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Abstract
Background—d-Amphetamine (AMPH) is a widely prescribed ADHD medication, but little is
known about its effects on impulsive choice with escalated use.

Objective—The current study examined the effects of short and long access to AMPH self-
administration on impulsive choice in a delay discounting task in which rats chose between a
small immediate reward (1 sucrose pellet immediately) and a larger delayed reward (3 sucrose
pellets after an adjusting delay).

Methods—Following choice stability in delay discounting, all rats received 15 1-hour sessions of
AMPH self-administration (0.1 or 0.03 mg/kg/infusion); self-administration sessions began 45
min after each delay discounting session. Rats were then either maintained on the short access
(ShA) self-administration session or were switched to a long access (LgA) 6-hour session for 21
days, followed by a 7-day withdrawal phase in which only the delay discounting task continued.

Results—LgA rats in the 0.03 mg/kg/infusion dose group escalated in total number of infusions
across sessions, although rats in the 0.1 mg/kg/infusion dose group did not. LgA groups at both
unit doses showed decreased mean adjusted delays across sessions compared to the ShA groups,
indicating that long access to AMPH increases impulsive choice. During the AMPH withdrawal
phase, LgA groups returned back to baseline mean adjusted delays, indicating that the effect on
impulsive choice was reversible.

Conclusion—These results show that extended AMPH self-administration produces a transient
loss of inhibitory control, which may play a role in the escalating pattern of drug intake that
characterizes the addiction process.
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Introduction
Impulsivity is a multi-dimensional trait that emerges in every major system of human
personality (Whiteside and Lynam 2001). Impulsive choice, or preference for immediate
over delayed reward, has been associated with stimulant abuse, which is characterized by a
switch from regulated intake to compulsive intake (Koob and Kreek 2007). It is unclear,
however, to what extent impulsivity is a determinant or a consequence of drug abuse (deWit
2009). As a determinant, increases in impulsive behaviors may increase drug use. As a
consequence, maladaptive behaviors resulting from drug use may increase impulsive choice.
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Delay discounting is a task used to measure impulsivity in human and nonhuman animals in
which subjects choose between a small immediate reward and a large delayed reward.
Impulsive choice is characterized as the extent to which consequences, or outcomes,
decrease in their ability to control behavior due to a delay to their occurrence (Reynolds,
2006). There are, however, cross-species differences in delay discounting. For example,
Mazur and Logue (1978) found that laboratory animals generally tend to be impulsive
(unless a fading procedure is employed), whereas humans use a maximization strategy, and
are more self-controlled (Logue et al. 1986). In a study comparing pigeons and rats, Green et
al. (2004) also found that rates of discounting were higher in pigeons, but unlike humans,
discounting rates of pigeons or rats did not vary systematically as a function of amount of
delayed reward.

Previous studies have examined the effects of stimulant drugs on delay discounting in
different species. In rats, Stanis et al. (2008) found that repeated exposure to experimenter-
administered d-amphetamine (AMPH; via i.p. injection) does not increase impulsive choice
in delay discounting. In contrast, in humans, de Wit et al. (2002) found that administration
of acute oral AMPH decreases impulsivity on a delay discounting task. Human cocaine
abusers also show higher discounting rates of monetary and crack/cocaine rewards than
matched controls (Coffey et al. 2003). Similarly, Bickel et al. (1999) found that cigarette
smokers discount the value of delayed money and cigarettes more than never-and ex-
smokers. Ex-smokers, however, are indistinguishable from never-smokers, indicating that
the increase in discounting due to cigarette smoking is reversible. Consistent with these
results in humans, repeated nicotine treatment increases impulsive choice on a delay
discounting task in rats and this effect is also reversible (Dallery and Locey 2005). This
stimulant-induced loss of inhibitory control may be an important determinant of the
escalating pattern of drug intake that characterizes the addiction process.

Models of the transition from moderate to excessive drug intake have been developed
recently in laboratory animals. With extended access to cocaine or methamphetamine (6 hr/
day), rats will increase the amount of drug they self-administer (Ahmed et al. 1998; 1999;
2004; Kitamura et al. 2006; Mandyam et al. 2008). This escalation effect occurs within 7–14
days, and can be seen in both the total and first hour of drug intake (Ahmed et al. 1998).
Animal models of escalation are important for understanding the neurobiological
mechanisms underlying the transition to excessive drug intake.

While AMPH is a medication prescribed widely for the treatment of attention deficit
hyperactivity disorder (ADHD; Biederman et al. 1999; Robbins 2002; Wilens et al. 2001),
little is known about its effect on impulsive choice with escalated use. Previous findings on
the effects of experimenter-administered AMPH on impulsive choice are inconsistent. While
some studies reported that AMPH increases the value of delayed rewards, (i.e., decreased
impulsivity; Wade et al. 2000), other studies reported that AMPH decreases the value of
delayed rewards (Evenden and Ryan 1996). These discrepant findings may reflect baseline
(no drug) differences in performance, as well as differences in environmental history (Perry
et al. 2008).

The main purpose of the current study was to determine if the effects of extended access to
AMPH self-administration alters impulsive choice in a delay discounting task in rats. A
secondary aim of this study was to determine if previous work showing escalation of
cocaine and methamphetamine self-administration generalizes to AMPH. Rats were trained
initially on an adjusting delay task in which they were required to choose between a small,
immediate reward (1 sucrose pellet), and a larger, delayed reward (3 sucrose pellets). After
stable choice responding was obtained, rats were also trained to self-administer AMPH
(either 0.03 or 0.1 mg/kg/infusion) during 1-hr sessions that occurred following each delay
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discounting session. Rats from each dose group were then exposed to daily delay
discounting sessions, followed each day by continued access the 1-hr AMPH self-
administration session or to an extended 6-hr AMPH self-administration session. Thus, the
effects of dose (0.03 vs. 0.1 mg/kg/infusion) and access duration (1 vs. 6 hr) on impulsive
choice and AMPH intake were determined.

Materials and Methods
Subjects

Twenty four male Sprague-Dawley rats (250–275 g) were obtained from Harlan
(Indianapolis, IN). They were acclimated to a colony room and handled 3–5 days prior to the
experiment. Rats were single housed in a colony room held at a constant temperature. Light
and dark phases were on a 12:12 hr cycle, and all experimentation occurred in the light
phase. Rats were on food restriction (85% of free feed body weight), and had unlimited
access to water in their home cage. Rats were cared for in accordance with the 1996 edition
of the Guide for the Care and Use of Laboratory Animals (NIH), and procedures were
approved by the Institutional Animal Care and Use Committee at the University of
Kentucky.

Apparatus
Eighteen experimental chambers (ENV-001; MED Associates, St. Albans, VT) located
inside sound-attenuating chambers were used. The front and back walls of the experimental
chambers were made of aluminum, while the side walls were made of Plexiglas. There was a
recessed food tray (5×4.2 cm) 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
recorded and controlled by a computer interface. A computer controlled the experimental
session using Med-IV software.

Procedure
Delay Discounting Training Phase—Rats were trained initially for 15 days on an
adjusting delay task used previously by Perry et al. (2008). Daily sessions began at 08:00
and ended following the completion of 60 trials or 2 hr, whichever occurred first. Each
session included 15 blocks of 4 trials in which 2 trials were forced trials, and 2 trials were
free choice trials. Each session began with the illumination of a houselight. Trial blocks
began with 1 forced-left and 1 forced-right trial; the order of these two trials alternated
randomly within- and between-sessions. Forced trials began with the extension of the active
lever and the illumination of a white stimulus light above the lever. Following a lever press
response, the lever was retracted immediately, followed by either 1 or 3 sucrose-based 45
mg pellets (F0021 dustless precision pellet, Bio-Serve, Frenchtown, NJ) delivered
immediately or after a delay, respectively. The third and fourth trials in each block were free
choice trials, which were signaled by the illumination of both stimulus lights above each
lever. Following each 4-trial block, both levers were retracted. One response to one lever
resulted in delivery of 1 sucrose pellet immediately, and one response to the other lever
resulted in delivery of 3 pellets following an adjusting delay. The side of the lever associated
with the immediate or delayed reinforcer alternated daily.

Following each trial, an adjusting intertrial interval (ITI) occurred such that each trial lasted
60 s. After 60 s elapsed, the next trial began. All lights were turned off and responses on the
levers had no programmed consequences. The initial delay of the larger reinforcer was 0 s to
allow rats to acquire choice to the delayed reinforcer as a function of their own behavior.
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Subsequent responses to the larger reinforcer resulted in an increased delay, depending on
response patterns to the two choice alternatives on free choice trials. A response to the small
immediate reinforcer resulted in a 1-s decrease in the delay to the larger delayed reinforcer
(although a minimum delay of 0 s and a maximum delay of 45 s to the larger reinforcer was
imposed). The delay to the larger reinforcer was adjusted according to responses on only the
third and fourth trials in each block (i.e., the free choice trials). During the delay, the
stimulus lights were turned off, although the houselight remained illuminated until the
delivery of 3 pellets. The delay on the final free choice trial on each session was used as the
initial delay on the next session. The main outcome measure, a mean adjusted delay (MAD),
was calculated at the end of each session by averaging all adjusting delays on free choice
trials. Delay discounting sessions lasted for either 60 trials or 2 hr, whichever occurred first.
Rats remained on this procedure for 15 days prior to surgery to insure that all rats had stable
MAD scores (varying by less than 5 s across 5 days). MAD scores were used as a
quantitative measure of impulsive choice, with lower MADs indicating higher levels of
impulsive choice.

Surgery—Following the initial delay discounting training phase, rats underwent surgery in
which indwelling jugular catheters were implanted. One day prior to surgery and 3 days
afterwards, rats were treated with the non-opioid analgesic carprofen (5 mg/kg, s.c.). While
under anesthesia (100 mg/kg ketamine, 5 mg/kg diazepam, i.p.), a silastic indwelling
catheter was inserted into the jugular vein and exited via a metal cannula stabilized in a
headmount made of dental acrylic. A silastic leash attached an infusion pump to the
headmount during the self-administration sessions. Rats were given one week to recover,
and a mixture of gentamicin (0.2 ml), heparin (0.6 ml), and saline was used to flush
catheters daily.

AMPH Self-Administration Training Phase—Following recovery from surgery, rats
were given 3 days of delay discounting alone, followed by 15 days in which each delay
discounting session was followed 45 min later by a 1-hr AMPH self-administration session.
Rats were divided into two AMPH unit dose groups, 0.03 or 0.1 mg/kg/infusion, based on a
median split of their MAD scores from the last 3 days of delay discounting prior to self-
administration training. MAD scores were ordered according to delay length, and rats with
the top half and the bottom half of the scores were considered low and high impulsive,
respectively. Half of the low impulsive and half of the high impulsive rats were assigned to
the ShA group; the other half of low and high impulsive rats were assigned to the LgA group
within each unit dose. Daily delay discounting sessions began at 08:00 and rats were
returned to the colony room for 45 min upon completion of this session. At 10:00, rats were
again transported to the experimental room and the 1-hr self-administration session began.

Self-administration sessions consisted of 1-hr access to AMPH, either 0.03 or 0.1 mg/kg/
infusion, on a fixed ratio-1 (FR-1) schedule. Sessions began with the presentation of both
the active and inactive levers (counterbalanced for position among subjects). Responses to
the active lever resulted in illumination of both cue lights and a 0.1 ml infusion of AMPH
delivered across 5.9 s, followed by a 20-s time-out period in which both cue lights were
illuminated. Responses to the inactive lever had no programmed consequences and
responses to either lever during the time-out period also had no programmed consequences.
Following the end of the time-out period, cue lights turned off and both active and inactive
levers were again presented.

Extended Access Phase—Following initial 1-hr self-administration training sessions,
rats were divided into ShA and LgA groups based on a median split of their MAD scores
from the last 3 days of delay discounting during the AMPH training phase. Rats in the ShA
group were given 21 daily sessions identical to those in training. Rats in the LgA group were

Gipson and Bardo Page 4

Psychopharmacology (Berl). Author manuscript; available in PMC 2011 August 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



treated similarly, except that the AMPH self-administration session length was increased to
6 hr.

Withdrawal Phase—Following the 21-day extended access period, rats were given daily
delay discounting sessions alone for 7 days.

Statistical Analyses—Separate mixed-factor ANOVAs were performed on the delay
discounting data from the extended access and withdrawal phases, with group as a between-
subject factor and session as a within-subject factor. Paired-samples t-tests were conducted
to determine significance between groups within each session. Separate mixed-factor
ANOVAs and repeated-measures linear trend analyses were performed on the self-
administration data from the extended access phase for each unit dose; data from each unit
dose were analyzed separately because the two doses were assessed in separate experiments.
A 3-way mixed-factor ANOVA was performed on the time course data, with group as a
between-subject factor and time and session as within-subject factors. Subsequent paired-
samples t-tests were performed on the time course data, comparing number of infusions in
the ShA and LgA groups within 5-min bins.

Results
There was no effect of AMPH self-administration on MAD scores during the self-
administration training phase (results not shown). However, the change in MAD scores for
the ShA and LgA groups self-administering either 0.03 or 0.1 mg/kg/infusion AMPH across
phases are plotted in Figures 1a and 1b. During the extended access phase, with the 0.03 mg/
kg/infusion dose, a 2 X 21 ANOVA revealed a significant group x session interaction
(F(20,240) = 1.9, p < .05). With the 0.1 mg/kg/infusion dose, there was also a significant
group x session interaction (F(20,200) = 1.6, p <.05). Subsequent analyses revealed no
significant change across sessions in ShA groups with either dose. However, paired samples
t-tests comparing ShA and LgA groups within each session revealed that MAD scores
decreased across sessions in the LgA groups compared to the ShA groups with both AMPH
doses.

During the withdrawal phase (Figs 1a and 1b), with the 0.03 mg/kg/infusion dose, a 2 X 7
ANOVA revealed a significant group x session interaction (F(6,72) = 6.51, p < .001). With
the 0.1 mg/kg/infusion dose, there was a significant main effect of session (F(6,60) = 3.51, p
< .01), as well as a significant group x session interaction (F(6,60) = 2.66, p < .05).
Subsequent evaluation of the interactions revealed that no significant change occurred in
ShA groups with either dose. However, paired samples t-tests comparing ShA and LgA
groups within each session revealed that MAD scores were lower in LgA groups compared
to ShA groups only during the first three withdrawal sessions with both AMPH doses.

The total number of infusions from both the ShA and LgA groups at the 0.03 and 0.1 mg/kg/
infusion doses are shown in Figures 2a and 2c, respectively. With the 0.03 and 0.1 mg/kg/
infusion doses, 2 X 21 ANOVAs revealed no significant main effects or interactions.
However, to assess more fully if escalation was obtained in any group, planned linear trend
analyses were conducted on the number of infusions across the 21-day extended access
phase. With the 0.03 mg/kg/infusion dose, there was a significant linear trend in the LgA
group (t(126) = 3.46, p = .001), but not the ShA group. With the 0.1 mg/kg/infusion dose,
there was no significant trend in either ShA or LgA groups. Further, within-subject t-tests
comparing total number of infusions on each session relative to session 1 revealed that the
LgA group self-administering 0.03 mg/kg/infusion AMPH showed a significant increase in
number of infusions on sessions 12–21 compared to session 1.

Gipson and Bardo Page 5

Psychopharmacology (Berl). Author manuscript; available in PMC 2011 August 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Sucrose pellet consumption during the extended access phase for both the 0.03 and 0.1 mg/
kg/infusion doses is also plotted in Figures 2b and 2d, respectively. With the 0.03 mg/kg/
infusion dose, a 2 × 21 ANOVA revealed no significant main effects or interaction. With the
0.1 mg/kg/infusion dose, there was a significant main effect of session (F(20,200) = 1.9, p <.
05), as well as a significant session x group interaction (F(20,200) = 2.45, p = .001).
Subsequent evaluation of the interaction obtained with the 0.1 mg/kg/infusion dose revealed
a decrease in number of pellets consumed in the LgA group (F(20,100) = 1.83, p < .05), but
not in the ShA group. Within-subject t-tests comparing ShA and LgA groups within each
session also revealed that the LgA group tended to consume fewer pellets than ShA after the
first 2 sessions, although this difference was not significant across all sessions.

Total AMPH intake was calculated and plotted separately for the 0.03 and 0.1 mg/kg/
infusion doses (Figures 3a and 3b). Separate 2 × 21 ANOVAs revealed no significant main
effects or interactions with either AMPH dose. Planned linear trend analyses were conducted
with each dose to determine if escalation was obtained with AMPH intake. With the 0.03
mg/kg/infusion dose, there was a significant linear trend in the LgA group (t(126) = 3.46, p
= .001), but not in the ShA group. Subsequent paired samples t-tests were conducted
comparing each session relative to session 1. Amount of AMPH intake on each session
relative to session 1 revealed that the LgA group self-administering 0.03 mg/kg/infusion
AMPH showed a significant increase in intake on sessions 12–21 compared to session 1.
With the 0.1 mg/kg/infusion dose, there was no significant trend in either ShA or LgA
groups.

Inactive lever presses during the AMPH self-administration sessions for both the 0.03 and
0.1 mg/kg/infusion doses are shown in Figures 4a and 4b. Separate 2 × 21 ANOVAs
revealed no significant main effects or interactions with either AMPH dose tested.

The time-dependent changes in AMPH infusions across the 60 min of ShA and the first 60-
min of sessions 1 and 21 are shown for the 0.03 and 0.1 mg/kg/infusion doses in Figure 5.
With the 0.03 mg/kg/infusion dose (Fig 5a), a 2 × 2 × 12 ANOVA revealed a significant
main effect of time (F(11,132) = 16.41, p< .0001), a significant session x time interaction
(F(11,132) = 1.94, p< .05), and a significant group x session x time interaction (F(11,132) =
3.73, p< .0001). Paired samples t-tests revealed that LgA rats self-administered significantly
less AMPH on session 21 than session 1 only during the first 5-min bin (t(6) = 3.84, p < .
01). With the 0.1 mg/kg/infusion dose (Fig 5b), ANOVA revealed only a significant main
effect of time (F(11,110) = 25.4, p < .001).

Data on number of trials completed, latency to respond on forced trials, and total
nonreinforced responses on baseline, session 1, and session 21 of delay discounting in the
extended access phase are shown in Table 1. With the 0.03 mg/kg/infusion dose, a 2 × 3
ANOVA revealed a significant main effect of session (F(2,24) = 4.25, p < .05) and a
significant group x session interaction (F(2,24) = 4.25, p < .05) for number of trials
completed. Subsequent evaluation of the interaction revealed a significant decrease in
number of trials completed for the LgA group (F(2,12) = 4.25, p < .05) but no significant
decrease in number of trials completed for the ShA group. There was no significant main
effect of session or group x session interaction for latency to respond, likely due to the high
variability among rats. There was, however, a significant main effect of session for total
nonreinforced responses (F(2,24) = 10.74, p < .001) and a significant group x session
interaction (F(2,24) = 6.24, p < .01). Further evaluation of this interaction indicated a
significant decrease across sessions in total nonreinforced responses in the LgA group
(F(2,12) = 10.53, p < .01) but not in the ShA group. With the 0.1 mg/kg/infusion dose, there
was a only a significant main effect of session for latency to respond (F(2,20) = 5.4, p < .
05), with LgA groups showing a longer latency than ShA groups with both AMPH doses;
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there was no significant main effects or interaction on number of trials completed or
nonreinforced responses.

Discussion
Extended access to AMPH self-administration decreased MAD scores compared to short
access, indicating that impulsive choice increased at both the 0.03 and 0.1 mg/kg/infusion
doses. This finding contrasts with previous research showing that repeated exposure to
experimenter-administered AMPH (via i.p. injection) does not increase impulsive choice on
a delay discounting task (Stanis et al. 2008). One possible explanation for the inconsistent
findings may be that rats in the previous study did not have control over AMPH
administration. Using a yoked control paradigm, in which a self-administering rat is yoked
to a second rat that receives the drug infusion non-contingently, it has been shown that
control over drug exposure may influence the neurobehavioral effects obtained (Jacobs et al.
2003). Previous studies have shown that animals that passively receive drug (yoked animals)
have a lack of expectancy of the drug effects, as well as unaltered brain activity detected by
electroencephalogram (Gresing and Szeto 1993). Smith and Dworkin (1986) also found that
contingent administration of morphine produced more extensive and larger neurobiological
alterations than non-contingent administration. According to Dworkin, Porrino, and Smith
(1992), contingent relationships are important in defining aspects of reinforcement
mechanisms. Thus, the disparity between the current findings and the findings of Stanis et
al. (2008) may be due to differences between contingent and non-contingent AMPH
administration.

The present results indicate that repeated extended access to AMPH increases impulsive
choice, regardless of whether intake becomes excessive. There a number of factors that may
have contributed to the increased impulsivity in LgA groups relative to ShA groups,
including greater overall amphetamine intake per session, greater amount of time self-
administering amphetamine, and/or a shorter interval between the self-administration and
delay discounting session. Further work will be needed to determine which of these factors,
if any, contributed the differences in MAD scores between ShA and LgA groups. In any
case, the fact that LgA rats self-administering 0.1 mg/kg/infusion AMPH became more
impulsive, but did not escalate intake, suggests that excessive intake does not depend
directly on a loss of inhibitory control. However, since delayed discounting represents only
one facet of behavioral inhibition (deWit 2009), we cannot rule out the possibility that other
inhibitory tasks may be altered differentially in escalating and non-escalating groups.

Since previous studies have found that experimenter-administered AMPH increases sugar
consumption (Evans and Vaccarino 1987; Sills and Vaccarino 1996), it is possible that the
decrease in MAD scores with both AMPH unit doses in the current study may have reflected
a devaluation of the sucrose pellet reward used in the delay discounting task. Even though
extended access to 0.1 mg/kg/infusion AMPH decreased sucrose pellet consumption in the
current study, reward devaluation is not a likely explanation for the decrease in MAD scores
because no reliable change in number of pellets consumed or latency to respond for pellets
was observed with 0.03 mg/kg/infusion AMPH. Nonetheless, since sucrose and AMPH were
available in the same context each day, we cannot rule out the possibility that transfer effects
between the food-reinforced delay discounting and AMPH self-administration tasks may
have occurred, thus causing reward competition or interference in performance.

Consistent with previous human and non-human animal studies with nicotine (Bickel et al.
1999; Dallery et al. 2005), the effect of LgA AMPH self-administration on impulsivity was
reversible following drug abstinence. Since the increase in impulsive choice was reversible,
this finding appears to rule out long-term neural dysfunction or damage as an explanation of
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the behavior change in the delay discounting task. This finding is also consistent with
clinical evidence showing reversal of neural changes seen in abstinent stimulant abusers
(Volkow et al. 2001; Wang et al. 2004).

In the clinical literature, there are inconsistent reports suggesting that the treatment of
ADHD with stimulant medications may or may not increase the risk for subsequent
substance abuse. Some studies have reported increased risk (Lambert and Hartsough 1998;
Vitiello 2001) and others have reported decreased risk (Wilens et al. 2003). In either case,
the current results suggest that the clinical use of AMPH, which can lead to excessive use
(Berman et al. 2008), may not have any long-term detrimental effects on impulsivity.

There was a dose-dependent escalation effect in LgA groups in the current report, with
intake increasing across sessions using 0.03 mg/kg/infusion AMPH, but not using 0.1 mg/
kg/infusion AMPH. This dose-dependent AMPH effect is generally consistent with a
previous report showing that escalation of methamphetamine intake is more robust with
lower unit doses than with higher unit doses (Kitamura et al. 2006). The difference in drug
intake from the first to last session of extended access to 0.03 mg/kg/infusion is thought to
be due to an alteration in reward threshold (Ahmed et al. 2005). At the higher dose (0.1 mg/
kg/infusion) in the present study, it is likely that fewer self-infusions were required to reach
the reward threshold, thus mitigating against an escalating pattern of intake. However, it is
important to note that a ceiling effect may have prevented the LgA group from escalating
intake at the higher dose. Examination of AMPH intake in LgA rats showed that intake was
higher with 0.1 mg/kg/infusion AMPH than with 0.03 mg/kg/infusion AMPH on session 1
of extended access. Thus, it is possible that the LgA group with 0.1 mg/kg/infusion AMPH
did not escalate because they had already approached maximal intake on session 1. It is also
possible that aversive and/or stereotypic effects of 0.1 mg/kg/infusion AMPH may have
prevented the LgA group from escalating intake.

Some caution is needed regarding the failure to observe escalation using 0.1 mg/kg/infusion
AMPH, as several procedural details were unique to the current study. For example, rats in
the current study were tested in the light cycle, and while at least one study found escalation
during the light cycle (Allen et al. 2007), most escalation studies have been conducted
during the dark cycle (Ahmed et al. 2003; 2004; Kitamura et al. 2006; Mandyam et al. 2007;
2008). In addition, rats in the current study were on food restriction during the extended
access phase, which may have affected rates of AMPH intake. Since food restriction
typically increases stimulant self-administration (Cabeza de Vaca and Carr 1998; Carroll
and Meisch 1984), it is possible that food restriction elevated self-administration rates from
the initial extended access session, thus blunting the escalation effect across sessions.

A surprising finding of the current study was that the initial increase in AMPH intake during
the first portion of the session (i.e., “loading effect”) dissipated by session 21 in the LgA
group self-administering 0.03 mg/kg/infusion AMPH. Since this was the only group that
displayed an escalation of intake, it is possible that the loss of drug loading early in the
session may have decreased any response suppressant effect of AMPH, thus allowing intake
to increase across the total 6-hr session. However, this finding is inconsistent with a
previous study with methamphetamine, in which LgA rats showed a gradual increase in the
amount of drug they self-administered during the initial portion of the session, as well as an
overall escalation of intake, as a function of experience with extended access (Kitamura et
al. 2006). It is not clear why the current results contrast with Kitamura et al. (2006), but
several procedural differences exist between these studies. Specifically, there may be
differences in the temporal pattern of intake between AMPH and methamphetamine with
extended access. These studies also were conducted in different portions of the diurnal cycle
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(light versus dark phase), and the current study involved an additional delay discounting
task.

In conclusion, these results demonstrate that extended access to AMPH produces a
reversible increase in impulsive choice. In addition, while escalation has been found with
several illicit drugs, including methamphetamine (Kitamura et al. 2006; Mandyam et al.
2008), cocaine (Ahmed et al. 1998; 1999; 2004), and heroin (Ahmed et al. 2000), the current
findings extend the generality of this finding to the widely used clinical medication, AMPH.
A predictive preclinical model of escalation may be important in understanding the
neurobiological causes of excessive drug use and impulsivity, as well as the preclinical
screening of compounds for drug dependence therapy. Although the preclinical escalation
model appears to have generality, the neural mechanisms that underlie the transient increase
in impulsive choice following extended access to AMPH needs to be examined.
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Figure 1.
(A). MAD scores (mean ± S.E.M.) from the ShA and LgA groups from baseline, extended
access, and withdrawal phases following self-administration of 0.03 mg/kg/infusion AMPH.
*p<0.05, compared to ShA group. (B). MAD scores (mean ± S.E.M.) from the ShA and LgA
groups from baseline, extended access, and withdrawal phases following self-administration
of 0.1 mg/kg/infusion AMPH. *p<0.05, compared to ShA group.
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Figure 2.
(A). Total number of AMPH infusions (mean ± S.E.M.) from the ShA and LgA groups
during the 21-day extended access phase with 0.03 mg/kg/infusion dose. *p<0.05, compared
to session 1. (B). Total number of sucrose pellets consumed (mean ± S.E.M.) during the
delay discounting sessions from the ShA and LgA groups during the 21-day extended access
phase with 0.03 mg/kg/infusion dose. (C). Total number of AMPH infusions (mean ±
S.E.M.) from the ShA and LgA groups during the 21-day extended access phase with 0.1
mg/kg/infusion dose. (D). Total number of sucrose pellets consumed (mean ± S.E.M.)
during the delay discounting sessions from the ShA and LgA groups during the 21-day
extended access phase with 0.1 mg/kg/infusion dose. *p<0.05, compared to session 1.
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Figure 3.
(A). Total AMPH intake (mean ± S.E.M.) from the ShA and LgA groups during the 21-day
extended access phase with 0.03 mg/kg/infusion dose. *p<0.05, compared to session 1. (B).
Total AMPH intake (mean ± S.E.M.) from the ShA and LgA groups during the 21-day
extended access phase with 0.1 mg/kg/infusion dose.

Gipson and Bardo Page 14

Psychopharmacology (Berl). Author manuscript; available in PMC 2011 August 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
(A). Total number of inactive lever presses (mean ± S.E.M.) from the ShA and LgA groups
during the 21-day extended access phase with 0.03 mg/kg/infusion dose of AMPH. (B).
Total number of inactive lever presses (mean ± S.E.M.) from the ShA and LgA groups
during the 21-day extended access phase with 0.1 mg/kg/infusion dose of AMPH.
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Figure 5.
(A). Number of AMPH infusions (mean ± S.E.M.) on sessions 1 and 21 of extended access
to 0.03 mg/kg/infusion dose across 5-min bins (left panel: ShA group; right panel: LgA
group), * p<.01, compared to session 1. (B). Number of AMPH infusions (mean ± S.E.M.)
on sessions 1 and 21 of extended access to 0.1 mg/kg/infusion dose across 5-min bins (left
panel: ShA group; right panel: LgA group).
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