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Blocking p-opioid receptors attenuates reinstatement of
responding to an alcohol-predictive conditioned stimulus
through actions in the ventral hippocampus
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The p-opioid system is involved in the reinstatement of responding that is immediately evoked by alcohol-predictive cues. The
extent of its involvement in reinstatement observed in a new model that evaluates the delayed effects of re-exposure to alcohol,
however, is unclear. The current study investigated the role of p-opioid receptors (MORs) in the delayed reinstatement of an
extinguished, Pavlovian conditioned response that was evoked 24 h after alcohol re-exposure. Female and male Long-Evans rats
received Pavlovian conditioning in which a conditioned stimulus (CS) was paired with the delivery of an appetitive unconditioned
stimulus (US; Experiments 1, 2, 4: 15% v/v alcohol; Experiment 3: 10% w/v sucrose) that was delivered into a fluid port for oral intake.
During subsequent extinction sessions, the CS was presented as before but without the US. Next, the US was delivered but without
the CS. A reinstatement test was conducted 24 h later, during which the CS was presented in the absence of the US. Silencing MORs
via systemic naltrexone (0.3 or 1.0 mg/kg) attenuated reinstatement of port entries elicited by an alcohol-CS, but not those elicited
by a sucrose-CS. Finally, blocking MORs in the ventral hippocampus via bilateral microinfusion of D-Phe-Cys-Tyr-D-Trp-Arg-Thr-Pen-
Thr-NH2 (CTAP; 2.5 or 5.0 pg/hemisphere) prevented reinstatement of port alcohol-CS port entries. These data show that MORs are
involved in the delayed reinstatement of a Pavlovian conditioned response in an alcohol-specific manner. Importantly, these data
illustrate, for the first time, that MORs in the ventral hippocampus are necessary for responding to an alcohol-predictive cue.

Neuropsychopharmacology (2023) 48:1484-1491; https://doi.org/10.1038/541386-023-01640-1

INTRODUCTION

An established theory in the research on alcohol use disorders is
that environmental stimuli which accompany alcohol intake can
become cues that predict alcohol availability. Consequently,
exposure to alcohol-predictive cues can influence human beha-
viour, such as precipitating craving and relapse [1-3]. Similarly in
animal studies, exposure to alcohol-predictive contexts [4, 5],
discrete cues [6, 7], discriminative stimuli [8], and alcohol-primes
[9, 10] prompts the reinstatement of extinguished, conditioned
responding for alcohol. These reinstatement models are valuable
tools that provide insight into how maladaptive behaviours in
response to cues contribute to relapse [1]. As such, it is essential to
understand the neural mechanisms that drive reinstatement of
responding to alcohol-predictive cues.

There is considerable evidence supporting the involvement of
the opioid system in conditioned responding evoked by alcohol-
predictive cues. One of the few pharmacotherapies approved for
treating alcohol use disorders is the p-opioid receptor (MOR)
antagonist naltrexone, which reduces alcohol intake and probability
of relapse [11, 12]. It is posited that naltrexone’s efficacy is in part
due to a reduction in cue-evoked craving for alcohol [13, 14].
Similarly, in animal models, systemic MOR antagonist treatment
attenuates reinstatement of operant alcohol-seeking evoked by an
alcohol-predictive context [15-17], discrete cue [18], discriminative

stimulus [19-21], and alcohol-prime [22-24]. Blocking MORs does
not affect other motivated behaviour such as alcohol-seeking
reinstated by stressful stimuli [18, 22] or reinstatement of sucrose-
seeking [25], thereby demonstrating that the involvement of MORs
in reinstatement is alcohol-specific.

While the systemic effects of MOR antagonists on cue-
evoked alcohol-seeking are well documented, the neural loci of
this effect are less understood. The strongest evidence implicates
substrates of the reward neurocircuitry, like the nucleus accumbens
[26, 27], basolateral amygdala [16, 28], and ventral pallidum [29, 30].
The extent to which MORs in other brain regions contribute to
reinstatement of responding, however, remains largely unknown
despite there being promising options. The ventral subregion of the
hippocampus is a likely target as it is an integral part of the reward
neurocircuitry [30], has rich expression of MORs [31, 32], and
inactivation of this region attenuates reinstatement of drug-seeking
evoked by drug-predictive cues and contexts [33-37]. Despite this
evidence, the role of ventral hippocampal MORs in responding to
alcohol-predictive cues has not yet been investigated.

The involvement of MORs in responding to alcohol-predictive
cues has, overwhelmingly, been studied using traditional rein-
statement models. While these models provide insight into how
reinstating stimuli immediately precipitate relapse-like behaviour,
they do not address the delayed impact that these stimuli have on
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behaviour. A novel reinstatement model addresses this delayed
effect. Following the acquisition and extinction of conditioned
responding to an alcohol-predictive conditioned stimulus (CS), rats
are re-exposed to alcohol. When tested 24 h later, responding to the
CS is significantly reinstated [38, 39]. This novel model has great
translational value, as it illustrates how a lapse in alcohol use can
influence relapse at a future point in time. Indeed, momentary
lapses in drug use are powerful predictors of relapse months in the
future [40]. The delayed reinstatement model captures this distinct
aspect of human addiction that traditional models do not.
Interestingly, this model is also driven by a psychological process,
specifically a context-alcohol association [39], which is distinct from
the processes proposed to drive traditional reinstatement [41].
These methodological and mechanistic differences highlight the
novelty of the delayed reinstatement model, which also brings into
question if different neural processes may govern this distinct
behaviour. Investigating these potential differences would help
develop a greater understanding of the complex phenomenon that
is relapse.

To better understand the neural mechanisms underlying the
delayed reinstatement model, we assessed the role of MORs in this
behaviour. The effects of systemic naltrexone administration on
reinstatement of responding to an alcohol-CS were tested in male
(Experiment 1) and female rats (Experiment 2). A separate
experiment tested the effects of naltrexone on reinstatement of
responding to a sucrose-predictive CS (Experiment 3). Then, to
determine the role of ventral hippocampal MORs in delayed
reinstatement of responding for alcohol, the effects of administer-
ing the MOR antagonist, CTAP, into the vHipp on the reinstatement
were tested (Experiment 4).

METHODOLOGY

Subjects

Female and male Long-Evans rats (Envigo, Indianapolis, IN; 8 weeks
on arrival) were same-sex, pair-housed upon arrival then single-
housed three days later. Cages containing unrestricted access to
chow (Purina Agribrands, Charles River), water, and environmental
enrichment (see Supplementary Materials), were held in a colony
room following a 12h light/dark cycle (0700h lights on;
experiments conducted during the light phase). All procedures
followed the Canadian Council on Animal Care guidelines and
were approved by the Concordia University Animal Research
Ethics Committee.

Apparatus

Behavioural procedures were conducted in 12 conditioning
chambers (ENV-009A; Med Associates Inc., St-Albans, VT) that are
described in the Supplementary Materials.

Drugs and solutions

Alcohol solutions (5%, 10%, 15%; v/v) were prepared by diluting
95% ethanol in tap water. A 10% (w/v) sucrose solution was
prepared by dissolving sucrose (500070, Bioshop) in tap water.
Naltrexone solutions were prepared on the day of use by
dissolving naltrexone hydrochloride (Sigma Aldrich) in sterile
saline (0.9%) to obtain a 0.3 or 1.0 mg/ml concentration that was
administered at a volume of 1ml/kg. D-Phe-Cys-Tyr-D-Trp-Arg-
Thr-Pen-Thr-NH2 (CTAP; Tocris) was dissolved in sterile saline
(0.9%) to obtain a 2.5 or 5.0 ug/0.3 pl concentration which was
administered at a volume of 0.3 pl/hemisphere. Aliquots were
stored at —20 °C until use.

Surgery

After 12 intermittent alcohol access sessions, rats underwent
stereotaxic surgery using standard procedures [42] to bilaterally
implant stainless steel cannulae (26 gauge; Plastics One C235G-
1.2-SPC) into the ventral hippocampus (vHipp). Coordinates used
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were —5.5mm anterior-posterior, +5.4 mm medial-lateral, and
—3.0 ventral from the skull surface [43, 44]. During intracranial
drug microinfusions, the injector tip (Plastics One C235I-SPC)
protruded 3.0 mm below the cannula base, resulting in a final
ventral coordinate of —6.0 mm. Guide cannulae were occluded
with 7.5 mm dummy canulae. Postsurgical pain was managed with
buprenorphine (Buprenex; 0.1 mg/kg, subcutaneous). Three addi-
tional intermittent alcohol access sessions were conducted 1 week
after surgery.

Intracranial microinfusions

Bilateral microinfusions were conducted using standard proce-
dures [42]. Microinfusions were administered with a 33 gauge
injector attached to polyethylene tubing (PE20, VWR, CA-63 018-
645) connected to a 10 uL Hamilton syringe (Hamilton, 1701N).
Microinfusions were delivered by syringe pump (Pump 11 Elite,
Harvard Apparatus, 704 501) at a rate of 0.3 pl/min; injectors
remained in place for 2 min to ensure proper drug diffusion.

Behavioural procedures

Intermittent alcohol access and sucrose habituation. Fifteen
intermittent alcohol access sessions (see Supplementary Materials)
were conducted. In Experiment 3, rats received 48 h access to 10%
(w/v) sucrose in the home-cage to familiarise them with sucrose.

Pavlovian conditioning. Sessions began with the house lights
illuminating, followed by eight trials of a 20 s continuous white-
noise conditioned stimulus (CS) paired with 10s activation of the
fluid pump which delivered 0.3 ml of the US into the fluid port
which co-terminated with the CS (Experiments 1, 2, 4: alcohol;
Experiment 3: sucrose). Trials were presented on a variable time
240 s schedule. Fluid ports were checked at the end of each session
to verify that the US was ingested. The number of Pavlovian
conditioning sessions conducted for each experiment are detailed
in the Supplementary Materials.

Extinction. Sessions were identical to Pavlovian conditioning
parameters except that CS presentations were paired with the
activation of empty syringe pumps (i.e. US was not delivered). The
number of extinction sessions conducted for each experiment are
detailed in the Supplementary Materials.

US Re-exposure. During this session, 2.4 ml of the US (Experi-
ments 1, 2, 4: alcohol; Experiment 3: sucrose) was delivered into
the fluid port according to the same delivery schedule as
Pavlovian conditioning; however, the CS was not presented.

Reinstatement test. Reinstatement tests were conducted 24h
after the US re-exposure session, during which the CS was
presented under extinction conditions.

Experiment 1: Effects of systemic naltrexone on reinstatement
of responding to an alcohol-CS

The effects of systemic naltrexone administration on the
reinstatement of responding to an alcohol-CS were tested. After
intermittent alcohol access, naive male rats (n=15) received
Pavlovian conditioning with an alcohol-US, extinction, alcohol-US
re-exposure, then a test for reinstatement 24 h later. Naltrexone (0,
0.3, 1.0 mg/kg; counterbalanced across tests) was subcutaneously
injected 10-15 min before test [15, 18, 20]. Rats were habituated
with saline injections before the second-last extinction session
and the alcohol-US re-exposure sessions. The experimental
procedure is illustrated in Fig. 1A.

Experiment 2: Effects of systemic naltrexone on reinstatement
of responding to an alcohol-CS in female and male rats

The effects of systemic naltrexone on reinstatement of responding
to an alcohol-CS was replicated in female and male rats. A group
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of naive rats (n=18 females, n=18 males) underwent the
identical reinstatement and pharmacological manipulations
described in Experiment 1.

Experiment 3: Effects of systemic naltrexone on reinstatement
of responding to a sucrose-CS

The capacity for naltrexone to attenuate reinstatement in an
alcohol-specific manner was examined by testing the effects of
systemic naltrexone administration on reinstatement of respond-
ing to a sucrose-CS. After sucrose habituation, naive rats (n =12
females, n=12 males) received Pavlovian conditioning with a
sucrose-US, extinction, sucrose-US re-exposure, then a test for
reinstatement 24 h later. Naltrexone (0, 0.3, 1.0 mg/kg; counter-
balanced across tests) was subcutaneously injected 15 min before
the reinstatement test. Rats were habituated to saline injections
before the second-last extinction session and the sucrose-US re-
exposure session. The experimental procedure is illustrated in
Fig. 3A.

Experiment 4: Effects of intra-ventral hippocampal CTAP on
reinstatement of responding to an alcohol-CS

The role of ventral hippocampal MORs in the reinstatement of
responding to an alcohol-CS was tested via intra-ventral
hippocampal administration of the MOR antagonist CTAP. CTAP
was used to specifically target MORs and not delta or kappa opioid
receptors [45]. After stereotaxic surgery and intermittent alcohol
access, naive rats (n=13 females, n=13 males) received
Pavlovian conditioning with an alcohol-US, extinction, alcohol-US
re-exposure, followed 24 h later with a test for reinstatement.
CTAP (0, 2.5, 5.0 ug’/hemisphere; counterbalanced across tests)
was bilaterally microinfused into the ventral hippocampus 5 min
before the reinstatement test [26, 29, 46, 47]. Rats were habituated
to intracranial microinfusions of saline (0.3 pl/hemisphere) before
the second-last extinction session and the US re-exposure session.
The experimental procedure is illustrated in Fig. 4A.

Histology

Coronal sections (40 pm) were collected from paraformaldehyde-
fixed brains using a cryostat (—20°C) for Nissl staining using a
standard protocol [42]. Ventral placements of injector tips were
identified using light microscopy and the Paxinos and Watson rat
brain atlas [48].

Data management

Exclusion criteria. Rats were excluded if they did not learn the
Pavlovian task, did not have extinguished conditioned respond-
ing, had a difference score of <0 ACS port entries (reinstatement
test minus last extinction session) under saline treatment as these
rats were deemed to not reinstate under control conditions,
detached headcaps, obstructed cannulae, or injury (see Supple-
mentary Table 1 for sample sizes).

Variables. ACS port entries (CS port entries minus pre-CS port
entries) and intertrial interval port entries (port entries outside of
the CS interval) were analysed. Responding at reinstatement test
was compared to a baseline, which was average responding
during the last two extinction sessions.

Statistical analyses
All experiments used within-subjects designs and were analysed
using analysis of variance (ANOVA). Analyses included the Phase
and Drug within-subjects’ factors and the Sex between-subjects
factor. Experiment 4 data were not analysed with a Sex factor
because of the limited number of females, and the lack of sex
differences observed in Experiment 2.

Huynh-Feldt corrections were applied when Mauchly’s test of
sphericity was violated. Post-hoc analyses were corrected for
multiple comparisons with Scheffe's method. Statistical analyses
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were conducted with RStudio (Version 2021.9.0.351, R Foundation
for Statistical Computing) and evaluated using a statistical
significance level of p <0.05. Non-significant statistics are pro-
vided in the Supplementary Materials. Graphs were created with
Graphpad Prism (Version 8; La Jolla, CA).

RESULTS

Acquisition and extinction of conditioned responding
Alcohol intake increased, or remained elevated, across intermit-
tent alcohol access sessions (Supplementary Fig. 1). Rats learned
to associate the CS with the US as ACS port entries increased
across Pavlovian conditioning sessions, whereas ACS port entries
decreased across extinction sessions (Supplementary Fig. 2).

Experiment 1. Naltrexone reduced reinstatement of
responding to an alcohol-CS

Relative to extinction, ACS port entries (Fig. 1B) significantly
increased at test [Phase: F(; 109y =49.249, p <0.001]; however, this
increase differed by naltrexone dose [Phase x Dose: F; 20y = 10.959,
p<0.001; Dose: Fpa0=3.673, p=0.044]. Post-hoc analyses
revealed that reinstatement of ACS port entries occurred following
saline (p < 0.001) and 0.3 mg/kg of naltrexone (p = 0.002), whereas
reinstatement was prevented by 1.0mg/kg of naltrexone
(p =0.166). Moreover, relative to saline, ACS port entries at test
were reduced by 0.3 mg/kg (p = 0.005) and 1.0 mg/kg (p = 0.002) of
naltrexone.

CS port entry as a function of trial was analysed to examine the
effects of naltrexone on the pattern of responding at test. During the
test session, ACS port entries (Fig. 1C) significantly decreased across
CS trials due to within-session extinction [Trial: F770 = 16.757,
p <0.001]; however, this responding differed by naltrexone dose
[Trial X Dose: F(-|4,14o) =4.887, p< 0.001; Dose: F(2,20) =7.546,
p=0.004]. Post-hoc analyses revealed that, relative to saline,
03mg/kg (p<0.001) and 1.0mg/kg (p<0.001) of naltrexone
reduced ACS port entries during the first CS trial. Tl port entries
(Fig. 1D) were unaffected by naltrexone [Phase, Phase x Dose, Dose:
p>0.05].

Experiment 2. Naltrexone reduced reinstatement of
responding to an alcohol-CS in female and male rats
Collapsed across Sex and relative to extinction, ACS port entries
(Fig. 2A) significantly increased at test [Phase: F .2 = 65.994,
p <0.001]; however, this differed by naltrexone dose [Phase x
Dose: Fp44y=7.552, p=0.002; Dose: F 44 =12.887, p<0.001].
ACS port entries reinstated following administration of saline
(p<0.001), 0.3mg/kg (p<0.001) and 1.0mg/kg (p=0.001) of
naltrexone. However, relative to saline, reinstatement of ACS port
entries was reduced by 0.3 mg/kg (p=0.016) and 1.0 mg/kg
(p <0.001) of naltrexone. This effect did not differ between sex
[Sex, Sex x Phase, Sex x Dose, Sex x Dose x Phase: p > 0.05].

ACS port entries (Fig. 2B) significantly decreased across CS trials
[Trial:  Fs717,1257700= 12.141, p <0.001]; however, this again
differed by naltrexone dose [Trial x Dose: Fg991,197.800) = 3.543,
p<0.001; Dose: Fpa0 =12.838, p<0.001]. Relative to saline,
0.3mg/kg (p<0.001) and 1.0mg/kg (p<0.001) of naltrexone
reduced ACS port entries during the first CS trial. This effect did
not differ by sex [Sex, Sex x Trial, Sex x Dose, Sex x Dose X Trial:
p > 0.05]. ITl port entries (Fig. 2C) were unaffected by naltrexone in
female and male rats [Phase, Phase x Dose, Dose, Sex, Sex x Dose,
Sex x Phase, Sex x Dose x Phase: p > 0.05].

Experiment 3. Naltrexone did not affect reinstatement of
responding to a sucrose-CS

Relative to extinction, ACS port entries (Fig. 3B) significantly
increased at test [Phase: Fy 17 =143.912, p<0.001] similarly
across naltrexone doses [Dose, Phase x Dose: p > 0.05]. Reinstate-
ment did, however, significantly differ between sex groups
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Systemic naltrexone administraiton before reinstatement tests with alcohol
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Fig. 1 Systemic naltrexone attenuated reinstatement of responding to an alcohol-CS. A Schematic representation of the behavioural
design. Data are from rats that received 0 mg/kg, 0.3 mg/kg, or 1.0 mg/kg of naltrexone. B Mean (+SEM) ACS port entries made during
extinction and test. C Mean (+SEM) ACS port entries across CS trials during test. D Mean (+SEM) intertrial interval port entries made during
extinction and test. Herein, open circles depict individual data of male rats. *p < 0.05, Phase post-hoc (Extinction < Test) tp < 0.05, Phase x Dose
post-hoc (0.3 mg/kg and 1.0 mg/kg < 0 mg/kg at Test) $p < 0.05, Trial x Dose post-hoc (0.3 mg/kg and 1.0 mg/kg < 0 mg/kg on CS trial 1).

Systemic naltrexone administration before reinstatement tests in female and males
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Fig.2 Systemic naltrexone attenuated reinstatement of responding to an alcohol-CS in both female and male rats. Data are from rats that
received 0 mg/kg, 0.3 mg/kg, or 1.0 mg/kg of naltrexone before reinstatement tests. A Mean (+SEM) ACS port entries made during extinction
and test. B Mean (+SEM) ACS port entries across CS trials at test. C Mean (£SEM) intertrial interval port entries made during extinction and test.
Herein, open triangles depict individual data of female rats, and open circles depict individual data of male rats. *p < 0.05, Phase post hoc
(Extinction < Test) T p < 0.05, Phase x Dose post-hoc (0.3 mg/kg and 1.0 mg/kg < 0 mg/kg at Test) + p < 0.05, Trial x Dose post-hoc (0.3 mg/kg
and 1.0 mg/kg < 0 mg/kg on CS trial 1).

[Phase x Sex: F4,17=6.518, p=0.021; Sex: Fu17=11.771, of CTAP. Moreover, relative to saline, reinstatement was reduced
p =0.003], regardless of dose [Sexx Dose, Sex x Dose X Phase, by 2.5 ug (p =0.037) and 5.0 ug (p =0.016) of CTAP.

p > 0.05]. Both female (p < 0.001) and males (p <0.001) reinstated ACS port entries (Fig. 4C) decreased across CS trials at test [Trial:
port entries during the test; however, ACS port entries were higher F7,63y = 5402, p <0.001], however, this differed across CTAP dose
in females compared to males (p < 0.001). [Trial X Dose: F(14,126) = 2.430, p = 0.005; Dose: p > 0.05]. Relative to

ACS port entries (Fig. 3C) decreased across CS trials [Trial: saline, 2.5 ug (p <0.001) and 5.0 ug (p <0.001) of CTAP reduced
F7119)=20.050, p < 0.001], similarly across doses [Dose, Trial x Dose: ACS port entries during the first CS trial. ITI port entries (Fig. 4D)
p >0.05]. Again, ACS port entries significantly differed between sex remained unaffected by intra-ventral hippocampal administration
[Sex: Fa,17=9.453, p=0.007], regardless of CS trial or dose of CTAP [Phase, Phase x Dose, Dose: p > 0.05].

[Sex x Trial, Sex x Dose, Sex x Dose x Trial: p >0.05], where females
made significantly more ACS port compared to males (p < 0.001).

DISCUSSION
Experiment 4. Intra-ventral hippocampal CTAP prevented Our findings demonstrate that blocking p-opioid receptors (MORs)
reinstatement of responding to an alcohol-CS with the antagonist naltrexone attenuates reinstatement of

Relative to extinction, ACS port entries (Fig. 4B) significantly responding to an alcohol-CS regardless of sex. This is an
increased at test [Phase: F; ) =5.668, p=0.041]; however, this alcohol-specific effect as responding to a sucrose-CS is unaffected.
differed by CTAP dose [Phase x Dose: F, 15 = 4.455, p=0.027; Importantly, we show that blocking MORs in the vHipp prevents
Dose: p>0.05]. Reinstatement of ACS port entries occurred reinstatement of responding to an alcohol-CS, thus demonstrating
following microinfusions of saline (p = 0.002), however, reinstate- for the first time that MORs located in the vHipp are necessary for
ment was prevented by 2.5 ug (p =0.970) and 5.0 ug (p = 0.970) responding to an alcohol-CS.
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Systemic naltrexone administration before a reisntatement test with sucrose
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Fig. 3 Systemic naltrexone did not affect reinstatement of responding to a sucrose-CS. A Schematic representation of the behavioural
design. Data are from rats that received 0 mg/kg, 0.3 mg/kg, or 1.0 mg/kg of naltrexone before reinstatement tests. B Mean (+SEM) ACS port
entries made during extinction and test for female (hatched bars) and male (filled bars) rats. C Mean (+SEM) ACS port entries across CS trials at test
for female (triangles) and male (circles) rats. *p < 0.05, Phase x Sex post-hoc (Female > Male at Test). tp < 0.05, Sex post-hoc (Female > Male).

Systemic naltrexone attenuated reinstatement of port entries
evoked by an alcohol-CS, even at the lower 0.3 mg/kg dose, in
female and male rats. These findings complement previous
research showing that similar doses reduced reinstatement of
operant alcohol-seeking evoked by various alcohol-predictive
stimuli [16, 18-20, 22, 25]. They do, however, contrast a report that
the MOR antagonist, CTOP, does not affect cue-induced reinstate-
ment of operant alcohol-seeking [17]. This is likely due to CTOP
being selective to non-opioid receptors [49]. Thus, MORs are an
integral neural mechanism that mediates reinstatement of
responding to an alcohol-CS in this distinct delayed reinstatement
model, a finding which provides new mechanistic insight into a
relapse model which has not yet been reported.

It is unlikely that the reduction in reinstatement is attributable to
naltrexone producing non-specific behavioural effects that impact
the ability to make a port entry, as supported by naltrexone not
affecting port entries made during the intertrial interval at test, by
naltrexone minimally impacting responding to a reinforced alcohol-
CS (Supplementary Fig. 3), and by previous studies [16, 20, 50].

Systemic naltrexone did not impact reinstatement of port
entries evoked by a sucrose-CS in either female or male rats
(Supplementary Fig. 4), as previously reported [25]. Thus,
naltrexone selectively attenuates reinstatement of responding to
an alcohol-CS, but not a CS associated with a natural reward,
which illustrates the specificity of naltrexone to reduce responding
to alcohol-predictive cues. This finding also strengthens the claim
that naltrexone did not reduce reinstatement of responding to an
alcohol-CS through non-specific effects on behaviour.

An important methodological consideration is that naltrexone is
a preferential MOR antagonist. As such, it also binds to §-opioid
receptors (DORs) and k-opioid receptors (KORs), and so the
reduction in reinstatement in this study could be due to actions
on DORs and KORs. We reason that the observed behavioural
effects are likely driven by blocking MORs, as naltrexone has
substantially higher binding affinity and potency to this receptor
over DORs and KORs [45, 51, 52]. Further support for this
reasoning stems from evidence that selective blockade of MORs
with the antagonist naloxonazine attenuates reinstatement of
alcohol-seeking evoked by discriminative stimuli [19].
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The current study also demonstrates that the vHipp is neural
locus in which MORS mediate responding to alcohol cues, as
administration of the MOR antagonist CTAP into the vHipp
prevented reinstatement of port entries evoked by an alcohol-CS.
Given that the vHipp is involved in cue processing [53], it is
possible that MORs in the vHipp are also involved in responding to
natural rewards. Future research should assess the generalisability
of this neural mechanisms in responding to natural rewards and
other drugs of abuse. Still, this set of data reveals, for the first time,
that MORs in the vHipp are required for the reinstatement of
responding to an alcohol-CS - or responding to any appetitive-
cue. Ventral hippocampal MORs have been greatly implicated in
epileptic- and anxiety-related behaviours [54, 55]; our findings
suggest further that these receptors are involved in a diverse
range behaviours.

Blocking MORs in the vHipp may reduce delayed reinstatement
of responding by mediating GABAergic neuronal activity. Hippo-
campal MORs are predominantly localised on inhibitory GABergic
interneurons [56, 57], and activating these inhibitory MORs
reduces inhibitory GABAergic neurotransmission [58, 59]. Intra-
ventral hippocampal administration of the antagonist CTAP may
block MORs on GABAergic neurons, thus removing the inhibitory
influence on GABA transmission. Such facilitation of inhibitory
activity could lead to a reduction in hippocampal activity and
consequently the attenuated reinstatement. This hypothesis is
consistent with pharmacological inactivation of ventral hippo-
campal structures reducing reinstatement of drug-seeking evoked
by discrete and contextual cues [34-37].

Our findings are in stark contrast to prior work in which
localised administration of a MOR antagonist in the dorsal
hippocampus did not affect reinstatement of operant alcohol-
seeking evoked by an alcohol-context [28]. This difference is not
entirely surprising given the growing evidence that the ventral
and dorsal subregions of the hippocampus are functionally
separate structures [53, 60]. We posit that MORs in the dorsal
versus ventral hippocampus may have separable roles in the
reinstatement of responding to alcohol-predictive cues; how-
ever, future studies must conduct a systematic comparison to
confirm these roles.
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Bilateral CTAP microinfusions into the vHipp before reinstatement tests
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Fig. 4 Bilateral microinfusions of CTAP into the vHipp prevented reinstatement of responding to an alcohol-CS. A Schematic
representation of the behavioural design. Data are from rats that received 0 ug, 2.5 pug, or 5.0 ug of CTAP before reinstatement tests. B Mean
(£SEM) ACS port entries made during extinction and test. C Mean (+SEM) ACS port entries across CS trials at test. D Mean (+SEM) intertrial interval
port entries made during extinction and test. E Representation of injector tip placements in the ventral hippocampus. Numbers indicate AP
coordinates from bregma. *p < 0.05, Phase post-hoc (Extinction < Test) $p < 0.05, Trial x Dose post-hoc (2.5 ug and 5.0 ug < 0 pug on CS trial 1).

A unique aspect of the present study is the inclusion of female
rats. Several differences have been reported between women and
men living with alcohol use disorder. Relative to men, women are
more sensitive to the pharmacological effects of alcohol and
progress from recreational use to dependence quicker [61].
Female subjects must be included in preclinical research to
capture these differences observed in clinical populations. Under
saline conditions, reinstatement of port entries made during an
alcohol-CS occurred similarly in female and male rats thus
demonstrating a lack of sex differences in this model. Further,
comparing the effects of naltrexone on reinstatement in female
and male rats revealed attenuated reinstatement independent of
sex. Interestingly, 1.0 mg/kg of naltrexone prevented reinstate-
ment in the sample of males (Experiment 1), whereas the same

Neuropsychopharmacology (2023) 48:1484 - 1491

dose only reduced reinstatement in a sample of females and
males (Experiment 2). Although not statistically significant, this
persistent reinstatement may be driven by greater responding at
test relative to extinction in females (M Extinction = 2.29, Test =
9.08) compared to males (M Extinction = 3.00, Test = 6.58). This
hypothesis is consistent with the pattern of responding observed
in Experiment 3, where females showed greater reinstatement of
responding to the sucrose-CS. Due to the limited number of
female rats in Experiment 4, the presence or absence of sex
differences in how MORs in the vHipp impact reinstatement could
not be determined. Future research should pursue this question to
determine if reinstatement is maintained by different structural
mechanisms in females and males. Together, these findings add to
the burgeoning body of literature reporting sex differences—or

SPRINGER NATURE



M.R. LeCocq et al.

1490

lack thereof—in responding to appetitive cues, which remains
relatively variable [62-67], and highlights the need to continue
examining responding to appetitive cues with female samples.

In conclusion, silencing MORs attenuates reinstatement of
Pavlovian conditioned responding to a CS in an alcohol-specific
manner, and independent of sex. For the first time, we provide
evidence that MORs in the vHipp are necessary for the delayed
reinstatement of responding to an alcohol-CS. These findings
build upon existing research that has predominantly studied on
the role of MORs in traditional reinstatement models. Ultimately,
these findings provide the basis for future studies to further
investigate the role of ventral hippocampal MORs and their
projections in the reinstatement of responding to alcohol-
predictive cues.

REFERENCES

1. Rubonis AV, Colby SM, Monti PM, Rohsenow DJ, Gulliver SB, Sirota AD. Alcohol
cue reactivity and mood induction in male and female alcoholics. J Stud Alcohol.
1994;55:487-94.

2. McCusker CG, Brown K. Cue-exposure to alcohol-associated stimuli reduces
autonomic reactivity, but not craving and anxiety, in dependent drinkers. Alcohol
Alcohol. 1995;30:319-27.

3. Sinha R, Fox HC, Hong KIA, Hansen J, Tuit K, Kreek MJ. Effects of adrenal sensi-
tivity, stress- and cue-induced craving,and anxiety on subsequent alcohol relapse
and treatment outcomes. Arch Gen Psychiatry. 2011;68:942-52.

4. Tsiang MT, Janak PH. Alcohol seeking in C57BL/6 mice induced by conditioned
cues and contexts in the extinction-reinstatement model. Alcohol 2006;38:81-88.

5. Chaudhri N, Sahuque LL, Cone JJ, Janak PH. Reinstated ethanol-seeking in rats is
modulated by environmental context and requires the nucleus accumbens core.
Eur J Neurosci. 2008;28:2288-98.

6. Cofresi RU, Lewis SM, Chaudhri N, Lee HJ, Monfils M, Gonzales RA. Postretrieval
extinction attenuates alcohol cue reactivity in rats. Alcohol Clin Exp Res. 2017;
41:608-17.

7. Nie H, Janak PH. Comparison of reinstatement of ethanol- and sucrose-seeking by
conditioned stimuli and priming injections of allopregnanolone after extinction
in rats. Psychopharmacology. 2003;168:222-8.

8. Katner SN, Magalong JG, Weiss F. Reinstatement of alcohol-seeking behavior by
drug-associated discriminative stimuli after prolonged extinction in the rat.
Neuropsychopharmacology. 1999;20:471-9.

9. Lé AD, Quan B, Juzytch W, Fletcher PJ, Joharchi N, Shaham Y. Reinstatement of
alcohol-seeking by priming injections of alcohol and exposure to stress in rats.
Psychopharmacology. 1998;135:169-74.

10. Chiamulera C, Valerio E, Tessari M. Resumption of ethanol-seeking behaviour in
rats. Behav Pharm. 1995;6:32-39.

11. O'Malley SS, Jaffe AJ, Chang G, Schottenfeld RS, Meyer RE, Rounsaville B. Nal-
trexone and coping skills therapy for alcohol dependence: a controlled study.
Arch Gen Psychiatry. 1992;49:881-7.

12. O'Malley SS, Krishnan-Sarin S, Farren C, Sinha R, Kreek M. Naltrexone decreases
craving and alcohol self-administration in alcohol-dependent subjects and
activates the hypothalamo-pituitary-adrenocortical axis. Psychopharmacology.
2002;160:19-29.

13. Monti PM, Rohsenow DJ, Hutchison KE, Swift RM, Mueller TI, Colby SM, et al.
Naltrexone’s effect on cue-elicited craving among alcoholics in treatment. Alco-
hol Clin Exp Res. 1999;23:1386-94.

14. Ooteman W, Koeter MWJ, Verheul R, Schippers GM, van den Brink W. The effect
of naltrexone and acamprosate on cue-induced craving, autonomic nervous
system and neuroendocrine reactions to alcohol-related cues in alcoholics. Eur
Neuropsychopharmacol. 2007;17:558-66.

15. Burattini C, Gill TM, Aicardi G, Janak PH. The ethanol self-administration context as a
reinstatement cue: acute effects of naltrexone. Neuroscience. 2006;139:877-87.

16. Marinelli PW, Funk D, Juzytsch W, Li Z, Lé AD. Effects of opioid receptor blockade
on the renewal of alcohol seeking induced by context: Relationship to c-fos
mRNA expression. Eur J Neurosci. 2007;26:2815-23.

17. Marinelli PW, Funk D, Harding S, Li Z, Juzytsch W, Lé AD. Roles of opioid receptor
subtypes in mediating alcohol-seeking induced by discrete cues and context. Eur
J Neurosci. 2009;30:671-8.

18. Liu X, Weiss F. Additive effect of stress and drug cues on reinstatement of ethanol
seeking: Exacerbation by history of dependence and role of concurrent activation of
corticotropin-releasing factor and opioid mechanisms. J Neurosci. 2002;22:7856-61.

19. Ciccocioppo R, Martin-Fardon R, Weiss F. Effect of selective blockade of u1 or &
opioid receptors on reinstatement of alcohol-seeking behavior by drug-
associated stimuli in rats. Neuropsychopharmacology. 2002;27:391-9.

SPRINGER NATURE

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Dayas CV, Liu X, Simms JA, Weiss F. Distinct patterns of neural activation
associated with ethanol seeking: effects of naltrexone. Biol Psychiatry. 2007;
61:979-89.

. Williams KL, Schimmel JS. Effect of naltrexone during extinction of alcohol-

reinforced responding and during repeated cue-conditioned reinstatement ses-
sions in a cue exposure style treatment. Alcohol. 2008;42:553-63.

Lé AD, Poulos CX, Harding S, Watchus J, Juzytsch W, Shaham Y. Effects of nal-
trexone and fluoxetine on alcohol self-administration and reinstatement of
alcohol seeking induced by priming injections of alcohol and exposure to stress.
Neuropsychopharmacology. 1999;21:435-44.

Bienkowski P, Kostowski W, Koros E. Ethanol-reinforced behaviour in the rat:
Effects of naltrexone. Eur J Pharm. 1999;374:321-7.

Hay RA, Jennings JH, Zitzman DL, Hodge CW, Robinson DL. Specific and non-
specific effects of naltrexone on goal-directed and habitual models of alcohol
seeking and drinking. Alcohol Clin Exp Res. 2013;37:1100-10.

Burattini C, Burbassi S, Aicardi G, Cervo L. Effects of naltrexone on cocaine- and
sucrose-seeking behaviour in response to associated stimuli in rats. Int J Neu-
ropsychopharmacol. 2008;11:103-9.

Perry CJ, McNally GP. p-Opioid receptors in the nucleus accumbens shell mediate
context-induced reinstatement (renewal) but not primed reinstatement of
extinguished alcohol seeking. Behav Neurosci. 2013;127:535-43.

Richard JM, Fields HL. Mu-opioid receptor activation in the medial shell of
nucleus accumbens promotes alcohol consumption, self-administration and cue-
induced reinstatement. Neuropharmacology. 2016;108:14-23.

Marinelli PW, Funk D, Juzytsch W, Lé AD. Opioid receptors in the basolateral
amygdala but not dorsal hippocampus mediate context-induced alcohol seeking.
Behav Brain Res. 2010;211:58-63.

Perry CJ, Mcnally GP. A role for the ventral pallidum in context-induced and
primed reinstatement of alcohol seeking. Eur J Neurosci. 2013;38:2762-73.
Cooper S, Robison AJ, Mazei-Robison MS. Reward circuitry in addiction. Neu-
rotherapeutics. 2017;14:687-97.

Learn JE, Chernet E, Mcbride WJ, Lumeng L, Li T. Quantitative autoradiography of
mu-opioid receptors in the CNS of high-alcohol drinking (HAD) and low-alcohol
drinking (LAD) rats. Alcohol Clin Exp Res. 2001;25:524-30.

McBride WJ, Chernet E, McKinzie DL, Lumeng L, Li TK. Quantitative auto-
radiography of mu-opioid receptors in the CNS of alcohol-naive alcohol-pre-
ferring P and -nonpreferring NP rats. Alcohol. 1998;16:317-23.

Sun WL, Rebec GV. Lidocaine inactivation of ventral subiculum attenuates
cocaine-seeking behavior in rats. J Neurosci. 2003;23:10258-64.

Rogers JL, See RE. Selective inactivation of the ventral hippocampus attenuates
cue-induced and cocaine-primed reinstatement of drug-seeking in rats. Neuro-
biol Learn Mem. 2007;87:688-92.

Lasseter HC, Xie X, Ramirez DR, Fuchs RA. Sub-region specific contribution of the
ventral hippocampus to drug context-induced reinstatement of cocaine-seeking
behavior in rats. Neuroscience. 2010;171:830-9.

Bossert JM, Stern AL. Role of ventral subiculum in context-induced reinstatement
of heroin seeking in rats. Addict Biol. 2014;19:338-42.

Marchant NJ, Campbell EJ, Whitaker LR, Harvey BK, Kaganovsky K, Adhikary S,
et al. Role of ventral subiculum in context-induced relapse to alcohol seeking
after punishment-imposed abstinence. J Neurosci. 2016;36:3281-94.

LeCocq MR, Lahlou S, Chahine M, Padillo LN, Chaudhri N. Modeling relapse to
Pavlovian alcohol-seeking in rats using reinstatement and spontaneous recovery
paradigms. Alcohol Clin Exp Res. 2018;42:1795-806.

LeCocq MR, Sun S, Chaudhri N. The role of context conditioning in the rein-
statement of responding to an alcohol-predictive conditioned stimulus. Behav
Brain Res. 2022;423:113686.

Wileyto EP, Patterson F, Niaura R, Epstein LH, Brown RA, Audrain-McGovern J,
et al. Do small lapses predict relapse to smoking behavior under bupropion
treatment? Nicotine Tob Res. 2004;6:357-67.

Bouton ME, Maren S, McNally GP. Behavioral and neurobiological
mechanisms of pavlovian and instrumental extinction learning. Physiol Rev.
2021;101:611-81.

Chaudhri N, Woods CA, Sahuque LL, Gill TM, Janak PH. Unilateral inactivation of
the basolateral amygdala attenuates context-induced renewal of Pavlovian-
conditioned alcohol-seeking. Eur J Neurosci. 2013;38:2751-61.

Cavdaroglu B, Riaz S, Yeung EHL, Lee ACH, Ito R. The ventral hippocampus is
necessary for cue-elicited, but not outcome driven approach-avoidance conflict
decisions: a novel operant choice decision-making task. Neuropsychopharma-
cology. 2021;46:632-42.

Schumacher A, Vlassov E, Ito R. The ventral hippocampus, but not the dorsal
hippocampus is critical for learned approach-avoidance decision making. Hip-
pocampus. 2016;26:530-42.

Mcleod RL, Parra LE, Mutter JC, Erickson CH, Carey GJ, Tulshian DB, et al. Noci-
ceptin inhibits cough in the guinea-pig by activation of ORL1 receptors. Br J
Pharm. 2001;132:1175-8.

Neuropsychopharmacology (2023) 48:1484 - 1491



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Simmons D, Self DW. Role of mu- and delta-opioid receptors in the nucleus accum-
bens in cocaine-seeking behavior. Neuropsychopharmacology. 2009;34:1946-57.
Tang XC, McFarland K, Cagle S, Kalivas PW. Cocaine-induced reinstatement
requires endogenous stimulation of p-opioid receptors in the ventral pallidum. J
Neurosci. 2005;25:4512-20.

Watson C, Paxinos G. The rat brain in stereotaxic coordinates. 6th ed. London:
Academic Press; 2007.

Chieng B, Connor M, Christie MJ. The p-opioid receptor antagonist D-Phe-Cys-Tyr-
D-Trp-Orn-Thr-Pen-Thr- NH2 (CTOP) [but not D-Phe-Cys-Tyr-D-Trp-Arg-Thr-Pen-
Thr-NH2 (CTAP)] produces a nonopioid receptor-mediated increase in K+ con-
ductance of rat locus ceruleus neurons. Mol Pharmacol.1996;50:650-5.
Ciccocioppo R, Lin D, Martin-Fardon R, Weiss F. Reinstatement of ethanol-seeking
behavior by drug cues following single versus multiple ethanol intoxication in
the rat: effects of naltrexone. Psychopharmacology. 2003;168:208-15.

Laat BD, Nabulsi N, Huang Y, Malley SSO, Froehlich JC, Morris ED, et al. Occupancy
of the kappa opioid receptor by naltrexone predicts reduction in drinking and
craving. Mol Psychiatry. 2021;26:5053-60.

Goldstein A, Naidu A. Multiple opioid receptors: binding site signatures ligand
selectivity profiles and binding site signatures. Mol Pharm. 1989;36:265-72.
Fanselow MS, Dong H-W. Are the dorsal and ventral hippocampus functionally
distinct structures? Neuron. 2010;65:7-19.

Zarrindast MR, Babapoor-Farrokhran S, Babapoor-Farrokhran S, Rezayof A.
Involvement of opioidergic system of the ventral hippocampus, the nucleus
accumbens or the central amygdala in anxiety-related behavior. Life Sci.
2008;82:1175-81.

Lee PHK, Obie J, Hong J-S. Opioids induce convulsions and wet dog shakes in
rats: mediation by hippocampal Mu, but not delta or kappa opioid receptors. J
Neurosci. 1989;9:692-7.

Drake CT, Milner TA. Mu opioid receptors are in somatodendritic and axonal
compartments of GABAergic neurons in rat hippocampal formation. Brain Res.
1999;849:203-15.

Drake CT, Milner TA. Mu opioid receptors are in discrete hippocampal inter-
neuron subpopulations. Hippocampus. 2002;12:119-36.

Mcquiston AR, Saggau P. Mu-opioid Receptors facilitate the propagation of
excitatory activity in rat hippocampal area CA1 by disinhibition of all anatomical
layers. J Neurophysiol. 2003;90:1936-48.

Cohen GA, Doze VA, Madison DV. Opioid inhibition of GABA release from pre-
synaptic terminals of rat hippocampal interneurons. Neuron. 1992;9:325-35.
Riaz S, Schumacher A, Sivagurunathan S, Meer MVanDer. Ventral, but not dorsal,
hippocampus inactivation impairs reward memory expression and retrieval in
contexts defined by proximal cues. Hippocampus. 2017;27:822-36.

Becker JB, Koob GF. Sex differences in animal models: focus on addiction. Pharm
Rev. 2016;68:242-63.

Hogarth SJ, Jaehne EJ, Buuse MVanDen, Djouma E. Brain-derived neurotrophic
factor (BDNF) determines a sex difference in cue-conditioned alcohol seeking in
rats. Behav Brain Res. 2018;339:73-78.

Randall PA, Stewart RT, Besheer J. Sex differences in alcohol self-administration and
relapse-like behavior in Long-Evans rats. Pharm Biochem Behav. 2017;156:1-9.
Hernandez JS, Binette AN, Rahman T, Tarantino JD, Moorman DE. Chemogenetic
inactivation of orbitofrontal cortex decreases cue-induced reinstatement of
ethanol and sucrose seeking in male and female wistar rats. Alcohol Clin Exp Res.
2020;44:1769-82.

Bertholomey ML, Nagarajan V, Torregrossa MM. Sex differences in reinstatement of
alcohol seeking in response to cues and yohimbine in rats with and without a history
of adolescent corticosterone exposure. Psychopharmacology. 2016;233:2277-87.
Bianchi PC, Carneiro de Oliveira PE, Palombo P, Ledo RM, Cogo-Moreira H,
Planeta Cdas, et al. Functional inactivation of the orbitofrontal cortex disrupts
context-induced reinstatement of alcohol seeking in rats. Drug Alcohol
Depend. 2018;186:102-12.

Neuropsychopharmacology (2023) 48:1484 - 1491

M.R. LeCocq et al.

67. Anderson LC, Petrovich GD. Sex specific recruitment of a medial prefrontal cortex-
hippocampal- thalamic system during context-dependent renewal of responding to
food cues in rats. Neurobiol Learn Mem. 2017;139:11-21.

ACKNOWLEDGEMENTS

The authors would like to thank Dr. Uri Shalev for providing invaluable feedback
on the manuscript. As well, the authors would like to thank Nadia Chaudhri for her
supervision on this research project and years of mentorship. The authors would
also like to thank Stephen Cabilio for support with Med-PC programming and data
extraction.

AUTHOR CONTRIBUTIONS

MRL Contributed to the conception and design of the work; the acquisition, analysis,
and interpretation of data for the work; drafting and revising the work; giving final
approval of the version to be published; and agreeing to be accountable for all
aspects of the work in ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and resolved. PC: contributed to
the acquisition, analysis, and interpretation of data. NC: contributed to the
conception or design of the work; and the acquisition, analysis, and interpretation
of data for the work.

FUNDING

This research was supported by the Canadian Institution of Health Research [MOP-
137030, NC]. NC was the recipient of a Chercheur-Boursier award from the Fonds de
la recherche en santé Québec and is a member of the Center for Studies in Behavioral
Neurobiology. MRL was supported by a graduate scholarship from the Faculty of Arts
and Science at Concordia University and by a Fonds de recherche du Québec—
Nature et Technologies doctoral fellowship. The funding sources were not involved in
the study design, data collection, analysis, or interpretation, in the writing of the
report, nor in the decision to submit the article for publication.

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541386-023-01640-1.

Correspondence and requests for materials should be addressed to Mandy Rita
LeCocgq.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to
this article under a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article is solely
governed by the terms of such publishing agreement and applicable law.

SPRINGER NATURE


https://doi.org/10.1038/s41386-023-01640-1
http://www.nature.com/reprints
http://www.nature.com/reprints

	Blocking μ-opioid receptors attenuates reinstatement of responding to an alcohol-predictive conditioned stimulus through actions in the ventral hippocampus
	Introduction
	Methodology
	Subjects
	Apparatus
	Drugs and solutions
	Surgery
	Intracranial microinfusions
	Behavioural procedures
	Intermittent alcohol access and sucrose habituation
	Pavlovian conditioning
	Extinction
	US Re-exposure
	Reinstatement test

	Experiment 1: Effects of systemic naltrexone on reinstatement of responding to an alcohol-CS
	Experiment 2: Effects of systemic naltrexone on reinstatement of responding to an alcohol-CS in female and male rats
	Experiment 3: Effects of systemic naltrexone on reinstatement of responding to a sucrose-CS
	Experiment 4: Effects of intra-ventral hippocampal CTAP on reinstatement of responding to an alcohol-CS
	Histology
	Data management
	Exclusion criteria
	Variables

	Statistical analyses

	Results
	Acquisition and extinction of conditioned responding
	Experiment 1. Naltrexone reduced reinstatement of responding to an alcohol-CS
	Experiment 2. Naltrexone reduced reinstatement of responding to an alcohol-CS in female and male rats
	Experiment 3. Naltrexone did not affect reinstatement of responding to a sucrose-CS
	Experiment 4. Intra-ventral hippocampal CTAP prevented reinstatement of responding to an alcohol-CS

	Discussion
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




