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ces various behavioral effects and its administration is associated with increases
of dopamine (DA) levels in the nucleus accumbens (Acc). However, it is not yet clear if these behavioral and
neurochemical effects are associated with a different functionality of the Acc and ventral tegmental area
(VTA), the neural structures that constitute the dopaminergic mesoaccumbens system. The present study was
designed to analyze whether the electroencephalographic (EEG) correlation between the Acc and VTA shows
characteristic changes after the forced administration of ethanol in male rats. Simultaneous EEG recordings
were obtained from the left and right Acc and VTA in adult male rats during a 40 min period immediately
after an i.p. injection of ethanol (15% v/v in a dose of 0.75 g/kg). During the 40 min period after i.p. ethanol
administration, an increase of the fast frequencies (13–21 Hz) was observed in Acc and VTA. The
interaccumbens correlation showed a significant decrease in the theta frequencies (4–7 and 8–12 Hz bands),
whereas the intrahemispheric r in both hemispheres showed a clear increase in the fast frequencies. The
possible participation of the mesoaccumbens system in the arousal state and in the motivo-emotional
aspects of ethanol is suggested.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction
Many lines of evidence suggest that the dopamine (DA) neurons
from the ventral tegmental area (VTA) that innervate the nucleus
accumbens (Acc), referred to as the meso-accumbens DA system, play
an important role inmediating reward-seeking effects as well as in the
activational effects that result from the processing of incentive stimuli
associated with rewards (Berridge and Robinson, 1998; Ikemoto and
Panksepp, 1999; Salamone, 1994). Results of many behavioral,
pharmacological and neurochemical studies support the notion that
the reinforcing properties of alcohol are mediated by Acc neuron
activity (Di Chiara, 1995; Kiianmaa et al., 1995; Koob, 1992a,b; Koob
et al., 1998; Weiss and Porrino, 2002; Wise, 1998). In addition, it has
been demonstrated that the direct administration of ethanol to the
VTA increases the activity of DA neurons in this structure, resulting in
an increase in the levels of DA primarily in the shell of the Acc, and
that the action of ethanol in the Acc is mediated by serotonergic 5-HT3
receptors (Yoshimoto and McBride, 1991; Yoshimoto et al., 1996). The
acute injection of different doses of ethanol (0.5, 1.0, 2.0 g/kg)
produces this effect in a dose-dependent manner (Brodie et al., 1999;
ández-González),
um.uam.mx (M. Arteaga Silva),
ar.udg.mx (M.A. Guevara).

l rights reserved.
Di Chiara, 1997; Gil-Verona et al., 2003; Kaczmarek and Kiefer, 2000;
Kiianmaa et al., 2003; Klemm, 1979; Slawecki, 2002; Tizabi et al.,
2002; Weiss and Porrino, 2002; Yavich and Tiihonen, 2000). In vivo
microdialysis studies have shown that a gradual alcohol-induced
increase in the release of Acc DA occurs regardless of the route of
alcohol administration (Yoshimoto and McBride, 1991; Yoshimoto
et al., 1991, 1996), and that DA levels reach their peak about 20 min
after the acute administration in both the Acc and the VTA (Di Chiara
et al., 1998; Tizabi et al., 2002), as well as in the central nucleus of the
amygdala.

It is relevant to note that the Acc has been divided into two regions:
the core and the shell, which differ in both their efferent and afferent
neuronal connections. It is nowbelieved that the shell region constitutes
a mesolimbic sector that is deeply involved in emotional and
motivational processes, whereas the core region comprises a striatal
sector predominantly involved in motor functions (Heimer et al., 1991).

The electroencephalogram (EEG) is a useful and widely-used
technique that has proven to be highly effective in studying the
functional organization of the brain. Thus, certain studies have
demonstrated that the electroencephalographic activity of some of
the structures of the mesolimbic system is modified by the acute
administration or voluntary consumption of ethanol. In the parietal
cortex and hippocampus, Slawecki (2002) found that the acute
intraperitoneal (i.p.) administration of a 1.5 g/kg dose of ethanol
increased the power of slow frequencies (4–6 Hz) by 75% with respect
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to the baseline, an effect they associated with the sedative action of
ethanol. Other studies have shown that especially high doses of
ethanol (N2 g/kg) have similar effects on spontaneous EEG (Ehlers and
Reed, 1987; Grupp, 1981; Perrin et al., 1975), while still others have
shown that at low doses (b1 g/kg) ethanol produced generalized low-
voltage and increased high-frequency electroencephalographic activ-
ity (Prado de Carvalho and Izquierdo, 1977; Wishaw, 1976).

It has been further suggested that the degree of correlation (r)
between two neural regions is indicated by the degree of similarity
between EEG activity at the two sites (Lopes da Silva, 1991; Shaw,
1984), such that a low correlation reflects higher functional differ-
ences, and vice versa. Correlation analysis provides information on the
linear relationships between two signals and we (Guevara et al., 2008;
Hernández-González et al., 2005, 2007) as well other researchers,
have used this technique previously to elucidate temporal coupling
between regions (Guevara and Corsi-Cabrera, 1996; Guevara et al.,
2002; Shaw, 1984) in both rats and humans.

Thus, although it has been shown that the dopaminergic
mesoaccumbens pathway constitutes the neural substrate of the
reinforcement produced by ethanol and that DA levels show a gradual
increase in the Acc and VTA after alcohol administration, it is not yet
known if the neural structures that constitute the mesoaccumbens
system show temporal changes in their functionality after ethanol
administration. The aim of the present study was to ascertainwhether
the electrophysiological correlates of VTA–Acc interactions show
different changes after the i.p. administration of ethanol in rats. We
hypothesized that the functioning and interactions of these structures
would be distinct during the different time periods recorded
immediately after forced ethanol administration.

2. Materials and methods

2.1. Subjects

Wistar male rats, 80–90 days old, were obtained from a colony
bred at the Institute of Neurosciences, University of Guadalajara. All
rats were maintained in a room at 22–23 °C under a 12:12 h reversed
light/dark cycle (lights on from 2000 to 0800 h) and housed
individually. Food and water were available ad libitum. Temperature,
feeding and the light–dark cycle conditions were maintained constant
throughout the course of the study. Animal care and all procedures
involving animals were approved by our Institutional Animal Care and
Use Committee in accordance with NIH specifications.

2.2. Surgery

For surgery, a total of 20male rats were anaesthetized with sodium
pentobarbital (35 mg/kg i.p.). Stainless steel electrodes (0.2 mm in
diameter) were implanted bilaterally simultaneously in both hemi-
spheres, specifically into the Acc shell (2.7 mm anterior to bregma,
0.8 mm lateral to midline, 7 mm below the dura mater) and the VTA
(6.4mmposterior to bregma, 0.5 mm lateral to midline, 8.2mm below
the dura mater) with the incisor bar set at −3.5 mm following Paxinos
and Watson's stereotaxic atlas (Paxinos and Watson, 1997). Two
stainless steel screwswere placed in the anterior and posterior parts of
the skull to serve as “reference” and “ground” electrodes, respectively.
All electrodeswere attached to aminiature connector thatwasfixed on
the skull by means of stainless-steel hooks and acrylic cement.
Adequate care was taken to minimize pain or discomfort in the
animals throughout the experiment. After surgery, all subjects were
housed in individual cages with food and water ad libitum.

2.3. EEG tests

Seven days after electrode implantation, and three or four days
before the EEG tests, all rats were given 30 min to adapt to the
recording room and connection cable. On the day of each EEG test, the
animals were allowed to adapt to the recording room for another
30 min before being submitted to EEG recordings.

2.4. Acute alcohol administration

After the adaptation period, the animals were connected to the
cable to record 30 2-second segments while they were immobile and
had their eyes open; conditions that were established as the basal
state (awake–quiet). At that point, the animals were taken and a dose
of 0.75 g/kg of ethanol (99.8%, MERK, Germany) was administered
intraperitoneally (i.p.) as a 15% (v/v) solution in physiologic saline to
minimize concentration-induced differences in the alcohol absorption
rate and tissue irritation at the injection site. Subjects were
immediately returned to their cages and connected. The EEGs from
the Acc and VTA were recorded simultaneously in 2 second epochs at
three time points: (1) during the first 15min; (2) from the 15 to 25min
interval; and (3) from the 25 to 40 min interval. All recordings were
obtained while subjects were in the awake–quiet behavior state.

2.5. Acute saline administration

In order to obtain a control test for this acute administration, one
week later the rats were re-weighed and then received an i.p. injection
with the same volume of saline solution as in the ethanol injection.
This was administered in order to assess the possible stress caused by
the injection and the volume administered. EEG recording before
(basal state) and up to the 40 min after the saline injection was
performed.

Both the saline test and the acute administration of ethanol were
conducted in a counter-balanced way, such that half of the rats began
with the acute ethanol administration test and received the saline test
one week later, while the other half had the tests in reverse order.

2.6. Recording and sampling of EEG activity

To record the EEGs, the connection cable from the electrodes
implanted in the rats was hung freely from the polygraph to allow
them free movement within their cages while the EEGs from the Acc
and VTA of both hemispheres were recorded. The cable was connected
to the headstage AC preamplifiers (model 7P5C) of a Grass 7B
polygraph (band pass 3–30 Hz), and their outputs were plugged into a
PCL-812 analog-to-digital converter (Advantech), which functioned as
an interface to a microcomputer. The EEG signals were recorded at a
sampling rate of 512 Hz during 2-s EEG epochs and were calibrated at
a pulse of 50 μV, produced by the preamplifiers and delivered to a PC
as a reference to convert the output of the analog-to-digital converter
to microvolts. The capture of the EEG signals corresponding to each
one of the different conditions was performed by means of a board
unit with eight on/off buttons connected to the digital input lines of
the analog-to-digital converter. Thus, the capture of the 2-s segments
of EEG corresponding to the different periods (0–15, 15–25, 25–
40 min) of each recording session beganwhen a specific button of the
board unit was pressed; another button was pushed to end signal
input.

By means of specific computer programs (Hernandez-González
et al., 1997), the capture of the simultaneous bilateral recording of the
EEG signals from the Acc and VTA was made in a precise temporal
relation to each time period after the forced administration of the two
solutions. Several 2-s EEG segments were captured in each condition
and were independently stored in files for off-line analysis.

2.7. EEG analysis

The EEG signals were carefully inspected before analysis and all
segments containing artifacts were discarded. At least 30 2-s EEG



Fig. 1. Relative power (%, mean±S.E.M.) of the three frequency bands in the left (A) and
right Acc (B) during the different time periods after forced ethanol administration.
⁎ increased over basal; ● increased over 0–15 min; ° increased over 15–25 min;
+ increased over 25–40 min.

Fig. 2. Relative power (%, mean±S.E.M.) of the three frequency bands in the left (A) and
right VTA (B) during the different time periods after forced ethanol administration.
⁎ increased over basal; ● increased over 0–15 min; ° increased over 15–25 min;
+ increased over 25–40 min.
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segments from each subject and each condition on each test were
analyzed.Relativepower (RP) (theproportional contributionof eachband
expressed as a percentage of total power between 4 and 21 Hz) was
calculated by means of a Fast Fourier Transformation (FFT) for the 4–7
(low theta), 8–12 (high theta) and 13–21 Hz bands, following the typical
EEG division made by Vanderwolf in rats (Vanderwolf, 1969, 1990).
Correlation (r) analyses provide information on the linear relationships
between two signals and have therefore been used to elucidate temporal
couplingbetween regions (Guevara andCorsi-Cabrera,1996; Shaw,1984).
Thus, with the aim of obtaining the degree of functional synchronization
between bilateral regions (inter-hemispheric r) and regions within one
hemisphere (intra-hemispheric r), the r was calculated in the time
domain for the same bands by means of Pearson product-moment
correlation coefficients between successive amplitude values of EEG
segments from the left and right accumbens and tegmental regions.
Analyses of the EEGs corresponding to each time period after the forced
administration of each solution were performed, as well as comparisons
of the specific 15–25 min periods after administration of the two
solutions.

2.8. Histology

At the end of the experiment, the animals were deeply anaes-
thetized with sodium pentobarbital. An intracardial infusion of
isotonic saline (0.9%) followed by a 5.0% buffered paraformaldehyde
solution fixed the brain, which was then removed and stored in
formalin for at least 2 weeks. 50 μm-thick sections were made with a
microtome and stained with cresyl violet. Inspection under a
stereoscopic microscope following the stereotaxic coordinates made
it possible to reconstruct the path followed by the recording electrode.
Only those recordings obtained from the shell region of the Acc and
the VTA were included in data analysis.
2.9. Statistics

Statistical analysis was limited to the 4–21 Hz band. A one-factor
analysis of variance (ANOVA) to compare the RP and correlation
parameters of the different frequency bands by each structure (Acc
and VTA) was performed, followed by Tukey's tests for post-hoc
comparisons. Each ANOVA compared the basal condition and the
three time periods (0–15, 15–25, 25–40 min) of post-ethanol
administration. Differences were considered significant when
pb0.05 was reached. A Student t test was applied to compare the
specific 15 to 25 min periods following the i.p. applications of the
saline and ethanol solutions.

3. Results

3.1. Histology

Sixteen of the twenty male rats had the correct location of the
electrode tips. Electrode tips in the shell region of the Acc were
bilaterally located between 1.2 and 2.2 mm anterior to bregma, while
those of the VTA were located between 5.2 and 6.4 mm posterior to
bregma.

3.2. Acute alcohol administration

3.2.1. Relative power (RP)
In the left Acc, the RP of the 4–7 Hz band showed a significant

decrease after acute ethanol administration (0–15, 15–25 and 25–
40 min) [F(3,45)=19.3, pb0.001] compared to the basal condition
(Fig. 1A). A similar patternwas observed during all periods in the right
Acc [F(3,45)=11.6, pb0.001] (Fig. 1B). In the 13–21 Hz band, all three
periods after acute ethanol administration showed a significant
increase in the left Acc [F(3,45)=39.1, pb0.001] (Fig. 1A), and in the
right Acc [F(3,45)=17.1, pb0.001] (Fig. 1B) compared to the basal period.



Fig. 3. Electroencephalographic (EEG) 1 second segments from the nucleus Accumbens
(Acc) and ventral tegmental area (VTA) of a male rat before (Basal) and after forced
ethanol administration (Ethanol). All EEG recordingswere obtained while subjects were
in the awake–quiet state. Note the higher proportion of low-voltage fast frequencies
obtained after ethanol administration.
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In the VTA, the three periods after acute ethanol administration
showed a significant decrease of the RP in the 4–7 Hz band compared
to the basal period. This was statistically significant in both, the left
[F(3,45)=7.2, pb0.001] (Fig. 2A) and right VTA [F(3,45)=6.7, pb0.001]
(Fig. 2B). The RP of the 13–21 Hz band showed an increase in the three
periods after the acute injection of ethanol. This was significant in
both the left [F(3,45)=67.1, pb0.001] (Fig. 2A) and right VTA [F(3,45)=
68.1, pb0.001] compared to the basal period (Fig. 2B). The increased
proportion of the fast frequencies that was obtained in both structures
during the entire period of 40 min post-ethanol administration is
shown in Fig. 3.

3.2.2. Inter-hemispheric correlation
The interaccumbens r (between the left and right Acc) of the 4–

7 Hz band showed a decreased r in 0–15, 15–25 and 25–40-min
periods [F(3,45)=29.8, pb0.001] compared to the basal period (Fig. 4A).
Though this decrease was also observed in the 8–12 and 13–21 Hz
Fig. 4.Mean±S.E.M of the interaccumbens (A) and left intra-hemispheric correlation (r)
(B) of the three frequency bands during the different time periods after forced ethanol
administration. ⁎ increased over basal;● increased over 0–15 min; ° increased over 15–
25 min; + increased over 25–40 min.
bands, it was only statistically significant in the former [F(3,45)=13.3,
pb0.001] compared to the basal period (Fig. 4A).

The inter-tegmental correlation after acute ethanol administration
showed no changes in any of the frequency bands with respect to the
basal condition (data not shown).

3.2.3. Intrahemispheric correlation
The intrahemispheric correlation between the Acc and the VTA

showed a similar pattern in both hemispheres during the 40 min after
acute ethanol administration. This pattern was characterized by an
increased r of the fast frequencies (13–21 Hz) in both, the left [F(3,45)=
8.0, pb0.01] (Fig. 4B) and right hemispheres [F(3,45)=13.3, pb0.01]
compared to the basal period (data not shown).

3.3. Acute saline administration

The RP and r values of the three different frequency bands
analyzed showed no changes as compared to the RP and r values
recorded during the basal condition (before i.p. administration of the
saline solution).

3.4. Comparison of saline vs alcohol administration

It has been reported that the higher release of DA in the Acc and the
VTA (Tizabi et al., 2002; Di Chiara et al., 1998) as well as in the central
nucleus of the amygdala (Yoshimoto et al., 2000) occurs about 20 min
after ethanol administration. Thus, in order to elucidate the
differences between the saline solution injection (saline) and the
forced administration of ethanol, an analysis comparing the 15–
25min period after the saline injection and the 15–25min period after
the acute ethanol administration was performed.

3.4.1. Relative power
The RP values of the 8–12 (t=2.236; pb0.05) and 13–21 Hz bands

(t=2.253; pb0.05) showed an increase during the 15–25 min period
Fig. 5. Mean±S.E.M of the interaccumbens r (A) and left intra-hemispheric r (B) of the
three frequency bands during the 15–25 min period after saline and 15–25 min period
after forced ethanol administration. ● increased over ethanol administration;
⁎ increased over saline administration.
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after ethanol administration as compared to the RP values obtained
after saline administration in both the Acc and VTA (data not shown).

3.4.2. Interhemispheric correlation
The interaccumbens r of the 4–7 Hz band decreased during the 15–

25 min period after acute ethanol administration as compared to the
15–25 min period after saline (t=3.017; pb0.01). Similarly, in the 8–
12 Hz band, the 15–25 min period after acute ethanol administration
showed a decreased r compared to the same period after saline
administration (t=2.948; pb0.01). In the 13–21 Hz band, no changes
in the interaccumbens r were observed (Fig. 5A).

The intertegmental r (between left and right VTA) showed no
significant differences between the 15–25min periods after saline and
ethanol administration.

3.4.3. Intrahemispheric correlation
The only significant difference observed in both hemispheres was

obtained in the 13–21 Hz band, where the 15–25 min period after
acute ethanol administration (t=−2.901; pb0.01) showed an
increased r, compared to the same period after saline administration
(Fig. 5B).

4. Discussion

In male rats, ethanol produced clear differences in the proportion
and correlation of the different frequency bands between the nucleus
accumbens and ventral tegmental area during the entire 40 min
period after its acute administration, thus demonstrating that the
functionality of the dopaminergic mesoaccumbens system is sensitive
to moderately intoxicating doses of ethanol.

Biochemical and pharmacological evidence suggests that the DA
mesolimbic system plays a key role in mediating the reinforcing
properties of alcohol and other drugs of abuse (Koob, 1992b). The
reinforcing and arousal effects of alcohol have been postulated to be
partially mediated by a neurobiological mechanism that involves the
alcohol-induced elevation of DA in the Acc (Brodie et al., 1999; Di
Chiara, 1997; Gil-Verona et al., 2003; Kaczmarek and Kiefer, 2000;
Kiianmaa et al., 2003; Klemm, 1979; Slawecki, 2002; Tizabi et al.,
2002; Weiss and Porrino, 2002; Yavich and Tiihonen, 2000). On the
other hand, several studies have demonstrated the anxiolytic and
sedative properties of alcohol in both humans (Grove and Cadoret,
1983; Sullivan et al., 2005) and animals (Annemoon et al., 2001;
Varlinskaya et al., 2001; Wilson et al., 2004), which are mediated
mainly through their interaction with the GABAA receptor (for a
review, see Davies, 2003).

In this experiment, rats were exposed to forced ethanol adminis-
tration. After the male rats received the i.p. ethanol injection (0.75 g/
kg), the RP of the low theta frequencies (4–7 Hz) decreased while that
of the fast frequencies (13–21 Hz) increased in both structures during
the entire 40 min period after acute administration. This finding
supports the results of previous studies that have shown that similar
doses of alcohol induce an increase of low-voltage fast frequencies
(Ehlers and Reed, 1987; Grupp, 1981; Perrin et al., 1975; Prado de
Carvalho and Izquierdo, 1977; Wishaw, 1976). An EEG pattern of
increased low-voltage fast frequencies has been traditionally asso-
ciated with an activated state (Coult, 1998), so this elevated EEG
activity has been considered as an index of a state of arousal in animals
and humans. Similarly, numerous studies have described irregular,
low-voltage fast activity (from 12 to over 40 Hz) in the cortex under
various behavioral situations of increased alertness (Murthy and Fetz,
1992), or as a response to optimal sensory stimuli in animals and
humans. Thus, the prevalence of fast frequencies in the Acc and the
VTA indicates that after ethanol administration both structures are
activated and this activation may be associated with the aroused state
induced in subjects immediately after the administration of ethanol,
as has been reported in other studies (Prado de Carvalho and
Izquierdo, 1977; Wishaw, 1976). The overall effects after forced
ethanol administration on relative power – decreasing low theta
frequencies (4–7 Hz) and increasing fast frequencies (13–21 Hz)
throughout the 40 min post-administration period – are consistent
with other studies in which low doses of diazepam, a well-known
benzodiazepine with anxiolytic effects, produced a similar increase of
the fast frequencies in the parietal cortex of male rats (Ugalde et al.,
1998). Diazepam, like alcohol, exerts its pharmacological effects
through an allosteric modulatory site within the GABAA receptor
and modulates GABA-ergic activity by affecting ligand binding and
increasing the frequency of the opening of the GABA-dependent
chloride channels (Greenblatt et al., 2000; Squires and Braestrup,
1977). Thus, these data could suggest two possible aspects: first, that
the low theta frequencies are most sensitive to the effects of ethanol
and, second, that it may be exerted by means of a similar
neurochemical mechanism; i.e., through interaction with the GABAA

receptors.
We hypothesized that the functioning and interactions of these

structures would be distinct during the different time periods
recorded immediately after forced ethanol administration; however,
the EEG changes were similar during the entire 40 min post-ethanol
period, indicating that the effects induced by this dose are accom-
panied by an immediate increased activation of the brain structures
that constitute the dopaminergic mesoaccumbens system.

It is well documented that alcohol and benzodiazepines affect
several processes by interacting with the membrane receptors
coupled primarily to the GABAA receptor subtype (Davies, 2003;
Squires and Braestrup, 1977). It is worth mentioning that both ethanol
and diazepam produce similar actions on the EEG, such as an
increased percentage of fast frequencies. It has been proposed that
all agonistic modulators of the GABAA receptor (most of them with
anxiolytic-like activity), including progesterone (Fernández-Guasti
et al., 2003; Ugalde et al., 1998), induce a general enhancement of fast
frequency EEG signals. Present data agree with this observation.

In this work, only the electrical activity of the shell region of the
Acc was recorded and it was found that after the i.p. administration of
ethanol, in addition to power spectral changes, forced ethanol
administration decreased the interaccumbens r of the low theta
frequencies without affecting the intertegmental r, such that a higher
functional difference was observed between the left and right Acc,
which was maintained during the 40 min period after the adminis-
tration of ethanol. Considering that the shell region of the Acc plays an
important role in motivo-emotional processes, it could be suggested
that this temporal uncoupling in the low theta frequencies between
the left and right Acc could be associated with the motivo-emotional
experience associated with ethanol, which was clearly different from
that obtained after the i.p. administration of saline.

This suggestion may be supported by other studies which have
demonstrated that the theta rhythm in rats, with frequencies between
5 and 12 Hz, has been associated with motivo-emotional conditions in
alert immobility (Kramis et al., 1975) as well as with pleasant
behavioral conditions or “relaxed behaviors”, includingmilk ingestion,
grooming and nursing (Cervantes et al., 1992; Lincoln, 1980). A high
proportion and interprefrontal r of the low theta frequencies has been
found in lactating rats during the olfaction of nest-bedding (Hernán-
dez-González et al., 2005) as well as in sexually-motivated male rats
while remained near to a receptive female (Hernández-González et al.,
2007). The fact that in this study the interaccumbens r decreased after
the ethanol administration supports the suggestion that ethanol
changes the functionality of the Acc and VTA by increasing the
proportion of fast frequencies and decreasing the coupling between
the left and right Acc. These data taken together may represent a
characteristic functionality of the mesoaccumbens system that could
be associated with the motivo-emotional effects (probably anxiolytic)
generated after ethanol administration, or with the activational effects
that result from the processing of the significant and novel stimuli
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(ethanol administration). This suggestion could be supported by
studies that have suggested that Acc DA is involved in the behavioral
activation produced by motivational stimuli of an appetitive as well as
of an aversive character (Salamone, 1994).

The inter-tegmental correlation of the different frequency bands
showed no changes, a finding that may be associated with the motor
inactivity that subjects showed after ethanol administration. This
suggestion is supported by the fact that the VTA has been associated
with the adequate multisensory processing needed to perform the
motor activity of voluntary acts (Mogenson et al., 1980).

Another interesting result was that the intrahemispheric correlation
(between Acc and VTA) of the fast frequencies was increased in both the
left and right hemispheres. This high coupling in the functioning of the
Acc and VTA could be associated with the increase of DA levels that, as
numerous studies have shown, occurs in those structures after ethanol
administration. Although in this study the DA levels in these structures
were not measured, there are numerous works in which one can find
support for this suggestion (Di Chiara et al., 1998; Tizabi et al., 2002;
Yoshimoto and McBride, 1991; Yoshimoto et al., 1991, 1996).

It has also been reported that the increase in the Acc DA levels
occurs regardless of the route of alcohol administration (Yoshimoto
and McBride, 1991; Yoshimoto et al., 1991, 1996), and that DA levels
reach their peak about 20 min after acute administration in both the
Acc and the VTA (Di Chiara et al., 1998; Tizabi et al., 2002), as well as in
the central nucleus of the amygdala (Yoshimoto et al., 2000). It is
believed that the mesolimbic DA system is intimately involved in
mediating the self-administration of ethanol in animal models and
that GABAA receptors play a role in mediating DA levels in this system.
For example, the infusion of muscimol directly into the VTA results in a
dose-dependent increase in DA levels (Kalivas et al., 1990).

Thus, for the purpose of determining if this increase in the
coupling of the Acc and VTA could effectively be associated with
ethanol administration (and probably with the increased DA levels)
and not only with the anxiety provoked by the i.p. injection, we
compared the effects of the saline administration with those of the
ethanol administration. In general terms, the saline administration
did not affect the relative power of the three frequency bands as
compared to ethanol administration, however, it did decrease the
interaccumbens r of the low frequencies and increased the
intrahemispheric r of the fast frequencies in both hemispheres,
specifically in the 15–25 min period after ethanol administration,
the period during which other studies have shown that the highest
levels of DA were reached.

In conclusion, the present results indicate that a moderate dose of
ethanol induced a higher activation in the Acc and VTA, together with
lower interaccumbens coupling and a high coupling of the intrahemi-
spheric r between Acc and VTA. These data could be associated with
the aroused state and the possible motivo-emotional effects (probably
anxiolytic) generated by moderate doses of alcohol, a suggestion that
could be supported by other studies that have shown correlation
changes among mesolimbic structure that depend on the emotional/
motivational state of the rats (Guevara et al., 2008; Hernández-
González et al., 2005, 2007; Korzeniewska et al., 1997). Similarly, these
data may support the hypothesis that the effects of ethanol are at least
partially mediated by the different functionality of the dopaminergic
mesoaccumbens system, which is mediated by different
neurotransmitters.

There are, however, various points that should be considered: first,
the activity in the Acc and the VTA does not reflect exclusively that of
the DA neurons; moreover, the activity in the Acc and the VTAmay not
be related only to the release of DA, since it has also been reported that
after alcohol administration, serotonin levels are increased in both Acc
and the amygdala (Lovinger, 1997, 1999; Yoshimoto et al., 1991, 2000).
Furthermore, other neurotransmitters, such as the cholinergic (Ericson
et al.,1998; Soderpalmet al., 2000), GABAergic (Kalivas et al.,1990) and
opioid systems, (Méndez et al., 2001; Ulm et al., 1995) may also
influence the mesoaccumbens system or mediate their behavioral
effects. Additional research, particularly themeasurement of DA levels
with simultaneous recording of EEG during and after ethanol
administration, the pharmacological manipulation of different neuro-
transmitter systems involved in the functioning of the Acc and VTA,
and simultaneous EEG recordings and correlation measures among
other structures that receive projections from the VTA,will be required
to further sustain the specific role of these areas in the motivo-
emotional and activational states related to the effects of ethanol.
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