1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

N, NIH Public Access

Rrens®

G

3}

Author Manuscript

Published in final edited form as:
Drug Alcohol Depend. 2012 April 1; 122(1-2): 93-99. doi:10.1016/j.drugal cdep.2011.09.014.

A translational behavioral model of mood-based impulsivity:
implications for substance abuse

Cassandra D. Gipson?!, Joshua S. Beckmann?:3, Zack W. Adams?-3, Julie A. Marusich?,
Travis O. Nesland®, Justin R. Yates2:3, Thomas H. Kelly235, and Michael T. Bardo?:3

1Department of Neurosciences, Medical University of South Carolina, Charleston, SC
2Department of Psychology, University of Kentucky, Lexington, KY

3Center for Drug Abuse Research Translation, University of Kentucky, Lexington, KY
“Research Triangle Institute, Research Triangle Park, NC

SDepartment of Behavioral Sciences, University of Kentucky, Lexington, KY

Abstract

Background—Laboratory tasks that measure various facets of impulsivity derived from self-
report questionnaires are important for elucidating the behavioral consequences of impulsivity in
humans and for back-translating these facets to non-human species. Negative urgency, or mood-
based rash action, is a self-report facet of impulsivity linked to problem substance use; however, a
valid behavioral task is lacking.

Method—The current studies were designed to bridge self-report questionnaire and behavioral
measures of negative urgency in humans and to determine if this could be back-translated to rats.

Results—Humans scoring high in negative urgency showed greater behavioral responding and
increased frustration following unexpected reward omission on a monetary-based task compared
to subjects low in negative urgency. Rats also showed elevated responding for either sucrose
pellets or intravenous amphetamine following unexpected reward omission.

Conclusion—These results suggest that impulsive behavior engendered by unexpected reward
omission may represent a valid behavioral model of negative urgency linked to substance abuse.

Keywords
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1. Introduction

Impulsivity has been defined in many ways and measured by various self-report
questionnaires (e.g., Eysenck and Eysenck, 1985; Patten et al., 1995; Tellegen, 1982).
Whiteside and Lynam (2001) factor analyzed the scores on multiple impulsivity scales and
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identified four distinct facets: (1) negative urgency (acting rashly in response to distress); (2)
lack of perseverance (inability to remain focused on a task); (3) lack of premeditation
(acting without thinking); and (4) sensation seeking (seeking out novel experiences). These
four facets are measured on a personality questionnaire referred to as the UPPS. While each
of these facets may predict various risky behaviors, recent evidence suggests that negative
urgency shows a prominent association with problem substance use (Cyders et al., 2009;
Whiteside and Lynam, 2003; Zapolski et al., 2009).

Behavioral tasks related to these personality facets are needed to investigate how these
facets are expressed to engender substance use and abuse. Unfortunately, while there are
some exceptions (e.g., Kjome et al., 2010), performance on behavioral tasks purported to
measure impulsivity often does not correspond to self-report scales (Reynolds et al., 2006).
Behavioral tasks are also needed to investigate the neurobiological mechanisms involved in
the relation between impulsivity and substance use with laboratory animals, which has
become a highly active area of neurobehavioral research (Belin et al., 2008; Dalley et al.,
2007; Economidou et al., 2010; Perry and Carroll, 2008; Winstanley et al., 2010). However,
negative urgency, as defined by mood-based rash action, has not been targeted specifically
in this preclinical research.

The goal of the current experiments was to develop a translational behavioral model of
negative urgency in which a negative mood state is induced by omitting an expected reward.
Human volunteers were trained on two alternating task components: (1) the presentation of a
conditioned stimulus (CS) that predicted the presentation of a rewarding unconditioned
stimulus (US); and (2) response-contingent reinforcement. In the second component,
subjects acquired money contingent on button clicks. Following response stability, operant
response rates were then measured following unexpected reward omission in which the CS
was presented alone (no US). An increase in operant responding during reward omission
trials (CS alone) compared to standard trials (CS+US) was taken as behavioral evidence for
negative urgency. Subjects completed the UPPS prior to the behavioral task to determine
individual differences in negative urgency and completed visual analog scales throughout
the behavioral task to assess the effects of reward omission on mood. To model negative
urgency in laboratory rats, a similar reward omission procedure was employed using a
standard two-lever operant conditioning chamber, except that animals earned either
palatable food pellets or intravenous amphetamine infusions in the second component.

2. Methods
EXPERIMENT 1

The goal of Experiment 1 was to determine if changes in operant responding following
unexpected reward omission is associated with the onset of negative mood states and the
personality construct of negative urgency in humans.

2.1 Subjects—Based on an anticipated moderate effect size, 38 nonsmoking males and
females between the ages of 18 and 36 were recruited through flyers placed in local
newspapers and in the community — mostly students at the University of Kentucky. Subjects
were required to complete 2 sessions and could earn $9-$20 per session. Only data from
subjects completing both sessions were analyzed.

2.2 Apparatus—The task was presented on a computer with an attached mouse located on

a table in front of the subject. Subjects were permitted to adjust the location of the computer
and mouse on the table.
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2.3 Urgency Task—Subjects came into the laboratory and were instructed to abstain from
drug and alcohol use prior to each session; absence of drug use was verified by urine
(OnTrack TesTstik Bar, Varian) and breath (Alco-Sensor 11, Intoximeters, Inc.) testing; no
drug or alcohol use was detected during the study.

Session 1: Subjects signed an informed consent form approved by the University of
Kentucky Institutional Review Board, completed the UPPS, and were trained to complete
the computer task. Subjects then completed the first session consisting of 20 trials, with each
trial consisting of two components. In the initial component, cash register sounds signaled
an increase of $0.50 on a ‘current trial’ counter and a ‘total session’ counter (Figure 1A).
Subjects were required to click a button to acknowledge the initial monetary presentation
and initiate the second component of the trial. During the terminal component, subjects
could earn additional $0.05 increments on the ‘current trial” and ‘total session’ counters by
clicking a button on a mouse according to a fixed ratio 100 (FR-100) schedule of
reinforcement. Time in the terminal component was variable, averaging 2 min. Subjects
received text notification and a cash register sound each time they completed a ratio.

Session 2: The purpose of session 2 was to examine changes in response rate (clicks/sec)
following unexpected reward omission. Session 2 consisted of 20 total trials; 18 were
identical to those in session 1, while two randomly intermixed omission trials occurred in
which the typical $0.50 and accompanying cash register sounds were not presented during
the initial component (Figure 1B). The operant component, however, was identical to the
reward trials both in session 1 and those randomly intermixed in session 2.

2.4 Statistics—Negative urgency performance on the UPPS was scored on a scale from
1.0-4.0, 1.0 being very low urgency, and 4.0 being very high urgency. All subjects were
grouped into either low (1 -1.9; n = 9), medium (2.0 — 2.9; n = 20), or high (3.0 —4.0; n = 6)
urgency based on their UPPS scores to examine differences in demographic information
(Table 1). Only behavioral data from session 2 were analyzed. Response rate (mouse clicks/
sec) during the second component of trials was measured as a function of trial type and a
reward omission effect (i.e., omission trial rate/total trial rate) was calculated. Hierarchical
regression was used to determine the association between UPPS scores and the magnitude of
the reward omission effect (for detailed description of the scale, see Whiteside and Lynam,
2001; 2003).

EXPERIMENT 2A

The goal of Experiment 2A was to determine if the reward omission effect could be modeled
in laboratory rats using a variant of the human task with sucrose reward during both
components, and to assess the impact of level of motivation on the magnitude of effect.
Examination of the reward omission effect under different levels of motivation is important
because surprising reward omission induces an aversive, emotional internal state (Papini and
Dudley, 1997), and it is important to determine to what extent this state drives the reward
omission effect to model negative urgency in rats. While a reward omission effect was
demonstrated in rats more than 50 years ago using a runway procedure (Amsel and Roussel,
1952; Amsel and Ward, 1965), that specific procedure is not readily adaptable to humans.

2.5 Subjects—Twelve male rats (250-275 g at the beginning of experimentation) were
obtained from Harlan Sprague-Dawley (Indianapolis, IN) and were acclimated to single
housing in a colony room held at constant temperature prior to the experiment. Light and
dark phases were on a 12:12 hour cycle, and all experimentation occurred in the light phase.
Rats were restricted to 20g of rat chow given following their daily sessions, and had
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unlimited access to water in their home cage. Rats were cared for in accordance with the
Institutional Animal Care and Use Committee at the University of Kentucky.

2.6 Apparatus—An operant conditioning chamber (ENV-001; MED Associates, St.
Albans, VT) located inside a sound-attenuating chamber was used. Two walls of the operant
chamber were made of aluminum, while the side walls were made of Plexiglas. A recessed
food tray (5%4.2 cm) was located in the bottom-center of the front wall. A response lever
was located on each side of the recessed food tray on the front wall. A 28-V white cue light
was located 6 cm above each response lever. A white houselight was mounted in the center
of the back wall of the chamber. All responses and scheduled consequences were controlled
by a computer interface.

2.7 Procedure

Pretraining: Rats were given 10 sessions of a light-sucrose association. A white key light
was illuminated on either the left or right side for 5 sec, followed by delivery of one sucrose
pellet. The side of the key light was counterbalanced across rats. Following a 2-sec dark
delay, the houselight was then illuminated for 10 sec (an intertrial interval; ITI). Rats were
given 32 trials per session.

Operant Training: Following acquisition, rats were given sessions in which sucrose pellets
were earned by completing a fixed ratio (FR) response requirement. Two levers were
presented, one of which was inactive (no programmed consequence) and the other which
was active (resulted in the delivery of one sucrose pellet). The response requirement
increased every two sessions from an FR-1, to 3, to 5, to 10. Rats remained in this phase
until responding stabilized (within 20 lever presses on the active lever over three sessions on
FR-10 response requirement). Rats were given thirty two 2-min trials, separated by a 10-sec
ITI

Baseline Phase: Following operant training, rats were moved to a baseline training phase.
Trials began with a component in which a cue light was illuminated for 5 sec, followed by
immediate delivery of one sucrose pellet. After the pellet was delivered, a 2-sec dark delay
(no cue light) occurred to allow the rat to consume the pellet, and to separate the two
components of the trial. Once the 2-sec delay ended, the operant component began. Two
levers were presented, the active and inactive levers, for 2 min. Rats completed an FR-10 on
the active lever to receive one pellet, and there was no time-out period following
reinforcement delivery. Rats could continually complete the FR-10 schedule of
reinforcement and receive an additional pellet for each requirement completed within the 2-
min operant component. A 10-sec intertrial interval (ITI) then occurred, signaled by
illumination of the houselight (Figure 2A). Rats received 32 trials per session. Once rats
responded consistently, they were moved into the test phase.

Test Phase: Rats received an alternating schedule of training and test sessions, such that
four training sessions separated each test session. Test sessions consisted of 24 reward trials
and eight omission trials, randomly intermixed. Reward trials were identical to those
presented in the baseline phase. Each omission trial was similar to the reward trial (Figure
2B), except no pellet was delivered in the initial Pavlovian component. As before, operant
components were 2-min in duration. Rats were given one test session under food restriction
conditions, and then were given free access to food in their home cage and allowed to re-
stabilize responding in subsequent baseline sessions. Following response stability, rats were
given an additional test session.
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2.8 Statistics—Only data from the test sessions were analyzed using an ANOVA.
Bonferroni-corrected t tests were conducted to further examine differences in response rates.
Data from the two trial types were analyzed separately (reward and omission trials).

EXPERIMENT 2B

The goal of Experiment 2B was to determine if the reward omission effect also could be
obtained using amphetamine as a reinforcer, rather than sucrose pellets, during the operant
component. Two different unit doses were evaluated in separate groups of rats. 2.9

2.9 Subjects—Twenty six different male Sprague-Dawley rats were maintained as during
Experiment 2A.

2.10 Apparatus—Similar operant chambers were used as those in Experiment 2A, except
a photo beam was located within the food tray to record all head entries, and drug was
delivered intravenously through a silastic tube from an infusion pump. All responses and
scheduled consequences were recorded and controlled by a computer interface using Med-
IV software.

2.11 Drug—d-Amphetamine sulfate was mixed in sterile 0.9% NaCl (saline) and infused
intravenously in a volume of 0.1 ml over a 5.9 sec duration.

2.12 Surgery—Methods of implantation and maintenance of indwelling jugular catheters
are described previously (Gipson and Bardo, 2009).

2.13 Procedure—Procedures were similar to those of Experiment 2A with the following
modifications: (1) amphetamine rather than sucrose was delivered following completion of
the response requirement in the operant component; (2) the FR requirement was decreased
to 5; (3) the ITI was increased to 60 sec; and (4) the number of omission trials was reduced
to two.

Pretraining: Rats were pretrained with a CS (white cue light) — US (sucrose pellet)
association, and received 40 presentations of the 5-sec CS followed by delivery of three
sucrose pellets. Each food presentation was followed by a 2-sec dark delay. Following this
delay, a 60-sec ITI separated each CS. To determine if learning of the Pavlovian
contingency occurred, a conditioned response (CR) was measured by recording photo beam
breaks caused by head entry into the food tray; data were expressed as the ratio of beam
breaks per second during the CS to beam breaks per second during the ITI. A stability
criterion of 5:1 ratio of beam breaks/sec during the CS and ITI for three successive sessions
was used. Following acquisition, catheters were implanted.

Operant Training: After recovery, rats were trained to lever press up to an FR-5 (1, to 3, to
5) for the delivery of amphetamine (0.03 or 0.1 mg/kg/infusion; n=10 or 8, respectively),
cued by illumination of the houselight for 5.9 sec. The saline group (n=8) received training
with the 0.03 mg/kg/infusion unit dose of amphetamine during this phase in order to ensure
acquisition of lever pressing prior to saline substitution.

Baseline Phase: Rats were then moved into the baseline phase in which they received only
reward trials (i.e., no omission trials). Reward trials began with a component in which a cue
light was illuminated for 5 sec, followed by immediate delivery of three sucrose pellets and
then a 2-sec dark delay (no cue light). Once the 2-sec delay ended, the operant component
began. During the operant component, two levers were presented (an active and inactive
lever, for two min). Rats completed an FR-5 on the active lever to receive one infusion
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(amphetamine or saline). Responses on the active lever during the infusion, as well as on the
inactive lever, resulted in no programmed consequence. Once the 2-min operant component
ended, a 60-sec dark ITI occurred immediately. Rats received 20 trials per session (Figure
2C).

Test Phase: Following response stability (< 20% variability over three sessions), rats were
moved into the test phase. Rats received an alternating schedule of four training sessions and
one test session, for a total of 5 test sessions. Training days consisted of 20 reward trials,
whereas test sessions consisted of 15 reward trials (CS+US) and five omission trials (CS
alone), randomly intermixed. Each omission trial was similar to a reward trial, except no
sucrose pellets were delivered in the initial component (Figure 2D).

2.14 Statistics—Only data from the test sessions were analyzed using an ANOVA.
Bonferroni-corrected t tests were conducted to further examine differences in response rates.
Data from rats with faulty catheters were excluded from the analysis.

3.1 Experiment 1

To examine differences in demographic information, humans were grouped according to
negative urgency scale scores into high, medium, and low groups (Table 1; high: 3.0 — 4.0;
medium: 2.0 — 2.9; low: 1 -1.9). No group differences in age, ethnicity, or gender were
found. To examine the relationship between the reward omission effect and facets of
impulsivity, linear regression analyses were conducted on each of the UPPS facets (Figures
3A-D). Only negative urgency scores were significantly correlated with the reward
omission effect [R2 = 0.21, F(1,33) = 8.37, p < .01]. The (lack of) perseverance scores
approached significance [R? = 0.10, F(1,33) = 3.53, p = 0.07], but neither (lack of)
premeditation or sensation seeking scores were related to the reward omission effect. The
relation between impulsivity scores and the reward omission effect was further examined
using hierarchical regression. When negative urgency was included as the first step, (lack of)
perseverance added in the second step, and all four facets included the third predictor,
correlations were significant at each step (p < .05).

3.2 Experiment 2A

To examine differences in response rates on the two trial types under conditions of food
restriction and free feed in rats, a 2 x 2 (condition x trial type) repeated-measures ANOVA
was conducted. A significant main effect of condition [F(1,11) = 40.04, p <.0001] and trial
type [F(1,11) = 30.43, p < .0001] was found. While response rate was decreased under free
feed conditions, operant response rates were significantly increased following unexpected
reward omission, regardless of feeding condition (Figure 4).

3.3 Experiment 2B

Saline—oOn the final three sessions of acquisition of the Pavlovian association, the rate of
head entries observed during the CS was significantly higher than during the ITI [t(11) =
7.85, p < .0001; data not shown], indicating that acquisition was obtained. To examine the
effects of unexpected sucrose reward omission on saline self-administration, a 2 x 5 (trial
type x test session) repeated-measures ANOVA was conducted. No significant differences
in the response rates for saline infusions during reward and omission trials were found; thus,
there was no omission effect observed in saline controls (Figure 5A). Furthermore, no
differences in saline intake were observed (results not shown).
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Amphetamine (0.03 mg/kg/infusion)—Similar to the saline control group, the rate of
head entries observed during the CS was significantly higher than during the ITI on the final
three sessions of acquisition [t(11) = 7.85, p < .0001; data not shown]. Drug-maintained
response rates [F(1,7) = 65.39, p <.0001; Figure 5B] and drug intake [F(1,7) = 136.11,p <.
001; data not shown] during omission trials were significantly increased over rates during
reward trials.

Amphetamine (0.1 mg/kg/infusion)—Rate of head entries during the CS was
significantly higher than during the IT1 on the final three sessions of acquisition [t(11) =
7.83, p < .01]. For both drug-maintained response rates (Figure 5C) and drug intake (data
not shown), significant main effects of trial type ([F(1,8) = 14.93, p < .01], [F(1,8) = 36.08,
p <.001]) and session ([F(4,32) = 3.71, p <.05], [F(1,8) =5.74, p < .001]), as well as a
session x trial interaction ([F(4,32) = 2.82, p < .05], [F(4,32) = 2.99, p < .05]), were
observed. On the fourth test session, no difference was found, perhaps due to devaluation of
the CS across trials; when rats were further food restricted prior to the fifth test session,
there was a re-emergence of omission effect.

4. Discussion

The current study sought to develop a translational behavioral model of negative urgency.
Although previous studies have indicated the relevance of performance on impulsivity tasks,
such as the go-no go task, to urgency (Billieux et al., 2010), the current study is the first to
develop a translational model specifically for individual differences in negative urgency.
The model was validated in human volunteers by demonstrating that money-reinforced task
performance varied as a function of individual differences in negative urgency, but not other
facets of impulsivity measured by the UPPS. This behavioral model was then back-
translated to rats using either food or amphetamine reinforcement to support future
neurobehavioral mechanistic studies on mood-based rash action.

As a caveat to Experiment 1, it should be noted that the magnitude of the reward omission
effect varying as a function of negative urgency in humans was obtained with a relatively
small sample size. Thus, it will be important to study the task in a larger sample of adults to
further validate the model. Further, more work is needed to establish the discriminative
validity of the behavioral task used here by assessing its relation with personality scales
beyond the UPPS. An additional limitation to the human and nonhuman tasks is the
difference in dependent variable (clicks/second in the human task versus responses/trial in
the nonhuman task). Although there are inherent complications in conducting cross-species
studies (e.g., heterogeneity in procedural variables associated with the human and nonhuman
tasks), it is important to establish both the cross-species generality and construct validity of
preclinical animal models of impulsivity in order to effectively examine the role of
impulsivity in drug abuse vulnerability under highly controlled conditions. A pre-clinical
behavioral model of mood-based rash action may help elucidate the neurobehavioral causes
of urgency, and reduce risk in a more effective way.

Although negative urgency is a relatively newly characterized facet of impulsivity, it is
correlated strongly with various risky behaviors such as problem substance use, risky sex
and eating disorders (Cyders et al., 2009; Doran et al., 2009; Fischer et al., 2004; 2007;
Whiteside and Lynam, 2003; Zapolski et al., 2009). The current results from rats indicate
that reward omission enhances the rate of amphetamine self-administration. This effect was
not specific to amphetamine, however, as response rates for sucrose also increased following
reward omission under both food restriction and free feed conditions. These findings extend
earlier work using a food-motivated runway task (Amsel and Rossel, 1952; Amsel and
Ward, 1965) to an operant task that is more amenable to translation between human and
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non-human animals. According to Papini and Dudley (1997), unexpected reward omission
induces an aversive internal state, and emotional arousal is a critical component of the
omission effect. Although the experiments in the current report focused on inducing
behavioral invigoration as a result of unexpected reward omission (to model negative
urgency), future experimentation should also address the possibility of behavioral
invigoration following unexpected reward as a model of positive urgency (acting rashly in
response to positive affect). However, Stout et al. (2003) found that the reward omission
effect occurs as a result of two independent processes, with rats showing facilitated
responding following unexpected reward omission, but suppressed responding following
unexpected reward presentation. Thus, this procedure may not be a useful model of positive
urgency. Although the current report focused only on negative urgency, findings indicate
that reward omission tasks may produce a consistent pattern of results at both the preclinical
and clinical levels of analysis, thus furthering our ability to examine the neurobehavioral
risk factors involved in substance use and abuse.

In addition, the increase in response rates on omission trials compared to reward trials in
both human and nonhuman animals may reflect behavioral contrast in which responding
during the presentation of one stimulus is altered by the schedule of reinforcement
associated with a different stimulus (Reynolds, 1961a; 1961d). In a multiple schedule, rate
of responding increases in one component as a result of a change of schedule in the other
component from reinforcement to extinction (Reynolds, 1961a). Frustration occurs
following a comparison between expectation of reward value and actual reward value, when
the actual value is less than the expected value (Crespi, 1942; Flaherty, 1984). Thus in the
current studies, increased responding in the operant terminal component may be due to the
decrease in reinforcement in the initial Pavlovian component, indicative of behavioral
contrast.

Finally, impulsivity has been measured as both a state (transient behavior) and a trait
(personality measure that is stable over time) variable (Odum and Baumann, 2010) and this
has caused difficulty in interpretation. Indeed, previous preclinical research has focused on
individual differences in impulsivity as a trait variable measured by performance on a delay
discounting task (e.g., Perry et al., 2005). There are few behavioral tasks that reliably relate
to or predict facets of trait impulsivity, although there are some exceptions (e.g., the Balloon
Analogue Risk Task; Lejuez et al., 2002; 2010). Thus, developing behavioral paradigms that
better correlate with trait measures of impulsivity may help in the development of effective
prevention and treatment programs for drug abuse. In the current experiments, negative
urgency was examined as both a state (response rate following reward omission in both
humans and rats) and a trait (scores on the UPPS in humans) variable. Thus, a novel finding
of the current report is that transient, state-based negative urgency increases drug use
preclinically. Future studies are needed to determine if state-based negative urgency
increases drug use in humans, as well as to determine if trait negative urgency also predicts
drug-taking in rats. It may be especially valuable to study these questions using adolescent
subjects, as this population is known to be at maximal risk for expressing risk-related
impulsive behavior (Spear, 2000).
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Schematic of (A) reward and (B) omission trial in Experiment 1.
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Schematic of (A) baseline and (B) test trial in Experiment 2A. Schematic of (C) baseline and

(D) test trial in Experiment 2B.
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Figure 3.
Linear regression between the response rate ratio and the UPPS facets (A) urgency, (B) (lack
of) perseverance, (C) (lack of) premeditation, and (D) sensation seeking.
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Figure 4.

Response rate (number of lever presses/trial) for sucrose pellets in Experiment 2A on test
sessions in which both baseline and test trials were given under conditions of food
restriction and free feed. (**p < .01).
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Figure 5.

Response rate (responses/trial on reward and omission trials during each test session. (A)
Results from the saline control group in Experiment 2B; (B) Results from the 0.03 mg/kg/
infusion of amphetamine group in Experiment 2B; (C) Results from the 0.1 mg/kg/infusion
of amphetamine group in Experiment 2B. (*p < .05; *p < .01).
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Demographic information from Experiment 1 grouped by urgency status.

Table 1

High (3-4) Medium (2-2.9) Low (1-1.9)
Male 11 2 5 4
Age (Mean + SEM) 21.46 £1.05 20.59+0.95 22.58+0.79
Ethnicity
Caucasian 11 2 5 4
African American 0 0 0 0
Asian 0 0 0 0
Female 24 4 15 5
Age (Mean + SEM) 22.95+0.88 21.08 £1.02  20.95+0.99
Ethnicity
Caucasian 16 2 11 3
African American 5 1 2 2
Asian 3 1 2 0
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