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mines the effects of NPY administered into the amygdala on ethanol drinking by
lowing long-term continuous ethanol access, with and without multiple periods

of imposed ethanol abstinence. P rats had access to 15% (v/v) ethanol and water for 11 weeks followed by
2 weeks of ethanol abstinence, re-exposure to ethanol for 2 weeks, 2 more weeks of ethanol abstinence, and
a final ethanol re-exposure. Immediately prior to the second ethanol re-exposure, 4 groups of rats received
bilateral infusions NPY (0.25, 0.5, 1.0 μg) or artificial cerebrospinal fluid (aCSF) into the amygdala. Two
additional groups were given uninterrupted ethanol access and were infused with a single NPY dose (1.0 μg)
or aCSF. The highest NPY dose (1.0 μg) suppressed ethanol intake for 24 h in rats with a history of ethanol
abstinence (i.e. deprivation) periods, but had no effect in rats with a history of continuous ethanol access.
Water and food intakes were not altered. These results suggest that the amygdala mediates the suppressive
effects of centrally administered NPY on ethanol drinking, and that NPY may block relapse-like drinking by
opposing the anxiogenic effects of ethanol abstinence.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction
Dysregulation of brain neuropeptide Y (NPY) systems involved in
emotionality may mediate both the negative affective state that
defines ethanol abstinence and the negative reinforcing effects of
ethanol during relapse drinking (Valdez and Koob, 2004). NPY
decreases anxiety-like behavior in rats in multiple behavioral assays
(Heilig et al., 1989; 1992; Broqua et al., 1995; Britton et al., 1997; Sajdyk
et al., 1999, 2008). The anxiolytic effects of NPYappear to be mediated
by the central nucleus of the amygdala (CeA; Heilig et al., 1993),
although a role has also been suggested for the basolateral nucleus of
the amygdala (Sajdyk et al., 1999, 2008). Since there is a body of
evidence suggesting that the CeA is involved in the regulation of both
anxiety (Davis, 1992) and ethanol drinking (McBride, 2002), the focus
of this investigation was to examine the effects of NPY infusions into
the CeA on ethanol intake.

The alcohol-preferring (P) and high alcohol drinking (HAD1) lines
of rats were selectively bred for high voluntary intake of ethanol
solution with water and food concurrently available (Lumeng et al.,
1995). When access to ethanol is limited to a brief (e.g., 2 h) period
each day, intracerebroventricular (ICV) administration of NPY de-
creases ethanol intake in P and HAD1 rats (Badia-Elder et al., 2001,
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2003), but does not alter ethanol intake in selectively bred alcohol-
non-preferring (NP), low alcohol drinking (LAD1), or unselected
Wistar rats (Badia-Elder et al., 2001, 2003; Katner et al., 2002a;
Slawecki et al., 2000). However, ICV-administered NPY does effec-
tively reduce limited-access ethanol intake in Wistar rats if they have
a history of chronic intermittent exposure to ethanol vapor (Thorsell
et al., 2005a, 2005b). With chronic continuous (24 h/day) access to
ethanol, ICV-administered NPY suppresses ethanol drinking for up to
24 h in P rats, and the magnitude and duration of this effect are
augmented following a period of imposed ethanol abstinence (Gilpin
et al., 2003). Thus, the effectiveness of NPY in reducing ethanol
drinking appears to depend on genetic background and on the
duration and pattern of previous exposure to ethanol.

Several studies have examined the role of NPY activity in the CeA
in ethanol drinking behavior. Infusion of NPY into the CeA does not
affect limited-access ethanol intake in Wistar rats (Katner et al.,
2002b), but suppresses ethanol drinking by Wistar rats that have
been exposed to chronic intermittent ethanol vapor. Viral vector-
induced increases in amygdalar NPY expression blunt excessive
drinking associated with repeated cycles of ethanol liquid-diet access
and periods of abstinence in Wistar rats (Thorsell et al., 2007).
Injection into the CeA of a viral vector encoding prepro-NPY
reduces continuous access-ethanol drinking by “anxious,” but not
“non-anxious” Long Evans rats, divided based on behavior in an
elevated plus maze (Primeaux et al., 2006). Finally, P rats with a
brief history of ethanol self-administration consume less ethanol
following NPY infusion into the CeA, and also following increases
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in NPY activity in the CeA produced via alterations in cAMP-
responsive element-binding protein (CREB) function (Pandey et al.,
2005). One contrary finding showed that infusion of a Y1 receptor
antagonist into the CeA reduces lever-press responding maintained
by ethanol in Wistar rats in 1-hour operant sessions (Schroeder
et al., 2003), a finding that is seemingly inconsistent with the
hypothesis that ICV NPY-induced suppression of ethanol intake is
mediated by the CeA.

The purpose of the present studywas to examine the effects of NPY
in the CeA on ethanol intake in P rats using a procedure that includes
chronic ethanol drinking punctuated by intermittent periods of im-
posed ethanol abstinence. This schedule models the cyclic pattern of
chronic drinking, abstinence and relapse exhibited by human
alcoholics (Finney and Moos, 1991; Spanagel and Hölter, 2000). It
was predicted that infusion of NPY into the CeA would suppress
ethanol drinking by P rats, and that this effect would be augmented
following a period of imposed ethanol abstinence.

2. Materials and methods

2.1. Subjects

Subjects were experimentally naïve age-matched female P rats
(n=84) of the 55th generation of selective breeding obtained from the
Indiana University School of Medicine Alcohol Research Center.
Female P rats were used because they are more readily available
than males. Female P rats generally consume more ethanol per day
than males (Lumeng et al., 1995) but there appears to be no gender
differences in the effects of ICV-administered NPY on ethanol
drinking (Badia-Elder et al., 2001; Gilpin et al., 2003). Rats weighed
279.7 (±2.79) g at the end of the initial 11-week baseline drinking
period. All rats were individually housed in plastic tub-style cages in a
vivarium maintained on a 12:12 h light/dark cycle (lights off at
1400 h). Food (Lab Diet 5001, PMI Nutrition International Inc.,
Brentwood, MO) and water were available ad libitum. The protocol for
this study was approved by the IUPUI School of Science IACUC and
was conducted in accordance with NIH guidelines (National Research
Council, 1996).

2.2. Stereotaxic surgery

Surgical implantation of cannulae was conducted using aseptic
procedures as previously described (Badia-Elder et al., 2001). Rats
were anesthetized via inhalation of isoflourane (IsoFlo, Abbott Labo-
ratories, North Chicago, IL) and cannulae were implanted bilaterally
and aimed at the CeA; the stereotaxic coordinates (AP-1.8, ML±4.2,
DV-7.5) were taken from Paxinos and Watson (1998). Microinjection
cannula components (Plastics One Inc., Roanoke, VA) included a guide
cannula (26 gauge), an internal injection cannula (33 gauge), and a
dummy cannula (33 gauge) that was placed in the guide cannula at all
times except during infusions. The injection cannula extended 1.0 mm
beyond the tip of the guide cannula when inserted. At the completion
of all experimental manipulations, anatomical localization was
confirmed after euthanization. A 1% solution of bromphenol blue
dye in aCSF was injected for histological verification of cannulae
patency and neuroanatomical placement.

2.3. Procedure

Rats were initially given 24-hour continuous access to 15% (v/v)
ethanol and water for 11 weeks. The amount of fluid consumed was
determined by weighing the drinking bottles at 1400 h every day, just
before the start of the dark cycle. The positions of the bottles were
alternated daily (right/left) to control for side preferences. Based on
average 24-hour ethanol drinking measures during the final 6 days of
this initial drinking period, P rats were divided into two groups
matched for ethanol intake (g ethanol/kg body weight [g/kg]), which
would either be given uninterrupted continuous access to ethanol
(CONTcondition) for the duration of the experiment or be given access
to ethanol with intermittent periods of imposed ethanol abstinence
(ABST condition). Further, within the ABST condition, rats were sub-
divided into groups matched for ethanol intake (g/kg), which would
later receive one of three doses of NPY (0.25, 0.5, 1.0 μg) or aCSF and,
within the CONT condition, rats were subdivided into two groups
matched for ethanol intake (g/kg), which would later receive either
one dose of NPY (1.0 μg) or aCSF. Therefore, rats were divided into six
groups: ABST-aCSF; ABST-0.25 μg NPY; ABST-0.5 μg NPY; ABST-1.0 μg
NPY; CONT-aCSF; and CONT-1.0 μg NPY.

After the initial 11 weeks of ethanol drinking, rats in the ABST
condition underwent a 2-week period with the ethanol removed and
access to water and food only (abstinence period 1). Following this
2-week abstinence period, ethanol was returned (ethanol re-
exposure 1) at 1400 h (start of dark cycle) for 2 more weeks of
continuous access to ethanol and water followed by another 2-week
period of imposed ethanol abstinence (abstinence period 2). At the
start of abstinence period 2, all rats underwent stereotaxic surgery.
The rats in the CONT condition did not undergo any time without
ethanol availability with the exception that ethanol was removed for
24 h following surgery. All rats were weighed and monitored daily
for one week following surgery. During the final five days of
abstinence period 2, all rats underwent sham infusions during which
they were handled as though being infused but no injector was
inserted into the cannulae. On the final day of abstinence period 2,
each rat received a single microinfusion of the appropriate NPY dose,
and was immediately returned to the home cage and given free
access to ethanol, water, and food.

2.4. Infusions

A Harvard 33 microinfusion syringe pump was used to administer
drug infusions as previously described (Gilpin et al., 2004). Rats were
microinfused with either aCSF [0.5 μl; Plasma-Lyte (Electrolyte) Solu-
tion, Baxter, Deerfield, IL] or one of three doses (0.25, 0.5, 1.0 μg;
equivalent to 59, 118, 235 pmol) of NPY (Porcine; American Peptide
Company, Sunnyvale, CA) dissolved in aCSF (0.5 μl). Fluid and food
intakes were recorded at 2 h and 24 h following the infusion, and 24 h
fluid intakes were recorded for 13 post-infusion days. Following all
experimental procedures, cannulae placements were histologically
verified.

2.5. Data analysis

Rats that lost headcaps, or had cannula that were determined to be
not viable or inaccurately placed were eliminated from analyses of
infusion data (n=45). Therefore, 39 rats were included in analyses of
pre-infusion and infusion day data and they were distributed across
treatment groups as follows: ABST-aCSF (n=5); ABST-0.25 μg NPY
(n=6); ABST-0.5 μg NPY (n=8); ABST-1.0 μg NPY (n=6); CONT-aCSF
(n=5); and CONT-1.0 μg NPY (n=9).

To determine changes in fluid consumption by ABST rats on the
day of re-exposure to ethanol following abstinence period 1,
ethanol intake (ml and g/kg) and water intake (ml) were analyzed
using two-way repeated-measures analyses of variance (RM
ANOVA). Ethanol history (ABST vs. CONT) was the between-
subjects factor and day (pre-abstinence baseline vs. re-exposure)
was the within-subjects factor. For infusion day data, 2 h and 24 h
measures of the same dependent variables plus 2-hour and 24-
hour food intake (g) were analyzed using one-way (NPY dose) and
two-way (NPY dose×ethanol history) ANOVAs as appropriate. All
post-hoc analyses were conducted using Student–Newman–Keuls
method for multiple comparison tests. In all cases, significance was
determined at pb0.05.



Fig. 1. (A) Mean±SEM 24-hour consumption (ml) of 15% (v/v) ethanol (closed circles)
andwater (open circles) by P rats in the ABSTgroup (infused in CeAwith 0.0, 0.25, 0.5, or
1.0 μg NPY) and CONT group (infused in CeA with 0.0 or 1.0 μg NPY). ABST rats were
infused with NPY immediately prior to re-exposure to ethanol following a 2-week
period of ethanol abstinence. (B) Mean±SEM intake of concurrently available food (g)
by the same groups of rats. ⁎ pb0.05 significant difference between ABST and CONT
groups that were infused with aCSF; # pb0.05 significant difference from aCSF group
with identical drinking history; ŧ pb0.05 significant linear trend of dose on ethanol
intake (ml).

Table 2
Mean (±SEM) ethanol intake (ml and g/kg), water intake (ml), ethanol preference (E:T),
and food consumption (g) measured 24 h following aCSF or NPY infusions into the CeA
of P rats
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3. Results

3.1. Pre-surgery ethanol drinking

3.1.1. Re-exposure to ethanol following abstinence
Table 1 shows 24-hour ethanol intake (ml, g/kg) and water intake

(ml) by rats in the ABST and CONT groups on the days preceding and
following abstinence period 1. A two-way RM ANOVA on ethanol
intake (ml) revealed significant main effects of ethanol history, F
(1,37)=4.54, p=0.04, and day, F(1,37)=20.06, pb0.001, and a significant
ethanol history×day interaction effect, F(1,37)=9.62, p=0.004. Post-hoc
analyses revealed that ABST rats exhibitedhigher 24-hourethanol intake
(ml) on re-exposure day relative to baseline (pb0.001), and relative to
CONT rats (p=0.003). A two-way RM ANOVA on ethanol intake (g/kg)
yielded the same pattern of results. A two-way RM ANOVA on water
intake (ml) yielded significant main effects of ethanol history, F(1,37)=
6.40, p=0.016, and day, F(1,37)=18.38, pb0.001, and a significant
history×day interaction, F(1,37)=11.39, p=0.002. Post-hoc analyses
revealed that ABST rats exhibited lower 24-hour water intake on re-
exposure day relative to baseline (pb0.001), and relative to CONT rats
(pb0.001). Thus, rats in the ABST group showed an alcohol deprivation
effect on re-exposure to ethanol following abstinence period 1.

3.2. Post-NPY infusion fluid and food intake

Two sets of analyses were performed on infusion day fluid intake
data. First, to establish an NPY dose–response, data for rats from only
the ABST group were analyzed with one-way ANOVAs with NPY dose
(0.0, 0.25, 0.50, 1.0 μg) as the between-subjects factor. Second, to
determine the effects of ethanol abstinence on sensitivity to NPY,
data from rats in the ABST and CONT groups, infused with either
1.0 μg or aCSF, were analyzed with two-way ANOVAs with NPY dose
(0.0, 1.0 μg) and drinking history (ABST vs. CONT) as the between-
subjects factors.

3.2.1. 2-hour post-NPY infusion fluid and food intake

3.2.1.1. ABST dose–response. One-way ANOVAs for data from only rats
in the ABST group yielded no effects of NPY dose on intake of ethanol
intake (ml or g/kg), water intake (ml) or food intake (g).

3.2.1.2. ABST vs. CONT rats. Two-way ANOVAs for 2-hour data from rats
in the ABSTand CONTgroups infusedwith either 1.0 μg or aCSF yielded
no main effects of NPY dose or ethanol history nor an NPY
dose×ethanol history interaction effect on intake of ethanol (ml or
g/kg), water (ml) or food intake (g).

3.2.2. 24-hour post-NPY infusion fluid and food intake
Fig. 1 shows ethanol and water intake (ml; Fig. 1A) and food intake

(g; Fig. 1B) by rats in the ABST group and CONT groups during the 24 h
Table 1
Fluid intake is shown for the days preceding and following abstinence period 1

Ethanol intake (ml) Ethanol intake (g/kg) Water intake (ml)

ABST rats (n=54)
Baseline 15.80±1.02 6.82±0.54 23.93±1.03
Re-exposure 20.68±1.08⁎# 8.71±0.47⁎# 17.22±0.83⁎#

CONT rats (n=30)
Baseline 14.72±1.04 6.37±0.56 24.54±1.47
Re-exposure 15.68±1.05 6.14±0.66 23.74±1.63

Data are mean±SEM 24-hour intake of 15% (v/v) ethanol solution (ml, g/kg) and water
intake (ml) by rats in the ABST and CONT groups. The baseline was calculated by
averaging each rat's drinking over the final 6 days of the initial 11-week baseline
drinking period, and re-exposure data were the average for the day that ethanol was
returned to rats in the ABSTgroup. ⁎ pb0.05 significant difference between baseline and
re-exposure. # pb0.05 significant difference between ABST and CONT rats.
following infusion of NPY. Table 2 shows ethanol intake (ml and g/kg),
water intake (ml), ethanol preference ratios, and food consumption (g)
by rats in the ABST and CONT groups during the 24 h following
infusion of all NPY doses.

3.2.2.1. ABST dose–response. One-way ANOVAs for ethanol and water
consumption (ml), ethanol intake (g/kg), ethanol preference, and food
intake (g) from only rats in the ABST group yielded no significant
effects. However, linear trend analysis yielded a significant downward
linear trend of NPY dose on ethanol intake (ml) by these rats, F(1,21)=
4.70, p=0.042.
NPY dose
(μg)

n Ethanol
intake (ml)

Ethanol
intake (g/kg)

Water
intake (ml)

Ethanol
preference

Food
intake (g)

ABST groups
0.0 (aCSF) 5 20.06±0.82⁎ 8.03±0.41⁎ 14.92±2.55 0.58±0.05 12.36±0.61
0.25 5 18.22±2.31 7.79±1.06 14.13±1.14 0.56±0.05 12.42±0.61
0.5 7 13.91±2.55 5.67±1.01 19.26±2.65 0.42±0.07 14.71±1.13
1.0 6 14.63±1.60# 6.23±0.77 16.68±3.19 0.48±0.07 14.28±1.29

CONT groups
0.0 (aCSF) 5 11.78±2.37 4.69±0.89 20.64±1.58 0.36±0.06 14.22±1.21
1.0 7 13.48±1.14 5.62±0.59 21.37±2.07 0.40±0.05 15.28±0.89

Rats in the ABST group received infusions directly prior to re-exposure to ethanol
availability following a 2-week period of ethanol abstinence. Rats in the CONT group
had uninterrupted access to ethanol and were infused in parallel with rats in the ABST
group. For ethanol intake, ANOVA indicated significant effects of group and the
interaction of group with NPY dose. ⁎ pb0.05 significant difference between ABST and
CONT groups that were infused with aCSF. # pb0.05 significant difference from aCSF
group with identical drinking history.
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3.2.2.2. ABST vs. CONT rats. A two-way (NPY dose×ethanol history)
ANOVA of ethanol intake (ml, Fig. 1) revealed a significant effect of
ethanol history, F(1,21)=11.16, p=0.003, indicating that, overall, ABST
rats drank more ethanol solution than CONT rats. There was a
significant ethanol history×NPY dose interaction F(1,21)=6.26,
p=0.02. Post-hoc analyses revealed that infusion of 1.0 μg NPY into
the CeA significantly suppressed ethanol intake (ml) in ABST rats
(p=0.016) but not CONT rats (p=0.385), relative to respective aCSF
controls. Post-hoc analyses also indicated that ABST rats that received
aCSF infusions had higher ethanol intake than CONT rats that received
aCSF infusions (p=0.001), but this difference was abolished by 1.0 μg
NPY (pN0.05). A separate two-way ANOVA of ethanol intake (g/kg,
Table 2) showed the same pattern of results. A two-way (NPY
dose×ethanol history) ANOVA of ethanol preference (Table 2)
revealed a significant effect of ethanol history, F(1,21) =8.34,
p=0.009, indicating that, overall, ABST rats exhibited higher ethanol
preference than CONT rats. A two-way (NPY dose×ethanol history)
ANOVA of water intake (ml, Fig. 1) revealed a significant effect of
ethanol history, F(1,21)=4.99, p=0.036, indicating that, overall, ABST
rats drank less water than CONT rats. Analysis of food intake (g, Fig. 1)
yielded no significant effects.

4. Discussion

Themost important finding presented here is that NPY infused into
the amygdala suppresses ethanol intake in ethanol-abstinent P rats,
but the same NPY dose does not alter ethanol intake in long-term
drinking P rats that have not undergone periods of imposed ethanol
abstinence. That is, infusion of NPY into the CeA blocked the elevated
alcohol drinking observed in P rats that endured multiple periods of
abstinence (i.e. deprivation). This suppressive effect on ethanol
drinking occurred in the absence of effects on any other intake
measure (i.e., intake of water and food). Although the cannulae were
aimed at the CeA, and the placement of the cannulae tips were
histologically verified, with the procedures used in the present
investigation it cannot be ruled out definitively that the NPY infusions
may have spread to other amygdalar subcompartments such as the
BLA to produce observed effects. Therefore, to be conservative, the
findings of this study are interpreted to be the results of NPY acting in
the amygdala, rather than solely in the CeA.

The results presented here are in agreementwith past findings that
amygdalar NPY suppresses ethanol intake in “vulnerable” subpopula-
tions of rats. NPY infused into the CeA suppresses ethanol drinking by
Wistar rats that have been exposed to chronic intermittent ethanol
vapor, but not in controls exposed to ambient air. Also, increases in
amygdalar NPY expression suppress excessive drinking associated
with repeated cycles of ethanol liquid-diet access and periods of
abstinence in Wistar rats (Thorsell et al., 2007). Injection into the CeA
of a viral vector encoding prepro-NPY selectively reduces ethanol
drinking by Long Evans rats determined to be “anxious” based on
behavior in an elevated plus maze (Primeaux et al., 2006). Finally,
Pandey et al. (2005) showed that infusion of NPY (100 pmol) into the
CeA reduced ethanol drinking in P rats with continuous access to
ethanol solution. However, in contrast to that finding, NPY-induced
reductions in ethanol intake in the present investigation were only
observed in rats following a period of ethanol abstinence. This
discrepancy may be accounted for by differences in ethanol exposure
protocols. In the study by Pandey et al. (2005), P rats had only seven
days access to 9% (v/v) ethanol and approximately 5–6 g ethanol/kg/day.
In contrast, P rats in the present investigation drank 15% (v/v) ethanol
solution for 11 weeks and consumed approximately 8 g ethanol/kg/day
at the end of this baseline period. Regardless, the sum of these results
suggests that the ability of NPY to suppress ethanol drinking in rats is
mediated by the CeA.

The efficacy of NPY in altering behavior appears to be determined
by the type of ethanol exposure history. In the present investigation,
NPY reduced ethanol drinking only following a period of imposed
ethanol abstinence. This finding parallels studies in which ICV-
administered NPY produced enhanced suppression of ethanol drink-
ing (Gilpin et al., 2003, 2005) and larger increases in feeding (Gilpin
et al., 2005) in P rats with a history of chronic ethanol drinking
punctuated by periods of ethanol abstinence relative to long-term
drinking P rats with continuous ethanol exposure. Results from
studies in genetically heterogeneous animals are also in agreement
with these findings. Increases in NPY activity more effectively
suppress ethanol consumption in Wistar rats following chronic inter-
mittent exposure to ethanol vapor or ethanol liquid-diet (Rimondini et
al., 2005; Thorsell et al., 2005a, 2007). Also, ICV administration of
BIIE0246, a Y2 autoreceptor-selective antagonist, produced greater
sedative effects following chronic exposure to high doses of ethanol
and periods of ethanol abstinence (Rimondini et al., 2005). It should
be mentioned that P rats with continuous access to ethanol had more
overall days of ethanol access than rats that underwent periods of
abstinence, and the possibility cannot be excluded that this difference
contributed to the differential NPY effects.

The present investigation also underscores the dissociation
between the suppressive effects of NPY on ethanol drinking and the
orexigenic effects of NPY. Infusion of NPY directly into the paraven-
tricular nucleus of the hypothalamus (PVN) appears to increase etha-
nol drinking and produces a robust increase in food intake (Gilpin
et al., 2004; Kelley et al., 2001; Stanley et al., 1985). Alternatively, in
the present study, infusions of NPY into the amygdala suppressed
ethanol drinking in ethanol-abstinent P rats, but had no effect on
feeding. These results suggest a role for the amygdala, but not the PVN,
in mediating the suppressive effects of NPY on ethanol drinking.
Consistent with this notion, lower NPY tissue concentrations in the
amygdala are correlated with selection for alcohol preference in both
P and HAD1 selectively bred lines of rats (Ehlers et al., 1998; Hwang
et al., 1999). In spite of the mutual exclusivity of these pathways and
the behaviors they mediate, it is intriguing that the sensitized effects
of NPY during ethanol abstinence extend to multiple behaviors. More
specifically, the orexigenic effects of NPY are mediated by the PVN
(Stanley et al., 1985), the sedative effects by the posterior hypotha-
lamic nucleus (Naveilhan et al., 2001), and the CeA mediates the
suppressive effects of NPYon anxiety-like behavior (Heilig et al., 1993)
and possibly ethanol drinking (Pandey et al., 2005); the effects of NPY
onmost, if not all, of these behaviors are augmented following periods
of ethanol abstinence (Gilpin et al., 2005; Rimondini et al., 2005).
Therefore, chronic ethanol exposure followed by ethanol abstinence
may produce a global dysregulation of NPY systems.

Voluntary consumption by P rats of amounts of ethanol similar to
those in the present study produces pharmacologically significant
blood ethanol levels, ranging from 50 to 200 mg% (Li et al., 1979;
Lumeng and Li, 1986; Murphy et al., 1986), and these levels of
consumption by P rats produce tolerance to the effects of ethanol
(Gatto et al., 1987; Lumeng and Li, 1986) and perhaps even depen-
dence (Kampov-Polevoy et al., 2000; Waller et al., 1982). Ethanol-
dependent animals exhibit a long-lasting negative affective state
defined partly by elevated anxiety-like behavior (Valdez et al., 2002;
Koob and LeMoal, 1997) that may be attributable to decreased NPY
levels in the amygdala during ethanol abstinence (Roy and Pandey,
2002). Therefore, the negative reinforcing effects produced by ethanol
when consumed following abstinence (i.e. relapse drinking) may be
mediated by NPY brain systems involved in regulating anxiety-like
behavior (Valdez and Koob, 2004), and the enhanced ability of NPY to
suppress ethanol drinking during abstinencemay occur via opposition
of the high-anxiety state produced by the absence of ethanol itself.
Becausemultiple amygdalar subcompartments (i.e. CeA and BLA) have
been implicated in the anxiolytic effects of NPY (Heilig et al., 1993;
Sajdyk et al., 1999, 2008), it is not surprising that the amygdala is also
implicated in the suppressive effects of the peptide on ethanol
drinking. It is also logical that exogenously administered NPY more
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effectively suppresses ethanol drinking in abstinent relative to non-
abstinent rats.

It is not clear why there were no effects of NPY on ethanol drinking
2 h following infusion, but it is possible that this measurement period
was too short to allow for separation of treatment groups (i.e. floor
effect; all groups consumed b2 g/kg ethanol during first 2 h post-NPY
infusion). Regardless, it is interesting that a single infusion of NPY
produced an effect that lasted 24 h following infusion. The duration of
this effect suggests that ethanol abstinencemayproduce increases in the
function of downstream NPY targets (e.g., Y receptor upregulation or
intracellular signaling cascades), although this question has not been
directly examined. Future studies should attempt to track changes in
NPY neuronal function more specifically within the CeA during ethanol
abstinence and examine the receptor pharmacology of this effect.
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