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Abstract

Electrophysiological data suggest a dual role of Y2 receptors (Y2Rs) as autoreceptors regulating

neuropeptide Y release and heteroceptors regulating gamma-aminobutyric acid release in the

central amygdala (CeA). Here, we report that neither systemic (JNJ-31020028) nor intra-CeA

(BIIE0246) Y2R antagonism altered operant alcohol responding by alcohol-dependent or non-

dependent rats. Conversely, BIIE0246 in the CeA reduced anxiety-like behavior in alcohol-

dependent and alcohol-naïve rats. The finding that Y2R antagonism reduces anxiety-like behavior

but not alcohol drinking suggests that these two effects may occur via different functions of the

Y2R (e.g. autoreceptor versus heteroceptor function).
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Neuropeptide Y (NPY) reduces anxiety-like behavior and alcohol consumption in rats via

effects in the central nucleus of the amygdala (CeA; Heilig et al. 1993; Gilpin et al. 2011).

Recent electrophysiological data show that NPY blocks the ability of acute alcohol to
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increase inhibitory transmission in CeA via actions at presynaptic Y2 autoreceptors and that

NPY also reverses chronic alcohol effects on gamma-aminobutyric acid (GABA) release in

CeA, likely via the same mechanism (Gilpin et al. 2011). Although prior studies have

examined the effect of systemic and whole-brain Y2R antagonism on alcohol-drinking

behaviors by alcohol-dependent rats (Rimondini, Thorsell & Heilig 2005; Cippitelli et al.

2011), the effect of Y2R antagonism in CeA remains to be investigated. Here, we examined

the effects of systemic and intra-CeA Y2R antagonism on alcohol drinking and anxiety-like

behavior in alcohol-dependent rats.

Adult male Wistar rats weighing 300–350 g (Charles River; Kingston, NY, USA) were

group housed and kept under a 12 hours light/12 hours dark cycle (lights off: 8AM) with

free access to food and water. Procedures were conducted in the dark cycle and met the

guidelines of the National Institutes of Health Guide for the Care and Use of Laboratory

Animals.

Rats were trained to respond for 10% (w/v) ethanol versus water on a fixed ratio-1 schedule

(each response resulted in delivery of 0.1 ml of fluid) and divided into two groups: rats

exposed to chronic intermittent (14 hours/day for 2-3 months) alcohol vapor (dependent)

and air-exposed control rats (non-dependent). Operant tests occurred twice per week during

acute withdrawal (6-8 hours after removal from vapor). Once responding stabilized, rats

were injected with JNJ-31020028 (0, 3, 10, 30 mg/kg; 3 ml/kg; subcutaneously) (Shoblock

et al. 2010), a Y2R antagonist provided by Janssen Research & Development, LLC. (San

Diego, CA, USA), 60 minutes prior to testing. Vehicle consisted of 5/5%

dimethylformamide/Alkamuls-620 (Rhodia, New Brunswick, NJ, USA) in saline. A separate

group of rats was trained to respond for alcohol, exposed to alcohol vapor, or ambient air for

≥4 weeks, then implanted with bilateral guide cannulae aimed at the CeA (−2.6AP/±4.2ML/

−6.6DV from skull) and bilaterally infused with the Y2R antagonist BIIE0246 (0, 5, 50, 500

ng) dissolved in artificial cerebrospinal fluid (0.5 μl) 30 minutes prior to operant tests during

acute withdrawals in a within-subjects Latin-square design. Infusions occurred over a period

of 2 minutes plus 1 minute for diffusion. A final group of rats was exposed to alcohol vapor

or ambient air then injected in CeA with BIIE0246 (0 or 50 ng) and tested on the elevated

plus-maze 30 minutes later, also during acute withdrawal. Data were analyzed using two-

way analyses of variance with or without repeated measures. Statistical significance was set

at P < 0.05.

Dependent rats responded more for alcohol than non-dependent rats in the first (F(1,16) =

14.7, P < 0.005) and second (F(1,27) = 50.6, P < 0.0001) experiments. Neither systemic

administration of JNJ-31020028 (Table 1) nor intra-CeA injections with BIIE0246 affected

responding for alcohol (Fig. 1a) or water (data not shown).

In the plus-maze, dependent rats tended to spend less % open-arm time than naïve rats

(F(1,19) = 3.6, P = 0.07). BIIE0246 in CeA increased % open-arm time (F(1,19) = 8.1, P <

0.01; Fig. 1b) and closed-arm entries (F(1,19) = 8.0, P < 0.01; Fig. 1c) in both groups.

Antagonism of Y2R systemically (Cippitelli et al. 2011) or in CeA (present study) reduces

anxiety-like behavior in alcohol-naïve rats and also during acute withdrawal, without
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affecting operant alcohol self-administration, suggesting that NPY in CeA modulates

alcohol drinking and anxiety-like behavior via different actions of presynaptic Y2Rs. In this

study, antagonism of Y2Rs in CeA reduced anxiety-like behavior in alcohol-naïve and

alcohol-dependent rats, confirming prior results that withdrawal-induced anxiety-like

behavior is reversed by systemic JNJ-31020028 (Cippitelli et al. 2011), ablation of theY2R

gene in CeA produces a low-anxiety phenotype (Tasan et al. 2010), and pharmacological

activation of Y2Rs in basolateral amygdala increases anxiety-like behavior in rats in the

social interaction test (Sajdyk et al. 2002). The likely mechanism for this effect is that Y2R

antagonists facilitate presynaptic release of NPY that activates postsynaptic Y1Rs to produce

anxiolytic effects (Heilig et al. 1993). Intra-CeA BIIE0246 also increased closed-arm

entries, but this pharmacologically effective dose did not produce specific or non-specific

increases in alcohol or water self-administration. That said, the increase in elevated plus-

maze closed-arm entries produced by intra-CeA BIIE0246 infusion is a potential confound

of the observed anxiolytic-like effects. Also, the effects of the single BIIE0246 dose on

open-arm time and closed-arm entries were similar in alcohol-dependent and alcohol-naïve

rats, which suggest this dose is too high to detect dependence-induced changes in the

number, availability or function of Y2Rs.

Neither intra-CeA (BIIE0246) nor systemic (JNJ-31020028) Y2R antagonism altered

operant alcohol self-administration by dependent or non-dependent rats, suggesting that

exogenously administered NPY produces extracellular NPY quantities that are not

reproduced by Y2R antagonist-induced NPY release. Prior studies showed that

intraventricular infusion of BIIE0246 suppresses operant self-administration of a sweetened-

alcohol solution by rats with a history of alcohol dependence (Rimondini et al. 2005).

Discrepancies between results across studies may be attributable to multiple design factors

that include: testing during different phases of alcohol withdrawal (acute versus protracted),

self-administration of sweetened versus unsweetened alcohol solution, dosing, and/or site of

drug action (ventricles versus CeA).

One potential explanation for the differential effects of Y2R antagonism on anxiety-like

behavior and alcohol self-administration is that Y2Rs have multiple actions at the CeA

synapse. Brain Y2Rs function as autoreceptors that regulate NPY release (Chen et al. 1997)

and as heteroceptors that regulate the release of other neurotransmitters (Greber, Schwarzer

& Sperk 1994; Gilpin et al. 2011). NPY blocks acute alcohol-induced facilitation of GABA

release in CeA of rats via heteroceptor function of Y2Rs and also normalizes alcohol

dependence-induced increases in CeA GABA release, likely via the same mechanism

(Gilpin et al. 2011). NPY effects mirror the facilitatory effects of prostress peptides [i.e.

corticotropin-releasing factor (CRF)] on CeA GABA release (Gilpin & Roberto 2012).

Collectively, these results suggest that during the transition to alcohol dependence, it may

not be NPY function or receptor number that are recruited, but rather the ability of NPY to

modulate GABAergic transmission in CeA. Conversely, it is unlikely thatY2R antagonism

reduces anxiety-like behavior via changes in GABA release, as Y2R antagonism mimics the

effects of CRF on GABA release in CeA. One possibility is thatY2Rs in CeA modulate

anxiety-like behavior via auto receptor function (i.e. increased NPY release and activation of
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postsynaptic Y1Rs), but another possibility is that Y2Rs in CeA affect anxiety-like behavior

via modulation of glutamate release.

In summary, Y2R antagonism in CeA reduces anxiety-like behavior but does not affect

alcohol drinking in rats, regardless of alcohol dependence history. These data illustrate that

antagonism of Y2Rs in CeA mimics the anxiolytic effects of NPY in CeA but does not

mimic NPY effects on alcohol drinking. The hypothesis that Y2R antagonism reduces

anxiety-like behavior via autoreceptor function (i.e. increased NPY release and postsynaptic

action) and alcohol drinking via heteroceptor function (i.e. reduced GABA release) should

be confirmed by pretreatment with Y1R antagonists and GABA receptor antagonists prior to

Y2Rs manipulations in CeA.
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Figure 1.
(a) Mean ± SEM lever presses for alcohol by alcohol-dependent and non-dependent rats, and

(b) %open-arm time and (c) closed-arm entries in the elevated plus-maze by alcohol-

dependent and alcohol-naïve rats following bilateral intra-CeA infusion (30 minutes prior to

operant test) of BIIE0246. Rats (n = 14/group) in the self-administration experiment were

infused with four doses (0, 5, 50 and 500 ng; 0.5 μL/side) of BIIE0246, and rats (n = 5-6/

group) in the elevated plus-maze experiment were infused with one of two doses (0, 50 ng;

0.5 μL/side) of BIIE0246. *P < 0.05 relative to vehicle condition; +P < 0.05 relative to non-

dependent controls; #P = 0.07 tendency toward significant difference form naïve controls
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Table 1

Systemic Y2R antagonism with JNJ-31020028 does not alter alcohol self-administration in rats.

Group Dose (mg/kg) Alcohol deliveries

Dependent 0 42.4 ± 2.5

3 47.0 ± 9.3

10 45.4 ± 6.2

30 55.4 ± 10.2

Non-dependent 0 25.0 ± 3.0

3 25.9 ± 5.3

10 26.4 ± 4.5

30 26.4 ± 5.1
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