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Abstract
Individual differences in impulsive choice and rearing in differential environments are factors that
predict vulnerability to drug abuse. The present study determined if rearing influences impulsive
choice, and if d-amphetamine or methylphenidate alters impulsive choice in differentially-reared
rats. Male Sprague-Dawley rats were raised from 21 days of age in either an enriched condition (EC)
or an isolated condition (IC) and were tested as young adults on an adjusting delay task. In this task,
two levers were available and a response on one lever yielded one 45 mg food pellet immediately,
whereas a response on the other yielded three pellets after an adjusting delay. The delay was initially
set at 6 sec, and it decreased or increased by 1 sec following responses on the immediate or delayed
levers, respectively. A mean adjusted delay (MAD) was calculated upon completion of each daily
session, and it served as the quantitative measure of impulsivity. Once MADs stabilized, rats were
injected with saline, d-amphetamine (0.5, 1.0, or 2.0 mg/kg, s.c.), or methylphenidate (2.5, 5.0, or
10.0 mg/kg, s.c.) 15 min prior to adjusting delay sessions. EC rats had higher baseline MADs (were
less impulsive) than IC rats. Additionally, administration of d-amphetamine, but not
methylphenidate, dose-dependently increased impulsive choice (decreased MADs) in EC rats. In IC
rats, d-amphetamine and methylphenidate dose-dependently decreased impulsivity (increased
MADs). These results indicate that rearing environment influences impulsive choice and moderates
the effect of psychostimulants on impulsive choice. Specifically, psychostimulants may decrease
environment-dependent impulsive choice in individuals with high levels of impulsivity (e.g., those
with ADHD), whereas they may increase impulsive choice in individuals with low levels of
impulsivity.
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Introduction
Impulsive choice has been measured in the laboratory using a delay discounting paradigm in
which a subject must choose between a small reinforcer delivered immediately and a larger
delayed reinforcer. Subjects who consistently choose the smaller immediate reinforcer are said
to discount the value of the delayed reinforcer, and it is possible that drug abuse may occur, at
least in part, because the beneficial value of drug abstinence is discounted compared to the
immediate effects of a drug [21,48]. Accordingly, compared to nonusers, delayed rewards are
discounted to a greater extent in users of opioids [40,41,48], alcohol [89], cocaine [17,34,40],
methamphetamine [37,56], and cigarettes [4,11,36,55,58,72, but see 47]. It is likely that the
increased discounting in drug abusers compared with nonabusers arises from a combination
of factors, including higher baseline levels of impulsivity in drug abusers, increases in
impulsivity due to acute or chronic drug effects, and common genetic and environmental factors
that predispose individuals to both drug abuse and impulsive choice.

High levels of impulsive choice may predict vulnerability to drug abuse; however, this concept
is difficult to study in humans. In rodents, impulsive choice predicts acquisition of cocaine
self-administration [62,65] and cocaine-primed reinstatement of cocaine-seeking behavior
[65]. Impulsive choice also predicts greater alcohol consumption in a two-bottle choice test
[70], more self-administered nicotine infusions under a progressive ratio schedule [23], and
greater resistance to extinction of nicotine-seeking behavior and cue-induced reinstatement of
nicotine-seeking [23]. These preclinical results indicate that individual differences in impulsive
choice and drug abuse vulnerability are linked biologically.

Heightened levels of impulsive choice in drug abusers may be attributed to the direct effects
of the drug. In humans, acute administration of methylphenidate [67] or d-amphetamine [20]
decreases impulsive choice; however, discounting does not change with administration of
alcohol [59,74], diazepam [71], or Δ9-tetrahydrocannabinol [53]. However, since these studies
were conducted in individuals with prior drug experience, preclinical research may be better
suited to determine the acute effects of drugs on impulsive choice. In rats, some reports have
found impulsive choice to be decreased by amphetamine [87,90,93], methylphenidate [68,
87], atomoxetine [76], or methamphetamine [73]. However, other reports have found that
impulsive choice was not altered by amphetamine [15,27] or cocaine [46]. Several procedural
factors may account for these discrepant findings, including the type of reinforcer offered (i.e.,
water or food), whether a cue was present during the delay to the larger reinforcer, and
differences in baseline level of impulsivity [61].

Although it is known that genetic factors play a role in the relationship between impulsivity
and drug abuse vulnerability [2,14], environmental factors also play a role [54]. Rats reared in
an enriched condition (EC) with novel objects and social cohorts self-administer less
amphetamine than rats reared in an isolated condition (IC), without objects or social cohorts
[7,32,82]. EC rats also have lower break points under a PR schedule maintained by a low dose
of amphetamine compared to IC rats [32]. Compared to IC rats, EC rats also show a more rapid
rate of extinction of responding maintained by amphetamine infusions, and show less
reinstatement of amphetamine-seeking responses following an amphetamine priming injection
[82].

To the extent that impulsive behavior and drug abuse vulnerability are linked, it is possible
that the decreases in sensitivity to the reinforcing properties of amphetamine in EC rats
compared to their IC counterparts may reflect an enrichment-induced reduction in impulsivity.
Consistent with this, EC rats show superior response inhibition as measured by differential
reinforcement of low rates of responding schedules [60] and show fewer premature anticipatory
nose pokes before onset of a cue paired with sucrose availability in a sucrose-reinforced nose-
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poke task [94]. In contrast, using a delay discounting task, one report found that EC rats were
more impulsive than IC rats [35]. In this latter study, however, EC rats initially showed a
stronger preference for the small reinforcer over the large reinforcer compared to IC rats, even
when there was no delay to the delivery of the large reinforcer. This initial preference for the
small (vs large) reinforcer in EC rats makes it difficult to interpret the results obtained when
the delay to the larger reinforcer increased. In addition, since this latter study first tested rats
in a go/no-go task prior to the delay discounting task, the prolonged handling and testing of IC
rats may have mitigated the isolation experience, as the effects of environmental enrichment
are reversible [10,77]. Thus, in the current study, we tested EC and IC rats in a delay discounting
task that was designed to be acquired rapidly. Rather than using a procedure in which the delay
to the larger reinforcer is increased incrementally across the session regardless of performance
[35], we used an adjusting delay procedure in which the delay to the larger reinforcer is
increased or decreased across the session depending on the subjects' performance. Moreover,
since the effects of amphetamine and other stimulant drugs on impulsive choice in a delay
discounting task have not been assessed in EC and IC rats, the present study also tested the
effects of amphetamine and methylphenidate on impulsive choice in differentially-reared rats.

Materials and Methods
Subjects

Eighteen 21-day old male Sprague-Dawley rats (Harlan Industries, Indianapolis, IN) were used
as subjects. Animals initially had ad libitum access to food and water in their home cage, but
they were food restricted to 18 g/day once operant sessions began on postnatal day 56. Thus,
rats were differentially reared for 35 days prior to the onset of behavioral testing. Immediately
after daily operant sessions, IC rats were fed in their home cages, and EC rats were fed while
housed in individual plastic holding cages in order to assure that each rat received the same
food restriction. Both groups were allowed approximately 1 h to consume their daily allotment
of food, at which point any remaining food was removed from cages (this occurred
infrequently) and EC rats were returned to their home cage. Rats were housed in rooms that
were maintained on a light/dark cycle (lights on from 6:00 a.m. to 8:00 p.m.). Procedures were
approved by the University of Kentucky Institutional Animal Care and Use Committee, and
recommended principles of animal care were followed [57].

Environmental Conditions
Rats were divided randomly into either the enriched (N= 10) or isolated (N= 8) condition at
the beginning of each experiment. EC rats were housed together in a stainless steel cage (60 ×
120 × 45 cm) with 14 plastic objects (e.g., commercially-available toys, plastic containers, etc)
placed randomly throughout the cage. Each day, 7 objects were replaced with new objects and
the remaining objects were rearranged into a novel configuration. IC rats were individually-
housed in hanging stainless steel cages (17 × 24 × 20 cm) with wire mesh floors and front
panels and solid metal side, back, and top walls.

Apparatus
Standard operant conditioning chambers (28 × 21 × 21 cm; ENV-001; MED Associates, St.
Albans, VT) that had alternating aluminum and Plexiglas walls and a metal rod floor were
located inside sound-attenuating chambers (ENV-018M; MED Associates, St. Albans, VT).
A recessed food tray (5 × 4.2 cm) was located 2 cm above the floor in the center of one of the
aluminum walls, and a retractable response lever was located 6 cm above the floor on each
side of the food tray. A white stimulus light (28 v; 3 cm diameter) was mounted 6 cm above
each lever. Responses were recorded and programmed consequences were controlled by a
personal computer equipped with Med-PC software (Med Associates, St. Albans, VT).
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Procedure
Adjusting delay sessions began at 08:00 daily, and sessions ended upon completion of 60 trials
or after 2 h, whichever occurred first. As described previously [62], each session was divided
into 15 4-trial blocks and began with illumination of the house light. The first and second trials
of each block were forced-choice left and forced-choice right trials, and the order of these two
trials alternated randomly within- and between-sessions. Forced-choice trials were signaled by
extension of the response-appropriate lever and the illumination of the stimulus light above it.
On forced choice trials, levers were retracted immediately following a lever press response.
The third and fourth trials in each block were free-choice trials, and they were signaled by
illumination of the stimulus lights above both levers. Levers were retracted at the end of each
4-trial block. A single response on one lever yielded one grain-based 45 mg pellet (PJA1-0045,
Research Diets Inc., New Brunswick, NJ) delivered immediately, and a response on the other
lever yielded three pellets delivered after an adjusting delay. The lever associated with the
immediate or delayed reinforcer alternated daily.

Following each lever press, an inter-trial interval (ITI) was imposed so that each trial would
last 60 s. The stimulus and house lights were turned off and responses on the levers had no
programmed consequences during the ITI. The initial delay to the delivery of the larger
reinforcer was 6 s, and subsequently the delay changed depending on responding during the
free-choice trials. A response on the immediately-reinforced lever resulted in a 1 s decrease in
the delay, and a response on the delayed reinforcement lever resulted in a 1 s increase in the
delay (however, the lower and upper limits on the delay were 0 and 45 s, respectively). The
delay was adjusted only after the third and fourth trials in each block (i.e., the free-choice trials).
During the delay, the stimulus lights above each lever were turned off; however, the house
light remained on until delivery of the 3 food pellets. The final delay for each session was used
as the initial delay in the next session. A mean adjusted delay (MAD) was calculated at the end
of each session by averaging all adjusting delays on the free-choice trials, and this procedure
was repeated until the MAD stabilized (varying by less than 5 s across 5 days with no
consistently increasing or decreasing trends). MAD values were used as a quantitative
measurement of impulsive choice, with lower MADs indicating higher levels of impulsive
choice.

After meeting stability criterion, rats were injected with saline, d-amphetamine (0.5, 1.0, 2.0
mg/kg, s.c.), or methylphenidate (2.5, 5.0, 10.0 mg/kg, s.c.) 15 min prior to adjusting delay
sessions. Each injection day was followed by two testing days in which no drug was given
prior to adjusting delay sessions. Half of the rats received all doses of d-amphetamine, followed
by saline and then all doses of methylphenidate, while the other half received these drugs in
reverse order. Within-drug dosing was conducted in random order. Behavioral training and
testing took place 7 days/week over 7 weeks.

Data Analysis
Mean response latencies were generated by averaging the latencies from free-choice trials only.
Nonreinforced responses (all responses that occurred during the delay to the larger reinforcer
and during the ITI) were also calculated. The number of days to acquire the adjusting delay
task, number of days until stable performance of the adjusting delay task, and baseline MADs,
response latencies, and nonreinforced responses were compared using a student's t-test. MADs,
response latencies, and nonreinforced responses during the first 5 post-acquisition days of
testing were compared using a 2-way repeated measures analysis of variance (ANOVA;
environmental condition x day). MADs, response latencies, and nonreinforced responses
following administration of d-amphetamine or methylphenidate were compared using 2-way
repeated measures ANOVA (environmental condition x dose). Post hoc comparisons were
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made using Fisher's LSD protected t-tests. Results were considered statistically significant if
p ≤ 0.05. Data are presented as mean (± SEM).

Results
There were no between-group differences in the number of days to acquire the adjusting delay
task (animals were considered to have acquired the task once they completed 60 trials within
the 2 h time limit). EC rats took 2.4 (± 0.1) days to acquire, and IC rats took 3.0 (± 0.3) days
to acquire. Additionally, there were no between group differences in the number of days to
meet stability criteria (MADs differing less than 5 s over 5 days, with no steadily increasing
or decreasing trends). EC rats reached the stability criteria in 11.7 (± 0.3) days, and IC rats
reached the stability criteria in 12.0 (± 2.6) days. In order to illustrate the relative consistency
of the MADs across training, Figure 1 shows MADs on the first through the fifth days after
acquisition of the adjusting delay task and mean baseline MADs over the 5 days in which
stability criterion was met. There were no significant differences in MADs between EC and
IC rats on Days 1-5 following acquisition. However, EC rats had significantly higher baseline
MADs than IC rats over 5 days of stable behavior (p < 0.05). There were no between-group
differences in response latencies or non-reinforced responses on Days 1-5 of acquisition or
over the 5-day stable baseline.

Figure 2 shows the mean MADs (top panel), response latencies (middle panel), and
nonreinforced responses (bottom panel) for EC and IC rats at baseline and after administration
of d-amphetamine (there were no significant differences between baseline data and data taken
after administration of saline; results not shown). There was a significant dose by
environmental condition interaction (F3,71 = 6.02, p < 0.05) on MADs. IC rats had significantly
higher MADs after 2.0 mg/kg d-amphetamine compared to EC rats (p < 0.05). Additionally,
EC rats had significantly lower MADs after administration of 2.0 mg/kg d-amphetamine
compared to baseline (p < 0.05) and after administration of 0.5 mg/kg d-amphetamine. MADs
in IC rats were increased after administration of 2.0 mg/kg d-amphetamine compared with
baseline (p < 0.05) and after administration of 0.5 mg/kg d-amphetamine (p < 0.05).

There was a significant effect of dose on response latencies (F4,89 = 10.96, p < 0.05) such that
both EC and IC rats had longer response latencies after 2.0 mg/kg d-amphetamine than under
any other condition tested (p < 0.05; Fig 2, middle panel). There was also a main effect of dose
on nonreinforced responses (F4,89 = 3.61, p < 0.05; Fig 2, lower panel). EC rats had significantly
fewer nonreinforced responses after administration of 1.0 and 2.0 mg/kg d-amphetamine
compared to 0.5 mg/kg d-amphetamine. IC rats also had significantly fewer nonreinforced
responses after 2.0 mg/kg d-amphetamine than 0.5 mg/kg d-amphetamine and baseline.

Figure 3 shows MADs (top panel), response latencies (middle panel), and nonreinforced
responses (bottom panel) during baseline and after administration of methylphenidate (there
were no significant differences between baseline data and data taken after administration of
saline; results not shown). There were no significant overall effects of methylphenidate on
MADs in EC and IC rats; however planned comparisons showed that EC rats had significantly
higher MADs than IC rats after administration of 2.5 mg/kg methylphenidate. Additionally,
IC rats had significantly higher MADs after administration of 10.0 mg/kg methylphenidate
compared with baseline and following administration of 2.5 mg/kg methylphenidate.

There was a main effect of methylphenidate dose on response latencies (F4,89 = 3.37, p < 0.05;
Fig 3, middle panel). IC rats had significantly higher response latencies following 10.0 mg/kg
methylphenidate than any other condition tested. There were no significant differences in
nonreinforced responses after administration of any dose of methylphenidate (Fig 3, lower
panel).
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Discussion
In the present study, EC and IC rats rapidly acquired the adjusting delay task (within an average
of 2-3 days) and once acquired, behavior on the adjusting delay task stabilized quickly (in
approximately 12 days). There were no differences in MADs, response latencies, or number
of non-reinforced responses during acquisition. Following acquisition, however, when MAD
scores were stable, EC rats showed higher MADs compared to IC rats, indicating that
enrichment reduced impulsive choice. This finding corroborates previous work showing that
EC rats are less impulsive compared to IC rats on both a DRL schedule [60] and a sucrose-
reinforced nose-poke task [94]. To the extent that impulsive behavior and drug abuse
vulnerability are linked, these results suggest that the decrease in amphetamine self-
administration in EC rats compared to IC rats noted previously [7,32] may reflect, at least in
part, an increase in inhibitory control. This conclusion is consistent with recent hypotheses that
have assigned a prominent role for inhibition as a protective factor in reducing drug abuse
vulnerability [6,9,21,29,38,39].

The current results are incongruent with a previous report by Hellemans and colleagues [35]
in which, compared to IC rats, EC rats initially showed a decreased preference for the delayed
larger reinforcer that dissipated with extended training. A major difference between the present
study and that of Hellemans et al. [35] relates to the task procedures used to measure impulsive
choice. Hellemans and colleagues [35] used a response-independent discrete delay procedure,
whereas the current study used a response-dependent adjusting delay procedure. A number of
other procedural differences beyond the discrete vs. adjusting delay procedures prevent any
firm conclusions about whether this task-related difference was a critical factor in obtaining
the contrasting results. For example, compared to the current study, Hellmans et al. [35] used
a more prolonged differential rearing period (12 weeks), trained rats to perform a go/no-go
task prior to assessment of delay discounting, and used a more extensive initial training period
in acquisition of delay discounting. Moreover, it is not likely that the procedure difference
related to using a discrete vs. adjusting delay was the only factor to explain the contrasting
results across studies, because results from another study in our laboratory using a response-
independent discrete delay procedure also found that EC rats were less impulsive compared to
IC rats [42]. In any case, the current results are consistent with other results showing that
environmental enrichment also decreases impulsivity measured by a discrete delay procedure
in rats undergoing neonatal asphyxia [1].

In the present study, 2 manipulations differed between EC and IC groups: the presence of novel
objects that were changed daily, and the presence of social cohorts. Both of these manipulations
likely influenced impulsive behavior. For example, after undergoing neonatal asphyxia,
animals double-housed in a larger cage and provided with novel objects showed decreases in
impulsive choice compared to double-housed rats in a small cage with no novel objects [1],
suggesting that the presence of novel objects influences impulsivity. We are unaware of studies
that have examined the impact of group- vs. single-housing on impulsivity; however, there are
data to suggest that the social hierarchies that develop when animals are group-housed
influence impulsivity. Subordinate animals may experience chronic stress due to defeat in
repeated social confrontations [e.g., 86], and because stress has been related to impulsivity
[66], subordinate EC rats may show increased impulsivity relative to dominant EC rats.
Alternatively, variations in impulsivity may predict social rank, as female cynomolgus
monkeys that are more impulsive are also more likely to become subordinate when
subsequently housed in same-sex groups [18]. Regardless of the relationship between
impulsivity and social status, the presence of both novel objects and social cohorts likely
influenced impulsivity in the present study.
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In addition to the enrichment-induced decrease in impulsive choice, another key finding of this
study was that both amphetamine and methylphenidate had differential effects in EC and IC
rats. Specifically, amphetamine increased impulsive choice in EC rats, whereas it decreased
impulsive choice in IC rats; methylphenidate did not significantly alter impulsive choice in EC
rats, but similar to amphetamine it decreased impulsive choice in IC rats. It is notable that
previous reports have yielded mixed results about the effects of amphetamine and
methylphenidate on impulsive choice in rats, with some showing decreased impulsive choice
[68,87,90,93], and others reporting no effect [15,27]. The current study suggests that one
potential reason for these discrepant findings is that environmental factors may modulate the
baseline levels of impulsivity, and thus alter the sensitivity to amphetamine and
methylphenidate. Other studies using the stop-signal reaction time task to measure impulsivity
have also found baseline dependent effects of amphetamine and methylphenidate on
impulsivity [24,25,28]. Further, in humans, individuals with high baseline levels of
impulsivity, such as those with attention deficit/hyperactivity disorder (ADHD), show
stimulant-induced decreases in impulsivity [69,84,85], further illustrating the importance of
preexisting differences in impulsivity on the subsequent effects of stimulant drugs.

Differences in dopamine transporter (DAT) function in the medial prefrontal cortex (mPFC)
may have contributed to the discrepant psychostimulant-induced changes in impulsive choice
in the differentially-reared groups. The mechanism of action of both amphetamine and
methylphenidate includes increasing dopamine (DA) in the synapse by binding to DAT.
Amphetamine reverses primarily DAT function and inhibits DA uptake, whereas
methylphenidate inhibits both DAT and norepinephrine transporter (NET) function [31].
Moreover, compared to IC rats, EC rats show diminished DAT functioning in the mPFC, but
not the striatum or nucleus accumbens, suggesting that EC rats may have higher levels of
extracellular DA in the mPFC than IC rats [95,96]. Recent results from our laboratory using
standard-housed rats have shown that injection of indirect DA agonists into the mPFC
decreases impulsivity (Perry et al., unpublished data) and others have shown that DA depletion
in the mPFC increases impulsivity [81]. Thus, the higher level of extracellular DA in EC rats
may play a role in explaining why EC rats are less impulsive than IC rats. It also follows that
when administered indirect DA agonists, IC rats show reduced impulsivity. However, it is less
clear why amphetamine would increase impulsivity in EC rats, although some have theorized
that moderate amounts of DA modulation in the prefrontal cortex produce optimal cognitive
performance, while low or high DA modulation produce sub-optimal performance [75].
Therefore, perhaps amphetamine-induced performance deficits (i.e., impulsivity) are due to
enhanced DA modulation in the mPFC. Based on this hypothesis, we would expect that
methylphenidate would also increase impulsivity in EC rats; however, in the present study,
methylphenidate produced no significant change in EC rats. Future studies of the effects of
methylphenidate on neurotransmission in EC and IC rats may clarify this issue.

The ability of both amphetamine and methylphenidate, two stimulants used widely to treat
ADHD [e.g., 45], to decrease impulsive choice in IC rats suggests that isolation rearing may
represent a novel preclinical model of ADHD. A number of different models have been used
to model ADHD, including DAT knockout mice [79], genetically inbred spontaneously
hypertensive (SHR) rats [78,79] and rats selected for poor performance on the Five-Choice
Serial Reaction Time Task [79]. Each of these models has both strengths and limitations; for
example, SHR rats exhibit many of the behavioral characteristics of ADHD, but hypertension
is a confounding factor in this model [79]. Isolation rearing may be a useful model because, in
addition to the increased impulsivity noted in IC rats in the current study, IC rats are also
hyperactive [13,26,47,80] and show attentional deficits [5,16,19,30,33,88,92] compared to EC
rats. Further, in the current study, amphetamine decreased preservative non-reinforced
responding in IC rats. In addition to this face validity, isolation rearing appears to have

Perry et al. Page 7

Behav Brain Res. Author manuscript; available in PMC 2009 May 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



predictive validity because stimulant drugs known to have clinical utility in the treatment of
ADHD were shown to decrease impulsivity.

If IC rats are a model of ADHD, then the present results, combined with previous results
showing increased psychostimulant self-administration in IC rats [7], may suggest that the use
of stimulant medications can reduce the likelihood of substance abuse problems in those with
ADHD. In humans, the use of psychostimulant treatment for ADHD may protect against the
development of substance use disorders [12,49,52,91], especially if treatment is started in
childhood [for a review, see 43]. Conversely, the present results may also suggest that use of
psychostimulants by individuals without ADHD could increase the risk of substance abuse
problems. Indeed, in college students, nonmedical use of stimulants is associated with use of
other illicit drugs [3,8,51]; however, these studies are correlational in nature and do not
definitively indicate that nonmedical use of stimulants increases subsequent drug use.

In summary, the results of this study suggest that the rearing environment influences both
impulsive choice and the response to psychostimulants, thus adding to the literature showing
the importance of individual differences on both impulsive choice and drug abuse. The
relationship between impulsivity and drug abuse vulnerability is known to involve genetic
factors, as Lewis rats and rats that have been selectively bred for high saccharin intake (HiS)
show both enhanced vulnerability to drug abuse and increased impulsive choice compared to
Fischer 344 [2,44,50,83] and rats selectively bred for low saccharin intake (LoS) [14,22,63,
64]. The present findings, combined with previous findings showing that IC rats are more
vulnerable to drug abuse than EC rats [7,32,82], indicate that environmental factors also
influence both impulsivity and drug abuse. Future studies should attempt to determine what
critical environment-dependent neural mechanisms may explain the connection between
impulsivity and drug abuse vulnerability.
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Figure 1.
Mean (± SEM) adjusted delay (MAD; sec) in EC and IC rats on the first through the fifth days
after acquisition of the adjusting delay task and mean baseline MADs over the 5 days in which
stability criterion was met. There were no significant differences on Days 1-5 following
acquisition, however, EC rats had significantly higher baseline MADs than IC rats (*p < 0.05).
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Figure 2.
Top panel: MAD (sec) in EC and IC rats during baseline and after administration of 0.5, 1.0,
or 2.0 mg/kg d-amphetamine. IC rats had significantly higher MADs than EC rats after
administration of 2.0 mg/kg d-amphetamine (*p < 0.05). Additionally, IC rats MADs after 2.0
mg/kg d-amphetamine were significantly higher than baseline (^p < 0.05) and after 0.5 mg/kg
d-amphetamine (#p < 0.05). EC rats had lower MADs after 2.0 mg/kg d-amphetamine
compared with baseline (^p < 0.05) and 0.5 mg/kg d-amphetamine (#p < 0.05). Middle
panel: Mean (± SEM) response latencies in EC and IC rats were higher after administration of
2.0 mg/kg d-amphetamine than under any other condition tested (#p < 0.05). Bottom Panel:
Mean (± SEM) nonreinforced responses decreased as a function of dose in EC and IC rats. In
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EC rats, nonreinforced responses were reduced after 1.0 and 2.0 mg/kg d-amphetamine
compared to 0.5 mg/kd d-amphetamine (#p < 0.05). Nonreinforced responses were reduced in
IC rats after administration of 2.0 mg/kg d-amphetamine compared with baseline (^p < 0.05)
and 0.5 mg/kg d-amphetamine (#p < 0.05).
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Figure 3.
Top panel: MAD (sec) in EC and IC rats during baseline and after administration of 2.5, 5.0,
or 10.0 mg/kg methylphenidate. EC rats had higher MADs after administration of 2.5 mg/kg
methylphenidate than IC rats (*p < 0.05). MADs in IC rats were higher after administration of
10.0 mg/kg methylphenidate than baseline (^p < 0.05) and after 2.5 mg/kg methylphenidate
(#p < 0.05). Middle Panel: Response latencies dose-dependently increased, and IC rats had
higher response latencies following 10.0 mg/kg than baseline (^p < 0.05) and any other dose
tested (#p < 0.05). Bottom Panel: There were no significant differences in nonreinforced
responses after administration of any dose of methylphenidate.
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