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Abstract
Neuropeptide Y (NPY) is abundant in the extended amygdala, a conceptual macrostructure in the
basal forebrain important for regulation of negative affective states. NPY has been attributed a
central role in anxiety-like behavior, fear, nociception, and reward in rodents. Deletion of the NPY
gene in mice produces a high-anxiety high-alcohol-drinking phenotype. NPY infused into the
brains of rats selectively bred to consume high quantities of alcohol suppresses alcohol drinking
by those animals, an effect that is mediated by central amygdala (CeA). Likewise, alcohol-
preferring rats exhibit basal NPY deficits in CeA. NPY infused into the brains of alcohol-
dependent rats blocks excessive alcohol drinking by those animals, an effect that also has been
localized to the CeA. NPY in CeA may rescue dependence-induced increases in anxiety and
alcohol drinking via inhibition of downstream effector regions that receive GABAergic inputs
from CeA. It is hypothesized here that NPY modulates anxiety-like behavior via Y2R regulation
of NPY release, whereas NPY modulation of alcohol-drinking behavior in alcohol-dependent
animals occurs via Y2R regulation of GABA release.
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1. Neuropeptide Y Distribution in Extended Amygdala
NPY is a 36-amino acid polypeptide that results from cleavage of its 97-amino acid
precursor, preproNPY, and exhibits a high degree of phylogenetic conservation across
species (Allen et al., 1987; Larhammar et al., 1987). NPY is widely distributed in the
mammalian central nervous system, particularly in the cortex, striatum, amygdala, and
hypothalamus (Gray & Morley, 1986; de Quidt & Emson, 1986; Miyazaki & Funakoshi,
1988; Heilig & Widerlöv, 1995). At least five NPY receptor subtypes have been identified
in mammals (Larhammar & Salaneck, 2004), of which the best characterized are Y1, Y2,
and Y5 receptors.
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The extended amygdala is a conceptual macrostructure in the basal forebrain that includes
the central nucleus of the amygdala (CeA), lateral division of the bed nucleus of the stria
terminalis (BNST), and shell of the nucleus accumbens (NAc; Alheid & Heimer, 1988). The
extended amygdala has been attributed a prominent role in regulation of negative affective
(e.g., anxiety) states (Koob, 2008). The constituent regions of the extended amygdala are
highly interconnected and each of these regions is densely populated by neuropeptides with
pro-stress and anti-stress profiles (Koob, 2008; Gilpin & Roberto, 2012).

An emerging story in the stress/fear and alcohol fields has been the further subdivision of
the CeA into medial and lateral aspects based on the connectivity and functionality of these
subregions. Both the lateral and medial CeA are composed of GABAergic projection
neurons and interneurons (Sun & Cassell, 1993; Veinante & Freund-Mercier, 1998). The
lateral CeA projects heavily to the BNST (Krettek & Price, 1978; Weller & Smith, 1982),
and reciprocal connections between CeA and BNST frequently co-transmit neuropeptides
(e.g., Sakanaka et al., 1986). Within the amygdala as a whole and also within the CeA, there
is a lateromedial flow of information, although there is not yet complete understanding of
how emotional processing maps onto these complex intra-amygdala connections (Ehrlich et
al., 2009; Pape & Pare, 2010). The medial division of the CeA is the major output region of
the amygdala and sends inhibitory projections to various effector regions (Pitkänen, 2000)
that initiate appropriate behavioral and physiological responses to emotionally relevant
stimuli (e.g., stressors, alcohol, and drugs).

In the context of alcohol dependence, perhaps the extended amygdala neuropeptides most
frequently examined are (1) corticotropin-releasing factor (CRF), which is important for
initiating not only the neuroendocrine stress response but also the extra-hypothalamic (i.e.,
extended amygdala) stress response (Koob, 1999), and (2) neuropeptide Y (NPY), which is
a peptide with robust anxiolytic effects mediated by the amygdala (Heilig et al., 1993;
Sajdyk et al., 1999). CRF and NPY exhibit largely opposite behavioral profiles as well as a
high degree of neuroanatomical overlap (Valdez & Koob, 2004), particularly in the extended
amygdala where they drive inhibitory neurotransmission in opposite directions and have
opposite effects on modulation of neurotransmission by alcohol (Gilpin & Roberto, 2012).

The amygdala is densely populated by NPY-containing fibers and NPY receptors (Allen et
al., 1984; de Quidt & Emson, 1986; Dumont et al. 1990; Gustafson et al. 1997; Migita et al.,
2001). NPY acts post-synaptically at Y1 receptors (Y1Rs) and pre-synaptically at Y2
receptors (Y2Rs), both of which are abundantly expressed in amygdala (Dumont et al.,
1993; Gustafson et al., 1997; Kopp et al., 2002; Parker & Herzog, 1999). It has long been
recognized that Y2Rs function both as autoreceptors that regulate pre-synaptic NPY release
(Chen et al., 1997), and also as heteroceptors that regulate excitatory and inhibitory
transmission via effects on pre-synaptic release (Gilpin et al., 2011; Greber et al., 1994).

2. Extended Amygdala NPY in Negative Affective States
2.1. NPY in Anxiety-Like and Fear Behaviors

Both endogenous NPY and exogenously administered NPY exert powerful anxiolytic effects
in rats in a multitude of behavioral assays, including the elevated plus-maze, social
interaction, fear-potentiated startle, and operant conflict tests (Britton et al., 1997; Broqua et
al., 1995; Heilig et al., 1989, 1992; Sajdyk et al., 1999). NPY knockout (KO) mice exhibit
increased basal levels of anxiety-like behavior under some conditions (Palmiter et al., 1998).
Y1R KO mice exhibit alterations in anxiety-like behavior that depend on the task (Karl et
al., 2006), but it does appear that Y1Rs are necessary for the anxiolytic effects of
exogenously administered NPY (Karlsson et al., 2008). Finally, Y2R KO mice exhibit
decreased anxiety-like behavior and improved ability to cope with forced swim stress
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(Tschenett et al., 2003), perhaps via increased NPY release following the loss of negative
feedback that occurs following deletion of this autoreceptor.

The ability of NPY to reduce anxiety-like behavior has been localized to the amygdala,
although it is not yet clear whether this effect is mediated by the CeA, the basolateral
amygdala (BLA), or if contributions are made by both nuclei (Heilig et al., 1993; Sajdyk et
al., 1999). Rats that exhibit an extreme behavioral response (high anxiety-like behavior and
hyperarousal) to a traumatic stressor exhibit NPY deficiencies in several brain regions,
including amygdala (Cohen et al., 2012). Site-specific deletion of the Y2R gene in CeA or
BLA reduces anxiety-like behavior and depressive-like behavior (CeA only) in mice,
perhaps due to changes in GABAergic transmission and/or NPY release (Tasan et al., 2010).
Infusion of Y2R agonists (NPY3–36, C2-NPY) into the BLA can increase or decrease
anxiety-like behavior depending on the compound and dose (Sajdyk et al., 2002a,b). Pre-
and post- synaptic NPY receptors in the amygdala appear to interact in a complex way to
affect behavior, perhaps because inhibitory neurons in the lateral division of the CeA
synapse on each other and also on inhibitory neurons in the medial division of the CeA that
project to brainstem effector regions (Ciocchi et al., 2010).

In traditional rodent models of fear conditioning, infusion of NPY directly into the amygdala
of mice reduces fear behavior as measured by both conditioned freezing and fear-potentiated
startle (Fendt et al., 2009). Pharmacological and genetic studies confirmed that this effect is
not mediated by Y1Rs (Fendt et al., 2009), which suggests that NPY modulation of fear
behavior likely occurs via Y2Rs in amygdala, consistent with data on anxiety-like behavior
and alcohol-related behaviors in rats.

NPY is present in high quantities in the BNST (Allen et al., 1984), where it is co-localized
with CRF, most of which comes from the CeA (Sakanaka et al., 1986). The BNST is
densely innervated by GABAergic projections from CeA that also co-localize Y2Rs (Tasan
et al., 2010), and is well situated to modulate affective-like behavior via projections to
effector regions (e.g., brainstem and hypothalamus). Indeed, chronic restraint stress in mice
increases basal GABAergic transmission in BNST and reduces the ability of NPY to
modulate inhibitory transmission via Y2Rs in that region (Pleil et al., 2012).

2.2. NPY in Pain Behavior
Brain NPY modulates nociception and pain-related behaviors in rat models. For example,
infusion of NPY into the ventricles produces robust decreases in nociception in a rat model
of neuropathic pain, and these effects are synergistic with the anti-nociceptive effects of
morphine (Upadhya et al., 2009). Furthermore, a Y1R agonist ([Leu31, Pro34]-NPY) mimics
the anti-nociceptive effect of NPY, whereas ventricular infusion a Y1R antagonist
(BIBP3226) attenuates the anti-nociceptive effect of morphine (Upadhya et al., 2009).
Interestingly, micro-infusion of NPY into the periaqueductal grey (PAG), important in top-
down pain control and a terminal region for projections from extended amygdala (e.g., CeA
& BNST), also produces anti-nociceptive effects in rats (Wang, 2004). Neuroadaptations in
brain NPY may contribute to the lower nociceptive thresholds seen in alcohol-dependent
rats, especially since CRF1Rs have been implicated in alcohol withdrawal-induced allodynia
(Edwards et al., 2011).

2.3. NPY in Reward-Related Behavior
NPY also modulates reward behavior, perhaps via interactions with dopamine (DA) in NAc.
Rats exhibit conditioned-place preference (CPP) for a context repeatedly paired with intra-
NAc shell infusions of NPY (Brown et al., 2000), and this CPP can be blocked by pre-
treatment with a DA receptor antagonist (cis-flupenthixol; Josselyn & Beninger, 1993). In
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agreement with those findings, infusion of NPY directly into the NAc shell produces
increases in extracellular dopamine, as measured by in vivo microdialysis (Sørensen et al.,
2009). NPY content in NAc is altered by chronic drug exposure; for example, chronic
cocaine treatment produces long-lasting decreases in NPY in the NAc of rats (Wahlestedt et
al., 1991). Furthermore, inbred strains that are prone to drink high amounts of alcohol
exhibit NPY deficiencies in NAc shell relative to low-drinking strains (Misra & Pandey,
2006).

3. NPY & Alcohol in Genetic Animal Models
3.1. NPY & Alcohol in Non-Rodent Species

Neuropeptide Y-like proteins and their receptors have been implicated in the response to
ethanol even in C. elegans and Drosophila. For example, NPR-1 is an NPY receptor-like
protein in C. elegans that negatively regulates the development of acute alcohol tolerance
(Davies et al., 2004). In Drosophila, NPY-like neuropeptide F (NPF) and its receptor NPFR1
regulate initial sensitivity to acute alcohol via interactions with the protein kinase C (PKC)
pathway (Chen et al., 2008). More recently, it was shown that mating and sexual deprivation
respectively increase and decrease NPF levels in male Drosophila, which lead in turn to
respective reduction and enhancement of alcohol preference, consistent with the rodent
literature (Shohat-Ophir et al., 2012).

3.2. NPY Knockout & Transgenic Rodents
Deletion of the NPY gene in mice produces a phenotype marked by excessive alcohol
consumption and reduced sensitivity to the sedative effects of high alcohol doses (Thiele et
al., 1998). Conversely, transgenic mice that overexpress NPY consume less alcohol than
controls and exhibit increased sensitivity to the sedative effects of high alcohol doses (Thiele
et al., 1998). NPY KO mice also exhibit increased sensitivity to the locomotor activating
effects of low alcohol doses, but this effect is dependent on the genetic background of the
mouse (Thiele et al., 2000). Mice lacking the Y1R are very similar to NPY KO mice in that
they consume high quantities of alcohol and exhibit reduced sensitivity to the sedative
effects of alcohol (Thiele et al., 2002). Mice lacking the Y2R consume normal or lower
quantities of alcohol relative to controls (Thiele et al., 2004), although Y2R KO mice in this
study were not from the same high-alcohol-drinking background as the NPY KO and Y1R
KO mice described above.

3.3. NPY in the Extended Amygdala of Alcohol-Preferring Rats
Multiple lines of rats selectively bred to drink high quantities of alcohol (>5.0 g/kg/day)
exhibit NPY deficiencies in CeA relative to their counterparts selectively bred for low
alcohol preference. More specifically, alcohol-preferring (P) rats and high-alcohol-drinking
(HAD1) rats exhibit less NPY immunoreactivity in CeA relative to non-preferring (NP) and
low-alcohol-drinking (LAD1) rats, respectively (Ehlers et al., 1998; Hwang et al., 1999;
Pandey et al., 2005). Similarly, P rats exhibit basal deficits in NPY mRNA in CeA relative
to NP rats (Suzuki et al., 2004). Another line of alcohol-preferring (AA) rats exhibits basal
deficits in Y2R mRNA in the medial amygdala relative to non-preferring (ANA)
counterparts and genetically heterogeneous controls, although Y2R transcript in CeA was
not measured in that study (Caberlotto et al., 2001). Collectively, these results are consistent
with the notion that NPY deficits in amygdala, and particularly in the CeA, promote a high-
anxiety high-alcohol-drinking phenotype.

3.4. Amygdalar NPY Effects on Alcohol Drinking in Alcohol-Preferring Rats
NPY infused into the ventricles suppresses alcohol consumption in P rats and HAD1 rats,
but not in their low-preferring counterparts (Badia-Elder et al., 2001, 2003). The magnitude
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and duration of this effect are both augmented in P rats that have endured a period of
abstinence prior to NPY administration and availability of alcohol (Gilpin et al., 2003,
2005). The ability of NPY to suppress alcohol drinking in P rats has been localized to the
CeA (Pandey et al., 2005), and this effect is not secondary to effects on feeding (Gilpin et
al., 2008a). Furthermore, the ability of intra-CeA NPY infusion to suppress alcohol
consumption in P rats is enhanced following a period of abstinence (i.e., reversal of alcohol
deprivation effect; Gilpin et al., 2008a).

4. NPY in Animal Models of Alcohol Dependence
4.1. Alcohol Effects on Inhibitory Transmission in Extended Amygdala

Antagonism of GABAARs in CeA reduces alcohol self-administration in rats (Hyytiä &
Koob, 1995). Acute alcohol increases GABAergic synaptic transmission in CeA (Roberto et
al., 2003), and this effect is rapid, reversible, and has a significant pre-synaptic component.
Chronic alcohol exposure facilitates GABA release in the CeA, mainly via actions at pre-
synaptic GABAergic terminals (Roberto et al., 2004, 2010). Acute alcohol enhances
GABAergic transmission similarly in the CeA of alcohol-naïve and alcohol-dependent rats
(see Figure 1), suggesting a lack of tolerance for the acute effects of alcohol in this brain
region (Roberto et al., 2004). Microdialysis studies have confirmed that alcohol dependence
produces large increases in extracellular GABA concentrations in CeA, and also that
alcohol-dependent rats exhibit a lack of tolerance for acute alcohol-induced increases in
CeA GABA dialysate levels (Roberto et al., 2004). Because antagonism of GABAARs in
BNST also reduces alcohol self-administration in rats (Hyytiä & Koob, 1995), it is
reasonable to hypothesize that the effects of alcohol on inhibitory transmission in BNST
may be similar to effects in CeA, although this has not yet been shown.

4.2. NPY Effects on Inhibitory Transmission in Extended Amygdala
NPY prevents and reverses acute alcohol-induced increases in evoked GABAergic
transmission in CeA via pre-synaptic effects on GABA release (Gilpin et al., 2011). As
illustrated in Figure 1, NPY blocks alcohol effects on GABA release via activation of pre-
synaptic Y2Rs in slice electrophysiology recordings from the CeA of rats. NPY alone does
not decrease GABAergic transmission in CeA unless post-synaptic Y1Rs are blocked,
suggesting that functional Y1Rs in CeA “buffer” the effects of NPY at pre-synaptic Y2Rs.
Importantly, NPY normalizes alcohol dependence-induced increases in GABA release in
CeA, suggesting that chronic alcohol produces neuroadaptations in NPY systems that affect
inhibitory transmission in CeA (Gilpin et al., 2011). In agreement with these findings, NPY
reduces evoked inhibitory post-synaptic currents (eIPSCs) in the CeA of mice, and this
effect is enhanced in slices taken from mice with a history of binge alcohol drinking
(Sparrow et al., 2012).

Recent data from our lab show that chronic high-dose alcohol exposure produces allostatic
shifts in NPY content in BNST, such that once-normal NPY levels in BNST actually
represent deficits in alcohol-withdrawn rats (Baynes & Gilpin, 2012). Similar to its effects in
CeA, NPY modulates GABA release in BNST (Kash & Winder, 2006) via activation of pre-
synaptic Y2Rs, supporting the notion that Y2Rs function not only as autoreceptors
regulating NPY release (Chen et al., 1997), but also as heteroceptors regulating the release
of other neurotransmitters (Greber et al., 1994). This dual role of pre-synaptic Y2Rs
(regulating NPY and GABA release) may explain apparent discrepancies in the literature
regarding the effects of NPY and Y2R compounds on some behaviors (see Section 6 below).
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4.3. NPY Effects on Alcohol Dependence-Related Behaviors
Repeated intra-ventricular NPY administration during prior alcohol withdrawals blocks
increases in alcohol self-administration during subsequent withdrawals (Gilpin et al., 2011),
a hallmark behavioral feature of the transition to alcohol dependence. This effect may be due
to NPY reversal of withdrawal-induced increases in anxiety-like behavior, as has been
suggested with other anti-anxiety compounds chronically administered in a similar protocol
(Breese et al., 2005). Activation of NPY systems in the CeA suppresses alcohol self-
administration in alcohol-dependent rats at doses that do not affect alcohol self-
administration in non-dependent rats (Gilpin et al., 2008b; Thorsell et al., 2007). Rats
withdrawn from chronic high-dose alcohol exhibit NPY mRNA and protein deficits in CeA
that parallel increases in anxiety-like behavior (Roy & Pandey, 2002; Zhang & Pandey,
2003). Finally, NPY blocks stress-induced reinstatement of alcohol-seeking behavior
(Cippitelli et al., 2010), an effect that may be attributable to effects of NPY on inhibitory
neurotransmission in CeA (Gilpin et al., 2011).

Pre-synaptic Y2Rs are likely to mediate NPY effects on post-dependent alcohol-related
behaviors. Intra-ventricular administration of a Y2R antagonist (BIIE0246) reduces alcohol
consumption by rats (Thorsell et al., 2002) and mice (Sparrow et al., 2012), and alcohol-
dependent rats exhibit increased sensitivity to the suppressive effects of BIIE0246 on
alcohol drinking during protracted abstinence (Rimondini et al., 2005). Systemic
administration of a Y2R antagonist (JNJ-31020028) that is able to cross the blood-brain
barrier dose-dependently reverses the increased anxiety-like behavior observed in rats
during hangover (i.e., withdrawal) from a single bolus injection of alcohol (Cippitelli et al.,
2011). These behavioral effects of systemic and whole-brain Y2R manipulations are likely
the sum of drug actions at multiple loci. In the CeA, because NPY blocks alcohol effects on
GABA release via Y2Rs (Gilpin et al., 2011), it is hypothesized that infusion of a Y2R
antagonist into the CeA would actually increase alcohol self-administration in situations
where the heteroceptor function of Y2Rs has been recruited (e.g., alcohol dependence).

5. CeA Disinhibits Downstream Effector Regions
Traditionally, compounds that promote GABAergic transmission (e.g., barbiturates,
benzodiazepines, and neuroactive steroids) reduce anxiety in animals and humans via
interaction with the GABAA receptor complex (for recent review, see Rudolph & Knoflach,
2011). Therefore, it may seem counterintuitive that pro-anxiety pro-alcohol-drinking
peptides (e.g., CRF) increase GABAAR-mediated inhibitory transmission in CeA, whereas
anti-anxiety anti-alcohol-drinking peptides (e.g., NPY) decrease GABAergic transmission in
the same region. However, this pattern of results can be explained by closer examination of
the connectivity within and between amygdaloid nuclei. The amygdala is organized such
that lateral nuclei (i.e., lateral and basolateral amygdala) project to medial nuclei (i.e.,
central amygdala). Within the CeA, information also flows from lateral aspects to the medial
subdivision of the CeA, the major output region of the amygdala, which sends inhibitory
projections to effector regions (e.g., hypothalamus and brainstem).

Medial CeA projection neurons receive dense inhibitory inputs from lateral CeA and
intercalated GABA cells. In the slice electrophysiology experiments described above,
GABAAR-mediated inhibitory transmission was pharmacologically isolated and post-
synaptic potentials (PSPs) were evoked by local electrical stimulation in the medial CeA.
Although it is not possible in this preparation to discern whether inhibitory PSPs reflect
GABAergic transmission from local interneurons in CeA or inhibitory afferents from other
nearby regions, recorded increases in evoked GABAergic transmission in CeA (e.g.,
following application of CRF) promote inhibition of GABAergic neurons projecting out of
CeA. Conversely, recorded decreases in evoked GABAergic transmission in CeA (e.g.,
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following application of NPY) facilitate GABA release from CeA efferents onto
downstream effector regions. Therefore, recorded increases in GABAergic transmission
reflect a net disinhibition of downstream regions (e.g., hypothalamus, PAG, locus coeruleus,
nucleus of the solitary tract, pedunculopontine tegmental nucleus), whereas recorded
decreases in GABAergic transmission reflect a net inhibition of downstream target regions.

This model suggests that anxiogenic peptides (e.g., CRF) in CeA promote anxiety-like and
alcohol-drinking behaviors associated with alcohol dependence via disinhibition of
downstream regions responsible for generating behavioral and physiological responses to
alcohol and alcohol withdrawal. Conversely, anxiolytic peptides (e.g., NPY) in CeA may
rescue the high-anxiety excessive-drinking state associated with alcohol dependence via
inhibition of downstream effector regions. The hypothesized role of this circuitry in anxiety-
and alcohol-related behaviors is in general agreement with data from the fear conditioning
literature (Davis et al., 2010; Paré et al., 2004; Tye et al., 2011).

6. Predicting Behavior from Inhibitory Transmission in CeA
From the model described in the previous section and illustrated in Figure 1, certain
predictions can be made about the effects of NPY (and other peptides) on anxiety-like and
alcohol-related behaviors both prior to and following the transition to alcohol dependence,
some of which have been previously confirmed and others which have been not yet been
tested. The overarching hypothesis put forth here is that NPY affects anxiety-like behavior
(regardless of alcohol history) via Y2R regulation of NPY release, whereas NPY modulation
of alcohol-drinking behavior in alcohol-dependent animals occurs via Y2R regulation of
GABA release. The implication is that, while alcohol dependence produces changes in
expression of NPY and its receptors, what may be critical for mediating the effects of NPY
on excessive alcohol drinking by alcohol-dependent (and perhaps alcohol-preferring)
animals is the recruitment of Y2R heteroceptor function and NPY-GABA interactions in
amygdala.

Within this model, one obvious prediction is that a Y2R antagonist should mimic the effects
of NPY in the CeA on anxiety-like behavior, but oppose the effects of NPY on alcohol
consumption in alcohol-dependent animals and also oppose NPY effects on GABA release
in CeA. This hypothesis is supported by data showing that application of Y2R antagonist
(BIIE0246) to rat CeA slice increases evoked GABAergic transmission and abolishes the
ability of NPY to block alcohol effects on GABA release (Gilpin et al., 2011). In this
scenario, there would appear to be a delicate balance between the autoreceptor and
heteroceptor functions of pre-synaptic Y2Rs in CeA, a balance that may differ in non-
dependent and alcohol-dependent states, and also across individuals. One important
experiment would be to determine the effects of Y2R blockade on both anxiety-like
behavior and alcohol self-administration in the same set of animals, the results of which
would have obvious implications for both the autoreceptor-heteroceptor hypothesis put forth
here and also for the allostasis theory of alcohol addiction.

Another set of predictions that can be made from the electrophysiological data is that
infusion of a GABAAR antagonist into the CeA should reduce alcohol drinking, and that
manipulation of pre-synaptic NPY and CRF receptors should not further affect alcohol
drinking following pre-treatment with a GABAAR antagonist. The latter of these hypotheses
has not been tested, but infusion of a competitive GABAAR antagonist (SR 95531) into the
amygdala, in particular the CeA, does reduce alcohol self-administration in rats (Hyytiä &
Koob, 1995). Blocking GABAergic transmission with a drug that is peripherally
administered is not likely to be viable as a long-term strategy for treating alcohol
dependence in humans. As such, a more promising approach may be to target
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neuromodulators (e.g., NPY, CRF) of inhibitory transmission that are recruited (e.g., in
extended amygdala) during the transition to alcohol dependence.

7. Conclusions
NPY is abundantly expressed in the extended amygdala and is critically involved in the
regulation of negative affective states in rats. The transition to alcohol dependence produces
neuroadaptations in extended amygdala NPY systems, as well as other pro- and anti-stress
peptide systems. The effects of NPY in CeA on elevated anxiety and excessive alcohol
drinking in alcohol-dependent rats may be differentially mediated by Y2R regulation of
NPY and GABA release. NPY systems in extended amygdala may constitute a promising
target in the search for potential pharmacotherapeutics to combat alcohol use disorders in
humans.
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Figure 1.
Schematic diagram of the effects of acute alcohol and NPY on GABAergic synaptic
transmission in the medial aspect of the CeA. GABAergic afferents in the medial CeA arise
largely from the lateral CeA and intercalated GABA cells, and commonly co-express NPY
and/or other neuropeptides. Glutamatergic inputs to medial CeA arise largely from BLA. In
this simplified scheme, GABAARs are located post-synaptically, and G-protein coupled
receptors (GPCRs) that bind NPY are located both pre- (Y2) and post-synaptically (Y1).
Acute alcohol promotes pre-synaptic GABA release in the medial CeA of both alcohol-
naïve and alcohol-dependent rodents, perhaps via actions at CRF1Rs (not shown here).
Increased GABA release produced by alcohol inhibits GABAergic output from the medial
CeA, thereby leading to excitation (i.e., disinhibition) of downstream effector regions.
Conversely, NPY decreases pre-synaptic GABA release in the medial CeA via actions at
Y2Rs, and this effect is enhanced following a history of either alcohol dependence or
alcohol binge exposure (Gilpin et al., 2011; Sparrow et al., 2012). Reduced GABA release
produced by NPY disinhibits GABAergic output from the medial CeA, thereby leading to
inhibition of downstream effector regions. Chronic alcohol exposure enhances many aspects
of synaptic transmission in CeA (e.g., stronger effects of acute alcohol, NPY, and CRF on
GABAergic transmission), perhaps due to changes in transmitter expression and/or receptor
levels. Here, it is hypothresized that what may (also) be recruited during the transition to
alcohol dependence is the pre-synaptic interaction of NPY & GABA and the heteroceptor
function of Y2Rs. It is also conceivable that individual differences in the balance between
basal autoreceptor and heteroceptor functions of Y2Rs may predict alcohol effects in CeA as
well as the propensity to abuse alcohol. Based on this model, it is hypothesized that NPY
regulates anxiety-like behavior (regardless of alcohol history) via Y2R regulation of NPY
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release, whereas NPY modulation of alcohol-drinking behavior in alcohol-dependent
animals occurs via Y2R regulation of GABA release.
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