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Abstract
Evidence suggests that stress increases alcohol drinking and promotes relapse in humans. Animal
models that assess related behaviors include the sipper tube ethanol self-administration and the
stress-induced reinstatement paradigms. While selectively bred for the same high-ethanol-drinking
behavior, alcohol-preferring P rats appear to show greater sensitivity to ethanol reinforcement than
high-alcohol-drinking HAD rats. The present experiment tested the effects of the pharmacological
stressor, yohimbine, on the motivation to seek and consume ethanol implementing a combined
sipper tube/reinstatement model using male P and HAD-2 rats. Following training to self-
administer ethanol using the sipper tube procedure, rats were tested for the effects of yohimbine
(0.625-2.5 mg/kg) on ethanol drinking. Subsequently, rats were tested for the effects of 1.25 mg/
kg yohimbine on reinstatement of ethanol seeking. Yohimbine (0.625 and 1.25 mg/kg) increased
ethanol self-administration, and the latter dose also decreased latency to complete the response
requirement. Yohimbine elicited reinstatement of ethanol seeking in both lines. HAD-2 rats drank
more ethanol, but showed similar responding on the ethanol-associated lever compared to P rats.
These findings extend both the reinstatement and sipper tube models and justify further
exploration of this unique combined paradigm. Despite prior evidence suggesting that P rats are
more motivated to seek and consume ethanol, differences in these behaviors between P and
HAD-2 rats were not systematic in the present experiment. Further investigation may elucidate
whether either selected line may be more sensitive than other selectively bred or outbred rats to
stress-related changes in ethanol's reinforcing effects.
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1. Introduction
The extent to which stress contributes to alcohol drinking has been the focus of numerous
empirical studies and reviews [1-3]. At the neurobiological level, the relationship between
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stress and alcohol abuse is unified through overlapping reward and stress pathways [4]. Like
stress, acute alcohol administration elevates ACTH and corticosteroids in rodents [5, 6] and
humans [7, 8]. These stress hormones have both direct and indirect effects on mesolimbic
dopamine signaling and implicate integration of multiple brain systems that adapt to
changing behavioral and drug contingencies in the addiction process [9].

Theories of addiction have posited that both positive and negative reinforcement can
contribute to the escalation of drug and alcohol use [10, 11]. While both reward and relief
may account for stress-related craving [12, 13], several lines of research converge on the
notion that negative reinforcement is highly implicated in mediating stress-related alcohol
drinking due to its tension- and anxiety-reducing effects [14, 15]. Negative reinforcement
may be at play during early stages of problem alcohol use, such as binge drinking. As
outlined by the NIAAA, binge drinking is defined by reaching a blood ethanol concentration
of 80 mg% within two hours, and is a risk factor for future problems with alcohol [16-18].
Studies examining the relationship between stress and binge drinking have found that escape
drinking, rather than social drinking, directly predicts binge drinking in college students
[19], and that the likelihood of binge drinking is increased on days individuals experiences
more stress [20]. However, findings from studies conducted in animal models of binge-like
ethanol consumption have shown variable responses to stress. When given limited access,
ethanol intake was increased following restraint stress [21, 22], and injection with the
pharmacological stressor, yohimbine [23, 24], but not following social defeat stress [25].
Stress has also been shown to stimulate craving for ethanol as evidenced by self-report in
humans [26-28] and stress-induced reinstatement procedures in rodents [24, 29].

Yohimbine is an ! -2 adrenoreceptor antagonist that increases norepinephrine release in
several brain areas [30], elevates glucocorticoid levels in both rats [31, 32] and humans [33,
34]) and elicits anxiety in both rodents [35, 36] and humans [37, 38]. In healthy human
subjects, ethanol and yohimbine have additive effects on subjective reports of anxiety and
intoxication, and on cortisol levels [37]. In recently detoxified alcoholic subjects, yohimbine
increases anxiety and cortisol, but fails to substitute for ethanol or increase craving [39].
However, a recent study [40] has shown that yohimbine increases craving for ethanol, but
not anxiety in treatment-seeking alcoholics. In animal models of the stress-alcohol
interaction, yohimbine has been used extensively in stress-induced reinstatement paradigms
[23, 29, 31, 41-44]. Importantly, yohimbine induces the expression of c-fos and CRF mRNA
in limbic brain areas associated with reward to a similar degree as footshock, a commonly
used physical stressor [45]. Taken together, these findings demonstrate the efficacy of
yohimbine as a stressor on both the behavioral and neurobiological level.

While the reinstatement procedure is one paradigm for exploring ethanol reinforcement,
another useful method is the sipper tube model [46]. This model procedurally separates
ethanol seeking from consumption by imposing a single response requirement that the
animal must emit before gaining 20-minute access to ethanol, during which time rats
typically engage in binge-like drinking (e.g., [47]). Using this procedure, the operant
(seeking) behavior is not impinged upon by the effects of the reinforcer. Further, if a non-
reinforced session is imposed, it is possible to assess appetitive aspects of ethanol
reinforcement while not under the pharmacological effects of ethanol. While the effects of
several treatment compounds aimed at reducing ethanol reinforcement have been tested
using this model [47-49], application of an agent – such as stress – predicted to increase
ethanol seeking and self-administration has yet to be explored.

Two lines of rats selectively bred for high alcohol intake [50, 51], that voluntarily consume
in excess of 6 g/kg of ethanol per day when given free access, appear to differ in the
motivation to seek ethanol. For example, P rats show resistance to increasing fixed ratio
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schedules of reinforcement [52], greater appetitive responding during non-reinforced
sessions, and higher breakpoint values [53] than HAD rats. In addition, P rats robustly
express the alcohol deprivation effect (ADE), another proposed model of craving [54, 55]
after a single deprivation period [55, 56], while HAD rats fail to show an ADE unless
multiple deprivation periods are imposed [57, 58]. Important to the present investigation, P
and HAD rats also differ with regard to stress- and anxiety-related behaviors, with P rats
showing greater anxiety-like behavior in a number of paradigms [59], and more acute
elevated post-restraint stress-induced alcohol drinking [60] compared to their non-preferring
(NP) counterparts. However, recent studies have shown P and NP rats to not differ in
anxiety-like behavior [61], suggesting further evaluation of the relationship between
anxiety-like behavior and excessive alcohol drinking is warranted. In contrast, HAD rats
tend not to differ from low-alcohol-drinking LAD rats in measures of anxiety-like behavior
[62, 63], and show post-stress increases in ethanol drinking after footshock stress [64], but
not restraint stress [60].

The goal of the present investigation was to determine the role of stress in altering ethanol
seeking and self-administration in P and HAD-2 rats using yohimbine as a pharmacological
stressor. The sipper tube model was implemented using its established protocol, but was also
modified to measure reinstatement, effectively assessing “craving”-like behavior using a
different methodology. The effects of a range of doses of yohimbine (0.625-2.5 mg/kg) on
ethanol consumption were first investigated, and subsequently a single dose of yohimbine
(1.25 mg/kg) was tested for its effects on reinstatement. It was predicted that yohimbine
would increase ethanol self-administration and seeking. While HAD-2 rats tend to drink
more ethanol than P rats under free-choice conditions [65], P rats appear to show a greater
motivation to seek ethanol, as described above; as such, it was predicted that the lines would
differ in ethanol self-administration and seeking.

2. Material and Methods
2.1 Subjects

Male P (68th generation) and HAD-2 (60th generation) rats aged approximately 6 weeks
upon arrival were used in the present experiment. Rats were singly housed in plastic
shoebox cages in a temperature- and humidity-controlled vivarium maintained on a regular
light/dark cycle (lights on at 7:00am). Water and food were available ad libitum throughout
the experiment except where noted. Rats were given a week to acclimate to the vivarium
during which time they were weighed, handled, and habituated to transport. The
experimental protocol was approved by the Indiana University School of Medicine Animal
Institutional Animal Care and Use Committee and was conducted in accordance with NIH
guidelines (Guide for the Care and Use of Laboratory Animals; NIH Guide 1996).

2.2 Apparatus
Operant sessions were conducted in Med-Associates chambers (St. Albans, VT, USA; 30 !
30 ! 24.5 cm) equipped with a houselight, retractable levers, and a retractable sipper tube.
The sipper tube was a graduated cylinder fitted with a rubber stopper and a stainless steel
spout with double ball bearings to prevent leakage. The levers were located on the wall
opposite to the sipper tube. Operant chambers were housed in sound-attenuated cubicles
equipped with exhaust fans to mask external noise. Electrical inputs and outputs of each
chamber were controlled using Med-Associates software (Med-Associates).

2.3 Drugs
Ethanol solutions were prepared using 95% ethanol diluted with water to a 10% v/v
concentration. Ethanol/sucrose solutions were prepared using the appropriate concentration
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of sucrose as the solute. Yohimbine HCl (Sigma-Aldrich, St. Louis, MO) was prepared with
sterile water at doses of 0.625, 1.25, or 2.5 mg/kg body weight in a 1.0 mg/ml injection
volume.

2.4 Operant Ethanol Self-Administration Training
During the initial operant training sessions, rats were water restricted in their home cages
and were shaped in 1-hour operant sessions on a fixed ratio (FR)1 schedule for 60-second
access to a sipper tube containing a 10% sucrose solution. Following this, the session length
was reduced to 30 minutes and the sipper access time was reduced to 30, then 15 seconds.
Prior to each session, the house light was off and the levers and sipper tube were retracted in
the operant chamber until the session began. A modified sucrose-fading procedure [66] was
used to initiate ethanol consumption and to maintain consistency with previous studies
conducted in non-selected rats using this model. Rats received 1-2 sessions on an FR1
schedule at each of the following concentrations: 10% sucrose/2% ethanol; 10% sucrose/5%
ethanol; 10% sucrose/10% ethanol; 5% sucrose/10% ethanol; 2% sucrose/10% ethanol; and
finally 10% ethanol. The response requirement increased on successive sessions from an
FR1 to an FR4. Next, a response requirement (RR) was implemented in which a number of
responses were required to gain uninterrupted access to the sipper tube for 20 minutes. This
requirement increased from an RR4 to an RR10. The entire training procedure took 3-4
weeks to complete. For a timeline of training and testing procedures, please refer to Figure
1.

2.5 Procedure
A total of 24 male P and 24 male HAD-2 rats were trained in the present experiment.
Operant sessions were conducted 5 days/week during the light cycle and consisted of a
response period that lasted until the RR was met (up to 20 minutes), followed by a 20-
minute drinking period. After one week of RR training, a second, inactive lever was
introduced upon which responses were recorded but elicited no programmed consequences.
After reaching the maximal response requirement (RR10), rats were then given an additional
week of baseline sessions. Then, during the dose-response phase, injections of vehicle or
one of three doses of yohimbine (0.625, 1.25, or 2.5 mg/kg; -15 min, IP) were given once
each week in a balanced design (injections preceded Wednesday sessions). Rats were then
given 2 weeks of non-injection reinforced sessions before the reinstatement phase began.
During extinction sessions, conditions were identical to those during the training and dose-
response phases with the exception that responses on the active lever did not result in sipper
tube access. A retracted sipper tube containing a small amount of ethanol was present to
ensure that visual and olfactory cues present during self-administration were also present
during extinction. The extinction criterion was set at ≤10 active lever presses for at least two
of the last three consecutive extinction sessions, which was met within 14 extinction
sessions by all rats included in the analysis. Rats were then assigned to either the yohimbine
or vehicle group balanced for ethanol intake during the reinforced sessions just prior to
extinction and also for responding on the active lever during the first five days of extinction.
On the 15th session (reinstatement), rats were injected with either 1.25 mg/kg of yohimbine
or vehicle (-15min IP) prior to a non-reinforced session.

2.6 Statistical Analyses
Mixed factorial ANOVAs with line (P vs. HAD-2) as the between-subjects factor and
yohimbine dose (vehicle, 0.625, 1.25, or 2.5 mg/kg) as the within-subjects factor were
conducted for ethanol intake (g/kg), licks, latency to complete the RR, and inactive lever
presses for the dose-response phase. For the extinction/reinstatement phase, a mixed
factorial ANOVA with line (P vs. HAD-2) as the between-subjects factor and extinction day
(1-14) as the within-subjects factor, using Bonferroni post-hoc comparisons, was conducted
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for active lever presses during extinction. Repeated-measures ANOVAs with line (P vs.
HAD-2) and yohimbine dose (1.25 mg/kg vs. vehicle) as between-subjects factors and phase
(extinction vs. reinstatement) as the within-subjects factor were conducted for active and
inactive lever presses during reinstatement. Body weights collected on the last day of
baseline were compared between P and HAD-2 rats using independent-samples t-tests.
Fisher's LSD post-hoc comparisons were made where appropriate. The significance level
was set at p < 0.05 in all analyses.

3. Results
3.1 Yohimbine Dose-Response

Three P rats and 2 HAD-2 rats did not complete the response requirement on at least one test
day (n = 4 following 2.5 mg/kg yohimbine, n = 1 following vehicle) and therefore were
excluded from the analysis. The final sample sizes were n = 21 for P rats and n = 22 for
HAD-2 rats. An independent-samples t-test revealed that P rats weighed significantly more
(455.6±42 g) than HAD-2 rats (247.7±27 g; [t(41) = 19.17, p < 0.001]) on the final day of
the baseline period. A significant main effect of line [F(3,123) = 70.43, p < 0.001] was
found for ethanol intake, with HAD-2 rats drinking more ethanol overall than P rats (Figure
2). A significant main effect of dose [F(3,123) = 9.13, p < 0.001] was also found, with post-
hoc comparisons indicating that ethanol intake was increased following administration of the
0.625 and 1.25 mg/kg doses of yohimbine compared to vehicle and the 2.5 mg/kg dose
(Figure 2). Significant main effects of dose were also found for licks [F(3,123) = 10.98, p <
0.001] and latency to complete the response requirement [F(3,123) = 2.91, p = 0.037] (Table
1). Post-hoc comparisons revealed that licks were increased following administration of the
0.625 and 1.25 mg/kg doses of yohimbine compared to vehicle and the 2.5 mg/kg dose.
However, latency to complete the response requirement was shorter following injection of
the 1.25 mg/kg dose compared to vehicle only. Inactive lever presses did not differ as a
function of yohimbine dose or line. No interactions were found among factors for any
measure.

3.2 Extinction and Reinstatement
During extinction, a significant main effect of day [F(13,286) = 52.75, p < 0.001] was found
for active lever presses, with post-hoc tests indicating the typical overall pattern of
decreased responding as a function of day, and with responding during the first day of
extinction being larger than all other days (Figure 3). There was no main effect of line, but a
significant day by line interaction [F(13,286) = 1.86, p = 0.034] was found. Pairwise
comparisons indicated greater responding by P rats on days 6, 9, and 10 of extinction
compared to HAD-2 rats. One P rat and 4 HAD-2 rats did not meet extinction criteria;
further, 1 P rat (yohimbine group) and 3 HAD-2 rats (n = 1 in the yohimbine group, n = 2 in
the vehicle group) were considered to be outliers based on box plots and confirmed by
outcome measures exceeding 2 standard deviations from the mean; therefore, these rats were
excluded from the reinstatement analysis. Final sample sizes were n = 11 in both the
yohimbine and vehicle groups for P rats, and n = 9 in the yohimbine group and n = 8 in the
vehicle group for HAD-2 rats. No significant differences between P and HAD-2 rats were
detected for active or inactive lever presses. On the active lever, there was a significant main
effect of phase [F(1,35) = 8.98, p = 0.005], indicating a greater number of responses emitted
on the day of reinstatement compared to the last day of extinction (Figure 4). There was also
a significant main effect of yohimbine dose [F(1,35) = 12.29, p = 0.001], with rats injected
with yohimbine pressing more than those injected with vehicle. The pattern of effects for the
inactive lever was the same for phase [F(1,35) = 4.52, p = 0.041] and dose [F(1,35) = 6.8, p
= 0.013]. However, there was only a significant phase by dose interaction for active lever
presses [F(1,35) = 12.29, p = 0.002], which follow-up oneway ANOVAs conducted
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separately for the extinction and reinstatement phases revealed was due to yohimbine-treated
rats showing an increase in responding during reinstatement only [F(1,35) = 13.02, p =
0.001].

4. Discussion
The results from the present experiment confirm the efficacy of yohimbine in increasing
operant ethanol self-administration and eliciting reinstatement of ethanol seeking.
Importantly, this effect was demonstrated in rats selectively bred for high ethanol intake and
using the sipper tube model, which represents a novel approach to the stress-induced
reinstatement procedure. Ethanol intake was increased following the 0.625 and 1.25 mg/kg
doses of yohimbine, and the latter dose also decreased latency to complete the response
requirement. This dose of yohimbine subsequently reinstated ethanol seeking. Taken
together, these findings show that yohimbine increases the motivation to consume and seek
ethanol in P and HAD-2 rats using the sipper tube model.

Yohimbine has previously been shown to increase operant self-administration of ethanol in
outbred rats at all doses used in the present experiment. However, this effect is less
consistently found following administration of the 2.5 mg/kg dose, as increased ethanol
intake is evident in some studies [44] but not others [23]. Consistent with the most recent
finding from Lê and colleagues, ethanol consumption following the 2.5 mg/kg dose of
yohimbine did not differ from vehicle in the present experiment. This dose of yohimbine
significantly increases anxiety-like behavior [35], and a similar dose (2.0 mg/kg) decreases
locomotor activity [67]. Thus, it is possible that stress-related suppression in activity or
freezing could contribute to the effects of the high dose of yohimbine on ethanol self-
administration, and could underlie the failure to complete the response requirement by four
rats in the present experiment. However, rats injected with 2.5 mg/kg yohimbine did not
significantly differ from vehicle-injected rats in the amount of time it took to perform the
response requirement in the present experiment with or without the non-responders removed
from the analysis. In contrast, 1.25 mg/kg yohimbine increased ethanol intake and decreased
latency to complete the response requirement relative to vehicle. There was no appreciable
responding on the inactive lever during this phase of the experiment, and inactive lever
responding did not differ among the doses, suggesting that yohimbine did not elicit dose-
dependent changes in general locomotor activity. In addition, a recent study [68] showed
that yohimbine increases nicotine self-administration and progressive ratio breakpoints,
implicating motivational mechanisms in the effect of yohimbine on drug seeking and taking.
Taken together, these findings suggest that motivational, rather than locomotor stimulating,
effects of yohimbine are responsible for this effect.

During the reinstatement phase of the present experiment, rats injected with 1.25 mg/kg
yohimbine demonstrated a robust increase in responding on the active lever and a modest,
yet significant increase in responding on the inactive lever. However, responding on the
inactive lever during the dose-response phase was not altered by any dose of yohimbine.
This response pattern during reinstatement may reflect an increase in the rats’ response
topography while under conditions similar to early extinction, during which time an increase
in non-specific behaviors are executed in an attempt to gain access to the reinforcer [69].
Yohimbine produced interoceptive stimuli during reinstatement similar to the unconditioned
stimuli present during reinforcer access, eliciting reinstatement of the conditioned response
(lever pressing); however, when the rats were not reinforced, response variability increased
and resulted in higher inactive lever presses than seen in rats not receiving those
interoceptive cues. Increased responding on the inactive lever following yohimbine has been
shown in some studies [31, 42, 70], but not others [44, 71]. It is not clear what effect prior
exposure to yohimbine during the dose-response phase of the experiment may have on
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subsequent reinstatement performance. However, Kupferschmidt et al. [72] showed that
compared to vehicle, repeated exposure to 1.25 mg/kg yohimbine given after extinction
sessions did not alter later reinstatement of cocaine seeking, suggesting that experience with
yohimbine does not necessarily affect yohimbine-induced reinstatement. Overall, the present
experiment adds further evidence that yohimbine is a reliable pharmacological stressor and a
useful tool in examining “craving”-like behavior, but also suggests that subsequent work
examining the parameters of yohimbine administration, such as the dose and chronicity of
its application, on the reinstatement of ethanol seeking is warranted.

Of particular interest, the findings from the present study extend both the stress-induced
reinstatement and sipper tube models by merging the two methodologies. In traditional
reinstatement procedures, animals are typically trained on a low fixed-ratio schedule in 30-
or 60-minute sessions [31, 44, 71] prior to extinction and reinstatement. Adjusted for session
length, this results in higher levels of responding during training and, therefore, during
reinstatement, compared to the sipper tube model, in which the maximum number of
responses during training is determined by the response requirement. Despite lower overall
responding during reinstatement in the present experiment, the magnitude of yohimbine-
stimulated responding compared to vehicle or to responding during extinction was roughly
threefold, consistent with previous studies [42, 44, 71]. Further, responding on the last day
of extinction was 6-10% of the first day, which is less than the 20% criterion typical of
reinstatement studies [73]. This shows that setting the response criterion at ≤10 active lever
presses (the response requirement during self-administration) for 2 of 3 consecutive sessions
is an appropriate modification of the reinstatement procedure. These findings demonstrate
that the sipper tube model can be used to measure reinstatement of ethanol seeking and
provide a basis for future experiments.

Few studies have examined reinstatement models in rats selectively bred for high ethanol
intake, and none, to our knowledge, have compared lines of alcohol-preferring rodents in
stress-induced reinstatement. P rats have shown cue-induced reinstatement of both nicotine
[74] and ethanol seeking [75], with response patterns being similar in the previous and
present experiments. In addition, Marchigian Sardinian alcohol-preferring (msP) rats have
shown a lower threshold for stress-induced reinstatement of ethanol seeking than outbred
Wistar rats [76]. It is of interest, therefore, to extend these findings by comparing P and
HAD rats to non-selected rats in stress-induced reinstatement procedures. Among P and
HAD-2 rats, line differences in ethanol self-administration were evident as HAD-2 rats
drank significantly more ethanol than P rats, consistent with previous studies [65]. However,
P and HAD-2 rats did not exhibit systematic differences in responding during extinction or
reinstatement, indicating that these lines do not appear to differ in the motivation to seek
ethanol. This finding contrasts with the prediction that P rats would be more motivated to
seek ethanol following stress exposure based on their propensity to adjust their responding
when presented with an increased response demand [52, 53], demonstrate a robust ADE
[55-58], and show greater anxiety-like behavior than their non-preferring counterparts [59].
However, a recent study found P, HAD-1, and HAD-2 rats to be remarkably similar in a
variety of behaviors, including those related to anxiety [61]. Despite being selected for the
same behavior (voluntary consumption of >5 g/kg of ethanol per day), the P and replicate
HAD lines were generated from different progenitor stocks (Wistar and N/Nih rats,
respectively; see Murphy et al. [65]); as such, inheritance of potentially trait-relevant (e.g.,
those associated with motivation, anxiety-like behavior) and non-relevant (e.g., those
associated with body weight, coat color) alleles may account for phenotypic differences
among these high-drinking rats. Further investigation is needed to determine whether these
two lines selectively bred for high ethanol intake may represent distinct populations that
respond differently to interventions aimed at reducing relapse.
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In conclusion, the results from the present study demonstrate the efficacy of yohimbine as a
stressor in eliciting increases in the seeking and binge-like self-administration of ethanol in
P and HAD-2 rats using the sipper tube model combined with the reinstatement model. It
would be of interest to examine treatments that may differentially modify ethanol seeking
and self-administration in the sipper tube reinstatement model and to extend its utility by
performing cue- and priming-induced reinstatement procedures, using alternate reinforcers,
and using rodent populations with varied genetic backgrounds.
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Research Highlights

! ! Yohimbine increased ethanol self-administration and reinstated ethanol seeking

! ! P and HAD-2 do not differ in the effects of yohimbine on ethanol reinforcement

! ! The sipper tube model can be modified to test for reinstatement
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Figure 1.
Timeline for experimental procedures. Each block represents one week of time. White
blocks represent reinforced sessions, while black blocks represent non-reinforced sessions.
Arrows indicate sessions prior to which test injections of yohimbine or vehicle were given.
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Figure 2.
Ethanol intake (g/kg) in P (a) and HAD-2 (b) rats injected with vehicle, 0.625, 1.25, and 2.5
mg/kg yohimbine in operant sessions separated by one week using the sipper tube model. *
= p < 0.05 vs. vehicle; # = p < 0.05 vs. 2.5 mg/kg; @ = p < 0.05 vs. HAD-2
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Figure 3.
Active lever presses during the 14 days of extinction. White circles represent P rats and
black circles represent HAD-2 rats. Responding decreased as a function of extinction day.
While P and HAD-2 rats did not differ in responding overall, analyses following a day by
line interaction showed that P rats pressed more on days 6, 9, and 10. @ = p < 0.05 vs.
HAD-2
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Figure 4.
Lever presses during extinction (EXT) and reinstatement in P (a) and HAD-2 (b) rats given
either vehicle or yohimbine prior to the reinstatement session. Black bars represent
responses on the active lever while white bars represent responses on the inactive lever. $ =
p < 0.05 vs. EXT; # = p < 0.05 vs. vehicle; † = p < 0.05 vs. reinstatement.
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Table 1

Inactive lever presses (LPs), licks, and latency to complete the response requirement in rats injected with
vehicle, 0.625, 1.25, and 2.5 mg/kg yohimbine in operant sessions separated by one week using the sipper tube
model. As there were no main effects of or interactions involving line for any of these outcome measures,
these data are collapsed across line.

Dose Inactive LPs Licks Latency

Vehicle 0.18(0.10) 584.56(48.01) 49.91(12.33)

0.625 mg/kg 0.02(0.02)
792.93(44.25)

*# 25.60(2.90)

1.25 mg/kg 0.51(0.30)
738.40(43.20)

*#
23.21(3.39)

*

2.5 mg/kg 0.16(0.09) 545.09(37.22) 70.35(23.69)

*
p < 0.05 vs. vehicle

#
p < 0.05 vs. 2.5 mg/kg
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