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Abstract

Cues paired with alcohol can be potent drivers of craving, alcohol-seeking, consumption, and
relapse. While the ventral pallidum is implicated in appetitive and consummatory responses across
several reward classes and types of behaviors, its role in behavioral responses to Pavlovian alcohol
cues has not previously been established. Here, we tested the impact of optogenetic inhibition

of ventral pallidum on Pavlovian-conditioned alcohol-seeking in male Long Evans rats. Rats
underwent Pavlovian conditioning with an auditory cue predicting alcohol delivery to a reward
port and a control cue predicting no alcohol delivery, until they consistently entered the reward
port more during the alcohol cue than the control cue. We then tested the within-session effects

of optogenetic inhibition during 50% of cue presentations. We found that optogenetic inhibition
of ventral pallidum during the alcohol cue reduced port entry likelihood and time spent in the
port, and increased port entry latency. Overall, these results suggest that normal ventral pallidum
activity is necessary for Pavlovian alcohol-seeking.
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Introduction

Conditioned cues paired with alcohol and other drugs can contribute to misuse of these
substances in a variety of ways (Stewart et al., 1984; Shaham et al., 2003; Robinson and
Berridge, 2004; Everitt and Robbins, 2005; Valyear et al., 2017; Poisson et al., 2021).
Alcohol cues can elicit or exacerbate relapse to alcohol seeking and consumption (Niaura
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etal., 1988; Garland et al., 2012; Garbusow et al., 2014) and lead to escalated alcohol
intake (Stein et al., 2000; Koordeman et al., 2011; Jones et al., 2013). These effects have
been attributed to the ability of conditioned cues to produce craving and physiological
arousal, to impair inhibitory control, and to reduce cognitive resources (Sayette and
Hufford, 1994; Tiffany and Carter, 1998; de Wit, 2009; Field and Jones, 2017). The neural
mechanisms underlying these processes, particularly in response to alcohol cues, remain to
be established.

The ventral pallidum (VP) is a basal forebrain structure implicated in appetitive motivation,
consummatory behavior and positive affective responses, among other behaviors (Smith et
al., 2009; Root et al., 2015; Soares-Cunha and Heinsbroek, 2023). It has been suggested to
act as part of “final common pathway” for relapse to drug and alcohol seeking, including

in response to cues (Kalivas and Volkow, 2005; Saunders et al., 2015; Kupchik and Prasad,
2021). Inhibition of VP disrupts behavior across several relapse models (McFarland and
Kalivas, 2001; McFarland et al., 2004; Tang et al., 2005; Mahler et al., 2014; Farrell et al.,
2019, 2022). In models of relapse to alcohol seeking, VP circuits have been implicated in
context-induced renewal of alcohol seeking (Perry and McNally, 2013; Prasad and McNally,
2016; Prasad et al., 2020), but the causal contributions of VP activity to behavioral responses
to Pavlovian alcohol cues, in reinstatement models or otherwise, have not been established.
This may be due in part to the more limited effectiveness of discrete response-contingent
cues to drive relapse-like behavior for alcohol reward (Tsiang and Janak, 2006; Richard and
Fields, 2016).

Prior work from our group and others has indicated that VP activity both encodes and
causally contributes to the likelihood of sucrose seeking in response to Pavlovian cues
(Tindell et al., 2004, 2005; Richard et al., 2018; Stephenson-Jones et al., 2020) and the
likelihood and vigor of sucrose seeking in response to discriminative stimuli (Richard et

al., 2016, 2018; Lederman et al., 2021; Scott et al., 2023). Notably, we also found that the
activity of VP neurons and ensembles encodes Pavlovian alcohol cues rather poorly, relative
to Pavlovian sucrose cues (Ottenheimer et al., 2019).

To build on this past work, we investigated the impact of VP inhibition on Pavlovian-cue
conditioned alcohol-seeking behavior, using a temporally specific optogenetic approach.
Male Long Evans rats underwent Pavlovian conditioning with auditory cues predicting
delivery of alcohol or no reward, followed by test sessions where VP neurons were inhibited
on 50% of cue presentations. Despite the relatively poor encoding of Pavlovian alcohol

cues by VP neurons (Ottenheimer et al., 2019), we find that \VP activity during these cues

is necessary for normal conditioned alcohol-seeking responses. Specifically, VP inhibition
during the alcohol cue made rats less likely to enter the alcohol port, decreased their time
spent in port, and increased their latency to enter the port.

Materials and Methods

Subjects

Male Long Evans rats (n=11; Envigo) weighing 250-275 grams at arrival served as
experimental subjects and were individually housed in a temperature- and humidity-
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controlled colony room on a 12 h light/dark cycle. Rats were fed ad /ibitum, and water
was provided ad /ibitumto all rats. All experimental procedures were approved by the
Institutional Animal Care and Use Committees at Johns Hopkins University and the
University of Minnesota and were carried out in accordance with the guidelines on animal
care and use of the National Institutes of Health of the United States.

Alcohol pre-exposure

Surgeries

Prior to surgery and Pavlovian conditioning rats were pre-exposed to ethanol in the home
cage as described previously (Simms et al., 2008; Remedios et al., 2014; Millan et al., 2017;
Armstrong et al., 2023). First, they received 1 week of continuous access to 10% ethanol,
followed by intermittent access to 20% ethanol for 24 hours at a time, starting on Monday,
Wednesday and Friday (MWF), for a period of 7 weeks. Rats that consumed more than 2
g/kg per day during the last 2 weeks of pre-exposure underwent surgery for viral infusions
and fiber implantation prior to Pavlovian conditioning.

Following alcohol pre-exposure rats received infusions of virus and optical fiber implants
for optogenetic inhibition of VVP. During surgery, rats were anesthetized with isoflurane
(5%) and placed in a stereotaxic apparatus, after which surgical anesthesia was maintained
with isoflurane (0.5-2.0%). Rats received preoperative injections of carprofen (5 mg/kg) for
analgesia and cefazolin (75 mg/kg) to prevent infection. First, 0.5 pl of virus containing

the archaerhodopsin gene construct (n=7; AAV5/CamKlla-ArchT3.0-eYFP, 7x1012 viral
particles/ml from the University of North Carolina Vector Core) or control virus (n=4;
AAV5-CamKlla-eYFP) was delivered bilaterally to VP through 28-gauge injectors at a rate
of 0.1 pl per min for 5 minutes. Injectors were left in place for 10 min following the
infusion to allow virus to diffuse away from the infusion site. Injector tips were aimed at the
following coordinates in relation to Bregma: 0.0 mm AP, +/-2.5 mm mediolateral, —=8.2 mm
dorsoventral. Then, rats were implanted with 300-micron diameter optic fibers aimed .3 mm
above the center of the virus infusion. Implants were secured to the skull with bone screws
and dental acrylic. Rats recovered for at least one week before any behavioral training. To
allow for sufficient viral expression, rats recovered for at least 4 weeks before optogenetic
testing manipulations.

Pavlovian conditioning with alcohol

Prior to cue conditioning, rats underwent port training in which they received 30 deliveries
of .065 mL 20% ethanol to a reward port. Next, they underwent Pavlovian conditioning

for at least 19 sessions (MWEF) prior to optogenetic manipulations as described previously
(Ottenheimer et al., 2019). Rats were randomly assigned one of the following cues as their
conditioned stimulus (CS+) for training and testing: white noise or a 2900 Hz tone. Rats
received the alternate auditory cue as their CS—. During each conditioning sessions, the CS+
and CS—, each lasting 10s, were presented 30 times on a pseudorandom variable interval
schedule with a mean inter-trial interval (ITI) of 80s. At 9s after the CS+ onset, 0.065 mL
of 20% ethanol was delivered into the reward delivery port over a period of 1s. Rats were
initially trained untethered to optical testing cables and were tethered starting on session 11.
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Optogenetic inhibition during Pavlovian alcohol-seeking

Rats were tested while tethered to optical patch cables (200 um core, 0.4 m split cables,
Doric), connected to a rotary join on a cantilever arm, which was connected to a 532

nm DPSS laser. On test days, rats received continuous bilateral photoillumination of the
VP (10-15 mW light power) on 50% of CS+ and CS- trials, pseudo-randomly selected.
Photoillumination was initiated at the start of the cue and terminated at the end of the cue.

Histological assessment

Following the completion of behavioral testing, rats were anesthetized with pentobarbital
and perfused intracardially with 9% saline followed by 4% paraformaldehyde. Brains were
extracted, post-fixed in 4% paraformaldehyde for up to 24 hours, and placed in 25%
sucrose for at least 48 hours, before being sectioned at 50 pm. Sections were then mounted,
coverslipped with VECTASHIELD mounting medium with DAPI, and imaged on a Zeiss
AXxio 2 microscope to confirm the presence of viral expression in VP. A subset of tissue was
immunostained for GFP using mouse anti-GFP (1:1500, Invitrogen #A11120) and Alexa
Fluor 488 donkey anti mouse (1:500, Invitrogen #A21202). Sections were washed in PBS
with Triton (PBST) 3 times for 5 minutes, incubated in 10% normal donkey serum in

PBST for 60 minutes, and then incubated in primary antibody solution in PBST overnight
at 4C. Sections were then washed in PBST 3 times and incubated in secondary antibody
solution in PBST for 2 hours. Following three additional washes in PBST, sections were
mounted, coverslipped with VECTASHIELD mounting medium with DAPI and imaged on a
Nikon Ti-E Inverted Deconvolution Microscope (University Imaging Centers, University of
Minnesota). Location of optic fiber tips in the ventral pallidum was confirmed and mapped
onto a standardized rat brain atlas (Figure 1).

Statistical Analysis

Our primary behavioral measure during Pavlovian conditioning and testing sessions was the
number of port entries during each epoch (CS+, CS- and/or ITI) and port entry probability
during each cue (i.e. the proportion of trials with a port entry). We also assessed port

entry latency and time spent in port on optogenetic manipulation days. To account for

a mixture of within-subject and between-subjects data collection we analyzed the data
using linear mixed effects models (fitime function with maximum likelihood estimation) in
MATLAB (Mathworks). To assess the development of cue discrimination across Pavlovian
conditioning sessions, we fit models with fixed effects for cue type and session and a
random effect for subject. To assess the impact of optogenetic inhibition on responses to
the cues we fit models with fixed effects for cue type, laser status, and virus and a random
effect for subject. When main effects or interactions of interest had non-significant effects,
we followed this analysis by calculating a Bayes factor to assess support for the null versus
the alternative hypothesis (bayesFactor package bf.anova function in MATLAB).
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Results

Rats learned to discriminate between the CS+ and CS—

Viral expression and the location of optic fiber tips within the VP was confirmed for all
subjects included in the analysis (Figure 1). During Pavlovian conditioning rats learned to
discriminate between the alcohol-predictive CS+ and the unpaired CS- cue (Figure 2A).
Port entry probability increased across days in a manner that was cue-dependent (main
effect of day, F(1,402) = 15.59, p < 0.001; day by cue, F(1,402) = 75.88, p < 0.001),
selectively increasing in response to the CS+ but not the CS— (Figure 2B). We did not find
any significant effect of viral group on this trajectory (main effect of virus, F(1,402) = 1.43,
p = 0.23; day by cue by virus, F(1,402) = 2.38, p = 0.12) and the viral groups did not differ
on the final day of training prior to optogenetic manipulations (Figure 2C, main effect of
virus, F(1,18) = 0.25, p = 0.62; virus by cue type, F(1,18) = 0.35, p = 0.56). Similarly, port
entry number increased in a manner that was cue-dependent (main effect of day, F(1,410)
=2.59, p =0.10, day by cue, F(1,410) = 25.92, p < 0.001), selectively increasing during
the CS+ and not the CS— (Figure 2D). We found no difference between the viral groups in
their training trajectory (main effect of virus, F(1,410) = 0.24, p = 0.63; day by cue by virus,
F(1,410) = 0.068, p = 0.79) and the viral groups did not differ on their final day of training
prior to optogenetic manipulations (Figure 2E, main effect of virus, F(1,18) = 0.116, p =
0.74; virus by cue, F(1,18) = 0.068, p = 0.79).

Port entry latency also changed across training in a manner that was cue-dependent (main
effect of day, F(1,402) = 24.49, p < 0.001, day by cue, F(1,402) = 31.48, p < 0.001),
decreasing selectively during the CS+ and not the CS— (Figure 2F). We found no differences
between the viral groups in their training trajectories (main effect of virus, F(1,402) = 1.03,
p = 0.31; day by cue by virus, F(1,402) = 0.08, p = 0.77). At the end of training, rats entered
the port at a shorter latency during the CS+ than the CS- (Figure 2G; main effect of cue,
F(1,18) = 50.55, p < 0.001) regardless of viral group (virus by cue type, F(1,18) =0.19, p

= 0.66). In parallel, rats increased their time spent in the reward port selectively during the
CS+ and not the CS— (Figure 2H; day by cue, F(1,402) = 84.94, p < 0.001). While we found
a trend towards and interaction between day, cue type and viral group (F(1,402) =3.73,p =
0.054), both groups selectively increased their time in the port during the CS+, but not the
CS- across training days (ArchT, day by cue, F(1,254) = 74.01, p < 0.001; YFP, F(1,148)
=30.98, p < 0.001) and by the end of training (Figure 2I) rats spent more time in the port
during the CS+ than the CS— (main effect of cue, F(1,18) = 12.69, p = 0.002), regardless of
viral group (cue by virus, F(1,18) = 2.31, p = 0.145). Finally, port entries during the 10-sec
pre-cue period decreased over time (Figure 3A, main effect of day, F(1,205) = 61.72). While
we observed an interaction between day and viral group for pre-cue port entries (day by
virus, F(1,205) = 6.26, p = 0.013), both groups significantly decreased their pre-cue port
entry behavior (ArchT: main effect of day, F(1,131) = 71.13, p < 0.001; YFP: main effect

of day, F(1,74) = 6.38, p = 0.013), and the groups did not differ in their pre-cue port entry
behavior by the end of training (Figure 3B; t(9) = —0.23, p = 0.82). Overall rats in both

viral groups showed robust cue discrimination by the end of training and prior to optogenetic
manipulations.
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Optogenetic inhibition of ventral pallidum disrupts Pavlovian-conditioned alcohol seeking

Following Pavlovian conditioning we assessed the effects of optogenetic inhibition of VP
during 50% of CS+ and CS- presentations, pseudorandomly selected throughout the session
(Figure 4A). We found that VP inhibition disrupted Pavlovian alcohol seeking according to
multiple metrics.

First, we found that optogenetic inhibition in rats expressing ArchT in VP neurons
suppressed port entry probability (main effect of laser, F(1,32) = 17.596, p < 0.001)
specifically during the CS+ (Figure 4B; cue by laser, F(1,32) = p = 0.0057; main effect

of cue, F(1,32) = 67.05, p < 0.001). The effect of laser depended on viral group (viral group
by laser, F(1,48) = 6.04, p = 0.017; viral group by cue by laser, F(1,48) = 3.97, p = 0.051).
There was no significant effect of laser in rats expressing YFP alone (Figure 4C, main effect
of laser, F(1,16) = 0.39, p = 0.53; cue by laser, F(1,16) = <0.1, p = 0.996) who maintained
robust cue discrimination (F(1,16) = 65.396, p < 0.001). Bayes factor analysis indicated that
the null hypothesis for the impact of laser in YFP animals was 15.19-times more likely than
the alternative.

We observed less-specific effects on port entry number. Optical stimulation of VP in rats
expressing either ArchT or YFP in VP neurons suppressed port entry number (Figure 4E;
ArchT, main effect of laser, F(1,32) = 21.52, p < 0.001; YFP, main effect of laser, F(1,16) =
12.83, p = 0.002). These effects were specific to the CS+ (Figure 4D; ArchT, cue by laser,
F(1,32) = 10.25, p = 0.003; YFP, cue by laser, F(1,16) = 4.86, p = 0.04), but did not differ
significantly based on viral group (viral group by laser, F(1,48) = 1.07, p = 0.30; viral group
by cue by laser, F(1,48) = 0.75, p = 0.39). The effect in YFP rats appeared to be driven by
one rat whose port entries on non-laser trials were >2.7 standard deviations above the mean.

Optogenetic inhibition of VP selectively altered port entry latency and time spent in port
during the CS+. In rats expressing ArchT in VP optogenetic inhibition increased port entry
latency (main effect of laser, F(1,32) = 29.338, p < 0.001), specifically during the CS+ and
not the CS- (Figure 4F; cue by laser, F(1,32) = 13.96, p < 0.001). This effect depended on
viral group (laser by viral group, F(1,48) = 7.22, p = 0.009; viral group by cue by laser,
F(1,48) = 5.42, p = 0.024). Laser did not significantly impact port entry latency in rats
expressing YFP-alone in VP (Figure 4G, main effect of laser, F(1,16) = 3.14, p = 0.095; cue
by laser, F(1,16) = 0.11, p = 0.74). Bayes factor analysis indicated that the null hypothesis
for the impact of laser on port entry latency in YFP animals was 4.8-times more likely than
the alternative. In rats expressing ArchT in VP optogenetic inhibition decreased time spent
in port (main effect of laser, F(1,32) = 9.64, p = 0.0039) selectively during the CS+ and not
CS- (Figure 4H; cue by laser, F(1,32) = 4.14, p = 0.050). We observed a trend towards an
effect of viral group on this effect (laser by viral group, F(1,48) = 3.57, p = 0.064; viral
group by cue by laser, F(1,48) = 1.85, p = 0.18) and no significant effects of laser on port
time in rats expressing YFP-alone (Figure 41, main effect of laser, F(1,16) = 2.27, p = 0.15;
cue by laser, F(1,16) = 0.25, p = 0.62). Importantly, we observed no differences between the
viral groups in cue-driven behavior on trials without laser. Altogether, these results suggest
that optogenetic inhibition of VP selectively suppresses conditioned seeking in response to
a Pavlovian alcohol predictive cue but does not disrupt the learned value of that cue or
motivation for alcohol in the absence of acute VP inhibition. Bayes factor analysis indicated
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that the null hypothesis for the impact of laser on port time in YFP animals was 7.75-times
more likely than the alternative.

Discussion

Here we find that optogenetic inhibition of VP during presentations of Pavlovian alcohol
cues acutely disrupts behavioral responses to these cues. Optogenetic inhibition selectively
reduces the likelihood of conditioned responses, increases the latency of these responses,
and decreases time spent in the alcohol port, during the alcohol cue but not the control cue.
Behavioral responses on non-laser trials do not differ between rats expressing the opsin and
control rats, suggesting that VP inhibition results in an acute effect on motivated responding,
and does not affect the learned or predictive value of the cues themselves on subsequent
trials.

These findings are consistent with prior work showing that optogenetic inhibition of VP

in general, or VP GABAergic neurons specifically, disrupts behavioral responses to a
discriminative stimulus (Richard et al., 2016; Scott et al., 2023) and that optogenetic
inhibition of VP disrupts Pavlovian responses to a salt-paired context (Chang et al., 2017). It
remains to be seen whether overlapping populations of VP neurons are responsible for these
effects, or whether more specific populations of VP neurons belonging to specific output
pathways or cell-type are responsible for specific types of cue responses (Prasad et al.,
2020), or seeking of rewards belonging to distinct classes (i.e. drug classes or drug versus
food reward). While VP inputs to the ventral tegmental area are necessary for cue-induced
reinstatement of cocaine seeking (Mahler et al., 2014), we previously found that altering the
activity of VP neurons projecting to the VTA does not affect sucrose seeking in response to a
discriminative stimulus (Palmer et al., 2024).

Cues predicting distinct rewards do appear to elicit distinct patterns of ensemble activity

in VP (Ottenheimer et al., 2018, 2019). Previously we reported that machine learning
models trained on the activity of VP neurons and ensembles in response to sucrose cues

or discriminative stimuli predicting alcohol availability can reliably predict whether rats are
being presented with the reward-predictive cue or the control cue. In contrast, models trained
on VP responses to Pavlovian alcohol cues perform significantly worse. Importantly, this
poor encoding may be partially due to the non-associative effects of alcohol exposure, which
also disrupts VP encoding of Pavlovian sucrose cues. Yet, despite this poor encoding of
Pavlovian alcohol cues by VP single unit and ensemble activity, we still find that normal VP
activity is necessary for behavioral responses to Pavlovian alcohol cues. While our results
suggest the normal VP activity is critical for Pavlovian conditioned alcohol-seeking, they do
not address whether cue-evoked changes in activity are responsible for these behaviors, or
whether basal VP activity is necessary. Our optogenetic manipulation presumably inhibited
activity below basal levels, in addition to disrupting cue-evoked excitations, but we did not
measure the physiological impact of optogenetic inhibition during Pavlovian conditioning or
with these specific parameters. Additionally, while we have observed cue-evoked excitations
in approximately 30% of neurons, almost 20% of neurons are inhibited by Pavlovian alcohol
cues (Ottenheimer et al., 2019). These excited and inhibited neurons may constitute subsets
of GABAergic and glutamatergic VP neurons which have been shown to have opposing
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responses to appetitive and aversive stimuli, and to drive oppositely-valenced behaviors
(Faget et al., 2018; Tooley et al., 2018; Heinsbroek et al., 2020; Stephenson-Jones et al.,
2020). Here we did not target our optogenetic manipulations based on cell-type, though

the correspondence between the aforementioned activity patterns during Pavlovian alcohol-
seeking and previously defined cell-types is not yet established. While immunostaining
suggests that CamKlla is enriched in cortical glutamatergic populations (Liu and Jones,
1996; Sik et al., 1998), more recent evidence indicates the CamKlla promoters, like the one
used here, drive expression in both inhibitory and excitatory populations, both cortically and
subcortically (Radhiyanti et al., 2021; Veres et al., 2023), suggesting that our approach is not
cell-type specific, and likely targeted both cue-excited an cue-inhibited neurons.

Limitations of the study

Here we only assessed the impact of optogenetic inhibition on Pavlovian alcohol-seeking
in male rats. A rich prior literature, including our own work, has documented that female
rodents, including Long Evans rats, consume more g/kg ethanol on average than male
rodents, under both continuous and intermittent access conditions (Li and Lumeng, 1984;
Lancaster and Spiegel, 1992; Juarez and De Tomasi, 1999; Priddy et al., 2017; Lorrai et
al., 2019; Aguirre et al., 2020; Carpio et al., 2022; Armstrong et al., 2023). While we
previously reported no significant sex differences in training trajectories or plateaus during
both Pavlovian conditioning for alcohol and training with an alcohol discriminative stimulus
(Carpio et al., 2022; Armstrong et al., 2023), it is possible that Pavlovian conditioned
responses to alcohol cues in female rats may be differentially impacted by, or resistant to,
peri-cue inhibition of the VP.

We did not directly assess any non-specific locomotor effects of optogenetic inhibition.
While we did not see effects of optogenetic inhibition during the CS—, this could be

due to floor effects given the low levels of port-directed behavior during the CS-.

While it is difficult to fully disentangle the motivational roles of \VP neurons from their
potential locomotor actions, cell-type specific experiments indicate that VVP neurons are not
responsible for general locomotor activity, but for locomotor activity that reflect specific,
valenced, motivational states. That is, the impact of cell-type specific ArchT inhibition

in VP is valence specific: inhibition of VP GABA neurons reduces velocity during water
seeking but does not impact velocity during running to avoid airpuff, whereas inhibition

of VP glutamate neurons reduces velocity during running to avoid an air puff but does

not impact velocity during running for water (Stephenson-Jones et al., 2020). Additionally,
chemogenetic inhibition of VP subtypes does not alter locomotor activity as measured by
distance travelled, despite reducing context renewal and/or reacquisition of alcohol seeking
(Prasad et al., 2020). We have also reported previously that response latency encoding
neurons in a discriminative stimulus task more strongly encode proximity to the reward port
than they do velocity during approach behavior, suggesting that latency encoding does not
primarily reflect encoding of upcoming locomotor vigor (Richard et al., 2018). Furthermore,
while optogenetic inhibition of VP reduces time spent in a salt-paired context in a salt
appetite state, the same manipulation does not alter entries the number of entries into that
context or a sucrose context, suggesting that inhibition did not result in motor impairment
(Chang et al., 2017).
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Conclusions and future directions

Altogether we find that disruptions to VP activity during alcohol cue presentations disrupt
behavioral responses to these cues. Future work should interrogate whether VP activity

is necessary for behavioral responses to alcohol cues in models of relapse. Additionally,
limited work has been done to establish neural mechanisms by which cues for alcohol and
other drugs can elicit compulsive drug and alcohol seeking that is resistant to negative
consequences. Importantly, VP activity has been implicated in reward-seeking under
conditions of conflict or risk (Farrell et al., 2021). Distinct populations of VP neurons, as
well as input and output pathways, likely underlie the ability of cues to promote craving, and
disrupt inhibitory control or sensitivity to negative outcomes or punishment. Experiments
targeting more specific VP populations during models of cue-elicited alcohol seeking may
reveal more nuanced functions of VP in cue-elicited alcohol-seeking.
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Figure 1. Viral approach and targeting.
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A) AAVs coding for the expression of ArchT-YFP or YFP alone were bilaterally infused into
the ventral pallidum (VP) and optic fibers were cemented in place over the injection sites. B)
Representative YFP expression localized to the VP. C) Summary of optic fiber tip locations

within the VP.
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Figure 2. Pavlovian alcohol seeking training data.
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A) Schematic of the Pavlovian conditioned alcohol seeking task, where a CS+ cue predicts
alcohol delivery into a reward port, and a CS— cue has no associated outcomes. B, D, F,

H) Across training acquisition, rats in the ArchT and YFP-only viral groups learned to
discriminate the alcohol predictive CS+ from the CS-. C) Port entry probability, E) number

of port entries, F) port entry latency (s), H) and port time (s), differed by cue type in

each viral group by the end of training. Data presented as mean +/— SEM. Dots represent

individual animals.
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Figure 3. Pre-cue port entriesduring training.
Across training acquisition A) pre-cue port entries decreased for both viral groups, and

B) were equal by the end of training. Data presented as mean +/— SEM. Dots represent
individual animals.
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Figure 4. Ventral pallidum inhibition acutely disrupts Pavlovian conditioned alcohol seeking.
A) Schematic of the optogenetic manipulation. Green laser was delivered on 50% of CS+

and CS- trials. B) Port entry probability during the CS+ was reduced in the ArchT group

on laser stimulation trials. C) Port entry probability was not affected by laser delivery in the
YFP group. D) The number of port entries during the CS+ was reduced on laser trials for
the ArchT group. E) The number of port entries during the CS+ was reduced on laser trials
for the YFP group. F) The latency (s) to make port entries during the CS+ was increased

on laser trials for the ArchT group. G) There was no effect of laser delivery on port entry
latency for the YFP group. H) The time rats spent in the alcohol port (s) during the CS+ was
also reduced during laser trials in the ArchT group. 1) There was no impact of laser on port
entry time for the YFP group.
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