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Abstract
Rationale Drug-associated environmental stimuli elicit crav-
ing in humans and drug-seeking in animals.
Objectives We tested the hypothesis that Pavlovian-conditioned
alcohol-seeking is mediated by dopamine, using rats from two
vendors.
Methods Male, Long–Evans rats (220–240 g) from Charles
River (St-Constant, QC, Canada) and Harlan Laboratories
(Indianapolis, IN, USA) received 21 sessions of intermittent,
24-h access to ethanol (15 %, v /v ) and water in the home-
cage. Subsequently, rats were trained to discriminate between
one conditioned stimulus (CS+) that was paired with ethanol
(0.2 ml per CS+) and a second stimulus (CS−) that was not.
Entries into a fluid port where ethanol was delivered were
recorded. Next, rats were exposed to a different context where
cues and ethanol were withheld. At test, responding to the
CS+ and CS− without ethanol was assessed in the second,
non-alcohol context. Injections (1ml/kg; s.c.) of the dopamine
D1-receptor antagonist SCH 23390 (0, 3.33, and 10 μg/kg) or
dopamine D2-receptor antagonist eticlopride (0, 5, and 10 μg/
kg) were administered before test.
Results Home-cage alcohol consumption was higher in Har-
lan rats than Charles River rats. At test, saline-treated rats
responded more to the alcohol-predictive CS+ than the CS−.
While SCH 23390 attenuated CS+ responding in rats from
both vendors, eticlopride reduced CS+ responding in Harlan

rats only. Subsequently, SCH 23390 but not eticlopride atten-
uated CS+ responding when the CS+ was again paired with
ethanol.
Conclusions These results indicate important differences in
alcohol consumption in Long–Evans rats from different sup-
pliers, and highlight a novel role for dopamine in Pavlovian-
conditioned alcohol-seeking.
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Introduction

The sensory properties of alcohol routinely precede alcohol
consumption, and as a consequence of this predictive, tempo-
ral relation, such stimuli can elicit conditioned subjective and
physiological responses that may facilitate drinking (Litt et al.
2000; McCusker and Brown 1989; Rohsenow et al. 1994). To
study the neurobiological mechanisms that mediate
Pavlovian-conditioned alcohol-seeking, we developed a pro-
cedure in which rats are trained to behaviorally discriminate
between one conditioned stimulus (CS+) that is paired with
alcohol and a second conditioned stimulus (CS−) that is not.
Entries into a fluid port where alcohol is delivered for oral
consumption are measured during each CS presentation.
Across training, port-entries triggered by the CS+ increase,
whereas responding to the CS− stabilizes at a lower level,
indicating that rats learn the predictive association between the
CS+ and alcohol (Chaudhri et al. 2008a, 2009).

Using this task, the present experiments tested the hypothe-
sis that the expression of alcohol-seeking behavior triggered by
a Pavlovian cue is mediated by dopamine. Research conducted
using instrumental conditioning procedures in which rats are
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trained to perform an operant response that is reinforced by the
delivery of alcohol (Katner and Weiss 1999; Nie and Janak
2003; Chaudhri et al. 2009) has demonstrated that blocking
dopamine neurotransmission at dopamine D1- or D2-like re-
ceptors reduces the reinstatement of alcohol-seeking induced
by alcohol-predictive discriminative cues (Liu and Weiss
2002). Based on this finding and on evidence that dopamine
is involved in cue-induced reinstatement of instrumental drug-
seeking (Berglind et al. 2006; Bossert et al. 2007; Ciccocioppo
et al. 2001; Liu and Weiss 2002; Liu et al. 2010), we predicted
that blocking dopamine D1- or D2-receptors would also dose-
dependently attenuate Pavlovian-conditioned alcohol-seeking.

In addition to the sensory stimuli that accompany drug use,
environmental contexts in which drug consumption occurs
can also induce craving (Conklin et al. 2008, 2010), suggest-
ing that contextual stimuli acquire the capacity to predict drug
availability. In support of this hypothesis, research conducted
in animal models has shown that placement into a drug-
associated context can reinstate drug-seeking behavior that
was extinguished in a different environmental context by
withholding drug delivery (Chaudhri et al. 2008a; Crombag
and Shaham 2002; Fuchs et al. 2004; Hamlin et al. 2006;
Wing and Schoaib 2008; Zironi et al. 2006). Contexts can also
modulate the level of conditioned responding elicited by cues
that are paired with drug delivery. For example, cue-induced
reinstatement of alcohol-seeking inmice is greater in a context
associated with alcohol consumption, when compared to a
context where alcohol was never consumed (Tsiang and Janak
2006). Similarly, reinstatement following extinction can be
triggered in rats by presenting them with a small drop of
alcohol in an alcohol-associated context, but not in a context
where lever-pressing never produced alcohol (Chaudhri et al.
2008b). This effect may be mediated by dopamine, as dopa-
mine release occurs when rats are placed into operant condi-
tioning chambers associated with prior alcohol self-
administration (Katner and Weiss 1999). Furthermore, cue-
and context-induced reinstatement of drug-seeking have been
localized to distinct subregions of the ventral striatum (Bossert
et al. 2007; Chaudhri et al. 2009; Ito et al. 2000), suggesting
that separate, yet potentially overlapping neural circuits, may
mediate these two effects. Consequently, in the present re-
search we sought to minimize the impact of contextual cues
associated with alcohol consumption on responding elicited
by a Pavlovian-conditioned alcohol-predictive CS+ by
conducting tests in a context where subjects had never con-
sumed alcohol.

Lastly, we assessed the role of dopamine in Pavlovian-
conditioned alcohol-seeking in male, Long–Evans rats that
were obtained from two different breeders, Charles River (St
Constant, QC, Canada) and Harlan Laboratories (Indianapo-
lis, IN, USA). This comparison was motivated by a recent
report that identified differences in alcohol consumption and
alcohol-mediated behaviors in rats of the same strain that were

obtained from different suppliers (Palm et al. 2011). In order
to determine if choice of supplier could have implications for
future research, we systematically compared home-cage alco-
hol consumption as well as the impact of dopamine D1- and
D2-receptor antagonists on the expression of Pavlovian-
conditioned alcohol-seeking in Long–Evans rats from these
two vendors.

Methods

Subjects

Male, Long–Evans rats (220–240 g on arrival) were obtained
from Charles River (St Constant, QC, Canada) and Harlan
Laboratories (Indianapolis, IN, USA). Subjects arrived on the
same day and were individually housed in polycarbonate
shoebox cages containing beta-chip bedding in a colony room
that was maintained at constant temperature (21 °C) and on a
12-h light/dark cycle (lights on at 0700 hours; procedures
conducted during the light phase). Following arrival, rats
received 15 days to acclimate to the colony room, during
which time they were regularly weighed and handled. Access
to rat chow (Charles River Rodent Animal Diet, St-Hubert,
Canada) and water was unrestricted throughout the experi-
ment, unless otherwise indicated. All procedures followed the
guidelines of the Canadian Council on Animal Care and were
approved by the Concordia University Animal Research
Ethics Committee.

Apparatus

Behavioral training and testing was conducted using equip-
ment and software obtained from Med-Associates Inc. (St.
Albans, VT, USA). Equipment consisted of twelve operant
conditioning chambers (ENV-009A) each contained within a
ventilated, sound-attenuating melamine cubicle (53.6×68.2×
62.8 cm; built in-house). Each chamber comprised a stainless
steel bar floor, paneled aluminum sidewalls, and a clear,
Plexiglas rear wall, ceiling and front door. The right wall
featured a central port, which contained a circular fluid recep-
tacle (ENV-200R3AM). Fluid delivery into the receptacle
occurred through a 20-ml syringe attached to a pump (PHM-
100, 3.33 rpm) that was located outside the cubicle. The upper
left wall of the operant conditioning chamber featured a click-
er stimulus (ENV-135 M, 76–80 dB, 2 Hz) and white noise
stimulus generator (ENV-225SM, 80–85 dB), as well as a
white house-light (ENV-215 M). Entries into the fluid port
were measured by interruptions of infrared beam across its
entrance and recorded to a computer using Med PC-IV soft-
ware, which also controlled fluid delivery and stimulus
presentations.
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Drugs

Ethanol (15 %, v /v ) was prepared by diluting 95 % ethanol in
tap water. SCH 23390 hydrochloride (R (+)-7-Chloro-8-hy-
droxy-3-methyl-1-phenyl-2, 3, 4, 5-tetrahydro-1H-3-
benzazepine hydrochloride; Sigma Aldrich; catalog # D054)
was dissolved in 0.9 % sodium chloride, as was eticlopride
hydrochloride (FLB 131, S-(−)-3-Chloro-5-ethyl-N-[(1-ethyl-
2- pyrrolidinyl) methyl]-6-hydroxy-2-methoxybenzamide hy-
drochloride; SigmaAldrich; catalog # E101). Drug doses were
selected based on previous reports that demonstrate behavior-
al effectiveness using similar behavioral procedures (Bossert
et al. 2007; Hamlin et al. 2007; Liu et al. 2010; Liu and Weiss
2002). Lemon oil (SAFC Supply Solutions, St-Louis, USA)
or benzaldehyde (used as almond odor; ACP Chemicals Inc.,
Montreal, Canada) were mixed in tap water to obtain 10 %
solutions (v /v ).

Alcohol consumption in the home-cage

Two weeks after arrival, ethanol and water were made avail-
able via separate bottles that were placed onto the home-cage
in 24-h sessions during which rats could consume either
solution (procedures adapted from Simms et al. 2008; Wise
1973). These sessions occurred on Monday, Wednesday, and
Friday of each week, for a total of 21 sessions. On Tuesday,
Thursday, Saturday and Sunday, the ethanol-containing bottle
was replaced with an identical bottle containing water. Rats
were weighed before each ethanol/water choice session, and
ethanol and water bottles were weighed before and after each
24-h session. Detailed procedures for this phase can be found
in Supplementary material.

Pavlovian discrimination training

Following 21 sessions of alcohol consumption in the home-
cage, rats underwent 17 daily, 1-h Pavlovian discrimination
training (PDT) sessions (5–6 days per week). In each session,
the house light was illuminated 5-min after rats were placed
into the conditioning chamber to indicate the beginning of the
session. Rats received 16 random presentations each of two
10-s auditory stimuli (clicker or white noise) delivered
according to a variable-time 67-s schedule. One stimulus
(CS+) was consistently paired with the delivery of 15 %
ethanol (0.2 ml per CS+; delivered over the last 6-s of the
CS+; total of 3.2 ml per session) into the fluid port. The
alternate stimulus (CS−) was presented without ethanol. Ports
were checked following each session to ensure that the ethanol
had been consumed.

PDT occurred in one of two contexts created by adding
visual, olfactory and tactile stimuli to the operant conditioning
chambers. Context 1 consisted of black walls, a smooth Plex-
iglas floor, and a lemon odor applied to the waste pan under

the chamber floor. Context 2 consisted of clear, Plexiglas
walls, a perforated stainless steel floor, and an almond odor.
Before starting PDT, rats were exposed to each context in 20-
min sessions where no ethanol or auditory stimuli were
presented. Subsequently, rats from each supplier were sepa-
rated into 4 counterbalanced groups based on ethanol intake
averaged across sessions 19–21 of home-cage ethanol expo-
sure. Groups corresponded to the possible combinations of
Context (1 or 2) and CS+ (Click, Noise), which remained
constant for each subject for the duration of PDT.

Exposure to a non-alcohol context

Upon completion of PDT, rats were exposed to a different
environmental context in 5, daily 1-h sessions. Chambers that
had been configured as Context 1 for PDTwere re-configured
as Context 2, and vice versa. During each session neither the
CS+ nor the CS− were presented. In addition, although the
syringe pump continued to be activated on the same schedule
as during PDT, no ethanol was delivered. The purpose of this
phase was to acclimate rats to a second environment where
ethanol was never available or consumed, and to extinguish
spontaneous entries into the fluid port, which was a feature of
both the PDT and non-alcohol contexts.

Test

At 24-h after the last session, responding to the CS+ and CS−
in the absence of ethanol was tested in the non-alcohol con-
text. The CS+ and CS− were presented as during PDT. The
syringe pump continued to be activated during the CS+, but
no ethanol was delivered.

Experiment 1. Effect of SCH 23390 on Pavlovian-conditioned
alcohol-seeking

This experiment tested the effect of blocking dopamine D1-
like receptors on the expression of Pavlovian-conditioned
alcohol-seeking in a non-alcohol context. Fifteen minutes
before the test rats received a subcutaneous injection of SCH
23390 (0, 3.33, and 10 μg/kg; 1 ml/kg). Each rat was tested at
each dose using a within-subjects, repeated-measures design.
Tests were separated by three additional sessions of PDT and
four additional sessions of exposure to the non-alcohol con-
text. Dose order was determined by a Latin-Square design.

Experiment 2a. Effect of eticlopride on Pavlovian-conditioned
alcohol-seeking

Using different rats from Experiment 1, we tested the effect of
blocking dopamine D2-like receptors on the expression of
Pavlovian-conditioned alcohol-seeking in a non-alcohol con-
text. Procedures were identical to those described for
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Experiment 1, except before the test rats received a subcuta-
neous injection of eticlopride (0, 5, and 10 μg/kg; 1 ml/kg).

Experiment 2b. Effect of SCH 23390 or eticlopride
on Pavlovian discrimination training

This study determined the effect of blocking dopamine D1- or
D2-like receptors on responding elicited by the CS+ and CS−
during PDT sessions where the CS+ was paired with ethanol
delivery. Rats utilized in Experiment 2a underwent 2 sessions
of PDT re-training in the original training context. Before
session 3 of PDT they received a subcutaneous injection of
saline (1 ml/kg), SCH 23390 (10 μg/kg; 1 ml/kg) or
eticlopride (10 μg/kg; 1 ml/kg). Each rat was tested in each
treatment condition, according to a within-subjects design.
Tests were separated by two sessions of PDT retraining and
drug order was determined by a Latin-Square design.

Statistical analyses

Dependent measures during home-cage ethanol consumption
included body weight (g), ethanol and water consumption
(ml), ethanol-intake expressed as grams of ethanol consumed
per kilogram of bodyweight (g/kg), and ethanol preference
(ethanol consumption in ml as a percentage of total fluid
intake). Data were analyzed using repeated measures analysis
of variance (ANOVA) across the within-subjects factor of
Session (1–21) and the between-subjects factor of Vendor
(Harlan, Charles River). Polynomial contrasts were used to
investigate the relationship between dependent variables as a
function of session. All subjects were included in these anal-
yses (Experiment 1, Charles River, n =18; Harlan, n =19:
Experiment 2, Charles River, n =18; Harlan, n =21). Howev-
er, following the home-cage alcohol consumption phase, 1
Charles River rat from Experiment 1 and 3 Harlan rats from
Experiment 2 with low ethanol intakes (g/kg <0.5 averaged
across the last 3 sessions) did not continue to behavioral
training due to space and time constraints.

During PDT and test, port-entries during 10-s intervals
before each CS were subtracted from port-entries during the
corresponding CS to obtain normalized CS responses. In
addition, total port-entries per session were recorded in each
phase. Data from 6 rats from Experiment 1 (1 Charles River
and 5 Harlan) and 7 rats from Experiment 2a (2 Charles River
and 5 Harlan) were excluded upon completion of each study.
Subjects were excluded if the average number of CS+ re-
sponses made across the last 5 sessions of PDT was <10,
and if they also failed to consume all the ethanol delivered
during each session. As a result, final sample sizes for Exper-
iment 1 were 16 Charles River rats and 14 Harlan rats, and for
Experiment 2a were 16 Charles River rats and 13 Harlan rats.

For Experiments 1 and 2a, normalized CS data from PDT
were analyzed using repeated-measures ANOVAwith Session

(1–17) and CS (CS+, CS−) as within-subjects variables and
Vendor (Charles River, Harlan) as a between-subjects variable.
Test data were analyzed using ANOVAwith Dose (0, 3.33, and
10 μg/kg of SCH 23390; 0, 5, and 10 μg/kg of eticlopride) and
CS (CS+, CS−) as within-subjects variables, and Vendor
(Charles River, Harlan) as a between-subjects variable. Total
port-entries were analyzed across Session and Vendor during
PDTand exposure to the non-alcohol context, and across Dose
and Vendor at test.

Experiment 2b (Charles River n =18; Harlan n =7) was
conducted utilizing rats from Experiment 2a. Two Charles
River rats and 3Harlan rats that were dropped fromExperiment
2a were included in Experiment 2b because they showed robust
re-acquisition of PDT and consumed all the ethanol delivered
during the latter study. The full complement of Harlan rats from
Experiment 2a could not be tested because 9 subjects vocalized
and struggled considerably when injected at test 3. To deter-
mine if this reaction to the injection might have influenced the
results of test 3 from Experiment 2a, we compared the behavior
of these 9 subjects to rats that did not have a reaction and found
no statistically significant main effects or interactions. Test data
were analyzed using repeated-measures ANOVA with Treat-
ment (saline, 10 μg/kg SCH 23390, 10 μg/kg eticlopride) and
CS (CS+, CS−) as within-subjects variables and Vendor
(Charles River, Harlan) as a between-subjects variable. All
analyses were conducted using SPSS v 19.

Results

In both experiments significant differences in weight gain and
oral ethanol consumption emerged in rats from Harlan and
Charles River (Fig. 1). Rats from both vendors gained weight
(Fig. 1a, b) across sessions [Session: Exp. 1, F(20,700)=
1065.10, p <0.001; Exp. 2, F(20,740)=1747.35, p <0.001].
However, compared to rats from Harlan, rats from Charles
River weighed more overall [Vendor: Exp. 1, F(1,35)=99.93,
p <0.001; Exp. 2, F(1,37)=36.36, p <0.001] and gained more
weight per session [Session × Vendor: Exp. 1, F(20,700)=
68.27, p <0.001; Exp. 2, F(20,740)=39.20, p <0.001].

Overall, rats from Charles River drank significantly more
water (Fig. 1c, d) than Harlan rats [Vendor: Exp. 1, F(1,35)=
50.22, p <0.001; Exp. 2, F(1,37)=93.36, p <0.001]. Water
consumption decreased across sessions [Session: Exp. 1,
F(20,700)=11.35, p <0.001; Exp. 2, F(20,740)=12.651, p <
0.001], with no Session × Vendor interaction in Experiment 1
but a significant Session × Vendor interaction in Experiment 2
[Session × Vendor, F(20,740)=4.10, p <0.001]. Further anal-
yses of Experiment 2 utilizing polynomial contrasts revealed
that water consumption decreased linearly for both Charles
River [Session, F(1,17)=27.20, p <0.001] and Harlan rats
[Session, F(1,20)=13.89, p <0.01].
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g h

Fig. 1 Weight gain and fluid consumption across 21 sessions of ethanol
(EtOH) exposure in the home-cage in Charles River (filled symbols) and
Harlan (open symbols) rats. In each session, rats received access to both
15 % ethanol and water via two bottles in the home-cage for 24 h. Data
represent mean (±SEM) values obtained from each session. Panels on the
left depict data from Experiment 1 (Charles River, n=18; Harlan, n=19),

whereas panels on the right depict data from Experiment 2 (Charles River,
n=18; Harlan, n=21). Dependent measures shown include body weight in
grams (a, b), water and ethanol consumption in milliliters (c , d), ethanol
intake in grams of ethanol consumed per kilogram of bodyweight (e, f),
and ethanol preference which is calculated as the percentage of total fluid
consumption that is accounted for by ethanol (g , h)
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Ethanol consumption (Fig. 1c, d) increased across sessions
[Session: Exp. 1, F(20,700)=12.35, p <0.001; Exp. 2, F(20,
740)=18.03, p <0.001], and rats from Harlan drank more
ethanol than rats from Charles River [Vendor: Exp. 1, F(1,
35)=5.61, p <0.05; Exp. 2, F(1,37)=13.49, p <0.01]. There
was no Session × Vendor interaction in Experiment 1, but this
interaction was significant in Experiment 2 [Session × Vendor
F(20,740)=3.20, p <0.001]. In Experiment 2, ethanol con-
sumption followed a linear trend for Charles River rats [Ses-
sion, F(1,17)=27.81, p <0.001] and a linear [Session, F(1,
20)=22.75, p <0.001] and quadratic trend [Session, F(1,
20)=16.03, p <0.01] for Harlan rats.

Ethanol intake expressed as g/kg (Fig. 1e and f) increased
across session [Session: Exp. 1, F(20,700)=6.27, p <0.001;
Exp. 2, F(20,740)=8.15, p <0.001] with Harlan rats achieving
higher overall ethanol intakes [Vendor: Exp. 1, F(1,35)=
14.14, p <0.01; Exp. 2, F(1,37)=24.23, p <0.001] in both
experiments. There was no Session × Vendor interaction in
Experiment 1, but a significant Session × Vendor interaction
in Experiment 2 [Session × Vendor, F(20,740)=3.23, p <
0.001]. In Charles River rats, ethanol consumption expressed
as g/kg in Experiment 2 followed a linear trend [Session, F(1,
17)=17.84, p <0.01]; however, in Harlan rats, the trend was
revealed to be quadratic [Session, F(1,20)=12.46, p <0.01].

Ethanol preference (Fig. 1g, h) increased across session
[Session: Exp. 1, F(20,700)=15.72, p <0.001; Exp. 2, F(20,
740)=8.15, p <0.001] and was higher overall in Harlan rats
[Vendor: Exp. 1, F(1,35)=26.01, p <0.001; Exp. 2, F(1,37)=
24.23, p <0.001]. There was no Session × Vendor interaction in
Experiment 1 but a significant Session × Vendor interaction in
Experiment 2 [Session × Vendor, F(20,740)=3.23, p <0.001].
Trend analyses on Experiment 2 indicated that ethanol prefer-
ence followed a linear trend in Charles River rats [Session, F(1,
17)=26.08, p <0.001] and a linear [Session, F(1,20)=18.23, p
<0.001] and quadratic trend [Session, F(1,20)=12.81, p <0.01]
for Harlan rats.

Rats from both vendors learned to discriminate between the
CS+ and CS− across PDT sessions in both experiments
(Fig. 2a, b). Normalized port-entries increased across session
[Session, Exp. 1, F(16,448)=19.79, p <0.001; Exp. 2, F(16,
432)=20.78, p <0.001], with responding to the CS+ stabiliz-
ing at a higher level than CS− responding [Session × CS: Exp.
1, F(16,448)=10.34, p <0.001; Exp. 2, F(16,432)=11.57, p <
0.001]. Overall, more responding occurred during the CS+
than the CS− [CS: Exp. 1, F(1,28)=43.19, p <0.001; Exp. 2,
F(1,27)=68.40, p <0.001]. In Experiment 1 (Fig. 2a), there
was no difference in the acquisition of PDT as a function of
vendor. Nor were there significant Session × Vendor, CS ×
Vendor, or Session × CS × Vendor interactions. Follow-up
paired samples t tests on data collapsed across vendor indi-
cated that with the exception of PDT sessions 1 and 3, CS+
responding was significantly higher than CS− responding at
each session (p <0.05 for each comparison). In Experiment 2

(Fig. 2b), rats from Harlan achieved and maintained a higher
level of CS+ responses than rats from Charles River. These
results are supported by ANOVA, indicating a near-significant
main effect of vendor [Vendor, F(1,27)=4.13, p =0.052], a
significant Session × Vendor interaction [Session × Vendor,
F(16,432)=2.14, p <0.01] and a significant 3-way interaction
[Session × CS × Vendor, F(16,432)=2.61, p <0.01]. There
was no significant CS × Vendor interaction. Follow-up t-tests
for independent samples verified that rats from Harlan made
more CS+ responses than Charles River rats on sessions 13,
14, 16, and 17 (p <0.05) and session 12 (p <0.01).

Total port-entries (Fig. 2c and d) decreased across PDT
sessions in both experiments [Session: Exp. 1, F(16,448)=
3.87, p <0.001; Exp. 2, F(16,432)=4.28, p <0.001]. In Exper-
iment 1, there was no main effect of Vendor, or Session ×
Vendor interaction, whereas in Experiment 2 there was a trend
for total port-entries to be lower in Harlan rats [Vendor, F(1,
27)=3.88, p =0.059], and a difference in the number of total
port-entries across session as a function of vendor [Session ×
Vendor, F(16,432)=2.69, p <0.01]. Independent samples t tests
confirmed that rats from Harlan made fewer total port-entries
on sessions 1–3 (p <0.01) and sessions 14 and 15 (p <0.05).

Following PDT, rats were exposed to an alternate context
in which the cues and alcohol were withheld. Total port-
entries decreased across sessions, as depicted in Supplemental
Material (Supplementary Fig. 1).

Blocking dopamine D1-like receptors in Experiment 1 sig-
nificantly reduced Pavlovian-conditioned alcohol-seeking in rats
from both vendors. Figure 3 depicts normalized port-entries
during the CS+ and CS− at test for rats from Charles River
(Fig. 3a; n=16) and Harlan (Fig. 3b; n=14) when both cues
were presented without ethanol in the non-alcohol context.
Overall, rats responded more to the CS+ than the CS− [CS,
F(1,28)=97.45, p<0.001], and Charles River rats made more
port-entries compared to Harlan rats [Vendor, F(1,28)=5.25, p<
0.05]. SCH 23390 pre-treatment reduced CS+ responding, with
no effect on CS− responding [Dose, F(2,56)=10.60, p<0.001;
Dose × CS, F(2,56)=10.36, p<0.001]. There were no Dose ×
Vendor or Dose × CS × Vendor interactions, suggesting that
SCH 23390 reduced CS+ responding in rats from both vendors.

Because of the main effect of Vendor, separate analyses were
conducted to investigate the impact of SCH 23390 on normal-
ized CS+ responding in Charles River and Harlan rats. There
was a main effect of dose in rats from either vendor [Charles
River, F(2,30)=4.65, p<0.05; Harlan, F(2,26)=6.91, p<0.01].
Follow-up t tests for paired samples were conducted that were
corrected for multiple comparisons using a modified Bonferroni
test (α=0.03; see Keppel 1991). In Charles River rats, normal-
ized CS+ responding was reduced by 10 μg/kg of SCH 23390,
compared to saline [t(15)=3.08, p=0.008], and the 3.33 μg/kg
dose [t(15)=2.56, p=0.022]. There was no difference between
saline and 3.33 μg/kg dose. The same pattern of effects was
found in Harlan rats. Normalized CS+ responding was reduced
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by 10 μg/kg of SCH 23390 compared to saline [t(13)=4.61, p=
0.003] and 3.33 μg/kg [t(13)=2.90, p=0.012], with no differ-
ence between saline and the 3.33 μg/kg dose.

Trend analyses were conducted to compare the shape of the
dose response curves in rats from Charles River and Harlan.
These revealed that the attenuation of normalized CS+
responding followed a linear trend in rats from both vendors

[Dose; Charles River, F(1,15)=9.48, p<0.01; Harlan, F(1,13)=
12.88, p<0.01].

The impact of SCH 23390 on total port-entries at test is
described in Supplemental Material (Supplementary Fig. 2).

Blocking dopamine D2-like receptors in Experiment 2a
significantly reduced Pavlovian-conditioned alcohol-seeking
in rats from Harlan, but was ineffective in rats from Charles

a b

c d

Fig. 2 Acquisition of Pavlovian-conditioned alcohol-seeking across 17
sessions of Pavlovian discrimination training (PDT) in Charles River
(filled symbols) and Harlan (open symbols) rats. In each PDT session,
rat received presentations of a CS+ that was paired with 15 % ethanol
(0.2 ml/CS+; 3.2 ml total) and a CS− that was presented without ethanol.
Experiment 1 is depicted in panels on the left , and Experiment 2a is
shown in panels on the right . Rats in both experiments learned to

discriminate between the CS+ (circles) and the CS− (triangles) (a , b).
Data represent mean (±SEM) normalized port-entries during each CS,
calculated by subtracting responding during 10-s pre-CS intervals from
responding during the corresponding 10-s CS. Total port-entries de-
creased as a function of session in rats from both vendors (c , d). Data
represent mean (±SEM) total port-entries from each session

a b

Fig. 3 Blocking dopamine D1-receptors reduced the expression of Pav-
lovian-conditioned alcohol-seeking (Experiment 1). At test rats received
presentations of the CS+ and CS− as during PDT. However, no ethanol
was delivered and tests were conducted in a context where alcohol had
never previously been consumed. Data represent mean (±SEM)

normalized port-entries during the CS+ (filled bars) and CS− (open bars)
following saline and SCH 23390 (3.33 or 10 μg/kg) pre-treatment in a
Charles River (n=16) and b Harlan (n =14) rats. * p <0.03, compared to
saline and 3.33 microgram/kilogram dose
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River. Figure 4 depicts normalized port-entries made during
the CS+ and CS− at test for Charles River (Fig. 4a; n =16) and
Harlan rats (Fig. 4b; n =13) when both cues were presented
without ethanol in the non-alcohol context. Overall, rats
responded more to the CS+ than the CS− [CS, F(1,27)=
117.45, p <0.001]. Blocking dopamine D2-receptors dose-
dependently reduced CS+ responding, with no effect on CS
− responding [Dose, F(2,54)=8.17, p <0.01; Dose × CS, F(2,
54)=6.08, p <0.01]. There was no main effect of Vendor or
significant Vendor × CS interaction, indicating no difference
across vendors in the number of CS responses made at test.
Interestingly, the effect of eticlopride on responding at test
differed as a function of vendor [Dose × Vendor, F(2,54)=
3.44, p <0.05], with no Dose × CS × Vendor interaction.

Separate ANOVA conducted on normalized CS+ responding
for rats from Charles River and Harlan revealed a main effect of
Dose in Harlan rats only [Harlan, F(2,24)=8.01, p<0.01]. In
Harlan rats, paired-samples t-tests indicated a significant

reduction in normalized CS+ responding following 10 μg/kg
when compared to saline [t(12)=3.63, p=0.003] and to the
5 μg/kg dose of eticlopride [t(12)=2.57, p=0.025]. There was
no difference between saline and the 5 μg/kg dose.

Trend analyses conducted to examine the shape of the dose
response curve revealed that the attenuation of normalized
CS+ responding followed a linear trend in rats from Harlan
[Dose, F(1,12)=13.17, p <0.01], which was not observed in
Charles River rats.

The impact of eticlopride on total port-entries at test is
described in Supplemental Material (Supplementary Fig. 3).

Figure 5 depicts data from Experiment 2b, in which Charles
River and Harlan rats received an injection of saline, SCH 23390
or eticlopride before a PDTsession in which the CS+ was paired
with ethanol. Overall, rats from both vendors responded more to
the CS+ than the CS− [CS, F(1,23)=81.48, p<0.001], with no
CS × Vendor interaction. There were no main effects of Vendor
or Treatment, and no Treatment × Vendor interaction. However,
a significant Treatment × CS interaction [Treatment × CS, F(2,
46)=3.53, p<0.05] indicated that blocking dopamine receptors
reduced responding to the CS+ but not the CS−. There was no
Treatment × CS × Vendor interaction, indicating that pattern was
consistent in rats from both vendors. Follow-up ANOVA
conducted on normalized CS+ responding collapsed across ven-
dor revealed a main effect of Treatment [Treatment, F(2,48)=
3.85, p<0.05]. Paired-samples t-tests indicated a significant re-
duction in CS+ responding following SCH 23390 when com-
pared to saline [t(24)=2.31, p<0.05], with no significant differ-
ence between saline and eticlopride. There was no main effect of
treatment on normalized responding to the CS−.

Discussion

These results highlight important differences in home-cage
alcohol consumption and the contribution of dopamine

a b

Fig. 4 Blocking dopamine D2-receptors reduced the expression of Pav-
lovian-conditioned alcohol-seeking in Harlan, but not Charles River rats
(Experiment 2a). At test rats received presentations of the CS+ and CS−
as during PDT. However, no ethanol was delivered and tests were
conducted in a context where alcohol had never previously been

consumed. Data represent mean (± SEM) normalized port-entries during
the CS+ (filled bars ) and CS− (open bars ) following saline and
eticlopride (5 μg/kg or 10 μg/kg) pre-treatment in a Charles River (n=
16) and b Harlan (n =13) rats. * p <0.03, compared to saline and 5
microgram/kilogram dose

Fig. 5 Blocking dopamine D1 receptors but not D2 receptors reduced
Pavlovian-conditioned alcohol-seeking during Pavlovian-discrimination
training sessions in which the CS+ was paired with 15 % ethanol. Data
represent mean (±SEM) normalized port-entries during the CS+ (filled
bars) and the CS− (open bars) following saline, eticlopride (10 μg/kg)
and SCH 23390 (10 μg/kg) pre-treatment in Charles River (n =18) and
Harlan (n =7) rats. * p <0.05, compared to saline
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receptor subtypes to Pavlovian-conditioned alcohol-seeking
in male, Long–Evans rats from different vendors. Alcohol
intake and preference during home-cage alcohol consumption
sessions were higher in Harlan rats than Charles River rats. In
tests for conditioned behavior, saline-infused rats from both
vendors checked the fluid port for alcohol more frequently
during the CS+ than the CS−, when both cues were presented
without alcohol in a non-alcohol context. By comparison,
blocking dopamine D1-like receptors with 10 μg/kg SCH
23390 reduced CS+ responding in Harlan and Charles River
rats, and blocking dopamine D2-like receptors with 10 μg/kg
eticlopride reduced CS+ responding in rats from Harlan only.
Lastly, SCH 23390 but not eticlopride reduced CS+
responding in PDT sessions where the CS+ was paired with
alcohol. Thus, both dopamine receptor subtypes are involved
in Pavlovian-conditioned alcohol-seeking, with D1-like re-
ceptors having a more prominent role in this effect.

Home-cage alcohol consumption was assessed using a
procedure that induces robust voluntary ethanol consumption
in standard laboratory rats without sucrose-fading (Carnicella
et al. 2008; Simms et al. 2008; Wise 1973). Overall, the
consumption of 15 % ethanol increased across session in rats
from both suppliers. While Harlan rats drank more ethanol
than Charles River rats in earlier sessions, there was no
difference in the volume of ethanol consumed as a function
of vendor by the last session. Marked differences in weight
gain as a function of vendor resulted in substantially lower
ethanol-intake measured in g/kg in Charles River rats com-
pared to Harlan rats. Nonetheless, this measure also increased
across session in rats from both vendors. The rapid increase in
ethanol intake across session observed in Charles River rats is
similar to the “escalation” in ethanol consumption reported by
other researchers using this procedure with Harlan rats
(Simms et al. 2008). However, Harlan rats in our studies
achieved high ethanol-intakes on the first session and conse-
quently showed a less pronounced escalation in g/kg relative
to published data. One explanation for this discrepancy is that
we utilized 15 % ethanol whereas others report an escalation
in consumption with 20 % ethanol (Simms et al. 2008).
Overall, values for ethanol intake (g/kg/24 h) in the present
studies are a bit lower than those reported in the literature. For
example, Simms and colleagues (2008) found that male,
Long–Evans rats from Harlan achieved stable consumption
of 20 % ethanol at 5.1±0.6 g/kg, whereas averaged across the
last two sessions of the present studies Harlan rats consumed
3.4±0.2 g/kg of 15 % ethanol.

While the volume of ethanol consumed did not differ
across vendor by the end of this phase, water consumption
remained higher in Charles River rats. Consequently, prefer-
ence for ethanol was more robust in Harlan rats, although
preference increased across session in rats from both sup-
pliers. Interestingly, a large number of Charles River rats and
fewer Harlan rats required a sweetened ethanol solution to

encourage ethanol consumption (see details in Supplemental
material). Together, these vendor differences support the use
of Harlan rats in experiments involving voluntary ethanol
consumption.

Rats from both suppliers arrived on the same day, were of
comparable weights on arrival, and were maintained under
identical conditions. Therefore, it is notable that Charles River
rats appeared unable to regulate weight gain when given
unrestricted access to food. That Charles River rats consumed
more water than Harlan rats suggests that they also ate more
food, given that water and food consumption typically co-
occur (Bolles 1961). Because fluid intake and body weight
influence measures of ethanol-intake such as g/kg and prefer-
ence, future studies should compare blood ethanol concentra-
tions following oral consumption as a function of supplier.

The present findings are consistent with a recent report
(Palm et al. 2011) of differences in weight gain and alcohol
consumption in male, Wistar rats obtained from five unique
suppliers. Interestingly, Wistar rats from Harlan Laboratories
(The Netherlands) drank significantly more ethanol than rats
from other suppliers, with 80 % of rats exhibiting a mean
ethanol intake of 3.0 g/kg/day. Within-strain discrepancies in
weight gain and alcohol consumption could result from ge-
netic factors arising from years of breeding within a facility, or
be attributable to environmental early life differences, such as
maternal separation and weaning age, which can impact alco-
hol consumption in adulthood (Gustafsson and Nylander
2006; Ploj et al. 2003; Roman et al. 2005). The present data,
together with the study by Palm and colleagues (2011), em-
phasize the value of considering breeder in alcohol research,
with rats from Harlan Laboratories being particularly suitable
for studies that require high levels of oral ethanol
consumption.

Unlike the replicable differences during home-cage alcohol
exposure, there were no consistent vendor differences in the
acquisition of PDT. Charles River and Harlan rats in both
experiments learned to discriminate between the CS+ and
CS−. However, in Experiment 1 the levels of CS+ responding
were similar in Charles River and Harlan rats, whereas in
Experiment 2 Harlan rats responded more vigorously to the
CS+. Furthermore, Harlan rats responded more to the CS+ in
Experiment 2 than in Experiment 1. Thus, Harlan rats might
be more prone to variability in behavioral data when com-
pared to rats from Charles River.

Our primary objective was to examine the contribution of
dopamine receptors to Pavlovian-conditioned alcohol-seeking
in a non-alcohol context. Following PDT rats were placed into a
different context where the CS+, CS− and ethanol were with-
held. As a consequence, spontaneous entries into the fluid port
decreased across session (see Supplementary Fig. 1), suggesting
that this context came to signal the absence of ethanol. At test,
responding to the CS+ and CS−without ethanol was assessed in
the non-alcohol context. Consistent with previous findings

Psychopharmacology (2014) 231:753–764 761



(Chaudhri et al. 2009), saline-injected rats from both suppliers
responded more to the alcohol-predictive CS+ than the CS−,
indicative of Pavlovian-conditioned alcohol-seeking. Blocking
dopamine D1-receptors reduced CS+ responding in rats from
both vendors, whereas blocking dopamine D2-receptors pro-
duced this effect in Harlan rats only. These results demonstrate a
novel role for dopamine in alcohol-seeking triggered by discrete,
Pavlovian-conditioned, alcohol-predictive cues, which is con-
sistent with evidence that dopamine D1- and D2-receptor sub-
types are involved in the reinstatement of instrumental alcohol-
seeking induced by discriminative olfactory cues that signal the
alcohol availability (Liu andWeiss 2002). Thus, dopamine may
mediate the conditioned incentive effects of alcohol-associated
olfactory cues (Liu and Weiss 2002), as well as Pavlovian-
conditioned approach responses triggered by auditory cues that
predict alcohol. Interestingly, in the study by Liu and Weiss
(2002) the discriminative olfactory cue was extinguished before
test, whereas in the present experiment responding to the CS+
and CS− was not extinguished before test. Thus, dopamine
appears to mediate alcohol-seeking triggered by both
extinguished and non-extinguished alcohol-predictive cues. In
addition, the present study assessed alcohol-seeking driven by
the non-extinguished CS+ in a context that had never been
paired with alcohol delivery or consumption, confirming a role
for dopamine in responding to discrete Pavlovian-conditioned
alcohol-cues specifically.

That eticlopride produced different effects in Harlan and
Charles River rats suggests that male Long–Evans rats from
these suppliers may differ in terms of dopamine D2-receptor
expression or availability, and/or dopamine sensitivity. Rats
from different strains exhibit differences in dopamine sensi-
tivity (Shoaib et al. 1995), suggesting the possibility of within-
strain variations as a function of breeder as well. Alternatively,
10 μg/kg eticlopride might not have been a sufficiently high
dose to affect CS+ responding in Charles River rats, a question
that should be addressed in future studies.

There are several explanations for why blocking dopamine
receptors reduced the expression of Pavlovian-conditioned
alcohol-seeking. Dopamine has been implicated in a myriad
of cognitive and behavioral processes, including reward
(Berridge and Robinson 1998, 2003; Wise and Rompré
1989; Wise 2004) motivation (Di Chiara 2002; Koob et al.
1998;Wise 2004) incentive-salience (Berridge 2012; Berridge
and Robinson 1998), and locomotor behavior (Beninger
1983; Hoffman and Beninger 1985). The present findings
cannot dissociate between the first three explanations. How-
ever, it is noteworthy that eticlopride only reduced CS+
responding when the cue was not paired with alcohol delivery,
whereas SCH 23390 reduced CS+ responding in the presence
and absence of alcohol. Thus, dopamine D1-receptors may
play a more important role in responding to Pavlovian-
conditioned cues per se, whereas D2-receptors may be in-
volved in the expression of conditioned drug-seeking in the

absence of the drug. Importantly, fluid ports were dry at the
end of test session conducted during PDT, suggesting that
neither antagonist affected ability or motivation to consume
ethanol at test.

While dopamine antagonists can impair locomotor activity,
these effects are usually observed at higher doses than those
employed here (Hoffman and Beninger 1985). In addition,
dopamine D2-receptor antagonists induce motoric impair-
ments at doses of 20 μg/kg or higher (Bardo et al. 1999;
Bevins et al. 2001). SCH 23390 doses similar to those in the
present experiments have minimal effect on high rates of
instrumental responding for sucrose or food (Crombag et al.
2002; Nakajima 1989). Similarly, eticlopride does not cause
locomotor deficits within the dose range used in the present
studies (Liu and Weiss 2002). Although we observed a dose-
dependent decrease in the total number of port-entries at test in
rats infused with 10 μg/kg SCH 23390 relative to saline, this
measure did not differ relative to total port-entries averaged
across the last 2 sessions of exposure to the non-alcohol
context (see Supplementary Fig. 2). That there was no differ-
ence between these two phases suggests that SCH 23390 did
not reduce port-entries to a level below what is typically
observed in the absence of cues or ethanol, but likely blocked
the specific increase in port-entries attributable to the presence
of the alcohol-predictive CS+. There was no impact of
eticlopride on total port-entries in rats from either vendor
(see Supplementary Fig. 3).

There is support for the hypothesis that distinct neurobio-
logical processes mediate conditioned responding elicited by
discrete Pavlovian cues and environmental contexts (Bossert
et al. 2007; Chaudhri et al. 2009; Ito et al. 2000, 2002, 2004).
For example, SCH 23390 infusions into the nucleus accum-
bens (NAc) shell, but not the NAc core reduce context-
induced reinstatement of heroin-seeking, whereas SCH
23390 infused into the NAc core but not shell attenuates
cue-induced reinstatement of heroin-seeking (Bossert et al.
2007). Also, pharmacologically inactivating the NAc core,
but not shell reduces CS+ responding in a procedure identical
to the present experiments (Chaudhri et al. 2009), suggesting
that the NAc core is particularly important for responding to
Pavlovian-conditioned alcohol-predictive cues. Our ongoing
research will determine if Pavlovian-conditioned alcohol-
seeking is reduced by dopamine receptor antagonist adminis-
tration in the NAc core, but not shell.

In conclusion, alcohol-predictive cues reliably elicit
Pavlovian-conditioned alcohol-seeking, even when experi-
enced in a context where alcohol was never previously con-
sumed. Dopamine D1-receptor antagonists reduce Pavlovian-
conditioned alcohol-seeking in both the presence and absence
of alcohol. D2-receptors antagonists reduce Pavlovian-
conditioned alcohol-seeking only in the absence of alcohol,
although this effect depends on the vendor that supplied the
rats. These findings provide novel evidence of the involvement
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of dopamine receptors in the expression of Pavlovian-
conditioned alcohol-seeking. In addition, they highlight the
importance of considering vendor as a source of variability in
pre-clinical alcohol research.
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