parietal Cortical EEG Power—The frontal cortical power was found
to be greater in adolescent rats than in adults [F’s (1,37) > 12.21, p’s < 0.01] in all bands except
the 32–50 Hz bands (Fig. 1a & 1b). Further examination in the adolescent rats revealed
significant alcohol effects [F’s (2,38) >17.48, p’s < 0.01] in the 32–50 Hz frequency band.
Power in the 32–50 Hz was decreased by 1.5 g/kg alcohol (Fig. 1a). In adult rats, significant
alcohol effects were reported in high frequency 16–32 and 32–50 bands [F’s (2,36) > 14.27,
p’s < 0.01]. Power in the 16–32 Hz band was reduced by 0.75 and 1.5 g/kg alcohol, and in the
32–50 Hz band was reduced by 1.5 g/kg alcohol (Fig. 1b).

Similar to the frontal cortex, the parietal cortical power was found to be greater in adolescent
rats as compared to adults in all bands except the 32–50 Hz band (Fig. 1c & 1d). Further
examination in the adolescent rats revealed significant alcohol effects [F’s (2,38) > 5.51, p’s
< 0.01] in the 1–2 and 32–50 Hz frequency bands. Power in the 1–2 Hz band was increased
by 1.5 g/kg alcohol, the 32–50 Hz band was decreased by 0.75 and 1.5 g/kg alcohol (Fig. 1c).
In adult rats, alcohol produced significant increases in mean power in multiple bands (i.e, 1–
2, 2–4, 4–6 Hz bands) [F’s (2,36) > 3.86, p’s < 0.01] and decreases in the 16–32 and 32–50
Hz bands [F’s (2,36) > 10.36, p’s < 0.01] (Fig. 1d). Power in the 16–32 Hz band was reduced
by 0.75 and 1.5 g/kg alcohol, and the 32–50 Hz band was reduced by 1.5 g/kg alcohol.

2.2. Frontal and Parietal Cortical EEG Variability—Analysis of the power CV (cortical
EEG variability) in the frontal cortical EEG demonstrated significant age effects [F’s (1,37) >
10.28, p’s < 0.01] in all bands (Fig. 2a and 2b). Further examination in adolescent rats,
demonstrated that alcohol produced decreases in power CV across two frequency bands (4–6
and 6–8 Hz frequency bands) [F’s (2,38) > 7.74, p’s < 0.01] and increases in the 32–50 Hz
band [F’s (2,38) = 16.74, p’s < 0.01] (Fig. 2a). These effects were observed primarily after the
administration of 1.5 g/kg alcohol. In contrast to adolescent rats, 1.5 g/kg alcohol only produced
increases in power CV in the 32–50 Hz band [F’s (2,36) = 11.24, p’s < 0.01] (Fig. 2b).

Analysis of the power CV in the parietal cortical EEG also showed significant age effect [F’s
(1,37) > 8.15, p’s < 0.01] in all bands (Fig. 2c and 2d). Further examination in adolescent rats,
also demonstrated that alcohol significantly altered power CV across a wide range of slow-
wave frequencies (i.e, 2–4, 4–6 and 6–8 Hz frequency bands) [F’s (2,38) > 8.67, p’s < 0.01]
and increase in the 32–50 Hz frequency band [F’s(2,38) = 6.80, p’s < 0.01] (Fig 2c). These
effects were observed primarily after the administration of 1.5 g/kg alcohol. Similar to frontal
cortex, in adult rats, 1.5 g/kg alcohol only produced increases in power CV in the 32–50 Hz
band [F’s (2,36) = 12.98, p’s < 0.01] (Fig. 2d). Statistically significant age × alcohol
interactions were observed on EEG power CV in the 2–4 and 4–6 Hz frequency bands [F’s
(2,74) > 5.87, p’s <0.01]. 1.5 g/kg alcohol significantly decreased CV in the 2–4 and 4–6 Hz
bands in adolescent rats (Fig. 2c). In contrast, power CV increased in the same frequency bands
in adult rats after administration of 1.5 g/kg alcohol (Fig. 2d).

2.3. Loss of Righting Reflex—Though there was no significant difference in the latency
of the onset of the loss of righting reflex (LORR) between adolescent and adult rats, there were
significant age differences in the duration of the LORR or total sleeping time (Tslp) [t(25)=
−5.692, p< 0.01] (Fig. 3a). After 3.5 g/kg alcohol i.p. injection, adolescent rats regained their
righting reflex (RORR) significantly earlier than adult rats [t(25)= −5.703, p< 0.01] (Fig. 3a).
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Furthermore, blood alcohol levels (BALs) of adolescent rats at the time to the regain of righting
reflex (RORR) were significantly higher than the BALs of adult rats [t(25)= −6.04, p< 0.01]
(Fig. 3b).

3. Discussion
Previous studies from our laboratory have shown that alcohol exposure during adolescence
produces long-term neurobehavioral consequences that could be related to an increased risk
for developing alcoholism in adulthood (Slawecki, 2002; Slawecki et al., 2001, 2006). Studies
in human subjects have indicated that the response to alcohol may be one of the factors that
contribute to alcoholism risk (Schuckit, 1999; Schuckit and Smith, 1996). However, the effect
of acute alcohol on EEG responses in adolescent rats has not been examined. Findings from
the present study provide new evidence of differential effects of acute alcohol on the power
and stability of cortical EEG in adolescent and adult rats. These effects selectively affected
specific frequency bands and were consistent with the behavioral effects of acute alcohol on
sleeping time and righting reflex.

We used righting reflex to index behavioral sedation following acute alcohol administration
in adolescent and adult rats. Consistent with previous behavioral studies (Cha et al., 2006;
Little et al., 1996; York and Chan, 1993), we found that adolescent rats regained their voluntary
motor activity faster than adult rats. These findings in adolescent rats were observed at
significantly higher BALs than adult rats at the times of regaining their righting reflexes. Little
et al. (1996) also observed that sensitivity to the sedative effects of acute alcohol in rats was
increased with increasing age, and adolescent rats developed acute tolerance to alcohol at a
more rapid rate and at a higher level than adult rats (Grieve and Littleton, 1979; Silveri and
Spear, 1999; Swartzwelder et al., 1998). These results suggest that adolescent rats are more
resistant to the sedative effects of alcohol than adult rats. However, whether the acute effects
of alcohol on cortical EEG power and stability are also differentially affected in adolescent
and adult rats remains unclear. Moreover, the relationship between the differential effects of
acute alcohol on the righting reflex and cortical EEG activity are also not well understood. To
address this question, we characterized the acute effects of alcohol on cortical EEG power and
stability in adolescent and adult rats.

The present study found that acute administration of alcohol increased the power in the slow-
wave frequency bands in the parietal cortex of adult rats more than in adolescent rats. While
alcohol increased the parietal power in all slow-wave bands (1–6 Hz) of adult rats, it only
increased the 1 to 2 Hz power in the parietal cortex of adolescent rats, but had no effect on the
power of the 2–4 and 4–6 Hz bands. These data suggest that alcohol induces increases in slow-
wave power in the parietal cortex were significantly attenuated in the 2–6 Hz frequency bands
in adolescent rats. Taking into consideration our behavioral results, these findings support the
assertion that the increase in EEG power seen in the 4 to 6 Hz frequency range produced by
acute intoxicating doses of alcohol is related to alcohol’s sedative actions (Slawecki, 2002).

The mechanism(s) mediating the differential effects of alcohol on cortical EEG in adolescent
and adult rats remain unclear. Two potential candidate mechanisms that have been implicated
are the γ-aminobutyric acid (GABA) and the N-methyl-D-aspartate (NMDA) receptor systems.
Some studies have shown that the activity of GABA and its receptors could be enhanced by
alcohol (Grobin et al., 1998; Mihic, 1999; Proctor et al., 1992; Weiner et al., 1994, 1997).
Additionally, it has been shown that the function and maturity of the GABAergic system is
lower in adolescents compared to adults (Moy et al., 1998; Silveri and Spear, 2002). Since
GABA is the major known inhibitory neurotransmitter in the brain, the lower response to
sedative effects of alcohol in adolescents could be due to lower levels of GABA in the cortex
and/or a developmental immaturity of its receptors.
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The overexpression of NMDA receptors in adolescent brains may be critical for synaptic
plasticity and could also make the brain more vulnerable to NMDA neurotoxicity (McDonald
et al., 1989; Silveri and Spear, 2002). Silveri and Spear (1998) indicated that age-related
developmental overexpression of the NMDA system may contribute to lower sensitivity to
alcohol in younger animals in comparison to older animals. The attenuated slow-wave
frequency power in adolescents observed in this study may due to the combination of age-
related differential sensitivities of a number of neural transmission systems to alcohol.

The present study also showed that while the high dose of alcohol (1.5 g/kg) reduced the γ
(32–50 Hz) power in both frontal and parietal cortices of adolescent and adult rats, the low
dose of alcohol (0.75 g/kg) reduced the γ power only in the parietal cortex of adolescent rats.
These results suggest that adolescent rats are more vulnerable than adult rats to the acute effects
of alcohol on γ frequency band. The γ frequency band (32–50 Hz) has been associated with
the integration of sensory and cognitive processes (Engel et al., 1992; Herrmann and Demiralp,
2005). While previous studies have shown that lower evoked γ band activity could be a marker
in the development of alcoholism (Padmanabhapillai et al., 2006), these findings suggest that
the effects of alcohol on γ power in parietal cortex is independent to alcohol’s sedative effects
observed in the righting reflex experiment.

In contrast to our finding with the γ band, we found that alcohol had no effect on frontal cortical
power in the β frequency range (16–32 Hz) in adolescent rats. However, alcohol produced
significant inhibition on frontal β frequency range cortical power in adult rats. Power in the
β frequency range has been positively correlated with arousal level (Mercia and Gaillard,
1992; Mercia and Fortune, 2004). Similar to frontal cortex, alcohol had no effect in β frequency
band on parietal cortical power in adolescent rats. In contrast to adolescent rats, in adult rats,
either 0.75 or 1.5 g/kg alcohol produced significant inhibition on parietal cortical power in β
frequency band. The increased sensitivity of β frequency in adult rats is consistent with previous
behavioral studies (Ernst et al., 1976; Hollstedt et al., 1980; Little et al., 1996; Moy et al,
1998; Silveri and Spear, 1998, 2000; Varlinskaya and Spear, 2002) showing that adolescent
rats are less sensitive to the sedative effects of alcohol than adult rats and maintain higher
arousal levels than adult rats following acute administration of alcohol.

Although the exact mechanisms underlying the differential responses between adolescents and
adults in γ and β bands are not clear, there are some studies indicated that sensitivity of some
neural transmission systems to alcohol is increasing with age (Li et al., 2006; Silveri and Spear,
2002). For example, it has been shown that the alcohol sensitivity of evoked GABA receptor-
mediated inhibitory postsynaptic currents (eIPSCs) increases steadily during adolescence (Li
et al., 2003). Furthermore, it is also has been shown that spontaneous GABA receptor-mediated
inhibitory postsynaptic currents (sIPSCs) is enhanced by alcohol in adults, but not in
adolescents (Li et al., 2006). Because EEG γ (32–50 Hz) and β (16–32 Hz) bands are markers
of cognitive activities and arousal, the different alcohol responses in γ and β bands between
adolescents and adults could be due to age-related developmental differences in inhibitory
neural transmission systems.

Consistent with our previous findings (Slawecki et al., 2006), in the present study we observed
significantly higher frontal and parietal cortical power in a wide range of EEG frequencies in
adolescent rats as compared to adult rats. Higher EEG power in adolescents could theoretically
be due to the age-related synaptic pruning process that occurs from adolescence to early
adulthood (Feinberg, 1982; Huttenlocher, 1979; Purves and Lichtman, 1980; Whitford et al.,
2007). In fact, the marked age-related changes in the frontal and parietal cortices indicate that
these regions undergo an age-dependent reduction in the number of active synapses
(Huttenlocher and Dabholkar, 1997; Rakic et al., 1986). Age has been shown to be one of the
most important factors in modulation of EEG power during brain development (Basar et al.,
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1997; Dustman et al., 1993; Katada et al., 1981). Adolescent rats have more active cortical
synapses than adult rats, which may be responsible for their higher cortical mean EEG power
compared with adult rats. Consistent with our observations, higher cortical power in the EEG
has also been reported in human adolescents relative to adults (Dustman et al., 1985, 1999;
Ehlers et al., 2001).

Our findings of increased power in the slow-wave frequency bands in adolescent rats are also
consistent with human studies (Gasser et al., 1988; Matsuura et al., 1985). Theoretically, active
synapses responsible for the slow-wave frequency bands may be under more extensive
“rewiring” and synaptic pruning processes than active synapses responsible for high frequency
bands during adolescence. The slow-wave frequency bands are thought to arise primarily from
highly synchronous local neural activity (Whitford et al., 2007). This synchrony is responsible
for the large amplitude (increased power) associated with slow-wave activity (Steriade et al.,
1990). Thus, loss in number of synapses involved in slow-wave activity will lead to loss of
EEG power (Whitford et al., 2007). On the other hand, the high frequency is thought to arise
primarily from asynchronous activity and is associated with low EEG power compared to the
slow-wave frequency (Whitford et al., 2007). As a consequence, when animals mature into
adulthood, the power in the slow-wave frequencies is dramatically reduced as suggested by
the findings in adult rats from the present study.

Our data also demonstrate that cortical EEG variability is higher in adolescent rats than in adult
rats across the slow-wave frequency bands in both frontal and parietal cortices. Since EEG
waves recorded from the electrodes are produced by slow voltage changes (inhibitory and
excitatory postsynaptic potentials) occurring synchronously in large groups of neurons (Elul,
1971), its variability could be determined by the balance of inhibitory and excitatory neural
systems. We found that following acute alcohol administration cortical EEG variability was
reduced in the 4–8 Hz bands in the frontal and 2–8 Hz bands in parietal cortices of adolescent
rats, but not in adult rats. Alcohol-induced reduction of cortical EEG variability in adolescent
rats could be mediated by the immaturity of regulatory mechanisms in postsynaptic excitatory
and inhibitory neural systems. Additionally, the receptors of these neurotransmitter systems
may be overproduced and are still undergoing pruning during adolescence (Lidow et al.,
1991; Spear, 2000). Moreover, these neurotransmitter systems have also been identified in the
brain as major sites of action for alcohol (Lovinger, 1999; Mehta and Ticku, 1999; Wright et
al., 1996). The synergy of these immature neural transmission systems in adolescent rats could
result in a reduction in the effects of alcohol on cortical EEG variability.

Cortical EEG variability provides a good measurement for behavioral state of the animal
(Ehlers and Havstad, 1982; Ehlers and Foote, 1984; Killam et al., 1976) and it was shown that
the decreased cortical EEG variability could serve as an index of decreased sedation after
administration of acute alcohol (Slawecki, 2002; Slawecki et al., 2000). Some studies have
shown that chronic alcohol exposure caused long-term disruption of spatial memory and
paradoxical sleep (Gitlow et al., 1973; White et al., 2000). Slawecki (2002) also found that
alcohol produced greater increases in cortical variability in alcohol-exposed rats during
adolescence as compared with non-alcohol exposed rats. Furthermore, Slawecki (2002) also
reported that enhanced intoxication scores were not observed in alcohol-exposed rats after
acute moderate dose of alcohol exposure. As the results, the EEG variability could be not just
an index of decreased sedation, it is also could be a marker for alcohol’s effects on cognition
(Slawecki, 2002). It is possible that higher cortical EEG variability is an age-determined
phenomenon that is related to transitional process in rapid changing learning and memory
functions under extensive synaptic pruning and neural reorganization during adolescence, and
also could be more sensitive to the effects of acute alcohol.
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4. Conclusion
Our studies suggest that adolescent rats have higher cortical EEG power and are more resistant
than adult rats to the sedative effects of acute alcohol administration. Findings from these
studies support our working hypothesis that alcohol’s sedative actions are associated with an
increase in parietal EEG power in the slow-wave frequency bands in adult, but not adolescent
rats. Additionally, we found that the inhibitory effects of acute alcohol on cortical EEG stability
are greater in adolescent rats than in adult rats. While the significance of these findings remains
unclear, these data suggests that adolescent rats could be more vulnerable to detrimental effects
of acute alcohol administration on integrative sensory processes or cognitive functions. These
differential responses on the EEG spectral profile could be a tool to identify the underlying
neurobiological substrates of the decreased or increased sensitivity to acute alcohol
administration. Our results may provide an additional marker in differential responses of
adolescents and adults to acute effects of alcohol.

5. Experimental Procedure
5.1. Subjects

Postnatal 36 days (P36) male adolescent Wistar rats (n=25) and postnatal 78 days (P78) male
adult Wistar rats (n=25) were used in this study. Upon receipt, adolescent rats (P24) averaged
64±2 g and adult rats (P71) averaged 304±6 g. Rats were housed two/cage in standard plastic
cages [25 (w) × 20 (h) × 45 cm (l)] during the experiment. For the duration of the experiment,
a 12 h light/dark cycle (lights on at 6 am) was in effect and ad libitum food/water access was
maintained. Temperature of the colony and experimental rooms were constantly maintained
at 71 F. Animal care was in accordance with NIH and institutional guidelines.

5.2. Surgical Procedure
Rats were anesthetized with sodium pentobarbital (50 mg/kg, intraperitoneally). Atropine (24
μg, subcutaneously) coadministration minimized respiratory suppression. Surgical coordinates
were obtained from the Paxinos and Watson (1986) atlas. For the purpose of comparison with
our previous studies in cortical EEG power (Slawecki, 2002; Slawecki et al., 2001,2006), screw
electrodes were placed in the skull overlying the frontal cortex (AP: +1.5 mm, ML: ±3.0 mm)
and parietal cortex (AP: −4.5 mm, ML: ±4.5 mm) in adult rats and the frontal cortex (AP:
+1.5mm, ML: ±2.0mm) and parietal cortex (AP: −4.0mm, ML: ±3.5mm) in adolescent rats.
The stereotaxic coordinates for adolescent rats were based on our previous pilot studies, which
resulted in placement overlaying the same cortical areas, i.e, FR1/FR2 and PAR1 (Slawecki
et al., 2006). A midline screw electrode was placed posterior to lambda in the skull overlying
the cerebellum. The tooth bar was set at −3.3 mm. Electrode connections were made to an
Amphenol five-pin connector, and the assembly was anchored to the skull with dental acrylic
and anchor screws. One-week recovery period was provided before the effects of alcohol were
assessed.

5.3. Electrophysiological Recording Procedures
After 1–2 weeks period of recovery from surgery (the adolescent and adult rats were received
on P 25 and P 67 respectively). The acute effects of alcohol on cortical EEG were tested on
P36, P38 and P40 in adolescent rats (Average adolescence period in rat is P28–P60 and after
P60 is considered as adulthood in rat) (Spear, 2000) and P78, P80 and P82 in adult rats. Each
rat was tested with only one dose each day. Five minutes after alcohol administration, the rat
was transferred to the recording chamber from the home cage.

Recordings were conducted in SR LAB chambers (San Diego Instrument: San Diego, CA).
Each chamber contained a 9 cm (diameter) × 16 cm (length) Plexiglas tube, which was equipped
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with moving sensor (The chamber was designed for EEG, ERP (event-related potentials)
recordings and motor response). EEG recordings were collected between 8 AM and 4 PM.

EEGs were recorded from two monopolar leads referenced to cerebellum ground (i.e., frontal
cortex and parietal cortex). Five minutes of EEG were recorded on a preamplifier/amplifier
unit (Sensorium Inc., Shelburne, VT) with a band pass of 0.53 to 70 Hz. Data were digitized
at a rate of 256 Hz and then transferred to an IBM compatible PC. Consecutive 4-sec epochs
of EEG were Fourier-transformed over a spectra of 1 to 64 Hz. EEG spectra were identified
as containing artifact when average cortical power was >2000 μV2/octave. Artifact epochs
were excluded only after visual analysis of the raw EEG and spectral distributions. Spectra
from each EEG epoch then were averaged and compressed into broader frequency bands.
Artifact epochs were excluded only after being verified by visual analysis of the raw EEG and
spectral distributions. Individual spectra from each 4 s epochs were then averaged. These data
were then compressed into seven frequency bands: 1–2, 2–4, 4–6, 6–8, 8–16, 16–32, and 32–
50 Hz. Mean spectral power (i.e., a measure of the amplitude of the EEG) and variability (i.e.,
a measure of stability in EEG power, coefficient of variation (CV) = standard deviation power/
mean power) in each band of the EEG were calculated. These analysis procedures have been
described previously (Ehlers and Havstad, 1982). For example, the CV will be increased if
there are many large variations in power with respect to the mean power. Subjects were omitted
from assessment of the EEG for reasons that included not recovering from surgery, damage to
the headstage prior to or during recording, or poor recording quality. As a result, the total
number of subjects assessed electrophysiologically in each group was as follows: twenty
adolescent rats (n=20) and nineteen adult rats (n=19).

5.4. Behavioral Procedures: Righting Reflex
Alcohol (3.5 g/kg, 25% v/v) was injected intraperitoneally (i.p.) into adolescent (n=12) and
adult (n=15) rats. After the injection, rats were placed on double cotton pads for maintenance
of body temperature, and the time to loss of the righting reflex (LORR) was recorded. The
duration of LORR was also recorded. Time to LORR was defined as the time post-injection
when the rat could no longer right itself onto all 4 paws within 60 seconds. Time to regain of
righting reflex (RORR) was defined as the time post-injection when the rat could right itself
onto all 4 paws two times within 60 seconds. Total alcohol-induced sleep time was calculated
by subtracting the time to LORR from the time to RORR. Only rats that lost their righting
reflex within 10 minutes of the injection were used in the analyses.

5.5. Alcohol administration
EEG studies: All subjects were alcohol-naive before acute alcohol administration (i.p) prior to
EEG recordings. Based on the our previous studies and other studies (Ehlers et al., 1992,
1998; Hetzler et al., 1981; Rodd et al., 2004; Slawecki, 2002; Slawecki et al., 2005; Varlinskaya
and Spear, 2007), the 0.75 and 1.5 g/kg alcohol doses were used to test the low and moderate
effects of alcohol on cortical EEG. 10 % and 20 % alcohol were used for 0.75 g/kg and 1.5 g/
kg i.p. injection respectively. Injection volumes ranged from 1 to 4 mL based on the subjects’
free-moving body weight (range, 108–450 g). For vehicle injections, volumes were randomized
within each group so that vehicle injections were equal in volume to one of the alcohol doses
in each group of subjects. Alcohol and vehicle injections were administrated according to a
pseudorandom design in their home cage.

5.6. Statistical Analysis
Two-way mixed analysis of variance was used to assess the effects of alcohol on the EEG
(group X dose). The observed significant interactions between adolescent and adult in dose (0,
0.75 g/kg, and 1.5 g/kg of alcohol) were further analyzed by one-way ANOVA within each
EEG band in adolescent and adult separately. Independent t-tests were used to assess baseline
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(with no alcohol administration) differences between adolescents and adults. To correct for
multiple comparisons in frequency bands, p-value was set at p< 0.01 to determine the levels
of statistical significance.
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Figure 1.
Mean EEG power in frontal and parietal cortices of adolescent and adult rats after injection of
0, 0.75, or 1.5 g/kg of alcohol. Data are the mean ± standard error of the mean. 0 g/kg alcohol
(white bars). 0.75 g/kg alcohol (grey bars). 1.5 g/kg alcohol (black bars). a Statistically
significant differences from adolescent baseline. **p<0.01 indicates significant different from
vehicle.
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Figure 2.
EEG power CV in frontal and parietal cortices of adolescent and adult rats after injection of 0,
0.75, or 1.5 g/kg of alcohol. Data are the mean ± standard error of the mean. 0 g/kg alcohol
(white bars). 0.75 g/kg alcohol (grey bars). 1.5 g/kg alcohol (black bars). a Statistically
significant differences from adolescent baseline. **p<0.01 indicates significant different from
vehicle.
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Figure 3.
(a) Mean (S.E.M.) time to loss of righting reflex (LORR), to regain righting reflex (RORR)
and total sleeping time (min: following 3.5 g/kg alcohol injection) for adolescent rats (white
bars) and adult rats (black bars). (b) Blood alcohol level (BAL in mg/dl) at the times of LORR
and RORR in adolescent rats (white bars) and adult rats (black bars). *p<0.05 or **p<0.01
indicates significant different from adult rats.
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