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There is evidence to suggest that alterations in neuropeptide Y (NPY) and corticotropin-releasing factor (CRF)
contribute to the escalated voluntary ethanol intake seen following long term chronic ethanol exposure. The
present study assessed whether the duration of chronic ethanol exposure and abstinence alters brain levels of
NPY and CRF in adult Wistar rats. NPY-like immunoreactivity (NPY-LI) and CRF-LI were determined in the
amygdala (AMYG), frontal cortex (FCTX), hippocampus (HPC) and parietal cortex (PCTX) of adult Wistar rats
after chronic ethanol exposure, and 24-h and 2-weeks following withdrawal (WD). Chronic ethanol exposure
consisted of either a 2-week or an 8-week ethanol vapor regimen. No change in brain levels of NPY-LI, CRF-LI
and the NPY-LI/CRF-LI ratio was observed 2-weeks following ethanol exposure, whereas, 8-weeks of ethanol
exposure produced a significant effect on NPY-LI expression in the AMYG and FCTX. Moreover, an 8-week
ethanol vapor regimen significantly increased CRF-LI levels in the HPC and PCTX. Findings from the present
study suggest that a longer duration of ethanol vapor, similar to what is required to enhance voluntary
drinking, is required to produce changes in NPY-LI and CRF-LI expression in the adult rat brain.
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1. Introduction

Protracted withdrawal symptoms following chronic ethanol
exposure are characterized by abnormalities in motor, sensory,
endocrine, autonomic and central nervous system function (Heilig
et al., 2010; Koob and Le Moal, 2008; Roberts et al., 2000). A model of
protracted abstinence has been studied in rodents in order to
characterize the neurobehavioral mechanisms associated with etha-
nol withdrawal following excessive ethanol drinking (Koob and Le
Moal, 2008). This model has been also used to study the increase in
voluntary consumption and self-administration of ethanol following
periods of abstinence in animals with a history of prolonged vapor
exposure (Rimondini et al., 2003; Thorsell et al., 2005a, 2005b). While
findings from those studies have shown that chronic intermittent
ethanol vapor exposure produces increases in voluntary ethanol
consumption (Becker and Lopez, 2004; Dhaher et al., 2008; Finn et al.,
2007; Lopez and Becker, 2005; Rimondini et al., 2002, 2003; Sommer
et al., 2008; Thorsell et al., 2005a, 2005b) and ethanol self-
administration (Chu et al., 2007; Lopez et al., 2008; O'Dell et al.,
2004; Roberts et al., 1996, 2000) in rodents, the neural mechanisms
underlying the short- and long-term consequences of this intermit-
tent chronic ethanol vapor regimen and its relationship with
protracted withdrawal symptoms are less well understood.

Studies characterizing neuroadaptive changes in rodent models
with a history of ethanol exposure have provided insight into the
neural mechanisms implicated in the protracted withdrawal syn-
drome (Heilig et al., 2010; Hoffman and Tabakoff, 1994; Koob, 2003;
Koob and Le Moal, 2008; Kumar et al., 2009). There is evidence to
suggest that alterations in neuropeptide Y (NPY) and corticotropin-
releasing factor (CRF) systems following to chronic ethanol exposure
could contribute to escalated ethanol intake (Funk et al., 2006, 2007;
Gilpin et al., 2008; Thorsell et al., 2005a; Valdez et al., 2002). There is
also evidence that both NPY and CRF are implicated in modulation of
anxiety-related behaviors and stress responses (Dunn and File, 1987;
Heilig et al., 1993, 1994; Koob et al., 1993; Sutton et al., 1982;
Thatcher-Britton et al., 1986; Thorsell et al., 1998, 1999; Wahlestedt
et al., 1993). While CRF has been shown to be a potent anxiogenic
agent (Dunn and File, 1987; Sutton et al., 1982; Thatcher-Britton et al.,
1986), NPY given intracerebrally has anxiolytic effects (Heilig et al.,
1993; Wahlestedt et al., 1993). The interplay and/or balance between
the opposing actions of these neuropeptides have been suggested to
play an important role in the regulation of stress, anxiety, sleep and
depression (Ehlers et al., 1997; Heilig et al., 1994; Yamada et al.,
1996). These findings suggest a potential role for these neuropeptides
on protracted symptoms associated with ethanol withdrawal.

Studies in rodent models have demonstrated that the duration of
chronic ethanol exposure significantly impacts subsequent voluntary
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ethanol intake (Griffin et al., 2009; Lopez and Becker, 2005). For
instance, Lopez and Becker (2005) found that an increase in the number
of cycles of repeated intermittent ethanol vapor exposure produced a
significant increase in the duration and amount of voluntary ethanol
drinking in mice. Recent studies in that rodent model found that while
longer periods of ethanol vapor exposure increase voluntary ethanol
drinking, longer periods of oral consumption of ethanol or gastric
intubationof ethanol donot increase voluntary ethanol drinking (Griffin
et al., 2009). Taken together these studies suggest that the vapor
inhalation procedure provides the required sustained blood ethanol
concentrations (BEC) (N175 mg/dl) and the duration of ethanol
exposure to increase voluntary ethanol drinking in this rodent model
(Griffin et al., 2009).

We have previously shown that ethanol vapor treatment produces
electrophysiological changes in several brain regions, including the
amygdala (AMYG), frontal cortex (FCTX), hippocampus (HPC) and
parietal cortex (PCTX) (Criado and Ehlers, 2010; Criado et al., 2008a,
2008b; Ehlers and Chaplin, 1991; Ehlers and Slawecki, 2000; Slawecki
and Ehlers, 2005; Slawecki et al., 1999, 2000, 2001). Neurophysi-
ological studies also demonstrated that intermittent exposure to
ethanol vapor for 6-weeks potentiated the effects of acute adminis-
tration of NPY and CRF on FCTX, PCTX and AMYG in Wistar rats
(Slawecki et al., 1999). There is evidence to suggest that the effects of
chronic ethanol on brain levels of NPY and CRF may depend on the
duration of ethanol exposure and the brain region affected (e.g.,
Ehlers et al., 1998; Slawecki et al., 2005; Walker et al., 2010; Zorrilla
et al., 2001). However, it is not clear if the effects of ethanol on these
peptides were triggered during chronic ethanol exposure or during
the prolongedwithdrawal period. It also remains unclear whether our
previous studies showing ethanol-mediated alterations in neuro-
physiological function of cortical and limbic regions are mediated in
part by the effects of chronic ethanol on NPY and CRF. Moreover,
whether the duration of ethanol exposure and the period of
abstinence from ethanol play a significant role on ethanol-mediated
effects on the levels of NPY-LI and CRF-LI and on the NPY-LI/CRF-LI
ratio in the brain have not been systematically assessed in the same
subjects.

Determining whether the duration of both the chronic ethanol
regimen and its withdrawal period differentially affect NPY and CRF
levels in vivo could provide important information on the mechanism
mediating symptoms associated with the effects of prolonged ethanol
exposure. The objective of the present study was to determine
whether the duration of intermittent ethanol vapor exposure
differentially affect the brain levels of NPY-LI and CRF-LI in adult
Wistar rats. The levels of NPY-LI and CRF-LI were determined in the
AMYG, FCTX, HPC and PCTX at three different time points following 2-
weeks or 8-weeks of chronic ethanol vapor or control treatments as
follows: 2-week or 8-week exposure with no withdrawal (WD)
period (chronic ethanol group), 24-h withdrawal period (24-h WD
group) and 2-week withdrawal period (2-week WD group).

2. Materials and methods

2.1. Subjects

Male Wistar rats at postnatal day (PND) 90 (n=124; Charles
River, USA) were used in this study. Rats were housed two per cage in
standard cages for the duration of the experiment. Rats were kept in a
light/dark (12 h light/12 h dark, lights on at 6 AM) and temperature-
controlled environment except for during ethanol vapor exposure
(see below). Food andwater were available ad libitum throughout the
experiment, except where noted. All experimental protocols were
approved by the Institutional Animal Care and Use Committee at the
Scripps Research Institute and were consistent with the guidelines of
the NIH Guide for the Care and Use of Laboratory Animals (NIH
Publication No. 80-23, revised 1996).
2.2. Ethanol vapor exposure

Adult rats (n=125) were divided into two groups (2-week
chronic exposure, n=62; 8-week chronic exposure, n=63). Adult
rats (n=62) in the 2-week chronic ethanol treatment group were
divided into two groups each (ethanol-exposed group; n=32;
control group, n=30). At the start of the ethanol exposure, rats
were 90 days old and exposure continued until they were 104 days
old. Adult rats (n=63) in the 8-week chronic ethanol treatment
group were divided into two groups each (ethanol-exposed group,
n=32; control group, n=31). At the start of the ethanol exposure,
rats were 91 days old and exposure continued until they were
147 days old.

Ethanol vapor exposure has been shown to reliably allow for the
titration of blood alcohol levels (BALs) that are sufficient for inducing
ethanol physical dependence as indicated by signs of withdrawal
(O'Dell et al., 2004; Roberts et al., 1996, 2000). The ethanol vapor
inhalation procedure and the chambers used in this study were
previously described (Rogers et al., 1979; Slawecki, 2002; Slawecki
et al., 2001). Ethanol-exposed rats were housed in sealed chambers,
which were infused with vaporized 95% ethanol from 8 PM to 10 AM.
For the remaining of the 10 h of the day, ethanol vapor was not
infused into the chamber. Ethanol vapor chambers (La Jolla Alcohol
Research Inc, La Jolla, CA) were calibrated to produce high BALs
between 175 and 225 mg/dl. Age-matched controls were handled
identically to ethanol-exposed rats. Food and water were always
available. Blood samples were collected from the tip of the tail three
times per week to assess BALs (target: 150 to 200 mg/dl). BALs were
determined using the Analox GM7 Micro-Stat (Analox Instr. Ltd.,
Lunenberg, MA). To control for the stress response during blood
sampling in ethanol-exposed rats, the tip of the tail was also cut in
control rats to collect tail blood. Control rats were handled identically
to ethanol-treated rats.

Adult rats from each chronic ethanol treatment regimen (2-weeks
and 8-weeks) were randomly subdivided into three groups each: the
chronic ethanol treatment group (CET), the 24-h ethanol withdrawal
(WD) group, and the 2-week ethanolWD group. In the CET group, rats
were sacrificed and brains were dissected immediately after chronic
ethanol exposure. In the 24-h WD group, brains were dissected 24 h
after ethanol exposure. In the 2-week WD group, brains were
dissected two weeks after ethanol exposure. Each ethanol group
was compared to its respective control group. Age-matched control
rats were sacrificed within two hours of their respective ethanol-
treated groups. When ethanol exposure ended, rats from groups
assigned to the withdrawal periods (24-h WD and 2-week WD) were
maintained in the Scripps vivarium.

2.3. Tissue dissection, preparation and analysis of NPY and CRF levels

NPY and CRF levels were assessed in the AMYG, FCTX, HPC and
PCTX. Rats were decapitated without anesthesia because of the
potential influence of anesthetics on brain systems regulating the
stress response (Nellgard et al., 2000; Whitehouse et al., 1993). Brain
regions of interest were microdissected over ice using a chilled metal
rat brain matrix (Roboz Surgical Instruments Company, Inc., Gai-
thersburg, MD) as previously described (Ehlers et al., 1998). Tissue
samples were weighed, frozen on dry ice and shipped to the
Karolinska Institute for assessment of NPY- and CRF-like immunore-
activity (NPY-LI and CRF-LI, respectively), as previously described
(Ehlers et al., 1998; Husum and Mathe, 2002; Mathe et al., 1997;
Stenfors et al., 1989). In brief, samples were homogenized by
ultrasonic dismembranation and extracted using 1 M acetic acid
followed by neutral pH water extraction. Freeze-dried samples were
reconstituted in a phosphate buffer. Immunoreactivity for each
peptide was determined by competitive radioimmunoassay, as previ-
ously described (Mathe et al., 1998). NPY-LI was analyzed using
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antiserum provided by Dr. R. Ekman and Dr. M. Heilig. It cross-reacts
100% with NPY 2–36 and 5% with NPY 5–36 and N0.5% with shorter c-
terminal NPY fragments. The lower level of sensitivity of this assay is
3.9 pmol/l. CRF-LI was analyzed using antiserum provided by Dr. P.
Lowry. The lower level of sensitivity of this assay is 3.9 pmol/l. Intra-
assay coefficients of variation typically ranged from 5% to 10%. All
samples were assessed in duplicate.

2.4. Data and statistical analysis

Statistical analyses were performed by using SPSS (SPSS, Inc.,
Chicago, IL). Values are mean±standard error of the mean (SEM).
One-way analysis of variance (ANOVA) was used to determine the
effects of chronic ethanol exposure on body weight and BALs. Ethanol
and control groups were compared after termination of the chronic
ethanol treatment and 2-weeks after withdrawal from chronic ethanol
(Pb0.05 for significance).

Brain regions (AMYG, FCTX, PCTX and HPC) and neuropeptides
(NPY-LI and CRF-LI) were assessed independently. Data are expressed
as mean pmol NPY-LI/g wet weight±SEM and mean pmol CRF-LI/g
wet weight±SEM. Two-Way Between Subjects ANOVAs were used to
assess the effects of 2-week or 8-week intermittent ethanol exposure
on the levels of NPY-LI and CRF-LI at three different WD periods
following chronic ethanol exposure: 0-h (CET), 24-h WD and 2-week
WD. Group (Ethanol vs. Control) and Time (CET, the 24-hWD and the
2-week WD) were assessed as between subject variables. Two-Way
Between Subjects ANOVAs were also used to assess the effects of the
intermittent chronic ethanol regimens on the NPY-LI/CRF-LI ratio.
When appropriate, post hoc analysis of the ANOVA utilized indepen-
dent one-way ANOVAs to assess group differences. P-values for all
Two-Way ANOVAs and post hoc analyses were set at Pb0.05 to
determine the levels of statistical significance. Independent One-Way
ANOVAs were used to assess differences in immunoreactivity in
control groups across the three different time points. To correct for
multiple comparisons, P value was set at Pb0.01 to determine the
levels of statistical significance. Post hoc analysis of One-Way ANOVA
utilized the Tukey's HSD test. For these analyses, P-value was set at
Pb0.05 to determine the levels of statistical significance. Nonpara-
metric Spearman's rho correlations were used to determine the
relationship between increases in NPY-LI and CRF-LI among brain
regions. These correlational analyses were restricted to changes in
NPY-LI and CRF-LI levels found to be statistically significantly different
from their respective control groups.

3. Results

3.1. Effects of 2-week chronic ethanol exposure on NPY and CRF levels

3.1.1. Body weight and BALs
Results showed no differences in bodyweight between the ethanol

(355±4 g) and control (362±3 g) groups prior to the initiation of
the experiment. Blood alcohol levels (BALs) in adult rats were 197±6
mg/dl. Rats showed significant differences in body weight during the
ethanol exposure phase (Ethanol exposed: 387±6 g; Control: 420±
4 g; F(1,41)=23.0, Pb0.01). Body weight in ethanol exposed and
control adult rats after 2-weeks of ethanol WD was not statistically
different (Ethanol exposed: 477±9 g; Control: 464±8 g).

3.1.2. Effects of 2-week ethanol exposure on NPY and CRF expression
Two-way ANOVA revealed no significant main effect of Group

(Ethanol vs. Control) in the levels of NPY-LI in the FCTX, PCTX and HPC
(F's(1,56)b3.7; P'sN0.05) and in the AMYG (F's(1,55)b0.8; P'sN0.05).
Two-way ANOVA showed no significant Group×Time interaction in
the levels of NPY-LI in the FCTX, PCTX and HPC (F's(2,56)b2.0;
P'sN0.05) and in the AMYG (F(2,55)=0.6; PN0.05). One-way
repeated measures ANOVA showed no significant differences in NPY-
LI levels among control groups in the FCTX, PCTX, HPC and AMYG (F's
(2,27)b4.0; P'sN0.01).

Two-way ANOVA also showed no significant main effect of Group
(Ethanol vs. Control) in the levels of CRF-LI in the FCTX, PCTX and HPC
(F's(1,56)b3.3; P'sN0.05) and in the AMYG (F's(1,55)b0.3; P'sN0.05).
No significant Group×Time interaction in the levels of CRF-LI was
found in the FCTX, PCTX and HPC (F's(2,56)b0.7; P'sN0.05) and in the
AMYG (F(2,55)=0.1; PN0.05). Consistent with these results, the
NPY-LI/CRF-LI ratio in the FCTX, PCTX, HPC and AMYG was not
changed in adult rats exposed to 2-week ethanol vapor (data not
shown). One-way repeated measures ANOVA showed no significant
differences in CRF-LI levels among control groups in the FCTX, PCTX,
HPC and AMYG (F's(2,27)b4.6; P'sN0.01).

3.2. Effects of 8-week chronic ethanol exposure on NPY and CRF levels

3.2.1. Body weight and BALs
No differences in body weight were found between the ethanol

(383±6 g) and control (388±6 g) groups prior to the initiation of
the 8-week ethanol vapor regimen. Blood alcohol levels (BALs) in
adult rats were 189±13 mg/dl. No differences in body weight were
observed between ethanol exposed and control rats following chronic
ethanol exposure (Ethanol exposed: 521±14 g; Control: 512±10 g)
and 2-weeks after ethanolWD (Ethanol exposed: 559±24 g; Control:
599±22 g).

3.2.2. Effects of 8-week ethanol exposure on NPY and CRF expression
Two-way ANOVA revealed no significant main effect of Group

(Ethanol vs. Control) in the levels of NPY-LI in the FCTX, PCTX and HPC
(F's(1,57)b2.5; P'sN0.05) and in the AMYG (F's(1,56)b2.8; P'sN0.05).
Two-way ANOVA showed significant Group×Time interaction in the
levels of NPY-LI in the FCTX (Fig. 1A; F(2,57)=4.8; Pb0.05). Post hoc
assessment revealed that, compared to controls, NPY-LI levels in the
FCTX decreased in the 24-h WD group (F(1,20)=4.3; P=0.05), but
increased in the 2-week WD group (F(1, 19)=5.1; Pb0.05).
Significant Group×Time interaction was observed in the levels of
NPY-LI in the AMYG (Fig. 1D; F(2,56)=3.2; Pb0.05). Post hoc analysis
showed that NPY-LI levels in the AMYG increased in the 2-week WD
group (F(1,19)=6.3; Pb0.05). In contrast, Group×Time interaction
in the levels of NPY-LI was not significant in the PCTX and HPC (Fig. 1B
and C). One-way repeated measures ANOVA showed no significant
differences in NPY-LI levels among control groups in the FCTX, PCTX
and HPC (F's(2,28)b4.9; P'sN0.01) and in the AMYG (F's(2,27)b1.2;
P'sN0.01).

Two-way ANOVA also showed no significant main effect of Group
(Ethanol vs. Control) in the levels of CRF-LI in the FCTX and HPC
(F's(1,57)b2.2; P'sN0.05) and in theAMYG (F's(1,56)b3.0; P'sN0.05). In
contrast, a significant main effect of Group was found in the PCTX
(F(1,57)=7.6; Pb0.01). CRF-LI levels in the PCTX were significantly
higher in rats exposed to ethanol than in control rats (Ethanol exposed:
2.35±0.2 pmol/g; Control: 1.58±0.2 pmol/g). A significant Group×-
Time interaction in the levels of CRF-LI was found in the PCTX (Fig. 2B;
F(2,57)=3.6; Pb0.05). Post hoc assessment revealed that, compared to
controls, CRF-LI levels in the PCTX increased in the 24-h WD group
(F(1,20)=4.5; Pb0.05) and 2-week WD groups (F(1,19)=7.3;
Pb0.05). Significant Group×Time interaction was observed in the
levels of CRF-LI in theHPC in adult rats (Fig. 2C; F(2,57)=6.0; Pb0.005).
Post hoc analysis showed that CRF-LI levels in the HPC decreased in the
CET group (F(1,18)=10.8; Pb0.005) and increased in the 2-week WD
group (F(1,19)=4.9; Pb0.05). In contrast, Group×Time interaction in
the levels of CRF-LI was not significant in the FCTX and AMYG (Fig. 2A
and D). One-way repeated measures ANOVA showed no significant
differences in CRF-LI levels among control groups in the FCTX and PCTX
(F's(2,28)b3.5; P'sN0.01) and in the AMYG (F's(2,27)b0.2; P'sN0.01).
However, significant differences in CRF-LI levels were found among
control groups in the HPC (F's(2,28)=10.0; P=0.001). Post hoc



Fig. 1.Effects of 8 weeksof chronic ethanol treatment (CET) andethanolwithdrawal (WD)onNPY-LI levels inFCTX, PCTX,HPCandAMYGofadult rats. (A) In FCTX,NPY-LIwas significantly
reduced at 24-hWD,whereas itwas increased at 2-weekWD, compared to control rats. CET, 24-h and 2-weekWDhad no effect onNPY-LI in the PCTX (B) andHPC (C) of adult rats. (D) In
AMYG, NPY-LI was significantly increased at 2-weekWD, compared to control rats. CET and 24-hWD had no effect on NPY-LI in AMYG. * indicates Pb0.05 for significant difference from
control rats. NPY-LI levels are expressed as pmol/g. Error bars=S.E.M.
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analysis revealed that CRF-LI levels in the HPC in control rats were
decreased in the 2-week WD group (0.09±0.02 pmol/g) compared to
the CET group (0.39±0.04 pmol/g) and 24-h WD group (0.28
±0.07 pmol/g).

3.2.3. Association between NPY and CRF After 8-week ethanol exposure
The relationship between ethanol-induced changes in NPY-LI and

CRF-LI was assessed among different brain regions. At 24-h WD, the
decrease in NPY-LI levels in the FCTX did not correlate with the
increase in CRF-LI levels in the PCTX (Spearman's rho=−0.345,
PN0.05). At 2-week WD, the increase in NPY-LI in the FCTX did not
correlate with the increase in CRF-LI in the HPC (Spearman's
rho=0.436, PN0.05) nor with the increase in CRF-LI in the PCTX
(Spearman's rho=−0.118, PN0.05). The increase in NPY-LI levels in
the AMYG at 2-weekWD did not correlate with the increase in CRF-LI
in the HPC (Spearman's rho=0.527, PN0.05) nor with the increase in
CRF-LI in the PCTX (Spearman's rho=−0.027, PN0.05). Consistent
with these findings, two-way ANOVA showed that the NPY-LI/CRF-LI
ratio in the FCTX, PCTX, HPC and AMYG was not changed in adult rats
exposed to 8-week ethanol vapor (data not shown).

4. Discussion

In the present study, expression of NPY-LI and CRF-LI was de-
termined in adult rats after 2-weeks or 8-weeks of ethanol vapor
exposure, and 24 h and 2 weeks following withdrawal. Findings from
this study revealed no change on brain levels of NPY-LI, CRF-LI and the
NPY-LI/CRF-LI ratio after 2-week ethanol exposure at any time point.
In contrast, the 8-week ethanol vapor regimen significantly reduced
CRF-LI expression in the HPC, during ethanol exposure, but had no
effects on NPY-LI. Eight weeks of ethanol exposure did have
significant effects on NPY-LI expression in the FCTX and AMYG during
the withdrawal period. NPY-LI levels in the FCTXwere decreased after
24-h WD, and increased after 2-week WD. Consistent with these
findings our data showed that 8-week ethanol exposure also
produced an increase in NPY-LI levels in the AMYG after 2-week
WD. Moreover, the 8-week ethanol vapor regimen significantly
increased CRF-LI levels in the PCTX following both WD periods and
in the HPC following 2-week WD. Findings from the present study
suggest that a longer duration of ethanol vapor (8-weeks vs. 2-weeks)
is necessary to produce changes in NPY-LI and CRF-LI in the adult rat
brain. Additionally, the changes seen in peptide expression during
withdrawal from 8-weeks of vapor exposure are cyclical with de-
creases seen in NPY-LI at 24 h and increases in expression seen two
weeks later.

Protracted withdrawal symptoms such as anxiety, depression and
sleep disturbances have been hypothesized to play a role in the sus-
ceptibility to relapse in ethanol dependent individuals (De Soto et al.,
1989; Miller and Harris, 2000; Mossberg et al., 1985). Previous studies
in rodent models demonstrated that 4-weeks of intermittent ethanol
vapor produced an increase in anxiety-like behavior during the acute
ethanol withdrawal phase (~8 h) that returned to control levels



Fig. 2. Effects of 8 weeks of chronic ethanol treatment (CET) and ethanol withdrawal (WD) on CRF-LI levels in FCTX, PCTX, HPC and AMYG of adult rats. CET, 24-h and 2-week WD
had no effect on CRF-LI in the FCTX (A) and AMYG (D) of adult rats. (B) In PCTX, CRF-LI was significantly increased at 24-h and 2-week WD, whereas it was not changed after CET,
compared to control rats. (C) In HPC, CRF-LI was significantly reduced after CET, whereas it was increased at 2-week WD, compared to control rats. 24-h WD had no effect on CRF-LI
in HPC. * indicates Pb0.05 for significant difference from control rats. CRF-LI levels are expressed as pmol/g. Error bars=S.E.M.
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during the early protracted withdrawal phase (2-week WD) (Zhao
et al., 2007). The authors proposed that these neuroadaptive changes
may due in part to neurochemical changes in NPY and CRF systems
(Zhao et al., 2007). Consistent with these results, findings from the
present study demonstrated that exposure to 8-week ethanol vapor
produced an increase in CRF levels in the PCTX 24 h following
withdrawal, whereas NPY levels in the FCTX were attenuated. These
results are consistent with the anxiolytic and anxiogenic properties of
NPY and CRF, respectively (Dunn and File, 1987; Heilig et al., 1993;
Sutton et al., 1982; Thatcher-Britton et al., 1986; Wahlestedt et al.,
1993). The evidence of increase anxiety-like behaviors during the
acute ethanol withdrawal phase (Overstreet et al., 2004; Zhao et al.,
2007) and findings from the present study showing a reduction of
NPY levels in the FCTX also support the notion that reductions in NPY
levelsmayplaya role in the expressionof spontaneous anxiety symptoms
during ethanol withdrawal periods.

The present study found that while CRF levels in the HPC and PCTX
were elevated 2-weeks followingwithdrawal, NPY levels in the AMYG
and FCTX also showed significant increase during this early protracted
withdrawal phase. These findings are consistent with the remission of
anxiety-like behavior 2-weeks following withdrawal (Zhao et al.,
2007) and support the evidence that increase in NPY levels may play
an anxiolytic role during ethanol withdrawal, and as a result,
modulate ethanol-seeking behavior (Bison and Crews, 2003; Thorsell,
2007). Previous studies have shown that exposure to at least 2-weeks
of the intermittent vapor regimen used in the present study produces
signs of physical dependence in rats (O'Dell et al., 2004; Roberts et al.,
2000). We have previously shown that the 8-week chronic ethanol
vapor exposure regimen also increased ethanol intake in Wistar
rats trained in a limited access paradigm (Thorsell et al., 2005a). We
also found that intracerebroventricular (i.c.v.) administration of
either NPY (10 μg) or CRF (1 μg) significantly reduced ethanol intake
in Wistar rats exposed to an 8-week ethanol exposure regimen
(Thorsell et al., 2005a). Findings from the present study suggest
neuroadaptations in the NPY and CRF systems in cortical and
limbic regions during acute ethanol withdrawal and during the
early protracted withdrawal phase (2-week WD) that are consistent
with biphasic changes in anxiety-like behavior following a similar
ethanol exposure regimen in ethanol-dependent rats (Zhao et al.,
2007). However, previous studies in rats have shown consistent
effects of intermittent ethanol exposure increasing operant ethanol
self-administration both during acute withdrawal (2-h withdrawal)
and after 2-weeks of withdrawal (Roberts et al., 2000; Valdez et al.,
2002). These findings suggest that not all the behavioral conse-
quences of ethanol withdrawal following intermittent exposure
exhibit a biphasic pattern. Further studies are needed to determine
whether these neuroadaptations following ethanol vapor exposure
may play an important role on the consequences of investigator-
administered NPY and CRF on ethanol self-administration in
dependent rats (Thorsell et al., 2005a).

image of Fig.�2
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We have previously shown a significant increase in NPY-LI in the
hypothalamus (HYP) following one month of ethanol withdrawal in
adult Wistar rats exposed to a 7-week intermittent ethanol exposure
(Ehlers et al., 1998). In contrast, that ethanol vapor regimen had no
effect on NPY-LI in the AMYG, FCTX and HPC of adult Wistar rats.
While the present study did not test the effects of chronic ethanol
vapor on the HYP of adult Wistar rats, results from the present study
suggest that a similar ethanol vapor regimen (8-weeks) increased
NPY-LI in the FCTX and AMYG. These contrasting results could be
explained by the shorter withdrawal times tested in the present
study, in comparison to our previous study (24-h and 2-week WD vs.
one month). These findings suggest that the increase in NPY-LI levels
observed 2-weeks following exposure to 8-week ethanol vapor may
return to baseline levels at one month after termination of chronic
ethanol exposure. Further studies are needed to determine whether
the effects of ethanol on FCTX and AMYG levels of NPY-LI found in the
present study are resolved within one month after a prolonged ethanol
exposure.

It was previously demonstrated that 10 days of ethanol vapor
exposure, attaining significantly higher blood ethanol levels (250 mg%)
than the present study, and 7-weeks of withdrawal produce no changes
in CRF-LI but produce a reduction in NPY-LI in the HPC in Sprague–
Dawley rats (Slawecki et al., 2005). These findings suggest that higher
levels of ethanol vapor are required to produce effects on NPY-LI during
shorter duration periods, or that Sprague–Dawley rats are more
sensitive to the effects of ethanol on NPY. These previous results
together with our present findings suggest that the duration of ethanol
vapor exposure and BAL play an important role modulating NPY-LI and
CRF-LI in the rat brain. There is also evidence that the intensity and
duration of chronic ethanol exposure play an important role on
subsequent voluntary ethanol drinking (Griffin et al., 2009; Lopez and
Becker, 2005). The present study did not determine whether the
increase in voluntary ethanol drinking following chronic ethanol
exposure is due to neuroadaptations in NPY and CRF systems during
acute withdrawal or the early protracted withdrawal phase. However,
our findings suggesting that a longer duration of ethanol vapor (8-
weeks vs. 2-weeks) is necessary to produce changes in NPY-LI and CRF-
LI in the adult rat brain are consistent with behavioral evidence that
longer duration of ethanol exposure is required to increase ethanol
intake after protracted abstinence. For instance, Rimondini et al. (2003)
showed that 3-weeks of abstinence following 7-weeks of intermittent
chronic ethanol exposure significantly increased voluntary ethanol
consumption in a two-bottle free-choice paradigm in Wistar rats. In
contrast, rats exposed to 2-weeks of intermittent chronic ethanol
exposure had no effect on ethanol self-administration nor ethanol
preference (Rimondini et al., 2003).

The present study assessed whether the levels of NPY-LI and CRF-
LI in control groups were similar across different WD time points
(CET, 24-h WD and 2-week WD). Findings from the present study
showed that NPY-LI and CRF-LI levels in control animals in the 2-week
chronic ethanol exposure group were not statistically significantly
different across WD time points in all brain regions studied. These
findings were also found for NPY-LI levels in control animals in the 8-
week chronic ethanol exposure group. In contrast, while CRF-LI levels
in control animals were not statistically different across WD time
points in the FCTX, PCTX and AMYG, significant differences in CRF-LI
levels were found among control animals in the HPC in the 8-week
chronic ethanol group. Our results showed that CRF-LI levels in the
HPC in control rats were decreased in the 2-week WD group com-
pared to the CET group and 24-h WD group. These differences in CRF-
LI levels in the HPC were not found among control animals in the 2-
week chronic ethanol group. Rats in the 2-week chronic ethanol group
were sacrificed at 104, 105 and 118 days old, whereas rats in the 8-
week chronic ethanol group were sacrificed at 147, 148 and 161 days
old. It is unclear whether age-related factors are responsible for the
gradual decrease in control CRF-LI levels in the HPC in the present
study. There is evidence to suggest age-related changes in the tissue
levels of CRF in the HPC (Kowalski et al., 1992). This previous study
found that CRF levels in the HPC increased in 18 month-old rats,
compared to 4 month-old rats. However, it is not clear whether
changes in CRF levels in the HPC take place between 4- and 18-month
of age in Wistar rats. Findings from the present study showed that
CRF-LI levels in the HPC decreased in 161 day old rats, compared to
147 and 148 day old rats. Discrepancies between studies may be due
to the use of different tissue dissection techniques and immunoassays.
Further research is necessary to determine whether differences in the
control CRF-LI levels in the HPC of 161 day old rats are due to the
consequences of normal aging.

Previous studies have suggested that the interplay and/or balance
between the opposing actions of NPY and CRF may play an important
role in the regulation of stress, anxiety, sleep and depression (Ehlers
et al., 1997; Heilig et al., 1994; Yamada et al., 1996). To determine
whether a shift in the NPY-LI to CRF-LI ratio is observed during
ethanol withdrawal in this rodent model of chronic ethanol vapor
exposure the NPY-LI/CRF-LI ratio was studied in rats exposed to
ethanol for 2-weeks and 8-weeks and tested during differentWD time
points. Findings from the present study found that the NPY-LI/CRF-LI
ratio in the FCTX, PCTX, HPC and AMYG was not changed in rats
exposed to either 2-week or 8-week ethanol vapor. Consistent with
these findings, we found that at 24-h WD, the decrease in NPY-LI
levels in the FCTX did not correlate with the increase in CRF-LI levels
in the PCTX. No correlation between the effects of ethanol exposure on
NPY-LI (FCTX and AMYG) and CRF-LI (PCTX and HPC) was also
observed at 2-week WD. These findings suggest that while 8-week
ethanol exposure produced changes in NPY-LI levels in the FCTX and
AMYG and in CRF-LI levels in the HPC and PCTX, there is no evidence
of an association between changes in NPY-LI and CRF-LI.

Other methods for ethanol administration and induction of
ethanol dependence have been successfully used to study the con-
sequences of chronic ethanol treatment (e.g., Becker, 2000; Griffin
et al., 2009). In addition to chronic ethanol vapor regimens, other
ethanol treatments have also shown to produce changes in NPY-LI and
CRF-LI levels in rats that are dependent on the time following ethanol
withdrawal. For instance, Zorrilla et al. (2001) found that 3–4 week
exposure to a nutritionally balanced ethanol liquid diet decreased
AMYG, HPC and FCTX CRF-LI 1-day after completion of the ethanol
regimen in Wistar rats. Consistent with the findings in the present
study Zorrilla et al. (2001) found that CRF-LI levels increased 6-weeks
after ethanol exposure. Roy and Pandey (2002) showed that exposure
to a 15-day Lieber–DeCarli ethanol diet had no effect on NPY protein
expression in the FCTX, PCTX and central and medial nuclei of the
AMYG of adult Sprague–Dawley rats. However, this study demon-
strated that 24-h withdrawal following chronic ethanol significantly
reduced NPY protein levels in the FCTX, PCTX, pyriform cortex, AMYG
and the paraventricular nucleus of the HYP (Roy and Pandey, 2002).
Moreover, exposure to this chronic ethanol regimen and the 24-hWD
significantly reduced NPY protein levels in the arcuate nucleus of the
HYP and in the cingulate gyrus (Roy and Pandey, 2002).

Using intragastric administration, Bison and Crews(2003) showed
that a 4-day, high dose, chronic ethanol treatment produced biphasic
effects on NPY levels in the HPC. While chronic ethanol treatment
significantly decreased the levels of NPY in the HPC and cortex, it
increased it in the dentate, CA3 and CA2 of the hippocampus after 72 h
of ethanol withdrawal (Bison and Crews, 2003). The intermittent
chronic ethanol vapor regimen used in the present study also showed
increases in NPY in cortex during withdrawal although we did not
look at the same time points. The ethanol vapor treatment used in the
present study has been shown to produce behavioral, neurophysio-
logical and neurochemical changes in Sprague–Dawley and Wistar
rats (Criado and Ehlers, 2010; Criado et al., 2008a, 2008b; Pian et al.,
2010; Slawecki et al., 2001; Slawecki and Ehlers, 2005). Findings from
the present study may provide insight into the neural substrates
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mediating the short- and long-term consequences of this intermittent
chronic ethanol vapor procedures.

It is important to consider that the observed changes in NPY-LI and
CRF-LI levels found in the present study may have been associatedwith
stress induced by the ethanol inhalation procedure and not by the
effects of chronic ethanol exposure and withdrawal would. However, if
the stress response produced by the alcohol vapor inhalation procedure
was responsible for our present findings, then significant changes in
NPY-LI andCRF-LI levelswouldhavebeenexpected in theCETgroup(no
withdrawal). However, the effects of 8-week ethanol vapor regimen on
NPY-LI and CRF-LI levels were primarily found during the withdrawal
periods in the AMYG (NPY-LI), FCTX (NPY-LI), HPC (CRF-LI) and PCTX
(CRF-LI). Exposure to the 8-week ethanol regimen without a with-
drawal period reducedCRF-LI levels only in theHPC andhadnoeffect on
other brain regions. Our findings showed that rats exposed to this 8-
week chronic ethanol regimen without withdrawal had no changes in
brain levels of NPY-LI. Finally, the present study found that a 2-week
ethanol vapor regimen had no effect on NPY-LI and CRF-LI levels in the
brain. Since the effects of intermittent ethanol vaporwere dependent on
the duration of the ethanol vapor regimen, the brain region and theWD
period, findings from this study were likely due to the pharmacological
effects of ethanol and not mediated by the stress response associated
with the ethanol inhalation procedure.

In summary, 8-week intermittentethanol vaporexposure, previously
shown to increase ethanol intake in adult Wistar rats, significantly
increased NPY-LI levels in the FCTX and AMYG after 2-week WD of
chronic ethanol exposure. This prolonged chronic ethanol regimen also
significantly increased CRF-LI levels in the HPC and PCTX following 2-
weekWD. In contrast, this study showed no change on adult brain levels
of NPY-LI and CRF-LI after 2-week intermittent ethanol exposure.
Findings fromthepresent study suggest that a longer durationof ethanol
vapor (8-weeks vs. 2-weeks) is necessary to produce changes in NPY-LI
and CRF-LI in the adult rat brain. However, whether the relationship
betweenNPY-LI andCRF-LI expression in adultWistar rats exposed to 8-
week ethanol vapor plays an important role in increasing ethanol intake
remains unclear. In the present study changes in NPY-LI and CRF-LIwere
interpreted as changes in the levels of these neuropeptides in brain
tissue. However, determination of NPY-LI and CRF-LI expression in brain
tissue does not provide accurate information to determine whether
changes in the levels of these neuropeptides are due to altered release,
synthesis, storage or metabolism. Therefore, the effects of chronic
ethanol exposure on NPY-LI and CRF-LI levels may be mediated by
several cellular mechanisms regulating NPY and CRF function. Further
studies are needed to characterize further the neurochemical mecha-
nisms mediating the findings from the present study and determine
their role in increasing ethanol intake and the expression of anxiety
symptoms in rats exposed to chronic ethanol vapor.

The results of this study should be interpreted in light of several
limitations. First, changes in the levels of both neuropeptides were
measured at the regional level, thus limiting any interpretation on
nucleus-specific changes in NPY-LI and CRF-LI levels. For instance,
neuropeptide levels were measured from the whole amygdala, which
include the central,medial, lateral andbasolateral nuclei.Measurements
were also obtained from the whole hippocampus, including both the
dorsal andventral hippocampi. Second, differences in the absolute levels
of NPY-LI and CRF-LI in previous studies from our laboratory and other
groups may be due to the use of different rat strains, antisera, and/or
tissue dissection and immunoassay techniques. Third, findings from the
present study assessed the tissue content of NPY-LI and CRF-LI and do
not provide information on the passive or evoked release of these
neuropeptides into the extracellular/synaptic space. Other neurochem-
ical techniques such as microdialysis may be used to address that
question. Despite these limitations, this report represents an important
step in determining whether the duration of both the chronic ethanol
regimen and its withdrawal period differentially affect NPY-LI and CRF-
LI levels in brain regions that have been implicated in the development
of protracted withdrawal symptoms. Findings from these studies
provide the basis for the development of future studies combining
neurochemical and electrophysiological in vivo techniques to charac-
terize the neural and cellular mechanisms implicated in the develop-
ment of protracted withdrawal symptoms.
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